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DETONATION GASES AND RESIDUES 
OF COMPOSITE EXPLOSIVES 

F. VOLK 

FRAUNHOFER-INSTITUT FUR TREIB- 
UND EXPLOSIVSTOFFE (ICT) 

7505 PFINZTAL, FRG 

ABSTRACT 

Our previous work dealing with analyzing the reaction 
products of insensitive cast high explosives containing 
TNT, nitroguanidine (Nigu), ammonium nitrate (AN) and 
aluminium (All has shown that A1 reacted incompleteley, 
especially in the case of high concentration of this 
metal. 

In this paper, the influences of ambient gas or vacuum 
condition, of glass confinement and of the grain size 
of nitroguanidine on the product formation was investi- 
gated. Also the initiation behavior was analysed. 

It was found that composition of the detonation gases 
is strongly dependent on the grain size of spherical 
nitroguanidine. Parameters responsible for the amount 
of unreacted A1 are not only the oxygen balance but 
also the energy content of the high explosives. 
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INTRODUCTION 

Castable high explosives consisting of TNT, nitro- 

guanidine (Nigu) or ammoniumnitrate (AN) with aluminium 

(All and castable plastic bonded high explosives con- 

taining ammonium perchlorate (AP), RDX and energetic 

plasticisers with high amounts of A1 have become in- 

teresting on account of their insensitivity to external 

influences, f o r  economic reasons and due t o  the easy 

availability of their components. 

In particular, the production of spherical Nigu and 

phase-stabilized AN at the Fraunhofer-Institute ICT has 

improved the manufacturing conditions of those explo- 

sives / 1 / 2 / .  Because of the nonideal behavior of 

explosives containing Nigu and AN, large charge dia- 

meters were necessary. For this qeason it was not pos- 

sible to use a detonation calorimeter / 3 / 4 / .  

In order to learn more about the detonation reactions 

and to find out the amount of A1 reacting during the 

detonation process of Nigu and AN containing explo- 

sives, we used a blasting chamber with a volume of 

1 , 5  m3 in which charges up to 300 g were initiated in 

inert atmosphere or in vacuum. 
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The a n a l y s i s  of t he  r eac t ion  products was done as a 

means t o  d e t e c t  complete o r  incomplete r e a c t i o n s .  

A I M  OF THE I N V E S T I G A T I O N  

The i n v e s t i g a t i o n s  were done t o  determine t h e  fo l lowing  

inf luences  : 

- Inf luence  of the  booster  on the  composition of t h e  

r e a c t i o n  products ,  e s p e c i a l l y  on t h e  formation of NO 

and N20 

- Inf luence  of ambient gas o r  vacuum on the  r e a c t i o n  

products - Inf luence of g l a s s  confinement on the  

r e a c t i o n  products 

- Inf luence  of g ra in  s i z e  of Nigu 

- To f i n d  out  t h e  amount of A 1  r eac t ed  o r  unreacted i n  

d i f f e r e n t  charges  

EXPERIMENTS 

As mentioned be fo re ,  a f i r i n g  vesse l  of s t a i n l e s s  s t e e l  
w i t h  a volume of 1 , 5  m 3  was used. The s t a t i c  p re s su re  
f o r  which the  ves se l  was designed was about 4 MPa. In 
most c a s e s ,  high explos ive  charges w i t h  a diametef  of 
50 mm and a length  of between 85 and 95 mm were inves t -  
i ga t ed .  For i n i t i a t i o n ,  a de tona tor  Cap No 8 of Dynamit 
Nobel t oge the r  w i t h  a 10 g R D X  boos te r  i n  each case was 
used. 
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I n  most  cases  an  a d d i t i o n a l  b o o s t e r  c o n s i s t i n g  o f  a b o u t  
18  g o f  e x p l o s i v e  s h e e t s ,  h a v i n g  t h e  same diameter a s  
t h e  e x p l o s i v e  c h a r g e ,  was a p p l i e d .  

Af te r  t h e  e x p l o s i v e  c h a r g e  was hung i n s i d e  t h e  v e s s e l ,  
t h e  e v a c u a t i o n  was s t a r t e d  i n  o r d e r  t o  r ep lace  a i r  by 
a r g o n  as  an  ambien t  gas.  After f i r i n g ,  t h e  g a s  was 
a n a l y z e d  by s t r e a m i n g  i t  d i r e c t l y  f rom t h e  v e s s e l  
t h r o u g h  a chemi luminescence  a n a l y z e r  t o  measuPe t h e  
N O / N O ,  c o n t e n t .  A d d i t i o n a l  s a m p l e s  were t a k e n  i n  e v a -  
c u a t e d  g l a s s  t u b e s  f o r  t h e  mass s p e c t r o m e t r i c  a n a l y s i s .  
After o p e n i n g  t h e  b l a s t i n g  chamber ,  t h e  s o l i d  r e s i d u e  
was c o l l e c t e d  as c o m p l e t e l y  a s  p o s s i b l e  i n  o r d e r  t o  
a n a l y z e  c a r b o n  black and u n r e a c t e d  a lumin ium.  

Charge components  

The g r a i n  s i z e  of t h e  s p h e r i c a l  n i t r o g u a n i d i n e  ( N i g u )  
was i n  most  cases  

72 % 500 - 1000 pm 
28 % 125 - 250 urn 

For  some s p e c i f i c  i n v e s t i g a t i o n s  we used  f r a c t i o n s  o f  

125 - 250 pm and 
500 - 1000 um 

The b u l k  d e n s i t y  o f  t h e  s p h e r i c a l  p r o d u c t  i s  a b o u t  1 . 1  
g/cmj.  The d e n s i t y  of t h e  s p h e r u l e s  is  be tween  1.72 - 
1 .76  g/cm3. The g r a i n  s i z e  o f  ammonium n i t r a t e  ( A N )  was 
a b o u t  137 pm and of a luminium ( A l l  < a b o u t  15 urn. The 
p h a s e - s t a b i l i z e d  A N  was p roduced  by  a t o m i z a t i o n  o f  t h e  
melted p r o d u c t .  
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Confinement 

Some shots were fired in order to determine the influ- 
ence of a glass confinement on the detonation products. 
For these experiments two different glass thicknesses 
were used: 5 mm and 9 mm. These glass cylinders had a 
diameter of 52 mm and a length of 83 mm. 

Explosive Charges Investigated 

The following explosive charges were tested: 

- 40 

- 60 

- 50 

- 50 
- 50 

- 50 

- 50 

- 50 
- 50 

TNT/ 60 
TNTI 40 

TNT/ 30 

TNT/ 50 
TNT/ 50 

TNT/ 50 

TNT/ 50 

TNT/ 50 
TNT/ 25 

Nigu 
Nigu 
Nigu/ 20 Al, Ar, with and without 

Nigu/ Vacuum, Ar, Ar-Class Tube 
Nigu/ Ar, with and without glass con- 

Nigu/ Ar, with different glass con- 

Nigu/ Ar, with different grain size of 

AN/ Ar and Vacuum 
AN/25 Al, Ar, Reproducibility 

booster 

f inement 

f inement 

Nigu 

The influence of oxygen balance on the reaction of A1 
was tested with the following compositions: 

50 TNT/ 25 AN/ 25 A 1  

75 Comp.B/ 25 A 1  

75 PBX/ 25 A 1  
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I n i t i a t i o n  w i t h  and w i t h o u t  a d d i t i o n a l  b o o s t e r  

The f i r s t  s h o t s  were done u s i n g  e x p l o s i v e  charges  con-  
t a i n i n g  40 % TNT and 60 % Nigu.  A t  f i r s t ,  f o r  t h e  i n i -  
t i a t i o n  c y l i n d r i c a l  R D X  b o o s t e r s  o f  10  g were a p p l i e d .  
The d e t o n a t i o n  gases a n a l y z e d  h a v e  shown t h a t  l a r g e  
amounts  o f  n i t r i c  o x i d e  were formed (See T a b l e  1 )  which  

e x h i b i t s  r e l a t i v e l y  h i g h  amounts  o f  N 2 0  and  H C N .  T h i s  

means t h e  d e t o n a t i o n  r e a c t i o n  was n o t  c o m p l e t e  enough .  
I t  must  be supposed  t h a t  t h e  b o o s t e r  was t o o  weak o r  
t h a t  t h e  Nigu c o n t e n t  w a s  t o o  h i g h .  

T h e r e f o r e ,  a t  f i r s t  we changed t h e  m i x t u r e  a n d  u s e d  60  
% TNT and  40 % Nigu.  I n  t h i s  c a s e  t h e  N 2 0  c o n t e n t  dec- 
reased. But when a n a l y z i n g  t h e  s o l i d  r e s i d u e  we f o u n d  
small  amounts  o f  u n r e a c t e d  p r o d u c t s ,  f o r  e x a m p l e ,  1 , 5  % 
TNT and 1 , 0  % Nigu,  See T a b l e  2 ) .  

To improve  t h e  i n i t i a t i o n  c o n d i t i o n s  w e  s t a r t e d  new 
e x p e r i m e n t s  by t h e  u s e  of a n  a d d i t i o n a l  b o o s t e r  h a v i n g  
t h e  same diameter as t h e  e x p l o s i v e  c h a r g e  (See t r i a l  
no .  1 / 5 5  i n  Table 2 ) .  The r e s u l t  was t h a t  n e i t h e r  TNT 
n o r  Nigu c o u l d  b e  found  i n  t h e  s o l i d  r e s i d u e .  A d d i t i o n -  
a l l y ,  t h e  N O  c o n t e n t  was s t r o n g l y  r e d u c e d  from 24.00 - 
2600 ppm t o  190 ppm. Also t h e  H C N  c o n t e n t  was r e d u c e d  
t o  a smaller d e g r e e .  

W i t h  charges c o n t a i n i n g  20 % A 1  t h e  i n i t i a t i o n  c o u l d  be 
improved  i n  t h e  same way a s  we see  i n  T a b l e  3 by com- 
p a r i n g  t r i a l  no.  1/18 w i t h  1 / 7 1 .  Not o n l y  t h e  amoun t s  
o f  HCN and  N O  c o u l d  be r e d u c e d  d r a s t i c a l l y ,  b u t  a l so  
t h e  gas f o r m a t i o n  c o u l d  be i n c r e a s e d  as shown by t h e  
a r g o n  c o n c e n t r a t i o n .  
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TRIAL No. 118 119 
COMPOSITION 40 TNT 40 TNT 

I w t  . % I  60 NIGU 60 NIGU 

CONDITIONS flr R r  

BOOSTER ( 9  RDXI 10 10 

incornpi  e t e  

GASES, VOL% r e a c t  I o n  

H2 4.7 3.4 
N2 43.. 4 47.3 
C3 21.5 2pi.3 

c02 20.3 24.6 
N20 4.2 2.6 

PICN 5.7 1.1 
CH4 15.5 0.6 

P P m  NO 4008 1350 
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INITIRTION WITHOUT A N D  WITH ADDITIONAL 
BOOSTER 

=========================================== 

TRIAL No.  1/14 1/13 1 f 5 5  
COMPOSITION 60 TNT 60 TNT 60 TNT 

t w t . % l  40 N I G U  40 NIGU 40 NIGU 

CONDITIONS Rr Ar A r  

ADDIT. BOOSTER - - 18 9 

RESIDUE [ g l  ? ? 54 

GASES, VOL% 
H2 5.9 6.1 6.7 
N2 42.9 39.4 39.4 
co 23.0 23.1 30.1 
c02 20.5 21.6 19.7 
N20 1.1 1.3 - 
HCN 5.1 7.1 3.6 
CH4 1.4 1.4 8.5 

Ar. VOL% 89.7 90.8 89.7 

P P m  NO 2408 2600 190 
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T a b l e  3 

CONDITIONS A T  R r  
RDDIT. BOOSTER - + 

RESIDUE ( 9 1  3 111 
%RL u n r e a c t e d  3 8.7 

GFISES, VOLZ 
H2 22.3 27.6 
N2 28.1 25.5 
co 34.4 39.5 
c02 5.3 3.2 
HCN 9.4 4.1 
CH4 0. 5 EL2 

P P m  NO 1240 34 
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I n f l u e n c e  of argon as  an ambient  gas  and vacuum con- 
d i  t i o n s  

F u r t h e r  expe r imen t s  were performed w i t h  50 % TNT a n d  

50 I Nigu, comparing argon a s  an ambient gas  w i t h  vacu- 
um. We s e e  t h a t  t h e  c o n c e n t r a t i o n  of H 2  and C O  a r e  much 
h i g h e r  and C 0 2  and H C N  much smaller under vacuum com- 
pa red  w i t h  argon (See T a b l e  4). 

We found t h a t  t h e  c a r b o n - c o n t a i n i n g  r e s i d u e  ' s  much 
smaller i n  vacuum t h a n  i n  a rgon  a s  an ambient  g a s .  
T h e r e f o r e ,  t h e  gas f o r m a t i o n  i s  h i g h e r  i n  t h e  vacuum 
tests.  

It l o o k s  l i k e  argon p rov ided  conf inemen t ,  because we 
know from e a r l i e r  i n v e s t i g a t i o n s  t h a t  t h e  be t t e r  t h e  
conf inemen t ,  t h e  h i g h e r  is  t h e  f o r m a t i o n  of  c a r b o n ,  C02 
and H 2 0 .  
I n  t h i s  connec t ion  we a re  no t  ab le  t o  d e t e r m i n e  the  
e f f e c t  of  r e s h o c k i n g .  

I n f l u e n c e  of g l a s s  confinement  

Some expe r imen t s  w i t h  g l a s s  t u b e s  were conducted t o  
eva lua te  t h e  i n f l u e n c e  of  conf inemen t .  For t h e s e  t e s t s ,  
two d i f f e r e n t  wal l  t h i c k n e s s e s  were used:  5 mm and 
9 mm.  The t u b e s  were 8 3  mm i n  l e n g t h  and 52 m m  i n  d i a -  
meter. Comparing the  r e su l t s  i n  T a b l e  5 we see tha t  
t h e  9 mm confinement  produced a h i g h e r  CHN-containdng 
r e s idue  and a h i g h e r  C 0 2  c o n t e n t ,  b u t  a d e c r e a s e d  
amount o f  H 2 ,  CO and H C N .  On t h e  o t h e r  hand,  between 5 
and 9 mm wall  t h i c k n e s s ,  t h e r e  is o n l y  a modera t e  d i f -  

f e r e n c e  i n  C02 b u t  a s t r o n g  d i f f e r e n c e  i n  t h e  amount of 
HCN formed (See T a b l e  6 ) .  
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CONDITIONS Ar VRC. 

RESIDUE ( g l  75 11 

GRSES, VOLX 
H2 3.2 18.9 
N2 45.3 33. El 
co 25.1 42.9 
c02 22.4 4.6 
“H31 .- >0.3 
HCN 3.5 0.2 
CH4 0.2 0.05 
................................. 
flr,  VOLX 88.7 82.8 

PP” NO 40 40 
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T a b l e  5 . -_. 

INFLUENCE OF GLASS CONFINEMENT 

TRIAL N o .  2/30 6/30 
COMPOSITION 50 TNT 50 TNT 

................................. 
----------------I---------------- 

twt.Zl 50 N I G U  58 N I G U  

CONDITIONS Ar Ar 
GLASS CONFINE- 

MENT ( m m l  - 9.0 
RESIDUE t g l  17.9 31.5 

GASES, VOLZ 
H2 12.7 5.4 
NZ 39.9 46.6 
CO 25.2 20.4 
c02 20.5 24.3 
N20 - 1.0  
NO - 0.1  
tNH31 - > l o 0  
HCN 1 . 4  0 .3 
CH4 0 . 2  0.9 

Rr, VOLZ 84.9 80.0 

................................. 

P P m  NO 2 54 
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GLFlSS CONFINE- 
MENT t m m )  5 9 

GRSES, VOL% 
H2 
N2 
co 
c02 
N28 
NO 
NH3 
HCN 
CH4 

4.3 
47.3 
17.3 
22.3 
1.3 
0.7 
>3.0 
3.2 
0.6 

5.4 
46.6 

24.3 
20.4 

1.0 
0.1 

>l.Gl 
0.3 
0 .'9 

Rr, VOLZ 88.0 88.8 
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I n f l u e n c e  o f  g r a i n  s i z e  o f  Nigu 

The i n f l u e n c e  of t h e ’ g r a i n  s i z e  was t e s t e d  by u s i n g  
s p h e r i c a l  Nigu w i t h  t h e  f o l l o w i n g  g r a i n  d i s t r i b u t i o n :  

a )  1 2 5  - 250 pm 

b )  500 - 1000 pm 

For  t h i s  i n v e s t i g a t i o n ,  a c h a r g e  c o n s i s t i n g  o f  50  % TNT 
and  50 % Nigu was u s e d .  As c a n  b e  s e e n  i n  T a b l e  7 ,  t h e  
la rger  g r a i n  s i z e  d i d  n o t  r e a c t  as c o m p l e t e l y  as t h e  

smaller g r a i n  s i z e  o f  N i g u : . R e l a t i v e l y  h i g h  amounts  of 
metastable d e c o m p o s i t i o n  p r o d u c t s  o f  Nigu were a n a l y -  
z e d ,  f o r  e x a m p l e ,  4 , 5  Vol % N20, 4,O Vol % N O  and  
4 , 6  % H C N .  

These p r o d u c t s  a r e  r e s p o n s i b l e  f o r  a c o n s i d e r a b l e  de -  

c rease  of  t h e  hea t  of d e t o n a t i o n  as f o l l o w s :  

50 % TNT/ 50 % Nigu Heat  o f  d e t o n a t i o n  ( k J / k g )  

Nigu 1 2 5  - 250 pm 4567 4654 
Nigu 500  - 1000 pm 4355 4480 

H C N  i nc luded .  w i t h o u t  HCN 

Charges based on TNT and A N  

The i n f l u e n c e  of  a r g o n  o r  vacuum on t h e  p r o d u c t  f o r -  
m a t i o n  from charges c o n t a i n i n g  AN i s  n o t  a s  pronounced  
a s  i n  t h e  c a s e  of Nigu b e c a u s e  of t h e  h i g h e r  oxygen 
c o n t e n t  (See T a b l e  8 ) .  
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CONDITIONS A r  A r  
G R A I N  S I Z E  
OF N I G U  O J M I  125-250 500-1000 

GRSES, VOLZ 
H2 6.8 2.7 
N2 48.0 44.6 
co 23.2 21.9 
co2 17.3 17.2 
N20 - 4.5 
NO - 4.0 
t NH3 I 
H C N  
CH4 

>1.0 
3.4 4.6 
la. 3 0.5 

Ar, VOLZ 85.6 91.0 

P P m  NO 17 420E1 
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T a b l e  8 

CONDITIONS Rr VAC.  

GASES, V O L X  

H2 8.2 12.4 

N2 38.8 38.1 

co 27.0 33.5 

c02 24.8 16.1 

HCN 

CH4 0.3 0.02 

1.0 - 

................................. 
R r ,  VOL% 89.3 81.8 

P P m  NO 3cil 3 
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There is a l s o  a d i f f e r e n c e  i n  H 2 ,  CO and C 0 2  b u t  w i t h  
regard t o  the  p r o d u c t s  of i ncomple t e  r e a c t i o n  , o n l y  a 
h i g h e r  H C N  c o n t e n t  was obse rved .  T h e r e f o r e ,  t h e  d i f -  

f e r e n c e  i n  t h e  heat of d e t o n a t i o n  i s  n e g l i g i b l e  com- 
pared w i t h  a d i f f e r e n c e  of about  20 % i n  t h e  c a s e  of 50 
% TNT/50 % Nigu. The r e p r o d u c i b i l i t y  of cha rges  c o n t a i -  
n i n g  25 % ‘ A 1  is shown i n  Table 9 .  I n  t h i s  c a s e ,  a re la -  
t i v e l y  good agreement of t h e  r e s i d u e  between t h e  t h r e e  
s h o t s  were found.  With  r e g a r d  t o  t h e  amount of un reac -  
t e d  A l ,  Table  10  shows t h a t  9,9 % of  t h e  A 1  c o n t e n t  was 
u n r e a c t e d .  On t h e  o t h e r  hand we found t h a t  Composition 
B and PBX, both c o n t a i n i n g  25 % Al, e x h i b i t e d  complete  
r e a c t i o n  of t h e i r  A l .  The r e a s o n  f o r  t h i s  behav io r  
could be : 

- t h e  h i g h e r  h e a t  o u t p u t  of Comp. B/25 % A1 and 
- t h e  much b e t t e r  oxygen b a l a n c e  of t h e  PBX,  c o n t a i -  

n ing  RDX and ammonium p e r c h l o r a t e  (AP) 

Tr ia l  No 71/20 82/20  75/20 

O 2  b a l a n c e  - 51 ,8  - 53Y4 - 38,6 

Heat of d e t o n a t i o n  
J /g  721 3 8462 go1 1 

These expe r imen t s  show c l e a r l y  t h a t  n o t  o n l y  t h e  oxygen 
b a l a n c e  b u t  a l s o  t h e  ene rgy  of  h i g h  e x p l o s i v e s  a r e  of  
i n f l u e n c e  f o r  t h e  aluminium r e a c t i o n .  
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T a b l e  9 

CONDITIONS Rr Rr Ar 

RESIDUE l g l  126.3 126.7 128.4 

GASES, VOLX 
H2 19.5 17.6 17.1 
N2 32.6 35.5 37.6 
co 44.1 41.9 41.0 
c02 2.7 3.5 3.4 
HCN 0.86 1.10 0.62 
CH4 0.14 0.18 0.10 

A?,  VOLX 86.6 86.5 85.4 

-------------_------____________________-- 

P P m  NO 18 26 24 
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T a b l e  10  . _..____ 

FORMATION OF UNREACTEO AL AS A FUNCTION OF 
COHPOSITION 

T R I A L  No. 71/20 82/20 75/20 
COHPOSITION 50 TNT 75 COHPaB PBX w I t h  
(rt .%) 25 AN 25 AL RDX, AP 

25 AL 25 RL 

02 BALANCE -51.8 -53.4. -38.6 

CONDITIONS R? A? A? 

RESIDUE ( 0 )  126.9 146.8 139.2 
AL a e t l v .  

t g / l 0 8 g  AL) 9.9 0.71 0.31 

GASES, VOL% 
H2 17.6 21.2 28.1 
N2 35.5 36.4 42.4 
co 41.9 48.2 32.8 
c02 3.5 1.1 5.2 
NO - - 0.2 
HCN 1.1 8.9 6.13 
CH4 0.2 8.1 8.03 
----o---.------------.oo~--------------- 

A ? ,  VOL% 86.5 84.4 85.1 

P P m  NO 26 17 124 
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C O N C L U S I O N  

The i n v e s t i g a t i o n  of  t h e  d e t o n a t i o n  p r o d u c t s  o f  c a s t  
h i g h  e x p l o s i v e s  based on T N T / N i g u  a n d  TNT/AN has  shown 
t h e  f o l l o w i n g  resu l t s :  

By measuring t h e  i n i t i a t i o n  c o n d i t i o n s  t h e  b o o s t e r  
c o u l d  be op t imized  e s p e c i a l l y  w i t h  regard t o  a mini-  
mum fo rma t ion  of NO and N20. I n  t h e  same way t h e  
e n e r g y  o u t p u t  i n c r e a s e d .  
The use  of argon as an ambient  gas  improved v e r y  
c l e a r l y  t h e  e n e r g y  o u t p u t  compared w i t h  t h e  de tona -  
t i o n  p r o c e s s  i n  vacuum c o n d i t i o n .  T h i s  means t h a t  
a rgon  p rov ides  conf inemen t .  
The t e s t s  performed w i t h  g l a s s  confinement  a l s o  
improved t h e  ene rgy  f o r m a t i o n  by d e c r e a s i n g  r e a c t i o n  
p r o d u c t s  l i k e  NO and N20, which e x h i b i t  a p o s i t i v e  
h e a t  of format i on .  
The t e s t s  conducted w i t h  d i f f e r e n t  g r a i n  s i z e s  o f  
n i t r o g u a n i d i n e  have  p o i n t e d  o u t  t h e  s t r o n g  i n f l u e n c e  
o f  g r a i n  s i z e  d i s t r i b u t i o n .  S p h e r i c a l  n i t r o g u a n i d i n e  
w i t h  a g r a i n  s i z e  of > 500 pm formed d e t o n a t i o n  
g a s e s  w i t h  i n c r e a s e d  c o n t e n t  o f  N20 and NO and 
t h e r e f o r e  w i t h  a l o s s  of e n e r g y .  - D i f f e r e n t  from 
t h e  commonly used t e s t s ,  which measure t h e  p e r f o r -  
mance o f  h i g h  e x p l o s i v e s ,  t h e  chamber method, com- 
b ined  w i t h  a n a l y z i n g  t h e  r e a c t i o n  p r o d u c t s ,  i s  ca- 
p a b l e  o f  f i n d i n g  o u t  t h e  r e a s o n  f o r  a low o r  p o o r l y  
o p t i m i z e d  energy o u t p u t .  

112 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



REFERENCES 

1.  W. Engel, "Darstellung von kugeligem Nitroguani- 
din", 
Jahrestagung: Fraunhofer-Institut fiir Treib- und 
Explosivstoffe, 1981,  pp. 21-29 

2. W. Engel, "Beitrag zur Phasenstabilisierung von 
Ammoniumnitrat" 
Explosivstoffe 21, 9, 1973 

3 -  D.L. Ornellas, ffCalorimetric Determination of the 
Heat and Products of Detonation for Explosives: 
October 1961 to April 1982", 
UCRL-52821, 
Lawrence Livermore National Laboratory, April 5 ,  
1982 

4 .  F. V o l k ,  H. Bathelt, F. Schedlbauer and J. Wagner 
"Detonation Products of Insensitive Cast High 
Explosives" 
The Eighth Symposium (International) on Deto- 
nation 
July 15-19, 1985, Albuquerque, USA. 

113 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


