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©  Process  for  the  production  of  low-asphaltenes  hydrocarbon  mixtures. 

  Deasphalted  oils  and  hydrocarbon  oil  distillates  are 
produced  from  asphaltenes-containing  hydrocarbon  mix- 
tures  by  a  process  comprising  converting  an  asphaltenes- 
containing  hydrocarbon  mixture  using  a  catalytic  hydrotreat- 
ment  into  a  product  with  a  reduced  asphaltenes  content 
which  is  separated  by  distillation  into  one  or  more  distillate 
fractions  and  a  residual  fraction,  which  is  subjected  to 
two-step  solvent  deasphalting. 



The  i n v e n t i o n   r e l a t e s   to  a  p rocess   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  hyd roca 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   hydrocarbon   m i x t u r e s .  

The  a tmosphe r i c   d i s t i l l a t i o n   of  crude  minera l   o i l   for  t h e  

p r e p a r a t i o n   of  l i g h t   hyd roca rbon   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  g a s o i l ,   y i e l d s   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   as  a  b y - p r o d u c t .   At  f i r s t   such  r e s i d u e s ,   which,  i n  

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

p o r t i o n   of  su lphur   and  m e t a l s ,   used  to  f ind  a p p l i c a t i o n   as  f u e l  

o i l s .   In  view  of  the  need  of  l i g h t   hydrocarbon   o i l   d i s t i l l a t e s  

and  s h r i n k i n g   o i l   r e s e r v e s ,   v a r i o u s   t r e a t m e n t s   have  a l r e a d y   b e e n  

proposed  which  aimed  at  p roduc ing   l i g h t   hydrocarbon  oi l   d i s t i l l a t e s  

from  a tmosphe r i c   r e s i d u e s .   For  i n s t a n c e ,   so lven t   d e a s p h a l t i n g  

(for  the  sake  of  b r e v i t y   h e r e i n a f t e r   r e f e r r e d   to  as  "DA")  may  be  

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

which  may  be  s u b j e c t e d   to  c a t a l y t i c   c racking   in  the  p re sence   o r  

in  the  absence  of  hydrogen.   Another  op t ion   is  to  s e p a r a t e   an  

a tmosphe r i c   r e s idue   by  vacuum  d i s t i l l a t i o n   into  a  vacuum  d i s t i l -  

l a te   and  a  vacuum  r e s i d u 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  t h e  

vacuum  r e s idue   using  DA  and  to  s u b j e c t   both  the  vacuum  d i s t i l l a t e  

and  the  d e a s p h a l t e d   oi l   to  c a t a l y t i c   c rack ing   in  the  p r e sence   o r  

in  the  absence  of  h y d r o g e n .  

A  drawback  to  the  c o n v e n t i o n a l   DA  t r e a t m e n t ,   in  which  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  step  into  a  

d e a s p h a l t e d   o i l   as  the  d e s i r e d   main  product   and  an  a s p h a l t i c  

bitumen  as  a  b y - p r o d u c t ,   is  tha t   if  a  s u f f i c i e n t l y   high  y i e l d   o f  

d e a s p h a l t e d   oi l   is  to  be  r e a l i s e d ,   one  must  g e n e r a l l y   accept   a 

d e a s p h a l t e d   oi l   of  u n s a t i s f a c t o r y   q u a l i t y .   In  this   c o n n e c t i o n   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   should  be  taken  to  be  i t s   s u i t a -  

b i l i t y   to  be  conver ted   into  hydrocarbon   oi l   d i s t i l l a t e s   by 

c a t a l y t i c   c rack ing   in  the  p resence   or  in  the  absence  of  h y d r o g e n .  

This  s u i t a b i l i t y   becomes  b e t t e r   a cco rd ing   as  the  d e a s p h a l t e d   o i l  

has,  among  other   t h ings ,   lower  a s p h a l t e n e s ,   metal  and  s u l p h u r  

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



q u a l i t y   to  a  p r e t r e a t m e n t ,   i t   may  s t i l l   be  rendered   s u i t a b l e  

for  c o n v e r s i o n   into  hydroca 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 ack ing   in  the  p resence   or  in  the  absence  of  h y d r o g e n .  

It  has  been  found  tha t   the  above -men t ioned   drawback  o f  

the  c o n v e n t i o n a l   DA  t r e a t m e n t   can  be  overcome  to  some  ex ten t   by 

c a r r y i n g   out  the  DA  t r e a t m e n t   as  a  two- s t ep   p rocess ,   in  which  t h e  

a s p h a l t e n e s - c o n t a i n i n g   hydroca rbon   mix ture   is  s e p a r a t e d   in to   a  

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

r e f e r r e d   to  as  " d e a s p h a l t e d   o i l   I " ) ,   a  d e a s p h a l t e d   oi l   of  l o w e r  

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

" d e a s p h a l t e d   o i l   2")  and  an  a s p h a l t i c   bi tumen.  Deaspha l t ed   oi 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  mainly  by  i t s   c o n s i d e r a b l y   l o w e r  

a s p h a l t e n e s ,   metal   and  su lphur   c o n t e n t s .   Comparison  of  the  r e s u l t s  

of  the  o n e - s t e p   p rocess   with  those  of  the  two-s tep   p r o c e s s  

shows  t h a t ,   s t a r t i n g   from  the  same  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   hydrocarbon   mixture   for  the  p r e p a r a t i o n   of  the  same 

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 ,   which  d e a s p h a l t e d   o i l   in  t h e  

case  of  the  o n e - s t e p   p rocess   is  of  u n s a t i s f a c t o r y   q u a l i t y ,   t h e  

two-s t ep   p rocess   y i e ld 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  is  s u i t a b l e ,   such  as  i t   i s ,   for  conve r s ion   into  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   in  the  p resence   or  in  t h e  

absence  of  hydrogen.   Although  the  two-s t ep   process   produces  a  

d e a s p h a l t e d   o i l   of  u n s a t i s f a c t o r y   q u a l i t y   as  well ,   i t   does  so 

in  c o n s i d e r a b l y   smal le r   q u a n t i t i e s   than  the  one - s t ep   p r o c e s s .  

Since  DA  t r e a t m e n t   has  proved  in  p r a c t i c e   to  be  s u i t a b l e  

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   from  a  v a r i e t y   of  a s p h a l t -  

e n e s - c o n t a i n i n g   hydrocarbon   mix tu res   and  s ince  it   has  a lso  b e e n  

found  t ha t   a  two-s tep   DA  t r e a t m e n t   gives  b e t t e r   r e s u l t s   than  a  

o n e - s t e p   p r o c e s s ,   i n v e s t i g a t i o n s   were  c a r r i e d   out  into  whether  a  

combina t i on   of  the  two-s tep   DA  t r e a t m e n t   and  a  p r e t r e a t m e n t   o f  

the  a s p h a l t e n e s - c o n t a i n i n g   feed  can  produce  a  b e t t e r   r e s u l t   t h a n  

using  no th ing   but  a  two-s t ep   DA  t r e a t m e n t .   One  of  the  p r e t r e a t -  

ments  i n v e s t i g a t e d   was  a  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  s a k e  

of  b r e v i t y   h e r e i n a f t e r   r e f e r r e d   to  as  "HT")  in  which  the  a s p h a l t -  

e n e s - c o n t a i n i n g   feed  is  conve r t ed   into  a  product   having  a  r e d u c e d  



a s p h a l t e n e s   c o n t e n t ,   from  which  one  or  more  d i s t i l l a t e   f r a c t i o n s  

are  s e p a r a t e d   w h i l s t   the  r e s idue   is  used  as  the  feed  for  t h e  

two-s t ep   DA  t r e a t m e n t .   In  the  assessment   of  the  r e s u l t s   i t   is  i n  

the  f i r s t   p lace   the  y i e ld   and  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 i c  b i t u m e n   that   p l a y  a   r o l e .   Then,  the  y i e ld   o f  

l i g h t   p roduc t   is  of  g rea t   impor tance   as  we l l .   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  a s p h a l t i c   bitumen  should  be  taken  to  be  i t s  

s u i t a b i l i t y   to  serve  as  fuel   o i l   component.  This  s u i t a b i l i t y   i s  

b e t t e r   a c c o r d i n g   as  the  a s p h a l t i c   bitumen  has  lower  metal   and 

su lphur   c o n t e n t s   and  lower  v i s c o s i t y   and  d e n s i t y .  

In  the  i n v e s t i g a t i o n   a  comparison  was  made  between  t h e  

r e s u l t s   o b t a i n e d   in  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  p o s -  
s ib ly   a  hydroca rbon   o i l   d i s t i l l a t e )   s t a r t i n g   from  equal   q u a n t i t i e s  

of  an  a s p h a l t e n e s - c o n t a i n i n g   hydrocarbon  mix ture   us ing   a )  

no th ing   but  t w o - s t e p   DA  t r e a t m e n t   and  b)  t w o - s t e p   DA  t r e a t m e n t  

preceded  by  a  HT,  w h i l s t   dur ing  the  DA  t r e a t m e n t s   the  c o n d i t i o n s  

were  chosen  such  tha t   both  p rocedures   y i e l d e d   equal  q u a n t i t i e s   o f  

d e a s p h a l t e d   o i l   1.  Cons ide r ing   the  q u a n t i t i e s   and  q u a l i t i e s   o f  

the  va r ious   p roduc t s   ob ta ined   in  the  two  p r o c e d u r e s ,   the  f o l l o w i n g  

may  be  o b s e r v e d :  

1)  The  d e a s p h a l t e d   o i l   1  ob ta ined   accord ing   to  p rocedure   b)  h a s  

c o n s i d e r a b l y   lower  metal   and  sulphur   c o n t e n t s   than  the  d e a s -  

pha l t ed   o i l   1  ob ta ined   accord ing   to  p rocedure   a ) .  

2)  P rocedure   b)  produces  a  lower  y ie ld   of  d e a s p h a l t e d   oi l   2  t h a n  

p rocedure   a ) .  

3)  The  d e a s p h a l t e d   o i l   2  ob ta ined   acco rd ing   to  p rocedure   b)  h a s  

c o n s i d e r a b l y   lower  metal   and  sulphur   c o n t e n t s   than  the  d e a s -  

pha l t ed   o i l   2  ob ta ined   accord ing   to  p rocedure   a ) .  

4)  P rocedure   b)  produces  a  c o n s i d e r a b l y   lower  y i e ld   of  a s p h a l t i c  

bitumen  than  procedure   a ) .  

5)  In  p rocedure   b)  a  s u b s t a n t i a l   y ie ld   of  hyd roca rbon   o i l   d i s t i l -  

l a te   is  o b t a i n e d .  

Cons ide r ing   the  b e t t e r   q u a l i t y   of  the  d e a s p h a l t e d   o i l s ,   t h e  

lower  y ie ld   of  the  by-produc t   a s p h a l t i c   bi tumen  and  the  h i g h  

y i e ld   of  hydrocarbon   oi l   d i s t i l l a t e ,   p rocedure   b)  is  much  to  be  



p r e f e r r e d   to  p rocedure   a ) .  

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

p roce 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   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   hydrocarbon   m i x t u r e s ,  

in  which  a  HT  is  used  to  c o n v e r 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   mixture   in to   a  p roduc t   with  a  reduced  a s p h a l t e n e s  

c o n t e n 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   into  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  two-  

s tep  DA  is  used  to  s e p a r a t e   the  r e s i d u a l   f r a c t i o n   into  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  l ower  

q u a l i t y   and  an  a s p h a l t i c   b i t u m e n .  

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

is  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   mix tu re .   A  s u i t a b l e  

p a r a m e t e r   for  the  a s s e s s m e n t   of  the  a s p h a l t e n e s   con ten t   of  a  

hydroca rbon   mixture   and  for  the  r e d u c t i o n   of  the  a s p h a l t e n e s  

c o n t e n t   which  occurs   when  a  HT  is  a p p l i e d   to  an  a s p h a l t e n e s - c o n -  

t a i n i n g   hydroca rbon   m ix tu r e ,   is  the  Ramsbottom  Carbon  Test  v a l u e  

(RCT).  The  h igher   the  a s p h a l t e n e s   con ten t   of  the  h y d r o c a r b o n  

m i x t u r e ,   the  h igher   the  RCT.  The  p rocess   is  p r e f e r a b l y   app l i ed   t o  

hyd roca rbon   mix tu res   which  s u b s t a n t i a l l y   bo i l   above  350°C  and  

more  than  35  %w  of  which  b o i l s   above  520°C  and  which  have  an  RCT 

of  more  than  7.5  Xw.  Examples  of  such  hydrocarbon   mix tu res   a r e  

r e s i d u e s   ob t a ined   in  the  d i s t i l l a t i o n   of  crude  minera l   o i l s   and 

heavy  hydrocarbon   mix tu re s   o b t a i n e d   from  sha le   and  tar   sand.  I f  

r e q u i r e d ,   the  p rocess   may  a l so   be  a p p l i e d   to  heavy  crude  m i n e r a l  

o i l s ,   to  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  p r o d u c t s  

deve loped   in  the  thermal   c r a c k i n g   of  hydroca rbon   mix tures   and  t o  

a s p h a l t i c   bitumen  o b t a i n e d   in  the  so lven t   d e a s p h a l t 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   hydroca rbon   m i x t u r e s .   The  p rocess   acco rd ing   t o  

the  i n v e n t i o n   is  very  s u i t a b l e   for  a p p l i c a t i o n   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  crude  m i n e r a l   o i l s .   The  p rocess   a cco rd ing   to  t h e  

i n v e n t i o n   is  a lso  very  s u i t a b l e   for  a p p l i c a t i o n   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 roduc t s   deve loped   in  the  thermal   c rack ing   of  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 .   If  the  feed  a v a i l a b l e   f o r  

the  p rocess   a cco rd ing   to  the  i n v e n t i o n   is  an  a tmosphe r i c   d i s t i l -  

l a t i o n   r e s i d u e ,   then  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   t h e r e f r o m   by  vacuum  d i s t i l l a t i o n   and  to  s u b j e c t   the  r e s u l t -  

ing  vacuum  r e s i d u e   to  the  p rocess   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  s u b j e c t e d   to  thermal   c r a c k i n g  

or  to  c a t a l y t i c   c r ack ing   in  the  p r e sence   or  in  the  absence  o f  

hydrogen  to  conver t   i t   in to   l i g h t   hydroca rbon   o i l   d i s t i l l a t e s .  

A s p h a l t e n e s - c o n t a i n i n g   hydroca rbon   mix tu res   g e n e r a l l y  

c o n t a i n   a  c o n s i d e r a b l e   p r o p o r t i o n   of  me ta l s ,   in  p a r t i c u l a r  

vanadium  and  n i c k e l .   If  such  hydroca rbon   mix tu res   are  s u b j e c t e d  

to  a  c a t a l y t i c   t r e a t m e n t ,   for  i n s t a n c e   a  HT  for  the  r e d u c t i o n   o f  

the  a s p h a l t e n e s   c o n t e n t ,   as  in  the  p rocess   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   these  metals   w i l l   d e p o s i t   on  the  c a t a l y s t   used  in  t h e  

HT  and  thus  sho r t en   i t s   l i f e .   In  view  of  t h i s ,   a s p h a l t e n e s -  

c o n t a i n i n g   hydrocarbon   m ix tu r e s   with  a  vanadium  +  n i c k e l   c o n t e n t  

of  more  than  50  pa r t s   per  m i l l i o n   by  weight  (ppmw)  should  p r e f e r -  

ably  be  s u b j e c t e d   to  d e m e t a l l i z a t i o n   be fore   being  c o n t a c t e d   w i t h  

the  c a t a l y s t   used  in  the  HT.  This  d e m e t a l l i z a t i o n   may  v e r y  

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   the  a s p h a l t e n e s - c o n t a i n i n g  

hydroca rbon   mixture   in  the  p re sence   of  hydrogen  with  a  c a t a l y s t  

c o n s i s t i n g   more  than  80  Xw  of  s i l i c a .   Both  c a t a l y s t s   c o n s i s t i n g  

e n t i r e l y   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  

having  h y d r o g e n a t i n g   a c t i v i t y ,   in  p a r t i c u l a r   a  combina t ion   o f  

n i c k e l   and  vanadium,  p r e s e n t   on  a  c a r r i e r   suppor 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 ,   are  s u i t a b l e   for  the  purpose .   If  in  t h e  

p rocess   accord ing   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  presence   of  hydrogen  is  a p p l i e d   to  an  a s p h a l t e n e s -  

c o n t a i n i n g   feed,  th is   d e m e t a l l i z a t i o n   may  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 .   However,  s ince   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  

and  the  HT  for  the  r e d u c t i o n   of  the  a s p h a l t e n e s   con ten t   can  be 

c a r r i e d   out  under  the  same  c o n d i t i o n s ,   the  two  p roces se s   may  a l s o  

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 ,   which  w i l l   c o n -  

t a in   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  HT,  s u c c e s s i v e l y .  



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  HT  are  those  c o n t a i n -  

ing  at  l e a s t   one  meta l   chosen  from  the  group  formed  by  n i c k e l   and 

c o b a l t   and  in  a d d i t i o n   at  l e a s t   one  metal   chosen  from  the  g roup  

formed  by  molybdenum  and  t u n g s t e n   suppor ted   on  a  c a r r i e r ,   w h i c h  

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

l y s t s   for  use  in  the  HT  are  those  compr is ing   the  metal   combina -  

t i o n s   n i cke l /mo lybdenum  or  coba l t /molybdenum  on  alumina  as  a  c a r -  

r i e r .   The  HT  is  p r e f e r a b l y   c a r r i e d   out  at  a  t e m p e r a t u r e   of  f rom 

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  f rom 

50-300  bar  and  in  p a r t i c u l a r   of  from  75-200  bar,   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  a  H2/feed  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  500-2000  N l .kg -1 .   As  r ega rds   t h e  

c o n d i t i o n s   used  in  a  p o s s i b l 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   i n  

the  p r e sence   of  hydrogen,   the  same  p r e f e r e n c e   a p p l i e s   as  t h a t  

s t a t e d   h e r e i n b e f o r e   for  the  HT  for  the  r e d u c t i o n   of  the  a s p h a l -  

t enes   c o n t e n t .  

The  HT  is  p r e f e r a b l y   c a r r i e d   out  in  such  a  manner  tha t   i t  

y i e l d s   a  p roduc t   the  C5+  f r a c t i o n   of  which  meets  the  f o l l o w -  

ing  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  20-70%  of  the  RCT  of  t h e  

feed  and  

b)  the  d i f f e r e n c e   between  the  p e r c e n t a g e s   by  weight  of  h y d r o c a r -  

bons  b o i l i n g   below  350°C  p r e s e n t   in  the  C5+  f r a c t i o n   a n d  

in  the  feed  is  at  most  40.  

It  should  be  noted  t ha 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   t h e  

r e d u c t i o n   of  the  metal   c o n t e n t   is  normal ly   accompanied  with  some 

r e d u c t i o n   of  the  RCT  and  some  fo rma t ion   of  C5-350°C  p roduc t .   A 

s i m i l a r   phenomenon  is  seen  in  the  HT,  in  which  the  r e d u c t i o n   o f  

RCT  and  the  f o r m a t i o n   of  C5-350°C  product   are  normal ly   a ccompan ied  

with  some  r e d u c t i o n   of  the  meta l   con ten t .   As  r ega rds   the  r e q u i r e -  

ments  mentioned  h e r e i n b e f o r e   under  a)  and  b),  these   r e l a t e   to  t h e  

t o t a l   RCT  r e d u c t i o n   and  C5-350°C  product   f o rma t ion   ( v i z .  

i n c l u d i n g   those  o c c u r r i n g   in  a  p o s s i b l 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 ) .  

In  the  HT  a  p roduc t   with  a  reduced  a s p h a l t e n e s   c o n t e n t  

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  heavy  f r a c t i o n   are  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 roduc t   may  be  a tmospher i c   d i s t i l l a t e s   o n l y ,  

but  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  t h e  

p roduc t   as  wel l .   This  vacuum  d i s t i l l a t e   may  be  c o n v e r t e d   i n t o  

l i g h t   hydroca rbon   o i l   d i s t i l l a t e s   in  the  manners  i n d i c a t e d  

h e r e i n b e f o r e .  

In  the  p rocess   a c c o r d i n g   to  the  i n v e n t i o n   two- s t ep   DA 

t r e a t m e n t   is  a p p l i e d   to  a  d i s t i l l a t i o n   r e s i d u e   o b t a i n e d   as  one  o f  

the  p roduc t s   of  the  HT.  S u i t a b l e   s o l v e n t s   for  c a r r y i n g   out  the  DA 

t r e a t m e n t   are  waxy  h y d r o c a r b o n s   having  3-7  carbon  atoms  p e r  

molecu le ,   such  as  p ropane ,   n -bu tane   i s o b u t a n e ,   n - p e n t a n e ,   i s o -  

pentane   and  mix tu res   t h e r e o f ,   such  as  mix tu res   of  p r o p a n e . a n d  

n -bu tane   and  mix tu res   of  n -bu tane   and  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   weight   r a t i o s   l ie   between  7:1  and  1:1.  The  DA  t r e a t m e n t   i s  

p r e f e r a b l y   c a r r i e d   out  at  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 

two- s t ep   DA  t r e a t m e n t   may  e s s e n t i a l l y   be  c a r r i e d   out  in  two  ways .  

According  to  the  f i r s t   embodiment  the  r e s i d u e   from  t h e  

HT  to  be  t r e a t e d   is  s u b j e c t e d   to  e x t r a c t i o n   under  mild  c o n -  

d i t i o n s   in  which  the  r e s i d u e   is  s e p a r a t e d   into  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 i c   bitumen  and  s u b s e q u e n t l y   the  l i g h t  

a s p h a l t i c   bi tumen  is  s u b j e c t e d   in  the  second  step  to  a  s e c o n d  

e x t r a c t i o n   in  which  i t   is  s e p a r a t e d   into  a  d e a s p h a l t e d   oi l   2  and  

the  f i n a l   a s p h a l t i c   bi tumen  as  a  b y - p r o d u c t .   The  same  s o l v e n t  

can  be  used  in  both  s teps   and  the  degree  of  e x t r a c t i o n   is  c o n -  
t r o l l e d   with  the  aid  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  the  f i r s t  

s tep  h igher   than  in  the  second  s t e p ) .   D i f f e r e n t   s o l v e n t s   may 

a lso   be  used,  for  i n s t a n c e   propane  in  the  f i r s t   step  and  n - b u -  

tane  in  the  second  s t e p .  

According  to  the  second  embodiment  the  r e s i d u e   from  t h e  

HT  to  be  t r e a t e d   is  s u b j e c t e d   to  e x t r a c t i o n   under  severe   c o n d i -  

t i ons   in  which  the  r e s i d u e   is  s e p a r a t e d   into  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 i c   bitumen  as  a  b y - p r o d u c t   and  s u b s e q u e n t l y  

the  d e a s p h a l t e d   o i l   is  s e p a r a t e d   in  the  second  step  into  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   oi l   2.  To  t h i s   end  the  m i x -  

ture   of  d e a s p h a l t e d   oi l   and  so lven t   coming  from  the  e x t r a c t o r  



need  only  be  fed  into  a  s e t t l e r   in  which  a  h igher   t e m p e r a t u r e  

p r e v a i l s   than  tha t   used  in  the  f i r s t   s t e p .  

For  c a r r y i n g   out  the  p roces s   a c c o r d i n g   to  the  i n v e n t i o n  

a  number  of  embodiments  are  s u i t a b l e .   Each  one  of  these   e m b o d i -  

ments  may  be  a s s i g n e d   to  one  of  two  main  c l a s s e s ,   depending   on 

whe ther   the  a s p h a l t e n e s - c o n t a i n i n g   feed  is  s u b j e c t e d   to  t h e  

HT  i m m e d i a t e l y   ( c l a s s   I)  or  whether   the  a s p h a l t e n e s - c o n t a i n i n g  

feed  is  f i r s t   s u b j e c t e d   to  thermal   c r ack ing   ( for   the  sake  o f  

b r e v i t y   h e r e i n a f t e r   r e f e r r e d   to  as  TC)  and  the  HT  is  a p p l i e d   t o  

a  r e s i d u a l   f r a c t i o n   of  the  t h e r m a l l y   c racked  p roduc t   ( c l a s s   I I ) .  

The  embodiments  be long ing   to  c l a s s   I  may  f u r t h e r   be  a r r a n g e d  

a c c o r d i n g   to  whether   the  a p p a r a t u s   in  which  the  p roces s   is  c a r r i e d  

out  is  c o n f i n e d   to  a  HT  zone  and  a  two-s tep   DA  zone  ( c l a s s   IA)  o r  

whether   the  a p p a r a t u s   in  a d d i t i o n   to  a  HT  zone  and  a  two- s t ep   DA 

zone  a l so   i n c l u d e s   a  TC  zone  ( c l a s s   IB),  a  CC  zone  (IC)  or  both  a  

TC  zone  and  a  CC  zone  ( c l a s s   ID),  in  which  the  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 i c   bi tumen  s e p a r a t e d   in  the  t w o - s t e p   DA  z o n e ,  

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

The  term  "CC"  as  used  h e r e i n b e f o r e   should  be  taken  to  r e f e r  

to  a  s p e c i a l   type  of  c a t a l y t i c   c r ack ing   for  the  p r e p a r a t i o n   o f  

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 ,   in  which  the  feed  used  is  a  

d e a s p h a l t e d   o i l   2.  This  feed  is  d i s t i n g u i s h e d   from  the  feed  w h i c h  

is  no rma l ly   used  in  a  c a t a l y t i c   c r a c k i n g   p roces s   by  the  f ac t   t h a t  

the  d e a s p h a l t e d   o i l   2  has,   among  o ther   t h i n g s ,   a  much  h ighe r   RCT 

and  a  much  h i g h e r   metal   c o n t e n t .  

The  embodidments  be long ing   to  c l a s s   IA  may  f u r t h e r   be  a r -  

ranged  as  f o l l o w s :  

IA -   1:  The  d e a s p h a l t e d   oi l   2  and  the  a s p h a l t i c   bi tumen  are  s e p a -  
r a t e d   as  f i n a l   p r o d u c t s .  

IA -   2:  The  d e a s p h a l t e d   o i l   2  is  r e c i r c u l a t e d   to  the  HT. 

IA -   3:  The  a s p h a l t i c   bitumen  is  r e c i r c u l a t e d   to  the  HT. 

The  embodiments  be long ing   to  c l a s s   IB  may  f u r t h e r   be  a r -  

ranged  as  f o l l o w s :  

IB  -   1:  The  d e a s p h a l t e d   oi l   2  is  used  as  the  feed  for  the  TC 

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

c racked   product   is  r e c i r c u l a t e d   to  the  HT. 



I B  -  2 :   The  d e a s p h a l t e d   o i l   2  is  used  as  the  feed  for  the  TC 

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

cracked  p roduc t ,   t o g e t h e r   with  the  a s p h a l t i c   bitumen,  i s  

r e c i r c u l a t e d   to  the  HT. 

IB -   3:  The  a s p h a l t i c   bitumen  is  used  as  the  feed  for  the  TC 

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

cracked  p roduc t   is  r e c i r c u l a t e d   to  the  HT. 

IB -   4:  Both  the  d e a s p h a l t e d   oi l   2  and  the  a s p h a l t i c   bitumen  a r e  

used  as  feed  components  for  the  TC  t r e a t m e n t   and  a 

r e s i d u a l   f r a c t i o n   of  the  t h e r m a l l y   cracked  product   i s  

r e c i r c u l a t e d   to  the  HT. 

The  embodiments  be long ing   to  c l a s s   IC  may  be  a r ranged  a s  

f o l l o w s :  

IC -   1:  The  d e a s p h a l t e d   oi l   2  was  used  as  the  feed  for  the  CC 

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

c racked  product   is  r e c i r c u l a t e d   to  the  HT. 

IC -   2:  The  d e a s p h a l t e d   oi l   2  is  used  as  the  feed  for  the  CC 

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

cracked  p roduc t ,   t o g e t h e r   with  the  a s p h a l t i c   bitumen,  i s  

r e c i r c u l a t e d   to  the  HT. 

As  r ega rds   the  embodiment  be long ing   to  c l a s s   ID: 

ID  : The  d e a s p h a l t e d   oi l   2  is  used  as  the  feed  for  the  CC 

t r e a t m e n t ,   the  a s p h a l t i c   bi tumen  is  used  as  the  feed  f o r  

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

cracked  product   is  r e c i r c u l a t e d ,   t o g e t h e r   with  a  r e s i d u a l  

f r a c t i o n   of  the  t h e r m a l l y   c racked  p roduc t ,   to  the  HT. 

The  embodiments  be longing   to  c l a s s   II  may  f u r t h e r   be 

a r ranged   as  f o l l o w s :  

I I  -  1 :   The  d e a s p h a l t e d   oi l   2  and  the  a s p h a l t i c   bitumen  a r e  

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

I I  -   2:  The  d e a s p h a l t e d   oi l   2  is  r e c i r c u l a t e d   to  the  TC  t r e a t m e n t .  

I I  -  3 :   The  d e a s p h a l t e d   oi l   2  is  r e c i r c u l a t e d   to  the  HT. 

I I  -  4 :   The  a s p h a l t i c   bitumen  is  r e c i r c u l a t e d   to  the  TC  t r e a t m e n t .  

I I  -  5 :   The  a s p h a l t i c   bitumen  is  r e c i r c u l a t e d   to  the  HT. 

I I  -  6 :   The  d e a s p h a l t e d   oi l   2  and  the  a s p h a l t i c   bitumen  a r e  



I I  -  7 :   The  d e a s p h a l t e d   o i l   2  is  r e c i r c u l a t e d   to  the  HT  and  

the  a s p h a l t i c   bitumen  is  r e c i r c u l a t e d   to  the  TC  t r e a t m e n t .  

I I  -  8 :   The  d e a s p h a l t e d   o i l   2  is  r e c i r c u l a t e d   to  the  TC  t r e a t m e n t  

and  the  a s p h a l t i c   b i tumen  is  r e c i r c u l a t e d   to  the  HT. 

The  v a r i o u s   embodiments  of  the  p roces s   a cco rd ing   to  t h e  

i n v e n t i o n   are  r e p r e s e n t e d   s c h e m a t i c a l l y   in  F igures   IA -   1  t o  

IA -   3  i n c l u s i v e ,   IB  -   1  to  IB  -   4  i n c l u s i v e ,   IC -   1,  IC -   2 ,  

ID  and  I I  -   1  to  I I  -   8  i n c l u s i v e .   In  the  f i g u r e s   the  v a r i o u s  

s t reams  and  the  v a r i o u s   zones  are  i n d i c a t e d   by  the  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  

2  =  hyd roca rbon   o i l   d i s t i l l a t e   ex  HT 

3  =  r e s i d u e   ex  HT 
"  4  =   d e a s p h a l t e d   o i l   1  ex  DA  t r e a t m e n t  
"  5  =   d e a s p h a l t e d   o i l   2  ex  DA  t r e a t m e n t  

"   6  =   a s p h a l t i c   bi tumen  ex  DA  t r e a t m e n t  
"  7  =   hyd roca rbon   o i l   d i s t i l l a t e   ex  TC  t r e a t m e n t  
"  8  =   r e s i d u e   ex  TC  t r e a t m e n t  

9  =  hyd roca rbon   o i l   d i s t i l l a t e   ex  CC  t r e a t m e n t  

10 =  r e s i d u e   ex  CC  t r e a t m e n t  

zone  11 =  HT 
"  12  =  DA 

13 =  TC 
"  14  =  CC 

In  the  embodiments  where  the  o b j e c t   is  to  ob t a in   as  com- 

p l e t e   as  p o s s i b l e   a  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  into  d e a s p h a l t e d   o i l   and  hydroca rbon   o i l   d i s t i l l a t e s ,  i t   i s  

p r e f e r r e d   to  s e p a r a t e   what  is  c a l l e d   a  bleed  stream  from  one 

of  the  heavy  s t reams  in  the  p r o c e s s .   In  th i s   way  the  b u i l d - u p   o f  

u n d e s i r a b l e   heavy  components  dur ing   the  p rocess   can  be  p r e v e n t e d .  

Carry ing   out  the  p rocess   a c c o r d i n g   to  the  i n v e n t i o n   by 

using  a  TC  t r e a t m e n t   and /or   a  CC  t r e a t m e n t   y i e ld s   c racked  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   are  s e p a r a t e d .   These  

d i s t i l l a t e   f r a c t i o n s   may  be  a t m o s p h e r i c   d i s t i l l a t e s   only,   b u t  

p r e f e r a b l y   a  vacuum  d i s t i l l a t e   should  also  be  s e p a r a t e d   from  t h e  



cracked   p r o d u c t s .   This  vacuum  d i s t i l l a t e   may  be  conve r t ed   i n t o  

l i g h t   hydroca rbon   o i l   d i s t i l l a t e s   by  the  methods  m e n t i o n e d  

h e r e i n b e f o r e .  

If  the  process   a c c o r d i n g   to  the  i n v e n t i o n   is  c a r r i e d   out  i n  

an  a p p a r a t u s   which  i n c l u d e s   a  TC  zone,  w h i l s t   the  s t reams  wh ich  

are  fed  into  th i s   TC  zone  c o n s i s t   of  one  or  more  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 e a m s  -   such  as  a  d e a s p h a l t e d   o i l   2  -   as  w e l l  

as  of  one  or  more  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 e a m s  -   such  a s  

a s p h a l t i c   bitumen  s e p a r a t e d   in  the  p rocess   and /o r   the  a s p h a l t e n e s -  

c o n t a i n i n g   feed  which  is  to  be  p roces sed   with  the  aid  of  t h e  

p r o c e s s  -  ,   i t   is  p r e f e r r e d   to  use  a  TC  zone  which  i n c l u d e s   two 

c r a c k i n g   u n i t s   and  to  crack  the  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   are  s e p a r a t e d .   When  a  TC  zone  is  used  which  

i n c l u d e s   two  c rack ing   u n i t s ,   a  heavy  f r a c t i o n   of  the  c r a c k e d  

p roduc t   coming  from  the  c r ack ing   un i t   in  which  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   feed  is  p r o c e s s e d ,   is  p r e f e r a b l y   r e c i r c u l a t e d   t o  

tha t   c r ack ing   un i t .   When  a  TC  zone  is  used  which  i n c l u d e s   two 

c r a c k i n g   u n i t s ,   then,  from  the  p roduc t   ob ta ined   in  the  c r a c k i n g  

u n i t   in  which  the  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   feed  is  c racked,   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   heavy  f r a c t i o n   may  be  s e p a r a t e d ,   i f  

d e s i r e d ,   and  the  l a t t e r   may  be  used  as  a  feed  component  for  t h e  

c r a c k i n g   uni t   in  which  the  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 e e d  

is  p r o c e s s e d .   When  a  TC  zone  is  used  which  i n c l u d e s   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   d i s t i l l a t i o n   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  be  c a r r i e d   out  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  cracked  p roduc ts   or  f r a c t i o n s   t h e r e o f   may  be  combined 

and  d i s t i l l e d   t o g e t h e r .  

Five  flow  diagrams  for  the  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 s  

and  hydrocarbon   oil   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 -  

carbon  mix tures   wi l l   h e r e i n a f t e r   be  exp l a ined   in  more  d e t a i l   w i t h  

the  aid  of  Figures   I I I - V I I .  



Flow  diagram  A  (based  on  embodiment  I A - 1 ) .  

See  F igure   I I I  

The  p rocess   is  c a r r i e d   out  in  an  a p p a r a t u s   c o n s i s t i n g   of  a  HT  zone  

composed  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   un i t   (11) ,   an  a t m o s p h e r i c  

d i s t i l l a t i o n   un i t   (15)  and  a  vacuum  d i s t i l l a t i o n   un i t   (16)  and  a  

t w o - s t e p   DA  zone  (12) ,   s u c c e s s i v e l y .  

An  a s p h a l t e n e s - c o n t a i n i n g   hydrocarbon   mix tu re   (1),   t o g e t h e r   w i t h  

hydrogen  (20) ,   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 .   The 

h y d r o t r e a t e d   p roduc t   (21)  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  

in to   a  gas  f r a c t i o n   (22),   an  a t m o s p h e r i c   d i s t i l l a t e   (2A)  and  an  

a t m o s p h e r i c   r e s i d u e   (23).   The  a t m o s p h e r i c   r e s i d u e   (23)  is  s e p a r a t e d  

by  vacuum  d i s t i l l a t i o n   into  a  vacuum  d i s t i l l a t e   (2B)  and  a  vacuum 

r e s i d u e   (3) .   The  vacuum  r e s i d u e   (3)  is  s e p a r a t e d   by  two-s tep   d e -  

a s p a l t i n g   into  a  d e a s p h a l t e d   oi l   1  ( s t r e a m   4),  a  d e a s p h a l t e d   oi l   2 

( s t r eam  5)  and  an  a s p h a l t i c   bitumen  ( 6 ) .  

Flow  diagram  B  (based  on  embodiment  I B - 3 ) .  

See  F igure   IV 

The  p rocess   is  c a r r i e d   out  in  an  a p p a r a t u s - c o n s i s t i n g   of  a  HT  zone  

composed  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   un i t   (11) ,   an  a t m o s p h e r i c  

d i s t i l l a t i o n   un i t   (15)  and  a  vacuum  d i s t i l l a t i o n   un i t   (16),   a  

two- s t ep   DA  zone  (12)  and  a  TC  zone  composed  of  a  thermal   c r a c k i n g  

un i t   (13) ,   a  second  a tmosphe r i c   d i s t i l l a t i o n   un i t   (17)  and  a  

second  vacuum  d i s t i l l a t i o n   uni t   (18) ,   s u c c e s s i v e l y .  

An  a s p h a l t e n e s - c o n t a i n i n g   hydroca rbon   mix tu re   (1)  is  mixed  w i t h  

a  r e c i r c u l a t i o n   s t ream  (8)  and  the  mix ture   (29) ,   t o g e t h e r   w i t h  

hydrogen  (20) ,   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 .   The 

h y d r o t r e a t e d   p roduc t   (21)  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  

in to   a  gas  f r a c t i o n   (22),   an  a t m o s p h e r i c   d i s t i l l a t e   (2A)  and  an  

a t m o s p h e r i c   r e s i d u e   (23).   The  a t m o s p h e r i c   r e s i d u e   (23)  is  s e p a r a t e d  

by  vacuum  d i s t i l l a t i o n   into  a  vacuum  d i s t i l l a t e   (2B)  and  a  vacuum 

r e s i d u e   (3).   The  vacuum  r e s i d u e   (3)  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   into  a  d e a s p h a l t e d   o i l   1  ( s t ream  4),  a  d e -  

a s p h a l t e d   o i l   2  ( s t r eam  5)  and  an  a s p h a l t i c   bitumen  (6).  The 

a s p h a l t i c   bi tumen  (6)  is  d iv ided   in to   two  p o r t i o n s   (30)  and  ( 3 1 ) .  

P o r t i o n   (30)  is  s u b j e c t e d   to  thermal   c r a c k i n g .   The  t h e r m a l l y  



cracked  product   (24)  is  s epa ra t ed .   by  a tmosphe 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   (25) ,   an  a t m o p s h e r i c   d i s t i l l a t e   (7A)  and  an  a t m o -  

s p h e r i c   r e s idue   (26) .   The  a t m o s p h e r i c   r e s i d u e   (26)  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   (7B)  and  a  vacuum 

r e s i d u e   ( 8 ) .  

Flow  diagram  C  (based  on  embodiment  I C - 1 )  

See  Figure   V 

The  p rocess   is  c a r r i e d   out  in  an  a p p a r a t u s   c o n s i s t i n g   of  a  HT  zone  

composed  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   uni t   (11),   an  a t m o s p h e r i c  

d i s t i l l a t i o n   uni t   (15)  and  a  vacuum  d i s t i l l a t i o n   uni t   (16),   a 

two-s t ep   DA  zone  (12)  and  a  CC  zone  composed  of  a  c a t a l y t i c   c r a c k -  

ing  uni t   (14)  and  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   uni t   ( 1 9 ) ,  

s u c c e s s i v e l y .  

An  a s p h a l t e n e s - c o n t a i n i n g   hydroca rbon   mixture   (1)  is  mixed  w i t h  

a  r e c i r c u l a t i o n   s t ream  (10)  and  the  mix ture   (32),   t o g e t h e r   w i t h  

hydrogen  (20),   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 .   The 

h y d r o t r e a t e d   p roduc t   (21)  is  s e p a r a t e d   by  a tmosphe r i c   d i s t i l l a t i o n  

in to   a  gas  f r a c t i o n   (22 ) ,   an  a t m o s p h e r i c   d i s t i l l a t e   (2A)  and  an  

a tmosphe r i c   r e s idue   (23) .   The  a t m o s p h e r i c   r e s idue   (23)  is  s e p a r a t e d  

by  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   (2B)  and  a  vacuum 

r e s i d u e   (3).  The  vacuum  r e s i d u e   (3)  is  s e p a r a t e d   by  t w o - s t e p  

so lven 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  ( s t ream  4),  a 

d e a s p h a l t e d   oi l   2  ( s t r e a m   5)  and  an  a s p h a l t i c   bitumen  (6).   The 

d e a s p h a l t e d   oi l   2  ( s t r e a m   5)  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 .  

The  c a t a l y t i c a l l y   c r acked   p roduc t   (27)  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   in to   a  gas  f r a c t i o n   (28),   an  a t m o s p h e r i c  

d i s t i l l a t e   (9)  and  an  a t m o s p h e r i c   r e s idue   ( 1 0 ) .  

Flow  diagram  D  (based  on  embodiment  I D ) .  

See  Figure  VI 

The  process   is  c a r r i e d   out  in  an  a p p a r a t u s   c o n s i s t i n g   of  a  HT  zone  

composed  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   un i t   (11),  an  a t m o s p h e r i c  

d i s t i l l a t i o n   uni t   (15)  and  a  vacuum  d i s t i l l a t i o n   uni t   (16),   a  

two-s tep   DA  zone  (12) ,   a  TC  zone  composed  of  a  thermal   c r a c k i n g  

uni t   (13),   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   uni t   (17)  and  a 

second  vacuum  d i s t i l l a t i o n   un i t   (18)  and  a  CC  zone  composed  of  a 



c a t a l y t i c   c r a c k i n g   un i t   (14)  and  a  t h i r d   a tmosphe r i c   d i s t i l l a t i o n  

un i t   (19) ,   s u c c e s s i v e l y .  

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   mixture   (1)  is  mixed  w i t h  

a  r e c i r c u l a t i o n   s t ream  (34)  and  the  mix ture   (33),   t o g e t h e r   w i t h  

hydrogen  (20) ,   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 .   The 

h y d r o t r e a t e d   p roduc t   (21)  is  s e p a r a t e d   by  a tmosphe r i c   d i s t i l l a t i o n  

in to   a  gas  f r a c t i o n   (22) ,   an  a t m o s p h e r i c   d i s t i l l a t e   (2A) 'and  a n  

a t m o s p h e r i c   r e s i d u e   (23).   The  a t m o s p h e r i c   r e s idue   (23)  is  s e p a r a t e d  

by  vacuum  d i s t i l l a t i o n   into  a  vacuum  d i s t i l l a t e   (2B)  and  a  vacuum 

r e s i d u e   (3) .   The  vacuum  r e s i d u e   (3)  is  s e p a r a t e d   by  two- s t ep   s o l -  

vent  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  (s t ream  4),  a  d e a s p h a l t e d  

o i l   2  ( s t r eam  5)  and  an  a s p h a l t i c   bi tumen  (6).   The  a s p h a l t i c  

bi tumen  (6)  is  d iv ided   in to   two  p o r t i o n s   (30)  and  (31).   P o r t i o n  

(30)  is  s u b j e c t e d   to  thermal   c r a c k i n g .   The  t he rma l ly   c r a c k e d  

p roduc t   (24)  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   in to   a  g a s  
f r a c t i o n   (25),   an  a t m o s p h e r i c   d i s t i l l a t e   (7A)  and  an  a t m o s p h e r i c  

r e s i d u e   (26) .   The  a t m o s p h e r i c   r e s i d u e   (26)  is  s e p a r a t e d   by  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   (7B)  and  a  vacuum  r e s i d u e   ( 8 ) .  

The  d e a s p h a l t e d   o i l   2  ( s t r eam  5)  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 .  

The  c a t a l y t i c a l l y   c racked  p roduc t   (27)  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   in to   a  gas  f r a c t i o n   (28) ,   an  a tmosphe r i c   d i s t i l l a t e   ( 9 )  

and  an  a t m o s p h e r i c   r e s i d u e   (10) .   Streams  (8)  and  (10)  are  mixed  t o  

form  the  r e c i r c u l a t i o n   s t ream  ( 3 4 ) .  

Flow  diagram  E  (based  on  embodiment  I I - 1 )  

See  F igure   V I I  

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 i s t i n g   of  a  TC  zone  

composed  of  a  thermal   c r ack ing   un i t   (13) ,   an  a t m o s p h e r i c   d i s t i l l a t i o n  

un i t   (17)  and  a  vacuum  d i s t i l l a t i o n   un i t   (18),   a  HT  zone  composed 

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   un i t   (11),   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   un i t   (15)  and  a  second  vacuum  d i s t i l l a t i o n   un i t   (16)  and 

a  two- s t ep   DA  zone  (12),   s u c c e s s i v e l y .   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   mix ture   (1)  is  s u b j e c t e d   to  thermal   c r a c k i n g .   The  t h e r -  

mally  c racked   p roduc t   (24)  is  s e p a r a t e d   by  a tmosphe r i c   d i s t i l l a t i o n  

in to   a  gas  f r a c t i o n   (25) ,   an  a t m o s p h e r i c   d i s t i l l a t e   (7A)  and  a n  



a tmosphe r i c   r e s i d u e   (26) .   The  a t m o s p h e r i c   r e s i d u e   (26)  is  s e p a r a t e d  

by  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   (7B)  and  a  vacuum 

r e s i d u e   (8).   The  vacuum  r e s i d u e   (8) ,   t o g e t h e r   with  hydrogen  ( 2 0 ) ,  

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 .   The  h y d r o t r e a t e d   p r o -  

duct  (21)  is  s e p a r a t e d   by  a tmosphe r i c   d i s t i l l a t i o n   into  a  gas  f r a c -  

t ion   (22),   an  a t m o s p h e r i c   d i s t i l l a t e   (2A)  and  an  a t m o s p h e r i c   r e s i -  

due  (23).   The  a t m o s p h e r i c   r e s idue   (23)  is  s e p a r a t e d   by  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   (2B)  and  a  vacuum  r e s i d u e   ( 3 ) .  

The  vacuum  r e s i d u e   (3)  is  s e p a r a t e d   by  two- s t ep   so lven t   d e a s p h a l t i n g  

into  a  d e a s p h a l t e d   o i l   1  ( s t ream  4),  a  d e a s p h a l t e d   oi l   2  ( s t r eam  5)  

and  an  a s p h a l t i c   bi tumen  ( 6 ) .  

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

c a r r y i n g   out  the  embodiments  a cco rd ing   to  the  process   a c c o r d i n g  

to  the  i n v e n t i o n   which  s u b s t a n t i a l l y   c o r r e s p o n d   with  t h o s e  

s c h e m a t i c a l l y   r e p r e s e n t e d   in  F igures   I - V I I .  

The  i n v e n t i o n   is  now  e l u c i d a t e d   with  the  aid  of  the  f o l l o w i n g  

Examples .  

In  the  p rocess   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   hydroca rbon   m i x t u r e  

ob ta ined   as  a  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  crude  mine ra l   o i l .   The  vacuum  r e s i d u e  

bo i l ed   s u b s t a n t i a l l y   above  520°C  and  had  an  RCT  of  18.8  Xw,  a n  

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

con ten t   of  5.4  Xw.  The  process   was  c a r r i e d   out  acco rd ing   to  t h e  

flow  diagrams  A-E.  The  fo l lowing   c o n d i t i o n s   were  used  in  t h e  

va r ious   z o n e s .  

In  a l l   the  flow  diagrams  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  which  was  f i l l e d   with  a 

Ni/V/SiO2  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   by  weight  (pbw)  o f  

n i c k e l   and  2.0  pbw  of  vanadium  per  100  pbw  of  s i l i c a   and  t h e  

second  of  which  was  f i l l e d   with  a  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  per  100  pbw 

of  alumina.   The  c a t a l y s t s   were  used  in  a  volume  r a t i o   1:4.  The  HT 

was  c a r r i e d   out  at  a  hydrogen  p r e s s u r e   of  150  bar,  a  s p a c e  

v e l o c i t y   (measured  over  the  two  r e a c t o r s )   of  0.5  kg  of  feed  p e r  



l i t r e   of  c a t a l y s t   per  hour,  a  H2/feed  r a t i o   of  1000  N1  per  kg 

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 

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

In  a l l   the  flow  diagrams  the  t w o - s t e p   DA  t r e a t m e n t   was 

c a r r i e d   out  by  c o n t a c t i n g   the  feed  to  be  d e a s p h a l t e d   in  the  f i r s t  

s tep   ( in   an  e x t r a c t o r )   with  a  n - b u t a n e / i s o b u t a n e   mixture   ( w e i g h t  

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   weight  r a t i o   of  2:1  and,  a f t e r   the  a s p h a l t i c  

bi tumen  has  been  s e p a r a t e d   off ,   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  

a  second  step  (in  a  s e t t l e r )   at  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  bar  into  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  flow  diagrams  B,  D  and  E,  r e s p e c t i v e l y ,   the  TC  t r e a t m e n t  

was  c a r r i e d   out  in  a  c r ack ing   co 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  0.4  kg  of  f r e s h   feed  per  l i t r e   of  c rack ing   c o i l  

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

o u t l e t   of  the  c rack ing   c o i l ) .  

In  flow  diagrams  C  and  D,  r e s p e c t i v e l y ,   the  CC  t r e a t m e n t   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  bar,  a  

space  v e l o c i t y   of  2  k g . k g - l . h - 1   and  a  c a t a l y s t   renewal  r a t e  

of  1.0  pbw  of  c a t a l y s t   per  1000  pbw  of  o i l   and  using  a  z e o l i t e  

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

For  compar ison ,   an  exper iment   was  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  t w o - s t e p   DA  t r e a t m e n t   for  p roduc ing   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,  us ing   no  p rev ious   HT 

(Example  6)  and  a lso  an  exper iment   in  which  the  vacuum  r e s i d u e  

was  s u b j e c t e d   to  a  one - s t ep   DA  t r e a t m e n t   for  p r e p a r i n g   a  d e -  

a s p h a l t e d   o i l   3,  using  no  p rev ious   HT  (Example  7).  In  Example  6 

the  two-s t ep   DA  t r e a t m e n t   was  c a r r i e d   out  in  s u b s t a n t i a l l y   t h e  

same  way  as  d e s c r i b e d   in  the  Examples  1-5,  with  the  d i s t i n c t i o n  

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

Example  6  was  144°C.  The  one - s t ep   DA  t r e a t m e n t   d e s c r i b e d   i n  

Example  7  was  c a r r i e d   out  in  the  same  way  as  the  f i r s t   step  o f  

the  two- s t ep   DA  t r e a t m e n t   as  d e s c r i b e d   in  the  Examples  1 -6 .  

In  a l l   the  exper iments   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  



mixture   (1)  used  as  s t a r t i n g   m a t e r i a l   was  100  pbw  of  vacuum 

r e s i d u e .  

The  q u a n t i t i e s   of  the  va r ious   s treams  o b t a i n e d   in  t h e  

e x p e r i m e n t s   d e s c r i b e d   in  the  Examples  1-5  and  the  RCT's  o f  

c e r t a i n   s t reams  are  given  in  Table  I .  

Table  II  l i s t s   the  y i e l d s   of  f i n a l   p r o d u c t s   o b t a i n e d   in  t h e  

e x p e r i m e n t s   d e s c r i b e d   in  Examples  1 -7 .  

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

in  the  expe r imen t s   d e s c r i b e d   in  Examples  1 - 7 .  







With  r e f e r e n c e   to  Tables   I - I I I   the  f o l l owing   should  be  

n o t e d .  

The  advan t age   of  a  t w o - s t e p   DA  t r e a t m e n t   over  a  o n e - s t e p   DA 

t r e a t m e n t   becomes  e v i d e n t   upon  comparison  of  the  r e s u l t s   d e s c r i b e d  

in  the  Examples  6  and  7 .  

The  advan tage   of  a p p l y i n g   a  HT  to  the  feed  for  the  t w o - s t e p  

DA  t r e a t m e n t   becomes  e v i d e n t   upon  comparison  of  the  r e s u l t s  

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

Comparison  of  the  r e s u l t s   d e s c r i b e d   in  the  Examples  1  and  2 

shows  t ha t   a p p l i c a t i o n   of  a  TC  t r e a t m e n t   to  the  a s p h a l t i c   b i t u m e n  

and  r e c i r c u l a t i o n   of  the  r e s i d u e   ex  TC  t r e a t m e n t   to  the  HT 

produces   h ighe r   y i e l d s   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 s   and  d e a s -  

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

Comparison  of  the  r e s u l t s   d e s c r i b e d   in  the  Examples  1  and  2 

shows  tha t   a p p l i c a t i o n   of  a  CC  t r e a t m e n t   to  the  d e a s p h a l t e d   oi l   2 

and  r e c i r c u l a t i o n   of  the  r e s i d u e   ex  CC  t r e a t m e n t   to  the  HT  p r o d u c e s  

c o n s i d e r a b l y   h ighe r   y i e l d s   of  hydrocarbon   o i l   d i s t i l l a t e s .  

Example  4,  d e s c r i b i n g   e x p e r i m e n t s   in  which  both  a  TC  t r e a t m e n t  

and  a  CC  t r e a t m e n t   are  used,   p r o v i d e s   a  combina t ion   of  t h e  

a d v a n t a g e s   ment ioned  for  Examples  2  and  3.  

Comparison  of  Examples  1  and  5  shows  that   a p p l i c a t i o n   of  a  

TC  t r e a t m e n t   to  the  feed  for  the  HT  produces  c o n s i d e r a b l y   h i g h e r  

y i e l d s   of  hydroca rbon   o i l   d i s t i l l a t e s .  



1.  A  p roce s s   for  the  p r o d u c t i o n   of  d e a s 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 ,   c h a r a c t e r i z e d   in  tha t   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 s  

used  to  conve r t   an  a s p h a l t e n e s - c o n t a i n i n g   hydrocarbon   m i x t u r e  

into  a  p roduc t   with  a  reduced  a s p h a l t e n e s   con ten 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   into  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  tha t   t w o - s t e p   so lven t   d e a s p h a l t i n g   i s  

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

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

2.  A  p roces s   as  claimed  in  c la im  1,  c h a r a c t e r i z e d   in  tha t   t h e  

feed  used  is  a  hydrocarbon  mixture   which  bo i l s   s u b s t a n t i a l l y  

above  350°C  and  more  than  35  %w  of  which  bo i l s   above  520°C  and  

which  has  an  RCT  of  more  than  7.5  %w,  p r e f e r a b l y   a  r e s i d u e  

ob t a ined   in  the  vacuum  d i s t i l l a t i o n   of  an  a tmosphe r i c   d i s t i l l a t i o n  

r e s idue   of  a  crude  minera l   o i l .  

3.  A  p roces s   as  claimed  in  claim  1  or  2,  c h a r a c t e r i z e d  

in  that   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  

a s p h a l t e n e s   con ten t   a  c a t a l y s t   is  used  which  comprises   at  l e a s t  

one  metal  chosen  from  the  group  formed  by  n i c k e l   and  coba l t   a n d ,  

in  a d d i t i o n ,   at  l e a s t   one  metal  chosen  from  the  group  formed  by 

molybdenum  and  tungs ten   suppor ted   on  a  c a r r i e r ,   more  than  40  %w 

of  which  c a r r i e r   c o n s i s t s   of  a lumina ,   p r e f e r a b l y   the  m e t a l  

combina t ion   n ickel /molybdenum  or  coba l t /mo lybdenum  suppor ted   on 

alumina  as  c a r r i e r .  

4.  A  p rocess   as  claimed  in  claim  3,  c h a r a c t e r i z e d   in  t h a t  

when  use  is  made  of  a  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   wh ich  

has  a  vanadium  +  n icke l   content   of  more  than  50  ppmw,  th i s   f e e d  

is  c o n t a c t e d   with  two  s u c c e s s i v e   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  %w  of  s i l i c a  

and  the  second  of  which  is  an  a s p h a l t e n e s   c o n v e r s i o n   c a t a l y s t   a s  

d e s c r i b e d   in  claim  3.  

5.  A  p rocess   as  claimed  in  any  one  of  claims  1-4,  c h a r a c t e r -  



ized  in  tha 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  at  a  

t e m p e r a t u r e   of  350-450°C,  a  p r e s s u r e   of  75-200  bar,   a  s p a c e  

v e l o c i t y   of  0 .1-2   g . g - 1 . h - 1   and  a  H2/feed  r a t i o   of  500-2000  N l . k g - 1 .  

6.  A  p roces s   as  c la imed  in  any  one  of  claims  1-5,  c h a r a c t e r i z e d  

in  tha 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  way 

tha t   a  p roduc t   is  o b t a i n e d   the  C5+  f r a c t i o n   of  which  mee t 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  20-70%  of  the  RCT  of  the  f e e d  

and 

b)  the  d i f f e r e n c e   between  the  p e r c e n t a g e s   by  weight  of  h y d r o c a r b o n s  

b o i l i n g   above  350 °C  p r e s e n t   in  the  C5+  f r a c t i o n   and  in  t h e  

feed  is  at  most  40 .  

7.  A  p roces s   as  c la imed  in  any  one  of  claims  1-6,  c h a r a c t e r -  

ized  in  tha t   the  two- s t ep   s o l v e n t   d e a s p h a l t i n g   is  c a r r i e d   out  by 

s u b j e c t i n g   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  product   o f  

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  the  f i r s t   s tep  to  e x t r a c t i o n  

under  mild  c o n d i t i o n s   in  which  i t   is  s e p a r a t e d   in to   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 i c   bitumen  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 i c   bi tumen  in  the  second  step  to  a  second  e x t r a c t i o n  

t r e a t m e n t   in  which  i t   is  s e p a r a t e d   into  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 i c   bi tumen  as  a  b y - p r o d u c t   of  the  p r o c e s s .  

8.  A  p roces s   as  c laimed  in  any  one  of  claims  1-7,  c h a r a c t e r i z e d  

in  tha t   the  two-s t ep   s o l v e n t   d e a s p h a l t i n g   is  c a r r i e d   out  by 

s u b j e c t i n g   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  product   o f  

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  the  f i r s t   step  to  e x t r a c t i o n  

under  s e v e r e r   c o n d i t i o n s   in  which  i t   is  s e p a r a t e d   into  a  d e a s -  

pha l t ed   o i l   and  the  f i n a l   a s p h a l t i c   bitumen  as  a  by -p roduc t   o f  

the  p rocess   and  s e p a r a t i n g   d e a s p h a l t e d   o i l   in  the  second  s t e p  

into  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   oi l   2.  

9.  A  p rocess   as  c laimed  in  any  one  of  claims  1-8,  c h a r a c t e r i z e d  

in  tha t   the  d e a s p h a l t e d   oi l   2  or  the  a s p h a l t i c   bi tumen  is  used  a s  

a  feed  component  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 .  

10.  A  p rocess   as  c la imed  in  any  one  of  claims  1-9,  c h a r a c t e r i z e d  

in  that   the  d e a s p h a l t e d   oi l   2  and/or   the  a s p h a l t i c   bitumen  i s  

s u b j e c t e d   to  thermal   c r ack ing   and  tha t   a  d i s t i l l a t i o n   r e s i d u e   o f  



the  t h e r m a l l y   cracked  p r o d u c t ,   p r e f e r a b l y   both  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   c racked   product   and  the  a s p h a l t i c  

b i tumen,   is  (a re )   used  as  a  feed  component  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 .  

1 1 .   A  p rocess   as  c la imed  in  any  one  of  claims  1-9,  c h a r a c t e r -  

ized  in  tha 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  c a t a l y t i c  

c r a c k i n g   and  that   a  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 racked   p r o d u c t ,  e i t h e r   or  not  t o g e t h e r   with  the  a s p h a l t i c  

b i tumen,   is  used  as  a  feed  component  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 .  

12.  A  p rocess   as  c la imed  in  any  one  of  claims  1-9,  c h a r a c t e r -  

ized  in  tha 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  c a t a l y t i c  

c r a c k i n g ,   tha t   the  a s p h a l t i c   bi tumen  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  that   both  a  d i s t i l l a t i o n   r e s idue   of  the  c a t a l y t i c a l l y  

c racked  product   and  a  d i s t i l l a t i o n   r e s idue   of  the  t h e r m a l l y  

c racked   product   are  used  as  feed  components  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 .  

13.  A  process   as  c la imed  in  any  one  of  claims  1-9,  c h a r a c t e r -  

ized  in  that   the  a s p h a l t e n e s - c o n t a i n i n g   hydrocarbon   mixture   which  

se rves   as  the  feed  for  the  p rocess   is  f i r s t   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  that   a  d i s t i l l a t i o n   r e s idue   of  the  t h e r m a l l y   c r a c k e d  

p roduc t   is  used  as  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 .  

14.  A  process   as  c la imed  in  claim  13,  c h a r a c t e r i z e d   in  t h a t  

the  d e a s p h a l t e d   oi l   2  or  the  a s p h a l t i c   bitumen  is  used  as  a  f e e d  

component  for  the  thermal   c r a c k i n g   or  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 .  

15.  A  process   as  c la imed  in  claim  13,  c h a r a c t e r i z e d   in  t h a t  

both  the  d e a s p h a l t e d   oi l   2  and  the  a s p h a l t i c   bitumen  are  used  a s  

feed  components  for  the  thermal   c r a c k i n g .  

16.  A  process   as  c laimed  in  claim  13,  c h a r a c t e r i z e d   in  t h a t  

the  d e a s p h a l t e d   oi l   2  is  used  as  a  feed  component  e i t h e r   for  t h e  

thermal   c rack ing   or  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 ,   w h i l s t   t h e  

a s p h a l t i c   bitumen  is  used  as  a  feed  component  e i t h e r   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   or  for  the  thermal   c r a c k i n g ,   r e s p e c t i v e l y .  

17.  A  process   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   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 -  

carbon  m i x t u r e s ,   as  c la imed  in  claim  1,  s u b s t a n t i a l l y   as  d e s c r i b e d  

h e r e i n b e f o r e   and  in  p a r t i c u l a r   with  r e f e r e n c e   to  Examples  1 - 5 .  

18.  D e a s p h a l t e d   o i l s   and  hyd roca rbon   o i l   d i s t i l l a t e s   w h e n e v e r  

produced  a c c o r d i n g   to  a  p roces s   as  d e s c r i b e d   in  claim  17. 

19.  A p p a r a t u s e s   for  c a r r y i n g   out  the  p rocess   as  c la imed  i n  

c la im  17  c o r r e s p o n d i n g   s u b s t a n t i a l l y   with  those  r e p r e s e n t e d  

s c h e m a t i c a l l y   in  F igures   I - V I I .  
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