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©  Dispersant  composition  for  lubricating  oil,  additive  packages  and  lubricating  oil  compositions  comprising  the  dispersant 
ingredients  of  said  composition,  a  method  of  imparting  dispersancy  to  a  lubricating  oil,  and  ingredients  intended  for  use 
in  a  dispersant  mixture. 

Lubricating  oil  dispersancy  is  improved  by  the  use  of  a 
novel  composition  comprising  a  synergistic  mixture  of  a 
boronated  hydrocarbon-substituted  succinic  amide/imide/ 
ester  of  an  oxyalkylated  amine  and  a  Mannich  condensation 
product  of  a  hydrocarbon-substituted  phenol,  formaldehyde 
and  an  amine,  and,  optionally,  a  fatty  acid  and/or  a  boronat- 
ing  agent.  The  invention  includes  such  compositions,  the 
ingredients  of  such  a  composition  when  intended  for  such 
use,  lubricating  oil  compositions  containing  the  same  ingre- 
dients,  a  method  of  improving  lubricating  oil  dispersancy 
using  the  same  ingredients  and  additive  packages  for 
lubricating  oil  using  the  same  ingredients. 



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

l u b r i c a t i n g   o i l ,   a d d i t i v e   packages   and  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  

compr i s i ng   the  d i s p e r s a n t   i n g r e d i e n t s  o f   s a i d   c o m p o s i t i o n ,   a  method  

of  impa r t i ng   d i s p e r s a n c y   to  a  l u b r i c a t i n g   o i l ,   and  i n g r e d i e n t s  

i n t e n d e d   fo r   use  in  a  d i s p e r s a n t   m i x t u r e .  

D i s p e r s a n t s   are   used  in  engine   l u b r i c a t i n g   o i l   to  p r e v e n t  

s ludge   f o r m a t i o n   and  to  i n h i b i t   v a r n i s h   on  ho t   eng ine   s u r f a c e s  

such  as  p i s t o n s .   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 s   are  q u i t e  

e f f e c t i v e   in  such  use  (U.S.  P a t e n t   3 , 1 7 2 , 8 9 2 ) .   L ikewise ,   s u c c i n i m -  

ides   of  h y d r o x y a l k y l   s u b s t i t u t e d   amines  have  been  shown  to  b e  

e f f e c t i v e   (U.S.  P a t e n t   3 , 2 1 9 , 6 6 6 ) .   B o r o n a t i o n   of  such  s u c c i n i m i d e s  

has  a l so   been  p r a c t i c e d   (U.S.  P a t e n t s   3 , 3 2 2 , 6 7 0 ;   3 ,254,025  a n d  

3 , 0 8 7 , 9 3 6 ) .   B o r o n a t i o n   p r o c e s s e s   are  a l s o   t a u g h t   in  U.S.  P a t e n t s  

3 ,082 ,955 ;   3 , 950 ,341   and  3 , 0 8 9 , 9 3 6 .  

Mannich  d i s p e r s a n t s   made  f r an   h y d r o c a r b o n - s u b s t i t u t e d  

p h e n o l s ,   f o rma ldehyde   and  amines  are  a l s o   known  (U.S.  P a t e n t s  

3 ,413 ,347 ;   3 , 7 2 5 , 2 7 7 ;   3 ,368 ,972   and  3,798,165).   B o r o n - m o d i f i e d  

Mannich  d i s p e r s a n t   a r e   d e s c r i b e d   in  U.S.  P a t e n t s   3 , 6 9 7 , 5 7 4 ;  

3 ,703 ,536 ;   3 , 7 0 4 , 3 0 8 ;   3 ,751 ,365 ;   and  3 , 7 5 6 , 9 5 3 .   F a t t y   a c i d  

m o d i f i e d   Mannich  d i s p e r s a n t s   are  d e s c r i b e d   in  U.S.  P a t e n t s  

3 ,798 ,247   and  3 , 8 0 3 , 0 3 9 .   F u r t h e r   r e p r e s e n t a t i v e   U.S.  p a t e n t s  

i n c l u d e   the  f o l l o w i n g : -  

a n d  i n   a d d i t i o n ,   r e f e r e n c e   can  be  made  to  B r i t i s h   P a t e n t  

1 , 3 6 2 , 0 1 3  

Accord ing   to  the  p r e s e n t   i n v e n t i o n   d i s p e r s a n t   c o m p o s i t i o n s  

are  p rov ided   which  c o n t a i n   a  s y n e r g i s t i c   m i x t u r e   of  (a)  a  b o r o n a t e d  



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 m i d e / i m i d e / e s t e r   of  an  o x y a l k y l a t e d  

an ine   and  (b)  a  Mannich  c o n d e n s a t i o n   p r o d u c t   of  a  h y d r o c a r b o n -  

s u b s t i t u t e d   p h e n o l ,   formaldehyde  and  an  a n i n e ,   and,  o p t i o n a l l y ,   a  

b o r o n a t i n g   a g e n t   a n d / o r   f a t t y   a c i d  .   These  c o m p o s i t i o n s   may  b e  

added  to  l u b r i c a t i n g   o i l   (or  the  i n g r e d i e n t s   t h e r e o f   may  be  s o - a d d e d  

s e p a r a t e l y ) .   In  a  s t a n d a r d   ASIM  Sequence  VD  eng ine   t e s t ,   t h e  

s y n e r g i s t i c   c a n b i n a t i o n   g ives   a  much  b e t t e r   p i s t o n   v a r n i s h   r a t i n g   t h a n  

e i t h e r   i n d i v i d u a l   component  used  at  the.  same  or  even  g r e a t e r   t o t a l  

c o n c e n t r a t i o n .  

A  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   is   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 m p r i s i n g   a  major  amount  of  an  o i l   of  l u b r i c a t i n g  

v i s c o s i t y   c o n t a i n i n g   a  minor  d i s p e r s a n t   amount  of  a  s y n e r g i s t i c  

combina t ion   of  d i s p e r s a n t s ,   sa id   c o m b i n a t i o n   c o m p r i s i n g  

(A)  a  b o r o n a t e d   s u c c i n i m i d e   d i s p e r s a n t   h a v i n g   in  i t s  

s t r u c t u r e   a t   l e a s t   one  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 o y l   g r o u p  

w h e r e i n   R  is  an   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   h a v i n g   a  

m o l e c u l a r   w e i g h t   of  7 0 0 - 5 0 ,   000,  s a i d   s u c c i n o y l  

g r o u p   b e i n g   b o n d e d   to  a  n i t r o g e n   a t o m  o f   an  o x y a l k y l a t e d  

a m i n e   to  f o r m   an  a m i d e   or  i m i d e   or  to  an  o x y g e n   a t o m   o f  

s a id   o x y a l k y l a t e d   a m i n e   to  f o r m   an  e s t e r   or  to  b o t h  

n i t r o g e n   a n d  o x y g e n  a t o r n s   of  s a i d  o x y a l k y l a t e d   a m i n e   t o  

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

sa id   s u c c i n i m i d e   d i s p e r s a n t   be ing   f u r t h e r   c h a r a c t e r i z e d   b y  

c o n t a i n i n g   0 .  0 0 1 - 2 .   5  w e i g h t   p e r c e n t   b o r o n ,   a n d  

(B)  a  M a n n i c h   d i s p e r s a n t   hav ing   in  i ts   s t r u c t u r e   an  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   p h e n o l i c   g r o u p  



w h e r e i n   R "   is  an  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  

1 to  500  c a r b o n   a t o m s   and  n  is  1  or  2,  m  is  0  or  1,  n  

m  is  1  or   2,  at  l e a s t   one   of  s a i d   R ' '  g r o u p s   b e i n g   an  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   5 0 - 5 0 0   c a r b o n   a t o m s ,   s a i d  

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

n i t r o g e n   a t o m   of  an  a m i n e ,   s a i d   a m i n e   c o n t a i n i n g   1  t o  

10  n i t r o g e n   a t o m s   and  1  t o   30  c a r b o n   a t o m s .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  b o r o n a t e d   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 m i d e / i m i d e   a n d / o r   e s t e r   of  an  o x y a l k y l a t e d  

amine  or   a  Mannich  c o n d e n s a t i o n   p r o d u c t   of  a  h y d r o c a r b o n -  

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

b o r o n a t i n g   agen t   a n d / o r   a  f a t t y   a c i d ,   in  e i t h e r   case  i n t e n d e d   f o r  

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

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

S e v e r a l   examples   of  the   b o r o n a t e d   s u c c i n i m i d e   d i s p e r s a n t  

are  known  in  the  p r i o r   a r t   i d e n t i f i e d  a b o v e .   The  b o r o n a t e d  

s u c c i n i m i d e   d i s p e r s a n t   can  be  made  by  r e a c t i n g   an  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 c   a c i d   a n h y d r i d e   or  lower  a l k y l  

e s t e r   wi th   an  o x y a l k y l a t e d   amine  and  a  b o r o n a t i n g   agent   in  t h e  

a p p r o x i m a t e   mole  r a t i o   of  1 . 0 : 0 . 2 - 2 ,   0 : 0 0 1 - 5 . 0 .  

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

w e i g h t   of  7 0 0 - 5 0 ,   000.   The   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   is  p r e f e r a b l y  

d e r i v e d   f r o m   an  o l e f i n   p o l y m e r   s u c h   as  p o l y p r o p y l e n e ,   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 ,   e t h y l e n e - p r o p y l e n e - 1 ,   4 - h e x a d i e n e   c o p o l y m e r  

e t h y l e n e - p r o p y l e n e - 1 ,  4 - c y c l o h e x a d i e n e   c o p o l y m e r ,   e t h y l e n e - p r o p y l e n e - 1 , 5 -  

c y c l o c t a d i e n e   c o p o l y m e r ,   e t h y l e n e - p r o p y l e n e - 5 - m e t h y l e n e - 2 - n o r b o m e n e ,   o r  

e t y l e n e - p r o p p l e n e - 2 ,   5 - n o r b o r n a d i e n e   c o p o l y m e r .  



The   m o s t   p r e f e r r e d   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 e n t   is  d e r i v e d  

f r o m   an  o l e f i n   p o l y m e r   h a v i n g   a  m o l e c u l a r   w e i g h t   o f   7 0 0 - 5 0 0 0 .   T h e s e  

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

m o l e c u l a r   w e i g h t .   Of  the  a b o v e ,   p o l y b u t e n e   is  m o s t   p r e f e r r e d .   O p t i o n a l l y ,  

a  h igh  m o l e c u l a r   w e i g h t   of  o l e f i n   p o l y m e r ,   for   e x a m p l e ,   one  h a v i n g   a  

m o l e c u l a r   w e i g h t   of  50,  000  or  m o r e   c a n  b e   d e g r a d e d   to  p r o d u c e   an  o l e f i n  

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

the  c a r b o n   c h a i n   l e n g t h   of  o l e f i n   p o l y m e r s   by  s h e a r i n g   a r e   we l l   known.   M e r e  

h e a t i n g   wi th   m e c h a n i c a l   s t i r r i n g   w i l l   r e d u c e   m o l e c u l a r   w e i g h t .   A i r   can  b e  

i n j e c t e d   into  h e a t e d   p o l y m e r   to  c a u s e   d e g r a d a t i o n   and   r e d u c e   m o l e c u l a r  

w e i g h t .   E x t r u s i o n   t h r o u g h   an  o r i f i c e   u n d e r   p r e s s u r e   c a u s e s   c h a i n   s c i s s i o n .  

Any  c o m b i n a t i o n   of  s u c h   m e t h o d s   c a n   b e   u s e d .  

H i g h l y   p r e f e r r e d   o l e f i n   p o l y m e r s   for   u se   in  m a k i n g   the  s u c c i n i c  

s u b s t i t u e n t   a r e   p o l y m e r s   of  b u t e n e .   Of  t h e s e ,   the   m o s t   p r e f e r r e d   a r e   t h e  

p o l y b u t e n e s   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   of  7 0 0 - 2 0 0 0 .  

The   h y d r o c a r b o n   s u b s t i t u e n t   can   be  i n t r o d u c e d   by  h e a t i n g   a  m i x t u r e  

c o n t a i n i n g   the  o l e f i n   p o l y m e r   and  m a l e i c   a n h y d r i d e   to  2 0 0 - 2 5 0 ° C .  

The  r e a c t i o n   c an   be  c a t a l y z e d   by  i n j e c t i n g   c h l o r i n e .   L i k e w i s e ,   a  p e r o x i d e  

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

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

s t a g e s   of  the  p r e p a r a t i o n .   The   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 c  

a n h y d r i d e s   a r e   w e l l   k n o w n .  

The   o x y a l k y l a t e d   a m i n e s   a r e   r e a d i l y   m a d e   by  r e a c t i n g   an  a l k y l e n e  

oxide  wi th   an  a m i n e   h a v i n g   p r i m a r y   a n d / o r   s e c o n d a r y   a m i n e   groups .   T h e  

p r e f e r r e d   a l k y l e n e   o x i d e s   a r e   e t h y l e n e   ox ide ,   p r o p y l e n e   oxide,  and  b u t y l e n e  

ox ide .   The   m o r e   p r e f e r r e d   a re   e t h y l e n e   oxide ,   and  p r o p y l e n e   oxide  o r  

m i x t u r e s   t h e r e o f .   The  m o s t   p r e f e r r e d   o x y a l k y l a t i n g   a g e n t   is  e thy lene   o x i d e .  

The   a m i n e s   w h i c h   a r e   o x y a l k y l a t e d   a r e   t hose   c o n t a i n i n g   2  t o  

10  n i t r o g e n   a t o m s .   M o r e   p r e f e r a b l y ,   they   a l so   c o n t a i n   abou t   2-20  c a r b o n  

a t o m s .   S o m e   e x a m p l e s   of  t h e s e   a m i n e s   a re   e t h y l e n e d i a m i n e ,   1,  2 - p r o p y l e n e -  



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

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

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

and  the  l i k e .  

The   p r e f e r r e d   a m i n e s   for  use  in  m a k i n g   the  s u c c i n i c   d i s p e r s a n t s  

a re   the  p o l y a l k y l e n e a m i n e s .   They   a re   s o m e t i m e s   r e f e r r e d   to  as  a l k y l e n e  

p o l y a m i n e s   or  p o l y a l k y l e n e   p o l y a m i n e s .   T h e s e   a m i n e s   c o n s i s t   ma in ly   of  

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

w h e r e i n   R ' ' '   is  a  d i v a l e n t   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   2  to  a b o u t  

4   c a r b o n   a t o m s   and  p  is  an  i n t e g e r   f r o m   1  to  6.  R e p r e s e n t a t i v e  

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

1,  3 - p r o p a 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   ( T E P A ) ,   p e n t a e t h y l e n e   h e x a m i n e ,   h e x a e t h y l e n e h a p t a m i n e   and  t h e  

l ike .   Of  t h e s e ,   the  m o s t   p r e f e r r e d   a re   the  p o l y e t h y l e n e a m i n e s   c o n t a i n i n g   2 

to  6  e t h y l e n e   a m i n e   un i t s   s u c h   as  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 ,   and  the  l ike ,   i n c l u d i n g   m i x t u r e s   t h e r e o f .  

R e a c t i o n   of  the  a l k y l e n e   oxide   wi th   the  a m i n e   f o r m s   h y d r o x y a l k y l  

g r o u p s   h a v i n g   the  f o r m u l a  

w h e r e i n   R'  is  a  d i v a l e n t   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   2  to  4  

c a r b o n   a t o m s   and  p  is  an  i n t e g e r   f r o m   1  to  10.  The   value  of  p  d e p e n d s  

upon  how  m a n y   m o l e s   of  a l k y l e n e   oxide  a r e   r e a c t e d   pe r   mole   of  a m i n e .  

P r e f e r a b l y ,   the  a m o u n t   of  a l k y l e n e   oxide  r e a c t e d   is  s u f f i c i e n t   to  p rov ide   a n  

a v e r a g e   of  1-4  o x y a l k y l e n e   units  per   m o l e c u l e   of  a m i n e .  

M o r e   p r e f e r a b l y ,   the  m o l e c u l e s   of  a l k y l e n e   oxide  r eac ted   a r e  

at  l e a s t   one  l e s s   than  the  n u m b e r   of  e q u i v a l e n t s   of  r e a c t i v e   amine  g r o u p s  



in  the  a m i n e .   A  r e a c t i v e   g r o u p   is  one  that   h a s   at  l e a s t   one  h y d r o g e n   a t o m  

b o n d e d   to  it  --  in  o t h e r   w o r d s ,   p r i m a r y   or  s e c o n d a r y   a m i n e   g r o u p s .   F o r  

e x a m p l e ,   one  m o l e   of  e t h y l e n e d i a m i n e   has   two  r e a c t i v e   amine   g roups   a n d  

h e n c e   r e p r e s e n t s   two  e q u i v a l e n t s .   L i k e w i s e ,   one  m o l e   of  t e t r a e t h y l e n e   p e n t a -  

m i n e   is  five  e q u i v a l e n t s .   T h e r e f o r e ,   one  m o l e   of  e t h y l e n e d i a m i n e   i s  

p r e f e r a b l y   o x y a l k y l a t e d   wi th   up  to  one  m o l e   of  a l k y l e n e   oxide.   L i k e w i s e ,  

o n e   m o l e   of  t e t r a e t h y l e n e   p e n t a m i n e   is  p r e f e r a b l y   o x y a l k y l a t e d   with  up  to  4  

;  m o l e s   of  a l k y l e n e   o x i d e .   The   m i n i m u m   a m o u n t   of  a l k y l e n e   oxide  i s  

0 .   1  m o l e s   p e r   m o l e   of  a m i n e ;   m o r e   p r e f e r a b l y ,   0.5  mole  of  a m i n e .  

H e n c e ,   the  p r e f e r r e d   a m o u n t   is  0.  5-4  m o l e s .  

O x y a l k y l a t i o n   i n t r o d u c e s   h y d r o x y a l k y l   g r o u p s .   R a t h e r   than  c a r r y i n g  

out  the  o x y a l k y l a t i o n   of  the  a m i n e ,   it  is  a l s o   p o s s i b l e   to  a c q u i r e   h y d r o x y -  

a l k y l   s u b s i t u t e d   a m i n e s   f r o m   c o m m e   r c i a l   s o u r c e s ,   and  use  these   in  m a k i n g  

the  s u c c i n i c   d i s p e r s a n t .   Th i s   is  c o n s i d e r e d   e q u i v a l e n t .  

B o r o n   is  i n t r o d u c e d   into  the  s u c c i n i m i d e   a d d i t i v e   by  use  o f  

a  b o r o n a t i n g   agent   as  is  shown  in  the  p a t e n t s   i d e n t i f i e d   above.  S u i t a b l e  

b o r o n a t i n g   agents   i n c l u d e   any  boron  compound  t h a t   w i l l   se rve   to  i n t r o d u c e  

boron  i n t o   the  s u c c i n i m i d e   and  not  a d v e r s e l y   a f f e c t   the   d i s p e r s a n t   p r o p e r t i e s  

of  the   a d d i t i v e   c a m b i n a t i o n .   Useful   b o r o n a t i n g   a g e n t s   i n c l u d e   b o r o n  

ox ides   such  as  B2O3,  boron  ac ids   such  as  H3BO3,  lower   a l k y l   e s t e r s   of  b o r o n  

a c i d s   such  as  t r i m e t h y l b o r a t e   or  t r i e t h y l b o r a t e ,   boron   h a l i d e s   such  a s  

BF3,  or  BCl3,  s a l t s   of  boron  a c i d s ,   such  as  sod iun   b o r a t e ,   or  ammonium 

b o r a t e   and  the   l i k e .   The  most  p r e f e r r e d   b o r o n a t i n g   agen t   is  bor ic   a c i d .  

The   a m o u n t   of  b o r o n a t i n g   a g e n t   s h o u l d   be  an  a m o u n t   s u f f i c i e n t  

to  i n t r o d u c e   at  l e a s t   0.  001  w e i g h t   p e r c e n t   b o r o n   in to   the  s u c c i n i m i d e   p r o d u c t  

e x c l u d i n g   i n e r t   d i l u e n t   such   as  m i n e r a l   oil.  T h e   p r e f e r r e d   a m o u n t   of  b o r o n  

in  the  s u c c i n i m i d e   e x c l u s i v e   of  d i l u e n t   is  0.  0 0 1 - 2 .   5  w e i g h t   p e r c e n t ,   m o r e  

p r e f e r a b l y   0.  0 0 5 - 0 .   5  w e i g h t   p e r c e n t .   E x c e s s   b o r o n a t i n g   agent   can  b e  

u s e d   and  any  r e m a i n i n g   u n r e a c t e d   can  be  r e m o v e d   by  f i l t r a t i o n .  

The   b o r o n a t e d   s u c c i n i m i d e   d i s p e r s a n t   can   be  m a d e   by  r e a c t i n g  

the  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 c   a c i d ,   a n h y d r i d e   or  e s t e r  

wi th   the  o x y a l k y l a t e d   a m i n e   and  the  b o r o n a t i n g   a g e n t .   T h e s e   can  b e  



r e a c t e d   in  any  s e q u e n c e   or  a l t o g e t h e r .   F o r   e x a m p l e ,   the  b o r o n a t i n g   a g e n t  

-  c a n - b e   r e a c t e d   wi th   the  o x y a l k y l a t e d   a m i n e   to  f o r m   an  i n t e r m e d i a t e   which   i s  

t h e n   r e a c t e d   wi th   the  s u c c i n i c   c o m p o u n d .   A l t e r n a t i v e l y ,   the  b o r o n a t i n g   a g e n t  

can  f i r s t   be  r e a c t e d   wi th   the  s u c c i n i c   c o m p o u n d   to  f o r m   an  i n t e r m e d i a t e  

which  is  then   r e a c t e d   wi th   the  o x y a l k y l a t e d   a m i n e .  

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

by  one  of  the  f o l l o w i n g   two  p r o c e d u r e s .   In  the  f i r s t   p r o c e d u r e ,   the  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   c o m p o u n d   ( p r e f e r a b l y   p o l y b u t e n y l   subs t i t u t   ed  s u c c i n i c  

a n h y d r i d e )   is  r e a c t e d   w i t h   the  o x y a l k y l a t e d   a m i n e   ( p r e f e r a b l y   o x y e t h y l a t e d  

p o l e t h y l e n e a m i n e )   to  f o r m   an  i n t e r m e d i a t e   w h i c h   is  then  r e a c t e d   with  t h e  

b o r o n a t i n g   a g e n t   ( p r e f e r a b l y   b o r i c   a c i d ) .  

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

r e a c t a n t s   (i.  e.  h y d r o c a r b y l   s u c c i n i c   c o m p o u n d ,   o x y a l k y l a t e d   a m i n e   a n d  

b o r o n a t i n g   agen t )   is  f o r m e d   and  h e a t e d   to  r e a c t   a l l   at  o n c e .  

T h e   r e a c t i o n   t e m p e r a t u r e   is  no t   c r i t i c a l .   Any  t e m p e r a t u r e   h i g h  

e n o u g h   to  c a u s e   the  r e a c t i o n   to  p r o c e e d   bu t   no  so  h igh   as  to  cause   d e g r a d a t i o n  

of  the  r e a c t a n t s   or  p r o d u c t s   can  be  u s e d .   A  p r e f e r r e d   t e m p e r a t u r e   r a n g e  

for   use   in  any  of  the  d i f f e r e n t   m e t h o d s   of  m a k i n g   the  b o r o n a t e d   s u c c i n i m i d e   i s  

1 0 0 - 3 0 0 ° C . ,   m o r e   p r e f e r a b l y ,   1 5 0 - 2 5 0 ° C .  

The  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 c   c o m p o u n d   r e a c t s  

w i th   the  o x y a l k y l a t e d   a m i n e   to  f o r m   a m i d e s ,   i m i d e s ,   e s t e r s   and  m i x t u r e s  

t h e r e o f .   T h e s e   a r e   r e f e r r e d   to  c o l l e c t i v e l y   h e r e i n   as  s u c c i n i m i d e s .   I m i d e  

f o r m a t i o n   c a n  b e   s h o w n   by  the  f o l l o w i n g   s t r u c t u r e  

in  w h i c h   the  r e m a i n i n g   bond  on  n i t r o g e n   is  b o n d e d   to  the  r e m a i n i n g   p a r t  

of  the  o x y a l k y l a t e d   a m i n e .   A m i d e   f o r m a t i o n   can   be  i l l u s t r a t e d   by  t h e  

s t r u c t u r e  



L i k e w i s e ,   e s t e r   f o r m a t i o n   i n v o l v i n g   the  h y d r o x y a l k y l   g r o u p   f o r m e d   in  t h e  

o x y a l k y l a t i o n   can  b e  s h o w n  a s   f o l l o w s  

In  p r a c t i c e ,   the  p r o d u c t   is  a  m i x t u r e   of  i m i d e s ,   a m i d e s   a n d  

e s t e r s   wi th   the  m a j o r i t y   of  the  p r o d u c t   h a v i n g   s u c c i n i m i d e   u n i t s .  

The   s e c o n d   r e q u i r e d   c o m p o n e n t   of  the  s y n e r g i s t i c   c o m b i n a t i o n   i s  

the  M a n n i c h   d i s p e r s a n t   m a d e   f r o m   an  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  

p h e n o l ,   an  a l d e h y d e ,   or  a l d e h y d e   p r e c u r s o r  a n d   an  a m i n e   having  at  l e a s t  

one   p r i m a r y   or  s e c o n d a r y   a m i n e   g r o u p .   Th i s   l eads :   to  a  M a n n i c h   c o n d e n s a t e  

w h i c h   can  be  d e f i n e d   by  the  p r e s e n c e   w i t h i n   i ts  s t r u c t u r e   of  an  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   p h e n o l i c   g r o u p   h a v i n g   the   f o r m u l a  

w h e r e i n   R "   is  an  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   one  to  about   5 0 0  

c a r b o n   a t o m s ,   and  n  is  one  or  two,  m  is  0  or  1  and  n  t  m  is  1  or  2 .  

A t   l e a s t   o n e   R "   g r o u p   c o n t a i n s   a b o u t   5 0 - 5 0 0   c a r b o n   a t o m s .   The  m e t h y l e n e  

b r i d g e ( s )   is  ( a re )   b o n d e d   to  a  n i t r o g e n   a t o m   of  the  a m i n e .   Such  d i s p e r s a n t s  

are  wel l   known  as  i d e n t i f i e d   by  the  p r i o r   a r t   p a t e n t s   noted  above .  

The  M a n n i c h   d i s p e r s a n t s   a re   r e a d i l y   m a d e   s t a r t i n g   with  an  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   p h e n o l   h a v i n g   the   f o r m u l a  



w h e r e i n   R"   and  n   a r e   as  p r e v i o u s l y   de f ined .   T h e s e   c o m p o u n d s   can  be  m a d e  

by  r e a c t i n g   an  o l e f in   h a v i n g   the  p r o p e r   m o l e c u l a r   w e i g h t   with  pheno l   or  a  

m o n o a l k y l   s u b s t i t u t e d   p h e n o l .   The  olef in  s h o u l d   c o n t a i n   50-500   c a r b o n  

a t o m s   w h i c h   give  a  m o l e c u l a r   w e i g h t   of  7 0 0 - 7 0 0 0 .   The  olefin  r e a c t a n t  

is  p r e f e r a b l y   m a d e   by  p o l y m e r i z i n g   a  l o w e r   o l e f i n   such   as  e t h y l e n e  p r o p y l e n e ,  

i s o b u t y l e n e ,   a - h e x e n e ,   @ - o c t e n e   and  m i x t u r e s   t h e r e o f .   Thus ,   use fu l   o l e f i n  

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

a n d   the  l i ke .   T e r p o l y m e r s   can   a l so   be  used   to  i n t r o d u c e   the  a l i p h a t i c   h y d r o c a r -  

bon  g r o u p .   T h e s e   i n c l u d 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   with  d ienes   such  a s  

1 , 4 - h e s a d i e n e ,   1,  3 - h e x a d i e n e ,   1,  4 - c y c l o c t a d i e n e ,   d i c y c l o p e n t a d i e n e ,  

and  the  l i k e .  

T h e   m o r e   p r e f e r r e d   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   p h e n o l  

r e a c t a n t   is  p o l y b u t e n y l   p h e n o l   m a d e   by  r e a c t i n g   a  p o l y b u t e n e   of  7 0 0 - 7 0 0 0  

m o l e c u l a r   w e i g h t   w i t h   p h e n o l   u s ing   a  BF3  c a t a l y s t   s u c h   as  BF3  p h e n a t e   o r  

e t h e r a t e   a t   0 - 6 0 ° C .   S o m e   m o r e   p r e f e r r e d   r e a c t a n t s   a r e   t hose   in  which   t h e  

p o l y b u t e n y l   g r o u p   h a s   a  m o l e c u l a r   w e i g h t   of  1 0 0 0 - 3 0 0 0 .  

The   m e t h y l e n e   b r i d g e   a t t a c h e d   at  one  end  to  the  p h e n o l   is  i n t r o d u c e d  

by  r e a c t i o n   with  an  a l d e h y d e   such   as  f o r m a l d e h y d e   or  a  f o r m a l d e h y d e   p r e c u r s o r  

such   as  p a r a f o r m a l d e h y d e .   One  or  two  such  b r i d g e s   m a y   f o r m .  

The   o t h e r   end  of  the  m e t h y l e n e   b r i d g e   is  b o n d e d   to  a  n i t r o g e n   a t o m  

of  an  a m i n e .   P r e f e r r e d   a m i n e s   c o n t a i n   1  to  a b o u t   10  n i t r o g e n   a t o m s   a n d  

1  to  a b o u t   30  c a r b o n   a t o m s .   M o r e   p r e f e r r e d   a m i n e s   a r e   a l i p h a t i c   a m i n e s .  

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

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

e t h y l e n e   d i a m i n e ,   N - d o d e c y l - 1 ,  3 - p r o p a n e d i a m i n e ,   N - ( d o d e c y l   a m i n o e t h y l )  

e t h y l e n e   d i a m i n e ,   N - ( e i c o s y l a m i n o e t h y l )   e t h y l e n e d i a m i n e ,   N - a m i n o e t h y l -  

p i p e r a z i n e ,   N - a m i n o p r o p y l   p i p e r i d i n e ,   e t h a n o l   a m i n e ,   N - a m i n o e t h y l -  

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

1 ,  6 - h e x a n e   d i a m i n e   and   the  l i k e .  

A  p r e f e r r e d   c l a s s   of  a m i n e s   for  use  in  m a k i n g   the  M a n n i c h   d i s p e r s a n t s  

is  the  p o l y a l k y l e n e a m i n e s   w h i c h   w e r e   a l so   a  p r e f e r r e d   c l a s s   of  a m i n e s   for  u s e  

in  m a k i n g   the  s u c c i n i m i d e   d i s p e r s a n t s .   They   have  been  p r e v i o u s l y   d e s c r i b e d  

and  e x e m p l i f i e d .  



F a t t y   ac ids   u s e f u l   in  m o d i f y i n g   the  M a n n i c h   d i s p e r s a n t s   i n c l u d e  

the  a l i p h a t i c   c a r b o x y l i c   a c i d s   c o n t a i n i n g   4  to   a b o u t   30  c a r b o n   a t o m s .   T h e  

m o r e   p r e f e r r e d   fa t ty   a c i d s   a r e   t hose   c o n t a i n i n g   abou t   10-30   c a r b o n   a t o m s  

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

p a l m i t i c   ac id ,   l i n o l e i c   a c i d ,   s t e a r i c   ac id ,   a r a c h i d i c   ac id   and  the  l i k e .  

The  p r e f e r r e d   fa t ty   a c i d   is  o l e i c   ac id .   The  use   of  such  fa t ty   ac ids   in  m o d i f y i n g  

M a n n i c h   d i s p e r s a n t s   is  d e s c r i b e d   in  m o r e   d e t a i l   in  the  a b o v e - i d e n t i f i e d  

p a t e n t s .  

B o r o n   c o m p o u n d s   u s e f u l   in  m o d i f y i n g   the  M a n n i c h   d i s p e r s a n t  

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

T h e s e   a r e   b o r o n   o x i d e s ,   b o r o n   a c i d s ,   e s t e r s   of  b o r o n   a c i d s ,   s a l t s   of  b o r o n  

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

a g e n t   is  b o r i c   ac id .   U s e   of  s u c h   b o r o n a t i n g   a g e n t s  i n   m o d i f y i n g   M a n n i c h  

d i s p e r s a n t s   is  d e s c r i b e d   in  m o r e   de t a i l   in  the  h e r e i n a b o v e   i d e n t i f i e d   p a t e n t s .  

The   M a n n i c h   d i s p e r s a n t s   a re   m a d e   by  r e a c t i n g   about   one  m o l e   o f  

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   pheno l ,   0 .  9 -2 .  5   m o l e s   of  f o r m a l d e h y d e  

or  f o r m a l d e h y d e   p r e c u r s o r s ,   0.  1-2. 0  m o l e s   of  a m i n e ,   0  to  3 

m o l e s   of  fa t ty   acid   and  0  to  2. 0  m o l e s   of  b o r o n a t i n g   agen t .   T h e s e   c a n  

be  r e a c t e d   in  any  o r d e r   or  a l t o g e t h e r .   In  a  p r e f e r r e d   m e t h o d ,   the  M a n n i c h  

d i s p e r s a n t   is  m a d e   by  h e a t i n g   a  m i x t u r e   of  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  

p h e n o l   and  a m i n e   at  6 0 - 2 0 0 ° C .   and  a d d i n g   a  f o r m a l d e h y d e   to  t h e  

h e a t e d   m i x t u r e   to  f o r m   a  M a n n i c h   c o n d e n s a t e .   If  b o r o n a t e d   M a n n i c h   i s  

u s e d   the  b o r o n a t i n g   agen t   (e.  g.  b o r i c   acid)  can  be  a d d e d   s u b s e q u e n t l y   to  t h e  

m i x t u r e   and  h e a t i n g   to  1 0 0 - 2 5 0 ° C .   as  the  d e s i r e d   a m o u n t   of  b o r o n   i s  

i n t r o d u c e d .   A l t e r n a t i v e l y ,   p a r t   of  the  M a n n i c h   c o n d e n s a t e   can  be  s e g r e g a t e d  

and  h e a t e d   with  a  b o r o n a t i n g   a g e n t   (e.  g.  b o r i c   ac id)   to  i n t r o d u c e   a  h i g h e r   l e v e l  

of  b o r o n   than   is  d e s i r e d   in  the  f inal   M a n n i c h .   T h i s   o v e r b o r o n a t e d   p r o d u c t  

can  then   be  b l e n d e d   b a c k   in to   the  u n b o r o n a t e d   M a n n i c h   to  a c h i e v e   the  d e s i r e d  

b o r o n   l e v e l .   The  f ina l   M a n n i c h   can  be  c l a r i f i e d   by  f i l t r a t i o n .  

F a t t y   acid  m o d i f i e d   M a n n i c h   d i s p e r s a n t s   can  be  m a d e   by  h e a t i n g   a  

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



and  f a t t y   ac id   to  50  to  150*C.   M o r e   p r e f e r a b l y ,   the  f o r m a l d e h y d e   i s  

w i t h h e l d   and  a d d e d   s l o w l y   to  a  m i x t u r e   of  the  o t h e r   r e a c t a n t s  w h i l e  s t i r r i n g  

at  5 0 - 1 5 0 ° C .  

The   M a n n i c h   d i s p e r s a n t   can  be  m o d i f i e d   wi th   both  bo ron   and  f a t t y  

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

F o r   e x a m p l e ,   one  can   h e a t   a  m i x t u r e   o f  h y d r o c a r b o n - s u b s t i t u t e d   p h e n o l  

( e . g .   p o l y b u t e n y l   p h e n o l ) ,   a m i n e ( e .   g.  t e t r a e t h y l e n e   p e n t a m i n e )   and  f a t t y  

ac id   (e.  g.  o le ic   ac id)   t o  r e a c t i o n   t e m p e r a t u r e   and  then  add  f o r m a l d e h y d e   a n d  

s u b s e q u e n t l y   a  b o r o n a t i n g   a g e n t   (e.  g.  b o r i c   a c i d ) .   A l t e r n a t i v e l y ,   one can  f o r m  

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

fa t ty   a c i d   and  add  f o r m a l d e h y d e   to  the  h e a t e d   m i x t u r e .   In  a n o t h e r   p r o c e d u r e ,  

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

a m i n e   is  s p l i t   in to   s e p a r a t e   p o r t i o n s .   One  p o r t i o n   is  h e a t e d   with  a  b o r o n a t i n g  

a g e n t   s u c h   as  b o r i c   a c i d   and  the  s e c o n d   p o r t i o n   is  h e a t e d   with  a  fa t ty   a c i d  

such   as  o l e i c   a c i d   to  ob t a in   two  s e p a r a t e   m o d i f i e d   i n t e r m e d i a t e   p r o d u c t s .  

T h e s e   p r o d u c t s   can   t h e n  b e   b l e n d e d   b a c k   t o g e t h e r   to  o b t a i n   a  M a n n i c h  

c o n d e n s a t e   w h i c h   is  both  b o r o n   and  f a t t y   a c i d   m o d i f i e d .   O t h e r   r e a c t i o n  

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

a m i n e ,   f o r m a l d e h y d e ,   b o r o n a t i n g   a g e n t ,   and  fa t ty   ac id   wil l   be  a p p a r e n t  

to  the  a v e r a g e   c h e m i s t .  

The   f o l l o w i n g   P r e p a r a t i o n s   1  to  4  i l l u s t r a t e   the  p r e p a r a t i o n   o f  

the  s u c c i n i m i d e   type  d i s p e r s a n t s .  

PREPARATION  1 

In  a  r e a c t i o n   v e s s e l   was   p l a c e d   1080  g r a m s   (6.  0  moles )   of  a  

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

to  t e t r a e t h y l e n e   p e n t a m i n e .   T h i s   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   t o  

a b o u t   1 2 0 ° C .   T h e n   441  g r a m s   (10.  0  m o l e s )   o f  e t h y l e n e   oxide  was  i n j e c t e d  

o v e r   a  3. 5  h o u r   p e r i o d   to  f o r m   an  o x y e t h y l a t e d  p o l y e t h y l e n e a m i n e .  

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   101.  6  g r a m s   (about   0.4  m o l e s )  

of  the  a b o v e   o x y e t h y l a t e d   p o l y e t h y l e n e a m i n e ,   28. 8  g r a m s   (0 .47   mo les   of 

b o r i c   a c id ,   9.  6  g r a m s   of  w a t e r   and  727  g r a m s   ( abou t   0.  6  moles )   of  a  



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

h e a t e d   to  1 7 5 ° C .   o v e r   a  t h r e e   h o u r   p e r i o d .   It  was   then  s t i r r e d   for  a n  

a d d i t i o n a l   h o u r   at  1 7 5 ° C .   w h i l e   v a c u u m   was   a p p l i e d   to  r e m o v e   r e s i d u a l   w a t e r .  

The   p r o d u c t   was  d i l u t e d   with  o n e - h a l f   its  w e i g h t   of  m i n e r a l   oil  to  be  67 

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

a m i n e   n u m b e r   0.  85,  a c i d   n u m b e r   0 .09 ,   n i t r o g e n   1.  84  w e i  g h t   p e r c e n t ,  

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

PREPARATION  2 

In  a  r e a c t i o n   v e s s e l   was   p l a c e d   1124  g r a m s   (1 .3   m o l e s )   of  p o l y -  

i s o b u t e n y l   s u c c i n i c   a n h y d r i d e   and  254  g r a m s   (1.  0  m o l e )   of  o x y e t h y l a t e d  

p o l y e t h y l e n e a m i n e   m a d e   by  r e a c t i n g   abou t   1.  67  m o l e s   of  e t h y l e n e   o x i d e  

w i t h   one  m o l e   of  p o l y  e t h y l e n e a m i n e   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t  

of  180.  This   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  1 7 5 ° C .   whi le   b u b b l i n g  

n i t r o g e n   t h r o u g h   the  l i q u i d   and   m a i n t a i n i n g   a  v a c u u m   of  abou t   26. 5  i n c h e s  

(Hg)  for  4.  5  h o u r s .   T h e   r e s u l t a n t   p r o d u c t   was   d i l u t e d   w i th   m i n e r a l   o i l  

to  g ive   a  67  p e r c e n t   a c t i v e   m a t e r i a l .   Then   75  g r a m s   (1.  2  mo le s )   of  b o r i c  

a c i d   and  25  g r a m s   of  w a t e r   w e r e   added.  The   m i x t u r e   was   h e a t e d   t o  

1 0 0 ° C .   and  n i t r o g e n   w a s   b u b b l e d   t h r o u g h   it  for   t h r e e   h o u r s .   It  was  t h e n  

h e a t e d   to  150°C.   and  n i t r o g e n   s p a r g e   c o n t i n u e d   fo r   two  h o u r s .   The  p r o d u c t  

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

in  the  s y n e r g i s t i c   c o m b i n a t i o n .   It  a n a l y z e d   2 . 4 2   w e i g h t   p e r c e n t   n i t r o g e n ,  

0 . 4 9   w e i g h t   p e r c e n t   b o r o n ,   a m i n e   n u m b e r   1 . 1 6  t o t a l   b a s e   n u m b e r   34 .4   a n d  

a c i d   n u m b e r   0 . 0 3 .  

PREPARATION  3 

In  a  r e a c t i o n   v e s s e l   was   p l a c e d   396  g r a m s   (2.  2  m o l e s )   of  p o l y -  

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

p e n t a m i n e .   Th i s   was   h e a t e d   to  120°C.   and  1 6 2  . g r a m s   (3. 7  moles )   of  

e t h y l e n e   oxide   was  i n j e c t e d   in to   the  a m i n e   at  1 2 0 - 1 4 0   o v e r   a  2. 5  hour   p e r i o d .  

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   254  g r a m s   (aboc t   1  m o l e )  

of  an  oxye thy la ted   p o l y e t h y l e n e a m i n e ,   93  g r a m s   (1.  5  m o l e s )   bo r i c   a c i d  



and  47  g r a m s   of  w a t e r .   T h i s   was   s t i r r e d   at  1 0 0 ° C .   with  n i t r o g e n   s p a r g e  

fo r   t h r e e   h o u r s .   It  was   then   h e a t e d   to  1 5 0 ° C .   and  n i t r o g e n   s p a r g e   c o n t i n u e d  

fo r   two  h o u r s   to  o b t a i n   a  b o r o n a t e d - o x y e t h y l a t e d   p o l y e t h y l e n e a m i n 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   1798  g r a m s   (1.  6  m o l e s ) o f  

p o l y b u t e n y l   s u c c i n i c   a n h y d r i d e   and  222  (0.  75  m o l e s )   of  the  above  b o r o n a t e d -  

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

n i t r o g e n   s p a r g e   and  h e a t e d   to  1 7 5 ° C .   for  4. 5  h o u r s .   The  p r o d u c t   was  d i l u t e d  

wi th   m i n e r a l   oil  to  be  67  p e r c e n t   a c t i v e .   It  a n a l y z e d   0. 2  we igh t   p e r c e n t  

b o r o n .  
PREPARATION  4 

In  a  r e a c t i o n   v e s s e l   was   p l a c e d   1487  g r a m s   ( 1. 6  m o l e s )   o f  

p o l y b u t e n y l   s u c c i n i c   a n h y d r i d e ,   74  g r a m s   (1.  5  m o l e s )   b o r i c   acid  and  24  g r a m s  

of  w a t e r .   T h i s   m i x t u r e   was  s t i r r e d   and  h e a t e d   u n d e r   n i t r o g e n   at  100°C.  f o r  

t h r e e   h o u r s ,   and  then  at  150  °C.  u n d e r   v a c u u m   for   two  h o u r s .   To  this  was  t h e n  

a d d e d   203  g r a m s   (0.  8  mole )   of  an  o x y e t h y l a t e d   p o l y e t h y l e n e a m i n e   m a d e   b y  

r e a c t i n g   1.  67  m o l e s   of  e t h y l e n e   ox ide   wi th   1  m o l e   of  p o l y e t h y l e n e a m i n e   h a v i n g  

the  a v e r a g e   c o m p o s i t i o n   of  a  t e t r a e t h y l e n e   p e n t a m i n e .   This  m i x t u r e   w a s  

h e a t e d   at  175°C.   with  n i t r o g e n   s p a r g e   u n d e r   v a c u u m   for  4. 5  h o u r s .   T h e  

f ina l   p r o d u c t   was  d i l u t e d   wi th   o n e - h a l f   its  w e i g h t   in  p r o c e s s   oil  to  give  a  

67  p e r c e n t   a c t i v e   p r o d u c t   and  a n a l y z e d   0.  13  w e i g h t   p e r c e n t   b o r o n .  

The   f o l l o w i n g   P r e p a r a t i o n   i l l u s t r a t e s   a  method  for   making  t h e  

M a n n i c h   d i s p e r s a n t s .  
PREPARATION  5 

In  a  r e a c t i o n   v e s s e l   was   p l a c e d   2019  g r a m s   of  h e p t a n e ,   529. 7  g r a m s  

of  p o l y b u t e n e   (mole   w e i g h t   1000)  and  79.  5  g r a m s   of  p h e n o l .   To  t h i s  

was  a d d e d   23. 9  g r a m s   of  BF3  p h e n a t e   o v e r   a  2 0 - m i n u t e   p e r i o d   at  4 0 ° C .  

The  m i x t u r e   was  then  s t i r r e d   for   90  m i n u t e s   at  4 0 ° C .   It  was  then  w a s h e d  

at  6 0 - 7 0 ° C .   with  a q u e o u s   a m m o n i a   and  t hen   wi th   w a t e r   and  f ina l ly   w i t h  

m e t h a n o l ,   l e a v i n g   b e h i n d   the  p o l y b u t e n y l   p h e n o l .   T h i s   w a s  c o o l e d   to  a b o u t  

4 0 ° C .   and  59  g r a m s   of  N ,  N - d i m e t h y l - 1 ,   3 - p r o p a n e d i a m i n e   was  added  and  s t i r r e d .  

T h e n   27. 2  g r a m s   of  f o r m a l d e h y d e   was  a d d e d   i n c r e m e n t a l l y   over   a  3 0 - m i n u t e  

p e r i o d   at  4 0 - 5 0 ° C .   S t i r r i n g   was  c o n t i n u e d   for   30  m i n u t e s   and  then  t h e  



m i x t u r e   was  h e a t e d   to  a b o u t   130°C.   wh i l e   d i s t i l l i n g   out  v o l a t i l e s .   It  w a s  

s t i r r e d  t h r e e   h o u r s   at  130°C .   u n d e r   s l i g h t   n i t r o g e n   p r e s s u r e  a n d   then  h e a t e d  

to  170°C.   and  v a c u u m   a p p l i e d   to  50  m m .   Hg.  abs   to  c o m p l e t e   r e m o v a l   of  

v o l a t i l e s .   It  was   then  d i l u t e d   with  a b o u t   380  g r a m s   of  h y d r o c a r b o n   s o l v e n t  

and  c o o l e d   g iv ing   a  M a n n i c h   d i s p e r s a n t   u s e f u l   in  the  p r e s e n t   c o m b i n a t i o n .  

O t h e r   M a n n i c h   d i s p e r s a n t s   can  be  m a d e   f o l l o w i n g   the  above   g e n e r a l  

p r o c e d u r e   by  s u b s t i t u t i n g   any  of  the  p r e v i o u s l y   d i s c l o s e d   p r i m a r y   a n d  

s e c o n d a r y   a m i n e s   in  p l a c e   of  N,  N - d i m e t h y l -   1,  3 - p r o p a n e d i a m i n e .   Fo r   e x a m p l e ,  

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

w h i c h   m a y   be  r e a d i l y   m o d i f i e d   by  h e a t i n g   wi th   b o r i c   a c i d   a n d / o r   oleic  a c i d  

to  i m p r o v e   its  p r o p e r t i e s ,   e s p e c i a l l y   wi th   r e g a r d   to  c o r r o s i v e n e s s .  

E a c h   of  the  two  t y p e s   of  s y n e r g i s t i c   a d d i t i v e s   is  u s e d   i n  

l u b r i c a t i n g   oil  at  a  c o n c e n t r a t i o n   w h i c h   m a x i m i z e s   t h e i r   t o t a l   e f f e c t i v e n e s s  

at  an  a c c e p t a b l e   c o s t .   A  u s e f u l   c o n c e n t r a t i o n   r a n g e   fo r   e ach   i s  

0.  0 5 - 1 0   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   is  0.  5-5  w e i g h t   p e r c e n t  

and  a  h i g h l y   p r e f e r r e d   r a n g e   is  1-3  w e i g h t   p e r c e n t .   T h e s e   c o n c e n t r a -  

t ions  do  not  i n c l u d e   any  m i n e r a l   oil  d i l u e n t   i n c o r p o r a t e d   into  the  a d d i t i v e  

d u r i n g   m a n u f a c t u r e .  

The   a d d i t i v e s   can   be  used   in  m i n e r a l   oil  or  in  s y n t h e t i c   oils  o f  

v i s c o s i t y   s u i t a b l e   fo r   u se   in  the  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   up  to  a b o u t   0 . 0 0 0 0 1 5 9 m 2 / s e c .   at  210°F. 

C r a n k c a s e   l u b r i c a t i n g   oils  of  the  p r e s e n t   i n v e n t i o n   have   a  v i s c o s i t y  

up  to  a b o u t   SAE  50.  S o m e t i m e s   such   m o t o r   oils  a r e   g i v e n   a  c l a s s i f i c a t i o n  

at  both   0°  and  2 1 0 ° F . ,   such   as  SAE  10W  40  or  SAE  5W  3 0 .  

M i n e r a l   oi ls   i n c l u d e   t hose   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   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 t ,  

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

o i l .  

S y n t h e t i c   oil  i n c l u d e s   both  h y d r o c a r b o n   s y n t h e t i c   oil  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   oils  i n c l u d e   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   the  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   the  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   c a n  b e   u sed ,   such  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   the  e s t e r s   of  both   m o n o c a r b o x y l i c  

ac id   and  p o l y c a r b o x y l i c   ac id   as  we 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 d 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   a n d  

the  l i ke .   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   of  m o n o -   and  d i c a r b o x y l i c  

ac id   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   oil  with  s y n t h e t i c   oil  a r e   p a r t i c u l a r l y   u s e f u l .  

F o r   e x a m p l e ,   b l e n d s   of  10-25   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  

with  7 5 - 9 0   w e i g h t   p e r c e n t   0 .0000321  m2/sec.  (100°F.)   m i n e r a l   o i l   r e s u l t s   in  a n  

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   10-25   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   wi th   m i n e r a l   oil  of  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   oil.  A l s o   b l ends   of  s y n t h e t i c   h y d r o c a r b o n   oil  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   of  m i n e r a l   oil  wi th   syn the 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   w h e n   p r e p a r i n g   low  v i s c o s i t y   oil  (e.  g.  SAE  5W  20)  s i n c e  

they  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 o n g   e x c e s s i v e   v o l a t i l i t y .  

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

d i h y d r o c a r b y l d i t h i o p h o s p h a t e   ( Z D D P )   in  c o m b i n a t i o n   wi th   the  p r e s e n t   a d d i t i v e s  

Both   zinc  d i a l k y l d i t h i o p h o s p h a t e s   and  zinc  d i a l k s 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   Z D D P   a r e   u se fu l .   A  t y p i c a l   a l k y l - t y p e   ZDDP  c o n t a i n s  

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   g r o u p s .   Zinc  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   is  a  t y p i c a l   a r y l - t y p e   Z D D P .   Good  r e s u l t s   a r e   ach ieved   u s i n g  

s u f f i c i e n t   Z D D P   to  p r o v i d e   0 .  01-0 .  5   w e i g h t   p e r c e n t   zinc.  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   0.  025 -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 sed   in  the  oil  c o m p o s i t i o n s   a r e   the  a lka l ine   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 s   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   of  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 .   Both  the  n e u t r a l   and  the  o v e r b a s e d  



s u l f o n a t e s   hav ing   base   n u m b e r s   up  to  about   400  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   used   in  an  a m o u n t   to  p r o v i d e   0.  05-1 .   5  we igh 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  m o r e   p r e f e r a b l y   0.  1-1.  0  w e i g h t   p e r c e n t .   In  a  m o s t  

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

a n d / o r   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   or  a l k a r y l   (e.  g.  a l k y l b e n z e n e )   s u l f o n a t e . )  

O t h e r   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   such  as  t h e  

p o l y a l k y l m e t h a c r y l a t e   type  or  the  e t h y l e n e - p r o p y l e n e   or  e t h y l e n e - p r o p y l e n e -  

d i e n e c o p o l y m e r   type.   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   o r  

s t y r e n e - a c r y l a t e   c o p o l y m e r s   can  be  u sed .   A l k a l i n e   e a r t h   me ta l   sa 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 .  

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

s y n e r g i s t i c   e f fec t   of  the  p r e s e n t   i n v e n t i o n .   The  t e s t   u sed   was  i n d u s t r y -  

r e c o g n i z e d   ASTM  S e q u e n c e   VD  e n g i n e   t e s t .   In  this   tes t ,   a  Ford   Pinto   e n g i n e  

is  o p e r a t e d   on  a  f ixed  s c h e d u l e   w i th   the  t e s t   oil  in  the  engine   c r a n k c a s e .  

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

p a r t s   r a t e d   for   c l e a n l i n e s s   u s i n g   a  s t a n d a r d  r a t i n g   s c a l e   of  1-10  in  which   10 

is  c l e a n .  

The  b a s e   t e s t   oil  was   a  fu l ly   f o r m u l a t e d   m i n e r a l   oil.  The  o n l y  

d i f f e r e n c e   b e t w e e n   the  t e s t   oi ls   w a s   the  d i s p e r s a n t .   The  d i s p e r s a n t   v a r i e d  

as  f o l l o w s :  



The  t e s t   r e s u l t s   a r e   s h o w n   in  the  f o l l o w i n g   t a b l e :  

No te   tha t   Oil  C  c o n t a i n i n g   the  s y n e r g i s t i c   c o m b i n a t i o n   gave  a  m u c h  

b e t t e r   a v e r a g e   v a r n i s h   and  p i s t o n   v a r n i s h   r a t i n g   at  5  p e r c e n t   to ta l   d i s p e r s a n t  

t han   e i t h e r   Oil  A  or  Oil  B  u s i n g   the   s a m e   i n d i v i d u a l   c o m p o n e n t s   s e p a r a t e l y  

and  at  a  m u c h   h i g h e r   c o n c e n t r a t i o n .   H e n c e ,   the  c o m b i n a t i o n   g ives   r e s u l t s  

s u p e r i o r   to  the  s u m   of  the  e x p e c t e d   c o n t r i b u t i o n s   of  the  c o m p o n e n t s .  



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

a  m i x t u r e   of  a  b o r o n a t e d   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 m i d e / i m i d e  

a n d / o r   e s t e r   of  an  o x y a l k y l a t e d   amine  and  a  Mannich  c o n d e n s a t i o n  

p r o d u c t   of  a  h y d r o c a r b o n - s u b s t i t u t e d   phenol ,   formaldehyde   and  o r  

amine,  and,  o p t i o n a l l y   a  b o r o n a t i n g   agen t   a n d / o r   a  f a t t y   a c i d .  

2.  A  c o m p o s i t i o n   as  c l a imed   in  c la im  1  and  compr i s ing   a  

s y n e r g i s t i c   m i x t u r e   o f  

(A)  a  b o r o n a t e d   d i s p e r s a n t   hav ing   in  i t s   s t r u c t u r e   a t  

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

where in   R  is   an  a l i p h a t i c   h y d r o c a r b o n   group  having  a  m o l e c u l a r  

w e i g h t   of  700 -50 ,000 ,   t he   s u c c i n o y l   group  being  bonded  to  a  

n i t r o g e n   atom  of  an  o x y a l k y l a t e d   amine  so  as  to  form  an  amide  

or   imide  or  to  an  oxygen  atom  of  the  o x y a l k y l a t e d   anine  t o  

form  an  e s t e r   or  to  both   n i t r o g e n   and  oxygen  atoms  of  t h e  

o x y a l k y l a t e d   amine  to  form  a  m i x t u r e   c o n t a i n i n g   amide,  i m i d e ,  

a n d / o r   e s t e r   g roups ,   the  b o r o n a t e d   d i s p e r s a n t   c o n t a i n i n g  

0 . 0 0 1 - 2 . 5   we igh t   p e r c e n t   boron;   a n d  

(B)  a  Mannich  d i s p e r s a n t   having   in  i t s   s t r u c t u r e   a  p h e n o l i c  



g r o u p  

where in   R"  i s   an  a l i p h a t i c   h y d r o c a r b o n   group  c o n t a i n i n g   1  t o  

500  carbon  atoms  and  n  i s  1  o r   2 ,  m  i s  0  o r  1 ,   a n d  n  +  m  i s   1 

or  2,  at   l e a s t   one  group  R"  be ing   an  a l i p h a t i c   hydrocarbon   g r o u p  

c o n t a i n i n g   50-500  carbon  atoms,  the  p h e n o l i c   group  b e i n g  

bonded  t h r o u g h   a  me thy l ene   group  to  a  n i t r o g e n   atom  of  an  a m i n e  

c o n t a i n i n g   1  to  10  n i t r o g e n   atoms  and  1  t o   3 0  c a r b o n   a t o m s .  

3.  A  c o m p o s i t i o n   as  c la imed  in  c la im  2,  where in   R  i s  

d e r i v e d   from  an  o l e f i n   p o l y m e r .  

4.  A  c o m p o s i t i o n   as  c la imed  in  c la im  2  or  c la im  3,  w h e r e i n  

at  l e a s t   one  group  R"  is  d e r i v e d   f r an   an  o l e f i n   polymer  c o n t a i n i n g  

50-500  carbon  a t o m s .  

5.  A   c o m p o s i t i o n   as  c la imed  in  c la im  4,  where in   R  is  a  p o l y -  

bu teny l   group  having   a  m o l e c u l a r   we igh t   of  700-5000  and  at  l e a s t  

one  group  R"  i s  a   p o l y b u t e n y l   group  having   a  m o l e c u l a r   weight   o f  

1000-3000 .  

6.  A  c o m p o s i t i o n   as  c la imed  in  any  one  of  c l a ims   1  to  5 ,  

wherein  the  o x y a l k y l a t e d   amine  is  an  o x y a l k y l a t e d   p o l y a l k y l e n e a m i n e  



in  which  the  a l k y l e n e a m i n e   groups  are  e t h y l e n e a m i n e   g r o u p s ,  

p r o p y l e n e a m i n e   g r o u p s ,   or  a  mix tu re   t h e r e o f .  

7.  A  c o m p o s i t i o n   as  c la imed  in  c la im  6,  where in   the  o x y a l k -  

y l a t e d   p o l y a l k y l e n e a m i n e   is  an  o x y e t h y l a t e d   p o l y e t h y l e n e a m i n e  

c o n t a i n i n g   one  to  6  e t h y l e n e a m i n e   u n i t s .  

8.  A  c o m p o s i t i o n   as  c la imed  in  any  one  of  c la ims   2  to  7 ,  

where in   the  b o r o n a t e d   d i s p e r s a n t   has  been  made  by  a  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   in  any  sequence  or  a l t o g e t h e r .  

(a)  1  mole   of  a  p o l y b u t e n y l   s u c c i n i c   anhyd r ide   in  w h i c h  

the  p o l y b u t e n y l   group  has  a  mo lecu l a r   we igh t   of  700-5000 ,  

(b)  0 .2   to  2.0  moles  of  an  o x y a l k y l a t e d   p a l y e t h l e n e a m i n e  

c o n t a i n i n g   1  to  6  e t hy l eneamino   u n i t s ,   a n d  

(c)  0 .001   to   5.0  moles  of  a  boron  ox ide ,   a  boron  a c i d ,  

an  e s t e r   of  a  boron  ac id ,   a  s a l t   of  a  boron  a c i d ,   a  

boron  h a l i d e ,   or  a  m i x t u r e   of  any  two  or  more  t h e r e o f .  

9.  A  c o m p o s i t i o n   as  c la imed  in  claim  8,  where in   the  p o l y b u t e n y l  

group  has  a  m o l e c u l a r   weight   of  700-2000,  the  o x y a l k y l a t e d   p o l y e t h y -  

l eneamine   c o n t a i n s   an  ave rage   of  1-4  o x y e t h y l e n e   u n i t s   per  m o l e c u l e  

of  p o l y e t h y l e n e a m i n e   and  the  p o l y e t h y l e n e a m i n e   c o n t a i n s   an  a v e r a g e  

of  2-6  e t h y l e n e a m i n o   u n i t s   per  m o l e c u l e .  

10.  A  c o m p o s i t i o n   as  c la imed  in  c la im  8  or  c la im  9,  wherein  t h e  

boron  compound  is   a  b o r i c   a c i d .  



11.  A  c o m p o s i t i o n   as  c la imed  in  any  one  of  c la ims  2  to  1 0 ,  

wherein  the  Mannich  d i s p e r s a n t   has  been  made  by  a  p rocess   c o m p r i s i n g  

r e a c t i n g   in  any  sequence  or  a l t o g e t h e r .  

(a)  one  mole  of  a  p o l y b u t e n y l   phenol   where in   t h e  

p o l y b u t e n y l   group  has  a  m o l e c u l a r   w e i g h t   of  700 -7000 ,  

(b)  0 . 9 - 2 . 5   moles  of  fo rmaldehyde   or  of  a  f o r m a l d e h y d e  

p r e c u r s o r ,  

(c)  0 . 1 - 2 . 0   moles  of  an  amine  c o n t a i n i n g   1  to  30  c a r b o n  

atoms  and  2  to  10  n i t r o g e n   a toms,   a t   l e a s t   one  of  which  i s  

i n  a   p r ima ry   amine  g r o u p ,  

(d)  0  up  to  3  moles  of  a  f a t t y   a c i d ,   a n d  

(e)  0  up  to  2.0  moles  of  a  boron  ox ide ,   a  boron  a c i d ,  

an  e s t e r   of  a  boron  ac id ,   a  s a l t   of  a  boron  ac id ,   a  b o r o n  

h a l i d e ,   or  a  m i x t u r e   of  any  two  or  more  t h e r e o f .  

12.  A  c o m p o s i t i o n   as  c la imed  in  c la im  11,  wherein  the  amine  

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

c o n t a i n i n g   an  ave rage   of  1-6  e t h y l e n e a m i n o   u n i t s .  

1 3 .   A  c o m p o s i t i o n   as  c la imed  in  c l a im  11  or  c la im  1 2 ,  

where in   the  f a t t y   ac id   (d)  is  o l e i c   ac id   in  an  amount  of  0 . 1 - 2 . 0  

moles  per  mole  of  the  p o l y b u t e n y l   phenol   and  the   boron  compound  (e) 

is  bo r i c   ac id   in  an  amount  of  0 . 0 1 - 1 . 0   moles  per  mole  of  t h e  

p o l y b u t e n y l   p h e n o l .  

14.  A  c o m p o s i t i o n   as  c la imed  in  any  one  of  c la ims   11  to  13 ,  

wherein  the  amine  is  an  o x y e t h y l a t e d   p o l y e t h y l e n e a m i n e   c o n t a i n i n g  



an  average   of  2-6  e t h y l e n e a m i n o   un i t s   per   mo lecu le   and 1-4  o x y -  

e thy l ene   u n i t s   per   m o l e c u l e .  

15.  A  c o m p o s i t i o n   as  c la imed  in  any  one  of  c la ims   11  to  1 4 ,  

wherein  the   p o l y b u t e n y l   group  of  the  p o l y b u t e n y l   phenol   has  a  

m o l e c u l a r   w e i g h t   of  1 0 0 0 - 3 0 0 0 .  

16.  An  a d d i t i v e   package  f o r m u l a t e d   fo r   a d d i t i o n   to  l u b r i c a t i n g  

o i l   to  o b t a i n   a  f o r m u l a t e d   motor  o i l   s u i t a b l e   fo r   use  in  an  i n t e r n a l  

combus t ion   eng ine   and  c o n t a i n i n g   a  m i x t u r e   of  the   d i s p e r s a n t   i n g r e d -  

i e n t s   of  a  c o m p o s i t i o n  a s   c la imed   in  any  one  of  the   c la ims  1  t o  1 5 .  

17.  A  l u b r i c a t i n g   o i l   compos i t i on   c o m p r i s i n g   an  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   c o n t a i n i n g   a  d i s p e r s a n t   amount  of  t h e  

d i s p e r s a n t   i n g r e d i e n t s   of  a  c o m p o s i t i o n   as  c l a imed   in  any  one  o f  

c laims  1  to  1 5 .  

18.  A  method  of  i m p a r t i n g   d i s p e r s a n c y .   p r o p e r t i e s   t o  

a  l u b r i c a t i n g   o i l   which  compr i se s   i n c o r p o r a t i n g   in  the  o i l   t h e  

d i s p e r s a n t   i n g r e d i e n t s   of  a  c o m p o s i t i o n   as  c l a imed   in  any  one  o f  

c l a i m s  1  t o  1 5 .  

19.  A  b o r o n a t e d   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 m i d e / i m i d e  

and /o r   e s t e r   of  an  o x y a l k y l a t e d   amine  or  a  Mannich  c o n d e n s a t i o n  

p roduc t   of  a  h y d r o c a r b o n - s u b s t i t u t e d   p h e n o l ,   fo rmaldehyde   and  a n  

amine,  and,  o p t i o n a l l y   a  b o r o n a t i n g   agent   a n d / o r   a  f a t t y   ac id ,   i n  

e i t h e r   case   i n t e n d e d   for   use  in  a  s y n e r g i s t i c   d i s p e r s a n t   m i x t u r e  

compr i s ing   a t   l e a s t   one  r e p r e s e n t a t i v e   of  each  of  the  a f o r e s a i d  

d i s p e r s a n t s .  
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