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(54)  A  process  for  the  production  of  low-asphaltenes  hydrocarbon  mixtures. 
Deasphalted  oils  and  distillates  are  produced  from 

asphaltenes-containing  hydrocarbons  by  two-step  solvent- 
deasphalting  (yielding  a  high  quality  DAO-1,  a  DAO-2  of  lower 
quality  and  asphalt)  and  converting  the  DAO-2  or the  asphalt 
by  catalytic  hydrotreatment  into  a  product  having  a  reduced 
RCT,  which  is  separated  by  distillation  into  distillate  frac- 
tion(s)  and  a  residue  which  is  subjected  to  thermal  or catalytic 
cracking  or  which  is  used  as  feed  component  for  solvent- 
deasphalting  and  the  cracked  product  is  separated  by  distilla- 
tion  into  distillate  fraction(s)  and  a  residue  which  is  used  as 
feed  component  in  solvent-deasphalting,  or  by  subjecting  the 
DAO-2  to  thermal  or  catalytic  cracking  and/or  the  asphalt  to 
thermal  cracking  and  converting  a  distillation  residue  of  the 
cracked  product(s)  by  catalytic  hydrotreatment  into  a  product 
having  a  reduced  RCT,  which  is  separated  by  distillation  into 
distillate  fraction(s)  and  a  residue  which  is  used  as  feed  com- 
ponent  for  solvent-deasphalting. 





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

d e a s p h a l t e d   o i l s   and  h y d r o c a r b o n   o i l   d i s t i l l a t e s   from  a s p h a l t e n e s -  

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

In  the  a t m o s p h e r i c   d i s t i l l a t i o n   of  crude  m i n e r a l   o i l   for   t h e  

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

k e r o s i n e   and  gas  o i l ,   an  a s p h a l t e n e s - c o n t a i n i n g   r e s i d u e   is  o b t a i n e d  

a s  b y - p r o d u c t .  

These  r e s i d u e s ,   which  u s u a l l y   c o n t a i n   a  s u b s t a n t i a l   q u a n t i t y  

of  su lphur   and  m e t a l s   in  a d d i t i o n   to  a s p h a l t e n e s ,   were  i n i t i a l l y  

used  as  fue l   o i l .   In  view  of  the  need  for   l i g h t   h y d r o c a r b o n   o i l  

d i s t i l l a t e s   and  the  d e c r e a s i n g   m ine ra l   o i l   r e s e r v e s ,   s e v e r a l  

t r e a t m e n t s   have  a l r e a d y   been  p roposed   aiming  a t   p r o d u c i n g   l i g h t  

hyd roca rbon   o i l   d i s t i l l a t e s   from  a t m o s p h e r i c   r e s i d u e s .   For  e x a m p l e ,  

i t   is   p o s s i b l e   to  s e p a r a t e   a  d e a s p h a l t e d   o i l   from  an  a t m o s p h e r i c  

r e s i d u e   by  s o l v e n t - d e a s p h a l t i n g   and  to  s u b j e c t   s a i d   d e a s p h a l t e d  

o i l   to  c a t a l y t i c   c r a c k i n g ,   o p t i o n a l l y   in  the  p r e s e n c e   of  h y d r o g e n .  

I t   is  a l so   p o s s i b l e   to  s e p a r a t e   an  a tmosphe r i c   r e s i d u e   i n to   a  

vacuum  d i s t i l l a t e   and  a  vacuum  r e s i d u e   by  vacuum  d i s t i l l a t i o n ,   t o  

s e p a r a t e   a  d e a s p h a l t e d   o i l   from  the  vacuum  r e s i d u e   by  s o l v e n t -  

d e a s p h a l t i n g   and  s u b j e c t i n g   both   the  vacuum  d i s t i l l a t e   and  t h e  

d e a s p h a l t e d   o i l   to  c a t a l y t i c   c r a c k i n g ,   o p t i o n a l l y   in  the  p r e s e n c e  
of  h y d r o g e n .  

A  drawback  of  the  c o n v e n t i o n a l   s o l v e n t - d e a s p h a l t i n g ,   in  w h i c h  

an  a s p h a l t e n e s - c o n t a i n i n g   feed  is   s e p a r a t e d   in  one  s t ep   i n to   a  

d e a s p h a l t e d   o i l   as  d e s i r e d   main  p roduc t   and  an  a s p h a l t   as  b y -  

p r o d u c t ,   is  t h a t   for   r e a l i z i n g   a  s u f f i c i e n t l y   h igh  y i e l d   of  d e -  

a s p h a l t e d   o i l ,   one  u s u a l l y   has  to  accep t   a  d e a s p h a l t e d   o i l   o f  

i n s u f f i c i e n t   q u a l i t y .   In  t h i s   c o n n e c t i o n   the  q u a l i t y   of  the  d e -  

a s p h a l t e d   o i l   is   meant  to  be  i t s   s u i t a b i l i t y   for   c o n v e r s i o n   i n t o  



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

the   p r e s e n c e   of  hydrogen .   Said   s u i t a b i l i t y   i s   h i g h e r   a c c o r d i n g   a s  

the   d e a s p h a l t e d   o i l   has ,   i n t e r   a l i a ,   a  l o w e r   a s p h a l t e n e s ,   m e t a l  

and  s u l p h u r   c o n t e n t .   By  s u b j e c t i n g   a  d e a s p h a l t e d   o i l   of  i n s u f f i -  

c i e n t   q u a l i t y   to  a  p r e t r e a t m e n t ,   i t   can  as  ye t   be  made  s u i t a b l e  

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

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

I t   has  been  f o u n d  t h a t   the   a b o v e - m e n t i o n e d   drawback  of  t h e  

c o n v e n t i o n a l   s o l v e n t - d e a s p h a l t i n g   can  be  a l l e v i a t e d   to  some  e x t e n t  

by  c a r r y i n g   out   the   s o l v e n t - d e a s p h a l t i n g   as  a  t w o - s t e p   p r o c e s s ,   i n  

which   the   a s p h a l t e n e s - c o n t a i n i n g   hyd roca rbon   m i x t u r e   i s   s e p a r a t e d  

i n t o   a  d e a s p h a l t e d   o i l   of   h igh   q u a l i t y   ( for   the   sake  of  b r e v i t y  

t e rmed  below  " d e a s p h a l t e d   o i l   1 " ) ,   a  d e a s p h a l t e d   o i l   of  l o w e r  

q u a l i t y   ( fo r   the   sake  of   b r e v i t y   te rmed  below  " d e a s p h a l t e d   o i l   2")  

and  an  a s p h a l t .   D e a s p h a l t e d   o i l   1  d i f f e r s   from  d e a s p h a l t e d   o i l   2 

ma in ly   by  a  s u b s t a n t i a l l y   lower   a s p h a l t e n e s ,   me t a l   and  s u l p h u r  

c o n t e n t .   compar i son   of  t he   r e s u l t s   of  the   o n e - s t e p   p r o c e s s   w i t h  

t h o s e   of   t he   t w o - s t e p   p r o c e s s   shows  t h a t   s t a r t i n g   from  an  e q u a l  

q u a n t i t y   of  an  a s p h a l t e n e s - c o n t a i n i n g   h y d r o c a r b o n   m i x t u r e   for   t h e  

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

d e a s p h a l t e d  o i l   i s   of  i n s u f f i c i e n t   q u a l i t y   in  the   o n e - s t e p   p r o c e s s ,  
t he   t w o - s t e p   p r o c e s s   y i e l d s   two  d e a s p h a l t e d   o i l s   of  which  d e -  

a s p h a l t e d   o i l   1  i s   s u i t a b l e   as  such  for   c o n v e r s i o n   i n t o   h y d r o -  

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

p r e s e n c e   of  hydrogen .   A  d e a s p h a l t e d   o i l   of  i n s u f f i c i e n t   q u a l i t y   i s  

a d m i t t e d l y   a l so   o b t a i n e d   in  the   t w o - s t e p   p r o c e s s ,   bu t   in  a  c c n -  

s i d e r a b l y   s m a l l e r   q u a n t i t y   t han   in  the  o n e - s t e p   p r o c e s s .  
S ince   s o l v e n t - d e a s p h a l t i n g   has  in  p r a c t i c e   been  found  to  b e  

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

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

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   has  moreover  been  found  to  y i e l d  

b e t t e r   r e s u l t s   t han   a  o n e - s t e p   p r o c e s s ,   i t   was  a s c e r t a i n e d   to  w h a t  

e x t e n t   i t   would  be  p o s s i b l e   to  o b t a i n   a  b e t t e r   r e s u l t   by  c o m b i n i n g  

t he   t w o - s t e p   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   w i th   a f t e r t r e a t m e n t ( s )  

of  t he   d e a s p h a l t e d  o i l   2  a n d / o r   the   a s p h a l t   and  a p p l i c a t i o n   o f  a  



r e s i d u a l   f r a c t i o n   of  the   a f t e r t r e a t e d   p roduc t  ( s )   as  a  f e e d  

component  for   the  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g ,   than  when  u s i n g  

j u s t   a  t w o - s t e p   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 .   An  i n v e s t i g a t i o n  

i n t o   c a t a l y t i c   h y d r o t r e a t m e n t ,   in  which  a  feed  is  c o n v e r t e d   i n to   a  

p r o d u c t   wi th   a  r e d u c e d   Ramsbottom  Carbon  Tes t   va lue   (RCT),  c a t a -  

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

was  conduc ted .   In  a l l  c a s e s   the  r e s u l t i n g   p r o d u c t s   were  s e p a r a t e d  

by  d i s t i l l a t i o n   i n t o   one  or  more  d i s t i l l a t e   f r a c t i o n s   and  a  

r e s i d u a l   f r a c t i o n   and  a t   l e a s t   one  of  the   r e s u l t a n t   r e s i d u a l  

f r a c t i o n s   was  used  as  a  feed   component  for   the   t w o - s t e p   s o l v e n t -  

d e a s p h a l t i n g .   In  t he   e v a l u a t i o n   of  the   r e s u l t   the   y i e l d   and  t h e  

q u a l i t y   of  the  d e a s p h a l t e d   o i l s   and  the   a s p h a l t   p lay   a  p r o m i n e n t  

p a r t .   The  y i e l d   of  l i g h t   p r o d u c t   i s   a l s o   of  g r e a t   impor t ance .   I n  

t h i s   c o n n e c t i o n   by  q u a l i t y   of  a s p h a l t   i s   meant  the  s u i t a b i l i t y   t o  

se rve   as  a  fue l   o i l   component .   Said  s u i t a b i l i t y   i s   h i g h e r   a c c o r d -  

ing  as  the  a s p h a l t   has  a  lower  meta l   and  s u l p h u r   c o n t e n t   and  a  

lower  v i s c o s i t y   and  d e n s i t y .   Compared  wi th   a mode  of  o p e r a t i o n   i n  

which  j u s t   a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i s   used ,   the   c o m b i n -  

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

o i l   1  and  a  c o n s i d e r a b l e   y i e l d   of  h y d r o c a r b o n   o i l   d i s t i l l a t e .  Some 

combina t i ons   have  been  found  to  y i e l d   d e a s p h a l t e d   o i l s   a n d / o r  

a s p h a l t   of  a  b e t t e r   q u a l i t y .  

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

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

from  a s p h a l t e n e s - c o n t a i n i n g   hydroca rbon   m i x t u r e s ,   c h a r a c t e r i z e d   i n  

t h a t   an  a s p h a l t e n e s - c o n t a i n i n g   hyd roca rbon   m i x t u r e   is   s e p a r a t e d   b y  

t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i n to   a  d e a s p h a l t e d   o i l   1  of  h i g h  

q u a l i t y ,   a  d e a s p h a l t e d   o i l   2  of  lower  q u a l i t y   and  an  a s p h a l t ,   t h a t  

the  d e a s p h a l t e d   o i l   2  or  the   a s p h a l t   is   c o n v e r t e d   by  a  c a t a l y t i c  

h y d r o t r e a t m e n t   i n t o   a  p r o d u c t   having  a  r educed   RCT  which  i s  

s e p a r a t e d   by  d i s t i l l a t i o n   i n t o   one  or  more  d i s t i l l a t e   f r a c t i o n s  

and  a  r e s i d u a l   f r a c t i o n ,   t h a t   the  r e s i d u a l   f r a c t i o n   is   s u b j e c t e d  

to  thermal   or  c a t a l y t i c   c r a c k i n g   or  used  as  a  feed  component  f o r  

s o l v e n t - d e a s p h a l t i n g   and  the  c racked   p r o d u c t   o b t a i n e d   is  s e p a r a t e d  



by  d i s t i l l a t i o n   i n t o   one  or  more  d i s t i l l a t e   f r a c t i o n s   and  a  

r e s i d u a l   f r a c t i o n ,   which  l a t t e r   f r a c t i o n   i s   used   as  a  f e e d  

component   for   s o l v e n t - d e a s p h a l t i n g ,   or  t h a t   the   d e a s p h a l t e d   o i l   2 

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

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

r e s i d u e   of  t h e   c r a c k e d   p r o d u c t ( s )   is  c o n v e r t e d   by  a  c a t a l y t i c  

h y d r o t r e a t m e n t   i n t o   a  p r o d u c t   w i th   a  r e d u c e d   RCT  t h a t   is   s e p a r a t e d  

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

f r a c t i o n   which  i s   u sed   as  a  feed  component  fo r   s o l v e n t - d e a s p h a l t i n g .  

As  r e g a r d s   t he   f e e d s   used  fo r   each  of  t he   a f t e r t r e a t m e n t s   a s  

w e l l   as  when  a p p l y i n g   more  t han   one  a f t e r t r e a t m e n t   and  the   s e q u e n c e  

in  which  s a i d   t r e a t m e n t s   t ake   p l a c e ,   a  number  of  p r e f e r r e d   e m b o a i -  

ments  w i l l   be  d i s c u s s e d   h e r e i n a f t e r .   I t   i s   a p p l i c a b l e   to  a l l   t h e  

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

used  as  f eed   i s   f i r s t   s e p a r a t e d   by  a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g  

t r e a t m e n t   i n t o   a  d e a s p h a l t e d   o i l  1 ,   a  d e a s p h a l t e d   o i l   2  and  a n  

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

in  t he   a f t e r t r e a t m e n t   i s   used  as  a  feed  component  fo r   s o l v e n t -  

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

t r e a t m e n t   r e f e r r e d   to  h e r e i n a b o v e .  

A  p r e f e r r e d   embodiment   of  the   p r o c e s s   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   r e l a t e s   to  a  p r o c e s s   for   the   p r o d u c t i o n   of  a  

d e a s p h a l t e d   o i l   and  h y d r o c a r b o n   o i l   d i s t i l l a t e s   from  a s p h a l t e n e s -  

c o n t a i n i n g   h y d r o c a r b o n  m i x t u r e s ,   in  which  an  a s p h a l t e n e s - c o n t a i n i n g  

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

i n t o   a  d e a s p h a l t e d   o i l   1  of  h igh  q u a l i t y ,   a  d e a s p h a l t e d   o i l   2  o f  

lower   q u a l i t y   and  an  a s p h a l t ,   in  which  d e a s p h l t e d   o i l   2  i s  

c o n v e r t e d   by  c a t a l y t i c   h y d r o t r e a t m e n t   i n t o   a  p r o d u c t   having  a  

r educed   RCT  which  i s   s e p a r a t e d   by  d i s t i l l a t i o n   i n t o   one  or  more  

d i s t i l l a t e   f r a c t i o n s   and  a  r e s i d u a l   f r a c t i o n ,  in  which  s a i d  

r e s i d u a l   f r a c t i o n   is   c o n v e r t e d   by  t h e r m a l   or  c a t a l y t i c   c r a c k i n g  

i n t o   a  c r a c k e d   p r o d u c t   which  is  s e p a r a t e d   by  d i s t i l l a t i o n   i n to   o n e  

or  more  d i s t i l l a t e   f r a c t i o n s   and  a  r e s i d u a l   f r a c t i o n ,  the  l a t t e r  

r e s i d u a l   f r a c t i o n   b e i n g   used  as  a  feed  component  for   the  t w o - s t e p  

s o l v e n t - d e a s p h a l t i n g .  



In  t h i s   embodiment  ( c l a s s   I)  the   d e a s p h a l t e d   o i l   2  i s   s u b -  

j e c t e d   to  a  c a t a l y t i c   h y d r o t r e a t m e n t .   C lass   I  can  be  f u r t h e r  

s u b d i v i d e d   depend ing   on  whether   the  d i s t i l l a t i o n   r e s i d u e   of  t h e  

h y d r o t r e a t e d   p r o d u c t   is  s u b j e c t e d   to  t h e r m a l   c r a c k i n g   ( c l a s s   IA) 

or  to  c a t a l y t i c   c r a c k i n g   ( c l a s s   I B ) .  

A  p r e f e r r e d   embodiment  of  c l a s s   I  compr i ses   a  p r o c e s s   w h e r e i n  

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

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

a s p h a l t   is   used  as  a  feed  component  fo r   t he rma l   c r a c k i n g .  

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

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  p r o c e s s   for   the  p r o d u c t i o n   o f  

d e a s p h a l t e d   o i l s   and  hydroca rbon   o i l   d i s t i l l a t e s   from  a s p h a l t e n e s -  

c o n t a i n i n g   h y d r o c a r b o n   m i x t u r e s ,   in  which  an  a s p h a l t e n e s - c o n t a i n i n g  

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

i n to   a  d e a s p h a l t e d   o i l   1  of  high  q u a l i t y ,   a  d e a s p h a l t e d   o i l   2  o f  

lower  q u a l i t y   and  an  a s p h a l t ,   in  which  the   a s p h a l t   is   c o n v e r t e d   b y  

c a t a l y t i c   h y d r o t r e a t m e n t   i n to   a  p r o d u c t   having   a  r educed   RCT  w h i c h  

is   s e p a r a t e d   by  d i s t i l l a t i o n   i n to   one  or  more  d i s t i l l a t e   f r a c t i o n s  

and  a  r e s i d u a l   f r a c t i o n   and  in  which  the   r e s i d u a l   f r a c t i o n   is   u s e d  

as  a  feed  component  for  the  s o l v e n t - d e a s p h a l t i n g   or  is  c o n v e r t e d  

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

s e p a r a t e d   by  d i s t i l l a t i o n   i n to   one  or  more  d i s t i l l a t e   f r a c t i o n s  

and  a  r e s i d u a l   f r a c t i o n ,   the  l a t t e r   r e s i d u a l   f r a c t i o n   be ing   u s e d  

as  a  feed  component  for   s o l v e n t - d e a s p h a l t i n g .  

In  t h i s   embodiment  ( c l a s s   II)  t h e   a s p h a l t   is   s u b j e c t e d   to  a  

c a t a l y t i c   h y d r o t r e a t m e n t .   Class   II   can  be  f u r t h e r   s u b d i v i d e d  

depending   on  whe the r   the  d i s t i l l a t i o n   r e s i d u e   of  the   h y d r o t r e a t e d  

p r o d u c t   is   used  as  a  feed  component  fo r   s o l v e n t - d e a s p h a l t i n g ,   i n  

p a r t i c u l a r   t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   ( c l a s s   IIA)  or  is   s u b -  

j e c t e d   to  t he rma l   c r a c k i n g   ( c l a s s   IIB)  o r  t o   c a t a l y t i c   c r a c k i n g  

( c l a s s   I I C ) .  

A  p r e f e r r e d   embodiment  of  c l a s s   II   compr ises   a  p r o c e s s  
where in   the  r e s i d u a l   f r a c t i o n   s e p a r a t e d   from  the  p r o d u c t   of  t h e  

c a t a l y t i c   h y d r o t r e a t m e n t   is  used  as  a  feed  component  for   s o l v e n t -  

d e a s p h a l t i n g   and  t h a t   the  d e a s p h a l t e d   o i l   2  is   c o n v e r t e d   b y  



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

s e p a r a t e d   by  d i s t i l l a t i o n   i n t o   one  or  more  d i s t i l l a t e   f r a c t i o n s  

and  a  r e s i d u a l   f r a c t i o n   t h a t   is   used  as  a  feed  component  f o r  

s o l v e n t - d e a s p h a l t i n g .  

A  f u r t h e r   p r e f e r r e d   embodiment  of  c l a s s   II   compr i ses   a  p r o c e s s  

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

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

c r a c k i n g   i n t o   a  c r a c k e d   p r o d u c t   and  t h a t   the   d e a s p h a l t e d   o i l   2  i s  

used   as  a  feed   component  fo r   t h e r m a l   or  c a t a l y t i c   c r a c k i n g   a n d  

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

c r a c k e d   p r o d u c t   i s   used   as  a  feed  component  fo r   s o l v e n t - d e a s p h a l t i n g .  

A  t h i r d   p r e f e r r e d   embodiment  of  the   p r o c e s s   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   r e l a t e s   to  a  p r o c e s s   fo r   the  p r o d u c t i o n   o f  

d e a s p h a l t e d   o i l s   and  h y d r o c a r b o n   o i l   d i s t i l l a t e s   from  a s p h a l t e n e s -  

c o n t a i n i n g   h y d r o c a r b o n  m i x t u r e s ,   in  which  an  a s p h a l t e n e s - c o n t a i n i n g  

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

i n t o   a  d e a s p h a l t e d   o i l   1  of  h igh   q u a l i t y ,   a  d e a s p h a l t e d   o i l   2  o f  

lower  q u a l i t y   and  an  a s p h a l t ,   in  which  t he   d e a s p h a l t e d  o i l   2  i s  

s u b j e c t e d   to  t h e r m a l   or  c a t a l y t i c   c r a c k i n g   a n d / o r   in  which  t h e  

a s p h a l t   i s   s u b j e c t e d   to  t h e r m a l   c r a c k i n g ,   in  which  a  d i s t i l l a t i o n  

r e s i d u e   of  the   c r a c k e d   p r o d u c t   is   c o n v e r t e d   by  c a t a l y t i c   h y d r o -  

t r e a t m e n t   i n t o   a  p r o d u c t   w i th   a  r educed   RCT  t h a t   is   s e p a r a t e d   b y  

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

f r a c t i o n   and  in  which  the   r e s i d u a l   f r a c t i o n   is  used  as  a  f e e d  

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

s o l v e n t - d e a s p h a l t i n g .  

In  t h i s   embodiment  ( c l a s s   I I I )   the   d e a s p h a l t e d   o i l   2  i s  

s u b j e c t e d   to  t h e r m a l   or  c a t a l y t i c   c r a c k i n g   a n d / o r   the   a s p h a l t   i s  

s u b j e c t e d   to  t h e r m a l   c r a c k i n g .   Class   I I I   can  be  f u r t h e r   s u f i d i v i d e d  

depend ing   on  w h e t h e r   the   a p p a r a t u s   in  which  the   p r o c e s s   is  c a r r i e d  

out   c o n t a i n s   in  a d d i t i o n   to  a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g  

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

c r a c k i n g   s e c t i o n   ( c l a s s   IIIA)  or  a  c a t a l y t i c   c r a c k i n g   s e c t i o n  

( c l a s s   I I I B ) ,   or  bo th   a  t h e r m a l   and  a  c a t a l y t i c   c r a c k i n g   s e c t i o n  

( c l a s s   I I I C ) ,   in  which  the   d e a s p h a l t e d   o i l   2  and /o r   the  a s p h a l t  



s e p a r a t e d   in  the   t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   s e c t i o n   i s / a r e  

f u r t h e r   p r o c e s s e d .  

A  p r e f e r r e d   embodiment  of  c l a s s   I I I   compr i ses   a  p r o c e s s  

whe re in   the  d e a s p h a l t e d   o i l   2  i s   t h e r m a l l y  o r   c a t a l y t i c a l l y  

c r a c k e d   and  t h a t   the   a s p h a l t   is   used  as  a  feed  component  for   t h e  

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

A  f u r t h e r   p r e f e r r e d   embodiment  of  c l a s s   I I I   compr i ses   a  

p r o c e s s   w h e r e i n   the  d e a s p h a l t e d   o i l   2  i s   c a t a l y t i c a l l y   c r a c k e d   a n d  

t h a t   the  a s p h a l t   i s   t h e r m a l l y   c r a c k e d   and  t h a t   the  m i x t u r e   of  t h e  

d i s t i l l a t i o n   r e s i d u e s   of  the  c r a c k e d   p r o d u c t s   i s   s u b j e c t e d   t o  

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

In  the  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   the  feed  used  is  a n  

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

ably  a p p l i e d   to  h y d r o c a r b o n   m i x t u r e s   mainly   b o i l i n g   above  350°C 

and  more  than  35%  by  we igh t   b o i l i n g   above  520°C  and  hav ing   an  RCT 

above  7.5%  by  w e i g h t .   Examples  of  such  hyd roca rbon   m i x t u r e s   a r e  

r e s i d u e s   o b t a i n e d   in  the  d i s t i l l a t i o n   of  crude  m i n e r a l   o i l s   a s  

we l l   as  heavy  h y d r o c a r b o n   m i x t u r e s   o b t a i n e d   from  sha le   and  t a r  

sand.  I f   d e s i r e d ,   the   p r o c e s s   can  a l so   be  used  for   heavy  c r u d e  

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

p r o d u c t s   formed  in  the  t he rma l   c r a c k i n g   of  hyd roca rbon   m i x t u r e s .  

The  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   is  very  s u i t a b l e   to  b e  

a p p l i e d   to  r e s i d u e s   o b t a i n e d   in  the  vacuum  d i s t i l l a t i o n   of  a t -  

mospher ic   d i s t i l l a t i o n   r e s i d u e s   of  crude  m i n e r a l   o i l s .   The  p r o c e s s  

a c c o r d i n g   to  the  i n v e n t i o n   is   f u r t h e r   very   s u i t a b l e   to  be  a p p l i e d  

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

d i s t i l l a t i o n   r e s i d u e s   of  p r o d u c t s   formed  in  the  t he rmal   c r a c k i n g  

of  a s p h a l t e n e s - c o n t a i n i n g   hyd roca rbon   m i x t u r e s .   If   an  a t m o s p h e r i c  

d i s t i l l a t i o n   r e s i d u e   is   a v a i l a b l e   as  feed  for   the  p r o c e s s   a c c o r -  

ding  to  the  i n v e n t i o n ,   i t   is  p r e f e r r e d   to  s e p a r a t e   t h e r e f r o m   a  

vacuum  d i s t i l l a t e   by  vacuum  d i s t i l l a t i o n   and  s u b j e c t   the  r e s u l t a n t  

vacuum  r e s i d u e   to  the  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n .   The 

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

carbon  o i l   d i s t i l l a t e s   by  s u b j e c t i n g   i t   to  thermal   c r a c k i n g   o r  

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



In  t he   p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   the   feed  is   s u b -  

j e c t e d   to  a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g .   S u i t a b l e   s o l v e n t s   f o r  

c a r r y i n g   out   the   d e a s p h a l t i n g   t r e a t m e n t   are   p a r a f f i n i c   h y d r o -  

ca rbons   w i th   3-7  ca rbon   atoms  per   m o l e c u l e ,   such  as  p r o p a n e ,  

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

such  as  m i x t u r e s   of  p ropane   wi th   n - b u t a n e   and  m i x t u r e s   of  n - b u t a n e  

w i t h   i s o - b u t a n e .   S u i t a b l e   s o l v e n t / o i l   we igh t   r a t i o s   l i e   b e t w e e n  

7:1  and  1 :1 .   The  s o l v e n t - d e a s p h a l t i n g   i s   p r e f e r a b l y   c a r r i e d   out  a t  

e l e v a t e d   t e m p e r a t u r e   and  p r e s s u r e .   The  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g  

can  in  p r i n c i p l e   be  c a r r i e d   out   in  two  m a n n e r s .  

F i r s t l y   t h e   f eed   may  be  s u b j e c t e d   to  an  e x t r a c t i o n   under   m i l d  

c o n d i t i o n s   in  which  the   feed  i s   s e p a r a t e d   i n t o   a  d e a s p h a l t e d  o i l   1 

and  a  " l i g h t "   a s p h a l t   and  in  the   second  s t ep   the   l i g h t   a s p h a l t   i s  

s u b s e q u e n t l y   s u b j e c t e d   to  a  second  e x t r a c t i o n   in  which  i t   i s  

s e p a r a t e d   i n t o   a  d e a s p h a l t e d  o i l   2  and  the   f i n a l  a s p h a l t   a s  

b y - p r o d u c t .   In  bo th   s t e p s   t he   same  s o l v e n t   can  be  used ,   the   d e g r e e  

of  e x t r a c t i o n   b e i n g   c o n t r o l l e d   by  means  of  the   t e m p e r a t u r e   ( t e m p e r -  

a t u r e   in  t he   f i r s t   s t ep   h i g h e r   than  in  the   second  s t e p ) .   I t   i s  

a l s o   p o s s i b l e   to  use  d i f f e r e n t   s o l v e n t s ,   f o r   example  propane  i n  

the  f i r s t   s t e p   and  n - b u t a n e   in  the   second  s t e p .  

Second ly ,   the   feed  may  be  s u b j e c t e d   to  an  e x t r a c t i o n   u n d e r  

h e a v i e r   c o n d i t i o n s   in  which  the   feed  is   s e p a r a t e d   i n to   a  d e -  

a s p h a l t e d   o i l   and  the   f i n a l   a s p h a l t   as  b y - p r o d u c t   and  in  t h e  

second  s tep   t he   d e a s p h a l t e d  o i l   is   s u b s e q u e n t l y   s e p a r a t e d   i n t o   a  

d e a s p h a l t e d  o i l   1  and   a  d e a s p h a l t e d  o i l   2.  To  t h i s   end  the   m i x t u r e  

of  d e a s p h a l t e d  o i l   and  s o l v e n t   from  the   e x t r a c t o r   should   only  b e  

s u p p l i e d   to  a  s e t t l e r   in  which  the  t e m p e r a t u r e   i s   h i g h e r   than  t h a t  

a p p l i e d   in  the   f i r s t   s t e p .  

The  a s p h a l t e n e s - c o n t a i n i n g   h y d r o c a r b o n   m i x t u r e s   used  as  f e e d  

in  the   p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   u s u a l l y   c o n t a i n   a  

s u b s t a n t i a l   q u a n t i t y   of  m e t a l s ,   e s p e c i a l l y   vanadium  and  n i c k e l .  

In  the   t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   t r e a t m e n t   some  of  t h e s e  

me ta l s   f i n d   t h e i r   way  i n to   the   d e a s p h a l t e d   o i l   2  or  the   a s p h a l t .  

In  the  c a t a l y t i c   h y d r o t r e a t m e n t   of  the   d e a s p h a l t e d   o i l   2,  t h e  

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



or  c a t a l y t i c   c r a c k i n g   at  l e a s t   p a r t   of  s a id   me ta l s   d e p o s i t s   on  t h e  

c a t a l y s t   and  c o n s e q u e n t l y   s h o r t e n s   i t s   l i f e .   I t   is  t h e r e f o r e  

p r e f e r r e d   to  s u b j e c t   a  d e a s p h a l t e d   o i l   2,  an  a s p h a l t   or  a  c r a c k i n g  

r e s i d u e   or  a  m i x t u r e   of  a  c r a c k i n g   r e s i d u e   and  an  a s p h a l t   hav ing   a  

vanadium  +  n i c k e l   c o n t e n t   above  50  p a r t s   per  m i l l i o n   by  w e i g h t  

(ppmw)  to  a  d e m e t a l l i z a t i o n   t r e a t m e n t   b e f o r e   c o n t a c t i n g   i t   w i t h  

the  c a t a l y s t   a p p l i e d   in  the  c a t a l y t i c   h y d r o t r e a t m e n t .   Said  d e -  

m e t a l l i z a t i o n   can  very   s u i t a b l y   be  c a r r i e d   out  by  c o n t a c t i n g   t h e  

p r o d u c t ( s )   to   be  d e m e t a l l i z e d   in  the   p r e s e n c e   of  hydrogen  w i th   a  

c a t a l y s t   c o n s i s t i n g   more  than  80%  by  we igh t   of  s i l i c a .   B o t h  

c a t a l y s t s   c o m p l e t e l y   c o n s i s t i n g   of  s i l i c a   and  c a t a l y s t s   c o n t a i n i n g  

one  or  more  m e t a l s   hav ing   h y d r o g e n a t i o n   a c t i v i t y ,   in  p a r t i c u l a r   a  

combina t i on   of  n i c k e l   and  vanadium,   p r e s e n t   on  a  c a r r i e r   s u p p o r t  

s u b s t a n t i a l l y   c o n s i s t i n g   of  s i l i c a ,   a re   s u i t a b l e   for   s a i d   p u r p o s e .  
I f   in  the  p r o c e s s   a c c o r d i n g   to  the   i n v e n t i o n   a  c a t a l y t i c   d e -  

m e t a l l i z a t i o n   in  the  p r e s e n c e   of  hydrogen   i s   a p p l i e d   s a i d   d e -  

m e t a l l i z a t i o n   can  be  c a r r i e d   out   in  a  s e p a r a t e   r e a c t o r .   S ince   t h e  

c a t a l y t i c   d e m e t a l l i z a t i o n   and  the   c a t a l y t i c   h y d r o t r e a t m e n t   t o  

reduce   the   RCT  can  be  c a r r i e d   out   under   the   same  c o n d i t i o n s ,   t h e  

two  p r o c e s s e s   can  a l so   very   s u i t a b l y   be  c a r r i e d   out  in  the  same 

r e a c t o r ,   c o n s e c u t i v e l y   c o n t a i n i n g   a  bed  of  the  d e m e t a l l i z a t i o n  

c a t a l y s t   and  a  bed  of  the  c a t a l y s t   used  in  the  c a t a l y t i c   h y d r o -  

t r e a t m e n t .  

S u i t a b l e   c a t a l y s t s   for   c a r r y i n g   out   the   c a t a l y t i c   h y d r o -  

t r e a t m e n t   are   t hose   c o n t a i n i n g   a t   l e a s t   one  metal   chosen  from  t h e  

group  formed  by  n i c k e l   and  c o b a l t   and  a t   l e a s t   one  meta l   c h o s e n  

from  the  group  formed  by  molybdenum  and  t u n g s t e n   on  a  c a r r i e r  

c o n s i s t i n g   more  than  40%  by  w e i g h t   of  a lumina .   Very  s u i t a b l e  

c a t a l y s t s   for   c a r r y i n g   out  the  c a t a l y t i c   h y d r o t r e a t m e n t   are   t h o s e  

c o n t a i n i n g   the   me ta l   combina t ion   n i cke l /mo lybdenum  or  c o b a l t / -  

molybdenum  on  a lumina .   The  c a t a l y t i c   h y d r o t r e a t m e n t   is  p r e f e r a b l y  
c a r r i e d   out  a t   a  t e m p e r a t u r e   of  from  300-500°C  and  in  p a r t i c u l a r  

of  from  350-450°C;  a  p r e s s u r e   of  from  50-300  bar  and  in  p a r t i c u l a r  

of  from  75-200  ba r ,   a  space  v e l o c i t y   of  from  0.02-10  g . g - 1 · h - 1  

and  in  p a r t i c u l a r   of  from  0 .1-2   g . g - 1 . h - 1   and  an  H 2 / f e e d  



r a t i o   of  from  100-5000  N l . k g - 1   and  in  p a r t i c u l a r   of  from  5 0 0 -  

2000  N1.kg-1 .   As  r e g a r d s   the  c o n d i t i o n s   a p p l i e d   in  an  o p t i o n a l  

c a t a l y t i c   d e m e t a l l i z a t i o n   to  be  c a r r i e d   out  in  the   p r e sence   of  h y -  

d rogen ,   the   same  p r e f e r e n c e   holds   as  s t a t e d   above  for   the  c a t a l y t i c  

h y d r o t r e a t m e n t   to  r e d u c e   the  RCT. 

The  c a t a l y t i c   h y d r o t r e a t m e n t   is  p r e f e r a b l y   c a r r i e d   out  i n  

such  a  manner  t h a t   a  p r o d u c t   is  o b t a i n e d   the  C5+  f r a c t i o n   o f  

which   f u l f i l s   the   f o l l o w i n g   r e q u i r e m e n t s :  

a)  the   RCT  of  the   C5+  f r a c t i o n   is  l e s s   than  50%  of  the   RCT  o f  

the   feed  to  b e  h y d r o t r e a t e d ,   a n d  

b)  t he   q u a n t i t y   of  h y d r o c a r b o n s   b o i l i n g   below  350°C  in  t h e  C 5 +  

f r a c t i o n   i s   l e s s   t han   40%  by  w e i g h t .  

I t   should   be  no t ed   t h a t   in  the  c a t a l y t i c   d e m e t a l l i z a t i o n ,  

a p a r t   from  r e d u c t i o n   of  the   meta l   c o n t e n t ,   n o r m a l l y   same  r e d u c t i o n  

of  the   RCT  and  f o r m a t i o n   of  C5-350°C  p r o d u c t   occu r .   Someth ing  

s i m i l a r   no rma l ly   a p p l i e s   to  the  c a t a l y t i c   h y d r o t r e a t m e n t   in  w h i c h ,  

a p a r t   from  r e d u c t i o n   of  RCT  and  f o rma t ion   of  C5-350°C  p r o d u c t ,  

some  r e d u c t i o n   of  the   m e t a l   c o n t e n t   t akes   p l a c e .   As  r ega rds   t h e  

r e q u i r e m e n t s   s t a t e d   above  under   a)  and b)  i t   should   be  noted  t h a t  

t hey   r e l a t e   to  the   t o t a l   r e d u c t i o n   of  the  RCT  and  the   fo rmat ion   o f  

C5-350°C  p r o d u c t   ( t h a t   i s   i n c l u d i n g   those   o c c u r r i n g   in  an  o p t i o n a l  

c a t a l y t i c   d e m e t a l l i z a t i o n ) .  

In  the   c a t a l y t i c   h y d r o t r e a t m e n t   a  p r o d u c t   w i th   a  reduced  RCT 

is   o b t a i n e d   from  which  one  or  more  d i s t i l l a t e   f r a c t i o n s   and  a  

r e s i d u a l   f r a c t i o n   a re   s e p a r a t e d .   The  d i s t i l l a t e   f r a c t i o n s   s e p a -  

r a t e d   from  the  p r o d u c t   may  be  a tmospher i c   d i s t i l l a t e s   only,   but   i t  

i s   p r e f e r r e d   to  s e p a r a t e   a  vacuum  d i s t i l l a t e   from  the   p r o d u c t .  

Said   vacuum  d i s t i l l a t e   can  be  conve r t ed   i n t o   l i g h t   hydrocarbon  o i l  

d i s t i l l a t e s   in  the   manners   s t a t e d   h e r e i n b e f o r e .  

In  some  of  t he   embodiments   of  the   p r o c e s s   a c c o r d i n g   to  t h e  

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

s u b j e c t e d   to  t h e r m a l   or  c a t a l y t i c   c r ack ing .   One  or  more  d i s t i l l a t e  

f r a c t i o n s   are  then   s e p a r a t e d   from  the  c racked   p r o d u c t .   S a i d  

d i s t i l l a t e   f r a c t i o n  ( s )   may  be  a tmospher i c   d i s t i l l a t e ( s )   only,   b u t  

i t   is   p r e f e r r e d   to  s e p a r a t e   a  vacuum  d i s t i l l a t e   from  the  c r a c k e d  



p r o d u c t  ( s ) .   Said  vacuum  d i s t i l l a t e   can  be  c o n v e r t e d   i n to   l i g h t  

hyd roca rbon   o i l   d i s t i l l a t e s   in  the  manners  s t a t e d   h e r e i n b e f o r e .  

A  number  of  embodiments   of  the  p r o c e s s   a c c o r d i n g   to  t h e  

i n v e n t i o n   ( d e s i g n a t e d   as  IA-1,  IA-2,  IB,  IIA-1  to  IIA-3  i n c l u s i v e ,  

I IB-1 ,   I IB-2 ,   I I C - 1 ,   I I C - 2 ,   I I IA-1   to  I I IA-4  i n c l u s i v e ,   I I I B - 1 ,  

I I IB-2   and  IIIC)  a re   d i s c u s s e d   in  some  d e t a i l   h e r e i n a f t e r .  

The  embodiments  IA-1  and  IA-2  are  c h a r a c t e r i z e d   in  t h a t   t h e  

a p p a r a t u s   in  which  t hey   a re   c a r r i e d   out  c o n t a i n s   in  a d d i t i o n   to  a  

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

ment  s e c t i o n ,   a  t h e r m a l   c r a c k i n g   s e c t i o n .   In  t he   embodiment  IA-1  a  

d i s t i l l a t i o n   r e s i d u e   of  the   h y d r o t r e a t e d   p r o d u c t   is   used  as  f e e d  

for   the  t he rma l   c r a c k i n g   s e c t i o n   and  a s p h a l t   i s   s e p a r a t e d   o f f   a s  

f i n a l   p r o d u c t .   In  the   embodiment  IA-2  both   a  d i s t i l l a t i o n   r e s i d u e  

of  the  h y d r o t r e a t e d   p r o d u c t   and  the  a s p h a l t   a re   used  as  f e e d  

components  for   the   t h e r m a l   c r a c k i n g   s e c t i o n .   Embodiment  IB  i s  

c h a r a c t e r i z e d   in  t h a t   the   a p p a r a t u s   in  which  i t   i s   c a r r i e d   o u t  

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

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

s e c t i o n .  

The  embodiments  IIA-1  to  IIA-3  i n c l u s i v e   are  c h a r a c t e r i z e d   i n  

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

as  a  feed  component  for   the   t w o - s t e p   s o l v e n t - d e a s p h a l t i n g .   In  t h e  

embodiment  IIA-1  the  d e a s p h a l t e d   o i l   2  is   s e p a r a t e d   o f f   as  f i n a l  

p r o d u c t .   In  the  embodiments   IIA-2  and  IIA-3  the  d e a s p h a l t e d   o i l   2 

is   s u b j e c t e d   to  t he rma l   and  c a t a l y t i c   c r a c k i n g   r e s p e c t i v e l y   and  a  

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

component  for   the  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g .   The  embod imen t s  

I IB-1 ,   I IB-2 ,   I IC-1  and  I IC-2  are  c h a r a c t e r i z e d   in  t h a t   t h e  

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

t he rma l   (IIB-1  and  IIB-2)  or  c a t a l y t i c   (IIC-1  and  IIC-2)  c r a c k i n g .  

In  the  embodiments  I I B - 1 ,   I IB-2 ,   IIC-1  and  IIC-2  a  d i s t i l l a t i o n  

r e s i d u e   of  the  c r a c k e d   p r o d u c t   is   used  as  a  feed  component  for   t h e  

t w o - s t e p   s o l v e n t - d e a s p h a l t i n g .   In  the  embodiments  TIB-1  and  I I C - 1  

the  d e a s p h a l t e d   o i l   2  is  s e p a r a t e d   o f f   as  f i n a l   p r o d u c t .   In  t h e  

embodiments  IIB-2  and  IIC-2  the  d e a s p h a l t e d   o i l   2  i s   used  as  a  



feed  component   for   the   t h e r m a l   and  c a t a l y t i c   c r a c k i n g   s e c t i o n  

r e s p e c t i v e l y .  

The  embodiments   I I IA-1   to  I I IA-4   i n c l u s i v e   are  c h a r a c t e r i z e d  

in  t h a t   t he   a p p a r a t u s   in  which  they   a re   c a r r i e d   out   c o n s e c u t i v e l y  

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

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

embodiment  I I IA-1   the  d e a s p h a l t e d  o i l   2  is   s u b j e c t e d   to  t h e r m a l  

c r a c k i n g   and  the   a s p h a l t   is   s e p a r a t e d   o f f   as  f i n a l   p r o d u c t .  

Embodiment  I I I A - 2   i s   a  v a r i a n t   of  the   embodiment  I I IA-1   in  w h i c h  

the  a s p h a l t   i s   mixed  wi th   the   d i s t i l l a t i o n   r e s i d u e   of  the   t h e r m a l -  

ly  c r a c k e d   p r o d u c t   and  the   m i x t u r e   i s   s u b j e c t e d   to  c a t a l y t i c  

h y d r o t r e a t m e n t .   In  the   embodiment  I I IA-3   the  a s p h a l t   is  s u b j e c t e d  

to  t h e r m a l   c r a c k i n g   and  the  d e a s p h a l t e d   o i l   2  is  s e p a r a t e d   o f f   a s  

f i n a l   p r o d u c t .  In  the   embodiment  I I IA-4   both   the  d e a s p h a l t e d   o i l   2 

and  the   a s p h a l t   are   t h e r m a l l y   c r a c k e d .  

The  embodiments   I I IB-1   and  I I I B - 2   are  c h a r a c t e r i z e d   in  t h a t  

the   a p p a r a t u s   in  which  they  a re   c a r r i e d   out  c o n s e c u t i v e l y   c o n s i s t s  

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

s e c t i o n   and  a  c a t a l y t i c   h y d r o t r e a t m e n t   s e c t i o n .   In  the   embod imen t  

I I IB-1   t he   d e a s p h a l t e d   o i l   2  is   s u b j e c t e d   to  c a t a l y t i c   c r a c k i n g  

and  the   a s p h a l t   is   s e p a r a t e d   o f f   as  f i n a l   p roduc t .   Embodiment  

I I IB-2   is   a  v a r i a n t   of  the  embodiment  I I IB-1   in  which  the  a s p h a l t  

i s   mixed  w i th   the   d i s t i l l a t i o n   r e s i d u e   of  the  c a t a l y t i c a l l y  

c r a c k e d   p r o d u c t   and  the   m i x t u r e   i s   s u b j e c t e d   to  c a t a l y t i c   h y d r o -  

t r e a t m e n t .  

Embodiment  I I IC  is  c h a r a c t e r i z e d   in  t h a t   the  a p p a r a t u s   i n  

which  i t   i s   c a r r i e d   out  c o n s e c u t i v e l y   c o n s i s t s   of  a  t w o - s t e p  

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

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

In  embodiment  I I IC   the   a s p h a l t   i s   t h e r m a l l y   c racked ,   the   d e a s p h a l t  

ed  o i l   2  is  c a t a l y t i c a l l y   c r a c k e d   and  a  mix tu re   of  the   two  c r a c k i n g  

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

The  embodiments  IA-1,  I A - 2  a n d  I B   are   d i a g r a m m a t i c a l l y   shown 

in  F i g u r e s   1,  2  and  3  r e s p e c t i v e l y .   The  embodiments  IIA-1  to  I I A - 3  

i n c l u s i v e ,   I I B - 1 ,   I IB-2 ,   IIC-1  and  IIC-2  are   d i a g r a m m a t i c a l l y  



shown  in  F i g u r e s   6-12  r e s p e c t i v e l y .   The  embodiments   I I IA-1  t o  

I I IA-4  i n c l u s i v e ,   I I I B - 1 ,   I I IB-2   and  I I IC   are   d i a g r a m m a t i c a l l y  

shown  in  F i g u r e s   15-21  r e s p e c t i v e l y .   The  f o l l o w i n g   s t reams   a n d  

s e c t i o n s   are  d e s i g n a t e d   t h r o u g h o u t   the  F i g u r e s   1-3,   6-12  and  1 5 - 2 1  

r e s p e c t i v e l y   wi th   t he   f o l l o w i n g   n u m e r a l s :  

s t ream  1  =  a s p h a l t e n e s - c o n t a i n i n g   f e e d  

s t ream  2  =  d e a s p h a l t e d   o i l   1 

s t ream  3  =  d e a s p h a l t e d  o i l  2  

s t ream  4 =  a s p h a l t  

s t ream  5  =  h y d r o c a r b o n   o i l   d i s t i l l a t e   ex  c a t a l y t i c   h y d r o -  

t r e a t m e n t  

s t ream  6 =  r e s i d u e   ex  c a t a l y t i c   h y d r o t r e a t m e n t  

s t ream  7 =  h y d r o c a r b o n   o i l   d i s t i l l a t e   ex  t he rma l   c r a c k i n g  

s t ream  8  =  r e s i d u e   ex  the rmal   c r a c k i n g  

s t ream  9  =  h y d r o c a r b o n   o i l   d i s t i l l a t e   ex  c a t a l y t i c   c r a c k i n g  

s t ream  10 =  r e s i d u e   ex  c a t a l y t i c   c r a c k i n g  

s e c t i o n   11  =  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g  

s e c t i o n   12  =  c a t a l y t i c   h y d r o t r e a t m e n t  

s e c t i o n   13  =  t h e r m a l   c r a c k i n g  

s e c t i o n   14  =  c a t a l y t i c   c r a c k i n g  

In  the  embodiment  IA-2  aiming  at  the   h i g h e s t   p o s s i b l e   c o n -  

v e r s i o n   of  the   a s p h a l t e n e s - c o n t a i n i n g   feed  i n t o   d e a s p h a l t e d   o i l   1 

and  hydroca rbon   o i l   d i s t i l l a t e s   i t   is  p r e f e r r e d   to  s e p a r a t e   a  

"b leed   stream"  from  the   a s p h a l t   s t ream.   I t   can  thus   be  p r e v e n t e d  

t h a t   a  b u i l d - u p   of  u n d e s i r e d   heavy  c cnponen t s   t a k e s   p l ace   in  t h e  

p r o c e s s .   When  the   p r o c e s s   a c c o r d i n g   to  the   i n v e n t i o n   t a k e s   p l a c e  

acco rd ing   to  embodiment   IA-2  in  which  the  s t r e a m s   s u b j e c t e d   t o  

the rmal   c r a c k i n g   c o n s i s t   of  a  r e l a t i v e l y   l o w - a s p h a l t e n e s   s t r eam  6 

and  a  r e l a t i v e l y   a s p h a l t e n e s - r i c h   s t ream  4,  i t   i s   p r e f e r r e d   to  u s e  

a  thermal   c r a c k i n g   s e c t i o n   c o n t a i n i n g   two  c r a c k i n g   u n i t s   and  t o  

crack  the  two  t y p e s   of  feed  s e p a r a t e l y   i n t o   p r o d u c t s   from  w h i c h  

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

s e p a r a t e d .   When  in  the  a p p l i c a t i o n   of  embodiment  IA-2  use  i s   made 

of  a  thermal   c r a c k i n g   s e c t i o n   c o n t a i n i n g   two  c r a c k i n g   u n i t s ,   a  

heavy  f r a c t i o n   of  the   c racked   p roduc t   from  the   c r a c k i n g   u n i t   i n  



which   s t r e a m   6  i s   t r e a t e d   i s   p r e f e r a b l y   r e c y c l e d   to  s a id   c r a c k i n g  

u n i t .   I f   in  the  a p p l i c a t i o n   of  embodiment  IA-2  use  i s   made  of  a  

t h e r m a l   c r a c k i n g   s e c t i o n   c o n t a i n i n g   two  c r a c k i n g   u n i t s ,   i t   i s  

p o s s i b l e ,   i f   d e s i r e d ,   to  s e p a r a t e   a  r e l a t i v e l y   l o w - a s p h a l t e n e s  

f r a c t i o n   from  the   p r o d u c t   o b t a i n e d   in  the   c r a c k i n g   u n i t   in  w h i c h  

s t r e a m   4  is   c r a c k e d ,   and  s a i d   r e l a t i v e l y   l o w - a s p h a l t e n e s   f r a c t i o n  

can  be  used  as  feed  component   for   the  c r a c k i n g   u n i t   in  w h i c h  

s t r e a m   6  i s   t r e a t e d .   When  u s i n g   a  t he rma l   c r a c k i n g   s e c t i o n   c a n -  

t a i n i n g   two  c r a c k i n g   u n i t s ,   i t   is   not   n e c e s s a r y   fo r   the   d i s t i l l a t -  

ion  of  t he   c r a c k e d   p r o d u c t s   ( a tmosphe r i c   and  o p t i o n a l l y   vacuum 

d i s t i l l a t i o n )   to  t a k e   p l a c e   in  s e p a r a t e   d i s t i l l a t i o n   u n i t s .   I f  

d e s i r e d ,   t he   c r a c k e d   p r o d u c t s   or  f r a c t i o n s   t h e r e o f   can  be  combined  

and  d i s t i l l e d   t o g e t h e r .  Two  flow  d iagrams  fo r   t he   p r o d u c t i o n   o f  

d e a s p h a l t e d   o i l   and  h y d r o c a r b o n   o i l   d i s t i l l a t e s   from  a s p h a l t e n e s -  

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

f u r t h e r   i l l u s t r a t e d   below  w i th   r e f e r e n c e   to  F i g u r e s   4  and  5 .  

Two  flow  d i ag rams   fo r   t he   p r e p a r a t i o n   of  d e a s p h a l t e d   o i l   a n d  

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

c a r b o n   m i x t u r e s   a c c o r d i n g   to  c l a s s   II   w i l l   be  f u r t h e r   i l l u s t r a t e d  

be low  w i t h   r e f e r e n c e   to   F i g u r e s   13  and  1 4 .  

In  the   embodiments   a iming  a t   the   h i g h e s t   p o s s i b l e   c o n v e r s i o n  

of  t he   a s p h a l t e n e s - c o n t a i n i n g   feed  i n to   d e a s p h a l t e d   o i l   1  a n d  

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

to   s e p a r a t e   a  "b l eed   s t ream"  from  the  a s p h a l t   s t r eam.   I t   can  t h u s  

be  p r e v e n t e d   t h a t   a  b u i l d - u p   of  u n d e s i r e d   heavy  components  t a k e s  

p l a c e   in  the   p r o c e s s .   When  the   p r o c e s s   a c c o r d i n g   to  the   i n v e n t i o n  

t a k e s   p l a c e   a c c o r d i n g   to  embodiment  I I IA-4   in  which  the  s t r e a m s  

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

t e n e s   s t r eam  3  and  a  r e l a t i v e l y   a s p h a l t e n e s - r i c h   s t r eam  4,  i t   i s  

p r e f e r r e d   to  use  a  t h e r m a l   c r a c k i n g   s e c t i o n   c o n t a i n i n g   two  c r a c k i n g  

u n i t s   and  to  c rack   the   two  types   of  feed  s e p a r a t e l y   i n t o   p r o d u c t s  

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

a r e   s e p a r a t e d .   When  in   the   a p p l i c a t i o n   of  embodiment  I I IA-4   use  i s  

made  of  a  t h e r m a l   c r a c k i n g   s e c t i o n   c o n t a i n i n g   two  c r a c k i n g   u n i t s ,  

a  heavy  f r a c t i o n   of  t he   c r a c k e d   p r o d u c t   from  the   c r a c k i n g   u n i t   i n  



which  s t ream  3  is  t r e a t e d   i s   p r e f e r a b l y   r e c y c l e d   to  sa id   c r a c k i n g  

u n i t .   When  in  the  a p p l i c a t i o n   of  embodiment  I I IA-4   use  is  made  o f  

a  t he rma l   c r a c k i n g   s e c t i o n   c o n t a i n i n g   two  c r a c k i n g   u n i t s ,   i t   i s  

p o s s i b l e ,   i f   d e s i r e d ,   to  s e p a r a t e   a  r e l a t i v e l y   l o w - a s p h a l t e n e s  

f r a c t i o n   from  the  p r o d u c t   o b t a i n e d   in  the  c r a c k i n g   u n i t   in  w h i c h  

s t r eam  4  is  c r a c k e d ,   and  s a i d   r e l a t i v e l y   l o w - a s p h a l t e n e s   f r a c t i o n  

can  be  used  as  a  f e e d   component   for   the  c r a c k i n g   u n i t   in  w h i c h  

s t r eam  3  is  t r e a t e d .   When  u s i n g   a  the rmal   c r a c k i n g   s e c t i o n   c o n -  

t a i n i n g   two  c r a c k i n g   u n i t s ,   i t   is  not  n e c e s s a r y   for   the  d i s t i l -  

l a t i o n   of  the  c r a c k e d   p r o d u c t s   ( a tmosphe r i c   and  o p t i o n a l l y   vacuum 

d i s t i l l a t i o n )   to  t ake   p l a c e   in  s e p a r a t e   d i s t i l l a t i o n   u n i t s .   I f  

d e s i r e d ,   the  c racked   p r o d u c t s   or  f r a c t i o n s   t h e r e o f   can  be  combined  

and  d i s t i l l e d   t o g e t h e r .   Two  flow  d iagrams  for   the  p r o d u c t i o n   o f  

d e a s p h a l t e d   o i l   and  h y d r o c a r b o n   o i l   d i s t i l l a t e s   from  a s p h a l t e n e s -  

c o n t a i n i n g   hyd roca rbon   m i x t u r e s   a c c o r d i n g   to  c l a s s   I I I  w i l l   b e  

f u r t h e r   i l l u s t r a t e d   below  w i th   r e f e r e n c e   to  F i g u r e s   22  and  23.  

Flow  diagram  1*  (based  on  embodiment  IA-1)  

See  F igure   4 .  

The  p roces s   is   c a r r i e d   out  in  an  a p p a r a t u s   c o n s e c u t i v e l y  

c o n s i s t i n g   of  a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   s e c t i o n   111,  a  

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

t r e a t m e n t   u n i t   115,  a  f i r s t   a t m o s p h e r i c   d i s t i l l a t i o n   u n i t   116  a n d  

a  f i r s t   vacuum  d i s t i l l a t i o n   u n i t   117  and  a  t h e r m a l   c r a c k i n g  

s e c t i o n   b u i l t   up  of  a  t h e r m a l   c r a c k i n g   u n i t   118,  a  second  a t -  

mospher ic   d i s t i l l a t i o n   u n i t   119  and  a  second  vacuum  d i s t i l l a t i o n  

u n i t   120.  An  a s p h a l t e n e s - c o n t a i n i n g   h y d r o c a r b o n   m i x t u r e   101  i s  

mixed  wi th   a  r e c y c l e   s t r e a m   108  and  the  m i x t u r e   122  i s   s e p a r a t e d  

by  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i n to   a  d e a s p h a l t e d   o i l   1  ( s t r e a m  

102),   a  d e a s p h a l t e d   o i l   2  (s t ream  103)  and  an  a s p h a l t   (104).  The 

d e a s p h a l t e d   o i l   2  ( s t r eam  103)  t o g e t h e r   wi th   hydrogen  123  is  s u b -  

j e c t e d   to  c a t a l y t i c   h y d r o t r e a t m e n t .   The  h y d r o t r e a t e d   p roduc t   124 

*  The  v a r i o u s   s t r eams   and  a p p a r a t u s e s   in  the  flow  diagrams  a r e  

r e f e r r e d   to  by  t h r e e - d i g i t   numbers,  the  f i r s t   d i g i t   c o r r e s p o n d s  

wi th   the  d iagram  c o n c e r n e d .  



i s   s e p a r a t e d   by  a t m o s p h e r i c   d i s t i l l a t i o n   i n t o   a  gas  f r a c t i o n   1 2 5 ,  

an  a t m o s p h e r i c   d i s t i l l a t e   105A  and  an  a t m o s p h e r i c   r e s i d u e   126 .  

The  a t m o s p h e r i c   r e s i d u e   126  is  s e p a r a t e d   by  vacuum  d i s t i l l a t i o n  

i n t o   a  vacuum  d i s t i l l a t e   105B  and  a  vacuum  r e s i d u e   106.  The  vacuum 

r e s i d u e   106  i s   t h e r m a l l y   c r a c k e d   and  the   c r a c k e d   p r o d u c t   127  i s  

s e p a r a t e d   by  a t m o s p h e r i c   d i s t i l l a t i o n   i n t o   a  gas  f r a c t i o n   128,  a n  

a t m o s p h e r i c   d i s t i l l a t e   107A  and  an  a t m o s p h e r i c   r e s i d u e   129.  The  

a t m o s p h e r i c   r e s i d u e   129  i s   s e p a r a t e d   by  vacuum  d i s t i l l a t i o n   i n t o   a  

vacuum  d i s t i l l a t e   107B  and  a  vacuum  r e s i d u e   1 0 8 .  

Flow  d i ag ram  2  (based  on  embodiment  IB) 

See  F i g u r e   5 .  

The  p r o c e s s   i s   ma in ly   c a r r i e d   out   in  the   same  manner  as  t h a t  

d e s c r i b e d   under   f low  d iagram  1,  e x c e p t   t h a t   the   t he rma l   c r a c k i n g  

u n i t   118  p r e s e n t   in   f low  d iagram  1  has  been  r e p l a c e d   by  a  c a t a l y t i c  

c r a c k i n g   u n i t   221  in   f low  d iagram  2 .  

Flow  d i ag ram  3  (based  on  embodiment  I I A - 3 )  

See  F i g u r e   1 3 .  

The  p r o c e s s   is   c a r r i e d   out   in  an  a p p a r a t u s   c o n s e c u t i v e l y  

c o n s i s t i n g   of  a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   s e c t i o n   311,  a  

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

t r e a t m e n t   u n i t   315,  a  f i r s t   a t m o s p h e r i c   d i s t i l l a t i o n   u n i t   316,  a  

f i r s t   vacuum  d i s t i l l a t i o n   u n i t   317  and  a  c a t a l y t i c   c r a c k i n g  

s e c t i o n   b u i l t   up  of  a  c a t a l y t i c   c r a c k i n g   u n i t   321,  a  s e c o n d  

a t m o s p h e r i c   d i s t i l l a t i o n   u n i t   319  and  a  second  vacuum  d i s t i l l a t i o n  

u n i t   320.  An  a s p h a l t e n e s - c o n t a i n i n g   h y d r o c a r b o n   mix tu re   301  i s  

mixed  w i th   a  r e c y c l e   s t r eam  306  and  a  r e c y c l e   s t r eam  310  and  t h e  

m i x t u r e   322  i s   s e p a r a t e d   by  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i n t o   a  

d e a s p h a l t e d  o i l   1  ( s t ream  302),   a  d e a s p h a l t e d   o i l   2  ( s t ream  303) 

and  an  a s p h a l t   304.  The  a s p h a l t   304  is   s e p a r a t e d   i n to   two  p o r t i o n s  

304A  and  304B.  P o r t i o n   304B  is   s u b j e c t e d   to  c a t a l y t i c   h y d r o t r e a t -  

ment  t o g e t h e r   w i th   hydrogen  323.  The  h y d r o t r e a t e d   p r o d u c t   324  i s  

s e p a r a t e d   by  a t m o s p h e r i c   d i s t i l l a t i o n   i n t o   a  gas  f r a c t i o n   325,  a n  

a t m o s p h e r i c   d i s t i l l a t e   305A  and  an  a t m o s p h e r i c   r e s i d u e   326.  The  

a t m o s p h e r i c   r e s i d u e   326  is   s e p a r a t e d   by  vacuum  d i s t i l l a t i o n   i n t o   a  

vacuum  d i s t i l l a t e   305B  and  a  vacuum  r e s i d u e   306.  The  d e a s p h a l t e d  



o i l   2  ( s t r eam  303)  is  c a t a l y t i c a l l y   c r acked   and  the  c r a c k e d  

p r o d u c t   327  is  s e p a r a t e d   by  a t m o s p h e r i c   d i s t i l l a t i o n   i n t o   a  g a s  
f r a c t i o n   328,  an  a t m o s p h e r i c   d i s t i l l a t e   309A  and  an  a t m o s p h e r i c  

r e s i d u e   329.  The  a t m o s p h e r i c   r e s i d u e   329  is  s e p a r a t e d   by  vacuum 

d i s t i l l a t i o n   i n to   a  vacuum  d i s t i l l a t e   309B  and  a  vacuum  r e s i d u e  

3 1 0 .  

Flow  d iag ram  4  (based  on  embodiment  I I B - 2 )  

See  F i g u r e   1 4 .  

The  p r o c e s s   is   mainly   c a r r i e d   out  in  the  same  manner  a s  

t h a t   d e s c r i b e d   under   flow  d iagram  3,  e x c e p t   for   the  f o l l o w i n g  

d i f f e r e n c e s :  

a)  The  c a t a l y t i c   c r a c k i n g   u n i t   321  p r e s e n t   in  flow  d iagram  3 

has  been  r e p l a c e d   by  a  t he rma l   c r a c k i n g   u n i t   418  in  f l o w  

d iagram  4 .  

b)  Stream  406  is  not   r e c y c l e d   but   mixed  wi th   s t r eam  403  to  f o r m  

the   m ix tu re   430  t h a t   is  t h e r m a l l y   c r a c k e d .  

Flow  d iagram  5  (based  on  embodiment  I I I A - 4 )  

See  F i g u r e   22 .  

The  p r o c e s s   is  c a r r i e d   out  in  an  a p p a r a t u s   c o n s e c u t i v e l y  

c o n s i s t i n g   of  a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   s e c t i o n   511,  a  

t h e r m a l   c r a c k i n g   s e c t i o n   b u i l t   up  of  a  t he rma l   c r a c k i n g   u n i t   5 1 8 ,  

a  f i r s t   a t m o s p h e r i c   d i s t i l l a t i o n   u n i t   519  and  a  f i r s t   vacuum 

d i s t i l l a t i o n   u n i t   520  and  a  c a t a l y t i c   h y d r o t r e a t m e n t   s e c t i o n   b u i l t  

up  of  a  c a t a l y t i c   h y d r o t r e a t m e n t   u n i t   515,  a  second  a t m o s p h e r i c  

d i s t i l l a t i o n   u n i t   516  and  a  second  vacuum  d i s t i l l a t i o n   u n i t   5 1 7 .  

An  a s p h a l t e n e s - c o n t a i n i n g   hyd roca rbon   m i x t u r e   501  is   mixed  w i th   a  

r e c y c l e   s t r eam  506  a n d  t h e  m i x t u r e   522  is  s e p a r a t e d   by  t w o - s t e p  

s o l v e n t - d e a s p h a l t i n g   i n to   a  d e a s p h a l t e d   o i l   1  (s t ream  502) ,   a  

d e a s p h a l t e d   o i l   2  (s t ream  503)  and  an  a s p h a l t   504.  The  a s p h a l t   504 

is  s e p a r a t e d   i n to   two  p o r t i o n s   (504A  and  504B).  P o r t i o n   504B  a n d  

d e a s p h a l t e d   o i l   2  (s t ream  503)  are  t h e r m a l l y   c r acked   and  t h e  

c r acked   p r o d u c t   527  is  s e p a r a t e d   by  a t m o s p h e r i c   d i s t i l l a t i o n   i n t o  

a  gas  f r a c t i o n   528,  an  a t m o s p h e r i c   d i s t i l l a t e   507A  and  an  a t m o s -  

p h e r i c   r e s i d u e   529.  The  a t m o s p h e r i c   r e s i d u e   529  is  s e p a r a t e d   b y  

vacuum  d i s t i l l a t i o n   in to   a  vacuum  d i s t i l l a t e   507B  and  a  vacuum 



r e s i d u e   508.  The  vacuum  r e s i d u e   508  is  s u b j e c t e d   to  c a t a l y t i c  

h y d r o t r e a t m e n t   t o g e t h e r   w i t h   hydrogen  523.  The  h y d r o t r e a t e d  

p r o d u c t   524  is  s e p a r a t e d   by  a t m o s p h e r i c   d i s t i l l a t i o n   i n t o   a  g a s  
f r a c t i o n   525,  an  a t m o s p h e r i c   d i s t i l l a t e   505A  and  an  a t m o s p h e r i c  

r e s i d u e   526.  The  a t m o s p h e r i c   r e s i d u e   526  is   s e p a r a t e d   by  vacuum 

d i s t i l l a t i o n   i n to   a  vacuum  d i s t i l l a t e   505B  and  a  vacuum  r e s i d u e  

5 0 6 .  

Flow  d i ag ram  6  (based  on  embodiment  I I I B - 2 )  

See  F i g u r e   2 3 .  

The  p r o c e s s   i s   m a i n l y   c a r r i e d   out  in  the   same  manner  as  t h a t  

d e s c r i b e d   under   f low  d i ag ram  5,  wi th   the   f o l l o w i n g   d i f f e r e n c e s :  

a)  The  t he rma l   c r a c k i n g   u n i t   518  p r e s e n t   in  flow  d iagram  5  h a s  

been  r e p l a c e d   by  a  c a t a l y t i c   c r a c k i n g   u n i t   621  in  flow  d iagram  6 .  

b)  S t ream  604B  i s   no t   c r a c k e d   but   mixed  wi th   s t r e a m   610  to  f o r m  

the   m i x t u r e   630  t h a t   i s   s u b j e c t e d   to  c a t a l y t i c   h y d r o t r e a t m e n t .  

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

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

c o r r e s p o n d i n g   wi th   t h o s e   d i a g r a m m a t i c a l l y   shown  in  F i g u r e s   1 - 2 3 .  

The  i n v e n t i o n   i s   now  i l l u s t r a t e d   wi th   r e f e r e n c e   to  t h e  

Examples  1 - 6 .  

In  the   p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   the   s t a r t i n g  

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

as  r e s i d u e   in  the   vacuum  d i s t i l l a t i o n   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   r e s i d u e   of  a  c rude   m i n e r a l   o i l .   The  vacuum  r e s i d u e   m a i n l y  

b o i l e d   above  520°C  and  had  an  RCT  of  18.8%  by  w e i g h t ,   a  t o t a l  

vanadium  and  n i c k e l   c o n t e n t   of   167  ppmw  and  a  s u l p h u r   c o n t e n t   o f  

5.4%  by  we igh t .   The  p r o c e s s   was  c a r r i e d   out  a c c o r d i n g   t o   the  f l o w  

d iag rams   1-6  r e s p e c t i v e l y .  The  f o l l o w i n g   c o n d i t i o n s   were  a p p l i e d  

in  the   v a r i o u s   s e c t i o n s .  

In  t he   p r o c e s s e s   d e s c r i b e d   in  the  flow  d i ag rams   the   t w o - s t e p  

s o l v e n t - d e a s p h a l t i n g   was  c a r r i e d   out  by  c o n t a c t i n g   the   feed  to  b e  

d e a s p h a l t e d   in  the   f i r s t   s t ep   in  an  e x t r a c t o r   w i t h   an  n - b u t a n /  

i s o b u t a n e   m i x t u r e   (weight   r a t i o   65:35)  at   a  t e m p e r a t u r e   of  110°C ,  

a  p r e s s u r e   of  40  bar   and  a  s o l v e n t / o i l   we igh t   r a t i o   of  2:1  a n d ,  

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



i n to   a  d e a s p h a l t e d   o i l   1  and  a  d e a s p h a l t e d   o i l   2  in  the  s e c o n d  

s tep   in  a  s e t t l e r   a t   a  t e m p e r a t u r e   of  140°C  and  a  p r e s s u r e   of  40 

b a r .  

In  the  p r o c e s s e s   d e s c r i b e d   in  the  flow  d iagrams  the  c a t a l y t i c  

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

was  f i l l e d   wi th   an  N i /V/S i02   c a t a l y s t   c o n t a i n i n g   0.5  p a r t s   b y  

weight   (pbwl  of  n i c k e l   and  2.0  pbw  of  vanadium  per  100  pbw  o f  

s i l i c a   and  the   second  of  which  was  f i l l e d   wi th   an  Ni/Mo/Al2O3 

c a t a l y s t   c o n t a i n i n g   4  pbw  of  n i c k e l   and  12  pbw  of  molybdenum  p e r  

100  pbw  of  a lumina .   The  c a t a l y s t s   were  used  in  a  volume  r a t i o   o f  

1:4.  The  c a t a l y t i c   h y d r o t r e a t m e n t   was  c a r r i e d   out  at  a  h y d r o g e n  

p r e s s u r e   of  150  ba r ,   a  space  v e l o c i t y   (measured  over  both   r e a c t o r s )  

of  0.5  kg  f e e d / c a t a l y s t / h ,   an  H2/ feed   r a t i o   of  1000  Nl  per  k g  

and  an  ave rage   t e m p e r a t u r e   of  410°C  in  the   f i r s t   r e a c t o r   and  o f  

390°C  in  the   second  r e a c t o r .  

In  the  p r o c e s s   d e s c r i b e d   in  flow  d iagram  1  the  t h e r m a l  

c r a c k i n g   was  c a r r i e d   out  in  a  c r a c k i n g   c o i l   at   a  p r e s s u r e   of  10 

bar ,   a  space  v e l o c i t y   of  2.5  kg  of  f r e s h   feed  per   c r a c k i n g   c o i l  

volume  per  minute   and  a  t e m p e r a t u r e   of  460°C  (measured  at  t h e  

c r a c k i n g   c o i l   o u t l e t ) .  

In  the  p r o c e s s e s   d e s c r i b e d   in  flow  d iagrams  2 ,  3   and  6  t h e  

c a t a l y t i c   c r a c k i n g   was  c a r r i e d   out  at   a  t e m p e r a t u r e   of  510°C,  a  

p r e s s u r e   of  2.2  ba r ,   a  space  v e l o c i t y   of  2  k g . k g - 1 . h - 1   and  a  

c a t a l y s t   r e g e n e r a t i o n   r a t e   of  1.0  p a r t   by  we igh t   of  c a t a l y s t   p e r  
1000  pbw  of  o i l   and  us ing   a  z e o l i t i c   c r a c k i n g   c a t a l y s t .  

In  the  p r o c e s s   d e s c r i b e d   in  flow  d iagram  4,  the   t h e r m a l  

c r a c k i n g   was  c a r r i e d   out  as  d e s c r i b e d   fo r   flow  diagram  1,  bu t   a t   a  

space  v e l o c i t y   of  0.4  kg  of  f r e s h   feed  per  c r a c k i n g   c o i l   v o l u m e  

per  minute  and  in  the  p r o c e s s   d e s c r i b e d   in  flow  diagram  5,  t h e  

the rmal   c r a c k i n g   was  c a r r i e d   out  in  two  c r a c k i n g   c o i l s   u n d e r  

c o n d i t i o n s   as  d e s c r i b e d   for   flow  d iagram  1,  but   at   s p a c e  
v e l o c i t i e s   of  0.4  and  2.5  kg  of  f r e s h   feed  per   c r a c k i n g   c o i l  

volume  per  minute  for   a s p h a l t   and  d e a s p h a l t e d   o i l   2  r e s p e c t i v e l y .  

For  compar ison  a  t e s t   was  a l so   c a r r i e d   out  in  which  t h e  

vacuum  r e s i d u e   was  s u b j e c t e d   to  a  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g  



f o r   the   p r o d u c t i o n   of  a  d e a s p h a l t e d   o i l   1  and  a  d e a s p h a l t e d   o i l   2 

(Example  7)  as  w e l l   as  a  t e s t   in  which  the   vacuum  r e s i d u e   w a s  

s u b j e c t e d   to  o n e - s t e p   s o l v e n t - d e a s p h a l t i n g   fo r   t he   p r o d u c t i o n   of  a  

d e a s p h a l t e d   o i l   3  (Example  8).  In  Example  7  the   t w o - s t e p   s o l v e n t -  

d e a s p h a l t i n g   was  m a i n l y   c a r r i e d   out  in  t he   same  manner  as  d e s c r i b e d  

in   the   Examples  1-6 ,   w i t h   t he   e x c e p t i o n   t h a t   t he   t e m p e r a t u r e   i n  

t he   s e t t l e r   d e s c r i b e d  i n   Example  7  was  144°C.  The  o n e - s t e p   s o l v e n t -  

d e a s p h a l t i n g   d e s c r i b e d   in  Example  8  was  c a r r i e d   ou t   in  t h e  

same  manner  as  t he   f i r s t   s t ep   of  the   t w n - s t e p   s o l v e n t - d e a s p h a l t i n g  

d e s c r i b e d   in  the   Examples  1 - 6 .  

In  a l l   t he   t e s t s   the   a s p h a l t e n e s - c o n t a i n i n g   h y d r o c a r b o n  

m i x t u r e   (1)  used   as  s t a r t i n g   m a t e r i a l   was  100  p a r t s   by  we igh t   o f  

vacuum  r e s i d u e .  

The  q u a n t i t i e s   of  v a r i o u s   s t r eams   o b t a i n e d   in  the   e x p e r i m e n t s  

d e s c r i b e d   in  the   Examples  1-6  and  the   FCT's  of  c e r t a i n   s t r eams   a r e  

s t a t e d   in  Table   I .  

Table   I I   g i v e s   a  survey  of  the   y i e l d   of  f i n a l   p r o d u c t s  

o b t a i n e d   in  the   Examples  1 - 8 .  

Table   I I I   g i v e s   a  survey  of  the   p r o p e r t i e s   of  the   f i n a l  

p r o d u c e s   o b t a i n e d   in  the   Examples  1 - 8 .  







The  f o l l o w i n g   a p p l i e s   to  Tables   I - I I I .  

The  advan t age   of  t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   compared  w i t h  

o n e - s t e p   s o l v e n t - d e a s p h a l t i n g   is  a p p a r e n t   when  campar ing   t h e  

r e s u l t s   of  Examples  7  and  8 .  

The  advan tage   of  the   p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n  

compared  wi th   t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   is   a p p a r e n t   when 

compar ing   the  r e s u l t s   of  Examples  1-6  wi th   t h o s e   of  Example  7 .  

By  s u b j e c t i n g   the  d e a s p h a l t e d   o i l   2  to  c a t a l y t i c   h y d r o t r e a t m e n t ,  

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

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

c r a c k e d   p r o d u c t   as  a  feed  component  for   s o l v e n t - d e a s p h a l t i n g ,   ( s e e  

Examples  1  and  2),   i t   i s   e n s u r e d   t h a t   the  d e a s p h a l t e d   o i l   2  i s  

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

d i s t i l l a t e s   and  d e a s p h a l t e d   o i l   1 .  

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

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

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

of  c a t a l y t i c   or  t he rma l   c r a c k i n g   and,  m o r e o v e r ,  c r a c k i n g   t h e  

d e a s p h a l t e d   o i l   2  t h e r m a l l y   or  c a t a l y t i c a l l y   and  u s i n g   a  d i s t i l -  

l a t i o n   r e s i d u e   of  the  c r a c k e d   p roduc t   as  a  feed  component  f o r  

s o l v e n t - d e a s p h a l t i n g   (see  Examples  3  and  4),  i t   is  e n s u r e d   t h a t   a  

s u b s t a n t i a l   p a r t   of  the  a s p h a l t   is  c o n v e r t e d   and  t h e  d e a s p h a l t e d  

o i l   2  is  p r a c t i c a l l y   c o m p l e t e l y   c o n v e r t e d   i n to   v a l u a b l e   h y d r o c a r b o n  

d i s t i l l a t e s   and  d e a s p h a l t e d   o i l   1 .  

By  t h e r m a l l y  o r   c a t a l y t i c a l l y   c r a c k i n g   the  d e a s p h a l t e d   o i l   2 ,  

s u b j e c t i n g   the   d i s t i l l a t i o n   r e s i d u e   of  the  c r a c k e d   p r o d u c t   t o  

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

h y d r o t r e a t e d   p roduc t   as  a  feed  component  for   s o l v e n t - d e a s p h a l t i n g  

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

o p t i o n a l l y   a f t e r   t he rma l   c r a c k i n g   and  us ing   a  d i s t i l l a t i o n   r e s i d u e  

of  the   h y d r o t r e a t e d   p r o d u c t   as  a  feed  component  for   s o l v e n t -  

d e a s p h a l t i n g   (see  Examples  5  and  6),  i t   is   e n s u r e d   t h a t   t h e  

a s p h a l t   is  for   a  s u b s t a n t i a l   p a r t   and  the  d e a s p h a l t e d   o i l   2  i s  

p r a c t i c a l l y   comple t e ly   c o n v e r t e d   i n to   v a l u a b l e   h y d r o c a r b o n   o i l  

d i s t i l l a t e s   and  d e a s p h a l t e d   o i l   1 .  



1.  A  p r o c e s s   for   the   p r o d u c t i o n   of  d e a s p h a l t e d   o i l s   a n d  

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

ca rbon   m i x t u r e s ,   c h a r a c t e r i z e d   in  t h a t   an  a s p h a l t e n e s - c o n t a i n i n g  

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

i n t o   a  d e a s p h a l t e d   o i l   1  of  h igh   q u a l i t y ,   a  d e a s p h a l t e d  o i l   2  o f  

lower   q u a l i t y   and  an  a s p h a l t ,   t h a t   the   d e a s p h a l t e d   o i l   2  or  t h e  

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

h a v i n g   a  r educed   RCT  which   i s   s e p a r a t e d  b y   d i s t i l l a t i o n   i n t o   o n e  

or  more  d i s t i l l a t e   f r a c t i o n s   and  a  r e s i d u a l   f r a c t i o n ,   t h a t   t h e  

r e s i d u a l   f r a c t i o n   i s   s u b j e c t e d   to  t he rma l   or  c a t a l y t i c   c r a c k i n g  

or  used   as  a  f e e d  c o m p o n e n t   f o r   s o l v e n t - d e a s p h a l t i n g   and  t h e  

c r a c k e d   p r o d u c t   o b t a i n e d   i s   s e p a r a t e d   by  d i s t i l l a t i o n   i n t o   one  o r  

more  d i s t i l l a t e   f r a c t i o n s   and  a  r e s i d u a l   f r a c t i o n ,   which  l a t t e r  

f r a c t i o n   i s   used  as  a  f eed   component  for   s o l v e n t - d e a s p h a l t i n g ,   o r  

t h a t   t h e  d e a s p h a l t e d   o i l   2  i s   s u b j e c t e d   to  t h e r m a l   or  c a t a l y t i c  

c r a c k i n g   a n d / o r   t h a t   t he   a s p h a l t   is   s u b j e c t e d   to  t h e r m a l   c r a c k i n g  

and  t h a t   a  d i s t i l l a t i o n   r e s i d u e   of  the   c racked   p r o d u c t ( s )   i s  

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

r e d u c e d   RCT  t h a t   is  s e p a r a t e d   by  d i s t i l l a t i o n   i n t o   one  or  m o r e  

d i s t i l l a t e   f r a c t i o n s   and  a  r e s i d u a l   f r a c t i o n   which  i s   used  as  a  

f eed   component  for   s o l v e n t - d e a s p h a l t i n g .  

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,  c h a r a c t e r i z e d   in  t h a t   a n  

a s p h a l t e n e s - c o n t a i n i n g   h y d r o c a r b o n   mix tu re   i s   s e p a r a t e d   b y  

t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i n t o   a  d e a s p h a l t e d   o i l   1  of  h i g h  

q u a l i t y ,   a  d e a s p h a l t e d   o i l   2  of   lower  q u a l i t y   and  an  a s p h a l t ,   t h a t  

t he   d e a s p h a l t e d   o i l   2  is   c o n v e r t e d   by  c a t a l y t i c   h y d r o t r e a t m e n t  

i n t o   a  p r o d u c t   hav ing   a  r e d u c e d   RCT  which  is   s e p a r a t e d   b y  

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

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

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

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

f r a c t i o n   and  t h a t   the   l a t t e r   r e s i d u a l   f r a c t i o n   is   used   as  a  f e e d  



component  for   s o l v e n t - d e a s p h a l t i n g .  

3.  A  p r o c e s s   as  c l a imed   in  c la im  2,  c h a r a c t e r i z e d   in  t h a t   t h e  

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

h y d r o t r e a t m e n t   is   s u b j e c t e d   to  t he rma l   c r a c k i n g   and  t h a t   t h e  

a s p h a l t   is  used  as  a  feed  component  for   t h e r m a l   c r a c k i n g .  

4.  A  p r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  t h a t   a n  

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

t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i n to   a  d e a s p h a l t e d   o i l   1  of  h i g h  

q u a l i t y ,   a  d e a s p h a l t e d   o i l   2  of  lower  q u a l i t y   and  an  a s p h a l t ,   t h a t  

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

p r o d u c t   hav ing   a  r educed   RCT  which  is   s e p a r a t e d   by  d i s t i l l a t i o n  

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

t h a t   the  r e s i d u a l   f r a c t i o n   i s   used  as  a  feed  component  for   s o l v e n t -  

d e a s p h a l t i n g   or  is   c o n v e r t e d   by  t he rma l   or  c a t a l y t i c   c r a c k i n g   i n t o  

a  c racked   p r o d u c t   which  is   s e p a r a t e d   by  d i s t i l l a t i o n   i n t o   one  o r  

more  d i s t i l l a t e   f r a c t i o n s   and  a  r e s i d u a l   f r a c t i o n ,   the  l a t t e r  

r e s i d u a l   f r a c t i o n   be ing   used  as  a  feed  component  for   s o l v e n t -  

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

5.  A  p r o c e s s   as  c l a imed   in  c la im  4,  c h a r a c t e r i z e d   in  t h a t   t h e  

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

h y d r o t r e a t m e n t   is   used  as  a  feed  component  for   s o l v e n t - d e a s p h a l t i n g  

and  t h a t   the  d e a s p h a l t e d   o i l   2  is  c o n v e r t e d   by  t h e r m a l   or  c a t a l y t i c  

c r a c k i n g   i n to   a  c r a c k e d   p r o d u c t   which  is  s e p a r a t e d   by  d i s t i l l a t i o n  

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

is  used  as  a  feed  component  for   s o l v e n t - d e a s p h a l t i n g .  

6.  A  p r o c e s s   as  c l a imed   in  c la im  4,  c h a r a c t e r i z e d   in  t h a t   t h e  

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

h y d r o t r e a t m e n t   is  c o n v e r t e d   by  the rmal   or  c a t a l y t i c   c r a c k i n g   i n t o  

a  c racked   p r o d u c t ,   t h a t   the   d e a s p h a l t e d   o i l   2  is   used  as  a  f e e d  

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

r e s i d u e   of  the   t h e r m a l l y   or  c a t a l y t i c a l l y   c r a c k e d   p r o d u c t   is   u s e d  

as  a  feed  component  for   s o l v e n t - d e a s p h a l t i n g .  

7.  A  p r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  t h a t   a n  

a s p h a l t e n e s - c o n t a i n i n g   hydroca rbon   m i x t u r e   i s   s e p a r a t e d   by  t w o -  

s tep   s o l v e n t - d e a s p h a l t i n g   in to   a  d e a s p h a l t e d   o i l   1  of  high  q u a l i t y ,  



a  d e a s p h a l t e d   o i l   2  of  lower  q u a l i t y   and  an  a s p h a l t ,   t h a t   t h e  

d e a s p h a l t e d   o i l   2  i s   s u b j e c t e d   to  t h e r m a l   or  c a t a l y t i c   c r a c k i n g  

a n d / o r   t h a t   the   a s p h a l t   i s   s u b j e c t e d   to  t h e r m a l   c r a c k i n g ,   t h a t   a  

d i s t i l l a t i o n   r e s i d u e   of  the   c r acked   p roduc t  ( s )   i s   c o n v e r t e d   by  a  

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

s e p a r a t e d   by  d i s t i l l a t i o n   i n t o   one  or  more  d i s t i l l a t e   f r a c t i o n s  

and  a  r e s i d u a l   f r a c t i o n   and  t h a t   the   r e s i d u a l   f r a c t i o n   is  used  a s  

a  feed  component   fo r   s o l v e n t - d e a s p h a l t i n g .  

8.  A  p r o c e s s   as  c l a i m e d   in  c l a im   7,  c h a r a c t e r i z e d   in  t h a t   in  t h e  

d e a s p h a l t e d   o i l   2  i s   t h e r m a l l y   or  c a t a l y t i c a l l y   c r a c k e d   and  t h a t  

the   a s p h a l t   i s   u sed   as  a  feed  component  fo r   t he   c a t a l y t i c   h y d r o -  

t r e a t m e n t .  

9.  A  p r o c e s s   as  c l a i m e d   in  c l a im  7,  c h a r a c t e r i z e d   in  t h a t   t h e  

d e a s p h a l t e d   o i l   2  i s   c a t a l y t i c a l l y   c r a c k e d ,   t h a t   the   a s g h a l t   i s  

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

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

10.  A  p r o c e s s   as  c l a i m e d   in  one  of  c l a ims   1 - 9 ,   c h a r a c t e r i z e d   i n  

t h a t   t he   f e ed   used   i s   a  h y d r o c a r b o n   m i x t u r e   ma in ly   b o i l i n g   a b o v e  

350°C  and  more  t h a n   35%  by  we igh t   b o i l i n g   above  520°C  and  h a v i n g  

an  RCT  above  7.5%  by  w e i g h t .  

11.  A  p r o c e s s   as  c l a i m e d   in  c l a im  10,  c h a r a c t e r i z e d   in  t h a t   t h e  

feed   used  i s   a  r e s i d u e   o b t a i n e d   in  the   vacuum  d i s t i l l a t i o n   of  a n  

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

12.  A  p r o c e s s   as  c l a imed   in  any  one  of  c l a ims   1-11,   c h a r a c t e r i z e d  

in  t h a t   t he   t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i s   c a r r i e d   out  b y  

s u b j e c t i n g   the   f eed   in  the   f i r s t   s t ep   to  an  e x t r a c t i o n   under   m i l d  

c o n d i t i o n s   in  which  i t   i s   s e p a r a t e d   i n t o   a  d e a s p h a l t e d  o i l   1  and  a  

" l i g h t "   a s p h a l t   and  by  s u b j e c t i n g   the  l i g h t   a s p h a l t   in  the  s e c o n d  

s t ep   to  a  second  e x t r a c t i o n   in  which  i t   i s   s e p a r a t e d   i n to   a  

d e a s p h a l t e d   o i l   2  and  the   f i n a l   a s p h a l t   as  b y - p r o d u c t   of  t h e  

p r o c e s s .  

13.  A  p r o c e s s   as  c l a imed   in  any  one  of  c l a ims   1-12,   c h a r a c t e r i z e d  

in  t h a t   t he   t w o - s t e p   s o l v e n t - d e a s p h a l t i n g   i s   c a r r i e d   out  b y  

s u b j e c t i n g   t he   feed   in  the   f i r s t   s t ep   to  an  e x t r a c t i o n   u n d e r  

h e a v i e r   c o n d i t i o n s   in  which  i t   i s   s e p a r a t e d   i n t o   a  d e a s p h a l t e d   o i l  



and  a  f i n a l   a s p h a l t   as  b y - p r o d u c t   of  the  p r o c e s s   and  by  s e p a r a t i n g  

the   d e a s p h a l t e d   o i l   in  the  second  s tep  i n t o   a  d e a s p h a l t e d   o i l   1 

and  a  d e a s p h a l t e d   o i l   2 .  

14.  A  p r o c e s s   as  c l a imed   in  any  one   of  c l a i m s   1-13,   c h a r a c t e r i z e d  

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

RCT  a  c a t a l y s t   is  used  c o n t a i n i n g   at  l e a s t   one  me ta l   chosen  f r o m  

the   group  formed  by  n i c k e l   and  c o b a l t   and  a t   l e a s t   one  m e t a l  

chosen   from  the  group  formed  by  molybdenum  and  t u n g s t e n   on  a  

c a r r i e r   c o n s i s t i n g   more  than   40%  by  we igh t   of  a l u m i n a .  

15.  A  p r o c e s s   as  c l a imed   in  c la im  14,  c h a r a c t e r i z e d   in  t h a t   i n  

the   c a t a l y t i c   h y d r o t r e a t m e n t   for   r e d u c t i o n   of  the   RCT  a  c a t a l y s t  

i s   used  c o n t a i n i n g   the   meta l   c o m b i n t i o n   n i c k e l / m o l y b d e n u m   o r  

c o b a l t / m o l y b d e n u m   on  a lumina   as  c a r r i e r .  

16.  A  p r o c e s s   as  c l a imed   in  c la im  14  or  15,  c h a r a c t e r i z e d   in  t h a t  

the   feed  for   the  c a t a l y t i c   h y d r o t r e a t m e n t   has  a  vanadium  +  n i c k e l  

c o n t e n t   above  50  ppτw  and  t h a t   in  the  c a t a l y t i c   h y d r o t r e a t m e n t  

s a i d  f e e d   i s   c o n s e c u t i v e l y   c o n t a c t e d   wi th   two  c a t a l y s t s ,   the  f i r s t  

of  which  i s   a  d e m e t a l l i z a t i o n   c a t a l y s t   c o n s i s t i n g   more  than  80%  b y  

w e i g h t   of  s i l i c a   and  the  second  c a t a l y s t   i s   an  RCT  r e d u c t i o n  

c a t a l y s t   as  d e s c r i b e d   in  c l a im  14  or  15.  

17.  A  p r o c e s s   as  c l a imed   in  c la im  16,  c h a r a c t e r i z e d   in  t h a t   t h e  

d e m e t a l l i z a t i o n   c a t a l y s t   c o n t a i n s   the  meta l   c o m b i n a t i o n   n i c k e l /  

vanadium  on  s i l i c a   as  c a r r i e r .  

18.  A  p r o c e s s   as  c l a imed   in  any one  of  c l a ims   1-17,   c h a r a c t e r i z e d  

in  t h a t   the  c a t a l y t i c   h y d r o t r e a t m e n t   is  c a r r i e d   ou t   a t   a  t e m -  

p e r a t u r e   of  from  350-450°C,  a  p r e s s u r e   of  from  75-200  ba r ,   a  s p a c e  

v e l o c i t y   of  f r o m  0 . 1 - 2   g . g - 1 . h - 1   and  an  H2 / f eed   r a t i o   of  f r o m  

500-2000  N l . k g - 1 .  

19.  A  p r o c e s s   as  c l a imed   in  any one  of  c l a ims   1-18,   c h a r a c t e r i z e d  

in  t h a t   the  c a t a l y t i c   h y d r o t r e a t m e n t   is   c a r r i e d   out   in  such  a  

manner  t h a t   a  p r o d u c t   is   o b t a i n e d   t h e  C 5 +  f r a c t i o n   of  w h i c h  

f u l f i l s   the  f o l l o w i n g   r e q u i r e m e n t s :  

a)  the   RCT  of  the  C5+  f r a c t i o n   is   l e s s   than   50%  of  the   RCT  o f  

the  s t r eam  s u b j e c t e d   to  the  c a t a l y t i c   h y d r o t r e a t m e n t ,   a n d  

b)  the   q u a n t i t y   of  h y d r o c a r b o n s   b o i l i n g   below  350°C  in  t h e  C 5 +  



f r a c t i o n   i s   l e s s   than   40%  by  w e i g h t .  

20.  A  p r o c e s s   fo r   the   p r o d u c t i o n   of  d e a s p h a l t e d   o i l s   and  h y d r o -  

ca rbon   o i l   d i s t i l l a t e s   from  a s p h a l t e n e s - c o n t a i n i n g   h y d r o c a r b o n  

m i x t u r e s   as  c l a imed   in  c l a im  1,  s u b s t a n t i a l l y   as  d e s c r i b e d   in  t h e  

f o r e g o i n g   and  in  p a r t i c u l a r   w i th   r e f e r e n c e   to  the  E x a m p l e s .  

21.  D e a s p h a l t e d   o i l s   and  h y d r o c a r b o n   o i l   d i s t i l l a t e s   p roduced   b y  

a  p r o c e s s   as  d e s c r i b e d   in  c l a im   2 0 .  

22.  A p p a r a t u s e s   fo r   c a r r y i n g   ou t   t he   p r o c e s s   as  c l a imed   in  c l a i m  

20,  c h a r a c t e r i z e d   in  t h a t   s a i d   a p p a r a t u s e s   s u b s t a n t i a l l y   c o r r e s -  

pond  w i t h   t h o s e   d i a g r a m m a t i c a l l y   shown  in  F i g u r e s   1 - 2 3 .  
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