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(54)  Process  for  the  production  of  coke  and  a  liquid  product. 

(57)  Greater  than  expected  amounts  of'liquid  products  are 
produced  by  a  coking  operation  in  eyvhich  the  feed  is 
composed  of  a  mixture  of  petroleum  residua  and  shale  oil 
residua.  The  yield  of  liquid  products  is  further  enhanced  by 
including  in  the  feed  a  hydrogen  catalyst.  The  yield  of  liquid 
products,  is  still  further  enhanced  by  using  a  hydrocracking 
catalyst  as  the  hydrogen  catalyst  and  supplying  hydrogen  to 
the  coking  operation..Typical  hydrocracking  catalysts  are 
NiMo,  C0M0,  NiW  and  CoW.  which  may  Include  an  alumina 
support. 
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G r e a t e r   than  expected  amounts  of liquid  products  are 
produced  by  a  coking  operation  in  which  the  feed  is 
composed  of  a  mixture  of  petroleum  residua  and  shale  oil 
residua.  The  yield  of  liquid  products  is  further  enhanced  by 
including  in  the  feed  a  hydrogen  catalyst.  The  yield  of  liquid 
products,  is  still  further  enhanced  by  using  a  hydrocracking 
catalyst  as  the  hydrogen  catalyst  and  supplying  hydrogen  to 
the  coking  operation..Typical  hydrocracking  catalysts  are 
NiMo,  CoMo,  NiW  and  CoW.  which  may  include  an  alumina 
support. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  n o v e l   p r o c e s s  

f o r   p r o d u c i n g   coke  and  coke  b y - p r o d u c t s ,   e . g .  

l i q u i d s   such  as  k e r o s e n e   and  n a p h t a .  

In  t he   c o u r s e   of  o p e r a t i n g   a  c o n v e n t i o n a l  

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

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

as  a  r e s u l t   of  v a r i o u s   r e f i n e r y   p r o c e s s e s .   One 

of  t he   u s e s   of  such   m a t e r i a l   i s   to  form  c o k e ,   w h i c h  

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

of  d i f f e r e n t  u s e s .  

In  c o n v e n t i o n a l   c o k i n g ,   the   h e a v y   r e f i n e r y  

s t r e a m   is   h e a t e d   to  e l e v a t e d   t e m p e r a t u r e ,   e . g .  
468°C  ( 8 7 5 ° F ) ,   in  t he   s u b s t a n t i a l   a b s e n c e   o f  

o x y g e n .   As  a  r e s u l t ,   the   c o m p o n e n t s   of  the   h e a v y  

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

t h e r e b y   p r o d u c i n g   coke  and  a  number   of  l i g h t e r  

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

R e c e n t l y ,   much  i n t e r e s t   has   b e e n   f o c u s e d   o n  

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

p r o d u c t s   from  s h a l e   o i l ,   wh ich   is   an  o r g a n i c  

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

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

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

r e c o v e r   l i q u i d   p e t r o l e u m   p r o d u c t s   f rom  s h a l e   o i l ,  

t he   s h a l e   o i l ,   l i k e   c r u d e   p e t r o l e u m ,   mus t   b e  

r e f i n e d .   As  in  the   c a s e   of  r e f i n i n g   c r u d e  

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

h e a v y   r e s i d u u m   b y - p r o d u c t   wh ich   can  i f   d e s i r e d  

by  s u b j e c t e d   to  c o k i n g   in  the  same  way  as  h e a v y  

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



As  a p p r e c i a t e d  b y   t h o s e   s k i l l e d   in  t he   a r t   o f  

c o k i n g ,   t he   l i q u i d   p r o d u c t s   p r o d u c e d   by  the   c o k i n g  

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

i t s e l f .   A c c o r d i n g l y ,   i t   i s   d e s i r a b l e   to  c a r r y - o u t  

c o k i n g   in   such   a  way  t h a t   t h e   p r o d u c t i o n   of  l i q u i d -  

p r o d u c t s   such   as  n a p h t h a   and  k e r o s e n e   i s  

m a x i m i z e d .  

I t   i s   t h e r e f o r e   an  o b j e c t   of  t h e   p r e s e n t  

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

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

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

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

We  have   f o u n d ,   u n e x p e c t e d l y ,   t h a t   t h e  

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

t h a n   e x p e c t e d   i f   t he   c o k i n g   f e e d   i s   c o m p o s e d   o f  

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

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

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

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

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

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

a b s e n c e   of  o x y g e n   to  p r o d u c e   c o k e  a n d   a  l i q u i d  

p r o d u c t .   An  i m p r o v e d   y i e l d   of  l i q u i d   p r o d u c t s   i s  

o b t a i n e d   i f   t he   f e e d   m a t e r i a l   c o n t a i n s   a  

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

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

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

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

In  c a r r y i n g   ou t   t h e   p r e s e n t   i n v e n t i o n ,   a  

m i x t u r e   of  a  s h a l e   o i l   m a t e r i a l   and  a  p e t r o l e u m  

r e s i d u u m   a re   s u b j e c t e d   to  c o k i n g   to  p r o d u c e   c o k e  

and   l i q u i d   p r o d u c t s ,   t he   l i q u i d   p r o d u c t s   b e i n g  

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

e x p e c t e d .  



C o k i n g   P r o c e d u r e  

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

c o k i n g   o p e r a t i o n   is   a c c o m p l i s h e d   in  the   same  w a y  

u n d e r   t h e   same  c o n d i t i o n s   as  c o n v e n t i o n a l   p r i o r  

a r t   c o k i n g   p r o c e d u r e s .   Thus ,   in  c o m m e r c i a l  

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

s e m i - b a t c h   mode  w i t h   t he   f e e d   s t r e a m   b e i n g  

c o n t i n u o u s l y   f e d   to  the   c o k e r   and  l i q u i d   p r o d u c t s  

c o n t i n u o u s l y   w i t h d r a w n   from  the   c o k e r .   C o k i n g  

of  the   f e e d   c o n t i n u o u s l y   o c c u r s   in  the   c o k e r  

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

a t   w h i c h   t ime   t he   o p e r a t i o n   is   t e r m i n a t e d   a n d  

coke   i s   t h e n   r e m o v e d   f rom  the   c o k e r .  

The  o p e r a t i n g   c o n d i t i o n s   f o r   the   c o k i n g  

o p e r a t i o n ,   as  i n d i c a t e d   a b o v e ,   a re   c o n v e n t i o n a l .  

For   e x a m p l e ,   c o k i n g   can  be  c o n d u c t e d   at   a n y  

c o n v e n t i o n a l   t e m p e r a t u r e   such  as  f rom  3 1 5 ° C  

( 6 0 0 ° F )   to  ( 5 3 7 ° C )   1 , 0 0 0 ° F ,   p r e f e r a b l y   a b o u t  

468°C  ( 8 7 5 ° F ) .   A l s o ,   c o n v e n t i o n a l   p r e s s u r e s ,  

e . g .   a t m o s p h e r i c   p r e s s u r e ,   can  be  u s e d .   M o r e o v e r ,  

t he   f e e d   s t r e a m   can  be  h e a t e d   w h i l e   in  the   c o k e r ,  

a l t h o u g h   i t   i s   p r e f e r a b l e   to  s u p p l y   a l l   t h e  

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

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

to  e n t r y   of  the   f e e d   s t r e a m   i n t o   t he   c o k e r .  

S h a l e   Oi l   M a t e r i a l  

As  the   s h a l e   o i l   m a t e r i a l   u s e d   in  t h e  

i n v e n t i v e   p r o c e s s ,   s h a l e   o i l   in  any  fo rm,   or  a n y  

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

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

n o r m a l l y   o b t a i n e d   in  the   form  of  a  s o l i d   or  s e m i -  

s o l i d   m a t e r i a l .   T h i s   m a t e r i a l ,   when  h e a t e d   t o  

a  t e m p e r a t u r e   h i g h   e n o u g h   to  become  l i q u i d ,   c a n  
i t s e l f   be  u s e d   as  t he   s h a l e   o i l   m a t e r i a l .   T h i s  

m a t e r i a l ,   when  h e a t e d   to  a  t e m p e r a t u r e   h i g h   e n o u g h  



to  become   l i q u i d ,   can   i t s e l f   be  u s e d  a s   t h e   s h a l e  

o i l   m a t e r i a l .   A l t e r n a t i v e l y ,   t h e   s h a l e   o i l   c a n  

be  f i r s t   h y d r o c r a c k e d   to  fo rm  a  l i q u i d   s h a l e   o i l  

p r o d u c t ,   and  t h i s   l i q u i d   s h a l e   o i l   p r o d u c t   u s e d  

as  t h e   s h a l e   o i l   m a t e r i a l .   H o w e v e r ,   s i n c e   i t   i s  

e a s i e r   and  more  e c o n o m i c   to  r e c o v e r   t h e   l i g h t  

p r o d u c t s   f rom  s h a l e   o i l   (  be  i t   c r u d e   s h a l e   o i l   o r  

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

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

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

r e s i d u u m ,   i . e .   t h e   b o t t o m   or  l o w e r   end  of  t h e  

s h a l e   o i l .  

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

in   t he   n o r m a l   c o u r s e   of  r e f i n i n g   s h a l e   o i l ,   be  i t  

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

of  t h e   l i g h t   e n d s   of  t he   s h a l e   o i l   w i l l   be  r e m o v e d  

by  c o n v e n t i o n a l   r e f i n i n g   t e c h n i q u e s .   T h e  

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

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

b o t t o m   60%,  p r e f e r a b l y   50%,  of  t h e   s h a l e   o i l ,   c a n  

i d e a l l y   be  u s e d   as  t he   s h a l e   o i l   m a t e r i a l   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .   F o r  

e x a m p l e ,  i t   has   b e e n   f o u n d   mos t   c o n v e n i e n t   to  u s e  

a  ( 3 7 1 ° C + )   7 0 0 ° F +   f r a c t i o n   of  s h a l e   o i l ,   w h i c h  

r e p r e s e n t s   t he   b e t t o m  5 4 %   by  w e i g h t   of  t he   s h a l e  

o i l ,   as  t h e   s h a l e   o i l   m a t e r i a l   in   a c c o r d a n c e   w i t h  

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

P e t r o l e u m   R e s i d u u m  

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

w i t h   t h e ; p r e s e n t   i n v e n t i o n ,   any  p e t r o l e u m   d e r i v e d  

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

s i g n i f i c a n t   c o k i n g   can   be  u s e d .   Such  m a t e r i a l s  

can   be  d e s c r i b e d   as  p e t r o l e u m - d e r i v e d   r e f i n e r y  

s t r e a m s   in   w h i c h   a  minimum  of  80%  by  w e i g h t   b o i l s  

a b o v e   315°C  ( 6 0 0 ° F ) .   P r e f e r r e d   p e t r o l e u m   r e s i d u a  



a re   t h o s e   in  w h i c h   a  minimum  of  80%  b o i l s   a b o v e  

371°C  ( 7 0 0 ° F ) ,   mos t   p r e f e r a b l y   537°C  ( l , 0 0 0 ° F ) .  

For   e x a m p l e ,   a  p r e f e r r e d   p e t r o l e u m   r e s i d u u m  

is   t he   d i s t i l l a t i o n   r e s i d u e   r e c o v e r e d   as  t he   b o t t o m  

s t r e a m   f rom  a  c o n v e n t i o n a l   vacuum  d i s t i l l a t i o n -  

c o l u m n .   T h i s   m a t e r i a l ,   commonly   known  as  v a c u u m  

t o w e r   b o t t o m s ,   has   a  b o i l i n g   r a n g e   such   t h a t   a  

minimum  of  80%  b o i l s   above   537°C  ( 1 , 0 0 0 ° F ) .  

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

as  t he   p e t r o l e u m   r e s i d u a   is   the   b o t t o m s   p r o d u c t s  

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

n o r m a l l y   c h a r a c t e r i z e d   as  h a v i n g   80%  b o i l i n g   a b o v e  

371°C  ( 7 0 0 ° F ) .   S t i l l   a n o t h e r   p e t r o l e u m   r e f i n e r y  

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

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

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

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

c a t a l y t i c   c r a c k e r .   And  is   w e l l   known,   d e c a n t e d  

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

API  g r a v i t y   and  a  b o i l i n g   r a n g e   such  t h a t   80% 

b o i l s   above   315°C  ( 6 0 0 ° F ) ,   p r e f e r a b l y   3 7 1 ° C  

( 7 0 0 ° F ) ,   and  i s   i d e a l l y   s u i t e d   f o r   use   as  a  c o k e r  

f e e d .  

M o r e o v e r ,   in  a c c o r d a n c e   w i t h   the   p r e s e n t  

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

f e e d   may  be  c o m p o s e d   at  l e a s t   in  p a r t   of  o r g a n i c  

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

e x a m p l e ,   the   p e t r o l e u m   m a t e r i a l   may  i n c l u d e   some  

b i t u m e n   f rom  t a r   s a n d s   a n d / o r   p u l v e r i z e d   c o a l .  

E s s e n t i a l l y   any  a m o u n t s   of  b i t u m e n   can  be  i n c l u d e d  

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

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

be  no  more  t h a n   a b o u t   50%  by  w e i g h t ,   b a s e d   on  t h e  

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



R e l a t i v e   P r o p o r t i o n s  

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

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

of   l i q u i d   p r o d u c t   p r o d u c e d   by  c o k i n g   w i l l   b e  

r e a l i z e d   when  a  s h a l e   o i l   r e s i d u u m   and  a  p e t r o l e u m  

r e s i d u u m   a r e   m i x e d   in   any  p r o p o r t i o n s .   P r e f e r a b l y ,  

h o w e v e r ,   t he   amoun t   of  s h a l e   o i l   m a t e r i a l   in   t h e  

f e e d   m i x t u r e   i s   5  to  85  w e i g h t   p e r c e n t   b a s e d   o n  

t h e   t o t a l   w e i g h t   of  t he   f e e d   m i x t u r e ,   w i t h   s h a l e  

o i l   c o n c e n t r a t i o n s   in   t he   a m o u n t s   of  15  to  50%  a n d  

more   p a r t i c u l a r l y   20  to  30%  b e i n g   e s p e c i a l l y   p r e f e r r e d .  

Use  of  H y d r o g e n   C a t a l y s t  

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

s u i t a b l e   c a t a l y s t   i s   i n c l u d e d   in   t h e   f e e d  

i n t r o d u c e d   i n t o   t he   c o k e r .   As  s u i t a b l e   c a t a l y s t s ,  

any   m a t e r i a l   w h i c h   w i l l   c a t a l y z e   t h e   r e a c t i o n  

of   h y d r o g e n   (be  i t   m o l e c u l a r ,   a t o m i c   or   c o m b i n e d )  

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

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

c a t a l y s t s   a r e   r e f e r r e d   to  h e r e i n   as  " h y d r o g e n  

c a t a l y s t s " .  

Many  t y p e s   of  h y d r o g e n   c a t a l y s t s   a r e   k n o w n .  

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

r e f e r r e d   to  in   t he   a r t   as  a  h y d r o g e n   t r a n s f e r  

c a t a l y s t .   H y d r o g e n   t r a n s f e r   c a t a l y s t s   a r e   k n o w n  

to  c a t a l y z e   t h e   a d d i t i o n   of  m o l e c u l a r   or  c o m b i n e d  

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

u s u a l l y   a  h y d r o c a r b o n .   Such  c a t a l y s t s   a r e  

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

h y d r o c a r b o n   f rom  one  o r g a n i c   compound   is   t r a n s f e r r e d  

to  a n o t h e r   f r e e   r a d i c a l   o r g a n i c   c o m p o u n d .   E x a m p l e s  
of   known  h y d r o g e n   t r a n s f e r   c a t a l y s t s   a r e   i r o n  

p y r i t e s   and  a l k a l i n e   i r o n   o x i d e .  

The  s e c o n d   t y p e   of  h y d r o g e n   c a t a l y s t s   t h a t   c a n  
be  e m p l o y e d   in  t he   i n v e n t i v e   p r o c e s s   i s   known  in  t h e  



a r t   as  a  " h y d r o g e n a t i o n   c a t a l y s t " .   Such  c a t a l y s t s  

a r e   n o r m a l l y   u s e d   to  add  m o l e c u l a r   h y d r o g e n   a c r o s s  

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

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

c o m p o u n d s .   Wel l   known  e x a m p l e s   of  t h i s   t y p e   o f  

c a t a l y s t s   a re   m e t a l l i c   n i c k e l ,   p l a t i n u m   a n d  

p a l l a d i u m .  

A  t h i r d   and  p r e f e r r e d   t y p e   of  h y d r o g e n  

c a t a l y s t   u s e f u l   in  t he   i n v e n t i v e   p r o c e s s   i s   k n o w n  

as  a  " h y d r o c r a c k i n g . c a t a l y s t . "   Such  c a t a l y s t s  

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

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

i n t o   s m a l l e r   o r g a n i c   m o l e c u l e s   and  a t   the   same  t i m e  

to  add  h y d r o g e n   to  e a c h   of  t he   s i t e s   whe re   t h e   b r e a k  

o c c u r r e d .   E x a m p l e s   of  w e l l   known  h y d r o c r a c k i n g  

c a t a l y s t s   a re   NiMo,  CoMo,  NiW  and  CoW.  P r e f e r r e d  

h y d r o c r a c k i n g   c a t a l y s t s   a re   NiW  and  NiMo.  S u c h  

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

I t   has   a l s o   b e e n   f o u n d   t h a t   the   s u l f u r   a n d  

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

u s u a l l y   r e d u c e d   when  a  c a t a l y s t   is   u s e d   in  a c c o r d a n c e  

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

The  amount   of  c a t a l y s t   e m p l o y e d   in  t h i s  

e m b o d i m e n t   is   no t   c r i t i c a l   and  can  v a r y   b e t w e e n  

wide   l i m i t s .   From  an  e c o n o m i c   f e a s i b i l i t y  

s t a n d p o i n t ,   t he   amount   of  c a t a l y s t   s h o u l d   p r o b a b l y  

be  no  more  t h a n   a b o u t   10  w e i g h t   p e r c e n t   b a s e d   on  t h e  

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

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

be  b e t w e e n   g r e a t e r   t h a n   0  to  10  p e r c e n t   b y  

w e i g h t .   The  p r e f e r r e d   amount   of  c a t a l y s t   i s   0 . 0 1  

to  5  w e i g h t   p e r c e n t   w i t h   the   most   p r e f e r r e d   a m o u n t  

of   c a t a l y s t   b e i n g   0 . 0 5   to  1  w e i g h t   p e r c e n t .  

I t   i s   p r e f e r r e d   t h a t   t he   c o k i n g   o p e r a t i o n   b e  

c a r r i e d   out   so  t h a t   the   c a t a l y s t   i s   at  l e a s t   p a r t i a l l y  



m i x e d   w i t h   t h e   f e e d   m a t e r i a l   u n d e r g o i n g   c o k i n g .   I n  

t h i s   r e g a r d ,   i t   h a s   b e e n   n o t i c e d   in   u s i n g   a  

l a b o r a t o r y   s c a l e   b a t c h   c o k e r  t h a t   t h e   c a t a l y s t s  

w i l l   n o r m a l l y   s e t t l e   to  t h e   b o t t o m   of  t he   c o k e r  

i f   t h e  l i q u i d   t h e r e i n   i s   q u i e s c e n t .   T h u s ,   i f  

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

o p e r a t i o n ,   i t   i s   p r e f e r a b l y   to  mix  t he   l i q u i d   i n  

t h e   c o k e r   d u r i n g   t h e   c o k i n g   o p e r a t i o n   so  t h a t   t h e  

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

of  l i q u i d   u n d e r g o i n g   c o k i n g .   M i x i n g   can   b e  

a c c o m p l i s h e d   by  any  c o n v e n t i o n a l   means   such   a s  

u s i n g   a  m e c h a n i c a l   m i x e r   or   p a s s i n g   an  i n e r t  

gas   t h r o u g h   t he   l i q u i d .  

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

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

c o n t i n u o u s l y   f e d   to  t h e   " d e l a y e d   c o k e r "   a n d  

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

c o k e r .   The  l i q u i d   f e d   in   t he   c o k e r   d u r i n g   t h e   c o k i n g  

o p e r a t i o n   c o n t i n u e s   to  be  c o n v e r t e d   to  coke  a n d  

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

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

i s   t e r m i n a t e d .   In   such   an  o p e r a t i o n ,   f e e d i n g  

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

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

of  t he   c a t a l y s t   i n   t h e   l i q u i d   f e e d   b e i n g   c o k e d .  

In  a c c o r d a n c e   w i t h   one  f e a t u r e   of  t h i s  

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

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

f o r   r e u s e .   T h i s   can   be  a c c o m p l i s h e d   in  two  w a y s .  

In  a c c o r d a n c e   w i t h   one  t e c h n i q u e ,   coke  p r o d u c t  

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

c o m m i n u t i o n   can   i t s e l f   be  r e t u r n e d   to  t he   c o k e r  

w i t h   f r e s h   f e e d .   In  a c c o r d a n c e   w i t h   t he   o t h e r  

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

t h e r e i n   i s   s u b j e c t e d   to  c o m b u s t i o n ,   t h e r e b y   f r e e i n g  



t h e   c a t a l y s t   in  t h e  f o r m   of  an  ash  b y - p r o d u c t .  

The  ash  b y - p r o d u c t   can  t h e n   be  r e t u r n e d   to  t h e  

c o k e r   w i t h   f r e s h   f e e d .   R e c y c l i n g   of  c a t a l y s t  

has   t he   o b v i o u s   a d v a n t a g e   of  r e d u c i n g   the   t o t a l  

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

Use  of  a  H y d r o c r a c k i n g   C a t a l y s t   and  H y d r o g e n  

I n   a n o t h e r ,   more  p r e f e r r e d   e m b o d i m e n t   o f  

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

be  e n h a n c e d   by  u s i n g   as  the   h y d r o g e n   c a t a l y s t ,   - 

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

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

h y d r o g e n   to  the   f e e d   m a t e r i a l   w h i l e   the   f e e d  

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

h e r e   u s e d   have   b e e n   d e s c r i b e d   e a r l i e r .   H y d r o g e n  

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

c a t a l y s t s ,   w h i c h   were   a l s o   d e s c r i b e d   e a r l i e r ,  

can   be  i n c l u d e d   in  the   c o k i n g   o p e r a t i o n ,   i . e .  

r e a c t i o n   s y s t e m ,   bu t   even   in  t h i s   e v e n t ,   i t   i s  

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

in   t he   c o k i n g   o p e r a t i o n   to  be  w i t h i n   t h e  

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

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

b e e n   f o u n d   to  be  e s p e c i a l l y   u s e f u l   in  a c c o r d a n c e  

w i t h   t he   p r e s e n t   i n v e n t i o n   a re   NiMo,  NiW,  CoMo 

and  CoW.  Such  c a t a l y s t s   a re   u s u a l l y   s u p p o r t e d  

on  a l u m i n a .   Of  t h e s e   c a t a l y s t s   NiMo  and  NiW 

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

The  amount   of  h y d r o c r a c k i n g   c a t a l y s t   to  b e  

i n c l u d e d   in  the   r e a c t i o n   s y s t e m   can  v a r y   w i d e l y .  

B r o a d l y ,   the   amount   of  h y d r o c r a c k i n g   c a t a l y s t  

can  be  b e t w e e n   g r e a t e r   t h a n   0  to  10  w e i g h t   p e r c e n t .  
More  p r e f e r a b l y ,   the   amount   of  c r a c k i n g   c a t a l y s t  

i s  b e t w e e n   0 .01   to  5  w e i g h t   p e r c e n t   w i t h   a m o u n t s   o n  
t h e   o r d e r   of  0 . 0 5   to  1  w e i g h t   p e r c e n t   b e i n g   m o s t  

p r e f e r r e d .  



C o k i n g   i s   a c c o m p l i s h e d   in  a  c o n v e n t i o n a l   m a n n e r  

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

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

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

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

s y s t e m   in   any  c o n v e n i e n t   m a n n e r .   Most   c o n v e n i e n t l y ,  

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

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

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

c a t a l y s t   be  r e a s o n a b l y   w e l l   m i x e d   in   t he   r e a c t i o n  

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

t h a t   t h e   h y d r o g e n   be  i n t r o d u c e d   so  as  to  c a u s e  

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

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

i n t r o d u c e d   in   o t h e r   w a y s ,   of  c o u r s e ,   in  w h i c h   c a s e  

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

l i q u i d   r e a c t i o n   s y s t e m .   H y d r o g e n   may  a l s o   b e  

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

t h e r e t o ,   t h e   s t e a m   r e a c t i n g   w i t h   t h e   coke   a n d / o r  

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

h y d r o g e n .  

The  a m o u n t   of  h y d r o g e n   f e d   to  t h e   r e a c t i o n  

s y s t e m   can   a l s o   v a r y   o v e r   w ide   l i m i t s .   B r o a d l y ,  

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

p a r t i c u l a r   c o k i n g   o p e r a t i o n   can  be  to  30  S C F / l b s  

l i q u i d   f e e d   (125  to  1970  c c / g ) .   P r e f e r a b l y ,   t h e  

a m o u n t   of  h y d r o g e n   f e d   i s   5  to  15,   (312  to  936  c c / g )  

mos t   p r e f e r a b l y   12  to  15  (748  to  936  c c / g )   S C F / l b s  

l i q u i d   f e e d .  

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

a t   w i d e l y   v a r y i n g   p r e s s u r e s ,   i t   i s   p r e f e r r e d  
to  o p e r a t e   at  c o n v e n t i o n a l   c o k i n g   p r e s s u r e s ,   i . e .  

g r e a t e r   t h a n   0  to  a b o u t   7  k g / c m 2   g a u g e   (100  p s i g ) .  

Such  p r e s s u r e s   i t   w i l l   be  n o t e d   a re   much  l e s s   t h a n  



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

u n i t s   w h e r e i n   the   p r e s s u r e   is   on  the   o r d e r   o f  

140  k g / c m 2   g a u g e   2 , 0 0 0   p s i g .   P r e f e r r e d   o p e r a t i n g  

p r e s s u r e s   in  t he   i n v e n t i v e   p r o c e s s   a re   on  t h e  

o r d e r   of  1 . 7 5 - 6 . 3   k g / c m 2   gauge   (25  to  90  p s i g - ) .  

I f   d e s i r e d ,   i n e r t   g a s e s   such  as  n i t r o g e n   c a n  

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

WORKING  EXAMPLES 

In  o r d e r   to  more  t h o r o u g h l y   d e s c r i b e   t h e  

p r e s e n t   i n v e n t i o n ,   t he   f o l l o w i n g   w o r k i n g   e x a m p l e s  

a re   p r e s e n t e d .  

In  t h e s e   e x a m p l e s ,   c o k i n g   was  a c c o m p l i s h e d   i n  

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

( m i n i - c o k e r )   c o m p o s e d   of  a  c a r b o n   s t e e l   r e a c t i o n  

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

h a v i n g   a  d i a m e t e r   of  10  cms  (4  i n c h e s )   and  a n  

i n t e r n a l   h e i g h t   of  53  cms  (21  i n c h e s ) .   A 

f e e d l i n e   was  c o n n e c t e d   to  the   b o t t o m   of  the   m i n i -  

c o k e r   f o r   the   i n t r o d u c t i o n   of  f e e d   m a t e r i a l   a n d  

an  e x i t   l i n e   was  a t t a c h e d   to  the   top  of  the   m i n i -  

c o k e r   f o r   w i t h d r a w a l   of  g a s e o u s   and  l i q u i d   p r o d u c t s  

d u r i n g   the   c o k i n g   o p e r a t i o n .   In  o r d e r   to  p r e v e n t  

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

l i n e ,   t he   o u t l e t   l i n e   was  h e a t e d   to  a  t e m p e r a t u r e  

of  343°C  ( 6 5 0 ° F )   d u r i n g   the   c o k i n g   o p e r a t i o n .  

In  each   e x a m p l e ,   2 , 0 0 0   grams  of  f e e d   was  c h a r g e d  

i n t o   the   m i n i - c o k e r   and  the   p r e s s u r e   in  the   m i n i -  

c o k e r   m a i n t a i n e d   at  6 . 3 k g / c m 2   gauge   (90  p s i g )   a n d  

the   m i n i - c o k e r   h e a t e d   u s i n g   a  48  h o u r   t h e r m a l  

c y c l e   shown  in  t he   f o l l o w i n g   T a b l e   I.  In  e a c h  

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

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



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

o i l ,   a  vacuum  t o w e r   b o t t o m s ,   and  a  371°C+  ( 7 0 0 ° F + )  

f r a c t i o n   of  s h a l e   o i l ,   w h i c h   r e p r e s e n t s   t h e  

b o t t o m   54%  of  w h o l e   s h a l e   o i l .   The  f o l l o w i n g  

T a b l e   I I   shows  t he   p r o p e r t i e s   of  t h e s e   m a t e r i a l s .  

E x a m p l e s   1  to  3  and  C o m p a r a t i v e   E x a m p l e s   A  and  B 

In  E x a m p l e s   1  to  3,  m i x t u r e s   of  t he   a b o v e -  

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

d e c a n t e d   o i l   were   s u b j e c t e d   to  c o k i n g .   In  a d d i t i o n ,  
f o r   t h e   p u r p o s e s   of  c o m p a r i s o n   a  f e e d   c o m p r i s i n g   a l l  



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

d e c a n t e d   o i l   were   a l s o   c o k e d .   The  c o m p o s i t i o n  

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

s e t   f o r t h   in  t he   f o l l o w i n g   T a b l e   I I I .   U n l e s s  

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

f o l l o w i n g   t a b l e   a re   in  w e i g h t   p e r c e n t .  



From  t h e   f o r e g o i n g ,   i t   can  be  s e e n   t h a t   t h e  

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

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

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

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

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

r e s i d u u m   and  o n l y   d e c a n t e d   o i l   a r e   c o k e d .   M o r e o v e r ,  

i t   w i l l  b e   n o t i c e d   t h a t   t he   amoun t   of  coke   p r o d u c e d  

i s   l e s s   t h a n   w o u l d   have   b e e n   e x p e c t e d ,   a l t h o u g h  

n o t   as  much  l e s s   as  t h e   u n e x p e c t e d   i n c r e a s e   in  t h e  

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

l i q u i d   p r o d u c t s   of  t he   c o k i n g   o p e r a t i o n   a re   m o r e  

v a l u a b l e   t h a n   t h e   c o k e ,   t h i s   i s   a  s i g n i f i c a n t  

c o m m e r c i a l   a d v a n t a g e .  

E x a m p l e   4  and  C o m p a r a t i v e   E x a m p l e s   C  a n d   D 

The  p r o c e d u r e s   u s e d   in  E x a m p l e s   1  to  3 ,  

C o m p a r a t i v e   E x a m p l e   A  and  C o m p a r a t i v e   E x a m p l e   B 

w e r e   r e p e a t e d   e x c e p t   t h a t   a  vacuum  t o w e r   b o t t o m s  

was  u s e d   in   p l a c e   of  t h e   d e c a n t e d   o i l   as  t h e  

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

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

t h e   f o l l o w i n g   T a b l e   I V .  





From  the   f o r e g o i n g ,   i t   can   be  s e e n   t h a t   a n  

u n e x p e c t e d  i n c r e a s e   in   l i q u i d   p r o d u c t   y i e l d s   i s  

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

v a c u u m   t o w e r   b o t t o m s .  

Use  of  a  H y d r o g e n   C a t a l y s t  

In   o r d e r   to  more  t h o r o u g h l y   d e s c r i b e   t h i s  

e m b o d i m e n t ,   t he   f o l l o w i n g   w o r k i n g   e x a m p l e s   a r e  

p r e s e n t e d .  

In  each   of  t h e s e   e x a m p l e s ,   a  m i n i - c o k e r   a s  

d e s c r i b e d   e a r l i e r   was  u s e d .   In  c a r r y i n g   ou t   t h e  

e x a m p l e s ,   t he   c a t a l y s t   was  f i r s t   p u l v e r i z e d   ( p a r t i c l e  

s i z e   l e s s   t h a n   100  mesh)   and  t h e n   m i x e d   w i t h   t h e  

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

c o k e r .   The  p r e s s u r e   was  v a r i e d   f rom  0  t o  6 . 3  
k g / c m 2   gauge   (0  to  90  p s i g )   w h i c h   i s   t h e   n o r m a l  

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

The  c o k e r   was  t h e n   h e a t e d   to  e l e v a t e d   t e m p e r a t u r e  

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

shown  in  the   f o l l o w i n g   T a b l e   V .  

In  o r d e r   to  p r e v e n t   c o n d e n s a t i o n   and  r e f l u x  

of   a  l i q u i d   p r o d u c t ,   t he   o u t l e t   l i n e   of  t he   m i n i -  
c o k e r   was  h e a t e d   to  343°C  ( 6 5 0 ° F )   p r i o r   to  t h e   s t a r t  



of  each   t e s t .   The  vo lume   of  t he   o f f g a s   was  m e a s u r e d  

and  s a m p l e s   were   t a k e n   at   r e g u l a r   i n t e r v a l s   f o r  

a n a l y s i s .   In  t he   t e s t s   w h e r e   a  c a t a l y s t   was  u s e d ,  

i t s   w e i g h t   was  no t   i n c l u d e d   in  the   m a t e r i a l   b a l a n c e  

c a l c u l a t i o n s .   S i n c e   the   v o l a t i l e   m a t t e r   r e m a i n i n g  

in  the   c o k e r   c o u l d   v a r y   o v e r   wide   l i m i t s ,   t h e  

y i e l d   of  coke  was  c a l c u l a t e d   on  a  0  VCM 

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

v o l a t i l e   m a t t e r   was  i n c l u d e d   in  the  l i q u i d   p r o d u c t  

as  was  the   C4+  m a t e r i a l   in  t he   gas  s t r e a m   f o r  

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

E x a m p l e s   5  and  6  and  C o m p a r a t i v e   E x a m p l e s   E 

and  F :  

T h r e e   c a t a l y s t   t y p e s   were   t e s t e d   f o r   t h e i r  

e f f e c t   on  l i q u i d   p r o d u c t   y i e l d s .   These   were   a  

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

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

In  t h e s e   t e s t s ,   no  e f f o r t   was  made  to  keep   t h e  

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

T h e i n d e n t i t y   of  the   c a t a l y s t ,   the   c o m p o s i t i o n   o f  

t he   f e e d ,   o t h e r   v a r i a b l e s   and  the   r e s u l t s   o b t a i n e d  

a r e   s e t   f o r t h   in  the   f o l l o w i n g   T a b l e   V I .  





From  the   above   T a b l e   VI,  i t   can   be  s e e n   t h a t  

t h e   amoun t   of  l i q u i d   y i e l d s   p r o d u c e d   when .  a   h y d r o g e n  

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

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

t h e   y i e l d   o b t a i n e d   when  no  c a t a l y s t   or   a  c a t a l y s t  -  

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

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

a r e   u s e d .  

E x a m p l e s   7  and  8 

The  l a b o r a t o r y   s c a l e   c o k i n g   a p p a r a t u s  

u s e d   in  t he   f o r e g o i n g   e x a m p l e s   was  m o d i f i e d   so  

t h a t   a  gas  c o u l d   be  t a n g e n t i a l l y   i n t r o d u c e d   at  i t s  

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

d u r i n g   c o k i n g .   Example   6  was  r e p e a t e d   t w i c e ,   in  o n e  

i n s t a n c e   n i t r o g e n   gas  b e i n g   f ed   at   a  r a t e   of  a b o u t  

0 . 0 2   f t 3 / m i n u t e   to  the   c o k e r   and  in  the   o t h e r  

i n s t a n c e   no  n i t r o g e n   b e i n g   fed   to  t he   c o k e r .  

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

T a b l e   V I I .  



From  T a b l e   V I I ,   i t   can   be  s e e n   t h a t   m i x i n g   o f  

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

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

c a u s e s   l i q u i d   p r o d u c t s   to  be  p r o d u c e d   in   e v e n  

h i g h e r   y i e l d s .  

E x a m p l e s   9  to  13  and  C o m p a r a t i v e   E x a m p l e   G: 

F i v e   D i f f e r e n t   h y d r o c r a c k i n g   c a t a l y s t s  

w e r e   u s e d   in   t h e   i n v e n t i v e   p r o c e s s .   The  c o n d i t i o n s  

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

f o r t h   in  t h e   f o l l o w i n g   T a b l e   V I I I .  



From  the   above   T a b l e   V I I I ,   i t   can  be  s e e n   t h a t  

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

in   t he   y i e l d s   of  l i q u i d   p r o d u c t   o b t a i n e d .  

M o r e o v e r ,   h y d r o c r a c k i n g   c a t a l y s t s   of  the   NiW  t y p e  

( E x a m p l e s   9  and  12  show  an  e x c e l l e n t   i n c r e a s e   i n  

t h e   amoun t   of  l i q u i d   p r o d u c t   y i e l d s .  

E x a m p l e s   14  to  16  

In  o r d e r   to  d e t e r m i n e   t he   e f f e c t   of  p r e s s u r e  

on  t h i s   e m b o d i m e n t ,   t h r e e   a d d i t i o n a l   e x a m p l e s   w e r e  

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

E x a m p l e   9.  The  c o n d i t i o n s   of  the   e x a m p l e s   as  w e l l  

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

f o l l o w i n g   T a b l e   I X .  

As  can  be  s een   f rom  the   above   t a b l e ,   i m p r o v e d  

l i q u i d   y i e l d s   are   o b t a i n e d   o v e r   the   e n t i r e  

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



i . e .  a b o u t   25  to  9 0  p s i g   ( 1 . 7 5   6 . 3 0   k g / c m 2   g a u g e ) .  

E x a m p l e s   17  to  21  and  C o m p a r a t i v e   E x a m p l e   H  and  I :  

In  o r d e r   to  d e t e r m i n e   t h e   e f f e c t   o f  

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

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

In  t h e s e   e x p e r i m e n t s ,   t he   r a t i o  b e t w e e n   t he   s h a l e  

o i l   c o m p o n e n t   and  the   p e t r o l e u m   c o m p o n e n t   of  t h e  

f e e d   we re   v a r i e d ,   t h e s e   e x a m p l e s   u s i n g   t h e  

h y d r o c r a c k i n g   c a t a l y s t   of  E x a m p l e   9  p r e s e n t   in   a n  

a m o u n t   of  1%  by  w e i g h t   in  e a c h   f e e d .   T h e  

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

o b t a i n e d   a r e   s e t   f o r t h   in   t h e   f o l l o w i n g   T a b l e   X .  





From  the   f o r e g o i n g ,   i t   can   be  s een   t h a t   t h e  

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

o b t a i n e d   i s   when  t h e  s h a l e   o i l   c o m p o n e n t   of  t he   f e e d  

i s   a b o u t   25  wt .   %. 

Use  of  H y d r o c r a c k i n g   C a t a l y s t   and  H y d r o g e n  

In  o r d e r   to  more  t h o r o u g h l y   d e s c r i b e   t h i s  

e m b o d i m e n t ,   t h e  f o l l o w i n g   w o r k i n g   e x a m p l e s   a r e  

p r e s e n t e d .  

The  d a t a   p r e s e n t e d   in   t h e s e   e x a m p l e s   w a s  

o b t a i n e d   in  t h e   b e n c h s c a l e ,   b a t c h   m i n i - c o k e r  

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

n o m i n a l   c h a r g e   of  f e e d   m a t e r i a l   i s   2 , 0 0 0   g.  I n  

t h e s e   t e s t s   w h e r e   a  c a t a l y s t   was  u s e d ,   t he   c a t a l y s t  

was  f i r s t   p u l v e r i z e d   and  m i x e d   w i t h   t he   f e e d  

m a t e r i a l   p r i o r   to  i t s   i n t r o d u c t i o n   i n t o   t he   m i n i -  

c o k e r .   To  keep   t he   c a t a l y s t   s u s p e n d e d ,   a  s t r e a m  

of  gas   was  i n t r o d u c e d   a t   t he   b a s e   of  t he   c o k e r .  

The  p r e s s u r e   was  m a i n t a i n e d   a t   25  p s i g   1 . 7 5   k g / c m 2  

f o r   a l l   t e s t s .   The  p r o g r a m   t e m p e r a t u r e   c y c l e ,  

shown  in  T a b l e   XI  b e l o w ,   was  d e v e l o p e d   s p e c i f i c a l l y  

f o r   u s e   w i t h   vacuum  t o w e r   b o t t o m s .  

T e m p e r a t u r e   c h a n g e s   we re   made  as  r a p i d l y   a s  

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



f rom  6 .5   to  7  h o u r s .   The  o v e r h e a d   ( d i s t i l l a t e )  

l i n e   was  h e a t e d   to  343°C  ( 6 5 0 ° F )   p r i o r   to  the   s t a r t  

of  e a c h   t e s t   to  m i n i m i z e   r e f l u x   ( r e c y c l e ) .   T h e  

v o l u m e   of  the   o f f g a s   was  m e a s u r e d   and  s a m p l e s   w e r e  

t a k e n   a t   r e g u l a r   i n t e r v a l s   f o r   a n a l y s i s .   H y d r o g e n  

and  n i t r o g e n   were   c a l c u l a t e d   out   of  t he   g a s  

a n a l y s i s   w h e n  t h e y   were  u s e d   to  s u s p e n d   t h e  

c a t a l y s t .   In  t h o s e   t e s t s   in  w h i c h  a   c a t a l y s t   w a s  

u s e d ,   i t s   w e i g h t   was  no t   i n c l u d e d   in  m a t e r i a l  

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

r e m a i n i n g   in  t he   coke  c o u l d   v a r y   o v e r   r a t h e r   w i d e  

l i m i t s ,   t he   y i e l d s   of  coke  were   g e n e r a l l y  

c a l c u l a t e d   on  a  0  VCM  b a s i s .   T h i s   v o l a t i l e   w a s  

i n c l u d e d   in  the   l i q u i d   p r o d u c t   as  was  t he   C4+ 
m a t e r i a l   in  t he   gas  s t r e a m   f o r   m a t e r i a l   b a l a n c e  

p u r p o s e s .  

E x a m p l e s   22  to  24  and  C o m p a r a t i v e   E x a m p l e s   J  a n d  

K:  

Whole  s h a l e   o i l   was  c o k e d   in  a  m i n i -  

c o k e r   w h i l e   the   g a s ,   u s u a l l y   h y d r o g e n ,   was  f ed   t o  

t h e   c o k e r .   In  E x a m p l e s   22  to  24,  t h r e e   d i f f e r e n t  

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

f e e d   m i x t u r e .   In  C o m p a r a t i v e   E x a m p l e s   J  and  K,  n o  

c a t a l y s t   was  i n c l u d e d   in  the   s y s t e m .   The  i d e n t i t y  

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

s e t  f o r t h   in  the   f o l l o w i n g   T a b l e   X I I .  



From  t h e   f o r e g o i n g ,   i t   can   be  s e e n   t h a t   a l l  

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

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

c a t a l y s t ,   h y d r o g e n   had   no  b e n e f i c i a l   e f f e c t .   N o n e  



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

s u l f u r   and  n i t r o g e n .  

E x a m p l e s   25  to  27  and  C o m p a r a t i v e   E x a m p l e s   L 

and  M: 

E x a m p l e s   22  and  24  and  C o m p a r a t i v e  

E x a m p l e s   J  and  K  were   r e p e a t e d   e x c e p t   t h a t   t h e  

f e e d   c o n s i s t e d   of  a  m i x t u r e   of  50%  w h o l e   s h a l e   o i l  

and  50%  vacuum  t o w e r   b o t t o m s .   The  i d e n t i t y   of  t h e  

c a t a l y s t s   as  w e l l   as  r e s u l t s   o b t a i n e d   a re   s e t  

f o r t h   in  the   f o l l o w i n g   T a b l e   X I I I .  



From  t he   f o r e g o i n g ,   i t   can   be  s e e n   t h a t   h y d r o g e n  

w i t h o u t   a  c a t a l y s t   has   no  e f f e c t   on  l i q u i d   p r o d u c t  

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

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

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

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

e s s e n t i a l l y   t h e   s a m e .  

E x a m p l e s   28  to  3 1 :  

A  f e e d   m i x t u r e   c o m p r i s i n g   50  w e i g h t  

p e r c e n t   w h o l e   s h a l e   o i l   and  50  w e i g h t   p e r c e n t  

v a c u u m   t o w e r   b o t t o m s   was  c o k e d   in  t he   m i n i - c o k e r  

w h i l e   a b o u t   1  l i t e r / m i n .   H2  gas   was  f e d   t h e r e t o .  

The  r e a c t i o n   p r e s s u r e   was  1 . 7 5   k g / c m 2   (25  p s i g ) .  

In   e a c h   e x a m p l e ,   a  c a t a l y s t   c o m p r i s i n g   2.9%  N i ,  

17 .5%  Mo  was  u s e d ,   t h e   a m o u n t   of  c a t a l y s t   in   t h e  

f e e d   m i x t u r e   b e i n g   v a r i e d .   The  amoun t   of  c a t a l y s t  

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

f o r t h   in  t he   f o l l o w i n g   T a b l e   X I V .  



As  can  be  s e e n ,   v e r y   low  c o n c e n t r a t i o n s   o f  

c a t a l y s t s   are   e f f e c t i v e   when  h y d r o g e n   i s   a l s o  

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

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

when  u s i n g   f rom  0 . 0 5   to  1 . 0 0   w e i g h t   p e r c e n t  

h y d r o c r a c k i n g   c a t a l y s t .  

E x a m p l e s   32  and  3 3 :  

In  one  f e a t u r e   of  t h i s   e m b o d i m e n t ,   u s e d  

c a t a l y s t s   can  be  r e c y c l e d   f o r   r e u s e .   E x a m p l e   33  

i l l u s t r a t e s   t h i s   p r o c e d u r e ,   w h i l e   E x a m p l e   32  u s i n g  

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

c o m p a r i s o n .   In  E x a m p l e s   32  and  33  the   f e e d   c o n s i s t e d  

of  50  w e i g h t   p e r c e n t   whole   s h a l e   o i l   and  50  w e i g h t  



p e r c e n t   vacuum  b o t t o m s   t o g e t h e r   w i t h   1 . 0 0   w e i g h t  

p e r c e n t   c a t a l y s t s .   In  E x a m p l e   32,  f r e s h   c a t a l y s t  

was  e m p l o y e d   and  t he   f e e d   was  c o k e d   t o  p r o d u c e   a  

l i q u i d   p r o d u c t   and  c o k e .   The  coke   p r o d u c t   o f  

E x a m p l e   32  was  r e m o v e d   f rom  t h e   c o k e r   and  c o m b u s t e d  

in   a i r   to  p r o d u c e   an  a sh   p r o d u c t   c o n t a i n i n g   u s e d  

c a t a l y s t .   Enough   ash   p r o d u c t   was  a d d e d   to  a n  

a d d i t i o n a l   amoun t   of  f e e d   m a t e r i a l   s o  t h a t   t h e  

c a t a l y s t   c o n t e n t   t h e r e o f   was  one  w e i g h t   p e r c e n t .  

T h i s   f e e d   m a t e r i a l   was  t h e n   c o k e d   a g a i n   as  e x a m p l e  

33.   The  r e s u l t s   o b t a i n e d   a r e   s e t   f o r t h   in  t h e  

f o l l o w i n g   T a b l e   XV. 



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

E x a m p l e s   32  and  33  a re   q u i t e   s i m i l a r ,   a l t h o u g h   t h e  

r e c y c l e d   c a t a l y s t   gave  s l i g h t l y   l e s s   l i q u i d   a n d  

more  c o k e .   The  r e c y c l e d   c a t a l y s t   does   r e s u l t  

in   h i g h e r   p r o d u c t   s u l f u r   and  n i t r o g e n .  

E x a m p l e s   34  and  3 5 :  

E x a m p l e s   32  and  33  were   r e p e a t e d   e x c e p t  

t h a t   coke   p r o d u c e d   in  E x a m p l e   32  was  u s e d   in  E x a m p l e  

35  w i t h o u t   b u r n i n g   to  p r o d u c e   an  a s h .   In  o t h e r  

w o r d s ,   t he   coke   p r o d u c t s   of  Example   34  were   u s e d  

as  t he   c a t a l y s t   s o u r c e .   A l s o ,   the   amoun t   of  c o k e  

a d d e d   to  the   f e e d   of  Example   35  was  such   t h a t   t h e  

a m o u n t   of  c a t a l y s t   t h e r e i n   was  0 . 3 4   w e i g h t  

p e r c e n t   r a t h e r   t h a n   1 . 0 0   w e i g h t   p e r c e n t .   T h e  

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

T a b l e   X V I .  



As  can   be  s e e n ,   l i q u i d   y i e l d s   a re   same  w h e t h e r  

f r e s h   or   r e c y c l e d   c a t a l y s t   i s   u s e d .   Coke  y i e l d  

i s   s o m e w h a t   h i g h e r   in   t he   c a s e   of  r e c y c l e d   c a t a l y s t s .  

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

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



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

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

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

of  o x y g e n   to  p r o d u c e   coke  and  a  l i q u i d  p r o d u c t .   -  

2.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  c h a r a c t e r i s e d  

in   t h a t   t he   s h a l e   o i l   m a t e r i a l   is   a  s h a l e   o i l  

r e s i d u u m .  

3.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   2  c h a r a c t e r i s e d  

in  t h a t   s h a l e   o i l   r e s i d u u m   is   c o m p o s e d   of  no  m o r e  

t h a n   the   b o t t o m   60  w e i g h t   p e r c e n t   of  s h a l e   o i l . .  

4.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1.  to  3 

c h a r a c t e r i s e d   in  t h a t   i t   c o m p r i s e s   5  to  85%  s h a l e  

o i l   r e s i d u u m .  

5.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to  4  

c h a r a c t e r i s e d   in  t h a t   t he   p e t r o l e u m   r e s i d u u m   has   a  

b o i l i n g   r a n g e   such   t h a t   a  minimum  of  80%  of  s a i d  

p e t r o l e u m   r e s i d u u m   b o i l s   above   315°C  ( 6 0 0 ° F ) .  

6.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to  5 

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

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

7.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   6  c h a r a c t e r i s e d  

in   t h a t   t he   f e e d   m a t e r i a l   c o n t a i n s   up  to  10  w e i g h t   % 

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

8.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   6  or  c l a i m   7 

c h a r a c t e r i s e d   in  t h a t   the   h y d r o g e n   c a t a l y s t   i s   a  

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

9.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   8  c h a r a c t e r i s e d  

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

p y r i t e s .  

10.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   6  or  c l a i m   7 

c h a r a c t e r i s e d   in  t h a t   the   h y d r o g e n   c a t a l y s t   is   a  

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



11.   A  p r o c e s s   as  c l a i m e d   in   c l a i m  1 0   c h a r a c t e r i s e d  

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

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

12 .   A  p r o c e s s   as  c l a i m e d   in   c l a i m   6  or  c l a i m   7 

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

i s   a  h y d r o c r a c k i n g   c a t a l y s t .  

13 .   A  p r o c e s s   as  c l a i m e d   in   c l a i m   12  c h a r a c t e r i s e d  

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

f r o m   NiMo,  CoMo,  NiW  and  CoW. 

14.   A  p r o c e s s   as  c l a i m e d   in   c l a i m   13  c h a r a c t e r i s e d  

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

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

15.   A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   1  to  1 4  

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

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

16.   A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   1  t o - - 1 5  

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

w i t h d r a w i n g   coke   f rom  the   r e a c t i o n   zone   w h e r e i n  

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

c o n t a i n e d   in   s a i d   coke  w i t h   a d d i t i o n a l   f e e d  

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

m a t e r i a l   to  c o k i n g .  

17.   A  p r o c e s s   as  c l a i m e d   i n   any  of  c l a i m s   1  to  6 

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

c a t a l y s t   w h i c h   i s   t he   h y d r o c r a c k i n g   c a t a l y s t   a n d  

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

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

18.   A  p r o c e s s   as  c l a i m e d   in   c l a i m   17  c h a r a c t e r i s e d  

in   t h a t   t h e   f e e d   m a t e r i a l   c o n t a i n s   up  to  10  w e i g h t  

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

19.   A  p r o c e s s   as  c l a i m e d   in   c l a i m   18  c h a r a c t e r i s e d  

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

s h a l e   o i l .  

20 .   A  p r o c e s s   as  c l a i m e d   in   c l a i m   19  c h a r a c t e r i s e d  

in   t h a t   t he   s h a l e   o i l   m a t e r i a l   c o m p r i s e s   t he   b o t t o m  
60%  or   l e s s   o f  w h o l e   s h a l e   o i l .  
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