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(57)  A  hydrocrackate  (14)  from  a  hydrocracking  zone  (10) 
operating  under  hydrocracking  conditions  is  separated  into 
vapor  phase  has  a  greater  concentration  of  hydrogen  than 
the  minimum  concentration  of  hydrogen  in  the  vapor  phase 
in  the  hydrocraking  zone,  at  least  a  portion  of  the  separated 
vapor  phase  (22)  is  contacted  with  the  feed  side  of  a 
polymeric  membrane  in  a  permeator  (28),  the  membrane 
being  selective  to  the  permeation  of  hydrogen  as  compared 
to  the  permeation  of  methane,  and  the  opposite  side  of  the 
polymeric  membrane  is  maintained  at  a  pressure  sufficiently 
below  the  pressure  at  the  feed  side  of  the  polymeric 
membrane  to  permeate  hydrogen  to  the  opposite  side  of  the 
polymeric  membrane  and  to  provide  a  hydrogen  permeate 
(30)  having  a  concentration  of  hydrogen  greater  than  the 
concentration  of  hydrogen  in  the  separated  vapor  phase  (22) 
and  greater  than  the  concentration  of  hydrogen  feed  gas  (44, 
46).  The  hydrogen  permeate  (30)  is  compressed  and  recycled 
to  the  hydrocracking  zone  (10). 
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This  i nven t ion   r e l a t e s   to  p rocesses   for  c a t a l y t i c a l l y   h y d r o -  

c rack ing   a  hydrocarbonaceous   feed,  and  p a r t i c u l a r l y   to  c a t a l y t i c  

h y d r o c r a c k i n g   p rocesses   in  which  hydrogen  is  recovered  from  t h e  

h y d r o c r a c k a t e   and  is  recycled  to  the  hydroc rack ing   z o n e .  

By  th i s   i nven t ion   there  are  provided  p rocesses   for  h y d r o c r a c k i n g  

hydroca rbonaceous   feed  stocks  which  p rocesses   e x h i b i t   enhanced 

e f f i c i e n c i e s   of  hydrogen  u t i l i z a t i o n .   In  accordance  with  t h e  

p roces se s   of  t h i s   i n v e n t i o n ,   the  enhanced  e f f i c i e n c i e s   of  hydrogen 

u t i l i z a t i o n   can  be  achieved  with  l i t t l e   a d d i t i o n a l   energy  consumpt ion 

over  s i m i l a r   hydrocrack ing   p rocesses   which  do  not  provide  t h e  

enhanced  e f f i c i e n c i e s   of  hydrogen  u t i l i z a t i o n .   Moreover,  t h e  

enhanced  e f f i c i e n c i e s   of  hydrogen  u t i l i z a t i o n   provided  by  t h e  

hyd roc rack ing   p rocesses   of  t h i s   inven t ion   can  be  achieved  w i t h o u t  

undue  d e l e t e r i o u s   e f f e c t s   on  the  maintenance  or  ope ra t ion   of  

equipment  for  e f f e c t i n g   the  h y d r o c r a c k i n g .   F u r t h e r m o r e , e x i s t i n g  

equipment  f o r  e f f e c t i n g   hydroc rack ing   can  r e a d i l y   be  modified  t o  

u t i l i z e   p roces se s   in  accordance  with  th i s   i nven t ion   and,  i '   d e s i r e d ;  

the  t h roughpu t   of  a  hydrocarbonaceous   feed  stock  in  a  h y d r o c r a c k e r  

may  be  i n c r e a s e d   and  the  yield  of  C5+  hydrocarbons   may  also  be 

i n c r e a s e d .   A d d i t i o n a l l y ,   the  p rocesses   of  th i s   inven t ion   may  reduce  

the  amount  of  hydrogen  which  needs  to  be  produced  by,  say,  a  hydrogen 

plant   to  ensure  that   the  hydroc rack ing   zone  has  s u f f i c i e n t   hydrogen 

of  adequate   p u r i t y   to  enable  the  hydroc rack ing   t o  p roceed   in  an 

advantageous   manner .  

Pet ro leum  crude  feed  stocks  conta in   a  broad  range  of  m o l e c u l a r  

weight  components.   F requen t ly ,   the  heavier   f r a c t i o n s   of  t h e  

petroleum  crude  feed  stocks  are  cracked,   i . e . ,   broken  down  i n t o  

.  smaller  molecu les ,   in  order  to  provide  d e s i r a b l e   hyd roca rbonaceous  

p roduc t s ,   e . g . ,   for  d i r e c t   consumer  use  or  as  a  feed  to  o t h e r  

r e f i n e r y   o p e r a t i o n s .   In  recent  years  a  lack  of  a v a i l a b i l i t y   of  h igh 

grade  petroleum  crude  feed  stocks  has  e x i s t e d ,   and  r e f i n e r s   a r e  



t h e r e f o r e   faced  with  using  lower  grade  petroleum  crude  feed  s t o c k s  

which,  for  i n s t a n c e ,   have  g r e a t e r   and  g rea t e r   po r t i ons   of  heavy 

f r a c t i o n s .   Accord ing ly ,   r e f i n e r s   must  e f f e c t i v e l y   use  c r a c k i n g  

p rocesses   in  order  to  use  these  a v a i l a b l e   petroleum  crude  f eed  

stocks  to  make  highly  sought  petroleum  p roduc t s .   One  of  t h e  

advantageous   c racking  p rocesses   is  hydrocrack ing   in  which  f r e e  

hydrogen,   i . e . ,   atomic  or  molecular   hydrogen  ( h e r e i n a f t e r   r e f e r r e d  

to  as  " h y d r o g e n " ) ,   is  present   during  a  c a t a l y t i c a n y - p r o m o t e d   c r a c k -  

i n g  p r o c e s s .   The  hydrogen  serves   several   important   f u n c t i o n s .   The 

hydrogen  can,  under  c e r t a i n   c o n d i t i o n s ,   react   with  p o l y c y c l i c  

aromatic   components  which  are  g e n e r a l l y   r e l a t i v e l y   ine r t   to  c r a c k i n g ,  

to  conver t   the  po lycyc l i c   a romat ics   to  compounds  which  can  be  c r a c k e d  

more  r e a d i l y .   The  hydrogen  can  reduce  the  p roduc t ion   of  u n s a t u r a t e d  

hydroca rbons .   Moreover,  the  hydrogen  can  reduce  the  format ion  of  t a r  

and  coke  during  the  hydrocrack ing   p rocess .   Hence,  the  hydrogen  can 

minimize  the  p roduc t ion   of  less  s a l e a b l e   by -p roduc t s   as  well  as  

minimize  the  rate  of  d e a c t i v a t i o n   of  c a t a l y s t   used  to  e f f e c t   t h e  

h y d r o c r a c k i n g .   For  example,  it  has  been  e s t imated   that   a  one  p e r c e n t  

i nc rease   in  hydrogen  pu r i ty   in  a  hydrocracker   may,  under  c e r t a i n  

c i r c u m s t a n c e s ,   i nc rease   the  cycle  length  between  h y d r o c r a c k i n g  

c a t a l y s t   r e g e n e r a t i o n   by.about   one  pe rcen t .   Also,  an  i nc rease   in  

hydrogen  pur i ty   can  inc rease   the  C5+  yield  from  the  h y d r o c r a c k e r .  

In  order  to  achieve  these  r e s u l t s ,   a  r e l a t i v e l y   high  hydrogen  

p a r t i a l   p ressure   must  be  main ta ined   throughout   the  h y d r o c r a c k i n g  

r eac t i on   zone.  Thus,  hydrocrack ing   can  be  an  extremely  l a r g e  

consumer  of  hydrogen  within  a  r e f i n e r y   o p e r a t i o n ,   and  the  hydrogen  

must  be  suppl ied   by  a  source  ex te rna l   from  the  hyd roc racke r .   In  

many  r e f i n e r i e s ,   at  l eas t   a  por t ion   of  the  hydrogen  is  provided  by 

the  p roduc t ion   of  hydrogen  from  hydrocarbon  in  a  hydrogen  p l a n t .  

F r equen t ly ,   a  s i g n i f i c a n t   por t ion   of  the  hydrogen  for  h y d r o c r a c k i n g  

is  provided  by  hydrogen-produc ing   o p e r a t i o n s   within  the  r e f i n e r y ,  

e . g . ,   c a t a l y t i c   re forming.   However,  as  lower  grade  petroleum  c r u d e  

feed  s tocks   may  need  to  be  used  by  the  r e f i n e r y   not  only  will  a 

g r e a t e r   por t ion   of  the  feed  stock  need  to  be  sub jec ted   t o  

hydroc rack ing   to  provide  the  sought  petroleum  products   ( t h e r e b y  

r e q u i r i n g   an  inc reased   hydrocrack ing   throughput   and  demand  f o r  

hydrogen) ,   but  also  the  q u a n t i t y   and  pur i ty   of  hydrogen  p roduced  

during  c a t a l y t i c   reforming  will  u sua l l y   be  dec reased .   C o n s e q u e n t l y ,  



an  increase   in  hydrogen  p roduc t ion   from  the  hydrogen  plant  may  be 

nece s sa ry .   The  hydrogen  p l an t ,   however,  d i v e r t s   va luable   h y d r o c a r b o n s  

from  otherwise  more  useful   forms  into  the  product ion   of  hyd rogen .  

In  order  to  reduce  the  demand  for  hydrogen  from  a  hydrogen  p l a n t  

it  is  gene ra l ly   des i red   to  not  use  the  hydrogen  on  a  once  t h r o u g h  

b a s i s ,   but  r a t h e r ,   to  recycle   hydrogen  to  the  hydrocracking   zone .  

Accord ing ly ,   in  most  i n s t a n c e s ,   a  por t ion   of  the  hydrogen  i s  

recovered  from  the  e f f l u e n t   ( hyd roc racka t e )   from  the  h y d r o c r a c k i n g  

zone  by  a  g a s - l i q u i d   s e p a r a t i o n   with  the  separa ted   vapor  phase  b e i n g  

recycled  to  the  hydrocrack ing   zone.  Under  c e r t a i n   cond i t ions   t h e  
c o n c e n t r a t i o n   of  hydrogen  in  the  separa ted   vapor  phase  may  be  as  h igh  

as  80  or  more  volume  percent   and  thus  be  d i r e c t l y   useful   for  r e c y c l i n g  

to  the  hydrocracking  zone  due  to  i t s   high  hydrogen  c o n c e n t r a t i o n .  

Although  recyc l ing   hydrogen  from  the  hydroc racka te   to  the  h y d r o -  

cracking  zone  may  decrease   the  need  fo r   fresh  hydrogen  feed,  a  s t i l l  

s i g n i f i c a n t   demand  may  be  placed  on  the  hydrogen  plant  to  p r o v i d e  

s u f f i c i e n t " f r e s h   hydrogen  for  the  hydrocracking   and  to  ensure  t h a t  

s u i t a b l e   hydrogen  p a r t i a l   p r e s su re s   are  maintained  in  the  h y d r o -  

cracking  zone .  

Although  recyc l ing   hydrogen  from  the  hydrocracka te   to  t h e  

hydrocracking   zone  has  proven  to  be  b e n e f i c i a l ,   f u r t he r   e f f i c i e n c i e s  

of  hydrogen  u t i l i z a t i o n   are  s t i l l   sought.   It  is  des i red   that  t h e  

enhanced  e f f i c i e n c i e s   of  hydrogen  u t i l i z a t i o n   be  provided  by  means 

which  are  compatible  with  the  hydrocrack ing   process  and  do  no t  

adverse ly   a f fec t   the  hydrocracker   throughput   or  the  overall   e conomics ,  

inc luding   capi ta l   expend i t u r e s   and  opera t ing   expend i tu re s   ( i n c l u d i n g  

maintenance  and  energy  consumption)  of  the  hydrocracking  p r o c e s s .  

Membranes  have  been  proposed  for  gas  s e p a r a t i o n s   inc luding  t h e  

s e p a r a t i o n   of  hydrogen  from  other  gases.   Henri,  for  i n s t ance ,   in  

B r i t i s h   Patent  App l i ca t ion   2,055,152A  broadly  proposes  the  use  of  

membranes  for  the  enrichment  of  i n d u s t r i a l   gases  from  h y d r o c r a c k i n g  

u n i t s .   Henri  suggests   only  that  membranes  might  be  useful  in  

p rocess ing   gases  from  hydrocracking   ope ra t ions   but  does  not  d i s c l o s e  

any  of  the  s p e c i f i c s   which  are  necessa ry   in  order  to  provide  an 

operab le ,   e f f i c i e n t   hydrocracking   p r o c e s s .  

In  accordance  with  th is   i nven t ion ,   hydrocracking   processes   a r e  

provided  which  can  exh ib i t   an  enhanced  u t i l i z a t i o n   of  hydrogen.  In  

the  processes   of  th is   invent ion   polymeric  membranes  are  employed  t o  



recover  hydrogen  as  a  hydrogen  permeate  from  at  least   a  por t ion   of  a 

h y d r o g e n - r i c h   vapor  phase  s epa ra t ed   by  g a s - l i q u i d   s e p a r a t i o n   from  t h e  

hydroc racke r   ( h e r e a f t e r   " s e p a r a t e d   vapor  phase") .   The  s e p a r a t e d  

vapor  phase  is  s u b s t a n t i a l l y   in  e q u i l i b r i u m   with  the  l i qu id   phase  

from  which  it  is  s epa ra t ed   and  is  at  a  s u f f i c i e n t l y   low  t e m p e r a t u r e  

and  a  s u f f i c i e n t l y   high  p re s su re   that   the  c o n c e n t r a t i o n   of  hydrogen  

in  the  s e p a r a t e d   vapor  phase  is  g r e a t e r   than  the  minimum  hydrogen  

c o n c e n t r a t i o n   in  the  vapor  phase  in  the  hydrocracking   zone 

(hyd roc rack ing   vapor  phase) .   At  l eas t   a  por t ion  of  the  s e p a r a t e d  

vapor  phase  con tac t s   the  f e e d - s i d e   of  the  polymeric  membrane,  and 

the  hydrogen  permeate  is  obta ined  at  the  opposi te   s ide ,   i . e . ,  

permeate  exi t   s ide ,   of  the  membrane.  The  hydrogen  permeate  has  a 

g r e a t e r   c o n c e n t r a t i o n   of  hydrogen  than  the  c o n c e n t r a t i o n   of  hydrogen 

in  the  s epa ra t ed   vapor  phase  and  a  g r ea t e r   hydrogen  pu r i ty   than  t h e  

hydrogen  feed  gas  to  the  hydroc rack ing   zone.  The  hydrogen  pe rmea te  

having  the  high  hydrogen  c o n c e n t r a t i o n   is  compressed  to  a  s u f f i c i e n t  

p ressure   for  passage  to  the  hydroc rack ing   zone  and  is  passed  to  t h e  

hydroc rack ing   zone  as  a  po r t ion   of  the  to ta l   hydrogen  feed  gas  t o  

the  hydroc rack ing   z o n e .  

The  p rocesses   of  th i s   i nven t ion   have  been  found  to  provide  many 

advan tages .   For  i n s t a n c e s ,   the  hydrogen  c o n c e n t r a t i o n   of  the  hydrogen 

permeate  is  g e n e r a l l y   very  high  due  to  the  high  hydrogen  c o n c e n t r a t i o n  

of  the  s epa ra t ed   vapor  phase  fed  to  the  membrane.  Hence,  the  h i g h l y -  

pure  hydrogen  permeate  can  o f f - s e t   the  demand  for  hydrogen  from  t h e  

hydrogen  plant   to  provide  a  hydrogen  feed  gas  having  an  a d e q u a t e  

c o n c e n t r a t i o n   of  hydrogen  to  mainta in   a  des i red   hydrogen  p a r t i a l  

p ressure   in  the  hydrocrack ing   zone.  Thus,  the  combinat ion  of  t h e  

hydrogen  permeate  with  less  pure  h y d r o g e n - c o n t a i n i n g   s treams  f rom,  

say,  c a t a l y t i c   r e fo rmers ,   h y d r o t r e a t e r s ,   e t c . ,   would  provide  a 

combined  gas  having  a  c o n c e n t r a t i o n   of  hydrogen  g r e a t e r   than  the  l e s s  

pure  h y d r o g e n - c o n t a i n i n g   s t reams.   The re fo re ,   a  l e s se r   amount  of  

hydrogen  from  a  hydrogen  plant   per  unit   volume  of  the  less  pu re  

h y d r o g e n - c o n t a i n i n g   stream  need  be  employed.  Moreover,  s ince  t h e  

separa ted   vapor  phase  fed  to  the  membrane  has  a  high  hydrogen  p a r t i a l  

p r e s s u r e ,   an  advantageous  d r iv ing   force  for  the  permeat ion  of  hydrogen 

through  the  membrane  can  be  ach ieved .   With  advantageous  d r i v i n g  

forces  for  the  permeation  of  hydrogen,  d e s i r a b l e   ra tes   of  hydrogen  

permeation  can  be  achieved  such  t h a t ,   say,  a  r e l a t i v e l y   smal l  



membrane  area  need  be  employed  ( thereby  reducing  cap i t a l   costs)   and /  

or  d e s i r a b l y   high  c o n c e n t r a t i o n s   of  hydrogen  in  the  hydrogen  pe rmea t e  

can  r ead i ly   be  obta ined  and/or   the  hydrogen  permeate  can  be  at  a 

d e s i r a b l y   high  p r e s su re   to  minimize  recompress ion  costs   for  r e c y c l i n g  

the  hydrogen  permeate  to  the  hydrocrack ing   zone.  Fur thermore,   t h e  

inc reased   c o n c e n t r a t i o n   of  hydrogen  provided  by  the  hydrogen  pe rmea te  

of  t h i s   inven t ion   can  also  be  u t i l i z e d   to  i nc rease   the  hydrogen 

p a r t i a l   p ressure   in  the  hydrocrack ing   zone  and/or  i nc rease   h y d r o -  

carbonaceous  feed  th roughput   in  the  hydrocrack ing   zone.  In  f ac t ,   in  

some  i n s t a n c e s ,   the  rate  of  hydrogen  suppl ied  to  the  h y d r o c r a c k i n g  

zone  in  the  t o t a l   hydrogen  feed  gas  may  be  decreased  w i t h o u t  

dec reas ing   the  hydrocarbonaceous   feed  throughput   in  the  h y d r o c r a c k i n g  

zone.  Also,  higher  hydrogen  c o n c e n t r a t i o n s   in  the  hydrogen  feed  gas  
(at  a  given  hydrocarbonaceous   feed  throughput)   can  enable  the  use  of 

lower  p r e s su re s   in  the  hydrocrack ing   zone.  Thus  savings  in 

compression  expenses  to  operate   the  hydrocracking   zone  may  be 

r e a l i z e d .   Hence,  enhanced  e f f i c i e n c i e s   of  hydrogen  u t i l i z a t i o n   can 

be  r ead i ly   achieved  by  the  p rocesses   of  th is   inven t ion   w i t h o u t  

unduly  d e l e t e r i o u s l y   a f f e c t i n g   the  hydrocracking   o p e r a t i o n .  

The  advantages  which  may  be  provided  by  aspec ts   of  the  p r o c e s s e s  

of  th is   invent ion   may  be  r e l a t ed   not  only  to  the  enhanced  u t i l i z a t i o n  

of  hydrogen  but  also  to  the  removal  of  p o t e n t i a l l y   d e l e t e r i o u s   g a s e s  
in  the  separa ted   vapor  phase.  For  example,  the  h y d r o c a r b o n a c e o u s  

feed  may  contain  n i t r o g e n - b e a r i n g   components  which,  when  c r a c k e d ,  

yie ld   free  n i t r o g e n .   Free  n i t rogen   and  hydrogen  can  react  under  t h e  

hydrocracking   cond i t i ons   to  produce  ammonia  which  tends  to  d e a c t i v a t e  

many  hydrocracking   c a t a l y s t s .   With  hydrocarbonaceous   f e e d s  

con ta in ing   n i t r o g e n - b e a r i n g   components,  the  hydroc racka te   w i l l  

conta in   n i t r o g e n ,   and  a  por t ion   of.  that   n i t rogen   will  be  s e p a r a t e d  

from  the  l iquid   phase  and  thus  be  contained  in  the  separa ted   vapor  

phase.  I f  t h i s   n i t r o g e n - c o n t a i n i n g . s e p a r a t e d   vapor  phase  were 

.  d i r e c t l y   recycled  to  the  hydrocracking   zone,  a  bu i ld-up   of  n i t r o g e n  

may  r e su l t   which  may  cause  an  increase   in  the  product ion  of  ammonia 

and  a  more  rapid  d e a c t i v a t i o n   of  the  c a t a l y s t .   In  an  aspect  of  t h i s  

i n v e n t i o n ,   the  separa ted   vapor  phase  may  be  passed  to  a  membrane 

which  is  s e l e c t i v e   to  the  permeation  of  hydrogen  as  compared  to  t h e  

permeation  of  n i t rogen   such  that  the  hydrogen  permeate  conta ins   v e r y  
l i t t l e   n i t r o g e n .   The  r ecyc l ing   of  the  hydrogen  permeate  to  t h e  



h y d r o c r a c k i n g   zone  would  not,  t h e r e f o r e ,   r e su l t   in  an  u n d e s i r a b l e  

b u i l d - u p   of  n i t rogen   in  the  hydroc rack ing   zone .  

In  the  p rocesses   of  th is   i n v e n t i o n ,   a  hydrocarbonaceous   feed  i s  

cracked  in  a  hydrocrack ing   zone  in  the  presence  o f  hydrogen   and 

h y d r o c r a c k i n g   c a t a l y s t   under  hydroc rack ing   c o n d i t i o n s .   Hydro-  

ca rbonaceous   feeds  s u i t a b l e   for  hydroc rack ing   inc lude  pe t ro leum-   o r  

c o a l - b a s e d   hydrocarbon  s t o c k s . '   Usual ly   the  hydrocarbonaceous   feed  t o  

a  h y d r o c r a c k i n g   ope ra t i on   r e s u l t s   from  a  f r a c t i o n a t i o n   of  a  c rude  

stock  and  comprises  tha t   f r a c t i o n   b o i l i n g   above  about  200°C  and  may 
inc lude   r e s idua l   s tocks  having  at  l eas t   about  10  percent   by  volume 

b o i l i n g   above  550°C.  F requen t ly ,   the  hydrocarbonaceous   feed  to  t h e  

h y d r o c r a c k i n g   zone  is  t r e a t e d   with  hydrogen  to  accomplish  d e s u l f u r i z a -  

t i o n ,   d e m e t a l i z a t i o n ,   d e n i t r o g e n a t i o n   and  the  l ike  in  order  to  remove 

components  which  may  adverse ly   a f f e c t   the  hydrocrack ing   c a t a l y s t   o r  

may  be  u n d e s i r a b l e   in  the  h y d r o c r a c k a t e .  

The  hydrocarbonaceous   feed  is  u sua l l y   below  the  t empera tu re   o f  

the  hyd roc rack ing   zone  and  t h e r e f o r e   may  often  be  heated  to  about  t h e  

t e m p e r a t u r e   of  the  hydrocrack ing   zone  pr ior   to  being  in t roduced   i n t o  

the  hyd roc rack ing   zone.  The  t empera tu re   of  the  h y d r o c a r b o n a c e o u s  

feed  p r io r   to  being  in t roduced   into  the  hydrocrack ing   zone  i s  

p r e f e r a b l y   below  that   which  promotes  t he rmocrack ing ,   at  l eas t   p r i o r  

to  the  i n t r o d u c t i o n   of  the  hydrocarbonaceous   feed  into  the  h y d r o -  

c rack ing   zone,  since  the rmocrack ing   may  often  produce  cracked  p r o d u c t s  

which  are  less  d e s i r a b l e   than  those  obta ined  through  h y d r o c r a c k i n g .  

The  t empera tu re   of  the  hydrocrack ing   zone  is  f r e q u e n t l y   at  l e a s t  

about  2500  or  270°C  and  may  range  up  to  about  700°  or  750°C.  In  most 

i n s t a n c e s ,   the  t empera tu re   of  the  hydrocrack ing   zone  is  about  300°  or  
350°C  to  about  450°C.  Usually  the  t o t a l   p ressure   in  the  h y d r o c r a c k i n g  

zone  is  at  leas t   about  45,  say,  about  50  to  about  200  or  250 

a tmospheres   a b s o l u t e .  

Gene ra l ly ,   the  hydrocarbonaceous   feed  is  admixed  with  at  l eas t   a 

por t ion   of  the  hydrogen  feed  gas  pr ior   to  i n t roduc ing   the  h y d r o -  

ca rbonaceous   feed  into  the  hydrocrack ing   zone.  The  hydrogen  feed  gas  

is  d e s i r a b l y   provided  in  an  amount  s u f f i c i e n t   to  e f f ec t   the  h y d r o -  

c racking   r e a c t i o n s   and  to  provide  a  s u f f i c i e n t   hydrogen  p a r t i a l  

p r e s su re   throughout   the  hydrocrack ing   r eac t ion   zone  to  avoid  undu ly  

rapid  coking  and  d e a c t i v a t i o n   of  the  hydrocrack ing   c a t a l y s t .   U s u a l l y  

in  order  to  maintain  the  des i red   hydrogen  p a r t i a l   p r e s s u r e ,   the  amount 



of  hydrogen  provided  to  the  hyd roc rack ing   zone  is  s u b s t a n t i a l l y  

g r e a t e r   than  the  amount  of  hydrogen  consumed  in  the  h y d r o c r a c k i n g  

r e a c t i o n s .   The  amount  of  hydrogen  provided  to  the  h y d r o c r a c k i n g  

zone  is  u s u a l l y   about  0.05  to  10,  p r e f e r a b l y ,   about  0.1  to  5,  Nm3, 

normal  cubic  meters  (Nm3)  per  l i t e r   of  hydrocarbonaceous   feed.   The 

hydrogen  feed  gas  f r e q u e n t l y   c o n t a i n s   at  leas t   about  75,  p r e f e r a b l y  

at  l eas t   about  80,  volume  pe rcen t   of  hydrogen.  G e n e r a l l y ,   w i t h  

lower  p r e s s u r e s   in  the  h y d r o c r a c k i n g   zone,  higher  hydrogen  c o n c e n -  

t r a t i o n s   in  the  hydrogen  feed  gas  are  d e s i r e d .   The  hydrogen  feed  gas  

to  the  h y d r o c r a c k i n g   zone  is  p r e f e r a b l y   heated  to  a p p r o x i m a t e l y   t h e  

t e m p e r a t u r e   of  the  hyd roc rack ing   zone  pr ior   to  being  i n t roduced   i n t o  

t h e  h y d r o c r a c k i n g   zone.  Often,   in  order  to  ensure  a  good  d i s p e r s i o n  

of  the  hydrogen  with  the  hydroca rbonaceous   feed,  the  hydrogen  f e e d  -  

gas  and  hydroca rbonaceous   feed  are  admixed  pr ior   to  being  i n t r o d u c e d  

into  the  hyd roc rack ing   z o n e .  

The  hydroca rbonaceous   feed  g e n e r a l l y   con tac t s   the  h y d r o c r a c k i n g  

c a t a l y s t   at  a  l i qu id   hourly  space  v e l o c i t y   (the  volume  of  l i q u i d  

hydroca rbonaceous   feed  at  20°C  per  volume  of  c a t a l y s t   within  t h e  

r e a c t i o n   zone)  of  about  0.1  to  10,  e . g . ,   about  0.5  to  5,  r e c i p r o c a l  

hours .   Any  s u i t a b l e   h y d r o c r a c k i n g   c a t a l y s t   may  be  u t i l i z e d ,   and ,  

g e n e r a l l y ,   h y d r o c r a c k i n g   c a t a l y s t s  c o m p r i s e   one  or  more  m e t a l l i c  

components  s e l e c t e d   from  Groups  VI-A  and  VIII  of  the  p e r i o d i c   t a b l e  

of  e l emen t s .   F requen t ly   the  c a t a l y s t   comprises  at  l e a s t   one  m e t a l ,  

metal  oxide,   or  metal  sa l t   of  chromium,  molybdenum,  t u n g s t e n ,   i r o n ,  

c o b a l t ,   n i c k e l ,   ru thenium,   rhodium,  pa l lad ium,   osmium,  i r i d ium,   and 

pla t inum  on  a  suppor t .   The  support   for  the  m e t a l l i c   components  f o r  

h y d r o c r a c k i n g   c a t a l y s t s   is  u s u a l l y   an  inorganic   oxide,   and  may 

p r e f e r a b l y   be  of  an  ac id ic   n a t u r e .   Included  within  s u i t a b l e  

ino rgan ic   oxides  are  alumina,   s i l i c a ,   c r y s t a l l i n e   alumina  s i l i c a t e s ,  

and  the  l i k e .   The  c a t a l y s t   may,  for  i n s t ance ,   be- in   a  f ixed  bed  in  

the  h y d r o c r a c k i n g   zone  or  moving  bed.  or  f l u i d i z e d   bed  o p e r a t i o n s   may 

.be  employed.  Also,  the  c a t a l y s t   may  be  in  a  suspens ion   and  p a s s e d  

through  the  r e a c t i o n   zone  as  a  s l u r r y .  

The  hyd roc rack ing   zone  con ta ins   l iqu id   phase  and 

h y d r o c r a c k i n g   vapor  phase  c o n s t i t u e n t s .   P r e f e r a b l y ,   the  minimum 

c o n c e n t r a t i o n   of  hydrogen  in  the  hydrocracking   vapor  phase  is  a t  

l eas t   about  65  volume  p e r c e n t .   The  minimum  c o n c e n t r a t i o n   of  hydrogen  

in  the  hyd roc rack ing   vapor  phase  is  approximated  by  the  c o n c e n t r a t i o n  



of  hydrogen  in  the  vapor  phase  of  the  h y d r o c r a c k a t e   at  the  c o n d i t i o n s  

of  the  hyd roc rack ing   zone.  In  many  i n s t a n c e s ,   the  minimum 

c o n c e n t r a t i o n   of  hydrogen  in  the  hydroc rack ing   vapor  phase  is  a b o u t  

65  to  85,  say,  70  to  80,  volume  p e r c e n t .   The  h y d r o c r a c k a t e  e x i t i n g  

the  h y d r o c r a c k i n g   zone  con t a in s   s u b s t a n t i a l   amounts  of  hydrogen  in  a 

vapor  phase  as  well  as  d i s s o l v e d   in  the  l i qu id   phase  of  the  h y d r o -  

c r a c k a t e .  

The  h y d r o c r a c k a t e  i s   passed  to  a  g a s - l i q u i d   s e p a r a t o r   in  o r d e r  

to  recover   a  s u b s t a n t i a l   p o r t i o n   of  the  hydrogen.   In  accordance   w i t h  

the  p r o c e s s e s   of  t h i s   i n v e n t i o n ,   the  g a s - l i q u i d   s e p a r a t i o n   i s  

conducted   to  provide  a  s e p a r a t e d   vapor  phase  s u b s t a n t i a l i y   i n  

e q u i l i b r i u m   with  the  l iqu id   phase  from  which  it  is  s e p a r a t e d ,   t h e  

s e p a r a t e d   vapor  phase  being  at  a  s u f f i c i e n t l y   low  t e m p e r a t u r e   and  a t  

a  s u f f i c i e n t l y   high  p r e s su re   t ha t   the  s e p a r a t e d   vapor  phase  c o m p r i s e s  

a  g r e a t e r   c o n c e n t r a t i o n   of  hydrogen  than  the  minimum  c o n c e n t r a t i o n  

of  hydrogen  in  the  hyd roc rack ing   vapor  phase.  Most  f r e q u e n t l y ,   t h e  

t e m p e r a t u r e   of  the  g a s - l i q u i d   s e p a r a t i o n   is  below  about  70°C,  e . g . ,  
20°  to  70°C,  say,  about  20°  to  50°  or  55°C.  Usua l ly ;   the  p r e s su re   o f  

the  s e p a r a t e d   vapor  phase   is  at  l e a s t   about  0.5  t imes  the  p r e s s u r e  

in  the  hyd roc rack ing   zone.  More  f r e q u e n t l y ,   the  p r e s s u r e   of  t h e  

s e p a r a t e d   vapor  phase  is  up  to  about  the  p re s su re   in  the  h y d r o c r a c k -  

ing  zone,  e . g . ,   about  0.9  to  1  t imes  the  p re s su re   in  the  h y d r o c r a c k -  

ing  zone.  The  s epa ra t ed   vapor  phase  may  be  at  a  p r e s s u r e   g r e a t e r  

than  t ha t   of  the  hyd roc rack ing   zone;  however,  the  expense  o f  

compress ion   to  achieve  such  p r e s s u r e s   is  g e n e r a l l y   not  e c o n o m i c a l l y  

j u s t i f i a b l e .   P a r t i c u l a r l y   in  i n s t a n c e s   in  which  a  po r t i on   of  t h e  

s e p a r a t e d   vapor  phase  is  r ecyc led   to  the  hyd roc rack ing   zone  w i t h o u t  

c o n t a c t i n g   the  membrane,  p r e s s u r e   losses   to  the  vapor  phase  a r e  

p r e f e r a b l y   minimized  to  reduce  r ecompress ion   r e q u i r e m e n t s .   O f t e n ,  

the  s e p a r a t e d   vapor  phase  has  a  hydrogen  c o n c e n t r a t i o n   of  at  l e a s t  

about  70,  say,  at  l eas t   about  75,  e . g . ,   75  to  85  or  90,  volume 

p e r c e n t .  

The  g a s - l i q u i d   s e p a r a t i o n   may  be  conducted  in  any  s u i t a b l e  

manner.  For  i n s t a n c e ,   the  h y d r o c r a c k a t e   may  be  cooled  to,   s a y ,  

below  about  70°C  and  then  the  vapor  and  l iqu id   phases  s e p a r a t e d ,   o r  

the  s e p a r a t i o n   may  proceed  in  a  s e r i e s   of  s t eps .   For  example,  t h e  

h y d r o c r a c k a t e ,   at  an  e l eva t ed   t e m p e r a t u r e ,   may  be  s e p a r a t e d   into  a 

f i r s t   l i qu id   phase  and  a  f i r s t   vapor  phase.   The  f i r s t   vapor  phase  i s  



then  cooled  to  below  about  70°C  thereby  r e s u l t i n g   in  the  f o r m a t i o n  

of  a  condensed  l i q u i d ,   and  these  vapor  and  l iquid   phases  are  t h e n  

s e p a r a t e d .   The  l a t t e r   g a s - l i q u i d   s e p a r a t i o n   procedure  may  be 

advantageous   in  c e r t a i n   i n s t a n c e s   to  minimize  heat  exchanger  

r equ i r emen t s   since  a  smaller   volume  of  f lu id   need  be  cooled  t o  

t e m p e r a t u r e s   below  about  70°C.  Any  s u i t a b l e   g a s - l i q u i d   s e p a r a t i o n  

appa ra tu s   may  find  use  in  the  process   such  as  knock-out  p o t s  

( g r a v i t y   s e p a r a t o r s ) ,   impingement  s e p a r a t o r s ,   cyclonic  s e p a r a t o r s ,  

and  t h e  l i k e .  

At  leas t   a  port ion  of  the  s epa ra ted   vapor  phase  from  the  g a s -  

l iqu id   s epa ra to r   is  contac ted   with  the  polymeric  membrane  to  o b t a i n  

a  hydrogen  permeate.  For  i n s t a n c e ,   the  separa ted   vapor  phase  may  be 

s p l i t   into  two  s treams,   one  of  which  is  d i r e c t l y   recycled  to  t h e  

hydroc rack ing   zone  and  the  other  of  which  is  contacted   with  t h e  

polymeric  membrane.  A l t e r n a t i v e l y ,   all  of  the  separa ted   vapor  phase 

may  be  passed  to  the  polymeric  membrane.  When  t h e  s e p a r a t e d   vapor  

phase  is  s p l i t   into  two  s t reams,   the  por t ion   of  the  separa ted   vapor  

phase  which  is  contacted  with  the  polymeric  membrane  is  p r e f e r a b l y  

at  l eas t   about  5,  e .g . ,   at  l eas t   about  10,  say,  about  10  to  95 ,  

percent   of  the  to ta l   separa ted   vapor  phase.  The  port ion  of  t h e  

sepa ra ted   vapor  phase  which  is  con tac ted   with  the  polymeric  membrane 

may  be  s e l ec ted   in  view  of  var ious   f a c to r s   such  as  the  des i red   p u r i t y  

of  the  hydrogen  recycled  to  the  hydrocracking   zone,  the  s e l e c t i v i t y  

of  the  s epa ra t i on   of  the  polymeric  membrane,  the  membrane  s u r f a c e  

area  requi red   to  e f fec t   t h e  s e p a r a t i o n ,   the  expense  of  r ecompres s ion  

of  the  hydrogen  permeate,  and  the  l ike .   The  processes   of  th is   i n v e n -  

t ion  may  be  p a r t i c u l a r l y   a t t r a c t i v e   with  respect   to  h y d r o c r a c k i n g  

p rocesses   of  the  general  type  in  which  the  separa ted   vapor  phase  i s  

recycled   to  the  hydrocracking  zone and  a  por t ion  of  the  s e p a r a t e d  

vapor  phase  is  expel led  ( i . e . ,   purged  on  a  cont inuous  or  i n t e r m i t t e n t  

bas i s )   to  prevent  undue  bu i ld-up   of  u n d e s i r a b l e   components  in  t h e  

h y d r o c r a c k i n g   vapor  phase  ( thereby  reducing  the  hydrogen  p a r t i a l  

p r e s s u r e ) .   The  p r o c e s s e s  o f   th is   invent ion   can  s u b s t a n t i a l l y   reduce  

the  loss  of  hydrogen  since  the  por t ion   of  the  separated  vapor  phase 

which  would  otherwise  be  expel led   can  be  contacted  with  the  membranes, 

and  thus  only  the  gases  not  permeating  the  polymeric  membrane,  i . e . ,  

hydrogen-dep le t ed   gases,  would  be  expel led  from  the  sys tem.  



In  many  i n s t a n c e s   it  is  des i red   to  s l i g h t l y   inc rease   t h e  

t e m p e r a t u r e   of  the  por t ion   of  the  separa ted   vapor  phase  passing  t o  

the  feed  side  of  the  polymeric  membrane  ( i . e . ,   feed  vapor  p h a s e ) .  

This  i n c r e a s e   in  t empera tu re   may  in  some  i n s t a n c e s   be  s u f f i c i e n t   t o  

prevent   undue  condensa t ion   of  any  components  in  the  feed  vapor  phase 

on  the  polymeric  membrane  during  the  permeation  o p e r a t i o n .  

F r e q u e n t l y ,   the  feed  vapor  phase  is  heated  to  increase   the  t e m p e r a t u r e  

of  the  feed  vapor  phase  by  at  l eas t   about  5°  or  100,  e . g . ,   about  10°  

to  60°C.  Also,  the  feed  vapor  phase  may  be  processed  in  a n o t h e r  

g a s - l i q u i d   s e p a r a t o r ,   e . g . ,   knock-out  pot,  cyclone  s e p a r a t o r ,   or  

impingement  s e p a r a t o r   to  remove  en t r a ined   l i q u i d s .   Most  d e s i r a b l y ,  

the  e n t r a i n e d   l iqu ids   are  removed  pr ior   to  any  heat ing  of  the  feed 

vapor  phase  to  be  con tac ted   with  the  polymeric  membrane.  The 

t e m p e r a t u r e   of  feed  vapor  phase  is  p r e f e r a b l y   below  that   t e m p e r a t u r e  

which  may  adve r se ly   a f f e c t   the  polymeric  membrane.  Usual ly ,   the 

t empera tu re   of  the  feed  vapor  phase  c o n t a c t i n g   the  polymeric  menorane 

is  less  than  about  125°C,  e . g . ,   less  than  about  65°C,  and  is  o f t e n  

about  100  to  60°C,  p r e f e r a b l y   at  l eas t   about  20°  or  25°  to  550C. 

In  order  to  e f f e c t   the  permeation  of  hydrogen  through  t h e  

polymeric  membrane,  a  d r iv ing   force  for  the  permeation  must  e x t s t .  

According  to  cur ren t   theory ,   th is   d r iv ing   force  is  a  d i f f e r e n t . a l   in  

f u g a c i t i e s   of  hydrogen  across  the  polymeric  membrane.  S ince  

f u g a c i t i e s   for  ideal  gases  are  approximated  by  p a r t i a l   p r e s s u r a s ,  

c o n v e n i e n t l y   the  d r iv ing   force  is  r e f e r r e d   to  in  terms  of  p a r t  a t  

p ressure   d i f f e r e n t i a l s .   Since  p a r t i a l   p r e s su re s   are  r e l a t ed   to  t h e  

c o n c e n t r a t i o n   of  a  moiety  in  a  gas  and  the  to ta l   p ressure   of  the 

gas,  these  parameters   can  be  var ied  j o i n t l y   or  s e p a r a t e l y   to  provide 

s u i t a b l e   p a r t i a l   p ressure   d i f f e r e n t i a l s   across  the  membrane  in  order 

to  provide  d e s i r a b l e   permeation  f luxes .   Since  the  feed  vapor  p  ase 

a l ready   con ta ins   a  high  c o n c e n t r a t i o n   of  hydrogen  and  is  at  a  hoch 

p r e s s u r e ,   the  feed  vapor  phase  has  an  advan tageous ly   high  p a r t i a l  

p re s su re   of  hydrogen  to  enable  d e s i r a b l e   d r iv ing   forces   for  hydrogen 

permeat ion  to  be  achieved.   Moreover,  large  d r iv ing   forces  for  the 

permeat ion  of  hydrogen  can  often  be  provided  without  the  need  t o  

mainta in   the  permeate  exit  side  of  the  membrane  at  such  low  t o t a l  

p r e s s u r e s   that   an  undue  amount  of  compression  is  requi red   to  inc rcese  

the  p r e s su re   of  the  hydrogen  permeate  for  r e i n t r o d u c t i o n   into  t h e  

hydroc rack ing   zone.  The  large  d r iv ing   forces   which  are  o b t a i n a b l e  



in  the  p rocesses   of  th i s   inven t ion   can,  for  i n s t a n c e ,   enab l e  

advantageous   rates   of  permeation  of  hydrogen  and  thus  e x c e s s i v e  

membrane  surface   area  need  not  be  requi red   to  obtain  a  d e s i r e d  

amount  of  hydrogen  permeate.   Moreover,  the  large  d r iv ing   f o r c e s  

can  also  enhance  the  hydrogen  pu r i ty   in  the  hydrogen  permeate  with  a 

feed  vapor  phase  of  a  given  hydrogen  c o n c e n t r a t i o n .  

In  many  ins tances   the  permeate  exit   side  of  the  po lymer ic  

membrane  is  often  at  leas t   about  7  or  15  atmospheres  abso lu t e ,   and 

may  be  as  high  as  40  or  more  atmospheres  a b s o l u t e ,   in  order  t o  

minimize  recompression  costs   for  r e i n t r o d u c i n g   the  permeated  hydrogen 

into  the  hydrocracking  zone  while  s t i l l   p roviding  d e s i r a b l e  

r e c o v e r i e s   of  hydrogen.  F requen t ly ,   the  to ta l   pressure   on  t h e  

permeate  exit   side  of  the  polymeric  membrane  i s . a t   least   about  20 

atmospheres  below  the  pressure   on  the  feed  side  of  the  po lymer ic  

membrane.  In  many  i n s t a n c e s ,   th i s   t o t a l   p ressure   d i f f e r e n t i a l   is  a t  

l eas t   about  35  or  40  atmospheres  abso lu te   and,  depending  upon  t h e  

s t r eng th   of  the  membrane,  th i s   p ressure   d i f f e r e n t i a l   may  be  up  t o  

about  100  or  150  a t m o s p h e r e s .  

In  genera l ,   the  recovery  of  hydrogen  from  the  feed  vapor  

phase  and  the  pur i ty   of  hydrogen  in  the  hydrogen  permeate  a r e  

i n t e r r e l a t e d .   For  i n s t ance ,   the  pu r i ty   of  the  hydrogen  in  t h e  

hydrogen  permeate  decreases   with  inc reased   recovery  of  hydrogen  from 

the  feed  vapor  phase.  The  percentage   of  the  hydrogen  in  the  feed  

vapor  phase  which  permeates  the  polymeric  membrane  will  depend  on  t h e  

amount  of  hydrogen  des i red  in  the  hydrogen  permeate  and  the  r e q u i r e d  

pur i ty   of  that   hydrogen.  Usual ly ,   the  percentage   of  hydrogen  p e r -  

.meat ing  is  at  least   about  50,  say,  at  least   about  70,  often  about  

70  to  95,  percent  of  the  hydrogen  in  the  feed  vapor  phase .  

The  hydrogen  permeate  from  the  polymeric  membrane  has  a  hydrogen 

pu r i ty   g rea t e r   than  that  of  the  feed  vapor  phase.  The  increase   in  

hydrogen  pur i ty   which  is  achieved  will  depend,  in  par t ,   upon  t h e  

hydrogen  concen t r a t i on   of  the  feed  vapor  phase,  the  s e l e c t i v i t y   o f  

the  polymeric  membrane,  the  p e r m e a b i l i t y   of  the  polymeric  membrane  t o  

hydrogen,  the  e f f e c t i v e   membrane  surface  area  ( i . e . ,   that  membrane 

sur face   area  ava i l ab le   for  e f f e c t i n g   s e p a r a t i o n s ) ,   and  the  d r i v i n g  

force  for  the  permeation  of  hydrogen.  One  method  for  express ing  t h e  

inc rease   in  hydrogen  pur i ty   is  in  terms  of  the  contaminant  r e d u c t i o n  

r a t i o   which  is  defined  as  the  quan t i ty   of  100  minus  the  hydrogen 



p u r i t y   p e r c e n t a g e   of  the  hydrogen  permeate  (H2%PS)  d iv ided   by  t h e  

q u a n t i t y   of  100  minus  the  hydrogen  pu r i t y   of  the  feed  vapor  phase  

(H2%FG). 

F r e q u e n t l y   the  contaminant   r e d u c t i o n   r a t i o   is  less   than  about  0 . 7 ,  

say,  about  0.01  to  0 .5 .   The  hydrogen  permeate  o f t en   c o n t a i n s   a t  

l e a s t   about  90,  e . g . ,  a b o u t   90  to  99,  volume  pe rcen t   h y d r o g e n .  

The  hydrogen  permeate  which  is  recovered  from  the  permeate  e x i t  

s ide   of  the  polymeric  membrane  can  be  removed  a n d ,  p r e f e r a b l y ,  

without   a d d i t i o n a l  r e c o m p r e s s i o n   be  admixed  with  a  h y d r o g e n - c o n t a i n i n g  

stream  p r o v i d i n g   another   po r t ion   of  the  hydrogen  feed  gas  to  t h e  

h y d r o c r a c k i n g   zone  (make-up  hydrogen  s t r eam) .   In  order   to  i n t r o d u c e  

the  hydrogen  permeate  to  the  make-up  hydrogen  s t r eam,   the  make-up 

hydrogen  s t ream  should  be  at  a  s l i g h t l y   lower  t o t a l   p r e s s u r e ,   e . g . ,  
than  the  t o t a l   p r e s s u r e   of  the  hydrogen  permeate .   The  mixture   of  t h e  

hydrogen  permeate   and  make-up  hydrogen  stream  is  p r e f e r a b l y   at  a 

t o t a l   p r e s s u r e   of  at  l e a s t   about  5  or  20  a tmospheres   a b s o l u t e   and  i s  

compressed  to  about  the  p r e s su re   in  the  h y d r o c r a c k i n g   zone.  T h i s  

compress ion   may  occur  in  severa l   s t ages .   For  i n s t a n c e ,   i f . a   p o r t i o n  

of  the  s e p a r a t e d   vapor  phase  is  recycled   d i r e c t l y   to  the  h y d r o -  

c r ack ing   zone  without  c o n t a c t i n g   the  membrane,  a  r e cyc l e   c o m p r e s s o r  

is  r e q u i r e d   to  r e i n t r o d u c e   t h i s   gas  into  the  h y d r o c r a c k i n g   z o n e ,  

The  admixed  make-up  hydrogen  stream  and  hydrogen  permeate   may  thus  be 

compressed  to  a  s u f f i c i e n t   p re s su re   for  i n t r o d u c t i o n   into  the  r e c y c l e  

stream  pa s s ing   to  the  suc t ion   of  the  recycle   c o m p r e s s o r .  

The  n o n - p e r m e a t e - s t r e a m   from  the  membrane  may  be  used  for  any 

s u i t a b l e   purpose .   For  i n s t a n c e ,   hydrocarbon  p roduc t s   may  be 

r ecovered   from  the  non-permeate   s tream,  the  non-pe rmea te   stream  may 

be  used  as  a  feed  to  a  petroleum  or  pe t rochemica l   conve r s ion   o p e r a t i o n  

or  the  non-pe rmea te   stream  may  be  used  for  f u e l .   Since  the  n o n -  

permeate  stream  can  be  at  e s s e n t i a l l y   the  same  p r e s s u r e   as  the  f e e d  

vapor  phase  c o n t a c t i n g   the  polymeric  membrane,  s i g n i f i c a n t   amounts  of  

energy  can  be  recovered  from  it  by,  for  i n s t a n c e ,   the  use  of  a 

t u r b i n e .  



Su i t ab l e   polymeric  membranes  for  use  in  the  processes   of  t h i s  

inven t ion   need  not  exh ib i t   extremely  high  s e l e c t i v i t i e s   of  s e p a r a t i o n  

in  order  to  recover  a  hydrogen  permeate  during  an  adequate  pur i ty   f o r  

use  in  hyd roc rack ing .   Gene ra l ly ,   the  s e l e c t i v i t y   of  s epa ra t i on   of  a 

membrane  ( s e p a r a t i o n   f ac to r )   is  desc r ibed   in  terms  of  the  r a t i o   of  t h e  

p e r m e a b i l i t y   of  the  fast   permeating  gas  ( e . g . ,   hydrogen)  to  t h e  

p e r m e a b i l i t y   of  the  slow  permeat ing  gas  ( e . g . ,   methane)  wherein  t h e  

p e r m e a b i l i t y   of  the  gas  through  the  membrane  can  be  defined  as  t h e  

volume  in  cubic  c e n t i m e t e r s   of  gas  at  s tandard   t empera tu re   and 

p r e s s u r e ,   which  passes  through  a  membrane  per  square  cen t ime te r   o f  

surface   area,   per  second,  for  a  p a r t i a l   p ressure   d i f f e r e n t i a l   of  1 

cen t ime te r   of  mercury  across  the  membrane.  Often,  the  s e p a r a t i o n  

f ac to r   of  s u i t a b l e   polymeric  membranes  is  at  leas t   about  7  or  10  f o r  

the  s e p a r a t i o n   of  hydrogen  over  methane.  In  many  i n s t a n c e s ,   t h e  

s e p a r a t i o n   f ac to r   for  hydrogen  over  methane  is  at  l eas t   about  20 ,  

say,  at  l eas t   about  25.  S e p a r a t i o n   f a c t o r s   for  hydrogen  over  methane 

of  100  or  g r ea t e r   may  be  provided  by  c e r t a i n   polymeric  membranes; 

however,  polymers  which  provide  such  extremely  high  s e p a r a t i o n  

f a c t o r s   often  exh ib i t   low  p e r m e a b i l i t i e s   to  hydrogen.  T h e r e f o r e ,  

the  polymer  for  a  membrane  may  be  s e l ec t ed   on  i ts  a b i l i t y   to  q u i c k l y  

permeate  hydrogen  ra ther   than  on  i ts   s e l e c t i v i t y   of  s e p a r a t i o n .  

Clear ly ,   the  higher  the  p e r m e a b i l i t y   of  hydrogen  through  a  po lymer ic  

membrane,  the  less  a v a i l a b l e   membrane  surface   area  required   under  

given  cond i t ions   to  permeate  a  des i red   amount  of  hydrogen  through  t h e  

polymeric  membrane.  P a r t i c u l a r l y   d e s i r a b l e   polymeric  membranes 

exh ib i t   hydrogen  p e r m e a b i l i t i e s   of  at  leas t   about  1x10-6,  p r e f e r a b l y  

at  least   about  20x10-6,  cubic  c en t ime te r s   of  hydrogen  per  s q u a r e  

cen t imete r   of  membrane  surface  area  per  second  at  a  p a r t i a l   p r e s s u r e  

d i f f e r e n t i a l   of  2  c e n t i m e t e r  o f   mercury  across  the  membrane  at  250C. 

When  the  feed  vapor  phase  conta ins   unduly  d e l e t e r i o u s   amounts  of 

n i t rogen   it  is  p r e f e r r ed   that  the  polymeric  membrane  also  exh ib i t   a 

s epa ra t i on   f ac to r   for  hydrogen  over  n i t rogen   of  at  leas t   about  10 

or  20 .  

Polymeric  membranes  include  membranes  of  organic  polymer  or  

organic  polymer  mixed  with  inorgan ics   such  as  f i l l e r s ,   r e i n f o r c e m e n t s ,  

e tc .   Polymers  which  may  be  s u i t a b l e   for  the  polymeric  membranes 

and  which  may  exh ib i t   s u i t a b l e   s e l e c t i v i t i e s   for  the  permeation  of  

hydrogen  as  compared  to  the  permeation  of  each  of  methane  and 



n i t r o g e n ,   can  be  s u b s t i t u t e d   or  u n s u b s t i t u t e d   polymers  and  may  be 

s e l e c t e d   from  p o l y s u l f o n e s ;   p o l y ( s t y r e n e s ) ,   inc lud ing   s t y r e n e -  

c o n t a i n i n g   copolymers  such  as  a c r y l o n i t r i l e - s t y r e n e   copo lymer s ,  

s t y r e n e - b u t a d i e n e   copolymers  and  s t y r e n e - v i n y l b e n z y l h a l i d e  

copolymers ;   p o l y c a r b o n a t e s ;   c e l l u l o s i c   polymers,  such  as  c e l l u l o s e  

a c e t a t e ,   c e l l u l o s e   p r o p i o n a t e ,   ethyl  c e l l u l o s e ,   methyl  c e l l u l o s e ,  

n i t r o c e l l u l o s e ,   e t c . ;   polyamides  and  po ly imides ,   i nc lud ing   a r y l  

polyamides  and  aryl  po ly imides ;   p o l y e t h e r s ,   p o l y ( a r y l e n e   o x i d e s )  

such  as  po ly (pheny lene   oxide)  and  p o l y ( x y l y l e n e   oxide) ;   p o l y ( e s t e r -  

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

p o l y a r y l a t e s ) ,   such  as  p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) ,   po lyCa lky l  

m e t h a c r y l a t e s ) ,   po ly (a lky l   a c r y l a t e s ) ,   po ly(phenylene   t e r e p h t h a l a t e ) ,  

e t c . ;   p o l y s u l f i d e s ;   p o l y ( s i l o x a n e s ) ;   polymers  from  monomers  hav ing  

a l p h a - o l e f i n i c   u n s a t u r a t i o n   other   than  mentioned  above  such  as  

p o l y ( e t h y l e n e ) ,   p o l y ( p r o p y l e n e ) ,   po lyCbu tene -1 ) ,   p o l y ( 4 - m e t h y l  

p e n t e n e - 1 ) ,   p o l y v i n y l s ,   e . g . ,   po ly (v iny l   c h l o r i d e ) ,   p o l y ( v i n y l  

f l u o r i d e ) ,   p o l y ( v i n y l i d e n e   c h l o r i d e ) ,   p o l y ( v i n y l i d e n e   f l u o r i d e ) ,  

p o l y ( v i n y l   a l c o h o l ) ,   po ly (v iny l   e s t e r s )   such  as  po ly (v iny l   a c e t a t e )  

and  p o l y ( v i n y l   p r o p i o n a t e ) ,   po ly (v iny l   p y r i d i n e s ) ,   p o l y ( v i n y l  

p y r r o l i d o n e s ) ,   po ly(v iny l   e t h e r s ) ,   po ly(v inyl   ke tones ) ,   p o l y ( v i n y l  

a ldehydes)   such  as  poly<vinyl   formal)  and  po ly (v iny l   b u t y r a l ) ,  

p o l y ( v i n y l   amines),   po ly (v iny l   p h o s p h a t e s ) ,   and  p o l y ( v i n y l  

s u l f a t e s ) ;   p o l y a c e t a l ;   p o l y a l l y l s ;   p o l y ( b e n z o b e n z i m i d a z o l e ) ,  

p o l y h y d r a z i d e s ;   p o l y o x a d i a z o l e s ;   p o l y t r i a z o l e s ;   p o l y C b e n z i m i d a z o l e ) ;  

p o l y c a r b o d i i m i d e s ;   po lyphosphaz ine s ;   e t c . ,   and  i n t e r p o l y m e r s ,  

i n c l u d i n g   block  i n t e r p o l y m e r s   c o n t a i n i n g   r epea t ing   un i t s   from  t h e  

above,  and  g r a f t s   and  blends  c o n t a i n i n g   any  of  the  f o r e g o i n g .  

Typical   s u b s t i t u e n t s   p rovid ing   s u b s t i t u t e d   polymers  include  h a l o g e n s  

such  as  f l u o r i n e ,   ch lo r ine   and  bromine;  hydroxyl  groups;  lower  

alkyl  groups;   lower  alkoxy  groups;   monocyclic  a ry l ;   lower  acyl  g roups  
and  the  l i k e .  

G e n e r a l l y ,   a r o m a t i c - c o n t a i n i n g   polymers  are  p r e f e r r e d   for  t h e  

polymeric   membranes  due  to  s t r e n g t h   and  due  to  the  r e l a t i v e l y   h igh  

chemical  r e s i s t a n c e   of  these  membranes  to  moie t ies   in  the  feed  vapor  

phase  e s p e c i a l l y   lower  p a r a f f i n s   which  usua l ly   are  the  p redominan t  

hydrocarbons   in  the  feed  vapor  phase.  P a r t i c u l a r l y   p r e f e r r e d  

polymers  include  a r o m a t i c - c o n t a i n i n g   p o l y s u l f o n e s ,   p o l y c a r b o n a t e s ,  

po lyCary lene   ox ides ) ,   polyamides  and  po ly imides .   Some  u s e f u l  .  



a r o m a t i c - c o n t a i n i n g   polymers  have  both  a l i p h a t i c   and  aromatic  c a r b o n s ,  

such  as  polymers  con ta in ing   bisphenol   A-derived  uni ts   within  t h e i r  

polymeric  b a c k b o n e s .  

Since  the  rate  of  permeation  through  a  polymeric  membrane  i s  

a f f e c t e d   by  the  t h i c k n e s s   of  the  membrane  through  which  a  pe rmea t ing  

moiety  must  pass,   the  membrane  is  p r e f e r a b l y   as  thin  as  poss ib le   ye t  

s u f f i c i e n t l y   thick  to  provide  adequate  s t rength   to  the  membrane  t o  

wi ths tand  the  s e p a r a t i o n   c o n d i t i o n s .   The  membrane  may  be  i s o t r o p i c ,  

i . e . ,   have  s u b s t a n t i a l l y   the  same  dens i ty   th roughout ,   or  may  be 

a n i s o t r o p i c ,   i . e . ,   have  at  least   one  zone  of  g r ea t e r   dens i ty   than  a t  

least   one  other  zone  of  the  membrane.  Aniso t rop ic   membranes  a re  

f r e q u e n t l y   advantageous  since  a  moiety  need  only  pass  through  a 

por t ion  of  the  overa l l   s t r u c t u r a l   t h i ckness   of  the  polymeric  membrane. 

The  polymeric  membrane  may  be  chemical ly   homogeneous,  i . e . ,  

c o n s t r u c t e d   of  the  same  m a t e r i a l ,   or  may  be  a  composite  membrane. 

Su i t ab l e   composite  membranes  may  comprise  a  thin  layer  which  e f f e c t s  

the  s e p a r a t i o n   on  a  porous  physical   support  which  provides   t h e  

necessa ry   s t r eng th   to  the  membrane  to  withstand  membrane  s e p a r a t i o n  

cond i t i ons   but  o f fe r s   l i t t l e   r e s i s t a n c e   to  gas  flow.  Other  s u i t a b l e  

composite  membranes  are  the  multicomponent  membranes  such  as  d i s c l o s e d  

by  Henis,  et  a l . ,   in  U.S.  patent  No.  4 ,230,463.   T h e s e  

membranes   c o m p r i s e   a  p o r o u s   s e p a r a t i o n   m e m b r a n e  

which  s u b s t a n t i a l l y   e f f e c t s   the  s e p a r a t i o n   and  a  coat ing  mater ia l   in 

occluding  contact   with  the  porous  s epa ra t ion   membrane.  These 

multicomponent  membranes  are  p a r t i c u l a r l y   a t t r a c t i v e   for  gas 

s e p a r a t i o n s   in  that   good  s e l e c t i v i t y   of  separa t ion   and  high  f i u x  

through  the  membrane  can  be  ob ta ined .   The  ma te r i a l s   for  the  c o a t i n g  

of  the  multicomponent  membranes  such  as  d i sc losed   by  Henis,  et  a l . ,  

may  be  na tura l   or  syn the t i c   subs tances ,   and  are  often  polymers,   and 

advan tageous ly   exh ib i t   the  a p p r o p r i a t e   p rope r t i e s   to  provide  o c c l u d i n g  

contact   with  the  porous  s epa ra t ion   membrane. 

A  permeator  con ta in ing   the  polymeric  membrane  may  be  of  any 
s u i t a b l e   design  for  gas  s e p a r a t i o n s ,   e .g . ,   plate  and  frame,  or  having 

sp i ra l   wound  film  membranes,  tubu la r   membranes,  hollow  f i b e r  

membranes,  or  the  l ike .   P r e f e r a b l y ,   the  permeator  comprises  hol low 

f iber   membranes  due  to  the  high  membrane  surface  area  per  unit  volume 

which  can  be  ob ta ined .   When  the  membranes  are  in  t ubu la r   or  hol low 

f iber   form,  a  p l u r a l i t y   of  the  membranes  can  be  arranged  in  p a r a l l e l  



in  a  bundle  and  the  feed  vapor  phase  can  be  con tac ted   with  e i t h e r   t h e  

ou ts ide   ( she l l   side)  or  the  inside  (bore  side)  of  the  membranes. 

P r e f e r a b l y ,   the  feed  vapor  phase  is  con tac ted   with  the  shell   side  of  

the  hollow  f i l ament   membranes  since  passage  of  the  feed  vapor  phase  

through  the  bore  side  of  the  membranes  may  involve  s u b s t a n t i a l l y  

g r e a t e r   p r e s su re   losses   to  the  feed  vapor  phase,  which  p r e s s u r e  

losses   can  d e t r a c t   from  the  d r iv ing   force  for  permeat ion  and  may 

unduly  reduce  the  p re s su re   of  the  non-permeate   s t ream.  Since  t h e  

c o n c e n t r a t i o n   of  hydrogen  on  the  feed  side  of  the  membrane  i s  

c o n t i n u a l l y   d imin i sh ing   as  hydrogen  permeates  to  the  permeate  e x i t  

side  of  the  membrane,  the  hydrogen  p a r t i a l   p r e s su re   d i f f e r e n t i a l  

across   the  membrane  is  c o n t i n u a l l y   changing.   T h e r e f o r e ,   f low 

p a t t e r n s   in  the  permeator  can  be  u t i l i z e d   to  provide  d e s i r a b l e  

r e c o v e r i e s   of  hydrogen  from  the  feed  vapor  phase.  For  i n s t a n c e ,   t h e  

flows  of  the  feed  vapor  phase  and  the  hydrogen  permeate  can  be 

concur ren t   or  c o u n t e r c u r r e n t .   With  bundles  of  hollow  f iber   o r  

t ubu la r   membranes,  the  shell   side  feed  can  be  r a d i a l ,   i . e . ,   the  f e e d  

vapor  phase  t r a n s v e r s e l y   flows  past  the  membranes  e i t h e r   to  t h e  

ins ide   or,  u s u a l l y ,   the  ou ts ide   of  the  bundle,   or  the  flow  can  be 

ax i a l ,   i . e . ,   the  feed  vapor  phase  d i s p e r s e s   within  the  bundle  and 

g e n e r a l l y   flows  in  the  d i r e c t i o n   in  which  the  hollow  f i be r s   or  

t ubu la r   membranes  are  l o n g i t u d i n a l l y   o r i e n t e d .  

Hollow  f i b e r s   are  an  often  p r e f e r r ed   c o n f i g u r a t i o n   for  po lymer i c  

membranes  for  use  in  p rocesses   for  recover ing   hydrogen  from 

petroleum  convers ion   o p e r a t i o n s .   Genera l ly ,   the  hollow  f i b e r s   have 

an  e s s e n t i a l l y   c y l i n d r i c a l   c o n f i g u r a t i o n   with  an  ou t s ide   diameter   o f  

about  50  to  1000,  p r e f e r a b l y ,   about  100  to  800,  microns,   and  a 

concen t r i c   bore  wherein  the  r a t i o   of  the  wall  t h i c k n e s s   to  o u t s i d e  

diameter   is  about  0.1  to  0.45,  say,  about  0.15  to  0 . 3 5 .  

An  unde r s t and ing   of  the  invent ion  may  be  f a c i l i t a t e d   by 

r e f e rence   to  the  a t t ached   drawing  which  is  a  schematic  r e p r e s e n t a t i o n  

of  one  type  hydrocrack ing   system  u t i l i z i n g   p rocesses   of  t h i s  

i nven t ion .   The  schematic  diagram  and  i ts   d e s c r i p t i o n   are  no t  

intended  to  be  a  l i m i t a t i o n   of  the  scope  of  th i s   i n v e n t i o n .   It  i s  

to  be  unders tood   that   some  valves ,   pumps,  compressors ,   s e p a r a t o r s ,  

r e b o i l e r s   and  the  like  have  been  de le ted   from  the  schematic  d iagram 

for  purposes  of  c l a r i t y   and  unders tand ing   the  p rocesses   of  t h e  

i n v e n t i o n .  



A  hydrocracker   is  g e n e r a l l y   des igna ted   by  the  numeral  10  which 

rece ives   a  hydrocarbonaceous   feed  via  a  line  12.  The  h y d r o c r a c k a t e  

ex i t s   hydrocracker   10  via  a  line  14,  is  cooled  in  a  heat  exchanger  16,  

and  passes  to  a  s epa ra to r   vessel   18  from  which  a  vapor  phase  p r o d u c t  

and  a  l iquid   phase  product  are  ob ta ined .   The  l iquid   phase  p r o d u c t  

ex i t s   the  s epa ra to r   vessel   18  via  a  line  20  and  may  be  passed  t o ,  

e . g . ,   a  low  pressure   s e p a r a t o r   for  a d d i t i o n a l   recovery  of  hydrogen 

and  to  a  f r a c t i o n a t i o n   column  to  segrega te   the  des i red   p r o d u c t s .  

The  vapor  phase  product  ex i t s   the  f i r s t   s epa ra to r   vessel  18  via  a 
l ine  22  and  passes  to  an  e n t r a i n e d   l iquid   s epa ra to r   24.  The 

en t r a ined   l iquid   s epa ra to r   24  may  conven ien t ly   be  a  knock-out  po t  

provided  with  a  f ib rous   demis t e r .   The  vapor  phase  then  passes  to  a 

heat  exchanger  26  wherein  the  gas  is  s u i t a b l y   heated  for  i n t r o d u c t i o n  

into  a  permeator  28,  and  then  passes  to  the  p e r m e a t o r  2 8 .  

As  depic ted   the  permeator  28  is  a  s ing le -ended   permeator  having  
the  vapor  phase  contact   the  e x t e r i o r   of  the  polymeric  membranes 

conta ined   t h e r e i n .   Figure  5  of  U.S.  Patent  N o .  4 , 1 7 1 , 8 8 5 ,  

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

p o l y m e r i c   membranes   are  c o n v e n i e n t l y   in  the  form  o f  

hollow  f i b e r s .   A  hydrogen  permeate  is  withdrawn  from  the  i n t e r i o r   of 

the  hollow  f ibe r s   and  passes  through  a  line  30  for  a  combination  wi th  

a  make-up  hydrogen  stream  passing  to  the  hydrocracker .   The  non-  

permeating  gas  ( i . e . ,   the  hydrogen  deple ted   gas)  is  removed  from  t h e  

permeator  28  via  a  l ine  32 .  

A  make-up  hydrogen  stream  from  a  hydrogen  providing  source  from 

within  the  r e f ine ry   (which  may  form  a  h y d r o t r e a t e r )   is  passed  via  a 
l ine  34  to  the  hydrocracker   system.  As  depicted  the  make-up  hydrogen 

stream  in  the  line  34  is  combined  with  r e l a t i v e l y   pure  hydrogen  from  a 

hydrogen  plant  (not  shown)  via  a  line  36.  The  pressures   of  t h e s e  

gases  are  usua l ly   r e l a t i v e l y   low,  e . g . ,   about  3  to  10  a tmospheres  

abso lu te   and  are  compressed  in  a  compressor  38  to  a  pressure  s u i t a b l e  

. fo r   combination  with  the  hydrogen  permeate   in  the  line  30.  The 

compressed  gases  exit  the  compressor  38,  are  admixed  with  hydrogen 

permeate  from  the  line  30  in  a  line  40  and  then  are  passed  to  a 

compressor  42  which  i nc reases   the  pressure   of  the  gases  to  a  level  a t  

which  the  gases  can  be  in t roduced   into  the  hydrocracker .   Lines  44 

and  46  conduct  the  gases  from  the  ccmpressor  42  to  the  h y d r o c r a c k e r  

10 .  



In  o rder   to  f a c i l i t a t e   an  u n d e r s t a n d i n g   of  the  i n v e n t i o n ,   t h e  

fo l l owing   examples  are  p rov ided .   In  order  that   the  i m p o r t a n t  

p a r a m e t e r s   i n f l u e n c e d   by  the  i n v e n t i o n   can  r e a d i l y   be  d i s c e r n e d ,   t h e  

examples  do  not  r e c i t e   the  myriad  of  d e t a i l s   of  the  h y d r o c r a c k i n g  

process   which  are  well  known  to  those  s k i l l e d   i n  t h e   h y d r o c r a c k i n g  

a r t .   All  p a r t s   and  p e r c e n t a g e s   are  by  weight  u n l e s s  o t h e r w i s e   s t a t e d .  

A  h y d r o c r a c k i n g   p l an t   p r i o r   to  m o d i f i c a t i o n   by  t h i s   i n v e n t i o n  

can  be  s i m p l i f i e d   to  comprise  a  hydroc rack ing   v e s s e l . a n d   a  h i g h  

p r e s s u r e   g a s - l i q u i d   s e p a r a t o r .   The  hydroca rbonaceous   f e e d  a n d  

hydrogen  feed  gas  are  p rehea ted   and  combined  for  passage  to  t h e  

h y d r o c r a c k i n g   v e s s e l ,   and  the  h y d r o c r a c k a t e   from  the  h y d r o c r a c k i n g  

vesse l   is  cooled  and  passed  to  a  high  p r e s su re   s e p a r a t o r   (at  a 

p r e s s u r e   of  about  150  a tmospheres   ab so lu t e   and  a  t e m p e r a t u r e   o f  

about  46°C)  with  the  s e p a r a t e d   vapor  phase  being  compressed  and 

recyc led   to  the  h y d r o c r a c k i n g   v e s s e l .   When  modif ied  in  a c c o r d a n c e  

with  t h i s   i n v e n t i o n   as  is  d e p i c t e d   in  the  d r a w i n g ,   the  s e p a r a t e d   v a p o r  

phase  is  passed  to  a  knock-out   pot  with  a  f i b rous   d e m i s t e r ,   heated   t o  

55°C,  s p l i t   in to   32  s u b s t a n t i a l l y   equal  s t reams  with  each  s t r e a m  

pass ing   to  a  s i n g l e - e n d e d   permeator   c o n t a i n i n g   hollow  f i b e r   membranes 

p rov id ing   about  375  square  meters  of  e f f e c t i v e   membrane  su r f ace   a r e a . .  

The  hollow  f i b e r   membranes  are  p o l y s i l o x a n e - c o a t e d   a n i s o t r o p i c  

p o l y s u l f o n e   hollow  f i b e r s   such  as  d i s c l o s e d   in  Example  1  o f  

B e L g i a n   P a t e n t   8 8 2 , 4 7 5 ,   g r a n t e d  2 9   S e p t e m b e r   1 9 8 0 .  

The  hoLLow  f i b e r   m e m b r a n e s   e x h i b i t   a  h y d r o g e n   p e r m e a b i l i t y  

of  a b o u t   8 x 1 0 - 6   c u b i c   c e n t i m e t e r s   of  h y d r o g e n   ( S T P )  

per   s q u a r e   c e n t i m e t e r   o f  m e m b r a n e   s u r f a c e   a r e a   p e r  
second  per  c e n t i m e t e r   of  mercury  p a r t i a l   p r e s s u r e ,  d i f f e r e n t i a l .   The 

s e p a r a t i o n   f a c t o r   for   hydrogen  over  methane  is  about  80 .  

The  h y d r o c a r b o n a c e o u s   feed  stock  comprises  120,000  k i l o g r a m s  

per  hour  of  a  c a t a l y t i c a l l y - c r a c k e d   product   which  c o n t a i n s .  a r o m a t i c s  

and  o l e f i n s ,   and  50,000  k i lograms  per  hour  of  a  r ecyc led   h i g h e r  

b o i l i n g   l i q u i d   phase  ob ta ined   by  d i s t i l l i n g   the  h y d r o c r a c k a t e .   The 

make-up  hydrogen  is  ob ta ined   from  a  h y d r o t r e a t e r   off  gas  c o n t a i n i n g  

about  73  volume  pe rcen t   hydrogen  and  s u b s t a n t i a l l y   pure  hydrogen  from 

a  hydrogen  p l a n t .   The  hyd roc rack ing   vessel   is  opera ted   at  a  p r e s s u r e  

of  about  150  a tmospheres   a b s o l u t e .   The  high  p re s su re   s e p a r a t o r   is  a t  

a  p r e s s u r e   of  about  142  a tmospheres   abso lu te   and  a  t e m p e r a t u r e   o f  

2bout  46°C.  When  the  s epa ra t ed   vapor  phase  is  passed  to  t h e  



permea to r s ,   the  permeate  exit   side  of  the  permeators   is  at  a  p r e s s u r e  

of  about  70  a tmospheres   a b s o l u t e .  

Three  Examples  are  conducted   and  the  r e l evan t   i n fo rma t ion   i s  

provided  in  Table  I.  Example A  is  a  compara t ive   Example 

i l l u s t r a t i n g   the  unmodified  o p e r a t i o n   of  the  hydroc racker   system.  In  

Example  B  and  C,  the  s epa ra t ed   vapor  phase  is  passed  to  t h e  

pe rmea to r s ,   and  the  t o t a l   amount  of  hydrogen  passed  to  the  h y d r o -  

c r a c k e r   vessed  is  main ta ined   cons tan t   with  r e spec t   to  the  c o m p a r a t i v e  

E x a m p l e .   In  Example  B  no  hydrogen  from  the  hydrogen  plant   i s  

used  as  make-up,  whereas  in  Example  C  the  amount  of  h y d r o g e n  f r o m  

the  hydrogen  plant   is  the  same  as  that   in  the  comparat ive  Example.  



1.  A  p r o c e s s   f o r   c a t a l y t i c a l l y   h y d r o c r a c k i n g   a  h y d r o -  

c a r b o n a c e o u s   f e e d   c o m p r i s i n g  

(a)  c r a c k i n g   in   a  h y d r o c r a c k i n g   zone   (10)  t h e  

h y d r o c a r b o n a c e o u s   f e e d   (12)  in   t h e   p r e s e n c e   o f  

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

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

of   a t   l e a s t   2 5 0 ° C .   and   a  p r e s s u r e   of  a t   l e a s t  

45  a t m o s p h e r e s   a b s o l u t e   w h e r e i n   s a i d   h y d r o c r a c k i n g  

z o n e   (10)  h a s   a  h y d r o c r a c k i n g   v a p o r   p h a s e   and   a  

h y d r o c r a c k i n g   l i q u i d   p h a s e   w h e r e i n   s a i d   h y d r o g e n  

i s   p r o v i d e d   by  a  h y d r o g e n   f e e d   gas   (44,  4 6 )  

c o m p r i s i n g   a t   l e a s t   75  v o l u m e   p e r c e n t   h y d r o g e n ,  

to   p r o d u c e   a  h y d r o c r a c k a t e   ( 1 4 ) ,   and  w h e r e i n  

t h e   h y d r o g e n   f e e d   gas   i s   p r o v i d e d   in   an  a m o u n t  

s u f f i c i e n t   t o   m a i n t a i n   a  c o n c e n t r a t i o n   o f  

h y d r o g e n   in  t h e   h y d r o c r a c k i n g   v a p o r   p h a s e   o f  

a t   l e a s t   65  v o l u m e   p e r c e n t ;  

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

l i q u i d   p h a s e   (20)  and  a  s e p a r a t e d   v a p o r   p h a s e  

( 2 2 ) ,   s a i d   s e p a r a t e d   v a p o r   p h a s e   b e i n g   a t   a  

t e m p e r a t u r e   and   a  p r e s s u r e   s u f f i c i e n t   s u c h   t h a t  

when  t h e   s e p a r a t e d   v a p o r   p h a s e   i s   s u b s t a n t i a l l y  

in   e q u i l i b r i u m   w i t h   t h e   l i q u i d   p h a s e   f r o m   w h i c h  

i t   i s   s e p a r a t e d ,   t h e   s e p a r a t e d   v a p o r   p h a s e   h a s  

a  g r e a t e r   c o n c e n t r a t i o n   of  h y d r o g e n   t h a n   t h e  

m i n i m u m   c o n c e n t r a t i o n   of  h y d r o g e n   in   t h e  

h y d r o c r a c k i n g   v a p o r   p h a s e ;  

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

v a p o r   p h a s e   (22)  w i t h   a  f e e d   s i d e   of  a  p o l y m e r i c  

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

as  c o m p a r e d   t o   m e t h a n e ,   s a i d   s e p a r a t e d   v a p o r  

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

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

t h e   s e p a r a t e d   v a p o r   p h a s e   i s   in   c o n t a c t   w i t h  

t h e   m e m b r a n e ;  



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

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

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

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

s i d e   of  t h e   p o l y m e r i c   m e m b r a n e   and  p r o v i d e   a  

h y d r o g e n   p e r m e a t e   (30)  h a v i n g   a  c o n c e n t r a t i o n  

of  h y d r o g e n   g r e a t e r   t h a n   t h e   c o n c e n t r a t i o n   o f  

h y d r o g e n   in   t h e   s e p a r a t e d   v a p o r   p h a s e   (22)  a n d  

g r e a t e r   t h a n   t h e   c o n c e n t r a t i o n   of  h y d r o g e n   i n  

t h e   h y d r o g e n   f e e d   g a s   (44,   4 6 ) ;  

(e)  w i t h d r a w i n g   n o n - p e r m e a t e   (32)  f r o m   t h e   f e e d   s i d e  

of   t h e   p o l y m e r i c   m e m b r a n e ;  

(f)  r e m o v i n g   t h e   h y d r o g e n   p e r m e a t e   (30)  f r o m   s a i d  

o p p o s i t e   s i d e   of  t h e   p o l y m e r i c   m e m b r a n e ;  

(g)  c o m p r e s s i n g   t h e   r e m o v e d   h y d r o g e n   p e r m e a t e   ( 3 0 )  

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

h y d r o c r a c k i n g   zone   ( 1 0 ) ;   a n d  

(h)  t h e n   r e c y c l i n g   t h e   h y d r o g e n   p e r m e a t e ( 3 0 )   to   t h e  

h y d r o c r a c k i n g   zone   (10)  as  a  p o r t i o n   of   t h e  

h y d r o g e n   f e e d   gas   (44,   4 6 ) .  

2.  A  p r o c e s s   of  C l a i m   1,  w h e r e i n   t h e   p r e s s u r e   of  t h e  

s e p a r a t e d   v a p o r   p h a s e   in   e q u i l i b r i u m   w i t h   t h e   l i q u i d   p h a s e  
f r o m   w h i c h   i t   i s   s e p a r a t e d   i s   a t   l e a s t   0 . 5   t i m e s   t h e  

p r e s s u r e   in   t h e   h y d r o c r a c k i n g   z o n e .  

3.  A  p r o c e s s   o f  C l a i m   2,  w h e r e i n   t h e   p r e s s u r e   o f   t h e  

s e p a r a t e d   v a p o r   p h a s e   in   e q u i l i b r i u m   w i t h   t h e   l i q u i d   p h a s e  
f r o m   w h i c h   i t   i s   s e p a r a t e d   i s   0 . 9   to   1  t i m e s   t h e   p r e s s u r e  
in   t h e   h y d r o c r a c k i n g   z o n e .  

4.  A  p r o c e s s   o f  e i t h e r   C l a i m   2  or   C l a i m   3.  w h e r e i n   t h e  

t e m p e r a t u r e   of  t h e   s e p a r a t e d   v a p o r   p h a s e   (22)  in  e q u i l i b r i u m  
w i t h   t h e   l i q u i d  p h a s e   (20)  f r o m   w h i c h   i t   i s   s e p a r a t e d   i s  
l e s s   t h a n   7 0 ° C .  

5 .  A   p r o c e s s   of   any  of  C l a i m s   2  to   4,  w h e r e i n   t h e  

s e p a r a t e d   v a p o r   p h a s e   c o m p r i s e s   a t   l e a s t   7 5  v o l u m e   p e r c e n t  
of  h y d r o g e n .  



6.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e  

s e p a r a t i o n   of   t h e   h y d r o c r a c k a t e   (14)  to   p r o d u c e   t h e .  

s e p a r a t e d   v a p o r   p h a s e   (22)  i s   e f f e c t e d   by  c o o l i n g   t h e  

h y d r o c r a c k a t e   to   s a i d   t e m p e r a t u r e   b e l o w   70°C .   a n d  

o b t a i n i n g   t h e   s e p a r a t e d   v a p o r   p h a s e   by  g a s - l i q u i d  

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

7.  A  p r o c e s s   of   any  of  C l a i m s   1  to   5,  w h e r e i n   t h e  

s e p a r a t i o n   o f  t h e   h y d r o c r a c k a t e   (14)  to   p r o d u c e   t h e   s e p a r a t e d  

v a p o r   p h a s e   i s   e f f e c t e d  b y   s e p a r a t i n g   t h e   h y d r o c r a c k a t e   a t   a n  

e l e v a t e d   t e m p e r a t u r e   by  g a s - l i q u i d   s e p a r a t i o n   i n t o   a  

p r e c u r s o r   s e p a r a t e d   v a p o r   p h a s e   and  a  f i r s t   l i q u i d   p h a s e ,  

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

7 0 ° C . ,   a n d   s e p a r a t i n g   t h e   c o o l e d   p r e c u r s o r   s e p a r a t e d   v a p o r  

p h a s e   by  g a s - l i q u i d   s e p a r a t i o n   i n t o   t h e   s e p a r a t e d   v a p o r  

p h a s e   and   a  s e c o n d   l i q u i d   p h a s e .  

8.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s , . w h e r e i n   t h e  

h y d r o c r a c k i n g   zone   (10)  i s   a t   a  t e m p e r a t u r e   o f   f r o m   350°   t o  
4 5 0 ° C .   and   a  p r e s s u r e   of  f r o m   50  to   200  a t m o s p h e r e s   a b s o l u t e ;  

and   t h e   h y d r o g e n   f e e d   gas   (44,  46)  i s   p r o v i d e d   in   an  a m o u n t  

s u f f i c i e n t   t o   p r o v i d e   f r o m   0 . 1   to   5  n o r m a l   c u b i c   m e t e r s   o f  

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

9.  A  p r o c e s s   of   any  of   t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e  

h y d r o g e n   p e r m e a t e   (30)  c o n t a i n s   a t   l e a s t   90  v o l u m e   p e r c e n t  

h y d r o g e n .  

10.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   a t  

l e a s t   5  p e r c e n t   of  t h e   s e p a r a t e d   v a p o r   p h a s e   (22)  i s  

c o n t a c t e d   w i t h   t h e   f e e d   s i d e   of  t h e   p o l y m e r i c   m e m b r a n e .  

11.  A  p r o c e s s   of  C l a i m   10,  w h e r e i n   s u b s t a n t i a l l y   a l l   o f  

t h e   s e p a r a t e d   v a p o r   p h a s e   (22)  i s   c o n t a c t e d   w i t h   t h e   f e e d  

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

12.  A  p r o c e s s   of   C l a i m   10,  w h e r e i n   10  to   95  p e r c e n t  o f   t h e  

s e p a r a t e d   v a p o r   p h a s e   (22)  i s   c o n t a c t e d   w i t h   t h e   f e e d   s i d e   o f  

t h e   p o l y m e r i c   m e m b r a n e .  

13.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e  

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

o v e r   m e t h a n e   of  a t   l e a s t   1 0 .  



14.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e  

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

as  c o m p a r e d   to   n i t r o g e n .  

15.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e  

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

v a p o r   p h a s e   and  t h e   h y d r o g e n   p e r m e a t e   i s   l e s s   t h a n   0 . 7 .  

16.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e  

t o t a l   p r e s s u r e   on  t h e   o p p o s i t e   s i d e   of  t h e   p o l y m e r i c   m e m b r a n e  

i s   a t   l e a s t   20  a t m o s p h e r e s   b e l o w   t h e   p r e s s u r e   on  t h e   f e e d  

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

17.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   a t  

l e a s t   50  p e r c e n t   of   t h e   h y d r o g e n   in  t h e   s e p a r a t e d   v a p o r  

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

p e r m e a t e s  t h e   m e m b r a n e .  

18.  A  p r o c e s s   of  C l a i m   17,  w h e r e i n   a t   l e a s t   70  p e r c e n t   o f  

t h e   h y d r o g e n   in  t h e   s e p a r a t e d   v a p o r   p h a s e   c o n t a c t i n g   t h e  

f e e d   s i d e   of  t h e   p o l y m e r i c   m e m b r a n e   p e r m e a t e s   t h e   m e m b r a n e .  

19.  A  p r o c e s s   of  any  of  t h e   p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e  

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

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

s t r e a m   and  t h e   c o m b i n e d   g a s e s   a r e   c o m p r e s s e d   f o r   p a s s a g e   t o  

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

20.  A  p r o c e s s   of  C l a i m   19,  w h e r e i n   t h e   p r e s s u r e   a t   t h e  

o p p o s i t e   s i d e   of  t h e   p o l y m e r i c   membrane   i s   s u c h   t h a t   t h e  

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

c o m b i n a t i o n   w i t h   t h e   m a k e - u p   h y d r o g e n   s t r e a m .  
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