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©  Coking  residuum  in  the  presence  of  hydrogen  donor. 

  The  present  invention  provides  a  method  for  treating 
heavy  hydrocarbonaceous  oil  feedstock,  comprising: 

(a)  heating  said  feedstock  to  a  temperature  from  420°C 
to  500°C  in  a  heating  zone  to  form  a  reaction  mass; 

(b)  maintaining  said  reaction  in  a  coking  zone  at  a  tem- 
perature  from  400°C  to  490°C  and  pressure  from  101  kPa  to 
600  kPa  for  a  residence  time  of  from  5  to  60  minutes;  and 

(c)  recovering  liquid  hydrocarbon  products  and  coke 
from  said  coking  zone. 

characterised  in  that:  prior  to  said  heating  step,  said 
heavy  hydrocarbonaceous  feedstock  is  mixed  with  a  hydro- 
gen-donating  hydrocarbon  diluent  boiling  in  a  range  from 
180°C  to  400°C  at  atmospheric  pressure  in  a  ratio  to  said 
feedstock  of  .02:1  to  1.0:1  by  weight  in  a  mixing  zone. 



The  present  invention  relates  to  a  process  for  obtaining  i n c r e a s e d  

yields  of  liquid  hydrocarbons  from  coking  feedstocks  by  introducing  h y d r o g e n -  

donating  hydrocarbon  mater ia l   together   with  the  feedstock.  In  known  d e l a y e d  

coking  processes  a.  gas  oil  and/or  residuum  is  heated  rapidly  to  cok ing  

t empera tu re ,   initiating  thermal   breakdown,  and  passed  into  a  coking  d r u m ,  

where  the  hot  mater ial   cont inues   thermal  breakdown  and  conversion  to  l i g h t e r  

hydrocarbons  and  coke.  Coke  yields  in  such  processes  can'be  as  large  as  30% 

or  more,  and  the  production  of  large  amounts  of  this  low-valued  mater ia l   is 

uneconomic .  

Processes  known  in  the  art  include  the  manufac ture   of  p r e m i u m  

coke,  that  is,  coke  having  a  low  coeff ic ient   of  thermal  expansion  (CTE),  w h i c h  

is  higher-valued  than  convent ional   coke.  

For  example,  in  U.S.  Patent   4  176  046,  McConaghy  described  a  

process  in  which  vacuum  residuum  was  hydrogen  donor  diluent  cracked,   t h e  

cracking  effluent  was  hydrodesulphurised  and  partially  hydrogenated,   and  t h e  

bot toms  were  delay-coked.  The  coker  gas  oil,  boiling  from  316°C  to  4 8 0 ° C ,  

was  recycled  to  be  used  as  donor  diluent.  The  predominantly  a romat ic   n a t u r e  

of  the  bottoms  fed  to  the  coker  accounted  for  the  low  CTE  of  the  p r o d u c t  

coke .  

.An  a l t e r n a t i v e   approach  was  described  by  Kegler  et  al  in  U.S. 

Pa ten t   3  960  704,  in  which  residuum  was  oxidised  at  a  t e m p e r a t u r e   f r o m  

260°C  to  316°C  and  the  resulting  blown  residuum  was  coked  at  454°C  t o  

510°C  with  or  without  a  viscosi ty-reducing  diluent,  for  example  p r e m i u m  

coker  gas  oil.  The  function  of  the  gas  oil  was  strictly  to  reduce  the  v iscos i ty  

of  the  feedstock,  which  was  said  to  render  the  coke  product  easier  to  handle  

than  coke  made  without  diluent  blended  with  the  f e e d s t o c k . .  

The  patent  of  Sooter,  U.S.  Patent   4  385  980,  described  the  coking 

of  pulverised  coal  with  a  hydrogen  donor,  f ract ionating  the  overhead  p r o d u c t s  



of  the  coking  reaction  and  partially  hydrogenating  a  "heavy  recycle  gas  oil" 

f rac t ion   of  use  as  donor  in  the  coker.  The  operat ing  t empera tu re   of  the  c o k e r  

was  said  to  be  in  the  range  450°C  to  550°C.  No  disclosure  of  the  use  of  donor  

diluent  with  other  than  pulverised  coal  was  g iven .  

In  U.S.  Pa t en t   4  213  846,  Sooter  et  al  showed  the  reduction  of  t h e  

CTE  of  delayed  coke  by  using  recycled  hydro t rea ted   gas  oil  with  p r e m i u m  

coker  feedstock  in  a  delayed  coker.  The  gas  oil  s t ream  of  unspecified  boil ing 

range  was  obtained  from  the  coker  liquids,  and  the  coker  was  operated  at  a  

t r ans f e r   line  t e m p e r a t u r e   of  505°C  to  525°C  instead  of  a  normal  (i.e.  non-  

donor)  t e m p e r a t u r e   of  47D°C  to  505°C.  It  was  s ta ted   at  column  2,  lines  48-50  

tha t   there  would  have  been  no  reason  to  carry  out  recycle  hydrotreat ing  i f  

r e g u l a r ,   as  opposed  to  premium,  coke  was  being  produced.  No  comment  was  

made  concerning  coke  y ie ld .  

Wilson  e t  a l ,   .in  U.S.  Patent   3  617  513,  disclosed  a  process  f o r  

conver t ing   coal  into  liquid  hydrocarbon  products.  Coal  was  slurried  with  a  

hydrogen  donor  solvent  boiling  in  the  range  from  177°C  to  482°C,  l iquef ied 

and  the  bottoms,  containing  liquid  l iquefaction  products,   non-liquefied  solid 

coal  par t ic les   and  unconsumed  hydrogen-donor  solvent  was  passed  to  a  f luid 

coking  zone.  No  t e m p e r a t u r e   range  of  operation  of  the  fluid  coking  zone  was  

disclosed,   but  the  examples  of  the  process  were  each  operated  at  538°C.  

Delayed  coking  was  suggested  as  an  a l ternat ive   to  fluid  coking,  but  no 

opera t ing   conditions  were  disclosed.  

In  U.S  Pa t en t   2  953  513,  Langer  disclosed  the  upgrading  of  

pe t ro l eum  residua  by  contac t   with  hydrogen-donating  hydrocarbons  boiling  in  a  

t e m p e r a t u r e   range  from  371°C  to  the  initial  boiling  point  of  the  residua  to  be  

upgraded,   the  react ion  being  carried  on  in  the  liquid  phase,  a t   t e m p e r a t u r e s  

f rom 427°C   to  504°C  and  pressures  from  1.4  MPa  to  6.9  M P a .  

Despite  these  disclosures,  there  remained  a  need  for  a  process  for  

upgrading  residua  at  low  pressures  with  a  reduced  product ion  of  coke.  The 



present  invention  provides  a  method  for  t rea t ing  heavy  hydrocarbonaceous  oil 

feedstock,   compr i s ing :  

(a)  mixing  said  heavy  hydrocarbonaceous   oil  feedstock  and  a  h y d r o g e n -  

donating  hydrocarbon  diluent  boiling  in  a  range  from  180°C  t o  

400°C  at  atmospheric  pressure,  in  a  ratio  compared  to  sa id  

feedstock  of  0.02:1  to  1.0:1  by  weight  in  a  mixing  zone; 

(b)  heating  said  mixture  of  feeds tock  and  h y d r o g e n - d o n a t i n g  

hydrocarbon  diluent  to  a  t e m p e r a t u r e   from  420°C  to  500°C  in  a  

heating  zone  to  form  a  reaction  mass ;  

(c)  maintaining  said  reaction  mass  in  a  coking  zone  at a  t e m p e r a t u r e  

from  400°C  to  490°C  and  pressure  from  101  kPa  to  600  kPa  for  a  

residence  time  of  from  5  to  60  minutes;   and 

(d)  recovering  liquid  hydrocarbon  products   and  coke  from  said  cok ing  

zone .  

The  invention  also  resides  in  a  method  for  reducing  the  amount  o f  

coke  production  in  the  coking  of  heavy  hydrocarbonaceous  oil  f e e d s t o c k ,  

comprising  the  steps  as  listed  above.  

In  this  disclosure  and  claims,  all  references   to  percen tages   a n d  

proportions  are  re ferences   to  percentages   and  proportions  by  weight,  and  

boiling  t e m p e r a t u r e s   refer  to  a tmospher ic   pressure,  unless  o t h e r w i s e  

i nd i ca t ed .  

The  process  of  the  invention  utilises  a  hyd rogen -dona t i ng  

hydrocarbon  diluent  to  provide  sufficient  hydrogen  to  add  to  at  least  a  p o r t i o n  

of  the  radicals  that  are  created  from  the  residuum  feedstock  when  i t   is 

exposed  to  t empe ra tu r e s   in  the  coking  range,  i.e.  from  42D°C  to  500°C:  The  

hydrogen-donat ing   diluent  has  a  boiling  range  from  180°C  to  400°C,  p r e f e r a b l y  

from  200°C  to  350°C,  at  atmospheric  pressure.   Advantageously,  the  donor  

diluent  can  be  a  highly  aromatic  light  cycle  oil  generated  in  a  c a t a l y t i c  



c rack ing   process;  the  oil  is  partially  hydrogena ted   by  known  methods  t o  

produce   a  hydrogen  donor  diluent  containing,  for  example,   tetralin  and  

s u b s t i t u t e d   te tral ins .   P re fe rab ly ,   hydrogen-donat ing   compounds  and  hydrogen  

donor  precursors   together   comprise  at  least  40  pe rcen t   of  the  hydrogen  donor  

d i luent .   Hydrocarbons  boiling  in  the  upper  portion  of  the  a f o r e m e n t i o n e d  

broad  boiling  range,  that  is,  boiling  from  about  350°C  to  400°C,  gene ra l l y  

p a r t i c i p a t e   to  a  minor  degree,  if  at  all,  as  hydrogen-dona t ing   mater ia ls   dur ing 

donor  hydrocracking.   Some  of  those  hydrocarbons,   called  herein  hydrogen  

donor  precursors ,   are  conver ted   during  donor  hydrocracking  into  compounds  

that   can  be  partially  hydrogena ted   to  hydrogen-donat ing   compounds  boiling  in 

the  a f o r e m e n t i o n e d   broad  boiling  range.  Thus  where  a  donor  recycle  is  used  a s  

will  be  described  below,  the  hydrogen-donat ing  diluent  can  advan tageous ly  

include  mate r ia l s   boiling  up  to  400°C.  Compounds  included  in  the  hyd rogen -  

dona t ing   diluent-  that  do  not  ac tua l ly   supply  hydrogen  neve r the les s  have   s o m e  

use fu lness   in  the  process  in  that  they  act  as  diluents  to  reduce  the  viscosity  of  

the  r eac t ion   mass  and  thereby  assist  in  checking  deposit ion  of  coke  on  t h e  

fu rnace   tube  walls.  The  proportion  of  hydrogen-donat ing   hydrocarbon  d i l uen t  

in  r e la t ion   to  the  residuum  feedstock  can  be  from  about  0.02:1  to  1 .0:1,  

p r e f e r a b l y   from  0.15:1  to  0.5:1.  Optionally,  a  portion  of  the  hydrogen  donor  

r e q u i r e m e n t   can  be  supplied  by  recycled  hydrogen  donor  mater ia l   obtained  by 

f r a c t i o n a t i n g   the  coker  liquids  product  and  partially  hydrogenat ing  at  least  a  

por t ion   of  a  180°C  to  400°C  donor  precursor   f ract ion,   or  preferably  a  2 0 0 ° C  

to  350°C  fract ion,   to  produce  a  recycle  hydrogen  donor  mater ia l .   The  ratio  of  

r ecyc l e   hydrogen  donor  mater ia l   to  fresh  hydrogen  donor  mater ia l   can  be  f r o m  

0.1:1  to  2:1.  

The  t e m p e r a t u r e   of.  the  reaction  mass  entering  the  coker  from  a  

t r a n s f e r   tube  can  be  in  the  range  from  420°C  to  500°C,  preferably   from  4 5 0 ° C  

to  500°C.   The  relat ionship  of  time  in  the  heating  zone  and  t e m p e r a t u r e   of  



that   zone  is  governed  by  the  nature  of  the  heavy  hydrocarbonaceous   oil  being 

t r ea t ed .   Oils  that  tend  to  crack  easily  are  kept  for  a  shorter  res idence  time  or  

at  a  lower  t empera tu re ,   or  both,  than  oils  that  are  more  re f rac tory .   The 

heavy  hydrocarbonaceous   oil  feedstock  can  comprise  a  residuum  f r o m  

a tmospher i c   or  vacuum  distillation  of  conventional   crude  oil,  or  an  

a tmospher i c   or  vacuum  residuum  of  heavy  oil  or  bitumen.  Where  the  c o n t e n t  

of  naphthas  and  disti l lates  is  low,  as  in  oil  sands  bitumens,  whole  bitumen  can  

be  used  as  the  feedstock  oil.  Mixtures  of  the  above-ment ioned   oils  can  also  be 

fed  to  the  process.  In  general,  in  t reat ing  a  given  heavy  feedstock,   a  high 

t e m p e r a t u r e   requires  a  short  residence  time  in  the  heating  zone,  as  is  known 

to  those  skilled  in  the  art.  The  t empera tu re   maintained  in  a  coke  drum  is 

general ly   lower  than  the  material   in  the  t ransfer   tube,  and  can  be  from  4 0 0 ° C  

to  490°C,  preferably  from  425°C  to  480°C.  Operating  pressure  can  be  f r o m  

a t m o s p h e r i c ,   i . e .  1 0 1   k P a ,  t o  a b o u t   600  kPa,  p r e f e r a b l y   .from  .200.  k p a - t o  

400  k P a .  

The  liquid  product  mater ia l   obtained  from  an  overhead  stream  o f f  

the  coke  drum  can  be  f ract ionated.   At  least  a  portion  of  a  mater ia l   boiling  in 

the  heavy  gas  oil  range,  i.e.  above  400°C,  can  be  recycled  to  be  mixed  wi th  

fresh  residuum  feedstock.   The  bot toms  r ecyc le - to - f resh   residuum  feed  r a t i o  

can  be  up  to  about  0.4:1.  In  refinery  operation,  a  bottoms  r e c y c l e - t o - f r e s h  

feed  ratio  of  0.1:1  to  0.3:1  is  generally  sufficient  to  remove  the  entire  heavy  

gas  oil  product.  Optionally,  both  hydrogen  donor  mater ia l   and  heavy  gas  oil 

can  be  recyc led .  

The  hold  time  of  react ion  mass  in  the  coke  drum  can  be  from  5 

minutes   to  60  minutes.  In  a  typical  refinery,  delayed  coking  according  to  t h e  

invention  is  performed  using  two  coke  drums  al ternately.   When  one  of  t h e  

drums  is  filled  with  coke,  it  is  d isconnected  from  the  preheating  furnace  and 

the  coke  product  is  discharged  while  the  other  drum  is  being  filled  w i th  



r eac t ion   mass  from  a  p rehea t ing   furnace  via  a  t ransfer   tube.  The  init ial  

r eac t ion   mass  en te r ing   ei ther  coke  drum  after  s tar tup  of  that  drum  is 

sub jec ted   to  a  longer  period  of  exposure  to  coking  condit ions  than  the  l a s t  

r eac t ion   mass  prior  to  shutdown  of  that  drum.  The  method  of  the  invent ion 

can  be  pe r fo rmed   in  such  ref inery  condi t ions.  

Figure  1,  the  single  drawing,  represents   a  p r e f e r r ed   form  of  

appa ra tus   for  carrying  out  the  process  of  the  invent ion.  

Referr ing  to  the  drawing  figure,  in  a  preferred  embodiment   of  t h e  

process   of  the  invention,   vacuum  residuum  feedstock  is  fed  by  lines  11  and  13 

to  surge  drum  2.  Pa r t i a l l y   hydrogenated  light  cycle  oil  is  fed  by  line  12,  and  

blended  with  res iduum  to  be  fed  into  drum  2  by  line  13,  and  optionally  r e c y c l e d  

gas  oil  is  added  by  line  17.  The  resulting  blend  is  taken  through  line  14  to  

coker  preheat ing   furnace   6  where  it  is  heated  to  coking  t e m p e r a t u r e ,   typica l ly  

420°C  to  500°C,  thence   by  line  15  to  coke  drum  7  or  coke  drum  7a.  The  drum 

not  being  filled  at  the  t ime  is  cut  off  from  the  system  by  valves  3  and  4  or  3a  

and  4a.  After  a  sui table   holding  period  in  the  coke  drum,  at  a  t e m p e r a t u r e  

pre fe rab ly   from  40013C  to  480°C,  and  a  pressure  substant ia l ly   lower  than  t h e  

pressure   in  the  p r ehea t i ng   furnace  6,  during  which  period  coker  overheads  a r e  

removed   by  line  16  to  f r a c t i o n a t o r   8  from  which  products  from  gases  to  heavy  

gas  oil  are  wi thdrawn  by  lines  21  to  24,  the  drum  is  taken  out  of  service  and  i t s  

coke  content   removed  via  line  18  or  18a.  Optionally  at  least   a  portion  of 

heavy  gas  oil  boiling  above  4000C  can  be  recycled  via  line  17  for  f u r t h e r  

t r e a t m e n t   in  the  coker ,   and  if  desired,  all  of  the  heavy  gas  oil  can  be  thus  

conver ted   to  l ighter  p e t r o l e u m   products  or  to  coke.  Where  such  stream  is  no t  

recycled ,   it  can  advan tageous ly   be  fed  to  a  fluid  ca ta ly t i c   cracking  zone.  

Optionally  a  portion  of  the  hydrogen  donor  requirement   can  be  satisfied  by 

passing  through  line  19  at  least  a  portion  of  the  gas  oil  f rac t ion   in  line  23 

boiling  between  180°C  and  400°C,  preferably  between  200°C  and  350°C,  



par t ia l ly   hydrogenat ing  the  gas  oil  in  hydrogenation  zone  9  and  recycling  t h e  

resul t ing   recycle  hydrogen  donor  material   through  line  20  to  blend  with  f r e sh  

donor  fed  by  line  12. 

Example   1 

Four  parts  by  volume  of  a  vacuum  residuum  of  conventional   c r u d e  

oil  boiling  above  510°C  was  blended  with  one  part  of  a  mildly  h y d r o t r e a t e d  

light  cycle  oil  boiling  from  180°C  to  3900C  and  one  part  of  coker  recycle  gas  

oil  boiling  above  400°C.  The  gas  oil  served  as  a  diluent  providing  a  l ower  

viscosity  to  the  react ion  mixture,  and  also  entered  into  the  donor  coking 

reac t ion   to  some  extent .   Hydrogen-donat ing  species,  ie.  tetralin  and  

subs t i tu ted   te tral ins ,   comprised  about  35%  by  weight  of  the  cycle  oil.  The  

blend  was  heated  to  493°C  in  a  commerc ia l - sca le   coker  furnace   at  1.48  M P a  

(absolute)   and  passed  through  a  pressure  reducing  valve  into  a  coke  d r u m  

where  the  react ion  mass  was  held  a t .471°C  and  240  kPa  as  the  coke  d rum 

filled  with  coke .   Coker  overheads  were  taken  off  the  f r a c t i o n a t o r   with  y ie lds  

(net  of  the  added  cycle  oil)  shown  as  Run  1  in  Table  1.  The  coke  p r o d u c t  

conta ined   12  percent   Volatile  Combust ible   Matter  (VCM).  A  similar  run  was  

done  with  no  added  cycle  oil,  and  product  yields  are  shown  as  Run  2. 



During  the  operation  in  Run  1  according  to  the  invention,  a b o u t  

12.5  m3/m3  (70  SCFB)  of  hydrogen  was  t ransfer red   to  the  residuum  p r o d u c t s .  

The  Bromine  Number   of  the  gasoline  boiling  range  product  was  decreased  f r o m  

52  in  the  prior  art  operat ion  of  Run  2,  to  43  in  the  process  of  the  i nven t ion ,  

i l lus t ra t ing   a  s ign i f ican t   improvement   in  the  sa turat ion  of  the  gasol ine .  

Examples   2-3  

In  a  l abora to ry   apparatus,   a  series  of  s imulated  delayed  coking  r u n s  

was  pe r fo rmed .   The  apparatus   consisted  of  a  single  reactor   vessel,  p r o v i d e d  

with  means  for  t e m p e r a t u r e   and  pressure  control.  Each  reactor   charge  w a s  

held  at  427°C  and  1.1  MPa  for  five  minutes,  then  the  pressure  was  reduced  t o  

233  kPa  and  the  t r e a t m e n t   was  continued  at  the  above  t empera tu re   f o r  

another   20  minutes .   The  coke  yield  was  normalized  to  12%  v o l a t i l e  

combust ib le   m a t t e r   (VCM)  content   for  the  coke  product  of  each  run.  T h e  

resul ts   are  s u m m a r i z e d   in  Table  2. 

The  process  of  the  invention  is  thus  shown  to  be  ef fect ive   in 

lowering  the  product ion  of  coke  on  both  labora tory-sca le   and  c o m m e r c i a l -  

scale  appara tus .   Additional  advantages  are  that  the  process  produces  a  m o r e  

s a t u r a t e d   gasoline  product  than  conventional  processes,  and  reduces  fouling  o f  

furnace  tubes  in  the  heating  zone .  



1.  A  m e t h o d   f o r   t r e a t i n g   heavy   h y d r o c a r b o n a c e o u s   o i l  

f e e d s t o c k ,   c o m p r i s i n g :  

(a)  h e a t i n g   s a i d   f e e d s t o c k   to  a  t e m p e r a t u r e   f r o m  

420°C   to  500°C  in  a  h e a t i n g   zone  to  form  a  r e a c t i o n   m a s s ;  
(b)  m a i n t a i n i n g   s a i d   r e a c t i o n   in  a  c o k i n g   zone   a t  

a  t e m p e r a t u r e   f rom  4 0 0 ° C   to  490°C  and  p r e s s u r e   f rom  101  k P a  

to  600  kPa  f o r   a  r e s i d e n c e   t i m e   of  f rom  5  to   60  m i n u t e s ;   a n d  

(c)  r e c o v e r i n g   l i q u i d   h y d r o c a r b o n   p r o d u c t s   and  c o k e  

f r o m   s a i d   c o k i n g   z o n e ;  
c h a r a c t e r i s e d   in  t h a t ;   p r i o r   to  s a i d   h e a t i n g   s t e p ,   s a i d  

h e a v y   h y d r o c a r b o n a c e o u s   f e e d s t o c k   i s   m ixed   w i t h   a  

h y d r o g e n - d o n a t i n g   h y d r o c a r b o n   d i l u e n t   b o i l i n g   in  a  r a n g e  
f r o m   180°C  t o  4 0 0 ° C   a t   a t m o s p h e r i c   p r e s s u r e - i n   a  r a t i o  

to   s a i d   f e e d s t o c k   of  . 0 2 : 1   to  1 . 0 : 1   by  w e i g h t   in   a  m i x i n g  

z o n e .  

2.  A  m e t h o d   a c c o r d i n g   to  C la im  1,  w h e r e i n   s a i d  

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

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

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

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

3.  A  m e t h o d   a c c o r d i n g   to  C la im  1  or  2,  w h e r e i n  

s a i d   h y d r o g e n - d o n a t i n g   d i l u e n t   b o i l s   in  a  r a n g e   f r o m  

200°C  to  350°C  at  a t m o s p h e r i c   p r e s s u r e .  
4.  A  me thod   a c c o r d i n g   to  any  of  C l a i m s   1  to  3 ,  

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

m i x e d   w i t h   s a i d   h e a v y   h y d r o c a r b o n a c e o u s   o i l   f e e d s t o c k   i n  

a  r a t i o   to  s a i d   f e e d s t o c k   of  0 . 1 5 : 1   to  0 . 5 : 1 .  

5.  A  m e t h o d   a c c o r d i n g   to  any  of  c l a i m s   1  to  4 ,  

w h e r e i n   s a i d   h e a t i n g   zone   c o n d i t i o n s   i n c l u d e   a  t e m p e r a t u r e  

in  t h e   r a n g e  f r o m   450°C  to  5 0 0 ° C .  

6.  A  me thod   a c c o r d i n g   to  any  of  C l a i m s   1  to  5,  w h e r e i n  

s a i d   p r e s s u r e   in  s a i d   c o k i n g   zone  is   f rom  2 0 0  k P a  t o   4 0 0  

k P a .  



7.  A  m e t h o d   a c c o r d i n g   to  any  of  C l a i m s   1  to  6 ,  

f u r t h e r   c h a r a c t e r i s e d   b y :  

(a)   f r a c t i o n a t i n g   s a i d   r e c o v e r e d   l i q u i d   h y d r o c a r b o n  

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

b e l o w   4 0 0 ° C ,   to   p r o d u c e   a  h e a v y   g a s   o i l   f r a c t i o n   b o i l i n g  

in  a  r a n g e   a b o v e   400°C;   a n d  

(b)  r e c y c l i n g   a t   l e a s t   a  p o r t i o n   of  s a i d   h e a v y  g a s  

o i l   f r a c t i o n   to   s a i d   m i x i n g   z o n e .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m   7,  w h e r e i n   t h e   r a t i o  

of  s a i d   r e c y c l e d   h e a v y   gas  o i l   f r a c t i o n   to  s a i d   h e a v y  

h y d r o c a r b o n a c e o u s   o i l   f e e d s t o c k   i s   f rom  0 . 1 : 1   to  0 . 3 : 1 .  

9.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7  or  8,  w h e r e i n  

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

r e c y c l e d   to   s a i d   m i x i n g   z o n e .  

10.   A  m e t h o d   a c c o r d i n g   to  any  of  c l a i m s   1  to   9 

c h a r a c t e r i s e d   b y :  

(a)   f r a c t i o n a t i n g   s a i d   r e c o v e r e d   l i q u i d   h y d r o c a r b o n  

p r o d u c t s   to   s e p a r a t e   t h e r e f r o m   a  d o n o r   p r e c u r s o r   f r a c t i o n  

b o i l i n g   in   a  r a n g e   f rom  a b o u t   180°C  to  4 0 0 ° C .  

(b)  p a r t i a l l y   h y d r o g e n a t i n g   a t   l e a s t   a  p o r t i o n   o f  

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

d o n a t i n g   m a t e r i a l ;   a n d  

(c)  r e c y c l i n g   s a i d   r e c y c l e   h y d r o g e n - d o n a t i n g   m a t e r i a l  

to  fo rm  a t   l e a s t   a  p o r t i o n   of  s a i d   h y d r o g e n - d o n a t i n g  

d i l u e n t .  

11.  A  m e t h o d   a c c o r d i n g   to  c l a i m   10 ,   w h e r e i n   s a i d  

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

f r e s h   h y d r o g e n - d o n a t i n g   d i l u e n t   f rom  0 . 1 : 1   to  2 : 1 .  
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