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@  Asphalt  separation  and  heavy  oil  extraction/treatment. 

  The  removal  of  asphalt  from  heavy  oil  is  accomplished 
by  delivering  the  heavy  oil,  mixed  with  pentane,  to  the  in- 
terior  of  a  drum  (10)  provided  with  screw  flights  (38).  The 
asphalt  precipitates  and  rotation  of  the  drum  effects  separa- 
tion  by  progressive  decantation.  Delivery  of  washing  solvent 
(at  52)  and  steam  (at  54)  to  different  regions  of  the  drum  (10) 
leads  to  discharge  of  asphalt  which  is  well  separated  from 
traces  of  the  crude  oil. 

The  process  is  advantageously  utilised  in  connection 
with  enhanced  oil  recovery.  Coal  and  limestone  area  added 
(at  58, 60)  to  the  discharged  asphalt  and  briquetted  (at  68)  to 
a  solid  fuel  used  to  provide  process  heat  for  enhanced  oil 
recovery  operations  with  an  advantageous  financial  econ- 
omy. 



T h i s   i n v e n t i o n   r e l a t e s   to  t he   u p g r a d i n g   a n d / o r  

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

may  in  p a r t i c u l a r   be  h e a v y   c r u d e   o i l ,   an  e m u l s i o n  

t h e r e o f ,   or  a  h e a v y   f r a c t i o n   o b t a i n e d   in   t he   c o u r s e   o f  

o i l   r e f i n i n g .   H o w e v e r ,   the  i n v e n t i o n   i s   not  n e c e s s a r i l y  

r e s t r i c t e d   to   s u c h   o i l s .  

Heavy  o i l ,   such   as  r e s i d u a l   o i l ,   vacuum  r e s i d   o r  

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

t y p i c a l l y   c o n t a i n   10  to   40%  a s p h a l t .  

I t   i s   a l r e a d y   w e l l   known  t h a t   d i s s o l v i n g   a  h e a v y   o i l  

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

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

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

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

n e c e s s i t a t e   the   c o n s i d e r a b l e   c o m p l i c a t i o n s   a t t e n d a n t   on 

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

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

l i q u i d / l i q u i d   s e p a r a t i o n s   to  s e p a r a t e   the   a s p h a l t .   T h e  

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

and  i s   m a i n l y   s u i t e d   to   an  o i l   r e f i n e r y .   C a n a d i a n   P a t e n t  

9 4 0 8 5 8   u t i l i s e s   h y d r o c y c l o n i c   s e p a r a t i o n   of  an  a s p h a l t e n e  



r i c h   m i x t u r e   f rom  a  m a l t e n e   r i c h   m i x t u r e ,   in  t he   p r e s e n c e  

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

a d d i t i o n   and  f i l t r a t i o n .   O t h e r   p a t e n t s   s u c h   as  US  4 4 4 0 6 3 3  

t e a c h   s e p a r a t i o n   of  an  a s p h a l t   r i c h   p h a s e   w h e r e   s e t t i n g  

of   h e a v y   l i q u i d   or  s l u d g e   i s   f a c i l i t a t e d   by  means   o f  

u l t r a s o u n d .  

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

h y d r o c a r b o n   s o l u t i o n   from  sand   by  means   of  a  r o t a r y  

s e p a r a t o r   c o n s i s t i n g   of  an  i n c l i n e d   drum  w i t h   a  h e l i c a l  

s c r e w   e x t e n d i n g   i n w a r d l y   f rom  i t s   i n s i d e   s u r f a c e   as  s h o w n  

in   US  P a t e n t   4 0 9 8 6 4 8 .   T h i s   a p p a r a t u s   h o w e v e r   i s  

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

two  or  t h r e e   t i m e s   g r e a t e r .   For  t h i s   p u r p o s e   the   h e l i c a l  

f l i g h t s   of  the  s c r e w   w i t h i n   t he   drum  have  c o n s t a n t   s i z e  

and   p i t c h ,   and  have  a p e r t u r e s   at  r a d i a l l y   o u t w a r d  

p o s i t i o n s   f o r   the   t h r o u g h   f l o w   of  s o l v e n t   c o u n t e r -  

c u r r e n t   to   t he   s a n d   w h i c h   i s   c a r r i e d   up  the   r o t a t i n g  

drum.   Such  an  a r r a n g e m e n t ,   h o w e v e r ,   wou ld   no t   be  

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

of  the  m a t e r i a l s   were   v e r y   much  c l o s e r ,   ( s u c h   as  c r u d e  

o i l   and  a s p h a l t e n e   p r e c i p i t a t e ) .   A p e r t u r e s   at  r a d i a l l y  

o u t w a r d   p o s i t i o n s   in   the   f l i g h t s   wou ld   a l l o w   b o t h   t h e  

s o l i d   and  l i q u i d   to   p a s s   t h r o u g h ,   so  t h a t   t he   d e s i r e d  

s e p a r a t i o n   w o u l d   no t   o c c u r .  

T h i s   p a t e n t   does   not  r e l a t e   to   r e m o v a l   of  r e s i d u a l  



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

s o l v e n t .  

U s i n g   a  h e a v y   h y d r o c a r b o n   b i n d e r   to   b i n d   s o l i d   f u e l  

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

the   p r o c e s s i n g   of  m e t a l   o r e .   US  p a t e n t   4226601   g o e s  

f u r t h e r   and  t e a c h e s   i n c o r p o r a t i o n   of  a  compound   w h i c h  

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

b u r n t .   A s p h a l t   i s   not   m e n t i o n e d   as  a  b i n d e r ,   nor  i s   a n y  

p a r t i c u l a r   use   of  the  f u e l   p r o p o s e d .  

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

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

d e a l i n g   w i t h   i t   a r e   ( i )   t r a n s p o r t   t h r o u g h   h e a t e d  

p i p e l i n e s   ( w h i c h   i s   done  on  a  l a r g e   s c a l e   in   C a l i f o r n i a  

and  V e n e z u e l a ) ,   ( i i )   m i x t u r e   w i t h   p e r h a p s   15-30%  b y  

v o l u m e   of  a  d i l u e n t ,   ( w h i c h   i s   done  on  a  l a r g e   s c a l e   i n  

C a n a d a )   and   ( i i i )   b u i l d i n g   a  r e l a t i v e l y   c o m p l e x   u p g r a d i n g  

r e f i n e r y   t y p e   p l a n t   at  the   r e m o t e   l o c a t i o n .  

The  e x p e n s e   i n v o l v e d   in   h e a t i n g   p i p e l i n e s   i s   s e l f -  

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

on  the   a v a i l a b i l i t y   of  d i l u e n t .   P r o j e c t s   to  b u i l d  

u p g r a d i n g   r e f i n e r i e s   in   r e m o t e   r e g i o n s   have  been  put  i n  

h a n d ,   and  t h e n   d i s c o n t i n u e d   due  to   l a c k   of  p r o f i t a b i l i t y ,  

and  due  to   t he   l o n g   l e a d   t i m e   b e f o r e   the   s u b s t a n t i a l  

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

The  o b j e c t   of  c e r t a i n   a s p e c t s   of  the  i n v e n t i o n   i s   t o  



p r o v i d e   i m p r o v e d   e c o n o m i c s   in  s o - c a l l e d   e n h a n c e d   o i l  

r e c o v e r y ,   a n d / o r   in   o i l   r e f i n i n g .   A n o t h e r   o b j e c t ,   o f  

a s p e c t s   of  the  i n v e n t i o n ,   is   to  p r o v i d e   an  i m p r o v e d  

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

g e o g r a p h i c a l l y   r e m o t e   r e g i o n s   (so  t h a t   i t   can  be  u s e d  

p r o x i m a t e   the   w e l l h e a d s )   and  r e q u i r i n g   o n l y   m o d e r a t e  

c a p i t a l   i n v e s t m e n t  

A c c o r d i n g   to   a  f i r s t   a s p e c t   of  t h i s   i n v e n t i o n   t h e r e  

i s   p r o v i d e d   a  p r o c e s s   and  d e c a n t a t i o n   a p p a r a t u s   f o r  

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

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

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

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

f o r   m i x i n g   t he   h e a v y   o i l   or  e m u l s i o n   w i t h   a  l i g h t e r  

p a r a f f i n   s o l v e n t ,   and  may  i n c l u d e   means   f o r   r e c o v e r i n g  

t he   s o l v e n t   by  d i s t i l l i n g   the   s e p a r a t e d   s u p e r n a t a n t  

s o l u t i o n .   I t   may  a l s o   i n c l u d e   a  b r i q u e t t i n g   p r e s s  

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

The  d e c a n t a t i o n   a p p a r a t u s   c o m p r i s e s   a  drum  p r o v i d e d  

w i t h   a t   l e a s t   one  i n l e t   d e l i v e r i n g   to   t he   drum  i n t e r i o r  

i n t e r m e d i a t e l y   b e t w e e n   t he   ends   of  the   drum,  an  o u t l e t  

f o r   s u p e r n a t a n t   l i q u i d   ( w h i c h   w i l l   be  m a l t e n e / s o l v e n t  

m i x t u r e )   a t   one  a x i a l   end  of  the  drum  and  an  o u t l e t   f o r  

p r e c i p i t a t e d   a s p h a l t   at  t he   a x i a l l y   o p p o s i t e   end  of  t h e  

d r u m ,  



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

the  f l i g h t s   of  w h i c h   p r o j e c t   r a d i a l l y   i n w a r d l y   from  t h e  

w a l l   of  the  drum  and  e x t e n d   w i t h o u t   a p e r t u r e   to  an  

o v e r f l o w   l e v e l   s p a c e d   from  the  drum  w a l l ,  

means  m o u n t i n g   the   drum  f o r   r o t a t i o n ,   the  s h a p e   a n d  

o r i e n t a t i o n   of  the  drum  and  the  o v e r f l o w   l e v e l s   of  t h e  

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

o v e r f l o w   ove r   t he   f l i g h t s   i s   t o w a r d s   the  l i q u i d   o u t l e t  

end ,   the  s c r e w   f l i g h t s   b e i n g   a r r a n g e d   s u c h   t h a t   t h e  

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

d e c r e a s e   t o w a r d s   the  a s p h a l t   o u t l e t   end  of  the  d r u - ,   a n d  

d r i v e   means   f o r   r o t a t i n g   the   drum  so  as  to  c o n v e y  

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

a s p h a l t .  

The  a r r a n g e m e n t   of  the  drum  and  the   f l i g h t s   of  t h e  

s c r e w   w i t h i n   i t   to  g ive   the   r e q u i r e d   f u n c t i o n s   can  be 

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

drum  w h i c h   i s   a  r i g h t   c y l i n d e r .   I t   i s   t h e n   r e a d i l y  

a r r a n g e d   t h a t   o v e r f l o w   i s   d o w n w a r d s   t o w a r d s   the   l o w e r  

end ,   and  l i q u i d   o u t l e t   i s   f rom  t h a t   end.   The  c y l i n d e r  

a x i s   may  be  t i l t e d   to   the   h o r i z o n t a l   e . g .   in  the   r a n g e   o f  

5°  t o   15° ,   and  i s   r o t a t e d   to   c a r r y   t he   d e n s e r  

p r e c i p i t a t e d   a s p h a l t   up  the   i n c l i n e   to   t he   o u t l e t   f o r   i t  

w h i c h   i s   at  the   u p p e r   end.   C o n c e i v a b l y ,   h o w e v e r ,   t h e  

drum  c o u l d   be  a  f r u s t r u m   of  a  cone  m o u n t e d   on  a  



h o r i z o n t a l   a x i s .   Then  the   l o w e r   h a l f   of  the  cone  i s   o f  

c o u r s e   i n c l i n e d ,   and  the   a s p h a l t   o u t l e t   i s   at  the   n a r r o w  

end  w h i l e   the   l i q u i d   o u t l e t   i s   at  the   w ide   e n d .  

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

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

By  r e a s o n   of  t h i s   f e a t u r e   t h e r e   i s   o v e r f l o w   at  e v e r y  

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

t o w a r d s   the  a s p h a l t   o u t l e t   t h e r e   i s   o v e r f l o w   o f  

s u p e r n a t a n t   l i q u i d   s o l u t i o n   at  e v e r y   f l i g h t   and  t h e  

v o l u m e   of   s u p e r n a t a n t   l i q u i d   b e t w e e n   the   f l i g h t s  

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

v o l u m e   can  be  a c h i e v e d   in   v a r i o u s   ways.   I f   the  drum  i s   a  

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

t h e   f l i g h t s   e x t e n d   r a d i a l l y   i n w a r d s   f rom  the  drum  w a l l   t o  

d e c r e a s e   p r o g r e s s i v e l y .   The  same  r e s u l t   c o u l d  

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

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

end .   I f   the   drum  was  in   the   form  of  a  f r u s t r u m   of  a  c o n e  

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

even   i f   the   d i s t a n c e   by  w h i c h   the   f l i g h t s   p r o j e c t e d  

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

r e m a i n e d   c o n s t a n t .  

I t   i s   not   e s s e n t i a l   t h a t   t h e r e   s h o u l d   be  a  d e c r e a s e  

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

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



o u t l e t   end.   In  p a r t i c u l a r   t h e r e   c o u l d   be  s e v e r a l   t u r n s  

of  the  h e l i x   w i t h   a  c o n s t a n t   or  even  i n c r e a s i n g   v o l u m e  

b e t w e e n   them  a d j a c e n t   to   the   a s p h a l t   o u t l e t   e n d ,  

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

s u p e r n a t a n t   l i q u i d   w o u l d   more  or  l e s s   have  c e a s e d   b e f o r e  

r e a c h i n g   t h i s   end  of  the  d r u m .  

The  s c r e w   f l i g h t s   may  have  no  a p e r t u r e s   at  a l l ,   a n d  

e x t e n d   r a d i a l l y   i n w a r d s   to  an  edge  a c t i n g   as  a  w e i r   w h e r e  

the   s u p e r n a t a n t   l i q u i d   o v e r f l o w s .   An  a l t e r n a t i v e   t o  

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

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

a  c e r t a i n   d i s t a n c e   f rom  the  e d g e ,   but  t h e n   have  some  f o r m  

of  a p e r t u r e ( s )   b e f o r e   r e a c h i n g   ( i . e .   s p a c e d   o u t w a r d l y  

f r o m )   the   i n n e r   e x t r e m i t y   of  the  f l i g h t s .   Such  a p e r t u r e s  

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

f l i g h t s .   Such  a p e r t u r e s ,   i f   p r e s e n t ,   would   d e t e r m i n e   t h e  

o v e r f l o w   l e v e l ,   e . g .   at  the   r a d i a l l y   o u t e r   l e v e l   o f  

c a s t e l l a t i o n s ,   but   c o u l d   e n a b l e   d e c a n t a t i o n   f rom  a  d e p t h  

w i t h i n   the   s u p e r n a t a n t   l i q u i d .  

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

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

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

o i l ,   c o m p r i s e s   m i x i n g   the   o i l   or  e m u l s i o n   w i t h   a  l i g h t e r  

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

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



means  of  the  d e c a n t a t i o n   a p p a r a t u s   s e t   f o r t h   a b o v e .  

As  m e n t i o n e d   a b o v e ,   i t   i s   a l r e a d y   known  t h a t  

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

as  p r o p a n e   or  b u t a n e   w i l l   p r e c i p i t a t e   a s p h a l t .  

I  have  f o u n d   t h a t   when  a  h e a v y   c r u d e   o i l   is   m i x e d  

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

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

p e t r o l e u m   e t h e r   d i s t i l l i n g   in   a  r a n g e   s t a r t i n g   a t   4 0 ° C  

and  e x t e n d i n g   no t   h i g h e r   t h a n   80°C  at  a t m o s p h e r i c  

p r e s s u r e ,   not  o n l y   do  a  l a r g e   p r o p o r t i o n   of  a s p h a l t e n e ,  

p o l a r   m a t e r i a l s   and  r e s i n s   form  a  p r e c i p i t a t e   but  a l s o ,  

s i g n i f i c a n t l y ,   the  p r e c i p i t a t e   can  be  s e p a r a t e d   by  m e a n s  

of  the  p r o c e s s   of  t h i s   i n v e n t i o n   at  o n l y   m o d e s t  

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

s o l v e n t   i s   2  to   4  t i m e s   the  vo lume   of  o i l .   M i x i n g   i s  

p r e f e r a b l y   a c c o m p l i s h e d   a t   a  t e m p e r a t u r e   of  1 0 0 - 2 0 0 ° C .  

The  same  i s   t r u e   i f   the  c r u d e   o i l   i s   in   the   form  o f  

an  a q u e o u s   e m u l s i o n .   M o r e o v e r   i t   i s   a  v a l u a b l e   f e a t u r e  

t h a t   a d d i n g   the   s o l v e n t   in   a  s u f f i c i e n t   q u a n t i t y   a l s o  

b r e a k s   the  e m u l s i o n   so  t h a t   the   o i l   can  r e a d i l y   be  

s e p a r a t e d   f rom  the  w a t e r .   The  p r e c i p i t a t e d   s o l i d s   s e t t l e  

i n t o   the   w a t e r   p h a s e .   The  s o l i d s   a r e   h y d r o p h i l i c ,   a n d  

h a v i n g   the   s o l i d s   become  w a t e r   wet  g r e a t l y   a s s i s t s   i n  

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

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



t han   w a t e r .   A  s u i t a b l e   q u a n t i t y   of  s o l v e n t   f o r   a  h e a v y  

c r u d e   o i l   e m u l s i o n   i s   2  to   4  t i m e s   the  vo lume   of  o i l  

c o n t a i n e d   in   the   e m u l s i o n .  

At  l e a s t   in   p r e f e r r e d   f o r m s   of  the  i n v e n t i o n ,   t h e  

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

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

a s p h a l t   may  be  w a s h e d   w i t h   a d d i t i o n a l   s o l v e n t   i n t r o d u c e d  

i n t o   the  i n t e r i o r   of  the  drum  by  a  p i p e   p r o v i d e d   f o r   t h e  

p u r p o s e .   The  s o l v e n t   i s   p a r t l y   s e p a r a t e d   by  d e c a n t a t i o n  

in  the   same  way  as  the  o r i g i n a l   s u p e r n a t a n t   l i q u i d   a n d  

j o i n s   t h a t   o r i g i n a l   l i q u i d   to  l e a v e   v i a   the   l i q u i d  

o u t l e t .  

S team  may  be  i n t r o d u c e d   t h r o u g h   a  p ipe   i n t o   t h e  

i n t e r i o r   of  the  drum.   I t   w i l l   w a t e r   wet  p r e c i p i t a t e d  

a s p h a l t   and  e v a p o r a t e   s o l v e n t   l i q u i d   f rom  the  l a r g e l y  

s e p a r a t e d   a s p h a l t .   On ly   low  t e m p e r a t u r e   and  p r e s s u r e  

s t e a m   i s   r e q u i r e d .   I t   w i l l   a l s o   p a r t i a l l y   m e l t   t h e  

s u r f a c e   of  the  a s p h a l t   and  c a u s e   i t   to  a g g l o m e r a t e .   I t  

i s   l i k e w i s e   a p p r o p r i a t e   to   p r o v i d e   an  o u t l e t   f o r   s o l v e n t  

v a p o u r   w h i c h   can  be  d r awn   o f f ,   c o n d e n s e d ,   and  r e c y c l e d .  

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

the  drum  may  be  m i x e d   w i t h   w a t e r   w h i c h   can  be  at  l e a s t  

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

h e a v y   o i l   f e e d ,   a n d / o r   a d d e d   p r o c e s s   w a t e r .   P r e f e r a b l y  

mos t   or  s u b s t a n t i a l l y   a l l   of  the  w a t e r   w i l l   be  d i s c h a r g e d  



w i t h   the   a s p h a l t ,   wh ich   may  a p p e a r   as  wet  powder   or  a  

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

o r i g i n a t i n g   e m u l s i o n   and  the   q u a n t i t y   of  s t e a m   or  p r o c e s s  

w a t e r   a d d e d .  

I f   the   drum  i s   a r r a n g e d   f o r   v a p o u r   to  be  e v a p o r a t e d  

w i t h i n   i t   from  the  s e p a r a t e d   a s p h a l t ,   i t   i s   p r e f e r a b l e  

t h a t   the   drum  i s   a r r a n g e d   to   r e t a i n   some  s u p e r a t m o s p h e r i c  

p r e s s u r e .  

For  t h i s   r e a s o n   t he   two  ends  of  the  drum  a r e  

p r e f e r a b l y   s e c u r e d   to   each   o t h e r .   I t   i s   c o n v e n i e n t   f o r  

the   l o w e r   end  of  the  drum,   w i t h   the   o u t l e t   f o r  

s u p e r n a t a n t   l i q u i d ,   to  be  f i x e d   to   the   drum  to  r o t a t e  

w i t h   i t ,   w h i l e   the   u p p e r   end  i s   s t a t i c   but   s e a l e d   t o   t h e  

r o t a t i n g   drum,   e . g .   w i t h   s t u f f i n g   b o x e s .  

The  a p p a r a t u s   may  be  p r o v i d e d   w i t h   means   f o r  

d i s l o d g i n g   s o l i d   a s p h a l t   a d h e r i n g   to   the   f l i g h t s ,   a n d  

c a r r i e d   u p w a r d l y   ou t   of  the  l o w e r   p a r t   of  the  drum.  T h i s  

c o u l d   be  a c h i e v e d   by  means   of  a p p r o p r i a t e l y   d i r e c t e d  

j e t ( s )   of   w a s h i n g   s o l v e n t   or  s t e a m .   A  f u r t h e r  

p o s s i b i l i t y   f o r   t h i s   p u r p o s e   i s   one  or  more   s c r a p i n g  

b l a d e s   e n g a g i n g   the   s c r e w   f l i g h t s   and  a r r a n g e d   to   r o t a t e  

in  the   o p p o s i t e   s e n s e   t o   the   drum,  at  an  e q u a l   r a t e ,   s o  

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

P r e f e r a b l y ,   in  the   above   a s p e c t s   of  t h i s   i n v e n t i o n  

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



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

h e a t   and  h e n c e   a r e   e n c o u r a g e d   to   a g g l o m e r a t e   t o g e t h e r .  

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

s e p a r a t i o n   from  any  r e m a i n i n g   s u p e r n a t a n t   l i q u i d .  

The  drum  may  be  r o t a t e d   at  a  r e l a t i v e l y   s low  s p e e d  

e . g .   l e s s   than   a b o u t   25  rpm  so  t h a t   the   s o l i d   p a r t i c l e s  

a r e   e n c o u r a g e d   to   a g g l o m e r a t e   by  a  g e n t l e   t u m b l i n g   a c t i o n  

r a t h e r   t h a n   b e i n g   c e n t r i f u g e d   to   the  p e r i p h e r y   of  t h e  

d r u m .  

I t   i s   s u i t a b l e   f o r   the   ( r e l a t i v e l y   s l o w )   s p e e d   o f  

r o t a t i o n   to   be  s u c h   t h a t   the   m i x t u r e   and  i t s   s e p a r a t e d  

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

d r u m .  

The  s u p e r n a t a n t   l i q u i d   o b t a i n e d   f rom  the  drum  i s  

p r e f e r a b l y   d i s t i l l e d   to   r e c o v e r   the  s o l v e n t ,   wh ich   i s  

r e u s e d .   The  r e s i d u e   f rom  t h i s   d i s t i l l a t i o n   i s  

e f f e c t i v e l y   a  c r u d e   o i l ,   but   one  w h i c h   has  been  u p g r a d e d  

from  the  o r i g i n a l   h e a v y   c r u d e   by  the  r e m o v a l   of  t h e  

a s p h a l t .   In  c o n s e q u e n c e   the   o i l   is   l e s s   v i s c o u s   and  m o r e  

e a s i l y   p u m p a b l e .   A l s o   the   s u l p h u r   and  m e t a l s   c o n t e n t s   o f  

c r u d e   o i l   a r e   u s u a l l y   more   c o n c e n t r a t e d   in   t he   a s p h a l t  

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

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

c o n t e n t s   of  the  o i l .  

When  s o l v e n t   i s   r e c o v e r e d   by  d i s t i l l a t i o n   a n d  



r e c y c l e d ,   i t   i s   d e s i r a b l e   to   c h o o s e   t he   s o l v e n t   so  t h a t  

a r o m a t i c   c o m p o u n d s   do  not  p r o g r e s s i v e l y   a c c u m u l a t e   in   t h e  

c i r c u l a t i n g   s o l v e n t ,   b e c a u s e   any  c o n c e n t r a t i o n s   of  t h e s e  

i n c r e a s i n g l y   d i s s o l v e   a s p h a l t e n e .  

I  have  f o u n d   t h a t   a  s u i t a b l e   s o l v e n t   i s   c o m m e r c i a l  

p e n t a n e   w h i c h   f o r   e x a m p l e   may  be  o b t a i n e d   by 

r e f r a c t i o n a t i n g   the   c o n d e n s a t e   f rom  n a t u r a l   g a s  

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

the   r e m o v a l   of  p r o p a n e   and  mos t   b u t a n e .   I t   g e n e r a l l y   h a s  

a  b o i l i n g   r a n g e   of  up  to   800C  at  a t m o s p h e r i c   p r e s s u r e .  

I t   i s   m a i n l y   p e n t a n e   w i t h   m i n o r   a m o u n t s   of  p r o p a n e   a n d  

b u t a n e ,   and  a l s o   m i n o r   a m o u n t s   of  h e x a n e   and  h e p t a n e .   I t  

i s   e n v i s a g e d   t h a t   a  cu t   f rom  l o c a l l y   a v a i l a b l e   g a s  

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

Thus  the  p r o p o r t i o n s   of  p r o p a n e ,   b u t a n e ,   h e x a n e   a n d  

h e p t a n e   w i l l   d e p e n d   on  the   gas  c o n d e n s a t e   q u a l i t i e s  

a v a i l a b l e .   I t   has  been  f o u n d   by  e x p e r i m e n t   t h a t   t h e  

y i e l d s   of  p r e c i p i t a t e d   a s p h a l t ,   r e s i n s   and  p o l a r s   do  n o t  

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

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

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

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

p r e c i p i t a t i o n   of  a s p h a l t e n e ,   but  t h e y   w i l l   not  d i s t i l   o u t  

of  the  s o l u t i o n   at  80°C.   They  w o u l d   d i s t i l   out   at  a  

h i g h e r   t e m p e r a t u r e ,   but   c o n d e n s i n g   the   s o l v e n t   from  a  



d i s t i l l a t i o n   t e m p e r a t u r e   h i g h e r   t h a n   80°C  may  r e s u l t   in   a  

b u i l d   up  of  any  p e n t a n e   p r e s e n t   in   the   c r u d e   o i l .   I t  

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

s o l v e n t   c o n s t i t u e n t .  

When  the   s o l v e n t   i s   r e c o v e r e d   f rom  the  o i l   s o l u t i o n  

by  d i s t i l l a t i o n ,   use  of  a  s o l v e n t   w h i c h   i s   p r e d o m i n a t e l y  

p e n t a n e ,   wh ich   can  be  r e c o v e r e d   by  d i s t i l l a t i o n   at  a  

t e m p e r a t u r e   e q u i v a l e n t   to  a r o u n d   8 0  C ,   e n a b l e s   t h e  

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

p r o g r e s s i v e l y   a c c u m u l a t i n g   in   i t .   Thus  the  s o l v e n t  

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

I t   may  w e l l   be  t h a t   the   l e v e l   of  some  a r o m a t i c s   i n  

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

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

but   n e v e r t h e l e s s   low  enough   to   be  a c c e p t a b l e .  

I t   i s   h i g h l y   d e s i r a b l e   t h a t   the   s t e a d y   s t a t e  

c o n c e n t r a t i o n   of  a r o m a t i c s   in  the   s o l v e n t   i s   n o t  

s u b s t a n t i a l l y   g r e a t e r   t h a n   (and  p r e f e r a b l y   i s   l o w e r   t h a n )  

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

Use  of  a  m o d e s t   s u p e r a t m o s p h e r i c   p r e s s u r e   in   t h e  

d rum,   say  5  to   15  p s i   ( 0 . 3   to   0.9  b a r )   i s   v a l u a b l e   i n  

t h a t   i t   e n a b l e s   the  t e m p e r a t u r e   to   be  k e p t   s u f f i c i e n t l y  

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

a g g l o m e r a t e s   in   t he   drum.   T h e r e   i s   a  " w i n d o w "   of  u s e f u l  

t e m p e r a t u r e s   b e t w e e n   a  l o w e r   l e v e l   wh ich   s h o u l d   be  h i g h  



enough   f o r   a g g l o m e r a t i o n   to   o c c u r ,   and  a  h i g h e r   l e v e l   l o w  

enough   t h a t   a r o m a t i c s   do  not  a c c u m u l a t e   in   r e c i r c u l a t i n g  

s o l v e n t .  

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

use   in   the   t r e a t m e n t   of  h e a v y   c r u d e   o i l   from  an  o i l   w e l l ,  

in   p a r t i c u l a r   e x t r a   h e a v y   o i l s   wh ich   have  b e e n  

d i s c o v e r e d .   I t   m i g h t   be  an  a q u e o u s   e m u l s i o n   of  h e a v y  

c r u d e   o i l   o b t a i n e d   from  an  e n h a n c e d   o i l   r e c o v e r y  

o p e r a t i o n   in   w h i c h   s t e a m   i s   i n j e c t e d   i n t o   an  o i l - b e a r i n g  

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

s t r a t a .   In  t h e s e   c a s e s   the  i n v e n t i o n   i s   p r e f e r a b l y   p u t  

i n t o   p r a c t i c e   n e a r   one  or  more  o i l   w e l l s ,   to  g ive   a n  

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

i n v e n t i o n   c o u l d   a l s o   be  u s e d   at   an  o i l   r e f i n e r y   f o r  

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

a t m o s p h e r i c   or  vacuum  d i s t i l l a t i o n   t o w e r .  

U s i n g   a  s o l v e n t   d e a s p h a l t i n g   p l a n t   w i t h   a  

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

e n v i s a g e d   as  r e q u i r i n g   m o d e r a t e   c a p i t a l   i n v e s t m e n t   at  t h e  

w e l l h e a d   r e g i o n .   I t   can  be  o p e r a t e d   as  a  r e l a t i v e l y  

s m a l l   and  s i m p l e   t r e a t m e n t   p l a n t ,   so  t h a t   the   s c a l e   o f  

i n v e s t m e n t   b e f o r e   t h e r e   i s   any  r e t u r n   on  i t   w i l l   b e  

m o d e s t   c o m p a r e d   w i t h   p r e v i o u s   p r o j e c t s   to  b u i l d   c o m p l e x ,  

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

r e g i o n s .  



I t   i s   e n v i s a g e d   t h a t   the   p r o c e s s   w i l l   be  c a r r i e d   o u t  

at  or  n e a r   to   the   o i l   w e l l ,   or  a  c l u s t e r   of  w e l l s ,  

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

a r e a   i t   w i l l   not   be  e c o n o m i c   to   t r a n s p o r t   the   a s p h a l t ,  

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

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

as  b r i q u e t t e s ,   and  b u r n t   as  a  s o l i d   f u e l .   P r e s s i n g   t h e  

b r i q u e t t e s   s e r v e s   to  f o r c e   out   w a t e r   m i x e d   w i t h   t h e  

a s p h a l t .  

T h i s   f u e l   w i l l   have  an  a p p r e c i a b l e   s u l p h u r   c o n t e n t ,  

bu t   e m i s s i o n   of  s u l p h u r   o x i d e s   from  c o m b u s t i o n   i s  

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

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

d e c a n t e r   drum,  at  a  p o i n t   s p a c e d   from  the  o u t l e t   f o r   t h e  

a s p h a l t .   T h i s   i s   t hen   i n t i m a t e l y   m i x e d   i n t o   the   a s p h a l t .  

On  c o m b u s t i o n   the   l i m e   or  m a g n e s i u m   o x i d e   s e r v e s   to  b i n d  

the   s u l p h u r   c h e m i c a l l y   as  s u l p h a t e   or  s u l p h i t e   in   t h e  

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

l o c a l   a v a i l a b i l i t y .  

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

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

or  n i c k e l   may  be  bound  in  the   a s h ,   w h i c h   i s   a l s o  

a d v a n t a g e o u s .   A d d i t i v e s   to  b i n d   i m p u r i t y   m e t a l s   in  t h e  

ash   may  be  a d m i x e d ,   a l o n g   w i t h   t he   s u l p h u r   b i n d i n g  

c o m p o u n d .  



For  m i x i n g   the   l i m e   or  m a g n e s i u m   compound   i n t o   t h e  

a s p h a l t  i t   i s   a p p r o p r i a t e   f o r   the  d e c a n t e r   drum  to  be  

p r o v i d e d   w i t h   a  f e e d   s c r e w   to  d i s c h a r g e   i n t o   the   i n t e r i o r  

of   the  drum  f a i r l y   c l o s e   to   the   o u t l e t   f o r   a s p h a l t   b u t  

s p a c e d   from  i t   by  s e v e r a l   s c rew  f l i g h t s   so  t h a t   t h e  

a d d i t i v e   m i x e s   w i t h   the   s e p a r a t e d   a s p h a l t   d u r i n g   t h e  

f i n a l   p a r t   of  p r o g r e s s   up  the   d r u m .  

I t   i s   d e s i r a b l e   t h a t   the   b r i q u e t t e s   or  o t h e r   s h a p e d  

o b j e c t s   a r e   s t r o n g   e n o u g h   to   c o n t a i n   w i t h i n   them  t h e  

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

t h e i r   g r e e n   s t r e n g t h   i s   a d e q u a t e   f o r   t h i s   bu t   as  a n  

o p t i o n a l   a d d i t i o n a l   s t e p ,   the  b r i q u e t t e s   or  o t h e r   s h a p e d  

o b j e c t s   may  be  s i n t e r e d   to   i m p r o v e   t h e i r   s t r e n g t h .   I t   i s  

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

r e a c t i o n s   wou ld   at  l e a s t   commence,   and  p r o d u c e   c a l c i u m   o r  

m a g n e s i u m   s u l p h a t e s .  

A  f u r t h e r   a s p e c t   of  the  i n v e n t i o n   c o n c e r n s  

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

i n v e n t i o n   p r o v i d e s   a  p r o c e s s   wh ich   c o m p r i s e s   s e p a r a t i n g  

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

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

a s p h a l t   and  a  s o l i d   compound   to   a b s o r b   s u l p h u r   o n  

c o m b u s t i o n ,   and  s u b j e c t i n g   the   m i x t u r e   to   c o n d i t i o n s   s u c h  

t h a t   the   a s p h a l t   b i n d s   and  a g g l o m e r a t e s   the  o t h e r   s o l i d s ,  

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



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

a  p l a n t   or  p r o c e s s   p r o d u c i n g   the   h e a v y   h y d r o c a r b o n   f e e d .  

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

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

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

f i x i n g   r e a c t i o n s   in   the   b r i q u e t t e s   d u r i n g   c o m b u s t i o n .   I n  

t h i s   way  the   s o l i d   f u e l   a n d / o r   the   b i n d e r   can  i m p o r t  

s u b s t a n t i a l   s u l p h u r   i n t o   the   b r i q u e t t e s ,   and  yet   t h e y   c a n  

be  b u r n e d   in  c o n v e n t i o n a l   s o l i d   f u e l   b o i l e r s .  

One  p a r t i c u l a r   use  of  such  a  p r o c e s s   wou ld   be  as  a  

means   of  u t i l i s i n g   h i g h   s u l p h u r   p e t r o l e u m   coke  w h i c h   i s  

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

w h i c h   i s   a  low  v a l u e   m a t e r i a l .  

The  i n v e n t i o n   can  be  e x p e c t e d   to   p r o v i d e   a  c h e a p e r  

p r o c e s s   t han   t he   c u r r e n t   t e c h n o l o g y   f o r   b u r n i n g   s u c h  

m a t e r i a l s .   The  p r e s e n t   p r a c t i c e   i s   to  b l e n d   f u e l s   a n d  

t h u s   meet   e m i s s i o n   s t a n d a r d s .   A  p r o c e s s   c u r r e n t l y  

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

d i o x i d e ,   and  in   t h i s   way  meet   e m i s s i o n   s t a n d a r d s .   A 

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

a l s o   meet   e m i s s i o n   s t a n d a r d s ,   but   i s   more   e c o n o m i c a l .  

A  v a l u a b l e   use   of  t h i s   a s p e c t   of  the  i n v e n t i o n   i s   t o  

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

Oi l   R e c o v e r y   m e t h o d   in   w h i c h   s t e a m   i s   i n j e c t e d   i n t o   a n  

o i l - b e a r i n g   s t r a t a   or  in  w h i c h   c o m b u s t i o n   i s   u s e d   to   h e a t  



u p  t h e   s t r a t a .   In  t h e s e   c a s e s   the  i n v e n t i o n   i s  

p r e f e r a b l y   put  i n t o   p r a c t i c e   n e a r   one  or  more   o i l   w e l l s ,  

so  t h a t   d e a s p h a l t i n g   g i v e s   an  u p g r a d e d   o i l   s u i t a b l e   f o r  

p u m p i n g .  

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

fo r   the  u p g r a d i n g   of  h e a v y   o i l   p r o d u c e d   by  E n h a c e d   O i l  

R e c o v e r y   o p e r a t i o n s   (EOR)  the   a d m i x t u r e   of  coke  or   c o a l  

to  the   a s p h a l t ,   and  b u r n i n g   i t   as  f u e l ,   can  be  of  g r e a t  

v a l u e   to   the  o v e r a l l   e c o n o m i c s   of  the  o i l   e x t r a c t i o n   a n d  

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

In  C a l i f o r n i a   and  V e n e z u e l a   t he   e n e r g y   f o r   t h e  

E n h a n c e d   Oil   R e c o v e r y   i s   p r e d o m i n a n t l y   p r o v i d e d   by  

b u r n i n g   20  to   30%  of   the  h e a v y   o i l   p r o d u c e d   f rom  the  o i l  

f i e l d s .  

D e a s p h a l t i n g   w i t h   p e n t a n e   and  a  d e c a n t e r   drum  a s  

above   wou ld   on  a v e r a g e   r emove   15%  of  s o l i d   a s p h a l t   w h i c h  

wou ld   be  b u r n e d   to   p r o v i d e   e n e r g y   f o r   the  d e a s p h a l t i n g  

and  o i l   e x t r a c t i o n   p r o c e s s e s .   By  a d d i n g   coke  or  c o a l   t o  

the  a s p h a l t ,   a  g r e a t e r   q u a n t i t y   of  e n e r g y   can  be  o b t a i n e d  

at  the   c o m b u s t i o n   s t a g e .   The  b a l a n c e   of  e n e r g y   r e q u i r e d  

f o r   the   p r o d u c i n g   and   t r e a t m e n t   o p e r a t i o n s   can  be  made  u p  

by  t h i s   a d d i t i o n   of  coke  or  c o a l .   Thus  e n e r g y   a t   p r e s e n t  

d e r i v e d   by  b u r n i n g   t h e   o i l   p r o d u c e d ,   is   r e p l a c e d ,   a n d  

d o i n g   so  a c h i e v e s   a  n o t a b l e   f i n a n c i a l   s a v i n g   b e c a u s e   t h e  

a d d e d   coke  or  c o a l   a r e   c o n s i d e r a b l y   c h e a p e r   t h a n   t h e  



c r u d e   o i l .  

As  an  e x a m p l e :   a s s u m e   t h a t   25%  of  h e a v y   o i l   from  a n  

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

E n h a n c e d   Oi l   R e c o v e r y   o p e r a t i o n .  

D e a s p h a l t i n g   the   o i l   w i l l   p r e c i p i t a t e   a r o u n d   15%  b y  

w e i g h t .   T h i s   i s   m i x e d   w i t h   h igh   s u l p h u r   coke  or  c o a l   a n d  

b r i q u e t t e d .   By  a d o p t i n g   an  a s p h a l t :   s o l i d   f u e l   r a t i o   o f  

6 0 : 4 0   the   b r i q u e t t e s   w i l l   p r o d u c e   a b o u t   as  much  e n e r g y   a s  

the  25%  of  the  h e a v y   o i l   w h i c h   i s   b u r n e d   at   p r e s e n t .  

H o w e v e r ,   the  h e a v y   o i l   has  a  v a l u e   of  a b o u t   120  t o  

140  US  d o l l a r s   per   t o n ,   w h e r e a s   c o a l   or  coke  c o u l d   be 

p r o v i d e d   f o r   a b o u t   30  US  d o l l a r s   per  t o n .  

The  c o m b u s t i o n   w o u l d   a l s o   be  r e q u i r e d   to   p r o v i d e   t h e  

e n e r g y   r e q u i r e d   t o   run  the   s o l v e n t   d e a s p h a l t i n g   p r o c e s s ,  

so  s l i g h t l y   more   coke  or  c o a l   would   be  n e e d e d .  

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

the  more   so  as  the  d e a s p h a l t i n g   a l s o   u p g r a d e s   the  o i l .  

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

the  p r o c e s s   and  d e a s p h a l t i n g   d e c a n t e r   drum  of  t h i s  

i n v e n t i o n .   H o w e v e r ,   i t   c o u l d   be  c a r r i e d   ou t   u s i n g   a n  

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

For   m i x i n g   t h e   a s p h a l t ,   c o a l   or  c o k e ,   and  s u l p h u r  

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

c o a l   or  coke  w i t h   t he   a s p h a l t   by  t u m b l i n g   or  m i x i n g   a t  

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



the  c o a t e d   and  s o f t   p a r t i c l e s   w i t h   l i m e   in   the   form  o f  

l i m e s t o n e ,   or  w i t h   m a g n e s i u m   c a r b o n a t e ,   as  the  s u l p h u r  

a b s o r b i n g   c o m p o u n d .  

M i x i n g   can  be  p e r f o r m e d   in  the   d e c a n t e r   drum  of  t h i s  

i n v e n t i o n ,   or  a n o t h e r   drum  w i t h   an  i n t e r n a l   s c r e w   t o  

c o n v e y   p a r t i c l e s   a l o n g   the   l e n g t h   of  the  drum  w h i l e   i t s  

r o t a t i o n   s e r v e s   to  t u m b l e   t h e m .  

I t   i s   d e s i r a b l e   f o r   t he   coke  or  c o a l ,   and  t h e  

s u l p h u r   a b s o r b e r   to   be  p r e p a r e d   so  as  to  have  s i m i l a r  

p a r t i c l e   s i z e s   to  t he   a s p h a l t .   T h i s   f a c i l i t a t e s   s o l i d s  

m i x i n g .   Bo th   a d d e d   s o l i d s   may  be  d e l i v e r e d   a x i a l l y  

t h r o u g h   the   drum  ends  to  a p p r o p r i a t e   p o i n t s   a l o n g   t h e  

l e n g t h   of  the  drum.  A n o t h e r   p o s s i b i l i t y   f o r   m i x i n g   t h e  

m a t e r i a l s   i s   t h a t   t he   c o a l   or  coke  and  the   l i m e s t o n e   o r  

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

i n t o   the  drum  by  means   of  a  common  f e e d   s c r e w .  

The  r a t i o   of  c o k e / c o a l   to  a s p h a l t   may  be  as  h igh   a s  

9  t o   1,  w i th   the   s u l p h u r   a b s o r b i n g   compound   a d d e d   in   a t  

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

P r e f e r a b l y   an  e x c e s s   i s   u s e d .   The  t o t a l   amount   may  be  

1 .2   to   1.5  t i m e s   the  s t o i c h i o m e t r i c   a m o u n t .  

The  drum  w i l l   p r o b a b l y   n e e d   to   be  h e a t e d   to   r e n d e r  

the   a s p h a l t   (or   o t h e r   h y d r o c a r b o n   m a t e r i a l )   s t i c k y   a n d  

a b l e   to   f u n c t i o n   as  b i n d e r .   T h i s   may  be  a c c o m p l i s h e d   by  

i n j e c t i n g   s t e a m   i n t o   t he   d e c a n t e r   drum  of  t h i s   i n v e n t i o n .  



In  c o n s e q u e n c e   the   s o l i d   f u e l   p a r t i c l e s ,   b i n d e r ,   a r d  

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

of  w a t e r   c o n d e n s e d   f rom  the  s t e a m .   T h i s  w a t e r   can  be 

p r e s s e d   ou t   in  t he   p r e f e r r e d   s u b s e q u e n t   s t e p   of  f o r m i n g  

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

As  m e n t i o n e d   a b o v e ,   i t   i s   p r e f e r r e d   t h a t   the   s h a p e d  

o b j e c t s   have  s u f f i c i e n t   s t r e n g t h   w h i l e   " g r e e n "   ( t h a t   i s  

to  s ay   b e f o r e   any  s i n t e r i n g   or  o t h e r   h e a t   t r e a t m e n t )   t o  

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

o b j e c t s .  

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

i t   does   not  c a r r y   i n t o   the  a g g l o m e r a t e d   s o l i d s   v o l a t i l e  

c o n s t i t u e n t s   wh ich   n e e d   to   be  r e m o v e d   b e f o r e   c o m b u s t i o n .  

D u r i n g   s u b s e q u e n t   b u r n i n g   i t   i s   p r e f e r a b l e   t h a t   the   s o l i d  

m a t r i x   b u r n s   as  a  w h o l e   ( g l o w i n g   l i k e   c o k e )   r a t h e r   t h a n  

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

f l a m e   w h i l e   the   r e m a i n d e r   of  the  s o l i d   b u r n s   at  a  

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

The  a s p h a l t   w i l l   not   be  s t i c k y   a t   room  t e m p e r a t u r e ,  

and  may  even   be  f a i r l y   f i n e l y   d i v i d e d ,   l i k e   s a n d   o r  

p o w d e r ,   but   n e v e r t h e l e s s   w i l l   s t i l l   have  u s e f u l   b i n d i n g  

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

t e m p e r a t u r e s   s u c h   as  in   the   r a n g e   of  1 2 0 - 1 6 0 ° C .   T h u s  

m a t e r i a l s   of  s i m i l a r   v o l a t i l i t y   a r e   m i x e d   and  t h i s   i s  

b e n e f i c i a l   to  m a i n t e n a n c e   of  f l a m e   s t a b i l i t y .  



An  e m b o d i m e n t   of  t h i s   i n v e n t i o n   w i l l   now  be 

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

e x p l a n a t i o n ,   and  w i t h   r e f e r e n c e   to   the   a c c o m p a n y i n g  

d r a w i n g s   in   w h i c h :  

F i g .   1  shows  a  v e r t i c a l ,   a x i a l   s e c t i o n   t h r o u g h   a  

d e c a n t e r   drum  e m b o d y i n g   the   f i r s t   a s p e c t   of  t h i s  

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

e m u l s i o n .  

F i g .   2  i s   a  r a d i a l   s e c t i o n ,   s h o w i n g   p a r t   of  a  f l i g h t  

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

F i g .   3  i s   a  d i a g r a m   of  a  p r o c e s s   p l a n t   f o r   t r e a t m e n t  

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

F i g .   1;  a n d  

F i g .   4  shows   a  m o d i f i c a t i o n .  

At  the  s t a r t   of  the  p r o c e s s   i l l u s t r a t e d   by  t h e  

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

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

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

and  p r e c i p i t a t e d   s o l i d s .   T h i s   i s   s e p a r a t e d   in   t h e  

a p p a r a t u s   of  F i g .   1,  w h i c h   w i l l   now  be  d e s c r i b e d ,   a f t e r  

w h i c h   t h e   p r o c e s s   w i l l   be  d e s c r i b e d   in   g r e a t e r   d e t a i l .  

R e f e r r i n g   f i r s t   to  F i g .   1  the   a g g l o m e r a t o r   has  a  

c y l i n d r i c a l   drum  10  m o u n t e d   on  an  i n c l i n e d   a x i s   a r o u n d   a  

c e n t r a l   a x i a l   p i p e   m a n d r e l   f o r m e d   by  p i p e s   12 ,14   j o i n e d  

at  a  b l a n k i n g   f l a n g e   16  w h i c h   p r e v e n t s   c o m m u n i c a t i o n  



b e t w e e n   t h e m .   The  p i p e s   12, 14  a r e   f i x e d ,   but  t he   drum  i s  

r o t a t e d   by  a  d r i v e   m o t o r   11.  The  a x i s   of  the  drum  i s  

i n c l i n e d   at   an  a n g l e   to   the   h o r i z o n t a l   which   w i l l   be 

m e n t i o n e d   a g a i n   b e l o w .  

The  p i p e   12  at   the   l o w e r   end  i s   s u r r o u n d e d   by  a 

c o a x i a l   p i p e   s e c t i o n   18.  The  l o w e r   end  of  the  drum  i s  

c l o s e d   by  an  end  p l a t e   20  r o t a t a b l e   w i t h   t he   drum.  A 

t h r u s t   b e a r i n g   22  and  a  s t u f f i n g   box  24  a r e   i n t e r p o s e d  

b e t w e e n   the   end  p l a t e   20  and  the   p i p e   s e c t i o n   1 8 .  

The  u p p e r   end  of  the  drum  i s   c l o s e d   by  a  f i x e d   e n d  

p l a t e   26.  An  a n n u l a r   p l a t e   28  a r o u n d   the   u p p e r   e n d  

p o r t i o n   of  the  drum  i s   s e c u r e d   to   the   p l a t e   26.  T h e s e  

p l a t e s   2 6 , 2 8   s u p p o r t   b e t w e e n   them  at  l e a s t   t h r e e   b e a r i n g  

r o l l e r s   30  on  w h i c h   the   drum  r o t a t e s .   A  g r o o v e   31  i n  

p l a t e   26  r e c e i v e s   the  end  of  the  drum  in  a  l a b y r i n t h  

s e a l .   A  s t u f f i n g   box  32  i s   i n t e r p o s e d   b e t w e e n   the   p l a t e  

28  and  the   d r u m .  

By  v i r t u e   of  the  s e a l s   p r o v i d e d   by  t h e s e   s t u f f i n g  

b o x e s   2 4 , 3 2 ,   a  m o d e r a t e   s u p e r a t m o s p h e r i c   p r e s s u r e   of  s a y  

5 -10   or  10 -15   p s i g   ( 0 . 3 - 0 . 6   or  0 . 6 - 0 . 9   b a r )   can  be  

r e t a i n e d   in   t he   drum,  w i t h   the   s p a c e   34  b e t w e e n   t h e  

p l a t e s   2 6 , 2 8   p r e s s u r i s e d   to   the   drum  p r e s s u r e .   T h e  

m a n d r e l   p i p e   can  be  e m p l o y e d   to   h o l d   t he   a s s e m b l y  

t o g e t h e r   in   t he   a x i a l   d i r e c t i o n   a g a i n s t   t h e  

s u p e r a t m o s p h e r i c   p r e s s u r e   in   the  drum.  M o r e  



s p e c i f i c a l l y ,   the  u p p e r   p ipe   14  i s   s u r r o u n d e d   by  n o n -  

r o t a t i n g   c o a x i a l   p i p e   s e c t i o n s   50 ,54   f a s t   w i t h   i t .   The  

p l a t e   26  i s   f a s t   w i t h   the  p ipe   s e c t i o n   54,  and  hence   w i t h  

the   p i p e   14  j o i n e d   to   the  p ipe   12.  T h e r e   i s   t h u s   a  

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

the  end  p l a t e   26  and  the  t h r u s t   b e a r i n g   22,  to  r e t a i n   t h e  

end  p l a t e   26  a g a i n s t   the  s u p e r a t m o s p h e r i c   p r e s s u r e .  

I n s i d e   the   drum  10,  w e l d e d   to   i t s   i n s i d e   w a l l ,   is   an  

i n w a r d l y - p r o j e c t i n g   h e l i c a l   s c r e w   36  a k i n   to   a n  

A r c h i m e d e s   s c r e w .   The  f l i g h t s   of  t h i s   s c r e w   36  e x t e n d  

i n w a r d l y   w i t h o u t   any  a p e r t u r e   to   an  i n n e r   edge  38  w h i c h  

in  u se   a c t s   as  a  w e i r   over   which   l i q u i d   f l o w s .   As  can  be 

s e e n   f rom  F i g .   1  t he   r a d i a l   d i s t a n c e   f rom  the  w a l l   of  t h e  

drum  to  t he   i n n e r   edge  38  of  the  f l i g h t s   d e c r e a s e s   up  t h e  

drum.  B e c a u s e   of  the  i n c l i n a t i o n   of  the  drum  t h e  

o v e r f l o w   l e v e l   d e f i n e d   by  each   f l i g h t   i s   n e v e r t h e l e s s  

h i g h e r   t h a n   the   o v e r f l o w   l e v e l   d e f i n e d   by  the   a d j a c e n t  

f l i g h t   t o w a r d s   the  l i q u i d   d i s c h a r g e   e n d .   C o n s e q u e n t l y ,  

o v e r f l o w   i s   a l w a y s   down  t o w a r d s   the  l o w e r   end  d e s p i t e   t h e  

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

The  e f f e c t   of  t h i s   r e d u c i n g   r a d i a l   e x t e n t   i s   t h a t   t h e  

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

p r o g r e s s i v e l y   t o w a r d s   the  u p p e r   end,   even  t h o u g h   t h e  

p i t c h   of  the  h e l i x   r e m a i n s   c o n s t a n t .  

The  m i x t u r e   of  l i q u i d   and  e n t r a i n e d   s o l i d  



p r e c i p i t a t e   i s   f e d   in   at  11  v i a   the   c e n t r a l   p i p e   12 ,  

e m e r g e s   t h r o u g h   the   o u t l e t   s l o t s   40  and  f a l l s   i n t o   t h e  

s p a c e s   b e t w e e n   s u c c e s s i v e   s c r e w   f l i g h t s .   The  drum  i s  

r o t a t e d   s l o w l y   so  t h a t   the   s c r e w   36  c a r r i e s   the  s o l i d   up  

the   i n c l i n e   t o w a r d s   the  u p p e r   end  of  the  drum.  B e c a u s e  

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

s u p e r n a t a n t   s o l v e n t   s o l u t i o n   i s   d e c a n t e d   o v e r   t he   i n n e r  

edge  38  of  the  f l i g h t s   and  f l o w s   d o w n w a r d s .   M e a n w h i l e  

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

w a t e r   ( and   any  a d d e d   w a t e r ) w i t h i n   the  v o l u m e s   b e t w e e n  

f l i g h t s   and  the   s o l i d s   and  w a t e r   a re   p r e f e r e n t i a l l y  

c a r r i e d   u p w a r d s   by  the   s c r e w   3 6 .  

S e p a r a t e d   s u p e r n a t a n t   s o l u t i o n   i s   d r awn   out   a l o n g  

the   p i p e   s e c t i o n   18,  from  which   a  s y p h o n   t u b e   42  d i p s  

i n t o   t he   s p a c e   b e l o w   t h e - b o t t o m   end  of  the  s c r e w   36.  An 

o u t l e t   44  f o r   the   d e n s e r   p r e c i p i t a t e d   a s p h a l t   and  w a t e r  

i s   p r o v i d e d   in   the   f i x e d   end  p l a t e   2 6 .  

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

the   i n n e r   edge  38,  and  i t   i s   s o l u t i o n   f rom  the  t op   of  t h e  

v o l u m e   b e t w e e n   f l i g h t s   wh ich   o v e r f l o w s .   C o n c e i v a b l y   t h e  

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

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

the  w a l l   of  the  drum.  A  f u r t h e r   p o s s i b i l i t y   i s   shown  a t  

the   r i g h t   hand  s i d e   of  F i g .   2.  Cut  o u t s   46  g i v e   a  

c a s t e l l a t e d   form  to  the   i n n e r   c i r c u m f e r e n t i a l   edge  of  t h e  



f l i g h t s .   The  o v e r f l e w   l e v e l   is  at  the   o u t e r   l e v e l   47  o f  

the  c u t - o u t s .   T h i s   a r r a n g e m e n t   i n c r e a s e s   the  r a t e   o f  

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

The  p r o g r e s s i v e   d i m i n u t i o n   of  the  v o l u m e   b e t w e e n  

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

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

d e s i r e d   s e p a r a t i o n .   O b v i o u s l y   the   s p a c e   b e t w e e n   t h e  

f l i g h t s   at  the   u p p e r   end  mus t   be  a d e q u a t e   to   a c c o m o d a t e  

the   v o l u m e   of  s o l i d s   and  some  w a t e r   w h i c h   t h e y   a r e  

r e q u i r e d   to   c o n v e y .   P r e f e r a b l y   i t   i s   a r r a n g e d   t o  

a c c o m m o d a t e   a l l   the  w a t e r   so  t h a t   the   w a t e r   i s   d i s c h a r g e d  

w i t h   the   s o l i d s .  

Where   t he   s o l i d s   and  w a t e r   make  up  s o m e w h e r e   a r o u n d  

50%  of   the  v o l u m e   of  the  e m u l s i o n ,   i t   i s   f o u n d  

a p p r o p r i a t e   to   make  the   vo lume   b e t w e e n   s u c c e s s i v e   f l i g h t s  

up  to   the   o v e r f l o w   l e v e l   3  to   5  t i m e s   as  much  at  t h e  

l i q u i d   o u t l e t   end  as  at  the  s o l i d   o u t l e t   e n d .  

So  f a r   d e s c r i b e d   i s   the  b a s i c   f u n c t i o n   of  s e p a r a t i o n  

by  s e t t l i n g   and  d e c a n t a t i o n ,   which   o c c u r s   in   t he   l o w e r  

p a r t   of  the  drum  up  to   a  l i t t l e   above   t he   m i x t u r e   i n l e t .  

The  t e m p e r a t u r e   i s   g o v e r n e d   by  t he   t e m p e r a t u r e   o f  

the  i n c o m i n g   m i x t u r e ,   and  the   e x t e n t   to  w h i c h   h e a t   i s  

c o n d u c t e d   to   t h i s   p a r t   of  the  drum  f rom  the  l a t t e r   p a r t  

a b o v e .   The  t e m p e r a t u r e   i s   a r r a n g e d   to   be  be low  80°C  b u t  

s u f f i c i e n t l y   e l e v a t e d   t h a t   the   a s p h a l t   p a r t i c l e s   a r e  



s o m e w h a t   s t i c k y .   B e c a u s e   of  t h i s   the  s o l i d   p a r t i c l e s  

a g g l o m e r a t e   i n t o   l a r g e r   p a r t i c l e s   wh ich   s e t t l e   f a s t e r   a n d  

h e n c e   s e p a r a t e   more   e a s i l y .  

Some  c r u d e   o i l s   g ive   p r e c i p i t a t e s   which   s e t t l e   o u t  

q u i c k l y   a n y w a y   and  h e n c e   s e p a r a t e   e a s i l y .   O t h e r s   g i v e  

p r e c i p i t a t e s   w i t h   a  l o t   of  f i n e s   wh ich   do  not  s e t t l e  

q u i c k l y   and  h e n c e   a r e   more   d i f f i c u l t   to  s e p a r a t e .   T h e s e  

t e n d   to   be  r e t a i n e d   in   the   l o w e r   p a r t   of  the  drum,  b e l o w  

the   i n l e t .   H o w e v e r ,   b e c a u s e   t h e y   a g g l o m e r a t e   t h e s e   t o o  

can  be  s e p a r a t e d .   O i l s   wh ich   p r o d u c e   f i n e s   in   t h e  

p r e c i p i t a t e   may  n e c e s s i t a t e   a  l o n g e r   drum,  b e c a u s e   t h e  

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

a g g l o m e r a t i n g   a c t i o n   the   i n v e n t i o n   can  h a n d l e  

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

The  a p p a r a t u s   shown  i n   F i g .   1  has   a  number   o f  

a d d i t i o n a l   f e a t u r e s .   The  u p p e r   c e n t r a l   p ipe   14  s e r v e s  

f o r   r e m o v a l   of  v a p o u r   e v a p o r a t e d   from  the  s e p a r a t e d  

a s p h a l t .   The  v a p o u r   e n t e r s   the  p ipe   t h r o u g h   s l o t s   4 8 .  

T h i s   p i p e   14  i s   s u r r o u n d e d   f o r   p a r t   of  i t s   l e n g t h   by  a  

c o a x i a l   s o l v e n t   d u c t   50  t e r m i n a t i n g   in   s p r a y   n o z z l e s   5 2 .  

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

t h i s   d u c t   and  the   n o z z l e s   52  o n t o   the   l a r g e l y   s e p a r a t e d  

s o l i d   p a r t i c l e s   wh ich   at   t h i s   s t a g e   may  w e l l   have  a n  

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

i t   i s   l i f t e d   up  a t   the   r i s i n g   s i d e   of  the   drum  a s  



s k e t c h e d   a t  ' 5 3   a t   the   l e f t   hand  s i d e   of  F i g   2 .  

T h i s   s o l v e n t   w a s h e s   t h e s e   p a r t i c l e s   d i s s o l v i n g  

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

o f f   down  t o w a r d s   the  l o w e r   end  of  the  drum,  m i x i n g   w i t h  

the   o t h e r   s u p e r n a t a n t   s o l u t i o n .  

Next  the  l a r g e l y   s e p a r a t e d   s o l i d   p a r t i c l e s   a r e  

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

54  l e a d i n g   to   n o z z l e s   56.   T h i s   s t eam  e v a p o r a t e s  

r e m a i n i n g   s o l v e n t   f rom  the  p a r t i c l e s ,   so  t h a t   i t   i s   n o t  

w a s t e d .   The  e v a p o r a t e d   s o l v e n t   i s   drawn  o f f   v i a   p ipe   1 4 ,  

as  m e n t i o n e d .  

In  t h i s   p a r t   of  the  drum  the  t e m p e r a t u r e   r i s e s   t o  

above   80°C  b e c a u s e   of  the   s t e a m   i n j e c t i o n .  

B e c a u s e   the   a s p h a l t   p a r t i c l e s   become  s o m e w h a t   s t i c k y  

at   t h i s   t e m p e r a t u r e   t h e y   may  s t i c k   to   the  f l i g h t s   or  t h e  

drum  w a l l   and  be  c a r r i e d   r o u n d   w i t h o u t   t u m b l i n g   in   t h e  

l i q u i d   p r e s e n t .   To  d i s l o d g e   such   p a r t i c l e s   the  s o l v e n t  

s p r a y   n o z z l e s   52  a n d / o r   the   s t e a m   n o z z l e s   56  may  be  

p r e f e r a b l y   d i r e c t e d   a g a i n s t   the  r i s i n g   w a l l   of  the  d r u m  

above   the   o v e r f l o w   l e v e l   and  o n t o   the  t u m b l i n g   s o l i d s   a s  

shown  in   F i g .   2.  The  s o l v e n t   a n d / o r   s t e a m   may  even   be  

l e d   ou t   t o w a r d s   the  w a l l   t h r o u g h   r a d i a l   p i p e s .  

In  the   u p p e r   p a r t   of  the  drum  10  the   t e m p e r a t u r e  

f a l l s   back   b e l o w   80°C.   H e r e ,   a  f e e d   s c r e w   59  in   a  t u b e  

58,  p r o j e c t i n g   t h r o u g h   the   end  p l a t e   26,  a c t s   to  c o n v e y  



s o l i d s   from  a  p r e s s u r i s e d   h o p p e r   60.  The  s c r e w   59  

d i s c h a r g e s   i n t o   the   i n t e r i o r   of  the  drum,  at  a  r e g i o n  

p r o x i m a t e   but   s p a c e d   f rom  the  u p p e r   end.  The  s o l i d s  

wh ich   a r e   i n t r o d u c e d   in   t h i s   way  a r e   l i m e s t o n e   ( o r  

m a g n e s i u m   c a r b o n a t e   r o c k   s u c h   as  d o l o m i t e )   and  h i g h  

s u l p h u r   c o a l   or  c o k e .   They  a r e   m i l l e d ,   and  the  r e s u l t i n g  

f i n e l y   d i v i d e d   s o l i d s   a r e   c h a r g e d   to   the   h o p p e r   60.  T h e  

a d d e d   s o l i d s   i n t i m a t e l y   mix  w i t h   the   s e p a r a t e d   s o l i d  

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

t h r o u g h   the  o u t l e t   44,  a l o n g   w i t h   the   w a t e r   s e t t l i n g  

b e t w e e n   the   f l i g h t s .  

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

of  z o n e s   w i t h i n   t he   drum,  whe re   d i f f e r e n t   f u n c t i o n s   a r e  

p e r f o r m e d .   The  l o w e r   zone  61  i s   p r i n c i p a l l y   w h e r e  

a s p h a l t   s e p a r a t e s   f rom  the  s o l u t i o n   of  h e a v y   o i l .  

E v a p o r a t e d   v a p o u r   i s   t a k e n   f rom  the  t o p  o f   t h i s   z o n e .  

Zone  62  i s   whe re   t he   p r e c i p i a t e d   a s p h a l t   i s   w a s h e d   w i t h  

e x t r a   s o l v e n t .   Zone  63  i s   w h e r e   i t   i s   t r e a t e d   w i t h  

s t e a m ,   d r i v i n g   o f f   s o l v e n t ,   and  s o f t e n i n g   the   a s p h a l t .  

Zone  64  i s   w h e r e   e x t r a   s o l i d s   a r e   a d m i x e d .  

The  h o p p e r   60  and  t u b e   58  a r e   p r e s s u r i s e d   to   t h e  

p r e s s u r e   in   the   drum  10,  and  the   h o p p e r   m u s t   t h e r e f o r e   be  

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

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

more  c o n v e n i e n t l y   a v a i l a b l e .   A l t h o u g h   the   l i m e   o r  



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

on  s u b s e q u e n t   c o m b u s t i o n ,   i t   a l s o   h e l p s   to  r emove   a n y  

c l a y   o r i g i n a t i n g   f rom  the  o i l   e m u l s i o n   and  w h i c h   r e m a i n s  

s u s p e n d e d   in  t he   w a t e r .  

As  i s   d i a g r a m m a t i c a l l y   i n d i c a t e d   in  F i g .   3,  t h e  

o u t l e t   44  in  the   f i x e d   end  p l a t e   26  i s   c o n n e c t e d   by  a  

p r e s s u r e - t i g h t   c o n n e c t i o n   to   a  h o p p e r   65  of  a  b r i q u e t t i n g  

p r e s s   66.  The  h o p p e r   65  and  the  c o n n e c t i o n   a r e  

p r e s s u r i s e d   to   the   p r e s s u r e   in  the   drum  10.  The  p r e s s   66 

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

i s   s q u e e z e d   out   and  d i s c h a r g e d   at  67.  The  b r i q u e t t e s   a r e  

b u r n t   as  f u e l   fo r   the   b o i l e r   at  68  s e r v i n g   f o r   e x a m p l e   t o  

g e n e r a t e   e n e r g y   f o r   t he   E n h a n c e d   Oi l   R e c o v e r y   and  f o r   t h e  

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

s u l p h i t e   in  the   p r e s e n c e   of  the  l i m e .   The  b r i q u e t t e s  

have   s u f f i c i e n t   s t r e n g t h   to   r e t a i n   the   s u l p h u r   and  m e t a l s  

o x i d a t i o n   r e a c t i o n s   w i t h i n   the   b r i q u e t t e s   d u r i n g   t h e i r  

c o m b u s t i o n .   T h e r e   a r e   i n d i c a t i o n s   t h a t   v a n a d i u m  

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

b e c a u s e   of  the  s o l i d   m a t r i x   of  the  b r i q u e t t e s .   T h e  

v a n a d i u m   i s   r e t a i n e d   in   the   a s h ,   as  g l a s s y   v a n a d a t e s .  

The  l i q u i d   c i r c u i t s   of  the  p r o c e s s   a r e   i l l u s t r a t e d  

by  F i g .   3.  I n c o m i n g   f e e d   f rom  the  w e l l h e a d ,   c o n s i s t i n g  

of  an  a q u e o u s   c r u d e   o i l   e m u l s i o n ,   is   pumped  a l o n g   l i n e   69 

to  a  m i x e r   70  w h e r e   i t   i s   m i x e d   w i t h   the   l i g h t  



h y d r o c a r b o n   s o l v e n t ,   p r e h e a t e d   in  a  p r e h e a t e r   72  h e a t e d  

by  s t e a m   73.  Crude   o i l   e m u l s i o n s   u s u a l l y   r e a c h   t h e  

w e l l h e a d   at  a  t e m p e r a t u r e   in  the   8 0 ° C - 1 5 0 ° C   r a n g e .   The  

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

s o l v e n t   in  the   m i x e r   70  i s   in  the   r a n g e   of  1 0 0 ° C - 2 0 0 ° C   a s  

at  t h e s e   t e m p e r a t u r e s   the  h e a v y   o i l   or  b i t u m e n  

v i s c o s i t i e s   w i l l   r a n g e   from  4 0 - 8 0 0   c e n t i p o i s e   d e p e n d i n g  

on  the   v i s c o s i t y   of  the   f e e d   c r u d e .   I  have  f o u n d   m i x i n g  

to   be  r a p i d   at  t h e s e   c o n d i t i o n s   and  o n l y   m o d e r a t e  

a g i t a t i o n   i s   r e q u i r e d .   The  m i x t u r e   p r o d u c e d   in   m i x e r   70 

i s   f ed   at  i t s   e q u i l i b r i u m   p r e s s u r e   a l o n g   l i n e   74  to   a  

h e a t   e x c h a n g e r   76  w h e r e   i t   i s   c o o l e d   and  t h e n   i t   f l o w s  

a l o n g   l i n e   78  w h e r e   t he   p r e s s u r e   i s   r e d u c e d ,   to  5 -15   p s i g  

( 0 . 3 - 0 . 9   b a r ) .   L i n e   78  l e a d s   to  the   i n l e t   p ipe   12  of   t h e  

drum  10 .  

S o l u t i o n   d r awn   o f f   v i a   t he   p ipe   s e c t i o n   18  i s   p u m p e d  

a l o n g   l i n e   80  to   the   h e a t   e x c h a n g e r   76  w h e r e   i t   i s   h e a t e d  

s o m e w h a t .   I t   t hen   f l o w s   i n t o   a  d i s t i l l a t i o n   co lumn  82 

o p e r a t i n g   at   a b o u t   8 0 ° C .  

The  b o t t o m s   in   t h i s   co lumn   a r e   a  d e a s p h a l t e d   o i l .   A 

p o r t i o n   i s   r e b o i l e d   in   the  s t e a m   r e b o i l e r   83  and   r e t u r n e d  

to   t he   c o l u m n .   The  m a i n   e x t e r n a l   s o u r c e   of  h e a t   to   t h e  

c o l u m n   82  i s   f u r n i s h e d   by  t h e   p r e h e a t e r   72.  R e b o i l e r   83 

i s   e m p l o y e d   to   p r o v i d e   any  b a l a n c e   q u a n t i t i e s   of  h e a t .  

I t s   s t e a m   s u p p l y   i s   i n d i c a t e d   84.  L i q u i d   d e a s p h a l t e d   o i l  



p a s s e s   v i a   l i n e   85  to   w a t e r   knock   ou t   drum  86  f rom  w h i c h  

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

l i n e   8 7 .  

S o l v e n t   v a p o u r ,   c o n t a i n i n g   some  w a t e r   v a p o u r ,   i s  

d rawn  o f f   from  the  drum  a l o n g   p ipe   14  as  m e n t i o n e d .   T h i s  

v a p o u r   i s   d e l i v e r e d   a l o n g   l i n e   88  to   c o n d e n s o r   90.  T h e  

c o n d e n s a t e   i s   pumped  to   a  w a t e r   k n o c k o u t   drum  91  p r o v i d e d  

w i t h   a  ven t   92.  From  t h e r e   i t   i s   r e c y c l e d   to   the   p r o c e s s  

by  pump  93  w h i c h   i m p e l s   i t   to  t he   p r e h e a t e r   72  and  h e n c e  

to   the   m i x e r   7 0 .  

D i s t i l l e d   s o l v e n t   v a p o u r   f rom  the  co lumn  82  i s  

c o n d e n s e d   at  94,  and  s p l i t   i n t o   two  s t r e a m s .   Bo th   a r e  

r e c y c l e d   i n t o   t he   p r o c e s s .   One  i s   s u p p l i e d   a l o n g   l i n e   95 

to   t he   duc t   50  and  so  i s   s u p p l i e d   as  w a s h i n g   s o l v e n t   i n t o  

the   drum  10.  The  o t h e r   s t r e a m   i s   f ed   a l o n g   l i n e   96  t o  

pump  97,  and  h e n c e   to   j o i n   the   s o l v e n t   f l o w   to  t h e  

p r e h e a t e r   7 2 .  

S team  7 3 , 8 4   f o r   the   p r e h e a t e r   72  and  t he   r e b o i l e r   83 

comes  from  the  b o i l e r   68.  T h i s   a l s o   p r o v i d e s   e n e r g y   f o r  

the   e n h a n c e d   o i l   r e c o v e r y ,   as  m e n t i o n e d .  

The  above   d e s c r i b e d   p r o c e s s   a c h i e v e s   the  f o l l o w i n g  

r e s u l t s : -  

The  e m u l s i o n   i s   b r o k e n   and  no  d e - e m u l s i f y i n g   p l a n t  

i s   n e e d e d ;  

A  h i g h e r   API  much  l e s s   v i s c o u s   c r u d e   has  been  m a d e ;  



The  d e a s p h a l t e d   c rude   has  a b o u t   80%  l e s s   m e t a l s  

c o n t e n t ;  

The  d e a s p h a l t e d   c r u d e   u s u a l l y   has   a b o u t   30%  l e s s  

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

The  d e a s p h a l t e d   c r u d e   i s   d e s a l t e d   and  d e w a t e r e d ;  

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

o p e r a t i o n s   not  o n l y   b e c a u s e   of  the  p a r t i a l   u p g r a d i n g  

e f f e c t e d   but  a l s o   b e c a u s e   i t   w i l l   p r o d u c e   l e s s   b o t t o m s ;  

U p g r a d i n g   a t   t he   r e f i n e r y   t h r o u g h   h y d r o t r e a t i n g ,  

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

e a s i e r .  

N o t a b l e   f e a t u r e s   of  the  p r o c e s s   a r e   t h a t : -  

The  s o l v e n t   r e c o v e r y   i s   f a c i l i t a t e d   by  u t i l i s i n g  

o i l f i e l d   w a s t e   h e a t ;  

The  s o l v e n t   r e c o v e r y   a t   a b o u t   80°C  does   n o t  

c o n d e n s e   any  a r o m a t i c s   from  the  h e a v y   o i l   i n t o   t h e  

s o l v e n t ;  

S o l v e n t   i s   s t r i p p e d   by  low  p r e s s u r e   s t e a m   b o t h   f r o m  

the  d e a s p h a l t e d   o i l   and  f rom  the  s o l i d   a s p h a l t s .  

I t   i s   f o r e s e e n   t h a t   t he   p r o c e s s   of  F i g .   3  w h i c h  

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

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

the  f o l l o w i n g   c o n s i d e r a t i o n s :  

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

p r o v i d e   t he   e n e r g y   f o r   E n h a n c e d   Oi l   R e c o v e r y ;  



N e i t h e r   d i l u e n t   mix  i n t o   t he   o i l   f o r   p u m p i n g ,   n o r  

h e a t i n g   of  p i p e l i n e s   w i l l   be  r e q u i r e d   f o r   medium  h e a v y  

o i l   1 5 - 2 0 ° A P I   i n s t e a d   the   d e a s p h a l t e d   o i l   i s   p u m p a b l e   i n  

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

l i m i t a t i o n s ;  

For  e x t r a   h e a v y   o i l   l e s s   t han   150API  or  f o r   b i t u m e n  

l e s s   t han   100API  the  d e a s p h a l t e d   o i l   v i s c o s i t y   i s  

r e d u c e d ,   and  f o r   e x a m p l e   f o r   a  10°API   i n c o m i n g   m a t e r i a l  

the  p r o d u c t   v i s c o s i t y   r a n g e   was  f o u n d   to   be  4 0 0 - 6 0 0  

c e n t i s t o k e s   at  100°F  ( 3 8 0 C ) :   i t   i s   a  more   s u i t a b l e   f e e d  

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

b e c a u s e   of  the  v i s c o s i t y   r e d u c t i o n .   I t   i s   g e n e r a l l y  

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

form  w i l l   r e q u i r e   two  p r o c e s s e s   in   s e q u e n c e :   the  p r e s e n t  

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

f o r   one  of  the  s e q u e n t i a l   s t e p s ;  

The  a s p h a l t s   can  be  b u r n t   in   f a i r l y   c o n v e n t i o n a l  

s o l i d   f u e l   b o i l e r s   in  an  e n v i r o n m e n t a l l y   s a f e   m a n n e r ;  

The  s e p a r a t i o n   p l a n t   i s   r e l a t i v e l y   s i m p l e   e q u i p m e n t  

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

on  a  s m a l l   s c a l e   m a t c h i n g   the   d r i l l i n g   and  c o m m i s s i o n i n g  

of  w e l l s   so  t h a t   c a sh   f l o w   f rom  the  i n v e s t m e n t   in   w e l l s  

b e c o m e s   a v a i l a b l e   as  soon   as  any  c l u s t e r   of  w e l l s   i s   p u t  

in  p r o d u c t i o n ;  

The  i n v e s t m e n t   f o r   the  s e p a r a t i o n   p l a n t   i s   l e s s   t h a n  



one  s i x t h   of   i n v e s t m e n t   r e q u i r e d   f o r   c o m p l e t e   u p g r a d i n g ;  

The  d e a s p h a l t e d   o i l   may  be  a  p r e f e r a b l e   f e e d   to   m a n y  

of  the  a v a i l a b l e   h y d r o c r a c k i n g   p r o c e s s e s .  

A  p r o c e s s   v e r y   s i m i l a r   to   F i g .   3  c o u l d   be  e m p l o y e d  

i f   the  f e e d   f rom  the  w e l l h e a d   was  c r u d e   o i l   as  s u c h  

r a t h e r   t h a n   as  an  a q u e o u s   e m u l s i o n .   Yet  a g a i n   a  s i m i l a r  

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

d i s t i l l a t i o n   t o w e r ,   a l t h o u g h   t h e n   i t   m a y  o r   may  not   be  

d e s i r e d   to   s e l l   at  l e a s t   p a r t   of  the  a s p h a l t  r a t h e r   t h a n  

b u r n i n g   i t   w i t h   or  w i t h o u t   added   coke  or   c o a l   f o r   p r o c e s s  

h e a t .  

A t m o s p h e r i c   and  vacuum  r e s i d u e s   become  a v a i l a b l e  

f rom  t h e i r   c o l u m n s   in   r e f i n e r i e s   at  t e m p e r a t u r e s   f r o m  

3 5 0 ° C - 5 5 0 ° C .   Thus  f o r   a t m o s p h e r i c   or   vacuum  r e s i d u e s  

a l m o s t   no  a d d i t i o n a l   h e a t '   i s   r e q u i r e d   f o r   the   p r o c e s s ,  

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

h e a t i n g   up  t he   i n c o m i n g   s o l v e n t .   In  o r d e r   t o   p r o m o t e  

s e t t l i n g   in   t he   d e c a n t e r   drum,  c o n d e n s a t e   can  be  added   i n  

l i e u   of  s t e a m   when  a t m o s p h e r i c   or  vacuum  r e s i d u e s   a r e  

b e i n g   p r o c e s s e d .  

The  i m p r o v e d   e c o n o m i c s   of  an  E n h a n c e d   Oi l   R e c o v e r y  

o p e r a t i o n   a r e   d e m o n s t r a t e d   by  the   f o l l o w i n g   E x a m p l e . .  

I t   i s   a s s u m e d   t h a t   a  c l u s t e r   of  w e l l s   p r o d u c e s   1 0 0 0  

b a r r e l s   per   day  of   15°API   h e a v y   e m u l s i o n   w i t h   35%  w a t e r .  



E n e r g y   f o r   E n h a n c e d   Oi l   R e c o v e r y ( E O R )   i s   d e r i v e d   by  t h e  

b u r n i n g   of  25%  of  the  g r o s s   p r o d u c t i o n   f rom  the  w e l l s .  

Such  a  f e e d   e m u l s i o n   c o n t a i n s   8547  K g / h r   o i l   and  4602  K g /  

hr  w a t e r .   The  q u a n t i t y   of   o i l   b u r n t   f o r   EOR  is   2137  K g / h r  

l e a v i n g   6 4 1 0 K g / h r   as  p r o d u c t .  

An  e q u i v a l e n t   c l u s t e r   of  w e l l s   w i t h   t he   same  g r o s s  

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

c o a l   and  l i m e s t o n e ,   as  d e s c r i b e d   a b o v e .   The  s o l v e n t   r a t i o  

i s   4 : 1 .   I t   i s   a s s u m e d   t h a t   15%  a s p h a l t   (1282  K g / h r )   i s  

s e p a r a t e d   and  b u r n t   w i t h   the   c o a l   and  l i m e s t o n e .   One  Kg 

of  h e a v y   o i l   i s   t h e r m a l l y   e q u i v a l e n t   to   1.3  Kg  of  c o a l .  

A c c o r d i n g l y   the   a s p h a l t   p l u s   1112  K g / h r   of  c o a l   w i l l   g i v e  

the   same  h e a t   as  the  2137  K g / h r   of  h e a v y   o i l .  

T h e r m a l   b a l a n c e   c a l c u l a t i o n s   i n d i c a t e   t h a t   0 .85   Kg  

of  s t e a m   a r e   n e e d e d   f o r   s o l v e n t   r e c y c l e   per   Kg  o f  

i n c o m i n g   o i l .   A s s u m i n g   t h a t   c o a l   i s   b u r n t   to   g e n e r a t e   l o w  

p r e s s u r e   s t e a m   w i t h   75%  b u r n i n g   e f f i c i e n c y ,   i t   can  be  

c a l c u l a t e d   t h a t   702  K g / h r   c o a l   w i l l   be  r e q u i r e d   f o r   s t e a m  

to  e f f e c t   s o l v e n t   r e c y c l e ,   hence   s e t t i n g   the   t o t a l   o f  

a d d e d   c o a l   at  1814  K g / h r .  

I t   i s   a s s u m e d   t h a t   the   a s p h a l t   has  a  s u l p h u r   c o n t e n t  

of  7%  and  t h a t   the   c o a l   has  a  s u l p h u r   c o n t e n t   of  3%.  1 . 3  

t i m e s   the  s t o i c h i o m e t r i c   q u a n t i t y   of   l i m e s t o n e   i s   586  

K g / h r .  

I t   i s   f u r t h e r   a s s u m e d   t h a t   t he   d e a s p h a l t e d   o i l  ( D E A )  



p r o d u c t   and  t he   a s p h a l t   r e t a i n   s o l v e n t   a m o u n t i n g   to   1%  o f  

t h e i r   own  w e i g h t .   Wi th   an  a s s u m e d   l e a k a g e   of  100  K g / h r  

the   q u a n t i t y   of   make  up  s o l v e n t   i s   186  K g / h r .  

The  v a r i o u s   q u a n t i t i e s   a r e   s u m m a r i s e d   in   t h e  

f o l l o w i n g   t a b l e :  





R e v e n u e   I m p r o v e m e n t   p e r   Y e a r  

On  6410  K g / h r   DEA  in  l i e u   of  Heavy  O i l  

DEA  v a l u e   $  2 2 / B a r r e l   a t   6 .8   B a r r e l s / M T  

Heavy   Oi l   V a l u e   $  2 0 / B a r r e l  

For   330  o p e r a t i n g   d a y s   pe r   y e a r  
DEA  I m p r o v e d   V a l u e  -   

6 4 1 0  ×   24  × 6.8 100  
( 2 2 - 2 0 )   x  3 3 0  

=  $ 6 9 0 , 4 3 4  

On  a d d e d   y i e l d   7 3 3 8 - 6 4 1 0  =   928  K g / h r  

Added   Y i e l d   =  9 2 8 x 2 4 x 6 . 8 x 2 2 x  1 0 0   3 3 0  

=  $ 1 , 0 9 9 , 5 2 4  

L e s s   c o s t   of  a d d e d   c o a l ,   p r i c e   t a k e n   as  $ 3 5 / M T  

Added  Coa l   =  1814  x  24  x  35  x  3 3 0  
1 0 0 0  

=  $ 5 0 2 ,  8 4 0  

L e s s   c o s t   of  l i m e s t o n e ,   p r i c e   t a k e n   as  $ 2 0 / M T  

Added  L i m e s t o n e   =   586  x  24  x  2 0   x  3 3 0  
1 0 0 0  

=  $ 9 2 , 8 2 2  

Less   c o s t   of  s o l v e n t   make  up,   Sp.  Gr.  t a k e n   as  0 . 6 8   a n d  

p r i c e   $ 1 9 0 / M 3  

S o l v e n t   Make  up  =  186  x  24  x  190  x  3 3 0  
0 . 6 8   x  1000  1 0 0 0  

=  $ 4 1 1 , 6 0 7  

T o t a l   Added   R e v e n u e   =  $ 7 8 2 , 6 8 9  

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

e t c   w i l l   be  t h e   same  as  t h o s e   w h i c h   a r e   a l r e a d y   r e q u i r e d  

f o r   EOR  and  D e e m u l s i f i c a t i o n .  

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

as  b e i n g   in   t h e   o r d e r   of  1  m i l l i o n   d o l l a r s .   Thus  t h e r e  

i s   an  i m p r o v e m e n t   i n   r e v e n u e   of   o v e r   3/4  m i l l i o n   p e r  

y e a r   f o r   an  i n v e s t m e n t   of  1  m i l l i o n .  



F i g .   4  shows  a  m o d i f i c a t i o n .   S o l i d s   a re   n o t  

d e l i v e r e d   i n t o   the   drum  of  F i g .   1.  I n s t e a d   t h e  

p r e c i p i t a t e d   a s p h a l t   i s   d i s c h a r g e d   f rom  the  o u t l e t   4 4 ,  

and  t h e n   d e l i v e r e d ,   w i t h   c o a l   or  coke  m i l l e d   at  102,  a n d  

l i m e s t o n e   or  d o l o m i t e   m i l l e d   at  104,  to  a  s e c o n d   d r u n  

wh ich   i s   b a s i c a l l y   a k i n   to   t he   s o l v e n t   d e a s p h a l t i n g   d r u m  

d e s c r i b e d   a b o v e .   I t   i s   a  drum  110  w i t h   an  i n t e r n a l   s c r e w  

112  w h i c h   c o n v e y s   the   s o l i d s   a l o n g .   The  drum  is   r o t a t e d  

r e l a t i v e l y   s l o w l y ,   at  25  rpm  or  l e s s ,   by  m o t o r   113  s o  

t h a t   t he   drum  t u m b l e s   the   s o l i d   p a r t i c l e s   but  does   n o t  

c e n t r i f u g e   them  to  t he   p e r i p h e r y .   The  s o l i d s   a r e  

i n t r o d u c e d   a l o n g   a  c e n t r a l   p i p e   114  a r o u n d   w h i c h   the   d r u m  

r e v o l v e s .   T h i s   p i p e   l e a d s   to   an  o p e n i n g   115  to   the   d r u m  

i n t e r i o r   and  may  c o n t a i n   a  f e e d   a u g e r .   S team  i s  

i n t r o d u c e d   a l o n g   a  c o a x i a l   p ipe   116.  D i s c h a r g e   i s  

t h r o u g h   an  a p e r t u r e   117  in   one  end  118  w h i c h   does   n o t  

r e v o l v e .  

At  t h i s   end  the   drum  i s   s u p p o r t e d   by  r o l l e r s   1 2 0 ,  

w h i l e   at   t he   o t h e r   end  a  b e a r i n g   122  i s   p r o v i d e d .  

The  m i x t u r e   a g g l o m e r a t e s   i n t o   l a r g e r   p a r t i c l e s   i n  

t h i s   drum,  and  on  d i s c h a r g e   i s   fed   to   a  b r i q u e t t i n g   p r e s s  

63  as  b e f o r e .  



1.  A  p r o c e s s   w h i c h   c o m p r i s e s   m i x i n g   a  h e a v y   h y d r o c a r b o n  

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

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

a s p h a l t ,   s e p a r a t i n g   t he   s o l i d   a s p h a l t   f rom  the  s u p e r n a t a n t  

l i q u i d ,  

m i x i n g   t o g e t h e r   coke  or   c o a l   p a r t i c l e s ,   the  a s p h a l t   a n d  

a  s o l i d   compound   to   a b s o r b   s u l p h u r   on  c o m b u s t i o n ,   a n d  

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

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

c o m b u s t i b l e   p r o d u c t ,  

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

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

h y d r o c a r b o n   f e e d .  

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

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

b u r n i n g .  

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

h e a v y   h y d r o c a r b o n   f e e d   i s   of  h e a v y   c r u d e   o i l   or  an  e m u l s i o n  

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

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



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

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

a p p l i e d   to   the   s t r a t a .  

4.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to   3  i n  

w h i c h   the  s a i d   h y d r o c a r b o n   s o l v e n t   c o n t a i n s   a  m a j o r  

p r o p o r t i o n   of  p e n t a n e .  

5.  A  p e t r o l e u m   t r e a t m e n t   p l a n t   f o r   s e p a r a t i n g   a s p h a l t   f r o m  

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

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

a  drum  p r o v i d e d   w i t h   at   l e a s t   one  i n l e t   f o r   the   o i l   o r  

e m u l s i o n   and  a  l i g h t e r   h y d r o c a r b o n   s o l v e n t ,   wh ich   i n l e t ( s )  

d e l i v e r   to  t he   drum  i n t e r i o r   i n t e r m e d i a t e l y   b e t w e e n   t h e  

ends   of  the  drum,  an  o u t l e t   f o r   s u p e r n a t a n t   l i q u i d   at  o n e  

a x i a l   end  of  the  drum  and  an  o u t l e t   f o r   p r e c i p i t a t e d   a s p h a l t  

at  the   a x i a l l y   o p p o s i t e   end  of  the  d r u m ,  

a  h e l i c a l   s c r e w   f a s t   w i t h   the   i n t e r i o r   of  the  drum,  t h e  

f l i g h t s   of  w h i c h   p r o j e c t   r a d i a l l y   i n w a r d l y   from  the  w a l l   o f  

the  drum  and  e x t e n d   w i t h o u t   a p e r t u r e   to   an  o v e r f l o w   l e v e l  

s p a c e d   f rom  the  drum  w a l l ,  

means  m o u n t i n g   the   drum  f o r   r o t a t i o n ,   the  s h a p e   a n d  

o r i e n t a t i o n   of  the  drum  and  t he   o v e r f l o w   l e v e l s   of  the  s c r e w  

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

over   the   f l i g h t s   i s   t o w a r d s   the  l i q u i d   o u t l e t   end,   the  s c r e w  



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

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

a s p h a l t   o u t l e t   end  of  the  drum,  a n d  

d r i v e   means   f o r   r o t a t i n g   the   drum  so  as  to  c o n v e y  

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

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

l i q u i d   w i t h i n   t he   drum  i s   d i s c h a r g e d   f rom  the  o u t l e t  

t h e r e f o r .  

6.  A  t r e a t m e n t   p l a n t   a c c o r d i n g   to   c l a i m   5  w h e r e i n   t he   d r u m  

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

7.   A  t r e a t m e n t   p l a n t   a c c o r d i n g   to   c l a i m   5  or  c l a i m   6 

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

d i s t a n c e   f rom  the  drum  wa l l   to  t he   s a i d   o v e r f l o w   l e v e l s   o f  

the   s c r e w   f l i g h t s   p r o g r e s s i v e l y   d e c r e a s e s   from  t h e  

s u p e r n a t a n t   l i q u i d   o u t l e t   end  to   t he   a s p h a l t   o u t l e t   e n d .  

8.  A  t r e a t m e n t   p l a n t   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   5  to   7 

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

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

d r u m .  

9.  A  t r e a t m e n t   p l a n t   a c c o r d i n g   to   a n y  o n e   of  the  p r e c e d i n g  

c l a i m s   w h e r e i n   the   drum  i n t e r i o r   c o n t a i n s ,   in  o r d e r   f rom  t h e  



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

a  v a p o u r   o u t l e t   d u c t ,   t h e r e a f t e r   at  l e a s t   one  o p e n i n g   f o r  

the   i n l e t   of  w a s h i n g   s o l v e n t   and  t h e r e a f t e r   at  l e a s t   o n e  

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

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

10.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   1  to   4 ,  

w h e r e i n   s e p a r a t i o n   of  the  a s p h a l t   i s   c a r r i e d   ou t   by  means   o f  

d e c a n t a t i o n   a p p a r a t u s   as  s e t   f o r t h   in   any  of  c l a i m s   5  to   9 .  
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