
J  ■ -̂ **̂**1
rjBl ' "®*®*I**̂R <O  'W I

iXm\

^V‘ #*“ * 
v

'Mf\l !

V- H

IV'"'

7 -

f .<

>D D CALLIED 
and

ENEMY EXPLOSIVES^^^»s^. ...  - i» » l

^Distri-butiop limited to U.S. Soy't. agencies only-j ĵ,  ̂
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■ '  ’ CHAPTER 1 / '

' SECTION I ‘

INTRODUCTION

In this war 85% o f the casualties have been caused by high explo­

sive ammunition. This means that we are primarily engaged in destroying 

the enemy by the proper use o f as much high explosive as i t  is possible 

to dump on him.

Therefore, p ra c t ic a l ly  everyone in the Army is  ca lled  upon to 

handle explosives at some time during their Army career and, for their 

own safety, a l l  personnel should have some knowledge of the character­

is t ic s  o f explosives. I t  follows that, knowing these characteristics, 

the reason fo r  and the observance o f the proper sa fe ty  precautions 

Should be automatic. '

This premise is particularly true of bomb disposal personnel whos° 

rputine, job is complete disposal o f a l l  ammunition, A llied  and Em.-my. 

The complete disposal, o f course, includes the explosive components of 

ammunition'. Therefore bomb disposal personnel should be espec ia lly  

fam iliar with the character is tics  of a l l  explosives they may bo re­

quired to destroy.

' Having id en t i f ied  an exp losive, the B.D. o f f i c e r  w i l l  need to 

know what i t s  behavior w il l  oe under a l l  conditions, the precautions 

which must be observed in dealing with i t  and the safest moans by which 

i t  may be destroyed. He w i l l  a lso  be be tte r  equipped to make \n  

in te lligent report concerning new and unidentified explosives.

Fundamentally there is l i t t l j  use in sa fe ly  defuzing ammunition 

i f  the exp los ive  is  m istr ;a ted  through ignorance and a p rem tu r . 

detonation results.

1.



This pamphlet give^a short introduction on the fundamental 

nature o f explosives followed by an 'analysis o f the characteristics of 

ell'. A ll ied  and Enemy explosives which may be encountered in the f ie ld .  

I f  some o f th is  material seems to be of the "nice to know" type i t  

should be remembered that, when discussing any subject, i t  is necessary 

to build up a background and vocabulary to permit in te l l ig e n t  com- 

jaunication, using commonly understood terms.

. SECTION I I

‘ DEFINITION OF TERMS USED

1. AN ATOM is the.smallest portion of any matter.

2. A MOLECULE is the smallest partic le  of any kind of substance that 

■can. ex ist independently and s t i l l  have the same properties as the 

original' substance.. I t  is composed o f atoms. •

3* A REACTION is the mutual action of chemical agents or some distinc­

tive  result of such action.

4. KINDLING TEMPERATURE is the temperature necessary for the reaction

of two agents. •>

5. OXIDATION is the reaction of a combustible material with oxygen 'to 

form a gas.

6. COMBUSTION is rapid oxidation accompanied by flame. I t  is commonly 

called burning or deflagration.
*

7. FLAME is a product o f combustion and is caused by heating minute 

partic les of solid  matter to an incadescent Ik at.

8. DECOMPOSITION takes niece when the atoms of a molecule separate md 

do not feunite after the disturbing caus? ins ceased to op rate.

9% EXPLOSION 3*‘Spi'd •cie'cOnp'os'i'-Uon sand- the

d'etebtfibihg the acVibh'-of- low explosives.

tdrft is  \nrrrsLly used in
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10. DETONATION is the rapid decomposition of a high explosive. "

11. HEAT OF COMBUSTION is  the to ta l  he-'t evolved when a d e f in i t e  

quantity of substance is completely ox id ized .

12. EXUDATION is the act of sweating out of liquid through the pores of

' solid materiale ,

13* HYDROLYSIS is a double decomposition in which water is one of the 

interacting substances. ■

14. A FUZE is a device used to function ammunition.

15. A FUSE is a device used to function charges of explosives.

*'* "
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CHAPTER 2 •

’ SECTION I  . .

TYPES OF EXF’LOSIOl S 

^ ^  e^PiP3iqri nay be defined as the sudden and rapid escape o f 

. .-(giscg f rom a. confined space accompanied by high temn'ratures and a loud 

noise. , • • ■
’ ..... Llllll V ---~*** ' f _ * ‘

are tiro types of explosions, mechanical and cr. arnica!. A 

- -. :tf# i .tif a raecHhnical explosion is the casr- of the st.am boiler.
' ' ' • H ' "} - ,

i «  :b#ated and'converted into steam which f i l l s  th - boiler, 

-^I’idaa.lly increasing the pressure. /'hen the b o i le r  can no longer 

f^.ddR^ain the pressure it bursts, with a loud noisj, permitting the .wjs 

l  (steam) to escape.

It should be noted that in th is  case, Dressuro was gradually
1 -  ‘  »  *■ ‘

. .  •'I

increased to a maximum causing the explosion, fo llow ing -,/hicn th 

pressure returned immediately to that of the atmosphere.

Chemical, explosions are radically d ifferent from this. I f  a click 

of dynamite is detonated the explosion occurs anc gases expano rachin. 

^maximum pressure a fte r ,  and as a result of, tar d. tonation. Aft r 

this they gradually return to atmospheric pr-issur-... For ' i l i t / r y  

pû RO3?8 need only consider chemical oxnlos ions.

SECTION I I

PRINCIPLES OF EXPLOSIVE aCTI,»\'

-generally function by a n p id  expansion, from > so li 1 

form, to gaseous products which occupy a much gr-at-T volum-. Thic 

expansion is the result of several factors:

1. The f i r s t  of these is th-' reaction of e o rb u r t i t lw i th  oxy. n 

to form a gas. Everyone is f uni l ia r  with th_ burning of wood or eo 1 

in the atmosphere. In th is reaction th'.- carbon -nu hydro-* n in tb.

4.



wood or coal' combine with the oxygen in the atmosphere to form Carbon 

Dioxide and Steam together with flame and smoke*. The smoke consists of 

unoxidized partic les  in suspension in the atmosphere and the flame is 

caused by other particles, heated to an incadescent heat.

I f  the wood or coal is pulverized so that the to ta l  surface in 

Cifttac't- wiith; oxy.gSn i s  increased.'knd vis’, burned: in ;a foirn-ace ox forge, 

where more a ir is supplied, the burning is  more rapid '-ni the com­

bustion more complete.

I f  the wood or coal is immersed in liquid oxygen or suspended in 

a ir ,  in the form o f dust, the burning takes place with exp los ive  

violence.

In each case the action .has be..*n the same, the burning o f a com­

bustible in oxygen to form a gas. The only d if fe ren ce  is  the speed 

with which the reaction took place.

This leads us to the principle that any material that w i l l  burn 

Cdn be made to explode i f  enough oxygen is supplied rapidly enough.

Ih is is demonstrated oy tin-- explosion in our internal combustion 

engine- where combustible mixtures of gasoline and air explode running 

the engine.

In coal mines Methane 3as and co'-i dust combine with air to 

produce explosive mixtures *'nd in gram e lcv ito rs  minute partic les of 

dust form explosive mixtures with the air.

Our Military explosives are based cn this principle* except for the 

fac t  thH  thev ?c * *n t h . i r  own oxyg,’ >, d so are independent o f 

oxygen supplied « r. They are sn,..u*y snixtun s or compounds of 

combustibles with * ^  oxyg.n tc ir.su.- ccrplHe combustion.

The second, factor is the evolution of h^at during tfic- reaction. 

I t  is boat which caij.es t ae «'-.ses to exp uu a fte r  they are formed.



hout.heat tffe^fcraation o f an explosive would be no more e f f *■ etiv**

the burning of wodd or coal. For example, N itr ic  Acia and Sodium 

-Carbonate w i l l  react to form gases but the reaction does not evolve 

heat and so i t  is not an explosive reaction.

•«. 3.» The th ird fa c to r  is  the rap id ity  of reaction. Unless tl.p

reaction occurs rapidly the-heat expanded gases w il l  be dissipated in 

-the atmosphere and w i l l  not explode. Here again we can consul r our 

•wood or .coal f i r e .  We have evolution of heat and formation o f gases 

but not rapidly enough to cause an explosion.
i ' t '
-* . 4., The fourth factor is the requirement that the explosive readily

underg’o-rapid, reaction from the application o f energy, in the form of 

ushock .or Heat, to a small portion of i ts  mass. Obviously a material, 

'■in..which the f i r s t  three factors exist,, is not suitable as an explosive 

unless-we can readily put the factors into operation.

, 'These four factors are inter-dependent and arc operative in tn 

functioning o f  a l l  explosives with the exception of a few M eta ll ic  

compounds, such as Lead Azide, which do not undergo combustion but 

depend on a rapid expansion of hot Nitrogen Gas.

This brings us to a formal defin ition of an explosive:

.. An explosive is any gaseous, liquid or solid substance or mixtur‘- 

o f  substances, whioh, when subjected to shock or heat, d connor.- 3 

rapidly and with great heat into other more stable substances, mostly 

gaseous, many times the original volume.

SECTION I I I

' TYPES OF EXPLOSIVES

1. GENERAL. ' •

There are'two things that can hipp-n to an explosive. I t  can

undergo combustion or i t  can decompose.
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When we speak o f undergoing combustion we mean that i t  w i l l  burn 

when, ignited in the open a ir u t il is ing  the oxygen in the atmosphere for 

combustion. This- is a. comparatively slow process and can be watched 

with the naked eye. P ra c t ic a l ly  a l l  exp los ives  w i l l  undergo th is  

reaction except Primary High Explosives. I t  is  of in teres t  to B.D. 

personnel from the standpoint of destruction of explosives.

Chemical decomposition may take place in years, days, hours or in 

a fraction of a second. The slower forms o f decomposition take place 

in storage and are of interest from a s tab i l i ty  standpoint. .

The rapid forms o f decomposition are Explosion and Detonation, 

Low Explosives explode when confined and High Explosives detonate 

whether confined or not,

mI

i •

*
i f
w

2. LOW EXPLOSIVES.

Low or Deflagrating Explosives are those materials which undergo
* " - - ^

rapid decomposition by burning from the surface inward._ They ai*r
- ................ ........  -  ------- t,

usually manufactured in grains and used as propellants.

Let us assume that a number o f grains of Smokeless Powder art- 

placed in the breech of a gun. Suffic ient heat is applied so that th- 

powder will- ignite. That is a temperature w il l  be attained which w ill  

cause the combustibles to react with the self-contained oxygen to form 

gas and liberate heat. Since this heat cannot escape, because o f the 

confinement of the breech, i t  w i l l  heat up the next layer o f powder 

exposed by the burning away of the original surface layer and increase 

the expansion of gases. This continues until the grain is completely !

consumed and concurrently each grain ignites adjacent grains until the ;
i

entire charge is consum.d. These individual grains burn from the out­

side toward the center at the rate of i ive fc-t-t dpt second compar- d f

with 0.01 feet per second in the open. L

<> *
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As the burning continues through the charge, the pressure and heat 

rise and the burning becomes more and more rapid. The rate of burning 

is doubled for every 10°C rise in temperature.

This form of -decomposition is usually termed an Explosion and 
> > ' . ‘
proceeds comparatively slowly, explosively speaking. The result is a 

heaving .or pushing e f f e c t  which makes the explosion valuable as a 

propellant. It is of l i t t l e  value as a bursting charge because the 

gases would be dissipated in the atmosphere before they could reach a 

maximum pressure and be directed against the objective. In the barre-1 

o f ' i  'gun however, the shell w i l l  begin to move before exoansion is 

complete, leaving room for  more expansion and preventing the barr-.l 

from bursting.

3. HIGH EXPLOSIVES. ‘

• ■ -High or DetonaUng Explosives decompose almost instantaneously by 

a rupture-or sp l i t t in g  o f  the molecule and the r< arrangement of the 

atom3 into other molecules, mostly gaseous.

High Explosives are compounds made up o f a number o f mol.culcs. 

Each molecule is in turn made up o f Carbon, Hydrogen, Nitrogen ami 

Oxygen atoms tied together by forms of energy ca lled  bonds. Vl.il 

Carbon and Hydrogen tend to unite with Oxygen, Nitrogen has no a ff in ity  

fo r  these atoms but tends to return to the atmosoherc o f which i t  

comprises 80%. The result is a rather unstable molecule which tends to 

revert to a more stable state.

The term detonation is  used to describe the nhenomenom which tak^s 

place when a High Explosive explodes. There- are several theori-.s as to 

the mechanics of detonation but the,following stems most log ica l.

Detonation takes place in two phas.s, a sp lit ing  o f the molecules 

followed by an almost instantaneous burning. The f i r s t  phase is

1
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in it ia ted  by supplying enough energy, usually in the form o f shock, to 

an explosive so that the disruptive forces within the molecule exceed 

the attractive forces between the atoms and decomposition is Suarted.

The tendency toward disruption is caused by the desire oi Nitrogen 

to go back into the atmosphere and any abnormal arrangement o f the 

bonds holding the atoms together. The attractive forces are toe normal 

bonds tying tne atoms together. These bonds are a form oi i.nergy. 

When they are broken the energy is released in the. form of a pressure 

wave of high temperature, the shock of which disrupts adjacent mole­

cules.

I f  the in i t i a l  energy is su f f ic ien t  in is  wave w i l l  proc.*~cs thru 

the entire  mass o f explosive until i t  has compl te ly  detonated, pro­

vided the energy releasee by th* s p l i t t in g  of on*- molecule, is suf­

f ic ien t  to decompose adjacent nol-.cul*.s. Th- prtssur* wave is quite 

o ften  completed before the so eonJ phas* o f detonation has had any 

material e f fe c t .  Photographs o f dynair.it cartridges hsv< shewn the 

f i r s t  phas>- completed bofor* th> cartr iug■* pmxr has -,vt.n been d is ­

rupted. I t  de livers  a t e r r i f i c  hamr-r-iix.. blow to any object in its  

path. I t  is important to tak* advantsg o f this form o f energy in 

B.0. demolitions, *

The second phas*’ ’ of d~tonal ion consists of the formation of ■.*
v

molecules, '/hen the orig ina l mol'cule is sp l i t  the heat of t:> :• to- 

nating wave caus.s the Carbon ana '-hydrogen aloes tc r* ach m i, n il  ion 

temperature at which point they unit' with th - Oxy* r. items to form th. 

gases Carbon Dioxide and WaU r Vapor along with other ; h . e v.,,icr. r.'.y 

result from an Oxygen deficiency.

This action is icconpini'd by grant, h at which can. *s t'iv g i? a tr 

expand in a l l  directions. '

*V î xJt i it .»  i 1 »sT



1 Detonation takes place almost instantaneously and causes a d is -
Cv * ' ‘ *

rflptiye effect, which is very valuable in a bursting charge. The speed 

of action causes the gases to reach a maximum pressure and be delivered 

ag&iMt the objective before they can be dissipated in the atmosphere. 

High' Explosives, cannot, however, be used as propellants as the pressure 

developed would burst the barrel o f the gun before i t  overcame the 

inertia of the shell.

; In summary we might say that Low Explosives can u'nd.ergo com­

* bustion; can decompose slowly or explode. High Explosives can undergo 

.combustion (except Primary High Explosive) can decompose slowly and can 

detonate. High Explosives may be treated so that they w il l  explode but 

Low Explosives w il l  never detonate. '

1 'n - the case of High Explosives no confinement is necessary to 

c ts iise  detonation. Atmospheric pressure affords su ffic ient confinement. 

'  '• ' SECTION IV

RESULTS OP DETONATION

High Explosives detonate at temperatures o f 3000 to 4000°C, 

expanding to 10,000 to 15-.000 times their orig inal volume at speeds up 

to f iv e  miles;.- per second, exerting pressures of 1,000,000 pounds per 

square inch and up. Such figures are rather astronomical and a better 

idea o f  the power o f these explosives can be given by re fe rr ing  to 

Quarry Blasting. Here one pound o f dynamite is usually figured to 

displace a minimum o f  three tons of rock. From this i t  can be seen 

that High Explosives, even in small quantities, can cause considerable 

destruction.

When a High Explosive bomb detonates the e f fe c ts  may be divided 

into several phases:

1. The expanding gases cause the case to swell to twice normal
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s iz e .a t  which point i t  ruptures and the fragments are propelled with 

the speed o f  a r i f l e  bu lle t .  This phase is  known as Fragmentation 

Effect.'

2. The second phase is  ca lled  the Blast E ffec t  and i t  in turn 

consists of several phases:

a. The detonation wave de l iv e rs  a hammer-like blow which is 

very' destructive to anything in i t s  path. In water i t  is this blow 

which springs .the plates o f ships.

b. Following the detonating wave, the expanding gases reach a 

• maximum pressure in a fraction of a second and then rush away from the

point o f detonation at the rate o f about 7000 miles an hour gradually 

cooling and subsiding until they are dissipated at a distance o f ,̂ 0 to 

100 feet from the bomb. In doing this they w ill  demolish everything in 

their path.

c. This rush o f gases sets up a compression wave in t.ie sur­

rounding medium whether i t  be a ir, water or earth.

In the air, an a r t i f i c ia l  gale is set up whose in i t ia l  velocity is 

about 7000 miles per nour. The a ir acts l in e  an accordion, successive 

layers being compressed and expanding until the wave gradually dies 

down. This action is p^narally called Concussion. In the water and 

earth the same type o f movement tak<s place and i;: ca lled  Far‘ h and 

Water Shock.

In the a ir  the concussion w i l l  do t e r r i f i c  danane sometimes for 

considerable distances. In the ground earth r.ovement w i l l  destroy 

foundations and u t i l i t y  installations.

In the water the shock travels faster and farther and with a much 

higher pressure but i t  is o f shorter duration. I t  is very damaging U 

the plates of ships.

11.
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d. As the expanding gases cool and subside, a fte r  displacing 

the atmosphere, a partial vacuum is created. Ir is  is of lor., or aura .ion 

than the positive phase but not as destructive. Ihe pressure of air in 

surrounding build ings, attempting to f i l l  the vacuum, w i l l  caus'*' 

weakened walls to co llapse. This pnase w i l l  be destructive  around 

.corners and back of barriers while the positive phase is only c f f ’ Ctive 

in a straight line.

3. Because of the high temperatures produced, a l l  explosions have 

an incendiary e f fe c t  on everything comoustible at ana near the point of 

explosion.

SECTION V

DISCUSSION' OF CHARACTERISTICS 07 EXPLO'.T/FS

1. SENSITIVITY ’

The te^n_J^eJlsi.t.lyi.ty.,l as applied to explosives means the eas- 

with which they may be ignited or detonated or, in other words, the 

amount' of shock, fr ic t ion  or heat required for ignition or detonation.

Basically the question as to whether an explosive is s/nsitiv. or 

not, depends on the fundamental makeup o f the explosive i t s e l f .

Some explosives, such as Lead Azide, art endothermic in nas.r,. 

That, is ,  they absorb heat during formation and re lease i t  Jurin,' 

decomposition. Because they contain stored up energy, they ar very 

sensitive  and very l i t t l e  energy need bo suDplied for tin ir  a compo­

sition ,

The sensitiv ity  of "this tyne of explosive is also incr aŝ ci by t.u 

manner in which the atoms ar-.; tied together. !.--aa Ass id , for instance, 

not only has Nitrogen atoms tied together, thnr.by enhancing their 

a n t is o c ia l  nature, but by doubl bonds as vn.ll making the n tire  

molecule very unstable.



On the other hand certain explosives, such as TMT, are oxothefm'ic 

in nature. They give o f f  heat during formation and take up heat during 

decomposition so they must be supplied with considerable energy for 

decomposition.

There are, however, certain factors which w i l l  a f fe c t  this basic 

sensitiv ity  of explosives. They are:

A. Crystal s iz e  -  The s e n s i t i v i t y  o f  the endothermic type o f 

explosive,, which is  made ud o f unbalanced molecules which are held 

together by forces which are under uneven stra ins, is  increased by 

larger crystals which increase the internal fr ic t ion  and str in .

3. Density -  When the exp los ive  c ry s ta ls  are loadec at high 

density the mass re s is ts  penetration by the hot gases which cause 

detonation. Therefore the higher the density the lower tne sensitiv ity . 

Mer.cury Fulminate, fo r  exampl'., becomes dead pressed and w i l l  not 

detonate from flame.

C. Temperature - Since a l l  ^xpiosiv^s w il l  detonat; from ik at, as 

the temper.ature approaches th is  ooint the- exp losive become s more 

sensitive.

D. Moisture - Since moisture is inert ana ixerc ises  a cooling 

e f fec t ,  by absorbing lu*at, its  presence w il l  reduce sensitiv ity . ’

E. Coating of crystals - I f  the crystals '>rv co 't .d  with w'>x th.y 

are cushioned from shock and the fr ic t ion  tw- cryst- ls  is reduc'd. 

This decreases sensitiv ity.

F'. Crystal Distortion *- I f  the crysta ll ine  structure is distorted 

and intercrysta lline fr ic t ion  increas'd the explosive my become more, 

sensitive. This may b: caused by high speed compression or oy n.Itin% 

and cooling.



2. VELOCITY OF DETONATION .
■y , „ , i , ^

. .Wien, a High .Explosive detonates the action proceeds in a wave

throughout; the column o f exDlosive. The rate o f speed with which, this
5?; . ‘ .
\^#ve progresses,.is termed the ve lo c ity  o f detonation and is  usually

expressed in. meters per second*.

^ ^Crider the same conditions, d i f f e r e n t  exp los ives  detonate at
VV(; ; \ '  ■ *
different. Velocities because of the ir  Nitrogen content* l.itro'.en, 

being uhltablej causes the explosive to be more eas ily  detonated and 

this tendsPto ‘increase the speed of detonation.

There.are certain factors which materially a ffec t tne velocity o f 

detonation. They are:

' 1. Loading Density -  V e loc ity  increases 'w ith  the increase of 

density because the continuity o f the material is increased and the 

detonating wave does not have to jump gaps in the explosive. This is 

true up to a critical density point at which the velocity decreases and 

the detonating wave may not propogate. This is caused by atta in in ' so 

dense a mass that the hot gases cannot penetrate readily. As proof o f 

this let us consider the velocity of PETh at various densities:

DENSITY VELOCITY

.45 3510

.75 4820

.91 5300

1.04 5730

1.45 ' 7378

1.72 3050

2. Diameter of the Column - The detonation wave tray- ling  cr a 

spherical front through the column of oxplosiv is a form of ‘ n-r.y.
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When the diameter o f the column is smal-l the exposed surface is  larger 

in comparison with the tota l 'vo lum e. Therefore the percentage o f 

surface energy is large in comparison with total energy available. Ao 

a certain part of this energy is subject to dissipation in the atmo­

sphere i t  can be readily seen that with a comparatively large percentage 

o f energy lost, there is  less, energy l e f t  to continue the detohating 

■ wave than i f  the column were larger in diameter and the' mass o f  ex­

plosive could act as a confining agent. In this case the surface and 

hence the percentage of energy dissipated are small compared with total 

energy(available and therefore there is more energy l e f t  to be directed 

against undetonated portions of the mass and'the result is a more rapid 

detonation. Primacord Detonating Fuse is a good example of this e f fec t .  

Primacord, which contains a small column c f  PETIi, detonates at 620C 

meters per second while PET̂ i can attain a velocity of 8300 meters per 

second. '

3. Confinement -  Because confinement prevents this surface d is s i­

pation of energy i t  also increases the velocity cf detonation.

4 , Length of Column - k'hen explosives detonate, the ve lo c ity  is 

increased until i t  reaches a maximum and then continues at this rat,., 

until detonation is  complete. Therefore i t  is necessary to nave a 

column sufficient in length for the explosive to attain maximum ve loc i­

ty.

fj .  Presence of Moisture - Moistur" is inert as far as t r d -  co­

nation is concerned and also exercises a cooling ■ f fe c t ,  The re fori it 

reduces the velocity of detonation.

6. Coating th.> Crains - The use o f wax to coat the in d iv ia iu l

grain introduces an inert materia] which w il l  ™ t detonau ana at t.t,c 
' /
same 'time cushions the shock making detonation mcr«* d i f f i c u l t  and

l f'.
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-thereby reducing the velocity.

7. Temperature -  An increase in heat makes the exp losive more 

sen s it iv e  thereby f a c i l i t a t in g  detonation and s l ig h t ly  increasing 

velocity.

8. Grain Size -  An increase in the grain s ize decreases ve loc ity  

due to the fact that, with large grains, there is incomplete development 

of energy at the time of passage o f the detonating wave.

9. Power of the In it ia to r  -  Every explosive requires an in it ia to r  

o f a certain minimum power to insure a High Order Detonation and this 

varies with each explosive. In it ia to rs  o f abnormal strength, while 

they may increase velocity  in it ia l ly ,  w il l  not detonate an explosive at 

a greater than maximum velocity for that explosive. In other words i f  

,24 grams of Mercury Fulminate are necessary to detonate TNT i t  dosen't 

make any d ifference whether one pound or 2000 pounds of TNT are deto­

nated, the requirement would s t i l l  be .24 grams of Mercury Fulminate. 

In actual practice larger amounts are used but this is a cheap form o f 

insurance when using large amounts of explosive. '

3. STRENGTH

The strength of an explosive is its  abili.ty to do work.

The strength of an explosive may be measured from two standpoints. 

From an execution standpoint i t  is  the a b i l i t y  o f the explosive to 

displace the medium which confines i t .  From a laboratory standpoint i t  

is the amount of energy liberated  by the exnlosion or detonation. 

Actually  the amount o f energy l ib era ted  determines the amount o f  

displacement which w ill  take plact:.

There are two factors governing the amount o f energy l ib era t g. 

^  They are gas volume, and heat of explosion. Tin gas volume is con- 

^ tW d e d  by the completeness of oxidation. An explosive which oxidizes

16.
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completely to Carbon Dioxide and Vater Vapor releases more gas than one 

which also decomposes to Carbon Monoxide, Methane and Carbon. Therefore 

i t  is desirable to provide the explosive with enough oxygen for complete 

combustion.

Because there is 1/273 increase in volume for each degree o f r ise  

in temperature, the heat o f explosion is of primary importance* I t  is  

the heat which expands the gases a fter  they are formed. Other factors 

being equal, the explosive liberating the most heat w il l  have the most 

strength.

Certain explosives, such as Lead Azide, w il l  develop a fa i r  amount 

o f energy due to the heat o f explosion, in spite o f the fact that no 

oxidation takes place.

Heat of explosion is increased by complete oxidation so the process- 

runs in a c ir c le .  The more gas the more heat and the more heat the 

greater the expansion o f gases which means tne greater the energy and 

strength.

4- 3RI3AHCS •

tfun a force displaces a mass through a distance the result is
)

work done. This, as w-.* have seen, is determined by the strength of the 

explosive.

khi.n the tinm oilmen t is cons id *red with respect to work done we 

use the term Power (se t ).

Explosives have* both strength ana power but they also possess a 

third characteristic which is shattering - f fu ct or brisauce (from the 

French meaning to break). This is a unique ch a ra c te r is t ic  o f ex­

plosives.

When an exp los ive  detonates tremendous pressure is re leased  

practically instantaneously in a wave which exists for only a fraction 

o f  a second at any given spot. T!u* subsequent, expansion o f gases

17.
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performs work but this pressure wave w il l  shatter, rather than displace 

any object in i t s  path. - • • *

This shattering e f fe c t  or brisance, has a d irect relationship to 

ve loc ity  and can be calculated with a small margin o f  error by using 

the equation: .
Velocity

• Log of Brisance c 5«'53 x Log 25GCT '

5̂ POWER • •

Power may be defined as the rate o f doing work. This defin it ion  

applies to an explosive as well as any other form- of energy*.

I t  is dependent on strength and v e lo c ity ,  the amount o f  energy, 

released and the speed with which i t  is released, * -

Strength, Brisance and Power are c lo s e ly  re la ted . Generally 

speaking of two explosives of equal strength the ond detonating at the 

highest ve loc ity  w i l l  not only have the greatest -brisance but w i l l  be 

\ more powerful. I t  w il l  be more brisant because o f the sharpness of the 

' blow and more powerful because of the speed with which the energy is 

delivered.

Of two explosives o f equal v e lo c ity  the stronger w i l l  be more 

Brisant because there is more weight back of the- blow. I t  w i l l  more 

powerful because more energy is delivered  in the same time, I t  is 

possible to increase ve loc ity  and reduce strength thereby increasing 

both brisance and power and i t  is  also possible to reduce ve loc ity , 

somewhat, and by greatly increasing strength to increase both brisance 

and power.

In the* f i r s t  case brisance is increased by the sharpness of the 

blow and power by the increased speed with which the blow is delivered.

In the second case both power end brisance are increased by the 

weight o f the blow in spite o f the fact that th.- time o f delivery is 

increased. •

IB.
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Power is usually measured in terms o f sustained impulse which i'f 

equal to one half the peak pressure multiplied by the duration, o f -the 

posit ive  phase. - ’ '■ '

6. HIGH ORDER OF DETON ATI OK. ' . . /■'

This is  a complete detonation at maximum ve1oc i  ty> A l l  * the - 

explosive detonates at the highest v e lo c i t y  possib le under ex i^t-injj 

conditions. . , . , -  ' ,

7. LOW ORDER OF DETONATION. - I-■ - '

This is e ither  incomplete detonation or complete detonation ^ t
- -  - - - - - - -  — • - *-■ -« »m ■ i n  a . i.rm i .||T ||tl r  . frl[ ■| _ '  V - - * *  v- " 1 J ’9.

lower than maximum velocity , I-A can oe caused by: .  ̂ *. v .

1 . An in i t ia to r  o f inadequate power. * • *

2. Deterioration o f the explosive i t s e l f .  ’

3. Poor contact with the in i t ia to r  or lack o f continuity in the

charge i t s e l f  caused by: .

a. Low density. . • '

b. Exudation. ’ '

8. DENSITY.
i -

Density is the weight per unit o f  volume. In' g iv ing  dens ity  

figures the density is compared with water. In the Metric System one 

cubic centimeter of water weighs one gram, therefore, i f  we give the 

density of an explosive as 1.5 we mean that one cubic centimeter weighs 

1,5 grams. This is also its  specific  gravity compared to water.

Density is important in the reaction o f explosives. By making i t  

more d i f f i c u l t  for gases to penetrate the explosive mass, i t  reduces 

s en s it iv i ty .  By increasing the continuity o f the explosive mass i t  

increases velocity.

I t  also makes a more so lid  load thereby decreasing the tendency 

for cavities to form. These may cause misfires or premature detonations 

(see loading).

19.



In addition, increased density w i l l  permit the use o f more ex­

plosive in the space provided thereby increasing the e ff ic iency  of the 

ammunition. For example i f  we have two explosives o f  equal power per 

pound and the f i r s t  has a density o f 1.0 and the second a density o f 

2.0 we can load twice the amount of the second in the same space as’ the 

f i r s t  thereby doubling the e ff ic iency  o f the ammunition.-

9. STABILITY^ STORAGE.

Quite often the tern " s ta b i l i t y "  is used to mean the opposite o f 

s e n s i t i v i t y .  From a M il i ta ry  .standpoint, however, i t  is  used to 

indicate s ta b i l i ty  in storage or the a b i l i t y  o f the explosive to stand 

storage, under a l l  conditions, without deterioration.

The fact that a material is very sensitive does not imply that i t  

is unstable in storage nor does the fact that i t  is  insensitive mean 

that i t  w i l l  be s tab le  in storage. A substance may be extremely 

reactive chemically but at the same time i t  is stable in the absence of 

anything with which to react, ’

For example, Lead Azide may explode from a s l igh t  shock but is 

entire ly  stable i f  l e f t  alcne while Nitrocellu lose requires a powerful 

detonator but is subject to spontaneous combustion.

Stability  is affected by the following factors:

1. Chemical Constitution - Certain explosives, such as the Nitrates 

w ill decompose at ordinary temperatures. This is due to the molecular 

structure and nothing can be done about i t  except to modify the re­

action.

2. Temperature o f Decomposition - I f  the above type of reaction 

evolves heat the reaction wil l  be accelerated and spontaneous combustion 

may result.

20.



3. Temperature o f Storage -  Certain explosives, s u c h  as Mercury ^

Fulminate, are stable at ordinary temperatures but w i l l  decompose *

elevated temperatures. ' . ^
‘  ■ • . \

4, Reaction of Decomposition-Products -  The products ofdecompo- ^

s it ion  may accelerate the reaction or they may start a'new reaction. 

For example, Ammonium Nitrate w il l  hydrolize to Ammonia which w ill then-

react with TNT,

5. The Presence of Imuurities -  Impurities have a tendency to make 

the Aromatics unstable. For example, impurities lower the melting- 

point o f TNT causing exudation.

6. Presence of Moisture -  Tills w i l l  a ffec t  many explosives such as

Black Powder and Ammonium Nitrat'-. ‘ '

7. Exposure to Bun -  The direct rays o f the sun w il l  decompose a l l

Nitro compounds. ■

10. JlYGROSCOPICJrY. \

i’ygrosccpicity is the tendency o f  a material to absorb moisture.

I t  a ffects  explosives by the introduction o f an inert material which

w il l  also absorb heat. •

Since inert materials reduce the continuity of the explosive mass
✓ i

and since cooling reduces the temperature of reaction i t  is easy to see I

that moisture w i l l  reduce sen s it iv ity ,  strength and ve loc ity . In the I
* ),

case of Ammonium Nitrate Explosives, i t  may even cause the explosive to *

become so insensitive that i t  w il l  not detonate. :

In addition, the presence o f moisture w i l l  often cause decompo- '

s ition  thereby affecting s tab il ity  and leading to corrosion of metals. ,
V

11. THE CAVITY EFFECT. (
1
\

The Cavity Effect, also known by the names; Munroe Effect, Neumann 

E ffe c t ,  Shaped Charges and M.llow Nose Ammunition was o r i g in a l l y  ■

21.
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noticed by Baader o f Norway in 1799* Since then many men o f  many 

nationalities have experimented with i t .

Munroe, at the Newport Naval Torpedo Station in 1888 and Neumann 

in Germany in 1910, gave i t  considerable publicity and i t  frequently 

bears their names for that reason. .

The princip le o f the e f fe c t  can be summarized as follows: When 

two or more explosive waves meet at an angle they reinforce each other. 

The result is  the combining and focusing o f the lines o f force into a 

je t ,  the force o f which is greater than any one o f the component forces. 

The e f fe c ts  o f this j e t  are more pronounced when the charge is held 

away from the objective.

As we have seen the detonation o f a high explosive consists o f  two 

phases; f i r s t  the detonation wave or shock wave i t s e l f  which proceeds 

in a wave through the column of explosive and exerts tremendous direct­

ional force and second the subsequent expansion o f gases which follows 

the lines c f least resistance.

Let us now assume that we place a solid  block o f  explosive on a 

steel plate and in it ia te  i t  in the direction o f the plate. The deto­

nating wave w il l  indent the plate due to i t s  directional force but the 

gases, following the lines o f least resistance, w il l  escape into the 

a ir  without materially affecting the plate. I f  we take the same block, 

cut a cone into the base, line the cone with metal, hold the cone away 

from the plate and in it ia te  the charge in the direction of the plate we 

u t i l iz e  the Cavity Effect.

As the detonating waves from both sides o f the cone, traveling on 

a spherical front, meet in the hollow portion o f the cone they re­

enforce each other and are focused into a je t  which is  driven with 

t e r r i f i c  force (about 200,000 atmospheres) into the plate, at right

22.



angl.s to their intersecting fronts. Simultaneously the metal-liner is  

chipped and the fragments enter the je t  and form part o f i t .

Following this the lines o f force from the explosive gases, which 

expand in the cone as well as into the surrounding medium, also re­

enforce f ach other and are focused towards the p late , collapsing the 

liner into a slug in the process. These forces with the slug enter or 

pass through the hole made by the je t .

The j e t  heats the metal to a state o f Incandescence pressing i t  

outward as i t  progresses. The secondary force continues this process, 

enlarging the hole. ,

While the Cavity Effect hasbecnwell known for years its  practical 

application is s t i l l  in the experimental stage and no iron-bound rules 

can be given for i ts  use. Each type o f ammunition incorporating the 

principle has been d-veloped by tr ia l and error. However the following 

factors seem to apply and must be considered in developing the ammu­

nition:

A. Diameter o f the Cone - This varies d irec t ly  with the s iz e  o f 

hole to be cut. The three principle diameters now in use are 2A" for  

the 4 2 cone (Bazooka cone), and 1” ard 3" for the 80° cone.

3. Thickness of the Liner -  A thickness of 3% of the diameter for 

an 80° cone seems best.

Angles of Cones - The conical shaped liner gives a deeper hole 

with smaller diameter and less  stand-o ff distance. This p r in c ip le  

u t i l izes  a smaller charge. An 80° cone seems most e f fe c t iv e .

D. Mate r ia l  of Liner - Mild stee l seems most e f fe c t iv e .

1C. Stand-o f f  - This is accomplished by co llaps ib le  legs, in the 

case of demolition charges, and a hoilow ogive in the case of shells and 

bombs.

.23,



T^e stand-off distance increases with the angle of the cone. In 

using a small angle the detonation waves, which proceed approximately 

perpendicularly from the sides of the cone, w ill form a je t more 

qKXk-ly than i f  a wide angle is  used. The difference in stand-off will 

give these waves time in which to form the jet. ‘

Typical stand-off distances are:

1. For 42a° cone ' 1 diameter

2. For 80° cone 1 to 2 diameters

3. For 120° cone 3 to 4 diameters

F. Loading Density -  This affects velocity and uni-t power and. 

hence the effectiveness of the charge.

G. Method of Initiation -  The charge should be initiated directly 

over the apex of the cone to give an even detonation wave and to 

utilize the directional force of the wave.

H. Kind of Explosive -  I t  should be noted that the above sp ec if i­

cations are for demolition charges using, RDX based, p lastic explosives. 

I t  is quite probable that, using other lypes of explosives,’ changes in 

these specifications would be made. ’

The Cavity E ffect is  being used by a l l  nations in th is war in 

shells, bombs, torpedoes, and demolition agents. Some o f the specific  

uses follow:

A. United States

1. Bazooka -  Muzzle Velocity 265 feet per second: Will penetrate 

3" of armor plate and 8" of concrete: F i l led  with composition C2 or 

Pentolite.

2. Anti-tank R if le  Grenade ' ’

3. Demolition charge T3 -  Weight, 35 pounds: F illed  with 50/50

Pentolite: Will penetrate 5 f t .  of concrete. •

i
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B. Britain

1. Beehive Demolition Charge -  Weight 6 lbs. o f  TKT: W ill 

penetrate 2'9" of concrete.

. 2. Beehive Demolition Charge -  Weight 75 lb s . : Will penetrate $

f t .  o f  concrete. -

C. Germany ■

1. Bombs -250 Kg: Will penetrate 14" of armor plate. ,

500 Kg: Will penetrate 24" of armor plate or 11s^ of

concrete.

300 Kg: Will penetrate 40" of armor plate or 20** o f

concrete.

2. demolitions -  12s Kg, charge: Will penetrate 4-3/4" of armor

plate.

Ammunition incorporating the Cavity Effect is often referred to as 

Armor Piercing ammunition but this is not true in the accepted sence o f 

the word. This ammunition causes a scaling and blast, or concussion, 

e f fe c t ,  on the objective by a tremendeous concentration of force on a 

small area as follows:

A. On Armor Plate -■ The metal is heated to a state o f  incandescence

'and partic les  f l y  from the back o f the p late  in e. cone shaped spray 

causing an anti-personnel e f f e c t .  The spray w i l l  usually detonate 

ammunition. In addition to this, the t e r r i f i c  blast e f fe c t  w i l ^ k i l l  

anyone back'of the plate, as in a tank. ' •

B. On Concrete - The explosion w il l  riot melt the concrete but w ill

cause the scaling and concussion e f fe c t ,  described above, on a concrete 

pillbox. ’ ‘

25.
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SECTION VI 

COMMON INGREDIENTS

1. AROMATIC HYDROCARBONS ■

The Aromatic Compounds have been and are s t i l l  the principle raw 

m ateria ls from which most exp los ives  are manufactured. They are 

largely derived from coal tar which is obtained by coal coking.

Coal y ie lds  6% o f i t s  weight ir. tar. One ton o f tar. on distil*- 

lation y ie lds: •

Light Oil (32 pounds of Benzene •
( 5 pounds of Toluene 
(0.6 pounds of Xylene

Middle Oil (40 pounds of Phenol and Cresol 
. (.80-120 pounds of Napthalene

Heavy Oil (Impure Cresols and Other Phenols

Green Oil (10-40 pounds of Anthracene

Residue (1000-1200 pounds of Pitch

Napthalene is the most abundant hydrocarbon and n itrates  easily  

but is not powerful enough to be used as an explosive.

The Phenol-Cresol combination y ie lds  Phenol for P ic r ic  Acid, on 

d is t i l la t ion , but i t  is cheaper to use the Chlorobenzene process, (see) 

Cresol explosives are not powerful enough.

Benzene is d i f f i c u l t  to n itrate and although this has been solved 

by the Chlorobenzene Process the operation s t i l l  involves more steps 

and therefore is more expensive than the nitration of Toluene.

This leaves Toluene which is  eas i ly  and cheaply n itra ted , is 

fa i r ly  p len tifu l and has the proper explosive properties. For these 

reasons TNT has been the standard explosive since 1904. The others are 

reserve explosives which are used because o f their more p lentifu l raw 

materials.

Coal tar occurs naturally in Borneo Petroleum which has been a 

Godsend to the Japs.

26.

\  1

* .  ;.v.

$

j



\  *
■

u

'N''IS
vT7< Z ? /  *. —-Str *

. The United States is now obtaining Toluene in large quantity from 

Petroleum Cracking which explains our enviable position with regard to 

TNT in this war. The Axis, lacking a petroleum industry, has to f a l l  

back on substitutes.

2. NITRIC ACID S1KO3

In order to make the Aromatic Hydrocarbons into explosives i t  is  

necessary to do two things. In the f i r s t  place they have to be supplied 

with Oxvgen for combustion otherwise no gases w i l l  be formed. In tne 

second place they have to be made chemically unstable so they w i l l  

detonate. The nitration of the material with N itr ic  Acid f u l f i l l s  both 

requirements.

Nitrogen, which is  obtained from the atmosphere, is anti-social in 

nature. I t  v io lently objects to forming compounds with other atoms and 

breaks away at the least provocation. The detonation o f a compound 

containing Nitrogen is a violent reaction in which the Nitrogen brca'.s 

out of the compound and in so doing causes i t  to f ly  to pieces with tne 

liberation  o f  much o f the energy absorbed in manufacture. In N itr ic  

Acid this characteristic of Nitrogen is enhanced by the presence of two 

Oxygen atoms tied together.

Therefore, the n itration process not only converts the material 

into an explosive but introduces Oxygon for combustion.

3. SULPHURIC ACID H2S04

Usually the nitration is carried out with mixed acid, acombination 

of N itr ic  and Sulphuric Acid. The function of the la tte r  is  to absorb 

water produced in manufacture and to prevent d ilu tion  o f the N itr ic  

Acid.

4. ALCOHOLS

Methyl and Ethyl Alcohol are widely used as fuels , in the manu­

facture o f  exp los ives , in the place o f the Aromatic Hydrocarbons.

' 27.
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Methyl Alcohol is now made synthetically and is the basis f.or Formalde­

hyde,’ one o f the basic ingredients o f PETN AMI) RDX. Ethyl Alcohol is  

made in large quantities from grain. ' *

5. AMMONIA N'I? - .

Ammonia is  a very important exp losive ingredient, .ft- has many 

uses but the ch ie f ones are in the manufacture o f  N itr ic  Acid and the 

Nitro-Ami nes, the la tter  being a very powerful group of explosives which 

includes Tetryl and RDX. I t  is  also nitrated to Ammonium Nitrate (see ).

6. OXIDIZING AGENTS
f?
£

Most M ilitary  Explosives are d e f ic ien t  in Oxygon so* i t  is  often 

necessary to add oxygen, in order to increase the coifipleteness o f 

combustion, thereby changing Carbon Monoxide to Carbon Dioxide. The 

la tter develops times more heat than the former.

The following is a l i s t  o f the more common oxidizing agents with 

the percentage of Oxygen made available for combustion:

y;
4
k

NITRATES Potassium Nitrate K>‘0^ -  39.5

t- . Sodium Nitrate NANÔ  

Calcium Nitrate Ca(N0/)2
j

-  47.0

-  49.0 i
. - 1

Barium Nitrate Ba(N0j)2 , •• 31.0 %

|
f

. 1
Lead Nitrate Pb{i:0^)2 -  2p.O

Ammonium Nitrate NĤ NÔ -  20.0 I

CHLORATES Potassium Chlorate KClOz I Ov
i

sD • 0

Sodium Chlorate NaCiO^ i V
1 0

PERCHLORATES Potassium Perchlorate KCIO^ ~ 46.0
f ;

Sodium Perchlorate raCIO/'1 -  52.0 # -

Ammon. Perchlorate NH^OO^ -  34.0 1 <

it

23.



The nitrates, except Ammonium Nitrate, are non-exploaive in nature
_ 1 >

being based on metals which do not enter intothe reaction. Therefore 

they w i l l  decrease the strength and v e lo c i t y 5 of the explosive 

weight or volume basis. For example, suppose we had a fixture of 50/50" 

TNT/Potassium Nitrate. Potassium fov-us approximately 40% of the weight 

of the KMOj and 20% of the mixture, therefore 20% of the explosive is  

inert. .

Among tho N itrates, .Sodium Nitrate liberates the most Oxygen and 

is cheap hut i t  is  also hygroscopic so its use is confined to explosives 

such as Blantc Fire powder where hygroscopic;ty is not so important. , 

Potassium Nitrate is  less e f fe c t iv e  and more expensive but it. is
S'

also less hygroscopic so i t  is used where uniformity is  important e ig . 

Fuse Powders.

Calcium Nitrate is a cheap, very hygroscopic agent and is used by 

Germany due to raw material shortages.

Barium Nitrate is non-bygroscopic and non-corrosive. I t  is  used 

in non-corrosive primers. As i t  is  a less  e f f e c t i v e  agent i t  is  

sometimes used to retard the burning speed of Fuse Powders.

Lead N itrate is in e f f ic ien t  and very seldom used except in long 

delay Fuse Powders. . -

The Chlorates and Perchlorates have the property o f l ib era t ing  

their Oxygen with great violence when mixed with an impurity such as a 

combustible. They do this from the s ligh test shock or fr ic t ion .  The 

Perchlorates ar^ s lightly  less sensitive than the Chlorates. Both have 

been used in the past in dynamite type explosives ca lled  Chcddites. 

These proved to bo too sensitive and unstable but they are s t i l l  used 

abroad to some extent. (See Chlorate Explosives.)

Potassium CKiorate has the most application in M ilitary Explosives.

I t  is widely used with Antimony Su 'fide (see ) as a percussion cap in
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A rtille ry  Ammunition and is present in most Fuze Primer Mixes. It

increases the heat of explosion without lowering the sensitivity b f  the

KriiSer. • -  ̂•

Sodium Chlorate is  too hygroscopic and the Perchlorates too

insensitive for this purpose. Potassium Chlorate yields Potassium

Chlorides which corrode steel in the presence of moisture. For this
*

reason, Barium Nitrate is used in non-corrosive primers.

7. AMMONIUM NITRATE NH4N05 ' 1 - .
*  r

Ammonium Nitrate is an explosive which is so insensitive that i t
/ ^

cannot be detonated by ordinary shock but .requires a high explosive 

primer. It develops 75* of the strength of*Nitroglycerine and for this 

reason is very important, being the principle explosive ingredient, in 

commercial dynamites and an extender for TNT in military explosives.
t

It  is a cheap and abundant explosive and enables us to carry on com­

mercial blasting and warfare on the present day scale.

As it liberates 20% of its Oxygen for combination with combustible 

materials it is also used ns an oxidising agent. It differs from other 

•oxidising agents in that all of Its ingredients are active, consisting
> i

of Nitrogen, Hydrogen and Oxygen.

The TNT or Nitroglycerine, which coat the Ammonihm Nitrate crystals, 

darry the detonating wave from the primer causing the Ammonium Nitrate 

to decompose explosively, producing Nitrogen, Steam and Oxygen. The 

latter enters into a further explosive reaction with any combustible 

material present.

, Ammonium Nitrate is white but discolors rapidly from contact with 

the atmosphere. It is manufactured synthetically, Hydrogen is ob­

tained from water gas and in binned in air forming Nitrogen, Nitrogen 

and Hydrogen are mixed and treated to form ammonia gas which neutralises

30.
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Kitrie Acid to form Ammonium Nitrate. '

The velocity of detonation of Ammonium Nitrate varies from 1400’
*»<

meters per second to 5500 meters per second depending on the grain
. * *

size. The smaller the grain the higher the velocity-. . ^

I t  has a melting point o f 155° to 170°C and decomposes at 210°C. 

I t  is  very hygroscopic and w i l l  corrode metals e sp e c ia l ly  i f  

moisture is  present. I t  is  soluble in water'and Acetone*

Ammonium Nitrate Represents a large supply of cheap explosive; 

material which also acts as an oxidizing agent to a limited’ extent. 

Its disadvantages are its lack of s tab ility  in storage'and its  low 

velocity of detonation.

8. ALUMINUM . '

Aluminized explosives in the form of Ammonals (TNTj. Ammonium 

Nitrate and Aluminum Powder) were used in the past but not to any great 

extent due to the .igh cost and limited availability  of Aluminum and 

the lack of instruments to properly measure blast effect caused by the
i

addition of Aluminum.

These drawbacks have been overcome and the present trend is toward 

the use of Aluminized Explosives. Aluminum has an affin ity  for Oxygen 

and w ill extract Oxygen from the air or water or from any other medium 

in which Oxygen is present. Vnon Aluminum combines with Oxygen bt,forms,- 

Aluminum Oxide and intense h«at which increases the heat of detonation, 

the expansion of gases and hence the strength of the explosive. ,

Aluminized Explosives should not be used when penetration and 

detonation helow the surface of the ground are desired because the 

Aluminum w ill rob the explosive of its Oxygen and cause an incomplete 

combustion and hence a reduction in the gas volume and strength. For

31.



under water or aeria l burst Aluminum w i l l  extract the Oxygen from the 

5** water or a ir  without robbing the explosive, because Aluminum is inert, 

as fa r  as the actual detonation is concern d, i t  w i l l  reduce the 

ve locity  of detonation and hence the brisance of the explosive so that 

i t  gives best results when added to very fast explosives such as P.DX 

and in the proportion o f 18 to 20%.

Because o f its  a f f in i ty  for Oxygen and the fact that i t  is under­

going continual oxidation, Aluminum is essen tia l ly  unstable and in­

creases the sensitiv ity  of explosives in which i t  is included, I t  w il l  

also increase formation of Ammonia in combination with Ammonium Nitrate 

and water (see Ammonals), The following table w i l l  compare the heat 

and gas volumes of regular and Aluminized Fxpiosives:

EXPLOSIVE HEAT 
Cal/gram

VOLUME OF GAS 
CC/gram

TNT 924-1040 728-640

80/20 1250 900

RDX 1250 900

TNT/A1 67.8/32.2 2185 267

RDX/A1 67.3/32.7 2340 407

Ammonium Nitrato/Al 39.7/40.3 2181 501

Heretofore the emphasis in military explosives has been on ve loc i­

ty o f detonation, or high peak pressures, the e f fe c ts  o f which are 

ord inarily  expressed in terms o f brisance. As a result o f a ir  oper­

ations over the European Continent i t  has been found that, while a high 

peak pressure is desirable, a .sustained impulse over a wide area causes 

a greater radius of blast damage. This sustained impulse has been 

increased by the addition o f Aluminum to explosives. The e f fe c t  is to 

J greatly increase the strength without materially affecting the velocity 

causing a tremendous increase in sustained power. The e f fe c t  might be
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compared to taking a 180-pound fullback who can run the hundred in ten 
, - 1 - ' 

seconds and increasing his weight to 210 pounds and decreasing h is

speed to eleven seconds. It  is obvious that while his in itia l striking

force would be slightly reduced, his sustained drive and power would be

greatly increased. ’ * ‘ . 3
' * . * i

The following table w ill compare peak pressures and impulses of* 

certain explosives using 100 as the value of TNT: * .

EXPLOSIVE ' PEAK PRESSURE ' ' IMPULSE

Torpex* •' 122- 1/2 127-1/2

Minol* . 112- 1/2  • - ' 115 i

Alumatol* 110

Composition B 110 110

Ednatol 107-1/2 * 110

Amatol 95 * 87-1/2

TNT 100 100

* Indicates aluminized explosives.

Aluminum is frequently added to explosives to increase the incen­

diary effect caused by the explosion.

9. MISCELLANEOUS INGREDIENTS

A* ANTIMONY SULFIDE -  This is a fuel used in most primers, Tt 

burns readily and gives a long hot flame when used with Potassium 

Chlorate,

B* LEAD SIJLFOCYANATE -  Used the same as Antimony Sulfide but to a 

lesser extent. It has a low ignition temperature (190°C).

L* LEAD CHROMATE -  A fuel used to slow down the burning time of 

delays.

D, SILICON CARBIDE -  A gritty  material used to increase the 

sensitivity of friction type Primers.
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I* IRUNPUM -  A gritty material used to increase the sensitivity

of friction (type 1 rimers.

F. TETRACEHE -  An explosive which is more sensitive than Mercury 

Fulminate and produces a large flame. It  is too weak to be used alone 

but is used to lower the ignition temperature of certain Primers.

G, MONTAN OR LIGNITE WAX -  This is a coal tar product used by the 

Germans to desensitise explosives. It  is white in co lo r  but quite 

often the explosive in which it  is used is dyed for identification  

purposes.

r
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CHAPTER -5 

SECTIGu I 

LOW E»i,OSl VES

While Bonb Disposal Personnel are mainlv in teres ted  in High 

Explosives, their clean-up operations w il l  include disposal o f quanti­

t ies  o f a r t i l l e r y  ammunition. Therefore they should o', fam iliar with 

the various types o f low explosives which are eurrent.lv »'•-*? i as pro­

pellants and pyrotechnics. Failure to appreciate the characteristic* 

of Black Powder led to one fa ta l i ty  here at the school.

We shall f i r s t  consider the q u a lit ie s  desirable in a good pro­

pellant and then discuss the two types o f propellants with these in 

mind.

1. Controlled burning: •
t

Any good propellant should produce lo ts  o f  hot gases which burn 

at a controlled rate. For example, our guns are designee to withstand 

a maximum gas pressure in the bore just ahead o f the povuar chamber. 

This exerts a higher and more uniform pressure, a l l  the way to the 

muzzle, than would occur i f  tne oeak were reached in the powder chamber. 

Therefore, i t  is desirable for the propellant, to attain a n iximui gas 

pressure by a gradual and progressive ri.\e in pressure. Control o f 

this pressure l ie s  in the composition o f the powder, the form or 

o f the individual grains and s ize  or dimensions o f any particular Corn 

o f  grain. Granulation dvternnes the area o f the burring surface o f  

the grain. This in turn controls the rate c f  combustion ana thru tout 

the pressure. The prop' llunt. must be adaptable to this sort o f control.

2. Sensitivity:

The propellant should be readi ly i>;ni table but safe le namifactur-, 

transport, load, and stor*%

3. Stability :

The propellant must be able to withstand long storage undu- a»l



climatic conditions without deterioration.

4. Residue:

The exploded propellant should leave lit t le  or no residue. Unex­

ploded powder w ill corrode gun barrels, create smoke and reduce o f- 

ficiency.

• 5* Manufacture: *

Ihe process should be rapid and the raw materials plentiful.

6 . Erosive action:

The burning temperature should be kept at a minimum to prevent 

erosion of the gun barrel.

7. Plash:

the gases of explosion should be kept as cool as possible to 

prevent muzzle-flash which w ill indicate gun positions. .

8. Detonation:

The propellant should be incapable of detonation as this would 

burst the barrel of the gur..

SECTION II  

BLACK POWDER

Black Powder or Gunpowder is a very old explosive. The Chinese, 

Arabs and Hindu8 all used it in early times. It was probably developed 

as an outgrowth of the combustible qualities of Potassium Nitrate with 

a combustible. It was mentioneu as early as 660 A.D. and was used as a 

propelling charge as early as and in blasting as early as 162 7. 

In fact up to 1830 the word explosive usually implied Black Powder as 

blasting agent, propellant and bursting charge.

1 . Properties of Black Powder:

a. Black Powder is manufactured in shiny black grains.

b. The ingredients are usually Potassium or Sodium Nitrate,

Charcoal and Sulphur which are incorporated by wheeling. The charge is

pressed into cake and grained to the desired size. The grains are
3 b
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glazed with Graphite to prevent caking and accumulation o f static
_ , 4 ~

electricity.

The Potassium or Sodium Nitrate (75%) acts as an oxidizing agent 

while charcoal ( 15%) and sulphur ( 10%) are combustibles. .Sulphur also 

lowers the ignition temperature from J40oC to 300°C. It  takes f ir e  

first and communicates it  through the mass. It has collodial qualities 

and f i l l s  the spaces between other components. It  also act3 as a 

catalyst and reduces the solid residue. Potassium Nitrate is expensive 

but only slightly hygroscopic so is used in Fuse Powders while Sodium 

Nitrate, being cheap but very hygroscopic, isused in blanks and spotting 

charges.

c. Explosive Properties:

1. Black Powder is extremely sensitive to heat and fric'/ion. 

It w ill ignite, from the slightest spark and burn with explosive vio­

lence. It  is insensitive to shock but should be treated carefully  

because in the field  it is d ifficu lt to disassociate shock and friction.
i: i

It ignites at about 300°C.

2. .Black powder is inferior in strength being only 55% as 

strong as TNT. It evolves 700 calories and 300 cubic centimeters of 

gas per gram.
, «

3. It has a burning speed of 1-10 centimeters per second

at pressures up to 30,000 pounds per squard inch. The burning speed 

can bo controlled by the following means:

a. To decrease burning speed:

1 . Increase compression -  This lessens porosity and 

hampers penetration of hot gases.

2. Increase grain size -  This causes degressive  

burning and slows the wave of ignition from grain to grain.
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■ nSS J. Reduce time of incorporation -  This prevents a

borough integration of VSi^redients.
i  \ /   ̂ #
i 4.' Increase amount of powder incorporated at a tine

x This serves the same purpose. •
>*■ J  ' -
' 5 ., increase amount of inert retardant such as asphalt
■% • .

or moisture -  This < auses the powder to burn irregularly and leaves a 

large residue.

6 . Reduce percentage of oxidizing agent or increase 

percentage of Su.phir at expense of Charcoal.

\ ’ 7 . Jse a less efficient oxidizing agent such as Barium

Nitrate.

}. To ncrease burning speed:

1. Increase confinement which increases pressure and

V

heat.

2. Increase temperature -  As the ignition temperature 

is approach id the ease o f  ignition is  increased.

3. Increase atmospheric pressure which acts the same

as confinement.
*

4. Decrease the /-rain s ize  -  This tends to make tho 

powder neutral burning and increases the soeed of ignition from grain 

to grain by reducing a ir space.

1. Because i t  is  very hygroscopic, Black Powder is  unstable 

unless moisture can be completely excluded. I t  can be destroyed by 

dumping n water.

2. (omparison with desired qualities:

i .  Controlled burning: I t  is d i f f i c u l t  to control the burning

speed accurately and henco the range o f a shel 1, propelled by Black 

Powder, would not be accurate. The gas volume is satisfactory.
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b. Sensitiv ity: black louder is  too easy to i/ iu te and t cre-

fore unsafe.

c. S tab ility : I ts  hygroscopicity makes i t  unsatisfactory fro*-,

•this standpoint. *

d. RjsiJue: Bla'ck Powder leaves a la rge  amount o f  s o l id

resioue causing corrosion o f the bore and much smoke. ■" -■

e. Manufacture: The process is  easy and cheap and raw materials

are p lentifu l. •

f. Erosive Action: Black Powder has a fa i r ly  high- temperature

of ccmoustion (2500 to >800oC) which causes erosion o f the bore.

Plash: I t  proauc s a b r i l l ian t  flash.

• h, Detonation: Black S’o r e r  cannot be detonated.

5. Present Uses:

I t  can k  iven th feta Black Powder waenpone to o ' ie f f lc ie n ta s  a 

propellant and has Wen large ly  superceded by Smokeless Powders for 

that purpose. How-ver, i t  is a very important explosive, being used 

universally for the following purposes:

■a. Primers and i g n i t r s  in a r t i l l e r y  sh e l ls .

b. Delay elements in fuzes.

c. Expelling char.a- fo r  shrapnel. ■

d. Saluting ana blank f i r e  charges.

e. Spotting cuarg'S for practice ammunition.

f .  Bursting charge for ll.S. Army 37 KM Low Explosive shells,

g. Propellant and lu r - t in g  charg- in U.3. Navy 1, 3 and 6

pound shells. , •

h. I rope 11 ant in U.S. Navy 40 K sh e l ls .  •

i .  Burster in U.S. Army incendiary ammunition.

j .  Safety fuse (burning rate i f t .  in 30-40 se c s . )

k. Quick match (burning rate f>0-1.20 ft. n<-r sec.)



SECTION I I I

' NITROCFLimCoE EXPLOSIVES . '

The e f f e c t  o f N it r ic  Acid on cotton was f i r s t  observed in 1838.

Guncotton was produced in 1848 and Nitroglycerine in 1846. Around 1880 

the gelatin ising e f fe c t  o f combining Nitroglycerine and Nitrocellulose 

was discovered and led to the production o f Blasting Gelatin, which is  

s t i l l  the one o f the strongest explosives known.

Smokeless Powder was f i r s t  used fo r  b lasting but was gradually 

developed as a propellant to overcome the objectionable features o f 

•Black Powder. About 1886 Pyrocotton, Cordite and B a l l is t i t e  were a l l  

developed and gradually replaced Dlack Powder u n til at present a l l  

nations use some form of gelatinized Nitrocotton as a propellant.

This type o f explosive is referred to by various names as follows:

1. Nitrocellulose -  Any combination of Cellulose and N itr ic  Acid.

2. Nitrocotton -  Nitrated Cotton.

-  N it r o c e l lu lo s e  containing le ss  than 12%3* Pyroxylin 

Nitrogen.

4. Pyrocotton

5. Guncotton

-  Nitrocellulose containing 12-12.75% Nitrogen.

-  N itrocellulose containing 13%ormore Nitrogen.

6. Collodion Cotton -  That type o f  Nitrocotton which dissolves

most readily in a solvent. I t  usually contains 11.2% to 12.2% Nitrogen.

SECTION IV

SMOKELESS POWDERS

Smokeless Powders are forms o f  N itrocellu lose Explosives used as 

propellants. They may be divided into two classes, Single and Double 

base Powders.

1. SINGLE BASE POWDERS

A. Properties:



1. Single base Powders are amber, brown or black in color and 

.ire manufactured in flakes, s tr ip s ,  sheets, p e l le t s  or perforated, 

cylindrical rain's. Tre grains usually have one or seven perforations 

to control the burning speed. The single perforation grain is used in 

small arms while tncse with seven perforations  are used in larger  

caliuc-r weapons.

2 . The manufacturing process includes the following steps:

a. Pu r if ica t ion  o f the cotton.

b. N itration  with N i t r ic  and Sulphuric Acid.

c. Dehydration ey replacing water with Ethyl Alcohol.

d. Permat5 ui o f a co l lo id  by addition o f Ether and more 

Alcohol wi.ico act as 'o ivents. Ih is  step includes incorporation o f 

other ingredients which are necessary.

e. Granulation ; y pressing through sW el dies. '

f .  Solvent recovery, drying, blending and cutting.

g. Glazing wit.: Graphite to prevent accumulation o f s ta t ic  

e lec tr ic ity  and caking, ( fo r  email arms only)

3. Ingredients used in the manufacture are:

a. Cotton or wood: Cotton is preferred because wood is less

absorbent and requires longer to n itrate; i t  is harder to purify a fter 

manufacture; i t  requires more acid and is harder to purify o f foreign 

materials. I t  las  certa in  advantages, however, being purer, less  

dusty, more easily dried, involves loss shrinkage in manufacture and is 

mere easily reduced to pulp.

b. Diphony 1amine (DPA): Acts as a s ta o l is t r  by absorbing

1 itrous fumes given o f f  by decomposition. Alout VL is used.

c. Dibutylpthalat-'- (DDT): This is an inert material used to

cool gases and reduce rn 'iz le flash. I t  is o i ly  and also acts as a

‘11.
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waterproofing agent. I t  reDlacoe vo la t i le  solvents and maintains 

norln&l baring rate which is increased when volatile matter is lost.

d. Dinitrololut-ne (C‘;T): Acts as a coating on small arms

powder to control burning rata and reduce hygroscopicity. I t  displaces 

vo la t i le  matter and, being explosive, compensates for addition of DBT.

e. Trinitrotoluene ( Ttil): Same as D'iT.

f .  T r iacetin : Acts as a g e la t in iz in g  and waterproofing

agent.

g. Centralite: Acts as a gelatinizing agent, s tab il izer  and

flash reducer.

. h. Vasal i r e - S ^ b i l iz e s  and cools.

4. Explosi ve r rcpari i _s:

a. Single Ease Powder is rather insensitive. In fact i t  is

d i f f i c u l t  to ign ite  always requiring a .Black Powder Primer and in 

larger ammunition a Black Ig.iit r. I t  ignites at 31̂ ,0C.

In the open Singl 3aee Powder burns very much l ike  Cellu­

loid. Seemingly this explosive is very safe but the fact should not be 

overlooked that, although i t  is used a" a low explosive, Single p.ase 

Powder is an organic compound and w i l l  detonate i f  burned in large 

quantities or sympathetically from the detonation of other explosives.

b. Single Base Powder is stronger than Black Powder i i v i -*■

o f f  10C0 ca lories and %0 cubic centimeters of gas per gram compared

with 7C’0 calories and 300 cubic centimeters for Black Powder.
✓

c. . I i  .uia a> burning* sp*'ed.’o f . d . l - t o ‘ 13 centimeters per 

second at pressures up to CO.COO pounds n.r square inch. The burning 

scced can be control ltd by th-.* following means:

1. Variation in the sine and shape o f the grains including 

tne number o f perfora tions. There are three types o f  S ingle Base 

Powder; (1) Degressive; (2) Progressive; and ( 3) Neutral burning.

1 ; ’ , '
: ^
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continues, i t  is a degressive turning powder arid the burning rate is 

decelerated, 'ibis type o f powder has nc perforations.

b. I f  the burning surface remains constant, i t  is  

neutral burning and the burning rate remains constant. This type o» 

powder has one perforation.

c. I f  the burning surface increases, i t  is progressive

burning and the burning rate is accelerated. This type'.pf'ppwddrrusuall^ 

has seven perforations. ■

2. The web thickness or amount o f so lid  powder between 

burning surfaces, the thicker the web, the slower the bwrning.

p. The percentage o f  v o la t i l e ,  in ert  rn'iterials and 

moisture present. V o la t i le  and inert materials have a greater e f fe c t  

than water because they use the energy o f  the powder to burn themselves. 

The following table compares water and other tutoria ls according to tm 

units o f energy used:

‘ 1

2.5

Water

Alcohol

Graphite

D.P.A.

a r,*•* J

4.0

5. Single Base Powder is fundamentally unstable and dc compos-s 

in hot, moist storage. I t  is hygroscopic although not so much as Flack 

Powder, n itrocellu lose in the presence of moiotur.- hydrnlizes to t’ re- 

acid which takes the form o f Oxides of Nitrogen. These Cxidcs acceler­

ate the decomposition, building up heat to an ignition temperature ani 

spontaneous ccmruotion results.

B. Comoarison with desired qualities:

\ o
k
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3. S ta b i l i t y :  The powder is  unstable but th is can be con­

trolled. .

4. Residue: There is l i t t l e  residue or smoke. The powder can

be balanced fo,r complete combustion.

5. Manufacture: This is complicated but safe-. Raw materials

are p len tifu l. .

6. Errosive Action: Single Base Powder errodes the bore but

not quite as much as Black Powder. Its  combustion temperature is 2700- 

3500°C.

7. Flash: This is caused by hot gases which take f i r e  when

they come into contact with fresh Oxygen at the muzzle. I t  can be 

controlled by adding cooling materials to the powder.

8. Single* Base Powder can be detonated and has a ve loc ity  o f

4600 meters per second. However, in actual practice this is rarely a 

hazard, <

C, Present Uses:

I t  can be seen that Single Base Powder can be manufactured to 

eliminate the objections to Black Powder. For this reason i t  is  the 

United S tates ' standard propellant and is  widely used by a l l  other 

nations for the same purpose.

2. DOUBLE 3ASS POWDERS

This form of Smokeless Powder is known here as B a l l is t i t e  and in 

Britain as Cordite. ,

A. Properties o f Double Base Powders:

1. The color k  gray-green to black and the forms are the same 

as for Single Base P'v.dcrs.

2. They are manufactured the same as Single Base Powders except 

that Nitroglycerine is used as a solvpnt instead o f Ether and Alcohol.

In the manufacture o f Cordite, N itroce llu lose  and N itroglycerine are



dissolved in Acetone which then evaporates.. The same inert materials 

are used that as for Single ease Powder exceot for Cordite which usee 

Vaseline. The Nitroglycerine content is usually S O - iO ^ .

3. Explosive Properties:

a. ' DouBiePSase’ Powdensaare’ more sensitiveithan SingledBase 

Powders igniting at 150°§ -Md°C. They w il l  also detonate more readily 

than Single Base Powders.

b. They are stronger than the Single Base Powders producing 

more gas and exploding at higher temperatures.

c. They have a faster burning rate which can also be con­

tro lled (see Single Base Powders).

4. The presence of Nitroglycerin- eliminates hygroscopicity and 

stab il izes  the powder. In other words the nowdor has an active stabi­

l i z e r  and solvent.

'8. Comparison with desired qualities :

' 1. Controlled Burning: Burning can be controlled as vitn

Single Base Powders. ‘

2. S ens it iv ity : Tnis is great*.r but not so much so that the

powders are unsafe.

3. S tab ility : Double Base Powders am stable anddonot require

inert ingredients which reduce strength.

4. Residue: Since there is not so much in* rt material there is

less solid residue and corrosion. '

5. Manufacture is much the same. However, i t  is  s ign if ican t 

that Germany is now running short of glycerine and isus ir i substitutes.

6. Errosive Action: This is increased because c f  tne h ifi.er

burning temperature. '

7. Plash: This also increase* for tn*- sine roson . Cooling

agents can he added, however.

4*.
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8. Detona.tion: Double Pase Powders are more easily detonated 

than Single Base Powders.

C. Present Uses:
• *

A ll  the Warring Nations use Double Base Fovuers as a Standard 

Propellant except the Uiited States (Cordite is the Standard British 

Propellant).

We use B a l l is t i te  in Mortars where the confinement is not as .-Teat 

as in the barrel of a gun and a faster burning powder is  required.

We also use i t  in special ammunition, such at *'ockets, for the 

sane reason. Double Base Powders are more o f f ic ia n t  than Single Bast 

and evidently foreign nations fec i that this outweighs the objectionable 

features o f errosion and flash,

SECTION V

* ) 
V **

PYROi r.'HMCS

ii'dtarrillly * thettf>rm-;PydotCcimi c..pt<ritrai ns bo: f  ireworks.r • Array 

nomenclature designates illuminating devices as Pyrotechnics. They 

include Signals, Flares, and Photoflash Bombs. They are manufactured 

from the following components:

). Fuels such as Aluminum, Magnesium, Sulphur, Asphalt, ;nd 

resinates of Calcium, Strontium, Barium, and Copper.

These materials are the combustibles which turn when supplied with 

Oxygen. They correspond to the Charcoal and Sulphur in -;bck l owner.

2. Oxidizing Agents such as Potassium and Ammonium i vrehlornte; 

Barium and Potassium Chlorate; Barium, Potassium, Strontium and Sodiur 

Nitrate and Chromates of Strontium and Furiun.

These materials supply the txy*/. n for combustion and in some cas--s 

act as coloring agents. An increase in th e  nmourt o f oxidizing sg< nt

increases the burning rate and cimilepo'Atr o f  u , . mix ter  . y 

corresnond io the Nitrates in Flack fovd-T.

4->
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3* Coloring Agent? such as Brrium (g reen ), ftrontiun  (r e c )  and 

Copper Chloride; reuinates o f  Ctror.tin i and Corner and Soaium and 

Strontium Nitrate. Gone of these material also act as oxidizing agents. 

When this is true the color can be adden without a ffect ing  tne burning 

rate and candle power.

4. Retardants, Binding and Wateroroofin,‘ Agents sues as nsphalt, 

Paraffin, Sulphur and resinates o f ratals.

I t  can ue seen that these materials are essentially forms of Black

Powder and should be Handled as such.

Flares and signals are not designed to cxplcse out to burn fror 

periods o f  a few seconds up to several minutes giving o f f  l igh t  mo 

heat o f intensities up to b C C ,O X  canal** now* r.

Photoflash Bombs on the ot!:< r 1 am burn v ita  exolmiv*: v io lence 

giving out dOO.OOO.OuO candle row-r in .1^5 s*. tenor. This amounts to 

on expJosion and for th 't  reason they arc designated as boros.

Pyrotechnics ire all fundar* nt il lv a.:, r. nsitive ;s Mack Powder to 

flame and fr ic t ion . In addition, i f  the iyroUcnnic contains M*r-n<: ~iun, 

Magnesium can react in the ere scree c f  m irturs to form Migensiun Uxici* , 

Hydrogen Gar and h<at. irogui *.’id ux.v.p r, form an exnlosive mixture 

which c'*n ignite spontan* our.ly.

I t  can be sem ti.**t th re r.-.t* r ia ls  re d-n-'erour and esn^ot b*.

inerted by removing Urn- fu<w . They should levsr b*- on* n : J m t should 

be destroyed in pi acf by demolition cr dumping in large bcai'r of wH.-r, 

Flares cm blind or k i l l  by burning an., havt bun mown to x-

plode.

Photoflash Bombs am* ar dan>‘ <rois to norsonnel a.; Pit*. rxploMv.

Bombs.

An example o f a typical Flaie follow

47.
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Green Flare

Barium Nitrate 53*7 v

Magnesium 30.3*

Aluminum 15.2*

Sodium Oxalate 18.8*

.Castor Oil l.CS

Linseed Oil 1.0* 

100.0* 

SECTION VI 

INCENDIARIES

Incendiaries are being widely used in this war. 1: r%-nl i t y ,  they 

are a fot-ni o f  Pyrotechnic but are not designed to ^xoloJc or to .*ive 

' l igh t but rather to burn for periods up to f i f teen  (15) minut.s giving 

out intense heat.

The three main incendiaries are: •

1. Thermite or Thermit

This incendiary is  used by -11 nations. I t  consists o f Iron 

Oxide/Aluminum 76/24 and burns with a temperature o f 3000cf .

2. Thermate
*

This is  a United States incendiary designed to lower tre  

ignition temperature and increase the burning speed o f Tnen ite . Its  

composition is:

Thermite PC?

First Fire Charge 

Sodium Nitrate 

Aluminum

. Sulphur

Linseed Oil

Black Powder

20*

50*-}

45* )
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3. Slektron
*

This is a Serbian trade name fo r  an a l lo y  cons is t ing  o f  86/14 

Aluninun/Magnesium.* I t  is  used by a l l  nations as a casing fo r  incen­

diary Bombs and burns at 1^00°C:

Magnesium by i t s e l f  burns at 4200°C but cannot be used as a casing 

because i t  is very reactive and therefore unstable. *

There is an endless va r ie ty  o f incendiaries used fo r  various 

purposes but o ract ica lly  a l l  are based on the combination o f  Aluminum 

or Magnesium and Oxidising agents to control the ign itab i l i ty ,  burning 

time end temoorature.
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CHAPTER A

SECTION I 

HIGH EXPLOSIVES
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High Explosives may be subdivided into two classes according to 

their sensitiv ity  which in turn governs their use. These classes are:

1. Primary High Explosives

These explosives are extremely sensitive  to shock, f r ic t io n  and 

heat. They w il l  nett burn but w il l  always detonate i f  th-y are ignited. 

Their strength and brisance are in ferior but are su ffic ien t to detonate 

secondary high explosives. Because of their sens it iv ity  they are used 

for this purpose.

2. Secondary High Explosives

These explosives are re la t ive ly  insensitive to shock, fr ic tion  ami 

heat. They w il l  usually burn rather than detonate i f  ign it 'd  in small 

quantities in the open. In fact burning is one of th* best methods for 

destroying them. A small quantity, 50 to 100 pounds, can bo spread out 

thinly over the ground and ignited by means o f Urtrain; r.i'\e»:celeror 

aatorated: wiittihkerosene-. Nobnilyl th' e expldsivirv wid 1! burn buttpihrsnmml' 

engaged in this operation, should be prepared for a detonation.

There is  a ce rta in  temperatur< at which a l l  ox r lo s iv es  w il l  

detonate. They may attain this temp^ratur*. from «.xt'.*rn:l host or fr r. 

their own burning. For this reason, uornbs shcul ! not turn' d o it  

with o i l  soaked rags or Thermite unless th? s ime precautions, eruinanly 

taken for the demolition of a bomb, are obc rved. No explosive *• w il l  

normally stand the heat o f  Te rmite without at least a partial 

nation.

Secondary high exp los ives  am, us 0 as boost- r;; and burst in ­

charges.
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SECTION' I I  _

ti;b d t ix c iv e  tra-n

Fnr.ary and Secondary i igh Exploriv s are combined, fo r  m ilitary 

purposes, into what is  known as an exp los ive  t ra in . This may be 

defined as a u'-ri. s of steps by which a small in i t ia l  amount of energy 

is converted into tnc lan'e amount of energy necessary to insure a high 

order of detonation for the bursting charge.

Fundamentally an explosive train consists o f a primer, detonator, 

booster and bursting charge. This sequence is often interrupted by, a 

d* lav but ?s this docs not a lte r  the basic concept we w i l l  discuss i t  

lat'-r under the subject of individual, national, explosive trains.

In order to ypl li.n this principle lo t  us assume that we have a 

2000-pcund bomo f i l l e d  with TNT and that cur fuse is  the f i r in g  pin 

typ*4. Obviously fJ.NT w ill  not detonate from the stab action of a f ir ing  

pin or i t  would he unsafe to use in large quantities. So, because our 

in i t ia l  source of energy is the fr ic t io n  or percussion e f fe c t  o f the 

f i r in g  pin, w> must step up th is  energy to a point whore i t  w i l l  

d( tonat*- TNT. This is accorrlisla.d by moans cf an explosive train.

The f i r s t  conpunrnt, or orin.r, tlv.n must consist of an explosive 

which will detonate from the stab lotion o fn  fir ing  pin with su ffic ien t 

v io lence  to detonate the second component. Su^h an exp los ive  is 

extremely sensitive  but n o t  vio lent enough to insure a high order c f  

di tonotion for the burstirg charge, at least in quantities that would 

be safe to use.

The second component, or detonator, must readily detonate from the 

action of the primer rnd, at tho s me time, dcvelon su ff ic ien t energy 

to detonate U.t third component. :>*re again, a very sensitive explosive 

is  r>.-auir*.d although not as sens it ive  as th*. primer. While such up 

exp loriv . might d donate the bursting charge, the quantity necesrarv 

vobldi .’jAke "tuei bmnun>i'tioh unsafe. >5
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For th is reason we incorporate a th ird  component ca lled  the 

booster. I t  is intermediate in sen s it iv ity .  I t  w il l  readily detonate 

from the action o f  the detonator, develop a high degree o f  power to 

insure a high order of detonation for the bursting charge and, at the 

same time is  s u f f i c i e n t l y  in s en s it iv e  to be used in f a i r l y  la rge  

quantities.

The fourth component is  the bursting charge i t s e l f  which is  

readily detonated by the booster.

This sequence c f components is analogous to the ignition o f a coal 

f i r e .  Everyone realizes that i t  almost impossible to ignite a piece o f 

anthracite coal with a match yet we require a match, or; some similar 

form o f heat, to start our f i r e .  Therefore, we use the- match to ignite 

paper. I t  is possible to ign ite  coal with paper but not in any quan­

t i t y .  In e f fe c t  you would get what might be described as a low order 

deflagration. So we use the paper to ignite wood which w ill  form a bed 

o f coals and give us a roaring f i r e  immediately.

In this procedure yeu can comnare the match witu the prim-'r, the 

paper with the detonator, th-. wood with the booster, and the coal with 

the bursting charge.

In each case we start o f f  with a very small quantity o f a very 

sensitive material and gradually incr-asr our quantity and decrease our 

s en s it iv i ty  ending with a very large quantity o f  a very insensitive 

material.

SECTION I I I  

LOADING EXPLOSIVES

After deciding on the best M ilitary Fxplosive for the purpose in 

view, i t  must be lo'vb .1 into its  container. In most ammunition it. is 

desirable to load the explosive at a maximum density for the following 

reasons,

7 a
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1. lensity is the con troll inf, factor in velocity of detonation.

2. Other th i ir s  b v ir ' • ■ ur-i, ire hr* i t e r  the density thw more 

exrloriv* and !,*n.o U ~ x o pow<r v> n ; in the 3nr*re provided.

p. If density in low w. my hav- cavities in tne cnargc which mv;

■ ii'Sf:

i. M isfires i f  the cav it ie s  are around the booster or permit 

the charge t.o move away from the booster,

b. Low order o f detonation i f  the cav it ies  prevent the propa­

gation of the .etvnatin.* wn .

c. Premature daton .tions from set back or set forward i f  the 

ch r»v can mov<- within the container.

4. "i--t density decreases sensitiv ity :

To obtain t*v. maximum d.nsity  most economically, cast or melt 

loading is nsec, ry this tnethcc, th: explosive is melted and poured 

into the ammrition ara *4lowed to cool. Recently, by using preformed 

pe lle ts  with the melted explosive, wo have cut loading tine, for the 

on--ten Pont, from t ’.r-e da vs tc three hours.

An ->i t - r n a l iv e  n< thod is press loading. Py th is  method the 

explosive is powderv-i and nr-ssed intr the container by a ram either in 

ihe powd.r form or with a lubricant, such as Graphite or Gtearic Acid, 

to r ise the ■’ cuor. c f tn? rut. While it is possible to obtain as high, 

or hi 'her densities by rrc.vi loading, the process is a time consumer 

and would seriously affedt nroduction.

A third r.» tnri is ’■'xtrasion, a method by which the explosive is 

fed into a home r “ nd <.xtruded into the container by a screw which 

extends inside o f the cen t i l ite r .  This method is used to prevent 

hygroscopic explosives fro:*, coming into contact with the air.

'0.



/ * For special purposes i t  is  sometimes undesirable to have a max-
<

imui* density so the explosive is poured into i t s  container in powdered 

or flaked form or pressed ligh tly .

Examples are:

1. Boosters where greater s en s it iv i ty  is desired.

2. Land Mines.and Grenades where greater sen s it iv ity  and a less 

v io lent detonation are desirable. The la t te r  prevents disintegration 

of the casing into too many snail fragments.

SECTION IV

REQUIREMENTS OF A GOOD MILITARY HIGH EXPLOSIVE

Before se lecting  an explosive for us-* as a booster or bursting 

charge, the following characteristics o f the explosive must U  carefully 

weighed.

1. Velocity of detonation i s the most important characteristic. Wien we 

stop to consider the fac t  that a pound of coal has f i v e  times the 

energy o f a pound of explosive, i t  is easy to see that the speed with 

which energy is  released is  a l l  important. This is o f special im­

portance from a M ilitary  standpoint because M ilitary  Explosives are 

detonated in the open for the most part. They must detonate rapidly 

in order that they may attain a maximum gas pressure before the gases 

•are dissipated in the atmosphere. For example, le t  ns assume that a 

2000 pound bomb is detonated by a nose fuse. I f  the explosive detonates 

slowly the expand in*,' gases from the nose w il l  start toward the objective 

before the ta i l  part has detonated. However, i f  a fast acting explosive 

is used, more o f the explosive w i l l  hav? detonated before the gases 

begin to expand and a larger amount of energy w il l  he delivered at one 

time. -Therefore, the faster the: explosive tin- mor violent i ts  action.

M.



2. Strength l e. also a very important factor. Granted an, explouivu 

has an adequate velocity, the more energy i t  liberates the greater w ill 

be i ts  rover. Strength is o f  primary importance when an explosive is  

confined, as in underwater ammunition. Here the water confines the 

.'arcs and permits a maximum pressure to be reached without dissipation 

oven with slower acting explosives. Incidentally, an explosive is  four 

and one half tines more e f fe c t iv e  when i t  is confined. It acts like any 

other force . I f  an explosive detonates alongside of a building the 

surrounding a ir  Joes not supply a res istance equal to that of the 

building and tin greater portion o f the explosive force w ill be d is ­

s ip a t ’d r*nd comparatively l i t t l e  o f  i t  w i l l  a f fe c t  the building. In 

actual practice this tendency is o f fs e t  by using very large bombs.

7t .  Sens it iv i ty is of almost equal importance. The explosive must be 

safe to nanufactur'., transport, store and load. It must be bore safe 

in the case o f  she lls  and must b> safe  to je t t is o n  in the case o f  

bomba. At the sane tim- i t  must be readily detonated by the-action o f  

a suitable Fxplosivi Train.

4. St ii i 1 i ty is -always important but i t  is especia lly  so in .this war 

with fighting taking place a l l  ever the globe -and undc-r a l l  c l im atic  

conditions.

Hygroscopic!ty must be considered bc-causc o f its  e f fec t  on S tab ility , 

-nsitivity, V**lo î ty and Strength.

‘j .  IVlti.u, co in t is ir port ant considering the d e s ira b i l i t y  o f  cast 

load inf. In - Molting onint should be between 30° and 100CC. I f  i t  

m* Its  lowtr than R0cC tier* i.. a tendency for the explosive to cxuuo 

und'-r hot o ’ orage conditions. I f  it  is higher than i0O°C the explosive 

c 'im ot bo melted by hot w^ter. The use o f  other forms o f  heat is

d.rijvrour partsr il- .r lj i *> J-.roinpo *,i tion nftru takes place at ti-iper -  

tures move ln<j°t\
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7. Reaction with Metals is  undesirable but not a controlling factor in 

the selection of an explosive.

8. A va i lab i l i ty  o f  Raw Materials is  a prime consideration. The best 

explosive known cannot be used i f  i ts  raw materials are not p len tifu l. 

For this reason many reserve explosives become f i r s t  line explosives 

during wars.

9. Cost o f Manufacture i s not too important in time of war. However, 

i f  other factors were equal, i t  might be the deciding factor.

In the selection of Primary High Explosives the following factors 

must be considered:

1. Sens it iv ity  is o f  prime importance. The explosive must be as 

sen s it ive  as possib le compatible with a decent degree o f sa fe ty  in 

manufacture, transportation, storage and use.

2. V e loc ity  o f Detonation dogs hot need to be as high as fo r  

Boosters and Bursting Charges but the explosive must atta in maximum 

ve loc ity  o f detonation in a very short column since very small amounts 

of the explosive are used.

3» Strength is  not a factor but the explosive must give a long, 

hot flame on detonation.

4. S t a b i l i t y  is  even more important than fo r  Secondary High 

Explosives. A low order of detonation for  a Primer or Detonator can

cause the entire bomb to become a dud.

5. Hygroscopicity, therefore, is also extremely important in that 

i t  a ffec ts  s tab i l i ty ,  sens it iv ity  and velocity .

6. Melting Point is not a consideration.

7. Reaction with Metals can be read ily  avoided.

8. A v a i la b i l i t y  o f raw materials is important but to a lesser  

degree due to the small amount o f explosive used.

9. Cost o f Manufacture is  not a factor in selecting this type c f

explosive. sb
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. A TABLE OP HIGH EXPLOSIVES

GIVING A COMPARISON OF CERTAIN CHARACTERISTICS

In order that the more important ch a rac te r is t ic s ,  o f  the more 

commonly used explosives, may be discerned at a glance the following 

table is presented showing the explosives in the order o f their sensi­

t iv i t y .

The figures used were obtained from a variety of sources. In for­

mation was often con flic ting but every e f fo r t  has been made to use the 

figures which are most nearly correct.

An attempt has been made to compare the explosives showing their 

re la t ionsh ip  to TNT, the ch a ra c te r is t ic s  o f  which art well known. 

While there may be some disngr.earnt concerning the actual figures, 

there can be l i t t l e  or none concerning the relntionsnip of the various 

explosives to T <?, le try l  *nd Mercury Fulminate.

An explanation of the method of conducting the tests, from which 

the figure? are derived, follows the chart. ,

CHART

Column 5 “ Sensitivity to oi.of'k - The figures nr.* given in inch.*?.

This t (S t is conduced by loading 0.0M gr.ars of the explosive in 

a cup, placing a brass cover c v-t  the explosive and tb*ui placing the 

cup, wit! the cov-.r un, in an anvil, g plug i? placed on top c f  tv- 

cover and a 2  Kg. weight is dropped on the pin,. The weight is sup­

ported between two guides,

. n n •



t m o s i v i

( » )

PORMILA OR PROPORTIONS

( I )

COLOR

( 3 )

DENSITY

( 4 )

SENSITIVITY TO SHOCK
(DROP TEST) 

INCHES 
( S )

(R in .F  H ’LI.ET 
% TIMES AEFECTI 

( 6 )

I b r n i y  I b l a U i t i •UtOl.Cij Whit# • Greyish Yellow 3.SS 2 100

Mi tra giycarina Polo Yellow - l i q u i d 1.60 3 • 3 100

Lead K j y l M i l i c , « ( N ° , ) j <0 2W») Deep Yellow 3.1 3 - 3 100

Lead Acid* w ><n , ) 3 Vh i t e - Bu f f 3.8 3 - 4 100

PITH C(CIIj ONOj ) 4 White 1.63 6 100

Cyclaatte
( “ i W V j

White 1.6S 7 100

T t l r f l V j C J W p j C N C H j N O j ) Buff • Lenon Yellow 1.57 8 90 - 100

N ltraatarc h 40/37.7/10/0.8/1.J ,  NS/SodNit/ 
B a r N i t / O i l/ S t a b i l i t e r

Gray 1.6 8 90

P e a te l lt* SO/SO • PBTO/TNT D i r t y  White • Biiff ! .  56 - 1,63 9 92

H i y a i 43/40/18. RDX/1NT/AL. Gray 1.73 9 S3 • luO

iaaaaittadiphany1aalna <C#N , ) , * ! » < « > , ) , Deep Yellow l . s i 9 87

T e t r y t e l 73/35. Tatrjrl/TNT L i ( h t  T a l lo a 1.60 10 30 • 34

N i l (CHJ ) J l « ) J (NOJ ) J White 1.S0 10 80

■ » a i / n / 4 0 / u .  rdx/n r4n o3/t n t /a i Gray 1.69 10 49

Beaaaite 80/34/14, TOT/WD/AL Grcaniah Gray 1.73 10 *i 11 Detonate

Ninel I I  . 40/40/30. WI4»Oj /TNT/AL Gray 1.6S 1 0 - 1 1 4«

C ycle te l  ( b a r  ■) 80/40. ROX/TNT D i r t y  White • Duff 1.63 11 30

Ha* i t 80/40. TNT/riD Leawn Vet lo* i .S 11.5 t i l l  be ton* t e

f r i t a n a l 80/30, TNT/AX. CraJ 1.7 13 to

■aratal 00/10, TNT/Bariua N it ra te B u d 1.65 13 2o

T y H  M  B»Rlaei*a 80/40, T r  in i  t ream eel a/HNO Leaon or Greeniah Te lia * 1.5 13.5 30

Oaapealtiea C j 80.1/4/10/4/1/.8, RDX/MNT/DNT/TOT/ 
Cal Indian Cattan/Dinethyl Paraaaidr

Yellow Brown 1.57 13.5 .'<• ,

P i c r i c  Acid C|Hj OR(NOj ) j L i ( h t  Creeoi 1.6 13 ■ 13 34

M a a ta l 80/40, Bdna/TNT D i r t y  White - Buff 1.63 13 - 13 17 ■ 11

T r l d l t c
t h a l l i t c

P i c r i c  Acid 80, 70, 80, 90S 
BNP 40, 30, 30, 10S Crean Valla* 1.63 12.5 * M 

Shel1ite  • M 4 ■ f t

Tr ia a n i  tc P i c r i c  Acid 70, 80, 90S 
NNN or DM 30. 30. 10S Creaa Vella* 1.6 13 • 15.5 0 ■ lo

W T C,RJC«3(NOJ ) J R i d  ■ L i i h t  Bra*n 1.55 14 4

C k M a a it ie n  C 88/13, RDX/Oil Brown 1. SO 14 0

Aaatal SO/M S0/S0 Aaaoniu» N itra te /TN T PVi^f a Dork Brown 1.54; 14 It

Ca— e e it ia n  A 91/9, RDX/ltaraaai Whi te • t u f f 1.63 14 II

Aaatal 88/39 90/30, Aaaaniua N it ra tr / T N T Buff • Dork Brown 1.38' 15 0

T r i n i t  reanieele c 4 « , 0 a «3 ("0 , ) 3 Colorless • White • Buff 1.4 15 - 16 0

n e White Not Available IS • 31 ft

■lack Paadar 75/15/10, F o t i i t i u o  N itrate/  
C h ire n l/7 u l| ihu r Black Not Available 16 !"•*

U ^ l a a i n  0 CjH j ( 0(IN4)(NO 3)3 tesson Yel low
Orange • Weddish Brown 1.46 18 fl - t»*

\

I
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■ i

S E N S I T I V I T Y  T O  SH O C < I G N I T I O N  TEM|>. 
DEC R E F S  C

r o

T R A U Z L  H LOCK T E S T  
( S T R E N G T H )  

C U B I C  C E N T I M E T E R S

( « )

B A L I .

(

S T I C  M O R T A R  

T R E N G T I I )
O F  T N T

( « )

V E L O C I T Y
M E T E R S / S E C O N D

( 1 0 )

b r i s a n c e

G R A M S  O F  S A N D  

( 1 1 )

M E L T I N G  P O I N T  
D E G R E E S  C

( 1 2 )

( D W  T E S T )  
I N C H E S  

( 5 )

( R I F L F  H ' U . K T )  i TIMFS A F F F C T F D  

( 6 )

2 1 0 0 2 1 0 / 1 4 5 I S O - 4 7 0 0  -  5 4 0 0 1 5 . 5  -  2 2 . 4 E x p l o d e * P r i a *

2 -  3 1 00 1 8 0 S I S  • 6 0 0 1 5 . 6 8 4 0 0 6 0 . 0 1 3 D o u b t

2 ■ 3 1 0 0 2 4 0 / 2 0 0 1 2 0 - 4 9 0 0  - 5 2 0 0 9 . 5  - 2 1 . 4 E x p l o d e * P r i a o
P r i a o

3  - 4 1 0 0 3 3 0 / 2 4 5 1 I S • 4 0 0 0  -  5 0 0 0 1 3 . 9  • 18 E x p l o d e s D o t o n

6 1 00 2 1 0 / 1 7 2  -  1 7 5 5 0 0  • 5 6 0 1 6 . 6 8 3 0 0 6 1 . 9 1 3 8  • 1 4 1 B o o *  t

7 10 0 2 6 0 .  1 9 7  -  2 0 4 5 2 5 1 6 . 2 8 4 0 0 6 1 . 0 2 0 0  -  2 0 3 . J B o o *  t

8 9 0  - 1 00 2 6 0  1 6 4  - 1 6 5 3 7 5 1 . 0  • 1 2 . 5 7 51 * 5 3 . 5 1 2 8 . S • 1 3 9 B o o s t

H 9 0 1 9 5 2 7 5 9 . 6 6 1 9 0 3 7 . 7 E x p l o d e * D o a o l

9 9 2 2 2 0 /  1 74  -  1 7 8 3 4 5 1 3 . 0 7 5 0 0 5 3 . 0 8 0  - 9 0 B u r * *

9 5 2  - 1 0 0 2 8 0 / 1 8 5  -  19 0 47 5 1 1 .0  -  1 7 . 0 7 3 0 0 5 7 . 9 8 8  -  9 5 B u n t

9 87 2 5 0  • 2 6 0 3 1 5 1 1 . 3 r m 4 5 . 0 2 5 3 ■  i x t u

2 3 7  ■ 2 4 6

10 2 0  - 3 i 1 7 9  - 181 3 S 0 1 2 . 0 7 3 0 0 5 0 . 0 6 5  • 9 0 D o a o l

10 8*( 1 8 0 / 1 6 9  • 1 7 3 3 5 4 1 4 .  1 7 * 0 0 5 1 . 0 1 7 4  • 1 7 9 M i * t u

10 49 2 0 0  (  E *  t i m *  t  e d  ) 4 6 5 1 4 . 6 6 8 0 0 ■> 0 SO  •  9 0 B u r * t

10 » i  1 1 D e  t n - i . M c 2 0 0  (  K * l  i m «  t  e d ) 3 3 0 1 3 . 0 6 9 0 0 0 8 0  • 9 0 B u n t

1 0 - 1 1 4 8 2 6 5  2 5 4  • 2 6 4 4 6 5 1 4 . 3 5 4 0 0  -  5 7 0 0 4 0 - 4 1 8 0  • 9 0 B u n t

I I 20 2 7 0 ,  1 8 8  -  1 94 3 7 5 1 3 .  5 7 6 0 0 5 1 . 8 1 5  • 1 0 0 B u r n

I I .  5 « l  1 | D e l o * w » t e 2 5 0  { h « t i m e  t e d ) JOU 1 0 . 5 7 0 0 0 4 4 . 0 • to B u r *  t

r —
12 \h 2 4 "  - 2 8 0 3 6 0 1 1 . 8 5 5 0 0 4 2 . 0 14 • 9 0 B u r a t i

12 2 " 2 4 "  .  Jhrt 2 8 0 9 , 8 5 9 0 0 3 6 . 0 it  • 8 0 B u n t

1 2 .  5 2<* 2 3 7  - 24r. 3 1 0 1 0 . 9 7 0 0 0 T O 6 7  • 7 4 B u n t

1 2 .  S 2 »  . 2 8 4  1 7 2  ■ 177 4 50 1 3 . 5 6 0 0 0 5 5 . 0 6 7 B u  r  •  t

12  • 13 24 J 2 u  ,<........... .104 .10" 1 0 . 6 7 2 0 0 4 5 . 0 1 2 0 . 3  • 1 2 2 . S Bu r  *  1 1

1 2  • 13 17 27 1 90  1 5 9  - 10 4 3 2 5

J 6 0  V  2 9 0  
S h e l l  H r  .  2 7 0 S l . e l

1 1 . 9 7 4 0 0 4 8 . 0 8 0  • 9 0 B u n t

1 2 . 5  • 14 
S h e 1 l  I t e  • 14

4 • i  * 31 4 ( o n
.0 • 1 0 . 0  
i t r  - 9 . 1

6 3 0 0  • 7 0 0 6  
S h e l l  H r  • 4600

i 6 . 0  • 4 J . 0  
S h r l 1 i  t « - 3 1 . 5

8 0  -  9 0  
S h e l 1 i l e - 8 3 B u n t

1 3  • I S .  S 0  - l i l 115  10M 2 1 0  .  2 7 0 4 .  9 . 5 5 0 0 0  • 6 5 0 0 3 2 . 0  • 4 0 . 5 9 0  • 1 0 5 B u n t  i

14 4 2 4 0  2 8 »  1 8 0  

28*4 1 ' • • ? * . ' i s ’ o

7 8 4 lo .o 6 9 0 0 4 3 . 0 1 0 . 2 B u r a t i

'  i > «
M 3 6 0 1 2 . 5 7 4 0 0 4 6 . 5 2 0 0  • 2 0 3 . S D r a o l i

14 si 2 6 4  2 4 4  .  J4*. 3 30 1 0 . 9 6 5 0 0 J O  ~ » f l  -  I J B u n t  i

14 • 1 >5«i 4 l o 1 3 . 0 7 5 0 0 4 9 . 6 2 0 0  • 2 0 3 . 5 B u n t

I S 0 | 2 u "  2 ^ 4  • 2 > 6 3 6 0 1 1 . 7 5 4 0 0 3 2 . 0 ? 6  ( S o f t e n s ) B u r s t !

— I S  • 16 If 2 9 0  - 2 9 6  I 6 S 3 0 0 1 0 . 6 6 9 0 0 4 3 . 0 6 4  • 6 1 . 4 B u r a t i

♦ I S  • 21 »* 2 7 0 3 4 5 1 1 .4  -  1 2 . 8 N o t  A v  l l . b l r N o  1 A v a l  U b l r 1 1 5  • 1 8 7 B u r s t i

1 5 4 5 . 5 4 0 0 8 . 5 D e c o m p o s e  t D * 1 a y i16 1 >" J o n

l. *n  .  2 9  118 , .  1(1 2 7 5 V . t j 6 5 0 0 3 5 . 0 D e c o m p o s e *  2 6 5 B u r s t  1

«

!i -  .
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fo?.  T E M P .  
fcF-F.S C

( 7 )

T R A D  E L  B LO C K  T E S T  
( S T R E N G T H ) 

C U B I C  C E N T I M E T E R S

( 8 )

B A L L

(

S T I C  M O R T A R  
T R E N G T H )

O F  T N T

( » )

V E L O C I T Y  
M E T E R S / S E C O N D

( 1 0 )

B R I S A N C F .  

SRAMS O F  S A N D

( ” )

M E L T I N G  P O I N T  
D E G R E E S  C

( ! J )

U S E

( > 3 >

15 1 5 0 - 4 7 0 0  -  5 4 0 0 5 . 5  • 2 2 . 4 E x p l o d e s P r i o e r s  k  D e t o n a t o r s

5 1 5  - 6 0 0 1 5 . 6 8 4 0 0 6 0 . 0 1 3 D o u b t *  B a a *  * e a d a r  -  D y n s a l t *

i o 1 2 0 ■
4 9 0 0  - 5 2 0 0 9 . 5  • 2 1 . 4 E x p l o d e s P r i a e r s  -  f e n s i t i t e r  f o r  

P r i o e r t  1  D e t o n a t o r s

IS 1 1 5 - 4 0 0 0  -  5 0 0 0 1 3 . 2  • 18 E x p l o d e s D a t o n a t e r *  1  P r i a a r a .

12 - 1 7 5 5 0 0  • 5 6 0 1 6 . 6 8 3 0 0 6 1 . 9 1 3 8  -  1 4 1 B o o i t a r  -  M i . t u r a . .

>7 -  2 0 4 5 2 5 1 6 . 2 8 4 0 0 6 1 . 0 2 0 0  • 2 0 3 . 5 B o o a t a r  -  M i . t u r a * .

14 - I D S 3 7 5 1 ’ . 0  - 1 2 . 5 7 5 0 0 5 3 . 5 1 2 1 . 5  • 1 3 0 B o o . t a r  -  M i . t u r a . .

2 7 5 9 . 6 6 1 0 0 3 7 . 7 E x p l o d e s D a a o l i t i o n * .

74  • 1 7 8 3 4 5 1 3 . 0 7 5 0 0 5 3 . 0 8 0  • 9 0 B u r . t i n t  C h a r i * .

8 5  - 19 0 4 7  5 1 1 .0  - 1 7 . 0 7 3 0 0 5 7 . 9 1 6  • 6 6 B u r . t i n t  C h a r t * .

2 o O

2 4 6

3 1 5 1 1 . 3 ) 2 0 6 4 5 . 0 2 5 0 M i . t u r a .

181 3 5 0 1 2 . 0 7 3 0 0 5 0 . 0 6 5  • 9 0 D a a o l i t i o n .  -  B u r . t i n t  C h a r t *

6 9  • 1 7 3 3 5 4 1 4 .  1 7 8 0 0 5 1 . 0 1 7 4  -  1 7 9 M i . t u r a .

4 6 5 1 4 . 6 6 8 0 0 4 8 , 0 ( 0  •  9 0 B u r . t i n t  C h a r t * .

E * t i m s t e d ) 3 3 0 1 3 . 0 6 9 0 0 4 8 . 0 8 0  • 9 0 B u r a t i n t  C h a r t * .

$ 4  ■ 2 6 4 4 6 5 1 4 . 3 5 4 0 0  - 5 7 0 0 4 0 - 4 1 8 0  • 6 6 B u r . t i n t  C h a r t s .

8 8  • 1 9 « 3 7 5 1 3 . 5 7 8 0 0 5 1 . 1 1 5  • 1 0 0 B u r . t i n t  C h a r t * -

' B e  U * »  t  f t ! ) 3 0 0 1 0 . 5 7 0 0 0 4 4 . 0 1 0  *  6 0 B u r . t i n t  C h a r t * -

2 6 0 3 6 0 1 1 . 8 5 5 0 0 4 7 7 5 1 0 - 9 0 B u r . t i n t  C h a r t * .

! j m o 2 S u 9 . 8 5 9 0 0 3 6 . 0 7 6  • 8 0 B u r . t i n t  C h a r t * .

2 4 o 3 t o 1 0 . 9 7 o b 0 4 4 . 0 6 7  • 7 0 s u n t i d i  C h a r g e  • B o o s t e r s .

172  • 177 4 1 0

1

1 3 . 5 8 0 0 0 5 5 . 0 6 7 B u r . t i n t  C h a r t *  -  D a a o l i l i a n a

3 0  m 7  3 0 4 3 0 ii
t----------

1 0 . 6 7 2 0 0 4 5 . 0 1 2 0 . 3  > 1 2 2 . 5 B u r . t i n t  C h a r t *  • B o o c t . r

" l < 9  .  104 3 2 5 1 1 . 9 7 4 0 0 4 1 . 0 8 0  • 9 0 B u r . t i n t  C h a r t *

. I' lM
2 6 0  • 2 9 0  

S h a l l i t r  - 2 7 0 S l i r l
. 0  • 1 0 . 0  
1 t c  • 9 . 1

6 3 0 0  - 7 0 0 6  
S h e  M i t e  • 6601

4 6 . 6  • 4 J 7 6  
S h * l l i t * - 3 I . S

1 0  • 9 0  
S h . l 1 i I . - I 3

B u r . t i n t  C h a r t *

3 rt f i 2 1 0  • 2 7 0 . 4  • 9 . 5 5 0 0 0  • 6 5 0 0 3 2 . 0  ■ 4 Q . 5 9 0  • 1 0 5 B u r . t i n t  C h a r t *

.  2 6 »  I S O 2 6 5 1 0 . 0 6 9 0 0 4 3 . 0 1 0 . 2 B u r . t i n t  C h a r t *  -  B o o . t . r

1 7 7  • I S O 3 6 0 1 2 . 5 7 4 0 0 4 6 . 3 2 0 0  • 2 0 3 . 5 D e a o l 1 l i o n s

2 W  • 2 1 6 3 3 u 1 0 . 9 6 5 0 0 J O T ■ 0  • I S B u r . t i n t  C h a r t *

4 I « 1 3 . 0 7 5 00 4 9 . 6 1 0 0  • 2 0 3 7 ? B u r s t i n g  e m e r g e

2 44  .  2 5 6 3 6 0 1 1 . 7 5 4 0 0 3 2 . 0 7 6  ( S o f t a n . ) B u r . t i n t  C h a r t *

2 9 6  16 5 3 0 0 1 1 0 . 6 6 9 0 0 4 3 . 0 6 4  • 6 1 . 4 B u r . t i n t  C h a r t *

3 4 5 1 1 . 4  • 1 2 . 8 N o t  A v a i l a b l e N o t  A v . i l  ( b l r 1 1 5  • 1 S T B u r . t i n t  C h a r t *  J

1 5 4 y  s .  s 4 0 0 8 . 5 D . C  > « p o . # i D a i . , .  ^

, . * » K  • 291

!  ” •

I  v . o 6 5 0 0 3 5 . 0 D a c o n p o . a .  2 6 5 B u r s t i n g  C h a r g e

------------------------------ --------------------------------- --------------------------1'-----------------------------

ji



this method the distance, through which it is necessary to drop 

the weight to secure one detonation in ten drops, is determined in 

inches and given as the sensitivity of the explosive. ;

The figures are of value only from a comparative standpoint and 

will vary with conditions. They are d i f f icu lt  to duplicate. The 

figures given in column 5 ere the concensus of many figures and are 

calculated to show the sensitvity of the explosives compared with THT.

Column 6 -  Sensitivity to the Impact of a Rifle Bullet.

This test is conducted by firing a .30 caliber Rifle bullet from 

30 yards at the explosive which is cast in capped iron pipe of about 

1/8" wall thickness. The results are normally expressed as:

1. Number of trials.

2. High Order Detonations.

3. Low Order Detonations.

4. Number of times the explosive burned.

■r  5* Number of passes or times in which the explosive is unaffected.

From a B.D. standpoint, we are interested in the number of times 

the explosive is affected. This is expressed in a percentage figure in 

Column 6.

Column 7 -  Ignition Temperature -  The figures are given in degrees 

centigrade.

This tost is conducted by loading 0.03 grams o f explosive in a 

g i ld ing  metal sh e l l .  The she ll is immersed in a Woods Metal Bath 

(50/25/12.5/12.5 Bismuth/Lead/Tin/Calcium) and the temperature which 

w i l l  cause flash or explosion a fte r  f iv e  seconds immersion is deter­

mined. The f iv e  second interval is allowed to permit the heat to over­

come the resistance o f the explosive and to thoroughly permeate i t ,

raising the temperature to a flash point.
\  .

Sy Since the time and area of exposure a f fe c t  the flash point the

laboratory results are g i v n  to the l e f t  o f the block and the lowest 

flash temperature reported to the right of the block. 5-.,
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Col inn t - i r a ic l  bio ok le s t  - Th-- f ./ i r e s  ur. i. 0 :01c l -  

neters.

This loot io conduct>d by wrapring 10 grams o f explosive in tin 

f o i l  ard loading- in a cylindrical hole, 125 MM »y 25 MK, in a c jiirb iricsl 

lead block, 2'CO MM by 200 MM, ana tanning with sand. The explosive is 

detonated and the volume ( f  expansion caused by the detonation is  

reasurtd and given in cubic centimeters.

This f igu re  in r e a l i t y  measures the strength o f the explosive 

rather than the brisance. however, i f  the block is sectioned i t  can 

indicate the brisance. I f  the hole is etlarged only at the bottom i t  

indicates rapid detonation which a ffec ted  only the part around the 

explosive.

I f  the hole is enlarged a l l  along its  length i t  indicates that the 

explosive reacted slowly, blowing the tamping out o f the hole before 

detonation was completed end thus a ffec ted  the en tire  length of the 

hole.

Column 0 - S n ll is t ic  Mortar Test - Figures are percentages using 

?.\f as 10. '

The t 'S t  is conducted by wrapping 1C grans of TVT in tin f o i l  and 

shooting i t  ir a p i -^I mortar suspended on a pendulum. The deflection

o f the mortar is neasur P.ten the T-T can be compared with other

<-xplosiv?s bv r .a su r irg  t V  d e f le c t io n  caused by 10 grams o f  the 

'xploaiv. s in question or measuring the amount o f explosive required to 

guv the car,' d >f 1* etior- a.- 10 grams of TNT.

In- results in giv n in p'-rrcnta.v-s of TNT using the la tter  as a 

base k  'ause of its  uniformity of action.

Column 10 - V . lc c ity  of Tctoration -  F i ‘ ur:s are in meters per 

s< conc.

CO.



This test can be conducted by two me the is. The l.vit--gai .' tfethi-u 

is  the most accurate. It  uses ' a s te e l  cy l inder  with a smoxed 

surface rotating at 100 meters per second relative to a platinum point. 

The explosive is loaded into a ca rtr idge  and two copper wires are 

passed through the explosive at a fixed distance apart. Each wire is a 

closed circuit. The explosive is detonated and as each c ir c u it  is 

broken in turn the platinum makes a mark on the cylinder. cause the 

cylinder is rotating at a fixed rate of speed and the uistancv b*. tween 

the wires in the cartridge is known, the ve loc ity  o f detonation can be 

calculated.

The second method, or D autriche Method, involves the comparison 

of the explosive under test with the ve loc ity  o f Primacord Detonating 

Fuse, which detonates at 6200 neters per second.

A measured length of Primacord is la id  on a k>d p i 'U ,  and the 

center point or "C" is marked on the pinto. ~oth ends o f the Primaccrd 

are inserted in a cartridge of the explosive to oo tested. The distarea 

ifpottilntthe cartridge-is. measured,and- calIrd *sA3i?. Tn*. cartric  <. . i '  

detonated and first leg "AC" and then leg "bC" of th« Primacord is deto­

nated by the cartridge. The two explosive waves m tn.e Frinacorc -vet 

at some point "D", which is on the plate between "C" and "3", and 1 aw 

a V mark on the plate:

Using this information i t  is oossible to compute thv o f th*->

unknown by the formula:

. THE Ra :E OP DETONATION r i  Ti!E COKD ?A1P Z F , \ " . M K ' .
- .. ■ __________________________  equals t F T-a UNK't V

Distance CD • ^

This method is accurate within ^5.

- •



Column 11 -  R e la t ive  Brisance - The f igu res  are grans o f sand 

which w il l  be curshed by 0.4 grams o f the explosive.

The test is conducted ly loading 0.4 r ' r a r s  of the explosive into a 

g i ld in g  metal sh e l l .  The she ll is  placed in a bomb containing 200 

grams o f Ottawa S i l i c a  sand which w i l l  pass through a twenty mesh 

screen and be retained by a th ir ty  mesh screen. A fte r  f i r in g  the 

number o f  grams o f sand that w i l l  be s i f t e d  by a shaker through the 

th ir ty  mesh screen, in three minutes, is  measured and given as the 

brisance of the explosive.

This test can also b* used to determine the in it ia t in g  vaiue and 

the sens it iv ity  to in it ia t ion  of explosives. After the brisanca of 'in 

explosive is determined th>.- number o f grams o f in it ia to r  required to 

reproduce the figure ( i . e .  to give a hire ore. r of d(tonal ion) w il l  be 

th o s is o i t iv i f y .b f  the^-xpioslve'to in iti?*ior, nd at the--sane time the 

in itiating value of the in it ia tor.

Column 12 - s i t i n g  Foints - The figu res  are given in do. rees 

centigrate.

Column 15 - Functional uses o f the explosive. Tie princip le use 

is given f i r s t .

''•i.
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.*‘c.-'ucy Fulminate l j  ti o lccn  lt.it,.ator. It was discovered In 

17 .9 *nd r»./elop*r! b" Nobel in 1 ^ 4  a a an In itiator for dynamite* 

.!iric<' that tiie it har oron widely Mfd nr a -liM ury  cxoloaiv** but at 

prefer, t it is reirg replaced toy other '-xpltc 1 v«v,

1 . f roper ti mm

u. J ercurv. >"ul iir at< if. wi.it> *• n p.*r. 'it In actual use It la 

uansl!y fr-ayijh y * l lr « .  It disco lore "it'i d icricraUor.

t. /s ►'ereur.v Fulri.iut: vl 1 . ’ • t "e l*  it i*» rrest.-loaded, 

usually at oCJo potman per ,ru i ”.. wi’ h . u roily of * . ‘V.

c. It U  n r  >1: ?.m.r • 0/  disclvin,-, it *rcury In ’ itr ic  Acid and 

artdinfc the tolutiur to Lth;, ] Almho..

0. i xpJc-jiv.* ! rop*-rtieij:

1. Merc iry Fulminate is tn  -k ly oar a i t  I v* to si.C'V* 

fr ic t ion  ana heat, it:; t .r i t iv ity  :r.cr< r  witr. the crystal s ize  c'u-

to inert's-'. in internal .-tr-cue. . ll. f i r r y  :• . f i *  r 1 niriou:*. <11- 

mens ion o f 0 . 1 .<!' at wait!. >n tm t f i ' . r t  ir  y " . .

it lie’tonal* a at K»-r to Ll-.\' itr«3' r nor 1 tor.di tier..:* ’‘ow-vor, 

i t  cm dr id pr- 1 at e -'C nr.n.l.i ;-r  0 ;usr* ire ';, i r : t ir; ern- 

ditiott hot (ja;;oa v i ! 1 rot n< ' v t r  ite  into t in t . r io r  portlo*. of t:

explosive r.c it w ill : .1 1 v i->o ,* . ; r . M ' ,  ■. 1 * r.-o*: '1 i t  w il l  drtonet •

from- • Mercury lot* in t pri .ir.,* :

It jar, also t>,r. it- fre.m to :: 1 . 1 o !y t! * iisM.'.r, ' of

statin olf-ctri'.it;/ fr r r, •• r'S'.ri '■1; 1 VI1 ta ‘ . ii, /<. 1*4 ar lc-3.

The pr*". ’i' f .ny l r ; , i, e • ' i t ' . v . •; -a j, wi l l  inrr-

it,:: o-.rmi U vi * * t•> : . l' Mr '1.



■» ^ u n u . . a w m . & jA

ft‘xn toanuficturrd it is net cri-.d ;ut nr.c.v v -.t. r in lin  n

i*. Murcury Ful'inUc is inferior in sir- r,»;tl i in *'u%

?s 't*?r.^ us iFT. ihla la not. Important in an in ltU U r .

V I oruiry TaJmlr-.t*? h ’.« i  velocity of 4700 to *4w  m. t-.-rn 

ocr aecont t bri/inci* figure of Ifr.r* to • dep*.n<1 in£ on the 

density. 'iMs Is sufficient for in efficient initiator.

k. .\ . >ry iul::;inatt' if. »*.< d a  i  pri**« r mu detonator in th’ 

explosi** / in. \s f. nr.tr it is u»* » 11 lv r -. * • i --d vi *.»i rot’;.- tiu»

Chlorote :md Antinony .'uifid' me ini tv v-il:* n ivo. In

Chlorite will oriel;: ' t!.t. enreon l -  f .  cor.rcu.a «.o o  r&on ^Icxld*. 

Incro'^sinf, tl.o conpKt'f. si; of cor,’, . f t  Ion ..»cj in. • f f le l  ricy of thv 

•xploeivc. Art ;*o/2t• -.fixture is conriu-r»  ̂ rrst of: icifr.t.

Specific us s follow: .

a. United .'t-tes:

Chlont'7 An tines.- u'.tlf:..v ... .

i i rcussion ".'yp»; -  .. ••• r e i r y  fulninate/r otmslun

Chlorate/Ant iutonv Sulfide

Ground Glasc/Choll-m W \ 4 U U  V ,U .

1. is  tor., it'-rs, -  ;i,!,iiH r. d in «rny ,ni '.'svy

detonators.

.< rcury Fulr’in i t '  /Ht-mniur. / Ion*,. '* /!-'

Mt-r^ry Fu lrin n  /i o* .asitn '*» :or • /Ar.unosy .‘nl f ie /
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i ' i ? . *. i • . i'H : <1*11 leteriutie jk ; »t unr.uita.lo (or us* !»• thv

r*>f ic...

Tne i- . '. i ti.it moist. 10 w i]i pr« \ent furctionin^ is usually im- 

'•'uteri’ll a it tc i.Mt cJoj'd container. i-rlm^r mixtures

f on tain in,; ittacniun Chlorate .ire hygroscopic.

Mercury Fulminate reacts rapidly with Aluminum and Magnesium

an: r,lowly with Confer and Irpper Alloys, "he reaction ray take one o f 

r<;vr • 1 viz:

a, Xiy att.vk Crpn^r cansinr it to become Lrlttle.

h. Acirity r.av o r -  a terioritlon and corrosion of metals.

Jf free icrc.ry i.-. ? r* «<■* t it -ay form amalgams wi tft metals 

Ijv* rir./ « ffici- nc> of t..* * 'p . - r i v i ,

i, tct ior. wi»t, - pn r : iy * rr t i lts  iVM\» sensitive than 

Mercury r\ ! min at* its -I f .

Tic «aho/e r-.ae* lo?:. *r<- .»ccc!*.rat.. ri 7  th»- presonc*. of moisture.

y.-renry I*: 1" in it*- 1.. It : !< l int- :opp- r containers and protected 

fron contort with t; < r.etal :.y iae ju r.

S  '•> r:ur> F\» 1 uirat ir -.or.por* i Ly a solution of Sodium Thio- 

. 'i lf it r..: i;. u *!•! ! i*. ArroMur. Kydroxld*., Pyridine and Potassium

Cy *.r.id*-.

o. V rrur.v F.ilr.inst >*a3 urou very wlcely ir. the past for the 

q * 1>1 kwir.,* r moss: *

o  1
CD

*. It 13 trie o*lv explosiv* known which can act as Primer,

5 >. *. tor atnr and r.oatt.r in ,v>.
JU K It i/nites easily
CO
>
< c. It detonate? r*v !i

■M 0 . It T>roJ'ic»**- a l-ood
w
CD

CO It is i-eing almost cor.*’ !'.

1 aft? ext nt a:: a rrimer for the following reasons:



a. It to a a»ni-3tPrttCbic p'ttnl 11. tine of war (especially 

true of U.S . )
» . _

b. Jt will nor detonate ciat T me F.xpioslv? MDM (unless

an unsafe quantity is. usedJ * '
*

c. It becores dead pressed at 85On pound* per square Inch, 

yet it is desirable to load uetrnators at li>,00C rnr.:!* per square 

inch.

d. It is unstable ano affected by nol3tur*.

e. It is r.ot *6fe<ficiertl arf'Lod .

asjpf

t  \ V

L^ad'jAtideatftpe-rr.fpe'w initiator t* fwierii' uiCsu

It  waa discovered in it<91, -nod f i r s t  in tr.lu country in l*ii? and 

produced commercial l;- by l ?**i.

1. Profcr*iec: ’

u. Lend Aridr* in a white to buff cxploiiVw although I t  nay

o-.cone grayish i,rovn fron exporvjrc tc lifnt.

b. Since it uoea net r it it in pressed into its  container 

generally at 10,000 pourdu p».r 3Ti ir*„ inch and with a density of **9# 

It cannot be deal pressed.

c. bend Azide is  on of v  fow explosive-? which contain no 

Oxyfen me t*-fc dctone tier in/^lv*-.., no cor:tail ion. Tn reaction is \ 

t-rea,;riown into lend -me hit re' n -.rco-ip.nL d vy £rv*it beat.

•Lead Acid in a rv-,r*eur:a o f l  id nn.i Nitrcyer; .tmufacturod by the 

r ‘action cf fodiu.', kzin- (f-oeiui;, Ansonia -md Litrous Uxi'1 ) md Lead 

Ace tu ft. I tr c ryv .- l  do.’.r ity is d. 71. Its -ctu-.l ac id ity  w i l l  depend

on tn . I cad inf, prcsaui-
Best Available Copy



d. Explosive f rupertl'-;;

1. Load A;:ioe la ex treacly, sensitive to shock, friction and

heat. It is transported end :*t >it J ui :« rwv.t. r to reduce dsn.'*r of 

ignition. ’

Its -enaiti vi ty to imonct cop'u.ds on the crystal cist . I f  the 

largest dimension of :ach crystal is over 1 ft' It will det rate spon­

taneously. Inlr. is 1u< tc an inert as* in lr.trrr.ul rtrts.os, ."lie Army 

specifics a maximum dimension of u. 1 EM in which size it (visa* drop.tr.Tf. 

of 3"-4".

It requires a heat of to to detonate and will always

detonate i» ignited. It will not burn. !*rom these figures, it can ov 

seen that while !,.'ad Azide i? less sensitive thur. deroury ! ilninate in 

every respect, in the field, voth .viouH be tr- *t i  wit. <_qual care.

2. L-~nd Aziu. i? inferior ir. strength (AC? of '.Ml tut this 

is not a factor in primary xrd<v,iv . .

y. It d» t.- 'uit, 'at a rat' of 4̂ 00 t j  '0C, net*'re r- r secor i 

(4o00 at *.f? dens it;,) wi tn a Iriranc fiv.r. of 14 to 1-. 71.is is lew 

but stiffici*'rit for an initiator.

2. L*ad Azide is u". d Lott, an a r r i - _ r  ar.d detonator. As it is 

r.ot sufficiently  ren. it.iv, eithfr to stao action or flam,- to insure 

1004 operating efficiency it is usually used with ether inf.rcdi nts.

normally it. is us. d as a friction r .a ' ; r  tr. »n a percussion [rim r 

with the addition of Actimony f-ulfidt:, r’etassium Onlorate tr. : :n 

abrasive.

As a detonator it i3 generally a* nsitiZ'-d by the acditior of Lr 

Ctyphnate to lower the ignition t rn ratur:.

Specific uses follow:

a. Primers: B e s t  ^ a ' ' a b  ®

l. Unit'd Plates:



m
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I

m v »

5

Percussion T; pe - << / ,j , . ■ a- . ,.i . u . *■ , wk

Sulfide/Ground Glass 33.6/14.5/21.0/ 30,6.

Friction Tyre - Lo.d A/iu'/r'oi )-:t in.; O'lorato/Antimony 

5ulfid;/6arborundu:n 28-1/3, 33- l/3/33- 1/5/T‘- *A is typ*'is also- ssnsitizrc 

by Leas ov/phnato.

2. Britair:

Friction Type - Lead A side/Ant irony Suli'ide/I c-tassium 

Chlorate/Abrasive,

b. Relays:

1. I'nited States:

I .54 grains pressed into an aluminum cup at bOOO pounce 

per square inch and covered with an onion skin.

' c. Detonators:

1. United State'.:

3-15 grains of Lead Azide or Load „z ide  sensitized by

Lead Stvphnate.

2. Britain:

Lead Azide sensitized by Lead ’Jtyoupv.e

3. Russia:

Lead Azide s.-rsitized Ly !._-*d Atyphnate

4. Germ-any:

Lead Azide/Laid Ltypinato 60/40 

Lead Azide/Lead Rtyphir te J/i/.ip 

Load Azide/Leid rtyrhu-it0 14.4/3?. '<

L* u  Azid ■/ Anti tony S : l f  ioo/Alrmive H2/7/11 (prin«r-
Jr tonator)

Italy:

Leri Azid /L-.-ad Styrh-ute 00/40 

A. dapan:

L ad Aziao *.■i •_;, T1 -k Dewier p-d -y.



Lpad Azide is entirely stable under the most adverse stoiage 

c e d it io n s .  I t  w i l l  detonate with as much as 50a moisture present. 

After not storage i t  becomes s l i 'L t l y  nc.rc s-ensitive to snook.

4. I t  reacts only witn Copper, to form super-sensitive  Copper 

Asides, in the presence o f Carson Dioxide and writer. For this reason 

it  is prfsscd into aluminum containers.

t. I t  is decomposed by an Ammonium Acetate solution or Dichlorodi- 

ethyl Etnrr and destroy.‘d by a d ilu te  solution c f  N i t r ic  or Acetic 

Acid to which a l i t t l e  Tedium Vi Irate has been aaded.

C . Lena Azide over.''' . ,r  all tne disadvantages of‘ •. rcury Fulminate. 

In addition, altrouh bris ipee figures s..ow ’\rcury Fulminate to be 

slightly superior Uv 'i i <iZ i sc, the- la* ter i3 a muen more e f f i c i e n t  

detonator. T.i ■ fJ lowing t :1< will iilustia’o thi ‘'Dint:

Mir.iMir chirg. in gra-.. c f: t 'qu ir .o  tc i.etonate O.C grams o f:

. t r y l .. ic r ic ’ Acid fr in itroan iso le

‘■ler^ur* '-ii~irate . f4 . 2 2 0 7

.j’ ad A.tie.* . C . 1C' .12 .29

This • f f i c i v r c j  is du° to tne fact that Lead Aside atta ins i ts  

mixinur v< loci:; of loualien in a shorter column than Mercury Fulmi­

nate. This permits a on*-third reduction m tiir. amourt c f  the detonator

a me th<. use of a Ion.or colunn of l . t r y l .

Vic di? lav;nta»'fc3 o f L. .1 h i d *  are i ts  lack o f s e n s it iv i ty  to 

s t ' . l  *»ctior ard T lvr. and t-*. f-t^t ‘ h it  i t  does not proouoe -l good

f 1 't  *  i i . . i

il ■ f i r  t two o c j^ . io n s  are easily  el in in:* ter but Mercury m in i-  

't .v ra l ly  us-c wl.e~ fl.rr? is a-'-sired is witn delays.Uite is



SECTION I I I

LEAD TRINITRORESORCINATE

C6’: ( ":C2) 3{ 02P l )

This explosive hss been widely used commercially and as an iniator 

for foreign M ilitary  Explosives. I t  has recently been adopted by the 

United States. I t  is more frequently called Lead Styphrate.

1. Properties: •

a. Lead otyphnate varies in color. I t  may be pale 3traw, deep 

yellow, orange yellow or reddish brown.

b. As i t  does not melt, i t  is pressed ir to  i t s  container.

c. I t  is manufactured from Trinitrorcsorcinol (Styphnic Acid), 

Sodium Carbonate and Lead N itrate . I t  is  the lead sa lt  o f Styphnic 

Acid.

d. Explosive Properties:

1. Lead Styphnate is very s l i g h t ly  less sen s it iv e  than 

Mercury Fulminate C2" to 3" drop to s t ) .  I ts  s e n s i t iv i t y  is consider ' 

erably increased a fter two months' storage at ?F?C.

I t  detonates from temperatures of 200° to 240cC.

2. I t  has about the same strength as Load Azide.

3. When properly primed, i t  detonates at about 3200 meters 

per second with a brisance o f 21.4 compared with 20.? for bercury 

Fulminate under the same conditions. However, when ignited by flame i t  

has a brisance of 9.5 compand with 17.b for Mercury Fulminate.

Since our detonators u-ualiy dt tonate from ign ition , i t  can be­

seem that Load Ctvnhnate is not s u f f i c i e n t ly  powerful to be used 

as a detonator by i t s e l f .  I» cannot dttoriatc- TNT, Tctryl, PFT'i or RDX.

2. Load Ctyphnate is used in PrirvTs *.i t lu r  as the main explosive 

or is a sens it ize r .  U  is us<-d in d- tonators to lower the ign ition

1 «



temporalur of Lead Azide. As a Primer it gives a v.-ry £ooo flwte*’ 

Specific uses follow:

a. United States: '

1. Primers - Friction type - Lead Azide composition sensi­

tized by Lead Styphnate. ' *

2. Detonators - Lead Azide sensitized by Lead Styphnate*

b. Mritain:

1. Detonators -  Lead Azide sensitized by Lead Styphnate*

>■. Hussia: , *

1. Detonators -  Lead Styphnate over Lead Azide* The ex­

plosives are in two layers rather than mixed.

d. Italy:

1. Detonators -  Load Azlde/Lcad Stjphnr.te 55M5

e. Germany:

1. Primers -  T.e standard electric fuze primer consists of

Lc-'d Stypi.r.at^/Guncotton 94/^ formed into a paste with Amyl Acetate 

solvent and beaded on to the ignition bridge.

Examples of other primers -  Lead Gtyphnato/Tetrazlnc/Antlmony 

Sulfide/Calcium Silicide/Parium Nitrate 37.5/4.2/7.4/12.4/38.5.

Lead Styphnate/Barium Nitrate/Cnlcium Silicide 49.1/35*5/15*4.

Lead Styphnate/Nitrocellulose 8*.7/11.3*

l<ead Styphnate/Oxidizing Agent/Antimony Sulfide/Abrasive.

Lead Styplmate/3arium Nitrate/52.1/47.9.

2. Detonators -  Load Azide/Lead Styphnate 60/40 or 55/45 fire

the standard Gorman detonators.

>  Load Styphnate is entirely s

4. It has r.o reaction with metx

It is soluble in Acetone.



/  s
k

.6-. As a substitute for Mercury Fulminate in Primer Compositions, 

Lead Styphnate o ffers : sensitiv ity , s ta b i l i ty ,  a good flame and i t  is 

gade from nonrstrategic raw materials. I t  is  worthless as a d' tcnator 

except, as a sensitizing agent.

//

f?
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G.AP1E-1 6

AROMATIC NITRO COMPOUNDS 

' SECTION I

TRINITROTOLUENE BASED EXPLOSIVES

1. TRINITROTOLUENE ’

c6h2ch3( no2)5

This explosive, generally ca lled  TNT, was used industr ia lly  es 

early as. 1891. I t  was adopted as a shell f i l l e r  by Germany in 190? anc* 

the U.S. in 1904 replacing P ic r ic  Acid which gradually assumed the 

status o f a reserve explosive.

TfjT is also known by the following names:

United States -  Triton, T r i l i t e ,  T r ito l,  Trinol 

Britain -  Trotyl 

I ta ly  -  Trito lo

Germany -  Sprengmunition 02, Fulpuiver 02 

Japan -  Typ* 92 explosive 

Prance -  Tolite  

A, Properties

1. TNT varies in color, from l igh t  straw or buff to brownish,

depending on the impurities present or the length of exposure to l igh t. 

In texture i t  resembles brown sugar. ‘

2. In form i t  may be granular, pressed or cast depending on »he 

purpose for which i t  is used. Its  melting point of 80.6 permits car­

loading.

3. I t  i 3 manufactured from Toluene and N itr ic  Acid in a t.wo or 

three step direct nitration process. I ts  cast density is I .R 5.
1

4. Explosive properties:

a. rNT is  i r d l s t m  I-*" in sens it ive  to shock, ‘ fb ic t ion ! ud

. 73.



s*, l heat, -It i s  considered to have a drop test of 1411 and U  viM  tktonatr* 

from ballet impact about, 4% o f  the time. I t  s tarts  to decompose at 

■150°C. This becomes rapid at 180°C and the explosive flashes at 240°- 

280^0.

Like a l l  explosives the s e n s i t iv i t y  varies  with the density. 

Granular TNT requires one gram of Mercury Fulminate for  detonation, 

.pressed requires two grams and cast requires a Tetryl Booster, or i t s  

.equivalent. On a drop test basis this would be 11", 12" and 14" for 

the granular,, pressed and cast respectively.

b. TNT is comparatively in ferior in strength being equivalent 

.to 45* or 50* dynamite and is  65.5* as strong as Blasting Gelatin. 

This is caused by an Oxygen defic iency  and is evidenced by a thick 

cloud of black smoke on detonation (pure Carbon residue due to i  lack 

o f  complete combustion). It expands to 10,000 times i t s  o r ig in a l 

' volume.

/ c. TNT is  f a i r l y  brisant detonating at 6900 meters per

f second with a brisance figure of 45*
»
: B. TNT ia used by ail nations as a bursting charge in a l l  types of

ammunition and in many cases as a booster. At present its  use by the 

Axis, expecially Japan, is drastica lly  curtailed due to a s h o r t ly  o f 

1 Toluene.
i- . '
■ Specific uses follow:
< , • “ «

' 1. United States -  In the cast form i t  is our standard bursting

* charge in all types of ammunition except armor piercing.

 ̂ In the granular form it is used as a f i l l e r  for Land Mines and the

Fragmentation Hand Grenade. It has replaced FC Blank in ihe Grenade,

; ^  ' producing fragments which are e f fec t ive  for a radius of 1C yds. against

2.5 yds* for EC Blank.

74.



1

C-SAul&r "... is axLo ured by the Savy « -a auxilian

2. Brita in  -  TNT is  a standard f i l l e r  for General Purpose* 

Medium capacity, Semi-Armcr Piercing, and Anti-subnarine Bomba. -14 is  

also used in Land Mines, Fragmentation Bomba, Rockets, Surface 

pedoes, and Shells of a l l  types. . *5

In its  pressed form i t  is  used as £ booster. . . ,

?. I t a ly  -  In the cast form i t  is  a f i l l e r  in all -types of 

ammunition. In i t s  pressed form i t  is  used as a booster for bop&s

and as a Demolition^Charge. *

In the granular form i t  is a f i l l e r  for Grenades and Land Mines. * 

4. Germany -  K i l le r  # l  F?o2 -  TNT pressed in cardboard or metal 

containers -  used ir. Shells, Depth Charges, Land Hines and Demolitions*.

F il le r  #4 FFc2 - TaT loose in paper containers -  used in Grenades 

of a il types. .

F i l le r  Fro2 - T T pressed - Shell f i l l e r

F i l le r  *8 FPc2 - TMT Cast - Shell f i l l e r

F i l l e r  if 14 FPc2 - Tf.T Cast - f i l l e r  fo r  Genera! Purpose, Semi­

Armor Piercing, Armor Piercing, and Anti-Personnel’ Bombs.

In the pressed form i t  is also used as an auxiliary booster in a l l  

High Explociv. bombs ever 5D Kg. and a;; a Burster in Chemical Ammu­

nition. .

B. Japan -  Pressed and Cast as a f i l l e r  in a l l  types o f ammu­

nition except, bombs and only to a limited extent. This includes Shells, 

Grenades, Land Mines, and C*molition Charges.

C. T.iT is non-hygroscopic and is considered stable. However, i t  

can exude. Exudation is caused by th*. following:

1. fhe presence oi impurities in the TPT, from manufacturing,
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**«&  M  DNT, TNB, and TNX. These lower the melting point oelow 80.2 

and cause exudation at elevated temperatures. •

2. The use of Alcohol fo r  cleaning threads causes a reaction 

which produces Ethyl Nitrate Gas.

3. The presence of impurities introduced by Ammonium Nitrate 

{tea to is ).

The exudate is a yellow oily or black, tarry, ac id ic  material 

which w il l  exude through the fuze pockets or base plates. Exudation 

takes place under pressure i f  Ethyl Nitrate gas is present. I f  moist 

kMioniun Nitrate has corroded the casing the exudate may carry red 

■aierial caused by the reaction of Alcohol and TNT in the presence of 

iron. The acidic oil may also cause this corrosion.

The exudate is not as sensitive as TNT but beinr on th-. outside of 

the bomb it may be exposed to shocks that no explosive material can 

withstand. In addition i t  is  a dangerous f i r e  hazard, and may be 

corrosive to the booster holder.

More’ important, however, is the fact that exudation w i l l  create 

cavities in the f i l l e r  which may resu lt  in m is f ire s  or premature 

detonations. ‘

The United States attempts to eliminate exudations by using Iradt 

I TNT (melting point 80.2°C or above) for loading and Acetone, i 1, place 

o f Alcohol, for cleaning. 3rade I TNT is used for a ll  c is t  explosives 

and mixtures but Grade I I  (molting point 76°C) can be used for pressed 

charges and 80/20 Amatol in which the Ammonium N itra te  absorbs the 

exudate and low density permits expansion. In addition the in s ids c f  

the ammunition is coated with acid proof paint.

I f  exudation is suspected i t  can be verif ied  by placing one or two

■ 7t.



.drops of qxudate in a clear glass tube and adding a concentr.iteo 

solution of lye (Caustic Soda), Drano, liquid soap, soap flakes, yellow 

soap, Sodium Carbonate, or washing powder, A light to deep red color 

will develop i f  TNT or TNT exuate is present.

I f  the test shows positive the exudate should be remove-d with 

Acetone before working with the ammunition.

Exposure to light w il l  cause decomposition which w ill lower the 

melting point to 73.9°C, increase the sensitivity, discolor the TNT to 

brown and cause exudation.

D; TNT does not corrode metals as such but will react with Alkalies 

such as Sodium or Potassium Hydroxide to produce sensitive salts which 

ignite at 80°C and can explode spontaneously.

It w ill react with Ammonia (see An? lo lc ) to produce a highly 

inflamable materia] which ignites at 67°C.

Vith dilute Nitric Acid and lead or iron, TNT can produce the 

French compound (composition unknown) which ignites on contact with 

Nitric Acid vapor at 100°C.

E. Th'T is soluble in Ether, Alcohol, and Acetone.

F. The use of To]une as an explosive represents .? compromise in
*

utiliz ing the Aromatic Hydrocarbons. Benzene which T.r".'Cuc,‘ ? TNb, \ 

more powerful explosive, is d i f f i c u l t  to nitrate and Napthalone, which ’ 

is^easy to nitrate, produces TNN an inferior explosive. The* jdvant“ «‘,‘ s 

o f TNT are;

1. It is easy to nitrate.

,2. It has a low rc-ltinp point for cast loading.

3. It is insensitive to shock easy to de-tonulc.

4. It is normally stable. . '
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5, It is  a fa ir ly  powerful explosive.

^  I ts? disadvantages are: >

1. For most"Nations i t  tends to run short in> time of war.

2. It is inferior to most of the new explosives in strength and 

brisance.

3. It is toxic.

It is highly probable that, in future wars, TNI w il l  assume the

goeition of a reserve explosive or a desens it izer  fo r  more powerful 
%

' explosives. ,

.2. TRINITROLUENE - WAR MIXTURES.

>

V

For certain purposes i t  is necessary to desensitize TNT. This is 

faite often accomplished by the addition of wax.

A. Properties:

1. Color - Same as TNT

2. Form’- Usually cast loaded (melting point 83°C)

3. Manufacture -  TNT and varying percentages o f wax. (Germany 

uses Montan or Lignite Wax).

4. Explosive Properties:

a. The sensitivity varies with the percentage o f wax always 

being lower than TNT itself.

b. The strength is decreased in proportion to the amount of 

wax which robs the explosive of Oxygen when i t  burns.

c. The ve loc ity  and brisance are likewise reduced as wax is 

inert and does not enter into the detonation.

B. The United States has considered TNT with 5$ Beeswax for Armor 

Piercing Bombs as a substitute for Explosive D. I t  is reported that i t  

gives better fragmentation and incendiary e f f e c t  but has not been 

adopted to date. Britain has used TNT/Beeswax 93/7 (Yellow to .amber in
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color) in Semi-Amor Piercing Eomls.

The ch ie f use, however, has been by Germany in Armor-Piercing 

Ammunition as follows: ,

F i l le r  *10 -  PP02 plus FP 5 plus FP 10 -  Pressed - Shells

F i l le r  #11 -  FP02 plus FP10 plus FPip plus FP20 -  Pressed -  Shells
‘ i- ■

‘ F i l le r  #12 -  FP02 plus FP 5 plus FP10 -  Shells

F i l le r  #27 -  FP02 plus FP10 -  Pressed -  Shells -  SAP Bombs

F i l le r  #29 FP 10 • >* ■
FP 02 )
FP 10 plus Potassium Chlorate 70/50 ) Shells
FP 10 plus Potassium Chlorate 50/50 1

F il le r  #50 - FP02'plus FP6 -  Pressed -  Shells ' •

f i l l e r  #101- FP15 A.P. Bombs ‘ '

In these German designations, FP 02 indicates TMT while FP5 e tc . ,  

indicates T\T plus that/ percentage o f  Wax. Evidently the booster 

surround is pure 'PIT with the f i l l e r  made uo in segments. The higher 

wax content explosives would be in the nose where the shock o f impact 

is more intense. In F i l l e r  #29. the .Potassium Chlorate is probably 

aided to increase the Oxygen content. As i t  would increase the sensi­

t iv i ty ,  the f i l l i n g  is probably used-in regular shells, as an extender 

for TNT, rather than in A.P. shells.

C. Stability - Same as T!*T.

1). Reaction with mot&is - Same as T:-T.

E. Solubility - Same as TNT.

F. Aside from the decreased sensitiv ity , this-type o f explosive is

not a ttrac t ive  as its  explosive characteristics are in fe r io r .  I t  is 

toxic. , ,

5. AMATOL

Amatol was developed during the la s t  war as an extender fo r  TNT 

and is  s t i l l  used for  tn is purpose. I t  is c a l led •Ful mi Ivor  by th«

vo.

!
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Gerraans; Amatolo bv the Italians; and ShotoyaKu by the Jsr.anese.
‘

A h  Properties o f Amatol: 1
/

1. Color: Amatol is naturally white, to straw yellow in ooior

but due to the presence of impurities or exposure to i i t;ht ami moisture, 

i t  darkens until i t  attains a dark brown color. I t  can be distinguished 

by ittf grainy, brown sugar appearance.

, 2. Form: I t  is  usually cast hue i f  the Ammonium t i t r a te

content is  over 60% i t  w i l l  be pressed.

Manufacture: Amatol is a mechanical mixture o f Th’T and

Anonium Nitrate usually used in the proportions of 40/60, 50/50, 60/40 

and 80/20. The f i r s t  figure represents the Ammoniut N itr ite  content. 

The actual manufacture is accomolisheci by pouring Ammo’ iur. Nitrate into 

aelted TNT and then pouring the mixture into the ammunition. W ”0 is 

_ -too s t i f f  t'o pour so i t  must be extruded. I t  is manufactured from 

ade I I  TNT (M.P.76°C). The desired leading densities are:

40/60. . .

50/50. . .

60/40. . .

80/20. . .

4. Explosive Properties:

(a) The s en s it iv i ty  o f  Amatol is  the same as or i l i J . L l y

less than that of TNT. 80/20 requires a drop test of 15" while 40/(0,

50/50 and 60/40 require a drop o f 14" compared with 14" for TNT. The

’ Anatolk w ill not ordinarily detonate from the impact o f a . 30 cal. cinllie
«

bullet at 90'. 80/20 has a spontaneous detonation temperature of :,54u-

280°C with 254°-265° for  50/ 50. Figures are not avail a l l  ■» for 60/40 

and 40/60.

J f  % { b) The strength o f Amatol increases with the addition o f

Ammonium Nitrate due to the fact that Ammonium Nitrate supplies l-xy-Ve
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for a more complete combustion. The.80/20 mixture is  best from this

^  ^standpoint. The strengths compared with TNT are: 

j ®  80/20 . . . 117% TNT 50/50 • . • 109* TNT

1 60/40 . .  . 110% TNT 40/60 . . . 108% TNT
■f .

• j . (c ) Due to the low velocity  o f Ammonium Nitrate the ve loc ity

* and brisince decrease with the increase in the proportion o f  Ammonium 

Nitrate in the mixture. A comparison with TNT follows:

EXPLOSIVE VELOCITY m m

TNT 6900 43

40/60 6600 39

50/50 6500 38

60/40 6200 34

80/20 5400 32

k - o / ' l

The decrease in ve loc ity  is more pronounced when the TNT content 

ess than 40% due to lowered density as well as to the increase in

 ̂A 
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Ammonium Nitrate.

B. Amatol is  un iversa lly  used, by a l l  nations in a l l  typos o f 

ammunition, as a substitute for  TNT. Generally speaking the lower 

Ammonium Nitrate content Amatols are used in smaller ammunition. This 

is due to the fact that a certain minimum amount o f TNT is required to 

sensitize Ammonium Nitrate. In larger ammunition the Ammonium Nitrate 

content can be increased leaving the TNT content constant and at the 

same time having a high order of detonation. Specific uses fellow:

1. Ifa itecj, S^frtes: 50/50 and 80/20 in bight Case, Goner-1

Purpose and Semi Armor P iercing Pombs. 50/80, 60/40 and 80/20 in 

ShelIs.

2. B r ita in: 60/40 in General Purpose, Mecium Canacity, . i 1:

HI.



Capacity and Anti-Personnel Bombs. Also in Depth charges, Rockets’, 

Grenades, Land and Naval Mines. 80/20, 70/30, 60/40 or 50/50 in Shells 

o f a l l  types.

3* Germany: F i l l e r  #13 -  40/60 -  General Purpose,' Semi Armor

Piercing and Anti-Personnel Bombs and Shells.

F i l l e r  # l3 (a ) -  50/50 -  General Purpose Bombs, Land Mines 

and Shells. .

F i l l e r  »8fl -  60/40 -  Radio Controlled Bombs, Shells and

Grenades.

F i l le r  #? -  30/70 Anti-Personnel Bombs 

F i l le r  #? -  5/95 Use not known

German case markings, indicating Amatol, are pink with a blue
if

diagonal stripe.

4. I ta ly :  The Italians are reported as using 80/20, 70/30 and 

60/40 in a l l  types o f ammunition.

5. Japan: Due to a shortage of TNT, Japan user, Amatol very

l i t t l e ,  I t  has been reported in Naval Mines,

C. Due to the hygroscopicity o f Ammonium Nitrate, Amatol is very 

unstable in storage unless i t  is possible to exclude moisture com­

p le te ly .  80/20 w i l l  gain 61.1? moisture in two days at 30°C and 90%  

r e la t i v e  humidity. This w i l l  not only lower the s e n s i t iv i t y  and
t

ve loc ity  to a point o f low order d* tonation or fa ilure, but may cause 

hydrolysis with the formation o f Ammonia. The ammonia w il l  n a c t  with
1

TNT causing th« exudation o f a brown, o i ly  material which w il l  ignite 

at 67°C. I f  this reaction has taken nlace i t  can be detected by a 

brown discoloration o f the explosive and the smell of Ammonia. Steam 

should not be applied to the f i l l i n g  under those conditions but the 

bomb should be washed out with cold water instead.
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Cast Amatols exude the name as TNI.

D. Ammonium Nitrate resets w i l l  iron in Lite presence of meistur- 

to produce Ammonia. Our ammunition is coated with arid proof paint tc 

prevent titis and protect the casing from corrosion. In the orusence o i  

moisture, Ammonium N itra te  w i l l  a lso react with Copper :u. i Copp r 

alloys to cause a dangerous, blue, crysta lline exudation of sue*, salts 

as Coppertetraminenitrate. To prevent moisture from entering o’ r 

ammunition, when Amatol is  used, we seal the ammunition with a IN’ , 

booster surround.

E. Amatol i r  p a r t ia l ly  soluble in water .nd very s o la r le  in 

Acetone.

F. I t  can h-3 read ily  seen mat Amatol is  not r p a r t ic u la r ly  

e f f ic ien t  Military Explosive and therefore is used only as a suustitut % 

i t  is a stronger explosive than T :T ana would be more e f f i c i e n t  tlr n 

TNT i f  confined as in a cratering charge. When shot in the np.,n, its  

increased strength does not ''cmixnsite fo r  i t s  reduced v e lo c i t y ,  

therefore i t  is in fer ior  .as far is power is concerned. iV  fc llown  r 

figures will cxrvi as an index of its ‘ f f ir iency :

Pear, pressure.................................9rvj of T\’7

Impulse............................................,| i>\"r

Shaped charge e f f ic iency ...............o f  TNT

Wat-r shock.................................... 04a 0f jv r

4. AMMONALS

Ammonal was -an oh: World War I explosive which w o  not regarded 

very highly due to a failure to realia-- the « ffretivenoss c f Aluniuiz-.j 

Explosives and the cost and unavailability o f Alininum. With ’ - r t i n  

modifications i t  is assuming increasing import'.roe in this war and is 

used unaer the following nines:

ms

3'..



Ammonal, Alnmatol, Burrnwite, Minol and Toluol Ammonal (Italian)

' A. Properties of Ammonals:

1. Ammonals are usually fray due to the presence of Aluminum 

in the mixture.

2. They may be cast or pressed depending on the TNT content. 

Usually miitures containing less than 40% of TNT will be pressed.

3« The manufacture is accomplished by mixing Aluminum and 

Ammonium Nitrate and pouring the mixture into liquid Th’J. I f  the

mixture cannot be cast it  is simply mixed mechanically for press
I
l. loading.
£
| The following mixtures have been and are being used:

*■

f
NAME % TNT

JLfik CTlkilLliATEnlALS

1
Ammonal 22 i l

| - S . Ammonal 12 72 16
L U »

r  •$

Am#
Ammonal 2 5 • ✓ 50 22 3% Charcoal

i
t
it

Ammonal 30 46 22 2% Brown Coal

Ammonal B (l) 95-0*5. 5 2.5-3.5 2-3% Charcoal

Italian .vi.'T'opai (£•)■ •\ ' 34.5 6.5 ( 1.5* PC a:,si urnKr , * ( Nitrate
1 , * <0.5% Barium Nitrate
|
1

( 3% Black Powder
!
f Italian fo lf to i•Ammonal 30 47 20 3% Caroon

Ita lian  Nitramitei
?

(1) (2) 71-^2 22 6-7% Pitch

i British Demolition
Ammonal 15 65 17 3% Charcoal

r British Demolitionr
$ Ammonal 15 65 10 10% Charcoal

Nobel's 704 15 69 16

- , —German Ammonal
t ’ V ( l )  (2) .3 >1.3 1.7 6.7* f itchi

34.
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German Ammonal 30 54 16

German #19 F i l le r 55 35 10

German #110 F i l le r
( 1) ( 5) % 2.5 { 55 Napthalene

German #15-115 20 70 10

i 2.51 kiodneal

F i l le r

Aluraatol 20 77 3

Burrowi te 74 16 10

Mi.no 1 40 55 25
*

Minol I m 42 10

. Minol I I  (4) 40 40 20

Minol I I I 42 38 TO

Earonal (5) 35 — 15 50* . ariun !h  t»*ai.*v

(1) Requires a seroririary H. E. Fri.v-r to d^t'-nate.

(2) Cn?1 slate co!<rr*\ .ir of tar.

(J) Light gray color, odor of mothballs.

(4) Most popular at present in Pritain.

(51 Pxporineat.al-desi/Mvi to t.] initiate Anmo’iiun titrat* '.

The loading density of the Ammonal-, is increased by .nditnn 

of Aluminum. The cast explosives run about 1,( to 

4. Explosive Propertiur:

a. Due to the addition of At 1 • irm, AnnonaIs ar" t m -. 

sensitive than Amatols or T'<7. M1 no 1 II ha.: a < rip torn figure of ancui 

10-11" vs 14" for T'.'T. It will detonate 4*<J of 'h-' time from a .*u 

cal. bullet at Its flash point is the sane as *0/8'., Aeate’

(254-265°C).

ti. fie audition of Aluminum raises the tu ,*t of <;■ t.or'td n< t. 

around 40C0°C increasing the tr*< ■*,• th to an .v.»*rap* of L, 1 of r.r for 

Aunonaln and 145% for Minol I*,*! '  !i r̂v> : >'.1 *•’ >.

.1

'8

*■}?

%
\i

A
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c. The addition o f aluminum decreases \ c lo e ity  but the 

g rea t ly  increased strength g ives  a greater hr L  ance man that o f  

Amatol. The velocity o f  Minol I I  is f 400— 5700 metres per second and the 

brisance f igu re  about 40 to 41. The British claim their denclit ion

explosive has a ve loc ity  o f 5500 metres ner second whicn would give i t  

a brisance figure o f about 20.

B. Ammonals are now being used in three types of arirauration:

a. Underwater (Mines, Torpedoes and Depth Charges) where the 

confinement o f water o ffsets  the loss of velocity o f detonation.

b. Blockbusters in which a sustained and powerful impulse is 

more destructive than a high peak pressure.

c. Concrete Fragmentation Bombs v. icr= th* impulse wi l l  i rm r t  

a satisfactory fragment ve loc ity  but w ill  not pulverize L ,•- concrete. 

Specifica lly , Ammonal has been r-uorted as being used in the following 

ammunition.

1. United States: Ammonal - In shells for t sting purpe.> a

due to the b r i l l ian t  flash produced.

‘ 2. Brita in : Minol I I  -  Sea Pines, Lp t h  Charges, Art i -

cufamarine and H.C. Bombs.

Ammonal -  Demolition and Crater in Charges.

Nobel's 704 - Grenades.

5« Germany: F il le r  #19 - H.C. Shells

F i l le r  #110 - Concrete Anti-personnel Bombs 

F i l le r  #15-115 -  G.P. Bombs

‘ 4. Ita ly : Reported as being used in a ll types of amnuniti,*n.

C. The Ammonals, being essentia lly  Amatol and Aluminum, hr/- i - 

same type o f  reaction in the presence o f moistur- Amatol. Ihi ,

reaction is accelerated by the presence of Aluminum and f i ve tir. m th • 

amount o f Ammonia is produced. u addition, thr reiction of Alurin,*

i '&•
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and moisture produces Hydrogen Gas an<1 Nitrogen. A combination o f  

Hydrogen and Oxygen is  highly in fianab le  and exp los ive  in nature. 

Therefore, heat should not be applied to Ammonal f i l l in g s  i f  the smell 

o f  Ammonia is  evident or i f  a brown d isco lora tion  is noticed. Ter 

f i l l in g  should be washed out with cold water.

D. The Ammonals ha e the same type o f reaction with metal as the 

Amatols.

E. They are soluble in water and very 3cluble in Acetone.

F. The Ammonals (Mi'- ) have become very popular in th is  war,

particu larly  with the Brit ish , due to the fa r t  that the addition o f 

Aluminum greatly increases the power o f the evplosive. The loss in 

velocity is more than o ffse t  by the increas* in gas vnlur.e. -.living TNT 

a value of 100, Kinol I I  has the following properties:

EXPLOSIVE PF.AK PRLyl.Rb IMPURE VATERBH0CK

TNT 100 100 10*0

Minol I I 112 111 133

I t  can be seen that '-'inol is espec ia lly e f f e c t iv e  under wat r

where the water acts ar a confining medium.

The ch ie f drawback to the use o f Ammonals is ip the mnnuf',rture 

and loading:

1. I t  is d i f f i c u l t  tr secure uniform loading density.

2. I f  density is over 1.2 i t  is d i f f i cu l t  to insure big: or<^*r 

detonations yet at 1.2 or lcwv.r premature uetunationa from inoa.t mi.,* • 

occur.

3« I t  is d i f f i c u l t  *0 kerp the <xnlo.*iv< dry y<t, i f - i o i ' t u r  

enters the ammunition, the reactions c o w r i t e !  >hav. are prnlnj le.

4. Thrre is danger from f ires  iue *0 i f f  ini ty o f ..lu-.inun 

for Oxygen.

*j. All these d i f f icu lt ! - ; ;  may cat the inm rat is h i l f ,
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5. TRITONAL

This explosive is  also called UVE (Uderwat^r Explosive).

A. Properties:

• 1. This is  a gray explosive.

2. I t  is  cast at a density o f 1.70 having a n» I t i r g  ooint o f

Q0-90°C.

3. I t  is manufactured from 80/20 TNT and Aluminum.
t

• 4. Explosive Properties:

a. I t  has a drop te t of 12" and w i l l  detonat' from the 

impact of a bullet 3 o f the time. I t  detonates from temoeratures of 

240-280°C.

b. I t  is about 18% stronger than TNT.

I c. I t  detonates at 5500 meters per second and has a brisance

figure of 42.

B. Tritonal has been used by Germany and Japan for some tine in 

shells mainly to increase the incendiary e f fe c t  o f the exnlosion. ite 

tried i t  in Armor-Piercing Ammunition in place o f Explosive P, for the 

same reason, but found that i t  was too sensitive.

In loading 4000 pound High Cana c ity  Bombs, for the British, with 

Minol I I  we ran in to  production d i f f i c u l t i e s  (see  Ammonois) and 

substituted T r iton a l.  I t  met with huge success and is now bring 

considered as an under-water explosive. Specific uses follow:

1. Brita in : Bursting charge 4000 pound H.C. combs,

2. tjernany: F i l l e r  H \ r  -  FP02 plus 10% A1 -  f W / A l  9 0 / 1 0  -  

Bursting charge in Shells.

3. Japan: T.NT/A1 C '6 /^4  - rumting charge in Shells.

C. Stability  -  Sane as TNT.

D. paction  with metals - Same as TNT.

E. I t  is pnlubl' in Acetone.

88.



P. There have hern extravagant claims ntd* for thiu expto.slv 

e»g. it la 80* stronger than TN'T; It is equal to Klool II.

Navy tests compare- it with Pinol II an follow: .

EXPLOSIVE ENERGY OF AIR BLAST P*'ER *y OF kATER SHOCK

Kind 11 133 1?8

Tri tonal 119 113

It is toxic.

(u BARATOL

This is a British Fr» ive combining T\T with -nrinm "itrat* 

an Oxidising Afent.

A. Properties:

1. The color Is the cant no I\ . ,

2 . It is cast loaded at a nvnuity of a n*'ltlr

print of 80-90*0.

5* It is panuf.trtureJ lr*m -Kj / U  Ni'/iirivn Nitrat*
0

4 . Fxnlo^iv" ire petti ! ;*i: i .i .. i • >:

a. Its sensitivity in a rout lie  r srm a.*, rtc: »c Ac i -i ( ir 

test of 1 2 . 2"S and c-m *• *'\rr t*j t> a- tenate frem Imll ' i  :• nt t /. 

of the tine.

b. It in v^ry :-;li-;htl;/ inferior *.'> 7 ?.V in .tr;: ,*th.

c. It detonates at r> t» r :: p» r cor;, m i I - *■ a tn .  r .  

figure of about

-. Earatol is unH by th« ’ ritirli in M : - .  X i r , i r . m v :  v

Anti-Submarine Somh;.

C. The stability is the sane as 7.

D. The resetien with metal:; \r t • -me an

F. It is soluble in Aceton-'.

" v  F. The British claim that ' iri r: iatr ite irt.i • , ./t-.r.; r r

Resl * « » # >  Copy
1| m t r n * ' w - w a n  "i i n  irm n  r t T I f l 1 H B H J IH



oxidizing agent which Uq'-s not react with to* tie ard i ? non-hygroscopic. 

i % J  ^ so increased density of the f i l l i n '  r:.;vtU" in Utter  propagation

N

of the detonating wave.

They admit that it  is not a3 good an explosive aa Amatol but add 

that, volume for volume, there Is l it t le  difference.

Prom this it  would seem that i!ar.»tol la of value only an non- 

hygroscoplc, non-corrosive extender for TNI. There is l i t t le  point In 

substituting a straight oxldizin.' agent for a coribination explosive 

and oxidizing agent, such as Ammonium Nitrate, as the Increased Oxy'en 

does not compensate for the loss r f  the explosive power of Ammonium 

Nitrate.

7. MISCELLANEOUS THINITPOTOIAiF.NS EXPLOSIVES

A. German Filler *56 -  Donarit.

, This is a yellowish, p lasti*  Grenade f i l l e r  manufactured frcri 

Ammonium Ni trate/TNT/h’itro r,eerire/Co l lodicn Cotton/Vegetable M» ?.l

67-90/17-25/5.8/.2/4.

Esrentially it in flO/iY An-stoJ formed into • n l ’stie by use of 

Nitroglycerine arid Collodion Cotton. Jl has nt-out, the vvac cocplosivo 

characteristics as HOV̂ O Amatol l it ir. noiv sensitive.

Tii*- Germans indicate benarit f i l l  d Gr••undf•• y uning green casts 

with a vertical rod strine.

P. flun-balol -  This in a buff ••xploaiv. manufactured from 60/dC 

Lead Nitrate md TNT. It lies not be-n ’s-d exetpt experiments!ly .and 

has l i t t l e  to recommend it, beina inferior in every respect to .'.:v*tcl

r \
W

60/40* Its only advantage in that it is non-hy/.roscopid. .

C. The -Germ'ns have used comoinntions of :!»7 «r.d ! ini tec :nilir»c- in 

Grenade.*.. DNA in a very fe/Mo t.xplosiv*» :*nd tn« cl r r,;e is proba* ly 

usee to prevent th< formation of excessively ui.Jl fr.’i'm.K.:.

It is a yellow, rre sed txpl'-.ivc being very in intuitive and of 

inferior power. OQ
'»t . •

Best Available Copy



. . F  ̂.'iuN ; i

|;l • r'L ?.• ; /»• • r, L Y « ♦»;. «f Pi •/ r i«. ■ . 1 r f i n  .. < .

f ix  pour.jr. of •'TiZ'-rij an# prodo* » J s r <**■• ry jiounti o f Toluene from

O')- ! ^okin ■ ano about t\r> '• r nun & to fron I #-trole«im Cracking. The

‘ii t . r ' i .  < a < -tr» Mor*• powerful > xplor.i v«„; than ti ' l trotoluenea am; 

t.'i tr-W .enels nut the hlg drawl nek.: to th e ir  i r - . ,  r. such, are the 

•Jiff i ••illy i f  nitration and the ron.-.equent low y k le s .

i 1 t*:t Mtroĥ nr.*r.**.: art *.i.*"d, as • •■ch, tr cr*t*tyf.nt trclc 

•n tir. i. * i? •• •« an inter.-.*-#Ji\te wit:i O. Urine in ti.n nanufaoturt V

oU: i' xr lo-iv*

u ilrr ii ie  ic i eh* a-., p lentifu l rvt* rr* l rre'iuty-a in the manufacture 

o f  C-iiu.t i t  ;V :a . I t  r- ••••t rc -o ily  wi la • tc proi.ic<* Chloro-

:**t  r r . .i i ; in t ’jri i.- ' r i t r a t ' .  t !' *r i i.r-.»v» lorou< In

tl i;; forr. tf* 1■ir loriiM i v ry acCiv a no i'~ r'' vi]y ropl acfd by other

* rc"JV*s •O'':: i.; itr.xy 1 .'-.in'- in, !*rr f-’/nplo I/llCd yioldy

Sir. i tror; .,*■<■ 1 !y !.y ‘: c-' i .:i , *t •ac- t■ w:;h ‘j>i)iri< to foiia Vttrtniir .-

i: r-ii- ny! ni r •• ••nd v.•: tv. 1 *'.io• to fo r " . !ir.itror* thy 1 aniline. Ino.e

r i a !.• !:'ur*rv.r :.itr l- i t ■ forr f i: ri 

o ' .  ’’1

c A id, : .. arvi T< tryl.

*. (• iti i < ■ ■* ■

o * » 4
• * * ‘ f • 1 " *.l i l . 1 » i.O

i. ft r:.T«>oi'::r.:::v;.ke ;r::

c. :,c\r .) )

i n til tr; develop. r.t of tie ;»-c alloa a ;r • <» 1 o.clves, for u • in

thi•• war, thi:. war t1 •• ro t now -rful M'li'ai'- F.xvl \ iv- in genera 1 me.

it i co:;re;,]y call ri To try I in thi- country »n:i * , E. ( Co''pr?ition 

frnirdir.;) in irit-.iri. It ir. also krowr. m T trtlit* or f.vro’itt. I*. 

w (iiov- r o in lliT?.

A. ! non rti'

1. T*'tryl ir lift beff-t.o-l - on yellow i:t cvi-\'-. ■ &
>S

— — -----------— ...



2* it  is pressed into Ur. container ;-t. a density of 1 .'// as it

will start to decompose at 100:,C well below t:- .icltj*, tx-int. .f 1

to 130°C.

3. It may be marvitaclured oy nitratin. Berzen* , tn-atin* wit

iron f i l ings  and Hydrochloric Acid to form Aniline, taolu Vtliyi

Alcohol to form Dimethyl anil l no and th-t. ni t rawn • t-. > J.

cheaper method Is to manufacture Mcthvarir:* from !• •th; 1 A lcoh. 1 

Ammonia, treat with Dini *.i ochlorohenzene to ft it : i ini trorv. my! nvi i u *. 

and then nitrate to Tetryl.

• it: *>»>*sa - ."■'uc.iiti'i! ;«c. r, • ■ •' •.«» -  • '

inn. Graphite is used in tMa "cuntr; whiar. /.iv-.s our Tetryl a .*rij 

color.

Stearic Acid has been tried for thic •’» rooi. , it ! .< •••»

binding agent. It was found, however, that *t Tr^ ica! t MT-.fwt i 

melts end coats the crystals to 3ucn an extent t.. *.i .,i■ ; ir r :!t.

4. Explosive Pro? or tier.:

(a) Tetryl i3 intermediate in i • i vi ty. chi' it i., . . 

enough in smell quantities nuch a? a loonier, it vi 1 i d- t-m-.t 

impact of a bul let 90-1003 of tin. time .ao st .mot l< *:■ - •

bursting charge in large cmmunltion. it has • or- n te t of ?" co: r r< 

with 14M for TWT. It detonates from tenf or :t'jr» s r t  lh4 l-» ,i< <■ .

i t )  and develops sufficient rgy to ir ur- a hi I. on*.r t*f : t. • ti 

for any of the bursting charset. Sp'.ci;';r <t: • ■. f..l! w:



)

It United States* -  Standard Poo.' r.

Pursuing cn »;, • in ; .* irj ^  MM shells.

2. Britain -  Standard Booster.

Burster In Chemical Ammunition. 

f, Germany -  Sub-booster In ..omo awnm.ltlon.

Bursting charge In lane mines

4. Japan -  Standard nub-bon:*tor

Burnt.; charge in M“ of. 1 1s

$. Russia -  ! ouster

C. Tetryl is entirely stable not its : ;Mul i t>  may be deercas-a 

from contact with Picric Acid.

P. It nay be slightly corn (.live t» *•.*«« !.

E. It is aolu'-Ie in Acetone, cm *••• by ;r<»l i/.-e y L' l l i *  in an 

aqueous.solution r,f fodiui. i. trionat1 v '■ nut te i :iro.> ly  a solut ion 

of Sodium dulfite.

F. "ietryl in a very powerful explociv* .*it it rn: o* used mere

■ extensively because of:

a. Its hl.Jh cost el’ .vn .tV.-tur . r< tic w»r j t, i .

to $1.0 0  per pound co"irnr--d with $.M  1 . ;n r'-r po.m! f--r 1 i. >

doubt tnesc costs have- been rcuuc* d hut the ratio i.: m -< ' * ly tu .• n* .

b. Its high w.-1 ling point which v. r.t.. t \> Mir;'.

c. Its sensitivity.

Tetryl ia very toxic.

2. TKTRYTOL

Thl3 exp los ive  was or velcp-*d ii Mil • .’m to c *• 1 , .

power of Tetryl and at th> nr . '  tin- Jnwr t •• v \ i i u ;  i'. ̂  1

loading and reduce the rensitivi ty f w  Jar • r r v i l/ a; , , t r

known a:; Totratrl, v2>

f* //o*



A. Properties

1 . Tetrytol is lljjnt yellow In ccicr.

2. It has a raeltin/; point cf 6 o° to 90nC and U  cant loaded at 

a density cf 1 .6 .

As used It Is generally nai ufacturel fron 7*/25 Tetryl and

TNT, Mixtures of 50i, (.$% and 80* Tetryl and »io%, ar.i 20* TNT are 

also used to some extent.

The TNT melts and disolvcn part of the ietryl forming a eutectic 

mixture.of TNT and Tetryl and free Tetryl.

4. Explosive properties

a. Tetrytol ha? a drop test c f 1( " an.i wil l  detonate fr»»M 

the impact of a bullet 2C to 35$ of the tine. It wil l  detonate from 

temneratur* s of 179 ' - 101'--.

has a brinance o f 50.

B. The U.T. uses Tetrytol as n Paralroop and .engineer Tv-.oiitie*. 

.'.xplooivc due to tim fact that 2* loe. w ill  replace ? lbc. of TNf. Wt- 

a lso  use i t  in some Ar»? • mk Mines arc. a:, a :ur.;t*T in Chemical 

anmuni tion.

The Britisn use i t  as n ''-ur.tini' raar.'t. ir -\nc tone.-* (not •! .‘ ift-

nated) and ns a booster with the 11 i11ion of wood v . i l  to .leer- me the

density and thereby increase the sens it iv ity .

C. I t  w i l l  exude at 6n°C.

D. It is - l it 'h t ly  * iv «  to T.t«'o l • Aiuninu*., clopfv r, and eras..

E. It is sol’.bl. in Ar * tone.

F. "!v- addition c f T’.. remit-, r.-.lt l-e;:lin(; and p a r t ie l i t  : s

the sens it iv ity  but its cost re.mins hi,;, compare u with ” .i, • i f  too

t. It is about T0$ strong r than TNT.

e. It detonates /*t a velocity of 7*00 meters per second n* d

«mm 4 J* ir*w
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r.en'itive lo ur.-d in lar,H- annuriilion and i t  is toxic.

It  is i f  mor-' « f f i e  sent in :d.*<p d char. .*c t: an TNT.

bCTiON IV •

‘JITRora.OL lAfFD H i  LO.’iVE.,

hi t.ronio mols are fcnzcne bared *xplcsivt-s which, si though more 

powerful than the K'itrololue hav. certain objections which caused 

then to tr cons! icred res-rve -xr los iv .s  until shortage of  Toluene has 

-jxtended their use in tnir war. 

i.

■ V y ' i ' V ; ,

A. ProD'-rtu?

1j ' ’•-'lor - I i *,:.i ' rvd,r 11 O’-;

t • Ft VIri i t I. as a v  1’ i : point c i U 4 - i i ^ ’r, ro would be

rn s !r. idrd " f US' a y it.; i f .

I WM, f v t'.r-i1 - i t  is . ,v*tif»actu d by cor ve i t in* 'enson- tO

i h !iC ’ and th*5 n r,it! it i;r or h\ the >\ droit.; is of Tini trocnlon'i r.e.

4. Kvpl- -m  /<■ ->rort r* ie i

i. ■ns 1 1 i vity - ■ t. t 17" in ti»" drop t it.

l>. tr«;n„t‘i - -;t ” of ITT.

c. V* loci tv 'i'"j rrisun • - i t  c i eu t ' ' i at about f'000 r.c-t.-rs

per S'xon,! with r i r is sne* fi .i - of

” . Diniir>ir>h nf l is ■ <1 to l . *w  t! i t i t oci ’it of f i e r i ' -- Aoit

for ' i: ti:i« (S'. ■ Tridi > ).

■\ It is ei[itii '-ly i tahli .

It for n" -hr run s'* Its wit! all ns*. tais cut A1uri n « i .‘.n  ̂ 'fir,

>:. It is . ■lat !•: in Ao' t^ni •

-. n i-‘ rv t';\ie.

1



2. TRINITKOPHENCL

c6a^mNo2)3

Trinitrophenol was known as oarlv ss bn u; need nc dyt 

until 1S69* In 1836 France adopted i t  .1: a st.-m n r : nurr'in char,-.

Since then i t  has been used, in ,v>i>e fnrr, ;y a i l  j■ i< r 

i t  was relegated the position o f a rest res e x p l o r e  i v  

qualities of TNT. In this war i t  is he in used ext.'n.iv 

due to shortage o f Toluene and an irprovemes.t in tv- 

process.

I t  is known by the following n-rnes:

Arouro in \ 

■ ■* .’uperi • 

\ :y the ’•i' 

annf ic tui i; ;

U. 3. an! ritain 

Pritain (w* n ) 

hr w e  

Italy

.Japan

Z‘ Vr. ny 

. -rrany

f:

P icr ic  Acid 

Lyddite 

Melinite 

Pertite  

Shimose 

Shinosite

Granatfullung 83 (3rf .88)

Mel in it 

Croni to 

A. Properties

1. P ic n c  Acid is a l igh t ,  or- '*■*! v< IP  w in 8 r,

2. I t  has a melting point o f l ;0 . K ' -  L  *. *'■ . i • ■

pressed although i t  can b ' cast by high nreemre s * e r  ; . .  • -r

a tendency on the part o f f i e ld  oersor.n 1 u> ns.vn n, * ;r ■ 

yellow, Jap c-xplesiv^ is Fieri ' ' Acia and to r v r t  :t -Kh. ! .2.'

probably n .t the case, Any <m h , y- 3 Irwi.- n, dy. • :•;* r ’ .*

suspected o f being Type >3 explosive which * • / ?; t - i ) (■ ■*).

3. P icric  Acid was manufactured  ̂ *:..rtin r>1 • i

and then n itrating. Pi is w v  «xo. ns iw  .o-r r- - t ;  ih. - n ; f :  i \ i r

C j J
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cf 1 NT and ir. one of the re^Tv. f *r ii. :of * ir- nag it..-, ino. 

manufactured by Us Di?ti ‘.reo: J o r o b t v r ' rrrr vnic: i 3 rvjch -■.'•irer.

4. K*ploei*e proper-.kj

a. Picric Acid is sorvw'iat --cr* lenr.vjve r.vin i.'JT. It hi<

h drop test of 12"-15’* U 4 " for 7:;"). It c-ton •• • ai. '

from the impact of a bullet 24i of t i* time.

The casting of Picric Acid U  tot *o tv I t / i s: it t- »•: t •

decompose .-.lightjy above it3 melting p-oirt. If - It.o -\i»: illsw.. v  

cool the crystalline. atructur*. t**r. :r n  . 'o.-t c,■.•tortec .. i '

internal ntro*-^g and itvrvcvd sonci' ivity.

b. It is r *  « iitro-• r :

C. It U.tonnt *** • :• v r • •• : • : • l T'J-

figure of 45*

P. Picric Acid is mi <1 as . : - o *  r i,a tnr •? i: { t .11 .

nations.

SpecifiA art.; follow:

1. t’r.itcd .‘tit r - *. vv : ;t r

..  prltnin -  • f,vV;C • \ : t : - ! .

7. t rw t t  -  T'- n- -vl .ti .s-  > .r*> -.

4 . i t  •!> • . 'v  l l s

.’"rnv.y  - K ilt  r - r.r - i • • c v - r -  

tainers -  Hr lin , l.-nn Vii.* n, ;• *•. J . i . :

K i l le r  0 ri -  Crnr.ulo: - .r 

n i l e r  0 7 5  - •> •.», - ’ Ir

Sub-boostor in >.in- »'>vr !•

It ir. a stand it'd , r ird vir-t

fu -Japan -  It is - nt n-:- v* ..~r • ■ r : : . • .• : r- .• .

It is a 3tan-krt I'irvtir. 

Shells, Bombs, Mine-.;, Torn ,r ■

m ■’ 1 i t/v ..



Charges.

C. F ic r ic  Acid is g e n c r l l y  considered s ta l ls  in storage but i t -

has a tendency to decompose at tropical temperatures. •

D. P i c r i c  Acid, as the name ind icates , is an a * id  and h a 

corrosive e f fe c t  on a l l  mc-t.als except Aluminum 2nd Tin. This res i lt3  

in the formation of Metallic Salts or Picrates, some o f which are very 

sensitive, Primary Explosives (e .g .  Lead Picrate and lrcn Pi urate hav ; 

drop tests  o f 2” and 3-?'" rest- l i v e l y )  and others (Copper and Zinc 

Picratos) are more sensitive than P icr ic  /.cid its> l f .

For this reason P icr ic  Acid mast be protected from contact with 

i t s  container. This is usu-lly accomplished by coating the inside of 

the container with Acid proof materi.-l (- .A . L - p t - r ,  A. hpir-lt, e t c . ), 

or by loading- the explosive in r>~r ffit.< i, oarltoari containers.

In inerting ammunition leaded with P ie r ie  A*’ ic! « sr>.- snould be 

 ̂ taKfn to avoid fr ic t ion  tetweou the oxplosi e :ni t l i e  surf v'--o in 

the presence of gr it  is this w il l  caust, d>. toration i f  .anrit ive  f i e r i  Us

are pre-sen t.

E. Picric Acid is soluble in Alcohol and a- tone and it can bo 

disolvcd by the us._ of Podium CartonU< or bkiiiun i'uifit*.,

F. P icr ic  Acid has two .advantages:

a. Its rew .m u  r ia ls  ar« p lentiful.

1. It i ;  roue powerful turn ThT.

I is nain ii livuita'* is i* . ,h r. I t in - poiet. 

i t  is somewh-t toxic but nut as I 'd ns ‘! ‘,T in this rosp--et. 

TMMO’IITS

k. Prop-rtF a

L. ibis is a light rr--u \ " i l  .w - xtI ' - iv .

2. I* 1.' o-.sl loac-'U hiving a *n« 1 tir*t, point >f .v iwh°tj.



3. I t  is manufactured from 70, 80, 90% P ic r ic  Acid and yn, 2'', 

10U Mononitronapthalene or Pini tror.apthalene. I t  has a density o f l . f .  

The H NU mixtures have the lower melting ooint.

4, Explosive properties

a. The s en s it iv i ty  varies witn the amount o f  P ic r ic  Aci.:, 

ranging from 13" to 15.5" in the drop test compare: with 14" for TI.L 

Trimonite w i l l  detonate from 0-10% o f tne time from the impact o f  a 

bullet and from temperatures o f 500°-3i f 0C.

b. The stren *. • varies from 74% to 95% o f TM.

c. The ve loc ity  and Vrisance vary from 9000 to f 500 meter5 

per second and 32 to 40.K respectively.

8. Trimonite is us^d as follows:

1. United .'tates - A reserve explosive to be in, ;i ij. care f 

shortage o f T'lT.

9 .  France - - 70/30 - P ic r ic  Aeid/.-ononitrenapthal< tp -

Bombs.

MDh’ or MPDN - 80/20 P icr ic  Acid/Linitronaptnalene - Hn!- .

3. Japan - 50/R0 and kP/^0 - P ic r ic  Acid/, ini t r v a j  - :!-r «■ - 

Burster for Chemical shells and f i l l e r  for P ln lb .

C. ^Stability - dam*-* as F icn c  Acid.

• I). I t  has the sa-«  p action with -•.tala as F ie r i '  Aci i.

E. Celubilitj* -  P-ame as .r i< r ic  Aril.

K. This is a cast explosive -ndt from plentifu l "in*:.-a*'. i t  ; •

not exude. It  is inl^r; to *1 ";T from an • xplorive s t ’M'd’* .ipp lo s i ’ 

power in the s..n- proportion that v\’\ or P'lS are vie*...

4. ruoiTE

This explosive is call.-i i \ v .  H it,. by the c r i t i . ‘ ,

A. Properties:



...........  m 9 4 & i d d b » * * & i * & 4 t * w -*

5
|

I

1. Color -  Light or*5' ) cl low

2. Form — I t  i 3 cast loaded, m-ltin.' from S^-b^C . I3h«*ll i U*

83°C).

?. Manufacture -  From 60,70,80, and 901 P icr ic  Acid ana 40, 30, 

20, and 10" D in itroph .no l. .shell its  is 70/30. I t  is loaded at a 

density o f l.a2.
i

4. Explosive properties:

a. The sens it iv ity  o f  r id ite  dec* nos on tm- mixtur*. The 

drop test varies from 14" for the o«,)/40 to 12.0" lor th< 00/i(; compared 

with 14" fo r  TNT. Sh c l l i te  is 14". The higher i’icr ic . Acid cont-nt 

f ix tu r e  w i l l  detonate from a bu lle t about 20^ o f  th time and from 

temperatures o f 390°-51r'n0*

b. The strengtr varies from du to 10u% of TNT. JhvJlite is 

about <U% of TNT.

c. The ve loc it ies  and brisance vary from 63OO to 7000 net* rs 

per second and 3̂  bo *15 r*- ?n< i »• -*• i y . The figures for Shellit- are 

6600 and

B. Trid ite  is us-d as follows:

1. Britain - dhsllitc 70/30- Armor Piercing Bombs and Shells

2. Frame - D 1 - fO/^j-Fuml' ''nd dhells

3. Italy - PBT ' O/40-Ch'. l

C. S tab il ity  -  Same as P ic r ic  Acid.

D. P action with m-*tals - fame as P ic r ic  ncid. .

E. Solub ility  -  Earn.* is . lc r ic  Acid.

r. Tnis combination is us- i to low- r the mtlting point of P icr ic  

Acid for cast leading wher* i t  is necessary to use li< r ic  Acid du'- U  

Toluene shorta.vs.

I t e disadvantage 1 i-~s in U r  ^-.srcio- i pow-r whicn r-.sults from

100.



a- the addition o f Dinitrophenol.

I t  is  d i f f i c u l t  to see why the Pritish  use i t  in A.P. bombs as i t  

is  as sensitive as TNT and at the same time less brisantr

the mixture is more toxic than t i c r i c  Acid.

5. TRINITROPHENOL -  TRINITROTOLUE MIXTURE

A. Properties:

1. Color -  The sa* . as TNT.

2. Form -  Melting point o f 80-90°C. permits casting.

5. Manufacture -  Prom 60% P ic r ic  Acid and 40% TNT.

4. Explosive properties:

a. Sensitivity - Very s ligh tly  more sensitive ti:in TKT (drop 

test about ^  probably detonate about 10% of the tine

v fro *  a bullet and at temperatures of 240-280°C.

f  b. Strength - About 5% greater than T\!.

c. Velocity and Brisance - About 7100 meters per second and 

44 respectively.

B. Uses:

a. Ita ly  - MAT -  Shells

b. Japan - Bombs

C. I t  w il l  exude, otherwise i t  is "table.

D. Will react with metals the same as P icr ic  A^id Lui to 1 1 r r -  

degree.

E. I t  is soluble in Acetone.

P. The addition of TNT lowers the :n«*1 1 i p o i n t  o f H o n e  A*'id for 

ca3t loading and at the same time P icr ic  A°id i" ts  a-, an ■ xu-noor fw  

, the TNT.

I t  is less toxic than TU.

101.
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AMMONIUM PICRAi?. PA:'.ED FuLOSIYE?

1. AKMON'I'JM PI CRATE
^H2(0NH4HN0f)3

This explosive is the Amncnia Salt c f  P ic r ic  Acid. I t  is ’.iso 

known as Explosive D and i>innitc.

A. Properties:

1. Explosive "Dn varies in co lo r . I t  may 'e leraon y* ) ’ ow, 

orange or reddish brown.

2. I t  is pressed irto  its contain'r sire, i t  w i l l  n~t ’ic lt .

3. I t  is manufactured by non Ira! icim* Picric Acid with Ammonium 

Hydroxide v-r Ammonia Cis. i f  excess Anr-onn ir present, i t  w i l l  be 

oranSe to red in color. I f  it is dkl'ki** t. in '~i.noni t i t  vi 11 re hmon 

yellow.

4. Exolosiv.' Properties:

a. ExplooiVi "! " is tin most in sops it iv *  o f  m ilitary  • >- 

Dlosives. «H1>. a sever; impact : r; d torn* VST, !’■ 1 ' l l  print i t 1' 

purposes, Explosive "C" w il l  only d< ton a to fron the action of * 'u ir-U ,

r.Jk
riit

SJk
&x

-*.
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3. Explosive "D" has been used by the United States in A.P. 

Ammunition, because of its  insers it iv ity , since 19CT.

C. I t  is  hygroscopic and therefore unstable in storage.

D. In the presence o f moisture i t  w i l l  hydrolize to P ic r ic  Acid 

which reacts with a l l  metals.

E. Explosive "D" is  m '-inle in water, warm Alcohol and Acetone. 

P. I t  is  an in fer ior explosive in every respect and is used only

because of i t s  insensitivity.

2, AMMONIUM F1CRATE MIXTURE? . ,

In addition to i ts  use by the Uniteu "ta les , Ammonium Picrate is 

used in two mixtures: P icr ic  Powder rr Abel’ s Explosive by the British

and Type One Explosive by tb»- daps. Very l i t t l e  information is  ava il­

able concerning Ficric Powder.

A. Properties of Type One :xplcsiv«»:

1. I t  is dark ,'ray in a ;!o r .

2. As i t  w i l l  not melt i :  is press loaded.

' j . It is a mixture o f Ammoni lm Picrate/Aluminum/Sawdust/Crifle 

Petroleum 81/16/2/1.

4. Extlosive Properties:

a. I t  is a’cout eiunl to TIT in sensitiv ity , 

t. I ts  strength ‘ ‘ c'j greater than TNT.

c. I t  has a low rate o f detonation (43uO meters oer second) 

and a brisince figure of ¥<•

c .  I t  is used :y the Jans ir. D> nth Charges.

C. Tri" s ’ ab il ity  is on th- same order as Amroniun Picrate.

D. The reaction with meld* is the sane as P icr ic  Acid.

E. Solubility - 3ire as Armenimi Picratc.

F. Rnile the addition o f  Aluminum makes this explosive very



e f f e c t i v e  fo r  underwater use, where the confiueisent o f  the water 

o f fs e ts  the lack o f  brisance, i t  is  d i f f i c u l t  to understand why the 

Japs have gone to the trouble to convert Pi u ric  Aaict to Ammonium 

Ficrate fo r  this purpose when P icr ic  Acid would be a patter ' i l l - ’.round 

explosive, *

A. Properties o f P icr ic  Powder:

1. Color -  Sane as Ammonium Picrate. '

2. Fora -  Pressed,

3. Manufacture -  *7/43 Potassium Nitrate/Ammonium Picrate.

4. Explosive Properties:

a. Sensitiv ity  -  about the same as Tetryi.

b. I t  is about 7o$ as strong as i\‘f.

c. Velocity and brisance -  ’0 figures are av*'il>ble but i t  

can be sa fe ly  assumed that P ic r ic  F ' is  very in fe r io r  in this } 

respect, probably detonating at about 3^0 meters oer second,

B. I t  is used by the British as a booster in A.P. •"ir.unition with 

Shellite.

C. S ta b i l i ty  -  S in i lc r  tc Ammonium Picrat-..

D. Reaction with metals - Similar to Ammonium P ic n t e .

’i .  F ic r ic  Powder is soluble in Acetone.

F. I t  is  d i f f i c u l t  to discern vuy ' a rt icu lar  lavvnt’ ge in this 

explosive, Tetryl would le  a much more e f fe c t iv e  booster.

.'SCTIOW VI

■ REXAMriRCOirdrKYL V : \e .  'ID I XPl/CIV":

1. "EXAMTROlF "F;:YLAMivt.’
(C6‘ :? )?h!'(!ir.,)6

This is. ore of the >̂ ny rc-n.’.en- uis«. * explosives rorna l1\ con­

sidered reserve explosive but ;uw fei^*' ’scii Auo to a short ' of 

Telutne.
S i

b:...

J
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I t  is  known by the fo llow ing names: Hexil, Hexite, Hexanite,

Hexpnin, H.N.D., H.N.D.P., Dipicrylanine and Hexa (.lerman).

A. Properties:

1. HKD is  deep y e l low  in co lo r .

. 2. I f  used alone i t  w i l l  ? pressed as i t s  M.P. o f 250°C

prevents casting.

' 3. I t  is  manufactured from Phenol or Dini trochlt>roienzen,\

Aniline and N itr ic  Acid and has a density of 1 .p8.

4. Explosive Properties:

a. Sensitivity -  H!*D nas a drop test o f  9"* I t  w ill d i c . - r i t '  

from the impact o f  a bullet 875 o f the time and from temperatures c f  

237°-260°C.

b. Strength - I t  is about lp'J s t ro n 'e r  than i !.T.

c. V e loc ity  and Prisance - HMD detonates at aoout 7200 

meters per second and has a brisance iigure of 45«

B. HND ha3 been considered as a hocst-. r and, while it, is inf*-ri\>r 

to Tetryl, i t  is superior to T**T for this purpose. I t  is now used uv 

Germany and Japan in mixtures.

C. S tab ility  -  ituP is en tire ly  nt.i! b~ in storage.

D. Reaction wi th metals - ‘-or,'.

E. Solubility  - HM: is readily soluble in Acetone and in aeneous 

alkalies except KO” .

F. HND is similar in characteristics to Tetryl without hv.-in' th 

power of Tetryl. It  is s ligh tly  strong-r than 1 ic r ic  Acid and do- s not 

have the l a t t e r 's  r- action with metals. I ts  wid- use -y J man *r : 

Germany indicates that i t  is probably easier to munuf •• ’ ur Urn 1 i-;n. 

Acid. I t  is extremely toxic.

10 F>.
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2. HECAHITE

This is  one of the principle HI-: derivatives. It is  called  

Hexanit*5 by the U.S. Navy and NTD2, Sehimsvolle 18 and T?MV 1-101 by 

the Germans.

A. Properties:

1. Color -  Greenish gray

2. Form -  It has a melting point of about 8O-Q0°C so is usually

cast loaded. .

3* It is manufactured from TNT/HND/Aluminum 60/24/16. Its  

density is 1.72.

4. Explosive Properties:

a. Sensitivity -  It ha3 « droo tr?t of L0", d.'tornt.-s from 

the impact of a bullet and from temp- r\turcs of 100-260°.

b. Strength -  It is about 30*  stronger than TMT due to the 

addition of Aluminum.

c. Velocity and hrisance -  It  detonates \ i aneut 6900 m„ters 

per second and has a brisance figure of .

B. It  is used by Germany in Hines, Depth Clnrt.-os, Torpedoes and in 

Naval Demolition Containers.

Japan uses it in Torpedoes. Reports have stated that it is used 

by Britain but this has not been veri f ied by reports on sru-ciflc 

annum it ion.

C. It is entirely st -.bio. .

D. It has no reaction with ne-tils. ,

F.. I t  is readily ooluMi' in Acetone.

F. The addition of TMf to this r.ixtore lowers the sens it iv ity  of 

H'lD and n'-rmitn cant lo l l in g . T.'.c ..tmtion o f .ln-ii nun net a fV c l

106.



the brisance materially but do.-s increase the strength by y j%  refultiri, 

in a very powerful exDlosive. I t  also increases the incendiary e f fe c t

o f  the explosive because o f the b r i l l ia n t  fiasn from the Aluminum or 

det.onationi I t  compares with TNT/Aluminum, mixtures as follows:

Advantages: 1. Greater - \rength

2. Greater brisance

3. Extends TNT

Disadvantages: 1. Sensitiv ity

2. Toxicity

3. NOVIT

This is another HMD derivative. I t  is called Hexamit and Novit by 

the Germans and Type 9V Explosive by the Japs.

A. Properties:

. 1. I ts  color is a s ligh tly  lighter yellow than L.

2. Its  neltin point is 90-90v ’ nermitti"? cast loading.

3. I t  is a mixture o f 60/40 T' i/'\!\

4. Explosive Pron* rties :

a. Novit has a dr.n test o f 11.6" and a i l l  detonuf: from 

bullet impact and from temperatures of 237-3fO°C.

b. I t  is a tout fc-9? otr~- 0nan TNT.

c. I t  detonates at 7000 net« rs per secord and has a I r is im v  

value of 44*

B. I t  i3 used by lermny and Ja^ar in Torp does and Mi.v.-.

C. I t  is  en t ir e ly  stable. ’

D. I t  has no reaction with metals, 

r. I t  is readily  s o ln ik  in A'-Hone-.

F. Novit, while a s l i f r t l . v  better «?xrlo-i\a that INI, ip j.v  - 

mainly as an extender of TNT. It  has the 'isadvanta,'* s o f   ̂ r s i u v i 1, 

and toxicity.



SECTION VII
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TRINITROANISOLE BASED E-TLOSIVES

l . ;fK»ITBOMIISOLS
%H^CH3(H02) 3

This explosive was developed to over-.ome P ic r i c  Acid ’ s high 

aelting point and tendency to react with metals. I t  is called Tyne 91 

fixplosive by the Japs, Ansole by the Germans and is  frequently abbre­

viated to Anisole.

A. Properties:

1. Anisole is colorless when pure but when found i t  w il l  appear 

white* After exposure to ligh t i t  becomes d irty  yellow.

2.. I t s  melting point o f 64° to permits cast loading at a 

density of 1.4.

3. Anisole is the Methyl Ether of Phenol. Formerly the 

facture consisted in converting Benzene to Phenol to anisole ana 

nitrating. This was expensive and dangerous.

I t  is now easily made by treating Linitrochlorobenr.em, witn Sodi:: 

Methylate and then nitrating.

4. Explosive properties:

a. I t  is lc-sr sens it ive  tn n ’’N’T having a drop test of 

15-16". I t  w i l l  not detonate from the i. pact of a lull* t and r-quir-. 

a temnerature of 165°“ 2^°C to detonate.

t>. I t  is about *5 strong ia Pi r ic  Acid,

c. I ts  v e lo c ity  and brisanco ir* a lout the- cam*.- -s I 7 

(6900 meters per second \nd 43)*

3. I t  is used by the Japs in Armor Piercing bombs and sin.ll->.

0. I t  is unstable. In the pr-ren^- :.>i.ature it w ill by-u ^lr- 

to Picric Acid.
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D. I t  has the sane reaction  with metals at i i c r i .  Asia a.t-.r 

hydrolysis.

E. I t  is soluble in Acetone.

P. Anisole has the following advantage** an; an A.?, f i l l e r :

a. I t  is  equal to TNT in explosive q u a lit ie s

b. It can be cast.

c. Its raw materials are plentiful.

I ts  disadvantages are :

a. I f  i t  hyarolizes to P icr ic  Acid it, w il l  not er.iy react with 

netals b it w il l  become too sensitive for u.*o as on A.P. f i l l e r .

h. I t s  low melting point w il l  cause i t  to exude at --le voter 

temperatures.

c, I t  is very toxic.

2. HEXANITE-AMSCLS' MlXHiiF

Tliis mixture* io - » U ' i  Tyne Oh Explosivi t>y the Japs.

A. Property r:

1. This •xoU' iv-  is . ru^nish yellow wt.cn cast arl Itnon ' 11- v 

when pressed,

V. Its r.-Itir.*• poi: * r f  (.? t,v. 7, °C o rr.it ? '-ist loadni .

?. I t  ir, -iar.'U’nct n*-d fr.,:i ( S ' \  Trini tr.yMiisoI** an; 4„ * 

an i trod i pheny lan u;c.

4. l xpio ivc rrco jr t i

n. Its  sens it iv ity  ie s in ih r  to tm t o f H s r ir  Aoi.t (ir.r* 

test o f 12.5"). I t  d.ttonat*' . at tc-mp .mtur-a o f i r , ~  f r o r

the impact of a bullet about yrs of the tine,

b. It is ntout Q'7 r . t n v  r thm TV;.

c. i t  detonates at i  v. I . it ./  of 7<)V: ret- rs per- r> ceod ir : 

h :s a bri3-mc‘* of 44.

V >'.
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h .  I t  is  used by the Japs in the cast fora as a bursting charge 

in a l l  types o f Naval Ammunition: Bon-.lv, " U l l s ,  Hines, e tc . ,  and has

replaced P icr ic  Acid to a great extent. I t  ic  used in the pressed fora ’ 

as an Auxiliary Booster.

C. S tab ility  - Sane as Trinitroanisole.

D. Reaction with netals - Same as Trinitroanisole.

E. I t  is soluble in Acetone. '

P. This mixture has the following advantages:

a. Beth explosives are based on Benzene. .

b. The sen s it iv ity  and high melting points o f KND are overcome.

c. The melting point objection to P ic r ic  Acid is overcome.

d. The tendency o f Anisole to exude is reduced and ‘ he power 

increased.

Its  main disadvantage are:

a. Lack o f s t a b i l i t y .

b. Tox ic ity . '

c. The mixture- w i l l  probably 1 .ate from the impact o f  a 

bullet at least part of the t ir  .

3. NITR0L1T

A. I ropertics:

1. Color - White to 1i:h t yellow.

2. "orm - Cast loaded: Melting point around

7j .  I t  is  manufactured from 60/40 Ir in i  troar.isole/Ammonium

Nitrate.

4. Explosive Properti*.;::

a. .‘‘-nsitmty - Similar to 60/-"g Amatol 

/trength - Similar to 60/40 Aritol 

- Similar to '-0/4G Am itol

11* <•

e, -rlsance



B. I t  is used ty Germany in Mines and Torpedoes.

C. I t  is  hygroscopic and the Anisole w i l l  hydro iize  to P ic r ic

Acid.

D. I t  has the same reaction as P ic r ic  Acid a f t e r  hyarefcysis

E. I t  is soluble in Acetone.

P. This is an Amatol T^pe explosive using Trin itroanisole instead 

o f  TNT. I t  u t i l i z e s  p len tifu l Benzene but is tox ic  and less s tac le  

than Amatol.

Section v i i i

NITROBENZENE bkdZ V  EXFU'dlVES

1. DINITROBENZENE 
C^H (̂rt02> 2

This explosive is frequently called DNS. Hie Germans name i t  DI 

or Dinitrobenzol.

A. Properties:

1. PNB is  ye l low ish  in co lo r .

2. I t  has a melting ooir.t o f  8£)-*/0oC and can tc cast.

3. I t  is manufactured from Benzene and N i t r i c  A;id  cr cy 

reduction of Dinitrochlorobenzene.

. 4. Exploit iv. eroo r t i . s :

a. Its  s en s it iv i ty  is about equal l r that o f ;-xrlosivc l'. 

(lfiM drop tes t ) .  H  w ill  not detonate from the impact of a bullet c r : 

docs not detonate from temperatures jp to

b. I t  is in fer io r  in strength Dcin>. a out fit* as stron. as

TNT.

c. I t  has a low v e lo c ity  c f  d-Hon-tion ((?000 ; u  iv. pp .­

second) and a brisanct- figure o f about i . .

B. I t  is urea by the Germans as a .!■ s "n s iU ztr  for R~X (P> , ).

H i .
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C. I t  is entire ly  stable.

D. I t  has no reaction with metals.

E. I t  is soluble in Acetone ana Alcohol.

F. Advantages o f DNS:

a. I ts  raw materials are comparatively o ientifu l.

b. I t  is an extender and desensitizer for- other explosives.

c. I t  has a low melting point for cast loading.

Disadvantages of DNS:

a. Low strength and orisance.

b. I t  is extremely toxic.

2. TRINITROCENZENE C ^ t N O ^

A. Properties:

1. TNB is yellowish in color.

2. I t  has a melting roint of lJ l - r * ° C  and cannot to cast.

3. I t  is manufactured by reducing Trlnitroorlorobenzene or by 

nitrating DNB.

4. Explosive Properties:

a. TNB has about the same as or r l i 'h t l y  l<ss sen s it iv ity  

than TNT 114-15" ty t,h» droc te s t ) .  I t  w i l l  not ordinarily  detonate 

from the impact o f a bullet or at h -ats up to ^0°C.

b. I t  isv about 11$ stronger than FIT.

c. I t  detonates at ^400 meters per second and has a brisancc 

figure of 47.

3. I t  is uses tv tne Ormans 1: f i l l e r  ,*70. The exact use is not 

stated.

C. I t  is entire ly stable.

D. i t  has no reaction vith metals.

E. I t  is sol'ibl ia Alcohol and Acetone.

112.



F. TI»B has very f in e  exp los ive  qu a l i t ie s  but is  not used .^ore

use definitely indicates a shortage in raw materials. I f  is very toxic. 

3. TRINITROCHLORUBENZENE
c ^ f u m 2 ) 3

This explosive is  also called P ie r - '  Chloride an! abbreviated to

TNCB.

A. Properties: •

1. TNCB is an almost colorless explosive,

2. I ts  melting point o f 81-85°'- permits casting.

3. I t  is  manufactured hy n itrating Dinitrochlorobenzene. This 

is  almost as d i f f i c u l t  as adding the third Nitro group to Pt:8 anc the 

y ie ld  is  very low.

4. Explosive Properties:

sens it iv ity  than TNT (14.5" dron test).

h. I t  is about f <?> stronger than T.JT.

c. I t  has about thf- same velocity and brisance T'.’T.

B. I t  is used by the Jermans as a shell f i l l e r .

1. F i l le r  #60 pressed

2. F i l le r  #ol cast

German markings are a yellow container witn a diagonal whit, 

stripe.

C. I t  i3 entirely ataM i.

D. I t  has no reaction with metais.

t. I t  is soluble in Alcohol and Acetone.

F. The use o f TNC-; by tho ‘.lermans indicates a suoi t tr,< of

because of the d iff ic u lty  of nitration and consequent lew y ie ld .  It3

a, TKC3 has about tne same sen s it iv ity  as or s l igh t ly  le.

I t  is extremely toxic
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IKIWITROCHLOROBENZENg - AMMONIUM NITRATE

This combination is designated F il le r  064 by the Germans.

A. Properties:

1. The color would vary from white to brown depending on the 

condition of the Ammonium Nitrate.

2. I t  has a melting point o f 81-82°C and normally would be cast

loaded.

3. I t  is manufactured from TNCr/Ammonium Nitrate 60/40.

4. Explosive Properties:

a. Sensitivity -  Same as 60/40 Amatol.

b. Strength - Game as 60/40 Amatol.

c. Velocity and brisance -  Same as 60/40 Amatol.

B. I t  is used by the Germans as a shell f i l l e r .

0. I t  is hygroscopic and therefore unstable.

D. I t  reacts with metals much the sa^ Amatol.

E. I t  is  p a r t ia l ly  soluble in water and soluble in Alcohol and 

Acetone.

F. This mixture substitutes TNCB fo r  TNT in an Amatol type ex­

plosive due b o  a shortage of TNT. The mixture is very toxic.

SECTION IX

MISCELLANEOUS AROMATIC VITRO COMPOUNDS

1. TRINITR0CRE30L
CgHCH^GHHNO^

This is an in ferior explosive used by the Italians as an ingredient 

o f other explosives. I t  is  o f l i t t l e  in terest as i t  is not used by 

its e l f .

2. AMMONIUM TRINITROCRE.iYl.ATE
C6HCH^(Nu2 ) ?0N:*.4

*tnie explosive -Iso Mow* as Ecrasite. I t  is the Ammonium Galt

i 14.
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of Trinit.rocresol.

A. Properties:

1. Color - Yellow to reuaisn y-. llow.

2. Form - I t  has a meltin ' •' . o f 100°C and is  ■-'ust loaded.

3. I t  is manufactured by treating Trin itrocrescl with Armoniun 

Hydroxide or Ammonia Gas.

4. Explosive Properties:

a. Sensitivity - Same order as Explosive "D".

h. Strength -  About do* o f TNT.

c. Velocity and Brisance -  In fer ior -  about 6000 motor? r r 

second with a brisance figure o f about 7 2.

B. I t  is usoa by the Italians in large shells.

C. I t  is somewhat hygroscopic.

D. I t  has no reaction with mftais.

E. I t  is soluble in water, Alcohol and Acetone.

F. This is an old World k jr I explosive usee because of -> shorts'? 

of raw materials. The fact that i t  can be cast is its  one advanta;-.

3. NITRONAPTHALENES

lUpthahne is obtaim-o in larg< . .n t it ics  from coal coking ans, 

since i t  is ensy to n itrate , every e f fo r t  has been made to u t i l i u  i t  

as a military explosive.

A. NAPTHALENE
ClQH8 ■

This material is us*.d ss a fuel when an excess o f oxiuHir,*. - : nt 

is present (see Ammonals).

o. MONONITPONAPTHALENE
Ci 0h7;:o2

This nate-ri \1 is manufactured by ni t rat in.  N'spthakn . H \ 

yellow  in co lor  ana ha? a r , ; l t ia : ; point o f I t  is  >,? - v

i l S
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lower the melting point o.' P i c r i c  Acid for  cast loading (Gee P icr ic  

Acid). I t  is not an explosive.

C. DINITRODAPIH ALEN E C10H6( ’ ’02)2 ,

This material has a very feeble capacity fo r  explosion. I t  is 

yellowish in color, his a melting point of 140°C and is  manufactured by 

nitrating Napthalene.

I t  is used either as a mild sensitizer for Ammonium Nitrate or as 

an extender for TNT.

Specific uses follow:

Explosive Nation Compositi ;n Use Remarks

Schneiderite Ita ly NH4N05/KNj<7/13 Shells Sensitizer

Nougat (MSI) Ita ly NH4N0z/DNN/Tf.:
50/7/45

Shells Extender

Siperite (MNDT) Ita ly NH4N0; /DN:./TNI Shells Extender
72.3/10.5/16.

T taly TNT/DNN Shells Extender

Germany tnt/nh4no5/dnn Not stated Extender

Germany TNT/DNN Not stated rxlender

Germany tnt/ni»4no5/dnn

35/50/15

Not stated Extender

Shonayaku Japan ‘!H4N05/DNN Not stated Sensitizer

Chan nyaku Japan TNT/DNN 70/30 Shells Extender

The addition o f DNN to TNT reduces the explosi*. values and

decreases the sen s it iv ity  o f  the la tte r  and is used due to a shortage 

of raw materials.

Its  addition to Ammonium Nitrate docs not eliminate the necessity 

or a high explosive sensitizer, which would usually take the form of 

an auxiliary booster, to insure i high order d- tonation.

i r .



D. TRINITRONAPTHALENE 
C10H5( ^ 2)3

TNN has about the same spnsitivity as ‘"NT but is inferior in 

explosive qualities being between Dinitrotoluene ard ninitrobenzene in 

this respect. It is yellow in color, melts at 220°C and is manufactured 

by Nitrating Napthalene.

Some specific uses follow:

Explosive Nation Composition Uses

S&bulite Italy NK^NOj/TNN/Calcium
Silicate/NaN0j60/3/14/18

Shell3

Sabulite Italy NH^NOz/TNN/Calcium 
Silicate 65/10/2*5

Shells

Viberite Italy Nh^NOi/N.I ,iil!
« / « V  •

Shells

Pionbite Italy Lead bitrate/THN/Lead 
Carbonate/Calcium Silicate/ 

Vaseline 75/15.7*>/1.50/b.7,'/2

Shells

In the above Mixtures TNN is used as a substitute sensitizer for 

TNT. Calcium S ilica te  is often mentioned as a substitute for Alurin'i^. 

Lead Nitrate and Sodium Nitrate are oxiaizing agents and Lead Carbonate 

is a fuel. All are low grade explosives used due to a shertag of raw 

materials.

E. tetranitronaphalen:
c10i,4(Nu2)4

'"’hi? in a very powerful explosive but is too expensive for general

use.

4. TR1PITR0XYLKNE 
CgH(Cd j )2(NO2 )3

A. Properties:

1. Color - Golden yellov*.

2. F'orm - pressed - melting point 1B2°P.

J. Manufacture - Nitration <f Xylene.



aatj . . „

t r

\»

**> >--■- • .Jf

4. Explosive Properties:

a. Sensitiv ity  -  DrcD test 21" (TNT 14"). I t  cetonates at 

410°C. I t  w i l l  not propogate the detonating wave.

b. Strength -  About 88% o f TNT.

c. ve loc ity  and brisance - 3” '-- Pieters per second and 15. 

E. TNX is  used by the Germans as a s en s it iz e r  fo r  a low grade

exp losive in Grenades. F i l l e r  #57 Abonachit 2 -  Ammonium Nitrate/ 

Potassium or Sodium Nitrate/TNX/Collodion Cotton/Socium Chlorate. 

64/3/12-14/1/17-19. I t  is indicated by a green container with a brown 

stripe.

C. TNX is stable.

D. I t  has no reaction with metals.

E. I t  is soluble in Acetone.

P. TNX is  an in fer ior explosive and d i f f i cu l t  to nitrate. In the 

German explosive i t  may be used due to a shortage in TNT or to avoid 

the disruptive e f fe c t  TNT would have on a wrenadc*.

4 l
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CHATTER 7

ALIPHATIC NITRATES 

SECTION I

CYCLOTilMETHYLENETRINITRAMIK'17 r ’ ED EXPLOSIVES

1. CmOTRIMEimENETRINITRAMINE

This explosive was patented in Germany in 1899 as a medicine. I t  

was patented as an exp losive in 1920 in Brita in  and in 1Q22 in the 

United States. I t  is one of the so-called super-explosives which have 

come into prominence during the present war. I t  is  known by me 

following names:

Qyclonite

RDX (Research Department 
Explosive)

United States 

Britain

1: in , p 'iv t SC.‘

T4 Ita ly

Hexogen ( h’ ) Germany

Tanoyaku Japan

A* Properties:

1. RDX is a white explosiye.

2. I t  isro,rLG 8f Isidro -s i t  1 • .

3. I t  is manufactured synthetica lly  from coal, a ir  and utter 

which are used to manufacture Formaldehyde, Ammonia and N itr ic  Acid. 

Formaldehyde and Ammonia are condensed to form Hexamethylenetetramine 

(Hexanine) which is  nitrated to RDX. Earlier use o f RDX was Drcvented 

by large Methyl Alcohol requirements and the fact that i t  requires 

eleven pounds o f  N i t r i c  Acid to produce one pound o f  RPX. I t  in 

d i f f i c u l t  to recover the N i t r ic  Acid a f t e r  manufacture due : o t.. 

reaction o f  l ib era ted  Formaldehyde ano the rr>nt acid. The f i r s t  

obstac le  has been overcome by the productior o f  syn thetic  Methyl

119.
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Alcohol and the second p a r t ia l ly  overcome by improved manufacturing 

processes.

4. Explosive Properties;

a. RDX is s l igh t ly  more sens it ive  than Tetry l. The drop 

test is  7" against 8" for Tetry l. I t  w i l l  detonate 100% o f the time 

from the impact of a r i f l e  bullet and at temperatures of 197° to 260°C.

b. I t  is 62% stronger than TNT.

c. I t  detonatee at 8400 meters per second anc a brisance 

figure o f 6 l.

B. RDX is used mainly in mixtures but i t  is  used by i t s e l f  as i 

sub-booster, booster and bursting charge as follows:

1. Ita ly : Sub-booster -- All types of ammunition

Booster -  Shells 

Bursting Charge - Land Mines

2. Germany: F i l le r  #89 -  Cast-in mixtures

F il le r  #90 -  Pressed-iu mixtures

Bursting charge in small caliber Shells (e.g. 4.2cm)

and R if le  Irfcnades.

J. Japan: Booster -  small ammunition

Sub-booster - Bomb P'uzes

Bursting Chargt. -  20 MX and MX shells - 50 calib 

and 7.7 MM. Bullets - Land Minos. I t  is  often reported used with Alu 

inum. This is not a mixture but the />’ i.mm is added for incendiary 

e f fec t .

0. RDX is entire ly stable.

D. I t  has no reaction with metals.

E. I t  is  soluble in Acetone and may be hydroliznd by Sodium

Hydroxide at 6C°C or by boiling in Dilute Sulphuric Acid.



F. The ch ie f  advantages o f  RDX are i t s  tremendous power and v 

fa c t  that i t  uses non-strategic raw r ’ t- , ia ls . I t s  disadvantages are 

i t s  high melting point, i t s  s e n s i t iv i t y  and the low y ie ld  in manu­

facture. .

At present a l l  nations are devising means o f  u t i l i z in g  PD/ in a 

desensitized form. I t  is  either combined with l i i t r o h y d r o c a r r w h ic h  

also permit cast loading, or with waxes or o i ls  for press loading. *

This explosive is  espec ia lly  a t t ra c t iv e  tu th* Axis lx cause o f  

their raw material shortages.

,' 2. CyaOTRIMETHYLENETRINITRAMINE -  WAX MIXTURES

' This is  one form by wnich RDX is  desens it ized  fo r  wider use. 

Composition A is our name for this type of mixture.

A. Properties: ‘

1. The color o f the mixture oepends on the wax. Composition A 

is  white to buff. Gorman compositions are white or tluu and H a l • 

are white or red due to the use of dye.

2. RDX/Wax is press loaded. ' addition o f  wax dots to t  

reduce the melting point.

3« I t  is manufactured from RDX ana varying person tag-, s of wax. 

Composition A is  91/9 RDX/Perswax. German and I t i l in n  mixtures -u-- 

Montan Wax (L ign ite  Wax).

•x. Explosive Properties:

a. Tne sens it iv ity  depends nr. th*4 amount of wax ana wh then 

i t  coats the individual grains cr not. Our composition A lea a a cror 

test o f 14" the same- as 'iVl. I t  docs not detonate from th. imna-.-t n ' 

bullet and requires a temperature r f  :>«jo°C to d-.ton.iL. . Fi ur. 

not available for the various foreign nixtur*s tut ra l ly  th- 

w il l  indicate ttie order o f sensitiv ity .

\S"»
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b. timposition A is  about 3! tronger than TNT. Other 

■ixtures vary w' th the amount o f wax.

c. Composition A detonates at 7500 njetc-rs per second and has 

*  brisance f ig ' . r e  o f 49.6.

B. iDX/W'.x is  used as a booster with a small amount o f wax which 

does not coat the grains and as a bursting charge with larger amounts 

which act as a grain coiting. Specific uses follow:

1. Ui ited States : Composition A -  Shells.

2. B'itainJ Shells and Grenades

3. ? taly: Boos ers (dyed red? RDX/Wax 95/5.

4. Germany: F i l l e r ’ 186 -  A core o f  RDX/Wax acting as an aux­

i l i a r y  booster fo r  EDD (See) in 75 

MM A.P. Shells.

Fi l l e r  #91 -  H5 - RDX/Wax 95/3 -  Sub-booster and 

Booster.

I i l l e r  #92 -  i'10 -  RL'V' * 90/10 -  Booster.

* IDX/Wax 89.7/10.3 -  7* Mil A.P. Shells.

RDX/Vax - 97/3 -  Used as -a sub-booster in the 

tropics in place o f PETN/Wax,

I t  is also used as a f i l l e r  in Grenades and Shaped 

Charges.

5. Japan RDX/Beeswnx- 85/15 - Bursting charge, 75 MM Shells.

RDX/Beeswax- 92/8 and 951 ’? Bursting charge 20 MM 

Shells. (Jap i DX/W.’.x is white to buff)

C. RDX/Wax is entirely stable.

D. I t  is s l igh t ly  corrosive U Steel, Magnesium, Copper and Copper 

Alloys.

122.



I
<C‘i

K. The so lu b il i ty  is the same as ROX. I t  would br- dangeiou. ta  

attempt to melt RDX/Wax f i l l in g s  as only the wax would melt leaving the 

very sensitive RDX.

F. RDX/Was is not a particularly desirable f i l l in g  as th< wax does 

not enter into the detonation and therefore reduces the ve loc ity . In 

burning i t  also robs the explosive of its  Oxygen reducing strength.

Used as a oooster, with small amounts o f wax, i t  is su ff ic ien t ly  

insensitive and very satisfactory.

.a/ V

3. Cyclotci

This is the most nopular RDX d e r iv a t iv e  in present use. The 

United States Cyclotol is called Composition B. The Ita lians ca ll i t  

T r ito l i te .

A. Properties:

1. The color of Cyclotol varies depending on the TNT. I t  my 

range from dirty white to light yellow to brownish yellow.

2. I t  is cast loaded, melting between Ar;° and 100r0.

3. I t  is  manufactured from TJkr, RDX and sometimes wax. Cur 

composition P is RUX/Th'T/deesway^g/^o/l ana U2 is  rOMC rfX/T’T .  

Foreign nations use other percen/lagor, pO/9) being the nor' popular.

Composition B is loaned / t  a aonsity of 1.62.

4. Explosive Propertied:

a. Composi t/'or, y ha'- a drop test o f 11" and w i l l  dctonal1
/

20% of the time fro/f the impact o f '• bullet, i t  d tonal-s at ic.per.a- 

tures o f 189°-2z/c.

A ,  I t  is about stronger than ,V„'.

. s - c. I t  has a velocity o f 7800 motors per second and “ : ris 1■ f  

figure of K1.8.

B. Cyclotol is used by a ll  nations as La burning chaiw in a mu­

nition th"t w ill not hav**- to penetrH- th. 1.
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Specific uses follow:

i. United Stiles:

2. Britain:

3. Ita ly :

4. Germany:

5. Japan:

Composition B and B2 - Barge General Purpose- 

Bombs and the 90 and 2>’ t lb . Fragmentation 

Bombs. I t  imparts h igher v e lo c i t i e s ,  to 

smaller fragments, than for TNT loaded bombs. 

Composition B - Has been mentioned as a 

booster. I t  is used as a bursting charge in 

General Purpose, Medium and High Capacity, 

Anti-submarine, Fragmentation and Parachute 

Bombs and in Shells.

50/50 - F-.DX/TNT -  Bursting charge in Hollow 

Nose ammunition and Land t'ines.

60/38/2 - RDX/TNT/Wax (dyed red) -  Anti-tank 

Bombs.

F il l 'e r  #18 - FP02/H5-80/20 - THT/KDX/Wax - 

80/19/1 -  Shells

F i l l e r  #95 -  K/KP02 - RDX/TNT - 60/40 - 

Pressed-Bursting charge for Shells.

RDX/TNT 50/50 and .53/47 - Hollow Nose ammu­

n it io n .  S h e l ls ,  Grenades and Demolition 

Charges.

RDX/TNT/Wax - 51/48/1, 58/40/2. ' 57/140/3 ,

55/42/3 -  Shells.

RDX Pelle ts  embedded in T.NT - 4000 g. Pont. 

RDX/TNT 60/40 or 50/50 General Purpose, Anti­

a irc ra f t ,  and Anti-Fersqnnel bombs, Land 

limes, Shells and Demolition Charges.
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' C. Cyclotol is  entire ly stable.

D. I t  corrodes Steel, Magnesium, .Copper and Copper A lloys very 

s l igh t ly .

E. I t  is soluble in Acetone.

F. This is a much better explosive than Composition A. I t  is more 

powerful due to the a c t iv e  d esen s it iz in g  agent and i t  can be cast 

loaded.

I t s  main disadvantage is i t s  s e n s i t i v i t y  and, from the Axis ' 

standpoint, its  use o f TNT.

The following figures compare i t s  e ff ic iency  with TNT:

Shaped Char a
Peak PFesaure" ■ ' Impulse Water Shock Efficiency

TNT 100 100 100 100

Cyclotol 110 no 125 l'»9

4. PLASTIC CYCL0TRIMETHYLENE7RINITRAMINE EXPLOSIVES

f
i t  1

k
'1  

t »
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A. Composition C.

In commercial blasting gelatin dynamite is used extensively because 

o f i ts  density and p las t ic ity . I t  can be moulded to any form desired. 

Since i t  is too sen s it iv e  for M il i ta ry  use a substitu te  hud to be 

devised. The answer was FDX and Oil which wo ca ll  Composition f and 

the British ca ll P lastic  High Explosive.

1. Properties:

a. This is a brown explosive.

b. I t  is plastic in form and very much like putt/.

c. I t  is  manufactured from 88/11,4/.6 Dv /oi 1/! * si thin 

(helps prevent formation of large crystals increasin'- th< s e n s i t i u t . ).

Jap P.H.E. is 80/85% FDX and o i l .

I t  has a density of 1.50.

l/!>.
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d. Explosive properties:

1. Composition C has about the same sen s it iv ity  as TNT. 

(14" drop test).  I t  w il l  not detonate from the impact of a bullet, i t  

requ i'es  temperatures o f 177 to 28b°C to detonate, depending on i t s  

physical state.

2. I t  is  20 to 30% stronger than TNT.

3. I t  detonates at 7400 meters per second and has a 

brisance of 46.5*

2. I t  is  used by Britain, Germany and Japan as a Demolition 

Agent. I t  is obsolete as far as the United States is concerned.

3. Composition C is unstable. I t  retains its  p las t ic ity  from 

32° to 100°F. Below 32°F i t  becomes b r it t le  and insensitive and above 

100°F i t  becomes gummy and the o i l  tends to leak out, leavin/, pure RDX 

which is too sensitive for front line work. "

4. I t  is  not reactive with metals.

5. I t  is soluble in Acetone.

6. In addition to its  lack o f s ta b i l i ty ,  composition p loses 

effectiveness because Oil in an inert material which reduces locity  

and strength. I t  is 21% more e f f ic ien t ,  in shaped charges, than TNT.

Bo Composition C?

This p lastic  explosive was developed to ov< rcome the objection^ 

to Composition C.

1. Properties:

a. I t  is a brownish yellow in color.

b. In form i t  is a putty like plastic.

c. It is m-.nuf'utured from the following ingredients:

RDX HO. n

Morion i t ro to 1 ukic 4.
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s Dinitrololuene 10.01

V
Trinitrotoluene 4.01

Collodion Cotton 1.01

Dimethylformamide .91

100.01
pUs

The Nitrololuenes desensitize the RDX and the reaction o!"Collodion 

Cotton and the solvent forms a ge la tin . The German version, ca lled  

P lastite , contains RDX/Nitrohydrocarbons/Collodion Cotton 64/32.5/3*?•

d. Explosive Properties:

1. Composition C  ̂ is more sensitive  than Composition C 

having a drop test o f  12.5" compared with 14" for TNT. I t  is a f f e c t . i  

201 of the time by the impact o f  a bullet and detonates from a heat o f 

172° to 28^C depending on its  state.

2. I t  is about '351 stronger than TNT. .

5. I t  detonates at 8000 meters per second and has a

brisance o f 55.

2. I t  is used by the United States and Germany as a demolition 

charge. We also use i t  in the 7.2 rocket.

3. I t  is more stable than Composition C, retaining its  p la s t i ­

c ity  from -20° to 125°P. There is no danger that the desensitizer w ill  

leak out. I t  w i l l  set up and lose i t s  p la s t ic i t y  from hot storage 

conditions due to evaporation o f vo la t i le  matter.

4. I t  has m, reaction with metals.

5. I t  is  soluble in Acetone.

(>% ; fh is  is  a'more . . f f t c l i v  xo lcs it -  th*r . 'm es li  ti~n , 

principly because only .91 of the explosive is inert as against l/ f  tor 

Composition C.

IXie to the presence o f TNT i t  is somewhat toxic and should not tc

127.
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handled without gloves.

The German F la s t ite  would be a less e f fe c t iv e  exnlcsive in every 

respect due to the reduced RDX content.

C. Composition

At the present time the United States plans to replace Composition 

C  ̂ with Composition c3. In Ĉ  3% RDX is replaced by 3% Tetryl am tht 

Dimethylformamide by Mononitrotoluene. I t  is  hoped th3t tnis v ; i l l  

increase the s tab il ity  of Composition Ĉ ,

The other characteristics of the explosive remain the sam.,

5. TORPEX

This is the most powerful o f the RDX mixtures. The Germans ca ll 

i t  Trialen. T e t r a d  or Trialine.

A. Properties:

1. Torpex is  a s la te  gray in color.

2. I ts  melting point o f 88-95°C permits cast loading.

3. I t  is  manufactured from RDX, TN!' .tnd Aluminum in varying 

percentages. I t  loads at a density of 1.73* In some cases a small 

percentage of wax is added as a desensitizer.

4. Explosive Properties:

a* I t  is s l igh t ly  less sensitive than Tetryl having a drop 

test of 8-9” as compared to 8" for Tetryl. I t  w i l l  detonate from th; 

impact o f a bullet from 52% to 100% of the time and fr.om temperatures 

of 185 to 280°C. ■

b. I t  is a very strong explosive bdng 40% stronger man*

TNT. When confined underwater i t  is 50% stronger by am 0%

stronger by volume.

c. I t  detonates at 7300 rv-ters p*r r> eoM, and hasabrisance

figure of 1i7.9.
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B. Torpex is used mainly, in underwater explosives, as a bur .ting 

charge. Specific uses follow:

1. United States - Torpex I -  RDX/TNT/AJ 45/37/18

Torpex I -  RDX/TNT/ M I Beeswax 44/37/18/1 

‘ Torpex I I -  RDX/TNT/A1 42/40/18

Torpex is used in Dentil Bombs, Df pth \rg*s, 

Torpedoes and the 7.2 rocket.

2. Britain -  Torpex I and I I  -  Medium Capacity and Anti­

submarine Bombs; A e r ia l  and Submirine 

Torpedoes; and Rockets.

3. Germany -  f i l l e r  #105 - Tria len- RDX/TNT/A1 15/‘ /1*3

or 16/70/12 -  General Purpose Bombs and 

, Tornadoes.

F i l le r  #106 » Trial-n- RDX/7Vj7Al/26/**.>/;?' - 

::ombs

4. Ita ly  - Trial- n 105 -  Toro* iocs.

C. Torpex is entire ly  stable*.

D. I t  reacts s l igh t ly  with Brass.

C. I t  is soluble in Ace torn*.

F. The addition of Aluminum gives this oxnlosive tremendous r*nw< r, 

especia lly  under water, ev*-n though i t  a ffec ts  the ve loc ity  o f  d< te- 

nation somewhat.

its chief disadvantage in its sensitivity. It will det*.n;t.' nn \ 

hard surface from a fall of 20o0 to 2F00 fo<?t ur a irrmin-i! v* lenity of 

350-450 feet per second or on any surf*'.*, from a li..,0C0 foot dr-r.

l/o
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Figures comparing its  e f fec t  with TNT follow: ,4

Explosive Peak Pressure Impulse V. it* r ,'i‘ock ’ . %■

Torpex 122 127 Ml 1

TNT 100 100 17 :

v*v
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6, DEPTH BOMB EXPLOSIVE

This explosive was developed, as a result of a number of accidents 

caused by the sensitivity of Tprpex, for use in Depth Popbs. It is  

commonly called D5X.

A. Properties: .

1. DBX is a gray explosive.

2. Its melting point (between 80° A 90°C) nermits cast loading.

3. It  is manufactured from RBX/Ammonium Nitrate/TNT/Aluminum 

21/21/40/18. In other words, 21% of Ammonium Nitrate is substituted 

for RDX. A variation of DBX is called Minox and eon; ists of PrX/NĤ NÔ / 

TNT/A1 ^-15/2^-58/40/20. it  is not being used at -'resent. DBX loads

9" for Torpex). i t  w i l l  d'-tonat*- from -he o f  a bu llet 49% of

thr- time. I t  w i l l  probably d'*tonal*• f r v  a temp* rat.ure o,‘ about 200°C.

• 0. I t  is 46X stroncr than T:»f.

c. i t  d* tonati s :t • n .h r .  nor ;<conu ana has a brisanco

figure of snout r },

3. I t  in ortd iy lh<* D. 2. Britain in I.^oth r'embs.

C. Du* i r > th1* lncluoi n '>*' A;i,r r i ’' i  'd 'ra te  i* wnjlu tv somewhat 

hygroscopic ,n « i r-fr-r- nth Iy uanl-. it woull t*nd ta have

at a density of 1.69.

4. Explosive Prc e<*t inn:

DbX is intermediate between ?orncx II and Mlnol ii. .

a. I i has a dren test figure of about V t i l "  for Monol II,

th*. same tv.' o < ' *.y •'*. /" ! I ■ ’ ’ •; ■ 1.

D. The react ion vi ? n >< *. ndi Liv* ra.K an Amatol and

Ammonal.

t *



decreased .sensitivity. A comparison o f  four xniosiv-. follows:

Explosive Energy o f  Air Blast £ner,y o f Wat<-r Shock

TNT ICO I'oO

DPX led y p

Minol i3'; 133

Torpex 146 141

I t  w i l l  he not'd that th ' addition o f  Ammonium la t r i t -  * iv r. 

better e f fe c t  when the explosive is confined. ‘

7. P T X -  1

This is an experimental explosive d-.;si*n<d to overrmc f*.' 

t iv i t y  o f Tetrytol nd and its  U nancy to exude.

A. Properties:

1. This is a light yellow explosi"-',..

2. I t  is cast, having a mcitir.: point »>f ,

5. I t  is manufactured fron 5r ' 30/‘S ' P^X/letryl /IVt.

4. Explosive Properties:

a. This explosive is  supposed tc ■ l io im t>  S' o f th 

ron s it iv ity  o f Tetrytnl. In view o f th- f  on that Un I f  e ' ■. >f 

Tetrytol is nducui and PLY is subrti tut< 1 for rtair 1 i  

Tetryl i t  is d i f f i c u l t  to how this c.ula b. tru< . ’iM~ .n  ! u. i < ’ 

is  v e r i f ie d  by imnact t ?ts with a r i f l  ; i l l* .t .  i T 1 * 0

pa rt ia l ly  20% o f the tin* m  rorH* t^ly 70« |rd' th ti* writ -

Tetrytol does not dt t'«nat* sl­ :11 nd ?B/. * O  ttu. i »p .' i f  n. • p  .

h. It is at out 2 '"*• irons* ••r Upr* r  r.

c. I t  dot anH> s it 74CO met» ;v r*' •r C' it'd p  1 b •* • ■ : ’ 1 •

figure o f p2. This l '  slight ly b*. U- r th -n T-tryt d.

9't:.. I t  is, prorut‘'  u to ure this x p 1 0 i v in r. 1-■-> , *» ,.

Test? ire now umJe r way ta d-:t* I— 1 Tm 1 t !hit ■: 1 h  ty for 1 • ■ ,

nition.

■ : *i.



C. It is stable in stora-

D. its  reaction with met Us is th*. same as Tetr\toi.

E. I t  is soluble in Acetone.'

8. P T X - 2

This is an exnerin.ental explosive designed to over 'O' a  the sensi­

t iv i ty  of Pentolite.

A. Properties:

1. It  is  a dirty whit* to light buff ir. color.

2. It  is cast loaded, melting at Q^C.

3. It  is manufactured from 43.2/28/28.8 *v*X/i ? P.’/i".’ ;.

1. Explosive Properties:

(a) PTX-2 is s ligh tly  less sensitive than ient.', itc . i t  has 

a dro; test figure o f 10" and is  detonatea by the impact o f a bullet 

60 i  of the time.

(b) i t  is about. 4r>-5 stronger than TT.T. ^

(c ) I t  detonates at 8000 meters rer second and has a liisurce 

figure o f 54.3.

B. It  has the same status as PTX-1.

C. I t  is more stable tnan bontolite.

D. The reaction with metalr would be somewhat the sane as P 'nto- 

l i t e  but to a looser Jegree.

E. I t  is soluble in Acetone

P. This explosive, i f  pre;>*r,t cooclu-icns ur* vcr if i* - .  r.y f i « ] j  

tests , seems to be not only lens sen.iitiv. than l e n t ' l i t *  but m re

Drisant.

0. MuCbU.Ad’XtW CYCLOTPI'!? TdYLE.'.'FPii;(TPA8 I'll

In the rush to cap ita l ize  on the row r o f Rfd, and/or the* f v t .  

that i t  requires no stra teg ic  r i v  na* r ia ls ,  various n i ' i o r .  v»v

142.
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designed qu ite a few nixtur* s, run*.. o f  v :cr« art us * v r  v i  - i j  

Complete figures are not available on most o f these, but they <ri]l be 

discussed b r ie f ly  in * J e following para'raphs;

A. teatex: ,

Aaatex is  a ye llow , cast, B r it ish  Exolosive used in la rge  

General Purpose; Medium and High capacity; and Anti-subnariu Enomt- . 

I t  consists of Ammonium N'itrate/TN’T/HDX *50/41/9 and is  genu-ally ca ll ' ’ 

teatex 9.

Essentially i t  consists o f Amatol *'0/40 wi th the addition of 15̂  

Composition B to eliminate the tendency, of large Amatol f i l l t i  boobs, 

toward Low Order Detonation.

I t s  ch a ra c te r is t ic s  would bo those o f Amatol AO/*10 wit*- t ,0 

sensitiv ity , strength arid Lrisarcc .11 ,‘ htl.v iiicrra d.

Amatcx *5 an..' ( fNT/RDX/'.' ,<Vy-(yl'.'< ‘ . ' l1 ) h iv* to* n **. r)fior J . 0*.

we hav.' no record of their actual uu* .

E. Cerman Fi_llpr #h2 is a yellow, cast ' /plosive ' i w i * ! fro 

Dinitroben/.on .-/Ammonium Hit rat*./RDX V t / V ' . f  r ;. This is an /.-,atr' <*

explosive with the in ferior : used in fine* o f TMT, uu .■ to a or* , >

o f  the la t te r .  Vh** in sen s it iv i ty  o f  h'V- i o<v».*v ruat. *1 i- r . . it - 

■addition of PDX.

This explosive woulu have- -uch th-. .'..■.me oharact* n.-t icn as u -

Amatol. I t  is used in Mi K,'. ..P. an.j o.A.r. lombs. I t  is v. r*, t- ,

C. d/jrr.an _Pi 1 M r h ^ A  ) ~ K i *  is a whit* rr os i -i.<,

manufactured from C.iJoium h 'iuat*/Arr oniur, ,\'i tr ituh.'X *; /•■ ; . , r -

another Amatol tyn* ovr’.osive 30nsitiv.cd by ftr>.*" ii.-t<ad of I T. i l ' i - ;  

N itrate is a ch*ar '•/.idising Ven t without ;r,y . xplo-jv  * n -  r*. .

The sensitiv ity  whould be* about t.h*.t of r b l  :/i >  -t^l :••• t>. r ' - . f ’

proper* i**r. a r . in ftr io r .  I t  is *• . i u a uir.our f i P j r :  i u  . r  ■ . •..



and Robot kwhs with a surround of F iller 152. Evidently the Calcium 

Nitrate is designed to overcome the Oxygen deficiency of F iller 152.

D* O gPIM Lin ier 145 -  Pressed -  NP 30/H 50/rO -  PSTN/RDX/Wax 

15 -  This f i l l e r  is  used in special projectiles. It  should be 

si** U r  in characteristics to Composition A.

Jap for 90 caliber and 7 .7 MM bullets, RDX/PETN 87/15

and 42/58* The characteristics are the same as RDX or PETN used 

separately. It is press loaded.

p* Jap IVpe 94 Explosive. This is a cast white explosive manu­

factured from 40/60 RDX/Trinitroanisole. Its explosive properties :re 

similar to Composition R. It is used by the Japs in Torpedoes and as a 

booster surround.

It  is unstable, reacts with metal3 Uk  same as Picric Acid and is 

toxic.

Trinitroanisole is evidently used due to a shortage of TNT.

C. German F iller (use not stated) RDX/Calcium Nitrate/Ammonium 

Nitrate/EDD/Wax 8/8/55/30/2. This is a cast, white explosive having 

much the same characteristics as Amatol 50/80. Its use is indicative 

of material shortages.

u. German F i l le r  010? - This is a ;>r*y, pressed explosive made 

from RDX/Aluminum/Wax 70/26/4. I t  is used in pe lle t  form as j biscuit 

f i l l in g ,  with Nitroguanidim in the nose- and with a surround of f r ia l in  

10b, in Un 8r O X;. l . t ‘. me th* 1800. Eg. A.r. bc-its. I t  i~ more 

sensitive than RDX i t s e l f  vnd e<.,ulu not he used'without the protection 

o f  \i troguanidine (s e e ) .  Th-? 106/109 combination is  also used in 

P ilo t less  Aircraft Ionia.

I* Ita lian  bursting Charge - This is a white pressed •■xi>lo;;iv.« 

co'” '• s t in g  o f PDX/Amnnniun Nitrate/*’ ,x 22/78/5 used in Shells. I t  

would t>. similar to %/.iu Amatol but more sensitive. Its  use indicates



a TOT shortage.
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J. Russian Bursting Charge - This is  a ye llow , cast exp los ive  

composed o f 28% Tetrytol 42/88 and 72% RDX. I t  was reported as used in 

a 76 MM A.P. Shell with an incendiary nose charge o f Al/Barium Nitrate/ 

TNT/Sulphur 46/39/14.7/.3. This charge would be almost as sensitive as 

RDX and i t  is  d i f f i c u l t  to understand i ts  use in A.P. Shells.

K. The British are supposed to have used a mixture >of 60/-0 F-,rY/ 

DNB. This is a l igh t  yellow, cast explosive with explosive character­

is t ic s  intermediate between TNT and Composition 5 and abofct as sensitive 

as P icr ic  Acid. The specific  use was not stated.

L. The Japs use a mixture o f  .Ammonium Nitrate/RDX 84/16 ?•. d 78/22 

in some o f  the ir  bombs. I t  is  a white pressed explosive s im ilar to 

80/20 Amatol but more sensitive  (about the same as P icr ic  Acid), PCX 

is  substituted for TNT due to shortages.

SECTION I I

PENTAERYTHRITOlTETRANITRATE BASED EXPLOSIVES

1. PENTAERYTHRITOLTETRANITRATE 
C(ch2ono2)4

This material was patented in Germany in 1894. Although i t  hos 

been used commercially since 1937 l i t t l e  or no use was mad. o f i t  for 

M ilitary purposes until this war. I t  is  nown by the following names:

PETN United States

Penthrite Britain

Nitropenta ( HP) 

Pentrit Germany

iermany

h’iper it

Nyperite

Pentryl Uncommon

Uncommon

Uncunwior



Penta Uncommon

Niperyth Uncommon

Penthrit Uncommon

A. Properties:

1. PETN is  white in color.

2. When used alone i t  is pressed as its  melting point oi i.*':1-'- 

141°C prevents casting.

3. PETN is  manufactured from Formaldelyde ana Acet.ildenyde 

which are condensed in the presence o f Calcium Hydroxide to Fentaery- 

th r i to l ,  a Tetrahydroxyl Alcohol. This is  n itrated to PF1N. I t  is 

generally used at a density of I . 63.

4. Explosive Properties:

a. PETN is  the most sens it ive  o f the Secon iary High - v- 

plosives in general use. I t  has a drop t'-st figure of 6" (14" for Tiff). 

I t  w il l  always detonate from the impact of a r i f l e  bullet and i t  has an 

ignition temperature of 172°-210°C.

b. I t  is one o f the strongest known explosives being 66% 

stronger than TNT.

c. I t  detonates at 8300 meters per second and has a brisanco 

figure of 6l . 9*

B. The use of PET’!, as such, is restricted  because of I ts  sensi­

t iv i t y .  I ts  primary use is for boosters and bursting charges in s'\nll 

caliber ammunition. Specific uses follow:

1. United States - Upper detonator in some Land Nines and

Shells. I t  is the exp losive in Primaeord

Detonating Fuse (Velocity 6200 K/sec.).

2. ritain -  I t  '13 the explosive in Cordtex Dc-lenating

Fuse.
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3* Russia -  Lower uetenatcr in Ghe -ruze.?.

4. Italy -  Upper detonators and boosters in small

Shells . F i l le r  in small ca lib e r Shells  

(2 cm)

Germany -  Explosive 13 -  UP -  Lower detonator and

f i l le r  for Grenades and small Shells (2 -Fcm). 

I t  is indicated by green markings on armu- 

nition boxes. ’

(it  Japan -  Upper detonator -  small Shells.

Lower detonator -  small Shells.

Booster mall .’hells.

F iller for % caliber and V 7 MM bullets.

C. PiTN is not entirely stable at high temperature. At 43°*' 

decomposition, with formation of Nitric Oxid'-, is autncatalytir, !he

facture, increases stability  up to a certain point and thMi decrease

D. It is somewhat acidic and tends to h *ve a v<-rv n l i 'h t  v mr l io r  

with Steel, Copper and Zinc.

E. I t  is soluble in Acetone and can be dccompo-i-.d :.y a tni 1 in ;* 

solution of Ferrous Chloride.

F. PETN has the following advantages:

1. I t  is made from syntir t ic  raw materials.

2. It is very nowerful cor Li >• in;.': strength with ir isu ico.

Its disadvantages are:

1. Its sensitiv ity  i? r-o r'-'-t thit i t  is u f f i c u l t  to d<\ ■ i.si- 

t ize  i t  and at the vine tin. u til is- its  full v-!u< ■.

1
presence of Dipentaerythri tolhc-xarritrate, which i.j inherent in -.mu-/

it

T 2. its  high molting p^int pn.vuits cast loadin''.



3. I t  requires f iv e  pounds o f N itr ic  Acid to procuce one pound 

o f PETN. .

Because o f  these disadvantages plus th^ fact that i t  requires 

Large amounts o f Hethyl Alcohol ( fo r  Formaldehyde) l i t t l e  use was made 

o f  PETN until la te ly .  With the need fo r  more powerful explosives and 

the discovery o f  the process o f making Methyl Alcohol synthu*io-liy , 

interest was aroused in PETN. Experiments are under way to u t i l is e  i t  

in desensitized forms. To date these have taken the form o f  combi­

nations with the Nitrohydrocarbons for  desensitiz ing ana casting or 

with waxes or o i ls  for desensitizinf, and oressing.

2. PFNTOLITE

This is  most widely used PETN based • xplosive. I t  is alsc known 

as Pentol (German) and F'entritol.

A. Properties:

1. Pent^’ ito  is .a dirty white to ligh t buff in color. Ita lian  

Pentolite is reported as being dyed red.

2. I t  is usually cast loaded, r  ̂11in.* between 30 and 'h,uG. Its

loading density is 1.56 to l .M .  .

3. P *P to lite  is  usually a mixture o f 50/50 PETN and i'Nf. t i l  

wax may ue added as a drsensi tizer . This mixture is called P tn t ' l i t e  

D-l. B ‘Cause PETN is so sensitive i t  is desirahJr to coat Uk  ;riins 

with 'mNT. To e f f e c t  th is r c 3 t l t  the I ETN ana TNT nr< d iso lvca ir* 

Acetone, nix^d, added to water and then precipitated out,as . mixturi.

4. Explosive properties:

a. Pentol ito  is V' ry sensitive . I t  has a drop- t at c,; )" 

compared with 14" for TNT. H  w il l  detonate 92% o f the t ire  from ta. 

impact of a bull t and from a t .-mpor-tures of

b. I t  is about ",C i stronger than T.T.



c. I t  detonates at 7*00 meters p-.r sec. .nd :c l> i; > .p c *. 

figure of *̂ 3*

B. Pen to lite  is used by a l l  the warring nations, princip lv  as a 

bursting charge. Specific uses are:

1. United States - Eurstirg  Charge in sna il c a l ib e r  She lls

(e .g .  20 ran), Hollow hose *>Mnunition of a l l  

types (e .g . A.l. R i f le  Grenada ana BjuooKa), 

Rockets ana Shaped Demolition Ch'-r;.es. r 

some ammunition (e .g . BazooK?) an aux ill i  ry 

booster or booster surround of d0/10 P? './'AT 

is used. This is s i" ,,-ly a s l ig h t ly  d(s*.r.- 

s it ized  PETN.

2. Britain - Bursting charge in M.o. Boats, ?r 'n- mt-.ti^"

Bombs, (increases velocity o f fri/.nents from

29C0 to 3200 per sec. compare<i wit!. T M ),

Anti-ncrsonncl Mines an. 4 - m  > o l l . - .

3. Italy - Eur-atim; '>.ar2e for  ban: Vin.s (ev-d  r u)

4. Gcraany

•and Demolition Charges.

Fill-, r tfl^- ’rPo.'/N) 10 - fiT/PR**./1(5; •• .x -

* /»•£'.  ̂/1*.: V a

plus 1<K Alu-inur - > >11.,

wax - .>h 11

Miller *4LlFentol) - oho Us

Fentolite plus 10% wax - Demolition n r

Pcntoli to-dui-booster - 47 mr A

*Th* Aluminum is  not i r  o r -v r  t j •

nirturc tut *.Jl> d for u.c. to tty  • Act .

1



*?• Japan -  Bursting cnarge -  20 and 50 mn Shells

C. Pentolite is not entirely stable in storage. The TN'i actins ac 

a solvent fo r  PETN accelerates the natural tendency o f the i ETN to 

decompose.

Storage at high temperatures may result in separation of the two 

explosives.

D. Reaction with metals - Same as PETN.

E. Pen to lite  is soluble in Acetone.

F. P en to iite  is a very e f fe c t iv e  explosive and is  49% more e f ­

f ic ien t  in shaped charges than TNf. Its  high sensitiv ity  precludes its  

use in ammunition which should not detonate from the shock of impact.

3. PENTAERYTXORITOLTETPANITRATE -  WA* MIXTI1P.

This explosive, widely used by the '.crr.ans anu Ita lians , i? an 

attempt to desensitise PETN for use in larger quantithn. It. i. alnn 

known as PETN-kax and Penthrit) Wax.

A. Properties:

1. PETN/Wax is e ither rink (> rnan ) or .PJue ( I ta l ia n )  du;r to 

the use of dye. Its  natural color would he white.

2. I t  is press loaded.

3. i t  is  manufactured from varying percent*.;• s o f  PETN and 

Lignite (Montan) Wax.

4. Explosive Properties:

a. The s en s it iv i ty  varies with the amount o f wax running 

from about the same as T-.-tryl (A") to about the sa.sr s 7VT { ] ! " ) .

is  .*130 *2f e t ‘. e ‘ •/ txt. * x veryi fr< ■ 

about* J,’‘ stronger t' t e : *.*e : - Ic. ■ ': . .

c. The ve locity  ana tr isan ’e are also affected in the same- 

■S way varying from about 7CQ0 meters per second and r0 as a u <ximum.
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6. PETN-Wax is used both for a booster and bursting charge depend­

ing on the amount of wax.

Specific uses follow:

1. Germany:

F ille r #32 -  NP 10- PETN/k'ax 90/10 (These are standard Sub-
(boosters in all types of

F iller #33 -NP 15- PETN/Wax 85/15
ammunition

F iller #34 -NP 30- PETN/Wax 70/30-Filler for Snecial .'hells.

F i lle r  #36 -NP 40-PETH/Wax 60/40 (F i l le r s  for Practir-
(

Filler #38 -NP 65- PETN/Wax 35/65 ( " U l l s  

Filler #37 -NP 50- PFTN/Wax 50/50 -Shells.

The sub-booster in the bomb Gains is usually 92/8 PFTN/Wax. 9//IQ 

‘is used as a core in the S. Mine. 82/18 «nd 87/13 mixtures are u-ed in 

small Shells.

I t  is the standard Burster for Chemical and Incendiary ammunition.

I t  is  used in Hollow Nose Ammunition, P is to l ana r i f l e  Grenades.

I t  is  the exp losive ir  Detonating Fuse (nay !■< r iix r i with l- , 

Lead).

2. Ita ly : i t  is used as a boor-tor and bursting chuv< in c.r**.ll

Shells (e .g . 20 mm) and pressed into blocks n- i  .\molition 0»-*rr .

3. Japan: Used as a burster in 13 and 1* mn Inconel iry ph^ih:

(white in color, probabiy user Beeswax).

C. Stability  - Same a? PETM.

D. Reaction with Me t i l s  - . ' w  as Pv i‘N.

E. Solubility - Same as PETN. Ammunition containing PFT\/a >- 'iioul 2 

not be steamed out as the steam w ill melt thu wix 1<. ;vin, jure PE’ ".

F. With the addition o f 8-10X wax thi: <-xrl<* iv- rvik«.' a pow. r :•: i 

and su ff ic ien t ly  insensitiv* booster. I V  inei ).;•<: - c ^ r io n  o f v *y, 

however, results in Jecnarod efficiency.. -,y. i >. - nun hydro r .c . .



I t  does not entei into the detonation but i t  w i l l  burn from the

heat o f  the explosion rofcbinfe the exnlosive o f i t s  Oxygen, decreasing

the completeness o f  combustion and reducing the strength and the

v e lo c i t y  o f  the exp los ive .  I t s  use in la rge  quan tit ies  does not

indicate a u t i l iza t ion  o f PEW because o f  i t s  power but rather because,

o f a shortage o f raw materials.

4. MISCELLANEOUS Pi2iTASRY7HRITOLTETRANITRATE MIXTURES

There are a number o f  l i t t l e  used PETN mixtures which were evi^

dently tried to u t i l iz e  the power o f PETN or necessitated by a shortage
*

of raw materials.

A. P^p-3s This is an experimental demolition explosive made from 

86/14 ?ETN/Minerai O il. It appears to be slightly less e f fe c t iv e  than 

Composition C but more- 3tab ie . Tests are now in f  conducted to 

determine it3 suitability.

3. German F i l le r  *43 P lastic  Pentrit: This is used ir ii.E. Shells. 

I t  is probably similar to pep-$.

C. German F i l l e r  #4^: NP $0/1! - rETN/RDX *50/̂ 0 plus 30'* wax.

This is  used in special p ro je c t i le s ,  I t  is s im ilar tc iSTN/Wax 70/ 

30.

0* Ita lian F i l le r  INP: Ammonium Ni trate/PFTf.'/Wax 75/20/r — Used

in shells. This is an Amatol type explosive using desensitized PET, 

instead o f TNT due to a shortage in raw materials. I t  is simil. r to 

Amatol 80/20 in characteristics.

E. Ita lian  F i l l e r  for 8QQ Time Poms: 6h/$,3 PETN/prntaery-

thritoltetracetato. This is a Drown, cast explosive as insensitive as 

TNT but 23% l'-ss brisant. I ts  use indicates a shortage o f raw mitcri- 

ais.

F. Jan f i l l e r  for 7.7 MM bull- ts: l.,/83 FEr>’\/;M. This f i l l e r

would hav< the same cinr Ch r is t ies  as RDX er K  ?" i v themselves.
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S1HYLINEDINITRAMINE based explosives

1. ETHYLENEDINI IT1AMIN8 
(Cri2)2(NH) (NC‘2»2

Ethylenedinitramine is one o f the newer explosive?, wbie! hive cone 

into use during the present war. I t  is usually c i l ied  E-Jm or Haleite.

A. Properties:

1. Rina is white in color.

2. Itt, melting point o f 174°-179°<' prcvn ts cast

3. An attractive  feature o f Edna i ' U ? fact teat is  is  rmu- 

factured from synthetic  row r a tc r ia ls .  in in.»v-dients r-: ith y l 

Alcohol, Chloritie, Urea (from Ammonia and UirHor Dioxide) ana N it r ic  

Acid.

4. Explosive Properties:

a. Earn nas a drop t- st o f 10 inches "•nd w il l  d Ionite y\ ' 

o f the time from th-. impact o f a . :U  *'. I ts  flash ,»oint i? 169° to 

1Q0°C.

b. I t  is about -:0* s t r o . i t r  Unn .ML

c. I t  detonate"- n  •'t .rs r-.r n A in  and has » brio juv 

figure of 51.

B. Ecma cannot uc used hy i t s - l f  n th  safety as i t  in t io  in— 

sensitive for a booster *ni tv>o n nviti'*- lor . tur.tin c^ir/*-. t 

used by tbo I'nitcu ?t-ter ir lK for" of E’ - 'uI.

' C. Edna L? star'', in no**:* . ■

D. I t  is  an acid and in th prose":• f miotur* w ill r ■ t / it ' 

a l l  metals, except Aluminum and Stainless . t  *1, i j  prodne .> p a w  

salts.

E. I t  ir so lu iU  in w it— v  Art. tor .

i i ' , .



F. Edna, because of i t s  synthetic manufacture, i ts  strength and 

i t s  brisance can be expected to be one o f the main explosives in t ie  

next war. Its  use is limited at present because we are set up to fight 

the war on a TNT basis and Irina mixtures are not enough better than TNT 

to dtinge over our production. The fact that i t  cannot be cast loaded 

is an additional drawback.

2, EDNATOL

Ednatol is the only form in which Edna is being used at present.

A. Properties:

1. Ednatol is a dirty vhito-to-buff in color.

2. I t  has a melting point of b0°-90°C and is cast loaded.

3. I t  is manufactured from 60% Fdna and 40'S TNT. The following 

combinations have also been tried experimentally:

EXPLOSIVE % EDNA % TNT * OTHER INOREDIENTS
•’*** "** “ -* *— • *• ------------------ ,

Ednatol 60 40

Ednatol 55 45

Ednatol *50 50

Ednatol 60 40 1 Aluminum

APX-5A 87 — (  ̂ AiX
( 8 Aluminum

Experimental 6? 71 18 Tetryl

Experimental nr/ m 31.5 13.6 PETN ‘

bdnatol '4 46 43 Aluminum

The density of £0/40 is 1.02.

4. Explosive Properti.s:

j .  Ednatol 60/40 is about as sensitive as P icric  Acid. I t  

has a drop test o f 12-1*1" *-rd w il l  d^tor.at about \1 %  to 20? o f the 

time from the imnact o f a bull t, and at Wmp-r itures o f 159°-I90°t..

b. I t  is about 191 stronger than iN‘I.
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c. Its detonation rate is 7400 meters ter se* onu v n.» a 

brisance figure of 48.
B. It is  used by the United Stales in 00 and 260 pound f r o 'r o ­

tation bombs as alternative explosive.

C. winatoi is stable in storage.

D. It  w ill attack metals much the same as Edna but to a lessor 

degree.

E. It is partially soluble in water and Alcohol and very colubl 

in Acetone.

P. The addition of TNT reduces the sensitivity to a point >; • rv
*

Edna can be used with safety. It also lowers the melting poir'  ! ' r  

cast loading. Ednatol gives better fragmentation than TNT and is a much 

better explosive but it  would not pay us to convert T.Ti prom'Hi on at 

this tine.

A comparison of certain charartoristi''s follows:

EXPLOSIVE TEAK w-'FVCURE IKrl'U'E WATER

TNT 100 100 100

Ednatol 107 110 lid

GSCTION IV

ETHYLENEDIAMI f’fPf NITPATf hA.'1;' SXrLlVIVI-.J

t . ETHYLEN EDI AKINEl T NITRATE 
(CH2) 2(1,'H2) 2{ : N05)^

There is very 1 i111 e inforv-.tion available ennrrming V  is ■>> 

plosive. I t  is a development of the present. war and u:; d only Lv * b. 

Germans who called i t  Diamin. It is usually abbreviated to tff).

A. Properties:

i.  EDD is a white explosivi and is  found pr r.,- 3<-k , a t*
«

its high melting point of

1 4 ' ,
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2. I t  is  menufacfared from the synthetic raw materials: F-thyl 

Alcohol, Ammonia and Hi t r ie  Acid.

3. Explosive Properties:

There is  l i t t l e  information regarding the properties o f  

this explosive attrt that l i t t l e  varies widely.

a. The sens it iv ity  is  given as 20%, less than P icr ic  Acid and 

50S less than THT which would put the drop test somewhere between If}" 

and 21". I t  should be safe to assume that i t  w i l l  not detonate from 

the impact of a bullet. I t  decomposes at 270°C.

b. Its  strength is about 14% to 28% greater than THT.

c. No ve loc ity  or brisance figures are available except the 

statement that i t  is of low brisance.

P. I t  is used by the Germans by i t s e l f  and in mixtures. Specific 

uses are: .

F i l le r  *83 - Cast ip H. E. mixtures.

F i l le r  *86 - Pressed with an RDX/Wax booster -  A.P. Shells and 

10 cm and 7.6 cm Shells.

C. EDD is hygroscopic and unstable.

D. Reaction with metals - No information.

E. Solubility -  EDD is soluble in water.

F. From the information ava ilab le  th i3 does not appear to ho a 

very attractive  explosive -'nd is probably used by th-* Germans because 

i t  doesn't require any strategic raw materials.

?. RTliYLENFDIAMINKOI’!ITPATE - AMMONIUM HITR'TE MIXTURES * 1

A. Properties:

1. These mixtures would normally be white hut may he gray ta 

brown dependin' on in* Ammonium Nitrate.

They have a r**ltin.' p^int of 102.1° ' to 100°?. which permits c^si

loading.
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2. There are two mixtures reported:

55/45 Ammonium Nitrate/EDP

53.e;/45/1.5 Ammonium Nitrate/EDD/Aluminum

The combination o f  Ammonium N itra te  and lDD fom s an eu tec t ic  

lowering the melting point for cast loading. '

3. Explosive Properties:

a. The s e n s i t i v i t y  f igu res  fo r  these mixti res ire  not 

available but they should be similar to EDD. They decompose at 2?8°C.

b. The strength is reported as 26% greater than TNT.

c. Velocity and brisance would be less than that o f i-TL.

B. The mixtures are used only by the Hermans:

F i l le r  #20 -  EDD/NH4*i0yA1 45̂ 3. 5/1.5 -  Ore not stated

F i l le r  m  -  EDD/NM4N0? _ u„ed in v:t<jlls

German markings designating EDO are 3 oink container with a bl’> 

stripe.

C. These f i l l in g s  would be extremely hygroscopic and uristai !■ .

D. The reaction with metals would approximate that of Amatol.

E. They are soluble in water.

F. The mixtures are probably used to lower the melt in,'; h u m , o f 

EDD for cast loading.

SECTION V

MISCELLANEOUS ALIPHATIC NITt.ATES

1. NITROSTABCH EXPLOSIVE

Nitrostarch is nitrated corn starch used to n en 'i t iz :  coalu s t ick s  

and oxid izing agents in much the same manner that N itn v ly cv r  i*. is 

used in dynamite.

I t  has always been considered a rcs^rv* explosive due* to its  key; 

of s tab il ity  and its  dusty and inflammable nature.
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ihe Army has used an exp los ive  ca lled  Trojan Exrios ive  as a 

reserve demolition agent. Its  properties follow:

A. Properties:

1. I t  is gray in color. ’

2. I t  is  pressed into half pound and pound blocks at a density
of l A  ’

3« I t  is  manufactured from lutrostarch/oodium Nitrate/Barium 

Nitrate/Oil/Stabilizer. (DPA or Calcium Carbonate) 40/37.7/20/0.3/1.5)

4. Explosive Properties:

a. Trojan Explosive i3 rather sensitive to shock, fr ic t ion  

. and heat. I t  has a drop test o f 8" and w il l  detonate from the impact

of a bullet 90% of the time. I t  is very dusty and inflammable igniting 

at 195°0 and burning with explosive violence.

Care should be taken in using i t  because, uncer f ie ld  conditions, 

i t  is  d i f f i c u l t  to disassociate shock and fr ic t ion  and i t  can ign ite  

from fr ic tion .

b. Trojan Explosive is % %  as strong as TNT.

c. I t  detonates at 6100 meters per second and has a brisance 

figure o f 37.7.

C. I t  is unstable in storage, being hygroscopic. This w il l  very 

often make i t  extremely insensitive and cause misfires. On the other 

hand i t  decomposes at elevated temperatures in the presence o f moisture 

( 50°C for 354 days). Thi3 has been known to cause snontaneous deto­

nations.

D. I t  corrodes Iron and Copper.

E. I t  is solu lle  in Acetone.

- P, The advantage of Trojan Explosive, as a demolition agent, lies  

in the fact that Nitroglycerine fynamiti- o f  the came ve loc ity  is eve:: 

more sensitive.
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Its disadvantage* are obvious.

It  is  no longer being manufactured for the Government but excess 

stocks are being utilized for training purposes.

It  is not used by any other country.

2. GUNCOTTON

A. Properties:

1. This is a white explosive.

2. It  is pressed into a one-pound demolition block at a density

3. It  consists of uncolloided Nitrocellulose/Moi3ture 87/13*

4. Explosive Properties:

a. I t  is  abont as sensitive as TNT. (Dry, i t  would be- auout 

as sensitive as PC1N). I t  ignites at 195°-200°C.

b. Its strength is about 98'J of TNT. ( I t  is 1 °' stronger 

than TNT when dry).

c. It detonates at ^00 meters per second and las a brisance 

of 32. (7300 and 46 dry).

B. It is used by the British as a standard demolition a^ent.

C. It is  hygroscopic and unstable much the same as dingle dase 

Powders, 3Of moisture will prevent detonation.

D. I t  has no reaction with metals.

E. It is soluble in Acetone.

F. In the wet form, this is  an in fe r io r  explosive. in t a r y  

form, i t  is  too sen s it iv e  for front l in e  work. I t  is  i i f f U ’. l t  to 

understand its  use unless i t  is save TNT.

3. NITROJ.iANILIh'E
02NNHCC:h)NH2

This explosive has been considered for Armor-Piercing A v  ,r i ?.•> 

because i t  is made synthetically and is inunsit iv<.
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1. Color -  Yellow.

Ju Properties:

2. Fora -  Pressed - Melting point 230°C.

3. Manufacture - Urea arm Anr.onia Nitrate.

4 . Fxplosive Properties:

a. Sensitivity -  Equal to or s ligh t ly  less than TNT.

b. Strength -  About 82? o f TNT.

c. Velocity and brisance - I t  detonates at about 7000 meters 

per second but due to the lack o f  gas volume i t s  brisance is  low 

(about 30)•

B. I t  has a cool temperature o f explosion and is  used to cool 

smokeless oovder thus reducing flash.

I t  is used by the Germans in the nose o f tbeir 1800 Kg. A.P. bomb 

to protect the f i l l i n g  o f Trialen 109 (see) from the shock o f impact.

I t  is also used by the Italians in two Amatol type f i l l in g s  called 

Albite and llmbrite.

C. Nitrofuanidine is unstable.

D. I t  has no reaction with metals.

E. I t  is soluble in Acetone and s l igh t ly  solut-le in water.

F. Nitrcguanidine is an in fer io r  explosive and is used due to a 

shortage o f TNT.
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CHAPTER 8

MISCELLANEOUS EXPLOSIVES 

SECTION I 

DYNAMITES

Dynamites have been the ch ie f commercial blasting explosive for 

years. They have l i t t l e  M ilita ry  application, except for demolition 

purposes, because o f  their sensitiv ity .

A. Properties:

1. Dynamites are usually brownish in color.

2. In form they may be either a powder or a p lastic  putty-like

material. '

3. The ',wo types in general m ilitary use are o05> Nitroglycerine 

Dynamite and Gelignites. The dynamite is manufactured by sensitizing 

Sodium Nitrate and wood meal with ,50* n itroglycerine. The Gelignites 

are the same except fo r  the addition o f 2 to 7% Collodion Cotton to 

form a gelatin with the Nitroglycerine.

4. Explosive Properties:

a. These explosives are a ll very sensitive to shock, fr ic t ion  

and heat and w i l l  d e f in i t e ly  detonate from the inpact o f  a bu lle t 

unless they are desensitized by addition o f inert materials which in 

turn would reduce explosive power. l*hen frozen they become extremely 

sen s it ive  due to segregation o f  the N itrog lycer in e . For the saris 

reason they are les3 e f f ic ien t  and may give a low order detonation.

b. They are approximately equal to TNT in strength.

c. In velocity  and brisance they are in fer ior to TNT, having 

a-rate o f  detonation o f  about 6000 meters per second and a brisance 

figure o f about 35*
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B. The United States Engineers use $0% dynamite for demolitions in 

, this country. The British  u.se Gelign ites under the names o f  Nobel's 

803.008,823.851 and Saxonite in Anti-Tank mines, in the Stickoy Grena.lv 

And for Demolitions. I ta ly  and Germany are reported as using Gelignites 

for a variety o f  purposes particularly Grenades.

&  These explosives are considered unstable due to the hygrosco- 

picity of certain  ingredients and the tendency o f  N itroglycerine to 

segregate after .prolonged storage. I f  the bottom of the contai: er is 

■diet, great care must be exerc ised u n t i l  i t  has been determined 

whether the Nitroglycerine has leaked.

D. N itrog lycerine may be neutralized by a Sodium Sulphite- .x 

.IccJxI * solution. I t  is  soluble in Acetone and Alcohol and can be 

destroyed by boiling, in Alcohol or Sodium or Potassium ..

N itrog lycerine Dynamites may also be destroyed by burning but 

proper safeguards must be taken as the explosive can detonate.

E, Dynamites are used for m ilitary  purposes primarily for their 

economy. Also they do not require a booster and are very sensitive- to 

detonation by propogation. Their main disadvantages are their sonsi- 

.tivity and lack o f s tab ility .
s

The British  use one found o f Gelign ite  to detonate bombs up to 

250 Kg. and f i v e  pounds for  bombs over 250 Kg.

SECTION I I

CHLORATE AND PERCHLORATE EXPLOSIVE?,

There have been a number of1 these explosives used on a small ?.< d.- 

in this war. The chief thing to remember about them is that they arc 

a l l  very sen s it ive ,  the Chlorates being somewhat more so than the 

Perchlorates.

^ 1 .  JAPANESE TYPE 88 EXPLOSIVE

■' This explosive is also called Haensosanlakuyaku.



1. Color -  Gray.

2. Porn -  Pressed.

3* Manufacture -  Ammonium Perchlorate/Ferro Silicon'Kood Meal/ 

Crude Petroleum 75/16/6/3*

4. Explosive Properties:

a. It has a drop test of about 7" -  8".

b. I t  is about 70$ stronger than TNT.

c. I t  detonates at 4200 meters per second and has a brisaoce 

figure o f  about 30*

"B. I t  is used by the Japs in Mines. They also have a variation of 

this explosive, used inahigh explosive Anti-a ircraft Missile, consist­

ing o f Potassium Perchlorate/Sulphur/Aluminum/Antimony ..uifide 58.7/ 

16.7/14.6/13. I t  has much the Stime characteristics as Ty^o 88.

C. Type 88 Explosive is hygroscopic and unstable.

D. I w i l l  react with metals much the same as Ammonium Nitrate.

E. I t  is soluble in water, Alcohol and Aceton*.

P. I t  is a cheap, strong, underwater cxploive but would seem to 

be too sensitive for the use to which i t  is put. Also, i t  in lu r in g  

in brisancc.

2. ITALIAN CHEDDITE3

In the past there have been a number o f  d i f fe r e n t  Chloral* or 

Perchlorate explosives ca lled  Cheddites. Tiny usually consist-rd of 

combustibles sensitized bv Potassium, Sodium or Ammonium Chlorate or 

Perchlorate, and bound tog'-ther with vaseline or paraffin.

Their two common characteristics were their s en s it iv ity  aid 11 k 

o f s tab il ity .

The Ita lians have used those in Land Min* s in this war und*-r th* 

names o f Romite and Cheddite. Th«*y w ill  usually oe brownish or gn\ish

A. Properties: *



plastic exp los ives . They are d e f in i t e ly  in fe r io r  to dynamite in 

explosive characteristics.

SECTION I I I

, ' LIQUID EXPLOSIVES

Periodically, during this war, there have been reports of a new 

super-explosive many times more powerful than the standard explosives. 

Such reports should be taken with at least one grain of salt.

Fundamentally, explosives react by changing from a solid to a gas, 

many times the original volume. This gas is formed by oxidizing Carbon 

and Hydrogen to Carbon Dioxide and Steam. Maximum expansion takes 

place when this oxidation is complete, as in N itrog lycerine which is 

60S stronger than TNT. It would seem impossible to boat this figure by 

• more than a few percent unless we begin to u t i l i z e  atomic energy.

Thd following is a list o f  proposed explosives comparing them to

Picric Acid in strength and sensitivity:

EXPLOSIVE STRENGTH SENSITIVITY

PA = 100 PA “  100

Picric Acid 100 100

Methyl Nitrate 174 29

Ethyl Nitrate 128 —

Ethylene Glycol Dinitrate 170 15 plus
Diethylene M " 130 127

Nitroglycerine 160 13

Chlorhydrindini trate 125 120 plus

Nitronethane 127 100

Anilite (Nitrogen Peroxide/Butane) l6i Sensitive

Dithekite (Nitric Acid/Nitrobenzene/ 
Water)

110 100

Liquid Oxygen/Lampblack 100 50



The following objections apply to .this l y  e o f t vplosive:

1» host of theni are too sensitive lor n*iii v*ry u.-t *

2. Some, such as An ilite , have to have their components in scoar?K 

compartments with the mixing taking pl^ce just before cetor r : o r .

3. Some, such as Liquid Oxygon and Solid Acetylene, Mve to be 

used immediately a fte r  manufacture otherwise th«=y tvnoor . end lore 

strength. I f  sealed in a container the evaporation would tend to burst 

the container endangering the plane.

4. While some are stronger than standard explosives, this ac^Pta.'-e 

is  lost due to low density.

Therefore, i t  is  safe to assume that since i i  yu  ! Dvr los ives  

present too many problems and too few, i f  any, .aavant-iges, they w il l  

not be used unless i t  be to circumvent r .a te r i ' l  -l.ort O .s and i f  tn  y 

are used, there is nothing to he excitfd abcu*.

IV .
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CHAPTER 9

TOXICITY Or EXPLOSIVES

P r a c t ic a l l y  a l l  exp los ives  are more or loss tox ic .  This is

particularly true o f the Aromatic Nitrocompounds. In addition to being 

tox ic  most o f these w il l  also 3tain the skin yellow.

The tox ic  e f f e c t  is  usually produced, at least as far as p. 0 .

Personnel are concerned, by absorption through thv pores of th* s<dn.

The degree o f  to x ic i ty ,  to any individual, w i l l  jvper.o on the 

degree o f  a llergy o f that individual and his len'th o f exposure to any 

particular explosive. *

should cause everyone to take a l l  due precautions in handling ox-i*vnvcs

The fo llow ing is  a l i s t  r f  exp losives, which are Known to he 

toxic, and their e ffects  on personnel:

1. Lead Azide and N itroglycerine w i l l  relax ti.o arleri*-s. .ne 

heart beat is  stepped up tc compensate for this, resulting in s ver- 

headache3. This e f f e c t  is not dangerous or pernm-nt out i t  

distress to the point of incapacitating.

2. Mercury Fulminate may cause infection fr-\n contact with cuts, 

p. TNT is extremely toxic and nay cause:

‘ (a) Dermatitis or skin irr ita tion .

(b) Irr itation  of the alimentary tract.

' (c )  Cyanosis or the r-ductiep of the- *'xy,;<.n cu rv in ' •'hi lit,/ of

the blood.

(a) A form of Jaundice.

This fact, together with the wide use o f n a tu res  in th is war,

unless they are absolutely sure what explosive tK*y 4r. i- * l i r t ted 

i t s  e f fe c t  on them nersonnaliy.



(e l Aplastic anemia or the destruction of the marrow of the

bones,

( f )  Staining of the skin and hair.

All these effects are caused by -bsorotion through the stdn which 

is  made easier by heat and humidity. Symplons are breathlessness, 

headaches, dizziness, dullness, weakness, constipation, vomiting, a 

liv id  face and blue finger tips. The urine is light crown to red to 

coffee colored.

' 4. TNT exudate is more toxic than TNT itse lf.

% Composition C2 and C3 have the same effect as T\’T.

6 . Dinitrotoiuene has much the sane effect as TNT.

7. Dritrobenzene has an effect similar to th it o f TNT but is also 

absorbed thru the lungs and digestive tract a\d nay ai'tV.t thv vision, 

the heart action and nerve reflexes.

8. Dinitrochlorobcnzune and Trinitrocr.lcrr- r r r c  arc more toxic 

than Dinitrobsnzcne.

Phosgene nay be produced from low order detonation.

9. Dintrophenol is about the sane ar. i”.».

10. P ic ric  Acid has the sane tendencies as I ’.’ l • >jt is  r,-t as 

severely toxic.

11. Tetryl has the sane toxic e f f  cts -s I!.? hi? is r.or- s* v r 1; 

toxic especially to the skin. I t  cause a ucrrafcn-is or i 11r to . '•I'-n 

Ivy. I t  can be absorbed by inlnllotion.

12. HND causes sevoru b l is te rs  rogombl i r ! ir> s ’ v i  f  * m t. 

injurious to the nucuous nen'rran r of th> no'.th, nn.,r jrn !•; -g [ n 

addition to i »s  other e ffec ts  similar to tiaor.- c f  TNi‘.

13. T'rini troanisole is sim ilar to P icr ic  Ar id in ,>rn ral ' v i - v y  

but is more severely toxic to the skin.

In order to prrvent *-xnlos:v poisonin'; Uk  fallowin'' or* can? .
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should be taken:

1. Do not expose the sk in to  explosives. Weu ^lov^s under * i 

Conditions and When working with explosives over i period oi tin.” , keep 

the ants, legs and torso covered. When steaming out a bomb wear boots.

' 2* Keep the person and clothes clean at a i l  times. Wash the 

hands thoroughly a fter  handling explosives and do not permit clotses l ”  

becooe saturated. They should be washed before reuse.

When handling explosives over a period of time the sands should be 

washed at frequent intervals to prevent absorption through lh* percr. 

The hands should always be washed before touching the face, rubbing tot 

eyes, eating or'using the latrine.

A solution of one teaspoonful of Sodium i-icarboratc c r o f 

warm water Is effective in combating acidity.

A special soap, consisting of 2 (y / 2 ^ f r)0 friethanoiarnin^/Inriu t ria l 

Sthanol/Commercial Liquid Soap, will disolve the Aromatic impounds ard 

give off a violet color as long as they remain or. the kin.

After washing the following cream may be appli I t  nos <-r 

found effective in preventing i r r i ta t io n :

INGREDIENTS Jh.VlII \ r >

Water 7*0 C.C.

Borax 0̂ *>rr

Sodium Carborate ~ ir *0.*

Glycerine 1 7  C.C.

Stearic Acid HO "runs

Gum Trngacanth ' 4 ..ror.s

Sodium Perborate HO Grim.:

Oil o f Lavender 4 r roro



sates state negate v<«r.yita

'  X This mixture w il l  make 1 Kg. of cream, Ihe chemicals nsr-d ar. th - 

U.S.P. grade. To prepare, place the water, borax, Sodium Carbon- te and 

Glycerine in an enamel dish on a hot wat »r bath and s t ir .  When a l l  th. 

solids have disoived and the solution is  hot, aid S ltaric Acid and s t ir  

occasionally. When the Stearic Acid has a l l  reacted and the "isture is 

free  from lumps, add the Gum Tragacanth and Oil o f L w n r  r * nd s t i r  

v igorously  with a la rge  spatula. Allow the mixture to cool with 

continuous, or nearly continuous, stirr ing until cold, men odd Sodiun 

Perborate and continue s t irr in g  until a uniform non-^ritty rnixtur- is 

obtained. Do not add the Perborate while the cream is s t i l l  warm.

The cream should be used as fresh as possible, but can be stored 

for a limited period in a refrigerator.

\

3. As a f in a l precaution, Medical a tten tion  r lk* obtained 

whenever any skin irr ita t ion  or discoloration is noUc-a.
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CHAPTER 10

FIELD TLETIK3 OF EXPLOSIVES

la  tfco f i e ld  i t  is  often ecessary to iden tify  the various ex­

plosive confidents o f ammunition before inerting the ammunition. I t  is 

possible to do this by an application o f the individual's knowledge o f 

the following characteristics.

1. Color -  I t  w ill be noticed that many explosives are various 

shades of yellow so that color observation is  not re liab le . .-over, 

after practice, i t  is possible to become familiar with the appearance 

of explosives and, i f  positive  iden tif ica tion  is not always possible, 

at least color observation can be used to eliminate p oss ib i l i t ie s  anc 

narrow the range down to a few explosives.

2.  'Use of the Explosive -  I f  the functional and h-.ti- 'r;' ur of 

the explosive are considered, in conjunction with the color, toe range 

can be narrowed down even mere and the id en t ity  o f  tiK- exp los ive  

established at least within the range o f s n s i t iv i t ie s .  For example, 

i f  a white explosive is  used by the Japs as a booster, tnc natural 

conclusion would be that the explosive is PEP!, or FnX. pTth*-r identi­

fication  is not necessary, from a safety standpoint, i f  lh<. explosive 

i 3 assumed to he PET!! and treated accordingly.

3. Melting Points - I f  i t  wore desirable to pos it ive ly  io^ntify 

the explosive this could be done by determining the melt in,-' point.

In order to carry out this test, powder a v-. ry small quant v, of 

the explosive and put i t  into a test tu;..* or a r-.-asonrble f r o r  il< 

thereof. A thermometer is clamped to the- tube .0 that th- 1 ■ < ^f 

the tube and the base of the thermometer arc on lU- cam: plan- and -.o'a 

are inserted into a batv’ of 3i*-ht o i l  which n  .'.‘ atod rarid ly . . 

melting point of the explosive is obser.vd and t ikon as tne arpr<\\; J. 

range.

1* : .
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After the o il cools and the explosive so lid if ie s , the bath i: 

again heated to within 5° of the ranqe. Heating it* 3 topped ft d then 

resumed slowly, ra ising the temperature 10°  per minute until the 

explosive begins to melt.

Heating is  stopped. I f  melting is completed without raising the 

temperature, the explosive is pure and not amixture and the te.-ip'rature 

can be considered as the melting point.

I f  the explosive does not melt comoletely, raise the temperature
t

1 °  at a time and repeat until the explosive dots melt. I f  Keat is 

added more than three times, the explosive is a mixture.

The temperatures at which the explosive begins to melt and at 

which melting is completed, are recorded as the pelt ing range o f  the 

explosive. In this way the components of mixtures can be identified.

* This test is not used for Primary High Explosives.

4. Sensitivity -  In order to determine the sensitiv ity  of an 

unknown explosive, to ascertain how carefully i t  must he treated, V . 

following tests can be conducted.

a. Powder a very small quantity o f the explosive, place i t  on 

a hard surface and h it i t  a l igh t blow with a hammer. I f  i t cb tons Us 

i t  can be considered in the Primary Explosive range and should U .  

treated accordingly.

b. Powder a small quantity of explosive and place t ie  . H  of a 

length of safety fuse in the explosive. I 'n i tc  the fuse and move to a 

safe distance. I f  the explosive detonates, from the spit of flame f r w  

the safety fu3e, i t  should be considered a Primary Exrlu.ivo.

These U-sts should only be conducted with a very n U l  rir.rh o f 

explosive and the explosive should not be confined in such a wav nh-t 

fragmentation of the container can result.

lo1.
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CHAPTER 11

• COMPARATIVE B0K3 HIGH. E’TLCSIVS TRAIN; .

In a preceding part of this pamphlet we a is fes .ed the orinciple of 

the Explosive Train. This section w ill discuss the application o f that 

principle and compare characteristic Bomb High Explosive Trains of the 

several warring nations.

' SECTION I

COMPONENTS OF A TYFICAL TRAIN
*

1. The Primer - There are three types of Primers in general use:

a. The Percussion Primer which consists o f a sens it ive  com­

position detonated by a blunt firing pin which pinches the primer 

between the firing pin and an anvil. This type is  generally used to 

ignite delays.

b. The Stab Action Primer or Friction 'rimer wlich erncist of a 

sensitive composition designed to detonate from the stab action of a 

needle pointed firing pin. This type is used for both instai taneens 

and delay action.

c. The Ignition Primer - A sensitive  composition di.aigfv * io 

ignite from a hot wire. This type is used principally by (knuny.

2. The Delay consists o f  a slow burning composition, usually Black 

Powder, designed to interrupt the detonation and permit the bomb U< 

penetrate.

3. The Relay is usually a flash Pe lle t  of Black Pcwdcr designed to 

pick up and intensify the flame, from the selny or primer, wnicli h.»n 

lost its intensity due to distance of travel. The delay and r* l iy  ir. 

not used in instantaneous fuzes but the r-.lay is  usually fncvun»or j 

where there is a choice between instantaneous and short delay.

1 ( 2 .



4. The Detonator is  a p e l le t  of highly sens it ive  material which 

w i l l  readily detonate from flame with su ff ic ien t violence to detonate 

the booster. I ts  length is more important idar. its  diameter as i t  must 

attain a minimum ve loc ity  o f detonation, lor example, in a number six 

Blasting Can 5-1/2 grains o f  Mercury Fulninat'- are used to metonate 

Tetryl while in a fuze 19 grains are used witn no mi.-re ■••ffici .. :y. The 

height o f the charge is  the same in both cases but the oin./ ter is 

d ifferent.

5. The booster is  intermediate in s en s it iv i ty .  I t  w i l l  readily 

detonate from the action of the detonator and leveloo enough t r u e r t o  

detonate any of our bursting charges. The booster is always us* 1, *v-' n 

when the detonator w i l l  detonate the bursting eh:rg*., to elim inate 

large quantities o f very sensitive- explosive, r<*re -/on ‘.K  r.ti/ht of 

the charge is the controlling factor and in actual pr->e< ice i t  is usual 

to have a sub-booster and coos ter to be sure that t.ne booster w ill nave 

enough length to attain a maximum velocity of detonation.

The booster is more e f fe c t iv e  at the end of the detonator due ‘ - 

the directional force of the detonation. Fight grains of ex - lc r i . ’c at 

the end o f the detonator is as e f fe c t iv e  as thirty grains plac-.u ir a 

ring around the detonator.

I t  is  not necessary to increase the s ize  c f th e  L-'>-r. t , r  us the 

s ize  of the bomb increases, as a certain minimum amount of vo-si v i „  

necessary for each explosive. In actual practice, hcwt.v-.-r, an -xo.vs 

amount of booster is used in case t!u -*xnlosive has d< t* ri-jr 1;,

many cases an aux ilia ry  booster is used to invur a ru.h i r : r  of  

detonation for  very insensitive explosives or tn i . th v „ r  c ,s- 

the bomb breaks up on impact.
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, SECTION I I

- UNITED STATES BOMB HIGH EXPLOSIVE TPAIK.

* The United States uses Mechanical Impact. Puces depenairg on the 

action of the Firing Pin to in it ia te  the action c f the train.

1. The Percussion type Primer, designed to produce a ma>., r<ur 

flame, is  a Mercury Fulminate composition consisting o f “ ercury fu l­

minate, Potassium Chlorate, Antimony Sulfide and frequently 'n arrasive 

such as ground glass or Carborundum. This is designed for de li,  action 

fuzes and is used with a blunt f ir ing  pin.

For instantaneous' action a Lead Azide Primer Conposi tior., sensi­

tized with Lead Styphnate, is used with a needle tyre Firing Pin.

2. The delay element is Black Powder and is ignited by the flame 

from the Percussion Primer. In Dive Bombing, a Parian Coronal' uelay 

is used.

3*Since the Detonator is enclosed in an Aluri ,ium case anc "•ay nc t 

be in close contact with 'he delay, a Relay is necessary to intensify 

the flame from the Debay., or from the Primer i f  the Delay is hy-oa.scd. 

This consists of a cup of Lead Azide covered witn an onion skin. Ih ir 

ignites from the flame of the Primer or Delay and detona '-s  with 

sufficient power to detonate the enclosed Detonator.

4. The Detonator is in two parts, an upper ard lower [ to- -.‘ or. 

The Upper Detonator is Load Azide sensitized by Lead f t y o h r le  and t '■■ 

Lower Detonator (sub-booster) is Tetryl. The Relay detonates Inc L'p:• r 

Detonator and the action is intensified b/ the Lower letunutor whi.-h 

w ill in turn detonate the Booster.

For Instantaneous Fuzes the Primer and Conor wd Low* r i 

are enclosed in a Primer Detonator.
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5.. The Tetryl Booster is simply a larger amount o f Tetryl used to 

provide a margin o f  safety in operations. In e f fe c t  i t  oemi-ts attain­

ment of maximum velocity by lengthening the explosive column.

6. The Bursting Charge may be one o f the following: TNI, Amatol,

Explosive D, Composition 5, D8X, Torpex, or Ednatoi.

. SECTION I I I

THE BRITISH BOMB HIGH EXPLOSIVE TRAIN 

B r it ish  Fuzes operate on the same p r in c ip le  as curs so the ir  

Explosive Train is the same in principle.

1. The Primer may be Lead Azide or Mercury Fulminate Composition.

• 2. The Delay i3 made of Safety Fuse.

3. The Relay is  Black Powder 3ince the Detonator i s  in d irec t  

conatct with the Relay.

4. The Detonator is  e ith e r  Lead Azide, s en s it ized  with Lead 

Styphnate, or 80/20 Mercury Fulminate/Potassium Chloral .

A l l  the above components are enclosed in x tube, s im ilar to a 

Blasting Cap, which the British call their Detonator, For instantaneous 

action, the Delay and Relay may be eliminated. The tub*, is insert'd in 

the Booster.

*5. The Booster, which the British ca ll their Explodtr, eo:-i.-ts of 

Tetryl or a combination of Tetryl and Pressed TNT.

6. The Bursting Charge may Ip  one o f tnc* following: TNi, Amatol,

Minol I I ,  Baratol Cyclotol, DBX, Amatox, Pontolito, Torprx, C h il l i te  or

Tritonal. ‘
/

SECTION IV

THE ITALIAN BOMB HIGH EXPLOSIVE TRAIN 

Thi3 train functions on the same general principle as l;.*- o f .  r . 

S l igh t varia tion? are preset,t !>• cause the holders for t , >,
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‘ components are open at either end.

1. The Primer is Mercury Fulminate comoosition.

2. The Delay is 31ack Powder.

3« The Relay is  also Black Powder as there is  a flash channel 

into the Detonator.

4. The Detonator is Lead Azide sensitised with Lead N* v»d>mtc\

5* The Sub-booster is RDX.

6. The main booster is Pressed TNT. This is evidently ustu dn*. to 

the expense o f  Tetryl but i t  is d i f f i c u l t  to understand wny a desensi­

t ized  RDX booster is not used as i t  would be much .ore e f f ic ie n t  l ‘ n  

TNT.

7. The Bursting Charge is genera lly  TNT, Amatol, /mmonal or 

Qyclotol.

SECTION V

THE JAPANESE BOMB Fiuii h/PLCJiVr. 1h.i1N 

This train is very s im ilar to the I ta l ian  in that most o f td >' 

metal holders are open at both ends.

1. The Primer is  always Mercury Fulminate Camro.siti'-n v i t t  t 

abrasive. The Firing Pin is generally the nrd l .  typ .

2. The Delay is Black Powder.

3. The Relay is also black Powder, the d- tcnat~>r hein. in an on r- 

container.

, 4. The Detonator is generally Lead Azide, r--ports have indicat- 1

use o f Mercury Fulminate in Army Bombs but this has not p*cn tun! 1

5 . The Suh-Door.ter is usually T d ry l .
I

6. The Booster is generally pressed P icr ic  Acia although it -ay :o 

RDX in smaller bombs. This is -.vid-ntly an < rv.nomv m -arur a.' M . 'n r

r~. Acid is not as e f fec t ive  as T»try l. 1

1



7. The Japs frequently use ar» Auxiliary Booster o f Pressed Type %  

Explosive in the ta i l  of their larger bombs.

8. The Bursting Charge may be one o f  the f j l low in g :

Pressed or Cast P ic r ic  Acid, Trinitroanisole, Type 9o Explosive, 

Cyclotoi or the TNT/Picric Acid Mixture.

SECTION VI

THE GERMAN BOMB HIGH EXPLOSIVE TRAIN

The Gorman Train is somewhat d ifferen t than the others in that the 

German Fxizes are e lec tr ica l and depend on ignition, from a hot bri'1‘ o 

wire* to in it ia te  the train.

1. The Primer consists of a s i lv e r  Bridge Wire on which is leaded 

a paste of Lead Styphnate, Collodiom Cotton and Amyl Ac*tate. This is 

ign ited  when the bridge wire becomes red lo t .  The Lr*. i ly-hnate 

mixture has a surround o f 80/20 Potassium N itra te  ana Charcoal to 

increase the flame,

2. The Delays vary. For Delays u:> to one second Mac* i uw;.*r is 

used. For Delays o f f iv e  to fourteen seconds a Delay of the f o ’ i o v i v  

type is used:

a. An Ignition Mixture of:

h% nitrocellulose 

?8<i Pod Lead 

2C% Carborundum

b. .A Delay o f:

10% Potassium Perchlorate
t

hCF Lead Oro 

4CT Antimony
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c. A Rooster of:

X *

Pi

5* Resin

56% Potassium Perchlorate 

38% lead Ferrocyanide

The Ignition Mixture fa c i l i ta te s  the ignition o f the insensitive 

Delay and the Booster intensifies the flame.

For Delays up to 40 seconds, the following tyre r f  '.elaj is user.:

a. An Ignition Mixture of:

5% Nitrocellulose 

75% Rod Lead 

20* Carborundum

b. A Delay of:

0.4% rotassium CnronaU 

7d.0i Barium C* f  o~.au 

l’i.0% Zirconium 

r . i ?  Vax

O.hd Nitroo. llulose

c. A Booster of:

5% Nitrocellulose 

" c '  l e i  L*-,.

20* tartorundun

3. The Relay nay be Black Powder or:

1’5-'0T lotasriun Perchlor ;te 

•‘•0-r0: Lead Zulphocyanate 

4-85 .'alphur 

20? Nitrac.lluloce

4 . The Detonator is Lead 4zi'V . tn s iU zo i by L *aj ..tvr'r.n ;t ,i.
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b. ?'■*. out-loos ter is a layer of PcTM over PfTh Wax. both of 

tr.- e-_ cor.p-tnents arc- contain-.-d m acrp called a Gaine- which corresponds 

to our j- tonator.

‘ . The Tainc is m r r e w K d  by a pr -ss' 1 P icr ic  Acid Ring with the 

r-nainder of the ze Pocket f i l l e d  with pressed P icr ic  Aeiu Pel lets.  

Ids*  a-n as a Poos ter. *

Practically all >rmn bonis havr an auxiliary booster of 

Pressed T'T !■•]!• ts which iv s a r.ar'in of safety in operation and 

par"its th. us>- of low grad* explosives.

P. Trie followin', bursting charges nay he used: TNT, TNT Wax,

/"/itcl, Armnal, Cyclotol, dexaf.it or Torr.ex. There are a great nany 

i 1 ac <■->:. *xrlo.'iv c, which my be used for cocci a 1 purposes, in 

addition to these.

>
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