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@  Upgrading  of  heavy  hydrocarbons. 

  Heavy  hydrocarbonaceous  materials  are  converted  to 
distillate  products  and  pitch  in  a  hydrogen  donor  diluent 
cracking  process,  and  the  pitch  is  utilized  as  feed  to  a 
delayed  coker.  Green  coke  is  calcined  in  a  vertical  shaft 
kiln,  and  steam  is  injected  into  the  bottom  of  the  kiln  to 
produce  hydrogen  by  reaction  of  steam  with  coke.  The  hy- 
drogen  is  drawn  from  the  kiln  and  used  to  hydrogenate 
recycle  donor  solvent  for  the  cracking  step.  High  sulfur  coke 
can  be  desulfurized  in  the  kiln,  and  distillate  products  in 
addition  to  donor  solvent  can  be  hydrotreated  using  hyd- 
rogen  from  the  kiln. 



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

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

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

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

o i l ,   t a r   s a n d   b i t u m e n   and   c o a l - d e r i v e d   l i q u i d s .  

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

low  g r a v i t y ,  h i g h   s u l f u r   c r u d e   o i l .  

T h e r e   a r e   many  p r o c e s s e s   a v a i l a b l e   i n  

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

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

m o s t   p e r t i n e n t   t o   t h e   p r e s e n t   i n v e n t i o n   i s   d e s c r i b e d  

in   U . S . A .   P a t e n t   No.  4 ,   1 ? 8 ,   2 2 9 .   T h a t   p a t e n t  

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

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

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

d i s t i l l a t e   s t r e a m s   and   p i t c h .   The  p i t c h   i s   t h e n  

s u b j e c t e d   to   d e l a y e d   c o k i n g .  

A  p r o c e s s   w h e r e i n   s y n t h e s i s   g a s e s   a n d  

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

c a l c i n e r   i s   d e s c r i b e d   i n   U . S . A .   P a t e n t   No.  3 , 6 7 6 , 5 1 7 .  

T h e r e   h a s   b e e n   a  n e e d   f o r   a  p r o c e s s   o f  

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

e f f e c i e n t ,   and   d o e s   n o t   r e q u i r e   an  o u t s i d e   s o u r c e   o f  

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

;  h i g h   s u l f u r   m a t e r i a l .   S u c h   a  p r o c e s s   i s   p r o v i d e d  

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

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

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



to   h y d r o g e n   d o n o r   d i l u e n t   c r a c k i n g   (HDDC),   t h e  

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

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

The  t e r m   ' p i t c h '   as  u s e d   h e r e i n   m e a n s   a  b o t t o m   s t r e a m  

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

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

HDDC  u n i t ,   and   t h e   p i t c h   t y p i c a l l y   c o n t a i n s   t h e  

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

i n   t h e   gas   o i l   b o i l i n g   r a n g e .  

G r e e n   c o k e   f r o m   t h e   d e l a y e d   c o k i n g  

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

m o v i n g   b e d   v e r t i c a l   s h a f t   k i l n .   S t e a m   i s   i n j e c t e d  

i n t o   t h e   l o w e r   p a r t   of  t h e   k i l n   to   p r o d u c e   a  h y d r o g e n -  

r i c h   s t r e a m   by  t h e   w e l l - k n o w n   w a t e r   gas   r e a c t i o n .  

P a r t   of  t h i s   gas   s t r e a m   f l o w s   up  t h r o u g h   t h e   c a l c i n e r  

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

a n d ,   a f t e r   t r e a t m e n t   to  r e m o v e   c a r b o n   d i o x i d e   o r  

c a r b o n   d i o x i d e   and  c a r b o n   m o n o x i d e   i f   d e s i r e d ,   u s e d  

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

HDDC  s t e p .  

In   c a s e s   w h e r e   t h e   f e e d s t o c k   i s   a  h i g h  

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

u r i z i n g   c o n d i t i o n s   to   p r o d u c e   a  low  s u l f u r   c o k e  

p r o d u c t ,   and  p a r t   of   t h e   h y d r o g e n   p r o d u c e d   i n   t h e  

l o w e r   s e c t i o n   of   t h e   k i l n   can   be  u s e d   to   h y d r o t r e a t  

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

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

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

a c e o u s   m a t e r i a l   s u c h   as  a  low  g r a v i t y ,   h i g h   s u l f u r  



c r u d e   o i l   by  t h e   HDDC  p r o c e s s   and   i n c l u d e s   t h e  

f e a t u r e   of   p r o d u c i n g   t h e   h y d r o g e n   r e q u i r e d   f o r  

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

f r o m   t h e   HDDC  p i t c h   w i t h   s t e a m   i n   a  v e r t i c a l  

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

i n c l u d e   c r a c k e d   p r o d u c t s   a n d   d e s u l f u r i z e d   c o k e ,  

and   t h e   p r o d u c t s   a r e   a l l   e i t h e r   low  s u l f u r   p r o d u c t s  

or   c a n   be  h y d r o t r e a t e d   by  i n t e r n a l l y   g e n e r a t e d  

h y d r o g e n   to  p r o v i d e   low  s u l f u r   p r o d u c t s .   H y d r o g e n  

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

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

The  p r o c e s s   of   t h i s   i n v e n t i o n   i s  

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

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

l i q u i d s   and   h e a v y   ( l o w   g r a v i t y )   c r u d e   o i l s .   I t   i s  

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

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

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

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

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

by  t h e   p r o c e s s   of   t h e   i n v e n t i o n .  

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

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

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

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

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

F e e d s t o c k   f r o m   l i n e   10  and   h y d r o -  

g e n a t e d   d o n o r  s o l v e n t   f r o m   l i n e   11  a r e   f e d   to   d o n o r  



c r a c k e r   12 .   The  c o n d i t i o n s   f o r   t h e   HDDC  o p e r a t i o n  

a r e   w e l l   k n o w n ,   as  e x e m p l i f i e d   by   U . S . A .   P a t e n t s   N o s .  

2 , 9 5 3 , 5 1 3   and   3 , 2 3 8 , 1 1 8 .   D o n o r   c r a c k e r   e f f l u e n t   i s  

f r a c t i o n a t e d   i n   f r a c t i o n a t o r   1 3 ,   and  r e c y c l e   d o n o r  

s o l v e n t   i s   d r a w n   o f f   t h r o u g h   l i n e   14  and   h y d r o -  

g e n a t e d   in   h y d r o t r e a t e r   15 .   H y d r o g e n a t e d   s o l v e n t  

f r o m   h y d r o t r e a t e r   15  g o e s   t h r o u g h   f l a s h   s e p a r a t o r   1 6  

w h e r e   g a s e s   a r e   r e m o v e d ,   and   t h e   d o n o r   s o l v e n t   t h e n  

i s   r e c y c l e d   to   d o n o r   c r a c k e r   1 2 .  

The  b o t t o m   p i t c h   f r a c t i o n   f r o m  

f r a c t i o n a t o r   12  p a s s e s   t h r o u g h   l i n e   17  to   c o k i n g  

f u r n a c e   18  and  t h e n   to   coke   d rum  19 .   The  c o k i n g   i s  

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

and   o v e r h e a d   v a p o r s   f r o m   c o k e   d rum  19  a r e   r e t u r n e d   t o  

f r a c t i o n a t o r   1 3 .  

G r e e n   coke   f r o m   c o k e   drum  19  p a s s e s  

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

k i l n   20 .   A i r   i s   i n j e c t e d   f r o m   l i n e   21  i n t o   a  

c o m b u s t i o n   z o n e   i n   k i l n   20.   S t e a m   f r o m   b o i l e r   2 8  

p a s s e s   t h r o u g h   l i n e   22  i n t o   t h e   l o w e r   p a r t   of   k i l n   2 0  

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

t h e   r e a c t i o n   H 2 0  +   C H 2  +   CO.  T h i s   i s   s o m e t i m e s  

r e f e r r e d   to   as  t h e   w a t e r   gas   r e a c t i o n ,   f o r   w h i c h  

t h e   c o n d i t i o n s   a r e   w e l l   k n o w n .  

Gas  f l o w   i n   k i l n   20  i s   u p w a r d ,   so  t h a t  

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

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

f r o m   l i n e   23  l o c a t e d   b e l o w   t h e   a i r   i n j e c t i o n   l e v e l .  

The  w a t e r   gas   r e a c t i o n   p r o d u c t s   may  be  t r e a t e d   i n  



a  s c r u b b e r   ( n o t   s h o w n )   or  o t h e r   e q u i p m e n t   t o  

r e m o v e   g a s e s   o t h e r   t h a n   h y d r o g e n   b e f o r e   t h e  

h y d r o g e n   p a s s e s   t o   h y d r o t r e a t e r   15  w h e r e   i t   i s  

u s e d   to   h y d r o g e n a t e   r e c y c l e   d o n o r   s o l v e n t .   T h u s ,  

h y d r o g e n   g e n e r a t e d   in   k i l n   20  c an   r e g e n e r a t e   t h e  

d o n o r   s o l v e n t   f o r   t h e   HDDC  u n i t .  

A c c o r d i n g   to   a  more   s p e c i f i c  

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

s t o c k   ( a b o v e   2  p e r c e n t   by  w e i g h t   s u l f u r )   i s   f e d   t o  

d o n o n   c r a c k e r   12 .   W i t h   a  h i g h   s u l f u r   f e e d s t o c k ,  

t h e   g r e e n   c o k e   f r o m   coke   d rum  19  w i l l   c o n t a i n   a n  

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

k i l n   20  a t   a  h i g h   t e m p e r a t u r e   ( f r o m   1 3 0 0   to   1 5 0 0 ° C ) ,  

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

r e d u c e d   so  t h a t   t h e   p r o d u c t   c o k e   c an   be  u s e d   as  a  

f u e l .   S u l f u r   r e m o v e d   f r o m   t h e   c o k e   i s   r e c o v e r e d  

as  h y d r o g e n   s u l f i d e   i n   s c r u b b e r   24 .   P a r t   of  t h e  

h y d r o g e n   f r o m   k i l n   20  i s   p a s s e d   t h r o u g h   l i n e   25  t o  

h y d r o t r e  a t e r   26   w h e r e   o v e r h e a d   l i q u d s   f r o m   f r a c t i o n -  

>  a t o r   13  a r e   h y d r o t r e a t e d   to   p r o d u c e   low  s u l f u r  

p r o d u c t s .   G a s e s   f r o m   v a r i o u s   s t a g e s   of   t h e   p r o c e s s  

a r e   s c r u b b e d   i n   v e s s e l   27  t o   p r o d u c e   low  s u l f u r  

g a s e o u s   p r o d u c t s .  

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

) 8  p e r c e n t   by   w e i g h t   s u l f u r )   h a v i n g   h i g h   v i s c o s i t y  

and  low  g r a v i t y   may  be  s a t i s f a c t o r i l y   p r o c e s s e d  

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

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

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



t h e   u n i q u e   c o m b i n a t i o n   of  t h e   HDDC  s t e p   w i t h  

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

w i t h   i n t e r n a l   g e n e r a t i o n   of  h y d r o g e n   in   t h e  

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

u s e f u l   w h e r e   low  s u l f u r   l i q u i d   p r o d u c t s   a r e   t o  

be  made  f r o m  h i g h   s u l f u r   c r u d e   o i l   i n   p r o c e s s i n g  

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

a v a i l a b l e .  



1.   A  p r o c e s s   f o r   u p g r a d i n g   a  h e a v y  

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

( a )   s u b j e c t i n g   s a i d   h e a v y   h y d r o c a r b o n -  

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

c r a c k i n g   s t e p ;  

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

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

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

( c )   p a s s i n g   d e l a y e d   c o k e   to   a  t o p   f e d  

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

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

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

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

c o k e ;  

( e )   r e c o v e r i n g   a  h y d r o g e n - r i c h   g a s  

s t r e a m   f r o m   s a i d   s h a f t   k i l n ;   a n d  

( f )   u t i l i z i n g   h y d r o g e n   f r o m   s a i d   h y d r o g e n -  

r i c h   gas   s t r e a m   to   h y d r o g e n a t e   h y d r o g e n - d e p l e t e d  

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

s t e p .  

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  

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

p r o d u c t   of  s a i d   f a c t i o n a t i n g   s t e p .  

3.  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  t h e  

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

m a t e r i a l   i s   a  h i g h   s u l f u r   m a t e r i a l ,   and  s a i d   s h a f t  



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

4.   A  p r o c e s s   a c c o r d i n g   to   any   one  o f  

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

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

d o n o r   s o l v e n t   and   o t h e r   d i s t i l l e d   l i q u i d s   f r o m  

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

5.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   o f  

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

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

to   u t i l i z i n g   s a i d   h y d r o g e n .  
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