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CHAPTER 1
INTRODUCTION

•
•

•

1-1. Purpose
This manual is intended for use as a text for instruc­
tion or reference and as a basic source of general and
technical information concerning military explosives.

1-2. Scope
a. This manual contains information and data per­

taining to the chemistry, physics, manufacture, proper­
ties, identification, handling, use, inspection, preserva­
tion, storage, transportation, demilitarization, and dis­
posal of military explosives and related substances.

b. This manual, as outlined below­
(1) Adds information on­

Explosives.

Test methods and procedures.
Methods of manufacture.
Pyrotechnic compositions.
Smoke compositions.
Tracer compositions.
Primer compositions.
Incendiary compositions.
Destruction of bulk explosives.
Packaging and marking, storage, and ship­
ment.
Bibliography.

(2) Revises data for military explosives.

Chanle 1 1·1
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CHAPTER 2
GENERAL

2·1

•
'!

•

•

2-1. Definitions
a. Explosive.

(1) An explosion, a violent bursting or expansion
as the result of great pressure, may be caused by an ex­
plosive or the sudden release of pressure, as in the dis­
ruption of a steam boiler. An explosive produces an ex­
plosion by virtue of the very rapid, self-propagating
transformation of the material into more stable subs­
tances; always with the liberation of heat and almost
always with the formation of gas.

(2)An explosive may be a chemical compound such
as TNT or nitroglycerin, a mixture of compounds such
as TNT and ammonium nitrate comprising amatol, or a
mixture of one or more compounds and one or more ele­
ments such as potassium nitrate, sulfur, and carbon
comprising black powder.

(3) An explosive may be solid, liquid, or gaseous .
TNT and nitroglycerin are example of solid and liquid
explosives respectively. A mixture of 2 volumes of
gaseous hydrogen and 1 volume of gaseous oxygen,
when confined, is an example of a gaseous explosive.
Military explosives are chiefly solids or mixtures so for­
mulated as to be solid at normal temperature of use.

(4) The characteristic effect of explosives
generally is the result of the great pressure produced
when a solid or liquid is suddenly converted into a
much larger volume of gas and the effective volume of
this gas is greatly increased by the expansive effect of
the heat liberated simultaneously. A few explosives,
such as cuprous acetylide, do not form gases
CUzc;-2Cu+2C
because the heat liberated is not sufficient to gasify the
products. In such cases, the explosive effect is due to
the rapidity of liberation of heat and its expansive
effect on the adjacent air. A mixture of 2 volumes of
hydrogen and 1 volume of oxygen, on reaction, yields
only 1 volume of gaseous water, but the heat liberated
makes the effective volume of the gaseous water much
greater and pressure is produced suddenly.

(5) While most military explosives produce gases
only, and this is necessary for maximum explosive
effect, a few yield solid as well as gaseous products of
explosion. On explosion, black powder yields solid
potassium carbonate and sulfate as well as gases.

(6) The rates of transformation of explosives have
been found to vary greatly. One group, which includes
smokeless and black powders, undergoes autocombus­
tion at rates that vary from a few centimeters per
minute to approximately 400 meters per second. These
are known as low explosives. A second group, which in­
cludes TNT and nitroglycerin, has been found to under­
go detonation at rates from 1,000 to 8,500 meters per

second. Such materials are known as high explosives.
Low explosives undergo oxidation reactions or decom­
position, elements or compounds being converted
directly into other elements and compounds. Examples
are the decomposit ion of typical nitrocellulose used in I
propellant s -
G.z.cH30N.o040-5N2+ lOH2+ 5H20 + 11CO2+ 13CO and
the oxidation reaction of black powder-in which the
constitutents KN~, C, and S undergo a complex reac­
t ion, yielding C~ CO, N2, ~C~, ~S04' and ~S as the
principal products.
High explosives undergo much more rapid decomposi­
tion as in nitroglycerin-
2C3H5N309-6C + 10H + 6N + 18o-3N2+ 5H20 +
6C~+1~

Some high explosives, such as nitrocellulose, can be
caused by physical conditioning to be capable of func­
tioning as a low explosive when ignited. Although the
mechanisms an d ra tes of explosion of the two groups
differ greatly, human sensory perception cannot al­
ways distinguish between their actions.

(7) From the foregoing , it will be recognized that
an explosive is characterized by a self-propagating
reac tion or decomposit ion with the liberation of heat
and the development of a local pressure effect. An ex­
plosive, therefore, may be defined as a material that
can undergo very rapid self-propagating decomposition
with the formation of more stable materials, the libera­
tion of heat, and the development of a sudden pressure
effect through the action of the heat on produced or ad­
jacent gases. It will be noted that this defini tion is ap­
plicable to the material in an atomic bomb, which 11Jl­

dergoes nuclear fission.
b. Propellant A propellant is a combustible (some-I

times treated as an explosive material), that is suitable
for effecting the controlled propulsion of a solid bodY'1
such as a projectile or a rocket. As disruption of the
weapon must not take place and as flight of the projec­
tile or rocket must be cont rolled closely with respect to
range as well as direction, the explosive process must
be subject to correspondingly close control. Because of
these requirements, only low explosives have been
found suitable for use as propellants. Because of the
relatively low rates of t ra nsformation of these ex­
plosives, they do not undergo the too rapid accelerat ion
that would cause disruptive instead of propulsive
effect . Many propellants, because of certain ingre­
dients, can be caused to undergo detonation as well as
autocombustion, but acceleration of burning to the
point where detonation takes place must be prevented.
This is accomplished by control of the size an d the form
of each grain of propellant.

- - - - - - - - - _.._~---
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2-2. Development of Explosives and Pro­
pellants

a. Having its probable origin in the addition of
potassium nitrate to combustible matter to form Greek
fire, black powder has been known in the western world
for an uncertain number of centuries. However, it was
not until the middle of the 13th century that Roger
Bacon described the material; which until that time
had been used for pyrotechnic, incendiary, and demoli­
tion effects only. It was not until early in the following
century that the monk Berthold Schwarz is credited
with having invented a gun and using black powder to
propel stones from it. This discovery of the usefulness
of black powder for accomplishing mechanical work
may be considered the real beginning of the history of
explosives. For the next 500 years, black powder was

the universal explosive. When ignited by a torch or
spark from a flint, a loosecharge of black powder above 1)'\
the borehole or in the priming pan of a gun served as a
priming composition. The train of black powder in the
borehole served as a fuse composition to advance the ig-
nition to the propellent charge of black powder in the
tube of the gun. When the projectile was of the
shrapnel type, black powder in the delay fuse was ig-
nited by the hot gases from the propellent charge, and
the fuse in turn ignited the bursting charge of black
powder. During this period, no essential change was
made in the composition of black powder. It was not
until 1425 that the granulation of black powder was
accomplished and 1525 that the control of grain size by
screening was reported by the French. In spite of other
develop men ts,

2-2 Change 1
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black powder was used as a major military
prop ellant throughout most of the 19th
century.

b. The modern er a of the history of explo­
sives began in 1838 with the preparation of
ni trocellulose by Pelouze by nitrating paper;
but it was not until 1846 that Schonbein and
Bottger independent ly discovered its explosive
properties. Like black powder, it was at first
used for both propellent and blasting purposes.
In 1846 or 1847 Sobrero prepared nitroglyc­
er in and described its explosive properties.
Disastrous explosions in th e course of manu­
facture, sto rage , and use retarded the develop­
ment of nitrocellulose for a number of years,
an d the possibility of using nitroglycerin as
an explosive attracted very little attention for
some t ime after its discovery.

c. In 1863 Nobel began the commercial pro­
duction of nitroglycer in, and in 1864 S~hultze
made t he first successf ul smokeless powder. In
1865 Abel demonstrated th e purification of
nitrocellulose, so as to obtain a stable material :
Because of the excessive hazard of liquid
nit roglycerin, Nobel invented dynamite in
1867 and, in the same year, he invented the
mercury f ulminate blasting cap which assured
detonation of nitroglycerin or dynamite.
Simultaneously, Ohlsson and Norrbin discov­
ered the usefulness of ammonium nitrate in
wh at was essentially a dynamite. In 1868 E. A.
Brown discovered th at dry, compressed gun­
cotton (nitrocellulose) could be detonated by
means of a blasting cap and, shortly after­
wards, he found that wet guncotton could be
detonated by the explosion of a small quantity
of dry guncotton. Th is latter established th e
principle of th e booster explosive and made
poss ible th e use of blocks of wet guncotton in
nav al min es. Th e invention of dynamite with
an active base by Nobel in 1869 led logically to
his invent ion in 1875 of the nitroglycerin­
nitrocellulose mix tures known as blasting
gelatin and gelat in dynamite. In 1886 Turpin
patente d the use of picric acid as a bursting
charge for shell, and it wa s used by the French
under th e name of melinite. The British began
using it in 1888 under the name of lyddite.

d. Up to th is t ime, the development of ex-
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plosives had been chiefly in the directi on of
blasting explosives, and black powder
remained the major military propellant. The
partially gelatinized Schultze and E. C. pow­
ders were used in shotgun ammunition but
were unsatisfactory for use in rifled guns be­
cause of too great a rate of burning. In 1884
Vieille invented Poudre B, the first smokeless
.powder suitable for use in rifled guns, and this
was adopted imm ediately for use by the
French Army and ' Navy. It was produced by
gelatinizing nitrocellulose with an ether­
ethanol mixture, kneading to form a jelly,
rolling into thin sheets, cutting into square s,
and drying. Vieille also int r oduced th e use of
amyl alcohol in this powd er as a stabilizer . In
1888 Nobel invented the doubl e-ba se propellent
powder ballistite, which wa s manufactu red
from soluble nitrocellulose and nitroglyceri n
with the aid of a volatile solvent such as ben ­
zene. In the following year, Kellner and Abel
developed the propellant used by the Br iti sh
under the name of cordite. This was manu­
fa ctured from insoluble nitrocellulose, nit r o­
glycerin, and petroleum jelly with acetone as
a solvent. The colloid so formed was extruded
through dies as a cor d and the acetone was
removed by evaporation. Th e petroleum jelly
was found to act as a stabilizer. In th e
Spanish-American War, the Uni ted States
forces still used black powd er as a propellant
for artillery, although the US Navy Powder
Factory at Indian Head had started at the

)

period to manufacture single-base powder (de­
veloped by Lt. Bernadou from the Russian
pyrocollodion powder), the Army, however ,
was slower to accept it and did not start the
manufacture of it until about 1900. Th ey pro­
duced pyrocellulose powd er by the gelati niza­
tion of nitrocellulose by means of an ether ­
ethanol mixture, extrision of the colloid, an d
removal of the solvent by evaporat ion. As early
as 1909, diphenylamine was introduced as a
stabilizer. During the same period, the use of
centralite as a stabilizer for propellant s was
introduced -in Germany and ammonium picrate
was standardized in the United St ates as a
bursting charge for armor-piercing shell.

e. The use of picric acid as a burst ing

2-3
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charge for shell was considered unduly haz­
ardous and difficult, and beginning about 1902,
it bega n to be replaced by TNT, first by Ger­
ma ny an d then by others. TNT was officially
adopted in 1912 as the standard bursting
charge for HE shell for the mobile artillery of
the U.S. Army. World War I saw the introduc­
tion of lead azide as an initiator by the
Germans, the use of amatols as substitutes for
TNT by all the warring nat ions, and the in tro­
duct ion of tet ryl as a booster explosive for
shell charges.

f. During the next two decades RDX,
PETN, lead styphnate, DEGN, and lead azide
were developed as military explosives. The de­
velopment in the United States of processes for
produci ng toluene from petroleum removed
limitations on the availability of TNT and
permitted th e development of the powerful and
castable explosives composition Band pento­
lite. F lashless propellants were developed in
the Un ite d States and low-erosion DEGN
propellants were developed in Germany and
Italy. Diazodinitrophenol was developed as an
initiator in the United States, and tetracene
was developed in Germany as a new explosive
ingredient of priming compositions.

g. World War II saw the development of
rocket propellants base d on nit rocellulose­
nitroglycerin or nitrocellulose-DEGN mixtures,
and the use of nitroguanidine in art illery pro­
pellants. Haleite, a new high explosive, was
developed in the United States as were
tetrytol and picratol, specia l-purpose binary
explosives used in demolition work, an d in
semi-armor-piercing bomb s, respect ively. A
numbe r of plastic explosives for demolition
work were developed in Great Britain and the
United States, the most important being the
C-3 compos ition based on RDX. The discovery
and great value of the blast effect of explosives
led to the development of tritonal , torpex, and
minol, which contain powdered aluminum and
have powerf ul blast effects. Finally, the appli­
cation of the shaped char ge principle resulted
in the use of special explosives of the pentolite
type.

h. The expanding techniques of modern
warfare lead to more and more specialized r e-

2-4

quirements for explosives and propellants.
Future developments may be expe cted to take
the direction chiefly of mixtures of currently
known explosives and other materials. But in
some cases, the requirements can be satisfied
only by new and more powerful explosives,
which presently are being sought.

2-3. Characteristics of Military Explo~ives
and Propellants

a. High Explosives.
(1) General. During the past 100 years,

many explosives have been studied
for possible suitability for military
use, yet less than a score have been
found acceptable for such use and
some of these have certain character­
istics that are considered to be seri­
ous disadvantages. Required charac­
teristics are such that but few
explosives can meet most of them and
be acceptable for standardization.

(2) Availability and cost. In view of the
enormous quantity demands of mod­
ern warfare, explosives must be pro­
duced from cheap raw materials that
are nonstrategic and available in
great quantity. In addition, manufac­
turing operations must be reasonably
simple, cheap, and safe.

(3) S ensitiuitu. All explosives are sensi­
tive to some degree, but can be too
sensitive for handling and use or too
insensitive for use . It may be consid­
ered that the present standard explo­
sives represent a range of sensitivity
within which a new explosive must
fall.

(4) Brisance and power. A military ex­
plosive must have shattering effect
(brisance) and potential energy that
make it comparable with or superior
to other high explosives used as burst­
ing charges; or it must have the abil­
ity to initiate the detonation of other
explosives and be sensitive enough
itself to be initiated by practicable
means such as percussion, friction,
flame, or electric current.

(5) Stability. In view of the long periods

AGO l0020A
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of storage to which they are sub­
jected during peace and because of
the adverse conditions of storage to
which they may be exposed, military
explosives must be as stable as possi­
ble. Global warfare has increased the
variety of adverse conditions to
which ammunition is exposed and
this has resulted in an increase in the
r equirements designed to prevent the
harmf ul chemical and physical effects
of such adverse conditions.

(6) D ensi ty. Loading density is an im­
portant characteristic of a military
explosive, a maximum density being
desirable because of the fixed volume
of the space avai lable for explosives
in a round of ammunition. The
gr eater the loading density at which
a fixed weight of a given explosive is
pr essed or cast, the greater is its ef ­
fe ct when detonated. However, the
standard explosives having the great­
est density values, mercury fulminate
and lead azide, are not the most
powerf ul standard explosives; and
the selection of an explosive for a
specific use cannot be based primar­
ily upon its density.

(7) H ygr oscopi ci t y . Hygroscopicity, the
property of absorbing moisture, can
have an adverse effect on the sensi­
ti vity, stability, or r eactivity of some
explosives and must be negligible, if
the explosive is to be considered satis­
facto ry for military use. An excep­
ti on is the very hygroscopic am mo­
nium nitrate, which can be used in
the manufact ure of amatols, if kept
under conditions that preclude the
absorpt ion of moisture.

(8) Vo latility. Volatility of military ex­
plosives is an undesirable character­
ist ic, and they must not be more than
very slightly volatile at the temper­
ature at which they are loaded or at
the ir highest storage temperature.
Loss by evaporation, the development
of pressure in rounds of ammunition,

AGO l 0020A
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and separation of constituents of
mixtures are sometimes the result of
undue volatility.

(9) Reactivity and compatibility. Mini­
mum reactively and consequent max­
imum compatibility with other explo­
sives and nonexplosive materials are
necessary properties of a military
explosive. As the explosive must be
loaded in contact with metal or
coated metal and may be mixed with
another explosive or mixed with the
other ingredients of a propellant, the
exp losive must be nonreactive there­
with. Reaction, particularly in the
presence of moisture, may pro duce
sensitive metallic sa lts, cause deter i­
oration and loss of powe r or sensi­
tivity, or may result in the liberation
of gaseous products of reaction. Com­
patibility is particularly important, if
the explosive is to be mixed with
liquid TNT to make an explosive mix­
ture suitable for loading by casting.

(10) To xicity. Many explosives, because of
their chemical structures, are some­
what toxic. To be acceptable, a mili­
tary explosive must be of minimum
toxicity. Careful attention must be
paid to this feature, because the ef­
fects of toxicity may vary from a
mild dermatitis or a headache to
serious damage to internal organs.

b. Pr opellan ts.

(1 ) Availability and cost . Like high ex­
plosives, military propellants must be
manufactured from relati vely cheap,
nonstrategic materials th at are avail­
ab le in large quantity. While nitro­
cellulose is not consi dered entirely
satisfactory because of some inherent
instability, it has retained its position
as a general ingredient of propel­
lants, because of the nonavailability
in quantity of a more stable material
having the same advantageous char­
acteristics.

(2) Sensitivity. Military propellants, as
used, are not unduly sensitive to

2-5
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shock or friction. They must be suffi­
ciently sensitive to ignition by flame
that initiation may be positive and
burning uniform.

(3) Stability. St-ability is. even more im­
portant in the case of propellants
than high explosives, since practic­
ally all propellants contain nitrocellu­
lose , which is less stable, par ti cularly
in the presence of moisture, than any
of the standard high explosives, ex­
cept mercury fulminate. In order to
insure the maximum stability of a
given propellant composition, a sta­
bilizer is included.

(4) Potential. The ballistic effect of a
propellant, sometimes termed its bal ­
listic potential, is an important char­
acteristic for which it is designed.
The ballistic effect is a function of
the absolut~ value of the quantity of
heat produced and the absolute value
of the quantity of gas produced.

(5) D ensi ty. Absolute density is seldom
critical in small arms and artillery
propellants, since they are seldom
used at maximum density. However,
this characteristic sometimes is of
importance in propellants used for jet
propulsion.

(6) Hygroscopicity. As nitrocellulose is
distinctly hydroscopic, propellant
compositions containing this mate­
rial tend to be hygroscopic. This is
an undesirable characteristic, since
changes in moisture content cause
changes in ballistic effect. Further­
more, the rate of deterioration of a
propellant is proportional to the
amount of moisture it contains.

(7) Volatility. Unduly volatile ingredi­
ents are not used in the manufacture
of propellant compositions, but when
propellants are manufactured by a
volatile solvent process, the solvent
cannot be removed completely by
drying. This residue of volatile mat­
ter is an undesirable feature of the
propellant and must be kept constant,

'.
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if ballistic effects are to remain un­
changed. Compositions containing
nitroglycerin and made without a
volatile solvent are considered to be
undesirably volatile under certain
conditions. In such cases, the effects
on the rate of burning and its accel­
eration are very marked.

2-4. Classification of Military Explosives
and Propellan ts

a. From the viewpoint of chemical composi­
tion, military explosives can be divided into
three classes as outlined in (l) through (3)
below.

(l) Inorganic compounds, such as lead
azide and ammonium nitrate.

(2) Organic compounds that include the
chemicals outlined in (a) through
( e) below.

(a) Nitric esters, such as nitroglycerin
and nitrocellulose.

(b) Nitro compounds, such as TNT
and picric acid.

(c) Nitramines, such as hal eite.
(d) Nitroso compounds, such as tetra­

cene.
( e) Metallic derivatives, such as mer­

cury fulminate and lead styphnate.
(3) Mixtures of oxidizable materials

(fuels) and oxidizing agents that are
not explosives separately. Black pow­
der and pyrotechnic compositions are
examples of this class.

b. It is to be noted that nitrogen is present
in practically all explosives of any of the three
classes. While t here are numerous chemical
compounds and mixtures of compounds that
contain no nitrogen and have explosive prop­
erties, from a practical viewpoint , the
chemistry of explosives is that of nitrogen
compounds.

c. With respect to functioning char acter is­
tics as used, explosives and propellants can be
classified as described in (1) and (2) below.

(1) Burning explosives, which undergo
autocombustion, such as black pow­
der, pyrotechnic compositions, and
colloided nitrocellulose.
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(2) High explosives under undergo detonation.
(a) Initiating agents, which are caused to deto­

nate by spark, friction, or impact and can initiate the
detonation of relati vely insensitive explosives. Exam­
ples are lead azide and mercury fulminate.

(b) Noninitiati ng explosives that must be deto­
nated by an initiati ng agent. These are comprised as
described in 1 through 3 below.

1. Booster explosives, such as tetryl and
PETN, that are easily initiated and detonate at high
rates, but are not suitable for loading in large masses.

2. Bursti ng charge explosives, such as TNT
and explosive D, that must be initiated, usually by
means of a booster explosive, and which can be loaded
en masse.

3. Substances that can be used only as ingre­
dients of mixtures. These include explosives that are
too sensitive to be used alone, such as nitroglycerin,

Iand substances which are too insensitive to explode
when used alone.

d. It is by utilizing the special characteristics or ex­
plosives in each of these classes that it is practicable to
establish the explosive train in ammunition. An exam­
ple of this is the initiation by a percussion firing pin of
a priming composit ion which, in turn, detonates a
charge of lead azide and other lead charges . This initio

Iates the detonation of a booster charge of tetryl and
this, in turn, causes the detonation of a surrounding
bursting charge of TNT.

2-5. Care and Precautions in Handling
I a. Although explosives are hazardous materials, and

there is a long history of accidents involving their
manufacture and use, they can be handled and
transported with safety. The excellent record of the ex­
plosives industry during the past half century, which is
much better than those of some supposedly less danger­
ous occupations, is attributable, in part, to the use of
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carefully designed buildings and equipment and, in
part, to the training of personnel in accordance with
stringent safety regula tions. These designs and regula­
tions have the primary object ive of preventing human
injury or fatality and the secondary objective of
minimizing property damage in case of accident.

b. In addition to explosive hazard, explosives also
represent varying degrees of toxicity hazard when in­
haled, ingested, or absorbed through the skin. Because
of this and the fact that dust-air mixtures present ad­
ditional explosion hazard, explosives should be handled
under conditions of good ventil ation, so that dust-air
mixtures cannot be formed. Prevention of the spark
discharge of stat ic charges of electricity also should be
insured by proper grounding devices.

c. The inhalation of vapors of nitroglycerin or the
nitrated glycols can cause severe headache, and some
individuals are sensitive to very small amounts of such
materials. The inhalation of the dusts or vapors of nitro
compounds such as TNT and picric acid has been
known to have fatal effects. If practicable, explosives
should always be han dled in well-ventilated places.

d. Effects of contact of the skin with explosives vary
from simple discolorat ion to dermatitis and from
headache to poisoning, because of absorption through
the skin. The hands should be dry when handling ex­
plosives, as moisture increases the absorption through
the skin. After handling small quantities of explosives,
the hands should be washed thoroughly, preferably
with a dilute solution of sodium sulfite and then with
water. If exposed to contact with explosives throughout
the day, the worker should bathe and change clothes.

e. Since they represent explosion hazards because of
their characteristic of sensitivity, explosives must be
handled with care proport ional to their relative sen­
sit ivity. For this reason, the degree of sensitivity of a
new or unknown explosive should be determined before
anything else is done with it. The outcome of sen-
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sitivity tests then will determine in what quantity and
under what conditions the material should be handled.
The more sensitive the explosive, the smaller the quan­
tity that should be handled at one time and the greater
the precau tions to be taken to prevent injury and
damage in case of accidental explosion. It should be
borne in mind that sensitivity is a characteristic in­
volving initiation by any form of applied energy,
regardless of whether by friction, compression, shock,
mechanical, thermal, chemical, or elect rical sources.

f Because of the very real danger from fragments,
the more sensitive explosives should not be handled in
glass vessels when dry and only behind a barricade

2-8

when this is necessary. Metal vessels are dangerous, if
the explosive can react with the metal to form a sensi­
tive compound. Metal spatulas, scoops, etc., should not
be used for handling explosives, rubber articles being
preferable.

g. The nervous reaction of the individual working
with explosives is of great importance. The extremely
nervous individual is not compatible with sensitive ex­
plosives, nor is the hurried worker. A slightly phleg­
matic disposition and a consciouslydeliberate attitude
are excellent complements to close observance of
standard safety regulations.
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CHAPTER 4

PHYSICS OF EXPLOSIVES AND PROPELLANTS
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4-1 . General
a· The universe consists of matter and en­

ergy distributed throughout space. Once
thought to be entirely separate and noncon­
vertible ent it ies, it is now known that matter
and energy are the same thing in different
for ms. Matter can be transformed into energy
in accor dance with the equation-

E =mc~

where E is ener gy in ergs, m is matter in
grams and c is the velocity of light in centi­
meters per second (3 x 1010) . Such a trans­
fo r mation involves changes within the atom
and is the basis of the functioning of the
atomic bomb. It has no significance in conn ec­
tion wit h the transformation of conventional
explosives .

b. Matter may be defined as that which oc­
cupies space and possesses mass. The mass of
any material object is proportional to its
weight. Because of the wide range of proper­
t ies of various forms of matter, it is not prac­
t icable to formulate a more particularized def­
inition.

c. Energy is the capacity to do work. Un­
like matter, it does not occupy space or possess
mass. Heat, light, electricity, and the motion
of matter are forms of energy. The energy of
a moving body is termed kinetic energy,
wh ile t he chemical energy possessed by sub­
stances and that due to the elevated position
of bodies is known as pot ential ene rgy . En­
ergy in the f orm of heat or light is classed as
radiant energy and consists of units called ph o­
tons or quanta, which correspond to the
atomic units of matter. Electricity is a form
of energy representing the stripping away of
loosely held electrons from atoms.

4-2. Phases of Matter
a . Matter exists in three states: solid, liq-
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uid, an d gas eous. These states are not sepa­
rated by sharp lines of demarcat ion, but over­
lap, the particula r state that the matter
assumes being dependent upon the tempera­
ture and pressure to which it is subjected.

b. A solid is a body of matter that r esists
any force tending to change eithe r its shape
or volume and, therefore, possesses elast icity
of both shape and bu lk. It is character ized by
small mobili ty of its molecu les and the pos­
session of surfaces of dis ti nct outl ine on all
s ides . Solids a re generally classified as crystal­
lin e or amorphous. A crystalline solid is one
in which the atoms or mo lecules are arranged
in some definite order, constant ly repeated.
As a r esult, when such a body is fo rmed from
its liquid condition, the soli d particles tend to
occur in definite geomet r ical forms called
crystals. Amor phous solids, such as glass, are
not characterized by regula r ity of molecular
arrangement an d do not fo r m particles with
geometric f orms. When a pure crystalline
solid is heated to a definite temperature,
called the melting point, there is a sharp
change to the liquid state. When an amorphous
solid is heated , it gradually sof tens , becomes
mobil e, and eventua lly acquires the properties
char acte ristic of a liquid. An am orphous solid
may be cons idered as a liquid havin g great
viscosity and ri gidity.

c. A liquid is a body of matter that has no
elas t icity of shape and, the re fo re, takes the
shape of the containing vessel. Like a solid, it
resists any fo rce tending to change its volume,
but offers little resistance to a shear ing force.
A liqui d is characterized by cons iderable mo­
bility of it s molecu les and the possession of a
distinct upper surface, usu ally of meniscus
shape. Liquids are distinguished by the exist ­
ence in their free upper surf ace of a char ­
acte r ist ic known as surface tension . A liquid
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is not characterized by regularity of molecular
arrangement and is unable to retain physical
equilibrium when subjected to a shearing
force, and tends to flow. When cooled, a liquid
becomes a solid at a definite temperature,
which is termed the freezing point and is es­
sentially the same as the melting point of the
solid, if the solid is crystalline. The transition
is gradual and indefinite, if the solid is amor­
phous. If a liquid is heated under constant
pressure and is a pure material, it is converted
at a definite temperature termed the boiling
point, into a gas without further change in
temperature in spite of continued heating.

d. A gas is a body of matter, the atoms or
molecules of which are held together only by
the action of external force. It has no elas­
ticity of shape, takes the shape of its contain­
ing vessel, and does not have the nearly flat
upper surface characteristic of liquids. A gas
offers resistance to a force tending to decrease
its volume, but none to the increase of its vol­
ume . Unlike solids and liquids, gases have
great elasticity of volume and are compress­
ible. A gas is characterized by almost perfect
mobility of its molecules and offers very little
resistance to a shearing force. The distinguish­
ing characteristic of a gas is its tendency to
fill all available space (expand). Any gas
mixes with any other gas with great ease and,
in some cases, can pass through solids im­
permeable to liquids.

4-3. Mixture, Emulsion, Suspension, Colloid,
a nd Solution

a. Solids, liquids, and gases are capable of
forming a variety of mixtures within the ir
own classes and between classes. Certain types
of these mixtures are of considerable pract ical
or theoretical importance. The mixtures are
all physical mixtures, those involving no chem­
ical change or loss of identity by molecules.

b. A mechanical mixture consists of two or
more solids, the particles of which are distri­
buted among one another, so that portions of
the same weight taken from different locations
in the mixture contain approximately the
same number of particles of each ingredient.
The classic example of a mechanical mixture
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is that of iron filings and sulfur, which can be
separated into its ingre dients by means of a
magn et or caused t o undergo chemical re­
action by heating.

c. An emu lsion is a ph ysical mixture of im­
miscible liquids, compa rable with a mechanical
mixt ure of solid s. When two suc h liquids are
sha ken or beaten together vigorously, one of
these is broken up into smaller and smaller
drops, which are dispersed more or less uni­
fo r mly throughout the othe r liquid. Such a
mixt ure is kn own as an em ulsion. In many
cases, cess ation of shaking or beating results
in coalescence of the droplets , becau se the sur­
f ace tension of these makes a la rge drop more
physically stable than a small one. The addi­
t ion of an emulsifying agen t results in the
fo rmat ion of a membrane or film around each
droplet so that the emulsion is stable when
shaking is sto pped. In the preparation of
may onnaise dressing, oil is dispersed in vine­
gar by beating. An egg is added and beaten
into the mixture. This act s as an emulsifying
agent, by coating the oil droplets.

d. A suspens ion is a nearly uniform phys­
ical mixture of a solid and a relatively large
amount of a liquid, the distribut ion of the
soli d throughout the liquid being maintained
by agitation or by existe nce of the solid in
very small particles that do not settle out or do
so very slowly. If very finely powdered sand
is added to sufficient water t o f or m two layers
and the mixture is st ir re d, suspension of the
sa nd in the water is obtained. The essential
difference between a suspensoid and an emul­
soid is that in the latter, the particles are
penet rated by the dispersion medium, becom­
ing swollen and evel fluid in the presence of a
sufficiently high ratio of dispersing medium to
solid.

e. A colloid is a special case of a suspension,
the parti cles of one f orm of matte r being un­
able to settle out of another, even though of
density diff erent f ro m that of the suspending
medium. Colloidal particles are molecular ag­
gregates, having diameters of only 0.000001
to 0.0001 mm. When dispersed in another form
of matter, they remain in t his dispersed con­
dition. While foams, fogs, emulsions, and
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smokes represent colloidal suspensions of gas
in liquid, liquid in gas, liquid in liquid, and
solid in ga s, r espectively, the colloidal suspen­
sion of solids in liquids is of greater interest
in the explosives field. In such colloids, the
solid is kept in suspension by the presence of
the particles of electrical charges that tend to
repel th e particles from each other, the pre­
ence on the particle of films of adsorbed sol­
vent, and the continuous stirring effect on the
liquid resulting from the Brownian mov ement
of the colloidal particles.

[, A solution is the ultimate in ph ysical mix­
tures, being a uniform molecular mixture of
substances. It is distinguished from a colloid
in that the largest individual particle present
in a solut ion is a molecule. However, some
macromolecules ar e too la rge to yield true sol­
uti ons, and form a colloidal dispersion, even
in dilute solutions. Although most familiar
with solut ions of solids in liquids, liquids and
gases also may form solutions in liquids. Solids
dissolve in solids, examples being certain alloys
said to represent solid solutions. In some
cases, gases dissolve in solids, an example be­
ing th e solut ion of more than 800 volumes of
hydrogen in 1 volume of palladium under cer­
tain condit ions . The ability of all gases to dis ­
solve each other has been mentioned previ­
ously.

4-4. Gas Volume
a. Avogadro' s hypothesis, a basic theorem

in chemist ry, state s : At the same temperature
and pressure , equal volumes of all gases con­
tain the same number of molecules. Avogadro's
number, 6.02 x 10 23 , is the number of mole ­
cules in a gram-molecule of matter (the num­
ber of gram s equal to the molecular weight).
As a logical consequence of the hypothesis, it
has been f ound that the volume of a gram­
molecular weight of gas, measured at standard
temperature and pressure, is 22.414 liters.
This is known as the gram-molecular volume .
The standa r d condit ions referred to are a tem­
perature of 273.16° K (0 ° C.) (32 0 F.) and a
pressure of 760 mm of mercury (one atmos­
ph ere) .

b. Th e gram-molecular volume of 22.414
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liters holds only for an ideal gas. Real gases
have values that deviate somewhat from this;
but the deviations have bee n determined for
the common gases and appropriate corrections
can be made in calculations.

4-5. Gas Pressure
a. The peculiar nature of gas pressure is

best shown by the fact that this pressure is
exer ted uniformly in all di rections. If there is
considered a sealed cubical container filled
with gas at standa rd temperature and pres­
sure, th e ga s can be visualized as consisting of
molecules relatively far apar t and moving
with great speed. This motion is in a straight
line until the molecule collides with another
molecule of th e gas or with the wall of the
container, wh en the molecule rebounds with
such perfect elas t icity that there is no loss of
motion. The motions of the molecule s are ran­
dom, but the number of molecules is so enor ­
mous that the number movin g in anyone di­
rection wiII be, on the average, the same as
that moving in any othe r direction. Conse­
quently, the number of molecular impacts on
a unit area of any of the inner sur faces of the
container will be the same and the pressure
effect of these impacts wiII be uniform in all
directions. In order t o assi st in this visualiza­
tion, it is to be noted that at 0° C., molecules of
hydrogen move with a velocity of lIt.-mile per
second and, at 20 ° C., a single hydrogen mole­
cule collides with other molecules 10 million
times per second. The illu stration presented
above is that based on the kinetic-molecular
theory.

b. If a given sample of gas is maintained at
constant volume and t emperature, the gas
maintains its pressure indefinitely. This indi­
cates the perfect elasticity of the gas mole­
cules . A perfectly elas t ic body is one that de­
velops no friction on contact with another
body and loses none of it s kinetic energy by
transformation into heat.

4-6. Temperature
a. For each degree centigrade change in tem­

perature, the volume of an ide al gas changes
very closely to 1/273 of it s volume at 0° C. At
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ab solute zero (0 ° K or -273.16 ° C) , gas mole­
cules theor etically are at rest and have no pres­
sure effect . If energy in the form of heat is
absor bed by the molecu le, motion begins with
a velocity proportional to the energy absorbed.
Th e absorption of additional increments of en­
ergy re sults in corresponding proport ional in­
creases in the r ate of motion of the molecule.
Temperature ordinarily is thought of in terms
of hot or cold, as indicated by human sense
perception, but it is to be remembere d that
everything on ear th is relatively hot on the
abso lute temperature scale. We may, therefore,
say that th e ab solute temperature is a measure
of the kineti c energy of the molecules of a gas.

b. Th e critical temperature is that tempera­
ture above whi ch the gaseous form of a sub­
stance cannot be liquefied, no matter how
much pressure is applied. The minimum pres­
sure required to cause liquefaction at the crit­
ical te mpe rature is termed the critical pr es­
sure. The volum e occupied by a gram mole­
cula r weight of a gas or liquid at the critical
temperature and pressure is termed the crit­
ical vo lum e.

4-7. Gas Laws
Ct. Boyle's Law covers the effect of change

in pressure on the volume of a gas and states
that, at constant temperature, t he volume of
a gas is inversely proportional to the pressu re.
This may be stated ma thematically as:

1v cr. ---
.p

where v - is th e volume and p the pressure.
b. Charles' Law covers the effect of change

in te mperat ure on th e volume of a gas a nd
sta tes that, at constant pressure, the volume
of a gas is directly proportional to the abso­
lut e temp erature. Absolute temperature is ex­
pressed in °Kelvin ( 0 C. -273.16). This re la­
tionship is expressed as:

v cr. T

c· From these two laws it is apparent tha t
if the volum e of a gas is kept constant an d
the tem perature is increased, th e pressure will
be increased . Th en at constant volume, pres­
sure is directly proportional to abso lute tem­
perature, or
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p cr.T

The firs t two equations may be combi ned to
give-

T
p

and in troducin g a proportionality factor-
T

v=a - -
p

or pv e- a T
If this equation is applied to one gram-mole- ,
cular weight of gas, the molar gas constant,
R, may be used instead of the constant a and
V is used instead of v. Th e equation is made
more general by in troducing the factor n,
which indicates the number of gram-molecu lar
weigh ts involved in any given case. Then the
expression for the ideal gas law is-

pv =nRT
pV = RT

This expression is in agreement with Avoga­
dro's hypoth esis, accordi ng to which, equal
volumes of gases at the same te mp erature and
pressure contain the sa me number of mole­
cu les. The numer ical va lue of the constant R
depends upon the units used for expressing
volume and pressu re, and t he work done in
effecting change , in volume ca n be calculated
to the basis of the energy re quire d to do such
work. Th e numeri cal va lues for Rare fou ndto
be as fo llows per deg ree per mole (gram­
molecular weight) :

0.08205 liter-atmospheres
8.314 joules
1.9864 calor ies

In calculations in volvin g the gas laws, it is
usually convenient to express R in liter­
atmospheres; in electrochem ical calculations,
R is best exp ressed in joules ; and in .thermo­
chemical calculations, R us ually is given in
calories .

d. Only ideal or perfect gases have pressure­
volume relations in exac t ag ree ment with the
equation pv=nRT. Deviations from th is are
asc ribable to the elect rical attractive forces
bet ween molecules and the incompressibi lity
cf th e molecules as compared with the gas as
a whole. The molecula r attractive fo rce in­
creases any pressure effect and so te nds to de-
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crease volume; while the effect of the incom­
pressibility of molecules, as such , is in the op­
posite direction . As a result, real gases are
more compressible than a perfect gas at low
pressures an d less compressible at high pres­
sures. At some intermediate pressure, the two
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effects counte r balance and the gas fo llows the
relation pv = RT over a small range of pres­
sures. Examples of deviations from the simple
gas laws are shown by table 4-1, in which
pressure is expressed in atmospheres and vol­
ume in liters.

Table 4-1. Pressure-V olum e R elat ions of Gases at 0° C.

H yd r ogen Oxy gen Carbon dioxide
Pressure. ATM.

V V p V p V V pV

1 ---------------------.- 22.428 22.43 22.393 22.39 22.262 22.26
100 -------------_._---- 0.2386 23.86 0.2075 20.75 0.044497 4.497
400 ------------------"- 0.07163 28.65 0.0588 7 23.55 0.04051 16.21
800 -- - - - - - - - - - -- - - -- - - 0.04392 35.13 0.04207 33.66 0.03779 30.23
1000 - - - - - - - -- -- --- - - - -- 0.03837 38.3 7 0.03886 38.86 0.03687 36.87
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f. An equation that describes the relation­
ships between the temperature, volume, and
pressure of a gas is kn own as an equat ion of
state. Because the equat ion of van del' Waals
is inconvenient to use, since it involves the
solv ing of a cubic equation, other equations of
state have been developed. That of Berthelot-

e. The deviat ions of re al gases from the
simple gas laws are expressed by van del'
Walls' equation-

(P+a/v2 ) (V - b) =RT
where b represents t he volume occupied by
the molecules of the gas and a represents the
attractive force betwee n the molecule s. At low
pressures the val ue b is the more important,
but at high pressures and small volumes the
value a becomes important. Table 4-2 gi ves a
and b numerical va lues fo r gas es representing
products of explosion, the units involved being
liters, atmospheres, moles and degrees abso­
lute.

Table 4- 2. Van Der Waals' Equa tion Constants
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[ (
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pv ee n RT 1 + 1;8 ~c ~~ 1 - 6-T~)
involves cr it ical pre ssu re, Pc> and critical tem­
uerature, T c, and is usef ul at moderate pres­
sures . The equat ion

pv-- n RT +a (v) p
developed by M. A. Cook, where a(v) is the
aver age covolume of the products of explosion,
is applicabl e at the hi gh t emper at ur es and
pressures in volved in explosions. The average
covolume is the proportion of the gas volume
occupied by the molecules themselves.

4-8. Thermochemistry
a. General. Thermochemistr y is concerned

with the heat effects and internal ene rgy
changes accompanying chemical r eact ions. As
an explosio n is always an exothermic (heat­
liberating) reaction and gas is produced by
all the st andar d as well as almost all other ex­
plosi ves, the thermochemistr y of explosives
affor ds a ba sis for ca lculating the pressure
and work effects of explosives. The thermal
units are the ca lor ie (cal) and ki logram­
cal orie (k g cal). Th ese are the quant ities of
he at required to increase the te mperature of
1 gram and 1 ki logram of water, respectively,
from 15 ° to 16 ° C. F or purposes of comparison
and conversion, the f ollowing relationships be­
tween calor ies and other ene rgy units are
given :

1 calorie=4. 1855 inte rnational joules
=4.1855 x 107 ergs
= 0.0413 liter-atmosphere

b

4.390
2.253
1.485
3.592
0.2444
5.464
1.390
1.340
5.284
1.360
6.714

a

0.05136
0.04278
0.03985
0.04267
0.02661
0.03049
0.03913
0.02789
0.04424
0.03183
0.05636

GaB

A .mmorna . ._
Methane _
Carbon monoxide _. _... . _
Car bon dioxide _ _
Hydrogen _
Water .. . .__
Nitrogen .. _
Nitric oxide _
Nitrogen dioxide ._. _
Oxygen _
Sulfur dioxide . _
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b. Heat of Formation. When a compound is
formed by the union of its elements, the re­
action may re quir e the input of energy or may
result in the liberation of heat energy. In the
former case, the compound is said to have a
negative heat of formation and, in the latter
case, a positive heat of formation. As it is as­
sumed that each of the elements has zero heat
of formation, such reactions can be repre­
sented as foll ows when the heats of formation
and reaction are expressed in kilogram­
calories per mole .

N2+2 H2=N,H4 -22.70 kg cal
-22.70

Ca+2 C =CaC2+14.6 kg cal
+14.6

c. Heat of Combustion. As it is very difficult
in many cases to form compounds directly
from their elements and determine their heats
of formation, it is necessary to derive such
values indirectly. As many compounds are
susceptible to combustion (oxidation), it is
practicable to determine the heat of combus­
tion and calculate the heat of formation from
this. An example follows:

C + O2= CO2+ 94.385 kg cal
+94.385

CO+ 1/2 0 2=C02+67.957 kg cal
+94.385

From this the heat of formation of carbon
monoxide is calculated to be 94.385-67.957 or
26.428 kg cal per mole. In the case of water,
the heat of combustion of hydrogen is found
to be-

H2+ 1/2 02=H20 (liquid) +63.387 kg cal
and the heat of formation of liquid water
therefore, is 68.387 kg cal. However, the heat
of liquefaction and cooling of gaseous water
has been determined to be 10.561 kg cal per
mole, so the heat of formation of gaseous
water would be 68.387 -10.561 or 57.826 kg
cal and the equation for its formation would
be-

H2+ 1/2 Oz=H20 (gas) +57.826 kg cal
+57.826

] '1 making thermochemical calculations, there­
f ore, it is necessary to take into account the
!',l'ysical conditions of the reactants and pro­
-Iucts of reaction. Heats of combustion are de­
ter mined in a calorimetric bomb under condi-
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tions of constant volume. If the oxidation re­
action were to take place under conditions of
constant pressure, some of the energy libera­
ted would be utilized for displacement of the
air surrounding the reactants. Determination
at constant pressure would allow for the dif­
ferences between compounds, with respect to
changes in volume, and make heat of combus­
tion and derived heat of formation values
more directly comparable. It therefore is cus­
tomary to determine heats of combustion at
constant volume, calculate this to constant
pressure basis, and calculate from this the heat
of formation at constant pressure. Since the
volumes of solids and liquids are negligible as
compared with those of their gaseous products
of oxidation, and gaseous products are always
formed from solid or liquid explosives, their
heats of combustion at constant pressure are
always less than those at constant volume. To
convert the heat of combustion measured at
constant volume to that at a constant pres­
sure, the gram-molecule increase in gas volume
is multiplied by 0.582 kilogram calorie and
then subtracted from the heat of combustion
measured at constant volume. The result is the
heat of combustion at constant pressure. An
example is the combustion of dinitrobenzene-

C6H4N704 (solid) +502 (gas) =
6C02 (gas) +Nz (gas) +2H20
(liquid) + 704.8 kg cal

From this it is seen that the seven molecular
volumes of gas formed represent an increase
of two over the five of oxygen required for
complete oxidation. The heat of combustion at
constant pressure therefore is-

704.8- (2) (0.582) or 703.634 kg cal
This method gives only an approximation, due
to deviations from the gas laws and the fact
that solids and liquids do not actually have
zero volumes.

d. Heat of R eaction. Since, from the equa­
tions in a through c above, the heat of reaction
is equal to the difference between the heat of
formation of the product and the sum of the
heats of formation of the reactants, it is prac­
ticable to calculate the heat of reaction, if the
heats of formation of all the reactants and
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products of reaction are known. An example of
this is the following:

H20 (liquid) +S03 (gas) = H2S04
(liquid) +29.843 kg cal

A statement of heat of combustion or reaction
has little significance unless the temperature
is stated or understood. It is necessary that all
heats are referred to the same temperature,
whi ch is usually taken as 25 ° C. Temperature
is important, since a reaction may be endo­
thermic at room temperature, but exother mic
at explosion temperature.

e. H eat of E xplosion. All military high ex­
plosi ves, except nitroglycerin and ammonium
nitrate, and all solid propellants are oxygen
deficient, that is, they do not contain sufficient
oxygen to convert all of the carbon and hydro­
gen present to carbon dioxide and water, re­
spect ive ly. Since they cannot utilize atmos­
phe r ic oxygen during detonation or auto com­
bust ion, the products of explosion consist
ch iefly of mixtures of carbon monoxide, ca r­
bon dioxide, hydrogen, water, and nitrogen;
and the heat liberated by explosion is less than
that produced by complete combustion to car­
bon dioxide, water, and nitrogen. An example
f ollows: 80-20 amatol is an oxygen-balanced
exp losive that detonates according to the
thermochemical reaction.

21NH4N03+2C7H,N306= 14C02+47H20
1846.53 32.72 1321.39 2717.82

(gas) +24N2+2159.96

kg cal
This is equivalent to a heat of explosion of
1011 .1 kg cal/kg and a gas volume of 892 .24
liters/kg measured under standard condit ions
of 0° C. and 1 atmosphere pressure. 60-40
amatol , corresponds to the mollecular propor­
tions

17NH4N0 3+4C7HsN306
and contains 75 percent of the oxygen r equired
fo r complete oxidation of the carbon and hy­
drogen present. In order to determine the dis­
tribution of the available oxygen in the for­
mation of products of explosion, advantage is
taken of the water-gas reaction equation

CO H20
- ·--=K
CO2 H2

It has been found that the value of k varies

AGO l C020A
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with temperature above 1,200° C., being ap­
proximately 7.0 at the temperature of exp lo­
sion of th e composit ion. If this also is used in
the setting up of simultaneous equat ions, it is
found that t he equatio n for the explosion of
60-40 amatol is-

17NH4N03+ 4C7HsN30 6=
1494.81 65.44

17CO + llC02+36H20

(gas) + 8H2+23N2+2009.24 kg cal
449.5 3 1038.23 2081.74

This is equiva lent to a heat of explosion of
884.4 kg ca l/kg and a gas volume of 858.33
liters /kg. Bv compa r ing these valu es with
those for 80-20 amato l, it is seen that lack of
oxygen bal ance results in decrease in both he at
of explosion and gas volume on a weight ba sis.
The same method can be applied t o pro pella nts
conta ining a number of compounds, by calcula­
ting th e empirica l f ormula of 1 ki logram and
using this as a basis f or deriving an equilib­
rium equation similar t o that shown above for
60-40 amatol. In ca lcula t ing the volume of
gas pro duced. the wa ter bein g gaseous, ad­
vant age can be taken of the fact that t his is
the sam e as if the explosive or propellant had
been oxidized completely to carbon dioxide,
gaseo us water , and nitrogen , but only if ap­
preciable amounts of methane, ammonia, or
solid car bon a re not fo r med.

[, T emperatur e. Th e temperature developed
by the products of an explosion depends upon
the quantity of hea t liberated, the volume of
gaseous products of exp losion, and the specific
heat (at cons tant volume ) of t he products.
No method f or determinin g the maximum
temperature of an exp losion has been devel­
oped, and this va lue must be ca lculate d. The
best method f or this involves the solving of
five simultaneous equat ions conf orming with
t he hydrodynamic theor y of detonation (see
para 4-10) . Appli cation of this method has
given the r epresentative values shown in
table 4-3.

4-9. Ignition Temperature

a- A combustible substance, such as wood or
coal , mu st be heated to a certain temperature
before it s r eac tion with the oxygen of the air
proceeds so rapidly that the hea t of combus-
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t ion is sufficient to maintain a temperature at
whi ch the re action is self-sustaining an d emits
light. The minimum temperature required to
bring about such self-propagat ing combustion
is te rmed the kindling temperature of the sub­
stance, and if th e burning substance is cooled
below its kindling temperature, combustion
ceases. Th e kindling temperature of a material
may also be considered the minimum temper­
at ure at which th e heat of reaction is libe rate d
faster than it is conducted and radiated away.
Th e kindling temperature of a material will
vary somewha t with conditions, particularly
th e state of subdivision of the material.

b. Whil e many military explosives and pro­
pellant s contain sufficient oxygen to permit
autocombust ion, each must be heated to a min­
imum temperature for a period of time, before
combust ion can be self -propagat ing. This is
termed th e ignition temperature, and is gen­
erally taken as the minimum temperature
which will cause ignition within a 5-second in ­
terval. E xperimental work has indicated that
th e ignit ion temperature of a high exp losive
corresponds rather closely with its probable
boiling point , and that the vapor phase is
what actua lly undergoes ignition. As TNT,
PETN, and picr ic acid have been found neither
to detonate nor burn in a vacuum, it is prob­
able th at th eir boiling points in a vacuum
are lower than their ignition temperatures.

c. Th e igni ti on temperatures of high ex­
plosives are of relatively little practical im­
por ta nce, but th ose of propellants are impor­
t ant. Since propellants are used under condi ­
tio ns wher e th ey und ergo burning, the lower
the ignition temperature, the more rapidly will
ignition take place and the more uniformly
will burning progress.

4-10. Theory of Deflagration and
Detonation

a. Defuuiraiion, If a particle of an explosive
is subjec ted to heat so as to cause a rapid in­
crease in its t emperature, a temperature is
reached at which the rate of exothermic de­
composit ion becomes significant. At tempera­
t ures within th e approximate range of 500 0 to
1,700 0 C., this decomposition involves volatili-

4-8

zation f rom the surface prior to decomposit ion.
The heat liberated by decompo sition incr eases
the rate of reaction, and the resulting r ate of
increase in temperature is exp onent ial. At a
certain temperature, characteristic of the ex­
plosive, the output of heat is sufficient to en­
able t he reaction to proceed and be accelerated
without input of heat from another source.
At this certain temperature, called the igni ti on
temperature, deflagration begins. Deflagration
is a surface phenomenon, with th e reacti on
products flowing away from th e unreact ed ma­
terial below the surface. Deflagration of all
the particles in a mass of finely divided ex­
plosive can occur nearly simultaneously. In
such case, the confinement of the particl es
within the mass, because of the viscosity of
the gaseous products, has the effect of in­
creasing pressure. Increase in pressure, in t urn,
ha s the effect of increasing r ate of r eacti on
and temperature. The final effect of deflagra­
tion under confinement is explos ion, which
may be violent deflagration or even detonati on.
In the case of low explosives such as loose
black powder and pyrotechnic compositions,
only violent deflagration can take place. Ni­
trocellulose propellants can und ergo burning
or, if confinement is suffic ient, deflag rat ion
can become so rapid that detonation ens ues.
High explosives und ergo a variety of reactions
to intense heat , such as that of flame. Lead
azide undergoes no initial deflagrat ion, even at
atmospheric pressure, while diazodinitr ophe­
nol undergoes only deflagration, unless th ere
is sufficient confinement to insure th e develop­
ment of some pressure during deflagration.
Nitroglycerin in small quantity can undergo
deflagration at atmospheric pressure, but if
the quantity is larger, defla gration produces
so much heat that detonation follows quickly.
TNT can deflagrate even in large quantities
when there is only slight confinement , but de­
flagration is follow ed by det onation if con­
finement is such that pressure of some ma g­
nitude can be developed. Ev en ammonium ni­
trate, a very insensitive material, can be
caused to detonate if confinem ent is such th at
a pressure of 2,500 to 3,000 psi can be devel­
oped during deflagrati on.
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b. Detonation.

(1) The hydrodynami c theor y of deto na ­
tion, based on physical theories of
shock waves and the chemical theory
of absolute r eacti on rates, utilizes the
establishe d law s of conserv ation of
mass, ene rgy, and momentum. As de­
rived, the hydrodynamic theor y ap ­
plies to explosives under complete
confinement or in the fo r m of cy­
lindrical cartr idges or spheres of suf­
ficient diam eter that the material
near the center of the mass may be
regarded as conpletely confined.

(2) By application of the three laws,
there can be established th ree equa ­
tions reiating t he five va riables, pres­
sure, density (volume -I ) , tempera-

TM 9-1 300- 2 14

t ure, detonation rate, and tran sla­
tional velocity of the ga seous mole­
cules of t he reaction products. An
equation of state

pv ee n RT+a (v) p
is used; and a fifth equation is ob­
t ained, by applying the physical
principle that a shock wave passes
through a ga s with a velocity equa l
to the sum of the translational velo­
city of the gas plus the velocity of
sound in the ga s at its final te mpera­
ture and density. By solut ion of the
five simultaneous equa tio ns, th e char ­
acteristics of a given explos ive can
be calculated.

(3) From the information obtained
through the hydrodynamic theory, a

•
A-EXPLOSIVE BEFORE DETONATION

UNDETONATED EXPLOSIVE

I
DETONATION

PRODUCTS

\
SHOCK ZON E

CHEMICAL REACTION ZONE

B-EXPLOSIVE PARTIALLY DETONATED RA PO 167353

•
AGO I OO~OA

Figure 4- 1. P rogress of detollation th rouul: a column of ex plosive.
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Table 4- .1. Detona t ion Charactcrist.ics of E xplosi ves

second. With high initial tempera­
tures, it appears that the last 75 per­
cent of the reaction requires only
about 10 - 11 second.

(5) On the basis of the hydrodynamic
theory, the characteristics of detona­
tion of explosives have been calcu­
lated and representative values are
given in table 4-3.

4-11. Rate of Burning

a. As ordinarily applied, the term burning
refer s to the high temperature oxidation of an
organic material or other fuel, such as sulfur
or hydrogen. Ordinarily the oxygen utilized
in such burning is that present in the sur­
rounding air. Some high explosives and all pro­
pellants can undergo a type of autocombustion,
also referred to as burning, in which the oxy­
gen present in the material is utilized for ox­
idizing the ca rbon and hydrogen. The exother­
micity of this recombination is such that auto­
combustion is self-sustaining from layer to
layer of the material. If the material contains
sufficient oxygen to convert all the carbon and
hydrogen present to carbon dioxide and water
these and nitrogen are the gaseous products of
burning. If less than th is proportion of oxygen
is present in the high explosive, or propellant,
carbon monoxide and hydrogen also are
formed .

b. Some high explosives, such as mercury
fulminate, can un dergo burning only when
they have a thickness of layer of about one
crystal. If t he layer is thicker, burning is
t ransformed into detonation. If desensitized by
pressing (dead pressed) at 25,000 psi or more
and then ignited, mercury fulminate burns
without detonat ion , the rate of burning decreas­
ing with increase in density.

c. Priming compositions burn with great

(4)

mechanism of detonation can be vis­
ualized (see fig. 4-1). After the det­
onator functions, a detonation zone
in which the chemical reaction i~
taking place, travels through the col­
umn of explosive. This detonation
zone is generally considered to in­
clude a very narrow shock zone (10 -~

em) or shock wave. Little or no chem­
ical reaction occurs in this shock
zone, but the pressure reaches its
peak. The detonation zone includes
not only this shock zone, but also the
chemical reaction zone (0.1-1.0 cm ) ,
Following this detonation zone are
the detonation products. In front of
the shock zone is the unreacted ex­
plosive in its original state of density,
pressure, velocity, and temperature.
At or near the beginning of the chem­
ical reaction zone, the high tempera­
ture to which the material is raised
by compression in the shock zone
initiates chemical reaction. Maxi­
mum density and pressure occur at
the beginning of the reaction zone,
while the temperature and velocity
reach their peak at the completion
of the chemical reaction. The detona­
tion products flow with great velo­
city, but of lesser degree than the
velocity of the detonation zone, to­
ward the undetonated explosive. This
is characteristic of detonation in con­
tradistinction to deflagration, in
which case the reaction products
flow away from the un reacted mate­
rial. The velocity of advance of the
detonation zone is termed the det ­
onation Tate.

As each individual molecule of ex­
plosive undergoes ordinary thermal
reaction starting with a low initial
temperature, there is a lag effect or
induction period that depends ex­
ponentially on the reciprocal of the
initial absolute temperature. With an
initial temperature of 725 0 C., the in ­
duction period is of the order of 1 0 - ~

Nitroglycerin
T'etryl __
TNT
Ammonium nitrate

Loadinu De ton ation
dens ity. T rns n er a t u re, Pressu re, ro t c ,
(G / M L) ( 0 C.) (10 . IT"!) ousrc:

1.60 5,370 U J9 8.060
UiO 4,480 1.48 7,12 5
1.50 3,600 1.10 6,480
1.00 1,350 0.25 3,420
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rapidity but do not undergo detonation. The
detonation of those containing lead azide, mer­
cury fu lminate, or lead styphnate is prevented
by the dampening effect of relatively inert in­
gredients, such as antimony sulfide, lead thio­
cyanate, gro und glass, or sulfur.

d. While hi gh explosives, such as TNT and
tetryl, burn with the aid of atmospheric oxy­
gen, they do not undergo autocombustion at
atmosphe r ic pressures. The destruction of
such materials by the burning of thin layers,
therefore, is practicable. Nitroglycerin, on the
other hand, undergoes little if any autocom­
bustion prior to detonation, even at atmos­
ph eric pressure.

e. Except as ingredients of propellant com­
positions, hi gh explosives are not used under
conditions wh ere they undergo burning rather
than detonat ion. The burning rates of high
explosives, therefore, are of little practical
significance. Propellants are utilized under
conditions wh ere they undergo autocornbus­
tion and deto na t ion is very undersirable.

4-12. Rate of Detonation

a. The rate of detonation of a given explo­
siv e, provided that sufficient initiator or
booster explosive is used, is determined by its
degree of confinement and loading density. If
confined only slight ly, as by a cardboard or
glass tube, a cylindr ical column of high ex­
plos ive detonates at a lower rate than if a
heavy steel tube sur rounds the explosive. This
is because of the greater loss of energy in
directions at ri gh t angles to the axis of the
column. This effect is seen also if the diameter

TM 9-1 300-2 14

of the column of explosive is decreased. I n
such case, there is a minimum diameter, also
dependent upon degree of confinement, below
which detonation cannot propagate ifself
through out the length of the column. In prac­
ti ce, detonation rates are determined with col­
umns 1 inc h or more in diameter confined in
She lby steel tubing or as strong a mater ia l
as the test method will permit . Decrease in
loading density causes decrease in rate of det­
onation, the relationship being linear .

b. Each explosive has a characteristic max­
im um rate of detonation for a given de nsity,
although in the least sensitive explosives, par­
ti cle size has some effect on this value. If an
explosive is improperly initiated or has be­
come desensitized, a detonation wave can, in
some cases, progress through the explosive at
mu ch less than its normal maximum rate. Al­
though nitroglycerin usually detonates at a
maximum rate of about 8,000 meters per
second, it can do so at rates as low as 1,500 to
2,000 meters per second. However, investiga­
t ion has indicated that not all of the nitro­
glycerin is detonated in such cases. Gelatin
dyn am it es, which normally detonate at rates
of about 4,000 meters per second when manu­
fact ured, sometimes become desensitized dur­
ing storage and detonate at about half the
or iginal r ate.

c. As used in military ammunition, high ex­
plosives a re loaded by casting in a molten
fo rm or by pressing to near their maximum
densiti es. A comparison of the rates of deto na­
t ion of some of the standard high explosives

Ra te of deton ation. meters per second at density of-

1.50 i .ss 1.57 1.60 1.63 1.70 1.71

RDX ------ ----- ------ --------------------- -------- 7,650 -- - ----- -------- -- .._-- - -- - -- - _. - - - - - - - 8,400
PETN ------------------------------------------ 7,525 -_., - - - - - - - - -- - - - - - - --- - - --- -- 8,300 -------
Haleite -- --------- -- ------ ------------------- ---- 7,570 7,750 - -- - - - - --- - - -- - - - - - - - ----- -- - --- ---
Tetryl ------------------------------------------ 7,125 - ---- --- - --- - - - ----- - - - - - - --- - - -- - - - 7,850
Nitroguanidine ---------------------------------- 7,450 7,650 ------- - ------ - - - - - - - - --- --- -------
Picric acid --------------- --- -------------------- 6,775 - -- - - - - --- ---- - - - - - - - ------ - 7,350 -------
Pi cric acid, cast ------------------ ------- --------- --- ---- -- --- -- -_. _- - -- - - - - - - - ---- --- ------- 7,350
Explosive "D" -------- -- ------------------------- 6,710 - ----- - - - - - -- - - - - - - - - - 7,150 ------- -------
TNT _..- ------------------------------------------ 6,620 -_ . ~ -- -- - ------- 6,970 - --- - - - -- ---- - ----- - -
TNT, cast --- ------------------------------------ ._- - - - - _. ----- -- 6,675 -- - ---- - ------ ---- - -- - ------

•

•
A GO 10020A

T able 4-4. R a tes of Deton ation of H igh E tcploeivee

4-11

---~--_ .. ~ .._.. .~ . ~ . .. ~..~._-~._- - -----------~



TM 9-1300 - 214

at a giv en density and at their maximum load­
ing density values is given by table 4-4.

d. In general, the r ates of detonation of ex ­
plosives are reflected by their relative br isance
(shattering or fragmentat ion ) va lues. The
higher the rate of detonat ion 'of an explosive,

4-12

the gre ate r the brisance and the more effec­
tive it is as a booster cha rge t o ini t iat e another
explosive. This is the r eason f or the use of
RDX, PETN, and tetryl in comp ound detona­
tor s, and the use of tetryl in booster s fo r ar ti l­
lery shell.

AGO l 0020A
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CHAPTER 5

PROPERTIES AND TESTS OF HIGH EXPLOSIVES

•
•

•

•

5-1. Sensitivity

a. Sensitivity to Impact.

(1) It is well known that explosives pre­
sent consid erable hazard when sub­
jected to shock, but it is only recently
that the mechanism of explosion by
impact has been elucidated. It was
long thought that initiation of exp lo­
sion by a blow was due to rapid shear
causing rupture of explosive mole­
cules or the ener gy of impact causing
direct mechanical excitation of such
molecules. It has been since found
that explosion by impact probably is
due to the development in the explo­
sive of hot spots of finite size. Such
hot spots are indicated to be formed
by the adiabatic compression of small
air or vapor bubbles trapped within
the explosive, the friction of a par­
ticl e of grit with a crystal of the ex­
plosive, or the viscous heating of rap­
idly flowing explosive under the pres­
sure of impact. The first of the three
causes is the most generally operative
and can explain the initiation of ex­
plosives free of grit and those having
very high melting points.

(2) The greatly compressed gas bubble
becomes highly heated and is sur­
rounded by explosive also under con­
siderable pressure at the instant of
impact. If the temperature of the gas
and the pressure are sufficiently great,
explosion of th e molecules adjacent to
the gas is initiated and the explosive
wave propagates itself throughout the
rest of the explosive. The tempera­
ture required for explosion and, there­
fore , the degree of compression and

AGO I 0020A

severity of impact will vary for dif­
ferent explosives.

(3) In practice, sensitivity to impact is
expressed as the minimum height of
fall of a given weight required to
cause at least 1 explosion in 10 trials,
or the minimum height of fall of a
given weight to cause explosions in 50
percent of the trials. In such tests,
the explosive is ground so as to pass
through a No. 50 seive and be re­
tained on a No. 100 sieve. Examples
of the test equipment used are the
Picatinny Arsenal standard appara­
tus shown in figures 5-1 and 5-2 and
the U.S. Bureau of Mines apparatus
shown in figure 5-3. In carrying out
the test with the Picatinny apparatus,
a steel die cup is filled with the ex­
plosive, covered with a brass cover,
surmounted with a steel vented plug,
placed in a positioned anvil as shown
in figures 5-1 and 5-2, and subjected
to the impact of a weight falling from
a predetermined height. The mini­
mum height, in inches, required for
explosion is found after repeated
trials. In making the test with the
Bureau of Mines apparatus, 0.02 gram
of the sample is spread uniformly on
a hard steel block, over a circular area
1 centimeter in diameter (fig. 5-3).
A hard steel tip of that diameter, im­
bedded in a steel plunger, is lowered
so as to rest on the explosive and
turned gently so as to insure uniform
distribution and compression of the
explosive. The plunger then is sub­
jected to the impact of a weight fall­
ing from a predetermined height.
When the minimum height required

5-1
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5-2

G I~NCHES

-Tn'ii-- 2 KILOGRAM WEIGHT

5DIE CUP ASSEMBLY
l CONTAI N ING TEST EXPLOSIVE

" r:'tt:::--e=:;--:----~;__ ANVI L

RA PD 167354

Fioure 5-1. Pi cat innu Arsena l impact test apparatus.
AGO l0020A
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II. Material in molten condition.
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5-3

l m.pact: t est, Pi cat inny ap paratus minimum
height in in ches, of fa ll of 2 K G we ight
to ex plode

.fl mnwnium
RDX TNT ni trate

Temperature. 0 c.

Test data for TNT, RDX, and am­
monium nitrate in this connection are
given in table 5-1.

Table 5-1. Effect of T emperatu re on Se nsiti'vity to
Impact

(5) Comparative values for the sensitiv­
ity of military explosives to impact
are given in tabular form in appen­
dix A.

b. Sensitivity to Friction.
(l) Like explosion by impact, the initia­

tion of explosion by friction is ascrib­
ed to the formation of hot spots. In
the case of frictional initiation, the
first stage usually is a burning proc­
ess . Lead azide is an exception t o this,
true detonation starting at the poi nt
of initiation. For a given frictional
force, the incidence of hot spots is
determined by the thermal conductiv­
ity of the sliding surfaces involved.
The melting point of the friction­
producing material also is of impor­
tance, as this determines the highest
temperature that can be developed. If
this is low in value, explosion cannot
be caused by friction. The sens it izing
action of grit appears to be of no
effect if the melting point of the gr it
is below 500 0 and if the hardness is
below 2-3 on the Moh's scale. The
most effective seem to be particles
with high hardness (4 and up) and
high melting point.

(2) In practice, the sensitivity of explo­
sives to friction is determined by the
pendulum friction test (fig 5-4). This
is made by means of a pendulum, to

25_________________ 8 14 31
75______________________________________ 28
80___________________________ 7 _
90_________________ 8 " 3 _
100_____________________________________ 27
105________________ 5 " 2 _
150_____________________________________ 27
175_____________________________________ " 12

RA PD 16735 5

~ VENTED PLUG

(""'" CA P

for explosion is found after repeated
trials, this is expressed in centi­
meters. The Picatinny apparatus can
be used for testing explosives having
a very wide range of sensitivity, but
the Bureau of Mines apparatus can­
not cause the explosion of the most
insensitive explosives and can be used
only for testing explosives no less
sensitive than TNT. The Picatinny
apparatus can be used for testing
solid or liquid explosives. The test
with the Bureau of Mines apparatus
can be modified so as to be applicable
to liquid explosives. This is accom­
plished by using 0.007 - 0.002 gram
(l drop) of the explosive absorbed in
a disk of dry filter paper 9.5 mm in
diameter.

(4) In general, the sensitivity of an ex­
plosive, as determined by the impact
test, increases with temperature; and
the molten material is much more
sensitive than the hot, solid material.

Figure 5- 2 . Pa rts of Picatinny Arsenal impact test
ap paratus.
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2 KILOGRAMl
WEIGHTS·-~~~

PLUNGER TIP-

BASE BLOCK

RA PO 167356.-0-_-
Figure 5-3. Bureau of Mines impact test apparatus.
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the lower end of which is attached a
20-kilogram shoe with an inter­
changeable face of steel or fiber. The
shoe is permitted to fall from a
height of 1 meter and sweep back and

TM 9-1300-214

forth across a grooved steel friction
anvil. The pendulum is adjusted to
pass across the friction anvil 18±1
times before coming to rest when no
explosive is present. The adjustment

TURNBUCKLE

RA PD 167357

• AGO lO020A

Figure 5-4. Pendulum friction test apparatus.
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is made by raising or lowering the
A-frame by means of an eccentric
shaft connected to a control lever. A
turnbuckle connected to the control
lever and A-frame holds the control
lever in the desired position. A 7-gram
sample of the explosive is then spread
evenly in and about the grooved por­
tion of the friction anvil, and the shoe
is allowed to sweep back and forth
over the anvil until it comes to rest.
Tests of 10 portions of the sample
are made, and the number of snaps,
cracklings, ignitions, and/or explo­
sions is noted. As the steel shoe is the
more effective in causing exp losions,
te sts with the fiber shoe sometimes
will show differences between explo­
sives indicated by the steel shoe to be
of the same degree of sensitivity.

(3) Comparative values for the sensitivity
of military explosives to friction are
given in tabular form in appendix A.

c. Sensitivity to Frictional Impact.
(l) Another test used for differentiating

explosives, with respect to sensitivity
to mechanical shock, is the rifle bullet
impact test, in which the explosive
is subjected to a combination of im­
pact and friction (fig. 5-5). A bomb
is prepared by screwing a closing cap
to one end of a piece of cast-iron pipe
3 inches long, 2 inches in diameter,
and threaded at both ends. The bomb
is filled with the cast, pressed, or
liquid explosive and is closed by
screwing on a closing cap. With the
loaded bomb in a vertical position, a
caliber .30 bullet is fired through it
from a distance of 30 yards, so that
the bullet strikes between the two
closing caps and at a right angle to
the axis of the bomb. Five or more
such tests are made and the percent­
age of explosions is noted.

(2) Comparative values obtained by rifle
bullet impact tests of military explo­
sives are given in tabular form in ap­
pendix A.

5-6

PATH OF BULLET

Fi gu re 5-5. Rifle bullet im pact test bomb.

d. Sensitivity to Heat and Spark.
(1) Heat causes the decomposition of an

explosive at a rate that varies with
the temperature. Almost all explosives
are characterized by a critical tem­
perature, below which the rate of de­
composition is so small as to be neg­
ligible. Nitroglycerin has a crit ical
temperature of approximately 50 0 C.,
and, above this, the increase in rate
of decomposition with increase in
temperature is disproportionate. Oth­
er explosives have higher critical tem ­
peratures, those of TNT and tetryl
being about 460 0 and 235 0 C., respec­
tively.

(2) If a small mass of an explosive is sud­
denly subjected to a high ambient
temperature, there ensues an induc­
tion or incubation period during
which the explosive absorbs heat. If
the ambient temperature is suffi­
ciently high, decomposition of part of
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Table 5-2. Classifica tio n. of E x plosives. W i th Re spect
to Hazard From. Electric S parks

(7) Nonelectric sparks, such as those
from steel, burning wood, et c., are
much more effective in causing igni­
tion and, therefore, represent greate r
hazard. As an example, black powder
must be classed as a very dan gerous

Dangerous

Bl ack powder
Diazodini trophenol
E. C. powder
E xplosive "D"
Lea d azide
Lea d styphnate
Mercur y f ulminate
Tetr acene
Tetr yl
Tetrytol
U ngraphited smo keless

powder

A number of such tests is made with
the temperature of the bath varied so
as to produce flashes or explosions
over a range of app roximately 2 to
10 seconds. The data so obtained are
plotted as a time-temperature curve
and from this is found the te mper a­
ture required to cause flashing or ex­
plosion in 5 seconds.

(4) Another method, whi ch has been used
extensively, is to drop individual par­
ticles of the explosive on the su rface
of molten metal, the temperatur e of
which is indicated by means of a suit ­
able thermometer. Th e temperature
of the metal is incr eased until explo­
sion or flashing of the material takes
place in 0.1 second or less.

(5) Test values for the sens itiv ity of mil­
itary explosives to heat are give n in
tabular form in appendix A.

(6) The intensely heated volumes of air
caused by discharges of static elec­
tricity can cau se the igniti on of solid
or liquid explo sives or th e explosion
of mixtures of explosive dust with
air. No standard test ha s been estab­
lished for evaluat ing sens itivity to
spark, but the results of experimental
work are summarized in table 5-2.

Not da ngerous

Bullseye powder
Composition B
Composit ion C- 3
Graphited smokeless

powder
PETN
RDX
TNT

the explosive liberates heat and causes
acceleration of the increase in tem­
perature of the remaining explosive.
When the temperature reaches a cer­
tain value characteristic of the explo­
sive, the rate of the decomposition
value becomes so great that explo­
sion of the remaining material takes
place. The temperature of the prod­
ucts of explosion is enormously great­
er than that developed during the
prior slow decomposition; and if the
explosion is so brought about at the
end of a column of explosive, self­
propagating detonation of the column
can ensue. This occurs with ease when
the explosive is of the initiating type,
but it is not practicable to initiate
the detonation of high explosives such
as TNT and tetryl by externally ap­
plied heat unless the explosive is un­
der considerable pressure. This is due
to the impracticability of developing
the extremely high ambient tempera­
tures necessary to reduce the incuba­
tion period to the order of 10 - 5 second.

(3) In practice, the relative sensitivity of
explosives to heat is determined by
means of the explosion temperature
test, which is made by means of the
equipment shown by figure 5-6. Sam­
ples of 0.02 gram of the explosive, of
such fineness as to pass through a No.
50 sieve, are transferred to empty
gi ldingmetal cups of the type used for
No.8 blasting caps and compacted by
tapping. Each blasting cap is then im­
mersed to a fixed depth in a bath of
molten Woods' metal. The molten
metal bath is maintained at a prede­
termined temperature by means of an
electric furnace equipped with a rheo­
stat, the temperature being read by
means of a thermoelectric pyrometer,
having a temperature range from 0°
to 1,400 ° C. and graduated at 10-de­
gree intervals. By means of a stop
watch the time of immersion required
to cause flashing or explosion is noted.
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explosive with respect to solid sparks,
and all explosives must be classed as
dangerous in this respect. It is for
this reason that only nonsparking
tools are used in mechanical opera­
tions in connection with both high
and low explosives.

e. Sensitivity to Initiation.
(1) Just as explosives vary greatly with

respect to sensitivity to impact, fric­
tion, and heat, so do they vary in
sensitivity to initiation by another
explosive. Particle size affects the
sensitivity to some extent, as do tem­
perature, density, and physical state.
Cast TNT is distinctly less sensitive
to initiation than pressed TNT. Solid
nitroglycerin is less sensitive than the
liquid material. Decrease in initial
temperature causes decrease in sensi­
tivity to initiation, but this is not of
great magnitude. Increase in density
causes decrease in sensitivity, this ef­
fect being most pronounced with the
least sensitive explosives. The effects
of change in particle size vary con­
siderably. Decrease in the average
particle size of TNT causes increase
in sensitivity to initiation, but reduc­
tion of the average particle size of
ammonium nitrate past a certain
value causes desensitization.

(2) In general, sensitivity to initiation is
parallel to sensitivity to impact; but
this is not true with respect to sensi­
tivity to initiation and heat.

(3) Relative sensitivity to initiation is de­
termined by means of the sand test,
conducted with diminishing weights
of an initiator, such as lead azide, un­
til there is obtained the minimum
amount which will cause complete
detonation of 0.40 gram of the pow­
dered explosive when pressed in a
blasting cap shell under a pressure of
3,000 psi (see fig. 5-7). A few explo­
sives, such as explosive D, cannot be
detonated directly with lead azide or
mercury fulminate. In such cases,
there is pressed on top of the 0.400

AGO 10020A
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gram of explosive under t est a weigh­
ed charge of powdered tet r yl and the n
a charge of 0.200 gr am of lead azide.
By repeated t ests with diminishing
weights of tetryl, there is determined
the minimum weight of te t ryl r e­
quired to ca use complete detonation
of the 0.400 gram of ex plosive.

(4) Minimum detonating charge values
for military explosives are given in
tabular form in appendix A.

5-2. Stability
a. The very fact that cer ta in chemical com­

pounds can undergo explosion wh en heated in ­
dicates that there is someth ing un stable in
their structures. While no precise explanation
has been developed for this , it is generally
recognized that the nitrate, ni t r o, n it r oso,
diazo, and azide groups are int r insically in a
condition of internal st rain . Increased strain
through heating causes a sudden disr uption of
th e molecule and con sequent ex plos ion.

b. In some cases, thi s cond it ion of molecular
instability is so great that decomposition takes
place at ordinary temperatures at rates char­
acteristic of the compounds. TNT has been
found to undergo negligible decomposi t ion in
20 years, inositol hexanitrate [C6H6(N03)6] de­
composes rapidly in a few days, a nd mercuric
azide sometimes explodes as rapidly as it crys­
tallizes from solution. The presence of moi s­
ture, in some cases, acc elerates such decompo­
sition by adding a hydrolytic r eacti on that pro­
duces free nitric and nitrous aci ds.

c. Because of the necessity f or withstand­
ing long time storage and adve rse tropical
temperatures, military explos ives are selected
so as to have maximum chemical stability as
well as other sat isf actor y characteristics. Fur ­
thermore, efforts are being made continuously
to replace compounds that are cons idered to
be weak with respect to stability. An example
is the virtual replacement of mercur y fulmi­
nate, which was used for many years in sp ite
of poor stability because of the nonavai labili t y
of a superior substitute. Mor e stable new
materials are replacing nitroglycerin in some
propellants. The replacement of nitrocellulose
at this time is impracticable fo r logistics and

5-9
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a

REINFORCINGl
CAPf

c

b

a-TEST EXPLOSIVE INITIABLE BY FLAME: INITIATING
EXPLOSIVE NOT REQUIRED

b-TEST EXPLOSIVE NOT INITIABLE BY FLAME:
INITIATING EXPL OSIVE REQUIRED

c-TEST EXPLOSIVE NOT IN IT IA BLE BY FLAME:
INITIATING AND BOOSTER EXPLOSIVES REQUIRED

A-INITIATING EXPLOSIVE: 0.300 GRAM LEAD AZIDE
IN b; 0.200 GRAM IN c

B-BOOSTER EXPLOSIVE: 0.100 GRAM TETRYL
C-HIGH EXPLOSIVE UNDER TEST: 0.400 GRAM

RA PD

c

167360

F igure 5-7. Loading of blasting caps f or sand t est of high explosives.

economic reasons; but acceleration of decom­
position of this inherently unstable material
is retarded for many years by the admixture
of a st abilizer that neutralizes the acid prod­
ucts of decomposition as rapidly as they are
formed.

d. All of the standard military explosives
may be considered to be of a high order of
stability at temperatures of 15 0 to 25 0 C. (59 0

t o 77 0 F. ) , but each has a higher temperature
at which the rate of decomposition becomes
rapidly accelerated and instability is marked.
Mercury fulminate undergoes unduly rapid
deterioration at temperatures of only 30 0 to
35 0 C. (86 0 to 95 0 F.). Nitroglycerin with-

5-10

stands many years of storage at ordinary
temperatures, but undergoes accelerated de­
composit ion at 50 0 C. (122 0 F.) or more. PETN
and nitrocellulose begin to undergo rapid de­
composit ion at less than 120 0 C. On the other
hand, TNT and ammonium picrate withstand
heating at 150 0 C. for 40 hours without sig­
nificant decomposition and RDX is only
slight ly less stable at that temperature.

e. For determining the relative stability of
high explosives and propellants, there have
been developed a number of empirical tests
that are based on heating a sample at an ele­
vated temperature for a certain time and
measuring the effect of such treatment. The
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most generally used tests are described in (1) through

•

(4) below.

I (1) 75°C. international test: A 10-gram sample of
the explosive is placed in a tared weighing bottle 35
mm in diameter and 50 mm deep, on top of which is
placed a watch-glass. The bottle and contents are
heated at 75° C. for 48 hours, cooled, weighed, and ex­
amined for fumes or decomposition as indicated by ap-

pearance or odor. If the loss in weight exceeds any
moisture present in the sample, as determined by dry­
ing in a desiccator, volatility or decomposition is indi­
cated. This test is applicable to blasting as well as mili­
tary explosives and is significant only when the
material is volatile or unduly unstable. It is of interest
chiefly as a preliminary test for new explosives.

(2) 100° C. heat test. The moisture content of the
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explosive to be tested is determined by drying a
weighed sample to constant weight in a vacuum desic­
cator and calculating the loss in weight to a percentage
basis. A weighed 0.60-gram portion of the sample is
placed in each of two test tubes, 75-mm in length and
10 mm in diameter, one of which has been tared. The
tubes and contents are placed in an oven maintained at
100± 1° C. After 48 hours the tared tube is removed,
cooled,weighed, and replaced in the oven. After an ad­
ditional 48 hours of heating, the tube and contents are
again cooled and weighed. The percentage of loss in
weight during each heating period is calculated, cor­
recti ng the first for the moisture present as previously
dete rmined. The untared tube and contents are heated
at 100° C. for 100 hours, and any ignition or explosion
is noted. This test, because of the high temperature and
greater t ime of test, is more rigorous than the 75° C. in­
ternational test and it yields data that are more sig­
nificant with respect to stability and volatility.
Nevertheless, like the test at 75° C., it is of interest
chiefly in approximating the order of stability of new
explosives and does not differentiate sufficiently well
between explosives of the same order of stability.

(3) Vacuum stability test. This test can be made at
100°, 120°, or 150° C. or any other desired temperature,
but a te mperature of 100° or 120° C. generally is
employed. A weighed 1- or 5- gram sample of the dried
explosive is placed in a glass heating tube, so designed
that the ground neck can be sealed with mercury after
a calibrated capillary tube with a ground stopper end
has been connected to the heating tube (fig. 5-8). The
lower end of the capillary tube is attached to a cup in
which about 7 milliliters of mercury is placed after the
connect ion of the two tubes has been made. The system

5-12

is evacuated until the pressure is reduced to about 5
mm of mercury. The level of the mercury in the capill­
ary tube rises to near the top, and its exact position is
marked and recorded. The junction of the two tubes is
scaled with mercury. The heating tube is inserted in a
constant temperature bath maintained at the desired
temperature ±0.5° C. (fig. 5-9). If an excessive amount
of gas (11+milliliters) is not evolved in less time, heat­
ing is continued for 40 hours. The tube is removed from
the bath and cooled to room temperature, and the level
to which the mercury in the capillary tube has fallen is
noted. The volume of gas liberated is calculated from
the difference between the initial and final levels, the
volume of the capillary per unit of length, the volume of
the heating tube, and the atmospheric pressure and
temperature conditions at the beginning and end of the
test. Vacuum stability tests yield reproducible valves;
and when an explosive is subjected to this test at two or
more temperatures, a rather complete picture of its
chemical stability is obtainable. In some cases tests at
two or more temperatures are required to bring out sig­
nificant differences with respect to stability between
explosives, but a test at 100° C. is sufficient to estab­
lish the order of stability of an explosive. Vacuum
stability tests have been found suitable for determing
the reactivity of explosives with each other or nonex­
plosive materials. This is accomplished by making a
vacuum stability test of the mixture and determing if
the gas liberated is significantly greater than the sum
of the volumes liberated by the two materials when
tested separately. When used for this purpose, the test
generally is made at 100° C.

(4) Potassium iodide-starch (Kl) test.
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This test is made at 65.5° C. when
applied to nitrocoellulose and at
82.2 ° C. in the case of nitroglycerin.
It is a test for traces of aci dity or
other impurities that might cause de­
terioration, rather than a test of the

inherent stability of the material.
Nitrocellulose is conditioned fo r the
test by drying at 40° to 45° C. on a
paper tray until the moisture conte nt
has been reduced to such a point
that, after rubbing, the material

RA PD 167363

5-14

Figure 5-10. K I test apparatus.
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clings to a spatula or tissue paper that
has been wrapped around the fingers.
Nitroglycerin is conditioned by filter­
ing the sample through two thick­
nesses of filter paper. In testing
nitrocellulose, a 1.3-gram portion of
the sample is transferred to each of
five special test tubes, and, in the case
of nitroglycerin, a 2-ml portion is
transferred to each of three such
tubes. These are 5.5 inches long, 0.5­
inch ill, and 0.62-inch OD. Each tube
is closed by means of a tightly fitting
cork stopper, through which passes a
tightly fitted glass rod equipped with
a platinum holder for a strip of test
paper. The nitrocellulose in each tube
is pressed or shaken down until it
occupies a space 1.62 inches long. On
the platinum holder is suspended a
strip of standard potassium iodide­
starch test paper approximately 1
inch in length and 0.37 inch v':Je and
the upper half of this strip of test
paper is moistened with a 50 percent
solution of pure glycerin in water.
Each tube is then immersed to a
depth of 2.25 inches in a bath main­
tained at 65.5 °±1.0 ° C. or 82.2 °±
1.0° C. and placed so that the tubes
are viewed against a white back­
ground illuminated by bright, diffused
daylight (fig. 5-10). The time at
which heating is begun is noted. As
heating continues, the position of
each test paper is adj usted so that
the line of demarcation between the
wet and dry portions is kept on a
level with the lower edge of the slight
film of moisture, which condenses on
the inside of the tube as the test pro­
gresses. The first appearance of dis­
coloration of the damp portion of the
test paper in each tube is considered
as the end of the test, and the time
required to produce this is noted. The
minimum time required for comple­
tion of a test in a series is considered
as the test value of the sample. A
blank test is run simultaneously, us-

TM 9-1300-214

ing an empty tube, and the discolora­
tion taken as indicating a test must
be greater than any noted at the same
time in the blank test. In making this
test, extreme care must be taken to
prevent contamination of the sample
by the hands, traces of acid in the
air, etc. The usefulness of the KI test
is chiefly in the direction of assuring
completeness of purification during
manufacture and freedom from con­
tamination subsequent to this.

[, Stability test values for military high
explosives are given in tabular form in appen­
dix A.

5-3. Brisance
a. General. The shattering power of an ex­

plosive, as distinguished from its total work
capacity, is termed its brisance. This charac­
teristic is of practical importance, because it
determines the effectiveness of an explosive in
fragmenting shell, bomb casings, grenades, etc.
As the shattering effect of an explosive is
dependent upon the suddenness with which the
gaseous products of explosion are liberated,
the rate of detonation is at least a major factor
in determining brisance. It has been found
that there is a general linear relationship be­
tween rate of detonation and brisance, as
determined by different methods.

b. Sand Test. This test consists essentially
in determining the amount of standard Ottawa
sand crushed by 0.400 gram of the explosive.
In order to accomplish this, the initiator is
detonated alone and correction is made for
any sand crushed by it. A 0.400-gram charge
of the explosive, of such granulation as to pass
through a No. 100 sieve, is transferred to each
of five empty No. 6 commercial blasting cap
shells of copper, gilding metal, or aluminum
(see fig. 5-7). The blasting cap shell is held
in a loading block (fig. 5-1) during the trans­
fer. If the explosive can be initiated by flame,
a reinforcing cap, having a small hole in the
center, is placed in the blasting cap over the
explosive, the loading block is assembled to a
base fixture, a plunger is inserted in the blast­
ing cap, and the charge is subjected to a pres­
sure of 3,000 psi. for 3 minutes by means of

5-15
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a barricaded press. If the explosive charge can­
not be initiated by flame, it is pressed without
the insertion of a reinforcing cap. A 0.300­
gram charge of lead azide is then placed on '
top of the first charge, a reinforcing cap is
placed over the lead azide and this is subjected
to a pressure of 3,000 psi for 3 minutes. If the
explosive charge is too insensitive to be ini­
tiated with maximum effect by lead azide, a
0.100-gram charge of tetryl is placed on top of
it and this is pressed at 3,000 psi for 3 minutes.
A 0.200-gram charge of lead azide then is
added, a reinforcing cap is inserted and the
lead azide is subjected to a pressure of 3,000
psi for 3 minutes The powder train in one
end of a piece of black powder safety fuse 8
or 9 inches long, is pricked with a pin and
this end is inserted in the loaded blasting cap,
so that it is against the reinforcing cap. The
blasting cap is crimped tightly to the fuse.
Eighty grams of standard Ottawa sand, of
such granulation that it passes through a No.
20 sieve but is retained on a No. 30 sieve, is
poured into the cavity of a bomb (figs. 5-14
and 5-12) and leveled by striking the bomb
with a hammer. The loaded blasting cap is
lowered into the bomb so that the cap is cen­
tered at the axis of the bomb and just touches

the sand. An additional 120 grams of sand are
poured into the bomb without disturbing the
position of the cap. The upper end of the fuse
is passed through a hole in the bomb cover,
a section of rubber tubing being used to make
a tight fit (fig. 5-12). The cover is lowered
into position and fastened securely, as shown
in figure 5-12. The upper layer of sand is
leveled by striking the bomb with a hammer.
The fuse is lighted and, after the explosion,
the bomb cover is removed. The contents of
the bomb are transferred to a piece of glazed
paper, cleaning the bomb and cover thoroughly.
After removing pieces of the blasting cap and
burnt fuse, the sand is transferred to a No .
30 sieve fitted with a bottom pan and cover.
The assembly is shaken sufficiently to insure
passage through the sieve of all sand crushed

.sufficiently to do so, and the crushed sa nd
caught in the bottom pan is weighed with an
accuracy of ± 0.1 gram. If lead azide or tetryl
and lead azide was used as an initiator, the
amount of sand crushed by the initiating
charge is determined separately and subtracted
from the weight of sand crushed by the com­
bined charge. The corrected values obtained by
the five tests are averaged and the average
value is considered representative of the bri-

LOADING BLOCK BASE

LOADED BLASTING CAP SHELL
CRIMPED TO SAFETY FUSE

F igure 5-11. Sand test equipment.
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RUBBER TUBE

{120 GRAMS STANDARD
) OTTAWA SAND: 20-30 MESH

{

BLAST ING CAP SHELL
LOADED WITH HIGH
EXPLOSIVE UNDER TEST

SSO GRAMS STANDARD
iOTTAWA SAND: 20-30 MESH

RA PD 167365

Figure 5-1 2. Sand test.
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sance of 0.400 gram of the explosive under
test. Sand test values for military explosives
are given in tabular form in appendix A.

c. Plate Dent Test. Although no actual
shattering by an explosive is effected and
measured in this test, there is produced a de­
formation of a solid, whic h invest igat ion has
shown to be related to brisance. A 20-gram
sample of the explosive is pressed or cast into
a piece of copper tubing having an internal
diameter of 0.75 inch an d a 1I16-inch wall
thickness. This tube is placed so as to be nor­
mal to the center of a horizontal plate of
cold-rolled steel 4 inches square and %-inch

AGO l0020A

thick. The steel plate is placed so as to rest
on the upper end of a short piece of steel
tubing having internal and external diameters
of 1.5 and 3 inches, respectively. This is in a
vertical position and rests on a firm base. As
finally assembled, the axes of the explosive
charge, steel plate, and steel tube coincide. The
explosive charge is detonated by means of a
No.8 blasting cap and a 5-gram pellet of tetryl.
This produces a depression in the steel plate,
having a smooth surface and a depth that
can be measured within 0.001 or 0.002 inch.
The reproducibility of the test result is within
0.003 inch. Table 5-3 gives the results of tests
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of a number of explosives.

d. Fragmentation Test. This direct meas­
urement of the brisance of explosives is made
by loading a shell or grenade with explosive,
detonating the charge, and recovering the
f ragment s. The shell is loaded by casting or
pressing the explosive into the cavity. After
assembling a booster and a fuze that can be
caused to function by means of a curre nt of
elect r icity, the shell is placed in a wooden box.
After this has been buried in a sand-pit within
a building, the charge is deto nated. The f rag­
ments are recovered by passing the sand
through a 4-mesh sieve and are classified into
weight groups of 0 to 75, 75 to 150, 150 to
750, 750 to 2,500 and over 2,500 grains (fig.
5-13) . A typica l 75-mm she ll fragmentat ion
yields about 1,000 fragments. Recovery of the
shell, generally, is 90 to 95 percent by weight.
Comparisons of explosives loaded in the same
size of shell are on an equal volume basis. The
total number of fragments produced is deter­
min ed and compared with the number of frag­
ment s produced by a standard explosive.
Determination of the number of fragments of
cer tain sizes permits evaluation of the cha rge,
f rom the viewpoint of effectiveness in causing
cas ualt ies. A comparison of the relative f rag­
mentation efficiency values of a number of
military explosives is given in tabular form in
ap pendix A.

Ta ble 5-,~. Plat e Dent T ests of E xplosive s

Pr essed explosive Cas t explosi ve
Dens itJl Depth. inc h Depth, inc h

T NT __. . .. _ 1.50 0.184 0.206
1.60 0.204

RDX .____ _____ 1.50 0.252
1.60 0.268
1.65 0.276

P E TN ..__ 1.50 0.240
1.60 0.258

Haleite 1.50 0.230
1.60 0.247

Te tryl _ . 1.50 0.217
1.60 0.237

P icric aci d 1.50 0.200
1.60 0.217

Nitroguanidine 1.50 0.177
E x plosive " D" 1.50 0.170
Composition B _ 0.241
50-50 Pentolite ._. _________________ 0.229
50-50 Ednatol 0.217
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5-4. Initiating Va lue
a. When Nobel first developed nitroglycerin

for blasting operations, bla ck powder squibs
were utilized for bringing abo ut detonation;
but the nonuniformity of initiation led to his
developing the mercury fulminate blasting cap.
This in vention of initiation of deto nation by
a heat- or shock-sensitive detonating com­
pound has afforded a basis for utilizing more
modern and less sen sitive hi g-h expios ives, such
as TNT, tetryl , expl osive D, RDX, and PETN,
since these cannot be cau sed to detonate by
th e sudden application of heat f urnished by a
flame . Even when confined in a blasting cap
and subjected to the intense heat of thermite
compositions, they do not und er go detonation.

b. When the initiating compounds are con­
sidered as a class, it is found th at consid erable
differences exist between th em with respect to
initiating value. Diazodinitrophenol can deto­
nate ammonium picrate and cas t TNT, while
lead azide, mercury fulminate, and lead styph­
nate cannot cau se the detonati on of eithe r of
these materials. Lead azide an d mercu ry f ul­
minate are about equally effect ive for th e
initiation of the less sens it ive pressed explo­
sives TNT and picric acid, but lead azide is
more efficient than mercury fulminate for
initiating the more sen sitive explosives tet ryl,
haleite, RDX, and PETN. Lead styphnate can­
not cause the detonation of any of these
explosives except unpressed PETN, but can
initiate certain dynamites. In gener al, it may
be said that the initiating value of a compound
of this type depends upon its rate of detonation
as used. Mercury fulminate , lead azide, and
diazodinitrophenol have rates of detonation
of approximately 4,000, 4,300, and 5,500 meters
per second, respectively, at the densities used
for determining the minimum detona t ing
charges of these required for various nonin­
ti ating high explosives (see app. A) .

c. Loading operations involving large quan­
tities of th e shock and fricti on-sensiti ve initiat­
ing explosives would be unduly hazardous.
This, alon g with the recognized fact that high
rate of detonation results in initiating
efficiency, has led to utilization of the booster
charge in loading blasting caps and military
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Figure 5-1 3. Fra gm entation of 155-mm shell.
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ammunition. Compound detonators and blast­
ing caps have a booster charge of a noninitiat­
ing high explosive, such as tetryl, RDX, or
PETN adjacent to the lead azide or similar
charge. This permits use of less of the sensi­
tive explosive and the development of a
detonating wave having a higher rate than
that developed when the initiator alone is used.
In shell and bombs, the booster principle is
applied by the use of a relatively small booster.
This consists of a steel-encased, cylindrical
charge of an explosive such as tetryl inserted
in the bursting charge of the shell or bomb.
The booster charge is initiated by a detonator
inserted at one end. By means of the booster,
there is impressed on the bursting charge a
detonation wave having a velocity of perhaps
7,500 meters per second instead of that of
perhaps 5,000 meters per second obtainable
with lead azide. As many of the burst­
ing charge explosives have rates of detonation
less than that of tetryl and are less sensitive
to initiation than tetryl, the advantage of us­
ing a booster charge is apparent.

d. Pressed TNT, which is distinctly more
sensitive to initiation than cast TNT, was used
as a booster charge for cast TNT and amatol
until replaced by the more sensitive and effec­
tive tetryl. During World War II, tetryl was
replaced to some extent by 65-35 and 70-30
tetrytol, waxed PETN, and waxed RDX. The
relative initiating values of such booster ex­
plosives can be determined by means of the
explosive train test. In this test, an explosive
to be boostered is loaded into one end of a
steel tube by pressing or casting. One or more
disks of half-hard brass, each having a thick­
ness of 0.017 inch and a diameter essentially
that of the internal diameter of the steel tube,
are placed in the tube and pressed firmly
against the end of the explosive charge. On
top of the disks is place a booster casing hav­
ing a cavity with an ellipsoidal cross section
and loaded with a weighed quantity of the
booster explosive. This is exploded by means
of a detonator; and whether the explosive be­
yond the disk or disks undergoes high order
detonation is noted. Repeated tests are made
until there is determined the maximum num­
ber of disks that can be present and not prevent
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detonation of the boostered explosive. Five
tests are made with this number of disks and
five tests with one more disk. The gre ater the
initiating action of the booster e xplosive, the
greater is the number of disks through which
detonation can be transmitted. Tests made in
this manner have indicated tetryl and RDX
to be equally effective and more so than picric
acid in initiating other high explosives. The
test can be used also to determine the effect ive­
ness of detonators in initiating high explosives.

5-5. Sympathetic Detonation
a. It has long been known that an explosion

sometimes results in the detonation of other
explosives some distance from the first, with­
out the projection of burning embers or mi s­
siles. Experimentation has shown that the
distance at which a charge of explosive can
be detonated by another charge of the same
explosive increases with increase in size of the
initiating charge. Such explosion by transmi s­
sion of a detonation wave through air is known
as sympathetic detonation or exp losion by
influence.

b. As a detonation wave reaches the end of
a column of explosive, the pressure wave is
projected into the air beyond, where it under­
goes rapid decrease in velocity and pressure
to extinction. If this wave traveling through
air impinges on another mass of expl osive be­
fore pressure and velocity have decreased too
much, sympathetic detonation ensues. Since
the wave traveling through air is not under
confinement, expansion of the gases r epresent­
ing the pressure front will be in all directions
and the rate of pressure decrease should be as
the cube of the distance.

c. Two type of commercial blasting explo­
sives were found to have the relationships
shown in table 5-4 for sympathetic detonation.

Table 5-4. Ma ximum Distan ces f or
S ympathet ic Detonat ion

W eight of charge. Ma xim um di8tan ce in feet fo r
poun ds sympathet ic detonation

E x plosi ve A Expl08ive B
25 .... 2 9.5
50 .. 3 13.5
100 .______________ 4 19
200 6 21
400 8 26
800 10.5
1,600 14
2,400 15
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From t hese data it ap pears that the r elat ion­
ship is-

Where W is the weight of the exp losive in
pounds, L the maximum distance in feet, and
k a constant peculiar to the explosive. The
exponent of L has been determined experimen­
tally. For explosive A, k is approximately 4,
while for explosive B, it is approximately 0.18.
H the maximum distance for sympathetic de­
tonation by a known charge of an explosive
is known, the above formula can be used for
deriving the k value of the exp losive and then
for deriving the maxim um dist ance values for
other weights of charge.

d. The interposition of solid barriers, such
as wood or concrete, decreases the maximum
distance for sympathet ic detonation of one
char ge of explosive by another. This effect is
very significant when small charges are in­
volved, but is of muc h less impo r tance with
very large charges.

e. Sensitivity to sympathetic detonat ion or
the power to cause sympathetic detonation can
be determined by means of the gap test. This
was developed for testing dynamites and has
been used chiefly in t his connection, but can
be applied to other high explosives. Cylindrical
cartridges of explosive 8 inches in length and
1.25 inches in diameter are ma de up by pr ess­
ing or casting equal weights of the exp losive
into paper shells. Two of th ese are suspe nded
vertically, so that there is an ai r space between
them and their ax ia l lines are coincident . Th e
air space between the cartri dge is always a
multiple of 1 inch. A detonator is embedded
axially in th e lower end of the lower cartridge
and used to initiate detonation of this car­
tridge. By repeated tests, with varying spaces
between the two cartridges, there is determined
the maximum distance at which the upper car­
t r idge is detonated by the lower. This will be
1 inch less than the minimum distance at
which three successive tests fa il to result in
explosion of the upper cartridge.

5-6. Power
a. General. The total work capacity of an
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explosive is a function of the total available
heat liberated at the instant of detonation, but
it s power is determined by the rate at which
the heat energy is liberated. In the past,
measurement was made of the maximum pres­
sure developed by detonation and this was con­
sidered an expression of the work function of
the explosive. However, such tests were made
with explosive charges having relatively low
loading density values and it was then neces­
sary to calculate by extrapolation the pressure
produced by an expl osive in its own volume.

b. Heat of E xplosion. The heat of explosion
of an explosive can be determined with high
density of charge in a calorimetric bomb. The
procedu re is similar to that used for determin­
ing heat of combu stion, except that no oxygen
is used and detonation instead of combustion is
insured by the use of a detonator. After the
bomb and contents have cooled to room tem­
perature, the volum e of gas and the weight of

STEEL CYLINDER

Figure 5-JJ,. Ballistic pendulum- fron t view.
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water produced are measured. The obser ved
heat of explosion is corrected by subt r act ing
the heat of condensation of the water produced.
The measured volume of gas is cor rec ted by
adding the volume at standard te mperature
and pressure of the water formed when in a
gaseous condition. The corrected heat of ex­
plosion, expressed as calories per gram, is con­
sidered to represent the useful work capacity
of the explosive in fundamental terms. Such
values for the various military explosives are
given in tabular form in appendix A.

c. Ballistic Pendulum Test. A simpler but
empirical test measuring the re lative power of
an explosive is the ballistic pendulum test,
wh ich utilizes the principle of equality of phy­
s ical action and reaction. The equ ipment (figs.

5-14 and 5-15) consists of a pendulum bar
suspended on knife edges and supporting a
steel mortar that wei gh s 622 pounds. The outer
chamber of the mortar has a diameter of 4.875
inches and a length of 5 inc hes. The inner or
explos ion chamber is 2 inches in diameter and
5.5 inches in length. In the outer chamber,
the re is placed a loosely fitting steel cylinder
that weighs 36.6 pounds and has an axial per­
fo ration large enough to permit the passage
of det onating fuze or electric detonator wires.
A qua drant , graduated in degrees, is arranged
so that any swing of the mortar may be meas­
ured. Ten grams of TNT is formed into a
cartr idge by wrapping in t in foil, an electric
blasting cap being located centrally in the
charge. The charge is placed in the explosion

Figure 5-15. Ballistic pendulum-rear view.
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chamber and det onated after the steel cylinder
has been placed in the oute r chamber. The
maximum deflectio n or sw ing of the mortar
is measured in degrees. Th e results of several
such tests with TNT are ave raged. By trial,
determination is ma de of th e number of grams
of an explosive to be compare d with TNT,
which causes a deflection within 0.5 degree of
the average value fo r 10 grams of TNT. Sev­
eral more tests of the explosive und er com­
parison are made with the same weight of
charge, and the angular deflecti on results a re
averaged. From the ave rage va lues f or TNT
and the other explosive and the weights of
these used, the weight of the second explosive
required to cause the same deflection as 10
grams of TNT is calc ulated. When 10 is divided
by this, the relative TNT value of the second
explosive is obtained. Ballistic pendulum test
values of various explos ives are give n in tabular
form in appendix A.

d. Trauzl Lead B lock Test. Th is test mea ­
su res the distension effect when 10 grams of
an ex plosive under moderate confinement is de­
tonated in a lead cylin der (fig. 5-16) . The
cylindr ica l block is cast of pu re lead, so as to
be 200-mm long and 200-mm in diameter, with
an axial hole 125 mm long an d 25-mm in diam­
et er at one end. Th e volume of the hole is
determined befor e use in the test by filling
with water from a graduated burette. A 10­
gram sample of the explosive is wrapped in a
piece of tin foil of trapezoidal shape, with a
width of 70-mm and sides 130 and 150-mm
long, so as to make a car t r idge 22 mm in
diam eter. An electr ica l blas ti ng cap is placed
cent rally in the charge, which then is placed
at the bottom of the hole in the test block.
Forty milliliter s of Ottaw a sa nd are placed in
the hole and t amped ligh tly. Forty milliliters
mor e of sa nd are added an d th is is tamped
much mor e thorough ly. After the charge has

/
(
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F igure 5-16. Tra uzl lead block test.
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bee n detonated , the volume of the hole is deter­
mined; and the distension is calculated by sub­
tracting from this the volume of the hole be­
fore the deto na t ion. Three such tests are made
and the results are ave raged. Test values for
explosives are given in tabular form in appen­
dix A.

e. Correlation of Test Values. If the heat of
explosion, ballistic pendulum test , and Trauzl
lead block test values f rom a number of ex­
plosives are compa red with each othe r , a gen­
eral a greement can be seen ; and if the data
are plotted against each othe r, approxima te
curves can be obta ine d. However, eac h of the
tests has sho rtcomings and the results of two
or more tests are required for proper evalua­
t ion of the relative power of an explosive. Heat
of explosion is not str ictly representat ive of
power, because of the va ryi ng added effec ts
in use of after-burning of some of the products
of detonation. Ball istic pen dulum test values
may not be quantitatively p roportional to
powe r , because of the measurement of angula r
rather t han linear displ acement of the test
mortar. E vidence has been f oun d that, because
of the relat ively light confineme nt , th e disten­
sion effects of the most powerful explosives in
the Trauzl lead block test are not directly
proportional to pow er. Nevertheless, the three
te sts do afford a means of evaluating relative
explosive power when all three test results
a re available.

5-7, Blast Effect
a. More serious damage can be done to in­

dust rial installa ti ons , habitations, etc ., by the
blas t effect of bomb s than by their fragmenta­
tion. It was fo und that the blast effects of a
bomb are comparable with those of a severe
earthquake, since walls are overthrown , roofs
collapsed, machi ner y thrown out of line , etc.
This action is mor e or less uniform over a
circular area; where as, damage done by bomb
fragments cons ists merely of holes in walls
and roofs, damage to machinery at the point
of impact , etc ., at r andom points in the lines of
travel of the fragments. The discovery that
certain explosives are markedly super ior to
T1 TT and amatol, with respect to blast effec t,
pe r mit ted the use of bombs with maximum
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blast effect and afforded a ba sis f or th e bomb­
ing ope rat ions that represented one of the
major tactical advances of 'Wor ld War II.

b. When a bomb charge detonates in ap ­
proximately 0.0001 second to form gases at
pressures of the magnitude of 700 tons per
squ are inch and at temperatures from 3,000°
to 4,500 ° C., the metal casing of the bomb ex­
pands very rapidly to approximately 1.5 times
its origina l diameter befor e breaking int o f rag­
ments. Of the total energy liberated by the
detonation of the charge, as mu ch as half may
be used for expanding the casing prior to
rupture and impar t ing velocity to the f'rag­
men ts of th e casing. Th e remainder of t he
ava ilable energy is expended in compression of
the air sur ro unding the bomb and is responsi­
ble f or the bla st effect produc ed.

c. Upon release from confinement by fra g­
mentation of a bomb cas ing , the gaseous
prod ucts of det onati on expand suddenly and
comp ress th e lay er of sur ro unding a ir, so that
it is und er high pressure and moves outward
with high velocity. This layer of compressed
air moving outward is bounded by an ex­
t remely shar p front less than 0.001 inch th ick,
called th e shock front, in whi ch the pressu r e
rises abruptly. The shock front mov es outward
with an initial velocity much greater than that
of sound (1,100 fps) , but, after ad vancing a
short distance, the velocity decreases rapidl y
and the abruptness of the pressure ri se also de­
creases. This decrease in velocity, generally,
is much greate r than the decrease in velocity
of the casing fragments caused by air friction.
Conse quent ly, at some point, the advance of
th e shock front lags behind the mov ement of
th e fragments. This difference between the
cha nges in velocity is due to a fragm ent having
constant cross-sectional area , while the sur face
area of the expanding sh ock front increases in
accordance with the equation-

A=4r.r~

where r is the distance from the point of
detonation to the shock front.

d. The gaseous products of detonation , mov­
ing outward as a strong wind behind the shock
f ront , are prevented by their own iner ti a from
decreasing in velocity as rapidly as the pres-
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sure at the point of detonation decreases. As a
result, there is produced a rarefaction effect at
this point and the pressure decreases. This
condition of reduced pressure also moves out­
ward, trailing the shock front . Wh en the pres­
sure becomes less than atmosphe r ic, the wind
reverses in direction and blows backward
toward the point of deto nation. Any light ob­
ject, such as a leaf , when str uck by the shock
front, is rapidly carried away from the point
of detonation and then is blown back almost
to it s original position when the wind r everses.
Th e shock front, the high pressure area behind
it, and the followi ng rarefact ion f orm a com­
plet e wave, to which the terms blast and shock
wave, generally, are applied (fig. 5-17).

e. While the duration of the posit ive pressure
portion of the blast wave is about one-fo ur th
that of the portion at less than atmospheric
pressure, the pressure at the shock front is
many times the decrease in pressure below at­
mospheric. The duration of the positive ph ase
varies with the explosive charge and its dis­
tan ce from the poi nt of or ig in. In one case, it
is of the order of 0.006 second at a distance 50
feet from the bomb. A wa ll struck by such a
blast wave is fir st pushed forward by the short,
shar p, hammer-like blow of the positive pres­
sure phase and then pulled backward by the
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mu ch longer negative phase. Wh ether the wall
falls for ward or backwar d depends upon cir­
cumstances .

f . In expressing the blast effect of an explo­
sive charge, it is necessar y to use two cr iter ia
instead of one-peak pressure and impulse.
Peak press ure is the pressure increase at the
shock f ront or the highest pressure in the
shock wave minus atmospheric pressure. Im­
pul se is mathematically equal to the area under
the ti me-pressure cur ve fo r the duration of the
positive ph ase (fig. 5-17 ). This is approxi­
mately half the peak pressure multiplied by
the duration of the pos it ive phase. Peak pres­
sure represents a measure of the maximum
force exer ted against a surface by a blast wave,
since f or ce is equa l to the product of pressure
and area. Impulse represent s a measure of the
fo rce multipli ed by the durat ion.

g . As the shock front moves outward, the
peak pressure decreases and the duration of
the positive pressure phase increases. The
rates of these changes vary with the magni­
tude of the peak pressure, but the net effect is
decrea se in impul se. With increase in distance
from the bomb, impulse decreases approxi-

mately as i
h. In general, two criteria must be satisfied
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in order to demolish any structure. Both peak
pressure and impulse must exceed certain mini­
mum values, which depend upon the type of
structure. Window glass requires a moderately
high peak pressure but only a low impulse
value, since the positive pressure need not last
long to cause fracture. On the other hand, a
brick wall withstands only a small peak pres­
sure, but the pressure must be of relatively
long duration and therefore the impulse value
must be high. The blast from almost any
charge that develops sufficient peak pressure
will have sufficient impulse to break glass.
Most bomb charges that develop sufficient im­
pulse to demolish a brick wall also develop
sufficient peak pressure to do so. It may there­
fore be said that structures that are strong
and light in weight, with respect to the area
presented to the shock front, require high peak
pressure but no great impulse for demolition;
while heavy but relatively weak structures re­
quire considerable impulse but not such a high
peak pressure.

i. Blast waves are reflected from solid sur­
faces, but not in the same manner as sound
and light waves are reflected. When the inci­
dent and reflected waves intersect on the
ground, they do not make equal angles with

the ground, as do sound waves. At small a ngles
of incidence (the angle between the normal to
the blast front and the normal to the reflecting
surface), the angle of reflection is smaller than
the angle of incidence, and the pressure behind
the reflected wave is greater than behind the
incident wave. Such reflection of a blast wave
from a bomb that has detonated above the
ground gives rise to an increased pressure wave
at ground level. When the angle of incidence
(0:) is greater than an extreme angle ( 0:.,)
(40 ° for strong to a value approaching 90 ° for
very weak shocks), the incident and r eflected
waves do not intersect on the ground. This is
known as irregular or Mach reflection. Reflec­
tion that occurs when the angle of incidence
occurs at the extreme angle is known as the
extreme regular reflection, whereas, reflection
occurring where the angle of incidence is
smaller than the extreme is known as regul ar
reflection (fig. 5-18). When the incident angle
exceeds the extreme angle, the reflected and
incident waves intersect at some point above
the ground. The lower portion of the r eflected
and the incident waves fuse into one wave,
which is known as the Mach stem (M, fig. 5­
18). The point of intersection being kn own as
the triple point (TP, fig. 5-18) . The resulting
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Figure 5-18. Mach reflection of blast wave.
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existe nce of three waves, termed t he Mach re­
flecti on, causes a density discontinuity and
there is formed a region of high pressure
te rmed the Mach region. The pressure behind
the front of the Mach region is approximately
twice tha t of the incident wave. The top of this
high-pressure region, the triple point, travels
away f rom the reflecting sur face . As pressure
and impulse appear to have their maximum
values j ust above and below the triple point,
respectively, the region of maximum blast ef­
fect is approxima te ly that of the triple point.
By controJl ing the height above ground at
which a bomb is detonated, it is practicable to
control the r egion of maximum blast effect and
insure maximum damage. At distances that
are large, compare d to the height of the burst,
the inci dent and reflected waves have fused
and proceed outward as a single shock. After
the point of complete fu sion of the waves, the
shock wave appears as though it had come
from double the charge detonated on the
ground, and at la rge distances, the Mach stem
in the neighborhood of the ground becomes
perpendicular to it.

.i. Blast effects are enhanced by confinement,
due to the reflection of blast waves by the con­
fining surfaces. A blast wave traveling through
a tunnel, corr idor, trench , or even a st reet de­
creases in int ensit y mu ch mor e slowly than in
the open. If a bomb detonates within a build­
ing, there is cons ider able reflection of the
blast wave from the walls, even if these are

TM 9-1300-214

demolished. The rapid reflecti on of the wave
from var ious waJls, in such a case, r esults in
a multiple punch effect on another wall. Th e
overall effect of confinement is increased in the
vulnerable radius of demolition of t he bomb
cha rge. Th e ana logous vulnerable radius of
visible damage (as det ected by aer ial obse rva­
t ion) is also used to evaluate the effects of
bombing.

k, The under water and underground shocks
produced by an explosive charge a re more
compar able with its blast effect without con­
finement tha n wi th confinement .

l . The TNT and binary explosives used f or
loading bombs do not contain sufficient oxygen
to oxidize all their ca r bon to ca rbon dioxide
and hydrogen to water and so do not have
maximum liberation of heat. It has been fo und
that the oxyge n of the atmosphe re reacts wi th
t he gaseous products of deto nation and so in­
creases the heat liberated , although the amount
of oxygen utilized in this manner is never as
mu ch as that r equired for complete oxidation.
On this basis, there have been developed ex­
plosives containing metallic aluminum in finely
divided form, suc h as tritonal and torpex. The
aluminum in these increases the blast effect of
the charge by highly exothermic afterburning.

III. Relati ve blast efficiency val ues fo r va r i­
ous explosives used in bombs are given in
appe ndix A.
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Figure 5-19. Piezo-electric ,gage for measurement of blast pressure.
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5-8. Cratering Effect
a. If an explosive is buried deeply in the

ea r th and exploded, pressure is exerted almost
ent irely on the earth about it and cau ses move­
ment effects over a distance known as the
radius of rupture. If the depth of burial is
less than the radius of rupture, the gaseous
products of explosion blow through the surface
of the ground and there is formed a roughly
cir cular depression known as a crater. The
cr ate r is considerably greater in volume than
the explosive charge producing it. The appar­
ent depth and diameter of the crater are deter­
mined by the amount of loose earth that falls
ba ck into the cavity and around the edge of the
true crater. Th e true depth is the distance from
th e or ig inal ground level to the bottom of the
crater when loose earth is removed. The true
dia meter is the distance between opposite
edges of the crater at original ground level
when loose ea r th is removed.

b. An explosion on the surface of the ground
produces a shallow crater, which may have a
greate r diamet er than that produced when the
exp losive is buried. This is due to the scouring
acti on of the gases projected downward from
the explosive charge.

c. In addition to the size of the explosive
cha rge, determining factors in crater forma­
t ion are th e type of ground cratered and the
type of explosive used. A soft, low-density soil
is lifted , scoured, and blown away more easily
tha n a firm or rocky earth formation. An ex­
plosion of a moderate charge in soft, swampy
ground produces a relatively huge crater, while
in a rock formation only a small crater will be
formed. An explosive with a low rate of deto­
nation, that produces a large volume of gases
may dig a larger cr ater than TNT, if the
cha rge is well below the surface and the
ground is not too hard and rocky. If the charge
is on the sur face of the ground, a low-rate
exp losive produces a smaller crater than TNT
becau se of the less er scouring action of the
ga ses resulting f rom their lower velocity.

d. Th e volume of a crater in cubic feet V
pro duce d on ave rage soil by commercial dyna­
mite, wh ere Q is the weight of dynamite in
pounds, is given by the formula-
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V=OA Q7

This fits the production of a crater 31 fee t in
diameter and 9 feet in depth (3 ,200 cubic feet)
by a 2,400-pound charge of dynamite. By way
of contrast, a 4,000-pound bomb containing
2,400 pounds of high explosive has produced
a crater 60 feet in diameter and 20 f eet deep
(26,000 cubic feet). The expl osion at Oppau ,
Germany of 9,000,000 pounds of ammonium
nitrate produced a crater 400 feet in diameter
with a true depth greater than 90 fe et. Because
of the low rate of detonation of ammonium
nitrate, the volume of the crate r was but
10,000,000 instead of the 75,000,000 cubic fe et
indicated by the above formula. Military burst ­
ing charge explosives, therefore, are much
more effect ive cratering agents than commer ­
cial blasting explosives, and the above f ormula
is not applicable to them.

e. When the explosive is buried in the ground
at a depth greater than the radius of r upture,
the compression effect downward and hor izon­
tally and the lifting upwards with subsequent
subsidence results in a cavity in t he surface
known as a camoufiot : If a proper charge of
TNT is buried so that a common crater is
formed, the ratio of the true diam ter of the
crater in feet , D, to the depth of bur ial in feet ,
L, will be two. Ba sed on expe r ience, such
crater formation can be estimate d by the
formulas-

Vl= 2zW and D:l = 1~ W

where W is the weight of TNT in pounds and
Z is a constant having values of 0.054 , 0.066,
0.084, and 0.10 for light earth, common ea r th,
hard sand, and hardpan or heavy clay, r esp ec­
tively. If W is calculated from eithe r of these
formulas, an overcharge is added, this being
100 percent for 25 pounds, 50 percent f or 25
to 100 pounds, 25 percent f or 100 t o 250
pounds, and 10 percent f or mor e than 250
pounds. Use of an expl osive othe r than TNT
requires further modifi cations of the form ulas.

[, Use of crater ing operat ions in the field
has led to the development of special cratering
explosives. These are not to be confused with
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F igu re 5-20. Earth cra ter from ex plos ion ,
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the ex plosives having high r ates of detonation
used for pro ducing ear th shocks .

g . As crate r ing effect is cons idered to meas­
ure to some extent the demoliti on effects of
general purpose bombs, these a re somet imes
gener al pur pose bomb s, these are somet imes
tested fo r size of crater produced. Th e
formula-

V=4.13 W ,
wh ere V is the volume of the cr ate r in cubic
fe et and W is the weight of the explosiv e com­
ponent in pounds, has been found to hold for
500 and 1,000-pound bombs load ed with TNT.

5-9. Munroe Effect
a. The practical application of the blast effect

AGO lO020A

and Munroe effect of exp losiv es r epresent th e
ma jor advances in the use of explosives during
Worl d War II. Wh ile the bla st effect wa s uti­
lized to enhance demolit ion at a distan ce, the
Munroe effect , through th e use of sh aped
charges, enabled the concentration of explosive
action, so as to have great effect in penetrating
steel ar mor, concrete, etc.

b. In 1888 , C. E. Munroe discovered that if
a block of nitrocellul ose with letters counter­
sunk into it s su rface is detonated with its let­
tered surface against a steel plate, the letters
are indented into the plate. On the other hand,
if the letters were raised ab ove the surface of
the nitrocellulose, the detonation of this repro-
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Figure 5-21 . Shaped charge and target.

duced the letter s in relief on a stee l plate. F rom
this it can be see n that the gre atest effect is
produced where the explosive is not in direct
contact wi th the stee l plate . This might be
considered as show ing the enhanced effects of
detonation waves f rom different directions
meeting and reinfo rc ing each other . Munroe
found that by inc reasing the depth of the de­
pression or cav ity in the explosive he was able
to increase it s effect on a stee l plate. In spite
of later investigaitons by othe r workers, it was
not until World War II that military use was
made of the princ iple. Th e end of that conflict
found it in use by all the wa r ring nations.

c. As used, a shaped cha rge consists of the
essential parts show n in figure 5-21. Th e cone
liner may be of met al , glass, or other inert
material. If no cone lin er is employed, such a
charge has essentially the sam e effect as a
lined charge, if the two are in direct contact
with the steel target . In such a case , the action
of the unlined charge is ascribed to not only
incident and reflected shock waves, but also to
a third particular type of shock wave formed
as a result of the collis ion of shock waves com­
ing from the conical wall of the cavity. The
action of such a charge, then, is that of a mass
of dense gas moving with great velocity. On

5-30

the othe r hand, the f ocused disruptive act ion
of a lined charge in contact with a steel t arget
is due to the jet fo rmed by the solid, collapse d
liner. If detonation of unl ined and lin ed
charges takes place with the charge at an ap­
propr ia te distance f rom the target , th e unlined
charge is less effective, whi le the effect ive ness
of the lin ed charge is increased. Under such
conditions the effect of the cavity in the un­
lin ed charge merges into the general blast
effect of t he charge.

d. The mechanism of the lined charge ap ­
pears to be that of collapse of the lin er, due to
the reflect ion and foc us ing of the detonating
wave as it becomes inc ident t o the cone wall.
If t he stand-off distance is optimum , collapse
of the liner can be complete, bef or e it reaches
the ta rget. In figure 5-22, A shows the init ia l
state of a cone of 40 degrees angle, B the be­
ginn ing of collapse of the cone, and C f ur the r
collapse. In the next phase, D, a sma ll jet
emerges f rom the base of the cone while col­
lap se contin ues . As shown by E , there fo llow
elongat ion of the jet and compl et e collapse of
the cone. As sho wn by F, the jet f rom a stee l
cone then breaks up into small par t icles fol­
lowed by the slug or major porti on of t he com­
plet e collapse d cone. The mechanism of collapse
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Table .5-5. Effect of Liner Material on
Shaped Charge Efficiency

As the depth of penetration decreases and the
diameter of the hole increases, the volume of
the hole is practically unchanged. The hole
volume correlates with the total energy of the
explosive.

h. The stand-off distance, or distance be­
tween the target and the base of the conical
cavity required for maximum penetration ef­
fect, varies with the metal used as a liner.
With a given liner, there is an optimum stand­
off distance above and below which less pene­
tration effect is obtained. As stated previously,
the jet is the penetrating agent; and as stand­
off distance is brought into existence and in­
creased, there is more time in which the jet
can become extended. The results of this are
increase in depth of penetration and decrease
in diameter of the hole produced. However,
after a certain stand-off distance, the jet has
a tendency to ' break up both axially and ra­
dially. This prevents ductile drawing of the
jet (in the case of continuous jets such as Cu )
and increases the cross-sectional area and re­
sults in bifurcation and/or polyfurcation of the
jet. Thus penetrating effect is decreased. Opti­
mum stand-off distance must be determined
experimentally for each type of shaped charge
design.

i. Various cone angles and other shapes of
cavities have been studied and used. Hemi­
spherical cavities have been found to produce
more shallow but wider holes than conical cavi­
ties. A helmet-shaped cavity (fig. 5-23) pro­
duces greater penetration than either the
simple cone or hemisphere alone and was used
by the Germans in their counterpart of the
bazooka. As it has been found that a charge
with an axial cavity above the liner gives in
creased penetration (due to the prejet from
this portion of the charge), a so-called flash-
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of liners of large apex angle or hemispherical
shape probably differs somewhat and resem­
bles turning inside out.

e. The long, narrow jet of moving particles
ejected along the axis of the cavity has a
velocity gradient from the tip to the rear, the
particles at the tip moving fastest and the slug
at a relatively low rate. Small portions of the
jet maintain high velocity over a relatively
long range. The jet particles, and not the slug,
constitute the penetrating agent. The high­
velocity jet particles exert pressures on the
target measured in terms of several hundred
thousand atmospheres. Such pressures so
greatly exceed the yield strength of the target
material that it is literally pushed aside from
the path of the jet by plastic flow. Even though
material from the jet is captured by the target
the diameter of the hole produced is always
greater than the diameter of the jet.

f. The penetrating action of a shaped charge
.is affected by a number of factors. The explo­
sive used is of great importance; and, while
the depth of penetration is indicated to be
more closely related to the detonation pressure
than the rate of detonation, in general, the
greater effect is produced by the explosive
having the greater rate of detonation. Very
little effect is produced by explosives having
rates of detonation of 5,000 meters per second
or less. TNT has a relatively low rate of deto­
nation; and other castable explosives with
greater rates of detonation, such as composi­
tion B, pentolite, and ednatol are much superior
to TNT when used in shaped charges.

g. The type of material used as a liner and
its thickness are important. Increase in thick­
ness of the liner up to 1-mm for charges about
1 ilAI inches in diameter causes increase in
depth of penetration, but further increase in
thickness has no significant effect on depth of
penetration until it reaches a critical thick­
ness, above which performance deteriorates.
Comparative test with liners of different met­
als gave results (table 5-5) that indicate that,
in general, the depth of penetration is greatest
with metal of the greatest density. However,
ductility also plays a major role in penetration.

Liner tnatcrial

Copper _
Steel _
Zinc _
Aluminum _

"In armor-plate targets.

Depth at
optimum

Densit1l stand-off"
(in)

8.8 7.5
7.8 5.0
7.2 4.5
2.7 5.0

Diameter of
entrance

hole (mm)

18
16
22
23
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back tube is attached to the apex or pole of the
lin er, such as the combination hemi spherical
lin er with flashback tube (fig. 5-23) used in
the projectile or the 57-mm recoilless gun. A
furthe r exte ns ion of this combination of cavi­
ti es is the bottle-shape. In these two designs,
wi th a hole throughout the charge, the jet from
the liner of the cylindr ica l part of the cavity
is formed first and this is foll owed by jet and
slug f rom the lin er of the hemi spherical por­
t ion of the cavity.

i. Th e loading of shaped charge ammunition
requires great precision, if maximum and re­
producible pene tration effects are to be ob­
tained. Misalinement of the cavity axis with
the axis of th e exp losive charge causes decrease
in the penetrati on value of the jet. Uneven
thickness of the met al liner, f ormation of a
nonuniform layer of explosive at the base of

TM 9-1300-214

the cavit y, and voids or low-endsity regions in
the explosive charge all have adverse effects on
penetration value. These adverse effects are
more pronounced for small than for large
charges.

k. When used in projectiles that are sub­
jected to rotation, there is much less penetra­
tion effect of a shaped char ge than when it is
fired staticall y. Investigation has shown that
even low rates of rotation have a measurable
effect and that this increases with increase in
rate of rotation until a maximum effect is ob­
serve d at certain point. Further increase in
rate of rotation causes no further reduction in
penet r at ion value. Shaped charge proje ctiles,
rotating at rates required for satisfactory
flight stability, yield penetration effects but
then only 50 percent or less of the effects ob­
tained in stat ic tests. Rotating shaped charges

•
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DIRECTION OF DETONATION WAVE .,
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Figure 5- 2:1. Specia l fo r ms of shaped churttcs,
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F ig ure 5-21, . P ene ira t ion. of s tee l by a shaped charge.

produ ce holes of greater diameter than stat ic
charges, but rotation does not aff ect the volume
of the hole produced. The relative effect of ro­
tation is approximately the same wi th both
light and heavy cone liners; and changing the
apex angle of the cone does not eliminate the
r edu cti on in penetration caused by rotation of
th e charge.

l. Det ermination of shaped char ge effects is
made by placing the assembly vertically, at a
measured stand-off distance, above a pil e of
armor-pla te steel plates 0.5 inch thick and deto­
nating the charge. Great care mu st be taken to
in sure that the common axis of the charge and
cavity is exactly perpendicular to the plane of
the surface of th e top plate. If a shaped charge
is to be tested when under rotati on, it is
mounted at the end of an extension of the
shaft of a motor capable of being run at se­
lected speeds. After detonation of the char ge,
the depth of the hole, its average diameter at
the top , and its volume are determined . Figure
5-24 shows in crossect ion a typical hole pro­
duced by a sh ap ed charge.

1n. Shaped charges are used in artillery and
rocket projectiles, demolition charges, and
antitank mines. In antitank artillery projec­
tiles, shaped char ges have the advantage in
that their penetration effect s are independent
of terminal velocity at the target. Although
their potent ial efficiency is much r educed by

their rotation, such shaped charge project iles
can penetrate a gre ate r thickn ess of ar mor
plate than a cor responding she ll with a con­
ventional charge. Th e bazooka and M9A1 rifle
gre nade proj ectiles a re not rot ated an d, there­
for e, function with max imum effectiveness.
Having charges of only 0.5 and 0.25 pound,
respectively, of 50-50 pentolite, th ey can pene­
trate 3 to 5 inches of armor plate. Th e M2A3
and M3 dem olition shaped charges contain ap­
proximately 12 and 30 pounds, r espectively, of
50-50 pentolite. Th e form er is capable of pene­
trating 36 inches of r einfor ced concre te or, if
th e concret e is thicker, will produce a hole 30
inches deep and 2 to 3 inches in diameter . Th e
M3 charge can penetrate 60 inches of concre te .
Such demolition charges are used f or destroy­
ing concre te pill box es, knocking out bridge
pillars, and sever ing suppor ti ng bridge spans.
Th e Germans used a shaped charge antit ank
mine, which really was a dem olition charge,
since it wa s placed on enemy tanks or similar
target s rather than being buried beneath the
surface of the gro und. With a shaned explosive
cha rge of 2.5 pounds of an RDX-TNT mixture,
it could pen etrate a rmor plate 6 inches th ick.
producing a hole 1.25 in ches in diameter and
causing mu ch flaking or spalling of steel f rom
th e interior of the tank wall.

n . Ap plicat ion of the shaped charge princi­
ple to othe r types of ammunition has been
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made or is un der way, but these developments
a re not within the restricted scope of this man­
ual. This applies also to developments in the
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direction of nullifying the effects of the shaped
charge and protecting tanks, etc., from such
effects.
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CHAPTER 6

BLACK POWDER

•

•

•

6-1. Ignition, Fuze, and Fuse

a. General. Black powder is the gener ic name
originally ap plied to a mixture of charcoal ,
sulf ur , a nd potassium nitrate and now applied
also to compos it ions containing bituminous
coal instead of charcoal and sodium nitrate in­
stead of potassium nitrate. In appearance it
varies f rom a black , ver y fine powder to den se
pell ets which may be black or have a gr ayish­
black color becau se of a graphite-glazed sur­
face . The compos ition of black powd er con­
ta in ing potassium nitrate, charcoal , and sulf ur
has re mained essenti a lly unchanged for 400
years, as any considerable modification of the
75 :15 :10 pr opor t ionality of the ingredients
has been found to r esult in the powder burn­
ing more slowly or producing less effect. While
no longer used as a military propellant, black
powd er find s application in the ignition of
smokeless powder, time fuzes, saluting charges,
squibs, smoke-p uff charges, and catapult
charges. Other uses are in ignition of rocket
and miss ile propulsion units by means of black
powder and black powder compositions used in
roc ket, J ato, and mi ssile boosters and sustain­
ers.

b. Compos ition and Combustion. Standard
blac k powd er contains 74.0 ±1.0 percent po­
tassium nitrate, 15.6±1.0 percent charcoal, and
10.4±1.0 percent sulfur. Its autocombustion
yields CO, CO, N , K2C03, K2S04, and K2S as
the principal products. As a r esult of combus­
t ion, the re are liberated approximately 680
calor ies pe r kil ogram of heat.

c. Burning Rate. The type of charcoal used
in the manufacture of black powder is reflected
by the burning rate of the powder, which burns
mu ch more r apidly when made from willow or
alde r charcoal than when made from oak char­
coal. Increase in the percentage of nitrate, with
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cor responding decrea se in percentage of char­
coal, causes decrease in the burning rate, but
this is unaffect ed by small cha nges in the pro ­
portion of sulfur present. The presen ce of
more than 0.2 percent of moisture causes a
decr ea se in the burning rate. Black powder
made hy simple mixing of the ingredien t s
burns much more slowly than that in wh ich
the ingredi ents are in corporated or we lded to ­
gether by a wheel mill. When pressed , an in­
cor por ate d black powder is not porous and the
burning rate decreases with in crease in den ­
sity. When subjected to pressures of 25 ,000
and 75,000 psi, black powd er has densi ty
values of 1.74 and 1.88, r espectively. As manu­
factured, it has a particle den sity of 1.72 to
1.77. 'Whe n confined , increa se in gas pr essure
causes increase in bu rning rate, this bein g
approximately 4 inches per second at a pressure
of 25,000 psi.

d. Manufacture. Bl ack powder is manuf ac­
tured by pulverizing char coal and sulf ur to­
gether in a ball mill , whereby some of the
sulfur is incorporated or worked into the cell u­
lar openings of the charcoal. The dampened
material is mixed with finely gro un d ni trate
and the moisture content is adjus te d to ap ­
proximately 4 percent. About 300 pounds of
the mixture are placed in a wheel mill (fig .
6-1) having two wheels , each of which is 18
in ches wide and wei gh s 8 or 10 t ons. The mill­
ing operation, which is continued f or 3 to 6
hours, in crea ses the degree of in corporation .
The milled material is pressed in t o cakes, using
a pressure of appro ximately 6,000 psi. The cake
is broken up by means of adj us table rolls hav­
in g cor r ugate d surfaces. The s~veral rolls in
the corning mill reduce the material to the
desired gr a in size. Passage of this over shaker
screens removes dust and fine s, which are r e­
turned to the wheel mill. The coarse material
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F igure 6-1. Black powder wheel mill.

is passed through the rolls a second time and
is rescreened. In the blending house, the
screened material is tumbled for about 8 hours
in a rotating drum of hardwood. Because of
friction, the powder is heated to as much as
65 0 C., and any moisture present is removed
by evaporation. If the powder is to be glazed,
graphite is added to the contents of the drum,
after the moisture has been reduced to a cer­
tain point but before the powder is too dry.
The dried powder is separated into standard
granulations by sieving and then packed in
metal drums holding 20 to 25 pounds. The
manufacture of black powder is hazardous be­
cause of sensitivity to ignition by spark, and
the separate operations are conducted by re­
mote control in widely separated buildings. The
corning mill operation is considered the most
hazardous. .

e. Granulations. Military black powder is
manufactured in a range of grain sizes, each

6-2

of which is identified by a designation-grade,
symbol, or name-as shown in table 6-1.

f . Sensitivity. Black powder is less sensitive
than tetryl, as judged by impact tests, and
undergoes no ignition in the pendulum friction
test with a steel shoe. In the sand test, it
crushes no sand when ignited by a flame and
only 8 grams when initiated by tetryl or
PETN. Having an explosion temperature test
valu e of 457 0 C., it is also relatively insensitive
to nonradiant heat energy. Its high degree of
accidental explosion hazard, therefore, is at­
tributable to its great sensitivity to ignition
by flame , incandescent particles, or electric
spark. The ballistic pendulum test shows black
powder to be 50 percent as powerful as TNT,
but efforts to detonate it, by means of a booster
explosive, have resulted in a maximum rate of
decomposition approximately only 400 meters
per second.

g. Stability and Hygroscopicity. In the ab-
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quired to have a certain burning rate when
loaded in a standard M54 f uze and tested under
specified conditions . Such powder burns too
rapidly for use in some fuzes, so a slow-bur ning
powder is use d. This has the compos it ion-

Percent
Potassium nitrate 70.0 ± 1.0
Semibituminous coal 14.0 ± 1.0
Sulfur 16.0 ± 1.0

This powder, which in use may be blended
with pow der havin g the standard compo sition,
is required to contain not more than 0.75 per­
cent of moisture and be of such granulat ion
that at least 98 percent pa sses through a No.
140 sieve. When loaded in a specified fuz e and
burned, it is required to have a specified burn­
ing time, with a maximum dispersion in burn­
ing time of not more than 2.0 seconds. Coal
powder is blended and mat mill ed. The charac­
teristics of this composit ion depend largely on
those of the coal used , and the volatile matter,
fixed carbon, ash , and sulfur conte nts of this
are specified. Like f uze powders having the
standard composit ion, slow-bur ning fuze pow­
der is not glazed with graph ite . As coal has
only the vestiges of a cellular st r uct ure , the
manufacture of slow-bur ning fuze powder does
not result in the same degree of incorpor ation
as is obtained with the standar d composition.
Because of this an d the difference s in compo­
sition, the slow-bur ning powder burns only 60
percent as rapidly as the standa rd composition
and does so with less uniformity.

j. Black Powder fO T Fuzes. Black powder
used in the manufacture of time blasting or
safety fuze may have the st andar d black pow­
der composit ion, be a modification of the pro­
portions of the ing re dients of this, or contain
inert diluents such as graphite , brick dust , or
borax. The most common type of fuze burns
at a rate of about 1 f oot in 40 seconds . This
low burning rate is ascribable to the design of
the fuze as well as the comp osition used. The
powder used is manufactured by the same
process as that havin g the standa rd composi­
tion. It is produced as a finely granular , free­
flowing powder which is compacte d during the
loading operation .

k. Analysis. The moisture content of black
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powder is determined by heating a 2-gram
sa mple at 70° C. fo r 4 hours, cooling, and find­
ing the loss in weight. Th e nitrate content is
det ermined by extr acting a 10-gram sample
with hot water, drying the residue at 70 ° C.
for 4 hours, cooling , and considering the loss
in weight as nitrate and moisture. Th e residue
is ext racte d with car bon disulfide, dri ed at
100° C. for 1 hour, and cooled . The loss in
weight represents the su lf ur present. The
weight of r esidu e after t his extraction repre­
sents the charcoal or coal present in the black
powder. This is ignited in a muffl e furnace
until all ca rbonaceous matter has been bur ned
aw ay . After cooling, the nonvolatile mineral
matter is weighed and cons idere d to represen t
th e ash conte nt of the powder.

6-2. Sodium Nitrate Black Powder
a. Wh en sodium nitrate is substituted for

potassium ni trate in black powder and the
proportions of the ingredients are changed
somewhat , th ere is obt ained a composition that
is more hygroscopi c bu t burns more slowly
and is cheaper than standa rd black powder.
Th e sodium nitrate black powder use d fo r mili­
tary purposes and blasting operations has the
following composit ion-

Percent
Sodium nitrate 72 ± 2
Charcoal 16 ± 2
Sul f ur 12 ± 2

Th e gr ains of powder are glazed with graphite .
b. For commercial use, sodium nitrate black

powder is sieved to sizes design ated as CCC,
CC, C, F , FF, FFF, and FFFF. Th e ave rage
diameter of the CCC particle is about 14-mm,
while th at of th e FFFF part icle is only 1 to
2-mm. Sodium nitrate black powde r for mili­
tary use is granulate d in three classes. Class A
powd er is of such fineness that at least 97
percent passes through a No. 12 sieve, at least
45 percent passes through a No. 16 sieve, and
at least 95 percent is r eta ined on a No. 40
sieve. This clas s is used in sa lut ing charges.
Class B powder is used in practi ce bombs and
is of such granula t ion th at at least 97 percent
pa sses th ro ugh a No. 4 sieve and at least 95
percent is retained on a No. 16 sieve. Class C
powder, which is used f or torpedo impulse
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charges, is required to pass through a sieve
having 9/16-inch openings and be retained on a
sieve having% -inch openings. Black powder
used in rocket or missile igniters has desig­
nated granulation depending on speed of igni­
tion and the quality of brisance effect.

c. Sodium nitrate black powder has a specific
gravity of 1.74 to 1.82 and is slightly less
sensitive to impact than black powd er contain­
ing potassium nitrate. The heat of explosion
and ga s volume values of both are approxi­
mately equal , but since the sodium nitrate
powder burns the more slowly, it has even less
brisance than the potassium nitrate powder.
They are of the same order of stability. Both
compositions are manufactured by the same
process.

6-3. Compositions for Squibs
a. Squibs being desi gned to produce a volu­

minous flash of flame, there is used a finely
branular compo sition that is only slightly com­
pressed. This is loaded into a tube, with one
end closed by a moistureprooving paper disk.
Ignition of the squib composition is effected at
the other end.

b. Squibs for military use are caused to
functi on by the heat developed by an electrical
r esistance wire. This may ignite a charge of
either potassium nitrate or sodium nitrate
bla ck powder or an ignition composition con­
taining-

Per cent
Pot a ssium chlor a te 58
Diazodinitroph enol 48
Nitrostarch __ 2

This ignites the main charge of black powder.
In some cases, the black powder charge is
ignited by a matchhead composition contain­
ing-

Per cent
Po tassium chlora te 30
Ant imony sulfide 20
Dextrin 50

6-4. Black Powder Subst itutes
Today, black powder is used primarily as a

propellant ignition material. In some instances,
however, black powder is used in such other
applicat ions as expelling charges and spotting
char ges.

\ GO I 0020A
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a. Benite.
(1) Benite, developed at Pi catinny Ar­

senal, as used in igniter composit ions
of artillery primers or in base igniter
bags for separate-loading ammuni­
tion, is in the form of extruded
strands consisting of the ingredients
of black powder (KN03, Charcoal,
Sulfur) in a matrix of nitrocellulose.
The ratio of black powder ingredients
to nitrocellulose is 60/40, proportions
of black powder ingredients in Benite
being th e same as in bla ck powder.

(2) Benite is manufactured by a solvent
extrusion process, using esse nt ially
the same mixing, extrusion and dry­
ing facilities employed in the manu­
facture of double- and triple-base
cannon propellant, with the except ion
that cannon-powder cutting equip­
ment cannot be used. Stability of
Benite, as measured by the standar d
short-term heat test, is improved by
the direct substitut ion of Diphenyl­
amine in the formula ti on.

(3) The processing of Benite involves use
of an Ether-Alcohol solvent system .
The feasibility of using a multi­
orivce plate die in ext r us ion of Benite
strands and drying Benite st r ands on
a dowel was dem onstrated. Benite
colloid does not detonate under severe
conditions of convnement and, there­
fore, should be considered a Clas s 2
explosive hazard (Fire Hazard ) for
extrusion. Automat ed hi gh-c apacity
equipment of the type f ound in the
food and plastics industries may be
adapted to Benite manufacture.

b. Eimite. Eimite is an other substitute for
black powder in artillery primers.

c. Boron-Potassium Nitrate. Boron Potas­
sium Nitrate is used in many in stances to re­
place black powder. This material has an
energy content of over 1600 calor ies per gram
as against less than 1000 for black powder .

d. Max Typ e Mixtures. Mox ty pe composi­
tions, developed beginning in 1950, consist of:
varying percentages of such oxidizers as am-
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monium perchlorate, potassium nitrate,
barium nit r ate ; metal powders including alum­
in um, magn esium or copper oxid e; and small
quantities of othe r ingredients (i .e., wax,
stearates, and graph ite ) . Th e oxidizers are
generally coated with RDX, TNT or mixtures
of both. Appropria te amounts of the ingredi-

6-6

ents are blended togethe r fo r at least 30 min­
utes in the dr y state . Alth ough classified as
explosives, these mixtures are use d fo r special­
ized applicat ions . The most common composi­
tion, MOX 2B, is used as a spotting charge in
place of black powder .

AGO l 0020A
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7-1. Initiating Ag ents

a. In itiating agents used in military ammu­
nition include priming composit ions and initial
detonating agents.

b. Priming compositions are physical mix­
tures of materials th at are very sens it ive to
impact or percussion and , when so exploded,
undergo very rapid autocornbustion . Th e prod­
ucts of such an expl osion are hot gases and
incandescent solid particles. Priming compo si­
ti ons are used for the ignition of initial de­
tonating agents, black powd er igniter cha rges,
pro pellants in small arms ammuniti on, et c.

c. Initial det onating agents are hi gh explo­
sives th at are so sensit ive to heat, impact, and
friction that they und ergo detonation when
subjected to a flame or percussion. They are
used to initiate detona ti on of the less se nsit ive
hi gh explosiv es compris ing bursting charges,
demolition high exp losives , and dynamites.
Most initial det onating agents have distinctly
lower rates of detonation and brisance valu es
than th ose of th e explosives th ey are used to
ini tiate. As th ey include azides , f ulminates,
and diaz o-, nitrc-, a nd nitroso-cornpounds,
many of th e initial detonating agents used are
less stable than the noninit iating milita ry ex­
plosiv es. Man y compounds that have sat isfact­
ory ini tiating characteristics are too unstable
or sensit ive for use in mili tary ammunition
and . consequent ly, th ose ac tua lly in use are
limi ted in number.

7- 2. Initia l Detonating Agents

" . Lrrul A zide.
( I) Lead azide. Pb (N1h is a salt of

hydrazoic acid, lIN;, and ha s a mole­
cula r weight of 291.258. Lead azide
exists in two forms: orthorhombic
( a) , density 4.71; and monoclinic
un . densi ty 4.93. Th e pure com-

.... - ..- ... ._ - - - - - -

pound, as usually prepared, consists
of colorless, needle-like crystals. For­
mation of the too sens it ive ortho­
rhombic form is prevented by the
very slow mixing of very dilute solu­
tions of the lead nitrate and sodium
azide from which lead azide is pre­
pared. It can also be produced in the
form of finely divided amorphous
aggregates by the rapid mixing of
relatively concentrated solut ions of
lead nitrate and sodium azide.

(2) The azides of lead, s ilver, and mer­
cury were first prepared by Curti us
in 1890 and 1891. The hazards in­
volved in th e manufacture and han­
dli ng of the pure material delayed it s
practi cal use fo r many years; but it
has been used in this form in some
foreign countries s ince 1920. Military
commercial use of "dextrinated" lead
azide, an impure form, ha s been
made in the United States since about
1930. This form will be that cons id­
ered in the discussion in (3 ) through
(18 ) below.

(3) Dextrinated lead azide is manufac­
t ured in the form of rounded aggre­
gates, which have no observable crys­
tal faces und er a ma gnificati on of 50
diameters (figs. 7-1 and 7-6). It is
white to buff in color an d conta ins
approximately 93 percent lead azide,
4 percent lead hydroxide, and 3 per­
cent dextr in and impurities. It is used
in detonators and priming composi­
tions.

(4) The dextrinated and crystalline forms
of lead azide have apparent density

values of approximately 1.5 and 0.8,
r espect ively, the absolute density of

7-1
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cold water to the extent of 1 percent,
becau se of the solubility of the dex­
trin present. Both fo rms are almost
insoluble in ethe r or acetone at their
boiling points. Cold ethanol has little
if any solvent act ion on lead azi de,
and the material can be stored when
wet with a mixture of equal volumes
of water and ethanol. Pure lead azide
is somewhat soluble in an aqueous
solution containing 10 percent of am­
monium acetate . It is in soluble in
ammonium hydroxide solution.

(6) Wh en exposed to an atmosphere of
90-percent r elative hu midity at 30 ° C.,
dextrinated and crystalline lead azide
are hy groscopic to the extent of 0.8
and 0.03 percent, respectively.

(7) Lead azide is decomposed by a 10 per­
cent solut ion of sodi um hydroxide,
with the f ormation of lead hydroxide
and sodium azide. A solution of cer ic
ammonium nitrate decomposes lead
azide, with the quantitative libera­
tion of nitrogen . Wh en dissolved in
aqueous ammonium acet ate, lead azide
reacts with potassium dichromate to
form potassium azide and insoluble
lead chromate. Dry lead azide does
noto react with or corrode stee l, iro n.
nickel, aluminum, lead, zinc , copper ,
t in , or cad mium. It does not affect
coatings of aci dproof black paint,
baked oil , NRC comp ound, or shellac
or steel surfaces that have been ph os­
phatized. In the presence of moisture,
it corrodes zin c and copper; and, in
the latter case, it forms the ext r emely
sens it ive and dangerous compound
copper azide. F or this reason, lead
azide is not loaded so as to be in di­
rect contact with uncoated copp er or
its alloys; aluminum , generally being
used for detonator she lls, etc.

(8) Dextrinated and pure lea d az ide have
calculated activation energy values of
23.4 and 41.3 kil ogram-calor ies, re ­
spectively, per gram molecular
weight. Upon det onat ion , pure lea d
azide liberates 367 calories of heat

3.00
3.37
3.51
3.72
4.05

•

Densit y of lead az ide . grant
per milli lit er

Dext ri nated Crystalli ne

F iirure 7- 1 . L ead azide crystals , 100 X .

the dextrinated form being 4.38.
When subjected to various pressures,
the two types of leal azide have been
found to have density values given in
table 7-1.
Compressed lead azi de has been re­
ported to have a speci fic heat value of
1.55 calor ies per gram per degree
Centigrade.

~ RA PD 167379

(5 ) P ure lead azide is soluble in water to
the extent of only 0.02 percent at
18° C. an d 0.09 percent at 70· C. Dex­
t rinated lead azide may be soluble in

T abl e 7-1. Dcnsit y of lead az ide when pressed

Pressure. ps i

3,000 _ _ _ 2.56
5,000 __ 2.72
10,000 2.94
15,000 3.07
25,000 _
50~00 _

7-2 AG O l 0020A
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and 308 milliliters of gas per gram, the lead produced
being in the gaseous form. These values are slightly
less than the corresponding values for mercury fulmi­
nate. Because of the-nonexplosive diluents present, the
heat produced by dextrinated lead azide is somewhat
less than that produced by explosion of the pure com­
pound.

(9) Dextrinated lead azide is manufactured as
follows: 164 pounds of lead nitrate and 8.25 pounds of
dextrin are dissolved in 245 gallons of water and the
pH of the resulting solution is adjusted to 5.4 by the ad­
dition of sodium hydroxide. The solution then is heated
to 710 C. and stirred vigorously. While agitation is con­
tinued, there is added slowly 233 gallons of an aqueous
solution containing 64 pounds of sodium azide and 1.6
pounds of sodium hydroxide. The reactions taking
place are-

Pb(N0 3)2+2 NaN3- 2 NaN0 3
+Pb(N3)2

Pb(N0 3) 2+2 NaN 3- 2 NaN0 3
+Pb(OH) 2

At the same time that insoluble lead azide and lead hy­
droxide are precipitated, dextrin also separates out.
This acts as a binding agent for the particles of solid
matter precipitated, and there are formed nodular ag­
gregates, some of which are retained on a No. 270 sieve
while others pass through a No. 325 sieve. The precipi­
tated material is caught on a cloth and washed with
water until the washings are free from nitrate. The
purified product is kept in a wet condition until used.

I (10) Several grades of lead azide are manufactured
for military use. The grades are required to be white to
blue in color, be free of needle-shaped crystals longer
than 0.1 mm, have a minimum lead azide content of
91.5 percent, have a total lead content of 68.5 to 71.15
percent, be free of acidity, have a maximum solubility
of 1.0 percent in cold water, and cause the complete
detonation of tetryl when used in the sand test. The re­
quirement that it be free of needle-shaped crystals
longer than 0.1 mm prevents the presence of very sen­
sitive crystals, which are believed to detonate when
broken by the application of pressure. The other re­
quirements assure the desired composition, its noncor­
rosiveness, and its effectiveness as an initiating agent.

(11) Dextrinated lead azide is less sensitive to im­
pact than mercury fulminate, lead styphnate,
diazodinitrophenol, tetracene, or crystalline lead azide.
The small aggregates that pass through a No. 325 sieve
are slightly less sensitive than those that pass through
a No. 230 sieve and are retained on a No. 270 sieve.
When wet with wate r for 95 percent ethanol, lead azide
has the comparative sensitivity values shown by table
7-2.

TM 9-1300-214

Table 7-2. Sensitivity of Dry and Wet Lead Azide

Composit ion. percen t Pendulum friction test

Fiber shoe Steel shoe

Impact,
test. • Detona- Detona-

Lead ."ide Water Ethano l inches, Trials tions Trial s tiona

100 . . . . . . ....... .. ..... 4 1 1 ... ... , ... . ' "

80 ....... 20 ....... 9 10 0 4 1
80 ..... .. ... .... 20 4 1 1 ....... • 0 •• • ••

75 .... ... 25 .0 ..••• 9 10 0 12 0
• Picatinny apparatus with 2.kilogram weight .

(12) When pure lead azide is heated at 2450 to 2500

C., it decomposes into nitrogen and lead without explo­
sion. In the explosion temperature test, temperatures
of 3400 and 3450 C. are required to cause the explosion
of dextrinated and crystalline lead azide, respectively,
in 5 seconds, while a temperature of approximately
3900 C. is required to cause the explosion of either in
0.1 second. These temperatures requ ired for explosion
are much greater than the corresponding values for
mercury fulminate, lead styphnate, diazodinit rophenol,
and tetracene and reflect the greater difficulty in ig­
niting lead azide in practical use.

(13) When subjected to the sand test , dextrinated
lead azide is indicated to be 95 percent as brisant as the
pure crystalline material , but only 75 percent as bri­
sant as mercury fulminate and 37 percent as brisant as
diazodinitrophenol. Dextrinated and pure lead azide
are indicated to have rates of 3,900 and 4,300 meters
per second, respectively, when pressed at 3,000 psi
(density values 2.62 and 2.65). When pressed so as to
have a density of 4.0, the rates of detonat ion are indi­
cated to be 5,000 to 5,200 meters per second.

(14) Trauzl lead block tests have shown dextri­
nated lead azide to be 89 percent as powerful as the
pure compound, but only 80 percent as powerful as
mercury fulminate.

(15) Lead azide is an excellent init ia ting agent for
high explosives. While not superior to mercury fulmi­
nate for detonating the less sensi tive explosives, such
as TNT and picric acid, it is markedly superior as an
initiator for the more sensitive explosives, such as
tetryl, RDX, and PETN. Unlike diazodinit rophenol, it
cannot initiate the detonation of explosive •• D" or cast
TNT.

(16) The stability of dextrinated as well as pure
lead azide is exceptional. This is indicated by 1000 C.
heat and vacuum stability tests and also by storage
tests. It has been found to be unchanged with respect to
purity or brisance after storage for 25 months at 500 C.
or under a water-ethanol mixtu re at ordinary tem­
perature. Storage at 800 C. for 15 months caused no
decrease in brisance and, after such storage, a priming

Change 1 7-3
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composition contai ning lead azide showed no decrease
in sensitivity to stab action.

(17) Lead azide is not considered to be particularly
toxic; but inhalation of the dust should be avoided, as
this causes a headache and distention of the blood
vessels. It has been recommended that the lead azide
content of air be prevented from exceeding 0.2
milligram per cubic meter in order to avoid undue tox­
icity.

I (18) Lead azide is sensitive to shock initiation and
it has replaced mercury fulminate. Its superior initiat­
ing action, complete stability from a practical view­
point, low cost, and the greater availabili ty of its raw
materials make lead azide the most important initial
detonating agent for military use. It also is used exten­
sively in the manufacture of commercial blasting caps.

b. Mercury Fulminate.
(1) Mercury fuliminate, Hg(ONCh, is a salt of an

acid that is too unstable to exist in the free state. The
mercury salt has a molecular weight of 284.65 and is
white when pure but, as manufactured, it is only 98 to
99 percent pure and is grayish. It forms octahedral
crystals, usually truncated, only the smaller crystal s
being fully developed (figs. 7-2 and 7-6). It crystallizes
from water with half a moleculeof water of crystalliza­
tion, but lacks this as manufactured.

(2) First prepared by Johann Kunckel von
LOwenstern (1630-1703), the preparation and proper­
ties of mercury fulminate were first described in 1800
by Howard. It was not until 1867 that the compound
was used as initial detonating agent, when Nobel used
it to teton ate nitroglycerin. Because of its sensitivity to
flame and percussion, it was for many years the most
important material used in detonators and as an ingre ­
dient of priming compositions. Since 1930, it has been
replaced extensively by lead azide, but is still used to
some extent in military ammunition and commercial
blasting caps.

7-4 Change 1
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Figure 7- 2. M CrClO'Y fulminate crystals , 125 x.

(3) Mercury fulminate has a crystal den­
sity of 4.42 and an apparent density
of 1.35 to 1.75. When subjected to
pressures of 3,000, 10,000, 20,000, and
50,000 psi, density values of 3.0, 3.6,
4.0, and 4.3 are obtained. Pressure at
25,000 to 30,000 psi or more causes
the desensitization of mercury fulmi­
nate to such an extent that the dead­
pressed material merely ignites and
burns when subjected to contact with
a flame. Dead-pressed mercury fulmi­
nate is detonated if it is covered with
a layer of loose or slightly compressed
fulminate and this is ignited. Mer­
cury fulminate in compressed form is
reported to have a specific heat value
of 1.1 calories per gram per degree
Centigrade.

(4) Soluble in water to th e exte nt of only
0.01 percent at 15° C. and only
slightly soluble in cold ethanol, mer­
cury fulminate can be stored under
water or, when there is danger of
freezing, under a mixture of equal
volumes of water and ethanol or
methanol. It is dried easily and is
hygroscopic to the extent of only 0.02

AGO l 0020A

percent when exposed to an atmos­
phere of 90 percent relative humidity
at 30 ° C. It is soluble in aqueous am­
monium hydroxide or potassium cy­
anide and in pyridine, and can be
recovered from such solutions by
treating the ammonium or potassium
solution with acid or by adding water
to the pyridine solution.

(5) Mercury fulminate reacts with con­
centrated hydrochloric acid to form
hydroxylamine, H2N.OH1, and formic
acid, HCOOH. It reacts with sodium
thiosulfate in aqueous solution, with
the formation of mercury tetrathio­
nate-

Hg(ONC)2+2 Na 2S203+
H20 - HgS406+2 NaOH+

NaCN+NaNCO

If allowed to stand, a secondary reac­
tion occurs with th e information of
sulfate and thiocyanate-

HgS 406 +2 NaOH+NaCN
+NaNCO - HgS04+
Na2S04+2 NaNCS+H20

Th e first reaction can be used for de­
termination of the purity of mercury
fulminate. Even in the presenc e of
0.5 percent of moisture, pure mercury
fulminate does not react with any of
the ordinary metals. However, the
standard grade of mercury fulminate
may contain as much as 1 percent of
free mercury and, if this impurity is
present to an appreciable extent, the
mercury fulminate may cause slight
corrosion of copper or its alloys by
amalgamation.

(6) Mercury fulminate is manufactured
in relatively small quantities. A solu­
tion of 1 pound of redistilled mercury
ill 8 to 10 pounds of nitric acid of
specific gravity 1.4 is heated at 55°
to 60° C. and then poured into a large
balloon flask containing 8 to 10 pounds
of 95-percent ethanol. The flask rests
in a bath of running cold water. After
1.5 hours the reaction is complete; an d

7-5
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when the reaction mixture has cooled
to room temperature, all of the fulmi­
nate has settled out. This is caught
on a cloth screen and washed with
cold water until free of acid and fine
impurities termed "fulminate mud.
The washed fulminate is transferred
to cloth bags and stored wet until
used. The yield is 120 to 130 parts per
100 parts of mercury. Ethyl nitrate
(C,Hs.ON02) , ethyl nitrite (C2Hv
ONO), and nitroethane (C,HsN02)

also are produced. The intermediate
products of oxidation and nitration
involved in the preparation of mer­
cury fulminate are as follows:

CH,.CH ,OH -+CH:,.CH0-+
Ethanol Acetaldehyde

CH,(NO).CHC-+CH( :NOH).CHO-+
Nitrosoace- Isonit.rosoace-

taldehyde taldehyde

CH( :NOH ) .COOH -+
Isonitroso-

acetic acid

C (NO, ) (:NOH).COOH-+
Nitroisonitro-

soacetic a cid

O,H.CH:NOH-+C:NOH-·,Hg(ONC) ,
Formoni- Fulminic Mercury
trolic acid acid fulminate

The product so obtained is not more
than 99 percent pure. It can be puri­
fied so as to have a fulminate content
of 99.75 percent or more by dissolving
the impure material in concentrated
ammonium hydroxide, filtering the
solution, cooling the filtrate, and re­
precipitating slowly, adding concen­
trated nitric acid with rapid agita­
tion, while keeping the temperature
below 35 ° C. Conditions can be estab­
lished so that the precipitated ful­
minate is of essentially the same
granulation as the impure material.
The precipitated pure fulminate is
washed with distilled water until free
of acid. The yield is 80 to 87 percent.

(7) Mercury fulminate for military use
consists of one grade. The require­
ments applying are-

Appearance: Crystals of spar-

7-6

kling appear-
ance that are €white, gray, or
light gray with
a yellowish tint.

Granulation: A maximum of 15
percent retained
on a No. 100
and a maxim um
of 75 percent
passing through
a No. 200 sieve.

Sand test: 0.400 gram shall
crush a mini-
mum of 44
grams of sand.

Mercury Minimum, 98.0
fulminate: percent.

Acidity: None.
Insoluble

matter: Maximum, 2.0
percent.

Free mer- Maximum, 1.0
cury: percent.

Chlorine: Maximum, 0.05 €percent.

The requirement, with respect to
chlorine content, is due to the occa­
sional use of a small quantity of
cupric chloride, CuCb, for the pur­
pose of improving the color of the
product. The chloride is added to the
solution of mercury in nitric acid.
While this improves the color, it also
decreases the purity of the product.
The insoluble matter represents de­
composition products, which are
formed as the result of side reactions;

(8) Mercury fulminate is more sens it ive
to impact than lead azide and lead
styphnate. Being of the same sensi­
tivity to impact as diazodinitroph en ol
and tetracene, these three compound s
are the most sensitive initiatin g ex­
plosives used in military ammunition .
Mercury fulminate is more sensitive

A GO 100201\
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to heat and friction than lead azide
and lead styphnate and has a higher
explosion temperature test value
(210 ° C.) than diazodinitrophenol
and tetracene. Comparative values for
the sensit ivity of these last two com­
pounds to friction are not available.
The sensitivity of mercury fulminate
to percussion is one of its most ad­
vantageous characteristics.

(9) As measured by the sand test, the
brisance of mercury fulminate is
greater than that of lead azide, but
only 50 percent that of diazodinitro­
phenol. This relationship is in agree­
ment with the relative order of the
rates of detonation of the three com­
pounds.

(10) Mercury fulminate is a distinctly
more powerful explosive than lead
azide, as indicated by Trauzl lead
block tests, and this is confirmed by
the higher heat of explosion.

(11) Although mercury fulminate is not as
efficient an initiator of detonation as
lead azide and diazodinitrophenol, it
is entirely satisfactory when used in
conjunction with tetryl, RDX, or
PETN, the most generally used
booster explosives. During the half
century it was almost the only initial
detonating agent in practical use, its
initiating efficiency was considered
satisfactory.

(12) The relatively poor stability of mer­
cury fulminate has been its most dis­
advantageous characteristic and the
main reason for efforts to replace this
initiator with a superior substitute.
The usual stability tests are not ap­
plicable to mercury fulminate, due to
explosion in a relatively short time at
temperatures above 85° C. When mer­
cury fulminate deteriorates, it is
chiefly with the production of a non­
explosive solid rather than gaseous
products of decomposition. It has been

AGO I 0020A
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found that when its purity has been
reduced to approximately 92 percent,
the initiating efficiency of mercury
fulminate is practically destroyed, al­
though the material will explode
when ignited. When purity has been
reduced to 95 percent, the stability
of mercury fulminate must be con­
sidered to be seriously impaired.

Table 7- 3. Deterioration of Mercury Fulminate

Time r equired t o reduce puri t y to
Storage

temperature 95 percent 92 percen t
·C.

nays Months Years Days Month, Years

80 _._-- .--- -_ ... 0.5 _._ -.._._- -- - - - 1 ------ ---- -
50 --- ------- --- - --- 8 ----- ---- -- 11 - ----
30-35 ---_._--- -- - - -- -- - - - - 1.7 - -- -- -- ---- 5.8
20 -- -------- ---- - -- --- - 7 - - - - - ------ 9
10 ------- --- ----_. ---- -- 8 ----- -- - --- 10

Table 7-3 gives a summary of the
times of storage at various temper­
atures required to cause deterioration
to 92 and 95 percent purity. The im­
portance of the purity of mercury
fulminate, with respect to its stabil­
ity, can be recognized from the data
in table 7-3 and the fact that mer­
cury fulminate of 99.75 percent pur­
ity has been found to require storage
at 50° C. for 24 months to become
deteriorated to 92 percent purity.

(13) Mercury and its compounds are of
recognized toxicity. The handling of
mercury fulminate is not unduly
hazardous from a toxicity viewpoint,
but should be done with minimum
contact with the skin. Its dust should
not be inhaled and it has been recom­
mended that, in order to avoid undue
toxicity, the air in loading plant
buildings should contain not more
than 0.1 milligram of mercury fulmi­
nate per cubic meter.

c. Diazodinitrophenol (DDNP).

(1) Diazodinitrophenol, 4,5-dinitroben-
zene-2-diazo-l-oxide, dinol, diazol or
DDNP is a compound having the
structure
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Figure A. DDNP

which forms greenish yellow to
brown tabular crystals (figs. 7-3,
7-6) . It has a molecular weight of
210.108. It is used extensively in com­
mercial blasting caps and has found
some use in military priming compo­
sit ions and detonators. DDNP was
first prepared by Griess in 1858, but
it was not until 70 years later that it
was developed commercially as an
initial detonating agent.

(2) DDNP has a crystal density of 1.63
and in the loose form has an apparent
density of 0.5 to 0.9. When pressed at
3,000 psi, it has a density of about
1.2. It is not desensitized when sub­
jected to a pressure of 130,000 psi.

(3) The solubility of DDNP in various
liquids is shown by table 7-4. It is
soluble to some extent also in nitro­
glycer in, nitrobenzene, aniline, pyri­
dine, and concentrated hydrochloric
acid. DDNP is nonhygroscopic in an
atmosphere of 90-percent relative
humidity at 30 ° C.

(4 ) DDNP does not react with water at
ordinary temperatures, but is desen-

7-8

Figure 7--3. Diazodinitrophenol crysta ls, 50 x.

sitized by it. A 0.5-percent solu ti on of
sodium hydroxide decomposes DD NP,
with the liberation of nit rogen. It is
darkened rapidly by expos ure to sun­
light, this effect probably represent­
ing oxidation at the surface.

Tabl e 7-4 . Solubili ty of Diazodini tro phenot

Solubility, grams per IOO
g rams of solven t at-

25° C. 50 ° C.

Water ._____ 0.08 _
Benzene ._____ 0.09 0.23
Methanol 0.57 1.25
Ethanol 0.84 2.43
Ether 0.04 _
Chloroform .__________ 0.11
Ethylene chl oride 0.29 _
Acetic acid ____ __ 1.40 _
Ethyl Acetate 2.45
Acetone 6.0 _

(5) The process used commercially for
the manufacture of DDNP is not
available, but it can be prepared by
the diazontization of picramic acid by
means of sodium nitrite and hY f l ~"J­

chloric acid. The reactions i -rvolved
are-

AG O 10020A
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Picramic acid ma y be prepared by
evaporating a mixture of an alcoholic
solution of ammonium picrate and
ammonium sulfide and purifying the
product. Ten grams of picramic acid
are suspended in 120 milliliters of a
5-percent aqueous solution of hydro­
chloric acid. The mixture is cooled
with an ice bath and stirred rapidly.
A solution of 3.6 grams of sodium
nitrite in 10 milliliters of water is
added all at once and st ir r ing is con­
t inued for 20 minutes. The dark
brown granular material that sepa­
rates is caught on a filter and washed
with ice water until the washings
give no test for hydrochloric acid or
sodi um chloride. If this material is
dissolved in hot acetone and to the
agitated solution there is added a
large volume of ice water, the DDNP
is precipitated as a bright yellow
amorphous powder. Recrystallization
from a solvent is used to produce the
tabula r cr ystals that comprise speci­
fication grade material. After manu­
facture , it is kept wet with water un­
til used.

(6) But one grade of DDNP is used for
military purposes. Th is complies with
the following requirements:

Color: Gr eenish yellow to brown .
Form: Tabul ar crystals havin g a

maximum len gth of 0.2 mm .
Gr anulation: 100 percent shall

pass through a No. 100 US
st andar d sieve.

Bulk den sity: Minimum, 0.4
g '/rnl.

Acidity: Maximum, 0.01 percent
as hydrochlori c acid.

Sand test: 0.40 gram shall cr ush
not less than 33 grams of sand.

(7) DDNP is as sens it ive to imp act as
mercury fulminate and much less
sen sitive to fri ct ion . It has approxi­
mately the same sens itivity to friction
as lead azide. The explosion tempera­
ture test value of 180 0 C. for DDNP
shows it to be mu ch more eas ily
ignited than even mercur y fulminate.
Water effectively desensitizes DDNP,
as it is not detonated by a No 8 blast­
ing cap when wet with water. Al­
though DDNP detonates when struck
a sharp blow, it burns with a flash,
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if ignited, when unconfined and even
in quantities of several grams. How­
ever, even slight confinement causes
the transition of burning into detona­
tion. If pressed into a blasting cap
shell with a reinforcing cap, and a
piece of black powder safety fuse is
crimped in the shell , a charge of
DDNP undergoes detonation when
ignited. It is said that a spark falling
into the open end of such a blasting
cap causes only ignition and flashing
of the DDNP.

(8) As indicated by sand test values,
DDNP is twice as brisant as mercury
fulminate and of the same order of
brisance as TNT. It is to be noted
that DDNP and TNT at a density
of 1.58 have the same rate of detona­
tion of 6,900 meters per second. Tests
with I-gram samples in small Trauzl
lead blocks have shown DDNP to be
three times as powerful as mercury
fulminate.

(9) By means of the sand test, it has
been found that DDNP is a better
initiator of detonation than mercury
fulminate or lead azide for the less
sensitive high explosives. The most
marked evidence of this is the ability
of DDNP to initiate the detonation
of explosive D and cast TNT. For
initiation of the more sensitive high
explosives, DDNP is not superior to
lead azide. Comparative values show­
ing relative initiating efficiencies are
given in table 7-5.

Table 7-5. Efficien cy of Initiating Compounds

Minimum detonating charge. gram of
initiator required to detonatc-

Expwsive
Tetryl TNT "D"

test results. Storage tests have shown
dry DDNP to withstand storage at
50° C. for at least 30 months, as com­
pared with 9 months for mercury
fulminate. When stored under water,
DDNP is of unimpaired brisance for
24 months at ordinary temperature
and for 12 months at 50° C. The
stability of DDNP, therefore, is con­
sidered satisfactory for commercial
and military use, and DDNP as well
as lead azide has replaced mercury
fulminate in blasting caps to ' a large
extent. It is used to some extent in
loading fuze detonators and the man­
ufacture of priming compositions for
military use.

d. Lead styphnate.

(1) Lead styphnate or lead 2,4,6-trini­
troresorcinate is a compound having
a molecular weight of 450.30 and the
structure-

Pb

o

RA PD 212834

Figure C. Lead styphnate.

(10) DDNP is not as stable as lead azide,
but is markedly superior to mercury
fulminate in this respect, as indicated
by 100° C. vacuum stability and heat

Lead azide _
Mercury fulminate .... _
Diazodinitrophenol . _

n Not detonated.

0.10
0.19
0.12

0.26
0.24
0.15

( a)
( a)

0.28

It forms light orange or reddish­
brown rhombic crystals contain ing a
molecule of water of cryst alli zat ion.
First described in 1914 by von Herz ,
it is a relatively poor initiator of
detonation but has found use as a
cover charge for lead azide and as an
ingredient of priming compositions.
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(2) The crystal density of lead styphnate
is 3.02, but the apparent density of
the uncompressed material is only 1.4
to 1.6.

(3) Lead styphnate is soluble in cold
water to the extent of only 0.04 per­
cent and has a hygroscopicity value
of only 0.05 percent when exposed to
an atmosphere of 100 percent relative
humidity at 25 ° C. It is less soluble
in acetone and ethanol and is insolu­
ble in ether, chloroform, carbon tetra­
chlor ide, carbon bisulfide, benz ene,
toluene, concentrated hydrochl oric
acid, and glacial acetic acid . It is
somewhat soluble in a 10 percent
aqueous solution of ammonium ace­
tate.

(4) Lead styphnate is decomposed by
concentrated nitric or sulfuric acid.
Wh en dissolved in ammonium acetate
solution, it reacts with potassium di­
chromate to form potassium styph­
nate and insoluble lead chromate.

(5) Lead styphnate can be prepared by
the reaction of lead nitrate or acetate
with either sodium or magn esium
styphnate in th e presence of an acid.
In commercial production, the mag­
nesium salt is used . This is prepared
by the reaction of magnesium oxide
and styphnic acid (2,4,6-trinitrore­
sor cinol) . In one procedure, a boiling
solution of lead nitrate is added to a
boiling solution of sodium styphnate
acidified with aceti c acid. In anothe r
procedure, solutions of ma gnesi um
styphnate and lead acetate are caused
to react at 70 ° C. to form a precipi­
tate of ba sic lead styphnate, whi ch
is converted into th e normal sa lt by
the addition of dilute nitric acid.
Th e insolubl e product is filtered off
and washed with water until free of
acid. Like other initial detonating
compounds, lead styphnate is kept in
a wet condition until used. Photo­
mic rographs of lead styphnate are
shown in figures 7.4 and 7.6.

A GO IOO;:OA
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Figure 7-1, . Lead s t.u ph nu.tc crys ta ls, 425 x.

(6) One grade of lead styph nate is used
for milita ry purposes. This must
comply with the following major r e­
qu ir ements :

Form: Cubic crystals not longer
than 0.5 mm and free
of needle-shaped crys­
tals or crystal aggre­
gates.

Purity: Minimum, 98.5 percent
of

Pb02C6H (N02) 3.H20 .
Lead conte nt : Maximum, 44.5

percent.

Appare nt density: 1.5±0.1 grams
per milliliter.

pH of a 1 percent solut ion : 5.0
to 7.0.

Ammonium acetate in solubl e mat­
tel': Maximum, 0.3 percent.
Ether-soluble matter: Maximum:

0.1 percent.
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Granulat ion: Not less than 99.5
percent th rough
a No. 100 sieve.

Brisa nce : Minimum, 50 percent
of that of TNT, as
dete r mined by the
sand test.

(7) Lead styphnate is slight ly less sens i­
tive to impact than mercury f ulmi­
nate or diazodinitroph enol , but is
mor e sens iti ve than lead azide. It is
less sens it ive to friction than merc ury
fu lmi nate or lead azide. It has an ex­
plosion temperature test valve (282°
C.) less than that for lead azi de but
much gre ate r than those for mercury
fulminate and diazodinitrophenol. Al­
though it detonates with a loud noise
when brought into contact with a
flame, lead styphnate apparently det­
onates at less than its maximum r ate
when ignited . Th e calculated act iva ­
tion energy for the decomposit ion of
lead styphnate is 61.5 kilog ram­
calories per gram molecule as com­
pared with a value of 25.2 kilogram­
calories for mercury fulmi na te. It is
much more easil y ignited by an elec­
trical spar k than is mercury fu lmi­
nate, lead azide, or diazodi nit ro­
ph enol.

(8) When subjected to the sand test,
with ignition by a black pow der fu se,
the brisance of lead styphnate (10.5
grams) is mu ch less than that of lead
azide (16 .7 grams). However, wh en
initiated with a small charge of mer­
cury fulminate or lea d azi de, its
brisance (24.0 grams) is greater than
that of lean azide or mercury fulmi­
nate (22.1 grams ) . When initia te d
with blasting caps, lead styphnate
pressed to a density of 2.9 has a r ate
of detonation of 5,200 meters per
second, which is greater than the r ate
of detonation of eithe r lead azide or
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mercury fulminate at the same den­
sity. Trauzl lead block tests, with
large and small blocks, show lead
styphnate to be mor e pow erful than
lead azide and probab ly equal to mer­
cury fulminate.

(9) In spite of it s favor ab le rate of det ­
onation and power characteristics,
lead styphna te is a relatively poor
ini ti ator of det onat ion. Whil e it det o­
nates st r aight 60 percent dynamite
and somet imes det onates gelat in dyn a­
mite, it is incapable of initiating the
detonation of any of the military
high explosives exce pt PETN. It ini ­
tiates only unpressed P ETN, and th e
minimum detonating charge is 0.55
gram as compared with 0.30 gram of
mercury fulminate or 0.04 gram of
lead azide. However , the ease of ig­
nition of lead styphnate renders it
suitable f or use as an ignit ing charge
for lead azide and as an ingredient
of priming compositions. It has been
used exte nsively ab road fo r the first
purpose and to some extent in the
United States for the second.

(10) Lead styphnate is of a high order of
stability as indicated by vacuum sta­
bility tests at 100 ° and 120 ° C. Th e
loss of 1.5 percent in the 100° C. heat
test may be attributable to the r e­
moval of water of crystallization ,
which is present to the extent of 3.84
percent. Storage at 80 ° C. caused no
change in its 120 ° C. vacu um stability
test value, although the explosion
temperature and sand test values
were increased slightly. These
changes also may be attributable to
loss of water of crystallization. Th e
stability of lead styphnate may be
considered to approach that of lead
azide and be better than that of mer­
cury fulminate or diazodinit r ophenol.

AGO ID020A
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No standard grade of t etracene for
military use has been established.
Photomicrographs of the material
prepared as described above are
show n by figures 7-5, and 7-6.

Tet r acene may be prepared as f ol­
lows: 34 grams of aminogu anidine
car bonate is dissolved , with wa rm­
ing, in a mixture of 2,500 milliliters
of water and 15.7 gr ams of glac ial
ace tic aci d. After the solution has
been filtered and cooled to 30 ° C.,
there is added 27.6 grams of solid
sodium nitrite, which is dissolved by
stirring. After standing for 3 or 4
hours, the solution is sh ak en to sta r t
precipi tat ion and the mixture is al­
lowed to stand for about 20 hours
longer. The precipitate of tetracene
is separated and washed with water
until free of acid.

Tetracene is as sensitive to impact
as mercur y fulminate and diazodini­
troph enol and has a lower explosion
te mperature test value (154 ° C.) than
any of the other initiating compounds
considered herein. It is this ease of
ignition and its relatively hi gh heat
of explos ion and gas volume that
render it useful in priming composi­
tions and, along with lead azide, in
explos ive rivets. When exposed
to contact with a flame, tetracene un­
degoes mi ld explosion with the pro­
duction of much black smoke. Its
sens itivity is such that it is extremely

In practice, this is brought about by
the react ion of 1-aminoguanidine hy­
drogen carbonate or sulfate with so­
dium nitrate in the presence of acetic
acid . If a miner al acid is used, guanyl
az ide, N3.C ( :NH ) .NH 2, is formed;
and if the acetic acid is in excess,
there is fo rmed 1,3 ditetrazolyltria­
zine.

(6)

(7)

Tetracene is practically insoluble in
water, but is hydroscopic to the ex­
tent of 0.8 percent when exposed to
an atmosphere of 95 percent re lative
humidity at 30 ° C. It can be stored
wet with water or a mixture of wa te r
and ethanol. It is inso luble in etha­
nol, ether, benzene, and carbon tetra­
chloride. It is soluble in strong hy­
droc hlor ic acid , and from this solution
it is precipitated as the hydrochlor ide
by the addition of ether. This, on
treatment with sodium acetate or am ­
monium hydroxide, yields tetracene.

Boiling water decomposes t etracene,
with the liberation of 2 molec ules of
nitrogen per molecule of tetracene .
On hydrolysis with sodi um hydrox­
ide , it yields ammonia, cya namide,
and triazonitrosoaminogua ni dine ,
N3C( :NH) .NH.NH.NO. Te t racene
reacts with an excess of silver nitrate
to form the double salt C2H7NIOOAg.
AgN03.3H20 an d fo rms explosive
salts, such as the perchlorate.

(4)

(2)

(3)

E. TETRA CENE

(1) Tetracene, 4-guanyl-1- (n itrosoami n­
oguanyl) -I-tetrazene , is a compo und
having the structure

HN NH

' C- NH - N H - N = N - C/
H ,N/" """' N H. N H. N O

which is prepared as crystals forming
a colorless or pale yellow, fluffy ma­
terial. It has a molecular weight of
188.16. It was first prepared in 1910
by Hoffman and Roth and has been
used as an ingredient of priming
compositions.

As prepared, tetracene has an ap­
parent density of only 0.45, and when
subjected to a pressure of 3,00 0 psi
the density is increased to 1.05.

(5) Tetracene is prepared by the r eaction
of aminoguanidine and nitrous ac id.

H ,N.C( :NH).NH.NH CiftHO[N ro=tH,l N .C( :NH) .NH.N H H +HO NO -+

---... 310i-tH ,N .C( :N H) .N H .N H. N :N .C( :N H) .N H .N H .NO

•
..

•
•
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C.N :N.NH.C

~ N- N

~ II
~ NH - N

RA PD 212835

)

Figure D. Di tetra zolyltriazine.
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Fujurc 1.5. Tct racen e crystal s, 125 x .

subject to dead-pressing. In the sand
test the loose materia l cr ushes 13.1
grams of sa nd, but when loa ded und er
a pressure of 3,000 psi , it crushes only
2.0 grams of sand. However , tetracene
pressed at 3,000 psi cr ushes 21.1
gram s of sand whe n init iated with
mercury ful minate. This maximum
brisance is equal to that of mercury
fulminate and is re flecte d by its rela­
ti vely high Trauzl lead block test

value (157 milliliters) as well as its
high heat of explosion.

(8) Unpressed tetracene, when ignited
by a flame, can cause th e detonation
of loose or pressed PETN, but pressed
tetracene does not detonate PETN.
While unpressed tetracene can ca use
low-order detonation of tetryl, it has
no such effect on TNT, even when
primed with mercury fulmi nate, Te­
tracene therefore does not have suf­
ficient initiating efficiency t o permit
its use as such with mi litary hi gh
explosives.

(9) Tetracene is relatively stable at tem­
peratures not greater t han 75 ° C.
However, in the 100 ° C. heat test , it
undergoes extreme decomp osit ion in
the first 48 hours of th e test. Su fficient
data are not avail abl e to permit a
definite evaluation of the stability of
tetracene, but its reacti vity with boil­
ing water and slightly high 75 ° C.
international test value (0.5 percent )
indicate an order of stability approxi­
mating that of mercury fulmi nate.

7-3. Priming Compositions

a. The ideal priming composition would con­
sist of a single chemical compound of unifor m
particle size that would undergo very rapid
autocombustion , but not detonation wh en sub­
jected to friction or impact. Lead dini trore­
sorcinate has been found to have these char­
acteristics, but its sensitivity is less than that
desirable and the compound has not been
standardized. The next most desirable type of
composition would be a mixture of nonexplo-
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LEAD AZ IDE, 1OX

DIAZODINITROPHENOL,
25X

1M 9-1300-214

MERCURY FULM INATE,
100X

LEAD STyPHNATE,
100X

,

TETRACENE, 100X
RA PD 167384

AGO l0020A

Figure 7-6. Initial detonating agents.
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sive compounds that sensitize each other to
ignition and rapid burning. Such comp ositions
have been developed an d used, Most military
priming compositions consist of mixtures of
one or more initial detonating agents with
oxidizing agents, fuels, sensi tizers, and binding
agents.

b. The oxidizing agents used in priming
compositions are potassium chlorate and bar­
ium nitrate; while the fu els are lead thiocya­
nate, carbon black, antimony sulfide, and
calcium silicide. The last two serve also to
sensitize the composition to friction or per­
cussion. Carborundum and ground glass also
are used as sensitizers. The explosive ingre­
dients generally are the sensitive initiating
compounds, lead azide, mercury fulminate,
lead styphnate, and diazodinitrophenol; but
TNT and PETN also are used in compositions
containing no initial detonating compound.
Shellac, gum arabic, and gum tragacanth are
the chief binding agents used and serve also
as fuels. Binding agents permit the use of
priming compositions in the form of caked
masses, instead of the powdery physical mix­
tures formed from the chief ingredients of the
compositions.

c. Individual charges of priming composi­
tion are very small, bein g of the order of 0.05
to 0.2 gram. Because of this and the sensitivity
of the compositions to friction, they are man­
ufactured in small lots of about 5 pounds or
less. If the composition is to be used in a dry
condition, the ingredients are placed on a tri­
angular sheet of rubber having a cord attached
to each corner and located behind a barricade.
By raising the corners alternately, the ingredi­
ents are mixed thoroughly. A final lifting oper­
ation discharges the mixture through a screen
into a rubber container. If the composition is to
be wet with a binding agent, the ingredients are
mixed in a small barricaded doughmixer. The
pasty product so obtained is used in loading
operations and volatile solvent present is re­
moved by evaporation after being loaded in
primers.

d. The sensitivity of priming compositions
varies wid ely, and careful control of the gran­
ulations of the ingredients of each composition
is necessary. Nonuniformity of composition,
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due to mechanical segregation of the ingre­
dients, can cause great variations in sensitivity
and consequent failure to function. This is
particularly apt to occur if one of the ingre­
dients, such as lead azide and mercury fulmi­
nate, is of much greater density than the other
ingredients. A binding agent prevents such
segregation. The sensitivity of priming com­
positions is not determined so as to be com­
parable with that of other explosives. In prac­
tice, the composition is loaded in primer cups.
which are placed in a test apparatus equipped
with a firing pin. A steel ball is allowed to fall
from a predetermined height and strike the
firing pin. This may cause explosion of the
composition by percussion or impact, depend­
ing upon the type of primer used. By repeated
trials, there are determined the maximum
height of fall causing no explosion and the
minimum height of fall required for explosion
in all of a prescribed number of tests. By su ch
a test proceiure, the range of sensi tivity of a
composition is determined. This is of particu­
lar importance is a material that is to be
caused to function by a mechanical method.

e. The rate of burning of a priming com­
position and the volume of gases and wei ght
of solid particles produced determine the ef­
fectiveness of the composition as an ignit ion
agent. The bursts of flame from primers
loaded with various compositions have been
found to have ecective durations from 400 to
750 microseconds and total durations from
650 to 1,500 microseconds. The volume of gas
produced has been found to be of the order of
25 milliliters per gram of composition, at
standard temperature and pressure. The pro­
portion of the weight of the composition con­
verted into incandescent solid particles varies
considerably, but may be as much as 70 per­
cent.

[, Priming compositions used in military
ammunition are of good stability, except for
those containing mercury fulminate. Those
containing fulminate undergo deterioration
and desensitization if stored at slightly ele­
vated temperatures. Storag-e at 30° to 35 ° C.
(85 ° to 95° F.) for 5 years seriously impairs
for functioning- of such compositions. The
other compositions, containing nonexplosive

AGO l0020A
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I II H I
Percent Percent Percen t:

Table 7-7. Priming Compositions Con tainin g
ill ercuru F almil1 ate

Percent
P otassium chlorate 33.4
Antimony sul fide .. .. .. 33.3
Lead azi de .. 28.3
8arborundu m .. .. 5.0

14
21
28
35

2

35
30
35

Pot assi um chlo rate _ 45
Antimony sulfide _.. .... .._ 23
Mercury fulminate 32
Ground glass _
Sh ellac . .. .. _

100 100 100

Photomicrographs of th e first two of these
are shown in figure 35. The first of the above
compositions usually is loaded when dry but
can be loaded when wet with ethanol. The
second composition is used in a dry condition.
The third composition is prepared with the
shellac dissolved in ethanol and the composi­
tion is wet loaded.

k. Priming compositions used in electric
primers and electric squibs contain lead sty­
phnate and diazodinitrophenol, respectively,
as the explosive in gredients. These composi­
tions are shown in table 7-8.

l. In certain items of ammunition such as
pyrotechnic assemblies, primany ignition is
brought about by f r ict ional devices, in which
a wire or rod is pulled through a perforated
pellet of a priming composition.

100 .0

and a photomicrograph of this is shown in
figure 7-7. In this composition, the antimony
sulfide acts as both a fuel and sensitizing
agent and the carborundum is also a sensitiz­
ing agent.

i. Priming compositions containing mercury
fu lminate as an expl osive ingredient were the
first such compositions developed, but now are
used to only a limited extent, because of their
relatively poor stability. Representative com­
positions of this class are shown in table 7-7.

serves as an antibacterial agent. A similar
binding agent is used wi th the third composi­
tion.

i. A primer mixture used in detonators ha s
the composition-

100 100.00 100 100 100

Photomicrographs of samples of these compo­
siti ons are shown in figure 7-7. Th e first and
third of these are loaded with the ad dition of
a binding agent. The binder for the first com­
position is a mixture of gum tragacanth, gum
arabic, glue, and thymol, in which the thymol

Tabl e 7-6. Chlo rate-Thiocyanate Compositions
Con taining E xplosive Ingredien ts.

1 H H I I V V
Percent Percent Perc en t Per cent Percent

P atassium 53 37.05 53 53 35
chlorate.

Lea d 25 38.13 25 25 17
thiocyanate.

Antimony 17 12 17 30
sulfide.

Barium nitrate _ 8.68 ..__. _
Ground glass 10.45 _
Ca lcium silicide .. 15
TNT 5 5.69 ...._..__ 3
PETN 10 .._.. _
Lead a zide ..__ 5 __.. _

materials only or lead azide, lead styphnate,
TNT, or PETN are of a high order of stability.
100 0 C. vacuum stability test values reflect
this difference in stability, f ulminate compo­
sitions liberating about 10 milliliters and the
other composit ions about 0.3 milliliter of gas
per gram of composition.

g . The simplest priming composition, one
containing no explosive ingredient, is a mix­
ture containi ng 55 percent potassium chlorate
and 45 percent lead thiocyanate. Potassium
chlorate, which readily undergoes decomposi­
tion with the liber ati on of oxygen

KCl03 -+ KCl+1 1;20 2

is nonexplosive as show n by imp act, pend ulum
friction, and sand test s. Lead th iocyan ate, t he
fue l in the composit ion, has a marked sensi­
tizing egect on the chlor ate; and the mixture
has an explosion te mperat ure test value of only
240 0 C.

h. The simple mixture of chlorate and thio­
cyanate is not suitable for wide application,
because of its relative insensitivity. A group
of compositions t hat may be considered as de­
rived f rom the chlorateth iocyanate composi­
tion by the inclus ion of explosive ingredients
is shown by table 7-6.

•

•
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M-4 PRIMING
COMPOSITION, 100X

M26 PRIMING
COMPOSITION, 100X

- ~ .-
' ) 4Il ~ ..',
~#~:.: \,!ll(~"""';,.•., 14-·· '\'.<
~-: " .' .•' til .. .'.

• 4 ' • • •• •....
M13 PRIMING

COMPOSITION; 2S0X

M42 PRIMING
COMPOSITION, 2S0X

I
I· I

_ _ I

NO 70 PR IMING NO 74A PRIMING
COMPOSITION, 100X COMPOSITION, lS0X
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NO 90A PRIMING MK V PRIMING
COMPOSITION, 100X COMPOSITION, 100X

RA PO 167385

F igur e 7-7. Prim ing compositions.
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Table 7-8. Electric Primer and Squib Priming

Compositions.

Barium nitrate _
Potassium chlorate _
Lead styphnate _
Diazodinitrophenol _
Nitrostarch _
Calcium silicide _
Carbon black _
Cha rcoal _
Gum arabic _

In some cases, the braided with is coated with
a mixture of red ph osphorus and shellac and
the composit ion of the pellet is:

Per cen.t
Potassium chlorate 88
Charcoal 10
Dextrin 2

100

In other cases the wire or rod is merely
ro ughened and the pellet composit ion is:

Pe rcent:
Potassium chlo rate 56.2
Antimony sulfide 24.6
Sulfur 9.0
Ground glass 10.2

100.0

7-4. Noninitiating High Explosives

a. Nonini t iat ing hi gh explosives comprise
explosives that r equire initiation to detonation
by another explosive and are used as booster
and bursti ng charges and fo r blasting and
demolition purposes. They may be divided into
the following types:

(1) Single compound explosives.

(2) Binary expl osi ves.

(3) P las t ic explosives .

(4) Dynamites.

b. Single-compound hi gh explosives in clude
inorganic and organic compounds, wi th am­
monium nit rate as the only important inor­
ganic hi gh explosive. The organic high explo­
sive compounds are of the aliphatic, aromatic,
and heterocyclic series and include nitrates,
nitrocompounds, and nitramines. The aliphatic

AGO l 0020A
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nitrates, such as nitroglycerin and nitrocellu­
lose, were the first important high explosives
and reflected the commercial availability of
natural products such as glycerin, cellulose,
and sugars. The development of the coal-tar
industry resulted in the development of aro­
mat ic ni t r ocompounds, such as TNT and picric
acid , as major military explosives. The rather
recent development of bulk synthetic chemi­
cals, such as ammonia, formaldehyde, acetal­
dehyde, and guanidine, has made practicable
the development of the nitramine explosives
RDX, haleite, and nitroguanidine as well as
the nitrate PETN. It is probable that impor­
t ant future developments will be based on the
nitration of glycols or polyhydroxy-compounds
of synthetic origin. There are hundreds of
kn own explosive compounds, but only a few of
these can be used as military explosives, be­
cause of existing requirements with respect
to sensitivity, brisance, stability, volatility,
hygroscopicity, reactivity, cost , availability,
etc.

c. Of the dozen standard noninitiating hi gh
explosives used for military purposes, only
TNT melt s at a temperature below 100 0 C. and
can be melt-loaded with the use of low-pressure
steam kettles. As melt-l oading offers great ad­
vantages over press-loading, there have been
developed binary explosives that consist of
mixtures of TNT with another explosive, with
a second explosive and a nonexplosive material
such as aluminum, or aluminum alone. This
has mad e available military explosives that
are superior to TNT with respect to fragmen­
tat ion and blast effect.

d. The dist inct limitations, with respect to
the proportions of other explosives that can
be mixed with TNT and melt-loaded, the re­
quirement fo r very brisant explosives that can
be press-loaded without undue hazard, and the
requirement for demolition explosives that can
be moulded by hand have led to the develop­
ment of two types of plastic explosives. One of
these consists essentially of a very brisant ex­
plosive, dese nsitized with a wax, and suitable
for press-load ing in projectiles of small cali­
bers. The second consists of a highly brisant
explosive, such as RDX, and a binding agent
that forms a putty-like mass.
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e. Militar y operations sometimes involve
blasting operat ions comparable with those in­
volved in road-building, quarrying, removal
of structures, etc . Blasting explosives similar
to or identical with commerc ial dynamites are
used for such oper at ions.

f. The indi vidua l military expl osives in­
cluded in the fou r types (a above) are described
herein.

7-5. Ammonium Nitrate

a. Ammonium nit r ate, NH4N03, has a mole­
cular weight of 80.048 and forms colorless
rhombic crystals at ordinary temperatures
(figs. 7-8 and 7-9). First prepared by Glauber
in 1659, it was first used as an explosive in
1867, when Ohlsson and Norrbin used it as
an ingredient of what was essentially a dy­
namite. Although ammonium nitrate can be
made to detonate under conditions of great
confinement, it is so insensitive that it cannot
be used alone as an explosive. It therefore has
fo und use as an ing redient of binary explo­
sives, dynamites, and crater ing explosives.

b. Melting at 169.6° C., liquid ammonium
nitrate forms cubic crystals on solidificat ion.
When cooled to 125.2° C., these undergo transi­
tio n to the tetragona l system, and further cool­
ing to 84.2 ° C., causes th e crystals to become
a-orthorhombic. At 32.3 ° C., there is transition
to the ,a-orthorhombic form. This form persists
to _18 ° C., where the crystals become pseudo­
hexagonal. Ammonium nitrate has no boiling
point at atmospher ic pressure, th e compound
decompo sing when heated to 210° C.

c. Ammonium nitrate is extremely hygro­
scopic and is soluble to the extent of 118.3 and
871 grams per 100 grams of water at 0° and
100 ° C., respectively. It is soluble in ethanol
and methanol to the extent of 3.8 and 17.1
grams, res pect ively, per 100 grams of solvent
at 20° C.

d. The cr ystal density of ammonium nitrate
is 1.725 at 25° C. Its apparent density varies
widely with granulat ion and the purpose for
which it is intended. That used for the manu­
factu re of amatol has an apparent density of
1.06 or more.
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e. The scratch hardness of ammonium ni­
trate crystals is slightly less than that of TNT
and considerably greater than that of tetryl.

f. Amm onium nitrate has specific heat val­
ues of 0.397 and 0.428 calorie per gram per
degree Cent igrade at 0° and 100 ° C., respec­
ti vely. Its heat of fusion is 18.23 calories per
gram. Th e heat of formation of ammonium
nitrate is 1098.46 calories per gram or 87.93
kilogram-calori es per mole at constant pres­
sure. When detonated, ammonium nitrate has
a heat of explosion value of 346.3 calories per
gram or 27.72 kilogram-calories per mole, and
it liberates gaseous products to the extent of
980 milliliters per gram or 78.44 liters per
mole, mea sured at standard temperature and
pressure.

g . Manufactured by the neutraliz -ction of an
aqueous solut ion of ammonia with nitric acid
and evaporation of the solution , molern am­
monium nitrate is a very pure product, since
the ammonia is manufact ured by the fixation
of atmospher ic nitrogen and the nitric acid
is obtained by the catalyti c oxidation of such
ammonia. Th e final dr ying of the ammonium
nitrate is accomplished in a graining kettle.

h. Ammonium nitrate is decomposed by
strong alkalies with the liber at ion of ammonia
and by sulf ur ic acid with the formation of
ammonium sulfate and nitric acid. In the pres­
ence of moisture, ammonium nitrate reacts
with copper to form te traminocupr ic nitrate,
Cu (N03) 2.4NH3, whi ch is of the same order .'of
sensit ivity to impact and brisance as lead
azide. For this re ason, tools of brass or bronze
are not used in operat ions with explo sives con­
taining ammonium nitrate. It also corrodes
iron, steel, brass, lead, and cadmium. When
ammonium nitrate reacts with iron in the
presence of moisture, ammonia is liberated.
It has little if any effect on coatings of acid­
proof black paint, shellac, baked oil, or NRC
Compound.

i. Ammo nium nitrate decomposes, when det­
onated, according to the react ion

NH4N03 -+ N2+2 H20+ % O2+ 27.72 kg cal

but when heated under va rio us conditions the
most important modes of decomposit ion are
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NH4N0 3 -+ NzO +2HzO + 10.7 kg cal
4NH4N03 -+ 2 NO z+8 HzO +3 N z+96.0

kg cal
4NH4!'i03 -+ 3 NOd- 5 HzO + N z+2 NHJ

+NO --8·1.88 kg ca l

20 z+ 8 HzO -HNz+ 195.76 kg cal

In the last examp le, th e decomp osition is en­
dothermic; an d if th e products of decomposi­
tion are heated, these react exothermically
with explosive effect.

j. The grade of ammonium nitrate used in
the manufacture of binar y explosives is re­
quired to be at least 99 percent pure, contain
not more th an 0.15 percent of moisture, and
have ma ximum ethe r-soluble, water-insoluble
acidity, sulfate, and chlor ide contents of 0.10,
0.18, 0.02, 0.05, and 0.50 percent, r espectively.
It must contain no ni trite or free alkali. The
granulation of ammonium nitrate is controlled,
so that arnatol of sa tisfacto r y fluidity when
liquid and density whe n cas t can be manuf'ac­
t ured from it. Cr ystalline ammonium nitrate
is shown in figures 7-8 and 7-9.

\
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Figure 7-8. A m monium nitrate cry stals, 1 % x.

k. Am monium nitrate is the least sensitive
to impact of any of the military explosives,
having an imp act test value of 31 inches as
compared with 17 inches for explosive D and
14 inches f or TNT. At temperatures from 75 °
to 15 ° C., its impact test value is 27 or 28
inches, but the va lue for the molten material
is only 12 inc hes. Wh en subjected to the ex­
plosion temperature test, ammonium nitrate
docs not explode, and it is unaffected in the
pendulum friction test with a steel shoe. It is
not exploded in the rifle bullet impact test. In
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F igure 7-9 . Ammonium nitrate crystals, 25 z ,

the sand test, only partial explosion of am­
monium ni t r ate results even if boostered with
a charge of tetryl or RDX. It has been fo un d
practicable to detonate larger charges, whe n
properly confined, by means of a booster
charge of tet r yl but not by means of a lea d
azide or mercur y fulminate blasting cap. The
sensitivity of ammonium nitrate to initiation
decreases with increase in loading density. If
the densi ty exceeds 0.9, charges of 1 to 3
pounds cannot be detonated completely by
large booster charges, and larger quantities
cannot be detona ted completely at densities
greater than 1.1. The admixture of up to 8
percent of nonexplosive carbonaceous mater ia l
somewhat se nsitizes ammonium nitrate to in i­
tiation. Certa in very insensitive blasting ex­
plosives consist of ammonium nitrate, dinitro­
toluene, a nd paraffin. It has been fo und that
ammonium nitrate can be caused to detonate
by heat a lone , but the confinement must be
such that a pressure of 2,500 psi or more can
be devel oped prior to explosion.
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l. Because of its insensitivity, the r ate of
detonation of ammonium nitrate is affected by
its part icle size, apparent density, degree of
confinement, and the efficiency of the booster
charge. Increase in rate is brought about by
decrease in particle size, decrease in apparent
density, and increase in confinement. Increase
in the emperature of the charge from 15 ° to
140 ° C. has been found to result in an increase
of 400 meters per second in the rate of detona­
tion. Molten ammonium nitrate, because of its
greater sensitivity, can be detonated with
practically no confinement. Observed rates of
detonation of ammonium nitrate under various
conditions are from 1,100 to 2,700 meters per
second.

m. Both Trauzl lead block and lead cylinder
compression tests indicate ammonium nitrate
to be 55 percent as powerful as TNT, although
their heat of explosion values would indicate
ammonium nitrate to be only 37 percent as
powerful. Because of its low rate of detonation,
the brisance of ammonium nitrate is relatively
low. Fragmentation tests in small sh ell of am­
monium nitrate and TNT loaded with a den­
sity of 1.0 showed the nitrate to produce only
24 percent as many fragments as the TNT.

n. Ammonium nitrate is a very stable ma­
terial even at 150 ° C., as indicated by the vac­
uum stability test at that temperature. It can
be heated at 100 ° C. for 100 days without ap­
preciable decomposition. Decomposition does
not appear to begin until the compound melts.
At 220 ° C., there are formed nitrous oxide,
water, and nitrogen; and this method is used
for the manufacture of nitrous oxide. If an
organic material such as cellulose is present,
decomposition of the mixture begins at 100 ° C.
and is pronounced at 120 ° C. Admixture with
TNT has little if any effect on the stability of
ammonium nitrate at temperatures less than
120 ° C.

o. Ammonium nitrate is not toxic. It is a
fire hazard since it is a powerful oxidizing
agent and will increase the intensity of com­
bustion of any flammable material mixed with
or adjacent to it.

7-22

7-6. N itroglycerin

a. Nitroglycerin, glyceryl trinitrate, or NG
is a colorless liquid, which has the structure

<{R,NO,
CRNO .
CR,NO ,

and a molecular weight of 227.09. First pre­
pared by Sobrero in 1864 or 1847, it was first
used as an explosive by Nobel in 1864. It is
used extensively in propellent compositions as
well as in dynamites and for the shooting of
oil wells.

b. Pure nitroglycerin freezes to form dip­
yramidal rhombic crystals, which represent a
stable form melting at 13.2° C. Under some
conditions, there are formed tric1inic crystals,
which represent a labile form melting at 2.2° C.
The labile form gradually changes into the
stable form after a week or two. Nitroglycerin
at 145 ° C. decomposes with the ebullition of
gaseous products of decomposition, so that it
appears to boil; but it undergoes true boiling
at 125 ° and 180 ° C. under pressures of 2 and
50 mm of mercury, respectively.

c. Nitroglycerin has a specific gravity value
20

of 1.5961:i and a refractive index value of
20

1.4732 D. It has viscosity values of 0.36, 0.21,
0.094, and 0.068 poise at 20°, 30 °, 50 °, and 60 °
C., respectively. With vapor pressure values of
0.0015, 0.0075, and 0.06 mm of mercury at 20 °,
40 ° and 60° C., respectively, nitroglycerin is
volatile to the extent of 0.11 milligram per
square centimeter per hour at 60 ° C.

d. The heat of explosion of nitroglycerin at
constant pressure is 1,603 calories per gram
or 368.4 kilogram-calories per mole. Its heat
of detonation is 1,486 calories per gram or
337.4 kilogram-calories per mole and the gas­
eous products are 715 milliters per gram of
163.5 liters per mole.

e. Nitroglycerin is soluble in water to the
extent of only 0.173, 0.191, 0.228, and 0.246
gram at 20°, 30 °, 50° and 60° C., respectively.
It is essentially nonhygroscopic when exposed
to atmospheric humidity. Ethanol dissolves
37.5 and 54 grams of nitroglycerin per 100
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grams of solvent at 0° and 20 ° C., r espectively .
H ot ethanol and nitroglycerin are miscible in
all pr oportions. Nitrogly cerin is miscible in
all proportions with ethe r, acetone, glacial
acetic acid , ethyl ace tate, benzene, toluene,
phe nol, nitrobenzene , chlorofo r m, et hy lene
chlor ide, and ni tric es te rs, such as glycol di­
nitrate. Nitroglycer in has some solvent act ion
on aromatic ni t r ocompounds, such as TNT
and dinitro tol uene, and it is a gelat inizing
age nt for nitrocellulose.

/. Conce ntrated su lfuric aci d decompo ses
nitroglycer in, with the formation of nitric
acid. In the presence of met alli c mercury,
nitric oxi de is fo rmed qua ntit at ive ly, and this
reaction is the basis for deter minat ion of the
purity of nitroglycerin by the nitrometer
method. The r eact ion between nitroglycerin
and aqueous sodium hydroxide is slow because
of their immiscibility, but if ethanol is added,
the reaction is r apid. The products are sodium
nitrate, nit rite, fo r mate, an d acetate, with res­
inous mate r ia l, oxa lic ac id, and ammonia bein g
produced as by-products. Nit roglycer in is hy­
drolysed to a very slight extent by wate r, this
being sufficient to produce less than 0.002
percent of acidity in 10 days at 22 ° C. or 0.005
percent of ac idity in 5 days at 60 ° C. An
aqueous solution of sod ium sulfide decomposes
nitroglycerin with the liberation of mu ch heat,
and this reaction can be used for the destruc­
tion of waste mater ial.

g . Nitroglycerin is manufactured by the
nitration of glycerin with a mixed aci d con­
taining abo ut 40 pe rcent nit r ic ac id, 59.5 per­
cent sulfur ic acid, and 0.5 pe rce nt water. One
part by weight of glycerin is adde d to abo ut
4.3 parts of well-agitated mi xed ac id, the tem­
perature of whic h is kept at 25 ° C. 0 1' less .
Wh en addition is complete, agitation and cool­
ing are conti nued until t he te mperat ure is
about 15° C. When the emulsion is allowed t o
stand in a sepa rat ing tank , the nitroglycerin
forms a super natant layer contain ing about 8
percent nitric and 2 percent sulfur ic aci ds .
Thi s is separated and agi tated with water at
a te mper at ur e as h igh as 43° C. After settling
out , the nitroglycer in is wash ed further with
water, once with a 2 percent solution of so-
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dium carbonate and f urthe r wit h wate r, until
t he wash waters are f ree of alkali and the
nitrogly cerin is neutral to litmus. The product
ha s a milky appearance because of its moisture
content, bu t on storage in a heated building,
the material becomes clear an d the moisture
content decreases to 0.4 percent or less. The
yield of nitroglycerin is 230 ± 5 parts by
weight per 100 par ts of glycer in . In Europe
the nitrati on and purification are carried out
by the Schmid and Bia zzi continuous proc­
esses, which also use glyceri n and a mixed
ac id .

h. There is but one grade of nit r oglycerin
fo r mi litary use. This must comply with the
fo llowing requirements:

Moisture content : Maximum, 0.75 per­
cent.

Acid ity or alkal in ity : Maximum, 0.002
percent.

Nitrogen content : Minimum, 18.40 per­
cent.

82.2° C., KI Test : Minimum, 10 minutes.

The KI Test does not measure stability, bu t
in dicates the presence or absence of t race im ­
pu rities not fo und in highly purified ni tro­
gylcer in .

i . As measured by the P icatinny impact
test, nitroglycer in is more sensitive t o impact
than me rc ury fu lminate, and its great sens i­
t ivity to impact is generally recognized. It is
sensitive to f riction , as shown by the pendu­
lum friction test. Increase in temperat ure in­
creases sensitivity to impact markedly. Solid
nitroglyce ri n is much less sensitive than the
liqui d compo und, but many accidents have oc­
curred whe n frozen dynamite was jarre d while
being tha wed. Unconfined nitroglyce r in in
very sma ll quantity bur ns without explosion ;
but if a f r acti on of a drop of the ma te ri al is
contained in a capillary glass tube and this
is exposed to a flame, the nitroglycer in det­
onates with a loud report. Nitroglyce r in is
init ia ted to detonation by a black powder squib,
but not uniformly so, and it therefore is al­
most as sensitive to initiation as mercury ful­
mi nate or lead azide. When com pa re d with
similar va lues f or ot her explos ives, the explo­
sion temperature test va lue of nitroglycer in
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Tribl e 7-9. Impact Sensit ivi tn of Nitroglycerin-Acetone

Jfixtures

(222° C.) does not indicate its sensitivity to
initiation by heat. No data are available in
connection with the sensitivity of nitrogly­
cerin to initiation by initial detonating agents.
However, the fact that 40 percent straight
dynamite can be detonated by lead styphnate
indicates a high degree of sensitivity, since
lead styphnate will not detonate pressed
PETN and this is very sensitive to initiation.

j. Nitroglycerin as such is not transported
by common carrier, because of its sensitivity
to shock. A mixture of 70 parts of nitro­
glycerin and 30 parts of acetone by weight
is relatively insensitive and sometimes is trans­
ported by wagon or truck. Such a mixture can
be detonated by a No. 8 blasting cap. Modified
Bureau of Mines impact tests of various mix­
tures gave the sensitivity values shown by
table 7-9.

The nitroglycerin in such a mixture can be
separated from the acetone by precipitating
the nitroglycerin by addition of an excess of
water or by evaporating the acetone with a
current of air. An emulsion of 87-percent ni­
troglycerin and 13-percent water that has been
stabilized with methyl cellulose also has been
found to be sufficiently insensitive to permit
safe handling. This mixture is not detonated
by a blasting cap.

k. On the basis of sand test values, nitro­
glycerin is as brisant as RDX and surpassed
in this respect only by PETN among the
standard military explosives. When improperly
initiated, nitroglycerin can undergo detonation
at rates as low as 1,500 to 2,000 meters per
second; but when properly initiated its nor­
mal rate is 7,700 meters per second. This is
less than the rates of RDX and PETN at the

Composit ion . pC TrC11.t

m, Because of its stability, low solubility in
water, and neutrality, nitroglycerin does not
cause significant corrosion of metals with
which it may be in contact. Rust has been
found to have a marked effect in increasing
the decomposition of nitroglycerin, as indi­
cated by 100 ° C. vacuum stability tests. The
presence of more than a trace of free acid
renders nitroglycerin quite unstable, decom­
position with the appearance of red fumes tak­
ing place within a few days.

n. Nitroglycerin is readily absorbed through
the skin into the circulatory system of the
human body and vapors inhaled are absorbed
by the blood. The effect is a severe and per­
sistent headache, from which some relief can
be obtained with strong black coffee or caffein
citrate. Workers in constant contact with ni-

same density. The temperature of explosion
of nitroglycerin has been found to be 3,500 ° C.
The Trauzl lead block test value for nitro­
glycerin (550 ml) is greater than that for any
other military explosive and is reflected by
its correspondingly highest heat of explosion
value. The ballistic pendulum test values for
the three compounds, however, indicate RDX
and PETN to be more powerful than nitro­
glycerin. In this connection, it is to be noted
that nitroglycerin has a ratio of combined
oxygen to oxygen required for complete com­
bustion of 105.9 percent, while RDX and
PETN have corresponding ratios of 66.7 and
85.7 percent, respectively. In the Trauzl test,
the samples are not in contact with air, while
in the ballistic pendulum test, air surrounds
the sample when placed in the explosion
chamber. This would tend to increase the test
value for explosives that are less than oxygen­
balanced but have no effect on the test value
for nitroglycerin.

l. Nitroglycerin is quite stable at tempera­
tures less than 50° C., as has been shown by
storage tests over a period of years. At higher
temperatures, the rate of decomposition in­
creases rapidly, and 100 ° C. vacuum stability
test data show that at that temperature, it is
the least stable of the standard military ex­
plosives of the noninitiating type.
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troglycerin usually develop an immunity that
can be maintained only by almost daily con­
tact. The toxicity of nitroglycerin does not
cause or ganic deterioration, and workers do
not appear to be affected by exposure over
lengthy periods. Nit roglycerin is used medic­
inally for coronary ai lments, the normal dos­
age being 0.0005 gram.

o. Nitroglycerin is the most hazardous ex­
plosive manufactured in relatively large quan­
ti ti es, and extreme precautions are taken to
insure safety during it s manufacture and use .

TM 9-1300-214

Barricaded buildings, emer gency drowning
tanks, remote control of operations, r ubber
hose connections, rubber-tired transfer bug­
gies, etc., are examples of these precautions.

7-7. Nitrocellulose

a. Nitrocellulose, cellul ose nitrate, or NC is
a mixture of nitrates obtained by nit r at ing
cellul ose. Cellulose is a long chain polym er of
anhydroglucose units (C6R IOOS) , usually rep­
resented by the following structural form ula :

r -- - - I
CH20H I OH CH20H I OH
I : H I I I H I

I/~ 0 10~ /dH--~ I I/~ 0 " r-0 -h /JH ~>H
C OH C IC C C OH C ICC
I I H/.I I ' " H / L I " I H/ I I H I

OH C - - -C H I H C 0 O---J C- - -C H I H C- - -O OH
I I I H I I I

H OH I CHpH OH : CH
20H

I I
L_ _ _ _.111
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F'iirure E. Cellulose.
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The number of anhydroglucose units (deg of
polymerization or DP) varies appreciably.
Cotton linters and wood pulp used for prepara­
t ion of military grades of nitrocellulose have
a DP of approximately 1,000 to 1,500. Cotton
fiber is practically pure cellulose, and cellulose
of equal purity can be separated from wood.

b. Th e hydrogen of the three hydroxyl
(OR) groups can be replaced by N0 2 groups,
in which cas e the nitrated anhydroglucose
un it can be represented by the formula
C6R 70S< N0 2h with a formula weight of 297.14
and a nitrogen content of 14.14 percent. Such
complete nitration is difficult to accomplish ,
but material containing 14.0 percent of nitro­
gen can be prepared without difficulty. If the
nitration is carried out under various condi­
ti ons of acid concentration, temperature, and
time of nitration, products containing from a
few percent to 14.0 percent of nitrogen are
obtained. These differ widely in their solu­
bili ty characteristics and the viscosity values
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of their solutions. In cellul ose nitrate contain­
ing less than 14.14 percent of ni trogen , the
nitrate groups probably are dist r ibuted at
random in the three possible positi ons in the
an hydroglucose unit, so th at nitrocellulose with
a nitrogen conte nt corresp ond ing to that of
cellulose dinitrate would represent cellulose, in
which the nitration of the individual anhydro­
glucose units had bee n carried to th e point
where an average of two of the three replace­
able hy drogens had been subst ituted. Th e
dinitrate and mononitrate would have nit rogen
contents of 11.11 and 6.75 percent, r espec­
tively.

c. Three types of nitrocellul ose are recog­
nized and distingui sh ed by nam e. Th ese are
described in (l) through (3) below.

(l) Pyroxylin or collodion, which is sol­
uble in a mixture of ether and etha­
nol, cont ains from about 8 to about
12 percent of nitrogen. The pyroxy­
lin used for the manufacture of cell-
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uloid contains 11.0 to 11.2 percent
nitrogen, while that used in the man­
ufacture of blasting explosives has a
nitrogen content of 11.5 to 12.0 per­
cent. The pyroxylin used for military
purposes contain 12.20±0.10 percent
of nitrogen. Pyroxylin is distinguished
from the other types of nitrocellulose,
also, by its partial solubility in
ethanol.

(2) Pyrocellulose is a type of nitrocellu­
lose which has a nitrogen content of
12.60 ±0.10 percent and is completely
soluble in a mixture of two parts of
ether and one part of ethanol. Pyro­
cellulose was developed by Mendeleev
and, when colloided with ether­
ethanol, formed the first smokeless
powder for artillery used in the
United States. Pyrocellulose for mil­
itary use is manufactured from cot­
ton linters or wood cellulose obtained
commercially from wood pulp.

(3) Guncotton contains 13 percent or
more of nitrogen. The guncotton used
for military purposes contains a min­
imum of 13.35 percent. Only 6 to 11
percent of this type of nitrocellulose
is soluble in ether-ethanol mixture;
but it is completely soluble in ace­
tone, as are pyroxylin and pyrocellu­
lose.

d. In the manufacture of nitrocellulose pro­
pellants, there sometimes are used mixtures of
pyrocellulose and guncotten termed blended
nitrocellulos e. These are designed to have de­
sirable solubility and viscosity characteristic s,
as well as a specified nitrogen content of 13.15
± 0.05 or 13.25 ±0.05 percent.

e. The several types of nitrocellulose have
thermochemical characteristics, whi ch have
been found to have linear relationships with
nitrogen contents. A summary of these char­
acteristics is shown by table 7-10.

Table 7-10. Thermoch emical Characteristics of N etroc ellulose

Nitrooen cont ent. percent
Heat of combustion, ca llg:

At constant volume _
At constant pressure _

Heat of formation, cal z'g : At constant volume __ ... . _
Heat of explosion, ca l/ g : At constant volume, with:

Water liquid .__. . . . _
Water gaseous . .__. _

Ga s produced, ml/g: At constant volume, with:
Water liquid __ ... . _
Water gaseou s _.._.,._ . _

11.60 19.1 5 13.35 1/,.0

2415 2345 2320 2237 t ;2409 2338 2313 2228
616.7 575.5 560.8 512.5

936 1017 1046 1140
855 935.5 965 1058

744 721.6 713.5 687
918.5 892.7 883.2 853

f. Nitrocellulose is not truly soluble in any
solvent so far as is known, it being partially
or completely dispersed in a colloidal form by
some solvents. Water has no such solvent ac­
tion on any type of nitrocellulose. Ethanol dis­
solves about 30 percent of pyroxylin, but has
relatively little action on pyrocellulose or gun­
cotton. An ether-ethanol mixture dissolves
pyroxylin or pyrocellulose completely, from 6
to 11 percent of guncotton, and only 1 to 2
percent of nitrocellulose having a nitrogen con­
tent of 14.0 percent. Acetone dissolves prac­
tically all of any type of nitrocellulose. Other
solvents, such as ethyl acetate, nitroethane,
and propylene oxide, have solvent action simi-
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lar to that of acetone. Many so-call ed gelat in­
izing agents, such as dibutylphthalate, triace­
tin, and centralite, have a similar action wh en
used alone or diluted with an ethe r-ethanol
solution. Camphor disperses pyroxylin when
the two are subjected to heat and pressure,
the product being celluloid. Liquid nitric es­
ters, such as nitroglycerin, are colloiding
agents for nitrocellulose, and even aromatic
nitrocompounds have been found to have some
such effect. TNT, dinitrotoluene and mononi­
trotoluene have increasing effects in the order
given, although toluene, like benzene, has no
solvent action on nitrocellulose.

g. Nitrocellulose is somewhat hygroscopic.
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Although the fineness of the material has some
effect on hygroscopicity, pyrocellulose, guncot­
ton, and 14-percent nitrogen nitrocellulose ab­
sor b moisture to the extent of approximately
3, 2, and 1 perc ent, respectively, when exposed
t o an atmosphere of 90 percent relative hu­
midity at 30 ° C. This is an important property
of nitrocellulose, as it deteriorates much more
rapidly in the presence of moisture; and the
abso rpt ion of moisture by a nitrocellulose pro­
pellant causes significant change in the ballis­
t ic valu e of the propellant.

h. Like other nitrates, nitrocellulose is de­
composed by concent r ated sulfuric acid, with
the liberation of nitric acid or, in the presence
of mercury, nitric oxide. As the latter reac­
t ion is quantitative, it permits determination
of the nitrogen content of nitrocellulose by
means of the nitrometer. Nitrocellulose under­
goes saponification when heated with potas­
sium hydroxide, with the formation of some
potassium nitrate and degradation products of
cellulose.

i. For military use, the manufacture of
nitrocellulo se in the United States is carried
out by the mechanical dipper process, which
has displaced other more hazardous processes.
In the mechanical dipper process, about 32
pounds of dried cotton linters or wood pulp
cellulose is added to a charge of about 1,500
pounds of mixed acid at a temperature of 30 ° C.
The mi xed acid is contained in a nitrator
equipped with paddles, so designed that the
cellulose is immediately drawn below the sur­
face of the mixed acid. The nitration reaction
is exothermic and the temperature is kept from
ri sing above 34 ° C. The addition of the cellulose
to the mixed acid requires about 4 minutes.
Nitration, with agitation of the mixture, is
conti nued for 20 minutes more. The slurry is
then discharged through a bottom valve into
a cent r ifuge, where most of the spent acid is
removed. The acid-wet crude nitrocellulose
then is fo rked through an opening in the bot­
t om of the wringer into a drowning basin,
where it is rapidly submerged by a heavy
stre am of water. It now is ready for the neces­
sa ry purification process. A procedure for ni­
trating cellulose, which is used in Great Bri-
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tain and Canada, is the Thomson displacement
process. An earthenware pan with a perfor ated
false bottom is charged with cellulose and
mixed acid. A perforated plate placed on top
keeps the cotton submerged during nitration
and a layer of water over the plate abso rbs
the nitric acid fumes. After the nitration has
been completed, the spent acid is run off from
the bottom as cold water is added on top.

j. The mixed acid used has a composition
dependent upon the type of cellulose nitrated ,
the degree of nitration desired, and the seaso n
of the year . During warm weather, it is neces­
sary that the nitric acid content be slightly
greater than during the winter, because of a
tendency toward denitration of the mixed aci d
during warm weather. Representative mi xed
acid compositions are shown in t abl e 7-11 .

Tabl e 7-11 . Com positions of Mix ed A cids for
N i tra tini) Cellu lose

FOT pyroc ellulose jrom- F OT gun cotton [ rom-s­
Cotto n Wood pull Cot to n IVaad )ml)
lin te rs cellulose linters cellul ose

Percent Per cent: Percent Per cent

Sulfuric ac id -------- 59.2 57.0 60.5 59.5
Nitric acid --- - _.-._--- 21.5 23.5 24.5 28.5
Nitrosylsulfuric acid - 3.5 4.4 4.0 3.0
Water --------------- 15.8 15.1 11.0 9.0

100.0 100.0 100.0 100.0

Variations in composition are introduced, in
order to obtain products having diff erent solu­
bility and visco sity characteristics than those
of nitrocellulose produced with the acid com­
positions shown.

k. Crude nitrocellulose contains cellul ose,
some sulfate esters, and nitrates of partly oxi­
dized or lydrolyzed cellulose originally present
or produced by sid e reactions during the nitra­
tion. It is probable that forms of cellulose
nitrate, less stable than others, are also pres­
ent . The r emoval of these impurities is impor­
tant if nitrocellulose of maximum stability is
to be produced. This is accomplished by
lengthy hydrolysis under acid conditions and
subsequent beating, poaching, and washing.
The acid hydrolysis, termed the "sour boil," is
carried out by treating the crude nitrocellulose
with boiling water containing 0.025 to 0.50
percent acid calculated as sulfuric acid. P yro­
cellulose and pyroxylin are subjected to 40
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hours of boiling treatment, with three changes
of water during this period. Guncotton is sub­
jected to 60 hours of boiling treatment followed
by two 5-hour boiling treatments, with change
of water after each treatment. It is then cut
and crushed by a pulping or beating, to lib­
erate and free acid retained in the fiber canals
or fine structure of the nitrocellulose. This,
generally, is accomplished by means of a type
of beater used in the paper industry and
known as a Jordan engine. The beating opera­
tion is carried out with a large volume of
water, just sufficient sodium carbonate solu­
tion being added to preserve a slightly alkaline
reaction to phenolphthalein. Beating is con­
tinued until the nitrocellulose has been reduced
to the desired degree of fineness , as determined
by a settling test. After the slurry from the
beater has been settled and decanted, the nitro­
cellulose is subjected to a poaching treatment
that consists of one 4-hour, one 2-hour, and
two I-hour boiling treatments with settling,
decantation, and the addition of fresh water
after each treatment. In the 4-hour boiling
treatment, sodium carbonate to the extent
of 0.5 percent of the weight of dry nitrocellu­
lose is added. The poaching treatment is fol­
lowed by not less than two washes with cold
water, each wash consist ing of agitation of the
nitrocellulose with fresh water for at least half
an hour. After the final washing, the nitro­
cellu lose is screened through slots not more
than 0.022 inch wide, in order to remove any
incompletely pulped fibers.

l. Nitrocellulose produced by the foregoing
nitration and purification processes is of maxi­
mum stability. It generally is faintly alkaline
as indicated by an electrometric pH test, and
contains less than 0.01 percent of cellulose
sulfate. Nitrocellulose is shown in figures 7-10
and 7-11.

m . Military grades of nitrocellulose are :
ClaS8 Nitrogen, per cent

Grade A Pyrocellulose _
Type I 12.60 ±O.10
Type II 12.60 ±O.15

Grade B Guncotton 13.35 minimum
Grade C Blended _

Type I 13.15 ±O.05
Type II 13.25 ±O.05

Grade D Pyroxylin 12.20 ±O.10
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In addition, there is a long-fiber nitrocellul ose
of the guncotton class, produced by nitrating
long fiber cotton and purifying without a pulp­
ing operation. Long fiber nitrocellulose is re­
quired to have a nitrogen content of not less
than 13.0 percent and is used in elect r ic
primers for cannon.

RA PD 167388

Fig ure 7- 10. N itrocellulose fibers, 1 1fz x .

n . In addition to requirements with respect
to nitrogen content, nitrocellulose must comply
with certain requirements when subjected to
the 65.5 ° C. KI and 134.5 ° C. heat tests. Grades
A and D material must be not less than 99
perc ent soluble in ether-ethanol mixture. Gr ade
A (type I), grade C, and grade D nitrocellul ose
must contain not more than 0.4 percen t ash
and not more than 0.4 percent of material
insoluble in acetone. Requirements, with r e­
spect to fineness and viscosity, are those spe­
cified in the contract or order. Long fiber ni­
trocellulose must comply with similar re quire­
ments for ash and acetone-insoluble material
and be not more than 15.0 percent soluble in
ether-ethanol mixture.

o. Dry nitrocellulose is very sensit ive t o im­
pact, fri ction, heat, and spark and is never
handled in quantity, as such, in the United
States. Impact tests show nitrocellulose to be
almost as sensitive as mercury fulminate.
While the explosion temperature t est valu e for
nitrocellulose (230 ° C.) is not particularly low,
the rapid rate of decomposition of the material
at temperatures greater than 100° C. and the
exothermicity of such decomposition make the
material very sensitive to ignition by a sp ark.
Nitrocellulose is of the same order of sen si-
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Table 7-13. Decom posit ion of N itrocellulose

.50 0 C. 97.!j0 c.
0.0000045 0.0028
0.0000 111 0.005 1
0.0000325 -------- -
- - - - - - - - - 0.0088
0.0006870 0.1358

0.0000290 ---------

P er cent ava ilable nit r ic acid
liberated per hour at-

met ers pe r second) is greater than that of
TNT. As nitrocellul ose prope llants ca n be
cause d to detonate as well as burn, the ir
brisance va lues are high . Trau zl lead block
tests show gu ncotton to be more powerf ul than
tetryl, but its heat of explosion is mo re com­
parabl e with that of TNT.

q. Nitrocellul ose, eve n when high ly purified,
is mu ch less stable than most of the noninitiat­
ing military high explosives, as j ud ged by
elevate d temperature tests. It appea rs t o un­
dergo very slow decomposition even at or dinary
temperatures, the rate of decom position in­
creasing 3.71 times with each increa se in t em­
perature of 10° C. The presen ce of moisture
increases the rate of decomposition cons ider­
ably and the presence also of free acid or
alkali has an even more pronounced effect .
Rates of decompositi on of py rocellulose under
various conditions are shown by t abl e 7-13.

H eat _
Water _

0.06 percent Nitr ic acid solut ion ,
0.035 per cen t Nitric acid solut ion ,
0.035 pe r cent Sodium carbon-

a te solut ion .
95 pe rcent Etha nol _

From these data, it is appa rent that alkali is
more effecti ve than aci d in causing the de­
terioration of nitrocellulose.

r. The great care taken in the purification
of nitrocellulose is due to the necessity for
removing impurities that are mu ch less stable
than nitrocellul ose it self. Cellulose sulfate is
unstable, with r espect to heat and moisture.
Propellants mad e f rom nitrocellu lose contain­
ing eve n comparatively sma ll am ounts of suc h
este r s give decreased 134.5° C. heat test values
and deterior ate more rapidly. The littl e known
nitrates of oxidized cellulose , also, are objec­
ti onable and cause increased instability of
nitrocellulose, if not r emoved during the pu r ifi­
cation process,

s. The gre ate r the degree of nit r a ti on of
nitrocellulose, the less susce pt ible it is to hy­
drolysis. Wh en subjected t o the act ion of boil-
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tivity to initiation as lead azide, and it can be
detonated even wh en wet. A nitrocellulose­
water mixture (containing 40 percent water)
confined in a steel barrel somet imes is deto­
nated by a st ick of dynamite, and the frequency
of detonation is gre ate r whe n the water is
frozen. Tests have shown nitrocellul ose (uni­
formly wetted with 35 percent ethanol) will
also detonate, on occasion, when initiated with
dynamite.

Fio ure 7- 11 . Nitrocellu lose fibers , 75 x.

AG O I0020A

p, The brisance of nitrocellulose is directly
comparable with that of TNT and less than
that of tetryl, as determined by the sa nd test.
Th e brisan ce of nitrocellul ose increases with
increase in the nitrogen content, and compara­
t ive values a re given in t able 7-12.

Table 7-1 :2. Brisance of N itrocellulose
Nitrooen. con tent , Sa nd test.

percent granr.s of sa nd
12.60__.. 45.0
13.15________ 48.0
13.35________ 49.0
14.0_________ 52.3

Th e rate of detonation of guncotton (7,300

•
•

•
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ing water for 10 days, the several grades of
nitrocellulose are hydrolyzed, as shown by
table 7-14.

Table 7-11,. Hydrolysis of Nitrocellulose
Pe rcent

available
Ni trogen, percent ni t ric acid

lib erated
Pyroxylin 11.13 1.71
Pyrocellulose 12.62 1.22
Guncotton ._ ___________ 13.44 1.03

The relationship shown by these data is nearly
linear .

t. Vacuum sta bility tests of the different
grades of nitrocellulose at various tempera­
tures have shown the stability of nitrocellulose
to decr ease with increase in nitrogen content.
Representat ive test values are given in table
7-15.

Table 7-15. Va cuum Sta bility T esta of Nitro cellu lose

N itrogen Vacuum stability test at-
content. 90· C. 100· C. 120· C.
percent lMilliliters H ou rs Milliltters H ou r-sMillil iters Hours

12.60 ---- --- 0.17 40 1.0 40 11+ 16
13.15 - ----- - 0.23 40 -- - - - -- --- - ----
13.30 ----- - - 0.30 40 --- - - - - - 11+ 16
13.45 ------- 0.42 40 1.5 40 11+ 16
13.75 ------- 0.92 40 - --- --- -- - - ----
13.95 ---- - -- 1.46 40 11+ 24 11+ 16

u. The practical problem of the storage life
of nitrocellulose propellants, due to the inher­
ent instability of nitrocellulose, is not as seri­
ous as it once was. Improved nitration and
purification procedures and better control of
the quality of the cellulose used have made
practicable the production of nitrocellulose of
improved stability. The formulation of propel­
lant compos it ions with moistureproofing agents
and more effect ive stabilizers has insured better
protection of the nitrocellulose and longer pre­
vention of accelerat ion of it s rate of thermal
decomposition.

7-8. Pentaerythrite Tetranitrate (PETN)
a. Pentaerythr ite tetranitrate, PETN, penta,

pentrit, or nitro pentaerythrite is an aliphatic
nitrate having the structure

YH.O-NO.
O,N.O.H,C- y - CH,O.NO,

CH,O-NO,

an d a molecular weight of 316.146. As manu-
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fa ctured, it forms white prismatic needles ,
whi ch cr ystallize from wate r as te tragonal
cr ystals (figs. 7-12 and 7-13). PETN was first
prep are d in 1901 by Vignon and Ger in . The
compound was not used on a practical basis
until after ' World War 1. It has been used ex­
tensively in admixture with TNT for the load­
ing of small caliber projectiles and grenades

, and has been used to some exte nt in detonating
fu se, boosters, and detonators. F or eign uses
have included, also, the press-loading of mix­
tures of PETN and a wax.

RA PD 167390

Figure 7-12 . PE TN crystals, 1'"h x .

Figure 7-13. PETN crystals, 25 x.
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b. Highly purified PETN melts at 141.3 ° C.
It boils at 160° and 180° C. under pressures of
2 and 50 mm, respectively; at atmospheric
pressure, it decomposes rapidly, and, in some
cases, explosively at temperatures greater than
210° C. PETN crystals have a density of 1.765
an d can be pressed to a density of 1.74 when
subjected to a pressure of 40,000 psi. The crys­
tals have a scratch hardness of slightly less
than 2 on Mons ' scale and therefore are harder
than TNT crystals and softer than RDX crys­
tals. Th e compressed crystals have a specific

TM 9-1300- 2 14

heat value of 0.4 calorie per gram per deg ree
Centigrade. Th e heat of combustion of PETN
at constant pre ssure is 1,974 calories per gram
and from this is derived a heat of formation
value of 119.4 kilogram-calor ies per mole.

c. At 25 ° an d 96° C., PETN is soluble in wa­
ter to the extent of only 0.0043 and 0.018 gr am,
respectively, per 100 gra ms : and the com­
pound is nonhygroscopic whe n exposed t o an
atmospher e of 90 percent relati ve humidity at
30 °C. Th e solubility of PETN is some other
solvents is shown by table 7- 16.

Tabl e 7-16 . S olu bili ty of PETN

0 C Solub ility in grams per 100 gra ms of so lve nt at-

0 20 30 40 50 70

Meth anol ._-------- ------- ------------ ---------------- 0.19 0.46 0.71 1.1 7 1.87
Ethanol - --------------_ ._----------- ---- - --- - --- - - - - - - - 0.07 0.11 0.28 0.42 0.71 2.27
Ether -----------------_._--- -------- --- --------------- 0.20 0.25 0.34
Acetone - --- ----- --- --------- ------ ----- -- - - - --- - - - 15.6 25.4 33 .2 44.0 56.6
Benzen e --------------- -------------------- ----------- ---- -- 0.30 0.45 1.17 2.05 5.71
Toluene -- - - - -- ---- - - - --- - - -----_._- ------ --- ---- - - -- - - - 0.15 0.23 0.43 0.62 1.11 3.40
Car bo n te t rachlor ide -- -_._------ -- -- ------ ------------ ----- -- 0.10 0.11 -- _._--- 0.12
Methyl aceta te

~---- - - .._- _._ ----- -- ----- -- ------------ - - - -- - - 12.9 17.0 21.7 28.0
Cyclohe xa nol ---- ---------------- ------------- - ------ -- - - - -- - -- - - - - < 0.2 0.3 0.5

•
•

d. PETN is decomposed much more slowly
tha n is nitrocellulose by a boiling 2.5 percent
solut ion of sodium hydroxide, several hours be­
ing required for complete decomposition. At
50° C., a solution of sodium sulfide decomposes
PE TN slowly, but a boiling solution of ferrous
chlor ide decomposes it with fair rapidity.
PETN does not reduce Fehling's solution even
on boiling; in this respect it differs from some
other aliphat ic nitrates. At ordinary tempera­
t ur e or 50° C., dry PETN does not corrode cop­
per, brass, aluminum, steel, stainless steel, cad­
mium, nickel , or zinc; in the presence of mois­
tu re, it causes slight corrosion of brass, cad­
mium and, zinc.

e. While PETN can be manufactured by
t reating pentaerythr itol with nitric acid and
adding concent rated sulfuric acid to complete
th e separat ion of the PETN, manufacture in
th e Uni ted States has been with nitric acid
alone:

C (CH20 H )4+ 4 HN03-+ C (CH2N03)4+4 H20
Thi s is accomplished by adding approximately

AGO 10020A

75 pounds of pentaerythritol t o 350 pounds of
96 percent nitric acid in a nitrator , with conti ­
nuous st ir r ing and cooling of the acid. The
pentaer ythritol is added at such a rate that,
with an initial aci d temperature of 18° C., the
temperature increases to and is maintained at
22° to 23° C. Stirri ng and coolin g are contin­
ued for 20 minutes afte r addition of the penta­
erythr ito l is complete. The acid solut ion then
is added, with agitati on, to abo ut 850 pounds
of cold water in a drowning tank. Th e precip i­
tated PETN is caught on a glass-cloth filte r
and washed with water. It is then mixed with
1,300 gallons of cold water containing 2 pounds
of sodium carbonate and sepa r ated f rom the
slurry by refilteri ng. After bei ng washed again
with water, the PETN is disso lved in 440
pounds of 98-pe rcent acetone heated to 50° C.
and contain ing 14 ounces of ammonium bi­
carbonate. Th e solut ion is filtered and the
PETN precipi tated by the addi t ion of cold wa­
ter to the acetone solut ion. The prec ipit ate d
solid is caught on a filter an d washed with
water to remove acetone. The water-wet mate-
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rial is consider ed the final product, as it gen­
erally is not dried before being use d. The yield
of PETN by th is process is approximately 93
percent of the theo ret ical. The spent acid re­
sulting from the drowning operati on contains
approximately 20 percent nitric acid. This is
recovered and concent r ated. The mother liquor,
resulting from the precipitat ion of PETN,
contains approximately 25 percent acetone,
which also is recovere d.

f. The pu r ity of PETN produced by this
process depends up on that of the pentaerythri­
to l nitrated. Ordinarily, the pentaerythritol
used for nitration cont ains 2 or 3 percent of
dipentaerythrito l and a small amount of tri­
pentaerythritol :

(HOH2C) 3C, CH 2.O.CH 2• C(CHzOH) 3 and

(HOHzC) 3C, CH20. CH 2C(CH 20 H h CH 2.O.CH 2

C(CH20H) 3

PETN produced on a large scale contains cor ­
responding amounts of the hexanitrate and
octanitrate of t hese compounds , r espectively.
But one grade of PETN is used for military
purposes, and this complies with the following
r equirements:

Color: Whi te or light buff.
Moisture! : Minimum, 40 percent.
Melting point : Minimum, 140 0 C.
Nitrogen content : Minimum, 17.50 per-

cent.
Acetone insoluble": Maximum, 0.10 per­

cent.
Grit": None .
Acidity of alkalinity": Maximum, 0.005

percent.
120 0 C. Vacuum stability t est : Maximum,

5 milliliters of gas from 2.3 grams in
20 hour s.

Granulation:
Through siev e No . Class A Cia•• B Cia• • C Cia•• D
30_______ Mini mum ___ ----- 95 100
80_______ Mini mum ___ 100
100______ Maximum ___ ---- - 20
100______ Minimum ___ 85 95 5
140______ Maximum ___ 55
200______ Maximum _.- 30 80 30
200______ Minimum ___ 65

1 Not applicable to Class C PETN us ed in coprecipitated pen tol ite ,
' Not applicable to Class C PETN.

Class A PET N is used in deton at in g f use and
boosters, class B is used in priming composi­
tions, class C is used in the manufactur e of
pentolite, and class D is used in blasti ng caps
and detonators. As pure PETN has a nitrogen
content of 17.72 pe rcent and a melti ng point
of 141. 3 0 C., the m ilitary grade is app roxi­
mately 99 percent pure. The gr it r equirement
is important, becau se of the sens it ivity of
P E TN and known effect of g r itty material in
increasing sensi tivity. The ac id ity or alkalini ty
r equir ement is important , since the presence
of as little as 0.01 percent of eithe r h as been
fo und to acce lerate the deterior ati on of PETN
to a marked degree. The gr anula t ion r equire­
ments a re those found opt imum for specific
use s of PETN.

g. PET N is not as sens it ive t o impact as
nit roglycerin or nitrocellulose, but is slightly
mor e sensitive than RDX and distinctly more
so t han tetryl. It is less sens itive to f r ict ion
than RDX and more sens it ive t han nitrogly­
cerin , as judged by the pendulum f r iction test .
E xp losion temperature test values indicate
PETN to be as sensit ive t o heat as nit rogly­
cerin or n it rocellulose. However, the minimum
t em perature r equired f or the explosion of
PETN (215° C.) is gre ate r than those r equ ired
for the explosion of nitroglycerin (210 0 C.) and
nitrocellulose (175 ° C.). Peculiarly, PETN is
r elatively in sensitive t o elect r ic sparks, being
much less sens it ive than TNT or tetryl. H ow­
ever , it is more sens it ive than RDX in this
r espect . PETN is more sensitive t o initiation
than nitrocellulose, RDX, or tetryl , as j udg ed
by the sa nd test . This is shown , also, by t he
f act that PETN with 35 percent of water pres­

ent can be detonated by a No.6 electr ic bl ast­

ing cap, whe r eas RDX fails to explode if more

than 14 percent of water is present. In spite

of these somewhat inconsistent data, the over­

a ll sensitivity level of PETN is such as to make

it one of t he most sensit ive military explosives

of the noninit iati ng class.
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h. As measured by the sand test, PETN is
the most brisant of the military hi gh explo­
sives, with RDX approaching it closely. Plate
dent tests indicate PETN to be slightly less
brisant than RDX, and the re sults of frag­
mentation tests of mixtures of PETN and wax
and RDX and wax are in agreement with the
plate dent test values. Th e slightly hi gh er rate
of detonation value of RDX, also , would indi­
cate it to be the more brisant of the two. Bal­
listic pendulum and Trauzl lead block test val­
ues indicate PETN and RDX to be almost equal
in power, although, PETN has a distinctly
greate r heat of explosion value than RDX. In
gener al, it may be considered that PETN,
RDX, and nitroglycerin are approximately
equal in brisance and explosive power and, in
these respects, are the most potent of the
standar d military explosives.

i . Vacuum stability tests at 100 ° and 120 ° C.
show PETN to be more stable than nitrocellu­
lose or nitroglycerin at elevate d temperatures
but distinctly less stable than RDX, tetryl, or
TNT. It is quite stable at 100 ° C., as it with­
stands heating at this temperature for 100
hours without significant deterior ation. Stor­
age at 65° C. for 20 months does not cause in­
st ability or undue acidity ; and after 24
months only slightly excessive acidity is de­
veloped. Wh en 0.01 percent of free acid or
alkali is present, storage for only 15 months
at 65 ° C. is required to cause rapid acceler a­
tion of the rate of decomposition, as judged by
the free acid content. As RDX, tetryl, and
TNT are even more resistant t o storage at 65 °
C., PETN is not as suitable for storage and
use under tropical conditions.

i. PETN is not unduly toxic, since it is
nearly insoluble in water and usually is han­
dled while wet. It, therefore, cannot be ab­
sor bed through th e skin and inhalation of the
dust is improbable. Tests have shown that
small doses of PETN cause decrease in blood
pressure and larger doses cause dyspnea and
con vulsions.

AGO !Il020A
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Ic. Sheet PETN.

(1) A newly developed demo liti on charge

consists of sheet s of a hi gh ly flexible

explosive which neither crazes or

exudes when subjected to prolonged

st orage at hi gh or low service t em­

peratures. It is olive gr een in color

and since it is un affect ed by water

submersion, ca n be initia ted while

underwater. Each sh eet is p repared

with pressure sensitive tape which

can be quickly applied to most dry

surfaces warmer than 32° F. It is con­

sidered to be superior to Comp C- 4

demolition blocks in these r espect s :

(a) Greater efficiency per un it weight
because it covers a greater surface
area.

(b) Rapid at tachment to t arget.

(c) Flexibility at all temperat ures.

(d ) Ease of cutting and f orming to the
desired shape.

(e) Cleanliness in handling.

(2) This explosive is used commercially

for explosiv e forming, cutting, or

hardening of metals since it can be

quickly applied in sheets of unifo rm

thickness. It is composed of 63 per­

cent PETN with pyrocellulose and

plasticizer added.

7-9 . Nitrostarch

a. Nitrostarch or starch nitrate is a mixt ure

of nitrates obtained by nitrating starch. It s

appear ance is practically the same as that of

the unnitrated starting material. Th e starch

molecule consists of about 1,000 anhydrcglu­

cose units
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Figure F. Nitrostarch.

RA PD 212837

having a configuration, which results in spiral
arrangements of the units that are three-di­
mensional. The effect of this is the granular
fo rm of particle characteristic of starches in­
stead of the long-chain threadlike molecules of
cellulose formed by several thousa nd anhydro­
glucose units (fig. 7-14).

Figure 7-14. Nitrostarch g1'anules, 100 x.
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b. Starch was first nitrated by Braconnot in
1833, the product being termed xyloidine.
Later European practice in the man ufactu re
of nitrostarch consisted of dissolving the
starch in strong nitric ac id and precipitating
th e nitrate by the addition of sulf ur ic ac id or
spent acid from another nitrating ope ration.
Like the nitrocellulose produ ced dur ing the
earlier years of its history, such ni trostarch
was incompletely purified and of ve ry poor sta­
bility. The pulverulent, dusty nature of the dry
material was also considered a disad vantageous
characteristic when compared with the fibro us
structure of nitrocellulose. Cot ton a nd wood
are the major sources of supply of cellu lose ,
and starch might logically be cons idered an­
other major source of a comparable materia l.
However, because of the relatively small size
and form of its molecule, the ph ysical char ­
acteristics of nitrostarch are such that it does
not yield tough colloids like nitrocellu lose whe n
ge lat inized. It therefore is much less suitable
than nitrocellulose for the manufacture of pro­
pellants; and its use from a practical view­
point is more or less restricted t o that of an
ingredient of detonating explosives. Like nitro­
cellulose, nitrostarch is an important in gredi ­
ent of some commercial blasting explosives. It
has also been used in the United States as a n
ingredient of military bursting charge exp lo­
sives for grenades and trench mortar shell,
demolition explosives, and a priming composi-
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tion. Such military use has been chiefly during
World Wars I and II and may therefore be
considered to be essentially of an emergency
nature.

c. From a chemical viewpoint, nitrostarch
may be considered to be another form of nitro­
cellulose. It has nitrogen contents comparable
with those of the various types of nitrocellu­
lose and the thermochemical characteristics of
nitrostarch are similar to those of nitrocellu­
lose of th e sa me nitrogen content. Nitrostarch,
unlike st arch, gives no color with iodine. It
is decomposed by sulfuric acid in the presence
of mercury, to yield nitric oxide quantitatively,
and it s nitrogen content therefore can be de­
termined by means of th e nitrometer . When
dissolved in nitric acid and allow ed to stand,
nitrostarch is decomposed. Like nitrocellulose,
it is sa ponified by aqueous alkali. It is insolu­
ble in water, but is completely dispersed by
acetone to form a colloidal 'solution. Ether­
ethanol mixture has solvent action depending
upon th e nitrogen conte nt of the nitrostarch,
th is action decr easing with increase in nitro­
gen conte nt . Like nitrocellulose, nitrostarch
can be gelat inized by a wid e variety of agents
such as este rs . It is hygroscopic to the extent
of 1 to 2 percent.

d. Nitrostarch is manufa ctured by the nitra­
tion of starch with mixed acid. The starch
used is produced from corn or cassava and can
be obtained from potatoes. This is purified to
some extent by washing with a dilute sodium
hydroxid e or ammonia solution to remove fats
and pecti c acid and th en with water. After
bein g dried so that th e moisture content is less
th an 0.5 per cent, th e starch is added to ap­
proximately four times its weight of mixed
acid in a nitrator, th e temp erature being pre­
vented from exceeding 38 ° to 40° C. Th e com­
position of th e mixed acid varies with the de­
gree of nitration desired, an acid for nitration
to 12.75 per cent nitrogen containing 38 per­
cent nitric acid and 62 percent sulfuric acid.
After nit ra t ion is complete, the contents of the
nitrator are drowned in cold water and the
nitrostarch caught on a filter . Purification is
effected by wa shing with cold water, with the
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addition of ammonia during th e preliminary
washing, until all traces of free acid are re­
moved. After separation on a filter or in a
centrifugal wringer, the nitrostarch is dried
on trays in a dry house, heated with air at a
temperature of 35° to 40° C. The dryin g opera­
tion is the most dan gerous of those involved
in the manufacture of nitrostarch, as the dr y
material is sensitive to ignition by spark an d
burns with great violence.

e. There is no standard grade of nit rostarch
used for military purposes, ther e being speci­
fied a commercial grade havin g a ni t rogen con­
tent from 12.8 to 13.3 percent.

[, Nitrostarch is slight ly less sensitive to
impact than guncotton, having a test value of
5 inch es, as compared with 3 inches fo r gun­
cotton. The explosion temperature test value
of nitrostarch (217 ° C.) is essentially the same
as that for nitrocellulose (230 ° C.) . The bris­
anc e and power of nitrostarch are similar to
those of nitrocellulose of comparable nitrogen
conte nt. Nitrostarch is less stable than nit ro­
cellulose, as judged by 120 ° and 134.5° C. heat
tests; at ordinary temp eratures, the two ap ­
pear to be of similar st ability as judged by
long term storage tests.

g . Nitrostarch is used in explosive composi ­
tions chiefly as a substitute for nitroglyceri n
rather than nitrocellulose. Wh en so used, it has
the major advantage of making the composi­
tion nonfreezing and not subject t o the de­
sensitization that accompanies the f ree zing of
nitroglycerin explosives. Nitrost ar ch exp losives
have been used as successf ully in the Antarct ic
and Arctic regions as in temp erate climates .
Such explosives are free from the tend ency to
undergo leakage and the volatility effects on
personnel in hot climates peculiar to nit rogly­
cer in explosives.

7-10. Trinitrotoluene (TNT)

a. a or 2,4,6-trinitrotolu ene, TNT, trotyl,
tolite, triton, tritol , or trilite is th e most im­
portant of the six isomeric trinitrotoluenes. It
is an aryl nitrocompound having the structure

7-35
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Fi gure 7-16. Flakcd TNT, 1 lh x .

RA PD 167395

Figure G. TNT.

RA PD 167393

F igurc 7- 15. TNT crystals, 30 x .

and a molecular weight of 227.134. It forms
colorless or light yellow rhombohedral crys­
tals (figs. 7-15 and 7-17). It was first prepared
by Wilbrand in 1863 and on an industrial scale
in Germany in 1891. Beginning in 1901, Ger­
many started to manufacture TNT on a com-
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mercial scale, and in about 1902, the German
Army adopted it as standard filling for shells.
Other countries slowly followed the German
example, and by the beginning of World War
II, nearly all of them used it. During World
War I, its use was the maximum permitted by
the available supply of toluene from the coke
industry. The industrial development of syn­
thetic toluene from petroleum just prior to
World War II made available in the United
States an almost unlimited supply of this raw
material. Because of its suitability for melt­
loading (figs. 7-16 and 7-18) and the formu­
lation of binary explosives, also suitable for
melt-loading, TNT was produced and used on
an enormous scale during World War II and
may be considered the most important mili­
tary burst ing charge explosives. Alone or as
an ingredient of binary explosives, it has
fo und wide applicat ion in shell, bombs, gre­
na des, demolition exp losives, and propellent
compositions.

Fipure 7-17. Crystalline TNT, 30 x .
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b. Pure TNT has a freezing point of 80.75 ±
0.05 ° C. The freezing point is more r eproduci­
bly determined than the melting point and is
used fo r j udging the purity of TNT, since the
impur it ies commonly present are soluble in
molten TNT and cause depression of the freez­
ing point . Unlike some other high explosives,
TNT does not undergo partial decomposition
when melted, and it has been found that TNT
can be melte d and solidified at least 60 times
wit hout sig nificant decrease in its freezing
poi nt . At ordinary temperatures, TNT is es­
sentially nonvolatile, its vapor pressure at 85°
and 100° C. bein g only 0.053 and 0.106 mm,
respecti vely. Under pressures of 2 and 50 mm,
it boi ls at 190° and 245 ° to 250 ° C., respective­
ly. It may be distilled in a vacuum without de­
composit ion .

c. TNT has a crystal density of 1.654. When
cast, it has a den sity of 1.56 ±0.01. When sub­
jected to pressures of 3,000 5,000 , 10,000, 15,­
000, 20,000, and 50,000 psi it has density values
of 1.34, 1.40, 1.47, 1.515, 1.55, and 1.6, respec­
t ively . Th e density of liquid TNT is 1.465 . The
expans ion in volume of TNT on melting is ap­
proximately 7 percent based on the crystal

TM 9-1 300-21 4

density. Th e viscosity of liquid TNT is 0.139
and 0.095 poise at 85° and 100 ° C., respectively.

d. The scratch hardness of TNT cr ysta ls is
1.2 on the Mohs ' scale and therefore is inter­
mediate between talc and gy psum. TNT has
index of refracti on va lues of (Y = 1.5430,
,8 = 1.6742 and y = 1.717 for sodium light.
When pressed to a density of 1.6, TNT has a
compress ive strength of 1,400 psi and a modulus
of ela sticity of 5.4 X 1010 dynes per square
centimeter.

e. At temperatures of 0°,20°, 50°, and 80° C.
TNT has respective specific heat values of
0.309, 0.328, 0.353 and 0.374 calorie per gram
per degree Centigrade. Its heat of fusion is
21.41 calories per gram. At 25 ° C., the thermal
conductivity of TNT is 0.00054 calorie per sec­
ond per centimeter per degree Centigrade. The
coefficient of linear expansion of cast TNT
varies somewhat with cr yst al size, but for cr ys­
tals of medium size, it is 7.7 X 10-5 inch per
inch per degree Centigrade over the range
- 40 ° to 60 ° C. The heat of combustion of TNT
at constant pressure is 3,589 .5 calories per
gram, and from this is derived a heat of for­
mation value of 16.37 kilogram-calories per
mole.

RA PD J67396
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F igure 7-18. Cast TNT, l l12 x.
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f . TNT is very slightly soluble in water
(0.010, 0.013 , and 0.1475 gram per 100 grams
of water at 0°, 20 °, and 100 ° C, respectively)
and is hygroscopic to the extent of only 0.03
percent when exposed to an atmosphere of 90
perce nt r elative humidity at 30 ° C. The solubil­
ity of TNT in other solvents is shown by table
7-17. In the past, ethanol, carbon tetrachloride,
and su lf ur ic acid were used for the purification
of crude TNT by re crystallization, but chem­
ical purification by means of sodium sulfite
has replaced re crystallization.

g . As compared with tetryl, picric acid, and
othe r ar yl nitrocompounds, TNT is relatively
nonreacti ve ; but it can form compounds by
eit he r associa t ion or reaction. With basic com­
pou nds, such an aniline, pyridine, diphenyla­
mine, the toluidines, the naphthylamines, 2-

methylindole, and car ba zole, it fo rms molecu ­
lar comp ounds havin g characteristic colors
and melting points. Alkalies, alkox ides, and
ammonia react with TNT to form dangerously
sens it ive compounds . A mixture of T NT and
solid potassium hydroxide bursts into flam e
when heated to only 80 ° C. Sodium carbona te
reacts with TNT to form a black solid, which
is soluble in water or methanol, melts above
200 ° C. with decomposition, is as sens itive to
impact and heat as tetryl, and is very un stable
at 120 ° C. With formaldehyde and ammonium
hydroxide, TNT r eacts t o f orm a black solid,
which softens at about 90 ° C, is less brisant
and sens it ive t o impact than TNT, and is un­
stable at 100 ° C. Potassium methylat e and
TNT react to yield a dark red powder , which
inflames or explodes wh en heated at 130° to
150 ° C. and has been reported to explode spon-

••~

T abl e 7-17. So lu bility of T NT

Solubil ity in grams pe r 100 g-r a m s of sol vent a t-
0 C 0 20 2fi 30 so 7 5

E thanol* ____._0 ___ _____ ___ ___ __ _ _ __ ___ _ __ _ __ _ _ _ __ _ _ _ _ _ _ _ 0.65 1.23 1.48 1.80 4.61 19.5
Ether ------ --- ----- ----- --- --- ---------- -------- ---- 1.73 3.29 3.80 4.56
Acetone - -- -_ ._- -- - --------- - - -- ----- ---- - - - - - - - - - - - - - - 57 109 132 156 346
Carbon tetra chl or ide - -_._ - - ---------- -------- ------- 0.20 0.65 0.82 1.01 3.23 24.35
Chloroform ------------- --- ----- --------------------- 6 19 25 32.5 150
Ethylene chlo ride - - - - --- --- - - - - --- - -- - -- - - - - - - - - -- - - - - - - - - -- - 18.7 22 29 97
Benzene ---- -- - ------- - -------_._--_ .__._- - - - - -.- - - - - - - - - 13 67 88 113 284
Toluene -- - --- ------ ------- -- - - - - -- - -_._- _._- -- - - -- -- - - 28 55 67 84 208
Carbon dis ulfide - - - --- ------------ - - --- ---------------- 0.14 0.48 0.63 0.85
Methyl acetate ----------- --- ---- ---------- ----- ---- --- - - - - - - _. 72.1 80 99 260
Triacetin -------- -------------------- -- --------------- - --- -_ .- - ------ 37.7
Butyl carbito l acetate -- -- ---- --- -- - -- - _._- ----- ------ -- - -- - -- 24
Sulfuric ac id ---------- -- ------- ------ ---------------- --- --- - 4

#95 pe rcent.

taneously on standing at ordinary tempera­
ture. TNT an d fo rmaldehyde react with the
forma t ion of 2,4,6 -trinitrophenylethanol. Sodi­
um sulfide decomp oses TNT completely, with
the format ion of nonexplosive products. Upon
oxi da t ion with chr omic or nitric acid, TNT
yields 2,4,6-trinitrobenzoic acid, which, on
boiling in water, loses CO2 and is conver ted to
2,4,6-trinitrobenzene. Exposure to sunlight, or
ultraviolet ligh t in the presence of oxygen
ca uses progressive discoloration and decompo­
sition with increase in sensitivity to impact.
After expos ure to ultraviolet light for 175

7- 38

hours, a sample of TNT wa s brown in color,
had an impact test value of 45 in stead of 100
cent imete rs and a melting point of 79.8° in­
stead of 80.7 ° C.

h. TNT ca n be manufactured by one-, two-,
or three-stage nitration processes, w ith toluene
and mixed acid as the raw materials. All three
have been used on a production basis , but the
three-stage process has been found to have the
advantages of maximum yield , gre ate r purity
of product , and gre ate r ease of cont ro l of acid
concentration and temperature con dit ions.
Prior to World War II, each stage of nitration
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was carried out by adding the nitrating acid to
th e toluene, mononitrotoluene, or dinitrotolu­
ene. During that conflict, there was developed
the 'dir ect nitration process,' in which the tolu­
ene, mononitrotoluene, and dinitrotoluene are
added to the mixed acid. This, with other im­
provements, resulted in reduction of the time
required for a nitration cycle from 2 hours to
45 minutes and increase in the daily produc­
tion of TNT from a manufacturing 'line' from
30,000 to 120,000 or 130,000 pounds. The nitra­
ti on time for the mono and dinitrations was
45 minutes each and that for the tri-stage 90
minutes. However, by having two trinitrators

TM 9-1300-214

for each dinitrator, it was possible to start a
new batch in the mononitrator each 45 min­
utes, although the total time in the nitrators
was 180 minutes. It was this development,
along with that of synthetic toluene from
petroleum, that permitted the potential pro­
duction of TNT in the United States to be
increased from approximately 700,000,000 to
3,600,000,000 pounds per year. This was ac­
companied by a reduction in cost from 15 to
6 cents per pound.

i. When toluene is nitrated in the mono­
nitro-stage, the chief products are:

M ETA­
N ITROTOLUEN E

4.5 °()

+

PARA­
N ITROTOLU ENE

33.5 %

+

ORTHO ­
N ITROTOLUENE

62 %• RA PD 2128 39

Figure H. Nitrated toluene products.

As these compounds have melting points of
- 10.6°, 51.3 °, and 15.5 ° C., respectively, the
product is an oily liquid at ordinary tempera-

tures. When this is subjected to dinitration,
the products are the following isomeric dini­
trotoluenes (DNT):

•

..

•
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N0 2

2,4 ONT 2,6 ONT

+HN0 3 -

2,4 ONT

N0 2

+ +

3,4 ONT 2,3 ONT

Figur e I. DNT.

3,6 ONT

RA PO 212 840

This mixture of dinitrotoluenes contains ap­
pr oximately 74.8 percent of the 2,4 isomer,
20.7 percent of the 2,6 isomer, 2.5 percent of
the 3,4 isomer, 1.1 percent of the 2,3 isomer,

7-40

and 0.9 percent of the 3,6 isomer. The mi xture
of these products is an oily liquid at the te m­
peratures at which it is sepa rated from the
spent acid and subjecte d to trinitration.

AGO 10102,).\
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Trinitration involves production chiefly of the following trinitrotoluenes :

+ HN0 3 ---

N0 2

o(-TNT

•

N0 2
o(-TN T

CH 3
CH 3 CH 3

N02 ° 2N

+HN03- +

• N02 N02 N02

N0 2 N02N0 2
f3:rNT [-TNT

CH 3
CH 3 CH 3

N0 2 N0 2 ° 2N
N0 2

+HN0 3 - +

N0 2 N0 2
N0 2

N0 2 .3:rNT
,8-T NT

• CH 3CH 3
CH 3

° 2N °2N ° 2N N02

+HN0 3 - +

N0 2 N02 N0 2

N0 2 3 :rNT
y-TNT

RA PD 21284 1
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F igure K . S odium salt of a sulfonic acid deri vative.

The sodium salts so formed are water-soluble
colorless compounds that are readily removed
from TNT by washing with water. Sodium sul­
fite reacts, also , with any tetranitromethane

acid is allowed to sepa rate and settle. This is
drawn off and the bi-oil is drained into a stor ­
age tank before transfer to the tri-house. R ent
there is placed in a nitrator approximately
8,500 pounds of tri-mix acid containing 82.7
percent total sulfuric acid and 23.3 percent
nitric acid and generally at a temperatu re of
approximately 85° C. This is cooled , with agi­
tation, to 80 ° C., and the bi-oil is added at such
a rate that the temperature of the mixture
increases about 0.5 ° C. per minute t o a maxi­
mum of 90 ° C. After the charge has been held
at that temperature for a few minutes, inc re ase
at the rate of 1° C. per minute is permitted un­
til the temperature reaches 110 ° C. After this
temperature has been maintained for 20 min­
utes, it is decreased to 107 ° C., with continued
agitation of the charge. Stirring then is discon­
tinued and the "tri-oil" is allowed to separate
and form a top layer while the temperatur e
decreases to about 93 ° C. There is obtained ap­
proximately 3,500 pounds of tri-oil, wh ich con­
sists of molten crude TNT and is pumped to
the "washhouse" for purification.

k, Purification of crude TNT is effecte d by
th e sellite process, which consists of wash ing
with a solut ion of sodium sulfite and sodium
hydrogen sulfite. While sodium sulfite r eacts
to a very slig ht extent with a-TNT , it is much
more reactive with it s isomers, in each of
which there is present at least one nitro gro up
in the m eta or 3 position. With the r eactive
meta groups, the sulfite reacts to form the
sodium salt of a sulfonic acid derivative:

TM 9-1300-214

Th e resulting mixture cons is ts of approxim ately
95.5 percent of a , 1.3 percen t of f3 , 2.9 percent
of v and 0.3 percent of , t r init rotoluenes . In
addition there may be formed traces of the
othe r two isomeric TNTs, 13 or 3,4,5, and f or
2,3,5 . Oth er impurities in cr ude TNT include
2,4,6-trinit robenzoic acid, te t ranit romethane,
dini trocresol, phenol, cya nic acid, and am­
monium sa lts ; and if trinitration is not com­
plete, some dinitrotoluene is present. 'When free
of acid, cr ude TNT ha s a freezin g point of
only 75 ° to 76 ° C.

[, In practice, the production of cr ude TNT
by the direct nitration process is ca r r ied out
as follows: To a nitrator in the "mono-house,"
there is transferred approximately 12,500
pounds of "mono-mix" acid prepared by but­
ting up with weak nitric acid, the spent acid
from the dinitration operation. The mono-mix
acid conta ins approximate ly 48 percent sul­
furic acid, 14 percent nitric acid, 17 percent
nitrosyl sul furic acid, 19 percent water, and 2
percent nitrocompounds. After the acid has
been cooled to 36 ° to 38 ° C. with agitation,
1,600 pounds of toluene is added, with agita­
ti on , under the surf ace of the acid, at such a
rate that the temperature of the mixture in­
creases 1° C. per minute. Th e temperature is
ab out 55° C., when the addition of toluene is
complete, and this is allowed to ri se to 57° C.,
when stirring is decreased and the charge
cooled to 38° C. Stirring is discontinued and
the spent acid allowed to separate and settle.
After drawing off the spent acid, the mono­
oil" is transferred to 'a scale tank in another
building. Spent acid from the trinitration op­
eration is transferred to a nitrator in the bi­
house, cooled to 77 ° C., and fortified with weak
nitric acid, so that the nitrator contains about
12,500 pounds of a mixed acid containing 54
percent sulfuric acid, 13 percent nitric acid,
17 percent nitrosylsulfuric acid, 8 percent wa­
ter, and 8 percent nitrocompounds. To this,
with st ir ri ng, the mono-oil is added , at such a
rate that the temperature of the mixture in­
creases to 82 ° C., and then more slowly to
85 ° C. The charge is maintained at this tem­
perature for 8 minutes and then cooled to
77 ° C. Stirring is discontinued and the spent

O
CH3 NO,

NO,

NO,

O
CH3 NO,

+ No,S03 - + NoNO ,

SO, - ONo

NO,

RA PD 2 1284:
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The yield of purified TNT is approximately 80
percent of that theoretically obtainable from
toluene.

m. There are two grades of TNT used for
military purposes. Grade I is used for the load­
ing of sh ell and bombs and the manufacture
of dem olition blocks and binary explosives.
Grade III is used in priming compositions or
special compositions that require either high
purity or fine cr ystalline form. The require­
ments applying to the two grades are as fol­
lows:

•
•

•

present in crude TNT to form sodium trinitro­
methane present in crude TNT to form sodium
trinitromethane sulfonate, which also is solu­
ble in water and easily removed:

C (N02)4+ N a ,S03-+C (N02)3'S02.0Na + NaN02

When the process is applied to crude TNT, the
resulting solution develops a red color. Sodium
sulfite does not react with any dinitrotoluene
or trinitrobenzoic acid present. The sodium
hydrogen sulfite also used takes no part in the
purification reactions. It neutralizes any free
acid present and is used for its buffering ac­
tion. Grade 1 Grade III
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The solidification or freezing point of the ma­
terial indicates the extent to which it has been
freed of impurities, such as isomeric TNTs and
DNT, while the benzene-insoluble requirement
controls the presence of metallic salts, rust,
etc. Th e sodium requirement is intended to
prevent the use of excessive sodium carbonate
for neut r al izing acidity of the tri-oil and in­
complete washing of TNT after treatment with
sodium sulfite.

n. TNT is one of the least sensitive of the
military h igh explosives, only ammonium
picrate, nitroguanidine, and ammonium ni trat e

0.10

Light yellow

95 100

0.10

F la ke or cr yst al- Crystalline
line.

Ligh t yellow
through buff.

80.2 80.4Solidification point , 0

C., minimum.
Moisture, percent,

maximum.
Acidity, percen t , max- 0.01 . 0.01

imum.
Alkalinity None None
Benzen e-insoluble , 0.05 0.05

percent, maxi m um.
Sodium, pe r cen t , max- 0.001 0.001

im um.
T hi ckn ess of flake,

in ch , maximum:
Average 0.025
Individual 0.04

Granulation:
Through No. 14

sieve, percent,
minimum.

Through No. 100 95

sieve, percent,
minimum.

Color

F orm

AG O I0 020A

l. In practice, the sellite purification process
is carried out in the tank of the wash-house
by agitating the tri-oil with a small amount
of hot water for a few minutes to dissolve most
of the free acid present. Sufficient cold water
then is added to the mixture, with continued
agitation, to reduce the temperature to 68 0 C.
and cause crystallization of the TNT. Enough
sodium carbonate is added to the slurry to
neutralize the free acid present, but care is
taken not to add an excess , as this would de­
compose some TNT. After neutralization, there
is added to the agitated slurry a calculated
quantity of a solution containing 16 to 17 per­
cent sodium sulfite and 0.1 to 0.3 percent sodi­
um hydrogen sulfite. The sulfite solution is
added slowly at first and then more rapidly,
the total time being about 15 minutes. During
this addition, the color of the liquid in the
slurry becomes a deep red. Agitation is con­
tinued for 15 minutes more, and the slurry
then is transferred to wringers where the red
water is separated. The crystalline TNT is
washed with cold water to remove any adher­
ing red water and then is transferred to a melt
tank where it is melted, washed well with hot
water, and then dried by agitation with dry
air at 100 0 C. or more. The dry molten TNT
th en is cooled and flaked by means of a ro­
tating flaker drum or crystallized in a grainer.
The TNT obtained by the sellite purification
process generally has a freezing point of 80.3
± 0.1° C. but, by increasing the duration of
th e sulfite treatment, a product having a freez­
ing point as great as 80.6 0 C. can be obtained.

•

•
•
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being less sensitive. It has high impact test
values, is unaffected in the pendulum friction
test, explodes in only 2 percent of the trials
when subjected to -the r ifle bull et impact test,
has a very high exp losion temperature test
value (475 ° C.), and has hi gh minimum de­
tonating charge values fo r initiation by lead
azide and mercury ful minate . It can be de­
tonated by a No.6 electric blasting cap but the
presence of only 7 percent of moist ure prevents
detonation; whereas 14 and 35 percent mois­
ture is required to cause the desensitization of
RDX and PETN, respectively. The fine dust
of TNT is sensitive to elect r ic sparks. When
ignited in free air, it burns completely without
detonation; and the te mperature of the liquid
phase must be 510 ° C. if det onation is to result
from burning. Even when it is under a gas
pressure of 100 psi, the liquid phase temper­
ature must be greater than 285° C., if TNT is
to burn with subsequent explosion. In the man­
ufacture of TNT, small am ounts of finely
divided, condensed TNT may be deposited in
ventilating pipes, etc . This is slightly more
sensitive to impact than or dina ry TNT but is
less sensitive than tetryl, havin g impact test
values of 10 inches and 40 centimeter s with a
2-kilogram weight. The presence of rust in­
creases the sensitivity of TNT to impact, a
mixture of equal we ights having an impact
test value of only 30 cent imeters; but the mix­
ture is no more sensitive to f r iction than TNT,
as judged by the pen dulum fr iction test. Liquid
TNT is very much mor e sens it ive to impact
than solid TNT. At 80 °, 90°, and 105 ° to 110 °
C., liquid TNT has impact test va lues of only 7,
3, and 2 inches, respectively, as compared with
14 inches for solid TNT at 20° C. In rifle bullet
impact tests with no ai r space ab ove the explo­
sive, high order det onations re sult in 70 per­
cent of the trials with liquid TNT at 105 ° to
110 ° C., as compared with partial explosions in
10 percent of the trials with solid TNT at
20 ° C. While the degree of confinement is quite
critical in its effect on the se ns it iv ity of liquid
TNT to impact, it is of the sa me order of
sensitivity as mercury f ulminate. Liquid TNT
is, apparently, no more sens itive to friction
than solid TNT, as judged by pendulum fric­
tion tests with the base block heated to 130 ° C.,
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but liquid TNT is considerably mor e sensitive
to explosion by influence than solid T NT. In
comparative tests with an a ir gap of 5 inches,
explosion to molten TNT was tran smi tted in
80 percent of the trials as compared wi th no
explosions of flaked TNT havin g an apparent
density of 0.77. These tests also showed the
flaked TNT, crystalline TNT of apparent den­
sity 0.91, and cast TNT of density 1.55 to be
of decreasing sensitivity in that order . Sum­
marizing, it may be said that solid TNT is a
relatively safe material to han dle but molten
TNT may be an extremely haza rdous material
under certain condit ions ; and several acci­
dental explosions in melting equ ipment have
been attributed to the liquid TNT being sub­
jected to shock while under some confinement.

o. TNT has the same br isan ce as picric acid
and guncotton and is super ior to explosive D
and nitroguanidine in this respect, as judged
by the sand test. It is distinctl y less brisant
than tetryl, haleite, PETN, RD X, or nitroglyc­
erin. Fragmentation tests show TNT t o be
about equal to picric acid , more brisant than
explosive D, and inferior in this r esp ect to
tetryl, haleite, PETN, and RDX. As T NT has
a lower rate of detonation (6 ,900 meters per
second) than any of the other ni ne explosives
mentioned, it is evident that r ate of detonati on
alone does not determine the brisan ce of an
explosive. As judged by ballistic pendul um and
Trauzl lead block tests, TNT is more powerful
than explosive D but less so than pic r ic aci d,
guncotton, tetryl, haleite, PETN, RDX, or
nitroglycerin; and TNT has a lower heat of
explosion than any of these explosives except
explosive D. These comparisons do not in dicate
TNT to be a weak explosive , as t he data indi­
cate TNT to be approximately 80 percen t as
brisant and 65 percent as powerful as PETN
and RDX, the most brisant and power ful of
the solid high explosives used for military
purposes.

p. The chemical stability of TNT is suc h
that even at 150 ° C. it undergoes no great de­
composition in 40 hours. Molten TNT can be
stored at 85 ° C. for 2 years wi thout any de­
crease in purity. TNT has been fo und to
withstand storage at magazine temperatures
for 20 years without any measurable deteri ora-
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tion. Th e physical stability of TNT, however,
has caused considerable trouble in the past be­
cause of the relatively low melting point of
(f-TNT , th e presence of th e f3 and y isomers
and DNT as impurities, and the formation of
eutectic mixtures having melting points even
lower than the of (f-TNT. When loaded in shell
an d stored at elevated temperatures, th e liqui­
fied eutec t ic mixture flows toward the nose of
the shell and exudes as a dark oily liquid that
is less sensit ive th an TNT but represents a
fire hazard. The exudat ion of shell cau ses cavi­
tation of the charge and in some cases desensi­
tization of the boost er charge. It ha s been
fou nd that TNT mu st have a minimum freez­
ing point value of 80.2 ° C., if exudat ion is to
be avoided in storage at 50° C. (122 ° F.) ; but
suc h TNT exudes at 65° C. (150 ° F .). If exu­
dat ion at 65° C. is to be prevented, the freezing
point of TNT must be greater than 80.4° C.
E ven TNT havin g a freezing point of 80.70 °
under goes very slight exudat ion if th e stor age
temp erature is 71° C. (160 ° F .). Binary explo­
sives havin g TNT as an ingredient also tend
to exude at elevated temperatures; but this
tendency is less than that of TNT if the other
ing re dient-such as ammonium nitrate-does
not form an eutecti c mixture with TNT. When
an eute cti c mixture is formed-as with PETN
-the tendency to exude is increased. While
the problem of exudation is not as serious as
immediately after World War I, this charac­
teri stic of TNT is decidedly disadvantageous.

q. Moist ure has no effect on the stability of
TNT, which is unaffected by immersion in sea
water. However, at 50° C. ethanol reacts with a

or v but not f3-TNT . In the case of (f-TNT the
products are ethyl nitrite and an unidentified
nitrocompound that melts at 77.5 ° to 77.9 ° C.
an d is soluble in exudate oil. This was another
cont r ibut ing cause to the exudation of TNT
charges in the period following World War I,
as ethanol was used to clean the threads in
shell noses and an ethanol solution of shellac
was used to coat th e walls of booster cavities in
TNT shell charges. TNT undergoes slight reac­
tion with iron rust as indicated by 120° C.
vac uum stability tests of mixtures. When a
mixture of TNT, iron, and water is in contact
with either hydrochloric acid or trichloro-
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ethylene, there is formed a dark brown solid
that is nonexplosive but relatively unstable.
Potassium nitrite has been shown to be in­
compatible with TNT, and this effect of nitrite
is the basis for the requirement that ammon­
ium nitrate used for manufacturing amatol be
free of nitrites. TNT is compatible with ni­
trates, potassium chlorate, black powder, and
coatings such as bakelite, acidproof black
paint, and shellac. It causes slight or very sli ght
cor rosion of lead, but has no effect on copper,
tin, iron, steel, zinc, cadmium, nickel, brass, or
bronze.

r. TNT is somewhat toxic, but not ex­
tremely so and has no vesicant or lacrimatory
action. A maximum concentration in air of 1.5
milligrams per cubic meter has been sugg ested
to avoid undue toxicity.

7-11. Tetryl
a. 2, 4, 6-Trinitrophenylmethylnitramine,

tetryl, tetralite, pyronite, or CE is a nitroaryl
nitramine having the structure.

RA PD 212843

Figure L. CE o

and a molecular weight of 287.15. As ordinar­
ily manufactured, it has a light yellow or buff
color and consists chiefly of aggregates of
crystals (figs . 7-19 and 7-20). When freshly
prepared and highly purified, it is colorless but
rapidly acquires a yellow color when exposed
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to light. When crystallized f ro m benzene, it
forms monoclinic prisms. Tetryl has been used
chiefly as a booster exp losive, as an in gredient
of a binary explosive, an d in the loading of
detonators and blasting caps. It was first pre­
pared by Mertens in 1877 , but was not used as
an explosive until World War 1. In the early
literature, it was designated as tetranitro­
methylaniline.

F igure 7-19. Tetryl cry stals, l lh x.

b. P ur e tetryl melts at 129.45° C. with par­
tial decomposi t ion , and repeated solidificat ion
an d melting rapidly increa se the degree of
decomposition . Tetryl has a scr atch hardness
of less tha n one on the Mohs' scale and there­
for e the crystals are slightly softer than talc.
Wi th a crystal density of 1.73, tetryl has a
densi ty of 1.62 whe n cas t. Wh en subjected to
pressures of 3,000, 5,000, 10,000, 20,000 , and
30,000 psi, it has density values of 1.40, 1.47,
1.57,1.67, and 1.71 , r espectively. It has specific

F igure 7-20. Tct ryl crystals, 25 z ;

heat values of 0.213, 0.217 , 0.223, an d 0.231
cal orie per gram per degree Centigrade at 0°,
20 °, 50°, and 100 ° C., r especti vely. Te t ryl has a
heat of fu sion value of 20.6 calor ies per gram.
Its heat of combust ion at cons tant pressure is
2,914 calories pe r gram. and from this is de­
rived a heat of formation va lue of - 5.02 k ilo­
gram-ca lor ies per mole. Th e solub ility charac­
teristics of t etryl are shown by table 7-18.

Tabl e 7- 18 . So lubili ty Cha?'octeristics of T etryl.

Gr a ms p er 100 g ra ms of so lve n t at-

0 c. 0 20 50 60 75 80

Water -
__ _ _ __ _ _ _ _ _ _ L ____________ ___ ____ ___ _____ _ _ _ _ _ _ 0.000 5 0.0075 0.0195 0.035 0.066 0.081

Etha nol* . - - - - ------ -- ---------------------- ----------- 0.320 0.563 1.72 2.64 5.33
Ca rbon tetrachl oride ._, -- _____ _ 0 __ __ - __ . 0 --- ----- ---- --- 0.007 0.025 0.095 0.154 0.297
Chlorofo rm - -- - - - ------ -- --------- ------ --- --- _.. _------- 0.225 0.57 1.78 2.65
Ethylen e ch lor ide --- ------------- ----- -------- --- ------ ---- 1.5 3.8 12.0 18.8 45 64.5
Ca r bon di sulfide ------------ -- ------- -- --- --------------- 0.009 0.02 1
E th er - -- -- -------- -~ - -- ----- ------ --- --------- --------- 0.188 0.418

·95 percent by vo lume.

At 100 ° C., water disso lves tetryl to the exte nt
of 0.184 grams per 100 grams . Reflecting it s
spar ing solubility in water, tetryl has been
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found to be hygroscopic to the extent of only
0.04 percent when exposed to an atmosphere
of 90 percent r elative humidity at 30 ° C. Te t r yl
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is very soluble in acetone. Benzene holds more
tetryl in solut ion if a solution with solid tetryl
present is cooled to a given temperature than
if a mi xture of benzene and excess tetryl is
heated to and maintained at that temperature.
At 15 , 25°, 35° , 45° , and 55° C., tetryl has re­
sp ective super solubilit y values of 10.2 , 12.2,
14.9 , 18.25, and 22.5 and subsolubility values
of only 3.9, 5.5, 7.4, 9.7, and 13.25 grams per
100 grams of benzene. The spent acid from the
production of tetryl contains only 0.3 percent
of tetr yl,

c. Tetryl reacts with an aqueous alkali to
yield the metallic picrate and nitrite and
methylamine. Although prolonged boiling
with dilute sulfur ic acid has no effect, if a
solut ion of tetryl in cold concentrated sulfuric
is allowed to stand at ordinary temperature
nitric acid and 2,4,6-trinitrophenylmethyl­
amine or N- methyl picramide, C6H2(N02h ­
NH.CHj, ar e formed. If this reaction is carried
out in a nitrometer in the presence of mercury,
the nitric acid is reduced to nitric oxide and
this can be measured. In benzene solution at
ordinary temperatures, tetryl reacts with
anili ne to form 2,4,6-trinitrodiphenylamine
and methylnitramine (CHj.NH.NOJ. Aqueous
sodium sulfide decomposes tetryl completely
into nonexplosive, water-soluble products.
Tetryl is decomposed into nonexplosive prod­
ucts by aqueous sodium sulfite, but the reac­
t ion is r elatively slow unless the solution is
he ated to 80-90 ° C.

d. Two methods have been used extensively
for the production of tetryl, the raw materials
f or nit rat ion being dimethylaniline and dini­
trophenylmethylamine. The use of mono­
methylaniline has not been practical, because
of nonavail ability of this material in a suffi­
cient ly pure form, on a large scale and at low
cost. The use of dimethylaniline has the dis­
advantage of reuuiring nitric acid for the
removal of one methyl~ by oxidation:

C6HsN (C H3)2+10HNOr +(N02 ) 3C6H2N (N02 )

CHj+6N0 2+C02+8H 20

With the development of methylamine as a
cheap commer cial bulk chemical, there became
practi cab le the production of dinitrophenyl-
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methylamine from 2,4- or 2,6-dinitrochloro­
benzene:

C6H3(N0 2) 2Cl+ CH3N H 2-+HCl+C6H3(N02 ) 2

NH.CH]

This can be nitrated to tetryl with relative
ease and no use of nitrlc acid for oxidat ion . A
considerable amount of tetryl was prepared by
this method in the Unit ed States during Wo rld
War II.

e. In the manufactur e of tetryl from di­
methylaniline, one part of this is dissolve d in
14.4 parts of 96-99 percent sulfuric ac id at
20-30 ° C. Dimethylaniline sulfate is formed .
The solution of this is added in a nitrator to
9.2 parts of mixed acid at 68-72 ° C. which
contains 66.7 percent nitr ic ac id and 15.8 per ­
cent sulfuric acid. If the water content of the
mixed acid is to o hi gh , there are formed
benzene-insolubl e im pu r it ies, which are benzi­
dine derivatives. Du ring the nitration there is
formed some 2,3,4,6-t etr anit r ophenylmethyl­
nitramine (m-nitrotet r yl ) , which is re latively
unstable but can be hyd r olyzed to 2,4,6-trinitro
-3-hydroxyphenylmethylnitram ine. This is sol­
uble in water and readily removed. Te tryl
must be purified carefully, so as to remove any
tetranitrocompound and occluded acidity, be ­
cause of the adverse effects of these on the
stability of tetryI. Most of the acidity is re­
moved by washing with cold water. Treatment
with boiling water decomposes any tetranitr o­
compound present and re moves its product . If
benzene is used as a solvent, the crude tetryl is
dissolved in this, the solut ion is washe d with
water to remove residu al acidity, and filt ered
to remove insoluble matt er . The tet r yl is de­
posited on cooling the solution, separated, and
dried. If acetone is used as the solvent, t he sol u­
tion is neutralized and filt er ed and the tetryl is
precipitated by mi xing the solution with wate r.
The acetone purification process is carried out
on a continuous basis, while that with benz en e
is operated as a batch process.

t. Two grades of material are covered by
the specification for military tet r yl, gr ade I
being material intended for use in detonat ors ,
boosters, projectiles, and the manufact ure of
tetrytol. Grade I comprises two classes , with
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respect to granulation. Grade II tetryl is that
reclaimed from manufacturing and loading
operations and intended for use in the manu­
facture of tetrytol only. The requirements for
the two grades are as follows:

Color: Light yellow.
Moisture and volatiles: Maximum, 0.10

percent.
Insoluble matter: Maximum, 0.10 percent

insoluble in benzene.
Grit: None.
Acidity: Maximum . 0.02 percent as sul­

furic acid.
Melting point: Min imum, 128.8 ° C.; max­

imum, 129.5 ° C.

The requirement, with respect to benzene-in­
soluble matter, is included because of the
marked desensitizing effect of such impurities.
Freedom from grit is required, because of its
effect on sensitivity to impact and friction.
Th e bulk density and granulation require­
ments for grade I, class B tetryl are intended to
control the ease with which it pours and con­
sequent action in automatic pelleting machines.

g. Prior to World War II and the standardi­
ization of PETN and RDX, tetryl was the
most sensitive of the standard noninitiating
high explosives. Is greater sensitivity than
TNT is reflected by the results of impact and
rifle bullet impact tests of the two explosives.
That this greater sensitivity does not repre­
sent undue hazard in handling is shown by
the failure of tetryl to explode in the pendu­
lum friction test. The explosion temperature
test value of tetryl (257 ° C.) also is much
lower than that of TNT. The greater sensi­
tivity of tetryl to initiation was one of the
main reasons for its substitution for pressed

Bulk density: Minimum,
g/m!.

Granulation: Percent through
sieve:

No. 8, minimum .,. ~. _
No . 12, minimum _
No. 16, minimum _
No. 3D, minimum .~

No. 40, maximum _
No. 60, maximum . _
No. 100, maximum _

Gra de I Grade II
Class A Class B

0.82

100
100
95

100
10

25 2
5

TNT as a booster explosive. This greater sensi­
tivity is shown by minimum detonating charge
values of 0.10 gram lead azide and 0.19 gram
mercury fulminate as determined by the sand
test. It is to be noted that the sensitivity of
tetryl to shock and friction has not been
found sufficient to necessitate packing in a wet
condition, as is required for PETN and RDX.

h. Sand test data indicate tetrvl to be 113
percent as brisant as TNT, and the rates of
detonation of the two explosives bear out this
relationship. However, fragmentation tests in­
dicate tetryl to be 121 percent as brisant as
TNT. The greater brisance and rate of detona­
tion of tetryl explain its greater boostering
action. The standardization of PETN and
RDX during World War II has caused some
replacement of tetryl by these two even more
brisant explosives. Tl auzl lead block and ballis­
tic pendulum tests indicate tetryl to be 128
percent as powerful as TNT, and the heat of
explosion of tetryl is 121 percent that of TNT.
Tetryl is approximately 90 percent as brisant
and 82 percent as powerful as PETN or RDX.

i. Vacuum stability tests show tetryl to be
less stable than TNT and RDX but to be of
excellent stability at temperatures of 120 ° C.
or less. It has been found to withstand storage
at 100 ° C. for 100 hours, at 75 ° C. for 6 months,
at 65° C. for 12 months, and at magazine
temperatures for 20 years without significant
impairment of its stability. Because its melting
point is so much higher than any probable
storage temperature and the almost complete
absence of impurities that could form eutectic
mixtures having low melting points, the phys­
ical deterioration of tetryl is not a problem.
Tetryl frequently is used with 1 to 2 percent
of a binding agent or lubricant, such as graph­
ite, stearic acid, or magnesium stearate; and
it has been found to be compatible with such
materials as well as black powder. In the pres­
ence of 0.5 percent of moisture, tetryl has
some corrosion effect on steel and zinc but has
little or no effect on copper, tin, lead, nickel,
cadmium, aluminum, brass, or bronze. It does
not affect coatings of acidproof black paint,
baked oil, NRC compound, or shellac, even
when stored at 50 ° C.
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i. Tetryl has a strong coloring action on the
human skin and can cause a dermatitis. The
use of a cold cream containing 10 percent
sodium perborate has been found to minimize
these effects. Inhalation of tetryl dust has
recognized toxic effects; and the suggested per­
missible maximum concentration of the dust in
air is 1.5 milligrams per cubic meter.

7-12. Picric Acid
a. 2,4,6-Trinitrophenol, picric acid, melinite,

lyddite, pertite, or shimose is a compound
having the structure

OH

RA PD 212844

Figure M. Shimose .

and a molecular weight of 229.108. As manu­
factured, it consists of light to bright yellow
crystals, which exist in two polymorphic forms
(figs. 7-21 and 7-22). When crystallized from
ethanol, it forms yellow, orthorhombic, flat­
tened rods. First prepared in 1771 by Woulff,
it was first used as a yellow dye. It was not
until 1885 that the French began using it as a
military explosive in shell, and other nations
soon adopted it. Picric acid was the first high
explosive used for melt-loading and its use was
nearly general until the beginning of this
century, when it was gradually replaced by
TNT. The high temperature required for its
melt-loading (120° C.) and the occurrence of
disastrous explosions attributed to the forma-
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tion of sensitive metallic compounds rendered
is replacement desirable. Picric acid is used
in the United States chiefly for the manufac­
ture of explosive "D".

Figure 7- 21 . Picric acid crystals, 1 % z .

b. Pure picric acid melts at 122.5° C. with­
out decomposition and its freezing point can
be used for determination of its purity. Mate­
rial used for military purposes may solidify at
as Iowa temperature as 120.0° C., because of
the presence of isomers and dinitrophenol.
Picric acid has vapor pressure values of 2 and
50 mm at 195 ° and 255 ° C., respectively. At
ordinary temperatures, it is of very low vola­
tility but, because of its bitter taste and
dustiness, it has the sensory effects of a volatile
material. With a crystal density of 1.763 and
a density of 1.71 when cast, picric acid can be
compressed to density values of 1.49, 1.57,
1.64, and 1.725, when subjected to pressures
of 5,000, 10,000, 20,000, and 100,000 psi, re­
spectively. At 0 °, 50 °, 100 °, and 120 ° C. picric
acid has specific heat values of 0.234, 0.274,
0.318, and 0.337 calorie per gram per degree
Centigrade, respectively, and its heat of fusion
is 20.4 calories per gram. The heat of combus­
tion of picric acid at constant pressure is
2,671.5 calories per gram, and from this is
derived a heat of formation value of 56.83
kilogram-calories per mol e. Although soluble in
water to the extent of 1.4 and 6.8 grams per
100 grams at 20 ° and 100 ° C., respectively,
picric acid is hygroscopic to the extent of only
0.04 percent, when exposed to an atmosphere
of 90 percent relative humidity at 30 ° C.
Picric acid is easily soluble in benzene, sulfuric
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acid, or nitric acid, bu t is soluble in ether and
ethanol at 20° C. to the extent of only 2.0 and
6.2 grams, respectively, per 100 grams of
solvent.

c. Being a phenolic derivative, picric acid
is chemically active, although less so than
ph enol. It decomposes car bonates and reacts
with hydroxides to fo r m picrates:

CJI2 (N02)30 H +N aOH -H20+C6H 2(N02)30 N a

Figure 7- 22. Picric acid crysta ls , 25 x .

It may be titrated with ba ses by the use of
sodium alizar insulf onate as an indicator. Addi­
tion of a solution of copper ammonium sulfate
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to an aqueous solution contai nin g as little as
0.01 percent of picric acid resul ts in the forma­
tion of a green precipitate. P icric acid forms
compounds with amines and even aro mat ic
hydrocarbons, such as naphthalene. Solutions
of acridine, cinchonine, and ni tron in ethano l
yield precipitates with picric acid. Aqueous
solutions of neutral lead acetate and picri c
acid yield no precipitate, bu t if the acetate is
basic or ammoniacal, a brigh t yellow precipi­
tate of lead picrate is formed. This is more
sensitive to impact than mercur y fu lminate
although less sensitive to fr icti on. The picrates
of lead and zinc can be formed by the contact
of molten picric acid with the metal an d can
initiate detonation of the picric acid. Other
metallic picrates are re adily f or med and gen­
erally contain water of cr ys tallization. When
dehydrated, these picrate s are mor e sens it ive
to impact; but they are not as sensitive as lea d
picrate. Th e picrates of iro n, nickel, zinc,
copper, etc. , have been consid ered da ngerously
sensitive and their f ormation has been ad­
vanced to explain accidental explosions of
picric acid. As dry picric aci d has little if any
effect on the ordinary met als and the hydrated
picrates mu st be heated to 80° to 150° C. to
undergo dehydration, their importance-ex­
cept in the case of lead picrate-pr obably is
not as great as it was previously considered to
be. Anhydrous ferric picrate is as sensitive as
PETN and nickel picrate is slightly more sen­
sitive, but the anhydrous picrates of cadmium,
zinc, and copper are nearly as insensit ive as
TNT. The anhydrous picrates of sod ium and
potassium are less sensitive than TNT.

d. Because of the violence of the react ion
and consequent low yields, the direct nitration
of phenol for the producti on of picric acid is
not practicable. However, ph enol and sulfuric
acid react to form ortho- and para-phenol su l­
fonic acids which can be n it r ated to pic ric
acid:
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OH OH

RA PD 212845

Figw'e N . Nitration of pheno l.

The nitration can be carried out in one, t wo, or
three stages and various process ha ve been
used . The best yield is claimed to be 220 parts
of picric acid from 100 parts of phenol. An-

other process involves the conversion of dini­
t rochlorbenzene into dinitrophenol an d nitra­
tion of this:

•

Cl

+ NoOH -HCl +

OH OH

RA PD 212846

Figure O. Nitration of dinitropheno l.

•

•

A catalytic process for the production of picric
acid from benze ne also has been used. This
involves the re fluxing of one part of benzene
with four and one-quarter parts of ni t ri c acid
of specific gravity 1.42 in which one-twentieth
part of mercuric nitrate has been dissolved.
On distillation of the re fluxed mixture with
steam there are removed benzene, nitroben­
zene, dinitrobenzene, an d din it rophenol. On
filtering and cooling the residue, picric acid
crystall izes out with a yield compar able with
that obtained from benzene if it is sulfonated
and converted to phenol, with sulfonat ion and
nitration of th is to picric acid. Purification of
crude picric acid can be effected by washing
with cold water and recr ystallizing from hot
water or benzene.

AGO l0020A

e. But one grade of picric acid is prescribed
for militar y use, this complying with the fol­
lowing requirements:

Color : White to yellow.
Solidification point: Minimum, 120.0 ° C.
Moisture: Maximum, 0.20 percent.
Acidity : Nitric acid, none . Total sulfuric

acid, maximum, 0.1 percent.
In soluble mat ter : Maximum, 0.1 percent.
Ash: Maximum, 0.1 percent.
Lead: Maxim um , 0.0004 percent.
Granulation: Minimum through No. 14

sieve, 99.5 percent.

Th e requirement, wi th respect to lead content,
re flects th e recogni zed hazard represented by
lead picrate and the necessity for preventing
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its f ormati on from impuri tie s in raw materials
or by the contact of picric acid with lead in
equ ipment during manufacture. The require­
ment that picric acid be free of nitric acid is
necess itated by the adverse effect of nitric acid
on the stability of picric acid during stor age.

f . Picric acid is only slight ly more sens it ive
than TNT, as indicated by impact tests, but
distinctly more so as shown by the rifle bullet
impact test. Minimum detonating charges of
lead azide and mercury fulminate indicate
picric acid to be of the same order of sensi­
tivity to initiation as TNT. The explosion tem­
perature test value of picric acid (322 0 C.) is
lower than that of TNT but somewhat higher
than that of tetryl (257 0 C.) . Th e explosion
temperature test va lues of the three explosives
are in the reverse or der to their relative sensi­
tivity as shown by the r ifle bullet impact test.
Picric acid of satisfactory purity, therefore,
cannot be considered unduly hazardous with
respect to sensitivity; and the accidental ex­
plosions during its early history must be
attributed to other causes.

g. From their chemical compositions and
structures, picric acid and TNT should be of
the same order of brisance and power, with
picric acid having any superiority because of
its slightl y better oxygen balance. Sand test
values indicate equal br isance, but the plate
dent test shows pic ric acid to be slightly
super ior to TNT. The r ate of detonation of
picric acid (7,3 50 meter s per second) is dis­
tinctly greater than that of TNT, but this is
reflected more by their relat ive power values
than by brisance values. Both the ballistic
pendulum and Trauzl lead block tests show
picric acid to be 103 to 109 percent as powerful
as TNT. It is to be noted that t he heat of
explosion of pic ric aci d is 108 percent that of
TNT.

h. Picric acid is of a high order of stability,
as shown by stability and storage tests, it
having approximately the stability of TNT.
Th e values for the two expl osives obtained by
the 75 0 C. international, 100 0 C. heat, and 100 0

and 120 0 C. vacuum stability tests are essen­
tially equal. Long term storage tests at maga­
zine temperatures have shown neither to
undergo measurable deteriorat ion.

7- 52

i. Pi cric acid has a strong staining action
on the human skin, bu t is not as toxic as some
of the compar able nitrocomp ounds. Neverthe­
less, it s dust should not be inhaled , and fre­
quent ba ths and changes of clothes are pre­
scr ibed for workers in the production and
loading of picric acid.

7-13. Explosive 0
a. Ammonium 2,4,6-trinitroph enolate, am­

monium picrate, or explosive D is a colored
crystalline compound havin g the structure

RA PD 212847

Figure P. Explosive D.

and a molecular weight of 246.14. It exists as
yellow monoclinic crystals (figs. 7-23 and
7-24) r epresenting a stable form and red
rhombic crystals representing a metastable
form. The two forms are easily interconv erti­
ble and do not differ in explosive properties.
As manufactured for military use, explosive D
is yellow to orange in color. Marchand first
prepared the compound in 1841 and in 1869 it
was used by Brugere in admixture with potas­
sium nitrate as a military propellant ; but it
was not until after 1900 that it was use d as a
detonating high explosive. Its insensit ivity to
shock makes it suitable for use in armor­
piercing projectiles and it is used also as an
ingredient of picratol and propellent compo­
sitions.

b. Pure explosive D mel ts with decomposi­
tion at 265 0 to 271 0 C. It has a crystal den si ty
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Figure 7-23. E x plosive D crystals, l lh x .

of 1.719. Wh en subjected to pressures of 5,000,
10,000, 20,000, 50,000, and 100,000 psi, it has
density values of 1.41, 1.47, 1.53, 1.59, and 1.64
respectively. The heat of combustion of explo­
sive D at constant pressure is 2,745 calories
per gram, from which is derived a heat of
fo r mation value of 95.82 kilogram-calories per
mole. Although 100 grams of water dissolve 1.1
and 74.8 grams of explosive D at 20 ° and
101 ° C., re spectively, the explosive is nonhygro­
scopic wh en exposed to humid air. It is soluble
in acetone to the extent of 2.85 grams per 100
grams at 30 ° C. At 20° and 80 ° C., explosive D
is soluble in ethanol to the extent of 0.86 and
3.75 grams, respectively, per 100 grams and in
ethy l acetate to the extent of 0.34 and 0.86
gram per 100 grams, respectively. Its solution
in ethanol is very slow and it separates from
the solut ion only slowly on standing. It is
practically insoluble in ether. 100 grams of
octyl alcohol at 25° C. dissolve less than 0.2
gram of explosive D.

c. Chemically, explosive D is not very reac­
tive. St ro ng alkalies decompose it into picric
aci d and ammonia, and this is the basis of one
of the methods for determining the purity of
the material. When maintained at its melting
point, it decomposes into the same products.
At 0° C., explosive D absorbs an equimolecular
amount of ammonia; but at 26° C., this is lost
by vola t ilizat ion.

d. The manufacture of explosive D is rela­
tively simple. Picric acid is suspended in hot
wa ter , in which it is only partially soluble, and
neut ralized by the addition of gaseous or
aqueous ammonia. As the picrate is formed, it

\<";0 l0020A
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Figure 7- 21;. Explosive D crystals , 25 x .

goes into solut ion. Th e reaction is slightly exo­
thermic. On cooling the solution, the picrate
separates out. If a marked excess of ammonia is
used, the red f orm is obtained; so care is taken
to avoid this and obtain the yellow form. The
yellow form has a hi gh er bulk density than the
red and can be pressed better. The separated
crystals are wa shed with cold water to remove
any free ammonia present and then dried.

e. The specificat ion for explosive D covers
one grade of material , r epr esent ing two classes
with respect to granulation. Class A material
is intended for use in the press-loading of
shell, while class B is used for the manufacture
of picratol and othe r compositions. The re­
quirements are as foll ows :

Color : Yellow to orange.
Water-insoluble matter: Maximum, 0.10

percent.
Ash: Maximum, 0.1 percent.
Acidity or alkalinity : Maximum, 0.025

percen t (as pic-
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r ic ac id or am­
monia ) .

Ammoniacal nitrogen: Minimum, 5.60
percent; maxi­
mum 5.75 per­
cent.

Sulfates: Maximum, 0.1 percent (calcu­
lated as sulf ur ic acid).

Chloroform-soluble matter: Class A , max­
imum, 0.1
percent.

Irritant contaminants: Maximum, 50
parts of chlorine
per million.

Moisture: Maximum, 0.10 percent for
Class A and 0.20 percent for
Class B.

Visible foreign matter: Class B, none.
Granulation:

Clas s A Class B

Percent through No. 12 99.9
sieve, minimum.

Percent through No. 40 99.5
sieve, minimum.

Percent retained on No. 70 60
sieve, minimum.

Percent retained on No. 70 20
sieve, maximum.

Percent through No. 200 5
sieve, maximum.

Bulk density: Class A, minimum, 0.82
gram per milliliter .

The color requirement is intended to cover the
unavoidable presence of a small amount of the
red form of explosive D in admixture with the
yellow form. The requirement, with respect to
irritant contaminants, represents a control of
the purity of picric acid used in manufacture
when this is made by the dinitrochlorbenzene
process. The chloroform-soluble matter require­
ment also represents a control of the nature of
impurities present in picric acid manufactured
by a process other than the nitration of phenol.

f. Explosive D is distinctly less sensitive to
impact than TNT, and its slightly greater
sensit ivity in the rifle bullet impact test is at­
tributable to the much lower temperature re­
quired for explosion (318° C.) than that for
TNT (475° C.). The low degree of sensitivity
of explosive D to impact is paralleled by its
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relat ive insensitivity to initiation. In the sand
test, it is not detonated by either lead azide or
mercury fulminate, a booster charge of 0.06
gram of tetryl being required. In this test, a
minimum charge of 0.28 gram of diazodini­
trophenol detonates explosive D, but a charge
of only 0.15 gram is r equired for the detona­
tion of TNT. Moisture has a marked effect on
the sensitivity of explosive D to initiation. The
presence of 0.5, 1.0, and 2.0 percent of mois­
ture causes increase in the minimum detonat­
ing charge of tetryl to 0.09, 0.11, and 0.14
gram, respectively. Storage of either the yellow
or red form of explosive D at 50 ° C. for 3
years causes such an increase in sensitivity
that it can be initiated by mercury fulminate
alone. Subsequent storage of the yellow form
at magazine temperatures for 2 years causes
desensitization to such an extent that a booster
cha rge to tetryl is required for complete deto­
nation and 4 years of such storage is required
for return to the original condition of sensitiv­
ity. Storage at 50 ° C. has the same effect on the
sens it ivity of red explosive D, but subse quent
storage at magazine temperatures for 4 yea rs
merely increases the minimum detonating
charge of mercury fulminate from 0.23 to 0.29
gram. The changes in sensitivity are not ac­
companied by any change in brisance or in
color.

g . The brisance of explosive D, as measured
by the sand test, is only 77 percent of that of
TNT, but fragmentation tests indicate it to be
91 and 99 percent as brisant when pressed to
density values of 1.50 and 1.55, respectively.
Although th e heat of explosion of explosive D
is but 86 percent that of TNT, the ballistic
pendulum te st shows it to be 98 percent as
powerful as TNT. This combination of bris­
ance and power, almost equal to those of TNT
together with relative insensitivity, has made
explosive D suitable for use in armor-piercing
projectiles. However, the impracticability of
melt-loading explosive D has led to its partial
replacement by picratol, which was developed
during World War II and can be melt-loaded.

h. 150 ° C. vacuum stability test data show
explosive " D" to be at least as stable as TNT
at that high temperature. Storage at 65 ° C. for
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1 year causes no apparent deterioration. While
sto r age at 50 0 C. for 51;2 years causes some in­
crease in sensitivity to initiation, it causes no
measurable impairment of stability. Tests dur­
in g stor age at magazine temperatures over a
period of 20 years have shown no change in
the stabili ty of explosive D. It is, therefore,
considered to be of entirely satisfactory sta­
bili ty. At 100 0 C. it is compatible with TNT or
black powder, but undergoes reaction with
nitroglycerin, nitrocellulose, PETN, or tetryl.

i. Explosive D is not markedly toxic, but it
disco lor s the skin and may cause a dermatitis
in some cases. Inhalation of the dust should be
minimized and frequent baths and changes of
clothes are desirable for those working with
the material in quantity.

j . Potassium picrate has been used to a lim­
ited exte nt in pyrotechnic and priming compo­
sitio ns. It f orms rhombic crystals of reddish
yellow or green color that have a density of
1.85. The crystals are anhydrous when formed
from water , in which the compound is soluble
to the extent of 0.5 gram per 100 grams at
15 0 C. and 25 grams at 100 0 C. It is soluble to
the exte nt of only 0.2 gram per 100 grams of
et hanol at 25 0 C. Potassium picrate is prepared
by neutralizing a hot aqueous solution of po­
t assium carbonate with a hot solut ion of picric
aci d and filtering off the crystals that separate
when the solut ion cools. Its impact test value
of 21 inches shows it to be less sensitive than
explosive D, and it has a hi gh er explosion tem­
perature test value (370 0 C.) than that of ex­
nlos ive D. It is of the same order of stability as
explosive D, but is less brisant. Wh en subjected
to contact with a flam e, potassium picrate de­
flag rates with a loud r eport. Mixtures of po­
tassi um picrate with oxidizing agents, such as
potassium nitrate, only burn wh en ignited, but
are sensit ive to shock.

7-14. Nitroguanidine
a. Ni t roguanidine or picrite, a guanyl nitra­

mine, is a color less crystalline compound hav­
ing th e st r ucture

N H,
I -

C:N H
I

NH.NO z

AGO l0020A
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and a molecular weight of 104.074. It exists in
two forms having the same melting point. That
usu ally produced during manufacture is the
a-for m, which cons ists of long, thin, flat nee­
dles that are tough and very difficult to pul ­
verize (figs. 7-25 and 7-26) . It has a double
refraction value of 0.250. The ,a-form crystal­
lizes from water in clusters of small, thin,
elonga te d plates that have a double refraction
value of 0.185. The compound was first pre­
pared by Jousselin in 1877, but it was not until
after 1900 that it found limited use in propel­
lent compositions. During World War I, it was
used by the Germans as an ingredient of a
bursting charge explosive . At present, its
chief use is as an ingredient of propellent com­
positions, because the gases produced by the
explosion of nitroguanidine propellants are less
erosiv e than those produced by propellants of
comparable force.

­RA PD '167403

F igure 7-25. Niiroouanidine crystals, 1 1k z.

b. Th e melting point of nitroguanidine varies
somewhat with the r ate of heating. The pure
material melts with decomposition at 232 0 C.
whe n the rate of heating is moderate, but val­
ues from 220 0 to 250 0 C. are obtainable with
va rying rates. Nitrogu an idine has a crystal
density of 1.715, bu t becau se of the toughness
and flexibility of it s crystals has a density of
only 0.95 wh en subjected to a pressure of 3,000
ps i. Th e heat of combustion of nit r oguanidine
at cons tant pressure is 1,995 cal or ies per gram,
and from this is derived a heat of formation
value of 23.58 kil ogram-calori es per mole. Both
forms of nitroguanidine are soluble in water
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to the exten t of 0.4 gram per 100 grams at 25°
C. and 8.25 gr ams at 100 ° C.; but the mater ia l
is nonhygroscopic when exposed to a n atmos­
phere of 90 percent rela ti ve hu midity at 30 °
C. Insoluble in et her, nit r oguanidin e is slight ly
solub le in ethanol or aq ueous potassium hy­
droxide. At 25 ° C., sulfuric aci d solutions of
15, 30, and 45 percent conce nt r at ion dissolve
nitroguanidine , so as to form solut ions con­
taining 0.55, 2.9, and 10.9 grams, r esp ectively,
per 100 millil iters.

RA PO 167404

Figure 7- 26 . Nitroguanidine cry s tals, 10 x.

c. Neither form of nitrogua nidine is con­
verted into the other by recrystallization f r om
water , and the two fo rms can be separate d by
fract ional cr ys ta llizat ion from water. The j3­
fo r m can be conver ted into the a-for m by solu­
tion in concentrated sulfuric aci d and precipi­
tation with water or by decomposit ion (If the
nit r ate or hydrochloride formed by j3-nitro­
gua nidine . When e-nitroguanidine is decom-
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posed by heat, som e j3-n it r ogua nidine is
formed; but the j3-compound generally is ob­
tained by the ni tration of the mixtur e of
gua nidine sulfate and ammon ium sulfate, re ­
sult ing from the hydrolysi s of dicyan diamide,
H2N. C ( :NH) .NH.CN, by sulf ur ic ac id. The
a-fo r m is obta ine d by the r eaction of guanidine
and ni tric ac id to form the nitrate and deh yd r a­
ti on of this to the nitrocompound.

d. N it r ogua nidine is chemically r eactive be­
cause of a free amino gr oup as well a s a nitro
gr oup and a tendency toward dearrangemen t.
With hot concentrated nitric acid, it forms a
nitrate that melts at 147 ° C. a nd, wi th st ro ng
hydrochloric acid, it yields a crystalline hy­
drochloride. On reduction, nitroguanidine
yields nitrosoguanidine, H2N.C( :NH).NH.NO,
and then aminoguanidine, H2N.C( :NH).NH.
NH2• With a solut ion of diphenylamine in sul­
furic acid, nitroguanidine gives a blue color.
Wh en it is tested with ferrous ammonium sul­
f ate and sodium hydroxide, a fuchsine color is
developed. When warmed wi th water and a
large exce ss of ammonium carbonate, nitro­
guanidine forms guanidine carbonate. With a n
aqueous solut ion of hydrazine it r eacts to form
N-a mino, N'-nit r ogua nidine , N2N .H N.C
(:NH) .NH.N02, which melts a t 182 ° C. On be­
ing heated or undergoing r eaction in sulfuric
acid solution , nitroguanidine appears to under­
go dearrangement according to two modes:

Hi'".C .(:NH).NH.N02-+NC.NH2+H2 N .N02

Cyanamide Nit ramide

H 2N.C (:NH) .NH.N02-+NH3+ N C.NH.N0 2

Ammonia Nitrocyanamide

Wh en decomposed by heating above its melt­
ing point, the products obtained from nit r o­
gua nidine ar e water, nitrous oxide, cyanamide,
melamine, ammonia, cyanic acid, cya nur ic
acid, ammeline, and ammelide. These are the
products to be anticipated from the dearranged
compound. In addition, there are fo r me d car­
bon dioxide, urea, melam, me lem, mellon, nitr o­
gen, hydrocyanic acid, cyanogen, and paracy­
a noge n by the reaction and decomposition of
the primary products of decompositi on. In
aq ueo us solut ion, nitroguanidine dearranges in
both of the above modes, bu t this is only to a
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small degree, unless another compound is pres­
ent to react with one of the products of de­
arrangement. As a result of this, nitroguani­
dine is relatively stable in aqueous solution. A
sat ur ate d aqueous solution at 25 ° C. has a pH
value of 5.5. After being heated at 60 ° C. for
2 days, such a solution has a pH value of 8.5.
In the absence of ammonia and in the presence
of a primary aliphatic amine, nitroguanidine
reacts to form an alkylnitroguanidine as if the
amine reacted with nitrocyanamide present by
dearrangement. A solution of either form of
nitroguanidine in concentrated sulfuric acid
acts chemically as if the nitroguanidine had
dearranged into nitramide and cyanamide, al­
though e-nit r oguanidine is precipitated if the
solut ion is poured into water. When such a
solution is warmed, nitrous oxide and a little
nitrogen are evolved at first from the dehydra­
tion of nitramide. Later and more slowly, there
is lib erated car bon dio xide resulting from the
hydrolysis of cyanamide. After standing for
some time, a sulfuric acid solution of nitro­
guanidine no longer gives a precipitate of
nitroguanidine when diluted with water. Al­
though a freshly prepared solution contains no
nitric acid, this is formed by the hydration of
nitramide, if there is present a material that
can react with nitric acid. Consequently, nitro­
gu anidine splits off the nitro group quantita­
tively and the purity of the material can be
determined by the nitrometer method.

e. Nitroguanidine is manufactured by re­
acting guanidine and nitric acid or dicyan­
diamide and ammonium nitrate to form guani­
di ne nitrate and dehydrating this by means
of sulfuric acid.

TM 9-1300-214

large amount of electrical en ergy is r equired
for the production of dic yandiamide or guani­
dine. The dehydration of gua nidine nitrate to
nitroguanidine is effected by adding 1 par t of
the nitrate to 2.3 parts by weight of sulf uric
acid (95 percent), so that the te mpe rature does
not rise above 10 ° C. As soon as all the ni t r ate
has been dissolved, the milky solut ion is poured
into seven and one-half parts of ice a nd water.
The mixture is kept ice-cold until p r ecip itat ion
is complete, when the nitroguanidine is ca ught
on a filter, washed with cold water, and r e­
dissolved in 10 parts of boili ng water. The
nitroguanidine recrystallizes wh en the solution
cools. The yield is approximately 90 pe rcen t of
the theoretical.

[, The specification for military nitroguani­
dine covers but one grade of material , com­
prising two classes with respect to granula­
tion. The requirements with which the explo­
sive must comply are as f ollows :

Color: White.

Form: Crystalline powder.

Purity: Minimum, 99.5 percent.

Ash content: Maximum, 0.30 percent.

Total volatiles: Maximum, 0.25 percent.

Water-insoluble impurities: Maximum,
0.20
percent.

Water-soluble impurities: Maximum, 1.00
percent.

Acidity: Maximum, 0.06 percent, ca lcu­
lated as sulfuric ac id.

Chlo rides: Maximum, 0.02 pe rc ent, calcu­
lated as sodium chloride.

Sulfates: Maximum, 0.20 percent, calcu­
lated as sodium sulfate.
pH of water extract: Mini­
mum, 4.5; maximum, 7.0.

•

•

H 2N .C(:NH) .NH2+HN03-t

H 2N.C(:NH).NH 2.HN03

H 2N.C ( :NH).NH.CN+NH4N03-t

H 2N.C (:NH) .NH2HNC3+NC.NH2

H 2N.C ( :NH).NH 2.HN03-tH20 +
H 2N.C (:NH) .NH.N02

As the guanidine or dicyandiamide can be pro­
duced from the raw materials coke, limestone,
atmospheric nitrogen, and water, t he produc­
tion of nitroguanidine does not involve the use
of special natural resources. However, a very

A GO 10020.'1.

Specific surface:
Class A. Minimum, 12,000

centimeters per
centimeter.

square
cubic
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As nitroguanidine is not dissolved when used
in the manufacture of propellent compositions,
but mu st be dispersed in t he other in gredients
in the form of small particles, the specific sur­
face (granulation) requirements assure the de­
g rees of fineness nece ssary when so used. The
other requirements assure control of a variety
of impurities that might acc umulate during
the manufacture of calcium cyanamide , cya­
namide, dicyandiamide, or guanidine.

g . Although the two impact tests give in­
cons iste nt values for nitroguanidine , t he pre­
ponderance of the evidence is that this explo­
sive is considerably less sensitive than TNT to
impact as well as friction and initiation. Ni­
troguanidine is not exploded in the rifle bullet
impact te st, in spite of its relatively low ex­
plosion temperature test value (275° C.). In
the sand te st, it cannot be detonated by lead
az ide or mercury fu lminate, a minimum charge
of 0.10 +0.05 gram of tetryl being required
and the sensitivity to in itiation varying with
the crystal size. Larger quantities can be deto­
nated by a blasting cap containing 1.5 grams
of mercury fu lminate. Nitroguanidine, there­
fore, may be classified as one of the least sen si­
tive of the military explosives.

h. Nitroguanidine is 77 percent as brisant as
TNT, as judged by the sand test, although at
a density of 1.55, it has a higher rate of deto­
nation (7,650 meters per second) than does
TNT at the same density (6 ,900 meters per
second). Although a ballistic pendulum test
has indicated nitroguanidine to be 104 percent
as powerful as TNT, this probably is incorrect,
since the Trauzl lead block test value and the
heat of explosion of nitroguanidine are only
78 percent of the corresponding values for
TNT. The relatively small heat of explosion
of nitroguanidine explains it s cooling effect
when present in pr opellent compositions.

TM 9-1300-214

Maximum, 18,000
centimeters per
centimeter.

Class B. Minimum, 18,001
centimeters per
cent imeter.

squ are
cubic

square
cubic

i. Nitroguanidine begins to un dergo decom­
position at a higher temperature (232° C.)
than does TNT (180 ° t o 200 ° C.), a nd va cuum
stability te sts at 120 ° C. show the two to be of
the same order of stability. As both a re es­
sentially nonhydroscopi c and very slightly
soluble in water, the impa irment of stability
by moisture is not a practical p r oblem. Pro­
pell en t compositions containing nit roguanidine
have been found to be of a high or der of sta­
bility; and it appears that the nitroguanidine
acts to some extent as a stabilizer, since such
composit ions gener ally do not liberate red
fumes when subjected to the 65.5 ° C. su rveil­
lance test .

7-15. Holeite

a. Ethylenedinitrarnine, N,N'-d initroethyl-
en ediamine, haleite, or EDNA is a white crys­
talline compound (figs. 7-27 and 7- 28 ) having
th e st r uctur e

CH z.NH.N Oz
I

CHz.N H.NOz

and a mole cular weight of 150.10. It fo rms
orthorhombic crystals that hav e refractive in­
dex values of 1Y=1.427, f3 =1.686 and y= 1.730.
The compound was fir st described in 1887 by
Franchimont and Klobbi e, but it was not unt il
1935 that its value as an expl osive was recog­
nized. During World War II it was standard­
ized as a military explosive and na med haleite,
in recognition of its development by the lat e

RAPD 167405

F igu re 7-:2 7. H al eite crystals , 1 % x .
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G. C. Hale. It has been found suitable for use
as a bursting charge explosive and as an in­
gre dient of the binary explosive ednatol.

b. Haleite melts with decomposition at 177.3 °
C. It has a crystal density varying from 1.66
to 1.77, depending upon the solvent from which
it is crystallized. When subj ected to pressures
of 5,000, 10,000, 20,000, 30,000, and 40,000 psi,
it has density values of 1.30, 1.40, 1.51, 1.55,
and 1.58, respectively. The solubility of haleite
in wa te r at 10 °, 20 °, 50°, 75 °, and 95 ° C. is
0.10, 0.25, 1.25, 5.0, and 16.4 grams, respective­
ly, per 100 grams of solvent; but it is hygro­
scopic to the extent of only 0.01 percent when
expo sed to an atmosphere of 90 percent rela­
tive humidity at 30 ° C. In 95 percent, ethanol
at 10°, 20 °, 50°,75°, and 78.5 ° C., haleite is
soluble to the extent of 0.55, 1.00, 3.50, 10.07,
and 11.5 grams, respectively, per 100 grams
of solvent . It is soluble also in methanol. In
actetone at 20° C., haleite is soluble to the ex-

Figure 7-28. Hal eite crystals, 25 x.

AGO l0 020A

TM 9-1300-214

tent of 8.2 grams per 100 grams; but it is in­
soluble in ether. It is soluble also in nitro-me­
thane, nitrobenzene, and dioxane, which can
be used to recrystallize the explosive. The heat
of combustion of haleite at constant pressure
is 2,490 calories per gram, from which is de­
rived a heat of formation value of 20.13 kilo­
gram-calories per mole.

c. The two amino hydrogen atoms of haleite
are chemically active and can be replaced by
a metal, when the explosive is dissolved in an
aqueous solution of the metallic hydroxide. The
potassium compound forms needles, when crys­
tallized from ethanol. The ammonium com­
pound is soluble in water, insoluble in ethanol,
and so insensitive to initiation as to require a
booster charge of tetryl in the sand te st. The
lead compound is formed by adding lead nitrate
to an aqueous solution of the sodium com­
pound. It is insoluble in water, as sensitive to
impact as PETN, and can be initiated to deto­
nation by mercury fulminate. With formalde­
hyde and ammonia, haleite reacts t o form an
explosive compound that is almost as brisant
as haleite, slightly more sensitive to impact,
but somewhat less stable. An aqueous solution
of haleite has a slightly acid reaction and pro­
longed boiling of this causes some decomposi­
tion. When haleite is refluxed with dilute
sulfuric acid, it is decomposed into nitrous
oxide, acetaldehyde, and ethylene glycol. When
heated at temperatures greater than 75 ° C.,
haleite undergoes decomposition at rates in­
creasing logarithmically with increase in
temperature. at 100 ° and 150 ° C., heating for
5,800 and 3 hours, respectively, is necessary
to cause 1 percent decomposition of the ex­
plosive. Dry haleite does not cause the cor ro­
sion of aluminum, brass, copper, mild steel,
stanless steel, cadmium, nickel, or zinc; but in
the presence of 0.5 percent moisture, all of
these except aluminum and stainless steel are
corroded to a considerable extent by haleite.

d. The manufacture of haleite involves the
preparation of ethyleneurea (2-imidazolidone)
and nitrating this to the dinitrocompound,
which is then hydrolyzed to form haleite. Di­
nitroethyleneurea can be prepared by each of
the following reactions:
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CH, .NH,

I
CH, -NH,

ETHYLENE
DIAMINE

+

C,H,-O",

/ CO _ C,H,OH

C,H, -O

DIETHYL
CARBONATE ETHANOL

CH,-NH ",

+ I CO

CH, -NH /

CH, -N(NO,>

I '" co + H,O --:CH,-N(NO,)

CH,NH-NO ,

co, + I
CH, -NH -NO,

RA PO 2 12849

Figure Q_ Dinitroethyleneurea.

The ethyleneurea can be nitrated with either
concentrated nitric acid or a mixture of nitric
and sulfuric acids. In the latter case, 10 parts
of mixed acid containing 74.0 percent sulfuric
acid, 15.4 percent nitric acid, and 10.6 percent
water is cooled to 100 C. or less and agitated.
One part of ethyleneurea is added at such a
rate that the temperature does not rise above
10 0 C. After the last portion of the ethylene­
urea has been added, stirring is continued for
5 minutes. A variation of this process is to
dis solve 1 part of ethyleneurea in 7.5 parts of
95 percent sulfuric acid, while maintaining the
temperature at 20 0 C. This solution then is
added slowly, while maintaining the tempera­
ture of the mixture at 0 0 C. or less, to 3.33

parts of a mixed acid containing 15.8 percent

sulfuric acid, 66.7 percent nitric acid, and 17.5

percent water. When addition is complete, the
temperature is increased to 100 C. and main­

tained at that value for 2 hours. The dinitro­
ethyleneurea is caught on a filter and washed

wi th ice water until the washings are almost

neutral. Additional dinitroethyleneurea is r e­

covered by drowning the spent acid in ice­
water, a total yield of 97 percent of the theo­
retical yield being obtainable. The dinitro­

ethyleneurea is suspended in 7 times it s weight

of wate r and this is boiled until the evolution
of carbon dioxide ceases. The reaction is:

CH, -NH,

I
CH, .NH,

+ cq,
CARBON
DIOXIDE

CH, -NH""

+ I CO

CH, -NH /

RA PO 7128 48

F igure R . B oiling of dinitroethyleneurea.

Haleite separates as shining crystals when the
solution is cooled to room temperature. This is
caught on a filter, washed with cold water, and
dried. The total yie ld of haleite from ethylen e­
urea is approximately 92 percent of the theo­
r eti cal.

e. One grade of haleite is specified f or mili­
tary purposes. This complies with the follow­
ing requi rements :

Color: White to buff.
Moisture : Maximum, 0.10 percent.
Melting point : Minimum, 174.00 C.
Purity: Minimum, 99.0 percent.
Water-insoluble matter; Maximum, 0.10

percent.
Grit: None.
120 0 C. vacuum stabili ty t est:

Maximum, 5.0 milliliters of gas in 40
hours.

Granulation:
Percen t

Through No. 10 sie ve, minimum 100
Through No . 100 sieve, maximum 20

Purity is determined by reacting a weigh ed
sample of haleite with an excess of standard­
ized sodium hydroxide solution and determin­
ing the excess of hyd roxide by titration with
standardized acid, us ing phenolphthalein as
the indicator.

f. Impact tests show haleite to be less sens i­
tive than tetryl and more sensit ive than TNT,
but the rifl e bullet impact test indicates it to
be less sensitive than TNT, in spite of its very
low explosion temperature t est value (19 0 0 C.) .
It is almost as sens it ive to initiation as tet ryl,
as judged by it s minimum detonati ng charge of
lead azide or mercury fulminate. Haleite there­
f ore has an unusual combination of sensitivity
characteristics that, in conjunction with other
properties, renders it particularly applicable
for special purposes.

t/
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g. The brisance of haleite as measured by
the sand test is almost equal to that of tetryl ,
but it is about 12 percent more bri sant than
tetryl, as indicated by fragmentation tests.
The rate of detonation of haleite is greater
than that of tetryl at the same den sity (7 ,750
and 7,340 meters per second at a density of
1.55 ) . Th e ballistic pendulum test indicates
haleite to be 106 percent as powerful as tetryl,
but the Trauzl lead block test indicates it to
be only 95 percent as powerful as tetryl. The
heat of explosion of haleite is 114 percent that
of tetryl and it liberates 119 percent as mu ch
gas, so the superiority of haleite from this
viewpoint is conclusive.

h. As indicated by vacuum stabili ty tests ,
haleite is very slightly less stable than tetryl
at 100° and 120 ° C. This slight difference is
show n also by 100 ° C. heat and 75 ° C. inter na­
t ional te sts, but this may be due in part t o the
greate r volatility of haleite. Tests have shown
it to be volatil ized at the rate of 0.05 perce nt
per hour when heated at 100 ° C. in an open
dish. Sto rage tests have shown dry haleite to
be of unimpaired stability after sto rage at 65°
C. for 5 months or at 50° C. for 30 months. It
therefore is considered to be of satisfactory
stability at the temperatures to which it ma y
be subjected during handling and storage.

i . Haleite is not particularly toxic , but in ­
halati on of its dust should be avoided and fre­
quent baths and changes of clothes are r ecom­
mended fo r workers handling the explosive in
quantity,

7-16. RDX

a. Cyclot r imethylenet r init r amine, hexah y­
dro-1, 3, 5-trinitro-5-triazine, RDX, cyclonite,
hexogen, or T4 is a compound ha ving the
st r uct ure

AGO I0020A
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Figure S . T4.

and a molecular we ight of 222.126 that forms
colorless orthor hombic crystals (figs. 7-29 and
7-30) . It was first prepare d by Henning in
1899, but it was not un t il 1920 that von Herz
discovered its va lue as an explosive. Subse­
quent development of the formaldehyde and
ammonia industr ies was r equired for the cheap
production of RDX , and it was not until
World War II that it was used on a large
scal e. It then was used by all the major par­
ticipants, the Germans calling it hexogen and
the Italians T4 . It has fo und extensive use as
a base charge for detonator s and, in admix­
ture with other materials , as an explosive for
shell and bombs.

b. Pure RDX melts at 204.1 ° C. and has a
crystal dens ity of 1.816. When subjected to
pressures of 5,000, 10,000, 20,000, 30,000, and
50,000 psi, it has density values of 1.52, 1.60,
1.68, 1.70, and 1.72, respectively. It has a
scratch hardness of 2 to 3 on the Mohs' scale
and so is intermediate between talc and gyp­
su m. At 20° C., it has a specific heat of 0.30
calorie per gram per deg ree Centigrade. The
heat of combustion of RDX at constant pres­
sure is 2,307. 2 calories per gram, from which
is derived a heat of formation value of - 24.17
kilogram-calories per mole. RDX is soluble in
water to the exte nt of only 0.0076 gram at
25 ° C. and 0.196 gram at 96° C. per 100 grams
of solvent. Th e pure compou nd is nonhygro-

7- 6 1
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Eioure 7-29 . R DX crystals , 1 % x .

scopic at 90 percent relative humidity and 30 °
C. The solubility of the explosive in other sol­
vents is give n in table 7-1 9.

Figure 7-30. RDX crystals, 25 z .

RDX is readily soluble in hot aniline or phenol
and dissolves in warm concentrated nitric
acid, but separ ate s only partially when the acid

7-62

Table 7-1.'1. Solubility of RDX

So lubili t y in g-ra ms per 100 g-r ams of so lve nt at-

o C. 20 25 50 70 97

Acetone -- --- - 7.4 -- ---- - 11.2.8
Cyc lohexanone .- - .-.-- 12.7 . . -. -- . --- - 25
Nitrobenzen e - - - - - - - - 1.5 -- - - - - - - . --- 12.4
Mesityl oxide - ------- 3 - - -- - - - -_._--- 12
Methyl ac etate - 2.95 ------ 6.0
Methanol - --. - 0.235 ._- -- - - 0.735
Ethanol ---- - - 0.105 _.~ -- - 0.370 --- -- - ------
Ether - -- ---- - 0.055
Benzen e ---- -- - 0.045 - --- -- 0.115 0.300 ----- ---

Toluen e ---- -- - 0.020 - ---- - - 0.085 0.210
Carbon 0.0 - - - ---- 0.00 5 0.01 5

tetra chl oride.
Ca r bon disul- 0.0

fide.
Chl oroform . - 0.008
Chlor benzene - 0.33 - ------ 0.7

solut ion is cooled. It dissolves very slowly in
cold concentrated sulfuric acid.

c. RDX is hydrolyzed slowly when treated
with boiling, dilute sulfuric acid or sodium
hydroxide:
C3HJV60 6+6HzO-3N H3+3HCHO+SHN OJ

In sulfuric acid solution the nitric acid oxi­
dizes the formaldehyde to formic acid and it­
self is reduced to nitrous acid. RDX dissolved
in cold concentrated sulfuric acid decomposes
when the solution is allowed to stand. On re­
duction of RDX dissolved in hot phenol, it
yields methylamine, nitrous acid, and hydro­
cyanic acid; but if solid RDX is suspended in
80 percent ethanol and reduced, both hydroly­
sis and reduction take place and the products
are methylamine, nitrous acid, ammonia, and
formaldehyde. With diphenylamine and sul­
furic acid, RDX gives a strong blue color.
RDX does not cause the corrosion of alumi­
num or stainless steel, even in the presence of
moisture. Dry RDX cau ses no corrosion and
RDX with 0.5 percent moisture causes only
very slight corrosion of nickel or zinc. Dry or
damp RDX causes only slight or very slight
cor ros ion of copper, brass, mild steel, or cad­
mium.

d. RDX is manufactured by the nitration
of hexamethylenetetramine, which is obt ained
by th e reaction of formaldehyde and ammonia.
Th e nitration reaction is:

AGO 10020A
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Figure U. HMX RA PD 212852
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e. There are many classes of RDX used for military
purposes. One class is dist inguished from another class
by its granulation. Type A RDX is made by the nitric
acid process, while type B material is made by the
acetic anhydride process. Classes A and B RDX are
used for the manufactu re of composition B. The re­
quirements for the two types and classes are as follows:
Color: White .
Total acetone insoluble: Maximum, 0.05 percent.
Inorganic insoluble matter: Maximum, 0.03 percent .
Grit : Retained on No. 40 sieve, none. Retained on No.

60 sieve, maximum, 5 particles per 50 grams.
Melting point: Type A.- Minimum, 200° C.

Type B.-Minimum, 190° C.
Acidity: Type A.-Maximum, 0.05 percent as nitric

acid.
Type B.-Maximum, 0.02 percent as acetic acid.

Granu lation:
Class A, Class B,

Through sieve No. percent percent

20 Minimum. .. .. . . . . . .. 100 100
35 Minimum.. . . . . .. . 99
50 Minimum .. . .. . .. .. .. 97 93
100 Minimum. . . . . . . . . . . . 50 65
200 Minimum.. . . . .. . .. .. 30
200 Maximum. . . . . . . .. . . . 40 60

f. Impact tests show RDX to be of the same order of
sensit ivity as tetryl, but pendulum friction and rifle
bullet impact tests indicate RDX to be definitely more
sensit ive than tetryl. The two explosives have essen­
tially the same explosion temperature test value. They
are equally sensitive to initiation by mercury fulmi­
nate in the sand test , but RDX is more sensitive than
tet ryl to initiat ion by lead azide. Comparative impact
tests have shown the two types of RDX to be equally
sensit ive to impact, friction, heat, and initiation. This
is due to the fact that the sensitivity characteristics of
HMX, the chief impurity in type B RDX,are very simi­
lar to those of RDX. Temperature has a marked effect
on the sensit ivity of RDX. Impact tests of a sample of
type A RDX at 20°,88°, and 105° C. gave values of 9,8,
and 5 inches, respectively. RDX is much less sensitive
to an electric spark than tetryl, TNT, or PETN. In the
presence of more than 14 percent moisture, it cannot be
detona ted by a No.6 electric blasting cap.

g. Although sand test values indicate RDX to be
slightly less brisant than PETN, fragmentation and
plate dent tests indicate the reverse. The two ex­
plosives have essentially the same rate of detonation.
Ballist ic pendulum and Trauzl lead block tests show
RDX and PETN to have the same explosive power and
be115 to 132 percent as powerful as tetryl. The heat of
explosion value of RDX is 116 percent that of PETN,
and it may be concluded that RDX is the second most
powerful standard military explosive, netroglycerin
being the most powerful.

NO,
I
N

/""-

H'I r'
O,N -N N -NO ,

""-C/
H,

RA PD 2 12&51

/~""-
H,C CH, CH,

I ), I + 3HNO, - 3HCHO + NH, +
H.> C CH,

N' \ N

""-C/
H,

which melts at 276-7° C. HMX is of the same order of
sensitivity to impact and friction as RDX and its pre­
sence does not impair sign ificantly the sensitivity, bri­
sance or stability of RDX. When nitric acid alone is
used, a yield of 68 percent of the theoretical is ob­
tained. One part by weight of hexamethylenetetramine
is added slowly to 11 parts of 100 percent nitric acid,
the temperature of which is maintained at 30° C. or
less while being stirred vigorously. After being cooled
to 0° C., the mixture is sti rred for 20 minutes more and
then drowned in ice water. The crude RDX is caught on
a filter and washed with water to remove most of the
acid. Removal of all but a trace of acid is important and
purification is accomplished by grinding the wet
mate rial and subjecti ng it to treatments with boiling
water or by recrystallization from cyclohexanone or
acetone.

The formaldehyde liberated by the reaction is oxidized
by the nitric acid, if the mixture is allowed to stand or
is warmed. It remains in the spent acid after drowning
and causes difficulty in recovery of nitric acid from the
spent acid. As a result of the rupture and degradation
of the hexamethylene-tetramine molecule, there are
formed numerous aliphatic and cyclic nitrocompounds
that are present in crude RDX. The most important of
these is HMX or cyclotetramethylenetetranit ramine,

•

•

•

•

•

•

•
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11. At temperatures of 100° to 150° C., the stability of
RDX is slightly less than that of TNT, as judged by
vacuum stability tests , but 75° C. international and
100° C. heat tests indicate that at these temperatures
RDX is as stable as TNT. It has been found to with­
sta nd storage at 85° C. for 10 months without impair­
ment of stab ility and must be considered highly
satisfactory in this respect.

i: RDX does not appear to be markedly toxic, and the
only precautions prescribed for those working con­
tinuously with large quantities of the explosive are
daily baths and changes of clothes.

j. PB·RDX An explosive consisting of RDX coated
with polystryrene, plasticized with dioctyl phthalate,
was initially developed in 1952. The specific formula­
tion of 90/8.5/1.5RDX/polystyrene/dioctyl phthalate
was subsequently standarized. This explosive, origi­
nally designated PBX, has been redesignated PB­
RDX. Attempts to prepare it by blending the dry ingre­
dients together in a Baker Perkins-type mixer yielded
a product which was nonuniform in granulation and
very dusty. The final procedure for its preparation was
a wet process which incorporated the better features
found from a study of such variables as solvents, sol­
vent/plastic ratios, lacquer addition and temperature,
agitation, RDX particl e size distribution, dispersants
and rosin additive. This slurry method gave a product
which was uniform, free flowing and dustless, and ex-

7-84

hibited satisfactory drying, handling and pressing
characteristics.

7-17.HMX
a. Cyclotetramethylene tetranitramine (H-MX),

homocyclonite, or 1, 3, 5, 7 tetranitro 1, 3, 5, 7
tetrazacyclooctane is a compound having the structure
illustrated in paragraph 7-16d. It was discovered as an
impurity (by-product) in the nitration of hex­
amethylene tetramine to form RDX. When nitration is
carried out with nitric acid alone, HMX is formed in
relatively small amounts, but when nitration is carried
out in the presence of acetic anhydride and ammonium
nitrate, the product contains approximately 10 percent
of HMX. It is a crystallive solid with a molecular
weight of 296.17. Ordinarily, the least sensitive f3 form
is produced, though the compound exists in at least 4
polymorphic forms. The most sensitive form is the a,
which forms under certain conditions. It is practically
insoluble in water and is nonhygroscopic. Its solubility
in other solvents is comparable with that of RDX.

b. Pure HMX melts at 276-7° C. and has a crystal
density of 1.87. Its scratch hardness is 2.3 on the Mohs
scale. At constant pressure it has a heat of combustion
value of 2230 cal. per gram and a heat of explosion of
1356 cal. per gram. Its heat of formation has been
calculated to be -60.5 cal. per gram. At a density of
1.84 its detonation rate is 9124 meters per second.
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c. Preparation.

(1) Glacial acetic acid an d acet ic anhy­
dride are mixed, the temperature of
the mixture being brought to 45° ±
1° C. and held there fo r the duration
of the entire reaction. Th e reagents
(hexamine in glacial acetic acid ,
acetic anhydride and a solut ion of
42.3/57.7-ammonium nitrate/98 %
nitric acid ) are then added simult ane­
ously, continuously and equiva lentl y
over a 25 minute period. The r eaction
mixture is aged 15 minutes. This ini ­
tial operati on requires two men to
re gulate the addition of reagents and
control of temperatures. The reagents
(42.3 /57.7-ammonium nitrate/98 %
nitric acid and aceti c an hydride ) are
then added simultaneously, continu­
ously and equi valently over a 25 min­
ute period. Th e mixt ure is age d 65
minutes, poured into water and sim­
mered on a steam bath for 12 hours.
Th e RDX-HMX precipitate is cooled,
filtered, and dr ied. The RD X is de­
stroyed, leaving HMX by treating t he
RDX-HMX mixture with a solut ion of
sodium tetra borate decah ydrate in
water. Th e RDX-HMX and borate
solution are heated to boiling, with
ag itat ion. To this solut ion is added
5N NaOH at the rat e of Bee/min.
VVhen abou t 750 cc have been added
the pH incre ases sharply from a little
over 8.7 to over 9.7, which cor responds
to complete destruct ion of the RDX.
Th e HMX is filtered from the hot mix­
ture and has a melting point of 279.5­
280.5° C. It is purified by recrystalli­
zation from nitromethane an d has a
melting point of 281-282 ° C. at this
time.

(2) For compositions of RDX-HMX con­
taining 80 percent or more of HMX,
the RDX is removed by the following
procedure : The RDX-HMX is slur r ied
with acetone and agitated at room
temperature. Before complete set­
tling, the RDX-HMX-acetone mixture

.'\ GO l 0020A
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is decan ted. Aceto ne is added to the
residual HMX-RDX in order to slurry
it. Th e slurry is heated to boiling on
a steam bath, and while boiling, is
ag itated for several minutes. The
boiling RDX-HMX-acetone solution
is decanted. Th e resid ual HMX is now
wa shed with cold acetone into a fun­
nel. This HMX is now taken up in
95 percent alcohol, filtered and dried.
The yield is 70.78 percent.

(3) All the acetone extracts are combined
and evaporated to dryness ; yield,
26.5 per cent.

Y ield bala nce Per cen t
Pure H MX obtained 70.78 %
Tot al RDX-HMX mixture r ecov- 26.50 %

ered.
Sam ples taken du r ing process 0.48 %
Loss during process 2.24%

100.00 %

d. HMX is of the same or der of sensitivity
to impact and fricti on as RDX, but is less
sens it ive to initiation, having higher explosion
temper ature test value (337° C.) than RDX
(260° C.) . Th e sa nd test (60.4) indicates it
to be 90 percent as bri sant as RDX. The bal­
listic pendulum test shows the two compounds
to have the same explosive power but the
Trauzl lead block test shows HMX to be only
90 per cent as powerf ul as RDX . HMX is the
more stable, as indicated by the 150° C. vacu­
um stability test values of .6 and 2.5 mJ. of gas,
respectively. HMX is more r esistant to decom­
position by sodium hydroxide than RDX. Its
toxicity characterist ics are very similar.

e. HMX, though almost as powerful as
RDX, is seldom used by itself in military ex­
plosive applications; it is usually mixed with
a compound, such as TNT, in its uses. Varia­
tions of such compositions, their preparation
and properties follow:

(1) Octol 70/ 30
Th e composit ion of this material is

HMX 70
TNT 30

(2) Octol 75/25
The composition of this material is

HMX 75
TNT 25

7-65
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(3) HTA-3
The composit ion of this material is

HMX 49
TNT 29
Alumin um 22

(4) Preparation-The octols are pre­
pared by mixing water-wet HMX
slowly with molten TNT in a stream­
jacketed kettle and stirring until all
the moisture is evaporated. The com-

position is then cooled to a satisfac­
to ry pouring temperature an d cast
di rectly into ammuniti on com­
ponents, or prepared in the fo rm of
chips to be stored for later use.
HTA-3 is similarly prepared with
the aluminum added when all the
moistu re had been evaporated.

(5) Pr oper ties of H MX Com positions

H eat of (Ca l/gm) Explosion Sand Ddonat;on
Densitll Com bustion E x plosion T e1Tc,p 0 c. T est am « Ra te mfeec

Octol 75/ 25 ---- --------- -- 1.81 2676 1131 350 62.1 8377 (1.81 )
Octol 70/3 0 - --- ------~------

1.80 2722 1074 335 58.4 8643 (1.81)
HTA ----------------- -------_. 1.90 3687 1190 370 61.3 7866 (1.90)

7- 18. Amatol
a. During World War I, in order to conse rve

the limited supply of TNT, the British devel­
oped two compositions termed amatols, A
mixture containing 80 parts of ammonium ni­
trate and 20 parts of TNT, termed 80-20 ama­
tol , was manufactured by mixing molten
TNT at 90° C. with ammonium nitrate heated
to the sa me temperature. The resulting mix­
t ure, resembling wet brown sugar , was loaded
while hot in to shell by means of an extrusion
machine. Th is composit ion is essentially oxy­
gen-balanced and has a rate of detonation of

only 5,300 meters per second. It is less brisant
but has more power than TNT. Difficulties in
th e loading of 80-20 ama tol made it preferable
to use a mixtu re of approximately equal
weights of ammonium nitrate and TNT
termed 50-50 amatol (fig. 7-31). Th is can be
melt-l oaded and was used extensively in shell
during Wor ld Wa r 1. During the early part of
World War II, 65-35 amatol was used in shell
and bombs, but the rapid development of a
hugh supply of TNT removed th e necessity
for using ammonium nitrate insteat of T NT.
The availability of more powerful binary ex-

RA PD 167409
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Figure 7-31. Cast 50-50 amatol, 1 1h x.
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plosives, such as compositi on Band pentolite,
wa s an additional factor in the disuse of ama­
tol.

b. As ammonium nitrate is insoluble in
liquid TNT, melting of 50-50 amatol does not
begin until the melting point of TNT is
reached. Cast 50-50 amatol has a density of
1.59 to 1.60 and a specific heat value of 0.383
over the range 20 ° to 80° C. At constant vol­
ume, 50-50 amatol has a heat of combustion
value of 2,073 as compared with values of
2,402 and 1,254 for 40-60 and 80-20 amatols,
re spectively. The solubility of amatol is that
of its ingredients. The amatols are very hy­
groscopic, as the TNT does not moistureproof
the ammonium nitrate. The chemical reactiv­
ity of amatol is the summation of th e reactiv­
iti es of its ingredients. In the presence of
moisture, it corrodes copper, brass, and bronze.

c. In th e manufacture of 50-50 ama tol, care
must be taken to insure proper granulat ion of
the ammonium nitrate, if maximum density of
the cast amatol is to be assured. Th e ammon­
ium nitrate is dried so as to contain not more
than 0.25 percent moisture and is heated to
abou t 90° C. before bein g added to an equal
weight of molten TNT contained in a melting
kettle equipped with an agitator. After addi­
tion of the nitrate is complete, mixing is con­
tinued for some time to insure un iformity and
permit the temperature of th e mixture to de­
crease to 80° to 85° C. It is th en loaded by
pouri ng into shell or bombs .

d. Impact, pendulum friction , and rifl e
bullet impact tests show 50-50 amatol to be
of the same order of sensitivity as TNT or
slightly more sensit ive. Th e expl osion temper­
ature test value of 50-50 amatol (265° C.) is
much lower than that of TNT (475 ° C.). In
the sand test, it is less sens itive to ini t ia t ion
tha n TNT, requiring a minimum cha rge of
0.05 gram of tetryl. However, 50-50 amatol
can be detonated by diazodinitrophenol, and
special test s have shown tha t less of this ini­
t iating agent is required to detonate cast or
pressed 50-50 am atol than is required for cast
or pressed TNT, respectively.

e. As judged by the sand test, 50-50 amatol
is only 81 percent as brisant as TNT , and

AGO l 0020A
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fragmentation tests su pport th is relationship.
Th e rate of detonation of cast 50-50 amatol
is 93 percent of that of TNT. Becau se of its
better oxygen balance and larger volume of
gaseous products of explosion, 50- 50 amatol
has gre ater power than TNT. Balli st ic pendu­
lum and Trauzl lead block tests in dicate ama­
tol to have 122 to 124 percent the power of
TNT, although the heat of explosion of amatol
is only 106 percent that of TNT. 50- 50 amatol,
however, is not as satisfactory as TNT from
the viewp oint of blast effect. Its peak pressure
and posit ive impulse values are only 97 an d 87
percent , respectively, th ose of TNT.

f. The stab ility of 50-50 amatol is a little
less than that of TNT at temper atures of 100°
and 120° C., as indicated by vacuum stability
tests, there evidently being ver y slight reac­
t ion between T NT and ammonium nitrate at
those tempe ratures. At temperatures below th
mel ting point of TNT (80 ° to 81°C.), the re
is no evidence of reaction. After storage at
50° C. for 3 months, th ere is no change in the
sensitivity, brisance, or stability of 50-50
amatol; and many additio na l month s of such
storage without effect might be anticipated.

g. Determinat ion of the composition of
amatol can be made by extracting a weighted
sample with benzene, dr ying the r esidue, and
weighing this. The weight of th e residue is
calc ulated to percentage of ammonium nitrate
and the differ ence between this and 100 per ­
cent represents the percentage of TNT.

7-19. Ammonal
a. During World War I, th e scarc ity of

TNT led to the development and use by for­
eign nations of the ammonals--composit ions
containing aluminum, ammonium nitrate, and
T NT led to th e developm ent and use by for ­
sant action. A composition containing 22 per­
cent ammonium nitrate, 11 perc ent flaked al­
uminum, and 67 percent TNT was 17 per cent
more brisant than 50-50 amatol an d 83 per ­
cent as brisant as TNT. It expl odes with a
bright flash , and is more sensit ive than amatol
to in itia tion.

b. During World War II , th e plentiful sup­
ply of TNT in the United states rendered un-
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necessary the use of ammonal or amatol; and
the development of exp losives having great
blast effects rather than brisance led to the
use of tritonal by the United States and of
minol by Great Britain. Minol is really an
ammonal containing less TNT and more am­
monium nitrate and aluminum than the for­
mula given above.

7-20. Tritonal
a. Tr itonal , a composit ion containing 80

percent TNT and 20 percent flak ed aluminum,
was developed and standa r dized in the United
States during World War II. It can be melt­
loaded and is used in bombs for its blast ef­
fect. When cas t it has a den sity of 1.73 and is
a silvery solid in appearance (fig. 7- 32) .

Figure 7-32. Cast 80-20 tritonal, 1 % x.

b. As metallic aluminum is insoluble in
liquid TNT, 80-20 tritonal does not begin to
melt until the melting poin t of TNT is
reached. Its calculated specific heat at 20° C.
is 0.305 calorie per gram per deg ree Centri­
grade, and it has a heat of combustion value
of 4,315 calories per gram at constant pres­
sure, as compared to 3,590 calories per gram
for TNT. The thermal conductivity of tritonal
at 0° C. is 0.0011 calor ie per second per
centimeter per degree Centrigrade and there­
fore twice that of TNT. Like TNT, it under­
goes considerable expansion on melting and
contraction on freezing. The solubility char­
acteristics of tritonal are those of TNT, and
it is essentially nonhygroscopic.

c. The chemical reactivity of tritonal is that
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of TNT and aluminum. In addition, in t he
presence of moisture, the TNT and aluminu m
undergo slight reaction with the evolution of
gas. This is not of practical importance, be­
cause of the very slight hygroscopicit y of
TNT and the fact that any moi sture present
is driven off by heat during the manuf actur e
of tritonal.

d. 80- 20 tritonal is manufactured from
TNT and grained aluminum. The TNT and
aluminum are run slowly through separate
chutes into a steam-heated melting kettle
equipped with a stirrer, which is kept in
motion while the ingredients ar e bein g added .
Heating and mixing are conti nued un til all the
TNT is melted , the temperature is greater
than 81° C., and the fluidity of the mixture is
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considered satisfactory. The tritonal is then
loaded by pouring into bombs, with at least
the same precautions and techniques used in
the melt-loading of TNT.

e. Although the pendulum friction test
shows no measurable disference in sensitivity
between tritonal and TNT, impact tests indi­
cate tritonal to be somewhat more sensitive
to impact than TNT and less so than tetryl.
The rifle bullet impact test value for tritonal
is more similar to that of tetryl than that of
TNT. The explosion temperature test value of
tritonal (470 ° C.) is almost identical with that
of TNT. Liquid tritonal at 90° C. is slightly
more sensitive than the solid, as judged by
rifle bullet impact tests. The minimum detona­
ting charge of lead azide (0.30 gram) for
tritonal, obtained by the sand test, is slightly
greater than that for TNT (0.26 gram); but
nonstandard tests with diazodinitrophenol as
the initiator show tritonal and TNT to be of
essentially the same sensitivity to initiation.

f . The brisance of tritonal is 97 percent of
that of TNT, as judged by sand test values,
but plate dent tests indicate it to be only 93
percent and fragmentation tests of shell
charges show it to be but 91 percent as bri­
sant as TNT. The rate of detonation of cast
tritonal is approximately 97 percnet that of
cast TNT. The heat of explosion of tritonal is
59 percent greater than that of TNT, but
tritonal is only 124 percent as powerful as
TNT, as measured by the ballistic pendulum
test. When tested for blast effect, tritonal has
relative peak pressure and positive impulse
values greater than those of any other binary
explosive except torpex, these values being 113
and 118 percent, respectively, of those for
TNT.

g. As tritonal has the same 150° C. vacuum
stability test value as TNT, aluminum and
TNT do not react at that or lower tempera­
tures. Tritonal, therefore, has the same sta­
bility as TNT, if free from moisture. Det­
erioration in the presence of moisture is not
serious, probably being limited by the forma­
tion of a layer of oxide on the surface of the
particles of aluminum that prevents or retards
further reaction. Tritonal, like TNT, can un-
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dergo exudation if stored at elevated tempera­
tures, but this tendency is less than that of
TNT because of the presence of 20 percent by
weight of metallic particles that tend to hold
oily exudate by surface tension and prevent
it from coalescing and exuding.

h. The composition of a sample of tritonal
is determined by extracting a weighed sample
with benzene, drying the residue, and weighing
this. The loss in weight represents TNT and
the weight of residue represents aluminum.
Each is calculated to a percentage basis.

7-21. Pentolite
a. With the standardization of PETN during

World War II, there were developed PETN­
TNT mixtures termed pentolites (fig. 7-33).
Of these, the one composed of equal weights
of the two explosives is the most important
and has been used as a bursting charge for
grenades and a booster-surround charge. Such
use of 50-50 pentolite is based cheifly on its
sensitivity to initiation, brisance, and suita­
bility for melt-loading.

b. PETN and TNT form an eutectic mixture
that freezes at 77 ° C. and contains 86.5 percent
TNT. Cast 50-50 pentolite, therefore, consist
of 42.2 percent PETN and 57.8 percent of the
eutectic mixture. It has a density of 1.64 to
1.66 and offers the advantage of 6 percent
more charge weight than cast TNT
when loaded in the same volume. The solubility
characteristics of pentolite are those of its
ingredients and it is nonhygroscopic when ex­
posed to air of 90 percent relative humidity
at 30° C. Dry pentolite has no corrosive action
on mild steel, stainless steel, copper, brass,
aluminum, cadmium, nickel, or zinc; but in
the presence of 0.5 percent moisture, it has
very slight action on copper, brass, and zinc.

c. Pentolite is manufactured by either of two
methods. In the slurry method, the PETN is
suspended by agitation in water heated above
80 ° C. When TNT is added, it melts and coats
the particles of PETN; and on cooling the
slurry with rapid stirring, the TNT solidifies.
The granules then are separated on a filter or
in a centrifugal wringer and dried at a tem­
perature below 75 ° C. In the coprecipitation
method, the PETN and TNT are dissolved
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Figure 7--33. Cast 50-50 pentoli te l lh x.

sepa r ately in acetone, the solutions are mixed
and filtered, and the two explosives are pre­
cipitated simultaneously by pouring the solu­
tion into water, with vigorous agitation. The
precipitated solid is then separated and dr ied.

d. Two grades of pentolite are used for mili ­
tary purposes. These differ only in tha t grade
II material complies with a bulk density re­
quirement. Grade I is used for melt-loading,
while grade II is used in the man ufacture of
pellets and the press-loading of am munition.
The requirements are- .

Volatile matter: Maximum, 0.5 percent.
Composition: PETN, 50 ± 2 percent. TNT,

50 + 2 percent.
Total acetone insoluble: Maximum, 0.04

percent.
Inorganic acetone insoluble: Maximum,

0.02 percent.
Grit: None.
Acidity or alkalinity: Maximum, 0.005

percent.
PETN granulat ion :*

Through sieve number 30 200

· A p plicable to pe n toli t e manuf actured by t he co p r ecip it ation
method.
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Percent , minimum 95 0
Percent , maximum 30

100°C. vacuum stabili ty test : Max imu m,
5 milli lite rs of gas.

Bulk density: Grade II, 0.70- 0.10 gram
per milliliter.

The composition of pentolite is determined by
extracting a weighed sample with chloroform
saturated with PETN, dryin g the residue, and
determining its weight. It and th e loss in
weight are calculated to per centage of PETN
and TNT respectively. Th e gr it requirement
is included, because of the reco gni zed effect of
grit in increasing the sensitivity of PET N to
friction and impact.

e. The two impact tests yield contradictory
data with re spect to th e sensitivity of pentolite
to impact, one indicating it to be nea rly as
insensitive as TNT and the other indicating to
it be as sen sitive as tetryl. Th e results of rifle
bullet impact tes ts confirm th e latter , and the
expl osion tempera ture tes t value of pentolite
is essent ially that of PETN. Th e minimum
detonating charges of lead azide and merc ury
fulminate required for pentolite are interme­
diate between those for PETN and TNT and
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are very close to those for tetryI. On the whole,
the sensitivity of pentolite may be considered
to approximate that of tetryl rather than that
of PETN. The presence of rust or grit increases
the sensitivity of pentolite. A mixture of equal
weights of pentolite and dry rust has an im­
pact test value of 21 centimeters, as compared
with a value of 32 centimeters for the pentolite
used in making the mixture.

f. Sand tests show 50-50 pentolite to be as
brisant as tetryl and 114 percent as brisant as
TNT. Fragmentation tests of shell charges,
however, show pentolite to be 131 percent as
brisant as TNT and plate dent tests indicate
the ratio to be 126 percent. The rate of de­
tonation of cast pentolite is 108 percent that
of TNT. Pentolite is 122 percent as powerful
as TNT as measured by the Trauzl lead block
test and 126 percent as powerful as measured
by ballistic pendulum test, and the heat of
expl osion of pentolite is 132 percent that of
TNT. In spite of this and its high rate of
detonation, pentolite has much less blast effect
than might be expected, its relative peak pres­
sure and impulse values being 105 and 107
percent, respectively, those for TNT. Pentolite,
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therefore, may be considered an excellent
fragmentation explosive that is not too suita­
ble for use in producing blast effect.

g. Although 50-50 pentolite is slightly less
stable than PETN, as judged by vacuum sta­
bility test values, it has been found to be of
satisfactory stability and contain no excessive
acidity after storage at 65° C. for 2 years. It
withstands 10 remelting operations at approxi­
mately 98° C. without becoming unstable or
unduly acid, but subsequent storage at 65 ° C.
for 6 months renders it unduly acid. While
storage at 65° C. has only limited effect on the
chemical stability of pentolite, it undergoes
some exudation if stored at temperatures
greater than 50° C. This may be due to the
formation of an eutectic mixture of TNT and
impurities in PETN. One of the impurities
present in PETN is dipentaerythritol hexani­
trate, which melts at 73.6 ° C. and forms with
TNT an eutectic mixture that freezes at only
57.9 ° C.

h. Because of the somewhat lower stability
and greater sensitivity of PETN as compared
with RDX, the corresponding relationship of
pentolite to composition B, and the tendency

•
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Figure 7-34. Cast 70-30 tetrytol, 1 ¥.! x.
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of pentolite to undergo some exudation above
50 ° C., the present trend is toward the replace­
ment of pentolite by composition B as well as
that of PETN by RDX .

7-22. Tetrytol
a. During World War II, there was developed

a binary bursting charge exp losive consisting
of 65 to 75 percent tet ryl with TNT te rmed
tetrytol. The 70-30 tetrytol (fig. 7-34) has
been used in burster tubes of chemical shell ;
75-25 tetrytol as a demolition explosive; and
65-35 te t rytol as a bursting cha rge f or land
mines.

b. TNT and tetryl form an eutectic mix­
ture that freezes at 67.5° C., and te trytol
begins to melt at 68 ° C. When cas t, it has a
density of 1.60 to 1.61 and so permits the use
of a slightly greater weight of cha rge in a
fixed volume than TNT. It is only 0.02 percent
hygroscopic when exposed to air of 90 percent
relati ve humidity at 30 ° C. The solubility char­
acteristics of tetrytol are essent ially those of
its ingredients and this is true also of its
chemical reactivity.

c. Tetrytol is manufactured by heating TNT
in a melting kettle equipped with an ag itator
until all the TNT is melted and the temperature
of th e liquid slightly exceeds 100 ° C. Th e proper
amount of tetryl then is added, with cont inued
stirring. Part of the tetryl dissolves in th e
liquid TNT. The temperature then is allowed
to decrease until the mixture has thickened
somewhat and is considered to be of ma xim um
viscosity suitable fo r pouri ng in the
melt-loading operation. It is then pou re d in to
the ammunition component or a mold. As cas t,
tetrytol is a mixture of tetryl and the TNT­
tetryl eutectic mixture, which contains approxi­
mately 55 percent of tetryl,

d. As might be expected, te t ry tol is inter­
mediate between TNT an d te tryl, with respect
to sensitivity to impact, rifle bullet , heat, and
initiation.

e. As judged by the sand test, 70- 30 te t r ytol
is 97.5 percent and 111 percent as brisant
as tetryl and TNT, respectively. Plate dent tes ts
show it to be 117 percent as bri sa nt as TNT
and f ragmentat ion tests of she ll cha rges in di-
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cate th e same relationship . The rate of detona­
tion of tet r ytol is only 106 percent that of
TNT. As judged by the ballistic pendulum test,
tetryt ol is 120 percent as powerful as TNT.

/. 70- 30 tetrytol is slightly less stable than
tetry] at 100 ° C. and higher temperatures, as
sho;"n by vacu um stability tests. However, it
is of satisfactory stability at 65 ° C. and lower
temperatures, as indicated by storage at 65 ° C.
for 2 years without change in stability, acid
conte nt, sensitivity, or brisance. Although
tet r yl undergoes par ti a l decomposition on melt­
ing, the melt ing of tet rytol does not have the
same effect. Tetrytol that had been melted and
solidified 12 ti mes showed no change in freez­
ing point, sensitivity to impact, or 100 ° C.
vacuum stability test value, although the tem­
peratu re was each t ime raised to 107 ° C. and
maint ained at that value for half an hour prior
to solid ification by cooling. Storage at 65 ° C.
causes some separation of an oily exudate and
distor t ion of blocks of tetrytol, so th e maxi­
mum temperature at which it should be store d
is less than 65 ° C.

g . Determination of the composition of a
sample of tetrytol can be made by treating a
weighed sample with sufficient boiling carbon
tetrachlori de to dissolve the TNT present, cool­
ing to 0° C., evaporating a weighed portion
of the solution to dryness, and correcting for
the amount of tetryl dissolved by th e carbon
tet rachlori de at 0° C.

7-23. Picratol
a. Pri or to Wor ld War II, armor-piercing

projectiles were press-loaded with explosive D.
This required the application of pressures of
the order of 10,0 00 to 12,0 00 psi to successive
incre men ts of the charge and was a slow and
expensive oper ation. Th e development of armor­
pier cing bombs necessitated the use of an
inse nsitive explosive that could be melt-loaded;
and for this reason, th ere was developed a
composition containing 52 percent of explosive
D and 48 percent of TNT and designated as
picratol (fig. 7-35 ) .

b. Molten TNT has little or no solvent action
on exp losive D, and consequently, cast picr atol
consists esse ntially of a physical mixture of
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Figw 'e 7-35. Cast 52-48 picratol, 1 Y2 x .
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cr ystals of the two explosives. Its density is
1.61 to 1.63 and this permits a weight of charge
almost equal to that of explosive D pressed
under 10,000 to 12,000 psi. Picratol has the
solubility and reactivity characteristics of it s
ingredients. It is hygroscopic to the extent of
only 0.02 percent when exposed to an atmos­
phere of 90 percent relative humidity at 30° C.

c. Picratol is manufactured by heating TNT
to above 90° C. in a steam-jackete d melting
kettle equipped with a st irrer . The explosive
D is added slowly, without preheating, with
continuous agitation; and this is continued for
a short time after all the explosive D has been
added. The thick slur r y is allowed to cool to
about 85 ° C. before being load ed into ammuni­
ti on components. Like molten TNT, picratol
undergoes marked contract ion in volume on
solidificat ion ; but this is mu ch less than in
the case of TNT.

d. The standar d small scale impact tests
indicate picratol to be as sensit ive to impact
as TNT, rather than explosive D, and large
scale impact te sts of cast charges confir m this.
Pe ndu lum friction tests show no difference be­
tween picratol, TNT, and explosive D, with

\. \;1\ I 0020A

r esp ect to sensitivity to f riction. When sub­
j ected to the rifle builet im pact test, picratol
burns in about 40 percent of the trials but
undergoes no det onation. E xplosive D burns
in about 30 percent of the trials. The explosive
temperature test va lue of picratol (285 ° C.)
is less th an that of explosive D (3 18 ° C.) and
mu ch less than that of TNT (475 ° C.). Picrato l
is as insensiti ve to initiation as explosive D,
having a mini mum detonat ing charge val ue of
0.06 gram of tet r yl, The overall sensit ivit y of
picr atol, therefore , is not greater than that of
TNT.

e. 52-48 picratol is only 94 percent as bri­
sant as TNT, as judged by the sand test, but
the plate dent t est indicates the two to be
equally brisant, and the fragmentation of shell
charges show picratol to be 102 percent as
brisant as TNT. The rate of detonation of cas t
picratol is 101 percen t that of cast TNT. Pi ­
cratol and TNT are of equa l power, as measured
by the ballistic pendulum test, and have equal
blast effects.

f. The stabili ty of picr atol is very slightly
less than that of either TNT or explosive D,
as mea sured by vac uum stability tests at 1000

•
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120 °. and 150° C. These test results may be
considered to indicate slight reaction between
the explosive D and the molten TNT ingr e­
dients at the elevated temperatures of the tests.
At ordinary temperatures, there is no evidence
of such reaction and picratol appears to be of
the same high order of stability as its ingre­
~ients.

g. The composition of picratol can be deter­
mined by extracting a weighed sample with
cold ether that has been saturated with ex­
plosive D. The residue is dried and weighed
and this and the loss in weight are calculated
to percentage of explosive D and TNT, respec­
tively.

7-24. Ednatol
a. Because of the excellent brisance of haleite

and the impracticability of melt-loading this
explosive, there was developed during World
War II a composition containing 55 percent
haleite and 45 percent TNT suitable for melt­
loading and designated as ednatol (fig . 7-36).
Although standardized, no ednatol has been
loaded in ammunition by the end of the war.
It was considered suitable for use in shell,
bombs, and special ammunition components.

b. Cast 55-45 ednatol has a density of 1.62

or 1.63, which is 4 percent greater than that
of cast TNT or haleite pressed under 30,000
psi. It is essentially nonhygroscopic when ex­
posed to humid air.

c. E dnatol is manufactured by heating TNT
to about 100 ° C. in a steam-jacketed melting
kettle equipped with a stirrer. To the molten
and stirred TNT, there is added slowly wet
haleite. When addition of this is complete, heat­
ing an d stirring are continued until all mois­
ture has been driven off. The mixture then is
cooled to about 85 ° C., with continued st ir r ing ,
and loaded by pouring. Like TNT, ednato l
undergoes some contraction in volume upon
solidification.

d. The sensitivity of ednatol t o impact is
greater than that of TNT and less than that
of haleite. The pendulum friction test indicates
no greater sensitivity to friction than that of
its ingredients. When subjected to the r ifle
bullet im pact test, it does not detonate and
undergoes only occasional ignition. Ednatol
and haleite have the same explosion t empera­
ture test value (190 ° C.) , which is lower than
that of any other standard noninitiating hi gh
explosive. As might be expected, ednatol is
more sensit ive than TNT and less sens it ive
than haleite to initiation.
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Figure 7--36. Cast 55-45 ednatol, 1 ¥.l x .
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e. Ednatol is 94 per cent as brisant as haleite,
as measured by the sand test, and 103 percent
as brisan t as TNT . The plate dent test indicates
it to be more than 105 percent as brisant as
TNT. However, fragmentation tests with shelI
charges are much more favorable, since they
show ednatol to be 124 percent as effective as
TNT. The rate of detonation of cast ednatol
(7,340 meters per second) is 106 percent that
of cast TNT. As measured by the ballistic
pendulum and Trauzl lead block tests, ednatol
is 119 and 120 percent, respectively, as power­
ful as TNT, but th e blast effect of ednatol is
only 108 to 110 percent as great as that of
TNT. As an explosive for producing blast
effect, it is, however, superior to amatol, pen­
tolite, and compos ition C-3 and nearly equal
to composition B.

f. At 100° C., ednatol is of the same order
of stability as haleite, but it is much less
stable than haleite at 120° C. Ednatol has been
found to withstand storage at 65° C. for 2
years without change in stability, sensitivity to
initiation, or br isance ; and it does not undergo
exudation at that temperature. Dry ednatol has
no corrosive action on aluminum, stainless steel,
cadmium, or nickel but causes very slight cor­
rosion of copper, brass, mild steel, and zinc.

TM 9- 1300-214

In the presence of 0.5 percent of moisture,
corrosion is much more pronounced and cad­
mium and nickel also are affected.

g. The composition of ednatol can be deter­
mined by extracting a weighed sample with
cold ether saturated with haleite and drying
and weighing the residue. The weight of resi­
due and loss in weight are calculated to per­
cent of haleite and TNT, respectively.

7-25. Composition B
a. Because of the availability of RDX in

quantity and its superiority over TNT, with
respect to brisance and power, the British de­
veloped composition B during the period be­
tween World Wars I and II and it was stand­
ardized by the United States early in World
War II. Compositions consisting of RDX and
TNT are designated as cyclotols, and composi­
tion B consists of 60-40 cyclotol, to which has
been added a wax that has a desensitizing ef ­
fect. Composition B, therefore, contains 60.0
percent RDX, 39.0 percent TNT, 1.0 percent
desensitizer. It can be melt-loaded and is used
extensively in artillery shells, in bombs and in
land mines. In appearance, composition B is a
brownish yellow solid when cast (fig. 7-37) .

b. The density of cast composition B is 1 65.

'.
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Figure 7-37. Cast composition E, 1 % x.
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RDX is slightly soluble in molten TNT and
they form an eutecti c mixture that freezes at
79.0 ° C. and contains 95.84 percent TNT and
4.16 percent RD X. When heated, RDX under­
goes some softening at a rel atively low temper­
ature, because of melting of the wax present
and further melting at the eutectic tempera­
ture. As the temperat ure is increased, some of
the RDX is disso lved, and at 100 ° C. there are
in equilibrium 42.8 parts of molten solution
and 57.2 parts of solid RDX. The viscosity of
composition B as cast is an important char­
acteristic that is affected markedly by the
granulation of the RDX and the nature of the
wax used, the wax causing increase in the
viscosity. Rep resentat ive viscosity values for
composition B at 83° and 95° C. are 3.1 and
2.7 poises, respectively. The hygroscopicity of
composition B, when exposed to air of 90 per­
cent relative humidit y at 30° C., is 0.02 per­
cent.

c. Composition B is manufactured from
TNT and water-wet RDX. The TNT is melted
in a steam-j ackete d melting kettle equipped
with a stirrer an d the temperature is brought
to approximately 100° C. The damp RDX is
added slowly with sti r r ing, and after addition
of the RDX is complet ed, most of the water is
poured off and heating an d agitation are
continued until all moisture has been driven
off. The wax is then added and mixed thor­
oughly with the other ingredients by stirring.
The nature of th e wax is important, since only
certain waxes mix with the RDX and TNT
and do not tend to segregate during cooling.
The thoroughly mixed composition B then is
cooled with cont inued agitation until it is of
satisfactory fluidity for casting. It is then cast
directly into bombs or so as to form chips ap­
proximately 0.75 inch square and 0.25 inch
thick. The chips are produced when the com­
position B is to be stored or shipped for use
elsewhere than the plant at whi ch it is manu­
factured.

d. Solid composi tion B is slightly more sen­
sitive than TNT but much less sens it ive than
RDX, as shown by impact tests. Rifle bullet
impact tests show the same relationship. Cast
composition B is dist inctly more sensitive to

impact than the powdered mater ial. As judged
by the pendulum friction test, powdered com­
position B is no more sen sitive than TNT , and
at 100° C., the two explo sives show no increase
in sensitivity to friction. Like TNT, cast com­
position B can be drilled without undue haz­
ard. The explosion temperature test value of
composition B (270 ° C.) is only slightly great­
er than that of RDX, but the sensitivity of
composition B to electrical sparks is more
nearly that of TNT than that of RD X. Com­
position B is intermediate between TNT and
RDX, with respect to sensitivity to initiation.
Cast composition B is somewhat less sens it ive
to initiation than the pressed material.

e. The brisance of composition B is 90 per­
cent that of RDX, as measured by the sand
test. The plate dent test shows composi tio n B
to be 129 to 132 percent as brisant as T NT,
but the fragmentation of she ll charges shows
composition B to be 139 perc ent as brisant on
an equal volume basis. This corresponds to 131
percent on an equal weight basis. Th e rate of
detonation of cast composition B is only 113
percent that of cast TNT. Th eir ballist ic pend­
ulum, Trauzl lead block , and heat of exp losion
values indicate composition B to be 131 to 134
percent as powerful as TNT, but its blast effect
is indicated to be only 110 percent that of TNT.
Nevertheless, composition B is inferior only to
tritonal and torpex, with respect to blast effect .

f. Vacuum stability t ests indi cate composi­
tion B to be as stable as RDX and only slightly
less stable than TNT at 100 ° and 120° C. Stor­
age at 75 ° C. for 1 month causes no decrease in
stability, and it has been stored at 65° C. for
over a year without change in acidity, sensi­
tivity to impact, or brisance. How ever, 5
months of such storage cau ses slight exuda­
tion; and when composition B is made from
TNT having a freezing point of 80.71 ° C., it
undergoes very slight exudation when store d
at 71° C. Composition B, theref ore, is of a high
order of chemical stability but should not be
stored at too elevated temperat ures because of
physical instability at such te mpe ratures.
Composition B reacts slightly with r ust at
100 ° C. At ordinary temperature, dry composi­
tion B causes very slight corrosion of copper
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and brass, but does not affect aluminum, mild
steel, stainless steel, nickel, cadmium, or zinc.
In the presence of 0.5 percent of moisture,
composition B causes some corrosion of cad­
mium and zinc also .

g. Two grades of composition B are used for
military purposes. Grade A is manufactured
from class A RDX and grade B from class B
RDX. The specification requirements for com­
position B are as follows:

Composition:
Percent

RDX 60.0 ±2.0
TNT 39.0 ±2.3
Desensitizer 1.0 ±0.3

Moisture: Maximum, 0.25 percent.
Acidity: Grade A, maximum, 0.03 percent (as

nitric acid).
Grade B, maximum, 0.02 percent (as

acetic acid).
Viscosity: Grade A, efflux time, 5.0 ±2.0 seconds.

Grade B, efflux time, 12.0 ± 5.0 seconds.
Insoluble particles: Retained on No. 60 sieve, maxi­

mum, 5 particles per 50
grams.

h. The RDX content of composition B can
be determined by extracting a weighed sample
with benzene saturated with RDX, drying the
residue, and calculating the weight of this to
percentage of RDX. The desensitizer content
is determined by extracting another weighed
sample with acetone cooled to 5° C., drying the
residue, and calculating the weight of this to
percentage of desensitizer. The percentage of
TNT in the composition is obtained by sub­
tracting from 100 the sum of the percentages
of RDX, desensitizer, and moisture found
present.

i. The cyclotol containing 60 percent RDX
and 40 percent TNT is known also as composi­
tion B-2, but is not a standard explosive. Dif­
fering from composition B only in the absence
of wax, it has a greater density when cast
(1.70) and is slightly more brisant, as indi­
cated by a sand test value of 55.0 grams as
compared with 53.0 grams for composition B.
The rate of detonation of cast composition B-2
is 7,900 meters per second, as compared with
7,800 meters per second for composition B.
Composition B-2 is distinctly more sensitive
than composition B, as judged by large scale
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impact and rifle bullet impact tests, and is
slightly more sensitive to initiation. The two
compositions are of the same stability and hy­
groscopicity. Because of its greater sensitivity
to impact, composition B-2 is not as suitable
as composition B for use in bombs.

j. A cyclotol with slightly varied percentage
composition but no desensitizer has been desig­
nated Comp B3 as distinct from B-2. The
newer composition B4 has the following in­
gredients:

RDX
TNT
Calcium Silicate

7-26. Torpex
a. Developed during World War II, a com­

position designated as torpex was standardized
for use in bombs. It contains 41 percent RDX,
41 percent TNT, and 18 percent aluminum and
is notable for its great blast effect. It is suitable
for melt-loading and is a silvery-white solid
when cast (fig . 7-38).

b. Torpex has a density of 1.81 when cast.
At 15 ° C. it has a specific heat of 0.24 calorie
per gram per degree Centigrade and thermal
conductivity of 0.00094 calorie per second per
centimeter per degree Centigrade. Its coeffi­
cient of thermal expansion at ordinary tem­
perature is 0.00047 inch per inch per degree
Centigrade. When the explosion undergoes
solidification, there is a decrease in volume of
6 percent. It is nonhygroscopic when exposed
to air of 90 percent relative humidity at 30 ° C.
When heated, it undergoes partial melting near
the melting point of TNT. The partially liquid
explosive has viscosity values of 4.5 and 2.3
poises at 83 ° and 95 ° C., respectively. This is
approximately the viscosity of glycerin at
room temperature.

c. Torpex is manufactured by melting TNT
in a steam-jacketed kettle equipped with a
stirrer and heating the molten TNT to approxi­
mately 100 ° C. RDX slightly wet with water
is added slowly and mixing and heating are
continued until all water has been driven off.
Grained aluminum is added and the mixture is
stirred until uniformity is obtained. The mix­
ture then is cooled, with continued stirring,
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J1 'igure 7-38. Cast torpex, 1 % x.

until its viscosity is such as to render it suit­
able for loading by pouring. Torpex of slightly
different composition can be manufactured by
melting 12.5 parts of TNT, adding 69,5 parts
of composition B and, after further heating
and stirring, adding 18 parts of aluminum.
From this it will be recognized that torpex is
essentially aluminized 50-50 cyc1otol.

d. Torpex is considerably more sensitive to
impact than composition B and undergoes
partial or complete explosion in all trials in the
rifle bullet impact test. Its explosion tempera­
ture test value (260 ° C.) is the same as that of
RDX. Cast torpex is much more sensitive to
initiation than is cast TNT, and pressed
torpex is as sensitive as RDX to initiation by
mercury fulminate.

e. Sand tests indicate torpex to be 98 to 99
percent as brisant as RDX and 122 percent as
brisant as TNT. As judged by plate dent test
values, cast torpex is 120 percent as brisant as
TNT. Fragmentation tests of shell charges in­
dicate torpex to be 126 percent as brisant as
TNT and, therefore, inferior to composition B
in this respect. The rate of detonation of cast
torpex is 110 percent that of TNT. Trauzllead
block tests and their heats of explosion indi-
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cate torpex to be 161 to 162 percent as powerful
as TNT, but the ballistic pendulum test gives
torpex a superiority of only 34 percent. Torpex
produces more blast effect than any other
standard bursting charge explosive.

f. Vacuum stability tests show torpex to be
of the same order of stability as composition B.
Storage at 75° C. for 1 month has no effect on
its stability, nor has storage at 65° C. for 13
months. It therefore is of a high order of
stability. However, if all traces of moisture
are not removed during manufacture, reaction
between this and the ingredients of the com­
position results in the liberation of gas, which
may cause rupture of the ammunition compo­
nent or increase in the sensitivity of the
torpex to shock.

g. The composition of torpex can be deter­
mined by extracting a weighed sample with
cold benzene or toluene that has been saturated
with RDX. The residue is dried and weighed
and the loss in weight is calculated to per­
centage of TNT. The dried residue is extracted
with hot acetone, dried, and weighed. The loss
in weight is calculated to percentage of RDX.
The weight of the final residue is calculated to
percentage of aluminum.
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h. Another modification of torpex is a com­
positi on designated as HBX-1. It can be manu­
factured from 70 parts composit ion B, 12 parts
TNT, 18 parts aluminum, and 5 parts of a
desensit izer known as composition D2. Compo­
sition D2 consists of 84 percent paraffin and
other waxes, 14 percent nitrocellulose, and 2
percent lecithin. The composition of HBX-l
therefore is-

Per cent
RDX 39.6
TNT 37.8
Aluminum 17.1
Dese nsitizer 5.0
Calcium Chlor ide 0.5

Total 100.0

While slightly more viscous than torpex,
molten HBX-l is much less so than composi­
tion B an d so can be loaded more easily. When
cas t, HB X-l has a density intermediate be­
tween the density of composition B and that
of torpex. It is less sensitive to impact and
in it iat ion than both torpex and composition
B as shown by large scale impact, rifle bullet
impact, and sana tests. HBX-l is less brisant
than torpex or composition B as judged by
shell fragmentation and plate dent tests, and
its r ate of detonation is approximately 7,400
meter s per second. The ballistic pendulum test
shows HBX-l to be as powerful as torpex and
compositio n B, but it is intermediate between
these, with respect to air blast and underwater
shock values . As it contains no ammonium ni­
trate, HBX-l does not have the objectionable
hygroscopicity of DBX.

i. Recent modifications of torpex are the
compositions HBX-3 and H6, developed essen­
tially for high blast explosive applications. The
compositions follow :

HBX- .1 H-6
RDX 31 45
TNT 29 30
Aluminum 35 20
D-2 VVax 5 5

Calciu m Chlori de - - ------__ ________ .5 .5

The se composit ions compare favorably with
torpex and exhibit lower sensitivity to impact
and much higher explosion test temperatures.

7-27. Composition A-3

a. During World War II, the British intro-
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duced the use of an exnlosive composit ion con­
taining 91 percent RDX and 9 percent bees­
wax, which was highly brisant and suitable for
press loading. This was designated as composi ­
tion A. When standardized by the Uni ted
States, the beeswax was replaced with wax
derived from petroleum. Subsequent changes
in t he method of adding the desensitizer led
to designation of the expl osive as composition
A-2. More recently, the compositi on has been
designated as A-3, because of later changes in
the granulation of RDX and th e method of
manufacture. The wax is so applied as to coat
the particles of RDX and act as a binding
agent when the composition is pressed. Th e
color of the composition depend s upon the par­
ticular desensitizing wax used in manufacture.
Figures 7-39 and 7-40 show photographs of
composition A-3.

RA PD 167425

Figure 7-89. Composi ti on A - 3 granule s, 1 Y2 x.

b. Composition A-3 has density values of
1.46 and 1.63 when pressed at 3,000 and 12,000
psi, respectively. It is completely soluble in
benzene and acetone when these are used suc­
cessively.

c. The manufacture of composition A-3 is
carried out by heating a water slur ry of RDX
to nearly 100° C. with agitation. The wax,
which contains a wetting agent, is added with
continued agitation and this is cont inued while
the mixture is allowed to cool to a temperature
less than the melting point of the wax. After
being caught on a filter , the composition is
air-dried at 77° C. (170 ° F .) .

d. Composition A-3, of which there is but
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Figure 7- 40. Composition A---3 gra nules, 25 x.

one grade, complies with the following require­
men ts :

Composition :
RDX, 91.0±0.7 percent. Desensitizer ,

9.0± 0.7 percent.
Moisture : Maxim um, 0.1 percent.
Acidity : Maximum, 0.045 percent.
Benzene-acetone inso luble :

Maximum, 0.15 percent.
Inorganic insoluble :

Max imum, 0.05 percent.
Gr it:

Maximum particles per 50-gram sample
Retained on No. 40 sie ve None.
Retained on No. 60 sieve 5.

Bulk density :
Minimum, 0.83 gram per millilite r .

Granulation:
Minimu m through No.6 sieve, 100 percent.
Maximum through No. 100 sieve, percent.

Cons istency at 70° to 100° C.:
Soft and self-binding under light hand

pre ssure.
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e. Although composition A-3 has an explo­
sion te mperature test value of only 250° C.,
it is quite insensitive to shock and friction,
being less sensitive than TNT. It is slight ly
more sensitive to initiation than TNT. This
combination of sensitivity characteristics ren­
ders it su itable for use under conditions where
it is subjected to high set-back forces.

f. As j udged by sand test values, composition
A-3 is 86 percent as brisant as RDX and 108
percent as brisant as TNT. Plate dent tests,
however, indicate it to be 126 percent as
brisant as TNT; and fragmentation tests of
shell charges show it to be 50 percent more
effective than TNT. Ballistic pendulum tests
indicate composition A-3 to be 132 percent as
powerful as TNT.

g. When subjected to vacuum stability tests
at 100 ° and 120 ° C., composition A-3 liberates
less gas than does RDX and only sli ghtly more
than that liberated by TNT. 100 ° C. heat test
data for composition A-3 indicate it to undergo
chiefly volatilization at that temperat ure. As
it is nonhygroscopic, it is not affected by the
absorption of moisture during stor age. It
should not be stored at temperatures above
75° C., because of the softening effect on the
wax coating.

h. Compositions A4 and A5 have been de­
veloped consisting of 97.0 and 98.5 percent
RDX respectively with desensitizer added but
these explosives are not widely used in the
field.

7-28. Compositions C-3 and C-4
a. During World War II, the British used a

plastic demolition explosive that could be
shaped by hand and had great shatter ing
power. As standardized by the United States,
it was designated as composition C an d con­
tained 88.3 percent RDX and 11.7 percent of
a nonexplosive oily plasticizer. Included in the
plasticizer was 0.6 percent lecithin, which
helped to prevent the formation of large crys­
tals of RDX which would increase the sensi ­
tivity of the composition. Whil e plas tic from
0° to 40° C., composition C became bri ttle and
less sensitive below 0° C. and tended to become
gummy and exude oil at temperatures above
40° C. It was replaced by composition C-2,
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which contained 80 percent RDX and 20 per­
cent explosive plasticizer. This explosive plasti­
cize r was composed of mononitrotoluene, a
liquid mixture of dinitrotoluenes, TNT, nitro­
cellulose, and dimethylformamide. Composition
C-2 was plastic from _30 ° to 52° C., but be­
cam e less plastic in hot storage, because of
eva porat ion of volatile matter. It has been re­
placed by composit ion C-3, which contains
77 ± 2 percent RDX and 23±2 percent exp lo­
sive plast icizer . The plasticizer contains mono­
nitrotoluene, a liquid mixture of dinitro tolu­
enes, TNT, tetryl, and nitrocellulose. It is a
yellowish puttylike solid that has a density of
1.60 and is soluble in acetone. Photographs of
composit ion C-3 are shown in figures 7- 41 and
7-42.

b. In the manufacture of composition C-3,
the mixed plasticizing agent is placed in a
steam-jackete d melting kettle equipped with a
sti rrer and heated to nearly 100 ° C. Water-wet
RDX is added slowly, and heating and stirring
are continued until a uniform mixture has been
obtained and all the water has been driven off.
Th e mixture then is cooled with continued agi­
tation.

c. But one grade of composition C-3 is
manufact ured, this comprising two classes that
differ with re spect to acidity only. Class A
mate rial is used for the manufacture of demo­
liti on blocks, while class B explosive is used
in demolition blocks or the loading of ammu­
niti on in which lower acidity is desirable. The

RA PD 167427

F igure 7-.1,1 . Compositio n C--3 granules, 1 1h x.

AGO l 0020A

TM 9-1300-214

requirements applicable to composit ion C-3
are-

Composition:
RDX plu s nitrocellulose, 78.0 ±2.0 percent.
P last icize r minus nitrocellulose, 22.0 ± 2.0 per­

cent .

Moisture : Maximum, 0.25 percent.
Acetone insoluble material:

Maximum, 0.15 percent.
Inorganic acetone insoluble material:

Maximum, 0.05 percent.
Grit :

Maximum particles per 50-gram sa mple
Retained on No. 40 sieve None.
Retained on No. 60 sieve 5.

Pl asticity:
Minimum extension in length at 25° to

30 ° C., 90 percent.
Acidity :

Percent
Class A.-Maximum 0.064
Cla ss B.-Maximum. 0.05

d. Compositio n C-3 is of the sa me sens i-

Figure 7- .1,2. Composition C--3 granules, 6 x .
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tivity to impact as TNT and is not exploded
in the pendulum friction test. In the rifle bu llet
impact t est, it undergoes partial explosion in
40 percent of the trials, which indicates
greater sensitivity than that of TNT but much
less sensiti vity than that of RDX. It is less
sensiti ve to initiation than TNT, requiring a
minimum detonating char ge of 0.08 gram of
tetryl in the sand test. Storage for 4 months
at 65° C. in an atmosphere of 95 percent rela­
tive humidity does not impair its sensitivity
to initiation. The explosion temperature test
value of composition C-3 (280 ° C.) is only
slightly greater than that of RDX (260° C.).

e. As judged by sand test val ues, composition
C-3 is 90 percent as brisant as RDX and 112
percent as brisant as TNT. The plate dent test
indicates it to be 114 percent as brisant as
TNT, but fragmentation of shell charges shows
composition C-3 to be 133 percent as effective
as TNT. The rate of detonation of composition
C-3 (7 ,625 meters per second) is 111 percent
that of cast TNT. The Trauzl lead block and
balli stic pendulum tests indicate composition
C-3 to be 115 and 126 percent, respectively,
as powerful as TNT, but it is slightly inferior
to composit ion B as an explosive for producing
blast effect.

/. The chemical stability of composition C-3
is accep table at least, but its physical stability
is not ent ir ely satisfactory. Its volatility is
such that it loses 1.2 percent by weight when
exposed to air at 25° C. for 5 days. It is hygro­
scopic to the extent of 2.4 percent when ex­
posed to air of 90 percent relative humidi ty at
30 ° C., but tests have shown composition C- 3
to re of unimpaired brisance after immersion
in water for 24 hours. When stored at 77 ° C.,
it undergoes considerable exudation. It be­
comes hard at _29° C. (-20° F .) .

g. Composition C-3 is not unduly toxic, bu t
since it contains aryl nitrocompounds, it should
be handled with the same precautions as t etryl
and simila r compounds.

h. Because of the hardening of composition
C-3 at _29 ° C., its volatility, and its hy­
groscopicity, there has recently been developed
and standardized an improved plastic explosive
designated as composition C-4. This contains
the following ingredients:
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Percent
RDX 91.00
Polyisobutylene 2.10
Motor oil . ____________________ 1.60
Di-(2-ethylhexyl) seba cate 5.30

Total 100.00

It is a puttylike material of dirty wh ite to
light brown color that has found application
in demolition blocks and specialized uses.

i. Only one grade of comp osit ion C-4 is use d
for military purposes, although di- (2-ethyl ­
hexyl) adipate may be subst it uted for di- (2­
ethylhexyl) sebacate in the composi t ion. The
method of manufacture is classified as confi­
dent ial.

j. Composit ion C-4 has no odor and has
practically the same density (1.59 ) as com­
position C-3. It does not harden at _ 57° C.
(- 70 ° F .) and does not undergo exudati on
when stored at 77 ° C. (170 ° F.).

k. Composition C-4 is less sensiti ve to im­
pact than composition C-3, as indicated by
impact and rifle bullet impact te sts, bu t they
are of the same order of sens itivity to in itia­
tion and composition C- 4 can be detonated by
a No.6 blasting cap. It is not affected in the
pendulum friction test.

l. Composition C-4 is slightly more brisant
than composition C-3, as sh own by sand and
plate dent tests and indicated by its h igher
rate of detonation (8 ,040 met ers per second) .
The ballist ic pendulum test shows composition
C-4 to be slightly more powerful than com­
pos ition C-3.

m. The stability of composition C- 4 is
greate r than that of composition C-3, as indi­
cated by 100 ° C. vacuum stabilit y t ests, and
100° C. heat tests show composition C- 4 to be
of a high or der of stability and much less
volatile than composition C-3.

n. Composition C-4 is essentially nonhygro­
scopic .

Warning: Although C-4 contains no aryl
nitrocomp ounds and lacks the toxicity charac­
teristi cs of C-3, composition C-4 is poisonous
an d da ngerous if chewed or ingested.

o. Composition C-4 has not replaced compo­
sition C-3 entirely; both are standard explo­
sives at the present time.
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7-29. Dynamites
a. Military operations frequently necessitate

excavation, demolition, and cratering opera­
tions, for which the standard hi gh explosives
are unsuited, and recourse is made to commer­
cial and special compositions. Commercial
blasting explosives, with the exception of black
powder, are referred to as dynamites, although
in some cases they contain no nitroglyceri n.

b. Nobel gave the name dynamite to mix­
tures of nitroglycerin and ki eselguh r , the
strength of the dynamite bei ng indicated by
the percentage of nitroglycerin in the mixture.
The porous kieselguhr was chemically inert
and absorbed the nitroglycerin, rendering it
much safer to handle. Later, it was found that
even stronger dynamites could be made by sub­
stituting sodium nitrate an d a combustible
absorbent, such as wood pulp, for the kiesel­
guhr. The resulting composition was called an
active dope dynamite. Subsequently, the re­
placement of part of the nitroglycerin and
sodium nitrate by ammonium nitrate brought
into existence the less costly ammonia dyna ­
mites that are notab le fo r thei r great heaving
rather than shattering effects. The re placement
of nitroglycerin in dynamite by nitrostarch
resulted in the development of a class of dyna­
mites free f rom some of t he objectionable char­
acteristics of nitroglycerin dynamites. Wh ile
the active dope and ammonia dynamites are
hygroscopic and desensitized by water, neces­
sitating a moistureproof wrapper, a water­
proof composition termed blasting gelatin is
obtained by colloiding nitrocellulose with ni­
troglycerin. When mixtures are made of 88 to
92 percent of nitroglycerin and 8 to 12 percent
of nitrocellulose having a nitrogen content of
about 12 percent, a relatively tough material
is formed. Blasting gelatins are particularly
adapted to deep -water blasting. By including
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some nitrocellulose in the compositions of ac­
tive dope dynamites, the so-called gelatin dyna­
mites were formulated . These possess greater
density and water resistance than straight
active dope dynamites and so are more suitable
for use under wet cond itions.

c. The cost of glycer in and the tendency of
nitroglycerin to freeze at some atmospheric
temperatures prompted the partial replace­
ment of nitroglycerin by antifreeze materials,
such as nitrated diglycerin, sugars, and glycols.
Antiacid materials, such as calcium carbonate
or zinc oxide, have been added to most dyna­
mite compositions to neutralize any acidity de­
veloped during storage. The inclusion of special
purpose ingredients, such as sulfur, ferrosili­
con, alum, nitrotoluenes, sodium chloride, cop­
per su lfate, etc., and the substitution of starch,
ground peanut hulls, vegetable ivory, etc., for
wood pulp have further increased the com­
plexity of dynamite compositions. Usually,
they are formulated so as to have certain rate
of detonation and heaving force values that
render them suitable for various types of
blast ing operations. At the same time care
mu st be t aken that the compositions are oxy­
gen ba lanced when the paraffined paper wrap­
per is taken into consideration . Compositions
overbalanced with respect to oxygen produce
nitrogen oxides on detonation; while under­
balanced compositions produce som e carbon
monoxide instead of carbon dioxide. While
many of the commercial dynamites are given
st re ngth designations on a percentage basis,
this no longer means that they contain that
percentage of nitroglycerin or have the same
characteristics as a mixture of kieselguhr and
nitroglycerin containing that percentage of
nitroglycerin . Representat ive compositions and
characterist ics of the various types of dyna­
mite are give n in table 7-20.

Strength of dynamite, percent 20 30 40 50 60 100

Straight dynamites:

Nitroglycerin ---- - - - ------- - - - - - ----- - 20.2 29.0 39.0 49.0 56.8
Sodium nitrate - -- - - - - ------- - - - --- - - - - 59.3 53.3 45.5 34.4 22.6
Carbonaceous fuel - -------------- - - ---- 15.4 13.7 13.8 14.6 18.2
Sulfur - -- - - - ---- - ------ - - - - ----- - - - - - 2.9 2.0

•
AGO 10020A

Table 7- 20. Compositions 1 and Characteristics of Dynamites
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Strength of dynamite. percent 20 30 40 50 60 100

Antacid ------------------------------ 1.3 1.0 0.8 1.1 1.2
Moisture ---- ----------------------- --- 0.9 1.0 0.9 0.9 1.2
Rate of detonation, m/ sec -------------- ----- - ------- 4,400 5,200 5,900
Ballistic pendul um, percent TNT - --- - - - - - ----- - - - - - - 94.5 102.5 114

A mmonia dynamites :
Nitroglycerin ----- ----------------- --- 12.0 12.6 16.5 16.7 22.5
Sodium ni t r a te ---------- --- ---------- - 57.3 46.2 37.5 25.1 15.2
Ammonium nitrate ----- -------- -- -- --- 11.8 25.1 31.4 43.1 50.3
Carbonaceous f uel ---- ---- ------------- 10.2 8.8 9.2 10.0 8.6
Sulfur -- ---------------- -------------- 6.7 5.4 3.6 3.4 1.6
Antacid -- ------- --------------------- 1.2 1.1 1.1 0.8 1.1
Moist ur e ------------- ----------------- 0.8 0.8 0.7 0.9 0.7
Rate of detonati on, m/ sec -- ------------ 2,700 - -- - -- 3,300 3,900 4,600
Ballistic pendul um, percent TNT ----- - - - 81 ------ 91 99 109

Gelatin dynamites :
Nitroglyceri n ----------- --------- ---- - 20.2 25.4 32.0 40.1 49.6 91.0 '
Sodium nitrate ---------- ------ -------- 60.3 56.4 51.8 45.6 38.9
Nitrocellulose -- ----------------------- 0.4 0.5 0.7 0.8 1.2 7.9
Ca rbonaceous f uel -- ----- -------------- 8.5 9.4 11.2 10.0 8.3
Sulfur ----------- ------ --------- ------ 8.2 6.1 2.2 1.3
Antacid ------------------------------ 1.5 1.2 1.2 1.2 1.1 0.9
Moisture ----- -------- -- -------------- 0.9 1.0 0.9 1.0 0.9 0.2
Rate of detonati on, m/ sec -------------- 4,000 4,600 5,200 5,600 6,200
Ballistic pendulu m, percent TNT - - - --- - - 74 79 84.5 90.5 99

Ammonia uela tin dynamites:
Nitroglycerin --- -------- ---------- ---- --_ .._.- 22.9 26.2 29.9 35.3
Sodium ni t rate ------------------------ ---- -- 54.9 49.6 32.0 33.5
Am moni um nitrate --- --- -------- ---- -- ------ 4.2 8.0 13.0 20.1
Nitrocell ulose ---------------------- --- - - _.._- 0.3 0.4 0.4 0.7
Carbonaceous fuel --------------------- -- - --- 8.3 8.0 8.0 7.9
Sulfur ________ ________________________

------ 7.2 5.6 3.4
Antacid -- -- ------------------------ -- ------- 0.7 0.8 0.7 0.8
Moisture ---------------------------- -- - - - - - - 1.5 1.4 1.6 1.7
Rate of detonation, m/ sec ------- ------- -- -- - - 4,400 4,900 5,300 5,700
Ballistic pendulum, percent TNT - - - - - - - - ------ 83 88 92 97.5

1 Percent by weight.
• Blast ing gelatin.

d. In addition to military dynamite (h
below), dynamites of the types described may
be used for military operations, and are pro­
cure d as commercial items. A composition hav­
ing great hea ving force and relatively low rate
of detonation is preferable for blasting soft
r ock or earth, while a gelatin dynamite of low
heaving force and high rate of detonation is
used f or hard tough rock.

e. A special demolition explosive standard­
ized shor tly before World War II is based on
nitrostarch instead of nitroglycerin. It is
pressed into l,4-pound pellets, which are cov­
ered with paper, and I-pound packages of the
pellets are wrapped in paper with markings
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indicating the location of holes for blasting
caps in the pellets. The composit ion used is-

Percent
Nitrostarch 34.5 ± 2.5
Barium nitrate 43.5 ± 1.5
T NT 15.0 ± 2.0
Aluminum 3.0 ± 1.0
Graphite _ 2.0 ± 1.0
Coal dust _ 1.5 ± 0.5
Paraffin 0.6 ± 0.6
Dicyandiamide 1.0 ± 0.5
Moisture 0.75 ± 0.75

The barium nitrate is coated with the paraffin
before the ingredients are mixed together an d
pr essed into pelle ts. The composition is re­
quired to undergo no ignit ion or explosion
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when heated at 100° C. for 48 hours and to
have a density of 1.75 ±0.10 when pressed.

f . Nitrostarch demolition explosive is sensi­
t ive with r espect to crumbling or breaking ac­
t ion. It does not explode in the pendulum
friction test, but does so in the rifle bullet
impact test. It is more sensitive to initiation
than TNT. The sand test indicates it to be
90 percent as brisant as TNT and the ballistic
pen dulum test shows it to be 96 percent as
powerful as TNT. Although it is hygroscopic
to the exte nt of 2.1 percent when exposed to
air of 90 percent relative humidity at 30° C.,
nit ros tarch demolition explosive is of satisfac­
tory stability as packed, as shown by long-term
storage tests. Its 100 ° C. heat test values in­
dicate it to undergo some volatilization, rather
than decomposition, in 96 hours at that tem­
perature. In the 75° C. international test, it
loses 1 percent of it s weight but shows no
signs of deterioration.

g. During World War II, there was used a
cratering explosive having the composition

Per cent
Ammonium ni t rate 86.6
Dini t rotoluene __.________________________ 7.6
Fer rosilicon . ..__.__ 5.7
Red dye 0.1

This inexpensive and easily manufactured ex­
plosive is very insensitive to shock and initia­
tion, has a low rate of detonation but high
heaving force value, and is very stable. As it
is somewhat hygroscopic in spite of the mois­
tureproofing action of the dinitrotoluene, the
explosive is packed in hermetically sealed
containers.

h. Military dynamite Ml, M2 and M3 is a
mediu m velocity (20 ,000 feet per second)

AGO l0020A
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blasting explosive in three cartridge sizes. Low
velocity (24,000 feet per second) military
dyn amites are under development. Military
dynamite Ml, M2, and M3 has been standard­
ized for use in military construction, quarry­
ing, and service demoli t ion work. The explo ­
sive composition is packaged in standard dyna­
mite cartridge waxed-paper wrappers. The
models differ only in the cartr idge size. Car­
tridges are 114 inches in diameter by 8 inches
long for the Ml, 1112 inches in diameter by 8
inches long for the M2, and 1112 inches in
diameter by 12 inches long for the M3. Th e
composition used is-

P er CEn t

RDX ._. 75 ± 1.0
TNT .. 15 ± 0.5

Grade SA E No. 10 engi ne oil plus 5 ± 0.5
poly isobutylene.

Cornstarch 5 ± 0.5

Desensitized RDX , which is coated with en­
gine oil before mixing with the other ingredi­
ents, and grained TNT are used in the
manufacture of the dynamite. Military dyna­
mite Ml, M2, and M3 is equivalent in st rength
to 60 percent commercial dynam ite. Th e mili­
tary dynamite is safer to transpor t , store, and
handle than 60 percent straight nitroglycerine
commercial dynamite and is relat ively insensi­
tive to friction, drop impact, and rifl e bullet
impact. The composition re mains plastic at
minus 70° F . after 24 hours. It is odor less,
free from nitroglycerine toxicity, nonhygro­
scopic and chemically stable at 160 ° F. and
80 percent relative humidity for more than 1
month. It will not freeze in cold storage nor
exude in hot storage. Turning of shipping
containers in storage is not necessar y.

7-85
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CHAPTER 8

FOREIGN HIGH EXPLOSIVES

•

•

•

8-1. General
a. Broadly, the high explosives used by other

nations have been the same as, or very similar
to, those used by the United States. During
World War II, problems of logistics necessi­
tated some use of substitutes by the Germans
and Italians, in order to achieve maximum
production of explosives, and the use of a dis­
proportionately large amount of the less desira­
ble explosives by the Japanese. Examples are
the use of hexanitrodiphenylamine by the
Germans and picric acid instead of TNT by
the Japanese.

b. The earlier development in Germany of
explosives, such as lead styphnate and tetra­
cene, lead to the use of priming and detonating
compositions containing these materials, as
well as lead azide and mercury fulminate. As
in the United States, it was not found practi­
cable to eliminate mercury fulminate entirely.

c. World War II saw the use by the United
States and other nations of binary explosives
in which TNT was used as a dispersing agent
for more powerful, less fusible explosives,
rather than compositions in which TNT was
the more powerful ingredient of an explosive
mixture. Again, problems of logistics some­
times prevented full realization of this policy
and dictated the use of binary explosives such
as amatol and hexanite. The use of aluminized
explosives similar to tritonal and torpex was
general in other countries as well as the United
States, and in some cases, the trend abroad
in this direction was even more pronounced.

8-2. Initial Detonating Agents

a. Although lead azide was the most impor­
tant initiating agent used by other nations, its
high ignition temperature and insensitivity to
initiation by percussion necessitated the use 'of
more sensitive materials, as cover charges, in
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mixtures, and as ingredients of priming com­
positions.

b. The Germans used lead styphnate as a
cover charge for lead azide and, in some cases,
mixed it with lead azide. Such mixtures con­
tained 20 to 35 percent of lead styphnate. A
mixture containing 95 percent lead azide and
5 percent tetracene was used to a limited ex­
tent. A PETN-lead azide mixture, containing
30 percent PETN and a PETN-Iead styphnate­
lead azide mixture containing 10 percent
PETN and 30 percent lead styphnate, were
also used. While PETN was the usual base
charge for detonators, waxed RDX, a TNT­
tetryl mixture, and pentolite also were used
for this purpose.

c. Japanese initiating agents were similar to
those used by the Germans, except that tetra­
cene was not used and fewer mixtures were
employed. Mercury fulminate was used in a
few cases. While PETN was used extensively
as a base charge for detonators, tetryl also was
used largely for this purpose.

d. The Italians used lead styphnate as a
cover charge for lead azide and admixture of
the two. Mercury fulminate was used alone to
some extent. Silver azide was used as an ini­
tiator to a slight extent. RDX was used more
extensively than PETN as the base charge for
detonators.

8- 3. Priming Compositions
a. The Germans did not use lead azide in

priming compositions. The majority of the com­
positions used were of the mercury fulminate­
potassium chlorate-antimony sulfide-abrasive
type. Their most stable compositions contained
lead styphnate as the explosive ingredient and
calcium silicide as the abrasive material. Basic
lead picrate, coated with lacquer, was used in­
stead of lead styphnate to a certain extent as

8- 1
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These were used as widely as practicable, in
spite of the vesicant effect of hexanitrodipheny­
lamine and the toxicity of trinitroani sole .
Examples of compositions used by the Japanese
are given in table 8-2.

Type 91
Keineyaku

RDX

PETN
Hexanitrodiphenyla-

mine
Trinitroanisole
Trinitrophenetole
Ammonium nitrate

Tetryl
Picric acid

tized with 3 to 20 percent wax, was used to a
lesser extent in shell. Mixtures of powdered
aluminum with TNT, amatol, and TNT-RDX
were used for loading bombs and torpedo war­
heads. Trialen No . 105 was a mixture contain­
ing 70 percent TNT, 15 percent RDX, and
15 percent aluminum. In a few cases, powdered
zinc was used instead of aluminum. A mixture
of hexanitrodiphenylamine (hexite), TNT, and
aluminum was used extensively as a charge
for torpedo warheads; while hexanite, a mix­
ture containing 40 percent hexite and 60 per­
cent TNT, was used in bombs. Less wide
application was made of trinitrochlorbenzene
in shell and a bomb charge consisting of 90
percent ammonium nitrate, 6 percent carbon,
and 4 percent mineral matter. Waxed PETN
and waxed RDX were the booster charges
chiefly used, but picric acid, tetryl, TNT, and
40/60 tetrytol also wer e used as booster
charges. The whole pattern of the use of high
explosives by the Germans during World War
II reveals their limitations in the production
of individual explosives and the nece ssity for
producing as many different explosives and
applying each as widely as practicable.

b. During World War II, the Japanese
suffer ed from the same difficulties in produc­
tion as the Germans and used a correspondingly
wide range of high explosives. Their basic
standard explosives were-

TNT Chakatsuyaku or Type
92

Meiayaku
Oshokayaku or Shi­

mose bakuyaku
'I'an-o-yaku or Shou­

yaku
Shoeiyaku

Table 8-1 . German Priming Com posi tions

b. Like the Germans, the Japanese and
Italians used chi efly priming compositions that
contained mercury fulminate. They do not ap ­
pear to have used compositions similar to the
German lea d styphnate and nonexplosive in­
gredient compositions .

8-4. Noninitiating High Explosives
a. Until production difficulties during the

last part of World War II required the use
of inferior substit utes , su ch as dinitrobenzene
and et hy lenediami ne dinitrate, the Germans
used the foll owing hi gh explosives :

TNT Picri c ac id Textryl
RD X (Hexo- Hexite (hex- Ammonium

gen) anitrodi- nitrate (in
PETN phenyla- amatols)

(Penta ) mine)

TNT and amatol were used in the largest
amounts in artillery and mortar shell, bombs,
grenades, mines, and demolit ion charges. In
armor-piercing or concrete-piercing shell, the
TNT in some cases was desensitized by the
addition of 3 to 10 percent of wax . The amatols
used in shell and bombs contained from 30 to
60 percent, while that used in grenades con­
tained 80 percent of ammonium nitrate. A
mixture of equal weights of TNT and RDX,
desensitized with 1 to 3 percent wax and cor­
respo nding to composit ion B, was used in shell.
RDX, desensit ized with 5 to 10 percent wax,
was used in she ll and rockets. A pentolite, con­
taining 30 percent PETN and PETN desensi-

Percent

Lead styphnate _._--- 88 25 35 35
Potassium chlorate -- ---- 45 - - -- - --- 55 55
Barium nitrate -- - -- - ._-

~--- 45 45
Ca lcium silicide

---~- -~--

-~ ~- I _:~-
15 14

Antimony sulfide -- - ---- 5 30 28
Nitrocellulose lacqu er 12 -- --I ____Carbon ------------ ---- --- - - - - - 10.5
Abrasive I 5

----~------ ---- --- - ---- - -- - ----
Binder -------------- - - -- - - - - - --- ---- I 1.5

Total ------_.- 100 100 100 100 100 100

an electrically ign ited prrmmg composition.
Compositions containing no explosive ingredi­
ent also were used in German ammunition.
Repr ese ntative Ger man priming composit ions
of t he several types are sh own by table 8-1.
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N ame

Chanayaku

Chaoyaku

Ni got anyaku

Sho toyaku

Seigat ta or Type 97

Ots u- B

Pentoriru

Type 92

Onayaku

Oshiya ku

Angayaku

H ai shokuyaku

Oshitsuyaku

Type 94

H 2K ongo or Type 98

Shonoyaku

Shoa n bakuyaku

Ammon yaku

Type 1

Karitto

AG O l 0020A

Tabl e 8-2. Japanese E xplosives

Compoait ion

70 percent TNT
30 percent Dinitronaphthalene
25 percent TNT
75 percent Pi cric acid
50- 70 percent TNT
30-50 percent RDX
50 percent TNT
50 percent Ammonium nitrate

60 percent TNT
40 percent Hexanitrodiphenylamine

60 percent TNT
24 percent Hexanitrodiphenylamine
16 percent Aluminum powder

50 percent TNT
50 percent PETN

66 percent TNT
34 percent Aluminum powder

50 percent Picric acid
50 percent Dinitronaphthalene

90 percent P icric acid
10 percen t Wax

25 per cent RDX
75 percent Ammonium nitrate
85 percent RDX
15 percent Wax
42 percent RDX
50 pe rc ent PETN
8 per cent Wax

17 percent RDX
77 percent Ammonium perchlorate
1.5 percent Silicon carbide
4.5 percent P araffin

80 percent RDX
20 perc ent Veg etable oil

40 percent RDX
60 percent Trinitroanisole

70 pe rcent Trinitroanisole
30 percen t Hexanitrodiphenylamine

90 percent Ammonium nitrate
10 percent Dinitronaphthalene

79 percent Ammonium nitrate
10 percent Dinitronaphthalene
10 percent Sodium chloride
1 percent Sawdust

Ammonium nitrate
Charcoal

81 percent Ammonium picrate
16 percent Aluminum powder
2 percent Wood pulp
1 percent Petroleum

66 percent Amm onium perchlorate
16 percent Silicon carbide
12 percent Wood pulp
6 percent Petroleum

TM 9-1300-214

Used in-

Proj ect iles

Bomb s

Bomb s, projectiles, land mines

Bomb s, projectiles

T orpedo warhead s, dep th cha rges

Torpedo warhead s, mines, d e p t h
charges.

Machinegun bullets

Ma chinegun bullets

Project iles

Proj ectiles

Bomb s

Armor-piercing projectiles

Ma chinegun bullets

Demolition blocks

Demolition rolls

Torpedo warheads

Bomb auxilia r y booster s , bombs, sea
mines , depth charges.

P roj ect iles

Dem olition charges

Depth char ges

Demolition cha r ges, mines, dep th
charges.

8-3
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Table 8- 2. Japanese Explosives-Continued

Na.me

Haensoson-bakuyaku or Type 88

Entoyaku

Ennayaku

Compo.iti<m

75 percent Ammonium perchlorate
16 percent Ferrosilicon
6 percent Wood meal
3 percent Petroleum

80 percent Potassium chlorate
16 percent Dinitrotoluene
4 percent Castor beal oil

80 percent Potassium chlorate
15 percent Mononitrotoluene
5 percent Castor bean oil

U.ed in-

Demolition charges, grenades, mortar
projectiles.

The number of markedly different compositions
used for a single purpose indicates the neces­
sity under which the Japanese labored to
utilize everything available having explosive
value. Technical investigation after World War
II indicated that the Japanese explosives in­
dustry made no significant advances during the
war period.

c. The military economy of Italy, because
of the lack of coal deposits, was built around
its chemical rather than its coal tar industry.
In the period prior to World War II, PETN
and RDX (designated at T-4) were developed
on this basis as major military explosives.
While TNT was used as extensively as possi­
ble, its limited availability necessitated the
maximum use of other explosives. DEGN
(diethyleneglycol dinitrate) was used in high
explosives as well as propellants. An example
of this is the Italian plastic explosive consist­
ing of-

Per cent
RDX _._________________________________ 78.5
DEGN *17.5
Petroleum jelly 4

Total ~

A mixture containing 60 percent picric acid
and 40 percent TNT designated as MAT, a
modified tridite composition designated as
MBT, and mixtures containing trinitronaph­
thalene were used for loading artillery projec­
tiles.

8-5. Explosives of Special Interest
a. Hexanitrodiphenylamine (Hexite).

(1) This compound,

'Contalns 0.3 to 0.4 pe rcent of collodion nitrocellulose.

8-4

(2)

H____N---

RA PD 212853

Figure V. Hexite.

can be obtained by the nitration of
diphenylamine, but a more practical
process involves the condensation of
aniline with 2,4-dinitrochlorbenzene
to form 2,4-dinitrodiphenylamine and
nitration of the condensation product
to the hexanitro compound. The avail­
ability of this explosive from benzene
derivatives has made it of interest
when limitation of the toluene supply
results in a shortage of TNT.
The pure compoound forms yellow
needles, which melt with decomposi­
tion at 243.5° to 244.5°C., are readil y
soluble in acetone and warm acetic
acid, fairly soluble in ethanol, spar­
ingly soluble in ether, and insoluble
in water or chloroform. As ordinarily
manufactured, it is brownish yellow
and melts at 240° to 245°C. The
crystal density of the compound is
1.653 and its heat of combustion at
constant pressure is 3,001 calories per
gram. Chemically the compound acts
as a pseudo acid. It is soluble in
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aqueous alkalies, except potassium
hydroxide, to form metallic salts. The
potassium salt is insoluble in water.
Hexite is a powerful vesicant and in­
jurious to the mucous membranes.

(3) Hexite (hexanitrodiphenylamine) is
more like tetryl than TNT, with re­
spect to sensitivity and brisance, in­
termediate between these with respect
to power, and more like TNT than
tetryl, with respect to stability.

b. Hexanite. Hexanite, called Novit by the
Germans, is a mixture containing 60 percent
TNT and 40 percent of hexite. It is slightly
super ior to TNT with respect to brisance and
power, and comparable with TNT with respect
to sensit ivity and stability. The only significant
adva nt age offered by hexanite is the lessened
demand for TNT resulting from its use.

c. Schiesswolle 18 (TSMV 1-101). Alumi­
nized hexanite, called Schiesswolle 18 and
TSMV 1-101 by the Germans, is a mixture
containing 60 percent TNT, 24 percent hexite,
and 16 percent powdered aluminum. As it has
a bla st effect greater than that of tritonal , it
was used extensively in loading torpedo war­
heads.

d. Minol. Minol is a castable mixture con­
taining 40 percent TNT, 40 percent ammonium
nitrate, and 20 percent powdered aluminum.
It may be considered to 50-50 amatol, to which
has been added 25 percent of aluminum; and
it therefore offers the advantage of ready
availability with relatively small demand on
the supply of TNT. It is as sensitive to initia­
ti on as TNT or tritonal, but more sensitive to
shock. With a rate of detonation of only 6,000
meters per second at a density of 1.70, it is
distinctl y less brisant than tritonal , or TNT.
Balli stic mortar te sts show minol to be consid­
erably more powerful than tritonal or TNT,
and this is evident also from its greater blast
and shock effects . While the thermal stability of
minol is comparable with that of tritonal and
amatol, the presence of moisture. causes reac­
t ion bet ween it s ammonium nitrate and alumi­
num, with the liberation of gaseous products of
reacti on.

e. Ammonal. Ammonal is a castable com-
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position, containing 67 percen t TNT, 22 per­
cent ammonium nitrate, and 11 per cent pow­
dered aluminum, developed in the United
States during World War I. During that war,
the Germans used a press-load ed composi tion
containing 30 percent TNT, 54 percen t am­
monium nitrate, and 16 percent aluminum. The
ammonals, forerunners of minol, were used in
shell for their fragmentation effects. As they
are inferior to minol wi th respect to blast and
shock effects and less brisant than composition
B or pentolite, the ammonals offer no ad van­
tages for use in connection with modern tech­
niques of warfare.

f. Tridite. Tridite is a mixture containi ng
80 percent picric acid and 20 percent dini­
trophenol. During World War II , t he Br itish
used a mixture containing 70 percen t picric
acid and 30 percent dinitrophen ol, termed nel­
lite, in shell and armor-piercin g bombs. A
60/40 mixture, designated MBT, was used by
the Italians for loading she ll ; and the same
mixture, designated DD , was used by the
French for loading she ll and bomb s. All th ree
mixtures are suitable for melt-l oading at tem­
peratures below 100 °C. and th erefore r epre sent
an improvement over the melt-loading of picric
acid. Tridite is sli ghtly inferior to picric acid
as an explosive, and dinitrophenol is somewhat
objectionable because of toxicity. With the
modern trend away from the use of picr ic acid,
tridite has been used with less frequency.

g. Trimonite. Trimonite, a castabl e mixture
consisting of 88 percent picric acid and 12
percent e-mononlt ro na phthalene, was deve loped
as an improvement on tridite, to avo id the
undesirable characteristics of dinitrophenol.
Because of the low eutectic temperature of the
mixture (46.7 °C.), it is subj ect to ex udation
when stored at elevated temperatures. It is
less sensitive to initiation and less brisant than
picric acid and is of interest onl y as an emer­
gency substitute for TNT composit ions. The
French used a mixture containing only 70
percent picric acid during World War II.

h. Diethyleneglycol Dinitrate, Diniirodiqh]:
color DEGN.

(1) This is a liquid aliphatic nitrate hav­
ing the structure and a

8-5
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Figure w. DEGN.

molecular wei ght of 196 .12 that was
used in propellent comp ositions by the
Germans during World War II. It was
first described in 1927 by Rinkenbach.
Propellants based on it and nitrocel­
lulose develop relatively low temper­
atures and cause relatively little
erosion of guns, but are unduly vola­
tile.

(2) DEGN boil s at 160 °C. when heated
rapidly. When cooled, it solidifies to
a stable form that melts at 2°C. or
to a labile form having a melting
point of -10.9 °e. It has a specific

gravity of 1.385 ~~ and a refractive

ind ex of 1.4517 at 20 ° e . with sodium
ligh t. At 20 ° and 60° C., it s vapor
pressure is 0.0036 and 0.130 mm of
mercury re sp ecti vely. At 60° e.
DEG N has a volatili ty of 0.19 milli­
gram per squa re cent imete r per hour,
as compa red with 0.11 milligram for
nitroglycerin. It is mu ch less viscous
than nitroglycerin, having a viscosity
of 8.1 cent ipoises at 20 ° e . At constant
pressure, DEGN has a heat of com­
bustion of 2,792 calories per gram,
from which is calculated a heat of
formation value of 103.52 kilogram­
calories per mole. DEGN is miscible
with ethe r , ace tone, chloroform, ben­
zene, nitrobenzene, glacial acetic acid,
an d nitroglycerin. It is immiscible
with or slightly soluble in ethanol,
ca rbon tetrachloride, and carbon di­
su lfide. Its solubil it y in water at 25 °
and 60°C. is 0.40 and 0.46 gram,
respectively, per 100 grams. It is
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colloiding agent for nitrocellulose.
DEGN resembles nitroglycer in, with
respect to chemical reacti vity, but is
less subject to hydrolysis and is not
readily saponified by alcoholic sodium
hydroxide .

(3) DEGN can be manufactured with a
yield of approximately 85 percen t of
the theoretical by adding diethylene
glycol to mixed acid containing ap­
p roximately 50.3 percent nitric acid,
44.7 percent sulfuric ac id, and 5.0
percent water. The tem perature of the
mixture is kept at 30 °C. or less. The
spent acid is very unstabl e and fumes
off if heated or allowed t o stand f or
a few hours. The separ ated DEGN
is purified by washing with successive
portions of water, dilute sodium car­
bonate solution, and water until neu­
t ral. Its purity is dependent chiefly
on the purity of the diethylen eglycol
used in its manufacture.

(4 ) DEGN is much less sens itive to im­
pact than nitroglycerin, but explodes
in the pendulum fricti on test . Its
explosion temperat ure test value of
237 " e . is slightly hi gh er th an t hat of
nitroglycerin (222 ° C.). The brisance
of DEGN, as judged by the mod ified
sand test, is equal to th at of TNT and
81 percent that of nitroglycerin . Its
rate of detonation (6 ,800 meters per
second) is very similar to that of
TNT. Trauzl lead block and ba llist ic
pendulum tests indicate DEGN to be
]44 and 127 percent, respect ively, as
powerful as TNT and 77 and 90 pe r­
cent, respectively, as powerful as n i­
troglyc erin. Vacuum stabil ity tests
show DEGN to be mu ch more stable
than nitroglycerin at 100 ° C., and it
withstands long-term sto rage at ordi­
nary temperatures when free from
acidity.

(5) The toxicity effects of DEGN are
comparable with those of nitrogly­
cerin, but there is some evidence that
fewer individuals are affected than in
the case of nitroglycerin. Inhalati on
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Fig ure X . T N C.

H
N
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material produced by the nitration of
carbazole:

The main isomer formed is the 1,3,6,
8 derivative, together with probably
some of the 2,3,6,8 comp ound. It has
a molecular weight of 283.20. Th e
Germans used it in pyrotechn ic com­
positions during World War II.

(2) As produced, TNC is a crystalline
material that melts at 300°C. and is
insoluble in water, etha nol, ether, ben­
zene, and carbon tetrachl or ide. It is
only slightly soluble in acetone and
fairly soluble in nitrobenzene. It is
nonhygroscopic.

(3) TNC is slightly less sensitive to im­
pact than explo sive D, having an
impact test value of 18 inches with
the Picatinny apparatu s. Its explo­
sion temperature test value (470 °C.)
is almost identical with that of TNT,
but it does not defiagrate in the test
as does TNT. Th e sand test indicates
TNC to be 87 percent as brisant as
TNT. It is as stable as T NT and ex­
plosive D, as indi cated by vacuum
stability tests at 100 ° and 120°C.

(4) Since TNC is not markedly superior
to TNT or explo siv e D, it is suitable
for only highly speciali zed uses .

of th e vapor or absorption of the
liquid through the skin can r esult in
a violent headache.

i. Ethylenediamine Dinitrate (EDD).
(l) This is a molecular compound,

(CH2.NH3.HN03h readily formed by
neutralizing ethylenediamine with ni­
tr ic acid , th at was used by the Ger­
mans during World War II. It was
used to a limited extent as a bursting
charge. It forms colorless crystals
that are readily soluble in water and
are somewhat hygroscopic. An
aqueous solution of EDD is distinctly
acid. The compound has a molecular
weight of 186.132 and a heat of com­
bustion of 1,999.8 calories per gram
at constant pressure. It can be pressed
to a density of at least 1,525.

(2) EDD is more sensitive to shock than
TNT, having impact test values of 9
inches and 75 centimeters, re spective­
ly, with the Pi catinny and Bureau
of Mines apparatuses; but it is less
sensit ive to initiation t han TNT,
since it requires a minimum detonat­
ing charge of 0.10 gram of tetryl in
the sand test. The explosion tempera­
t ure test valu e of EDD is 445°C. , as
compared wi th 475°C. for TNT. The
sa nd test indicates EDD to be 96 per­
cent as brisan t as TNT, and their
plate dent te st values are practically
the same. EDD is indicated to be 112
and 125 percent as powerful as TNT
by the ballistic pendulum and Trauzl
lead block tes ts, respectively. As
judged by the 120°C. vacuum stability
test , EDD is less stable than tetryl ,
but its value of 5 milliliters of gas
does not indi cate poor stability.

(3) Because of its solubility, hygroscopi­
city, and acidity character ist ics, EDD
is not very satisfactory for use as a
military explosive and is an inferior
substitute for TNT.

j. Tetranitrocarbazole (TNe).
(1) Tetranitrocarbazole is an explo sive

•
..

•

•
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CHAPTER 9

PROPERTIES AND TESTS OF PROPELLANTS

•

9-1. Colloidal Structure
a. The use of black powder as a propellant

in the fo r m of a dust or fine powder permitted
only the most r udimentary control of its bal­
listic effects. Granulation of the powder as a
coarse powder and later as cubical or lozenge­
shaped grains resulted in greater velocity and
range of the projectile. Rodman's discovery
t hat the rate of rel ease of energy by black
pow der can be controlled by the form and den­
sity of the powder gr ain led to pressing of
the powder into larger grains of definite geo­
met rical form. This permitted the development
in a gun of a relatively low maximum pressure
over a longer period of t ime than wh en fine
powder was used .

b. Simila r ly, the firs t substitution of nitro­
cellu lose for black powder as a propellant in ­
volved its use in a fibr ous form , similar to that
of the cotton f rom which it was made. Since
nitrocellulose has a greater heat of explosion
than black powder and can undergo detonation
as well as burning, such use led to damaging
explosions in guns. In 188,*, Vielle found t hat
nitrocellulose could be added to a mixture of
ether and ethanol and kneaded to form a
plast ic mass. This could be roll ed into thin
shee ts, cut into small squares, and dried, so as
to be essentially free from the solve nt. Th e
use of such colloided nitrocellulose permitted
th e same control of burning rate that the press­
ing of black powder into grains had accom­
pli shed. The Schultze and E. C. propellants
developed in 1870 and 1882, respectively, had
involved only partial gelat inizat ion of the ni­
t rocellulose present in the compositions an d the
burning of these could not be controlled suffi­
ciently to per mit their use in rifled guns. In
1888, Nobel invented balIistite, a propellant in
which the soluble nitrocellulose was gela­
t inized by nitroglycerin instead of a volatile
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solvent that later had t o be r emoved. In 1889,
Kellner and Abel invented cordite, a second
double-base propellant , the insoluble nitrocel­
lulose of which was gelati nized by nitrogly­
cerin and acetone. Since then, there have been
introduced a number of nonexplosive and
nonvolatile gelatinizing agents which ser ve
also as stabilizers, moistureproofing agents,
or burning rate deterrents.

c. Nitrocellulose is not solubl e in the var ious
gelatinizing agents used in propellants, but is
dispersed in the form of colloidal particles,
which do not consolidate in to macroparticles
wh en essentially all of any volatile solven t
present is removed. If nitrocellul ose, which has
a nitrogen content of 12.6 percent (pyrocellu­
lose), is treated with 2 :1 ether -ethanol mix­
ture, complete dispersion takes place and
evaporation of the solvent leaves a clear, tough
film or grain that is free of visible solid parti­
cles when examined under the most powerful
microscope. Nitrocellulose, which has a nitro­
gen content of 13.3 percent, cannot be disp ersed
completel y by means of the 2 :1 ethe r-ethanol
mixture, a small portion of the material being
only softe ned and swoll en by the solven t. Ace­
tone, nitroglycerin, dibutylphthalate, and other
materials disperse to the colloidal state the
portion of the nitrocellulose undisp ersed by the
2:1 ether-ethanol mixture; and the use of such
agents results in the produ ction of a structure
similar to that obtained with pyrocellulose and
the 2:1 ether-ethanol mixt ure. If a relatively
dilute solution of nitrocellulose in a gelatiniz­
ing agent is added gradua lly to water, the
nitrocellulose is precipitated as a fine powder,
of fibrous structure. Each part icle of powder
represents the aggregation of many of the
colloidal particles previously dispersed in the
liqu id.

d. Camphor is an excellent gelatanizing

9-1
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agent for nitrocellulose, it being used for this
purpose in the manufacture of celluloid. It is,
however, too volatile for use in military pro­
pellants. Other solids, such as dinitrotoluene
and the stabilizers ethylphenylurethane and
centralite, are efficient gelatinizing agents
when dissolved in liquids, which may have no
gelatinizing action. In addition to volatile sol­
vents and nitroglycerin, some nonvolatile liquid
gelatinizing agents used in the United States
are-

Dibuty!phtha!ate C6H~ (co.O.C~H9) z
Diethy!phtha!ate C6H~ (CO.O.C zHs)z
Triacetin ---- ------- ----- ---- C3Hs(O.OC .CH 3) 3

In Germany and Italy additional gelatinizers
used included-

Diethy!eneg!yco! dinitrate
(DEGN) 0 (CH z·CHzN03

) z

Metrio! trinitrate ---------- - - CH 3·C (CH z·N03 ) 3

Many other liquid gelatinizing agents are
available but less desirable for economic or
logistic reasons or the possession of unsuitable
physical characteristics. Among these are the
esters of sebacic, succinic, citric, and tartaric
acids.

e. Numerous methods have been used for
determining the completeness of dispersion of
the nitrocellulose in a colloid and the relative
effectiveness of gelatinizing agents; but none
has been standardized. Examination of a thin
slice of many propellants under a high-power
microscope, particularly with the aid of polar­
ized light, generally suffices to reveal any un­
dispersed material. Comparisons of the relative
gelatinizing action of materials can be made
by dissolving the material in a nongelatinizing
liquid, such as benzene, toluene, or ethanol,
immersing a few fibers of nitrocellulose, and
observing under a microscope the rapidity and
completeness of dispersion of the nitrocellulose.
A more quantitative method is to use varying
amounts of the material in a fixed volume
of liquid that has no gelatinizing action and
determine the minimum quantity of added
gelatinizing agent that will yield a clear colloid
with 1 gram of nitrocellulose when the vola­
tile solvent has been removed by evaporation.

9-2. Physical Forms
a. A propellant undergoes autocombustion

9-2

only on the surface, the burning progressing
as if the propellant consisted of very thin
layers, each of which burns and ignites the
next layer. If burning takes place under con­
ditions of constant pressure, this progresses
through successive layers at a linear rate pe­
culiar to the composition. The total surface
available for burning and the time required
for burning are determined by linear rate, ini­
tial burning surface, and any change in area
of burning surface as burning progresses. It
is by controlling the mass-rate of burning of
a propellent charge, through control of physical
form, that the ballistic effect of a propellent
charge is determined and kept within certain
limits. A powder grain is any individual parti­
cle or mass of the propellent composition, and
the propellent charge is the total weight of
the grains used in a weapon.

b. Numerous forms of powder grains have
been utilized, the most important of which are
shown by figure 9-1. The most important di­
mension of these grains is the web thickness
or minimum distance between any two adjacent
surfaces of the grain. In a cord, the diameter
is the web thickness and a single perforated
grain has but one web thickness; but a multi­
perforated grain has inner and outer web
thicknesses (fig. 7-2), which may be equal or
different. The development of propellants for
rockets, the burning of which must progress
under different conditions than those of a pro­
pellant in a gun, has led to the use of additional
forms of grains shown by figure 9-3.

c. The best form of powder grain from a
ballistic viewpoint is that which, with the
smallest weight of charge, will impart the
prescribed velocity to a projectile or rocket
without developing a pressure greater than the
maximum permitted. The uniformity of the
ballistic effect must also be taken into account
in this connection. As strips and cords burn,
the burning surface decreases continuously un­
til the grain is consumed. Such grains are said
to burn degressively (fig. 9-4). A single per­
forated grain burns in two opposing directions
and the initial diameter of the perforation can
be controlled so that the total burning surface
changes but little during burning. Such a grain
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A--UNBURNED GRAIN B--BURNING GRAIN
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Figure 9-2. W ebs and slivers of propellent grains.
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Figure 9-5. German strip propellant for artillery.

is said to have nearly neutral burning charac­
teristics. A triperforated grain can be designed
so that the burning surface actually increases
until burning is nearly completed and slivers
are formed. Such a grain is said to burn
progressively, and this characteristic can be
made more pronounced if the grain is multi­
perforated.

d. European nations have favored the use
of single perforation, strip, and cord propel­
lants (figs. 9-5 and 9-6). The United States
Army and Navy have favored the use of the
multiperforated grain form for use in weapons,
since its small initial burning surface per unit
weight of powder results in a slower increase
in pressure during the initial stage of its burn­
ing. This permits maximum pressure to be
developed at a point farther from the breech
of a gun than when a degressively burning
powder is used. Single perforated powders are
used for United States small arms, minor cali­
ber cannon, and certain howitzers, because of
the difficulty in manufacturing by extrusion
multiperforated powders having the exception­
ally thin webs that would be required if the
powders were to meet ballistic requirements.
In rockets, there is generally used a grain
that is neutral or slightly degressive, in order
to obtain a nearly constant pressure during
burning. This has led to the use of single per­
forated grains and special designs (fig. 9-3),
in some of which certain surfaces are inhibited
from initial burning by means of a coating
of less combustible material.

e. When a powder grain having seven per­
forations burns, there are produced 12 un-

9-6

burned slivers or pieces of triangular cross
section that represent approximately 15 per­
cent of the total weight of the grain. These
slivers burn degressively and usually are
burned in the bore of the weapon; but if the
tube is relatively short or a reduced charge of
propellant is fired, incompletely burned slivers
may be expelled from the muzzle. The rosette
or Walsh grain (fig. 9-1), with a scalloped
outer periphery, reduces the amount of slivers
produced by a multiperforated grain and there­
fore reduces or eliminates the amount of un­
burned powder ejected from the seacoast
mortars in which such powders have been used.

f. Other factors being equal, the greater the
powder chamber capacity of an artillery weap­
on, the greater is the size of the propellent
grain to be used. This size of a multiperforated
grain refers to its average web, the mean of
its outer web and inner web dimensions. These
are the minimum distances, respectively, be­
tween the outer periphery of the grain and
the wall of an outer perforation, and an outer
perforation and the wall of the central per­
foration (fig 9-2). As an example, the powder
chamber capacities of two mortars using the
same weight projectile are 2,674 and 3,770
cubic inches and the required average webs of
powders for these are 0.060 and 0.076 inch,
respectively. Relatively slight changes in the
average web of a powder result in appreciable
changes in the required weight of propellent
charge and pressure produced, although the
velocity of the projectile remains constant. In
the 3-inch antiaircraft gun, charges of 4.88
and 5.66 pounds of propellant having web
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Figure 9- 6. German cord propellant f or ar ti ller y .

•
values of 0.0339 and 0.0444 inch imparted the
prescr ibed velocity to the projectile and devel­
oped maximum pressures of 34,000 and 28,700
psi , respectively. For economy, it is desirab le
t o use as Iowa weight of charge as practicable,
and theref or e the web of the propellant should
be as thin as is permitted by maximum pres­
su re requirements. Since better velocity uni­
f ormity commonly is obtained at the higher
pressures, it is desirable to use propellant with
as thin a web as practicable in zone charges,
so that hi gher pressures will be obtained in
firing the inner zones.

g. The heavier the projectile or the greater
the prescribed velocity, the larger will be the
powder grains and the web of these required
for the propellent charge, if the maximum
pressure is to be maintained below a certain
limit.

h. Propellants for artillery, in particular, con­
t ain small amounts of residual solvent consist­
ing of water and alcohol. In designing pow der
grains, this must be taken into account, since
the residual solvent content significantly af­
f ects the ballistic potential and burning rate
of the composit ion.

i . In practice, there are certain general re­
lationships between the dimensions of powder
grains that remain within fairly narrow limi ts.

A GO l 0020A

Specification requirements for cannon powders
include the relative dim ensions in (1) through
(3) below.

(1) The ratio of average grain length
(L) t o average grain diameter (D)
is 2.10 to 2.50 for multiperforated and
3 to 6 for single perforated grains.

(2) The ratio of average grain diameter
(D) to the average diameter of per­
forations (d) is 5 to 15 for multi­
perforated and approximately 3 for
single perforated grains.

(3) The difference between the average
outer web thickness (Wo ) and the
average inner web thickness (Wi) of

. multiperforated powder is not more
than 15 percent of the average web
thickness (W.) .

j. Average grain dimensions are determined
with great care when a lot of powder is offered
for acceptance. The average length of each of
30 grains is determined by means of a micro­
meter accurate to 0.001 inch and the values
for all the grains are averaged. Grain diameter,
perforation diameter, and web thickness values
for 30 grains are determined by means of a
measuring microscope having a magnification
of approximately 25 diameters and capable
of giving measurements accurate to 0.001 inch.
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Th e average values are calculated from the
values for each grain and the above ratios are
calculated from the average values.

k. The wide variety of weapons in which
propellants are used requires that powder
grains be used with a correspondingly wide
va r iation in size as well as form. Figure 9-7
shows the r elat ive grain sizes of powder grains
used in artillery weapons. Powder grains used
in rockets are considerably larger than those
for artillery.

9-3. Ignitibility
a. A char ge of propellant in a powder cham­

ber or rocket motor is ignited by suddenly
filling the voids between and the perforations
in the powder grains of the charge with flam­
ing gas and hot, solid particles. This accom­
plishes the ignition of all the exposed surfaces
of the grains and insures uniform burning of
all the grains compr ising the charge. In small
arms, a primer mixture that is sensitive to
percussion is used for ignition. Mortar charges
are ign ited by a small quantity of double-base
propellant loaded in cartridges and ignited, in
turn, in the same manner as small arms and
shotgun charges. Black powder is used as the
ignit ion material for artillery and rocket pro­
pellants. In artillery rounds, the black pow­
der is loaded in metal tubes having many
perforations of the wall s or in cloth bags sewed
to the base of the bag holding the propellant
charge. Rocket propellants are ignited by black
powder charges, frequently loaded in flat ,
plastic cases and placed at the front end of
the r ocket motor.

b. Black powder has been found by experi­
ment to be a more efficient ignition material
for nitrocellulose propellants than the finely
div ided propellants themselves. This is ascribed
to the lar ge amount of radiant heat energy
in black powder gases emitted by the incan­
descent, solid particles of potassium compounds
that are present .

c. The ignitibility of a propellant is deter­
mined by its composition and energy content.
In general, the greater the energy content of a
compositi on, the greater is its ignitibilty. Ex­
periments have shown the following:

AGO l 0020A
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(1) Increase in th e nitro gen content of
the nitrocellulose present causes slight
incr ease in ignitibility.

(2) The subst itution of nitr oglycer in fo r
part of the ni trocellulose in a com­
posi ti on increases ignitibility to a
marked extent.

(3 ) Th e inclusion of an inert gelatiniz­
ing agent, such as dibutylphthalate or
triacetin, in a propellent comoosition
results in decrease in ignitibility.

(4) The inclusion of TNT or dini t r oto­
luene in a compos it ion causes meas­
urable decrease in igni tibility.

(5) The inclusion of 5 percent or less of
potassium nitrate in a composition
causes significant increase in igniti­
bility.

(6) The presence of a coating of graphite
on a propellant causes r etardation of
ignition.

d. In some cases, it is desir able that the
initial part of the burning of a propellant take
place with a burning rate less than that of the
composition to be used. This can be accom­
plished by the application to the powder grain
of a coating of a dete rrent, such as dinit ro­
toluene or cent ralite. Th e deterrent is chosen
so as to have a moistureproofiin g effect an d a
melting point less than 100 °C. Th e coating then
is applied, without heating to excessive t em­
perature, by tumbling th e dried powder with
the molten deterrent in a steam-heated sweetie­
barrel. The coating so applied is less igniti ble
than the propellent composition an d burns
more slowly.

e. No test for dete rmini ng the re lative ig­
nitibility of propellent composit ions has been
standardized ; but comparat ive va lues have
been obtained by a var iety of meth ods. One
consi sts of determining the minimu m pressure
of a gas mixture th at will ignite a sa mple of
powder of a certain granulation when the gas
is ignited by an electric spark. The gas mix­
ture used has a composition equiva lent to two
molecules of hydrogen , one molecule of oxygen,
and one molecule of ni trogen . Th e greater the
pressure required, the less ignit ible is the com­
position. Another method consists of suddenly
exposing a sample of propellant to a fixed vol-

9-9

-_ _ -------_ ~-------



TM 9-1300-214

Table 9-1. Minimum Pressures of 2 H, + 0 , +
N , Required for Igni tion of Pr opellen ts

Pyrocellulose 25.0
M1 . .____ 27.5
M2 13.5
M3 31.0
M9A 7.0
Black powder < 5.0

ume of gas at a temperature of approximately
1,800 °C. and, by means of a pressure gage
and recor der, determining the time interval be­
tween such exposure and beginning of burning
of the propellant. The greater the time inter­
val, the less ignitable is the composition.
Comparat ive values for standard compositions,
obtained by test ing by the first method, are
given in table 9-1. A value for black powder
is included for compari son. A test for deter­
mining the relative ignitibility of propellant
grains was standar dized at Picatinny Arsenal.

f . In the practical use of propellants, com­
plete ignition of the propellant charge must
be assured; and this requires careful design
of the ignit ing charge. A charge of priming
composition or black powder that is entirely
adequate for the uniform ignition of a stand­
ard powder charge may be inadequate if the
composition of the propellant is changed. An
example of this was observed when the less
ignitible Ml powder replaced pyrocellulose
powder in art illery ammunition.

Propellent composi tion
Mini17lum

pressure, inc hes

9-4. Burning Rates
a. Propellant composit ions burn at charac­

teristic linear rates, which are affected by the
initial temp erature and the pressure under
which burning takes place. Increase in pres­
sure or initial temperature generally causes
incr ease in the characteristic burning r ate of
a composition. If a powder is burned und er
confinement, the r esulting incr ease in pressure
causes rapid acceleration of the rate of burn­
ing.

b. When composit ions used in artillery are
granulated, the form of th e grain, as well as
the cha racterist ic burning rate, determines the
t ime required fo r complete burning, or relati ve
quickness values, of the propellants as such .

c. Th e pressure effects of burning a t ypical
ar t illery propellant in a bomb are shown by
figure 9- 8. After ignition, accelerati on of the
burning rate takes place, due to the produc­
tio n of pressure. At first , this acceleration per
unit increase in pressure is relatively sma ll
and is represented by a in the equation :

R = a+ bP

where R is the rate of burning at a given
init ial temperat ure, b is the acceler ation in
burnng rate per unit increase in pressure at

Figure 9-8. Pressure produced by propellant
burned in a bomb .

The use of larger charges of black powder in
longer pr imers resul ted in uniform ignition of
the Ml powder and correspondingly uniform
maximum pressu re and velocity effects.

g. The init ial temperature of a propellant
composition ha s considerable effect on its ig­
nitibility, the ignitibilty decreasing with de­
crease in temperature. As the effect on the
burning rate index of the composition is simi­
lar, firi ng of a propellant charge at a lower
th an standard temperature results in low
velocity and pressure effects. When the
charge is fired with a higher than standard
~ emperature , high velocity and pressure effects
[I re obtained.

V1
0..

u.i
ex:
:)
V1
V1
UJ
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Table 9-2. Effect of Temperature on B urning R ate

burning rate of the composition as shown by
table 9- 2.

Decrease in burning rate because of decrease
in initial temperature results in decreased
pressures and, because of difficulty in achieving
satisfactory ignit ion , frequently results in in­
crease in the variation of projectile velocity.
The effects of changes in the in itial tempera­
t ure of roc ket propellants are more pronounced
than in the case of cannon propellants. One
reason for this is that the performance of a
weapon that operates at a constant pressure,
such as a rocket, is much more affected by
slight changes in the rate of burning than is
that of a weapon operating under conditions
of increasing pressure, as does a cannon.

26 X 10 ';
29 X 10 ';
34 X 10 ';
39 X 10 '"
43 X 10-:'
47 X 10";

o
25
58.5
o

25
58.5

Burning rate.
Tempf!Taturc. 0 c. in/.~ec/psi

M2

Composition

l\19 _

9-5. Ballistic Effects
a. General . The autocombustion of a solid

propellent charge in a weapon represents the
conversion of a solid into a gas, the liberation
of energy, and the development of much gas
pressure. The considerations that deal with the
rate of energy release, the total quantity re­
leased, the temperat ure and pressure developed,
and the velocity imparted to the projectile or
r ocket constitute the field of interior ballistics.
As the use of propellants in rockets differs
somew hat from that of propellants in cannon,
mortar s, and small arms, the in terior ballistic
aspects of rocket propellants will be considered
separately.

b. Weapons.
(l) When fired in a cannon or similar

weapon, the potential thermal energy
of a propellant is partially converted
into kinetic energy of the projectile.
The proportion of the total available
energy that can be communicated to
the projectile is limited by the length
of travel of the projectile in the gun

the higher pressures produced, an d P is pres­
sure in pounds per square inch. After a certain
pressure has been produced, the rate of ac­
celeration of the burning velocity increases
rapidly to the constant value b, which is main­
tained until all of the powder has been con­
sumed. This is shown by the st raight or nea rl y
st raight portion of t he cur ve. The value b,
termed t he burning velocity index, is charac­
teristic of the composition. It is of major im­
portance in the burning of art ille ry pow ders,
while the value a is of negligible importance.
Tests of such powders in a bomb are so repre­
sentative of artillery firings that bomb t ests
can be used with experime ntal composit ions
and in partial subst itut ion fo r proof tests of
propellants. On the othe r hand, since roc kets
operate with relatively low maximum pres­
sure s, the characteristic a of rocket pow ders
is of major importance. The burning rate of a
propellant composition can be expressed also
by the equation :

R=cpn

where c and n are empirical constants charac­
teristic of the composition.

d. Solid rocket propellants, bei ng required
to function under steady-state pressure condi­
tions much lower than the maximum pressures
under which cannon powders burn, have maxi­
mum burning rates in use that are cor re ­
spondingly lower than those of cannon pow­
ders. The range of burning rates of solid
rocket propellants under a pr essure of 2,000
psi is abou t 1 to 2 inches per secon d. Wh en the
propellent charge of a rocket is ignited, the
subsequent inc rease in pressure within the
chamber is quite rapid, generally re qui r ing less
than 0.05 second to reach it s maximum. There­
after , the rate of burning of the propellant
remains quite constant, because the pressure
is nearly constant until the charge is nearly
consu med. The rates of burning of propellent
compositions for rockets are comparable with
those of propellent compositions used in ar­
t illery ; and in some cases t he compositions
the rr.selves are not dissimilar.

c. Increase in the initial temperature of a
m ('" -llent composition causes increase in the
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tube and energy losses through fric­
tion, heat conductance, barrel expan­
sion, etc. Figure 9-9 shows a repre­
sentative pressure-travel curve for a
projectile in a cannon. The maximum
pressure is reached at point A, the
distance of this from the powder
chamber being determined partly by
the form and consequent burning
characteristics of the powder grain.
The more progressively the powder

burns, the further A will be from the
powder chamber. With maximum
pressure at point A, a higher velocity
is obtainable at a lower pressure than
would be the case if the same weight
of powder was consumed in the pow­
der chamber. This is apparent also
from figure 9-10, which shows
pressure-travel curves for three types
of grains.

L.U
n:::
~
Lf)
Lf)

L.U
n:::
0....

PEAK PRESSURE

~-------TRAVEL OF PROJECTILE---------~I~
POWDER CHAMBER RA PD 167437

Figure 9-9. Pressure travel curve for a projectile in a gun.

(2) Both the pressure in the gun tube
and the velocity of the projectile in­
crease directly, with increase in
weight of powder of a given granula­
tion used, until a critical point is
reached. Beyond this point, a further
increase in weight of powder charge
causes a very sharp increase in maxi-

mum pressure but no corresponding
increase in velocity of the projectile.
This is known as the point of pressure
break. For satisfactorily uniform bal­
listic effects, the web of the powder
grain must be such as to give the
desired projectile velocity well below
the point of pressure break.
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Figure 9-10. P ressure-travel curves for three types of propellent grains.
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(3) Since the energy of a propellant is
almost completely converted to heat
during burning, the heat of explosion
is a good indication of the balli stic
potential of a propellant. The work
the propellant can do can be expressed
as-

W=nRT

Where : W is work in foot-pounds per
pound

ACII 10020A

n is moles of gas per unit
weight

R is the gas constant (2,782)
T is the isochoric flame tem-

perat ure

From the equa t ion, it can be seen
that the volume of gas produced is
of considerable importance as well as
the heat liberated. An examp le of this
is the equal work val ues of the py ro­
cellulose and MI5 compositions, which
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Table 9-3. Critical Pressure Faill es
of Rocket Propellan ts

The very high lower critical pressure
value of single-base powder preclud es
the use of such a composit ion in
rockets.

(4) The transformat ion of heat energy
into kinetic energy of flow causes a
force to act in a direction opposite
to the flow of the exhaust gases from
a rocket motor . This force, t er med
thrust, is a function primarily of the
velocity at which the gases leave the
rocket nozzle and the weigh t of the
gases and is independent of the ve­
locity of flight. Thrust is expressed
in pounds. In ord er to develop a high
thrust value, there must be employed
a gr ain or charge with a large burn­
ing surface, so that a high rate of
mass flow is realized.

a second to a minute or more. The
limi tat ions on maximum pressu re are
governed by the st rength of the
rocket motor and th e maximum mass
rate of gas discharge th at can be per­
mitted for a given end use. The
pressures within th e moto r can be
changed readily by changes in pow­
der composition, burning surface
area, and ratio of nozzle area to
burning surface area.

(3) It has been found th at each propellent
composition has a cr it ical pressure
below wh ich it burns nonuniformly
and gives erratic balli sti c effects, an d
a higher crit ical pressure above
which it burns in an unpredictable
manner an d often ruptures the motor
by apparent detonation. A compari­
son of the critical pressure values of
several types of composit ion is af­
forded by the approxima te values
given in t able 9-3.

Crit ical preS8u.re. psi at 15 0 c.

4,000- 12,000
2,500- 5,000

( *)

U pp erL ouier

400-800
100-400

5,000

T y pe of com posi t ion

Double-base _
Composite _
Single-base _

' Not established.

have heat of explosion values of 861
an d 800 calories per gram an d gas
volume values of 0.04106 and 0.04640
mole per gram, respectively.

(4) The kin etic energy of the projectil e
is represented by the area under the
curve in figure 79, multiplied by the
cross-sect ional area of the projectile.
This is equal to-

W = !f2mv 2

Where : W is the work performed
m is the mass of the pro jec­

tile
v is the velocity of the pro-

jectile
F rom this, the weight of propellent
charge, and the energy val ue of the
composit ion, the efficiency of the
weapon can be calculated.

c. Rockets.
(l) Solid propellants for rockets are pri­

ma ri ly of two types. The more com­
mon type is a double-base composit ion
consist ing principally of a colloided
mixture of nitrocellulose and nitro­
glycer in. The other type consists of
a heterogeneous mixture of an or ­
ganic fuel, an inorganic oxidizing
agent , and a binding agent. In either
case, the mode of burning and the
limit ations under which the composi­
tions are used are the same.

(2) Most rocket motors are constructed
to accommodate maximum pressures
developed by the propellant s of the
order of 3,500 psi. When th e propel­
lent char ge is ignited, the pressure
within the rocket chamber generally
increases within 0.005 to 0.05 second
to a maximum value determined by
the burning rate of the propella nt and
the diameter of the nozzle or ifice.
Thereafter, the charge burns at a
nearly constant rate an d the steady­
state pressure is maintained constant
or decreases very slowly until the
propellant is completely consumed.
The time required for complete com­
bustion may vary from a fraction of
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Table 9-4 . S pecific Impulse V alues
of Propellent Com posi tions

It is to be noted that th e specific im­
pulse values for propellent composi­
tions do not take into account the

(5) Th e duration of burning of a rocket
propellent charge, most of which oc­
curs under steady-st ate pressure, is
determined by the web of the gr ain
and its burning rate. In order to ob­
tain long duration of thrust, only a
sma ll porportion of th e propellant can
bur n in unit time. Since the combus­
ti on chamber of a rocket has fixed
dimensions and capacity for propel­
lant, the thrust ma y be made great
but of short duration or vice versa
if the lower and upper critical pres­
sure limits and th e bursting pressure
of the rocket are not exceeded. The
pro duct of force and duration is
termed impulse and is expressed as
pound-seconds. This may be used for
compar ing different, as well as equal,
weights of charge.

(6 ) The impulse per unit weight of pro­
pellant is termed the speci fic im pulse
and is expressed in pound-seconds per
pound of propellant. It may be consid­
ered as the pounds of thrust devel­
oped per pound of propellant con­
sumed per second and can be used
for comparison of propellent compo­
sitions. It is known also as the
per formance index. As the space in
a rocket motor available for the pro­
pellant is limited, the den sity of the
propellant is important and specific
impulse may be calculated on both a
unit weight and unit volume basis.
Table 9-4 gives comparative specific
impulse value s for var ious propellent
composit ions used in rockets.

Pressure. psi

2,500
1,000

750

weight of the motor and therefore are
of valu e only in comparing one pro­
pellant with another.

(7) The effect of initial temperature on
the rate of bu rning of a World War
II rocket propellant is much more
pronounced than in the case of can­
non propellant s. Decrease in in itial
temperature causes marked decrease
in burning rate and in the maximum
pressure obtained. The results of com­
parative tests at various temperatures
are given in table 9-5.
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As the impulse is about the same in
each case, change in initial tempera­
ture does not materially affect the
range of the rocket. The velocity of
the rocket and its ballistics may be
affected by change in initial temper a­
ture, so that uniformity is poore r at
low and high temperatures tha n at
normal temp erat ure. Furthermore, if
rockets ar e to be fired on some occa­
sions at relatively high initial tem­
peratures, a heavier motor must be
provided to wi thstand the high pres­
sures developed during such firings .
The need to provide a heavy motor
to permit high temperature firings
limits the velocities that can be de­
veloped at lower pressures. F or this
reason, every effort is made to ut ilize
propellent compositions having low
temperature sensitivity. One of the
chief advantages of the recently de­
veloped propellants, such as th e T-9
compo sition, is their very low tem­
perature sensitivity as compared with
that of the ea r lier rocket propellants
containing nitr oglycerin.

(8) In addition to the effects of change
in initial temperat ure resulting from
changes in chemical reacti on r ates,

Table 9-5. E ffects of Ini tial Temperatures on Burning
Characteristics of a World War II Rocket Propellant

Time of burning.
Initi al tem perature. 0 C. Bee

55.5 2.5
20 4.25
-11 _ 6

Specific impulse.
lb-sec/lb

237
242
228
234
210
165

Propellent composition
~7 _
~13 _
T2 _
T5 _
T8 _
T9 _

•

•

•
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change in temperature may have im­
portant ph ysical effects that are re­
flected in the ballisti c performance of
a rocket propellant. If the grain of
double-base powder is of large diame­
ter or is restricted (inhibited ) , stor­
age at or exposure to high and low
temperatures may cause the develop­
ment of gas pockets within the grain
or cause it to cr ack. This results in
increase of the burning surface, and
burning in gas pockets or crack s may
create sufficient pressu re to cause
rupture of the rocket motor wh en
fired. On the other hand, expos ure of
grains of uncolloided, composite t ype
propellant to low temperatures may
cause chan ges in the physical proper ­
ties of the binding agents and result
in cracking of the grains. Wh en fired,
such gr ai ns burn as er rat ica lly as
those of colloided powder cracked by
exposure to high and low tempera­
tures.

(9) Because of the foregoing effects of
change in temperature on the chemi­
cal reaction rates and physical st r uc­
tures of rocket propellants, the hi gh
and low temperatures at which rock­
ets can be fired today generally are
within the limits _40 0 C. (_40 0 F.)
and 49 0 C. (120 0 F.). In view of the
global nature of modern warfare and
the necessity for using ammunition
under extremely cold and hot clim atic
conditions, much modern devel opment
effort in connection with rocket pro­
pellants is in the direction of compo­
sitions of low temperature sensitivity
from both chemical and physical
viewpoints.

9-6. Sensit.ivity
a. Propellants are so insensitive to shock and

friction, even when they contain high percent­
ages of nitroglycerin, that they present no
practical problem from this viewpoint. While
dry nitrocellulose is very sensitive to impact,
colloidal dispersion of this and the retenti on
of a small percentage of volatile solvent or
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other gelatinizing agent renders th e material
quite insensitive. From a practical viewp oint,
the sensitivity hazards of propellants are
chi efly in connection with heat and spark.

b. While not exploded or even ignited by
ordinary shocks or frictional effects, some pro­
pellants can be ignited by the fricti on and
impact effects of small-arms bullets. If the pro­
pellant is confined in a standard packing box
and ignited by a caliber .30 bullet, igni tion
may be foll owed by detonation if the container
is covered and nearly sur rounded by other
containers.

c. If a quant ity of propellant is ignited, it
may burn or undergo explosion. Whether burn­
ing or explosion takes place depends upon the
comp osition of the powder and the degree of
confinement . For this r eason, manufacturin g
buildings, gener ally, are of light construct ion,
so that not much pressure can be developed in
the event of a fire. Several years after World
War I, a large quantity of pyrocellulose pow­
der, stored in standard packing boxes. und er­
went spontaneous ignition and burned without
explosion.

d. Experiments have shown that the confin e­
ment afforded by the upper part of a colum n
of propellant may be sufficient to cause explo­
sion if the powder at the bottom of the pile is
ignited. Various powder compositions were
found to have correspondingly varying critical
heights of column, the crit.cal height varying
inversely with the energy content of the com­
position. For the same composition, the cr itical
height was found to vary directly with the
average web of the powder. If the temperature
of the powder is 50° C. instead of 20 ° C., the
critical height of a composition is only 30 to
50 percent of that at the lower temperature.
Propellants for small arms, consisting chiefly
of nitrocellulose, were found to have cr it ical
height values of 15 to 20 inches. Single-base
cannon powders of larger grain sizes and con­
taining moderants have critical height values
of 30 inches or more.

e. Propellants are sensitive to electric sp arks
only if the material is in the form of a dust.
Some test results indicate the dust of a powder
to be much more ignitible by a spark of static

AGO 10020.\



•

•

•

electricity than is nitrocellulose. Dry-house
and blending-tower fires have occurred that
were attributed to the primary ignition of pow­
der dust by sparks of static electricity. Main­
tenance of the re lative humidity of the atmos­
ph ere above 60 percent has been found to
prevent such spar k discharges and ignitions.
The humidity must be measured where th e
operation is going on.

f. Propellants can be detonated by initiating
compounds or booster explosives . Sand tests
have indicated E. C. powder to be more sens i­
t ive to initiation an d slightly more brisant
than TNT. Double-base propellants are even
more sensitive and br isant, but sing le-base
propellants, such as the pyrocellulose and Ml
compositions, are so inse nsit ive that only deto­
nations at low rates tak e place and low bri­
sance values are obtained. In spite of this,
single-base powders fo r caliber .30 and 20-mm
ammunition can be detonated by a charge of
tetryl even when immersed in water.

g. Summarizing, it may be said that nitro­
cellulose propella nts have the inherent proper­
ties of detonating hi gh explosives. However,
they are particularl y sens it ive to heat and
represent chiefly fire hazard unl ess under con­
finement , when burning may be transformed
into detonation.

9- 7 . Stability and Stabilizers
G,. The stability of colloided propellants cen­

ters around that of nitroce llulose, which is one
of the least stable of military explosives and
is used in grades having different nitrogen
contents and levels of stabili ty. As stated pre­
viously, materia ls kn own as stabilizers are
added to counteract the undesirably low sta­
bility of nitrocellulose. However, the presence
of moisture is known to inc reas e the rate of
decomposition of nit roce llulose at a given
temperature; an d generally it is impracticable
to remove all moisture from a propellant during
the course of manufacture. The various pro­
pellent comp ositions , ther ef ore, vary widely
with respect to stability, and different lots of
the sa me composit ion may differ measurably
when manufact ured.

b. If a propellant is stored for a lengthy
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period at ordinary or elevated temperatures,
the nitrocellul ose undergoes decomposition at
a rate dependent upon the te mperat ure. Th e
acid products of decomposition immediately
react with and are neutralized by the diphenyl­
amine, cent ralite, or othe r stabilizer present .
The rate of decomp osit ion of the nitrocellulose
thus is prevented from being accelerated, as
it would be if no stabilizer was present. When
deteriorati on has progressed to the point that
the stabilizer content has been redu ced t o a
fe w tenths of 1 percent, this neutralizing ac­
ti on is no longer sig nificant and the rate of
decompo sition becomes accelerated. Th e pres­
ence of an acid odor and, finally, visible red
fumes indicate that the propellant has become
definitely unstable.

c. The decompositi on of nitrocellulose, as
well as any othe r explosive present in a propel­
lant, is exothermic. Wh en the rate of decompo­
sition is low, any heat liberated is lost by
conduct ion under the usu al cond itions of stor­
age. When the rate of decomposition becomes
accelerated, such loss of heat liberated may be
impeded if the pro pellant is stored in bulk.
As a result, there develops in t he mass of pow ­
der a region where increase in the temperatu r e
proceeds rapidly, since each increase in tem­
perature causes further acce lerat ion of the rate
of decomposition. The increase in pressure
within th e ti ghtly sealed box used fo r storage
also contributes to acce leration of th e rate
of decomposition. The final result is spontane­
ous ignition and destruction of the propellant
along with that of nearby material. During
the period foll owing World War I, there were
a number of incidents of the spontaneous ig­
nition of smokeless powder sto re d in bu lk in
localities having a warm or te mperate climate.

d. Because of the hazardous nature of ba dly
deteriorated propellants and the ir impa ired
ballistic values, it has been necessa ry to estab­
lish a surveillance syste m for propellants stored
in bulk or in components of ammunit ion. In
the case of bulk storage, a str ip of tenth­
normal methyl violet paper is inser ted in the
box of powder and inspected after one year
for bleaching indicative of sig nificant deteri­
oration. Propellants load ed in ammunition
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havin g car t ri dge cases 3 inches in diam eter
or less have been found to represen t no hazard
of spontaneous igni t ion, becau se of the pro­
portion of metal to propellen t charge and the
high heat conductance of the metal. Propel­
lants loaded in larger cartridge cases, separ ate
charges, and ass embled charges are subjected
to periodic sampling and t esting f or det eri­
oration.

e. The stabili ty of a propellent compos ition
is affected by the purity of the materials used
in its manufacture and the thoroughness of
execution of the details of manufacture as well
as the nature of the composition and the pres­
ence of moisture. If the nitrocellulose used is
not purified, so as to be essentially free from
cellulose sulfate, the stability of the composi­
tion is much reduced. The presence of any
inorganic acid in any of the raw materials also
has a pronounced effect in decreasing stability.
The problem of making available propellants
of satisfactory stability, therefore, has neces­
sitated st r ict control of the details of manu­
facturing and continued surveilla nce of the
product as well as the use of materials of
rigidly controlled purity. This last has included
strict control of the purification process for
nitrocellulose as well as rigid test requirements
for the material.

f. While propellants manufactured of impure
materials have been known to become danger­
ously unstable within 5 years after manufac­
ture, those manufactured carefully from pure
materials withstand storage in a temperate
climate for many years. Pyrocellulose powders
with no added stabilizer, consisting only of
colloided nitrocellulose and re sidual solvent
(ether and ethanol), have been known to re­
main stable during storage for 40 years. Mod­
ern single-base compositions are indicated to
be even more stable. A double-base propellant,
containing 30 percent of nitroglycerin and 5
percent of petroleum jelly, wa s found to be of
a hi gh order 1)f stability after 30 year s of
stor age ; and more modern double-base compo­
sitions are indicated to be eve n more stable.

g. The use of stabilizers as such in propellent
compositions was preceded by the incorpora­
tion of a material, such as amyl alcohol or
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rosaniline, that indicated decomp osi t ion an d
the liberation of free acid by developing a
characteristic odor of val erianic ac id or by a
change in t he color of the powder. Th e ma ­
terials currently used as stabilizers react with
products of th e decompositi on of nitrocellul ose
to form stable solid compounds and so remove
free acid and oxides of nitrogen as rapidly as
they are formed.

(1) Diphenylamine (C6Hs)2NH, a com­
pound melting at 53° C., has been
used as th e chief stabilizer for sing le­
base propellants and to a lesser ex tent
in powders containing nitroglycerin.
It is capable of reacting directly with
nitrogen dioxide as well as acids.
Upon reaction during the decomp osi­
tion of nitrocellulose, it has been
found to form the foll owing com­
pounds successively , a number of
these being presen t simultaneo usly:

N-nitrosodiphen ylamine.
2-nitrodiphenylamine.
4-nitrodi phenylam ine.
N-nitroso-2-n it rodiphenylami ne.
T-nit roso-4-nit ro rliph enylam ine.

4,4', 2,4', 2,2' and 2,4-dinitrod­
iphenylamines.

N-nitroso-4 , 4'-dinitrodi phen yla­
mine.

N-nitroso-2, 4'-dinitrodiphenyla­
mine.

2, 4, 4' and 2, 2' , 4-t r init ro diph­
enylamines.

2,2',4,4'-tetranitrodiphen ylamine.
2,2', 4,4', 6-pentanitrodiphenyla­

mine.
Hexani trodiphenylami ne.

The detection of anyone of these in
a propellant, th erefore, does not indi­
cate that the powder has become un­
stable. As diphenylamine is somewhat
reactive with nitrocellulose , too mu ch
of this stabilizer should not be used;
and 1 percent or less of the material,
generally, is employed .

(2) 2-Nitrodiphenylamine, C6Hs.NH.C6-
H4.N02, is an effective stabilizer for
propellent compositions and has been
found to have value in preventing the
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(5) Phenylurethanes, compounds with
the structures indicated below, also
have been used in German propellent
composit ions , bu t are considered to be
less effect ive stabilizers than central­
ite. The methyl and ethyl compounds
have gre ate r gelat inizing action on
nitrocellulose than centralite or the
akardits.

sider ed to be as effect ive as the ethyl
analogue.

(4) Akardits, comp ounds with the struc­
tures indicated below, have been used
extensively in German propellent
compositions and are claimed to be
more effective stabilizer s than cen­
t r alite or diphenylamine.

(6) Petroleum jelly (p etrolatum) has
been used for man y years by the Brit­
ish as a stabilizer fo r nitroglycerin­
nitrocellulose propellants termed
cordite. The stabilizing action of the
material is ascribed to the presence
of unsaturated hydrocarbons, which
react with and neutralize acid prod­
ucts of decomposition.

h. Because of the high coefficient of acce lera-

Centralite II or methy l centralite,
symmetrical dimethyl diphenylurea,
OC [N (CH3)(C6Hs)h also has been
used as a stabilizer, but is not con-

formation of gas bubbles in such
compositions. Although it contains a
nitro group and so has some explosive
value, it is so insensitive that it can­
not be caused to explode when sub­
jected to the impact, sand, and ex­
plos ion te mperature tests. Heat tests
at 100 0 and 120 0 C. indicate 2­
nitrodiphenylamine to be very stable.
The crystalline compound has a
freezing point of 74.6 0 C., and it is
very soluble in molten dinitrotoluene
at 70 0 C. As it is one of the inter­
mediate compounds formed from
diphenylamine upon reaction during
the decompositi on of nit rocellulose, 2­
nitrodiphenylamine acts as a stabilizer
by undergoing further nitration with
the ultimate formation of hexanit ro­
diphenylamine.

(3) Centralite I or ethyl centralite, sym­
metrical diethyldiphenylurea, OC[N­
(C2Hs) (C6Hs) h was developed in Ger­
many for use in doub le-base propel­
lants. In add ition to acting as a
stabilizer, it is a gelatinizing agent
for nitrocellulose and acts as a water­
proofing agent. Unlike diphenyla­
mine, it can be used in relatively
large proportions; and some propel­
lent compositions contain as much as
8 percent of this material. Like di­
phenylamine, it is nitrated by the
products of decomposit ion of nitro­
cellu lose. The following compounds
are formed successively, as many as
four of these being present simultane­
ously, as deterioration of the powder
proceeds.

4-nitrocentralite.
4,4' dinitrocentralite.
N-ni troso-N-ethylaniline.
N-ni t roso-N-ethyl-d-nitraniline.
2,4, dinitro-N-et hy l-aniline,

•

•
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t ion of rate of decomposit ion of nitrocellulose
(decomposit ion increases 3.7 times per each
10° C. ri se) an d the comparable effect of in­
crease in temperature on th e rate of decompo­
sitio n of ni troglycerin, th e more elevated the
temperature used for t esting propellants, th e
less representat ive th e result is of stability at
stor age temperat ures. F or this reason , tests
made at th e lowest practicabl e temperature
yield the most significant r esul ts. Sinc e such
tests require very long t imes for completion,
they are not suitable for acceptance testing
and no longer are used for surveillance testing.
Acceptance tests are made at high tempera­
t ures and requir e but shor t times. They indi­
cate solely if a given sample or lot ha s high
temperature resistance characte r ist ics normal
for the composition, rather than stability in
storage at or dinary or slight ly elevated tem­
perat ures. Th e 134.5° and 120° C. heat te sts
are used for the acceptance testing of single­
ba se and doubl e-base propellants , respectively.
The 65.5° C. su rveilla nce test, once used for
the purpose indicated by its name, is used for
exper imental purposes wh en an indi cation of
t rue stability is desired.

(l) 65.5° C. surveillance tes t. A 45-gram
sample of the propellant is placed in .
a flint-glass bottle having a ground­
glass stopper. Th e bottle is placed in
an oven or cha mber maintained at
65.5± 1.0° C. (fig. 9-11). Visual in­
spect ion is made dail y for the ap­
pearan ce of red fumes, which is
considered complet ion of the test; and
the test result is expressed as the
number of days required to bring
about the evolut ion of red fumes. Test
va lues of 20 days or less are con­
sidered to indi cate a condition of
hazardous instability calling for im­
mediate disposal of the propellant.
Similar tests at 50° and 80° C. have
been used experimentally. Although
the procedure is lengthy, it has been
found practicable, by means of peri­
odic surve illance te sts, to observe th e
gradual and th en accelerated deterio­
ration of propellants under adverse
conditions of storage.
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(2) Heat test s. The 134.5° C. heat t est is
used for testi ng single-base powders
and nitrocellulose, while th e 120 ° C.
heat test is used in connection with
double-ba se propellants. In either
case, tests are made simultaneously
of five portions of the sample. A 2.5­
gram portion of the sample is placed
in a pyrex glass test tube having an
internal diameter of 15 mm , externa l
diameter of 18 mm and length of
290 mm. A piece of normal methyl
violet test paper, 70 mm in length
and 20 mm in wid th is placed ver­
tically in the t ube so that it s lower
edge is 25 mm above the test material.
Th e tube is stoppered with a cork
that ha s a 4-mm diameter hole cut
in it to prevent build-up of pressure
within the t ube. E ach of th e five
tubes is placed in th e ap propriate
constant temper atu re bath , main­
tained at 120.0± 0.5 or 134.5 ±0.5° C.
(fig. 9-12 ) , which is so designed th at
no more th an 7 mm of th e tube pro­
jects from the well in which it is
placed. At 5-minute intervals, each
tube is with drawn one-half its length
and replaced quickly, an y change in
color of th e test paper being noted.
The time of obser vat ion that reveal s
the te st paper in any of the five tu bes
to be completel y changed to a salmon­
pink color is recorded as th e salmon­
pink value of the sample. Heatin g is
continued an d the time of observa­
tion that reveals any of the tubes to
be completely filled with red fumes
is recorded. Af ter the red fume va lue
is determined, heat ing is continued
further to determine whether explo­
sion of the ma ter ial in any of the
five tubes takes place in less than 5
hours of heating. When the 134.5° C.
hea t test is used for testing nitro­
cellulose, only two tubes are proc­
essed , th e first observation being
made after 20 minutes of heating.
Prior to testing, th e nit rocellulose is
dried for 4 to 5 hours at 40° to 42° C.,
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Figure 9-12 . A pparatus for heat test
at 120 0 or 134.5 0 c.
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or for 1 to 1.5 hours at 50° to 52° C.,
or overnight at room temp erature,
wi th further dryin g fo r 0.5 hou r at
40° to 42° C. Prior to inserting the
test paper in the tube, the 2.5-gram
por ti on of the nitrocellulose sample
is pressed into the lower 2 inc hes of
the tube.

i. Representative surveillance and heat test
values for standa r d propellen t compositions are
given in appendix A.
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10-1. Classes
a . The black powder originally used as a military

propellant has been displaced complet ely by
propellant com posi ti ons ge ner a lly referred to as
smokeless powde rs and almost invaria bly contain­
ing nitrocellulose. As t hese propellants are not
used in the for m of a powder a nd liberate varying
amounts of smoke wh en bu r ned, the term is a
misnomer.

b, From the vie wpoint of composit ions, modern
propellants can be divided into four classes. These

I are described in (1) through (4) below.
(1) Single base. These compositions contain

ni t r ocellu lose as their chief ingredient . In addition
to a stabilizer, t he y may cont a in inorganic ni­
trates, nitrocompounds , a nd nonexplosive materi­
als, such as me tallic sa lts, metals , carbohydrates,
and dyes.

(2) Double base. This term has been applied
generally to com posi ti ons contain ing both nitrocel­
lulose and nit roglycerin. However, in view of the
purposes accomplished by nitroglycerin and the

•

use aboard of subst it u t es for nitroglycerin, which
serve the same purposes , a better definition of a
double-base composi t ion is one containing nitrocel­
lulose and a liquid organic nitrate having the
property of g elat ini z in g n itrocellulose. Like

I single-base propella nt , dou ble-base propellants
frequently cont a in additives in addition to a
stabilizer.

(3) Triple bas e. This term is applied to propel­
lants con taining three explosive ingredients with
the m aj or in gred ient nitrocellu lose. The other two
exp losive ingredients a re usually nitroglycerine
a nd nitr ogu a nidin e. As in the double base propel­
lant , the nitroglycer ine may be substituted by
other liquid organic nitrates having the property
of gel atinizing nitrocellulose. The nitroguanidine
in the for mulat ion produces a lower flame temper­
ature, greater amounts of gases with lower flame
tem perature t h us reducing tube wear while pro­
ducing higher force. As in single and double base
frequently cont ain additives in addition to a
stabilizer.

(4) Composite. Most com posit e propellant con­
t ains neit her nit r ocellu lose nor an organic nitrate.
They generally consist of a physical mixture of a
fuel such as metallic aluminum, a binder, normally
an organ ic polymer (ge nerally a synthetic rubber

hi ch is also a fuel), and an inor ga nic oxidizing
agent such as ammoniu m perchlorate. These are
het er ogenous physical structures.

c. The use of propellant compositions is n ot in
accordance with the foregoing classification. While
single-base compositions are used in cannon, sm a ll
arms, and grenades, double-base compositions are
used in cannon, small arms, mortars, rockets, andI
jet propulsion units and t riple base composit ions
are used in cannon units . Composite compositions
are used primarily in rocket assemblies and j et
propulsion units. The choice of a propellant for a
specific use is determined by ballistic a nd physical
requirements, rather than on the basis of composi­
tion. As a given composition may be suitable for
use in several different applicat ions, it is not
practicable to classify propellants on the basis of
use.

10-2. Single Base
a. Pyrocellulose P owder.

(1) The first nitrocellulose propellant st a nd­
ardized by the US Army a nd Navy was that
termed pyrocellulose powder, because of the grade
of nitrocellulose used in it s manufact u re. As fir st
manufactured, pyrocellulose powder consisted
only of carefully purified nitrocellulose having a
nitrogen content of 12.60 ± 0.10 pe r cent and
completely soluble in a mixture of ether and
ethanol. The nitrocellulose was gelatinized by
means of this solvent and extruded in the form of a
cord with one or more perforations. This was air
dried, so as to remove almost all of t he volatile
solvent, and the grains in the lot wer e blended
thoroughly. The amount of residual solvent left in
the powder varied from 1 to 5 percent , increasing
with size of grain. About 1909, t here was first
added 0.5 percent of diphenylamine to act as a
stabilizer, and during World War I , this ingredient
was increased to 1 percent. This war period a lso
saw the introduction of the water-dry process,
which permitted the completion of manufacture
in a fraction of the time requir ed for the air-drying
process.

(2) Pyrocellulose powder was unduly hygro­
scopic and gave bright fla shes when fired in
cannon. It was also considered t o be of less t ha n
satisfactory stability, but defect s in this direction
were due largely to faulty m anufacture a nd
storage. It remained standa rd until the stand­
ardization of FNH (flashless , nonhygroscopic) and
NH (nonhygroscopic) single-base propellants
about 1930, when it became a subst itut e sta ndar d.
Pyrocellulose powder was extensively manufac­
tured and used by the Navy during World War II.
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Tab le 10-1. Explosive Characteristics of E.C . Powder
Impact test, em 19
Pendulum friction test Snaps

t "'/Explosion temperature test, "C, . 199
Sand test, percent TNT value 107
Minimum detonating charge, gram mercury

fulm inate 0.22

It consist s of agglomerates having a rough surface.
It is one of a type of propellants known as bulk • ....
powders used in shotgun shells. It is manufactured
by either of two processes, in either of which only
part of the nitrocellulose is gelatinized by means of
a mixutre of acetone and ethanol or benzene or a
mixut r e of butyl acetate and benzene. In either
case, the process is controlled, so that the product
passes through a No. 10 sieve and a minimum of 97
percent passes through a No. 12 sieve and is
retained on a No. 50 sieve.

(2) Because of the presence of some un­
gelatinized nitrocellulose, E.C . powder is distinctly
more sensit ive to friction than completely colloided
powders. The ungelatinized nitrocellulose and
potassium nitrate present also cause the powder to
be much more hygroscopic than complet ely col­
loided powders. When exposed to an atmosphere
having a relative humidity of 90 percent at 30°C., a
representative sample absorbed 6.2 percent of its
wei ght of water. Specification requirements per­
mit the presence of 2.0 percent of moisture.

(3) Tests have shown E.C. powder to have the
explosive characteristics shown in table 10-1.
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(3) Pyrocellulose powder was analyzed for
nitrocellu lose, diphenylamine, residual solvent,
and external moisture contents. External mois­
t u re was determined by heating a sample at 100°C.
Diphenylamine was determined by extraction
with ether and nitration of the evaporated extract
t o the in soluble tetranit rodiphenylamine, which
was weighed and calculated to the basis of
diphenylamine. Nitro cellulose was determined by
disolving the residue from the ether extraction in a
2:1 ether-ethanol mixtu r e, precipitating the ni­
trocellulose by the addition of water and weigh ing
t he dried precipitate. By subtracting fr om 100
percent the sum of the percentages of nitrocel­
lulose, diphenylamine, and eternal moistu r e, there
was obtained the percent age of residual solvent
present in the powder. This consisted of approxi­
mately 90 percent ether and alcohol and 10 percent
wat er .

(4) Pyrocellulose powder was required to
develop a salmon-pink color in not less than 60
minut es and not to explode in 5 hours when
subj ect ed to t he 134.5°C. h eat test. A minimum
65J5°C. surveillance test value of 140 days or less,
depending upon the size of grain , was req uired for
a time but was discarded aft er Worl d War I. A
compr ession test of individual grains in each lot
was made to insure that the powder was not
brittle. It was required that grains be compressed
at least 35 percent of their length before cracks
appear ed.

(5) Pyrocellulose powder, as indicated by
65.5°C. surveillance tests, has less than h alf t he
sta bilit y life of the M1 and M6 powders, which
displaced it. It has a calculat ed force value of
339,000 foot-pounds per pound, as compared with
valu es of 314,000 and 328,000 for the M1 and M6
composit ions. In spite of the satisfactory ballistic
value of pyrocellulose powder, its hygroscopicity,
t he harmful effect of absorbed moisture on its
st abilit y, and the tendency to flash when fir ed in
cannon render it less satisfactory t h an the M1 and
M6 compositions.

b. E . C. Powder.
(1) This partially colloided propellant, one of

t he earliest nitrocellulose composit ions developed,
is used in caliber .30 blank ammunition. It has the
composit ion -

Perc ent
Nit rocellulose" 80
Barium nitrate 8
Potassium nitrate 8
Starch . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 3
Aurine dye 0.25
Diphenylamine 0.75

"Nitrogen content, 1~.20 percent.
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These data indicate that the composition is
sufficiently sensitive and powerful to be used as a
high explosive as well as a propellant. It is because I
of this that the powder has been used in blank
ammunition. E.C. powder, because of its h igh
burning rate, is not used as a military propellant,
but it has been used in shotgun shells, 65.5°C.
surveillance tests have shown E.C. powder to be of
the same order of stability as pyrocellulose powder.

(4) The specification for E .C. powder r equires
that it be of the prescribed granulation, comply
with funct ioning test requirements when loaded in
h and grenades and caliber .30 blank ammunition,
and in the 134.5°C. heat test give a salmon-pink
color in not less than 30 minutes and fail to explode
in 4 hours.

(5) Analysis of E .C. powder: Barium nitrate is
determined by oxidizing all organic material in a
weighed sample, with nitric acid and precipitating
barium as the sulfate. Potassium nitrate is
determined by precipitating the potassium as
dipotassium sodium cobaltinitrate, using the fil­
t rate from the bar ium determination. Aurine dye
is determined by extracting a samp le ofthe powder
with aceton e and de t er min ing the aurine content

/



colorimetrically. Starch is determined by hydrolyz­
ing t he acetone-extracted sample, acidifying,

•

adding a solution of potassium iodide, and titrating
the liberated iodine with sodium thiosulfate solu­
tion. Diphenylamine is determined by steam­
dist illing a sample of the powder, extracting the
dist illate with ether, and precipitating the
diphenylamine as tetrabromodiphenylamine. Ni­
t rocellulose content is calculated by subtracting
from 100 percent the sum of the percentages of the

• other ingredients found to be present in the
moisture-free powder.

c. Flashless and Smokeless.
(1) The class of propellants known as flashless

and smokeles s (formerly designated as FNH and
NH) comprises compositions that are used chiefly
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in artillery. Whether a composition is flashless
depends upon the gun in which it is used. For
example, the Ml composition is flashless when
used in a 75-mm gun, but in the 8-in. gun, the
propellant is not flashless. It would be desirable to
have flashless propellants for all weapons, but his
objective has not been attained as yet.
Single base propellants of t his class are not truly
nonhygroscopic, but are so much less hygroscopic
than pyrocellulose powder t hat moist u re pick-up
from external moisture during handling and
storage is negligible. They differ from pyrocel­
lulose powder, also, in having a much lower rate of
moisture absorption as well as final moisture
content when in equilibrium with air of gi ven
temperature and humidity.

•

Table 10-2. Standard ArtiUery Propellant Compositions

M1 M2 M6 M8 M9 M10 M15 M17 M26 M26A1 M30 M31
(per- (per- (per- (per- (per- (per- (per- (pe r- (per- (per- (per- (per-
cent) cent) cent) cent) cent) cent) cent) cent) cent) cent) cent) cent)

Nitrocellulose (12.60%N) 28.0 20.0
Nitrocellulose (l3.15%N) 84.2 86.1 98.0 20.0 22.0 67.25 68.70
Nitrocellulose (l3.25%N) 77.45 52.15 57.75
Nitroglycerin 19.5 43.0 40.0 19.0 21.5 25.00 25.00 22.5 19.0
Nitroguanidine 54.7 54.7 47.7 54.7
Dinitrotoluene 9.9 9.9
Dibutylphthalate 4.9 3.0
Barium Nitrate 1.4 .75
Potassium Nitrate .75 1.25 1.5 .7
Potassium Sulfate 1.0
Cryolite 0.3 0.3 0.3 0.3
Ethyl Centralite .6 .6 .75 6.0 1.5 6.0 6.0 1.5
Diphenylamine 1.0 1.0 1.0
Graphite .3 0.1· .3 .3
Diethylphthalate 3.0 4.5
2-Nitrodiphenylamine 1.5

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 00.0 100.0

·Graphite added.

I

"

..

• (2) The Ml and M6 compositions were de-
veloped during the period between World Wars I
and II, the remaining flashless and smokeless
compositions being de veloped during and after
Worl d War II. The standard compositions of this
t ype are shown in table 10-2. It will be noted that
the M15, M17, M30 and M31 composition are triple
base type, while the others are single or double
base type. In all t hese compositions, the dini­
trotoluene, and nitroglycer in act as gelatinizing
an d moisture-proofing agents and contribute bal­
listic potential to t he composition. Dibutylphtha­
late and diethylphthalat e are gelatinizing and
waterproofing agents, but are nonexplosive and
contribute to flashlessness. Nitroguanidine is used
as a finely divided powder dispersed throughout

•

t he nitrocellulose-nitroglycerin colloid and contri­
butes to ba llist ic potential as well as acting as a
flash-reducing agent. Potassium sulfate, potas-

sium nitrate and cryolite ser ve as flash-reducing
agents, while the diphenylamine and ethyl cen­
tralite act as stabilizers.

(3)The manufacture of a single base propellant
of this class involves a sequence of 10 or more
operations. In the first, the wet nitrocellulose is
dehydrated after the moisture content has been
reduced to approximately 28 percent by wringing.
Dehydration is accomplished by pressing the
nitrocellulose at low pressure so as t o squeeze out
some water, adding 95 percent ethanol, and
pressing at about 3,500 psi. There is obtained a
block containing 25 pounds of dry nitrocellulose
and about one-third this much of 90 percent
ethanol. The wet block is broken up into small
lumps by means of a rotating drum containing iron
prongs and a screen. The nitrocellulose is trans­
ferred to a water-cooled mixing machine of the
dough-mixer type and, while t his is in operation.
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ether equal to approximately two-thirds of the
weight of dry nitrocellulose is added. Any plasticiz­
ing agents and stabilizers to be included in the
composition are dissolved in or mixed with the
ether prior to addition to the nitrocellulose. After
addition of the ether is complete, materials such as
potassium nitrate are added. Mixing of the ingre­
dients is continued for about 1 hour. There is
produced a partially colloided mixture, which
resembles dry oatmeal in appearance. By pressing
this at approximately 3,000 psi, so as to form a
block, the degree of colloiding is increased rapidly.
This effect is further increased and uniformity of
the mixture is improved by subjecting it to a
pressure of about 3,500 psi in a macaroni press.
Here the material is squeezed through a series of
screens and perforated plates and emerges in a
form resembling that of macaroni. This is pressed
again to form a block of well-colloided material.
This is placed in a graining press and extruded
through a carefully designed die by the application
of pressure, the material emerging as a cord with
one or more cylindrical perforations. By means of a
cutting machine, the cord is cut into pieces of
predetermined length. Removal of the volatile
solvent , with shrinkage of the grains to their final
dimensions, is accomplished by three operations.
In the solvent recovery operation , the powder is
placed in a large tank and warm air or other gas is
passed through the mass. With careful control, so
as to prevent surface-hardening, the temperature
of the air is gradually increased to not more than
65°C. The solvent recovery operation requires from
2 to 14 days, depending upon the size of the grain,
and reduces the solvent content to approximately
6 percent. The water-dry operation consists of
placing the partially dried powder in water at
about 25°C. and gradually increasing the tempera­
ture to a maximum of 55°C.After a number of days,
the residual solvent is reduced to 0.3 to 5 percent,
depending upon the grain size. The powder now is
air dried to remove surface moisture and screened
to remove dust and grain clusters. The final
operation before packing is to blend all the powder
in a lot, which may vary from 50,000 to 500,000
pounds depending on the type of powder. This is
accomplished by transferring the powder from one
bin to another by gravity flow, the bins being of
conical shape. This blending improves uniformity
of the lot with respect to composition and external
moisture content.

(4) Propellants of the Ml and M6 class have
maximum moisture absorption values of approxi­
mately 1 percent, as compared with 3 percent for
pyrocellulose powder. While they have less ten­
dency to flash when fired in cannon, they produce
somewhat more smoke. This is a distinct disad van-
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tage when firing is conducted during the daytime.
The Ml, M4, and M15 compositions have lower
ballistic potential values than pyrocellylose pow­
der. This is attributable to lower heat of explosion
values, which also causes the development oflower
flame temperatures and so tends t oward less
erosion of guns.

(5) Specification requirements for flashless
and smokeless propellants include velocity and
pressure effects when fired in a weapon and
certain chemical and physical characteristics. In
addition to having a specified composition, the
maximum contents of moisture, volatile solvent ,
and ash are prescribed. The hygroscopicity of the
propellant is required to not exceed a certain
maximum, and multiperforated powders are re.­
quired to have a minimum degree of compressibil­
ity without cracking. The single-base flashless and
smokeless powders are required t o comply with
certain 134.5°C. heat test requirement s, while
propellants having the M15 composition are sub­
jected to the 120°C.heat test. Grain dimensions are
required to have certain relationships and be such
as to yield the desired ballistic effects with a charge
of suitable size.

(6) The methods of . analysis of the several€
compositions comprising the flashless and smoke-
less class are so lengthy and varied that reference
is made to the appropriate specificat ions. Hy gro­
scopicity is determined as the percentage of
moisture held when the powder absorbs no more
after being exposed to an atmosphere of 90 percent
relative humidity at 30°C. In the case of the MI0 I
composition, hygroscopicity is determined as t he
percentage of moisture absorbed wh en powder is
exposed to an atmosphere of 90 percent relative
humidity at 30°C., after it has been brought into
equilibrium with air of 20 percent r elati ve humid-
ity at 30°C. Compressibility is determined by
cutting off the ends of grains, so that t he length is
equal to the diameter, slowly compressing the
grain until the first crack in its wall appears, and
measuring the degree of compression at this point.
This is calculated to a percentage basis. 134.5°C.
and 120°C. heat tests are made as descr ibed in
paragraph 9-7.

d. Small Arms Powders.
(1) Both single- and double-base propellants

now are used in small arms. The earlier type of~

single-base powder for this purpose was known as. /
IMR. The compositions of this and other single- /
base powders are shown in table 10-3.
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Table 10-3. Compositions of Single-Base Powd ers
for Small Arms

IMR I II III IV
(per- (per - (per- (per- (per-
cent) cent) cent) cent) cent)

Nitrocellulose . . . .... ."'97.4 1>99.3 b98.3 "99.0 d98.95
99.6

Tin ... . . . . .. . . .. . . . . . 2.0 .. .... . . .. . . . . .. .. .. . ...
Po ' assium sulfate . . .. . .. . .. . ... .. . 1 ... . . . . ... . . .
Diphenylamine .. . . . . . 0.6 0.7 0.7 0.4- 1.05

1.0

100.0 100.0 100.0 100.0 100.0
Graphite .. .. ... .. .... Glaz e Glaze Glaze Glaze Glaze
Dinitrotoluene .. ... . . t'G.75 Coat Coat Coat 4.0

813.15 percent nitrogen.
b13.15 percent or 13.25 percent nitrogen.
c13.10 percent minimum nitrogen.
d12.95 perce nt ni trogen.
"Applied as coating.

The tin and potassium sulfate present in these
composit ions acts as an anti-flashing agent. The
dinitrotoluene coat ing acts as a moisture-proofing
agent, causes the fir st phase of the burning process
to take place at a relatively slow rate, and has some
antiflashing action. The glaze of graphite is added
to facilitate the uniform action of automatic
loading machines and to avoid the development of
large static charges in blending and loading.
Composition II is used for loading the caliber .30
carbine grenade cartridges, as well as caliber .30
and caliber .50 rifle ammunition.

(2) The above single-base propellants are
manufactured in the same manner as FNH and
NH powders, except for the application of a coating
of dinitrot oluene and glazing with graphite. The
coat ing is applied by rotating the powder and
dinitrotoluene in a rotating drum (sweetie-barrel)
heated above t he melting point of the coating
agent. The glaze of graphite is applied to the coated
powder by t u m bling in a ro tating drum.

(3) The single-base powders for small arms are
of a high order of stability and are particularly
resistant to t he effects of atmospheric moisture
because of t heir dinitrotoluene coatings. They
have approximately the same ballistic potential as
pyrocellulose powder.

(4) Each of t he com posi t ions is required to
comply with certain requirements when subjected
to the 134.5°C. heat test and not to be unduly
hygroscopic. Ther e are no requirements with
respect to compressibility. The contents of exter­
nal moisture and volatile solvent are kept within
narrow limits, but the "diphenylamine content is
permitted to vary from 0.5 t o 0.9 orO.75to 1.25 parts
per 100 of ni t rocellulose, The propellants are
granulated as single perforated cylindrical grains.
Each po wder is required to comply wi th a
gravime t ric density requirement and have pre-
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scribed ballistic effects when fired in a standard
weapon.

10-3. Double Base
a. Prior to World War II, dou ble-base propellants

were used in the United States for mortar and
small arms ammunition but not in cannon. Since
then double-base compositi on s have been stand­
ardized for use in the smaller guns and the
requirements for rocket propellant s have resulted
in the standardization of a number of such
compositions. Double-base propellant s are man­
ufactured by two methods. The"solvent process is
similar to that used for single-base powders, except
that a mixture of ethanol and acetone is used as
the solvent and the solvent recovery procedure is
omitted because of the hazard involved in recover­
ing solvents containing nitroglycer in . The nonsol­
vent process is used when t he nitroglycerin and
any other colloiding age nts constitute approxi­
mately 40 percent of the composition. In this
process the wet nitro cellulose is mixed with the
nitroglycerin. Ethyl centralite is mixed in and the
bulk of the excess water is removed by centrifug­
ing. The resulting past e is put in cotton bags and
subjected to heated air currents, to reduce t he
moisture content . The remaining constituents are
then blended with the par tly dried paste. Repeated
rolling between the heat ed steel rolls removes the
rest of the water and completes colloiding of the
nitrocellulose. The t hickness of the sheet formed is
controlled carefully and varies with its use. If the
sheet is to be cut into flakes for use in small arms or
mortars, the thickness is between 0.003 and 0.0125
inch; but if the sheet is t o be extruded in the form of
large grains for use in rockets, it may be as t hick as
0.125 inch.

b. The standard double-base cannon powders
have the M2, M5 and M26A1 compositions shownI
by table 10-4. They are used in the form of
perforated grains.

Table 10-4. Double-Base Cannon Propellants

M2 M5 M26A1
(percent (percent) (percent)

Nitrocellulose (13.15 68.70
percent N)

Nitrocellu lose (13.25 77.45 81.95
percent N)

Nitroglycerin 19.50 15.00 25.00
Barium nitrate 1.40 1.40
Pot assium nitra te 0.75 0.75
Ethyl centralite 0.60 0.00 6.00
Graphite 0.30 0.30 .30

100.00 100.00 100.00

These composition s have considerably greater
ballistic potential than the single-base M1 and M6
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Table 10.5. CompositiO'1l8 of Morta r Powders

*13.15 or 13.25 percent nitroge n.

Table 10-7. CompositiO'1l8 of Caliber .30 and Caliber .50
Propellant s - Continued

Percent Percent Percent
Potassium nitrate --0:90" ... . .. .. . . . .
Diphenylamine . .. .. .. .. . .. . 0.75 0.75 0.75
Graphite 0.25

100.0 100.0 100.0

The single-perforated grain s h aving these compo­
sitions are coated with dini trotoluene or centralite
and glazed with graphite. Although they have
somewhat less ballist ic potential than the balli­
st it e type of powders, they are more stable, cause
less erosion of rifles, and have less tendency to
flash.

e. The st andar dizati on of the caliber .30 carbine
permitted the use of a double-base composit ion in
the form of spheres 0.02 or 0.03 inch in diameter
instead of flakes or grain s (fig. 10-1). Commonly
called ball powder, it is produced by dissolving wet
nitrocellulose in a solve nt, such as ethyl acetate,
adding diphenylamine and chalk, and then nitro­
glycerin. Upon agitat ion and the addition of a
protective colloid, the solution is dispersed in the
form of small globules. When the volatile solvent is
removed by heating, t he powder solidifies in the
form of spherical pellet s. Before removal of the
water by screening, the powder is coated with a
deterrent, such as dini t ro t oluene, centralite, or
diphenylphthalate. It may then be dried and
graphited. A wide variet y of single- or double-base
compositions may be produced by this process. An
example of the compositions man ufact ured for use
in carbine ammunition is as follows:

1.50
0.75

M8Increment M9 Ignition
(percent) (percent)

52.15 57.75
43.00 40.00

3.00
1.25

Nitrocellulose (13.25 percent N) ..
Nitroglycerin .
Diethylphthala te .
Potassium nitrate .
Diphe ny lamine .
Ethyl centralite . . . . . . . . . . . . . . . . . 0.60

100.00
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compositions. As judged by their 65.5°C. surveil­
lance test valu es (335 and 265 days), they are
considerably less stable than the M1 and M6
composit ions.

c. Double-base mortar powders include those
used for propellant charges and those used in the
ignition cartr idges, both being in the form of flakes.
The composit ions of such powders are shown by
table 10-5.

The M8 and M9 com positions have very high
ballistic poten t ial values, because of their high
nitroglycerin content s. They are the least stable of
the standard propellan ts , havin g 65.5°C. surveil­
lance test values of only 225 and 175 days,
respectively. This is due in part to the small grain
size, as powders having large specific surfaces
have been found t o give lower test values than
those in large grains.

d. Double-base propellants for small arms have
been used for many years. At one time these were
of the ballistite type, used in flake, disk, and grain
forms. Examples of such compositions are shown
in table 10-6.

Table 10-6. Doub le-Base Propellants for Small Arms

Table 10-7. CompositiO'1l8 of Caliber .30 and Cali ber .50
Propellants

Th ese co m pos iti ons h ave been replaced by
double-base compositions containing less nitro­
glycerin, such as those shown in table 10-7.

Such powder is indicated by 65.5°C. surveillance
test values to be as st able as Ml powder. Because
of the rapidity and economy with which ball
powder can be manufactured and the flexibility of
the process, the future utilization of ball powder in
directions other t ha n small arms ammunition is
probable.

/. E ssent ially a ll the propellants for rockets are
of the double-base or composite type, a s are those
for JATO (jet-assisted takeoff) charges. Rocket
propellants are manufa ct u red in much larger
grains than the large st ca nnon powder grains. The
smallest rocket grain is 0.25 inch in diameter and
2.7 inches long. Rocket grains may exceed 260
inches in diameter and 50 feet in length. The
smaller grains of rocket powder are manufactured
by the solvent process, bu t the larger grains are

Perc en t
Nitrocellulose (13.2 percen t N) 89.3
Nitroglycerin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9.0
Sodiu m sulfate 0.15
Ca lciu m car bonate 0.65
Diphenylam ine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.90

Percent
84
15

39.00
0.75

100.0
Coat

Percent
76.55
20.40

2.30

40.0
0.4

100.0
Coat

Ballistite Bullseye Infallible
(percent) (percent) (percent)
60 59.6 60.25

Percent
74.70
19.90

2.25
1.50

Nitrocellulose (13.25
percent N)

Nitroglycerin . . . . . . . . . . . . . .. 39
Diphenylamine _ 1 _

100.0
Graphite Coat

Nit rocellulose* .
Nitroglycerin .
Starch .
Ba riu m nitrate .
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Iproduced by solventless cast, cast double base and
cast composite processes. Representat ive composi­
tions of rocket propellants are shown in table 10-8.

Figu re 10-1. BaU powder, X25 .

I Table 10-8. Camvostians of R ocket Propellant»

M7 M5 ARP
(pe rcent) (percent) (percent )

Nitrocellulose (12.6 percent N) . . . . . . . . .• 50.0 50.0
13.15 percent N). 54.7 .... ..... . . .......

Potassium Perchlorate .
Pota ssiu m sulfate . . . . . . . . . . . 10.5 .
Carbon Black 1.2 . . . . . . . . . . 0.2
Lead Sa lts . . . . . . . . . . . . . . . . .. 2.4 4.1
Tri acet in 7.92
Ethyl Centra lite 0.9 .
2-Nitrodiph en ylamine 2.0 1.67
Candelilla Wax 0.2 .

100.0 100.0 100.0

I65.5°C.surveillance test values indicate t he M7, M5
and ARP compositions to be of the same order of
stability as pyrocellulose powder. The pot assiu m
perchlorate present in the M7 composit ion ser ves
to increase the oxygen balance. Carbon black is
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used in t he compositions, to improve uniformity of
ignition and bu r n ing during its earliest phase.
Lead salt is added to give more nearly constant
rate of burning over t he pressure range at which
the powder is used (a so-called platonic agent). The
specific impulse values of the above compositions
vary widely. The use of such widely varying
composition s is t ail ored to the ballistic require­
ments established for the rockets in which the
propellants are used.

g. In addition t o t he usual requirements for
propellants, rocket grain s must be essentially free
from fissures, pinholes, and similar structural
imperfections. The presence of such physical
discontinuities cause s sudden change in the burn­
ing surface when these are reached during the
burning process and may result in explosion and
rupture of the rocket motor. While the smaller
grains of rocket powder can be inspected visually
for such im perfections, recourse is had to X-ray
photography, fluoroscopy and ultrasonic testing
for det ect ing significant voids, fissures , etc., in
grains of t he larger sizes.

10-4. Triple Base
a. Higher forc e nitroguanidine propellants were

experimented with in the United States in the
1920's, bu t the present standard triple base
propellant composit ions (table 10-9) are based on
the British Cordit e N, disclosed to the United
States duri ng World War II. The American M15A1
propellant has about the same combustion tem­
perature as the single base propellant M6 with
correspondingly greater force for the M15Al. Since
M15A1 has great er force than M6, a somewhat
coole r propellant could be used effectively in guns
cha mbered for M6 propellant.

4.5
1.5

19.0
54.7

M31
(percent)

20.0

o Table 10-9. Triple-Base Cannan PropeUant

M15 M17 M30 M30A1
(percent) (percent) (percent) (percent)

Nitrocellu lose (12.60 percent N) 28.0 28.0
Nitrocellulose (13.15 percent N) 20.0 22.0 .... .. . .. . ... ..... •. .. . . . .
Nitroglycerine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19.0 21.5 22.5 22.5
Nitroguanidine . . .. .. .. ... .. ...... . ... . . .... .. . .. .. . .. ... . 54.7 54.7 47.7 47.0
Ethyl Cent r alite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.0 1.5 1.5 1.5
Diethylph tha late .
2-Nitrodiphenylamine .
Pot as sium Su lfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0
Cryolite .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 . . . . . . . . . . . . . 0.3 . . . . . . . . . . . . . 0.3

liiO:O 100.0 100.0 100.0 100.0

l
b. For certain field uses, it is desired to give a

projectile the highest possible muz zle velocit y. The
limitations on attainment of muzzle velocit y by
increasing propellant force is that gun erosion is a

function of combust ion t emper at u re and increasesI
rapidly above some temperat ur e level. An eco­
nomic balance between muzzle vel ocity and gun
wear for weapons of 76mm or larger bore indicat es

Change 2 10-7
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solvent from the triple base propellant is rapid, due
possibly to diffusion of solvent within the grain
along the crystal-plastic interfaces. In order to
make a good quality grain, it is necessary to use
lower drying temperature gradients in order to
avoid steep solvent gradients and resulting distor­
tion and cracking.

This composition is manufactured by a simple
mixing operation, cured and molded into grains, or
poured directly into the rocket case and cured by
heating in controlled ovens. Operational tempera­
tures extend from _40° to 140°F. The high solid
content requires great resin strength and good
elastic properties to withstand low temperatures.
Precise control of the oxidizer particle size is
needed to control ballistic properties. Rockets, up
to 260 inches in diameter, weighing up to 50 tons,
have been fired successfully. The dense smoke
produced limits these propellants to long range
systems where the signature of the rocket does not
easily reveal the firing point.

./

oxidizer
binder
fuel
Curing agent

Ammonium perchlorate
Polybutadiene acrylic acid
Aluminum
ERL-2795

10-5. Composite
a. The difficulty in manufacturing double-base

rocket and JATO propellants in large grains and
their undesirable variations in ballistic effects
with change in initial temperature have led to the
development of type of composition known as a
composite propellant. Containing no nitrocellulose
or nitroglycerin, it is an uncolloided, heterogene­
ous mixture consisting of an organic fuel, an
inorganic oxidizing agent, and an organic binding
agent.

b. A representative composite propellant is for
the Pershing Missile which consists of:

Wt. Percent
68.0
13.2
16.0

2.8

that the cost in barrel life is too high to pay for
added muzzle velocity if the gun chamber gas
temperature is higher than about 3000°K. For
rapid-fire weapons, the economic chamber gas
temperature is considerably lower than 3000°K.
Propellants containing nitroguanidine are consid­
erably better than propellants without ni­
troguanidine in the attainment of force within a
permitted maximum gas temperature.

c. The physical properties of the triple base
propellants differ considerably from those of single
base propellants in that the triple base propellants
are opaque, chalky white unless glazed and
generally exhibit lower physical strength. As the
nitroguanidine-filled propellants are customarily
manufactured by solvent extrusion, nonparalleled
orientation of nitroguanidine crystals which are
needle-like may cause bridging and to interfere
with normal shrinkage during drying. The lower
binder content may explain the physical properties
deficiencies of these propellants.

d. The crystalline monopropellants such as
nitroguanidine are generally more thermally sta­
ble than standard propellants, with the crystalline
monopropellants becoming unstable only near
their melting points. The aging of the triple base
propellant, therefore, is considered to be due
mainly to the nitrocellulose propellant binder.
Stability tests dependent on measuring the loss in
stabilizer content from a fixed weight of propellant
generally indicate better stability for the triple
base propellants than for ordinary single base
propellants.

e. The manufacturing process used for the
nitroguanidine triple base propellants in the
United States has been uniformly solvent extru­
sion. The amount of solvent used is quite low and
the propellant during extrusion is very soft so that
it is sometimes necessary to dry the extruded
strand partially before cutting, in order not to
deform the cross section at the cut. Removal of

\

10-8 Change 2
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CHAPTER 11

FOREIGN PROPELLANTS

•

•

11-1. General

a. World Wa r II witnessed the introduction
of rocket propella nts and their use by all the
warring nations . The other major development
in the field of fo re ign propellants wa s that of
German and Italian modified double-base
powders for artillery weapons and rockets. In
these propellants, the nitroglycerin hi storically
present in double-base propellent powders was
replaced by diethylene glycol dinitrate (DEGN)
or, in some cases, by triethyleneglycol dinitrate
(TEGN) or t r imethylolethane trinitrate (me­
triol trinitrate) .

b. The reason f or the modifica ti on of double­
base powders f or ammunition for artillery
weapons was tha t it was found possible, there­
by, to inc rease very gre atly the life of tube
liners of these weapons. The high temperatures
deve loped by ni troglycerin compo sitions caused
rapid erosion and conse quent shor t life of the
tube liners. The Germans f ound that use of a
nitroglycerin powder having a heat of ex­
plosion value of 950 calories per gram resulted
in an effecti ve gun life of 1,700 rounds; and
when the nit roglycer in composit ion wa s modi­
fied so that the heat value was reduced to 820
calor ies per gram, the gun life was increased
to 3,500 ro unds. However , when the nitrogly­
cerin was replaced by DEGN and the heat of
explosion value thereby reduced to 690 calories
per gram, gun life was increased to 15,000 or
more rounds .

c. The benefits of this development were not
confined to increase in gun life, as rocket pro­
pellants containing DEGN instead of nitrogly­
cer in caused less nozzle-erosion and for this
reason resulted in greate r balli stic accuracy.
In additio n, since DEGN could be manufac­
t ur ed f rom synthetic organic chemicals and
the production of nitroglycerin was dependent

A GO l0 020A

upon the production of glycerin from animal
fats, the substitution of DEGN for nitrogly­
cerin lifted a logistic ceiling.

d. The fact that DEGN is much more volatile
than nitroglycerin is a disadvantage, particu­
larly in hot clim ate warfare. F or this reason,
efforts were made to replace DEGN with
somewhat similar less volatile liquid nitrates.
TEGN and metriol t r in itrate:

0 3NH2C.CH2.0.CH2.CH2.0.CH2.CH2N0 3 and
CH3.C (CH2N0 3)3

were the two most promising materials devel­
oped for this purpose. However , the production
of TEGN in adequate quantity proved difficult,
and mentriol t r init r ate was found to be such
a poor plasticizer f or ni trocellulose that it was
necessary to use some metriol triacetate as
a plasticizer.

e. A further developm ent in the direction of
double-base powde rs having low heat of ex­
plosion and high gas volume values wa s the
development by the Briti sh and Germans of
compositions in which nitroguanidine was
substituted f or part of the ni troglycerin or the
DEGN. As nitroguanidine is essentially insolu­
ble in the usual solvents and the nitrate esters,
it is necessary that it be use d in a very finely
divided form and dis persed uniformly through­
out the colloid f ormed by the rest of the com­
position.

11-2. British Propellants

a. Traditionally, Br itish propellants have
been of the doubl e-base type and desi gnated
as cordites. Examples of those in use prior to
World War II are the Mk I and MD cordites
having the compositions shown in table 11-1.

11-1

---~~-------------- ._-_.._-_..... _-
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Ta ble 11 - 2 . Compositions of British Propellants

Ta ble 11-1. British Cordites

Mk 1 MD
( pe rcen t ) ( p ercent )

In such cordites, the mineral jelly (petroleum
jelly or petrolatum ) acts as a stabilizer, and
a sample of the MD cordite has been found
to be of appar ent ly unchanged stability after
30 years of temperate-climate storage.

•

c. An usual feature of the use of German
propellants was the employment of igniter
powder bags made of nitrocellulose having a
nitrogen content of 12.3 or 13.0 percent.

d. Tables 11-3, 11-4, and 11-5 give repre­
sentatives of the var ious types of G~"man pro­
pellent compositions.

11-3. German Propellants

a. During World War II the Germans used
an extremely large number of propellent com­
positions of the single-base, double-base, and
nitroguanidine double-base types. The double­
base type included either ni troglycerin or
DEGN as th e liquid nitrate. In addition, there
were at least two compositions that included
PETN and constitute an unusual type of what
must be considered single-base powder, since
the PETN had not been dissolved, but was
dispersed as discrete crystals.

b. Many stabilizers were employed in Ger­
man propellants, in some cases singly and in
other cases in combination with each other.
Extensive use was made also of graphite, in
some case s as a coating and in others as an
ingredient. In one rocket powder composition,
0.3 percent of carnauba wax was used as a
lubricant. Potassium sulfate was used as a
flash suppressor in some artillery composi­
tions. Dinitrotoluene or camphor was present
in others and served as gelat inizing agents.
Petroleum jelly was used as th e stabilizer in
one DEGN composition for 50-mm armor­
piercing ammunition.

65
30

5

37
58

5

100 100

Perren! Per cent Per cent

94.7 77.90 20.0

- ------- 14.85 19.0
4.1 -------- --- -----

- - - --- - - 5.40 ------ - -
---- -- - - -- --- --- 54.7

0.5 --- ----- --------
0.2 0.25 ----- ---

------ - - - -------- 0.3
0.5 1.60 6.0

100.0 100.0 100.0
(Percent n itrogen in

n itrocellulose ) _ (13 .1) (1 3.0) (13 .15 )

b. Th e necessities of World War II resulted
in the British using sin gle-base as well as
double-base propellants, modifying cordite
composit ions so as to be suit able for use in
rockets, and developing nitroguanidine com­
positions ha ving low burning temperatures.
Examples of th e more modern British com­
positions are given in t able 11-2.

Nitrocellulose _. _
Nitroglyc erin _
Dinit r oto lue ne _ . _
Ni tronaphtha len e _
Nitrog ua nidine _
T in . _
Graphi~ _ _
Cryolite . _
Cent ralite _

Nitrocellulose* ---- - - --- - - - - -
N itroglycerin ---- ----- -- - - - - -
Mineral j elly _

-1 3.1 percent nit rogen conten t .

Table 11-3. German Single-Base Compo sitions

7.92 mm I 7.92 mm II 75 m m I 75 mm II 80 m m Gren ade P is tol
(percent) (percent) (percen t ) ( percen t) (percent ) ( p erce n t ) ( pe rce nt )

Nitro cell ulose -- ---- ----- ----- -------------------- 95.9 34.9 99.5 98.1 98.7 96.2 99.0
Dibutylphthalate .- _._-------- --------------------- -_. _ - - - - - ------ - ----- - - - - - - - - _._----- 1.1 -------
Pota ssium su lf a te --- -- ---------- ------------------- _._._-- - -- ------ - --- -- - - ------- - --- - --- 1.0 - - - - - --
PETN - -_.- '-- "---- ---_._- -- ------------------ ._- - - ---- 64.7 - - -- --- -- ----- - - - - - - - - - - - - - - -------
Graphite --- -- --- -- ---- --- ----- ----------- ------- 0.5 -- -- -- -- - -- --- 0.1 1.0 0.3 - ------
Ca mpho r ------ - -----_._--- ----- - - --- - - - - - - - - - - - - --- -- _.- - - - - -- - - -- - - - - - 1.8 -- ---- - ------ -------
Cent r ali te - --- ------ --------------_._---- ----------- 3.6 0.4 --- - -- - _. ---_.--- --- --- - 1.2 1.0
Diphenylamine ------- --- ----- ---------------------- - ---- - - - - -- - - - ---- --- ---- --- 0.3 0.2 -------
as-Diphenylurea -- -- ------------- ----- ------------ - -- _.- - ---- - - - 0.5 - -- ---- - - - - - - - ------ -------

- -
100.0 100.0 100.0 100.0 100.0 100.0 100 .0

(Percen t n ig rogen in nitr ocellulose ) - - _._------------- (12. 9 ) (12. 3 ) (13.1) (13.0) (13 .0) (13.1) (1') 'I)
I

11-2 AGO 10020A
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Table 11- 4. German Nitroglycerin Compositions

37 mm 47 mm 80mm 105 mm 150mm Mortar
(pe rcent ) ( perce n t ) (percent) (percen t) ( percent) (perc ent)

Nitrocellulose - ----- ._------------------------------ 70.4 63.8 60.0 60.0 63.4 57.4
Nitroglycerin - - - --- ----------------- -------------- 27.3 30.0 39.0 38.8 33.0 41.6
Dinitrotoluene -- -------- --------------- ------------- --- --- - ------- ------- 0.4 ------- - - - - ---
Potass ium sulfate ------- --------------------------- 0.6 ------- ----- - - ------- - - - - - - - ----- - -
Gr aphite - - - - - - _. ---------------------------------- - - - - --- - --- --- 0.2 ------ - 0.1 0.2
Centralite -- --------------------------------------- 1.5 6.2 0.8 - -- - - -- - - - - - - - -------
as-Diphenylurea -------------- --------------------- 0.2 - - - - - -- ------- 0.8 0.2 0.8
Ethylphenylurethane ---- ------------- -- ------------- - - - - - -- - - - - - - - - - - ---- ------- 1.5 - --- - - -
Diphenylurethane -------- --------------------------- ._ - - - - - - - --- --- --- ---- - - - - - - - 1.8 - - - ----

100.0 100.0 100.0 100.0 100.0 100.0
(percent nitrogen in nitrocellulose) ------------------ (11. 9) (12.1 ) (13.1 ) (130.5 ) (12 .0) (13 .3)

Tabl e 11-5. German DEGN and TEGN Compositions

•

Percent

Nitrocellulose ______ ______ _ ' 60.5
DEGN __ 26.0
TEGN _
Nitroguanidine _
Dinitrotoluene _____ ___________ _____ 4.0
Nitr onaphthalene 2.5
Hydrocellulose ____ 3.0
Carnauba wax _
Potassium sulfa te _
Gr aphite _ _ 0.10
Magnesium oxide _ 0.15
Pe troleum jelly _
Centralite __ _ 3.75
as-Diphenylurea ____ _ _
Akardite . _
Ethylphenylurethane _ __ _ _
Diphenylurethane __ _
Methylphenylurethane ______ _ _ _

Percent Percent Percen t P ercen t P er cen t

67.7 62.3 61.5 b43.5 58.5
29.0 26.0 34.8 18.6 --- ----

------- ------ - - - -- - -- ---- --- 25.1

------- ------ - --- - - - - 30.0 --- ----
- - - - -- - ------- ------- ------- -------
-- - - - - - -- - - - - - - --- - -- --- - - - - - - --- - -
- - -- - - - ------- -- -- --- - - - - - - - -------
------- ---- --- 0.3 - - - - - - - -------
-- ----- 0.5 ----- -- ---- -- - 4.0

0.1 0.3 -- -- - - - 0.1 0.1
0.25 - - - - -- - ------- 0.3 0.8

-- -- - - - 3.5 - - -- -- - - - - - - - - -------
3.0 7.4 -- -- --- --- - --- 12.0

- -- - - - - _. _..-- -- -- 0.2 ------- ---- ----
- - - - _. _- -- -- - - - .__._-- - 0.5

----- - ~-

- - -- - - - - - - - 1.2 - - - - - - - -------
-- _._- --- -----_ .- 2.0 3.25 -------
--_._- -- - - --- - - - - - - ---- 3.75 ------ -

100.0
(Percent nitrogen in nitrocellulose ) (12 .0)

100.0
(12.0)

100.0
(12 .0)

100.0
(12. 5)

100.0
(12.0 )

100.0
(12.2)

'ThIS compoaltlon, know n as " universal powder," has a heat of explosion valu e of 730 calories per gram.
b Th is composition has a heat of explos ion value of 750 calories per gram.

•

11-4. Italian Propellants
a. The propellants used by the Italians dur­

ing World War II are very similar to those
used by the Germans. The major differences
are the lack of use of nitroguanidine and the

use of metriol trinitrate by the Italians in
formulating their compositions.

b. Examples of the compositions used by
the Italians are shown in table 11-6.

Table 11-6. Ita lian Compositions for Propellants

5

o

11-3AGO lOO20A

Percent P er cent Percent Percent Percent P er cent

N itrocellulose --_.._--------- ---- -------------------------- 97.0 64.0 62.0 64.0 *63.5 55.
Nitroglycerin -- - ----- - -- -- - -- ----- - - - ---- -- - - ---~-- - - - -- - - --- ---- 28.0 33.0 - -- - --- ------- -- ----
DEGN -------- --- ---- ---------------------------------- - ------ - - - - - - - - -- - - - 35.0 27.0 - - -----
Metriol trinitrate - -- ------------ ------- ------------------ -- ----- - - - --- - - --- - - - - - ---- ------- 40.
Cellulose acetate -- -------- ------------------------------- ------- - --- --- -- - - - ---- ------- 5.0 -------

•
-------- - - - --- - -- - --- -
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Table 11-6-Continued

Phthal ide _
Metriol triacetatc _
Ca mphor _
GraphUe _ _ _
Tin _
P etroleum jelly _
Centralite _ _ 2.0
Dip hen ylamine __ 1.0
as-Diphenylu rea _

4.0
2.0

0.3 _

------- - - -- - - - ----- - - - - - - - - - ---- ---
1.0 2.0 ------ - ----- -- -- -----
3.0 2.6 1.0 4.5 2.5

0.1 _

(Perc ent ni trogen in ni trocellulose) _

"Cell ulose acetate-ni t r a te.

100 .0
(12.5)

100.0 100.0 100.0
(12.1) (12.25 )

100.0
(10.0)

100 .0

11-5. Japanese Propellants
a. Because of the scarcity of animal fats

f rom which to obtain glycerin and the nec­
essity for using as fu el the petroleum that
could have served as a raw material for the
glycols during World War II, the Japanese
used sing le-base propellants to a much greater

extent than any other of the warring nations.
At the end of the war, almost all of their
technical data were destroyed prior to sur­
render, hence only a small amount of precise
information became available thereafter.

b. Some known Japanese compositions ar e
given in table 11-7.

Tabl e 11 - 7. Japan ese Compositions for Propellants

Percent

Ni trocellulose _ _ 96.0
Ni troglyce r in __ . . _ _ _
Din itrotoluene _ _ _
Tin __ _ _
Potassiu m ni trate _
Graphite __ 0.2
Diph en yl a mine _ 1.8
as-Diphe nylurea _

(Pe rcent nitrogen in n itrocellulose )

11-6. Russian Propellants
a. In view of the one-way traffic in am­

munition between the United States and
Russia during World War II, and lack of in­
formativeness on the part of the Russians,
rel atively little is known of the compositions
of Russian propellants. Apparently, they used
single-base powder for small arms, both single-

100.0
(12.6)

and double-base powders for artillery, and
double-base powder for rockets. There is no
evidence that, like other nations, they used
nitrated glycols or nitroguanidine in their
propellants.

b. Known Russian compositions are given in
table 11-8.

Table 11-8. Russian Compositions for Propellants

76mmA
( percent)

76mmB
( p ercent)

76 m11t C
(pe rcen t )

Caliber .SO
r ifle

( p ercen t)

Antitank
Gun

( percent)

Nitrocellulose
Nitroglycerin
Din itrotoluene

11-4

98.9 99.3 98.7 96.9 64.4
20.8
3.9

AGO l0020A
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GraphUe _ _ _
Camphor _
Petroleum jelly _
Centralite _
as-Diphenylurea _ _
Diphen ylamine _

(Percent nitrogen in nitrocellulose) _

AGO 1~02OA
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Caliber .30 Antitank
76mmA 76 nnn H 76mmC rifle Gun

( p ercen t ) ( pc rce n t ) ( p er cen t ) (percent) (percent)

_._------ -------- -------- 0.3 0.3

--------- -------- --------- 0.8 --------

--------- --------- -------- -------- 2.6
-------- -------- -------- -------- 1.3
-- ------ -------- -------- -------- 6.7

1.1 0.7 1.3 2.0 ----- ---

100.0 100 .0 100.0 100.0 100.0
(12 .7) (12 .6 ) (1 2.8 ) (13. 0) (13 .1)

11-5
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CHAPTER 12

IDENTIFICAliON

•

•

12-1. General

a. Because of the use of inorganic as well
as organic compounds as explosives and the
presence of nitrate, nitro, nitramino, azide,
diazo , and fulminic groups in these compounds,
a systematic qualitative analysis of an un­
known exp losive is not practicable. The mod­
ern use of mixtu res of explosives would render
such an approach even more difficult. The
identification procedures in band c below and
paragraphs 12-2 through 12-5, therefore, are
based on the limited number of standar d ex­
plosives and known cha racter ist ics that may
be used to differentiate between these.

b. Before making any specific tests for
identity, the unknown material shou ld be ex­
amined for color, density, and particularly l or
sensitivity to flame, impact, and friction. The
sensitivity tests may be made by subjecting
a few grains of the material to the flame of a
match and to impact and rubbing with a steel
hammer, the material being placed on a steel
block or hammer. Black powder flashes when
exposed to a flame, but does not explode when
struck lightly or r ubbed with a hammer. Ini­
tiating explosives exp lode or flash when in
contact with a flame and explode when struck
or rubbed with a hammer. Solid noninitiating
high explosives burn without explosion and
are much less sensitive than th e initiators to
impact an d friction.

c. Visual comparison of the color and crys­
tal st r uct ure of the unknown material with the
characteristics of standard explo sives shown
in parapraphs 7-1 through 7-29 will be of
assistance in tentative identification. Should
an unknown explosive be indicated to be of the
sensit ive type, special care should be taken in
the removal of test samples, handling, and
heating. Dense pressed pellets of explosive

AGO 10020A

found to be, or suspected of being, of the
sensitive type should be softened by soa king
with water or alcohol prior to the re moval of
test samples.

12-2. Initiat ing Explosives

a. Lead A zid e.

(1) Test the explo sive for solubility in
water. Lead azid e is insoluble in
water.

(2) Transfer 5 milli gram s of the sample
explosive to a 10-milliliter beaker and
add 10 drops of a 10-percent eerie
ammonium nitrate solution. A reac­
tion accompanied with evolut ion of
nitrogen gas is indicative of the pres­
ence of azi de.

(3) Treat the solut ion of the sample ob­
tained in (2) above with a few drops
of a 10-percent solution of potassium
dichromate. A yellow to re ddis h­
yellow precipi tate is indicat ive of the
presence of lead.

(4) Transfer 2 milli grams of the sample
to a 5-milliliter beak er. Add 5 ml of
a 10-percent solution of ferric chlo­
ride solution. A red coloi is formed,
which disappears slowly when a few
milliliters of dilu te mercuric chlor ide
solution are added. This confirms th at
the explosive is lead azide.

b. Mercury Fulminate.

(1) Test the explosive for solubility in
water. Mer cury fulminate is insoluble
in water.

(2) Transfer 10 milli gr ams of the sample
exp losive to a fr itted glass crucible
of medium porosity. E xtract the sam­
ple with a 20-perc ent solut ion of

12-1
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sodium thiosulfate, catching the
washings in a 50-milliliter beaker
containing 10 drops of a I-percent
phenolphthalein indicator solution.
When the mercury fulminate is
treated with solium thiosulfate, it
dissolves with formation of alkali
(NaOH), which changes the color of
the indicator solution from colorless
to red.

Hg (CNO) 2+ 2Na2S203+ 2H20-+
HgS 406+C2N2+4NaOH

(3) Transfer 10 milligrams of the sample
to a 10-milliliter beaker and add 3
drops of concentrated hydrochloric
acid solution and 2 milliliters of
water. Transfer the solution to an­
other beaker containing 1 drop of a
5-percent solution of potassium io­
dide. The formation of a bright red
precipitate indicates the presence of
the mercuric ion.

c. Diazodinitrophenol (DDNP). Dissolve
0.05 gram of the low-density greenish-yellow
to brown explosive in acetone. Upon adding a
larger volume of ice water, the explosive
should appear as a bright yellow precipitate.
Prepare a saturated solution of the explosive
in 200 milliliters of water. Add to this 5 milli­
liters of a 20-percent solution of sodium hy­
droxide and mix. The evolution of a colorless
gas and the appearance of a reddish-brown
color in the solution indicate the explosive to
be diazodinitrophenol.

d. Lead Styphnate. Wet 0.1 gram of the
heavy light orange to reddish-brown material
with 10 milliliters of water and then add
slowly 10 milliliters of a 20-percent solution
of ammonium acetate. Agitate the mixture un­
til solution is complete. Add 10 milliliters of
a 10-percent solution of potassium dichromate.
The appearance of a bright yellow precipitate
indicates the presence of lead. To 0.1 gram of
the explosive in a beaker add 10 milliliters of
a 10-percent solution of hydrochloric acid.
Heat the mixture in a steambath and evapo­
rate to dryness. Cool the beaker and contents
and and 10 milliliters of ether. Mix the con-

12-2

tents and allow to settle. Decant or filter off
the ether solution and evaporate this to dry­
ness at ordinary temperature. Dissolve the res­
idue in 25 milliliters of water and add 0.1
gram of solid potassium cyanide. The absence
of color indicates the explosive to be lead
styphnate, Other tests will be included in re­
vised specification JAN-Ir-757.

e. Tetracene. Wet 0.25 gram of the fluffy
pale yellow explosive with 5 milliliters of a
10-percent solution of sodium hydroxide and
warm the mixture in a steambath until solu­
tion is complete. Note if there is an odor of
ammonia. Cool the solution and add 1 milli­
liter of a 5-percent solution of copper acetate.
The appearance of a bright blue precipitate
indicates the explosive to be tetracene. If 0.25
gram of the unknown explosive is not avail­
able, the identification could be carried out
microscopically. See CWS Field Tab Manual
1-3-14 and MDRC Report on Microscopic
Identification of Primers.

12-3. Noninitiating High Explosives

a. Many noninitiating high explosives can
be identified by making a series of tests and
comparing the results with those given in
table 12-1. The tests are as indicated in (1)
through (4) below.

(l) Test 1. Place 0.05 gram of the explo­
sive in a 5-milliliter beaker, add 2 to
3 milliliters of distilled water and
stir for 5 minutes.

(a) Observe color of liquid.

( b) Wet one end of a strip of Uni versal
pH indicator paper and note any
change in color.

(c) Add a drop of Nessler's reagent
and note the color of any precipi­
tate formed. Prepare the reagent
by dissolving 5 grams of potassium
iodide in a minimum quantity of
cold distilled water and adding a
saturated aqueous solution of mer­
curic iodide until a faint precipi­
tate is formed. Add 40 milliliters
of 50-percent potassium hydroxide
solution. After the solution has
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clarified by settling, dilute to 100
milliliters with distilled water, al­
low to settle and decant.

(2) Test 2. Place 0.05 gram of the un­
known material in an indenture of a
white porcelain spot-test plate. Add
two or three drops of a 65- to 68­
percent aqueous solution of ethylene
diamine and stir. Note the color of
the solution (not the solid).

TM 9-1300-214

(3) Test 3. Place 0.05 gram of the un­
known material in an indenture of a
white porcelain spot-test plate and
add three or four drops of a diphen­
ylamine solution. Stir the mixture
and, after 1 minute, note the color of
the solution. Prepare the diphenyla­
mine solution by dissolving 1 gram
of diphenylamine in 100 milliliters
of concentrated CP sulfuric acid.

Color elf ect of test with-

Color

Table 12-1. Tests of Noninitiating E xplosives

Water solution or extract
Color of universal Color of PPT with

pH test Nessler's Ethylen ediamin e Diphenylamine Thllmol

•

TNT (Insoluble) Maroon Colorless _
Tetryl (Insoluble) Red Blue Green.
Pi cric acid Yellow Red (No ppt) Orange _
E xplosive uD" Yellow Brown Orange _
Haleite None (No ppt) None Blue ' Orange.
Ni t roguanidine None White Blue Green.

Ammonium nitrate None Brown None Dirty green Green.'
PETN (Insoluble) None Dirty green Green.
Nitroglycerin None (No ppt) Deep blue Green.
DEGN None (No ppt) Deep blue Brown"
Nitrocellulose None Blue Green.
Tritonal (Insoluble) Maroon Colorless _
Tetrytol (Insoluble) (No ppt) Maroon Intense blue Green.
Pi cr atol Yellow Brown Maroon _

Ednatol None Orange (No ppt) Maroon Intense blue i, , Orange.
Am atol None Brown Maroon Dirty green Green.
Am monal None Brown Maroon Dirty green Green.
Pentolite None (No ppt) Maroon Dirty green Green.
Trimonite Yellow Red (No ppt) Orange Red _
Tridite Yellow Red (No ppt) Orange _
Black powder 3 None No change Blue Green.

1 Color appears immediately,
2 Some ti me s explodes mildly (puffs) upon addition of sulfuric acid.
3 Tests of dried wat er extract.

•

(4) Test 4. Place 0.05 gram of the un­
known material in an indenture of a
white porcelain spot test plate. Add
an equal amount of crystalline thy­
mol and three drops of concentrated
sulfuric acid. Stir the mixture and
note its color after 5 minutes or more.

b. If the unknown material is not identified
completely by the tests and data in paragraphs
12-1 and 12-2 and a above, tests should be
made to determine whether it is one of those
indicated in (1) through (8) below.

(1) RDX. Place 1 milligram of the white,
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unknown material in an indenture of
a white porcelain spot-test plate and
add not more than 1 milligram of
thymol. Grind and mix the two inti­
mately with the end of a glass stir­
ring rod. Add three drops of con­
centrated sulfuric acid and stir. After
1 minute, add two drops of CP 95
percent ethanol, and stir the mixture.
The appearance of a pink or rose
color indicates the presence of RDX.
If a blank test is made, a faint pink
color is developed, but the effect of
the presence of RDX is unmistakable.
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(2) Composition A-3. Place 0.1 gram of
the material in a 10-milliliter beaker
and add two or three drops of ace­
tone. Warm the mixture and allow
to stand for 5 minutes. Evaporate
the acetone by gently warming on a
steambath, cool, and add 2 milliliter
of carbon tetrachloride. Cover the
beaker and warm the contents, oc­
casionally swirling the mixture. Cool
the mixture and allow the undis­
solved material to settle. Decant the
supernatant liquid into a 5-milliliter
beaker, evaporate to dryness,
note if a waxy (not tarry) residue
is obtained. Dry the undissolved ma­
terial in the 10-milliliter beaker and
test for RDX as described in (l)
above.

(3) Composition B. Place 0.2 gram of
the pale yellow to medium brown ma­
terial in a 10-milliliter beaker and
add 2 to 3 milliliters of chloroform.
Cover the beaker. Warm and digest
the mixture for 10 minutes with oc­
casional swirling. Decant the super­
natant liquid through a paper filter
and evaporate the filtrate to dryness.
Digest the insoluble residue in the
beaker with three more portions of
chloroform, discarding the decanted
liquid in each case. Dry the insoluble
residue by evaporating any adherent
chloroform. If the original material
was composition B, the residue from
the chloroform solution consists of
TNT and wax. Test the TNT and
wax mixture with ethylenediamine
and diphenylamine as described in
a(2) and (3) above. The insoluble
residue obtained by extraction with
chloroform consists of RDX. Test it
as described. in (l) above.

(4) Composition C-3. Place 0.2 gram of
the putty-like explosive in a 10­
milliliter beaker and add 5 milliliters
of benzene. Mix and digest for 10
minutes, crushing any lumps present.
Decant the supernatant liquid
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the benzene with gentle heating. Note
through a paper filter and evaporate
whether a dark, tarry residue re­
mains. Wash the insoluble residue
left by benzene extraction with two
or three 3-milliliter portions of a
2:1 ether-ethanol mixture and dry
the washed residue. Test this as de­
scribed under RDX «1) above). To
the decanted either-ethanol washings,
add 15 milliliters of distilled water
and heat the mixture until all ether
and alcohol are removed. Note if
there is separated a white precipi­
tate, which is nitrocellulose. Catch
the precipitate on a filter, wash with
ethanol, dry by evaporation of the
ethanol, and test for nitrocellulose as
described in a above.

(5) T'orpex, Place 0.2 gram of the explo­
sive in a 5-milliliter beaker and ex­
tract with three 3-milliliter portions
of acetone. Dry the insoluble residue
and examine this under a microscope.
Note if it has the characteristic ap­
pearance of metallic aluminum. Place
0.2 gram of the explosive in a 5­
milliliter beaker and digest with two
3-milliliter portions of benzene, de­
canting the benzene into a small eva­
porating dish. Evaporate the benzene
solution to dryness and test for TNT
as described in a above. Dry the in­
soluble residue from the benzene ex­
traction and test for RDX as de­
scribed in (l) above.

(6) Tritonal. Place 0.2 gram of the ex­
plosive in a 10-milliliter beaker and
add 5 milliliters of acetone. Stir, al­
low any undissolved material to set­
tle, and decant the liquid. Wash the
insoluble matter with two 5-milliliter
portions of acetone, dry and examine
under a microscope. Note if it has
the characteristic appearance of me­
tallic aluminum. Subject the explo­
sive to the tests prescribed for TNT
in a above.

(7) Am-iiol. Place 0.2 gram of the yellow
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material in a 5-milliliter beaker, add
3 milliliters of distilled water, and
stir for 5 minutes. Decant the liquid
through a filter and evaporate to dry­
ness. Test the dried solid as pre­
scribed for ammonium nitrate. Dry
the water-insoluble residue and test
as prescribed for TNT in a above.

(8) Ammonal. Place 0.2 gram of the ex­
plosive in a 10-milliliter beaker and
digest with 3 milliliters of distilled
water. Decant the liquid through a
filter and evaporate to dryness. Test
the dried solid as prescribed for am­
monium nitrate in a above. Digest
the insoluble residue in the beaker
with three 3-milliliter portions of ace­
tone, decanting these through a filter.
Dry the insoluble residue and exam­
ine under a microscope. Note if it
has the characteristic appearance of
metallic aluminum. Evaporate the
filtrate to dryness by warming
gently. Test the dried solid as pre­
scribed for TNT in a above.

12-4. Black Powder
Place 0.2 gram of the black material in a

5-milliliter beaker, add 2 to 3 milliliters of
distilled water, and stir for 5 minutes. Decant
the liquid through a filter and catch the fil­
trate in a beaker. Evaporate this to dryness
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and subject the dried white solid to the tests
shown in table 12-1. Dry the water-insoluble
residue in the beaker, cool, and digest with two
5-milliliter portions of carbon disulfide, de­
canting these into an evaporating dish. Eva­
porate the carbon disulfide solution to dryness
at room temperature. By means of a micro­
scope, examine the yellow residue so obtained
and the insoluble black residue from the car­
bon disulfide extraction. Note if they have the
characteristic appearances of sulfur crystals
and charcoal, respectively.

12-5. Propellents

Since the standard propellents are complex
mixtures of nonexplosive as well as explosive
compounds, and the separation of these com­
pounds is rendered difficult by their dispersal
in colloided nitrocellulose, simple identification
tests for the various compositions are not
practicable. Qualitative analysis of an uniden­
tified propellent composition requires numer­
ous solvent extractions, fractionation of the
extracts, and tedious identification of the in­
dividual ingredients so isolated. The security
classification of many of the standard com­
positions puts their identification outside the
scope of this manual. The reader is referred
to the applicable specifications for descrip­
tions of the procedures involved in the anal­
ysis of such compositions.

12-5
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CHAPTER 13

PYROTECHNIC AND TRACER COMPOSITIONS

•

•

'.

•

13-1. General

a. Pyrotechnic compositions are low ex­
plosives that have but little exposure value,
because of their low rates of combustion and
the liberation of relatively gas per unit weight
of composition. Solid products of combustion
represent more of their mass than do the gases
produced. They produce considerable light and
so are used extensively for signal and illumina­
tion purposes. Although pyrotechnic composi­
tions have been used for centuries for military
purposes, such use did not become impor­
tant until World War I, when the increased
technical requirements of modern warfare
necessitated the extensive use of signal and
illuminating compositions. World War II saw
the further development and application of
such compositions for aerial observation, photo­
graphy, and bombing purposes. Pyrotechnic
compositions, today, are used not only for light
but also for the heat, smoke, and/or sound.
Therefore, tracer compositions, smoke composi­
tions for signaling, spotting and tracking,
delay fuze powder compositions, igniter com­
positions, and incendiary compositions could
well be considered pyrotechnics. They all con­
tain essentially similar ingredients, which un­
dergo chemically similar reactions, namely
exothermic reactions, which are used for the
light, heat, smoke, and/or sound produced.

b. Physically, pyrotechnic compositions are
mixtures of finely powdered elements and com­
pounds, which are generally compressed in
candle form. When signal and flare composi­
tions burn, they radiate energy in the ultra­
violet, visible, and infrared regions of the
spectrum, but only the radiation in the visible
r egion (4,000 to 7,000 Angstrom units or 400
to 700 millimicrons) is utilized for practical
purposes.
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13- 2. Ingredients

a. The most important ingredients of a
pyrotechnic composition are the fuel and the
oxidizing agent. To these may be added other
materials to intensify the color of the light
produced, decrease the burning rate, act as a
binding agent for the other ingredients, and
serve as waterprooffing agents. In some cases,
one of the added materials may serve more
than one of the foregoing purposes. The com­
positions generally are not stoichiometrically
balanced, since the oxygen of the air plays a
part in the cigarette burning of a pyrotechnic
composition. This permits the use of an excess
of fuel and consequently increased light in­
tensity.

b. Powdered magnesium, aluminum, and al­
loys thereof are the fuels generally used but
calcium silicide, charcoal, sulfur, silicon, zir­
conium, titanium, and metallic hydrides may be
used. Materials added as color intensifiers,
binding agents, and waterproofing agents also
act as fuels if combustible.

c. The major oxidizing agent selected for
use is usually determined by the desired color
of light, luminous intensity, and burning rate.
The nitrates of barium, strontium, sodium, and
potassium, the perchlorates of ammonium and
potassium, and the peroxides of barium, stron­
tium, and lead are among the most important
oxidizing agents that have been used. These
are all compounds that can supply the oxygen
necessary for combustion of most of the fuel
present in the composition.

d. The most effective color intensifiers are
compounds of chlorine. Organic chlorine com­
pounds are preferable to inorganic compounds,
because of the hygroscopicity of many inor­
ganic chlorine compounds and their consequent
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incompatibility with the metals used as fuels.
Very finely powdered copper has some value
as a color intensifier when used in conjunction
with an organic chlorine compound. De­
chlorane, mexa chlorbenzene, polyvinyl chlo­
ride, and chlorinated waxes, rubbers, and
plastics are the most important color intensi­
fiers used. These agents are effective because
of their decomposition during combustion and
the formation of metallic chlorides, which pro­
duce characteristic color bands in the flame
spectrum. The portion of the intensifier other
than chlorine acts as a part of the fuel present
in the composition. Since they are less reactive
than metallic fuels, color intensifiers act to
some extent as retardants of combustion. Cer­
tain intensifiers such as polyvinyl chloride, be­
cause of their physical characteristics, can
serve also as binding agents.

e. Retardants are materials that are used to
reduce the burning rate of the fuel-oxidizing
agent mixture, with a minimum effect on the
color intensity of the composition. Some re­
tardants act only as inert diluents, while others
take part in the combustion reaction at a much
slower rate than the metallic fuels. Calcium
carbonate, sodium oxalate, strontium resinate,
titanium dioxide, polyvinyl chloride, ethyl cell­
ulose, paraffin, linseed oil, castor oil, asphaltum,
and sulfur are the most important retardants
used. Certain of these serve other purposes
as well. For example, sodium oxalate and poly­
vinyl chloride act also as color intensifiers
titanium dioxide is a source of incandescent
solid particles in the flame produced by the
composition, and the waxes and oils act as
fuels, binding agents, and waterproofing agents,
as well as retardants.

f. Binding agents are, generally, required
in pyrotechnic compositions, because of the
necessity for compressing these compositions
into dense coherent candles and because of the
nonadhesive characteristics of the metallic
fuels and inorganic oxidizing agents used.
Polyvinyl chloride, ethyl cellulose, metallic
resinates, oils, waxes, and asphaltum have been
used as binding agents. Binding agents of late
have been polyester and sulfur plastics, which
are polymerized in the pressed candle and

13-2

vinyl alcohol acetate resin. As pointed out in
c above, many of these serve a double purpose.
In addition, they serve, in some cases, to re­
duce the sensitivity of compositions that other­
wise would be unduly sensitive to shock and
friction.

g. Waterproofing agents are necessary in
many pyrotechnic compositions, because of the
susceptibility of metallic magnesium to reac­
tion with moisture, the reactivity of metallic
aluminum with certain compounds in the pres­
ence of moisture, and the hygroscopicity of
nitrates and peroxides. Waterproofing agents
are applied as a coating on metallic fuels, such
as a coating of dried linseed oil on magnesium,
or as an ingredient uniformly distributed
throughout the rest of the composition. In
some cases, the metallic fuel is given a coating
by treatment with a solution of acidic or acidi­
fied potassium dichromate. Waxes, resinates
of metals, and natural and synthetic resins are
used for distribution throughout the compo­
sition. Many of these serve also as binding
agents.

13-3. Cha racteristics

a. The important functioning characteristics
of a pyrotechnic composition are its luminous
intensity (candlepower), burning rate, color,
color value, and efficiency in light production.
Necessary characteristics for photoflash com­
positions are peak intensity, time to peak, and
integral light in the required exposure time,
which at present is 40 milliseconds. Because
pyrotechnic compositions are low explosives
and must withstand loading operations, han­
dling, and storage, other important character­
istics are sensitivity to static, impact and
friction, ignitibility, stability, and hygroscopic­
ity. In other words, a composition must have
acceptable explosives as well as pyrotechnic
characteristics to be satisfactory for military
use.

b. Luminous intensity is expressed in can­
dIes, the unit established by international
agreement as equivalent to the light from the
flame of a carefully specified tallow candle.
The constancy of this unit is now maintained
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by means of standard incandescent light
sources. Candlepower is luminous intensity in
terms of candles. As the candlepower value of
a composition varies almost directly with the
area of the burning surface, it is customary
to express luminous intensity in terms of
candles per square inch.

c. Burning rate is expressed in inches per
minute, when the composition burns after be­
ing pressed in cylindrical form and ignited at
one end.

d. Color is a visual response of the normal
human eye, which is most sensitive to yellow­
green light and least sensitive to the violet and
red rays near the ends of the visible part of
the spectrum. Since the flames from pyrotechnic
compositions emit light waves of a large num­
ber of different lengths, and since light of any
one wave length produces a specific color sen­
sation through the eye, the color and shade
of color of a flame are determined by the
summation of the effects of the different wave
lengths. Spectrograms of green lights show
bands in the blue and green regions of the
spectrum, less intense bands and lines through­
out the entire visible spectrum due to excited
ions, and a continuous spectrum due to incan­
descent oxide particles. Red flame spectrograms
have molecular bands in the red region repre­
senting strontium oxide and chloride, less in­
tense lines and bands throughout the rest of
the spectrum, and a white light continuum
that dilutes the red color. Yellow flames, gen­
erally, owe their color to sodium lines and a
continuum, but certain yellow lights are the
result of a proper combination of red and
green lights or the removal of blue light from
white light.

e. Since changes in weather affect the ap­
parent color as well as visibility of a flame,
th e color value (saturation) of such a light is
a useful ratio. Color value is determined by
using colored filters and an illuminometer. The
designated color value is the ratio of the ap­
parent light intensity, through the specified
filters, to the total (white or unfiltered) inten­
sity.

f. The light production efficiency of a pyro-
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technic composition is calculated from its
candlepower, burning rate, and density. It is
expressed in candles per second per gram or
per milliliter. It is useful in making compari­
sons of different compositions on a weight basis
and, when expressed in terms of milliliters of
pressed composition, it is of significance be­
cause of the volume limitations that are gen­
eral in the design of pyrotechnic items.

g. Sensitivity and ignitibility are significant
characteristics of pyrotechnic compositions for
the practical reasons applicable to both low
and high explosives.

h. While the ingredients used in the formu­
lation of pyrotechnic compositions are each of
a relatively high order of chemical stability,
this does not assure similar stability of the
physical mixtures of these ingredients. This is
particularly true in the presence of moisture.
New compositions, therefore, must be subjected
to stability tests in the same manner as high
explosives and propellants. Physical stability
sometimes is critical. Because of slow oxida­
tion of some of the minor ingredients, the
pressed composition may become harder dur­
ing storage. Extreme temperature changes
during storage may produce a nonuniform
composition. Such effects of physical instability
cause marked changes in the burning rate and
candlepower values of compositions and the
uniformity of burning. New compositions,
therefore, must be subjected to storage under
adverse conditions, with subsequent function­
ing tests, to assure physical as well as chemical
stability.

i. The critical nature of the hygroscopicity
of pyrotechnic compositions is due not only to
the adverse effects of the absorption of an inert
diluent on the burning rate and candlepower
characteristics, but also to the effect of mois­
ure in promoting chemical instability. Pow­
dered magnesium and aluminum, the principal
metallic fuels, undergo reactions with moisture
according to the following equations

Mg+2 H20 ~ Mg(OH) 2+H2
2 AI+6 H 20 ~ 2AI(OH) 3+3 H2

and absorbed moisture may bring about the
reaction of other ingredients with these metals,
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their reaction products, or with each other.
Spherical magnesium is less react ive with
water because of the sma ller specific surface,
for the same granulat ion, and its higher pur­
ity. The f requently used nitrates of barium,
strontium, and sodium ' in the presence of
moisture react with the metallic fuels and
cause deterioration of the composition. Stron­
tium and barium nitrates can react with
sodium oxalate in the pr esence of moisture to
yield the much more inert oxalates of st ront ium
and bar ium an d t he much more hygroscopic
sodium nitrate. Th e hydrogen produced by
the above reactions can reduce nitrates with
the formation of iner t hydroxides and gaseous
ammonia.

area, density (loading pressure) granulat ion
of ingredients, purity of ingredients, type of
candle case, and degree of confinement. All of
these factors must be controlled within f airly
narrow limits if reproducible results are to be
assured.

b. With increase in the area of the burning
sur face (diameter of candle), there is an in­
cr ease in total candlepower. Resu lts of tests
of a certain composition in this connection are
given in table 13-1.

Table 13-1. Effect s of Change in
Area of Burning S urface

Candle. per Burnin g rat e
Burning ar ea (sq in . ) Total candles (.q in. ) (i n./min )

./

Tabl e 13- 2. Effects of Change in Dens it y

Loading ",. eo.ure
PSI Candle. perBuT1l;ng ra teCandle. perBuT1l;ng rate

8q in. (i n./min) sq in. Cin./min)

From these data, it appears that increase in
burning surface causes decrease in the burn­
ing rate. This might be expected to result in a
cor r espondingly uniform decrease in candle­
power per square inch, but evidently there is
an optimum burning area. With smaller burn­
ing areas, the rapid radiation of heat prevents
the development of maximum candlepower in
spite of maximum burning rate. With greater
burning areas, less benefit from atmospher ic
oxygen is obtainable and the candlepower
per square inch and burning rate decrease.
These effects of change in burning area are not
invariable and not equally pronounced for all
compositions.

c. The density of a pyrotechnic composition,
as used, is determined by the pressure em­
ployed in loading the composition in its case.
Tests of compositions subjected to various
loading pressures gave the results shown by
table 13-2.

Com po.ition A

7.0
5.9
5.9
5.3

14.3
14.0
13.9
13.4

Compo.ition B

41,400
39,100
41,400
39,000

165,000
177,000
145,000
132,000

9.8
9.1
9.0
9.0

446,000
602,000
726,000

1,426,000

5,800 78,300
10,000 . ______ 81,800
14,400 90,000
17,600 93,000

2.7 _

3.4 .... .._.. _
5.0 _
10.8 _

13-4. Factors Affecting Characteristics

a. As in all other combustion processes, the
rate of burning an d the products of combustion
of a pyrotechnic composition are affected
markedly by the physical condition of the ma­
terial and the extraneous conditions under
which it is burned. Studies have shown the
most important factors to be burning surface

i. The instability resulting from the ab­
sorption of moistur e by a pyrotechnic compo­
sition may result in sufficient gas pressure, to
cause distortion or rupture of the pyrotechnic
assembly. The ignition of such pyrotechnic
compositions may result in abnormally rapid
burning or even an explosion. On the other
hand, the effect of such deterioration through
the action of moisture may be loss of ignitibil­
ity because of the formation of inert products
of reaction.

k. While it is not practicable to formulate
py rotechnic compositions from only nonhy­
groscopic mater ials, the problem of hygro­
scopicity can be minimized by the use of less
hygroscopic materials, the control of impurities
that increase hygroscopicity, and the applica­
t ion of wate rproofing agents. Examples are the
use of less hygroscopic nitrates, the use of
highly puri fied st ront ium nitrate instead of
the technical grade, and the coating of pow­
dered magnes ium with linseed oil, which is air
oxidized to a tough film prior to use .
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From these representat ive data, it is apparent
that, within practical limits, increase in load­
ing pressure causes a decrease in burning rate
and may cause an increase in candlepower
value. Increase in candlepower value due to
increased loading pressure is usual if the
metallic fuel of the composition consists of
magnesium, while the increase is not noted in
aluminum composit ions.

d. The bur ning characteristics of a pyro-
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technic composit ion are significant ly affected
by changes in the granulation and part icle
shape of the principal ingredients. In gener al,
as the granulation (particle size) is decreased ,
the rate of burning is increased because of the
increase in total surface. At the same time,
there is a more than proportional increase in
luminous intensity, but the color value is de­
cr eased. Representative data in this connection
are given in table 13.3.

Table 19- 3. Effects of Change in Particle S ize

Sieve
Composition Sieve number 1 Sieve nurnber t number 1

Pe rce nt T hrou gh H eld on T'hrouch H eld on Through

Barium ni trate - - - - - - - - - - - - - - - - - - - - - - - 78 50 100 100 150 200
Aluminum, Gr ade A ---- - - - - - - ---- - - - -- 3 50 100 100 200 200
Alumi num, Gr ade B ------- - - - -- - - - - - - - 12 100 200 200 - - - - - --- - - 200
Sulfur - --- --- - - - - - - - - - - - - - - - --- - - - - - - - 5 80 --------- 80 ---------- 80
Castor oil --- - - - - - - - - - - - - - - - - - - - - - - - - - 2 - - - - - - - - - ----- ---- - - - - -- - - - - ---- ------ - -- - - - - - - -

100

Burning rate, in ./min -------- - -------- --- - - - ---- 3.1 3.2 3.4
Candles/sq in -- - - ----------- - -- - - - - - - - - ---- - - --- 8,400 10,220 12,620

Table 13-4. Effects of Change in Specific S urf ace

e. Particle shape may have a substant ial
bearing on burning character isti cs. Ground or
flaked magnesium has a much greater specific
surface than atomized magnesium of the same
granulation because of the spherical shape of
atomized magnesium particles. The burning
rate val ues increase, with increasing surface
area of magnesium. The substitution of atom­
ized magnesium for ground magnesium of the
same granulat ion has the effects on burning
characteristics shown by table 13-4.
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f. From the foregoing, it is apparent that
in order to obtain reproducible results from a
given composition, it is necessary to exercise
caref ul control over the granulations of the
ingredients and in some cases the particle
shape. The specifications for most ingredients
of pyrotechnic compositions control the gr anu­
lat ion by prescribed sieve tests and, where
necessary, the particle shape is also prescribed.

g. Impurities in ingredients of pyrotechnic
compositions may have adverse effects on the
shade of color produced and so must be kept
within well-defined limits. Usually, this is ac­
complished by prescribing maximum contents
for impurities, which are known to be present
in technical grades of materials and have
harmful effects on burning characteristics.

h. The type of case into which a candle of
pyrotechnic composition is loaded and burned
has some effect on its burning characteristics.

66.6
28.6

4.8

100.0
178,000

5.7
1.65

69,200

28.6
4.8

66.6

100.0
200,000

9.4
1.56

50,000

Sieve
opening,

inch
0.0177
0.0070
0.0059
0.0029

1 Sieve
tlumber

50
80

100
200

Candles per sq in _
Burning rate, in.ymin _
Density _
Candle seconds/ gram _

Ground magnes ium, percent _
Atomized magnesi um, per cen t _
Sodium nitrate, perc ent _
Resin, percent _

•

•

"
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Table 13-5. Effects of Combustible Cases

The use of a metal case results in greater
candlepower and burning rate values than
whe n a paper case is used. Even different com­
positions of organic and easily combustible
cases cau se differences in burning character­
istic,s, as show n by the test data in table 13-5
for a magnesium-sodium nitrate-resin compo­
sition.

13-5. Manufacture and Loading

a. Military pyrotechnic compositions are
prepared by dry-blending or wet-mixing of the
ingredient s, the f ormer being the more gen­
erally use d method.

b. Metallic magnesium and magnesium­
alu minum alloys to be used in pyrotechnic
compositions were precoated with 3 percent by
weight of linseed oil. However, because of the
higher purity and smaller specific surface of
atomized magnesium used in most flare com­
positions today, no lin seed oil is necessary or
used to coat the atomized magnesium. Where
necessary, a mor e effecti ve coating is obtained
by immersing the metal powder briefly in a
hot aqueous solut ion of sodium or potassium

i. Because of the formation of gaseous prod­
ucts of combust ion, the degree of confinement
can have marked effect s on the burning char­
acteristics of a pyrotechnic composition. The
greate r the gas pressure, the greater will be
th e burning rate and luminous intensity, hence,
und er cer tain conditions the reaction may be­
come so rapid as to result in an explosion. This
is particularly true of photoflash compositions.
Generally, pyrotechnic composit ions are burned
under conditions of atmospher ic pressure, but
if the normal bu rning rate is very high, only
slight confinement is necessary to cause marked
increase in the burning rate. In some cases,
excessive slag formation and collection at the
burning face can produce confinement and
local explosions at the burning face.

dichromate. As a result. there is formed on the
surface of each particle a thin layer of insol­
uble chromate, which is a more effect ive
moisture barrier than linseed oil, particularly
at high storage temperature.

c. For dry blending, a conical blender hav­
ing a capacity of 5 to 50 pounds is used. The
blender is located in a well ventilated building
or barricade with three concrete walls and is
operated by remote control. All equipment must
be grounded and every precaution taken to pre­
vent the accumulation and discharge of charges
of static electricity, as the dust produced within
the blender makes it hazardous. The weighed
ingredients are placed in the blender, to gether
with bronze balls about 1 inch in diameter and
weighing twice as much as the material t o be
mixed. For the more sensitive compositions,
wooden balls or rubber stoppers are used. One­
half hour of mixing, generally, is sufficient.
The thoroughly mixed composition is trans­
ferred to airtight containers for tempor ary
storage, prior to use in manufacturing pyro­
technic items. In large scale manufacture,
cross-blending of batches is resorted to in
order to insure uniformity throughout a lot of
ammunition. This is accomplished by placing a
portion of each batch in each of a number of
containers and blending the contents of each
container by means of the blender used for
mixing the batch. For wet mixing, a Simpson
intensive mixer is used, the mixing tools,
mullers, and pan of which are made of sta in­
less steel. The mixing tools, mulIers, and
scrapers are adjusted so as not to touch the
pan. The weighed ingredients are placed in
the pan and wet with a liquid, such as ethanol,
acetone, or benzene. Sufficient liquid is used
to form a thick paste. The operation of the
mixer is continued until the composition be­
comes sufficiently granular to be screened but
is not dry. The time required for this is from
20 minutes to 2 hours. The mixture is then
granulated by screening, dried at about 80 ° C.
in a steamheated oven, and transferred while
warm to an airtight container.

d. Except for photoflash and some smoke
compositions, which are used in a loose con­
dition, pyrotechnic compositions are consoli-

a cetate
30,000

2.8

Bak elit e
105,000

10.2

Composition 0/ case
Cellu lose

Paper
Ca ndles per sq in 54,00
Burning rate, in. /min 3.8
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dated by pressing into cylin drical cases of
paper or metal. For this operation, the case
is held in a split brass or bronze mold. Loading
is generally done in increments, employing a
ram with a stepped face. In order to facilitat e
ignition of the pyrotechnic composition, the
last increment loaded generally consists of a
more ignitible "first fire composition." This is
a blended mixture of one part of black powder
and three parts of the pyrotechnic composition
being loaded . The first fire composition of
newer imp roved items, is a nonhygroscopic
composit ion containing barium nitrate, silicon,
zirconium hydride, tetranitrocarbazole, and
laminae. The candles so manufactured vary
f rom lh to 6 inches in diameter and from
lh to 30 inches in length.

13-6. Testing

a. Performance Tests .
(1 ) Consolidated compositions.

(a) Luminous intensity. The lum inous
intensity of a linearly bur ning con­
solidated composition, be it a flare,
signal or tracer, is determined in an
experimental test vehicle or in the
final item. Items to be tested are
placed in a black walled chamber
or hood located at the end of a
dark test tunnel not less than 50
feet long. The cand lepower value
of the luminous intensity is de­
termined by means of a Weston
illuminometer. This instrument
consists of a barrier layer photo­
cell, filters, and a microammeter.
The illuminometer is placed at a
carefully measured distance from
the point at which the candle or
assembly is to be burned and is
then calibrated by means of a
standard incandescent white light
source. During the burning of the
item, illuminometer readings are
taken at predetermined time inte r­
vals throughout the burning period
and the average of these readings
is calculated. The Westen illum­
inometer and its accessor ies are

AGO 10020A
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often replaced by a barrier layer
cell equipped with filters and
coupled to a graphic recorder. The
output of the photocell is fed into
the recorder which has been cali­
brated to give full scale readings
for the anticipated candlepower
output. A graphic record is superior
to readings taken with the Weston
illuminometer, because all varia­
tions during burning are recorded
and thus are available for future
study. The area under the curve
thus obtained represents the candle­
second value of the tested item. An
integrator which gives the candle­
seconds value of the composition
directly, is coupled with the same
photocell, thus avoiding the time­
consuming and less accurate method
of estimating or planimetering the
graphic record.

(b) Color value. Color value is deter­
mined by the simultaneous use of a
second photocell , equipped with a
colored glass filter chosen so as to
transmit only the wavelengths of
light emitted by the color-producing
spectral emitters in the flame. The
color value is calculated as the ratio
of the luminous intensity measured
through the colored filter to th e
total luminous intensity. Thi s
method indicates any unusually low
saturation of color, but measures
only one spectral component and so
does not determine the exact hue
of the flame. The more precise
method of color evaluation proposed
by the ICI system uses three tri­
stimulus values, X, Y and Z, for
the various spect ral colors. The
values of X, Y and Z are the
amounts of the three ICI primaries
required to color match a unit
amount of energy having a speci­
fied wavelength. The Y tristimulus
value was selected by conducting
hundreds of tests on observers so

13- 7
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that the average response curve of
the human eye could be determined.
The Y tristimulus curve is also
used as the response curve for any
photocell employed in photometry
where luminosity or light intensity
is measured. The X and Z curves
were so selected that the areas
they encompass are equal to that
under the Y curve. Since the three
tristimulus values are necessary to
specify a color, a three-dimensional
diagram would be needed to rep­
resent a color graphically. To avoid
this, three other quantities were
introduced, X, Y and Z. They are
defined for spectrum colors as fol­
lows:

and are called the chromaticity co­
efficients. From mathematical defi­
nition it follows that X+ Y+Z=l,
therefore, it is only necessary to
specify two of the chromaticity
coordinates to describe a color.

(c) Burning rate. The determination of
burning time occurs simultaneously
with the determination of candle­
power and color value. To obtain
burning rate, the burning time (ob­
tained either by stopwatch or by
measuring the baseline of the
graphic record) divided into the
previously obtained length of the
composition candle, exclusive of the
first fire layer, . results in a value
for burning rate; finally expressed
in inches/unit time.

(2) Non-consolidated compositions.
(a) The performance characteristics of

these high intensity short duration
illumination sources in either ex­
perimental or end items are ob­
tained by a coordinated instrumen­
tation set-up, consisting of .an
oscilloscope and a camera. To ob­
tain light output measurements the

Y
Y=---­

X+Y+Z

z
Z=---­

X+Y+Z

item is suspended above the ground,
in an horizontal position, at a height
sufficient to prevent any portion of
the flash from hitting the ground.
The item is oriented so that an end
aspect is facing the photocell; the
latter being positioned at a distance
usually greater than 200 feet from
the item, to prevent damage by
fragments and to prevent satura­
tion of the cell. A wire mesh neutral
filter may be used to attenuate the
luminous intensity of the flash to
protect the cell. The output of the
cell is fed into the oscilloscope
which, prior to the test proper, was
calibrated by a standard light
source.

(b) The oscilloscope response is re­
corded photographically by either a
still or a motion picture camera.
Using a multibeam (2, 3, or 4) os­
cilloscope several ranges of lumin­
ous intensity may be recorded
simultaneously or appropriate fil­
ters may be used on the photocells
to obtain a spectral distribution of
the luminous output. Usually one of
the beams is modulated so as to pro­
duce a time record on the film. The
output values of interest are the
time-to-peak light, the peak inten­
sity and the total duration, or the
duration for some specific portion
of the output. A similar arrange­
ment may be placed at 90° to the
end-on cell for side-on values.

(3) Pyrotechnic delay compositions.
(a) The performance characteristic of

prime interest is burning time,
which is obtained on the loaded
item by means of a stopwatch or
an electronic timer. The burning
time interval is taken from the in­
stant of initiation by squib or other
initiating source and the appear­
ance of a flash at the opposite end
of the delay column.

(b) When an electronic timer is used,
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the electrical pulse which fu nct ions
the squib or initiator starts the
counter. The flash at the end of the
burning impinging on a photocell
or ionization gage stops the
counter.

(4) Sound producing devices. The inten­
sity of sound producing devices such
as whistles is determined by a cali ­
brated decibel meter at a preselected
distance. The frequency of the sound
produced is obtained by a sound
spectrum analyzer of frequency meter.
The burning t ime is measured by stop­
watch.

(5) Incendiaries . Th e heat output of an
incendiary is determined by calori­
metry, and is exp ressed as calories
per gram. The effectiveness of an in­
cendiary against various targets, such
as wood, pa per, and other combusti­
bles is determined by attempting to
ignite selected targets of known size
and geometry by a fixed charge
weight of the incendiary.

b. Additional Performance Tests . Tests such
as transportation by truck an d air, vibration,
drop and temperature and humidity cycling are
a few of the service tests conducte d to deter­
mine the ability of an ite m to withstan d rough
handling and adverse envi ronmen tal conditions.
Specification MIL 5272C f ully describes these
as well as other specia lized ser vice tests .

c. Impact sensitivity and igni t ibility tests of
pyrotechnic compositi ons are made in the same
manner as descr ibed for high explosives.

d. Laboratory stability tests of pyrotechn ic
compositions generally are 120° C. vacuum sta­
bility tests. These tests determine the inherent
chemical stability of the compos it ion but are
insufficient for practical purposes because of
the factors of hydroscopicity an d phys ical in­
stability involved in ma ny pyro techn ic compo­
siti ons. Consequently, a composition generally
is tested for stability in storage by loading into
an appropriate assembly and making fu nct ion­
ing tests before an d after storage for various
periods under advers e conditions of tempera-
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ture and humidity. Candlepower, burning rate,
and color valu e determinations are those usu­
ally made in the course of the functioning tests.
In this manner, the effects of physical insta­
bility and mois ture absorption are detected as
well as any chemical deterioration that may
have occurred. Typical storage conditions em­
ployed are 50° C. for 2 years and several years
at atmospheric temperature and humidity.

e. Hygroscopicity is determined by placing
a weighed sample of the dry powdered compo­
sition in a humidor maintained at a fixed tem­
perature and rel ative humidity and finding
the increase in weight through moisture ab­
sorption during a certain period of time. Com­
parative values can be obtained at 30° C. and
90 percent relat ive humidity. A more informa­
tive method is to determine the critical humid­
ity of the composition. This is the relative
humidity at ordinary temperature below which
moisture absorption is nil or negligible. Crit­
ical humidity is determined by placing weighed
samples in a number of humidors covering a
range of relative humidity and finding the
minimum humidity above which moisture ab­
sorption is significant. Such data can be used
for establishing whether a composition should
be manufact ured and loaded in rooms in which
the relative humidity is maintained below a
cer tain value.

f . Additional Laboratory Tests. Physiochem­
ical changes which occur in pyrotechnic in­
gredients and compositions when subjected to
heat, directly influence the ultimate perform­
ance of the compositions. Two complementary
thermal analytical techniques can be used to
observe and measure the changes that occur
upon heating.

(l) The first , differential thermal analy­
sis, determines the reactions that oc­
cur upon heating, such as transitions,
fusion, boiling, and decomposition. A
test sample and a thermally inert ref­
erence material, in individual con­
tainers, are heated simultaneously at
a preselected rate in a vertical f ur­
nace. The differential output of ther ­
mocouples placed in each sample is
recorded on one axis of an X-Y re -
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corder, while the furnace temperature
is recorded on the other axis. Analysis
of the valleys and peaks obtained on
the thermogram indicate the changes
that have occurred upon heating. En­
dothermic reactions are indicated by
a dip or valley in the curve while ex­
othermic reactions are indicated by an
upward trend or by peaks.

The second technique, thermo­
gravimetric analysis indicates changes
in the sample when heated at a pre­
selected rate. A crucible containing
the sample is placed on the pan or
arm of a thermobalance and heated,
while any weight changes that occur
are detected by a transducer and the
resultant output is recorded as a func­
tion of the furnace temperature.

Analysis of the thermogram indicate s
loss of volatiles, decomp osition, oxida­
tion or vaporization.

13-7. Uses

a. Pyrotechnic compositions are used in a
wide variety of ammunition items, many
specialized uses having been developed since
World War 1. The most important uses are
in projectiles, flares, photoflash cartridges and
bombs, signals, tracers, simulated ammunition,
target identification bombs and delays.

b. Illuminating projectiles, fired from artil­
lery and 60-mm and 81-mm mortars are used
to illuminate enemy territory at night. The
compositions given in table 13-6 are represen­
tative of those used in illuminating projectiles.

Table 13-6. COTlipositions Used in Illuminating Projectiles

Percent by weight
4.2

60-mm Bt -mm Inch 105-m m 155-mm

Sodium nitrate _._ ----------------------- --------- 36 36 36.3 36.3 38.5
Magnesium, Type I, 30/50 ------- ------ --- ------- - 55 55 56
Magnesium, Type III, Gran 18 -------------------- ---------- - -- _._- --- - -------- ---- ----- - 53
Laminae A * -----.---------- ----_._------------ ---- 9 9 7.7 7.7 8.5

100 100 100 100

Candlepower ------ ----- ------ ---------------- ---- 320,000 500,000 850,000 450,000 1,000,000
Burning time, seconds --- ---- --------------------- 32 60 90 60 120

• Binder composition:
Alkyd-Styrene Resin 97.9%
Lupersol DDM ....._._.._...._..._.. 1.5%
Cobalt Naphthenate .._._._ 0.6%

Table 13-7. Typical Trip Flare Composition

e. Airport flares are used to provide illumi­
nation for landing airplanes in fog or rain or
at emergency landing fields. 'Phey are designed
to yield light intensities of 40,000 to 1,000,000
candles. Table 13-8 shows a representative
composition.

c. Flares are used for illuminating purposes
and embrace a wide variety of tactical uses.
In general, flare compositions produce yellow­
tinted white light, as this has been found to be
superior to pure white light with respect to
visual observation. Trip, airport, ground, air­
craft parachute, reconnaissance and landing,
observation, bombardment, and tow-target
flares are the principal ones used.

d. Trip flares are used to prevent enemy in­
filtration and are designed for imbedding just
below the sur face of the ground or attachment
to tree or poles. A representative trip flare
composition and its characteristics are shown
in table 13-7.

Laminae A _

Magnesium, Type I, 30/ 50 _
Sodium nitrate _

Candlepower ._.. _
Burning time, seconds _

Percent
(by w eight )

9
46
45

100.0
40,000
55- 70
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Ta ble 13-8. Composit ion Use d in A ir por t F lares

t. Aircraft parachute flares are used for
emergency nigh t landings, obser vation pur­
poses, and bombing operations wh ere special
techniques are applied. Representat ive compo­
sitions are given in table 13-9.

Table 13-9. Composition Used in
Aircra ft Parachu te F lares

Percent Percent Percent
Magnesium, Type III ,

30/50 - - - - - - - - - - - - - 52 48 58
Sodium nitrate _______ 39 42 37
Laminae A - ------- - - 9 8 5
Polyvinyl chloride ____ - --- - - --- 2 - . -.- - - - -

100 100 100

Candlepower _________ 1,900 ,000 1,500,000 3,000 ,000
Candles per sq in _____ 165,000 72,000 156,000
Burning rate, in. zmin _ 6 3 6.0

g. Tow-target flares are towed behind air­
planes by means of a long steel cable and
provide practice targets for ant iaircraft gun
crews. The compositions used in tow-target
flares are very simila r to or identical with
those used in t r ip flares.

h. Photoflash cartridges and bombs are used
for nighttime aeri al photography. Fo r pho­
tography from altitudes up to 3,500 feet , a
cartridge is used to obta in a peak light inten­
sity of 120,000,000 candles and a total light of

1.4 million candle-seconds in 0.04 second. The
compos ition used contains a 30/40/30 mixture
of bar ium nitrate , aluminum, and potassium
perchlorate. Ignition is effected by a small
charge of lead azi de. For high altitude photog­
raphy, the re is used a bomb containing 85
pounds of the sa me composition. This gives a
peak inte nsi ty of 3 billion candles with a total
light of 85 million candle-seconds in 0.04 sec­
ond. The loose composition used is considerably
more sensitive to spark and friction than most
pyro technic compositions, consequently, great
ca re must be taken in blending and loading this
composition. Recent type photoflash bombs are
loaded with a metal dust of atomized mag­
nesium or magnesium-aluminum alloy powder,
ignited by a central explosive burster in the
form of metal dust explosion. This type of
photoflash minimizes the vulnerability to frag­
ment and bullet penetration. Cur rent emphasis
is on development of flash mixtures containing
calcium, which are more eflective at higher
alt itudes than other photoflash mixtures.

i. Pyrotechnic signals are used extensively
for commu nication between various elements
of ground troops, ground troops and ai rplanes
or vice versa, and airplan es in flight. White,
green, yellow, an d red lights are used alone or
in combinations in the forms of stars, clusters,
and blinkers. Tracers are also used as aircraft
signals. Compositions employed in ground
signals appear in table 13-10; in aircraft
signals, in table 13-11.

j . In use, parach ute signals burn for 20 to
30 seconds and have light intensities of 5,000
to 25,000 ca ndles. Cluster signals burn for only
5 to 7 seconds , with luminous intensities of
2,000 to 35,000 candles. Blinker signals burn
f rom 30 to 60 seconds, with light outputs of
2,500 to 15,000 candles.

Per cent

Candlepower 60,000
Candlepower per

sq in 50,000

Burning rate,
in /min 5.0

E xplosion tem -
pe r a tu re te st,
o C. 600+

100.0

Pe1'cen t

Aluminum,
Grade A 2

Aluminum,
Grade B 20

Barium nitr ate 62
Strontium nit r a te __ 11
Sulphur 3.5

Linseed oil 1.5

•

o

Ta ble 13-10. Com posi tions Used in Ground Signals

White
( pe1'cen t)

No.1 N o. I

Gree"
(percent)

No.1 N o. I

R ed
(percent)

N o. 1 No. I No. S

Magnesium, Type I, Gran#4 _
Magnesium, Type I , Gran#l1 _
Laminae A _
Barium nitrate _
Strontium nitrate _

5.0 5.0
49.0
16.5

5.0
46.0

16.0

59.0
4.0

48.0

7.0

42.0

17.0
2.0

4.30
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Table 13-10-Continued

Whit..
(percent)

No.1 No. I

Gre_
(percent)

No.1 No. ,

Red
(percent)

No.1 No. I No.8

Potassium perchlorate _
Polyvinyl chloride _
IIexachlorobenzene _
Copper _
Sodium nitrate . . _
Asphaltum _
Linseed oil _
Graphite _

Magnesium, Type 1, 30/50 _

38.0

57.0 29.5

16.0
21.0

2.0

2.0

33.0

15.0

33.0

9.0
12.0

30.0

21.4

6.4

7.4

2.8

100 100 100 100 100 100 100

Table 13-11 . Compositions Used in Aircraft Signals

Red Ye!low Green
(%) (%) (%)

Magnesium, Type I, Gran. #11 __ 18.0 18.0 17.0
Potassium perchlorate 24.0 16.0 13.0
Strontium nitrate 44.5 8.0
Linseed oil 0.5 4.0 4.0
IIexachlorobenzene 6.0 12.0 13.0
Asphaltum 7.0
Barium nitrate 25.0 53.0
Sodium oxalate 17.0

1-3-8. Visibility

a. The shorter the wavelength of light, the
less its transmissibility through air, and the
greater its absorption by particles of dust and
moisture in the atmosphere. These factors re­
sult in considerable differences in the percepti­
bility of signals of different colors, even though
they have the same luminous intensity and are
viewed from the same distance. Adverse

weather conditions magnify these differences.
Illustrative of these variations in the visibility
of signals are the results of tests at 1,468 yards
given in table 13-12.

Table 13-12. Candlepower R equirements for V isibility

Minimum candlepoweT f or t-isibil it y
R ed A mb er Green Whit..

Nighttime:

Clear sky and air ------- - 0.09 0.18 0.25 0.23
Overcast sky, slight fog ___ 0.29 0.37 0.53 0.28

Daytime:
Clear sky and air ________ 430 680 900 1000
Overcast sky, slight fog ___ 180 190 360 290

From these data it is apparent that red lignt
is the most easily visibl e under both nighttime
and daytime conditions. The effects of adverse
weather conditions are shown by the test data
in table 13-13.

Table 13-13. Relative Intensities of Light Required for Visibilitj at
Night Under Various Weather Conditions

Clear Light Heavy LIltht Llltht
Color of 1Iltht skY rain rain fog Dens. fog snow Heavy snow

Red --------- --- 1.0 1.2 8.9 3.2 No Transmission 222 No Transmission .
Amber ---- ----- - 2.0 2.1 33.5 4.1 - - - - - - do --- ---- 835 Do.
Green ----------- 2.8 3.2 33.5 5.9 -- - - - - do ------ - 567 Do.
White ----------- 2.5 3.0 132.0 3.1 -- - - - - do ---- - - - 1,556 Do.

b. Blue light has such poor transmissibility
characteristics that its use in pyrotechnic sig­
nals is impractical. This is particularly true in
view of the impracticability of formulating
compositions to give blue light of high lum­
inous intensity. Violet light has been used to

13-12

a slight extent, but it also has such poor trans­
missibility that its use is negligible.

c. Pyrotechnic compositions are used in a
variety of other items, such as tracers, smoke
signals, incendiary ammunition, \' 'histles, gun­
flash simulators, V-2 rocket igniters, fuel ig-
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niters for ramjet engines and guided missiles,
pathfi nder beacons, etc . Use in the first three
of these types will be dealt with in paragraphs
13-9 through 13-15.

With the growing complexity of the tech­
niques of warfare, it ma y be anticipated that
the f uture will witness an even more extended
use of pyrotechnic compositi ons.

13-9. Smoke Compositions

a. These are mixtures of materials that
under go autocombust ion with the liberation of
a marked amount of smoke but no visible ligh t.
Because th ey are used for signaling purposes,
they are classified as pyrotechnic compositions,
but in reality they differ from true pyro­
technic compositions because of the relatively
low temperat ures developed and the absence
of visible light during burning.

b. Smoke compositions may be divided into

TM 9-130~2 1 4

two types: those in which a prod uct of the
combustion react ion forms a dense voluminous
smoke and those in which the heat of com­
bustion of most of the ingredients serves to
volat ilize an other ingredient to a smoke. Ex­
amples of these are the production of zinc oxide
by the oxidat ion of metallic zinc and the volati­
lizat ion of a colored dye. Smoke compositions
frequentl y are loaded in a loose uncompressed
condition.

c. Signaling by means of smoke is dependent
upon the refl ecti on of daylight and therefore is
limited to dayt ime. White. black, and a wide
range of colored smokes (except violet ) can
be used for this purpose. Smoke signals may be
in the form of r ifle grenade ammunition or
drift sign als. Th e ri fle grenade signals produce
smoke puffs that persist for 20 to 30 seconds.

d. Representat ive smoke compositions are
given in table 13-14.

Table 13- 1J,. Com positions Used in S m ok e Ground Signals

Green Rea.
Wh it e (perce nt ) Yellow ( percen t)

( per cen t) No. t N o. ! ( per cen t) N o. 1 No. !

Sugar -- ----- ----------------------- ------------- 17.0 22.0 16.0 26.5 20.0

• Ammonium perchlorate --------------- ----------- - 27.6
Potassi um chlo rate ----- -------------------------- 28.0 31.0 26.0 35.0 31.0
1.4-D1-P-Tolvidi noanthraqui none ----------------- 30.7
Zinc oxide ---------------------- --- -- -----_._---- 34.6
Sodium bicarbonate --------- -- ------- ._-_._--------- 3.0 1.0
No. 3 Gr een solvent dye -- ---- --------------- ----- 36.0
Yellow smoke B-10 --------------- --- ------------- 10.8
Asbes tos -- ----------------------- -- ------ ----- .- 2.5 1.5
Vinyl alcohol acetate resin ------------------ .. - - --- 3.5 2.0 2.0 2.0
Al uminum -- ----- ----- -------------------- ------- 3.6
Dechlor ane --- -------- ---- --------------------- -- 30.7
Red dye (1-Methylaminoanthraquinone ) ------ ---- 36.0 47.0
Yellow dye ( Indanthrene golden yellow ) - - ..--_._- --- 17.0 56.0

0 100 100 100 100 100 100

•

e. If the composit ion is one that yields a
smoky product of combust ion, the burning rate
can be 5 to 6 inches per minute. In cases where
a dye is to be volatilized with minimum decom­
position, th e combustion temperature and
therefore the rate of burning must be kept to
a minimum. Burning rates of 1.5 to 2 inches
per minute are usual for such compositions.

f. Smoke composit ions are not unduly sen­
sit ive and are of good stability although not

AGO l0020A

unaffected by absorbed moist ure. Their manu­
facture generally consists of simple mixing,
t he ingredients sometimes being dampened
with a nonflammabl e liquid so as to reduce the
friction and spark sensitivity of mixtures of
f uels and oxidi zing age nts.

13-10. Tracer Compositions

a. General .
(1) Tracer ammu nition for both small

13-13
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arms and artillery is used for de­
termining range and directing fire. In
small arms cartridge tracers, the rear
of the bullet has a cavity into which
are loaded tracer and igniter compo­
sitions, using a pressure of 30,000 to
125,000 psi. Some artillery projectiles
have a cavity in the base, into which
tracer and igniter compositions are
loaded under a pressure of about
110,000 psi. Other artillery shells
have a separate tracer component,
which is loaded and screwed into the
projectile. In some types of artillery
ammunition, the tracer composition
serves also to provide self-destruction
of the projectile after a definite time
interval when fired. In such cases, a
black powder relay at the bottom of
the t r acer cavity is ignited by the
burning tracer composition, and the
flame from the black powder primes
an initiating charge, which detonates
the high explosive bursting charge in
the shell.

(2) In effect, the tracer composition is

ignited by the hot gases resulting
from burning of the propellent
charge. However, since tracer compo­
sitions are relatively difficult to ignite,
there is loaded on top of the tracer
composition a much more easily ig­
nitible igniter composition. This is
generally done with a stepped ram.
As a brilliant light from the igniter
composition may dazzle the eye of
the gunner and the completely visible
trajectory of the round would betray
the position of the weapon, a dim or
delay igniter composition is used. Ig­
niter as well as tracer compositions
are classified as pyrotechnic composi­
tions because of their compositions
and their production of light when
burned.

b. Compositions. Tracer compositions, which
give red and white lights, are used in ammuni­
tion. Tracers burn for 3 to 20 seconds and
have intensity values of 200 to 2,000 candles.
Examples of tracer compositions are shown
by table 13-15.

Table 19-15. Typical Tracer Compositions

Dechlor ane _
Magnesium _
Magnesium-aluminum alloy _
Chlorinated rubber _
St r ont ium peroxide _
St r ont ium oxalate _
Stront ium nitrate _
Bar ium peroxide _
Calcium re sinate . _
P olyvinyl cloride _
P olyethylene _
Vinyl alcohol acetate resin _
Potassium perchlorate _
Zer conium _

Red White
( percent) ( percent)

No.1 No. % No. S No.4 No.5 No.1 No . %

7
27 42 28 35

40 37
5

26
5

33 44 55 56 55 32
31

9 -- - ---- 2
7 17

7
1

---- - - - ------- ---- - - - ---- - - - --- - - - - 30
69

100 100 100 100 100 100 100

13-11. Stability
The tracer compositions in paragraph 13-10

are quite stable with respect to heat, but some
a r e particularly susceptible to deterioration by
the absorption of moisture. This is because of

13-14

the ready hydration of peroxides and mag­
nesium. Accordingly, they must be loaded in
rounds designed for protection against the
absorption of moisture present in the adjacent
propellant charge. Deterioration of the tracer
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composition results in loss of ignitibility and
may cause swelling of the projectile.

13-12. Manufacture

Tracer compositions are generally manu­
factured by the wet method described and by
simple dry blending of ingredients. Although
dry blending is preferred for simplicity of
processing, cer tain compositions must be wet
blended (see wet method described) to obtain
best results.

13-13. Tests

Tracer compositions are tested in the same
manner as other pyrotechnic compositions ex­
cept that the high pressures used for the load­
ing of tracers makes the use of similar pres­
su res desirable in the preparation of test sam­
ples. Accordingly, test samples generally are
loaded in tracer bodies instead of candles. This

TM 9-1300-214

permits tests under rotatio n, as well as stat ic
tests. The rotational test also employs an air
blast to duplicate flight conditions. Most tracer
compositions burn more rapidly under rotation
then when burned statically. Selected samples
of small arms ammunition are fired periodically
over a prescribed range for general function,
visibility, and length of trace.

13-14. Igniter Compositions

Igniter compositions used in conj unct ion
with tracer compositions are designed to have
much lower ignition temperatures and produce
very little gas. This latter feature makes them
much less luminous than the tracer compos i­
tion. If practically no luminosity is developed,
the composition is known as a dim igniter com­
position. Examples of igniter composit ions are
given in table 13-16.

•
Table 13-16. Igniter Compositions

Dim
C D A B (percent) Delay

(%) (%) (percent) (percen t) A B (pe rcent)

Magnesium -------------------- ---- ------------ ------ - 16.5 17.0 12.0 6.0
Magnesium-Al uminum Alloy ----------- --------- - 37.0 I
Manganese --------------- ---------- -- ---------- ----- -- - ----- - ------- ------- ------ 32.5
Ba ri um peroxide -- ------------------------------ - --- --- 80.5 81.0 87.0
Lead chromate ---------------------- -- ---------- - - - - --- ---- .--- --- ---- - - - - - -- - - ---- 50.0
Sulfu r - --- ------------------------------------ - - --- -- --- - - -- - - - -- - - ------ - ------ 17.5
Zinc stear ate --------------------------- ------- - --- - - - - --- -- - - --- ---- 1.0
Ca lcium r esina te ---------------------- --- -- --- - - - - - - - - 2.0 2.0 - - - -- - - 9.0 ------- 10.0
Polyv iny l chloride ------ ----------------------- 7.0
Gr a phi te ----- _.. -- --_._--------------------------- - - ----- 1.0
Strontium nitrate -------------- ---------- ------ 56.0
Stronti um peroxide -- ---- - - .._----------------- - - - - - - - - - ------ _._----- ------- 85.0 - ------ 90.0

100 100 100 100 100 100 100

o

•

b. Composit ions A and B have explosion
temperature test values of only about 375 0 C.,
while that of the dim igniter composition B is
450 0 C. The explosion temperature for dim
igniter A and the delay igniter is 300 0 C. These
values are distinctly lower than those for
t racer composit ions. Igniter compositions are
even less sensitive to shock than tracer com­
positions , and are very stable with respect to
resistance to heat. However, those containing
a peroxide are susceptible to deterioration

AGO l0020A

through the absorption of moisture an d their
air-dust mixtures are readily exploded by an
electric spark.

c. Because of these characteristi cs and the
fact that relatively small quantit ies are used,
igniter compositions are manufactured on a
small scale by wet-mixing methods. Extreme
precautions are taken to prevent the formation
of air-dust mixtures or the spark discharge of
static electricity. The binding agent is dis­
solved in an excess of a volatile solvent, such

13-15
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as carbon tetrachloride, and the fuel and oxi­
dizing agent are wet thoroughly with the so­
lution and mixed. The volatile solvent is then
allowed to evaporate at room temperature, with
intermittent stirring of the solid, under con­
ditions of forced ventilation. If no soluble bind­
ing agent is used, the ingredients are mixed
mechanically in the presence of an inert moist­
ening agent, which later is removed by evap­
oration. Proper granulation is obtained by siev­
ing the material while still damp and dustless.

d. Igniter compositions produce very little
gas when burned, and they are less exothermic
than tracer compositions (600 and 1,100 cal­
ories per gram, respectively). They owe their
high ignition value to the formation of non­
volatile oxides, which become highly incan­
descent, and are the source of much radiant
energy. These solid products of combustion are
removed from the tracer cavity by the rush of
gases produced by the tracer composition after
ignition of the tracer has taken place.

13-15. Delay Compositions

a. General.

(1) A delay element is a self-contained
pyrotechnic device consisting of an
initiator, delay column, and an output
terminal charge or relay, all assem­
bled into a specially designed inert
housing. In some designs, one or more
components may be omitted. When
used as one of the components of an
explosive train, the device provides
a predetermined time delay between
initiation and the ultimate detonation
or deflagration of the main charge.

(2) The delay compositions themselves
are homogeneous mixtures of oxi­
dants and fuels which, upon ignition,
burn for a definite time within cer­
tain allowable limits. Their primary
functions in a delay element is to ig­
nite and set off the rest of the train at
a predetermined time.

(3) There are four basic designs in delay
elements; these have certan desirable
characteristics relative to ultimate

13-16

application, and certain advantages
and disadvantages. Mechanically, the
element may be obturated (closed) or
vented either externally or internally;
chemically, the element may contain
a nongaseous delay composition (in
which case little or no gas is formed
during the chemical reaction) or a
gaseous delay composition (in which
case large amounts of gas are found
during the reaction).

(4) Obturated columns are generally not
affected by changes in environmental
pressure. Vented columns present a
sealing problem compounded by dif­
ficulties in hygroscopicity and shelf
life. In addition, these types may need
a large venting volume and, unless
carefully designed and loaded. often
fail to propagate and ignite the relay
detonator.

(5) Wherever possible, gasless powders
are used in designing chemical com­
ponents of the delay element. Almost
insensitive to shock and vibration
when pressed into the housing at
30,000 to 35,000 psi, these powders
cannot normally be initiated directly
by an initiating source; however,
they may require a small quantity of
igniter composition for activation.
Blended dry, they are frequently
brittle when pressed; thus, under high
setback conditions or vibration, they
are subject to cracking or disengage­
ment from the relay. Introduction of
a binder makes the delay column per­
form better; however, binders, which
are wholly or partially of organic
materials, render the composition
gaseous.

(6) In view of the variations cited above,
it becomes apparent that the intended
end-item application of the delay ele­
ment must be the guide in choosing
the most suitable type. If timing con­
siderations are critical, the choice -be­
tween vented and obturated elements
is obvious; if operational physical
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"The range of compositions gi ven for some o f the combinations
allows for wide latitude in adjustment of bu r-n ina rates.

Burninq Rate
Second.l1nch

Ohturated V ented

0.02

0.24
0.32

10%

21 %
16 %

65 %25 %

Iron Oxide Zircontum Sil icon
Dioxide

c. Manufacture. Dry blending of ing redients
is used for mixtures known to be insensitive
to impact, friction, and electrostatic disch arges.
Wet mixing is used for sensitive mixtures or
those to which a liquid binder is added. Load­
ing of delay mixtures into the delay elements
is done by pouring a weighed increment in to
the element and consolidating it un der pressure
with a hydraulic press. When a terminal charge
(e.g., a lead azide relay or flash charge ) is
called for, it is pressed in prior to the delay
composition. If ignition of the composit ion r e­
quires some special igniter powder, th is is
pressed on top of the delay composition, form­
ing the last increment.

d. Performance Tests. The mos t important
characteristic of a delay element is its burning
time or burning rate.

(1) The most accurate method for meas­
uring burning time in general in-

Table 13-17. Burning Rates of Typica l
Delay Compo sitions*

(Pressed at 30,000-40,000 psi)

their burning rates are shown in
table 13-17.

Barium Chromate
Zirconium

72 %
84 %

Barium Chromate
BaTon

81 % 19 % 0.35 0.50
90 % 10% 0.45 0.70
95 % 5% 1.10 1.?G
96 % 4% 2.40 3.60

Barium PotulJium
Chromate Tungaten Perchlorate

20 % 70% 10 % 5.0
42 % 48% 10% 14.0
56 % 34 % 10% 30.0

70 /90 90/70
Barium Zir conium- Zirconium· PotalJlJium

Chromate Nickel Nickel Perchl orate
Alloy Allol/

60 % 26 % 14% 2.0
60% 16% 10 % 14 % 5.0
60% 3% 23 % 14 % 12.0

abuse is certain, inclusion of a binder
seems the correct approach. Use under
extremes of climatic conditions or
outside the earth's atmosphere would
call for serious consideration of
obturated designs.

b. Compositions.

(1) Gas-producing delay compositions.
Burning rate is a direct function of
pressure. This is so because burning
of gas-producing materials depends on
heat transfer between gaseous reac­
tion products and the unburned solid.
Thus, burning rates of such delays are
greatly influenced by all factors which
affect the gas pressure at the burning
surface (i.e., all of the surface ex­
posed to the gas including that of
pores and cracks which the gas may
penetrate). The largest class of gas­
producing delays comprises black
powder elements. Reproducible be­
havior of any delay requires that it
burn as a continuous, homogeneous
substance. Porosity can result in a
discontinuous relationship between in­
terface pressure and burning rate.
Black powder delays are therefore
loaded at 60,000 psi or more. When
a long column is required, it is pressed
in increments, each pellet being no
longer than its diameter. Moisture has
a considerable effect on the burning
rate of black powder; therefore, black
powder delay elements may be kept
dry. Effects of temperature extremes
on performance of black powder de­
lay elements vary appreciably from
one delay to another. The spread of
data almost invariably increases at
extreme temperatures.

(2) Nonaaseous delay compositions, To
overcome the disadvantages of black
powder as a delay composition, non­
gaseous delay mixtures have been de­
veloped, making use of inorganic
exothermal reactions similar to those
used for thermite mixtures. Examples
of nongaseous delay compositions and

AGO I0020A

•

•

•

---- -- - ~ - _.._-----~ .._ - - -



TM 9-1300-214

(2) Compositions in tabl e 13-18 differ
gener ally from t hose in tabie 13-17 in
that the nongaseous m ixtures burn
faster and are readily igriitible.

f . P roper ties of Delay and Ignit er Powders .
I n addition to burni ng rates, prcperties of

volves use of an electronic chrono­
meter. Timing starts when the initiat­
ing source (e.g., a squib or pr ime r)
functions; it stops when the terminal
end of the charge flashes. A firing
switch simultaneously actuates t he
initiating source and the chronometer.
Photocells or ionization gages, actu­
ated by the flash of the terminal
charge, stop the chronometer. Burn­
ing rate is expressed in seconds per
inch. Correction is made to allow for
burning time contributions of the
in it iat ing source, and igniter and
terminal charge compositions.

(2) The simplest technique for measuring
burning time is by stopwatch . This
method, although satisfactory for
relatively long-burning delays , is un­
sat isf actor y for bur ning ti mes of 2
seco nds or les s.

e. Ignition Powders for Delays.
(1) A colum n of nongaseous delay compo­

sition is usually preceded by a charge
of igniter mix. Igni ters a re necessary
wh en delay compositi ons are too in­
sensit ive to be in it iated direct ly by
the agent used in the part icular ap­
pli cation. The foll owi ng table g ives
compos it ions of typical ignite r mixes
used in non gaseou s delay elements.

T abl e 19-18. Ig n it ion P OWrlCl'S f or
N onttae eoue Delay Eleme nts

Fu el

Horo n (30 ,/,. )

Boron (1 0%)

Zi rco niu m (4 1%)

Zirco nium (33'70 )
Titanium (1 7'/r)

Ox ida nt

Lead peroxide
(70 "/,. )

Barium ch ro ma te
(90%)

Ferric oxide
(49 t;O

F erric oxide
(50%)

Inert

Dia toma ceous
ea r th (10 '/,. )

delay powders of interest include variability
of burning rate, temperature coefficient of
burning rate, pressure coefficient of burning
rate, effects of storage (both wet and dry),
effects of column diameter and obt ur a t ion and
mec hanical characteristics. These are affected
by such variables as ingredient particle s ize,
particle size distribution, homogeneity a nd un­
iformity of the mixture, and impurit ies not
readily detectable. To control these va r iables,
relatively elaborate procedures have been
established for the procurement, cha racte r iza­
tion and treatment of raw material s, and the
mixing and subsequent treatment of t he igniter
and delay powders.

13- 16. Simulator Compositions

a. General.

(1) Simulator compositions are use d in a
variety of pyrotechnic training de­
vices designed to simulate the effect
produced by se r vice items of ammuni­
t ion. Casings of cardboard, plastic or
similar material render these devices
harmless.

(2) Devices designed to simulate explod­
ing HE proj ectiles, rifl e grenades, etc.
mus t produce a loud report accom­
panied by smoke simila r in color to
that of an exp losive bu rst. ':'0 obtain
a loud nois e, simulatin g devices are
char ged with black powder or a mi x­
ture of aluminum powde r, potassium
perchlorate, and ba rium nit r a te. The
latter, which is si m ila r to photoflash
compositions in its propert ies, bu rns
almost instantaneousl y, p roduces a
loud report and a flash, a nd liberates
a qua nt ity of whi te smoke. Composi­
tions liberating gray or black smoke
mu st conta in a certain am ount of
organic compounds ri ch in carbon
(naphthalene, anthracene, etc.).

(3) Other simulating devi ces liberate a
colore d sm oke wh en fired. These are
used during maneuvers fo r marking
hit s of chemical or ince ndiary projec­
t iles or bombs, bursts of mine fields,
etc. Colored smo ke compositions a rIC:
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generally employed for charging these
devices.

(4) Pyrotechnic whistle compositions in
simulator devices are used to repre­
sent boobytraps, or warn against
simulated shell bursts in training
weapons. Picric acid and such other
organic acids as gallic, salicylic, and
benzoic having the same characteristic
odor are the major ingredients in
pyrotechnic whistles. Combinations of
these acids with potassium chlorate,
perchlorate or nitrate, compressed in
short tubes, when ignited, emit a shrill
whistling sound of varying pitch. Size,
especially length of the tube in which
the composition is pressed, determines
pitch.

b. Uses. Pyrotechnic simulator compositions
are used to simulate a variety of ammunition
items, typical of which are the following:

(1) Air burst simulators. These simulate
an artillery projectile burst by pro­
ducing a puff of white smoke.

(2) Boobytrap simulators. These are used
during maneuvers and in troop train­
ing to fill a need for a safe boobytrap.

AGO 10020A
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Functioning with a loud report and
flash, this device teaches t roops a
proper respect for bona fide booby­
traps. One type of boobytrap simula­
tor contains a slowburning composi­
tion which produces a whistle that
lasts for 3 to 4 seconds.

(3) Ground burst simulator. Th is provides
battIe noises and effects dur ing troop
maneuvers. Following a delay of 6
to 10 seconds after igni tion, the simu­
lator produces a highpitched whistle
which lasts 2 to 4 seconds. After a
fraction of a second, th e simulator ex­
plodes, producing a flash and loud
report.

(4) Gun flash simulator. This provides a
flash closely resembling that of the
90-mm gun M2 ser ies an d the 155-mm
howitzer Ml series.

(5) Hand grenade simulator. This, as
does the gunflash simulator, provides
battle noise s and effects dur ing troop
maneuvers. Thrown like a hand gre­
nade, the device burns for 6 to 10
seconds after ignition, producing a
flash and a loud report.

13-19
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CHAPTER 14

INCENDIARY COMPOSITIONS FOR PROJECTILES

•

•

14-1. General
Ince ndiary pro jectiles, as their name im­

plies, are used to start fires. They are used pri­
marily in ai r-to-air warfare but not to the
exclus ion of air -to-ground, ground-to-air, and
ground-to-ground types of warfare. Aircraft
fuel lines and fuel tanks are particularly vul­
nerable to t his class of projectiles. However,
incend iary bullets can and do initiate destruc­
tive fires in a large variety of other targets.
While air cra f t , ammunition and fuel dumps
are among the principal targets for incendiary
attack, incendiaries have proved to be effec­
tive against personnel armored vehicles.

Table 1.1,- 1. E xa mples of Incelldiary Compositions

%
50/50 magnes ium-aluminum 48

alloy
Barium nitrate . 50.5
Potassium perchlorate _
Zirconium _
TNT _

Linseed Oil 1.5
Zinc Stearate _
Asphal tu m _
RDX _
Alumin um _

14-2. Compositions

a. Incendiary compositions are used in small
arms bullets and artillery projectiles. They
mus t be sensit ive to the force of impact of
such projectiles and undergo burning rather
than explosion. For maximum incendiary
effect, they should produce a high percentage
of solid incandescent products of combustion.
They may he considered intermediate between
thermite compositions, which produce 110 gases,
a nd tracer compositions. Thermite composi­
t ions are not sufficiently sensitive to impact to
be suitable for use in incendiary ammunition.

AGO l00 20A

b. Such compositions have relatively high
explosion temperatures between 400 0 to
600 0 C. The inc endiary composit ions are pur­
posely not oxygen balanced, there being pro­
vided an excess of metal par t icles, most or
which burn to their oxides in the a ir after ex­
pulsion from the projectile. Essentially, the
only gas produced for the oxidizer-f uel types of
compositions is nitrogen. The high explo sive
incendiary (REI) compositions yield carbon
dioxide and H20 in addition to nit rogen from
the decomposition of RDX. Th ese gases pro­
vide the bursting force required to f ragment
the projectile body. The projectil e body may be
made of a combustible metal alloy to enhance
the incendiary effect.

c. Since all incendiary re action temperatures
are above 3,000 0 C, the single most important
attribute of incendiary effic iency is the burn­
ing time of the metal particles. This burning
time is usually referred to as burst durat ion,
or the length of time the cloud of metal par­
ticles burn upon expulsion from the projectile.
The burst duration of course depends upon the
composition formula with respect to rate of
reaction, kind of metal, and metal part icle size
consistent with reliability of ignition an d r eac­
tion of the ingredients. Burst durations of 30
to 600 milliseconds have been recorded depend­
ing upon composition formul a, type of
projectile and type of target.

14-3. Ignition

Small arms incendiary bullets are design ed
with a thin metal nose section whi ch cr ushes
upon impact expelling the burning incendiary
material. Larger caliber, such as 20-m m
projectiles, are fitted with a point sensi tive
mechanical fuze which is initiated upon impact
with the target. Both kinds of projectiles are
sufficiently sensitive to function against thin

14-1
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aluminum sheet approximately 0.020" thick of
the type used for the skin of aircraft. The
rounds are bore safe and drop safe for
handling.

14-4. Tests
a. Incendiary projectiles are tested by firing

against specified replica targets, usually a
simulated aircraft wing structure, at a speci­
fied distance from the gun. Percent ignition,
time of burst duration, location and character

1 ~ -2

of fire burst are recorded electronically and
photographically.

b. Ignition of hyd rocarbon aviation fuels is
determined by firing against a r eplica target
fitted with a fuel spray device located behind
a selected aluminum plate to simulate a
punctured self-sealing fu el tank. Efficiency of
incendiary action is determined by progres­
sively increasing the delay time of fu el spray
after projectile burst upon the target plate.
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CHAPTER 15

PACKING AND MARKING

•

•

15-1. General

a. The wide range in the sensitivity, sta­
bility, and hygroscopicity characteristics of ex­
plosives and propellents has required the de­
velopment of appropriately var ied types of
packing. The sensitivity of in itiating explo­
sives to shock and friction, that of black
powder to spark and flame, the decreased
stability of some propellents in the presence of
moisture, and the hy groscopicity of many
propellents a nd black powder have neccessi­
tated such extremes as packing in a wet condi­
tion and the use of airtight containers that
must withstand a prescribed internal pressure.
On the other hand, the nonhygroscopicity and
relative insensitivity of some high explosives
permit the use of cartons, which are collapsible
a nd can be reused when these explosives are
packed for interplant shipment or short term
sto rage.

b. Bulk priming, pyrotechnic, smoke, tracer,
and incendiary compositions are not subjected
to shipment or stor age, bei ng manufactured
and loaded at the same plant. Special pa cking
containers , th erefore, are not pr escribed fo r
thes e compositions.

c. The marking of containers for explosives
and propellents is prescribed by drawings and
C.S. Army and L.S. Navy gene ral speci­
ficati ons a nd comply with regula t ions of the
Intersta te Commer ce Commission. T~1e na me
of the material , lot number, specification num­
ber, manufacturer's ini t ials or symbol, contract
number, date of manufacture, gross weight,
cubical displacement, and the dangerous com­
modity designation required by the Inter sta te
Commer ce Comm ission regulations are the
most gener al marki ngs. Markings may .nclude
also grade and/or class, pla nt wher -e manu­
"actured , and a ~)CX num ber. ~niti [l.tj T' g exp lo-
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sives are marked to indicate their nature and
a prohibition against stor ing or loading with
other explosives.

15-2. Initiating Explosives

a. The sensitivity of explos ives of this type
to shock a nd friction necessitates that these be
packed in a wet condit ion. Because of the
low solubility of lead azide , mercury fulminate,
diazodinitrophen ol, a nd lead styphnate , water
can be used as the wetting agent. However,
if shipme nt or storage under low te mperatu r e
condit ions is anticipate d. a mixtur e of equal
weights of water a nd ethanol is permitted.

b. Approximately 25 pounds of the explo­
sive, wet with not less than 20 percent of
liquid, is placed in a du ck or rubbe ri zed cloth
bag and covered with a cap of the sa me ma­
terial. The ba g is tied secu re ly so as to pre­
vent leakage. Not more than six such bags are
placed in a la r ger bag of the same material.
The larger bag is tied securely and placed in
the center of a watert ight metal or wooden
ba r re l, drum , or keg lined with a heav y, close­
fitti ng, jute bag. The large bag containi ng
the explosive is surro unded w ith well-packed
sawd ust that has been saturated with water or
water-ethanol mixture. The ba g fo rming a
liner is closed by sewing befo re the ba r r el,
dr um, or keg is close d. Xot mere ban 1. 50
pou nds (dry wei gh t ) of ini tiating explos ive is
pe rmitted in a single containe r.

15- 3. Noninitiating High Explosives
a. Nitroglycerin, as such, may not be

shipped by f r eigh t or express and almost in­
var iably is manufactured at the plant wh ere it
is to be used.

Nitrcceilu lose, beca use of .t s sensit.v' t v
to spark, is wet wi th at leas t 20 percent of
water and packed in watert ight drums.
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c. Because of sens it ivity to shock, RDX and
PETN are wet wi th water or ethanol-water
mixture, so that the paste or slurry contains
not less than 40 percent of liquid. This paste
or slurry is placed in duck, rubber, or rub­
berized cloth bags holding not more than 50
pounds (dry weight ) of explosive. These bags
of explosive are placed in a larger bag of the
sa me mater ia l. The small bags are surrounded
with water an d th e large bag is closed securely.
This bag is then placed in a watertight barrel,
keg, or drum. The dry weight of explosive in
one container must not exceed 300 pounds. It
is of in te rest that, during World War II, the
Germans packed RDX in a dry condition.

d. Am monium nitrate, because of its great
hygroscopicity, is packed in moistureproof
metal drums or pa per bags. The metal drums
are lined with paper and may be of the single­
trip type. Single-trip drums and burlap­
covered paper bags for packing ammonium
nitrate have a maximum capacity of 100
pounds.

ICC SHIPPING NAME

e. TNT, tetryl, explosive D, picric acid,
haleite, and nitroguanidine are almost non­
hygroscopic. For lengthy storage or oversea
shipment, they are packed in wooden boxes
lined with waterproof paper and holding 50
or 100 pounds of explosive (fig. 15-1). For in­
terplant shipment or temporary storage, such
explosives can be packed in fiber cartons which
are lined with a waterproof bag and
hold approximately 50 pounds of explosive
(fig. 15-2). Such cartons are collapsible and
can be reused, the paper bag being destroyed
after emptying.

f . Binary explosives such as amatol, tetrytol,
picratol, torpex, and tritonal generally are
manufactured at the loading plants where they
are to be used and are not subjected to packing.
Pentolite, composition A-3, and composition B
are sometimes shipped to loading plants or
placed in storage. They are packed in a dry
condition in 50-pound wooden boxes or fiber
drums lined with moistureproof paper bags,
since they are much less sensitive than the
PETN and RDX from which they are made.

\MONTH AND
(YEAR PACKED

RA PO 167442

15-2

Figure 15-1. Wooden box for packing high ex plosives.
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CUBICAL DISPLACEMENT

DESCRIPTIVE NOMENCLATURE /
OF PACKED ITEM\

BOX NUMBER

GROSS WEIGHT

MONTH AND
YEAR PACKED

AMMUNITION LOT NUMBER
INCLUDING MANUFACTURER'S
INITIALS

RA PD 167443

Figure 15-2, Fiber carton for packing high ex plosives.

•

•

Composition C-3, when shipped in bulk, is
packed in wooden boxes holding 58 pounds and
lined with oilproof and moistureproof paper
bags.

g. Military dynamites and demolition explo­
sives such as the C-3 composition, like their
commercial counterparts, are packaged in 1­
pound st icks or blocks with paper; and these
are packed in paperlined boxes holding
50 pounds of explosive. The paper used for
packaging and packing generally is required to
be oilproof as well as moistureproof.

15-4. Black Powder

Because of it s extreme sensitivity to spark
and its gre at hy groscopicity, black powder is
packed in airtight steel drums, which hold 25
pounds of powder. These, sometimes, have
small, slide-ty pe gasketed closures.

AG O I Ou20 A

15-5. Propellants
The hygroscopicity of nitrocellulose propel­

lants in general and the adverse effect of mois­
ture absorption on stability and ballistic value
render necessary the packing of propellants in
airtight containers. Coppe r-lined wooden
boxes, tested for resistance to air pressure of
5 psi, were used formerly f or all types of
propellants and are still standard (fig. 15-3 ).
These vary in size, holdi ng as much as 150
pounds of powder. More recently, there have
been standardized containers of stainless steel
with a bonded outer layer of plywood and con­
tainers made of heavi er , galvanized steel (fig.
15-4). Containers for propellants have re la­
tively large, rubber-gasketed closures of the
clamping ty pe, wi th pressure applied by means
of a screw. It has been found that propellants
store d in such containers do not undergo
change in moisture content eve n under the
adverse conditions of tropical storage.

15-3
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1.5-4

RA PD 167444

Figure 15-3. Wooden box f or packing propellant.
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RA PO 167445

Figure 15-4. Steel box for packing propellant.
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CHAPTER 16

STORAGE

o

•

16-1. General
a. Because of the area of destructiveness of

exp losives and propellants in the event of ac­
cidental ignition or detonation, it has been nec­
essary to establish rigid regulations for the
sto rage of such materials.

b. On the basis of data for actual explosions,
there was established the original American
Table of Distances for the safe storage of ex­
plosives and ammunition. This has been revised
on the basis of additional data, such as those
given in R. Assheton's "History of Explosions"
(1930) and C. S. Robinson's "Explosions, Their
Anatomy and Destructiveness" (1944) . This
table shows the maximum distances at which

AGO l00 20A

damage to surroundings might be expected in
the event of explosions of var ious magnitudes.

c. Explosions can cause death or injury to
personnel (either directly or indirectly) , dam­
age to surrounding structures and vehicles, and
ignition or initiation of other explosive material
stored in adjacent buildings. Since these effects
may be reduced or prevented by the barricading
of magazines, control of quantities, or other
means, the most recent regulations take into
account inhabited building, public railway,
public highway, magazine, and underground
installation distances, as well as types of stor­
age. For storage regulations, see TM 9-1300­
206 .

16-1
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• CHAPTER 17

SHIPMENT

(2)

(4)

(3)

o

•

•

•

17-1. General

a. There is an extensive requirement for in­
te r plant and oversea shipments of explosives
and propellants, and shipments to and from
reserve storage are pa rt icular ly necessary dur­
ing peace t ime. Miscellaneous shipments include
those of sal vaged explosive materials and ex­
plosives and propellents required for use in
experi menta l and test work.

b. Railroads, ships, barges, and motor trucks
are used ch iefly for such shipments. With the
exceptio n of laboratory samples, all railroad
shipments are made as freight, shipment of
sa mples by express bein g permissible. Because
of inc reased handling, shocks during transpor­
tation, and gre ate r variety of hazards with
changing env iro nment , the shipment of explo­
sives and propellants must be made with the
utmost care. The problem s of safe shipment are
not unlike those of sto rage, and special regula­
tions have been developed for the sh ipping of
explosives and propellants as well as ammuni­
tio n loade d with th ese.

c. While there were some accidents during
World War II caused by the handling of am­
munition, such as the loading and unloading
operat ions incident to trans por tat ion , there was
no exp losion of explosives or propellants during
actual transpor tat ion in the United States that
was not caused by fire or iginati ng elsewhere
tha n in the explosive material. In view of the
enor mous tonnages of such materials trans­
por ted, chiefly by rail , this record is testimony
to the effect iveness of the regulations for pack­
ing and shipping explosives and propellants.

17-2. Regulatons

a. P ublished regulations pertaining to explo­
sives a re listed in (1) through (8) below.

(1) Interstate Commerce Commission

AGO l 0020A

Regulations, Transportation of Ex­
plosives and Other Dan gerous Articles
by Freight.
Interstate Commerce Commiss ion ,
Motor Car r ier Safety Regulat ions,
Part Nos. 1 to 7 inclus ive.
Bureau of Explosives Pamphlets No.
6 and No. 6A.
U.S. Coast Gua rd, Regulati ons Gov­
erning Transportat ion of Military
Explosives on Board Vessels, and Reg­
ulations for the Secur ity of Vessels in
Port.

(5) U.S. Department of Commerce,
Bureau of Marine Inspection an d
Navigation 's Regulations Governing
Transp ortation, etc ., of Explosives.

(6) U.S. Civil Aeronau t ics Board, Civil
Air Regulations, Part 49, Trans porta­
tion of Explosives and Other Da nge r­
ous Articles.

(7) Freight Tariff No.8.
(8) State and municipal laws and port and

harbor regulations where applicable.

b. These re gulations cover the ins pectic .i of
f r eight cars, boats, and motor vehicles pri or to
loading with expl osive materials, the loading
and staying of shipments, the placard ing of car s
and trucks and the labe ling of packages so as
to indicate nature of sh ipments, the placement
of freight cars in trai ns, and the inspect ion of
shipments prior to unl oading, as well as quanti­
ties of items permitted in indi vidual cars,
barges, and trucks.

, 7-3. Fre·ight Shipments

a. Freight Tariff No.8, publishing 1. C. C.
Reg ulat ions for the Transportation of E xplo­
sives and other Dangerous Articles by Freight,
with supple ments. establishes }. 3 classes of

17- 1
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hazardous material s. Three of these classes
comprise explosives, propellants, assemblies,
and ammunition. The three classes include the
following military explosives :

17-4. Motor Shipments

a. The Motor Car r ier Safety Regulati ons of
the Interstate Commerce Commiss ion establish
three classes of explosives that cor respond
closely, but not exactly, with those established
for feight shipments. These a re described in
(1) through (3) below.

(1) Dangerous explosives , Class A, in­
cludes ( a ) through ( c ) below.

(a) High explosives that can be deto­
nated by a blasting cap, inc luding
dry nitrocellulose, dry nitrostarch,
and fireworks that can explode en
masse.

(b) Black powder and low explosives.
(c) Blasting caps and electric bla sting

caps. Items of this class may be
shipped in a common motor carrier,
which consists of a truck to which
no form of trailer is attached, or a
semitrailer attached to a tractor,
but to which no form of trailer is
attached. Liquid nitroglycerin is
not included in this class, but may
be transported in special trucks
that are not common carriers.

(2) Less dangerous explosi ves, Class B,
includes smokeless powders for can­
non and small a rms, and fireworks
not subject to explosion en masse.

(3) Relatively safe expl osives , Class C, in­
clude assemblies such as squibs,
primers, and Cordeau detonant.

b. Ammonium nitrate is not classified as an

e. The establishment of these three classe s
simplifies the formulation of regulat ions for
the proper sepa rat ion of th ese an d other
dangerous articles during freight transporta­
tion. By such separat ion and the prescribing of
appropriate packing, the extent of dam age is
minimized in case of accident or sa botage. The
Bureau of Explosives of the Association of
American Railroads, an official advisory body,
does the test work and makes the recommenda­
tions upon which the Interstate Commerce
Commi ssion regulations fo r the freigh t trans­
portation of explosives are based.

Fireworks

Cordeau detonant

Picr ic acid
Explosive "D"
RDX
Nit r oguanidine
PETN
Haleite
Dynamite
Nitrostarch

Explosives. Class B:

Smokeless powder

Explosives. Cla.s C:

Blasting caps
0,000 or less )

Primers

Explosives, Class A:

Lead azide
Mercury fulminate
Lead styphnate
Diazodinitrophenol
Black powder
Low explosives
TNT
Tetryl

c. Explosives, class B, include explosive
materials which a re principally a fire hazard.
Wet nitrocellulose, which might be expected to
be included in class B, is included in the class
of flammable solids . The transportation of dry
nitrocellulos e by f re ight is not permitted. Am­
monium nit r ate, although it has some explosive
characteristics under extreme conditions, is
not included in class B, but in the class of
dangerous articles compirsing oxidizing ma­
terials.

d. Class C exp losives contain class A or class
B explosives as components, but in restricted
quantities. Such assemblies represent an explo­
sion hazard in cas e of fire and might serve to
initiate the explosion of any adjacent materials
in classes A and B.

Time blasting fuse
(safety fuse)

b. It might appear t hat class A includes an
unduly wide range of explosives from the view­
point of sensiti vity. However, when these ex­
plosives are packed as described in paragraphs
15-1 through 15-5, the factor of sensitivity
may be considered fairly constant for all ma­
te rials in this class. Class A explosives, there­
fore, are those which represent an explosion
hazard in case of fire not in case of accident
without fire. Transportat ion accident statistics
substantiate this generalization. The trans­
portation of niroglycerin, as such, by f reight is
not permitted, and it is not included in class A.
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exp losive for motor transportation, but as an
oxidizing material. Separate regulations apply
to t he transportation of oxidizing materials.

17-5. Boat Shipments
Coast Guard Regulations also establish

classifications of Class A, dangerous explo­
sives; Class B, less dangerous explosives, and
Class C, relatively safe explosives. This divi­
sion into classes corresponds to that established
by 1. C. C. Regulations for motor transporta­
tion.

17-6. Airplane Shipments
Civil Air Regulations permit limited ship­

ments of explosives and propellents by
airplane. The packaging, labeling, and classi­
ficati on of such materials are in accordance

AGO l0020A
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with I. C. C. regulations fOJ" freight and ex­
press shipments. Passenger aircraft may
transpor t no class A or class B explosive, ex­
cept picr ic acid, explosive D, and TNT; and
th ese must be shipped as medical or chemical
materials, wet with at least 10 percent water,
and in outside containers having maximum
contents of 16 ounces. Class C explosives, ex­
cept blast ing caps, may be carried on passenger
ai rcraft, but individual outside containers may
inclose not more than 50 pounds of such ex­
plosives. Cargo aircraft may transport explo ­
sives per mit ted in passenger aircraft and also
explosives other than blasting caps that are
packed, labeled, and otherwise acceptable for
express shipment in accordance with 1. C. C.
Regulations .

17-3
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18-1. General
In the course of manufacturing, loading, shipment,
storage, and reconditioning operations, quantities of
scrap, impure, deteriorated, and waste explosives and
propellents are accumulated that cannot be used. Ob­
soletion of grades and the accumulation of these
surplus materials sometimes present the problem of
disposal or destruction. In the event that the operation
of a manufacturing or loading plant is discontinued,
the serious problem of decontamination of the plant
equipment , structures, and ground presents itself.
Because of their complete or almost complete in­
solubility in water and their toxic effects, explosives
and propellents generally cannot be disposed of by
solution and elimination as sewage. Submergence,
burn ing, detonation, or decomposition by chemical
agents must be resorted to.

18-2. Disposal
The term disposal covers the elimination of explosive
material without alteration in form or identity. Burial

I
in the earth is not an accepted practice, but dumping at
sea is permitted under controlled conditions. Regula-

•

t ions require that explosives and propellants be
removed from their containers and dumped not less
than 10 miles from shore at depths of not less than 500
fathoms. The regulations permit only explosives that
contain a water soluble constituent and that are desen­
sitized by partial solution to be disposed of by dumping
at sea.

18-3. Destruction
a. Burning generally is the preferred method for

destroying explosives and propellents, but this is not
always practicable and detonation or decomposition
may be resorted to. Explosives of the initiating type
cannot be burned, hence relatively large quantities are

•

detonated. Smaller quantities are decomposed
chemically.

b. In carrying out burning operations, the maximum
quantity of a given explosive or propellant is that
known to be safe for surrounding areas should it deto­
nate en masse. Instances are on record of the detona­
tion, while being burned, of TNT, tetryl, pentolite and
explosive D. Explosives and propellants are burned in
layers not more than 3 inches th ick, except that
unopened boxes of dynamite may be burned and layers
of wet nitrobody sludge may be 12 inches deep. Loose,
dry explosives may be burned in layers in direct con­
tact with the ground, but wet explosives and boxed
dynamite must be placed on a layer of combustible
material. If it is found that wet explosivewill burn only
incompletely and with difficulty on the combustible
bed, the bed may be sprinkled with fuel oil,which is not
a volatile flammable liquid (must have a flash point
higher than 100° F.). The layer of explosive or pro­
pellant is ignited by a train of combustible material,
such as excelsior, arranged so that it and the bed of ex­
plosive material burn in the direction from which the
wind is blowing (fig. 18-1). Ignition of the combustible
train is accomplished by means of a black powder squib
init iated by an electric current or time blasti ng fuse
(safety fuse).

c. The destruction of explosivesby detonation should
be carried out in a pit not less than 4 feet deep, the ex­
plosivebeing covered with not less than 2 feet of earth.
Where space permits, the use of a pit may be dispensed
with. The maximum quantity to be detonated at one
time is that which will not affect the nearest structures
by blast effect or missiles resulting from the explosion.
Detonation is effected by demolition blocks initiated by
electric blasting caps.

Change 1 18-1
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Figure 18-1. Burning of u1I8erviceable propellant.

d. The destruction of explosives and propellants by
burning or detonation is an operation to be carried out
only with extreme care, because of the hazards involved
in preparing the material for burning or detonation as
well as the actual destruction. Careful attention should
be given to the provisions of the AMC Safety Manual,
AMC Regulation 385-224, in carrying out such opera­
t ions.

e. Destruction of explosives by chemical decomposi­
tion is standard for only lead azide, mercury fulminate,
and nitroglycerin, but methods for decomposing other
explosives are available and may be used conveniently
for disposing of small quantities of waste materials
from laboratories or other sources.

f. Black powder can be disintegrated and desen-

18-2

sitized by leaching with water, which dissolves the nit r­
ate present. The washings must be disposed of sepa­
rately from the residue. The residue of sulfur and char­
coal is combustible but nonexplosive.

g. Lead azide can be decomposed as directed in (1)
through (4) below.

(1) Mixing with at least f ive times its weight of a
10-percent solution of sodium hydroxide and allowing
the mixture to stand for 16 hours with occas iona l stir­
ring. The resulting supernatant solution of sodium
azide is decanted and disposed of by drainage into the
ground.

(2) Dissolving in a 10-percent solution of am­
monium acetate and adding a 10-
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percent solution of sodium or potas­
sium bichromate until no more yellow
lead chromate is precipitated.

(3) Wetting with 500 times its weight of
water, slowly adding 12 times its
weight of a 25-percent solution of
sodium nitrite, agitating, and then
slowly adding 14 times its weight of
a 36-percent solution of nitric acid or
glacial acetic acid. A red color pro­
duced on addition of ferric chloride
solution indicates lead azide to be still
present. Toxic fumes may be liber­
ated during this process.

(4) Dissol ving in 50 times its weight of a
15-percent solution of eerie am­
monium nitrate. The azide is decom­
posed with the evolution of nitrogen.

h. Mercury fulminate can be decomposed by
adding it, with stirring, to at least 10 times its
weight of a 20-percent solution of sodium
thiosulfate. Some cyanogen (a poisonous gas)
may be evolved during this process.

i. Diazodinitrophenol can be decomposed by
adding the water-wet material to 100 times its
weight of a 10-percent solution of sodium
hydroxide. The compound is decomposed with
the evolution of nitrogen.

j. Lead styphnate can be decomposed by dis­
solving it in at least 40 times its weight of a
20-percent solution of sodium hydroxide or 100
times its weight of a 20-percent solution of am­
monium acetate and adding a solution of
sodium dichromate equal to half the weight of
styphnate in 10 times its weight of water.

k, Tetracene can be decomposed by adding
it to boiling water and continuing boiling for
some time.

l. TNT can be decomposed by adding it
slowly, while stirring, to 30 times its weight of
a solution prepared by dissolving 1 part of
hydrated sodium sulfide (Na2S.9HzO) in 6
parts of water.

m. Tetryl can be decomposed by dissolving it
in 12 times its weight of a solution prepared by
dissolving 1 part of hydrated sodium sulfite

AGO l0020A
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(Na2S03.7H20) in 4 parts of water. The sulfite
solution may be heated to 80° C., if desired, to
facilitate decomposition of the tetryl.

n. Ammonium picrate (explosive D) can be
decomposed by dissolving it in 30 times its
weight of a solution prepared by dissolving 1
part of hydrated sodium sulfide in 6 parts of
water.

o. Picric acid can be decomposed by dissolv­
ing it in 25 times its weight of a solution pre­
pared by dissolving 1 part of sodium hydroxide
and 21 parts of hydrated sodium sulfide in 200
parts of water. Some hydrogen sulfide and
ammonia are evolved.

p. RDX can be decomposed by adding it
slowly, so as not to interrupt boiling, to 25
times its weight of a boiling 5-percent solution
of sodium hydroxide. Boiling should be con­
tinued for one-half hour after all the RDX has
been added.

q. PETN can be destroyed by dissolving in
eight times its weight of technical grade ace­
tone and burning the solution in a shallow iron
or enameled container. If decomposition is
preferred, warm the acetone solution to 40° C.
(105 ° F.), agitate, and add 7 parts by weight,
for each part of PETN, of a solution prepared
by dissolving 1 part of hydrated sodium sul­
fide in 2 parts of water and heating to 80° C.
(175 ° F.) . The aqueous solution should be
added at such a rate that the acetone solution
does not boil. After mixing is complete, agita­
tion should be continued for one-half hour.

r. Haleite can be decomposed by addition to
hot, dilute sulfuric acid. Nitrous oxide,
acetaldehyde, and ethylene glycol are evolved.
It can also be decomposed by adding 1 part to
5 times its weight of a 20-percent solution of
sodium hydroxide.

s. Nitroguanidine can be decomposed by dis- .
solving it in 15 times its weight of 45-percent
sulfuric acid at 25° C. and warming the solu­
tion until gas is evolved. Heating is continued
for some time thereafter.

t. Nitrocellulose can be decomposed by add­
ing it with agitation in portions to five times
its weight of a 10-percent solution of sodium
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hydroxide that has been heated to 70 ° C.
(160° F .) . Agitation is continued for at least
15 minutes afte r all the nitrocellulose has been
added.

u. Nitroglycerin can be decomposed by add­
ing it slowly to 10 times its weight of a 17.5­
percent solution of hydrated sodium sulfide.
Th e sulfide solution should be agitated during
the addition and thereafter until solution is
complete. Much heat is liberated by the reac­
tion, but this does not represent a hazard un­
less agitation is interrupted.

v. DEGN can be decomposed in the same
manner as nitroglycer in (u above) .

w. Compositi on A- 3 can be decomposed by
the method desc r ibed for the decomposition of
RDX (p above).

x. Compositi on B can be decomposed by dis­
solving 1 pa rt in 12 parts by wei ght of tech­
nical grade acetone and heating the solution
to 45° C. (150° F. ). While this is agitated
vigoro usly, there is added slowly 12 parts by
weight of a solution at 70 ° C. (160 ° F.) of 1
part of hydrated sodium sulfide in 4 parts of
water. The addit ion should not be rapid
enough to cause the temperature of the ace­
tone solut ion to ri se above 60° C. (140 ° F.).
After addition is complete, agitation is con­
ti nued for one-half hour.

y . Compositi on C-3 can be decomposed by
adding 1 part slowly to a solution prepared
from 1lJt. parts of sodium hydroxide, 11 parts
of water, an d 4 parts of 95-percent denatured
alcohol , and heated to 50° C. The mixture is
heated slowly to 80 ° C. (176 ° F.) and main­
t ai ned at this temperature for at least 15
minutes.

sure safety of personnel and completeness of
decontamination. Serious accidents have oc­
curred through the subsequent handling or
heating of incompletely decontaminated equip­
ment. For detailed safety measures, the reader
is referred to the AMC Safety Manual an d
AMC Regulation 385-224.

b. Wherever practicable, decontamination is
effected by the physical operations of washing,
steaming, fire-flashing, and burning. Fire­
flashing consists of exposing an item t o suffi­
cient flame to burn off any explosive present .
Metal objects such as nitrator s, cen t r ifuges,
tanks, piping, etc. , are washed with water ,
steamed, and then flashed. A wood fire is used
f or the flashing operation, except for stainless
steel objects, for which a low-temperature oil
flame is employed. Equipment that is being
decontaminated for standby purposes is not
subjected to the fire-flashing operation. Wooden
objects such as railing, paddles, etc., and build ­
ings, such as dry-houses and packing materials,
gaskets, etc., are destroyed by burning af ter
preliminary cleaning. Earth that is so con­
taminated as to offer a fire or explosion hazard
is wetted, scraped up, and burned at a burn­
ing ground.

c. Free acid present in equipment requires
neutralization as well as washing, and a 5±
percent solution of sodium carbonate (soda
ash) is used for this purpose. Because of the
uncertainty of complete removal of explo sives
in all cases by the physical methods described,
chemical methods are used also t o supplement
these. Standard decontamination procedures
include the chemical agents shown by table
18-1.

Table 18-1 . Decontaminating Agen ts

Lead azide Cer ic ammonium nitrate

Mercury fulminate Sodium thiosulfate

Nitroglycerin Methanolic sodium sulfite

Nitrocellulose Sodium hydroxide

Smokeless powder Sodium hydroxide and acet one
TNT Sodium carbonate and selli te

Tetryl .. Sodium carbonate and sellite
or acetone

Pentolite Acetone

18-4. Decontamination

a. Th e cleansi ng of equipment, buildings,
and grounds of explosive materials is a diffi­
cult, tedious, and sometimes hazardous opera­
t ion. Because of the wide variety of materials,
the existe nce of cracks, crevices, and cavities,
and the poss ibility of explosions and the evolu­
tion of toxic or explosive gases, the operations
and techniques must be made as simple as
possible and various precautions taken to in-

Contaminant A gent
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d. Loading plants, because of the use of a
number of explosive materials, present par­
ticularly difficult problems of decontamination.
The procedures appropriate to several different
explosives manufacturing plants may be re­
quired for the decontamination of different
parts of an individual loading plant.

e. With the growing complexity of modern
military explosives and propellants, because of
the introduction of new nonexplosive in­
gredients as well as mixtures of explosives, the
problem of destruction and decontamination

AGO lOO20A
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are increased correspondingly. New and special
compositions, therefore, should be given care­
ful technical consideration before destruction
or decontamination operations are undertaken.
While burning and washing operations suffice
for most pyrotechnic, smoke and incendiary
compositions, some of the newer compositions
present explosion hazards when wet with
water. Therefore, the rules in a through d
above pertaining to explosives and propellant
compositions apply equally to pyrotechnic,
smoke, and incendiary compositions.

18-5
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APPENDIX A

CHARACTERISTICS AND DATA

Table A-I. S ensi tivi ty Test Values 0/ E xp losives 1

Impact tat with
lMin lmum2 kilogram weight Pendulum Rifle Explosion detonating charge. gram of-

friction teat.' bull et test. te mpe rature
PA APP. BM APP. percent pe rcent test. ·C. Mer cury

inches cm explosions expl osions Lead azide fulminate Tet ry l

TNT ------ ------ - - -- -- - - I 14 100 0 2 475 0.26 0.24 - - - - - - --
Amm onium nitrate - - - - - -- I 31 100+ 0 0 - - - - ---- - --- - -- - - - - - - - -- --- --------
Nitroglycerin ------- -- -- - 1 15 100 100 222 -- - - - -- - - --- - - ---- - - - - --- -
Nitrocellu lose' - --- --- --- - 3 9 ------- - - - ------- - 230 0.10 - - - - - - --- - ------ -
PETN ------ ------ ----- -- 6 17 5 100 225 0.03 0.17 --------
Tetryl - ---------------- -- 8 26 0 70 257 0.10 0.19 --------
Picric aci d - --------- --- - - 13 82 --- - - - - -- 50 322 0.24 0.26 -- - - - -- -
Explosive " D" ____________ 17 100 + 0 10 318 ---- ----- ---- - ---- 0.06
Nitroguanidine --------- -- 26 47 0 0 275 --------- ----- ---- 0.10
Haleite -- - -- -- - - --- ---- -- 10 43 0 0 190 0.13 0.21 - ---- ---
RDX - - - - - - - - - - - - - - - - - - - - 8 33 20 100 260 0.05 0.19 - - - - ----
50-50 Amatol - -------- -- - 12 95 0 0 265 _._------- - - ---- --- 0.05
80-20 Tritonal --------- -- 10 73 0 60 470 0.30 ---- - ---- --------
50-50 Pe ntolite - - - - - - - - - - - 13 29 0 80 220 0.13 0.19 -- - - - - - -
70-30 Tetrytol ____________ 11 28 0 30 320 0.23 0.23 --------
52-48 Pi cr atol - -- ---- -- - -- 14 100 + 0 0 285 -- - - -- - - - - - - - - - - - - 0.06
55-45 Edn a tol - ----------- - - - - --- 52 0 0 190 0.22 0.22 --------
Composition B ____________ 13 75 0 15 278 0.17 0.22 ----- - --
Torpex ---- -- -- - - -- -- -- -- 8 40 - ------- - 100 260 ------- - - 0.18 - - ------
Composition A-3 --------- 16 100 + 0 0 250 0.25 0.22 - - - - ----

Composition C-3 --------- 14 100+ 0 40 280 - - - -- ---- - - -- - - --- 0.08
Compositi on C-4 _____ _____ 10 100+ 0 0 290 - - - - - -- - - -- ----- - - 0.10
Lead azi de - -------------- 5 11 - -- - - - - - - -- - ------ 340 ---- - - - - - -- - ------ - - - - --- -
Mercury fulminate ---- --- 2 5 - - - - - - - - - --- - - - --- 210 --- - ---- - --------- --------
Lead styphnate --------- -- 3 8 - - -- - - -- - ----- ---- 282 --------- --------- - ---- - --
Diazodini t rophenol -------- 2 5 ----- - --- ----- -- - - 180 ---- ---- - --- - - - - -- - -------
Tetracene ---- -- - --- -- -- - - 2 7 - - - ----- - - -------- 154 -------- - - - - - - - --- -- - -----
Black powder ---- ----- - -- 16 49 0 - - --- ---- 427 - - - - - - - - - ----- - --- - - - - ----

1 For uni ts . meaning, and methoda of determination. see paragrap h 28.
I With steel shoe.
I Nitrogen conte nt, 13.3 percent.

•
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TNT __. _
Ammonium nitrate . _
Nitroglycerin _
Nitrocellulose t _

PETN __. _
Tetryl _
Picric acid _
Explosive OlD" _
Nitroguanidine _

Haleite - ---- - - --- ---- - --- - - - - - - ---
RDX __. . _
50-50 Amatol _
80-20 Tritonal _
50-50 Pentolite _
70-30 Tetrytol _
52-48Picratol _
55-45 Ednatol _
Composition B .. _
Torpex _
Composition A-3 _
Composition C-3 _
Composition C-4 _
Lead azide _
Mercury fulminate _
Lead styphnate __._. _
Diazodinitrophenol _
Tetracene . _
Black powder _

Table A-.2. Effects 01 Explosives' i
Bris ance measured by- Rate of deto nation Relative blast 00

IBallis t ic effect, percent TNT -Plate dent Fragmenta. pendulum Trauzl lead Co)
Sand test. tes t pe rcent tlon of shell Mete rs per ~t pe rce nt block test rgrams TNT percen t TNT At denol ty oeeond TNT percent TNT Pressure Impulse

47.5 100 100 1.56 6,900 100 100 100 100 N--- - --- - - ---------- --- -- ----- 0.9 2,700 ---- ---- 56 -------- --------
,.

58.7 ---- ----- --- --- ---- 1.60 7,700 140 185 -------- - -------
48.7 ----- ---- ---------- 1.20 7,300 125 --------- -------- - - ------
61.2 127 -------- -- 1.70 8,300 145 170 -- - - - - - - --------
54.0 ------- -- 121 1.71 7,850 128 129 -------- --------
47.9 107 -- -------- 1.70 7,350 109 103 -------- --------
36.8 --------- 99 1.63 7,150 98 ---- ----- -------- --------
36.8 - - -- - -_ ..- ---- ------ 1.55 7,650 104 78 - - - - - - -- --------
52.0 121 134 1.55 7,750 136 122 --- - - - - - --------
59.0 131 --- ------- 1.70 8,350 150 170 -------- --------
38.5 --- ---- -- 82 1.55 6,435 122 124 97 87
46.0 93 91 1.72 6,700 124 -------- - 113 118
54.0 121 131 1.65 7,450 126 122 105 107
52.7 117 117 1.60 7,300 120 --------- -------- --------
44.6 100 102 1.62 6,940 100 --- -- ---- 100 100
49.0 107 124 1.62 7,340 119 120 108 110
53.0 131 139 1.66 7,800 133 130 110 110
58.2 120 126 1.81 7,600 134 131 122 125
51.0 126 150 1.59 8,100 132 --------- -------- --------
53.0 114 133 1.60 7,625 126 115 105 109
55.7 115 ---------- 1.59 8,040 130 --------- -------- ---- ----
16.7 --- ------ ---------- 4.0 5,100 ------- -- 40 -------- --------
22.1 - - -- - --- -- ---------- 4.17 5,400 --------- 51 -------- - - - -----
10.5 - ------ -- ---------- 2.9 5,200 --------- 42 ----- --- - -------
45.6 --- - ---- - -- -------- 1.58 6,900 --------- -- ------- - - - - - - - - --------
2.0 --------- ---------- --------- --------- --------- 53 - - - - - - -- - ---- - --
6.3 ----- ---- ---- ------ 1.6 40C --------- 10 --- ------ - - - ---- -

>
8

I

/

'For units, meaning, and methods of determination. see paragraphs 25, SO. SS, and 84.
I Nitrogen content, 111.1I percent.
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Table A-9. Thermochemical Characteristics of Explosiv es 1

Tab le A-4. Sta bility Test Values of Explosives 1

•

•

Heat of
comb ustion,

calories
per gram at

constant
pressure

TNT 3,589.5
Ammonium nitrate _
Nitroglycerin 1,603
Nitrocellulose' 2,409
Nitrocellulose' 2,313
PETN 1,974
Tetryl 2,914
Pi cric acid __ _ 2,671.5
Explosive "D" 2,745
Nitroguanidine _ 1,995
Haleite 2,490
RDX __ 2,307.2
50 -50 Amatol _
80-20 Tritonal _
50-50 Pentolite _
Composit ion B _
Torpex _
Lead azide _
Mercury fulminate _
Lead styphnate _
Diazodinitrophenol _
Tetracene _
Black powder _

1 For umts, meam ng, and methods of de te rmin a tio n . see p aragr aph 28.
J Water produced in ga seo us form.
s Nitrogen content. 12.60 percent•
• Nitrogen conten t. 13.35 percent.

Heat of
formation.
kllcgram
calories

per mole

16.37
87.93
90.09

119.4
-5.02
56.33
95.82
23.58
20.13

-24.17

- 100.6

Produ cts of explosio n 2

H eat. Gas .
cal ories millilite rs

per gr a m pe r g r a m

925 730
346 980

1,486 715
855 918.5
965 883.2

1,385 790
1,120 760
1,000 675

800 -- --- -- ---
721 1,077

1,276 908
1,300 908

980 860
1,470 560
1,220 -------- - -
1,240 ----------
1,500 ------ ----

367 308
429 315
368 440
820 - - - - - - - - --
658 1,190
665 280

100· C. heat test.
76· C. in - percent loss in Vacuum stability test
ternational weight in-
t est. per-
cent loss 100· C. 120· C. 150· C.
in weight 1st 48 h r 2d 48 hr Sa mple.

gm ML HR ML HR ML HR

TNT ---------- --------------- 0.04 0.1 0.1 5 0.1 40 0.4 40 0.7 40
Ammonium nitrate --- ------- -- 0.0 0.1 0.0 5 0.3 40 0.3 40 0.3 40
Nitroglycerin ----------------- ----_._-- 3.5 3.5 1 11+ 16 - --- -- ------ -- ---- ----- -
Nit rocellulose ---- ------------- --- _.---- 0.3 0.0 5 0.9 24 11+ 16 - - - - - - -- ----
P E T N ------------------------ 0.02 0.1 0.0 5 0.5 40 11+ 40 --- - - -. --- ---
Tetryl ------ ------ ---- ------- - 0.01 0.1 0.0 5 0.3 40 1.0 40 11 + 12
Picric acid ._ ------------------- 0.05 0.03 0.09 5 0.2 40 0.5 40 ------ --- ---
Explosive " D" _________________ 0.12 0.1 0.1 5 0.2 40 0.4 40 0.4 40
Nitroguanidine ----------- - - -- - 0.05 0.2 0.1 5 0.4 40 0.5 40 - - - - - - ------
Haleite -- ------------- -------- 0.1 0.2 0.1 5 0.5 40 1.5 40 11+ 24
RDX ----------------------- -- 0.03 0.03 0.0 5 0.7 40 0.9 40 2.5 40
50-50 Amatol -- --- -- ------ ----- - •.. _--- - - ._- - - - - - - - --- - - 5 0.3 40 1.0 40 - - - --- ------80-20 Tritonal _________________ --- ------ --- - - - - - - - - - - - 5 0.1 40 0.2 40 0.8 40
50-50 Pentolite --- ----- --- ----- --'--_._- -- 0.0 0.2 5 2.5 40 11+ 16 - - -- - - ----- -
70- 30 Tetrytol --- ------- ---- -- - - ----_ ..._- 0.1 0.1 5 3.0 40 11+ 40 - - - - - - ------
52- 48 Picratol --- ------------ -- 0.0 0.0 (l.05 5 0.4 40 0.7 40 0.7 40
55- 45 Ednatol ----------------- - - _.__._- - 0.2 0.1 5 0.7 40 11+ 24 ----- - ------
Composit ion B -- ---- ----- ---- - --- - - - - .. - 0.1 0.1 5 0.7 40 0.9 40 11+ 16
Torpex ----- -------- ----- ----- - - - - - - -- 0.0 0.1 5 0.2 40 1.5 40 11+ 16

o

•
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100· C. heat tes t,
76· C. In- percent loss In Vacuum stahility test
ternatlonal well!'h t in -
tes t, per-
cent loss 100· C. 120· C. 160· C.
In weight tat 48 hr 2d 48 hr Sample,

I!'m ML HR ML HR ML H R

Composition A-3 ------------ --- - - -- - - ..- 0.15 0.15 5 0.3 40 0.6 40 --- --- --_._--
Composi t ion C-3 ------------- -- -- -- ---- 3.2 1.6 5 1.5 40 11+ 18 ------ ------
Composition C-4 -------- ------- ------ - - 0.1 0.0 5 0.3 40 --- - - - ------ - - - - - - ---- - - -
Lead azid e -------------------- 0.17 0.5 0.1 1 0.4 40 - - - --- ------ - - ---- ------
Merc ury fulminate ------------ 0.18 (t ) (2) ------- ------ .- - - - - - - -- --- ------ - - --- - ---- --
Lead styphnate -- ----- --- ---- -- ----- --- 1.5 1.5 1 0.3 40 0.3 40 - -- --- ------
Dia zodini tr ophenol --- --------- 0.24 0.5 1.1 1 6.0 40 - - ---- ---- - - - ----- - - - - - -
Tetracene ----- ---------------- 0.5 23.2 3.4 ------- ------ - _._- - - _._- --- ------ - - - --- -- ----
Black powd er ----- --- -- --- ---- - - - - - - - - - ------ - - - -- - - 6 0.6 40 0.9 40 - ----- ----- -

1 Fo r un its . meaning. and methods of determinations, see paragraph 29.
2 Explodes.

Table A-5. Density Values· of E xplosives

Pressure In pound. per square inch
Cr yatal or Cast

liquid 3.000 6.000 10.000 16.000 20.000 30.000 40.000

TNT -------------- -- ----- --- ---- 1.654 1.34 1.40 1.47 1.515 1.55 1.59 1.59 1.56
Ammonium nitrate --------------- 1.725 ----- - - ---- --- ------- ------- -- ----- ------- ------- ------
Nitroglycerin ------- ------------- 1.596 ------- ---- --- - --- - -- - --- --- - - ---- - ------- ------- ------
PETN ---------- ---------------- 1.765 1.37 1.676 1.638 - - - - - - - 1.71 1.725 1.74 ------
Tetryl -- ---- -- -- ---------------- 1.73 1.40 1.47 1.67 1.63 1.67 1.71 1.71 1.62
P icric acid ------ --- ----- --------- 1.763 1.40 1.49 1.67 1.61 1.64 1.67 1.69 1.71
Explosive uD" --------- ---------- 1.719 1.33 1.41 1.47 1.51 1.53 1.56 1.57 ------
Nitroguanidine ----- -------------- 1.716 0.95 ------- ---- --- --- - --_. - ------ ---- - - - ---- --- - --- - -
Hal eite -------------------- ----- 1.67 --- ---- 1.30 1.40 1.46 1.51 1.55 1.68 --- ---
RDX ---------------------------- 1.816 1.46 1.62 1.60 1.65 1.68 1.70 1.71 -----
60-50 Amatol --------- ----------- - - - - - - - ------- --- ---- ------- ---- - - ------- ------ - - - - - - - - 1.66
80-20 Tritonal ------------------- ------ - ------- ---- --- ------- ---_ ._- - ----- - ------- - ------ 1.72
50-50 Pentoli te -------- -- --------- - - ----- ------- - ------ --- - - -- -- - - - - - ------ ----- -- ------- 1.65
70-30 Tetrytol ------------------- - --- - - - ------- - ------ - ------ - - - - - - - ------ - ------ ------- 1.60
52-48 P icratol ------------------- - ---- -- ---- - -- - - - - --- - ------ ---- - - . ._- - --- - ------ - ------ 1.62
55-45 Ednatol -- ------- ----------- ------- - ------ ---- --- ------- ---- - - --- - - - - ------- ------- 1.62
Composition B ------------------ ---- --- - --- - - - ------- ------- ._- - - - - ------- ------- ------- 1.66
Torpex ---- ------ --------------- - - ----- ------- --- - - -- --- - - - - - - --- - - ------ - ----- -- - -- - - -- 1.81
Composi ti on A-3 -- --------- ------ ------- 1.46 ------- ------- ------- - - - - - -- ------- ------- ------
Composition C-3 ----------------- 1.60 ------- ------- - ----- - -- - - - -- - - ---- - - ------ - - - - - - - ------
Lead az ide --- --- ------- --------- 4.38 2.62 2.71 2.96 3.07 - - - - - - - ------- --- - - - - --- ---
Mercury fulminate --- ------ ------ 4.42 3.00 3.20 3.60 3.82 3.99 4.10 ------- ---- --
Lea d Styphnate ------- ----------- 3.02 ----- - - ------- ------- --- --- ----- - - ------- ------- ------
Diaz odini t rophenol --------------- 1.63 1.14 --- - - - - ------- - - ----- ------ - ------ - ------- - - - - - -
Tetracene -------- ------- --- ----- --- - - - - 1.05 --- - - -- - --- - -- --- - - - - ------- ----- -- ------- ------
Black powder ------- -------- ---- ------- 1.32 1.41 1.66 1.64 1.70 1.775 1.85 --- - --

• In gram. per milliliter.
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Ml M2 M5 M6 M7 M8 M9 MI0 M13 M15 M17 M26 M26A M30 M30A M31
(per- (per- (per- (per- per- (per- (per- (per- (per- (per- (per- (per- (per- (per- (per- per-

Composit ion cent) cent) cent) cent) cent) cent) cent) cent) cent) cent) cen t ) cent) cent) ent) cent) ent)

Nitrocellul ose:
12.60 percent N .. ... ..... .... . . . .. . . .... . . . . . .. ... . .. . . . . . . . .... . . .. .. . .. .. . . ... 28.0 28.0 20.0
13.15 percent N 84.2 . . . . . .... . 86.1 54.6 .. .. . ..... 98.0 57.3 20.0 20.0 67.25 68.70 . . . . . .. ... . .. ..
13.25 pe rcent N ... .. 75.55 81.5 ..... . .... 52.If 57.75 .. ... . . ... .. .. . ..... . . .. . . . ... ..... . . ... . . . . .

Nitroglycerin . .. .. 19.95 15.0 . ... . 35.5 43.0 40.0 . .... 40.0 19.0 21.5 25.0 25.0 22.5 22.5 19.0
Barium nitrate . . . . . 1.5<J 1.5 ..... . ... . . ... . ..... ..... .. ... . .. .. .... . 0.75 ... .. . .... .. . . . . ....
Potassium nitrate ..... 1.00 1.0 .. .. . . . . . . 1.21 1.5 ..... .. . .. .. . . . . . ... 0.7 . .... . .. . . . . . . . . .. ..
Potassium perchlorate . .. .. .. ... . .... . ... . 7.8 . .... ..... ..... . . .. . . . ... . . .. . . .... .... . . .... ... . . . ....
Nitroguanidine .. . .. . ... . . . ... . .... ... .. ..... . .... . .. .. ... . . 54.7 54.7 .. . .. . ... . 47.7 47.0 54.7
Dinitrotoluene 9.9 1.0 . ... . 9.9 ..... ... .. . . ... .. ... . . . . . . . . .. . . .. . . .... . . . . . . . . .. . .... .. . . .
Dibutylphthalate 4.9 ..... . . ... 3.0 . .. .. . .... .. ... . . . . . ..... . . ... .. .. . .. .. . . . . .. .. ... . .. . . . .. ..
Diethylphthalate .... . . . . . . . .. . . . ... . . . .. . 3.0 .. ... .... . .. . . . . .. .. .. ... . . . . . .. . . . . . ... . . . . . . . ....
Potassium sulfate . . . . . . .... . . .. . . . . . . . ... . . .. . . ..... 1.0 1.5 .... . . . .. . . . . . . . . .. . .. . .. 1.00 . . ... .
2-Nitrodiphenylamine . .. .. . .. . . .. ... ... . . . . . . . . .. . . . . ... . .... . .. . . . .... . .... ... .. . .. . . . . .. . . . . . . 1.5
Diphenylamine 1.0 0.75 0.71 1.0 . .... .. .. . 0.75 1.0 0.2 . . .. . . .... . . .. . . . .. . . . . . . . .. . . .. . . . .
Ethyl centralite ... .. .. ... .... . . . .. . 0.9 0.6 .. ... . . ... 1.0 6.0 1.5 6.0 6.0 1.5 1.50 . . . . . .
Graphite . .. . . 0.21 0.21 ..... ..... ..... .. ... . . . . . . .. . . .. .. . . . ... 0.3 0.3 .... . . . . . . . . . . . .
Carbon Black ... .. . . .. . .. ... .. ... 1.2 .. ... . . ... .. . .. ·O.Of . . ... . .... . . .. . . .... . .. . . . . ... . . . . . .
Cryolite .. .. . .... . .. . . . . . . . . ..... .. . .. .. .. . . . . .. . . ... 0.3 0.3 . . .. . . . . . . 0.3 . . .. . 0.3

100.0 100.0 100.0 100.0 100.0 100.0 100.0 ~OO.O 100.0 100.0 100.0 100.0 100.0 00.0 00.0 00.0

•
•

I . •

o

· Added.

Table A-6. Compositions of Standard Nitrocellulose Prop ellants
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Table A-7. Compositions of Rocket Propellants

T2 T3 T5 T6 T8 T9
Composition (percent) (percent) (percent) (percent) (percent) (percent)

Nitrocellulose:
12.20 percent N . .... . .. . ... ...... .. ... ...... .. ... .. ... . ... . . . . .. 56.0 .... .. 55.5 .... . .. . ... ... ...
13.15 percent N ... .. . . . ... ...... ... ........ ....... .. .. . 58.0 ... . .. . .. 57.5 ..... ... 58.0 ..... . . .. .

Nitroglyceri n ... .... . .. .. .. . .. .... ...... . .. .. ........ ..... .. 30.0 27.0 39.2 27.5 22.5 . ... .....
Pot assiu m nitrate .... .. . . . . . .. . .. . .. ... ................... . . . ......... ... ...... ... .... .. .... ..... ......... 49.8
Dini t rot oluene .............. .... .... . .. .. . ... . ........ ..... .. 2.5 9.3 ... .... 10.5 2.5 .. .. ....
Explosive uD" .... ...... .. ... .. ... ..... . ......... ... ..... .. .. .... ... . .... .. .. . . .. .. . ..... .. .. ..... 40.7
Triacetin .. .......... . . . . . ..... . .......... .. ... ... .... .. .... .. .. ... ... ..... .... ... ... ... ..... .. 8.5 .. ..
Pot assiu m sulfate . .... ... ... . .... ............. .... .... ...... 1.5 ... .. . ... . 1.5 1.5 .... . ... .. .. ..
Methyl cellulose .. . . . . . . ... ..... .. . .... .. ... ........ ...... .. .... ... ... "0.11 . ...... .. ........ ........ ..... ..
Et hyl cellulose .. . .. ...... ....... ....... . . . . . . . . ... . . . .. . .. . .. ......... ... ..... .. .... .... .. . ... .. . .. . . .. 4.5
Ethyl centralite . ..... ........ .... ........ .. ... ... ..... ... ... .. 8.0 7.2 1.75 4.0 8.0 .. ... . ...
Carbon black .. . .... .. .. ..... . . . . ... ....... ..... .. ... .. 0.02 .. .. .... 0.05 0.5 .. .. .. .. . , ..
Lead stearate .... ...... ..... .... ... ..... ... .. ........ ... ... . ... .. ... 0.5 "0.1 0.5 0.5 .. .....
Calciu m stearate. .. .. .. .. ....... ..... ..... .. ... ........ ... ... ... ... ... . .. .. ... .. .. .. .. . .... .... .. 0.5
Chlori na ted wax ..... .... ... .. .. ... ... ... ... .. . .. .. .. . . .. .... . .... ... ....... .. . .. .. . . .... .. .. .... ,.. . 4.5

J1.oo.0 00.0 100.0 100.0 100.0 100.0

"Added.

Table A-B. Characteris tics 1 of Prop ellant Compositions

Specific
Heat of Products- of explosion Burning rate" Force, 1,000 impulses

combustion" at 25°C. foot-pounds pound-
Composition calories Heat, calories Gas, miIliliters per pound seconds

per gram per gram per gram per pound

M1 . .. . . . . . .. . .. .. . .. . . . . . . . . . . . . . . . . 2,975 744 858 15 314 213
M2 . ..... . . . . . . . .. . .. .. .. . . . . .. .. . .. . . 2,275 1,138 685 29 368 234
M3 . . .. .. ....... ... . . . ... . . . . . .... . . . 2,830 820 804 12 310 212
M4 ................................... 2,945 797 783 . . . . . . . . .. .. . . 325 216
M5 •• • • • • • • • • • • • • • • • • • • • 0 ••••• •••• ••• 2,389 1,032 729 • ••• • 0 • ••• •••• 362 232
M6 ...... ...................... ~ ...... 2,780 796 842 14 R28 219
M7 .. .. . . . .. . .. . .. . . . . . . . . . . . . . . . . . . . . ..... ... ... 1,262 587 59 370 237
M8 .. . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . .... . .. . 1,225 671 67 380 239
M9 .. ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 •••••••••• ... . ....... ... ...... . . . . . . ..... 43 384 240
M10 ' 0 • ••• •• • • • • •• • • •• • ••••• • •• •• • •• • • •••••• • ••• 0 949 762 38 352 229
M12 •• •• '0' •••• •• •• • • • •• •• ••••• ••• •••• .. ..... . . . . 950 760 38 356 229
M13 . . .. ....... .. .................. ... ... ........ 1,244 640 55 390 242
M14 ..... .. .. .. . . . . . .. . .. ..... . . .... .. . .. . . . ... . . 879 . . .. . ... . .. .. . . . . .. . .. . . ... . .. . 337 219
M15 .... .... .. . .. . . .. . . . . . . . . . . . . . . . . . . ....... . .. 800 836 18 3~7 223
T2 . .. . . .. .. . . . . . ... . . . . . . .. . . . .. .. . . . . ........... 935 821 31 353 228
T3 . . ........ . . . .. .. . .. . .. . . . . . .. .. . . . . . ... .. ..... 798 874 . . . . . . ........ ...... . ...... . 216
T5 .. . . .. .. . . . . . .. ..... ... .. .. . . . .. . . . . . .. . . . . .... 1,259 610 .. ........ . . . . . ...... .. .. . . . 234
T6 . . .. .... ..... .. ... .. . .. .. .. ..... .... . .. ... . .. . . 873 842 28 338 218
T8 .. . ... . . . . . . . ... . . . . . .. . . . . . . . . . . . . . ....... . . .. 752 864 20 306 210
T9 .. .. .. .. .. . . . . . . . . . . . . .. .. ... .. .. . .. ....... ... . ...... . .. .. . . . . . . . . . . . . . . . . ... . 65 . . .. . .. . .... .. 165
Py rocellulose . . . . . .. . .. . .. . . .. . . . . . . . . . . .. .. . .. . . 861 792 19 339 231
Cordite MD .. . . . . ... .... . .. . . . .. .. .... .. ......... 1,025 940 . ....... . ..... . . . .... . . . .. . . . ..... .. . . . .

lF or units, meaning, and methods of determination, see paragraphs 4-8, 9-3, and 9-4.
2At constant volume.
3Wate r produced in liquid form.
4Inch per second per pound per square inch x 10-5.
SAt 2,000 psi .
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Table A-D. Stability Test Values- of Propellant Compositions

Humidor teet. days at- 120· C. heat teet 134. 5· C. heat teet
Surveillance tes t.

CompOllltlon days at- 50· C. 65· C. 80· C.
100 percent 95 pe r- . 95 per- SP. RF. EX PL. sr. RF. EXPL.

65.5· C. 80· C. RH cent RH cent RH min min min min m in min

Ml ---- ----- --------- 1,500 250 3,740 775 150 -- ---- - - - --- - - --- - 70 135 300 +
M2 -------- -_._------- 335 - -- --- --------- --- -- -- - ------ 85 165 300+ - - - - - - ______H ---- - .-
M3 ---------_._-------- 1,500 ------ --------- 485 160 ------ --- --- ------ 70 135 300+
M4 ----------- 4_· • _.---- 900 - --- - - 3,435 ----- -- 185 ------ - ----- - - - --- ------ ----- - - -----
M5 ----- _._- ---------- 265 60 --------- ------- - - - - - - - 100 120 300 + - - - -- - - - - - -- ------
M7 -------------- ---- 800 115 --------- ------ - ------- 90 180 300+ --- - -- ------ - -----
M8 --- ---------------- 225 28 ----- ---- - - -- - -- - - - - --- 55 70 300 + ------ ---- - - ----- -
M9 ------------------ 175 --- - -- --------- ------ - ------- 55 75 300+ 20 20 85
M13 -----_._---------- 625 132 -- ---- -- - -- ----- ------- 80 180 300 + - -- --- ------ - -----
M15 ---------- ------- - - - --- - - - - ---- --------- ------ - ------- 95 300+ 300 + 30 35 300+
T2 ------------------ 1,390 600 --- ---- -- ------- ------- 85 250 300 + - -- --- - ----- - --- --
T3 --- --------------- 1,575+ 300 --------- ------- ------ - 95 300+ 300+ ------ --- - - - ____0_-

T5 ------------------ 725 --- - -- -- ------- ------- --- - --- 80 170 300+ - --- - - ------ - -- - - -
T6 --------- --------- 1,400 350 --------- ------- - ------ 90 200 300+ ---- - - - - ---- ------
T8 --------------- --- 1,225 750 -- ---- --- ------- ------- 70 150 300+ ------ ------ ------
Pyrocellulose --------- 600 125 730 125 53 - - - - -- - - - --- - - ---- 95 160 300 +
E. C --------- ------- 700 --- --- 1,800 450 140 150 300 - 300 + 40 60 300+
Cordite MD ---------- 585 - ----- --------- ------- ------- ------ ------- - ----- 30 40 300+

• For units, meaning, and methods of dete rmina t ion . see paragraph 78.

Tabl e A-to. Conversion Factors

o

•

•

'J"itInches _
Millimeters _
Microns . _
Augstrom units _
Square inches _
Squ are millimeters _
Cubic inches _
Milliliters _.. . _
Cubic feet . . _
Cubic feet _
Cubic meters _
Liters _
Liters _
U. S. gallons _
U. S. gallons _
U. S. gallons .. . _
Kilograms __. .. _
Pounds .. _
Ounce _

Calories ~-- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- -----Calories _
Kilogram-calories _
BTU's _
BTU per cubic foot . _
Kilograms per square centimeter _.. _
Atmospheres _
Atmospheres _
Atmospheres _
Atmospheres . _
Gram moles . _
R (gas constant) _
Foot candles .. _
Lumens _

AGO 10020A

~. .. - - - ._ - - - - -

FtJCt<Jr
25.4

0.03937
0.001
0.0000001

645.16
0.00155

16.387
0.061025
0.028317
7.48

35.315
61.022

0.264178
231.

3.78533
8.337
2.2046

453.59
28.35

4.1855
0.0413
3.9685
0.25198

890.
14.223

1033.3
14.696

760.
14.7
22.414
1.9684
1
0.001496

Product

Millimeters.
Inches.
Millimeters.
Milimeters .
Squ are millimeters.
Square inches.
Milliliters.
Cubic inches .
Cubic meters.
U. S. gallo ns.
Cubic feet.
Cubic inches.
U. S. gallons.
Cubic inches.
Liters.
Pounds water at 15· C.
Pounds.
Grams.
Grams.
International joules.
Liter-atmospheres.
BTU's.
Killogram-calories.
Kilogram calories per cubic meter.
Pounds per square inch.
Grams per square centimeter.
Pounds per square inch.
Millimeters of mercury.
Pounds per square inch.
Liters at o· C. and 760 mm of mercury .
Calories per • C. per mole.
Lumens per square foot.
Watts.
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INDEX

Ammonia:
Dynamites . . . 7-29
Gelatin dynamites __ _ _ . . . 7-29

Ammonium nitrate:
Brisance _ 7-5
Characteristics . ___________ 7-5
Description and history .___________ 7-5
Identification ... __ __ 12-3
~anufacture . _______________ 7-5

o

•

•
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Acid , picric :
Brisance _
Characteristics _
Description and history _
Destruction . . _
Identification _
~anufacture _
Packing _
Reactivity _. . . ..__
Sensitivity . ___. _
Shipment . _
Sp ecification _
Stability _
Toxicity . _

Agents:
Destruction . _

Foreign. (See Foreign.)
Identification _

Initial detonating :
Diazodinitrophenol (DDNP) _
Lead azide _ _
Lead styphnate . _
Mercury fu lminate _
Packing . . _
Tetracene . _

Initiating . . _

Airplane shipment. (See Shipment.)

Amatol :
Brisance _
Characteristics _
Description and history _
Destruction __ . . _
Identification _
Manufacture _
Rea ctivity _
Sensitivity _. .. __ . _
Stability . .

Ammonal (see also Foreign):
Description and histor y .. . _
Destruction ._

Identification

Parasrrapb

7-12
7-12
7-12
18-3
12-3
7-12
15-3
7-12
7-12
17-3
7-12
7-12
7-12

18-3

12-2

7-2
7-2,8-2
7-2,8-2
7-2,8-2

7-2,8-2
7-1

7-18
7-18
7-18
12-3
7-18
7-18
7-18
7-18
7-18

7-19, 8-5
18-3
12-3

Page

7-49
7-49
7-49
18-1
12-2
7-49
15-1
7-49
7-49
17-1
7-49
7-49
7-49

18-1

12-1

7-1
7-1,8-1
7-1,8-1
7-1,8-1

7-1,8-1
7-1

7-66
7-66
7-66
12-2
7-66
7-66
7-66
7-66
7-66

7-67,8-4
18-1
12-2

7-83
7-83

7-20
7-20
7-20
12-2
7-20

1-1
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ParalO'&ph Page ••~16-3 16-1
7-5 7-20
7-5 7-20
7-5 7-20
7-5 7-20
7-5 7-20

3-1,3-2 3-1,3-2
3-1 3-1
3-1,3-2 3-1,3-2
3-1 3-1

4-4 4-3
4-4 4-3

9-5 9-11
9-5 9-11
9-5 9-11

9-5 9-11
9-5 9-11

App B B-1
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6-7 6-24

7-29 7- 83

4-2 4-1
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Ammonium nitrate--Continued
Packing _

Reactivity - - - - - - .-- - - - - - - - - - - - ----- - ------ - --
Sensitivity - - - -- ------ - - - - - - - - - - - - - - - -
Specification _

Stability - - - -- - - -- - --- ---- - - - - --- - --- - - - - - - - - -
Toxicity _

Ammonium picrate. (S ee Explosive "D .")
Ammonium trinitrophenolate. (Se e Explosive "D.")

Ammonyaku. (See Foreign.)
Apgayaku. (See Foreign. )

Atomic:
~umber _
Structure _
VVeight _

Atoms ._- -- - --- - - - - - - - - - - - - - - - - - - - -

Avogadro's:
Hypothesis _

Number . -- - - - - -- - - - - - - - - - - - - - - - - - - -

Ballistic :
Effects:General _

Rockets _
VVeapons _

Pendulum test. (See Test.)
Potential - - - - - ----- - ------------- --- ---

Ballistics, interior _- _- - - ---- --- - - - - --- - - - - - - - - - ------­
Barricades. (S ee Storage. )

Bibliography _-- - ---- - -.-- - --- ---- - - - - - ----- ------ - --­
Binary explosives. (S ee Explosives.)
Black powder. (See Powder. )
Blast effect _. _

Blasting gelatin - ------- -- -- - - - - --- - - - - - - - - - - - - - -
Boat shipment. (S ee Shipment.)
Boiling point - - - -- - - - - -- --- - ----- ----- - - - - - -
Booster charge. (See Charge. )
Boyle's law. (See Laws.)

Brisance:
Fragmentation tests _
General _
Plate dent test _
Sand test _

Burning rate _
Calorie _
Camouflot _

Candlepower -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
Care and precautions in handling - - - -------------- - - - --
Catalyst _

CE o (See Tetryl.)
Cellulose nitrate. (See Nitrocellulose.)
Chakaisuyaku. (S ee Foreign.)
Chanayaku. (See Foreign. )
Chaoyaku. (See Foreign.)
Characteristics and data, tables. (See Tables.)

1-2

6-3
6-3
6-3
6-3
4-11,9-4
4-8
5-8
13-3, 13-6
2-5
3-4

6-15
6-15
6-15
6-15

4-10, 9-10
4-5

6-28
13-2, 13-7

2-7
3-4
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Charge :
Booster -- --- - ---- - - ----- - - ---- -- ---
Minimum detonating _. .._. _

Propellent - - - ---- - - - -- - - ------------------
Shaped _

Charles' law. (See Laws.)
Chemical:

Activity - - - --- -- - ------- - - -------- - -
Change. (See Reaction.)
Compound _
Formulas _

Reaction. (See Rea ction.)
Classification:

Compound _

Military explosives and propellants ---- ------ - ----­
Collodion. (See Nitrocellulose.)
Colloids _._. - ---- - - -- - _

Color:
Of light. (See Light.)
Value of light and determin ation. (See Light. )

Combustion, heat. (See Heat.)
Composite propellants. (See P ropellan t.)

Composition:
A and A-2 .. _

A-3:
Brisance _
Characteristics _
Description and history _
Destruction . _
Identification _
Manufacture _
Packing _
Sensitivity _
Specification _
Stability _
Toxicity _

B:
Brisance _
Characteristics _
Description and history _
Destruction _
Identification _
Manufacture _.. . _
Packing . _
Sensitivity _
Specification _
Stability _

B-2 _
C and C-2 . _

C-3:
B'rlsance . ._. _
Characteristics _
Description an d history _
Identification _
Manufacture _
Packing . _
Sensitivity . ._. _

TM 9-13~214

Paragraph Page

5-4 5-18
5-3 5-15
9-2,9-4 9- 2, 9-10
5-9 5-29

3-7 3-6

3-1 3-1
3-2 3-2

3-6 3-5
2-4 2-6

4-3,9-1 4-2,9-1

7-27 7-79

7-27 7-79
7-27 7-79
7-27 7-79
18-3 18-1
12-3 12-2
7-27 7- 79
15-3 15-1
7-27 7-79
7-27 7-7 9
7-27 7-79
7-27 7-79

7-25 7-75
7-25 7-75
7-25 7-75
18-3 18-1
12-3 12-2
7-25 7-75
15-3 15-1
7-25 7-75
7-25 7-75
7-25 7-75
7-25 7-75
7-28 7-80

7-28 7- 80
7-28 7-80
7-28 7-80
12-3 12- 2
7-28 7-80
15-3 15-1
7-28 7-80

I~
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Compo sition-Continued
Specification _

Stability _- - - - - - ---- - - - - - ------ - ----- --- - ----
Toxicity _

C-4:
Brisance _. _

Characteristics -- - - --------- - -- -- ----- ---- ----
Description - - - - - - - - - - -- -- - ---- - ---- - --- --
Sensitivity - - - - ---- - - - - - - - - - - - - -- - - - --- - - -
Specification _

Stability __- - - --- - -- - - - - -- - -- - -- - - ------- - - --
Toxicity _

D-2 _

Compositions:
Black powder _
Delay _
Flare _

German. (See Foreign.)
Igniter _
Illuminating _
Incendiary _

Photoflash --.-.- - --- - - - - - - - - - - ---- - - - - --
Priming _

Propellent. (See Propellants.)
Pyrotechnic:

Burning characteristics - - - ------ ---- --- -- - - ---
Burning rates _

Characteristics __. - - - - - - - - - - - - --- - - - - -- - - -
Description _. -- - - - - - - - - -- -- - - - - -
Ingredients _
Loading _

Manufacture . _
Sensitivity _

Stability - - - - - - - - - - - - - -- - - - - - - - - - - - - -
Tests . . _
Uses _

Signal _

Simulator - - - - - - -- --- ----- - - --- --
Squib _

Tracer:
Composition - - - - - - - -.-- - -- - - --
Description _
Manufacture _

Stability . . - -- - - - - - ---- - ---
Tests _

Comp ounds, chemical:
Clas~fication _
Structure _

Constant, molar gas _
Containe rs, packing and marking _

Cordite. (S ee Foreign.)
Cratering:

Effect __. - _

Explosive - -- ---- - - ----- - - -
Cri t ical pressure, temperature, and volume - - - - - - - -- - - - ­
Cyc1onite. ( See RDX.)
Cyc1otetramethylenetet ranitramine. (See HMX.)

1-4

Paragraph Pa~e

7-28 7-80
7-28 7-80
7-28 7-80

7-28 7-80
7-28 7-80
7-28 7-80
7-28 7-80
7-28 7-80
7-28 7-80
7-28 7-80
7-26 7-77

6-1 6-1
13-15 13-16
13-7 3-10

13-14 13-15
13-7 3-10
14-1,14-2 14-1, 14-2
14-3 , 14-4
13 13
7-1 ,7-3 7-1,7-14
8-3 8-1

13-3, 13-4 13-2 ,13-4
13-3, 13-4, 13-2, 13-4,
13-6 13-7
13-3, 13-4 13-2, 13-4
13-1 13-1
13-2 13-1
13-5 13-6
13-5 13-6
13-3 13-2
13-3, 13-6 13-2, 13-7
13-6 13-7
13-7 13-10
13-7 13-10
13-16 13-18
6-3 6-5

13-10 13-13
13-1 0 13-13
13- 12 13-15
13-11 13-14
13-13 13-15

3-6 3-5
3-6 3-5
4-7 4-4
15-1 15-1

5-8 5-28
7-29 7-83
4-6 4-3
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Cyclotrimethylenet r initr amine. (S ee RDX .)
Cyclotols 7-25

Page

7-75

18-2

4-12
5-5
4-10

7-2
7-2
18-4
2-1

4-10

8-5
8-5
18-3
12-3
8-5
8-5
8-5

7-77

7-1
7-1
7-1

18-1
12-1

7-1
15-1

7-1
7-1

8-4

7-1
7-1

18-4
2-1
4-8

8-4
8-4

18-1
12-2
8-4
8-4
8-4

4-11
5-20

4-8

7-83
2-4

18-1

18-1

7-2
7- 2
7-2
18-3
12-2
7-2
15-2
7-2
7- 2

7-29

2-3
18-1,18-3

DBX 7-26

D2 composition. (See Composition .)
DD explosive 8-5

DDNP :
Brisance _
Characteristics .. _
Description and histo ry _
Destruction _
Identification _
~anufacture _
Packing _
Reactivity _
Sensitivity _
Shipment _
Sp ecification _
Stability .. _

Decontamination _
Definitions _

Defiagration, theory . .. _

DEGN (S ee also Fo reign. )
Characteristics _
Description and history _
Destruction _
Identification _
~anufacture _
Sensitivity _
Toxicity _

Delay compos itions (See Composit ions .)
Demolition explosive . . _
Dens ity _

Destruction of explosives _

Detonation:
Rate _

Sympathetic . _
Theory _

Diazodinitropheno!. (Se e DDN P.)
Diazo!. (S ee DDNP.)

Diethyleneglycol dinitr ate . (See DEGN.)

Dinitrobenzene-2-diazo-l-oxide. (See DDNP.)
Dinitrodiglyco!. (See DE GN.)

Dinitroethylenediamine. (See Haleite.)
Dino!. (S ee DDNP.)

Direct combination. (See React ion.)
Disposal of explosives _

Double-base propellants. (See Propella nts. )
Dynamites. (See Ammonia.)

•

..

•

o

o

E. C. Powder. (See P r opellants.)
E DD. (See Foreign.)

E DN A. (See Haleite.)
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7-13 7-52 t :7-13 7-52
7-13 7-52
18-3 18-1
12-3 12-2
7-13 7-52
15-3 15-1
7-13 7-52
7-13 7-52
17-3 17-1
7-13 7-52
7-13 7-52
7-13 7-52

7-4 7-19
5-3 5-15
2-3 2-4
3-7 3-6
2-4 2-6
7-29 7-83
2-4 2- 6
4-10 4-8
18-3 18-1
2-2 2-2
7-4 7-19
12- 1, 12- 5 12-1
7-8 7- 30
4- 1, 4-12 4-1 , 4-11
7-4 7-19
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Ednatol :
Br isance _
Characte r istics _
Descri pt ion and history _
Dest r uct ion _
Identi fication _
Manufact ure __. _

Sensiti vity - --- - - - - --- --- ----- -
Stability _

Electron _
Electronic shell _
El ements _
Emulsion _
Energy - --- _

Ennayaku. (See Foreign.)
Entoyaku. (See Foreign.)
Equation, Van Der Waals'. (See Laws.)
Equilibrium. (See Reaction.)
Ethylenediamine dinitrate. (See Foreign.)
Ethylenedinitramine. (See Haleite.)
Ex plosion :

By influence _

Heat. (See Heat.)
Preseure produced. (See Pressure.)
Sympathetic _

Temperature. (See Temperature.)
Temperature test. (See Test.)

E xplos ive "D" :
Br isance _
Characte r isti cs . _
Description and history _
Destruction _
Identificat ion . _
Manufacture _
Packing _
Reactivity . _
Sensitivity _
Shipment _
Specification _
Stability . • _
Toxicity _

Explosives :
Binary .. _
Brisance _
Characte r ist ics _
Chemical activity _
Classification _
Cratering _
Definition . _
Detonation _
Destruct ion _
Development • _
Dynamites _
Ident ifica t ion .._ . _
Nit rostarch demolition _
Physics of _
Plastic _

Paraltraph

7-24
7-24
7-24
18-3
12-3
7-24
7-24
7-24
3-1
3-1
3-1,3-2,3-6
4-3
4-1

5-5

5-5

Page

7-75
7-75
7-75
18-1
12-2
7-75
7-75
7-75

3-1
3-1

3-1,3-2,3-5
4-2
4-1

5-20

5-20
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ParaR11lph Page

5-6 5-21
2-5 2-7
5-1 5-1
7-4 7-19

5-2 5-9

5-5 5-20

4-7 4-4
4-2 4-1
4-7 4-4
4-5 4-3
4-6 4-3
4-4 4-3
7-29 7-83

o
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Power _
Precautions in handling _
Sensitivity _
Single-compound _

Special interest. (See Foreign.)
Stability -- - - --- - -- --- - - -- - ------- --- -
Types. (See Foreign.)

Explosive train test. (See Test.)

Flare compositions. (See Compositions.)
Foreign:

High explosives _
Identification _
Propellants _

Formation, heat. (See Heat.)
Forms. (See Physical.)
Formulas, chemical. (See Chemical.)
Fragmentation test. (See Test.)
Freezing point _

Freight shipments. (See Shipment.)
Friction sensitivity. (See Powder.)

Fuse. (See Powder.)
Fuze. (See Powder.)
Gap test _

Gas:
Constant, molar _
Definition _
Laws _
Pressure _
Temperature _
Volume _

Gelatin dynamites _

General shipment. (See Shipment.)
German priming compositions. (See Foreign.)
Glyceryl trinitrate. (See Nitroglycerin.)

Gram:
Molecular volume. (See Molecular.)
Molecular weight. (See Molecular.)

Guncotton. (See Nitrocellulose.)
Guanyl-l-nitrosoamino-I-tetrazene. (See Tetracene.)

Haensoson-bakuyaku. (See Foreign.)
Haishokuyaku. (See Foreign.)
H2 Kongo. (See Foreign.)
Haleite:

Brisance . _
Characteristics . _
Description and history . . _
Destruction _
Identification . _
Manufacture . .. . _
Packing _
Reactivity _
Sensitivity .. _
Shipment .. _

8-1, 8-5
12-1, 12-5
11-1, 11-6

4-2

7-15
7·-15
7-15
18-3
12-3
7-15
15-3
7-15
7-15
17-3

8-1, 8-4
12-1, 12-5
11-1, 11-4

4-1

7-58
7-58
7-58
18-1
12-2
7-58
15-1
7-58
7-58
17-1
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7-15 7-58 t :7-15 7-58
7-15 7-58

4-8 4-5
4-8,5-6 4-8, 5-21
4-8 4-5
4-8 4-5
5-1 5-1
5-2 5-9
9-7 9-20
9-7 9-20

2-3 2-4
2-1 2-1
18-3 18-1

12-1 12-1
7-2 7-1
7-4 7-19
15-2, 15-3 15-1
6-1 6-1
7-1 7-1

7-16 7-61

.~4-10 4-8

2-3 2-4

4-4 4-3
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Haleite-Conti nued
Specifica t ion _
Stabili ty _
Toxici ty _

Heat :
Of combus t ion _
Of explosion _
Of fo r mation _
Of r eaction _
Sensitivity _
Test, 100· C _
Test, 120· C _
Test, 134.5· C _

Hexahydro-l,3,5-t r init ro-5-t r iazine. (See RDX.)

Hexanite. (See F oreign.)

Hexanitrodiphenylamine (Hexite). (See Foreign.)

Hexite. (See Foreign.)

Hexogen. (See RDX) .

Hi gh explosives :
Characte r ist ics _
Definitions _
Destru ct ion _

F oreign . (See Foreign.)
Identification _
Initiating _
Noninitiating _
Packing _
Sensitivity _
United Sta tes . . _

HMX _

Hom ocydonite. (S ee HMX.)
Hy dro dynamic theory .. _

Hygroscltpidty . - - - .. _

Hypothes is, Avogadro's - --- - .. _

Identification :
Of explosives. (See Explosives.)
Of propellants. (Se e Propellants.)

Ignite r compositions. (Se e Cornpositions.)
Ignitibility of propellants. (See Propellants.)

I1lumin ating compositions. (See Compositions.)
Im pact :

Sensitivity. (See Sensitivity.)
Tests. (S ee Test.)

Impulse:
Of rocke t propellants 9-5
Blast, of high explosives ._ ___________________ 5-7
Specific, of propellants 9-5

Incendiary compositions. (S ee Compositions.)
Index, Performance 9-5

Initial detonating agents. (See Agents.)

Initiating :
Agents. (See Agents.)
Value. (S ee Agents.)

Initiation sensitivity. (See Sensitivity.)

'-8

9-11
5- 24
9-11

9-11
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4-8 4-5
4-1 4-1
5-2 5-9

4-7 4-4
4-7 4-4
4-7 4-4
4-7 4-4
4-7 4-4
4-7 4-4
5-9 5-29

7-2 7- 1
7-2 7-1
7-2 7-1
18-3 18-1
7-2 7-1
12-2 12-1
7-2 7-1
15-2 15-1
7-2 7-1
7-2 7- 1
17-3 17-1
7-2 7-1
7-2 7-1
7-2 7-1

7-2 7-1
7-2 7-1
7-2 7-1
18-3 18-1
12-2 12- J
7-2 7-1
15-2 15-1
7-2 7-1
17-3 17-1
7- 2 7-1
7-2 7- 1

13-3 13-2
13-3 13-2
13-6 13-7
13- 8 13-12
4-2 4-1
2-1 2-1
13-3 13-2
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Paragraph

International test. (See Test.)
'Ion 3-1

Isotopes 3-1

Jet propulsion unit propellent 9-7

Japanese explosives. (See Foreign.)

Kavitto. (S ee Foreign.)

Keineyaku. (See Foreign.)
Kilogram calori e - - - - - - - - - - ----- - --
Kineti c ener gy _

KI test _

La ws :
Boyl~s _
Charles' _
Van Der Waal's _
Cook, M. A. _
Avogadro's _
Berthelot _
Munroe _

Lead :
Azid e:

Brisance _
Char acteristics _
Description and history _
Destruction _
Explosion temperature _
Id entification _
Man ufacture _
Packing _
Rea ctivity _
Sen sitivity _

Shirment --- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
Specification _
Stability _
Toxicity _

Styphna te :
Brisanc e _
Characteristics _
Description and history _
Destruction _
Identification _
Manufacture _
Packing _
Sensitivity _
Shipment _
Specification _
Stability _

Trinitrore sorcinate. (See Lead styphnate.)
Light :

Color _
Determination _
Value _
Visibili ty _

Liquid, definition _

Low explosives _

Lum inous intensity _

- --------- --- - -~~-
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4-1 4-1
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7- 2 7-1
7- 2 7-1
7-2 7-1
18-3 18-1
12-2 12-1
7-2 7-1
18-3 18-1
7-2 7-1
7-2 7-1
17-3 17-1
7-2 7-1
7-2 7-1
7-2 7-1 t /
7-26 7-77
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Lyddi te. (See Acid, plcric.)

Mach :
Reflection _
Region _

Magazines, storage. (See Storage.)
Manufacture. (See specific item.)
Marking of containers _
Mass number _

MAT. (See Foreign.)

Matter:Definition _
Phases _

MBT. (See Foreign.)
Meiayaku. (See Foreign.)

Melinite. (See Acid, picric.)
Melting point _

Mercury fulminate :
Brisance _
Characteristics _
Description and history _
Destruction _
Identification _
Manufacture _
Packing _
Reactivity _
Sensitivity _
Shipment _
Specification _
Stability _
Toxicity _

Metathesis. (Se6 Reaction.)
Minex _

Minimum detonating charge. (See Charge. )

Minol. (See Foreign.)
Mixture, physical. (See Physical.)
Molar gas constant 4-7

Molecular:
Gram :

Volume 4-4
Weight 4-4

Weight 3-2

Molecule, definition 3-1

Motor carrier shipment. (See Shipment. )
Munroe effect 5-9

NC. (See Nitrocellulose.)
Nellite. (See Foreign.)
Neutron 3-1

NG. (See Nitroglycerine.)
Nigotanyaku. (See Foreign.)

Nitrocellulose:
Brisanee 7-7
Characteristics 7-7
Colloidal structure 9-1

1-10

4-4

4-8
4-3
3-2
3-1

5-29

3-1

7-25
7-25
9-1
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Colloidion _
Description _
Destruction _
Guncotton _
Identification _
~anufacture _
Packing _

Pyrocellulose _
Pyroxylin _
Sensitivity _
Specification _
Stability _
Storage _

Nitroglycerin:
Brisance _
Char acte ri st ics _
Descri ption and history _
Destruct ion _
Identification _
~anufacture _
Precaution _
Sensitivity _
Specification _
Stability _
Toxicity _

Nitroguanidine:
Brisance _
Characteristics _
Description and histo ry _
Destruction _
Identification _
~anufacture _
Packing _
Reactivity _
Sensitivity _
Shipment _
Specification _
Stability _

Nitr opentaerythrite . (See PETN.)
Nitrostarch _

Nitrostarch demolition explosive. (See Explosive. )
Noninitiating high explosives. (Se e Explosive.)
Novit. (See Fo reign. )
Onayaku. (See Foreign. )
Oshitsuyaku. (See Foreign.)
Oshiyaku. (See Foreign.)
Oshokayaku. (Se« Fo reign.)
Otsu-B. (See F orei gn. )
Oxidation _
Packing _

Peak pressure, blast. (See Pressure.)
Pendulum friction test. (Se e Test.)
Penta. (See PETN.)
Pentaerythrite tetranitrate. (See PETN.)
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7-7
7-7
18-3
7-7
12-3
7-7
15-3
7-7
7-7
7-7
7-7
7-7
7-7,17-3

7-6
7-6
7-6
18-3
12-3
7-6
7-6
7-6
7-6
7-6
7-6

7-14
7-14
7-14
18-3
12-3
7-14
15-3
7-14
7-14
17-3
7-14
7-14

7-9,17-3

3-3
15-1-15-5
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12-2
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7-22
18-1
12-2
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7-22
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7-55
7-55
7-55
18-1
12-2
7-55
15-1
7-55
7-55
17-1
7-55
7-55

7-33,17-1
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7- 8 7-30
7-8 7-30
7-8 7-30
18-3 18-1
12- 3 12-2
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15- 3 15-1
7- 8 7-30
17- 3 17-1
7-8 7-30
7- 8 7-30
7-8 7-30

9-2 9-2
4-3 4-2 t:
7-23 7-72
7- 23 7-72
7-23 7-72
18-3 18-1
12- 3 12-2
7- 23 7-72
7- 23 7-72
7-23 7-72
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Pentolite :
Brisance _
Character ist ics _
Desc r ipt ion and history _
Destruction _
Ident ificat ion _
~anufacture _
Packing _
Sensi t ivity _
Specification _
Stability _

Pentoriru. (S ee Foreign.)

Pentrit. (S ee PETN.)

Perf ormance index. (See Index.)

Pertite. (S ee Acid, picric.)

PETN :
Brisance _
Characteristics _
Description a nd history _
Destruction _
Identification _
Manufacture _
Packing _
Sensitivity _
Sh ipment _
Specification _

Stability - - - - - -- - - - - - - - - --- -----
Toxicity _

Ph ysical:
Forms _
~ixture _

Photofla sh compositions. (See Com positions. )

Picratol :
Brisance _
Characteristics _
Description and history _
Destruction _
Identification _
Manufacture _
Sensitivity _
Stability _

Pi cric acid. (See Acid, pic ric.)

Pi crite. (See Nitroguanidine.)

Pl ate dent test. (See Test.)

Potassium:
Iodine test _
Picrate _

Potential, ballistic _

Powder :
Black :

Analysis _
Burning rate _

Composition and combustion _
Description and histor y _
Destruction _
Fuse _

1-12

5-2
7- 14

9-5

6-1
6-1
6-1
6-1
18-3
6-1

5-9
7-55

9-11

6-1
6-1
6-1
6-1

18-1
6-1
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12-3,12-4
6-1
6-1
15-4
6-2
6-1
17-3
6-2
6-1

9-5 9-11

9-4 9- 10
10-2, 10-3 10--1,10--7
2-3 2-4
2-4 2-6
10-1,10-4 10--1,10--10
2-1 2-1
18-3 18-1
2-2 2-2
10--1,10--3 10-1, 10--7
10--2 10--1
10--2 10--1

12-5 12-5
9-3 9-9

9-7 9-17
10--3 10- 7
15-5 15-3
9-2 9-2
4-1 4-1
10-2 10--1
9-5, 10--3 9-11,10--7

9-6 9-16
10-1,10--2 10-1
10--2,10--3 10--1,10--7
9-7 9-17
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Fuze _
Granulations _
Identification _
Ignition _
~anufacture _
Packing _
Saluting charge _
Sensitivity _
ShipInent _
Sodium nitrate _
Stability and hygroscopicity _

Composite propellant. (See Propellant.)
Precautions. (See Care and precautions in handling.)

Power:
Ballistic pendulum test 5-6
Brisance and power 2-3
Correlation of test values 5-6
General 5-6
Heat of explosion 5-6
Trauzl lead block test __. _. _______________________ 5-6

Pressure :
Critical 4-6
Gas 4-5
Peak, blast 5-7

Priming compositions, (See Compositions.)

Propellants :
Ballistic effects _

British. (See Foreign.)
Burning rates _
Cannon _
Characteristics _
Classification _
COInposite _
DefinUion _
Destruction _
Development _
Double base _
E. C. powder _
Flashless and smokeless (FNII and NIl) _
Foreign. (See Foreign.)
German, (See Foreign.)
Identification _
Ignitibility _

Italian. (See Foreign.)
Japanese. (See Foreign.)
Jet propulsion unit _
~ortar _
Packing _
Physical forIns _
Physics of _
Pyrocellulose _
Rocket _

Russian. (See Foreign.)
Sensitivity _
Single base _
Small arInS _
Stability _

Page
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12-2,12-5
6-1
6-1

15-3
6-4
6-1

17-1
6-4
6-1
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5-21
5-21
5-21
5-21

4-3
4-3

5-24



Paragraph P age

9-7 9-17

.~9-1 9- 1
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7-16 7-61
7-16 7-61
7-16 7-6l
18-3 18-1
12-3 12-4
7-16 7-61
15-3 15-1
7-16 7-61
17-3 17-1
7-16 7-61
7-16 7-61
7-16 7-61

3-3 3-4 .~3-3 3-4
3-3 3-4
3-3 3-4
3-3 3-4
3-5 3-5
3-3,4-8 3-4,4-5
4-8 4-5
3-3 3-4
3-4 3-4
3-3 3-4
3-3 3-4
4-10 4-8

2-3 2-4

&-1 3-1

5-8 5-28
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Propellants-Continued
Stabilizers _
Structure _

Web dimensions - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Propellant charge. (See Charge.)
Proton _

Pyrocellulose. (See Nitrocellulose.)

Pyronite. (See Tetryl.)
Pyrotechnic compositions. (See Compositions.)

P yroxylin. (See Nitrocellulose.)

Quan tity-distance requirements. (See Storage.)
Quickness of propellent charge. (See Charge.)

Rate:
Burning. (See Burning rate.)
Detonation. (See Detonation.)

RDX :Br isance _
Characteristics _

Description and history ---------------------------
Destruction _
Identi ficati on _
Manufacture _
Packing _
Sen sitivity _
Shipment _
Specification _

Stability --- - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Toxicity - - ------- - --- - -

Rea ction. (See also specific item.)
Decomposition _
Direct combination _

Double replacement - - - --- --- - ----------------- ---Chemical _
Endothermic _
Equilibrium _
E xothermic _
Heat _
Metathesis . _
Rate _

Reduction - - - - - -- - - - -- - - --------- - --- - --- ---
Replacement _
Zone _

Reac t ivi ty and compatibility - ---- - -- - - - - - - - - --- - - - - - - -
Rela tive weights ..__- - - - - .------------- -- - - - ---- - - -
Rifle bullet impact test. (See Test.)
Rocket propellants. (See Propellants.)

Rupt ure, radius --- - - ..-- -- ----- -- - ---- - -- - --- --------­

Saluting charge black powder. (See Powder, black.)

Sa nd test. (See Test.)
Schiesswolle 18. (See Foreign.)

Seigatta. (See F oreign .)
Sensitivity (See al so specific item.) :

Of explosives 2-3
Of pr iming compositions. (Se e Compositions.)

1- 14
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4-3 4-2
5-1 5-1

9-5 9-11

2-3,5-2,9-7 2-4,5-9,9-17
2-3,9-7 2-4,9-17

9-7 9-17
5-9 5-29

16-1 16-1
16-1 16-1

7-29 7-83
4-2 4-1

4-3 4-2
3-2 3-2
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To friction - - - - - - - - - - -- - - - - - - - - - ---- ----
To frictional impact -- - -- - - - -- - - - - - - -
To heat and spark _

To init iation ---- --- - - --- -----
To impact _

~aped charge --- - ---- - --- - - --------- - -------- - - - - - ­
J;himose. (S ee Acid, picric.)
7Shimose bakyuaku. (See Foreign.)

Shipment:
Airplane ------ - - - - - - - -
Boat _
Freight _
General _
Motor carrier _
Regulations _

Shanbakuyaku. (See Foreign.)

Shock :
Front . _
Underground _
Underwater _
VVave _
Zone _

Shoeiyaku. (Se e Foreign.)
Shonoyaku. (Se e Foreign.)
Shotoyaku. (See Foreign.)
Shouyaku. (See Foreign.)
Signal compositions. (See Compositions.)
Simulato r compositions. (See Compositlons.)
Single-base propellants. (Se e Propellants.)
Smoke compositions. (See Compositions.)
Sodium ni t r ate black powder. (Se e Powder, black.)
Solid _

Solution _

Spark sensitivity _
Specific impulse _

Squibs, compositions. (See Compositions.)

Stability :
High explosives . _
Propellants _

Tests. (See Test.)
Stabilizer s '- - - --- __- ---- - - -- -- -------- - - -
Stand-off distance _

Starch nitrate. (See Nitrostarch.)

Storage:
Defin~ions _
General _

Straight dynamites . _
Surface tension _

Surveillance test. (See Test.)
Suspension . _

Symbols for elements _

Sympathetic explosion. (See Explosion.)
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5-1
5-1
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5-1
5-1
5-9

17-6
17-5
17-3
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17-4
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5-7
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3-5
3-5

7- 25

7-25
7- 25
7-25
7-25
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7-35
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7-61

5-1
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8-1
8-2

7-14

7-22

7-14

7-25

5-1
5-15

3-5
4-4
4-4
4-8

4-11

5-20

5-29
6-1
7-1
7-1
7- 1
7-1
7-1

7- 6

7-29
8-3
8-4

7-7

3-2

7-3

5-1

7-7
7-7
7-7
7-7
7-7
7-8
7-10
7-11
7-16

7-3

7-3

3-5
3- 6
3- 6

5-1
5-3

5-5

3-6
4-7
4--7
4-10
4-12

9-3
9-4
9-5

5-9
6-1
7-2
7- 2
7-2
7-2
7-2

Symbols, atomic weights, and a tomic numbers
of elements _

Equilibrium in the react ion be twee n acetic
acid and ethanol _

The val ency of elements _
Chemical groups a nd their structures _
Organic explosive compounds and their de-

rivation _

Pressure-volume relations of gases at o· C __
Van Der Waal's equation constants _
Detonation character is tics of ex plosives _
Rates of detonation of h igh ex plosives _
Effect of temperature on sensitivity to im-

pact _

Classification of explosives with respect to
hazard from elec t ric spa rks _

Plate dent tests of explosives _
Maximum distances fo r sympa theti c detona-

tion _

Effect of liner material on shaped charge
efficiency _

Granulations of black powder _
Density of lead azide whe n pressed _
Densitivity of dry and wet lead azide 0_

Deterioration of mercury fu lmi nate _
Solubility of diazodin it ro phenol _
E fficiency of ini tiating compo unds _
Chlorate-thiocyanate compositions containing

explosive ingredients _

Priming composit ions containing me rc ury f ul-
minate _

El ectric primer and squib priming composi-
ti ons _

Impact sensitivity of nitroglycer in-acetone
mixtures _

Thermochemical characteristics of n itrocellu-
lose _

Compositions of mixed acids for nit r a ti ng
cellulose _

Brisance of nitrocellulose __. _
Decomposition of nitrocellulose _
Hydrolysis of nitrocellulose _
Vacuum stability tests of nitrocellulose _
Solubility of PETN _

Solubility of TNT _
Solubility characteristics of te tryl _
Solubility of RDX _

Compositions and characteristi cs of dynam-
ites _

German priming compositions _
Japanese explosives _

Mini mu m presures of 2H , +O, +N, required
for ig nit ion of propellants ~ _

Effect of temperature on bu rning rate _
Cr iti ca l pressu re va lues of rocket propellants

7-11
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9-1

7-9

7-10

7-12
7-13
7-14
7-15
7-16
7-17
7-18
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5-4

5-5

6-1
7-1
7-2
7-3
7-4
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T4. (See RDX.)
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A-4
A-5

A-6

A-7
A-8

A-9

A-10

Specific impulse values of propellent composi-
tions _

Effects of initial temperatures on burning
characteristics of a World War II rocket
propellant _

Explosive characteristics of E. C. powder _
Standard artillery propellant compositions _
Compositions of single-base powders for small

arms _

Double-base cannon propellants _
Compositions of mortar powders _
Double-base propellants for small arms _
Compositions of caliber .30 and caliber .50

propellants . . _

Compo sitions of rocket propellants . _
British cordites _
Compositions of British propellants _
German single-base compositions . _
German nitroglycerin compositions _
German DEGN and TEGN compositions _
Italian compositions for propellants _
Japanese compositions for propellants _
Russian compositions for propellants _
Tests of noninitiating explosives _

Effects of change in area of burning surface _.
Effects of change in density _
Effects of change in particle size _
Effects of change in specific surface _
Effects of combustible cases _
Compositions used in illuminating projectiles
Compositions, typical trip flare _
Compo sition used in airport flares _
Compositions used in aircraft parachute

flares _

Compo sitions used in pyrotechnic signals _
Compositions used in aircraft signals _
Candlepower requirements for visibility _
Relative intensities of light required for

visibili ty at night under various weather
conditions _ . _

Compo sitions used in smoke ground signals __
Typical tracer compositions _
Igniter compositions _

Burning rates of typical delay compositions _
Examples of incendiary compositions _
Decontaminating agents _

Sensitivity test values of explosives _
Effects of explosives _

Thermochemical characteristics of explosives
Stability test values of explosives _
Density values of explosives _

Compositions of standard propellants _

Compositions of rocket propellants _

Characteristics of propellent compositions _

Stability test values of propellent composi-
tions _

Conversion factors _
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Tan-o-yaku. (Se e Foreign.)
Temperature :

Critical _
Explosion _
Ignition _
Test, explosion _

Test :
Ballistic pendulum ~-------

Color value _
Compression _

Correlation of test values _
Explosion temperature _
Explosive train _
Fragtnentation _
Gap _

Heat, 100 0 C _
Hea~ 120 0 C _
Heat, 134.6 0 C _
Hygroscopicity _
Impact _

International, 76 0 C _
KI _
Pendulum friction _
Plate dent _

Pyrotechnic. (See Compositions.)
Rifle bullet impact _
Sand _

Stability, Vacuum (Bee alBo specific item) _
Surveillance _

Trauzl lead block (Bee also specific item) _

Tetracene:
Characteristics _
Description and history _
Destruction _
Identification _
~anufacture _
Sensitivity _
Specification _
Stability _

Tetralite. (See TetryI.)
Tetranitro-1, 3, 6, 7-tetrazacyclo-octane. (See H~X).

Tetranitrocarbazole. (See Foreign.)
Tetranitromethylaniline. (See TetryI.)
Tetryl:

Brisance _
Characteristics _
Description and history _
Destruction _
Identification . _
~anufacture .__. _
Packing . _
Reactivity . _
Sensitivity _
Shipment _
Specification _
Stability _
Toxicit.Y _

1-18

7-11
7-11
7-11
18-8
12-3
7-11
15-3
7-11
7-11
17-3
7-11
7-11
7-11

7-46
7-46
7-46
18-1
12-2
7-45
15-1
7-46
7-46
17-1
7-46
7-46
7-46

AGO lOO2OA
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Paragraph Page

7-22 7-72
7-22 7-72
7-22 7-72
12-3 12-2
7-22 7-72
7-22 7-72
7-22 7-72

4-8 4-5

4-8 4-5
4-8 4-5
4-8 4-5
4-8 4-5
4-8 4-5

7-10 7-35
7-10 7-35
7-10 7-35
18-3 1S-1
12-3 12-2
7-10 7-35
16-3 15-1
7-10 7-35
7-10 7-35
17-3 17-1
7-10 7-35
7-10 7-35
7-10 7-35

7-26 7-77
7-26 7-77
7-26 7-77
18-3 IS-1
12-3 12-2
7-26 7-77
7-26 7-77
7-26 7-77

2-3 2-4

•

•

AGO lOO20A

Tetrytol:
Brisance _
Characteristics _
Description and history _
Identification ~ _
]danufacture _
Sensitivity _
Stability _

Thermochemistry :
General _

Heat of:
Combustion _
Explosion _
Formation _
Reaction _

Temperature _ ~ _

TNC. (See Foreign.)
TNT:

Brisance _
Characteristics _
Description and history _
Destruction _
Identification _
]danufacture _
Packing _
Reactivity _
Sensitivity . _
Shipment _
Specification _
Stability _
Toxicity _

Tolite. (See TNT.)
Torpex:

Brisance _
Characteristics _
Description and history _
Destruction _
Identification _
]danufacture _
Sensitivity _
Stability _

Toxicity . _

Tracer compositions. (See Compositions.)
Trauzl lead block test. (See Test.)
Tialen No. 105. (See Foreign.)
Tridite. (See Foreign.)
Trilite. (See TNT.)
Trimonite. (See Foreign.)
Trinitrophenol. (See Acid, picric.)
Trinitrophenylmethylnitramine. (See Tetryl.)
Trinitrotoluene. (See TNT.)
Tritol. (See TNT.)
Triton. (See TNT.)
Tritonal:

Brisance 7-20
Characteristics 7-20

7-68
7-68

1-19



Paragraph Page

7-20 7-68 .~18-3 18-1
12-3 12-2
7-20 7-68
7-20 7-68
7-20 7-68
7-2(\ 7-68

TM 9-1300-214

Tr itonal- Conti nued
Description and history _
Destruction _
Identification _
~anufacture _
Reactivity _
Sensitivity _
Stability _

Trotyl. (See TNT.)
Truck shipment. (See Shipment. )

TS~V 1-101. (Se e Foreign.)
Type 1, 4, 88, 91, 92, 94, 97, 98 explosive. (See Foreign.)

Underground shock. (See Shock.)

Underwater shock. (See Shock.)

Vacuum stability test. (See Test.)
Valence 3-1

Visibility of light. (See Light.)
Volatility 2-3

Volume:
Cr itical 4-6

Gas molecular. (See Gas, volume and Laws.)

Webs of propellants. (S ee Propellants.)
Weight:

Atomic: (See Atomic.)
Gram molecular. (See Molecular.)
Molecular, (See ~olecular.)

1-20

3-1

2-4

4-3

AGO 10020A
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By Order of the Secretary of tha ATrny:

Official :
KENNETH G. WICKHAM,
Major General, United States Army,
The Adjutant General .

Distribution:

Activ'l Army :

USASA (2)
DCSLOG (2)
CNGB (1)
CofEngrs (4)
USACDC (2)
USACDCEC (10)
USAMC (12)
USATACOM (2)
USAWECOM (2)
USAMUCOM (10)
USAMlCOM (10)
USAMECOM (2)
USATECOM (2)
USCONARC (3)
ARADCOM (2)
ARADCOM Rgn (2)
OS Maj Comd (2) except

USARV (3)
USAREUR (5)

LOGCOMD (2)
USAMB (2)
MDW (1)
Armies (3) except

1st USA (5)
Corps (2)
USAC (2)
Div (2)
lnstl (2)
Svc Colleges (2)
Br Svc Sch (2) exce pt

USAOC&S (20)

HAROLD K. JOHNSON,
General, United States Army,
Chief of Staff.

USACMLCS (10)
USAAMS (10)
USAARMS (10)

P MS Sr Div Ord Units (1)
Army Dep (2) except

SV AD (50)
LEAD (4)

Gen Dep (2)
Ord Sec, Gen Dep (5)
Or d Dep (5)
Ar senals (4) except

Edgewood (10)
Picatinny (50)

PG (2)
P r oc Dis t (3)
P OE (2)
MAAG (2)
Mil Msn (2)
J BUSMC (2)
JUSMAGG (2)
Log Con Ofc (2)
MTMTS (2)
EAMTM TS (2)
WAMT MT S (2)
Uni t s org under fol T OE :

3-500 (AA-AC) (1)
9-17 (2)
9-22 (4)
9-86 (4)
9-500( BB, lA, KA-KC) (1)

D

o

NG: State AG (3); Units-Same as acti ve Army except a llowance is one (1) copy each.
USAR: None.
F or explanation of abbreviations used , see AR 320- 50.
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