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(54)  Improved  succinimide  lubricating  oil  dispersant. 
There  is  disclosed  an  improved  lubricating  oil  dispersant 

suitable  for  both  gasoline  engine  and  diesel  engine  lubricat- 
ing  oil,  the  dispersant  being  prepared  in  a  sequential  process 
whereby  a  polyolefin  succinic  anhydride  is  reacted  first  with 
an  alkylene  polyamine  and  subsequently  with  maleic  anhyd- 
ride,  succinic  anhydride,  or  a  C1-C18  alkenyl  or  alkyl  succinic 
anhydride  to  provide  a  diimide  dispersant  having  a  final 
mole  ratio  of  2.3  to  3.0  moles  of  anhydride  per  mole  of 
polyamine. 



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

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

p o t e n c y   in  bo th   g a s o l i n e   and  d i e s e l   e n g i n e s .   More  p a r t i -  

c u l a r l y ,   the  i n v e n t i o n   r e l a t e s   to  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   for  use  both   in  g a s o l i n e   and  d i e s e l   e n g i n e  
f o r m u l a t i o n s   which   meet  c u r r e n t   p e r f o r m a n c e   r e q u i r e m e n t s  
for  both   t y p e s   of  e n g i n e s ,   the  f o r m u l a t i o n s   be ing   c h a r a c t e r -  

ized   as  c o n t a i n i n g   nove l   d i s p e r s a n t s   p r e p a r e d   in  a  p a r t i -  
c u l a r   r e a c t i o n   s e q u e n c e .  

A  c u r r e n t   o b j e c t i v e   in  the  i n d u s t r y   is  t o  

p r o v i d 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   which  meet  or  e x c e e d  

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

g a s o l i n e   and  d i e s e l   or  c o m p r e s s i o n   i g n i t i o n   e n g i n e s .  

H e r e t o f o r e ,   d i s p e r s a n t s   have  been  d e v e l o p e d   which  m e e t  

one  or  the  o t h e r   of  t h e s e   r e q u i r e m e n t s ,   but   d e v e l o p m e n t  
of  a  d i s p e r s a n t   which  s a t i s f i e s   the  h i g h e s t   s e r v i c e  
c l a s s i f i c a t i o n   r e q u i r e m e n t s   of  the  r e l e v a n t   e n g i n e   q u a l i -  
f i c a t i o n   t e s t s   for  bo th   t y p e s   of  o i l s   has  not   been  e n t i r e l y  
s u c c e s s f u l .   I t   is  an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  

p r o v i d 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   n o v e l  

d i s p e r s a n t s   which  meet  t h e s e   g o a l s .  
The  p r e s e n t   i n v e n t i o n   is  w i t h i n   the  b r o a d  

f i e l d   of  improved   p o l y o l e f i n ,   p a r t i c u l a r l y   p o l y i s o b u t e n y l ,  
s u c c i n i c   ac id   or  a n h y d r i d e - p o l y a m i n e   r e a c t i o n   p r o d u c t  

d i s p e r s a n t s ,   and  such  d i s p e r s a n t s   a re   d i s c l o s e d   g e n e r a l l y ,  

for   e x a m p l e ,   in  U.S.  P a t e n t   3 , 1 7 2 , 8 9 2   i s s u e d   March  9 ,  

1965  to  LeSuer  et   a l .  
U.S.   P a t e n t   3 , 2 1 6 , 9 3 6   i s s u e d   November   9,  1965  t o  

L e S u e r   shows  l u b r i c a t i n g   o i l   a d d i t i v e s   p r e p a r e d   by  a c y l a -  

t i o n   of  an  a l k y l e n e   amine  w i t h   b o t h   a  p o l y o l e f i n   s u c c i n i c  

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

a  mono  a c i d   h a v i n g   more  t han   12  c a r b o n   a toms   such  a s  

s t e a r i c   or  o l e i c   a c i d .   The  p r o d u c t s   can  be  p r e p a r e d   by  

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

p o l y a m i n e   or  by  f i r s t   r e a c t i n g   the   p o l y o l e f i n   s u c c i n i c  

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

a c i d .   The  p r o d u c t s   so  fo rmed   a re   s a i d   to  be  p a r t i c u l a r l y  



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

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

B r i t i s h   P a t e n t   1 , 0 1 8 , 9 8 2   (1966)  d i s c l o s e s  

l u b r i c a t i n g   o i l   a d d i t i v e s   which   a re   the  r e a c t i o n   p r o d u c t s  
of  t h r e e   c o m p o n e n t s :   a l k e n y l   s u c c i n i c   a n h y d r i d e s ,   p o l y -  
amines   and  c a r b o x y l i c   a c i d s   and  the  p r o d u c t s   are  s a i d   t o  

have  i m p r o v e d   s l u d g e   d i s p e r s a n t   p r o p e r t i e s .   The  a l k e n y l  
s u c c i n i c   a n h y d r i d e s   a re   t h o s e   s i m i l a r   to  the  m a t e r i a l s  

of  the  p r e s e n t   i n v e n t i o n ,   i . e . ,   p r e f e r a b l y   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   and  the  p o l y a m i n e s   are  a l s o   s i m i l a r ,  

i . e . ,   the  a l k y l e n e   p o l y a m i n e s .   The  c a r b o x y l i c   a c i d s   o f  

t h i s   r e f e r e n c e   a re   d i s c l o s e d   as  b e i n g   mono-  or  d i -   c a r -  

b o x y l i c   a c i d s   h a v i n g   1  to  30,  p r e f e r a b l y   1  to  18  c a r b o n  

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

an  i m i d a z o l i n e   or  p y r i m i d i n e   w i t h   a  minimum  of  c a r b o n  

a toms .   T h i s   r e f e r e n c e   a l s o   s t a t e s   t h a t   lower  m o l e c u l a r  

w e i g h t   c a r b o x y l i c   a c i d s   a re   more  e f f e c t i v e   in  p r o m o t i n g  
the  s l u d g e   d i s p e r s i n g   a c t i v i t y   of  the   f i n a l   p r o d u c t .  
The  p r e p a r a t i v e   method  d i s c l o s e d   in  B r i t i s h   P a t e n t  

1 , 0 1 8 , 9 8 2   c o m p r i s e s   e i t h e r   f i r s t   r e a c t i n g   the  c a r b o x y l i c  
ac id   and  the  p o l y a m i n e   in  what   is  d e s c r i b e d   as  an  i m i d a -  

z o l i n e   or  p y r i m i d i n e   f o r m i n g   r e a c t i o n   wi th   s u b s e q u e n t  

r e a c t i o n   w i t h   a l k e n y l   s u c c i n i c   a n h y d r i d e   or  by  r e a c t i n g  
the  t h r e e   m a t e r i a l s   s i m u l t a n e o u s l y .  

U.S .   P a t e n t   3 , 4 1 5 , 7 5 0   i s s u e d   December   10,  1 9 6 8  

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

as  i m i d a z o l i n e s   w h i c h   a re   p r e p a r e d   by  r e a c t i n g   a  p o l y -  

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

c a r b o x y l i c   a c i d   to  form  a  h e t e r o c y c l i c   i m i d a z o l i n e  

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   a  p o l y -  

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

wh ich   is  s a i d   to  have   i m p r o v e d   d e t e r g e n c y   and  d i s p e r s a n c y  

in  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 .  

U.S.   P a t e n t   3 , 3 7 4 , 1 7 4   i s s u e d   March  19,  1968  t o  

L e S u e r   d i s c l o s e s   l u b r i c a n t   a d d i t i v e s   p r e p a r e d   by  r e a c t i n g  

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



m o l e c u l a r   w e i g h t   s a t u r a t e d   m o n o c a r b o x y l i c   a c i d   and  a  
d i c a r b o x y l i c   a c i d   or  a n h y d r i d e ,   p r e f e r a b l y   t h o s e   h a v i n g  
up  to  12  c a r b o n s .   The  p a t e n t   d i s c l o s e s   the   s i m u l t a n e o u s  
r e a c t i o n   of  a l l   t h r e e   m a t e r i a l s   or  a  s e q u e n t i a l   p r o c e s s  
w h e r e b y   t h e r e   is   f i r s t   f o r m e d   an  a c y l a t e d   amine   i n t e r -  
m e d i a t e   w i t h   the   amine  and  h i g h   m o l e c u l a r   w e i g h t   c a r b o x y -  
l i c   a c i d   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   the   d i c a r b o x y -  
l i c   a c i d   r e a c t a n t .  

U.S.   4 , 1 7 3 , 5 4 0   d i s c l o s e s   the   r e a c 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   w i t h   p o l y a m i n e s   in  a  m o l a r  

r a t i o   of  2 .0   to  2 .5  moles   of  a n h y d r i d e   per   mole  of  p o l y -  

amine   to  p r o v i d e   a  d i i m i d e   d i s p e r s a n t ,   h o w e v e r ,   s u c h  

p r o d u c t s   w i l l   no t   meet   the   r e q u i r e m e n t s   fo r   b o t h   g a s o l i n e  

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

U.S.   3 , 4 0 1 , 1 1 8   d i s c l o s e s   r e a c t i n g   t e t r a e t h y l e n e  

p e n t a m i n e   f i r s t   w i t h   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  

(PIBSA)  d e r i v e d   from  8 5 0 - 1 2 0 0   M n  p o l y i s o b u t y l e n e  a n d   t h e n  

r e a c t i n g   t h i s   i n t e r m e d i a t e   w i t h   PIBSA  d e r i v e d   f rom  p o l y -  
i s o b u t y l e n e   of  4 0 0 - 7 5 0   Mn;  the   400  Mn  c o r r e s p o n d i n g   to  2 9  
c a r b o n   a t o m s .  

The  p r e s e n t   i n v e n t i o n   d i s t i n g u i s h e s   f rom  t h e s e  

r e f e r e n c e s   in  r e q u i r i n g   a  p a r t i c u l a r   r e a c t i o n   s e q u e n c e  
c h a r a c t e r i z e d   by  the  use  of  a  d i c a r b o x y l i c   a c i d   a n h y d r i d e  

in  t he   f i n a l   s t e p   and  a n  o v e r a l l   mole  r a t i o   of  a n h y d r i d e   t o  

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

r a n g e .   T h e s e   p a r a m e t e r s   have   been   f o u n d   e s s e n t i a l   to  p r o -  
v i d 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   wh ich   g i v e   d e m o n s t r a t e d  

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

the   h i g h e s t   g r a d e   s e r v i c e   c l a s s i f i c a t i o n s   for   b o t h   g a s o l i n e  

and  d i e s e l   e n g i n e   l u b r i c a t i n g   o i l s .   The  r e a c t i o n   s e q u e n c e  
is  p a r t i c u l a r l y   c r i t i c a l ;   t h u s   p r o d u c t s  p r e p a r e d   in  a  
s i m u l t a n e o u s   r e a c t i o n   t e c h n i q u e   w i l l   no t   meet   the   o b j e c t i v e s  

of  t h i s   i n v e n t i o n .  

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 ,   t h e r e   a r e  

p r o v i d 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   e x h i b i t i n g   i m p r o v e d  

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

a  m a j o r   amoun t   of  l u b r i c a t i n g   o i l   and  an  e f f e c t i v e   a m o u n t  



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

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

(a)  f i r s t   r e a c t i n g   a  p o l y a l k e n y l   s u c c i n i c   a n h y d r i d e ,   t h e  

p o l y a l k e n y l   b e i n g   a  p o l y m e r   of  a  C3  or  C4  o l e f i n , a n d   a n  

a l k y l e n e   p o l y a m i n e   of  the  f o r m u l a   H2N(CH2)n (NH(CH2)n )mNH2,  
w h e r e i n   n  is  2  or  3  and  m  is  0  to  10  in  a  mola r   r a t i o   o f  

a b o u t   1.0  to  2.2  moles   of  s u c c i n i c   a n h y d r i d e   per  mole  o f  

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

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

C1-C18 ,   p r e f e r a b l y   C 8 - C 1 8 ,  a l k e n y l   or  a l k y l   s u c c i n i c  

a n h y d r i d e s   in  s u f f i c i e n t   molar   p r o p o r t i o n   to  p r o v i d e   a  
d i i m i d e   d i s p e r s a n t   h a v i n g   a  t o t a l   mole  r a t i o   of  a b o u t  

2.3  to  3.0  moles   of  a n h y d r i d e   per  mole  of  p o l y a m i n e .  
The  p o l y a l k 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   i n  

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

the  p o l y a l k e n y l   g r o u p   has  a Bn  (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  5 , 0 0 0 ,   p r e f e r a b l y   900  to  2 , 0 0 0 .  
The  me thods   of  p r e p a r a t i o n   are  we l l   known  in  the  a r t ,  

i . e . ,   r e a c t i o n   of  m a l e i c   a n h y d r i d e   w i t h   e i t h e r   the  p o l y -  
o l e f i n   i t s e l f   or  w i t h   a  c h l o r i n a t e d   p o l y o l e f i n   which  i n  

e i t h e r   ca se   p r o v i d e s   the  d e s i r e d   p o l y a l k 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 i s o b u t y l e n e   is  p r e f e r r e d  b u t   o t h e r   p o l y m e r s  
of   C3  or  C4  o l e f i n s   such  as  p o l y b u t e n e - 1   and  p o l y p r o p y l e n e  

a re   s u i t a b l e   i n c l u d i n g   m i x t u r e s   of  such  p o l y o l e f i n s .  
S u i t a b l e   a l k y l e n e   p o l y a m i n e s   are   a l s o   w e l l  

known  r e p r e s e n t e d   by  the  f o r m u l a   NH2(CH2)n (NH(CH2)n )mNH2,  
w h e r e i n   n  is  2  to  3  and  m  is  0  to  10.  I l l u s t r a t i v e   a r e  
e t h y l e n e   d i a m i n e ,   d i e t h y l e n e   t r i a m i n e ,   t r i e t h y l e n e   t e t r a m i n e ,  
t e t r a e t h y l e n e   p e n t a m i n e ,   p e n t a e t h y l e n e   h e x a m i n e ,   and  t h e  
l i k e .   - P r e f e r r e d   for   use  is  t e t r a e t h y l e n e   p e n t a m i n e   or  a 
m i x t u r e   of  e t h y l e n e   p o l y a m i n e s   which   a p p r o x i m a t e s   t e t r a -  

e t h y l e n e   p e n t a m i n e   such  as  "DOW  E-100"   (a  c o m m e r c i a l  

m i x t u r e   a v a i l a b l e   from  Dow  Chemica l   Company,   M i d l a n d ,  

M i c h i g a n ) .  
The  t e rms   p o l y a l k e n y l   s u c c i n i m i d e   d i s p e r s a n t  

or  d i i m i d e   d i s p e r s a n t   as  used  h e r e i n   is  meant   to  e n c o m p a s s  



t h e   c o m p l e t e d   r e a c t i o n   p r o d u c t   of  the  s e q u e n t i a l   p r o c e s s  
and  is  i n t e n d e d   to  e n c o m p a s s   compounds   w h e r e i n   the  p r o d u c t  

may  have  amide ,   a m i d i n e   or  s a l t   l i n k a g e s   in  a d d i t i o n   t o  

the   imide   l i n k a g e   which   r e s u l t s   from  the  r e a c t i o n   of  t h e  

p r i m a r y   amino  g roup   and  the   a n h y d r i d e   m o i e t y .  
The  t h i r d   r e a c t a n t   used  to  p r e p a r e   the  d i s -  

p e r s a n t s   of  the  p r e s e n t   i n v e n t i o n   e n c o m p a s s e s   m a l e i c  
a n h y d r i d e ,   s u c c i n i c   a n h y d r i d e   or  an  a l k e n y l   or  a l k y l  
s u c c i n i c   a n h y d r i d e   h a v i n g   up  to  abou t   18  c a r b o n   a t o m s  
and  p r e f e r a b l y   at  l e a s t   8  c a r b o n   a toms .   P a r t i c u l a r l y  

a d v a n t a g e o u s   r e s u l t s   in  t e r m s   of  e n g i n e   p e r f o r m a n c e   d a t a  
have  been  o b t a i n e d   w i t h   d o d e c e n y l   s u c c i n i c   a n h y d r i d e   a n d  
m a l e i c   a n h y d r i d e   and  the   use  of  t h e s e   m a t e r i a l s ,   and  t h e  

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

In  the  p r e s e n t   i n v e n t i o n ,   bo th   the  r e a c t i o n  

s e q u e n c e   and  the  o v e r a l l   f i n a l   mole  r a t i o   of  t o t a l   s u c c i n i c  

a n h y d r i d e   g r o u p s   to  p o l y a m i n e   in  the  f i n i s h e d   p r o d u c t  
have  been  found  to  be  e s s e n t i a l   to  meet  the  o b j e c t i v e   o f  

p a s s i n g   both   e n g i n e   q u a l i f i c a t i o n   t e s t s   for   g a s o l i n e   a n d  
d i e s e l   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 .   The  r e a c t i o n   s e q u e n c e  
r e q u i r e s   a  f i r s t   s t e p   in  the  p r e p a r 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 - p o l y a m i n e   r e a c t i o n   p r o d u c t .  
T h e s e   are   r e a c t e d   in  a  mole  r a t i o   of  a b o u t   1.0  to  2 . 2  
mo le 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   per  mole  o f  

p o l y a m i n e .   A f t e r   t h i s   r e a c t i o n   is  c o m p l e t e ,   s u f f i c i e n t  
m a l e i c   a n h y d r i d e ,   s u c c i n i c   a n h y d r i d e   or  a l k e n y l   s u c c i n i c  

a n h y d r i d e   is  then   r e a c t e d   to  p r o v i d e   a  f i n a l   o v e r a l l  

mole  r a t i o   in  the  f i n i s h e d   d i s p e r s a n t   of  a b o u t   2 .3  t o  
3 . 0 ,   p r e f e r a b l y   2.3  to  2 . 5 ,   moles   of  a n h y d r i d e   p e r  
mole  of  p o l y a m i n e .  

These   r e a c t i o n s   are   c a r r i e d   out   at  c o n v e n t i o n a l  

t e m p e r a t u r e s   of  a b o u t   80°C  to  200°C,  more  p r e f e r a b l y  
140oC  to  165°C,  u s i n g   a  c o n v e n t i o n a l   s o l v e n t   m e d i a ,   s u c h  

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

p r o d u c t   is  in  a  c o n v e n i e n t   s o l u t i o n   in  l u b r i c a t i n g   o i l  
which   is  e n t i r e l y   c o m p a t i b l e   wi th   a  l u b r i c a t i n g   o i l   b a s e  
s t o c k .   S u i t a b l e   s o l v e n t   o i l s   are  the  same  as  the  o i l s  



used  as  a  l u b r i c a t i n g   o i l   base   s t o c k   and  t h e s e   g e n e r a l l y  

i n c l u d e   l u b r i c a t i n g   o i l s   h a v i n g   a  v i s c o s i t y   (ASTM  D - 4 4 5 )  

of  a b o u t   2  to  40,  p r e f e r a b l y   5  to  2 0 , c e n t i s t o k e s   a t  

990C,  w i th   the  p r i m a r i l y   p a r a f f i n i c   m i n e r a l   o i l s   b e i n g  

p a r t i c u l a r l y   p r e f e r r e d ,   such  as  S o l v e n t   150  N e u t r a l .  

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   a re   p r e p a r e d  

c o n t a i n i n g   the  d i s p e r s a n t   of  the  p r e s e n t   i n v e n t i o n   t o -  

g e t h e r   w i th   c o n v e n t i o n a l   amounts   of  o t h e r   a d d i t i v e s   t o  

p r o v i d e   t h e i r   normal   a t t e n d a n t   f u n c t i o n 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 s ,   r u s t   i n h i b i t o r s ,   me t a l   d e t e r g e n t   a d d i -  

t i v e s ,   a n t i o x i d a n t s ,   and  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  
a n t i - w e a r   a d d i t i v e s   and  t h e s e   c o m p o s i t i o n s   meet   t h e  

o b j e c t i v e   of  p a s s i n g   e n g i n e   q u a l i f i c a t i o n   t e s t s   for   b o t h  

g a s o l i n e   and  d i e s e l   e n g i n e   u s a g e .   For  g a s o l i n e   e n g i n e  
lube   o i l s   to  meet   the  c u r r e n t   "SF"  d e s i g n a t i o n   of  t h e  

A m e r i c a n   P e t r o l e u m   I n s t i t u t e ,   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  

must   e q u a l   or  e x c e e d   c e r t a i n   v a l u e s   in  the   MS  S e q u e n c e   VD 

E n g i n e   T e s t   (ASTM  S p e c i a l   P u b l i c a t i o n   3 1 5 ) .   For  d i s p e r s a n c y ,  
the  s i g n i f i c a n t   v a l u e s   in  t h i s   t e s t   are  a  minimum  of  9 . 4  

s l u d g e ,   6.7  p i s t o n   s k i r t   v a r n i s h   and  6.6  a v e r a g e   v a r n i s h .  

The  S e q u e n c e   VD  uses   a  1980  Ford  2.3  l i t e r   4 - c y l i n d e r  

e n g i n e   and  is  a  1 9 2 - h o u r   t e s t   c o m p r i s i n g   the   c y c l i c  

o p e r a t i o n   at  v a r y i n g   e n g i n e   s p e e d s   and  t e m p e r a t u r e s   t o  
s i m u l a t e   " s t o p   and  go"  c i t y   d r i v i n g   and  m o d e r a t e   t u r n p i k e  

o p e r a t i o n .   The  t e s t   is  an  e s t a b l i s h e d   i n d u s t r y   s t a n d a r d .  
For  d i e s e l   p e r f o r m a n c e   the  C a t e r p i l l a r  1 - H / 2  

t e s t   is  the  c u r r e n t   s t a n d a r d   to  e v a l u a t e   the  e f f e c t s   o f  

a  c r a n k c a s e  o i l   on  r i n g   s t i c k i n g   and  p i s t o n   d e p o s i t s .  
The  t e s t   s i m u l a t e s   h igh   s p e e d ,   m o d e r a t e l y   s u p e r c h a r g e d  
e n g i n e   o p e r a t i o n .   Th i s   t e s t   is  a l s o   F e d e r a l   T e s t   M e t h o d  
791-346   and  is  used  to  meet   m i l i t a r y   s p e c i f i c a t i o n s   s u c h  

as  MIL-L-21260B  and  i n d u s t r y   s p e c i f i c a t i o n s   such  a s  
SAE  183  and  G e n e r a l   Motors   GM6146M.  F o r  t h e   1H-2  T e s t  
WTD  ( W e i g h t e d   T o t a l   D e m e r i t s )   is  the  p r i n c i p a l   v a l u e   a n d  

for   a  2 4 0 - h o u r   t e s t ,   the  t a r g e t   is  a  v a l u e   w i t h i n   o r  
be low  the  90-100  r a n g e .   Th i s   is  d e r i v e d   from  the  p u b l i s h e d  
s p e c i f i c a t i o n   v a l u e   of  WTD  140  for  a  4 8 0 - h o u r   t e s t .   WTD 



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

in  the  g roove   and  l and   a r e a s   of  the  p i s t o n   and  l a c q u e r  

on  p i s t o n   s k i r t s   w i th   a l l   the  s p e c i f i c   e v a l u a t i o n   b e i n g  

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

f i n a l   WTD  be ing   c a l c u l a t e d   in  a c c o r d a n c e   w i th   the  t e s t  

p r o c e d u r e .  
The  d i s p e r s a n t s   p r e p a r e d   a c c o r d i n g   to  t h e  

i n v e n t i o n   can  be  i n c o r p o r a t e d   in  a  wide  v a r i e t y   of  l u b r i c a n t s .  

They  can  be  used  in  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 ,   s u c h  

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

g e n e r a l l y   w i t h i n   the  r a n g e   of  a b o u t   0.5  to  10  w e i g h t  

p e r c e n t ,   for  e x a m p l e ,   1  to  5  w e i g h t   p e r c e n t ,   p r e f e r a b l y  
1.5  to  3  w e i g h t   p e r c e n t ,   of  the   t o t a l   c o m p o s i t i o n .   C o n -  

v e n t i o n a l l y ,   the  d i s p e r s a n t s   a re   admixed  w i t h   the  l u b r i c a t -  

ing  o i l s   as  d i s p e r s a n t   s o l u t i o n   c o n c e n t r a t e s   which  u s u a l l y  
c o n t a i n   up  to  abou t   50  p e r c e n t   w e i g h t   of  the  a c t i v e  

i n g r e d i e n t   a d d i t i v e   compound  d i s s o l v e d   in  m i n e r a l   o i l ,  

p r e f e r a b l y   a  m i n e r a l   o i l   h a v i n g   an  ASTM  D-445  v i s c o s i t y  
of  a b o u t   2  to  40,  p r e f e r a b l y   5  to  20  c e n t i s t o k e s   a t  
99°C.  The  l u b r i c a t i n g   o i l   i n c l u d e s   not  o n l y   h y d r o c a r b o n  
o i l s   of  l u b r i c a t i n g   v i s c o s i t y   d e r i v e d   from  p e t r o l e u m   b u t  

a l s o   i n c l u d e s   s y n t h e t i c   l u b r i c a t i n g   o i l s   such  as  p o l y e t h y l e n e  
o i l s ;   a l k y l   e s t e r s   of  d i c a r b o x y l i c   a c i d s ,   complex   e s t e r s  
of  d i c a r b o x y l i c   a c i d ,   p o l y g l y c o l   and  a l c o h o l ;   a l k y l  
e s t e r s   of  c a r b o n i c   or  p h o s p h o r i c   a c i d s ;   p o l y s i l i c o n e s ;  

f l u o r o h y d r o c a r b o n   o i l s ;   and  m i x t u r e ' s   or  l u b r i c a t i n g   o i l s  

and  s y n t h e t i c   o i l s   in  any  p r o p o r t i o n ,   e t c .   The  t e r m  

" l u b r i c a t i n g   o i l "   for  t h i s   d i s c l o s u r e   i n c l u d e s   a l l   t h e  

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

d i s p e r s e d   as  a  c o n c e n t r a t e   of  10  to  80  w e i g h t   p e r c e n t ,  
p r e f e r a b l y   up  to  abou t   50  w e i g h t   p e r c e n t ,   of  s a id   d i s p e r s a n t  
in  20  to  90  we igh t   p e r c e n t   of  m i n e r a l   o i l ,   e . g . ,   S o l v e n t   150 
N e u t r a l   o i l   with  or  w i t h o u t   o t h e r   a d d i t i v e s   be ing   p r e s e n t  
and  such  c o n c e n t r a t e s   are   a  f u r t h e r   e m b o d i m e n t   of  t h i s  

i n v e n t i o n .  



As  no t ed   a b o v e ,   such  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   the  d i s p e r s a n t s   of  the  p r e s e n t   i n v e n t i o n   w i l l  
a l s o   c o n t a i n   o t h e r   w e l l - k n o w n   a d d i t i v e s   such  as  the  z i n c  

d i a l k y l   ( C 3 - C g ) d i t h i o p h o s p h a t e   a n t i - w e a r   i n h i b i t o r s ,  

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

p e r c e n t .   U s e f u l   d e t e r g e n t s   i n c l u d e   the  o i l - s o l u b l e  
n o r m a l   b a s i c   or  o v e r - b a s e d   m e t a l ,   e . g . ,   c a l c i u m ,   m a g n e s i u m ,  
b a r i u m ,   e t c . ,   s a l t s   of  p e t r o l e u m   n a p h t h e n i c   a c i d s ,   p e t r o l -  

eum  s u l f o n i c   a c i d s ,   a l k y l   b e n z e n e   s u l f o n i c  a c i d s ,   o i l -  

s o l u b l e   f a t t y   a c i d s ,   a l k y l   s a l i c y l i c   a c i d s ,   a l k y l e n e  
b i s - p h e n o l s   and  h y d r o l y z e d   p h o s p h o s u l f u r i z e d   p o l y o l e f i n s .  

T y p i c a l   amounts   are  f rom  1  to  7  w e i g h t   p e r c e n t   w i t h   t h e  

HD  or  d i e s e l   o i l s   u s u a l l y   c o n t a i n i n g   s l i g h t l y   more  o f  

t h i s   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 f e r r e d   d e t e r g e n t s   a r e  
the   c a l c i u m   and  m a g n e s i u m   no rma l   or  o v e r b a s e d   p h e n a t e s ,  
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 .   D i e s e l   l u b r i c a t i n g  
o i l s   p r e f e r a b l y   c o n t a i n   4-6  p e r c e n t   of  t h i s   a d d i t i v e .  

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

e . g . ,   2 . 6 - d i t e r t b u t y l - p a r a - c r e s o l ,   a m i n e s ,   s u l f u r i z e d  

p h e n o l s   and  a l k y l   p h e n o t h i a z i n e s   u s u a l l y   p r e s e n t   i n  

a m o u n t s   of  from  0 .001   to  1  w e i g h t   p e r c e n t .  
Pour  p o i n t   d e p r e s s a n t s   which  may  be  p r e s e n t   i n  

a m o u n t s   of  from  0 .01  to  1  w e i g h t   p e r c e n t   i n c l u d e   wax 

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

c o p o l y m e r s ,   a c r y l a t e   and  m e t h a c r y l a t e   p o l y m e r s   and  c o p o l y -  

m e 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   which  may  va ry   f r o m  

a b o u t   1  to  15  w e i g h t   p e r c e n t   d e p e n d i n g   on  the  v i s c o s i t y  

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

c o p o l y m e r s   and  t e r p o l y m e r s   of  s t y r e n e   wi th   i s o p r e n e  

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

m e t h a c r y l a t e s ,   c o p o l y m e r s   of  a l k y l   m e t h a c r y l a t e s   w i th   N- 

v i n y l   p y r r o l i d o n e   or  d i m e t h y l a m i n o a l k y l   m e t h a c r y l a t e ,  

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

a c t i v e   monomer  such  as  m a l e i c   a n h y d r i d e   which  may  be  

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



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

a l c o h o l s   and  a m i n e s ,   e t c .  

Rust   i n h i b i t i o n   a c t i v i t y   can  be  p r o v i d e d   by  
abou t   0.01  to  1  w e i g h t   p e r c e n t   of  the  a f o r e - m e n t i o n e d  

me ta l   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   and  the  c o r r e s p o n d i n g  

p r e c u r s o r   e s t e r s , p h o s p h o s u l f u r i z e d   p i n e n e s ,   s u l f u r i z e d  

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

s u l f u r i z e d   a l k y l   p h e n o l s .   P r e f e r r e d   are   the  z inc   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   which   are  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 .  

O the r   a d d i t i v e s   i n c l u d e   e f f e c t i v e   amounts   o f  

the  fue l   economy  a d d i t i v e s   or  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  

such  as  the  d imer   a c i d   e s t e r s ,   as  d i s c l o s e d   in  U . S .  

4 , 1 0 5 , 5 7 1   to  Shaub   e t   a l ,   wh ich   a r e   p r e s e n t   in  a m o u n t s  

of  abou t   1  to  5  w e i g h t   p e r c e n t   w i t h   e s t e r s   of  d i m e r i z e d  

l i n o l e i c   ac id   and  d i e t h y l e n e   g l y c o l   b e i n g   a  p r e f e r r e d  
m a t e r i a l .   G l y c e r o l   o l e a t e s   are  a n o t h e r   example   of  f u e l  

e c o n o m y  a d d i t i v e s   and  t h e s e   are  u s u a l l y   p r e s e n t   in  v e r y  
smal l   a m o u n t s ,  s u c h   as  0 .05  to  0.2  w e i g h t   p e r c e n t   b a s e d  

on  the  w e i g h t   of  the  f o r m u l a t e d   o i l .  

This   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  are  not  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 .  
Example  1 

1500  grams  of  PIBSA  ( 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 , M n = 1 3 0 0 ,   Sap.  No.  103)  and  170  grams  of  an  

e t h y l e n e   p o l y a m i n e   m i x t u r e   ("Dow  E - 1 0 0 " ,   a v a i l a b l e   f r o m  

Dow  Chemica l   Company ,   which  a p p r o x i m a t e s   t e t r a e t h y l e n e  

p e n t a m i n e ) w e r e   r e a c t e d   in  s o l u t i o n   in  808  grams  of  S o l -  

ven t   150  N e u t r a l ,   a  p a r a f f i n i c   m i n e r a l   o i l ,   at  1600C  f o r  

3  h o u r s .   The  mole  r a t i o   of  s u c c i n i c   a n h y d r i d e   to  p o l y -  
amine  was  1 . 4 : 1 .   T h e r e a f t e r   was  added  225  grams  o f  

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

r a t i o   of  2.4  moles   of  a n h y d r i d e   per  mole  of  p o l y a m i n e  
and  t h i s   was  r e a c t e d   for  2  hours   at  160°C.  A f t e r   f i l t r a -  

t i o n ,   the  p r o d u c t   a n a l y z e d   at  1 .83  p e r c e n t   N. 



Example   2 
320  g r a m s  o f   the  i n i t a l   P I B S A / p o l y a m i n e   p r o d u c t  

of  Example  1  b e i n g   the  same  bu t   h a v i n g   a  mole  r a t i o   o f  

2.1  mole  of  s u c c i n i c   a n h y d r i d e   per  mole  of  p o l y a m i n e   w a s  
r e a c t e d   w i t h   6.0  grams  of  d o d e c e n y l   s u c c i n i c   a n h y d r i d e  
in  S o l v e n t   150  N e u t r a l   at   160oC  for   2  h o u r s   to  p r o v i d e   a  

p r o d u c t   h a v i n g   a  f i n a l   mole  r a t i o   of  2.4  moles   of  a n h y d r i d e  

per  mole  of  p o l y a m i n e .   The  p r o d u c t   a n a l y z e d   for  1 . 5 0  

p e r c e n t   N. 

Example   3 

Example   2  was  r e p e a t e d   e x c e p t   t h a t   2.2  g r a m s  
of  m a l e i c   a n h y d r i d e   was  used   to  p r o v i d e   a  p r o d u c t   h a v i n g  

a  f i n a l   mole  r a t i o   of  2.4  mo les   of  a n h y d r i d e   per  mole  o f  

p o l y a m i n e .   The  p r o d u c t   a n a l y z e d   for   1 .53  p e r c e n t   N. 

Example   4 

The  p r o d u c t   of  Example   3  was  i n c l u d e d   as  t h e  

d i s p e r s a n t   a t   a  c o n c e n t r a t i o n   of  3.6  w e i g h t   p e r c e n t  
a c t i v e   i n g r e d i e n t   in  a  f o r m u l a t e d   SAE  10W40  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  s u b j e c t e d   to  the  ASTM  S e q u e n c e   V-D 

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

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

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

a d d i t i v e .   The  r e s u l t s   were  as  f o l l o w s :  

S l u d g e   =  9 . 5 1 ;   p i s t o n   s k i r t   v a r n i s h   =  7 . 0 6  

v a r n i s h   =  6 . 9 2 .   These   r e s u l t s   e x c e e d   the  API  "SF"  m i n i m u m  

v a l u e s   of  9.4  s l u d g e ;   6.7  p i s t o n   s k i r t   v a r n i s h   and  6 . 6  

v a r n i s h   and  t h e r e f o r e   i n d i c a t e   the  m a t e r i a l   is  a  c o m m e r c i a l -  

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

Example   5 

The  p r o d u c t s   of  Example   2  and  Example  3  w e r e  
i n c l u d e d   in  a  10W30  q u a l i t y   HD  ( d i e s e l )   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   as  the  d i s p e r s a n t   at   2.5  w e i g h t   p e r c e n t  
a c t i v e   i n g r e d i e n t   c o n c e n t r a t i o n   and  the  o i l   was  e v a l u a t e d  

for   d i e s e l   d i s p e r s a n c y   p e r f o r m a n c e   in  the  C a t e r p i l l a r   1 -  

H/2  t e s t .   The  f o r m u l a t i o n   a l s o   c o n t a i n e d   o l e f i n   c o p o l y m e r  
V . I .   i m p r o v e r   to  p r o v i d e   the  1OW30  v i s c o s i t y   g r a d e ,   3 . 1  



wt.  % of  a  m i x t u r e   of  o v e r b a s e d   and  normal   me ta l   p h e n a t e s ,  

1.5  w e i g h t   p e r c e n t   of  z inc   d i a l k y l   d i t h i o p h o s p h a t e   a n t i -  

wear  a d d i t i v e ,   and  very   sma l l   p r o p o r t i o n s   of  a n t i - o x i d a n t  

(0.3%)  and  a n t i - f o a m a n t   ( 0 . 2 % ) .  
The  r e s u l t s   for  t h i s   d i e s e l   e n g i n e   t e s t   a r e  

g i v e n   b e l o w :  

l B a s e  -   These   d a t a   are  an  a v e r a g e   d a t a   base   used  f o r  

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

a v e r a g e   of  25  e n g i n e   t e s t s   of  c o n v e n t i o n a l   f o r m u l a t i o n s .  
2TGF -  Top  g r o o v e   f i l l ,   p e r c e n t   d e p o s i t s   in  g r o o v e .  
3WTD -  W e i g h t e d   t o t a l   d e m e r i t s .  

4 C o m p a r i s o n  -   The  same  f o r m u l a t i o n   was  t e s t e d   u s i n g   a s  
the  d i s p e r s a n t   a  c o n v e n t i o n a l   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   ( M n = 9 0 0 )  -   e t h y l e n e   p o l y a m i n e   (DOW  E - 1 0 0 )  
r e a c t i o n   p r o d u c t   d i s p e r s a n t   where  the  a n h y d r i d e   to  a m i n e  
mole  r a t i o   was  1.3  to  1 .  

Example  6  ( C o m p a r i s o n )  

The  c r i t i c a l   n a t u r e   of  the  f i n a l   r a t i o   o f  

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

a d d i t i o n a l   C a t e r p i l l a r   1-H/2  t e s t s .   In  11  t e s t s   u s i n g  

p r o d u c t s   s i m i l a r   to  Examples   3  and  4  but  h a v i n g   f i n a l  

mole  r a t i o s   v a r y i n g   be tween   1.3  and  2 . 0 ,   an  a v e r a g e - W T D  
v a l u e   of  163  was  o b t a i n e d .   S i m i l a r l y ,   for  an  a v e r a g e   o f  

four   e n g i n e   t e s t s   were  the  f i n a l   mole  r a t i o   was  2.1  t o  

2 . 2 ,   an  a v e r a g e   va lue   of  128  WTD  was  o b t a i n e d .  



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

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

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

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

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

o f :  

(a)  in  a  f i r s t   s t e p   r e a c t i n g   an  o i l - s o l u b l e  

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

b e i n g   a  C3  or  C4  o l e f i n ,   w i t h   an  a l k y l e n e  
p o l y a m i n e   of  the   f o r m u l a   H 2 N ( C H 2 ) n -  

(NH(CH2)n)mNH2  w h e r e i n   n  is   2  or  3  and  m 

i s   0  to  10,   in  a  m o l a r   r a t i o   of  a b o u t   1 . 0  

to  2 . 2   m o l e s   of  p o l y o l e f i n   s u c c i n i c   a n -  -  

h y d r i d e   per   mole  of  p o l y a m i n e ,   a n d  

(b)  r e a c t i n g   the   p r o d u c t   of  s t e p   (a)  w i t h   a  

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

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

s u c c i n i c   a n h y d r i d e   and  C1-C18  a l k e n y l   or  a l k y l  
s u c c i n i c   a n h y d r i d e   in  s u f f i c i e n t   m o l a r  

p r o p o r t i o n s   to  p r o v i d e   a  t o t a l   mole  r a t i o  

of   a b o u t   2 .3   to  3.0  m o l e s   of  a n h y d r i d e  

c o m p o u n d s   per   mole  of  p o l y a m i n e .  

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  

p o l y o l e f i n   i s   p o l y i s o b u t y l e n e   of  Mn  900  to  2 , 0 0 0 .  

3.  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  

the   p o l y a m i n e   is   an  e t h y l e n e   p o l y a m i n e .  

4.  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  

the  d i c a r b o x y l i c   a c i d   a n h y d r i d e   is  m a l e i c   a n h y d r i d e .  



5.  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  

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

a n h y d r i d e .  

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

t o t a l   mole   r a t i o   i s   2 .3   to   2 .5   to  1 .  

7.  The  c o m p o s i t i o n   of  c l a i m s   1-6  w h e r e i n   t h e r e  

is   p r e s e n t   1  to  5  w e i g h t   p e r c e n t   of  the   d i s p e r s a n t .  

8.  The  c o m p o s i t i o n   of  c l a i m s   1-7  f u r t h e r   c o m -  

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

a b o u t   1  to  7  w e i g h t   p e r c e n t ,   a  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  

a n t i - w e a r   a d d i t i v e ,   0 . 0 0 1   to   1  w e i g h t   p e r c e n t   of   an  a n t i -  

o x i d a n t ,   and  1  to   15  w e i g h t   p e r c e n t   of  a  v i s c o s i t y   i n d e x  

i m p r o v e r .  

9.  The  c o m p o s i t i o n   of  c l a i m s   1-8  w h i c h   i s   a  
d i e s e l   l u b r i c a t i n g   o i l   c o m p o s i t i o n   c h a r a c t e r i z e d   by  t h e  

p r e s e n c e   of  a b o u t   4  to  6  w e i g h t   p e r c e n t   of  n o r m a l   or  b a s i c  

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

d e t e r g e n t   a d d i t i v e   or  a  m i x t u r e   of  s a i d   a d d i t i v e s .  

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

fo rm  of  a  l u b r i c a t i n g   o i l   s o l u t i o n   c o n c e n t r a t e ,   s a i d   c o n -  
c e n t r a t e   c o n t a i n i n g   20  to   80  w e i g h t   p e r c e n t   of   s a i d   d i s -  

p e r s a n t .  

11.  A  p r o c e s s   f o r   p r e p a r i n g   a  d i s p e r s a n t  

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

e n g i n 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 ,   s a i d   d i s p e r s a n t   b e i n g  

p r e p a r e d   in  a  s e q u e n t i a l   p r o c e s s   c o m p r i s i n g   t he   s t e p s   o f :  

(a)  in  a  f i r s t   s t e p   r e a c t i n g   an  o i l - s o l u b l e  

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

b e i n g   a  C3  or  C4  o l e f i n   w i t h   an  a l k y l e n e  

p o l y a m i n e   of  t he   f o r m u l a   H 2 N ( C H 2 ) n -  

(NH(CH2)n)mNH2  w h e r e i n   n  is  2  or  3  and  m  i s  



0  to   10,  in  a  m o l a r   r a t i o   of  a b o u t   1 .0   t o  

2 . 2   m o l e s   of  p o l y o l e f i n   s u c c i n i c   a n h y d r i d e  

p e r   mole  of  p o l y a m i n e ,   a n d  

(b)  r e a c t i n g   the   p r o d u c t   of  s t e p   (a)  w i t h   a  

d i c a r b o x y l i c   a c i d   a n h y d r i d 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  m a l e i c   a n h y d r i d e ,  

s u c c i n i c   a n h y d r i d e   and  C1-C18  a l k e n y l   o r  

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

p r o p o r t i o n s   to   p r o v i d e   a  t o t a l   mole   r a t i o   o f  

a b o u t   2 .3   to   3 . 0   m o l e s   of  a n h y d r i d e   c o m p o u n d s  

p e r   mole   of  p o l y a m i n e .  

12.   The  p r o c e s s   of   c l a i m   11  w h e r e i n   t h e   p o l y -  

o l e f i n   i s   p o l y i s o b u t y l e n e   of   Mn  900  to  2 , 0 0 0 ,   t he   p o l y a m i n e  
is   an  e t h y l e n e   p o l y a m i n e ,   and  t he   d i c a r b o x y l i c   a c i d  

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