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THE EFFECT OF SOME ADDITIVES O N  THE CLOSED BOMB BURNING 

AND IGNITABILITY OF RDX/TNT (60/40) 

R.W. Velicky, H.W. Voigt,  and W.E. Voreck 
United States  Army Research and Lkvelopent  Center 

Dover, New Je r sey ,  07801-5001 

ABSTRACT 

The burning and i g n i t i o n  p rope r t i e s  of Composition (Comp) B 

are s tud ied  so t h a t  fo rau la t ion  modif icat ion could be made t h a t  

would reduce gun p r o j e c t i l e  in-bore thermal explosions.  Comp B 

f i r s t  burns on i t s  su r face  l i k e  a gun prope l l an t ;  then, a t  a pres- 

sure  near 100 MPa, a sudden breakup burning phase develops. New 

su r face  a r e a  is created a t  a phenomenal rate, and t h i s  is t h e  

cause of t he  ca t a s t roph ic  r eac t ion  r a t e s  t h a t  i t  can experience. 

Coating i t s  RDX cons t i t uen t  with a p r o t e c t a n t  s i g n i f i c a n t l y  slows 

t h i s  r eac t ion  rate. It appears t o  do t h i s  by i n h i b i t i n g  the rate 

a t  which the  RDX is re leased from t h e  TNT matr ix  f o r  burning, 

probably by i n f i n i t e s i m a l l y  delaying t h e  i g n i t i o n  of t he  RDX in 

t h e  particle i g n i t i o n  sequence. A new test  t h a t  eva lua te s  explo- 

s i v e  i g n i t a b i l i t y  as a funct ion of pressure and energy i n d i c a t e s  

t h a t  an RDX pro tec t ive  coat ing may a l s o  inc rease  the l e v e l  of 

thermal i g n i t i o d  and delay the  onset of a thermal explosion. 

Co l l ec t ive ly ,  t h e s e  t h r e e  d e s i r a b l e  p r o p e r t i e s ,  caused by a s i n g l e  

modification, may s i g n i f i c a n t l y  reduce the incidence of in-bore 

explosions where c a s t i n g  f laws would have p r e c i p i t a t e d  t h i s  event. 

Journa l  of Energe t ic  Mate r i a l s  vo l .  3, 129-148 (1985) 
This  paper i s  no t  sub jec t  t o  U . S .  copyright .  
Published i n  1985 by Dowden, Brodman & Devine, Inc.  
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INTRODUCTION 

Composition (Comp) B i s  a powerful explosive; however, i t  

cannot be used i n  the p r o j e c t i l e s  of new high performance guns 

because of i t s  s u s c e p t i b i l i t y  t o  in-bore thermal explosions.  The 

cause is  a t t r i b u t e d  t o  the presence of an occas iona l  ca s t ing  flaw 

which under the  stress of launch induced set-back fo rces  causes 

the explosive t o  break up. Then i n  crushed, broken, o r  moving 

mater ia l ,  a d i a b a t i c  c o w r e s s i o n  and/or f r i c t i o n  would s t imu la t e  a 

thermal i g n i t i o n ;  and, because Comp B burns so r a p i d l y ,  t he  pro- 

j e c t i l e  v io l en t ly  ruptures  before  i t  can e x i t  t h e  gun barrel .  

This premature problem, although occurr ing at  an unacceptable 

l eve l ,  i s  a r a r e  event. This suggests  t h a t  t h i s  hazard i s  a 

borderl ine r e s u l t  t h a t  is s t a r t e d  when the r i g h t  condi t ion o r  

combination of conditions a r e  present .  Techniques t h a t  would 

minimize the c rea t ion  of cas t ing  flaws are being inves t iga t ed .  

This  s tudy,  however, is concerned wi th  modifying t h e  p r o p e r t i e s  of 

Comp B t o  reduce f u r t h e r  the l i ke l ihood  of an in-bore explosion 

from Comp B cas t ings  t h a t  might escape t h e  g a u n t l e t  of improved 

manufacturing procedures. 

A t h ree fo ld  approach is being pursued. The explosive 's  

mechanical p rope r t i e s  should be improved. Even a modest improve- 

ment would favorably s h i f t  t h e  r e l a t i o n s h i p  between c a s t i n g  f laws 

and launch induced set-back forces .  When breakup s t i l l  occurs ,  

t h e  mininum amount of hea t  energy needed t o  cause thermal i g n i t i o n  
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should a l s o  be increased. men ,  i n  s i t u a t i o n s  where a thermal re- 

act ion might s t i l l  be i n i t i a t e d ,  the speed of burning should be 

slowed s o  t h a t  a s a f e  out-of-bore explosion would r e s u l t  from the  

in-bore thermal i g n i t i o n .  Simultaneously, improving each of t he  

contr ibutory f a c t o r s  ( c a s t a b i l i t y ,  s t r eng th ,  i g n i t a b i l i t y ,  and 

burning speed),  may reduce the  incidence of in-bore explosions 

s u f f i c i e n t l y  t o  permit t he  use of a modified Comp B i n  t he  ad- 

vanced weapon systems. 'Ihe r e s u l t s  of previously reported work 

suggest t h a t  some of t hese  goals  a r e  a t t a i n a b l e .  

A study of the burning p rope r t i e s  of Comp B and TNT [ l ]  

ind ica t ed  t h a t  t hese  materials break up during the  combustion 

process and burn on the su r face  of t h e i r  fragmented pa r t s .  The 

breakup of TNT, a major cons t i t uen t  of Comp B ,  t akes  place along 

cleavage paths a t  t he  boundary of neighboring c r y s t a l s  [ 2 ] .  The 

s ize ,  shape, and number of t he  fragments i s  determined by the  

cas t ing  procedure. 'Ihe wax a d d i t i v e ,  which is  used in standard 

Comp B does not  i n t e r a c t  with i t s  TNT component t o  modify o r  

change i t s  burning behavior. Unlike TNT, Comp B i n i t i a l l y  burns 

on i t s  s u r f a c e  l i k e  a gun prope l l an t  [ 3 ] ;  then, a t  a pressure near  

100 MPa, a sudden t r a n s i t i o n  t o  a breakup burning phase t akes  

place. M w  su r face  area is c rea t ed  a t  a phenomenal r a t e ,  and t h i s  

is the cause of t he  ca t a s t roph ic  r eac t ion  rates t h a t  Comp B can 

experience. lhis t r a n s i t i o n  appears t o  be too  sha rp  and sudden t o  

be explained only by breakup o r  melting of t he  TNT binder. The 

heat-of-reaction of HMX (an explosive similar i n  s t r u c t u r e  t o  RDX) 
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i nc reases ,  sha rp ly ,  by 102 c a l o r i e s / g  a t  30 MPa s t a t i c  pressure 

[ 4 ] .  A s imi l a r  response f o r  RDX could con t r ibu te  toward Comp B ' s  

sharp t r a n s i t i o n  t o  the  breakup burning phase. The presence of 

the s tandard wax add i t ive  (1% added t o  the melt) i n  t h e  6 0 / 4 0  mix- 

t u r e  of RDX/TNT s i g n i f i c a n t l y  slows t h e  burning of t h e  r eac t ive  

cons t i t uen t s  during breakup. It appears t h a t  i t  does t h i s  because 

some of t h e  wax ( in so lub le  in TNT) migrates  t o  t h e  s u r f a c e  of the 

RDX p a r t i c l e s  where i t  i n h i b i t s  the r eac t ion  r a t e .  Coating t h e  

RDX p a r t i c l e s  w i th  va r ious  p r o t e c t a n t s  is ,  the re fo re ,  t h e  approach 

being taken here  t o  slow the  r eac t ion  r a t e  of Comp B. 

It is believed t h a t  in-bore explosions begin wi th  a f i n i t e  

heat source (hot-spot),  i n  powdered o r  broken material t h a t  i s  

being subjected t o  pressure.  A test developed t o  s imula t e  t h e s e  

conditions [5] shows t h a t  Comp B is  more s e n s i t i v e  t o  thermal 

i g n i t i o n  i n  a p r o j e c t i l e  launch environment than, i nd iv idua l ly ,  

are i t s  cons t i t uen t s  (RDX/TNT). Heat t r a n s f e r  i n  r e l a t i o n  t o  

phys i ca l  p r o p e r t i e s  cause t h i s ,  suggest ing t h e  p o s s i b i l i t y  t h a t  a n  

RDX protectant  may se rve  the double purpose of i nc reas ing  t h e  

miniuum energy o f  i g n i t i o n  i n  a d d i t i o n  t o  slowing t h e  d e f l a g r a t i o n  

rate of Comp B. 

PROCEDURE 

This  work i s  concerned pr imari ly  wi th  p r o t e c t i v e  coat ings f o r  

RDX t h a t  would reduce t h e  de f l aga t ion  hazard of Comp B, but ,  s i n c e  
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t h i s  hazard is primarily r e l a t e d  t o  cas t ing  flaws the burning 

behavior of Comp B with TNT modifiers,  which may reduce t h e i r  

c r ea t ion  is a l s o  examined. Small q u a n t i t i e s  of hexan i t ros t i l bene  

( H N S ) ,  a mild explosive o r  polysulfone can provide a f i n e  random 

c r y s t a l  s t r u c t u r e  t o  t h e  TNT matr ix  t h a t  can improve c a s t  q u a l i t y  

[ 6 ] .  The polysulfone a l s o  has the  p o t e n t i a l  f o r  funct ioning a s  a 

p ro tec t ive  coat ing f o r  t he  RDX. In addi t ion,  under f i e l d  condi- 

t i ons ,  Comp B can exh ib i t  exudation problems t h a t  can be con- 

t r o l l e d  by an anti-exudate,  a 50150 mixture of c e l l u l o s e  propion- 

a t e  and p l a s t i c i z e r s  [7,8]. Its e f f e c t  on Comp B burning is a l s o  

examined. ‘Ihe explosive po r t ion  of a l l  t h e  formulations t e s t e d  is 

a 60140 mixture of class 1 RDX (177 pm) and TNT except f o r  one 

f o r m l a t i o n  where a n  RDX with a smaller  p a r t i c l e  s i z e  (105 pm) was 

used. The add i t ives  a r e  added a s  a percentage of t he  o r i g i n a l  

RDUTNT mix. S ing le  e f f e c t s  were f i r s t  obtained, and then in- 

creasingly i n t e r a c t i v e  mult iple  e f f e c t s ,  by introducing a d d i t i v e s  

t o  the  TNT m e l t  and/or a s  p ro tec t ive  coatings of t h e  suspended 

RDX. The gene ra l  formulations are l i s t e d  in Table 1. 

Specimens were prepared f o r  closed bomb t e s t i n g  in t h e  form 

of c a s t  s o l i d  cyl inders  and crushed powder. The cyl inders  were 

2.54 c m  in diameter and t h e  lengths  were ad jus t ed  t o  produce a 

constant 32.00 gram mass. Crushed samples (27.00 grams each) were 

obtained from cast specimens which had been broken i n t o  a f i n e  

pouder with g e n t l e  Impact blows. Three g and one g,  r e spec t ive ly ,  

of class 7 black powder were used t o  i n i t i a t e  t h e  s o l i d  and 
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TABLE 1. Additive i n  60/40 Mixtures of RDX/TNT 

Sample no. Additive i n  TNT Additive on RDX 

84-018 

84-066 
84-080 

84-023 

84-072 

84-025 

84-026 

84-038 

None 
1% P e t r o l i t e  Wax 
1% P e t r o l i t e  Wax, 0.12% HNS 
1% P e t r o l i t e  Wax, 0.12% HNS, 

1% P e t r o l i t e  Wax, 0.12% Poly- 

0.12% HNS, 0.5% Anti-Exudate 

0.5% Anti-Exude 

su l f  one 

0.12% HNS 

0.5% Anti-Exudate 

0.5% Anti-Exudate 

None 

84-039 None 

8 4-0838 * None 

*Fine p a r t i c l e  RDX 

None 
None 
None 
None 

None 

1% P e t r o l i t e  Wax 
1% Polycarbonate 
0.5 Anti-Exudate 

1% Polysulfone 

0.5% Polysulf one 

1% Cellulose 

Propionate, 

p l a s t i c i z e d  

1% Polysulfone 

1% Polysulf one* 

~~ ~~ ~~ - 

crushed samples. The black powder was  i g n i t e d  with an M-100 

electric match. Each specimen was burned i n  a 178 cc closed bomb 

producing pressureus- t ime d a t a  i n  response t o  the  output of a 

piezo pressure transducer. The d a t a  was recorded wi th  a Nicolet  

Explorer 111 Dig i t a l  o sc i l l o scope  and s t o r e d  on magnetic d i s c s .  

The r e s u l t s - o f  t h e s e  tests are presented i n  t h e  form of dp ld t  

vs. pressure.  A graphical  example of t h e  d a t a  is shown in Figures 

1 and 2. Both compare t h e  burning of s tandard Comp B (dot ted 

curve) with a polysulfone-coated RDX formulat ion f o r  t h e  s o l i d  and 

crushed ve r s ions ,  respect ively.  In Table 2, a n  at tempt  is made t o  
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.. 

Fig. 1 - Comp B VS. polysulfone coated RDX/TNT ( so l id )  

Fig. 2 - Comp B VS. polysulfone coated KI)X/TNT (crush) 
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reduce a l l  t h e  test  d a t a  t o  a few p e r t i n e n t  va lues  f o r  comparison. 

These inc lude  t h e  maximum pres su re  (an i n d i c a t i o n  of t h e  energy  

provided by t h e  r e a c t i o n ) ,  t he  maxiuiun dp/d t  ( r e p r e s e n t i n g  t h e  

g r e a t e s t  su r f ace  area exposed f o r  burn ing) ,  and t h e  p re s su re  a t  

t h e  rnaxirmm dp/d t  ( r e l a t e d  t o  t h e  f r a c t i o n  o f  material consumed). 

However, the  most important value l i s t e d  i n  the  t a b l e  i s  t h e  

measurement of t h e  area under t h e  e n t i r e  curve. When a l l  t h i n g s  

are equa l  such as mass, composition, and v e s s e l  volume, each  dp /d t  

va lue  r ep resen t s  t h e  s u r f a c e  area t a k i n g  p a r t  i n  t h e  r e a c t i o n  i n  

r e l a t i o n  t o  the  volume f r a c t i o n  of sample burned. A measurement 

of t h e  area under t h e  curve  provides  a number t h a t  can  be  used  t o  

eva lua te  the  e f f e c t  of an a d d i t i v e  on t h e  r e a c t i o n  rate of t h e  

compositions 's  r e a c t i v e  c o n s t i t u e n t  (RDWTNT). This va lue ,  how- 

e v e r ,  a p p l i e s  t o  a specimen of a p a r t i c u l a r  mass and c o n f i g u r a t i o n  

burned i n  a p a r t i c u l a r  vesse l .  The r a t i o s  developed cannot be 

ex t r apo la t ed  t o  any o t h e r  cond i t ions .  This i s  because t h e  dp /d t  

v s  p re s su re  curve  ( f o r  materials which fragment on burn ing)  com- 

b ines  t h e  e f f e c t  of s e v e r a l  fundamental p r o p e r t i e s .  P r i n c i p a l l y ,  

t h e s e  inc lude  t h e  ra te  of s u r f a c e  area c r e a t i o n  w i t h  t h e  i n t r i n s i c  

burning rate of t h e  fragmented p a r t s .  P r e s e n t l y  t h e s e  va lues  are 

unknowns. Therefore ,  t h e  quickness curve (dp /d t  vs  p re s su re )  i s  

l imi t ed  to  use  as a comparator. This comparison, however, i s  

u s e f u l  t o  e v a l u a t e  t h e  degree  of e f f e c t i v e n e s s  v a r i o u s  a d d i t i v e s  

con t r ibu te  toward t h e  a t tempt  t o  slow t h e  burning of RDX/TNT 

(60/40). h Table 3, t h e  area under t h e  quickness  curve f o r  

s tandard  Coop B i s  ass igned  a va lue  of 100% f o r  each  of t h e  two 
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geometrical  configurat ions and a r e l a t i v e  comparison based on t h i s  

value is made f o r  each appropr i a t e  experimental  formulation. 

The i g n i t i o n  tes t  i s  performed on powdered explosive samples 

and provides a r e l a t i v e  i g n i t a b i l i t y  d a t a  a s  a funct ion of 

Table 3. Relative Reaction Rate with Respect t o  Regular 
Camp B 

Sample 
no. 

84-018 
84-023* 

84-066 
84-080 

8 4-072 
84-082 

84-083 
84-025 

84-026 
84-038 

84-039 
84-083B 

Sol id  
( X I  

148 
100" 
169 
101 
105 
42 

50 
32 

69 
36 
45 
35 

Crushed 
( 4 )  

114 
100" 
116 
108 

98 
105 
105 
104 

113 
109 
112 
104 

*Regular Comp B. 

pressure and energy. A l-gram sample is  compressed beween 1.27 c m  

punches within a f l o a t i n g  s leeve.  At a des i r ed  pressure l e v e l  

(monitored with a piezo f o r c e  gage) an 80 ksec,  one half  s i n e  

wave, energy pulse  is dumped i n t o  a platinum hea te r  t h a t  is  lo-  

ca t ed  i n  t h e  cen te r  of t h e  specimen. It has been found that 

explosives  could be i g n i t e d  over  a wide range of energy l e v e l s  as 
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long a s  t h e  test specimen was a t  a high enough pressure.  In t h i s  

tes t ,  the 50% threshold pressure of i g n i t i o n  a t  a f ixed l e v e l  of 

energy deposi t ion is determined by varying t h e  p re s su re  according 

t o  a 25 shot Bruceton s t a i r - s t e p  procedure [ 9 ] .  This is done a t  

s eve ra l  energy l e v e l s  f o r  each explosive. A p l o t  of t h e  recipro-  

c a l  of the threshold pressure versus the input  energy should 

generate  a reasonably s t r a i g h t  l i n e  t h a t  can be used t o  evaluate  

the a b i l i t y  of an add i t ive  t o  change the  i g n i t a b i l i t y  of t h e  

RDWTNT mixture. The s e n s i t i v i t y  hazard inc reases  i n  proport ion 

t o  the r ec ip roca l  of t h e  threshold pressure of i n i t i a t i o n .  

The i g n i t a b i l i t y  tes t  was performed on t h r e e  psuedo Comp B 

va r i a t ions .  These specimens were not melt-cast. A f ixed  q u a n t i t y  

of RDX (coated o r  uncoated) was blended wi th  a n  appropr i a t e  amount 

of f i n e l y  ground TNT. This was done i n  o rde r  t o  t es t  t h e  protec- 

t i v e  coat ing concept without r i s k i n g  ( a t  t h i s  time) exposing bare  

RDX, a poss ib l e  r e s u l t  of t he  crushing process ,  t o  t h e  test. The 

con t ro l  f o r  t h e  series was a 60140 blend of RDX/TNT w i t h  uncoated 

RDX. Its i g n i t a b i l i t y  was compared aga ins t  t h a t  of pseudo Comp 

B ' s  with an i n s u l a t o r  (polysulfone) and a conductor ( a l m i n u n )  

coated on the RDX. The pressure at which 50% of the trials 

( th re sho ld  pressure) would be ign i t ed  by a s p e c i f i c  energy inpu t  

is l i s t e d  i n  Table 4. A p lo t  of the r e c i p r o c a l  of t h e  p re s su re  

w i t h  r e spec t  t o  t h e  input  energy is shown i n  Fig. 3. In every 

series, approximately one-half of the tests r e s u l t  i n  a v i o l e n t  

thermal explosion. The f o r c e  gage, mounted wi th  t h e  test  f i x t u r e ,  
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provides a s i g n a l  which responds t o  t h i s  event in r e l a t i o n  t o  t h e  

onset of the energy pulse. This measures the  t i n e  t o  a v i o l e n t  

r eac t ion  and is a l s o  l i s t e d  in Table 4. These d a t a  a r e  p lo t t ed  

with respect  t o  the  threshold pressure of i n i t i a t i o n  and shown i n  

Fig. 4. 

CLOSED BOMB RESULTS 

A l l  t h e  p ro tec t an t s ,  which were coated on t h e  RDX, s i g n i f i -  

can t ly  slowed the burning of c a s t  RDXITNT (60140). Even t h e  wax, 

which is normally mixed i n t o  the  TNT m e l t ,  slowed burning more 

e f f e c t i v e l y  a s  an RDX pro tec t an t .  It is d i f f i c u l t  t o  rank t h e  

e f f ec t iveness  of t h e  s e v e r a l  coat ings t e s t e d  because i d e n t i c a l  
TABLE 4. Ign i t ion  T e s t  Results 

Energy 
( Jou le s )  

0.0951,O. 001 1 
0.0771f0.0011 
0.061of0.0009 
0.04 18fo .OO 12 

0.0922fO. 0010 
0.0761M.0011 

0.0438fo .0006 
0.0603fO. 00.10 

0.0915f0.0020 
0.0726M .0021 
0.0 5 8BO. 00 14 
0.0423fo .0071 

Threshold 
Pressure 

( m a )  

Polysulf one Coated RDX 

94.8*6.0 
97.2f8.5 
110. Df13.3 
131.6f6.3 

Uncoated RDX 

81.6fl. 8 
93 .lf5.4 
100. of6.2 
128.2f10.0 

Aluminuu Coated RDX 

77.8flO. 6 
89.5k2.8 
103.3-fl5.2 
129.3f13.7 

Explosion 
T i m e  
(ms) 

4.7f3.2 
4.3f2.6 
2.5f0.9 
0.9f0 2 

4.8f2.7 
4. If1 .O 
1.6f0.4 
0.6k0.3 

5.6f2.8 

2. e0.8 
3 -9f2.8 

0 -5kO. 2 
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.017 

Joules 

- 
- 

Fig. 3. Reciprocal of pressure vs. energy 

e 

Fig. 4 - Cookoff vs. pressure 

141 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



experiments were not  conducted w i t h  a l l  t h e  a d d i t i v e s .  Tne tests 

were performed wi th  all, p a r t ,  o r  none, of t h e  TNT modi f i e r s ,  and 

because t h e  r e a c t i o n s  t a k i n g  p l a c e  are n o t  understood comple te ly ,  

i t  would not be v a l i d  t o  e x t r a p o l a t e  a ranking. It i s  premature,  

however, t o  select t h e  i d e a l  c o a t i n g  f o r  RDX only  on t h e  b a s i s  of 

c losed  bomb r e s u l t s .  None of t h e  coa t ings  t e s t e d  f a i l e d  t o  slow 

t h e  burn ing  of t h e  explos ive .  "his i n d i c a t e s  t h a t  t h e r e  is a wide 

choice of m a t e r i a l s  a v a i l a b l e .  The f i n a l  s e l e c t i o n  should be 

based a l s o  on t h e  coa t ing ' s  a b i l i t y  t o  provide a d d i t i o n a l  

d e s i r a b l e  p r o p e r t i e s  t o  t h e  exp los ive .  

Crushed specimens of t h e  e x p l o s i v e s  were t e s t e d  because of 

work of Co l l e t t  [ l o ] .  He launched and recovered f o u r  -49 s h e l l s  

t h a t  had 100 m i l  c a v i t i e s  machined in t h e  base  of t h e  exp los ive  

( c a s t  Comp B ) .  These s h e l l s  were launched a t  5000 g ,  8000 g, and 

10,000 g acce le ra t ion .  Tne b a s e  of t h e  s h e l l s  launched a t  8000 g 

and 10,000 g were completely f i l l e d  wi th  rubb le  from t h e  breakup 

of t h e  explos ive .  It was a l s o  suspec ted  t h a t  t h e r e  might have 

been s i g n i f i c a n t  q u a n t i t i e s  of powdered exp los ive  a s s o c i a t e d  wi th  

t h e  rubble. If a n  in-bore e x p l o s i o n  is i n i t i a t e d  i n  powdered and 

broken material, t h e  burning p r o p e r t i e s  of t h i s  type of exp los ive  

must a l s o  be examined. The d a t a  shows t h a t ,  i n  t h e  powdered form, 

t he  a d d i t i v e s  whether i n  t h e  TNT o r  coa ted  on t h e  RDX do n o t  

modify t h e  burn ing  of RDVTNT. "his i n d i c a t e s  t h a t  t h e  p r o t e c t i v e  

c o a t i n g s ,  a l l  of which slow t h e  burn ing  of t h e  cast material do so  

because t h e y  i n h i b i t  t h e  rate a t  which RDX p a r t i c l e s  are r e l e a s e d  
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from t h e  TNT m a t r i x  f o r  burning. 'It probably does  t h i s  by i n f i n i -  

t e s i m a l l y  de l ay ing  the  i g n i t i o n  of t he  RDX i n  t h e  p a r t i c l e  t o  

p a r t i c l e  i g n i t i o n  sequence. 

P a r t i c l e  s i z e  of HMX has  a s i g n i f i c a n t  e f f e c t  on t h e  burn ing  

of p r o p e l l a n t  con ta in ing  58% HMX [ l l ] .  This material, l i k e  Comp 

B ,  broke up on burning  f o r  f o r m l a t i o n s  w i t h  a n  HMX p a r t i c l e  s i z e  

of 45 and 92 microns. However, when t h e  micron s i z e  w a s  reduced 

t o  4.1 t y p i c a l  gun p r o p e l l a n t  s u r f a c e  burn ing  was approached. In 

o rde r  t o  test whether a similar t r end  occurred  wi th  Comp B ,  a 

f o m l a t i o n  w i t h  a smaller RDX p a r t i c l e  s i z e  was made. The re- 

s u l t s  show t h a t  reducing  t h e  p a r t i c l e  s i z e  from 177 km t o  105 pm 

does  n o t  s i g n i f i c a n t l y  slow i t s  burning. It appears  t h a t  a much 

smaller RDX p a r t i c l e  s i z e  would be needed t o  slow Comp B's burn- 

ing, and i t  would be d i f f i c u l t ,  i f  no t  imposs ib le ,  t o  melt-pour 

t h i s  RDX/TNT mixture.  

Of t h e  TNT m o d i f i e r s ,  on ly  HNS appears  t o  have a d e t r i m e n t a l  

e f f e c t  on t h e  burning of Comp B. It appears  t o  nega te  t h e  bene f i -  

c i a l  e f f e c t  provided by wax in s t anda rd  Comp B. However, t h i s  

speedup in burning i s  cance led  when t h e  a n t i - e x u d a t e  i s  added t o  

t h e  mixture. Whenever t h e  an t i -exudate  is  used, a s i g n i f i c a n t  

r educ t ion  i n  t h e  maximum p r e s s u r e  (energy) i s  observed. In some 

cases, t h e  slowness of burning, caused by RDX p r o t e c t a n t s ,  con- 

t r i b u t e s  t o  t h i s  by i n c r e a s i n g  hea t - leak  through t h e  w a l l s  of the 

c losed  bomb, but  t h e  predominant cause is a t t r i b u t e d  t o  s i d e  
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r e a c t i o n s  which abso rb  energy from t h e  r e a c t i v e  RDX/TNT mixture. 

This is d e s i r a b l e  f o r  slow cook-off haza rds ,  and i t  i s  u n l i k e l y  

t h a t  a t  d e t o n a t i o n  v e l o c i t i e s  ( t h e  working r e g i o n  of Comp B) t h e r e  

would be s u f f i c i e n t  t i m e  f o r  t hese  s i d e  r e a c t i o n s  t o  take  p lace .  

This is suppor ted  by t h e  burn ing  of t h e  c rushed  specimens. These 

samples burn a t  a much f a s t e r  r a t e  than  the  s o l i d  c a s t i n g s  and 

s e v e r a l  o r d e r s  of magnitude slower t h a n  they  would i f  s t imu la t ed  

t o  de tona t ion  v e l o c i t i e s .  The crushed specimens do not e x h i b i t  

t h e  energy-absorbing s i d e  r e a c t i o n s ,  t h u s  sugges t ing  t h a t  t h e  exu- 

d a t i o n  c o n t r o l l i n g  a d d i t i v e  can a l s o  dec rease  t h e  s e v e r i t y  of some 

cookoff hazards  wi thou t  s e r i o u s l y  a f f e c t i n g  performance. Although 

i t  is no t  e s t a b l i s h e d  wi th  a b s o l u t e  c e r t a i n t y ,  i t  appea r s  t h a t  t h e  

an t i -exudate  and polysul fone  ( a s  a TNT mod i f i e r )  do n o t  i n e r f e r e  

wi th  t h e  a b i l i t y  of p r o t e c t a n t  coa t ings  from slowing the burn ing  

o f  c a s t  RDX/TNT. From t h e  pe r spec t ive  of burn ing  p r o p e r t i e s ,  

t h e s e  a d d i t i v e s  can be inc luded  i n  t h e  TNT mat r ix  i f  warranted by 

t h e  c a s t  q u a l i t y  and exudat ion  c o n t r o l  t h e y  provide.  

I G N I T I O N  TEST RESULTS 

The i g n i t i o n  tests were performed on pseudo Comp B i n  o r d e r  

t o  e v a l u a t e  t h e  c e a s i b i l i t y  of u t i l i z i n g  RDX p r o t e c t a n t s  t o  reduce 

the  s e n s i t i v i t y  of RDXITNT t o  in-bore type  thermal  i g n i t i o n .  The 

r e s u l t s  are q u i t e  encouraging. Polysul fone ,  a cand ida te  for u s e  

as an RDX p r o t e c t a n t ,  as w e l l  as a TNT modi f i e r ,  does reduce  t h e  
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s e n s i t i v i t y  t o  thermal i g n i t i o n  i n  r e l a t i o n  t o  the same f o r m l a -  

t i on  with uncoated RDX. The s e n s i t i v i t y  of the formulation with 

aluminized RDX increases  s l i g h t l y ,  and t h i s  would appear t o  make 

t h i s  explosive more hazardous. The s e n s i t i v i t y  of the t h r e e  

f o n d a t i o n s  converge a s  t he  pressure is increased t o  130 MPa, 

i nd ica t ing  t h a t  the physical  p rope r t i e s  of the coating l i m i t  i t s  

e f f e c t i v e  working range. 

A pleasant s u r p r i s e  was provided by the time-to-explosion 

r e s u l t s .  The polysulfone coat ing increased the t i m e  t o  v i o l e n t  

r eac t ion  by almost a mill isecond ac ross  the  e n t i r e  threshold 

pressure range. It appears t o  do t h i s  i n  conjunction with i t s  

a b i l i t y  t o  slow burning and decrease t h e  thermal s e n s i t i v i t y .  I€ 

t h i s  i s  indeed a v a l i d  r e s u l t ,  i t  means t h a t  the chance of a s a f e r  

out-of-bore explosion i s  increased even i f  a l l  t h e  prospective 

improvements f a i l  t o  prevent an in-bore i n i t i a t i o n .  

The encouraging results of t h e  i g n i t i o n  test uust be con- 

firmed with Comp B formulations made i n  the t r a d i t i o n a l  manner. 

In addi t ion,  t h e  comparisons of RDX/TNT i g n i t i o n  p rope r t i e s  caused 

by candidate RDX coat ings should be made with respect  t o  t h a t  of 

r egu la r  Comp B. In regard t o  t h e  i g n i t i o n  test, the  r e s u l t s  a r e  

not a s  p rec i se  as is  desired.  The c o r r e l a t i o n  c o e f f i c i e n t s  (9) 
f o r  t h e  r ec ip roca l  of pressure vs. energy curves is 0.93, 0.97, 

and 0.99, r e spec t ive ly ,  f o r  formulations with polysulfone coated,  

uncoated, and aluminized RDX. These c o r r e l a t i o n  c o e f f i c i e n t s  are 
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m c h  poorer f o r  t h e  t i m e  t o  r e a c t i o n  vs. pressure curves; ? i s  

0.97, 0.83, and 0.95 €or  the  same respect ive order .  The i g n i t a -  

b i l i t y  t es t  i s  a new tes t  and as such i t  evolves as understanding 

grows with use. It is expected t h a t  experimental  r e p r o d u c i b i l i t y  

w i l l  improve as experience develops t h e  needed refinements. 

CONCLUSIONS 

'Ihis work e s t a b l i s h e s  t h a t  a p ro tec t an t  coated on the  RDX i n  

a cast of 60140 RDX/TNT w i l l  s i g n i f i c a n t l y  slow t h e  burning of 

t hese  r eac t ive  cons t i t uen t s .  All the  coat ings t e s t e d  success fu l ly  

performed t h i s  function; however, when these  fo ruu la t ions  were 

burned i n  t h e i r  crushed form, the  p ro tec t an t s  d id  not slow t h e  

burning. 'his i n d i c a t e s  t h a t ,  i n  a cast, an a d d i t i v e  on t h e  sur- 

face of the RDX i n h i b i t s  t he  r a t e  at  which the RDX is  r e l eased  

from t h e  TNT matr ix  f o r  burning. It probably does t h i s  by sequen- 

t i a l l y  delaying the  i g n i t i o n  of the RDX p a r t i c l e s .  Preliminary 

results a l s o  i n d i c a t e  t h a t  a d d i t i v e s  which can slow t h e  burning of 

RDXITNT may a l s o  inc rease  i t s  minimum energy of i g n i t i o n  and de lay  

t h e  onset  of a thermal explosion. These r e s u l t s  must be confirmed 

and a search made f o r  t h e  i d e a l  coat ing t h a t  w i l l  b e s t  perform a l l  

t h r e e  d e s i r a b l e  p rope r t i e s ;  which c o l l e c t i v e l y  should s i g n i f i c a n t -  

l y  reduce t h e  incidence of in-bore explosions where c a s t i n g  f laws 

would have p r e c i p i t a t e d  t h e  event.  The presence of TNT modi f i e r s ,  

which are intended t o  con t ro l  c a s t  q u a l i t y  and exudation, do no t  

appear t o  i n t e r f e r e  with t h e  a b i l i t y  of RDX p r o t e c t a n t s  t o  slow 

burning. 
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