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©  Stable  ammonium  nitrate-emulsion  explosives  and  emulsion  for  use  therein. 
  Explosives  that  are  sensitized  blends  of  a  water-in-oil 
emulsion  and  AN  particles,  such  as  AN  or  ANFO  prills,  have 
improved  stability  when  their  structure  hinders  the  loss  of 
water from  the  aqueous  emulsion  phase  and transportation  of 
such  water  across  the  oil  phase  to  the  AN  particles.  Use  of  an 
anionic  emulsifying  agent  comprising  a  fatty  acid  salt,  e.g.,  as 
formed  in  situ  during  the  formation  of  the  emulsion,  is  the 
preferred  way  of  forming  such  a  blend-stabilizing  structure. 
Emulsion/ANFO  and  emulsion/AN  blends  stabilized  in  this 
manner  make  satisfactory  storage-stable  packaged  products. 
Emulsion/AN  blends  made  with  a  new  low-viscosity  emul- 
sion  containing  essentially  all  of  the  oil  required  to  oxygen- 
balance  the  blend  and  a  proportionately  larger  amount  of 
anionic  emulsifying  agent  to  stabilize  the  emulsion  structure 
constitute  preferred  bulk  products  owing  to  their  greater 
adaptability  to  pumping.  Pumping  the  stabilized  blends 
through  an  annular  stream  of  aqueous  lubricating  liquid  is 
advantageous. 



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  e x p l o s i v e  

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

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

n i t r a t e   (AN).  e . g . .   AN  p r i l l s   or  g r a n u l e s   w h i c h   may  
be  c o a t e d   w i t h   f u e l   o i l   (ANFO),  and  more  p a r t i c u l a r l y  

to  such   c o m p o s i t i o n s   in  t he   fo rm  of  s t o r a g e - s t a b l e  

p a c k a g e d   p r o d u c t s   and  b u l k   p r o d u c t s   a d a p t e d   to  b e  

pumped  i n t o   b o r e h o l e s .   The  i n v e n t i o n   a l s o   r e l a t e s   t o  

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

b l e n d e d   w i t h   f u e l - f r e e   or  - d e f i c i e n t   AN  to  form  s u c h  

a  b l e n d .  

E x p l o s i v e s   w h i c h   c o m p r i s e   a  b l e n d   of  a  

w a t e r - i n - o i l   e m u l s i o n   and  s o l i d   p a r t i c u l a t e   AN  ( e . g . ,  

ANFO)  have   c a p t u r e d   t h e   i n t e r e s t   of  b l a s t e r s   i n  

r e c e n t   y e a r s   o w i n g   to  t he   f a c t   t h a t   t h e y   a r e   a b l e   t o  

o f f e r   t he   a d v a n t a g e s   of  h i g h   b u l k   d e n s i t y ,   b l a s t i n g  

e n e r g y ,   and  w a t e r   r e s i s t a n c e   c h a r a c t e r i s t i c   o f  

e m u l s i o n   e x p l o s i v e s ,   w h i l e   a t   t he   same  t ime   r e s u l t i n g  

in  c o s t   r e d u c t i o n s   owing   to  t h e   l o w e r   c o s t   of  t h e  

AN.  Among  t he   p r o b l e m s   t h a t   may  b e  e n c o u n t e r e d   i n  

c o n n e c t i o n   w i t h   t h e   use   of  t h e s e   b l e n d s ,   h o w e v e r ,   a r e  

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

p a r t i c u l a r l y   of  t h e   s t a b i l i t y   of  t h e   b l e n d ' s  

e x p l o s i v e   p r o p e r t i e s .   Some  b l e n d s   a r e   no t   p u m p a b l e .  

or  o n l y   d i f f i c u l t l y   p u m p a b l e .   Some  must   be  p u m p e d  



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

do  no t   r e t a i n   t h e i r   p u m p a b i l i t y   even   f o r   a  day  o r  

two.   W h i l e   t h e r e   is  no  q u e s t i o n   b u t   t h a t   t he   b l e n d  

mus t   have   a  s u f f i c i e n t l y   l o n g   s h e l f   l i f e   as  to  b e  

d e t o n a b l e   a f t e r   i t   has  been   e m p l a c e d   in  a  b o r e h o l e ,  

t h i s   m a t t e r   has  no t   been   d e a l t   w i t h   to  a n y  

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

on  e m u l s i o n / A N   b l e n d s .   N e v e r t h e l e s s ,   i t   i s   a  f a c t  

t h a t   no t   a l l   p a c k a g e d   b l e n d s   a r e   d e t o n a b l e   by  t h e  

t i m e   t h e y   a r e   to  be  u s e d ,   e v e n   i f   t h e   p a c k a g e s   h a v e  

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

E m u l s i o n / A N   b l e n d s   a r e   d e s c r i b e d   in  U . S .  

P a t e n t s   3 , 1 6 1 , 5 5 1   ( E g l y   et   a l . ) ;   4 , 1 1 1 , 7 2 7   ( C l a y ) :  

4 , 1 8 1 , 5 4 6   ( C l a y ) :   and  4 , 3 5 7 , 1 8 4   ( B i n e t   e t  a l . ) ,   a n d  

B r i t i s h   P a t e n t   1 , 3 0 6 , 5 4 6   ( B u t t e r w o r t h ) .   E g l y   et   a l .  

d e s c r i b e   an  e m u l s i o n / A N   b l e n d   w h e r e i n   t h e   e m u l s i o n ,  
s a i d   to  be  in  a  s e n s i t i z e d   f o r m ,   i s   e m p l o y e d   as  a  

s e n s i t i z e r   f o r   t h e   s o l i d   ammonium  n i t r a t e .   R e g a r d i n g  

t h e   d e l i v e r y   of  t he   b l e n d   i n t o   a  b o r e h o l e ,   t h e  

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

i t s e l f ,   i . e . ,   by  d r o p p i n g   t he   AN  i n t o   t h e   h o l e   a n d  

p o u r i n g   t he   s e n s i t i z e d   e m u l s i o n   o v e r   i t .  

C l a y ,   whose   1 0 / 9 0   to  4 0 / 6 0   e m u l s i o n / A N  

b l e n d s   in  U .S .   P a t e n t   4 , 1 1 1 , 7 2 7   a r e   s e n s i t i z e d   o n l y  

by  t h e   a i r   e n t r a p p e d   in  t he   AN,  s t a t e s   t h a t   t h e  

e m u l s i o n   and  AN  p a r t i c l e s   a r e   c o m b i n e d   by  v e r y   s i m p l e  

p r o c e d u r e s ,   p r e f e r a b l y   j u s t   p r i o r   to   i n s e r t i o n   i n t o  

t h e   b o r e h o l e .   C l ay   a l s o   s t a t e s   t h a t   s o r b i t a n  

m o n o o l e a t e ,   s o r b i t a n   m o n o s t e a r a t e ,   and  s o r b i t a n  

m o n o p a l m i t a t e   a r e   q u i t e   s u i t a b l e   e m u l s i f i e r s   f o r  

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

p r e f e r a b l y   a r e  b l e n d e d   i n t o   t he   o i l   b e f o r e   t h e  

a q u e o u s   c o m p o n e n t   is  a d d e d .   C l a y ' s   AN  may  b e  

o x y g e n - b a l a n c e d   ANFO  ( to   be  b l e n d e d   w i t h   a n  

o x y g e n - b a l a n c e d   e m u l s i o n ) ,   or  f u e l - d e f i c i e n t   o r  



f u e l - f r e e   s o l i d   AN  ( t o   be  b l e n d e d   w i t h   an  e m u l s i o n  

t h a t   c o n t a i n s   mos t   or  a l l   of  t he   o i l   r e q u i r e d   t o  

o x y g e n - b a l a n c e   t h e   b l e n d ) .  

In  U.S .   P a t e n t   4 , 1 8 1 , 5 4 6 ,   C l ay   d e s c r i b e s  

4 0 / 6 0   to  6 0 / 4 0   e m u l s i o n / A N   b l e n d s   h a v i n g   c o m p l e t e l y  

f i l l e d   i n t e r s t i c e s   in  and  b e t w e e n   the   AN  p a r t i c l e s .  

T h i s   p r o d u c t   is  s a i d   to  c o n t a i n   too   h i g h   a  p r o p o r t i o n  

of  d r y   i n g r e d i e n t   to  be  p u m p a b l e   in  c o n v e n t i o n a l  

s l u r r y   pumps ,   b u t   is   s a i d   to  be  d e l i v e r a b l e   to  a  

b o r e h o l e   by  an  a u g e r   in  t h e   same  m a n n e r   as  dry   ANFO. 

T h i s   p a t e n t   a d v i s e s   m i n i m i z i n g   the   a m o u n t   o f  

e m u l s i f i e r ,   and  u s i n g   h i g h   s h e a r   m i x i n g ,   to  i n s u r e   a  

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

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

and  " G l y c o m u l   0"  ( s o r b i t a n   m o n o o l e a t e )   as  s u p e r i o r   t o  

mos t   f o r   h i s   i n v e n t i o n .  

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

an  8 . 3 - c m - d i a m e t e r   p o l y e t h y l e n e   t u b e ,   p r i m i n g   t h e  

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

one  h o u r   a f t e r   m i x i n g .   T h u s ,   Eg ly   e t   a l . ,   C l a y ,   a n d  

B u t t e r w o r t h   do  n o t   a d d r e s s   t h e m s e l v e s   to  s u c h   m a t t e r s  

as  b l e n d   s t a b i l i t y ,   i . e . ,   t he   c o n d i t i o n   of  t h e   b l e n d  

a f t e r   i t   has  been   a l l o w e d   to  s t a n d   f o r   s e v e r a l   d a y s  

or  weeks   b e f o r e   or  a f t e r   p a c k a g i n g ,   or  b e f o r e  

d e l i v e r y   in  b u l k   fo rm  to  a  b o r e h o l e .  

The  e m u l s i o n   p o r t i o n   of  B i n e t   e t   a l . ' s  

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

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

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

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

s t a b i l i z e r   is  i n c l u d e d .   B i n e t   et   a l . ' s   m i c r o e m u l s i o n  

per   s e ,   d e s c r i b e d   as  a  " l i q u i - l i q u i d   foam"  of  v e r y  

s m a l l   c e l l   s i z e   r a n g i n g   f rom  l e s s   t h a n   1  m i c r o n   t o  

a b o u t   15  m i c r o n s ,   is  s a i d   to  d i s p l a y   e x c e p t i o n a l  

l o n g - t e r m   s t o r a g e   s t a b i l i t y   and  to  be  t o l e r a n t   t o  



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

i n g r e d i e n t s .   The  p a t e n t e e s   d i s c u s s   a  d e s t a b i l i z i n g  

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

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

o x i d i z e r   s a l t s   in  t he   b a s i c   e m u l s i o n .   A c c o r d i n g   t o  

B i n e t   e t   a l . ,   t h e i r   f i n d i n g s   show  t h a t   t h e i r  

m i c r o e m u l s i o n ,   when  doped   w i t h   24  p e r c e n t   g r o u n d   AN, 

was  much  more  s t a b l e   to  t h i s   s e e d i n g   c r y s t a l   e f f e c t  

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

f o r   t h r e e   c y c l e s ,   e a c h   c o n s i s t i n g   of  3  d a y s   o f  

s t o r a g e   a t   50°C  f o l l o w e d   by  2-3  d a y s   a t   - 1 7 ° C .  

B i n e t   et   a l . ' s   c o n s i d e r a t i o n   of  s t o r a g e  

s t a b i l i t y   is  d i r e c t e d   f o r   t h e   mos t   p a r t   a t   t h e  

e x p l o s i v e   e m u l s i o n   i t s e l f .   The  p a t e n t e e s   m e n t i o n  

t h a t   a l l   known  p r i o r   a r t   w a t e r - i n - o i l   e m u l s i o n s  

s u f f e r   f rom  l a c k   of  s t a b i l i t y   o w i n g   to  t h e   s e e d i n g  

e f f e c t .   B i n e t   e t   a l .   a l s o   i m p l y   t h a t   t h e   s e e d i n g  

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

t h e y   do  no t   e x p l a i n   how  t h i s   can  be  so  i n  

m i c r o e m u l s i o n s   c o n t a i n i n g   r e l a t i v e l y   l a r g e   AN 

p a r t i c l e s .   M o r e o v e r ,   B i n e t   e t   a l .   r e q u i r e   a n  

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

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

t h e i r   m i c r o e m u l s i o n .  

A N / e m u l s i o n   b l e n d s   h a v i n g   good  s t o r a g e  

s t a b i l i t y ,   and  a  m e t h o d   of  m a k i n g   s u c h   b l e n d s   w h i c h  

d o e s   no t   r e q u i r e   t he   u s e   of  e x p e n s i v e   a d d i t i v e s ,   o f  

p e r h a p s   l i m i t e d   u t i l i t y ,   a r e   g r e a t l y   n e e d e d   to  e x p a n d  

t he   s p e c t r u m   of  A N / e m u l s i o n   p r o d u c t s   t h a t   can   be  m a d e  

a v a i l a b l e   to  t h e   p u b l i c .   In  p a r t i c u l a r ,   b l e n d s   a r e  

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

d a y s   a f t e r   h a v i n g   been   f o r m e d ,   as  w e l l   as  d e t o n a b l e  

a f t e r   h a v i n g   been   d e l i v e r e d   i n t o   a  b o r e h o l e   i n  

p a c k a g e d   fo rm  a f t e r   a  p e r i o d   of  a b o u t   t h r e e   m o n t h s   o r  

more  f rom  t he   t i m e   t h e   b l e n d s   w e r e   m a d e .  



SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a n  

i m p r o v e m e n t   in   a  m e t h o d   of  p r e p a r i n g   an  e x p l o s i v e  

c o m p o s i t i o n   by  c o m b i n i n g   ammonium  n i t r a t e   (AN) 

p a r t i c l e s ,   e . g . .   AN  or  ANFO  p r i l l s ,   w i t h   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   (a)   a  l i q u i d  

c a r b o n a c e o u s   f u e l   h a v i n g   c o m p o n e n t s   w h i c h   fo rm  a  
c o n t i n u o u s   e m u l s i o n   p h a s e ,   (b)  an  a q u e o u s   s o l u t i o n   o f  

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

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

the   c o n t i n u o u s   p h a s e ,   and  (c)   an  e m u l s i f y i n g   a g e n t   t o  

form  a  b l e n d   of  the   AN  p a r t i c l e s   and  t h e   e m u l s i o n  

c o n t a i n i n g   a  s e n s i t i z i n g   a m o u n t   of  d i s p e r s e d   g a s  
b u b b l e s   or  v o i d s .   The  i m p r o v e m e n t   of  t he   i n v e n t i o n  

c o m p r i s e s   f o r m i n g   t he   AN  p a r t i c l e s   and  t h e   c o m p o n e n t s  

of  t he   e m u l s i o n   i n t o   a  s t r u c t u r e   t h a t   m i n i m i z e s   t h e  

l o s s   of  w a t e r   f rom  t h e   a q u e o u s   s o l u t i o n   d r o p l e t s   a n d  

the   t r a n s p o r t a t i o n   of  t h e   w a t e r   a c r o s s   t he   c o n t i n u o u s  

p h a s e   to  t h e   AN  p a r t i c l e s   m i x e d   w i t h   t he   e m u l s i o n .  

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

w h i c h ,   when  s u b j e c t e d   to  t h e   f o l l o w i n g   W a t e r  

D i f f u s i o n   T e s t ,   l o s e s   no  more   t h a n   a b o u t   4  p e r c e n t   o f  

i t s   o r i g i n a l   w e i g h t :  

A  c y l i n d r i c a l   pan  of  7 . 5   mm  r a d i u s   and  2 . 6  

mm  h e i g h t   i s   f i l l e d   w i t h   0 . 3 2 5   cc  of  f r e s h l y   p r e p a r e d  

e m u l s i o n ,   w h i c h   is  t he   same  e m u l s i o n   as  t h a t   w h i c h  

has  been   u s e d   to  p r e p a r e   t h e   m i x t u r e .   The  e m u l s i o n ' s  

f l a t   e x p o s e d   s u r f a c e   of  1 . 2 5   cm2  a r e a   is  c o n t a c t e d  

w i t h   a  c y l i n d r i c a l   p e l l e t   of  ammonium  n i t r a t e   h a v i n g  

t he   same  c r o s s - s e c t i o n a l   a r e a   as  t h e   e m u l s i o n   s a m p l e  

and  a  h e i g h t   of  at   l e a s t   1  cm.  The  ammonium  n i t r a t e  

is  t he   same  as  t h a t   w h i c h   has   b e e n   u s e d   to  p r e p a r e  

the   m i x t u r e .   The  e m u l s i o n / A N   s a m p l e   is   s t o r e d   f o r   48  

h o u r s   in  d ry   a i r   a t   25°C,   a f t e r   w h i c h   t i m e   t h e  

e m u l s i o n   is   a n a l y z e d   f o r   w a t e r   l o s s .  



In  a  p r e f e r r e d   m e t h o d   of  t he   i n v e n t i o n   t h e  

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

t r a n s p o r t   is   f o r m e d   by  c o m b i n i n g   t he   AN  p a r t i c l e s  

w i t h   an  e m u l s i o n   w h i c h   c o n t a i n s ,   in  i t s   e m u l s i f y i n g  

s y s t e m ,   (a)   a  s a l t ,   p r e f e r a b l y   an  a l k a l i   m e t a l ,  

ammonium,   a n d / o r   a l k y l a m m o n i u m   s a l t ,   of  a  f a t t y   a c i d  

( p r e f e r a b l y   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  

s a t u r a t e d   and  mono- ,   d i - ,   and  t r i - u n s a t u r a t e d  

m o n o c a r b o x y l i c   a c i d s   c o n t a i n i n g   a b o u t   f rom  12  to  22  

c a r b o n   a t o m s ) ,   as  w e l l   as  (b)  t h e   f r e e   f a t t y   a c i d .  

t he   l a t t e r   b e i n g   in  s o l u t i o n   in  an  o i l ,   t he   o i l  

s o l u t i o n   c o n s t i t u t i n g   t h e   c o n t i n u o u s   e m u l s i o n   p h a s e ,  

and  t h e   f a t t y   a c i d   and  f a t t y   a c i d   s a l t ,   t o g e t h e r   w i t h  

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

Most   p r e f e r a b l y ,   t he   f a t t y   a c i d   s a l t   e m u l s i f y i n g  

s y s t e m   i s   one  w h i c h   has  been   p r o d u c e d   in  s i t u   f rom  a  

f a t t y   a c i d   and  a  b a s e   when  t h e   o i l   and  t he   a q u e o u s  
s o l u t i o n   of  t h e   i n o r g a n i c   o x i d i z i n g   s a l t   have  b e e n  

c o m b i n e d   to  fo rm  t he   e m u l s i o n .   W i t h   t h i s   e m u l s i f y i n g  

s y s t e m   a  b a s e ,   e.  g . ,   h y d r o x i d e ,   i s   p r e s e n t   in  t h e  

e m u l s i o n ' s   a q u e o u s   p h a s e .  

An  a l t e r n a t i v e ,   or  p r e f e r a b l y   s u p p l e m e n t a l ,  

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

t r a n s p o r t   b e t w e e n   t he   a q u e o u s   s o l u t i o n   d r o p l e t s   a n d  

the   AN  p a r t i c l e s   is  to  p r o v i d e   a  d r o p l e t   c e l l   s i z e   o f  

a t   l e a s t   a b o u t   1.  and  p r e f e r a b l y   no  g r e a t e r   t h a n  

a b o u t   4,  m i c r o n s .   S t i l l   a l t e r n a t i v e l y ,   o r  

a d d i t i o n a l l y ,   t he   s t r u c t u r e   w i l l   be  f o r m e d   by  c o a t i n g  

the   AN  p a r t i c l e s   w i t h   a  s u b s t a n c e   in  w h i c h   w a t e r   h a s  

a  d i f f u s i o n   c o e f f i c i e n t   a t   25°C  of  l e s s   t h a n   a b o u t  
10-5   c m 2 / s e c .  

A l s o   p r o v i d e d   by  t h i s   i n v e n t i o n   is   a  

s t o r a g e - s t a b l e   p a c k a g e d   p r o d u c t   made  by  o n e  

e m b o d i m e n t   of  the   m e t h o d   of  t h e   i n v e n t i o n   a n d  

c o m p r i s i n g   an  aged  b l e n d   of  p r e f e r a b l y   a t   l e a s t   a b o u t  



30  p e r c e n t   by  w e i g h t   of  p a r t i c l e s   of  AN,  e . g . ,   ANFO 

p r i l l s ,   and  p r e f e r a b l y   at   l e a s t   a b o u t   30  p e r c e n t   b y  

w e i g h t   of  an  e m u l s i o n   c o m p r i s i n g   (a)  a  l i q u i d  

c a r b o n a c e o u s   f u e l   i n c l u d i n g   an  o i l   s o l u t i o n   of  a  

f a t t y   a c i d ,   s a i d   s o l u t i o n   f o r m i n g   a  c o n t i n u o u s  

e m u l s i o n   p h a s e .   (b)  an  a q u e o u s   s o l u t i o n   of  a n  

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

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

t h e   c o n t i n u o u s   p h a s e ,   and  (c)   an  e m u l s i f y i n g   s y s t e m  

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

p r e f e r a b l y   an  a l k a l i   m e t a l ,   ammonium,   o r  

a l k y l a m m o n i u m   s a l t ,   of  a  f a t t y   a c i d   ( p r e f e r a b l y  

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  s a t u r a t e d   a n d  

mono- ,   d i - ,   and  t r i - u n s a t u r a t e d   m o n o c a r b o x y l i c   a c i d s  

c o n t a i n i n g   a b o u t   f rom  12  to  22  c a r b o n   a t o m s ) ,   as  w e l l  

as  t he   f r e e   f a t t y   a c i d ,   t h e   f a t t y   a c i d   and  f a t t y   a c i d  

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

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

s e n s i t i z i n g   a m o u n t   of  d i s p e r s e d   gas  b u b b l e s   or  v o i d s ,  

e . g . ,   an  a m o u n t   w h i c h   is  a t   l e a s t   a b o u t   5  p e r c e n t   o f  

t h e   v o l u m e   of  t h e   b l e n d ,   a n d   whose   s t r u c t u r e   is  s u c h  

t h a t   t h e   a m o u n t   o f  w a t e r  l o s t   f rom  the   a q u e o u s  
s o l u t i o n   d r o p l e t s   in  t he   e m u l s i o n   when  aged  a t   2 5 ° C  

f o r   2  d a y s   is  no  more  t h a n   a b o u t   4,  and  p r e f e r a b l y   n o  

more  t h a n   a b o u t   3 . 5 ,  p e r c e n t   of  t h e   o r i g i n a l   e m u l s i o n  

w e i g h t ,   as  m e a s u r e d   by  the   a b o v e - d e s c r i b e d   W a t e r  

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

e m u l s i o n   h a s  a   d r o p l e t   c e l l  s i z e  o f   at   l e a s t   a b o u t   1 .  

and  p r e f e r a b l y   no  g r e a t e r   t h a n   a b o u t   4,  m i c r o n s .  

The  t e r m   " a g e d "   is   u s e d   h e r e i n   t o  

d i s t i n g u i s h   t h e   p a c k a g e d   p r o d u c t   of  t he   i n v e n t i o n  

f rom  p r o d u c t s   w h i c h   a r e   made  a t  t h e   s i t e   of  use   a n d  

d e l i v e r e d   i n t o   a  b o r e h o l e   in  b u l k   fo rm.   An  " a g e d "  

p r o d u c t   d e n o t e s   h e r e i n   a  p r o d u c t   w h i c h   is  p a c k a g e d  

and  t r a n s p o r t e d   to  t he   f i e l d   s i t e   a t   some  l a t e r   d a t e .  



u s u a l l y   a t   l e a s t   s e v e r a l   d a y s ,   and  o f t e n   w e e k s ,   a f t e r  

t he   t i m e   of  m a n u f a c t u r e .  

The  t e r m   "ammonium  n i t r a t e   p a r t i c l e s "   a s  

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

p r e s e n t   in  t h e   p r o d u c t   of  t he   i n v e n t i o n   in  a  b l e n d  

w i t h   an  e m u l s i o n   d e n o t e s   ammonium  n i t r a t e   in  t h e   f o r m  

of  g r a n u l e s   or  p r i l l s ,   e . g . ,   f u e l - f r e e   o r  

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

f u e l   o i l ,   i . e . ,   t h e   w e l l - k n o w n   "ANFO",  in  w h i c h   t h e  

u s u a l   AN/FO  w e i g h t   r a t i o   is   a b o u t   9 4 / 6 ,   a n d / o r   c o a t e d  

a c c o r d i n g   to  t h e   m e t h o d   of  t h e   i n v e n t i o n ,   as  w i l l   b e  

d e s c r i b e d   h e r e i n a f t e r .  

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

be  b l e n d e d   w i t h   AN  p r i l l s   by  one  e m b o d i m e n t   of  t h e  

m e t h o d   of  t h e   i n v e n t i o n   to  f o rm  a  s t a b l e   e x p l o s i v e ,  

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

(a)   a b o u t   f rom  7  to  21  p e r c e n t ,   p r e f e r a b l y  

a b o u t   f rom  9  to  15  p e r c e n t ,   by  w e i g h t   of  a  l i q u i d  

c a r b o n a c e o u s   f u e l   i n c l u d i n g   an  o i l   s o l u t i o n   of  a  

f a t t y   a c i d ,   s a i d   s o l u t i o n   f o r m i n g   a  c o n t i n u o u s  

e m u l s i o n   p h a s e ;  

(b)  an  a q u e o u s   s o l u t i o n   of  an  i n o r g a n i c  

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

d i s p e r s e d   as  d i s c r e t e   d r o p l e t s   w i t h i n   t he   c o n t i n u o u s  

p h a s e ;   a n d  

(c)  an  e m u l s i f y i n g   s y s t e m   c o m p r i s i n g   ( 1 )  

s a i d   f a t t y   a c i d   and  (2)  a  f a t t y   a c i d   s a l t ,   t h e   o i l ,  

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

t he   l i q u i d   c a r b o n a c e o u s   f u e l ,   and  t h e   r a t i o   of  t h e  

a m o u n t s   of  o i l   and  f a t t y   a c i d   a d d e d   to  fo rm  t h e  

e m u l s i o n   b e i n g   in  t he   r a n g e   of  a b o u t   f rom  1/1   to  3 / 1  

by  w e i g h t ;   s a i d   e m u l s i o n   h a v i n g   an  o x y g e n   b a l a n c e  

more  n e g a t i v e   t h a n   a b o u t   -6  p e r c e n t ,   e . g . ,   a s  

n e g a t i v e   as  a b o u t   -50  p e r c e n t .  



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

e m u l s i f y i n g   s y s t e m   is  one  w h i c h   has  b e e n   p r o d u c e d   i n  

s i t u   f rom  t h e   f a t t y   a c i d   and  a  b a s e   when  the   o i l   a n d  

the   a q u e o u s   s a l t   s o l u t i o n   have  been   c o m b i n e d   to  f o r m  

the   e m u l s i o n ,   a  b a s e   is  a l s o   p r e s e n t ,   as  a  r e s u l t   o f  

the   a d d i t i o n   of  ba se   and  f a t t y   a c i d   in  an  e q u i v a l e n t s  

r a t i o   of  a b o u t   f rom  0 . 5 / 1   to  3 / 1 ,   p r e f e r a b l y   a b o u t  

f rom  1 . 5 / 1   to  2 / 1 .   In  t he   a b o v e - s p e c i f i e d   o i l   t o  

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

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

w e i g h t   of  f a t t y   a c i d   a d d e d   to  f o rm  t h e   e m u l s i o n .  

Some  of  t h i s   b e c o m e s   c o n v e r t e d   to  t h e   f a t t y   a c i d   s a l t  

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

in  t he   r a n g e   of  a b o u t   f rom  500  to   1 0 , 0 0 0   p o i s e ,   a n d  

a b o u t   f rom  500  to  3 , 0 0 0   p o i s e   f o r   b u l k   p r o d u c t s .   T h e  

e m u l s i o n   s t r u c t u r e   is   s t a b l e   f o r   a  p e r i o d   of  a b o u t   3 

m o n t h s   or  m o r e .  

In  t h e   e m u l s i o n   p r o d u c t   made  by  a d d i n g   a  

p r e - f o r m e d   f a t t y   a c i d   s a l t   to  t h e   s y s t e m ,   t he   " f a t t y  

a c i d "   w e i g h t   in  t he   a b o v e - s p e c i f i e d   o i l   to  f a t t y   a c i d  

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

a c i d   a d d e d   p l u s   t he   w e i g h t   of  f a t t y   a c i d   s a l t   a d d e d  

when  t he   e m u l s i o n   is  b e i n g   made.   In  t h i s   p r o d u c t   t h e  

r a t i o   of  t he   w e i g h t   of  f a t t y   a c i d   s a l t   ( a d d e d )   to  t h e  

w e i g h t   of  f a t t y   a c i d   ( a d d e d )   is   a t   l e a s t   a b o u t   0 . 5 / 1 .  

The  amoun t   of  i n o r g a n i c   o x i d i z i n g   s a l t   ( t h e  

o x i d i z e r )   p r e s e n t   in  t he   e m u l s i o n   of  t h e   i n v e n t i o n   i s  

i n s u f f i c i e n t   f o r   t he   c o m p l e t e   c o m b u s t i o n   of  t h e   f u e l  

t h e r e i n ,   as  is   e v i d e n c e d   by  t he   e m u l s i o n ' s   n e g a t i v e  

o x y g e n   b a l a n c e .   T h i s   o x i d i z e r - d e f i c i e n t   e m u l s i o n   i s  

c o n v e r t e d   i n t o   a  p r o d u c t   h a v i n g   a  more  p o s i t i v e  

o x y g e n   b a l a n c e   and  s a t i s f a c t o r y   e x p l o s i v e   p r o p e r t i e s  

by  b l e n d i n g   w i t h   f u e l - d e f i c i e n t   o r ,   p r e f e r a b l y ,  

s u b s t a n t i a l l y   f u e l - f r e e   AN  p r i l l s .   By  v i r t u e   of  i t s  

r e l a t i v e l y   low  v i s c o s i t y ,   t he   o x i d i z e r - d e f i c i e n t  



e m u l s i o n   can   be  b l e n d e d   w i t h   t h e s e   AN  p r i l l s   w i t h   l o w  

s h e a r   so  as  to  p r o d u c e   a  p r e f e r r e d   e x p l o s i v e  

e m u l s i o n / A N   b l e n d   of  t h e   i n v e n t i o n   c o n t a i n i n g   a b o u t  

f rom  20  to  70  p e r c e n t   by  w e i g h t   of  AN  p r i l l s   and  a  

s e n s i t i z i n g   amoun t   of  d i s p e r s e d   gas  b u b b l e s   or  v o i d s  ,  

( e . g . ,   an  a m o u n t   w h i c h   is  a t   l e a s t   a b o u t   5  p e r c e n t  
b a s e d   on  b l e n d   v o l u m e ) ,   t h e   b l e n d   b e i n g   e s s e n t i a l l y  

o x y g e n - b a l a n c e d ,   i . e . ,   h a v i n g   an  o x y g e n   b a l a n c e   m o r e  

p o s i t i v e   t h a n   a b o u t   -25  p e r c e n t ,   and  p r e f e r a b l y   i n  

t he   r a n g e   of  a b o u t   f rom  -10  to  +5  p e r c e n t .   B l e n d s  

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

f rom  20  to   50  p e r c e n t   p r i l l s   have   a  v i s c o s i t y   in  t h e  

r a n g e   of  a b o u t   f rom  2500  to  2 0 , 0 0 0   p o i s e ,   a  v i s c o s i t y  
in  t h i s   r a n g e   b e i n g   m a i n t a i n a b l e   f o r   a  p e r i o d   o f  

s e v e r a l   d a y s .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

In  t he   a c c o m p a n y i n g   d r a w i n g ,   w h i c h   c o n s i s t s  

of  p l o t s   of  d a t a   o b t a i n e d   in  t he   e x p e r i m e n t s  

d e s c r i b e d   in  E x a m p l e s   1,  2,  and  7 :  

FIG.   1  is   a  p l o t   of  t he   r a t e   a t   w h i c h   w a t e r  

is  t r a n s p o r t e d   i n t o   an  e m u l s i o n   u s e d   in  a  p r o d u c t   o f  

t h i s   i n v e n t i o n ,   as  c o n t r a s t e d   to  an  e m u l s i o n   u s e d   i n  

a  p r o d u c t   of  t h e   p r i o r   a r t :  

FIG.   2  is   a  p l o t   of  t h e   r a t e   a t   w h i c h   w a t e r  

is  t r a n s p o r t e d   i n t o   s o l i d   ammonium  n i t r a t e   f rom  a n  
e m u l s i o n   u s e d   in  a  p r o d u c t   of  t he   i n v e n t i o n ,   a s  

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

p r i o r   a r t :   a n d  

FIG.   3  is   a  p l o t   of  t he   v i s c o s i t i e s   of  t h r e e  

b l e n d s   of  t he   i n v e n t i o n   and  t h r e e   c o n t r o l   b l e n d s  

v e r s u s   t i m e .  

DETAILED  DESCRIPTION 

The  p r e s e n t   i n v e n t i o n   is  b a s e d   on  t h e  

d i s c o v e r y   t h a t   t h e   t r a n s p o r t   of  w a t e r   f rom  t h e  

d i s p e r s e d   a q u e o u s   p h a s e   of  t he   e m u l s i o n   to  t h e   AN 



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

A N / e m u l s i o n   b l e n d s   p l a y s   a  m a j o r   r o l e   in  t h e  

i n s t a b i l i t y   of  t h e s e   b l e n d s ,   l e a d i n g   to   a  

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

of  w a t e r   r e s u l t s   in  an  i n c r e a s e   in  t h e   w a t e r   c o n t e n t  

of  t he   p a r t i c u l a t e   AN,  p e r h a p s   to  a  l e v e l   of  a b o u t   5 

to  10  p e r c e n t ,   and  an  i n c r e a s e   in  t h e   s a l t  

c o n c e n t r a t i o n   in  t h e   d i s p e r s e d   a q u e o u s   p h a s e ,  

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

t h a t   t he   s a l t   may  c r y s t a l l i z e   o u t .   T h e s e   c o m b i n e d  

e f f e c t s   can  c a u s e   t h e   s t r u c t u r e   of  t h e   e m u l s i o n / A N  

b l e n d   to  d e t e r i o r a t e   r a p i d l y .  

In  t h e   m e t h o d   of  t he   i n v e n t i o n ,   t he   AN 

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

p r o p e r t i e s   ( e . g . ,   s i z e   and  s p a t i a l   r e l a t i o n s h i p s ) ,  

a r e   f o r m e d   i n t o   a  s t r u c t u r e   in  t he   e m u l s i o n / A N   b l e n d  

t h a t   m i n i m i z e s   t h e   l o s s   of  w a t e r   f rom  t h e   d r o p l e t s   o f  

a q u e o u s   s a l t   s o l u t i o n ,   and  t r a n s p o r t a t i o n   of  t h e  

w a t e r   a c r o s s   t h e   e m u l s i o n ' s   c o n t i n u o u s   p h a s e   to  t h e  

AN  p a r t i c l e s .   T h i s   s t r u c t u r e   p r o v i d e s   a  medium  o r  

b a r r i e r   r e s i s t i v e   to  w a t e r - t r a n s p o r t   f o r m e d  

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

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

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

a l k a l i   m e t a l .   ammonium,   a n d / o r   a l k y l a m m o n i u m   s a l t ,   o f  

a  f a t t y   a c i d   ( e . g . ,   a  s a t u r a t e d   or  m o n o - ,   d i - ,   o r  

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

f rom  12  to  22  c a r b o n   a t o m s ) ,   as  w e l l   as  t he   f r e e  

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

the   a c i d   f o r m i n g   t h e   e m u l s i o n ' s   c o n t i n u o u s   p h a s e ,   a n d  

t he   o i l ,   f a t t y   a c i d ,   and  f a t t y   a c i d   s a l t   t o g e t h e r  

f o r m i n g   t he   l i q u i d   c a r b o n a c e o u s   f u e l .   M o s t  

p r e f e r a b l y ,   t h i s   e m u l s i f y i n g   s y s t e m   is   f o r m e d   in  s i t u  

by  c o m b i n i n g   t h e   o i l   and  the   a q u e o u s   s o l u t i o n   in  t h e  



p r e s e n c e   of  a  f a t t y   a c i d   and  a  b a s e ,   a c c o r d i n g   to  t h e  

m e t h o d   d e s c r i b e d   in  U.S .   P a t e n t   4 , 2 8 7 , 0 1 0   (Owen) .   I t  

has   been   s u g g e s t e d   t h a t   t he   Owen  in  s i t u   m e t h o d   may  

a l l o w   t he   f a t t y   a c i d   s a l t   ( s o a p )   e m u l s i f y i n g   a g e n t   t o  

fo rm  a t   t he   o i l / w a t e r   i n t e r f a c e ,   w h e r e   i t   is   p r e s e n t  

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

e q u i l i b r i u m   is   b e l i e v e d   to  be  e s t a b l i s h e d   b e t w e e n   t h e  

a c i d / s o a p   a t   t h e   i n t e r f a c e ,   f a t t y   a c i d   in  t h e   o i l  

p h a s e ,   and  b a s e   in  t h e   a q u e o u s   p h a s e .  

In  a  mos t   p r e f e r r e d   e m b o d i m e n t   of  t h e   m e t h o d  

of  t h e   i n v e n t i o n ,   t h e r e f o r e ,   t he   e m u l s i f y i n g   s y s t e m  

is   one  w h i c h   has  been  p r o d u c e d   by  t he   in  s i t u  

f o r m a t i o n   of  a  s a l t ,   p r e f e r a b l y   an  a l k a l i   m e t a l .  

ammonium,   or  a l k y l a m m o n i u m   s a l t ,   of  a  f a t t y   a c i d  

( p r e f e r a b l y   a  s a t u r a t e d   or  mono- ,   d i - ,   o r  

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

f r o m   12  to  22  c a r b o n   a t o m s ) ,   most   p r e f e r a b l y   s o d i u m ,  

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

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

p a t e n t .  

The  i m p o r t a n c e   ( t o   the   s t a b i l i t y   o f  

e m u l s i o n / A N   b l e n d s )   of  a  b l e n d   s t r u c t u r e   p r o v i d e d   b y  

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

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

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

c o n t i n u o u s   p h a s e ,   has  no t   h e r e t o f o r e   b e e n  

r e c o g n i z e d .   In  f a c t ,   C l a y   (U.S .   P a t e n t   4 , 1 8 1 , 5 4 6 )  

s a y s   t h a t   he  f o u n d   t he   ( n o n - i o n i c )   s o r b i t a n   o l e a t e  

t y p e   to  be  among  t he   mos t   s a t i s f a c t o r y   e m u l s i f i e r s .  

B i n e t   et  a l .   s u g g e s t   t h a t   s t a b i l i t y   is   d e p e n d e n t   o n  

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

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

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

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

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



t r a n s p o r t i n g   w a t e r   to  t he   AN  p a r t i c l e s   at   a  r a p i d  

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

a b o v e .   The  b e n e f i t   of  t he   h y d r o p h o b i c   o i l   l a y e r ,   a s  
c o n t r a s t e d   to  t he   more  h y d r o p h i l i c   o i l   l a y e r  

p r e f e r r e d   by  C l a y ,   is   shown  in  E x a m p l e s   1  and  2  w h i c h  

f o l l o w .  

The  a b o v e - d e s c r i b e d   c o n t r o l   of  t h e  

e m u l s i f y i n g   s y s t e m   is   t he   p r e f e r r e d   way  of  p r o v i d i n g  

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

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

e m u l s i f y i n g   s y s t e m   bu t   p r e f e r a b l y   in  c o n j u n c t i o n   w i t h  

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

to  c o a t   t he   AN  p a r t i c l e s   w i t h   a  s u b s t a n c e   in  w h i c h  

w a t e r   d i f f u s i v i t y   is   low,  e . g . ,   in  w h i c h   w a t e r   has   a  

d i f f u s i o n   c o e f f i c i e n t   a t   25°C  of  l e s s   t h a n   a b o u t  
- 5  1 0  .   and  p r e f e r a b l y   l e s s   t h a n   a b o u t   1 0 - 8 ,  

c m 2 / s e c .   P r e f e r r e d   c o a t i n g   m a t e r i a l s   a r e   t h o s e  

w h i c h ,   when  u s e d   in  an  a m o u n t   c o n s t i t u t i n g   6 - 1 0  

p e r c e n t   of  t he   a m o u n t   of  s o l i d   AN  u s e d ,   can  a c t   as  a  

f u e l   to  o x y g e n - b a l a n c e   t h e   s o l i d   AN.  Such  m a t e r i a l s  

c o u l d   r e p l a c e   t he   f u e l   o i l   (FO)  n o r m a l l y   u s e d   in  ANFO 

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

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

p e t r o l a t u m - r o s i n - p a r a f f i n .  

In  a  f u r t h e r   p r e f e r r e d   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   t he   r e q u i r e d   s t r u c t u r e   f o r m e d   by  t he   AN 

p a r t i c l e s   and  t he   c o m p o n e n t s   of  t he   e m u l s i o n   i s  

p r o v i d e d   by  c o n t r o l l i n g   t h e   c e l l   s i z e   of  t h e  

e m u l s i o n ' s   i n t e r n a l   p h a s e   ( t h e   a q u e o u s   s a l t   s o l u t i o n  

d r o p l e t s )   so  as  to  d e c r e a s e   t h e   c h e m i c a l   d r i v i n g  

f o r c e ,   i . e . ,   t he   d i f f e r e n c e   b e t w e e n   t he   c h e m i c a l  

p o t e n t i a l   of  t he   w a t e r   in  t he   d i s p e r s e d   a q u e o u s   s a l t  

s o l u t i o n   of  t he   e m u l s i o n   and  t h e   AN  p a r t i c l e s .   A 

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



w a t e r   t r a n s p o r t   f rom  t he   a q u e o u s   e m u l s i o n   p h a s e   t o  

t he   AN  p a r t i c l e s .   The  c h e m i c a l   p o t e n t i a l   of  t h e  

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

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

t h e   c e l l   ( d r o p l e t ) .   T h e r e f o r e ,   s m a l l e r   c e l l   s i z e  

i n c r e a s e s   t h e   c h e m i c a l   p o t e n t i a l   of  t h e   w a t e r   in  t h e  

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

f o r c e   f o r   w a t e r   t r a n s p o r t   to  t h e   s o l i d   o x i d i z e r .   I n  

t h e   p a s t ,   a  s m a l l e r   c e l l   s i z e   ( h i g h e r   v i s c o s i t y )   h a s  

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

e m u l s i o n   e x p l o s i v e s   p e r   se .   For   e x a m p l e ,   C l a y   ( U . S .  

P a t e n t   4 . 1 8 1 , 5 4 6 )   r e c o m m e n d s   "a  good  s h e a r i n g   m i x i n g "  

as  w e l l   as  "a  good  e m u l s i f i e r "   ( s o r b i t a n   o l e a t e   t y p e )  

to  o b t a i n   a  good  s t a b l e   e m u l s i o n .   As  i s   d i s c u s s e d  

a b o v e ,   t h e   s i t u a t i o n   is   d i f f e r e n t   f o r   e m u l s i o n / A N  

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

of  an  e m u l s i o n   in  a  b l e n d   is  t h e   l a r g e s t   t h a t   w i l l  

no t   c r y s t a l l i z e   on  l o s i n g   w a t e r   o v e r   t h e   g o a l   s h e l f  

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

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

t he   e m u l s i o n .   The  o p t i m u m   c e l l   s i z e   g e n e r a l l y   i s  

f rom  a b o u t   1  to  a b o u t   4  m i c r o n s ,   d e c r e a s i n g   as  t h e  

a q u e o u s   p h a s e   w a t e r   c o n t e n t   d e c r e a s e s .  

O t h e r   f a c t o r s   a l s o   can  be  c o n t r o l l e d   t o  

m i n i m i z e   w a t e r   t r a n s p o r t   a c r o s s   t h e   e m u l s i o n ' s  

c o n t i n u o u s   p h a s e .   S i n c e   the   r a t e   of  w a t e r   t r a n s p o r t  

no t   o n l y   i s   d e t e r m i n e d   by  t he   c o m p o s i t i o n   of  t h e  

c o n t i n u o u s   p h a s e   bu t   a l s o   is  d e c r e a s e d   when  t h e  

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

c o n t i n u o u s   p h a s e   can  be  made  d i m e n s i o n a l l y   t h i c k e r   b y  

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

T h e r e f o r e ,   a  p r e f e r r e d   p r o d u c t   of  t h e   i n v e n t i o n ,  

e s p e c i a l l y   f o r   u se   in  b u l k   e m u l s i o n / A N   b l e n d s ,   i s   a  

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

p r e f e r a b l y   s u b s t a n t i a l l y   a l l ,   of  t h e   o i l   r e q u i r e d   t o  



o x y g e n - b a l a n c e   t he   s o l i d   ammonium  n i t r a t e   to  b e  

b l e n d e d   t h e r e w i t h .   T h i s   is   b e n e f i c i a l   f o r   s e v e r a l  

r e a s o n s .   F i r s t ,   t h e   a d d e d   o i l   i m p a r t s   a  l o w e r  

v i s c o s i t y   to  t he   e m u l s i o n .   Low  v i s c o s i t y   is   of  g r e a t  

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

e m u l s i o n / A N   b l e n d s   w i t h   l o w e r   s h e a r   m i x i n g ,   w h i c h   h a s  

an  a d v a n t a g e o u s   e f f e c t   on  t he   s t a b i l i t y   of  t h e  

b l e n d .   Lower  s h e a r   m i x i n g   is  e s p e c i a l l y   i m p o r t a n t   i n  

m a k i n g   b l e n d s   h a v i n g   a  h i g h   c o n t e n t   of  s o l i d   AN  o r  

ANFO  b e c a u s e   t he   m o v e m e n t   of  t h e   p a r t i c l e s   p a s t   e a c h  

o t h e r   d u r i n g   m i x i n g   p e r f o r m s   work  on  t he   e m u l s i o n  

b e t w e e n   them  w h i c h   may  b r e a k   t h e   o i l   f i l m   t h a t  

s e p a r a t e s   t he   p a r t i c l e s   f r o m   t h e   a q u e o u s   s o l u t i o n  

d r o p l e t s ,   t h e r e b y   g i v i n g   w a t e r   t r a n s p o r t   a  " h e a d  

s t a r t " .   Wi th   t he   " h i g h   o i l "   e m u l s i o n   of  t h e  

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

w h i c h   t he   e m u l s i f y i n g   s y s t e m   is   f o r m e d   in  s i t u   a  m o r e  

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

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

more  v i s c o u s   e m u l s i o n ,   and  a  l e s s   v i s c o u s ,   m o r e  

e a s i l y   p u m p a b l e   b l e n d   r e s u l t s .   M o r e o v e r ,   as  w i l l   b e  

e x p l a i n e d   more  f u l l y   h e r e i n a f t e r ,   t he   l o w e r   v i s c o s i t y  

of  t h e   b l e n d   is  s u f f i c i e n t l y   s t a b l e ,   a t   l e a s t   f o r  

s e v e r a l   d a y s ,   so  t h a t   t h e   a d v a n t a g e   of  e a s e   o f  

p u m p i n g   is  r e t a i n e d   e v e n   i f   a  few  days   e l a p s e   b e t w e e n  

t h e   t ime   when  the   b l e n d   i s   made  and  t h e   t i m e   when  i t  

is   p u m p e d .  

As  has  been   s t a t e d   a b o v e ,   i n c r e a s i n g   t he   o i l  

c o n t e n t   of  t he   e m u l s i o n   so  as  to  i n c r e a s e   t h e  

d i m e n s i o n a l   t h i c k n e s s   of  t h e   e m u l s i o n ' s   c o n t i n u o u s  

p h a s e   w i l l   i n c r e a s e   t h e   r e s i s t a n c e   to  t he   t r a n s p o r t  

of  w a t e r   a c r o s s   t h e   c o n t i n u o u s   p h a s e   to  t he   A N  

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

t h e   e m u l s i o n ' s   c o n t i n u o u s   p h a s e   o f t e n   c a u s e s   t h e  

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



I t   now  has  been   f o u n d   t h a t   in  c e r t a i n  

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

e m u l s i o n   s t r u c t u r e   t h a t   is   s t a b l e ,   i . e . ,   a  s t r u c t u r e  

in  w h i c h   t h e r e   is   no  " c r e a m i n g "   of  t he   o i l   p h a s e ,   c a n  

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

a g e n t   is  h i g h e r   t h a n   t h a t   u s e d   in  s t a n d a r d   " low  o i l "  

e m u l s i o n s ,   i . e . ,   e s s e n t i a l l y   o x y g e n - b a l a n c e d  

e m u l s i o n s   w h i c h   a r e   to  be  b l e n d e d   w i t h   ANFO.  If   t h e  

e m u l s i f y i n g   a g e n t   is  a  s a l t   of  a  f a t t y   a c i d   u s e d   i n  

c o n j u n c t i o n   w i t h   t he   f r e e   f a t t y   a c i d ,   w h i c h   i s   i n  

s o l u t i o n   in  t h e   o i l ,   and  e s p e c i a l l y   i f   t h e   s a l t   of  a  

f a t t y   a c i d   has  been   f o r m e d   in  s i t u   as  d e s c r i b e d   i n  

U . S .   P a t e n t   4 . 2 8 7 . 0 1 0 .   t h e   s t a b l e ,   l o w - v i s c o s i t y  

e m u l s i o n   ( i . e . ,   t he   " h i g h   o i l "   e m u l s i o n   w h i c h  

c o n t a i n s   p r o p o r t i o n a t e l y   more  e m u l s i f y i n g   a g e n t )  

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

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

b l e n d   " a g e s "   a  day  or  so  b e f o r e   p u m p i n g .  

N o n - i o n i c   e m u l s i f y i n g   a g e n t s ,   s u c h   as  t h o s e  

of  t h e   s o r b i t a n   f a t t y   a c i d   e s t e r   t y p e ,   have   b e e n  

s t a t e d   in  t h e   p r i o r   a r t ,   i . e . ,   in  U.S .   P a t e n t  

4 , 1 8 1 , 5 4 6   ( C l a y ) ,   as  h a v i n g   been   f o u n d   to  be  a m o n g  

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

r e s p e c t   to  s t a b i l i t y .   A  new  f i n d i n g ,   h o w e v e r ,   i s  

t h a t   e m u l s i o n / A N   b l e n d s   made  f rom  " h i g h   o i l "  

e m u l s i o n s   c o n t a i n i n g   an  e m u l s i f y i n g   a g e n t   in  a  

c o n c e n t r a t i o n   t h a t   is   s u f f i c i e n t l y   h i g h   to   p r e s e r v e  

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

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

s o r b i t a n   m o n o o l e a t e .   In  t he   l a t t e r   c a s e ,   d e s p i t e   t h e  

l o w e r   v i s c o s i t y   of  t he   " h i g h   o i l "   e m u l s i o n   u s e d   t o  

f o r m   t he   b l e n d ,   w a t e r   t r a n s p o r t   f rom  t h e   a q u e o u s  

p h a s e   and  t h e   p o s s i b l e   c r y s t a l l i z a t i o n   of  t he   s a l t  

t h e r e i n   can   c a u s e   t h e   b l e n d   v i s c o s i t y   to  r i s e   a t   a n  

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



no  l o n g e r   p u m p a b l e   and  s u b s e q u e n t l y   n o t   d e t o n a b l e .  

T h i s   l e v e l   may  be  r e a c h e d   w i t h i n   a  day  or  t w o .  

A c c o r d i n g l y ,   v i s c o s i t y   s t a b i l i t y   i s   n o t   a  

c h a r a c t e r i s t i c   of  " h i g h   o i l "   e m u l s i o n / A N   b l e n d s   i n  

g e n e r a l ,   but   is   d e p e n d e n t   upon   t h e   n a t u r e   of  t h e  

e m u l s i f y i n g   s y s t e m   p r e s e n t   in  t h e   " h i g h   o i l "   e m u l s i o n .  

O t h e r   b e n e f i t s   of  f o r m i n g   b l e n d s   of  t h e  

" h i g h   o i l "   e m u l s i o n   of  the   i n v e n t i o n   and  o i l - f r e e   o r  

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

t h e   AN  p r i l l s   c o u l d   be  u s e f u l   as  s e n s i t i z i n g   s i t e s   i n  

t h e   b l e n d .   In  a d d i t i o n ,   i n c l u s i o n   of  a l l   of  t h e  

r e q u i r e d   o i l   in  t he   e m u l s i o n   to  b e g i n   w i t h   p e r m i t s  

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

u n d i s t u r b e d   in  t h e   t r a n s i t i o n   f rom  t he   u n b l e n d e d   t o  

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

e m u l s i f i e r   l e v e l .  

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

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

w i t h   20  to  70  p e r c e n t   AN  p r i l l s ,   t h e   a m o u n t   of  l i q u i d  

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

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

in  t h e   r a n g e   of  a b o u t   f rom  7  to  21  p e r c e n t ,   b a s e d   o n  

t he   t o t a l   e m u l s i o n   w e i g h t .   The  a m o u n t   of  l i q u i d  

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

AN  p r i l l   c o n t e n t   of  t he   b l e n d   in   w h i c h   i t   is   to  b e  

u s e d   is  h i g h e r .   In  t he   p r e f e r r e d   b l e n d   r a n g e   o f  

4 0 / 6 0   to  6 0 / 4 0   e m u l s i o n / A N   p r i l l s ,   t h e   e m u l s i o n ' s  

l i q u i d   f u e l   c o n t e n t   r a n g e s   a b o u t   f rom  9  to  15  p e r c e n t  

by  w e i g h t ,   and  i s   no  more  t h a n   a b o u t   13  p e r c e n t   i n  

e m u l s i o n s   to  be  u s e d   in  b u l k   p r o d u c t s ,   in  w h i c h   i t   i s  

b e n e f i c i a l   to  u se   no  more  t h a n   a b o u t   50  p e r c e n t  

p r i l l s   to  f a c i l i t a t e   p u m p i n g .  

The  a m o u n t s   of  i n o r g a n i c   o x i d i z i n g   s a l t ( s )  

and  w a t e r   p r e s e n t   in  t he   a q u e o u s   p h a s e   of  t he   " h i g h  

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



f o r   t h e s e   c o m p o n e n t s   in  U .S .   P a t e n t   4 , 2 8 7 , 0 1 0 ,   i . e . ,  

a b o u t   f rom  50  to  95  p e r c e n t   o x i d i z i n g   s a l t ( s )   a n d  

a b o u t   f rom  5  to  25  p e r c e n t   w a t e r ,   by  w e i g h t .  

H o w e v e r ,   w i t h i n   t h e s e   r a n g e s ,   h i g h e r   w a t e r  

c o n c e n t r a t i o n s ,   i . e . ,   a b o u t   f rom  12  to   20  p e r c e n t .  

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

i n o r g a n i c   o x i d i z i n g   s a l t ( s ) ,   l i q u i d   c a r b o n a c e o u s  

f u e l ,   and  w a t e r   of  " low  o i l "   e m u l s i o n s   u s e d   in  t h e  

p r e s e n t   m e t h o d   and  in   t h e   p a c k a g e d   p r o d u c t   of  t h e  

i n v e n t i o n   w i l l   be  as  d e s c r i b e d   in  U.S .   P a t e n t  

4 , 2 8 7 , 0 1 0 .  

In  t he   p r e p a r a t i o n   of  t he   e m u l s i f y i n g   s y s t e m  

a c c o r d i n g   to  t he   in  s i t u   m e t h o d   d e s c r i b e d   in  t h e  

a f o r e m e n t i o n e d   U.S .   P a t e n t   4 , 2 8 7 , 0 1 0 ,   t h e   d i s c l o s u r e  

of  w h i c h   is   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e ,   a  f a t t y  

a c i d ,   e . g . ,   o l e i c   a c i d ,   and  a  ba se   a r e   b r o u g h t  

t o g e t h e r   a t   t he   same  t i m e   as  an  a q u e o u s   s o l u t i o n   o f  

an  i n o r g a n i c   o x i d i z i n g   s a l t   and  an  o i l ,   w h e r e b y   a  

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

w a t e r - i n - o i l   e m u l s i o n   f o r m s .   P r e s e n t   in  t h e  

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

w i t h   t h e   f a t t y   a c i d   ( i n   t h e   o i l   p h a s e ) .   Base   is   a l s o  

p r e s e n t ,   in  t he   a q u e o u s   p h a s e .  

The  f a t t y   a c i d   s a l t   e m u l s i f y i n g   a g e n t   u s e d  

in  t h e   p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t   m e t h o d   may  

be  a  s a l t   of  a  s a t u r a t e d   or  mono- ,   d i - ,   o r  

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

l e a s t   a b o u t   12,  and  u s u a l l y   no  more  t h a n   a b o u t   2 2 ,  

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

l i n o l e i c ,   l i n o l e n i c .   s t e a r i c ,   i s o s t e a r i c ,   p a l m i t i c .  

m y r i s t i c ,   l a u r i c ,   and  b r a s s i d i c   a c i d s .   The  f r e e  

f a t t y   a c i d   p r e s e n t   may  be  s e l e c t e d   f rom  t h i s   s a m e  

c l a s s   of  m o n o c a r b o x y l i c   a c i d s .   O l e i c   and  s t e a r i c  

a c i d s   a r e   p r e f e r r e d   on  t h e   b a s i s   of  a v a i l a b i l i t y .   I n  

" h i g h   o i l "   e m u l s i o n s   to  be  d e l i v e r e d   in  b u l k   f o r m ,   a  



f a t t y   a c i d ,   e . g . ,   o l e i c   a c i d ,   w h i c h   is   l i q u i d   at   t h e  

t e m p e r a t u r e   a t   w h i c h   t h e   b l e n d   is  e x p e c t e d   to  be  u s e d  

s h o u l d   be  s e l e c t e d .   U s u a l l y ,   t h i s   w i l l   be  a n  

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

of  t he   f a t t y   a c i d   s a l t   p r e f e r a b l y   is  an  a l k a l i   m e t a l  

( e . g . ,   s o d i u m ,   p o t a s s i u m ,   or  l i t h i u m ) ,   ammonium,  o r  

mono- ,   d i - ,   or  t r i a l k y l a m m o n i u m   ion   in  w h i c h   t h e  

a l k y l   g r o u p ( s )   p r e f e r a b l y   c o n t a i n   1-3  c a r b o n   a t o m s .  

Sod ium,   p o t a s s i u m ,   and  ammonium  o l e a t e s   a r e   p r e f e r r e d .  

As  may  be  s e e n   f rom  E x a m p l e   6  w h i c h   f o l l o w s .  

the   e m u l s i o n   s t r u c t u r e   of  t he   " h i g h   o i l "   e m u l s i o n   o f  

the   i n v e n t i o n   is   many  t i m e s   more  s t a b l e   t h a n   a  

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

c o n c e n t r a t i o n .   To  p r o v i d e   the   h i g h e r   e m u l s i f i e r  

c o n c e n t r a t i o n   in  t h e   " h i g h   o i l "   e m u l s i o n ,   t he   w e i g h t  

r a t i o   of  o i l   to  f a t t y   a c i d   added   to  fo rm  the   e m u l s i o n  

s h o u l d   be  in  t h e   r a n g e   of  a b o u t   f rom  1/1   to  3 / 1 .   I f  

p r e - f o r m e d   f a t t y   a c i d   s a l t   is   u s e d   ( i . e . ,   a d d e d )   t o  

form  the   e m u l s i o n ,   t h e   w e i g h t   of  " f a t t y   a c i d "   in  t h i s  

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

a c i d   added   p l u s   t h e   w e i g h t   of  f a t t y   a c i d   s a l t   a d d e d ,  

and  the   r a t i o   of  f a t t y   a c i d   s a l t   ( a d d e d )   to  f a t t y  

a c i d   ( a d d e d ) ,   by  w e i g h t ,   s h o u l d   be  a t   l e a s t   a b o u t  

0 . 5 / 1 .   The  b a s e / a c i d   e q u i v a l e n t s   r a t i o   u s e d   to  f o r m  

the   " h i g h   o i l "   e m u l s i o n   by  the   in  s i t u   m e t h o d  

s h o u l d   be  in  t h e   r a n g e   of  a b o u t   f rom  0 . 5 / 1   to  3 / 1 .  

p r e f e r a b l y   a b o u t   f rom  1 . 5 / 1   to  2 / 1 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   o i l s   and  a q u e o u s  

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

e x p l o s i v e   e m u l s i o n   a r t   may  be  e m p l o y e d ,   p r e f e r a b l y  

t h o s e   d i s c l o s e d   in  t he   a f o r e m e n t i o n e d   U .S .   P a t e n t  

4 . 2 8 7 . 0 1 0 .   Most   o f t e n ,   t he   i n o r g a n i c   o x i d i z i n g   s a l t  

p r e s e n t   in  t he   e m u l s i o n ' s   a q u e o u s   p h a s e   w i l l   be  a n  

ammonium,  a l k a l i   m e t a l ,   or  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   or  p e r c h l o r a t e ,   p r e f e r a b l y   ammonium  n i t r a t e ,  



a l o n e   or  in  c o m b i n a t i o n   w i t h ,   f o r   e x a m p l e ,   up  to  50  

p e r c e n t   s o d i u m   n i t r a t e   ( b a s e d   on  the   t o t a l   w e i g h t   o f  

i n o r g a n i c   o x i d i z i n g   s a l t s   in  t he   a q u e o u s   p h a s e ) .  

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

e x p l a i n e d   in  U.S.   P a t e n t   4 , 2 8 7 , 0 1 0 .   S u i t a b l e   o i l s  

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

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

p a r a f f i n i c   s t o c k ,   m i n e r a l   o i l ,   dewaxed   o i l ,   e t c .  

The  " h i g h   o i l "   e m u l s i o n   of  t h e   i n v e n t i o n   i s  

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

s o l u t i o n   and  the   o i l   s o l u t i o n   of  t he   f a t t y   a c i d   i n  

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

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

v i s c o s i t y .   In  the   p r e f e r r e d   in  s i t u   s y s t e m   t h e   b a s e  

p r e f e r a b l y   is  d i s s o l v e d   in  t h e   a q u e o u s   s o l u t i o n ,  

w h i c h   i s   a g i t a t e d   w i t h   t h e   o i l   s o l u t i o n   of  t h e   f a t t y  

a c i d .  

T h i s   e m u l s i o n   may  be  b l e n d e d   w i t h   AN  p r i l l s  

(or   g r a n u l e s )   by  p u m p i n g   i t   i n t o   a  m i x e r   or  i n t o   a n  

a u g e r   c o n v e y i n g   the   AN.  The  l a t t e r   mode  i s  

c o n v e n i e n t   f o r   m a k i n g   a  p a c k a g e d   p r o d u c t .   T h e  

t u r n i n g   of  t he   s c r e w   in  t h e   a u g e r   b l e n d s   t h e   e m u l s i o n  

and  p r i l l s   as  w e l l   as  t r a n s f e r s   t he   b l e n d   i n t o   t h e  

p a c k a g e .   The  low  v i s c o s i t y   of  t he   e m u l s i o n   a l l o w s  

t h e   m i x i n g   to  be  done  in  a  s h o r t e r   a u g e r   l e n g t h   w i t h  

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

b l e n d s   made  w i t h   h i g h   s h e a r .  

If   t he   b l e n d   of  " h i g h   o i l "   e m u l s i o n   and  AN 

p r i l l s   i s   to  be  u sed   in  b u l k   fo rm,   e . g . .   by  p u m p i n g  

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

s t a n d i n g   in  the   m i x e r   f o r   a  day  or  so,   t h e   b l e n d  

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

t i m e   owing   to  i t s   v i s c o s i t y   s t a b i l i t y ,   as  i s   shown  i n  

E x a m p l e   7.  The  v i s c o s i t y   of  a  f r e s h l y   made  b l e n d   o f  

an  e m u l s i o n   made  b y  t h e   in   s i t u   m e t h o d   and  c o n t a i n i n g  



a b o u t   f rom  20  to  50  p e r c e n t   AN  p r i l l s   g e n e r a l l y   is  i n  

t he   r a n g e   of  a b o u t   f rom  2500  to  2 0 , 0 0 0   p o i s e ,   and  t h e  

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

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

to  be  u n d e r t a k e n   d u r i n g   such   t i m e .  

The  AN  w i t h   w h i c h   the   " h i g h   o i l "   e m u l s i o n   i s  

b l e n d e d   is   an  o i l - d e f i c i e n t   p r o d u c t ,   p r e f e r a b l y  

s u b s t a n t i a l l y   o i l - f r e e   AN  p r i l l s .   To  p r o d u c e   a  b l e n d  

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

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

20  to   50  p e r c e n t   by  w e i g h t .   Up  to  70  p e r c e n t   p r i l l s  

may  be  u s e d   f o r   a  p a c k a g e d   p r o d u c t .  

The  e m u l s i o n / p r i l l   b l e n d   of  t h e   i n v e n t i o n ,  

w h e t h e r   made  w i t h   AN  or  ANFO  p r i l l s ,   i s   in  a  

s e n s i t i z e d   f o rm  so  t h a t   i t   is  d e t o n a b l e   by  m e a n s  

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

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

a t   l e a s t   a b o u t   5  p e r c e n t   by  v o l u m e ,   of  d i s p e r s e d   g a s  

b u b b l e s   or  v o i d s   ( b a s e d   on  b l e n d   v o l u m e ) .   T h i s   v o i d  

or  gas   v o l u m e   can  be  t h a t   of  t he   AN  p r i l l s   pe r   s e  

( s e e   E x a m p l e   5 ) ,   or  gas  can  be  i n c o r p o r a t e d   by  a d d i n g  

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

p h e n o l - f o r m a l d e h y d e   m i c r o b a l l o o n s ,   g l a s s  

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

l a t t e r   t y p e   a r e   to  be  p r e s e n t   in  t he   b l e n d ,   t h e y   may  

c o n s t i t u t e   a  c o m p o n e n t   of  t h e   e m u l s i o n   or  t h e y   may  b e  

a d d e d   a t   t he   t i m e   of  b l e n d i n g .   G e n e r a l l y ,   w i t h  

b l e n d s   c o n t a i n i n g   l e s s   t h a n   a b o u t   50  p e r c e n t   AN 

p r i l l s ,   p r o v i s i o n   s h o u l d   be  made  f o r   t h e   e x p r e s s  

a d d i t i o n   of  gas  b u b b l e s   or  v o i d s   i n t o   t h e   e m u l s i o n  

f o r   t h e   s e n s i t i z a t i o n   t h e r e o f .  

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

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

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

t r a n s p o r t   in  t h e   m e t h o d   of  t h e   i n v e n t i o n .   T h i s   m e a n s  



is  u s e d   to  b e s t   a d v a n t a g e   when  the   f a t t y   a c i d   s a l t  

e m u l s i f y i n g   s y s t e m   is  used   in  c o n j u n c t i o n   w i t h   h i g h  

o i l   c o n t e n t ,   c e l l   s i z e   c o n t r o l ,   a n d / o r   AN  c o a t i n g .  

e t c .   H o w e v e r ,   in  the   p r e s e n t   m e t h o d   the   l a t t e r  

t e c h n i q u e s   can  be  u s e d   w i t h   o t h e r   e m u l s i f y i n g   s y s t e m s .  
The  p r e s e n t   m e t h o d   is  u s e d   to  a d v a n t a g e   i n  

the   p r e p a r a t i o n   of  b l e n d s   w h i c h   c o n t a i n   a b o u t   f rom  2 0  

to  70  p e r c e n t   AN  p a r t i c l e s   by  w e i g h t .   The  need  f o r   a  

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

d r i v i n g   f o r c e   g e n e r a l l y   is  no t   g r e a t   w i t h   b l e n d s  

c o n t a i n i n g   l e s s   t h a n   a b o u t   20  p e r c e n t   AN.  The  AN 

c o n t e n t   u s u a l l y   w i l l   be  in  t he   r a n g e   of  a b o u t   f rom  3 0  

to  70  p e r c e n t   by  w e i g h t   f o r   a  p a c k a g e d   b l e n d ,   a n d  

a b o u t   f rom  20  to  50  p e r c e n t   by  w e i g h t   f o r   a  p u m p e d  

b l e n d .  

E x p l o s i v e s   w h i c h   a r e   b l e n d s   of  a  

w a t e r - i n - o i l   e m u l s i o n   and  AN  or  ANFO  p r i l l s   h a v i n g   a  

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

l o s s   and  t r a n s p o r t   f rom  the   e m u l s i o n ' s   a q u e o u s   p h a s e  

a c c o r d i n g   to  t he   m e t h o d   of  t he   i n v e n t i o n ,   a n d  

e s p e c i a l l y   b l e n d s   of  t he   " h i g h   o i l "   e m u l s i o n   of  t h e  

i n v e n t i o n   and  AN  p r i l l s ,   a r e   u s e f u l   in  b u l k   as  w e l l  

as  p a c k a g e d   f o r m .   The  e m u l s i o n / A N   b l e n d   of  t h e  

i n v e n t i o n   made  w i t h   t h e   l o w - v i s c o s i t y   " h i g h   o i l "  

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

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

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

b l e n d   i n t o   a  b o r e h o l e   is   to  pump  i t   t h r o u g h   a n  

a n n u l a r  s t r e a m   of  a q u e o u s   l u b r i c a t i n g   l i q u i d ,   e . g . .  

n a t u r a l l y   o c c u r r i n g   w a t e r ,   f l o w i n g   t h r o u g h   t h e  

c o n d u i t   u s e d   to  t r a n s f e r   t he   b l e n d   to  t he   h o l e .   S u c h  

a  t e c h n i q u e   is  d e s c r i b e d   in  E u r o p e a n   P a t e n t  

A p p l i c a t i o n   No.  83  302  5 6 3 . 8   by  D.L.  C o u r s e n ,   f o r  

p u m p i n g   a  B i n g h a m   s o l i d ,   e . g . ,   a  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 .   By  u se   of  a  m e t h o d  



and  a p p a r a t u s   of  the   t y p e   d e s c r i b e d   in  t he   C o u r s e n  

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

h e r e i n   by  r e f e r e n c e ,   the   r e s i s t a n c e   of  t h e  

e m u l s i o n / A N   b l e n d   to  movemen t   t h r o u g h   a  c o n d u i t   i s  

r e d u c e d   by  p r o v i s i o n   of  an  a n n u l a r   l a y e r   of  l i q u i d   o f  

low  v i s c o s i t y ,   e . g . ,   w a t e r ,   a r o u n d   a  c e n t r a l   c o l u m n  

of  t h e   b l e n d   in  t he   c o n d u i t .   An  a n n u l u s   of  a q u e o u s  
l u b r i c a t i n g   l i q u i d ,   i n j e c t e d   i n t o   t he   c o n d u i t   t h r o u g h  
w h i c h   t h e   e m u l s i o n / A N   b l e n d   is   to  be  d e l i v e r e d   to  t h e  

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

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

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

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

m a i n t a i n i n g   the   e m u l s i o n   s t r u c t u r e   of  t he   b l e n d .   An 

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

is   more  e f f e c t i v e   when  u s e d   w i t h   s m a l l   a m o u n t s   o f  

l u b r i c a n t ,   w h i c h   a s s u r e s   b e t t e r   c o n t r o l   of  t h e  

s t r e n g t h   and  s e n s i t i v i t y   of  t he   e x p l o s i v e   b l e n d   o w i n g  

to  t he   d e c r e a s e d   r i s k   of  d i l u t i o n .   A  l u b r i c a t i n g  

l i q u i d   f l o w   r a t e   w h i c h   is  no  g r e a t e r   t h a n   a b o u t   5%, 

and  u s u a l l y   no  g r e a t e r   t h a n   a b o u t   0 . 5 - 2 % .   of  t h e  

e m u l s i o n / A N   b l e n d   f l ow  r a t e   is   u s e d .  

When  the   pumping   i s   c a r r i e d   ou t   a t  

t e m p e r a t u r e s   above   0°C,  w a t e r   i s   t h e   p r e f e r r e d  

l u b r i c a t i n g   l i q u i d ,   on  t he   b a s i s   of  low  c o s t ,   l o w  

v i s c o s i t y ,   and  i m m i s c i b i l i t y   w i t h   t h e   e m u l s i o n / A N  

b l e n d   b e i n g   pumped.   A d d i t i v e s   s u c h   as  e t h y l e n e  

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

f r e e z i n g   p o i n t   d u r i n g   c o l d   w e a t h e r .   The  w a t e r   n e e d  

no t   be  of  h i g h   p u r i t y   or  even   p o t a b l e .   T h e r e f o r e ,  

any  n a t u r a l l y   o c c u r r i n g   w a t e r   a v a i l a b l e   a t   t he   f i e l d  

s i t e   of  u se   can  g e n e r a l l y   be  u s e d   even   t h o u g h   s u c h  

w a t e r s ,   w h e t h e r   f rom  s t r e a m s ,   w e l l s ,   or  t he   s e a .  

i n v a r i a b l y   c o n t a i n   some  d i s s o l v e d   s a l t s .  



The  a b o v e - d e s c r i b e d   a n n u l a r   l u b r i c a n t   m e t h o d  

can  be  c a r r i e d   ou t   w i t h   i n t e r m i t t e n t   p u m p i n g ,   i f  

d e s i r e d ,   even   in  t h e   c a s e   in  w h i c h   w a t e r   is   t h e  

l u b r i c a t i n g   l i q u i d .   In  c o n t r a s t   to  t he   p r o c e s s  

d e s c r i b e d   in  U.S .   P a t e n t   4 , 2 5 9 , 9 7 7   f o r   p u m p i n g  

e m u l s i o n s ,   in  t he   p r e s e n t   p r o c e s s ,   in  w h i c h   t h e  

m a t e r i a l   b e i n g   pumped  is   an  e m u l s i o n   l a d e n   w i t h   s o l i d  

AN,  p l u g g i n g   of  t h e   d e l i v e r y   c o n d u i t   does   no t   o c c u r  

on  s t o p p a g e   of  t h e   p u m p i n g   o p e r a t i o n   when  a  w a t e r  

a n n u l u s   is   u s e d .   I t   is   b e l i e v e d   t h a t   t h e   a v o i d a n c e  

of  t h e   s w e l l i n g / p l u g g i n g   p r o b l e m   in  t he   a n n u l a r  

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

t he   c o n t i n u o u s   p h a s e   in  the   e x p l o s i v e   e m u l s i o n   u s e d  

in  t h e   p r e s e n t   b l e n d ,   and  more  p a r t i c u l a r l y   to  t h e  

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

a g e n t   or  s y s t e m   t h e r e i n .   I t   is  p o s s i b l e   t h a t   t h e  

f a t t y   a c i d   s a l t ,   and  e s p e c i a l l y   t he   e q u i l i b r i u m  

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

e m u l s i f y i n g   a g e n t   is   f o r m e d   in  s i t u ,   as  i s   d e s c r i b e d  

in  t h e   a f o r e m e n t i o n e d   U.S .   P a t e n t   4 , 2 8 7 , 0 1 0 .   p r o v i d e  

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

l u b r i c a t i n g   l i q u i d   on  t he   o u t e r   s u r f a c e   of  t h e  

e m u l s i o n / A N   b l e n d   and  t he   a q u e o u s   p h a s e   d r o p l e t s  

w i t h i n   t he   b l e n d ,   t h e r e b y   p r e v e n t i n g   t he   a b s o r p t i o n  

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

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

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

In  any  e v e n t ,   a  m a t c h i n g   of  such   c o n c e n t r a t i o n s   i s  

u n n e c e s s a r y   w i t h   t h e   p r e s e n t   b l e n d s ,   and  a n y  
a v a i l a b l e   w a t e r   s u p p l y   can  be  u sed   to  p r o v i d e   t h e  

l u b r i c a t i n g   l i q u i d .  

The  m e t h o d ,   e m u l s i o n ,   and  e m u l s i o n / A N   b l e n d s  

of  t h e   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  means  o f  

i l l u s t r a t i v e   e x a m p l e s .  



E x a m p l e   1 

The  r a t e   of  a b s o r p t i o n   of  w a t e r   i n t o   s a m p l e s  

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

e s t i m a t e   of  t he   r e l a t i v e   r a t e s   of  w a t e r   t r a n s p o r t  

t h r o u g h   t h e s e   e m u l s i o n s   in  e m u l s i o n / A N   b l e n d s .   T h e  

c o m p o s i t i o n s   of  t he   s a m p l e s   a r e   shown  in  t h e   f o l l o w i n g  

t a b l e .   S a m p l e s   B,  C,  and  D,  w h i c h   a r e   s a m p l e s   o f  

" low  o i l "   e m u l s i o n s   t h a t   wou ld   be  u s e d ,   f o r   e x a m p l e ,  

in   p a c k a g e d   ANFO  b l e n d s   of  t h i s   i n v e n t i o n ,   w e r e  

p r e p a r e d   by  t he   m e t h o d   d e s c r i b e d   in  E x a m p l e   1  of  U . S .  

P a t e n t   4 , 2 8 7 , 0 1 0 ,   w i t h   v a r i a t i o n s   in  m i x e r   s p e e d s   a s  

w i l l   be  d e s c r i b e d .   The  p e r c e n t a g e s   g i v e n   f o r   o l e i c  

a c i d   and  ammonium  h y d r o x i d e   r e p r e s e n t   t he   p r o p o r t i o n s  

u s e d   to  p r e p a r e   ammonium  o l e a t e   in  s i t u .   S a m p l e  A   i s  

a  s a m p l e   of  an  e m u l s i o n   of  t he   t y p e   d e s c r i b e d   in  U . S .  

P a t e n t   3 , 4 4 7 , 9 7 8 ,   in  w h i c h   a  n o n - i o n i c   e m u l s i f y i n g  

a g e n t   is   p r e s e n t .  



To  t e s t   t he   w a t e r   a b s o r p t i o n   r a t e ,   t h e  

s a m p l e s   w e r e   l o a d e d   i n t o   c y l i n d r i c a l   pans   of  7 . 5   mm 

r a d i u s   and  2 .6   mm  h e i g h t .   The  s a m p l e s   were   s u b m e r g e d  

u n d e r   2 5 . 4   mm  of  w a t e r .   At  v a r i o u s   t ime   i n t e r v a l s ,   a  

s a m p l e   was  r e m o v e d ,   e x c e s s   w a t e r   b l o t t e d   o f f ,   and  t h e  

m o i s t u r e   c o n t e n t   m e a s u r e d   by  K a r l   F i s c h e r   a n a l y s i s .  

The  r e s u l t s   a r e   shown  in  FIG.  1 .  

The  e f f e c t   of  c e l l   s i z e   on  the   r a t e   of  w a t e r  

a b s o r p t i o n   i n t o   t he   s a m p l e   is   s e e n   by  c o m p a r i n g   t h e  

c u r v e s   f o r   C  and  D,  w h i c h   we re   t h e   same  e m u l s i o n  

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

d i f f e r e n t   v i s c o s i t i e s   and  c e l l   s i z e s .   The  v i s c o s i t y  

of  C  was  1900  p o i s e   a t   23°C,   and  the   v i s c o s i t y   of  D 



4550  p o i s e   a t   23°C,   r e p r e s e n t i n g   the   s m a l l e r   c e l l  

s i z e .   B e c a u s e   of  i t s   s m a l l e r   c e l l   s i z e ,   t he   a q u e o u s  

p h a s e   o f  D   had  a  h i g h e r   c h e m i c a l   p o t e n t i a l   t h a n   t h e  

a q u e o u s   p h a s e   of  C,  r e s u l t i n g   in  a  l o w e r   d r i v i n g  

f o r c e   f o r   w a t e r   t r a n s p o r t   i n t o   t he   e m u l s i o n .   A f t e r   3 

h o u r s ,   C  h a d   g a i n e d   a b o u t   18  p e r c e n t   more  w a t e r   t h a n  

D.  

The  e f f e c t   of  t he   t y p e   of  e m u l s i f y i n g   s y s t e m  

on  t he   w a t e r   a b s o r p t i o n   r a t e   is  more  p r o n o u n c e d   t h a n  

t he   e f f e c t   of  c e l l   s i z e ,   as  can  be  s e e n   by  c o m p a r i n g  

B.  C,  o r  D   to  A.  A l t h o u g h  A   had  the   s m a l l e s t   c e l l  

s i z e   of  a l l   t he   s a m p l e s   ( i . e . ,   t he   l e a s t   c h e m i c a l  

d r i v i n g   f o r c e   i n t o   t he   e m u l s i o n ) ,   i t   g a i n e d   49  

p e r c e n t   more  w a t e r   t h a n   D,  a p p a r e n t l y   b e c a u s e   of  t h e  

poor   t r a n s p o r t   r e s i s t a n c e   of  t h e   c o n t i n u o u s   p h a s e  

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

E x a m p l e   2 

The  r a t e   of  t r a n s f e r   of  w a t e r   f rom  s a m p l e s  

of  e m u l s i o n   A.  C.  and  D,  d e s c r i b e d   in   E x a m p l e   1,  t o  

ammonium  n i t r a t e   p e l l e t s   in  s u r f a c e   c o n t a c t   t h e r e w i t h  

was  m e a s u r e d   as  an  e s t i m a t e   of  t h e   r e l a t i v e   r a t e s   o f  

t r a n s p o r t   of  w a t e r   f rom  the   e m u l s i o n ' s   d i s c o n t i n u o u s  

a q u e o u s   p h a s e   to  AN  p a r t i c l e s   in  e m u l s i o n / A N   b l e n d s .  

In  t h i s   e x p e r i m e n t ,   in  w h i c h   t h e   Wa te r   D i f f u s i o n   T e s t  

d e s c r i b e d   p r e v i o u s l y   was  p e r f o r m e d ,   t he   e m u l s i o n  

s a m p l e s   of  E x a m p l e   1  were   c o n t a c t e d   on  the   s u r f a c e  

w i t h   a  c y l i n d r i c a l   ammonium  n i t r a t e   p e l l e t   of  t h e  

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

f rom  t h e   e m u l s i o n   i n t o   t he   AN  p e l l e t   is   p l o t t e d  

a g a i n s t   t i m e   in  FIG.  2 .  

A  c o m p a r i s o n   of  s a m p l e s  C   a n d  D   shows  t h a t  

t he   s m a l l e r   c e l l s   o f  D   i n c r e a s e d   the   d r i v i n g   f o r c e  

f o r   w a t e r   t r a n s p o r t   f rom  t he   e m u l s i o n ,   s a m p l e   D,  

a f t e r   43  h o u r s ,   h a v i n g   l o s t   66  p e r c e n t   more  w a t e r  

t h a n   s a m p l e   C.  M o r e o v e r ,   w a t e r   l o s s   was  much  h i g h e r  



i n  A   t h a n   in  C  or  D  ( l o s i n g   283  p e r c e n t   more  w a t e r  

t h a n   C  o r  D   a f t e r   43  h o u r s )   b e c a u s e   of  t h e   c o m b i n e d  

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

the   h i g h e r   d r i v i n g   f o r c e .   A  h i g h   d e g r e e   of  w a t e r  

a b s o r p t i o n   by  t he   s o l i d   AN  r e s u l t s   in  i n s t a b i l i t y   o f  

the   e m u l s i o n / A N   b l e n d .  

E x a m p l e  3  

An  e m u l s i o n   of  t he   f o l l o w i n g   f o r m u l a t i o n   w a s  

made  by  t h e   m e t h o d   d e s c r i b e d   in  E x a m p l e   1  of  U . S .  

P a t e n t   4 , 2 8 7 , 0 1 0 :  

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

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

s o d i u m   o l e a t e   in  s i t u .  

Two  b l e n d s ,   A  and  B,  were   made  w i t h   t h i s  

e m u l s i o n :  

A  D i f f e r e n t i a l   S c a n n i n g   C a l o r i m e t e r   (DSC)  w a s  

used   to  d e t e r m i n e   t h e   h e a t   r e l e a s e d   on  c r y s t a l l i z a t i o n  

of  t he   u n b l e n d e d   e m u l s i o n ,   and  of  t h e   e m u l s i o n  



c o m p o n e n t   of  e ach   b l e n d   on  c o o l i n g   a t   5 ° K / m i n .   f r o m  

300°K  down  to  220°K.   T h e s e   m e a s u r e m e n t s   w e r e   m a d e  

when  t h e   s a m p l e s   w e r e   f r e s h   and  a f t e r   35  h o u r s   o f  

s t o r a g e   at   49°C.   W a t e r   t r a n s p o r t   f rom  t h e   e m u l s i o n  

c a u s e s   c o n c e n t r a t i o n   of  s a l t s   in  t he   d i s p e r s e d   a q u e o u s  

p h a s e   and  e v e n t u a l   c r y s t a l l i z a t i o n   of  t h e   c e l l s .   T h e  

r e l a t i v e   d e g r e e s   of  c r y s t a l l i z a t i o n   p r e s e n t   in  e a c h  

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

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

s a m p l e s   by  DSC,  h i g h e r   h e a t   r e l e a s e   c o r r e s p o n d i n g   t o  

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

as  f o l l o w s :  

H e a t   R e l e a s e d   on  T o t a l   C r y s t a l l i z a t i o n   ( c a l / q )  

The  above   d a t a   show  t h a t   B l end   A  ( t h e   b l e n d   w i t h  

ANFO)  was  53%  more  c r y s t a l l i z e d   t h a n   t he   100%  e m u l s i o n  

s a m p l e   a f t e r   35  h o u r s   a t   49°C.   On  the   o t h e r   h a n d ,  

B l e n d   B  ( t h e   b l e n d   w i t h   ANWAX)  was  o n l y   14%  m o r e  

c r y s t a l l i z e d ,   and  t h e r e f o r e   more  s t a b l e .  

E x a m p l e   4 

E m u l s i o n / A N F O   b l e n d s   of  v a r i o u s   c o m p o n e n t   r a t i o s  

we re   p r e p a r e d   by  m i x i n g   ANFO  w i t h   an  e m u l s i o n   of  t h e  

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

E x a m p l e   1  of  U.S .   P a t e n t   4 , 2 8 7 , 0 1 0 :  



The  s t a b i l i t y   of  t h e   b l e n d s   a f t e r   a g i n g   w a s  

d e t e r m i n e d   by  d e t o n a t i n g   them  w i t h   or  w i t h o u t  

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

v e l o c i t i e s .   The  r e s u l t s   a r e   shown  in  t h e   f o l l o w i n g  

t a b l e :  

E x a m p l e   5 

The  f o l l o w i n g   " h i g h   o i l "   e m u l s i o n s   ( 2 2 . 5   k g  

m i x e s )   were   p r e p a r e d   in  a  1 9 - l i t e r   m i x e r   by  a d d i n g   a  

50%  a q u e o u s   s o l u t i o n   of  s o d i u m   h y d r o x i d e   to  a n  

a q u e o u s   s o l u t i o n   of  ammonium  n i t r a t e   a t   77°C ,   a n d  

a d d i n g   the   b a s e - c o n t a i n i n g   a q u e o u s   n i t r a t e   s o l u t i o n  

s l o w l y   w i t h   a g i t a t i o n   to  a  30°C  s o l u t i o n   of  o l e i c  



a c i d   in  a  3 / 1 ,   by  w e i g h t ,   m i x t u r e   of  N o .  2   f u e l   o i l  

and  G u l f   E n d u r a n c e   N o .  9   o i l .   The  a g i t a t o r   t i p   s p e e d  

was  133  c m / s e c   d u r i n g   i n g r e d i e n t   a d d i t i o n ,   and  4 0 0  

c m / s e c   d u r i n g   a  s u b s e q u e n t   5 - m i n u t e   s h e a r   c y c l e .   T h e  

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

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

c o m p a r a b l e   to  t h a t   a c h i e v a b l e   by  m i x i n g   a t   600  c m / s e c  

f o r   an  a d d i t i o n a l   2  m i n u t e s .  

E m u l s i o n s   A  t h r o u g h  E   ( a t   a m b i e n t  

t e m p e r a t u r e )   were   mixed   w i t h   AN  p r i l l s   to  fo rm  b l e n d s  

A  t h r o u g h   E  r e s p e c t i v e l y .   The  m i x i n g   was  c a r r i e d   o u t  

in  a  c e m e n t   m i x e r   a t   medium  s p e e d   f o r   4  m i n u t e s .  



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

t h e   same  m a n n e r   as  e m u l s i o n s  A   t h r o u g h  E   above   i s  

f o r m u l a t e d   f rom  t h e   f o l l o w i n g   i n g r e d i e n t s :  

E x a m p l e   6 

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

in   " h i g h   o i l "   e m u l s i o n s   was  e s t a b l i s h e d   by  p r e p a r i n g  

t h e   f o l l o w i n g   e m u l s i o n s   in  7 0 0 - g r a m   q u a n t i t i e s   by  t h e  

p r o c e d u r e   d e s c r i b e d   in  Example   5  e x c e p t   t h a t   s h e a r i n g  

a t   400  c m / s e c   was  p e r f o r m e d   f o r   o n l y   1  m i n u t e .   When 

n e c e s s a r y ,   t h e   d u r a t i o n   of  s h e a r i n g   was  v a r i e d   t o  

g i v e   e m u l s i o n   v i s c o s i t i e s   of  1000  p o i s e .   E m u l s i o n  

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

f o r   10  m i n u t e s   a t   2500  rpm  each   day  f o r   3  d a y s ,   a t  

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

of  t h e   c o n t i n u o u s   ( o i l )   p h a s e .  

E x a m p l e   7 

The  s t a b i l i t y   of  t he   v i s c o s i t y   of  b l e n d s   o f  

AN  p r i l l s   w i t h   t h e   " h i g h   o i l "   e m u l s i o n   of  t h e  

i n v e n t i o n ,   in   c o n t r a s t   to  b l e n d s   made  w i t h   " h i g h   o i l "  



e m u l s i o n s   c o n t a i n i n g   n o n - i o n i c   e m u l s i f y i n g   a g e n t s   a t  

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

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

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

3 7 . 6   p e r c e n t   AN  p r i l l s   and  62 .4   p e r c e n t   e m u l s i o n   b y  

w e i g h t .   T h r e e   e m u l s i o n s   (K,  L,  and  M)  were   a c c o r d i n g  

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

e m u l s i f y i n g   a g e n t   a l l   of  w h i c h   we re   s u f f i c i e n t   t o  

p r o d u c e   a  s t a b l e   e m u l s i o n .   T h r e e   e m u l s i o n s   (N,O,  a n d  

P)  w e r e   " h i g h   o i l "   c o n t r o l   e m u l s i o n s   ( i . e . ,   t h e y  

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

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

in  t h r e e   d i f f e r e n t   c o n c e n t r a t i o n s ,   o n l y   two  of  w h i c h  

( i n   e m u l s i o n s   0  and  P)  w e r e   s u f f i c i e n t   to  p r e v e n t  

" c r e a m i n g "   of  t he   o i l   p h a s e .  

In  t h e s e   e m u l s i o n s   t h e   a q u e o u s   p h a s e   was  a  

s o l u t i o n   w h i c h   c o n s i s t e d   of  69.6%  ammonium  n i t r a t e ,  

15.5%  s o d i u m   n i t r a t e   (SN) ,   and  14.9%  w a t e r   by  w e i g h t .  

E m u l s i o n s   K,  L,  and  M  w e r e   p r e p a r e d   a c c o r d i n g   to  t h e  

p r o c e d u r e   d e s c r i b e d   in  E x a m p l e   6  ( w i t h   t he   e x c e p t i o n  

t h a t   SN  was  i n c l u d e d   in  t h e   a q u e o u s   p h a s e ) .   E m u l s i o n s  

N,  O,  and  P  were   p r e p a r e d   by  a d d i n g   s o r b i t a n  

m o n o o l e a t e   to  t he   o i l ,   and  t h e   AN/SN  s o l u t i o n   to  t h e  

o i l   s o l u t i o n .   In  t h e   p r e p a r a t i o n   of  a l l   s i x  

e m u l s i o n s ,   t h e   e x t e n d o s p h e r e s   ( f l y   a s h )   were   a d d e d  

d u r i n g   t he   a d d i t i o n   of  t h e   AN/SN  s o l u t i o n   to  t h e  

o i l .   E m u l s i o n   v i s c o s i t i e s   we re   m e a s u r e d   w i t h   a  

B r o o k f i e l d   v i s c o m e t e r   a t   29°C  u s i n g   a  2  rpm  Type  E 

s p i n d l e .  

The  b l e n d s   we re   made  by  m i x i n g   the   e m u l s i o n  

and  AN  p r i l l s   w i t h   low  s h e a r ,   by  hand  w i t h   a  s p a t u l a .  

The  r e s u l t s   a r e   g i v e n   in  t he   f o l l o w i n g  

t a b l e ,   and  p l o t t e d   in  FIG.  3 .  



E m u l s i o n   N o .  

V i s c o s i t i e s   were   m e a s u r e d   (as  d e s c r i b e d   f o r  

t h e   e m u l s i o n   e x c e p t   a t   25°C)  on  the   f r e s h l y   m a d e  

b l e n d s   as  w e l l   as  on  two-   and  s i x - d a y - o l d   b l e n d s .  

P l o t s   of  v i s c o s i t y   v s .   t i m e   fo r   b l e n d s   K  t h r o u g h  P  

a r e   shown  in  FIG.   3.  A l l   b l e n d s   had  i n i t i a l  

v i s c o s i t i e s   in  t h e   2 0 0 0 - 4 0 0 0   p o i s e   r a n g e .   H o w e v e r ,  

w h i l e   b l e n d s   of  t h e   i n v e n t i o n ,   i . e . ,   b l e n d s   K,  L,  a n d  

M,  showed   o n l y   a  m o d e s t   v i s c o s i t y   r i s e   ove r   a  s i x - d a y  

p e r i o d ,   r e a c h i n g   v i s c o s i t i e s   of  o n l y   a b o u t   4 5 0 0 - 5 0 0 0  

p o i s e   a f t e r   s i x   d a y s ,   t h e   c o n t r o l   b l e n d s   0  and  P  

showed   a  r a p i d   r i s e   w i t h i n   o n l y   two  d a y s .   C o n t r o l  

b l e n d   N,  made  f rom  e m u l s i o n   N,  w h i c h   c o n t a i n e d   an  SMO 

c o n c e n t r a t i o n   w h i c h   was  so  low  as  to  be  i n s u f f i c i e n t  

to  m a i n t a i n   e m u l s i o n   s t a b i l i t y ,   e x h i b i t e d   a  low  r a t e  

of  v i s c o s i t y   r i s e   ove r   a  t w o - d a y   p e r i o d ,   but   r o s e  

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

e x t r e m e l y   h i g h   v i s c o s i t i e s   of  c o n t r o l   b l e n d s  0   and  P 

a f t e r   two  days   r e n d e r e d   the   b l e n d s   e s s e n t i a l l y  

u n p u m p a b l e   ( s p e c i f i c a l l y ,   u n a b l e   to  f l o w   by  g r a v i t y  

f rom  a  t a n k   to  t h e   s u c t i o n   of  a  pump) ,   and  i n d i c a t e d  

a  d e l e t e r i o u s   c h a n g e   in  t he   e m u l s i o n   s t r u c t u r e  



( c r y s t a l l i z a t i o n   in  t he   a q u e o u s   p h a s e )   w h i c h  

c h a r a c t e r i s t i c a l l y   c o m p r o m i s e s   t he   b l e n d ' s   a b i l i t y   t o  

d e t o n a t e .   C o n v e r s e l y ,   b l e n d s   K,  L,  and  M  showed  no  

v i s u a l   e v i d e n c e   of  c r y s t a l l i z a t i o n   and  w e r e   s u i t a b l e  

f o r   p u m p i n g .  

E x a m p l e   8 

The  f o l l o w i n g   e x p e r i m e n t   shows  t h a t   e v e n  

s t a b l e   e m u l s i o n / A N F O   b l e n d s   h a v i n g   m i n i m i z e d   w a t e r  

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

can  be  i m p r o v e d   by  t h e   u se   of  t h e   h i g h - o i l  

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

e m u l s i o n s .   Q,  R,  and  Q,  were   p r e p a r e d   as  d e s c r i b e d   i n  

E x a m p l e   5  fo r   t h e   p r e p a r a t i o n   of  e m u l s i o n s  A   t h r o u g h  

E  ( e x c e p t   t h a t   in  e m u l s i o n s  Q   and  R  s o d i u m   n i t r a t e  

was  i n c l u d e d   in  t he   a q u e o u s   p h a s e   as  in   E x a m p l e   7 ) .  

E m u l s i o n s   R  a n d  S   were   t h e   p r e f e r r e d   " h i g h   o i l "  

e m u l s i o n s ,   and  e m u l s i o n   Q  was  an  o x y g e n - b a l a n c e d  

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

c o n t e n t   t h a n   e m u l s i o n s   R  and  S.  B l e n d s   R  a n d  S   w e r e  

5 0 / 5 0   e m u l s i o n / A N   p r i l l s .   E m u l s i o n   Q  was  b l e n d e d   i n  

t h e   same  r a t i o   w i t h   ANFO  p r i l l s ,   i . e . ,   AN  p r i l l s  

l i g h t l y   c o a t e d   w i t h   f u e l   o i l   in  a  9 4 / 6   A N / o i l   w e i g h t  

r a t i o .   B l e n d i n g   was  c a r r i e d   ou t   in  a  c e m e n t   m i x e r   a s  

d e s c r i b e d   in  E x a m p l e   5.  The  r e s u l t s   w e r e   as  f o l l o w s :  



The  d e t o n a t i o n   v e l o c i t i e s   ( m / s e c )   w e r e  

m e a s u r e d   on  1 2 . 7 - c m   d i a m e t e r ,   u n c o n f i n e d   s a m p l e s  

i n i t i a t e d   w i t h   a  0 . 4 5 - k g   b o o s t e r .   A l t h o u g h   b l e n d   Q 

is  c o m p a r a b l e   to  b l e n d s   R  a n d  S   a t   age  39  d a y s   i n  

t e r m s   of  c o n f i n e d   d e t o n a t i o n   v e l o c i t y ,   b l e n d s   R  a n d  S  

do  no t   r e q u i r e   c o n f i n e m e n t   a t   t h i s   age  (nor   d o e s  

b l e n d  S   r e q u i r e   i t   a t   age  60  d a y s )   t o  d e t o n a t e   a t  

a c c e p t a b l e   v e l o c i t i e s .  



1.  A  m e t h o d   of  p r e p a r i n g   an  e x p l o s i v e  

c o m p o s i t i o n   by  c o m b i n i n g   ammonium  n i t r a t e   (AN) 

p a r t i c l e s   w i t h   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   ( a )  

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

fo rm  a  a  c o n t i n u o u s   e m u l s i o n   p h a s e ,   (b)  an  a q u e o u s  
s o l u t i o n   of  an  i n o r g a n i c   o x i d i z i n g   s a l t   f o r m i n g   a 

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

d r o p l e t s   w i t h i n   s a i d   c o n t i n u o u s   p h a s e ,   and  (c)  a n  

e m u l s i f y i n g   a g e n t   to  fo rm  a  b l e n d   of  s a i d   p a r t i c l e s  

and  s a i d   e m u l s i o n   c o n t a i n i n g   a  s e n s i t i z i n g   amoun t   o f  

d i s p e r s e d   gas  b u b b l e s   or  v o i d s ,   s a i d   AN 

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

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

m i n i m i z e s   the   l o s s   of  w a t e r   f rom  s a i d   d r o p l e t s   a n d  

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

p h a s e   to  s a i d   AN  p a r t i c l e s .  

2.  A  m e t h o d   of  C l a i m   1  w h e r e i n   s a i d   b l e n d  

is   f o r m e d   and  t h e r e a f t e r   p a c k a g e d .  

3.  A  method  of  Claim  1  or  Claim  2  wherein  s a i d  

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

w i t h   an  e m u l s i o n   w h i c h   c o n t a i n s ,   in  i t s   e m u l s i f y i n g  

s y s t e m ,   a  s a l t   of  a  f a t t y   a c i d ,   as  w e l l   as  t he   f r e e  

f a t t y   a c i d   in  s o l u t i o n   in  an  o i l .   s a i d   o i l   s o l u t i o n  

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

f a t t y   a c i d ,   s a i d   f a t t y   a c i d   s a l t ,   and  s a i d   o i l  

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

4.  A  m e t h o d   of  C l a i m   3  w h e r e i n  

s a i d   f a t t y   a c i d   i s   s e l e c t e d   f r o m  

s a t u r a t e d   and  m o n o - ,   d i - ,   and  t r i - u n s a t u r a t e d  

m o n o c a r b o x y l i c   a c i d s   c o n t a i n i n g   a b o u t   f rom  12  to  22 

c a r b o n   a t o m s ,   and  s a i d   s a l t   is  an  a l k a l i   m e t a l ,  

ammonium,  a n d / o r   a l k y l a m m o n i u m   s a l t .  

5.  A  m e t h o d   of  C l a i m   4  w h e r e i n   s a i d  

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



w i t h   an  e m u l s i o n   t h a t   has  been   o b t a i n e d   by  c o m b i n i n g  

s a i d   o i l   and  s a i d   a q u e o u s   s o l u t i o n   w i t h   a g i t a t i o n   i n  

the   p r e s e n c e   of  s a i d   f a t t y   a c i d   and  a  b a s e   so  as  t o  

fo rm  s a i d   f a t t y   a c i d   s a l t   e m u l s i f y i n g   a g e n t   in  s i t u .  

6.  A  m e t h o d   of  C l a i m   4  w h e r e i n   AN  p r i l l s  

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

c a r b o n a c e o u s   f u e l   in   an  a m o u n t   s u f f i c i e n t   t o  

e s s e n t i a l l y   o x y g e n - b a l a n c e   s a i d   AN  p r i l l s   and  s a i d  

i n o r g a n i c   o x i d i z i n g   s a l t   p r e s e n t   in  s a i d   a q u e o u s  
s o l u t i o n ,   s a i d   AN  p r i l l s   c o n s t i t u t i n g   a b o u t   f rom  20  

to  70  p e r c e n t   by  w e i g h t   of  s a i d   b l e n d .  

7.  A  m e t h o d   of  C l a i m   6  w h e r e i n   s a i d  

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

an  e m u l s i o n   t h a t   has   been   o b t a i n e d   by  c o m b i n i n g   s a i d  

o i l   and  s a i d   a q u e o u s   s o l u t i o n   w i t h   a g i t a t i o n   in  t h e  

p r e s e n c e   of  a  f a t t y   a c i d   and  a  b a s e   so  as  to  fo rm  a  

f a t t y   a c i d   s a l t   e m u l s i f y i n g   a g e n t   in   s i t u .  

8.  A  m e t h o d   of  C l a i m   7  w h e r e i n   t he   a m o u n t  

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

f rom  7  to  21  p e r c e n t ,   b a s e d   on  t h e   w e i g h t   of  s a i d  

e m u l s i o n .  

9.  A  m e t h o d   of  C l a i m   8  w h e r e i n   t h e   a m o u n t s  

of  f a t t y   a c i d   and  b a s e   a d d e d   to  f o rm  s a i d   f a t t y   a c i d  

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

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

is   in   t h e   r a n g e   of  a b o u t   f rom  1 /1   to   3 /1   by  w e i g h t ,  

and  t h e   e q u i v a l e n t s   r a t i o   of  t h e   a m o u n t   of  b a s e   a d d e d  

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

a b o u t   f rom  0 . 5 / 1   to  3 / 1 .  

10.  A  m e t h o d   of  C l a i m   9  w h e r e i n   s a i d   f a t t y  

a c i d   is   o l e i c   a c i d ,   and  s a i d   f a t t y   a c i d   s a l t   i s  

ammonium  o l e a t e   a n d / o r   one  or  more  a l k a l i   m e t a l   s a l t s  

of  o l e i c   a c i d .  

11.  A  m e t h o d   of  C l a i m   1  w h e r e i n   s a i d  

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



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

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

p h a s e   in  t he   r a n g e   of  a b o u t   f rom  1  to  4  m i c r o n s .  

12.  A  m e t h o d   of  C l a i m   1  w h e r e i n   s a i d  

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

an  a g e n t   in  w h i c h   w a t e r   has  a  d i f f u s i o n   c o e f f i c i e n t  

a t   25°C  of  l e s s   t h a n   a b o u t   10 -5  c m  2  / s e c .  

13.  An  a g e d ,   s t o r a g e - s t a b l e   e x p l o s i v e  

p r o d u c t   c o m p r i s i n g ,   in  a  p a c k a g e ,   a  b l e n d   of  a t   l e a s t  

a b o u t   30  p e r c e n t   by  w e i g h t   of  p a r t i c l e s   of  a m m o n i u m  

n i t r a t e   (AN)  and  a t   l e a s t   a b o u t   30  p e r c e n t   by  w e i g h t  

of  an  e m u l s i o n   c o m p r i s i n g   (a)   a  l i q u i d   c a r b o n a c e o u s  

f u e l   i n c l u d i n g   an  o i l   s o l u t i o n   of  a  f a t t y   a c i d ,   s a i d  

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

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

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

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

(c)  an  e m u l s i f y i n g   s y s t e m   i n c l u d i n g   an  e m u l s i f y i n g  

a g e n t   c o m p r i s i n g   (1)  an  a l k a l i   m e t a l ,   ammonium,  o r  

a l k y l a m m o n i u m   s a l t   of  a  f a t t y   a c i d   c o n t a i n i n g   a b o u t  

f rom  12  to  22  c a r b o n   a t o m s ,   as  w e l l   as  (2)  t h e   f r e e  

f a t t y   a c i d ,   s a i d   f a t t y   a c i d ,   s a i d   f a t t y   a c i d   s a l t ,  

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

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

d i s p e r s e d   gas  b u b b l e s   or  v o i d s   c o m p r i s i n g   a t   l e a s t  

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

aged   a t   25°C  f o r   2  d a y s ,   l o s i n g   no  more  t h a n   a b o u t   4 

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

W a t e r   D i f f u s i o n   T e s t   d e s c r i b e d   h e r e i n .  

14.  An  e x p l o s i v e   p r o d u c t   of  C l a i m   13 

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

s a i d   a q u e o u s   s o l u t i o n   and  an  o i l   w i t h   a g i t a t i o n   i n  

t he   p r e s e n c e   of  a  f a t t y   a c i d   and  a  b a s e   so  as  to  f o r m  

s a i d   f a t t y   a c i d   s a l t   in  s i t u ,   s a i d   e m u l s i f y i n g   s y s t e m  

a l s o   c o n t a i n i n g   b a s e .  



15.  A  w a t e r - i n - o i l   e m u l s i o n   a d a p t e d   to  b e  

b l e n d e d   w i t h   ammonium  n i t r a t e   p r i l l s   to  fo rm  a n  

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

(a)   a b o u t   f rom  7  to  21  p e r c e n t   by  w e i g h t   o f  

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

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

e m u l s i o n   p h a s e ;  

(b)  an  a q u e o u s   s o l u t i o n   of  an  i n o r g a n i c  

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

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

p h a s e ;   a n d  

(c)   an  e m u l s i f y i n g   s y s t e m   c o m p r i s i n g   ( 1 )  

s a i d   f a t t y   a c i d   and  (2)  a  f a t t y   a c i d   s a l t ,   s a i d   o i l ,  

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

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

a m o u n t s   of  o i l   and  f a t t y   a c i d   a d d e d   to  fo rm  s a i d  

e m u l s i o n   b e i n g   in  t he   r a n g e   of  a b o u t   f rom  1 /1   to  3 / 1  

by  w e i g h t :  

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

t h a n   a b o u t   -6  per   c e n t .  

16.  An  e m u l s i o n   of  C l a i m   15  w h e r e i n   s a i d  

e m u l s i f y i n g   s y s t e m   is  one  w h i c h   fo rms   in  s i t u   f rom  a  

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

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

t h e   a m o u n t   of  f a t t y   a c i d   a d d e d   to  form  s a i d  

e m u l s i f y i n g   s y s t e m   b e i n g   a b o u t   f rom  0 . 5 / 1   to  3 / 1 ,  

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

a b o u t   f rom  500  to  1 0 , 0 0 0   p o i s e ,   and  b e i n g   s t a b l e   i n  

e m u l s i o n   s t r u c t u r e   fo r   a  p e r i o d   of  a t   l e a s t   a b o u t   3 

m o n t h s .  

17.  An  e m u l s i o n   of  C l a i m   15  w h e r e i n   s a i d  

e m u l s i f y i n g   s y s t e m   is  f o r m e d   by  a d d i n g   a  f a t t y   a c i d  

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

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



u n d e r s t o o d   to  be  t he   r a t i o   of  o i l   to  f a t t y   a c i d   p l u s  

f a t t y   a c i d   s a l t   added   when  t h e   e m u l s i o n   is  b e i n g  

made,   and  t h e   r a t i o   of  s a i d   f a t t y   a c i d   s a l t   a d d e d   t o  

f a t t y   a c i d   a d d e d   b e i n g   a t   l e a s t   a b o u t   0 . 5 / 1 .  

18.  An  e m u l s i o n   of  C l a i m   15  w h e r e i n   s a i d  

f a t t y   a c i d   s a l t   is  s e l e c t e d   f rom  a l k a l i   m e t a l ,  

ammonium,   and  a l k y l a m m o n i u m   s a l t s   of  s a t u r a t e d   a n d  

m o n o - ,   d i - ,   and  t r i - u n s a t u r a t e d   m o n o c a r b o x y l i c   a c i d s  

c o n t a i n i n g   a b o u t   f rom  12  to  22  c a r b o n   a t o m s .  

19.  An  e m u l s i o n   of  C l a i m   18  w h e r e i n   s a i d  

f a t t y   a c i d   is   o l e i c   a c i d ,   and  s a i d   f a t t y   a c i d   s a l t   i s  

ammonium  o l e a t e   a n d / o r   one  or  more  a l k a l i   m e t a l   s a l t s  

of  o l e i c   a c i d .  

20.  An  e m u l s i o n   of  C l a i m   15  c o n t a i n i n g  

s u b s t a n t i a l l y   no  d i s p e r s e d   a i r - c a r r y i n g   s o l i d  

m a t e r i a l s .  

21.  An  e x p l o s i v e   p r o d u c t   c o m p r i s i n g   a  b l e n d  

of  a b o u t   f rom  30  to  80  p e r c e n t   by  w e i g h t   of  t h e  

e m u l s i o n   of  C l a i m   15  and  a b o u t   f rom  70  to  20  p e r c e n t  

by  w e i g h t   of  ammonium  n i t r a t e   p r i l l s   s u f f i c i e n t   t o  

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

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

b u b b l e s   or  v o i d s .  

22.  An  e x p l o s i v e   p r o d u c t   c o m p r i s i n g   a  b l e n d  

of  a b o u t   f rom  50  to  80  p e r c e n t   by  w e i g h t   of  t h e  

e m u l s i o n   of  C l a i m   16  and  a b o u t   f rom  50  to  20  p e r c e n t  

by  w e i g h t   of  ammonium  n i t r a t e   p r i l l s   s u f f i c i e n t   t o  

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

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

b u b b l e s   or  v o i d s ,   h a v i n g   a  v i s c o s i t y   in  t he   r a n g e   o f  

a b o u t   f rom  2500  to  2 0 , 0 0 0   p o i s e ,   and  r e m a i n i n g   i n  

s a i d   v i s c o s i t y   r a n g e   f o r   a  p e r i o d   of  s e v e r a l   d a y s .  

23.  An  e x p l o s i v e   p r o d u c t   of  C l a i m   21 

w h e r e i n   s a i d   d i s p e r s e d   gas  is  t h e   gas  p r e s e n t   in  s a i d  

ammonium  n i t r a t e   p r i l l s .  



24.  An  e x p l o s i v e   p r o d u c t   of  C l a i m   21  

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

p r e s e n t .  

25.  A  me thod   of  d e l i v e r i n g   t he   e x p l o s i v e  

p r o d u c t   of  C l a i m   22  to  a  b o r e h o l e   t h r o u g h   a  c o n d u i t  

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

t h r o u g h   an  a n n u l a r   s t r e a m   of  a q u e o u s   l u b r i c a t i n g  

l i q u i d   f l o w i n g   t h r o u g h   the   c o n d u i t   in  t he   s a m e  

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

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

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

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

a q u e o u s   l u b r i c a t i n g   l i q u i d .  

26.  A  me thod   of  C l a i m   25  w h e r e i n   s a i d  

a q u e o u s   l u b r i c a t i n g   l i q u i d   is   n a t u r a l l y   o c c u r r i n g  

w a t e r .  
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