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@  Lubricating  oil  composition. 

A  storage  stable  lubricating  composition  with  improved 
friction  reducing  properties  comprises  a  major  proportion  of 
lubricating  oil  and  minor  amounts  of  (1)  an  ester  of  a  polycar- 
boxylic  acid  with  a  glycol  or  glycerol,  (2)  a  zinc  dihydrocarbyl 
dithiophosphate  and  (3)  an  ashless  dispersant  containing  a 
high  molecular  weight  aliphatic  hydrocarbon  oil  solubilizing 
group  attached  thereto  and  further  containing  from  0.35  to  1.8 
millimoles  of  free  hydroxyl  groups  per  gram  of  active  ingre- 
dient(s)  in  the  dispersant.  Component  (1)  may  be  an  ester  of  a 
linoleic  acid  dimer  and  diethylene  glycol.  In  component  (2)  the 
dihydrocarbyl  is  suitably  C2  to  C8  alkyl.  Component  (3)  may  be 
derived  from  a  polyalkenyl  (e.g.  about  900)  succinic  acid  or  an- 
hydride,  pentaeryrithritol  and  a  mixture  of  polyoxypropylene 
amine  and  tetraethylene  pentamine. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  s t o r a g e   s t a b l 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   h a v i n g   i m p r o v e d  

a n t i - f r i c t i o n   p r o p e r t i e s .  

T h e r e   has   b e e n   c o n s i d e r a b l e   e f f o r t   in  r e c e n t  

y e a r s   to  d e v e l o p   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   w h i c h   w i l l  

r e d u c e   f r i c t i o n   in  e n g i n e s   and  p a r t i c u l a r l y   a u t o m o t i v e  

e n g i n e s .   T h i s   e f f o r t   i s   b a s e d   on  the   need   to  i m p r o v e   t h e  

f u e l   economy  of  s u c h   e n g i n e s   w h i c h   o p e r a t e   on  p e t r o l e u m  

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

an  e s c a l a t i n g   p r i c e .   I t   i s   known  t h a t   h i g h   e n g i n e   f r i c -  

t i o n   c a u s e s   s i g n i f i c a n t   e n e r g y   l o s s   and  t h u s   one  way  t o  

i m p r o v e   f u e l   e c o n o m y   is   to  r e d u c e   such   f r i c t i o n .  

Known  ways  to  s o l v e   t h e   p r o b l e m   of  e n e r g y   l o s s e s  

due  to   h i g h   f r i c t i o n   e . g . ,   in  c r a c k c a s e   m o t o r   o i l s   i n -  

c l u d e   t h e   use   of  s y n t h e t i c   e s t e r   b a s e   o i l s   w h i c h   a r e   e x -  

p e n s i v e   and  t h e   u s e   of  i n s o l u b l e   m o l y b d e n u m   s u l f i d e s  

w h i c h   have   t h e   d i s a d v a n t a g e   of  g i v i n g   t he   o i l   c o m p o s i t i o n  

a  b l a c k   or  h a z y   a p p e a r a n c e .  
A n o t h e r   a p p r o a c h   to  r e d u c e   e n e r g y   l o s s e s   by  t h e  

use   of  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   i n v o l v e s   a  c o m p o s i -  
t i o n   c o n t a i n i n g   an  a d d i t i v e   c o m b i n a t i o n   of  an  o i l   s o l u b l e  

f r i c t i o n   r e d u c i n g   e s t e r   c o m p o n e n t   d e r i v e d   f rom  e s t e r i f i -  

c a t i o n   of  a  p o l y c a r b o x y l i c   a c i d   w i t h   a  g l y c o l   and  a  z i n c  

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

i s   d i s c l o s e d   in   U .S .   P a t e n t   4 , 1 0 5 , 5 7 1   w h i c h   n o t e s   t h a t  

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

p a c k a g e   of  s u c h   e s t e r   and  z i n c   t h i o p h o s p h a t e   c o m p o n e n t s  

p r o v i d e s   e x c e l l e n t   a n t i - f r i c t i o n   and  a n t i - w e a r   p r o p e r t i e s ,  

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

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

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

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

t i o n ,   and  p r e f e r a b l y   p r e d i s p e r s i n g   e i t h e r   t h e   e s t e r   a n d /  

or  z i n c   t h i o p h o s p h a t e   c o m p o n e n t s   p r i o r   to  t h e i r   a d d i t i o n  



to  t h e   r e m a i n d e r   of  t h e   c o m p o s i t i o n .   Such  a s h l e s s   d i s -  

p e r s a n t s   may  c o n t a i n   h y d r o x y l   g r o u p s   as  n o t e d   in   t h e  

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

e n g i n e   f r i c t i o n   and  c o n s e q u e n t l y   i m p r o v e d   f u e l   e c o n o m y ,  
t h e r e   i s   a l w a y s   t h e   n e e d   and  d e s i r e   f o r   f u r t h e r   r e d u c t i o n s  

in  e n e r g y   l o s s e s   due  to   f r i c t i o n   or  o t h e r w i s e   s i n c e   e v e n  

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

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

n u m b e r   of   e n g i n e s   in   u s e .  

SUMMARY  OF  THE  INVENTION 

I t   has   now  s u r p r i s i n g l y   b e e n   d i s c o v e r e d   t h a t  

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   c o n t a i n i n g   an  a d d i t i v e   c o m b i -  

n a t i o n   of  an  e s t e r   of  a  p o l y c a r b o x y l i c   a c i d   and  a  g l y c o l  

or  g l y c e r o l   p l u s   z i n c   d i h y d r o c a r b y l   d i t h i o p h o s p h a t e   c a n  
be  made  s t o r a g e   s t a b l e   and  h a v e   p a r t i c u l a r l y   i m p r o v e d  
f r i c t i o n   r e d u c i n g   p r o p e r t i e s   when  an  a s h l e s s   d i s p e r s a n t  

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

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

p r o v i d e d   by  t h e   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   w h i c h   i n -  

c l u d e s   an  a d d i t i v e   c o m b i n a t i o n   of  (1)  an  e s t e r   of  a  

p o l y c a r b o x y l i c   a c i d   w i t h   a  g l y c o l   or   g l y c e r o l ,   (2)  a  

z i n c   d i h y d r o c a r b y l   d i t h i o p h o s p h a t e   and  (3)  an  a s h l e s s  

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

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

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

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

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

f r i c t i o n   r e d u c i n g   p r o p e r t i e s   i s   p r o v i d e d   by  a  c o m p o s i t i o n  

c o m p r i s i n g   a  m a j o r   p o r t i o n   of  l u b r i c a t i n g   o i l ,   f rom  a b o u t  

0 . 0 1   to   1 .0   p a r t s   by  w e i g h t   of  an  e s t e r   of  a  p o l y c a r b o x y l i c  

a c i d   w i t h   a  g l y c o l   or   g l y c e r o l ,   f rom  a b o u t   0 . 0 1   to   a b o u t  

5 .0   p a r t s   by  w e i g h t   of   z i n c   d i h y d r o c a r b y l   d i t h i o p h o s p h a t e  

and  f rom  a b o u t   0 .1   to   a b o u t   20  p a r t s   by  w e i g h t   of  a n  

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



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

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

.  a b o u t   0 . 3 5   to   a b o u t   1 .8  m i l l i m o l e s   (m1)  of  f r e e   h y d r o x y l  

pe r   gram  of   d i s p e r s a n t ,   a l l   w e i g h t s   b a s e d   on  100  p a r t s  

by  w e i g h t   of  s a i 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 .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

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

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

p o l y c a r b o x y l i c   a c i d   and  a  g l y c o l   or   g l y c e r o l ,   z i n c   d i -  

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

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

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

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

p o l y c a r b o x y l i c   a c i d .  

B e s t   r e s u l t s   a r e ,   h o w e v e r ,   o b t a i n e d   when  s u c h  

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

c a r b o x y l i c   a c i d   w i t h   a  g l y c o l   or  g l y c e r o l ,   p r e f e r a b l y  

g l y c o l .   Such  an  e s t e r   may  be  a  p a r t i a l ,   d i -   or  p o l y e s t e r  
.  w i t h   t y p i c a l   f o r m u l a s   of  t h e   e s t e r   r e p r e s e n t e d   by  t h e  

f o l l o w i n g   g e n e r a l   f o r m u l a s   when  u s i n g   a  g l y c o l :  

(1)  HO-R-OOC-R"-COOH 

(2)  H O - R - O O C - R " - C O O R ' - O H  

(3)  H O - R - O O C - R " - C O O R - O O C - R " - C O O R ' - O H  

w h e r e i n   R"  i s   t h e   h y d r o c a r b o n   r a d i c a l   of  s a i d   a c i d   a n d  

e a c h   R  a n d   R'  may  be  t h e   same  or  d i f f e r e n t   h y d r o c a r b o n  

r a d i c a l s   a s s o c i a t e d   w i t h   a  g l y c o l   or  d i o l   as  h e r e i n a f t e r  

d e f i n e d .   I t   w i l l ,   of  c o u r s e ,   be  a p p r e c i a t e d   t h a t   e s t e r s  

of  t h e   t y p e   i l l u s t r a t e d   by  the   f o r e g o i n g   f o r m u l a s   can   b e  

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

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

d i o l s .  

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

e s t e r   may  be  an  a l i p h a t i c   s a t u r a t e d   or  u n s a t u r a t e d   a c i d  



and  w i l l   g e n e r a l l y   have   a  t o t a l   of  a b o u t   24  to   a b o u t   9 0 ,  

p r e f e r a b l y   a b o u t   24  to  a b o u t   60  c a r b o n   a t o m s   and  a b o u t   2 

to  a b o u t   4,  p r e f e r a b l y   a b o u t   2  to   a b o u t   3  and  more  p r e f -  

e r a b l y   a b o u t   2  c a r b o x y l i c   a c i d   g r o u p s   w i t h   a t   l e a s t   a b o u t  

9  up  to   a b o u t   42  c a r b o n   a t o m s ,   p r e f e r a b l y   a b o u t   12  t o  

a b o u t   42  and  more   p r e f e r a b l y   a b o u t   16  to   a b o u t   22  c a r b o n  

a toms   b e t w e e n   t h e   c a r b o x y l i c   a c i d   g r o u p s .  
The  o i l   i n s o l u b l e   g l y c o l   w h i c h   i s   r e a c t e d   w i t h  

t h e   p o l y c a r b o x y l i c   a c i d   may  be  an  a l k a n e   d i o l ,   i . e .  

a l k y l e n e   g l y c o l   or  an  o x a - a l k a n e   d i o l ,   i . e .   p o l y a l k y l e n e  

g l y c o l ,   s t r a i g h t   c h a i n   or  b r a n c h e d .   The  a l k a n e   d i o l   m a y  
have   f rom  a b o u t   2  to   a b o u t   12  c a r b o n   a t o m s   and  p r e f e r a b l y  
a b o u t   2  to   a b o u t   5  c a r b o n   a t o m s   in  t h e   m o l e c u l e   and  t h e  

o x a - a l k a n e   d i o l   w i l l ,   g e n e r a l l y ,   h a v e   f rom  a b o u t   4  t o  

a b o u t   200 ,   p r e f e r a b l y   a b o u t   4  to   a b o u t   100  c a r b o n   a t o m s .  

The  o x a - a l k a n e   d i o l   ( p o l y a l k y l e n e   g l y c o l )   w i l l ,   of  c o u r s e ,  
c o n t a i n   p e r i o d i c a l l y   r e p e a t i n g   g r o u p s   of  t h e   f o r m u l a :  

w h e r e i n   R  may  be  H,  CH3,  C 2 H S  o r   C3H7,  and  x  i s   2  to  1 0 0 ,  

p r e f e r a b l y   2  to   25.  The  p r e f e r r e d   a l k a n e   d i o l   or  a l k y l e n e  

g l y c o l   i s   e t h y l e n e   g l y c o l   and  t h e   p r e f e r r e d   o x a - a l k a n e  

d i o l   or   p o l y a l k y l e n e   g l y c o l   i s   d i e t h y l e n e   g l y c o l .   As  

i n d i c a t e d   p r e v i o u s l y ,   g l y c e r o l   may  a l s o   be  u s e d   in  p r e -  

p a r i n g   t h e   e s t e r   of  p o l y c a r b o x y l i c   a c i d   and  i t   i s   c o n -  

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

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

W h i l e   any  of  t h e   e s t e r s   as  s e t   f o r t h   a b o v e   c a n  

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

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

p o l y c a r b o x y l i c   a c i d   a r e   s e p a r a t e d   f rom  e a c h   o t h e r   b y  f r o m  

a b o u t   16  to   a b o u t   22  c a r b o n   a t oms   and  w h e r e i n   t h e   h y d r o x y  

g r o u p s   a r e   s e p a r a t e d   f rom  t h e   c l o s e s t   c a r b o x y l   g r o u p   b y  

f rom  a b o u t   2  to  a b o u t   12  c a r b o n   a t o m s .   P a r t i c u l a r l y  



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

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

t a u g h t   in   U .S .   P a t e n t   3 , 1 8 0 , 8 3 2   w h i c h   was  g r a n t e d   o n  

A p r i l   27,   1965  and  U.S .   P a t e n t   3 , 4 2 9 , 8 1 7   w h i c h   was  g r a n t e d  

on  F e b r u a r y   25,  1 9 6 9 ,   and  as  t h e r e   i n d i c a t e d ,   t h e   h y d r o -  
c a r b o n   p o r t i o n   of   t h e   d i m e r   or   d i c a r b o x y l i c   a c i d   t h u s  

o b t a i n e d   may  c o n t a i n   a  s i x   member   r i n g .   The  f o r m a t i o n   o f  

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

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

I t   w i l l ,   of  c o u r s e ,   be  a p p r e c i a t e d   t h a t   w h i l e   t h e   r e a c -  

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

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



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

c o n t a i n   m i n o r   a m o u n t s   of  u n r e a c t e d   monomer   or   m o n o m e r s .  
As  a  r e s u l t ,   c o m m e r c i a l l y   a v a i l a b l e   d i m e r   a c i d s   may  c o n -  
t a i n   as  much  as  25%  t r i m e r   and  t h e   u se   of  s u c h   m i x t u r e s  

i s   w i t h i n   t h e   s c o p e   of   t h e   p r e s e n t   i n v e n t i o n .  

The  p r e f e r r e d   h y d r o x y - s u b s t i t u t e d   e s t e r   l u b r i -  

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

t h e   r e a c t i o n   p r o d u c t   of  a  d i m e r i z e d   f a t t y   a c i d ,   s u c h   a s  
t h o s e   i l l u s t r a t e d ,   and  an  o i l   i n s o l u b l e   g l y c o l   and  m a y  
be  p r o d u c e d   by  v a r i o u s   t e c h n i q u e s .   As  p r e v i o u s l y   p o i n t e d  

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

a c i d ,   o l e i c   a c i d   or  t h e   m i x e d   d i m e r   of  l i n o l e i c   and  o l e i c  

a c i d s ,   w h i c h   may  a l s o   c o n t a i n   some  monomer   as  w e l l   a s  

t r i m e r .   O t h e r   s p e c i f i c a l l y   s a t i s f a c t o r y   g l y c o l s   in   a d d i -  

t i o n   to   e t h y l e n e   g l y c o l   and  p o l y e t h y l e n e   g l y c o l   a r e ,   f o r  

e x a m p l e ,   p r o p y l e n e   g l y c o l ,   p o l y p r o p y l e n e   g l y c o l ,   b u t y l e n e  

g l y c o l ,   p o l y b u t y l e n e   g l y c o l   and  t h e   l i k e .  

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

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

of  d i t h i o p h o s p h o r i c   a c i d s   and  may  be  r e p r e s e n t e d   by  t h e  

f o l l o w i n g   f o r m u l a :  

w h e r e i n   R  a n d   R'  may  be  t h e   same  or  d i f f e r e n t   h y d r o c a r b y l  

r a d i c a l s   c o n t a i n i n g   f rom  1  to   18  and  p r e f e r a b l y   2  to  12  

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

a r y l ,   a r a l k y l ,   a l k a r y l   and  c y c l o a l i p h a t i c   r a d i c a l s .   P a r -  

t i c u l a r l y   p r e f e r r e d   as  R  a n d   R'  g r o u p s   a r e   a l k y l   g r o u p s   o f  

2  to   8  c a r b o n   a t o m s .   T h u s ,   t h e   r a d i c a l s   may,  f o r   e x a m p l e ,  

be  e t h y l ,   n - p r o p y l ,   i - p r o p y l ,   n - b u t y l ,   i - b u t y l ,   s e c - b u t y l ,  

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

d e c y l ,   d o d e c y l ,   o c t a d e c y l ,   2 - e t h y l h e x y l ,   p h e n y l ,   b u t y l -  

p h e n y l ,   c y c l o h e x y l ,   m e t h y l c y c l o p e n t y l ,   p r o p e n y l ,   b u t e n y l ,  



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

of  c a r b o n   a t oms   in   t h e   d i t h i o p h o s p h o r i c   a c i d   w i l l   a v e r a g e  
a b o u t   5  or  g r e a t e r .  

The  z i n c   d i h y d r o c a r b y l   d i t h i o p h o s p h a t e s   w h i c h  

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

may  be  p r e p a r e d   in  a c c o r d a n c e   w i t h   known  t e c h n i q u e s   b y  

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

r e a c t i o n   of   an  a l c o h o l   or  p h e n o l   w i t h   P 2 S 5  a n d   t h e n   n e u -  

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

z i n c   compound   s u c h   as  z i n c   o x i d e .   In  g e n e r a l ,   t h e   a l c o h o l  

or  m i x t u r e s   of  a l c o h o l s   c o n t a i n i n g   f rom  1  to   18  c a r b o n  

a toms   may  be  u s e d   to   e f f e c t   t h e   e s t e r i f i c a t i o n .   T h e  

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

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

a  c y c l o a l i p h a t i c   or  a r o m a t i c   g r o u p .   Among  t he   a l c o h o l s  

w h i c h   a r e   g e n e r a l l y   p r e f e r r e d   f o r   use   as  s t a r t i n g   m a t e -  

r i a l s   in  t h e   p r e p a r a t i o n   of  t h e   e s t e r s   may  be  m e n t i o n e d  

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

m e t h y l   c y c l o h e x y l   a l c o h o l s   as  w e l l   as  c o m m e r c i a l   m i x t u r e s  

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

c o c o n u t   o i l   and  known  as  " L o r o l   B"  a l c o h o l ,   w h i c h   m i x t u r e  

c o n s i s t s   e s s e n t i a l l y   of  a l c o h o l s   in  t h e   C10  to  C18  r a n g e .  
O t h e r   n a t u r a l   p r o d u c t s   c o n t a i n i n g   a l c o h o l s   such   as  t h e  

a l c o h o l s   d e r i v e d   f rom  wool   f a t ,   n a t u r a l   waxes   and  t he   l i k e  

may  be  u s e d .   M o r e o v e r ,   a l c o h o l s   p r o d u c e d   by  t h e   o x i d a t i o n  

of  p e t r o l e u m   h y d r o c a r b o n   p r o d u c t s   as  w e l l   as  t h e   O x o -  

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

h y d r o g e n   may  be  e m p l o y e d .   F u r t h e r   a r o m a t i c   c o m p o u n d s   s u c h  

as  a l k y l a t e d   p h e n o l s   of   t h e   t y p e   n - b u t y l   p h e n o l ,   t e r t i a r y -  

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

p h e n o l ,   p e t r o l e u m   p h e n o l   and  t h e   l i k e   as  w e l l   as  t h e  

c o r r e s p o n d i n g   n a p h t h o l s   may  be  e m p l o y e d   in  l i k e   m a n n e r .  

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

t h e n   n e u t r a l i z e d   w i t h   a  s u i t a b l e   b a s i c   z i n c   compound   o r  

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

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



a r e   mos t   g e n e r a l l y   e m p l o y e d .  

G e n e r a l l y ,   any  l u b r i c a t i n g   o i l   a s h l e s s   d i s p e r -  
s a n t   c o n t a i n i n g   a  h i g h   m o l e c u l a r   w e i g h t   a l i p h a t i c   h y d r o -  
c a r b o n   o i l   s o l u b i l i z i n g   g r o u p   a t t a c h e d   t h e r e t o   and  t h e  

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

t h e   c o m p o s i t i o n   of   t h i s   i n v e n t i o n .   More  p a r t i c u l a r l y ,  
s a i d   d i s p e r s a n t   w i l l   c o n t a i n   f rom  a b o u t   0 . 3 5   to  a b o u t   1 . 8  

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

e r a b l y   f rom  a b o u t   0 .5  to   a b o u t   1 .5   and  more  p r e f e r a b l y  
a b o u t   0 .7   to   a b o u t   1 .3   m i l l i m o l e s   of  f r e e   h y d r o x y l   p e r  

gram  of  d i s p e r s a n t .   In  r e f e r r i n g   to   d i s p e r s a n t   in   t h e  

c o n t e x t   of  f r e e   h y d r o x y l   g r o u p s ,   t h e   gram  w e i g h t   i s   o f  

a c t i v e   d i s p e r s a n t ,   i . e .   i t   d o e s   n o t   i n c l u d e   t h e   c a r r i e r  

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

o t h e r w i s e   d i s p e r s e d .  

The  s i g n i f i c a n c e   of  t h e   h y d r o x y l   c o n t e n t   in  t h e  

d i s p e r s a n t   i s   t h e   e s s e n t i a l   f e a t u r e   of  t h i s   i n v e n t i o n  

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

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

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

is   a  min imum  a m o u n t   of  h y d r o x y l   c o n t e n t   w h i c h   mus t   b e  

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

t i o n   s t a b i l i t y .   A c c o r d i n g l y ,   i t   i s   e s s e n t i a l   t h a t   t h e  

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

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

c o m p o s i t i o n   w i t h   i m p r o v e d   f r i c t i o n   r e d u c i n g   p r o p e r t i e s  

w h i l e   r e t a i n i n g   i t s   s t a b i l i t y .  

A  v a r i e t y   of  c o m p o u n d s   may  be  u s e d   as  t h e   a s h -  

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

p r o v i d e d   t h e y   have   a  s u i t a b l e   h i g h   m o l e c u l a r   w e i g h t   a l i -  

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

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

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

of  mono  and  p o l y c a r b o x y l i c   a c i d s   w i t h   p o l y h y d r i c   a l c o h o l s ,  

p h e n o l s   and  n a p h t h o l s   as  w e l l   as  n i t r o g e n   c o n t a i n i n g  

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



p r e v i o u s l y   n o t e d .   I t   is   c o n t e m p l a t e d   t h a t   m i x t u r e s   a n d  

a  w i d e   v a r i e t y   of  c o m p o u n d s   may  be  u t i l i z e d   as  t h e   a s h -  

l e s s   d i s p e r s a n t   or   a s h l e s s   d i s p e r s a n t   s y s t e m   in  t h i s   i n -  

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

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

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

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

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

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

u s e d   t h r o u g h o u t   t h i s   a p p l i c a t i o n   is   i n t e n d e d   to   i n c l u d e  

such   m i x t u r e s   and  c o m b i n a t i o n   of  c o m p o u n d s   t h e r e o f .  
The  d i f f e r 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  

t h i s   i n v e n t i o n   a r e   c h a r a c t e r i z e d   by  a  l o n g   c h a i n   h y d r o -  
c a r b o n   g r o u p   or  g r o u p s ,   w h i c h   may  be  a t t a c h e d ,   e . g .   t o  

t he   a c i d ,   so  t h e   a c i d   c o n t a i n s   a  t o t a l   of  a b o u t   50  t o  

a b o u t   400  c a r b o n   a t o m s ,   s a i d   a c i d   b e i n g   a t t a c h e d ,   e . g .  
to   an  amine   a n d / o r   e s t e r   g r o u p   or  b o t h .  

E s t e r   c o n t a i n i n g   a s h l e s s   d i s p e r s a n t s   of  t h i s  

i n v e n t i o n   can   be  d e r i v e d   f rom  p o l y h y d r i c   a l i p h a t i c  

a l c o h o l s   or  p o l y h y d r i c   a r o m a t i c   h y d r o x y l   c o n t a i n i n g   c o m -  

p o u n d s   s u c h   as  p h e n o l s   and  n a p h t h o l s .   The  p o l y h y d r i c  
a l c o h o l s   and  a r o m a t i c   c o m p o u n d s   u s e d   w i l l   p r e f e r a b l y  
c o n t a i n   f rom  2  to  a b o u t   10  h y d r o x y   r a d i c a l s   and  a r e  
i l l u s t r a t e d   by  e t h y l e n e   g l y c o l ,   d i e t h y l e n e   g l y c o l ,   t r i -  

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

t r i p r o p y l e n e   g l y c o l ,   d i b u t y l e n e   g l y c o l ,   t r i b u t y l e n e  

g l y c o l ,   and  o t h e r   a l k y l e n e   g l y c o l s   in   w h i c h   t he   a l k y l e n e  
r a d i c a l s   c o n t a i n   f rom  a b o u t   2  to  a b o u t   8  c a r b o n   a t o m s .  

A l s o ,   r e s o r c i n o l ,   c a t e c h o l ,   p , p ' - d i h y d r o x y b i p h e n y l ,  

4 , 4 ' - m e t h y l e n e   b i s - p h e n o l ,   d i   ( h y d r o x y p h e n y l ) .   o x i d e ,  

and  d i   ( h y d r o x y p h e n y l )   s u l f i d e .   O t h e r   u s e f u l   p o l y h y d r i c  

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

p e n t a e r y t h r i t o l ,   t r i m e t h y l o l   p r o p a n e ,   9 , 1 0 - d i h y d r o x y -  
s t e a r i c   a c i d ,   1 , 2 - b u t a n e d i o l ,   2 , 3 - h e x a n e d i o l ,   2 ,4   h e x a n e -  

d i o l ,   p i n a c o l ,   e r y t h r i t o l ,   a r a b i t o l ,   s o r b i t o l ,   m a n n i t o l ,  
and  1 , 2 - c y c l o h e x a n e d i o l .   C a r b o h y d r a t e s   s u c h   as  s u g a r s ,  
s t a r c h e s ,   c e l l u l o s e ,   e t c . ,   l i k e w i s e   may  y i e l d   a p p r o p r i a t e  



e s t e r s   as  e x e m p l i f i e d   by  f l u c o s e ,   f r u c t o s e ,   s u c r o s e ,  
r h a m n o s e ,   m a n n o s e ,   g l y c e r a l d e h y d e ,   and  g a l a c t o s e .  

An  e s p e c i a l l y   p r e f e r r e d   c l a s s   of   p o l y h y d r i c  
a l c o h o l s   a r e   t h o s e   h a v i n g   a t   l e a s t   t h r e e   h y d r o x y   r a d i c a l s ,  

some  of   w h i c h   h a v e   b e e n   e s t e r i f i e d   w i t h   a  m o n o c a r b o x y l i c  
a c i d   h a v i n g   f rom  a b o u t   8  to   a b o u t   30  c a r b o n   a toms   s u c h   a s  
o c t a n o i c   a c i d ,   o l e i c   a c i d ,   s t e a r i c   a c i d ,   l i n o l e i c   a c i d ,  
d o d e c a n o i c   a c i d   or   t a l l   o i l   a c i d .   E x a m p l e s   of  s u c h  

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

of  e r y t h r i t o l .  

The  e s t e r   d i s p e r s a n t   of  t h i s   i n v e n t i o n   may  a l s o  

be  d e r i v e d   f rom  u n s a t u r a t e d   a l c o h o l s ,   e t h e r - a l c o h o l s ,   a n d  

amino  a l c o h o l s   i n c l u d i n g   f o r   e x a m p l e :   o x y - a l k y l e n e ,  

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

a l c o h o l s .   Such  c o m p o u n d s   i n c l u d e   d i   ( h y d r o x y e t h y l )   a m i n e ,  
t r i   ( h y d r o x y p r o p y l )   a m i n e ,   N , V , N , N - t e t r a h y d r o x y t r i m e t h y l -  

e n e d i a m i n e ,   2 - a m i n o - 2 - m e t h y 1 - 1 , 3   p r o p a n e d i o l ,   2 - a m i n o - 2 -  

e t h y l - l , 3 - p r o p a n e d i o l ,   t r i s   ( h y d r o x y m e t h y l )   a m i n o - m e t h a n e ,  

e t c .  

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

g r o u p   w h i c h   w i l l   g e n e r a l l y   h a v e   a b o u t   50  to  a b o u t   4 0 0  

c a r b o n   a t oms   and  p r e f e r a b l y   w i l l   be  d e r i v e d   f rom  an  a l k e n y l  
s u c c i n i c   a c i d / a n h y d r i d e   w h e r e   t h e   a l k e n y l   r a d i c a l   w i l l  

have   a  m o l e c u l a r   w e i g h t   of  a t   l e a s t   a b o u t   900  and  p r e f -  

e r a b l y   a t   l e a s t   a b o u t   1200  and  more  p r e f e r a b l y   a t   l e a s t  

a b o u t   1 3 0 0 .  

A  l a r g e   n u m b e r   of   d i s p e r s a n t s   h a v i n g   t h e   a b o v e  

i d e n t i f i e d   c h a r a c t e r i s t i c s   can   be  u s e d   in  t h i s   i n v e n t i o n  

some  of  w h i c h   a r e   d i s c l o s e d   in  U .S .   P a t e n t s   4 , 1 0 5 , 5 7 1 ;  

3 , 5 4 2 , 6 7 8 ;   3 , 5 2 2 , 1 7 9 ;   3 , 5 4 2 , 6 8 0 ;   3 , 6 3 2 , 5 1 1 ;   and  3 , 8 0 4 , 7 6 3 .  

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

known  and  a r e   a l s o   d i s c l o s e d   in   t h e   n o t e d   p a t e n t s .   Some 

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

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

a  h y d r o x y   c o m p o u n d   e . g .   p e n t a e r y t h r i t o l   and  a  p o l y o x y -  



a l k y l e n e   p o l y a m i n e   e . g .   p o l y o x y p r o p y l e n e d i a m i n e   and  a  

p o l y a l k y l e n e   p o l y a m i n e   e . g .   p o l y e t h y l e n e d i a m i n e   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   and  2)  a  c o m b i n a t i o n   of  p o l y i s o -  

b u t e n y l   s u c c i n i c   a n h y d r i d e ,   p o l y a l k y l e n e   p o l y a m i n e   e . g . j  
t e t r a e t h y l e n e   p e n t a m i n e   and  a  p o l y h y d r i c   a l c o h o l   or  p o l y -  

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

e r y t h r i t o l   or   t r i s m e t h y l o l a m i n o m e t h a n e .  

In  g e n e r a l ,   t h e   z i n c   d i h y d r o c a r b y l   d i t h i o p h o s -  

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

c o n c e n t r a t i o n   w i t h i n   t h e   r a n g e   of  a b o u t   0 . 0 1   to   a b o u t   5 

p a r t s   by  w e i g h t   p e r   100  p a r t s   of  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  p r e f e r a b l y   f rom  a b o u t   0 .5   to   a b o u t   1 . 5 .   T h e  

p o l y c a r b o x y l i c   a c i d / g l y c o l   or  g l y c e r o l   e s t e r   w i l l   be  u s e d  

a t   a  c o n c e n t r a t i o n   of  a b o u t   0 . 0 1   to  a b o u t   2 . 0 ,   p r e f e r a b l y  
a b o u t   0 . 0 5   to  a b o u t   1 .0   and  more  p r e f e r a b l y   0 .05   to   0 . 5  

p a r t s   by  w e i g h t   p e r   100  p a r t s   of  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   a s h l e s s   d i s p e r s a n t   w i l l   be  e m p l o y e d   a t   a  
c o n c e n t r a t i o n   of  a b o u t   0 .1   to   a b o u t   20  and  p r e f e r a b l y  

a b o u t   0 .5  to   a b o u t   10  p a r t s   by  w e i g h t   pe r   100  p a r t s   o f  

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  l u b r i c a t i n g   o i l   l i q u i d   h y d r o c a r b o n s   w h i c h  

may  be  u s e d   i n c l u d e   t h e   m i n e r a l   l u b r i c a t i n g   o i l s   and  t h e  

s y n t h e t i c   l u b r i c a t i n g   o i l s   and  m i x t u r e s   t h e r e o f .   T h e  

s y n t h e t i c   o i l s   w i l l   i n c l u d e   d i e s t e r   o i l s   s u c h   as  d i  

( 2 - e t h y l h e x y l )   s e b a c a t e ,   a z e l a t e   and  a d i p a t e ;   c o m p l e x  
e s t e r   o i l s   s u c h   as  t h o s e   f o r m e d   f rom  d i c a r b o x y l i c   a c i d s ,  

g l y c o l s   and  e i t h e r   m o n o b a s i c   a c i d s   or  m o n o h y d r i c   a l c o h o l s ;  

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

o t h e r  s y n t h e t i c   o i l s   known  to  t h e   a r t .  

O t h e r   a d d i t i v e s ,   of  c o u r s e ,   may  be  a d d e d   to  t h e  

o i l   c o m p o s i t i o n s   of   t h e   p r e s e n t   i n v e n t i o n   to   fo rm  a  
f i n i s h e d   o i l .   Such  a d d i t i v e s   may  be  t h e   c o n v e n t i o n a l l y  

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

p h e n o t h i a z i n e   or  p h e n y l   d - n a p h t h y l a m i n e ;   r u s t   i n h i b i t o r s  

such   as  l e c i t h i n   or  s o r b i t a n   m o n o l e a t e ;   d e t e r g e n t s   s u c h  

as  b a r i u m   p h e n a t e s ;   p o u r   p o i n t   d e p r e s s a n t s   such   as  c o -  

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



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

o l e f i n   c o p o l y m e r s ,   p o l y m e t h a c r y l a t e s ;   e t c .   A  p a r t i c u l a r l y  

u s e f u l   a d d i t i v e   i s   t h e   b a s i c   a l k a l i n e   e a r t h   m e t a l   s a l t s  

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

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

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

p e t r o l e u m   f r a c t i o n s   w i t h   s u b s e q u e n t   r e m o v a l   of   a c i d   s l u d g e  
and  p u r i f i c a t i o n .   S y n t h e t i c   a l k a r y l   s u l f o n i c   a c i d s   a r e  

u s u a l l y   p r e p a r e d   f rom  a l k y l a t e d   b e n z e n e s   s u c h   as  t h e  

F r i e d e l - C r a f t s   r e a c t i o n   p r o d u c t   of  b e n z e n e   and  a  p o l y m e r  
such   as  t e t r a p r o p y l e n e .   S u i t a b l e   a c i d s   may  a l s o   b e  

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

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

d i p h e n y l e n e   s u l f i d e ,   p h e n o t h i a z i n e ,   d i p h e n y l   o x i d e ,   d i -  

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

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

B a s i c   a l k a l i n e   e a r t h   m e t a l   s u l f o n a t e s   a r e   g e n e r -  
a l l y   p r e p a r e d   by  r e a c t i n g   an  a l k a l i n e   e a r t h   m e t a l   b a s e ,  

e . g .   l i m e ,   m a g n e s i u m   o x i d e ,   m a g n e s i u m   a l c o h o l a t e   w i t h   C02  
in  t h e   p r e s e n c e   of   s u l f o n i c   a c i d   or  n e u t r a l   m e t a l   s u l f o -  

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

T h e s e   n e u t r a l   s a l t s   in   t u r n   may  be  p r e p a r e d   f rom  t h e   f r e e  

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

b a s e ,   or  by  d o u b l e   d e c o m p o s i t i o n   of  an  a l k a l i   m e t a l  

s u l f o n a t e ,   w h i c h   m e t h o d s   a r e   w e l l   known  in  t h e   a r t .  

F u r t h e r   d e t a i l s   a r e   d e s c r i b e d   in  U .S .   P a t e n t   No.  3 , 5 6 2 , 1 5 9 .  

The  c o m p o s i t i o n   of   t h i s   i n v e n t i o n   i s   p a r t i c u l a r l y  
u s e f u l   when  m e t a l   c o n t a i n i n g   a d d i t i v e s   s u c h   as  t h e   n o r m a l  

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

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

to  c a u s e   c o m p a t a b i l i t y   p r o b l e m s   in   more  c o n v e n t i o n a l   t y p e  
l u b r i c a n t   c o m p o s i t i o n s .  

The  a b o v e   d e s c r i b e d   a d d i t i v e   p a c k a g e   may  be  u s e d  

in  c o n v e n t i o n a l   b a s e   o i l s   w i t h   o t h e r   c o n v e n t i o n a l   a d d i -  

t i v e s .   W h i l e   t h e   c o m p o n e n t s   can  g e n e r a l l y   be  a d d e d   i n  

t h e i r   n o r m a l   and  c o n v e n t i o n a l   m a n n e r ,   i t   i s   a  p r e f e r r e d  



e m b o d i m e n t   of   t h i s   i n v e n t i o n   to  keep   t he   z i n c   d i h y d r o c a r b y l  

d i t h i o p h o s p h a t e   and  p o l y c a r b o x y l i c   a c i d / g l y c o l   or   g l y c e r o l  
e s t e r   c o m p o n e n t s   a p a r t   f rom  one  a n o t h e r   u n t i l   a t   l e a s t  

one  of  s u c h   c o m p o n e n t s   has   b e e n   p r e d i s p e r s e d   as  d e s c r i b e d  

in  U.S .   4 , 1 0 5 , 5 7 1 .   T h i s   w i l l   h e l p   to   m a i n t a i n   a  s t o r a g e  
s t a b l e   and  c o m p a t i b l e   c o m p o s i t i o n .   By  p r e d i s p e r s e d   i t  

i s   m e a n t   t h a t   t h e   e s t e r   c o m p o n e n t   or  t h e   z i n c   c o m p o n e n t  

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

w h i c h  m a y   be  in   o i l   s o l u t i o n ,   u n t i l   t h e   s o l u t i o n   i s  

g e n e r a l l y   c l e a r .  

The  f o l l o w i n g   e x a m p l e s   a r e   f u r t h e r   i l l u s t r a t i v e  

of  t h i s   i n v e n t i o n   and  a r e   n o t   i n t e n d e d   to  be  c o n s t r u e d   a s  

l i m i t a t i o n s   t h e r e o f .  

EXAMPLE  1 

F o r m u l a t i o n s   were   p r e p a r e d   u s i n g   a  1 0 W - 4 0 S E  

q u a l i t y   a u t o m o t i v e   e n g i n e   o i l   c o n t a i n i n g   1.5%  by  w e i g h t ,  

b a s e d   on  t h e   t o t a l   l u b r i c a t i n g   o i l   w e i g h t ,   of  z i n c   d i a l k y l  

d i t h i o p h o s p h a t e   (80%  a c t i v e   i n g r e d i e n t   in  d i l u e n t   m i n e r a l  

o i l )   in  w h i c h   t h e   a l k y l   g r o u p s   were   a  m i x t u r e   of  s u c h  

g r o u p s   h a v i n g   b e t w e e n   4  and  5  c a r b o n   a t o m s   and  made  b y  

r e a c t i n g   P2s5  w i t h   a  m i x t u r e   of  a b o u t   65%  i s o b u t y l   a l c o -  

h o l   and  35%  of   amyl  a l c o h o l ;   0.1%  by  w e i g h t ,   b a s e d   on  t h e  

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

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

g l y c o l   and  h a v i n g   t h e   f o r m u l a :  

T h i s   a d d i t i v e   i s   a c t u a l l y   a  m i x t u r e   of  t h e  

s t r u c t u r e   shown  p l u s   h i g h e r   m o l e c u l a r   w e i g h t   r e p e a t i n g  
u n i t s   ( p o l y m e r s )   of  t h i s   m a t e r i a l .  

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

h y d r o x y l   c o n t e n t s   we re   u s e d   in  t he   d i f f e r e n t   l u b r i c a t i n g  

f o r m u l a t i o n s   as  d e s c r i b e d   b e l o w :  



A)  5.25%  by  wt .   of  d i s p e r s a n t   ( m i x t u r e   of  4 6 . 5 %  

by  w e i g h t   a c t i v e   i n g r e d i e n t   in  m i n e r a l   l u b r i c a t i n g   o i l )  

was  u s e d ,   s a i d   d i s p e r s a n t   p r e p a r e d   by  r e a c t i n g   p o l y i s o -  

b u t e n y l   s u c c i n i c   a n h y d r i d e   ( P I B S A ) ,   t h e   p o l y i s o b u t e n y l  
r a d i c a l   (PIB)  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   (Mn)  o f  

a b o u t   900  w i t h   an  e q u a l   m o l a r   a m o u n t   of   p e n t a e r y t h r i t o l  
and  a  m i n o r   a m o u n t   of  a  p o l y a m i n e   m i x t u r e   c o m p r i s i n g  

p o l y o x y p r o p y l e n e   amine   and  p o l y e t h y l e n e   a m i n e s   to   fo rm  a  

a  p r o d u c t   h a v i n g   a  n i t r o g e n   c o n t e n t   of  a b o u t   0.35%  b y  

w e i g h t   and  h a v i n g   a  m i l l i m o l e   (mM)  h y d r o x y l   p e r   gram  o f  

a c t i v e   i n g r e d i e n t   of  2 . 0 0 .   M a t e r i a l s   of  t h i s   t y p e   a r e  
d e s c r i b e d   in  U.S .   P a t e n t   3 , 8 0 4 , 7 6 3   and  s o l d   by  L u b r i z o l  

C o r p o r a t i o n   u n d e r   t h e   t r a d e n a m e   L u b r i z o l   6 4 0 1 ;  

B)  A  d i s p e r s a n t   s i m i l a r   to  A  d e s c r i b e d   a b o v e  

b u t   h a v i n g   a b o u t   75%  of   t h e   p e n t a e r y t h r i t o l   a d d e d   w a s  

p r e p a r e d   and  had  a  n i t r o g e n   c o n t e n t   of   0.27%  and  1 . 5 5   mM 
of  h y d r o x y l   p e r   gram  of  a c t i v e   i n g r e d i e n t ;  

C)  A n o t h e r   d i s p e r s a n t   s i m i l a r   to   A  d e s c r i b e d  

above   b u t   u s i n g   a b o u t   50%  of  t h e   p e n t a e r y t h r i t o l   was  p r e -  
p a r e d   and  had  a  n i t r o g e n   c o n t e n t   of  0.44%  and  1 . 2 5   mM  o f  

h y d r o x y l   p e r   gram  of  a c t i v e   i n g r e d i e n t ;  

D)  A n o t h e r   d i s p e r s a n t   s i m i l a r   to   A  d e s c r i b e d  

above   was  p r e p a r e d   u s i n g   10%  of  p e n t a e r y t h r i t o l   and  h a d  

a  n i t r o g e n   c o n t e n t   of  1.05%  and  0 .75   mM  of  h y d r o x y l   p e r  
gram  of  a c t i v e   i n g r e d i e n t :  

The  d i s p e r s a n t s   n o t e d   a b o v e   w e r e   a d d e d   to   t h e  

10W-40SE  c r a n k c a s e   o i l   a l o n g   w i t h   t h e   o t h e r   a d d i t i v e s   a n d  

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

d e t e r g e n t   and  a  VI  i m p r o v e r ,   i . e .   an  e t h y l e n e - p r o p y l e n e  

c o p o l y m e r .  

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

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

on  c y l i n d e r   t e s t .  

The  a p p a r a t u s   u s e d   in   t h e   b a l l   on  c y l i n d e r   t e s t  
i s   d e s c r i b e d   in   t h e   J o u r n a l   of  t h e   A m e r i c a n   S o c i e t y   o f  



L u b r i c a t i o n   E n g i n e e r s ,   e n t i t l e d   "ASLE  T r a n s a c t i o n s " ,  

V o l .   4  p a g e s   1 - 1 1 ,   1 9 6 1 .   In  e s s e n c e ,   t h e   a p p a r a t u s   c o n -  

s i s t s   b a s i c a l l y   of  a  f i x e d   m e t a l   b a l l   l o a d e d   a g a i n s t   a  

r o t a t i n g   c y l i n d e r .   The  w e i g h t   on  t h e   b a l l   and  t h e   r o t a -  

t i o n   of   t h e   c y l i n d e r   can  be  v a r i e d   d u r i n g   any  g i v e n   t e s t  

or  f rom  t e s t   to  t e s t .   A l s o ,   t h e   t i m e   of  any  g i v e n   t e s t  

can  be  v a r i e d .   G e n e r a l l y ,   h o w e v e r ,   s t e e l   on  s t e e l   i s  

u s e d   a t   a  c o n s t a n t   l o a d ,   a  c o n s t a n t   rpm  and  a  f i x e d   t i m e  

and  in  e a c h   of  t h e   t e s t s   of  t h i s   e x a m p l e ,   a  4 K g  l o a d ,  

0 .26   rpm  and  70  m i n u t e s   was  u s e d .   The  a c t u a l   f r i c t i o n   w a s  

d e t e r m i n e d   f rom  t h e   power   a c t u a l l y   r e q u i r e d   to  e f f e c t  

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

t h e   a c t u a l   l o a d   to   t h a t   of  a  s t a n d a r d .   The  a p p a r a t u s   a n d  

m e t h o d   u s e d   i s   more  f u l l y   d e s c r i b e d   in  U .S .   P a t e n t   N o .  

3 , 1 2 9 , 5 8 0   w h i c h   was  i s s u e d   May  21,  1964  to  F u r e y   e t   a l  

and  w h i c h   i s   e n t i t l e d   " A p p a r a t u s   f o r   M e a s u r i n g   F r i c t i o n  

and  C o n t a c t s   B e t w e e n   S l i d i n g   L u b r i c a t i n g   S u r f a c e s " .  

The  r e s u l t s   of  b a l l   on  c y l i n d e r   t e s t   a r e   g i v e n  
b e l o w :  

W h i l e   n o t i n g   in   t h e   a b o v e   c o m p o s i t i o n   t h a t   t h e  

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

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

a b o u t   0 . 3 5   mM  OH/gram  of  a c t i v e   d i s p e r s a n t   was  n e e d e d   t o  

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

e f f e c t s   of  u s i n g   t h e   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   w h e r e -  

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

i s   r e a d i l y   shown  by  t h e   r e s u l t s .  



1.  A  l u b r i c a t i n g   oi l   compos i t ion   compr is ing ,   per  100  p a r t s  

by  weight ,   a  major  p r o p o r t i o n   of  l u b r i c a t i n g   o i l ,   a  t o t a l   of  from 

0.01  to  2.0  p a r t s   by  weight  of  one  or  more  e s t e r s   of  a  p o l y -  

c a r b o x y l i c   acid  with  a  g lyco l   or  g l y c e r o l ,   and  a  t o t a l   of  f rom 

0.01  to  5.0  p a r t s   by  weight  of  one  or  more  zinc  d i h y d r o c a r b y l  

d i t h i o p h o s p h a t e s ;   c h a r a c t e r i z e d   by  f u r t h e r   c o n t a i n i n g   a  t o t a l   o f  

0.1  to  20  pa r t s   by  weight  of  one  or  more  hydroxyl   c o n t a i n i n g  

a s h l e s s   d i s p e r s a n t s   having  a  high  molecu la r   weight  a l i p h a t i c   o i l  

s o l u b i l i z i n g   group  a t t ached   t h e r e t o ,   said  d i s p e r s a n t ( s )   c o n t a i n i n g  

from  0.35  to  1.8  m i l l i m o l e s   of  f ree   hydroxyl   groups  per  gram  o f  

a c t i v e   i n g r e d i e n t ( s )   in  the  d i s p e r s a n t ( s ) .  

2.  A  compos i t ion   as  claimed  in  claim  1,  wherein  said  d i s p e r s a n t  

con t a in s   from  0.5  to  1.5  m i l l i m o l e s   of  f ree   hydroxyl   groups  p e r  

gram  of  a c t i v e   i n g r e d i e n t ( s )   in  the  d i s p e r s a n t .  

3.  A  compos i t ion   as  claimed  in  claim  1  or  claim  2,  wherein  s a i d  

d i s p e r s a n t   is  de r ived   from  an  a lkenyl   s u c c i n i c   acid  or  a n h y d r i d e ,  

in  which  said  a lkeny l   group  has  a  molecu la r   weight  of  at  l e a s t  

900 .  

4.  A  compos i t ion   as  claimed  in  claim  1  or  claim  2 ,where in   s a i d  

d i s p e r s a n t   is  n i t r o g e n - c o n t a i n i n g   a lkenyl   s u c c i n i c   acid  o r  

anhydr ide ,   or  is  an  e s t e r   of  an  a lkenyl   s u c c i n i c   acid  or  a n h y d r i d e  

with  po lyhyd r i c   a l c o h o l s ,   phenols   or  n a p h t h o l s .  

5.  A  compos i t ion   as  claimed  in  any  p reced ing   claim,  w h e r e i n  

said  p o l y c a r b o x y l i c   acid  e s t e r ( s )   component  is  formed  from  a 

d i c a r b o x y l i c   acid  having  from  9  to  42  carbon  atoms  between  t h e  

c a r b o x y l i c   acid  groups  and  a  g lycol   s e l e c t e d   from  alkane  d i o l s  

having  from  2  to  12  carbon  atoms  and  oxa-a lkane   d io l s   having  f rom 

4  to  200  carbon  a t oms .  

6.  A  compos i t i on   as  claimed  in  claim  4,  wherein  said  p o l y -  

c a r b o x y l i c   acid  e s t e r ( s )   component  is  formed  from  a  dimer  acid  o f  

a  con juga ted   f a t t y   acid  having  from  16  to  22  carbon  atoms  be tween  

c a r b o x y l i c   acid  g r o u p s .  



7.  A  compos i t ion   as  claimed  in  claim  6,  wherein  said  e s t e r   i s  

formed  by  the  e s t e r i f i c a t i o n   of  a  dimer  acid  of  l i n o l e i c   acid  and 

d i e t h y l e n e   g l y c o l .  

8.  A  compos i t ion   as  claimed  in  any  p reced ing   claim,  wherein  t h e  

d i h y d r o c a r b y l   groups  of  said  zinc  compound  are  a lkyl   groups  o f  

from  2  to  8  carbon  a t oms .  

9.  A  compos i t ion   as  claimed  in  any  p reced ing   claim,  f u r t h e r  

c o n t a i n i n g   a  metal  c o n t a i n i n g   a d d i t i v e   compris ing  a  normal  o r  

bas ic   metal   phena te ,   s u l f o n a t e   or  s u l f u r i z e d   p h e n a t e .  

10.  A  method  of  p r e p a r i n g   the  l u b r i c a t i n g   compos i t ion   def ined  i n  

any  p reced ing   claim,  c h a r a c t e r i z e d   by  p r e d i s p e r s i n g   e i t h e r   s a i d  

zinc  d i h y d r o c a r b y l   d i t h i o p h o s p h a t e   or  said  e s t e r   of  p o l y c a r b o x y l i c  

acid ,   or  both  s e p a r a t e l y ,   in  at  l e a s t   some  of  said  d i s p e r s a n t  

p r io r   to  i n c o r p o r a t i o n   t h e r e o f   into  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 .  
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