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©  Ethylene-alphaolefin  lubricating  composition. 
A  lubricating  composition  is  provided  comprising  a  high 

viscosity  ethylene-alphaolefin  oligomer  copolymer  having  a 
viscosity  of  over  3500  to  175,000  centistokes  at  100°C;  a  low 
viscosity  synthetic  hydrocarbon  and/or  a  low  viscosity  ester; 
and  optionally  an  additive  package  to  impart  desirable 
performance  properties  to  the  composition. 



This  app l ica t ion   is  a  c o n t i n u a t i o n - i n - p a r t   of  c o p e n d i n g   a p p l i c a -  

tion  Serial  No.  473,841  filed  March  9,  1983,  the  en t i re   d i s c l o s u r e   of  

which  is  i n c o r p o r a t e d   here in   by  r e f e r e n c e   and  which  is  a  c o n t i n u a -  

t i o n - i n - p a r t   of  appl ica t ion   Serial  No.  356,665  filed  March  10,  1982,  

now  a b a n d o n e d .  

This  i nven t ion   re la tes   to  composi t ions   useful   as  l u b r i c a t i n g   oils 

hav ing   h igh  v i scos i ty   index ,   improved   r e s i s t a n c e   to  ox ida t ive   d e g -  
r a d a t i o n   and  r e s i s t a n c e   to  v i s c o s i t y   losses  caused  by  p e r m a n e n t   o r  

t e m p o r a r y   s h e a r .  

A c c o r d i n g   to  the  i n s t a n t   i n v e n t i o n   a  l u b r i c a t i n g   composi t ion   is  

p r o v i d e d   compr i s ing   (1)  a  high  v i scos i ty   e t h y l e n e - a l p h a o l e f i n   ol i -  

gomer  hav ing   a  v i scos i ty   of  from  more  than  3500  to  175,000  c e n t i -  

s tokes   at  100°C;  (2)  a  low  v i s c o s i t y   s y n t h e t i c   h y d r o c a r b o n ,   such  a s  

a lky la t ed   benzene   or  low  v i s c o s i t y   po lya lphao le f in   a n d / o r   a  low 

v i scos i ty   e s t e r ,   such  as  m o n o e s t e r s ,   d i e s t e r s ,   p o l y e s t e r s   a n d ,  

opt ional ly   (3)  an  addi t ive   p a c k a g e .  

An  object   of  the  i n v e n t i o n   is  to  p rovide   a  l u b r i c a t i n g   c o m p o s i -  
tion  with  p r o p e r t i e s   n o t   o b t a i n a b l e   with  conven t iona l   p o l y m e r i c  

t h i c k e n e r s .  

A  f u r t h e r   object  of  the  i nven t ion   is  to  p rov ide   l u b r i c a t i n g  

composi t ions   exh ib i t ing   improved   shea r   s tab i l i ty ,   ox ida t ive   s t a b i l i t y  

and  exce l l en t   t e m p e r a t u r e - v i s c o s i t y   p r o p e r t i e s .  

The  v i s c o s i t y - t e m p e r a t u r e   r e l a t i o n s h i p   of  a  l u b r i c a t i n g   oil  is  

one  of  the  crit ical  c r i t e r ia   which  must   be  cons ide red   when  s e l e c t i n g  

a  l u b r i c a n t   for  a  p a r t i c u l a r   a p p l i c a t i o n .   The  mineral   oils  commonly  

used  as  a  base  for  s ingle  and  m u l t i g r a d e d   l u b r i c a n t s   exh ib i t   a 

r e l a t ive ly   large  change  in  v i s cos i t y   with  a  change  in  t e m p e r a t u r e .  
Fluids  exh ib i t i ng   such  a  r e l a t i v e l y   large  change  in  v i s cos i t y   w i t h  

t e m p e r a t u r e   are  said  to  have  a  low  v iscos i ty   index.   The  v i s c o s i t y  

index  of  a  common  pa ra f f in ic   mineral   oil  is  usual ly   given  a  value  o f  

about   100.  Viscosi ty   index  (V. I .  )   is  de te rmined   a c c o r d i n g   to  ASTM 

Method  D  2770-74  where in   the  V . I .   is  re la ted  to  k inemat ic   v i s c o s i -  

ties  m e a s u r e d   at  40°C  and  1 0 0 ° C .  



L u b r i c a t i n g   oils  composed  mainly  of  mineral   oil  are  said  to  b e  

s ingle   g r a d e d .   SAE  g r a d i n g   r e q u i r e s   tha t   oils  have  a  c e r t a i n  

minimum  v i scos i ty   at  high  t e m p e r a t u r e s   and ,   to  be  m u l t i g r a d e d ,   a  
ce r t a in   maximum  v i scos i ty   at  low  t e m p e r a t u r e s .   For  i n s t ance ,   an  oil 

hav ing   a  v i scos i ty   of  10  cSt.  at  100°C  ( h e r e i n a f t e r   all  v i s c o s i t i e s  

are  at  100°C  un less   o t h e r w i s e   no ted )   would  be  an  SAE  30  and  i f  

tha t   oil  had  a  v i s cos i t y   of  3400  cP.  at  -20°C,   the  oil  would  b e  

g r a d e d   10W-30.  An  unmodi f ied   mineral   oil  of  10  cSt.  can  not  m e e t  

the  low  t e m p e r a t u r e   r e q u i r e m e n t s   for  a  10W-30  mul t ig rade .   r a t i n g ,  

s ince  its  v i s cos i ty   index   d ic ta tes   t ha t   it  would  have  a  v i s c o s i t y  

c o n s i d e r a b l y   g r e a t e r   than   3500  cP.  at  -20°C,   which  is  the  max imum 

allowed  v i scos i ty   for  a  10W  r a t i n g .  

The  v i s cos i t y   r e q u i r e m e n t s   for  qua l i f i c a t i on   as  m u l t i g r a d e  

eng ine   oils  are  d e s c r i b e d   by  the  SAE  Engine   Oil  Viscos i ty   C l a s s i f i -  

c a t i o n  -   SAE  J300  SEP80,  which  became  e f f ec t i ve   April  1,  1982.  

The  low  t e m p e r a t u r e   (W)  v i scos i ty   r e q u i r e m e n t s   are  de te rmined   b y  

ASTM  D  2602,  Method  of  Test   for  A p p a r e n t   V i scos i ty   of  Motor  Oils  

at  Low  T e m p e r a t u r e   Using  the  Cold  C r a n k i n g   Simulator ,   and  t h e  

r e s u l t s   are  r e p o r t e d   in  cen t ipo ise   (cP) .   The  h i g h e r   t e m p e r a t u r e  

(100°C)  v i scos i ty   is  m e a s u r e d   a c c o r d i n g   to  ASTM  D445,  Method  o f  

Tes t   for  Kinematic  Viscos i ty   of  T r a n s p a r e n t   and  Opaque  L i q u i d s ,  

and  the  r e s u l t s   are  r e p o r t e d   in  c e n t i s t o k e s   ( c S t . ) .   The  fo l lowing  

table   out l ines   the  high  and  low  t e m p e r a t u r e   r e q u i r e m e n t s   for  t h e  

r e c o g n i z e d   SAE  g r a d e s   for  engine  o i l s .  



In  a  similar  m a n n e r ,   SAE  J306c  d e s c r i b e s   the  v i s c o m e t r i c  

q u a l i f i c a t i o n s   for  axle  and  manual  t r ansmis s ion   l u b r i c a n t s .   H i g h  

t e m p e r a t u r e   (100°C)  v i scos i ty   m e a s u r e m e n t s   are  p e r f o r m e d   a c c o r d i n g  

to  ASTM  D445.  The  low  t e m p e r a t u r e   v i scos i ty   va lues   are  d e t e r -  

mined  a c c o r d i n g   to  ASTM  D2983,  Method  of  Test   for  A p p a r e n t  

Vi scos i ty   at  Low  T e m p e r a t u r e   Using  the  Brookf ie ld   Viscomete r   a n d  

these   r e s u l t s   are  r e p o r t e d   in  cen t ipo i se   (cP) ,   where   cP  and  cSt  a r e  
r e l a t ed   as  fo l lows :  

The  following  table  summar izes   the  high  and  low  t e m p e r a t u r e  

r e q u i r e m e n t s   for  qua l i f ica t ion   of  axle  and  manual  t r a n s m i s s i o n   l u b -  

r i c a n t s .  

It  is  obvious  from  these   tables   that   the  v i scos i ty   index  of  a 

b road ly   m u l t i g r a d e d   oil  such  as  5W-40  or  70W-140  will  r e q u i r e   f l u i d s  

hav ing   c o n s i d e r a b l y   h ighe r   v i scos i ty   index  than  n a r r o w l y   m u l t i -  

g r a d e d   l u b r i c a n t s   such  as  10W-30.  The  v i scos i ty   index  r e q u i r e -  

ments  for  d i f f e ren t   m u l t i g r a d e d   fluids  can  be  a p p r o x i m a t e d   by  t h e  

use  of  ASTM  S t a n d a r d   V i s c o s i t y - T e m p e r a t u r e   C h a r t s   for  L i q u i d  

Pet ro leum  P r o d u c t s   (D  3 4 1 ) .  

If  one  assumes  that   e x t r a p o l a t i o n   of  the  high  t e m p e r a t u r e  

(40°C  and  100°C)  v i scos i t i e s   to  -40°C  or  below  is  l inear   on  c h a r t  

D  341,  then  a  line  c o n n e c t i n g   a  100°C  v i scos i ty   of,  for  e x a m p l e ,  

12.5  cSt.  and  a  low  t e m p e r a t u r e   v i scos i ty   of  3500  cP  at  -25°C  w o u l d  



give  the  c o r r e c t   40°C  v i s c o s i t y   and  permit   an  a p p r o x i m a t i o n   of  t h e  

minimum  v i scos i ty   index  r e q u i r e d   for  tha t   p a r t i c u l a r   g rade   of  oil 

( 1 0 W - 4 0 ) .  

The  40°C  v i s cos i t y   e s t ima ted   by  l inear ly   c o n n e c t i n g   the  100°C 

and  -25°C  v i scos i t i e s   would  be  about   70  cSt.  The  v i s c o s i t y   i n d e x  

of  an  oil  hav ing   K .V.100   =  12.5  cSt.   and  K .V.40   =  70  cSt.  w o u l d  

be  about   180  (ASTM  D  2270-74) .   Unless   the  -25°C  v i s cos i t y   of  a  

f luid  is  lower  than   the  l inear   r e l a t i o n s h i p   i l l u s t r a t e d ,   then  an  oil 

mus t   have  a  v i s c o s i t y   i ndex   of  at  least   180  to  even  p o t e n t i a l l y  

qual i fy   as  a  10W-40  o i l .  

In  actual   fact ,   many  V . I .   improved   oils  have   v i scos i t i e s   a t  

-25°C,   which  are  c o n s i d e r a b l y   g r e a t e r   than  p r e d i c t e d   by  l i n e a r  

e x t r a p o l a t i o n   of  the  K .V .100   and  K .V.40   va lues .   T h e r e f o r e ,   e v e n  

h a v i n g   a  V . I .   of  180  does  not  g u a r a n t e e   the  b lend   would  be  a  

5W-40  oi l .  

Using  this  t e c h n i q u e   minimum  v i scos i ty   i n d e x ' r e q u i r e m e n t s   f o r  

va r ious   g r a d e s   of  c r a n k c a s e   or  gear   oils  can  be  e s t ima ted .   A  f e w  

typica l   es t imat ions   are  shown  in  the  following  t a b l e :  

It  can  thus   be  seen  tha t   p r e p a r a t i o n   of  ve ry   b road ly   g r a d e d  

l u b r i c a n t s ,   such  as  5W-40  or  75W-250  r e q u i r e s   t h i c k e n e r s   w h i c h  

p r o d u c e   very   high  v i scos i ty   indices  in  the  final  b l e n d s .  



It  has  been  the  p r ac t i c e   to  improve  the  v i scos i ty   index  o f  

mineral   oils  or  low  v i scos i ty   s y n t h e t i c   oils  by  add ing   a  p o l y m e r i c  

t h i c k e n e r   to  r e l a t ive ly   n o n - v i s c o u s   base  f lu ids .   Polymeric  t h i c k -  

e n e r s   are  commonly  used  in  the  p roduc t i on   of  m u l t i g r a d e   l u b r i c a n t s .  

Typica l   polymers   used  as  t h i c k e n e r s   include  h y d r o g e n a t e d   s t y r e n e -  

i s o p r e n e   block  copo lymers ,   r u b b e r s   based  on  e t h y l e n e   and  p r o p y l -  

ene,   polymers   p r o d u c e d   by  po lymer iz ing   high  molecular   w e i g h t  

e s t e r s   of  the  ac ry la te   s e r i e s ,   p o l y i s o b u t y l e n e   and  the  like.  T h e s e  

po lymer ic   t h i c k e n e r s   are  added  to  br ing   the  v i scos i ty   of  a  b a s e  

fluid  up  to  that   r e q u i r e d   for  a  cer ta in   SAE  g rade   and  to  i n c r e a s e  

the  v i scos i ty   index  of  the  fluid,  allowing  the  p r o d u c t i o n   of  mu l t i -  

g r a d e d   oils.  Polymeric  V.I .   improvers   are  t r a d i t i o n a l l y   high  mole-  

cular   weight   r u b b e r s   whose  molecular   weights   may  vary   from  10 ,000  

to  1 ,000 ,000 .   Since  the  t h i c k e n i n g   power  and  V.I .   inc rease   a r e  
r e l a t ed   to  the  molecular   weight   of  the  V.I .   i m p r o v e r ,   most  of  t h e s e  

po lymers   normally  have  a  molecular   weight   of  at  least   1 0 0 , 0 0 0 .  

The  use  of  these   high  molecular   weight   V.I .   i m p r o v e r s ,   in  t h e  

p r o d u c t i o n   o f  m u l t i g r a d e d   l u b r i c a n t s   has  some  se r ious   d r a w b a c k s :  

1.  They  are  ve ry   sens i t ive   to  ox ida t i on ,   which  r e s u l t s  

in  a  loss  of  V . I .  a n d   t h i cken ing   power  and  f r e q u e n t l y   in  t h e  

format ion  of  u n w a n t e d   d e p o s i t s .  

2.  They  are  s ens i t i ve   to  la rge   v i scos i ty   losses  f r o m  

mechanical   shear   when  exposed   to  the  high  s h e a r   ra tes   a n d  

s t r e s s e s   e n c o u n t e r e d   in  c r a n k c a s e s   or  g e a r s .  
3.  They  are  s u s c e p t i b l e   to  a  high  d e g r e e   of  t e m p o r a r y  

s h e a r .  

T e m p o r a r y   shear   is  the  r e s u l t   of  the  n o n - N e w t o n i a n   v i s c o m e t r i c s  

a s s o c i a t e d   with  solut ions   of  high  molecular  we igh t   po lymers .   It  is  

caused   by  an  a l ignment   of  the  polymer  chains  with  the  shear   f i e ld  

u n d e r   high  shear   ra tes   with  a  r e s u l t a n t   d e c r e a s e   in  v i scos i ty .   T h e  

d e c r e a s e d   viscosi ty   r e d u c e s   the  wear  p r o t e c t i o n   associa ted   w i th  

v i scous   oils.  Newtonian  f luids  maintain  their   v i s cos i ty   r e g a r d l e s s   o f  

shea r   r a t e .  

We  have  found  that   cer ta in   combinat ions   of  f luids  and  a d d i t i v e s  

can  be  used  to  p r e p a r e   mu l t i g r aded   l u b r i c a n t s   which  o u t p e r f o r m  

pr io r   art   formula t ions   and  have  none  or  a  g r ea t l y   d e c r e a s e d   a m o u n t  

of  the  above  listed  def ic ienc ies   found  in  po lymer ica l ly   t h i c k e n e d  

o i l s .  



Cer ta in   specif ic   b lends   of  high  v i scos i ty   s y n t h e t i c   h y d r o c a r -  

bons ,   low  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s   a n d / o r   low  v i s c o s i t y  

e s t e r s   form  base  fluids  from  which  s u p e r i o r   c r a n k c a s e   or  gear  oils 

can  be  p r o d u c e d   by  the  add i t i on   of  the  p r o p e r   a d d i t i v e   " p a c k a g e s " .  

Bes ides   exh ib i t i ng   a  b road   r a n g e   of  v i scos i ty   the  f in i shed   oils  t h u s  

p r e p a r e d   exh ib i t   an  improved   s tab i l i ty   to  p e r m a n e n t   shear   a n d ,  

b e c a u s e   of  the i r   near ly   Newton ian   n a t u r e ,   r e d u c e d   t e m p o r a r y   s h e a r  

and  so  maintain   the  v i s c o s i t y   r e q u i r e d   for  p r o p e r   wear   p r o t e c t i o n .  

The  oils  of  this  i n v e n t i o n   have   r e m a r k a b l y   b e t t e r   s t ab i l i t y   t o w a r d  

o x i d a t i v e   d e g r a d a t i o n   than   t hose   of  the  p r ior   a r t .   The  u n e x p e c t -  

edly  high  v i scos i ty   ind ices   p r o d u c e d   from  our  base  fluid  b l e n d s  

p e r m i t   the  p r e p a r a t i o n   of  b r o a d l y   m u l t i g r a d e d   c r a n k c a s e   f l u i d s ,  

such   as  OW-40  and  gear   oils  such  as  75W-250.  Up  to  now  it  h a s  

been  d i f f icul t   if  not  imposs ib le ,   to  p r e p a r e   such  l u b r i c a n t s   w i t h o u t  

the  use  of  f r e q u e n t l y   ha rmfu l   amounts   of  po lymer ic   VI  i m p r o v e r s .  

In  the  i n s t a n t   i n v e n t i o n ,   the  high  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s  

have   v i scos i t i e s   of  3500  to  175,000  cSt.  may  be  p o l y a l p h a o l e f i n s ,  

e t h y l e n e - a l p h a o l e f i n   ol igomers   ( E P ) .  

The  high  v i scos i ty   e t h y l e n e - a l p h a o l e f i n   ol igomers   of  this  i n v e n -  

tion  (EAO)  are  c o n v e n i e n t l y   p r e p a r e d   by  Ziegler   ca t a lys i s .   M a n y  

r e f e r e n c e s   exis t   cove r ing   me thods   of  p r o d u c i n g   l iquid  oligomers  of  

e t h y l e n e   and  a lphaolef ins   ( p a r t i c u l a r l y   p r o p y l e n e ) .   P o l y m e r i z a t i o n  

is  t yp ica l ly   pe r fo rmed   by  s u b j e c t i n g   the  monomer  m i x t u r e   usual ly   in  

a  s o l v e n t   to  the  combinat ion   of  an  organo  aluminum  compound  and  a 

v a n a d i u m   or  t i tanium  c o m p o u n d .   The  p r o d u c t s   formed  can  r a n g e  
from  mater ia ls   having   v i s c o s i t i e s   as  low  as  20  cSt.   to  r u b b e r y  

semi - so l ids   d e p e n d i n g   on  the  choice  of  c a t a l y s t ,   the  addi t ion  o f  

molecu la r   weight   r e g u l a t i n g   s p e c i e s ,   t e m p e r a t u r e   of  p o l y m e r i z a t i o n  

and ,   e spec ia l ly ,   imposed  h y d r o g e n   p r e s s u r e .   In  some  i n s t ances   low 

v i s c o s i t y   oligomers  are  p r e p a r e d   by  the  p y r o l y s i s   of  high  v i s c o s i t y  

o l igomers   or  r u b b e r y   sol ids .   Typical   p r e p a r a t i o n s   of  liquid  e t h y l -  

e n e - a l p h a o l e f i n   copolymers   can  be  found  in  r e f e r e n c e s ,   such  a s :  

United  States   Pa t en t   No . ' s   3 ,634 ,249;   3 , 9 2 3 , 9 1 9 ;   3 , 8 5 1 , 0 1 1 ;  

3 ,737 ,477 ;   3 ,499 ,741 ;   3 ,681 ,302 ;   3 , 8 1 9 , 5 9 2 ;   3 , 8 9 6 , 0 9 4 ;  

3 ,676 ,521 ;   Belgian  P a t e n t   No.  570,843;  Uni ted   States   P a t e n t  

No. ' s   3 ,068 ,306 ,   and  3 , 3 2 8 , 3 6 6 .  



While  o l igomers   of  e thy lene   and  at  least   one  o ther   a l p h a o l e f i n  
of  this  i nven t ion   may  be  h y d r o g e n a t e d   to  i nc rea se   the i r   s t a b i l i t y  
toward  ox ida t i on ,   the  p r o p e r   choice  of  p o l y m e r i z a t i o n   c a t a ly s t s   in 

the  p r e s e n c e   of  h y d r o g e n   often  p r o d u c e s   ol igomers  having   very   low 

levels  of  u n s a t u r a t i o n   d i r ec t ly .   The  a lphao le f ins   which  can  b e  

u sed ,   s ingly  or  in  combina t ions ,   with  e thy lene   include  l inear  a l p h a -  
olefins  of  C3  ( p r o p y l e n e )   to  C14  ( t e t r a d e c e n e )   and  b r a n c h e d   a l p h a -  
olefins  of  the  same  molecular   weight   r a n g e ,   p r o v i d e d   tha t   t h e  

b r a n c h   point   is  at  least   in  the  beta  pos i t ion  to  the  double  b o n d  

( e . g .   4 -methy l   p e n t e n e - 1 ) .   Inasmuch   as  the  rate   of  p o l y m e r i z a t i o n  

of  such  olefins  re la t ive   to  e thy lene   d e c r e a s e s   with  monomer  s i z e ,  

p r o p y l e n e   and  the  lower  molecular   weight   olefins  are  the  p r e f e r r e d  

monomers  in  the  p r e p a r a t i o n   of  the  ol igomers  of  e thy lene   and  a t  

least   one  o ther   a lphaolef in   of  this  i n v e n t i o n .  

It  is  also  poss ib le   to  use  in  this  i nven t ion   oligomeric  e t h y l e n e -  

alpha  olefin  po lymers   which  contain  con t ro l l ed   amounts   of  u n s a t u r a -  
tion  i n t r o d u c e d   by  copo lymer iza t ion   with  ce r ta in   n o n - c o n j u g a t e d  
diene  such  as  d i c y c l o p e n t a d i e n e ,   5 - e t h y l i d e n e - 2 - n o r b o r n e n e   a n d  

1 , 4 - h e x a d i e n e .   The  i n t r o d u c t i o n   of  u n s a t u r a t i o n   is  s o m e t i m e s  

des i red   if  the  oligomer  is  to  be  t r e a t e d   in  any  way  to  p r o d u c e   p o l a r  

f u n c t i o n a l i t y   thus   giving  the  oligomer  d i s p e r s a n t   p r o p e r t i e s .  

The  low  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s   of  the  p r e s e n t  
i n v e n t i o n ,   hav ing   v iscos i t ies   of  from  1  to  10  cS t . ,   consis t   p r i m a r i l y  
of  ol igomers  of  a lphaolef ins   a n d / o r   a l k y l b e n z e n e s .  

Low  molecular   weight   oligomers  of  a lphao le f ins   from  C8  ( o c t e n e )  

to  C12  ( d o d e c e n e )   or  mix tures   of  the  olefins  can  be  u t i l ized.   Low 

v i scos i ty   a lphaole f in   oligomers  can  be  p r o d u c e d   by  Ziegler   c a t a l y s i s ,  
thermal   p o l y m e r i z a t i o n ,   free  r ad ica l ly   ca t a lyzed   po lymer iza t ion   a n d ,  

p r e f e r a b l y ,   BF 3  ca ta lyzed  p o l y m e r i z a t i o n .   A  host   of  similar  p r o -  
cesses   invo lv ing   BF 3  in  con junc t ion   with  a  coca ta lys t   is  known  i n  

the  p a t e n t   l i t e r a t u r e .   A  typical   po lymer i za t ion   t e c h n i q u e   is  d e s -  

cr ibed  in  United  States   Pa tent   No.  4 , 0 4 5 , 5 0 8 .  

The  a l k y l b e n z e n e s   may  be  used  in  the  p r e s e n t   inven t ion   a lone  

or  in  con junc t ion   with  low  v i scos i ty   p o l y a l p h a o l e f i n s   in  b lends   w i t h  

high  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s   and  low  v i scos i ty   e s t e r s .  
The  a l k y l b e n z e n e s ,   p r e p a r e d   by  F r i e d e l - C r a f t s   a lkyla t ion   of  b e n z e n e  

with  olefins  are  usual ly   p r e d o m i n a n t l y   d i a l k y l b e n z e n e s   where in   t h e  



alkyl  chain  may  be  6  to  14  ca rbon   atoms  long.   The  a l k y l a t i n g  

olefins  used   in  the  p r e p a r a t i o n   of  alkyl  b e n z e n e s   can  be  s t r a i g h t   o r  
b r a n c h e d   chain  olefins  or  combina t ions .   These   mater ia ls   may  b e  

p r e p a r e d   as  shown  in  U . S . P .   3 , 9 0 9 , 4 3 2 .  

The  low  v i scos i ty   e s t e r s   of  this  i n v e n t i o n ,   hav ing   v i scos i t i es   o f  

from  1  to  10  cSt.  can  be  se lec ted   from  c lasses   of  e s t e r s   r e a d i l y  

avai lable   commerc ia l ly ,   e . g . ,   m o n o e s t e r s   p r e p a r e d   from  m o n o b a s i c  

acids  such  as  p e l a r g o n i c   acid  and  a lcohols ;   d i e s t e r s   p r e p a r e d   f r o m  

dibasic   acids  and  a lcohols   or  from  diols  and  monobasic   acids  o r  

m i x t u r e s   of  ac ids ;   and  polyol  e s t e r s   p r e p a r e d   from  diols,  t r i o l s  

( e spec ia l ly   t r ime thy lo l   p r o p a n e ) ,   t e t r ao l s   ( such   as  p e n t a e r y t h r i t o l ) ,  

hexaols   ( such   as  d i p e n t a e r y t h r i t o l )   and  the  like  r e ac t ed   with  m o n o -  

basic  acids  or  m i x t u r e s   of  a c i d s .  

Examples   of  such  e s t e r s   inc lude   t r i d e c y l   p e l a r g o n a t e ,   d i - 2  

e t h y l h e x y l   a d i p a t e ,   d i - 2 - e t h y l h e x y l   aze la te ,   t r imethy lo l   p r o p a n e  

t r i h e p t a n o a t e   and  p e n t a e r y t h r i t o l   t e t r a h e p t a n o a t e .  

An  a l t e r n a t i v e   to  the  s y n t h e t i c a l l y   p r o d u c e d   e s t e r s   d e s c r i b e d  

above  are  those   e s t e r s   and  m ix tu r e s   of  e s t e r s   d e r i v e d   from  n a t u r a l  

s o u r c e s ,   p lan t   or  animal.   Examples  of  these   mate r ia l s   are  the  f l u i d s  

p r o d u c e d   from  jojoba  n u t s ,   ta l lows,   sa f f lowers   and  sperm  w h a l e s .  

The  e s t e r s   used  ough t   to  be  ca re fu l ly   se lec ted   to  i n su re   com-  

pa t ib i l i t y   of  all  componen t s   in  f in i shed   l u b r i c a n t s   of  this  i n v e n t i o n .  

If  e s t e r s   hav ing   a  high  deg ree   of  po la r i ty   ( r o u g h l y   ind ica ted   b y  

oxygen   c o n t e n t )   are  b l ended   with  ce r ta in   combina t ions   of  h i g h  

v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s   and  low  v i s c o s i t y   s y n t h e t i c   h y d r o -  

c a r b o n s ,   phase   s e p a r a t i o n   can  occur   at  low  t e m p e r a t u r e s   with  a  

r e s u l t a n t   i n c r e a s e   in  a p p a r e n t   v i s c o s i t y .   Such  phase   s e p a r a t i o n   i s  

d e t r i m e n t a l   to  long  term  s t o r age   of  l u b r i c a n t s   u n d e r   a  va r i e ty   o f  

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

The  add i t ive   " p a c k a g e s "   mixed  with  the  r ecommended   base  oil 

b lend  for  the  p r o d u c t i o n   of  m u l t i g r a d e d   c r a n k c a s e   fluids  or  g e a r  
oils  are  u sua l ly   combinat ion   of  va r ious   t ypes   of  chemical  a d d i t i v e s  

so  chosen   to  ope ra t e   bes t   u n d e r   the  use  cond i t ions   which  the  p a r -  
t i cu la r   fo rmula t ed   fluid  may  e n c o u n t e r .  

Add i t i ves   can  be  c lass i f ied   as  mater ia ls   which  e i ther   impart   o r  

e n h a n c e   a  de s i r ab l e   p r o p e r t y   of  the  base  l u b r i c a n t   blend  into  w h i c h  

they  are  i n c o r p o r a t e d .   While  the  genera l   n a t u r e   of  the  a d d i t i v e s  



might  be  the  same  for  var ious   types   or  b lends   of  the  base  l u b r i -  

cants ,   the  speci f ic   add i t i ves   chosen  will  d epend   on  the  p a r t i c u l a r  

type  of  se rv ice   in  which  the  l u b r i c a n t   is  employed  and  the  c h a r a c -  

t e r i s t i c s   of  the  base  l u b r i c a n t s .  

The  main  t ypes   of  c u r r e n t   day  a d d i t i v e s   a r e :  

1.  D i s p e r s a n t s ,  

2.  Oxida t ion   and  Corros ion  I n h i b i t o r s ,  

3.  Ant i -Wear   A g e n t s ,  

4.  Viscos i ty   I m p r o v e r s ,  

5.  Pour  Point  D e p r e s s a n t s ,  
6.  A n t i - R u s t   Compounds ,   a n d  

7.  Foam  I n h i b i t o r s .  

Normally  a  f in i shed   l ub r i can t   will  conta in   several   and  p o s s i b l y  

most  or  all  of  the  above  types   of  a d d i t i v e s   in  what  is  commonly  
called  an  "add i t ive   p a c k a g e . "   The  d e v e l o p m e n t   of  a  ba lanced   a d d i -  

tive  package   involves   cons ide r ab ly   more  work  than  the  casual  use  o f  

each  of  the  add i t ive   types .   Quite  often  funct ional   d i f f i c u l t i e s  

ar is ing  from  combina t ions   of  these   mate r ia l s   show  up  u n d e r   a c t u a l  

ope ra t ing   c o n d i t i o n s .   On  the  o ther   hand ,   cer ta in   u n p r e d i c t a b l e  

s y n e r g i s t i c   ef fects   of  a  des i rab le   n a t u r e   may  also  become  e v i d e n t .  

The  only  methods   c u r r e n t l y   avai lable  for  ob ta in ing   such  data  a r e  

from  e x t e n s i v e   full  scale  tes t ing   both  in  the  l a b o r a t o r y   and  in  t h e  

field.  Such  t e s t i ng   is  costly  and  t i m e - c o n s u m i n g .  

D i s p e r s a n t s   have  been  d e s c r i b e d   in  the  l i t e r a tu re   as  " d e t e r -  

gen t s " .   Since  the i r   funct ion  a p p e a r s   to  be  one  of  e f fec t ing   a 

d i spe r s ion   of  p a r t i c u l a t e   ma t te r ,   r a t h e r   than  one  of  "c leaning  u p "  

any  ex i s t ing   dirt   and  deb r i s ,   it  is  more  a p p r o p r i a t e   to  c a t e g o r i z e  

them  as  d i s p e r s a n t s .   Materials  of  this  type   are  genera l ly   m o l e c u l e s  

having   a  la rge   h y d r o c a r b o n   "tail"  and  a  polar   group  head.   The  t a i l  

sect ion,   an  oleophil ic   g roup ,   s e rve s   as  a  so lubi l izer   in  the  b a s e  

fluid  while  the  polar  group  se rves   as  the  element  which  is  a t t r a c t e d  

to  p a r t i c u l a t e   con t aminan t s   in  the  l u b r i c a n t .  

The  d i s p e r s a n t s   include  metallic  and  ashless   t ypes .   T h e  

metallic  d i s p e r s a n t s   include  su l fona t e s   ( p r o d u c t s   of  the  n e u t r a l i z a -  

tion  of  a  sul fonic   acid  with  a  metallic  b a s e ) ,   t h i o p h o s p h o n a t e s  

(acidic  componen t s   de r ived   from  the  r e ac t i on   be tween  p o l y b u t e n e  

and  p h o s p h o u s   p e n t a s u l f i d e )   and  p h e n a t e s   and  phenol  sulf ide  s a l t s  



( the  b road   class  of  metal  p h e n a t e s   inc ludes   the  salts   of  a l k y l p h e n -  

ols,  a l k y l p h e n o l   su l f ides ,   and  alkyl  phenol   a l d e h y d e   p r o d u c t s ) .  

The  a s h l e s s   type  d i s p e r s a n t s   may  be  c a t ego r i zed   into  two  b r o a d  

t y p e s :   high  molecular   we igh t   po lymer ic   d i s p e r s a n t s   for  the  f o r m u l a -  

tion  of  m u l t i g r a d e   oils  and  lower  molecular   weight   add i t i ve s   for  u s e  
where   v i s c o s i t y   i m p r o v e m e n t   is  not  n e c e s s a r y .   The  c o m p o u n d s  

usefu l   for  this   p u r p o s e   are  again  c h a r a c t e r i z e d   by  a  "polar"   g r o u p  
a t t a c h e d   to  a  r e l a t ive ly   high  molecu la r   weight   h y d r o c a r b o n   c h a i n .  

The  "polar"   g roup  gene ra l l y   con ta in s   one  or  more  of  the  e l e m e n t s - -  

n i t r o g e n ,   o x y g e n ,   and  p h o s p h o r u s .   The  so lubi l iz ing   chains   a r e  

g e n e r a l l y   h i g h e r   in  molecular   we igh t   than  those  employed  in  t h e  

metallic  t y p e s ;   however ,   in  some  i n s t a n c e s   they  may  be  qui te   s i m -  

ilar.   Some  examples  are  N - s u b s t i t u t e d   long  chain  a lkenyl   s u c -  

c in imides ,   high  molecular   we igh t   e s t e r s ,   such  as  p r o d u c t s   f o r m e d  

by  the  e s t e r i f i c a t i on   of  mono  or  p o l y h y d r i c   a l iphat ic   alcohols  w i t h  

olefin  s u b s t i t u t e d   succin ic   acid,   and  Mannich  bases   from  high  mole-  

cular   we igh t   a lky la ted   p h e n o l s .  

The  high  molecular   we igh t   po lymer ic   ashless   d i s p e r s a n t s   h a v e  

the  gene ra l   f o r m u l a :  

w h e r e   0  =  O l e o p h i l i c   G r o u p  
P  =  P o l a r   G r o u p  
R  =  H y d r o g e n   o r   A l k y l   G r o u p  

The  func t ion   of  an  ox ida t ion   i nh ib i t o r   is  the  p r e v e n t i o n   of  a  

d e t e r i o r a t i o n   assoc ia ted   with  o x y g e n   a t tack   on  the  l u b r i c a n t   b a s e  

f luid .   These   i nh ib i to r s   f u n c t i o n   e i ther   to  d e s t r o y   free  r a d i c a l s  

(chain   b r e a k i n g )   or  to  i n t e r a c t   with  p e r o x i d e s   which  are  involved   in  

the  ox ida t ion   mechanism.   Among  the  widely  used  a n t i - o x i d a n t s   a r e  

the  pheno l i c   types   ( c h a i n - b r e a k i n g )   e . g . ,   2 , 6 - d i - t e r t . - b u t y l - p a r a -  

cresol   and  4 , 4 ' - m e t h y l e n e b i s ( 2 , 6 - d i - t e r t . - b u t y l p h e n o l ) ,   and  the  z i n c  

d i t h i o p h o s p h a t e s   ( p e r o x i d e - d e s t r o y i n g ) .  



Wear  is  loss  of  metal  with  s u b s e q u e n t   change   in  c l e a r a n c e  

be tween   s u r f a c e s   moving  re la t ive   to  each  o ther .   If  c o n t i n u e d ,   i t  

will  r e s u l t   in  engine  or  gear   ma l func t ion .   Among  the  p r i n c i p a l  
f ac to rs   caus ing   wear  are  m e t a l - t o - m e t a l   contac t ,   p r e s e n c e   of  a b r a -  

sive  p a r t i c u l a t e   ma t te r ,   and  a t t ack   of  cor ros ive   a c i d s .  

Me ta l - to -me ta l   con tac t   can  be  p r e v e n t e d   by  the  add i t ion   of  

f i lm- fo rming   compounds   which  p r o t e c t   the  su r face   e i the r   by  p h y s i c a l  

a b s o r p t i o n   or  by  chemical  r e ac t i on .   The  zinc  d i t h i o p h o s p h a t e s   a r e  

widely  used   for  this  p u r p o s e .   These   compounds   were  d e s c r i b e d  

u n d e r   a n t i - o x i d a n t   and  a n t i - b e a r i n g   corros ion  a d d i t i v e s .   O t h e r  

e f fec t ive   a d d i t i v e s   contain  p h o s p h o r u s ,   su l fur   or  combina t ions   of  

these   e l e m e n t s .  

A b r a s i v e   wear  can  be  p r e v e n t e d   by  effect ive   removal   of  p a r -  
t icu la te   ma t t e r   by  f i l t ra t ion   while  co r ros ive   wear  from  acidic  m a t e r -  

ials  can  be  cont ro l led   by  the  use  of  alkaline  add i t i ve s   such  as  b a s i c  

p h e n a t e s   and  s u l f o n a t e s .  

A l t h o u g h   conven t iona l   v i s cos i ty   improvers   are  often  used  in  

"add i t i ve   p a c k a g e s "   their   use  should   not  be  n e c e s s a r y   for  t h e  

p rac t i ce   of  this  inven t ion   since  our  p a r t i c u l a r   b lends   of  high  a n d  

low  molecu la r   weight   base  l u b r i c a n t s   p roduce   the  same  e f f e c t .  

However ,   we  do  not  want  to  exc lude   the  poss ib i l i ty   of  add ing   some 

amounts   of  conven t iona l   v i scos i ty   improve r s .   These   mate r ia l s   a r e  

usual ly   o i l - so lub le   organic   po lymers   with  molecular   we igh t s   r a n g i n g  
from  a p p r o x i m a t e l y   10,000  to  1 ,000 ,000 .   The  polymer   molecule  in  

solut ion  is  swollen  by  the  l u b r i c a n t .   The  volume  of  this  swo l l en  

ent i ty   d e t e r m i n e s   the  degree   to  which  the  po lymer   i n c r e a s e s   i t s  

v i s c o s i t y .  

Pour  point   d e p r e s s a n t s   p r e v e n t   the  conge la t ion   of  the  oil  a t  

low  t e m p e r a t u r e s .   This  p h e n o m e n o n   is  assoc ia ted   with  the  c r y s t a l -  

l ization  of  waxes  from  the  l u b r i c a n t s .   Chemical  s t r u c t u r e s   of  r e p -  
r e s e n t a t i v e   commercial  pour  point   d e p r e s s a n t s   a r e :  



Chemicals   employed   as  r u s t   i n h i b i t o r s   inc lude   s u l f o n a t e s ,  

a lkenyl   succ in ic   a c i d s ,   s u b s t i t u t e d   imidazo l ines ,   amines ,   and  a m i n e  

p h o s p h a t e s .  

The  an t i - foam  a g e n t s   inc lude   the  s i l icones   and  m i s c e l l a n e o u s  

o rgan ic   c o p o l y m e r s .  

Addi t ive   p a c k a g e s   known  to  pe r fo rm  a d e q u a t e l y   for  t h e i r  

r ecommended   p u r p o s e   are  p r e p a r e d   and  s u p p l i e d   by  severa l   m a j o r  
m a n u f a c t u r e r s .   The  p e r c e n t a g e   and  type   of  add i t i ve   to  be  used  i n  

each  app l ica t ion   is  r e c o m m e n d e d   by  the  s u p p l i e r s .   Typica l ly   a v a i l -  

able  p a c k a g e s   a r e :  

1.  HITEC  [ t r a d e m a r k ]   E-320,  for  use  in  au tomot ive   g e a r  
o i l s ,  

2.  Lubr izo l   [ t r a d e m a r k ]   5002  for  use  in  i n d u s t r i a l   gear  o i l s ,  

3.  Lubr izo l   [ t r a d e m a r k ]   4856  for  use  in  gasol ine  c r a n k c a s e  

oil,  a n d  

4.  OLOA  [ t r a d e m a r k ]   8717  for  use  in  diesel  c r a n k c a s e   o i l s .  

A  typica l   a d d i t i v e   p a c k a g e   for  an  au tomot ive   gear  l u b r i c a n t  

would  normal ly   con ta in   a n t i o x i d a n t ,   co r ro s ion   i nh ib i t o r ,   a n t i - w e a r  

a g e n t s ,   a n t i - r u s t   a g e n t s ,   ex t r eme   p r e s s u r e   agen t   and  foam  i n h i -  

b i t o r .  

A  typical   a d d i t i v e   p a c k a g e   for  a  c r a n k c a s e   l u b r i c a n t   w o u l d  

normally  be  compr i s ed   of  a  d i s p e r s a n t ,   a n t i o x i d a n t ,   cor ros ion   i n h i -  

b i to r ,   a n t i - w e a r   a g e n t ,   a n t i - r u s t   agen t   and  foam  i n h i b i t o r .  

An  add i t ive   p a c k a g e   useful   for  f o r m u l a t i n g   a  c o m p r e s s o r   f l u i d  

would  typ ica l ly   con ta in   an  a n t i - o x i d a n t ,   a n t i - w e a r   agen t ,   an  a n t i -  

r u s t   agen t   and  foam  i n h i b i t o r .  

This  i n v e n t i o n   d e s c r i b e s   b l ends   of  high  v i scos i ty   s y n t h e t i c  

h y d r o c a r b o n s ,   h a v i n g   a  v i s cos i ty   r a n g e   of  3500  to  175,000  cSt.  w i t h  

one  or  more  s y n t h e t i c   h y d r o c a r b o n   f luids  h a v i n g   v i scos i t i es   in  t h e  

r ange   of  1  to  10  cSt.   a n d / o r   one  or  more  compat ible   es te r   f l u i d s  

hav ing   a  v i s cos i t y   r ange   of  1  to  10  cSt.   Such  b l e n d s ,   w h e n  

t r e a t e d   with  a  p r o p e r l y   chosen   add i t i ve   " p a c k a g e , "   can  be  f o r m u -  

lated  in  broad  r a n g e   m u l t i g r a d e d   c r a n k c a s e   or  gear   oils  h a v i n g  

improved   shear   s t a b i l i t y ,   improved   ox ida t ive   s t ab i l i t y ,   and  n e a r l y  

Newtonian  v i s come t r i c   p r o p e r t i e s .   The  b l ends   of  this  inven t ion   a l s o  

find  uses  in  c e r t a i n   app l i ca t i ons   whe re   no  add i t ive   need  b e  

e m p l o y e d .  



In  d i s c u s s i n g   the  cons t i t u t i on   of  the  base  oil  b lend ,   it  i s  

c o n v e n i e n t   to  normal ize   the  p e r c e n t a g e s   of  high  v i scos i ty   s y n t h e t i c  

h y d r o c a r b o n s ,   low  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s ,   and  low  v i s -  

cosity  e s t e r s   in  the  final  l u b r i c a n t   so  that   they  total  100%.  T h e  

actual  p e r c e n t a g e s   used  in  the  final  fo rmula t ion   would  then  b e  

d e c r e a s e d   d e p e n d i n g   on  the  amount  of  add i t i ve   p a c k a g e s   u t i l i z e d .  

Each  of  the  i n g r e d i e n t s ,   high  v i s cos i t y   s y n t h e t i c   h y d r o c a r -  

bons,   low  v i s c o s i t y   s y n t h e t i c   h y d r o c a r b o n s ,   and  low  v i s c o s i t y  

e s t e r s   are  an  i m p o r t a n t   pa r t   of  this  i n v e n t i o n .   The  high  v i s c o s i t y  

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

the  base  oil  b l e n d .  

The  low  v i s c o s i t y   s y n t h e t i c   h y d r o c a r b o n   fluid  is  f r e q u e n t l y   t h e  

main  i n g r e d i e n t   in  the  base  oil  b lend ,   p a r t i c u l a r l y   in  f in i shed   l u b r i -  

cants  hav ing   an  SAE  v i scos i ty   grade  of  30  or  40.  While  cer ta in   low 

v i scos i ty   e s t e r s   are  insoluble   in  high  v i scos i ty   s y n t h e t i c   h y d r o c a r -  

bons ,   the  p r e s e n c e   of  low  v iscos i ty   s y n t h e t i c   h y d r o c a r b o n ,   being  a 

b e t t e r   so lven t   for  low  v i scos i ty   e s t e r s ,   pe rmi t s   g r e a t e r   va r i a t i ons   i n  

the  type  of  e s t e r s   used  in  base  oil  b lends   of  high  v i scos i ty   s y n -  
thet ic   h y d r o c a r b o n s ,   low  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s ,   and  low 

v i scos i ty   e s t e r s .  

C r a n k c a s e   and  gear   o i l s   cons i s t ing   solely  of  h y d r o g e n a t e d  

p o l y i s o p r e n e   ol igomers   and  low  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s  

with  the  p r o p e r   a d d i t i v e s   p roduce   s y n t h e t i c   f luids  having  e x c e l l e n t  

ox ida t ive   and  h y d r o l y t i c   s t ab i l i ty .   Such  f luids  are  exemplif ied  in  

Examples  1  and  3 .  

The  t h i rd   componen t ,   low  v i scos i ty   e s t e r s ,   can  be  added  t o  

p r o d u c e   the  s u p e r i o r   l u b r i c a n t s   of  this  i n v e n t i o n .   High  v i s c o s i t y  

s y n t h e t i c   h y d r o c a r b o n s   and  low  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s  

can  be  used  alone  to  p roduce   m u l t i g r a d e d   l u b r i c a n t s .   The  a d d i t i o n  

of  low  levels  of  low  v i scos i ty   e s t e r s ,   usua l ly   1-25%  r e su l t s   in  a  b a s e  

oil  blend  s u p e r i o r   to  b lends   of  high  v i scos i ty   s y n t h e t i c   h y d r o c a r -  

bons  and  low  v i s cos i t y   s y n t h e t i c   h y d r o c a r b o n s   alone  in  low  t e m -  

p e r a t u r e   f lu id i ty   (see  Examples  2  and  4 ) .  

The  componen t s   of  the  f in ished  l u b r i c a n t s   of  this  inven t ion   c a n  

be  admixed  in  any  c o n v e n i e n t   manner   or  s e q u e n c e .  

An  i m p o r t a n t   a spec t   of  the  p r e s e n t   i n v e n t i o n   is  in  the  use  o f  

the  p r o p e r l y   c o n s t i t u t e d   base  oil  blend  in  combinat ion  with  t h e  



p r o p e r   compa t ib l e   add i t i ve   package   to  p r o d u c e   f in ished  b r o a d - r a n g e  

m u l t i g r a d e   l u b r i c a n t s   h a v i n g :  

1.  I m p r o v e d   t e m p o r a r y   shear   s t ab i l i t y   - 

2.  E x c e l l e n t   ox ida t ion   s t a b i l i t y  
3.  High  v i s c o s i t y   i n d e x .  

The  r a n g e   of  p e r c e n t a g e s   for  each  of  the  c o m p o n e n t s ,   i . e . ,  

high  v i s c o s i t y   s y n t h e t i c   h y d r o c a r b o n s ,   low  v i scos i ty   s y n t h e t i c  

h y d r o c a r b o n s ,   low  v i s c o s i t y   e s t e r s ,   and  add i t i ve   p a c k a g e s ,   wil l  

va ry   widely   d e p e n d i n g   on  the  end  use  for  the  fo rmula ted   l u b r i c a n t ,  

but   the  b e n e f i t s   of  the  composi t ions   of  this  inven t ion   a cc rue   w h e n  

the  base   oil  b lend   of  high  v i scos i ty   EAO,  low  v i scos i ty   s y n t h e t i c  

h y d r o c a r b o n s ,   a n d / o r   low  v i scos i ty   e s t e r s   con ta ins   ( n o r m a l i z e d ) :  

From  1  to  99%  EAO,  from  0  to  99%  low  v i scos i ty   s y n t h e t i c  

h y d r o c a r b o n s ,   and  from  0  to  99%  low  v i scos i ty   e s t e r s .   It  i s  

p r e f e r r e d   to  b lend  from  10  to  80%  EAO  with  c o r r e s p o n d i n g l y   90 

to  20%  of  at  least   one  low  v i s cos i t y   e s t e r   base  fluid  or  h y d r o -  

c a rbon   base   fluid  or  m ix tu re s   t h e r e o f .   The  four th   i n g r e d i e n t ,  

the  a d d i t i v e   p a c k a g e ,   may  be  used   in  from  0  to  25%  of  t h e  

total  f o r m u l a t i o n .  

The  l u b r i c a n t s   of  this  i n v e n t i o n ,   when  p r o p e r l y   f o r m u l a t e d ,  

a p p r o a c h   v i s c o m e t r i c s   of  Newtonian  f lu ids .   That   is,  the i r   v i s c o s i -  

ties  are  c h a n g e d   l i t t le  over  a  wide  r a n g e   of  shea r   r a t e s .   While  t h e  

EAO  of  the  i n v e n t i o n   may,  in  t h e m s e l v e s ,   d i sp lay   n o n - N e w t o n i a n  

c h a r a c t e r i s t i c s ,   p a r t i c u l a r l y   at  low  t e m p e r a t u r e s ,   the  final  l u b r i c a n t  

p r o d u c t s   u t i l i z ing   low  v i scos i ty   oils  as  d i luen t s   are  much  m o r e  

N e w t o n i a n .  

The  n o n - N e w t o n i a n   c h a r a c t e r   of  c u r r e n t l y   used  VI  i m p r o v e r s   i s  

well  d o c u m e n t e d .   An  exce l l en t   d i s c u s s i o n   can  be  found  in  an  SAE 

p u b l i c a t i o n   e n t i t l e d ,   "The  Re la t ionsh ip   Between  Engine  Oil  V i s c o s i t y  

and  Engine   P e r f o r m a n c e - - P a r t   I I I ."   The  p a p e r s   in  this  p u b l i c a t i o n  

were  p r e s e n t e d   at  a  1978  SAE  C o n g r e s s   and  Exposi t ion  in  Det ro i t   o n  

F e b r u a r y   27  to  March  3,  1978.  

The  r e f e r e n c e   of  i n t e r e s t   is  Paper   780374:  

" T e m p o r a r y   Viscos i ty   Loss  and  its  Re la t ionsh ip   t o  

J o u r n a l   Bea r ing   P e r f o r m a n c e , "   M.L.  McMillan  and  C . K .  

M u r p h y ,   Genera l   Motors  R e s e a r c h   L a b s .  



This  r e f e r e n c e ,   and  many  o the rs   familiar  to  r e s e a r c h e r s   in  t h e  

f ield,   i l l u s t r a t e s   how  commercial   polymeric   VI  i m p r o v e r s   of  m o l e c u l a r  

we igh t s   from  30,000  and  up  all  show  a  t e m p o r a r y   v i scos i ty   l o s s  

when  s u b j e c t e d   to  shea r   r a tes   of  1 0   to  1 0   s e c .   The  t e m p o r a r y  
shea r   loss  is  g r e a t e r   for  any  shear   rate   with  h i g h e r   m o l e c u l a r  

we igh t   po lymers .   For  i n s t a n c e ,   oils  t h i c k e n e d   to  the  same  v i s c o s i t y  

with  p o l y m e t h a c r y l a t e s   of  32,000;   157,000;  and  275,000  m o l e c u l a r  

we igh t   show  p e r c e n t a g e   losses  in  v i scos i ty   at  a  5  x  105  sec-1  s h e a r  

ra te   of  10,  22  and  32%,  r e s p e c t i v e l y .  

The  t h i c k e n i n g   f luids   of  high  v i scos i ty   s y n t h e t i c   h y d r o c a r b o n s  

of  this  inven t ion   all  have  molecular   weights   below  10,000,   and  s h e a r  

t h i n n i n g   of  their   so lu t ions   is  min imal .  

The  shear   r a tes   deve loped   in  p i s tons   and  gears   (equal   to  o r  

g r e a t e r   than  106  s ec -1 )   is  such  tha t ,   d e p e n d i n g   on  the  p o l y m e r i c  

t h i c k e n e r   used ,   the  a p p a r e n t   v i scos i ty   of  the  oils  a p p r o a c h e s   t h a t  

of  the  u n t h i c k e n e d   base  fluids  r e s u l t i n g   in  loss  of  h y d r o d y n a m i c  

films.  Since  wear  p r o t e c t i o n   of  moving  p a r t s   has  been  c o r r e l a t e d  

with  oil  v i scos i ty ,   it  is  a p p a r e n t   that   the  wear  c h a r a c t e r i s t i c s   of  a 

l u b r i c a n t   can  be  d o w n g r a d e d   as  a  r e su l t   of  t e m p o r a r y   shea r .   T h e  

Newtonian  fluids  of  the  c u r r e n t   inven t ion   maintain   the i r   v i s c o s i t y  

u n d e r   these  use  cond i t ions   and  t h e r e f o r e   afford  more  p ro tec t ion   to  

and  hence  longer   lifetime  for  the  mach ine ry   being  l u b r i c a t e d .  

The  c u r r e n t l y   used  polymeric   t h i c k e n e r s   which  show  t e m p o r a r y  

( r e c o v e r a b l e )   shear   are  also  sub jec t   to  p e r m a n e n t   shea r .   E x t e n d e d  

use  of  polymeric   t h i c k e n e r s   leads  to  the i r   mechanica l   b r e a k d o w n  

with  r e s u l t a n t   loss  in  t h i c k e n i n g   power  and  d e c r e a s e   in  V.I .   P a p e r  

780372  (op.  ci t) ,   "Polymer  Stabi l i ty   in  Eng ines"   by  W.  W u n d e r l i c h  

and  H.  Jost  d i s c u s s e s   the  r e l a t i o n s h i p   be tween   polymer   type  a n d  

p e r m a n e n t   shear .   The  mu l t i g r ade   l u b r i c a n t s   of  this  inven t ion   a r e  

not  as  s u s c e p t i b l e   to  mechanical   s h e a r .  

This  same  pape r   also  r ecogn izes   an  often  ove r looked   fea tu re   of  

high  molecular   weight   polymeric   VI  i m p r o v e r s ,   i . e . ,   their   i n s t a b i l i t y  

toward  oxidat ion .   Jus t   as  these  polymers   lose  v i scos i ty   by  s h e a r  

they  are  also  readi ly   d e g r a d e d   by  oxygen  with  the  r e s u l t a n t   b r e a k -  

down  of  the  polymer  and  dec rease   in  v i scos i ty   i ndex .   The  l u b r i -  

cat ing  fluids  of  this  i nven t ion   suf fe r   much  less  change   in  v i s c o s i t y  

index  upon  o x i d a t i o n .  



As  ment ioned   e a r l i e r ,   the  r e d u c e d   t e m p o r a r y   shea r   e x h i b i t e d  

by  the  l u b r i c a n t s   of  this  i n v e n t i o n   p r o v i d e s   h i g h e r   v i s cos i ty   for  t h e  

p r o t e c t i o n   of  moving  p a r t s   whe re   high  shear   r a tes   are  e n c o u n t e r e d .  

The  impor t ance   of  this  f e a t u r e   is  widely  r e c o g n i z e d .   In  the  p a s t ,  

SAE  g r a d i n g   ( e . g .   SAE  30)  rel ied  only  on  a  m e a s u r e m e n t   of  t h e  

v i s c o s i t y   of  a  fluid  at  100°C  u n d e r   low  shear   c o n d i t i o n s ,   desp i t e   t h e  

fact   tha t   in  m a c h i n e r y   such   as  a  c r a n k c a s e   high  t e m p e r a t u r e s   a n d  

ve ry   high  shea r   r a t e s   are  e n c o u n t e r e d .   This  d i s p a r i t y   has  led  to  

the  adopt ion   in  Eu rope   of  a  new  g r a d i n g   sys tem  whe re in   v i s c o s i t i e s  

for  a  ce r ta in   g r ade   are  those   measu red   at  150°C  and  106  s e c - 1  

s h e a r   ra te .   This  more  r ea l i s t i c   app roach   is  c u r r e n t l y   being  c o n -  

s i d e r e d   in  the  Uni ted   S t a t e s .   The  a d v a n t a g e s   a  Newtonian  f l u i d  

b r i n g s   to  such  a  g r a d i n g   sys tem  are  obvious  to  anyone   skilled  i n  

the  a r t .   The  v i s c o s i t y   of  a  Newtonian  fluid  can  be  d i rec t ly   e x t r a -  

pola ted   to  150°C  u n d e r   high  shea r   cond i t ions .   A  po lymer   t h i c k e n e d  

f luid ,   h o w e v e r ,   will  i n v a r i a b l y   have  a  v i s cos i t y   lower  than  t h e  

e x t r a p o l a t e d   va lue ,   f r e q u e n t l y   close  to  the  base  fluid  i tself .   I n  

o r d e r   to  a t ta in   a  c e r t a in   g r a d e   u n d e r   high  shea r   cond i t i ons ,   p o l y -  

mer  t h i c k e n e d   oils  will  r e q u i r e   a  more  v i scous   base   f luid.   The  u s e  

of  t h i c k e r   base  f luids   will  p r o d u c e   h igher   v i scos i t i e s   at  low  t e m p e r -  

a t u r e   making  it  more  d i f f i cu l t   to  meet  the  low  t e m p e r a t u r e   (5W  f o r  

c r a k c a s e   of  75W  for  gear   oil)  r e q u i r e m e n t s   for  b r o a d l y   m u l t i g r a d e d  

o i l s .  

Stated  a n o t h e r   way,   c u r r e n t   high  molecular   we igh t   VI  i m p r o v -  

ers  "a r t i f ic ia l ly"   improve   the  v i scos i ty   i ndex ,   since  rea l i s t ic   h i g h  

t e m p e r a t u r e   high  s h e a r   m e a s u r e m e n t s   are  not  u t i l ized   in  d e t e r m i n i n g  

V . I .   Viscos i ty   index   is  d e t e r m i n e d   by  low  shea r   v i s c o s i t y   m e a s u r e -  

ments   at  40°C  and  100°C.  The  near ly   Newtonian   l u b r i c a n t s   of  t h i s  

i nven t ion   not  only  p r o d u c e   high  v i scos i ty   index   m u l t i g r a d e d   f l u i d s  

which  stay  "in  g r a d e " ,   bu t   the  V.I .   and  m u l t i g r a d e   r a t ing   a r e  

r ea l i s t i c   since  they  are  not  ve ry   sens i t ive   to  shea r   r a t e .  

It  should  be  no ted   tha t   the  invent ion   uses   a  high  v i s c o s i t y  

e t h y l e n e - a l p h a o l e f i n   ol igomer  hav ing   a  v i scos i ty   of  3500  to  175 ,000  

cSt  at  100°C.  As  the  v i s c o s i t y   of  the  e t h y l e n e - a l p h a - o l e f i n   o l i gomer  

used   i n c r e a s e s   the  ox ida t ion   a  shear   s tab i l i ty   d e c r e a s e s .   N o n e t h e -  

less ,   the  high  v i s c o s i t y   ol igomers  of  the  i n v e n t i o n   exhib i t   a n  

improvemen t   over  the  V . I .   improve r s   of  the  p r io r   a r t .   This  i s  



p a r t i c u l a r l y   t rue  for  b r o a d l y   g r a d e d   l u b r i c a n t s   such  as  75W-250 

gear   oils  and  OW-40  c r a n k c a s e   o i l s .  

While  the  specif ic   compos i t ions   exemplif ied  in  this  pa t en t   a r e  

fair ly  p r e c i s e ,   it  should  be  obvious   to  anyone   skilled  in  the  art  to  

p r o d u c e   even  f u r t h e r   combina t ions   within  the  scope  of  this  i n v e n -  

tion  which  will  be  va luab le   l u b r i c a n t s .  

The  following  examples   i l l u s t r a t e   some  of  the  b lends   e n c o m -  

p a s s e d   by  our  i n v e n t i o n :  

Example  1 

This  example  i l l u s t r a t e s   the  p r e p a r a t i o n   of  au tomot ive   gear  oils 

us ing   an  e t h y l e n e - p r o p y l e n e   oligomer  (EAO),   hav ing   a  k i n e m a t i c  

v i s cos i t y   @  100°C  of  25,700  cSt,  with  s y n t h e t i c   h y d r o c a r b o n .  

The  l u b r i c a n t s   had  the  p r o p e r t i e s   shown: 

Example  2 

This  example  i l l u s t r a t e s   the  p r e p a r a t i o n   of  c r a n k c a s e   l u b r i c a n t s  

us ing   EAO's  of  the  k inemat ic   v i scos i t i e s   s h o w n :  



The  l u b r i c a n t s   had  the  p r o p e r t i e s   shown: 

Example  3 

This   example  i l l u s t r a t e s   the  p r e p a r a t i o n   of  c r a n k c a s e   oil  u s i n g  

EAO's  of  the  k inemat ic   v i s cos i t i e s   shown  in  b l ends   con ta in ing   o n l y  

s y n t h e t i c   h y d r o c a r b o n .  



The  l u b r i c a n t s   had  the  p r o p e r t i e s   shown: 

E x a m p l e  4  

This  example  i l l u s t r a t e s   the  p r e p a r a t i o n   of  au tomot ive   g e a r  
l u b r i c a n t s   u s ing   an  EAO  of  the  ind ica ted   kinematic  v i scos i ty   i n  

combinat ion  with  e s te r   and  low  v i scos i ty   h y d r o c a r b o n .  

The  l u b r i c a n t s   had  the  p r o p e r t i e s   shown: 



E x a m p l e  5  

This   example  i l l u s t r a t e s   the  p r e p a r a t i o n   of  c r a n k c a s e   l u b r i c a n t s  

u s ing   EAO's  hav ing   the  k inemat ic   v i scos i t i e s   s h o w n :  

The  l u b r i c a n t s   had  the  p r o p e r t i e s   shown: 



1.  A  l u b r i c a t i n g   c o m p o s i t i o n   c h a r a c t e r i s e d   in   t h a t  

i t   c o m p r i s e s :  

(A)  an  e t h y l e n e - a l p h a o l e f i n   o l i g o m e r   h a v i n g   a  

v i s c o s i t y   of   f r o m   more   t h a n  3 5 0 0  t o   1 7 5 , 0 0 0   c e n t i s t o k e s  

a t   100°C  a n d  

(B)  a  s y n e t h e t i c   h y d r o c a r b o n   or   e s t e r   h a v i n g   a  

v i s c o s i t y   of   1 -10   c e n t r i s t o k e s   a t   1 0 0 ° C ,   or   m i x t u r e s  

t h e r e o f .  

2 .  A   c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   1  c h a r a c t e r i s e d  

in   t h a t   (B)  i s   a  s y n t h e t i c   h y d r o c a r b o n .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   1  c h a r a c t e r i s e d  

in   t h a t   (B)  i s   an  e s t e r .  

4.  A  c o m p o s i t i o n   a c c o r d i n g   to   t h e   p r e c e d i n g   c l a i m s  

c h a r a c t e r i s e d   in   t h a t   i t   f u r t h e r   c o m p r i s e s   an  a d d i t i v e  

p a c k a g e   c o m p r i s i n g   a t   l e a s t   one   a d d i t i v e   s e l e c t e d   f r o m  

d i s p e r s a n t s ,   o x i d a t i o n   i n h i b i t o r s ,   c o r r o s i o n   i n h i b i t o r s ,  

a n t i - w e a r   a g e n t s ,   p o u r   p o i n t   d e p r e s s a n t s ,   a n t i - r u s t  

a g e n t s ,   foam  i n h i b i t o r s   and  e x t r e m e   p r e s s u r e   a g e n t s .  
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