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©  A  stable  single  phase  liquid  explosive. 

  Liquid  explosives  comprising  nitric  acid  and,  as  a  fuel, 
one  or  more  of  nitromethane,  nitroethane,  nitropropane, 
nitrobenzene,  nitrotoluene,  dinitrobenzene  and  dinitro- 
toluene,  are  stabilised  by  the  inclusion  therein  of  at  least 
0.1%  by  weight  of  ammonium  ions.  The  ammonium  ions 
preferably  are  added  in  the  form  of  an  ammonium  salt, 
which  constitutes  less  than  35  weight  percent  of  the 
explosive  composition.  An  explosive  composition  which  has 
been  stabilised  by  the  addition  of  ammonium  ions  can  be 
de-stabilised  by  the  addition  of  more  nitric  acid  and/or  fuel. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  c h e m i c a l l y   a n d  

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

p a r t i c u l a r l y ,   to  an  e x p l o s i v e   i n   w h i c h   t h e   s e n s i t i v i t y  

to  d e t o n a t i o n   can   be  a d j u s t e d   by  t h e   a d d i t i o n   of  a  

d e s e n s i t i z e r ,   and   to  a ' m e t h o d   of  m a k i n g   t h e   s a i d   e x p l o s i v e .  

H e r m a n n   S p r e n g e l   d i s c l o s e d   i n   1871  t h a t   e x p l o s i v e  

c o m p o s i t i o n s   c o u l d   be  m a n u f a c t u r e d   by  m i x i n g   c o m b u s t i b l e  

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

e x p l o s i v e ,   w i t h   a  n o n - e x p l o s i v e   o x i d i z i n g   a g e n t   s u c h   a s  

c o n c e n t r a t e d   n i t r i c   a c i d .   The  p r i n c i p a l   a d v a n t a g e   of  t h e  

S p r e n g e l   e x p l o s i v e s   c o u l d   be  f o u n d   i n   t h e   f a c t   t h a t   s i n c e  

b o t h   t he   f u e l   i n g r e d i e n t   and  t he   o x i d i z i n g   i n g r e d i e n t  

were   n o n - e x p l o s i v e   m a t e r i a l s ,   e a c h   c o u l d   be  t r a n s p o r t e d  

w i t h o u t   d a n g e r   of  d e t o n a t i o n   to  t h e   b l a s t i n g   s i t e   w h e r e  

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

u s e .  
The  S p r e n g e l   e x p l o s i v e s   h a v e   b e e n   shown  to  h a v e  

low  c o s t   and  a  h i g h   d e t o n a t i o n   v e l o c i t y   and  y e t   t h e y  

h a v e   n o t   e n j o y e d   s i g n i f i c a n t   c o m m e r i c a l   s u c c e s s .   O n e  

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

t h e   h i g h   s h o c k   s e n s i t i v i t y   or  i n s t a b i l i t y   of  t h e   e x p l o s i v e  

once   f o r m e d   f rom  t h e   n o n - e x p l o s i v e   i n g r e d i e n t s .  

We  h a v e   now  f o u n d   t h a t   t h e   s e n s i t i v i t y   of   s u c h  

e x p l o s i v e   c o m p o s i t i o n s   can  be  m o d i f i e d .   In  p a r t i c u l a r ,  

we  have   f o u n d   t h a t   t h e   s e n s i t i v i t y   of  an  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   n i t r i c   a c i d   and  an  o r g a n i c   f u e l  

c o m p r i s i n g   a  n i t r o p a r a f f i n   c o n t a i n i n g   f rom  1  to  3  c a r b o n  

a t o m s   a n d / o r   c e r t a i n   n i t r o a r o m a t i c   c o m p o u n d s ,   can  b e  

c o n t r o l l e d   by  t h e   a d d i t i o n   of   a  d e s e n s i t i z e r   to  t h e  

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

s o u r c e   of   s o l u b l e   ammonium  i o n s ,   and  i s   m i x e d   w i t h   t h e  

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

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

0 . 1   p e r c e n t   by  w e i g h t   of   t h e   t o t a l   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   t h e   n i t r i c   a c i d ,   o r g a n i c   f u e l   and  d e s e n s i t i z e r .  

The  d e s e n s i t i z e r   s h o u l d   c o m p r i s e   l e s s   t h a n   a b o u t   35  p e r c e n t  

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

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

p h a s e   l i q u i d .   The  e f f e c t   of   t h e   d e s e n s i t i z e r   upon   t h e  

s h o c k   s t a b i l i t y   of  t h e   e x p l o s i v e   c o m p o s i t i o n   can   be  r e v e r s e d  

by  t h e   a d d i t i o n   of  an  a d d i t i o n a l   q u a n t i t y   of  n i t r i c   a c i d  

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

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

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d  

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

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 :   n i t r i c   a c i d ;   an  o r g a n i c  

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

n i t r o p r o p a n e ,   n i t r o b e n z e n e ,   n i t r o t o l u e n e ,   d i n i t r o b e n z e n e ,  

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

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

s u f f i c i e n t   to  p r o v i d e   an  ammonium  i o n   c o n c e n t r a t i o n   of  a t  

l e a s t   a b o u t   0 . 1   p e r c e n t   by  w e i g h t   of  s a i d   e x p l o s i v e   c o m -  

p o s i t i o n ,   w h e r e b y   t h e   s h o c k   s e n s i t i v i t y   of  s a i d   e x p l o s i v e  

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

t h a n   a b o u t   35  p e r c e n t   by  w e i g h t   of  s a i d   e x p l o s i v e   c o m p o s i t i o n .  

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

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

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 d m i x i n g   a  q u a n t i t y   o f  

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

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



s u f f i c i e n t   to   p r o v i d e   an  ammonium  i o n   c o n c e n t r a t i o n   of  a t  

l e a s t   a b o u t   0 . 1   p e r c e n t   by  w e i g h t   of  s a i d   e x p l o s i v e  

c o m p o s i t i o n ,   w h e r e b y   t h e   s h o c k   s e n s i t i v i t y   of  s a i d   e x p l o s i v e  

c o m p o s i t i o n   i s   r e d u c e d ,   to  fo rm  a  m i x t u r e ,   s a i d   d e s e n s i t i z e r  

c o m p r i s i n g   l e s s   t h a n   a b o u t   35  p e r c e n t   by  w e i g h t   of  s a i d  

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

q u a n t i t y   of   an  o r g a n i c   f u e l   c o m p r i s i n g   a t   l e a s t   one  o f  

n i t r o m e t h a n e ,   n i t r o e t h a n e ,   n i t r o p r o p a n e ,   n i t r o b e n z e n e ,  

n i t r o t o l u e n e , d i n i t r o b e n z e n e ,   and  d i n i t r o t o l u e n e ,   to   f o r m  

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

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

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

c o n t a i n i n g   f r o m   a b o u t   65  p e r c e n t   to  a b o u t   100  p e r c e n t   b y  

w e i g h t   of  n i t r i c   a c i d .   P r e f e r a b l y ,   t he   s o l u t i o n   c o n t a i n s  

i n   e x c e s s   of  a b o u t   70  p e r c e n t   by  w e i g h t   of  n i t r i c   a c i d  

and  mos t   p r e f e r a b l y   i n   e x c e s s   of  a b o u t   90  p e r c e n t   by  w e i g h t  

of   n i t r i c   a c i d .   N i t r i c   a c i d   h a v i n g   a  c o n c e n t r a t i o n   of  l e s s  

t h a n   a b o u t   65  p e r c e n t   by  w e i g h t   y i e l d s   a  p r o d u c t   w h i c h   i s  

i n s e n s i t i v e   to  n o r m a l   d e t o n a t i o n   m e a n s .   The  t e r m   " i n s e n -  

s i t i v e "   as  u s e d   h e r e i n   means   the   c o m p o s i t i o n   i s   i n s e n s i t i v e  

to  d e t o n a t i o n   by  a  N o .  6   e l e c t r i c a l l y   f i r e d   d e t o n a t o r   o r  

b l a s t i n g   c a p .   A  N o .  6   b l a s t i n g   cap  c o n t a i n s   t h e   e q u i v a l e n t  

of  3 .7   g r a i n s   of  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)  as  a  

b a s e   c h a r g e .  



The  n i t r i c   acid  s o l u t i o n   comprises   from  about  30  pe rcen t   t o  

about  75  p e r c e n t   by  weight  of  the  exp los ive   composi t ion  of  t h e  

p r e s e n t   i n v e n t i o n .   P r e f e r a b l y ,   the  n i t r i c   a c i d  s o l u t i o n   compr i -  

ses  from  about  40  to  about  65  p e r c e n t   by  weight  of  the  com- 

p o s i t i o n .  

The  o rgan ic   fuel  of  the  p r e s e n t   inven t ion   comprises  at  l e a s t  

one  member  s e l e c t e d   from  a  group  c o n s i s t i n g   of  n i t r o p a r a f f i n s   and 

n i t r o a r o m a t i c s .   The  n i t r o p a r a f f i n s   are  s e l e c t e d   from  the  g roup  

having  from  1  to  3  carbon  atoms  such  as  n i t romethane   and 

n i t r o p r o p a n e .   The  n i t r o a r o m a t i c s   use fu l   in  the  p resen t   i n v e n t i o n  

are  s e l e c t e d   from  those  having  at  l e a s t   one  n i t ro   group  a t t a c h e d  

to  the  hydrocarbon  ring  compound.  The  n i t r o a r o m a t i c s   which  w i l l  

form  the  chemica l ly   and  p h y s i c a l l y   s t a b l e   s ing le   phase  l i q u i d  

e x p l o s i v e   composi t ion   of  the  p r e s e n t   inven t ion   include  n i t r o b e n -  

zene,  d i n i t r o b e n z e n e ,   n i t r o t o l u e n e ,   and  d i n i t r o t o l u e n e .   The 

organic   fuel   can  comprise  mixtures   of  the  n i t r o p a r a f f i n s   and 

n i t r o a r o m a t i c s .   The  use  of  n i t r o p a r a f f i n s   as  the  organic   fuel  i s  

p r e f e r r e d   and,  most  p r e f e r a b l y ,   n i t r o p r o p a n e   is  u t i l i z e d   as  t h e  

o rgan ic   f u e l .  

The  organic   fuel   comprises  from  about  15  percent   to  about  75 

p e r c e n t   by  weight  of  the  exp los ive   composi t ions   of  the  p r e s e n t  

i n v e n t i o n .   P r e f e r a b l y ,   the  organic   fuel  comprises  from  about  20 

p e r c e n t   to  about  40  percent   by  weight  of  the  c o m p o s i t i o n .  

The  use  of  organic   fue ls   c o n t a i n i n g   a  l a rge r   number  of  c a rbon  

atoms  than  those  set   fo r th   he re inabove   g e n e r a l l y   r e s u l t s   in  t h e  

fo rmat ion   of  a  p h y s i c a l l y   uns t ab l e   two  phase  l i qu id   which  w i l l  



not  provide  uniform  d e t o n a t i o n   p ropaga t ion   upon  i n i t i a t i o n   by  an 

a p p r o p r i a t e   d e t o n a t i o n   means  such  as  an  e l e c t r i c a l   b l a s t i n g   cap .  

The  n i t r i c   acid  and  organic   fuel  components  in  the  e x p l o s i v e  

composi t ion   of  the  p r e s e n t   i nven t ion   p r e f e r a b l y   should  be  p r e s e n t  

in  such  q u a n t i t i e s   as  to  give  an  "oxygen  balanced"  c o m p o s i t i o n .  

By  "oxygen  balanced"  is  meant  the  a v a i l a b i l i t y   of  s u f f i c i e n t   oxy-  

gen  in  the  composi t ion   to  ox id i ze   the  fuel  components  to  t h e i r  

most  chemica l ly   s t a b l e   o x i d a t i o n   s t a t e .   That  is,  s u f f i c i e n t   oxy-  

gen  is  provided  to  comple te ly   conver t ,   on  a  t h e o r e t i c a l   b a s i s ,  

a l l   of  the  a v a i l a b l e   carbon  to  carbon  dioxide  and  hydrogen  t o  

water .   While  oxygen  ba lance   is  p r e f e r r e d ,   a  chemica l ly   and  phy-  

s i c a l l y   s t ab l e   s ing le   phase  l i qu id   explos ive   composi t ion  hav ing  

reduced  shock  s e n s i t i v i t y   can  be  prepared  having  an  oxygen  d e f i -  

ciency  of  about  40  pe rcen t   and  de tona t ion   can  be  achieved.   The 

exp los ive   composi t ion  of  the  p re sen t   invent ion  also  can  be  p r e -  

pared  having  an  oxygen  excess  of  about  20  percent   and  d e t o n a t i o n  

can  be  a c h i e v e d .  

The  d e s e n s i t i z e r   u t i l i z e d   to  chemical ly   s t a b i l i z e   and  r educe  

the  shock  s e n s i t i v i t y   of  the  explos ive   composit ion  of  the  p r e s e n t  

inven t ion   comprises  a  so lub le   source  of  ammonium  ions.  S u i t a b l e  

ammonium-containing  d e s e n s i t i z e r   compounds  comprise  ammonium  a c e -  

t a t e ,   ammonium  s u l f a t e ,   ammonium  phosphate,   ammonium  n i t r a t e ,  

ammonium  ch lo r ide   and  the  l i ke .   While  ammonium  c h l o r i d e   can  be 

u t i l i z e d   as  the  d e s e n s i t i z e r   in  the  explosive   composi t ions   of  t h e  

p re sen t   i nven t ion ,   i ts   use  is  undes i r ab l e   because  the  ammonium 

c h l o r i d e   reac ts   with  the  n i t r i c   acid  upon  contac t   to  form 



c h l o r i n e   gas  which  c r e a t e s   u n d e s i r a b l e   hea l th   hazards  for  p e r s o n -  

nel  handl ing  the  exp lo s ive   c o m p o s i t i o n s .  

The  d e s e n s i t i z e r   in  the  exp los ive   composi t ion   of  the  p r e s e n t  

i n v e n t i o n   must  be  p r e s e n t   in  an  amount  s u f f i c i e n t   to  provide  an 

ammonium  ion  c o n c e n t r a t i o n   of  at  l e a s t   about  0.1  p e r c e n t   by 

weight  of  the  t o t a l   exp lo s ive   composi t ion  to  chemica l ly   s t a b i l i z e  

the  compos i t ion   and  reduce  the  shock  s e n s i t i v i t y .   T h e ' d e s e n -  

s i t i z e r   should  not  be  p r e s e n t   in  an  amount  in  excess  of  a b o u t  

35  pe rcen t   by  weight  of  the  exp los ive   compos i t ion .   P r e f e r a b l y ,  

the  d e s e n s i t i z e r   is  p r e s e n t   in  an  amount  less   than  about  25  p e r -  

cent  by  weight  of  the  t o t a l   exp los ive   compos i t ion .   S u r p r i s i n g l y ,  

i t   has  been  found  tha t   when  the  d e s e n s i t i z e r   is  p r e s e n t   in  an 

amount  of  about  35  pe rcen t   by  weight  or  more  of  the  e x p l o s i v e  

compos i t ion ,   an  u n d e s i r a b l e   p h y s i c a l l y   uns tab le   two  phase  com- 

p o s i t i o n   forms  r a t h e r   than  the  des i red   chemica l ly   and  p h y s i c a l l y  

s t a b l e   s ing le   phase  l i q u i d   which  has  reduced  shock  s e n s i t i v i t y   o f  

the  p r e s e n t   i q v e n t i o n .   The  formation  of  two  phases  has  been 

found  to  occur  r e g a r d l e s s   of  the  composi t ion  of  the  d e s e n s i t i z e r .  

The  exp los ive   composi t ion   of  the  p resen t   i n v e n t i o n   g e n e r a l l y .  

can  be  p roduced   by  admixing  an  e f f e c t i v e   amount  of  the  d e s e n -  

s i t i z e r   with  the  n i t r i c   acid  to  d i s so lve   the  ammonium-conta in ing  

compound  compris ing  the  d e s e n s i t i z e r   p r io r   to  a d d i t i o n   of  t h e  

organic   fue l .   A l t e r n a t i v e l y ,   the  d e s e n s i t i z e r   can  be  added  t o  

the  mixture  of  n i t r i c   acid  and  organic  fuel .   However,  when  t h e  

q u a n t i t y   of  d e s e n s i t i z e r   in  the  explos ive   composi t ion   is  such  



that   the  c o n c e n t r a t i o n   of  ammonium  ions  is  to  be  about  4  p e r c e n t  

by  weight  or  more  of  the  t o t a l   exp los ive   composi t ion,   the  d e s e n -  

s i t i z e r   p r e f e r a b l y   should  be  admixed  with  the  n i t r i c   acid  p r i o r  

to  a d d i t i o n   of  the  organic   fuel   to  form  a  chemical ly   and  p h y s i -  

ca l ly   s t a b l e   s ing le   phase  l i q u i d   explos ive   composi t ion  h a v i n g  

reduced  shock  s e n s i t i v i t y .  

In  yet  another   method  of  producing  the  explos ive   c o m p o s i t i o n ,  

the  d e s e n s i t i z e r   can  be  d i s so lved   in  water  and  then  combined  w i t h  

the  organic   fue l .   The  aqueous  d e s e n s i t i z e r   and  organic   fuel   a r e  

s u b s t a n t i a l l y   immiscible .   N i t r i c   acid  then  is  admixed  with  t h e  

organic   fuel  and  aqueous  d e s e n s i t i z e r   to  form  the  homogenous  mix-  

ture  compris ing  the  chemica l ly   and  p h y s i c a l l y   s t ab le   s ing le   p h a s e  

l i q u i d   exp los ive   composi t ion  having  reduced  shock  s e n s i t i v i t y   o f  

the  p r e s e n t   i n v e n t i o n .  

The  d e s e n s i t i z i n g   e f f e c t   of  the  ammonium  ions  on  the  shock  

s e n s i t i v i t y   of  the  exp los ive   composi t ion  can  be  r eve r sed   b y  

dec reas ing   the  c o n c e n t r a t i o n   of  the  ammonium  ions  in  the  e x p l o -  

sive  compos i t ion .   The  r educ t ion   in  c o n c e n t r a t i o n   can  be  a c h i e v e d  

by  adding  n i t r i c   acid,  organic   fuel  or  both  to  the  e x p l o s i v e   com- 

p o s i t i o n   in  an  amount  s u f f i c i e n t   to  reduce  the  c o n c e n t r a t i o n   o f  

the  ammonium  ions  in  the  c o m p o s i t i o n .  

The  exp los ive   composi t ion  produced  by  the  method  of  the  p r e -  

sent  inven t ion   is  s tab le   aga ins t   s e p a r a t i o n   of  components  when 

s tored  at  t empera tures   as  high  as  about  150°F.  (66°C)  o v e r  

extended  periods  of  t ime .  



The  p r e s e n t   i nven t ion   provides   a  p r a c t i c a l   and  economical  way 

of  producing  chemica l ly   and  p h y s i c a l l y   s t a b l e   s ing le   phase  l i q u i d  

exp lo s ive   compos i t i ons .   The  exp los ive   compos i t ions   can  be  u s e d  

for  wel lhead  sever ing   tools   and  p i p e l i n e   c u t t e r   tools   employing  

l i n e a r   shaped  c h a r g e s .  

A  p r e f e r r e d   use  of  the  chemica l ly   and  p h y s i c a l l y   s t a b l e  

s ing le   phase  l i q u i d   exp los ive   compos i t ion   is  in  t r ench ing   o p e r a -  

t ions   e i t h e r   on  dry  land  or  in  laying  pipe  l ines   beneath  b o d i e s  

of  water .   The  exp los ive   composi t ions   can  be  used  in  the  p r o d u c -  

t ion  of  "shaped"  charges ,   tha t   is,  exp lo s ive   charges  con ta ined   i n  

a  ves se l   hav ing  a   l i n e r   which  has  a  s p e c i f i c   geome t r i ca l   c o n -  

f i g u r a t i o n   to  e f f e c t   a  c o n t r o l l e d   d i r e c t i o n a l   movement  of  t h e  

l i n e r   m a t e r i a l   by  the  exp los ive   force  produced  upon  de tona t i on   o f  

the  charge.   The  s ing le   phase  l i q u i d   exp los ive   composi t ion  of  t h e  

p r e sen t   i nven t ion   can  be  s tored  for  a  s u b s t a n t i a l   per iod  of  t i m e  

in  any  metal  or  p l a s t i c   c o n t a i n e r   tha t   is  not  a f f e c t e d   by  t h e  

components  of  the  exp los ive   composi t ion   or  a  g lass   c o n t a i n e r .  

For  example,  s t a i n l e s s   s t e e l   c o n t a i n e r s   or  po lye thy l ene   con-  

t a i n e r s   can  be  u t i l i z e d   for  long- te rm  s to rage ,   but  copper,  which  

is  d i s s o l v e d   by  n i t r i c   acid,   should  not  be  u t i l i z e d   except  f o r  

s to rage   of  shor t   d u r a t i o n .  

The  fo l lowing   examples  are  p r e sen t ed   for  the  purpose  o f  

i l l u s t r a t i o n   of  the  p resen t   inven t ion   and  are  not  in tended  a s  

l i m i t a t i o n s   t h e r e o f .  



Example  I  

In  the  exper iments   desc r ibed   below,  severa l   d i f f e r e n t   e x p l o -  

sive  compos i t ions   were  u t i l i z e d   to  demons t ra te   the  a d v a n t a g e s  

provided  by  the  exp los ive   composi t ion  of  th i s   i nven t ion .   Table  I  

l i s t s   the  exp los ive   composi t ions   u t i l i z e d   and  provides  the  c o n -  

tent   of  each  component  in  terms  of  pe rcen t   by  weight  of  each  in  

the  compos i t ion .   The  number  in  p a r e n t h e s i s   below  each  component  

i n d i c a t e s   the  approximate  pu r i t y   of  each  component  a c t u a l l y   u sed  

in  the  t e s t s .   Explosive  composi t ions   A  through  Q,  except   e x p l o -  

sive  composi t ion   F,  were  chemical ly   s t a b l e   s o l u t i o n s   and  were  n o t  

emulsions  or  suspens ions .   Explosive  composi t ion   F  was  a  damp 

s o l i d .  

Each  composi t ion  u t i l i z e d   was  approx imate ly   oxygen  b a l a n c e d  

which  means  that   ox id i ze r s   were  added  in  an  amount  s u f f i c i e n t   t o  

provide  the  amount  of  oxygen  necessary   to  t h e o r e t i c a l l y   c o m p l e t e -  

ly  conver t   a l l   a v a i l a b l e   carbon  to  C02  and  a l l   a v a i l a b l e   hydrogen  

to  H20. 

Explosive  composi t ions   D,  E,  G,  H,  I,  J,  K,  and  0  are  w i t h i n  

the  scope  of  th is   invent ion   with  examples  of  the  p r e f e r r e d   form 

of  the  invent ion   being  composi t ions   D,  E,  G,  H,  I,  J,  and  K. 

Explosive   composi t ions   A,  B,  C,  F,  L,  M,  N,  P  and  Q  are  n o t  

within  the  scope  of  th is   i nven t ion .   Explosive   composi t ion  A  is  a 

p r ior   art   l i qu id   explos ive   composi t ion  which  c u r r e n t l y   e n j o y s  

wide  commercial  use.  N i t r i c   acid  was  not  p resen t   in  e x p l o s i v e  

composit ion  F.  As  shown  in  Table  II ,   the  e f f e c t   of  the  a b s e n c e  



of  n i t r i c   acid  on  the  performance  of  the  compos i t ions   is  c l e a r l y  

ev iden t .   Explosive  compos i t i ons   L,  M,  N  and  Q  did  not  i n c l u d e  

the  d e s e n s i t i z e r   of  the  p r e s e n t   i n v e n t i o n   and,  t h e r e f o r e ,   a s  

shown  in  Table  I I I   in  Example  I I ,   demons t ra te   the  e f f e c t   of  t h e  

ammonium  ion  as  a  d e s e n s i t i z e r   when  compared  with  composi t ions  G, 

H,  K,  and  0,  r e s p e c t i v e l y ,   which  did  inc lude   ammonium  i o n s .  

I t   is  to  be  noted  t h a t   each  component  of  each  explos ive   com- 

p o s i t i o n   A  through  Q  is  not  cons ide r ed   to  be  an  exp los ive   in  and 

of  i t s e l f ,   as  def ined  in  c u r r e n t   Department  of  T r a n s p o r t a t i o n  

r e g u l a t i o n s .   Accord ing ly ,   each  component  can  be  s e p a r a t e l y  

shipped  as  a  n o n - e x p l o s i v e ,   a l though  o ther   shipping  r e g u l a t i o n s  

may  be  a p p l i c a b l e .   ((49  CFR  100  to  177,  (Rev.  1 0 / 1 / 8 1 )  

1 7 1 , 1 7 2 . 1 0 1 ) ) .  

Tests  were  performed  to  i n d i r e c t l y   de te rmine   the  d e t o n a t i o n  

p re s su re   of  each  of  s e v e r a l   exp los ive   compos i t ions   wherein  t h e  

impression  or  dent  produced  in  a  s t e e l   t a r g e t   by  the  d e t o n a t i o n  

of  an  exp los ive   composi t ion   was  an  i n d i c a t i o n   of  d e t o n a t i o n  

p re s su re .   The  t e s t   r e s u l t s   are  shown  in  Table  II  wherein  it  i s  

ev ident   that   exp los ive   compos i t ions   wi th in   the  scope  of  t h i s  

inven t ion   (See  Table  I)  developed  much  g r e a t e r   d e t o n a t i o n  

p r e s s u r e s   than  the  exp lo s ive   compos i t ions   not  wi thin   the  scope  o f  

th is   i n v e n t i o n .  

In  performing  the  t e s t s ,   the  fo l lowing  procedure   and  a p p a r a t u s  

were  employed:  

A p p a r a t u s :  



Each  e x p l o s i v e   c o m p o s i t i o n   was  d e t o n a t e d   a g a i n s t   a  w i t n e s s  

p l a t e   w h i c h   c o n s i s t e d   of   a  1020  m i l d   c a r b o n   s t e e l   p l a t e  

one  i n c h   ( 2 . 5 4 c m )   i n   t h i c k n e s s   and  h a v i n g   a  l e n g t h   a n d  

w i d t h   of  t h r e e   i n c h e s   ( 7 . 6 c m ) .   Each   c o m p o s i t i o n   d e t o n a t e d  

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

r e f e r r e d   to  as  a  p h i a l .   Each   p h i a l   had   an  i n s i d e   d i a m e t e r  

of   a b o u t   1 - 1 / 8   i n c h e s   ( 2 . 8 6 c m )   and  was  a b o u t   2 t   i n c h e s  

( 5 . 7 c m )   t a l l .   S u c h   a  c o n t a i n e r   i s   s o m e t i m e s   r e f e r r e d   to  a s  

a  15  dram  v i a l .   E a c h   p h i a l   was  e q u i p p e d   w i t h   a  c l o s u r e  

cap  w h i c h   was  d r i l l e d   i n   t h e   c e n t e r   t h e r e o f   to   a c c e p t   a  

Number   6  e l e c t r i c a l l y   f i r e d   d e t o n a t o r   o t h e r w i s e   r e f e r r e d  

to  as  a  b l a s t i n g   c a p .   A  Number   6  b l a s t i n g   c a p ,   as  u s e d   i n  

t he   t e s t s ,   c o n t a i n s   3 . 7   g r a i n s   of  PETN  as  a  b a s e   l o a d .   E a c h  

e x p l a s i v e   c o m p o s i t i o n   t e s t e d   was ,   of  c o u r s e ,   i n i t i a t e d   b y  

d e t o n a t i o n   of   t h e   b l a s t i n g   c a p .   As  a  d i r e c t   r e s u l t   of  t h e  

e x p l o s i v e   d e t o n a t i o n ,   a  d e n t   or  d e p r e s s i o n   was  p r o d u c e d  

in   e a c h   w i t n e s s   p l a t e   by  t h e   d e t o n a t i o n   p r e s s u r e   of   t h e  

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

was  d e t e r m i n e d   by  m e a s u r i n g   t h e   d e p t h   of  t h e   d e n t   p r o -  
d u c e d   in   t h e   w i t n e s s   p l a t e .   The  i n s t r u m e n t   u t i l i z e d   t o  

m e a s u r e   t h e   d e p t h   of   e a c h   d e n t   was  a  S t e r r e t t   D e p t h  

M i c r o m e t e r   Mode l   Number   4 4 5 .  

P r o c e d u r e :  

F i f t y   g rams   of  e x p l o s i v e   c o m p o s i t i o n   w e r e   p l a c e d   i n   e a c h  

p h i a l .   The  p h i a l   was  c o v e r e d   and  t h e   b l a s t i n g   cap  w a s  

p l a c e d   in   t he   h o l e   i n   t h e   c l o s u r e   cap  and  i n s e r t e d   f a r  

e n o u g h   i n t o   t h e   p h i a l   so  t h a t   t h e   t i p   end  of  t h e   b l a s t i n g  

cap  was  i m m e r s e d   i n   t h e   c o m p o s i t i o n .   The  p h i a l   c o n t a i n i n g  

t he   c o m p o s i t i o n   and  t h e   d e t o n a t o r   was  p l a c e d   i n   t h e   c e n t e r  

of  a  3 - i n c h   ( 7 . 6 c m )   f a c e   of  a  w i t n e s s   p l a t e .   T h e r e a f t e r  

e a c h   c o m p o s i t i o n   was  d e t o n a t e d .   (The  e x p l o s i v e   c o m -  

p o s i t i o n s   were   n o t   c o n f i r m e d   in   any  s o r t   of  p r e s s u r e  

or  c o n t a i n m e n t   v e s s e l   when  d e t o n a t e d . )   A f t e r   e a c h  

d e t o n a t i o n ,   t h e   w i t n e s s   p l a t e   was  r e c o v e r e d   and  t h e   d e n t  



or  d e p r e s s i o n   p r o d u c e d   by  t h e   d e t o n a t i o n   was  m e a s u r e d  

w i t h   t h e   d e p t h   m i c r o m e t e r   and  t h e   d e p t h   was  r e c o r d e d  

i n   T a b l e   I I .  





R e f e r r i n g   now  to  T a b l e   I I ,   i t   i s   e v i d e n t   t h a t  

a l l   c o m p o s i t i o n s   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  

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

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

d i d   e i t h e r   of  c o m p o s i t i o n s   A  and  F  w h i c h   a r e   n o t   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 .   F u r t h e r m o r e ,   t h e   e x p l o s i v e  

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

ammonium  c o m p o n e n t   (D,  E,  G,  H,  I ,   J ,   and  O ) _  



enhanced  to  some  degree  the  d e t o n a t i o n   p r e s s u r e   of  those  com- 

p o s i t i o n s   in  comparison  to  those  ou t s ide   the  scope  of  th is   i n v e n -  

t ion  which  did  not  inc lude   an  ammonium  component  (B  and  C) .  

Example  I I  

Tests   were  performed  to  determine  the  shock  s e n s i t i v i t y   o r  

shock  s t a b i l i t y   of  c e r t a i n   exp los ive   compos i t ions   l i s t e d   in  Tab le  

I.  The  purpose  of  the  t e s t s   was  to  de termine   whether  a  g i v e n  

exp los ive   composi t ion  would  or  would  not  be  de tona ted   by  t h e  

shock  produced  by  the  d e t o n a t i o n   of  a  Number  6  b l a s t i n g   cap 

p l aced . a   given  d i s t ance   from  the  exp los ive   compos i t ion .   An 

exp los ive   composi t ion  having  a  high  shock  s e n s i t i v i t y   can  be 

de tona ted   from  a  g r ea t e r   d i s t a n c e   by  the  d e t o n a t i o n   of  t h e  

b l a s t i n g   cap  than  a  composi t ion  having  low  shock  s e n s i t i v i t y .   Of 

course,   the  d e s i g n a t i o n s   "high"  and  "low"  are  not  very  i n f o r -  

mative  other   than  being  an  i n d i c a t o r   of  the  safe  handling  c h a r a c -  

t e r i s t i c s   of  a   given  exp los ive   compos i t ion .   Thus,  a  low  shock 

s e n s i t i v e   composi t ion  is  sa fe r   to  handle  than  a  high  shock  s e n -  

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

In  order  to  help  quan t i fy   the  shock  s e n s i t i v i t y   level   and  t o  

b e t t e r   inform  those  persons  having  s k i l l   in  the  a r t ,   the  shock 

s e n s i t i v i t y   of  the  exp los ive   composi t ions   of  th is   inven t ion   were 

compared  to  the  shock  s e n s i t i v i t y   of  exp los ive   composi t ion  A,  a 

w i d e l y   used  commercial  e x p l o s i v e .  



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

and   a p p a r a t u s   w e r e   e m p l o y e d :  

A p p a r a t u s :  

S t e e l   w i t n e s s   p l a t e s ,   15  dram  v i a l s   and  Number  6 

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

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

t e s t s .  

P r o c e d u r e :  

T w e n t y   m i l l i l i t e r s   of   e x p l o s i v e   c o m p o s i t i o n   w e r e  

p l a c e d   i n   e a c h   p h i a l .   T h i s   q u a n t i t y   was  s u f f i c i e n t   to  f i l l  

e a c h   p h i a l   to   a  l i q u i d   d e p t h   of   a b o u t   one  i n c h   ( 2 . 5 4 c m ) .   T h e  

p h i a l   was   c o v e r e d   and  t h e   b l a s t i n g   cap  was  p l a c e d   i n   t h e  

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

p h i a l   s u c h   t h a t   t h e   t i p   end  of  t h e   b l a s t i n g   cap  was  s e t  

a t   a  g i v e n   d i s t a n c e   f rom  t h e   l i q u i d   s u r f a c e   of   t h e  

e x p l o s i v e   c o m p o s i t i o n .   T h i s   d i s t a n c e   i s   r e f e r r e d   to  i n  

T a b l e   I I I   as  t h e   "Cap  D i s t a n c e " .   ( In   i n s t a n c e s   w h e r e   t h e  

Cap  D i s t a n c e   was  g r e a t e r   t h a n   i t   i n c h e s   ( 3 . 8 1 c m ) ,   two  p h i a l s  

w e r e   t a p e d   t o g e t h e r   m o u t h - t o - m o u t h . )   Each   p h i a l   c o n t a i n i n g  

a  c o m p o s i t i o n   and  p o s i t i o n e d   d e t o n a t o r   was  p l a c e d   in   t h e  

c e n t e r   of   a  3 - i n c h   ( 7 . 6 c m )   f a c e   of  a  w i t n e s s   p l a t e .  

T h e r e a f t e r ,   e a c h   b l a s t i n g   cap  was  d e t o n a t e d   and  a  r e c o r d  

was  made  of   w h e t h e r   or  n o t   t h e   e x p l o s i v e   c o m p o s i t i o n   w a s  

a l s o   d e t o n a t e d .   In   T a b l e   I I I   i t   i s   i n d i c a t e d   t h a t   a  

d e t o n a t e d   e x p l o s i v e   c o m p o s i t i o n   " F i r e d "   b u t   t h a t   a  c o m -  



p o s i t i o n   n o t   d e t o n a t e d   or  n o t   e x p l o d e d   or  n o t  
d e f l a g r a t e d   was  a  "No  F i r e " .  





A  r e v i e w   of  t h e   d a t a   s e t   f o r t h   i n   T a b l e   I I I  

d i s c l o s e s   t h a t   e x p l o s i v e   c o m p o s i t i o n   A,  t h e   e x p l o s i v e   c o m -  

p o s i t i o n   w i d e l y   u s e d   in   t h e   p r i o r   a r t ,   d e t o n a t e d   a t   a  C a p  

D i s t a n c e   of   2  i n c h e s   ( 5 . 1 c m ) .  A c c o r d i n g l y ,   f o r   p u r p o s e s   o f  

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

t h e   2  i n c h   ( 5 . 1 c m )   Cap  D i s t a n c e   of  e x p l o s i v e   c o m p o s i t i o n   A 

to  d e t e r m i n e   t h e   s h o c k   s e n s i t i v i t y   of   t h e   o t h e r   c o m p o s i t i o n s  

r e l a t i v e   to   t h a t   of  c o m p o s i t i o n   A.  T h o s e   e x p l o s i v e   c o m p o -  

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

s i t i o n s   D,  G,  H,  I ,   K  a n d   0,  w h i c h   w e r e   s u b j e c t e d   to   t h e  

s h o c k   s e n s i t i v i t y   t e s t ,   d i d   n o t   f i r e   a t   a  cap  d i s t a n c e   o f  

11 2  i n c h e s   ( 3 . 8 c m ) ,   w h i c h   means   t h a t   such   c o m p o s i t i o n s   a r e  

low  s h o c k   s e n s i t i v e   c o m p o s i t i o n s   and  t h u s   s a f e r   to   h a n d l e  

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

c o m p a r e   e x p l o s i v e   c o m p o s i t i o n   B  w i t h   e x p l o s i v e   c o m p o s i t i o n   D 

and  n o t i c e   t h e   e f f e c t   on  s h o c k   s e n s i t i v i t y   p r o d u c e d   by  t h e  

a d d i t i o n   of  t h e   a m m o n i u m - c o n t a i n i n g   d e s e n s i t i z e r   c o m p o u n d .  

E x p l o s i v e   c o m p o s i t i o n   B,  n o t   c o n t a i n i n g   t h e   d e s e n s i t i z e r  

was  v e r y   s h o c k   s e n s i t i v e   in   t h a t   t he   c o m p o s i t i o n   d e t o n a t e d  

a t   a  Cap  D i s t a n c e   of  4  i n c h e s   ( 1 0 . 1 6 c m ) ,   w h e r e a s   e x p l o s i v e  

c o m p o s i t i o n   D,  h a v i n g   an  a m m o n i u m - c o n t a i n i n g   d e s e n s i t i z e r  

c o m p o n e n t ,   d i d   n o t   d e t o n a t e   a t   a  cap  d i s t a n c e   of   11 2  i n c h e s  

( 3 . 8 1 c m ) .   S i m i l a r   c o m p a r i s i o n s   can  be  made  as  b e t w e e n  

e x p l o s i v e   c o m p o s i t i o n   B  and  e x p l o s i v e   c o m p o s i t i o n s   G,  H,  I  

and  K.  E x p l o s i v e   c o m p o s i t i o n s   G,  H,  I ,   and  K,  w h i c h  

i n c l u d e d   an  ammonium  c o m p o n e n t ,   d id   n o t   d e t o n a t e   a t   a  

d i s t a n c e   of  11 2  i n c h e s   ( 3 . 8 1 c m ) ,   w h e r e a s   e x p l o s i v e   c o m p o s i -  

t i o n   B,  w h i c h   d i d   n o t   i n c l u d e   t he   d e s e n s i t i z e r ,   d e t o n a t e d  

a t   a  cap  d i s t a n c e   of  4  i n c h e s   ( 1 0 . 1 6 c m ) .   A c c o r d i n g l y ,   t h e  

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

c o m p o s i t i o n   l e s s   s h o c k   s e n s i t i v e   t h a n   one  n o t   h a v i n g   t h e  

d e s e n s i t i z e r   of  t h e   p r e s e n t   i n v e n t i o n .   S i m i l a r   o b s e r v a t i o n s  

w i l l   be  made  w i t h   r e s p e c t   to  e x p l o s i v e   c o m p o s i t i o n   0 .  

A  c o m p a r i s o n   of  e x p l o s i v e   c o m p o s i t i o n s   G  and  M,  H 

and  N,  and  K  and  L  c l e a r l y   i l l u s t r a t e s   t h a t   i t   i s   t h e  



ammonium  p o r t i o n   of   t h e   d e s e n s i t i z e r   and   n o t   t h e   a n i o n  

f rom  t h a t   same  c o m p o u n d   w h i c h   a f f e c t s   t h e   s h o c k   s e n s i t i v i t y  

of  a  g i v e n   e x p l o s i v e .   W i t h   r e s p e c t   to  t h e   a b o v e   c o m p a r i s o n s ,  

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

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

common  a n i o n   b u t   n o t   i n c l u d i n g   t h e   ammonium  i o n   of  t h e  

d e s e n s i t i z e r   w e r e   n o t   d e s e n s i t i z e d .  

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

c o n t a i n i n g   d e s e n s i t i z e r   a c t s   b o t h   as  a  d e s e n s i t i z e r ,   t h a t  

i s ,   r e d u c e s   t h e   s h o c k   s e n s i t i v i t y   of   an  e x p l o s i v e   c o m p o -  

s i t i o n ,   as  w e l l   as  a  d e t o n a t i o n   p r e s s u r e   e n h a n c e r .   In   o t h e r  

w o r d s ,   w i t h   an  a m m o n i u m - c o n t a i n i n g   d e s e n s i t i z e r   p r e s e n t   i n  

t h e   e x p l o s i v e   c o m p o s i t i o n   of   t h i s   i n v e n t i o n ,   t h e   c o m p o s i t i o n  

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

d e s e n s i t i z e r   and   i t   i s   l e s s   s h o c k   s e n s i t i v e   t h a n   i t   i s  

w i t h o u t   t h e   d e s e n s i t i z e r .  



1.  A  c h e m i c a l l y   and  p h y s i c a l l y   s t a b l e   s i n g l e   p h a s e  

l i q u i d   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 :   n i t r i c   a c i d ;  

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

n i t r o e t h a n e ,   n i t r o p r o p a n e ,   n i t r o b e n z e n e ,   n i t r o t o l u e n e ,  

d i n i t r o b e n z e n e ,   and  d i n i t r o t o l u e n e ;   and  a  d e s e n s i t i z e r  

c o m p r i s i n g   a  s o l u b l e   s o u r c e   of  ammonium  i o n s   p r e s e n t   i n  

an  a m o u n t   s u f f i c i e n t   to   p r o v i d e   an  ammonium  i o n   c o n c e n t r a t i o n  

of  a t   l e a s t   a b o u t   0 . 1   p e r c e n t   by  w e i g h t   of  s a i d   e x p l o s i v e  

c o m p o s i t i o n ,   w h e r e b y   t h e   s h o c k   s e n s i t i v i t y   of  s a i d  

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

l e s s   t h a n   a b o u t   35  p e r c e n t   by  w e i g h t   of  s a i d   e x p l o s i v e  

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   s a i d  

n i t r i c   a c i d   c o m p r i s e s   f rom  a b o u t   30  p e r c e n t   to  a b o u t   75  

p e r c e n t   by  w e i g h t   of   t h e   e x p l o s i v e   c o m p o s i t i o n .  

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   1  or  2,  w h e r e i n  

t h e   o r g a n i c   f u e l   c o m p r i s e s   f rom  a b o u t   15  p e r c e n t   to  a b o u t  

75  p e r c e n t   by  w e i g h t   of  s a i d   e x p l o s i v e   c o m p o s i t i o n .  

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   1,  2  o r   3,  w h e r e i n  

s a i d   d e s e n s i t i z e r   c o m p r i s e s   a t   l e a s t   one  of  a m m o n i u m  

a c e t a t e ,   ammonium  s u l f a t e ,   ammonium  p h o s p h a t e   and  a m m o n i u m  

n i t r a t e .  

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

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

s e n s i t i z e r   c o m p r i s i n g   a  s o l u b l e   s o u r c e   of   ammonium  i o n s  

p r e s e n t   in   an  amoun t   s u f f i c i e n t   to  p r o v i d e   an  ammonium  i o n  

c o n c e n t r a t i o n   of  a t   l e a s t   a b o u t   0 . 1   p e r c e n t   by  w e i g h t   o f  

s a i d   e x p l o s i v e   c o m p o s i t i o n ,   w h e r e b y   t h e   s h o c k   s e n s i t i v i t y  



of  s a i d   e x p l o s i v e   c o m p o s i t i o n   i s   r e d u c e d ,   to  fo rm  a  m i x t u r e ,  

s a i d   d e s e n s i t i z e r   c o m p r i s i n g   l e s s   t h a n   a b o u t   35  p e r c e n t   b y  

w e i g h t   of  s a i d   e x p l o s i v e   c o m p o s i t i o n ;   and  a d m i x i n g   s a i d  

m i x t u r e   w i t h   a  q u a n t i t y   of   an  o r g a n i c   f u e l   c o m p r i s i n g   a t  

l e a s t   one   of  n i t r o m e t h a n e ,   n i t r o e t h a n e ,   n i t r o p r o p a n e ,  

n i t r o b e n z e n e ,   n i t r o t o l u e n e ,   d i n i t r o b e n z e n e ,   and  d i n i t r o -  

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

e x p l o s i v e   c o m p o s i t i o n .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5,  w h e r e i n   s a i d   n i t r i c  

a c i d   s o l u t i o n   c o m p r i s e s   f r o m   a b o u t   30  p e r c e n t   to  a b o u t   7 5  

p e r c e n t   by  w e i g h t   of   s a i d   e x p l o s i v e   c o m p o s i t i o n .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  or  6,  w h e r e i n   s a i d  

n i t r i c   a c i d   s o l u t i o n   c o n t a i n s   f r o m   a b o u t   90  p e r c e n t   t o  

a b o u t   100  p e r c e n t   by  w e i g h t   n i t r i c   a c i d .  

8.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5,  6  or  7,  w h e r e i n  

the   o r g a n i c   f u e l   c o m p r i s e s   f r o m   a b o u t   15  p e r c e n t   to  a b o u t  

75  p e r c e n t   by  w e i g h t   of  s a i d   e x p l o s i v e   c o m p o s i t i o n .  

9.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5 , 6 , 7   or  8,  w h e r e i n  

s a i d   d e s e n s i t i z e r   c o m p r i s e s   a t   l e a s t   one  of   ammonium  a c e t a t e ,  

ammonium  s u l f a t e ,   ammonium  p h o s p h a t e ,   and  ammonium  n i t r a t e .  

10.  A  s i n g l e   p h a s e   l i q u i d   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 o m p r i s e s   a  c o m p o s i t i o n   as  c l a i m e d   i n   any  of  c l a i m s   1  to   4 ,  

to  w h i c h   h a s   b e e n   a d d e d   a  f u r t h e r   q u a n t i t y   of  one  or  b o t h  

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

e f f e c t   of  t h e   d e s e n s i t i z e r .  
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