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54)  Lubricant  composition  with  stabilized  metal  detergent  additive  and  friction  reducing  ester  component. 

Oils  with  metal  sulfonate  or  sulfurized  phenate 
detergents  and  friction  reducing  dicarboxylic  esters  are  stabil- 
ized  against  haze  or  sediment  formation  by  treatment  of  this 
oil  solution  of  metal  additive,  prior to  ester  incorporation,  with 
a  phosphosulfurized  polyisobutylene  or  a  polyisobutenyl 
succinic  anhydride  at  55°  to  225°C  for  2-30  hours. 



T h i s   i n v e n t i o n   r e l a t e s   to  o i l   c o m p o s i t i o n s  

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

t i v e   and  a  g l y c o l   e s t e r   f r i c t i o n   m o d i f i e r .   More  p a r t i -  

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

ing   s u c h   c o m p o s i t i o n s   w h e r e i n   t he   f o r m a t i o n   of  haze   a n d  
s e d i m e n t   due  to  t he   i m c o m p a t i b i l i t y   of  t h e s e   a d d i t i v e s   i s  

o v e r c o m 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   c o n t a i n i n g   m e t a l   d e -  

t e r g e n t   a d d i t i v e s   b e i n g   e i t h e r  t h e   n o r m a l   or  b a s i c   ( o v e r -  

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

a t e s   a r e   w e l l   known  in  t h e   a r t   and  a r e   e m p l o y e d   in  v a r i o u s  

m o t o r   o i l   f o r m u l a t i o n s .   F o r m u l a t i n g   t h e s e   m e t a l   d e t e r g e n t  
a d d i t i v e s   w i t h   o t h e r   i n g r e d i e n t s   in  a  f i n i s h e d   l u b r i c a t i n g  

o i l   b l e n d   has  been   known  to  c r e a t e   c o m p a t i b i l i t y   p r o b l e m s ,  

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

p h a s e s ,   v i s i b l e   p r e c i p i t a t i o n   or  haze   and  s i m i l a r   p r o b l e m s  
w h i c h   a r e   e v i d e n c e   of  i n c o m p a t i b i l i t y   or  u n w a n t e d   i n t e r -  

a c t i o n   of  c o m p o n e n t s .  

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

known  in  t he   a r t   i s   r e p r e s e n t e d   by  U .S .   P a t e n t   3 , 7 1 4 , 0 4 2 ,  
i s s u e d   J a n u a r y   30,  1973  to  G r e e n o u g h ,   w h i c h   d i s c l o s e s   t h e  

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

t e m p e r a t u r e s .   U.S .   P a t e n t   3 , 9 6 5 , 0 1 7 ,   i s s u e d   to  B u r n o p  
e t   a l   d i s c l o s e s   s t a b i l i z a t i o n   t h r o u g h   a d d i t i o n   of  s m a l l  

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

or  t he   r e a c t i o n   p r o d u c t   of  a  h y d r o c a r b o n   w i t h   P2S5  and  a  

g l y c o l   or  e t h e r   a l c o h o l .  

L u b r i c a n t   c o m p o s i t i o n s   c o n t a i n i n g   the   p o l y c a r -  

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

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

The  p r e s e n t   i n v e n t i o n   is   c o n c e r n e d   w i t h   r e s o l u -  

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

when  l u b r i c a t i n g   o i l   f o r m u l a t i o n s   a r e   p r e p a r e d   which   c c n -  

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



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

w h e r e   t h e   m e t a l   i s   c a l c i u m   or  m a g n e s i u m ,   and  s m a l l   p r o -  

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

r e d u c i n g   a d d i t i v e .  

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 ,   t h e r e  

i s   p r o v i d e d   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  r e d u c e d  

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

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

m e t a l   d e t e r g e n t   a d d i t i v e   b e i n g   a  m e t a l   or  o v e r b a s e d  m e t a l  

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 .   which  composi t ion   is  p repa red   by  

a  p r o c e s s   c o m p r i s i n q   t h e   s t e p s   o f :  

(a)  p r o v i d i n g   a  l u b r i c a t i n g   o i l   m i x t u r e   c o n t a i n -  

ing   a  l u b r i c a t i n g   o i l   b a s e   s t o c k   c o n t a i n i n g  

a b o u t   0 .1  to  10  p e r c e n t   by  w e i g h t   of  a  m e t a l  

or  o v e r b a s e d   m e t a l   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   d e t e r g e n t   a d d i t i v e ;  

(b)  t r e a t i n g   s a i d   m i x t u r e   by  r e a c t i n g   s a i d   m e t a l  

d e t e r g e n t   a d d i t i v e   w i t h   f rom  a b o u t   50  t o  

100  p e r c e n t   by  w e i g h t ,   b a s e d   upon  t h e   w e i g h t  

of  t h e   m e t a l   d e t e r g e n t   a d d i t i v e ,   w i t h   e i t h e r  

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

( i i )   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 t   t e m p e r a t u r e s   of  f rom  a b o u t   55°C  to  a b o u t  

225°C  f o r   a  p e r i o d   of  f rom  a b o u t   2  to  30 

h o u r s ;   a n d  

(c)  t h e r e a f t e r ,   a d d i n g   to  s a i d   t r e a t e d   m i x t u r e  

a b o u t   0 . 01   to  a b o u t   2.0  p e r c e n t   by  w e i g h t ,  

b a s e d   on  t he   t o t a l   w e i g h t   of  t h e   c o m p o s i -  

t i o n ,   of  s a i d   q l y c o l   e s t e r   f r i c t i o n   m o d i -  
f i e r   a d d i t i v e ,   w h e r e b y   s a i d   c o m p o s i t i o n   e x -  

h i b i t s   a  r e d u c e d - t e n d e n c y   t o w a r d   p h a s e   s e p a -  

r a t i o n   or  s e d i m e n t   or  h a z e   f o r m a t i o n .  

The  m e t a l  d e t e r g e n t   a d d i t i v e s   u s e d   in  t h e   p r e s e n t  

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

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

known  in  t he   a r t .   The  m e t a l   s u l f o n a t e s   a r e   o b t a i n e d   f r o m  



s u l f o n i c   a c i d s   d e r i v e d   f rom  s u l f o n a t i n g   n a t u r a l   or  s y n -  

t h e t i c   h y d r o c a r b o n s ,   such   as  bv  t r e a t i n g   o i l   b a s e   s t o r k s  
w i t h   c o n c e n t r a t e d   or  f u m i n g   s u l f u r i c   a c i d   or  by  s u l f o n a t -  

i ng   a l k y l a t e d   a r o m a t i c   h y d r o c a r b o n s .   The  h y d r o c a r b y l  

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

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

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

w e i g h t   of  f rom  a b o u t   300  to  1 , 0 0 0 ,   s u c h   as  b a r i u m   n o n y l -  
b e n z e n e   s u l f o n a t e ,   m a g n e s i u m   d o d e c y l b e n z e n e   s u l f o n a t e   a n d  

t h e   l i k e .   The  s u l f o n a t e s   a re   u s u a l l y   t h e   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 ,   u s u a l l y   c a l c i u m ,   b a r i u m ,   or  m a g n e s i u m ,  

b u t   can  a l s o   be  a l k a l i   m e t a l   s u l f o n a t e s ,   s u c h   as  s o d i u m  

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

m e t a l   b a s e   in  e x c e s s   t h a t   i s   r e q u i r e d   f o r   s i m p l e   n e u t r a l i -  

z a t i o n .   In  p r e p a r i n g   such   o v e r b a s e d   m a t e r i a l s ,   the   s u l f o n -  

ic   a c i d   is   t y p i c a l l y   r e a c t e d   w i t h   an  e x c e s s   of  m e t a l   b a s e  

and  the   e x c e s s   b a s e   is   u s u a l l y   n e u t r a l i z e d   w i t h   an  a c i d i c  

g a s ,   such   as  c a r b o n   d i o x i d e .   Such  o v e r b a s e d   s u l f o n a t e s  
have   a  t o t a l   b a s e   number   (ASTM-1-D-664)  of  a b o u t   50  to  5 0 0 .  

The  s u l f u r i z e d   p h e n a t e s   a r e   t h e   m e t a l   s a l t s   of  s u l -  

f u r i z e d   a l k y l   p h e n o l s ,   wh ich   c o n t a i n   a b o u t   2  to  14  p e r c e n t  

by  w e i g h t  s u l f u r   b a s e d   on  the   w e i g h t   of  t h e   s u l f u r i z e d  

a l k y l   p h e n o l s .   Such  m a t e r i a l s   a r e   w e l l   known  in  the   a r t  

and  a r e   d e r i v e d   f rom  a l k y l a t e d   p h e n o l s ,   w h e r e i n   the  a l k y l  

i s   C5-C40 ,   such   as  t - a m y l   p h e n o l ,   t - o c t y l   p h e n o l ,   n o n y l -  

p h e n o l ,   d i - t - o c t y l   p h e n o l   and  p h e n o l . s   a l k y l a t e d   w i t h   s u i t -  

a b l e   p o l y m e r s   of  up  to  40  c a r b o n   a t o m s   o b t a i n e d   from  p r o p y l -  

e n e ,   b u t y l e n e ,   a m y l e n e s   or  m i x t u r e s   t h e r e o f .   The  s u l f u r -  

i z e d   p h e n o l s   a r e   p r e p a r e d   by  w e l l - k n o w n   m e t h o d s ,   f o r   e x -  

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

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

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

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

n a t e s   a re   p r e p a r e d   by  the   p r o c e s s   c o m p r i s i n g  r e a c t i n g   t h e  

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



c a r b o n   d i o x i d e .   T y p i c a l   o v e r b a s e d   m e t a l   s u l f u r i z e d   p h e -  
n a t e s   w i l l   have   a  t o t a l   b a s e   number   (ASTM-D-664)  of   a b o u t  

50  to  1 0 0 .  

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

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

2  to  30  h o u r s   a t   t e m p e r a t u r e s   of  f rom  a b o u t   55°C  to  2 2 5 0 C  

w i t h   e i t h e r   a  p h o s p h o s u l f u r i z e d   p o l y i s o b u t y l e n e   or  w i t h   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 ,   and  2 5 - 1 0 0   p e r c e n t ,   p r e f -  

e r a b l y   5 0 - 1 0 0 ,   p e r c e n t   by  w e i g h t   of  t h e s e   m a t e r i a l s   a r e  
u s e d   b a s e d   upon   t h e   w e i g h t   of  t h e   m e t a l   d e t e r g e n t   a d d i t i v e  

p r e s e n t .  

When  e m p l o y i n g   a  p h o s p h o s u l f u r i z e d   p o l y i s o b u t y l e n e ,  

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

s t e p   of  t he   p r e s e n t   i n v e n t i o n   a t   r e l a t i v e l y   h i g h e r   t e m p e r a -  

t u r e s   and  l o n g e r   p e r i o d s   of  t i m e .   Thus ,   t he   p r e f e r r e d  

t r e a t m e n t   c o n d i t i o n s   f o r   P 2 S 5 - p o l y i s o b u t y l e n e   t r e a t m e n t  

a r e   t e m p e r a t u r e s   of  a b o u t   100°C  to  200°C  and  a  t r e a t m e n t  

p e r i o d   of  a b o u t   10  to  25  h o u r s ,   p a r t i c u l a r l y   when  t h e   m e t a l  

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

p h e n a t e .  

When  t he   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   i s   e m -  

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

w i t h   t h i s   i n v e n t i o n   a r e   t e m p e r a t u r e s   of  a b o u t   60°C  t o  

85°C  f o r   a b o u t   2  to  7  h o u r s .  

P h o s p h o s u l f u r i z e d   p o l y i s o b u t y l e n 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   p r e p a r e d   by  m e t h o d s   w e l l   known  i n  

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

w i t h   p o l y i s o b u t y l e n e   a t   e l e v a t e d   t e m p e r a t u r e s .   W h i l e   P 2 S 5  
is   p r e f e r r e d ,   P2S3,   P4S3  and  P4S5  a r e   a l s o   u s e f u l   as  w e l l  

as  m i x t u r e s   t h e r e o f ,   as  w e l l   as  m i x t u r e s   of  e l e m e n t a l   p h o s -  

p h o r o u s   and  s u l f u r .   The  r e a c t i o n   is   c a r r e d   o u t   a t   a b o u t  

90°C  to  3 1 5 ° C , - p r e f e r a b l y   150°C,   to  290°C,   u s i n g   a b o u t   1 

to  5  m o l a r   p r o p o r t i o n s   of  p o l y i s o b u t y l e n e   t o  1   m o l a r  

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

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

s u l f i d e   has   been   a d d e d   b u t   t h i s   is   n o t   e s s e n t i a l   to  p r o v i d e  



a  u s e f u l   p r o d u c t .   T y p i c a l   r e a c t i o n   t i m e s   a r e   a b o u t   2  t o  

10  h o u r s .   G e n e r a l l y ,   t he   p o l y i s o b u t y l e n e s   have   a  m o l e c -  

u l a r   w e i g h t   of  a b o u t   500  to  2 5 , 0 0 0 ,   p r e f e r a b l y   800  t o  

2 , 0 0 0 .   P a r t i c u l a r l y   u s e f u l   a r e   p o l y i s o b u t y l e n e s   of  700  t o  

1500  m o l e c u l a r   w e i g h t   r e a c t e d   w i t h   a b o u t   10  to  15  p e r c e n t  

by  w e i g h t   of  P 2 S 5 .  
The  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 s   u s e f u l  

h e r e i n  f o r   t r e a t i n g   the   m e t a l   d e t e r g e n t   a d d i t i v e s   a r e   a l s o  

known  and  a r e   d i s c l o s e d   in  t he   number   of  r e f e r e n c e s ,   s u c h  

as  U.S.   P a t e n t   3 , 2 8 8 , 7 1 4 ,   i s s u e d   to  O s u c h .   T h e s e   a r e   o i l -  

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

t h e m s e l v e s ,   p r i n c i p a l l y   as  d i s p e r s a n t s ,   p r e p a r e d   by  r e a c t -  

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

a  m o l e c u l a r   w e i g h t   of  a b o u t   500  to  2 , 0 0 0 .   P a r t i c u l a r l y  

p r e f e r r e d   f o r   use   as  t r e a t i n g   a g e n t s   in  t he   p r e s e n t   i n v e n -  

t i o n   a r e   t h o s e   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 s   w h e r e i n  

t he   p o l y i s o b u t e n y l   g r o u p   has  a  number   a v e r a g e   m o l e c u l a r  

w e i g h t   of  a b o u t   700  to  1 , 5 0 0 .  

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

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

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

p r e f e r a b l y   a  m i n e r a l   p a r a f f i n i c   o i l   h a v i n q   a  v i s c o s i t y   o f  

a b o u t   20  to  100  c s .   min.   (100°F)   and  b l e n d s   of  such   m i n e r a l  

p a r a f f i n i c   o i l s .   S y n t h e t i c   o i l s   may  be  u s e d   p r o v i d e d   t h e  

c o n d i t i o n s   of  t r e a t m e n t   do  no t   a d v e r s e l y   a f f e c t   such   s v n -  

t h e t i c   o i l s   by  c a u s i n q   an  u n w a n t e d   s i d e   r e a c t i o n .  

The  f i n i s h e d   f o r m u l a t i o n   t h e n   may  be  p r e p a r e d  
by  i n c o r p o r a t i n g   i n t o   t he   t r e a t e d   c o m p o s i t i o n   the   f r i c t i o n  

r e d u c i n g   p o l y c a r b o x y l i c   a c i d   g l y c o l   e s t e r   w h i c h   is   e m p l o y e d  
in  a m o u n t s   of  a b o u t   0 .01   to  2.0  p e r c e n t   p r e f e r a b l y   0 .05   t o  
0.3  p e r c e n t   by  w e i g h t ,   t y p i c a l l y ,   0.1  to  0.3  p e r c e n t   by  we ighs  

b a s e d   upon  t he   t o t a l   w e i g h t   of  t he   c o m p o s i t i o n   b e i n g   u s e d .  

These  f r i c t i o n   reducing  e s t e r s   are  desc r ibed   in  more  d e t a i l   h e r e i n b e l o w .  

The  f r i c t i o n   r e d u c i n g   e s t e r s   a re   g e n e r a l l y   d e -  

r i v e d   f rom  t he   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  may  be  p a r t i a l   e s t e r s   or  d i e s t e r s   o f  t h e   f o rmu la s ;  



HO-R'-OOC-R-COOH  and  H O - R ' - O O C - R - C O G 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  t he   a c i d   and  R '  

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

or  t h e   o x y a l k y l e n e   r a d i c a l   f rom  an  o x a - a l k a n e   d i o l   as  d e -  

f i n e d   h e r e i n b e l o w .   The  p o l y c a r b o x y l i c   a c i d   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  90,  p r e f e r a b l y   a b o u t   24  to  6 0 ,  

c a r b o n - a t o m s   and  a b o u t   2  to   3 ,  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  l e a s t   a b o u t   9  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  to   42,  e s p e c i a l l y   16  to  22  c a r b o n   a t o m s   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 .   G e n e r a l l y   a b o u t   1 - 3  

m o l e s   of  g l y c o l ,   p r e f e r a b l y   1-2  m o l e s   of  g l y c o l ,   i s   u s e d  

pe r   m o l e   of  a c i d   to  p r o v i d e   e i t h e r   a  c o m p l e t e   or  p a r t i a l  

e s t e r .   E s t e r s   w i t h i n   t h e   f o r e g o i n g   f o r m u l a   can  a l s o   b e  

p r e p a r e d   by  r e a c t i o n   of  t h e   a c i d   w i t h   1  mole   or  more  o f  

e t h y l e n e   o x i d e .  

A l s o ,   e s t e r s   can  be  o b t a i n e d   by  e s t e r i f y i n g   a  

d i c a r b o x y l i c   a c i d   or  m i x t u r e   of  such   a c i d s   w i t h   a  d i o l   o r  
m i x t u r e   of  d i o l s ,   R  wou ld   t h e n   be  t h e   h y d r o c a r b o n   r a d i c a l  

of  t h e   d i c a r b o x y l i c   a c i d   and  R'  and  R"  w o u l d   be  t h e   h y d r o -  

c a r b o n   r a d i c a l   a s s o c i a t e d   w i t h   t he   d i o l s   or  d i o l s .  

E s p e c i a l l y   p r e f e r r e d   a r e   t h e   d i m e r   a c i d   e s t e r  

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

is   m e a n t   to  r e f e r   to  t h o s e   s u b s t i t u t e d   c y c l o h e x e n e   d i c a r -  

b o x y l i c   a c i d s   f o r m e d   by  a  D i e l s - A l d e r - t y p e   r e a c t i o n   w h i c h  

is   a  t h e r m a l   c o n d e n s a t i o n   of  C18-C22  u n s a t u r a t e d   f a t t y  

a c i d s ,   such   as  t a l l   o i l   f a t t y   a c i d s   w h i c h   t v p i c a l l v   c o n -  
t a i n   a b o u t   85  to  90  p e r c e n t   o l e i c   or  l i n o l e i c   a c i d s .   S u c h  

d i m e r   a c i d s   t y p i c a l l y   c o n t a i n   a b o u t   36  c a r b o n   a t o m s .   T h e  

d i m e r   a c i d   s t r u c t u r e   can  be  g e n e r a l i z e d   as  f o l l o w s :  



w i t h   two  of  the   R  g r o u p s   b e i n g   c a r b o x y l   g r o u p s   and  t w o  

b e i n g   h y d r o c a r b o n   g r o u p s   d e p e n d i n g   upon  how  the   c o n d e n -  

s a t i o n   of  t he   c a r b o x y l i c   a c i d   has   o c c u r r e d .   The  c a r -  

b o x y l   g r o u p s   can  b e  - ( C H 2 ) 8 C O O H ; - C H = C H ( C H 2 ) 7 C O O H ; - ( C H 2 ) 7  

COOH;  -CH2CH=CH(CH2)7COOH;-CH=CH(CH2)7COOH  and  the   h y d r o -  

c a r b o n   t e r m i n a t i n g   g r o u p   can  be  r e p r e s e n t e d   by:  CH3(CH2)4-; 

C H 3 ( C H 2 ) 5 - ; C H 3 ( C H 2 ) 7 ; - C H 3 ( C H 2 ) 4 C H = C H - ; C H 3 ( C H 2 ) 4 C H = C H   C H 2 - ;  

CH3(CH2)4CH=CH  CH2-;  and  the   l i k e .   The  d i m e r   of  l i n o l e i c  

a c i d   w h i c h   i s   t h e   p r e f e r r e d   e m b o d i m e n t   can  be  e x p r e s s e d  

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

A l s o   the   t e rm  d i m e r   a c i d   as  u s e d   h e r e i n   n e c e s -  

s a r i l y   i n c l u d e s   p r o d u c t s   c o n t a i n i n g   up  to  a b o u t   24  p e r -  
c e n t   by  w e i g h t   t r i m e r ,   b u t   more  t y p i c a l l y   a b o u t   10  p e r -  
c e n t   by  w e i g h t   t r i m e r   s i n c e ,   as  is  w e l l   known  in  the   a r t ,  
the   d i m e r i z a t i o n   r e a c t i o n   p r o v i d e s   a  p r o d u c t   c o n t a i n i n g  

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

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

The  p o l y c a r b o x y l i c   a c i d s   or  d i m e r   a c i d s   n o t e d  

a b o v e   a r e   e s t e r i f i e d   w i t h   a  g l y c o l ,   t he   g l y c o l   b e i n g   a n  
a l k a n e   d i o l   or  o x a - a l k a n e   d i o l   r e p r e s e n t e d   by  the   f o r m u l a  

HO(RCHCE2O)xH  w h e r e i n   R  is   H  or  CH3  and  x  i s   a b o u t   2  t o  

100,   p r e f e r a b l y   2  to  25,  w i t h   e t h y l e n e   g l y c o l   and  d i e t h -  

y l e n e   g l y c o l   p a r t i c u l a r l y   p r e f e r r e d .   A  p r e f e r r e d   e m b o d i -  

men t   i s   f o r m a t i o n   of  the   e s t e r   w i t h   a b o u t   1  to  2  m o l e s  

of  g l y c o l   per   mole  of  d i m e r   a c i d   or  p o l y c a r b o x y l i c   a c i d ,  

such   as  t he   e s t e r   of  d i e t h v l e n e   q l y c o l   w i t h   d i m e r i z e d  
l i n o l e i c   a c i d .  

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



as  d e t e r g e n t s   and  d i s p e r s a n t s ,   o x i d a t i o n   and  r u s t   i n -  

h i b i t o r s ,   v i s c o s i t y   i n d e x   i m p r o v e r s ,   pour   d e p r e s s a n t s ,  
a n t i - w e a r   a g e n t s   and  the   l i k e   and  t h e s e   may  be  a d d e d  

p r i o r   to  or  s u b s e q u e n t   to  t h e   a d d i t i o n   of  t he   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 .  

EXAMPLES 

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

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

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

l a t i o n   was  d i e t h y l e n e   g l y c o l   e s t e r   of  d i m e r i z e d   l i n o l e i c  

a c i d .   In  e a c h   f o r m u l a t i o n   s e t   f o r t h   in  T a b l e   I,   t h e   c o m -  

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

s t a n d i n g   f o r   s e v e r a l   days   b o t h   a t   room  t e m p e r a t u r e   and  a t  

65°C.   The  b a s e   o i l   in  e a c h   c a s e   was  S o l v e n t   150  N e u t r a l  

o i l ,   a  m i n e r a l   p a r a f f i n i c   o i l   h a v i n g   a  v i s c o s i t y   of  31  c S .  

min .   a t   3 7 . 8 ° C .  

In  e a c h   f o r m u l a t i o n   of  T a b l e   I ,   in  t h e   a b s e n c e  

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

c l e a r   w i t h   no  e v i d e n c e   of  i n s t a b i l i t y   a f t e r   s t o r a g e   f o r  

e q u i v a l e n t   p e r i o d s   of  t ime   u n d e r   t he   same  c o n d i t i o n s .  

T o t a l   b a s e   n u m b e r s   r e p o r t e d   a r e   a c c o r d i n g  t o   A S T M - D - 6 6 4  

(1)  O v e r b a s e d   c a l c i u m   s u l f u r i z e d   d o d e c y l   p h e n a t e   s u l f i d e  

h a v i n g   a  t o t a l   b a s e   number   of  2 5 0 .  



(2)  O v e r b a s e d   m a g n e s i u m   s u l f u r i z e d   n o n y l p h e n a t e ,   n o n y l -  

p h e n o l   s u l f i d e   h a v i n g   a  t o t a l   b a s e   number   of  2 5 0 .  

(3)  O v e r b a s e d   m a g n e s i u m   a l k y l   s u l f o n a t e   h a v i n g   a  t o t a l  

b a s e   n u m b e r   of  3 9 5 .  

(4)  O v e r b a s e d   c a l c i u m   a l k y l   s u l f o n a t e   h a v i n g   a  t o t a l  

b a s e   number   of  3 0 0 .  

(5)  C a l c i u m   s u l f u r i z e d   d o d e c y l   p h e n a t e   h a v i n g   a  t o t a l  

b a s e   number   of  1 3 5 .  

A  number   of  s t a b i l i z e d   f o r m u l a t i o n s   were   p r e p a r e d  

by  f i r s t   t r e a t i n g   an  o i l   c o n c e n t r a t e   c o n t a i n i n g   20-30   w t .  

p e r c e n t   of  t he   m e t a l   d e t e r g e n t   a d d i t i v e   w i t h   a  P 2 S 5 -  
p o l y i s o b u t y l e n e   (mol.  wt.   780)  and  t h e n   b l e n d i n g   w i t h   t h e  

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

f o r m u l a t i o n .   T h e s e   a r e   s e t   f o r t h   in  T a b l e   II   w h i c h   i n -  

c l u d e s   t he   v a r i o u s   t r e a t m e n t   t i m e s   and  t e m p e r a t u r e s   u s e d ;  

a l l   f o r m u l a t i o n s   were   c l e a r   w i t h   no  e v i d e n c e   of  i n s t a b i l i t y  

upon   s t a n d i n g   f o r   1  month   a t   room  t e m p e r a t u r e   and  1  m o n t h  

a t   650C.  The  m e t a l   a d d i t i v e s   and  f r i c t i o n   m o d i f i e r   a r e  t h e  

same  as  t h o s e   r e p o r t e d   in  T a b l e   I .  

S i m i l a r l y ,   m e t a l   d e t e r g e n t   a d d i t i v e s   were   t r e a t e d  

w i t h   two  t y p e s   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 s ;   f o r -  

m u l a t i o n s   A  &  B  u s e d   Mn=1,000   and  Sap  No.  112  and  f o r m u l a -  

t i o n s   C  &  D  used   Mn=1,300   and  Sap .   No.  103  u n d e r   v a r y i n g  

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

t r e a t e d   m a t e r i a l s   were   b l e n d e d   i n t o   t he   f o r m u l a t i o n s   r e -  

p o r t e d   in  T a b l e   I I I   each   of  w h i c h   r e m a i n e d   c l e a r   upon  s t e r -  

age  f o r   1  mon th   a t   room  t e m p e r a t u r e   and  1  mon th   a t   65°C  

w i t h   no  i n s t a b i l i t y   a p p a r e n t .   A g a i n ,   t he   b a s e   o i l ,   a d -  

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

the   p r i o r   e x a m p l e s .  





I n s t e a d   of  c a r r y i n g   o u t   t h e   t r e a t m e n t   of  t he   d e t e r -  

g e n t   a d d i t i v e   in  a  l u b r i c a t i n g   o i l ,   t he   same  r e s u l t s   a r e  

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

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

in  a m o u n t s   of  20  to  50  wt.   p e r c e n t ,   b a s e d   on  t h e   t o t a l   o i l  

c o m p o s i t i o n ,   t h e   b a s e   o i l   c o m p r i s i n g   50  to  80  p e r c e n t   o f  

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

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

d e p r e s s a n t s ,   d i s p e r s a n t s ,   e t c .   T h u s ,   0.1  to  50  w t .  

p e r c e n t   of  t h e   d e t e r g e n t   a d d i t i v e   a d m i x e d   w i t h   t h e   o i l  

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

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



1.  An  o i l   c o m p o s i t i o n   c o m p r i s i n g   a  l u b r i c a t i n g  
o i l   b a s e   s t o c k ,   a  p o l y c a r b o x y l i c   a c i d   g l y c o l   e s t e r   f r i c -  

t i o n   m o d i f i e r   a d d i t i v e   and  a  m e t a l   or  o v e r b a s e d   m e t a l  

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   d e t e r g e n t   a d d i t i v e   w h i c h  

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

o f :   (a)  p r o v i d i n g   a  m i x t u r e   c o n t a i n i n g   a  l u b r i c a t i n g   o i l  

b a s e   s t o c k   and  a b o u t   0 .1   to  50  p e r c e n t   by  w e i g h t   of  t h e  

m e t a l   d e t e r g e n t   a d d i t i v e ;   (b)  t r e a t i n g   s a i d   m i x t u r e   b y  

r e a c t i n g   i t   w i t h   25  to  100  p e r c e n t   by  w e i g h t ,   b a s e d   o n  

t h e   w e i g h t   of  t he   m e t a l   d e t e r g e n t   a d d i t i v e ,   w i t h   e i t h e r  

a  p h o s p h o s u l f u r i z e d   p o l y i s o b u t y l e n e   or  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 t   t e m p e r a t u r e s   of  f rom  a b o u t   55°  t o  

a b o u t   225°C  f o r   a b o u t   2  to  30  h o u r s ,   and  (c)  t h e r e a f t e r  

a d d i n g   to  s a i d   t r e a t e d   m i x t u r e   a b o u t   0 . 0 1   to  a b o u t   2 . 0  

p e r c e n t   by  w e i g h t ,   b a s e d   on  the   t o t a l   w e i g h t   of  t h e  

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

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

2.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e  

m e t a l   d e t e r g e n t   a d d i t i v e   is   an  o v e r b a s e d   c a l c i u m   o r  

m a g n e s i u m   s u l f o n a t e .  

3.  A  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t he   m e t a l  

d e t e r g e n t   a d d i t i v e   is   an  o v e r b a s e d   c a l c i u m   or  m a g n e s i u m  
s u l f u r i z e d   p h e n a t e .  

4.  The  c o m p o s i t i o n   of  c l a i m s   1  or  2  w h e r e i n  

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

a  m o l e c u l a r   w e i g h t   of  from  a b o u t   700  to  1 , 5 0 0 .  

5.  The  c o m p o s i t i o n   of  c l a i m s   1-4  w h e r e i n   t h e  

f r i c t i o n   m o d i f i e r   i s   t he   d i e t h y l e n e   g l y c o l   e s t e r   of  t h e  

d i m e r   a c i d   of  l i n o l e i c   a c i d .  



6.  The  c o m p o s i t i o n   of  c l a i m   5  w h e r e i n   t h e  

c o n c e n t r a t i o n   of  s a i d   g l y c o l   e s t e r   is   f rom  a b o u t   0 .05   t o  

a b o u t   0 .3   w e i g h t   p e r c e n t .  

7.  The  c o m p o s i t i o n   of  c l a i m s   1-3  w h e r e i n   s a i d  

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

700  to  1500  m o l e c u l a r   w e i g h t   p h o s p h o s u l f u r i z e d   w i t h   P 2 S 5 . .  

8.  The  c o m p o s i t i o n   of  c l a i m   7  w h e r e i n   s a i d  

t r e a t m e n t   s t e p   is  c o n d u c t e d   a t   a  t e m p e r a t u r e   of  from  a b o u t  

100°C  to  200°C  f o r   a  p e r i o d   of  a b o u t   10  h o u r s   to  25  h o u r s .  

9.  The  c o m p o s i t i o n   of  c l a i m   4  w h e r e i n   the   t r e a t -  

ment   is  c o n d u c t e d   a t   a  t e m p e r a t u r e   of  f rom  a b o u t   60°  t o  

85°C  f o r   a b o u t   2  to  7  h o u r s .  

10.  The  c o m p o s i t i o n   of  c l a i m s   1-9  w h e r e i n   s a i d  

t r e a t m e n t   is  c a r r i e d   o u t   on  a  m i x t u r e   c o n t a i n i n g   s a i d  

l u b r i c a t i n g   o i l   b a s e   s t o c k   and  a b o u t   0 .1   to  10  p e r c e n t   b y  

w e i g h t   of  s a i d   m e t a l   d e t e r g e n t   a d d i t i v e ,   u s i n g   50  to  100  

p e r c e n t   by  w e i g h t ,   b a s e d   on  the   w e i g h t   of  s a i d   m e t a l   d e -  

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

ene  or  of  s a i d   a n h y d r i d e .  
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