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@  Catalytic  dewaxing  process. 

A  hydrocarbon  feedstock  is  desulfurized  in  a  conven- 
tional  hydrodesulfurization  process  unit  (HDS),  and  then 
conducted  into  a  catalytic  dewaxing  process  unit  (DDW).  The 
cascading  relationship  of  the  HDS/DDW  units  enables  the 
operator  of  the  plant  to  recover  a  substantial  portion  of 
thermal  energy  from  a  number  of  process  streams  and 
decreases  the  size  of  the  compressor  required  in  the  plant. 



This  i n v e n t i o n   r e l a t e s   to  an  improved  c a t a l y t i c   p r o c e s s   o f  

dewaxing  and  d e s u l f u r i z a t i o n   of  gas  o i l s .   In  p a r t i c u l a r ,   i t   r e l a t e s   t o  

a  p r o c e s s   where in   a  f e e d s t o c k   is  h y d r o d e s u l f u r i z e d   and  s u b s e q u e n t l y  

c a t a l y t i c a l l y   dewaxed  th rough   i t s   c o n t a c t   with  a  h i g h l y   s i l i c e o u s   ZSM-5 

type  porous   c a t a l y s t .  

C a t a l y t i c   dewaxing  of  h i g h - p o u r   gas  o i l s   to  low  pour  N o .  2  

fue l   over  a  s h a p e - s e l e c t i v e   z e o l i t e   c a t a l y s t   of  the  ZSM-5  fami ly   w h i c h  

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

i s o p a r a f f i n s   and  l o n g - c h a i n   c y c l o p a r a f f i n s   is   known  in  the  a r t   f rom 

U.S.  P a t e n t   No.  3 , 7 0 0 , 5 8 5   and  i t s   r e i s s u e ,   Re.  28 ,398.   The  c a t a l y t i c  

dewaxing  p r o c e s s   d i s c l o s e d   in  t hese   p a t e n t s   is  u s u a l l y   f o l l o w e d   by  a  

c o n v e n t i o n a l   h y d r o d e s u l f u r i z a t i o n   p r o c e s s   (FDS)  to  remove  s u b s t a n t i a l l y  

a l l   s u l f u r   from  the  p r o d u c t   of  the  c a t a l y t i c   dewaxing  p r o c e s s .   As  t h e  

c o n v e n t i o n a l   h y d r o d e s u l f u r i z a t i o n   p r o c e s s   is  u s u a l l y   a l r e a d y   p r e s e n t   i n  

a  r e f i n e r y   the  new  c a t a l y t i c   dewaxing  u n i t   is  s imply  i n c o r p o r a t e d   i n t o  

the  r e f i n e r y   o p e r a t i o n s   ups t r eam  of  the  HDS  p r o c e s s .  

P r i o r   to  the  deve lopment   of  the  c a t a l y t i c   dewaxing  p r o c e s s ,  

high  pour  p o i n t   gas  o i l s   were  dewaxed  by  a  c o n v e n t i o n a l   s o l v e n t  

dewaxing  t r e a t m e n t .   Al though  s o l v e n t   dewaxing  was  a l so   u s u a l l y  

fo l lowed   by  the  HDS  p r o c e s s ,   i t   has  been  s u g g e s t e d   in  p r i o r   a r t   t o  

f i r s t   s u b j e c t   the  s u l f u r - c o n t a i n i n g   high  pour  gas  o i l s   to  the  HDS 

p r o c e s s   and  then  to  the  c o n v e n t i o n a l   s o l v e n t   dewaxing  p r o c e s s   ( U . S .  

P a t e n t s   Nos.  3 , 5 2 0 , 7 9 6   and  3 , 6 1 7 , 4 7 5 ) .   It  is  t h e r e   s t a t e d   t h a t   t h i s  

sequence   of  o p e r a t i o n s   r e d u c e s   pour  p o i n t   of  the  p r o d u c t ,  a n d   p r o d u c e s  

a  p roduc t   with  b e t t e r   haz ing   c h a r a c t e r i s t i c s .   Fbwever,  in  the  p r o c e s s  

sequence   d i s c l o s e d   in  both  p a t e n t s   the  HDS  and  the  dewaxer  are  used  a s  

p h y s i c a l l y   and  c o n c e p t u a l l y   s e p a r a t e   u n i t s   c o n n e c t e d   only  by  the  o i l  

base  s tock   e n t e r i n g   the  HDS  u n i t   and  by  the  d e s u l f u r i z e d   p r o d u c t   of  t h e  

HDS  u n i t   e n t e r i n g   the  dewaxer.   The  only  c l a imed   a d v a n t a g e s   r e l a t e   t o  

the  f i n a l   p r o d u c t   q u a l i t i e s .  

In  c o n t r a s t ,   i t   has  now  been  d i s c o v e r e d   t h a t   s u b s t a n t i a l  

p r o c e s s   and  cos t   a d v a n t a g e s   can  be  a t t a i n e d   i f   the  c o n v e n t i o n a l   HDS 



u n i t   is  f o l l o w e d   by  the  c a t a l y t i c   d i s t i l l a t e   dewaxing  p r o c e s s   u n i t  

( h e r e i n -   a f t e r   DDW)  and  i f   a  number  of  p r o c e s s   s t r e a m s   flow  between  t h e  

u n i t s   to  maximize  the  u t i l i z a t i o n   of  c o m p r e s s i o n   and  hea t   e x c h a n g e  

c a p a b i l i t i e s   between  the   two  u n i t s .  

The  F i g u r e   is   a  flow  c h a r t   of  one  exemplary   embodiment  of  t h e  

i n v e n t i o n .  

Accord ing   to  the   h y d r o d e s u l f u r i z a t i o n   p r o c e s s   u n i t   (HDS)  i s  

a r r a n g e d   in  a  c a s c a d i n g   r e l a t i o n s h i p   wi th   the  c a t a l y t i c   d i s t i l l a t e  

dewaxing  p r o c e s s   u n i t   (DDW)  so  t h a t   a  s m a l l e r   b o o s t e r   c o m p r e s s o r  

between  the  HDS  and  the  DDW  u n i t s   i s   r e q u i r e d   than  would  have  b e e n  

needed  i f   the   dewaxing  u n i t   were  p l a c e d   ups t r eam  of  the  HDS  u n i t .   I n  

a d d i t i o n ,   the  c a s c a d i n g   o p e r a t i o n   a l so   r e d u c e s   or  e l i m i n a t e s   coking  i n  

the  DDW  c h a r g e   h e a t e r .   The  HDS  and  the  DDW  u n i t   o p e r a t i o n s   a r e  

c o m p l e t e l y   i n t e g r a t e d   to  r e c o v e r   a  s u b s t a n t i a l   amount  of  t h e r m a l   e n e r g y  
from  v a r i o u s   p r o c e s s   s t r e a m s   and  t r a n s f e r   i t   from  one  u n i t   o p e r a t i o n   t o  

a n o t h e r .  

The  h y d r o d e s u l f u r i z a t i o n   p r o c e s s   u n i t   used  in  the  p r e s e n t  

i n v e n t i o n   may  be  any  c o n v e n t i o n a l l y   known  h y d r o d e s u l f u r i z a t i o n   p r o c e s s  
u n i t   (HDS)  used  in  the  a r t .   The  c a t a l y s t   used  in  the  p r o c e s s   may  b e  

any  c o n v e n t i o n a l   h y d r o d e s u l f u r i z a t i o n   c a t a l y s t ,   such  as  a  c a t a l y s t  

c o m p r i s i n g   a  Group  VIIA  (chromium,  molybdenum,  or  t u n g s t e n )   me ta l ,   a n d  

a  Group  VIIIA  meta l   or  t h e i r   ox ides   or  s u l f i d e s .   The  HDS  p r o c e s s   i s  

c o n d u c t e d   with  the  c a t a l y s t   under   h y d r o p r o c e s s i n g   c o n d i t i o n s  

c o m p r i s i n g :   a  hydrogen  p r e s s u r e   of  4053  kPa  (40  a t m o s p h e r e s )   to  20772  

kPa  (205  a t m o s p h e r e s ) ,   p r e f e r a b l y   10436  kPa  (103  a t m o s p h e r e s )   to  17327  

kPa  (171  a t m o s p h e r e s ) ;   a  t e m p e r a t u r e   of  345°C  (650°F)  to  455°C  ( 8 5 0 ° F ) ,  

p r e f e r a b l y   370°C  (700°F)  to  440°C  (820°F) ;   a  l i q u i d   hour ly   s p a c e  

v e l o c i t y   of  0.1  to  6 .0 ,   p r e f e r a b l y   0.4  to  4 .0 .   The  hydrogen  gas  u s e d  

dur ing   the   p r o c e s s   of  h y d r o d e s u l f u r i z a t i o n   is  c i r c u l a t e d   th rough   t h e  

h y d r o d e s u l f u r i z a t i o n   r e a c t o r   at  the  r a t e   of  between  178  and  2670  1/1  o f  

feed  (1000  to  15 ,000   s c f / b b l )   and  p r e f e r a b l y   between  178  and  1424  ( 1 0 0 0  

and  8000  s c f / b b l ) .   The  hydrogen  p u r i t y   may  vary  from  60  to  100%.  I f  

the  hydrogen  is   r e c y c l e d ,   as  i s   cu s tomary ,   i t   is   d e s i r a b l e   to  p r o v i d e  

means  of  b l e e d i n g   o f f   a  p o r t i o n   of  the  r e c y c l e d   gas  and  to  add  makeup 



hydrogen  in  o rde r   to  m a i n t a i n   the  hydrogen  p u r i t y   w i t h i n   the  s p e c i f i e d  

range .   The  r e c y c l e d   gas  is  u s u a l l y   washed  with  a  c h e m i c a l   a b s o r b e n t  

for   hydrogen  s u l f i d e   or  o t h e r w i s e   t r e a t e d   in  a  known  manner  to  r e d u c e  

the  hydrogen  s u l f i d e   c o n t e n t   t h e r e o f   p r i o r   to  r e c y c l i n g .   The  HDS 

p r o c e s s   removes  50%  to  99.5%  by  weight   of  the  s u l f u r   o r i g i n a l l y   p r e s e n t  

in  the  f e e d s t o c k .   F e e d s t o c k s   which  can  be  used  in  the  p r o c e s s   a r e  

h i g h - p o u r   gas  o i l s ,   such  as  s t r a i g h t   run  a t o m o s p h e r i c   and  vacuum  g a s  

o i l s   and  c r acked   gas  o i l s .   P r o d u c t s   of  the  p r o c e s s   i n c l u d e :   gas  o i l s ,  

n a p h t h a s   and  l i g h t   e n d s .  

In  the  p r e s e n t   i n v e n t i o n ,   the  hydrogen  makeup  s t r eam  i s  

p r e f e r a b l y   added  to  the  c a t a l y t i c   dewaxing  u n i t   o p e r a t i o n   of  t h e  

p r o c e s s   and  a  p o r t i o n   t h e r e o f   is   s u b s e q u e n t l y   r e c y c l e d ,   a f t e r  

c o m p r e s s i o n ,   to  the  HDS  u n i t   o p e r a t i o n .   Only  a  p o r t i o n ,   such  a s  

between  40%  and  50%,  of  the  hydrogen  s t ream  i n t r o d u c e d   i n t o   t h e  

c a t a l y t i c   dewaxing  u n i t   i s   s u b s e q u e n t l y   r e c y c l e d   to  the  FDS  u n i t ,  

depending   on  t h e  r e l a t i v e   amounts  of  hydrogen  r e q u i r e d   for   the  two 

u n i t s .   A c c o r d i n g l y ,   the  s i z e   of  the  b o o s t e r   c o m p r e s s o r   r e q u i r e d   t o  

compress   the  makeup  r e c y c l e   gases   is   r educed   because   only  h a l f   or  l e s s  

of  the  t o t a l   s t r eam  of  the  r e c y c l e   gases   must  be  compressed   to  t h e  

h ighe r   p r e s s u r e   under   which  the  FDS  p r o c e s s   is   o p e r a t i n g .   In  c o n t r a s t ,  

in  an  o p e r a t i o n   where in   the  c a t a l y t i c   dewaxing  p r o c e s s   p r e c e d e s   the  HDS 

p r o c e s s ,   the  s i z e   of  the   c o m p r e s s o r   u n i t   would  have  been  at  l e a s t  

double   the  s i z e   of  t h a t   in  the  p r e s e n t   p r o c e s s   s i n c e   the  e n t i r e  

hydrogen  makeup  r e c y c l e   s t r eam  would  have  to  be  compressed   to  t h e  

h i g h e r   p r e s s u r e   of  the  FDS  u n i t   o p e r a t i o n .  

In  a d d i t i o n ,   a  number  of  high  t e m p e r a t u r e   p r o c e s s   s t r e a m s   i n  

the  dewaxing  p r o c e s s   u n i t   and  in  the  d e s u l f u r i z a t i o n   p r o c e s s   u n i t   a r e  

passed   th rough   v a r i o u s   heat   exchang ing   means  with  c o o l e r   p r o c e s s  

s t r eams   from  one  or  both  p r o c e s s   u n i t s   to  e x t r a c t   the  t he rma l   e n e r g y  
from  the  high  t e m p e r a t u r e   s t r e a m s .  

The  dewaxing  p r o c e s s   u n i t   is  o t h e r w i s e   o p e r a t e d   in  t h e  

c o n v e n t i o n a l   manner  of  o t h e r   c a t a l y t i c   dewaxing  u n i t s   such  as  t h a t  

d i s c l o s e d   in  U.S.  P a t e n t   No.  3 , 7 0 0 , 5 8 5 .   Thus,  the  c a t a l y s t   used  in  t h e  

dewaxing  u n i t   o p e r a t i o n   is  the  c a t a l y s t   of  the  ZSM-5  type  w h i c h  



i n c l u d e s   the  s p e c i f i c   z e o l i t e s   ZSM-5,  ZSM-11,  ZSM-23,  ZSM-38  a n d  

ZSM-43,  and  is   p r e f e r a b l y   ZSM-5. 

The  c o n d i t i o n s   of  the   c a t a l y t i c   dewaxing  are  t h o s e   of  c r a c k i n g  

or  h y d r o c r a c k i n g   o p e r a t i o n s .   Typ ica l   c r a c k i n g   p r o c e s s   c o n d i t i o n s  

i n c l u d e :   a  l i q u i d   h o u r l y   space   v e l o c i t y   between  0.5  and  200,  a  

t e m p e r a t u r e   between  288°C  and  593°C  (550°F  and  1100°F) ,   and  a  p r e s s u r e  

between  about   s u b a t m o s p h e r i c   and  s e v e r a l   hundred  a t m o s p h e r e s .  

C o n v e r s e l y ,   t y p i c a l   h y d r o c r a c k i n g   o p e r a t i o n   c o n d i t i o n s   i n c l u d e :  

t e m p e r a t u r e s   of  between  343°C  and  538°C  (650°F  and  1000°F) ,   a  p r e s s u r e  

between  791  and  20786  kPa  (100  and  3000  p s i g ) ,   and  p r e f e r a b l y   b e t w e e n  

1480  and  4826  kPa  (200  and  700  p s i g ) ,   l i q u i d   hour ly   space   v e l o c i t y   o f  

be tween  0.1  and  10,  p r e f e r a b l y   between  0.5  and  4,  and  the  hydrogen  t o  

h y d r o c a r b o n   mole  r a t i o   of  between  1  and  20,  p r e f e r a b l y   between  4.0  a n d  

12.  The  feed  i n t r o d u c e d   i n to   the  dewaxing  u n i t   r e a c t o r   is  m o d i f i e d   by 

r e c y c l i n g   a  s u b s t a n t i a l   amount  of  gaseous   components   from  the  low 

t e m p e r a t u r e   s e p a r a t o r   i n t o   the  c a t a l y t i c   dewaxing  r e a c t o r .   The  amount  

of  gaseous   components   from  the  low  t e m p e r a t u r e   s e p a r a t o r   i n t r o d u c e d  

i n t o  t h e   c a t a l y t i c   r e a c t o r   is   such  t h a t   the  gases   c o n s t i t u t e   50%  t o  

100%,  p r e f e r a b l y   80%  to  100%  of  the  t o t a l   feed  in  the  c a t a l y t i c  

r e a c t o r .   A c c o r d i n g l y ,   h i g h e r   o p e r a t i n g   t e m p e r a t u r e s   can  be  s u s t a i n e d  

in  the  c a t a l y t i c   r e a c t o r   w i t h o u t   a  s u b s t a n t i a l   i n c r e a s e   in  the  amount  

of  coke  p roduced   t h e r e i n .   Thus,  the  c a t a l y t i c   dewaxing  r e a c t o r   can  b e  

o p e r a t e d   at   a  t e m p e r a t u r e   of  260°C  to  454°C  (500°F  to  850°F)  u n d e r  

c r a c k i n g   p r o c e s s   c o n d i t i o n s ,   or  at  a  t e m p e r a t u r e   of  260°C  to  538°C 

(500°F  to  1000°F)  at  h y d r o c r a c k i n g   p r o c e s s   c o n d i t i o n s   with  v i r t u a l l y   no 

i n c r e a s e   in  coke  p r o d u c t i o n ,   as  compared  to  the  amount  of  coke  p r o d u c e d  

at  c o n v e n t i o n a l   c r a c k i n g   and  h y d r o c r a c k i n g   c o n d i t i o n s   used  in  p r i o r   a r t  

c a t a l y t i c   dewaxing  o p e r a t i o n s .   I n c r e a s e d   t e m p e r a t u r e   of  the  c a t a l y t i c  

dewaxing  r e a c t o r   p roduces   a  number  of  high  t e m p e r a t u r e   p r o c e s s   s t r e a m s  

e x i t i n g   the  r e a c t o r   which,   in  t u r n ,   e n a b l e s   the  o p e r a t o r   of  the  p r o c e s s  
to  r e c o v e r   a  s u b s t a n t i a l l y   h i g h e r   p r o p o r t i o n   of  t h e r m a l   energy  f r o m  

such  high  t e m p e r a t u r e   p r o c e s s   s t r e a m s   in  a p p r o p r i a t e   hea t   e x c h a n g i n g  

o p e r a t i o n s .   In  t h i s   c o n n e c t i o n ,   the   gaseous   components   r e c y c l e d   i n t o  

the  c a t a l y t i c   dewaxing  r e a c t o r   are  compr i sed   of:  vapor   from  FDS  low 



t e m p e r a t u r e   s e p a r a t o r   and,  t h a t   from  DDW  low  t e m p e r a t u r e   s e p a r a t o r ,   a s  

wel l   as  make-up  h y d r o g e n .  

The  p r o c e s s   w i l l   now  be  d e s c r i b e d   in  c o n j u n c t i o n   with  a  

p r o c e s s   flow  c h a r t   of  one  embodiment  t h e r e o f   i l l u s t r a t e d   in  the  F i g u r e .  

The  f e e d s t o c k   ( a t m o s p h e r i c   heavy  gas  o i l )   i s   r e c e i v e d   e i t h e r  

from  s t o r a g e   at  the  p l a n t   or  t h rough   any  o t h e r   c o n v e n t i o n a l   t r a n s f e r  

means,  such  as  a  d i r e c t   p i p e l i n e   from  an  u n r e l a t e d   u n i t   o p e r a t i o n   i n  

the  p l a n t   or  e l s e w h e r e ,   and  is  conduc ted   at  the  r a t e   of  8000  b a r r e l s  

per  s t a n d a r d   day  (BPSD)  to  the  feed  surge   and  water   knockout   drum  1 0 1 .  

The  drum  101  is   of  a  c o n v e n t i o n a l   c o n s t r u c t i o n   known  in  the  a r t   and  i t  

removes  s u b s t a n t i a l l y   a l l   of  the  wate r ,   i f   any,  p r e s e n t   in  t h e  

f e e d s t o c k   as  a  r e s i d u e   s t ream  R. 

The  feed  s t r e a m ,   now  s u b s t a n t i a l l y   f r ee   of  wa te r ,   ( c o n t a i n i n g  

not  more  than  300  ppm  by  weight   of  wa te r )   is   pumped  from  the  drum  101 

in to   a  hea t   exchange r   103,  then  th rough   a  3-way  va lve   104,  a n d  

s u b s e q u e n t l y   t h rough   a  hea t   exchange r   105  i n to   a  h y d r o d e s u l f u r i z a t i o n  

charge   h e a t e r   8 0 .   The  hea t   exchange r   103  e x t r a c t s   heat   from  a  s t r e a m  

66  (a  p roduc t   s t r i p p e r   b o t t o m s ) ,   whi le   the  hea t   e x c h a n g e r   105  e x t r a c t s  

heat   from  the  s t r eam  55,  which  is  a  s t r eam  o b t a i n e d   from  the  d e w a x i n g  

c a t a l y t i c   r e a c t o r   e f f l u e n t .   Before   e n t e r i n g   the  HDS  h e a t e r   80,  t h e  

feed  is   mixed  in  l i n e   with  p r e h e a t e d   HDS  r e c y c l e   gas  ( s t r e am  17).  On 

the  b a s i s   of  the  a f o r e m e n t i o n e d   f e e d s t o c k   flow  r a t e ,   the  hea t   e x c h a n g e r  

103  t r a n s f e r s   4 .103  x  106  J/S  (14  m i l l i o n   BTU/hr)  to  the  feed  s t r e a m  

51;  the  heat   e x c h a n g e r   105  t r a n s f e r s   6.741  x  106J/S  (23  m i l l i o n  

BTU/hr),   thus   i n c r e a s i n g   the  t e m p e r a t u r e   of  the  s t r eam  from  182°C 

(360°F)  i m m e d i a t e l y   b e f o r e   the  3-way  va lve   104  to  371°C  ( 7 0 0 ° F )  

i m m e d i a t e l y   a f t e r   e x i t i n g   the  heat   e x c h a n g e r   105.  The  t e m p e r a t u r e   o f  

the  p r e h e a t e d   FDS  r e c y c l e   gas  s t r eam  17)  is   332°C  ( 6 3 0 ° F ) .  

A c c o r d i n g l y ,   a f t e r   t h i s   s t ream  is  mixed  with  the  s t r eam  52,  t h e  

t e m p e r a t u r e   of  the  combined  s t r eam  is  338°C  (640°F) ,   as  t h a t   comb ined  

s t ream  e n t e r s   the  HDS  charge   h e a t e r   80.  In  the  charge   h e a t e r   80,  1 . 1 7 2  

x  1 0  J / S   (4  m i l l i o n   BTU/hr)  are  t r a n s f e r r e d   to  the  combined  o i l   f e e d  

and  HDS  r e c y c l e   gas  ( s t r eam  21).  The  charge   h e a t e r   80  is   a l so   of  a  

c o n v e n t i o n a l   c o n s t r u c t i o n ,   such  as  b o x - t y p e   with  v e r t i c a l   t u b e s .   The 



h e a t e d   s t r e a m   23  e x i t i n g   the  cha rge   h e a t e r   has  a  t e m p e r a t u r e   of  371°C 

(700°F) .   I t   i s   then  c o n d u c t e d   to  a  downflow  f i x e d   bed  r e a c t o r   108  

o p e r a t i n g   at  the   p r e s s u r e   of  4826  kPa  (700  p s i g ) .   The  r e a c t o r   108  i s  

a l s o   of  a  c o n v e n t i o n a l   c o n s t r u c t i o n   fo r   h y d r o d e s u l f u r i z a t i o n   u n i t s   w e l l  

known  in  the  a r t .  

The  HDS  r e a c t o r   e f f l u e n t ,   s t r e a m   27,  has  a  t e m p e r a t u r e   o f  

366°C  to  393°C  (690°F  to  740°F)  and  i t   is  used  to  p r e h e a t   i t s   r e c y c l e  

gas  in  the  hea t   e x c h a n g e r   81  so  t h a t   the  s t r eam  26  e x i t i n g   the   h e a t  

e x c h a n g e r   has  a  t e m p e r a t u r e   of  332°C  (630°F) .   This  s t r eam  is   t h e n  

coo led   in  the  low  p r e s s u r e   s team  b o i l e r   84  to  the  t e m p e r a t u r e   at  w h i c h  

the  high  t e m p e r a t u r e   s e p a r a t o r   109  i s   o p e r a t e d .   The  hea t   exchange r   84  

e x t r a c t s   2.051  x  106J /S   (7 .0   m i l l i o n   BTU/hr)  from  the  s t r eam  26.  The 

c o o l e d   s t r e a m   26  i s   now  c o n d u c t e d   to  the  high  t e m p e r a t u r e   s e p a r a t o r  

109,  o p e r a t i n g   at   288°C  (550°F)  and  4343.7   kPa  (630  p s i g ) .   The 

s e p a r a t e r   109  s e p a r a t e s   the  s t r eam  26  i n t o   a  s t r eam  28,  a  l i q u i d  

f lowing   at  the   r a t e   of  7700  BPSD,  and  a  s t r eam  29,  a  gaseous   s t r e a m ,  

c o m p r i s i n g   e s s e n t i a l l y   hydrogen  and  lower  h y d r o c a r b o n s ,   i n c l u d i n g  

a l k a n e s   and  a l k e n e s   of  C1  to  C4  f lowing   at   the   r a t e   of  10.0  m i l l i o n  

SCFD. 

The  l i q u i d   s t r e a m   28  i s   combined  with  a  p r e h e a t e d   r e c y c l e   g a s  
( s t r e a m   78)  i n t o   a  s t r e a m   3  which  is   i n t r o d u c e d   i n to   the  c a t a l y t i c  

dewaxing  p r o c e s s   cha rge   h e a t e r   111.  The  s t r eam  3  has  a  t e m p e r a t u r e   o f  

271°C  (520°F) .   The  c a t a l y t i c   dewaxing  p r o c e s s   charge   h e a t e r   111 

o p e r a t e s   at   4275  kPa  (620  ps ig )   to  add  8 .792  x  106JIS  (30  m i l l i o n  

BTU/hr)  to  the  s t r e a m   3.  The  h e a t e d   s t r eam  11  e x i t i n g   the  h e a t e r   111 

has  a  t e m p e r a t u r e   of  438°C  ( 8 2 0 ° F ) .  

The  HDS  high  t e m p e r a t u r e   s e p a r a t o r   vapor ,   s t r eam  29,  i s   u s e d  

to  p r e h e a t   low  t e m p e r a t u r e   s e p a r a t o r   vapor  a f t e r   i t   has  gone  t h rough   an  
amine  s c r u b b e r   102  to  remove  hydrogen  s u l f i d e   and  ammonia.  The  h i g h  

t e m p e r a t u r e   s e p a r a t o r   vapor   is   f u r t h e r   coo led   to  the  t e m p e r a t u r e   a t  

which  the  low  t e m p e r a t u r e   s e p a r a t o r   110  o p e r a t e s .   Thus,  the  h i g h  

t e m p e r a t u r e   s e p a r a t o r   vapor   s t r e a m   29  is   conduc t ed   to  the  h e a t  

exchange r   82,  where in   i t s   t e m p e r a t u r e   i s   d e c r e a s e d   to  193°C  ( 3 8 0 ° F ) ,  

and  then  to  a  wa te r   c o o l e r   83,  where in   i t s   t e m p e r a t u r e   i s   reduced  t o  



37.8°C  (100°F) .   The  heat   exchange r   83  removes  1.172  x  106J/S  ( 4 . 0  

m i l l i o n   BTU/hr)  from  the  s t r eam  2 9 .  

The  low  t e m p e r a t u r e   s e p a r a t o r   110  o p e r a t e s   at  37.8°C  ( 1 0 0 ° F )  

and  4137  kPa  (600  p s i g ) .   The  HDS  low  t e m p e r a t u r e   s e p a r a t o r   v a p o r  

( s t r eam  32)  is   charged   to  an  amine  s c r u b b e r   102,  whi le   the  l i q u i d  

s t ream  31,  an  u n s t a b i l i z e d   naph tha ,   c a n . b e   cha rged   to  any  c o n v e n t i o n a l  

s t a b i l i z e r   or  s t r i p p e r .   The  flow  r a t e   of  the  s t r eam  31  is   500  BPSD. 

The  HDS  low  t e m p e r a t u r e   s e p a r a t o r   vapor  is  conduc t ed   to  a  

v e s s e l   120  which  is   a  k n o c k - o u t   drum,  to  remove  any  e n t r a i n e d   amines  i n  

the  vapor .   From  the  v e s s e l   120,  the  vapor  is   conduc ted   t h rough   a  h e a t  

e x c h a n g e r   82,  as  d i s c u s s e d   above,   and  then  to  a  heat   e x c h a n g e r   1 0 4 ,  

where  i t   is  f u r t h e r   hea ted   by  the  c a t a l y t i c   dewaxing  r e a c t o r   b o t t o m s  

e f f l u e n t ,   s t r eam  55.  Af t e r   l e a v i n g   the  hea t   exchange r   104  which  i s  

s i z e d   at  1 .026  x  106J/S  (3 .5   m i l l i o n   BTU/hr),   the   vapor   has  a  

t e m p e r a t u r e   of  388°C  ( s t r eam  41).  Stream  41  is  then  combined  i n - l i n e  

with  the  hea ted   s t ream  11  from  the  c a t a l y t i c   dewaxing  charge   h e a t e r   111 

and  then  to  the  c a t a l y t i c   dewaxing  r e a c t o r   117.  The  s t ream  54  e n t e r i n g  

the  r e a c t o r   117  has  a  t e m p e r a t u r e   of  427°C  (800°F)  and  i t   is  i n t r o d u c e d  

i n to   the  r e a c t o r   117  at  4137  kPa  (600  p s i g ) .   The  r e a c t o r   117  is   of  a  

c o n v e n t i o n a l   c o n s t r u c t i o n   used  in  p r i o r   a r t   for   such  c a t a l y t i c   d e w a x i n g  

u n i t   o p e r a t i o n s .   Thus,  the  r e a c t o r   117  is   f i l l e d   with  a  ZSM-5  t y p e  

c a t a l y s t ,   and  equ ipped   with  an  a p p r o p r i a t e   d i s t r i b u t i o n   system  f o r  

mixed  phase  (vapor   and  l i q u i d )   f e e d s .  

Stream  54  is   i n t r o d u c e d   i n to   the  r e a c t o r   117  at  the  r a t e   o f  

7700  BPSD.  Stream  41  f lows  at  the  r a t e   of  9.0  m i l l i o n   SCFD. 

HDS  high  t e m p e r a t u r e   s e p a r a t o r   l i q u i d ,   s t r eam  28,  is  mixed  

i n - l i n e   with  p r e h e a t e d   r e c y c l e   gas  ( s t r eam  78)  from  the  c a t a l y t i c  

dewaxing  u n i t   b e f o r e   e n t e r i n g   the  c a t a l y t i c   dewaxing  u n i t   charge   h e a t e r  

111.  The  h e a t e r   111  is   s i z e d   at   8.79  x  106J/S  (30  m i l l i o n   B T U / h r ) .  

The  t e m p e r a t u r e   of  s t r eam  11  e x i t i n g   the  h e a t e r   is  437°C  ( 8 2 0 ° F ) .  

C o n v e r s e l y ,   the  t e m p e r a t u r e   of  the  combined  r e a c t o r   charge   ( s t r eam  3)  

be fo re   the  i n t r o d u c t i o n   t h e r e o f   i n to   the  h e a t e r   111  is   271°C  ( 5 2 0 ° F ) .  

The  r e l a t i v e   p r e s s u r e   l e v e l s   of  HDS  low  t e m p e r a t u r e   s e p a r a t o r  

vapor  and  the  c a t a l y t i c   dewaxing  r e a c t o r   d i c t a t e   t h a t   s e p a r a t o r   v a p o r  



c a n n o t   be  cha rged   t h r o u g h   the  h e a t e r   111  w i t h o u t   a  b o o s t e r   c o m p r e s s o r .  

T h e r e f o r e ,   i t   i s   p r e h e a t e d   in  the  hea t   e x c h a n g e r   104  which  i s   s i z e d   a t  

1 .026  x  106J /S   (3 .5   m i l l i o n   BTU/hr)  to  388°C  ( 7 3 0 ° F ) .  

The  l i q u i d / v a p o r   m i x t u r e   hea t ed   in  the  c a t a l y t i c   dewaxing  u n i t  

cha rge   h e a t e r   must  o b t a i n   high  enough  t e m p e r a t u r e   in  o rde r   to  produce   a  

r e a c t o r   charge   having   a  t e m p e r a t u r e   of  427°C  (800°F)  at   the  end  of  t h e  

o p e r a t i n g   c y c l e .   At  the  same  t ime ,   however,   the  t e m p e r a t u r e   in  t h e  

cha rge   h e a t e r   i s   l i m i t e d   due  to  the  t endency   of  the  h e a t e d   s t ock   t o  

form  coke  in  the  h e a t e r .  

The  t endency   to  form  coke  in  the  h e a t e r   is  e i t h e r   d i m i n i s h e d  

or  a lmos t   c o m p l e t e l y   e l i m i n a t e d   by  s u p p l y i n g   a  r e l a t i v e l y   l a r g e   vo lume 

of  gaseous   components   ( r e c y c l e   g a s - s t r e a m   78)  i n t o   the  h e a t e r .  

The  c a t a l y t i c   dewaxing  u n i t   r e a c t o r   e f f l u e n t   ( s t r eam  55)  i s  

used  to  hea t   HDS  low  t e m p e r a t u r e   s e p a r a t o r   vapor  ( s t r e a m   37)  in  t h e  

hea t   e x c h a n g e r   104,  and  then  is   a l so   used  to  p r e h e a t   gas  o i l   charge   i n  

the  hea t   e x c h a n g e r   105.  The  hea t   e x c h a n g e r   105  is   c o n t r o l l e d   by  means  

of  a  co ld   feed  bypass   to  m a i n t a i n   a  c o n s t a n t   t e m p e r a t u r e   (260°C  t o  

316°C)  of  the   high  t e m p e r a t u r e   s e p a r a t o r   1 3 0 .  

The  l i q u i d   ( s t r e am  63)  from  the  high  t e m p e r a t u r e   s e p a r a t o r   130 

i s   cha rged   d i r e c t l y   to  p r o d u c t   s t r i p p e r   132.  The  vapor   s t ream  56  f r o m  

the  high  t e m p e r a t u r e   s e p a r a t o r   130  i s   u t i l i z e d   to  p r e h e a t   DDW  r e c y c l e  

gas  in  the  hea t   e x c h a n g e r   113,  which  lowers   the  t e m p e r a t u r e   of  t h e  

vapor   s t r e a m   to  221°C  (430°F) .   The  vapor   s t r eam  is   then  conduc t ed   to  a  

hea t   e x c h a n g e r   106  where in   i t   is   coo led   by  l i q u i d   s t r eam  44,  o b t a i n e d  

from  the  low  t e m p e r a t u r e   DDW  s e p a r a t o r   134,  to  1710C  (340°F) ,   and  i t   i s  

s u b s e q u e n t l y   coo led   in  a  h e a t - e x c h a n g e r   106  to  37.8°C  (100°F) .   The 

hea t   e x c h a n g e r   106  e x t r a c t s   2.931  x  106J/S  (10  m i l l i o n   BTU/hr)  f rom 

the  vapor   s t r e a m ,   whi le   the  hea t   e x c h a n g e r   136  is   s i z e d   to  1 .172  x  
106J/S  (4 .0   m i l l i o n   BTU/hr) .   The  low  t e m p e r a t u r e   s e p a r a t o r   1 3 4  

o p e r a t e s   a t   37.8°C  (100°F)  and  3241  kPa  (470  p s i g ) .  

The  h e a t e d   low  t e m p e r a t u r e   s e p a r a t o r   l i q u i d ,   s t r eam  76,  i s  

cha rged   to  the  p r o d u c t   s t r i p p e r   132.  If  n e c e s s a r y ,   low  t e m p e r a t u r e  

s e p a r a t o r - v a p o r ,   s t r e a m   58,  is   cha rged   to  an  amine  s c r u b b e r   to  remove  

hydrogen  s u l f i d e   and  ammonia.  Af t e r   the  o p t i o n a l   s c r u b b e r ,   p a r t   of  t h e  



vapor  is  s en t   to  f u e l   gas  system  ( s t r eam  48)  at  the  r a t e   of  1 , 8 0 0 , 0 0 0  

s t a n d a r d   cubic   f e e t   per  day  (SCFD),  and  the  r e m a i n d e r   of  the  vapor  i s  

r e c y c l e d   th rough   a  compres so r   k n o c k - o u t   drum  137  i n to   the  FDS  u n i t  

o p e r a t i o n   and  the  DDW  u n i t   o p e r a t i o n .  

Hydrogen  makeup,  s t r eam  15,  is  added  at   the  r a t e   of  2 , 0 0 0 , 0 0 0  

SCFD  to  the  DDW  r e c y c l e   gas  s t r eam  59  to  meet  the  p r o c e s s   r e q u i r e m e n t s  

for   both  HDS  and  DDW  u n i t s .   The  combined  s t r eam  of  the  hydrogen  makeup 

and  the  r e c y c l e   gas  is   conduc ted   to  a  c o m p r e s s o r   knock  out  drum  1 3 7 ,  

where in   l i q u i d   i s   removed,  and  i t   then  is   conduc t ed   i n t o   a  c o m p r e s s o r  
u n i t   138  where  i t s   p r e s s u r e   is  i n c r e a s e d   to  4482  kPa  (650  p s i g ) .   The 

compres so r   138  i s   used  only  to  r a i s e   the  p r e s s u r e   for   the  DDW  u n i t .  

Par t   of  the  compressed   gas  s t r eam  81,  (50%-60%)  is  r e c y c l e d   to  the  DDW 

u n i t ,   whi le   the  r e s t ,   s t r eam  13,  (40%-50%)  is  f u r t h e r   compressed   by 

compres so r   140  to  5102  kPa  (740  p s i g ) ,   the  l e v e l   r e q u i r e d   for  the  HDS 

u n i t   o p e r a t i o n .   Knock-out   drum  139  removes  any  l i q u i d s   which  may  b e  

p r e s e n t   in  the  s t r eam  13.  C o n s e q u e n t l y ,   the   amount  of  c o m p r e s s i o n  

r e q u i r e d   for   the  e n t i r e   HDS/DDW  cascade   p r o c e s s   scheme  is  r e d u c e d ,  

s i n c e   only  a  p o r t i o n   of  the   r e c y c l e   gas  (40%  to  50%)  is  compressed   t o  

the  c o m p r e s s i o n   l e v e l   r e q u i r e d   by  the  HDS  u n i t   o p e r a t i o n .  

Both  the  high  t e m p e r a t u r e   DDW  s e p a r a t o r   l i q u i d   s t r eam  63,  a n d  

the  hea ted   DDW  low  t e m p e r a t u r e   s e p a r a t o r   l i q u i d ,   s t r eam  76,  are  c h a r g e d  

to  the  p roduc t   s t r i p p e r   1 3 2 .  T h e   p r o d u c t   s t r i p p e r   is  of  a  c o n v e n t i o n a l  

c o n s t r u c t i o n ,   c o m p r i s i n g   about   20  t r a y s .   The  s t r i p p e r   is  p rov ided   w i t h  

an  overhead   c o n d e n s e r   107  which  removes  2.345  x  106J/S  (8 .0   m i l l i o n  

BTU/hr)  and  with  an  a c c u m u l a t o r   142,  which  o p e r a t e s   at  37.8°C  ( 1 0 0 ° F )  

and  586.1  kPa  (85  p s i g ) .   A  steam  s t r eam  73  is   i n j e c t e d   i n to   the  b o t t o m  

of  the  s t r i p p e r .   Stream  73  has  a  t e m p e r a t u r e   of  288°C  (550°F)  and  a  

p r e s s u r e   of  1241  kPa  (180  p s i g ) .   Overhead  vapor  ( s t r eam  67  f lowing   a t  

the  r a t e   of  400,000  SCFD),  i f   n e c e s s a r y ,   is   cha rged   to  an  amine  u n i t   t o  

remove  hydrogen  s u l f i d e   and  ammonia,  and  f i n a l l y   to  a  fue l   gas  s y s t e m .  

U n s t a b i l i z e d   naph tha   is  p roduced  as  overhead   l i q u i d   p r o d u c t  

s t ream  68  at  the  r a t e   of  1300  BPSD  and  i t   is  charged   to  a  s t a b i l i z e r .  

Water  is  d r a i n e d   from  the  boot  of  the  a c c u m u l a t o r   142  as  s t r eam  74  a n d  

is   s en t   to  the  sour   water   sys tem.   The  dewaxed  p r o d u c t   is  w i t h d r a w n  



from  the  bot tom  of  the  s t r i p p e r   as  the  s t r eam  66  at   249°C  ( 4 8 0 ° F ) .  

This  s t r eam  i s   f i r s t   used  to  p r e h e a t   the   f e e d s t o c k   in  the  h e a t  

e x c h a n g e r   103  and  i t   i s   then  f u r t h e r   coo led   in  a  hea t   exchange r   108  t o  

43.3°C  (110°F) .   The  hea t   e x c h a n g e r   108  removes  1 .026  x  106J/S  ( 3 . 5  

m i l l i o n   BTU/hr)  from  the  s t r eam  69,  a  coo led   s t r eam  6 6 .  



1.  A  p r o c e s s   for   dewaxing  at   l e a s t   one  p e t r o l e u m   f e e d s t o c k ,  

c o m p r i s i n g   h y d r o d e s u l f u r i z i n g   the  f e e d s t o c k   and  s u b s e q u e n t l y   c o n d u c t i n g  

the  d e s u l f u r i z e d   f e e d s t o c k   to  a  c a t a l y t i c   dewaxing  u n i t ,   where in   i t   i s  

c o n t a c t e d   with  a  h igh ly   s i l i c e o u s   ZSM-5  type  porous   c r y s t a l l i n e  

m a t e r i a l .  

2.  A  p r o c e s s   a c c o r d i n g   to  c la im  1  where in   the  p e t r o l e u m  

f e e d s t o c k   has  a  b o i l i n g   p o i n t   of  at  l e a s t   176.7°C  ( 3 5 0 ° F ) .  

3.  A  p r o c e s s   a c c o r d i n g   to  Claim  2  where in   the  h i g h l y  

s i l i c e o u s   porous   c r y s t a l l i n e   m a t e r i a l   is  ZSM-5. 

4.  A  p r o c e s s   a c c o r d i n g   to  Claim  2  where in   a  make-up  h y d r o g e n  

s t r eam  is   i n t r o d u c e d   i n to   the  p r o c e s s   downstream  of  the  p o i n t   o f  

c o n t a c t i n g   the  d e s u l f u r i z e d   f e e d s t o c k   with  the  h igh ly   s i l i c e o u s   p o r o u s  

c r y s t a l l i n e   m a t e r i a l   of  the  z e o l i t e   ZSM-5  t y p e .  

t  5.  A  p r o c e s s   a c c o r d i n g   to  Claim  4  where in   t h e  

h y d r o d e s u l f u r i z i n g   s tep   is   conduc t ed   at  a  t e m p e r a t u r e   of  343°C  to  454°C 

(650°F  to  850°F)  and  at  a  p r e s s u r e   of  4137  to  20684  kPa  (600  to  3000  

p s i g ) ,   and  the  s t ep   of  c o n t a c t i n g   the  d e s u l f u r i z e d   f e e d s t o c k   with  t h e  

c r y s t a l l i n e   m a t e r i a l ,   is  conduc ted   under  c r a c k i n g   p r o c e s s   c o n d i t i o n s ,  

is  c a r r i e d   out  at   a  t e m p e r a t u r e   of  288°C  to  538°C  (550°F  to  1000°F) ,   a t  

a  p r e s s u r e   of  689.5  to  20684  kPa  (100  to  3000  p s i g ) ,   and  at   l i q u i d  

hour ly   space  v e l o c i t y   of  0.5  to  200,  and,  i f   conduc t ed   u n d e r  

h y d r o c r a c k i n g   p r o c e s s   c o n d i t i o n s ,   i t   is   c a r r i e d   out  at  a  t e m p e r a t u r e   o f  

343°C  to  538°C  (650°F  to  1000°F) ,   a  p r e s s u r e   of  689.5  to  20684  kPa  ( 100  

ps ig)   to  3000  ps ig ,   l i q u i d   hour ly   space  v e l o c i t y   of  0.1  to  10,  a n d  

hydrogen  to  h y d r o c a r b o n   mole  r a t i o   of  1  to  2 0 .  

6.  A  p r o c e s s   a c c o r d i n g   to  Claim  5  where in   at  l e a s t   40%  by 

volume  of  the  t o t a l   hydrogen  s t ream  is  conduc t ed   from  the  c a t a l y t i c  

dewaxing  s t ep   to  the  h y d r o d e s u l f u r i z i n g   s t e p .  



7.  A  p r o c e s s   a c c o r d i n g   to  Claim  6  where in   50%  by  volume  o f  

the  t o t a l   hydrogen  s t r e a m   is   conduc t ed   from  the  c a t a l y t i c   dewaxing  s t e p  

to  the  h y d r o d e s u l f u r i z a t i o n   s t e p .  

8.  In  a  c a t a l y t i c   p r o c e s s   fo r   dewaxing  a t   l e a s t   one  p e t r o l e u m  

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

s i l i c e o u s   ZSM-5  type   z e o l i t e   porous   c r y s t a l l i n e   m a t e r i a l   at  a  

t e m p e r a t u r e   of  288°C  to  593°C  (550°F  to  1100°F)  and  at  a  p r e s s u r e   o f  

103  to  20684  kPa  (15  p s i g   to  3000  p s i g ) ,   the   improvement   w h i c h  

c o m p r i s e s   d e s u l f u r i z i n g   the  p e t r o l e u m   f e e d s t o c k   p r i o r   to  t h e  

i n t r o d u c t i o n   t h e r e o f   i n t o   the  c a t a l y t i c   p r o c e s s   so  t h a t   the   feed  of  t h e  

c a t a l y t i c   p r o c e s s   c o n t a i n s   l e s s   than  3%  by  weight   of  s u l f u r .  

9.  A  p r o c e s s   a c c o r d i n g   to  Claim  8  where in   the  p e t r o l e u m  

f e e d s t o c k   is   d e s u l f u r i z e d   by  c o n t a c t i n g   the  f e e d s t o c k   with  a  

h y d r o d e s u l f u r i z a t i o n   c a t a l y s t   and  hydrogen   at  hydrogen  p r e s s u r e   of  6895  

to  20684  kPa  (1000  to  3000  p s i g ) ,   at   a  t e m p e r a t u r e   of  343°C  to  454°C 

(650°F  to  850°F) ,   t h e r e b y   removing  50%  to  99.5%  by  weight   of  s u l f u r  

o r i g i n a l l y   p r e s e n t   in  the  f e e d s t o c k .  

10.  A  p r o c e s s   a c c o r d i n g   to  c l a im  9  where in   the  f e e d s t o c k  

s u b j e c t e d   to  d e s u l f u r i z a t i o n   is   a  high  p o u r  g a s   o i l .  
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