
European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  1 9 3   2 2 2  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  86200137.7  ©  Int.  CI.4:  C  10  G  9 / 0 0  

©  Date  of  filing:  31.01.86 

©  Priority:  25.02.85  GB  8504807  ©  Applicant:  SHELL  INTERNATIONALE  RESEARCH 
MAATSCHAPPIJ  B.V. 
Carel  van  Bylandtlaan  30 

©  Date  of  publication  of  application:  NL-2596  HR  Den  Haag(NL) 
03.09.86  Bulletin  86/36 

©Inventor:  Larive,  Jean  Francois  Robert  Arsene 
©  Designated  Contracting  States:  Carel  van  Bylandtlaan  30 

BE  DE  FR  GB  IT  NL  SE  NL-2596  HR  The  Hague(NL) 

©  Inventor:  Wernersson,  Clas  Ingemar 
Carel  van  Bylandtlaan  30 
NL-2596  HR  The  Hague(NL) 

©  Representative:  Aalbers,  Onno  et  al, 
P.O.  Box  302 
NL-2501  CHThe  Hague(NL) 

(54)  Process  and  apparatus  for  the  continuous  thermal  cracking  of  hydrocarbon  oils  and  hydrocarbon  mixtures  thus 
prepared. 

©  A  process  for  the  continuous,  thermal  cracking  of 
hydrocarbon  oils  by  heating  a  hydrocarbon  oil  and  causing  it 
te  flow  through  a  thermal  conversion  zone,  in  which  process 
at  least  part  of  the  gaseous  material  produced  during  said 
heating  is  withdrawn  from  the  heated  oil  prior  to  its 
intfjQ)d.uCt'ion  into  a  thermal  conversion  zone. 

CM 
<  

CM 
CM 
CM 

CO 
0)  

Q. 
UJ 

Croydon  Printing  Company  Ltd. 

  A  process  for  the  continuous  thermal  cracking  of 
hydrocarbon oils  by  heating  a  hydrocarbon  oil  and  causing  it 
to  flow  through  a  thermal  conversion  zone,  in  which  proeess 
at  least  part  of  the  gaseous  material  produced  during  said 
heating  is  withdrawn  from  the  heated  oil  prior  to  its 
introduction  into  a  thermal  conversion  zone. 



T h e  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p rocess   for  the  c o n t i n u o u s  

thermal   c r ack ing   of  hydroca rbon   o i l s   and  to  hydroca rbon   m i x t u r e s  

thus  p r e p a r e d .  

In  v iew  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   a n d  t h e   s h r i n k i n g   demand  f o r  h e a v y   fue l   o i l s   and 

a s p h a l t ,   produced  as  b y - p r o d u c t s   in  the  d i s t i l l a t i o n   of  crude  o i l ,  

thermal   c r ack ing   can  be  s u i t a b l y   app l ied   to  conver t   r e s i d u a l   o i l s  

into  l i g h t e r   p r o d u c t s .  

Two  t y p e s  o f   the rmal   c rack ing   p r o c e s s e s   are  w e l l - e s t a b l i s l e d :  

f u r n a c e  c r a c k i n g   and  soaker   c rack ing .   Furnace  c r ack ing   impl ies   t h a t  

the  a c t u a l   c r ack ing   t akes   p lace   at  the  downstream  end  of  a  f u r n a c e  

and  to  some  e x t e n t   in  the  t r a n s f e r  l i n e   between  the  furnace   and  a  

subsequent   t r e a t i n g . u n i t .   The  r e s i d e n c e   time  of  the  f e e d s t o c k   i s  

r e l a t i v e l y   s h o r t ,   of  the  order   of  only  one  m i n u t e .  

In  the  case  of  soaker   c racking   the  feed  is  hea ted   to  a  

s u i t a b l e   t e m p e r a t u r e ,   which  is  c o n s i d e r a b l y   lower  than  t h e  

t e m p e r a t u r e   a p p l i e d   in  furnace   c r a c k i n g ,   and  the  feed  is  allowed  t o  

s tay  at  tha t   t e m p e r a t u r e   for  a  pe r iod   u s u a l l y   between  5  a n d  6 0  

minutes  in  a  the rmal   conve r s ion   v e s s e l   normal ly   r e f e r r e d   to  as  a  

soaker .   A soaker   can  be  def ined   as  a  v e s s e l   w i thou t   s u p p l e m e n t a r y  

h e a t i n g ,   which  v e s s e l   a l l o w s  c r a c k i n g   to  take  p lace   over  a  

prolonged  p e r i o d .   No  hea t   i s  p r o v i d e d   to  the  soaker   and,  s ince   t h e  

c racking   r e a c t i o n   i s  e n d o t h e r m i c ,   the  t e m p e r a t u r e   of  the  feed  d r o p s  

by  abou t  10 -30   °C  dur ing   passage  through  the  s o a k e r .  

Soaker  c r a c k i n g   has  s taged  a  s u c c e s s f u l   come-back  as  a 

convenien t   and  r e l a t i v e l y   i nexpens ive   s tep  towards  reduc ing   f u e l  

o i l   r e s i d u e s  a n d   compares  f avourab ly   with  f u rnace   c rack ing   w i t h  

r e spec t   to  c a p i t a l   c o s t s ,   fuel   consumption  and  onstream  t i m e s .  



The  use  of  an  empty  soaking   v e s s e l   is  known  from  U.S.  p a t e n t  

s p e c i f i c a t i o n   1 , 8 9 9 , 8 8 9 .  I n   o rde r   to  overcome  s t a b i l i t y   problems  o f  

the  c racked  r e s i d u e   o b t a i n e d   in  soaker   o p e r a t i o n   i t   has  b e e n  

proposed   in  European  p a t e n t   s p e c i f i c a t i o n   7656  to  p rov ide   t h e  

soak ing   v e s s e l   wi th   i n t e r n a l s   d i v i d i n g   the  i n t e r i o r   of  the  v e s s e l  

i n t o   a  p l u r a l i t y   of  compar tments .   The  i n t e r n a l s   d e s c r i b e d   in  s a i d  

European  p a t e n t   s p e c i f i c a t i o n   are  p r e f e r a b l y   in  the  form  o f  

p e r f o r a t e d   p l a t e s .   This  has  the  advan tage   t h a t   the  s w i r l i n g   m o t i o n  

o c c u r r i n g   in  soak ing   v e s s e l s   not  p rov ided   with  i n t e r n a l s   upon  ga s  

f o r m a t i o n   is  in  f a c t   t r a n s f o r m e d   due  to  the  p r e sence   of  s u c h  

i n t e r n a l s ,   in to   a  p l u r a l i t y   of  r e l a t i v e l y   small   s w i r l s ,   r e s u l t i n g  

in  a  s teep  d e c r e a s e   of  o v e r a l l   back-mix ing   and  t h e r e f o r e   in  an  

improved  p roduc t   s t a b i l i t y .  

One  of  the  f a c t o r s   u n f a v o u r a b l y   govern ing   the  p roduc t   p a t t e r n  
of  t h e r m a l l y   c r a c k e d  m a t e r i a l   is  the  degree   of  o v e r - c r a c k i n g   w h i c h  

may  occur  when  v a l u a b l e   p r o d u c t s   are  m a i n t a i n e d   too  long  u n d e r  

c r a c k i n g   c o n d i t i o n s ,  f o r   i n s t a n c e   dur ing   t r a n s p o r t   through  a  

s o a k i n g  v e s s e l   ( n e c e s s a r y   to  a ccompl i sh   a  r e a s o n a b l e   c o n v e r s i o n   o f  

u n c o n v e r t e d   m a t e r i a l ) ,   e s p e c i a l l y   when  s u b s t a n t i a l   amounts  o f  s u c h  

p r o d u c t s   had  a l r e a d y   been  formed  dur ing   the  h e a t i n g   and  

t r a n s p o r t i n g   s t age   of  the  feed ,   in  p a r t i c u l a r   when  the  f e e d  h a d  

been  s u b j e c t e d   for   a  c o n s i d e r a b l e   pe r iod   of  time  to  c r a c k i n g  

c o n d i t i o n s .  

The  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t h e r e f o r e   to  reduce  o r  

e v e n  p r e v e n t   o v e r - c r a c k i n g   and  thus  o p t i m i z i n g   the  p roduc t   y i e l d   b y  

removing  v a l u a b l e   m a t e r i a l s   p roduced   or  p r e s e n t   as  qu i ck ly   a s  

p o s s i b l e .  

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

c o n t i n u o u s   t he rma l   c r a c k i n g   of  hyd roca rbon   o i l s   by  h e a t i n g   a  

h y d r o c a r b o n   o i l   and  caus ing   i t   to  flow  through  a  t h e r m a l   c o n v e r s i o n  

zone,  where in   at  l e a s t   p a r t   of  the  gaseous  m a t e r i a l s   p r o d u c e d  

dur ing   sa id   h e a t i n g   is  wi thdrawn  from  the  hea ted   o i l   p r i o r   to  i t s  

i n t r o d u c t i o n   in to   a  t he rmal   c o n v e r s i o n   z o n e .  

The  removal   of  at  l e a s t   p a r t   of  the  gaseous  m a t e r i a l s   p r o d u c e d  

p r i o r   to  i n t r o d u c t i o n   of  the  h e a t e d   hydroca rbon   o i l   in to   a  t h e r m a l  



c rack ing   zone  has  a  number  of  advan tages .   Not  only  w i l l   the  p r o d u c t  

y i e ld   p a t t e r n   improve  s u b s t a n t i a l l y ,   i t   is  also  p o s s i b l e   to  o p e r a t e  

the  thermal   c o n v e r s i o n   zone  under  optimum  c o n d i t i o n s   with  r e s p e c t  

to  f u r t h e r   c o n v e r s i o n   of  unconver t ed   feed  s ince   a  s u b s t a n t i a l   p a r t  

of  t h e  m a t e r i a l   no rma l ly   i n t r o d u c e d   i n t o  t h e   soaking   v e s s e l   is  now 

d i r e c t l y   t r a n s p o r t e d   for   f i n a l   p r o c e s s i n g   or  d i r e c t l y   used  i n  a  

d i f f e r e n t   ( h y d r o ) c o n v e r s i o n   o p e r a t i o n .   It  is  also  p o s s i b l e   to  a l l o w  

m o r e  c r a c k i n g   dur ing  the  e a r l y   s tage  of  the  thermal   c r a c k i n g  

p rocess   s ince   the  p r o d u c t s   can  now  be  removed  p r i o r   to  t h e  

conve r s ion   of  u n c o n v e r t e d   f e e d .  

The  w i thd rawa l   of  gaseous  m a t e r i a l s   a cco rd ing   to  the  p r o c e s s  

accord ing   to  the  p r e s e n t   i n v e n t i o n   is  s u i t a b l y   c a r r i e d   out  by  a 

p h a s e - s e p a r a t o r .   Cyclones  are  examples  of  s u i t a b l e   p h a s e - s e p a r a t o r s  

which  can  be  used  a d v a n t a g e o u s l y   in  the  p rocess   a cco rd ing   to  t h e  

p r e s e n t   i n v e n t i o n .   They  are  well-known  to  those  s k i l l e d   in  the  a r t .  

The  c a p a c i t y   of  the  cyc lone   to  be  used  w i l l   l a r g e l y   depend  on  t h e  

s e v e r i t y   of  the  the rmal   c r ack ing   to  be  ach ieved   in  the  ea r ly   s t a g e  

of  the  t h e r m a l  c r a c k i n g   p r o c e s s .   The  cyc lones   to  be  used  should  b e  

capable   of  c o n v e n i e n t l y   s e p a r a t i n g   amounts  of  gaseous  m a t e r i a l s  

produced  c o r r e s p o n d i n g   with  amounts  of  vapour  up  to  80  %wt 

c a l c u l a t e d   on  hyd roca rbon   o i l   to  be  p r o c e s s e d .  

The  thermal   c r a c k i n g   accord ing   to  the  p r e s e n t   i n v e n t i o n   i s  

s u i t a b l y   performed  at  a  t e m p e r a t u r e   in  the  range  between  350  and 

550  ° C ,  p r e f e r a b l y   at  a  t e m p e r a t u r e   between  400  and  500  °C. 

Normally,   the  t e m p e r a t u r e   at  which  the  cyclone  w i l l   be  o p e r a t e d  

w i l l   be  s u b s t a n t i a l l y  t h e   same  as  the  o u t l e t   of  the  u p s t r e a m  

h e a t i n g   zone  (which  may  i nc lude   a  s o a k i n g  v e s s e l )   and  is  some 
20-40  °C  h ighe r   than  the  t e m p e r a t u r e   of  the  cracked  product   l e a v i n g  

the  thermal   c o n v e r s i o n   z o n e .  

In  order   to  f a c i l i t a t e   f u r t h e r   p r o c e s s i n g ,   i t   is  p r e f e r r e d   t o  

withdraw  s u b s t a n t i a l l y   a l l  o f   the  gaseous  m a t e r i a l   produced  p r i o r  

to  i n t r o d u c t i o n   of  the  r emain ing   m a t e r i a l  i n t o   the  t h e r m a l  

conve r s ion   zone.  The  gaseous  m a t e r i a l   removed  may  be  s u b j e c t e d   t o  

f u r t h e r   p h y s i c a l   s e p a r a t i o n   t r e a t m e n t ( s )  d e p e n d i n g   on  the  i n t e n d e d  

use  of  the  p r o d u c t s   o b t a i n e d .  



The  hea ted   hydroca rbon   o i l   d e p l e t e d   of  gaseous  m a t e r i a l s  

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

passed   to  the  t h e r m a l  c o n v e r s i o n   zone,  p r e f e r a b l y   a  soaking   v e s s e l ,  

i n - o r d e r   to  c o n t i n u e   the  t he rma l   c o n v e r s i o n   of  yet  u n c o n v e r t e d  

m a t e r i a l   p r e s e n t   t h e r e i n .   I t   is  advan tageous   to  t r a n s p o r t   the  o i l  

to  be  c o n v e r t e d   by  means  of  g r a v i t y   to  the  soaking   v e s s e l   s ince   t h e  

use  of  c o n t r o l - e q u i p m e n t   w i l l   then  be  reduced  or  may  even  not  b e  

n e c e s s a r y   at  a l l .  

Al though   soak ing   v e s s e l s   not  c o n t a i n i n g   i n t e r n a l s   can  be  u s e d  

in  the  p r o c e s s   acco rd ing   to  the  p r e s e n t   i n v e n t i o n ,   p r e f e r e n c e   i s  

given  to  the  use  of  soaking   v e s s e l s   c o n t a i n i n g   i n t e r n a l s   a s  

d e s c r i b e d   i n  E u r o p e a n   p a t e n t   s p e c i f i c a t i o n   7656.  Good  r e s u l t s   w i l l  

be  o b t a i n e d   when  the  bottom  p roduc t   of  the  p h a s e - s e p a r a t o r ,   i . e .  

hea ted   h y d r o c a r b o n   o i l   d e p l e t e d   of  gaseous  m a t e r i a l s ,   is  caused  t o  

flow  upwardly   through  a  s o a k i n g   v e s s e l   p rov ided   wi th   h o r i z o n t a l  

p e r f o r a t e d   p l a t e s ,   which  e f f e c t i v e l y   i n c r e a s e   the  number  of  m i x i n g  

s t a g e s .   The  number  of  p l a t e s   is  p r e f e r a b l y   in  the  range  of  from  1 

to  20.  To  ach ieve   op t ima l   r e s u l t s   with  the  p e r f o r a t e d   p l a t e s ,  

p r e f e r a b l y   1-30%  of  the  p l a t e   a rea   is  occupied   by  f ree   a r e a .  

Because  of  the  f a c t   t h a t   dur ing   the  c r ack ing   p roce s s   the  amount  o f  

vapour  p r o d u c t s   i n c r e a s e s   i t   is  advan tageous   to  ca r ry   out  t h e  

u p f l o w  p r o c e s s   in  a  v e s s e l   in  which  the  p e r c e n t a g e   of  f ree   area  p e r  

p l a t e   i n c r e a s e s   f r o m  t h e   bot tom  upwards.  P r e f e r a b l y ,   the  r a t i o   f r e e  

area   of  top  p l a t e   to  the  f r ee   a rea   of  bottom  p l a t e   is  in  the  r a n g e  
o f   from  2  to  6 .  

I n  o r d e r   to  reduce  or  even  p r e v e n t   the  o c c u r r e n c e   of  o v e r -  

c r a c k i n g   dur ing   r e s i d e n c e   of  the  hea ted   hyd roca rbon   o i l   d e p l e t e d   o f  

gaseous  m a t e r i a l s   in  a  compartmented  soaking  v e s s e l ,   i t   i s  

advan tageous   to  use  a  soaking   v e s s e l   having  i t s   i n t e r i o r   d i v i d e d  

into  a  p l u r a l i t y   of  c o n s e c u t i v e ,   i n t e r c o n n e c t e d   c o m p a r t m e n t s  
where in   h e a t e d   hyd roca rbon   o i l   d e p l e t e d   of  gaseous  m a t e r i a l s   i s  

caused  to  pass  th rough   the  c o n s e c u t i v e   compartments   p r i o r   t o  

w i t h d r a w a l   of  l i q u i d   m a t e r i a l   from  the  soaking   v e s s e l ,   and  w h e r e i n  

gaseous  m a t e r i a l s   p r e s e n t   in  the  compartments   are  c o l l e c t e d   and  



withdrawn  from  the  v e s s e l .   Refe rence   is  made  to  the  use  of  s o a k i n g  

v e s s e l s   as  d e s c r i b e d   in  European  p a t e n t   a p p l i c a t i o n   84201250.  

P r e f e r r e d  e m b o d i m e n t s   of  soak ing   v e s s e l s   provided  with  ga s  

w i thd rawa l   f a c i l i t i e s   comprise  v e r t i c a l l y   ex tending   soaking  v e s s e l s  

wherein   the  o i l   i s  p a s s e d   downwardly  through  the  c o n s e c u t i v e  

compar tments ,   i n  p a r t i c u l a r   through  compartments  made  up  o f  

i n c l i n e d   s e p a r a t i n g   wal ls   w h i l s t   f l u i d   passages   are  p o s i t i o n e d  

below  the  h ighe r   p a r t s   of  the  s e p a r a t i n g   w a l l s ,   which  f l u i d  

passages   are  formed  by  e l onga t ed   open-ended  t u b u l a r   e l e m e n t s  

pa s s ing   through  openings  in  the  s e p a r a t i n g   wal ls   as  d e s c r i b e d   i n  

sa id   European  p a t e n t   a p p l i c a t i o n .   It  is  f u r t h e r m o r e   b e n e f i c i a l   t o  

wi thdraw  the  gas  p r e s e n t   in  the  soaking   v e s s e l   via  openings  in  a 

c e n t r a l   d i s c h a r g e   system.  Also  v e r t i c a l l y   ex tend ing   soaking  v e s s e l s  

where in   the  feed  is  p rocessed   in  upward  flow  can  be  u s e d  

a d v a n t a g e o u s l y .  

The  p r o d u c t . l e a v i n g   the  thermal   c o n v e r s i o n  z o n e   w i l l   n o r m a l l y  

be  s u b j e c t e d   to  p h a s e - s e p a r a t i o n ,   e .g .   by  means  o f  a   cyc lone .   The 

gaseous  p r o d u c t s   can  be  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   and  t h e  

bottom  p roduc t   of  t h e  p h a s e - s e p a r a t o r   can  be  s u b j e c t e d ,   if   d e s i r e d ,  

to  a  f u r t h e r   thermal   conve r s ion   in  a  s u i t a b l e   soaking  v e s s e l   or  c a n  
be  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 .   I t   is  also  p o s s i b l e   to  s u b j e c t  

the  bottom  m a t e r i a l   emanating  from  a  c y c l o n e ,  w h i c h   may  be  m a t e r i a l  

d e p l e t e d  o f   gaseous  m a t e r i a l s   when  s p e c i f i c   soaking  v e s s e l s   a s  
d e s c r i b e d   h e r e i n b e f o r e  h a v e   been  used,   to  a  f u r t h e r   t r e a t m e n t   in  a  

f u r n a c e ,   fo l lowed ,   if  d e s i r e d ,   by  f u r t h e r   cyc lon ic   s e p a r a t i o n   and  

t r a n s p o r t   to  a  f u r t h e r   soaking  v e s s e l .   This  p rocedure   may  b e  

r e p e a t e d   s e v e r a l   times  depending  on  the  product   d e s i r e d .  

It  may be  u s e f u l   to  s u b j e c t   t h e r m a l l y   conver ted   h y d r o c a r b o n  

o i l s   to  quenching  p r i o r   to  the  w i t h d r a w a l   of  gaseous  m a t e r i a l s   i n  

order   to  b r ing   the  t e m p e r a t u r e  o f   such  o i l s   on  the  d e s i r e d   l e v e l   by  

a b s o r b i n g  s o m e   o f  t h e  h e a t   c o n t a i n e d   in  a  co lder   quench  f l u i d .  

S u i t a b l e  q u e n c h  f l u i d s   comprise  the  usua l   quenching  means,  such  a s  
hyd roca rbon   o i l s .   Steam  may  also  be  used  to  a s s i s t   in  p h a s e -  

s e p a r a t i o n .  



While  the  p r e s s u r e   along  the  r e a c t i o n   zone  of  a  f u r n a c e  

c r a c k e r   v a r i e s   a  g r e a t   dea l ,   soaker   c r a c k i n g   has  the  advantage   t h a t  

a  s e l e c t e d   c o n s t a n t   p r e s s u r e   can  be  a p p l i e d .   This  p r e s s u r e   i s  

n o r m a l l y   chosen  up  to  30  b a r  g a u g e ,   p r e f e r a b l y   up  to  15  bar  gauge .  

In  o rde r   to  f a c i l i t a t e   the  t he rma l   c o n v e r s i o n   process   i t   i s  

p o s s i b l e   to  i n t r o d u c e   steam  in to   the  soak ing   v e s s e l   a p p l i e d .   The 

use  of  s team  is  a lso   advan tageous   when  o p e r a t i n g   soaking  v e s s e l s  

p rov ided   wi th   a  ( c e n t r a l )   gas  d i s c h a r g e   s y s t e m .  

The  p r e s e n t   p rocess   w i l l   now  be  f u r t h e r   e l u c i d a t e d  w i t h  

r e f e r e n c e   to  the  F i g u r e .  

A  r e s i d u a l   o i l   f e e d s t o c k   is  passed   th rough   a  l ine   1  to  a  

f u rnace   2  where  i t   i s  h e a t e d   to  a  t e m p e r a t u r e   in  the  range  of  f r o m  

'350-550°C.  The  hot  feed,   a l r e a d y  p a r t i a l l y   c o n v e r t e d ,   is  p a s s e d  

through  a  l i n e   3  to  a  p h a s e - s e p a r a t o r   4.  Gaseous  m a t e r i a l s   a r e  

wi thdrawn  from  the  top  of  the  p h a s e - s e p a r a t o r   (cyc lone)   v ia   a  l i n e  

-5  for   f u r t h e r   p r o c e s s i n g   (not  shown).  The  bo t tom  produc t   d i s c h a r g e d  

from  the  cyc lone   is  passed ,   p r e f e r a b l y   by  g r a v i t y ,   through  a  l i n e   6 

to  a  soak ing   v e s s e l   7  i n  w h i c h  i t   flows  upwards  through  h o r i z o n t a l  

p e r f o r a t e d   p l a t e s   8.  The  cracked  p roduc t   l e aves   the  soaking  v e s s e l  

at  t h e  t o p  v i a   a  l i n e   9  through  which  i t   is  t r a n s f e r r e d   t o  a  

f u r t h e r   p r o c e s s i n g   s tage   which  may  i n c l u d e   a  f u r t h e r   p h a s e -  

s e p a r a t o r   (not   shown)  to  produce   v a l u a b l e   p r o d u c t s   ( g a s o l i n e ,  

h e a t i n g   o i l s   and  f u e l   o i l ) .   I n s t e a d   of  the  soaking   v e s s e l   7  a s  

- d e s c r i b e d   in  t h i s   F i g u r e ,   soaking   v e s s e l s   as  d e s c r i b e d   in  E u r o p e a n  

p a t e n t  a p p l i c a t i o n   84201250  r e f e r r e d   to  h e r e i n b e f o r e   can  also  b e  

a p p l i e d .  

The  f o l l o w i n g   Example  shows  an  embodiment  of  the  p r e s e n t  

i n v e n t i o n   but  t h i s   does  not  r e s t r i c t   the  p r e s e n t   i n v e n t i o n   at  a l l .  

EXAMPLE 

W h e n  o p e r a t i n g   a  c o n v e n t i o n a l   t he rma l   c r a c k i n g   p r o c e s s  ( i . e .   a  

p r o c e s s   not   equ ipped   wi th   the  f a c i l i t y   to  wi thdraw  g a s e o u s  
m a t e r i a l s   between  the  h e a t i n g   zone  and  the  t he rmal   c o n v e r s i o n   z o n e )  

with  a  h igh  s u l p h u r   Middle  East   520  °C+  r e s i d u e   at  a  t e m p e r a t u r e   o f  

450  °C  and  a  p r e s s u r e   of  10  bar ,   us ing   a  soak ing   v e s s e l   h a v i n g  

p e r f o r a t e d   h o r i z o n t a l   p l a t e s ,   the  f o l l o w i n g   p r o d u c t   y i e l d   w i l l  



normally  be  a c h i e v e d :  

When  o p e r a t i n g   a  thermal   c r ack ing   p rocess   in  accordance   w i t h  

the  p re sen t   i n v e n t i o n   ( i . e .   when  the  same  feed  is  s u b j e c t e d   t o  

thermal  c r a c k i n g   us ing  a  cyclone  to  wi thdraw  gaseous  m a t e r i a l s  

produced  p r i o r   to  the  i n t r o d u c t i o n   of  the  remain ing   m a t e r i a l   i n t o  

the  soaking  v e s s e l ,   which  al lows  o p e r a t i n g   at  a  p r e s s u r e   of  2  b a r )  

the  fo l lowing   r e s u l t s   can  be  a c h i e v e d  -   under  o the rwi se   s i m i l a r  

c o n d i t i o n s  -  :  

The  a d d i t i o n a l   b e n e f i t   in  terms  of  " f u e l   r e d u c t i o n "   i s  

e s t ima t ed   to  be  between  0.5  and  1.0  ym  on  f e e d .  



1.  A  p roces s   for  the  c o n t i n u o u s   the rmal   c r a c k i n g   of  h y d r o c a r b o n  

o i l s   by  h e a t i n g   a  h y d r o c a r b o n   o i l   and  caus ing   i t   to  flow  through  a  

the rmal   c o n v e r s i o n   zone,  c h a r a c t e r i z e d   in  t h a t  a t   l e a s t   pa r t   of  t h e  

gaseous  m a t e r i a l s   p r o d u c e d _ d u r i n g   sa id   h e a t i n g   is  wi thdrawn  f r o m  

the  h e a t e d   o i l   p r i o r   to  i t s   i n t r o d u c t i o n   in to   a  t he rmal   c o n v e r s i o n  

z o n e .  

2.  A  p r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  tha t   g a s e o u s  
m a t e r i a l s   produced  are  wi thdrawn  by  means  of  a  p h a s e - s e p a r a t o r   f rom 

a  h y d r o c a r b o n   o i l   which  has  been  hea ted   to  a  t e m p e r a t u r e   b e t w e e n  

350  °C  and  550  °C. 

3.  A  p r o c e s s   a c c o r d i n g   to  c la im  2,  c h a r a c t e r i z e d   in  t ha t   g a s e o u s  

m a t e r i a l s   are  wi thdrawn  by  means  of  a  c y c l o n e .  

4.  A  p roce s s   a c c o r d i n g   to  any  one  of  c laims  1-3,  c h a r a c t e r i z e d   i n  

t h a t   s u b s t a n t i a l l y   a l l   gaseous  m a t e r i a l s   produced  are   w i t h d r a w n .  

5.  A  p roce s s   a c c o r d i n g   to  any  one  of  c la ims  1-4,  c h a r a c t e r i z e d   i n  

t h a t   the  hea ted   h y d r o c a r b o n   o i l   d e p l e t e d   of  gaseous  m a t e r i a l s   i s  

i n t r o d u c e d   by  means  of  g r a v i t y   in to   the  t he rmal   c o n v e r s i o n   z o n e .  

6.  A  p roces s   a c c o r d i n g   to  c la im  5,  c h a r a c t e r i z e d  i n   t h a t   t h e  

hea ted   h y d r o c a r b o n   o i l   d e p l e t e d   of  gaseous  m a t e r i a l s   is  passed   i n  

upward  flow  th rough   a  soaking   v e s s e l   c o n t a i n i n g   i n t e r n a l s   h a v i n g  

h o r i z o n t a l   p e r f o r a t e d   p l a t e s .  

7.  A  p roce s s   a c c o r d i n g   to  c l a i m  6 ,   c h a r a c t e r i z e d   in  t h a t   1-30%  o f  

the  p l a t e   a rea   is  occupied   by  f r ee   a r e a .  

8.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  c la ims  1-5,  c h a r a c t e r i z e d   i n  

t h a t   a  soak ing   v e s s e l   is  used  having   i t s   i n t e r i o r   d i v i d e d   in to   a  

p l u r a l i t y   of  c o n s e c u t i v e ,   i n t e r c o n n e c t e d   compartments   w h e r e i n  

hea t ed   h y d r o c a r b o n   o i l   d e p l e t e d   of  gaseous  m a t e r i a l s   is  caused  t o  

pass  t h rough   the  c o n s e c u t i v e   compartments   p r i o r   to  w i t h d r a w a l  o f  

l i q u i d   m a t e r i a l   from  the  soaking   v e s s e l ,   and  where in   g a s e o u s  
m a t e r i a l s   p r e s e n t   in  the  compar tments   are  c o l l e c t e d   and  w i t h d r a w n  

from  the  v e s s e l .  

9.  A  p r o c e s s   a c c o r d i n g   to  c la im  8,  c h a r a c t e r i z e d   in  t ha t   t h e  

soaking   v e s s e l   compr i ses   i n c l i n e d   s e p a r a t i n g   wa l l s   w h i l s t   f l u i d  



passages   are  p o s i t i o n e d   below  the  h igher   p a r t s   of  the  s e p a r a t i n g  

wa l l s ,   which  f l u i d   passages   are  formed  by  e l onga t ed   open -ended  

t u b u l a r   e lements   pa s s ing   through  openings   in  the  s e p a r a t i n g   w a l l s .  

10.  A  p rocess   a cco rd ing   to  any  one  of  c la ims  1-7,  c h a r a c t e r i z e d   i n  

tha t   the  m a t e r i a l   emanat ing  from  the  t he rmal   conver s ion   zone  i s  

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

11.  A  p rocess   a c c o r d i n g   to  any  one  of  c la ims  1-9,  c h a r a c t e r i z e d   i n  

tha t   steam  is  i n t r o d u c e d   p r i o r   to  the  w i t h d r a w a l   of  ga seous  

m a t e r i a l s   p r o d u c e d .  

12.  A  p rocess   a cco rd ing   to  any  one  of  c la ims  1-11,  c h a r a c t e r i z e d  

in  tha t   the  hea ted   hydrocarbon   o i l   is  s u b j e c t e d   to  quenching  p r i o r  

to  the  w i t h d r a w a l   of  gaseous  m a t e r i a l s   p r e s e n t   t h e r e i n .  

13.  A  p rocess   a cco rd ing   to  any  one  of  c la ims  1-12,  c h a r a c t e r i z e d  

in  that   the  m a t e r i a l   emanating  from  the  thermal   convers ion   zone  i s  

s u b j e c t e d   to  quenching  p r i o r   to  f u r t h e r   p r o c e s s i n g .  

14.  A  p rocess   for  the  con t inuous   the rmal   c r ack ing   of  r e s i d u a l  

f e e d s t o c k s   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 .  

15.  Appara tus   for   the  con t inuous   the rmal   c r a c k i n g   of  h y d r o c a r b o n  

o i l s ,   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   with  p a r t i c u l a r  

r e f e r e n c e   to  the  accompanying  d r a w i n g s .  

16.  Hydrocarbon  m ix tu r e s   whenever  o b t a i n e d   using  a  process   a s  

claimed  in  any  one  of  claims  1 -14 .  
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