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@  Friction  modifier  additive  for  power  transmission  shift  fluids. 
There  are  disclosed  power  shift  transmission  fluids  such 

as  automatic  transmission  fluids  containing  a  friction  modi- 
fier  additive  being  an oil  soluble  alkylthio  succinic  anhydride 
or  acid,  such  as  octadecyl  thiosuccinic  acid  or  anhydride. 



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

s h i f t   f l u i d s ,   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   f l u i d s ;   w h i c h  

c o n t a i n   an  a d d i t i v e   e f f e c t i v e   in  p r o v i d i n g   f r i c t i o n   m o d i -  

f i c a t i o n   b e n e f i t s .  

M i n e r a l   o i l   b a s e d   power   t r a n s m i s s i o n   s h i f t  

f l u i d s ,   or  f u n c t i o n a l   f l u i d s ,   such   as  a u t o m a t i c   t r a n s m i s -  

s i o n   f l u i d s   a r e   r e q u i r e d   to  e x h i b i t  a   n u m b e r   of  p r o p e r t i e s  

s u c h   as  a n t i w e a r ,   f r i c t i o n   m o d i f i c a t i o n ,   o x i d a t i o n   i n h i b i -  

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

to  q u a l i f y   f o r   c o m m e r c i a l   a c c e p t a n c e .  

P r i o r   a r t   r e f e r e n c e s   p e r t i n e n t   to   t h i s   i n v e n t i o n  

i n c l u d e   U.S.   P a t e n t   3 , 8 5 2 , 2 0 5 ,  i s s u e d   D e c e m b e r   3,  1974  t o  

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

f l u i d   c o n t a i n i n g   e i t h e r   S - c a r b o x y   a l k y l e n e   h y d r o c a r b y l   s u c -  

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

w i t h   a  p r i m a r y   a m i n e   in  a  1:  1  mole   r a t i o .   The  a m i n e   and  i m i d e  

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

a c i d   to  fo rm  t h e   d e s i r e d   a d d i t i v e .   U.S.   P a t e n t   4 , 1 2 9 , 5 1 0 ,  
i s s u e d   D e c e m b e r   1 2 ,  1 9 7 8   to  Smi th ' ,   d i s c l o s e d   s u l f u r - c o n t a i n -  

ing  a d d i t i v e   d e r i v e d   f rom  r e a c t i n g   a  h y d r o c a r b y l   m e r c a p t a n  

h a v i n g   1  to  5 SH  g r o u p s   w i t h   a C3  to  C38  a l d e h y d e   or  k e t o n e  

to  fo rm  an  i n t e r m e d i a t e   w h i c h   is  s u b s e q u e n t l y   r e a c t e d   w i t h  

an  o l e f i n i c   c a r b o x y l i c   a c i d   or  f u n c t i o n a l   d e r i v a t i v e .   T h e  

p r o d u c t s   a r e   s a i d   to   b e  u s e f u l   as  o x i d a t i o n   and  r u s t   i n -  

h i b i t o r s   in  l u b r i c a n t s   and  f u e l s .  

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

have   b e e n   d i s c o v e r e d   power   t r a n s m i s s i o n   s h i f t   f l u i d   c o m -  

p o s i t i o n s   c o m p r i s i n g   a  m a j o r   amoun t   of  a  m i n e r a l   o i l   o f  

l u b r i c a t i n g   v i s c o s i t y   and  an  o i l - s o l u b l e   a l k y l t h i o  s u c c i n i c  
a n h y d r i d e   or  a c i d   a d d i t i v e   in  an  amoun t   to  p r o v i d e   e f f e c t i v e  

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



w h e r e i n   R'  i s   an  a l k y l   of  a b o u t   8  to  30  c a r b o n   a t o m s   and  R 
is  a  l o w e r   C l - C 4   a l k y l   or  h y d r o g e n .   P r e f e r r e d   a r e   t h o s e  

c o m p o u n d s   w h e r e   t h e   t o t a l   R '  (R)CHCH2-   g r o u p   has   a b o u t   16  t o  
20,  s u c h   as  18,  c a r b o n   a t o m s .  

A  p a r t i c u l a r l y   p r e f e r r e d   e m b o d i m e n t   of   t he   p r e -  
s e n t   i n v e n t i o n   i s   t he   a d d i t i o n   p r o d u c t   of  o c t a d e c y l   m e r -  
c a p t a n   w i t h   m a l e i c   a n h y d r i d e .   Compounds   of  t h e   i n v e n t i o n  

may  a l s o   be  p r e p a r e d   by  a d d i t i o n   of  m e r c a p t o   d i a c i d s   t o  
t e r m i n a l   o l e f i n s ,   e . g . ,   R ' ( R ) C = C H 2 .  

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

0 .01   to   1  wt%  to   p r o v i d e   t h e   e f f e c t i v e   f r i c t i o n   p r o p e r t i e s .  

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

t a i n   a b o u t   0 .1   to   0 .5   wt%  of  t h e   a d d i t i v e   of  t h e   p r e s e n t  

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

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

In  a d d i t i o n   to  use   in  a u t o m a t i c   t r a n s m i s s i o n  

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

as  a  f r i c t i o n   m o d i f i e r   in  o t h e r   power   t r a n s m i s s i o n   s h i f t  

f l u i d s   b a s e d   on  m i n e r a l   o i l s   such   as  h y d r a u l i c   f l u i d s ,   p o w e r  
b r a k e   and  power   s t e e r i n g   f l u i d s ,   h e a v y   d u t y   e q u i p m e n t   f l u i d s  

and  t h e   l i k e .  

F r i c t i o n   m o d i f i c a t i o n   is   one  of  t he   m o s t   d e m a n d i n g  

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

m i s s i o n   f l u i d   and  is  c o n s i d e r e d   t he   c h a r a c t e r i s t i c   w h i c h  

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



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

t r a n s m i s s i o n   p a r t s   o p e r a t i o n   must   be  met  in  o r d e r   to  have  a n  

a c c e p t a b l e   f l u i d .   The  a d d i t i v e   of  t he   p r e s e n t   i n v e n t i o n   i s  

h i g h l y   a d v a n t a g e o u s   in  t h a t   i t   s a t i s f i e s   at  low  t r e a t   l e v e l s  

the   s i g n i f i c a n t   f r i c t i o n   m o d i f i c a t i o n   t e s t s ,   and  i s  e f -  

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

p r o v i d i n g   a  more  e f f e c t i v e   and  e c o n o m i c a l   a u t o m a t i c   t r a n s - '  

m i s s i o n   f l u i d .   The  p r o p e r t i e s   e v a l u a t e d   in  ATF  t e s t s   a n d  

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

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

a d d i t i v e   of  t he   p r e s e n t   i n v e n t i o n   a r e   the   p r e f e r r e d   e m b o d i -  

men t .   Such  ATF  c o m p o s i t i o n s   c o n t a i n   a  number   of  c o n v e n -  

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

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

b a s e   in  t he   f o l l o w i n g   r a n g e s :  

T y p i c a l   b a s e   o i l s   fo r   a u t o m a t i c   t r a n s m i s s i o n  

f l u i d s   and  power   t r a n s m i s s i o n   s h i f t   f l u i d s   g e n e r a l l y  
i n c l u d e   a  w ide   v a r i e t y   of  l i g h t   h y d r o c a r b o n   m i n e r a l   o i l s ,  

such   as  n a p h t h e n i c   b a s e ,   p a r a f f i n   b a s e   and  m i x t u r e s  

t h e r e o f ,   h a v i n g   a  l u b r i c a t i n g   v i s c o s i t y   r a n g e  o f   a b o u t   34 

to  45  SUS  ( S a y b o l t   U n i v e r s a l   S e c o n d s )   at   3 8 ° C .  

The  i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d   by  t h e  

f o l l o w i n g   e x a m p l e s   which   a re   no t   to  be  c o n s i d e r e d   a s  



l i m i t a t i v e   of  i t s   s c o p e .   ATF  c o m p o s i t i o n s   u sed   in  t h e  

e x a m p l e s   b e l o w   were   f o r m u l a t e d   in  a c c o r d a n c e   w i t h   t he   c o m p o n e n t s  
and  c o n c e n t r a t i o n s   n o t e d   a b o v e   ( r e f e r r e d   to  as  Base   F l u i d )  

e x c e p t   t he   f r i c t i o n   m o d i f i e r   was  t he   compound   of  t h i s  

i n v e n t i o n   u s e d   in  t he   a m o u n t s   r e p o r t e d   b e l o w .  

EXAMPLE  1 

A b o u t   100g  ( 0 . 3 5   m o l e s )   of  o c t a d e c y l   m e r c a p t a n  

were   d i s s o l v e d   in  100  ml  of  t e t r a h y d r o f u r a n   (THF).  T h e n ,  

a b o u t   3 4 . 2 g   ( 0 . 3 5   m o l e s )   of  m a l e i c   a n h y d r i d e   were   a d d e d ,  

f o l l o w e d   by  t he   a d d i t i o n   of  1  ml  of  t r i e t h y l a m i n e  

as  c a t a l y s t .   The  r e a c t i o n   m i x t u r e   was  h e a t e d   to  r e f l u x   f o r  

a b o u t   one  h o u r .   At  t he   end  of  t he   h o u r ,   the   THF  s o l u t i o n   w a s  

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

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

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

s p e c t r u m   of  t he   s o l i d   r e v e a l e d   no  u n r e a c t e d   m a l e i c   a n h y d r i d e  

p r e s e n t .   I t   a n a l y z e d   f o r   68 .85%  C,  10.52%  H  a n d   8.77%  S 

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

a n h y d r i d e   t h a t   r e q u i r e d   68 .70%  C,  10.48%  H  a n d   8.34%  S .  

EXAMPLE  2 

A b o u t   30g  ( 0 . 2   mole )   of  m e r c a p t o - s u c c i n i c   a c i d  

were   d i s s o l v e d   in  200  ml  of  m e t h a n o l   and  c o o l e d   to  a b o u t  

15°C.   T h e r e a f t e r ,   56g  ( 0 . 2   m o l e ,   90%)  of  I - o c t a d e c e n e  w e r e  

a d d e d ,   f o l l o w e d   by  the   a d d i t i o n   of  1 . 5 g   of  L u c i d o l   70  r a d i c a l  

i n i t i a t o r   ( B e n z o y l   p e r o x i d e ,   70%).  The  r e a c t i o n   m i x t u r e   w a s  

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

w h i t e   s o l i d   f o r m e d .   The  r e a c t i o n   t e m p e r a t u r e   r o s e   to  3 0 ° C  

d u r i n g   t he   f i r s t   h a l f   h o u r   and  t h e n   a b o u t   25°C  f o r   t he   r e s t  

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

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

w i t h   t he   d e s i r e d   2 - ( o c t a d e c y l t h i o )   s u c c i n i c   a c i d .   The  s o l i d  

a n a l y z e d   f o r   66 .77%  C,  1045%  H,  and  8 .10% S .   T h e o r y   r e q u i r e s  

65.67%  C,  10 .52%  H  a n d   7 .97%  S .  

E x a m p l e   3 

To  a  f o r m u l a t e d   a u t o m a t i c   t r a n s m i s s i o n   f l u i d   ( B a s e  



F l u i d )   was  a d d e d   0 .25   wt%  of  t h e   o c t a d e c y l t h i o   s u c c i n i c  

a n h y d r i d e   of  E x a m p l e   1  and  the   f l u i d   was  e v a l u a t e d   fo r   i t s  

f r i c t i o n   p r o p e r t i e s   in  the   D a v i s o n   F r i c t i o n   T e s t   u t i l i z i n g  

the   SAE  No.2   F r i c t i o n   M a c h i n e ;   d y n a m i c   and  s t a t i c   t o r q u e  

v a l u e s   were   w i t h i n   the  t e s t   s p e c i f i c a t i o n   of  G e n e r a l   M o t o r  

Dexron®  II  A u t o m a t i c   T r a n s m i s s i o n   F l u i d   (GM  s p e c i f i c a t i o n  

G137-M,  J u l y ,   1 9 8 0 ) .   T o r q u e   v a l u e s   were  m e a s u r e d   a t   3 

p h a s e s :   (1)  1 6 , 5 0 0   l b - f t ,   1  s e c .   l o c k - u p ,   (2)  7200  l b - f t ,   40  

lb .   p r e s s u r e   and  (3)  1 6 , 5 0 0   lb  f t ,   60  lb  p r e s s u r e .   P h a s e   1 

f r i c t i o n   t o r q u e   t r a c i n g s   showed   r e s u l t s   of  102,  91  and  8 4 ;  

p h a s e   2  showed   101,   97  and  88  and  p h a s e   3  showed  138,   130  a n d  

123  f t - l b s .  



1.  A  p o w e r   t r a n s m i s s i o n   s h i f t   f l u i d   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   a m o u n t   o f   a  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   and  an  o i l   s o l u b l e   a l k y l t h i o   s u c c i n i c   a n h y d r i d e  

or  a c i d   a d d i t i v e   in  an  a m o u n t   to   p r o v i d e   e f f e c t i v e   f r i c t i o n  

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

l a s :  

w h e r e i n   R'  i s   an  a l k y l   of  a b o u t   8  to  30  c a r b o n   a t o m s   a n d  

R  is   a  l o w e r   C1-C4  a l k y l   or  h y d r o g e n .  

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

p r e s e n t   a b o u t   0 . 0 1   to  1  wt%  of  s a i d   a d d i t i v e .  

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

c o m p o s i t i o n   i s   an  a u t o m a t i c   t r a n s m i s s i o n   f l u i d .  

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

a d d i t i v e   i s   o c t a d e c y l   t h i o s u c c i n i c   a n h y d r i d e   or  a c i d  

p r e s e n t   in  an  a m o u n t   of  a b o u t   0 .1   to   0 .5   w t % .  

5.  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  

R'  (R)CHCH2  c r o u p   h a s   a  t o t a l   of  a b o u t   16  to  20  c a r b o n  

a t o m s .  



6.  The  use  as  an  a d d i t i v e   for  modifying  the  f r i c t i o n  

power  t r a n s m i s s i o n   f l u i d s   of  the  f o r m u l a s :  

wherein  R1  is  an  a lkyl   of  about  8  to  30  carbon  atoms  and  R  is  a  

lower  C1-C4  a lky l   or  h y d r o g e n .  
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