
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 

11)  Publication  number: 0  0 8 2   5 5 1  

A 1  

@  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82201560.8  ©  Int.  CI.3:  C  10  G  6 9 / 0 2  

©  Date  of  filing:  07.12.82 

©  Priority:  10.12.81  NL  8105560 

@  Date  of  publication  of  application: 
29.06.83  Bulletin  83/26 

©  Designated  Contracting  States: 
BE  DE  FR  GB  IT  SE 

©  Applicant:  SHELL  INTERNATIONALE  RESEARCH 
MAATSCHAPPIJ  B.V. 
Carel  van  Bylandtlaan  30 
NL-2596  HR  Den  Haag(NL) 

@  Inventor:  van  Dongen,  Robert  Hendrik 
3,  Badhuisweg 
NL-1031  CM  Amsterdam(NL) 

©  Inventor:  Newsome,  John  Robert 
3,  Badhuisweg 
NL-1031  CM  Amsterdam(NL) 

©  Representative:  Puister,  Antonius  Tonnis,  Mr.  et  al, 
P.O.  Box  302 
NL-2501  CH  The  Hague(NL) 

©  Process  for  the  production  of  hydrocarbon  oil  distillates. 
Distillates  are  produced  from  asphaltenes-containing 

hydrocarbon  mixtures  by  a  process  comprising  subjecting 
the  hydrocarbon  mixtures  (101)  to  a  catalytic  hydrotreatment 
(106),  and  subjecting  the  distillation  residue  (102)  of  the 
hydroconverted  product  to  a  combination  of  solvent  deas- 
phalting  (107)  thermal  cracking  (108). 





The  i n v e n t i o n   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   o f  

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 roca rbon   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  mine ra 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   hydroca 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 ,   ke rosene   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   i s  

formed  as  a  b y - p r o d u c t .   In  the  b e g i n n i n g   these  a tmosphe r i c   r e -  

s idues   (which  in  a d d i t i o n   to  a s p h a l t e n e s ,   u s u a l l y   con t a in   a  c o n -  

s i d e r a b l e   p e r c e n t a g e   of  su lphur   and  meta l s )   were  used  as  fue l   o i l .  

In  view  of  the  growing  demand  for  l i g h t   hydrocarbon   o i l   d i s -  

t i l l a t e s   and  the  s h r i n k i n g   r e s e r v e s   of  crude  minera l   o i l ,   v a r i o u s  

t r e a t m e n t s   have  a l r eady   been  p roposed   which  aimed  at  c o n v e r t i n g  

a tmosphe r i c   r e s i d u e s   into  l i g h t   hydroca rbon   o i l   d i s t i l l a t e s .   F o r  

i n s t a n c e ,   the  a tmosphe r i c   r e s i d u e   may  be  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 .   F u r t h e r ,   the  a t m o s p h e r i c   r e s i d u e   may  be  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   and  a  vacuum  r e s i d u e ,  

the  vacuum  d i s t i l l a t e   may  be  s u b j e c t e d   to  thermal   c rack ing   or  t o  

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

and  the  vacuum  r e s i d u e   to  thermal   c r a c k i n g .   F i n a l l y ,   the  vacuum 

r e s i d u e   may  be  s e p a r a t e d   by  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   oi l   and  an  a s p h a l t i c   b i tumen,   the  d e a s p h a l t e d   o i l   may  b e  

s u b j e c t e d   to  thermal   c r ack ing   or  to  c a t a l y t i c   c rack ing   in  t h e  

p resence   or  in  the  absence  of  hydrogen ,   and  the  a s p h a l t i c   b i t u m e n  

to  thermal   c r a c k i n g .  

Thermal  c rack ing   (TC)  r e f e r s   to  a  p rocess   wherein  a  h e a v y  

f e e d s t o c k   is  conver ted   into  a  p roduc t   which  con t a in s   l e s s   than  20%  w 
C4  hydrocarbons   and  from  which  one  or  more  d i s t i l l a t e   f r a c t i o n s  

may  be  s e p a r a t e d   as  the  d e s i r e d   l i g h t   p roduct   and  a  heavy  f r a c t i o n  

as  a  b y - p r o d u c t .   TC  has  proved  in  a c t u a l   p r a c t i c e   to  be  a  s u i t a b l e  

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



It  has  now  been  i n v e s t i g a t e d   whe ther   combining  the  TC  t r e a t -  

ment  with  p r e t r e a t m e n t   of  the  heavy  f e e d s t o c k   and /o r   a f t e r t r e a t -  

ment  of  the  heavy  f r a c t i o n   s e p a r a t e d   from  the  p roduc t   of  t h e r m a l  

c r a c k i n g ,   and  us ing  at  l e a s t   pa r t   of  the  a f t e r t r e a t e d   h e a v y  

f r a c t i o n   as  feed  for  the  TC  t r e a t m e n t ,   might  y i e l d   a  b e t t e r   r e s u l t  

than  employing  no th ing   but  the  TC.  In  the  a s s e s s m e n t   of  t h e  

r e s u l t s   the  y i e l d   of  l i g h t   p roduc t   is  most  i m p o r t a n t .   The  q u a l i -  

t i e s   of  the  l i g h t   and  heavy  p roduc t   are  a lso   of  impor t ance .   I n  

t h i s   c o n t e x t   the  q u a l i t y   of  the  l i g h t   p roduc t   is  taken  to  be  i t s  

s u i t a b i l i t y   for   p r o c e s s i n g   in to   a  v a l u a b l e   l i g h t   fue l   o i l .   T h i s  

s u i t a b i l i t y   w i l l   be  g r e a t e r   a cco rd ing   as  the  l i g h t   p roduct   h a s ,  

among  o the r   t h i n g s ,   lower  su lphur   and  o l e f i n   c o n t e n t s .   In  t h i s  

c o n t e x t   the  q u a l i t y   of  the  heavy  p roduc t   is  taken  to  be  i t s  

s u i t a b i l i t y   for  use  as  a  fuel   o i l   component.   This  s u i t a b i l i t y   w i l l  

be  g r e a t e r   a c c o r d i n g   as  the  heavy  p roduc t   has  among  o ther   t h i n g s ,  

lower  meta l   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 .  

As  p r e t r e a t m e n t s   for  the  feed  of  the  TC  t r e a t m e n t   and  as  a f t e r -  

t r e a t m e n t s   for   the  heavy  f r a c t i o n   of  the  TC  p roduc t   the  f o l l o w i n g  

t r e a t m e n t s   were  i n v e s t i g a t e d :   s o l v e n t   d e a s p h a l t i n g   (DA)  i n  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  c o n v e r t e d   in to   a  p roduct   f rom 

which  a  d e a s p h a l t e d   o i l   f r a c t i o n   and  an  a s p h a l t i c   bi tumen  f r a c t i o n  

are  s e p a r a t e d ,   and  c a t a l y t i c   h y d r o t r e a t m e n t   (HT)  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  c o n v e r t e d   in to   a  p roduct   having  a  

reduced   a s p h a l t e n e s   con ten t   from  which  can  be  s e p a r a t e d   one  o r  

more  d i s t i l l a t e   f r a c t i o n s   as  the  d e s i r e d   l i g h t   p roduct   and  a  heavy  

f r a c t i o n .  

During  the  i n v e s t i g a t i o n   a  compar ison   was  made  between  t h e  

r e s u l t s   which  can  be  ob t a ined   when  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 tu re   are  used  as  the  s t a r t i n g  

m a t e r i a l   in  the  p r e p a r a t i o n   of  a  hyd roca rbon   o i l   d i s t i l l a t e  h a v i n g  

a  given  b o i l i n g   range  and  a  heavy  b y - p r o d u c t   by  u s i n g  

a)  no th ing   but  TC, 

b)  TC  combined  with  DA, 

c)  TC  combined  with  HT  and 

d)  TC  combined  with  both  DA  and  HT, 



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

p o s s i b l e .   In  view  of  the  q u a n t i t y   and  q u a l i t y   of  the  h y d r o c a r b o n  

o i l   d i s t i l l a t e   and  the  q u a l i t y   of  the  heavy  b y - p r o d u c t   to  be  

o b t a i n e d   in  each  of  the  p r o c e d u r e s ,   the  v a r i o u s   p r o c e d u r e s   may  be  

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

Taking  into  account   the  c o n s i d e r a b l e   d i f f e r e n c e   in  y i e ld   o f  

hyd roca rbon   o i l   d i s t i l l a t e   ob ta ined   using  p r o c e d u r e s   c)  and  d) 

and  the  no  more  than  s l i g h t   d i f f e r e n c e s   between  the  q u a l i t i e s   o f  

the  hydroca rbon   o i l   d i s t i l l a t e s   and  the  heavy  b y - p r o d u c t s   o b t a i n e d  

us ing   p r o c e d u r e s   c)  and  d),  a  p rocedure   in  which  a  combina t ion   o f  

a  TC  t r e a t m e n t ,   a  DA  t r e a t m e n t   and  a  HT  is  used  is  much  p r e f e r r e d .  

As  r ega rds   the  order   in  which  the  th ree   t r e a t m e n t s   a r e  

c a r r i e d   out  and  also  the  feeds  used  for  each  o f  t h e   th ree   t r e a t -  

ments ,   a  number  of  embodiments  may.be  c o n s i d e r e d .   In  a l l   t h e  

embodiments  the  d e a s p h a l t e d   o i l   f r a c t i o n   which  is  s e p a r a t e d   f rom 

the  p roduc t   of  the  DA  t r e a t m e n t   is  used  as  the  feed  or  a  f e e d  

component  for  the  TC  t r e a t m e n t .   Each  of  the  embodiments  may  b e  

p laced   in  one  of  the  f o l l owing   th ree   c l a s s e s :  

I  F i r s t ,   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  a  HT, 

from  the  product   thus  formed  a  heavy  f r a c t i o n   is  s e p a r a t e d  

and  s u b j e c t e d   to  a  combinat ion   of  a  DA  t r e a t m e n t   and  a  TC 

t r e a t m e n t .  

II  F i r s t ,   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  a  DA 

t r e a t m e n t ,   from  the  product   thus  ob t a ined   a  d e a s p h a l t e d   o i l  

f r a c t i o n   and  an  a s p h a l t i c   bitumen  f r a c t i o n   are  s e p a r a t e d   and 

these   are  both  s u b j e c t e d   to  a  combina t ion   of  a  TC  t r e a t m e n t  

)  and  a  HT. 



I I I   F i r s t ,   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  a  TC 

t r e a t m e n t ,   from  the  p roduc t   thus  o b t a i n e d   a  heavy  f r a c t i o n   i s  

s e p a r a t e d   and  s u b j e c t e d   to  a  combina t ion   of  a  HT  and  a  DA 

t r e a t m e n t .  

The  embodiments  be long ing   to  c l a s s   I  form  the  s u b j e c t   m a t t e r  

of  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 .   The  embodiments  be long ing   t o  

c l a s s e s   II  and  I I I   form  the  s u b j e c t   m a t t e r  o f   N e t h e r l a n d s   P a t e n t  

A p p l i c a t i o n s   8105660  and  8201119.  

The  embodiments  to  which  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  

r e l a t e s   may  f u r t h e r   be  subd iv ided   depending  on  whether   the  heavy  

f r a c t i o n   s e p a r a t e d   from  the  p roduc t   from  the  HT  is  used  as  f e e d  

for   the  DA  t r e a t m e n t   ( c l a s s   IA),  or  as  a  feed  component  for  the  TC 

( c l a s s   IB).  In  the  embodiments  be long ing   to  c l a s s   IB  the  h e a v y  

f r a c t i o n   s e p a r a t e d   from  the  TC  t r e a t m e n t   is  used  as  feed  for  t h e  

DA  t r e a t m e n t .  

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

hyd roca rbon   mix tu re   ( s t ream  1)  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   (HT)  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  c o n -  

v e r t e d   into  a  p roduc t   having  a  reduced  a s p h a l t e n e s   conten t   f rom 

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  

( s t r eam  2)  are  s e p a r a t e d ,   in  which  s t ream  2  is  s u b j e c t e d   to  a  

combina t ion   of  the  f o l l o w i n g   two  t r e a t m e n t s :   so lven t   d e a s p h a l t i n g  

(DA)  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  conver ted   into  a  

p roduc t   from  which  a  d e a s p h a l t e d   o i l   f r a c t i o n   (s t ream  3)  and  a n  

a s p h a l t i c   b i tumen  f r a c t i o n   (s t ream  4)  are  s e p a r a t e d   and  t h e r m a l  

c r ack ing   (TC)  in  which  one  feed  or  two  i n d i v i d u a l   feeds  a r e  

c o n v e r t e d   in to   a  p roduc t   which  c o n t a i n s   less   than  20%  w  C4 
h y d r o c a r b o n s   and  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   ( s t ream  5)  are  s e p a r a t e d ,   in  which  s tream  3  is  u s e d  

as  the  feed  or  as  a  feed  component  for  the  TC  t r e a t m e n t   and  i n  

which  s t ream  2  is  u s e d - e i t h e r   as  a  feed  component  for  the  TC 



t r e a t m e n t   with  s t ream  5  being  used  as  the  feed  for  the  DA  t r e a t -  

ment,  or  as  the  feed  for  the  DA  t r e a t m e n t .  

In  the  p roces 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  an  

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 .   A  s u i t a b l e   p a r a m e t e r  

for  the  a s se s smen t   of  the  a s p h a l t e n e s   con ten t   of  a  h y d r o c a r b o n  

mixture   as  wel l   as  of  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  appears   when  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  

is  s u b j e c t e d   to  a  HT,  is  the  Ramsbottom  Carbon  Test  value  (RCT). 

The  h igher   the  a s p h a l t e n e s   con ten t   of  the  hydrocarbon   m i x t u r e ,   t h e  

h igher   the  RCT.  P r e f e r a b l y ,   the  p rocess   is  a p p l i e d   to  h y d r o c a r b o n  

mix tu res   which  b o i l   s u b s t a n t i a l l y   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% 

w.  Examples  of  such  hydrocarbon   mix tu res   are  r e s i d u e s   ob t a ined   i n  

the  d i s t i l l a t i o n   of  crude  mine ra l   o i l s   and  a lso  heavy  h y d r o c a r b o n  

mix tu res   ob t a ined   from  shale   and  tar   sand.  If  r e q u i r e d ,   t h e  

p rocess   may  also  be  a p p l i e d   to  heavy  crude  m ine ra l   o i l s ,   r e s i d u e s  

ob ta ined   in  the  d i s t i l l a t i o n   of  p roduc t s   formed  in  the  t h e r m a l  

c rack ing   of  hydroca rbon   mix tu res   and  a s p h a l t i c   bi tumen  o b t a i n e d . i n  

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   h y d r o c a r b o n  

m i x t u r e s .   The  p rocess   acco rd ing   to  the  i n v e n t i o n   can  very  s u i t a b l y  

be  a p p l i e d  t o   r e s i d u e s   ob ta ined   in  the  vacuum  d i s t i l l a t i o n   o f  

a tmospher i c   d i s t i l l a t i o n   r e s i d u e s   from  crude  mine ra l   o i l s .   If  an  

a tmospher i c   d i s t i l l a t i o n   r e s i d u e   from  a  crude  mine ra l   o i l   i s  

a v a i l a b l e   as  feed  for  the  p rocess   acco rd ing   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   a  vacuum  d i s t i l l a t e   t he r e f rom  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 i n g   vacuum  r e s i d u e   to  t h e  

HT.  The  s e p a r a t e d   vacuum  d i s t i l l a t e   may  be  s u b j e c t e d   to  t h e r m a l  

c racking   or  to  c a t a l y t i c   c rack ing   in  the  p r e sence   or  in  t h e  

absence  of  hydrogen  to  conver t   i t   in to  l i g h t   hydrocarbon   o i l   d i s -  

t i l l a t e s .   The  s e p a r a t e d   vacuum  d i s t i l l a t e   is  very  s u i t a b l e   for  u s e  

as  a  feed  component  for  the  TC  t r e a t m e n t ,   t o g e t h e r   with  s tream  3 .  

The  p rocess   acco rd ing   to  the  i n v e n t i o n   is  a  t h r e e - s t e p  

process   in  which  in  the  f i r s t   step  an  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 tream  1)  is  s u b j e c t e d   to  a  HT  for  the  p r o d u c t i o n   of  a  p r o d u c t  



with  a  reduced  a s p h a l t e n e s   con ten 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   and  a  heavy  f r a c t i o n   ( s t r eam  2)  are  s e p a r a t e d .  

In  the  second  and  t h i r d   s teps   of  the  p r o c e s s   s t ream  2  is  s u b j e c t e d  

to  a  combina t ion   of  a  DA  t r e a t m e n t   and  a  TC  t r e a t m e n t .  

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   u s u a l l y   i nc lude   a  

c o n s i d e r a b l e   p e r c e n t a g e   of  meta ls   p a r t i c u l a r l y   vanadium  and  

n i c k e l .   When  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   of  t h e  

a s p h a l t e n e s   c o n t e n t ,   as  is  the  case  in  the  f i r s t   step  of  t h e  

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 ,   these   me ta l s   are  depos i t ed   on 

the  c a t a l y s t   used  in  the  HT  and  thus  s h o r t e n   i t s   e f f e c t i v e   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   hyd roca rbon   m i x t u r e s  

having  a  vanadium  +  n i c k e l   con ten t   of  more  than  50  p a r t s   p e r  

m i l l i o n   by  weight   (ppmw)  should  p r e f e r a b l y   be  s u b j e c t e d   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   be fo re   they  are  c o n t a c t e d   with  t h e  

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  very  s u i t a b l y   b e  

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   h y d r o c a r b o n  

m i x t u r e ,   in  the  p r e 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%  w  of  s i l i c a .   Both  c a t a l y s t s   comple t e ly   c o n s i s t i n g   o f  

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  h a v i n g   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   of  n i c k e l   and  v a n a -  

d ium -   emplaced  on  a  c a r r i e r   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 .   When  in  the  p r o c e s s   accord ing   to  t h e  

i n v e n t i o n   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  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   t r e a t m e n t   in  the  p r e sence   of  h y d r o g e n ,  

t h i s   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 .  

Since  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 r o c e s s e s   may  very  s u i t a b l y   be  c a r r i e d   out  i n  

the  same  r e a c t o r   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  HT,  s u c c e s s i v e l y .  

S u i t a b l y   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 i n g   at  l e a s t   one  metal   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  meta l   chosen  from  t h e  



group  formed  by  molybdenum  and  t u n g s t e n   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 .   C a t a l y s t s   v e r y  
s u i t a b l e   for  use  in  the  HT  are  those  compr i s ing   the  meta l   com- 

b i n a t i o n s   n i cke l /mo lybdenum  or  coba l t /mo lybdenum  on  a lumina  as  t h e  

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  HZ/feed  r a t i o   of  from  100-5000  N1 .kg -1  and   in  p a r t i c u l a r   o f  

from  500-2000  N l . k g  .   The  c o n d i t i o n s   used  in  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   t r e a t m e n t   in  the  p resence   of  hydrogen ,   to  be  c a r r i e d   o u t  

if  r e q u i r e d ,   are  sub jec t   to  the  same  p r e f e r e n c e   as  those  for  t h e  

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   s t a t e d   h e r e i n -  

b e f o r e .  

The  HT  is  p r e f e r a b l y   c a r r i e d   out  in  such  a  way  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 owing   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   amounts  to  20-70%  of  the  f e e d  

(RCT),  a n d  

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  

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

is  at  most  40 .  

It  should  be  noted  tha 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 ,  

apa r t   from  r e d u c t i o n   of  the  metal  c o n t e n t ,   t he re   w i l l   be  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,  apa r t   from  r e -  

duc t ion   of  the  RCT  and  fo rmat ion   of  C5-350°C  p r o d u c t ,   t he re   w i l l  

be  some  r e d u c t i o n   of  the  metal   c o n t e n t .   The  r e q u i r e m e n t s   m e n t i o n e d  

under  a)  and  b)  r e f e r   to  the  t o t a l   RCT  r e d u c t i o n   and  the  t o t a l  

f o rma t ion   of  C5-350°C  product   (viz .   i n c l u d i n g   those  o c c u r r i n g   in  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   t r e a t m e n t   tha t   may  be  c a r r i e d   o u t ) .  

The  f i r s t   step  of  t h e  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  

y i e l d s   a  p roduc t   having  a  reduced  a s p h a l t e n e s   con ten t   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  heavy  f r a c t i o n   (s t ream  2) 

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 r o d u c t  



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,   but  i t   is  p r e f e r r e d   t o  

s e p a r a t e   a  vacuum  d i s t i l l a t e   from  the  p roduc t   as  wel l .   This  vacuum 

d i s t i l l a t e   way  be  conver ted   in to   l i g h t   hydroca rbon   o i l   d i s t i l l a t e s  

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

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

s tep  used  is  a  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  c o n v e r t e d   into  a  p roduc t   from  which  a  d e a s p h a l t e d   o i l  

f r a c t i o n   ( s t r eam  3)  and  an  a s p h a l t i c   bi tumen  f r a c t i o n   ( s t ream  4)  

are  s e p a r a t e d .   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  a r e  

p a r a f f i n i c   hyd roca rbons   having  of  from  3-6  carbon  atoms  p e r  

m o l e c u l e ,   such  as  n -bu tane   and  mix tu re s   t h e r e o f ,   such  as  m i x t u r e s  

of  propane  and  n -bu tane   and  m ix tu r e s   of  n - b u t a n e   and  n - p e n 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 i e   between  7:1  and  1:1  and  i n  

p a r t i c u l a r   between  4:1  and  1:1.  The  DA  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  at  a  p r e s s u r e   in  the  range  of  from  20  to  100  bar .   When 

n - b u t a n e   is  used  as  the  s o l v e n t ,   the  d e a s p h a l t i n g   is  p r e f e r a b l y  

c a r r i e d   out  at  a  p r e s s u r e   of  from  35-45  bar  and  a  t e m p e r a t u r e   o f  

from  100-150°C.  

In  the  p roce s s   a cco rd ing   to  the  i n v e n t i o n   the  second  or  t h i r d  

step  used  is  a  TC  t r e a t m e n t   in  which  one  feed  or  two  s e p a r a t e   f e e d s  

are  c o n v e r t e d   in to   a  p roduc t   which  c o n t a i n s   l e s s   than  20%  w  C4- 
h y d r o c a r b o n s   and  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   (s t ream  5)  are  s e p a r a t e d .   The  way  in  which  the  TC 

t r e a t m e n t   is  c a r r i e d   out  is  de te rmined   by  the  q u a l i t y   of  the  f e e d s  

a v a i l a b l e   for  the  TC. 

If  the  feed  for  the  TC  is  composed  of  no th ing   but  one  or  more  

s t reams  having  a  r e l a t i v e l y   low  a s p h a l t e n e s   c o n t e n t ,   such  a s  

s t ream  3  -   o p t i o n a l l y   t o g e t h e r   with  one  or  more  vacuum  d i s t i l l a t e s  

s e p a r a t e d   dur ing   the  p r o c e s s  -   a  TC  t r e a t m e n t   compr is ing   a  s i n g l e  

c r a c k i n g   un i t   w i l l   be  s u f f i c i e n t .   From  the  p roduc t   formed  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  heavy  f r a c t i o n   ( s t ream  5)  a r e  

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 t m o s p h e r i c   d i s t i l l a t e s   only,   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  the  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   into  l i g h t   hydrocarbon   o i l   d i s t i l l a t e s   in  t h e  



ways  s t a t e d   h e r e i n b e f o r e .   If  the  feed  for  the  TC  t r e a t m e n t   i s  

composed  of  no th ing   but  one  or  more  s t reams  having  a  r e l a t i v e l y  

low  a s p h a l t e n e s   c o n t e n t ,   and  a  TC  t r e a t m e n t   is  used  which  com- 

p r i s e s   only  one  c rack ing   u n i t ,   then  a  heavy  f r a c t i o n   of  t h e  

cracked  p roduc t   is  p r e f e r a b l y   r e c i r c u l a t e d   to  the  c r a c k i n g   u n i t .  

For  i n s t a n c e ,   s t a r t i n g   from  s t ream  3  as  the  feed  for  the  TC 

t r e a t m e n t ,   a  p roduct   may  be  p r epa red   from  which  one  or  more  a t m o s -  

phe r i c   d i s t i l l a t e s   are  s e p a r a t e d   by  d i s t i l l a t i o n   and  s u b s e q u e n t l y  

par t   of  the  a t m o s p h e r i c   r e s i d u e   may  be  r e c i r c u l a t e d   to  the  c r a c k i n g  

u n i t .  

If  the  feed  for  the  TC  t r e a t m e n t   is  composed  of  both  of  one 

or  more  s t reams  having  a  r e l a t i v e l y   low  a s p h a l t e n e s   c o n t e n t ,   s u c h  

as  s t ream  3  -   o p t i o n a l l y   t o g e t h e r   with  one  or  more  vacuum  d i s -  

t i l l a t e s   s e p a r a t e d   dur ing  the  p r o c e s s  -   and  of  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,   such  as  s t ream  4  or  s tream  2  o b t a i n e d   a s  

vacuum  r e s i d u e ,   i t   is  p r e f e r r e d   to  carry  out  a  TC  t r e a t m e n t  

compr is ing   two  c rack ing   u n i t s   and  to  crack  the  two  feeds   s e -  

p a r a t e l y   to  form  p roduc 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  heavy  f r a c t i o n   ( s t ream  5)  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 s   may  be  a t m o s -  

phe r i c   d i s t i l l a t e s   only,   but  it   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  p roduc t s   as  we l l .   The  s e p a r a t e d   vacuum  d i s -  

t i l l a t e   may  be  conver ted   into  l i g h t   hydrocarbon   d i s t i l l a t e s   in  t h e  

manners  d e s c r i b e d   h e r e i n b e f o r e .   As  is  the  case  when  a  TC  t r e a t m e n t  

compr is ing   a  s ing le   c rack ing   un i t   is  used,  so  a lso  when  a  TC 

t r e a t m e n t   compr is ing   two  c rack ing   u n i t s   is  used,  a  heavy  f r a c t i o n  

from  the  cracked  product   from  the  c rack ing   un i t   in  which  t h e  

r e l a t i v e l y   low  a s p h a l t e n e s   feed  is  p roces sed   w i l l   p r e f e r a b l y   b e  

r e c i r c u l a t e d   to  tha t   c rack ing   u n i t .   When  a  TC  t r e a t m e n t   c o m p r i s i n g  

two  c r ack ing   u n i t s   is  used,   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   h e a v y  

f r a c t i o n   may,  if  d e s i r e d ,   be  s e p a r a t e d   from  the  p roduc t   o b t a i n e d  

in  the  c rack ing   uni 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   f e e d  

is  cracked  and  be  used  as  a  feed  component  for  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   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 .   When  a 

TC  t r e a t m e n t   compris ing   two  c r ack ing   un i t s   is  used,   i t   is  n o t  



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 racked  p r o d u c t s   ( a t m o s -  

p h e 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  be  c a r r i e d   out  i n  

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 .   If  d e s i r e d ,   the  cracked  p r o d u c t s   o r  

f r a c t i o n s   t h e r e f r o m   may  be  combined  and  d i s t i l l e d   t o g e t h e r .  

The  TC  t r e a t m e n t   both  of  r e l a t i v e l y   l o w - a s p h a l t e n e s   feeds  and  

of  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   feeds  should  p r e f e r a b l y   be  c a r r i e d  

out  at  a  t e m p e r a t u r e   of  from  400-525°C  and  a  space  v e l o c i t y   o f  

from  0 .01-5   kg  f r e s h   feed  per  l i t r e   c r a c k i n g   r e a c t o r   volume  p e r  

m i n u t e .  

As  has  been  observed  h e r e i n b e f o r e ,   the  embodiments  to  w h i c h  

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   r e l a t e s   and  which  f a l l   w i t h i n   c l a s s  

I  may  be  s u b d i v i d e d   depending  on  whe the r   s t ream  2  is  used  as  t h e  

feed  for  the  DA  t r e a t m e n t   ( c l a s s   IA),  or  as  a  feed  component  f o r  

the  TC  t r e a t m e n t   ( c l a s s   IB).  In  the  embodiments  f a l l i n g   w i t h i n  

c l a s s   IB  s t ream  5  is  used  as  the  feed  for  the  DA  t r e a t m e n t .  

The  v a r i o u s   embodiments  f a l l i n g   w i t h i n   c l a s s   IA  are  i l l u s -  

t r a t e d   s c h e m a t i c a l l y   in  Figure   I.  The  v a r i o u s   s t r eams ,   f r a c t i o n s  

and  r e a c t i o n   zones  are  i n d i c a t e d   by  t h r e e   d i g i t   numbers,   the  f i r s t  

of  which  r e f e r s   to  the  F igure   concerned .   Thus,  the  vacuum  r e s i d u e  

(302)  for   i n s t a n c e ,   r e f e r s   to  s t ream  2  as  d e s c r i b e d   h e r e i n b e f o r e  

in  the  c o n t e x t   of  Figure   3.  According  to  F igure   I  the  p r o c e s s  
is  c a r r i e d   out  in  an  appa ra tu s   compr i s ing   a  HT  zone  (106),   a  DA 

zone  (107)  and  a  TC  zone  (108),  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   h y d r o c a r b o n   mix ture   (101)  is  s u b j e c t e d   to  a  HT  and  t h e  

h y d r o t r e a t e d   p roduc t   is  s e p a r a t e d   in to   one  or  more  d i s t i l l a t e  

f r a c t i o n s   (109)  and  a  r e s i d u a l   f r a c t i o n   (102).   Stream  102  i s  

s u b j e c t e d   to  a  DA  t r e a t m e n t   and  the  p roduc 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   (103)  and  an  a s p h a l t i c   bi tumen  (104).  Stream  103 

is  s u b j e c t e d   to  a  TC  t r e a t m e n t   and  the  cracked  p roduc t   is  s e -  

p a r a t e d   in to   one  or  more  d i s t i l l a t e   f r a c t i o n s   (110)  and  a  r e s i d u a l  

f r a c t i o n   (105).   In  a d d i t i o n   to  t h i s   embodiment  (IA1),   in  w h i c h  

s t reams  104  and  105  are  not  s u b j e c t e d   to  f u r t h e r   p r o c e s s i n g ,  

F igure   I  i n c l u d e s   the  f o l l owing   seven  embod imen t s :  



IA2  The  use  of  at  l e a s t   pa r t   of  stream  104  as  a  feed  com- 

ponent  for  the  HT.  No  f u r t h e r   p r o c e s s i n g   of  s t ream  105. 

IA3  The  use  of  at  l e a s t   par t   of  stream  104  as  a  feed  com- 

ponent  for  the  TC  t r e a t m e n t .   No  f u r t h e r   t r e a t m e n t   o f  

s t ream  105. 

IA4  The  use  of  par t   of  s t ream  104  as  a  feed  component  f o r  

the  HT  and  as  a  feed  component  for  the  TC  t r e a t m e n t .   No 

f u r t h e r   p r o c e s s i n g   of  s t ream  105. 

IA5-IA7  Embodiments  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   with  t h o s e  

d e s c r i b e d   under  IA2-IA4,  r e s p e c t i v e l y ,   but  with  at  l e a s t  

pa r t   of  s tream  105  being  used  as  a  feed  component  f o r  

the  HT. 

IA8  The  use  of  at  l e a s t   pa r t   of  s t ream  105  as  a  feed  com- 

ponent  for  the  HT.  No  f u r t h e r   p r o c e s s i n g   of  s t r e a m  1 0 4 .  

The  v a r i o u s   embodiments  f a l l i n g   w i t h i n  c l a s s   IB  are  r e p r e s e n -  

ted  s c h e m a t i c a l l y   in  F igure   II .   According  to  t h i s   F igure   t h e  

p rocess   is  c a r r i e d   out  in  an  a p p a r a t u s   compr i s ing   a  HT  zone  ( 2 0 6 ) ,  

a  TC  zone  (207)  and  a  DA  zone  (208).  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   (201)  is  s u b j e c t e d   to  a  HT  and  the  h y d r o -  

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

(209)  and  a  r e s i d u a l   f r a c t i o n   (202).  Stream  202  is  s u b j e c t e d   to  a  

TC  t r e a t m e n t   and  the  cracked  product   is  s e p a r a t e d   in to   one  or  more 

d i s t i l l a t e   f r a c t i o n s   (210)  and  a  r e s i d u a l   f r a c t i o n   (205).  S t r e a m  

205  is  s u b j e c t e d   to  a  DA  t r e a t m e n t   and  the  product   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   (203)  and  an  a s p h a l t i c   bi tumen  ( 2 0 4 ) .  

Stream  203  is  used  as  a  feed  component  for  the  TC  t r e a t m e n t .   I n  

a d d i t i o n   to  t h i s   embodiment  (IB1),  in  which  s t ream  204  is  n o t  

s u b j e c t e d   to  f u r t h e r   p r o c e s s i n g   Figure  II  i n c l u d e s   ano the r   em- 

bodiment  (IB2)  in  which  at  l e a s t   par t   of  s tream  204  is  used  as  a 

feed  component  for  the  HT. 



In  the  embodiments  where  i t   is  the  ob j ec t   to  ach ieve   the  mos t  

comple te   c o n v e r s i o n   p o s s i b l e   of  s t ream  (201)  in to   hyd roca rbon   o i l  

d i s t i l l a t e s ,   a  s o - c a l l e d   "b l eed   s tream"  should  p r e f e r a b l y   b e  

s e p a r a t e d   from  one  of  the  heavy  s t reams  of  the  p r o c e s s .   In  t h i s  

way  the  b u i l d - u p   of  u n d e s i r a b l e   heavy  components  dur ing   t h e  

p r o c e s s   can  be  o b v i a t e d .  

Three  flow  diagrams  for  the  p r e p a r a t i o n   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   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  

a c c o r d i n g   to  the  i n v e n t i o n   w i l l   h e r e i n a f t e r   be  e x p l a i n e d   in  more  

d e t a i l   with  the  aid  of  F igu re s   I I I - V .  

Flow  diagram  A  (based  on  embodiment  IA5) 

See  F igure   I 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 m p r i s i n g ,   s u c c e s -  

s i v e l y   a  HT  zone  composed  of  a  un i t   for  c a t a l y t i c   h y d r o t r e a t m e n t  

(306) ,   a  un i t   for  a t m o s p h e r i c   d i s t i l l a t i o n   (307)  and  a  u n i t   f o r  

vacuum  d i s t i l l a t i o n   (308),   a  DA  zone  (309)  and  a  TC  zone  composed 

of  a  the rmal   c r a c k i n g   un i t   (310),   a  second  un i t   for  a t m o s p h e r i c  

d i s t i l l a t i o n   (311)  and  a  second  un i t   for  vacuum  d i s t i l l a t i o n  

(312).   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   (301)  i s  

mixed  with  a  r e c i r c u l a t i o n   s t ream  (313)  and  the  mix tu re   (314)  i s  

s u b j e c t e d   t o g e t h e r   with  hydrogen  (315)  to  a  c a t a l y t i c   h y d r o t r e a t -  

ment.  The  h y d r o t r e a t m e n t   p roduc t   (316)  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   (317),  an  a t m o s p h e r i c   d i s t i l l a t e  

(318)  and  an  a t m o s p h e r i c   r e s i d u e   (319).  The  a t m o s p h e r i c   r e s i d u e  

(319)  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  

(320)  and  a  vacuum  r e s i d u e   (302).   The  vacuum  r e s i d u e   (302)  i s  

s e p a r a t e d   by  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   (303)  and  

an  a s p h a l t i c   bi tumen  (304).  The  d e a s p h a l t e d   o i l   (303)  is  mixed  

wi th   an  a t m o s p h e r i c   r e s i d u e   (321)  and  the  mix ture   (322)  is  s u b -  

j e c t e d   to  the rmal   c r a c k i n g . . T h e   a s p h a l t i c   bi tumen  (304)  is  d i v i d e d  

in to   two  p o r t i o n s   (323)  and  (324)  and  p o r t i o n   (324)  is  mixed  w i t h  

a  vacuum  r e s i d u e   (305)  to  form  the  r e c i r c u l a t i o n   s t ream  (313).   The 

t h e r m a l l y   cracked  p roduc t   (325)  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   (326) ,   an  a t m o s p h e r i c   d i s t i l l a t e  

(327)  and  an  a t m o s p h e r i c   r e s i d u e   (328) .   The  a t m o s p h e r i c   r e s i d u e  

(328)  is  d iv ided   into  two  p o r t i o n s   (321)  and  (329)  and  p o r t i o n  

(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   in to   a  vacuum  d i s t i l l a t e  

(330)  and  a  vacuum  r e s idue   ( 3 0 5 ) .  

Flow  diagram  B  (based  on  embodiment  IA6) 

See  F igure   IV. 

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 m p r i s i n g ,   s u c c e s -  

s i v e l y ,   a  HT  zone  composed  of  a  un i t   for  c a t a l y t i c   h y d r o t r e a t m e n t  

(406),   a  un i t   for  a tmospher i c   d i s t i l l a t i o n   (407)  and  a  un i t   f o r  

vacuum  d i s t i l l a t i o n   (408),  a  DA  zone  (409)  and  a  TC  zone  composed 

of  a  the rmal   c r ack ing   unit   (410),   a  second  uni t   for  a t m o s p h e r i c  

d i s t i l l a t i o n   (411),   a  second  the rmal   c r a c k i n g   un i t   (412),   a  t h i r d  

uni t   for  a tmosphe r i c   d i s t i l l a t i o n   (413)  and  a  second  un i t   f o r  

vacuum  d i s t i l l a t i o n   (414).  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 ture   (401)  is  mixed  with  a  vacuum  r e s i d u e   (415)  and  the  m i x t u r e  

(416)  is  s u b j e c t e d   t o g e t h e r   with  hydrogen  (417)  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   (418)  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   into  a  gas  f r a c t i o n   (419),   an  a t m o s p h e r i c  

d i s t i l l a t e   (420)  and  an  a t m o s p h e r i c   r e s i d u e   (421).   The  a t m o s p h e r i c  

r e s i d u e   (421)  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   (422)  and  a  vacuum  r e s i d u e   (402).   The  vacuum  r e s i d u e  

(402)  is  s e p a r a t e d   by  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  

(403)  and  an  a s p h a l t i c   bitumen  (404).   The  d e a s p h a l t e d   o i l   (403)  i s  

mixed  with  a tmosphe r i c   r e s i d u e   (423)  and  the  mix ture   (424)  i s  

conver t ed   in  the  second  thermal   c r a c k i n g   un i t   in to   a  p roduc t   (425) 

which  is  s p l i t   up  by  a tmospher 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  

(426),   an  a tmosphe r i c   d i s t i l l a t e   (427)  and  an  a tmosphe r i c   r e s i d u e  

(428).  The  a tmosphe r i c   r e s idue   (428)  is  d iv ided   into  two  p o r t i o n s  

(423)  and  (429).  The  a s p h a l t i c   bi tumen  (404)  is  conver t ed   in  t h e  

f i r s t   thermal   c rack ing   uni t   into  a  p roduc t   (430)  which  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   (431)  an  

a t m o s p h e r i c   d i s t i l l a t e   (432)  and  an  a t m o s p h e r i c   r e s idue   (433).  Gas 

f r a c t i o n s   (426)  and  (431)  are  combined  to  form  mixture   ( 4 3 4 ) .  



Atmospher ic   d i s t i l l a t e s   (427)  and  (432)  are  combined  to  f o r m  

m i x t u r e   (435).  Atmospher ic   r e s i d u e s   (429)  and  (433)  are  combined 

to  form  mix ture   (436)  which  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   (437)  and  a  vacuum  r e s i d u e   (405).   Vacuum 

r e s i d u e   (405)  is  d iv ided   in to   two  p o r t i o n s   (415)  and  ( 4 3 8 ) .  

Flow  diagram  C  (based  on  embodiment  IB2) 

See  F igure   V. 

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 m p r i s i n g ,   s u c c e s -  

s i v e l y ,   a  HT  zone  composed  of  a  un i t   for  c a t a l y t i c   h y d r o t r e a t m e n t  

(506) ,   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   (507)  and  a  vacuum 

d i s t i l l a t i o n   un i t   (508),   a  TC  zone  composed  of  a  thermal   c r a c k i n g  

u n i t   (509),   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   (510),   a  second 

t h e r m a l   c r ack ing   un i t   (511),   a  t h i r 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  

(512)  and  a  second  vacuum  d i s t i l l a t i o n   un i t   (513),   and  a  DA  zone 

(514) .   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   (501)  i s  

mixed  with  an  a s p h a l t i c   bi tumen  (515)  and  the  mix tu re   (516)  i s  

s u b j e c t e d ,   t o g e t h e r   with  hydrogen  (517)  to  a  c a t a l y t i c   h y d r o t r e a t -  

ment.  The  h y d r o t r e a t e d   p roduc t   (518)  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   (519),   an  a t m o s p h e r i c   d i s t i l l a t e  

(520)  and  an  a t m o s p h e r i c   r e s i d u e   (521).  The  a t m o s p h e r i c   r e s i d u e  

(521)  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  

(522)  and  a  vacuum  r e s i d u e   (502).  The  vacuum  r e s i d u e   (502)  i s  

c o n v e r t e d   by  thermal   c r ack ing   in to   a  p roduc t   (523)  which  by  

a t m o s p h e r i c   d i s t i l l a t i o n   is  s e p a r a t e d   in to   a  gas  f r a c t i o n   ( 5 2 4 ) ,  

an  a t m o s p h e r i c   d i s t i l l a t e   (525)  and  an  a t m o s p h e r i c   r e s i d u e   ( 5 2 6 ) .  

The  a t m o s p h e r i c   r e s i d u e   (526)  is  mixed  with  an  a t m o s p h e r i c   r e s i d u e  

(527)  and  the  mix tu re   (528)  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   (529)  and  a  vacuum  r e s i d u e   (505).   The 

vacuum  r e s i d u e   (505)  is  s e p a r a t e d   by  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   (503)  and  an  a s p h a l t i c   bi tumen  (504).  The  d e -  

a s p h a l t e d   o i l   (503)  is  mixed  with  an  a t m o s p h e r i c   r e s i d u e   (530)  and 

the  mix ture   (531)  is  s u b j e c t e d   to  thermal   c r ack ing   to  form  a  

p r o d u c t   (532)  which  by  a t m o s p h e r i c   d i s t i l l a t i o n   is  s e p a r a t e d   i n t o  

a  gas  f r a c t i o n   (533),   an  a t m o s p h e r i c   d i s t i l l a t e   (534)  and  an  

a t m o s p h e r i c   r e s i d u e   (535).   The  a tmosphe r i c   r e s i d u e   (535)  i s  



d iv ided   in to   two  p o r t i o n s   (527)  and  (530).   Gas  f r a c t i o n s   (524)  and 

(533)  are  combined  to  form  mixture   (536).  Atmospher ic   d i s t i l l a t e s  

(525)  and  (534)  are  combined  to  form  mix tu re   (537).   A s p h a l t i c  

bi tumen  (504)  is  d iv ided   into  two  p o r t i o n s   (515)  and  ( 5 3 8 ) .  

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   a lso  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  p roces s   accord ing   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   with  those  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 .  

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 .  

The  s t a r t i n g   mix tu res   used  in  the  p r o c e s s   a cco rd ing   to  t h e  

i n v e n t i o n   were  th ree   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  

ob ta ined   as  r e s i d u e s   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   from  crude  mine ra l   o i l s   from  the  Midd le  

East .   All  th ree   vacuum  r e s i d u e s   bo i l ed   s u b s t a n t i a l l y   above  520°C; 

they  had  RCT's  of  18.8,  14.5  and  17.1%  w,  r e s p e c t i v e l y .   The 

p roces s   was  c a r r i e d   out  accord ing   to  flow  d iagrams  A-C.  The 

f o l l o w i n g   c o n d i t i o n s   were  used  in  the  v a r i o u s   z o n e s :  

In  a l l   the  flow  diagrams  the  un i t   for  c a t a l y t i c   h y d r o t r e a t -  

ment  comprised  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/Si02   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)  of  n i c k e l  

and  2.0  pbw  of  vanadium  per  100  pbw  of  s i l i c a ,   and  the  second  o f  

which  was  f i l l e d   with  a  Co/Mo/Al203  c a t a l y s t   c o n t a i n i n g   4  pbw  o f  

coba l t   and  12  pbw  of  molybdenum  per  100  pbw  of  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   was  c a r r i e d   out  at  a  hydrogen  p r e s s u r e   o f  

150  bar ,   a  space  v e l o c i t y ,   measured  for  both  the  r e a c t o r s ,   of  0 . 5  

kg  feed  per  l i t r e   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  average   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  385°C  in  the  second  r e a c t o r .  

In  a l l   the  flow  diagrams  the  DA  t r e a t m e n t   was  c a r r i e d   out  a t  

a  p r e s s u r e   of  40  bar  using  n -bu tane   as  s o l v e n t .  

In  a l l   the  flow  diagrams  the  TC  t r e a t m e n t   was  c a r r i e d   out  i n  

one  or  two  c rack ing   c o i l s   at  a  p r e s s u r e   of  20  bar  and  a  s p a c e  

v e l o c i t y   of  0.4  kg  f r e sh   feed  per  l i t r e   c r a c k i n g   co i l   volume  p e r  

m i n u t e .  



F u r t h e r   i n f o r m a t i o n   concern ing   the  c o n d i t i o n s   under  which  t h e  

DA  t r e a t m e n t   and  the  TC  t r e a t m e n t   were  c a r r i e d   out  is  given  in  t h e  

T a b l e .  



Example  1 

100  pbw  520°C+  vacuum  r e s idue   (301)  having  an  RCT  of  18.8%  w 

y i e l d e d   the  v a r i o u s   s t reams  in  the  f o l l o w i n g   q u a n t i t i e s :  

130.3  pbw  mix ture   (314)  having  an  RCT  of  23.8%  w,  a  p roduct   (316)  

the  C5+  f r a c t i o n   of  which  had  an  RCT  of  10.4%  w, 

17.1  pbw  C5-350°C  a t m o s p h e r i c   d i s t i l l a t e   ( 3 1 8 ) ,  

106.0  "  350°C+  a t m o s p h e r i c   r e s i d u e   ( 3 1 9 ) ,  

31.7  "  350-520°C  vacuum  d i s t i l l a t e   ( 3 2 0 ) ,  

74.3  "  520°C+  vacuum  r e s i d u e   ( 3 0 2 ) ,  

53.5  "  d e a s p h a l t e d   o i l   ( 3 0 3 ) ,  

20.8  "  a s p h a l t i c   bi tumen  ( 3 0 4 ) ,  

6.0  "  p o r t i o n   ( 3 2 3 ) ,  

14.8  "  p o r t i o n   ( 3 2 4 ) ,  

20.0  "  C5-350°C  a tmosphe r i c   d i s t i l l a t e   ( 3 2 7 ) ,  

6.0  "  p o r t i o n   ( 3 2 3 ) ,  

14.8  "  p o r t i o n   ( 3 2 4 ) ,  

20.0  "  C5-350°C  a t m o s p h e r i c   d i s t i l l a t e   ( 3 2 7 ) ,  

30.1  "  350°C+  a t m o s p h e r i c   r e s i d u e   ( 3 2 9 ) ,  

14.6  "  350-520°C  vacuum  d i s t i l l a t e   ( 3 3 0 ) ,  

15.5  "  520°C+  vacuum  r e s i d u e   (305)  and  

30.3  "  r e c i r c u l a t i o n   s t ream  ( 3 1 3 ) .  

Example  2 

100  pbw  520°C+  vacuum  r e s i d u e   (401)  having  an  RCT  of  14.5%  w 

y i e l d e d   the  v a r i o u s   s t reams  in  the  f o l l o w i n g   q u a n t i t i e s :  

121.2  pbw  mix ture   (416)  having  an  RCT  of  19.5%  w,  a  product   (418)  

the  C 5 +  f r a c t i o n   of  which  had  an  RCT  of  9.1%  w, 

18.7  pbw  C5-350°C  a t m o s p h e r i c   d i s t i l l a t e   ( 4 2 0 ) ,  

96.0  "  350°C+  a t m o s p h e r i c   r e s idue   ( 4 2 1 ) ,  

28.1  "  350-520°C  vacuum  d i s t i l l a t e   ( 4 2 0 ) ,  

67.9  "  520°C+  vacuum  r e s i d u e   ( 4 0 2 ) ,  

46.2  "  d e a s p h a l t e d   o i l   ( 4 0 3 ) ,  

21.7  "  a s p h a l t i c   bi tumen  ( 4 0 4 ) ,  



20.2  pbw  C5-350°C  a t m o s p h e r i c   d i s t i l l a t e   ( 4 3 5 ) ,  

44.3  "  350°C+  a t m o s p h e r i c   r e s idue   ( 4 3 6 ) ,  

14.6  "  350-520°C  vacuum  d i s t i l l a t e   ( 4 3 7 ) ,  

29.7  "  520°C+  vacuum  r e s i d u e   ( 4 0 5 ) ,  

8.5  "  p o r t i o n   (438)  and  

21.2  "  p o r t i o n   ( 4 1 5 ) .  

Example  3 

100  pbw  520°C+  vacuum  r e s i d u e   (501)  having  an  RCT  of  17.1%  w 

y ie lded   the  v a r i o u s   s t reams   in  the  f o l l o w i n g   q u a n t i t i e s :  

125.3  pbw  mix tu re   (516)  having  an  RCT  of  21.8%  w,  a  p r o d u c t  

(518) ,   the  C5+  f r a c t i o n   of  which  had  an  RCT  of  9.8%  w, 

18.9  pbw  C5-350°C  a t m o s p h e r i c   d i s t i l l a t e   ( 5 2 0 ) ,  

99.8  "  350°C+  a t m o s p h e r i c   r e s idue   ( 5 2 1 ) ,  

28.4  "  350-520°C  vacuum  d i s t i l l a t e   ( 5 2 2 ) ,  

71.4  "  520°C+  vacuum  r e s i d u e   ( 5 0 2 ) ,  

75.2  "  350°C+  a t m o s p h e r i c   r e s i d u e   ( 5 2 8 ) ,  

14.7  "  350-520°C  vacuum  d i s t i l l a t e   ( 5 2 9 ) ,  

60.5  "  520°C+  vacuum  r e s i d u e   ( 5 0 5 ) ,  

25.2  "  d e a s p h a l t e d   o i l   ( 5 0 3 ) ,  

35.3  "  a s p h a l t i c   b i tumen  ( 5 0 4 ) ,  

18.7  "  C5-350°C  a t m o s p h e r i c   d i s t i l l a t e   ( 5 3 7 ) ,  

25.3  "  p o r t i o n   (515)  and  

10.0  "  p o r t i o n   ( 5 3 8 ) .  



1.  A  p rocess   for  the  p r o d u c t i o n   of  hydrocarbon   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 ,   c h a r a c t e r i z e d  

in  tha t   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   ( s t ream  1) 

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   (HT)  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  conve r t ed   into  a  p roduc t   having  a 
reduced  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   and  a  heavy  f r a c t i o n   (s t ream  2)  are  s e p a r a t e d ,   t h a t  

s t ream  2  is  s u b j e c t e d   to  a  combina t ion   of  the  f o l l o w i n g   two 

t r e a t m e n t s :   so lven t   d e a s p h a l t i n g   (DA)  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  conve r t ed   in to   a  product   from  which  a  d e -  

a s p h a l t e d   o i l   f r a c t i o n   ( s t ream  3)  and  an  a s p h a l t i c   bi tumen  f r a c -  

t ion   ( s t ream  4)  are  s e p a r a t e d   and  thermal   c rack ing   (TC)  in  w h i c h  

one  feed  or  two  i n d i v i d u a l   feeds  are  conver ted   in to   a  p r o d u c t  
which  c o n t a i n s   l e s s   than  20%  w  C4  hydrocarbons   and  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   ( s t ream  5)  a r e  

s e p a r a t e d ,   that   s t ream  3  is  used  as  the  feed  or  as  a  feed  com- 

ponent  for  the  TC  t r e a t m e n t   and  tha t   stream  2  is  used  e i t h e r   as  a 

feed  component  for  the  TC  t r e a t m e n t   with  stream  5  being  used  a s  

the  feed  for  the  DA  t r e a t m e n t ,   or  as  the  feed  for  the  DA  t r e a t -  

m e n t .  

2.  A  p rocess   as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  tha t   s t r e a m  

2  is  used  as  the  feed  for  the  DA  t r e a t m e n t   and  tha t   at  l e a s t   p a r t  

of  s t ream  4  is  used  as  a  feed  component  for  the  HT  and /o r   as  a 

teed  component  for  the  TC  t r e a t m e n t   and/or   at  l e a s t   pa r t   of  s t r e a m  

5  is  used  as  a  feed  component  for  the  HT. 

3.  A  p rocess   as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  tha t   s t r e a m  

2  is  used  as  a  teed  component  for  the  TC  t r e a t m e n t   and  tha t   a t  

l e a s t   p a r t . o f   stream  4  is  used  as  a  feed  component  for  the  HT. 

4.  a  p rocess   as  claimed  in  any one  of  claims  1-3,  c h a r a c t e r i z e d  

in  tha t   the  stream  1  used  is  a  hydrocarbon  mixture   which  b o 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  b o i l s   above 



520°C  and  which  has  an  RCT  of  more  than  7.5%  w  such  as  a  r e s i d u e  

ob ta ined   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   from  the  crude  m ine ra l   o i l .  

5.  A  p r o c e s s   as  c la imed  in  any  one   of  c la ims  1-4,  c h a r a c t e r i z e d  

in  t h a t   one  or  more  vacuum  d i s t i l l a t e s   s e p a r a t e d   from  one  or  more  

of  s t reams  1,  2  and  5  are  used  t o g e t h e r   with  s t ream  3  as  f e e d  

components  for   the  TC  t r e a t m e n t .  

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

in  t h a t   in  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 t en t   o f  

the  feed  a  c a t a l y s t   is  used  which  compr ises   at  l e a s t   one  m e t a l  

chosen  from  the  group  formed  by  n i c k e l   and  coba l t   and  in  a d d i t i o n  

at  l e a s t   one  meta l   chosen  from  the  group  formed  by  molybdenum  a n d  

t u n g s t e n   on  a  c a r r i e r ,   which  c a r r i e r   c o n s i s t s   more  than  40%  w  o f  

a l u m i n a .  

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

in  t ha t   the  HT  is  c a r r i e d   out  at  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  bar ,   a  space  v e l o c i t y   of  from  0 . 1 - 2  

g . g   . h o u r   and  a  H2/feed  r a t i o   of  from  500-2000  N 1 . k g - 1 .  

8.  A  p r o c e s s   as  claimed  in  any one  of  c laims  1-7,  c h a r a c t e r i z e d  

in  t ha t   the  HT  is  c a r r i e d   out  in  such  a  manner  tha t   a  p roduc t   i s  

o b t a i n e d   whose  C5+  f r a c t i o n   meets  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  C 5 +  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  the  f e e d  

is  at  most  40.  

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

in  t h a t   the  DA  t r e a t m e n t   is  c a r r i e d   out  u s ing   n -bu tane   as  t h e  

s o l v e n t   at  a  p r e s s u r e   of  from  35-45  bar  and  a  t e m p e r a t u r e   of  f r o m  

100-150°C.  

10.  A  p r o c e s s   as  claimed  in  any  one   of  c laims  1-9,  c h a r a c t e r i z e d  

in  tha t   if   the  feed  for  the  TC  t r e a t m e n t   is  composed  both  o f  

s t ream  3,  i f   d e s i r e d   t o g e t h e r   with  one  or  more  vacuum  d i s t i l l a t e s  



s e p a r a t e d   during  the  p r o c e s s ,   and  of  s t ream  2  or  at  l e a s t   pa r t   o f  

s t ream  4,  a  TC  t r e a t m e n t   is  c a r r i e d   out  which  compr i ses   two 

c r a c k i n g   u n i t s   and  tha t   the  two  types  of  feed  are  cracked  s e -  

p a r a t e l y .  

11.  A  p rocess   as  claimed  in  any one  of  c laims  1-10,  c h a r a c t e r i z e d  

in  tha t   in  the  TC  of  s t ream  3  a  heavy  f r a c t i o n   of  the  c r a c k e d  

p roduc t   is  r e c i r c u l a t e d   to  the  c r ack ing   un i t   in  which  the  c r a c k i n g  

of  s t ream  3  is  c a r r i e d   o u t .  

12.  A  p roces s   as  claimed  in  any one  of  c laims  1-11,  c h a r a c t e r i z e d  

in  t ha t   the  TC  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  f rom 

400-525°C  and  a  space  v e l o c i t y   of  from  0 .01-5  kg  f r e sh   feed  p e r  
l i t r e   of  c rack ing   r e a c t o r   volume  per  m i n u t e .  

13.  A  p rocess   for  the  p r e p a r a t i o n   of  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   hydroca rbon   m i x t u r e s   s u b s t a n t i a l l y   a s  

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  t h e  

E x a m p l e s .  

14.  Hydrocarbon  o i l   d i s t i l l a t e s   p repared   a c c o r d i n g   to  a  p r o c e s s  

as  d e s c r i b e d   in  claim  13. 

15.  Appara tuses   for  c a r r y i n g   out  the  p rocess   as  c laimed  in  c l a i m  

13,  c h a r a c t e r i z e d   in  tha t   these   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  with  those  s c h e m a t i c a l l y   shown  in  F igures   I - V .  
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