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

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

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

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

r e d u c t i o n   of  f r i c t i o n   of  t h e   o p e r a t i n g   e n g i n e .  

In  o r d e r   to   c o n s e r v e   e n e r g y ,   a u t o m o b i l e s   a r e   n o w  

b e i n g   e n g i n e e r e d   to   g i v e   i m p r o v e d   g a s o l i n e   m i l e a g e   c o m p a r e d  

to   t h o s e   in   r e c e n t   y e a r s .   T h i s   e f f o r t   i s   of   g r e a t   u r g e n c y  
in  t h e   U n i t e d   S t a t e s   in   v i e w   of   r e g u l a t i o n s   w h i c h   c o m p e l  

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

T h e s e   r e g u l a t i o n s   a r e   to   c o n s e r v e   c r u d e   o i l .   In  an  e f f o r t  

to   a c h i e v e   t h e   r e q u i r e d   m i l e a g e ,   new  c a r s   a r e   b e i n g   d o w n -  

s i z e d   and  made  much  l i g h t e r .   H o w e v e r ,   t h e r e   a r e   l i m i t s  

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

a c c o m m o d a t e   a  t y p i c a l   f a m i l y .  

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

e n g i n e   f r i c t i o n .   The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h  

t h i s   l a t t e r   a p p r o a c h .  

The  p r e s e n t   i n v e n t i o n   u t i l i z e s   t h e   f i n d i n g   t h a t   a  

m a t e r i a l   w h i c h   i s   an  o i l   s o l u b l e ,   C 1 2 - 3 6   a l i p h a t i c  

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

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

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

a  l i n e a r   @ - o l e f i n   w h i c h   has   b e e n  i s o m e r i z e d   to   f o rm  a  

m i x t u r e   of   i n t e r n a l   o l e f i n s .   The  a d d i t i v e   can  a l s o   be  u s e d  

in  t h e   e n g i n e   f u e l .  

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

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

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

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

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

s u b s t i t u e n t   c o n t a i n s   a b o u t   12  to   36  c a r b o n   a t o m s .  



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

be  any  a l i p h a t i c   h y d r o c a r b o n   g r o u p   c o n t a i n i n g   a b o u t   12  to  3 6  

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

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

n - d o d e c y n y l   s u c c i n i m i d e  

1 - m e t h y l t r i d e c y l   s u c c i n i m i d e  

2 - e t h y l t e t r a d e c y l   s u c c i n i m i d e  

n - h e x a d e c e n y l   s u c c i n i m i d e  

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

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

1 - m e t h y l e i c o s y l   s u c c i n i m i d e  

n - d o c o s e n y l   s u c c i n i m i d e  

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

n - h e x a d e c e n y l   s u c c i n i m i d e  

n - d o d e c e n y l   s u c c i n a m i d e  

2 - e t h y l t e t r a d e c y l   s u c c i n a m i d e  

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

n - o c t a d e c e n y l   s u c c i n a m i d e .  

In   a  p r e f e r r e d   e m b o d i m e n t   t h e   a l i p h a t i c   h y d r o c a r b o n  

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

a t o m .   T h e s e  c o m p o u n d s   h a v e   t h e   f o r m u l a :  

o r  

w h e r e i n   n  i s   a  s m a l l   i n t e g e r   f r o m   2  to  a b o u t   4  and   Z  i s   t h e  

g r o u p :  

w h e r e i n   R1  and   R2  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  t h e   g r o u p  

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



c o n t a i n i n g   1  to   a b o u t   34  c a r b o n   a t o m s   s u c h   t h a t   t h e   t o t a l  

n u m b e r   of   c a r b o n   a t o m s   in   Ri  and  R2  i s   a b o u t   11  to  3 5 .  

E x a m p l e s   of   t h e s e   a d d i t i v e s   a r e :  

1 - e t h y l t e t r a d e c y l   s u c c i n i m i d e  

1 - m e t h y l p e n t a d e c e n y l   s u c c i n i m i d e  

1 , 2 - d i m e t h y l   o c t a d e c e n y l   s u c c i n a m i d e  

l - m e t h y l - 3 - e t h y l   d o d e c e n y l   s u c c i n i m i d e  

l - d e c y l - 2 - m e t h y l   d o t r i a c o n t y l   s u c c i n i m i d e .  

In  a  h i g h l y   p r e f e r r e d   e m b o d i m e n t   R1  and  R2  a r e  

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

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

E x a m p l e s   of   t h e s e   a d d i t i v e s   a r e :  

1 - m e t h y l p e n t a d e c y l   s u c c i n i m i d e  

1 - p r o p y l t r i d e c e n y l   s u c c i n i m i d e  

1 - p e n t y l t r i d e c e n y l   s u c c i n i m i d e  

1 - t r i d e c y l p e n t a d e c e n y l   s u c c i n i m i d e  

1 - t e t r a d e c y l e i c o s e n y l   s u c c i n i m i d e .  

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

made  f r o m   l i n e a r   a - o l e f i n s   c o n t a i n i n g   a b o u t   12  to  36  c a r b o n  

a t o m s   by  i s o m e r i z i n g   t h e   a - o l e f i n s   to   f o r m   a  m i x t u r e   of   i n -  

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

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

and  r e a c t i n g   t h e   i n t e r m e d i a t e   w i t h   a m m o n i a   to  f o r m   a m i d e ,  

i m i d e ,   or  m i x t u r e s   t h e r e o f . .  

A d d i t i v e s   m a d e  f r o m   i s o m e r i z e d   l i n e a r   a - o l e f i n s   h a v e  

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

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

I s o m e r i z a t i o n   of   t h e   l i n e a r   a - o l e f i n   can   be  c a r r i e d  

o u t   u s i n g   c o n v e n t i o n a l   m e t h o d s .   One  s u i t a b l e   m e t h o d   i s   t o  

h e a t   t h e   l i n e a r   a - o l e f i n   w i t h   an  a c i d i c  c a t a l y s t .   E s p e c i a l l y  

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

z e n e   c o p o l y m e r s .   Such   c a t a l y s t s   a r e   c o m m e r c i a l l y   a v a i l a b l e  

and  a r e   c o n v e n t i o n a l l y   u s e d   as  c a t i o n   e x c h a n g e   r e s i n s .   I n  

t h e   p r e s e n t   m e t h o d   t h e y   a r e  u s e d   in   t h e i r   a c i d   f o r m .   T y p i -  

c a l   r e s i n s   a r e   A m b e r l y s t   15,  XN-1005   and   XN-1010   ( r e g i s t e r e d  

t r a d e m a r k s )   a v a i l a b l e   f r o m   Rohm  and  Haas   Company .   Use  o f  



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

in   U.  S.  4 , 1 0 8 , 8 8 9 ,   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

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

made  a r e   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 .  

E x a m p l e   1  

In   a  r e a c t i o n  v e s s e l   was  p l a c e d   185  g r a m s   o f   o c t a -  

d e c e n y l   s u c c i n i c   a n h y d r i d e .   T h i s   was  m e l t e d   by  h e a t i n g   t o  
60°  C.  and   NH3  was  i n j e c t e d .   An  e x o t h e r m i c   r e a c t i o n   p r o -  
c e e d e d   r a i s i n g   t h e   t e m p e r a t u r e   to  160°   C.  A f t e r   t h e   r e a c -  

t i o n   c e a s e d ,   t h e   p r o d u c t   was  h e a t e d   to  1 8 0 °   C.  u n d e r   a b o u t  

737  mm  (29  i n . )   Hg  v a c u u m   to  r e m o v e   v o l a t i l e s .   The  p r o d u c t  

was  o c t a d e c e n y l   s u c c i n i m i d e .  

E x a m p l e   2 

In  a  r e a c t i o n   v e s s e l   was  p l a c e d   1000  g r a m s   o f  

l i n e a r   a - o c t a d e c e n e .   To  t h i s   was  a d d e d   187  g r a m s   A m b e r l y s t  

15  (5  p e r c e n t   m o i s t u r e ) .   The  m i x t u r e   was  s t i r r e d   u n d e r  

n i t r o g e n   and   h e a t e d   a t   120°   C.  f o r   3  h o u r s .   The  i s o m e r i z e d  

p r o d u c t   c o n t a i n e d   3 . 6   w e i g h t   p e r c e n t   o l e f i n   d i m e r   and   t h e  

b a l a n c e   was  i n t e r n a l   C18  o l e f i n .   The  p r o d u c t   was  s e p a r a t e d  

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

In  a  s e c o n d   r e a c t i o n   v e s s e l   was  p l a c e d   504  g r a m s   o f  

t h e   a b o v e   i s o m e r i z e d   C18  o l e f i n   and  300  m l  h e p t a n e .   T h e  

h e p t a n e   was  d i s t i l l e d   o u t   u n d e r   v a c u u m   to  r e m o v e   w a t e r .  

Then   2 . 4   g r a m s   of   t r i - ( 3 , 5 - d i - t e r t - b u t y l - 4 - h y d r o x y b e n z y l ) -  

m e s i t y l e n e   s t a b i l i z e r   was  a d d e d .   The  m i x t u r e   was  h e a t e d  

u n d e r   n i t r o g e n   to   2250  C.  Then   160  g r a m s   of   m o l t e n   m a l e i c  

a n h y d r i d e  w a s   s l o w l y   a d d e d   o v e r   a  2 . 5 - h o u r   p e r i o d .   T h e  

m i x t u r e   was  s t i r r e d   a t   2250  C.  f o r   two  more   h o u r s   and   t h e n  

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

v a c u u m   to  762  m m ( 3 Q   i n . )   Hg  w h i l e   h o l d i n g   t h e   r e a c t i o n  

m i x t u r e   a t   200°   C.  The  p r o d u c t   was  p r i n c i p a l l y   s e c o n d a r y  

C18  a l k y l e n e   s u c c i n i c   a n h y d r i d e .  

In  a  s e p a r a t e   r e a c t i o n   v e s s e l   was  p l a c e d   5 3 2 . 5  

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

T h i s   was  h e a t e d   u n d e r   n i t r o g e n   to   165°   C.  and   t h e n   a m m o n i a  

was  i n j e c t e d   c a u s i n g   t h e   t e m p e r a t u r e   to  r i s e   to  180°   C.  



Ammonia   i n j e c t i o n   was  c o n t i n u e d   u n t i l   e x o t h e r m   s t o p p e d .  

The  m i x t u r e   was  h e a t e d   a t   1 7 0 °  C .   u n d e r   v a c u u m   to  r e m o v e  

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

E x a m p l e   3 

In  a  r e a c t i o n   v e s s e l   was  p l a c e d   1005  g r a m s   o f  

l i n e a r   a - e i c o s e n e   and  187  g r a m s   of   A m b e r l y s t   15  (5  p e r c e n t  

m o i s t u r e ) .   The  m i x t u r e   was  h e a t e d   u n d e r   n i t r o g e n   a t   1 1 0 °  

to  125°   C.  f o r   6  h o u r s .   The  p r o d u c t   was  i n t e r n a l l y   u n -  

s a t u r a t e d   e i c o s e n e   c o n t a i n i n g   3 . 3   p e r c e n t   e i c o s e n e   d i m e r .  

In  a  s e p a r a t e   r e a c t i o n   v e s s e l   was  p l a c e d   560  g r a m s  
of   t h e   a b o v e   i s o m e r i z e d   e i c o s e n e   and   200  ml  h e p t a n e .   T h e  

h e p t a n e   w a s  d i s t i l l e d   o u t   to  d r y   t h e   e i c o s e n e .   At  140°   C . ,  

3 . 1   g r a m s   o f   t r i - ( 3 , 5 - d i - t e r t - b u t y l - 4 - h y d r o x y b e n z y l ) m e s i -  

t y l e n e   s t a b i l i z e r   was  a d d e d   and  t h e   m i x t u r e   h e a t e d   to   2 1 0 °  

C.  Over   a  2 . 5 - h o u r   p e r i o d ,   1 5 6 . 8   g r a m s   of   m a l e i c   a n h y d r i d e  

was  a d d e d   a t   a b o u t   2250  C.  F o l l o w i n g   t h i s , u n r e a c t e d   m a l e i c  

a n h y d r i d e   was  d i s t i l l e d   o u t   u n d e r   v a c u u m   a t   210°   C.  l e a v i n g  

i s o m e r i z e d   e i c o s e n y l   s u c c i n i c   a n h y d r i d e .  

In   a n o t h e r   r e a c t i o n   v e s s e l   was  p l a c e d   570  g r a m s   o f  

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

was  h e a t e d   to  1600  C.  and   a m m o n i a   i n j e c t i o n   s t a r t e d .   T h e  

t e m p e r a t u r e   r o s e   to  175°   C.  Ammonia   i n j e c t i o n   was  c o n t i n u e d  

a t   1750  C.  u n t i l   t h e   t e m p e r a t u r e   d r o p p e d .   Then   762  mm 

(30  i n . )   Hg  v a c u u m   was  s l o w l y   a p p l i e d   to  d i s t i l l   o u t   w a t e r  

and   a m m o n i a .   A d d i t i o n a l   a m m o n i a   was  i n j e c t e d   to  be  s u r e  

no  a n h y d r i d e   r e m a i n e d .   T h e r e   was  no  f u r t h e r   r e a c t i o n   s o  

t h i s   a m m o n i a   was  s t r i p p e d   o u t   a t   762  mm  (30  i n . )   H g  v a c u u m  

a t   170°   C.  y i e l d i n g   i s o m e r i z e d   e i c o s e n y l   s u c c i n i m i d e .  

E x a m p l e   4  

In   a  r e a c t i o n  v e s s e l   was  p l a c e d   1100  g r a m s   o f  

l i n e a r   C16-C18   a - o l e f i n   m i x t u r e .   The  o l e f i n   m i x t u r e   w a s  

i s o m e r i z e d   f o l l o w i n g   t h e   p r o c e d u r e   in   E x a m p l e   3 .  

In   a  s e p a r a t e   v e s s e l   was  p l a c e d   485  g r a m s   (2  m o l e s )  

of   t h e   a b o v e   i s o m e r i z e d   o l e f i n .   T h i s   was  h e a t e d   a t   1 0 0   C.  

u n d e r   30  i n c h e s   Hg  v a c u u m   to  r e m o v e   w a t e r .   To  i t   was  t h e n  



a d d e d   2 . 4   g r a m s   t r i - ( 3 , 5 - d i - t e r t - b u t y l - 4 - h y d r o x y b e n z y l ) -  

m e s i t y l e n e .   The  m i x t u r e   was  h e a t e d   u n d e r   n i t r o g e n   to   2 2 5 °  

C .  a n d   t h e n   152  g r a m s   of   m o l t e n   m a l e i c   a n h y d r i d e   was  a d d e d  

o v e r   a  3 - h o u r   p e r i o d .   The  m i x t u r e   was  s t i r r e d   30  m i n u t e s  

a t   2250  C.  and   an  a d d i t i o n a l  5 0   g r a m s   of   m a l e i c   a n h y d r i d e  

w a s   a d d e d .   T h i s   m i x t u r e   was  s t i r r e d   30  m i n u t e s   a t   2 2 5 °  C .  

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

o u t  a t   200°   C.  u n d e r   762  mm  (30  i n . )   Hg  v a c u u m .  

I n - a   s e p a r a t e   r e a c t i o n  v e s s e l   was  p l a c e d   598  g r a m s  
of   t h e   a b o v e   i s o m e r i z e d   C16-C18   a l k e n y l   s u c c i n i c   a n h y d r i d e .  

Ammonia   i n j e c t i o n   was  s t a r t e d   a t   140°   C.  r a i s i n g   t h e   t e m -  

p e r a t u r e   to   145°   C.  Ammonia   i n j e c t i o n   was  c o n t i n u e d   a t  

1 3 0 °  C .   u n t i l   no  f u r t h e r   a m m o n i a   was  a d s o r b e d .   The  m i x -  

t u r e   was  t h e n   h e a t e d   t o  1 8 0 °   C:  to   d i s t i l l   o u t  w a t e r   a n d  

a m m o n i a   y i e l d i n g   i s o m e r i z e d   C16-C18   a l k e n y l   s u c c i n i m i d e .  

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

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

t i n g   w i t h   t h e   o i l   i n   t h e   c r a n k c a s e .   A  u s e f u l   c o n c e n t r a t i o n  

i s   a b o u t   0 . 0 5   to  3  w e i g h t   p e r c e n t .   A  m o r e   p r e f e r r e d   r a n g e  
i s   a b o u t   0 . 1   to  1 . 0   w e i g h t   p e r c e n t .  

From  t h e   a b o v e   i t   c a n  b e   s e e n   t h a t   t h e   p r e s e n t  

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

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

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

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

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

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

of   t h e   f r i c t i o n - r e d u c i n g   a d d i t i v e   h e r e i n   d e s c r i b e d .  

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

m o t o r   o i l   a l s o   c o n t a i n s   an  a s h l e s s   d i s p e r s a n t   a n d  a n  

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

an  a l k a r y l   s u l f o n i c   a c i d   ( e . g . ,   a l k y l b e n z e n e   s u l f o n i c  

a c i d ) .  

The  a d d i t i v e s   can   be  u s e d   in   m i n e r a l   o i l   or   i n  

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

c a s e   of   an  i n t e r n a l   c o m b u s t i o n   e n g i n e .   C r a n k c a s e   l u b r i c a t i n g  



o i l s   h a v e   a  v i s c o s i t y   u p  t o   a b o u t   80  SUS  a t   1 0 0 °  C .   ( 2 1 0 °  

F . ) .  

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

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

m i d c o n t i n e n t ,   P e n n s y l v a n i a ,   C a l i f o r n i a ,   A l a s k a   and  t h e   l i k e .  

V a r i o u s   s t a n d a r d   r e f i n e r y   o p e r a t i o n s   can  be  u s e d   in   p r o c e s -  

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

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

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

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

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

l i q u i d   o l i g o m e r s   of   C6-12   a - o l e f i n s   s u c h   as  a - d e c e n e   t r i m e r .  

L i k e w i s e ,   a l k y l b e n z e n e s   of   p r o p e r   v i s c o s i t y   can   be  u s e d ,  

s u c h   as  d i d o d e c y l b e n z e n e .  

U s e f u l   s y n t h e t i c   e s t e r s   i n c l u d e   t h e   e s t e r s   o f  

b o t h   m o n o c a r b o x y l i c   a c i d   and  p o l y c a r b o x y l i c   a c i d   as  w e l l  

as  m o n o h y d r o x y   a l k a n o l s   and  p o l y o l s .   T y p i c a l   e x a m p l e s   a r e  

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

p e n t a e r y t h r i t o l   t e t r a c a p r o a t e ,   d i ( 2 - e t h y l h e x y l ) a d i p a t e ,  

d i l a u r y l   s e b a c a t e   and  t h e   l i k e .   C o m p l e x   e s t e r s   p r e p a r e d  

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

and  p o l y h y d r o x y l   a l k a n o l s   can   a l s o   be  u s e d .  

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

p a r t i c u l a r l y   u s e f u l .   Fo r   e x a m p l e ,   b l e n d s   of  5  to   2 5  

w e i g h t   p e r c e n t   h y d r o g e n a t e d   a - d e c e n e   t r i m e r   w i t h   75  to  95  

w e i g h t   p e r c e n t   150  SUS  38°  C.  ( 1 0 0 °   F . )   m i n e r a l   o i l   r e s u l t s  

in   an  e x c e l l e n t   l u b r i c a n t .   L i k e w i s e ,   b l e n d s   of  a b o u t   5  t o  

25  w e i g h t   p e r c e n t   d i ( 2 - e t h y l h e x y l ) a d i p a t e   w i t h   m i n e r a l   o i l  

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

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

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

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

( e . g . ,   SAE  5W  20)  s i n c e   t h e y   p e r m i t   t h e s e   low  v i s c o s i t i e s  

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

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

i n c l u d 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   (ZDDP)  i n  



c o m b i n a t i o n   w i t h   t h e   p r e s e n t   a d d i t i v e s .   B o t h   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 s   and  z i n c   d i a l k a r y l d i t h i o p h o s p h a t e s   as  w e l l  

as  m i x e d  a l k y l - a r y l   d i t h i o p h o s p h a t e s   can   be  u s e d .   E x a m p l e s  

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

a r e   a  m i x t u r e   of   i s o b u t y l   and  i s o a m y l   a l k y l   g r o u p s .   Z i n c  

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

t y p e   ZDDP.  Good  r e s u l t s   a r e   a c h i e v e d   u s i n g   s u f f i c i e n t   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   to  p r o v i d e   a b o u t   0 . 0 1   to  0 . 5  

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

a b o u t   0 . 0 5   to  0 . 3   w e i g h t  p e r c e n t   z i n c .  

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

t h e   a l k a l i n e   e a r t h   m e t a l   p e t r o l e u m   s u l f o n a t e   or   a l k a l i n e  

e a r t h   m e t a l   a l k a r y l   s u l f o n a t e s .   E x a m p l e s   o f  t h e s e   a r e  

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

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

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

o v e r b a s e d   s u l f o n a t e s   h a v i n g   b a s e   n u m b e r s   up  to   a b o u t   4 0 0  

can   be  b e n e f i c i a l l y   u s e d .   T h e s e   a r e   u s e d   i n   an  a m o u n t   t o  

p r o v i d e   a b o u t   0 . 0 5   to   1 . 5   w e i g h t   p e r c e n t   a l k a l i n e   e a r t h  

m e t a l   and   more   p r e f e r a b l y   a b o u t   0 . 1   to  1 . 0   w e i g h t   p e r c e n t .  

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

t h e   p o l y a l k y l m e t h a c r y l a t e   t y p e   or   t h e   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   t y p e .   L i k e w i s e ,   s t y r e n e - d i e n e   VI  i m p r o v e r s   c a n  

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

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

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

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

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

m o l e c u l a r   w e i g h t   o f   f r o m   a b o u t   800  to   5 , 0 0 0 .   S u c h   a s h l e s s  

d i s p e r s a n t s   a r e   more   f u l l y   d e s c r i b e d   i n   U.  S.  3 , 1 7 2 , 8 9 2  

and   U.  S.  3 , 2 1 9 , 6 6 6   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

O t h e r   u s e f u l   a s h l e s s   d i s p e r s a n t s   i n c l u d e   t h e  

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

p h e n o l s ,   f o r m a l d e h y d e   and   p o l y e t h y l e n e   p o l y a m i n e .   P r e f e r -  

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



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

w e i g h t   of  f r o m   a b o u t   800  to  5 , 0 0 0 .   The  p r e f e r r e d   p o l y -  

e t h y l e n e   p o l y a m i n e   i s   t e t r a e t h y l e n e   p e n t a m i n e .   Such  M a n -  

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

3 , 3 6 8 , 9 7 2 ;   U.  S.  3 , 4 1 3 , 3 4 7 ;   U.  S.  3 , 4 4 2 , 8 0 8 ;   U.  S .  

3 , 4 4 8 , 0 4 7 ;   U.  S.  3 , 5 3 9 , 6 3 3 ;   U.  S.  3 , 5 9 1 , 5 9 8 ;   U.  S .  

3 , 6 0 0 , 3 7 2 ;   U.  S.  3 , 6 3 4 , 5 1 5 ;   U.  S.  3 , 6 9 7 , 5 7 4 ;   U.  S .  

3 , 7 0 3 , 5 3 6 ;   U.  S.  3 , 7 0 4 , 3 0 8 ;   U.  S.  3 , 7 2 5 , 4 8 0 ;   U.  S .  

3 , 7 2 6 , 8 8 2 ;   U.  S.  3 , 7 3 6 , 3 5 7 ;   U.  S.  3 , 7 5 1 , 3 6 5 ;   U.  S .  

3 , 7 5 6 , 9 5 3 ;   U.  S.  3 ; 7 9 3 , 2 0 2 ;   U.  S.  3 , 7 9 8 , 1 6 5 ;   U.  S .  

3 , 7 9 8 , 2 4 7   and  U.  S.  3 , 8 0 3 , 0 3 9 .  

The  f r i c t i o n - r e d u c i n g   a d d i t i v e s   of   t h i s   i n v e n t i o n  

a r e   a l s o   u s e f u l   in   f u e l   c o m p o s i t i o n s .   F u e l   i n j e c t e d   o r  

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

c y l i n d e r .   F u e l s   c o n t a i n i n g   a  s m a l l   a m o u n t   of   t h e   p r e s e n t  
a d d i t i v e   r e d u c e   t h e   f r i c t i o n   due  to  t h e   p i s t o n   r i n g s  

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

The  a d d i t i v e s   can   be  u s e d   in   b o t h   d i e s e l   f u e l   a n d  

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

F u e l s   c o n t a i n i n g   a b o u t   0 . 0 0 1   to  0 . 2 5   w e i g h t   p e r c e n t   of  t h e  

f r i c t i o n - r e d u c i n g   a d d i t i v e s   can   be  u s e d .  

F u e l s   u s e d   w i t h   t h e   i n v e n t i o n   can   c o n t a i n   any  o f  

t h e   a d d i t i v e s   c o n v e n t i o n a l l y   a d d e d   to  s u c h   f u e l s .   In  t h e  

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

g e n t s ,   a n t i k n o c k s   (e .   g . ,   t e t r a e t h y l l e a d ,   m e t h y l c y c l o p e n t a -  

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

m e t h y l   t e r t - b u t y l e t h e r   and  t h e   l i k e ) .   In  t h e   c a s e   o f  

d i e s e l   f u e l s   t h e   c o m p o s i t i o n s   c an   i n c l u d e   p o u r   p o i n t   d e -  

p r e s s a n t s ,   d e t e r g e n t s ,   i g n i t i o n   i m p r o v e r s   ( e . g . ,   h e x y l -  

n i t r a t e )   and   t h e  l i k e .  

T e s t s   w e r e   c o n d u c t e d   u s i n g  a   1977  U.  S.  p r o d u c t i o n  

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

C i t y   EPA  c y c l e .   T h i s   i s   r e f e r r e d   to  as  t h e  " H o t   5 0 5 "  

c y c l e .   I t   c o n s i s t s   of   t h e   f i r s t   3 . 6   m i l e s   ( 5 . 8   km)  of   t h e  

F e d e r a l   EPA  C i t y   c y c l e   s t a r t e d   w i t h   a  w a r m e d - u p   e n g i n e   i n -  

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



SE  g r a d e   o i l   i n   i t s   c r a n k c a s e   i s   o p e r a t e d   on  a  c h a s s i s  

d y n a m o m e t e r   f o r   a b o u t   one  h o u r   a t   a b o u t   88  k m / h r .   (55  m p h )  

to  s t a b i l i z e   o i l   t e m p e r a t u r e .   I t   i s   t h e n   r u n   t h r o u g h   f o u r  

c o n s e c u t i v e   "Ho t   5 0 5 "   c y c l e s   m e a s u r i n g   f u e l   e c o n o m y   of   t h e  

b a s e   o i l .   R e s u l t s   of   t h e   f o u r   c y c l e s   a r e   a v e r a g e d .   T h e n  

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

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

of   t h e   t e s t   a d d i t i v e .   The  c a r   i s   t h e n   r u n   a t   a b o u t   88  k m / h r .  

(55  mph)  f o r   a b o u t   one  h o u r   to  a g a i n   s t a b i l i z e   t e m p e r a t u r e .  

A  s e c o n d   s e r i e s   o f  f o u r   c o n s e c u t i v e   " H o t   5 0 5 "   c y c l e s   i s   r u n  

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

t h e   t e s t   a d d i t i v e .   The  c a r   i s   t h e n   r u n   a b o u t   805  km  ( 5 0 0  

m i l e s )   a t   c o n s t a n t   s p e e d   of   a b o u t   88  k m / h r .   (55  m p h ) .   T h e n  

a  t h i r d   s e r i e s   of   f o u r   c o n s e c u t i v e   " H o t   505"   c y c l e s   a r e   r u n  

to   m e a s u r e   f u e l   e c o n o m y   a f t e r   a b o u t   805  km  ( 5 0 0 - m i l e s )  

o p e r a t i o n   on  t h e   o i l   c o n t a i n i n g   t h e   t e s t   a d d i t i v e .   T h e  

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

w h i c h   i s   r u n   f o r   a  s h o r t   t i m e   and  t h e n   d r a i n e d .   The  c r a n k -  

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

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

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

a t   a b o u t   88  k m / h r .   (55  mph)  to  a  s t a b l e   t e m p e r a t u r e .   T h e n  

a  f o u r t h   s e r i e s   of   f o u r   c o n s e c u t i v e   " H o t   505"   c y c l e s   a r e  

r u n   m e a s u r i n g   f u e l   e c o n o m y .   T h i s   g i v e s   a  s e c o n d   b a s e  l i n e  

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

a d d i t i v e   b e t w e e n   two  b a s e   l i n e   t e s t s .  

The  f o l l o w i n g   t a b l e   shows  t h e   p e r c e n t  i m p r o v e m e n t  

in   f u e l   e c o n o m y   o v e r   t h e   b a s e   o i l   o b t a i n e d   u s i n g   1  w e i g h t  

p e r c e n t   of   t h e   f r i c t i o n - r e d u c i n g   a d d i t i v e .  

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

s i g n i f i c a n t .  



1.  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   a d d i t i v e   w h i c h  

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

o r  

w h e r e i n   n  i s   an  i n t e g e r   of  f rom  2  to   4  and  w h e r e i n   Z  h a s  

t h e   s t r u c t u r e :  

w h e r e i n   R1  and  R2  a r e   e a c h   i n d e p e n d e n t l y   s t r a i g h t   o r  

b r a n c h e d   c h a i n   h y d r o c a r b o n   g r o u p s   c o n t a i n i n g   f rom  1  t o  

34  c a r b o n   a t o m s   s u c h   t h a t   t h e   t o t a l   n u m b e r   of   c a r b o n  

a t o m s   in   t h e   g r o u p s   R1  and  R2  i s   f rom  11  to   3 5 .  

2.  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  

a d d i t i v e   as  c l a i m e d   in  c l a i m   1  w h e r e i n   R1  and  R2 

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

t o t a l   of   f rom  15  to  21  c a r b o n   a t o m s .  



3.  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   a d d i t i v e   a s  

c l a i m e d   in   c l a i m   1  w h i c h  i s   1 - m e t h y l p e n t a d e c y l   s u c c i n i m i d e ,  

1 - p r o p y l t r i d e c e n y l   s u c c i n i m i d e ,   1 - p e n t y l t r i d e c e n y l  

s u c c i n i m i d e ,   1 - t r i d e c y l p e n t a d e c e n y l   s u c c i n i m i d e   o r  

1 - t e t r a d e c y l e i c o s e n y l   s u c c i n i m i d e .  

4.  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of   an  o i l - s o l u b l e  

a d d i t i v e   as  c l a i m e d   in   c l a i m   1  w h i c h   p r o c e s s   c o m p r i s e s  

(a)  i s o m e r i z i n g   t h e   o l e f i n i c   d o u b l e   bond  of   a  l i n e a r  

0 ( - o l e f i n   or  a  m i x t u r e   t h e r e o f   c o n t a i n i n g   f rom  12  to   36  c a r b o n  

a t o m s   to   o b t a i n   a  m i x t u r e   of  i n t e r n a l   o l e f i n s ,   (b)  r e a c t i n g  

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

a n h y d r i d e   or  e s t e r   to   o b t a i n   an  i n t e r m e d i a t e   h y d r o c a r b o n -  

s u b s t i t u t e d   s u c c i n i c   a c i d ,   a n h y d r i d e   or  e s t e r   and  ( c )  

r e a c t i n g   t h e   i n t e r m e d i a t e   w i t h   ammon ia   to   f o r m   an  a m i d e ,  

i m i d e   or  a  m i x t u r e   t h e r e o f .  

5.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   4  w h e r e i n   t h e  

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

l i n e a r   @ - h e x a d e c e n e ,  l i n e a r   @ - o c t a d e c e n e   or  l i n e a r  

@ - e i c o s e n e .  

6.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   4  or  c l a i m   5 

w h e r e i n   t h e   i s o m e r i z a t i o n   of   t h e   l i n e a r   @ - o l e f i n   i s  

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

a c i d i c   c a t a l y s t .  



7.  A  l u b r i c a t i n g   o i l   or   f u e l   c o m p o s i t i o n   w h i c h ' c o n t a i n s  

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

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

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

s u b s t i t u e n t   c o n t a i n s   f rom  12  to   36  c a r b o n   a t o m s ,   o r   a n  

a d d i t i v e   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   3  o r  

w h e n e v e r   p r e p a r e d   by  a  p r o c e s s   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   4  to   6 .  

8.  A  l u b r i c a t i n g   o i l   or  f u e l   c o m p o s i t i o n   as  c l a i m e d   i n  

c l a i m   7  w h e r e i n   t h e   a d d i t i v e   i s   t e t r a d e c e n y l   s u c c i n i m i d e ,  

h e x a d e c e n y l   s u c c i n i m i d e ,   o c t a d e c e n y l   s u c c i n i m i d e ' o r  

e i c o s e n y l   s u c c i n i m i d e .  

9.  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   as  c l a i m e d   i n  

c l a i m   7  or  c l a i m   8  w h e r e i n   t h e   a d d i t i v e   i s   c o n t a i n e d  

t h e r e i n   i n  a n   a m o u n t   of   f rom  0 . 0 5   to   3  w e i g h t   p e r c e n t .  

10.  A  f u e l   c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   7  o r  

c l a i m   8  w h e r e i n   t h e   a d d i t i v e   i s   c o n t a i n e d   t h e r e i n  

in  an  a m o u n t   of   f rom  0 . 0 0 1   to   0 . 2 5   w e i g h t   p e r c e n t .  
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