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©  LUBRICATING  OIL  COMPOSITION. 
@  A  lubricating  oil  composition  prepared  by  incorporating 
(A)  0.05  to  5  wt  %  of  an  alkenylsuccinic  acid  ester  and/or  an 
alkylsuccinic  acid  ester  and  (B)  0.005  to  5  wt  %  of  a  fatty  acid 
ester  of  a  polyhydric  alcohol  in  a  base  oil.  This  composition 
has  low  frictional  characteristics,  i.e.,  a  small  ratio  of  the  static 
friction  coefficient  to  the  dynamic  friction  coefficient  and 

^   gives  a  less  shock  upon  gear  changes.  In  addition,  it  under- 
^   goes  less  changes  in  frictional  characteristics  with  the  tem- 

perature  change  or  with  the  lapse  of  time.  Therefore,  it  is  well 
00  adapted  for  reduction  in  the  size  of,  for  example,  a  transmis- 
f)  sion.  Thus,  the  lubricating  oil  composition  is  extremely  effect- 

ive  as  the  lubricating  oil  for  an  automatic  transmission,  a  part 
having  a  wet  clutch  orwetbrakeof,forexample,tractors,and 

2   the  like. 
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S P E C I F I C A T I O N  

LUBRICATING  OIL  COMPOSITION 

F i e l d   of  T e c h n o l o g y  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  l u b r i c a t i n g   o i l  

c o m p o s i t i o n   o r ,   more  p a r t i c u l a r l y ,   r e l a t e s   to   a  l u b r i c a t i n g  

o i l   c o m p o s i t i o n   w h i c h   can  be  u s e d   s a t i s f a c t o r i l y   f o r   t h e  

l u b r i c a t i o n   of  p a r t s   h a v i n g   a  w e t - t y p e   c l u t c h   or  w e t - t y p e  

b r a k e   s u c h   as  a u t o m a t i c   t r a n s m i s s i o n s ,   t r a c t o r s   and  t h e  

l i k e   . 

B a c k g r o u n d   T e c h n o l o g y  

L u b r i c a t i n g   o i l s   u s e d   f o r   t h e   l u b r i c a t i o n   of  t h e  

p a r t s   h a v i n g   a  w e t - t y p e   c l u t c h   or  w e t - t y p e   b r a k e   s u c h   a s  

a u t o m a t i c   t r a n s m i s s i o n s ,   t r a c t o r s   and  t h e   l i k e   a r e   r e q u i r e d  

aave  p r o p e r t i e s   i n c l u d i n g   good  f r i c t i o n   c h a r a c t e r i s t i c ,  

o x i d a t i o n   s t a b i l i t y ,   c o r r o s i o n   r e s i s t a n c e   and  r u s t -  

p r e v e n t i v e n e s s   as  w e l l   as  a  l a r g e   t o r q u e   f o r   p o w e r   t r a n s -  

m i s s i o n .   The  f r i c t i o n   c h a r a c t e r i s t i c   h e r e   i m p l i e d   i s   a  

r a t i o   of   t h e   c o e f f i c i e n t   of  s t a t i c   f r i c t i o n   and  t h e  

c o e f f i c i e n t   of  d y n a m i c   f r i c t i o n   and  i t   i s   r e q u i r e d   t h a t  

: h i s   r a t i o   i s   s m a l l   and  l i t t l e   i n f l u e n c e d   by  t h e   c h a n g e s  

.n  t h e   t e m p e r a t u r e   or   in   t h e   l a p s e   of  t i m e .  

In  t h e   p r i o r   a r t ,   t h e r e   i s   known  s u c h   a  l u b r i c a t i n g  

d l   h a v i n g   a  l a r g e   c o e f f i c i e n t   of  s t a t i c   f r i c t i o n   and  a  

rood  t o r q u e   f o r   p o w e r   t r a n s m i s s i o n .   T h i s   l u b r i c a t i n g   o i l ,  
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l o w e v e r ,   has   d e f e c t s   t h a t   t h e   f r i c t i o n   c h a r a c t e r i s t i c  

t h e r e o f   i s   n o t   s a t i s f a c t o r y   so  t h a t   a  s h i f t   of  t h e   a u t o -  

m a t i c   t r a n s m i s s i o n   and  t h e   l i k e   c a u s e s   a  l a r g e   s h o c k .  

In  p a r t i c u l a r ,   t h e   t r e n d   i s   more   and  more   o u t -  

s t a n d i n g   in   r e c e n t   y e a r s   t h a t   a u t o m a t i c   t r a n s m i s s i o n s   a n d  

the   l i k e   a r e   d e s i g n e d   in   a  d e c r e a s e d   s i z e   a l o n g   w i t h   t h e  

p r e v a l e n c e   of  c o m p a c t   c a r s   and  s o - c a l l e d   FF  c a r s   ( f r o n t  

e n g i n e   f r o n t   w h e e l   d r i v e n   c a r s )   .  T h i s   t r e n d   of  a u t o m a t i c  

t r a n s m i s s i o n s   t o w a r d   c o m p a c t   s i z e   p r o m o t e s   t h e   a d v e r s e  

i n f l u e n c e   t h a t   t h e   s h i f t   s h o c k   i s   f e l t   s e n s i t i v e l y   by  t h e  

d r i v e r .   A c c o r d i n g l y ,   i t   i s   a  t e c h n i c a l   p r o b l e m   to  f u r t h e r  

i m p r o v e   t h e   f r i c t i o n   c h a r a c t e r i s t i c s   in   o r d e r   to  i m p r o v e  

t h e   c o m f o r t a b l e n e s s   of  d r i v i n g   by  d e c r e a s i n g   t h e   s h i f t  

s h o c k .  

A  p r o p o s a l   has   b e e n   made  a c c o r d i n g l y   of  a  l u b r i c a t i n g  

o i l   by  u s e   of  a  f r i c t i o n   m o d i f i e r   w i t h   an  o b j e c t   of  i m p r o v i n g  

t h e   f r i c t i o n   c h a r a c t e r i s t i c s .   T h e r e   i s   a  p r o b l e m ,   h o w e v e r ,  

t h a t   t h e   l u b r i c a t i n g   o i l   c o n t a i n i n g   a  f r i c t i o n   m o d i f i e r  

s t i l l   has   o n l y   i n s u f f i c i e n t   f r i c t i o n   c h a r a c t e r i s t i c s   a l o n g  

w i t h   v a r i a t i o n   of  t h e   f r i c t i o n   c h a r a c t e r i s t i c s   by  t h e   c h a n g e  

in  t h e   o i l   t e m p e r a t u r e   and  t h a t   t h e   f r i c t i o n   c h a r a c t e r i s t i c s  

a r e   s u b j e c t   to   d e c r e a s e   by  t h e   d e g r a d a t i o n   ( c h a n g e s   in   t h e  

l a p s e   of  t i m e )   of  t h e   o i l   a f t e r   a  l o n g - t e r m   s e r v i c e .  

T h e r e f o r e ,   l u b r i c a t i n g   o i l s   h a v i n g   good   f r i c t i o n  

c h a r a c t e r i s t i c s   w i t h   s m a l l   c h a n g e s   by  o i l   t e m p e r a t u r e   a n d  
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in  t h e   l a p s e   of  t i m e   and  h a v i n g   a  l a r g e   t r a n s m i s s i o n   t o r q u e  

h a v e   h i t h e r t o   n o t   b e e n   o b t a i n e d .  

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to  d i s s o l v e  

t h e   a b o v e   d e s c r i b e d   p r o b l e m s   in   t h e   p r i o r   a r t   by  a  s p e c i f i c  

c o m b i n a t i o n   of  c o m p o u n d s   c o n t a i n e d   in   a  b a s e   o i l   and  t o  

p r o v i d e   a  l u b r i c a t i n g   o i l   c o m p o s i t i o n   w i t h   a  s m a l l   s h o c k  

and  a  l a r g e   t r a n s m i s s i o n   t o r q u e   and  c a p a b l e   of   b e i n g  

s a t i s f a c t o r i l y   u s e d   f o r   l u b r i c a t i o n   of  a u t o m a t i c   t r a n s -  

m i s s i o n s   and  t h e   l i k e .  

D i s c l o s u r e   of   t h e   I n v e n t i o n  

N a m e l y ,   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  

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

o i l   c o n t a i n s   (A)  f rom  0 .05   to  5%  by  w e i g h t   of   an  e s t e r   o f  

a l k e n y l   s u b s t i t u t e d   s u c c i n i c   a c i d   a n d / o r   an  e s t e r   of  a l k y l  

s u b s t i t u t e d   s u c c i n i c   a c i d   and  (B)  f rom  0 . 0 0 5   to   5%  by  w e i g h t  

of  a  f a t t y   a c i d   e s t e r   of  a  p o l y h y d r i c   a l c o h o l .  

The  l u b r i c a t i n g   o i l   c o m p o s i t i o n   of  t h e   p r e s e n t  

i n v e n t i o n   has   a  good   f r i c t i o n   c h a r a c t e r i s t i c   o r ,   n a m e l y ,  

a  s m a l l   ( c o e f f i c i e n t   of  s t a t i c   f r i c t i o n )   /  ( c o e f f i c i e n t   o f  

d y n a m i c   f r i c t i o n )   r a t i o   and  g i v e s   a  s m a l l   s h i f t   s h o c k .   I n  

a d d i t i o n ,   t h e   c h a n g e   in   t h e   f r i c t i o n   c h a r a c t e r i s t i c s  

d e p e n d i n g   on  the  o i l   t e m p e r a t u r e   i s   s m a l l ,   and  a l s o   t h e  

c h a n g e s   in   t h e   l a p s e   of  t i m e   a r e   s m a l l   so  t h a t   i t   i s   f u l l y  

a d a p t a b l e   to  t h e   t r e n d   of  t r a n s m i s s i o n s   and  t h e   l i k e   t o w a r d  

c o m p a c t   s i z e .  
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i r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g  

F i g u r e   1  and  F i g u r e   3  a r e   e a c h   a  g r a p h   s h o w i n g   t h e  

: hange   in   t i m e   of  ^0^U1200  a t   e a c h   t i m e   up  t0  2000  c y c l e s  

.n  E x a m p l e   and  C o m p a r a t i v e   E x a m p l e   and  F i g u r e   2  i s   a  g r a p h  

showing   t h e   t e m p e r a t u r e   c h a n g e   t h e r e o f .  

t e s t   Mode  E m b o d i m e n t   to   P r a c t i c e   t h e   I n v e n t i o n  

The  b a s e   o i l   u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i s   t h e  

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

v a r i o u s   k i n d s   of  m i n e r a l   o i l s   a n d / o r   s y n t h e t i c   o i l s   can   b e  

l s e d   among  t h o s e   u s e d   in   c o n v e n t i o n a l   l u b r i c a t i n g   o i l s .  

The  b a s e   o i l   s h o u l d   p r e f e r a b l y   h a v e   a  v i s c o s i t y   o f  

L.5  to  30  c e n t i s t o k e s   a t   100°C  and ,   in  p a r t i c u l a r ,   t h o s e  

Df  2  to  20  c e n t i s t o k e s   a r e   p r e f e r r e d   when  u s e d   as  an  o i l  

fo r   a u t o m a t i c   t r a n s m i s s i o n s   and  an  o i l   f o r   w e t -   t y p e   b r a k e s  

in  a g r i c u l t u r a l   t r a c t o r s .  

To  show  p a r t i c u l a r   e x a m p l e s   of  t h e   b a s e   o i l ,   t h e  

m i n e r a l   o i l s   i n c l u d e   60  n e u t r a l   o i l ,   100  n e u t r a l   o i l ,   1 5 0  

n e u t r a l   o i l ,   300  n e u t r a l   o i l   ,  50  0  n e u t r a l   o i l   and  t he   l i k e   b y  

the'  s o l v e n t   r e f i n i n g   or  h y d r o g e n a t i o n   r e f i n i n g .  

On  t h e   o t h e r   h a n d ,   t h e   s y n t h e t i c   o i l s   i n c l u d e  

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

p o l y o l   e s t e r s ,   p h o s p h o r i c   a c i d   e s t e r s ,   s i l i c o n e   o i l s ,   a l k y l  

b e n z e n e s ,   a l k y l   d i p h e n y l s   and  t h e   l i k e   as  w e l l   as  c o n d e n s e d  

r i n g   a n d / o r   n o n - c o n d e n s e d   r i n g   s a t u r a t e d   h y d r o c a r b o n s   a n d  

t h o s e   m a i n l y   c o m p o s e d   t h e r e o f   can   be  u s e d   as  t h e   b a s e   o i l .  
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much  a  m i u e x d i   o n   i s   used,  as  t h e   b a s e   o i l   in   t h e  

p r e s e n t   i n v e n t i o n ,   i n c i d e n t a l l y ,   v a r i o u s   o n e s   can   be  u s e d  

p r o v i d e d   t h a t   t h e   k i n e m a t i c   v i s c o s i t y   a t   100  °C  i s   f rom  1 . 5  

to   30  c e n t i s t o k e s   o r ,   p r e f e r a b l y ,   f rom  2  to  20  c e n t i s t o k e s  

and  t h o s e   to   be  u s e d   p r e f e r a b l y   s h o u l d   c o n t a i n   0.5%  by  w e i g h t   o r  
l e s s   o r ,   more   p r e f e r a b l y ,   0.1%  by  w e i g h t   or  l e s s   o r ,  

p a r t i c u l a r l y   p r e f e r a b l y ,   100  ppm  or  l e s s   of  s u l f u r .  

An  e x c e s s   a m o u n t   of  t h e   s u l f u r   o v e r   0.5%  by  w e i g h t  

i s   n o t   p r e f e r a b l e   h e r e   due  to  t h e   d e c r e a s e   in   t h e   o x i d a t i o n  

s t a b i l i t y .  

M i n e r a l   o i l s   h a v i n g   a  low  p o u r   p o i n t   can  a l s o   b e  

a s e d .   I t   s h o u l d   h a v e   a  p o u r   p o i n t   o f ,   p r e f e r a b l y ,   - 1 5 ° C  

or  b e l o w   o r ,   more  p r e f e r a b l y ,   -25  °C  or  b e l o w   o r ,  

p a r t i c u l a r l y   p r e f e r a b l y ,   - 3 5 ° C   or  b e l o w .   T h i s   i s   b e c a u s e   ' 

:he  f r i c t i o n   c h a r a c t e r i s t i c s   can  be  f u r t h e r   i m p r o v e d   a l o n g  

f i t h   m i t i g a t i o n   of   t h e   l i m i t a t i o n   r e l a t i v e   to  t h e   t e m p e r -  

i t r u e   r a n g e   f o r   u s e .  

I n c i d e n t a l l y ,   t h e   p r e f e r a b l e   c o n d i t i o n s   f o r   t h e  

l i n e x a l   o i l   a r e   t h a t   t h e   c o n t e n t   of  a r o m a t i c   h y d r o c a r b o n s  

%  CA)  i s   20  or  s m a l l e r   o r ,   more  p r e f e r a b l y ,   10  or  s m a l l e r ,  

h a t   t h e   t o t a l   a c i d   v a l u e   i s   0 . 1   mg  KOH/g  or   s m a l l e r   o r ,  

x e f e r a b l y ,   0 . 0 5   mg  KOH/g  or  s m a l l e r ,   and  so  o n .  

M i n e r a l   o i l   h a v i n g   t h e   p r o p e r t i e s   as  d e s c r i b e d  

b o v e   can   be  o b t a i n e d   by  r e f i n i n g   a  d i s t i l l a t e   ( b o i l i n g  

o i n t   u n d e r   a t m o s p h e r i c   p r e s s u r e ,   a b o u t   2 5 0 - 4 5 0 ° C )   a s  



o b t a i n e d   by  d i s t i l l a t i o n   of  p a r a f f i n   b a s e   c r u d e   o i l ,  

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

Dy  t h e   u s u a l   m e t h o d ,   or  by  a p p l y i n g   deep   d e w a x i n g   t r e a t m e n t  

to  t h u s   o b t a i n e d   o i l .  

The  d i s t i l l a t e   means   an  o i l   o b t a i n e d   e i t h e r   b y  

a t m o s p h e r i c   d i s t i l l a t i o n   of  c r u d e   o i l   or  by  v a c u u m  

i i s t i l l a t i o n   of  r e s i d u a l   o i l   r e s u l t i n g   f rom  a t m o s p h e r i c  

i i s t i l l a t i o n   of  c r u d e   o i l .   A  m e t h o d   of  r e f i n i n g   i s   n o t  

c r i t i c a l ,   and  any  of  t h e   m e t h o d s   (1)  to  (5)  as  d e s c r i b e d  

be low  can  be  e m p l o y e d .  

(1)  The  d i s t i l l a t e   i s   s u b j e c t e d   to  h y d r o g e n a t i o n  

t r e a t m e n t ,   or  a l t e r n a t i v e l y ,   a f t e r   h y d r o g e n a t i o n   t r e a t -  

men t ,   t h e   d i s t i l l a t e   i s   s u b j e c t e d   to  a l k a l i   d i s t i l l a t i o n  

or  s u l f u r i c   a c i d   w a s h i n g   ( t r e a t i n g )   . 

(2)  The  d i s t i l l a t e   i s   s u b j e c t e d   to  s o l v e n t   r e f i n i n g  

t r e a t m e n t ,   or  a l t e r n a t i v e l y ,   a f t e r   s o l v e n t   r e f i n i n g   t r e a t -  

m e n t ,   t h e   d i s t i l l a t e   i s   s u b j e c t e d   to  h y d r o g e n a t i o n   t r e a t -  

m e n t ,   a l k a l i   d i s t i l l a t i o n   or  s u l f u r i c   a c i d   w a s h i n g   ( t r e a t -  

i ng )   . 

(3)  The  d i s t i l l a t e   i s   s u b j e c t e d   to   h y d r o g e n a t i o n  

t r e a t m e n t   f o l l o w e d   by  s e c o n d   h y d r o g e n a t i o n   t r e a t m e n t .  

(4)  The  d i s t i l l a t e   i s   s u b j e c t e d   to  h y d r o g e n a t i o n  

t r e a t m e n t ,   t h e n   to  s e c o n d   h y d r o g e n a t i o n   t r e a t m e n t ,   a n d  

f u r t h e r   to  t h i r d   h y d r o g e n a t i o n   t r e a t m e n t .  

(5)  The  d i s t i l l a t e   i s   s u b j e c t e d   to  h y d r o g e n a t i o n  
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u i e a u n e n i   r o i x o w e a   oy  s e c o n d   h y d r o g e n a t i o n   t r e a t m e n t ,   a n d  

f u r t h e r   to  a l k a l i   d i s t i l l a t i o n   or  s u l f u r i c   a c i d   w a s h i n g  

( t r e a t i n g )   . 

One  of  t h e   m e t h o d s   w i l l   h e r e i n a f t e r   be  e x p l a i n e d .  

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

i s   p r o d u c e d   f rom  p a r a f f i n   b a s e   c r u d e   o i l   or  i n t e r m e d i a t e  

b a s e   c r u d e   o i l   by  t h e   u s u a l   m e t h o d   and  t h e n   i s   s u b j e c t e d  

to  s e v e r e   h y d r o g e n a t i o n   t r e a t m e n t .   In  t h i s   t r e a t m e n t ,  

u n d e s i r a b l e   c o m p o n e n t s ,   s u c h   as  a r o m a t i c s ,   f o r   t h e  

l u b r i c a t i n g   o i l   f r a c t i o n   a r e   r e m o v e d   or  c o n v e r t e d   i n t o  

u s e f u l   c o m p o n e n t s .   A l m o s t   a l l   of  s u l f u r   and  n i t r o g e n  

c o m p o n e n t s   a r e   r e m o v e d   a t   t h e   same  t i m e .  

Scuh  f r a c t i o n a l   d i s t i l l a t i o n   as  to  o b t a i n   t h e  

l e c e s s a r y   v i s c o s i t y   i s   c a r r i e d   o u t   by  v a c u u m   d i s t i l l a t i o n ,  

r h e n ,   t h e   known  s o l v e n t   d e w a x i n g   t r e a t m e n t   i s   c a r r i e d   o u t  

so  as  to  dewax  to  t h e   p o u r   p o i n t   t h a t   t h e   u s u a l   p a r a f f i n  

sase   o i l   h a s ,   t h a t   i s ,   a b o u t   -15  to  - 1 0 ° C .  

A f t e r   t he   d e w a x i n g   t r e a t m e n t ,   i f   n e c e s s a r y ,  

l y d r o g e n a t i o n   i s   c a r r i e d   o u t   to   h y d r o g e n a t e   t h e   m a j o r  

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

: h e r e b y   i n c r e a s i n g   t h e r m a l   and  c h e m i c a l   s t a b i l i t y   of  t h e  

>ase  o i l .   When  t h e   t h u s   o b t a i n e d   m i n e r a l   o i l   i s   i n s u f f i c i -  

mt   b e c a u s e   t h e   p o w e r   p o i n t   i s   s t i l l   h i g h ,   d e e p   d e w a x i n g  

: r e a t m e n t   can  be  a p p l i e d   s u b s e q u e n t l y .   For   t h i s   t r e a t m e n t ,  

: he re   a r e   e m p l o y e d   a  s o l v e n t   d e w a x i n g   m e t h o d   w h i c h   i s  
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c a r r i e d   o u t   u n d e r   s e v e r e   c o n d i t i o n s ,   and  a  c a t a l y t i c  

h y d r o g e n a t i o n   d e w a x i n g   m e t h o d   in   w h i c h   a  z e o l i t e   c a t a l y s t  

i s   u s e d   and  p a r a f f i n   ( m a i n l y   n - p a r a f f i n )   a d s o r b e d   on  f i n e  

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

h y d r o g e n   a t m o s p h e r e   to   r e m o v e   c o m p o n e n t s   to  be  c o n v e r t e d  

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

C o n d i t i o n s   f o r   h y d r o g e n a t i o n   t r e a t m e n t   v a r y   w i t h  

t h e   p r o p e r t i e s ,   e t c .   of  t h e   f e e d   o i l .   U s u a l l y ,   t h e  

r e a c t i o n   t e m p e r a t u r e   i s   200  to  480°C  and  p r e f e r a b l y   250  t o  

2 
480°C,   t h e   h y d r o g e n   p r e s s u r e   i s   5  to  300  k g / c m   a n d  

2 
p r e f e r a b l y   30  to  250  kg  /cm  ,  and  t h e   a m o u n t   of   h y d r o g e n  

i n t r o d u c e d   ( p e r   k i l o l i t e r   of  t h e   f ed   d i s t i l l a t e )   i s   30  t o  

3 , 0 0 0   Nm3  and  p r e f e r a b l y   100  to  2 , 0 0 0   Nm3  .  In  t h i s  

h y d r o g e n a t i o n   t r e a t m e n t ,   t h e r e   a r e   u s e d   c a t a l y s t s   w h i c h  

a r e   p r e p a r e d   by  d e p o s i t i n g   c a t a l y s t   c o m p o n e n t s   s u c h   a s  

G r o u p s   VI,   V I I I   g r o u p   m e t a l s ,   p r e f e r a b l y   c o b a l t ,   n i c k e l ,  

m o l y b d e n u m   and  t u n g s t e n   on  c a r r i e r s   s u c h   as  a l u m i n a ,  

s i l i c a ,   s i l i c a   a l u m i n a ,   z e o l i t e ,   a c t i v e   c a r b o n   and  b a u x i t e  

u s i n g   t h e   known  m e t h o d .   I t   i s   p r e f e r r e d   t h a t   t h e   c a t a l y s t  

be  p r e v i o u s l y   s u b j e c t e d   to  p r e l i m i n a r y   s u l f u r i z a t i o n .  

As  d e s c r i b e d   a b o v e ,   a f t e r   h y d r o g e n a t i o n   t r e a t m e n t ,  

t h e   d i s t i l l a t e   i s   s u b j e c t e d   to  v a r i o u s   t r e a t m e n t s .   W h e n  

s e c o n d   h y d r o g e n a t i o n   t r e a t m e n t   or  f u r t h e r   t h i r d   h y d r o g e n -  

a t i o n   t r e a t m e n t   i s   a p p l i e d ,   t h e   t r e a t m e n t   may  be  c a r r i e d  

o u t   u n d e r   c o n d i t i o n s   f a l l i n g   w i t h i n   t h e   r a n g e s   as  d e s c r i b e d  
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a b o v e .   C o n d i t i o n s   a t   t he   f i r s t ,   s e c o n d   and  t h i r d   s t a g e  

h y d r o g e n a t i o n   t r e a t m e n t s   may  be  t h e   same  or  d i f f e r e n t .  

U s u a l l y   t h e   s e c o n d   h y d r o g e n a t i o n   t r e a t m e n t   i s   c a r r i e d   o u t  

u n d e r   more  s e v e r e   c o n d i t i o n s   t h a n   t h e   f i r s t   s t a g e  

h y d r o g e n a t i o n   t r e a t m e n t ,   and  t h e   t h i r d   s t a g e   h y d r o g e n a t i o n  

t r e a t m e n t ,   u n d e r   more  s e v e r e   c o n d i t i o n s   t h a n   t h e   s e c o n d  

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

A l k a l i   d i s t i l l a t i o n   i s   c a r r i e d   o u t   as  a  s t e p  

w h e r e   s m a l l   a m o u n t s   of  a c i d i c   s u b s t a n c e s   a r e   r e m o v e d   t o  

i m p r o v e   t he   s t a b i l i t y   of  d i s t i l l a t e .   In  t h i s   a l k a l i  

d i s t i l l a t i o n ,   a l k a l i s   such   as  NaOH  and  KOH  a r e   a d d e d   a n d  

vacuum  d i s t i l l a t i o n   i s   c o n d u c t e d .  

S u l f u r i c   a c i d   w a s h i n g   ( t r e a t i n g )   i s   g e n e r a l l y  

c a r r i e d   o u t   as  a  f i n i s h i n g   s t e p   of  o i l   p r o d u c t s ,   in  w h i c h '  

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

h y d r o c a r b o n s ,   o l e f i n s ,   s u l f u r   c o m p o u n d s ,   e t c .   a r e   r e m o v e d   • 

to  i m p r o v e   t h e   c h a r a c t e r i s t i c s   of  d i s t i l l a t e .   In  t h e  

p r e s e n t   i n v e n t i o n ,   0 .5   to  5%  by  w e i g h t   of  c o n c e n t r a t e d  

s u l f u r i c   a c i d   i s   a d d e d   to  t h e   d i s t i l l a t e ,   t h e   t r e a t m e n t   i s  

c a r r i e d   o u t   a t   a  t e m p e r a t u r e   r a n g i n g   b e t w e e n   room  t e m p e r -  

i t u r e   and  60  °C,  and  t h e r e a f t e r   n e u t r a l i z a t i o n   u s i n g   NaOH, 

* tc .   i s   a p p l i e d .  

The  a f o r e m e n t i o n e d   m e t h o d s   (1)  to   (5)  to   b e  

e m p l o y e d   in   t r e a t m e n t   of  d i s t i l l a t e   c o m p r i s e   c o m b i n a t i o n s  

)f  t he   o p e r a t i o n s   as  d e s c r i b e d   a b o v e .   Of  t h e s e   m e t h o d s ,  
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t h e   m e t h o d s   (1)  ,  (3)  and  (4)  a r e   p a r t i c u l a r l y   s u i t a b l e .  

The  d i s t i l l e d   o i l   o b t a i n e d   by  t h e   t r e a t m e n t  

d e s c r i b e d   a b o v e   has   @  p r o p e r t i e s   i n c l u d i n g   a  k i n e m a t i c  

v i s c o s i t y   of   1 .5   to  30  c e n t i s t o k e s   (100°C)   ,  c o n t e n t   o f  

s u l f u r   of  0.5%  by  w e i g h t   or  l e s s   and  p o u r   p o i n t   of  -15  °C 

or  b e l o w .   A l s o ,   t h e   c o n t e n t   of  t h e   a r o m a t i c   h y d r o c a r b o n s  

(%  CL)  i s   20%  or  s m a l l e r   and  t he   t o t a l   a c i d   v a l u e   i s   0 . 1  

mg  KOH/g  or  s m a l l e r .  

The  u se   of  s u c h   a  m i n e r a l   o i l   can  p r o v i d e   a  

l u b r i c a t i n g   o i l   c o m p o s i t i o n   h a v i n g   a  s m a l l e r   ( c o e f f i c i e n t  

of  s t a t i c   f r i c t i o n )   /  ( c o e f f i c i e n t   of  d y n a m i c   f r i c t i o n )   r a t i o .  

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

and  c o n d e n s e d   r i n g   and  n o n - c o n d e n s e d   r i n g   s a t u r a t e d  

h y d r o c a r b o n s   . 

Among  v a r i o u s   o n e s   named  as  s u c h   a  s a t u r a t e d   h y d r o -  

c a r b o n ,   s a t u r a t e d   h y d r o c a r b o n s   h a v i n g   a  c y c l o h e x y l   g r o u p  

a n d /   or  a  d e c a l y l   g r o u p   and  h a v i n g   10  to  40  c a r b o n   a t o m s  

a r e   p r e f e r r e d .   The  s a t u r a t e d   h y d r o c a r b o n s   h a v i n g   a  

c y c l o h e x y l   g o r u p   a n d /   or  a  d e c a l y l   g r o u p   h e r e   a r e   e x e m p l i f i e d  

p a r t i c u l a r l y   by  2 - m e t h y l - 2   ,  4 - d i c y c l o h e x y l   p e n t a n e ,   c y c l o -  

h e x y l   m e t h y l   d e c a l i n ,   1-  ( m e t h y l   d e c a l y l )   - 1 - c y c l o h e x y l  

e t h a n e ,   2,  4 - d i c y c l o h e x y l   p e n t a n e ,   i s o d o d e c y l   c y c l o h e x a n e  

and  t h e   l i k e .  

The  b a s e   o i l   can   be  a d m i x e d   a c c o r d i n g   to  n e e d   w i t h  

a  v i s c o s i t y   i n d e x   i m p r o v e r ,   c o r r o s i o n   i n h i b i t o r   and  t h e  
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n x e .  

In  t h e   p r e s e n t   i n v e n t i o n ,   an  e s t e r   of   a l k e n y l  

s u b s t i t u t e d   s u c c i n i c   a c i d   a n d / o r   an  e s t e r   of  a l k y l   s u b s t i -  

t u t e d   s u c c i n i c   a c i d   a r e   u s e d   as  t he   c o m p o n e n t   (A)  .  T h e  

e s t e r   of  a l k e n y l   s u b s t i t u t e d   s u c c i n i c   a c i d   or  e s t e r   o f  

a l k y l   s u b s t i t u t e d   s u c c i n i c   a c i d   can  be  u s e d   p a r t i c u l a r l y  

e f f i c i e n t l y   when  i t   i s   r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a  

[I]  g i v e n   b e l o w .  

R1-CH-C.00R2 
1  3  ^  

C H 2 - C 0 0 R  

In  t h e   a b o v e   g i v e n   f o r m u l a   [I]  ,  R1  i s   an  a l k e n y l  

g r o u p   or  an  a l k y l   g r o u p   h a v i n g   6  to  30  c a r b o n   a t o m s   o r ,  

p r e f e r a b l y ,   12  to  24  c a r b o n   a t o m s .  

2  3 And,  R  and  R  in  t h e   a b o v e   g i v e n   f o r m u l a   [I]  a r e  

each   a  h y d r o g e n ,   an  a l k y l   g r o u p   h a v i n g   1  to   20  c a r b o n   a t o m s ,  

a  h y d r o x y a l k y l   g r o u p   h a v i n g   1  to  20  c a r b o n   a t o m s   or  a  g r o u p  

r e p r e s e n t e d   by  t he   g e n e r a l   f o r m u l a  

- R 4 - ( O R 4 )   S  - R 5  
n  x  

( in   t h e   f o r m u l a ,   R4  is   an  a l k y l e n e   g r o u p   h a v i n g   1  to  4 

5 c a r b o n   a t o m s ,   R  i s   an  a l k y l   g r o u p   h a v i n g   1  to   20  c a r b o n  

atoms  or  a  h y d r o x y - s u b s t i t u t e d   g r o u p   t h e r e o f ,   n  i s   a n  

I n t e g e r   of  0  to   6  and  x  i s   1  or  2)  . 
2  3 R  and  R  h e r e   can  be  t h e   same  o n e s   or   d i f f e r e n t  

2  3 :rom  e a c h   o t h e r   e x c e p t i n g   t h e   c a s e   w h e r e   R  and  R  a r e   b o t h  

l y d r o g e n s   . 



@  12  -  )  3  O  5  5  3  S  

P a r t i c u l a r   e x m a p l e s   of  t h e   e s t e r   of  a l k e n y l  

s u b s t i t u t e d   s u c c i n i c   a c i d   and  e s t e r   of  a l k y l   s u b s t i t u t e d  

s u c c i n i c   a c i d   i n c l u d e   m o n o m e t h y l   e s t e r   of  o c t a d e c e n y l  

s u c c i n i c   a c i d ,   d i m e t h y l   e s t e r   of  o c t a d e c e n y l   s u c c i n i c   a c i d ,  

n o n o e t h y l   e s t e r   of   o c t a d e c e n y l   s u c c i n i c   a c i d ,   d i e t h y l  

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

D C t a d e c e n y l   s u c c i n i c   a c i d ,   d i o c t y l   e s t e r   of  o c t a d e c e n y l  

s u c c i n i c   a c i d ,   m o n o n o n y l   e s t e r   of  o c t a d e c e n y l   s u c c i n i c  

a c i d ,   d i n o n y l   e s t e r   of  o c t a d e c e n y l   s u c c i n i c   a c i d ,   m o n o -  

L a u r y l   e s t e r   of   o c t a d e c e n y l   s u c c i n i c   a c i d ,   d i l a u r y l   e s t e r  

af  o c t a d e c e n y l   s u c c i n i c   a c i d ,   m o n o l a u r y l   e s t e r   of  d o d e c y l  

s u c c i n i c   a c i d ,   d i l a u r y l   e s t e r   of  d o d e c y l   s u c c i n i c   a c i d ,  

m o n o m e t h y l   e s t e r   of  h e x a d e c y l   s u c c i n i c   a c i d ,   d i m e t h y l  

e s t e r   of  h e x a d e c y l   s u c c i n i c   a c i d ,   m o n o e t h y l   e s t e r   o f  

h e x a d e c y l   s u c c i n i c   a c i d ,   d i e t h y l   e s t e r   of   h e x a d e c y l   s u c c i n i c  

a c i d ,   m o n o m e t h y l   e s t e r   of  o c t a d e c y l   s u c c i n i c   a c i d ,   d i m e t h y l  

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

o c t a d e c y l   s u c c i n i c   a c i d ,   d i e t h y l   e s t e r   of  o c t a d e c y l  

s u c c i n i c   a c i d ,   m o n o o c t y l   e s t e r   of  o c t a d e c y l   s u c c i n i c   a c i d ,  

d i o c t y l   e s t e r   of  o c t a d e c y l   s u c c i n i c   a c i d ,   m o n o l a u r y l   e s t e r  

of  o c t a d e c y l   s u c c i n i c   a c i d ,   m o n o l a u r y l   e s t e r   of  o c t a d e c y l  

s u c c i n i c   a c i d ,   d i l a u r y l   e s t e r   of   o c t a d e c y l   s u c c i n i c   a c i d ,  

a  r e a c t i o n   p r o d u c t   of   an  a l k e n y l   s u c c i n i c   a c i d   of  a  

p r o p y l e n e   o l i g o m e r   h a v i n g   18  c a r b o n   a t o m s   on  an  a v e r a g e  

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

w e i g h t   of   400  and  a  p r o p y l e n e   g l y c o l ,   o c t y l   m e r c a p t a n  

e t h y l e n e   o x i d e   e s t e r   of  o c t a d e c e n y l   s u c c i n i c   a c i d ,   o c t y l  

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

a c i d ,   n o n y l   m e r c a p t a n   e t h y l e n e   o x i d e   e s t e r   of   o c t a d e c e n y l  

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

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

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

p r o p y l e n e   o x i d e   e s t e r   of  o c t a d e c e n y l   s u c c i n i c   a c i d ,   5 -  

h y d r o x y - 3 - t h i a p e n t y l   e s t e r   of  o c t a d e c e n y l   s u c c i n i c   a c i d ,  

6 - h y d r o x y - 3 , 4 - d i t h i a h e x y l   e s t e r   of  o c t a d e c e n y l   s u c c i n i c  

a c i d   and  t h e   l i k e .  

In  t h e   p r e s e n t   i n v e n t i o n ,   e i t h e r   one  of  t h e   e s t e r  

of  a l k e n y l   s u b s t i t u t e d   s u c c i n i c   a c i d   and  t h e   e s t e r   of  a l k y l  

s u b s t i t u t e d   s u c c i n i c   a c i d   or  a  m i x t u r e   t h e r e o f   i s   a d d e d  

as  t h e   c o m p o n e n t   (A)  w h i l e   t h e   a m o u n t   of   a d d i t i o n   t h e r e o f   @ 

d e p e n d s   on  t h e   p r o p e r t i e s   of  t h e   d e s i r e d   l u b r i c a t i n g   o i l  

c o m p o s i t i o n   and  t h e   l i k e   and  c a n n o t   be  d e f i n i t e l y   s e l e c t e d .  

I t   i s ,   h o w e v e r ,   u s u a l l y   f rom  0 . 0 5   to  5.0%  by  w e i g h t   o r  

p r e f e r a b l y   f rom  0 .1   to  3.0%  by  w e i g h t .   No  s u f f i c i e n t   e f f e c t  

san  be  o b t a i n e d   w i t h   an  a m o u n t   of  a d d i t i o n   s m a l l e r   t h a n   0 . 0 5 %  

ay  w e i g h t   w h i l e   an  u n d e s i r a b l y   a d v e r s e -   d e c r e a s e   i s   c a u s e d  

Ln  t h e   o x i d a t i o n   s t a b i l i t y   w i t h   an  e x c e s s   o v e r   5.0%  b y  

w e i g h t   . 
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In  t h e   n e x t   p l a c e ,   a  f a t t y   a c i d   e s t e r   of   a  p o l y -  

h y d r i c   a l c o h o l   i s   u s e d   as  t h e   c o m p o n e n t   (B)  in   t h e  

p r e s e n t   i n v e n t i o n .   The  p o l y h y d r i c   a l c o h o l   h e r e   i m p l i e d  

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

s o r b i t o l   and  t h e   l i k e ,   .of  w h i c h   g l y c e r i n   i s   p a r t i c u l a r l y  

p r e f e r a b l e .   And,  t h e   f a t t y   a c i d   i n c l u d e s   t h o s e   h a v i n g   8 

to  30  c a r b o n   a t o m s   w h i c h   may  be  e i t h e r   s a t u r a t e d   o r  

u n s a t u r a t e d .   P a r t i c u l a r   e x a m p l e s   of  t h e   f a t t y   a c i d  

i n c l u d e   p e l a r g o n i c   a c i d ,   l a u r i c   a c i d ,   p a l m i t i c   a c i d ,  

s t e a r i c   a c i d ,   b e h e n i c   a c i d ,   u n d e c y l e n i c   a c i d ,   o l e i c   a c i d ,  

l i n o l e i c   a c i d ,   l i n o l e n i c   a c i d   and  t h e   l i k e .   E x e m p l a r y   o f  

t h e   more  p r e f e r a b l e   e s t e r s   a r e   p a r t i a l   e s t e r s   of  p o l y h y d r i c  

a l c o h o l s   s u c h   as  o l e i c   a c i d   m o n o g l y c e r i d e ,   o l e i c   a c i d  

d i g l y c e r i d e ,   s t e a r i c   a c i d   m o n o g l y c e r i d e ,   s t e a r i c   a c i d  

d i g l y c e r i d e   and  t h e   l i k e .  

The  a m o u n t   of   a d d i t i o n   of  t h e   a b o v e   m e n t i o n e d  

c o m p o n e n t   (B)  i s   f r om  0 . 0 0 5   to  5%  by  w e i g h t   o r ,   p r e f e r a b l y ,  

f rom  0 . 0 1   to  3%  by  w e i g h t .   No  s u f f i c i n e t   i m p r o v e m e n t   can   b e  

o b t a i n e d   in   t h e   f r i c t i o n   c h a r a c t e r i s t i c s   w i t h   an  a m o u n t   o f  

a d d i i t o n   s m a l l e r   t h a n   0 .005%  by  w e i g h t .   On  t h e   o t h e r   h a n d ,  

t h e   o x i d a t i o n   s t a b i l i t y   i s   u n d e s i r a b l y   a f f e c t e d   a d v e r s e l y  

by  t h e   a d d i t i o n   in   e x c e s s   of   5%  by  w e i g h t .  

The  l u b r i c a t i n g   o i l   c o m p o s i t i o n   of  t h e   p r e s e n t  

i n v e n t i o n   can.  be  o b t a i n e d   b a s i c a l l y   by  a d m i x i n g   t h e   a b o v e  

d e s c r i b e d   c o m p o n e n t s   (A)  and  (B)  w i t h   t h e   b a s e   o i l   b u t   i t  
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i s   o p t i o n a l   to  add  an  a c i d   a m i d e   or  a  b o r o n   d e r i v a t i v e  

t h e r e o f   w i t h   an  o b j e c t   to  i m p r o v e   t h e   f r i c t i o n   c h a r a c t e r -  

i s t i c s   and  s i m u l t a n e o u s l y   to  e n h a n c e   t h e   p h y s i c a l   p r o p e r t i e s  

as  a  l u b r i c a t i n g   o i l .   The  a c i d   amide   i s   a  r e a c t i o n   p r o d u c t  

of  a  c a r b o x y l i c   a c i d   h a v i n g   12  to  30  c a r b o n   a t o m s   and  a n  

amine   c o m p o u n d   and  t h e   p a r t i c u l a r   e x a m p l e s   t h e r e o f   i n c l u d e  

t he   r e a c t i o n   p r o d u c t s   of  i s o s t e a r i c   a c i d   or   o l e i c   a c i d   w i t h  

d i e t h y l e n e   t r i a m i n e ,   t r i e t h y l e n e   t e t r a m i n e ,   t e t r a e t h y l e n e  

p e n t a m i n e   and  h e x a e t h y l e n e   p e n t a m i n e   and  t h e   l i k e .   A n d ,  

e x a m p l e s   of  t h e   b o r o n - c o n t a i n i n g   d e r i v a t i v e s   of  an  a c i d  

amide   i n c l u d e   t he   r e a c t i o n   p r o d u c t s   of   an  a c i d   a m i d e   and  a  

b o r o n   c o m p o u n d   ( b o r i c   a c i d ,   s a l t s   of  b o r i c   a c i d   and  e s t e r s  

of  b o r i c   a c i d )   .  P a r t i c u l a r   e x a m p l e s   i n c l u d e   t h o s e   o b t a i n e d  

by  t h e   r e a c t i o n   of  b o r i c   a c i d   w i t h   t h e   a b o v e   m e n t i o n e d   a c i d   , 

a m i d e ,   e . g . ,   t h e   r e a c t i o n   p r o d u c t   of  i s o s t e a r i c   a c i d   a n d  

t e t r a e t h y l e n e   p e n t a m i n e .   The  a m o u n t   of   a d d i t i o n   i s  

0 . 0 1   to  10%  by  w e i g h t   o r ,   p r e f e r a b l y ,   0 . 0 5   to  3%  by  w e i g h t .  

No  s u f f i c i e n t   i m p r o v i n g   e f f e c t   of  t h e   f r i c t i o n   c h a r a c t e r -  

i s t i c s   and  c l e a n i n g   and  d i s p e r s i n g   e f f e c t   can   be  o b t a i n e d  

w i t h   an  a m o u n t   of   a d d i t i o n   s m a l l e r   t h a n   0.01%  by  w e i g h t  

w h i l e ,   on  t h e   o t h e r   h a n d ,   a d d i t i o n   in   e x c e s s   of   10%  b y  

w e i g h t   i s   u n d e s i r a b l e   due  to   t h e   d e c r e a s e   in   t h e   c o e f f i c i e n t  

of  s t a t i c   f r i c t i o n   r e s u l t i n g   in   a  d e c r e a s e d   t r a n s m i s s i o n  

t o r q u e   . 

To  t h e   l u b r i c a t i n g   o i l   c o m p o s i t i o n   of  t h e   p r e s e n t  
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i n v e n t i o n ,   i f   d e s i r e d ,   an  a n t i o x i d a n t ,   a  d e t e r g e n t -  

d i s p e r s a n t ,   a  v i s c o s i t y   i n d e x   i m p r o v e r   and  t h e   l i k e   can   b e  

a d d e d .   As  t h e   a n t i o x i d a n t ,   t h o s e   c o m m o n l y   u s e d   s u c h   a s  

p h e n o l   b a s e   c o m p o u n d s ,   a m i n e   b a s e   c o m p o u n d s   and  z i n c  

d i t h i o p h o s p h a t e   can   be  u s e d .   R e p r e s e n t a t i v e   e x a m p l e s   a r e  

2  ,  6 - d i - t e r t - b u t y l - 4 - m e t h y l - p h e n o l   ;  2  ,  6 - d i - t e r t - b u t y l - 4 -  

e t h y l - p h e n o l ;   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 )   ; 

p h e n y l - a - n a p h t h y l a m i n e ,   d i a l k y l d i p h e n y l a m i n e   ,  z i n c   d i - 2 -  

e t h y l h e x y l d i t h i o p h o s p h a t e ,   z i n c   d i a m y l d i t h i o c a r b a m a t e ,   a n d  

p i n e n e   p e n t a s u l f   i d e .  

The  a m o u n t   of   a d d i t i o n   i s   0 . 0 1   to   3%  by  w e i g h t   o r ,  

p r e f e r a b l y ,   0  .  05  to  2%  by  w e i g h t .   No  e f f e c t   can   be  o b t a i n e d  

w i t h   an  a m o u n t   s m a l l e r   t h a n   0.01%  by  w e i g h t   w h i l e   no  r e -  

m a r k a b l e   i m p r o v e m e n t   can   be  a c h i e v e d   e v e n   w i t h   an  a m o u n t  

in  e x c e s s   of  3%  by  w e i g h t .  

D e t e r g e n t - d i s p e r s a n t s   w h i c h   can   be  u s e d   i n c l u d e   a n  

a s h l e s s   b a s e   d i s p e r s a n t   and  a  m e t a l - b a s e d   d e t e r g e n t .   F o r  

e x a m p l e ,   a l k e n y l s u c c i n i c   a c i d   i m i d e ,   s u l p h o n a t e s   a n d  

p h e n a t e s   a r e   p r e f e r r e d .   R e p r e s e n t a t i v e   e x a m p l e s   of  s u c h  

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

c a l c i u m   s u l p h o n a t e ,   b a r i u m   s u l p h o n a t e ,   c a l c i u m   p h e n a t e ,  

b a r i u m   p h e n a t e   and  c a l c i u m   s a l i c y l a t e .  

The  a m o u n t   of   a d d i t i o n   i s   0 . 1   to  10%  by  w e i g h t   o r ,  

p r e f e r a b l y ,   0 .5   to   5%  by  w e i g h t .   The  d i s p e r s i b i l i t y   i s  

i n s u f f i c i e n t   w i t h   an  a m o u n t   s m a l l e r   t h a n   0.1%  by  w e i g h t  
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w m i e   an  a m o u n t   m   e x c e s s   of   10%  by  w e i g h t   i s   u n d e s i r a b l e  

due  to  t h e   d e c r e a s e   in  t h e   f r i c t i o n   c h a r a c t e r i s t i c s .  

Though   n o t   p a r t i c u l a r l y   l i m i t a t i v e ,   p o l y m e t h a c r y -  

l a t e s ,   c o p o l y m e r s   of   o l e f i n   and  t h e   l i k e   can   be  u s e d   a s  

t h e   v i s c o s i t y   i n d e x   i m p r o v e r .   P a r t i c u l a r l y   p r e f e r a b l e   a r e  

t h e   p o l y m e t h a c r y l a t e s   h a v i n g   a  m o l e c u l a r   w e i g h t   n o t  

e x c e e d i n g   1 0 0 , 0 0 0   o r ,   p r e f e r a b l y ,   n o t   e x c e e d i n g   5 0 , 0 0 0  

h a v i n g   e x c e l l e n t   s h e a r i n g   s t a b i l i t y   and  c a p a b l e   o f  

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

t i m e .   The  a m o u n t   of  a d d i t i o n   i s   0 .5   to   15%  by  w e i g h t   o r ,  

p r e f e r a b l y ,   2  to  10%  by  w e i g h t .   No  i m p r o v e m e n t   can  b e  

a c h i e v e d   in  t h e   v i s c o s i t y - t e m p e r a t u r e   c h a r a c t e r i s t i c s   w i t h  

an  a m o u n t   s m a l l e r   t h a n   0.5%  by  w e i g h t   w h i l e   an  a m o u n t   i n  

e x c e s s   of  15%  by  w e i g h t   i s   u n d e s i r a b l e   due  to   t h e   d e c r e a s e  

in   t he   w e a r i n g   r e s i s t a n c e   and  t h e   l i k e   as  a  r e s u l t   of  t h e  

use  of  a  l o w - v i s c o s i t y   b a s e   o i l .  

B e s i d e s ,   t h e   l u b r i c a t i n g   o i l   c o m p o s i t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   can   be  a d m i x e d   a c c o r d i n g   to  n e e d   w i t h   a  

c o r r o s i o n   i n h i b i t o r ,   r u b b e r   s w e l l i n g   a g e n t ,   d e f o a m i n g  

a g e n t   and  t h e   l i k e .  

In  t h e   f o l l o w i n g ,   t h e   p r e s e n t   i n v e n t i o n   i s  

d e s c r i b e d   in  more   d e t a i l   by  way  of  e x a m p l e s .  

E x a m p l e s   1  and  2  and  C o m p a r a t i v e   E x a m p l e s   1  and  2 

As  a  b a s e   o i l ,   a  m i n e r a l   o i l   I  h a v i n g   a  k i n e m a t i c  

v i s c o s i t y   of  5  c e n t i s t o k e s   a t   100°C  and  c o n t a i n i n g   200  ppm  o f  
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s u l f u r   was  a d m i x e d   w i t h   4.0%  by  w e i g h t   of  a  p o l y m e t h a c r y l a t e  

( m o l e c u l a r   w e i g h t   4 2 , 0 0 0 ) ,   4.0%  by  w e i g h t   of  p o l y b u t e n y l  

s u c c i n i c   a c i d   i m a d e   ( m o l e c u l a r   w e i g h t   of   t h e   p o l y b u t e n y l  

g r o u p   1000)   and  0.5%  by  w e i g h t   of  an  a c i d   a m i d e   to  g i v e   a  

b a s e   o i l   w h i c h   was  a d m i x e d   w i t h   a  c o m p o u n d   in   an  a m o u n t  

i n d i c a t e d   in   T a b l e   1  to  g i v e   a  l u b r i c a t i n g   o i l   c o m p o s i t i o n .  

The  t h u s   o b t a i n e d   l u b r i c a t i n g   o i l   c o m p o s i t i o n   w a s  

s u b j e c t e d   to   t e s t i n g   a c c o r d i n g   to  t h e   f o l l o w i n g   m e t h o d s .  

SAE  No.  2  f r i c t i o n   t e s t  

The  f r i c t i o n   c h a r a c t e r i s t i c s   w e r e   e v a l u a t e d   u n d e r  

t h e   e x p e r i m e n t a l   c o n d i t i o n s   d e s c r i b e d   b e l o w   by  u s i n g   a  SAE 

No.  2  t e s t i n g   m a c h i n e   m a n u f a c t u r e d   by  G r e e n i n g   Co.  ( U . S . ) .  

[ E x p e r i m e n t a l   c o n d i t i o n s ]  

D i s c s :   J a p a n e s e - m a d e   p a p e r - b a s e d   d i s c s   f o r  

a u t o m a t i c   t r a n s m i s i s o n   (2  s h e e t s )  

P l a t e s :   J a p a n e s e - m a d e   s t e e l   p l a t e s   f o r   a u t o m a t i c  

t r a n s m i s s i o n   (4  p l a t e s )  

R e v o l u t i o n   of   m o t o r :   3000  r p m  

T h r u s t i n g   p r e s s u r e   on  p i s t o n :   3  k g / c m 2  

O i l   t e m p e r a t u r e :   50°C,   80°C,   100°C  and  1 2 0 ° C  

The  c o e f f i c i e n t   of  d y n a m i c   f r i c t i o n   a t   t h e  

r e v o l u t i o n   of   1200  rpm  U1200  and  t h e   c o e f f i c i e n t   of  s t a t i c  

f r i c t i o n   a t   a  moment   of  c o m i n g   i n t o   s t o p p a g e   yQ  w e r e  

d e t e r m i n e d   u n d e r   t h e   a b o v e   d e s c r i b e d   e x p e r i m e n t a l  

c o n d i t i o n s   and  ]x(]/\x1?nn  was  c a l c u l a t e d .   The  c h a n g e   in   t i m e  
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«xiv*  uxic  u i o u y e   ay  t e m p e r a t u r e   ot   t h x s   U 0 / U 1 2 0 0   w e r e  

r e s p e c t i v e l y   d e t e r m i n e d   to  e v a l u a t e   t h e   f r i c t i o n   c h a r a c t e r -  

i s t i c s .  

N a m e l y ,   t h e   c h a n g e   in   t i m e   of   U 0 / U 1 2 0 0   was  d e t e r -  

m i n e d   up  to  2000  c y c l e s   a t   an  o i l   t e m p e r a t u r e   of  1 0 0 ° C .  

F i g u r e   1  i l l u s t r a t e s   t h e   c h a n g e   in   t i m e   of   U 0 / y 1 2 0 0   a t   t h e  

r e s p e c t i v e   m o m e n t s   up  to  2000  c y c l e s   ( 100 ,   200 ,   300,   4 0 0 ,  

500,   1 0 0 0 ,   1500  and  2000  c y c l e s ) .   F u r t h e r ,   t h e   v a l u e s   o f  

U 0 / u 1 2 0 0   a t   200  c v c l e s   and  a t   2000  c y c l e s   a r e   shown  i n  

r a b l e   1  as  t h e   r e s u l t s   of  t h e   d u r a b i l i t y   t e s t .  

In  t h e   n e x t   p l a c e ,   t h e   o i l   t e m p e r a t u r e   was  v a r i e d  

s t e p w i s e   a t   50,  80,  100  and  120°C  a f t e r   a  b r e a k - i n   up  to   2 0 0  

c y c l e s   a t   an  o i l   t e m p e r a t u r e   of  100°C  and  t h e   U n / u 1 9 n n   w a s  

l e t e r m i n e d   a t   e a c h   t e m p e r a t u r e .   The  r e s u l t s   a r e   shown  i n '  

f i g u r e   2.  F u r t h e r ,   t h e   v a l u e s   of  U q / u 1 2 0 0   a t   50  °C  a n d  

L20°C  a r e   shown  in   T a b l e   1  as  t h e   r e s u l t s   of  t h e   t e m p e r a t u r e  

l e p e n d e c y   t e s t .  

J o m p a r a t i v e   E x a m p l e   3 

A  c o m m e r c i a l   p r o d u c t   was  s u b j e c t e d   to  t h e   e v a l u -  

Lt ion  of   t h e   f r i c t i o n   c h a r a c t e r i s t i c s   in   t h e   same  m a n n e r  

.s  in   E x a m p l e   1.  The  r e s u l t s   a r e   shown  in   T a b l e   1,  F i g u r e  

.  and  F i g u r e   2 .  

I xamp le s   3  and  4  and  C o m p a r a t i v e   E x a m p l e   4 

The  l u b r i c a t i n g   o i l   c o m p o s i t i o n s   i n d i c a t e d   in  T a b l e  

w e r e   o b t a i n e d   in   t h e   same  m a n n e r   as  in   E x a m p l e s   1  and  2 



-  20  -  

0 3 0 5 5 3 8  

and  C o m p a r a t i v e   E x a m p l e s   1  and  2  e x c e p t i n g   t h e   u se   of   a  

m i n e r a l   o i l   I I   h a v i n g   f o l l o w i n g   p r o p e r t i e s   as  t h e   b a s e   o i l  

and  t e s t i n g   was  u n d e r t a k e n .   F i g u r e   3  shows   t h e   c h a n g e s   i n  

t i m e   of  t h e   ^ 0 ^ ^ 1 2 0 0   a t   t h e   r e s P e c t i v e   m o m e n t s   up  to   2 0 0 0  

c y c l e s .   F u r t h e r ,   T a b l e   1  shows   t h e   r e s u l t s   of   t h e  

d u r a b i l i t y   t e s t   and  t h e   t e m p e r a t u r e   d e p e n d e n c y   t e s t .  

P r o p e r t i e s   of  t h e   m i n e r a l   o i l   I I  

K i n e m a t i c   v i s c o s i t y   (100  °C)  :  5 .0   c e n t i s t o k e s  

S u l f u r   c o n t e n t   (ppm)  :  1 

P o u r   p o i n t   :  -45  °C 

%  CA  :  0 .1   > 

E x a m p l e s   5  to   10  and  C o m p a r a t i v e   E x a m p l e   5 

T e s t i n g   was  u n d e r t a k e n   f o r   t h e   l u b r i c a t i n g   o i l  

c o m p o s i t i o n s   i n d i c a t e d   in  T a b l e   1  in   t h e   same  m a n n e r   as  i n  

E x a m p l e s   1  and  2  and  C o m p a r a t i v e   E x a m p l e s   1  and  2.  T a b l e  

1  shows  t h e   r e s u l t s   of  t h e   d u r a b i l i t y   t e s t   and  t h e   t e m p e r -  

a t u r e   d e p e n d e n c y   t e s t .   I n c i d e n t a l l y ,   t h e   b a s e   o i l   w a s  

a d m i x e d ,   in   t h e   same  m a n n e r   as  in   E x a m p l e s   1  and  2  a n d  

C o m p a r a t i v e   E x a m p l e s   1  and  2  ( i n   t h e   same  m a n n e r   as  in   t h e  

o t h e r   E x a m p l e s   and  C o m p a r a t i v e   E x a m p l e s )   w i t h   4.0%  b y  

w e i g h t   of  a  p o l y m e t h a c r y l a t e   ( m o l e c u l a r   w e i g h t   4 2 , 0 0 0 ) ,  

4.0%  by  w e i g h t   of  a  p o l y b u t e n y l   s u c c i n i c   a c i d   i m i d e  

( m o l e c u l a r   w e i g h t   of   t h e   p o l y b u t e n y l   g r o u p   1000)   and  0 . 5 %  

by  w e i g h t   of  an  a c i d   a m i d e .  
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* i  

M i n e r a l   o i l   I  :  k i n e m a t i c   v i s c o s i t y   a t   100°C  5  c e n t i s t o k e s ;  

c o n t e n t   of  s u l f u r   200  ppm;  p o u r   p o i n t  

- 1 7 . 5 ° C ;   and  %  C&  6 

M i n e r a l   o i l   I I :   k i n e m a t i c   v i s c o s i t y   a t   100  °C  5 .0   c e n t i s t o k e s ;  

c o n t e n t   of  s u l f u r   (ppm)  1>  ;  p o u r   p o i n t  

- 4 5 ° C ;   and  %  CA  0 .1   > 

S y n t h e t i c   o i l   I I I   :  a - o l e f i n   o l i g o m e r   ( k i n e m a t i c   v i s c o s i t y  

a t   100  °C  4  c e n t i s t o k e s )  

S y n t h e t i c   o i l   IV  :  2 - m e t h y l - 2   ,  4 - d i c y c l o h e x y l   p e n t a n e  

( k i n e m a t i c   v i s c o s i t y   a t   100  °C  3 .7   c e n t i -  

s t o k e s )  

*2  :  m o n o l a u r y l   e s t e r   of  o c t a d e c e n y l   s u c c i n i c   a c i d  

*3  A2  :  o c t y l m e r c a p t a n   p r o p y l e n e   o x i d e   e s t e r   of  o c t a d e c e n y l  

s u c c i n i c   a c i d  

*4  A3  :  5 - h y d r o x y - 3 - t h i a p e n t y l   e s t e r   of  o c t a d e c e n y l  

s u c c i n i c   a c i d  

*5  :  o l e i c   a c i d   m o n o g l y c e r i d e  

*6  B2  :  s o r b i t a n   m o n o o l e a t e  

I t   i s   u n d e r s t o o d   f rom  T a b l e   1  and  F i g u r e s   1  t o  

F i g u r e   3  t h a t   t h e   l u b r i c a t i n g   o i l   c o m p o s i t i o n   of   t h e   p r e s e n t  

i n v e n t i o n   has   e x c e l l e n t   f r i c t i o n   c h a r a c t e r i s t i c s .   I n  

p a r t i c u l a r ,   i t   i s   u n d e r t o o d   f rom  t h e   r e s u l t s   of   t h e   t e m p e r -  

a t u r e   d e p e n d e n c y   t e s t   t h a t   t h e   c h a n g e s   in   t h e   f r i c t i o n  

c h a r a c t e r i s t i c s   d e p e n d i n g   on  t h e   o i l   t e m p e r a t u r e   a r e  

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

p r e s e n t   i n v e n t i o n   i s   v e r y   e f f e c t i v e   as  a  l u b r i c a t i n g   o i l  

f o r   a u t o m a t i c   t r a n s m i s s i o n s ,   l u b r i c a t i n g   o i l   f o r   t h e   p a r t s  

h a v i n g   a  w e t - t y p e   c l u t c h   or   w e t - t y p e   b r a k e   in   t r a c t o r s   a n d  

the   l i k e ,   and  so  o n .  

B e s i d e s ,   t h e   c o m p o s i t i o n   h a v i n g   s u c h   c h a r a c t e r i s t i c s  

in  c o m b i n a t i o n   i s   a l s o   e f f e c t i v e   as  a  l u b r i c a t i n g   o i l   i n  

shock   a b s o r b e r s ,   p o w e r   s t e e r i n g s ,   h y d r a u l i c   s u s p e n s i o n s  

md  t h e   l i k e   and  as  a  c o m b i n e d - u s e   o i l   f o r   a  p l u r a l i t y   o f  

: h e s e   o b j e c t s .  
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C L A I M S  

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

t h a t   t h e   b a s e   o i l   c o n t a i n s   (A)  f rom  0 .05   to   5%  by  w e i g h t  

of   an  e s t e r   of   a l k e n y l   s u b s t i t u t e d   s u c c i n i c   a c i d   a n d / o r  

an  e s t e r   of   a l k y l   s u b s t i t u t e d   s u c c i n i c   a c i d   and  (B)  f r o m  

0 . 0 0 5   to  5%  by  w e i g h t   of  a  f a t t y   a c i d   e s t e r   of  a  p o l y h y d r i c  

a l c o h o l .  

2.  The  l u b r i c a t i n g   o i l   c o m p o s i t i o n   as  c l a i m e d   in  C l a i m  

1  w h e r e i n   t h e   b a s e   o i l   c o n t a i n   0.5%  by  w e i g h t   or  l e s s   o f  

s u l f u r .  
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