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@  Manufacture  of  blasting  explosive  compositions. 

@  Blasting  explosive  compositions,  generally  in  the  form 
of  slurry  explosive  compositions,  which  contain  ammo- 
nium  nitrate  as  the  sole  or  principal  inorganic  oxidising 
salt  and  a  methylamine  nitrate  mixture  as  the  sole  or  prin- 
cipal  sensitizer,  are  prepared  by  reacting  in  the  liquid 
phase  ammonium  nitrate  and  formaldehyde  to  form  an 
oxidizer/sensitizer  blend  which  can  then  be  mixed  with 
other  appropriate  constituents  to  form  the  required  blast- 
ing  explosive  composition,  the  reaction  of  the  ammonium 
nitrate  and  formaldehyde  being  carried  out  in  the  presence 
of  urea  in  order  to  reduce  the  amount  of  free  formic  acid 
which  is  unexpectedly  produced  in  the  reaction,  since  the 
presence  of  formic  acid  in  the  reaction  mixture  is  undesi- 
rable  in  that  it  affects  the  production  of  a  stable  gel  there- 
from  and  if  converted  into  a  formate  reduces  the  strength 
of  the  explosive  composition. 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e   m a n u f a c t u r e   o f  

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

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

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

u s e d   in   many  b l a s t i n g   o p e r a t i o n s .   Known  s l u r r y   e x p l o s i v e s  

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

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

n i t r a t e ,   a t   l e a s t   one  s e n s i t i z e r ,   f o r   e x a m p l e   m o n o m e t h y l -  

a m i n e   n i t r a t e ,   w a t e r ,   a  t h i c k e n i n g   a g e n t ,   and  i f   r e q u i r e d  

a  f u e l ,   f o r   e x a m p l e   s u l f u r   or  a  c a r b o n a c e o u s   f u e l ,   a n d / o r  

a  c r o s s - l i n k i n g   a g e n t ,   f o r   e x a m p l e   p o t a s s i u m   p y r o a n t i m o n a t e .  

S l u r r y   e x p l o s i v e   c o m p o s i t i o n s   can   be  f o r m u l a t e d   so  as  t o  

be  s u i t a b l e   as  a  g e n e r a l   p u r p o s e   b l a s t i n g   s l u r r y   e x p l o s i v e  

or  as  a  p e r m i t t e d   e x p l o s i v e   of  any  of  t h e   c l a s s i f i e d   g r o u p s  
P1  to   P5.  P e r m i t t e d   e x p l o s i v e s   a r e   e x p l o s i v e s   d e s i g n e d   f o r  

u s e   in   g a s s y   or   d u s t y   c o a l   m i n e s   and  w h i c h   h a v e   m e t  

s t r i n g e n t   o f f i c i a l   s a f e t y   t e s t s   f o r   s a f e t y   a g a i n s t   t h e  

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

In  t h e   c a s e   of  s l u r r y   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 i n g   ammonium  n i t r a t e   as  t h e   s o l e   or   p r i n c i p a l  

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

t h e   s o l e   or   p r i n c i p a l   s e n s i t i z e r ,   i t   i s   p o s s i b l e   to   f o r m  

t h e   s e n s i t i z e r   in   s i t u   by  r e a c t i n g   in  t h e   l i q u i d   p h a s e  

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

of  a r o u n d   100°C.,   v i z .  



In  t h i s   c o n n e c t i o n   we  r e f e r   to   o u r   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  1 , 5 4 8 , 8 2 7 .  

I t   m i g h t   be  e x p e c t e d   t h a t   t h e   f o r m i c   a c i d  

p r o d u c e d   by  t h i s   r e a c t i o n   w o u l d   be  i n v o l v e d   in   t h e   f o r m -  

a t i o n   of  d i m e t h y l a m i n e   n i t r a t e   a n d / o r   t r i m e t h y l a m i n e  

n i t r a t e   by  t h e   f o l l o w i n g   s e c o n d a r y   r e a c t i o n s ,   v i z .  

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

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

r e a c t i o n   of  t h e   ammonium  n i t r a t e   and  f o r m a l d e h y d e ,   t h e  

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

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

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

r e a c t i o n   t e m p e r a t u r e   i s   m a i n t a i n e d   a t   a b o u t   1 0 0 ° C . f o r   a n  

e x t e n d e d   p e r i o d ,  s u c h   as  4  to   5  h o u r s .  

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

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

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

c o n v e r t e d   i n t o   an  e x p l o s i v e   c o m p o s i t i o n .   F o r m i c   a c i d   h a s  

a  b o i l i n g   p o i n t   of   1 0 0 . 9 ° C . ,   b u t   f o r m s   an  a z e o t r o p e   w i t h  

w a t e r .   H e n c e   e v e n   p r o l o n g e d   d i s t i l l a t i o n   l e a v e s   a  c e r t a i n  

a m o u n t   of   f o r m i c   a c i d   in   t h e   r e a c t i o n   m i x t u r e .   We  h a v e  

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

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

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

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

d i l u e n t   in   t h e   f i n a l   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   o w i n g  

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

s t r e n g t h   of  t h e  e x p l o s i v e .   F u r t h e r m o r e ,   we  h a v e   f o u n d  

t h a t   t h e   p r e s e n c e   of  any  s u c h   f o r m a t e   a p p e a r s   to   h a v e   a  



d e l e t e r i o u s   e f f e c t   on  t h e   s t o r a g e  l i f e   o f   t h e   e x p l o s i v e ,  

r e s u l t i n g   in  e x u d a t i o n   of  a m i n e   n i t r a t e s   when  i t   i s   s t o r e d  

u n d e r   warm  c o n d i t i o n s   o v e r   an  e x t e n d e d   p e r i o d   of  t i m e .  

When  t h e   r e a c t i o n   b e t w e e n   ammonium  n i t r a t e   a n d  

a  37%  a q u e o u s   s o l u t i o n   of  f o r m a l d e h y d e   i s   c a r r i e d   o u t   i n  

t h e   r a t i o   of  1 : 1 ,   t h e   r e s u l t i n g   r e a c t i o n   m i x t u r e   h a s  

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

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

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

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

to   at   m o s t   a b o u t   1%  and  a l s o   t h e   w a t e r   c o n t e n t   to   at  m o s t  

10%,  w i t h   a  c o n s e q u e n t   i n c r e a s e   in   t h e   s o l i d s   c o n t e n t   t o  

a b o u t   89%.  By  d i s t i l l i n g   t h e   r e a c t i o n   m i x t u r e   u n d e r   a  

v a c u u m   of  1 5 0 - 1 0 0   mm.  Hg  a t   a  t e m p e r a t u r e   of  1 0 0  -   1 1 0 ° C .  

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

an  a q u e o u s   d i s t i l l a t e .   H o w e v e r ,   t h e   d i s t i l l a n d   s t i l l  

c o n t a i n s   a b o u t   5%  of  f o r m i c   a c i d ,   w h i c h   c o u l d   be  r e m o v e d  

in   t h e   f o rm  of   t h e   m e t h y l   or   e t h y l   e s t e r   by  a d d i n g   t h e  

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

and  s u b j e c t i n g   t h e   m i x t u r e   to   d i s t i l l a t i o n .   I f   m e t h y l  

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

i n t o   m e t h y l   f o r m a t e   w h i c h   d i s t i l s   o v e r   a t   a b o u t   3 5 ° C . ,  

w h i l e   i f   e t h y l   a l c o h o l   i s   u s e d ,   t h e   f o r m i c   a c i d   can  b e  

r e c o v e r e d   as  e t h y l   f o r m a t e   w h i c h   d i s t i l s   o v e r   at  a  

t e m p e r a t u r e   of  5 5 - 6 0 ° C .   H o w e v e r ,   u n l e s s   t h e   m e t h y l   f o r m a t e  

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

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

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

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

a b o u t   12%  by  w e i g h t   of  f o r m i c   a c i d   and  t h e   r e c o v e r y   of  a n  

85%  or   a b o v e   c o n c e n t r a t e d   f o r m i c   a c i d  f r o m   s u c h   a  w e a k  

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



e i t h e r   l i m e   o r   c a u s t i c   s o d a   and  t h e   d i s p o s a l   of   t h e   r e s u l t -  

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

a l s o   p o s e s   p r o b l e m s .   Thus   t h e   n e c e s s a r y   r e m o v a l   of  t h e  

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

p r o b l e m s .  

I t   i s   an  o b j e c t   of  t h e   i n v e n t i o n   t o   p r o v i d e   a  

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

s u f f i c i e n t l y   low  e n o u g h   to   a v o i d   t h e   f o r e g o i n g   d i s a d v a n t a -  

ges   and   w h i c h   r e a c t i o n   m i x t u r e   w i l l   t h e r e f o r e   f o r m   a n  

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

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

We  h a v e   f o u n d   t h a t   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  

an  o x i d i z e r / s e n s i t i z e r   b l e n d   s u i t a b l e   f o r   u s e   in   t h e  

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

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

n i t r a t e   and  a  m i x t u r e   of   m o n o m e t h y l a m i n e   n i t r a t e ,   d i m e t h y l -  

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

by  r e a c t i n g   ammonium  n i t r a t e   and  f o r m a l d e h y d e   in   t h e  

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

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

can   be  r e d u c e d   t o   t h e   d e s i r e d   m i n i m u m .   I f   r e q u i r e d ,  t h e  

w a t e r   c o n t e n t   o f  t h e   r e a c t i o n   m i x t u r e   can   be  r e d u c e d   b y  

a  s u b s e q u e n t   e v a p o r a t i o n   s t e p .  

I t   i s   b e l i e v e d   t h a t   t h e   u r e a   r e a c t s   w i t h   some  o f  

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

m o n o m e t h y l o l   u r e a   a n d / o r   d i m e t h y l o l   u r e a ,   w h i c h   in   t h e  

p r e s e n c e   of   t h e   ammonium  n i t r a t e   and  t h e   f o r m i c  a c i d  

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

n i t r a t e   a n d / o r   d i m e t h y l a m i n e   n i t r a t e   w i t h   t h e   e v o l u t i o n  

of   c a r b o n   d i o x i d e .  

Thus   by  c a r r y i n g   o u t   t h e   r e a c t i o n   in   t h e   p r e s e n c e  

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

o x i d i z e r / s e n s i t i z e r   b l e n d   p r o d u c e d   s u b s t a n t i a l l y   r e d u c e d  

b u t   a t   t h e   same  t i m e   t h e   m e t h y l a m i n e   n i t r a t e   c o n t e n t   o f  

t h e   b l e n d   can   a l s o   be  i n c r e a s e d .  

The  o x i d i z e r / s e n s i t i z e r   b l e n d   p r o d u c e d   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   can   be  e m p l o y e d   in   t h e  

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



c o m p o s i t i o n s .   For   t h e   p r o d u c t i o n   of  s l u r r y   e x p l o s i v e s ,   t h e  

b l e n d   can  h a v e   i n c o r p o r a t e d   t h e r e i n   in   a  known  m a n n e r  

a d d i t i o n a l   c o n s t i t u e n t s   s e l e c t e d   f r o m   one  or  more   a d d i t i o n a l  

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

n i t r a t e   or  s o l i d   ammonium  n i t r a t e ,   a  t h i c k e n i n g   a g e n t ,  

f o r   e x a m p l e  g u a r   gum,  an  a u x i l i a r y   f u e l ,   f o r   e x a m p l e   w o o d  

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

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

e x a m p l e   s o d i u m   n i t r i t e ;   or   s o d i u m   c h l o r i d e .   For   t h e  

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

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

and  g u a r   g u m .  

The  f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t h e   i n v e n t i o n .  

EXAMPLE  1 

800  G.  of  a  37%  by  w e i g h t   a q u e o u s   f o r m a l d e h y d e  

s o l u t i o n   w e r e   m i x e d   w i t h   48  g.  of   u r e a   and  to   t h e  

r e s u l t i n g   m i x t u r e   w e r e   a d d e d   800  g.  of  s o l i d   a m m o n i u m  

n i t r a t e .   On  w a r m i n g   t h e   m i x t u r e   so  f o r m e d   to   60°C .   a n  

e x o t h e r m i c   r e a c t i o n   s e t   in   and  t h e   t e m p e r a t u r e   r o s e   t o  
9 0 - 9 5 0 C .   The  r e a c t i o n   m i x t u r e   was  m a i n t a i n e d   a t   a  

t e m p e r a t u r e   of  9 5 - 1 0 0 ° C . b y   a p p l y i n g   h e a t   when  n e c e s s a r y  

f o r   a  p e r i o d   of  3  to   4  h o u r s .   C o n s i d e r a b l e   q u a n t i t i e s  

of  c a r b o n   d i o x i d e   w e r e   r e l e a s e d   and  a t   t h e   end  of  t h e  

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

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

The  r e a c t i o n   m i x t u r e   so  f o r m e d ,   c o n t a i n i n g   u n r e a c t e d  

ammonium  n i t r a t e   and  a .  m e t h y l a m i n e  n i t r a t e   m ix tu r e ,   c a n  b e  

e v a p o r a t e d   in   any  s u i t a b l e   e v a p o r a t i o n   s y s t e m   to   a  w a t e r  

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

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

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

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

The  f o r e g o i n g   r e a c t i o n   m i x t u r e   was  d i s t i l l e d   i n   v a c u o -  



u n t i l   250  ml.  of  w a t e r   had   b e e n   c o l l e c t e d   in   t h e   r e c e i v e r .  

95  M 1 .  o f   a  55%  s o l u t i o n   of  s o d i u m   p e r c h l o r a t e   w e r e  

a d d e d   to   t h e  d i s t i l l a n d   and   t h e n   a  f u r t h e r   q u a n t i t y   o f  

40  ml .   of   w a t e r   was  d i s t i l l e d   o f f .   A l t e r n a t i v e l y ,   62  g .  

of  s o l i d   s o d i u m   p e r c h l o r a t e   ( N a C l O 4 . H 2 O )   can   be  a d d e d .  

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

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

Ammonia   gas   was  t h e n   b u b b l e d  i n t o   t h i s   r e a c t i o n   m i x t u r e  

u n t i l   t h e   pH  r o s e   t o   6  -   6 . 5 .   580  G.  of  ammonium  n i t r a t e  

( s o l i d ) ,   58  g.  of  s o d i u m   n i t r a t e   and  19  g.  of  g u a r   g u m  

w e r e   m i x e d   and  t h e n   a d d e d   t o   t h e   r e a c t i o n   m i x t u r e   w h i c h  

was  t h e n   s t i r r e d   r a p i d l y   a t   a  s p e e d   of  a t   l e a s t   300  r p m  
to   h y d r a t e   t h e   gum.  10  M1.  of  a  s a t u r a t e d   s o l u t i o n   o f  

p o t a s s i u m   p y r o a n t i m o n a t e   in   w a t e r   (4%)  w e r e   a d d e d  

t o g e t h e r   w i t h   58  g.  of  s u l f u r .   0 . 3   G.  of  s o d i u m   n i t r i t e  

w e r e   a l s o   a d d e d   a s  s t a b i l i z e r .   On  v i g o r o u s l y   m i x i n g   t h e  

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

of  t h e   m i x t u r e   f e l l   to   1 . 0 5  -   1 . 1 0   g . / c c .   The  r e s u l t i n g  

s l u r r y   e x p l o s i v e   c o m p o s i t i o n   a t   t h i s   s t a g e   was  s u f f i c i e n t -  

ly   f l o w a b l e   to   be  p a c k e d   in   p o l y t h e n e   t u b e s   of  25  mm. 

d i a m e t e r .   A f t e r   a  p e r i o d   of  24  to   36  h o u r s   t h e   s l u r r y  

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

g e l   c o u l d   be  i n i t i a t e d   w i t h   a  N o .  6   c o m m e r c i a l   d e t o n a t o r  

g i v i n g   a  v e l o c i t y   of  d e t o n a t i o n   o f - o v e r   4 0 0 0 m .  / s e c .   and  a  

T r a u z l   l e a d   b l o c k   v a l u e   of  2 7 5 - 3 0 0   ml .   The  m o n o m e t h y l -  

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

was  1 6 . 5 % ,   w h i l s t   t h e   d i m e t h y l a m i n e   n i t r a t e   and  t r i m e t h y l -  

a m i n e   n i t r a t e   c o n t e n t   w e r e   r e s p e c t i v e l y   4%  and  2%.  T h e  

w a t e r   c o n t e n t   was  1 0 - 1 2 %   and  t h i s   e x p l o s i v e   c o m p o s i t i o n  

i s   a  g e n e r a l   p u r p o s e   w a t e r   g e l   e x p l o s i v e   h a v i n g   a  s t r e n g t h  

of  90%  on  t h e   B l a s t i n g   G e l a t i n e   s c a l e .   I t   can   h a v e   a  

s h e l f - l i f e   of   o v e r   2  y e a r s   e v e n   u n d e r   warm  s t o r a g e  

c o n d i t i o n s .   I t   i s  s e n s i t i v e   to   a  N o .  6   D e t o n a t o r   a t  

t e m p e r a t u r e s   as  low  as  5°C,  and  as  h i g h   as  4 5 ° C .  



E X A M P L E S  2  -   7 

The  r e a c t i o n   m i x t u r e   c o n t a i n i n g   ammonium  n i t r a t e  

and  a  m e t h y l a m i n e   n i t r a t e   m ix tu re   produced  in  the  manner  d e s c r i b e d  

in  E x a m p l e   1  was  u s e d   as  an  o x i d i z e r / s e n s i t i z e r   b l e n d   i n  

t h e   p r o d u c t i o n   of  t h e   f o l l o w i n g   e x p l o s i v e   c o m p o s i t i o n s : -  

In  t h e   f o r e g o i n g   T a b l e   t h e   a b b r e v i a t i o n s   h a v e   t h e   f o l l o w i n g  

m e a n i n g s : -  

GPSD  =  G e n e r a l   P u r p o s e   S m a l l   D i a m e t e r  

AN  =  Ammonium  n i t r a t e   ( s o l i d )  

SPC  =  S o d i u m   p e r c h l o r a t e  

SN  =  S o d i u m   n i t r a t e  

PPA  =  P o t a s s i u m   p y r o a n t i m o n a t e  

The  e x p l o s i v e   c o m p o s i t i o n   of  E x a m p l e   2  can   b e  

p a c k e d   in   c a r t r i d g e s   of  75  m m . a n d   u s e d   as  an  e f f e c t i v e  

c o l u m n   c h a r g e   in   open   c a s t   b l a s t i n g .  

The  e x p l o s i v e   c o m p o s i t i o n s   of   E x a m p l e s   3  to   7 

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

e x p l o s i v e s   f o r   u s e   in  g r o u p   1,  2  and  3  g a s s y   c o a l   m i n e s  

and  when  f i r e d   in   a  g a l l e r y   c o n t a i n i n g   8 .3%  m e t h a n e   w i t h  

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

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

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

of  g a s s y   c o a l   m i n e s .  

E X A M P L E   8 

A  p o w d e r   e x p l o s i v e   was  p r o d u c e d   by  m i x i n g   t h e  

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

in  E x a m p l e   1  w i t h   a d d i t i o n a l   c o n s t i t u e n t s   to   g i v e   a  m i x t u r e  



c o m p r i s i n g   25%  of   t h e   a b o v e   b l e n d ,   65%  of  s o l i d   a m m o n i u m  

n i t r a t e ,   10%  of  wood  m e a l ,   and  0 .5%  of  g u a r   g u m .  
The  r e s u l t i n g   m i x t u r e   was  a  p o w d e r   e x p l o s i v e  

w h i c h   in   a  25  mm.  c a r t r i d g e   had   a  v e l o c i t y   of  d e t o n a t i o n  

of  2400  m . / s e c . a n d   a  T r a u z l   l e a d   b l o c k   v a l u e   of  342  m l . ,  

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

p u r p o s e   b l a s t i n g .  



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

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   ammonium  n i t r a t e   as  a n  

o x i d i z i n g   s a l t   and  a  m e t h y l a m i n e   n i t r a t e   m i x t u r e   as  a  

s e n s i t i z e r ,   w h e r e i n   ammonium  n i t r a t e   and  f o r m a l d e h y d e  

a r e   r e a c t e d   in  t h e   l i q u i d   p h a s e   to   f o r m   an  o x i d i z e r /  

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

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

c h a r a c t e r i z e d   in  t h a t   an  o x i d i z e r / s e n s i t i z e r   b l e n d  

c o m p r i s i n g   ammonium  n i t r a t e   and  a  m i x t u r e   of  m o n o m e t h y l -  

a m i n e   n i t r a t e ,   d i m e t h y l a m i n e   n i t r a t e   and  t r i m e t h y l a m i n e  

n i t r a t e   i s   f o r m e d   by  t h e   r e a c t i o n   of  ammonium  n i t r a t e   a n d  

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

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

o t h e r w i s e   be  p r e s e n t   in  t h e   r e a c t i o n   m i x t u r e   when  u r e a  

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

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

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

3.  A  m e t h o d   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  

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

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

4.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1,  2  or  3 ,  

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

of  g r o u p   P1,  P2  or  P 3 .  
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