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54)  Process  for  the  conversion  of  oief  inic  compounds  into  high  viscosity  lubes. 

©  A  two-stage  process  is  provided  whereby  in  the  first 
stage  light  olefins  are  converted  over  a  ZSM-5  type  catalyst 
to  gasoline  and  distillate  liquids  which  are  then  converted  in 
a  second  catalytic  stage  under  milder  conditions  of  tempera- 
ture  and/or  pressure  over  substantially  the  same  or  a 
different  ZSM-5  type  catalyst  to  yield  lube  range  products 
having  superior  viscosity  index  properties. 
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A  two-stage  process  is  provided  whereby  in  the  first 
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to  gasoline  and  distillate  liquids  which  are  then  converted  in 
a  second  catalytic  stage  under  milder  conditions  of tempera- 
ture  and/or  pressure  over  substantially  the  same  or  a 
different  ZSM-5  type  catalyst  to  yield  lube  range  products 
having  superior  viscosity  index  properties. 



This  i n v e n t i o n   r e l a t e s   to  a  two-s tage   process   for  the  c o n v e r s i o n  

of  l i gh t   o l e f i n s   in to   high  VI  lubes  or  l u b r i c a t i n g   o i l s .   In  the  f i r s t  

s tage ,   l i gh t   o l e f i n s   are  o l igomer ized   to  g a s o l i n e   and  d i s t i l l a t e   r a n g e  

products   which  are  then  f u r t h e r   conver ted   in to   lubes  in  a  second  s t a g e .  

It  has  long  been  known  to  con tac t   va r ious   hydrocarbon,   e . g . ,  
o l e f i n i c   f r a c t i o n s   with  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   z e o l i t e s   for  a  wide 

v a r i e t y   of  r e a c t i o n s .   U.S.  Patent   No.  3 ,760 ,024   is  concerned  with  t h e  

conve r s ion   of  hydrocarbons   c o n s i s t i n g   e s s e n t i a l l y   of  C2-C4 
p a r a f f i n s ,   o l e f i n s   and  mixtures   t he r eo f   wherein  the  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   u t i l i z e d   t h e r e i n   is  of  the  ZSM-5  type.  U.S.  Patent   No. 

4 ,150,062  r e l a t e s   to  the  p rocess ing   of  l i g h t   o l e f i n s   of  from  2  to  4 

carbon  atoms  to  p roduc ts   comprising  high  octane  gaso l ine   components 

which  comprises   c o n t a c t i n g   said  o le f in   f e eds tock   with  a  ZSM-5  t y p e  

c a t a l y s t .   U.S.  Pa tent   No.  4 ,227,992  r e l a t e s   to  the  convers ion   of  C3 
and  higher   o l e f i n s   in to   products   compris ing  both  gaso l ine   and  fuel  o i l s  

from  a  mixture  of  e thy lene   and  said  o l e f i n s .   Thus,  the  broad  c o n c e p t  

of  c o n t a c t i n g   an  o l e f i n i c   charge  stock  with  z e o l i t e s   is  known  in  t h e  

a r t .  

A d d i t i o n a l l y ,   U.S.  Patent   No.  4 ,021,502  d i s c l o s e s   convers ion  o f  

o l e f i n s   over  ZSM-12  and  U.S.  Patent   No.  3 ,827 ,968   d i s c l o s e s   a  two  s t e p  

a r o m a t i z a t i o n   process   wherein  in  the  f i r s t   step  an  o l e f i n   is  c o n t a c t e d  

over  a  ZSM-5  type  z e o l i t e .   U.S.  Patent   No.  4 ,361 ,477   d i s c l o s e s   a 

2 - s tep   process   wherein  a  c a t a l y t i c   dewaxer  e f f l u e n t   con ta in ing   lower  

o l e f i n s   is  s t a b i l i z e d   by  c o n t a c t i n g   such  e f f l u e n t   with  a  ZSM-5  t y p e  

c a t a l y s t .   However,  none  of  th i s   p r ior   ar t   is  d i r e c t e d   toward  t h e  

concept  of  the  use  of  a  dual  or  two-s tage   process   wherein  l igh t   o l e f i n s  

are  conver ted   over  ZSM-5  type  c a t a l y s t   to  ga so l i ne   and/or  d i s t i l l a t e  

l i q u i d s   which  are  then  conver ted  under  milder   c o n d i t i o n s   and  to  l u b e  

range  p r o d u c t s .  

The  inven t ion   is  d i r e c t e d   to  a  process   for  conver t ing   l i g h t  

o l f i n s   into  high  v i s c o s i t y   index  l u b r i c a t i n g   o i l s .   In  p a r t i c u l a r   t h e  



i nven t ion   is  d i r e c t e d   to  a  two-s tage   process   i nvo lv ing   a  f e e d s t o c k  

con ta in ing   at  l e a s t   one  C2-C6  o l e f i n   or  a   mixture  of  such  o l e f i n s .  

In  a  f i r s t   s tage ,   such  a  feeds tock  is  con tac ted   under  c o n v e r s i o n  

c o n d i t i o n s   with  a  c a t a l y s t   compris ing   a  ZSM-5  type  z e o l i t e ,   i . e . ,   a  

z e o l i t e   having  a  Cons t r a in t   Index  of  from  about  1  to  12  and  a  s i l i c a   t o  

alumina  molar  r a t i o   of  at  l e a s t   about  12.  In  th i s   f i r s t   stage  t h e  

C2-C6  o l e f i n s   in  the  feeds tock   are  conver ted   to  form  a  f i r s t   s t a g e  

e f f l u e n t   con t a in ing   gaso l ine   and  d i s t i l l a t e   range  hydrocarbons .   F i r s t  

stage  e f f l u e n t   is  t h e r e a f t e r   con tac t ed   in  a  second  process   s tage  with  a 

c a t a l y s t   also  compris ing  a  ZSM-5  type  z e o l i t e ,   which  may  be  the  same  o r  

d i f f e r e n t   as  the  z e o l i t e   of  the  f i r s t   s tage  c a t a l y s t .   Conve r s ion  

cond i t i ons   in  the  second  stage  inc lude  a  lower  convers ion   t e m p e r a t u r e  

and/or  lower  convers ion   p ressure   than  employed  in  the  f i r s t   s t a g e ,  

thereby  producing  l u b r i c a n t   range  hydrocarbons   of  improved  v i s c o s i t y  

index  c h a r a c t e r i s t i c s .  

As  noted,  the  c a t a l y s t   used  in  both  s t ages   of  the  p r e s e n t  

process  will   comprise  a  z e o l i t e   of  the  ZSM-5  type.   ZSM-5  t y p e  

z e o l i t e s ,   i . e . ,   z e o l i t e s   of  s i l i c a / a l u m i n a   molar  r a t i o   g r e a t e r   than  12 

and  C o n s t r a i n t   Index  of  1  to  12  are  well  known.  Their  use  as  o l e f i n  

conversion  c a t a l y s t s   has,  for  example,  been  desc r ibed   in  U.S.  P a t e n t  

4 ,227,992.   C r y s t a l l i n e   z e o l i t e s   of  the  type  u se fu l   in  the  c a t a l y s t s   o f  

the  present   i nven t ion   inc lude  ZSM-5,  ZSM-11,  ZSM-12,  ZSM-23,  ZSM-35, 

ZSM-38,  and  ZSM-48,  p r e f e r a b l y   ZSM-5,  ZSM-12  and  ZSM-23,  with  ZSM-5 

being  p a r t i c u l a r l y   p r e f e r r e d .  

ZSM-5  is  desc r ibed   in  g r ea t e r   d e t a i l   in  U.S.  Patent   Nos. 

3 ,702,886  and  RE  29,948,  which  pa ten ts   provide  the  X-ray  d i f f r a c t i o n  

p a t t e r n   of  the  t h e r e i n   d i sc losed   ZSM-5. 

ZSM-11  is  desc r ibed   in  U.S.  Patent   No.  3 ,709 ,979 ,   which 

d i s c l o s e s   in  p a r t i c u l a r   the  X-ray  d i f f r a c t i o n   p a t t e r n   of  ZSM-11. 

ZSM-12  is  desc r ibed   in  U.S.  Pa tent   No.  3 ,832 ,449 ,   which 

d i s c l o s e s   in  p a r t i c u l a r   the  X-ray  d i f f r a c t i o n   p a t t e r n   of  ZSM-12. 

ZSM-23  is  desc r ibed   in  U.S.  Pa tent   No.  4 ,076 ,842 ,   which 

d i s c lo se s   in  p a r t i c u l a r   the  X-ray  d i f f r a c t i o n   p a t t e r n   of  ZSM-23. 

ZSM-35  is  descr ibed   in  U.S.  Pa ten t   No.  4 ,016 ,245 ,   which 

d i s c l o s e s   in  p a r t i c u l a r   the  X-ray  d i f f r a c t i o n   p a t t e r n   of  ZSM-35. 



ZSM-38  is  desc r ibed   in  U.S.  Patent   No.  4 ,046 ,859 ,   which  

d i s c l o s e s   in  p a r t i c u l a r   the  X-ray  d i f f r a c t i o n   p a t t e r n   of  ZSM-38. 

ZSM-48  is  desc r ibed   in  U.S.  Patent   No.  4 ,375,573  and  European 

Pa ten t   P u b l i c a t i o n   EP-A-0015132,  which  d i s c l o s e   in  p a r t i c u l a r   the  X-ray 

d i f f r a c t i o n   p a t t e r n   of  ZSM-48. 

The  s p e c i f i c   z e o l i t e s   de sc r ibed ,   when  prepared  in  the  p r e s e n c e  

of  o rganic   c a t i o n s ,   are  c a t a l y t i c a l l y   i n a c t i v e ,   poss ib ly   because  t h e  

i n t r a c r y s t a l l i n e   free  space  is  occupied  by  organic  c a t i o n s   from  t h e  

forming  s o l u t i o n s .   They  may  be  a c t i v a t e d   by  hea t ing   in  an  i n e r t  

atmosphere  at  1000°F  (538°C)  for  1  hour,  for  example,  fol lowed  by  b a s e  

exchange  with  ammonium  s a l t s   fol lowed  by  c a l c i n a t i o n   at  1000OF  (538°C) 

in  a i r .   The  presence  of  organic  ca t i ons   in  the  forming  s o l u t i o n   may 

not  be  a b s o l u t e l y   e s s e n t i a l   to  the  formation  of  t h i s   type  z e o l i t e ;  

however,  the  presence  of  these  c a t i ons   does  appear  to  favor  t h e  

format ion   of  t h i s   spec i a l   type  of  z e o l i t e .   More  g e n e r a l l y ,   i t   i s  

d e s i r a b l e   to  a c t i v a t e   t h i s   type  c a t a l y s t   by  base  exchange  with  ammonium 

s a l t s   fol lowed  by  c a l c i n a t i o n   in  a i r   at  about  1000°F  (538°C)  for  from 

about  15  minutes  to  about  24  h o u r s .  

Thus  when  syn the s i zed   in  the  a l k a l i   metal  form,  the  z e o l i t e   i s  

c o n v e n i e n t l y   conver ted   to  the  hydrogen  form,  g e n e r a l l y   by  i n t e r m e d i a t e  

format ion   of  the  ammonium  form  as  a  r e s u l t   of  ammonium  ion  exchange  and 

c a l c i n a t i o n   of  the  ammonium  form  as  a  r e s u l t   of  ammonium  ion  exchange  

and  c a l c i n a t i o n   of  the  ammonium  form  to  y ie ld   the  hydrogen  form.  I n  

a d d i t i o n   to  the  hydrogen  form,  other   forms  of  the  z e o l i t e   wherein  t h e  

o r i g i n a l   a l k a l i   metal  has  been  reduced  to  less  than  about  1.5  p e r c e n t  

by  weight  may  be  used.  In  th i s   manner,  the  o r i g i n a l   a l k a l i   metal  o f  

the  z e o l i t e   may  be  r ep la red   by  ion  exchange  with  other   s u i t a b l e   ions  o f  

Groups  IB  to  VIII  of  the  Per iod ic   Table,  inc lud ing   by  way  of  example ,  

n i cke l ,   copper ,   zinc,   pal ladium,   calcium  or  rare  ear th  m e t a l s .  

In  p r a c t i c i n g   the  o l e f i n   convers ion   process   of  the  p r e s e n t  

i n v e n t i o n ,   i t   may  be  d e s i r a b l e   to  i n c o r p o r a t e   the  a b o v e - d e s c r i b e d  

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   z e o l i t e   in  another   m a t e r i a l   r e s i s t a n t   t o  

the  t empera tu re   and  other   c o n d i t i o n s   employed  in  the  p rocess .   Such 

matrix  m a t e r i a l s   inc lude   s y n t h e t i c   or  n a t u r a l l y   occur r ing   s u b s t a n c e s   a s  

well  as  i no rgan i c   m a t e r i a l s   such  as  c lay,   s i l i c a   and/or  metal  o x i d e s .  



The  l a t t e r   may  be  e i t h e r   n a t u r a l l y   occur r ing   or  in  the  form  o f  

g e l a t i n o u s   p r e c i p i t a t e s   or  gels  i n c l u d i n g   mixtures  of  s i l i c a   and  m e t a l  

oxides .   Na tu ra l l y   occur r ing   c lays   which  can  be  composited  with  t h e  

z e o l i t e   inc lude   those  of  the  m o n t m o r i l l o n i t e   and  kao l in   f a m i l i e s ,   which 

f a m i l i e s   i nc lude   the  s u b - b e n t o n i t e s   and  the  kaol ins   commonly  known  as  

Dixie,  McNamee-Georgia  and  F l o r i d a   c lays   or  o thers   in  which  the  main 

mineral   c o n s t i t u e n t   is  h a l l o y s i t e ,   k a o l i n i t e ,   d i c k i t e ,   n a c r i t e   o r  
anaux i t e .   Such  clays  can  be  used  in  the  raw  s t a t e   as  o r i g i n a l l y   mined 

or  i n i t i a l l y   sub j ec t ed   to  c a l c i n a t i o n ,   acid  t r ea tmen t   or  c h e m i c a l  

m o d i f i c a t i o n s .  

In  a d d i t i o n   to  the  fo regoing   m a t e r i a l s ,   the  z e o l i t e s   employed 

here in   may  be  composited  with  a  porous  matrix  m a t e r i a l ,   such  a s  

alumina,  s i l i c a - a l u m i n a ,   s i l i c a - m a g n e s i a ,   s i l i c a - z i r c o n i a ,  

s i l i c a - t h o r i a ,   s i l i c a - b e r y l l i a ,   s i l i c a - t i t a n i a   as  well  as  t e r n a r y  

compos i t i ons ,   such  as  s i l i c a - a l u m i n a - t h o r i a ,   s i l i c a - a l u m i n a - z i r c o n i a ,  

s i l i c a - a l u m i n a - m a g n e s i a   and  s i l i c a - m a g n e s i a - z i r c o n i a .   The  matrix  may 
be  in  the  form  of  a  cogel .   The  r e l a t i v e   p r o p o r t i o n s   of  z e o l i t e  

component  and  matrix  may  vary  widely  with  the  z e o l i t e   con ten t   r a n g i n g  

from  between  about  1  to  about  99  percent   by  weight  and  more  usua l ly   i n  

the  range  of  about  5  to  about  80  pe rcen t   by  weight  of  the  c o m p o s i t e .  

Depending  upon  c r y s t a l l i z a t i o n   c o n d i t i o n s ,   the  z e o l i t e s   used  i n  

the  c a t a l y s t s   of  the  p resen t   process   may  be  syn thes i zed   in  v a r y i n g  

c r y s t a l l i t e   s ize.   In  the  f i r s t   s tage  of  the  present   process   t h e  

z e o l i t e   is  p r e f e r a b l y   of  the  l a rge   c r y s t a l   type.  Thus  in  the  f i r s t  

s tage ,   the  c r y s t a l l i t e   diameter   of  the  z e o l i t e   is  d e s i r a b l y   g r e a t e r  
than  about  0.5  micron  and  more  p r e f e r a b l y   g rea t e r   than  about  1 . 0  

micron.  In  the  second  stage  of  the  p resen t   process ,   i t   is  d e s i r a b l e   t o  

employ  c a t a l y s t s   con t a in ing   z e o l i t e s   of  somewhat  smal ler   c r y s t a l l i t e  

s ize .   Z e o l i t e s   used  in  the  second  stage  c a t a l y s t s   p r e f e r a b l y   are  o f  

c r y s t a l l i t e   diameter   of  0.5  micron  or  smal le r ,   p r e f e r a b l y   0.1  micron  o r  

s m a l l e r .  

It  may  be  p r e f e r r e d   to  use  a  c a t a l y s t   of  c o n t r o l l e d   a c i d  

a c t i v i t y   in  some  process   embodiments  embraced  by  the  p r e s e n t  

i n v e n t i o n .   This  c o n t r o l l e d   acid  a c t i v i t y   of  the  c a t a l y s t   is  a t t a i n a b l e  

in  any  of  s eve ra l   ways  or  a  combinat ion   of  these .   A  p r e f e r r e d   method 



to  reduce  c a t a l y s t   a c t i v i t y   is  to  use  a  z e o l i t e   of  high  s i l i c a   t o  

alumina  mole  r a t i o ,   i . e . ,   above  200,  p r e f e r a b l y   above  500.  Very  h i g h  

d i l u t i o n   with  an  i n e r t   matrix  is  a lso  e f f e c t i v e .   For  example ,  

compos i t i ons   of  a  more  ac t ive   form  of  z e o l i t e   ZSM-5  with  alumina  at  a 

r a t i o   of  5  pa r t s   of  z e o l i t e   with  95  pa r t s   of  the  i n e r t   matr ix   provide  a 

s u i t a b l e   c a t a l y s t   as  descr ibed   in  U.S.  Patent   No.  4 , 1 5 2 , 3 6 3 .  

A c t i v i t y   of  the  z e o l i t e   c a t a l y s t s   used  here in   may  also  be  

reduced  by  thermal   t r ea tmen t   with  steam  at  high  t empera tu re   a s  

d e s c r i b e d   in  U.S.  Pa ten t s   Nos.  3 ,965 ,209   and  4 ,106 ,218 .   Another  method 

of  reducing   a c t i v i t y   is  to  provide   basic  c a t i ons   such  as  sodium  at  a 

s i g n i f i c a n t   p r o p o r t i o n   of  the  c a t i o n i c   s i t e s   of  the  z e o l i t e .   T h a t  

t echn ique   is  desc r ibed   in  U.S.  Pa ten t   No.  3 , 8 9 9 , 5 4 4 .  

As  noted,  convers ion  c o n d i t i o n s   employed  in  the  process   of  t h e  

p re sen t   i n v e n t i o n   are  impor tan t .   Such  c o n d i t i o n s   as  c o n v e r s i o n  

t e m p e r a t u r e   and  p ressure   and  to  some  extent   space  v e l o c i t y ,   etc.   can  

determine  the  nature  and  y ie ld   of  the  products   of  the  p r o c e s s .  

Convers ion  c o n d i t i o n s   in  the  f i r s t   s tage  of  the  p resen t   process   w i l l  

g e n e r a l l y   inc lude  a  convers ion   t empera tu re   of  500°F  (260°C)  or  h i g h e r .  

P r e f e r a b l y   convers ion   t empera tu re   in  the  f i r s t   s tage  ranges  between 

500°F  and  800°F  (260°C  and  427°C),  more  p r e f e r a b l y   between  550°F  and 

750°F  (288°C  and  399°C).  Conversion  p ressure   in  the  f i r s t   s tage   can 

range  from  about  atmospheric  (101  kPa)  up  to  about  2000  psig  (13891 

kPa)  and  is  more  p r e f e r a b l y   g r e a t e r   than  a tmospher ic   (101  kPa),  i . e .  

from  g r e a t e r   than  a tmospheric   (101  kPa)  to  about  650  psig  (4583  k P a ) .  

The  l i q u i d   hourly  space  ve loc i t y   in  the  f i r s t   s tage  can  range  from 

about  1.0  h r   to  about  20.0  h r - l ,   p r e f e r a b l y   from  about  2  h r - 1  

to  about  20  h r - 1 .  

The  convers ion   condi tons   under  which  the  second  s tage  of  t h e  

p resen t   process   is  ca r r i ed   out  are  g e n e r a l l y   milder  in  terms  o f  

t empera tu re   and  pressure   than  c o n d i t i o n s   in  the  f i r s t   p rocess   s t a g e .  

Temperature  in  the  second  s tage  can,  for  example,  range  from  a b o u t  

200°F  to  500°F  (93°C  to  260°C),  more  p r e f e r a b l y   from  about  300°F  t o  

450°F  (149°C  to  232°C).  Conversion  p ressure   in  the  second  s tage  i s  

p r e f e r a b l y   less   than  that  of  the  f i r s t   stage  and  can  a d v a n t a g e o u s l y  



range  from  about  a tmospher ic   (101  kPa)  to  about  650  psig  (4583  k P a ) .  

The  l i q u i d   hourly  space  v e l o c i t y   in  the  second  s tage  is  a d v a n t a g e o u s l y  

less   than  l .  

The  convers ion   of  the  l i g h t   o l e f in   feeds tock   wil l   genera l ly   be 

c a r r i e d   out  in  the  vapor -phase   by  con tac t   in  the  r e a c t i o n   zones,  u s i n g ,  

for  example,  a  fixed  bed  of  c a t a l y s t   composi t ion   under  e f f e c t i v e  

conve r s ion   c o n d i t i o n s .   The  process   s t ages   may  be  conducted  in  e i t he r   a 

batch  or  cont inuous   flow  r e a c t i o n   or  batch  in  one  s tage  and  c o n t i n u o u s  

flow  in  the  o the r .   Since  c o n t a c t   time  of  r e a c t a n t s   with  c a t a l y s t   w i l l  

g e n e r a l l y   be  much  longer  in  the  second  process   s tage  than  in  the  f i r s t ,  

i t   is  f r e q u e n t l y   s u i t a b l e   to  run  the  f i r s t   process   s tage   as  a 

con t inuous   flow  r e a c t i o n   and  the  second  process   s tage  as  a  b a t c h  

r e a c t i o n .  

The  feeds tock  for  the  p re sen t   two-s tage   process   e s s e n t i a l l y  

compr ises   o l e f i n s   of  from  2  to  6  carbon  atoms,  such  as,  for  example ,  

mix tures   of  the  C2  and  C3  o l e f i n s ,   propylene  and  bu ty l ene .   The 

feeds tock   may  be  comprised  of  a  s ing le   o l e f i n   or  a  mixture  of  d i f f e r e n t  

o l e f i n s ,   p r e f e r a b l y   with  a  minimum  of  non  C2 -  C6  o l e f i n i c  

m a t e r i a l .   The  feeds tock  can  and  f r e q u e n t l y   wil l   con t a in   n o n - o l e f i n i c  

d i l u e n t s   such  as  Cl-C4  p a r a f f i n s   and  hydrogen  s u l f i d e .  

The  fol lowing  s p e c i f i c   examples  wil l   serve  to  i l l u s t r a t e   t h e  

process   of  the  p resen t   i nven t ion   without  unduly  l i m i t i n g   same. 

The  c a t a l y s t s   used  in  the  s p e c i f i c   examples  were  prepared  by 

t e c h n i q u e s   known  in  the  art  and  can  be  prepared  by  any  c o n v e n i e n t  

t e c h n i q u e .  
EXAMPLE  1 

A  d i s t i l l a t e   of  b o i l i n g   point   280-580°F  (138°C-304°C),  was 

formed  in  98  percent   y ie ld   from  a  C3-C4  charge  stock  con t a in ing   62 

percent   o l e f i n s   at  500°F  (260°C),  1500  psig  (10443  kPa),  1  l i q u i d  

hourly  space  v e l o c i t y   with  gaso l ine   recyc le ,   and  65  p e r c e n t  

conve r s ion .   In  add i t i on ,   a  2  percent   y ie ld   of  98.6  v i s c o s i t y   i n d e x  

lube  was  produced.  The  c a t a l y s t   used  in  t h i s   f i r s t   s tage  was  a  l a r g e  

c r y s t a l   size  HZSM-5  z e o l i t e   having  a  p a r t i c l e   s ize  g r e a t e r   than  a b o u t  

0.5  mic ron .  



In  the  second  s tage  100  grams  of  said  o l e f i n i c   d i s t i l l a t e   were 

then  heated  in  an  au toc l ave   at  210°C  for  48  hours  with  10  g  of  a  s m a l l  

c r y s t a l   HZSM-5  c a t a l y s t   having  a  p a r t i c l e   s ize  of  less  than  about  0 . 5  

micron.  

The  y ie ld   of  600°F+  (316°C+)  lube  product   was  40  p e r c e n t ,  

and  the  v i s c o s i t y   index  was  100. 

EXPMPLE  2 

100  grams  of  u n h y d r o t r e a t e d   d i s t i l l a t e ,   prepared  in  s i m i l a r  

manner  to  that   of  s tage   1  in  Example  1,  c o n t a i n i n g   8  percent   600°F+ 

(316°C+)  m a t e r i a l   was  r eac ted   with  10  g  of  the  small  c r y s t a l   HZSM-5 

at  2100C  for  72  hours.   The  yie ld   of  600°F+  (3l6°C+)  lube  was  57 

percent   and  the  v i s c o s i t y   index  was  81-83.  Fur thermore,   the  y ie ld   o f  
750°F+  (4000C+)  lube  was  30  pe rcen t ,   s u b s t a n t i a l l y   higher   t h a n  

normally  o b s e r v e d .  

EXAMPLE  3 

100  g  of  d i s t i l l a t e   prepared  in  s i m i l a r   manner  to  s tage  1  i n  

Example  1,  was  reac ted   with  3.8  g  of  HZSM-12  for  7  hours  at  240°C,  a  
600°F+  (316°C+)  lube  y ie ld   of  34  percent   was  ob ta ined .   It  had  a  

v i s c o s i t y   index  of  8 7 - 9 2 .  

EXAMPLE  4 

Reaction  of  100  g  of  d i s t i l l a t e   desc r ibed   in  Example  2  with  4 . 8  

g  of  HZSM-23  (Si/A12  -320)  at  240°C  for  24  hours ,   r e s u l t e d   in  a  18 

percent   y ie ld   of  600°F+  (316°C+)  lube  with  a  v i s c o s i t y   index  of  113. 

From  the  above  examples  it   is  c l ea r   tha t   l igh t   o l e f i n s   can  be  

e f f i c i e n t l y   conver ted   to  high  v i s c o s i t y   index  lubes tock   having  s u p e r i o r  

p r o p e r t i e s   in  improved  y i e lds   using  the  two  stage  process   of  t h e  

present   i n v e n t i o n .  

Although  the  p re sen t   i nven t ion   has  been  descr ibed   with  p r e f e r r e d  

embodiments,  i t   is  to  be  unders tood  tha t   m o d i f i c a t i o n s   and  v a r i a t i o n s  

may  be  r e s o r t e d   to,  without   depar t ing   from  the  s p i r i t   and  scope  of  t h i s  

i nven t ion ,   as  those  s k i l l e d   in  the  art  wil l   r e a d i l y   unde r s t and .   Such 

mod i f i c a t i ons   and  v a r i a t i o n s   are  cons ide red   to  be  within  the  pu rv iew 

and  scope  of  the  appended  c l a i m s .  



1.  A  two-s tage   c a t a l y t i c   process   for  the  convers ion   o f  

o l e f i n i c   components  in  a  feeds tock  c o n t a i n i n g   at  l eas t   one  C2-C6 
o l e f i n   or  mixtures   t h e r e o f   into  high  v i s c o s i t y   index  l u b r i c a t i n g   o i l s ,  

said  process   c o m p r i s i n g :  

A)  c o n t a c t i n g   said  feeds tock   in  a  f i r s t   stage  under  

convers ion   c o n d i t i o n s   with  a  c a t a l y s t   compr i s ing   a  c r y s t a l l i n e   z e o l i t e  

c h a r a c t e r i z e d   by  a  C o n s t r a i n t   Index  of  1  to  12  and  a  s i l i c a   to  a l u m i n a  

molar  r a t i o   of  at  l e a s t   12,  to  thereby  conve r t   said  C2.-C6  o l e f i n s  

and  form  an  e f f l u e n t   compr is ing   gaso l ine   and  d i s t i l l a t e   r ange  

hydrocarbons;   and  t h e r e a f t e r  

8)  c o n t a c t i n g   said  f i r s t   stage  e f f l u e n t   in  a  second  s t a g e  

with  a  c a t a l y s t   compr i s ing   a  c r y s t a l l i n e   z e o l i t e   c h a r a c t e r i z e d   by  a  
Cons t r a in t   Index  of  1  to  12  and  a  s i l i c a   to  alumina  molar  r a t i o   of  a t  

l eas t   12  under  conve r s ion   c o n d i t i o n s   of  lower  t empera tu re   a n d / o r  

pressure   than  employed  in  said  f i r s t   s tage ,   to  thereby  form  a  p r o d u c t  

compris ing  l u b r i c a n t   range  hydrocarbons  of  improved  v i s c o s i t y   i n d e x  

c h a r a c t e r i s t i c s .  

2.  A  process   according  to  Claim  1  w h e r e i n  

A)  the  conver s ion   t empera ture   in  sa id   f i r s t   s tage  is  260°C 

or  h i g h e r ;  

B)  the  conve r s ion   temperature   in  sa id   second  stage  is  l e s s  

than  260°C;  and 

C)  the  conver s ion   pressure   in  said  second  stage  is  l e s s   t h a n  

the  convers ion   p r e s s u r e   in  said  f i r s t   s t a g e .  

3.  A  process   according  to  Claim  1  or  Claim  2  wherein  t h e  

convers ion  p r e s s u r e   in  said  f i r s t   s tage  is  g r e a t e r   than  101  kPa.  

4.  A  process   according  to  any  of  Claims  1  to  3  wherein  t h e  

z e o l i t e   used  in  the  f i r s t   stage  has  a  c r y s t a l l i t e   size  of  g r e a t e r   t h a n  

0.5  micron  and  wherein  the  z e o l i t e   used  in  the  second  stage  has  a  

c r y s t a l l i t e   s ize   of  0.5  micron  or  s m a l l e r .  

5 .  A   process   according  to  any  of  Claims  1  to  4  wherein  t h e  

z e o l i t e s   used  in  the  f i r s t   and  second  s t ages   are  of  the  same  c r y s t a l  

s t r u c t u r e .  



6 .  A   process   accord ing   to  any  of  Claims  1  to  4  wherein  t h e  

z e o l i t e s   used  in  the  f i r s t   and  second  s tages   are  of  d i f f e r e n t   c r y s t a l  

s t r u c t u r e s .  

7 .  A   process  according  to  any  of  Claims  1  to  6  wherein  t h e  

z e o l i t e   employed  is  s e l e c t e d   from  ZSM-5,  ZSM-11,  ZSM-12,  ZSM-23, 

ZSM-35,  ZSM-38,  or  ZSM-48. 

8 .  A   process   accord ing   to  any  of  Claims  1  to  7  wherein  s a i d  

f eeds tock   comprises   a  mixture  of  C3  and  C4  o l e f i n s .  

9.  A  process   accord ing   to  any  of  Claims  1  to  8  wherein  s a i d  

f eeds tock   a lso  comprises   Cl  to  C4  p a r a f f i n s   in  add i t i on   to  o l e f i n s .  

1 0 .  A   process   accord ing   to  any  of  Claims  1  to  9  wherein  s a i d  

f i r s t   s tage   is  opera ted   as  a  con t inuous   flow  r e a c t i o n   and  said  s econd  

stage  is  opera ted   as  a  batch  r e a c t i o n .  
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