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Z)  improved  process  for  lowering  pour  and  cloud  points  of  hydrocracked  lube  oils. 

V  a  two-step  or  combination  process  for  preparing  low  pour  point,  low  cloud  point  lube  oils  is  set  forth.  The 
irocess  involves  subjecting  a  lube  stock  to  a  mild  solvent  dewaxing  step  so  as  to  obtain  high  quality  waxes  and lube  stock  having  an  intermediate  pour  point,  recovering  the  waxes  and  subjecting  said  intermediate  pour  point Jbe  stock  to  a  hydrodewaxing  step  over  a  crystalline  2SM-23  zeolite  to  obtain  a  product  having  a  pour  point  of 
3ss  than  -7°C.  The  catalytic  dewaxing  step  preferably  includes  a  noble  metal  small  pore  zeolite,  such  as 'd/ZSM-23,  to  give  a  high  yield  of  low  cloud  point,  tiigh  viscosity  index  lube  oil. 

0  
M 

M 

u  

irox  oopy  uentre 



0  271  265 

IMPROVED  PROCESS  FOR  LOWERING  POUR  AND  CLOUD 

POINTS  OF  HYDROCRACKED  LUBE  OILS 

It  is  des i red   tha t   the  lube  oil   have  a  low  pour  point   so  

that   i t   can  be  used  at  low  t empera tu re .   Excessive  t h i c k e n i n g   at  low 

tempera tures   is  u n a c c e p t a b l e .  
It  is  known  to  carry  out  dewaxing  by  c o n t a c t i n g   h y d r o c a r b o n  

f r a c t i o n s   with  z e o l i t e s   having  pore  s izes   of  about  5  Angstrom  u n i t s  
to  s e l e c t i v e l y   remove  normal  p a r a f f i n s .  

The  p resen t   i nven t ion   is  concerned  with  an  improved  p r o c e s s  
for  dewaxing  heavy  hydrocracked  lubes,   which  is  more  economical   t h a n  

conven t iona l   so lvent   dewaxing  p rocedures   or  c a t a l y t i c   dewaxing 

procedures   and  which  produces  hydrocracked  lube  o i l s   having  low  pou r  
and  cloud  p o i n t s .  

The  p resen t   process   employs  the  use  of  a  c o n v e n t i o n a l  

so lvent   dewaxing  s tep,   but  only  to  s l i g h t l y   reduce  the  pour  point   o f  
the  t r e a t e d   stock  and  obta in   a  product   having  an  i n t e r m e d i a t e   p o u r  
poin t .   The  product   of  i n t e r m e d i a t e   pour  point   is  u n s u i t a b l e   for  use  

as  a  low  tempera ture   l u b r i c a n t   at  t h i s   s tage .   In  accordance  w i t h  

the  i n v e n t i o n ,   t h i s   i n t e r m e d i a t e   product"  is  then  hydrodewaxed  w i th  

ZSM-23  z e o l i t e   to  y ie ld   a  product   having  both  low  pour  point   and  low 
cloud  p o i n t .  

It  is  to  be  noted  tha t   the  sequence  of  s teps   of  t h e  

p resen t   combinat ion  process   is  c r i t i c a l   in  order  to  achieve  t h e  
naximum  economic  advantage .   The  so lvent   dewaxing  must  come  f i r s t ,  
followed  by  the  c a t a l y t i c   hydrodewaxing  s tep.   This  is  so  because  
the  h ighest   q u a l i t y   wax  which  is  obta ined  from  a  given  feed  is  t h a t  
obtained  in  the  i n i t i a l   s tages   of  the  so lvent   dewaxing.  If  t h e  
feedstock  were  f i r s t   s u b j e c t e d   to  c a t a l y t i c   hydrodewaxing,  t h e  
highest   qua l i t y   wax  would  be  d e s t r o y e d .  
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A d d i t i o n a l l y ,   i t   has  been  found  that   c a t a l y t i c  
hydrodewaxing  with  a  ZSM-23  c a t a l y s t   is  more  e f f e c t i v e l y   c a r r i e d   o u t  
with  i n t e r m e d i a t e   pour  point   product  than  with  a  conven t iona l   l ube  
stock.  Moreover,  a  noble  metal  small  pore  z e o l i t e ,   such  a s  
Pd/ZSM-23,  is  p r e f e r r e d   as  a  c a t a l y s t .   Thus,  the  unique  p r o c e s s i n g  
scheme  of  the  p resen t   i nven t ion   provides   a  maximizat ion  of  d e s i r a b l e  
oroducts   from  a  given  f eeds tock .   This  is  an  improvement  over  p r i o r  
art  p rocesses   u t i l i z i n g   ZSM-5-type  c a t a l y s t s .  

U.  S.  Patent   No.  3,255,138  claims  a  process   for  p r e p a r i n g  
low  pour  point   lube  o i l s   by  f i r s t   so lven t   dewaxing  and  t h e n  
lydrodewaxing  over  a  ZSM-5-type  z e o l i t e   con t a in ing   a  h y d r o g e n a t i o n  
component  . 

It  is  also  known  to  p r a c t i c e   a  two-s tep  process   in  which 
lydrocracked  s tocks ,   i nc lud ing   b r i g h t s t o c k ,   are  f i r s t   s o l v e n t  
jewaxed  to  -18°C  (0°F),  then  hydrodewaxed  to  -40°C  (-40°F)  o v e r  
*Ji/ZSM-5. 

U.  S.  Patent   Nos.  4,283,271  and  4 ,283,272  claim  energy  . 
e f f i c i e n t   a l l - c a t a l y t i c   lube  p rocesses   using  dewaxing  c a t a l y s t s ,  
such  as  ZSM-5  and  ZSM-11,  in  the  dewaxing  s t e p .  

U.  S.  Patent   No.  4 ,414,097  teaches   c a t a l y t i c   dewaxing  u s i n g  
3t/ZSM-23. 

Despite  the  many  improvements  made,  there   is  s t i l l   a  need 
?or  b e t t e r   dewaxing  p roces ses .   E s p e c i a l l y   needed  is  a  process   t o  
'educe  the  cloud  point   and  the  pour  point   heavy  hydrocracked  l u b e  
s tocks .  

Accordingly,   the  p resen t   i nven t ion   provides   A  process   f o r  
i repar ing  low  pour  point   and  low  cloud  point   lube  o i l s   from  a 
lydrocracked  petroleum  feeds tock   c h a r a c t e r i z e d   by  so lvent   dewaxing 
:o  obtain  a  lube  oil   having  a  pour  point   of  -12  to  10°C  (10  to  50°F) 
md  t h e r e a f t e r   s u b j e c t i n o   the  so lvent   dewaxed  product   to  c a t a l y t i c  
lydrodewaxing  in  the  presence  of  added  hyddrogen  with  a  c a t a l y s t  
:omprising  7SM-23  and  a  hydrogenat ion   component  to  obta in   a  p r o d u c t  
laving  a  pour  point  of  less  than  -7°C  ( 2 0 ° F ) .  
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Fig.  1  shows  lube  y ie ld   versus  pour  point   for  dewaxing  a 
b r i g h t s t o c k   and 

Fig.  2  shows  v i s c o s i t y   index  versus  pour  point   for  t h e  
stock  of  Fig.  1. 

The  feeds  comprises   a  hydrocracked  heavy  hydrocracked  l u b e  
o i l s   bo i l ing   above  343°C  (650°F)  and  p a r t i c u l a r l y   between  343  and 
704°C  (650°C  and  1300°F) .  

The  feed  is  then  mildly  so lvent   dewaxed,  lube  s tock  u n t i l  
i t   has  a  pour  point   of  -12  to  10°C  (10°  to  50°F),  and  p r e f e r a b l y  
from  -7  to  7°C  (20°  to  4 5 ° F ) .  

The  so lvent   dewaxing  step  is  c o n v e n t i o n a l .   S u i t a b l e  
so lven t s   inc lude   methyl  e thyl   k e t o n e - t o l u e n e ,   methyl  e t h y l  
<etone-methyl  i s o b u t y l   ketone  and  the  l i k e .  

The  products   from  the  so lvent   dewaxing  step  are  h i g h  
quali ty  waxes  which  are  recovered  and  an  i n t e r m e d i a t e   pour  p o i n t  
stock  which  is  then  hydrodewaxed  over  ZSM-23  z e o l i t e .  

Zeo l i t e   ZSM-23  is  desc r ibed   in  U.  S.  Patent   Nos.  4 , 0 7 6 , 8 4 2  
and  4 ,104,151.   The  hydrogena t ion   component  may  be  a s s o c i a t e d   w i th  
bhe  ZSM-23,  e . g . ,   a  rnetal(s)   from  Group  VIII  of  the  Pe r iod i c   T a b l e  
Df  Elements,   alone  or  in  combinat ion,   with  a  Group  VI 
netal.  Non- l imi t ing   examples  of  the  metals  from  Group  VIII  for  t h i s  
Durpose  inc lude  p la t inum,   pa l ladium,   i r id ium,   ruthenium,  coba l t   and 
t ickel .   The  Group  VI  metal's  are  chromium,  molybdenum  and  t u n g s t e n .  



The  r e a c t i o n   c o n d i t i o n s   for  the  dewaxing  process   a r e  
summarized  in  Table  1. 

i  auie  ± 

Broad  P r e f e r r e d  

,  ^U(J  _  jyyy  _  25QQ 
kPa  '  1500  -  21.000  2900  -  17000 

remperature,   °F  300  .  900  5QQ  _  8QQ 
°C  149  -  482  260  -  427 

-HSV>  *  0.2  -  20  0.5  -  5 

^ g a s ,   SCF/bbl,  500  -  20,000  1000  -  5000 
im  /m  90  -  3600  180  -  900 

-  ^MUu.u  uuuiij-  J(jctuc  ve loc i t y ,   i . e . ,   volume  of  Feed  per  Volume 
of.  Ca ta lys t   per  Hour 

m  /m  =  normal  cubic  meters  of  H2  per  cubic  meter  of  l i qu id   f e e d  

The  ZSM-23  may  be  i n c o r p o r a t e d   with  a  matrix  or  binder   of  a 
i a t e r i a l   r e s i s t a n t   to  the  t empera ture   and  other  process   c o n d i t i o n s .  

Useful  matrix  m a t e r i a l s   inc lude  both  s y n t h e t i c   and 
a t u r a l l y   occur r ing   subs t ances ,   as  well  as  i no rgan ic   m a t e r i a l s ,   such 
s  clay,  s i l i c a   and/or   metal  oxides.   The  l a t t e r   may  be  e i t h e r  
a t u r a l l y   occur r ing   or  in  the  form  of  g e l a t i n o u s   p r e c i p i t a t e s   o r  
els  inc lud ing   mixtures   of  s i l i c a   and  metal  oxides.   N a t u r a l l y  
ccur r ing   clays  which  can  be  composited  with  the  z e o l i t e   i n c l u d e  
hose  of  the  m o n t m o r i l l o n i t e   and  kaol in   f a m i l i e s ,   which  f a m i l i e s  
nclude  the  s u b - b e n t o n i t e s   and  the  kaol ins   commonly  known  as  D i x i e ,  
:Namee,  Georgia  and  F lo r ida   c lays ,   or  o thers   in  which  the  main 
inera l   c o n s t i t u e n t   is  h a 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  
bauxite.  Such  clays  can  be  used  as  mined  or  a f t e r   c a l c i n a t i o n ,  
:id  t rea tment   or  chemical  m o d i f i c a t i o n .  

Matrix  m a t e r i a l s ,   such  as  alumina,  s i l i c a - a l u m i n a ,  
Ll ica-magnesia ,   s i l i c a - z i r c c 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 ,  
- l i c a - t i t a n i a ,   as  well  as  t e rna ry   composi t ions   such  a s  
L 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 -  
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magnesia  and  s i l i c a - m a g n e s i a - z i r c o n i a   may  also  be  used.  The  m a t r i x  

can  be  in  the  form  of  a  cogel.   The  p r o p o r t i o n s   of  ZSM-23  and 

matr ix ,   on  an  anhydrous  bas i s ,   may  vary  widely,   with  the  z e o l i t e  
content   ranging  from  1  to  99  wt  %,  and  more  usua l ly   5  to  80  wt  %  o f  
the  dry  c o m p o s i t e .  

The  hydrogena t ion   component,  if   any  may  be  on  the  z e o l i t e  

or  on  the  matrix  or  b o t h .  
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examples 
The  charges tock   in  a l l   the  examples  is  a  h y d r o c r a c k e d  

b r i g h t s t o c k   having  the  fol lowing  p r o p e r t i e s :  

Gravi ty ,   °API  3 0 . 2  
9/cc  0 .8751 
Pour  Point ,   °F/°C  +120/49 
KV  at  100°C,  cs  25 .63  

The  appara tus   used  is  conven t iona l   and  descr ibed   in  U.S. 
Patents   Nos.  4 ,283,271;   4 ,283,272;   and  4 , 4 1 4 , 0 9 7 .  

Example  1  (Pr ior   Ar t )  
Hydrodewaxing  Alone  Over  Ni/ZSM-5  C a t a l y s t  

The  charges tock   is  processed  over  1%  Ni/ZSM-5  e x t r u d a t e  
( s u l f i d e d   in  s i t u ) ,   at  2900  kPa  (400  ps ig ) ,   1  LHSV,  450  nm3/m3 
(2500  SCFB  H2  at  s eve ra l   t e m p e r a t u r e s ,   with  the  fo l lowing  r e s u l t s :  

Run  No.  2  
'  

2 

Mvg.  cat .   Temp,  °F/°C 
Material   Balance,  Wt  % 

Yields,   Wt  %  - 

C1  +  Cj  
r  

343°C  (650°F+)  Lube 
.ube  P r o p e r t i e s  

Gravity,   °API 

g / c c  
Pour  Point ,   °F/°C 

Cloud  Point ,   °F/°C 
KV  at  40°C,  c s  
KV  at  100°C,  cs  
Viscos i ty   Index 

6 W . 5 4 8  

9 7 . 5  

0 . 8  

6 . 7  

1 0 . 6  

6 . 6  

1 4 . 9  

6 1 . 6  

2 9 . 3  

0 .8800 

V-18  

H52/11 

554.2 

27 .02  

.01 .8  

660349 

101.9 

0 . 9  

7 . 4  

12 .3  

9 . 0  

1 3 . 3  

5 8 . 8  

3 0 . 5  

0 .8735 

-10 / -12  

@62/17 

559.8 

27 .61 

L03.5 
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At  the  t a r g e t   pour  of  -12°C  (+10°F),  the  cloud  point   of  17°C 
(+62°F)  is  unacceptab ly   high.  A  cloud  point   5-6°C  (about  10°F)  above 
the  pour  point   is  cons idered   a c c e p t a b l e .  

Example  2  (Pr io r   A r t )  
Solvent   Dewaxing  Alone 

The  hydrocracked  b r i g h t s t o c k   is  sub jec t ed   to  conven  t i o n a l  
so lvent   dewaxing  employing  conven t iona l   so lvent   r a t i o s ,   which  are  a s  
follows  on  a  volume-  to-  volume  b a s i s :  
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so lven t ,   MtK/ioiuene  50/50 
Di lu t ion ,   S o l v e n t / O i l   3 . 5 / 1  
Wash,  So lven t /O i l   (2X)  1 /1  
Dewaxing  Temp.,  °F/°C  - 2 0 / - 2 9  

5  Lube  Yield,  Wt  %  6 5 . 4  
Lube  P r o p e r t i e s  

Gravi ty,   °API  2 9 . 0  
g/ccc  •  0 .8816 
Pour  Point ,   °F/°C  + 1 0 / - 1 2  

10  Cloud  Point,   °F/°C  + 1 5 / - 9  
KV  at  40°C,  cs  430.  7 
KV  at  100°C,  cs  32 .47  
Viscos i ty   Index  109 .4  

Yield  is  about  6  wt  %  higher   than  in  Example  1,  and  t h e  
15  cloud  point  is  a c c e p t a b l e .  

Example  3  (Pr ior   Ar t )  
Combination  Solvent   Dewaxinq/Hydrowaxing  Over  Ni/ZSM-5 

The  hydrocracked  b r i g h t s t o c k   is  so lvent   dewaxed  as  i n  
Example  2,  except  at  a  t empera ture   of  -7°C  (+20°F),  with  r e s u l t s   a s  

20  f o l l o w s :  

Lube  Yield,  Wt  %  78 .2  

Lube  P r o p e r t i e s  

Gravi ty ,   °API  2 9 . 4  
g/cc  0.  8794 

25  Pour  Point ,   °F/°C  +45/7  
Cloud  Point ,   °F/°C  +50/10 
KV  at  40°C,  cs  385 .5  
KV  at  100°C,  cs  30 .04  
Viscos i ty   Index  109 .0  
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This  ma te r i a l   is  then  hydrodewaxed  over  Ni/ZSM-5  under  t h e  
reac t ion   cond i t i ons   used  in  Example  1,  at  severa l -   t e m p e r a t u r e s ,   w i t h  
the  fol lowing  r e s u l t s :  

Run  No.  -  1  2  3 

Avg.  Cat.  Temp.,  °F  502  520  560 
°C  261  271  293 

Maternal  Balance  Wt  %  98.9  99.0  9 9 . 7  
Yields,  Wt  % 

cl  +  c2  O-1  0.1  0 . 2  

C3  0.4  1.0  2 . 5  

c4  1.2  1.7  3 . 9  

c5  1.4  1.5  2 . 3  

C6-343°C  (650°F)  3.1  2.9  4 . 4  
343°C+  (650°F+)  Lube  93.9  93.1  8 7 . 3  

Lube  P r o p e r t i e s  

Gravity,   °API  29.3  .  29.4  2 8 . 8  

g/cc  0.8800  0.8794  0 .8827 
Pour  Point ,   °F/°C  +20/-7  +10/-12  - 5 / - 2 1  
Cloud  Point ,   °F/°C  +48/9  -  +22/-6  + 6 / - 1 4  
KV  at  40°C,  cs  357.3  411.2  4 5 7 . 4  
KV  at  100°C,  cs  _  27.66  29.93  31 .1  
Viscos i ty   Index  104.4  102.1  9 8 . 2  

Lube  Yield,  Overal l   73  '  73  68 
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me  cioua  point  at  tne  t a r g e t   pour  of  12°-C  (+10°F)  i s  
accep tab le ,   and  the  o v e r a l l   lube  y ie ld   from  the  two  s teps   is  73  wt 
%,  compared  to  65  wt  %  for  so lvent   dewaxing  alone  (Example  2),  and 
59  wt  %  for  hydrodewaxing  alone  (Example  1 ) .  

Example  4  ( I n v e n t i o n )  
Combination  Solvent  Dewaxing/Hydrodewaxing  Over  Pd/ZSM-23 

The  same  7°C  (+45°F)  pour  point   so lvent   dewaxed  stock  de 
scr ibed  in  Example  3  is  processed  over  1  wt  %  Pd/ZSM-23  e x t r u d a t e  
(Hg  t r e a t e d   in  s i tu   at  482°C  (900°F)  for  1  hour)  at  2900  kPa  (400 
ps ig) ,   0.5  LHSV,  450  nm3/m3  (2500  SCFB  f^)  at  s e v e r a l  
t e m p e r a t u r e s ,   with  the  fol lowing  r e s u l t s :  

nuu  inu.  1 2   3 
Wg.  Cat.  Temp.,  °F  549  60u  599 

°C  287  316  315 
Material  Balance,  Wt  %  98.7  97.8  9 8 . 7  
' ie ld ,   Wt  % 

Cl  +  C2  0.1  0.2  0 . 1  
C3  1.5  1 . 6  
C4  0-9  2.3  2 . 3  
C5  °-9  2.0  2 . 0  
C6-343°C  (650°F)  2.0  5.0  3 . 4  
343°C  (650°F+)  Lube  

'  
96.2  89.6  9 1 . 2  

.ube  P r o p e r t i e s  

Gravity,   °API  30.3  30.3  30 .1  
9/cc  0.8745  0.8745  0 .8756 
Pour  Point ,   °F/°C  + iq / .12   _25/-32  - 1 5 / - 2 6  
Cloud  Point,   °F/°C  +12/-11  -  8/-22"  -  6 / - 2 1  
KV  at  40°C,  cs  286.2  248.0  289 .7  
KV  at  100°C,  cs  24.10  21.58  23 .98 
Viscos i ty   Index  -  106.2  104.0  104.1  

ube  Yield,  Overal l   75  70  71 
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The  cloud  point   at  the  t a r g e t   pour  of  -12°C  (+10°F)  i s  

e x c e l l e n t ,   - I P C   (+12°F),  compared  to  -6°C  (+22°F)  using  Ni/ZSM-5 

(Example  3).  Also,  lube  y i e lds   and  v i s c o s i t y   index  are  bo th  

s i g n i f i c a n t l y   higher   than  those  obta ined  using  NiZSM-5. 

Fig.  1  shows  lube  yie ld   versus  pour  point   for  t h e  

b r i g h t s t o c k   so lvent   dewaxed  to  7°C  (+45°F)  pour  po in t .   Fig.  2  shows 

v i s c o s i t y   index  versus  pour  point   for  the  same  s t o c k .  

The  high  cloud  point   of  heavy  hydrocracked  lubes  u s i n g  

s tandard   c a t a l y t i c   dewaxing  technology  has  been  a  problem 

)  development  of  the  p rocess .   A  very  mild  so lven t   dewaxing  s t e p ,  

r e q u i r i n g   l i t t l e   or  no  r e f r i g e r a t i o n ,   solves   the  p rob lem.  
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Claims 

1.  A  process   for  p r e p a r i n g   low  pour  point   and  low  c l o u d  

point   lube  o i l s   from  a  hydrocracked   pet roleum  f e e d s t o c k  

c h a r a c t e r i z e d   by  so lven t   dewaxing  to  ob ta in   a  lube  oi l   having  a  p o u r  
point  of  -12  to  10°C  (10  to  50°F)  and  t h e r e a f t e r   s u b j e c t i n g   t h e  
so lvent   dewaxed  lube  oi l   to  c a t a l y t i c   hydrodewaxing  in  the  p r e s e n c e  
of  added  hyddrogen  with  a  c a t a l y s t   compris ing   ZSM-23  and  a 
hydrogena t ion   component  to  ob ta in   a  product   having  a  pour  point   o f  
less  than  -7°C  ( 2 0 ° F ) .  

2.  The  process   of  Claim  1  f u r t h e r   c h a r a c t e r i z e d   in  t h a t  
the  c a t a l y s t   is  Pd/ZSM-23. 

3.  The  process   of  Claim  1  or  2  f u r t h e r   c h a r a c t e r i z e d   i n  
tha t   the  so lven t   dewaxed  product   has  a  pour  point   of  -7  to  7°C  (20 
to  4 5 ° F ) .  

1970h/0137h 
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