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| - ' (CHAPTER 1
.'f’}‘ ' B SECTION I

INTROBUCTION

In this war 85% of the casualties have been caused by high explo-

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

3 e

" the enemy by the proper use of as much high explosive as it is possible

to dump on him: f» 3

/' *

Therefore, practically everyone in the Army is called upon to

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

own safety, all personnel should have some knowledge of the character-

iistiég of explosives. It follows that, knowing these characteristics,
. the rQQSOn for and the observance of tihe propeﬁ safety precautions
ghould be automatic.\ .
- - Thi; premise is particularly true of bowb disposal personnel whoéw

routine job is complete disposal of all ammunition, Allied and Enemv, §

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

ammunition. Therefore bomb <isposal personnzl should be @spscially

£
:”‘T*A i

Ei

S

.

familiar with the characteristics of all explésives thesy may b: ro-

R

o
A
-

o

quired to destroy.

P,

w
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bk attt

Having ldentifiad an explosive, the B.D. officer will necd to

o bt Rt I S S

2

-c

know what its behavior will oe under 211 conditions, the precsuticns

i

- rresd

which must be observed in dezling with it and ths safest means by which

it may be destroyed. He will also be better equipped to make wn
' intélligent report concarning new and unidentifieé =xplosives,
\f Fundamentally there is littl: use in safely detuzing ammunitior s
X if the explosive is mistr:atzd through ignorence and 2 premitor.
1 P . detonation results,

-
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i
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fanphlet ué&ﬁ-give;; short introduction on the fundamenizl
nature of explosives followed by an analysis of the characteristics of

all. Allied and Enemy explosives which may be encountered in the field.

If some of this material seems to be of the "nice to know" type it -

should be remembered that, when discussing any(subjoct, it is necossary

to build up a background and vocabulary to permit intelligent com-

" munication, using commonly understood teris.

SECTION II

_ DEFINITION OF TERMS USED

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

2. A MOLECULE is the smallest particle of any kiéd of substance that
«can. exist independently and still have the same proparties as the
original substance. It is composed of atoms,

3. A REACTION is tﬁe mutual action of chemical agents or som: distinc-
@;ve;result of such action. .

4, KINDLING TEMPERATURE is the temperature nececssary for the reaction
of two agents, .

5. OXIDATION is the reaction of a combustible material with oxyeen to
form o gas.. o

6. COMBUSTION is'rapid oxidation accompanied by flame. It is commonly
called burning or deflagration.

7. FLAME is a product of combustion =nd is crused by heating minnte
particles of solid matter to an incadascent heat.

8. DECOMPOSITIO& takes place when the atoms of = molecule separate md
do not reunite after the disturbing caus: h~s ceased to op rate.
KN g@ﬁon i3 r2pid cecontosition and The "Leri ig ‘onerally vsed in

deslribing the actidnwof. low exélosives.

2,
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10.

>

DETONATION is th: rapid decomposition of = high 2xplosive.

11. HEAT GF CCMBUSTION is the total hent evolvad when a definite

120

15

14.
15.

quantity of substance is completely oxidized.

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

solid material-.

HYDROLYSIS is 2 double decomposition in which witer is ons of the

interncting substances.

s

A FUZE is » device used to function ammunition.

A FUSE is 2 device used to function charges of explosives,

o~
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CHAPPER 2
i?f.; e SECTION I
TYPES OF EXPLOST: 3

An etplosxon may be defined 2s the sudd.n and rapid escape of

e ¢ T = Bl g g
ﬁiées frog A confxned space accompanied by high temp-raturas and 2 loud

b~m¢uwwmm~ww~~~~

; moiae. .

There are two types of ex91051ons, mechanical and caemical., 4

P
v

,Taihdﬁ °xample of a mechianical explosion is the cas~ of the st.am boiler.

b

thg,water is ‘heated and’converted into steam which fills th- boilcr,
m,,ua '

Lg nrldnslly xncr0331ng the pressure. %#hen the boiler can no longcr
¢ont31n the pressura it bursts, with 2 loud nois:, permitting the asz

=

’i;k (ttenm) to escape.

&

'fQ‘ It should be noted that in this case, prassure was gradually
iiﬁé%ggsed to a maximum causing the explosion, follawind whien th
.ﬁ?éasurg:returﬁed immediately to that of the atmosphure,

Chemxcal explosions are radically differ:mt from this. 1f 2 cliek
‘pi,dynamite is detonated the explosion occurs unc jascs expans r-achin,
‘gémAXimum pressure after, and as a result of, tas d. tonation. At 1

this thoy gredurlly return to atmospheric pressur., For 1lit ry
purposes we need only consider chemiceal eAnlosions,
SECTION 11
PRINCIPLES OF EXPLCSIVE aCTiow

Explosivas gencrally function by 2 rapid vxpancion, from v solid

N
e

%‘j form, to gaseous products wﬁich occupy 1 much proat-r volum-, [Lij
%ff expansion is the result of siveral [eetors:

jfé 1. The first of these is the resction of  corlustitl: with oay. n
5w

% ; to form 2 gas. Evepyonb is famili-r with the burning of wood or oy 1

. in the atmosphere. In this roaction the ¢irbon -nu hydros n in (b

=

i
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wood or coal combine with the oxygen in the atmosphere to form Carbon
Dioxide and Steam together with flame 7nd smoks. The smok. consists of ‘
unoxidized particles in suspension in the stmosphere and the flame is % :‘%
caused by Gther particles, heated to an incadescent heat.

If the wood or cozl is pulverized so that the total surfage in
contactxwixﬁ:o;&gén 15-inersased 2nd Jds. borned*in :a furmace or forge, ‘
where more air is supplied, the burning is more rapid =nd the cop- 1

bustion more completc.

. ¢ . ‘. . . 4
If the wood or cozl is immersed in liquid oxygen or suspendvd in i

air, in the form of dust, the burning takes place with explosive

violence.

-

In each cise the action h2s been the sane, the burning of 2 com-

bustible in oxygen to form 2 g2s, The only diff.rcnce is the speed

5 E
with which the reaction took place. g
This lends us to the principle that iny materisl that will burn g 1
czn be made to explode if wnough oxygen is supplicd r~pidly enough. E
This is demonstrated oy th. ¢xplosion in our internal combuétion E
‘
engine where combustible mixtures of ¢:soline and rir cxplode running g
. g
the engine, %
4
In cerl mines Mzthane Gas and co=! dust combin. with =ir to §
produce explosive mixtur.s -nd in grain elcvitors minute particles of % F
dust form ¢xplosive mixturcs with the air. ¢§
Our Military explosives are bascd en this pr.nciple excapt for th: '%
£

55

fact thot thev ¢c - "2 th.ir own 0¥78:" v d 0 ire indupendent of

*

- D - ]

oxygen supplied « ,. #o They wre s 90y mixtures or compounds of E
combustibles wity ¢ ot 0Xyg.n tc insurs cor-leté combustion, ré
5

t

2. The second factar is the vvoluticn of hest during the r

.

2action,

e

K

o S5

It is heat which cat sus the #8858 Lo exp au after they ars formed.

" D | ¥
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ation of an explosive would be no more eff<c-tive

the burning of wodd or coal. For example, “itric Acia and Sodium

Carbonate will react to form gases but the reaction does not evolve

héat and so it»ié not an explosivelfeaction.

. 3, 'The tﬁird factor ig the rapidity of reaction. Lﬂl@‘S the
reactlor deeurs rapldly the- haat expanded gases will be deSlDiueﬂ in
the atmosphere and will not explode. Here again we can consid r our
wood or coal fire, Wé have evolution of heat and formation of gases

, but not rapldly enough to cause an ex01031en.

¥

o 4h The fourgh factor is the requirement that the explesive readily

: un@efgb‘rapidlreaction from the application of «nergy, in the form of

,shock or heat to a small portion of its mass. Cbviously a material,
1n whlch the first three factors exist, is not suitable as an explosiv:

unlessﬁwe can readily put the factors into operation.

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

ffunptiqningio?*all explosives with the exception of a few Mitallic

-compo&nds, such as Lead Azide, which do nct undergo combustion but
depend on a rapid expansion of hot Nitrogen Cas,
This brings us toc a formal definition of an explosive:

An explosive is any gasoous, 11qu1d or solid substance er mixtur-
a' - Nt o e
of substances, which, when subjected to shock or heat, d conpea
L+ S P
rapidly and with great heat 1nto other more tzblg substances, mostly
> —— M T v
gaseous, many times the original velume,

SECTION III

) TYPES 41 EXPLOSIVES

"1, GENERAL.

There are’two things that can happ-n to an :xplosive. It c¢in

undergo combustion or it can decompese.

C.
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When we speak of undergoing combustion we mean that it will burn

V

7
ont e

when ignited in the open air utilizing the oxygen in the atmosphere for

.

un
>

W
BN L

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

3
- M.&Mz,—kﬁf“'v S

with the naked eye. Practically all explosives will undergo this

e o

reaction except Primary Figh Explosives, It is of interest to B.D.

personnel from the standpoint of destruction of explosives.

b,

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

B e s tma h

(I &4

) a fraction of a second. The slower forms of decomposition take place

3 ¥
L3
=

in storage and are of interest from a stability siandpoint.
The rapid forms of decomposition are Explosion and Detonation, LY
Low Explosives explode when confi;ed and High Explosives detonate ;“
whether confined‘or not,
2. LOW EXPLOSIVES, ) ;f }
uvyow or Deflagrating Explosives are those materials which undergo

bl
rapid decomposition by burning from the surface inward. They are

o e~ o S o — - - o

usually manufactured in grains and uséd as propellants, o 3
Let us assume that a number of grains of Smoksless Powder are

placed in the breech of a gun., Sufficient heat is appliczd so that th-

powder will ignite, That is a temperature will be attained which will

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

gas and liberate heat., Since tnis he;t cannot escape, because of the t ;

confinement of the breecch, it will hest up the next layer of powder

exposzd by the burning away of the original surface layer and increas. ‘

the expansion of gases. This continues until the grain is complstely

consumed and concurrently each grzin ignites adjacent grains until the '

/ entire charge is consum.d. These individual ¢rains burn from the out-
side toward the center at the rate of five fect per second compar: d ’

with 0.01 feet per second in the open. s
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As the burning continues throush the charge, the pressure and heat

e,

g w0
Loy | R e :
’ rise and the burning pecomss more and more ranid. The rate of burning

- >

s doubled for every 10°C rise in temperature,

A T

R . This form of .decomposition is usually termed an Explosion and

« Oy

\ v v ot

proceeds comparatively slowly, explosively speaking. The result is a

heaving or pushing effect which makes the explosion valuable as a P~

;: prbpeil&ni.‘ It is‘of little value as a bursting charge because the 4
\gaseé VBuld be dissipated in the atmosphere before they could reach a

i _ mgximum'pfessure end be dirccted against the objective, In the barrel [ é
Qf”a'éﬁn however, the shell will begin tc move before «xoansion is §;

;L ;~*Ebmplete, leaving room for more expansion and preventing the barr-l EQ

from bursting.

‘3. ‘HIGH EXPLOSIVES.

T ) AWl T oras e S eam

~~ . . . High or Detonating Explosives decompose almost instantancourly by N :
e A e e et .. v — v . >

. - . «
- AN x i
N i
H

A rﬁpgure'oﬁ»5§1imting of the molecule and the roarranement of the

atoms into otﬁer'moipcules, mostly gasaous, ‘ ; {
High Explosivés are compounds made up of a numt.r of mol.cules,

bﬁch molecule is ih turn made up of Carben, llydrog.-n, Nitrogen and

‘Oxygen atoms tied together by forms of energy Eall»d bonds,  ¥Lil .

Cu : ,

. Carbon and lydrogen tend to unite with Oxygen, Nitrogon has no affinity

for these atoms but tends to return to the atmosenerc of which it
comprises 80%. The reésult is a rather unstable molwculs which tinds to c

revert to a more stable state. " §

N The term detonation is used to dcseribe the nhenomenom which takes
place when a High Fxplosive explodes. Therc are several theories 23 to

the mechanics of detonation but the following sczms most logical,

ié;% Detonation takes place in two phas.s, 2 spliting of the molicules

- followed by an almost instantansous bturning. The first phasc is %
J

.
4
K 80
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g
iated bf supplying enough erergy, usJgally in the form of shock, to N
-an explosiVe so that the disruptive forces within the molecule exceed B :

the a*tractlve forces betwzen the atoms and decomrosition is siarted. . :
R
The tendency toward disruption is caused by the desire oi’ Nitrogen - *

%

to go back into the atmosphere and any ab bnormal arranzerment of the

bonds holding the atoms tcgether. Tie attractive forces are to- normal fg :
bonds tyi%g tue atoms to sether. These bonds are a form of wnergy. ;' %
When they are broken the energy is éele s:¢ in the form of 2 pressure ;3 f
wave of high temperature, the shock of which disrupts zdjacent mol=- L ;
cules., e %
f :
If the initial energy is sufficient tnis wave will proc.ca thr ﬁ ?
the entire mass of cxplosive until it has compl tely detonated, pro- - %
vided the energy releasea by the splitting of on- molecule. is suf- g; :
ficient to ducompose adjecert nol.cul.s. Th- pressur wave is quite i_, é
often completed before the sccond phase of d=tonation has had any - ;
material zrfzet, Fhotographs of dynamit cartridpes hzve shewn the i
g
" first phas- completed before the cartriug: pacer has cven been dis- - , ‘%
v E
rupted. Tt delivers 2 terrific hamr.r-lix. blow to any objuet in its ¥ i
path., It is important to take savantzi of this form of cnergy in é
B.D. demolitions, a
The sccond phast of d-tonation comsists of the formatim of i i
| molecules, Yhen the orijinzl mol-cule is split the heat of tze I to- g |
f K néting wave caus.s the Carbon ana ‘lydro¢-n ators te rench i, nitvion ff §
; ' temperature at which point they arit- with th Oxy n atems to form th
" . gases Carbon Dioxide uznd Weter Vapor along with otior [i o waicen my ' 1
oo i result from an Gyyecen detficiency. .
! PR i
) . ;{:]é)' This action is accompani+d by ¢rust boab widcs crnoes the s o te
1
: o expand in all directions. ' g
o
COTEES s
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\DEtOnation ‘takes place almost instantaneously and czuses a dis-

.‘

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

‘ of actxon .causes the gases to reach a maximuw pressure and be delivered

ﬂagainst the obJectlve before they can be dissipated in the atmosphere,
“"Hieh Exp1051ves cannot, however, be used as propellants as the pressure
' developed would burst the barrel of the gun before it overcame the

' 1nert1a of the shell.

In summary we might say that Low Explosives can undergo com-

“‘bustion; can decomposevslowly or explode. High Explosives can undergo

" combustion (except Pr1mary High Explosive) can decompose slowly and can

detonate. ngh Explosives may be treated so that they ﬁlll explode but

Low Exp1031ves will never d°tonate.

I the case of High Explosives no confinement is nécessary to

ceise detonation., Atmespheric pressure affords suificient confinement.

SR © SECTION IV

RESULTS OF DETONATION

High Explosives detonate at temperatures of 3000 to 4000°C,
expanding io’1o.ooo to 15,000 times their original volume at speeds up
-to five miles. per second, exerting pressures of 1,000,000 pounds per
square inch and up. Such figures are rather astrenomical and a better
idea of the power of these explosives can be given by referring to
Quarry Blasting. Here one pound of dynamite is usually figured to
displace a minimum of ihree tons of rock. From this it can be secn
that High Explosives, even in small quantities, can cause considerahble
destruction.

When a High Explosive bomb detonates the effocts may be divided
into several phases:

1. The expanding gases cause the case ta swell to twice normal

10.
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size.at which point it ruptures and the fragments are propelled with

the speed of a rifle bullet. This phase is known as Fragmentation

ﬁf{ect;
é :‘ 2. The seccnd phase is called the Blast Effect and it in turn
N cansists of several phases: ‘
- a. The detonation wave delivers a hammer-like blow which is
Y very'destructiée to anything in its path, In water it is this blow
which springs the plates of ships.
- b. Following the detonating wave, the expanding gases reach a
't maximum pressure in a fraction of a second and tnen rush away from the
?‘ ’ point of detonation at the rate of about 7000 miles an hour gracually
el
: cooling and subsiding until they are dissipated at 2 distance of R0 to
] 3 100 feet from the bomb., In doing this they will demolish everything in
their path,
c. This rush of gases sets up a compressien wave in tue sur-
;i rounding medium whether it be air, water or earth,
L S In the zir, an artificial gale is set up whose initial velocity is
about 7000 miles per nour. The air acts like an accordion, asnccessive
layers'being compressed and expanding until the wave [radually dies
down., This action is gun=rally called Concussion. In the water and
: earth the same type of movement tak.s plece and i: cnalled Farth apd
Yater Shock.
In the air the concussion will do turrific dameite sometines fer
3 "; ¢ considerable distances. In the Srourd eurth movement will destroy

foundations and utility installations,

1

In the water the shock travels faster and farther and with a muoch
a0 e higher pressure but it is of shorter duration, It is very damying to

the plates of ships.

11.
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d. As tﬁe eypandln sases cool and snbalde, a* Ler dlbrlavlny
the atmosphere, a partial vacuum is created. his is of lon er cura.ion
than the positive phase but not as destructive. The pressure of air iu
surrounding buildings, attempting to fill the vacuum, will caus»
weakened walls to collapse. This phase will be cestruztive around
corners and back of barriers while the positive phase is oﬁly Aictive
in a straight line.

3. Because of 'the high temoeratare% procuced, all explesions have
an 1n0°nd1ary effect on everjth1ng comoustible at ana near the point of
explosion.

SECTION V
ISCUSSION OF CHARACTERIETICS G f{PLW'T
1. SENSITIVITY
The tegg;ﬂ§§nsixivixv" as apulied to explosives means the sez.

v ps—————

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

P
e e s b W

amourt of shock, friction or heat requirac for ignition or dctonrntion.

Basically the question as to whether an cxplosi?e iz snsitiv. or
not, depeﬁds on the fundemental mekesup of the explesive itselr,

Some explosives, such as Lead Azide, are cndothermic in nat.r..
That is, they absorb heat during formation and relense it during
decomposition. BHecause they contain storcd up enurdy, they ar very
sensitive and very little enesrgy noed be suoplied for thi ir o cotpo-
sition,

The sensitivity of this tyne of rxplosi&u is also iner.az.d by th
manner in which the atoms ar< tiad toguther, leaa Azid , for inataac.,
not only has Nitrogen atoms tied tog.thcr, th:r.by cpharcing their
antisocial nature, but, by doubl wonds ~s will making the niire

molecule vary unstable,
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: ‘ On the other hand certain explosives, sueh as TiT, are cxothérmic

A . -
) Agi} ir nature. They give off heat during formation and tzke up heat during

o e
=

K decomposition so they must be sunplied with considerable energy for

s e

decomposition.

iy

There are, however, cartain factors which will affect this bpasic

J]
U
-

sensitivity of explosives. They are:

ISR,

e

4 A. Crystal size - The sensitivity of the endothcrmic type of
expﬁosive; which is made up of unbalanced molucules which are hzld
together by forces which are under unaven strains, i3 incroased by

. ‘ h larger crystals which incéease the internsdl friction 2nd sir .in.

' B. Density - ¥hen the explosive crystals are loadea 3t high
. density the mass resists penciration by the hot yases which couse
detonation., Therefore the higher the dunsity the lower tne sensitivity.

Mercury Fﬁlminatu, for exampl., becomes dead prussed and will not

v A detonatc from flame.

C.\Tempeﬁature - Since all «xplosives will detonatz from uc i, s

- the temperature approuchus this point the uxplosive bucome s more

sensitive.

D. Moisture - Since moistura is inert ~na ixerciscs = cooling

effact, by absorbing hent, its presunce will reduce sensitivity.”

E. Coating of crystals - If th- crystils sr. co't.d with wex th.y
are cushioned from shock and th. friction b tw en cryst-ls is r.dnerd.
This decreases sensitivity.,

F. Crystal Distortion - If tie crystalline structur. is distort.d
;. 2nd intercrystalline friction increxs d the explosive nny becom: more

sensitive, This may b: causcd by high sp.ed compression or vy m.lting

L.“ﬁ\“’ ~-  and cooling.
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3@' Hhen’a ﬂlgh Exp1051ve detonates the action proceedc in a3 vave @é%*
;f égéﬁﬁﬁroughouv the column of explosive., The rate of specd wivh whici: tiis ?'13 :
gﬁ ? S wave progresses is termed the velocity of Getonation ‘and is usual! y % @ %
. zﬁ\ *exp”ressed in meters. per second, - t i & g
%‘ ;?Q’ ", ﬂ? Under the same conditions, different explosives detonate at § %
%5 = F éi{ferent‘veloc1%1es bssause of their X“itrogen content; Libroien, ‘ E. é
’ beiﬁg unstable, causes the explosive to be more easily detonated and ? :
’ thls tendS“to increase the speed of detonation, ?;j ;
: 'i} ‘5,'; There aré certain factors which materially afflect Lée velocity of %“ f
* %';uf'. detonation. They -are:’ . ;: ?
{N".‘ - - 1. Loadxng Den81ty - Velocity increases’ with the increace of ?
¥ | 'dénsity,becduse the continuity of the material is incrcased and the } }
o \r% de?@nating wave does not have to jump gaps in the.exnlosive. SRis is }%f
i \ﬁ«// - "true up to a critical density point at which the velocity decreases and :
o the detonating wave may not propogate. This is caused by aLtalnln* S0 :
* dense a mass that the hot gases cannot penetrate readily, As proof of | :
this let us consider the velocity of PETM at various den31tzc o
f: , DENSITY VELOCITY ;
- .45 3510 ]
75 4820 | ]
, :
.91 7300 ,
1.04 5750 |
1.4h ‘ 7575
g 172 9070
f 2. Diameter of the Column - The detonation wave traleing Lo i
: m,j:zzx spherical front through the column of explociv is 4 form of «n-r.y. ‘é

14.
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When the diameter of the column is small the exposed surface is larger

in comparison with the total volumc. Therefore the percantgge of

surface energy is large in comparison with lotal energy available., A4S
a certain part of this energy is subject to dissipation in the atmo-

. . . ! . . o
sphere it canbe readily seen that with a comparatively large psrcentage

of ener3y lost, there is less energy left to continue the detonating.

.wave than if the column were larger in diameter and the mass of ex—

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

.

hence the percentage of energy dissipated ere smell compared with totzl

‘ energy(available and therefore there is more energy left 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 effect.

Primacord, which contains a small column cf PETY, detonates at A20C

meters per second while PETN can attain a velocity of 8300 meters per
second,

2, Confinement - Because confinement prevents this surface dissi-
pation of energy it also increases the velecity of detenation.

4, Length of Column - when explosives detonale, the velocity is
increased until it reachzs a maximum and then continucs at this rat.
until detonation is comnlete. Thercfore it is necessary to nave 2
column sufficient in lcength for the esplosive to attain meximum veloci-
ty.

., Presence of Moisturs - doistur- is inert as far as th. & ro-
nation is concerned and also excrcisces a ceoling « ffect, Therelor it
reduces the velocity of detonation.

6. Coating th. frains - Thv use of wax to coat tho indiviaua)
grain introduces an inert material which will rat detonate ang At the

sam: lime cushions the shock making detonaticn mere difficuit apg

"@fw
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<$here6y~reducing the velocity.

7. Temperaturé - An increase in heat makes the explosive more
sensitive thereby facilitating detonation and slightly inCréasing
velocity.

8. Grain Size - An increase in the grain size decreases velocity
due fo the fact that, with large grains, there is incomplete development
of energy at the time of passage of the detonating wave,

9. Power of the Initiator - Every explosive fequires ar initiator
of a céertain minimum power to insure a High Order Detonation and this
varies. with each explosive. Initiators of abnormal strength, while
they may increase velocity initially, will not detonate an explosive at
a greater than maximum velocity for that explosive. In other words if
.24 grams of Mercury Fulminate are necessary to detonate TNT it dosen't
make any difference whether one pound or 2000 pouncs of TNT are deto-
nated, the requirement would still be .24 grams of Mercury Fulminsate.
In actual practice larger amounts are used but this is a cheap forim of
insurance when using large amounts of explosive.

3. STRENGTH

The strength of an explosive is its ability to do work.

The strength of an explosive may be measured from two standpoints.
From an execution standpoint it is the ability of the explosive to
displece the medium which confines it. From 2 laboratory standpoint it
is the amount of energy liberated by the explosion or detonation.
Actually the amount of energy liberated detoermines the amount of
displacement which will take place.

There are two factors governing the amount of energy liberat <.

They are gas volume, and heat of explosion. The #us volume iz con-

16,
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comnletely to Carbon Dioxide and ¥ater Vapor releases more gas than one

™ £

which also decomposes to Carten Monoxide, “ethane and Carbon, Therefore

o

it isdesirable to provide the explosive with enough oxygen for complete %é g
R compustion. fé ;
- % Bzczuse there is 1/273 increase in volume for each degree of rise gg ?
*é?u 8 in temperaturs, the heat of explosion is of primary importancs: It is §§§ ?
‘\i§ the hzat which expands the gases after they are foried, Other factors %é %
iﬁ"é being 2quzl, the explosive liberating the most heat will have the most i"E é
P4 : ;s A
ﬂ';i strength, ] igf :
fg Certain explosives, such as Lead Azide, will develop a fair amount {E é
§AV of cnersy dus to the heat of explosion, in spite of the fact that né é%
ot L
‘*é oxidation takes placs. i%? ;
| 2o *
L Heat of erplosion is increased by complete oxidation so the process ;ff ’
fé‘ runs in a circle., The more pas the more h:at and the more hezat the j‘
fw groater the eipansion of gases which means the greater the snergy and )
N strength, .
fo
L . 4,. BRIZANCE ' A
f wh.n a forcz displac:s a mass through a distance the result is ;é
gﬂ work done. This, &8s w hu;e sevn, is determined by the strength of the P :
explosive. ~ <
when the time element is considred with respect to work done we é ! '
’ use the term rower (sec), %oj
;5 Explosives have hoth strength ana power but ihgy also possess a 1 ;;
" third charactoristic whicen is shattering ffoct or brisance (from the
; French mecaning to treak). This is a unigue characteristic of ex- p
N plosives, ié
Y %hen an explosive d-tonates tremcndous pressurz is rcleased %E
‘U") practically instantancously in a wave which :xists for only 2 fraction 7
R
‘ of 2 s-cond at any given spot. The suuscquent cxpansien of gases %

17,
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performs work but this pressuré wave will shatter, rather than displace
any object in its path. 7 -
This shattering effect or Brisance, has a direct relationship to
velocity and can be calculated with a small margin of errqi b& using
the equation:
Log of Frisance = 3453 x Log 2530
B PO"IEF

Power may be defined as the rate of doing work. This definitién
applies to an explosive as well as any other form‘of.energy:

It is dependent on strength and velocity, the amount of energy
releaséd and the speed with which it is released,

Strength, Brisance and Power ar€é closely related. Cenerally
speaking of two explosives of equal stirength thé ont detonating at the
highest velocity will not only have the greatest -brisance but will be
gore powerful. It will be mors brisant because of the sharpness of the
blow and more powerful beccause of the speed with which the enefgy is
delivered.

Of two explosives of equal velocity the stronger will be more
Brisant because there is morc waight back of the blow. 1t will bw more
;powerful because more energy is delivered in the same time, It is
possible to increass velocity and reduce strength thereby increasing
both brisance and power and i% is also possible io raduce velocity,
somewhat, and by greatly increasing strength to incriase both brisance
and power,

In the first case brisanc: is increasced 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
weipght of the blow in spite of tha fact that th: time of delivery is

increased.

18.
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Power ic usually measured in terms of sustained impulse wiiich ‘is %
, 187

’

equal to one half the peak pressure multiplied by the duration, of “the « ﬁyég
- i
positive phase. - S s }ﬁ¢f”é€‘?

5. HI5 CRDER OF DETONATIO. ' o D ¢
oo

A o - ey

This is & complete detonation at maximum veloc1tv. ALl theﬁ,’ 3

,..._..._.,_ e L e . s
‘_a..-——‘-- - -
UV o scnd)

- ——

explosive detonates at the highest velocxty possxble«undnr ex1§t1ng% A;

conditions. . ) " . = ‘;{
7. LOW ORDER OF DETCHATION, | SRR
~»~«};ls is either incomplete detonation or complete detonatxon atiﬁé ’ ‘if
lower than maximum velocity, It can.:ve caused by: ] N g
1. An initiator of inadequate power. Coe s _; .%

2. Deterioration of the explosive itself. / ‘ Hf 'E

3. Poor -contact with the initiator or lack of coﬁtinuity in‘ihe : {iﬁ
charge itself caused by: . | . i

Low density. T : )
b. #xudation, ) B )
8. DENSITY. '{

Density is the weight per unit of volume. In giving dénélty ) Q‘i
figures the density is compared with water. In the Metric System orie ‘i!
cubic centimeter of water weighs one gram, therefore, if we give the :§§*
density of an explosive as 1.5 we mean that one cubic centimeter weighs ?.x
1,5 ¢grams. This is also its specific gravity compared to water, -

Density is important in the reaction of explosives, By making it .w Z
more difficult for gases to penetrate the explosive mass, it redhdés ;
sensitivity. By increasing the continuity of the explosive mass it fg“

.

increases velocity.
It also makes a more solid load thereby decrcasing the tendency

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

- «///.:/Z,r_.l-‘ [RSha,

'

(see loading). w
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In addition, increased density will permit the use of‘ﬁore,éx-
plosive in the space provided thereby increasing the efficiency of the
ammunition. For example if we have two explosives of equal power per
pound and the first has a density of 1.0 and the second a density of
2.0 we can load twice the amount of the second in the samé sgacé as the
first thereby doubling the efficiency of the ammunition.

9. STABILITY IN STORAGE.
s :

Quite often the term "stability" is used to mean the oﬁposite of

sensitivity. From a Military standpoint, however, it is used to

- — R

indicate stability in storage or the ability of the explosive to stand
A « 10 SEOT y SivVe U o

storage, under all conditions, without deterioration.

The fact thatua material is very sensitive does not imply that it
is unstable in storage nor does the fact that it is insensitive nean
that it will be stable in storage. A substance may be extremely
reactive chemically but at the same time it is stable in the absence of
anything with which to react.

For example, Lead Azide may explode from a slight shock but is
entirely stable if left alcae while Nitrocellulose requires a powerful
detonator but is subject to spontaneous combustion,

Stability is affected by the following [lactors:

1. Chemical Constitution - Certain explosives, such as the Nitrates
will dccompose at ordinary temperatures. This is due to the molccular
structure and nothing can b2 done about it except to medify the re-
action.

2, Temperature of Decomposition - If the above type of reaction
evolves heat the reactionwill be accelerated and spontanecus combustion

may result.

20,
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3. Temperature of Storage - Certain @xplosives, such as-Mercury - 4;;

fulminate, are stable at ordinary temperatures but wiil decompose ‘? PR

é//// N

-
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elevated temperatures.

-
-3

4. Reaction of Decomposition-Products - The produ¢E§;p€f§§§g§99-j ‘ _,:‘
sition may accelerate the reaction or they may stary'afﬁgw reaction. s
For example, Ammonium Nitrate will hydrolize :to Arimonia which will then.
react with T™NT,

5. The Presence of Impurities - Impurities ha&e'a tendehéy’to f1aké
the Aromatics unstable., For exanmple, impurities lo;ér ihe‘mélting
poiit of TNT causing exudation,

6. Presence of Moisture - This will affect many explosives such as
Black Powder and Ammonium Nitrat:. : '

7. Exposure to Sun - The direct rays of the sun will decompose all

Nitro compounds.

1u. _HYGROSCOPICTIY. %

A s o o
ot

Hygroscopicity is the tendency of 8 material to absorb moisture.
4 affects explosives by the introduction of an inert material which
will also absorb heat.

Cince inert materials reduce the continuily of the explosive mass

and since cooling reduceé’the temperature of reaction it is ecasy to see 5
thzt moisture will reduce sensitivity, strength and velocity. In the g
N i

case of Ammonium Nitrate Bxplosives, it may even cause the explosive to -
become so insensitive that it will neot detonate, .
In addition, the presence of moisture will often cause decompo- ?;

sition thervhy affecting stability and leading to corrosion of metnls.
11. THE CAVITY EFRECT.

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

ey i e 8 TR
o P

Effect, Shaped Charees and W.llow Nose Ammunition was originally

21,
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3 o noticed by Baader of Norway in 1799. Since then many men of many
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nationalities have experimented with it.

¥

Munroe, at the Newport Naval Torpedo Station in 1888 and Neumann | j
in Germany in 1910, gave it considerable publicity and it frequently

bears their names for that reason. \ L

L .
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The principle of the effect can be summarized as follows: When * e !

i

two cr more explosive waves meet at an angle they reinforce cach other. e

The result is the combining and focusing of the lines of force into a

jet, theforce of which is greater than any one of the component forces.

The effects of this jet are more prenounced when the charge is held ' %

away from the objective.

Rl 4 S o) gy

¢
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As we have seen the detonation of a high explosive consists of two

phases; first the detonation wave or shock wave itself which proceeds

o e v

I in a wave through the column of explosive and exerts tremendous direct-
ional force and second the subsequent expansion of gases which follows

the lines of least resistance. .
Let us now assume that we place a solid block of explosive on a

' steel plate and initiate it in the direction of the plate. The deto-

PR SECPIEIVYIIEY § PR ICEIP IO 11 L CRUT TSN

nating wave will indent the plate due to its dircctional force but the
§ gases, following the lines of least resistance, will escape into the

. -air without materially affecting the plate. If we take the same block,

" cut a cone intn the base, line the cone with metal, hold the cone away
from the plate and initiate the charge in the direction of the plate we
; utilize the Cavity Effect. !

As the detonating waves from both sides of the cone, traveling on

Searais s 2

a spherical front, meet in the hollow portion of the cone they re-

N enforce each other and are focused into a jet which is driven with ;o f

(.3
'{.{}}\

terrific force (about 200,000 atmospheres) into the plate, at right

22.
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angl.s to their intersecting fronts. Simultaneously the metal liner is
chipped end the frasments enter the jet and form part of it.

Following this the lines of force from the explosive gaszs, which
expand in the cone as well as into the surrounding nedium, alsc re-
enforce «~ach other and arc focused towards the plate, collabsing the
liner into & slug in the process. Thesc forces with the slug enter or
pass through the hole made by the jet.

The jet heats the metal to a state of incandescence pressing it
outward as it progresses. The secondary force continues this process,
enlarging the hole,

While the Cavity Effect has becnwell known for years its practical

application is still in the experimental stage and no iron hound rulss -

can be given for its use. Fach type of ammunition incorporating the

principlc has been d-veloped by trial and error, However the following
factors se=m to apply and must be considercd in developing the ammu-

nition:

A. Dizmater of the Cone - This varies directly with the size of
hole to be cut. The three principle dismeters now in use are 24" for
the 425° cone (Bazooka cone), and 1" ard 3" for the £0° cone.

3. Thickness of the Liner ~ A thickress of 3% of the diameter for

an 80° cone szems bust.

C. Angles of Cones - The conical shaped liner gives a deeper hole
with smzller diameter and less stapd-off distance. This principle
utilizes a smaller charge. An 80° cone seems most effective,

D, ﬂgterial of Lineq - %ild steel seems most effective.

. Stand-off - This is accomplished by collapsible legs, in the
case of demolition charges, anda hoilow ogive in the case of shells and

b')mbs .
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The stand-off distance'indreases with the angle of the cone. In
using a small angle the detonation waves, which proceed approximatély
pergendicularly from the sides of the cone, will form a jet more
quiekly than if a wide angle i's used. The difference in stand-off will
give these waves time in which to form the jet.

Typical stand-off distances are:

1. For 424° cone 1 diameter
2. For 80° cone 1 to 2 diameters
3, For 120° cone

%2 to 4 dianmeters

F. Loading Density - This affects veloctty and unit power and

hence the effectiveness of the charge.

'G. Method of Injtiation - 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 - It should be noted that the above specifi-

cations are for demolition charges using, RDX based, plastic explosives,
It is quite probable that, using other iypes of explosives, changes in
these specifications would be made.

The Cavity Effect is being used by all nations in this war in
shells, bombs, torpedoes, and demolition agents. Some of the specific
uses follow:

A. United States

1. Bazooka - Muzzle Velocity 265 feet persecond: Will penetrate
34 of armor plate and 8" of concrete: Filled with composition C, or

Pentolite.

2. Anti-tank Rifle Grenade : .

3. Demolition charpe T3 - Weipht, 375 pounds: Filled with 50/50

Pentolite: Will penctrate 5 ft. of concrete. '

24,
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B. Britain ’ S

1. Beehive Demolition Charge - Weight 5 lbs. of TNT: Will S

penetrate 2'9" of concrete. ' ' - “s 3

2. Beehive Demolition Charge - Weight 75 lbs.: Will penetrate = % ¢

ft. of concrete.
' C. Cermany
1. Pombs -2K) Kg: Will penetrate 14" of armor plate, . ]
700 Kg: Will penetrate 24" of armor plate or 1144 of ‘?; j

concrete,

300 Kg: Will penetrate 40" of armor plate or 20¥ of

concrete. - s

2. lemolitions - 12% Kg, charge: Will penetrate 4-3/4" of armor
13 8 pe

, plate,
Ammunition incorporating the Cavity Effect is often referred to as
Armor Piercing ammunition but this is not true in the accepted sence of
the word. This ammunition causes a sealing and blast, or concussion,
effect, on the objective Ly a tremendeous conceniration of force on a

small area as follows:

A. On_Armor Plate ~ The aetal is heated to a state of incandescence

‘and particles fly from the back of the plate in a cone shaped spray

causing an anti-personnzl effect. The spray will usually detonate

reT—

E _ammunition. In ~ddition to this, the terrific blast effect wilk kill
anyone back-of the plate, as in a tank,
B. On Concrete - The explosion will riot melt the concrete but will

cause the scaling and concussion effect, described above:, on a concrete

v

2 pillbox. -

“y
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1 SECTION VI
| " COMMON TNOREDIENTS

1. AROMATIC HYDROCARBONS

The Aromatic Compounds have ueen and are still the principle raw
materials from which most explosives are manufactured. They are - i
©

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

av

PG I

Coal yields 6% of its weight in ter. One ton of tar.on distile
lation yields:
Light 0il (32 pounds of Benzene

g ( 5 pounds of Toluene
k (0.6 pounds of Xylene

1
! Middle 0il (40 nounds of Phenol and Cresol
1 . (80-120 pounds of Napthalene e

SN

R Keavy 0il (Imyure Cresols and Other Phenols ' 4
: i
;% Green 0il {10-40 pounds of Anthracene ’

s Residue {1000-1200 pounds of Pitch

Napthalene is the most abundant hydrocarbon and nitrates easily
but is not powerful enough to be used as an explosive.
The Phenol-Cresol combination yields Phenol for Picric Acid, on e

distillation, but it is cheaper to use the Chlorobenzene process. {see)

Cresol explosives are not powerful enough.
Benzene is difficult to nitrate and although this has been sclved
by the Chlorobenzene Process the operation still involves mora steps ' 4
‘ ;
o

and iherefore is more expensive than the ritration of Toluene.

¥ This leaves Toluene which is easily and cheaply nitrated, is -
fairly plentiful and has the proper explosive propertiés. For these BN
E reasons TNT has been the standard explosive since 1904, The others are
reserve explosives which are used because of their more ple;tiful raw

ol materials,

PN .
; 3 : & ﬁ
nd Coal tar occurs naturally in B:rneo Petroleun which has been a &,

Godsend to the Japs. o
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The United States is now obtaining Toluene in large quantity from

R
-
t

. « . . . ~ . eyt ' ~ A ] —- - Lj
Petroleum Cracking which explains our envianle position wilh rcgard to -

TAT in this war. fThe Axis, lacking 2 petrolzum industry, hes to fall i ;

back on substitutes.

bttt

2. NITRIC ACTD HiOg 5

o In order o make the Aromatic liydrocarbons into explosives it is

necessary to do two things. In the first place they have to be supplied .

s af b

with Oxygen for cembustion otherwise no gases will be formed., In the 3

o
airia

second place they have to be made chemically unstable so they will

detonate., 'The nitration of the material with Nitric Acid fulfills both b

requirenents.

Nitrogen, which is obteined from the stmosphere, is anti-social in Y
nature. It violently objects to forminy compounds with other atoms and

TN breaks away at the least provocation. The detonation of a compcund

. containing Nitrogen is a violent reaction in which the Nitrogen briats
ont of the compound and in so doing causes it to {ly to pieces with ine
liberation of much of the enerygy absorbed in manufacture., In Hitric

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

Oxygen atoms tied together,

Therefore, the nitration process not only converis the material
) , into an explosive but introduces Cxysen for combustion.
f 3. SULPHURIC ACTD Eoi0,
| Usually the nitration is carri~d out with mixed acid, 2 cembination
of Nitric and Sulphuric Acid. The function of the latter is to absorb
water produced in manufacture and to prevent dilution of the Nitric
Acid. 4
, u>;;§\’ 4. ALCOHOLS i
¢t Methyl and Ethyl Alcohal are widely used as fuels, in the minu-
% , T facture of explosives, in the place of the Aromatic Hydrocarbons.

27.
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Methyl Alcohol is now made synthetically and iz the basis for Formalde~

{“} hyde, one of the basic ingredients of PETN AND RDY, Lithyl Alcohol is

made in largé quantities fror grain. ’ é{g
‘5. AMMONIA Niiz ;
Ammonia is a very important explosive ingredicnt. ét has many S . ?i%
uses but the chief ones are in the manufacture of Nitric Acid and the f?
Nitro-Amines, the latter being a very powerfdl group of explosives which : i?
includes Tetryl and RD¥, 1t is also nitrated to Ammonium Nitrate (see), f%
6. OXIDIZING AGENTS if,
Host Miiitary Explosives are deficient in Oxysen sovit is often %
e
necessary to add oxygen, in order to increase the completeness of E
combustion, thercby chang¢ing Carhon Monoxide to Carbon Dioxide. 'he !
latter develess 2% times more heat than the former,
. The foliowing is a list of the more common oxidizing agents with .
the percentage of Oxygen made available for combustion: ‘;
NITRATES Potassium Nitrate KNOg - 39.5 3
) : Sodium Nitrate NANOB - 47.0
Calcium Nitrate Ca(N05)2 - 49.0
Barium Mitrate Ba(NCz)2 .~ 3L.0 ;
lead Nitrate Ph(h(};)?. - 28, {
Anmonium ditrate NH4N03 - 20.0 %
CHLORATES Potassium Chlorate KClOz - 39.¢
Sodium Chlorate daClO3 - 45.0 .
PERCILORATES ~  Potessivm Perchlorate KCiU; - 46,0 T
Sodium Perchlorate'iaClO4 - 52,0 ) j<; é
Ammon. FPerchlorate HigCl0, - 34,0 ?o ;

3
S

23.
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The nitrates, exceot Ammonium Nitrate, are non-explosive in. nature

being based on metals which do not enter into’ thn reactiea. nTherefore )

they will decrease the strength and veloc;tyiof the explosive on'u&‘

weight or volume basis. For example, suppose we had a- nlxture of 50i50

TET/Potassium Nitrate, Potassium fovns approximately 401 of the Hexght

- ALl .
m-«,(

of the KXO3 and 20% of the mixture, 'Eherefore'20$'of‘%hewexpl0§1!g ig j

inert,

Among the Nitrates, sodium Nitrate liberates the most Ogygengapd
is cheap but it is also hygroscopic co its use is confined tg,pxpiosgve§
surh -as Blank Fire powder where hyfroscopicity is not\sqjiupdrtanpf: ;i

Fotassium Nitrate is less effective and more -expensive but it'§§
also less hygrosvopic so it is used where uniformity is important e.g.
Fuse Powders, A
. Calcium Nitrate is a cheap, very hygroscopic agent and is used by
Germany due to raw meterial shortages.

Barium Nitrate is non-bygroscopic and non-corrosive. It :is used
in non-corrosive primers. As it is a less effective agent it is

sometimes used to retard the burning speed of Fuse Powders,

Lead Nitrate is inefficient and very seldom used except in long

delay Fuse rPowders. L

The Chlorztes and Perchlorates have the property of liberating
their Ovygon with great viol~nce when mixed with an impurity such as a
combustible, ‘They do this from the slightest shock or frictien. The
Perchlorates ar. slizhtly less sensitive than the Chlorates. Beth have
been used in the past in dynamite type explosives callad Cheddites.
These proved to bo too sensitive and unstable but they are still used
abroad to some extent. (3e2 Chlerate Explosives.)

Potassium Chlorate has the wost application in Military Explosives,
It is widely used with Antimony Su'lide (see) as a percussion cap in

29,
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%f% i} Artillery Ammuniticn and is present in most Puze Primer Mixes. It
=°~ i O ~ increases the heat of -expiosion without lowering the sensitivity *o*fthe | j
’“ Primer. - o . A % Q
?@ Sodium Chlorate is too hygroscopic and thé Pé;chlo?atEs‘tQG ‘3 §
%1 insensitive for this pqrbose. _Potassium Chlorate yields Pp;gssium - ff 5
i %? Chlorides which corrode steel in the presence of moisture. For this. » fg%é ?
? reason, Barium Nitrate is-iused in non-corrosive primers, R z;]g g
i 7. AMMONIUM NITRATE NH4N03 ) ' ' L - «Qf%% :
% _ Ammonium Nitrate is an explosive which is so insensiti*é,that"tb : ‘Mié
g y _cannot be detonated by ordinary shock but .requires a high explosive \‘gf
% primer. it develops 758 of the strength of Nitroglycerine and for this ;iﬂgéé
§§ . reason is very imporiant, being the principle explosive ingredient in %%
%2 commercial dynamites and an extender for TNT in military explosives. “ f;éé
a . R
%f It is a cheap and ahundant explosive and enables us to carry on com~ {:“;;
%E V’A mercial blasting and warfare on the present day scale. if‘éé
?g As it liberates 20% of its Oxygen for combinaticn with combustible 'Q%
. ;
%% materials it is also used us an oxidizing agent. It differs from other 4 jé
é; .oxidizing agents in that all of its ingredients are active, consisiing .‘%
§§ of Mitfogen, Hydrogen and Oxygen. ' )‘é
§§ The TNT or litrogiycerine, which coat the Ammonium Nitrate crystals, v
gﬁ ¢arry the detonating wave from the primer causing the Ammonium Hitrate Z
if to decompose explosively, producing Nitrogen, Steam and Oxypen. The %
i' latter enters into a further explosive rcaction with any combusbible
% material present, '
4 iw . Ammonium Nitrate is white but discolors rapidly from contact with .
: | the atmospherc., It is manufactured synthetically. Hydrogen is ob-
E o~ . tained from water gas znd is burned in 2ir farming Pitrosen, MNitrogen
%w% ¢ and Hydrogen arc mixed and treated toform ammonia gas which ncutralizes

4 (.;'Vl; 300
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Nitric 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 velocxty. . ,4»“A/

It has a melting peint of 155° to 170°C and decomposes at 710°Cv
It is very hygroscopic and will corrode metals.: especialﬂy ifr
meisture ic present. It is solublc in water and Acetone. ‘ '

Ammonium Nitrate represents a large supply of cheap explosive

material which also acts as an oxidizing agént t6 a limited’ extent,

Its disadvantages are its lack of stability infgtOrage'and its low °

velocity of detonation.

8e ALUMINUOM '
Aluminized explosives in the forin of Ammonals (TNT,. Anmoniun

Nitrate and Alnminum 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 cauSéd by the

addition of Aluminum.

Thes. dvawbacks have becn overcome and the present trend is toward |

the use of Aluminized Explesives. Aluminum has an affinity for Oxygen

and will extract Oxzygen from the 2ir or water or from any other medium

in which Oxygnn is precent. when Aluninum combines with -Oxygen it.ferms.:

Aluminum Oxide and intensc heat which increases the heat of detonation,
the expansion of gases and hence the strength of the explosive.
Aluminized Explosiv~s should not be usecd when penetration and
delonation helow the surlace of the ground are desired because the
Aluninum will rob the exnlosive of its Oxyseun snd cause an incomplete

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

21,
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uqder water or aserial burst Aluminum will extract the Oxygen from tle
water or air without robbing the explosive. Fecause Aluminwi is inért,
as far as the actual detonation is concernd, it will reduce the
velocity of detonation and hence the brisance of the explosive so that
it gives best results when added to very fast explosives such as RDX
and in the proportion of 18 to 20%.

Because of its affinity for Oxygen and the fact that it is under-
going continual oxidation, Aluminum is essentially unstable and in-
creases the sensitivity of explosives in which it is included, Tt will
also increase formation of Ammonia in combination with Ammonium Nitrate
and water (sec Ammonals), The following table will compare the heat

and gas volumes of regular and Aluminized Fxplosives:

EXPLOSIVE HEAT VOLUME OF GAS
Cel/gran _Slgren
TNT 924-1040 728-640
80/20 1250 00
RDX 1250 Q00
TNT/AY 67.8/32,2 2185 267
ROX/ AL €7.3/32.7 2340 407
Ammonium Nitrate/Al %9.7/40.3 2181 Hnl

Heretofore the emphasis in military explosivis hes been on veloci-
ty of detonation, or high peak pressures, the effects of which are
ordinarily expressed in terms of brisance. s 2 result of air oper-
ations over the European Continent it has been found thet, while a hi¢h
peak pressurc is desirable, a sustained impulse over a wide area canses
a greater radius of blast damage., This sustained impulse has been
increased by the adaition of Aluminum to explosives. The effect is to
greatly increase the strength without materially affecting the velocity

causing a tremendous increasc in sustainad power. The effect might be

Pt s
>, S .
e v s TSRS
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compared to taking a 180-pound fullback who -can run the hgndrgd in ten
seconds and incrzazing his weight to 2i0ﬁp¢undsyand decreasing his
speed to eleven seconds. It is obvious that whilg his initiél striking o - i
force would be slightly reduced, h{s sistained drive and po#ét would: be.

b

greatly increased,

, L s
The following table will compare pesk pressures and impulses ofi ‘“}; ;
certain explosives using 100 as the value of TNT: ' | ;
EXELOSIVE " PEAK PRESSURE | IMPULSE ?
Torpex* - ' 122-1/2 © 127412
Minol® i 12-1/2 - S 115y o
Alumatol* 110 &15 ' i
Composition B 110 : 110 3
Ednatol ‘107-1/2 . 110 ]
Amatol 95 87-1/2 S
TN 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 SULKIDE - This is a fuel used in most primers. Tt

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

p— o

Chlorate,

B. LEAD SULFOCYANATE - Used the same as Antimony Sulfide but to a
lesser extent. It has a low ignition temperature (190°C).

C. LFAD 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.

53
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S ¢ g\ _ I. -CARBORUNDUM - A gntt.y mat.emal used to increase ‘the sensitivity
' & L )
o of frxct ion Lype rimers. ( ;

- ‘ F- QEIBAQEEE - An explosive which is more sensitive than Mercury

Fulmxnate and produces z large fleame, It is too weak to be used alone

P

e but 13 used to lower tae 1gnxf10n temperature of cmrtazn Primers.

G. MONTAN OR uIGN]TE WAX - This is a cozl tar product used by the

‘Germans to desghsitize eyplosives, It is white in ‘color but quite

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

purposes,
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CHAD'TER -3
SECTION I
LO¥ CX-LOSIVES

Yhile Borb Dicpozal Personnel are mainlv interesied in iigh

Evplosives, their clean-up operations will include iicporal of quanti- 5

ties of artillery ammunition. Therefore they stould or Familjur with ;

L el

the various types of low cxplosives which are eurrently wesl as pro-
pellants aud pyrotechnies. Failure to appreciate the characteristic
of Black Powder led to one fatality here at the school.

Ye shall first consider the qualities desirsble in a geod pro-

nellant and then discuss the two types of propellants with these in
mind,

1. Controlled burning: .

/

Any good propellant should produce lots of hot jases which burn
at a controlled rate., For example, our guns are designcc o withstand
3 maximul ¢us pressure in the bare just ahcad of the powszr charler,
This exerts a higher and more unifcrm pressure, ell Lhe way to the
muzzle, thanwould occur if tne ncak were reached in the powder chambar,
Therefore, it is desirable for tha propellant to attein a3 maximn jas
pressurc by a gradual and prosressive ri:e in pressure. Conirol of
this preosure lies in the cbmposition of the powder, the form or shaine
of the individual grains and sizc or dirensions of ~ny perticular form
of grain, Gramulation dutermines the area of the burring seriace of

the grain,  This in turu controls the rate cf combustion ang thru toat

the pressure. The propellunt must be adaptable to this sort of control.
2. Jensitivity:

The prepellant shnuld bereadily iynitable but safe (o nenafactur-,

; 1\;4\ transport, loéd, and stors,
T
I S o 3, Stability:

The propellant must be able to withstand long sterape updep Al

iR
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~climatic conditions without detericration.
‘ 4. Residue:

The exploded propellant should leave little or no residue, Unex-
ploded powdér will corrode gun barrels, create smoke and reduce of-
ficiency. '

5. Manufacture:

The process should be rapid and the raw materials plenbiful.‘

6. Erosive action:

The burning tempcrature should be kept at a minimum to prevent
erosion of the gun barrel.

7. Flash: |

The gases of explosion should be kept as cool as possible to
prevent muzzle-flash which will indicate gun positions.

8. Detonation:

The propellant should be incapable of detonation as this would
burst the tarrel of the gun.

SECTION II
BLACK POWDER

Black Powder or Gunpowder is a very old explosive. The Chinese,
Arabs and Hindus all used it in early times. It was probably developed
as an outgrowth of the combustible qualities of Fotassium Nitrate with
a combustibie., It was mentioncu as early as 660 A.D. and was used as a
propelling charge as carly as 1413 and in blasting as early as 1627.
In fact up to 1880 the word explosive usually implied Black Powder as
blasting agent, propellant and bursting charge.

1. Froperties of Black Powder:

a, Black Powder is manufactured in shiny black grains.
b, The ingredients are usually Potassium or Sedium Nitrate,
Charcoai and Sulphur which are incorporated by wheeling. The charge is

pressed into cake and grained to Z?e desired size. The grains are
3
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glazed with Graphite to prevent caking andﬁaccumuiation of static
, -
electricity.
The Potassium or Sodium Nitrate (75%) acts as an oxidizing agent
while charcoal (15%) and sulphur (10%) are combustibles. Bulphur also
lowers the ignition temperature from 340°C to 300°C, It takes fire

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

and fills the spaces between other components. It also acts as a

catalyst and reduces the solid residue. Potassium Nitrate is expensive ‘

but only slightly hygroscopic so is used in Fuse Powders while Sod?um
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 will 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 itis difficult to disassociate shock and ffiction.
It ignites at about 200°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,

2, It has a burﬁing speed of 1-10 centimeters per sécohd
at pressures up to 40,000 pounds per squard inch, The burning speed
can be controlled by the following means:

a. lo decrease burning speced:
1. Incrcase compression - This lessens porosity and
hampers penetration of hot gases,
2. Increase grain size - This causes degressive

burning and slows the weve of ignition from grain to grain.

7.
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2. FKeduce time of incorporation - This prevents a
thorough integration of &sgredients.

4. Increase arount of powder incorporated at a time -’
This serves the same purpore.

Be. “norease amount of inert retardant such as asphalﬂ
or moisture - This ¢ auses the powder to burn irregularly and lecaves a .
large residue,

€. Reduce percentage of oxidizing agent or increase

percentage of Su.phir at expsnse of Charcoal, ) .

7. Jse a iess efficient oxidizing agent such as Barium.
Nitrate, .
2+ To ncrease burning speed:
1. Increzse confinemant which increases éressure and
heat.

2. Increase temperature - As the ignition temperature

is approach :d the ease of ignition is increased.

4. Increase atmospheric pressure which acts the same

as confinement,

.
.

4, Decrease the frain size - This tends to make the
powdar n--utral burning and increases the speed of ignition from grain
to grain by reducing air space.

! Because it is very hygroscopic, Black Powder is unstable

1Y)

unless myisture can be completely excluded, It can be destroyed by

dumping n water. .
2. (omparison with desired qualities:

¢. Controlled burning: It is difficult to contrel the burning

speed accurately and hence the range of a shell, propelled by ilack

Powder, would not be accurate, The pes volume is satisfaclory,
1
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b. Jensitivity: ulack Fowder is too eady to i’adte and t cres

S ) fore unsafe,

& BN X

N c. Stability: TIts hygroscovicity makes il ‘unsatisfactory from-

‘this standpoint. T

/,

d. FRe:siduc: Black Powder lezves a large amount of solid
L. resiaue cawsing corrosion of the bore and much smoke.
e. Manufacture: The process is easy and cheap aid: raw -waierials

.-

are plentiful, : i . e
f. Frosive Action: Black Powder has a fairly high-temgggﬁéﬁre

of comovstion (2300 to 4800°C) which causes erosion-of the boré.

) #o Flesh: It prosuc s a brilliant flash.

+ h, Detonation: Bluck Power cannot be de tonated.

Fresent Uses:

%y
s

It can by 3~en thitaBlack Powder wasnpone too:e¢ffiviens as a
‘ prepellant and has Leen largely superceded by Jmokeless Powders for

that purpose. How ver, it is a very important explosive, being used

universally for the following purposcs:
1. Primers and init rs in artillery shells,

b, Delay clements in fuzes.

c. Expclling char.e for shrapnel.

P B Pt s R

d. Saluting ano blank lire charpes,

e, spetting cnarg-s for practice ammunition.

E 8 f. Bursting charge for U.S, Army 37 EM Low Explosive shells, '
) ¢. Propellant and Lur-ting cherg: in U3, davy 1, % and 6

pound shelis,

h. ITropcllant in U.S, Navy 40 & shells, .

s b T

E ~. i. burster in U.3, Aruy incendiary amsunition,
e Je Tafety fuse (burping rate | fu. in %¥0-40 sces,)
ke Jurck mateh (burning rate 90-120 L. ner sec.)

| 2
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SECTION III
" NITROSFLULCSE EXPLOSIVES . ‘
The effect of Nitric Acid on cottcn was first observed in 18%8.
Guncotton was produced in 1848 and MNitroglycerine in 1846. Around 1880

the gelatinizing effect of combining Nitroglycerine and Hitrocellulose

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

still the one of the strongest explosives known.
Smokeless Powder was first used for blasting but was graduélly

developed as a propellant to overcome the objectionable features of

‘Rlack Powder. About 1886 Pyrocotton, Cordite and Eallistite were 2ll

developed and ¢radually replaced Black Powder until at present all
nations use some form of gelatinized Mitrocotton as a propellant..
This type of explosive is referred to by various names as follows:

1. Nitrocellulose

Any combination of Cellulose and Nitric Aeid.

2. Nitrocotton Nitrated Cotton,

3. Pyroxylin

Nitrogen.

Nitrocellulose containing less than 124

4. Pyrocotton

1

Kitrocellulose containing 12-12.75% Nitrogen,

h. Guncotton Mitrocellulose containing 1%%ormore litrogen.

6. Collodion Cotton - That type of Nitrocotton which dissolves
most readily in a solvent, It usually contains 11.2% to 12.2% Mitrogen.

SECTION IV
SMOLELESS POWDERS

Smokeless Powders are forms of Nitrocellulose Explosives used as
propellants. They mey be divided into two classes, Sinple and Double
base Powders.

1. SINGLE BASE POWDERS

A. Properties:
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1. Single kase Powders are amber, crown or black in color and

ire manufactured in flakes, strips, cheets, pellets or perforated,

AT ~.\VW‘W
LN
[
I

%fk_- ¢ylindrical yrains. Tre greins usuzlly have one Br seven perforations
% to cor.trol the burning speed. Tne single perforation grain is useéd in
.f small arms while tnose with seven periorations are used in larger .
3
.o calicer weanons.

. g
£ 2. The masufactaring process iqcludes the following steps:
%% . 2. Purification of the cotton.
é b, Nitration with Nitric and Sulphuric Acid.
?i c. Dehydration oy replacing water with kthyl Alcohoi.
}E : d. fermation of 2 zolloid by 2¢dition of Ether and more
?; Alachol wiicn act 2s ~olvents, This step includes incorporation of
A
jf other ingredients which 2r2 n.cessary,
?é e. Granulation 'y :ressing throuch stecl dies. '
j
{;x‘. . {f. Jolvent recovery, dryinz, blencing and cutting.
Pt .
ié - g. Glezing wite Jraphite to prevent accumulation of static
f% electricity 2nd cakin?, (for :mall arms only)
;é 3. Ingredients used in the manuiaclure are:
8 2. Cotten or woori:  Cothon is preferred because wood is‘less
“2 absorbent and requirss long»r te nitrate; it is harder to puritfy after

; j{ manufacture; it regnires more acid and is harder to purify of foreig¢n

{ '? materials, It las curtain advantagles, however, being purer, less
f dusty, more :asily aried, invelves less shrinkage in manufacture ond is

: i ) nere easily reduced topulp.

1 ;? b. Divhenylanine {DPA):  Acts as o stablizer by absorting

¥ 4

: ;g ' titrous fures given off by decompositicn. Alout 1% is used.

f ; c. Bibutylpthalate (DET): Thie is an inert material used to
;i ::\ cool gases and reduce mizle flash, It is cily and also acts as a
>y - s »
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waterproofing agent, It replac~e volatile solvents and maintains
norimsl buring rate which i¢ ircreased when velatile matter is lost.

d. Dinitrololueas (CYT):  Acts es a coating on smzll arms
powder to ccntrol burning ret2 and r-duce hygroscopicity. It displaces
volatile metier upd, being explosive, compensates for addition of DBT.

e. Trinitrotoluene (THT): Same as DT,

f. Triacetin: Acts as a gelatinizing and waterrroofing
agent, |

g. Centralite: Acts as 2 gelaiinizing agent, stabilizer and
flash reducer.

h. Vaszlire® Seebilizes and conls.

4. Explosive freaurtios:

a, Ninale Fase Powder is rather insensitive., In fact it is
difficult to ignite alwars recmirini a Black Powder rimer and in
larger ammunition a Blach “owerr Izait-r. IL ignites at 3189C,

In the open Singl. 3ace Fcwder burns very much like Cellu-
loid. Seemingly this explosive is ver: safe but the fact should not be
overlooked that, although it is used n7 2 low explosive, Single Base
Powder is an organic compcund and will detenate it burned in large
quentities or sympathetically from the detonation of other explosives.

b. Single Base Powder is stronger than Black Powder fivir
éff 10C0 calories and 900 cubic centimeters of ¢as per gram compared
with 730 caleries and 300 cubic centimeters for Black Pewder.

¢.. It aas wburning'speed of @, 1 to'13 cedtimeters per
second at pressures up to 0,000 pounds o.r square inch. The burning
spced can be cortralled by the following means:

L. Varieticn inthe rize and shepe of the grains including
tn2 numter of perforatinns. There ars thre: types of lingle Buse

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

42.
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Pt continues, it is a degreszive Lurning powder and the burning rale is

-
S o o oy

decelerated, 'this type of powder hes nc perforations.

b. If the burning surface remains constant, it is

nentral burning end the burning rate remains constant, This type of

s

——y

powdar has one perforaticn.

c. If the burning surface increases, it is progressiv:

ER TR uv
-
i

burning and the burning rate is accelerated, This typepd powddrrusually i

has seven perforations.

. 2. The web thickress or amount of solid powder between

PR

burning surfeces. The thicker the web, the slower the berning.
3, The percentage of volatile, inert woterizls and
¥ moisture present. VYolatile an’ inert materials have & g¢reater effect

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

The following table compares water and other m:terials according to tm
| 2 units of energy used:

Waler 1

FUC

hlcohol 2.5

Graphite 25
D.P.A. 4.0
5. Single Base Powd:r is fumidamentally unstable and dczompoars ?
in hot, moist storage, 1t is hygroscopic althoupgh not so much as Flack ?
w Powder. MNitrocellulose in the presence of molsturs hvdrolizes to fre=
acid which takes the form of Cxides of Hitoopon, These Cxides acceler-
. at the decomporiticn, building up hewt to 2n idnition tenperature end
spontaneous comtuation results,
B. Comourison with desired quelities:
. 1. Controlled burning: The burning rate of Cingic tnse Foawd-r
Ls e can be absolutely controlled to a point where the naxirun propelling
effect is obtained,

2. Jdenzitivity: Ignition is dilficult and the powler is vy,
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. 3, Stability: The powder is unstable but this can be con- !
E:
;N trolled. . o
v iy . . o . ;
' 4.Residue: There is little residue or smoke. The powder can - i

be balanced for complete combustion.

5. Manufacture: This is complicated but safe. Kaw materials
are plentiful.

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 taske fire when ’ 1

they come into contact with fresh Uxygen at the muzzle. It can be

controlled by adding cooling materials to the powder.

: 8. Singlc Base Powder can be detorated and has a velocjty of ;

; . N ;
4 4600 meters per second. However, in actunl practice this is rarely a i
o, - hazard,

C. Present Uses:

It can be scen that Tingle Base Powder can be manufactured to
eliminate the objections to Elack Powder. For this reason it is the
United States' standard propellant and is widely used by ell other
nations for the same purpose.

2. DOURLE BASS FOWDERS L

This form of Zmokeless Powder is» known herec zs BEzllistite and in

Britain as Cordite,

A. Properties of Double Uase Powders: .

1. The coler iz “ray-grecn to tlack and the forms are the same
as for Sing¢le Baze Frwdors, o
2. Tney are manufactured the same as Single Pase Powders except

M ~that Hitroglycerine is nsed as 2 selvent instend of Ether and Alcohol. '

o 2
-

In the manufacture of Cerdite, Nitrocellulese and Nitroglycerine are

44.




dissolved in Acetonc which then evaporates, The same inert materials

H

t: fﬂ - are used that as fer Single Base Fow.er excdent for Cordite which usec
i yA} Vaseline. The Nitroslycerine content is usually 30-404. }: ,
3. Explosive Froperties: IR
4 a. "DoudteBase Powdensaare more sonsitivetbthan Singde. Base é%
é o % ) Powders igniting at 175008 =169°C. They will alse detonate more readily : j
3 « . A
E ” § . than Single Base Powders. " : ;
: § b, They are stronger than the Gingle Bass Powders producing §~ k
i more gas and exploding at higher temperatures, ? | i
i c. They have a faster burning rate which can also bte con- E a
I ' g
% trolled (see Single Xuse Powders), B ]
i 4, The presence of hitroglyecrin~ clininates hygroscopicity and %
§ )
ﬁ stebilizes the powder. I other words the powder has an active stabi- 3
; \ lizer and solvent. _ ;
i } ‘B, Comparison with desired qualities: |
; * 1., Controlled Burning: FRurning can be controlled as witn
: ©
% Single Base Powders., :
g 2. Sensitivity: Tuis is 2rcat.r but not so much so tl:t the :
11 powders are unsafe,
l 3. Stebility: Double Basv Fuowders ar: statle and donot renuire 4
i; inert inZredients which ryduce strensth,
3 §f 4, RBesicdu=: Since ther- is not so much inert materisl thire is )
1 . less sclid residue and corrosion.
Lo
3 e 5. Manufacture is much th. szme,  However, it is significent
% ﬁ that Goraany is now running short of glycerine and isusir® substitutes, :&
. A, Errosive sction: This is ipcreazed beczuse of tac hifior ;
. N burning temperature. ' "
\ e ‘
‘ ; {‘;,] 7. Flash: This lso increascs for uns same rrxson.,  cooling EQ
P ‘ agants can be added, lLowever, i .
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8. Detcnation: Double Pase fewdrrs are more easily detonated
than Single Base Powders.

C. Present Uses:

All the Wa}ring N1tions use Double Base Fowuers as a Standard
Propéllan? except the Uirited States (Cordite is the Standard British
Propellant). - |

We use Ballistité in Mortars wﬁerc the confinement is not as ‘reat
as in the barrel of 2 gun and a faster burning powdur is remuired.

We also use it in special ammunition, such st rockets, for the
same reason. Double Base Powders ar: more efficiznt than Single Sise
and evidently foreign nations f=cl that this outweign: the objectionable
features of errosion and [lash,

SETTION V
PYRO1ETHYNICS

Literdll)y s thetdorn Pydotaelinic. ptaritrmins ta:fireworks.c - Arny
nomenclature designates illuminating devices a2s Pyrotochnics., They
include Signals, Flares, and Photoflash Bombs, They are manufictured
from the following components: .

). Fuels such as Aluminum, Magnesium, Sulphur, Agohalt, nd
resinates of Calcium, Strontium, Barium, and Copper,

These materials are the comtustibles whick Lurn when surplicd with
Oxygen. They correspond to the Charcoal and Sulphur in sl-ck iowier.

2. Oxidizing -Agents such as Fotassiun and Ammonium ierchlorate;
Barium and Pot~ssium Chlornte; Barium, Potassium, Strontiur and Sodiur
Hitrate and Chromates of itrontius~ wnd Fariunm. .

These materials supply the (xyien for combiction und in some c1s .3
act as coloring atents., An incresse in the amourt of oxid{zing pent
increases the burning rate 1nd candlepower of . mixter-, ™oy

corresnond 1o the Nitrates in Flack [owder,
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'Q g 3. Coloring Agents such as Birium (green), Ttrontiun (rec) znd

Copper Cklorice; rpﬂxnatcs of Jtrontin, ard Car-er and Sodium and

2 T SR, S, WAL

1 o e Ao g e

[y

ct 2z oxidizing agents.

1:‘\ Strontium Nitrate. Sone of thecze materinl zlso

When this is true the color can be addea without »frecting tne burning

T

rate and candle jpower.

4. Retardants, Binding and Waterproofin; Agents zuch as asphalt, o

Fako ca o e
¢
.

Peraffin, Sulphur and res1n3t€s of rmetals,

.

. It cap ve seen that these materials are essentizlly forms of Pluck

Powder and sheuld be nundled 2s such. e

Flares and signzls are not desifnsd to :xpleze vut to burn fror

e periods of a few seconds up to veversl minutes givirg off light <na
heat of intensities vp to £C(, 0 cintle now r,

Photoflash Ports on the otlnr !xra burn wits vxolesive vielenew
giving out 400,000,000 c-ndle pow-r in .1€5 s.ccndn,  Tais 2mounts to
an explosion and for th-t reasson they are designeted as bombs,

e Pyrotechnics e 211 fundasentally 1o nonsitive o Flank Powder to
flame and friction., In alailion, if the Irrot.cupric contains Yerpe-iun,
Mzgnesium can react in tae oreserce of roirture to form Y:gensiar Uxide,
Bydrogon G oanag head,  Mydrogen oid Oxyon form an wxrlosive mixtiare
which con ignite spont-.n-ouzly.
" It can be seen thet th se ratorials re d-nrerous and ennot Lo
inerted by reroving the fuar,  They should mevor be ononid cut shonla

be destroyud in place by demalition er dumping in larie beairs of woter,

L Flares ean blind or kill by burnint ana bave buen vnown to x-
plode.

) Photoflash Borbs are 2o danfcrois to percornel ns Mivn bxplocive
Bembs,

3 oLt An examplc of » typict] [lare follow.:




e e 0
? . Green Flare
] ‘ Barium Nitrate 35.7 %
,,"P>
£ y Magnesium 30.%%
i . Alunminum 15, 2% ‘
1 : Sodium Oxalate 18.8%
g Castor 0il 1.0% j k
' ' Linseed Cil 1.0% o
g 100.0% S
SECTTON V1 f i
é INCENDIARIES
} Incendiaries are being widely used in this war., 1t reelity, they .
v o
'; ;‘{ are a focu of Pyrotechnic but are not designed to ~xplodi or to sive ‘V
E‘ light but rether to burn for periods up to fifteen (1%5) minut.s (iving
f ’ ‘ out intense heat.
:,{ ) »
;é The three muin incendiaries are: . b
K I SO . ' ,
i, N, 1. Thermite or Thermit :
; % This incendiary is used by -1l nations. 1t consists of Iron \
(% Oxidev/Aluminum 76/24 and burns with & temperature of 3000°7.
i\ ' 2. Thermate ‘ :
This is a United States incandiary designed to lowcr tre !4
ignition temperazture and increase the .burning speed of Thermite, Its >
%2,‘; composition is: :
y ,
\:‘;i Thermite Bog ,
f" First Fire Charge 2%
i Sodiunm Nitrate X%} <
B Aluminum 45% ) ’
‘ 7R N
i . Sulphur 4% ) - -
! {
\ g i~ Linsecd Gil 1% )
N ¥4 7 100%
; Black Powder 25% l{g
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A 3, Elektron -
:; This is 2 Zerman trade name for zn zlloy consisting of 86/14 © Y
3 %j . . ) . f‘h
. Aluninun/Magnesium,’ It is used by 2ll nations as a casing for incen- o
4 « ?‘, ’ ;
3 % diary Bombs =wrd burns at 1%00°C:
‘ Mignesium Sy itself burns 2t 4200°C but cannot be used es a casing
e because it is very resctive and therefore unstable, . ‘P
# o E
2 . There is an endless variety of incendizries used for various ‘
. purposas but oractically all are besed on the combination of Aluminum N
. :
5

or Megnssium and Oxicizing agents to control the ignitebility, burning

time and temperature, .
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SECTION 1
; HIGH EXPLCSIVES
High Explosives may be subdivided into two classes accoraing to
their sensitivity which in turn governs their use, These clusses are:
1. Primary High Explosives
These explosives are extremsly sensitive to shkock, {riction and
heat. They will nat burn but will always detonate if th~y are ifnited.
Their strength and brisance are inferior but arc suflicient to detonat:
secondary high explosives. Because of their sensitivity they are used
for this purpose.
2. Secondary High Explosives
These explosives are relatively insensitvive to shock, {riction and
heat. They will usuzlly burn rather than detopate if ignit-d in small
quantities in the open., In fact burning is one: of the best metneds for
gdestroying them, A small quantity, 50 to 100 pounds, can be spread cut

thinly over the ground and ignited by means of ertreinicf.exéeletor

satarated: with:kerosena. . Noromllyl thie expldsiviy widll burn buttnersonnel
engaged in this operation, should be preparcd for a dotonation,

There is a certain tenperature 24 which 211 cxrlosives will
detonate., They may attain this temperatur. fram oytern:] he et or {ron
their own burning., For this resszaon, uombs shecul! not e barned et
with oil soaked ragsor Thermite unless th: swme precautions, srainarily
taken for the demolition of & berb, are oboirved, HNo cyplosivee will
normally stand the heat of Tn.rmite without 2t lenst 3 pirtial ceto-
nation,

Secondary high explosives are us-a 13 boosl ru and baretin:

charges.
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SECTION 11
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4 IE LpTLOCIVE TRAK
N
fo ’ Frirary and Secondary tish Explociv s e combined, for military
:; purpnses, into what is knewn ze ap explosive train. This mey be
,4 defined 25 2 series of =ters vy which a smzll initin) mount of energy 3
- §§ . is converted into the larse amount of cnergy necessary to insure a high %? ]
% order of detonation for the bursting charge. g
. ' Fundamenu~lly an explosive train consists of a primer, detonator, LJ ;
- boester znd bursting charge. This seguence is often interrupted by 2 % :
'i del2y bt os ihis does not ndter the basic concept we will discuss it ; :
later muder the anbyecy of indivicun], national, explosive trains, %
. In crduer to ¥pliin this rrincfrlﬁ let us assume thet we have a éi j
ii 2C00-peund bemt filled with ™IT and that cur fuze ic the firing pin ;;
g typ~.  Ubvieusly 987 will not duetonate from the stab action of a firing ;‘ J
i( pin or it would b uneafe to uze in larfe quantities, So, because our %ﬁ
I inttial source of wnergy is the {riction or parcuzsion effect of the % 1
? firing pin, wo mast step up this erergy to a point where it will ; :
%: detonite THT.  This is accopvlished by menrs of on explosive train, : ?
; Tho Tiret component, or orin.r, then must consist of un explosive *”ﬁ ;
which will drtenibe from the steb wtionof 4 firing pin with sufficient
‘ vielence to dctonate the second conpenrnt.  Such an explosive is
f cxtremely zensitive but net vialent enough to insure 2 high order cf
f dr tonation for the burstirs charge, at least in quantities that would
f be sfe to use.
The sccond ~ompenont, or drtonrtor, must rendily detonate from the
51 . action of the priner #nd, at thr s-me time, develop sufficient cnergy
3 ta detonste the third ecmponent. ivre again, a very sensitive exnlosive
5;5 * io reauired nlthousth not ag sensitive as the primer. While such g

explocive night d:tonxte the bursting charge, the quantity necesrupy

J

woltldi aake “tael hemindtion wnsate, 55
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For this reason we incorporate a third component called the
booster. It is intermediate in senaitivity. It wiil readily detonate
from the action of the detonator, develop a high degree of power to
insure a high_order of detonation for the bursting charge and. at the
same time is sufficiently insensitive to be used in fairly large
quantities.

The fourth compcnent is the bursting charge itself which is
readily detonated iy the hoosteor,

This soquence cf conponente is analogous to the ifnition of a coel
fire. Everyone realizes that it almost irpossitle to ignite a piece of
anthracite coal with a match yet we require a match, or some similar
form of heat, to stert our fires., Therefore, we use the maizh to ignite
paper. It is'possible 1o ignite coal with paper bui nct in any quen-
tity, In effect you would pet what might be described as a low order
deflagration. &o we use the paper to ignite wood which will form a bed
of coals and ¢give us 2 roering fire immediztcly, |

In this procedure ycu can comnare the match wita the primer, the
paper with thc detonator, th. wood with the booster, and the cozl with
the bursting charge,

In each case we stary off with 2 very zmall quantity of a very
sensitive materinl and graduslly increase our quantity and decrease our
sensitivity ending with 2 very largs quantity of 2 very inscnsitive
material,

SECTION 111
LOADING EXFLOSIVES

After decidiny on the best Military Fuplosive for the purpose in
vhew, it must be lowi .l into its contsiner. In most ammunition it is
desirable to load the explosive <t » maximum density for the following

re2sons,

5

5

SN -
o SR RNy, 3

PR
RS P N AT A

 rmtan

<
vy T

e

-

g o e
B
Sxe vy




b

Caish 4 ;

5 3 Rt i n SR
"“4"""““'""'*“'““\ A

oy

EE RIEL ‘s T G- 0

«

Fe Y R SRR e e

¥

5,
e s s s s i

B A
S o i .

P o
(S ]

RS A7

Rl

%,

1y

PR AU S

PASEE M2 S A R

>
N

Al rﬁb!

™

Y

o~

w9

& ..N?;Q.j.jg».,,;“

~ Y ] -

1. lemsity is the contralling Tmetor in velecity of detontion,
™ 2. Cther thirrs beirs equsl, tre gronver the density the more

- extlozive wd ten.c U~ moare power we hew in the 3nere provided.

40 1 deasity ie lot w. may bave eavities in tne enarée which myy

%, Yisfires if the cavities are zround the booster or permit
the charre to mcve awzy from the toocter,
’ b, Low order of detonation if the cavities prevent the propa-
g2tion of the .etumating wy e,
¢. Fremawars dston.tisns from set back or s=t forward if th:
ch r&~ ¢ move within ihe containyr,
4, Tislh depzity decrenses sensitivity:
To obtrin the maximur d.nsity mest cconor:iczlly, czst or melt

loacing is usee, &y this methoe, th: explosive is melted ind poured

) into the amrm-ition ara ~llewed to cool. Awctntly, by using preformed
pollaots with the melted cxplosiv:, wo have cut loading time, for the
o =471 tonn, Tron tlree dave te throe hours,

An ~it-pnative = thod is press lozding. By this nethod the
explorive is powdered and nressed inte the container by a ram either in
the powd.t forn or with » lubricnunt, such 2s Iraphite or Stesric Acid,
Lo erse the netion of tur rem. while it is possible to obtain as high,
er hither dersities Ly rross leeding, the process is a time consumer
and would s-riously zffeét nroduction.

A third retned is Pxtrusion, 2 nethod by which the explosive is
fed inte a2 honver »nd oxiruded into the cont~iner by a screw which
. eztends inside of tihe contriner. This nethed is used to prevent

hysroscopie cxnlosives {ron coming into contact with the air.
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For special purposes it is cometimec undesirable to have a max-

[}

imum density so the explosive is poured into its container in powdered

or f{laked }crm or pressed lightly.

Examples are:

1. Toosters where greater sensitivity is desired.

2. Land Mines.and Grenades where greater sensitivity and a less
violent detonation are desireble. The latter prevents disintegration
of the casing intc too many snall fragments.

SECTION 1V
EXIIREMENTS OF A GOOD MILITARY HIGH EXPLOSIVE

Before selecting on explosive for us~ as a booster or bursting
charge, the following charucteristics of the explosive must Le carefully
wei ghed.

1._Velocity of detonztion is the most imporiant characteristic. When we

stop to consider the fact that a pound of coal has five times the
energy of a pound of explosive, it is easy to see that the spced with
which energy is rclcased is all imnortant, This is of special im-
portance fron a Military standpoint because Military Explosives sre
detonated in the open for the most part., They must detonute rapidly
in order that they may attain a maximum gas pressure before the guses
are dissipated in the atmosphere. Por example, let us assume that a
2000 pound btomb is detonated by = nose fuze. If the explosive delonates
slowly theexpanding gases from the nose will start toward the objective
before the tail part has detenated. lowover, if 4 fast zcting explosive
is used, more of the explosive will have detonsted before the gascs
bagin to expand and a larger amount of energy will Le delivered at ane

time, .Therefore, the {aster the explosive the more violent its action.
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2. Strepgth is also a very important factor. Granted i&uﬂ'aq.explosl't
Yo " his an adequate velocity, the more energy it liberates tlie greater will
(’ be its nower. Sirength is of primary imporiance when an explosive is
confined, as in underwater ammunition. lHere the water confines the

faces and pernits a maxinum pressure to be reached without dissipation

oven with slower acting explosives. Incidentally, an explosive is four

and one half times =ore effective when it is confined. 1t acts like any
other force. II an explosive detonates alongside of a building the
surrounding air Jdocs not supply 2 resistonce equal to that of the
buildin2 and the éreater pertion of the explosive force will be dis-
sipated »nd comperatively litile of it will affect the building. In
actual practiec this tendqney is offset by using very large bombs.

7. Seznsitivity is af almost equal importance. The explosive must be

o cvm— X

safe to menufacture, trancport, store and load. 1t must be bore safe

in the erne of shells and must be safe to jettison in the case of
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bombz, At the same tim- it must Le readily detonated by the.action of

Er

A surtnole Fxplosive Train,
. 4. Gtalility is alwiys important but it is espacially so in this war

with fightinge taking place all cver the ¢lole and under all climatic

conditiors,

Do dlygroconricity mist we considerad beouuse of its effoct on Stability,

P

Sonattivaty, Veloeity and Strength,

¢ owoewme a

Ho ¥elbin, Boint is irportant considering the desirability of cast
loading,  The Melting »aint should be between 30T and 100°C. If it
melts Iower than 80CC there 1. 2 tendency Tor the explosive to ¢xuae
ander hot 3torae conditions, If it is higher than 100°C the exrlosive
ernnot b2 melted by hot water.  The uge of other forms of heat is

< dungorous partiealarly s loeomrocition often takes place at bemper -

-l

tures aove 1ngod,
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7. Reaction with Metals is undesirable but not a controlling factor in

the selection of an explosive.

8. Availability of Raw Materials is a prime consideration. The best

explosive known cannot be used if its raw materials are not plentiful.
For this reason many reserve explosives become [irst line explosives
during wars, .

9. Cost of Manufacture is not too important in time of war, Howzver,

if other factors were equal, it might be the deciding factor.

In the selection of Primary High Explosives the following factors

RIS W Y

~

musi be considered:

1, Sensitivity is of prime importance. The explosive must be as
sensitive as possible compatiblé with a decent degree of safety in
manufacture, transportation, storage and use.

2. Velocity of Detonation dogs Mot need to be as high as for

oy

Boosters and Bursting Charges but the explosive must attain maximum
velocity of 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,

b
¥
£
3

4. Stability i's even more important than for Secondary High

Explosives. A low order of detonation for a Primer or Detonator can

N

cause the entire bomb to beccme a dud.
5. ngroscogicitx! therefore, is also extremely important in that
it affects stability, sensitivity and velocity.

6. Melting Point is not a consideration.

T o I R “‘:ﬁkfmxy}k‘& RN

7. Reaction wjth Metals can be readily avoided.

. 8. Availability of raw materials is important but to a lesscr

N

-«» = degree due to the small amount of explosive used.
?g 9. Cost of Manufacture is not a factor in selecting this type cf

explosive. 5k
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SECIIv. ¥V
A TAELE OF HIGH EXPLOSIVES
GIVING A COMPARICON OF CERTAIN CHARACTERISTICS

In order that the mcre isportent characteristics, of the more
commonly used explosives, may be discerned at a glance the fcllowing
table is presented showing the evplosives in the order of their sensi-

tivity.

The figures used were ottained from a variety of soure~s. Infor-

mation was often conflicting hut every effort has been made to use the

gy figures which are most nearly correct.

An attempt bas been rz2de to comp=re the explosives showinp their

relationshin to TNT, the characteristics of which are well known,
w¥hile there may be some disapr.onrnt concernins the actusl figures,

there can be little or nene concerning the relstionznip of the various

d/ -~
A explosives to TU7, istryl »nd Ycrcury Falminate.
An exrlanation of the meihod of conducting the tests, {rom which
the fipures are derived, follows the chart, .
a:“ ‘
CHART
! Column 5 - Sensitivity te zbeck - The fisurce ar: ¢iven in inchos,
' :
This test is conducted by loding 9,02 ¢rars of the exnlesive in H
~ocup, placing a brans cover cver the explesive and tpen placind Lhe g
‘ i
. cup, witl the cover up, in an 1vil, ! plup is nlaced on top cf 1t 4
cover and a4 2 Ki, weicht is dropped on the plus,  The weight is sup- g
.l::; o - ’ ‘\ f
£ ) . norted betwesn bwo puides, )
b ]' r t
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Orange - Reddish Brown

%‘;{!}"‘_’ s > ' - o -
e R o g —
. ’ ) £
l i
SENSITIVITY TO SHOCK
RXMLOSIVE FORMULA OR PROPORTIONS COLGR DENSITY (DROP TEST) (RIFLF JLLET
INCHES & TINFS AFFECT!
(1) ) (3) ) €)) (&)
y 9 P
Wereury Fulminate ‘l.(k‘h(:)2 White - Greyish Yellow 3.58 2 100
Nitreglycerine C’l,(miﬁi)s Pale Yellow - liquid 1.60 2 -3 100
Lesd Styphnatas CgH(NO,) (O,Pb) Deep Yellow 3.1 2.3 100
Lesd Aside PB(N,), White - Buff 3.8 3- 4 100
PETN C(Cl:m’)‘ White 1.63 6 100
Cyclenite (CH,) N (NOy) Fhite 1.68 7 100
Teteyl c‘nz(ﬁz)a(uﬁluoz) Buff - Lemon Yel low 1.587 8 90 - 100
Nitrestarch 40/37.7/20/0.8/1. 8, NS/SodNit; Gray 1.6 ) 90
BerNit/Oi1/Stabiliser
Pentelice $0/50 - PEIN/INT Dirty White - Byff 1,86 - 1,63 9 92
rpes 42/40/18, WDX/INT/AL, Gray 1.73 9 $2 « 1ud
' Wenoni tredlphenylaaine | (C.N, ). NH(NO_) wp YelTow .58 § 87
¢ 22 2%
Tetrytel 75738, Tetryl/INT Light Yellow 1.60 10 20 - 33
Bdne (CM,),"NN) (NO,) Whi te 1.50 10 80
X 21/21/40/18, IDX/NI‘NO_‘/TN‘I‘/M Gray 1.68 10 o«
Beneni te 60/24/16, TNT/WND/AL Greenish Greay 1.72 10 %ill Detnuate
‘ % Winel 11 40/40/20, NH‘NO,/TNT/AL Gray 1,68 10 - 11 1)
§ ¥ leyelotel (Conp B) 60/40, RDX/TNT Dirty Wnite - Mff 1.62 T 20
& o
' Novit 60/40, INT/0ID emon Yellow 1.8 11.8 W11l Detonate
] Tritenal 80710, INT/AL Gray .7 ¥] h
g Barste! 90/10, INT/Barium Nitrate Bulf 1.65 12 W
‘; _Tl;i. ilplo-ln 60/40, Yrinitroaniscle/AND Lemon or Greenish Vellow 1.8 12.8 I
o Coapesition C, $0.1,4/1074/1/.9, RDX/MNT/INT/TNY/ |[Yellow Brown .87 12.§ T
3 Colladion Cotien/Dimethyl Fermemide
i ‘Plerie Aeld C H,0N(NO, ) o Light Creem 1.6 12 - 13 T
¢ Bdnotel 0740, dna/TNT Dirty Wite - ®ff 1.62 17 - 13 17
‘} —
¥ Tridite Pieric Acid 60, 70, 80, 90% 12.8 - 14 ;
s Shellite e 40, 30, 20, 10% Creom Yellow 1.62 Shellite » 14 -
3 é—‘ ‘ Trimonite Picric Acid 70, 80, 90% -
W or DNN 30: 20: 108 Cream Yellow 1.6 13 « 18,8 0 - 10
T C.H:Dl’(m’)’ Buff - Light Brown 1.58 14 4
Composition C 88/12, RDX/0i| Brown 1,50 14 0
Amotel 30/30 $0/30 Ammonium Nitrate/INT KT - Dark Brown 1.54! 14 o
Conpesition A 91/9, RDX/Necavax Thite - Buif 1.62 14 W
N, Anate] 00/20 80/20, Amwonium Nitvate/INT Bulf . Dark Brown 1.38 15 3
4 Trinitroonisele C‘I’OOI,(NO,)’ Colorless - White - Buf! 1.4 18 - 16 u
| & ] (G,)’(W:)z(ms)’ White Not Available 15 - 21 o
Black Pawder Z-:f::ﬁ:?;,:?:.’,ﬂ:m Nitrate, Black Not M“l..mr 16 Lon
Eaplesive D c‘ur(mm,‘)(mz)_‘ Lemon Yellow 1.48 18 a .o
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SENSITIVITY TO SHOCK [GNITION TEMP. | TRAUZL BLOCK TEST |BALLESTIC MORTAR VELOCITY BRISANCE MELTING POINT
(DROP TEST) | (RIFLF IILLET) DE(REFS C ( STRENGTH) (BFTRENGTH) METERS/SECOND [GRAMS OF SAND DEGREES C

INCHES + TIMFS AFFFCTED CUBIC CENTIMETERS k. OF TNT

(5) (o) (7) (8) %) (10) (1 (12)

2 100 210/ 148 150 . 4700 - 5400 15.8 - 22.4 Explodes Prime
2-3 100 180 515 - 690 15.6 8400 60.0 13 Doubl
" oo 2407200 120 ; 4900 - 5200 9.5 - 21.4  [Explodes Prime

. Prime

3 -4 100 330/ 245 118 - 4000 - S000 13,9 - 18 Explodes Deton

100 210/172 - 178 500 - 560 16.0 8300 61.9 138 - 141 Boost

3 7 100 260,197 - 204 525 16.2 8400 61.0 200 - 203.S Boos t

) 90 - 109 260 164 - 168 37s 1870 - 12.8 7851 % 53.8 128.5 - 139 Boost

] 90 195 278 9.6 6140 37.7 Explodes Hemo |

9 92 220/ 174 - 178 348 13.0 7500 $3.0 20 - 90 Burst

9 €2 - 100 28C/18S - 190 475 i1%.0 - 17.0 7300 7.9 l‘“ - ¥§ ret

87 250 - 260 318 1.3 T200 L) LX) Wixtu
237 - 246

16 20 - 33 179 - 181 350 12,0 7300 $0.0 6S - 90 Demol

10 B 180,169 - 173 354 14,1 7800 $1.0 174 - 179 Mixtu

10 49 200 (Estimated) 465 14.6 6800 ¢ 0 Iao « 90 Burst

10 %ill Detoaate 200 (Estimated) 330 13.0 6900 b} 80 - 90 Burst
70 . 11 ) 265 254 - 164 468 14.3 $400 - 3700 4 . 41 80 - 90 Rirst

1" b1 270,188 - 194 378 1.8 16800 51,8 85 - 100 Burst:

11.8 Mill Detoante 2‘;(! lhi(—l;\_ulrlf) Jou 10.§ 7000 44.0 0 - 90 ret

T3 T 240 . K0 360 11,8 $500 42,0 0 - 90 Brst

12 L R S Y TRRNNE P B TTY 9.8 $¥00 36,0 76 - 80 Wurst

17. ¢ I 737 - Mo 310 10.9 7000 4.0 (S B ] Birst

12,8 TR S 172 - 197 450 13,8 5000 $5.0 67 Burst,
12 - 13 s TR T AV YR T 10.6 7200 45,0 120.3 - 122.5 | Burst,
12 « 13 17 - 1yn 18y« el J2s 11.9 7400 4.0 80 - 90 Burst:
17,8 - 14 PR T Ten - 39w 0 - 10.C | 6300 - 7600 | 36.0 . 43.0 [0 - 90

Shellite « 14 Shellite - 270 Sheldite - 9,1 Sheilite - 6600 Shellite-38,8 Shellite-83 Burst

13 . 5.8 0o« 10 NnA wn 210 . 270 4.9.8 5000 - 6500 32.0 - 40.5 190 . 198 Burst:

14 | 4 20 . 280 160 1558 0.0 6900 43.0 80,2 Borsti

[ 14 " T e | Jo0 12.8 7400 6.5 200 . 703.8 Demo 1,

T4 a Th% 284 . 24n XL 10,9 6 S0C KM} 50 - (¥ Wrst

14 " 28u 410 13.0 786D 49.6 200 - 103.5 Wrs

18 0 T 2m0 234 . 236 360 n.7 5400 32.0 76 (Softens) Burst
18 - 16 o T ve <296 188 300 10.6 6900 43.0 64 - 68,4 Tt

UV SR —
. 15 . 21 n 210 hYES 1.4 . 12.8 Not Av Ilable | Not Availeble (185 - 187 Burst:
. 16 1w _i Jun 18 S. 8 100 8.5 Decomposes Delay:
18 NPT Ll.'w AN« 29] 278 Y. b 6500 35.0 Decomposes 265 | Burst:
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B} SRR S0 <3 % 5% oAy o seBAer  eotre meteerart  #2+ 4 s s s Rt iy SIPOTy  . __ J
KOs TEMP, TRAUZL BLOCK TEST | BALLESTIC MORTAR VELOCITY BRI SANCF. MELTING POINT
KEES C (STRENGTH) (BFTRENGTH) METERS,SECOND [GRANS OF SAND DEGREES C use
CUBIC CENTIMETERS k OF TNT
(7 (8) (9) (10) (1) {12 a»
3 150 - 4700 - 5400 15.5 - 22.4 Explodes Primers & Detonators
815 - 600 15.6 8400 60.0 13 Double Base Powder - Dynsmite
' 120 ; 9900 - 5200 | 9.5 - 21.4  [Esplodes Primers - Sensitizer for
- Primers & Detonstors
$ 115 R 4000 - S000  [13.9 - 18 |Exptodes Detonstors & Primers.
2 - 17% 500 - $60 16.6 8300 61.9 138 - 141 Booster - Mixtures.
7 - 204 §25 16.2 8400 61.0 200 - 203.8 Booster - Mixtures.
4 - 1065 ars 18,0 - 12.5§ 7500 §3.58 128.5 - 130 Tooster - Hixtures,
278 9.6 6100 37.7 Explodes Demolitions.
4 - 178 3458 13.0 7500 $3.0 4;0 - 90 Bursting Charge.
5 . 190 475 1§70 - 17.0 7300 57.9 T - 93 Bursting Charge.
200 318 11.9 7200 .0 130 Wixtures
246
181 3so 12,0 7300 $0.0 6S - 90 Demolitions - Bursting 6..... '
6y « 173 354 14,1 7800 51.0 174 - 179 Mixtures
Estimated) 465 14. 6 6830 48.0 llo - 90 Bursting Charge, .
Estimated) 330 13.0 6900 4.0 80 - 90 Bursting Charge,
4 - 264 465 14.3 €400 - $700 40 - 41 0 - 90 “Rursting Charge, .
88 - 194 315 13.8 7800 s1.8 s - 100 Bursting Cherge.
Ectimated) oo 10. § 7000 44.0 0 - 90 Bursting Cherge.
280 360 11.8 $%00 42,0 - 90 rsting Charg?. .
Tha 28y 7.8 §900 36.0 76 - 80 “Warsting Charge. ’
T4n 0] 10.9 7000 3.0 s - 10 Wrstlug Churge - Boosters,
T2 . 177 430 ! 13.8 8000 §8.0 67 ursting Cherge - Demolitiens
(Y - Jon ! 10,6 7200 48.0 120.3 - 122.8 Bursting Charge « Moocter
T< < 16§ ‘L 318 1.9 7400 .0 %0 - 90 Rirsting Charge !
e ot
264« 290 W0 « 10,0 6300 - 1000 36.0 - 43.0 80 - 90
dum Shellite - 270 Shelf (te - 9.1 Shetlite - 6600 Shellite-38.5 |Shellite-83 Bursting Charge
Lyau L 4. 9.5 | 5000 - 6500 | 32.0 . 40.5 |90 - 10§ Bursting Charge
280 180 255 10.0 5900 43.0 0.2 Bursting Charge - Booster
177 - 180 | ) 12,8 7400 46.5 700 - 203.8 Tems) i tions
254 o 2% BRI 10.9 6500 38.0 50 - 85 Bucsting Charge :
It 13.0 7500 49.6 300 - 203.% Wureting Cherge 25
754 - 256 360 .7 5400 32,0 7¢ (Softent) Bursting Cherge 3
296 168 300 10,6 6900 43.90 64 - 68.4 Bursting Cherge §
348 15.4 ¢ 12.8 Not Avaiiable | Nat Aveilable {385 - 187 Bursting Charge "'{%
SR e - &
1¢¢ .5 400 8.8 Dec imposes Delays Y VU
SRR S Z ad .
amRoe 291 218 9.0 6500 38,0 Decomposes 268 | Bursting Cherge v §
— — !
'l '
! - - £
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BY this nethod the distance, through which 1t is necessary to drop
the weight to secure one deionation in ten drops, is detéermined i

‘:\\ inches and given as the sensi%ivity of the explosive.
The figures are of value oanly from a comparaiive standpoint and
will vary with conditions. They are difficult to duplicate. :The

figures given in coluan % are the concensus of many figures and are

calculated to stow the sensitvity of the explosives compared with INT,

Column 6 - Sensitivity to the Impact of a Rifle Bullet.

" This test is conducted by firing a .20 caliber Rifle bullet from
30 yards at the explosive which is cast in capped iron pipe of abou?
1/8" wall thickness, The results are normally expressed as:

1. Numiber of trials,

2. High Order Detonation:.

3. Low Order Detonations.

4. Number of times the explosive burned.

of . Mumber of passes or times in which the cxplosive is unaffected.

From a B.D. standpoint, we are interested in the number‘of times
the explosive is aflected. This is expressed in a percentage figure in
Column 6,

Column 7 - Ig¢nition Temperature - The figures are ¢given in degrees
centigrade.

This test is conducted by loading 0,03 grams of explosive in a
gilding metal sheli., The shell is immersed in o Woods letal Bath
(50/25/12.5/12.5 Bismuth/Lead/Tin/Calcium) and the temperature which
will cause flash or explosion after five seconds immersion is deter-

mined. The five second interval is allowed to permit the heat to over-

come the resistance of the explosive and to thoroughly permeate it,

i .
| %a. R raising the temperature to a flash point,
’y l’ .
I §§< . Since the time and 2rer of expocure affect the flash peint the
H laboratory results are given to the left of the block and the lowest

flash temperature reported to the right of the block, 5,

O P




Colimn 3 = sraaci olovk Ient = The o ureg ap. 1. tivac wsr -
meters.

This toat iz condict »d by wrapriné 10 grams of explosive in tin
foil ard lcading ina cylindrical hole, 125 ¥M Ly 25 ¥, inaey iindricel
lead block, 2CO M¥ by 200 MM, ana tannin¢ with cand. The explosive is
detonated and the volume ¢ f expansion caused by the detonation is
reasired and e¢iven in cubic centimeters.

This figure in reality measnres the strength of Lhe explesive
rather than the brisance. Hlowever, if the block is sectioned it can
indicate tte brisance. If the hole is erlarged only at the bottom it
indicatcs rapid detoration which affected only the part around the
explosive, |

If the lLole ir enlarged all alone itz length it indicates that the
explosive reacted slowly, blowing the tamping out of the hole before
detonation was conmpleted nnd thus affected the entire length of the
hele,

Column Q - Ballistic Mort~r Test - Figurss are percentagtes using
™I as 10.

The test i3 conducted by wrapping IC ¢rans of TVT in tin foil and
shootiny 1t in 1 steel mertar suspended on a pendulum.  The deflection
of the mertar is neasur- i, Tuen the 75T can be compared with other
explagives by roasurirg the deflection caused by 10 ¢rams of the
eaplosives in question »p measuring the arount of explosive required to
v the 2ame doflectior a2 10 frams of TINT.

oo reenlts arc fivon o in percantadses of TRT uaing the latter as a
heze beoanse of its unitormily of action,

Colurn 10 - V.leocity of Uetoration - Fitur:s are in nmeters per

Svecord,

58S,




This test can be conducted by ‘wo methcis. The feit-gac’ dethes
is the most accurate. It uses :° a stcel cylinder with a smoked
surface rotating at 100 meters per second relative to a platinum point.
The explosive is lcaded into a cartric¢e and two copper wires are
passed through the explosive at a fixed distznes apart., Bach wire is a
closed circuit. The explosive is detonatcd and as e2xch cirenit is
broken in turn the platinum makes a mark on the cylinder. . cause the
cylinder is rotating at a fixed rate of speed 2nd the «istance b 'ween
the wires in the cartridge is known, the veleocity of dctcnation can be
calculated.

The second method, or D aatriche Hetned, involves the comparison
of the explosive under test with the velocity of Primacerd Detonating
Fuse, which detcnates at 6200 neters per s>cond.

A measured length of Primacord is l2id on 2 lead plote, and the
center point or "C" is marked on thie plate., -~oth ends of the Primacerd
are inserted in a cartridge of the explosive to or tosted. The distaraee
«ppuktiintthe cartridge-is. messured.and call-d MABY,  Tho cartric o.i-
detonated and first leg "AC" and then leg "BC" of the Primucord i3 drto-
nated by the cartridge. The two explosive wives 1n tie Frimacer: neot
at some point "D", which is <n the plate betwecn "C" and "3v, nd 1 ave
a8 V mark on the plate:

Using this infarmation it is nossible to compuite the seeed of the

unknown by the formula:

THE Ri.E OF DETONATION 1Y TilE CORD FAik M OETUTALIC
equals  LF TR UNEMOON

Distance CD

This method is accurate within 5%.

R
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Column 11 - Relative Brisance - The fijures are grzas of sand
vhich will be curshed by 0.4 grams of the explosive.

The test is conducted ty loading C.4 ¢rarz of the explosive into a
gilding metal shell. The shell is placed in a bomb contz2iring 200
grams of Ottawa Silica sand which will piss through 1 twenty mesh
screen and be retained by a thirty mesh screen. After firing the
number of grams of sand that will be sifted by a chaker through the
thirty mesh screen, in three minutes, i3 mcarurcd and given as the
brisance of the explosive.

This test can also be used to determine the initiating value ~nd
the sensitivity to initiation 27 =xplocives. After the brisance of 4n
explosive is determined th. number of grams of initiator required to
reproduce the figure (i.c. to give 2 hif1 ora r of detonation) will be
thezdensitjvify of the'-xptosive to initiztion nd at the.same time the
initiating value of the iriti:ter.

Column 12 - Y. ltiny toints - The fijures are given in de rees
centiprate,

Column 13 - Functional usrs of the explesive, e principl: use

is given first,
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Yeoruer Pulminete 1o tic olcert init.ator. [t was discovered in

1779 und cuvelop:d v Novel in 1:+4 sz aa initiacor for dynamite.

cinee that tise it har pean widtely Stwed ne oA mititory exnloaive but at
nreaert iU i teiry replacnrd by other ~xplectver,
1. Froporting;

8. tercury. fulairate an Wittt & onopar. oat in actus) use it is

dunally ¢ravish yollew, [t disenlers ity & wericratior,

L. As VMereur: Fulriaat: wil. so0 =it it fa rres.-loaded,

usually 2t 400 pousncs per sgusre iy, With o ety of 4,57,

o I du vsraresture oo diseiving Yorsary In titric Acld and

adding the salutior o~ uLthy ] alnabe.,

a, bxplosive froperties:

1, Merairy Fulainate 18 vubtrencty sersjtive to aieny,

frieticn ana heat, its conchtivity tnopean oowitn She errotal Stze e

Lo iaereast in irternal ctpesae., ML demy ooe o fier o payionn dle

mersion af 0.1 4 a® wirch e wron Lect Tioure ge 2,

it uetorat s at 1457 to 217" wdipr neren ] sanditisnz,  Yowever,

it can be doad preocno g wt FOQ mannds per sunn dirdt, n o4 2en=

Jition hot gaseg il cot pevewrate ints t e antoriar portien of b

cuplanive e 1t will ooyt ot sbenat it willl detonet
from » Meranry [alrin L opruany o0 e
To can alra oo tonste frem Unoar e 1 oty e dlsetrye of

srvatic clestrioaty feen o mopasn “ha
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1L senaibavat s by Do,
Available GopY
VeALLT _— i s —




o R "y »
o RS 8 ks S A I O AN, AN NS oA ORI
~ , , R S DL Y |
.

when mancfactured it is not Crind cut stored uan . r wator in line o

"lf"baes. While not soluble in witer or hyvrasconie, it 1s suceeptible o

3

molsture anda the pres ne: of 1% rolrtire - Froeont o tesatgon fres
flame = - dlarry siinck,  Tnothis condition it iav £4ill i 1o tanated
ov der L o Bolminat e,

¢. Murcury Ful-inate is inferior in strongu b du o 6%
a8 ~t-oni w8 1T, Thig 1s ot important in an initiuter,

5. Lercury Tulmirate huw s velocity of 4700 to Fdur moturs
o=r deconc .t 1 trrcanee figurce of 18,9 o oo, . deprnalng on the
density. ‘ibis 1a aufficient for an «lficlent irnitistor,

2o vy rolminate 1x toed ae 3 pramer ang detonuter in th

i

explogive “orine S 4 praner JU B2 usrelly coo0 ) g with betaosium
Chlorcte and Aitinony Julfid ane quite olton witn noa, e cjve, I
Chlornte will oviciur the cureon I= t corpenna te Crrpan Licxia.
inercasing the complotir an of corlartinn -nd e - ffic) ney of the
xploeive, An /20 ixture ig conzig pewt rest eliaciont,
Sprcific ue s follow: ,
a. Uniteg Jtotest
1. Primare = Friction Type =, o r.oi0y =ulninato/Povassioe
Chlorate/Antimon: Sulfive W /477,74,
porensaten Type = f.oh Yoreary Fulminatespatagaiun
ChloratesAntimony Zulfide 20/ .5/.0,
« reury Fulminate/Fatasniun nlorat: o /0
Mersurey Paieinsto/iofrL3ziun hler ¢ /Antinony Salfic /
Ground Glasc/Shcllee 871472113712,

2o irtonatare = =1 2reing as d in osan arny nd Navy

dutonators.

gest AV a\\ab\e CoeY.
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Pierie Acid in usce nr s lower docommtor,

e, Jegang

moariier = 0oge = YerCury

Y, I'rimers - 1L a2 it ot

fulminete/fotaceium Thlor-te/antimany Suillae #,5/77,7171.8

W o Totenatars - Jt hac toon ropart d s the dap Arny hemn

verificd L aclu~l arnlyele ana ta.

detoniier., Thigs neg nrt oLeen

[

waf;qu etopates 10 rretally oot amgle,

e il8 =0, = yerenry rulminate/

Pot-asti1n Tnlae: torhntivrn, Jalfis Libe olve 2144780 0

2o Vricacard - e o Fulmiast ey T, 47 0,0

Y, Yeroury Fuimire s 1s oun. tilis.
ne A000 4 1)) nst o detansie from

zorpaze 3 after Len nonths

[ Y
-

gLors, o b m..o;.m.. or Loaryy woifl

imract or fleme,

[

1)

WSl oov st n nonthe #t 1200 tha brlsrce decreagea

Best Available Copy
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o Frivaing
Lo Frimors = "A" miytapo, P oary Eutliinato s Potasslun
Chlorateshntinuny Jaifiew J¥/ob, 4080,7
" miuture, 1108 0,60 005,
ngn mixtire, 25/45/27
p1s0 Mersury falrinate ' Foteaofur Shlorats A3/00
Zz. Tetonaters = Aiternate pixture = Aercury drloinate/
iolasciua chlerave 29/,20
r. Purciag
1. Primiopr = Chells = Mepoury Fulmis o /Eatmsainm Chler.te/
Miimony Onlfice/abranlve 13,8740, 90 620,71 5.4
G, #EIMNY
1, Frimeras (stellg) = 2,70 = o0 vy beamit et oot sainm
Chlorate/intimmy St de/ draipg CLoon e geggoy 00 n

Mao 8.7 Trimee far bert Juces,

Zo Deten.ters = 0 ca sttoerettve oo pte dn tlae eine I

E (Y]
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charseteriatle an s st unsuivalle ror uge b Whe

feo oo b, v

's f")( 1C0,.
Tne Yoot Wt moicvae wile peevent faretioning is uavally im-

i o raterinl o it e Jouuea inty w closed contatner,  iriaer mixtures
: | containin,, Fotacsjum Chlorate are hy.:roscopiec.
| . Mercury Felminate -cects rapidly with Sluninum and Magnesium
"he reaction ray take one ol

ant slow'y with Conper and -icpper Alloys.

coyep ] Sopae e
¢ te breeome Lritile,

stiack Ocpnep cauning
o Lericrition and eorrosion of metals.,

,
L)
1, Hay

by Acitity ray ea -
0 e serenry fo ppregsert jL sy form analeams with metals

Towepany ffict niny of L rspavive,
J, boartion witt, rpooro oy bope caltg aere gensitive than

Yeroary Sclainate jte )0,
he atose poantion. are aeecloerat.d sy the pregence. of moisture,

oppe £ anntainers and protected

L2
]
Mercury Frleinate 1o Tonsed int

from mentact with e recal Ly dazuor,
woromponed Ly 8 solation of Gosiun Thio~

b, M opoury Fulaieat ir
Salfate g ia eote booin Acmenaun thdrovid., Feridine and Potessiom

Cyanids,
fi, ¥ orenry Salminat was uenrd very wicely in the past for the

fellewin: rons3nnd
+, It ig the o) explosive knewn vhich can act as Frimcr,

Letoratar ard  aogter in re charge,
b. It isnttes easly ron flamc,

Tt detanates roadily fron impact and friction,

Best Available Copy

C.
e, It producre a yuod fla~c,
[t is bteing almost cormnletely replaced as a detonator and to a
lar‘e ¢xt nt az 2 rrimer for the following reasens:
| b o

—_ S
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8, It o a sanj-atrategic mctal i time of war (especlally -

true of U,8.)

D, it will no* detonate cist . 'T ~né Exnlosivy "B (unleas:

" an unsafe quantity is used) .

c. It bécores dead pressed at #EIN pounda ver zquare lnch.tt
yet it is desirable to load cetenators at 1u,C0C reunte per sguare
inch.

d. It is unstablr anc affected Sy molature,

e. It is not aslelficicnt ag-Lond , i,
TN
GFAD ASITE
Pl
Lead’ \gide.1operneps tue mnviliseals 1nilator Ir senerztiules
It was direovered in 1191, 29.d Uirst in tnix country in 19i% and
nroduced conmerciall: by 1935,
1. Projertive:

a4, Lend Azide 15 2 white (o baltf explocive although it may
p-coie srayigh crown from expozure tc¢ lifnt,

b, Since jt woza nct rmrit it is rrassc% inte its contajiner
venerally at 10,000 pourds pur aamare inch and with a Jdensity of 2.9,
[t cannot be deal pressoed,

re Lerd Azide is on of tt fow cvplogivea #hich eantaln no
Oxyg=n ana the Actanatinsn insaives, 2o comtastion.  Tno reaction ja a
trascdown into load arg Nitrar noocomnanil g by oreat heat,

foad Azid is a eempenna of Lol ant Riteegen mansfactured by the
roachion of Sodius dzire (Jodtum, Anmonia ard Microus Ovid ) and Lend
Azetate,  Ito arysicl deneity is 4700 [ts wetan] geneity will depend

on tn. leading prosau,

Best Available COOPY
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4, Explesive frupertie::

1. Lead Asice ia extrencly. eennitive to shock, friction and
heat, It is transrortcd end storel trderwntor to reduare dan:=r of
ienition,

Its fenzitivitj to imnict coepends ou the ceystal cize, If the
largest limension of onch eryvustal i3 over 1M {4 will det nate spon-
taneously, ‘1unis is duc te an inercasa in internal stros.es,  The Army
gpeeiiies a maximum dimensian of 0.1 KM in which size {b tnga- drop et
of pLEVLR

It requires a heat of 245¢ to 7350°C to detonate ard will always
detonate iy ipnited. it will not burn.  Yrem these figures, it ¢an e
seen that while lLead Azide ie lesc sorcitive than Jeraypy Vilminate in
every respect, in the field, wath 2aesld Lo teoat 4 wit, wqual rare,

2. wad Aziae ie inferior an strenyth (467 of T0T) tut this

_is not a facter in primry cynlesivo.,

S0 It detonatez at A rate of 4000 ty “OU, meters Tor Seaad
(4500 mt #,8 density) with » Lricane Sicuro of 314 % 1-. This ig low
but sufficient for an initiator.

2. Lead Azice iz uned Lot 4 a rricur and Actonator. As it 1s
rot suffici-ntly senczitiv. e¢ithir tn stau aeting ar flane to lnsure
100% operating cfficicnsy it is nsumlly nsed witn ether ingredi- atz,

wornzlly it i3 waed as n friction ra':iir thin a nercussion rrim ¢
with the addition of Axtimony Julfide, rotassium Cnleorate i@ :n
‘aorasive,

A8 a detonator it i3 generally s nsitized by the ascditior of Le .o

Styphnate to lower the i,nition t =p ratur.,

Specific uses follaw: 4 vle copY
1. Primers: Bes’( a

1. Unitre Jtates:

6-1
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Percuscion Iipe - wv codac o v cian 0t an,

Sulfide/Ground Glass 33.6/14.5/21.5/77,¢,
friction Tyre - Lo.d Jside/Tetaziing: O lorate/ Antimony
Sulfid:smarborundun 28-1/4/53-1/3/53-1/3/5. (113 typ» is ilso censitizre
by Leza Suyphnate,
2. Britair:
Friction Type - Lead Azida/intirony “ulfice/letzssinm
Chlorate/Abrasive.
b. Relays:
1. United Strtes:
1,54 grains pressce into an aiuminum cup at h000 pounas
per square inch and covered with an onion skin,
¢. Cetenators:
1. United States:
3-1% ¢rains of Lezd fzide or hLead azide grnsitiazed by
ad Styphnete,
2. britain:
Lead Azide s-naitized Ly Lead Utyonpasc
2, Pussia:
Lead Azide seorsitized (v Lord Jtyphnate
4, Germany:
Lead AzidesLizad Styponate £3740
Lead AzidesbLend Ctyphue te i3/ 85
Lead Anide/Lead Ctrphnat~ 14,4735,

L- 33 Azid 7 fntiwony S:fiao/Abrazive 8277711 (primor-
Jetonater)

R, Ttaly:
Lerd Azid sLend Styphate H5245
Lo drpont

-

Lend Azids witn 71 ok Jowler Foley,
fn
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5. Lead Azide is entirely stable under the most zdverse storage
cnditions., It will detonste with as mnch as 50% moisture present.
Alf'ter not storage it becomes sl htly more sonnitive to suock,

4. It reacts only witn Copper, to form super-sencsitive Copper
Azides, in the prezence of Zaroon Dioxide and wiater. kor this reason
it is presscd inte aluminue containers.

. It is cercmpossu by an Aamorium Acetate sclution cor Dichlorodi-
athyl Etner arc destroy.d bv a dilate solution cof Nittic or Acetic
Acid to which a little Zcdiun Nitraste has been aaded,

£. Lewa Azide overcr ..e all tne dizadvantages of “..reury Fulminate,
In eddition, altioa’h briszwcy fiturzs s.ow Voercury Fulminate to be
sligatly superier to wond Szine, the la‘ter i3 & mucn more officient
detonatar,  Tac U lewing 4 ocle will illustrare this ~oint:

-

Miriir chary . ia g e uir.o te wetonate G, grams of:

o -otryl.licric’ acia Trinftroanisele

Mereups Ralmirale e o4 ol o 47
o ad srias VRN 12 8

L

This - fliciercy 13 dum U tne fact that Lead Azide attains its
mexinur veloeiyy 5T o tonatien in 2 sherter colune than Yercury filni-
aate, This permiis 2 ons-third reduction in the amsurd of the Jetonater
e the uss of 2 len.er ealunn of T.tryl,

e disvivintages of L3 Atide are 13 lack of sonsitiQity Lo

stb actior ard Tl and v fact *hat it does not proanze 1 yon?

.
~
l l Wi,

oDt two cojen yons ire casily elininster but Mercury rolni-

n:te is “enerally uacd when f1o52 i3 aosired 0 witn delays,

.
P




SECTION IIl '
LEAD TRIN!TRORESORCINATE . L
C@T(VGQ)S(GQPt)
This explosive has been widely used commercially and as an iniater
for foreign Military Explosives. It has recently been adopted by the .
United States. It is more frequently called Lead Styphrate.
1. Properties:
a. Lead Jtyphnate varies in color. It ray be pa!é straw, deep
yellow, orange yellow or reddisi brown.
b. As it does not melt, it is pressed irto its container.
c. It is manufactured from Trinitroresorcinel (Styphnic Acid),
Sodium Carbonate and Lead Nitrate, It is the leaa salt of Jtyphnic
Acid,
d. Bxplosive Properties:
1. Lead Styphnate is very slightly less sensitive than
Mercury Fulminate {2" to 3" drop test). lts zernsitivity is consider ''.
erably increased after two months' sterage at nedC,
It J-tonates from toriperatures of 200° to 240°C,
2. It has abont the same strength as Lead Azide.
3. When properly primed, it detonatcs at ahout 5200 meters
per sccond with a bdrisance of 21.4 conpared with 20,3 for rercury
lulminate under the same conditions. However, when ignited by flame it

has 2 brisance of 9,5 comparcd with 17,6 for Mercury KFulminate.
P A\

e

Sincw our detonaters u-taliy uctonate {rom igritien, it can b:
seen that Load Ctyphnate i3 not cufficiertly pow.rful to be used
as a detonator by itself. It ewnnot detonatc TN, Totryl, PETN or RDX.

2. Lead Styphaate is ased in Primers cither as the main explesive

or i¢ a sensitizer. it 1o used in g tonaters te lower the ignition

76




temperatur: of Lead Azide., As a Frimer [t gives a vory goOQ‘flunék
,’ Specific uses foliow:
| a. United States:
1. Priners - Priction type - Lead Azide composition sensi=
tized by Lead St.yp!mate'. , . ;jh
2. Detouators - Lead Azide sensitized by Lead Styphnaié;
b. Sritain:
1. Detonators - lLead Azide sensitized by Lead 3typhnate. |
c. hussia: f 1 
1. Detonators - Lead Styphnate over Lead Azlde, The éx-
plosives are in two layers rather than mixed.
d. Italy: .
1. Detonators - Lead Azide/sLead Giyphnete £5/45
¢e T¥ernany
’ . 1. Primors - T.¢c standard electric fuze primer consists of
Le~d Styohrnate/Guncotton 94/¢ formed into a paste with Amyl Acetate
solvent and beaded on to the ignition bridge.
Examples of other primers - Lead ltyphnate/Tetrazine/Antimony
Sulfide/Corleium Silicide/Parium Nitrate 37,6/4,2/7.4/12.4/38.5.
lead Stynhinate/Barium Nitrate/Cnlcium Silicide 49.1/3%5.5/15.4.
Lead Styphnate/Nitrocellulose 84,7/11.3.
lead Styphnatc/Oxidizing Agent/Antimony Sulfide/Abrasive.
Lead Styphnate/Barium Nitrate/5H2,1/47.9.
2. Detonators - Load Azido/Lead Styphnate 60740 or 55/45 are
the standard German detonators.
5« Lead Styphnate is entirely stable in storage, c;()@q
4, It hus ro reaction with metals, xbgg§9&3
O

4y‘ s . I i S S (<] i ‘ te
J 5. It is soluble in Acetone X

0e°

e
i
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" 6.. A3 a substitute for Mercury Fulminzte in Primer Coapositions,

Lead Styphnate offers: sensitivity, stability, a good flwie and it is

made from fon-strategic raw materiais. It is worthless as a d tenater

except. .8s a sensitizing ajent.
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AROMATIC NITRC COMPOUNIS
" SECTICN I
TRINITROTOLUENE BASED EXPLOSIVES
1. TRINITROTOLUENE
C6HZCH3(N02)3
This explosive, generally called TNT, was used industrially es
early as 1891, It was adopted as a shell filler by Germany in 19gs and
the U.S. in 1904 repiacing Picric Acid which gradually‘assumed the
status of a reserve expiosive.
T is also'known by the following names:
United States - Triton, Trilite, Tritol, Trinol
Britain - Trotyl .
Italy - Tritolo
Germany - Sprengmunition 02, Fulpuiver 02
Japan - Type 92 erplosive
France ~ Tolite

A, Properties

1. TNT varies in color, from light straw or huff to brownish,
depending on the impuvitieé present or the length of exposure to light,
In texture it resembles brown sugar,

2. In form it may br granular, pressed or cast dependin; on the
purpose for which it is used. Its melting point of 80.6 peruwits car.
loading.

2, It is manufactured from Toluene and Nitriz Acid in o two or
three step direct nitration process. Its cast density is 1,55,

4. Explosive properties:

8, T is rdlativil insensitive Lo shack, ‘Triationi apd

-
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. ‘heat, It is considered to have a drop test of 14" ard it wi'l ditonatr

from tullet impact about 4% of the time. It starts to decompose at
150°C. This becomes rapid at 180°C and the explosive flashes at 240°-
280°C.

Like all explosives the sensitivity 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 its

.equivalent. On a drop test basis this would be 11", 12" apd 14" for
the granular, pressed and cast respectively.

b. ™NT is comparstively inferior instrength being equivalent

.40 45% or 50% dynamite and is 65.5% as strong as Blasting Celatin,

This is caused by an Oxygen deficiency and is cvidenced by a thick
cloud of black smoke on detonation {pure Carbon residuc due to 2 lack

of completie combustion). It expands to 10,000 timcs its original

* volume,

c. TNT }s fairly brisant detonating at 6900 meters per
second with a brisance figure of 43.

B, TNT is used by ail nations as a bursting charge in all Lypes of
ammunition and in many cases as 2 booster. AL present its use by the
Axis, expecially Japan, is drastically curtailed due to a shortage of
Toluene.

Specific uses follow: ‘

1. United States - In the cast form it is our standard tursting
charge in all types of ammunition except armor piercing.

‘In the granular form it is used as a filler for Land Mines and the
Pragnentation Hand CGrenade. It has replaced EC Blank in \he Grenade,
producing fragments which are effective for a racdius of 1C yds. aguinst

2.5 yds. for EC Blank.

.//
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2. Britain - TNT is a standard filler for General Purpess,

Medinm capacity, Semi-Armcr Fiercing, 2nd Anti-submarine Bombs. - It s

alsc used in Land Mines, Fragmentation Bombe, Rockets, Surface T

pedoes, and Shells of all types. . S : oo s
in its pressed form it is used as & booster. ‘

ammunition. In its pressed form it is used as a booster for Puiﬁs

and as a Demolition‘pharge. S
In the granular form it is a filler for Grenades and Land Mines.

4. Germany - Filler #1 FPo2 - TAT pressed in cardboard or metal

containers - used in Tuells, Depth Charves, Land Mines and\Demolitioném

Filler #4 FFc2 - TRT’loose in paper containers - used injérenddea
of all types. _ .ot

Filler #7 FFc2 - 7.7 nresred - Shell filler

Filler #8 FFc2 - TNT Cast - Chell filler

Piller #14 Fbc2 - .1 Cast - filler for Genera! Furpose, Semi-
Aruer Piercirg, Arror Pier:zing, and Anti-Parsonnel Bombs.

In the pressed form it is also used as an auxiliary booster in all
High Explociv. bemls cver 5 hz. and az a Burster in Chemical Ammu-
nition,

. Japan - Preszed and Cast as a filler in all types of ammu-
nition exccpt bombs and only to a limited extent. This includes Shells,
Grenades, Land Mines, ani D-molition Charges,

C. TiT is non-hy¢roscopic and is consider:d stable. tiowaver, it
can exude. Exadation is caused by the fellowing:

1. The presence of immuritivs in the IV, from manufacturing,

¢

Pp

Py

3. Italy - In the cast form it is a filler in all n.ypga.:@gi S
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)} J#uch as DNT, TNB, and TNX. These lower the melting point velow 80.2

1 and canse exudation st elevated temperatures.
2. The use of Alcohol for cleaning threads causes a reaction
f‘j.‘ o which produces Ethyl Nitrate Gas.
é§§A ’ ) 3. The presence of impurities introduced by Ammonium Nitrate
s ~::m“~, - Lhaatols),
' ;JJ et The exudate is a yellow oily or black, tarry, acidic material

vhich will exude through the fuze pockets or base plates. Exudation
“ " ‘takes place under pressure if Ethyl Nitrate gas is present. If moist

] bwioniun Nitrate has corroded the casing the exudate may carry red

material caused by the reaction of Alcohel an¢ TiT in the presence of

iron, The acidic oil may also cause this corrosion.

. The exudate is not as sensitive 25 TAT but beins on th- outside of
the bomb it may be exposed to shocks that no explesive material can
withstand. In addition it is a dangerous fire hazard and may be
corrosive to the booster holder.

More’ important, however, is the fact that exudation will crcate
cavities in the filler which may result in misfires or premature
detonations.

The United States attempts to eliminatc exudqtions by usin? srade
I TIT (melting point 80.2°0 or above) for loading and Acetone, i1 nlwce
of Alcohol, for cleaning, Grade I TNT is used for all c:st explosives
1 and mixtures but Grade II (melting point 76°C) enn be used for pressed

charges and 80/20 Amatol in which tne Ammoniu~ Mitrate absorbs the
exudate and low density permits expansion. In aadition the inzide of
e the ammunition is coated with acid proof p-int.

' G ’ If exudaticn is suspected it can he verified by placing one or twe

4 - ? {,. .
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.drops of exudate in a clear glass tube and adding a concentr :iec

solution of lye (Caustic Soda), Drano, liquid soap, sozp flakes, yellow
soap, Sodium Carbonate, of washing powder, A light to deep red color
will develop if TNT or TNT exuate i3 present.

If the test shows positive the exudate should be remov:d with
Acetone béfore working with the ammunition,

Exposure to light will cause decomposition which will lower thg
melting point to 73,5°C, increase the sensitivity, discolor the TNT to
brown and cause exudatior.

D: TNT does not cerrcie metals essuch but will resct with Alkalies
such as Sodium or Potassium Hydroxide to producs sensitive salts which
ignite at 80°C and can explode spontuneously.

It will react with Amronia (see A tolz) to procuice - highly
inf)amable material which iznites st 67°C,

With dilute Nitric Acid and lead or iroq, THT czn produce the
French compound (composition unknown) which iznitus on contact with
Nitrie Acid vapor at 100°C,

E. TIT is soluble in Ether, Alcohol, and Acetone.

f. The use of Tolune as an explosive represents » compronise in
ugi]i;ing the Aromatic Hydrocarbons. Benzene which wregness ™E,
more powerful explosive, is difficult to nitrate and dapthlene, which
is~easy to nityatc, produces TAN an inferior explosive, Thf':dvant"ﬁ:s
of TNT are;

1. It is =asy to nitrate.
;2. It has a low rilting point for enst loadin/,
3. It is insensitive to shock nd ¢asy to detonstc.,

4. It is normally stable,

wy s
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- % It is a fairly powerful explosive.
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&g] Its disadvantages are: ,
v,

o 1. For most'Nations it tends to run short in time of war.

2. It is inferior to most of the new explosives in sirength and
brisance.

3. It is toxic.

It is highly probable that, in future wars, TN1 will assume the

position of a reserve explosive or a desensitizer for more powerful

Y
»ms«—qu-@rﬁ;.”. . V,- P

" edplosives,
. 2+ 'TRINITROLUENE - WAR MIXTURES,

o

‘.,{

SR .‘/‘

For certain purposes it is necessary to desensitize TNT. This is

»

quite often accomplished by the addition of wax.

o

E

A. Properties:
1. Color —‘Same as TNT

2. Form - Usually cast loaded (melting point 83°C)

w.
Py \\
,H?T,j

e e — e

inert and does not enter into the detonation.

v

a‘ 3. Hanufactdre - TNT and varying percentages of wax. (Germany
H uses Montan or Lignite Wax).

' ¥ 4. Explosive Properties:
: a. The sensitivity varies with the percentage of wax alwa;s
1 being lover than TNT iteelf.
); b. The strength is decreased in proportion to the amount of
J wax which robs the explosive of Oxygen when it burns,

4 - ;} ' ¢, The velocity and brisance are likewise reduced as wax is
|

B. The United States has considered TNT with 5% Bueswax for Armor
Piercing Bombs as a substitute for Explosive D. It is reported that it
gives better fragmenba%ion and incendiary effect but has nol been

adppted to date, Britain has used TNT/Beeswax 9%/7 (Yellow to amber in

78,
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color) in Semi-Arror Fiercing Eomls.
The chief use, however, has been by Germany in Armor-Piercing
Anmunition as follows:
Filler #10 - FPOZ plus FP § plus FP 10 - Fressed - Shells
Filler #11 - FP02 plus FP10 plus FP15 plus FP20 - Pressed - Shells
Filler #12 - FPO2 plas FP 5 plus FP10 - Shells
Filier #27 - FPOZ plus FP10 - Pressed - Shells - 34P Bombs
Fiiler #29 FP 10 )
¥ 02 )
Fi* 10 plus Fotassium Chlorate 70/30 ) Shells
FP i0 plus Fotassium Chlorate 50/50 )
Filler #30 - FPO2 plus FP6 - Pressed - Shells
killer #101- FP15 A.P. Bombs
In these German cdesignations, FP 02 indicates THT while FP$ etc.,
indicates TA\T plus thav purcenta.e of wix. FEvidently the booster

surround is pure THT with the filler made un in segments. The higher

wax content exnlosives would be in the nose where the shock of impact

is more intense. In Filler #29, the .Potacsium Chlorate is probably
addcd to increace the Oxygen éontﬂnt. As it would increase the sensi-
tivity, the filling is probably used-in regular shells, as an extender
for TNT, rather than in A.P, shells,

C. Stability - Same as T.T.

D. Reaction with metais - Same as T°T.

E. Solubility - Same as INT,

F. Aside from the decreascd censitivity, this-type of explosive is
not atiractive as its explesive characteristics are inferior. It is
toxic,

7. AHATOL
Amatol wezs developed during the last war as an extender for ThT

and is still uscd for tnis purpese. It is called:Fulpulver by th
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Germans; Amgiolo by the Italians; and Shotoyatw by the Jaranese.
' A Properties of Amatol:

1. Color: Amatol is naturally white to straw yellow in oolor

but due to the presence of impurities or exposure to light and moisture,

it darkens until it attains a dark brown cclor. It can be distinguished
by its grainy, brown sugar appearance.

2. Form: It is nsually cast bu¢ if the Ammoninm itrate

_content is over 60% it will be pressed.

3. Manufaciure: Amatol is a mechanical mixture of TNT and
Mmonium Nitrate usuzlly used in the proportions of 40760, $0/50, 60740

and 80/20. The first figure represents the Ammonim Xitir:te content.

_The actual manufacture is accomolished by pouring ammo iur. “itrats into

melted: TNT and then pouring the mixturs into the -mmunition. °0/:20 1s

too stiff to pour so it must be extruded. It is manuiactured from

LGrade I1 INT (M.P.76°C). The desired loading densitise ave:

40760, . . . . 1.54
, 50/R0. « o o o 1.54
, £0/40. + . . . 1.54
80/20. + + .« 1.33
4. Explosive Properties:

(a) The sensitivity of Amatol is the same 25 or s1i.htly

less than that of TNT. 80/20 requires a drep test of 15" while 40/10,
‘50/50 and 60/40 require 2 drop of 14" comparéd with 14" for TNT., The
Matols will not ordinarily detonate fromthe impect of = .30 cul. phule
bullet at 90!'. 80/50 has a spontancous deton<:tion temperature of 264V

280°C with 254°-24%° for KU 5p. Figures are not avail~tl: for 40740

and' 40/60.

{b) The strength of Amatol increases with the «ddition of

Ammonium Nitrate due to the fact that Ammenium Mitrate supplies Lxyson

80.
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for a more complete combustion. The:80/20 mixture is best from this

£ é: :Eﬁfiandpoint. The strengths compared with THT are:
' 80/20 . . . 1175 INT  50/50 . . . 109% TNT
; 60740 . . . 110% TNT 40/60 . . . 108% TXT
% (c) Due to the low velocity of Ammonium kitrate the velocity
and. brisance decrease with the increase in the proportion of Ammonium
) Nitrate in the mixture. A comparison with INT folsows:
EXFLOSIVE VELOCITY BRISANCE
TNT Hﬂ&ﬁééééﬂ&ﬂni 43
f 40/60 660C 59
| | 50/50 6500 3
i &0/ 40 €200 34
§ 80/20 5400 32 .
; S The decrease in velocity is more pronounced when the THT content
b _,EV<idvless than 40% due to lowered density as well as to the increase in
E Mmonium Nitrate. .
5 B. Amatol is universally used, by all nations in sll types of

; ammunition, as a substitute for TNT, CGenerally speaking the lower
f Ammonium Nitrate content Amatols are used in smaller ammunition. 'This
is due to the {act that a certain minimum amount of TNT is required to
j sengitize 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. Ugited States: 50/50 and 80/20 in Lisht Case, Cener )
Purpose and Semi Armor Piercing Pombs. 50/%Hy, €0/40 and 80/20 in

Shells.

2. Brjtain: 60/40 in Gencrnl Purpose, Meaium Canacity, ik

11,
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Capacity and Anti-Personnel Bombs. Algb in Depth charges, Rockets)
Grenades, Land and ¥aval Mines, 80/20, 70/30, 60/40 or §/50 in Shells
of all types.
3. Germany: Filler #13 - 40/60 - teneral Purpose, Semi Armor
Fiercing and Anti-Personnel Bombks and Shells.
Filler ¥1%(a) - H0/%0 - General Purpose Bombs, Land ¥ines
and Shells, -
Filler #88 -~ 60/40 - Radio Controlled Bombs, Shells and
Grenades.,
Filler #? - 30/70 Anti-Personnel Bombs
Filler #7 - 5/95 Use not known
German case markings, imdicating Amatol, are pink gith a blue
diagonal stripe. v
4. Italy: The Italiagns are reported as using 80720, 70/%0 and
60740 in all types of ammunition.

5. Japan: Due to a shortage of TNT, Japan uses Amatol very

little, 1t has been reported in Naval Mines,

C. Due to the hygroscopicity of Ammonium Nitrate, ‘Amatel is very
unstable in storage unless it is possible to exclude moisture com-
pletely. 80/20 will fain 61,19 moisture in two days at 30°C and 90%
relative humidity. This will not only lower the sensitivity and
velocity to a point of low order d+ tonation or failure, but may cause
hydrolysis with the formation of Ammonia. The ammonia will riact with
T™NT causing the cxudntion of a'brown, oily material which will ignite
at A70C. TIf this rvaction has taken nlace it can be detected by 2
brown discoloration of the explosive and the smell of Ammonia. Steam
should not bc applicd‘to the filling under these conditions but the

bomb should be washed out with eold woater instead,

la
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Cast Amatols exude the same as TMi.

D. Amronium Nitrate reccts wila iron in the presence of moisture
to produce Ammonia. Our smruniticn is coabed with acid proof pzint tc
prevent this and protect the casing from corrorion. 1In the arusence of
meisture, Ammonium Nitrate will also rensct with Copper zna Jopyp:r
alloys to cause a dangerous, blue, crystalline cxndation of suc, sz2lts
as Coppertetraminenitrate. To prevent meisture from entering ovr
anmunition, when fAnastol is used, we seal the -mnuniticn with « TN,
booster surround.

B. Amatol ir partizlly soluble in water .ad very solutle in
Acctone,

F. T4 can 6= readily ceen tnat Amatel i3 rot = particularly
cfficient Military Explosive und th:refere iz used only s asuuvstitut-,
it is a stronger explosive then T'C 2ne would be more efficient theon
TNT if confined 25 in 2 cratering charde. Wnen shot in the apon, it:
increased strendth aoes nat ~empensite for itz reduc:d velocity,
thercefore it is inferior 2s I'nr a3 pawer i3 concerned.  Tne fellowr: s
figures will sorve s an index of its fliciency:

PO CPTRETUITY o 0 v 0 4 4 0 o 0 980 0l TNY

Impulses o o o o 0 v v 0 v v v AT TN

Shzped charge cffictcucy. o o o JF4% of INT

Water shock. ¢ v o v 0 0 0 0 0 . 94% of TNT
4. AMMOMALS

Ammonal was an ol World War I explosive which wes not regarded
very highly due to 2 falure to realize the «ff:etiveness of Aluriniz o
Explosives nd the cost ~nd unavailability of Alininum,  With ~vrt .in
modificitions it is =2ssumin, increnssing importipce in this wapr »nd .

used uncer the follewing nimes:
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Ammonal, Aluwmatol, Burrowite, Minol and Toluol Ammonal (Italian)

’ A. Properties of immonals:

1. Ammonals are unsually gray due to the presence of Aluminum

in the nixture.

2. They may be cast or pressed dependin? on the TNT content.

Usually mi:tures containing less then 40% of TNT will be pressed.

3. The manutzcture is accomplished by nixing Aluminum and

Ammoriium Nitrate and pouring the mixture into liguid TdI. If the

mixture cannot bu cast it is simply mixed mezchanically for press k
A
19 loading.
1Y
‘ The following mixtures have been and are beins used:
? NAME % TNT fNE,HOE 2 I ol MATERLALS
¥ . . .
{
g Ammonal ‘ £D 22 11
% N Ammonal 12 7¢ 1A ]
Eo . \
i J k-‘ . - e
?" . Ammonal 25 50 22 3% Charcoal
i
] tmmonal 7) 4f 22 2% Brown Coal i
t
b Ammonal B(1) 93-98%,5 2.5-3.% 2-2% Charcoal
: [talian .g7onnl (%) o 34.% he B ( 1.5% Petossiun
b . ( Mitrate
; (9,%% Sarium Nitrate
- (&% Plack Powder

E " Ttalian Sobtiol: Anmonal 30 47 20 3% Carcon 1
N A {

italian Nitramite ;
t (1) (2) 71-72 22 6-7% Piteh "y
g British Cemolition
‘ Ammonsal 15 £5 17 4% Tharcoal .
. British Demolition !
! Ammonal 1% €5 10 1% Chareoul .

Nobel's 704 15 69 16

-~ .. -',;,_-Q rman Ammontl
. (1) (2) .2 1.3 1.7 Wi Pitsh

LN ~
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CGerman Ammonal I 54 16
German #19 Filler 5% %5 10
German #110 Filler
(1) (%) 9 2.5 { % Mapthalene
{ 2,53 Wondnesl

German #17-113 20 70 10
Filler

Alumato! 2 77 3

Burrowite 74 1€ 10
Minol o x5
Kinol I 48 42 10

Hirol II (4) 40 40 20

Mino) III 42 28 0

t

Earonal (5) 25 1% % . ariun Brtrate

(1) pequires a szcondary r.E. Friwor to detenzte,

(2) Cny zlate colere,  or af tar,

(%) Light gray color, wdor of nothballs,

(4) Most populzr at prerent in Pritain,

(B) Pxperimeatal-desi/n.d to climinate Ammoninm “itrate,

The loaling density of the Ammenals is increesed by v sdition
of Aluminum. The cast exprlesives run 2bout 1,4 to 1,4k,

4. ©xplosive Prorertier:

a, ime Lo the additien of Acisinim, Anmonals, are rope
sensitive than Amatols or ™7, *hnel [1hasa «eap war ficure o0 anent
10-11" vs 14" for THT, It will acton2te 4% of 'he tiae frem o oy
csl. bullct at 9G', It flesh pein® 13 the zame as A0/K, Aoty
(294-265°C).

ve {12 aadition of Aluminum raizes the boat of e torstiap to

around 406D°C irercasing the Lteesch Lo an auerape of Lo 3 of WY for

Asionals and 14%% for Yino! I+, %4 W ren v o, Y g e v,
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c. The addition of aluminum dacreaces vclocity but the
greatly increased strength pives a greater bricance tnan that of
Amatol. The velocity of Minol 1I is F400-570) metreus per second and the
brisance {igure about 40 to 41. The Prilish claim their demclition

explosive has a velocity of 3300 metres pner second whica woula [ive it

_& brisance figure of about 20.

B. Ammonals are now being used in three types of anmunition:

a. Underwater (Mines, Torpedous and Depth Chares) where the
confinement of water offsets the loss of vclocity of detonation,

b. Blockbusters in which & sustecined and nowerful impulse is
more destructive than a hish peak prcasure,

¢. Concrete Fragmentation Bombs wiers the imnulse will irpart
a satisfactory fragment v:locity but will not rmlverize i~ concrete.
Specifically, Ammonal has been r-vorted az being used in the following
ammunition,

1. United States: Ammonal ~ In shiells for Loating purpes s

due to the brilliant flash produced.

) 2, Britain: Minol II - Sea ‘iner, Popth Char,vs, Arti-

fubtmarine and H.C. Rombs.

Ammonal - Demoliticon and Cratrrin  Charges.
Nobel's 704 - Grenades.
3. germany: Filler #19 - H.F, Chella
Filler #110 - Concrete Anti-personnel Sombs
Filler #13-113 - G.P. Bombs
4. Italy: Reported as being usud in all types of ammunition,

C. The Ammonals, beiny essentially Amatol 1ind Alnninum; have © s
ssme type of reaction in the prescnce of moistur. 2c Amatal,  Thi:
reaction is accelerated by the preisence of Alunianm and five tin 5 i .

*

amount of Ammoniz is produced. + addition, the resctisn of Alwran .-

'.{60

~48%
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and moisture produres Hydrogen Gas and hitrogen. A& combinatysn of

Hydrogen and Oxygen is highly inflanable and explosive in nuture.
Therefore, heat, should not be arplied Lo Ammonual Tillings if the smell
of Ammonia is evident or if a brown disccloration is noticed. Tne
filling should be washed out with cold water.

D. The Ammonals ha e the same type of reacticn with metsl as the
Amatols,

E. They are soluble in water and very acluble in Acetone.

F. The Ammecnals (Mi~ ! have become very popular in this war,
particularly with the British, due to the fact that the additier of
Aluminum ¢reatly increanes the power of the evplosive. The loss in
velocity is more than ofiset bv the increas: in gas vnlure,

diving THT

a value of 100, Mincl II has the following pronertics:

BIPLOSIVE  FEAL PREVIRL  DNPULSE  WATERSHOCK
TNT 160 100 100
Minol II 112 115 143

It can be seen that ¥inol 1s zspecially effective under wat r
where the water acts ar a confining mrdium,

The chief drawhazk to the use of Amnonazle iz ir the manut~rturee
and loading:

1. Tt is difficult tr secure uniforn loading denaiiy,

2. If density is over 1.2 it is diffi~ult to insure hizs oreer
detonations yet at 1,2 or lawer premature detunstions from impa.t =it
ocecur,

3. Tt is ditfi=mlt to keep the vxrlosive dry yet, 1101 tar
enters the ammunition, the reactisns aerrited 2bave are peobarle,

4. There is danger from firee iue *o the ainity of luinun
for Oxygen,

% All these diffieulties may eat the orooa tion pal g» py0f,

wy
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This explcsive is alse called Wyi (rderwater Ruplosive).
A. Froperties:
1. This is a gray explosive.
2. It is cast 2t a density of 1.70 havin¢ 4 rwliirg point of

80-90°C.

W

. It is manufactured from 80/20 THT and Aluminum,

BN
-

Explosive froperties:
a. It has a drop te * of 12" and will detonats from the
impact of a bullet 36% cf the time. It detonates f{rom temperaturas of
240-280°C.
b. 1t is about 18% stronyer than TLT,
i c. 1t detonates at BA00 meters per second and has a brisance
figure of 42.

B. Tritonazl has been used by Cermvany and Japan for some tinme in
shells mainly to increasc the incundiary wftcet of the exnlosion., We
tried it in Armor-Picrcing Ammunition in place of Explocive I for the
same reason, but found that it was too sensitive,

In loadinp 4000 pound High Canacity Fombs, for the British, with
Minol II we ran into production difficulties (sece Ammonols) and
snbstituted Tritonal. It met with huge success and is now being
considered as an under-water cxplosive., dpecific uses follow:

1. Qritain: Bursting charge 4000 pound li.C. Zombs,
2. ternany: Filler #17 - FPO2 plus 10% AL - 7NT/AL 90/1C -
Bursting charge in Shells,
5. Japan:  TNT/AL €A/%4 - cur<tinp charge in Jhells,
C. 3tability - Came as ThT.
D. peaction with netals = Sz as THT,

E. It is anluble in Acetone,

w3,
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P. There have Leen extravagant clains nide for thly explosive,
e.g. It is 80% stronger than iNT; it is equal to Mirol II,

Navy tests compars: it with ¥inol Il ar follow::

| EXPLOS]VE ENERGY OF AIR BLAST  F“ER:Y CF WATER SHOCK
f © Minol 11 | 133 1%
| Tritonal 119 113
It ia toxie.
6. BARATOL

‘ This is a British Fv ive combining TWT with “arium Wteaie o
an Oxidizing Ag¢ent.
J A. Properties:
j 1. The color ia the cane a5 W,
2. 1t Is cast lnaded 2t a aensity of 5ok navieg A aclting
peint of 80-90°C,

2. Ty is manufastured feem /1, N70artum Niteat.

)
’ 4, Fxnlo«ive trepettios Uit Ld oL )

A, Ite sensitivity is sromt vie rame as cicrie aciy (ir
test of 12,2") and exn « exre S Ly actonate fean tmllel opt
of the time.

be Tt is vory slizhtly inforior o TR an cure: fth,

¢, It detonutes an 6500 = Lors por moconmy and Lo oo Ly
figure of alout 3£,

~o Earatol fs urced by the beitich in rori-w Mineo, arennd 4
Anti-gubmarinc Yom:s.
C. The stability i8s the same as 9,
i D. The reactiern with moetale ic Lo eme e ™5,
|
| F. It is soluble in Aceton~,
v F. The British claim that “aria Sitrate aels o o edtor ! oo

. > g
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oxidizing agent which dors not react with nctle ard i~ non-hygroscapic, ;j

-
N

Also the increasrd density of the fil'in< rosulie in batter propagationf
‘ of the detonating wave,

They admit that it is not as gond an explesive as Auatol but add -
that, volume for volume, there is little aifierence. |

FProm this it would secm that Paratol iz «f value only as non-
hygroscoplc, non-corrosive extender for T™Ni., There is little point in
substituting a straight oxidizins agert for a anmbination explosive
and oxidizing agcnt, such as Ammoninm Nitratc, as the increasced (xyzen
doés not conpunaate for the loss cf the explosive nower of Ammonium’
Litrete,

7. MISCELLANKOUS TRINITROTULUENE WAPLLSIVES

A. German Filler #56 - Donsrit.,

This is a ycllowish, plasti~ Grenade fillor monufactured from
Armonium Nitrate/TNT/Nitror ..cerire/Collolicn Cotien/Vepetadbls Hral
£7-90/12-25/3.8/.2/4.

Escentially it is RO/Z2C Amato) fermet into » nlostic by use of
Nitroglycerine and Collodion Cottone JU has about the noame explozive

_characteristics ns RO/20 Anittol tat in more censitive,

Tivee Gormzens indicote Lenariv lillod Srenader v ouning greer eases
with 1 vortical red strisec.

P, Flurbatol - This Iz 2 vuff ~xpleaiv. rmenufactured from 60/ 40
Lead Nitrate ind UNT. It hos ot ben sed excopt experime:toily and
hnayiittle to recommend it, b2ind inferior in cvery rosorct te Snctel
£0740. .o only advantage is that it is non-hv/roscopid. .

. The Grrans have used comoinntions of LT end linitremiline in

Grenade:,  DNA 13w very fo:hle exnlosive »nd tae ebrrie is protably

N
{:}_) uga: to prevent the formation of evressively Gall Urepmonts,
It iz a yellow, rre scd expl-iive beind very in ensitive and of
infrrinr power, . qo
{ o
AP —t <o et
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Cixopornae of cenzens are rrodic ©oor every pound of Toluene from
cor b mokin and atont threo raunis L0 e frem tetenloum Cracking,  The
Nitratenoen o oare porc powerinl oxplosive:s than U Nitrotoluenes ang
Sitroohencls ottt the big drawta2cke Lo thedr oo, <8 such, are the
NEfaity f niteation and the oniequent low yieleg,

;!il. tie Nivrchentenes are used, ag o cach, G semeertont welr
mein oo ia e oan iatersedicte wits Crlerine in tie manufacture o°
oth “I‘ 15 O T B IN

uilerine 1c o chovy plowtitul roterin] rreednend in the manufacture
AY Capstic Jooa, I oot recglly witn onzer s ta prudace Chloro-
epnere, arlsoin tarr s Loritrate L Darjiradt Joroueniene,  In
this form e orloriee 3 v ey wetive ang i el renlaned oy other
froups  aen as Lo earoag! e ordne Seeaps, ker ewsmplo A0S yiclds
Mritear: ec ] by Ly ereinot o, dteeenetr wiik dprliae v forn Tetraive -
Jiphe nybomire ond wicr vuslemine Lo fern Danitrem thyvluailine,  Tnews

T

moterinie e farcher oty ted G Vere Bioris Aad, P e Tetreyl,
CRINITO TR TN D e A TS
Lo T DN TROVHRINVE TN e

N (G )

imsil vt developant of the so-enlled g pevanlonives, for g in
this er, thiz was e ro b pewerful Hilitare Evelocive in general nee,
L1 oennrenly enllod Teteyl an this Acuntry ond L E, (Corprriticn
rvaledin ) in friteing It is alze krowr s T teslite or byrocite, It

\ wes diteavr Gotn 1877,

Ne Tror ortics: Q\g
1. Teteyl iz 1ist buftf-to-1 " cn yoilow ia crinr, (:fj
al &
‘i '\
§ TINIRIDEN T AT S 51 AAMTPTPAL A" S KABTTIATE 1R 1 0 - o @
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2. 1t is pressed intn iLs coentainer »t a donslty of 1,47 an it
will start to decompose at 1007C well holow Lo aeltyn  moant of 126,00
to 130°C.

3. It may be marurictured oy niteatin, Berzen, treatin® wit

fron filinzs and Hydrochlorie Acid to form Aniline, :ucin “ethyl

Alcohol to form Dimethylaniline and then nitravin: e Jetr.l.
cheaper mcthod is to manufacture Mcthranine from oth:l Aleok )
Ammonia, treat with Diniiochlorobenzene o form rinitrom riyianitin.
and then nitrate to Tetryl.

L aresy lovan) o Y RN N TN AT PR ST
ran, Graphite is used in this ~cuntry wiiw J1ves our Totryl v Jray
color.

Stearic Acid hag bteen tried for thic mrepos, jt 1.0 0 o
binding agent. It was found, hewever, thav =L Gropircel Comeratares
melts ond coxts the erystals to such an e xtent t ot asiie & o 't

4, Explosive Projoriiest

(a) Teiryl i3 intermediate in serncitavity,  sbi' - f0 iy, o,

"enough in sm2ll quantitios such as a bLoouter, 4t wili d- topat. S von

impact of s bullet 90-100% of tiv tine an tt  .raot tv o

bursting charge in largs emminition, it has » aprip test of =" enir pos

with 14" for TuT. [t deton~tes from Lemper:tures of 184 ty o o,
(L) Tetryl i3 20-2F0 strone-r taun b,
(c) it deton = . L 750C meter: rp oooent oog Yas shris o
of 53.5,
B, Tetryl is 20 alrot perfeet beeit- oy LU getonstes pow e oo o«
the Primary Explosives (. 1nF prams of * reury Fulmine cid) o e o
it) and develops sufficiont corrdy to i wre a Wi b oordop of ¢ 0 o

for any of the tursting charsoc, Specitie oo full w:
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1. United Statey étanduri Fant r.

Parsting charyr an . ian 47 MM ghells,
2. Pritain - Standard looster,

Bureter In Chemical Am=unition.

4. Germany - Sub=bouater in .ome ammut.iting,
Bursting charge in lanc =fnee
4, Japan - Standard suir-bonrier
bursti  chmrge in 24 MY on 1l
5. Fussis - {ouster

C. Tetryl is entirely strble ot its stacility may Le decreaseu
from contact with Plerie Acid, .

D. It may be slightly corrosive boevee!,

E. It iz golutle in Acetone, ¢ b hyiralioen cy bejlic in an
aqueous. snlution of Tadiui Larbonat are ron ce 2osteo,e Yy a gelution
of 3odium ulfite,

Fo etryl i~ a vory powerful exalosive oot it earaet pe need nere
extonnively bocause of:

8. iti bizh cost of manfactuee,  Vorore e war ji oL 0,
to $1,00 por pound compared wilh F.14 % 3,00 rer poand Jer T, e
doubt thes. coants have hLewn reauaed hut the ratio §oorae o Ty Ly em,
be Itz high melting purnt whazh voovont, et e i,
c. It3 soncitivity,
Tetryl 8 very togisz,
2. TKTRYTOL,

This explonive was acvelopad ie tur . v b corgo it ine ot

power of Totryl and at the oo tim lewer Lo lnins peine f‘;g‘,fr

ﬁ laading nnd redunce the peusitivity "o lar e aeale g IC§)Q
)
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A. Propertics

1. Tetrytel is lignt yellow in ccler.

“

& 1t has a meliing point of €3¢ to 92°C and iz =ast loaded at
a density cf 1.6. |

% As used it is ¢enerally maiufactured from 76/26 Tutryl and
KT, dixtures of £2%, €% and 80® Tetryl and %0%, 354 ari 20% THNT are
also usecd to some extent,

The TNT mclts and disolves part of the ietryl for=ing a eutectic
mixture of TWT and Tetryl and frce Tetryl,

4. Explosive properties
a, Tetrytol has a drsp test of 10" ang will detonate fron
the impact of a ballet 20 o 78% of the time, ¢t will detonate from
temperatur o of 1797-161 ..,
te It 18 about 0% stronger than THT,
¢o 1t detoniates bt s velnzity of 720 meters per geconc ard
hes a brisanse of 0.

B. The U.FT, uses Tetrytol as a Paratroenp and enpineer Uzmoliticn
wxplosive due to tii~ fact that 24 loe. will replace 3 Joz, of 08, W
also use it in some Ar'? - nk Mines arc 1, 4 Durster in Chemizal
arminition,

The Britisn use it as » Mirssinge caarie ir ame tonts (nat ) sfp-
nated) and as a Looster with the slution of weed woal Lo Yerr yae Lhe
density and thereby fucreane the senstuivity,

L, T will exnde at ARUO,

D, It is rliyhtly = rrasive to Dteel, Aluminue, Uopmr, and ur4s. .

E. It i3 soluble in Acv Lone,

Fo T addition of T, rermits solt Ieading and partis!]

the sonoivivity but it cust roning bivh 2omparog with g, ot e

94.
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Sentltive Lot uced in large ampunition and it is tovie,
Ivis &4 more officicut ip abop d obar o2 tran THT
TuCTION TV ’
NITROFIENOL AU BXG LCUIVE.

Nitromenols =»re Fenzene bar>d «xplesives whick, «lthough mor:
powrrfnl than the Nitrotolue ., have certain obljeoctions which caur-d
ther to bt congiacred resvrve -wrlusives until shortaje of Tolazpe has
~xterded their uce in this war,

1. DIATHOPHENUL
('l).“si "(‘:UZ)?
A, FropTtlces
7 'mlor = it crear v llow
Se Pornm it Las a weltly, poirt af 114-11£9C, ro wonld Le
ercos devted T usoa by 1tsoif.
do banwluture = it 1 L anafacturad by corveirting Tennun- te
Fh nel 2nd thea ritratine or by the v odrelvsis of Pinitesenloroirnzene,
4, Evplosiie mrorerties
Leoensitivity - Lot 17" An tee drop Lot
By Jtren, by = t.eat Tooof INT,
e, Veloeity v “risen - - 1V a tenates ab about BOCO netors

per secona witn o orisenes il of T4

(3]

o ooinitreseh nel io oueed te Lower tE - 1Dy meint of Vioric Aelc
for ~u ting (s Tridit ),

“oo It in entively stable,

DTt forne darsoeon s~les wiuv all movals cut Aluringy ane Tir,
e 1t s laile in Aotone,

K,oTL e ey tendn,




2. TRINTTROPHENCL
. CgH NG ) 5

Trinitropherol was known 2a early b

15 17y

¥
*

until 1869. In 1834 France adepied it 4 a

Since then it has been nsed, in anpe fore, iy !

al;
it was relegated the position of areserve exrlosiie lur

qualities of THT. In this war it is tein:

process,
It is known by the following names:
ritain

' ~
U, 3. ant

Picric Acid

Lyddite frivain {won - i)
Melinite franes

Pertite : taly

Shimose Jaran

Shimosite Japen
Granatfullung 83 (Grf z2) Cormany

Melinit i e FI

Cronite Caednn

A. Properties

1. Ficrwe Aciag i3 2 lighy, <room v llew 1o

2. 1t hiaz 2 meltiny point of 1.0, 57-1 0.¢7

*  pressed althougn it can b~ cast by Lich pres.apo oteys
a tendency on the part of Uield persoenn 1ot assu-
ia and to @

yellow, Jap cxplesive iz Fieric A rtost

probatly n-t the case, RETRIN

Any cacy, yellewisrn,

This won cxmneive romp re s 1

v, 94

and then nitrating.

.l
staniwr: aurctin e ohar) .

Natien

1§ ot iVl v

due to shortage of Toluenc and an irprovemeirt in 4.

suspected of being Type 93 expilosive which o+ v o1y oo

3, Pierie Acid was namifweturea oy ~ooornin B

nred 2o oy ole

arouna Jten

.
S
Lot uneri

the *i1

»
.

Tanndetaran )

]
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¥
[
)
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of TNT and ir sne of the reacqs for dlerertivang jtz uie, 101 oW
manufactured by the Dinatros: Joreie s reosos: woic: i3 mach ~.arar,
4. ¥aplogiJe properiicy
a. Picric Azid is sooewhiat ore renmitive ogn TNT. TL R
a drop test of 12"-13" (j4" far 070, 1L awtop.s & +f <= a0 w0
from the impnct of 3 bullet 242 ol L tine,
*

The rasting of Ficric Acid 1o wpt *c ue dorcere v gL o L.
decompuse slightly atove itz melting puirt, If » Jtie oner allewe. or
conl the cryatalling structursy Leris tnh o come ¢icterted L. o1 °
fnternnl atres w2 and in-~reqsed ganciivite,

1o
‘

b, It i3 '« TR 7 ST SR SR
c. U letonat - o0 T L L e R UL SRS
figure of 45.
B, Plearic Acid ix aacd as . icactop 2@ et harde v L1
netions,

Specifi~ gres follsw:

10 ‘.’tit"d -.t'zt‘ T - ‘!?'v"i' Y ;ta r

-
-

oo !-rlt.':in - v Peetg d e
Z, ¥panee = Yanog oo Dol i ot o,

A.c lt‘!:’ . -.'A;'I}ﬂ

e Jerncny - Mill e o, - e e 0 oA ; . .
tajiners - CWollg, bend Miven, oo oL T v,
Willer #5 - Crangl-: - 00
Piller #09 = dnar, - Sl
Mb=bocater in Caine whep areery Soie o e 0 e d SO
[t i3 a2 standwé - roard oerey e,
He -Iapan EP A F- R L LR T RN R S Y YT

I 35 2 atandur? tueetin, < uvin 49 05 tyse o mY o e

Shells, Bombs, Mines, Toarp ey, oo amee . 7o e GOQ.\j.

\
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Charges.

C. Ficric Acid is gencr lly considerecd stable in storage but it -
has a tendency to decompous atb tropical temperatures, ‘

D. Picric Acid, as the n=2me irdicatis, is an 2-id and h~s 2
corrosive effect on sll metals eicept Alurinum 2nd Tin., This res:lts
in the fornation of Metallic Salts or Picrates, some of which are very
sensitive, Primary Explosives (e.g. Lead Ficrate <nd Ircn Fiorate have
drop tests of " und 3-%" resr« tively) and others (Jopper nnd Zine
Picrates) are more sensitive than Pieric peid itself,

For this reazon Picric Acid must be protecied from contact with
its contairer., This is usu-lly accomplishad by coating the inside of
the container with Acic preof materisl (.40 Loopver, Ahph-il, viel),
or by loading the explosive in o-r ifinc i, onrlionri containere,

In inerting ammunition lezdea with Uicrie Acid « tre should be
tager to aveid friction tetween the oxplosi € g met lic ourfecss in
the presence of grit ws tris will crase detoration if cencitive Fierites

are precent,

E. Fierie Acid iz soluble in Aleohel 2nd o tone and it ean te

.

Al .

disolvcd by the une of Joaium Carbonrle or Scdiun Suliite,
F. Picric Acid hae two advintnyen:
1, iba rwe scterinls are pivntifil,
V. It i mere powerful thain THT,
Tve pain i wivantas is 10 o b o ltins point,
[t ie somewh ' teanic but not o v s N da this rospeec!

LOTRIMONITE

wd

Ao Propertie
1o i3 is o Lisght ern v ilbow oxplosae,

2, It 10 et lowaes hwvins ome ltieg reint o8 o JoRCC
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2. It is manufactured from 7y, 8, 90% Ficric A~id and 3, 2oy
10% Honoqitronapthalene or Dinitranapthalene. It has a density of 1.¢.
The H NI mixtures have the lower melting roint.
4, Explosive prcpertics
8. The sensitivity varies wiln the amount of Pieric Aci.,
ranging from 13" to 1%.5" in the drop test compnre! with 14% for TLEL.
Trimorite will detonate from 0-10% of tre time fron the impact of a

bullet and from temperatures of 300°-31ROC,

b. The stren ‘. varies from 74% to 995% of ™.1.

~e

c. The velority and 'risance vary from 8000 to ¢ 500 nmeter
per second and 32 to 40.F respectively,
B. Trimonite is uz~d as foll-wn:
1. United Mates - A reserve oxplosive Lo be nmwd i1 cave oF

Sy

shortage of TWi.
2. France - W% - T0/%0 - Fierie Acid/Fononitrenapthale ne-
Bombs;
MCN or MFDN - Bu/20 Picric Acid/binitrenaptualene - Famte,

A dapan - RO/RG and w0700 - Plerie Acid/Liniteanag - dlere -

helle apd {iller for Shell-n.

[ ]

; Burst¢r for Chemical
i C. dtability - dvve a3 Ticrie Aeid,

* Do It bas the sare peaction with = t2la as Picric Acj i,

# E. Selubility - Same as Dierie Acid,

, F. This ia a caat explozive nde from plentitul epoene, 4t @ -
? | not exud2. It is inferi o INT from an o xplecive starde .int loai
: power in the sun= proporticn thut NN ~p DNY ars -dae ..

4. TRIRITE

bR e

P This explesive is ealled Tacllite by the jritie,
; ,ﬁ'r'z- A. Propertiss:
¢ a
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1. Color - Light 2re" ycilow

8}‘C).

2. Manufacture - From €Q,70,50, and 907 Pieric Acia ana 40, 30,
20, and 107 Pinitrophenol. Zhellite is 70/%0. It is loaded 2t 2

density of 1.42.
/
4. Fxplosive properties:
a. The sensitivity of ridite der nus on the mixtur-.  The

drop test varies from 14" for the f0/40 to 12,5 tor the 90/1C comparea

with 14" for TNT. Shcllite is 14", The higher ricric Acid coutent

mixture will deionate from a bullet abant 20% of th Lime and fron

temperatures of 3)0°-217°C,

b, The strengtr varies from 0y to 10U0% of INY. Jhellite is

t : about 01% of TNT.
c. The velocities aud brisance vary {rom €300 to 7000 mct- r=
per s:cond and 35 to 45 resn ively. The fieures for Shellite are
6600 and 38,F,
8. Tridite i3 used a3 follows:
1. “ritain - Challite 0/1%0- Armor Fierzing Bombs and Shells
2 Francg - D! - £0740-Tarls and Chells
3, Italy - 57 FI40=Thella
C. Stability - Came as Fierie Acid.
Do P oaction with metals - Tme az Pieric acid,
E. 3olubility - Same us acris Acid,
#. Tric co=bination ic ucvd to low r the melting point of rieri-s
Acid for cuxst loading where 1t 13 necessary to use tioriz Acld due .,

\ ) .'
’4' “‘,’Sc
tg’ Toluene shortai
I[te disaavantagse lies in the wezrcsor § power whien reanlts Ureep

109,

2. Form - It i3 cast lowded, m-ltins fror @®-3.00, 4She1lite

1
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the addition of Dinitrophenol.

It

is difficult to see why the Fritish use it in A.P. bombs as it

is as sensitive as TNT and at the same time less brisante

The mixture is more toxic than ticric Acid.

5. TRINITROPHENOL - TRINITROTOLUE MIXTURE

A.

Properties:

1. Color - The =z . as TNT.

2. Form - Melting point of 80-90°C. permits casting.
3, Manufacture - From 60% Picric Acid and 40% TNT.
4, Explosive properties:

a. Sensitivity - Very sli¢htly more sensitive than TAT (drp

test about 1%"-1%,5"), It will probably detonat.: about 10% of the time

from a bullet and at tempcratures of 240-280°C,

b. Strength - About 3% greater than T1.

c. Yelocity and Brisance - About 71003 m.ters per secon. and

44 respectively.

B.

C.
D.
degree.
E.
r.

Uses:

a. Italy - MAT - thells

b. Japan - Fombs

It will exude, otherwise it 13 ~tnble,

Will react with metals th. same a3 Pieric A~id Lut to 4 lezoep

It is soluble in fcetonc,

The addition of TNT lowers the acltirt poind of fierie Acid for

cast loading and at the same time Picrie Ac1d aots as A cntendor (o

the INT.
It

is less toxic than TNT.

101.
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ANYONIUM PICRATL PASED F.rLOSIVeS

L. AXMONI'M PICRATE
CeH o ONtig) (N0 1) 3

This explosive is the Ammcnia 821t of Picric Acid. It is aiso
kriown as Explosive D and Dimnita.
A, Froperties:
1. Explosive "D" varies in colar., It mav 2 lemen y- Vlow,
orange or reddish brown.
do It is pressed irto its contriner sieee iy will not nelt.
3. It is manufactared tv poutralising Fieric acid with Ammoninm
Hydroxige .r wmonia Cas. of exeess immonin ie present it will ve
orange to red in caler. Af it is deficie t in "wmoniy rt will ve loown

vellow,

———

4, Fxplasiv: Freperties:
1. Explosive "I js the moast insersitive of military 2=

plosives. «#tilu 4 sever: imp~et tav d tonst OWE, Ter ol nrestge?

jo
| o
-
3
~
ol
mn
(4]
.
fox]

xplesiwe "I will only dtonate frop the sction of - ouit Ll

It will ~ura froe the imocct of 4 Patlot s of the Lime ong 0
m.y Uinally cwns. deton~tisn,
It detonttes ot ter oratnre s of a0t
Its sersrtivity mop cnorerso with C0 orration sf concitive
Explosive Jalte aft » ster: o,
Ly Dxploaiv "o paaeferisr bt L, 0 <p ata owin o
of the strntl of toe Latter,
Ay T detensl v st e of AT e bora oo s e oad

prisace fijere b,
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3. Exnlesive "D" has been used by the United Stotes in AP,
Amunition, because of its insersitivity, since 1901.

C. It is hygroscovic and therefore unstable in ctorage.

D. In the presence of rmoisture it will hydrolize tc ’icric Acid
which reacts with all metals.

E. Explosive "L* is c~"unle in water, warm Alcchol and Acetone.

F. Tt is an inferior explosive in every resovect and is used only
because of its insensitivity.

2, AMMONIUM PICRATE MIXTURES .

In addition to its use by the Uniteu Jtatcs, Ammonium Picrate is
used in two mixtures: Picric Powder cr Atel's Explosive by the “ritish
and Type One lxplosive by the Jars. Very little information is avail-
able concerning Ficric Fowder.

A. Properties of Gypc One :xnlesive:

1. It is dark sray in culor.
2. As it will not melt 1t is press loadea.
%, It is a mixture of Ammoniim Picrate/Aluminum/Sawdust/Crude
Petroleum 817167071,
4, Exilosive Froperties:
3. It is atout ejunl to M T in sensitivity,
b, Tts strensth © 27 greater than THT.
c. It has a low rate of detonation (4% meters per second)
and a bris:nce fignre of 24,
. It is used :y the J2ps in i nth Char‘tes,
C. Tn stability is an th- same ordor s Amroniun Picrate.
D. The renciion with metels i3 the same as Ficric Acid.
E. Solubility - 3we as Ar-enivm Picrate,
F

. knile the adaition of Aluminun malkes this cxnlosive very

104,
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effective for underwater use, where the coniinement of tie water
’ offsets the lack of brisance, it is difficult to anderstand vhy the
Japs have gone to the troutls to convert Pizric Acig to Ammomiunm

Picrate for this purpese when Ficric icid woula be 2 zctter all-:iround

.

A. Properties of Ficric Powder:
1. Color - Same 28 Ammcnium Picrate.

2. Forn - Pressed,

3. Manufacture - ~7/43 Poiassium Nitrate/Ammoniurn Picrate,

4. Explosive Propertiss:

g

Sensitivity - aboul tie samz as Tetryil.

v

b. It is about 75% as strong as 1\1.

¢. Velocity =2nd brisanze - lo fignrss are aveil ble but it
» can be safely assumed that Ficric F- is very inferior in this
respect, probably drionating at aveut 3-00 neters oer second,

B. It is used by theBritish aza boosier in AP, »mrunitior with

Shellite.
C. Stebility - Similar tc Ammoniuwn Ficraie,

D. Reaction with metols - Yimilar fo Amnmonium Picrite,

R ,ﬂmamﬁ*»z;&my%emvﬁ\ i o

e—"
3w

.

2]

? % Fieric Powcder is solubls in Acetone,

g Fo It is difficult Lo diszern wy rarticalsr wvant ye in this
: ~xplosive, Tetryl wonld ke a much more gffwvtive boostir,

4 SEOTTON VI

5

REXAMTTRODITATNYL MIVE B kD MXPLOCIVES

R

1, UEXARITRONIFHEYLAMIVE
(Cs.?)2hh(h(z)6

wany fencens Lase? oxelosives rarmally onn-

v 3 This is ore of the
.
sidered . resarve explosive but cow telns vaed e to v shert ¢ of

‘e luene,
1o,




) It is known by the following names: Hexil, Hexite, Hexanite,
Hexamin, H.N.D., H.N.D.P., Dipicrylamine and Hexa (erman).
A. Properties:

1. HND is deep yellow in color.

2. If used alone it will ' jressed as its M.7. of 250°C
prevents casting.

3. It is manufactured from Phenol or Dinitrcchloro.enzen:,
Aniline and Nitric Acid and has a censity of 1,F8.

4. Explosive Properties:

a. Sensitivity - HND has a drop test of 9", It will ¢ touats
from the impact of a bullet 87% of the tire and from temperatur:s of
237°-260°C.

b. Strensth - It is about 15% stron-er than i1,
’ c¢. Velocity and Zrisance - HND detonules at acout 7200
meters per scconc and has a brisance figure of 45,

B. HND has becn considered as 3 hocstor 2nd, while it is inferiore
to Tetryl, it is superior to T-T for this purpose. 1t is now uscd ur
Cermany and Japan in mixturcs.

C. Stebility - HEP i3 entirelv stalle in storajde,

D. Reaction with metals - Sore.

E. Solubility - Hul: is readily solublz in Acetone and in aynzous
alkalies except KO,

#. {IND is similar in characteristics to Tetryl without Lisvin* th
power of Tetryl. It is slizhtly stron,sr than licric Acid ana do 5 not
have the latter's rouction with mctals, Its wide use -y Jiwpan or:
Germany indicates that it is probably eusivr to manuf- rur than i1y

Acid, It is extremely toxic,

1(} F’ .
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2. HRXANITE

This is one of the principle H: .crivatives. [t is called

Hexanite by the U.S. Navy and NTDy, Schivcswolle 18 and TOMV 1-101 by
the Germans,
A. Proporties:
1. Color - Greenish gray
2. Form - It has a melting point of about 80;°G°C so is usually
cast loaded.
3. It is manufactured from TNT/PND/Aluminum G0/24/16. Its
density is 1.72.
4. Explosive Propartics:
A, Sensitivity - 1t haz & dron tezt of 10V, doton~tes from
the impact of a2 bullet 2nd from temp roturcs of Z00-260°.
b. Strength - It is absut 0% stronger than 4T due to the

addition of Aluminum.

c. Velocity and brisance - It dctonates a1t inecut £900 m_ters

per second and has a brisance figur. of .

B. 1t is used by Germany in Mincs, Depth Choryes, Torpedoes and in
Naval Demolition Containers.

Japuan uses it in Torpedoes. Reports have stated that it is used

by Britain but this has not been verified by reports on sneciflic

ammunition.
C. It is entirely st tle,
D. It nas no reactinn with netila. .
B, It i3 readily =oluble in Arctone,

F. The addition of THI %o tnis rixtare lowers the sensitivity of

H4YD and neermits cast losding, Tae amrtion ! wluwinnm . dras nes afieey

105,
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of the expl

detonationl

3. NOVIT

the Germans

velue of 44.
B. It
C. It
D. It

reo It

F. Nov

the brisance materially but dows increase the strength by %% resultin,

in a very powerful explasive, It also increases the incendiary effect

Disadvantages: 1. Scnsitivity

This is another BED derivative. It is called Hexamit and Novit by

A. Properties:
1. Its color is a slighily lighter gellow than (L.
2. Its meltin- point i3 80-90" permittine cact loading.
2. 1t is a mixture of &0V40 T (170D,

4., Explosive Prornerties:

bullet impact and t'rom terperatnres of 237-X0°C,
b. It is aiont A-9% str~- vnan TET,

. ¢. It dotonates at 7000 rietvrs per s:icord and has a lrisines

osive becuause of the brillian{ flash from the Aluminum or fj i
It compares with TNT/Aluminum, mixtures as follows:
Advantages: 1. “reater - -rength s
2. Greater brisance

2. Extends TNT

2. Toxicity

and Type 97 ixplosive by the Japs.

a. Novit aas a dren test of 11.5" and Aill detonuts from

is used by lerniny and J2rar in Torp-does und Miar.-,

is entircly stable,

has no rcaction with metals.

is readily solnile in A-etene.

it, while a sliprtly better exrlovive thu i, s

OOodns

mainly as an extendrr of TNT. 1! has the *isadvaniajes of Trsitivie

and toxicity.

17,




SECTION VII
TRINITROANISOLE BASED EXPLOSIVES

1. INITROANISOLE
CGH200P 3( N02) 3

This explosive was developed to over.ome rizric Acid'z hizh

melting point and tendency to react with metals. It is called Tvoe 91

Sxplosive by the Japs, Ansole by the Germans 1nd is friquently adbro-

viated to Anisole.

A. Properties:

1. Anisole is colorless when pure tut when founda it will app:ar

vhite, Af&eé exposure to light it becomes dirty yellow.

2.. its melting peint of €4° to -~ permits cast loading at 2

dersity of 1.4.

3. Anisole is the Methyl Filer of Phenol. Fermerly the = -a-

facture consisted in convertins RBenzene to Fheono! Lo anisele =na

nitrating. This was cxpensive 2nd danpirens.

~

It is now easily made by treating vinitrochlorobennene with Sodi

Methylate and then nitrating.

4, Fxplosive propertins:

a, 1t is less sensitive to n "NT naving 2 drop toeot of

15-15". It will not detonate from the i, pact of 2 tulivt and reauir -

a temnerature of 105°-207°C to detonite,

b, It is abkout =~s stron, > 1'i ric acid.

¢, Tts velocity 2nd brisance sre alout the sape 3 17

16900 meters per sccond nd 43).
3, It is used by the Japs in Armor i< rcing bomos and =nells,

C. It is unstable. In the prcepes solatare 1t will hyorat)-

to Pieric Acid.

16
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D. It has the same reactiron with metals as 1icri. Aziz 4.
hydrolysis.
E. It is soluble in Acetone,
F. Anisole has the followin} advantages a5 an 4.7, fillie:
a. It is equal to INT in explusive jualities.
b. It can be cast,
c. Its raw raterials are plentiful,
Its disadvantajes are :
a. If it hydarolizes to Picric Acid it will not ouly rosct widh
metals tut will become too sensitive for uze as an AP filler.
he Its low melting point will cause 1t Lo exude at rlevates
temneratures.
c. It is very toxie«.
2o HEXANITE-ALISCLR MINDIGE
This mixture 1o ~21]-3 Tyne 94 Explosive Uy the Janz,
A. Propertice:
1. This v xnlasivs i5 vreenish vellow wien caay and lema v Mw
wvhen pressad,
20 Msorolvine poirt ef €% 0 70°C » rrats ~ast loadin

7o It e merarected from 20 Trinitronisele ans 40 Vey-

anitrodiphcnylanine,
4 Yxplo vy rrenerty U
2, Its sencitiviwy ie Similsr Lo toat of Fisrie Aeid (dron
test of 12,5"), It detonatr . at temp.ratur a of 23004070 4pl fror
the impact of a hullet atout A% of the time,
b, It is alout ©F atpon, rothen N7,

¢, 1t detonates at 2 v ooty of 700 oL s por 5 ocond o

h:is a brizance of 44,

1") ! .
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B. Tv is used by the Japs in the cast form as a bursting charge
in all types of Naval Ammunition: Bomb:, “Lclls, Mines, etc., and has
repiaced Picric Acid to a great extent. It ic uged in the pressed form
as an Auxiliary booster.

C. Stability - Same as Trinitrecanisole.

D. Reaction witk retals - 3ame as Triniiroanisole.

-

E. It is soiuble in Acetone,

F. This mixture has the following advantases:

a. Bcth explosives are based on Benzene.

b. The sensitivity and high meltin¢ points of HND are overconz,
c. The melting point chjection to Vieric Acid is overcome.

d. The tendenzy of Anisole te exude is reauced and “he power

increasaed.

et )
W

Its main disadvintaje a
a. Lack of stability,
b, Toxicity.

¢, The mixtare will probatly 1 ate from the impact of a

bullet at lesst part of the tir .

erd

3. NITROLIT
A, troperties:
1. Coior - Wnite to li‘ht yellow.
2, Torm - Cast loaded: Melting point around 780C,

2, 1t is nanutacturcd from 60740 Irinitroaniscle/Amnonium

Nitrato,
4. Exnlosive Properticc:
a, Jensitivety - dicilar to 6072 &matsl

ot

L, Jtrensth = cimilar Lo €0/740 dratel

¢. .-risance - Jinilar to ~0/40 drmatol

110,
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B. It is used bty Ger:iany in lines and Torpedoes.

C. It is hygroscopic and the Aninole will hydrolize to Pizric

B. It has'the same reaction as Ficric Azid arter hyarcivsis

k. It is soluble in Acetone.

F. This is an Amatol Typ= explosive uszing Trinitroanicele inctend
of TNT. It uwtilizes plentiful [enzene tut is teric and less stacile
than Amatol.

SFCTION VILI
NITROBENZEZE BASCE BYFLUZIVES

1. DINITROBENZENE
Cgliz(N0p)

This explosive is frequently called DNB. The dernans name it DI
or Dinitrobenzcl.
A. Properties:
1. DNB is yellowish in color.
2, 1t has a melting nooint of R6-y0%C and can ve cust.
3, 1t 15 manu'actured from Hentene and “itric Adid er oy

reduction of Dinitrochlorabenzene.

2o 32, A B K N

a3

“

. 4. Explosiv. zreo riius:

3. Its sensitivity is about equal t- that of zxplosive I

(18" drop test). It vill not detonate from the impact of a bullet an:
docs not detonate from tempcratures ap to €077

b. It is inferior in strensth being a.out 8% as strou, 23

sl

THT.

YRR TR e S T

c. 1t has a low velocity of deton-tien (GOU0 :ters pro

second) and a brisance {igure of about 4.,

>

5,

B. It ic used by the JSermins a3 a bsensitizer for R (O 0),

111,
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C. It is entirely stable.

C. It has no reaction with metals.

E. It is soluble in Acetone ana Alcohol.

F. Advantages of D\MD:
a. Its raw materials are comparatively vlentitul,
b. It is an extender and desensitizer {or other explosives.
c. It has a low melting roint for cast lcadin:.
Disadvantages of DN&:
a. Low strength and orisance.
b. It is extremely toxic.

2. TRINITROCZENZENE Cﬁﬁs(NO?)z

A. Properties:

:
L
*

FPRe

1. TNB is yellowist in color.

g - 2. It has a melting point of 1.1-17%2°C and cennot ie cast.

? S %, It is manufactured by reducing Priritrocrlornbenzene or by

% nitrating DNB.

g 4. Explosive Properties:

é a. TNB has atout the same a3 or wli*htly liss sensitivisy
than 5T (14-1%" ty the drov test)., It will not ordinarily detonatr
from the impact of a tullet or at h-ats up to 2RQOC.

,

: b. It is atout 11% stronper then T

' c. It detonates at 7400 meters per second ard has 2 brisance

f figure of 47.

% A, It is used ty vhe Gormans i [iller #7C,  The cxact use is not

: stated,

: C. It is entirely stable. )

N D. it has no rea~tion with motals,
"3/‘ E, Tt is solibl- in Aleohol ind Acetow.,

112.
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P. T.B has very fine explosive qualities but i: not used ~ore
4 ) because of the difficulty of nitration and consequernt low yield. Its
. ‘& use dcfiult.e’ly indicates a shortase in raw materiais. I€ is very texic.

'3, TRINITROCHLORUEENZENE
CeHL1RC) 3

This explosive is also called Picr-' Chloride ani abbreviated to

TNCB.

. A. Froperties:

1. TNCB is an almcst colorless crplosive.

2. Its melting point of 81-83°C permits casting.

3. It is manufactured by nitratirg Cinitrochlorob:nzene, ihis
is almost as difficult as adding the third Nitro grous to DWB anc the
yield is very low.

4. Explosive Prop:rtics:

a. ThC3 has about tne same scnsitivily as or slifhtly less
sensitivity than TNT (14,5" dron test).
b, It is about /% stronger than Ta7.
¢, It has about the same velocity and brisance a» TUT.
B. It is used by the dermans as a shell filler.
1. Filler #30 nreascd
2. Filler #n1 crsi
German markings are a ycllow container witn a dingoral white
stripe,
C. It is entircly stahle.

D. It has no reaclkion with metals.

k. It is soluble i Alcohol and Acctone,
F. The use of TNC: by the Jermans indicalez o sucrtare of 1,

.\ It is extremely toxia.
v




"RINITROCHLOROBENZENE - AYMONIUY NITRATE

:’w/ This combination is designated Filler #4 by the Germans.
A. Properties:
1. The color would vary from white to brown depending on the

condition of the Ammonium Nitrate.

2. It has a melting point of 21-82°C and normally would be cast
loaded.

3. It is manufactured from TNCE/Ammonium litrate &0/40.

4. Explosive Properties:
a. Sensitivity - Same as €0/40 Amatol.
b. Strensth - Game as 60/40 Amatol.
c. Velocity ana .brisance - Same 2s 60/40 Amatol.

B. It is used by the Jermans as a shell filler,

C. It is by{rosvopic and thercziore unstable.

e

* D. It reacts with metals much the sa» i, Amatol.

E. [t is partially soluble in water and soluble in Alcohol and
Acetone.
F. This mixture substitutes TNC3 for THT in an Amatol type ex-
plosive due b0 a shortage of TNT. The mixture is very toxic,
SECTION IX
MICCELLANEGUS AROMATIC NITRO COMFCUNDS

1. TRINITROCRESOL
CeliCliz (UH) (X0g) 5

TR T ST W e e PR a5 s g

SRy

This isninfrricr explosive used by the Italians as an ingredient

gy

of other wxplesives, [t ia of little iaterest as it is not used by

IR g

itself,
2. AMMCNIUM TRINTTLOCRESYLAVE
, ~. C6hc'”!3( ‘iUZ) 2(‘“:‘.4
T inly axplosive is ~130 knower as Ecrasite, 1t 13 the Ammoniurm 3alt

4,
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of Trinitrocresol.
;N .
\ , A. Froperties:
' I 1. Color - Yellow to rouaish y- llow.
2. Form - It has a meltin® » . of 100°C ana is ~23t loaded.
2. It is manufactured by treating Trinitrocrescl with Ar-oniunm
i
C Hydaroxide or Ammonia Cas.
4. Explosive Properties:
’ a. Jensitivity - Same order as Explosive D",
b. Utrenzth - About % of THT.
¢. Velocity and “risance - Inferior - atout 60G0 metorz ror
5 second with a brisance fiurs of about 72,
%
%d B. It is usoa by the Itzlians in large shelln,
g C. 1t is somcwhat hyprosconic,
§ D. It has no reaction with metals,
% - .
¢ Ve E. 1t is soluble in watzr, Alcohol and Asetone.
| '
% : F. This is an old World War I explesive usea tecause of ~ ahgrtzee
lﬁ‘" 0
g ‘ of raw materials. The fact that it c2n b= cast is its one advanta -,
¢ 3, NITRONAPTHALENES
% Napthalene is obtained in largs . .ntitics from cesl cekin: ang,
?’ since it is ensy to nitrate, every effort has been m2dc to utilise it
3 as a military explesive,
A. NAPTHALENE
C1ota
This material is used s 2 fuel when an excess of oxiai-iry -orpt
) is prosent (see Ammonals).
Us HONONITRONAPTH ALENE
o . This materix] is manufactured by nitratin, Nipthaleno. 1 1.
& ‘ )
. . yellow in color and hac 4 nriting paiat of +--10°0 [y as ur - o
; 115,
i
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lower the meltirg point ¢ Picric Acid for cast loacing (Jee Picric
Acid). It is not an explosive.

C. DINITRONAPTHALENE — Cqgohp(™0))5

This material has a very feeble capaciiy for explosion. It is
yellowish in color, his a melting point of 143°C and is manufactured by
nitrating Napthalene.

It is used either as 2 mild sensitizer for Ammoniurm Nitrale or as
an extender for TNT.

Specific uses follow:

Explosive Nation Compositi:n lise Pemarks
Schneiderite Italy NH4N05/DﬂSv7/l3 Shells Sensitizer
Mougat (M37) Italy NH4NOz/DNN/ T2 Shells Extender
5077143
Siperite (MNDT) Italy NE NG 2/ DN/ TN Shells Extender
72.3/10.5/16.7
Ttaly TNT/DNN Shells Extender
Germany TNT/NH4NO3/DNN Not stated rx tender
Germany  TNT/DWN Not stated rxtender
Sermany  INT/NI'4NOz/DNN  Not stated Extender
25/50/15
Shonayaku Japan i1 4NO 5/ DNN Not stated Sensitizer
Chanyaiu Japan TNT/DNR 70/ 4% Shells ¥xtender

The addition of DNN to TNT rcduces the explosit values and
decreases the sensitivity of the latter and is wsed due to 2 shortage
of raw materials.

Its addition to Ammoninm Nitrate does not climinate the necessity

or a high evplosive s.nsitizer, which would usually take the form of

an suxiliary booster, to insurc 1 high order 4- tanatien.

11/0
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D. TRINITRONAPTHALENE
C10H5( NO2 ) 3

TNN has about the same sensitivity as N7 but is inferior in

explosive qualities being between Dinitrctoluene ard Tinitrabenzene in

this respect. It is vellow in color, melts at 220°C and is manufactured

'by Nitrating Napthalene.

Sonme specific uses follow:

Explosive Nation Composition Uses

Satulite Italy NH4N031TNN/Ca1ciun Shells
SilicatelNaN036013/14/18

Sabulite Italy NH 4NO2/ TN/ Calcium Stells
Silicate 65/10/95

Vidberite Italy NH4N03/Naf PR 141 Shells
42/40/18

Piombite Italy Lead Nitrate/Tiil/Lead Shells

Carbonate/Calcium filicate/
Vaseline 75/15.75/1,50/%.74(2

In the above Mixtures TNN is used as a suhstitnte sen~itvizer for
TNT. Calcium Silicate is often mentioned ac a subzlitute for Aluripi-,
Lead Nitrate and Sodium Nitrate 4re oxioizing agents an: Lead Cartonat.
is a fuel, All are low ;rade cxplosives uscd duc to A shertnd of raw
materials,

E, TETRANITRONAPHALEN!

"hir is a very powerf1l axplosive but is too expensive for acncrs)
use.
4. TRINITROXYLENE
CéH(Cﬂﬁ)z(N02)3
A, Propertics:
1. Color -~ Golden yellow.
2. Form - precacd - melting point 18200,

7. Yanufacture ~ Nitrition of ylene,
117,
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4. Explosive Properties:
a. Sensitivity - Drco test 21" (TNT 14"). It celonates at
410°C. It will not propogate the detonating wave.

b. Strength - About 83% of TNT.

¢, yelocity and brisance - 3™ . meters per seccnd and 15,
E. TNX is used by the Germans as a sensitizer for a low grade

explosive in Grenades. Filler #57 Abonachit 2 - Ammonium hitrate/

/
3
|
!
£
i
- B
. %
H
k4
a

Potassium or Sodium Nitrate/TNX/Collodion Cotton/Socium Chlorzte.

64/2/12-14/1/17-19. It is indicated by a green container with a brown

AR oo B

stripe.

C. TNX is stable.

< o ¢

D. It has no reaction with metals,

ST

E. It is soluble in Acetone, ;
F. TNX is an inferior explosive and difficult to niirate. In the
German explosive it may be uued due to a shortzjic in TMT or to avoid !
the disruptive effect TuT would have on a urenade.
) :r
£ L
H ;|
§ .
1 :
¥ #
1 3
3 ‘ :g;"i
::g




g e

A R L A

PR R ST et IO N Sy e T _
th [ PRI T o e ey

CHAFTER 7

ALIPHATIC NITRATES
SECTION I
CYCLOT i IMETHYLENETRINITRAMIN® *° .ED EXPLOSIVES

1. CYCLOTRIMETHYLENETRINITRAMINE
(CH2)3N3( N02)3

This explosive was patented in Germany in 1899 as a medicina. It
wvas patented as an explosive in 1920 in 3ritain and ir 1922 in thc
United States. It is one of the so-called super-explosives which hLave
come into prominence during the present war. It is known by tne

following names:

Cyclonite United States

RDX (Research Department Britain
Explosive)

T4 Italy

Hexogen (Hh) Germany

Tanoyaku Japan

A, Properties:

1. RDX is a white c¢xplosiye.

2.1t i ngrosr lofdea s it v o btin et ¥ osT 20 - T, A0

2. It is manufactured synthetically from ccal, air and wnster
which are used to manufacture Formaldehyde, Ammonia and Nitric Acid.
Formaldehyde and Ammonia are condensed to form Hexamethylenetetrimine
(Hexamine) which is nitrated to REX. Earlier use of &iDX was orcvented
by large Methyl Alcohol requirements and the fact that it reguires
eleven pounds of Nitric Acid to produce onc pound of RPX. It ie
difficult to recover the Nitric Acid after manur»cture due 1o .
reaction of literated Formaldchyde ana the zrent acid.  The first

obstacle has been overcome by the productior of syntheiic Motuyl)

119.




Alcohol and the second partially overcome by improvea manufacturirg
processes.

4. Explosive Properties:

a. RDX is slipghtly more sensitive than Tetryl. Thke drop

test is 7" against 8" for Tetryl. It will detonate 1007 of the time §

from the impact of a rifle bullet and at temperatures of 197° to 260°C.

b. It is 62% stronger than TNT.

; 2. 1t detonatee at 8400 meterz rcr second anz *~= a brisance

figure of 61.

B. RDX is used mainly in mixtures but it is used by itself as 2

sub-booster, booster and bursting charge as foliows:

i« Italy: Sub-booster - All types of ammunition

Booster - Shells

‘ Bursting Charge - Land Mines

2. Germany: Filler #89 - Cast-in mixtures

®iller #90 - Pressed-iu mixtures

.

Bursting chargc insmall caliber Shells (e.g. 4.2cm)

and Rifle Jrenades.

M MM

3. Japan: Boostor - small ammunitisn

Sub-booster - Homb Fuzes
fursting Charge - 20 W and 37 MY shelle - AG calib
and 7.7 Mi{. Bullets - Land Mines. It is oi'ten reportcd used with Alu -

inum. This is not 2 mixture but the ~' j.aum is added for incendiary

RDX is entirely stable.
D. It has no rcaction with metals.

E. It is soluble in 4cetone and may be hydrolized by Sodiur

od

-

L Gl tlydroxide at 60°C or br boiling in Dilute Sulphuric Acid.
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F. The chief advantages of RDX are its tremendous power and =
facy that it uses non-strategic raw r»t ,ials. Its disadvantajes 1re
its high melting point, its senzitivity and the low yield in manu-
facture,

At present all nations are devising means of utilizin, R/ in 2
desensitized form. It‘is cither combined with Mitrohydrocarinns, which
8130 permit cast loading, or with waxes or cils for -ress lozding, 7

Tris explosive is especially at.ractive tu t Axis b.cause of

their rav material shortapes.

,lZ. CYCLOTRIMETHYLENETRINITRAMINE - WAY, MIXTU'RES

This is one form by wnich EDX is Jzsensitized for wider use.
Composition A is our name for this type of aixunre.
A. Properties: '

1. The color of the mixture aepends on the wax. Compesition A
js white to buff; German compositions are white or tlue and Ita)
arc white or red duc to the use of dye.

2. FDX/WEx is press loaded. - addition of wax docs ot
reduce the melting point.

3. It is manufactured from RCX ana verying percentag.s of way.
Cemposition A is 91/9 EDX/Pecswax. Grrman and 1t:lian mixtupes -e
Montan Wax (Lignite Wax).

4 Explosive Proverties:

a. The scositivity depends on the amoant of wax ang wi ther
it coats the individual grains cr not. Our comnesition A has 1 odror
test of 14" the same as ML, It docs not detoaate from th. impaot o
bullet and requires a temperature of 2909C Lo de-tonab: . Fi mpen g
not availavle for the varions foreign nixtur g tut crerally th e

will indicate the order of scnsitaivity.

Lo

RO - DOMMNC . — e e o B LA

' %
D
:
.
©a
g
¥
B
ke
o
e

P
3
k]
7%
5
s
i
3
¥

»

%

1]

T

»




Pl
I

b. Composition A is about 7t  ironger than THT. Uther

Rixtures vary w'th the amount of wax,

c. (omposition & detonztes at 7500 meters per second and has
8 brisance fig .re of 49.6.

B. .DX/W .x is used as a boostcr with a small amount of wa2x which
does not coat the grains and as a bursting charge with larger amonnts
which act as a grain coiting. Specific uses follow:

1. U1 ited State:: Composition A - Shells,
2. B-itain: Shells and Grenades
2, Ytaly: Boos ers (dyed rzd! RDX/Wax 95/5.
4. ermany: Fil ler- #86 - A core of RDX/Wax acting as an aux-
iliary booster for EDD (Sce) in 75
MM AP, Shells.
Filler #91 - K5 - RDX/Wax 95/5 - Jub-booster and
Booster.
Tiller #92 - K10 - RE¥s & 90/10 - Pooster,
. IDX/Wax 89.7/10.3 - 757 Mil AP, Ghells,
RDX/Vax - 97/% - Used as a sub-booster in the
tropics in place of PETN/Wax,
It is also used as « filler in Grenaues and Shepad
Charges.
5. Japan RDX/Beeswax- 85/15 - Bursting charge, 75 Ni Shells.
RDX/Doeswax- 92/8 and 96/5 Bursting charge 20 RV
Shells, (dJap iD%/Wax is white to buff)
C. KDX/Wax is entirely st:lle.
D. It is slightly corrosive tc Stecl, Magnesium, Copper and Copper

Alloys.

122,
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k. The solutility is the same as RLX. 1t woutd be dangersu. to
attempt to melt RDX/Wax fillings as only the wax would mel! leavin; the
very sensitive BDX.

F. RDX/¥as is not a particularly desirable filling as the wax does
not enter into the detonation and therefore rcduces the velocity., In
burning it also robs the explosive of its Oxygen reaucing sirength,

Used as a vooster, with small amounts of wax, it is suf.iciently
insensitive and very satisfactory.

%, Cyclotel

This is the most popnlar #DX derivative in present use. The
United States Cyclotel is casled Composition 3. The Italians c=1l it
Tritolite.

A. Properties:

1. The color of Cyclotol varices depending on the TNT, Lomay
range from dirty white to light yellow Lo brownish yellow.
2. It is cast loaded, meltina between 280 and 100°C,

7, 1t is manmfaclured from TMT, RDX and someiimes wax. ur

composition R is RDA/TNT/3ceswinxi59/40/1 ano By is FQ/ 40 BT X/TUT,

Foreign nations nse other percepfagen, 50750 being the mors' ropular,

Composition 2 is loaced Mt a acnsity of 1.62.

4. Explosive Propapties:

a. COMPOS{}Z€; < hny a drop test of 11" and will duetonat
p
20% of the time frgﬁ'the impact of ~ tullet, 1t d tonut- s st o pora-

£
tures of 188°- gznﬁc.

AT YRS

-~
A -
A It is about 3% stronper than N7,

”
-~ . .
. c. It has a velocity of 7800 meters por zecond and~iricy ~
d

figure of %1.8.
B. Cyclotol is used by all nitions as a tursting charve in 2 mu-
nition th~t will aot have to penetrot. the tarpet,
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Specific uses follow:

i. United Stites: Composition B and B2 - Large General Purpose

2. Britain:

3. ltaly:

4, Germany:

5. Japan:

Bombs and the 99 and 2¢( 1b. Fragmentation
Bombs. It imparts higher veloecitics, to
smaller fragments, thaa for TNT loaded bowbs.
Composition B - Has hteen men.ioned as 2
booster. It is used as a bursting charge in
General Purpose, Medium and High Capacity,
Anti-submarine, Fragmentation and Parachute

Bombs and in Shells.

50/50 - EDX/TINT - Bursting charge in Hollow
Nose ammunition and Land Hines.

£0/38/2 - RDX/TNT/Waz (dyed red) - Anti-tank
Bombs,

Filler #18 - FP02/H5-80/20 ~ THT/RDX/Wax -
80/19/1 ~ Shells

Filler #95 - H/FP02 - RDX/TNT - 60/40 -
Pressed-Bursting charge for Shells,

RDX/THT 50/50 and %3/47 - Hollcow Nose ammu-
nition, Zhells, Srenades and Demolition
Charges.

RDX/INT/Wax - 51/48/1, 58/40/2, ! 57 146 43,
Ahl421% - Shelis.

RDY Pellets embedded in THT - 400C. 3, “omt.
RDX/TNT 60/40 or 50/%0 teneral Purpose, Anti-
aircraft and Anti-fersqnnel bombs, Land

tiines, Shells and Demolition Charges.
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* C. Cyclotol is entirely stable,

D. It corrodes Steel, Magnesium, Copper and (opper Alloys wvery
sligh%i&.
E. It is soluble in Acetone,

F. This is a nuch better explosive than Composition A, It is more

powerful due to the active desensitizing agent and it c2n be cast

loaded.

Its main disadvantage is its sensitivity and, from the Axis!
standpoint, its use of TNT.,

The following figures compare its efficiency with ThI:

Shapued Char -z

Peak PPessure - ' lmpulse Water Shock Efficiency
TNT 100 i00 100 100
Cyclotol 110 110 12% 169

4. PLASTI& CYCLOTRIMETHYLENETRINITRAMINE EXPLOZIVES

A. Composition C,

In commercial blasting gelatin dynamite isused eitensively because
of its density and plasticity. It can be moulded to any form desired,
Since it is too sensitive for Military use a substitute had to be
devised, The answer was IDX and Oil which we call Composition ¢ and
the British call Plastic High Explosive.

1. Properties:
a. This is & brown cxplosive.
b, It is plastic in form and very much like putt.,
¢. It is manufactured from 88/11.4/.6 «DY¥/ailsty s1thin
(helps prevent formation of large crystals increasins the sensitivit.),
Jap P.H.E. s 80/P5% FUX and 20-1%% oil,
It has 2 density of 1.%0.
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d. Explosive properties:

1. Composition C has about the same sensitivity as TNT.

(14" drop test). It will not detonate from the impact of a bullet. It

requi “es temperatures of 177 to 285°C to detonate, depending on its

physical state.

.
R - el e e o

A

2. It is 20 to 30% stronger than TNT.

> \\\\ -
b

3, It detonates at 7400 meters per second and has a

- A

brisance of 46.5.

Vo e Tr=rr
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2, It is used by britain, Germany and Japan as 2 Demolition

Agent. It is obsolete as far as the United States is concerned. :zg
3. Composition C is unstable. It retains its plasticity from z?%
‘ 320 to 100°F. Below 32°F it becomes brittle and insensitive and ahove fs%
g 100°F it becomes gummy and the oil tends to leak out, leavin, mire RDX ‘E%
3\1 which is ton sensitive for front line work. P
§'¢* § 4. It is nol reactive with metals,
g 5. It is soluble in A~etone, <
; 6. In addition to its lack of stability, compasition ™ louns ‘
} effectivenzss because 0il is an inert material which reduces  locity t ;§
; and strength. It is 21% more ={ficient, in shaped chardes, than WNT, |
)
‘ B, Composition C’ ;
This plastic cxplosive was duveloaped Lo ov. reome the objectione :
to Composition C. :
1. Propertics: o
3, It is & brownich yellow in rolor,
b, In form it i3 a putty lik: plastic,
c. It is m.amfactured from the followin, ingredionts: . f
s kDX 80, 1%
ay
, Mononi trotoluene 4,0m A
"
L
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Dinitrololuene 10.0% :
Trinitrotoluene 4.0% i;
Collodion Cotton 1.0% f%
Dimethylformamide . 9% .g
100.0% é
;é; The Nitrololuenes desensitize the RDX and the reaction of Collodion \g
ff . Cotton and the solvent forms a gelatin. The German version, called i
gg Plastite, contains RDX/Nitrohydrocarbons/Collodion Cotton 64/32.5/3.5.
%} : d. Explosive Properties: .
gf«¥ 1. Composition €2 is more sensitive than Composition C .
%f having a drop test of 12,5" compared with 14" for TNT. It is affen* .4
%Eé 20% of the time by the impact of a bullet and detonates from a heat of : n
fé’F 172° to 285°C depending on its state.
i

N, T 2. It is about %5% stronger than TAT.
. 3. It detonates at 8000 meters per second and has a
brisance of 55.

e |
*gg 2. It is used by the United States and Germany as a demolition

§
%‘*E charge. We also use it in the 7.2 rocket. .
§» 3. It is more stable than Composition C, rataining its plasti-
é;f city from -20% to 125°F. There is no danger that the desensitizer will
=N §
§‘F leak out. It will set up and lose its plasticity {rom hot storase
%;L conditions due to evaporation of wolatile matter, ;} }
§) 4. I\ has n, reaction with metals. § :
; . 5 It is doluble in Acetone.
6o :fhi8 i3 dcmore offectiv xnlesive thr . meediiy-n
' principly because only .9% of the explosive is inert as asgainst 1% tor
s Composition C,
_*;7‘,f Due to the presence of INT it is somewhat toxic and should not .

;\ 1270 i
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handled without gloves.
The German Flastite would be a less effective exrlcsive in every
respect due to the reduced RDX content.

. Composition c3

At the present time the United States plans to replace Composition
C2 with Composition C3. 1In C3 3% RDX is replaced by 3% Tetryl ani the
Dimethyiformamfde by Mononitrotoluene. it is hoped that tnis will
inc;ease the stability of Composition c2,
The other characteristics of the explosive remain the sam..
5. TORPEX
This is the most powerful of the EDX mixtures., Tha Germans call
it Trialen. Tetrancl sr Trialine.
A. Properties:
1. Torpex is a slate gray in color.
2. Its melting point of 88-9%°C peraits cast loading.
7. It is manufactured from RDX, 1I and Aluminum in verying
percentages. It loads at a uensity of 1.73. In some cases 1 small
percentage of wax is added as a desensitizer.

4. Explosive Properties:

8. Tt is sligshtly less sensitive than Tetryl having a drop
test of 8-9" as compared to 8" for Tetryl. It will detonate from th:-
impact of a bullet from 52% to 100% of the time and from tumperature:
of 185 to 220°C.

b. It is a very strong s=xplosive bring 40% stronccr fuan
[

T™T. When confined underwater it is 50% stronger by weipht 2ant 0%
stronger by volume.
c. It detonites at 73200 metors por oo-cond, and has abrisance

figure of 57.9.

128,
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- B. Torpex is used mainly, in underwater explosives, as a bur:ting
\\ ) charge. Specific uses follow:
3’ ' 1. United States - Torpex I ~ RDX/TNT/A) 45/37/18
Torpex 1 - RDA/'INT/AL/ Beeswax 44/%7/i8/1
£ | Torpex I1- RDX/THT/AL 42/40/12
’ - Torpex is used in Depth Bombs, Depth 7L rg. oy
g’ . Torpedoes and the 7.2 recket,
2. dritain - Torpex I and II - Mcdium Capacity and Anti-
§ submarine 3ombs; Acrial and Submirine
; Tornedoes; and Rockets.
%, Germany - Filler #10% - Trinlen- RDX/TNT/AL 1%/° /15
g ‘ or 16/70/1%2 - General Purpesc Bombe .nd "
i Tornedocs. :;
. Filler $106 - Trialon- RDX/TNI7AL/ 200! 0F - %
\ ‘h ombs é
H
4, Italy - Trisl-n 109 - Torm ioez. g
C. Torpex is entirely stable, i
D. It reacis slightly with Brass, \;
E. It is soluble in Acetone,
u F. The addition of Aluminum sives this evolosive tremendouz pewer,
”; especislly unldc:r water, even thonsth it offects Lhe velocity of debn- ¢
g nation somewhat, F
? Figures comparing its e'fect with THT follow: ’;
§ . gxplosive Ponk Pressure [npulise Wb Chook T
i Torpex 122 12 141 g
g ™ 100 100 10 :
c PR its chiefl disadvantace is its sensitivity, Ib will deborn.te an %
¢ 3,,4“ hard surfaer from a fall of 2000 Lo Y700 feel ur a terminsd v locity of f;:
ZR0-440 fext per second or on wny surf eow from a 10,000 fret dror,

[
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6. DEPTH BOMB EXPLOIIVE

This explosive was doveloned, as a result of a number of accidents
caused by the sensitivity of Torpex, for use in D=pth Pepbs. It is
commonly called DGX,

A. Properties:

1. DBX is a jray explosive.

2. Its nmelting point (between 80° & 50°C) nermits cast loadirs.

3, It is manufacivred from ROX/Ammonium Hitrate/TNT/Aluminum
21/21/40718. In other words, 21% of Ammonium Mitrate is substituted
for RDX. A variation ol DBX is called Mincex and com ists of FFXINH4N03/
TNT/AL 5-15/25-35/40/20. it i3 not bein3 used at sresent. DBX loads
at a density of 1.63.

4, Explosiv2 Frorertion:

LY is intermediate betwecn Tornex 11 and ¥inol li.

8. 1. has a drep toat ficure of atout 1"( 11" for Monol 1I,
9" for Torpex). at will drtozate from .he impact of a bullet 49% of
the time. Tt will preobally d-iomate fror a temp raturs of about 200°C.
. v 1t is 46% atron‘or than T,

c. 1t b tonates b 90 motors mer foconu and hag a brisance
figure of avout A3,

2, 14 iz aeed 1y the 0 S0 ane dritain in benth conbs,

C. Dne wo U ansliae n o b orina itrate it wenld o aomewhat
hygroseeple anu e fers o omtir Gy ceable. (L woull tend ta have
bhe, same Ly of otu vty o et vboanmensl

D, The resction wiln atsio wul o oo v W Ui 3s Amatol and

Armonal,

v te o« . i [T S, /ib
-




decrzasud sensitivity., A comparicon of four - xplostve. rnliows:

Explosive Energy of Air Blast Sner,y of Water llock

Tyl 102 1006
DRY 1353 L4
Minol 134 143
Torpex 146 141
It will he noted that tho addition of Ammorium Hitr:t fiv s -
better effact when the explosive is confincd.
7. PT X~ 1
This is an experimental oxplerive dusitned Lo oversomg e 5o -
tivity of Tetrytol nd and its tradency Lo exide,
A Propertics:
1. This is a light yollow explosi..
2. Tt is cast, having a meitin: point of K-
%, It is maqmtactured {ron A0/ 70720 RN/ Tetryl/ivi,
4, Fxplosive Prepertics:

a. This expleaive is supprsrd to - limimte o0 of 1y
eansitivity of Tetryinl, In view of th: faev that the 1.0 om0 o
Tetrytol is reducra and PRE is substitited for - 7 risir vorry I
Teitryl it i3 difficult te s.c how this cinla b temes Gng- oo Toger
is verified by impact t =#ts witn 2 ridl  allaty, BTV 1 e r
partially 20% of the tinm ara rcomrletely J0g of th tlr woil o+ +7
Tetrytol does nat detonans at 21l nd 7R/, wrtciates [ ol e s

be It i3 atout 2% streny-r thare TV 0,

a, It detonrtea at 7400 mats s pep soand an b ke o e

figurs of F2, This 1> alishtly bottor tun Totryt o,

Fo It is proro~ ¢ to ure thas exple-iv in nrla ~1 ) oy .
Teste 2re now unlep way o duter1ne 1ts wit tality for o~

nition.
* 3"'10
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C. It 1s stable in stora. - v
. . , .o NS anh
L. Its reaction with metils 15 the 3are ac Tetrytol. = ~

E. It 15 soluble in Acetone.”
8. PTX-2

This is an exnerirental explocive desipned to overore the sensi-
tivity of Pentnlite.

A. Properties:

1. It is a dirty whita to light buff in ~olar.

2. It 13 cast loaded, melting at 9RCC,

Z. It is manufactured from 43.2/24/23,8 RIX/ F TN/ NG,
i. Explosive Prorertien:

(a) I'TX-2 is sliybtly less sensitive than (eniolite, :t has

a dro; test rigure of 10" ana is detonater by the iupact of 1 fmllet.

60% of tne time.
(b) It is aboat 4%% stronger tharn IiT. .

{c) It detonates at PO meters rer secend and hasa Liizirce
figure of 54.%.

B, It has the same statns as PTX-1.

C. 1t is more stahle tnan Hentolite,

D. The reaction with metalr would e somewhat the same as rrito-
lite but to 1 lecser legree.

. Tt is soluple in Aceton~.

F. This explnsive, if pres-nt concluiens are werifie, ry (icl3
tests, see=s to ke not only leos senzitive than bent-lite but oo
prisant.

A MISCELLANTOUD CYCLOTRINETOYLENFTRINITRAMINE w2 LCOTVRS
In the rush te capitalize on the pow r of RLX, and/or the famt

that 1t requires no stratedic raw mat-rials, variono natlar. -y

hi
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designed quite 8 few mixtur: 3, a2 ol W icn &0 US ' v £ ¥y o,
Complete figures are not availsble on most of these, but they «ill be
discussed brizfly in tie {ollcwin; rara:rap%s;

A. Anatex: .

Amatex is a yellow, cast, oritish Exolosive uscd in large
General Purpose; Medium and High czpacity; and Anti-submarir« Homb-.
It consists of Ammonium Nitrate/TuT/RDX B0/41/9 and is gencrally calle:
Amatex 9.

Essentially it con=iats of Amatol #0/40 with: the addition mt 15%
Composition B to eliminate the tendoncy, of larde Amatol {illci enbs,
toward Low (rder Detonation.

Its characteristics woui! e those of Amatol AG/40 with t ¢
sensitivity, atrenpth and urizaren 1lhtly inerca d,

Mmatex B oani 29 CINTZRRN/N leoomBor 8008 ) bwve Levn wontior 4 a
we hav: no record of their actual uow .

R, 635932ugiiiﬂ£~€§? is 2 vellow, cast ¢ yrlasive s v 0 o
Dinitrobenzen s/ Ammeniue Sitesbo /EDE 567720/ 5. This 18 an Joate! o
sxplosive with the inferior ©hs wsnd ip rlne of TN, que th a2 ot e
of the Iitter, The dnsensitivivy of BNV 10 enmmcnzated for o0 o
addition of DA,

This explozive woula have much the Jeme sharacterioticn oo o0,

Amatol, It is used in %0 wye WP ang SOAT. Yombes It s wp 40 0,

Co terman Filler #8000 ) = 30i~ §3 a &bite rroon 4 cvr g oy o
manutactured from Caleram Xitrate 70v oniam Sitratess, Y @ b 0

another Amatel tyn evplesive sensitized by BRY poctoad of 000 e
Litrate ig a chenr ruddizing adcnt without o vxplasge spen pog
The sensitivity whould be about thet o "or60 b stal 1o o0 e,

propertien are inferiors It iz v v uo o ninears f1ltir:

3
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and Robot ombs with a surround of Filler #52, Evidently the Calcium
Hitrate is designed to overcome the Oxygen deficiency of Filler #52.

D. German Filler #45 - Pressed - NP 30/F 50/%0 - PETN/RDX/Wax
3F/50/15 - This filler is used in special projectiles. It should be

sixlar in characteristics to Composition A,

% Jap Filler for 50 caliber and 7.7 MM bullets, RDX/PEIN 87/13

and 42/58. The characteristics are the same as RDY or FETN used

separately. It is press loaded.

F. Jap Type 94 Explosive. This is a cast white explosive manu-

factered from 40/60 RDX/Trinitroanisole. Its explosive properties -re
similar to Composition B. It is used by the Japs in Torpedoes and as a
booster surround.
It is unstable, reacts with metals the same as Pieric Acid and is
toxic, -
Trinitroanisole is evidently used due tc a shortage of TNT.

G, German Filler (use not stated) RDX/Calcium Nitrate/Ammonium

Nitrate/EDD/Wax 8/%/55/30/2, This is a cast, white explosive having
much the same characteristics as Amatol 50/50. Its usc is indicativ.
of material shortages,

H. German Fillcr #1097 - This is a pray, pressed explosive maic

from RDX/Aluminum/Wax 70/:6/4, It is uscd in pellet form azs : tisemit
filling, with Nitroguanidine in the nos~ and with a surround of irialin
107, in the 8500 K¢y dot'e e Lhe 1#Q0 ER. AuF. bAmbn, T4 is mepe
srnsitive than RDX itsclf and cculd not e used without the proteeion
of hitroguanidine (sce).  The 106/109 combination is 2leo uscd in
U'ilotless Aireraft tonts.

I. [taniar turating Charge - This is a white pressed -xplosive

cenraigting of FDX/Amnonium Niteste/w .x 22/75/5 used in Shells, It

worrld be similire to 80700 Amatol tut more sensitive. Its nee indicates

1A




a8 TNT shortage.

J. Russian Bursting Charge - This is a yellow, cast explosive

composed of 28% Tetrytol 42/53 and 72% RDX. It was reported as used in
a 76 MM A.P. Shell with an incendiary nose charge of Al/Sarium Nitrate/
TNT/Sulphur 46/29/14.7/.3. This charge would be almost as sensitive us

RDX and it is difficult to understand its use in A.P. Shells.

K. The B;itish are supposed to have used a mixture «of £/ 40 RIY/
DNB. This is a light yellow, cast explosive with explosive character-

istics intermediate between TNT and Composition B and about assenzitive

as Picric Acid. The specific use was not stated,
L. The Japs use a mixture of .Ammonium Nitrate/RDX 84/16 . 35 73/22
in some of their bombs. It is a white presscé explosive similar to
' 80/20 Amatol but more sensitive (about the samc as Picric Acid), PDY
” . is substituted for TNT due to shortages.
‘ SECTION 11
PENTAERYTHRITOLTETRANT TRATE BASED EXPLOSIVES

1. PENTAERYTHRI'TOLTETRANITRATE
C(CH,ONO) 4

This material was patented in Germany in 1894, Although it hs
been used commercially since 1527 little or no use was mad. ef i for
Military purposes until this war, Tt is .nown by the following names:

PETN United Suaties
Penthrite Eritain

Nitropenta (NF) uermany

Pentrit Germany
Niperit Uncumnor.
Nyperite lincor~on

Pentryl Lnzomnman
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Penta Uncommon
Niperyth Uncommon
Penthrit ncommon

A. Properties:

1. PETN is white in color.

2. ¥hen used alone it is pressed as its melting point «l LA
1419C prevents casting.

3. PETN is manufactured from Formaldelyde ana Acets1denyde
which are condensed in the presence of Calcium Hydroxide tn Fentaery-
thritol, a Tetrahydroxyl Alcohol. This is nitrated to PEIN. It is
generally used at a density of 1.63. .

4. Explosive Properties:

a. PETN is the most sensitive of the I:conlary Hish »y-
plosives in general use. It has a drop test figure of 6" (14" for ThT).
It will always detonate from the impact of a rifle bull:t and it has an
ignition temperature of 172°-210°C.

b. It is one of the strongest known explosives being 664
stronger than TNT.

c. It detonates at 8300 meters per second and has a brisance
figure of 61.9.

B. The use of PET', as such, is restricted bLecause of lts sensi-
tivity. Its primary use is for boosters and bursting charges in snnll
caliber ammunition. Specific uses follow:

1. United States - Upper detonator in some Land Vinas and
Shells. It is the explosive in Primacord
Detonating Fuse (Velocity 4200 M/see.).

2. ritain - It is the explosive in Cordtex Detunatans

Fuse.
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3. Russia - Lower uetcnater in “he. -ingea.

4. Jtaly - Upper detonators anrd boo.;tcré in small
Shells. Filler in small caliber Shells
(2 cm)

5, Germany - Explosive #3 - NP - Lower detonxtor and
filler for Grenades and small Shells (#-Fcm),

It is indicated by green markinss on armu-

nition boxes.
6. Japan - Upper detonator - small Shells.

lLiower detonator - small thells.

Booster - small . hells,

Filler for 50 caliber and 7,7 MM bullets.

C. PETN is not entirely stable at high temperature. AL 430
decomposition, with formaticn of Nitric Oxid~, is autoucatzlytic, Ihe
presence of Dipentaerythritolhexanitrate, which i inherent in =snu-
facture, incresscs stability up to a certain point and thrn decreas:s
it, :

D. 1t is somewhat acidic and tends to h've a verv sliqt roz-tior
with Steel, Copper :nd Zine,

E. It is soluble in Acetone and can be decompo~cd +y a4 teilin:
solution of Ferrous Chloriac,

F. PETN has the followinpg advantapes:

1. It is made from synth- tic raw materiale.

2 It is very nowerful corbiring strongth with triciner.,

Its disadvantage.s are:

1. Its asensitivity i= 2o root thet D6 is nfficnlt te des. g
tize it and at the same tiee utilize ite Mt vilye -,

2. vz high melting peint provents east lowdine,
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3. It requires five pounds of Nitric Acid to procace one pound

of PETN.

Because of these disadvantages nlus the fact that it requires

larjse amounts of Methyl Alcohol (for Formaldehyde) little use was made ‘i
of PETN until latcly. With the need for more powerful explosives and b
the discovery of the process of making Methyl Alcohol syathetic-lily,

interest was aroused in PEIN. Experiments are under wav to utilize it

in desensitized forms. To date these have taken the {orm of combi- {“1 1
nations with the Nitrohydrocarbons for desensitizing and casting or
with waxes or oils for desensitizinf and nressing.

2. PFNTOLITE

. This is most widely used PRTY bnsed vxplosivo.‘ It is alsc known
ag Pentol (German) and Fentritol.
A. Properties:
{ B 1. Pent~’ite is A dirty white to light buff in color., Italian
A Pentolite is reported 1s being dyed red.
2. It is usually cast leaded, r-ltin. between 20 ~ud 0¥C,  Itg

»

loading density is 1.6 to 1.63.

2. Pertolite is ucually a mixture of ")/50 PEIN and INT. ot
wax may ve added 43 a descnsitizer. This mixture is called Fentelite
D-1. FE-cause PETN is so sensitive it iy desiratle to co2t the »riing
with "KT. To effcet this resdt the TETV 2na TNT are disnlveg ir
Acetone, mixed, added to water and then precipit=tod ont as . mixturd,

4. Fxplosivz prorerties:

A, Pentolite is vory censitive. T4 has o odron t at o)

compared with 14" for TNI. it will detonate 92% of the tine from tu .

ipact of 2 ball t oand from 2 tempar.turcs ol 1747- 000,

b. It is aboul 0% atrcusee than 71T

o
.
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¢. It detonates ¢t 7F0¢ neters per sec. «d 3 brizoe

figure of 3.

B. Pentolite is used by ~1l the warring nations, principly as a

bursting charge. Specific uses are: : !
1. United States - Eurstirg Charge in small caliber Shells
(e.¢. 20 mm), Hollow hosc ~wnunition of all f‘
types {e.g. A.7. Rifle Grenaa> anc Biz.iocka),
Rockets ana Shaped Demolition Charles. - 2 ]

some ammunitior (e.;. Bazooxks) an -wmxilll ry w
booster or beoster surround of 90710 FF AT =
is used. This is sim=l» 1 slightly desen-

sitized PEN, i' !

2. britain - Bursting charge in Moo Foaes, ®r onontrtion }
Bomts, (incra~acs velocity of fryments fron :
29C0 to 3200 per sec, compared with TAT),
Anti-personnel Mines an. 4o o Jealll, E

' 2, Italy - Burstine Tnuarge for Lupn ! Minus (eved r2)
anyg Demolition Charges.

g GEr2ny - Filler #1A4-¥Po. /Nt jU - TNT/PR./1GE ¢ ¢ -

Shells, 1
*Uillrr #;7-FPou/N 1ur = = U rEN /107 wox
clus 107 Abminur - v olis, :
Filler #28-7 1070 10 (pe aed) 70 i diNe -
WA - oholls
Filler s4.Fentol) - 3hells
Fentolite pluz 1% wax - berclition onope é
Fentelite-Cut-booster - 47 me ne ila ;
*The Aluminu~ 18 not in-ar~or-t g 1a -, %
nicture tot ~dded for ire rarerey 00 00, ;

Py
II‘.
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5 dJapan ~ Bursting cnarge - 20 and 30 mn Shells
C. Pentolite is not entirely stable in storage. The Thi{ actins ac
a solvent for PETN accelerates the natural tendency of the rETN 1o :' ;
decompose.
Storage at high temperatures may result in separation of the twe
explosives.

D. Reaction with metals - 3ame as PETN. ’ ::

ek it e

E. Pentolite is soluble in Acetone,

F. Fentolite is a very effective explosive and is 49% more ef-
ficient in shaped charges than TNI. Its high sensitivity precludes its
use in ammunition which should not detonate from the shock of impact,
3. PENTAERYT.ORITOLTETRANITRATE - WA~ MIXTIF,

This explosive, widely used by the wrrans ana ltalianz, is an

attempt to desensitize PETN for use in larger quantitics, It i. aluo

e

known as PET!-wix and Penthrit: Wax,
A. Properties:
1. PETN/Wax is <ither rink (I=rman) or Rlue (Itali:n) du: to
the use of dye. Its natural color would le white.
2. It is pross lo-ded,
3. it i3 manufacturcd from varying perceenta s of PETH nd
Lignite (Montan) Wux.

4., Explosive Propertiec:

1, The sensitivity vari-s with the arount of wax runnine
fron about tae same a3 Twtryl (3") to wbout the saze .o TT (J1"),

oot wATen tp o1y olso 3ilecte’ o bRe 0 on Veryd

-
C
-

PRPAUTIEIRELY o WY I ANSE AU REE-N BB K AT A N HE . T,

c. The velocity ana brisan-e are also M fected in the sane

R N T

way varying from abtout 7600 meters per cecond and 79 a3 a nooimmm,
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B. PEIN-Wax is used both for a booater and bursting charge depeni-
ﬁ( ing on the amount of wax.
9 Specific uses follow:
1. Germany:

\s ‘I

Filler #32 - NP 10- PETN/wax 90/10 (These e standard Sub-
. (boosters ir all typesof
. amurition
Filler #43 -NP 15- PETN/Wax 85/15

Piller #34 -NP 30- PETN/Wax 70/30-Filler f~r Cnecinl Jhella,

Piller #36 -NP 40-PETN/Wax 60/40 (Fillers for Fracticr
(

E Filler #38 -NP 65- PETN/Wax 25/65 (Tlells

Filler #37 -NP 50- PETN/Wax %0/%) -3hella.

b

g The sub-booster in the bomb aine is ucwally 92/8 PFN/Wax. 94/19
i

Ri ‘is used as a core in the {. Mine. 82/18 :nd 87/13 mixtarcs are ued in
¥ small Shells.

It is the standard 3urster for Chemical and Incendiary armunition.

pEN

It is used in Hollow Nose Ammunition, Fistol sna rifle Jrenades,
It is the explosive ir Detonating Fuse (nay s nmix-d with .,
Lead),
2. Italy: It is used a5 a boorter znd burating charye in nrell
Shells (e.g. 20 mm) and presced into blocks 1w 2 Jkmolition Cyarr
3, Japan: lsed as a burster in 13 and 15 mm Incunairy Uhe [}
\ (wvhite in color, probaniy user Freswax),
1 C. Stability - Same ac PETH,

D. Reaction with Mctils - Jamr as P¥i%,

. E. Solubility - 3ame as FYTN. Ammunition cont:ining FFTN/ W shend g
noi be steamed out as the steam will melt the wex lovin, pure PRI,

F. With the addition of 8-10% wax thi: cxrlo ive rake s 1 peworog
AU and sufficiently insensitive boostere The iner sad odf3ntion of v oy,

however, resulus in Jdecrrazed efficieney. Wiy 15+ nure bydroose v

ST
s
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It does not enter into the detonation but it will burn from the
+ heat of ‘the explosion rottin, the exnlosive of its Cxygen, decreasing
the completeness of combuztion and reducing the strength and the
velocity of the explosive. Its use in large quantities does not
indicate a utilization of PETN because of its power but rather becaise .
of a shortage of raw materials.

4. MISCELLANECUS PENTACRYTHRITOLTETRANITRATE MIXTURES

There are a number of little used PETN mixtures which were ovi-
dently tried to utilize the power of PETN or nccessitated by a shortage
of raw materials. .

A. Pep-3: This is an experimental demolition .xplosive made from
86714 PETN/Minerai 0il. 1t appears to be =lightly less effective than

Composition C but more stable. Tests are now being conducted o

determine its suitability.

3. German Filler #43 Plastic Pentrit: This is used ir H.E. Shells.

It is probably similar to Pep-32,

C. German Fillur #4%: NP 30/H - TETH/RDX %0/%0 nlus 30% wax.

This is used in special projectiles, It is similar tc 1 ETN/Wax 70/

%0.

D. Itoalian Filler IMP:  Ammonium Nitrate/PETN/Wax 7H120/F == lsed

in shells, This is an Anatol type explosive using desensitizea P™
instead of NT due to 2 shortsyge in raw materials, It is simil.r to
Amatol 80/20 in ch:racteristics,

E. ltalian Fillcer for ROO k:. Time Bom:i: 6%K/35 PEIX/Pentaery~

thritoltetracetate, This is a urown, cast explosive as insenzitive 4s

INT but 25% less brisant.  Its use indicates a shortape of raw miteri-

als.

F. Jap filler for 7.7 MM bull-ts: 1.0/9% FE™ 30X,  This filler

would have the some elar:eteristies as RDL or M0 wmog 1y themselves,
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ETHYLENEDINITRAMINE BASED EYFLOSIVES

1. ETHYLENEDINT MRAMISE
(Cdg)p(NH) (NCo),

Ethylenedinitramine is one of the newer explosives whict have core
into use during the present war. It is usually c:lled Eunz or Haleite.
A. Froperties:

1. Edna is white in color.

2. Tty melting point of 174%-179%¢ prewverts cast iedinig.

3. An attractive feature of Edna i~ ti: ract tuat is is moni-
factured from synthetic row raterials. ‘n  in. redients »r< [thyl
Alcohel, Chlorine, lrea (from Ammonia and tnrbor Dicxide) and Vitric
Acid.

4. Explosive Prorarties:

2. Fona nas 2 drop vstoof 10 inchies nd will 4 tonate vit
of the time from the impict of 3 (:'1++. Its flash ooint is 197 to
180°C. |

ko It is abtout 20k stroaer thae U7

¢, It detonates =t 7RO ~Lops e foeeng and b
-

»

a2 bris qicsy
fipure of 51,

R. Fana cannot uc used by itsif eith safcty s it is Lo in-
aensitive for 2 boasier 'nl tod tomcitiv tar .oauratin charee. 1oy,
used by the Unitoa St-teo ar the for- of L~ vl

"0 Fdnt iz stne'. in storyg

Do It i an aeid =pd in tn prescns (0 rolstare will vt ot
all metals, cxeept Aluniaur wnd Otainloss ot v, to produe s nourg o
salts.

Be It ies solubtle in wit- = v Acetnr

[
=N
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F. Edna, because of its synthetic manufacture, its strength and
its brisance can be eupected to be one of the main explosives in tie
next war. Its use is limited at precent tecansc we are set up to fight
the war on a INT basis and kdna mixtures are not cnon. b better than TNT
to ~hange over our production. The fact that it cannot Le cast leaced

is an additional drawhack. .

2, EDNATOL
Ednatol is the only form in which Edra is being used ai presont,
A. Properties:
1. Ednatol is a dirty white-to-tuff in coler. %;7
2. It has a melting point of 80°-60°C and is casi loaded. “I
%, It is manufactured from £0% Edna and 40% TNT. The following
combinations have also bexn tried experimentally:

EXFLOSIVE % EDVA 6 TNT % OTHTR TNGREDIEHIZ

Ednatnl 60 40 -
Ednatol 55 45 :
Ednatol 50 50
Ednatol AQ 40 + Aluminum
APY-5A 87 - (% W
( 8 Aluminum
Experimental gl 27 18 Tetryl
Experimental B 31.5 13,5 FETV
ednatol "4 46 +3 Aluminum

The density of £0/40 is 1.u2,
4., kxnlesive Properti.s:
3. Ednatol 63/40 iz about as sensitive as Picric Acid. It
has » drop test of 1z-14" :rd will detonst atout 174 to 209 of the .
time from the imnact of 2 bull-t, and at temperatures of 1599-19¢0..

b. It is ~tout 197 stirenfer than (M.

1‘1‘;.




S. Its detonation rate is 7400 meter. Ler Se.onu v 1t 8

brisance figure of 48.

B. It is used by the United States in 90 and 260 pound fru’men-
tation bombs as alternative explosive.

C. kdnatoi is stable in storage.

D. Tt will attack metals much the same as Fdna but te a lesser

degree.

E. It is partially soluble in water and Alcohel am! very solabl
in Acetone. ‘ ‘

F. The addition of TNT reduces the sensitivity to a point » -r-

Edna can be used with safety. It also lowers the meltiny poir 1-r

cast loading. Ednatol gives better fragmentation than TNT and is a mu~h

better explosive but it would not pay us to convert TVT proui~tinn at
this time.

A comparison of certain charav%oristi"w follows:

EXPLOSIVE FEAZ WPFOCURE VLR WATEY JHOCK

——- The e s W———

TNT 190 100 100

Ednatol 107 _ i10 114
SECTION 1V

ETHYLENEDTAMIRFDINITRATE BASUD BXrLONIVED

1, ETHYLENEDIAMINED TNITRATE
Iy
(('f!?) 2( NH?)Q( -105) o

here is very little infor--tion avairlable oncerning t'iz ex-
plosive. It is a development of the prezent war nd ue only Ly the
Gurmans who called it amin, [t is ueaally abbreviated te 7§D,
A. Properties:
L. EDD is a white explosive and is found pr as lonn g e po

its hish melting point of 1870-1u770¢,
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2. It is menafaciured from the synthétic raw materials: Zthyl
Aleohol, Ammonia and Nitric Acid.
3. Explosive Froperties:
There is little information regérdiug the properties ol
this explosive aua that little varies widely,
a. The sensitivity is given as 2% less than Picric Acid and
Séi less than TNT which would put the drop test somewhere between 15%
and 21", It should be safe to assume that it will not detorate from
the impact of a bullet. It decomposes at 270°C,
b, Its'strength is about 14% to 3% greater than TNT.
c. No velocity or brisance fifures are available except the
statement that it is of low brisance.
R. It is used by the Germans by itaelf and in mixtures. Upecific
uses are:
Filler #83 - Cast in H. E. mixtures.
Filler #86 - Pressed with an RDX/Wax booster - AP, Ghells and
10 cm and 7.5 cm Shells. ‘
. EDD is hygroscopic and unstable.
D. Reaction with metals - No information.
E. Solnbility - EDD is soluble in water,
F. From the information available this dees not app-ar to he a
very attractive «xplosive “nd is probably used by the Germans becanse
it doesn't require any straitepic raw miterials,

2. ETUYLENEDIAMINFPINITRATE - AVMONIUM NITR'TE MIXTIRED

A, Froperties:
1. These nixtures would normally be white hut way be eray to
brown dependin’® on tne Anronium Nitrate,
They hzve 1 relting peint of 102,57 te 105°T which pernits cngl

lonaing,

14¢.
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2. There are two mixtures reported:
55145 Ammonium Nitrate/EDD
h3.5/4h/1.5 Ammonium Nitrate/END/Aluminum
The combination of Ammonium Nitrate ana wDL forns an eutectic
lowering the melting point for cast loading.
3. Explosive Properties:
a. The sensitivity figures for these mixt: ras ire not
available but they should be similar to EDD. They deconprse at 278°C.
b. The strength is reported as 264 sreater than TNT.
c. Velocity and brisance would be less than that of Fri.
B. The mixtures are used only by the Germans:
Filler #20 - EDD/NHgNOZ/AL 15153.5/1.5 - Uce not stated
Filler #34 - EDDINX4N03 45755, - Ured in Lanils
German markings desifnatins EDD are a nink container with a bl
stripe.
C. These fillings would be extremcly hygroscopic and unstotls.
D. The reaction with metals would approximate that of Amatsl.
E. They are soluble in water,
¥. The mixtures are probably uscd to lower the = lting noart of
EDD for cast loading.
SECTION V
MISCELLANEOYS ALLFRATIC NITvATF3
1. NITROSTARCH EXPLOSIVE
Nitrostarch is nitrated corn starch used to acn-~itiz: co=tusti-les
and oxidizing agents in much the same manner that Nitreclyavris o is
used in dynamite,
It has always bteen considered a reasrve cxplasive duc Lo i3 'iea

of stability and its dusty and inflammable natupe.

147.




‘, . o e S~

ihe Army has used an exrplosive called Trojan Exrlosive as a
reserve demolition agent. Its properties follow:

A. Properties:

1. It is gray in color.
2. i%]iz pressed into half ncund and pound blocks at a density
3. It is manufactured from Nitrostarch/3odium Nitrate/Earium
Nitrate/Oil/Stabilizer, (DPA or Calcium Carbonate) 40/37.7/20/0.8/1.5)
4. Explosive Properties:
ea. Trojan Explosive i3 rather sensitive to shock, friction
and heat, It has a drop test of 8" and will detonate from the impact
Jf a bullet %% of the time. It is very dusty and inflammable igniting
at 195°C and burning with explosive violence.

Care should be taken in using it because, uncer field conditions,
it is difficult to disassociate shock and friction and it can ignite
from friction.

b. Trojan Explosive is 9% as strong as TNT,
c. It detonates at £10C meters per second and has a urisance
figure of 37.7.

C. It is unstable in storape, being hyaroscorie. This will very
often make it oxtremely insensitive and cause misfires. On the other
hand it decomposes at elevated temperatures in the presence of moisture
(50°C for 354 days). This has been known tn canse snontaneous deto-
nitions,

D. It corrodes Iron and Copper,

E. It is sclutle in Acetone.

- P. The advantage of Trojan Exrlosive, as a demolition agent, lies
in the fact that Nitroglycerine Dynamite of the ceme velocity is even

more sensitive.
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Its disadvantages are obvious.
It is no longer being manufactured for the Goveriament but evcess
stocks are bein) utilized for training purposes.
It is not used by any other cointry.
2. GUNCOTTON
A. Properties:
1. This is a white explosive.
2. It is preassed into a one-pound demclition block at a density
3, It consists of uncolloided Nitrocellulose/Moisture 87/13,
4. Explosive Properties:
a. It is abont as sensitive as TNT, (Dry, it would be auvout
as sensitive as PLIN). It ignites at 195°-200°C.
b. Its strength is about 98% of TNT. (It is 1o  nironger
than INT when dry).
c. It detonates at HR00 meters per second and has a brisonce
of 32. (7300 and 4% cry).
B, It is used by the British as a standard demolition ajent,
C. It is hygroscopic and unstable much the same as Single lase
Powders, 3G% moisture will prevent detonation.
D. It has no reaction with metals,
E. It is soluble in Acelonc,
F. In the wet form, this is an inferior exolozive. 'notn ary
forh, it i3 too scnsitive for front linc work., It is <ifficult te
understand its use unless it is save TNT,

2, NITROSUANILINE
O NNEC( ) Nl

This cxplosive has been considered for Armer-i'icrcing jmeoityr

because it is made synthetically and is insensitive,




L. Froperties:
1. Color ~ Yellow.
2. Form - Pressed - Melting point 2%0°C,
3, Masufacture - Urea aiu Ammonia Nitrate.
4. Fxplosive Froperties:
a. Senzitivity - Equal to or slightly less than TNT.
b. Stren<ih - Abcut 329 of TNT.
¢. Velooity and brisance - It detonates at about 7000 meters
per second but due vo the lack of (as vclume its brisance i8 low

(about 30).

B. It has a cool tanperature of explosion and is used to cool
smokeless nowder thus reaacing flash,

It ie used by the Germins in the nose of their 1800 Kg. A.P. bomb
to protect the filling of Trialen 109 (uee) from the shock cf impact.

It is also used by the Italians in two Amatol type fillirgs called
Albite and Umbrite.

C. Nitroguanidine is unstable.

D. It has no rcaction with metals,

E. It is snluble in Acetone and slightly solurle in wator,

F. Nitrcsuanidine is an inferior explosive and is used due to a

shortage oi TiT,




CHAPTER 8
MISCELLANEOUS EXPLOSIVES
SECTION I
DYNAMITES
Dynamites have becen the chief commercial blasting explosive for
years. They have little Military application, except for demolition
purposes, because of their sensitivity.
A. Properties:

1. Dynamites are usually brownish in color.

2. In form they may be either a powder or a plastic putty-like
material.

2. The "wo types in general military use are 50% Nitroglycerinc
Dynamite and Gelijnites. The dynamite is manufactured by sensitizing
Sodium Nitrate and wood meal with 50% nitroZ’lycerine. The Gelignites
are the same except for the addition of 2 to 7% Collodion Cotton to
form a gelatin with the Nitroglyeerine.

4. Explosive Properties:

a. These explosives are all very sensitive toshock, friction
and heat and will definitely detonate from the impact of a bullet
unless they are desensitized by addition of inert riatcrials which in
turn would reduce explosive power. hwhen {rozen they become extremely
sensitive due to segrogation of the Nitroglycerine. For the sane
reason they are less efficient and may give a low order detonalion,

b. They are approximately equal to TNT in ctrenyth,

c. In velocity and brisance they are inferior to TUT, having
a.rate ol actonation of about 6000 meters per second and a brisance

figure of about 25.
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-+ ‘B, The United States Engineers use 50% dynamite for demolitions in

_tbis country. The British use Gelignites under the names of Hobel's

903, 808,623,851 and Saxonite in Anti-Tank mines, in the Stickey Grena.t.

and for Demolitions. Italy and Germany are reported as using Gelignites

" for a variety of purposes particularly Grenades.

-C. These explosives are considered unstable due to the hyzrosco-

picity of certain ingredients and the tendency of Nitroglycerine to

' ségregate after prolonged storage. If the bottom of the contai:«r is

»

moist, great care must be exercised until it has been determined
whether the Nitroglyceéaﬁe has leaked.

D. Nitfogiycerine may be neutralized by a Sodium Sulphite- ..
Jdaec. ¢ solution. It is soluble in Acetone and Alcohol and can be
destroyed by boiling. in Alcohol or Sodium or Potassium .

Nitroglycerine Dynamites may also be destroyed by bturning but
proper safeguards must be taken as the explosive can detonote.

E. Dynamites are used for military purposes primarily for their
economy. Also they do not require a booster and are very sensitive to
detonation by propogation. Their main disadvantajes are their sensi-
.tivity and lack of stability.

‘ The British use one “ound of Gelignite to detonate bombs up to
250 K¢. and five pounds for bombs over 250 Kg.
SECTION 11
CHLORATE AND PERCHLORATE EXPLUSIVES

There have besn a number of these explosives used on a small acdo
in this war. The chief thing to remember sbout them is that they arc
all very sensitive, the Chlorates being somewhat rore so than Lhe
Perchlorates.
1. JAPANESE TYPE 88 EXPLOSIVE

This explosive is also called Haensosantakuyalu,

1h%.
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= A. Properties: ' @,
he (J'”' ‘ 1. Color - Gray.
@ X ’)
(‘2 2. Porm - Pressed.
3. Manufacture - Ammonium Perchlorate/Ferro Silicon/¥ood Meal/ ' %

e Crude Petroleum 75/16/6/3.

. 4. Explosive Properties:
a. It has a drop test of about 7% - 8", ' 4
* ' b, It is about 70% stronger than TNT. .,

c. It detonates at 4200 meters per second and has 2 brisa ce
figure of about %0.
“B. It is used by the Japs in Mines, They also have a variation of
this explosive, used in ahigh explosive Anti-aircraft Missile, consist-
ing of Potassium Perchlorate/Sulphur/Aluminun/Antimony .ulfide 58,7/ “
16.7/14.6/13, It has much the seme characteristics as Tvre A8,
N ( ) C. Type 88 Explosivc is hygproscopic and unctable.
L D. I will react with metalz much the same as Ammonium Nitrate.
E. It is soluble in water, Alcohol and Acetone,
F. It is a cheap, sirong¢, nnderwatzr cxploive but would zeen to
be too sensitive for the use to which it is put., Also, 1l is laciking - i
in brisance.
2. ITALIAN CHEDDITES

In the past therc have been a pumher of different Chlorat: op

Perchlorate explosives called Cheddites. They nrually consiserd of
combustibles sensitized by Pntassium, Jodinm or Ammoniunm Chlarate or
Perchlorate, and bound together with vaselin: or par~ffin,
' Their two common characteristics were their eencitivity ud 11k
of stability.
§ "’; the Italians have used these in Land Minos in thiz war under the

names of Romite and Cheddite. They will usually ve brownish or grayish

1‘!j;c
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plastic explosives, They are definitely inferior to aynamite in

explosive characteristics.
SECTION III
LIQUID EXPLOSIVES

Periodically, during this war, there have been reports of a new

‘,euper-explosive many times more powerful than thc standard explosives.

Such reports should be taken with at least one grain of salt.
Fundamentally, -explosives react by changing from a solid to 2 gas,
many times the original volume. This gas is formed by oxidizing Carbon
and Hydrogen to Carbon Dioxide and Steam., Maximum ezpansion takes
place when this oxidation is complete, as in Nitroglycerine which is

60% sironger than TNT. It would seem impossible to boat this fi ure by

- more than a few percent unless we begin to utilize atomic energy.

The following is a list of proposed explosives comparing them to

Picric Acid in strength and sensitivity:

EXPLOSIVE STRENGTH  SENSITLVITY
PA = 100 PA = 100

Picric Acid 100 100
Methyl Nitrate 174 9
Bthyl Nitrate 128 —
Ethylene Glycol Dinitrate 170 13 plus
Diethylene " " 130 127
Nitroglycerine 160 13

~ Chlorhydrindinitrate 125 120 plus
Nitromethane 127 100
Anilite (Nitrogen Peroxide/Butane) 161 Sensitive
Dithekite (Nitric Acid/Nitrobenzene/ 110 100

Water)

Liquid Oxygen/Lampblack 100 5
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The following ctjections apply to.this ty»e of evplnsive!

2%

ronse,

1. Nost of them are too sensitive for militar

.
H

2. Some; such as Anilite, have to have their compenents inscoparate
compartments with the mixing taking pl-ce just buefors cetoritior.

7. Some, such as Liquid Uxyg¢cn and Selid Acctylene, "uve to be
uzed immediately after manulacture othervise they evapoir:t. wnd locg
strength. If sezled in a container the evaparation would tend to burst
ihe container endangering the plane.

4. While some are stronger than stzndard explocives, this acvrtace

is locst due to low density.

. oy

Therefore, it is safe to sssume thal since liqui! Fvolosives
present too many prellems and too few, if any, .agvant:g2s, they will
not be used unless it bLe to cirsumvent ratericl ~hert:fes and if Ly

are used, therc is nothind to bte excitrd abcuat,
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ChAFIFR 9
TOXICITY O EXFLOZIVES
Practical}y all explesives are mora or less toxic. This is

particularly trne of the Aromatic Nitrocomroun:s. In acdition to being

toxic most of these will also stain thc skin yellow.
_The toxic effect is usually produced, at least as frr us ?.f.'
Personnel are concerned, by absorption through the pores of tihs sxin. ’
The degree of toxicity, to any indiviau=l, will avpend on the
degree of alleorgy of that individual and his len*:h cf exposure te any

particular explosive.

This fact, together with the wide use of rixtures in this war,

unless they are absolutely sure what explarive thuy

its effect on them nerscnnaliy.

( &
The following is a list ¢f explesives, which ars wneen to be
‘ toxic, and their effects on personnel:
N
) 1. Lead Azide and Nitroglyectine will rel-x tic arleries., .ee
heart beat is stepped up tc¢ compens~te for thiz, reoulting in = vers
headaches. This effect is not dangercus «r porpan:rt unt it ~un
distress to the peint of incapacitating.
2. Mercenry fulwinate may causc intecti=~n from contact wite cats,
3. INT is extremely toxie and may cause:
(2) Darmatitis or ckin irritation,
(b} Irritation of the alimentary tract, .
‘ (¢) Cy=nosis or the reduetion af the cxveen earrvin’ ~Litity af
the blona.
R {(d) A form »f Jaundice.
~e
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(e) Aplestic anemia or the destruction of the marrow of tie
bones.
(f) Stainingz of the skin and nzir.

All these effects are caused by ~bsorntion through the skin which
is made easier by heat arnd humidity. Sympions are breazthlessness,
headaches, dizziness, dullness, weakness, constipation, vomiting, a
livid face and blue finger tips. The urin2 is lizht crawn tn red te

coffee colored.

4, INT exudaie is more tcxic than TNT itself.
R, Composition C2 and C3 have the same effect as THT,

. €. Dinitrotoluene has rmuch the san: effect as THT.

" 7. Dritrobenzenc has an effect similar to thit «f TNT tut is alse
absorbed thru the lungs and digestive tract =.d may; aff'est the vision,
the heart action and nerve reflex.s,

8. Dinitrochlorobenzune and Trinitrocnlero. r2ore are rore toxie
than Dinitrobenzene,
Phosgene may be procuced from low order Jetopation,
. 9. Dintrophenol is about the samc az 1.

10. Ficric Acid has the zane tendercies as %1 'ut 1o n-t

»e
s

severcly toxic.

11. Tetryl has ithe same toxic cff etz s WU tut i3 ror sov p |-

toxic espezizlly to the skir. It cauae: a werrativis o1t ilar ts | nice
lvy. It can be abscried by inhali=tion,

12. HMD eauses severs blicters resemblin’ biarvs ovd 10 o g
injurious to ithc mcuous memiran-c of the =u.th, no.e ird Yo sy in
addition to it5 otner effecls similar Lo thes of TNI.

13. Trinitroanisole is similar to Pierie Acid in fenral o+ viegy
Lut is more cevirely toxic to the ukin,

In order to prevent oxplocive poisonin the fullewin® precqyt oo

1‘/'/.
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should be taken:

1. Do not expose the skin to explesives. Wea gloves under .1
eﬂiditions and when working with explosives cver 1 period of tine, kevp
tﬁé armg, legs and torso covered. When steaming out 3 bomb wear hoots.

* 2. Keep the person and clothes clean at all times. Wash the

hands thoroughly after handiing explosives and do net pernit clothes to
become sattrated. They should be weshed before rence.
‘ When handling explosives over a period of time the hands should be
washed at frequent intervals to prevent acsorption through ihe perce,
The hands should always be washcd wefore touching the face, rubbing tic
“eyes, uating or using the latrine.

A solution of onc teaspoonful of Sodium iicarborate ¢ r nivt of
warm water is effective in combatine acidivy.

A special soap, consisting of 26/26/50 friethanolamir./indi trial
Ethanol/Commercial Liquid Soap, will disnlve the Arematic lomponvds ard
gi;e off a violet color as long as they remain on the _kin.

After washing the following cream may be aprli i 1L nis e

found effective in preventing irritation:

INGREDIENTS ﬁ l_ﬂ_!'I [ ‘_"_
Water 7R C.7,
Borax SR LIPS
Sodium Carborate 2rima
Slycerine 74 C.C,
Staric Acid 176 “ranc
Gum Trr2acanth ) 4 rs
Codium Perborate 100 arams
0il of Lavender 4 Trors

1 5‘," .




This mixture will make 1 kg. of cream. ihz chcmieals noed zro the

U.S.P. grade. To prepare, place the witer, borax, Sodius Carbon te and

Glycerine in an enamel dish on 2 hot wat r kath and stir. When all th.

olids have disolved and the solution is hot, 214 Stcaric Acid and stir

n

occasionally. When the Stearic Acid has all rcacted and ihe ~ixiure is

free from lumps, add the Gum Tragacanth and 0il of Laveny r ~nd stir
. vigorously with a large spatula., Allow the mixturs '3 cool with

continuous, or nearly continuous, stirring uniil cold. 1iuen -.dd Sodium

A

Perborate and continue stirring until 2 uniform non-,ritty mixtur- is

B T

obtained. Do not add the Perborate while tho cream is still warm.

The cream should be used as fresh as nozsible, but can be ztored

o e ST

for a limited period in a refrigerator,

3. As 3 firal precaution, Medical attcution 1.t be o4tained

N whenever any skin irritation or dicceloraticen is noticoa,
3 ~
1#
:
4
b
'
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CHAPTER 10

FIELD TESTING OF EXPLCSIVES
‘In the field it is often ecessary to identify the varicus ex-
plosive components of ammunition befcre inerting the anmunition. It iz
iposaible tcidn this by an ap ion of the individnal's knowledge of
the following characteristics.

1. Color - It will be noticed that many explosives are varicus
shades of.yellow so that color cbservation is not reliatls., .oerver,
after practice, it is possible to become familiar with %he appearanc:
of eiplosives and, if positive identification is not alvays possible,
st leaat*color observation can be used to eliminate pezsibilities and
narcov the range down to a few explosives.

2. 'Use of the Explesive - If the furctiocnzl and Mati~rad ur of

the explosive are considered, in conjunction with ithoe eolor, toe rangs
] &

can be narrowed down even mere and the identi:iy of tn. esuplosive

Iy

established at least within the range of s nsitivitics. For cyampls
if a white explosive is used by the Jans as a booster, tne naturzl

conclusion would be tha: the explesive is PEIL or FMh.

Tl

Frrther identi-

3
i
i
:
by
2

fication is not recessary, from a safety standpoint, if the <xplozive

i3 assumed to be PETY and treated accordingly. ;
b1

K|

3, Melting Points - If i% were desiratle to positivoly jaontify 4

i

the explosive this could be done by determiring the meltirs point. '3

In order to carry out this test, onowder a very small gquant < of

the explosive and put it into a tent tui. or a reagonrdle [cov il

T
PRS2

thereot'. A thermometer is clemped to the tube o that the -« ¢

the tube and the Lase of the thermemeter arc on e ~am plans and o'y

are inserted into a bat> of lisht cil which 13 crated raridly, |2

melting point of the exrlosive is obserscd and tiken 2s tae arpron: e

range.

i S e el N g 5 ot
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After the oil cools and the explosive solidifies, the baih ic
again heated to within 5° of the ranie. Heating ir 3tonped a d Lien
resumed slovly, raising the temperature 10° per minute until the
explosive begins to melt. ‘

Heating is stopped. If melting is completed without raising the
temperature, the explosive is pure and not amixture and the tenperature

can ‘be considered as the meltiny point.

If the explosive does not mclt comoletely, raise the tcmperatur:
10 at a time and repeat until the explosive does melt. If hest is

added more than three times, the explosive is « mixture,

The temperatures at which the explosive begins to mclt ani at
vhich melting is completed, arv reccrded as the melting range of the
explosive. In this way the components of mixtures can te identified.

* This test is not used for Primary liith kxplosives.

4. Sensitivity - In order to determine the scnsitivity of an

unknown explosive, to aacertain hew carefully it must he troated, t
following tests can be conducted.

a. Powder a very small quantity of the cxplocive, plaec it on
a hard surface and hit it a2 light blow with a hamrer. If it d- tonates
it can be considered in the Primary Fxplosive range and shonld be
treated accordingly.

b. Powder a small quantity of explosive and place tle 4 of a

length of safety fuse in the eyplosive. I4nite the fuse and move to a
safe distance. If the explosive dutonates, from the spit of {lame from
the safety fuse, it should be considerad 4 Primwy Exrlesive,

These tesis should only be conducted with a very eavll rineh of
explosive and the explosive chould not be confined in sush 3 way they,

fragmentaticn of the contain:r cun result,

1")}0
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CHAPTER 11

COMPARATIVE BOMB BIGE E"PLCSIVI TRAINY

In a preceding part of this pamphlet we discus.ed the principle of
the Explosive Train. This secticn will discuss the application of that
principle and compare characteristic Bomb High Explosive Trains of the
several warring nations.

SECTION I
COMPONENTS OF A TYFICAL TRAL"

1.’The Primer - There are three types of Primers in general use:

8. The Percussion Primer which consists of a sensitive con-
position detonated by a blunt firing pin which pinchesz the primer
between the firing pin and an anvil., This typc is scnerally used to
ignite delays,

b. The Stab Action Primer or Friction !rimer which censist of 4
sensitive composition designed to detonate from the stab action of a
needle pointed firing pin. This type is uscd for both instur tapsgns
and delay action. .

c. The Ignition Primer - A sensitive composition desijne * o
ignite from a hot wire. This type is used princinally by Germiny.

2. The Delay consists of a slow vurniug composition, usually Zlack
.Powder, designed to interrupt the detonation and porrit the bomb te
penetrate.

3. The Relay is usually a flash Pellet of Jlack Pewder desliined to
pick up and intensify the fliune, from the =elay or primer, wnich has
loat its intensity due to distance: of travel. The delay and relay ir

not used in instantaneous fuzes but the riley is usually enceanter

where there is a choice betwe~n instantaneous and short delay,

162,




4. The Detonator is a pellet of highly sercitive material which
will réadily detonate from flame with sufficient violz2nce tc dctonate
the booster. Itz length is more importznt tuzn its Ziameter as it must
attain a minimum velocity of detonation. kor example, in a number six
Blasting Cao H-1/2 grains of Mercury Fulninats are uced to uctonate
Tetryl while in a fuze 19 grains are used witn no mere ~fficy wny, The
height of the charge is the same in both cases kut the oi:icter is
different,

5. The booster is intermediate in sensitivity. It will reazily
detonate from the action of the detonator and aevelop enough wner ', to
detonate any of our bursting charges. The boostur is always usi, =v:in
when the detonator will detonate the bursting ch.rze, to eliminate
large quantities of very sensitive explozive, #upe fwn tho reirht of
the chargc is the controllir: factor and in aztu:l practize it is usnal
to have a sub-booster and onester to be sure Wt Luo Sagstor will rave
enough length to attzin a maximum velocity of detonation,

The booé(ér is more effective at the e¢nd of the asztonator due -
the directional force of the detonation. Fight ;riirs of wxnlomive at
the end of the detonator is 2s <ifective as thirty grains plac.d ir =
ring around the deton=ator.

It is not necessary to inrcrcase the size cf the Loasnt _p an the
size of the bomb increases, as 2 certiin mini=mm aweant of oosst ¢ ic
necessary for each explosive, In artual practice, howerer, an - xe 3
amount of boost:r is usaed in casc the explosive has deteriorstrg, Iy
many cases an auxiliary booster is uscd to inour ¢ noh oorer oof
detonation for very insensitive explosives or t=+ v th oo 1 L3¢

the bomt tresks up on impzct,

163,




. SECTION 11
| UNITED STATES BOME HIGH EXPLOSIVE TRAIh.
+ The Uéited States uses Mechanical Impact Fuzes depenaing on the
action of the Firing Pin to initiate the action cf the trzin,
71. The Percussion type Primer, designed to produce a max.rin

flame, is a Mercury Fulminate composition consistin of “ercury rul-

minate, Potassium Chlarate, Antimony Sulfide and frequently °n

ATrAsSLve

such as ground glass or Carborundum. This is designed for delz, acticn

‘fuzes and is used with a blunt tiring pin.

. » o sy s - .
For instantaneous action 2 Lead Azide irimer Conpusition, senii-
tized with Lead Styphnate, is used with 2 needle tyrs Firinz Fin.

2. The delay element is Black Powder and is ignited by the )ame

from the Percussion Primer. In Dive Bombing, a Parinn Jhremats azlay

is used.
3.Since the Detonator is enc:loscd in an Aluriaum case ana =3y nct
be in close contact with “‘he dzlay, =» Relay is n.cessary to irtensily

the flame from the Delay, or from the Primer iI the Delay is by-pa.scd,

This consists of a cup of Lead Azide covered with an onion ckin., ihir

- ignites from the flame of the Primer or Lelay and detonat-s with

sufficient power to detonate the enclosed Leton=tor.

4. The Detonator is in two parts, an upper apc lew:ir [ to-itor,

The Upper Detonator is Lecad Azide sensitized by Lesd Utyoharte and th

Lower Detonator (sub-booster) is Tetryl.

The Relzy detonates tne uprer

W

3 Detonator and the action is intensified by tho Lower Jotunater wiich

will in turn detonate the BRooster.

For Inztantaneous Fuzes the Primcr and dpner nd Lower [ L0 s

are enclosed in 2 Primer Dotonator,

¥
&

»
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"
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5., The Tetry! Eooster is simply a larger emount of Teiryl used o
provide a margin of safety in operations. In effect it pernits 2ttair-
ment of maximum velocity by lengthening the explosive column.

6. The Bursting Charge may be one of the following: TN., Amatol,
Explosive D, Composition B, D3¥, Torpex, or Ednatol,

SECTION III
THE BRITISH BOMB HIGH EXPLOSIVZ TRAIN

" British Fuzes operate on the same principle as curs so0 their
Explosive Train is the same in principle.

1. The Primer may be Lead Azide or Mercury Mulminate Composition.

2. The Delay is made of Safety Fuse,

3, The Rclay is Black Powder 3ince the Delonatcr is in dircct
conaict with the Helay.

4. The Detonator is either Lead Azide, senniticed with Lead
Styphnate, or 80/20 Mercury Fulminate/Potassium Chlorat ,

All the ahove componcnts are encloscd in a tube, similar Lo 2
Blasting Cap, which the British call their Detonator. For inctantanceis
action, the Delay and Relay may be eliminated., The tale ig inserted in
the Booster,

5. The Booster, wnich the Fritish call their Exploder, aor~i-ta of
Tetryl or a combination of Tetryl and Prossed THT,

6. The Burstin® Charje may b> one of tne following: Thi, Amatnl,
Minol 11, Baratol Cyclotol, DBX, Amatex, Pentolite, Torpex, Chellite or
Tritonal. } ¢

SECTION 1V
THE ITALIAN BOMB ItIi# DXPLOBIVE TRAIN
This train fqncticns on the same pgeneral princinle an Lie ot o,

-

Slight varistions are nrescrt bocause the holdors for t. v,

T
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K ':¢~ THE JAPANESE DOMB FIGH eXPLCOIVe PHalN

" components are open at either end.

1. The Primer is Mercury Fulminate comnosition.

2. The Delay is 3lack Powder.

3. The Relgy is also Black Povder as therc is a flash chinnel
into the Detonator.

4. The Detonator is Lead Azide sensitized with Lexd “tvrbpate, '

5. The Sub-booster is RDY.

6. The main booster is Pressed TNT. This is evidently useu 4. to
the expense of Tetryl but it is difficult to und~rstand wny a desensi-~
tized RDX booster is not used as it woult be muck ore erfficicnt vt
TNT.

7. The Bursting Charge is generally T™T, Amatel, !meanal or
Cyclotol.

SECTION V

This train is very similar te the Ivalian in that mest of Lhe
metal holders are open at both ends.

1. The Primer is always Mercury Fulminats Camraocition ittt
abrasive. The Firing Pin is ¢enerally the nrodlr typ.,

2. The Delay is Black Powder.

3, The Relay is also black Powder, the d tenat»r beoing inoan op b
container.

4. The Detonator is g.nerally bLead azidc. o porte have indinate o
use of Mercury Pulminate in Army Fombs tut this ka3 not pren contired,

5. The Sub-oooster is u:uaille(Lryl.

6. The Booster is generally pressed Pieric Acia although it ~av . :
RDX in smaller bombs., This is .vidently an «eonomy =sacar as rionge

Acid is not as effective as Tetryl.
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| 7. The Japs rrequently use an Auxiliary Pooster of Preszed Tipe 9k

*

Explosive in the tail of their larger bombs.

8. The Bursting Charge may be one of the [.llowin;:

Pressed or Cast Picric Acid, Irinitroanisole, Type 9= Ex-losive,
Cyclotol or tne TNT/Picric Acid Mixture.

SECTION VI

7 TEE GERMAN BOME RIGH EXPLOSIVE TRALN

The Gorman Train is somewhat different than the others in that tue

oo

German Fuzes are elecirical and aepend on ignition, from a hot bri<-«

P

wire, to initiate the train.

S

1. The Frimer consists of a siiver Iridpe Wire on which is te2deq
a paste of Lead Styphnate, Collodiom Cotton and Anyl 4c:tate. This i3

ignited when the btridse wire becores red bat. The Leni o

TR 3, s, ot D Ml < XAk S

i \2<L mixture has a surround of 80/20 Pctassiunm Nitrate anz Crarcoal to
) increase the flame, b
2. The Delays varv., For Delays un to one zccond Tluce fowisr 1s 2
e
e

*‘«
»

1

used, For Delays of five te fonrteen seconds 2 Delay of the To'lowin-

B

i
AR

type is used:

Y

“h

a. An I¢nition Mixture of: 2

,;/fé;;

¥ % itrocolluloss H
&

|

TRT Red Lona
20% Carborurdum
be « Delay of:
10% Fctassium Perchlorate
"W r Leaé Chpo ke

407 Antirony

1;"7.
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c. A hooster of:

5% Resin
56$ Potassium Percllorate
%8% Leed Ferrccyanide
The Ignition Mixture facilitates the ignition of the insensitive
Delay and the Boostcr intensifics the flame,
For Delays up to 40 seconds, the followinj type of c¢lay io usea:
a. An Iznition Mixture of:
Kt Nitrocwllulose
75% Red Lead
20% Cartorundun
b. A Delay of:
0.4% totazzium Chronsic
74.0% Barian Turomate
- Z1.0% Zirconiur
RS A SV
2B hitroe Lulese
c. A Foost=r of:
&% Nitraecllulose
AR U IS VN
JGh Lartarundun
2, The Relay mav be Rlack Powder or:
JF-+7 % totasriun Perchlor st
40-F0 % Lend Culphocyanate
4-&% Slphur
207 Nitrellluloce

4. The Tetonator is Lead szide sensitized oy Loy otwrinct s,

190,
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5. Ty Sup-tooster is a laver of FETV over PUTk Wax. both of
tro oo corponents are cout~und inrcrp called a Gaine which corresponds
to our i tonator,

£, The Jainc is surrcund.d ty 1 press s Ficrie Acid Ring with the
remainder of the fuze Foaket filled with rressed Picric Aciu Pellets,
Theoe 27t a3 1 Boaster, )

“.'Pr:ctiﬂﬁlly 111 Jermap “ombs hav: an auxiliary bLooster of
Prossed TV Vellots which “1vos 2 mar‘in of safely in operation and
prnits the use of low yrade explesivoz,

2, Tne {ollowing sarctan charges mry be used: INT, THT Wax,
fhatel, aronnl, Oyelstol, hxamit or Tornex.  There are 2 great meny
riccollian cus exrlostv o, which myy Lo used for specitl purposes, in

adlition to thegse.
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