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(54)  Cast  explosive  composition. 
©  A  cast  explosive  composition  is  described  having  a  high 
density,  energy  and  critical  diameter  and  comprising  inorga- 
nic  oxidizer  salt,  a  water-immiscible  organic  liquid  fuel,  less 
than  about  5%  water,  and  an  emulsifier  which  allows 
formation  of  a  water-in-oil  emulsion  at  an  elevated  formula- 
tion  temperature  but  which  also  allows  the  emulsion  to 
weaken  and  the  inorganic  oxidizer  salt  to  crystallize  at  lower 
or  ambient  temperatures  to  produce  a  cast  composition.  A 
preferred  emulsifier  is  an  alkylammonium  salt  having  a  chain 
length  of  from  14  to  18  carbon  atoms. 

r -  

r -  

O) 
If) 
r -  

O  

tL 
111 

Croydon  Printing  Company  Lid 

  A  cast  explosive  composition  is  described  having  a  high 
density,  energy  and  critical  diameter  and  comprising  inorga- 
nic  oxidizer  salt,  a  water-immiscible  organic  liquid  fuel,  less 
than  about  5%  water,  and  an  emulsifier  which  allows 
formation  of  a  water-in-oil  emulsion  at  an  elevated  formula- 
tion  temperature  but  which  also  allows  the  emulsion  to 
weaken  and  the  inorganic  oxidizer  salt  to  crystallize  at  lower 
or  ambient  temperatures  to  produce  a  cast  composition.  A 
preferred  emulsifier  is  an  alkylammonium  salt  having  a  chain 
length  of  from  14  to  18  carbon  atoms. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  e x p l o s i v e   c o m -  

p o s i t i o n .   More  p a r t i c u l a r l y ,   t h e   i n v e n t i o n   r e l a t e s   to   a  

c a s t   e x p l o s i v e   c o m p o s i t i o n   h a v i n g   a  r e l a t i v e   h i g h  

d e n s i t y ,   e n e r g y   and  c r i t i c a l   d i a m e t e r .   By  " c a s t "   i s  

m e a n t   an  u n f l o w a b l e   or  u n e x t r u d a b l e   mass   w h i c h   i s   f l u i d  

when  f o r m u l a t e d   a t   an  e l e v a t e d   t e m p e r a t u r e   b u t   w h i c h   s e t s  

or   h a r d e n s   upon  c o o l i n g   to   a m b i e n t   t e m p e r a t u r e .   T h i s  

a l l o w s   t h e   c o m p o s i t i o n   to   be  " p o u r e d "   or   " c a s t "   w h i l e  

f l u i d   i n t o   a  c o n t a i n e r   of   d e s i r e d   f o r m   f o r   h a r d e n i n g  

in   t h a t   f o r m .   The  c o m p o s i t i o n s   of   t h e   p r e s e n t   i n v e n t i o n ,  

a l t h o u g h   h a r d e n e d ,   a l s o   r e m a i n   m a c h i n a b l e   i n t o   f u r t h e r  

d e s i r e d   s h a p e s .  

The  c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

f o r m u l a t e d   a t   an  e l e v a t e d   t e m p e r a t u r e   by  f o r m i n g   a  

w a t e r - i n - o i l   e m u l s i o n ,   w h i c h ,   when  a l l o w e d   to   c o o l ,   f o r m s  

a  c a s t   c o m p o s i t i o n .   The  c o m p o s i t i o n   c o m p r i s e s   i n o r g a n i c  

o x i d i z e r   s a l t ,   a  w a t e r ; i m m i s c i b l e   o r g a n i c   l i q u i d   f u e l ,  

l e s s   t h a n   a b o u t   5%  w a t e r ,   o p t i o n a l   f u e l s   or  s e n s i t i z e r s ,  

and  an  e m u l s i f i e r   of  a  p a r t i c u l a r   t y p e   w h i c h   a l l o w s  

f o r m a t i o n   of  a  w a t e r - i n - o i l   e m u l s i o n   a t   t h e   e l e v a t e d  

f o r m u l a t i o n   t e m p e r a t u r e   b u t   w h i c h   a l s o   a l l o w s   t h e   e m u l s i o n  

to   w e a k e n   and  t h e   i n o r g a n i c   o x i d i z e r   s a l t   to   c r y s t a l l i z e  

a t   l o w e r   or   a m b i e n t   t e m p e r a t u r e s   to   p r o d u c e   a  c a s t  

c o m p o s i t i o n .  

W a t e r - i n - o i l   e m u l s i o n   e x p l o s i v e s   a r e   w e l l   k n o w n  

in  t h e   a r t .   S e e ,   f o r   e x a m p l e ,   U . S .   P a t e n t   Nos .   4 , 3 5 6 , 0 4 4 ;  

4 , 3 2 2 , 2 5 8 ;   and  4 , 1 4 1 , 7 6 7 .   Such   e x p l o s i v e s   c o n t a i n  

a  c o n t i n u o u s   p h a s e   of  a  w a t e r - i m m i s c i b l e   o r g a n i c   l i q u i d  

f u e l   and  a  d i s c o n t i n u o u s   p h a s e   of  an  e m u l s i f i e d   a q u e o u s  

i n o r g a n i c   o x i d i z e r   s a l t   s o l u t i o n .   N o r m a l l y ,   t h e s e  

e x p l o s i v e   c o m p o s i t i o n s   c o n t a i n   a  d e n s i t y   r e d u c i n g   a g e n t  

f o r   s e n s i t i v i t y   p u r p o s e s .   T h e s e   c o m p o s i t i o n s   h a v e   a  

g r e a s e - l i k e   c o n s i s t e n c y   w h i c h   r e n d e r s   t h e m   w a t e r - r e s i s t a n t  

and  g e n e r a l l y   e a s i l y   e x t r u d a b l e .  



P a s t   e f f o r t s   h a v e   f o c u s e d   upon  p r e p a r i n g   a  

s t a b l e   e m u l s i o n   e x p l o s i v e   c o m p o s i t i o n   and  t h u s   p r e v e n t i n g  

or   m i n i m i z i n g   b r e a k d o w n ,   or   w e a k e n i n g ,   of  t h e   e m u l s i o n   a n d  

r e s u l t i n g   c r y s t a l l i z a t i o n   of  t h e   i n o r g a n i c   o x i d i z e r   s a l t  

s o l u t i o n   w h i c h   i s   i n i t i a l l y   d i s p e r s e d   t h r o u g h o u t   t h e  

c o n t i n u o u s   f u e l   p h a s e .   T h i s   was  a c c o m p l i s h e d   by  e m p l o y i n g  

g e n e r a l l y   a b o u t   8%  or   more   w a t e r ,   t o   r e d u c e   t h e  

c r y s t a l l i z a t i o n   t e m p e r a t u r e   of  t h e   o x i d i z e r   s a l t   s o l u t i o n ,  

and  e m u l s i f i e r s   t h a t   a r e   p a r t i c u l a r l y   s t a b l e   a g a i n s t  

e m u l s i o n   b r e a k d o w n .   In  c o n t r a s t ,   t h e   p r e s e n t   i n v e n t i o n  

e m p l o y s   l e s s   t h a n   a b o u t   5%  w a t e r   and  a  t y p e   of   e m u l s i f i e r  

t h a t   d o e s   n o t   f o r m   a  p a r t i c u l a r l y   s t a b l e   e m u l s i o n   a n d  

t h u s   w i l l   a l l o w   w e a k e n i n g   of  t h e   e m u l s i o n   and  r e s u l t i n g  

c r y s t a l l i z a t i o n   of  t h e   o x i d i z e r   s a l t   to   o c c u r   so  t h a t  

t h e   c o m p o s i t i o n   b e c o m e s   c a s t   in   f o r m .  

Low  w a t e r   e m u l s i o n s   a r e   known  f r o m   U . S .   P a t e n t  

No.  4 , 2 4 8 , 6 4 4 ,   w h i c h   d i s c l o s e s   an  e m u l s i o n   e x p l o s i v e  

c o m p o s i t i o n   in  t h e   f o rm  of   a  " m e l t - i n - f u e l "   w h e r e i n   t h e  

m e l t   c o m p r i s e s   ammonium  n i t r a t e   as  t h e   d i s c o n t i n u o u s   p h a s e  

and  t h e   c o m p o s i t i o n   i s   s u b s t a n t i a l l y   w a t e r - f r e e .   T h e  

c o m p o s i t i o n ,   h o w e v e r ,   i n c l u d e s   an  e m u l s i f y i n g   a g e n t   o f  

t h e   t y p e   w h i c h   i m p a r t s   to   i t   a  " g r e a s y   c o n s i s t e n c y "   e v e n  

a f t e r   c o o l i n g   to   a m b i e n t   t e m p e r a t u r e .   Thus   low  w a t e r   b y  

i t s e l f   d o e s   n o t   e n s u r e   t h e   f o r m a t i o n   of   a  c a s t   c o m p o s i t i o n .  

The  c a s t   c o m p o s i t i o n s   of   t h e   p r e s e n t   i n v e n t i o n   r e q u i r e  

t h e   c o m b i n a t i o n   of  low  w a t e r   and  t h e   a f o r e s a i d   t y p e   o f  

e m u l s i f i e r .  

The  c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   h a v e  

a d v a n t a g e o u s   p r o p e r t i e s .   A  n e e d   e x i s t s   f o r   a  r e l a t i v e l y  

i n e x p e n s i v e   b u t   c a s t a b l e   e x p l o s i v e   c o m p o s i t i o n   w h i c h   c a n  

be  p o u r e d   w h i l e   h o t   i n t o   c o n t a i n e r s   of   v a r i o u s   f o r m s ,  

b u t   w h i c h   when  a l l o w e d   to   c o o l ,   b e c o m e s   c a s t   or  h a r d e n e d  

in  t h e   f o rm  of  t h e   c o n t a i n e r .   H e r e t o f o r e ,   s u c h   t y p e s   o f  

e x p l o s i v e s   w e r e   f o r m e d   f rom  c a s t   s e l f - e x p l o s i v e s   such   a s  



TNT,  C o m p o s i t i o n   B,  p e n t o l i t e ,   e t c .   T h e s e   c o m p o s i t i o n s ,  

h o w e v e r ,   a r e   r e l a t i v e l y   e x p e n s i v e .   The  c a s t   c o m p o s i t i o n s  

of  t h e   p r e s e n t   i n v e n t i o n   have   s i m i l a r   p h y s i c a l   p r o p e r t i e s  

to   t h e s e   c a s t   s e l f - e x p l o s i v e s ,   i n c l u d i n g   h i g h   d e n s i t y  

and  e n e r g y ;   h o w e v e r ,   t h e   i n g r e d i e n t   c o s t s   a r e   c o n s i d e r a b l y  

l e s s .   Thus   a  m a j o r   a d v a n t a g e   of   t h e   p r e s e n t   i n v e n t i o n  

i s   to   p r o v i d e   a  c a s t a b l e   e x p l o s i v e   c o m p o s i t i o n   c o m p r i s i n g  

r e l a t i v e l y   i n e x p e n s i v e   i n g r e d i e n t s .   In  a d d i t i o n ,   e v e n  

t h o u g h   t h e   c o m p o s i t i o n   l o s e s   i t s   g r e a s e - l i k e   c o n s i s t e n c y  

upon  c o o l i n g   and  c r y s t a l l i z a t i o n   of   t h e   o x i d i z e r   s a l t ,  

i t   r e t a i n s   a d e q u a t e   w a t e r   r e s i s t a n c e   due  to   t h e   h a r d e n e d  

c h a r a c t e r i s t i c   of  i t s   s u r f a c e .   Fo r   e a s e   of   h a n d l i n g ,  

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

c o o l i n g   t o   b e l o w   t h e   s a l t   c r y s t a l l i z a t i o n   t e m p e r a t u r e .  

When  i n i t i a l l y   f o r m u l a t e d   a t   an  e l e v a t e d   t e m p e r a t u r e ,  

t h e   c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   have   a  g r e a s e -  
l i k e   c o n s i s t e n c y   and  a r e   in  t h e   f o r m   of  a  w a t e r - i n - o i l  

e m u l s i o n .   T h i s   i s   a d v a n t a g e o u s   f o r   a  n u m b e r   of  r e a s o n s .  

The  e m u l s i o n   f o rm  a l l o w s   t h e   o x i d i z e r   s a l t s   to   be  f i n e l y  

and  i n t i m a t e l y   d i s p e r s e d   t h r o u g h o u t   t h e   c o n t i n u o u s   f u e l  

p h a s e   to   e n h a n c e   e a s e   of  r e a c t i o n   of   o x i d i z e r   and  f u e l .  

The  o x i d i z e r   s a l t   is   d i s p e r s e d   t h r o u g h o u t   t h e   f u e l   p h a s e  

i n i t i a l l y   as  d r o p l e t s   of  s o l u t i o n   a t   an  e l e v a t e d   t e m p e r a t u r e ,  

and  as  t h e   c o m p o s i t i o n   c o o l s ,   t h e   p r e c i p i t a t i o n   of  t h e   s a l t s  

w i t h i n   t h e   d r o p l e t s   i s   p h y s i c a l l y   i n h i b i t e d   r e s u l t i n g   i n  

t h e   f o r m a t i o n   of  f i n e   s a l t   c r y s t a l s   w h i c h   e n h a n c e   i n t i m a c y  

b e t w e e n   o x i d i z e r   and  f u e l .   A n o t h e r   a d v a n t a g e   i s   t h a t   a  

g r e a s e - l i k e   e m u l s i o n   is   f l u i d   and  can   be  pumped   or   e x t r u d e d  

as  d e s i r e d .   As  t h e   e m u l s i o n   c o o l s ,   t h e   g r e a s e - l i k e   n a t u r e  

is   n o t   l o s t   i m m e d i a t e l y   s i n c e   c r y s t a l l i z a t i o n   of   t h e   s a l t s  

o c c u r s   s l o w l y ,   and  t h u s   t h e   c o m p o s i t i o n   r e t a i n s   i t s   e m u l s i o n -  

l i k e   h a n d l i n g   c h a r a c t e r i s t i c s   f o r   some  p e r i o d   of  t i m e  

a f t e r   c o o l i n g   b e l o w   t h e   s a l t   c r y s t a l l i z a t i o n   t e m p e r a t u r e .  

T h i s   a l l o w s   t h e   c o m p o s i t i o n   to  be  h a n d l e d   i n i t i a l l y   as  a n  

e m u l s i o n   e v e n   a t   l o w e r   t e m p e r a t u r e s .   Thus  t h e   a d d i t i o n   o f  



o t h e r   i n g r e d i e n t s ,   s u c h   as  s o l i d   s e n s i t i z e r s   or  d e n s i t y  

r e d u c i n g   a g e n t s ,   can   be  a c c o m p l i s h e d   a t   l o w e r  

t e m p e r a t u r e s ;   s h r i n k a g e   a n d / o r   c a v i t y   f o r m a t i o n   a f t e r  

p l a c e m e n t   i n t o   a  c o n t a i n e r   can  be  m i n i m i z e d ;   and  r i s k s  

to   p e r s o n n e l   of   h a n d l i n g   h i g h   t e m p e r a t u r e   m a t e r i a l   c a n  

be  r e d u c e d .   A  n o n - e m u l s i o n   c o m p o s i t i o n ,   when  c o o l e d  

b e l o w   t h e   i n g r e d i e n t   c r y s t a l l i z a t i o n   o r   m e l t i n g   t e m p e r a t u r e ,  

w o u l d   r a p i d l y   h a r d e n .  

The  i n o r g a n i c   o x i d i z e r   s a l t   i s   e m p l o y e d   in  a n  

a m o u n t   of   f r o m   a b o u t   45%  to   a b o u t   92%  by  w e i g h t   of  t h e  

t o t a l   c o m p o s i t i o n .   The  o x i d i z e r   s a l t   i s   p r e f e r a b l y  

ammonium  n i t r a t e   b u t   o t h e r   s a l t s   may  be  e m p l o y e d .   T h e  

o t h e r   o x i d i z e r   s a l t s   a r e   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   ammonium,   a l k a l i   and  a l k a l i n e   e a r t h   m e t a l   n i t r a t e s ,  

c h l o r a t e s   and   p e r c h l o r a t e s .   Of  t h e s e ,   s o d i u m   n i t r a t e   a n d  

p o t a s s i u m   n i t r a t e   a r e   p r e f e r r e d .   P r e f e r a b l y   f rom  a b o u t  

10%  to   a b o u t   65%  of   t h e   t o t a l   o x i d i z e r   s a l t   i s   a d d e d  

in   p a r t i c l e   o r   p r i l l   f o r m .  

The  i m m i s c i b l e   o r g a n i c   l i q u i d   f u e l   f o r m i n g   t h e  

c o n t i n u o u s  p h a s e   o f   t h e   c o m p o s i t i o n   a t   t h e   t i m e   of  i t s  

f o r m u l a t i o n   a t   an  e l e v a t e d   t e m p e r a t u r e   i s   p r e s e n t   g e n e r a l l y  

in  an  a m o u n t   of   f r o m   a b o u t   2%  to   a b o u t   15%  by  w e i g h t   o f  

t h e   t o t a l   c o m p o s i t i o n .   The  a c t u a l   a m o u n t   u s e d   can  b e  

v a r i e d   d e p e n d i n g   upon   t h e   p a r t i c u l a r   i m m i s c i b l e   f u e l ( s )  

u s e d   and  upon   t h e   p r e s e n c e   of  o t h e r   f u e l s ,   i f   a n y .  
The  i m m i s c i b l e   o r g a n i c   l i q u i d   f u e l s   can   be  a l i p h a t i c ,  

a l i c y c l i c   a n d / o r   a r o m a t i c   and  can  be  s a t u r a t e d   a n d / o r  

u n s a t u r a t e d ,   so  l o n g   as  t h e y   a r e   l i q u i d   a t   t h e   f o r m u l a t i o n  

t e m p e r a t u r e .   P r e f e r r e d   f u e l s   i n c l u d e   m i n e r a l   o i l ,  

w a x e s ,   p a r a f f i n   o i l s ,   b e n z e n e ,   t o l u e n e ,   x y l e n e s   a n d  

m i x t u r e s   of   l i q u i d   h y d r o c a r b o n s   g e n e r a l l y   r e f e r r e d   t o  

as  p e t r o l e u m   d i s t i l l a t e s   s u c h   as  g a s o l i n e ,   k e r o s e n e   a n d  

d i e s e l   f u e l .   P a r t i c u l a r l y   p r e f e r r e d   l i q u i d   f u e l s   a r e  

m i n e r a l   o i l ,   N o .  2   f u e l   o i l ,   p a r a f f i n   w a x e s ,   m i c r o -  

c r y s t a l l i n e v a x e s   and  m i x t u r e s   t h e r e o f .   A l i p h a t i c   a n d  



a r o m a t i c   n i t r o - c o m p o u n d s   a l s o   can  be  u s e d .   H a l o g e n a t e d  

o r g a n i c   l i q u i d s   can  be  u sed   in  a m o u n t s   up  to  a b o u t   25%. 

M i x t u r e s   of  t h e   above   can  be  u s e d .  

W a t e r   is   e m p l o y e d   in  an  amoun t   of  a b o u t   5% 

or  l e s s   of  t h e   t o t a l   c o m p o s i t i o n .   W a t e r   m i s c i b l e   o r g a n i c  

l i q u i d s   can  p a r t i a l l y   r e p l a c e   w a t e r   as  a  s o l v e n t   f o r   t h e  

s a l t s ,   and  such   l i q u i d s   a l s o   f u n c t i o n   as  a  f u e l   f o r   t h e  

c o m p o s i t i o n .   M i s c i b l e   l i q u i d   f u e l s   can  i n c l u d e   a l c o h o l s  

s u c h   as  m e t h y l   a l c o h o l ,   g l y c o l s   s u c h   as  e t h y l e n e   g l y c o l ,  

a m i d e s   s u c h   as  f o r m a m i d e ,   and  a n a l o g o u s   n i t r o g e n - c o n t a i n i n g  

l i q u i d s .   The  use   of  low  a m o u n t s   of  w a t e r   i s   an  i m p o r t a n t  

a s p e c t   of  t h i s   i n v e n t i o n .  

O p t i o n a l l y ,   and  in  a d d i t i o n   to   t h e   i m m i s c i b l e  

l i q u i d   o r g a n i c   f u e l ,   s o l i d   or  o t h e r   l i q u i d   f u e l s   or  b o t h  

can  be  e m p l o y e d   in  s e l e c t e d   a m o u n t s .   E x a m p l e s   of  s o l i d  

f u e l s   w h i c h   can  be  u s e d   a r e   f i n e l y   d i v i d e d   a l u m i n i u m  

p a r t i c l e s ;   f i n e l y   d i v i d e d   c a r b o n a c e o u s   m a t e r i a l s   s u c h  

as  g i l s o n i t e   or  c o a l ;   f i n e l y   d i v i d e d   v e g e t a b l e   g r a i n  

s u c h   as  w h e a t ;   and  s u l f u r .   L i q u i d   f u e l s   i n c l u d e   t h o s e  

w a t e r - m i s c i b l e   f u e l s   d e s c r i b e d   a b o v e .   A  p a r t i c u l a r l y  

p r e f e r r e d   s o l i d   f u e l   i s   p a r t i c u l a t e   a l u m i n u m   w h i c h   c a n  

be  e m p l o y e d   in   a m o u n t s   up  to   a b o u t   50%  by  w e i g h t   t o  

i n c r e a s e   t h e   d e n s i t y   and  e n e r g y   of  t h e   c o m p o s i t i o n .  

A l t h o u g h   g r a n u l a r ,   a t o m i z e d   or  p a i n t   g r a d e   a l u m i n u m  

can  be  u s e d ,   a t o m i z e d   is   p r e f e r r e d .  

O p t i o n a l l y ,   a  s e n s i t i z e r   may  be  e m p l o y e d   to   p r o v i d e  

a  c r i t i c a l   d i a m e t e r   no  l a r g e r   t h a n   a b o u t   150  mm  a t   a  

t e m p e r a t u r e   of  5°C.  The  c r i t i c a l   d i a m e t e r   i s   t h e  

s m a l l e s t   c h a r g e   d i a m e t e r   in  w h i c h   t h e   e x p l o s i v e   w i l l  

d e t o n a t e   r e l i a b l y   a t   t h e   t e m p e r a t u r e   g i v e n .   At  a  

r e l a t i v e   h i g h   d e n s i t y   of  1 . 5 0   g / c c   or  m o r e ,   a  s e n s i t i z e r  

g e n e r a l l y   is   e m p l o y e d   to  p r o v i d e   a d e q u a t e   s e n s i t i v i t y .  

S e n s i t i z e r s   may  be  s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

of  p a r t i c u l a t e   m e t a l s ,   m o l e c u l a r   e x p l o s i v e s   and  m i x t u r e s  

of  t h e s e   i n g r e d i e n t s .   P a r t i c u l a t e   a l u m i n u m   or  o t h e r  



m e t a l l i c   p a r t i c l e s   can   be  u s e d   in  an  a m o u n t   r a n g i n g  

up  t o   a b o u t   50%  by  w e i g h t .   The  a l u m i n u m   p a r t i c l e s  

can   be  p a i n t   g r a d e ,   a t o m i z e d   or   g r a n u l a r .   E x a m p l e s  

of  p a r t i c u l a t e   m o l e c u l a r   e x p l o s i v e s   a r e   p e n t a e r y t h r i t o l  

t e t r a n i t r a t e   (PETN) ,   c y c l o t r i m e t h y l e n e   t r i n i t r a m i n e  

(RDX),  t r i n i t r o l o l u e n e   (TNT),   c y c l o t e t r a m e t h y l e n e  

t e t r a n i t r a m i n e   (HMX),  and  n i t r o c e l l u l o s e .   O t h e r   t y p e s  

of   m o l e c u l a r   e x p l o s i v e s   a r e   w a t e r   s o l u b l e   s a l t s   s u c h   a s  

a m i n e   n i t r a t e s   or   p e r c h l o r a t e s ,   i n c l u d i n g   m o n o m e t h y l a m i n e  

or   e t h y l e n e d i a m i n e   n i t r a t e s ,   and  a l k a n o l a m i n e   s a l t s   s u c h  

as  e t h a n o l a m i n e   n i t r a t e   or  p e r c h l o r a t e .  

The  m o l e c u l a r   e x p l o s i v e   may  be  u s e d   in  an  a m o u n t  

r a n g i n g   f r o m   a b o u t   10%  up  to   a b o u t   70%  by  w e i g h t ,   a n d  

p r e f e r a b l y   up  to   a b o u t   45%.  A  p r e f e r r e d   s e n s i t i z e r   i s  

RDX,  a l o n e   o r   in   c o m b i n a t i o n   w i t h   a t o m i z e d   a l u m i n u m .  

The  e m u l s i f i e r   i s   a  key   i n g r e d i e n t   in  t h e   c o m p o s i t i o n s  

of   t h e   p r e s e n t   i n v e n t i o n .   The  e m u l s i f i e r   mus t   b e  

c a p a b l e   of  f o r m i n g   a  w a t e r - i n - o i l   e m u l s i o n   a t   an  e l e v a t e d  

f o r m u l a t i o n   t e m p e r a t u r e .   In  a d d i t i o n ,   t h e   e m u l s i f i e r  

m u s t   a l l o w   t h e   e m u l s i o n   to   w e a k e n   upon   c o o l i n g   and  t h e  

i n o r g a n i c   o x i d i z e r   s a l t   in   s o l u t i o n   to   c r y s t a l l i z e   a t  

t e m p e r a t u r e s   b e l o w   t h e   s o l u t i o n   c r y s t a l l i z a t i o n   t e m p e r a t u r e .  

Thus   t h e   e m u l s i o n   s h o u l d   be  i n h e r e n t l y   u n s t a b l e   in   t h e  

p r e s e n t   c o m p o s i t i o n   to   a l l o w   s a l t   c r y s t a l l i z a t i o n   t o  

o c c u r   so  t h a t   t h e   c o m p o s i t i o n   b e c o m e s   c a s t   in   f o r m .  

E m u l s i f i e r s   w h i c h   h a v e   b e e n   f o u n d   to   p r o d u c e   c o m p o s i t i o n s  

w i t h   t h e s e   p r o p e r t i e s   i n c l u d e   a  f a t t y   a m i n e   h a v i n g   t h e  

f o l l o w i n g   f o r m u l a :   RNH2,  w h e r e i n   R  h a s   a  c h a i n   l e n g t h  

r a n g i n g   f rom  14  to   22  c a r b o n   a t o m s ;   an  a c i d   s a l t   o f  

s u c h   f a t t y   a m i n e ;   d i s o d i u m   e t h o x y l a t e d   n o n y l   p h e n o l  

h a l f   e s t e r   o f   s u l f o s u c c i n i c   a c i d ;   c o m p l e x   o r g a n i c   p h o s -  

p h a t e   e s t e r   (Syn  Fac  9 2 1 4 ) ;   and  s u c r o s e   s t e a r a t e .   T h e s e  

e x a m p l e s   r e p r e s e n t   t h e   a n i o n i c ,   c a t i o n i c ,   and  n o n i o n i c  

e m u l s i f i e r   c l a s s e s .   The  e m u l s i f i e r   a l l o w s   t h e   f o r m a t i o n  

of   a  w a t e r - i n - o i l   e m u l s i o n   a t   an  e l e v a t e d   f o r m u l a t i o n  



t e m p e r a t u r e   b u t   a l s o   a l l o w s   t h e   e m u l s i o n   to  w e a k e n  

and  t h e   i n o r g a n i c   o x i d i z e r   s a l t   to   c r y s t a l l i z e   a t   a m b i e n t  

t e m p e r a t u r e s   to  p r o d u c e   a  c a s t   c o m p o s i t i o n .   T h e  

e m u l s i f i e r   i s   e m p l o y e d   in  an  a m o u n t   of  f rom  a b o u t   0 . 2 %  

to  a b o u t   5%  by  w e i g h t .   P r e f e r a b l y   t h e   e m u l s i f i e r  

c o n t a i n s   a  s a t u r a t e d   h y d r o c a r b o n   c h a i n   as  i t s   l i p o p h i l i c  

p o r t i o n ,   a l t h o u g h   t h e   u n s a t u r a t e d   fo rm  can  be  u s e d  

even   t h o u g h   i t   t e n d s   to  form  a  more   s t a b l e   e m u l s i o n   t h a n  

the   s a t u r a t e d   fo rm  and  t h u s   may  n o t   fo rm  a  c a s t   a s  

e a s i l y   or  as  q u i c k l y .   P r e f e r a b l y ,   t h e   f a t t y   amine   o r  
s a l t   t h e r e o f   e m u l s i f i e r   has   a  c h a i n   l e n g t h   of   f rom  14 

to  18  c a r b o n   a t o m s ,   and  more  p r e f e r a b l y ,   t h e   f a t t y  

amine   i s   an  a l k y l a m m o n i u m   s a l t   c o m p o s e d   of   s a t u r a t e d  

m o l e c u l e s   h a v i n g   a  c h a i n   l e n g t h   of   f rom  14  to   18  c a r b o n  

a t o m s .   When  f a t t y   amine  e m u l s i f i e r s   a r e   u s e d   in  t h e  

p r e s e n t   i n v e n t i o n   t h e y   may  a l s o  f u n c t i o n   as  c r y s t a l  
h a b i t   m o d i f i e r s   in   t h a t   t h e y   c o n t r o l   o x i d i z e r   s a l t  

c r y s t a l   g r o w t h   and  p r e v e n t   t h e   f o r m a t i o n   of  l a r g e r  

d e s e n s i t i z i n g   c r y s t a l s .  

A l t h o u g h   i t   i s   d e s i r a b l e  t h a t   t h e   c o m p o s i t i o n s   o f  

t he   p r e s e n t   i n v e n t i o n   have   a  h i g h   d e n s i t y ,   t h e   c o m p o s i t i o n s  

can  be  r e d u c e d   f rom  t h e i r   n a t u r a l   d e n s i t i e s   by  a d d i t i o n  

of  a  d e n s i t y   r e d u c i n g   a g e n t ,   s u c h   as  s m a l l   h o l l o w  

p a r t i c l e s   of  w h i c h   p l a s t i c   or  g l a s s   s p h e r e s   and  p e r l i t e  

a r e   e x a m p l e s .   In  a d d i t i o n ,   gas  b u b b l e s   can  be  e n t r a i n e d  

i n t o   t h e   c o m p o s i t i o n   d u r i n g   f o r m u l a t i o n   or  can  b e  

i n t r o d u c e d   by  a  s m a l l   amount   of  a  c h e m i c a l   g a s s i n g   a g e n t ,  
s u c h   as  s o d i u m   n i t r i t e ,   w h i c h   d e c o m p o s e s   c h e m i c a l l y  

in  t h e   c o m p o s i t i o n   to  p r o d u c e   gas  b u b b l e s .   The  u s e  

of  d e n s i t y   r e d u c i n g   a g e n t s   to   i n c r e a s e   s e n s i t i v i t y  

is   w e l l   known  in  t h e   a r t .  

The  c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

f o r m u l a t e d   by  f i r s t   f o r m i n g   a  m e l t ,   or   a  s o l u t i o n   i f  

w a t e r   i s   p r e s e n t ,   of  t h e   o x i d i z e r   s a l t ( s )   a t   an  e l e v a t e d  

t e m p e r a t u r e   a b o v e   t h e   s a l t   c r y s t a l l i z a t i o n   o r   s o l i d i f i c a t i o n  



t e m p e r a t u r e s .   T h i s   m e l t   or   s o l u t i o n   t h e n   i s   a d d e d  

to   a  s o l u t i o n   of   t h e   e m u l s i f i e r   and  t h e   i m m i s c i b l e  

o r g a n i c   l i q u i d   f u e l ,   w h i c h   can   be  a t   a m b i e n t   or  a n  

e l e v a t e d   t e m p e r a t u r e ,   w i t h   s u f f i c i e n t   v i g o r   to   p r o d u c e  

an  e m u l s i o n   of   t h e   o x i d i z e r   s a l t   m e l t   or  s o l u t i o n   i n  

a  c o n t i n u o u s   o r g a n i c   l i q u i d   f u e l   p h a s e .   U s u a l l y  

t h i s   c an   b e  a c c o m p l i s h e d   e s s e n t i a l l y   i n s t a n t a n e o u s l y  

w i t h   r a p i d   s t i r r i n g .   S t i r r i n g   s h o u l d   be  c o n t i n u e d  

u n t i l   t h e   f o r m u l a t i o n   i s   u n i f o r m .   Any  s o l i d ,   p a r t i c u l a t e  

f u e l s   a n d / o r   o x i d i z e r   s a l t   and  o t h e r   i n g r e d i e n t s ,  

i f   a n y ,   t h e n   a r e   a d d e d   and  s t i r r e d   t h r o u g h o u t   t h e  

f o r m u l a t i o n   by  c o n v e n t i o n a l   m e a n s .   The  f o r m u l a t i o n  

p r o c e s s   a l s o   can   be  a c c o m p l i s h e d   in   a  c o n t i n u o u s   m a n n e r  

as  i s   known  in  t h e   a r t .   Any  p a r t i c u l a t e   o x i d i z e r   s a l t  

or   any  s o l i d ,   p a r t i c u l a t e   f u e l s ,   s u c h   as  a l u m i n u m   p a r t i c l e s ,  

p r e f e r a b l y   a r e   a d d e d   a t   a m b i e n t -   t e m p e r a t u r e   w h i c h   r e s u l t s  

in   a  c o o l i n g   o f   t h e   o v e r a l l   f o r m u l a t i o n   to   a  t e m p e r a t u r e  

b e l o w   t h e   f r e e z i n g   or   c r y s t a l l i z a t i o n   t e m p e r a t u r e   o f  

t h e   o x i d i z e r   s a l t .   As  p r e v i o u s l y   m e n t i o n e d ,   c r y s t a l l i z a -  

t i o n   of   t h e   o x i d i z e r   s a l t   o c c u r s   o v e r   some  p e r i o d   of   t i m e ,  

e v e n   a t   t e m p e r a t u r e s   b e l o w   t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e ,  

a l l o w i n g   t h e   r e s u l t i n g   c o m p o s i t i o n   to   r e m a i n   f l u i d   f o r  

e a s e   in   h a n d l i n g ,   even   when  c o n t a i n i n g   up  to   60%  s o l i d s .  

The  r a t e   o f   h a r d e n i n g   i s   d e p e n d e n t   upon   t h e   d e g r e e   o f  

r e f i n e m e n t   of   t h e   o r i g i n a l   e m u l s i o n ,   and  t h e   a m o u n t   a n d  

i n t e n s i t y   of   s h e a r   i t   r e c e i v e s   d u r i n g   h a n d l i n g   w h i l e  

i t   i s   b e l o w   t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e .   The  t y p e  

of  e m u l s i f i e r   and   o r g a n i c   l i q u i d   f u e l   a l s o   i n f l u e n c e  

t h e   h a r d e n i n g   r a t e .   I t   i s   a d v a n t a g e o u s   to   p r e d i s s o l v e  

t h e   e m u l s i f i e r   in   t h e   o r g a n i c   l i q u i d   f u e l   p r i o r   to   a d d i n g  

th  o r g a n i c   l i q u i d   f u e l   to   t h e   o x i d i z e r   s a l t   m e l t   o r  

s o l u t i o n .   T h i s   m e t h o d   a l l o w s   t h e   e m u l s i o n   to   f o r m  

q u i c k l y   and   w i t h   min imum  a g i t a t i o n .   The  e m u l s i f i e r  

can  be  a d d e d   s e p a r a t e l y   and  j u s t   p r i o r   to   e m u l s i f i c a t i o n ,  

h o w e v e r ,   i f   d e s i r e d   or  i f ,   f o r   e x a m p l e ,   t h e   e m u l s i f i e r  



w o u l d   d e g r a d e   at   t he   e l e v a t e d   t e m p e r a t u r e   of  t he   f u e l .  

The  f o l l o w i n g   T a b l e s   f u r t h e r   i l l u s t r a t e   t h e  

i n v e n t i o n .  

In  T a b l e   I ,   E x a m p l e s   A  and  B  w e r e   p r e p a r e d   i n  

a c c o r d a n c e   w i t h   t h e   a b o v e - d e s c r i b e d   p r o c e d u r e   and  a r e  

r e p r e s e n t a t i v e   c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n .  

E x a m p l e   A  c o n t a i n e d   a  h i g h   a m o u n t   of   d ry   AN  p r i l l s  

(50%)  and  no  a l u m i n u m ,   w h e r e a s   E x a m p l e   B  c o n t a i n e d   a  

s m a l l e r   a m o u n t   of  p r i l l s b u t   3 9 %  a t o m i z e d   a l u m i n u m ,  

w h i c h   gave   E x a m p l e   B  a  much  h i g h e r   d e n s i t y   and  c o n s i d e r a b l y  

more  e n e r g y .   The  r e m a i n i n g   e x a m p l e s   show  v a r i a t i o n s  

in  i n g r e d i e n t s .   E x a m p l e s   G-L  and  0  c o n t a i n e d   g l a s s  

m i c r o b a l l o o n s   and  t h u s   had  r e l a t i v e l y   l o w e r   d e n s i t i e s  

b u t   h i g h e r   s e n s i t i v i t i e s .   E x a m p l e   L  c o n t a i n e d   40% 

dry   p o t a s s i u m   p e r c h l o r a t e .   E x a m p l e s   of  o t h e r   e m u l s i f i e r s  

w h i c h   a r e   f o u n d   to   p r o d u c e   c a s t   c o m p o s i t i o n s   in  a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   i n c l u d e   d i s o d i u m   e t h o x y l a t e d   n o n y l  

p h e n o l   h a l f   e s t e r   of  s u l f o s u c c i n i c   a c i d ,   c o m p l e x  

o r g a n i c   p h o s p h a t e   e s t e r   (Syn  Fac  9214)   and  s u c r o s e  

s t e a r a t e .  

T a b l e   I I   i l l u s t r a t e s   s e n s i t i z e d   c o m p o s i t i o n s  

h a v i n g   c r i t i c a l   d i a m e t e r s   no  l a r g e r   t h a n   a b o u t   150  mm  a t  

a  t e m p e r a t u r e   of   5°C.  E x a m p l e   A  c o n t a i n e d   RDX  as  t h e  

s o l e   s e n s i t i z e r ,   had  a  d e n s i t y   of  1 . 6 5   g / c c   b u t   y e t   w a s  

s e n s i t i v e   to   a  No.  12  cap  in  a  d i a m e t e r   as  s m a l l   a s  

25  mm.  E x a m p l e   B  c o n t a i n e d   RDX  and  30%  a t o m i z e d  

a l u m i n u m   as  a  c o m b i n e d   s e n s i t i z e r ,   had   a  d e n s i t y   o f  

1 . 8 1   g / c c   and  was  d e t o n a b l e   in  s m a l l   d i a m e t e r s   a s  

w e l l .   E x a m p l e   B  had  an  e x t r e m e l y   h i g h   e n e r g y   (2211  c a l / g )  

due  to  t h e   p r e s e n c e   of  t he   a l u m i n u m .   In  f o r m u l a t i n g  

E x a m p l e   B,  t h e   e m u l s i o n   was  f o r m e d   a t   130°C  ( t h e   AN  a n d  

SN  s a l t   c o m b i n a t i o n   had  a  c r y s t a l l i z a t i o n   t e m p e r a t u r e   o f  

120°C)  and  was  c o o l e d   to   88°C  by  t h e   a d d i t i o n   of  a m b i e n t  

t e m p e r a t u r e   a l u m i n u m   and  RDX.  The  r e s u l t i n g   c o m p o s i t i o n  

s t i l l   h a n d l e d   as  a  g r e a s e   f o r   w e l l   o v e r   an  h o u r   a f t e r  



m i x i n g   in  t h e   s o l i d s .   E x a m p l e s   C-E  show  o t h e r   i n g r e d i e n t  

v a r i a t i o n s .   E x a m p l e s   F  and  G  c o n t a i n   p o t a s s i u m   n i t r a t e  

as  an  a d d i t i o n a l   o x i d i z e r   s a l t ,   and  E x a m p l e   G  c o n t a i n s  

a  h i g h   a m o u n t   of  s e n s i t i z e r   (70%  RDX).  E x a m p l e s   of   o t h e r  

e m u l s i f i e r s   w h i c h   w e r e   f o u n d   to   p r o d u c e   c a s t   c o m p o s i t i o n s  

in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   i n c l u d e   d i s o d i u m  

e t h o x y l a t e d   n o n y l   p h e n o l   h a l f   e s t e r   of   s u l f o s u c c i n i c  

a c i d ;   c o m p l e x   o r g a n i c   p h o s p h a t e   e s t e r   (Syn  Fac  9 2 1 4 ) .  

The  c o m p o s i t i o n s   of   t h e   p r e s e n t   i n v e n t i o n   can   b e  

u s e d   in   m o s t   common  e x p l o s i v e s   a p p l i c a t i o n s .   B e c a u s e  

t h e   c o m p o s i t i o n s   a r e   e x t r u d a b l e   a n d / o r   p u m p a b l e   w h e n  

i n i t i a l l y   f o r m u l a t e d ,   t h e y   c an   be  l o a d e d   i n t o   c o n t a i n e r s  

of  v a r i o u s   f o r m s   f o r   v a r i o u s   a p p l i c a t i o n s .   The  s e n s i t i z e d  

v e r s i o n s   h a v e   s i m i l a r   p h y s i c a l   and  c h e m i c a l   p r o p e r t i e s  

to   c a s t   s e l f - e x p l o s i v e s   and  t h u s   can  be  u s e d   in   b o o s t e r s ,  

m u n i t i o n   f i l l s ,   a r t i l l e r y   s h e l l s ,   e t c .  

W h i l e   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d  

w i t h   r e f e r e n c e   to   c e r t a i n   i l l u s t r a t i v e   e x a m p l e s   a n d  

p r e f e r r e d   e m b o d i m e n t s ,   v a r i o u s   m o d i f i c a t i o n s   w i l l   b e  

a p p a r e n t   to   t h o s e   s k i l l e d   in   t h e   a r t .   Any  s u c h  

m o d i f i c a t i o n s   a r e   i n t e n d e d   to   be  w i t h i n   t h e   s c o p e   of   t h e  

i n v e n t i o n   as  s e t   f o r t h   in   t h e   a p p e n d e d   c l a i m s .  







1.  A  c a s t   e x p l o s i v e   c o m p o s i t i o n ,   c o m p r i s i n g  

i n o r g a n i c   o x i d i z e r   s a l t ;   a  w a t e r - i m m i s c i b l e   o r g a n i c  

l i q u i d   f u e l ;   l e s s   t h a n   a b o u t   5%  w a t e r   by  w e i g h t   of  t h e  

t o t a l   c o m p o s i t i o n ;   and  an  e m u l s i f i e r   w h i c h   a l l o w s   t h e  

f o r m a t i o n   of  a  w a t e r - i n - o i l   e m u l s i o n   a t   an  e l e v a t e d  

f o r m u l a t i o n   t e m p e r a t u r e   b u t   w h i c h   a l l o w s   t h e   e m u l s i o n  

to   weaken   and  t h e   i n o r g a n i c   o x i d i z e r   s a l t   to   c r y s t a l l i z e  

a t   a m b i e n t   t e m p e r a t u r e   to   p r o d u c e   a  c a s t   c o m p o s i t i o n .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e  

e m u l s i f i e r   i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  a  

f a t t y   amine   h a v i n g   t h e   f o l l o w i n g   f o r m u l a :   RNH2,  w h e r e i n  

R  has   a  c h a i n   l e n g t h   r a n g i n g   f rom  14  t o   22  c a r b o n   a t o m s ;  

an  a c i d   a d d i t i o n   s a l t   of   s u c h   f a t t y   a m i n e ;   d i s o d i u m  

e t h o x y l a t e d   n o n y l   p h e n o l   h a l f   e s t e r   of   s u l f o s u c c i n i c  

a c i d ;   c o m p l e x   o r g a n i c   p h o s p h a t e   e s t e r   and  s u c r o s e  

s t e a r a t e .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   2  w h e r e i n   t h e  

e m u l s i f i e r   i s   s a t u r a t e d .  

4.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   2  or   3 ,  

w h e r e i n   t h e   e m u l s i f i e r   has   a  c h a i n   l e n g t h   r a n g i n g   f r o m  

14  to  18  c a r b o n   a t o m s .  

5.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   3  or   c l a i m   4 

as  d e p e n d e n t   on  c l a i m   3,  w h e r e i n   t h e   e m u l s i f i e r   i s  

a l k y l a m m o n i u m   a c e t a t e .  

6.  A  c o m p o s i t i o n   a c c o r d i n g   to   any  p r e c e d i n g  

c l a i m ,   w h e r e i n   t h e   c o m p o s i t i o n   c o n t a i n s   a  s e n s i t i z e r   t o  

p r o v i d e   a  c r i t i c a l   d i a m e t e r   no  l a r g e r   t h a n   a b o u t   150  mm 

at   a  t e m p e r a t u r e   of   a b o u t   5 ° C .  



7.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   6  w h e r e i n   t h e  

s e n s i t i z e r   i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  TNT,  

RDX,  PETN,  HMX,  p a r t i c u l a t e   a l u m i n u m ,   n i t r o c e l l u l o s e ,  

and  m i x t u r e s   t h e r e o f .  

8.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   7,  w h e r e i n  

t h e   s e n s i t i z e r   i s   RDX  in   an  a m o u n t   of  a t   l e a s t   a b o u t  

10%  by  w e i g h t   of   t h e   t o t a l   c o m p o s i t i o n .  

9.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   7,  w h e r e i n  

t h e   s e n s i t i z e r   c o m p r i s e s   a  m i x t u r e   of   RDX  and  p a r t i c u l a t e  

a l u m i n u m .  

10.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   9,  w h e r e i n  

t h e   RDX  i s   p r e s e n t   i n   an  a m o u n t   of  a t   l e a s t   a b o u t   10%  a n d  

t h e   a l u m i n u m   i s   p r e s e n t   in   an  a m o u n t   of  a t   l e a s t   a b o u t  

2 0 % .  

11.  A  c o m p o s i t i o n   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

i n c l u d i n g   up  t o   20%  of   an  a d d i t i o n a l   i n o r g a n i c   o x i d i z e r  

s a l t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  a m m o n i u m ,  

a l k a l i   and   a l k a l i n e   e a r t h   m e t a l   n i t r a t e s ,   c h l o r a t e s  

and  p e r c h l o r a t e s .  

12.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 

to   10,   i n c l u d i n g   up  to   a b o u t   40%  of  an  a d d i t i o n a l  

o x i d i z e r   s a l t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

ammonium,   a l k a l i   and  a l k a l i n e   e a r t h   m e t a l   p e r c h l o r a t e s .  

13.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

i n c l u d i n g   a  d e n s i t y   r e d u c i n g   a g e n t   to   l o w e r   t h e   d e n s i t y  

of  t h e   c o m p o s i t i o n .  



14.  A  m e t h o d   of  f o r m u l a t i n g   a  c a s t   e x p l o s i v e  

c o m p o s i t i o n   c o m p r i s i n g   (a)  f o r m i n g   a  w a t e r - i n - o i l  

e m u l s i o n   c o m p r i s i n g   i n o r g a n i c   o x i d i z e r   s a l t ,   l e s s  

t h a n   a b o u t   5%  w a t e r ,   a  w a t e r - i m m i s c i b l e   o r g a n i c   l i q u i d  

f u e l ,   and  an  e m u l s i f i e r ,   s a i d   e m u l s i o n   b e i n g   f o r m e d  

a t   a  t e m p e r a t u r e   a b o v e   t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e  

of  t h e   i n o r g a n i c   o x i d i z e r   s a l t   in   t h e   e m u l s i o n ;  

(b)  a l l o w i n g   t h e   e m u l s i o n   to   c o o l   to  an  a m b i e n t  

t e m p e r a t u r e   b e l o w   t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e ;   a n d  

c h a r a c t e r i z e d   by  (c)  a d d i n g   an  e m u l s i f i e r   w h i c h   a l l o w s  

t h e   f o r m a t i o n   of  a  w a t e r - i n - o i l   e m u l s i o n   a t   an  e l e v a t e d  

f o r m u l a t i o n   t e m p e r a t u r e   b u t   w h i c h   a l l o w s   t h e   e m u l s i o n  

to  w e a k e n   and  t h e   i n o r g a n i c   o x i d i z e r   s a l t   t o   c r y s t a l l i z e  

a t   a m b i e n t   t e m p e r a t u r e   to   p r o d u c e   a  c a s t   c o m p o s i t i o n .  
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