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©  Catalytic  dewaxing  process  using  3:SM-1  1  zeolite. 

  Waxy  oil,  either  a  lubricating  oil  base  stock  or  a  fuel  oil,  is 
catalytically  dewaxed  using  a  catalys  comprising  ZSM-11. 
The  ZSM-11  may  contain  hydrogeration/dehydrogenation 
component  such  as  Pt  or  Ni  Mo.  Dewaring  proceeds  by  wax 
cracking  and  wax  isomerization. 



Modern  pe t ro leum  r e f i n i n g   is  h e a v i l y   dependen t   on  c a t a l y t i c  

p r o c e s s e s   which  c h e m i c a l l y   change  the  n a t u r a l l y   o c c u r r i n g  

c o n s t i t u e n t s   of  pe t ro l eum.   Such  p r o c e s s e s   i n c l u d e   h y d r o c r a c k i n g ,  

c a t a l y t i c   c r a c k i n g ,   r e fo rming   and  h y d r o t r e a t i n g .  

The  porous  i n o r g a n i c   s o l i d s   t h a t   were  o r i g i n a l l y   f o u n d  

u s e f u l   for  c a t a l y t i c   p r o c e s s e s   i n c l u d e d   c e r t a i n   c l a y s ,   a l u m i n a s ,  

s i l i c a - a l u m i n a s   and  o the r   s i l i c a s   c o p r e c i p i t a t e d   with  magnes ia ,   f o r  

example,   and  such  s o l i d s   are  s t i l l   e x t e n s i v e l y   used  in  t h e  

i n d u s t r y .   In  g e n e r a l ,   a l l   of  these   s o l i d s   had  pores   t h a t   were  n o t  

of  uni form  s i z e ,   and  most  of  the  pore  volume  was  in  pores   h a v i n g  

d i a m e t e r s   l a r g e r   than  about  30  Angstroms,  with  some  of  the  pores  a s  

l a r g e   or  l a r g e r   than  100  A n g s t r o m s .  

Z e o l i t e   molecu la r   s i e v e s   have  been  found  to  be  h i g h l y  

e f f e c t i v e   as  hydrocarbon  c o n v e r s i o n   c a t a l y s t s .   The  c o n v e r s i o n   o f  

gas  o i l   to  g a s o l i n e   and  d i s t i l l a t e   by  c a t a l y t i c   c r a c k i n g ,   t h e  

a l k y l a t i o n   of  benzene  to  e t h y l b e n z e n e ,   the  i s o m e r i z a t i o n   of  x y l e n e s  

and  the  d i s p r o p o r t i o n a t i o n   of  t o l u e n e   a l l   i nvo lve   m o l e c u l e s   w h i c h  

are  s m a l l e r   in  c r i t i c a l   d i ame te r   than  1 , 3 , 5 - t r i e t h y l b e n z e n e ,   a n d  

such  molecu les   are  o c c l u d e d  a n d   ac ted   upon  by  z e o l i t e   m o l e c u l a r  

s i e v e s   having  an  e f f e c t i v e   pore  d iamete r   of  about   10  Angstroms.   A 

p a r t i c u l a r l y   i n t e r e s t i n g   c a t a l y t i c   t r a n s f o r m a t i o n   which  r e q u i r e s   a  

m o l e c u l a r   s ieve   c a t a l y s t   is  the  r e d u c t i o n   of  the  pour  po in t   of  waxy 

d i s t i l l a t e s   and  r e s i d u a l   hydrocarbon   f r a c t i o n s .   E f f e c t i v e   p o u r  

po in t   r e d u c t i o n   depends  on  the  s e l e c t i v e   c o n v e r s i o n   of  normal ,   h i g h  

me l t i ng   po in t   p a r a f f i n   molecu les   t h a t   have  an  e f f e c t i v e   c r i t i c a l  

d i a m e t e r   of  about  5  Angstroms  to  s u b s t a n c e s   of  lower  m o l e c u l a r  

weight   t h a t   are  e a s i l y   s e p a r a t e d   from  the  low-pour   p r o d u c t .  

E f f e c t i v e   c a t a l y t i c   dewaxing  depends  at  l e a s t   in  pa r t   on  t h e  

r e g u l a r i t y   of  the  pore  s i ze   of  the  c r y s t a l l i n e   z e o l i t e s ,   wh ich  

a l lows   s e l e c t i v e   conve r s ion   of  unwanted  c o n s t i t u e n t s .  



The  dewaxing  of  o i l s   by  shape  s e l e c t i v e   c r a c k i n g   and  

h y d r o c r a c k i n g   over  ZSM-5  z e o l i t e s   is  d i s c u s s e d   in  Re  28,398  to  Chen 

et  a l .   U.  S.  P a t e n t   3 , 956 ,102   d i s c l o s e s   dewaxing  a  p e t r o l e u m  

d i s t i l l a t e   with  a  ZSM-5  c a t a l y s t .   C a t a l y t i c   dewaxing  of  p e t r o l e u m  

s t o c k s   with  m o r d e n i t e   is  d e s c r i b e d   in  the  Oil  and  Gas  J o u r n a l ,  

January   6,  1975  i s s u e   at  pages  69-73.   See  a l so   U.  S.  P a t e n t  

3 , 6 6 8 , 1 1 3 .  

C r y s t a l l i n e   z e o l i t e   ZSM-11  is  d i s c l o s e d   in  U.S.  P a t e n t  

3 , 7 0 9 , 9 7 9 .   Example  9  of  t h i s   p a t e n t   t a u g h t   f l u i d   c a t a l y t i c   c r a c k i n g  

at  875°F  of  a  gas  o i l   hav ing   a  pour  po in t   of  100°F.  High  y i e l d s   o f  

o l e f i n s   were  o b t a i n e d .   The  pour  p o i n t   of  the  p r o d u c t   was  r e d u c e d .  

La te r   p a t e n t s   r e l a t i n g   to  improvements  in  the  c a t a l y t i c  

dewaxing  p r o c e s s   t a u g h t   t h a t   the  use  of  shape  s e l e c t i v e   z e o l i t e s   f o r  

c a t a l y t i c   dewaxing  was  p r e f e r r e d .   These  r e f e r e n c e s   t a u g h t   t h a t   any  

shape  s e l e c t i v e   z e o l i t e   with  a  C o n s t r a i n t   Index  of  1  to  12,  a s  

h e r e a f t e r   d e f i n e d ,   cou ld   be  used  but  t h a t   ZSM-5  and  ZSM-11  w e r e  

e s p e c i a l l y   p r e f e r r e d .   The  only  work  r e p o r t e d   was  done  on  ZSM-5 

c a t a l y s t .  

T y p i c a l   of  t h e s e   p a t e n t s   is  U.S.  4 , 181 ,598   which  t a u g h t  

making  lube  base  s t o c k   o i l   of  lower  pour  po in t   from  a  waxy  crude  o i l  

f r a c t i o n   by  s o l v e n t   r e f i n i n g ,   c a t a l y t i c   dewaxing  over  a n  
i n t e r m e d i a t e   pore  s i z e   z e o l i t e ,   e . g . ,   ZSM-5,  fo l lowed   by 

h y d r o t r e a t i n g .  
U.S.  4 , 3 3 2 , 6 7 0   t a u g h t   c a t a l y t i c   dewaxing  of  m i d d l e  

d i s t i l l a t e s   to  produce   a  low  pour  f ue l   o i l   by  us ing  an  i n t e r m e d i a t e  
pore  s i z e   z e o l i t e .   There  are  no  examples  showing  use  of  ZSM-11. 

We  a lso   wanted  a  c a t a l y s t   t h a t   would  ach ieve   e f f e c t i v e  
dewaxing,   but  min imize   l o s s   of  v a l u a b l e   l i q u i d s ,   which  i n v a r i a b l y  
o c c u r r e d   us ing  t y p i c a l   shape  s e l e c t i v e   dewaxing  c a t a l y s t s .   The  o n l y  

way  to  remove  wax  us ing   one  of  t h e s e   z e o l i t e s   was  to  c rack   i t   down 

to  smal l   f r a g m e n t s .  

We  d i s c o v e r e d   t h a t   ZSM-11,  which  has  been  i g n o r e d  

e x p e r i m e n t a l l y   by  a l l   p r i o r   workers   in  the  lube  o i l   and  fue l   o i l  

a r ea ,   is  b e t t e r   for   c a t a l y t i c   dewaxing  than  ZSM-5. 



A c c o r d i n g l y ,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p rocess   f o r  

c a t a l y t i c a l l y   dewaxing  a  wax  c o n t a i n i n g   hydrocarbon   f e e d s t o c k   t o  

produce  a  dewaxed  o i l   which  compr i ses   c o n t a c t i n g   sa id   s tock  at  a  

t e m p e r a t u r e   of  230  to  450°C,  at  a  p r e s s u r e   of  a tmosphe r i c   to  1 4 , 0 0 0  

kPa,  and  in  the  p r e sence   of  hydrogen  in  a  r e a c t i o n   zone  with  a  

c a t a l y s t   compr i s ing   ZSM-11. 

In  ano ther   embodiment,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  

p r o c e s s   for  p roduc ing   l u b r i c a t i n g   o i l   base  s t ock   with  high  v i s c o s i t y  

index  compr i s ing   c o n t a c t i n g   a  l u b r i c a t i n g   o i l   base  f e e d s t o c k  

c o n t a i n i n g   waxy  components  with  a  dewaxing  c a t a l y s t   compr i s ing   10  t o  

95  wt %  ZSM-11  c a t a l y s t   and  90  to  5  wt  %  r e f r a c t o r y   i n o r g a n i c   o x i d e  

b inde r   in  a  c a t a l y t i c   dewaxing  zone  o p e r a t e d   at  230  to  400°C,  a  

p r e s s u r e   of  a tmosphe r i c   to  14,000  kPa,  l i q u i d   hour ly   space  v e l o c i t y  

of  0.1  to  20  and  wherein  hydrogen  is  p r e s e n t   and  the  r a t i o   o f  

hydrogen  to  hydrocarbon  is  50  to  1,000  volumes  of  Ha  at  s t a n d a r d  

c o n d i t i o n s   per  volume  of  l i q u i d   o i l   at   s t a n d a r d   c o n d i t i o n s   t o  

produce  a  l u b r i c a t i n g   o i l   base  s tock   with  reduced  wax  c o n t e n t .  

In  a  more  l i m i t e d   embodiment,   the  p r e s e n t   i n v e n t i o n  

p r o v i d e s   a  p rocess   for  c a t a l y t i c   dewaxing  of  a  wax  c o n t a i n i n g   o i l  

compr i s ing   c o n t a c t i n g   sa id   o i i   in  the  p r e sence   of  hydrogen  at  a  

t e m p e r a t u r e   of  23D  to  450°C,  a  hydrogen  p a r t i a l   p r e s s u r e   o f  

a tmosphe r i c   to  14,000  kPa  with  a  f ixed   bed  of  c a t a l y s t   c o m p r i s i n g  

ZSM-11  and  a  p la t inum  group  metal   component  to  produce  a  

c a t a l y t i c a l l y   dewaxed  o i l .  

ZSM-11 

D e t a i l s   of  p r e p a r a t i o n   of  ZSM-11  are  given  in  U.S.  P a t e n t  

3 ,709 ,979 .   A  number  of  p r o p e r t i e s   of  ZSM-11  z e o l i t e s   are  d i s c u s s e d  

h e r e a f t e r .  

SILICA/ALUMINA  RATIO 

The  s i l i c a   to  a lumina  mole  r a t i o   of  ZSM-11,  and  o ther   z e o l i t e s ,  

may  be  de termined  by  c o n v e n t i o n a l   a n a l y s i s .   This  r a t i o   is  meant  t o  

r e p r e s e n t ,   as  c l o s e l y   as  p o s s i b l e ,   the  r a t i o   in  the  r i g i d   a n i o n i c  

framework  of  the  z e o l i t e   c r y s t a l   and  to  exc lude   aluminum  in  the  b inde r   o r  



in  c a t i o n i c   or  o the r   form  w i th in   the  c h a n n e l s .   A l though   z e o l i t e s   w i t h  

s i l i c a   to  a lumina  mole  r a t i o s   of  at  l e a s t   10  are  u s e f u l ,   i t   is  p r e f e r r e d  

to  use  z e o l i t e s   having  h i g h e r   r a t i o s   than  about  12,  p r e f e r a b l y   about  15 

to  200.  In  a d d i t i o n ,   z e o l i t e s   as  o t h e r w i s e   c h a r a c t e r i z e d   he r e in   b u t  

which  are   s u b s t a n t i a l l y   f r ee   of  aluminum,  t h a t   i s   z e o l i t e s   having  s i l i c a  

to  a lumina   m o l e  r a t i o s   of  up  to  i n f i n i t y ,   are  found  to  be  u s e f u l   and  e v e n  

p r e f e r a b l e   in  some  i n s t a n c e s .   Such  "high  s i l i c a "   or  " h i g h l y   s i l i c e o u s "  

z e o l i t e s   t end   to  be  hydrophob ic   and  are   i n t e n d e d   to  be  i n c l u d e d   w i t h i n  

t h i s   d e s c r i p t i o n .   Also  i n c l u d e d   w i th in   t h i s   d e f i n i t i o n   are  s u b s t a n t i a l l y  

pure  s i l i c a   ana logues   of  the   u s e f u l   z e o l i t e s   d e s c r i b e d   h e r e i n ,   t h a t   is  t o  

say  t h o s e   z e o l i t e s   having  no  measu rab le   amount  of  aluminum  ( s i l i c a   t o  

a lumina   mole  r a t i o   of  i n f i n i t y )   but  which  o t h e r w i s e   embody  t h e  

c h a r a c t e r i s t i c s   d i s c l o s e d .  

In  g e n e r a l ,   h ighe r   aluminum  c o n t e n t s   in  the   z e o l i t e   f ramework  

g ive   more  ac id   a c t i v i t y   to  the  c a t a l y s t .   The  ac id   a c t i v i t y   may  be  

a d j u s t e d   by  c r y s t a l l i z i n g   the  ZSM-11  with  only  a  l i t t l e ,   or  a  l o t ,   o f  

aluminum,  s t eaming   the   ZSM-11,  ac id   e x t r a c t i n g ,   or  any  o t h e r   means 

c o n v e n t i o n a l l y   used  to  a d j u s t   ac id   a c t i v i t y .  

ALPHA  ACTIVITY 

One  method  of  measur ing   ac id   a c t i v i t y   is   to  measure   the  c r a c k i n g  

a c t i v i t y   of  a  c a t a l y s t   to  o b t a i n   an  a lpha   value  or  a l p h a   a c t i v i t y .   A 

method  of  d e t e r m i n i n g   a lpha   a c t i v i t y   is  d e s c r i b e d   in  U.S.  P a t e n t  

4 , 0 1 6 , 2 1 8 .   The  a lpha   t e s t   is  a  good  measure  of  c r a c k i n g   a c t i v i t y ,   b u t  

not  a  measure   of  h y d r o i s o m e r i z a t i o n   a c t i v i t y .   0ur  ZSM-11  dewaxing  
p r o c e s s   i s   b e l i e v e d   to  proceed  by  both  c r a c k i n g   and  h y d r o i s o m e r i z a t i o n ,  
so  a lpha   a c t i v i t y   p r o v i d e s   some  i n f o r m a t i o n   about   only  one  of  the  s e v e r a l  

r e a c t i o n s   b e l i e v e d   to  occur  dur ing   dewaxing.  An  a c t i v a t e d   l a r g e   p o r e  

z e o l i t e ,   e . g . ,   RENaX,  might  have  an  a lpha   a c t i v i t y   of  over  10,000  and  be  

a  good  FCC  c a t a l y s t   but  do  l i t t l e   or  no  dewaxing.   A  good  dewaxing 

c a t a l y s t ,   e . g . ,   Ni-ZSM-5,  p a r t i a l l y   d e a c t i v a t e d   by  cok ing ,   might  have  a  

low  a lpha   a c t i v i t y   and  s t i l l   do  a  good  dewaxing  j ob ,   so  long  as  r e a c t o r  

t e m p e r a t u r e s   were  r a i s e d   somewhat  to  a d j u s t   for   the   low  a lpha   a c t i v i t y .  



CONSTRAINT  INDEX 

The  " C o n s t r a i n t   Index"  may  be  de te rmined   by  pa s s ing   c o n t i n u o u s l y  

a  mix ture   of  an  equal   weight   of  normal  hexane  and  3 - m e t h y l p e n t a n e   over  a  

sample  of  z e o l i t e   at  a t m o s p h e r i c   p r e s s u r e   a c c o r d i n g   to  the  f o l l o w i n g  

p r o c e d u r e .   A  sample  of  the  z e o l i t e ,   in  the  form  of  p e l l e t s   or  e x t r u d a t e ,  

is  c rushed  to  a  p a r t i c l e   s i z e   about  t h a t   of  coa r se   sand  and  moun ted  in   a  

g l a s s   tube.   P r i o r   to  t e s t i n g ,   the  z e o l i t e   is   t r e a t e d   with  a  s t r eam  o f  

a i r   at  538°C  for   at  l e a s t   15  minutes .   The  z e o l i t e   is   then  f l u s h e d   w i t h  

hel ium  and  the  t e m p e r a t u r e   is  a d j u s t e d   between  275  and  510°C  to  give  an  

o v e r a l l   c o n v e r s i o n   of  between  10%  and  60%.  The  mix tu re   of  h y d r o c a r b o n s  

is  passed  at  1  l i q u i d   hour ly   space  v e l o c i t y   ( i . e . ,   1  volume  of  l i q u i d  

hydrocarbon   per  volume  of  z e o l i t e   per  hour)  over  the  z e o l i t e   with  a  

hel ium  d i l u t i o n   to  give  a  helium  to  ( t o t a l )   hydrocarbon   mole  r a t i o   o f  

4:1.   After   20  minutes   on  s t r eam,   a  sample  of  the  e f f l u e n t   is   t aken   a n d  

ana lyzed ,   most  c o n v e n i e n t l y   by  gas  ch romatography ,   to  de t e rmine   t h e  

f r a c t i o n   remain ing   unchanged  for  each  of  the  two  h y d r o c a r b o n s .  

I t   may  b e  n e c e s s a r y   to  use  more  s eve re   c o n d i t i o n s   for  samples  o f  

very  low  a c t i v i t y ,   such  as  those   having  an  e x c e p t i o n a l l y   high  s i l i c a   t o  

a lumina  mole  r a t i o .  

The  " C o n s t r a i n t   Index"  is  c a l c u l a t e d   as  f o l l o w s :  

The  C o n s t r a i n t   Index  app rox ima te s   the  r a t i o   of  the  c r a c k i n g  

r a t e   c o n s t a n t s   for  the  two  hyd roca rbons .   C o n s t r a i n t   Index  (CI )  

va lues   for  ZSM-5  is  about   8 .3,   while  for  ZSM-11  i t   is  8 .7.   Both  

va lues   can  vary,   depending  on  t e s t   c o n d i t i o n s  

CATALYTIC  DEWAXING OF LUBRICATING  OILS 

Ref in ing   s u i t a b l e   pe t ro l eum  crude  o i l s   to  o b t a i n   a  v a r i e t y  

of  l u b r i c a t i n g   o i l s   which  f u n c t i o n   e f f e c t i v e l y   in  d i v e r s e  

env i ronments   has  become  a  h igh ly   developed  and  complex  a r t .  



Although  the  broad  p r i n c i p l e s   i nvo lved   in  r e f i n i n g   are  q u a l i t a t i v e l y  

u n d e r s t o o d ,   the  a r t   is  encumbered  by  q u a n t i t a t i v e   u n c e r t a i n t i e s  

which  r e q u i r e   c o n s i d e r a b l e   r e s o r t   to  emp i r i c i sm   in  p r a c t i c a l  

r e f i n i n g .   Unde r ly ing   t h e s e   q u a n t i t a t i v e   u n c e r t a i n t i e s   is  t h e  

c o m p l e x i t y   of  the  m o l e c u l a r   c o n s t i t u t i o n   of  l u b r i c a t i n g   o i l s .  

Because   l u b r i c a t i n g   o i l s   for   the  most  pa r t   are  based  on  p e t r o l e u m  

f r a c t i o n s   b o i l i n g   over  225°C,  the  mo lecu la r   we igh t   of  t h e  

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

a lmos t   a l l   c o n c e i v a b l e   s t r u c t u r e s   and  s t r u c t u r e   t y p e s .  

Usua l ly   in  l u b r i c a n t   r e f i n i n g ,   a  c rude   o i l   t h a t   c o n t a i n s   a  

s u i t a b l e   f r a c t i o n   of  l u b r i c a n t   s tock ,   as  judged  by  e x p e r i e n c e   o r  

a s s a y ,   is   s e l e c t e d   for   p r o c e s s i n g .   The  p r o c e s s   of  r e f i n i n g   t o  

i s o l a t e   t h a t   l u b r i c a n t   s t o c k   c o n s i s t s   of  a  s e t   of  s u b t r a c t i v e   u n i t  

o p e r a t i o n s   which  removes  the   unwanted  components .   The  mos t  

i m p o r t a n t   of  t he se   u n i t   o p e r a t i o n s   i n c l u d e   d i s t i l l a t i o n ,   s o l v e n t  

r e f i n i n g ,   and  dewaxing,   which  b a s i c a l l y   are  p h y s i c a l   s e p a r a t i o n  

p r o c e s s e s   in  the  sense   t h a t   i f   a l l   the  s e p a r a t e d   f r a c t i o n s   w e r e  

r ecombined   one  would  r e c o n s t i t u t e   the  crude  o i l .  

A  r e f i n e d   l u b r i c a n t   s tock   may  be  used  as  such  as  a  

l u b r i c a n t ,   or  i t   may  be  b l ended   with  ano the r   r e f i n e d   l u b r i c a n t   s t o c k  

hav ing   somewhat  d i f f e r e n t   p r o p e r t i e s .   Or,  the   r e f i n e d   l u b r i c a n t  

s t o c k ,   p r i o r   to  use  as  a  l u b r i c a n t ,   may  be  compounded  with  one  o r  

more   a d d i t i v e s   which  f u n c t i o n ,   for  example,  as  a n t i o x i d a n t s ,   e x t r e m e  

p r e s s u r e   a d d i t i v e s ,   and  V . I .   improve r s .   As  used  h e r e i n ,   the  t e r m  

" s t o c k " ,   r e g a r d l e s s   whether   or  not  the  term  i s   f u r t h e r   q u a l i f i e d ,  
w i l l   r e f e r   only  to  a  h y d r o c a r b o n   o i l   w i thou t   a d d i t i v e s .   The  t e r m  

"raw  s tock"   w i l l   be  used  h e r e i n   to  r e f e r   to  a  v i s c o u s   d i s t i l l a t e  

f r a c t i o n   of  c rude   p e t r o l e u m   o i l   i s o l a t e d   by  vacuum  d i s t i l l a t i o n   of  a  

reduced   c rude   from  a t m o s p h e r i c   d i s t i l l a t i o n ,   and  b e f o r e   f u r t h e r  

p r o c e s s i n g ,   or  i t s   e q u i v a l e n t .   The  term  " r a f f i n a t e "   w i l l   r e f e r   t o  

an  o i l   t h a t   has  been  s o l v e n t   r e f i n e d ,   for  example  wi th   f u r f u r a l .  



The  term  "dewaxed  s tock"  or  "dewaxed  r a f f i n a t e "   'wi l l   r e f e r   to  an  o i l  

which  has  been  t r e a t e d   by  any  method  to  remove  or  o t h e r w i s e   c o n v e r t  

the  wax  c o n t a i n e d   t h e r e i n   and  t he r eby   reduce  i t s   pour  p o i n t .   The 

term  "waxy",  as  used  he re in   w i l l   r e f e r   to  an  o i l   of  s u f f i c i e n t   wax 

c o n t e n t   to  r e s u l t   in  a  pour  po in t   g r e a t e r   than  0°C.  The  t e r m  

" s t o c k " ,   when  u n q u a l i f i e d ,   w i l l   be  used  here in   g e n e r i c a l l y   to  r e f e r  

to  the  v i s c o u s   f r a c t i o n   in  any  s t a g e   of  r e f i n i n g ,   but  in  a l l   c a s e s  

f r ee   of  a d d i t i v e s .  

The  c u r r e n t   p r a c t i c e   is  to  vacuum  d i s t i l l   an  a t m o s p h e r i c  

tower  res iduum  from  an  a p p r o p r i a t e   crude  o i l   as  the  f i r s t   s t e p .  

This  p r o v i d e s   one  or  more  raw  s t o c k s   wi th in   the  b o i l i n g   range  of  230 

-  565°C.  Raw  s tock   is  then  e x t r a c t e d   with  a  s o l v e n t ,   e . g . ,  

f u r f u r a l ,   pheno l ,   or  ch lo rex ,   s e l e c t i v e   for  a romat ic   h y d r o c a r b o n s ,  

and  which  removes  u n d e s i r a b l e   components.   The  r a f f i n a t e   f rom 

s o l v e n t   r e f i n i n g   is  then  dewaxed,  for  example,  by  admixing  with  a  

s o l v e n t   such  as  a  blend  of  methyl   e t h y l   ketone  and  t o l u e n e .   The 

mix ture   is  c h i l l e d   to  induce  c r y s t a l l i z a t i o n   of  the  p a r a f f i n   waxes 

which  are  then  s e p a r a t e d   from  the  dewaxed  d i s s o l v e d   r a f f i n a t e   i n  

q u a n t i t y   s u f f i c i e n t   to  p rov ide   the  d e s i r e d   pour  po in t   for   t h e  

s u b s e q u e n t l y   r ecove red   r a f f i n a t e .   The  c a t a l y t i c   dewaxing  

p roces s   of  the  p r e s e n t   i n v e n t i o n ,   d i s c u s s e d   in  more  d e t a i l  

h e r e a f t e r ,   is  used  i n s t ead   of  s o l v e n t   dewaxing.  H y d r o t r e a t i n g   o r  

h y d r o f i n i s h i n g   may  be  used  in  c o n j u n c t i o n   with  c a t a l y t i c   dewax ing .  

H y d r o f i n i s h i n g   or  clay  p e r c o l a t i o n   may  be  used  i f   needed  to  r e d u c e  

the  n i t r o g e n   and  s u l f u r   c o n t e n t   or  improve  the  co lo r   of  t h e  

l u b r i c a t i n g   o i l   s tock ,   and  to  improve  o x i d a t i o n   r e s i s t a n c e .  

H y d r o t r e a t i n g   may  be  used  i n s t e a d   of,  or  in  c o n j u n c t i o n  

wi th ,   s o l v e n t   r e f i n i n g   to  p r e p a r e   the  f e e d s t o c k   for  the  p r e s e n t  

i n v e n t i o n .  

The  advantage  of  h y d r o t r e a t i n g   be fo re   c a t a l y t i c   dewaxing  i s  

t h a t   many  c a t a l y s t   poisons  w i l l   be  conver t ed   c a t a l y t i c a l l y   in  t h e  

h y d r o t r e a t e r   or  depos i ted   on  the  h y d r o t r e a t i n g   c a t a l y s t .   T h i s  

r e s u l t s   in  s u p e r i o r   o p e r a t i o n   in  the  c a t a l y t i c   dewaxing  u n i t ,   and  i n  

a  longer   o p e r a t i o n a l   l i f e .  



C o n v e n t i o n a l   h y d r o t r e a t i n g   p r o c e s s e s   use  a  c a t a l y s t  

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

n o n - a c i d i c   s u p p o r t ,   e . g . ,   Co-Mo  or  Ni-Mo  on  a l u m i n a .  

The  h y d r o t r e a t e r   u s u a l l y   o p e r a t e s   at  r e l a t i v e l y   low 

t e m p e r a t u r e s ,   t y p i c a l l y   200  -   450°C,  p r e f e r a b l y   at  3 0 0  -   4 2 5 ° C .  

The  h y d r o t r e a t i n g   c a t a l y s t   may  be  d i sposed   as  a  f i x e d ,  

f l u i d i z e d ,   or  moving  bed  of  c a t a l y s t ,   though  down  f low,  f i x e d   b e d  

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

h y d r o t r e a t i n g   c a t a l y s t   is   d i s p o s e d   as  a  f ixed   bed  of  c a t a l y s t ,   t h e  

l i q u i d   hour ly   space   v e l o c i t y ,   or  volume  per  hour  of  l i q u i d   f e e d  

measured  at  s t a n d a r d   c o n d i t i o n s   volume  of  c a t a l y s t   w i l l   u s u a l l y   b e  

0.1  to  10,  p r e f e r a b l y   about   1  to  5.  T y p i c a l   hydrogen  p a r t i a l  

p r e s s u r e s   are   1  to  100  a t m o s p h e r e s ,   a b s o l u t e .   Hydrogen  can   be  a d d e d  

to  the   feed  on  a  once  th rough   b a s i s ,   or  r e c y c l e d   by  c o n v e n t i o n a l  

m e a n s .  

S u i t a b l e   h y d r o t r e a t i n g / h y d r o g e n a t i o n   components  i n c l u d e   o n e  

or  more  of  the   m e t a l s ,   or  compounds  t h e r e o f ,   s e l e c t e d   from  Groups  

I I ,   I I I ,   IV,  V,  VIB,  VIIB,  VIII  and  m i x t u r e s   t h e r e o f   of  the   P e r i o d i c  

Table   of  the  E lemen t s .   P r e f e r r e d   me ta l s   i n c l u d e   molybdenum, 

t u n g s t e n ,   vanadium,   c h r o m i u m , - c o b a l t ,   t i t a n i u m ,   i r o n ,   n i c k e l   a n d  

m i x t u r e s   t h e r e o f .  

Usua l ly   the  h y d r o t r e a t i n g   metal   component  w i l l   be  p r e s e n t  

in  an  amount  equa l   to  0.1  to  20  wt %  of  the  s u p p o r t ,   wi th   o p e r a t i o n  
with  0.1  to  10  wt %  h y d r o g e n a t i o n   me ta l ,   on  an  e l e m e n t a l   b a s i s ,  

g i v i n g   good  r e s u l t s .  

The  h y d r o g e n a t i o n   components  are   u s u a l l y   d i s p o s e d   on  a  

s u p p o r t ,   p r e f e r a b l y   an  amorphous  s u p p o r t   such  as  s i l i c a ,   a l u m i n a ,  

s i l i c a - a l u m i n a ,   e t c .   Any  o t h e r   c o n v e n t i o n a l   suppo r t   m a t e r i a l   may 
a l so   be  used .   I t   is  a l so   p o s s i b l e   to  i n c l u d e   on  the   s u p p o r t   an  a c i d  

a c t i n g   component ,   such  as  an  acid   exchanged  c lay  or  a  z e o l i t e .  

P r e f e r a b l y   the  suppo r t   does  not  have  much  a c i d i t y ,   i t   i s  

the  i n t e n t   of  the  p r e s e n t   i n v e n t i o n   to  p r i m a r i l y   c o n d u c t  

h y d r o t r e a t i n g   in  the   h y d r o t r e a t i n g   zone  and  minimize  c r a c k i n g   o r  



other   r e a c t i o n s   t h e r e i n .   P r e f e r a b l y ,   the  suppor t   has  a  low  e n o u g h  

acid  a c t i n g   a c t i v i t y   t h a t   the  pour  po in t   of  the  lube  o i l   s t o c k  

pass ing   th rough   the  h y d r o t r e a t i n g   zone  is  not  changed  at  a l l ,   or  i s  

changed  l e s s   than  5  -   6°C  by  h y d r o t r e a t i n g .  

V i s c o s i t y   index  ( V . I . )   is  a  q u a l i t y   pa ramete r   o f  

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

in  au tomot ive   eng ines   and  a i r c r a f t   eng ine s .   This  Index  is   a  s e r i e s  

of  numbers  r a n g i n g   from  0  to  100  or  h igher   which  i n d i c a t e   the  r a t e  

of  change  of  v i s c o s i t y   with  t e m p e r a t u r e .   A  v i s c o s i t y   index  of  100  

i n d i c a t e s   an  o i l   t h a t   does  not  tend  to  become  v i scous   at  l ow 

t e m p e r a t u r e   or  become  t h i n   at  high  t e m p e r a t u r e s .   Measurement  of  t h e  

Saybol t   U n i v e r s a l   V i s c o s i t y   of  an  o i l   at  38  and  99°C  (100  and  2 1 0 ° F )  

and  r e f e r r a l   to  c o r r e l a t i o n s ,   p r o v i d e s   a  measure  of  the  V . I .   of  t h e  

o i l .   V.I .   is  d e f i n e d   in  the  V i s c o s i t y   Index  t a b u l a t i o n   of  the   ASTM 

(D567),  p u b l i s h e d   by  ASTM,  1916  Race  S t r e e t ,   P h i l a d e l p h i a  ,   P a .  

To  p r e p a r e   high  V.I .   au tomot ive   and  a i r c r a f t   o i l s   t h e  

r e f i n e r   u s u a l l y   s e l e c t s   a  crude  o i l   r e l a t i v e l y   r i c h   in  p a r a f f i n i c  

hyd roca rbons ,   s ince   e x p e r i e n c e   has  shown  t h a t   c rudes   poor  i n  

p a r a f f i n s ,   such  as  those   commonly  termed  " n a p h t h e n e - b a s e "   c r u d e s  

y ie ld   l i t t l e   or  no  r e f i n e d   s tock  having  a  V.I .   above  about   40.  ( S e e  

Nelson,   sup ra ,   pages  80-81  for  c l a s s i f i c a t i o n s   of  crude  o i l s ) .  

S u i t a b l e   s t ocks   for  high  V.I .   o i l s   u s u a l l y   c o n t a i n   s u b s t a n t i a l  

q u a n t i t i e s   of  waxes  which  r e s u l t   in  s o l v e n t - r e f i n e d   l u b r i c a t i n g   o i l  

s tocks   of  high  pour  p o i n t .  

Raw  d i s t i l l a t e   l u b r i c a t i n g   o i l   s t o c k s   u s u a l l y   do  not  have  a  

p a r t i c u l a r l y   high  V.I .   However,  s o l v e n t - r e f i n i n g ,   as  with  f u r f u r a l  

for  example,  in  a d d i t i o n   to  removing  u n s t a b l e   and  s l u d g e - f o r m i n g  
components  from  the  crude  d i s t i l l a t e ,   a l so   removes  components  w h i c h  

adve r se ly   a f f e c t   the  V.I .   Thus,  a  s o l v e n t   r e f i n e d   s tock   p r i o r   t o  

dewaxing  u s u a l l y   has  a  V.I .   in  excess   of  s p e c i f i c a t i o n s .  



In  g e n e r a l ,   the  c a t a l y s t   hydrodewaxing  p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   o p e r a t e s   at  about   230  to  400°C,  p r e s s u r e s   o f  

a t m o s p h e r i c   to  14,000  kPa,  l i q u i d   hour ly   space  v e l o c i t i e s   of  0.1  t o  

20,  p r e f e r a b l y   0.5  to  4,  and  hydrogen  to  hydroca rbon   r a t i o s   of  90  t o  

1,000  volumes  of  hydrogen  a t  s t a n d a r d   c o n d i t i o n s   per  volume  o f  

l i q u i d   o i l   at   s t a n d a r d   c o n d i t i o n s .   Any  c o n v e n t i o n a l   c a t a l y t i c  

dewaxing  c o n d i t i o n s   may  be  u s e d .  

.  C a t a l y t i c   dewaxing  may  be  conduc ted   by  p a s s i n g   the  f e e d  

over  a  f i x e d ,   f l u i d i z e d   or  moving  bed  of  c a t a l y s t   c o m p r i s i n g   ZSM-11. 

The  ZSM-11  c a t a l y s t   may  be  used  n e a t ,   a l t h o u g h   i t   i s  

p r e f e r a b l y   i n c o r p o r a t e d   in  a  b i n d e r   such  as  a lumina ,   o r  

s i l i c a / a l u m i n a .  

Merely  s u b s t i t u t i n g   ZSM-11,  wherever   ZSM-5  was  used  b e f o r e  

for  c a t a l y t i c   dewaxing,   g ives   s u r p r i s i n g l y   b e t t e r   r e s u l t s .  

HYDROGENATION/DEHYDROGENATION  COMPONENT  OF  DEWAXING CATALYST 

I t   i s   w i t h i n   the  scope  of  the  p r e s e n t   i n v e n t i o n   to  add  a  

h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   component ,   e i t h e r   a  base  meta l   or  a  

p l a t i n u m   group  metal   component  i n t o   the  dewaxing  c a t a l y s t .  

The  h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   component  is   b e l i e v e d   t o  

promote  h y d r o i s o m e r i z a t i o n   a c t i v i t y   in  a d d i t i o n   to  t he   s h a p e  

s e l e c t i v e   c r a c k i n g   t h a t   occu r s   wi th   ZSM-11.  This  c o m b i n a t i o n   o f  

a c t i v i t i e s   g ives   h ighe r   a c t i v i t y ,   b e t t e r   s e l e c t i v i t y   and  lower  p o u r  

p o i n t   p r o d u c t   than  can  be  a c h i e v e d   with  ZSM-5  c a t a l y s t s .  

The  h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   component  may  be  added  by  

ion  exchange   or  i m p r e g n a t i o n ,   or  any  o the r   method  known  to  the  a r t  

of  i n c o r p o r a t i n g   h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   components   in  a  

s u p p o r t ,   the   s u p p o r t   in  t h i s   i n s t a n c e   being  e i t h e r   ZSM-11  a lone   o r  
in  a d m i x t u r e   with  a  r e f r a c t o r y   i n o r g a n i c   oxide   b i n d e r .   S u i t a b l e  

h y d r o g e n a t i o n /   d e h y d r o g e n a t i o n   components   may  be  s e l e c t e d   from  o n e  

or  more  of  the   m e t a l s ,   or  compounds  t h e r e o f ,   s e l e c t e d   from  G r o u p s  

I I ,   I I I ,   IV,  V,  VIB,  VIIB,  VIII   and  m ix tu r e s   t h e r e o f   of  the  P e r i o d i c  

Table  of  the   E l e m e n t s .  



P r e f e r r e d   base  metals   inc lude   molybdenum,  t u n g s t e n ,  

vanadium,  chromium,  c o b a l t ,   t i t a n i u m ,   i ron ,   n i cke l   and  m i x t u r e s  

t h e r e o f ,   e . g . ,   Co-Mo  or  Ni-Mo. 

P r e f e r r e d   p l a t inum  group  metals   are  p l a t inum,   i r r i d i u m   and  

pa l l ad ium,   with  p l a t i num  g iv ing   e s p e c i a l l y   good  r e s u l t s .  

The  p l a t i n u m   group  component  w i l l   u s u a l l y   be  added  as  a  

s o l u b l e ,   decomposable   compound  of  the  p la t inum  group  metal .   A f t e r  

i n c o r p o r a t i o n   of  t h i s   metal   onto  the  ZSM-11  c a t a l y s t   or  b inder   o r  

both,   the  r e s u l t i n g   composi te   w i l l   u s u a l l y   be  c a l c i n e d   to  f ix   t h e  

metal  components  f i rmly   to  the  c a t a l y s t .  

The  meta l   component  may  be  i n c o r p o r a t e d   i n t o   the  c a t a l y s t  

by  i m p r e g n a t i o n ,   by  ion  exchange  or  by  o ther   means  by  c o n t a c t i n g  

e i t h e r   the  c a t a l y s t   or  a  component  t h e r e o f   with  a  s o l u t i o n   of  a  

compound  of  the  meta l   in  an  a p p r o p r i a t e   amount  necessa ry   to  p r o v i d e  

the  de s i r ed   c o n c e n t r a t i o n   w i th in   the  scope  of  the  i n v e n t i o n . .   The 

metal  component  may  be  i n c o r p o r a t e d   e i t h e r   in  any  s tep   d u r i n g  

p r e p a r a t i o n  o f   the  c a t a l y s t   or  a f t e r   the  f i n i s h e d   c a t a l y s t   has  b e e n  

p repa red .   A  p r e f e r r e d   manner  of  i n c o r p o r a t i o n   is  to  i on -exchange   a  

c r y s t a l l i n e   a l u m i n o s i l i c a t e   and  then  compos i t ing   the  i o n - e x c h a n g e d  

product   with  a  porous   m a t r i x :   Also  u s e f u l   is  the  i o n - e x c h a n g i n g   o r  

impregna t ion   of  s i l i c e o u s   s o l i d s   or  c l a y s .   S u i t a b l e   metal  compounds 

inc lude   the  metal   h a l i d e s ,   p r e f e r a b l y   c h l o r i d e s ,   n i t r a t e s ,   ammine 

h a l i d e s ,   o x i d e s ,   s u l f a t e s ,   phospha te s   and  o the r   w a t e r - s o l u b l e  

ino rgan ic   s a l t s ;   and  a l so   the  metal  c a r b o x y l a t e s   of  from  1  to  5  

carbon  atoms,  a l c o h o l a t e s .   S p e c i f i c   examples  i n c l u d e   p a l l a d i u m  

c h l o r i d e ,   c h l o r o p l a t i n i c   ac id ,   ru thenium  penta-ammine  c h l o r i d e ,  

osmium  c h l o r i d e   p e r r h e n i c   a c i d ,   d ioxob i s   ( e t h y l e n e d i a m i n e )   r h e n i u m  

(V)  c h l o r i d e ,   rhodium  c h l o r i d e   and  the  l i k e .   A l t e r n a t i v e l y ,   an  

o i l - s o l u b l e   or  o i l - d i s p e r s a b l e   compound  of  the  meta l   may  be  added  i n  

s u i t a b l e   amount  of  a  hydrocarbon   f e e d s t o c k ,   such  a s i a   gas  o i l   c h a r g e  

s tock ,   for  i n c o r p o r a t i o n   in  the  c a t a l y s t   as  the  charge  is  c r a c k e d .  

Such  compounds  i n c l u d e   metal   d i k e t o n a t e s ,   c a r b o n y l s ,   m e t a l l o c e n e s ,  

o l e f i n   complexes  of  2  to  20  ca rbons ,   a c e t y l e n e   complexes,   a l k y l   o r  

a ry l   phosphine  complexes  and  c a r b o x y l a t e s   of  1  to  20  c a r b o n s .  



S p e c i f i c   examples  of  t h e s e   are  p la t inum  a c e t y l a c e t o n a t e ,   t r i s  

( a c e t y l a c e t o n a t o )   rhodium  ( I I I ) ,   t r i i o d o i r i d i u m   ( I I I )   t r i c a r b o n y l ,  

- c y c l o p e n t a d i e n y l r h e n i u m   (I)   t r i c a r b o n y l ,   r u t h e n o c e n e ,  

- c y c l o p e n t a d i e n y l o s m i u m   (I)   d i c a r b o n y l   dimer,   d i c h l o r o   ( e t h y l e n e )  

p a l l a d i u m   ( I I )   dimer  (  - c y c l o p e n t a d i e n y l )   ( e t h y l e n e )   rhodium  ( I ) ,  

d i p h e n y l a c e t y l e n e b i s   ( t r i p h e n y l -   phosphino)   p l a t i n u m   ( 0 ) ,  

b r o m o m e t h y l b i s   ( t r i e t h y l p h o s p h i n o )   pa l l ad ium  ( I I ) ,   t e t r a k i s  

( t r i p h e n y l p h o s p h i n o ) p a l l a d i u m   ( 0 ) ,  

c h l o r o c a r b o n y l b i s ( t r i p h e n y l p h o s p h i n o )   i r i d i u m   ( I ) ,   p a l l a d i u m  

a c e t a t e ,   and  p a l l a d i u m   n a p h t h e n a t e .  

The  h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   component  w i l l   a l so ,   to  a  

c e r t a i n   e x t e n t ,   s e rve   as  a  h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   p r o m o t e r  

but   t h a t   is  not   the   p r imary   purpose   of  adding  t h i s   c o m p o n e n t .  

There  w i l l   be  a  smal l   amount  of  h y d r o t r e a t i n g ,   i . e . ,  

r emova l   of  any  s u l f u r   and  n i t r o g e n   compounds  p r e s e n t ,   due  to  t h e  

p r e s e n c e   of  the   e . g . ,   p l a t i n u m   group  component  and  t h i s   is   a  

b e n e f i c i a l ,   though  u n i n t e n d e d   r e s u l t .  

The  h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   component  is   b e l i e v e d   t o  

promote   h y d r o i s o m e r i z a t i o n   of  long  chain  normal  or  s l i g h t l y   b r a n c h e d  

p a r a f f i n s   to  more  h i g h l y   b ranched   p a r a f f i n s .   T h i s  

h y d r o i s o m e r i z a t i o n   c o n v e r t s   the  waxy  long  cha in   p a r a f f i n s   i n t o  

m a t e r i a l s   which  are   c o m p a t i b l e   with  the  f u e l   o i l   p r o d u c t ,   p e r m i t t i n g  

i n c r e a s e d   y i e l d s   of  f u e l   o i l   when  us ing  the  p r o c e s s   of  the   p r e s e n t  

i n v e n t i o n .   I t   is   much  more  b e n e f i c i a l ,   from  a  l i q u i d   y i e l d  

s t a n d p o i n t ,   to  h y d r o i s o m e r i z e   long  chain   p a r a f f i n s   to  o t h e r   l i q u i d  

p r o d u c t s   than   i t   is   to  s imply  hydrocrack   t h e s e   m a t e r i a l s .  

The  amount  of  the   h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   component  

added  to  the   c a t a l y t i c   dewaxing  c a t a l y s t   is   not   na r rowly   c r i t i c a l  

and  may  range  from  about   0.01  to  30  wt  %,  c a l c u l a t e d   as  t h e  

e l e m e n t a l   meta l   based  upon  the  weight   of  the   e n t i r e   c a t a l y s t .  

O p e r a t i o n   with  0 .05  to  5  wt  %,  c a l c u l a t e d   as  the   e l e m e n t a l  

me ta l   of  a  Pt  group  component  g ives   good  r e s u l t s ,   with  the  p r e f e r r e d  

amount  of  Pt  group  meta l   component  being  equa l   to  0 .1  to  2.0  wt  %. 



DISTILLATE  DEWAXING  TO  IMPROVE  POUR  POINT 

C a t a l y t i c   dewaxing  of  o i l s   to  reduce  pour  po in t   is  a n o t h e r  

a p p l i c a t i o n   of  c a t a l y t i c   dewaxing.  For  pour  po in t   r e d u c t i o n ,   t h e  

feed  w i l l   u s u a l l y   not  be  given  the  s o l v e n t   r e f i n i n g   given  lube  o i l  

s t o c k s .  

The  c a t a l y t i c   dewaxing  c o n d i t i o n s   used  for  pour  p o i n t  

r e d u c t i o n   of  fue l   o i l s   are  u s u a l l y   somewhat  more  seve re   t h a n  

c o n d i t i o n s   used  for  lube  o i l   dewaxing,   u s u a l l y   260  to  430°C,  and  a  

LHSV  of  0.1  to  1 0 .  

C a t a l y t i c   dewaxing  of  f u e l s   may  be  conducted   us ing   the  same 

equipment   used  for  dewaxing  lube  o i l s ,   e . g . ,   pas s ing   the  feed  over  a  

f i x e d ,   f l u i d i z e d   or  moving  bed  of  c a t a l y s t   compr i s ing   ZSM-11,  w h i c h  

may  be  used  n e a t ,   a l though  i t  i s   p r e f e r a b l y   i n c o r p o r a t e d   in  a  b i n d e r  

such  as  a lumina ,   or  s i l i c a / a l u m i n a .  

S u i t a b l e   fue l s   or  d i s t i l l a t e s   i n c l u d e   waxy  hydroca rbon   o i l s  

b o i l i n g   w i t h i n   the  range  of  175  to  550°C.  Gas  o i l s ,   k e r o s e n e s ,  

vacuum  gas  o i l s ,   whole  crudes   and  o i l s   d e r i v e d   from  t a r   s a n d s ,   s h a l e  

and  coal   are  con templa t ed   for  use  h e r e i n .  

EXAMPLES 

Example  1  ( P r i o r   Art)  Lube  Oil  Dewaxing  -   ZSM-5 

This  is  Example  3  of  U.S.  4 , 181 ,598   and  i l l u s t r a t e s   t h e  

p r e p a r a t i o n   of  a  heavy  au tomot ive   n e u t r a l   o i l   by  s o l v e n t   e x t r a c t i o n ,  

c a t a l y t i c   dewaxing  over  an  unsteamed  ZSM-5  c a t a l y s t ,   and  

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

A  c o m m e r c i a l l y - p r e p a r e d ,   nominal  450  SUS  at  38°C  ( 1 0 0 ° F )  

d i s t i l l a t e   from  Arabian  Light  crude  was  f u r f u r a l   e x t r a c t e d   at  99°C 

(210°F)  and  160%  volume  f u r f u r a l .   The  f u r f u r a l   r a f f i n a t e   which  h a d  

a  41°C  (+105°F)  pour  po in t ,   was  c a t a l y t i c a l l y   d e w a x e d / h y d r o t r e a t e d  

in  a  two  r e a c t o r   system  with  e f f l u e n t   from  r e a c t o r   iM  p a s s i n g  

d i r e c t l y   to  r e a c t o r   #2.  The  ZSM-5  had  a  SiO2:Al2O3  r a t i o   o f  

70:1.   The  e x t r u d a t e   had  an  a lpha  a c t i v i t y   of  200.  R e a c t o r   #1 

c o n t a i n e d   NiZSM-5  (1  wt %  Ni  by  exchange)  c a t a l y s t   for  d e w a x i n g ,  

r e a c t o r   #2  c o n t a i n e d   a  commercial   h y d r o t r e a t i n g   c a t a l y s t   (2 .8  wt % 



CoO/9.4  wt  %  MoO3/Al2O3).  Both  r e a c t o r s   were  run  at  1.0  LHSV, 

2,900  kPa  (400  ps ig )   450  volumes  H2  at  s t a n d a r d   c o n d i t i o n s ,   v o l u m e  .  

of  l i q u i d   o i l   at  s t a n d a r d   c o n d i t i o n s   (2500  SCF  H 2 / b b l ) ;   t h e  

i n i t i a l   t e m p e r a t u r e   in  r e a c t o r   #1  was  288°C  (550°F)  and  t h e  

h y d r o t r e a t i n g   r e a c t o r   was  at  246°C  ( 4 7 5 ° F ) .  

P r o p e r t i e s   of  the   d e w a x e d / h y d r o t r e a t e d   o i l - w e r e :  

Bromine  number  i s   an  i n d i c a t i o n   of  u n s a t u r a t i o n   and  must  b e  

low  to  o b t a i n   good  s t a b i l i t y .   The  d e w a x e d / h y d r o t r e a t e d   o i l   p a s s e d  

the   s t a n d a r d ,   240  hour  C a t e r p i l l a r   1-H  engine   t e s t ,   i n d i c a t i n g   i t s  

a c c e p t a b l e   q u a l i t y   for   premium  au tomot ive   u s e .  

Example  2  ( P r i o r  A r t )  L u b e  O i l   Dewaxing -   ZSM-5 

This  i l l u s t r a t e s   the   dewaxing  s t age   in  a  commerc ia l   p r o c e s s  

with  c o n v e n t i o n a l   c a t a l y s t ,   a  s teamed  0.9%  N i  -   65%  ZSM-5/35% 

A1203  (Ni  by  e x c h a n g e ) .   The  ZSM-5  had  a   SiO2:Al2O3  r a t i o  

of  about   7 0 : 1 .  

C o m m e r c i a l l y - p r e p a r e d ,   e x t r u d e d   c a t a l y s t   was  l a b o r a t o r y  

s teamed  6  hours   at   482°C  (9000F).   The  s teamed  c a t a l y s t   was  used  t o  

hydrodewax  a  commerc ia l ,   s o l v e n t - e x t r a c t e d   heavy  n e u t r a l   lube   s t o c k  

having   a  pour  p o i n t   of  41°C  (+105°F)  in  a  1 - l i t e r ,   b a t c h   s h a k e r - b o m b  

r e a c t o r   at  3 ,500  kPa  (500  p s ig )   H21  130  m inu te s ,   and  5  

o i l - t o - c a t a l y s t   by  weight ;   runs   were  at  274,  288,  and  316°C  ( 5 2 5 ,  

550,  and  600°F)  with  f r e s h   c a t a l y s t   for   each.   The  p r o d u c t   was 

topped   at   343°C  (650°F) .   The  bot toms  had  the   f o l l o w i n g   p r o p e r t i e s :  



Example  3  ( P r i o r   Art)  Lube  Oil  Dewaxing -   ZSM-5 

This  i l l u s t r a t e s   the  use  of  unsteamed  c a t a l y s t   in  t h e  

dewaxing  s t a g e .  

The  same  commercial   c a t a l y s t   t h a t   was  s teamed  in  Example  2  

was  used  wi thou t   s t eaming   for  dewaxing,  as  in  Example  2.  The 

r e s u l t s   were  as  f o l l o w s :  

These  r e s u l t s   show  t h a t   unsteamed  c a t a l y s t   is   more  a c t i v e   t h a n  

steamed  c a t a l y s t   for  dewaxing  to  the  t a r g e t   -70°C  (+20°F)  p o u r  
p o i n t .   At  274°C  (525°F)  the  pour  po in t   a ch i eved   us ing   u n s t e a m e d  

ZSM-5  is  6°C  (10°F)  lower  than  can  be  ach ieved   with  s teamed  ZSM-5. 

Example  4  ( I n v e n t i o n )   Lube  O i l  D e w a x i n g  -   ZSM-11 

This  i l l u s t r a t e s   t h e - u s e   of  unsteamed  ZSM-11  c a t a l y s t   i n  

the  dewaxing  s t a g e .  

A  c a t a l y s t   was  p repared   by  e x t r u d i n g   a  mix  of  65  wt  % 

ZSM-11  (as  c r y s t a l l i z e d )   and  35  wt  %  A1203,  p r e c a l c i n i n g   a t  

538°C  (1000°F) ,   exchanging  to  low  sodium  with  NH4NO3,  e x c h a n g i n g  

with  Ni(N03)2  and  c a l c i n i n g   at  538°C  (1000°F) .   The  Ni  l e v e l   was 

0.6  wt  %.  The  ZSM-11  used  in  t h i s   and  s u b s e q u e n t   expe r imen t s   had  a  

SiO2:Al2O3  r a t i o   of  78:1.   The  e x t r u d a t e   had  an  a lpha   a c t i v i t y  

of  113 .  

The  c a t a l y s t   was  used  for  dewaxing  (as  in  Example  2)  w i t h  

the  fo l lowing   r e s u l t s :  



The  r e s u l t s   show  the   uns teamed  ZSM-11  c a t a l y s t   is   much  more  a c t i v e  

than  the  steamed  or  unsteamed  ZSM-5  c a t a l y s t s   of  Examples  2  and  3 .  

R e g a r d l e s s   of  r e a c t o r   t e m p e r a t u r e ,   a  lower  pour  po in t   is  a c h i e v e d  

with  the  unsteamed  ZSM-11  c a t a l y s t .  

Example  5  ( I n v e n t i o n )   Lube  Oil  Dewaxing  -   ZSM-11 

A  p o r t i o n   of  the   ZSM-11  c a t a l y s t   of  Example  4  was 

l a b o r a t o r y   s teamed  6  hours   at  402°C  (900°F)  (as  in  Example  2) .   The 

steamed  c a t a l y s t   was  used  for   dewaxing  (as  in  Example  2)  with  t h e s e  

r e s u l t s :  

The  steamed  ZSM-11  c a t a l y s t   is  much  more  a c t i v e   than  steamed  ZSM-5 

c a t a l y s t   of  Example  2 .  

Example  6  ( I n v e n t i o n )   Lube  O i l   Dewaxing -   ZSM-11 

The  c a t a l y s t s   of  Examples  2-5  c o n t a i n e d   about   1.0  wt  %  N i  

or  s l i g h t l y   l e s s   by  exchange .   The  c a t a l y s t   of  Example  6  c o n t a i n e d  

no  exchanged  n i c k e l   and  comprised  65%  HZSM-11135%  Al2O3.  The  

unsteamed  c a t a l y s t   was  used  for   dewaxing  as  in  Example  2  with  t h e s e  

r e s u l t s :  

The  r e s u l t s   i n d i c a t e   l i t t l e   d i f f e r e n c e   in  a c t i v i t y   between  n i c k e l  

and  n o n - n i c k e l   exchanged  c a t a l y s t s .  



Example  7  ( I n v e n t i o n )   Lube  Oil  Dewaxing -   ZSM-11 

This  i l l u s t r a t e s   the  use  of  NiMo  impregna t ed ,   unsteamed  0 . 6  

wt  %  Ni-(65%  ZSM-11/35%  Al2O3)  c a t a l y s t   in  the  dewaxing  s t a g e .  

The  c a t a l y s t   of  Example  4  was  impregna ted   to  3.5  wt  % 

Mo03  and  1.2  wt  %  Ni0  and  c a l c i n e d   at  538°C  (1000°F) .   The 

c a t a l y s t   was  used  for   dewaxing  as  in  Example  2  with  t hese   r e s u l t s  

for  the  bottoms  p r o d u c t :  

Example  8  ( I n v e n t i o n )  

A NiMo  c a t a l y s t   was  p repa red   l i k e   the  c a t a l y s t   of  Example  

7,  but  on  a  s u p p o r t   t h a t   had  not  been  p r e v i o u s l y   exchanged  w i t h  

n i c k e l .   The  c a t a l y s t   was  used  for  dewaxing  as  in  Example  2  but  o n l y  

at  263°C  (505°F) .   The  bottoms  p roduc t   had  t h e s e   p r o p e r t i e s :  

These  r e s u l t s   are  s i m i l a r   to  those   of  Example  7.  Thus,  the  n i c k e l  

exchange  (Example  7)  is  not  neces sa ry   to  r e a l i z e   the  b e n e f i t s   o f  

impregna t i ng   with  n i c k e l   and  molybdenum. 

D i s c u s s i o n   Of  Lube  Oil  Dewaxing  Wi th  Base   Metal  ZSM-1 

The  c a t a l y s t   of  the  i n v e n t i o n ,   Example  7,  p roduces   a  much 

lower  p roduc t   pour  po in t   than  the  commercia l   dewaxing  c a t a l y s t   o f  

Example  2.  At  the  t a r g e t   pour  po in t   of  -7  C°(+20°F)  the  a c t i v i t y  
advantage   is  26°C  ( 4 6 ° F ) .  

The  c a t a l y s t   of  Example  7  y i e l d s   a  bot toms  p roduc t   o f  

h ighe r   VI  than  the  commerc ia l -dewaxing   c a t a l y s t   of  Example  2.  At  

the  t a r g e t   pour  p o i n t ,   the  advantage   is  over  1.0  V I .  



The  ZSM-5  c a t a l y s t   was  s teamed.   Unsteamed  ZSM-5  would  

enjoy  an  i n i t i a l   a c t i v i t y   advan tage   over  s teamed  ZSM-5,  h o w e v e r ,  

unsteamed  ZSM-5  d e a c t i v a t e s   r a p i d l y   in  gas  o i l   dewaxing,   s o  

commerc i a l l y   s teamed  ZSM-5  is  used  in  t h i s   s e r v i c e .  

Y ie ld s   are   not  u s u a l l y   c a l c u l a t e d   or  r e p o r t e d   for  s h a k e r  

bomb  t e s t s .   This  ba t ch   t e s t   is   v a l i d   for   s c r e e n i n g   b u t  i t   does  n o t  

c o r r e s p o n d   e x a c t l y   to  commercia l   p r o c e s s i n g ,   which  is  u s u a l l y  

c o n t i n u o u s ,   with  a  f i x e d   bed  of  c a t a l y s t .   This  ba tch   t e s t   me thod  

does  not  lend  i t s e l f   to  p r e c i s e   y i e l d   c a l c u l a t i o n s .   We  b e l i e v e   t h a t  

the  y i e l d s   of  dewaxed  o i l   from  ZSM-11  are  as  good  as,   or  b e t t e r   t h a n  

the  y i e l d s   o b t a i n a b l e   by  dewaxing  to  the   same  pour  po in t   with  ZSM-5. 

Example  9  -   Lube  Oi l   Dewaxing  -   ( P t - N i - Z S M - 1 1 )  

Another   p o r t i o n   of  the   ZSM-11  c a t a l y s t   of  Example  4  was 

impregna ted   wi th   c h l o r o p l a t i n i c   ac id .   The  Ni-ZSM-11  c a t a l y s t   was 

used  as  a  s t a r t i n g   m a t e r i a l   because   i t   happened  to  be  r e a d i l y  

a v a i l a b l e   when  we  ran  the   t e s t .  

We  weighed  9.6  grams  of  H2PtCl6  s o l u t i o n ,   c o n t a i n i n g  

3.15  wt %  Pt ,   and  d i l u t e d   t h i s   to  39  ml.  This   s o l u t i o n   was  added  t o  

50  grams  of  the   n i c k e l   ZSM-11/Al2O3  c a t a l y s t   of  Example 4  in  a  

r o t a r y   i m p r e g n a t o r .   C02  was  added  to  the   r o t a r y   i m p r e g n a t o r ,   t h e n  

the  v e s s e l   was  e v a c u a t e d ,   and  vacuum  broken  with  more  C02,  and  

t h i s   was  r e p e a t e d   s e v e r a l   t imes   to  e n s u r e   a  C02  a t m o s p h e r e .  

Rotary  i m p r e g n a t i o n   c o n t i n u e d   for   60  m i n u t e s ,   fo l lowed   by  d ry ing   a t  

121°C  (250°F)  and  c a l c i n i n g   in  an  a i r   flow  for   3  hours  at  482°C 

(900°)F.   T e m p e r a t u r e s   were  i n c r e a s e d   at   the   r a t e   of  2-3°C  ( 3 - 5 ° F )  

per  minute .   The  Pt-NiZSM-11/Al2O3  c a t a l y s t   had  a  packed  d e n s i t y  
of  0.542  g / c c .   F i n i s h e d   c a t a l y s t ,   we igh ing   49 .95g ,   was  r e c o v e r e d .  

This  m a t e r i a l   was  t e s t e d   for   l u b r i c a n t   dewaxing,  as  i n  

Example  2.  Al though  p l a t i n u m   was  p r e s e n t   on  the   c a t a l y s t ,   t h e r e   was  

no  s u l f i d i n g   p r e t r e a t m e n t   of  the   c a t a l y s t   p r i o r   to  u s e .  

E x p e r i m e n t a l   r e s u l t s   were  as  f o l l o w s :  



These  r e s u l t s ,   with  the  Pt-Ni-ZSM-11  c a t a l y s t ,   w e r e  

i n c o n c l u s i v e .   They  may  show  t h a t   when  Pt  is  used,   i t   should   be  

reduced  to  the  e l emen ta l   meta l   form  p r i o r   to  u s e .  

The  Pt-Ni-ZSM-11  was  not  steamed  p r i o r   to  use,   and  s h o u l d  

be  compared  to  Example  4,  unsteamed  Ni-ZSM-11. 

Examples  10  (Pt-ZSM-11)  and  Example  11  (Pt-ZSM-5) 

Pla t inum  c a t a l y s t s   w e r e  p r e p a r e d   on  bases   c o n t a i n i n g   ZSM-11 

and  ZSM-5  by  the  p rocedu re   used  in  Example  9;  t he se   c o n t a i n e d   no 

n i c k e l .   the  Pt-ZSM-11  is   i d e n t i f i e d   as  Example  10  and  the  Pt-ZSM-5 

as  Example  11 .  

Example  12  (Fixed  Bed  T e s t i n g   With  Light   Neu t ra l   S t o c k )  

Examples  2-9  were  shaker   bomb  t e s t s   which  are  u s e f u l   i n  

s c r e e n i n g   c a t a l y s t s .   Al though  more  t ime  is  i n v o l v e d ,   f i xed   b e d ,  

p i l o t   p l a n t   t e s t i n g   is  p r e f e r r e d   because  i t   r e s e m b l e s   c o m m e r c i a l  

p r a c t i c e   more.  

The  c a t a l y s t s   of  Examples  10  and  11  were  loaded  i n t o  

f i x e d - b e d   u n i t s ,   reduced  with  hydrogen  at  2900  kPa  (400  p s i g ) ,   482°C 

(900°F)  for  one  hour  and  t e s t e d   with  l i g h t   n e u t r a l   s t ock   at  t h e  

f o l l o w i n g   c o n d i t i o n s :  

The  r e s u l t s   are  r e p o r t e d   in  Table  1 .  



They  are  the  b a s i s   for   the   f o l l o w i n g   compar i son   to  o b t a i n  

343°C  (650°F+)  lube  of  -9°C  (15°F)  pour  po in t   a f t e r   3  days  on 

s t r e a m :  

These  r e s u l t s   show  the   Pt  ZSM-11  c a t a l y s t   has  advan tage   i n  

a c t i v i t y ,   VI  and  y i e l d   over  Pt  ZSM-5  for   dewaxing  l i g h t   n e u t r a l  

s tock   to  -9°C  (+15°F)  pour  p o i n t .  





Example  13  (Tes t   wi th   B r i g h t   S t o c k )  

The  c a t a l y s t s   of  Examples  10  and  11  were  a l so   t e s t e d   in  t h e  

f ixed   bed  un i t   with  b r i g h t   s tock   at  the  f o l l o w i n g   c o n d i t i o n s :  

The  r e s u l t s   are   r e p o r t e d   in  Table  2 .  



I t   is  e v i d e n t   from  these   r e s u l t s   t h a t   the  c a t a l y s t   o f  

Example  10  (Pt  ZSM-11)  is  some  22°C  (40°F+)  more  a c t i v e   than   t h a t   o f  

Example  11  (Pt  ZSM-5).  At  -21°C  ( -5°F)   pour  p o i n t ,   i t   a l so   y i e l d s  

an  i n c r e m e n t a l   2.7  wt %  lube  s tock ,   which  has  h igher   VI  by  0 . 8  

numbers .  



Example  14  ( P r i o r   Art)  Fuel  Oil   Dewax ing  -   ZSM-5 

This  i l l u s t r a t e s   the  dewaxing  of  d i s t i l l a t e   us ing  a  

c o n v e n t i o n a l   c a t a l y s t ,   a  steamed  0.9%  N i  -   65%  ZSM-5/35%  Al2O3 

(Ni  by  e x c h a n g e ) .   The  ZSM-5  had  a  SiO2:Al2O3  r a t i o   of  a b o u t  

7 0 .  

C o m m e r c i a l l y - p r e p a r e d ,   e x t r u d e d   c a t a l y s t   was  l a b o r a t o r y  

steamed  6  hours   at  482°C  (900°F) .   The  s teamed  c a t a l y s t   was  used  t o  

hydrodewax  feed  having  the  p r o p e r t i e s   shown  in  Table  3 .  



The  c a t a l y s t   was  d i s p o s e d   as  a  f ixed  bed  of  c a t a l y s t   in  a  

r e a c t o r .  

Reac t ion   c o n d i t i o n s   and  p roduc t   p r o p e r t i e s   are  r e p o r t e d   i n  

Table  4,  a f t e r   Example  1 5 .  

Example  15  ( I n v e n t i o n )   Fuel  Oil  Dewaxing -   ZSM-11 

The  c a t a l y s t  u s e d   in  t h i s   s tudy   was  p repa red   by  f l u s h i n g  

onsteamed  HZSM-11,  65  wt  %  ZSM-11  (wi th   a  s i l i c a   to  a lumina   r a t i o ,  

on  a  molar  b a s i s ,   of  about  70)  and  35  wt  %  alumina  in  p a r t i c u l a r  
s i ze   of  a p p r o x i m a t e l y   0.60  to  1.2  mm  (14-25  mesh),  with  C02  for  a  

few  minu tes ,   fo l lowed  by  c h l o r o p l a t i n i c   a c i d - i m p r e g n a t i o n   to  0.5% 

p l a t i num  by  weight .   The  p l a t i num  ZSM-11  c a t a l y s t   was  loaded  i n t o  

the  same  f ixed   bed  r e a c t o r   used  in  Ex.  14  and  reduced  i n  s i t u   a t  

2,900  kPa  (400  psig)   of  hydrogen  and  482°C  (900°F)  for  one  h o u r .  

L igh t   n e u t r a l   s tock   was  then  pumped  i n to   the  r e a c t o r   along  w i t h  

hydrogen  a f t e r   the  r e a c t o r   t e m p e r a t u r e   was  lowered  to  the  d e s i r e d  

s e t t i n g .   Af t e r   f ive   days  on  s t r eam  with  l i g h t   n e u t r a l   s t o c k ,   t h e  

feed  was  swi tched   to  b r i g h t   s tock .   These  runs  were  made  a t  

282-307°C  (540-585°F) ,   2,900  kPa  (400  ps ig)   of  H2,  450  VIV  H2 
(2500  SCF/bbl ) ,   and  0 . 7 5 - 1 . 0   tHSV.  Af te r   f ive   days,   the  feed  was 

changed  to  Gas  Oil  A. 

The  t e s t   c o n d i t i o n s   and  p r o p e r t i e s   of  dewaxed  d i s t i l l a t e  

p r o d u c t s   p r o c e s s e d   with  the  Pt/ZSM-11  c a t a l y s t   ( i n v e n t i o n )   a r e  

compared  to  Ni-ZSM-5  ( p r i o r   a r t ) ,   in  Table  4 .  



At  371°C  (700°F)  r e a c t o r   t e m p e r a t u r e ,   the  p roduc t   f r o m  

ZSM-11  has  a  pour  p o i n t   lower  than  -54°C  (-65°F)  whi le   t h a t   f r o m  

Ni-ZSM-5  has  a  -7°C  (20°F)  pour ,   i n d i c a t i n g   t h a t   Pt-ZSM-11  is  more 

a c t i v e   than   Ni-ZSM-5  for  d i s t i l l a t e   d e w a x i n g .  

Both  c a t a l y s t s   gave  the   a lmos t   same  d i s t i l l a t e   y i e l d s   a s  

shown  in  the  t a b l e .   In  d i s t i l l a t e   dewaxing,   removal  of  waxy 

components   to  r educe   pour  p o i n t   u s u a l l y   r e s u l t s   in  removal   o f  

p r o d u c t ,   and  lower  y i e l d s .   C o n s e q u e n t l y ,   the  d i s t i l l a t e   y i e l d   w i t h  

Pt-ZSM-11  would  be  much  h i g h e r   than  60  wt %  i f   the   r e a c t o r  

t e m p e r a t u r e   was  dropped  to  give  a  pour  p o i n t   of  -7°C  ( 2 0 ° F ) .  

Pt-ZSM-11  is   far   more  s e l e c t i v e   than   ZSM-5. 



Example  3  ( I n v e n t i o n )   Fuel  Oil  Dewaxing -   ZSM-11 

The  c a t a l y s t   of  Example  15  was  used  for  dewaxing  Gas  O i l  

B.  Resu l t s   are  r e p o r t e d   in  Table  5.  The  r e a c t o r   p r e s s u r e ,   LHSV  and  

hydrogen  c i r c u l a t i o n   were  i d e n t i c a l   to  those   r e p o r t e d   in  Table  4 .  

For  Gas  Oil   B,  the  Pt/ZSM-11  c a t a l y s t   is   42°C  (75°F)  more  

a c t i v e   than  steamed  Ni-ZSM-5  while  the  s e l e c t i v i t i e s   are  c o m p a r a b l e .  

Example  17  ( I n v e n t i o n )   Fuel  O i l  D e w a x i n g  -  Z S M - 1 1  

The  c a t a l y s t   of  Example  15  was  used  for  dewaxing  Gas  O i l  

C.  Reactor   p r e s s u r e ,   LHSV,  H2  c i r c u l a t i o n   remained  the  same  as  i n  

Table  4.  The  r e s u l t s   are  shown  in  Table  6 :  



For  Gas  Oil   C,  the   Pt/ZSM-11  c a t a l y s t   o f f e r s   a  c a t a l y s t  

a c t i v i t y   advan tage   of  31°C  (55°F)  over  steamed  Ni-ZSM-5.  I n  

a d d i t i o n ,   Pt/ZSM-11  improves   the  166°C+  (330°F+  s e l e c t i v i t y   b y  

2 . 5 % .  

I f   we  were  b u i l d i n g   a  c a t a l y t i c   dewaxing  u n i t   to  p r o d u c e  

lube  o i l   base  s t ock   t o d a y ,   we  would  use  a  c a t a l y s t   c o m p r i s i n g   65  wt 

%  ZSM-11  and  35  wt %  a lumina ,   with  about   1  wt %  n i c k e l   and  about  3  

wt %  molybdenum  added  by  exchange  or  i m p r e g n a t i o n .  

Some  work  has  been  done  adding  p l a t i num  to  the  ZSM-11 

c a t a l y s t .   The  b e n e f i t s   of  adding  Pt  may  j u s t i f y   the   added  cos t   o f  

t h i s   c o m p o n e n t .  

For  lube  o i l   dewaxing,   we  p r e f e r   t h a t   the   c a t a l y s t   would  b e  

d i s p o s e d   as  a  f i xed   bed  in  a  r e a c t o r   o p e r a t e d   at   260-360°C  u n d e r  

hydrogen  p r e s s u r e   of  1 , 5 0 0 - 3 , 5 0 0   kPa  with  hydrogen  c i r c u l a t i o n   o f  

100-500  VIV,  at  0 . 5 - 2 . 0   LHSV.  The  e f f l u e n t   of  the   c a t a l y t i c  

dewaxing  would  be  cascaded   i n to   a  h y d r o t r e a t e r   c o n t a i n i n g ,   a s  

c a t a l y s t ,   a  h y d r o g e n a t i o n   component  on  a  n o n - a c i d i c   s u p p o r t   such  a s  

c o b a l t   molybdate   or  n i c k e l   molybdate   on  a l u m i n a .  



We  would  give  the  c a t a l y s t   a  s teaming  t r e a t m e n t   p r i o r   t o  

use  i f   n e c e s s a r y .   For  some  f e e d s ,   s teaming  reduces   the  c a t a l y s t  

a c t i v i t y   at  the  s t a r t ,   but  the  c a t a l y s t   l a s t s   l o n g e r .  

For  fuel   o i l   dewaxing  we  would  use  the  same  bas ic   c a t a l y s t ,  

but  c o n t a i n i n g   as  a  h y d r o g e n a t i o n   component  about  0.5  wt %  P t ,  

added  by  i m p r e g n a t i o n .  

The  ZSM-11  used  would  have  a  SiO2:Al2O3  r a t i o   o f  

about  70  and  would  not  be  s teamed.   The  Pt  would  be  c a l c i n e d   to  f i x  

i t   on  the  s u p p o r t ,   then  reduced  with  hydrogen  to  the  e l e m e n t a l   s t a t e .  

The  c a t a l y s t   would  be  d i sposed   as  a  f ixed  bed  in  a  r e a c t o r  

o p e r a t e d   at  260-450°C  under  hydrogen  p r e s s u r e   of  1 , 5 0 0 - 3 , 5 0 0   kPa  and 

with  hydrogen  c i r c u l a t i o n   of  100-500  VIV,  at  0 . 5 - 2 . 0   LHSV. 

In  gene ra l   the  use  of  ZSM-11  z e o l i t e   as  a  dewaxing  c a t a l y s t  

w i l l   r e s u l t   in  at  l e a s t   twice   as  much  h y d r o i s o m e r i z a t i o n   of  waxy 

components  as  can  be  ach ieved   us ing   c o n v e n t i o n a l   shape  s e l e c t i v e  

z e o l i t e s .   I t   is  p o s s i b l e   to  ach ieve   f ive   to  ten  t imes   as  much 

h y d r o i s o m e r i z a t i o n   with  ZSM-11  as  compared  to ,   e . g . ,   dewaxing  w i t h  

ZSM-5. 

P r e f e r a b l y   a  m a j o r i t y   of  the  waxy  components,   such  as  t h e  

normal  and  s i ng ly   branched  p a r a f f i n s   are  conver ted   to  l e s s   waxy 

components .   We  p r e f e r   to  o b t a i n   as  much  i s o m e r i z a t i o n   as  p o s s i b l e ,  

and  for  every  100  moles  of  waxy  components  c o n v e r t e d ,   we  t r y   t o  

produce  at  l e a s t   5  to  10  more  moles  of  h y d r o i s o m e r i z e d   p r o d u c t ,  

which  is  a  v a l u a b l e   l i q u i d   p r o d u c t .  



WHAT  IS  CLAIMED  I S  

1.  In  a  p r o c e s s   for  c a t a l y t i c a l l y   dewaxing  a  wax 

c o n t a i n i n g   hyd roca rbon   f e e d s t o c k   to  produce   a  dewaxed  o i l   by 

c o n t a c t i n g   sa id   s t ock   at  c a t a l y t i c   dewaxing  c o n d i t i o n s   in  a  r e a c t i o n  

zone  with  a  shape  s e l e c t i v e   wax  c r a c k i n g   c a t a l y s t   with  a  C o n s t r a i n t  

Index  of  1-12  to  c rack   wax  to  l i g h t e r   b o i l i n g   r ange   components ,   t h e  

improvement   c h a r a c t e r i z e d   by  us ing  a  c r y s t a l l i n e   c a t a l y s t   with  t h e  

c r y s t a l   s t r u c t u r e   of  ZSM-11  to  remove  wax  by  both  c r a c k i n g   and  

i s o m e r i z a t i o n .  

2.  The  p r o c e s s   of  claim  1  where in   c a t a l y t i c   dewax ing  

c o n d i t i o n s   i n c l u d e   a  hydrogen  p r e s s u r e   of  a t m o s p h e r i c   to  14,000  k P a ,  

a  r a t i o   of  hydrogen  to  hyd roca rbon   of  90  to  900  volumes  of H2  p e r  

volume  of  f e e d s t o c k ,   a  l i q u i d   hour ly   space  v e l o c i t y   of  0.5  to  5 .  

3.  The  p r o c e s s   of  c laim  1  or  2  where in   the  c a t a l y s t  

c o m p r i s e s   ZSM-11  and  a  r e f r a c t o r y   i n o r g a n i c   ox ide   b i n d e r .  

4.  The  p r o c e s s   of  c la im  3  wherein   the  b i n d e r   i s   a l u m i n a ,  

s i l i c a   or  s i l i c a   a l u m i n a .  

5.  The  p r o c e s s   of  any  of  c la ims   1  to  4  where in   t h e  

c a t a l y s t   compr i s e s   10  to  95  wt  %  ZSM-11  and  90  to  5  wt  %  a l u m i n a .  

6.  The  p r o c e s s   of  any  of  c la ims   1  to  5  where in   the  ZSM-11 

has  a  s i l i c a : a l u m i n a   r a t i o   g r e a t e r   than  1 2 : 1 .  

7.  The  p r o c e s s   of  c la im  1  wherein   the  ZSM-11  has  a  
s i l i c a : a l u m i n a   r a t i o   of  about   15:1  to  2 0 0 : 1 .  

8.  The  p r o c e s s   of  any  of  c la ims   1  to  7  where in   t h e  

c a t a l y s t   c o n t a i n s   a  h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   componen t .  



9.  The  p r o c e s s   of  claim  8  wherein  the  c a t a l y s t   c o n t a i n s  

0.01  to  30  wt  %,  on  an  e l e m e n t a l   b a s i s ,   of  a  h y d r o g e n a t i o n   component  

s e l e c t e d   from  Groups  I I ,   I I I ,   IV, V,  VII  and  VIII  and  m i x t u r e s  

t h e r e o f .  

10.  The  p r o c e s s   of  claim  8  wherein  the  c a t a l y s t   c o n t a i n s  

0.01  to  1  wt  %,  on  an  e l e m e n t a l   metal  b a s i s ,   p l a t inum  group  m e t a l .  

11.  The  p r o c e s s   of  any  of  c la ims  1  to  10  wherein  t h e  

f e e d s t o c k   is  a  l u b r i c a t i n g   o i l   base  s t o c k .  

12.  The  p r o c e s s   of  any  of  c la ims  1  to  10  wherein  t h e  

f e e d s t o c k   is  a  fue l   o i l .  

13.  The  p r o c e s s   of  any  of  c la ims   1  to  12  wherein  a  

m a j o r i t y   of  the  wax  in  the  f e eds tock   is  c o n v e r t e d .  

14.  The  p r o c e s s   of  any  of  c la ims   1  to  13  wherein  for  e v e r y  

100  moles  of  wax  c o n v e r t e d ,   at  l e a s t   5  moles  are  conve r t ed   by 

h y d r o i s o m e r i z a t i o n .  

15.  The  p roce s s   of  claim  14  wherein   at  l e a s t   10  moles  a r e  

conve r t ed   by  h y d r o i s o m e r i z a t i o n .  
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