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II ISTOflICAL SKE"'TCI

The 101'r Period of the developmnent of the c~ulture concern-

ing the discovery or' n method for utillzinr fireý up to the in-

'/'oftiofl of' i.;0i7!-s in an entire eponlh. Pun nti this

period of time(, bimip~n societ~y in the ma.jorit~y or no~kflt1ieft VV~ntt

Ibroueh ki grndtial process or' 'orimption or n priii~itv', type or

comintnism Pnri servi tude., an~l then entnrz'ril into tho (er.o of 'set-dal-

i pin. 111ile ths socioticli W'vf-r F1011i then F:Ilbequently

tlstclinine, man be.r-tn to Flowly recoeoir'm Tattar.", and. Vaowty trie-d

to ut1117e itf; ro!Potitcom for bmi* own interepts. Technalory was

being correteponitinely .toveloped at o plow Iwree. Thun, many thats-

send@ of yearv odopood flinu t~he rlimeowevy of the bow and arrow tip

to the time of the tgtg'oqntiovi of run powu1or bod tlratirpe.

The Disroryery or a"ItUetppZ and Itnvntionl oEujno~ndeZ. Saltpeter

*as dipcovrewer humirdoe~ of year* ago in China. T'ho Chlnepe vwerr

the firat to Aipcover the co;mbility of poltpeter to vutj~or' !v

bu~tiong and theyy uped it in incendipty compositionv. Ueto'r on,

they uped o"ltpetew in the production of rockets wbich s~rvod for

propelling arrows.

During the course of mnny centuries, s Lradiinl perf'ectinr or'

saltpeter-containing compounds took place. 1Various components in

viriouR pzcpcO-rt!3ns were solec.,d( f,,: thnppe .. i(1fdAnI their

Tprocepsinar methods worm improved. The result of this was the evolu-

tion of a substance with lheretofore uinknown explosive prope-rti(c. -

powder, which wve totiay ca'llu, or black, powder.
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The Chinese scholar, Sun-Tsi Meo, described the composition

of gunpowder and the formula for its preparation in his work

"bDantsin" around 600 A. D.

Information concerning saltpeter and its use passed on from

the Chinese into India, end, from there, to the Arabs and Greeks.

The Emerenceg of FirearMs. The appearance of gunpowder was a necepp-

ary prerequisite for the beginnings of fireprms. On the other hand,

such a possibility was prepared for through the development of

catepult wenpons in the pre-rirearms ere. The bhllista cross-bow

,nd nrquebup, which were created during the development of the

1
bow and catapults, resemble firearmp to a large extent. The

elastirity of the drawn bow string servei as the propellent for

orrows (cross-bow and arrpiebups) and bullets (arquebus). The crea-

tive ability of more than one reneration was needed in order to

st|bstitute the work of the drown bow-ptrine by the work of powder

ppes and, through that, to create firearms which would be or 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 ceuld be fired from this

weapon. This weapon also had a long bamboo barrel. Gunpowder was

already being widely used in China in military operations during

thise year: (11'Ih and XIIMth cunturine), whereas it began to be

used in Europe only in the XIVth century. Firearms appeared in

Europe during the first half of the fourteenth century. In Mus-

covitc Russia, gunpowder and firearms appeared around 1382, for

-2-



it is a well-known fact, that gunpowder was used by artillery in

defense of Moscow in that year.

Gun Powder. F~rom tbe timl, or the apToaranc, oor firearms and approxi-

mately up to the middle, or the nineteenth century, i.e. a period

of almost 500 years, not even one new e.r-losivrý iwmr discovered,

bepsides gunpowder, which was praci.ical ror proTrwlling purposes,

shell propellants or blasting purposes. Owint. to the routinnne.s

and stitgnation of the nide-nlistic system, rind to the pre.dominonce.

of the church in spiritual lire, science nud technology developid

extremely slowly. Only with the origination and development of

capitalism did the development of naturel sciences, inclufling

cliemiistry and physics, accelerate. This created the conditions

for tile discovery of new explosive substances.

The works of Y. V. Lomonosov plnyed a very important role in

the development of eunpowder. A rational proportion among the

components of this powder was established on the bnsis of there

wore towards the end of the lath century. This proportbm• is

still in use today. Only then was the technolozy of gun-;3owder

production perfected.

:Mtlhods of Igniting Gunnowder. Bte2i;nine with the first proto-

tysl's or firearms, and up to the beginning of the Inth century,

i.e. P period of 500 years, aunpowders were ignited through a

"pr inmr" . The weapon had a vent which exparided outiwards and was

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

_ _ Best Available Copy



primer was Ignited by pieces of smolderina coal. Later on, this

was done by means of glowing sticks. Wicks were used after this.

Matchlocks appeared in the 16th century. The flint lock was the

miost perfect of these. Peter the First introduced the flint lock

into the Russian Army in 1701, and they were part of the standard

military ordnance for about 150 years, until the end of the Cri-

mean War.

The first flint lock hod a number of serioun defects. There--

fore, attempts to find better ways to ignite the powder charge in

a weapon were started already at the close of the 18th century.

The possibility of solvinz this problem was facilitated by

the earlier development of chemistry, and, in particular, by the

discovery of Berthollet's salt. A few years after the discovery

of this salt, the Scot, Forsythe, proposed the use of a chlorate

mixture, which was easy to explode upon striking and produced a

spark which was sufficient to ignite the powder. Pea-sized balls,

grains, and lozenges, which were later coated with wax, were made

or such mixtures. These mixtures were called percussion compounds.

A special lock was invented, the percussion hammer of which had a

striker pin which hit into the flash pan. This flash pan held the

percussion lozenge or ball.

In 1815, the English inventor Igg proposed to press the per-

cussion mixture into a metal Jacket - a cap. Thus, the friction

primer came into being.

The production of friction caps, with fulmintme of mercury in

the percussion compound, was started in Piussla in 18'43 at the

Okhtensk powder works.



The Ouest for a Powerful GIuanowder. 'hDring the second half of the

18th century, in connection with the development of induntrial

capitalism, a need for powder, which was more powerful than pun-

powder, arose. This powder was to be used for the wininc industry

and military purposes. Research was initiated in order to find

such a powder.

The first venture in this field was carried out by the rrench

chemist, Berthollet. lie 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 life, the experiments were discon-

ti nued.

Berthollet's failure can be explained by the fact that only

Cho fundamentals of inorganic chemistry were in existence at that

time. These fundamentals were insufficient for the creation of a

,inw, powerful powder and for new explosives. The emergence or a

new branch - organic chemistry - was cessary to achieve this

purpose. This fact was borne out through a further development or

science. Meanwhile, orvtnic chemistry started to be developed

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

The Discovery of Nitrocellulose and 'Nitroglynerine. Two note-

wvorthy discoveries were based on the attainments of organic cheouii:-

try - the discovery of nitrocellulose (Braconnot 1832) and nitro-

glycerine (Sobrero 18146). These two discoveries were the basis

for a further development of gunpowder and high explosives.

The discovery of nitrocellulose subsequently brought about a



turning point in the history of gunpowder - colloidal powder was

invented. The discovery of nitroglycerine led to the discovery

of the phenomenon of detonation and high explosives, which was

the result of the problems facing the rapidly-developing mining

industry in the 19th century.

The rapid development of industry and the huge emounts of

progress which were sttaitiie! in the fields of physics, chemistry,

,mathematics and mechanics ii, the lCth century v(ere also accom-

paniod by great proaress in military scienne.

Rifled artillery pieces %Yere put Into service practically

simultaneous]y (around 1960) in PusPi a nd otber Furopoan coun-

tries. This led to a largo increase in ran.e ard uimprovoul accu-

racy of fire in comparison with the hitherto-used smooth-bore

artillery. At the same time, the urge for a further improvemenit

in the ballistic qualities of artillery and small Frms required

i still faster solution to the previously mentioned problem -

the finding of a powder which was more powerful than the old,

black powder.

Attemnts to Use Nitrocellulose for Firing Purnoses. No In-

terest was shown in nitrocellulose for several years Pfter its

discovery. Academician G. I. Gess and Colonel Fadeyev investi-

mated the properties of nitrocellulose during 18146-18'48, and they

showed that it was several times morm powerful than black powder.

Experiments were takinr place in various countries during

the following years, which had as their purpose a study uf the

possibility of using nitrocellulose instead of black powder for

-6-



firinL purposes. These experiments ended in failnre for a Iona

time. The chief difficulty lay in the fact that, in firinR with

loose nitrocellulose, an extremely rapid and, through that, non-

uniform combustion of It occurred. The result was the generation

of a very high pressure which caused a large shell dispersion or

even ruptured the weapon.

The Be-iinnings of the Need for Smokelegs Powder. Magazine-

fed rifles were 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 rifles

with respect to impact count. The reason for this was that, in

rapid fire with the magazine-fed rifles, the smoke did not have

time to dissipate and the riflemen had difficulty in seeing the

target. In connection with this, the problem of finding a low-

smoke or smokeless powder was presenterl in all its sharpness.

Invention of Smokeless Powder. After prolonged experimns',

the French chemist, Vielle, was the first to obtain smokeless

nitrocellulose powder in 18W4. 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 cannon.

Owing to its compact structure, the powder which was obtained

in this 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.

-7-



In 1888, A. Nobel invented nitroglycerine (ballistite) pow-

der. In 1889, Noble2 and Abel invented in England a nitroglycer-

inm powder of another type (cordite).

The problem of sustained fire with magazine-fed rifles was

solved 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 fre were in-

creased. The flatness of the trajectory and penetrating ability

of the bullet were also correspondingly increased.

To the Rame extent, the use of smokeless (colloidal) powders

marked a turning point in artillery technology, where the muzzle

velocity of the shell, range, and accuracy of fire also increased

sharply.

Smokeless powder ts also a necessary prerequisite for the

production of automatic weapons, machine guns in particular.

The Role of Rumfian SciantigtR in the Develonment af Powder

Technology. The work of Russian scientists and specialists had

a great impact on the development of gunpowder technology.

L. N. Shithkov made an analysis of the combustion products

of black powders and computed the combustion temperature for the

first time in the 1850's. N. P. Fyedorov published a noteworthy

study concerning the composition of gunpowder residue and pro-

ducts of the decomposition of black powder tinder various pressures.

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

I-•



tically-suitable shape for black powder grains in the form of a

cubic prism with one or seven channels. These two shapes are once

again being used in contemporary one- and seven-channeled grains

of colloidal powders. To the early 18CO's, Proressor of the

Artillery Academy N. N. Pyedorov end Instructor S. V. Panpushko,

in conjunction with two employees of the Ok!btensk powder works,

A. V. Sukhinskiy and] E. V. kalacbyev, developed in a very short

period of time an industrial process for the production of nitro-

cellulose powder. They produced two forms of powder - lamellar

for rifles and strip-typo for cannon.

In 1891, D. I. Mendeleyev developed n unique form of nitro-

cellulose powder - pyrocolloital.

D, I. Mendeleyev n1so proposed a met.hod for dehydrating nitro-

cellulose with alcohol, thus simplifying the operation and makine

it safer. Ile also proposed a method for trapping the alcohol and

other vapors, which work was completed by V. N. Nikol'skiy under

Mendeleyev's guidance. In 183-5, Nikol'skiy developed a method

for the removal of the residual solvent from the powder through

soaki ng.

The chemical stability of nitrocellulose powder was greatly

increased at the beginning of the 20tb century by introducing

diphenylamine into the composition as a stabilizer. This was dono

on the basis 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, and

the relationship whitch he established between the nitrating mix-
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ture and degree of nitration of cellulose are of significant im-

portance to the nitrocellulose industry.

The achievements of the Russian scientists and specialists

were also made use of in the powder-producing factories of other

nations. In particular, the D. I. Mendeleyev nitrocellulose

powder was accepted in industry of the U. S. A.

The Discovery of itigh Explosives. In 1854, the famous Russ-

in• 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. P. Pyetrushevskiy,

iloveloped a method for large-scale production of nitroglyceriijo

atid a method for its explosion. Pyetrushevskiy 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 experl-

uents to be discontinued. They were renewed at a later time

through the initiative of the military engineer 0. P. cern, who

was interested in using nitroglycerine for demolition work.

Nitroglycerine was used for the first time by Pyetrushovskiy's

collaborators for blasting operations in the gold fields of Eastnrni

Siberia.

In 1865, Captain Andriyevskiy, a collaborator of N. X. Finin,

suggested a fulminate detonator, the use of which greatly incrensed

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 foundation for the rapid de-

velopument of high explosives. It turned out that a large number

of chemical colmp)OUnds 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 powerful thon the

detonation force of black powder. Such compounds as picric acid,

for instance, are among these compounds. Picric acid was used as

a coloring agent for a hundred years with no suspicion on anyone's

part that it could also be used as an explosive.

The honor of the further development and practical utilivation

of the noteworthy works of the Russian scientists belongs to tlhc

Swedish engineer, A. Nobel. Nobel perfected the design of the

detonator and invented a number of dynamites and nitroglycerine

powders (ballistites).

ThM AnDlication of lHih Explorijve, in Artillery. The Russlans

decided to accept nitrocellulose as a filler for artillery shells

in 1876. However, 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 only dur-

ing the beginning period of the year 1890, and, furthermore, this

waothod was used for only a few mortar and cannon shells whose cali-

ber was from 8 to 11 inches.

The filling of ammunition with nitrocellulose instead of black

powder was an important stage in the history of artillery. But,

on account of the high sensitivity of dry nitrocellulose to mechani-
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cal effects, it could only be used in shells with a dampness con-

tent of 18-201. Maintaining such dampness required a constant

supervision over the nitrocellulose. T, was also necessary to

exercise control over its chemical stability.

In connection with the defects which are intrinsic to nitro-

cellulose, after Turpin (rrance discovered a method to detonate

rrom u booster with cast picric acid (melinite) towards the close

or tiho 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

12bis at the beginning of the 1990's. This work was conducted by

S. V. Panpushko. k method for filling several large-caliber

shells with melitine was developed in 18 9 4. During this period,

a method for filling the shells used by the Model 1877 field piece

with molitine was developed. During testing of these shells, two

guns ruptured, causing fatalities. This failure, the causes of

which were not sufficiently 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 lines in other

countries were also not too successful. Even though the English

armed forces were equipped with lyddite shells (English term for

melinite) toward the close of the 1890's, the amount of incomplete

shell bursts during the Boer War (1899-1902) amounted to 1000.

This was due to the imperfect design of the fuses. The shelling

offect 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 opinion was that all of the

tasks required in combat operations could be fulfilled with one

gun: a ligh field-piece firing one type of shell - shrapnel. In

connection with this idea, the light field artillery h. e. shell

was removed from the ordnance in several European countries.

Japan was the only country to use the high-explosive shell for the

75 im field and mountain gun. This shell was filled with 800

grams of picric acid ("Shimoze").

The DevelonrUent of Ammunition after the Tisgo-Jananese War.

The Rlusso-Japanese War bad an important effect on the development

of military technology in general and on the development of ammuni-

tion in particular. This war completely resolved the moot question

concerning the value of the high explosive shell in ground combat.

During the Russo-Japanese 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-constructed

field fortifications were set up not only on the main line of rn-

sistance, but also in the rear areas. Powerful high explosive

shells and long-range heavy artillery was needed to demolish them.

The importance of large-caliber high-explosive shells containing

a picric acid charge of up to 40 kg (in 12-inch shells) for naval

engagements was also manifested in this war. Naturally, these

shells could not pierce even light armor, but their bursts caused

a 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

not observed in previous wars.

All of this caused many countries to introduce miscellaneous

and numerous field pieces into their ordnance and to stock-pile

large supplies of ammunition in the interim between the Russo-

Japanese War and World War I.

Trotyl (TINT) was introduced in Russia as a shell filler during

this period (1909).

Growth of Ammunition Conaumption from _the World War T Plt.

Shortly after the outbreak of World War I new circumstances

came into existencep which greatly increased the consumption of

ammunition, and, correspondingly, explosives.

First of all, in spite of the prevailing opinion, 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 Russian armies during

the siege 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 I kilometer. They were called bomb-throwers and

trench mortars. Hand and rifle grenades were used in large quan-

tities for the first time in World War I. Heavy machine guns, and,

at a later date, automatic rifles also made an appearance in large

numbers.

Secondly, defense in World War I was not only perfected en-
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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 engine'er-

ing means. Artillery was the decisive means, because prior to the

appearance of chemical offensive means as well as of tanks ind

aviation at a later period, only the heavy fire of the artillory

could demolish the defensive installations of the enemy, to dos-

troy or demoralize their defenders, to silence their fire, and to

enable the attackers to break through the defenses with fewer

casualties.

The dynamics of the growth of ammunition expenditure for thn

relatively short historical period from 1R70-1 9 4 5 are of some in-

terest.

During the Franco-Prussian War of 1870-1871, the Prussians

used up 650,000 shells. The Russians used up 900,000 shells in

the Russo-Japanese War.

The amuunition expenditure for the entire period of World

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

Russia . . . . up to 50

Austria-Hungary . . . about 70

Germany . . . . about 275

England . . . . about 170

France . . . . about 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 overaMAemmunition expenditure, but also their

tremendous expenditure in narrow sectors of the front in separate

operations3 is enlightening. Thus, for instance, 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 was of about 120,000 tons,

which means that about 8 tons of shells were fired per 1 motor 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.

Where the number of pieces per kilometer of front did not exceed

160 during an assault on the enemy in World War I, durina World

War II the number of pieces and mortars used in separate opera-

tions amounted front50 to 610 per kilometer of front.

During the years o1 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 expenditureewhich 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 do-

niands for explosives.
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Of this s.roup, the ainnonium-nitrate explosivoes took on t-

basic Importance. Teose explosives consisted of an anmmonium

nitrate mixture with TNT, trinitroxylene, as well as with other

nitro compounds. The raw material source of their basin com-

ponents was ammonium nitrate.

This class of explosives was used for the first time during

the 18800s by I. M. Chel'tsov, who, in 1836, proposed to use a

mixture composed of 72.5', picrateg called "thunderbolt", as a

filler for mines end shells. Later on, when the production of

TNT, dinitronaphtelene, eto., became organized, amuonium nitrate

oxplosives which contained these nitro compounds began to be pIro-

d uced.

Iigih Exulosives in the. USSR. The production of high oxploF-

Ives was at a retarded pace in pre-revolutionary Russia. Some

of the explosive-producing factories were owned by roreign in-

terests previous to World War I. It is quite natural that they

did not care too much about developing the technology of this in-

dustry, but were only interested in profits.

Therefore, it %as necessary to import large quantities of

oxplosJves during World War I. The proposal of A. A. Solonin to

use amttol - a mixture of ammonium nitrate and TNT - as a filler

for shells, and aimnnonal - a mixture of ammonium nitrate with

aluminum and hylyl - as a filler for hand grenades was of great

importance.

When high explosives were first used as ammunition fillers,

this ammunition was 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 loading

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 T. Nonetheless,

tho old method of loading still found extensive use in conJunc-

tion with the new methods.

Of the scientists and specialists who had a decisive in-

fluence on the development of the aemnunition-loading pursuit in

Russia, the attainment of the pioneer in this field, S. V. Pan-

pushlko, should be pre-emineiit. E. G. Gronov developed amatol-

loading during World War I.

During the Soviet period, N. T. Zveryev made durther It-

provements in the use of TINT as a filler. N. T. Zvyeryev made

mnore important contributions in the technique of loadinF ammuni-

tion by the endless-screw metbod, which was developed by him

during 19 29-19c31. This method solved the problem of using am-

mouium nitrate explosives as ,immunition filler in the Great

Patriotic War.

Anti-Tank Ammnition. Tanks appeared on the battlefield

for the first time in World War I. Specially-designed shells

which could pierce the armor plating were needed in order to

successfully engage them. The killing effect 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 shells

were of small caliber at first. A requirement for greater power

in the explosive was a natural 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 explosives was found.

The appearance of such rapidly moving targets such as tanks

and airplanes made it necessary to be able to observe the tra-

Jectory of the bullet or small-caliber shell, so that aimed fire

could be employed. This problem was 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 18614 by M. M.

Boryeskov. The Soviet scientists and artillerists made use of

this theory in the Great Patriotic War and produced various typos

of shaped-charge ammunition.

Exnlosives in World War II. PETN and cyclonite were pro-

duced in large quantities for the first time in World War IH.

No other new explosives, with the exception of some minor sub-

stances, appeared in any of the warring nations.

The work of plants and research laboratories were apparently

directed to increasing 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 previously unfore-

seen demand in aircraft high explosive bombs.

Ignition and Initiating Means. For a long time, solid 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.

Fulminate detonators were employed for stimulating the high-

explosive 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.

A further increase in the power was obtained by substituting the

TNT in combination 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, S. 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. C. Gronov, A. A. Dzyerzhkovich, V. I.

Rdultovskiy, A. K. Yurvyelin and others played an important role

in the development of primers.

The works of the Soviet primer specialists were of great

inspiration in the Great Patriotic War.
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Develonment of Pyrotechnins. It has been noted above that

fire was used as a means of combat even back in antiquity and

that the Chinese employed combustible substances for several

centuries prior to our era.

For a long time, the development of pyrotechnics in Russia

proceeded mainly along the lines of fireworks compositions.

Starting with the 19th nentury, 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. F. Matyugo played

a prominent role in the further development of pyrotechnics. In

conjunction with other scientists, they laid down the scientific

principles of pyrotechnics in the middle of the last century.

The works of these scientists were continued by P. S. 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.

lie 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 - thermites and Q1ight1y-gAPAOn• nr nton-

gaseous thermite mixtures.

A prominent role in the development of pyrotechnics up to

191'4 and during the period of World War I was played by Frsbov,
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Sannikov, Gorbov, Pogrebnyankov, and others.

Bombardment Aviation and Rocket Shells. The problem of

shelling the enemy's far rear areas already came up in World

War I. The famous German long-range gun (Big Bertha), which

shelled Paris in 1916 from a range of about 100 kmt, had a cer-

tain, short-lived, morale success, but it turned out to be in-

effective and too 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

(nd of the war. Once again 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 manpower,

tatiks, aircraft and other targets.

Atomic Weapons. After World War I, the chemists were faceO

with the problem of creating a super-powerful explosive which would

exceed many times the force of' tb., explosives known at that time.

A study of the problem showed tbht contemporary chemistry was in

a position to come up with an explosive whose force would exceed

such knowi explosives an nitroglycerin evbn four- or fivefold.

The problem of getting a super-powerful explosive could be

solved 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-

composition of uranium, where an energy of 18 billion kilocals/kg
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is released. Whven the uranium decay explosion takes place, the

temperature builds up to about 10 million degrees. (The maxi-

mum tomperature during the explosion of ordinary explosives

amounts to about 4000 0 .) The discovery of the chain reactioi of

radioactive uranium decay made it possible towards the end of

World War II, to create a weapon of tremendous power- - the

atomic bomb. Still more powerful sources of onerry w•ere dis-

covered later on - thermonuclear reactions, which wore the basia

for the creation of the hydrogen bomb.

A striking feature in the organization of scientific-research

operations iii the Soviet period is the fact that, when aEkny ar-

bitrary and more or less complex problem has to be solved, t.eams

of scientists and engineers of vwryinR specialties are put on

the project, instead of Just individuals. If, in the beglnnin!,,

a scientist verifies and works out some problem on the bnfis of

now ideas, then, at a later period, beginning with a predeterullrod

phase, collective effort proved to be the most fruitful. Just

this kind of effort on the part of our scientists and en.iners,

who were filled with Soviet patriotism, brought about to a sifid.-

ficant extent the remarkable attainments of Soviet science and

technology.

Soviet scientists successfully continued the works of thcnir

talented predecessors, they made great contributions in thu
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development of a wide oircle 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

amiunition in the required quantities.
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SECTION I

TITHEORY OF EXPLOSIVES

CHAPTER I

GENERAL ChIARACTrIITICS OF EXPLOSIVES

AND TITEIR CLASSTPICATION

1. General Considerations Concerning Explosion

1. Definitio-na. The term explosion means a very rapid de-

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

pension of gases or vapors. The causes of this sudden expansion

of gases or vapor con be variegated. We shall mention somno of

these.

a. An abrupt change in the physical state of a system, asg

for instance, the rupture of a vissel of compressed gas. 'N'ben

,as expands, a rupture of the vespel's wall takes place; the

splinters fly at a rapid pace; and circumambient object's are de-

molished or damaged. The explosions caused by similar physical

processes are called gbygleaJ axnlsions,.

b. A rapid chemical reaction with the formation of paseous or

vaporous products, which are accompanied by the generation 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. This reaction is accompanied by the emission of

a 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.

Explosions caused by a rapid chemical reaction ire celled

Cbeinical eplogioLns. Chemical reactions which are accompanied

by, or are capable of being accompanied by an explosion, are

called e transformations.

Substances which are capable of explosive transformation

are called exglogiy.ft

c. Fast-acting nuclear or thermonuclear reactions (reactions

of fission 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 bomb and a certain portion of medium

surrounding the bomb - are instantaneously converted into ex-

tremely 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

called atomiQ eglopiQ .

We shall examine only chemical explosions and the pertinent

explosives in this book.

2. Conditions fletermining Chemical Exglosion. A chemical

nxplosion is determined by four conditions: exothermic nature of

the chemical reaction, the quantity of gases or vapors I 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

explosive is the heat of the chemical reaction. If a supply of

energy from without (endothermic reaction) is required for the

chemical transformation of a substance, then such a transforma-

tion cannot be accompanied by an explosion. Only those substances

where there is an evolution of heat during chemical transforma-

tion can be explosive.

b. The presence of gaseous substances in the presenrne or

chemical transformation. Just as in the case of any heat machino,

a working body - gases or vapors - are needed to convert the boat

generated by chemical reactions into mechanical work. When gases

or vapors are not present, such a conversion is impossible, atnd,

as a result, the phenomenon of explosion is also impossible.

c. Fast chemical reaction rate. This condition is obvioutly

associated with the first two conditions: the exothermic nature

of the reaction should guarantee a rapid rise in temperature, and

the presence of gases or vapors in the reaction products requires

the completion of the reaction previous to the time when the gap,ýs

or vapors begin to expand and spread through the unreacted parts

of the substance.

d. Power of self-propagation. An explosive transformation

generally originates within a limited sector of the substance under
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the effect 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 Or, ENERGY AýND THEIR CLASSIFICATION

1. Comparison 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 combustion. This can be readily seen from Tables I and II.

Another picture can be obtained by comparing the same quan-

titles taken not as a unit of weight, but as a unit of volume

(Tables Ill and IV).

It is evident from a comparison of Tables I and II that, in

the combustion of ordinary combustible substances with gaseous

hydrogen heats which are two to three 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, and 1000 greater than in the case of a mixture of

hydrogen and oxygen.
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11ATJE T

1x~i Io si ve P1eat of' Explosion

('Tunpowder 665

ily r oxy] 11n 1025

TAflLY, TT

Hleat of' Cornbtiption of' Conbibptible Ifixturep with (41speolip
Oxygen__ _ _ _ _ _ _ _ _ _ _ _ _ _

Fuel TTeqt of ('aombustion
In kiloopl/ke

Carbon 21 I 4
Penzone 2310
11yarogen 32P30
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TkBLE III

ExP1 l0ve RTrent of Fxplopion
Kilor'/lkel

Gunpowder 800
TNT 146o
Pyroxylin 1330
Nitroglycerine 2:400

TABLE IV
Heat of Combustion of combustible mixtures with gnseous

Fuel Heeat of Combustion
IKiloca 1/kg

cerbon 4.2
Denvene 4.
HTydrogen 1.7
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2. Relation of the nower renerated in gn anieogion to the

energy 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 chergv , can be from several hundred to hundred-thousandth

and •inll'o-1th parts of a second. This fractor determines the

high power which is developed in an exploslon. We shall demon-

strato h10iRs iiy using TNT as an ,xataple.

Nine hundre,-,,d and fifty kilocals are emitted In the explos-

ion of 1 Irg of TNT. Assumine that the propagational explosion

products are adiabitic on occount of the brevity of the process,

and takitir the efficienicy as equal to 101,, we find that the

mechanIcol work which can be crented by the explosion products

oCe 1 kg of TX;T is equal to 0.1 x 950 x 427 = 41,000 kilogram-

meters ('427 1,;logrannneters/kIlocel = mechanical equivalent of

heat). ?'ithin certain allowances with respect to shape and den-

sity of the charge, the duration of the explosion can be rout.i:hly

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

(cousidering that 102 kilogremmeters/second is equal to 1 kilo-

watt)

41,000 =40.2 million kilowatts

10-5 x 102
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It is a well-known fact that thore are no machines in exist-

ence which can generate such clossal power. This example shows

that the high power of explosives is dependent not so much upon

the large store of internal energy, as upon the extremely short

life of the explosion.

3. Mlagnification and General Characterietics of th.E

logixve Trangformation Phenomenon. The chemical transformation

which originates in some part of the explosive propagates in suc-

cession. The presence of a transformation front, i.e. a narrow

zone of intense chemical reaction which liberates 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

increased 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 process is called nMbtion.
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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 occurs more energetically: the

pressure increases swiftly and, as a result, the rate of combus-

tion increases; a very rapid displacement of the shell or bullet

takes place under the effect of this hig'h pressure, i.e. a shot

accompanied by a sharp sound effect.

The effect, which consists of imparting velocity to the ob-

ject by means of pushing it forward with its being burst (split-

ting or breaking up) is called pronalling effact.

When black powder burns in a tamped shot-holea there is also

an increase In pressure and corresponding increase in the combus-

tion rate which brings about the demolition of the circumamblent

medium 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 rise more or less 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 the transfer of energy

from layer to layer by a compression wave. Speaking more strictly,

this is a shock wave, with which we shall become acquainted shortly.

In this 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 combustion, the propagation rate does

not depend on the outside pressure at which the chemical trans-

formation occurs.

Such a chemical transformation is called detnaion.

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 Exnlosives. 4  All explosives which are

used, or have been used, in practice can be 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 requirements for chemical explosion;

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.

- 34 -



Group I. Proaelllnt axciosives or nowdern. The character-

istic form of explosive transformation for substances of this

group is combustion, not crossing over to detonation even at

high pressures which develop in firing. These substances are

suitable for imparting motion to a bullet or shell in the barrel

of a weapon and for imparting motion to a rocket shell.

By its physical structure, powder can be divided into two

classes:

Ist Class. Arechanical 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. Colloid 2owdera. Pyroxylin, which has been 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 slig•htly-volatile or non-volatile sol-

vent, all of which remains in the powder.

Group II. Powerful or high (secondary) ex]loniveU. 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 unstnble

and, under certain conditions, it can convert into detonation.
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Itigh explosives are used as shell fillers and other kinds of

ammunition, as well as for blasting operations.t Substances of

this group are called secondary explosives because their explos-

ive transformation is difficult to excite by ordinary forms of

exterior effect (flame, fTiction, 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-

c . As an example, the following belong to this group:

1. Nitric esters of hydrocarbons. The chief representative

of these explosives is pyroxylin or nitrocellulose. 6

2. Nitric esters of alcohols. The characteristic ropre-

sentatives are:

a. glycerintrinitrate or nitroglycerin, Cala (ON02)3 , which

is used for the production of powders and dynamites;

b. diethylene glycol dinitrate or nitrodiglycol, (CHI)

(ONO)2, used for the production of colloid powders.

c. pentaerythritol tetranitrate, or PETN, C(C1T30N0 3 ) 4 ,

used as an anti-tank shell filler, for detonators, blasting caps,

detonating cord, and other uses.

2nd Class. Nitrocomnounda. These are the most important

high explosives. They include:

a. Trinitrotoluene or trotyl C 1I• (CIr3 ) (NO3 )3 ;

b. Trinitroxylene or xylene, CGH (CH ) (%O7 )
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c. diinitro bnnzezae *114 (NO )

d. dinitro naphtalene CO He (NO)2

e. picric acid C 11 0] (NO )

f. aiauonium picrate Cel (OITN4 )(N•2O)

g. Tetranitropheuyl - wiethylnitramine or tetryl

CaT

' 0

012

h. cyclo-tritmethyl.tna trinitreminA of cyclonite

r, a7 " (N O a )

Fusions of nitro compounds, as, for instance, tririitrotoln-

ene with dinitro nephtalenn, cyclonitm or xylene and somo mtechbni-

cal mistrues of certuin nitro compounds or their fusions with

powtered aluminum or other substances, have assumed an important

meant ning.

3rd Class. Exulosive wixturep, consisting of a mixture of

an oxidizer with the explosive and fuel. These includea

1. ammonium-saltpeter explosives, which contain ammonium

nitrate as an oxidizer. An example of this are the amatols

80/20, 60/4•, 50/50, 140/60 (the numerator indicates the ammoniumi

nitrate content and the denominator indicates the trotyl content);

granulated dinaphtalite - a mixture of 88% ammonium nitrate and

1215 dinitronaphtelene processed a special way - as well as otherv.

2. explosive mixtures on a base of liquid nitric acid

(nitroglycerine explosives). The nitric acid ester comes mostly

in the form of a gelatine (dynamite), hit compositions containing
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small amounts of 'tinelantinized nitroelycerine are in existence.

In addition to the nitrate alcohols, oxidizers (nitrates) and

combustible materials Ro into the mixture;

3. chliorato and perchlorate explosives, containing sRUItS

of chIoric or perchloric acids (chlorates or perchlorates);

4. explosive mixtures on a base of liquid oxidizers, which

ilnclude liquid oxygen explosives and mixtures on a baRe or nitro-

weti dioxide or concentrated nitric acid.

Liquid oxygen explosives are made of a combustion-sorber

primer which has been impregnated with liquid oxygen.

Group III. Initiating (primary) explosives. Initiating ex-

plosives are characterized by the fact that they can be easily

exploded from simple forms of external action such as flamnes,

pricks, and friction, and they can also detonate high explosiveS.

The combustion of initiating explosives is iinstable even at

atmospheric pressure, and, when they are ignitel, detonation occurp

almost instanteously. Similarly to high explosives, they produc,:

a shattering and breaching effect on the closest media.

The most important representatives of initiating explosivs

are:

1. fulminate of mercury ffg(ONC) -nercuric salt and fultuinic

acid CNOH;

2. lead azide Pb(N.). - lead salt of hydrazoic acid TIN a

3. lead trinitroresorcinate C H (0 2Pb)(NOS)s 1120;

'4. tetrazene C,]. 0N0 .
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CHAPTER I I

SENSITIVITY OF EXPLOSIVES

AND THE INITIAL IMPTTLSE

1. DEFINITIONS

In order that an explosion would initiate, it is necessary

to produce an outside effect on the explosive, which would im-

part a certain nmount of energy to it. This outside effect is

called initial m .

The ability of the explosive to withstand the effect of

some kind of outsitle effect is called the .g.ngitivit of the ex-

plosive.

The minimum energy of the initial impulse which is suffi-

cient to exnite the explosive is the measure of sensitivity of

the explosive to a specific initfol impulse.

2. TIE NATURE OF TIM. SENSITIVITY OF EXPLOSIVES

Explosives were previously considered as unstable substances.

Molecules of explosives were calibrated with a bone standing on

its apex. A slight push was sufficient to throw it out of equi-

librium. An even better methorO Poemed to be comparing the ex-

plosive with "Prince Rupert's drops" which are produced by pour-

ing molten glass into cold water. Pronounced internal stresses

originate in these drops, owing to which they convert into a

powder when they are lightly scratched by some solid. Howevert

if such a shape 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 is more or less acceptable for certain initiating

explosives, then it is not acceptable for high and many initia-

ting explosives.

We shall examine this matter from the point of view of a

presenatation of the conditions of chemical reaction and mole-

cular stability.

In order that two nmolecules of different composition react,

it is obvious that they must collide. This is a necessary con-

dition, but it is not sufficient by itself. The number of colli-

sions, as experiment bears out, exceeds many times the number of

rnacted molecules. Consequently, not every molecular nollision

is accompanied by their reaction.

Reaction occurs only in the collision of reactionable, or

activated molecules. The activated molecules are those which

contain a store of energy whose magnitude must be not less than

that of a specific capacity. The reacting capability of a mole-

cule with an increase in the store of its energy.

This minimum amount of energy which molecules must have so

that they could react is called activation eng.

It is quite obvious 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-

sion between molecules AB and CD, consisting of atoms A, B, C,

and D. Let us take the relationship A to C and B to D) as greater

than A to B and C to D. In order that the regrouping (reaction)
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A- + 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 D. Let us suppose that an energy E is needed to accom-

plish this. In the collision of molecules 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 combinations AC and BD will form, i.e. a

combining of those atoms whose force of attraction to each other

is the greatest.

But what becomes of the other molecules of the substance?

Three cases are possible here.

1st Case. Let us characterize the initial state of the re-

acting molecules by the point K. In order to convert the system

into the activated state L, an amount of heat which is equal to

the activation energy E Is necessary. Finally, 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 Q is absorbed. The reaction is

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

2nd Case. Let the system be characterized by the same states -

initial by K and the intermediate by L, but the terminal state by
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(a) (b) PC)
"L ' -

& £

:•- -- -_ -. . . .-_

f'iý. 1. - Chona ff o n erqnlly in the pystrl.r during chemical rovction
(din grnam)

f • It is evident from Figure lb that, in this particular re-
2

action, not only all of the systems activation energy E is re-
leased, but, moreover the reaction beat Q * In the transition

of the released energy (E + Q2 ) toward the unreacted molecules,

some of them become reactable.

The activation energy of many explosives fluctnates within

limits of 30 to 60 kilocal/mole, and the explosive transformation

heat fluctuates within 200 to 300 kilocal/mole. Consequently,

the amount of heat liberated during chemical transformation of

several 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 this type are cap-

able of self-propagation and the corresponfline systems are ex-

plosive.

3rd! Cose. Let the system be characterized by the same statns -

initial by V, intermediate by L and the terminal state by M

It is clear from Firure ic that, In this reaction, in aildi-

tion to tli•m.,ctivation eonerty W,, only a small amount of heat :.

is releas:d. This amon•it can be insufficient for the activation,

or now moleculcs, ani the reaction, in spite of its being exo-

thormic, cannot be self-propaoatinn with the result that it will

not be explo,iive.

The exa.ilned ofises show lhat it is impossible to explain thi,

sensitivity of an explos=iv, lby the instability of their molecules.

A Wolý.culo of a sFUIstancp can be relatively only slightly

stable, but, if no lep! or Hi a.0ount of heat which is insuffici-

ent to 6ctive, e everal new molocules, is released during its

chemical trnsfoi-:,naýtion, the r'.cetion will not propagate and ex-

plosion will not occur. In e.lother cse, t he molecules can be

stable, but, if ii rantintilty of tin-r-ry is released in its chemicar.

transformation which ip stufieil.nt ror the activation of several

naeiFzhborinr molecules, then tVle reaction is self-propagating anrl

explosion takes place.

The amount of inergy which is necessary for the dissociation

of n molecule, i.e. vclivation energy, can serve as a measure of

its setisitivity. The activation teneray of many explosives is con-

siderable, and, in certain cases, attains 60 kilocal/moles. But

_ - Best Available Copy



thore are qlso In existence certain explosives whose activation

energy consists of only 25 kilocal/moles and even less. 1During

the same period of time, the temperature of oxplosive transforma-

tioii for all typical explosives greatly exceOds the activation

enargy.

3. KINDS OF INITIAL IMPULSE

Vurious kinds of energy ean serve as an initial impull,-, as,

for example:

1. thermal - heating or flame jet;

2. mechanical - shock,9 bullet shock, frictioni, rnil

pri ckinir;

3. explosive eonerry of another explosive.

1. Thermal Impulse. Piasio Considerations Coneernitor Thor-

•Ial . ecomposition. In a manner similar to non-oxplosive c1,emicl

Hysteom, explosives can underg•( slow decomposition, which, in

contrast to combustion or detonation, take place not in a narrow

reacition front, but throughout the entire mass of the siibstanbo.

In the case of ordinary explosives, the rate of such dereomposi-

tion at normal temperature is imperceptibly small, but increases

sharply with temperature. The majority of explosives undergo

slow decay at elevated temperatures (below ignition temperature

see page 28), the speed of which is subject to the law of mono-

molecular reaction

dx
V - - = K(A-x) (1)

dt
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where - reaction rate;

i = Initial concentration of substance;

x = the amount of substance unriergoing decay to a given

momo n t

a-x- coniceotration or flie siibstence at a given niolont.

T•e coefricierit k, cslled the renction ratm constant, 4,-

peii(Ip opoun thl temperal;ure nnd v.ctivation enorgy.

In 1 .11any nsmes of the thormil lecumposition of an explosive,

the reaction products (nitric ):id, nitric oxides, etc) act n:

catalysts. ••1 Phnrply accelerat,' Vie decomposition. Such an

,tcceler•ation of a rnoction by itp products is callod auto cato•lvss.

It is nemcssary in this rase to introduce one more term into tlhe,

oquntion Oectrmining the reaction rnte, which characterizes tbo

Cffeci of the c8telyst

V LW = 1c(a-x) + Ioa (a-x)x~ (2)dt Goai

where n - thn order of the reaction takrint, place with the parti-

cipttion of a catalyst.

Figure 2 shows the nature of the change in the reaction rate

as a function of the duration of the process. Curve I represents

a pure inonomnoleculer decomposition (without catalytic effect of

reaction products). Its rate decreases on account of a reduction

in the amount of the substance.

Curve II represents the process during autocatalysis. At

the outset, the reaction proceeds in accordance with the mono-

I, 5



d i

IV,

Vie.. 2. - Dinitrnin or chnnao in r,,n or floo~onO)stion rePol;ion C'

nn onxlosivo with re(spct to limn pt verioius; itiPl
terone rn tuirnP.

molecular law,, ater that, as the decomposition products accumu-

late and act as oatalysts, the process is accelerated. Subse-

quently, in connection with the use-up reacted (initial) sub-

stance, the rate decreases once again.

Curve 1I1, plotted at a temperature T3 >Ta, lies above Curve

II because the reaction rate increases with an increase of the

explosive's temperature. Curves IV9 V, and VT were plotted at

rising temperatures (T<T, 4< T 5 < T ). The unique nature of these

curves in comparison to Curves I1 and III can be explained by
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the fact that, at some moment of time, the rate of decompositiont

and, accordingly, of the release of the reaction heat, attains

values at which thp heat intake exceeds the heat output (on ac-

count of heat conductivity, vaporiz~ation and other possible pro-

cesses), and the isothermy of the process is disrupted. If a

sufficient quantity of the original substance remained up to

this moment, tbeo its temperature starts to rise, which leads to

a further acceleration of the reaction, torminating with iani-

tion (a phenomeion aecoipaenlod by a sound effect and flame).

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

tures in a shorter interval tim;e, as can be seen from Pigure 2.

the series Tr>,ra>T1 correspondrs to the series T> T > T 4

further incronsa of the temperature T, tho time intervals r,

are colled 1n b ldbac priodn, will decrease. A teoiipori-

ture T can be vistliv1e(f at which the initiil rate of the pro-

cess is equal to the crmtical vnlue, i.e. the disruption of iso-

thmrmy and correspoudinv orib.irnntton of ignition will take pleci

at an imumeasurably smell vlium for the holdback period. It is

understood that this shoulil take place with any temperature which

is greater that T

This minimnlm tenmperature at which the isotherray is disrupted,

i.e. where the heat IntaKe becomes greater than the beat output

and the chemical reaction assum•e the character of an explosive

transformation on account of a sharp acceleration, is called
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Ignition can also occur at relatively low temperatures. IT

this case, the holdback time depends not only upon the tempera-

ture, but also on the particularly important odmixtures of cer-

tain substances which nct as cntalystR, as, for instance, minmrml

acids.

For instance, nitroglycerine in its pure form (thorourhly

rinsed from acids during its production) can be preserved for P

long time (months, years) at P tumperature of •41
0 without ally

alterations. But this same nitroglycerine with an admixture of

5-b 11N0s bursts into flames after 320 minutes at the same tempera-

turn of 4l1° A check of the substance's temperature (with P

tbertiocouple) showed that it remains equal to 1410 for almost all

of the stretch of the experiment, and it starts to rise only dur-

ing the final minutes prior to ignition. This indicates that the

holdback is necessary not only for accelerating the reaction by

smIf-heating but elso for the accumulation of rea'tion products

which accelerate its progress.

P. EXPERIMENTAL DETEPMINATION OF INITTION TEMPERATIURE. The

ignition temperature of an explosive can be practically defined

as the lowest temperature to wbhich it is necessary to heat the

explosive so that a chemical transformation could occur with a

speed that is sufficient to obtain a sound effect and flames.

The ignition temperature is not strictly constant for every

Hubstance, but depends on a number of causes, first of all on

the conditions determining the relationship between heat intake

anti heat output.
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The ignition temperature IF determined under strictly de-

fined conditions so that comparable findings could be obtained.'

An easily-melted metallic alloy is melted in a special iron

tank (Figure 3). After attaining a given tempernture which is

close to the expectant ignition temperature, a glass or metallic

test tube containing a weighed portion of 0.1 g (or 0.05 g) of the

tested explosivw is ploced in the tank. The Iength of time it

takes to tho moment of ignition at that temperature is recorded.

Repeated tests dotermine the minimum temperature below which ir-

nition is not obperved after a 5 minute exposure. The accuracy

Is up to 50.

The ignition touperature for the more important explosiv•s

Is Phown in Table 1%

3

2,

:01

I ,01

"1i•. 3. - lmovietn or rletorminlnnf irfniltion temperat lre.

1. nntni i:nnk with electric heater
P. Test tube with weighod portion
3. Tiorromotnoter
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3. Mechanical Impulse. The action of a mechanical impulse

is explained by the conversion of the kinetic energy of shock

(friction) into heat. However, this does not uroduce uniform

besting in the entire moss of the explosive, and minute local

hot-spots originate, wherein the temperature is raised to several

hundred decreep. An explosive transformation originates in thsse

hot-spots, which in a very short period proceeds in the form of

combustion, but which quickly hastens to explosion.

In the opinion of the English scientist, V. P. Powden, and

his school of thought, the hot spots can consist of the most min-

ute air pockets which ere contained in the explosive (among its

crystals). During. shock, these air pockets quickly compress Find

the gas contained in them heats up to a high tempernture. The

•eated air pockets then ignite the circumambient layer of the

explosive. The hot spots can also, according to Bowden, ori-

ginate through friction on surfaces which contnin explosive

between them, on the pnrticles of extraneous admixtures which

contain explosive In it, and throurb friction on the crystels of'

the explosive itself. Also, according to the data of N. A.

-Klolevo, hot spot is possible as thn result of the explosive's

viscous flow, originating in shock.

The issue of the mechanical origtnation of heat-up by vari-

ous mechanical means has not es yet been fully explained. It

has been establishedt however, that a fundamental role is played

by not only the stresses originating in the explosive, but also

by the transformation of the substance wherein the mechanical
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T A13LE V

Tivn I ti on r')Til-,lrs~t1ir of E~xplosives

ignition IIgnition
Explosive temrnrature Explosive temperatureSrn OC WCl~ier

Fulmirnte of mercury 175-180 TeMl 195-200
Lead azide 340 Picric acid 290-300
Lead styphnate 275 TNT 290-295
Pyroxylin 195 Ammonites 220-240
Nitroglycerine 200 Smokeless powder, 180-200
PE~T.N 215yIni 230 Black powders 290-310Cyclonite 530



energy is converted into thermal energy.

There are many varieties of mechanical impulses. Of thesp,

shock, bullet shock, friction, and pricking have the greatest

practical significance (for initiating explosives).

The sensitivity of an explosive to shock is determined by

t-sting on an impact tester.

The testing of secondary explosives Is carried wut on on

impact-testing muachine (oigure 14), wihich consists of two guides

fastened vertically. A steel weight or ?, 5, or 10 grams clidtls

freely between these two guides. The top part of the weighl b~s

a head which is held botweeu the release lugs of the spring

breaker. The breaker can be set Pt any desired height, which

can be measured by the scplo. The bnse of the machine, which is

mmde of solid steel, is placed on a solid foundation. A punch

device is se'; on the base (Pi.ure 5) in which steel rollers (for

bearings) serve as the anvil and hammer head. The diameter of

thbes rollers is 10 mm. A 0.05 Kram weighed portion of the

tested explosive is spread out evenly between thn surfaces of

the anvil and hammer head of the roller device.

JResults of the determination of' snnsitivity can be expressed

in three ways:

1. Carry out a specific number of tests at a constant

height of fall and weight, and then determine the percentage

of explosions (the ratio of the number of tests which terminated

In explosion to the number of all the tests which were carried

out). Ordinarily, a weight of 10 kg, height of fall of 25 cm,
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TABLE VI

Sensitivity of high explosives to shook

IPercentage
Explosive of

explosions

TNT 4-8

Amatols 20-30

Picric acid 24-32

Tetryl 50-60

Cyclonite 70-80

PETN 100

Smokeless powder 70-80

TABLE VII
Sensitivity of initiating explosive to shock

S Limnits in cm
Elv upper lower

Fulminate of 0,69 ,5,5 8,5mercury

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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pTIrd no leap than 25 tests, are used, The cheraeteristier of some

seconidary explosives which were, obtained by this mei;hol are shown

in Table VI.

2. Determinf, the t.itlirnuifl hei1•, or rnil of a ? kg wof~iht

which causes iven oni mxplosin from a sot number of teot, . This

criterion of senRitivitY haIF been established for coimmrical cx-

plosives •

3. Characeriziw• th&, ý--tn.itivitY of i nitiatil) explosiver

by the upper F-nid lower 1II.iIt. of ptnlitiVity, to wit:

ti by the toaxiitum ht.i ht of fall of the weihrbt at whiM 0i

noot eve•t one explosion occurs, fromn a set number of te•t• (lower

limiit);

b. Ib)y the miniluinn hrie it, of fall of the snme weighit at

which 100L, of explopionz P are obtnined (upper limit).

The upper limit st.rv !!F . r•1" "o'itional mepsure of the senqi-

tivity (reliability of thse efrfct) of' the iniflatilr o-xplosive

aknd the object contiinitiv if. .'h- lower limit serves as a inca-

aure of safety in the hnndli. ur Initiativnr explosive or objictr

containing it.,

The results of the te.. which were carried out by this

method are shown in Table VII.

Initiatii)z explosives cat, 10- tested on a lever-type impactinv

testing machine (Fiegurf- 0) which consists of a plate with a steel

anvil, measuring arc with graflodtionp, and a wmight-carrying

lever which rotates about a hiPge. The weight can be held at a

set height by means of a hold-down screw.

Best Available Copy
- Sb -



ip. . - Il!Ipnnt :'!Frchino Cor tostintr Iinitirstimei sub~tpneoo

1. pipto P. qtnel Plnvil '3 I. Mourintg r~rc,4&. 'Veigbt 5. 4inre 6. Tiever

7.Lever hol(I-rlown scrow

F~ir. 7.-Device for detorminine Ronsitivity to friction

1. Tightening Forow 2. qtmnl roller 3. expliosive
L4. Slidint- Plato 5 Pnndulum Rtriknr.
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A 0.02 gram weighed portion of explosive is pressed into

the cap of a fuse assembly, covered with lead foil, and theO'

placed on the anvil. A hammer head is set oni top of the cop

which strikes the cap when a weight from 0.5 to 1.8 kg drops

on it.

A study of the sensitivity of explosives to shock led to

the conclusion that explosions and failures are distributed

statistically in accordatice with the low of random errors, anti,

just as in the case of the upper anti lower limits, any point

on the sensitivity curve (see Figure 34 and its description onl

page 119) are the result of statistical scattering of the experl-

mental data.

If it would be possible to observe a full identicity of till

test conditions - full similarity of all tests and nature of

shock - during the carrying-out of the tests, thenl we could ob-

tain a certain critical betailt tfl fall for the, we1jht below which(

no explosions would observe, while the number of explosions abov,y

this height would be equal to 100<.

In reality, however, the tests differ from the ideal by form,

dimensions, uniformity, etc., owing to which every test has its

corresponding critical height which differs from the ideal in ot .:

direction or the other. This means that should one part of the

test samples explode when a weight is 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 sufficiently
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large number or impacts from the critical height of fall, there

should be an equal number of explosions and failuresp i.e. by

504o of the overall number of tests. Consequently, under test

conditionq, the critical fall height of the weight corresponds

to a 504, probability of explosion.

Mhen the fall height of the weight is changed to somm other

value, the number of explosions or failures changes correspond-

ingly in accordance with the law of probability.

The sensitivity to a bullet shock is determined by a shot

from a rifle into an object filled with the tested substance

(such as a hand grenade or aircraft bomb).

The sensitivity of an explosive to friction is dotermined

in various ways. The most prevalent method is the one based on

grinding the explosive between two blocks. The block rotates

about a vertical axis at a rate of 20 to 150 turns per 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 device for this same determination, which was used

by Bowden, is shown in Figure 7. Here, a thin layer of explos-

ive, compared with a set force between the roller and plate, is

subjected to a quick shift when the plate slides after It has

been hit by the weight-pendulum, dropping from a predetermined

height.



Sensitivity to pricking of inittitine mxplosives is of

great importance for -ap1)od objects. The methods for drtmrtrin-

ing the sensitivity to privicing are described in Chapter IV.

4. SCensitivity to the Detonation of Anothejrxposie.

The sensitivity of a wicondary explosive to detonation can be

characterized by a weight of minimum charge of initiating ex-

plosive which assures ij sustained detonation of the tested Pub-

stance under set conditions. Such a charge is called the i~lj.-

jug ohlrg.a UL ioi..iji. explosive, with respect to P specific

explosive (see Table xIl 1).

TIIA1LE VIII

sensitivity to Oeitoiption of three high exploplvin which wrn•'

pressed into tha coppo.i jIeokt of P hlnstine cnp nt IflenticvI

pressures.
Limiting charge in g

E'xpIosive FulinAat Lead

-mercury azide

Tetryl 0,29 0,025
Picric acid 0,30 0,025

TNT 0,36 0,09
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The amount of limiting charge depeods on the test conditions:

material, dimensions and the shape of the jacket into which the

initiating explosive has been pressed in; on tho density of both

charges - initiating and Recondary explosives; on the quantity of

crystals of both explosives, and on some other conditions.

The charge of initiating explosive which serves for oxcitine

the detonation of the high explosive is called the initi.itor, and

the object consisting of the jacket with the charge of initiating

explosive pressed into it is called a blasting UU. Some explos-

ive charges (for example cast TNT) cannot be detonated by a blast-

ing cap. In order to explode such explosives, a blasting calp in

con.junction with a booster charge or' secondary explosive (such as

tetryl) is used. This booster charge is called intermediate

.IL2Lnato or simply df±tngtor.

5. Detonation by Influence. In the detonation of ai, 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 a~tijcxft , aod the second charge, which is placed

away from the first, is called the n.1iva c . The spacing

distance through which the detonation is transmitted depends on

u number of factors, of which we shall mention the chief ones:

a. Brisance, quantity, distribution, and shape of the

active charge. PETN and cyclonite transmit a detonation farthnr

than the less-brisant TNT or picric acid; a tightly compressed

explosive transmits a detonation farther than the Rame explosive



iwhich is not as dlenw!; the effect is greater iin thm direction of

the proparntion of the. detonation than In the opposite or sidn

directions (Rmn paffmp 86-"0); the distanoe of dptonption trans-

minision grows with nn inraeIn them wmigbt of the, Fictivo nhnrýý',.

b. golipilivi Cy to detjonation 14ndl deonpity or' thn nassivce

ch.irwr,-. Siibstoncns. wlii ch are mnore sensi tive to de~tonation ORP-

ieriorr~te of in groat--r ulistnince from the active obtrtyRn tharn 11--,

sensitive oiles '10. "locaus# Ohe senisitivity -to dntolintoi- O s IT

rule ilecreases wi tlhai no rincroisc. in dlensi ty , then tho transn~'A iw

dli stanco of detuilurti on 1)y ini"Ilnoncle also is reduced withi inn inci-o l,

in donsity of' tle, patssivn Owirge. In general, all factors which

alter the sensitivity or n passive charge to detonation t'ile~ ._-

the transmitting distaince of detonation by influence.

c. Ordinary jaucket. The tronsmitting distance is in-

creased] by ancasing the chairgep in some kind of Jacket, a~s for

instance$ a tube.

di. Nature of time iueldium separstina the charges. TDeto~iji-

tion can be tronsmnitted best of' all through air, worpe throufLh

water, worse yet tfiroupmli clays, ind worst of all throog steel

and powrlery aeia~i unrh vs loost-, soil, pand, ec

6. Transmizspion of' Detonation -fropi Cartridge to2 CartridgsŽ.

Explosives in the forn (if cartridges which composel a chnriLco orn

used in many kcinds or' blas-tina operations.9

It is obvious LOuit, durn ng thn propagationu of n detonationi

by the% chbarge, evory precelding cartridge can be) considefred a- a



detonator with rospect to the subsequent cartridge. Io order

to assure a detfnation of the complete charge, a sufficieot in-

itiating capability of the detonator and a sufficient sensiti-

vity to detonation of the succeeding cartridge are requisite.

In the case where the quality of the explosives is lowered (this

primarily refers to explosive mixtures) and Yhe'U cartridges tire

made out of this explosive, a detonation of the complete charge

may not take place.

When testing the reliability of a transmission of detons-

tion from cartridge to cartridge, the maximum distance between

two cartridges whore a transmission of detonation still takes

1)lace is determined.

7. The _Xffeoct of Various Kinds of Initial .-nipulse on Vn

JLul.Qolii. Simple Initial ImniULse. The described forms of ini-

tial impulse, with the exception of the energy of the secondary

explosive, are called eimple initial i. These include a

flame, spark, blow, friction, pricking, etc.

In many cases, the absence of equivalence between various

rorms of the initial impulse can be observed. Vor 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 less stable to thermal effect.
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/4. FACTORS INFLUENCINC THE SENSITIVITY OF EXPLOSIVES

1. Phvsical Structure and Density of the Charge. As a

general rule, whmn the compressive pressure of a powder-type

explosive is increased with a corresponding increase in Its

densityo the sensitivity to shock and detonation decreases.

The sensitivity to detonation of a cast explosive is much smallpr

than that of the same explosive which has been compressed. Tbese

relationships can be seen in Table IX.

The influence of the physical structure on the sensitivity

to detonation can be clearly seen in the case of pyroxylin and

explosive mixtures with solid oxidizers.

Compressed pyroxylin can be readily detonated by a blasting

cap; but a compact charge of gelatinized pyroxylin is only slightly

sensitive to detonation. It is also equally difficult to deton-

ate a charge consisting of thick powder elements - webs, tubes,

etc; a charge consisting of the same powder but which has been

thoroughly pulverized can be readily detonated by a blasting cap.

When the density of ammonium nitrate explosives is increased,

their sensitivity to detonation decreases; beginning with some

value for the density of the charge, the sensitivity decreases

to such an extent that detonation can be produced only by a

powerful detonator.

A change in the density of certain initiating explosives,

particularly in fulminate of mercury, produces an unusual effect.

"Ihen the density increases, 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
Lirni Compression DeLnstn Limiting

Compress on ity charge or CompI Denity charge of
pessure 2 in I/M flli eo pressure in g/cmn fulifinate of

mercury in g i mercury in g

500 1,52-1,54 2 1500 1,58 0A4
3000 1,58-1,60 a 2900 1.68 0,66
Cost 1,5-1,54 Incomplete Cost 1,58-1,60 3explosion

Swih 3 g of
fUlminateof mercury
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attaiining a maximum at P density corresponding to a compression

pressure of 250-300 kg/cm2. With a further increase in density,

the sensitivity gradually decreases, and the fulminate of mer-

cury, which has been compressed under a pressure of about 3000

kg/cm2 l, will burn when ignited, but will not detonate.

The sensitivity of fulminate of mercury to pricking changes

analogously, but the optimum density corresponding to the great-

est sensitivity to pricking is observed at a compression prbFss-

ure of 700-750 kg/cma, and the complete loss of sensitivi'y it

a compression pressure of about 2000 kg/cm2. Increasing the cot:-

pression pressure from 750 to 2000 kg/cm' and above reduces el:.o f:,•

sensitivity of fulminate of mercury to other kinds of mechani.e-1

effects, as, for example, to shock.

At the same time, an increase in density has no effect o

the sensitivity of fulminate of mercury to detonation. Fulmin:r,+

of mercury which has been compressed under a pressure of 3000

kg/cmO and above infallibly detonates by initiating it with, as

an example, a small charge of the same explosive but with a lessr

density.

The data which we have at present does not permit (is to

establish one quantitative characteristic of the influence of a

substance's structure and density on the sensitivity which wvould

be applicable to all explosives. As a more or less ovral qual;

tative relationship, it is possible to point out that an increapro

in the density and a conversion from a 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 con be pointed out as the probable causep of

this phenomenon:

a. with an, increase in density, one and the same amount of

energy of the initial impulse is distributed on a larger mass of

the substance; a less probable cause is the high concentration of

energy in specific points;

b. with no increase in density and transition to P compact

structure, the possibility of a relptive displacement of the

crystals drncreases, anid, consequently, the origination of locnl-

ized hot spots which lead to ignition and explosion, is also doý-

crmnsed.

c. with a change in density, the quantity and size of the

air pockets is changed, which has an effect on the sensitivity;

d. an increase in density and elimination of the air pockets

hinder the infiltration of combustion products among the particles

of explosives, which produces an effect on the transition of com-

bustion into detonation (see page 63), and it hinders the propa-

gation of the detonation through the "explosive combustion"

mechanism (see page 73).

2. Shane •nd Siza of the CryItals. A remarkable difference

in the sensitivity of various crystallographic modifications has

been established for certain explosives such as lead azide, ful-

minate of mercury, and nitroglycerine. Thus, the stable form of

nitroglycerine (rhomboid) is more sensitive then the unstable

(triclinic) form.
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Lead azide can be obtained in two forms - short sciculnr

and needle. Ordinary lead azide is of the short aneiular form.

It is less stable to a blow and other forms of exterior influences

than the needle crystals. The formation of thick crystals or the

nemdlo form is sometimes accompanied by a spontaneous explosion.

In the majority of explosives9, the peinsi Cvi i1y to rmjmehi aict1i

effort increasms with an increase In the size of the crystals.

3. Temperature. The number of activated wolecul,• is ill-

creased witfl an increase in temperature. The amount of en.rzy

which is needed to induce explosive transformation is decloap?(r3

accordingly. Therefore, an increase in the temperature f •i x

plosive increases itp sensitivity.

Nitroglycerin will explode under certnin condition.; if lhir,

work of the blow consists of 0.2 kg/ctu nt a temperstnr, or W',

at 0.1 kg/rma at 9409 Find at 182 0 , it explodes from aqly P1 I vl t

jar. Celluloid is insensitive at ordinary temperature, hul I

cen be exploded by a blow at 160-180°.

14. Adtxtures. AdmAiaXturms have an effect on the Pe.J i-Iyjv

of an explosive to umchnnical effort. Particles with a h

ing point and whosem harrdness is greater than the hartne.s or or

explosive (Por instance, sand, glass, metallic powders) incr,' s

the sensitivity to mechanical effort. Thus, dinitronapht?1-:,"

without an admirture of sand will not explode on an impact lesti

machine when a 2 kg weight drops on It from a height. of 2 1ri; wi ili

a 10'4 admixture of sand, partial, explosions are already prv1!ite-r1
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from a drop height of 70 cm. The sensitivity of TNT to shock

is greatly increased with only insignificant admistures of sand

(Table X). The cause of this increase of sensitivity in these

cases is the localized concentration of shock energy on the

sbharp edges of the hard particles of admixture.

TABLE X

-Effect of an admixture of send on the sensitivity of TNT to
shock

Percentage of explo-
Sand content in sions obtained with a

TNT in % 10 kg weight and drop
hieight of 25 cm.

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

According to JBowden's data, the melting temperature of the

admixture's particles plays an essential role in conjunction with

the hardness. The admixtur6 increases the sensitivity only in

that case where its melting temperature is higher than some cer-

tain miniimum (400-5000). Admixtures of easily-melted substances

which cover the explosive's crystals with a thin film act in a

different manner. A part of the heat produced by the hot spots,
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which originate during mechanical action on the explosive, is

expended in the heating and melting of these admixtures; there-

fore, when such an admixture is present, the work pmrformed by

Et blow, which i; necessary to Induce mxplosion, is greater than

in the case where the admixture is absent.

Substances which in relatively mnall quantitims ereatly re-

fiuce the sensitivity of an explosive are called uhlegrigatizers.

Conversely, substances which increase this sensitivity are cafllmd

5. Chemical Factors. In conjunction with the above-describ?.f

physicel factors, the chemical structure of an explosive lFo llf

an effect on the sensitivity of an explosive. The sensitlv'ty of

nitrate esters, alcohols and hydrocarbons increases with an In-

crease in the number of nitrate groups into a molecule of nn eatr'r.

In the case of a nitrocompound, the sensitivity to mechonirnl

action and detonation is the greater when the quantity of nilro

groups in the molecule is greater. For Instance, mononitrophonol

will not be exploded by a two-gram blasting cap, while only 0.3

a of fulminate of mercury Is suffioient to detonate trinitrophenol.

s sensitivity to rn:'"hanical or thermal initial impulses is in-

eased in the same way.
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CHA.PTER I I I

STABILITY OF EXPLOSIVES

AND METIHOD OF ITS DETEMITNATION

1. CHANGES IN EXPLOSIVES DUmrINC STOR•AGE

We shell examine through several examples the phenomena which

take place in explosives during their storage.

Purified TNT. Neither the physical-Rol6hemicnl properties

of TNT change in a multiyear storage under normal conditions.

After many years of storage, a shell filled with this 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 TNT1 conducts itself differently in stor-

age than does purified TNT. In the summer time (temperatures of

350 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-

formations 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

humidification and drying which take place during its storage,

amatol hardens (cakes). Under suitable conditions, the volume
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and Phape of the charge can change, but no chemical transforma-

tions, which could lead to self-ignition and explosion, take

place.

Consequently, amatol is physic.lly unstable, but chemically

stable.

Blastinr gelatii (nitroglycerine gelatinized by a small quan-

tity of nitrocellulose) can undergo various changes during storage.

A discharge (exudation) of nitroglycerine is possible. The physi-

cal structure of the gmlatin changes with time; it becomes trans-

parent and more elastic. besides this, blasting gelatin underaoes

chemical changes which can, under unfavorable conditions, lead to

spontaneous combustion and explosion.

Blasting gelatin is not only physically, but also chemically

unstable.

Pyroxyline powder also undergoes a number of changes dui inz

storage; it loses the volatile solvent contained in it, finO t1,i.

effects a change in the powder's structure. Besides this, -hemi-

cal transformations occur in the powders just as in the b1,.-,.-tr

gelatin. The onsetting decomposition con lead to spontane•us

combustion of the powder.

Consequently, the powder is physically and chemically un-

stable.

2. Ph1YSICAL AND CHEMICAL STABILITY OF EXPLOSIVES

Th'e above-mentioned examples make it possible to establish

two kinds of stability - physical and chemical.
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ahjncl stabilit is the capability of an explosive to pre-

serve its physical properties under practical conditions of their

storage. A change in these properties can occur either as the re-

sult of strictly physical processes (evaporation or absorption of

dampness, etc.) or of physico-chemical processes (recrystalliza-

tinfo exudetion; etn.).

Chemil Atahiliti is the capability of an explosive not to

undergo any chemical transformation which could lead to spontane-

ous combustion under normal storage conditions.

3. FACTORS DETFP•IMITNc TITE OIWMI-

CAL STABILITY OF EXPLOIVEMS

The bauic factors determining the chemical stability of ex-

plosives are chemical structure, the presence of an admixture,

and storage conditions.

1. Chemical Structure. The least stable of commercially-

used explosives are the nitrate esters in which the NO group is3

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 stable. The momt stable nitrate esters are much less

stable than the nitrocompoundp which are used in industry.

The following regularity can be observed in the change in

chemical stability of nitrate esters of alcohols and hydrocarbons.

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

alcohols, generally speakine, i lowered in proportion to the in-
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crease of the valence oF the alcohols. For instance, dinitroglycol

is more stable than nitroglycerine.

b. slightly nitric cellulose esters are more stable chemi-

cally than are the hirlhly nitric ones.

2. Admixture of Catalvrst and Stabilizers. Various admix-

tures can greatly channge the chemical stability of explosivns.

Certain arlmixtures fulfill the role of catalysts, n-c'liera-

ting the decomposition processes of the explosive. Trace, or free

acids (.trictly spenking, hydrogen ions) have the greatest practi-

cal significance of this group of admixtures.

During a slow (Ircomposition of the nitric acid eoterf,, th'

nitric oxides NOP ind Ne 0 are formed, which, in conjinntlioi, with

dampness (contained in the explosive but also liberated riurinr,

decomposition) form nitric and nitrous acids. The quantity of Ov"

catalyst gradually increases and the decomposition is acceloratr.1

accordingly.

Other admixturep (diphenylamine, centralite, aniline,, Ir,,'lonm,

and others) readily reFaci with the oxides of nitrogen, formi nw

chemically stahlm nitroao- and nitrocompounds. Thus, one o)r th,

most important causms oa the acceleration of an explosiv&'r dc-

composition is elimintatld. An admixture of this kind of HuL te

increases the chemicol stability of an explosive.

Compounds whicli, ;,Jrttr having been introduced into thii com-

position of an explosive., increase its chemical stability wifl) o

corresponding increasRe in its service life, are called 2aJ•jKjF.

The process of introducing a stabilizer into an mxplosivm or one

of removing an odmixturen catalyzing the chemical decomposition,
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is called stabilization.

3. Storage Conditions of Explogives. Chemical stability depends

greatly upon the temperature at which the explosives are stored. In

turn, the storage temperature depends on the climate and special

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

perature can easily reach 140 with an absence of artificial cooling).

The higher the temperature, the more rapidly occur the decomposi-

tion processes of an explosive.

4. EXPFRIMIENTAL fETERMINATION OF CTTTMICAL 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

increased.

The starting point of the methods for determining the cheini-

cal stability is the assumption that if, under identical test con-

ditions (elevated temperature), one of two explosives proved to be

less stable than the other, then the first will also be less stable

during prolonged storage at an ordinary temperature.

Several of the simplest tests which are used for determining

the chemical stability are described below.

1. Abel Heat Test. This test is based on the mutual reaction

of oxides of nitrogen and water with potassium iodide wherein free
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iodine is released. rflilA iodinem combines with starch to formn n

colored compound.

V'ia~ .- Test tube cc etai ii vaf explosiJve, pre~pare] for I'll'! h1e I

1 . ala9Ss tOIRI luMbe ?2. stopper with fdas: vi
3. qinrelhI i iilit' papeIr ~4. l(,nste(1, expl,"iO$

Sequence of' the te&- .('J z~urn R).11 A weiphnrd purli ii uý o Li

tested explosive is; plac-(i into a test tube. The tes.Ft Lub- is

capped with a stopper. ' sass or platinum hook is simsp( .1

the tube from the hoto tor f the stopper. A small piece -.f SIsCi

iorlide paper is aftavtitddt In timmock. One halif of the papiir ý

soaked with an aqueous solumtion of glycerine. The test tuibe i V

seated in a water tank whose temperature Is kept at a preset. let I

(?5O0 or some other preset temIperature). The, characteristiet of' 01u



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 soaked 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 should

be no less than 10 minutes (at 750).

The Abel Heat Test is the first to be proposed for teesting

the stability of an explosive, and Is distinguished by its simpli-

city and speed of execution. In conjunction with this, this test

has a number of serious defects. The findings depend upon the

quality of the employed starch iodide paper, upon the volatility

Lnd dampness of the tested substance, upon the experience or the

person conducting the test, and other reasons. Therefore, the

Abel Heat Test is presently considered as not too reliable, It is

used only for the determination of the chemical stability of nitro-

glycerine and dynamites.

2. Vieille Test (litmus test). Vieille tests are 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 a hermetically-sealed cylinder placed in a thermostet 1 3

at a temperature of 106.50, to change 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 qcids.

Pyroxylin and colloid powder should produce the red color no

earlier than after a 6 hour lapse.
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3. ]ie tedoinatLqJT . The repeated test consists of a

successive number of experiments by a simple test with one and the

same weighed portion of powder. In every instance, the experi-

ment is carried out to the appearance of the red color, but no

longer than of a steven-hour duration, after which the test pamplefr-

are stored at ordinary temperature. The tests are repeated the

next day. The repented 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 Vhim powder. Stable powders produce tho tol low-

ing results:

,yIroxylin . . . 60 hours

ni.froalycerine . . . !'0 hours

The Vieillo ttr~i.s (single iand repeated) are also in, wi•' c

but they are nevert1hm[r-, much moro reliable than the .h.I ,

Test. Their ovnrnll ,rinIcf is the use of nn inrlientor ,ns-

reading depends on 1hco observer (sharpness of vision, abil. 1-

differentiate intoermvdintl colors, mtc.).

•4. Weight in Th duetermi nation of chemical stali I y iy

the weight test iF; one of' the more precise methods. hI I;ihi, ii.

thod, weighed portions of powder or explosive are kept in , • .j,;.,,

stat at a teMnper.t,1r,, t.r O50° and they are iyeip!hed nfter P•V,

hour period. The loss it weight of the powder is determined.

This loss is expressmei in percentage of the original weight. T,'

findings are shown In a diagram (Figure 9).



Heating time in 2A hour periods

AA)

Att

P 49 14u tR A, I n Abi 26

ri,. .. - Craphical representation of the tost restilts for stability
of two powdnr snamples, carried 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 at)

accelerated decomposition of the powder. The stability is charac-

terized by the time elapsed from the start of the test to the iii-

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 decomposition not only at its beginning stage, but also in the
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phase where it Is more profoundly decomposed.

5. Manometric and Fl-ectrometric Tests. Other precise tests

are In existence. These tests are based on the measurement of

the zas pressures which are formed during the decomposition of a

specific quantity of explosive, and determination of the quanti ity

of ,iitrozen oxides or other principes liberated durinz the test.

In the first case, the decomposition rate of the powder Is evr-ln-

ated by the growth of gaseous products of the dissociation it a

sealed volume or pressure. The substance is heated at it ares t

temperature and the pressure of "the decomposition products is

measured At equal iutervnls of time. A curve of tlhe Cidil',ZF:

then plotted. The stability is characterized by the time rtC,•ireor,

for obtaining, under predetermined conditions, a certairi pref:;cril)er1

pressure.

One of the eleotrometrio tests is the JTrnsa test. Eight tf"

tubes, each containing 5 g of a substance, are heated at 110

One test sample is taken out every hour and the pH is wiasured.

The curve pT1-time characterizes the Rtability, of the pow !er.1

5. TIlE SIG.'IFIOAN;(E OF CHEMICAL STABIUTTY OF RXPLOSIWVE

The problem of cheiilcal stability is of particular importniin

for nitrciglycerine explosives and colloid powders. Irtsmich a

the storage timo rur ii troglycerine explosives used i -wnmflj.

not longer thatn year, and the storage time of powder ii n' iii 1,!

Hs many years (15-20 years and more), theb chemical il >111
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of the greatest importance in the case of colloid powders.

During the period when colloid powders were first started

to be used, they were only slightly stable and dissociated rather

quickly during storage. Another time, the dissociation took place

so violently that a spontaneous combustion of the powder took

place. Thus the slightly-stable powders were not only unsuitable

economy-wise, requiring a frequent renewal of the combat supplies

on hand, but also represented a great hazard. Cases are known

when spontaneous combustion of a powder was accompanied by fatal-

ities and sometimes assumed the dimensions of immense catastrophes.

In 1907, as the result of spontaneous combustion of powder,

an explosion of' the ammunition aboard the Prench battleship "Jena"

took place. Another instance took place in Prance in loll. An

ammunition explosion, having serious consequences, took place

aboard the French battleship "LibertA", which was berthed in the

port of Toulon.

From the time of the above-described two catastrophes, many

great improvements in the production of colloid powders have been

made. Powders containing reliable Rtabilizers, such as diphenyl-

amine and others, are used everywhere.

The safe storage period for a powder containing a stabilizer

is more than 20 years, while the period for one without a stabili-

zer is around 10 years. However, the service 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

ITEAT A ND)TME~'l1 OF EXPLOSIMO, COMPO I TION

SPEOTFIC VOjLTVME, ANT) PTRESSFi4E OF T-1lE PPODIT r'

OF FX PLOSVF IEi'A S'OPMATr TON

I. 1~ef i n itjour, The iievt or rormationu ofr clip,., f

Pound is thatf nmou'!t Or P11erYv Nvhi r'h i F ro Iea~spd or fnbjorI

nun. ~ III( f o rlm ntA i l on e r iac o nl o f tci m p'no p i p ~ n , p O '

or One !k I o~rran of thel QI nbzt;a acn

beat whichl- ic n,()volvdIj il jihot Counp11n.kj. Cojnhii~fjtIon

i-P kiliIoprraim o' " thal. ihteco oxy~rpen

Th ~'n u enopvetlanrom ii or bont of f-xvi,

;.s that quonti-Iy or heinj wh~ich ;q fnvoivped III tho exTplo~ c'~

One mole or oiw gramn of a' expjocz;ye o)f' ono( utolo or onl

Of 0.1 explosi ye. All t' ree of tibese enumnerated volueýF ;tin

pressed iti kilocri1/-rawi-Inoln or kiOCRhk1 4

2. F! 1 Fiýý . Trlw tberinF' I~frf'cOf n chetnievl ;rLo~

i 'oes- not depwo dOn i tp- courpe titerinf-( i Fite st'aeepL..ld C. :11

oil y unon the iJr fill i nIII h Il termn i ne0 1 RtP teF Of the) SFytend ur

votnflht i oi punl, tl!-t ti Ow .'frm inn t~iknF s Iece, n ''

.stant vollume.

Tt i s obv iour, -if fl~ I n i~ s ;Ipairt ia ce1ove or t'

cooorSIvittiot of nior~ryr.

The therynPIe effot-tlfl of Finch trwipforrnitions, wherfe it,,
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diftficult or ilipo~sib]o to determine the thermal effect dlrectly

by experimental meant, can be computed by using Iless's Law. 1"or

example, 1t's'p Law makes it pop~ible to calculate tle tl.ermnl

effects of complex reactions throu•1' experimeitally-doterm in ed

thermal effects of much simpler reactions.

3. Pletermiat, Iii of the 10teat of Pormetl.OI oof -ni ExT)1oFi ve

Conuoperd of Simple Substances by _ts Beat of Combuatilo. Ar aw,

example, we F.all. show how tbli heat or formation or TVT' i-a de-

term; tied.

The system, composed of Pimple subptonces, cnii go over ito

a state which correspoida to the products of a complete nombus-

tjoij of the TNT by two meaia:

.) 7 C + 2 5 !.2 + 1.5 N2 + 8.25 0o. 7 CO + 2.5 T2 0

+ 1.5 q

2.) 7 C + 2.5 TT + 1.5 N + 8.25 02 2 2

C, 8 ,1.CA ( w'a)3 + 5.25 02

7 CO0 + 2.5 V 0 + 1.5 Y

(te valuea Qm1 derote tie thermal eftectp which are characteor-

iatic of the reaetion).

Ac~cordi-i to Uoppaa'a law, we can write

Q + A =CŽ
.2 *a -A 1-3
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fromi whern

The Il'.q* I.hu of collit)u 0 iOn. is~ detnerrininari exper ite.- till ly

by buroing it iwiLrmlr porteri of the substanceo in a crilorimetrie

bomb wi oxygeir. "'ho hent of' fortnatioil of' the combustioni prod~ucts

q is~ f'ouA ii. thorulophomi cal tpblep. rflmp . cmn bo ilrtnrtniired

1:1 this way.

Consequently, A.jjIij~ le of fC mptiouof an ex 1opiko iý Qual

to the dli Vforaucnhljite betpp.~tof forimtion-of -tecouimubu-tig!

piroduotp comnosen1 oP_-im!- f~4btanonp and Vie lieat of cc~rnrrj,:

of o nnlosle.

4. (omrmpt~itati or' or flitin i I.n or w xp1 os ye 'frainforrna t i o ;1

Explosive. 'FIre reartiou or explosivo trpnrit'ortnptioni Por T Irro-

coeds in Rr~cordminol w'i;1r thn equiati ot

C8H2CH1 (NO1),'-2CO +1I,2C0, +3,8C + ,6H2 + ,6H, + 1,4N, +
+ 0, 2NH3 + Q2~.

Just as in the provi ous oxvinple , wo on tr wr i ton

7C + 2,5H, + 8,250, + 1 ,5N2 Q1.2CaH1 CH3 (NO,)1 + 5,2503
Q1.8

2C0 + 1, 2C0 0 + 3,8C +Q0,6H, + 1,6HjO + I ,4N, + O,2NH1.



According to }e10'a Law

and
Q,, OQ1,,' + Q,,3 TQ,,, - Q, ,$ - Q,..

The boat oir the exulogive trniformation ý5 eaual to the

rdifrereice between the heat of format'on of t1Ce exnlosion njrQ-

ducts aid the heat of formntio, of the exnlo;ive Itself.

5. Vxnerimental Determination of the _Heat o_ fExplogive

Trantaformation. Thei heat of explosive trai,,formation of explos-

ives which are readily ignited by a glowing wire and which burn,

completely in anP inert atmosphere is generally determinod experi-

mentally in a device consisting of R calorimetric bomb and calori-
Is

meter. Powders, for instance, belong to such substances. Ex-

perimental methods for determining the heat of exp'osion) have

a'so been proposed for deton•ting explosives, but they have not

been up to now used on a wide scale.

2. Wxplosion 'Pewperatu?!

The explosion tom] rature tl e maximum temperature which is

attained by the products of the drlcomposttion of atn explosive dur-

ing explosive transformetio,,.

In view of the fact that a direct determination of the ox-

plopion temperature Is difficult and that the findings are ,not

too reliable, this temperature is Lrenerally determined by calcula-

tion.

The basis of the calculation is the assumption that the ex-
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plosive transformantion iP at) adiabatic process taking placo with
a constant volume and, consequently, that the heat which is evolved

during the explosion ip oxpended only in the heating of itF pro-

ducts. It conijunction with the foregoing assumption, the follow-

ing formula can be used for computation

where crt = average specif;e hoet at a constant volume of all ox-

plosion products in an interval from f to to.

t = dor red tomlprnbire of' explosion;

= heat or tle explosive transformation at oon•tnnt.

VO 1 llmn,,

TIe spoecific boat itstelf depends upon the temporaturiý. lii
rough calculations, this rolation can be expressod by tlo fornw'r.

,o -- a 4 bt

Then

= u+ ht) t

from where

-a+ya2+4bQ,
2b

The values of the nooreicimftp a. and b for varioull vf•,OP n•r

listed in Table XI.
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TABLE XI

a b-104
Gases cal/gram- mole cal/gram-mole

degree degree 2

Bivalent gases 4,8 4,5
Water vapors 4,0 21,5

Carbonic acid gas 9,0 5,3
Tetravalent gases 10.0 4,5

Mercury vapors 3,0 0,0

The atomic specific heat of solid substances (simple) is,

according to Duloiig and Petit, equal to 6.4 cal/dee. gram-atom.

The specific heat of solid compounds can be determined by the

Joule and Kapp law, accordine 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 instance, 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 potassilm carbonate).

Example. Calculation of the explosion temperature of TNT. We

shall use the followirn equation for the explosive transforitation

of TNT:

CGH, (NO2), CHj 2CO + 1,2CO +3,8C+0,6H,+ 1,6H1O + 1,4N2+O,2NH8.

By makinrg use of thorinochomical tables,"S we can find the

heats of formation of tho explosion products:

2 CO . 26.4 x 2 = 52.R kilocal

1.2 CO . . 94.5 x 1.2 = ]13.14 kilocal

1.6 10 •57.7 x 1.6 = 92.3 kllocal

0.2 NT1 . . 11.5 x 0.2 = 2.3 kilocal

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

ion . . . . . . . 260.8 kilocal

Peat of formation of TNT ..... 13.0 ki]ocal

Heat of explosive -transformation Qv = 260.8 - 13.0 = 247.8

kilocal.
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We shall calculate the specific beat of the products of the ex-

plosion:

C0, IT aN* - 4 mole - (4.8 + 0.00045•4) = 19.2 + 0.001POt cal

1.2 CO2 (9.0 + 0.00058t)1.2 = 10.8 + 0.00070t cal

3.8 0 6.4 x 3.8 = 24.3 cal

1.6 iT0 (4G.0 + 0.00215L)1.65 6. + O.4''141,t cal

0.2 NP!a (.0.0 + 0.00045t)0.2 = 2.0 + 0.00009t Cal

The specific heat of all explosion products is equal to 62.7 +

0.00603t cal/deg. Consequently,

- 62,7+Y 62,72+ 4.O0,o6o3.248 0 -30
2.0,00 3 30400.

t- 33130 K

Because the values of specific heat are given in small calor-

les, we shall also subRtitute the exprespesion for t by Qv in

small calories.

According to recent opinions (L. D. Landau, K. P. Staninko-

vich), a large portion of the reaction beat is converted into

elastic energy which repulses the molecules of the bighly-com-

pressed detonation products. In connection with tbhs, 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 increased.
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3. Eciuotlo' for thei Decomposition Pcicactiol Of'

Explosives

1. Oxvren hnalanco. The relative content of ox-ygen III al)

explosivo hi's a dirorit bearing On the decomnposition produtcts of

this explosive. Theo wtount of the o.xyzeit bolance of fin oxplop-

ive is used for Hit evaluotioni of this content. 'The term o.xygon

balance mntics ;i surplup or flefi ciency or oxyvon ill fin explosivin

(is against tho owounit whlich is tinecessary for completo oxi (Iatjuv:

of the hydiroetw wi a iL]crhoii wh i ch i s ýpiW i nod iln it. i nto wa ttor

and carbon dioxide, oxpres-sed1 in percentaves of tie( woil ,ht or Vill

substance.

Th is 1 cads to 11wewcocept ion of' oxplosioR ; I e lvi th jja 1)1 g jl

zeo and noeyati VO oXYC#-) hlpanocn

Tn lii u of then oxyi~nn balancep, -the oxygren confrii c-r'< F½

used] (proposed by A. A . Schmidt,).

The oxyli'en uefriluiell ;R the oxytgen collten~t ill all ox[K oý-

yve, expressed i ii wrceii ta (es of the amnounit of oxyfre' which I,;

ntecessary for oxid izi ie the canlon aind bydrozen which i s coivi-tailit-n

in the explosive inito carbon dioxido anid wpter.

11XiIUJl 05le. Thti fo '11 wl n. is needed for a full ox' irati o ,oi

till tho c rbo!. w0 h llyd roge n wnhi ch is on ta ined inl a 11l ecul.' * C

ni troalycer i lt C 1! (O NO 2) :

for 3 a1;olnq of cairboni - 6 atoms of oxygen
for 5 ivtoils of hydr(rt-Hii - 2. 5 atoms of oxyaoen

10total 8.5 atoms of oxy~en
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A molecule of nltrog'ycerine contains 9 atoms of oxygen.

Consequently, the oxygen coefficient of nitroglycerine is equal to

9 100 = 105.9-, and the oxygei, balance is (9-8.5)16 100 = +3.51,
8.5 227

(227 - molecular weight of nitroglycerine).

For a complete oxidation of the carbon and hydrogen contained

in nitroglycol Ca114 (OTO2)2 into carbon dioxide and water, 6 Atoms

of oxygen are required. In this case, the oxygen coeP•riclent Is

equal to 100V, and the oxygen balance is equal to zero.

For oxidizing TNT C6 1T. CHi3 ( NýO) 3 into carbon dioxide a,,d

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 balaIce consists of -7J4ý-

The equation for the reaction of at) explosive transformatioi,

is the simplest one of all to understand if the explosive has a

positive or null oxygen balance. When the oxygen bAlanace JR nega-

tive, the corresponding calculation is made more difficult.

2. Eauation for_ the Decomposition Reaction of an Explosive

with a Positive or Null 0XZae n. Various mutual reactions

between the carbon, oxygen, hydrogen and nitrogen which is con-

tained in an explosive are possible. The more important ones are

listed in Table XII.

In order to resolve this problem, It ti necessary to deter-

mine which of these reactions take place during the explosive de-

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

be assumed that the reaction follows the princi]le of greatest
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rfABlE XII

Equat~ions and Thermn! Pffects for the more-important reactions
among rcarbon, bydrwronn, nitrogren and oxygen.

ThermalThermal
Reacto effect Reaction effect

kilocal kilocal

2C + Oa 2CO +52,8 .,2" 2 +02+2C - C1 4+COS --3.5
C A-02-COS +94,5 C +2H3 - CH4  +18,4

221-1+O0,-.2HO (wipuL) +115.4 H-2+2C-0 2 H2  -57,1
CO +H20 -. HI C02  4 9,8 2C+N 2+Hs-.2l1CN -65.8
2H2-4C02 -211 0-1 C 21.6 N,4-3H 2-2NH, +-91,0
2C0+2H, -. CH4+C02  f 59, I N2+ 0,-2N0 4,

CO+3H, -CH4 + HýO(vanpOr) +57.8 2N1+0,-2N20 -I .
2C -.C024 C +41,2 N2 +202 2N02  j-8.2

wo (Berthol 1(A) , wfi i (,It p 1,a tes: "of' the w'inibor of possi131(ý cofioll

cal tratisforoiatioii&H for a Kive"i system, the most probable is tiim

one wherein the grniit.s amount of heat is liberated."

It caii be anoon f'rom Toble X11 that, in it reaction almoirr Car--

boni, hydrogen, oxygot!, unnr nitrogen, then greatest amnount of hoat

evolved in) the cn~ii of' Own (lombtltion of oxygen into carbon di-

oxide and of hydrogoii into water. Constiquently, in the explo~i vn

transformation of an oxpiosivo with a positive or null oxygeni
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balance, it can be assumed, in the first approximation, that all

of the carbon Is oxidized into carbon dioxide and that all of

the hydrogen I oxidived into water, and that the oxygen and

nitrogen are liberated in the elementary state.

Examples.

1.) C3;5 (o•02 )3  = 3002 + 2.5 F2 0 + 1.5.N' + 0.2502

2.) C }1 (ONO ) = 2C0 + 2T 20 + N24 22 2 2

Secondary reactions can take place between the explosion pro-

ducts, as, for instance:

2 C0 2 CO + 02

2 F! 0 2 11} + 0
2 2 2

N + 0 • 2 NO
2 2

However, the rO, TT , 0 , NO and other secondary components in the

explosion products tinsignrificant, and, in many cases, these

reactions can be discounted.

3. Explosive with negative oxygen balance -.oxyvfen content

sufficient for the.transformation of oll of the carbon itto ga.es.

CO and H originate in the decomposition products in addition to

COWend N.. In a.general case, the equation for the reaction can

be represented in the following form:

ClHiNOd =- ncoCO + ACe,C0, + al,1 H, + xHOHO + n.,N,,
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where the subscripts ,:, b, 0, d denote the number of atoms of

the corresponding molecule of explosive, nco, C02 9

are the iumber of moles of the corresponding components of the

products of the explosive transformation.

It is evident that

2 fl = a;
2 t

nico + 2ICO = a

2

2 b;

A reverpible roaction takces place between the deompoRit on

products (the so-cnl.Ied water gas reaction):

ncoCO -± n,oHO • ncoCO. + nl,H 1 .

Expressing the coticotitrations of the water gas componoits

through unknown values (nri 2 , rico, r2O ri) fin accordance with

the doctrine of cherica]. equilibrium, we shall obtainiS

q C O " 1 2

where K - equilibrium constant of the water gap reaction.

The equilibrium nonstant for the given reaction depends

only on the temperatnuro, An analytical expression of this de-

pendency is difficult Io accomplish. In the calculations, the
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values for the constants, which are f'ound in the appropriate

tables, are used.

In order to determine the equilibrium constants by a table,

it is necessary to know the temperature of the explosive trans-

formation. On the other hanfl, in order to calculate the tempera-

ture, It is necessary to know the composition of the explosion

products. This circle is resolved by the fact that, at the be-

fritningv tentative values are assigned for the temperature T, the

magtnitude of K is determined by thiA temperature and then theI

equations are solved. Having determined the values ncoa, 7COO

, o e ?~ and the temperature of the explosive transforma-

tion is then computed (see section 2).

If the temperature which is obtained differs from the one

that was initially used by more than 50 ° then a new equilibrium

constant is found by this temperatuze. Wext, the calculation 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 dissociation of the products are also considered.

Example. To derive an equation for the decomposition of PET:'-

C (CHONOj)4 - ncoCO = nCO + n5 3H,+ nlj.o0HO+ 2N,.

We shall set 40000 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

Sc +lc - 2 != 0

ýýCO + 2 rCO + '11 0 = 12

Co 0 -0

n•C 0 2 nil2

Solving those equations, we find that ',cc = 1.758; nTCO
2

3.2'42; i111 = 0.2142; ri o 3.758.

The desired docomposition equation will take on the form:

C (CII, ONO) 4  1.76 CO + 3.214 CO + 0.214 1Ti + 3.76 T0 4- 2 Y•.

The explosion temperature calculated for this equation is eqnPl

to 143030. The approximatio,, is satisfactory.

4. Fl•jjivewwL th.. eazat ive poxygen balance - oxYngm, to

tent insufficioenr foxidioox ng all -of the carbon into CO. (fr-e

carbon remains in the-uxulosivo transformation uroducts. The

equation for the (]-composition reaction can be written in the

following general form:

C.HbaN(Od =- ncoCO+ nco,CO, + nH,oH3 O + nH,HH + nN,Na + .cC.



In addition to the water gas, the so-called blast-furnace

gas reaction can also occur in this particular case:

2 CO - COA + C.

In order to determine the unknown coefficients, we shall

use the some equations as in the previous case:

S+ 2 n .,O a + 12[0  = d ;'N

2 rn0 ip + 2 %ýiO o b; d,0, n~lt o

From the equilibrium constant equation for the blast-furiace

gas, we shall obtain

___O - CO R? j
nco0 z n 8CO, 0

where R - gis constant;

T - temperature of the explosion products;

v - volume occupied by the explosion products.

We shall also assign a tentative temperature during the

solution of this system of equations, and then we shall solve

the problem by the successive approximation method.
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5. E•uation for Powder Deflagration Reaction. 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 enrines. In this case,

on account of the re]ativoly low pressures, there is a signifl-•

cant development of secondary reactions and dissociations. It is

therefore necessary to determine, in addition to the basic reac-

tion products CO, C0 2 , f I, I1 0 and N2 , the followifw secondary

products (or a part of them): 02, O , 11, 01-T, and SO which are

formed by the reactioiis:

CO Co + 1/2 0 ; (1)

0 2 2 0 (TI)

N ; 2 N (ITi)

112 2 I1 (T J')

IT0 - / IT + OTT (!)

1/2 NT + 1/2 0 2~ -NT (VT)

Retainiig the former denotations, we cani find the chemicnl

equation for tho deflagration reaction of the powder

C"hNrOd w ncoCO+ncoCO2+nm,H 2 +XH.oHIO+n.NN+

+'RN N+nOO,+fnoO+naH +nOHOHi+nlO•NO.



Obviously,

2am; +29.o4.I, +8w - b; (2)

2IN+fi +nNJnO -- ; (3)

aco+2nco,+nhoo++o+2 o,+Rot+fno -A. (1•)

IYO shall add seven equations to these four equations of

aLtomic balance of the chemical elements which enter into the com-

position of the powder and deflagratiotl products, by making use

of the expressions for the equilibrium constants of the water gas

and reversible reactions (I-VI):

COl0)

11

"'coo 'ý1T2

"rcog n

where • - the overall mole quantity of all the combustion pro-

ducts, and
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P - the pressure under which deflagration of the powder

occurs:

no P

not n2 (7)

"2 
,

n -N TZ

n2- P Kiv;
nnl, n.Z

I

-- mP'v. 
(10)

nIjO 11z

nNO(

- - - K~v 1. 0 1 )n22

The equilibrium constants depend on the temperature of the

powder gases, which, in turn, depends on the deflagration heat of

the powder and conditions of expe'ision of the combustion products:
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T = F (Q7,9 P, ") (12)

The pressure P is normally set by the rocket designers.

We obtained a system of 12 non-linear equations, ati analy-

tic solution of which is impossible, and, therefore, an inspec-

tion or successive approximation method should be used. The

latter method is more satisfactory, which we also made use of

in this case.

From equation (2) we shall determine

1 t 1
"H0- b-n- b n_-M.o".

By setting 1/2 b - 1/2 , - 1/2 nOH - A, we can write

•u•o = A - niJ1 . 13)

Substituting the value flO0 from equation (1) and 7l. O from

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

co,- +24+A.- d- ,,+ao+ 2 .no,+Ngg+U5X.so

Setting 2a + A - d + n 0 + 2nO 2 + + fn, --" B,

we then write

Tio. - . (114)
n -o 70,o-
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From equation (1) we have

CO- B - (15)

From equation (3) we have

= 112C - 1/2n. - 112 n o"

By setting 1/2 nN + 1/2 nNO = D, we write

n = 1/2 C - ) (16)

We treat the values A, B, and D as hypothetical values. We ob-

tained four equatio,,s (13) - (16) with five unknowns. In order

to solve the system, we also have equation (5) for the water

gas reaction constant. We find the value of the constant K by

the temperature T which is anticipated in the combustion cham-

ber.

Substituting the values nO' 1 nO' nOn0  from equations (13),

(14) and (15) into equation (5), we obtain

( -=nI1  ) (A-H )
2

I
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Plenice

-- (a-[ ) K,+(A+B)L ± I:'(a A: ) K+W(.4+B)11+4 (K--TDA
nHi" 2 (KI-- 1)

The si•t, of the root is selected in such a way that the solu-

tiooi would be positive.

Having determinled the value ,IT we find the values rq Of

%OC' 0,cO from equetioi (13) - (15): after this we shall correct

the number of moles of thn remaninin components by making use of

the equations for the equilibrium constants (6) - (11). If the

obtained values satisfy the selected velues A9 P ard l) with the

degree of accuracy assumed itn the c lculation, thent the Rolutio"

is valid. If these values are unsatisfactory, then adjustments

are made in the values A, B, and D, and the calculation is re-

peated until the prescribed degree of accuracy is obtained.

For a check of the velidity of the hypothetically selected

temperature of the powder gases, it is determioed by the pre-

viously-described method with the calculation of the expnnsion

of the combustion produots in the reaction chamber.

14. Volume of the Gaseous Products of the

Decomposition of Explosives.

The volume of the explosion products can be determined by

two methods:

1. by calculation efter the decompopition reaction of the

explosive;

-102 -



2. by experimental means - measurement of the volume oF

the gases which are formed during the explosion or combustion

of n specilic weighed portion of explosive.

1. Calculationt of tJt volume of the nroducts of OxulosivQ

trtn.aformptioti. We Fhi1l write the reaction of the decomposition

of fin explopive in the , eneral form:

mM-n 1 Ml+n 2M2+n3M,+

where M - the molecular %voight of the explosive;

m - iiumbar of moles of this substance;

M I , Nf P, M - molocarlar weight of the products;

1• 0 rý 2 - corresponding number of' moles of these product*.

Then the specific volume of the gases which are formed in thn

explosion of 1 kg of oxplosive is:

V0. (n2+ns+na+. " 22,4.100011 iters/kg Ft no nal 7(6, 11i1.mM

The prodfucts of then ecompopition, Whihell fire g..es at ex-

plotioii temperniture, and which are ictlually rounrl in A linuld or

Rolil state at 00 , re conventionally reorderiPs as gFass, andl,

co0Osenuei•tly, are consirlerore in the calculation of the volume.

The volume of the suO)Htfinces, which are rouid in thelp zolid or

liuld state at nxplosion temperature, arie disregarded.

Example. To compute the volime of the products of explosivi,

transformation of TNT.
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On the basis of the equation ror the decomposotioi reactiou

of TNT (page 85):

(2 + 1.2 + 0.6 t 14 + 1.4 + 0.2) X 22.4 X 1000)

2t 227

on 691 liters / kV.

At 0° and 760 mm Hg (water turns to vapor).

2. Exuerimeital_ doteormiLation of the volume of oxulosive

transformstio-i nrodiicts. In order to dloermine the specific

volume of the explosive transformationi products, the Rases which

are obtained in the explosion of a weighed portion of explosive

in a closed vessel are transferred into a gas meter.

Because water is found in a liquid state under the experi-

mental conditions, whereas it is a vapor at the moment of explos-

iye transformation (and in this state it takels 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 d,-

termined by calculation, and this volume Is added to the moasurod

volume of gas.

5. Pressure of the Products of Explosive

Trnnsformation

The question of the pressures which originate in the de-

tonation of an explosive are examined in Capter VI (see pages

74-75 of origilal). The reletions determining the pressure of

the explosive transformation products, under ronditionR when

the dynamic effects associated with the propagation of the shock
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wave do not occur, are examined below. These relationships are

valid for the oase of Oeoflagration of powders and explosives.

1. Determnlations. In the sequAl, it will bA necessary

to make use of the assumptions concerning several forms of den-

sity. The correspondinrr determinAtions are listed below.

Density ip the. mass of unit volume of a compact shbstance,

i.e. without air Raps. It is expressed In g/cm

Volumetric or cubic density is the mass of unit volume oc-

cupied by the substaince, including any gaps which may be found

between1 the particles. It is expressed in g/cim.

Gravimetric density is the mass of unit volume of loosely

poured (i.e. without shaini)g, tamping, compression, etc.) of a

powdery or gra8ullar substance, including the gaps between its

grains. It is expressed in kg/decimeter 3 or g/cm

Density of loading is the mass of a substance, referred to

the volume of space of the explosion, as for instance, a charge

-3
chamber. It is expressed in kg/decimeter

In the case of a loosely poured substance, the values for

the -ravimetrir and volumetric density irn identical.

In the carse where the explosive fills up the charge cham-

ber completely, the vlues for the volumetric and loading chlrae

densities are the same.

2. Computation of the Pressure of the Combustion Products

of an Explosive. If the gaseous products of ai, explosive trans-

formation would be subijact to the law of ideal gases, and the
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entire taken quantity of explosive would transform evenly into

gases, then the pressure produced in the explosion of M kg of

explosive in a volume V could then be computed by the equation

P = nlRTT

where n - number of gram-molecules of gas formed in the explos-

ion of 1 kg of explosive.

The magnitude _X is the ratio of the mass of the explosive
V

charge to the volume in which the explosion takes place, i.e.

the charge density, which we shall denote by A.

p P i T A. (1)

The product n RT is the strength or power of the explosive,

and it is denoted by the letter f. Now, formula (1) assumes the

form

1' A (2)

We shall determine the physical meaning of the magnitude f.

Let 1 kg of explosive be subjected to explosive transformation,

wherein the originating gapes are expanded at an atmospheric

pressure of Po = 1.033 kg/cm2 and at a temperature of T = 2730 K

to a volume Vo0  It is obvious that the expansion of gases under

these conditions is equal to PoVo.

Povo
According to the Clapeyron equation n P = fo- i.e. the

magnitude n 1R is the work which the gas would perform at a pres-

sure Po while being cooled to 10. Hence it follows that the
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strength of the powder f = n WT is the work produced by the expan-

pioii of 1 kg of gas, while being cooled to a temperature of To at

an atmospheric pressure P 0 .

The strengthi of tlhe powder can be increased by such a change

in its composition wherein T and V would also increase.

Formula (2) is used only in the case of very small charge

densities and correspondlinly low pressures, when it could be

assumed that the combustion products are subjoct to the equation for

the composition of ideal gases.

In the case of largo charge densities and high pressures, tihe

combustioni products by their characteristics, are fur from ideal

gases. Their state. cnn h,• described by th, Van der Avaals equation

(P + o) (V - n) = r ]T (3)

The magittude P is the internal force dependent on the mu-

tual attraction of molecules. This force is slieht in comppri-

son with the high pressure of the powder gapes. Therefore,

equation (3) is used in the following form for the defl.f.ration

products of a powder

P' (V - •. = r T ('4)

The magnitude a., called the c takes Into account thnt

portion of the volume of tas which represents the sum of the sphereo

of activity of the molecular forces and is accessible for the

movement of the molecules.

The magnitudes of the co-volume, according to theoretical
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computations, is approximately equal to the quadrupled volume

of the molecules themselves. A theoretical calculation of the

volume of the molecules is difficult, and impractical in many

cases. Therefore, an approximate value for the co-volume of the

gaseous products is used in determining the explosion pressure.

It is taken as 0.001 of the volume which is occupied by the gases

under normal conditions.

Equation (4) satisfactorily described the properties of pow-

der gases only at pressures which are no higher then 6000 at.

It follows from equatiotn (4) that

I
R. 'V A4

V0I--Ia -&
V

This is the fundamental internal ballistic formula.

It follows from equation (5) that:

1. the greater the pressure, the greater the force f and

co-volume of the explosive;

2. the greatest pressure is produced by those substances

which are capable of forming the largest volume of gases with a

low specific heat and thereby capable of evolving a relatively

larger amount of heat.

Joe



3. Fxnerimontal 1)etermination of the Pressure of the De-

flagration Products of-ja Powder. A manometric bomb is used for

an experimental determination of the pressure of gases which form

during the deflagration of powders in a constant volume.

Not only is the mnximum pressure measured in the bomb, but

also the influence of the powder's properties and size and shape

of the natural elements on Ithe law of growth of pressure in time

(relationships P, t), iend on deflagration rate, as well as other

characteristics playing a large role in internal ballistics, are

determined.

The bomb (Figure 10) consists of a steel case with two clos-

ing plugs: caps: ig~iiiion and crusher gage. The ignition cloR-

iiig plug is equipped with a device for igniting the charge which

is inside of the bomb. The inside volume of the bomb is from 18

to 400 cms.

The pressure iR determined by the amount of contraction of

the little copper cylinder called crusher gage. The crusher gage

displaces along the sleeve, the assembly of which is shown in

Figure 11. A closely ground piston moves back and forth iii the

sleeve's channel. This piston transfers the pressure from the

combaution products to the crusher gage, which is set in the

closing plug. A steel pen is attached to tho piston head.

The bomb is riompord in 4ppcial vises (Pigurn 12) so that. th•

pen could be in light contact with the blackened paper which is

fastened to the Hurfaco of a revolving drum.

At the bepining of combustion, the pen traces a line on
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the 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, and,

after attaining maximum pressure, it once again traces a line

which is parallel to the base of the axis. 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 a measurement of the sinus-

oidal wave length, which is obtained on the blackened paper

through the contact of another pen, attached to the tine of a

tuning fork, vibrating with a known vibration. This sinusoid

can be seen in the upper part of Vigure 13.

The so-called tare tables are used for deteTmining the

pressure by the contraction of the interior pressure gage. They

determine the relation between the pressure and contraction of

the interior pressure gago.

The interior pressure gauges can be cylindrical (Figure 14,

u and b) and conical (Figure 14, c).

A defect of the cylindrical interior pressure gage is that

it begins to contract ontly at a pressure of about 200 kg/cm2

The cylindrical gage, although being entirely satisfactory for

determining maximum pressures, are not too satisfactory for de-

termining the course 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/cm2. 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 instance, at charge densities of A

and A2 then after obtaining the data, the magnitudes cy and f,

entering into equation (5), can be computed. By knowing those

magnitudes the same equation can then be used to find the press-

ure for any other charge densities.

Other devices, besides interior pressure gages, are used

for the measurement of presRure. Of those, the most ideal are

piezoelectric manometers with prociRe and Instruments for Deua-

suring and reoording electric alternating voltages.
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a)

b)

Fig. 13. - Pncorrl of n test in manomotric bomb
a. CurvA for determinotion of time rnte
b. murve for deformation of interior pressure P.uro.

a) b) C)

.'i•, i½. -- interior pressure vngeo

a. cyl i flri co1 1). cylindlrical after contractio,
C. conic;il

-. !13-



CHAPTER V

THE COMBUSTION OF GASEOUS

AND CONDENSED E.XPLOSIVES

1. THE ORIGINATION ANT) PROPAGATION

OF OO.I3TTSTTON ITY GTAFOTS SVTBSTANOPS

Gaseous explosives are not used in industry. But the pro-

cesses of combustion powders and explosives occur through the

formation of the gaseous phase; therefore, a study of the com-

bustioe in gaseous systems should precede a study of the same

phenomenon in condensed 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. The mechanlism of sUontaueous combustion of a _•aseoius

m . When a gaseous mixture beats up, a reaction between the

combustion gases and oxygen originates. Its rate rises rapidly

with an increase in temperature. The amount of heat which is

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-

perse, owine to which the gas, for all practical purposes, re-

tains the same temperature aR the circumambient medium. In the

heating of the gaseous mixture, the heat intake grows more ra-

pidly than the heat transfer, and becomes greater than the latter

after attaining a certain temperature. From this moment, the

temperature of the gas rises rapidly, which, in turn, leads to the

reaction which terminates in explosion.

The minimum temporaturo of the gaseous mixture at which the

heat intake becomes gretkter than heat transfer and where the cbemi-

cal reaction assumes th, character of an explosive transformatioi,

is called the sp.nay(ourn coobuslion or ignition temnorature.

The spontarnous combustion temperature, in a manner similar

to the one which has been established above for condense'rl 6 ex-

plosives, depends, oi a number of conditions determining the mai-

nitude of heat intake aril heat outgo. For instance, If the ease-

ous mixture is contained in a spherical vessel of small diameter,

then the spontaneouF combustion temperature will be higher thntn

in a vessel of large diametor (heat transfer is proportional to

area of surface, i.e. square of the diameter, while heat intaloe

is proportional to the volume, i.e. cube of the diameter). IP

the gaseous mixture is found under an elevated pressure, thoe

the spontaneous combusition temperatne will be lower (the preps-

ure increases the reaction rate but has practically no offect

on the heat transfer).
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2. Delay of Spontaneous Combuation. Experiment shows that,

in heating an explosive gaseous mixture to spontaneous combustion

temperature, ignition originates not instantaneously, but after

a certain period of time, called the delay period.

The spontaneous combustion period depends on a number of

causes, pprticularly on the temperature and composition of the

mixture. Table XITT contains data concerning the length of the

delay of certain methane-air mixtures at various temperatures.

The spontaneous combutieon delay periods for mixtures of air with

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

air mixtures.

TABLE XIii

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

Methane content in Temperature of the vessel in OC
volumetr-ic percents 720 1 77 1 B25 6 75 97 1075

6 6,4 1.08 0,58 0,35 0.12 0,039
9 - 1,30 0,65 0,39 0,14 0.044

12 - 1,64 0,74 0,44 0,16. 0;065
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The phonomenon of spontannous combustion delay is depend-

ent on the same causes cs the delay in ignition of condensed

explosives.

3. Mechanism of combustion propagation of Easeous mixtures.

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 pnrtR (glowing wire, flame), ai intenise re-

action takes place in a thin layer of the substance which is sub--

jected to direct action of high temperature, and ignition occurs.

Thermal energy is transferred from the combustion products of

this burning layer to the closest layer of gas by means of heat

transfer, and, by halating it, it then causes an, intense renction.

If, in addition, the reaction heat of the new gas layers exceeds

the heat losRes, then the reaction propagates from layer to layer -

combustion takes place. There is no propagation of the reaci;ton

in a contrary came.

Thus, the mechanism of combustion consists of the propavition

of the thermal wave along the gas, accompanied and sustained by a

rapid exothermic chemical reaction.

The combustion rate of the gaseous mixtures depends on the

pressure, temperature and other factors. In the case of metlhne-

air mixtures, for example, at a normal temperature and pressure,

this rate is equal to several meters per second.



2. MECHANISM OF COMBIUSTION OF CONDENSED EXPLOSIVES

1. Mechanism of combustion of explosives and nowderg accord-

inf to Bvelyavev. Byelyayev established that the combustion of

highly volatile high explosives baR a complex character: during

the heating of the exnloRive by a source, of heot, melting and

vaporization of a thin layer of the substAnOe takes place. The

vapors which are formed are heated 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. Fig-

ure 15 shows the Byelyayev combustion mechanism.

AB

I I
ID'

Fig. 15. - Dliagram of Byolyayev explosive combustion mechanism

,. condensed 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 once, but only after the

expiration of a certain period time which is necessary for their
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heating and developmenti of a reaction in them. As a result,

the combustion will take place in zone C, at some distance from

the condensed phape A. A proheating and preparation of the va-

pors for combustion zone T) 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 through the vapor layer

D, preparing itself for reaction.

It is evident that during sustained conditions of combus-

tion, the amount of substance which vaporizes in 1 second per

1 cm2 of cross Pection is equal to Ihe amount of substpn)ce which

is burned in 1 secodu per em2 . In other words, thn mas rote of

vaporization of the condensed phase should be equal to the maps

rate of vapor comhsution. As concerns the combustion mochanism

of the vapor phase, It is obviously identical to the previously-

examined combustion mechanism of explosive gaseous systems.

Pyroxylin is the base of colloid powders. It does not have

any volatility. Zyel'dovich nssumos that decomposition reactions

take place in the boeatod Rurfaco layer durina the combsutioi, or

the powder. The resul t is that volatile substances, which are

capable of reacting, are formod (products of incomplete oxidation).

Further, these substances react among themselves in the gaseous

phase and form the end products of the combustion (C0 2 , CO, 1120,

2) with the liberationi of the corresponding roaction heat. ThP-,

general flow sheet of the phenomenon is thereby close to that

shown in Figure 15 for the volatile explosives with the exceptio,.
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that the role of the vrpora is played by the gnseous products of

the original reactions.

There is a concept ini the recent works of Soviet and foreign

scientists that the sole process dtetermining the combustion rate

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

phase.

2. Conditions of Steadinhess of combustion of an exulosive.

K. K. Andreyev and A. F. Byelyayev showed the important signifi-

cance of the ratio between gas intake and gas outgo in their ex-

amination of the steadiness of combustion. We shall imagine that

an explosive filling up a cylindrical tube is ignited and burns

along the face. The originating gases flow off in a direction

which is opposite to the dtrection, of the propagation of the com-

bustion, owing to which the pressure above the surface df the

explosive rises. The pressure above the surface of the explosive,

will depend upon the ratio between the gas intake rate (depend-

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 the rates or such a rise can be different.

The ratio between the gas intake and outgo depends upon the

nature of combustion (at a soet internal pressure) and its chanug

with rise in pressure.

Depending upon the properties of the explosive and conditions

under which the combustion takes place, two extreme cases are

possible:
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1. The gas outflow rate is equal to the rate of their for-

mation. In this case, we have a steady combustion process, i.e.

combustion at a sot (constant) rate;

2. the gas intnlco rate is greater than tho gaas outflow rate.

In this case, the pressure in the front of the combustion will

continually risn and the combsution rate will increiaso.

We shell examinpe the relations between tras intake and Lyis

outflow for varioup substances. The rolntionship of the combus-

tioni rate of an explosive to the prossuro can be expressed by tim

formula u = a + bP We shall denote the area of the charF.e alona

the edge of combustion by S, and the density of the e•plosiv hb.,

Then the gas i,,t~iko is m n u6S. Tbis relation is sbowni

graphically oni tei di•nnrmanm m (Figure 16, a, b, and c). The ref-

lationship of the tt,- outrlow to the pressure, determLined iin ac-

cordance with the laws of gas dynamics, is shown in dimgraius m2

of the same figures (dimension of gas intake nnd outflow are in

g/cm2 see).

In the case where v < 1. (Figure 16 a), the pressure risep in

the beginning because thl gap intake is greater than the gas out-

flow at PI, the gaps intako is equal to the outflow. At elevated

pressure (P > P ) the gas outflow becomes erenter thn, the Lys

intake and the pressuro is lowered to P Consequeotly, a stoody

burning of the explosive takes place at v < 1.

For the same reaso,,s, the burning along curve T is steady

even at v = 1 (Piure 16 c, curves and T). The same holds true

for Curve I, Figure 16 c, with the condition that the pressure is
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1 P */iP p
Nig. 16. - Ielption of gaa intake and outflow to pressure

smaller then P

Curves TI of graphs b and o which correspond to the case where

"the gas intake is greater than the eas outflow at any pressure,

and the upper pert of curve I of graph o characterize the unsteady

uccelerating combustion of the explosive.

It can be deduced from the examined relationship that, if, for

a given explosive and conditions of the experiment, the gap intake

rate always remains less than the gas outflow rate at rising press-

ure, then the pressure during combustion will remain steady. Con-

versely, under conditions when the gas intake rises with the press-
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ure at a rate which is' greater then, that of the gas outflow, the

pressure during combustion will rise. A rise in pressure accel-

erates combustion, i.e. the zas intake increases per unit of time,

which, in turn, leads to a new increase in pressure. In this

pnrticular 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 9

detonation.

As experiment bears out, initiatine explosives not only havo

a high burning rate even at low pressures, but they are also char-

acterized by a sharp increase in combustion rate with the zrowth

of pressure. The characteristic capability of initiating explos-

ives to detonate easily upon burning can be explained by: tite

high burning rate is dependent on the very dynamic rise in preoFr-

ure above the surface of the burning powder. In turn, the rise

in pressure increases the combustion rate to a rate which is of

the order of a detonation rate.

Detonating explosives conduct themselves in burninn, in n innn-

ner similar to the initiating ones only in that case where there

are factors facilitating the transition from combustion into rln-

tonation.

We shell examine the combustion process of an explosive !,ov-

ing a porous structure. Puring gaseous products partilly pteno-

trate the pores, i.e. deep within the explosive. They then i!-

nite it along inner surface, formed by the pores. As a result o"

this, the actual bhorning surface increases in comparison with tihe
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cross section area of the charge. The gas formation rate rises

accordingly, i.e. the amount of gases formed in a unit of time

per unit of cross section area. On account of this, an acceler-

uting increase in pressure sets in in the the combustion front,

the combustion becomes self-accelerating'and can, under certain

,conditions, more or less 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 case of liquid explosives. The conversion of

combustion into detonation which was observed here cen be ex-

1plained by the fact that, in tho burning of the substance, the

surface layer of the liquid ceases to be flat. "Waves" appear on

this layer. The actual combsution surface becomes much greater

than the vessel, and the gas intake rises. In addition, vapor

and spatters of the liquid hit into the zone of combustion where

they burn up rapidly, and the pressure rises. The combustion be-

comes self-accelerating and cnn pass over into detonation.

Cast explosives (cast TNT for instance) have a continuous

structure. It is 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

heat), which is sufficient for a preliminary melting of the follow-

ing layer of the substance. Therefore, the phenomenon here can

take place analogously to the burning of liquid explosives, i.e.

during combustion, vapors and spetters of water get into the zone

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

favorable circumstances.

The steadiness of burning of colloid powders is dependent,

on the one hand, on their homogeneous continuous structure, Find,

on the other hand, on the fact that the base of the powder is

.non-melting and non-vaporizing pyroxylin. When thbi powder burns,

the surface of the unburned part of the grain remains solid, and,

on account of an almost complete absence of pores, it is not per-

meable to gases. These properties areatly 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 wtbiti the innards of the powder grain.

Ignition is the origination of combustion in a more or less

restricted surface layer of powder.

The stronger the thermal impulse causing ignition, the more

readily ignition occurs. In addition the ease of ignition depends

on the composition of the powder, sizes of the powder elements,

the character of their surface, structure of the powder (porons,

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 ignition temperature and ease of ignition is not always

clearly seen. For example, the ignition temperature of gunpowder

0

ii equal to 290 - 310°while the ignition temperatuire of colloid

powder is 180 -200°. Moreover, gunpowder is ignited more 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, i.e. from coarse powder elements. Equally, a porous

grain is easier to ignite than a compact one.

We shall examine the cause of the influence of the physical

structure 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 porous and the other is compact. These elements

differ by the size or specific surfaces (i.e. by the surfaces per

unit volume of the substance), large for the porous, and small

for the compact. Tn 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 thorinal

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 is determined are

substantially different. A uniform and gradual heating of the

entire mass of the substance takes place, the specific surface

and thermal eonductivity hilve little effect on the results of the

experiment, and the ignition temperature proves to be identical

for both the porous ani compact substance.

Devices in which the tested powder is subjected to the effect
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of flame jet with constant intensity are used for evaluating the

ignition capability. The minimum length or time necessary 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 eunpowder

ignites more readily than pyroxylin powder; and that pyroxylin

powders ignite with more difficulty than higbly-calorific nitro-

glycerine powders, etc.

The propagation of combustioni along the surface, called in-

SA at Qn1 takes place primarily during the burning of the powder

in air.

According to Androyev, the high inflammation rate (in compari-

son to the rate of combustion within the grain) is dependent on

the fact that, the burning 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. Yor

this reason, the surface layers of the powder along the front of

the combustion are heated by a flame with a higher temperature.

Therefore, the inflammation of the powder occurs faster in air

than the propagation of the combustion within the depths of the

grain. For instance, according to Andreyev's data, the inflamma-

tion rate of one test sample of nitroglycerine powder consisted

of 16.7 cm/min, but the combustion rate of the same powder witbin

the depths of the grain amounted to only 4. 5 one/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 simultaneous inflammation would

take place along the entire surface of all powder grains, it is

necessary 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 pressures, hangfires and even misfires were observed dur-

ing the period when it was first used for firing purposes. Second-

ary charges, called tgniters, 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, etc.) of the base cbaroe,

which assures its rapid ignition along the entire surface and

eliminates hanafires and misfires.

Combustion 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 lessor 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 relationship. In ballistics,

this relation is generally called orincinle of combustion rate.

-129 -



The formula proposed by Vieille has the following form:

U = A p V

where p - pressure;

u - combustion rate at pressure p;

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

Vieille took v = 1/2 for ordinary gunpowders. According to

1M. E. Serelryakov'R data, v = 1/5 for slow-burning gunpowders.

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

Nowadays, Sovint scientists recommend the use of various

formulas for detormwiing Cli combustion rate of a powder itn diffor-

ont pressure Intervals.

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

posed:

u = a + bp and

u = bpv

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.

i = a + bp

where the magnitudes a 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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where u Is a coefficient dependent on the nature, and, to a

leaser degree, on the temperature of the powder.

The combustion reto of a powder rises with an increase in

the specific heat of combustion (caloricity), therefore, the corn-

Sbustion rpte of pyroxylin powders increases with qn increase of

the nitrogen content in the pyroxylint and the combustion rate

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

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

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



SECTION II

I1IGH EXPLOSIVES

1. GENERAL R1EQUIREMENTS FOR EXPLOSIVES

USED AS AMMUNITION FILLERS.

High explosives arn used as ammunition fillers (shells, mines,

aircraft bombs). Depending on the purpose of the ammunition, stan-

dards have been set for blast effect and brisance of the explos-

ive. Standards with respect to the sensitivity of on explosive

to mechanical effect are Ret in relation to the service require-

monts of the ammunition. In this relation, the most character-

istic are artillery proojectiles, the bursting charge of which is

subjected to a large mechanical effect during the travel or the

projectile alonr thn bore and when it is piercing armor (armor-

piercing shell).

The stresses developitip: in the critical cross section (luring

its firing or piercing of armor have been taken as the character-

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

I. Calculation.f thI Stresses Originating in the bursting

charge during firirl. When a projectile travels along the bore,

it gains acceleration. Proceeding from Newton's second law, we

shall determine the inertia and the stress originating in the

bursting charge during its firing.
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Vig. 26. - Cross sectional view of filled projectiles

We shall use the following denotations (Figure 26):. p - the

pressure of the powder gasos (variable magnitude); Pm - the hligbost

pressure of the powder gases originating during firing;

IR - 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 openina at head of projectile (armor piercing);

w - weight of bursting charge;

G - weight of filled projectile;

g - gravitational attraction;

V - displacement velocity of projectile
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When it is fired, the projectile travels with accelerated

motion under the affect of the force pO,11. We shall examine the

cross section of the projectile at any arbitrary point. The part

of the projectile lying to the right of this cross section presses

oil the opposite part with the force

ahdu
g dI

whore w - the weight of the portion of the charge lying to the

right of the given cross section. The greatest inertia force

acts on that layer of the charge butting nginst the base of the

projectile; for this cross Fection

w dv MfNI=---. )
g dl

We shall determine+ the acceleration of the projectile • from tho

equation

r1 -T R:C dt

gg

from where = P iT R•

The greatest accelerationi occurs where p = pr.

Therefore,

*f=~---p ~(2)

By dividing both parts of this equation by 7 r •, we shallI

Mind the maximum stress originating in the critical cross section,
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of the bursting chprge:

Formula (3) cin have n;lother form

where traverse load on the explosive in the critical cross
TlrR

1

soctionl,

G- transverse load on the projectile is the saine cross

TT R2

section.

2. Calculation of the RtresseR originating in 1he burstiine

charge when the projectile pierces grmor. We shall consider these

stresses by Brink's approximation method which iv based on the

following assumptions:

1. during the entire period of pieroing the armor, the pro-

Jectile is subjected to n full force of resistance;

2. the path of the projectile, along which complete pierc-

ing of the armor is attainod is I = IT + b, where IT is the length

of the projectile's head, aid 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:
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0V2
fL=.... (5)

g 2'

where v- the velocity of the projectile before hittinxg the armor.

According to Newto,'s second law:

0f- dv
g di(

where L - acceleration (negative, i.e. slowing-down of the pro-
d t

jectile at piercing of armor.

Substituting the expression for f. into equation (5), we

obtain

dv v2

dl 21

The force developed in the critical cross section of the

bursting charge is

wdv V2.f.- -, 21 (7)

Prom here, we shall determine the stress in the same cross sectio,,:

gmr 21 cr.2

Because the diameter of the opening of the head part in the

critical cross section Is small, the stresses cnn 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: S s 0.015 kg; r = 0.8 kg; P = 2.2 cm; r =

1.2 cm, r. = 1.0 cm.

Velocity of projectile prior to hiting into the armor vc =

500 tnl/soc; pm p_ 2500 kg/°,M2 = 6 cm.

The maximum stress at firing is:

2500.0.015.2,22 158 kg/cm2

0,8.1,21

The maximum stress at piercing is:

am 0,015.500002 1015 kg/cm2

0 81 .2-6.3, 14* 1'

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 stressattainR 1100 kg/cm2 in many projectiles

used in modern artillery. When designing ammunition, It It nocais.-

ary to know the critical stress of an explosive , i.e. the ereat-

est 'stress which the projectile's bursting charge can withtatn,d

without bursting. This magnitude Is determined by test firings

with specially-designed knock-down projectiles. The design or

such a shell, developed by V. I. Rdyltovskiy 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 then established, which make firing safe.
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TABLE XXI

Critical end permitted pressures for some explosives

Explosive Trer ,kg/cm 2  17 perm. kg/cm2

TNT 1900 1100
Amatol 80/20 1400 1100
Tetryl 850 -

Flegmatized PETN 720

5

.2

11

Fig. 27. - Experimental projectile for determining criticnl streRs

1. plug with sent 2. explosive oharge
3. inert body '. lead 5. wooden plug
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Appropriate values of critical and permitted stresses for some

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. It 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

is 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 contaiiner, is important. 7Yhen such a dis-

placement takes place, there is the possibility of a conversion,

of mechanical energy into thormal energy with a localized heating

causing the formation of reaction hot spots. The conditions of

the formation of such a hot spot depend not only upon the pbysico-

chemical and mechanical properties of the explosive, but also on

the quality of filler, design of the charge and projectile, and

upon other factors. The experimentl values of the critical stress

approximately take into account the effect of these factors for

the fixed methods of filling.

3. General recuirements for an explosive used as ammunition

fillers in relation _to the sensitivity to meohauical effect. The

strictist 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 plastic - which 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 in

the bursting charge.

Strict requirements are set forth for an explosive which is

intended as a filler for high explosive projectiles used in large

caliber guns. Diaphragms are sometimes inserted into large-cali-

ber projectiles in order to reduce the stresses in the explosive.

These diaphragms separate the bursting charge into two separate

parts (Italian 149 mm and Cerman 615 mm projectiles).

Lesser sensitivity requirements are set forth for explosives

which are used as fillers for medium-caliber howitzer projectiles

(122 and 152 rmn). These requirements are lesser still for ex-

plosives of shaped-charge projectiles, where a relatively light

weight of the charge is characteristic for the bursting charges.

Finally, it would seem that the requirements could be even

less strict for those explosives which are used as fillers for

mines and hand grenades. However, the sensitivity of the explos-

ive to bullet shock assumes an importance here. There is the

requirement that the bursting charge would not be triggered by

the impact of a bullet.

2. NJITI•C ACTD ESTERS (NIThATFS)

1. P xyli. The chemical properties and method of prepara-

tion are described in pages

Nowada7B, pryoxylin is used only for the production of

-139-



colloid powders and dynamites.

2. NNitroylvcerine. CI2 (ONTO2) CI (0wo 2 ) CI2 (00 2 ). Nitro-

glycerine is obtained by processing glycerol with a mixture of

nitric and sulphuric acids. After the nitroglycerine has been

separated from the acids, it is worked to v neutral reaction so

that a chemically-stable product is obtained.

Nitroglycerine is an oily, transparent liquid. The specific

gravity is 1.6 g/Cer 3 at 150. Solidification temperature is at

+13.20 (stable form) and at +2.10 (labile form). 1.8 g of nitro-

glycerine is dissolved in 1 liter of water at 200.

The volatility of nitroglycerine at ordinary temperature is

very slight, which is of importance for the physical stability of

nitroglycerine powders and constancy of their ballistic qualities.

The sensitivity of nitroglycerine to a blow is 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 explopives ore unsuitable

as ammunition fillers on account of their high sensitivity to H

blow and friction.

3. N (glycol dinitrate). C1120N02 - 0112 OVO2.

Olycol serves as a basic product. It is obtained synthetically

from ethylene. Glycol is nitrated by a mixtureo nitric and sul-

phuric acids, and nitroglycol is then obtained. It is a liquid

with a solidification temperature of -22°.

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

mites. On account of its increased volatility, it is unsuitable
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for production of powders of the nitroglycerine type.

•4. Diunitrodiglvcol (diglycol dinitrate) CHONO2-CH 2 -O--

-CH2--CH 2ONO,. DieLhylene glycol CH2OH.CH 2-O--Ctt-CHgO1I,

shortened to dilycol, is a basic product which is also obtained

synthetically from ethylene. A large quantity of diglycol is ob-

tained as a by product of certain operstionR in the chemicPl in-

dustry. Dinitrodiglycol iF obtained by nitrating diglycol with

a mixture of nitric and sulphuric acids. It Is a liquidc with a

0.solidification temperature of 11.3°. The specific gravity at 150

is equal to 1.39 g/era3 .

On account of the alight volatility of dinitrodiglycol aml

u number of properties approximating thoso o7 nitroglyceriieo,

dinitrodiglycol is used for the production of powders of" the

nitroglycerine type.

5. = . The nitric acid ester of pentaerythritol-pontn-

orytbritetetranitrate, or PETN, has assumed a great importauce

since World War II.

CHON02

O1NOHC-C-CH$ONO$I
CHONO
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PETN is obtained by nitrating tetravalent pentaerythritol

alcohol, which, in turn, is produced by the condensation of acet-

aldehyde (CH3 CTO) with formalfdlhyce (HIMITO). These aldehydes,

just as the nitric acid used for nitrating, is obtained synehoti-

cally from easily-obtainod basic substances.

PETN is a white crystalline substance whose density is 1.77

g/cm3 . It is easily pressed into a volumetric density of 1.60

g/c,, 3 . It is non-hygroscopic. The melting temperatue is 141°0,

and the ignition temperature is 2150.

PETN is chemically stable in relation to other nitric acid

esters. It is more sonsitive to a blow than TNT, tetryl or oven

cyclonite (explosion occurs when q 2 kg weight drops on it fro,

a height of 30 cm, and explosion occurs for all tests where a 10

kg weight and 25 cm drop height are used). The senpitivity of

PETN to detonation is somewhat higher than that of cyclonite ai•d

other secondary explosives. txpnnsion in a lead bomb is 500 cm3 .

In a standard compression test, PETN produces a complete rOo-

formation of the column. The compression is 16 nun at a char~e

weight of 25 g. The detona-tion velocity is 7 000 m/see at a den-

sity of 1.60 g/cm3 . PETN is 'legmatized mostly by the addition

of small amounts (up to 54,) of paraffin, wax, and similar sub-

stancesl the sensitivity to shock is thereby greatly reduced,

and the working copacity Pnd detonation velocity 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 other projectiles.

3. NITTROCOMPOUNDS

1. General Information. 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

sensitivity to mechanical ef'fects in comparison to explosives of

other classes. Theo substances are particularly suitable as

fillers for artillery and other types of ammunition. Mixtures of

a number of nitrocompounds (for example, TNTT, trotyl, dinitronaphta-

looe) with ammonium nitrate are used as a filler for medium-caliber

artillery ammunition.

Nitrocompounds are chemically-stable substances. They can be

stored for many years without any changes in physical or explosive

indexes even under unfavorable conditions.

The basic substances for the production of nitrocompounds of

the aromatic series are the aromatic hydrocarbons and their derive-

tives: benzene C6116, toluene C6 HSC11 3 , xylene C6Hi( lI 3 ) 2 , ntnphtal.one

C00118, phenol 0611501, dimehtyl a"iline C6IITN(CI1 3 )? and others.

These substances are obtained from the coking products (by-

products) of coal: coke oven gas and tar. In addition, a largo

quantity of aromatiic hydrocarbons are formed during the pyrolysis

of petroleum (petroleum benzene, toluene and xylene). Finally,

toluene is obtained directly through the fractional distillation

of certain kinds of petroleum (toluene-gasoline). Phenol and

other aromatic hydrocarbonderivatives are obtained during a fur-

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

mixture of nitric aRd sulfuric acids in order to obtain the nitro-

compounds.

2. .. The most importait representative of' the nitrocom-

pound class is trinitrotoluene or TNT

CH

b.N/O NO0

NO2

The solidification temperature of chemically pure T'T is

80.85°.The solidificatioi temperpture of the commercial product is

the criterion of its purity. TNT which is usod as ammunition

filler should have a molidification temperature which is not lower

thati 80.20. During wartime, a temperature of no less than 700 is

allowed *a

The density of TNT is 1.663 g/cm 3 . The gravimetric density is about 0. 9 g/cm3 ; it can fairly

easily be compressed to a density of 1.6 g/cm 3 . Density of poured TNT ranges from 1.55 to 1 59 g/cm3 .

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 nitrocompounds. When tested on the impact testing ma-

chine (10 kg weight and 25 cm drop height), TNT produces 4 to 8%

explosions, while tetryl, for instance, produces about 506 explos-

ions.

The sensitivity of cast TNT to detonation Is much lower than
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that of the pressed type. A booster is necessary to detonate cast

TNT, whereas a blesting cap is sufficient for the detonation of

pressed TNT. Pressed TNT charges are sometimes used as boosters

for cast TNT. Pressed-TNT detonators are used for these purpopes

more frequently.

The expansion in a load bomb is 285 cm3 . The detonation velo-

city is 6900 m/sec at a density of 1. 5 0 g/cm3 .

The brisance, nccordinp to the contraction of lead cylinders

in a test, is 16 to 17 mm.

Requirements for TNT used as shell filler. The TNT, which is

obtained by washing the product after the separation of acids, haf

a solidification temperature of 77-78o and is called raw T1.'T. It

contains about 6% of various admixtures, namely isomers of trinitro-

toluenie and. dinitrotoluone. These admixtures worsen the explosivo

qualities of the TNT. For instance, the sensitivity to detonation

is substantially reduced, and, during the summer months, a liquid,

the so-called trotyl oil, leaks out of shells filled with this sub-

stance.

The offlux of oil Irom the bursting charge is accompanie,! by

the following phenomena:

1. Loosening of' the explosive, which can cause a possible ia-

nition of the charge at firing, and premature explosion.

2. In projectiles with screw-In bases, the trotyl oil, which

carries TNT in liquid form, partially remains in the screw threadp.

At the moment of firing, the metal Aurfaces hit each other, and

the oil which is round between these hitting surfaces can cause on

explosion. There it also the change of an ignition of the charge
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by the powder gases. This can be accomplished by the transmission

of fire along the oil which is contained in the screw threads of

the base.

3. The trotyl oil which separates from the TNT can collect

in the recess underneath the fuze (or detonator). In this case,

the oil can sometimes get into fuze or booster where it then acts

like a flegmatizer. This causes incomplete explosives and durds.

Raw TNT is not used as 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 is the basic high explosive which is used

as an ammunition filler. Owing to its relatively low sensitivity

to mechanical effect under adequate brisance and fugacity effects,

TNT is the best explosive for use in projectiles intended for naval

and coast artillery guns. Armor-piercing projectiles used by theso

guns have been filled up to the present with flegmntized TYT, con-

sisting of 9'4% TNT, 4%o naphtalene, and 21 dinitrobenzene.

Large amounts of TNT were used in alloys with other nitro-

compounds: with cyclonite for filling shaped charges and small-

caliber projectiles; with 20% dinitronaphtalene under the name of

K-2, with 51 xylene under the name of Alloy L,9 and others. TNT

was used during the war in mixtures with ammonium nitrate.

Cartridges and charges for blasting work are inade out of T\'T.

3. Picric acid (trinitrophenol). The chemical formula is:
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OH
OsN/\NOs

NO,

The solidification temperature of chemically pure picric acid is

121.`0. The density is 1.813 g/cm3 . It is easily presped to a de,,-

sity of 1.63 g/cm3 .

In testing it on the impact tester with a 10 kg weight dropping

on it from a height of 25 cm, picric acid produces a 32, percentage

of explosions. Ignition temperature is around 3000. The Feiisl-

tivity to detonation is 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 exparsLon in a lead bomb is 330 cmn3.

The brigance, when tested by the contraction of leand cylinderp,

is 17-19 mm.

The bit defect of pitric acid is its ability to form salts

upon contact with metals (besides tin) where even a little bit of

moisture is present. Some of these salts have a high ;enitivity

to shock. In connection with this, it is necessary to shield thh

inner surface of the projectile case so that it would not come in

contact with the picrio acid. This has been occomplished by

varnishing and also by the use of cased fillers (charge in a card-

board container). However, even with these precautions, it wap

necessary to limit the storage time of these projectiles bocaisu
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even when the protective coating is used, a slow reaction between

the pioric acid and projectile casing metal takes place. The use

of picric acidq primarily on account of the above-mentioned de-

fect, has practically ceased during the past few years.

Picric acid was used in both the pure state and in alloys, asp

for instance# with dinitronaphtalene. Two alloys were useds the

"Russian mixture" containing 51.5% picric acid and 48.54 dinitro-

naphtalene, and a "French mixture" containing 80%picric acid and 20% dinitronaphthalene./

the Great Patriotic War, picric acid was used in anti -tank mines which had a wooden case.

4. Ammonium nicrate - ammonium Ralt of picric acid - has a

lower sensitivity to shock than even TNT, owing to which the TTnitedr

States started to use it from 1900 for filling armor-piercing pro-

jectiles of a 10 inch and larger caliber. Later on, they started

to use it also as a filler for aircraft bombs.

5. Tetral. The chemical name is trinitrophenylmethylnitritiil•n,.

Its formula is:

CH--N-NO1

The solidification temperature of the pure substance is

128.70. The solidification temperature of commercial tetryl should

be no less than 127.70. The specific gravity is 1.78 g/om 3.



A density of 1.68 a/Cm 3 can be attnined by pressing the

tetryl. The ignition temperature is around 1 00. The seinsiti-

vity to shock iR around 504 with a 10 1cr weitght and drop height

of 25 cm. The expaersioui in a load bomb is 3140 cm3 . Brisanc,

as determined by testint on lead cylinders, is 20 - 21 mm. The

detonation velocity is 7770 mr/se, at n donspiv of 1.61 g/cm3 .

The sensitivity to detonation is greater than that of plcric acid.

At a density of 1.68 g/cm3, tetryl cati still be detonated by a

blasting cap with 0.54 g of fulminate of mercury. As can be seen

from these data, tetryl is more brisant than any of the previously

described nltrocompoukids. Its sensitivity to detonation and defi-

sity attained by pressing is greater than that of TNT. On account

of these superior qualities, tetryl is particularly suitable for

the production of detonators and blasting caps. Owing to the high

sensitivity of tetryl to mechanical effect, it is not suit;ed as

a shell filler except for small caliber ones, in which it Is used

in both the pure and flegmatized form. Tetryl alloys with TNT or

cyclonite are also used as fillers for some munitions.

6. CyclojQJje. The chemical name it cyclotrtmethylenetritri•r-

amine. The chemical formula is:

CH,

OIN--N N N •NO,

HSC[\.CH,

N--NO,
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It is obtained by nitrating urotropin.

0
The melting temperature of cyclonite is 203.5°. Its density

is 1.82 g/cm3. The ignition temperature 2300. The sensitivity

to shock is somewhat lower than that of PETN. Expansion in a

3lead bomb is 480 cm3. In a standard brisance test, cyclonite,

analogously to PETM, produces a complete deformation of the lead

column. An 18 mm contraction is produced with a 25 eram charge.

Its detonation velocity at a density of 1.70 g/cm3 is equal to

8370 m/sec.

Cyclonite and the previously-described PETN are the most

powerful and most brisant of all the chemically homogeneous solid

explosives which Pre in use today. It is fleztatized by paraffin,

wax, ceresin, and other substances, so that its sensitivity to

shock and friction would be reduced. It is also tlegmatized by

di- and trinitrotoluene, as well as by other nitrooompounds.

Fleamatized cyclonite can be pressed to a density of 1.65 g/cm3 .

Cyclonite melts with dissociation. In addition, at a high

inelting temperature (203.5o) its sensitivity to shock and fric-

tion is greatly increased. 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 used in such form, detonators, shaped charge, and small cali-

ber projectile charges are pressed from It.

Analogously to P1FT", pure cyclonIte is used only for the pro-

duction of blasting caps.
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Cyclonite has an important use in the form of a mixture witl,

other nitrcoompounds, as, for instance, with TNTP, as s fillnr for

various ummuntion. These mixtures are less sensitive than cyclon-

ite, and they have a greater strength than TNT. They can he por,,'.

(in the form of a suspension of oyclonite in melted TNT).

7. �jy (trinitroxylene). The formula ins

CoH(CH,), (NO2),.

Depending upon the degree of purity, the commercial product con-

tains a greater or lesser amount of various isomeric trinitro

derivatives - ortho- and p-xylene. The solidification temperFttrn

of purified xylyl is 170 - 1780. Xylyl is a neutral substance

which does not form salts with metals. The ignition temperature

0is around 330°. The sensitivity to shock is greater, and the

sensitivity to detonation iF markedly lower, than that or •'T.

The expansion in a lead bomb is 270 cm3 . The contraction of the

lend cylindors is 12 - 13 mm. Xylyl is used as nn mmnunItion fill

in the form of a mixture with ammonium nitrate and 8s an alloy

with TNT (Alloy L). This alloy contains 05. TNT and 51 xylyl.

Its solidification temperature is 740. Alloy TL does not have any

explosive properties which are different from TNT, but it is char-

acterized by a much better sensitivity to detonation, which is

caused by its finely-crystallized structure.

8. Dinitronanhtalane. The chemical formulas of both isomers

of dinitronaphtalene are:



NOM NO, NOv

1.5 dinitronaphthalene I.R dinitronaphthalene

Commercial dinitronaphthalene consists of a mixture or these

isomers. The sensitivity of dinitronnphthalene to detonation is

very small. Therefore, it is not used in the pure form, but

only in a mixture with ammonium nitrate, called dlinaphtalite.

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

cial blasting operations.

9. Dinitrobenzepe. The chemical formula is:

NO,

ONOs

The solidification temperature of m-dinitrobenzene is F0.9°.

The solidification temperature of commercial dinitrobenzene is

lower on account of the presence of the isomers contained in it.



These isomers are ortho- and p-dinitrobenzene. The density is

1.57 g/cm3 . The detonation velocity it 6100 m/see, and expan-

sion in a lead bomb to 250 ml.

The use of pure dinitrobenzene for filling shells in diffi-

cultg owing to its small sensitivity to detonation. Another

drawback of dinitrobenzene is its toxicity. Heretofore, we

(Russians) used an alloy of TNT with 2% dinitrobenzene and

naphthalene as a filler for armor-piercing projectiles used in

naval and seacoast artillery guns. Alloys consisting of large

amounts of dinitrobenzene are not suitable as a filler on account

of the low melting temperature.

10. New and Powerful'Explosives. Tetryl1 PETN and cyclonite,

which, in strength, greatly exceed TNT and other aromatic nitro-

compounds and ammonium-explosives, are referred to as "powerful"

explosives, Judging by the present pertinent literary date, new

explosives are being found at the present time. The most

interesting appear to be ootogen, ethylenedinitramine and dinitroxy-

diethylnitramine.

Octogen is

CHg

ON--9\N-No,

CHs CH,I I
OaN-N N-NO,
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is obtained from urotropin by the action of concentrated nitric

acid on it in the presence of acetic acid. The stability in heat-

ing is greater than that of cyclonite. Its explosive qualities

are close to that of cyclonite.

CH,-NH-NOl,
Ethylene-dinitramine I

CHI,-NH-NO,

It is equal to tetryl in force of explosion and sensitivity to

mechanical action. In comparison with tetryl., it is less toxic

and does not have any coloring properties.

I~i •iI troxydiethyl n itrami ne - OsN-N(CHgCHgONOg),. Sensitivity

to shock is on the order of PETN. It is close to PETN and cyclo-

nIte in explosive force. It readily gelatinizes nitrocellulose.

4. EXPLOSIVE MIXTURES

The classification and general characteristics of explosivo

mixtures were given on page 34.

1. Ammonium nitrate Exnloiaves. Definitions.Ro Ammonium

nitrate explosives are those mixtures whose basic component Is

Snnmoniium nitrate.

The oxidizer in ammonium nitrate explpplves Is ammonium ni-

trate. Tha igniter can be various substances, explosive (T,',

xylyl, and other nitrocompounds)- as well as non-explosive (wood

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

special admixtures such as sodium chloride enter into the com-



position or iindividual ammonium nitrate explosives. This type of

explosive is used ini gas wells, etc.

AMotlte is an. ammonium nitrate explosive which contains an

explosive nitrocompound.

D is an ammonium nitrate explosive which contains, in

addition to ammonium nitrate, only non-explosive combustible

materials.

mollal is Fn ammoniium nitrate explosive which contains alumi-

num in its composition.

Ammonium nitrate. The properties of ammonium nitrate explos-

ives depend to a large extent upon tfle properties of their bnsic

compon•ent - ammonium nitrate. It is a wl.ite, crystalline sub-

stance with a mslting point of 16c.c.°.

Aunionium nitrate exists in the form or several crystal modi-

fications. Four of tVese, which change one into the other Ft

temperature or -16, +32, and +H?7 (transition points) are the

most important by their effect on the properties of ammontuin ni-

trate explosives. Not only the shape of the crystals, but also

their size and specific volume are changed during transition.

Ammonium nitrate is very hygroscopic. Water vapors, which

are absorbed from the atmosphere, condense on the surfaces of

separate crystals and dissolve the surface 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), crystals are separated out of the saturated solution, which

then fasten themselves to the ndjoining particle of niter. As
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the result of a repeated humidifying a,,d drying, the niter crystals

are bonded all the more solidly, and a process of densification

and caking of the ammonium nitrate takes place. After prolonged

storage at varying humidity, the niter converts into a monolith,

and it is then granulated with difficulty.

The sensitivity of ammonium nitrate to detonation is very

small. Accordingly a stable detonation of it can occur 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 aamonium nitrate explosives and some of

their valuable properties were known for long time prior to the

First World War. In World War I, after a grave defect was dis-

covered in explosives, the suitable ammonium nitrate 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 800 niter and from

20 to 606S 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 possible 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 ax-
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plosives intended for blasting operations.

Safety explosives, a representative of which is shown in

Table XXII, are used for operations in coal mines which are gas

and dust hazardous. Their formulp is selected in such a way

that no inflammation of the gas-air end dust-air mixtures would

occur. This is accomplished by reducing the brisance 8od riga-

city effect end explosion temperature by the insertion of sodium

chloride into the composition. There is a requiremont in safety

as well as in other explosives which are permitted for under-

Pround operations that the amount of toxic gases (NO. and CO)

which are formed at explosion does not exceed the prescribod

norms.

The production of ammonium nitrate explosives. Amatols wvitlh

a content of 40 to 6O0 TNT are obtained by mixing meltedl T17T w•1it1

heated, preliminarily dried and pulverized ammonlum nitrate.

The TNT does not form any alloys with the ammoniunm nitrate, but

a gruel-like suspension of the ammonium nitrate particles is

obtained in the meltn T'NT, which is then in a suitable conditioi!

to be poured as ammunition filler. After this pasty mass cools,

a conglomerate is formed which consists of the solidified TNT

containing the amnonium nitrate particles within it.

If the amatol contains less than 404o TNT, it then does not

form a mixture of gruel-like consistency which is suitable for

pouring into ammunition. Suoh mixtures fill ammunition by means

of a mechanical method (pressing, screwing-in).

Powdered ammonium nitrate explosives are obtained by griml-

-1S7 -



TABLE XXII

Typical representative of ammonium nitrate explosives
which are used for commercial blasting operations.

Coposition in %o.% ..

Name of
explosive Caa~ comnponents Al~

I I MI 11 1 I I I IlII 
I

Ammonite No .6, .79 TNT 21 1,0-1,15 360 14 -
powdered

Ammonite No. 6, 79 Sarno 1,25-1,36 360 20 3800
pressed

Ammonite No .7 81 TT 14, pine 1,0-1,1 350 13 4070
"bark meal

Granulated 88 Dlnitronaph- 1,0-1,25 320 15 -
dinaphtalite talene 12

Alumite No .1 80 Trotil 12, 0,95-1,05 400 16 -
aLuminum 8

Dinamon g0-a 10ynte meal 0,9 330 11 2500

Safety ammo- 6 TNT 10, sodium 1,0-1,15 240 11 2870nite chloride 10-12 ,oil-cake or pine tar

Imeal, 2.,

1 pulverized pine bark or peat, etc.

Note: Comma represents decimal point.
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Ing previously-dried ammonium nitrate and combustible materials

with subsequent intermixinLg of them in drums (spherical grinders)

The mixing is someetiine•s done under millstones, through which a

Mier pulverizEtiou is attained at the Rame time. This increases

the t1lensity,detonntion velocity Pnd brisnnce.

Properties and use of ammonium nitrate explosives. The

presence of ammonium nitrate in the composition predetermines the

hygroscopy and caking tendency of ammonium nitrntme xplosivos,

this being their intrinsic defect. Niter, covered by a thin film

of water-repellet substances is used in order to reduce the hygro-

scopy. Caking can be lowered by insertinr certain loosening ad-

mixtures such as oilcakm meal, pitch, etc. into the explosivols

composition.

The explosive properties of ammonium nitrate explosives de-

pond upon the nature of the components, weight relation among

thein, method of production of the explosive, degree of pulvorizo-

tion, and intermixing (see Table XVII on page 79 of original),

deblsity of the charge, and degree of caking.

VWen amnonium nitrate is added to TNT, the brisance is some-

what reduced, but the fugacity effect is somewhat increased. Thit

fugacity increases with an increasing content of ammonium nitrate

in the mixture. Therefore, where earth, wood-earth and ann-logoiis

fortifications are to be destroyed, and requiritc a large fura-

city effect, the use of amatol is possible. Conversely, in

direct fire against a solid mass such as an armored object where

bripance effect is needed, it is necessary to use projectiles
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filled with TNT or some other more powerful explosive.

The sensitivity of ammonium nitrate explosives to detonn-

tion is reduced in proportion to their caking tendency. There-

fore, it 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 ere characterized by a lower sensitivity to

mechanical effects. On accountf this and also on account of

their low cost end satisfactory fugacity and brisance effects,

they are widely used as a filler for many types of munitions.

"Wor those very same reasons, they find a wide application, and,

in the Soviet Union a practically exclusive application, for

commercial blasting operations.

During the Great Patriotic War, the largest amountg or am-

monium nitrate explosives were consumed for medium-caliber pro-

Jectiles. Heavy-caliber projectiles (besides armor-piercing for

naval and coast artillery guns), aircraft bombs and marine ob-

stacle mines were filled with ametols 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. Therefore, it is necessary to

initiate this explosive by a more powerful detonator than one

that is used for initiating a TNT charge. This feature to taken
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into consideration when selecting fuzes for ammunition which has

been/i nitrate explosive in wartime.

2. Chlorate and Perchlorate Explosives. Chlorate and per-

chlorate explosives consist of a mixture of chloric or perchlioric

acid salts with a combustible. The most widely used are KCIOC,

KCl.0.4 und VIT4 0104

Ohlorate explosives draw attention to themselves, because

the oxidizer contained in them, Derthollet's salt, can be readily

obtained in large quantities from abundant raw materials. How-

ever, their capability to be used as ammunition fillers is

strictly limited on account of the great sensitivity to mnechani-

cal effects. They were used in World War I in France, England

and Germany for filling mortar and bomb-thrower projectiles,

which are characterized by a low initial velocity and corres-

pondling low stresses in the bursting charge.

3. Explosites on a base of liauid oxidizers. Oxyliquits

and mixtures on a base of nitrogen dioxide or nitric acid belong,

to this category of explosive mixtures.

Oxyliquits are cartridges of a combustible component - ab-

sorber - which has been impregnated with liquid oxygen. The im-

pregnation of oxyliquit cartridges for military-engineering 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" ooI)gists from several minutes to I-lý 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 used in

Prance during World War I as an aircraft bomb filler. Nitro-

benzene, liquid hydrocarbons and other organic substances were

used as the combustible. Both components were inserted separately,

and they were intermized by means of a special mechanism after

they were dropped from the aircraft.
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SECTION V

COLLOID POWDER

1. General Inftoite t"O

Oombustion is a characteristic form of mxplosive traisforma-

tioi of powders. It Is a well-known ract thet the rate of com-

bustion or Rpowder is increased with an increHse in pressure.

Noietheless, even upon firing from a weapon, where the pressuro

can go up to 3000 at, an increase in the combustion rate does

nuot present any danger with respect to damaging the barrel.

It would turn out differently if the weapon were to be loaded

with an equal amount of high explosive instead of powder. In this

case, a rapid use in the pressure would take place, and the cown-

bustion would convert into detonation, whereupon the barrel of

the weapon would burst.

The ability to have steady combustion at high temperatures is

determined by the physical structure of the powder elements - tbeir

density, stability, and absence of pores (or by a small quantity of

them). In connection with this, the combustion proceeds only alone'

the surface of the powder, which burns In parallel layers. This

makes it possible to control the powder combustion vroces8 in the

weapon by a suitable selection of the sizes and shapes 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

shows 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 origin, the coordinate corresponds to the initial

position of the base of the projectile. As the combustion developp,

the pressure in the initial air-space will begin to rise, and 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 Pm" From

this moment, the pressure begins to fall on account of the fact

that the volume of the initial air-space grows more rapidly than

the influx of the powder gases. After completion 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

muzzle velocity of the projectile depends, is equal to the work of



* '-- -*. ° -

the force propelling the projectile slong the tube, i.e.

L-S pdl,

where S - the cross aection of the projectile upon which the

powder gases prers;

2o - bore length (distance from beginning of rifling to muzzle

facei.

The same work can be accomplished for different values of the

maximum pressure P. in relation to the law of gas formation dur-

ing the combustion of powder. This can be readily seen from a

comparison of curves I and 2 in Figure 50. Curve 2, for which the,

value PM is minimum at a constant value lo, is the ideal pressure

curve.

One of the fundamental needs set forth for a powder is that

it should burn Inparallel layers; only in this case is it possible

to control the gas influx by a selection of the size snd shapes

of the powder elements, and to make sure that the necessary ballis-

tics firing indexes are obtained. It is obvious that, with ran-

dom combustion rates which change from one round to another, it

is necessary to obtain uniform ballistics results. Colloid pow-

fiers fully satisfy this requirement, while black powder does this

only at a density of 1.8 g/cm3 and above. However, the prepara-

tion of such a powder is difficult.
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2. Classification of Colloid Powders

Cellulose nitrates - nitro-cellulosep (see below) - are the

basic colloid powders. Dependina on the solvent used for Lelptin-

izing the pyroxylin, colloid powders arm divided into two basic

groupR :

1. Pyroxylin powders oil a volatile solvent which is almost

completely removed from the powder during production.

2. Powders on a difficult-to-volatilize solvent, all of'

%hicb remains in the powder.

Nitroglycerine and diglycol powders are the most importnnt

representatives of powders on the difficnlt-to-volatilize solvent.

Nitroglycerine powders are, in turn, divided into ballis-

titeas and cordites.

Ballistites are powders produced on a base of nitroglycerine-

dissolved pyroxylin with a low nitrogen content, called collox.lin.

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 cases, the nitroglycerine entar-

ing into the composition of the powder does not assure a complete

gelatinization of the nitro-cellulose. A supplementary volatile

solvent, which is removed from the powder during later stagme of

production, is used for complete emlatinization. Acetone is

used as the volatile solvent for hith-nitrogen pyroxylin, while

an alcohol-ether mixture is used for colloxylin.

Beginning with World War I1, many countries started to use
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dlif.lyrCol powder, alied to the iltror1ycerine bWll1"tltes in com-

position and properties, but contsining diethylennelyco!-dinitTrto

instend of nitroglycerines.

3. MATF PIALS USED TN TUP PROP(TCTTON OF rOTT,OTD PO•ME11P.

The properties and method of obtaining nitroglycerine end

dinitroglycol were desnribed on

1. Pvroxyli-C ti a nitric erid ester, or eellulose nitrF~te,

w ,ich is also eelled nitro-celluloge.

Cellulose Is used for the production of pyrox~ylin. Tt Is

found In cottom, wood, flex, hemp, ttrw, eto,., in t'mount, very-

inR from PP?-010. (cotton) to 50-600, (wood). Pure celluoeA, whih

is obtained from the plant raw meteri.el by a special ohemlcnl

trentment, IF used for tb1 produition of htOh-niistity pyroxylin.

A molecule of oellulose consists of e larre number of iden-

tically formed and interlinked glucose radicals (',IlTO,

CH0H OCHH CHOH

6- /H- &_

HO-Cit CH-OC cli -0--- ýH-OH

~CH-CH CH- C HC

H - ýH bH 4-2AH Oý

Therefore, the general formula for cellulose boo the form (CTrT,()M,),

where n Is the number of Clueose rndicale. Cellulose does not
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consist of ideotieal molncules of a specific length, but of a

mixture of molecules with varyinr nmounts of glucose rdilcals,

which, accordinr to the data of various researchers, fluctuate

from several hundred to several thousand. Tr writing the cbemi-

cal reactions, It is conventional to express cellulose by the

formula for the clucose rpdical C T1I0(9 .

FEvery glucose radical contains three hydroxyl aroups Ol.

Namely, these hydroxyl groups react with nitric acid according

to the equation:

CeH7 O,(OH),+mHNOCs-CH 7 O, (OH) s-(ONO,).-q-mHO,

where m Is 1, 2, or 3.

As a result of this reaction, the OTT groups are replaced by

ONO, groups, called nitrates. Dependinr on the conditions, not

all of the OH groups can be replaced by the nitrate groups, but

only a part of theme. 'or this reason, not one, but several

pyroxyllns with various degree of esteritfication, are obtained.

Cellulose is not nitrated by pure nitric acid, but with P

mixture of this acid with sulfuric acid. The reaction of the

cellulose with the nitric acid is accompanind by the separation

of water. The water dilutes the nitric acid, which weakens its

nitrating action. However, the sulfuric acid takes up the water,

which then cannot impede estertfication.

The more concentrated the acid mixture, i.e. the lower the

water content, the greater in the degree of the cellulose esteri-

fication. Pyroxylin with a prescribed degree of esterification
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can be obtained by a Puitable choice of the composition of the

acid mixture.

Forms of nitrates of cellulose. The structure of cellulose

should be expressed by some definite formula, because it is not

bomogeneous with respect to amount of molecules. This pertains

to a still greeter degree to nitrates of cellulose which consist

of molecules which Pre not homogeneoup in degree of esterifics-

tion.

Therefore, ni'trocellulose Is chnracterized by the nitrogn

content in it, determined by chlemicol analysis or by th deeree

of eptertftceation (number of nitrate groups found, on the sverage,

in the glucose radical).

For practical reasons, the following forms of nitrocellulose

which are used in powder production, are differentiated:

a. QlDgXu.Ln. Nitrogen content is 11.5-12.0OV. Completely

soluble in ether-alcohol mixtures.

b. lvroxylin No. 2. Nitrogen content is 12.05-12.VA. At

least 90% of it is ditsolved in ether-alcohol mixtures.

c. D. 1, Mendelevev Pvroxyl12. Conttins 12.45% nitrogen.

Solubility is at least 95f in ether-alcohol mixtures.

d. Pyroxylin No. 1. Nitrogen content is 1.30-1351.. Roln-

bility in ether-alcohol mixtures is from 5 to lO4.

e. Blended pyroxylirni. These consist of P mixture of

Pyroxylins No. I and No. 2, and contain from 1P.7 to 13.14 nitro-

gen. The solubility in ether-alcohol mixtures Is 25 to 504. Tbn

propagation between the two types of pyroxylin in The mixture

.16 .



various for different powders.

Pyroxylin Production. The production of pyroxylin consists

of the following operationp: nitration of the cellulope, waghintg

andl stabilization, composition of aggregates, flnislaine treatment.

Nitration of Cellulose. The cellulose Is immersed in a mix-

ture of nitrin and sulfuric acids and it it stirred in this mix-

ture for a predetermined time at a prescribed temperature.

Washing and stabilization of nitro cellulose. After the ni-

tration is finished. the acid is removed from the formed pyroxylin

in a centrifuge. Pyenerally, a quantity of spend acids which is

approximately equal to the pyroxylin by weight, remains in it

after centrifuging.

The biggest part of this acid is removed by washing in cold

water. After this, the pyroxylin contains the following residues:

a. an insignificant amount of' sulfuric and nitrin Pelds

(around 1,) :

b. various slightly stable admixtures which were formed dur-

ing nitration (sulfuric acid eaters of cellulose and nitric evid

esters of saccharine substances).

The process of removing these admixtures, called Ptabilizntion,

consists of the followinat

a. Pot washing in vats. An acid bath is performed at first.

AO.f9oolution of sulfuric acid is used in order to accelerate the

disintegration of the slightly-stable admixtures, and after that,

by an alkali (with sods admixture) in order to neutralize the acid.

All of these washings are done through boiling.
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b. Pulverization in a hollander. Pyroxylin conpits of'

separate fibers, being narrow capillaries1 whih, during nitre-

tion, are occluded with acid. This acid Is very difficult to

remove from the fiber by washing. In order to remove thip acid,

it is necessary pulp the fibers Ro that their inner cavitle•

eoiild be exposed. Tn addition, pulped pyroxylin ren be morn

roRdily proceRped in powder production, end the powder which ip

obtained Is more homogeneous.

Fig. 51 - Diagram of Hlollander

1. hollander trough 2. longitudinal baffle
3. drum 4, drum knives
5. stationary knives 6. inclined trough bottom

(hillock)
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The pyroxylin is pulverized in hollnnderp between the knives

whbih are fastened to the revolving drum and the stationary knives

which are mounted in the hollander trough. The construction of n

bollander is schematically shown in Figure 51.

c. Poaching in scrubbers. ihen the cellulose is pulverized

in the hollandersy, not only acid residue, but also the slightly-

stable admixtures which were not disintegrated in the hot work-

ingp are separated out of the fiber. The pulped pyroxylin is

therefore subjected to posching in n scrubber. Figure 52 shows

tVe construction of n sorubber.

The above-described complex end lenctthy process of washing,

pulverizinc Pnd poanhing is necessary for obtaininz a ohemi•ally

stable pyroxylin, which is one of the basic conditions for sub-

sequently obtaining a chemically stable powder which is suitable

for prolonged storage.

/ ~ 13

Pig. 52- Scrubber (diagram)

1. steam 2. pasty mass 3. water
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Composition of the Aggregnte batch. Tndividuel batches of

pyroxylin Pre Pomewhat different in properties. So that a homo-

ceneous material could be obtained, it is nacessary to intermix

several batches into one big one, onlled the aererete betet .

Tn addition, ueh an intermixing is necessary for obtainine

blended pyroxylin from the various forms of nttroenllulose (for

i•ntance, from pyroxylin Nos. 1 and ?).

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 have to be re-

moved from it. This is done in the following manner:

a. the tinter-soaked pyroxylin is passed through a screen so

tihat it could be separated from the non-metallic ndmixtures, Pnd

through an electromagnetic field so that iron filings and chips

could be removed.

b. the batch coming from the electromagnets contains ur to

PO00, water, which is removed at first by wringers or, more fre-

quently, by means of settling the pyroxylin and then decanting

the water, and then centrifuging, where the water content in thn

pyroxylin is reduced to approximately 3100. The pyroxylin is ther

ready for powder production.

2. Ni-trocellulose Solvents. Nitrocellulose solvents nre

substances which form plastitc colloidal systems with the nitro-

celluloses. Ethyl alcohols and simple ethers are not solvents
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for nitrocelluloses used in the powder industry - t'ey only cause

them to 9well up.

A mixturn of ethyl alcohol with diethyl ether (etber-P1oobol

mixture) proves to be a good solvent for colloxyling, pyroxylin

No. 2 and collodion. This mixture is widely used in the powder

i ndustry.

Acetone is the most effective solvent. It aelatinizes all

nitrocelluloses, from colloxylins to pyroxylins, with the high-

est degree of esterification.

Nitroglycerine and diglycol diittrate are solvents for colloxy-

ltns.

3. S. Diphenylamine ((0 1 5)2NTl) is used as a

stabilizer in pyroxylin powders.

The stabilizing effect of diplienylamine is based on the fkct

that it readily reacts with the initial products of the decomposi-

tion of nitrocellulose - nitrogen oxides and nitric and nitrous

acids - forming chemically stable nitroso- nnd nitrocompounds.

Diphenylamine acts in a saponifinble mnnner on nitrocellulose,

even more intensely on nitroglycerine and dinitrodiglycol. It is

allowed in pyroxylin powders in an amount not exceeding 2'1, while

it is not at all permitted in powders on a difficult-to-volatilize

solvent.

Derived ureas - aentralites - are used as stabilizers in pow-

ders on a difficult-to-volatilize powder. They can also readily

react with the nitrogen oxide and nitric and nitrous acids, form-

Ing chemically-stable nitroso- and nitrocompounds. Centralites
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nre white, crystalline substances, soluble in nitroglycerine.

4. .lsotitzera. Supplementary solvents, which accelerate

the gelatinization process and which remain in the ready powder,

are generally used in the production of powders with a difficult-

to-volatilize solvent. Such substances are called .g.la.

Non-volatile substances such as dinitrotolueneg dinitroanIsoln

and others ore used as plasticizers. CentralitesIs a simultane-

ous plasticizer and stabilizer.

5. Plemattzera, These are substances wbich reduce the com-

bustion rate of n powder. Camphors, for instance, are used ns

fleamatizers.

Cnmphor is a solid, volatile substance with a characteristic

odor. It is difficult to dissolve in water, but dissolves readily,

In Alcohol.

6. G. Pinely-granulated and laminated powders are

covered with a thin film of graphite so that electrification of

the powder and blocking of tbe grains would be eliminated. In

addition, graphiting increases the gravimetric density. 'or in-

stancep graphiting made it possible to increase the gravimetric

density of rifle-cartridge powder from 0.5 to 0.7 kg/decimeter 3 ;

thereby the capacity of the cartridge case was increased from 2.5

to 3.4R g of powder.

4. Production of Pyroxylin Powders

The production of pyroxylin powders consists of the following

-175 -



operations (for cannon powders):

1. dehydration of the pyroxylin,

2. mixing the pyroxylin with solvent,

3. blocking,

•. preliminary sun-drying,

5. cutting,

6. second sun-drying,

7. separating (sorting),

8. soaking,

9. drying,

10. composing small batches,

11. composing aggregate batch,

12. pecking,

13. pliysico-chemical and ballistics tests.

In the production of rifle-cartridge powders, flermatization,

graphiting, separation of the groplhited powder, second drying,

mixing of smell and aggregate batchies, pecking, end phystco-

chemical and ballistics tests aPr rnrried out after it lis beon

dried.

Dehydration of nyroxnlin. Water binders the swelling of

pyroxylin; it is therefore necessary to reduce its content to

some definite limit (no more than V,,,). In this case, it is

necessary 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 dissolves the low-

nitrocon cellnlose nitrates and the unstable ardmixtures, which in-

crenses the nitrogen contenet in the pyroxylin end increases its

chemicel stability.

'Mixtnr the =vroxYlinwith the aolvent and nerstinr. The

basic phase of production, where the pyroxylin it converted into

powder, in the gelatinization process which takes place durina

the mixing of the pyroxylin with solvent and blookinr.

In the first stange, the pyroxylin particles soak up the sol-

vont and swell up. This operntion i. carried out in special

blenders into which the alcohol-dehydrated pyroxylin, a corrns-

ponfing amount of other (in the case of necessity, alcohol is

Hi'ded), and stabilizer are loaded. A more or less lomogeneous,

Jolly-like block is formed.

The block Is then placed into a steel die where it is ex-

truded into powder tubes, strips, ribbons, cords, etc. of a

aiven size. The pressure of pressing is within limits of 300 -

2500 kg/cm2. The gelptinization process of t.e powder block ter-

ininites during the pressing. The block becomes compact and trnns-

parent.

A powder blocking die for a tubular grained Dowder (Pivure 53)

Is P steel cylinder which contains a recess for the needle llolder

in the upper part. The recess ben a conical pspsnre which is

attached to the cylinder mouth. The needle Is positioned alone

thlis axis.



V
Pig. 53 - Powder blocking die for tubular-crainov1 powrlor

1. steel cylinder 2. needle holder 3. 1e1dle

The die for blocking powder with 7 perforations (.'ig. 54)

lis seven needles instead of one. The crops sectional area of

the opening through which the powder block enters the conical

area should be much larger than the cross sectional area of the

cylinder mouth of the die. In n contrary cese, the powder block

will not be Ftsfficiently compressed. The block will not hole

together nfter it Tin been dimsnited by the nedles, •r! t,1ho

powder will then be of a dlisimilar mechanical stPbi.llty.

The blonkerd powder ip sub intod to sT rlnkaae in 1'urther

operstions, i.e. thn initial P17ies nre nr, rnnsfPr. The amomnt

of sbhrinkre dependR prlmnrlly upon the solvent contenit. Tt

alPo depenrds on the qnulity of the pyroxylin, blockin., co-nrition,,

ete. It hap been estnblished by practice that thiclnems mhrink-

aae is, on the average, equal to 30 - T,. The rite sizes are

selected with a consideration for subsequent shrinkage of the

powd er.



•'ig. 54 - Powder blocking die for powder with 7 perforations
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Preliminary snn-drvtnu and cutting of the nowdor. The pow-

der coming out of the die contains around 00pO of the ether-alcohol

solvent, and it is therefore easily deformed. Then cutting it,

it is necessary to give it some mechanical stvbility by E partial

removal of the solvent, which is done by the so-celled sun-drying.'4

After solvent recovery, a large amount of solvent still remains in

the powder, which is needed so that burrs, chips, erroks, etc.

would not appear during cutting. The cuttinp of cords or tubes

for powder elements is done on spectal machines.

A narticle element is a particle of powder of a prescribed

form and size (tablet, cord, tube, etc.). Powder elements which

are friable are ceiled graing.

Second mun-drvinw and senaration of nowder. The powder still

contains a lot of solvent after cutting, which is reduced to approxi-

mately 154 by a second solvent recovery operation, and, after that,

it is separated (sorted); thereby dust, powder elements of irregu-

lar shape or size, etc. are removed.

jog]gg. The solvent content iFt the ready powder should be

reduced to 0.5 - 5% (depending on the web thickness). However,

this it very difficult to do by drying, because 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 It 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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solvent is removed quickly. When the powder is not soaked thoroughly,

it has a decreased iensity, which worsens Its ballistics quality.

flxil. After the powder has been soaked, it is dried ot n

tomporeture df about 500, so that the moisture absorbed luring

soaking can be removed.

Finally, after drying, where the powder is generally over-

dried, tlhe powder is lightly humidified (keeping it in a damp

atmosphere) so that the moisture content could be brought to the

norm prescribed by technical conditions.

Qomposition of the Aggregate Batch. The dry powder which hns

been obtained in separate apparatus is then intermixed so that P

homogeneous aggregate batch could be formed. The ready batch Is

pecked into hermetically-sealed cases ($alvannined iron chest), so

that a constant content of the residual solvent rnd moisture could

be preserved in thle powder. Th1is is necessary in order to main-

tain unvarying ballistic propertieA.

5. Powders on Difficult-To-Volatilize Solvent

Table XXVITT shows, in the nature of an example, the com-

positions of four brands of powders on a solvent which is diffl-

cult-to-volatilize.

Powder elements on a difficult-to-volatilize solvent are

produced in the form of tablets, cords, tubes, rings, disks, or

ribbons without perforations.
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TABLE XXVI I I

Examples of powders on a difficultly-volntile solvent
Content of components in o

Name of components Cordite BaliIte Diglycol Niuoguanidine
powder powders

Blended pyroxylin 85 - - -

Colloxylln - 58,5 66 42
Nitoglycerine 29.5 s0 - -
Diatrodiglycol - -2 3,0 18
Nitoguanidine - - - 30.0

Cenuaite 2 3 5,7 1.1
Other stabilizers - - 1,5 0,5
Other plasticizers - - 4,1 7,7
Dinitroderivatives - 7,5 - -

Vaseline 3,5 1 - -

Acetone (above 100l ) 1,5 - - -
Moisture (above 1000) 0,5 - -

Graphite (above 100A)

Potassium sulfate I
Magnesium oxide - - 0,1 0,1

Note: Comma represents decimal point.
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I. Nitrolyvoertle xfowderi of the ballietite tyne. TI-e

powder components of the ballistito type are blended in 19,rm

water. This causes a swelling of the cellulose nitrates in the

solvents.

After the water hes been squeezed out, the powder block is

repAatedly possed through hot rolls. A further, almost complete,

wator removel occurs, and the powder block gelatinizes •,nd derlsi-

fies. It is then rolled into rolls and extruded through en

appropriate die into tubes or cords. The tubes and Cords ere

then cut to the required sizes.

If the powder is desired in tablet form, it is possed through

rolls (oalenders) with a closely regulated clearance. Tho thin

Rheets which are obtained are then out up into tnblets of the de-

sired size.

?. Ditlyaol nowdern of the ballistite tvoe. The method of

production is analogous to the ballistite-type nitroglycerine pow-

ders. By imbedding nitroguanidine Into the composition of t!,O

glycol powder (see Table XXVIII), the combustion rnte can be in-

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. Nitrovlvoerinte owder. of the oordite tyne. According

to one of the methods for producing cordite powder, nitrocellulose

and nitroglycerine are blended under waterl then the wrter is

squeezed out by rolls, the squeezed-out block in then transferred

to the blender where acetone and other powder components are added.
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After being processed in the blender, the powder block is rolled

and blocked through dies into cords fnd tubes, which are then

passed on to the cutters. Then the powder elements are dried so

that the acetone can be removed.

6# Properties of Colloid Powders

I. Plivical promertieA. Tbh density of n powder, whicb 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/cm3 .

The gravimetric density of granulated pyroxylin powders fluc-

tuates from 0.6 to 0.9 kg/decimeter 3 . It depends upon the density

of the powder, and sizes and shapes of the powder grains. The

maximum possible charge at prescribed sizes of the shell case or

powder chamber in the tube depends upon the gravimetric density.

Ungranulated powders (cords, tubes, eto.) are not firablein

their case, the MLLIM seating capacity, rather than the gravi-

metric density, is determined. This is the largest weight of

cord or tube powder increments placed in a unit of volume (deci-

meter 3 ) of the shell case without being forced in. The maximum

seating capacity for monoperforated or cord powders attains 0.F

kg/deoimeter 3 .

2. The Content of moisture and residual solvent. The con-

tent of volatile substances in pyroxylin powders Is of great
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Importance. The same in true of water in nitroglycerine powders.

The volatile substances in pyroxylin powders are the residual

solvent (alcohol, other) and water. The water content in1 pyroxy-

lin powders is usually from I to Oot 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, Pnd

the content of volatile substances which were removed by - six-

hour drying of the powder at 95°0 are determined. During this

siz-hour powder drying period, all of the wnter nnd P small amonnt,

of the residual content in nitroglycerine powders is P to 3 times

lower than in pyroxylin powders.

3. Ballistic uronertieg of iowdors. The ballistic proper-

ties of powders are evaluated by the muzzle velocity"6 of tVi pro-

jectile, maximum pressure of the powder mnses, and the probable

deviations of the muzzle velocities in P series of firings.

The ability of a powder to preserve the constnncy of theso

three qualities during its prolonged storage is called tho ballis-

tic stability of a nowder.

The probable deviations of the muzzle velocities of a pro-

jectile upon being fired from one and the same weapon deponds

upon the quality (homogeneity) of the powder, upon the accuracy

of weighing and arrangement of the charge. Consequently, with

accurate weighing and correct charge arrangement, the probable

deviations characterizes the ability of the given powder to nssure



uniformity of muzzle velocities, i.e. accuracy of fire. 2 '

4, Electrification of colloid nowderai. The ability of pow-

der grains to become easily electrified during blocking, 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 con ignite the powder dust. The

burni'ng of the dust can ignite the powder.

The hazard which is 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 grains.

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 :stfdoel solvent to a muclh greater extent thbn

iiitroglycerine powders. Both of these factors lower the ballis-

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 granulated powders, is from 6 to 10

days, and in the case of some shapes of powders with a big web

thickness, it can be more than a month. Conversely, in the
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case of ballistite-type powders, fast production is characteristic

(on account of the elimination of volatile solvent removal, sun

drying and soaking processes, the production time is vround 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 thn, of

pyroxylin powders.

d. The powder elements of a ballistite type powder can be

produced with a bigger web thickness than pyroxylin powder ele-

mennts.

a. The calorific value of nitroglycerine powders can be

changed within limits from 650 to 1300 kilocal/kg by an appropri-

ate selection of the formnla, whereas the heat value in pyroxylin

powders can be changed within the relatively narrow limits of 700 -

1000 kilocal/kg.

ft The strength of some of the ballistite-type powders ond

of all the cordite powders is greater than that of the pyroxylin

ones.

g. The cost of ballistite-type powders is 20 to 306' 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 increased barrel

erosion.

i. Nitroglycerine can, under certain conditions, ooze out



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 occurs more readily

and vigorously than that of bellistite-type powder. The pro-

duction time of cordite powders is the same as that of pyroxylin

ones.

J. A defect of nitroglycerine powders is the great langer

during production in comparison with pyroxylin powder: the gly-

cerine nitration and powder blocking operations are explosion-

bazardous, and rolling of the powder block is sometimes accom-

panied by ignition.

7. Characteristics df powder elements and powder brands.

1. Shana of nowder elementa. Depending on the firearm,

powders are prepared 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 spirals.

The web thickness, perforation diameter, outside diameter,

and length of the powder element are important characteristics

of a powder element. The -we t 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 it the wall thickness in monoperforated

powders or the thickness of the tablet in laminar powders, and,
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In the cnpe of grains with seven perforations - the itstnnce along

the diameter between the outside cylindrical surface of the grain

and circumference of the perforation, and also by the circumfer-

ences of the perforations along the diameter, and along the

straight lines which connect the centers of the perforations (Fig-

ure 55).

a b
Fig. 55 - Crops sections of powder grains

a. grain with one perforation (tube)
b. grain with 7 perforations
2 e I. web thickness

Depending on the shape of the powder element, its burning

can be progressive or degressive.

Proffreative bnrnIn• is such 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. This last fact

makes it possible to reduce the wall thickness of the tube and to
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lihten the mount.

Conversely, grsivit burning is that combustion wheni the

rate of gas formation decreases in proportion to the deflatration

of the powder.

In degresuive burning of the powder, the maximum pressure in

the gun has a much greater magnitude, but the work performed by

the powder gnses is reduced with the result that the live force

of the projectile upon leaving the tube lseo decreases.

Progressiveness of burning can be obtained in colloid powders

by choice of the shapes of the powder elements. The shapes of the

powder elements, the surface of which is reduced during burning

of the powder, Is called dve. When the surface of the pow-

der is increased during burning, then the shape of the 'owder Ale-

ments is called progressive.

It is cuite obvious that, in the combumtion of a powder which

hap a spherictal, cubic or prismatic shape, the amount of zspes

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. These are deffre.g±le.

During the burning of powder having the shape of long tubes

(Fig. 55a), the outside surface of the tubes iecreases, but the

inside surface increases, thus compensating for the loss of the

outside surface (the sum of the inside and outside diameaters at

any moment of the powder's burning is a constant value). Owing

to the small effect of a decrease in the length of the tube, the

burning surface of these powders remains practically constant.



This form of powder is on the borderline between progressive andi

degresspive.

Strin-type powder (with a large value for the ratio of the

length to the thickness) s nnroximates P powder with a corintnt

burning surface.

Finally, the grain with seven perforations (rim. 55b) is

oharactertzed by an inrease in the surfeae in proportion to burn-

tng of the powder, I.e. it Is of the mrorressive tyTe. The center

perforation compenoates the decrease of the outside surface of the

grain, and, on ancount of burning in the remaining six perfora-

tions dispersed along the circumference, the burning surface in-

creases. Vowever, when the powder burns through, the groins fall

apart and form 12 slivers: six smaller internal ones and six ex-

terior ones of a larger size (in Fig. 55 these slivers are shaded

by diagonal lines). Evidently, these parts, consisting of about

200 of the grain, burn degressively.

The shape of the powder elements for small arms (revolvers,

pistols, rifles, machine guns) should provide for outomatin cart-

ridge loading; therefore, the powder should possess a mstisfact-

ory friability. With small dimensions of the onrtridge end n

need for long range fire, the powder should have a high grnvi-

metrie density (no less than 0.7 kgr/deeimeter 3 ).

In the case of short-barreled weapons (revolvers, pistols,

sub-machine ouns), powder grains with a thin web (thin toblets)

are used, which asoure a quick deflagration of the powder. Tn

the case of lona-barreled firearms (rifles anti machine guns),

single-perforated flegmatized grains are used (see page 196).
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which apsure proareppive burning.

Thio-webbed (thin tableta) grains are most frequently nued

for hbort-tubed trench mortar chargep. Tn the caoe of a lornzer

tube, single-perforated graing are stittahb.

(rainR with one or seven perforationR are used for mortnrp

and howitzers. Thene sbhnpep enable a convenient motchiTg and

suitable filling of the Increments.

Grains with one or seven perforations are suitable PF oharres

for both fixed and separate-loadinp ammunition rQnging from 20 to

76 mm.

In the case of runs and howitverp which are above 76 mm, the

monoperforated form of powder grain is used primarily. This nbape

assures simultaneous inflammation and rigidity of the charge.

These are necessary in the fairly lonr powder chambers in nannon

of this type.

We Rsall mention that, the granulated shape of the powder el.-

ments for semi-fixed amtmunition presents the drnidvtntaP'e that it

is necessary to use powder bags (containers) msdo from ealico, silc,

nttrocellulose, etc. In capes, where it is possible to lhav-, pro-

areppive burning of the powder, ringS, strips and tnbos are usod.

Powder chargoe composed of these elements con he tied tocether

with cord. The defect of such n form of powder olements is that

their filling cannot be automated.

In the case of rocket-firing systems, monoperforted powdors

with a large web thickness are widely used.



2. Powder Markinff. Rvery powder has a mark ssRigned to it

so that it could be distinguished from other types.

Formerly, the powder was primarily marked in aRcordailce with

the first letter of the cannon or weapon for which it was intrnried.

For instance, a powder intended for lieht-weitht rifle ammunitior,

was marked as "VL"; powder used in heavy-weigbt rifle ammunitio"

wes marked as "VT" etc. These markings of rifln powders hav, boen

retained up to the present time.

At the present time, the characteristics defining its ballis-

tic qualities are primarily used in its marking. These chnracter-

istics 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. For instance, 9/7 indicates a grain of

seven perforations with a web thickness of 0.9 mm. We list some

powder markingst '4/1, ?/1, 7/7, 9/7, 12/7, 14/7, 15/7.

For marking monoperforated pyroxylin powders, the initiels

TP are added after the fraction Indicating those same character-

istirs as for granulated powder. For instance, 10/1 TP signifies

thet the powder is monoperforated with a web thickness of I mm.

The letters TR are not added when marking nitroglycerine pow-

der because they are not produced in grains of cylindrical shape,

even if the production of such grains is entirely feasible. There-

fore, the marking 10/1 N denotes 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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tiumerals separated by a hyphen. The first number shows the thick-

ness of the tablet in 1/100 mm, and the second number shows the

width in 1/10 mm.

Strip-type powders are marked by the letter L with a number

showing the web thickness in 1/100 mm.

Powders for use in nAval and coast artillery Pre primarily

monoperforAted; their marking is denoted by a fraction in which

the numerator shows the caliber of the gun in mm, Ad the denomins-

tor phows the length of the rifled pprt of the tube in calibers.

Example: 75/50 ts a powder for a 75 mm cannon of 50 caliber length.

A lot of ready powder i" given P conventional markIne which

includes the powder brand, year of production, and name of fctory.

For example, the conventional marking VT 2/4c' 7 means rifle pow-

der for heavyweight bullet, 2nd batch produced in IP49 by frctory

8. Use of colloid powders.

Pyroxylin powders were until recently widely used in a num-

ber of countries for all calibers with the exception of trench

mortars. Nitroglycerine powders were used more frequently in

trench mortars on account of the insufficient potential energy

of pyroxylin powders.

The area of application of nitroglycerine and diglycol pow-

ders, possessing s number of advantages over pyroxylin powders

(Pee Section 6), has been greatly expanded within the pent 6 years.

Powder on a volatile solvent is not used in rocket-firing

systems because It is practically impossible to remove the solvent



from the thick-walled charge@ of rocket powders, and the dimen-

sions of the charges cannot be maintained with sufficient accu-

racy owing to shrinkage.

9. Special forms of pyroxylin powders.

1. Quick burning Powdere. Quick powders can be obtained by

two methodst

n. by producing powder grains of a very small thickness

(around 0.1 mm) with a smell content of volatile substances. Such

a powder is made from pyroxylin with a large content of nitrogen;

b. by producing qororum nowdetm. 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 saltpeter has been dissolved,

a 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 powders are intended for use in short-barreled gnns

and for blank artillery rounds. The shorter the barrel, the

quicker the powder must burn in order to attain the necessary

pressure at firing and complete burnout of the powder.

2. Flermatjezd nowder.. Progression of burning of a powder

can be attained by the introduction of flegmatizers into the out-

side layer of a powder grain. The powder is treated with the

flegmatizer solution in revolving drums. The flegmatizer solu-

tion ts sprayed in by a force pump at a pressure of 2 to 2.5 at.



This wets the powder grains uniformly with the solution as well

as a corresponding uniform distribution 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 154 of the web

thickness whereupon the concentration of the flegmAttzer decreases

gradually from the outside layers within the grain. Acccordingly

the combustion rpte of the powder rises in proportion to the dis-

placement of the combustion front from the outside layer Into the

Inner parts of the grain.

TABLE XXIX

Effect of flegmatization on the ballistic qualities of rifle
cartridge powder

MNuzzle pmCondition of powder Chare velocit. P

n m/sec kg/c-2

Unflegmatized 2.62 786 so 0
Flegmatized 3.25 840 2840

It is clear from Table XXIX that flegmatization of rifle-

cartridge powder makes it possible to increase the weight of the

oharge by 30K and the muzzle velocity by 84 without Increasing

the maximum pressure in the bore. The flegmatization effect can

also be seen by the example of a flegmatized monoperforated powder
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which in progressiveness is equivalent to powder grains with seven

perforations.

Only rifle-cartridge powders and, in exceptional cases, can-

non powders with a thin web thickness (for small caliber artillery)

are flegmatized.

3. Fle11shless nowders. A large amount of combustion Rases are

contained in the combustion products of colloid powders. These

are primarily carbon and hydrogen, which after escaping from the

bore, intermix with air. The temperature formed by the combust-

ible mixture is higher than the ignition temperature. Thernfore,

the mixture ignites and a bright flame appears in front of the

muzzle, which gives away the battery position at night. This flnime

is called muzzle flash.

In order to eliminate this defect, special .flasb•Ls pow-

ders are used. The powders are obtained by the Insertion of ad-

mixtures into the powder composition wbhch increase the itnitioti

temperature of the gaseous mixtures or which reduce the combustion

temperature of the powder.

Admixtures which increase the ignition temperature of tho

gaseous mixture have the greatest importance. Potassium snlts,

XCl, XC2SO 4 , KXO ,, and tIC 204 are used for these purposes. ,'lash-

less, flash-damping and flash-reducer powders are produced on a

base of these salts.

Example of flashless powders

pyroxylin (13.5% nitrogen) . • • 85 parts by weight
dinitrotoluene . . . . . . . 10 parts by weight
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dibutyl phtslete • • • . . • parts by weight
diphenyl amine . ... . 1 part of weight
potapsium sulphate . . . . 0.3-0,5 parts by weight

In t'his particular composition, dinitrotoluene and dibutyl

phtalate lower the temperature of the combustion products, and

the 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 contain up to 504 of inert salts such

as potassium chloride in their composition. This flash-damping

powder is added to the rdgular powder in amounts from 10 to 20%

of the regular powder's weight when the charge is prepared.

Flash-reducers consist of inert substances which increase the

ignition temperature of the combustible mixtures. Potassium salts

are primarily used for this purpose. These flash reducers are

placed in the charge prior to loading the gun. They can be used

only in guns firing separate-loading ammunition or in guns equipped

with special unfixed shell cases.

A defect of the flash-damping media in the smoke escaping

from the muzzle which gives the battery position away during day-

light .

4. VIareback, 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 is the presence of burning gases in

-198-



t',n powder Pthomber, whinh form nil explosivA mixtrn wlth nir.

?hoRA Cofn flrF) 11T p on 8(.C0o11t-t of in,1ffltiinnt r-oolin, r uirinv honvy

firn, or they cnn firro up Ilecni1sn P Pmolrnrine frnement of F, now-

dc.r hpe or the strap rnmslns in th bore Pfter firlnv. TbIP son-

ondi ceump ('Pn be eliminated by usinir P nitrated c'loth in thn

chnrcnp which burns up completely upon Pirinp.

10. 0•h•ees and Tmiti, rs

1. Definitions end clappific..Jon. A cheara for firing from

an grtillery piece or pmall arm is that rmount of powder nsoembled

in a set sequence and intended for firing one time only.

The mark of the powder and weight of the charge Is Relected

in accordance with ballistics calculntions and fired in Ruch P

tvwy that the required muzzle velocity would be attained with the

greptest powder Rps pressures which have been Pot for n given

weapon.

Accordine to the kind of fire for which they Pro intnnded,

Phorreas are divided into propellineg, pretice blank, nnd me.isl

chorgep which are used in test firinap.

2. Pronellin charerea. Propelling c hnreea are dividod into

unitized and mul'li-nection eharreR.

Unitized nhergep have a constant service weivht ondl nre in-

tended for imparting one propecribod mimle velocity to tnh Pro-

jenctile.

Multi-section cherges consist of several previously-weighod

parts which are packed in separate Faokp, called powder bags,
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tamely: of a weighed portion of powder called base -chaZ.Ke, Or

simply base and supplementary weighed portions of powder, called

increments. The base charge makes certain that the minimum range

of fire for the given artillery system is attained. The complete

charges, consisting of the base and all increments, makes certain

that the hishest mnP.7,le velocity is attained for the given system.

Multi-section propelling charges make it possible during firing

to change the weight of the charge by adding or taking Pway in-

crements, which then changes the muzzle velocity, trajectory, Pnd

range of fire.

Propelline charges are subdivided into three types: fixed,

semi-fixed, and separate loading.

"'ixed charges are constant as a general rule. They are placed

in the shell case loosely or in a paper beg (r½gures 56 and 57).

If the powder does not fill up the entire volume of the case, then

ppeking is generally put in so that the powder would not move

around in the case. The packine consists of stops in the form of

distance wads or trihedral prisms which are inserted between the

charge and base of the projectile.

Propelling charges which consist of long tubes, rods, or

strips are generally tied in one (Figure 56b) or two (Figure 57c)

bundles which are then inserted Inserted into the case. They are

put in loosely very rarely (Figure 570). Fixed charges are

equipped with i ptandard cardboard cover (obturator) which is

placed between the projectile and propelling charge. The obtura-

tor is intended to eliminate the passing of powder gases past the
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rotatine bond tinto the rifling Pt the initial moment of iernttior.

Multiseetion propelling ohrres aire very rarely tiped for fir-

Itg ammunition. In this cope, It would be necesasry to ho able

to have aocess to the inside part of the shell whieh means thnt

either the shell or complete round would have to be taken apprt.

TbtAi woulA ;oimpicsl~t' theirapouto •^,+^.- bnn.4•.1in!! i,,.ig ?irine.

Charges for Remi-fixed ammunition in the ovnrwhelmitg malor-

ity of coases are mtilti-pection; fixed propelltng cbhrges for use

in semt-fixed ammunition ore used only for firing armor-piercing

ind shaped-charge projectiles.

An example of a propelling charge for a semi-fixed round Is

shown in Figure 58. The weight of the charge Is changed during

firing by the removal of the required number of increments from

the Ahell case. The increments can be of identical or dissimiler

weights. Increments of aliquot parts ore widely used in the

Soviet Army, while the German army uses increments of different

weit•gta.

Propelling charges for semi-fixed amnunition whlch are in-

serted into the shell cape are covered with a standard reinforcel

cardboard cover with the rims turned to the Inside of the case.

The obturator serves for the uniform sealing of the charge in

the case and for obturating the powder cases. The cord wads or

cap reinforcinga serve to make the charge air-tight in the case.

When the charge is assembled, it is sealed on the outside with a

hermattotzer.

Separate-loading ammunition charges are multi-sectioned in
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4<1

Fig. 56 - Fixed rounds

I. projectile 2. 1'uze 3. propelling (powder) charge
4. case 5. primer cup 6. obturator
7. distance wad 8. cardboard disk 9. powder bag

2.

' | ,

3• 4 I

I

a a
a) b) C)

Fig. 57 - Pixed rounds used by the former German Army

1. projectile 2. fuze 3. propelling charge
4. case 5. primer cup 6. obturator
7. distance wad 8. igniter 9. powder bag
10. copper remover
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the ovorwhelming majlority of casep. In addition to stronath, the

powdler ba•g must be burned up completely torother with the cherge

upon firlng (sne paragraph 4 of section P).

The base chnren anti increments are tied together by the strnp.

whdeh are of thie same meterial as the powder bag. An example of

ain Prrangemeoit of a Poparsto loading chargze iF shown in Viiurn 59.

Propelling charges are made up of a powder of one mark or

from the powders of several marks. In the latter case, the pro-

pelling charrep are callod combination charges. The powders of

various marks in a oombination charge Pro lwpyi put Into Repor-

ate bvep, whereupon the base charge is made up of n powder with

n smnller web thickness or from n faster burning powder as com-

pared to the increment powder.

The following baaic requirements Pre Pot forth for P pro-

palling charge:

a. assuring the required muzzle velocity t t n maximum press-

tire not exceeding the Ret limit;

b. a potoncy of the explosive to be able to perform the work

required;

c. the lowest poseible bore eroeson;

d. stability during: prolonged etoraoe.

3. 1necipl, nractice and blank chareea. Special charges

are need for the testing of artillery pieces and ammunit'ion. Their

weight is determined by the technical conditions in use for the

opproprinte artillery piece.

Practice chargee are used in heavy-caliber naval and seacoast
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1~i.58 - taicke(1 multi-saction propelling ehnrge for memi-fixeci
roundi

1. bese charge 2. incrernentp 3. 'top Increment
14 obtuirvtor 5. reinf'orcing ca~p

2

I[M

a b
Fljrr. 59 - ulti-Pection propellinsr clnraxes for sopaate-lonrlina,

roundw5

a fill I d. redneed
1. bnee obarge 2. Inicrements 3. igniter



runs during practice (traininlg) firings. These cherres are of

smaller wetiht than the propelling charge, and they produce a

lower pressure upon firing, which reduces bore erosion.

Blank charges (Fiture 60) are used primarily in guns of

medium caliber for blank firing during maneuvers, for cannon

salutes, and for signalling.

I.

Pig. 60 - Blankc Round

1. powder charge 2. case 3. closing plug
14. primer cup

s. �jgfle. Special devices are used for igniting the

charge. Tetonating cnps are used in separate-loading charges,

while primer cups are used in cased charges. However, the flames

which originate through the action of thn detonating cap or pri-

mer cup in the majority of capes are not sufficient to produce

a rapid and simultaneous 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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block or porous pyroxylin powder, easily ignited from the flame

producned by the cnp or primer cup.

The igniter IF positioned In the chorge in iuch n ,vy theft

the flrme from the cap or primer nun would hit it directly. Tn

the C.•s of loit er•,rose for hervy-celiber uins, additional ir-

niters cen be usnd, whic-h re snared amonr the chbrme components.

The weight of the Irniter Is -rom 0.5 to 7.54, of the total

weipbt of the propelling charee.

11. Perrel erosion.

Shortly after the transition from black to colloid powder,

a destructive action of the powder gases on the bore was noted

(pitting).

At first, the pitting effect will noticeably lower the no-

curecy of fire, and later on, after a specific number of rounds

bed been fired, the gun will become completely unfit for furthor

service.

The first signs of pitting are dull spots on the nolished

surface of the bore, T'hese spots are primarily in the powder

chamber. These spots are caused by the apnearence of bundre-rp

of fine anw9 shallow crecks In the metpl. Then the Fun is fired

furt•er, tbhe seperte craclcs elon.eite with a simnltpneons in-

crease in their width and depth. Those crncks whose dirnectionl

orientationi noincides more or less with the direction of tbh

axIs of thn bore, hence, with the drnection of trnvel of the

nowder epaes, are increnaed in sive expecleilly ropidly.

_206



When those lonritudinal cracks become sufficiently elorivintndt

the powder gases and unburned particles of powder start to pass

through the rotating band of the projectile t nd burned-out sec-

tion of the bore surface. Then a wearing-away of the riotal and

strippitig of the bends occurs.

lit P pronounced case of abrasiot,, the rifling in the forc•n•

cone is completely obliterated, owing to which, in ouns firing

sepprate-loading ammunition, the projectile can be rammed in fur-

ther into the tube during loading than in the case where the tube

is not worn. This advance of the projectile during loading in-

creases the volume of the powder chamber, which cnuses P rerlue-

tion in muvzle velocity and range. Tn conjunction with this il-

mege to the rifling, accuracy of fire is drecreaerl.

The abovo-deacribed phenomens, known as barrL erosion, tpke

place slowly at the beginning, but, as the number of rounds firorl

increases, the pitting increases all the more. The rule or thumb

in this ose is that if the velocity of P projectile drops by

l0) 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 layer of the metal. According

to D, Y. Chernov, the powder gases are able to heat the thin stir-

face layer of the bore walls to a high temperature during firing.

T•his layer has a tendency to expand, which is prevented from do-

ing so by the adjacent cool layer of metal. Stresses occur in

the hented layer which cause the inside surfaces of the wall to

crock.

-207 -



The originatio, of the cracks is made poasible by the hnrrlen-

Ing of the surface layer, which takes place on account of i. rapid

coolitnp of the heated layer efter firinz. The cooline rate is in-

Croeped even more by the cold air ontering the bore when the brnech

is opened for loading the next round. ý chanire in the inoiheninfil

properties of the innor layer metal, similar to queobchin tnlcnc

platCo.

Nitroglycerine powders cause greater erosion than pyroxylin

powrorp, oven with eoual calorific vnlune. On the other hand,

blnnded pyroxylin powders are more erosive thnn nitroglycerine

powders. Powdors with the lowest posRiblb combustion temperature

must be used so that the heat effect of the powder gases can be

reduced.

Mechanical effect of nowder rapes on the walls of the bore

(erosion).. A conclusion, based on i number of teats, was olpo

drawn concerning the effect of mechanical effect of powder gnsee

escaping from the powder chamber through the slits between the

rotating band and bore walls. The wear of the bore is increased

with a riRe in the powder app pressure, Pnd the most pronounced

burning of the bore occurs where the rifling starts, i.e. in

that place where the rotating band Is not completely oripped by

the rifling, and whore, consequently, the gaaop can Pacape more

readily.

The work of the gases can be compared with waahine by a

,tream of water. Calculations show that gapes travel alotg the

bore at a velocity of approximately 600 m/sec. It to natural
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that, at such a high velocity, the glowine particles of gas hitting

the metal will damage it and form winding channels which, basically,

follow the path of the bore's generntrix. These channels deepen

gradually, and even encroach into the forcina cone. As the num-

ber of rounds, firoi increases, the zone of the channels gradually

elongates from where the rifling begins to the muzzle. In badly

worn bores the width of this zone ettains several orlibers. Dur-

ing the initial periods of wear of the bore, these channels dis-

tribute themselves exclusively along the bottom of the grooves,

but, as the wear increases, they begin to get into the side walls

and lands.

The erosion rate of the bore enn be reduced by any measure

which eliminates the escape of powder gases between the rotating

band and bore surface.

Experiment. showed that obturstors or even the most rudi-

mentary kind, in the form of small cups of sufficiently stiff

plIteboard, and seated in the case, can decrease barrel erosion.

Obturators for fixed rounds are of particular 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 cose, the projectile assumes one and the same position in the

loaded gun, the position being dependent on the length of the

case, and the advance of the projectile is limited by the center-

ing slope. In guns firing separate-loading ammunition, as the

bore wears away, the rifling at the forcing cone deteriorates;

thus the projectile is forced home up to the stop in the rifling,
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even if it is dirmaged. *In the cape of runs fIring fixed arnuni-

tion which have v worn bore, the projectile does not build lip

against the rifling. This causes on extremely larwe Las esopo in

the initial moment.

To adittion to cardboard obturators, the rotatini bheni is

smeared with fi special lubricant in order to eliminate gas Ps-

crpe. Then the round is fired, tile lubricnrit fills up the head-

spreo and, by gretsing the bore, protects it from the direct so-

tion of the gases.

Occlusion of Powder Gases. An increase in the pressure in

the tube leds to an increase of erosion in the bore not only in

conjunction with nn intensification of the mechanical effect of

the gas streams, but also under the effect of powder gas occlu-

Sion.

Occlusion is the retention of gases by a metal. The mps is

absorbed by the metal, forming a solid solution in it (variable

composition phase), and which sometimes partially enters into a

chemloal combination. The rate of occlusion and depth of pene-

tration of the gases into the metal are increased with an inerepse

Of temperature and pressure.

"lien the tube assumes its normal state after airine, the

gses which have penetrnted into It remain as if they were corked

up in the pores, and, by exertine pressure on the walls, they

flamaige the metal.

Bores (particularly in sporting rifles) rust after a certain

period of time after firing in spite of the fact that they were
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cleaned und oiled immediately after being fired. This can be ex-

plained by the fact that the occluded gases gradually come out

from the pores of the metal in which they were imbedded nfter fir-

ine. Gases of an acidic character are found in the combustion

products of smokeless powder. These gases react with moisture

and form Pcids which then cause rusting of metals.

Occlusion not only rusts metals, but also damages the sur-

face layer of the bore.

In order to reduce the effect of occlusion, measures can be

taken wherein the requisite muzzle velocities can be obtained st

a lower bore pressure in the piece. Suth a pressure reduction,

as we have seen, can be attained by the use of progressive-burning

powders.

Chemical effect of the combustion produots of the nowder.

The chemical action of some combustion products of a powder nlpo

bas an effect on the bore on a par with the mechanical and ther-

mnl effects. It has been discovered that the carbon content is

increased in the surface 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 against the very

hot walls of the bore. Therefore, the layer of metal becomes

harder and more brittle, and, on the other hbnd, its melting tem-

perature is lowered.

The influence of the chemical factors increases with rapid

rates of fire, when the tubes beat up to 300 - 5000.
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Effect of the si-ze of the nowdder C1hnrte. The amount of tr.sns

which are formed during the deflagrntion of powder also has en

effect on the wear of the bore. This can be verified by the fact

that barrel erosion decreases when firing with reduced charaes.

Vropion vrowp quir-cer then the weight of the charge, as can be

soen by the following data showing the effnct of the size of the

obar~e on bore wear of English howitzers with an identical number

of rounds fired:

number of increments in the charge 1 2 3 5 6
bore wear In o 6 9 1/4 27 4A 100

Effect of caliber. The bore wear of sister pieces increrpsos

rapidly with in itncrease of the oaliber. This is evident from

the following date concerning the bore life of long-barreled untFs

which are part of the ordnance of the U. fS. A.

gun caliber in nim . . 120 15A 208 254 305
bore life (no. of rounds fired) . 200 166 125 100 83

It may be ailded that P piece whose colihor is less than

100 trim can be fired a thousand times, and the bores of machine

guis of less than 10 mm can fire more than 10,000 rounds.

.Miere one and the same caliber is used, the bore of rola-

tiv'ly short range pioces (howitzers) have a longer service li,

than bores of lone range pieces (long-barrelorl guns).

Barrel erosion can be reduced by the use of certain special

steels, and also by a sensible design of the rifling.
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SEOTION V1

BLACK POWD ER

1. Composition end Components of Black Powder

The average composition of black powder is: 7511 saltpeter

(mostly potassium nitrate), 159 carbon, and 104 sulfur.

Potassium nitrpte. Potassium nitrate is only slightly hyg~ro-

scopic. This valuable property assures physical stability (absence

of humidification) of the powder which is made out of it. The

melting temperature is 33t40.

Chile Saltneter is not suitable for the production of mili-

tary gunpowders on account of its high hygroscopicity.

Sulfur is a solid crystalline Rubstance of pnle yellow color,

not soluble in water, and having a melting temperature of 114.5 o

Charcoal. Charcoal from soft types of wood is used for the

production of powder. More often than not, it is front buckthorn

or alder. The method of the charcoal production, primarily its

degree of roasting, has an important significance on the quality.

The degree of roasting has an effect on the inflammability

of the powder. The powder ignites the more easily when the de-

gree of roasting of the charcoal is lower. Conversely, the heat-

producing ability of the charcoal rises with an increase in the

degree of roasting, i.e. with an increase in the carbon content.

Consequently, the hygroscopicity of the charcoal and of the pow-

der produced from it decreases with an increase of the degree of

roasting of the charcoal.
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Three basic types of coal are Iledl in powder productiorl:

.Ignht1on Carbon
Mind of Oharcoal Temnpernture Content

in O0 in 4,

cherry 350 - 450 80 - 85
Lignite 2SO - 320 70 - 75
Chocolate 1'40 - 175 52- 54

Nowadays, coal with a carbon content of 74-780 is chiefly

used.

The mechanism of axvlosive trangformation of black powder.

A reaction between solid substances tkes piece very slowly. Bow-

den's study showed that, in the initial stage of the ignition pro-

cess for blnck powder, melting of the sulfur occurs. The close

contact of the liquid sulfur with the potassium nitrate and other

organic substanceR which are contained in the charcoal leads to

an acceleration of the reaction to a point which is characteris-

tic for an explosive transformation. After the powder Fkttvins n

normal rate of combustion, a quantity of heat is ovolved wih

which n direct oxidation of the carbon by the potassium nitrnte

becomes possible.

The more difficult ignition of a sulfur-free powder cnn be

oxplained by the fact that the liquid phase in this kind of pow-

der can ortiginte only under conditions of melting of the higher-

molting saltpeter (melting temperature of potassium nitrate is

33'-O)



2. Properties of Black Powder.

Black powder has a slate-gray color and dull luster. The

larger grains very often can be from a blue-black to a grey-black

color with a metallic luster.

The density of the powder grains fluctuates from 1.5 to 1.93

g/cm3 . The groviinetric dfesity or" rifie powder ii from 0.900 t-

0.0,80 kg/decimeter 3 .

A powder which has been produced satisfoctorily will not soil

the hnnds, no dus1t will remain on paper, and It is resistpnt to

mashing betwoen the fingers.

The moisture content in accordance with technical conditions

should be no more than 1ý. When the moisture content IF above

21,),the powder Is difficult to ignite.

With respect to sensitivity to sbock, black powder belonrs to

that number which are safe in handling (duds with a 10 kg weigbht

dropping on it from a height of 35 cm, explosives when Rome

weight drops on it from a height of 45 cm).

A chest containing black powder can be exploded by the impact

of a rifle bullet.

The sensitivity of black powder to flame or even a small

spark, which can originate when two metal objects strike each

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 flames from grain to gratm), according to Bow-

den, is equal to 60 cm/sec nt atomospheric pressure, and, under a
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pressure of 30-50 at., the ignition rate rises to 2000 nm/Rec.

The combustion rate of a powder grain is equal to 0.4 mm/sec, and,

under a pressure up to 30 - 50 at., it rises to 1) cm/sec.

Acoording to Androyev's date, the combustion rate of P time

ruze (in which the black powder grains are impressed as altice as

possible along the length of the fuzo) at atmospheric pressure is

0.? cm/sec, 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-

Rity. Powder elements which are made out of black powder, and

having a density of 1.65 9/cm3 and below, do not burn in parallel

lpyers. During firing with a charge of this powder, the grvins

are scattered, and, for this reason, the burning time in the bore

of equal charges from identical elements can fluctuate greatly.

The sensitivity of black powder 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 amounts up to 50r4 in the combustion pro-

ducts. The ease of blocking black powder into time ring fuzes

in the shape of powder trains - flalsy or booster elements - the

nombination of these properties in many cases makes black powder

indispensible even today.

3. TIlE PPiODUOTION O BLACK POWDEP

The production Of black powder consists of a number of opern-

tionRs, which have as their purpose:

a. a fine pulverization and an intimate blending of the black

powder components;
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b. obtaining grains of the desired size and'shape out of

the blend which has been prepared in this way. This particular

blend is called monled black powder.

The pulverization and blending of the components is attained

by P prolonged processing of the components in a number of machines

- in dipintegrptorA. tube (spherical erindors), by millstones. etc.

The mepled black powder is pressed under millstones or in

presses. The powder press cnkes are groined in Rpecial graining

machines; they Pre then buffed in drums so thnt sharp edgep could

be removed and a smooth surface obtained. The powder is then

sifted Pnd prains of uniform size are obtained.

d/. Grades of Black Powder

Black powders are subdivided Into ordinnry, irregularly Ohnnod,

fuzo, cord, sporting rifle, and powders for mining purposes.

Ordionry powder includes coarse-grainod artillery (rifle no.

1) rifle (shrapnel, or rifle no. 2), fine (rifle no. 3), nnd

sulfur-free. Those powders, with the exception of the sulfur-free,

differ frotn each other mninly by the grain size.

The composition of sulfur-free powder is 80d) potnssium nitreto

and 20W ch.rcoal.

Irrerularly-shaped powders consists of prismatic (with one

perforation) and cubical.

Fuz= powders. At the beginning of the 20th century, ]Dlack

powder was used as a filler for time fuzes. By composition, it

was analogous to the ordinary brnnds, but it was distinguished

from the other in that it had additional requirements with respect
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to the quality of the components and method of production. This

powder was given the name of ordinary fuse Mowder. The maximum

burning time of this powder was 22 seoconds in the double-decker

time fume used at that time.

However, in association with an increase in the range of fire,

it 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 slow-burnini fuze powder.

Retarding the burning tate of a powder can be done in several

ways. Included are: the covering of the surfaces of the powder

grains by a 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-formal-

dehyde resin, bakelite, 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 atmospheric

pressure upon the burning rate is the lesser when the formation

of the gaseous products is the lesser. The burning rate of the

compositions which burn up without forming games 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 compositions are

characterized by a small dependence of the burning rate on the ex-
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terior pressure, and by a small sensitivity to the initial tem-

peratures. They are used in time fuzes, antiaircraft nrtillery

fuzes, and in the production of delay elements.

Fuze powders should satisfy the following basic requirements:

a. uniformity of the separate lots and constancy of the

burning time in the fuzes during firing;

b. non-extinction upon being fired;

c. high stabilityi.e. the ability to retain the constancy

of the burning rate after v more or less prolonged storage under

varying atmospheric conditions (heAt and moisture).

C powder is used for the produotion of safety fuzes. Tt

is composed of 80o potassium nitrate, 104 sulfur, and 101 oharcopl.

5. Uses of Black Powder

Black powders are used nowadayR:

a. for filling time fuzes (fuze powders);

b. for making the powder trains serve to transfer fire to

the bursting charge in shrepnels;

c. for bursting charges which are used in shrapnel, in-

cendiary, and illuminating shells;

d. for making delay elements and flame boosters in powder

trains and fuzes;

e. for making powder tablets used in primer cups;

f. for making igniters for charges of colloid powders, and

for making pyrotechnic devices;

g. for making safety fuses.

In addition, black powder is used in sporting rifles and for

certain types of mountain operations (making block rubble).
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SECTION VII

PYROTECHNICS

Substances and mixturc which produce !!lum natn thermal,

smoke or sound effects during burning, and which are used for

military purposes or in the national economy, Pre called =ro-

In military 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

has been filled with pyrotechnic devices bears the meneral name

of pyrotechnic media.

The science in which the above-mentioned compositions and

media are studied is called pyrotechnics.27

1. Components of pyrotechnic compositions

Pyrotechnic compositions are mechanical mixtures; they con-

sit basically of oxidizers and combustible substances, and they

contain admixtures which impert Rupplementnry special properties

to the compositions. These properties include a coloring flame

which forms a colored powder, reducing the sensitivity of the com-

position (flegmatizers), increasing the mechanical stability of

the pressed composition (binders), as well as others.
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QxiliZrs-. Nitrates, chlorates, perohlorates, oxides and

peroxides of metals and certain chloro derivatives are used as

oxidizers.

Nitrates of barium, potassium, sodium ennd strontium with the

salts of nitric acid are used most frequently. The salts of

potassium and barium Ba (CIOs3 ) I 0 are used with the salts of

chloric acid in pyrotechnics. The salt of potassium (potassium

perchlorate KCIO4 ) 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 BaO2 , mangan-

ese dioxide (UnO2 ) lead dioxide (PbO2), minium (Pb,0 4), cinder

(FeO,), as well as some others. Ilexachloroethane (C C1 6 ) is used

as an oxidizer in addition to the oxygen-containing substances.

C.mb±12 Organic as well as inorganic substances are

used as combustibles in pyrotechnics.

Of the number of inorganic substances, highly-calorific metals

such as aluminim, magnesium, alloys of aluminum and magnesium, as

well Hs others, are used as combustibles. In burning of aluminum,

7000 kilocal/kg is released. 6000 kilocal/kg are released when

magnesium is burned. The combustion temperature of these metals

and their alloys is higher than the combustion temperature of

other combustibles, organic as well as inorganic. Magnesium has

a high reaction cApabllity. It ignites readily and burns faster

than aluminum.

Aluminum is used in incendiary and illuminating compositions,

while magnesium is used in illuminating, photoilluminating, and
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tracer compositions. Sometimes a small amount of magnesium is

added to signal compositions in order to increase the brightness

of the flame.

Aluminum hbs a high ductility and this greatly binders its

pulverization. Aluminum-magnesium alloys containing 30 to 70,49

magnesium can be easily pulverized. An aluminum-magnesium alloy,

containing 50% magnesium, is corrosion-resistant in comparison to

other alloys and has a high degree of brittleness, which enables

it to be pulverized easily. The specific gravity of this alloy

is 2.15 g/cm3 . Aluminum-magnesium alloys which contain no less

than 90% magnesium are called electronates, and are used for the

production of light-duty aircraft-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, turpentine, etc), carbohydrates

(starch, sugar, sawdust and others), and resins (rosin, shellac,

bakelite, phenol-formaldehyde resin, drying oil) which serve an

binders at the same time. The role of combustibles is also very

often fulfilled by some smoke-formers (naphtalene and others). The

combustibles are selected in such a wey that they produce the maxi-

mum special effect required from a given pyrotechnic composition.

For instance, 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 compositions, a high temperature is not required, and,
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vory often, it is not even desired. Combustibles are put into

these compositions which have a low heat-producing ability

(Carbohydrates, charcoal). Aluminum and magnesium are not used

in this instance, or else they are used in very smll amounts.

13inding Agents. Binders serve to bold the composition to-

gother. They also give mechnnical stability to the composition

or to the semi-finished products which are made out of it (spi-

ders, segments). Binders have an effect on the combustion rate,

and the properties and performance of the compositions. For this

reason, various binders and in varying amounts are added for veri-

ous compositions. Many binders protect the compositions from

humidification at the same time.

Drying oils, dextrin, 2  and natural and artificial resins aro

used as binders.

Shellac and rosin belong to the natural resins. 2 9 Of the

artificial resins, phenol-formaldehyde resin, bakelite, and poly-

vinyl chloride are used. 3 0

Flame-Coloring Substances. The bright flame is obtained wion

certain elements (such as Na, Ba, Sr, and Cu) color the flame to

a specific color at a high temperature.

Strontium compounds color the flame to a red hue. A green

color is obtained with barium, while a blue color is obtained with

copper compounds. Certain sodium salts dissociate at n tempers-

ture of 10000 and above, whereupon a nascent radiation of the

sodium vrpors takes place, which is used to get yellow light.

Colored Smoke-Formers. Intermediate products and coloring
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motorials ore used to get colored smolces. Thoso nrn colorer! or-

Lrenic, compounds which transform into a vnporous ststo iinon burn-

i pp. On r1ccasion, inorganic colorin-- silbstances nre iise!d.

Flo~tnutizors. PlegmatizerF are substpancos which lower tie

sensitivity of pyrotechnic compouinds to mechnnical e-Pf'ects. A F

iý ruin, they also reduce the burning rate. TPesiris, pnrriffins,

and, oils Pro. usel its fleginatizars.

2. GEMEFlAL 31j',Uj~jPTMEjF,1TS FOR~ PYROTECHINIC COMPOSITIONS A?-'J) k,,';11A

Thl-e following reneral requirements liave beer~ set for pyro-

tochnici compositions:

i1. the u~ssigned pyrotechnic e~foct (sigrnalling, illuminiating,

incendiary, etc);

bi. minimum sensitivity to mechanicvl effect ond safety io

handling tind use;

c. siifficiont physical and chemiical stribility Ourinu pro-

longFed storu-,ge,

(I stnbility with respect to internel thermal effects (spnrkc

1tion-inflenm~ability, oet.);

V . simplicity or the production p~rocess;

f. nvailability of' the inititil products anid nvsilobility of'

a source of raw materials.

Tlie followinz basic requirements havo been set for pyrotechnic

media:

It. producing the desired pyrotechnic effect:
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b. safety in handling and storage;

c. not sensitive to bullet shock;

a. wiiclpoteability of the pyrotechnic effect during pro-

loifed storage of the media (on the order of several years);

6. simplicity end ssfety of production.

3. PlOPEIPTIES A-•'I TESTT\'G OF PY'OOTFCV-'!IC 0M011,POSITIO-i,.

1. Pro)erties of Pyrotechnic Comuositlorts. The gre•tor pert

of pressed pyrotechnic compositions is chnr cteried by steony

burniing. In many cases, oxygen from the air can take part in

the burning, rnd, for that reason, the mpjority of the compositions.

his a negative oxygen balance which provides for a better pyrotech-

nic effect with the given weight.

'The burning rate of pyrotechnic substances is of great un-

portence. It depends upon the nature of the oxidizer arnd combiist-

ible, upon the degree of grinding of the components, density of

the composition, an(] upon others. The greater part of chlorate

compositions burns fnster than the nitrete compositions. Con-

versoly, nitrate compositions which contain magnesium burn faster

thnn the chlorete and perchlioratne ones.

The volume of the combustion products, heat, end combustion

temperatures can be determined by calculation just as in tVe ceso

of explosives. The combustion temperature opn be established ex-

perimentally (thermocouple, optical pyrometer, spectroscopy) only

in certain compositions.

Girses or vapors aEre formed in many pyrotechnic compositions
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lvhil~ theoy nrn burvnil , w'ith the re pu1.t tlipt, the PPe nOrTpo~i tions

will theni nOoppp oxplor'ive yproTporti(%rg P0n, In *, omnnnOr Pililr~r

to oxplosiver., thoy Pri coP~vblC of oxnlnrhirrr or rIetonptinrý tV rourli

the ivffect of one or Pnotlinr kicicl of tinnwilpn.

Iii nrld iti on , nyrotech inic conmowAR 1i s he I nbernot PuecriFp1

tviro1'rt I oP cnzb p, n bri frht. 1.irphi, r'olor*rl -!'1 nin, i cenri i ry,

nPiwbiliIty , smlokA formpiti on, oet.

I r:.3stll PyrotechniiC, -( omnp~ si t ioil. F-). , -- 1 01itiVitY toJ nwr1hnI)i-

sil opfoi.ct * 171e peoi~ti vity to ehiock .nod frintion ip i dtnrtai~nmd

~.f~4i~OUiyto ItlILt for hivrh oxi)losiv~p (r.Oe np~51-56).

T'ho nlilorpte rcompopitions hnov the tyrostest sonsitivity to

shock. The porchilorate oims hanvo P 1.esor Poiesitivity, whlili tbo

i itr#,tf,- coripopitions lin~vr the Innst srensitivity.

n'he grovntoet seiiaitivity to friction is possossed by those,

Co'iiouiids which contpoin rhlorates togeother with sulfur cnrd fpti-

ý101!y FS~P~in ni ninny of tho orapniic pubstpneop. Blondse contriin-

inv* nitrctosne re rnlptivaly litt~n-o-nenitvP to frIntion.

Sonpitivity of pyroteclinic coinpositionR to initiel lenpt uin-

pti1w) is chorincterived by thiree vslups: spontnnnous conibuPtion

itemapersturo, Ixenition termernture, cnnd noinbi~tbillty from flamo.

TJhe physical natuire ronr method of rieterinination of the Rpon-

tannonR combnstion tempornturo of pyrotechlnic compositions orn

anplovotis to those which were rdescribnd in the chapter entitled

"Tboory of lPxploaivea" for tbe ignition tempernture of Pxplosivos.

Accordingr to Zhirov, the ignition temperature IR the ltimit
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vilue of thn snontannous combustion temperature at which the doe-

lay period is equal to zero (see page 46 ). It is found by extra-

polation of the delay periods which wern determined for various

spontineous combustion temperatures$ as can be seen in Figure 61.

TABLE XXX

Sensitivity of pyrotechnic compositions to flame
(according to data of I. I. Wyernidub Pnd V. A.Sukhikh )

0S uk h i kb

Upper LowerComposition limit limitin cmI in cm

Gunpowder No . 1 2 is
Incendiary 3 13
Red-colored fire 0 2
Illuminating 0 3

Copied from A.A. Shidlovskiy's book "'undamentals of Pyro-
technica"s Oborongiz, 1954. page 94,

The flammability of a pyrotechnic composition trom - flash of

fire is charaecterizod by the greatest distance between the snCtio•n

of the time fuze and surface of the composition at which steady

inflammation (upper limit) takes place, and by the smallest dis-

tfnce between the section of the time fuze and surface of the

composition tAt which 100% failure occurs (lower limit). 'Approxi-

mnute data concerning the sensitivity of certain compositions to

fleme atre cited in Table XXX.

Stebilty is of great importance in the storage of the ready

products. If the components of the composition react with th'e

evolution of beatt the composition will be capeble of spontaneous

combustion. If the composition contains components wl-ch can
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absorb moisture from the eircumambinnt nir, then it Is eaphble of

"humidification and1 will turn out to be physically unstable, and,

somotilmes, chemicAlly unstable also.

To order to determine the hygropoopinity of a composition,

i: hyerostpt is iiserl which is most often in the rorm of -. dePsica-

tor, flto whose bottom P satureted solution of salt is pourofr in.

Thb.4 solution contains a certnin atnount of' the crystals Of' the

sameo salt. Cenerally, a .saturated solution of potassium nitrate

or common salt is used. A constant relative humidity (at n Ieivoni

tomperoture) is established in the space above the saturated

solution. The tested substance is placed into the de(sicator

over the layer of liquid.

In relption to the conditions, the tosting of the composition

for hygroscopicity can last from 1 to 10 days up to 1 to 2 months.

The tested substance is periodlicelly weighed durinvr the course

of this time. After the testing is finiphed, a curve of the Ooe-

ponflence of' the degree of the composition's ihumidJifi- tion upon

the holding time of the composition at a triven relntivo humidity

Is plotted.

3. Comnutation of the density of a comnrgssePe comnosition.

Somotimes it is necessary to know the dnnsity of a prossed nyro-

technic composition when desienine pyrotechnic media. In the

nvent there Pro no correospondtin experimental Onto, then an approxi-

mate voluo oan be obtained by the following celculation.

We shall determine the theoretical value of the actual den-

sity of the compositiong i.e. the compact substance, without gaps,
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by tho following formule:

d= 100
vctkil a, ;27, +7,÷ . .,

wore t, d ....@.#I - actual densities of the componloats,

%' 0,, *..'.j• - perconta en content of th eso componentp

in the composition.

Jv

10 Ignitiontemperature

e 344 MI 40

7'ig. 61 - Grnpb for detormining ianition temporature

The obtained magnitude dactual his to be multiplied by thn

coefficiert of density, which is a ratio of the magnitude of the

prectically attainable (i.e. unknown) density of the composition

to the metnitude daotuale
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The coeffirient of donsity for tim majority of pyrotechnir

comuositiotia fluotunatnp within lltnit~s or O.7-.O.R, while the

1,1,1 r~l I A IT 1( f'()N (VOqif IT''I ONS

1. nu I r i lii' Ft clia iCtz ;r. ri- t i-.s o r Ii Iion tii itt Jt r- pou o ai t i

it d ui( e-di a 11 lumi tinati ny meil I i, whi1ch t, rn f i I Ied wltith nrti cies

11 lumintietsg Rtvrs) made out of I Iluini iiiitin nr omdposi tioit Rt , are

used to ligrht up positions. A high power iF4 roquired from the

illumrinstits and stors.

Tbe light whi~ch ip radititedrbirfun " their Iiurning badh to pro-

vide for, in addrition to n sufl'icienti diptinctness of obsorva-

tion, Flso en eccurste, ilisorimitialtion of thn color. The la-ttor

ran be possible if the rirldistion of the Titirninsir substance vpproxi-

mates that of thri sun's rntdintion to which the bumani eye cant be-

come accustomed end PflaptedI.

Tin addition to tbe requirements for n bi-ah illuminnting power

rind a specific spectral rpdiation, n thirdrisbsic requiremnit. is

set for those articles: the linenr burnIng rate should be n uni-it

of minllinintors per second. The luminous inteosity and burnitir

reat Pro importent charncteristics, o-P Illuminati rif compositions

and nrtile.sF whichi nre trade oit of them.

Thp illumineting compositions Pre cherncterized by the speci-

fic 1iaht stun, I.e. the amount of light energy, which ts evolvedI

in the combusition of 1 gram of the illumitnating composition-.
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LO = canldle so/gm

where m - weight of the article in grams;

T - luminosity in candles;

t - burning time of the article in soconds.

Examle. A star, prepped out of an illuminatioe composition

nnd woighine 50 grams burns 9 seconds, generating A luminosity of

100,000 candles. The Specific light sum of the composition is:

=l10,000 x Q100=000 = 18,000 candles sec/s

Illuminating media are characterized by the luminosity wljich

is radiated upon their burning, and which is obtained by the illu-

initiation of a locality. Luminosity is determined by a photooloe-

tric photometer, consisting of a photocell and device for measRur-

ing the photoelectric current. A direct proportionality exists

between the luminosity and magnitude of the photoelectric current

(upon observing the rules established for photometering illumina-

tingr compositions). The required illumination of P locale by

illuminating media should be on the order of 1-2 meter-canles,

and durntion of illumination should be no less than 10 Recond!s.

2. ChIoice of illumi-natitur composition components with high

luminmus indexes. When selecting the components for an illumin-

ating composition antisfying the requirements of a high speciric

light Rum, the well-known physics assumption that the radiation
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of' F011( F)"(1 li citl ip;;rti eloFp %Yhit! Pro lien torl to r 'hilih toen~rori-

turn. wvill bapicilly nonfori -to the low or' the rprlisiiion of' ';il

PbsluF1ttoly hli~lck body, is nsr18(l P.P. c' rieil~. T7he irltonli ty o", rprliai-

I ioni of' tit rbhsolittly black body, fO-cord inrr to t~hn Stof,1'p-11noitVmaI'll

law, ip diroctly proportionnl to the fourth power or' the rniioliitoc

temnporsture. Suci P. radiation, dependeInt or] the oscillntory 'move-

mient of eloctrons ;nd ions which is nocouipaniedI by the blovemlont of

the molecules of solid or liquid bodies, heated to 500 0 ind above,

is called teprtr or hg~ radiation.

In comparison with solid or liquid substannes, the tempera-

ture radiation of gases ann vapors is very insignificant.

The mechanismn of' the orizinstion of temperature radiation

consists of the following. Oonstant collisions annr Interaictionp

of solidl ond liquirl pmrtitcles, whieh nre obtained as the ros-lt

or s. rnpid antil disorderly osvillntinp- moveimenti lend to rooti'tn-

oitF Pond Irrepular obairnnp In the velocity of' movemenit of On,

olectrin clinrmos (electrons ainn ions) enterine' Into the composi-

tion of tOe substmine' s particleR. The, oscillations of' thn ci mrres,

It tur n~ rodunce olortromitftnetirc writros of nvery ci nd of F'recp'ineny,

whi j1i in turn arn the caiuse of' thn f'ormation of' r, rionpP Ppectr'iul

(coljeortitng red JFi tiotF~vwhih nre loso to monochroimatio, son p.AnwP5)

:'or nretting the irreatest intonsity of radintion durinc" th

buntingif of illinuinnitinfg- compositions:

a.they sboulri Cotntin components which, upon01 burning, will

form either solid or liquiid substainces at combustion ttemperpturo.

b. the Ugigest possible rombustion tomporature of the co~il-



pos51ition 1 F; roqui red .

These requirements arc) satisfied by compositions coiitninitiv

aluilinum,1l fmceim or its alloys asF the combustible. WTIilIe

burnitir, the metals; formi oxides, which Pre either in the solid

or liquid Rtpate et eombiisticii temperatture. A larfre Pnmount of'

hjeat is evolirnf, olvinw to which a Mall combustion tempernture is

obtainIea .

Becausezi the 1,unrnn eye% is most sensitive to the- yellow-P.roec'

!)ortioi, or' the snecirum, then ilin~nintinp. compositions nre chosenl

in such a wpy Vin t n P-rnen or yellow litrbti; oild ho primarily

radliatedi dur i nf the i r burn i n. Tis ai a obtaifned thronirh tlin usel

of' barium nitrvto misp an oxirliznr. Pariumr niitrate deromposes

fairly easily at dim i n'mvated tniuperoture. rrj barium oxide ivfiiici

is formned dluringn tim decomnposition of time barium niitrate, 1)rolLIcC,

i, deis'e sPectrum lvl W111 thot yllow-groon part being prerdomininnt, a1n

sea prige 240t).

Salts or' sodimu~m, decomposiu1g during combustion Find r-1eesli m

sodlium atomis which rad into yellow rnys, incree so the lii ht po~Vivor

of the i Iluminintinfr~ compopi tionR which containi bariunm ni trrato.

effejct an ,ji._ foiH.r Illuminstina compositions 1,ave

particular requilviennt with rnspent to the snnsitivity to vipr'm;wpi*--

cp-1 offecti, hic fire the result of tho service) roinfitions of' Ili(-

illuminating mneril. The employment of artillery-typeo illumnmin I

simell1 ( primn. ril1y in) mmdl nm-enaliber howl tZerS) imposes rornnroi-~T1 1ý1

which limit theo shock sensitivity of the compositions3 to the p" r-



mitted stresses which have been sot for explosives upon firinz.

Also, the employment of flare bombs and photo bombs makels it

necessary to rnstrict the sensitivity or the compositions which

are used in them to blokyR, bullet shock, and penetration of ihe

bomb by fragments.

TheRe circumstances exclude the possibility of using cl lorate

compositions in the sbove-listed munitions, and led to thte necess-

ity of using less-sonsitive compositions on a base of barium ni-

trate.

E. Effect of bindors on the nronarties of illumrinatina conm-

positio-n. Binders reduce the brightness of flames; for that ron-

Pon, their content in a composition is limited within limits of

5 to 61. Substnnces which provide A sufficient mechaiical stabil-

ity for the pressed nrticle when used in an insienificant quan-

tity, ore used as bindeor. Those substances includA phenol-

formaldellyde resin, hnkelito, and a solution of' rosin in drying

oil.

The binders also play the role of a delay element. If the

combustion rate still remains high with a (4, binder contont, thenr

a part of the combustible in the form on a coarse-zrained metullic

powder is inserted. This will also delay burning. In case of

necessity, the burning rate is reduced by an increase in the block-

ing pressure (i.e. by an increase in the density of the object).

5. Formulas for illuminatiuw cormuositions. Examples of

illuminating compositions are shown in Table XXXI.



TABLE XXXI

Illuminating Substances in %
Co~ponnu [ 1 1 III IV

Barium nitrate 66 68 75 80
Aluminum - 28 18 15
Magnesium 30 - 4 -
Iditol or shellac 4 4 - -
Drying oil - - 3 6(over

1 007o)
Mealed black powder - 5

The, coinposition lift1od ii, the last column of' Tablo XXX.[ MISv

used in Pogrebiyn1cov's •holl. The mealed black powder in it wn,

intonfled for Cacl1iii, tivc Iivnition.

6. !C nl t ois o ..J oc _q i ng t_il wu i!1n :Li1 nZ Compm gost i• _Q s i1 g-

niinntintf compositions, which ore used as fillorp for pyrotlchnic

nledlia, are v•enernlly blocrled into jprlcetp urnder n pressure of

500-1000/kg/cm 2 . Illuiniitation "stars" are blocked under a pressure of 2000-3000 kg/cnm?.

The blocking pressure is selected in relation to the properties of the composition and require-

ments of burning rate. (lenerally, the object is blocked into a cylindrical-shaped form,
and one face has a flamuinmahl composition added to it during blocking. A quickmratch for

ignition is also inserted into this face.
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Fig. 62 -122 min lonv-rinn.L illuminatina howitzor projectilo

I1. R11011 CiýO 2. upper dliaphragmu
3. Illuninnut hi-l f-cYli nders
L4 . illumiinant incket 5. i11utuinating torch
6. pnrnohute hiaif-cylinflors 7. pairachute
8. folt guskot 9. cardhonrd gnskot
10. load ohturntor ring 11. bope
12. burstor 13. screw top 14L. sleoOve
15. hold-flowil Rerew for Fittncking liefrI
16. tinia-fuzo liolrl-rowti screw
17. tiIIe N70e



7. Example of' illumitiatinE nrojectile. Vigurn 02 Rl'o'vs a

122-mitt illuminuting howitzer projectile, which lights up nn area

of up to, 1000 motors for 50 to 55 seconds at it bursting hehrht,

of about 500 tueiers. The lum11inosity is u1P to 500,000 canld"es.

Duriop, the~ IroJoetile's flicht-, then gases of the burstnr

cliarjge, which) have beeni ignited by a flash of flaine from the tille

fuzo, e-Joot wrc! j~ritntre the torchn. Thre, torch etnd parachute nro

placed inito hal U- cy i i:dnrs which protect them~ from nt apage at Lthe

momient of njeetioi ACter flyingr out of then projectile's en.;s-,

the haif-cyli;,lorr4 f,-ll npart andl free the parvchute uponl whic.1

the burn i nt torch ip F &'innilndrlr. 'Fto prevent the 1wirnebcuto sfitroe

11 nns from twif-.t im, theo torrh is nqulippefl 'Vi ii n pivot yoko,

rotatinty oni ball hoi rfi gs.

5. PPJ'O-TOILrTMI 'CAqT1ON COMPOSMTTNS (111109O BLVN,\ ,)

Speciall PYrO1J'C1e IaCOMPOSi tionIS - photo hiend S - tireý 11800

to I idht 'Ip [111re for night-time aerial photograrnhynhrle.

Th10 rneqitIreien i. or i photo hblend i.s to produico " 1 rul ahmm I;

of' 1i~rbt in -1.1 rourse of' a) short poriod of time, on tOe order' of'

hundraidth&s of a P-cond. When aerial -pictures iiro taken) from ;

plane rlyinu Pt. ;n ailti tuId of 1000 meters or hirher, then reowiiiin

luminosi ty i a oh Iiinnd from s candle power of hundreds of mil 1 i own

or from severv.] billion caindles.

Photographic mteitrials possess a varying Rensitiv~ity to fli

rays of li ffereii. t 1 enfrt wtvos . 'Thlerefore, the photo hi nods np1onl

burning shouldl roditito the light of a spec-tral Composition whichi
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is correspondent to the sensitivity of the photo film.

On the basis of what has been mentioned above, the following

basic requirements are nocessary for photo blends:

a. the photo blends upon burning should emit a large amount

of light energy;

b. they should burn nn very fast;

c. thei combustion products which are formed during theo do-

flagration of theso blends should have P largre amount of hig,-h-

moltinr solid or dirffii ult-to-volatilize liouid porticlns which

omit light well;

d. the flmne should hvn Onhe hifuhespt possible tempernturoe.

These requiremouts zre satisfirid to t;he highe-t degree by

blonds of magnesium powder or aluminum-magnesimn vlloys with

varions oxidizers. Aluminum without ail admixture of magnosium

is not used in photo blends because its combustion rnte would not

be sufficient.

"•itrntes, but not chlorates, urn used as oxidizers for the

samo rersons as in the Felection of an oxidizer for illuminntin1

composi tions.

Mdst of nl, Tphoto blonds which nro composed of marnosttm

powder, Ftrontium or banrium nitrnp.to nre used.

6. r,,,IACT',P G(O' O,,IqT'i•TOS

Tracer compositions Pre used for markine, the clight, path of

a bullet or prolectile (formation of a trail, track).

Iteretofore, burnina trncor compositions (night operations),



and ilolc conmpo~itionp (flnylight operations) ivern iiwd. .- p'n xp)iionn

showed tha-t sinokf trocer compositions did not fissure the nocossary

vrisibility of' tho flight trajectory of a bullet or projectila alont'

its entire. pithi. 1lieve~foro , only burni nr tracer rompopitimis fire

URsoll today.

The ruaiet of' fesseiblinv, trscer oornpoc.itions (whiite,

trt~ur2Ur ()-twuilt1 3' y ei~ Hwi h~r p ropeor I,- i svr-)r ve~ry ulosii ino HI;. i I r

tif 1 I uli ijnp I 1W (I Ii P.rtoitiofls. '"Ml F: stemis from t~he rf~qiti~ rn icei 1,a

sot. fortli roiv 1.11i di. i cli , Iin wiA ly rorzpe CIFp, 00 ro.iiwi e w iitb -1-1m i .-

quiirefiiinut for .i'1 ui mlii nr comp1Tositionsp. ýr~rnpce (jomoi fOI iion-

0 . r lo a f'o 1,11 t 1:wm\' h it Ia at -I, Atai. m-,I- qla n I i ty of I' i rdl -1. r!1( r-

1171(1 iiurn ivlt:

b. burun at -,sot. rate;

c. hi v (, PrO I, tai J1 i ty P.nid be -able t o 1be c omp rn ~s R tI Hi i I 1

IP rre proPsi irr) f roi-i'1000 to (1O00 1'~y/viii2 ) This PrrOV10imrioi-111b

por~tIi1 ly of ' porti ni or conip] te burn-out in) tib born;

0. * nro FM i jin:2ini lion 1'rom the itmrition nompositio;l

e . to in 1( 1:V1"Xiii e mmx POumbl f11011t sthiaonnIOf sin g in the")

of time hall~ot mm] mire] e otil. 1( Tlit s is neoosnA 0ry for o l iil n~

cliaunge in the Mivmirt. of' the huill et or projectile , whicihwbsz -w

effect on the rigiudity of the triuiectory. Stich a requirtment1 h.i

set for thos 5miimit i ons in wh-ichi the wei ght of the tracer m-

inent ip quite lairgn it) cornpurison to the overell we1lht.

Barium ui trimt i?,L prima~rily usod as nn oxi(4ivel 12: white it, tm,

compopi tions, wlii I o Fýtrolt.iuni li trfito 1 user] for r(-1v r'y



i'eble XXXII RIhowY s01,10 OenPloplF ofl bturninqr trpeer compositionnp

Trnrcor Couipositionp

Components Wht ie Red fire

Barium nlitrate 56 -

Strontium nitrate - 6
Magnesium 53
Resins 10 10

Trvoor cotu')osit;lon, eoiisic~tinL7 of v blendI of nitrpteF; with

uvngnosiurn virl repins, ioud blorkod i nnrlr high prossure., aro not

rolipbly ignited by One pokvder vilep upon beinig firedI. TVlvi~llmibln

mixtu-4-ep Pro used to i~vnitrýflinth . r"hflpc uixtiiros bura tinder hiplh

pressures dtiritiv the trvvel of ther rprojentilo or buillet ,lonr- th'o

bore. Su, in order to voidl rapid burnint-, slirlhtly Trneous rovi-

positions surh Fp n blond of hnrinin peroxide, bariiimi ritrrteo opell

iiinatiesinr wvith t ntmin imitl iomount of hindle r, o)re iiRpy. Thp a rldi -

tion of brriurn peroxide. to these blendsh IncrepSOR their Scn~iti-

vity to initial thertiol itnpulso vml proviles for an unrolilinpo'

ianition froin the powdv~er P.ruoes nt thie monient or' f'lrinr. 'ý?C pvIl

cite two exnttuplos of fhimituhe flouuilositions for tracers:

1. FO," PmC~ , 11." 'ftg o'i(I 2 hi der



2. 1WP. ( '.O ) , ) 30 W1i0 , 1 ?,If ;m~ d < nfe rio 1 fo raim 1 a;-

bylle rosina.

iP OF rao compor-itionp a-rf uF;Pt,

as r ilia rp For tri ('Prr ina hii ,r0Xp1o e , hi rdr-oxplosiv e-i n1end ki ry

a rmr- pe mia ~ Ca a T)i'a - ci are, projentiloR, andl for Prinor-ir-

in. HrwIO ba 1.1 trt eor srno 1] -araip ammunition.

"The ra e 1 in-1o eoU.I'iO nti on isr riwiited n-pon Ci rinf n'~ei thlvr i '

by th, 'Powdler P-af:!m a i' by lmen n,, oC pamRIO er , 'vhrusio e-iI e010 IF ý -o

ot Cr by 1perispiRion meeberil siqi.

Tle arv'in Pdv 0 nc f? ri of' -- in risi: tyTnO or C mner is ib the ijlimliri-

of' the -rroitfromont. The, rinfoetp nre: tho possibility W` ý

corrosvd e offoei. noi -1.1w born by the, combriiition proIdlietR ; L'

a'vFy tic ririiire poition; tlio troner r ba intr c[n b en-o r':frwreid di p.

i otr it18 traivel f-o iwnr Ilir born by theiwe prouro of the powder ~ r

wiel hcam) cans ~n af'~~ipt burn-out withb regsiil tant " slort tr;ircer"*

and ai nsutritnfieloid horinetization of -the tracer ceintr.o.

Tm cors with Pi a MITNeR~dOI1 cap are denvoiO or thee nso ee

but , onl the other lin rd , they a re morn comrpl ox, owi rrw to wvh 1 ci'

they Pro mraroly rr&~crl.

A. tinner of' 1-ira N' rst typo is e oinposRed or -ant, rIa i ri bnfl

J nto which thlr froceni cfllompoition is~ forcedl. Thii jP I c I a1r fh'-!,

in Figure ('3 . Tiný body is rta ppmd with P Celluloid rlis I 1 ii e oro

to imako the coiposi tiori r'ir-tirtht . Tlio trarer is Ri nsrtnorli I 0

a srCow-oii pulm- wbiuli IF n ttnchoeri to tlie fa mn or i 'porteid il-i p'

inito thre body o" 'li ý pro * nIi in. V 'igiirn (61 Rholys an fra )er en

24,Lt -



'Pig. 63 - Fri.ior for m1)-5 fuzo

1. sorowv-oii p1u1r P. trseonr liolder

7 i fr. 64 Trpr.or

1. trnoer bodly (stnol) P'. tr ronupoAltion
3. irnition compo~ition 4., ring
5. nut 6. colluloid rdisi
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(65 - ibop Fiv Fl* P-1Ft~nntui.ion tr,,enr pro j(octi

1. ipi~iir omnpoqitioii ?. t raon r cormnos i f inon
3 . r'olinctio OI 4. N 74 ni 5. burstin rI n

0 . 11i ppr nsr- o~ rO 7. )Id n P n tonlitor



posod of v solid metrl sloove into which the tracer composition

is pressed. Virure 65 shows a high-explosive solf-destruction

tracer shell. After the expiration of a certain period of time,

the tracer composition igoites the fuze and causes nci explosion

of the projectile, so that the unexploded anti-aircraft project-

ile would not fall on tho rrouild.

A tracer "ith a percussion mechanism is shown in Figure 66.

At the moment of firing, the percussion plunger heats up the

friction primer, a fltsh of flame goes through the powder delay

clement into the tracer composition, nnd the gnses which are

forinted eject the sleeve, thus opening up ni orifice of the exit,

of the flame. The visible flame (treace) appeprs it a distance

of about 150-200 meters from the weapon, which thus does not dis-

close the firing position to the enemy.

7. NIGITT SIGNAIT, LI.x COMP0ýoSTT0I'R

1. Generel informatton concerning signalling medti.. sitnal-

ling media are used for commnicaptions by menns of givini off

signals wbich are seen Pt r distance. They are subdivider] into

day and night sitnalling fleviteH.

Night signalling devices rive off colored flames. Three,

four, or five-colored systems are used for signalling. The best

is the three-color because its colors - yellow, red, and green -

tire the easiest to distinguish by the eye. When the four and

five-color systems are used, blue or white color is used in tiddi-

tion to the other three. These two colors Pre difficult to make

out at a fairly long distance.
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Fi'jr. 66 - 'rirwr witi pe~rr',,ini mobrni j

I. trvcer hofly 2. qtnol Frmsket I. tvicor coowpoilliio
14. !Qili ti on COM~oiT) -t ion 5. f~rf ko t- 6. primer cup
7. friotion, primer 8 . snfoty cnse O~percupqionl
pluiiger 10. Rlrm(vol Iithi powlair ileloy olouiciit
11. lendl ri nf

2. Light-nprod kc~im n c li rjc~tari stis of!, si, 'IN1 1 COU1')oFci 00'I

Signal dovicep aro f illed with firticles (st~irs) whichi havo lmeo

made olit of sir.tinll i tie: coupoRi tI enn. Tbe he sic recmireirn'inntR nV

sify.1allirig ,ojpr~tonH ivith respoe~t to the cellrnotnr or~ rý;iI Rqiml

of the flwimp dl Cferp frow fi th corresponuding recquirement for

illuminating comnpositionR; flic owii~pioo) sloulf1 be OF 010so to

monochromatic Ps possiblo. Thef mrnot impor-tnnt cha~rnoteri st1c of,

c~ompositions whichi ore usod for malcinr sigonal s~trirs is tlicm lagiiY

of the flaine's colur, 'vhicli is ovaltuated by thlo r~tiO 01' tlbn ill-

tensity of unonoe(liromnliin omi Rsi ef to tile intolsi ty of thn onti ro



visible emission. This ratio is ordinarily expressed ill percents,

and should be no lose than 70'S for the human eye to make a clear

distinction between the flame's colors.

3. Selectton of the comnononts for Mi•nalling comnoslitions.

The sharpest colored flame of the burning composition is obtainied

owing to the illuminetion of the gaseous phase; the atoms and

molecules of this phase emit energy ini a narrow rogion of the vi-

sible spectrum. ýi'or example, yellow rays ntre obtained during

the atomic radittion of sodium. During the burning of composi-

tions containing barium nitrates or strontium nitrates Ps well

as chlorine-containing substances (polyvinylolioride, hexcohloro-

ethane, chlorates), the oxidel of strontium end barium convert

into easily volptized inonochlorides Sr0l and BaOl. The first one

emitm red color, while the second one emits green liebt.

We shall note that the vaporous oxides of barium and stron-

tium also emit rays - the first one preen and the second ono

emits red reys. Powever, the concentration of the vaporous oxiides

in the flame is very small on account of' the small elasticity o-'

their vapors. Therefore, the intense light of solid and liquid

oxides of barium or strontium, nnd havitng a compact spectrum,

damps the weak light of the vaporous oxides. The emission or aolid

substances (oxidos of metals), which produce a compact spectrum,

should not take place in signalling compositions, or else it

should be insignifitcnt In comparison with the emission of the

gaseous phase.

Chlorates and nitrates are used as oxidizers in signalling
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COflJ)O~i tiO "s. Blonds of potassium chlorate withi the combustible

burn more intensely than blendIs with nitrates.

The S'pecific lighylt sumti or sig-nallinv compositions should ho

expressed by a value0 which is no less thnn several thousandf candles

sec/gf. The hlmini o~i ty which is omnitted by the flvmies of the' buirti-

inir star shouldI ho( exp~ressedf in thousands, atndi (ovn morn profor-

ably, in toiis oP' thouisanils candles. flhin Iuninn eo, f the prosseOi

s~uIsqtafle shoiild( taol place withi a speedl or se-verp rl Ii 11 jritero-

PCr snconO .

14. Comn~ositiensz For rodl fire. Sitrootium COMPOunds, uiiil

in the I'orm of crtrbonnnto s or oxale lea, Fre- i nRnrtni1 into thIn( CCL-o;

positions in order to obdtin a, red color of the flamre. Lrhl1

salt is usedl as ;in oxidlizer. Then these substpnces burn, srore;-

tium chloride is rowmed, which, at an elevatedl tempera turn, d <c

ates accordinig to the reaction:

SrCiaý-2SrC1±CIg.

Strontium wwwonocloride emnits redf rays. One exampnle oU n!1 -

positionl for r-od fi ro 60"f 1,0Ol0,4 2-5,1 sr,, 15< Pholl0 forlqr 1-

dehyrle resini.

Compoundl(s w~lii.1 cli ottniln strontium ni trate- ric also nse;! TIn

this pairticular 00ISO, iniqnesfitun is addedo~ inl addition to ani orperIi c

combustible. In order 1.0 transformn the oxides or stronti 'n 'li %-,io

nre formerd during buirnin,,r, chlorine-contnininr substances Pr'n i

s~ortedl into the monoobleride.



5. Creen fireU# coQn]2Oitioans. Parium Compounds are ursed to

get g:reeti flamios. The most favorable is barium chlorate, which

is n•, oxidizer Pt the qmne time. A defect of compositions con-

taingnm barium Phlorto is their grent sensitivity to mechlii-

Cal effect.

When e compotri coPntoining barium chlorirle burns., L.C1, is

formed which then diFAociatea with the tormption of flr,0, eIlitterl

green rays. T1ie compositions for .roen fire nre Pho'v, in T'hbln

XXXI II.

TABLE XXXIII

Examples of green fire compositions in 1,

Component I s I I

Barium chlorate I 89 85
Phqnol formaldehyde 11 -
fivelhac - is

]ariut'w chlornto cen be substituted by nitrate; this loworp

the sensitivity of the composition to mechnnical effent, but Pt

at the amne time, the color of the flames worsens oinoewbat. The

following ia related to this type of signalline composition: 63")

RgaO 8 , 251% Be (NO)2, 112, phenol formaldehyde repin. Green fire

compositions are also made on a base of barium nitrate and obloro-

organic compounds.
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6. Yellow fire compopitigne. Ror~ium Palts - sodium Oxallato,

sodlium fl~uoririe, ;int somne otbers - are ~iser1 to got yellow 1'irnc;.

The salts Fhoulcl bo non-hygrospople anti shoUld dlssonintn nsl

at olevatedl temnporntitrn.

A~n exrwiple of a yollow fire romposition is: (Oorý Tvlo.,, 25''

Ypp, C,0,6, 15'" nhenol fornaldebydle resin.

A sninll quantity of aluminum (UP to 5"S'4) or of gn Plumini nm-

OIniP'nSiUM Slloy iF RSOMetilnes inserted into the nolornrl fl1 nin rom'-

positionis Ro that tho brighitness of thea ripmesp coniri~ bo increasoed.

7. Uses of nig~ht sivrrp~lling cgwigaitioinl. I-ight, sirniMliiw,

ootmpositions- nro usod in 20 min shells,, rifle g~renavdes, find bl-rh.

power s~ipgnals.

26 inin signil. shells Pre used for night signnllinvg up to v

rvnpge- of 7 1011. Their construction is shown in "Pixu~ire 67. 'The

burninv time of theo si goal "Ptars" is ab~out 6.5 PPco-MdS. 1 0'1n

luminosity is no moro thann 10,000 candlos.

P.liAvii0ht Eljf~lg(jtl~ ins The qO-cailefri uley-

light comfllopitiofls ;ire i~oO for Fitrnsilinr dtirinr then r~nyliritht

bours. These produce -tinted (colored) smokces rlurinpr 1urni~nfp

Colored smokor, are also Used in artillery projectilos In tbe

Forin of ii sinail celuurve which nolors the explosion produntp f'or

ratoilitating fire correction.

Sinoke is a colloid systemn consistinp, of finely pulverived

solid particlos (dispersed phase) whicb are suspennded in air

(dispersion mediuim) . If the dispersed phase is ii liquidl substonco,
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Fig. 67 -26 niw nighit signialling, shall.

1. cardboard closinr P11ug 2. ielt pnocking
3. paper shell case 4. signal star
5. felt wed 6. nardboard closing plug
7. Miuze rlisk R. biurstor 1). papner ringy
10. anvil 11. friction primer 1P. iron tubc
13. brass hoad l'4. rlnTIZO 1.irnition
compo Ri tio0n 16. iia uIcana t ch

then the styst(3m is cflhlotI Cp~g c-iTiokr, which hips -five colors Is

utsod. Those colors are: redi, yellow, blueg green, andi blaick1.

In. order to obtvin these colorel smokes, somi-productR a~ntI

coloring Pgents are uped, %Yhitch convert Into P voporous state onl

nccount of the rnection hest.

TPertbollet's salt is nsed as the oxidizer in smolco composi-

tions. Sodium ehlorate is used leps often, Pnrl, sometimes, ni-

trntes Pare added In.
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The biirninr temperpture of the colored smoke composition

with organic eoloring substances should be sufficient to vapor-

iVR the smoke-formor andt at the same time, not that high where-

in its decomposition would come about. Therefore, metallic pow-

dors are not satisfactory as combustibles in thip case. For in-

stance, mixtures of Berthollet's salt with milk-suear are used.

They are clculpted to burn the combustible only to carbon mon-

oxide. Eve, t±hough the combustion temperature of this mixture

is within the limits of 800-1200O, the smoke former does not de-

compose hut only aublimntes, owing to the fast burnin ratoe.

An example of blue smoke is: 351", V0.10, 25'0 millc stupr, ond

'406 indcio.

TTsos of daylirht signalling devices. Daylight airnphllnt,

media by construction and operation are analorous to those of tbh

above-describod night media. The difference is that tho "star"

in the daylight rIevions Is a little baga ofe unblnacherd cloth

which is filled with the colored smoke composition. When the

composition burns, the cloth bap obstructs the passrvo of nir

and incomplete nombustion takes place within the bag, which pro-

vides for vaporization of the smoke-formor.

When the 26 mm daylight shell is fired, the "star" is lifted

to a height of 70 mtoers. The cloud of smoke can be diRtinruisled

for a distance of up to 2 km for 10 seconds on a windy day and]

for 30 seconds on a calm dtiy.
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0. MASKING SMOKES

Masking smokes fre used for the formption of a smoke screent

which is used to blind the firinr positions of the enemy's better-

ies, his emplacements, observntion nnd commnnd posts. Smokce

screens are also uried to mosk friendly troops nnd rear nres ob-

jects.

White simolcos cover the outlines of objects better thnn do the

black onos. Substances which form white smoke are used most often

as fillers for smoke shells. Theso suhsteances include white phos-

phorous, sulfur trioxidn, and cblorin tin.

When the phosphorous burn4, phosphpori, nnhydride is formed,

which reacti; with thr moisture in thOn ir and forms meta- nnd

orthophosphoric acids, which forin white smoke (foe).

Sulfur trioxide, being a very volatile substance, easily

transforms into the vaporous state and reacts with the moisture

in the air, forming sulphuric acid,

The sulphuric acid vapors, possessing a very slight buoyancy

Pt ordinary temperature, supersaturate the area. At the same time,

the moisture in the air reacts vitorously with the sulphurtc acid,

forming hydrates. Irpon condenpsation, the inflividnul molecules,

combining themselves, form colloi0 particles, which constitute

the dispersed phase. White fog is formed.

Stannic chloride in a finely pulverized state reacts with thA

moisture In the air according to the formulat

SnCI 4+3H 2 0=HOSnO3+4HCI.
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The orthostnnnic acid forms white smoke in coniunction with

the hydrogen chloride.

Yershov's compositions (201 1CC10 3 l0 carbon, 50' NTT4 (l,

20. naphtelene) are Pmoke producers. When the Yershov composi-

tIon burns, P volatizntion of the ammonium chloride and a part

of the naphtalene takes place, which then form white smoke.

Mixtures of the Yershov type Pre designed for incomplete com-

bustion, and the products of their combustion contain a lot of

the oxides of carbon, hydrogen, carbohydrntes and other combustibles.

Flesh oliminatorp (carbonates - sodp, challk, magnesium c,rrbonrite)

Fre put Into the smoke compositions in order to prevent them from

flarinr up when mixed with air. A lrree smount of heat is used

up in their composition, owina to which the tempernture of the.

combustion products is lowered. Resides this, the cprbon dioxifd

which is formed rarifios the combustion products, thus raiRinr

the combustion temperature of the letter. Ammonium chloride Plso

fulfills the role of flesh eliminator.

Durinz World 'var TI, smoke compositions on a base or hxF,-

chloroethane end zinc rust wore used. They formed gray .mokns,

because black carbon particles were liberated tocrether with Or.-

white zinc chlorideo pkrtirleP accordina to the equation

3Zn+C2C1,--3ZnC1s+2C.

A supplementary oxidizer Ruch as Podium chlorpte is put into

the mixture In order to eliminate the formation of carbon. r1

this case, the combustion proceeds according to the reaction

9Zn .- 3CzCIg+2NaCIOs=9ZnCIz+6CO+2NaCI
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and white Rmolce is' formed.j

10.* T'YCTrPvTA nY CTTflq'A NCF' AI r~ OAMPOQTTT0'rQ

1. CIPRsificatIon. Incenndinry substenrnrs rnd compositions~

are rlividod into two Lyroups: oxidizer-rontnininp compositions anld

incend~iary imibstonoes without oxidivorsr.

Tbn compositions of' the first. erotp nnn bo Nirther dividod

inrto the f'ollowinue vrottps:

h . tliortniteas anl thormite comnpositions 'vhirli conta-in oxidrlri

of' meltals os oxiilizors and infitals as the combuRtibles;

b. comipositions in which the oxidiver is on oxyre'i-couutain-

iflx sLlt.

The incendiary Rub~tfinces of the socond uroup include elec-

tron, organic cowuiiiitiblos Hndl spontaneous-cowbustion snbsttincigs.

Substniloop of tho Rocond aroUTp ran butn nnd nffnct vn inncendinry

notion only in the prnsenne of oxy~en ennd with the free ncoepp of

the air'R oyyaen.

2. Thermitep ~nd Thugl~ Coninositions. Vnr instanoce the

combus~tion of' en iron-eluminiin fliermintm (rontei1nine oxide" of, iron'

and powdere,! aluminum) takesp pone no acordi ni to tho f'ol lowins

equation:

Fe2O3+2A!==A1 20 3+2Fe+198 ki local.

Therunite reactions; nre distinauiehor1 by the followina sin~eri1ar-

itiesP:
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a.high vombuFstion temperature (?!400-2800OO C);

b. the combustion is flameless because practically no,

gaseous1 products tire obtnined;

c. liquid slogs fire obtained which are beated to a liigh

temnpereture. Their Nlow fitreaaes the radius of the incendiory

effect.

Oxides of iron vro the best of the possIblo oxidi7,ers for prne.-

ticnl iise. They contnin -A relatively lerf-e quant~ity of oxcygon;

they liave a high spenifinc Lravlty, are innxprnnsive and rnadily

a ttalnhlea b Io roni soole (Veol, 4 ) rather thani PP-203 is renrrally

Thermite nornial ly rorisi ~ts of o miuxtnro of 25,( , olumininm oni

75"f ferric oxidies. The combustion temiperatuire or such a composi-

tion Is 2500.

The defoct of tlmrmites is that their incendiary eftfect is

1limited by the smoll1 rad ius dlirectly around the 1'ocis of bnirnitwr'.

Tn odd ition, thermiltos orra dl ff1 ciiit to igni te. Tbere foro, ratheor

thnn thermi to, thonrmiti tomponl)Olti ons containing v nimlbor or vdl-

mixtuires simlh ns Fill potair antd orEganic combuistiblos, facil1itilti at,'

ignition endu ineroasinfr incondfiery vction (owing to the formiation

of flomios) ao re norolly usod Ps fillors for incontdinry imedia.

Sometinios niagnosluin is usedl in thertuite rompositions. It, In.-

crenses their itrnendli ry effect (on nccount of mnarnosium's 101v

boiling teilperatnro - 11070 - it evaporates in buirning of then cnoi:-

posiition and burn 4 up) inr flameos)

As an examnple, then followingr incendiary compositlion is used



tor filling 76 inin proiectiles: '4V14 iia (;o,)2, 6ý T'.lT%3, 2Il, Ve'eO.

134, Alp 124ý AM and ~410 binder. 'For fillingy incendiary aircrnft

bombs, a thermite composition was iiseri which containedi a supple-

mentary oxidizer - berinin nitrate. This composition consist~od of

Thertuitc, compositions are. uqedl for settinic objects on fire

which are difficult to irnite. They ire also usod to knock out

mietal objects (cannon, trniiks, etc.).

3. Incandinry romaositions with oxygeni-containing s[Ilts.

Those coiipositions produce a high combustion temperature one,

catch fire fairly onisily. Nitrates, nnd clilorntos servo vs oxiii-

izers whitle motols sucli as magnesium, aluininutt-magniesiuin alloys

und others are the combustible.

Incendiary compositions on a base of oxygen-contaInlngr sAlts

are used primarily for fillinK small-caliber projectiles and

bullets intended chiefly for ignitina liqiuid combilstible mstnrials

(easily ignitablo materials). The biurninir of inncendiry comp~osi-

tions with oxyiren-no taitsn In~r salts takes pla..co In n fraction of

a socond, in compori son to other formis of i econrllary nort)osi tiensI

or Pnbstanons.

'4. Incendia~ry iihiubttncos not..contninlnir oxidizers. 'r'he

itluminum-man~ynnesn alloy, electron, whichi eonatins no less thani

704, tiagnesium, wits iipfd duiring World War IT for mnkina sniall

naliber incendiary aircrnft bomrb bodies. These bottbs were filled

with thermito. Such bomtbs were. rlpvoi of dend load. 'Thot' tifl

olonctroti bomb body burns uip, a flame is formed whichi promotes s
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good incendiairy off'oct. The combustion tomperpturet is oround
0

2000

Organic coimhuqltibins suchi asp pettroleumn, kerosene, gasol i in,

pi tch , arti otheirs possess v high lien 1-prodluci ng vbility. Vaýor

i i)Stflnce, when I kcg of kerosene burns ini Mr, ,i8round 10,000

kilocels are ovolveil, whereas only 800 kilocals nor liberated

In the burninirz of I :gof Ibormi to. Whenn netroleinni products ;-r,

burned , i lprtrer f1limie is 5ob*.R1nor], there crer Vie vdiirisqo nflii,-

(101111 ary effeci;l eof' such substances is; muchi trreatr t-han iin I h

(ifl SoPO termiIto coripesi tioens. Piit, on thie other lie rid , ftio ('i--

bustion tez:pmroni~rn of' thi petroleum jirodIimts is low (7200-100o).

Sýovni of t110 drntvwbanks or the pe trol1 0111 producnts are the !xepF-F3

lYe)ly ll~rae maob iity find s~preadinga outj P.8 well as the ton-fFzst

vtaWPora9tioni rate.

Orefi-nic combust i Ji suibstanices are risoti for uction llviiinsf

on si iy-flanmuiblo e anoLes and for onti-porsonnol 11 rJ)oRoFI

Hiardlened otIl,;Jt I. bos. TYhe defects of the orgafnir prilv: f;!nnet

can be gin at]y rediwod or even eli munotoil by tisitiug v comhiti siill i

iii luirderimil form, in eonddnatioti withi tiunruite , or in i thirhlcvri'I

In hordenotop', 1inh combustible i~s gelatinized by soaps, i..

by the sailts of hui LloV organic, acids of the a] iphaitir n sen e. Whnji

LC, Pc trono1 uiu fprod~lur is I [roboief lo a tfpomjeinfrptre or 7 '-ý!0'., ,

orgtile qctri(I is 'ii s so l yo, aind then ent equ ivn lnni. Pmount nr P en

tulcoliolir' soliilo torft cuuisti r sodla or some othe(,r base is ;Wdim! i!
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After cooling, this mixturo hardens, asruming the consistency

of a 1ard soap. It can be ent by n knife and retains its shape.

Niardened combustibles are ueod in combination with thermite

in aircraft bombs. The head part of the bomb contains the thor-

mite charge. A metal diiphragm 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

kg. !hen the bomb burns, the flames ieach a height of 5 meters.

A thickened combustible is a viscous, fluid, colloid paste.

Taokines; is sometimes impfrted to this paste by monns of Speci-

Al admixtures. On account of this, when the burnina paste fvlls

on some object, it will olina to the object. A thickened com-

bustible is obtained by moans of hlendine a liquid combustible

with aluminum salts of naphthonic and hirhly molecular aliTpIhtie

acide Such a blend obtained the namie nanlm.

Naplmnt acqnirod infamy from the time of its barbaric opplica-

tion by the IT. S. forcos in loavyevnireht airCraft bombs vrraIn.st

the peaceful people of Yorna. This napalm contained burninrr

metallic powders, inatennsiumi nrimarily, owing to which sn olovateo

combustion temperature was obtained with tVie rosult that the in-

condiary effect was incroasod.

5. SRpontpneous-conmbustion inicendiary substances. Of the

spontaneous combustion substances, the most important is white

phosphorous which readily bursts Into flames in air. The incon-
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diary effect of phosphorous is not larpn. Tts combustion tempern-

ture is around 10000, therefore it ignites only objects which

can be sot afire easily - h1y, straw, ansoline, etc.

Fland grenades and mines which were filled with phosphorous

were used in trench warfinre. W,'lhen they explodore, F large amount

of smoke was formed. The burning droplets of phosphorous burn

through clothing and infli-t serious skin diseases which are

difficult to cure. Combustible substances such as poetroleum oils,

tars, etc. are added to phosphorous in order to improve its incen-

diary properties.

6. TYses of TInceidinry Comnottions end ,PubstonCes. Tcn.on-

diary compositioni nrc uisod in aviation inunitions, in field Ond

anti-vircraft artillory, rindi mn stall nrnis ammnunition.

11. TCNTTION COMPOSTTI:70

Sorne pyrotechnic comipositions crn bh quilckly and roadily I -

nited by a nmuiclcmantoh l.t mnnoy compositions are sot on rire with

dirffmultty, and spocial firrniil -on n'oniosi tions n ro used to set tliho,

afire. In tho rimns of su0stan-ces which nre ignitod with even

areater diffiulty, intormodiateo compositions are necessary.

Those mixtures which countin chlorates and organic comubustil,-,s

or nitrates in conjunction with rnpnnsium ignite the easiest of

all. These compositions in powder form should be ignited by a

quiclana tch. But the saine compositions in a pressed form require

a special igniter for ignition.
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2. iv1l I~ i u1 c~omplosi ti on
F! v i' 1,- I t to Imi'o (I J; tc, coi'.po ri ti 0on Con [Ii~n -11 ir I
ip-iiii t.i on 'omnpos~it;ion imnd 25" bfts Ca omupos~i.t10n
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i P~n itiIol cio"Iiipo iAoll --tl" 50i) 1)S( 001-1onipo it iohl
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T'hormitos ii aro L Lm I(i,(,( With rat r d-, I.(I1 niuty. Itirornniili F, 1ri

thO ifrnition Ucompm4I mi nrri j Uisifirriei i 1; i thi R rrp,s ,n 1,1 H!

11 Fe of an JI' oterime I i ctunpoqI ti on ,ront s 1Itt,lOr Vf a l Xinu I or -II(

fli nimxbl o rnd n1c" I nII otimsiipop 10ns is roqn i mn . TrI tjic i n i Pi f-

ci ent., ono more infor mind imai r ompo sit ion wv it;1 n Ifi rfrn o rfl in ii

the ignition nompnai-lion is puti it) atn di ~tribimtori np show ,

Insxtanc, in Figxxrro 6Q)

Tim nixmbor o0 ( GenMpoixot~t in tho i ntormxorlinto Colliposi lionl '11

their ratio ii or nala i Iindm ex-prritanonfa1ly for ouhnn~i(1Ie.



Examples. F"or ianitiun illuminating compositions which con-

tvmin masnesium, P.n igniting composition of t"in gunpowder typo is

used (the sulfur is substituted by phonol formaldohyde resin):

75ý, potassium nitrato, 15,", charcoal and M,", phenol formalrI.hyde

rosin.

rFor coinpositions which ure more difficult to ignite vnd whinh

contain aluiningnn, tho clnrcoal is replaced by mainesium in the

ignitioii composition. Finally, in tho case of pyrotechnic sub-

stancos which nrn still hiprdor to ignite, intermedlite composi-

tions vra used.
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F'OOT NOTES

l In the virbn lo nt, flin irrow trnve 1led B lon: v. trough wheni
fi red. In the a rqjuhus , the trouch wasi rople od by a ih
which ninde it posfilbn to firo bullets as %yell nCR !rrowFi.

"~A1fred \oim - 1.1 theitginniwor, niml A. Noble - `.naisll1
Firtil I ry Hr'in C ii F: I

"3The torin "shio [--ho! W' 1-e imms nu mii-maod cyl indrircal1 depress iout
I n rock. Tlim fifluin Iorl of this R Alot-hole0 cen bo mp to 75 lanm
und tho dlep-th ctin lie flown to 5 moito rs . The shot-hol 1 serves

zis a rocuT~nclo f fo nx plo~qi e. in b~o1fistim opprn i onf-. ll,
froo pcrt or i-im ý1 1ot-bolo nbovo the che ran I.s iivnir',l wilh
an inert matotr ial , cil led "tamdping".

~The ole appl'£i mi hill riown henre i nelmIde only tbos.,e prm nti; i * lv
omtpi oynbl. tixpi es~vi ; ~e Vor th i renso n, it dons~ not i :l~c1
siloh oxpllosut nf n1. 1nistmOiI 111xtures , FullnnrsenmipHiveiin-: e

Two di FFronf I-e in;, Ior annalopotins cnonnets ;ro i-sod Ine 11wi
perti nent -1i Ir Co'i-. "TDomolition" 1worTh 1,c, 11se'l by fim Ili I I
tnry atnd thme Ihi ilustinr," opervtiois is tismr, for nv.tiolu¾1
economy purpomis. 91i~in tivjlor jlepwip IsqiouI ror vl] 1. nPF;eu. il
this bool.. Tl'iin it-; fit ac~cordvince withi the rnonintetn.'ti
of the Comitiul fio mle t Toclit1iton r"orttlrolovy of' theA(ý dn

Ni tri c () stovI,~ (It I- : I ro te nsof hydrocarl)OTRt~ Mn0 alfuohel s, "PI'
Tonsonsl i:Fw((ri;'1h; wi f jiii te lisoL e lir 1w0i--o i a (loflo fl 1.1 11 ' 11:' 1

strizoturt"ru I~l'Ii i. ii i~vr Imneti erroneoously tnii
''nitrocolluiJ, I 'i .1,roI,, ly c r Ione "et fc. i nstiv.d oF'i t' 7
of rn11tiloso' 'lnr t rfhin etc(~. lmowvor, i-eO: H
po init or viurm eI' Ilw irrui-mar struc.1mre of' tles e()RinIn

Vic iiiiilin m. ,u~ ii hrd tip to theo preisent tim Liro

so i oti , 1* 1t j lco I IlterantuIIre.

7 A11-Mui oon ý;~e~I nwlnr " 0140-'4'3 leffitines the t0e,0 cond(i iJ~I,
for pyrotnelituu o ompositiioaRs.

a For n deltai I nl dmovxrii1pti on- of a meth~od for flotormi ninrg j.ut,
Boentit iVity J,() 14tock ,J Hoe Al I -Uni on Sta to Stanla rdi 14")5-1

H'xPl 0 s vo f, rioler dotormit niv n . "resni iv
P1hoc10



A ninrpe is n clutntity of explosive whierb Is 1148d for Offect-
ing One explosion.-

10Tbis is the name for 9"'" which is obtf~iiner afiter theo nitrn-
tion of toluene and mishinr- iowny of ;-cidis fromt the prorlucts.
It contains n certnin 'inouni. orf' linitrotolinon anrl other
sRib!Rtanros.

Por~ lo~yout of' il", Pw);!rnitiR for A'bnfl tost , S(,( ,'I 1-~'-ni on ý;tuto

or onsrtruction of' th ltiormosi-at, sea .A1Tno ~tot~Pn

1 3 Por v dOtr'ilod desoription of' meinomtirnIc mit! 1 ol riorenetrie
tfstSg SeeO C, !. TOi iivok, !Otrtborls for Po~wders.
Oboronfoi v, 11iA.1ý

14 As is well knowul, tho thnrimal e frPect of a process Wvii oh If
trfl:ilp. lan wih:1w', parti cipuitiou of reses3 or v(YpT5or can

bo (li s1infui slioed in rc 1ti, iouj to Vie flint tha)t tie prore~s
cithenr pronoeds or doos not p)roceed In a constant. vo1tiui.
1n the cailcuirilon oF dentonaition processes, It is ossutell
fliet the rencti on ozv n rim its course 1:)rforo the ixlpflnsiitl
of its products boiwius. Accordilnfrly, for this perticulir
case, the therinal offect is computed art Fi constant volume
(fdenoted v) Convnrsely, in eamnining the comibustion pro-
cossq the thornmrl o-'nfct is cowputedl at ii conrsti.nt pros51I]n
(denoted by :v) . I o'woed i. ur further, i f condchnsi ng sub-
stances (wvter, for ou-sn qis) are forined in this reaction,
theni the inapnrmitdo ol' i-ho thermpl effect will be nhnneror in
relcition to the stntIo Lu whioh tfhipso substances nrc o1)tr1imro~l
liquiud or viiporous. In tno ca~lculation of explosive trnns-
fornintions, it Is vmiour~.1ly nssumeri thant mater ond anr-lommup
substances arn obtainod in the) form of vppors.

F'~o ri flscripti on or o caloriimetrinIclbob nnd otiloritmeter,
soc KC. Is. Snitkco, j~~yPublircition of then A-rtille],ry
Acadniny, 100 is wvel1 ns nourses In thn theory of~ oeples-
Ives.

16ror the ulorivrmioiciu of thnse andI subsequeint nxpressions, ROO.

a chamical te~x¶tookc. "In, shlll only inention that the, orplli.-
brium constants can bo xpmressoed through tho octullIbriwul
concenltratilons of' ronetinvo Rus-ihslaceS (dienotedl by T1 ) or
through their equi lilbriunit 7artial pressures (denotnS by Vp)4
The second of thense motlhods is usedi here. Tf we areO to ron-
sider the prodiicts of' thei explosive trnnsforitition as rin
Ideni rres, then, ror tOw reactioni cA +u bD cC + i11), the
followitic reliations c;tii bo readily deriverl'
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An a 4 A

w' "' if A-n, (PT'

where P Is the ovorni I I proHsure3 of the explosion prorduCts; n~,
v , ntnd T Pre the corio. i s)oditing number of rnolep , volumn , vnd
temperature of thrins Tprmlutse; nnd 6n (~) ~)

For v dopcriptioni o illpnter tinr me~thoO for tP(%vtrrnlnin!
the volumo and compoFi t ion of the explosion produiutf, sfiO Y. i

Snitko, Exnloeivr-E., Publiioption of the Artiiinr Acrmlemy Fs i~o1 otH
in courses devotedl to tho theory of oxpiosives.

In contriist to u~vtretiv t (mO, soliO P nd liqnidl puI1)t mmop Pro
ne iied co nionso PO(IP'J)r1;f c ore

The inves~ ratoe olP rmht if no (Or vFpo ri rrat~ion) is omaqua to -th
of Pubstance whie ci I i, imnoul (or vapori 7eri) in I soc polr I cm (I
cross p~ection. Tim. limrmisonslo of mnass rate vre v/sooc ci'

20
Thnreý Is n dislti nri 'Ini boivniAV O n)t mnitinv o~~rnrl pol 4(11 fi 0(14of
tompersturms. TPhi, temo riartiire fit %vhieb thie test Ramipl, sl owly
hnatiO in a ovpi 11 nrv Iuthe , molits Com1plotely IF nailed then tme ith)
tf-mpo re t ijurn.

The Rolidi1' lifictitt I -itlocitflure is p r-oinmineri li ffor(¶Itly. 1- 1)11 i
1l0termi nation , 14)mhnu I of then ammbPtanno is bohntod nbove tOn
innlting temp~orni itre ilm Cho Iteti theml.t isp coo Ioil , and thn (17rol 11)i
tomporpturn isH ohF;m vid-ve. A!, ihe hegrx ni ng, nn even drop in 1,11o
temporvturewnPi~ ()I Inii t--mbsimrttae is observed . After thni -1-1w
tompora lure s(nti In Hj- Oitt 1ltnt, r I'Jse a * Finil ly , the topnprm tuor
dropsa o nc 0oo ;~ 0 Iiji- n itmiutim tornpernti iire wflIoh .aa1 is a 01neinl Fit 'h r
the first p(-rj(,f I k notmr drop iq enclled solidi fientiou
lamper~tu~rn.

Theoreticaolly, Il i,- imiI im, mid Folidlfiemition tammperilttirr -1110im 11
colnclfd . ';. ,J-Ir . s*i ii I cOrld 1ti glfl4, howtavflr tHe t]:I,-1 .1of

tompet ,Oirm Ir i i-n' nm) iimitiy I 0 ]o 150 hiahor than the pol di ficilt i (i
t empe xantu re.



*'For details, see the comwerciol requirements of TNT as con-
tained in All-Union Stnte Standards 3471-46 and 4117-48
(TNT for ammonites).

"Trotyl oil is P mixturn of TNT with aRsymmetric isomers of tri-
nitrotoluene, dlnitrotoiolo, Pnd other substancap. The molt-
Ing tempereture of thi P mixture is around 30-35 •

2 SColleotion of recommended torms of the Committee on Techni-

cal Terminology, Academy of Sciences, USSR. Terminology of
blasting operstions. Publication of Academy of Sciences,
UTSSR. Moscow, 1951.

2 4 Drying the powder nt low tnmpernture (20-30°) in Fn Ptmosphere
containing the solvent vjporp. If this operation is carried
out in air not contnininp the solvent vapors, It will then
form a crust on the surface of the powder on aocount of re-
pid evaporation, whbch will then slow lown a furtber remorl
of the solvent from the dnep-seoted layers.

The length of the process is approximately 24 to 148 hours,

dependinr on the thickness of the powder element.

25 1u.7le volocity is thlt velocity which a projec tite hs upon
coming out of the weapon Pt flhit moment when the base of the
projectile pA5pos thn mu7ln face of the tube.

"For determinine tlhn probhblhe deviation of muzzle velocities
of a projectile, 5 to 10 rounds are fired, and the muzle
velocity is deternined onch timn.

The probable dcvi aiiun Is ,ompute•d according to the formula"

r,-0,67451/ (v-1 -v'p),l

where r, = probable deviation of muzzle velocity;

Vt = 1,uzzle volocity of every separate round;

Va R aveorgo vralue of muzzle velocity for P series of
rounds firoi.

n = number of rounrls fired;in the series.

"07The word pyrotechnics comes from two cGreek words "piros" (fire)
and "texnos" - the art alRo means "the ability to produce fire".
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Adefoef.r ofnr t iR its low softAninp, tompoiraturn 6-8 )
Theoreforn, fihe ronct~ion protbuct of rosin Wnr coupt~ir limfl*
(oplcium roeiinrto) Is uped In certpin composit~ions. Its
Rof~eninv tnopeI'aturn is 120-1500. Thm s'hellac spirmt~ep
out in the; Corui of nn inrrustntion which is foundi on tli
hreinches of' Iropion]. plants. The softonint- tewmpnrptnr fý

0R'holler is vtnovr1 ly Proundl 20-100

3 0 Phenol-formin]-lohIivfhi rosin is a synthetic resin obtained bhy
the contlensation of' phenol with formpldehyde In the pre~nr,,e'P
of an Pnid 0 aijnly at. The soft~ening tempersture is not lower
then 1,0-1 7O ]1 ia4 not solnble) in woter. Iolaklitn is fn--
other form of syntbthtir. rosin. It is obtpined fromi the sampe
Rubstancet-FF fs pThiml-forinal1dhytde resin but unfder otbnr
fiction condi Ii( Bs aelltite grivep pyrotechnmir covmopoi
P hicber mnchinii cci strhility then manny other lbindnrp. I1o 1. Y-
vinyl ofilo-rido,~ or, Ps it Is other wise celletf, polyvinyl
chlorideo ropl~n, js n prodriui of then po lymrerivplfion or vinyl
chloride . 11t [r4 Insorted- into compositions whose flames, rf?..
qui re the prow~mIo' of chlorine.

.3 Yor a9 riosri p-!on n!' th- instr(Imont nwl method of ricrtov!-!!
ina then lmini nal-i-y or illuminetina compositions;, Poe 1) AýA-
Shidllovsildy Vimitnlmmntnls of P~yrotoolhnics.
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