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

Patentamt 

European  Patent  Office  ©  Publication  number:  0 1 5 9   8 6 7  

Office  europeen  des  brevets  ^ 2  

@  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85302550.0  ®  Int.  CM:  C  10  G  49/18,  C  10  G  4 9 / 0 0  

@  Date  of  filing:  11.04.85 

Priority:  13.04.84  DE  3413987 

Date  of  publication  of  application:  30.10.85 
Bulletin  85/44 

%  Designated  Contracting  States  :  BE  FR  GB  IT  NL  SE 

©  Applicant  :  The  British  Petroleum  Company  p.  I.e., 
Britannic  House  Moor  Lane,  London  EC2Y  9BU  (GB) 

Inventor:  Ehlers,  Jorn,  Deutsche  BPAktlengesellschaft 
Postfach  600340,  D-2000  Hamburg  60  (DE) 
Inventor:  Petzny,  Wilfried  Johann,  The  British  Petroleum 
Co.  p.  I.e.  Chertsey  Road,  Sunbury-on-Thames 
Middlesex,  TW167LN  (GB) 

Representative:  Ryan,  Edward  Terrence  et  al,  c/o  The 
British  Petroleum  Company  pic  Patents  Division 
Chertsey  Road,  Sunbury-on-Thames  Middlesex, 
TW167LN  (GB) 

Process  for  hydroconversion  of  sulphur  containing  heavy  hydrocarbons  with  synthesis  gas. 

(§5  In  a  process  forthe  hydroconversion  of  sulphur-containing 
heavy  hydrocarbons  in  which  the  hydrocarbons  and  a  gas  con- 
taining  carbon  monoxide  and  steam  are  converted  in  a  reactor 
at  elevated  temperature  and  pressure,  improved  results  are  ob- 
taining  using  a  gas  comprising  at  least  3%  by  volume  of  hydro- 
gen  sulphide,  based  on  water  free  gas. 
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  In  a process  forthe  hydroconversion  of  sulphur-containing 
heavy  hydrocarbons in  which  the  hydrocarbons  and  a  gas  con- 
taining  carbon  monoxide  and  steam  are  converted  in  a  reactor 
at elevated  temperature  and  pressure, improved  results  are  ob- 
taining  using  a  gas  comprising  at least  3%  by  volume  of  hydro- 
gen  sulphide,  based  on  water  free  gas. 



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

s u l p h u r - c o n t a i n i n g   heavy  hydrocarbons   with  s y n t h e s i s   gas  in  t h e  

presence   of  steam  in  which  s y n t h e s i s   gas  and  the  hydrocarbons   a r e  

r eac ted   in  a  r e a c t o r   at  e l eva ted   t empera tu re   and  p r e s s u r e .   R e c y c l e  

gas  from  the  h y d r o c o n v e r s i o n   r e a c t i o n   may  be  mixed  with  t h e  

s y n t h e s i s   g a s .  
GB  257  256  d i s c l o s e s   the  conve r s ion   of  coal  or  minera l   o i l s  

into  va luab le   l i qu id   products   by  the  a c t i o n   of  hydrogen  and  c a r b o n  

monoxide.  The  p o s s i b l e   p resence   of  su lphur   in  the  m a t e r i a l   to  be 

t r e a t e d   and  the  r ecyc le   of  un reac ted   s y n t h e s i s   gas  is  m e n t i o n e d .  

There  is  no  s u g g e s t i o n   tha t   the  p resence   of  H2S  is  d e s i r a b l e .  

The  example  shows  the  use  of  a  gas  mixture   said  to  c o n t a i n   10%  o f  

carbon  monoxide  and  90%  of  hydrogen.   However  in  p r a c t i c e   the  g a s  
mixture   wi l l   con ta in   small  q u a n t i t i e s   of  carbon  d iox ide .   If  no 

s teps   are  taken  to  remove  the  carbon  d i o x i d e ,   the  c o n c e n t r a t i o n   o f  

carbon  d ioxide   wi l l   i n c r e a s e   s t e a d i l y   with  an  adverse  e f f e c t   on  t h e  

p a r t i a l   p r e s s u r e   of  the  hydrogen  and  carbon  monoxide  r e a c t a n t s .  

This  wi l l   also  be  true  for  any  hydrogen  su lph ide   p re sen t   in  t h e  

r ecyc le   gas.  A  s k i l l e d   person  seeking  to  ca r ry   out  the  r e a c t i o n   o f  

GB  257256  w i l l   t h e r e f o r e   i n s e r t   a  s e p a r a t i o n   s tage  e.g.   a  s c r u b b e r ,  

to  remove  these  u n d e s i r a b l e   m a t e r i a l s   from  any  r ecyc led   g a s .  
GB  400  844  and  GB  407  127  d i s c l o s e   the  hyd rogena t i on   of  oil   and 

c o a l / o i l   pas te   with  hydrogen  alone  or  with  C0,  H2S,  s t e a m .  

Although  these  r e f e r e n c e s   mentions  hydrogen  su lph ide   as  part   of  

the  i n i t i a l   feed  there   is  no  s u g g e s t i o n   that   the  use  of  h y d r o g e n  



s u l p h i d e   gives  any  s p e c i a l   advan t ages .   As  hydrogen  su lph ide   i s  

well-known  to  be  an  ex t remely   tox ic   gas,  no  one  wi l l   d e l i b e r a t e l y  
add  i t   to  a  chemical   r e a c t i o n   in  the  absence  of  a  c l ea r   i n d i c a t i o n  

tha t   s u b s t a n t i a l l y   improved  r e s u l t s   w i l l   be  o b t a i n e d .  

DE  713  792  d i s c l o s e s   the  h y d r o g e n a t i o n   of  wood  t a r s .   The 

p r e sence   of  1-15x  by  weight  (based  on  m a t e r i a l   to  be  h y d r o g e n a t e d )  

of  H2S  is  said  to  improve  the  e f f e c t i v e n e s s   of  i ron,   coba l t   and  

n i c k e l   c a t a l y s t s .   There  is  however  no  mention  of  the  use  o f  

s y n t h e s i s   g a s .  
DE  2  751  863  d e s c r i b e s   a  two  s tage  h y d r o t r e a t m e n t   for  heavy  

h y d r o c a r b o n s .   The  f i r s t   s tage  is  p r e f e r a b l y   c a r r i e d   out  in  t h e  

p re sence   of  a  q u a n t i t y   of  H2S  s u f f i c i e n t   to  ensure  that   the  volume 

of  t h i s   gas  is  more  than  10%  at  the  r e a c t o r   o u t l e t .   There  i s  

however  no  mention  of  the  use  of  s y n t h e s i s   gas  in  place  of  p u r e  

h y d r o g e n .  

However  we  have  found  in  our  process   tha t   any  b e n e f i t s   o b t a i n e d  

by  us ing  mix tu res   of  hydrogen  and  hydrogen  su lph ide   in  heavy  o i l  

h y d r o c r a c k i n g   are  only  minor,  and  would  not  compensate  for  t h e  

a d d i t i o n a l   hazards   of  using  l a rge   q u a n t i t i e s   of  tox ic   h y d r o g e n  

s u l p h i d e .  

H e t t i n g e r   et  a l ,   Ind.  Eng.  Chem,  47,  pp  719-750  d i s c u s s  

hydro forming  r e a c t i o n s   to  produce  g a s o l i n e .   The  presence   of  s u l p h u r  

is  m e n t i o n e d .  

However  H e t t i n g e r   et  al  are  concerned  with  the  hydroforming  o f  

r e l a t i v e l y   low  b o i l i n g   hydrocarbons   to  give  g a s o l i n e ,   and  su lphur   i s  

s t a t e d   to  have  an  adverse   e f f e c t   on  th is   r e a c t i o n .  

The  type  of  p rocess   with  which  the  p r e sen t   i n v e n t i o n   i s  

concerned  is  d i s c l o s e d   in  GB  2072697  which  is  t y p i c a l   of  r e c e n t  

p u b l i c a t i o n s   of  t h i s   type  of  p r o c e s s .   I t   d i s c l o s e s   a  heavy  o i l  

c r ack ing   p rocess   using  s y n t h e s i s   gas  (H2,  CO).  The  gas  r e c o v e r e d  

from  the  cold  s e p a r a t o r   c o n t a i n s   H2,  C0,  C02  and  some  i m p u r i t i e s  

e .g .   H2S  and  l i g h t   hydrocarbon   gases .   After   water  and  oi l   s c r u b b i n g  

i t   is  r e t u r n e d   to  the  c rack ing   r e a c t o r .   However,  as  we  have  a l r e a d y  

e x p l a i n e d ,   i f   the  u n r e a c t e d   gas  is  r ecyc led   i t   is  neces sa ry   t o  

remove  c e r t a i n   m a t e r i a l s   such  as  carbon  d ioxide   which  would 



othe rwise   i n c r e a s e   in  c o n c e n t r a t i o n   in  the  r ecyc le   gas.   GB  2072697 

d e s c r i b e s   pass ing   the  r ecyc led   gas  through  a  sc rubbing   system.  T h i s  

scrubbing   process   wi l l   remove  m a t e r i a l s   such  as  carbon  d iox ide   and 

hydrogen  s u l p h i d e .   The  hydrogen  su lph ide   c o n c e n t r a t i o n   in  t h e  

r ecyc led   gas  wi l l   t h e r e f o r e   be  low.  Moreover  hydrogen  su lph ide   i s  

s t a t e d   to  be  an  impur i ty   and  not  a  d e s i r a b l e   c o n s t i t u e n t   of  t h e  

r e a c t i o n   m i x t u r e .  

We  have  now  found  that   by  using  a  s p e c i f i c   r e a c t a n t   m i x t u r e  

c o n t a i n i n g   hydrogen  su lph ide ,   h igher   y i e lds   of  l i g h t e r   p roduc ts   c a n  

be  o b t a i n e d .  

According  to  the  p r e sen t   i n v e n t i o n   a  p rocess   for  t h e  

h y d r o c o n v e r s i o n   of  sulphur   c o n t a i n i n g   heavy  hydrocarbons   in  which 

(1)  a  gas  c o n t a i n i n g   carbon  monoxide  and  steam,  and  (2)  t h e  

hydrocarbons   are  conver ted   in  a  r e a c t o r   at  e l e v a t e d   t empera tu re   and 

p r e s su re   is  c h a r a c t e r i s e d   in  that   the  gas  fed  to  the  r e a c t o r  

comprises  at  l e a s t   3%  by  volume  of  hydrogen  s u l p h i d e ,   based  on  w a t e r  

f ree   g a s .  
The  gas  c o n t a i n i n g   CO  and  steam  used  as  a  feed  in  the  p r o c e s s  

of  the  p re sen t   i n v e n t i o n   may  be  der ived   only  from  f r e sh   s y n t h e s i s  

gas  with  added  steam  or  may  also  con ta in   r ecyc led   u n r e a c t e d   g a s .  
Where  r ecyc le   gas  is  mixed  with  f r e sh   s y n t h e s i s   gas  the  H2S 

con ten t   is  c a l c u l a t e d   on  the  t o t a l   volume  of  m i x t u r e .  

The  process   of  the  p r e sen t   i n v e n t i o n   is  p r e f e r a b l y   c a r r i e d   o u t  

c o n t i n u o u s l y .   In  a  p r e f e r r e d   embodiment  the  hydrocarbons   and  t h e  

gas  are  heated  in  a  p r e - h e a t i n g   step  before  they  are  fed  to  t h e  

r e a c t o r .  

According  to  an  advantageous   embodiment  of  the  process   of  t h e  

i n v e n t i o n ,   e s p e c i a l l y   with  s u l p h u r - p o o r   feeds ,   the  gas  fed  to  t h e  

r e a c t o r   comprises   at  l e a s t   5%  by  volume  of  H2S. 

By  s y n t h e s i s   gas  we  mean  a  gas  mixture   p r i n c i p a l l y   of  CO  and 

H2  ob ta ined   for  example  by  g a s i f i c a t i o n   of  f o s s i l   fue ls   such  as  

l i g n i t e ,   crude  o i l ,   n a t u r a l   gas,  coal ,   wood,  heavy  oi l   r e s i d u e s   and 

the  l ike   or  by  steam  c racking   of  normal ly   gaseous  or  l i q u i d   l i g h t  

hydrocarbon  f r a c t i o n s .   A  t y p i c a l   s y n t h e s i s   gas  for  use  in  t h e  

process   of  the  i n v e n t i o n   con ta in s   CO  and  H2  in  va r ious   r a t i o s   t o  



each  o the r   as  wel l   as  d i s t i n g u i s h a b l e   q u a n t i t i e s   of  steam  and  s m a l l  

q u a n t i t i e s   of  C02,  COS  and  lower  hyd roca rbons .   The  l a t t e r  

o r i g i n a t e   in  p a r t i c u l a r   from  the  r ecyc le   gas.  Syn thes i s   gas  f r e e d  

from  hydrogen  ie  c o n s i s t i n g   mainly  of  CO  can  be  used.  P r e f e r a b l y   H2 
is  p r e s e n t .  

The  p rocess   of  the  p r e sen t   i n v e n t i o n   may  be  app l i ed   t o  

u n c a t a l y s e d   r e a c t i o n s   e .g .   h y d r o v i s - b r e a k i n g .   However  i t   i s  

p a r t i c u l a r l y   u s e f u l   to  apply  the  process   to  r e a c t i o n s   c a r r i e d   out  i n  

the  p r e sence   of  a  c a t a l y s t .   Thus  the  process   may  be  appl ied   t o  

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

C a t a l y s t s   which  can  be  used  in  the  process   of  the  i n v e n t i o n   a r e  

known  for  example  from  the  above  mentioned  GB  1072697  as  well   a s  

from  DE  OS  32  12  389.  Examples  of  s u i t a b l e   c a t a l y s t s   a r e  

ca rbonaceous   s o l i d s   e .g .   coal ,   coke  or  c h a r c o a l ,   which  may  be  c o a t e d  

with  up  to  20%  wt  of  a  metal  c a t a l y s t   such  as  i ron  group  m e t a l  

( i r o n ,   n i c k e l ,   c o b a l t ) ,   molybdenum,  z inc ,   t i n ,   t u n g s t e n ,   chromium. 

The  c a t a l y s t s   can  be  used  in  f i n e l y   d iv ided   suspended  form 

( " s l u r r y   phase" ) ,   as  an  e b u l l i a t e d   bed  or  as  a  so l i d   bed.  The 

c a t a l y s t s   q u a n t i t i e s   employed  in  the  " s l u r r y   phase"  method  are  f o r  

example  0.2-5%  by  weight ,   c a l c u l a t e d   on  the  hydrocarbon   f e e d .  

The  steam  r e q u i r e d   for  the  r e a c t i o n   can  be  added  t oge the r   w i t h  

the  f r e s h   feed  gas,  or  f r e s h   gas  and  r e c y c l e   gas,  or  can  be  added  

s e p a r a t e l y .   The  q u a n t i t y   of  steam  used  wi l l   depend  on  the  q u a n t i t y  

of  hydrogen  fed  to  the  r e a c t o r   as  i t   is  b e l i e v e d   tha t   the  w a t e r  

produces  hydrogen  by  the  s h i f t   r e a c t i o n .   An  e x c e s s i v e l y   h i g h  

p r o p o r t i o n   of  steam  w i l l   reduce  the  p a r t i a l   p r e s s u r e   of  the  C0.  The 

optimum  q u a n t i t y   can  be  found  by  simple  t e s t s .   The  q u a n t i t y   o f  

steam  may  be  de f ined   by  the  amount  of  l i q u i d   water   used  to  p r o d u c e  
the  steam.  The  optimum  amount  of  l i q u i d   water   wi l l   in  genera l   be  

w i t h i n   the  range  10  to  1000  ml  l i q u i d   water   per  kg  of  l i q u i d  

hydroca rbon   fed,  for  example  20-200  ml  of  water  per  kg  of  l i q u i d  

hydroca rbon   f e d .  

The  r e a c t i o n   t e m p e r a t u r e   is  t y p i c a l l y   300-500°C  and  t h e  

r e a c t i o n   p r e s s u r e   1 .5-30  MPa. 

Among  heavy  hydrocarbons   which  can  be  used  are  for  example 



a tmospher ic   or  vacuum  r e s i d u e s   from  crude  o i l   d i s t i l l a t i o n s   as  w e l l  

as  heavy  hydrocarbons   from  tar  sands  and  oi l   s h a l e s .  

The  hydrocarbon  is  i n t r o d u c e d   to  the  r e a c t o r   with  a  LHSV  r a t e  

of  0 .2-10  1 /1 /h   in  cont inuous   p r o c e s s e s .  
The  r a t i o   of  gaseous  feed  to  hydrocarbon   is  p r e f e r a b l y   in  t h e  

range  500-5000  1/kg  ( l i t r e s   gas  at  normal  t empera tu re   and  p r e s s u r e  

(0°C,  0.1  MPa  p r e s s u r e )   per  kg  of  h y d r o c a r b o n ) .   As  i n d i c a t e d   above  

th i s   gaseous  feed  can  c o n s i s t   of  f resh   s y n t h e s i s   gas  only  ( a n d  

steam)  or  s y n t h e s i s   gas  and  r e c y c l e   gas  (and  s t e a m ) .  

As  a l ready   expla ined   a n y  r e c y c l e d   unreac ted   gas  wi l l   be  t r e a t e d  

so  as  to  remove  i m p u r i t i e s ,   and  th i s   wi l l   r e s u l t   in  removal  of  most  

of  any  hydrogen  su lph ide   p r e s e n t .   In  order  to  ob ta in   the  d e s i r e d  

l eve l   of  hydrogen  su lph ide   in  the  feed  to  the  r e a c t o r ,   h y d r o g e n  

su lph ide   must  be  added.  The  hydrogen  su lph ide   may  be  h y d r o g e n  

su lph ide   produced  in  the  r e a c t o r   from  s u l p h u r - c o n t a i n i n g   compounds 

and  which  is  recovered  from  the  gas  t r e a t m e n t   s tep .   Such  r e c o v e r e d  

hydrogen  su lph ide   may  be  added  back  to  the  r e cyc l e   gas  i m m e d i a t e l y  

a f t e r   the  gas  t r ea tmen t   s tep ,   or  may  be  added  to  the  f resh   gas  f e e d ,  

or  to  the  mixture   of  f r e sh   and  r e c y c l e   g a s .  
It  may  be  d e s i r a b l e   to  use  hydrogen  su lph ide   which  is  n o t  

produced  in  the  p rocess ,   p a r t i c u l a r l y   on  s t a r t i n g   the  p lan t   or  when 

using  a  feed  with  a  r e l a t i v e l y   low  sulphur  con ten t .   Thus  h y d r o g e n  

su lph ide   can  also  be  i n t r o d u c e d   from  other   sources   e .g.   from  a  C l a u s  

p r o c e s s .  

I n c r e a s i n g   hydrogen  su lph ide   con ten t   in  the  r e a c t i o n   system  c a n  

lower  the  p a r t i a l   p r e s su re   of  hydrogen  and  carbon  monoxide  to  such  

an  ex ten t   tha t   the  degree  of  conve r s ion   of  the  heavy  h y d r o c a r b o n  

d e c l i n e s ;   the  p r a c t i c a l   upper  l imi t   for  the  hydrogen  s u l p h i d e  

content   in  the  system  can  however  be  de te rmined   e a s i l y   by  the  p e r s o n  
of  o rd inary   s k i l l   for  each  i n d i v i d u a l   c a s e .  

In  genera l   the  H2S  con ten t   of  the  feed  gas  ( f r e s h   s y n t h e s i s  

gas  or  a  mixture  of  s y n t h e s i s   gas  and  r e cyc l e   gas)  p r e f e r a b l y   does  

not  exceed  20%  vo lume.  

The  process   of  the  i n v e n t i o n   wi l l   be  d i s cus sed   by  r e f e r e n c e   t o  

the  drawing  which  shows  a  s i m p l i f i e d   flow  scheme  for  a  c o n t i n u o u s  



appa ra tu s   for  c a r r y i n g   out  of  the  process   of  the  i n v e n t i o n .  

The  a p p a r a t u s   comprises   a  hyd roc rack ing   r e a c t o r   1,  which  can  

c o n s i s t   of  one  or  more  s i m i l a r   r e a c t o r s   a r ranged   in  s e r i e s ,   one  o r  

more  hot  s e p a r a t o r s   2  g iv ing   a  f i r s t   coarse   s e p a r a t i o n   of  t h e  

h y d r o c r a c k i n g   p roduc t ,   one  or  more  r e a c t o r s   3  in  which  a  p o s t  

h y d r o g e n a t i o n   of  u n s a t u r a t e d   hydrocarbons   takes  place  e.g.   in  a  

s o l i d   bed  with  Co/Mo  or  N i / M o - c a t a l y s t s   takes  p lace ,   as  well   as  a  

s e c t i o n   4  for  gas  and  product   s e p a r a t i o n   in  the  form  of  for  example  

a  p l u r a l i t y   of  product   s e p a r a t o r s   working  with  or  wi thout   p r e s s u r e ,  
and  f u r t h e r   a p p a r a t u s   for  gas  s e p a r a t i o n   such  as  wash  t o w e r s ,  

membrane  and/or   low  t e m p e r a t u r e   s e p a r a t i o n   s t a g e s .  

The  r e a c t o r   1  is  p rovided  with  a  mixture   of  heavy  h y d r o c a r b o n s  

and  c a t a l y s t   through  l i n e   5.  In  l i n e   5  the re   are  one  or  more  pumps 
and  p r e h e a t e r   s tages   7.  Syn thes i s   gas  is  led  through  l ine   8,  and 

H2S  is  led  through  l ine   9.  Steam  is  led  through  l ine   10  or  11 

and  r e c y c l e d   gas  through  l i ne   12.  Unconverted  or  i n s u f f i c i e n t l y  

conve r t ed   hydrocarbon   m a t e r i a l   s e p a r a t e d   in  hot  s e p a r a t o r   2  i s  

removed  by  l i n e   13  or  is  p a r t l y   r ecyc l ed   to  the  conver s ion   r e a c t i o n  

through  l ine   14.  At  the  s e p a r a t i n g   s tage   4  H2S  and  s y n t h e s i s  g a s  

are  taken  off  s e p a r a t e l y   through  l i ne s   15  and  o p t i o n a l l y   r e t u rned   t o  

the  p r o c e s s .   Lines  16  serve  for  removal  of  C02,  Cl-C3 

hydroca rbons   as  well   as  h igher   h y d r o c a r b o n s .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   by  the  fo l lowing   b a t c h  

e x p e r i m e n t s ,   in  which  compara t ive   t e s t s ,   not  accord ing   to  t h e  

i n v e n t i o n ,   are  i d e n t i f i e d   by  l e t t e r s ,   and  examples  of  the  i n v e n t i o n  

are  i d e n t i f i e d   by  numbers .  

The  heavy  l i q u i d   hydrocarbon   f e e d s t o c k   used  in  t h e s e  

expe r imen t s   was  an  a tmospher i c   r e s idue   (de r ived   from  a  Boscan  c r u d e )  

with  the  fo l lowing   c h a r a c t e r i s t i c s :  



V  1900  ppm 

V i s c o s i t y   2424  c S t / 1 0 0 ° C  

Conradson  Carbon  14%  wt  

Aspha l t enes   16%  wt  

D i s t i l l a t i o n   ASTM  D  1160  %  recovered   at  530°C,  35%. 

An  au toc lave   was  used  with  a  volume  of  5  1.  1  kg  of  l i q u i d  

hydrocarbon  was  charged  to  th i s   r e a c t o r   t o g e t h e r   with  the  c a t a l y s t  

(5%  wt  based  on  hydrocarbon  feed)  and  water  (70  ml).  The  c a t a l y s t  

was  3.8%  iron  (as  i ron  su lph ide )   on  c h a r c o a l   and  i t   was  added  as  a 

suspens ion   in  waxy  d i s t i l l a t e   der ived  from  Boscan  crude  (30%  wt 

c a t a l y s t ,   70%  waxy  d i s t i l l a t e ) .  

After   the  hydrocarbon,   c a t a l y s t ,   and  water  have  been  added  t h e  

au toc l ave   is  p r e s s u r i s e d   to  80  bar  (8  MPa)with  hyd rogena t ing   g a s ,  

heated  quickly   to  440°C,  ma in t a ined   at  th is   t empera tu re   for  one 

hour,  and  then  cooled  down. 

Exper iments   were  c a r r i e d   out  with  va r ious   hydrogena t ing   g a s e s .  

The  r e s u l t s   ob ta ined   are  given  in  the  T a b l e .  

Comparative  Test   D  shows  that   the  use  of  mixtures   of  CO  and  H2S 

give  very  high  coke  y i e l d s .   Such  r e s u l t s   would  not  encourage  any 
one  to  be l i eve   that   hydrogen  su lph ide   was  in  any  way  s a t i s f a c t o r y   as  

a  hyd rogena t ing   g a s .  
A  comparison  of  Comparative  Test  A  and  Comparative  Test  C  shows 

tha t   there  has  been  a  r e l a t i v e l y   small  i n c r e a s e   in  hyd rogen  

consumption.   The  t o t a l   amount  of  m a t e r i a l   bo i l i ng   in  the  r a n g e  

Ci-530°C  is  s l i g h t l y   lower  when  H2S  is  used  while  the  amount  of  t h e  

less   d e s i r a b l e   high  bo i l i ng   m a t e r i a l   ( b o i l i n g   at  t empe ra tu r e s   above 

530°C)  is  h igher   when  H2S  is  added .  

These  r e s u l t s   would  not  encourage  the  s k i l l e d   person  to  b e l i e v e  

tha t   there   was  a  s i g n i f i c a n t   advantage  in  using  hydrogen  s u l p h i d e  



which  would  compensate  for  the  t o x i c i t y   problems  a r i s i n g   from  t h e  

use  of  a  hydrogen  su lph ide   f e e d .  

If  we  now  compare  Test  B  with  Example  1  however  we  find  t h a t  

there   is  a  s u b s t a n t i a l   i n c r e a s e   in  the  t o t a l   amount  of  m a t e r i a l  

b o i l i n g   in  the  range  Ci-530°C.  Coke  fo rma t ion   is  l o w e r .  

Fu r the rmore ,   a l though   hydrogen  su lph ide   has  been  added  in  the  f e e d ,  

the  p e r c e n t a g e   con ten t   of  su lphur   in  the  l i q u i d   product   and  coke  i s  

s l i g h t l y   l e s s .   It   is  of  course  d e s i r a b l e   for  the  sulphur  content   o f  

l i q u i d   hydrocarbons   for  fue l s   to  be  as  low  as  p o s s i b l e .  

The  a s p h a l t e n e   conten t   is  also  lower  in  the  product   o b t a i n e d  

accord ing   to  the  i n v e n t i o n ,   and  the  hydrogen  con ten t   in  the  f r a c t i o n  

b o i l i n g   above  170°C  is  h i g h e r .  







1.  A  process   for  the  hyd roconve r s ion   of  sulphur   c o n t a i n i n g   heavy 

hydrocarbons   in  which  (1)  a  gas  c o n t a i n i n g   carbon  monoxide,  and 

steam  and  (2)  the  hydroca rbons ,   are  conver ted   in  a  r e a c t o r   a t  

e l e v a t e d   t empera tu re   and  p r e s su re   c h a r a c t e r i s e d   in  that   the  gas  f e d  

to  the  r e a c t o r   comprises  at  l e a s t   3%  by  volume  of  hydrogen  s u l p h i d e ,  

based  on  water  free  g a s .  

2.  A  process   accord ing   to  claim  1  wherein  the  process   is  c a r r i e d  

out  c o n t i n u o u s l y .  

3.  A  process   accord ing   to  claim  2  wherein  the  gas  and  h y d r o c a r b o n  

are  s u b j e c t e d   to  a  p r e - h e a t i n g   step  before   being  fed  to  the  r e a c t o r .  

4.  A  process   accord ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

the  gas  fed  to  the  p r e h e a t e r   con ta ins   at  l e a s t   3%  volume  of  H2S. 
5.  A  process   accord ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

the  gas  comprises   at  l e a s t   5%  volume  H2S. 
6.  A  process   accord ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

the  gas  comprises   h y d r o g e n .  

7.  A  process   accord ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

the  gas  comprises  H2S  not  produced  in  the  p r o c e s s .  

8.  A  process   accord ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

the  gas  comprises   H2S  s e p a r a t e d   from  the  product   g a s .  
9.  A  process   accord ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

the  h y d r o c o n v e r s i o n   process   takes  place  in  the  p resence   of  a  

c a t a l y s t .  

10.  A  process   accord ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

the  c a t a l y s t   comprises  so l id   carbonaceous   m a t e r i a l   and  an  i r o n - g r o u p  

m e t a l .  

11.  A  process   accord ing   to  any  one  of  the  p receding   claims  w h e r e i n  

the  process   takes  place  in  the  presence   of  a  d i s p e r s i o n   of  a  

c a t a l y s t .  
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