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@)  Borated  lube  oil  additive. 

Borated  reaction  product  of  a  long-chain  aliphatic  succinic 
acid  compound  and  alkylene  diamine  having  an  average  of  at 
least  about  2  N-substituted  hydroxyalkyl groups. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  b o r a t e d   r e a c t i o n  

p r o d u c t   of  a  l o n g   c h a i n   a l i p h a t i c   s u c c i n i c   a c i d  

c o m p o u n d   and  a l k y l e n e   d i a m i n e   h a v i n g   an  a v e r a g e   o f  

a t   l e a s t   a b o u t   2  N - s u b s t i t u t e d   h y d r o x y a l k y l   g r o u p s  
and  l u b e   o i l   a d d i t i v e s   c o n t a i n i n g   s a i d   b o r a t e d   r e a c -  
t i o n   p r o d u c t s .  

The  p a t e n t   l i t e r a t u r e   i s   r e p l e t e   w i t h   d i s c l o s u r e s  

of  t h e   use   of  v a r i o u s   l o n g   c h a i n   a l i p h a t i c   s u c c i n i c  

a c i d   c o m p o u n d s   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 .  

For   e x a m p l e ,   L u b r i z o l   d i s c l o s e s   in  U .S .   P a t e n t s  

3 , 2 1 9 , 6 6 6   of  Norman  e t   a l ;   3 , 3 8 1 , 0 2 2   of  Le  S u e r ;  

3 , 6 3 0 , 9 0 4   of  M u s s e r   e t   a l ;   3 , 8 3 6 , 4 7 1   of  M i l l e r ;  

3 , 5 3 3 , 9 4 5   of  V o g e l ;   3 , 2 8 2 , 9 5 5   of  Le  S u e r ;   e t c .   t h a t  

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

p r o b l e m .   U .S .   P a t e n t   3 , 2 8 2 , 9 5 5   e x p l a i n s   t he   p r o b l e m  

a t   Column  1,  l i n e s   19  to  37  as  f o l l o w s :   "One  o f  

t h e   p r i n c i p a l   p r o b l e m s   a s s o c i a t e d   w i t h   p r e s e n t   d a y  
a u t o m o b i l e   c r a n k c a s e   l u b r i c a n t s   is   t h a t   p o s e d   b y  
t he   i n e v i t a b l e   p r e s e n c e   in  t h e   l u b r i c a n t   of  f o r e i g n  

p a r t i c l e s   s u c h   as  d i r t ,   s o o t ,   w a t e r ,   and  d e c o m p o s i -  
t i o n   p r o d u c t s   r e s u l t i n g   f rom  b r e a k d o w n   of  t he   l u b r i -  

c a t i n g   o i l .   Even  i f   t h e r e   were   none   of  t h i s   l a t t e r  

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

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

a c c u m u l a t e   in  t he   c r a n k c a s e .   P e r h a p s   t he   mos t   i m p o r -  
t a n t   of  t h e s e   c o n t a m i n a n t s   is   w a t e r   b e c a u s e   i t   s e e m s  
to  be  r e s p o n s i b l e   f o r   t he   d e p o s i t i o n   of  a  m a y o n n a i s e -  
l i k e   s l u d g e .   I t   a p p e a r s   t h a t   i f   t h e r e   were   no  w a t e r  

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

s l u d g e   w o u l d   c i r c u l a t e   w i t h   t he   o i l   and  be  r e m o v e d  

by  t h e   o i l   f i l t e r .   I t   w i l l   be  r e a d i l y   a p p r e c i a t e d  

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

p r o b l e m   w i t h   r e s p e c t   to  t he   e f f i c i e n t   o p e r a t i o n   o f  

t h e   e n g i n e   and  t h a t   i t   is   d e s i r a b l e   to  p r e v e n t   s u c h  

d e p o s i t i o n   of  s l u d g e - l i k e   m a t e r i a l . "   S u b s e q u e n t l y ,  



U.S.   P a t e n t   3 , 6 3 0 , 9 0 4   p o i n t s   o u t   a t   Column  1,  l i n e s  

42  e t   s e q .   t h a t   h i g h   m o l e c u l a r   w e i g h t   a c y l a t e d   n i t r o -  

gen  c o m p o s i t i o n s   have   a c h i e v e d   w i d e s p r e a d   use  a s  

a s h l e s s   d i s p e r s a n t s   in  c r a n k c a s e s   and  f i l t e r s .  

G e n e r a l l y ,   t h e s e   a s h l e s s   d i s p e r s a n t s   a r e   p r e p a r e d  

by  r e a c t i n g   h i g h   m o l e c u l a r   w e i g h t   mono-  or  p o l y c a r -  

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

or  h y d r o x y   c o m p o u n d .   W h i l e   t he   p a t e n t e e   i n d i c a t e s  

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

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

e v i d e n c e   of  t h e i r   e f f e c t i v e n e s s   as  s l u d g e - d i s p e r s a n t s ,  

t he   p a t e n t e e   p o i n t s   ou t   t h a t   s l u d g e   c a n  a n d   d o e s  

form  on  m e t a l   s u r f a c e s   in  a r e a s   of  t he   e n g i n e   w h e r e  

w a t e r   v a p o r   c o n d e n s e s   a t   p l a c e s   such   as  r o c k e r   a r m s ,  
o i l - f i l l   c a p s ,   e t c .  

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

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

t i v e s .   In  s o m e w h a t   g r e a t e r   d e t a i l ,   U .S .   P a t e n t s  

3 , 2 1 9 , 6 6 6   and  3 , 6 4 0 , 9 0 4   d i s c l o s e   t h a t   h y d r o x y a l k y l  

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

w i t h   l o n g   c h a i n   a l i p h a t i c   s u c c i n i c   a c i d   c o m p o u n d s  

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

U.S .   P a t e n t   3 , 2 8 2 , 9 5 5   d i s c l o s e s   t he   f o r m a t i o n   o f  

l u b r i c a t i n g   o i l   a d d i t i v e s   b a s e d   upon  b o r a t e d   r e a c -  

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

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

a l k y l a t e d   a m i n e s .   U .S .   P a t e n t   3 , 5 3 3 , 9 4 5   d i s c l o s e s  

l u b e   o i l   a d d i t i v e s   b a s e d   upon  b o r a t e d   r e a c t i o n  

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

p o u n d s   and  p o l y o l s .   U .S .   P a t e n t   3 , 8 3 6 , 4 7 1   d i s c l o s e s  

l u b e   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   r e a c t i o n   p r o d u c t  

of  l o n g   c h a i n   a l i p h a t i c   s u c c i n i c   a c i d   c o m p o u n d s   a n d  

at   l e a s t   one  p o l y o x y a l k y l e n e   a l c o h o l   d e m u l s i f i e r  

w i t h   t he   p o s s i b i l i t y   of  u t i l i z i n g   a m i n e s   such   a s  

p o l y a l k y l e n e   p o l y a m i n e s   or  h y d r o x y a l k y l a t e d   p o l y -  

a m i n e s   t o g e t h e r   w i t h   t he   p o l y o x y a l k y l e n e   a l c o h o l  

d e m u l s i f i e r .   U .S .   P a t e n t   3 , 6 3 0 , 9 0 4   d i s c l o s e s   l u b e  



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   a d d i t i v e s   f o r m e d   b y  

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

a c y l a t i n g   a g e n t   w i t h   a  l o n g   c h a i n   a l i p h a t i c   s u c c i n i c  

a c i d   c o m p o u n d .   U .S .   P a t e n t   4 , 0 9 7 , 3 8 9   of  A n d r e s s  

d i s c l o s e s   l u b e   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   b o r a t e d  

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

a c i d   c o m p o u n d   and  a  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e .  

U .S .   P a t e n t   4 , 0 7 1 , 5 4 8   of  O k a m o t o   d i s c l o s e s   l u b e   o i l  

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

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

a m i d e s   c o n t a i n i n g   o x y a l k y l e n e   c h a i n s   of  a t   l e a s t   5 

o x y a l k y l e n e   u n i t s .   A l l   of  t h e s e   p a t e n t s   a r e   h e r e b y  

i n c o r p o r a t e d   by  r e f e r e n c e .   H o w e v e r ,   none   of  t h e s e  

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

l o n g   c h a i n   s u c c i n i c   a c i d   c o m p o u n d   and  an  a l k y l e n e  

d i a m i n e   h a v i n g   an  a v e r a g e   of  a t   l e a s t   a b o u t   2 - N -  

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

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

W h i l e   a d d i t i v e s   p r e p a r e d   f rom  t he   r e a c t i o n   p r o d u c t  

of  l o n g   c h a i n   a l i p h a t i c   s u c c i n i c   a c i d   c o m p o u n d s   a n d  

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

t h e y   a r e   i n f e r i o r   to  a d d i t i v e s   w h e r e   t h e   a l k y l e n e  

p o l y a m i n e  i s   h y d r o x y a l k y l a t e d .   In  g e n e r a l ,   t h e  

more  h y d r o x y a l k y l   m o i e t i e s   t he   g r e a t e r   t he   d i s p e r s a n c y .  

H o w e v e r ,   t he   p r o d u c t s   b a s e d   on  h y d r o x y a l k y l a t e d  

p o l y a m i n e s   have   the   d r a w b a c k   t h a t   t h e y   t e n d   to  a t t a c k  

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

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

o i l s   c o n t a i n i n g   t h e s e   d i s p e r s a n t s .   A c c o r d i n g l y ,  

t h e r e   is   a  need   fo r   h i g h   d i s p e r s a n c y   l u b e   o i l   a d d i -  

t i v e s   t h a t   do  no t   a t t a c k   e n g i n e   s e a l s   b a s e d   on  f l u o r o -  

c a r b o n   p o l y m e r s .  

The  g e n e r a l   o b j e c t   of  t h i s   i n v e n t i o n   is   t o  

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

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

O t h e r   o b j e c t s   a p p e a r   h e r e i n a f t e r .  



We  have   now  f o u n d   t h a t   t he   o b j e c t s   of  t h i s   i n v e n -  

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

a l k y l e n e   d i a m i n e s   h a v i n g   on  an  a v e r a g e   a t   l e a s t  

a b o u t   2  N - h y d r o x y a l k y l   g r o u p s .   The  a d d i t i v e   o f  

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

u c t .   W h i l e   we  have   f o u n d   t h a t   i t   is   g e n e r a l l y   d e s i r -  

a b l e   to  use   l o n g   c h a i n   s u c c i n i c   a c i d   a m i d e s   a n d  

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

r e l a t i v e l y   h i g h   c o n c e n t r a t i o n   of  N - h y d r o x y a l k y l  

m o i e t i e s   b e c a u s e   the   more  N - h y d r o x y a l k y l   s u b s t i t u e n t s  

t he   c l e a n e r   t he   e n g i n e ,   we  have   a l s o   f o u n d   t h a t   t h e  

more  amino   g r o u p s   in  t he   p o l y a m i n e   the   g r e a t e r   t h e  

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

means   t h a t   w h i l e   i t   is  d e s i r a b l e   to  have   a  h i g h  

l e v e l   of  h y d r o x y a l k y l   m o i e t i e s   in  t he   a d d i t i v e   t o  

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

t i o n ,   a l k y l e n e   a m i n e s   c o n t a i n i n g   more  t h a n   2  a m i n o  

g r o u p s   c a n n o t   be  u t i l i z e d   in  t h i s   i n v e n t i o n .   H y d r o x y -  

a l k y l a t e d   m o n o a m i n e s   do  no t   p r o v i d e   a d e q u a t e   d i s -  

p e r s a n c y .   At  t he   same  t i m e ,   i t   is   i m p e r a t i v e   t h a t  

the   d i a m i n e   have   a t   l e a s t   a b o u t   2  N - h y d r o x y a l k y l  

g r o u p s ,   p r e f e r a b l y   2 .5   to  4 - N - h y d r o x y a l k y l   g r o u p s ,  
in  o r d e r   to  p r o v i d e   a c c e p t a b l e   l e v e l s   of  e n g i n e  

c l e a n l i n e s s .   B o r a t i o n   is  n e c e s s a r y   in  o r d e r   t o  

s t a b i l i z e   t he   a d d i t i v e   and  r e d u c e   e n g i n e   s e a l   a t t a c k .  

O t h e r   t h i n g s   b e i n g   e q u a l ,   o m i s s i o n   of  b o r a t i o n   l e a d s  

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

s e a l   a t t a c k .   H o w e v e r ,   b o r a t i o n   of  a d d i t i v e s   p r e p a r e d  

from  N - u n s u b s t i t u t e d   d i a m i n e s   d o e s   no t   r e d u c e   f l u o r o -  

c a r b o n   e n g i n e   s e a l   a t t a c k .   A c c o r d i n g l y ,   the   l u b e  

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

w e l l   b a l a n c e d .  

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

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

a l p h a   l o n g   c h a i n   s u c c i n i c   a c i d   compound   and  an  a l k y l e n e  

d i a m i n e   h a v i n g   on  an  a v e r a g e   at   l e a s t   a b o u t   2  N -  



h y d r o x y a l k y l   g r o u p s .   In  s o m e w h a t   g r e a t e r   d e t a i l ,  

t h e   d i s p e r s a n t s   of  t h i s   i n v e n t i o n   can   be  p r e p a r e d  

by  (1)  r e a c t i n g   an  u n s u b s t i t u t e d   a l k y l e n e   d i a m i n e  

w i t h   a t   l e a s t   2  mols   of  h y d r o x y a l k y l a t i n g   r e a g e n t  

pe r   mol  of  a l k y l e n e   d i a m i n e ,   (2)  r e a c t i n g   t he   r e s u l t -  

ing  N - h y d r o x y a l k y l   a l k y l e n e   d i a m i n e   w i t h   an  a l p h a  

l o n g   c h a i n   a l i p h a t i c   s u c c i n i c   a c i d   c o m p o u n d   and  ( 3 )  

b o r a t i n g   t he   r e a c t i o n   p r o d u c t   of  s t e p   2 .  

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

have   t h e   s t r u c t u r e   NH2-R-NH2  w h e r e i n   R  i s   an  a l k y l e n e  

g r o u p   of  f rom  2  to   24  c a r b o n   a t o m s ,   s u c h   as  e t h y l e n e ,  

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

e t h y l e n e ,   t e t r a c o s e n e ,   e t c .   In  g e n e r a l ,   a l k y l e n e  

d i a m i n e s   c o n t a i n i n g   f rom  a b o u t   6  to  12  m e t h y l e n e  

u n i t s   a r e   p r e f e r r e d ,   in  o r d e r   to  p r o v i d e   a  d i s p e r s a n t  

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

c o m p a t i b i l i t y   w i t h   t he   l u b r i c a t i n g   o i l .   H e x a -  

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

r e l a t i v e l y   low  c o s t   and  c o m p a t i b i l i t y   of  a d d i t i v e s  

p r e p a r e d   f rom  i t   w i t h   l u b e   o i l s .  

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

h a l o h y d r i n s   and  v i c i n a l   e p o x i e s   ( o l e f i n   o x i d e s )  

c o n t a i n i n g   f rom  2  to  4  c a r b o n   a t oms   in  t he   a l k y l a t i n g  

a g e n t ,   s u c h   as  e t h y l e n e   o x i d e ,   1 , 2 - p r o p y l e n e   o x i d e ,  

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

p r o p a n o l ,   3 - b r o m o - l - p r o p a n o l ,   4 - c h l o r o - b u t a n o l ,  

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

t h e i r   r e l a t i v e l y   h i g h   r e a c t i v i t y   w i t h   t he   a m i n e  

g r o u p s   in  t he   a l k y l e n e   d i a m i n e .   Of  t he   v a r i o u s  

o l e f i n   o x i d e s ,   p r o p y l e n e   o x i d e   is   p r e f e r r e d .  

H y d r o x y e t h y l a t e d   a l k y l e n e   d i a m i n e s   t e n d   to  y i e l d  

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

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

hazy   b o r a t e d   p r o d u c t s .   E t h y l e n e   o x i d e   a l s o   has   t h e  

d i s a d v a n t a g e   t h a t   i t   has   a  t e n d e n c y   to  h y d r o x y e t h y l a t e  

N - h y d r o x y e t h y l a t e d   g r o u p s   on  t h e   d i a m i n e   t h e r e b y  

r e d u c i n g   the   e f f i c i e n c y   of  t he   r e a c t i o n .   In  c o n t r a s t  



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

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

a  r e d u c e d   t e n d e n c y   to  r e a c t   w i t h   N - h y d r o x y p r o p y l a t e d  

a m i n e s .   B u t y l e n e   o x i d e   t e n d s   to  be  l e s s   r e a c t i v e  

t h a n   e i t h e r   e t h y l e n e   o x i d e   or  p r o p y l e n e   o x i d e   a n d  

is   s u b s t a n t i a l l y   more  e x p e n s i v e .   The  h y d r o x y a l k y l a t -  

ing  a g e n t s   can  be  used   in  a  c o n c e n t r a t i o n   of  a b o u t  

2  to  6  mols   pe r   mol  of  a l k y l e n e   d i a m i n e .   In  g e n e r a l  

a p p r o x i m a t e l y   2 .5  to  4 .5   mols   of  a l k y l e n e   o x i d e s  

per   mol  of  d i a m i n e   is   p r e f e r r e d   s i n c e   t he   f i n a l  

p r o d u c t s   have   a b o u t   2 .5   to  4  N - h y d r o x y a l k y l   g r o u p s  
w h i c h   p r o v i d e s   t he   b e s t   p r o p e r t i e s   a t   the   l o w e s t  

c o s t .  

The  a l k y l e n e   d i a m i n e   can  be  h y d r o x y a l k y l a t e d  

u n d e r   c o n v e n t i o n a l   c o n d i t i o n s ,   i . e .   by  r e a c t i o n   a t  

50  to  300°C  f rom  1  to  10  h o u r s .  

The  l ong   c h a i n   a l i p h a t i c   s u c c i n i c   a c i d   c o m p o u n d s  

u s e f u l   in  t h i s   i n v e n t i o n   can   be  p r e p a r e d   by  any  o f  

t he   t e c h n i q u e s   d e s c r i b e d   in  t he   a f o r e s a i d   p a t e n t s ,  
w h i c h   have   been   i n c o r p o r a t e d   by  r e f e r e n c e .   F o r  

e x a m p l e ,   an  a c i d   c o m p o u n d ,   p a r t i c u l a r l y   an  e t h y l e n i c a l -  

ly  u n s a t u r a t e d   d i c a r b o x y l i c   a c i d   compound   ( a c i d   o r  

a n h y d r i d e ) ,   such   as  m a l e i c   a c i d ,   m a l e i c   a n h y d r i d e ,  

f u m a r i c   a c i d ,   e t c . ,   can  be  r e a c t e d   w i t h   a  s u i t a b l e  

o l e f i n   or  h a l o g e n a t e d   o l e f i n   a t   a  t e m p e r a t u r e   o f  

a b o u t   100  to  300°C  y i e l d i n g   an  a l k e n y l   or  a l k y l  

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 f   d e s i r e d   t h e  

u n s a t u r a t e d   g r o u p s   in  t he   a l k e n y l   g r o u p   can  be  r e m o v e d  

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

t he   o l e f i n s   or  h a l o   s u b s t i t u t e d   o l e f i n s   c o n t a i n  

f rom  a b o u t   8  to  500  c a r b o n   a t o m s   or  more  and  c a n  

i n c l u d e   h o m o p o l y m e r s   and  c o p o l y m e r s   of  mono  o l e f i n s  

such   as  e t h y l e n e ,   p r o p y l e n e ,   1 - b u t e n e ,   i s o b u t e n e ,  

e t c .   H o w e v e r ,   as  i n d i c a t e d   a b o v e   any  of  t he   t e c h -  

n i q u e s   u t i l i z e d   in  t h i s   a r t   can  be  e m p l o y e d   to  p r o -  

duce   the   l o n g   c h a i n   s u c c i n i c   a c i d   c o m p o u n d .  



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

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

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

a r t   a t   a  t e m p e r a t u r e   of  f rom  0  to   2 5 0 ° C .   I f   d e s i r e d  

a  s o l v e n t   such   as  b e n z e n e ,   t o l u e n e ,   n a p h t h a ,   l u b e  

o i l ,   x y l e n e   and  n - h e x a n e   or  t h e   l i k e   can  be  u s e d   t o  

f a c i l i t a t e   t he   c o n t r o l   of  t h e   r e a c t i o n .   From  a b o u t  

.5  to   2  mols   of  l o n g   c h a i n   a l i p h a t i c   s u c c i n i c   a c i d  

c o m p o u n d s   can  be  r e a c t e d   pe r   mol  of  N - s u b s t i t u t e d  

h y d r o x y a l k y l   a l k y l e n e   d i a m i n e .   I t   w i l l   be  n o t e d  

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

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

t he   N - s u b s t i t u t e d   h y d r o x y   a l k y l e n e   d i a m i n e   i s  

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

s u b s t i t u t i o n   of  t he   a l k y l e n e   d i a m i n e .  

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

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

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

s u c h   as  t e t r a b o r i c   a c i d ,   m e t a b o r i c   a c i d   and  s i m p l e  

e s t e r s   of  t he   b o r o n   a c i d s   ( t r i a l k y l   b o r a t e s   c o n t a i n i n g  

1  to  8  c a r b o n   a l k y l  g r o u p s   such   as  m e t h y l ,   e t h y l ,  

n - o c t y l ,   2 - e t h y l h e x y l ,   e t c . ) .  

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

l o n g   c h a i n   s u c c i n i c   a c i d - h y d r o x y   a l k y l e n e   d i a m i n e  

p r o d u c t   a t  a   t e m p e r a t u r e   of  f rom  a b o u t   50  to  2 5 0 ° C  

p r e f e r a b l y   f rom  a b o u t   100  to  170°C  w i t h   a  s u f f i c i e n t  

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

c h a i n   s u c c i n i c   a c i d   p r o d u c t   c o n t a i n i n g   a t   l e a s t   . 1 5  

p e r c e n t   by  w e i g h t   b o r o n   ( e x c l u d i n g   l u b e   o i l ) .   T h e  

b o r o n   c o m p o u n d   can  be  r e a c t e d   in  a  r a t i o   of  f r o m  

0 .1   to  10  m o l e s   of  b o r o n   c o m p o u n d   per   e q u i v a l e n t   o f  

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

1.  T h i s   s t e p   can  be  c a r r i e d   o u t   in  t he   p r e s e n c e   o f  

d i l u e n t   or  s o l v e n t .   In  g e n e r a l ,   t he   more   b o r o n  

i n c o r p o r a t e d ,   t h e   l o w e r   t he   s e a l   a t t a c k .  



U n l e s s   s p e c i f i e d   in  t he   e x a m p l e s   f o l l o w i n g ,  

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

and  a d d i t i v e   c o n c e n t r a t i o n .  

E x a m p l e   I  

Four   h u n d r e d   f i f t e e n   g r ams   of  p r o p y l e n e   o x i d e  

( 7 . 1 5   m o l e s )   was  a d d e d   d r o p w i s e   to  two  h u n d r e d   s i x t y -  

two  g r a m s   of  h e x a m e t h y l e n e d i a m i n e   ( 2 . 2 6   m o l e s )   a t  

150°C  in  a  two  l i t e r ,   3 - n e c k e d ,   r o u n d   b o t t o m   f l a s k  

f i t t e d   w i t h   an  o v e r h e a d   s t i r r e r ,   c o n d e n s e r   and  t e m -  

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

t h r o u g h   the   t op   of  t he   c o n d e n s e r   o v e r   a  f o u r   h o u r  

p e r i o d   w h i l e   s t i r r i n g .   A f t e r   t he   r e a c t i o n   was  c o m -  

p l e t e   t he   r e a c t i o n   mass   was  f o u n d   to  have   g a i n e d  

t h r e e   h u n d r e d   n i n e t y - f i v e   g r ams   ( 6 . 8 1   m o l e s   p r o p y l e n e  

o x i d e ,   95%  i n c o r p o r a t i o n )   or  3  m o l e s   p r o p y l e n e   o x i d e  

per   mole   of  h e x a m e t h y l e n e d i a m i n e .   The  p a l e   y e l l o w  

N - h y d r o x y p r o p y l a t e d   h e x a m e t h y l e n e d i a m i n e   h a v i n g   o n  

an  a v e r a g e   a b o u t   3  h y d r o x y p r o p y l   g r o u p s   per   h e x a m e t h y -  

l e n e d i a m i n e   m o i e t y   r e m a i n e d   a  l i q u i d   a t   room  t e m p e r a -  

t u r e   f o r   s e v e r a l   d a y s   bu t   s l o w l y   c r y s t a l l i z e d   to  a  

low  m e l t i n g   s o l i d .  

One  h u n d r e d   s i x t y - s i x   g r ams   of  the   h y d r o x y p r o p y -  

l a t e d   h e x a m e t h y l e n e d i a m i n e   ( 0 . 5 7 1   m o l e s ) ,   s i x t e e n  

h u n d r e d   g r ams   of  a  50%  a c t i v e   s o l u t i o n   in  o i l   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   ( 0 . 5 7 1   m o l e s )   h a v i n g  

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

h u n d r e d   f o r t y - n i n e   g rams   SX-5  b a s e   o i l   were   h e a t e d  

at   190°C  fo r   two  h o u r s   in  a  3  l i t e r ,   r o u n d   b o t t o m ,  

3 - n e c k e d   f l a s k   u n d e r   a  m i l d   n i t r o g e n   p u r g e .  
The  r e a c t i o n   mass  was  c o o l e d   to  130°C  and  t r e a t e d  

w i t h   250  ml  x y l e n e   and  35 .3   g r ams   of  b o r i c   a c i d  

( 0 . 5 7 1   m o l e s ) .   The  m i x t u r e   was  t h e n   r e f l u x e d   a t  

140°C  w i t h   a z e o t r o p i c   r e m o v a l   of  w a t e r   and  f i n a l l y  

h e a t e d   to  180°C  w i t h   a  n i t r o g e n   p u r g e   to  r emove   t h e  

x y l e n e .   The  p r o d u c t   ( i n c l u d i n g   b a s e   o i l )   w a s  

f i l t e r e d   w i t h   c e l i t e   and  c o n t a i n e d   0.23%  b o r o n   ( 0 . 2 5 %  



B  t h e o r e t i c a l )   and  0 . 6 3   n i t r o g e n   (0 .66%  n i t r o g e n  

t h e o r e t i c a l ) .  

E x a m p l e   I I  

T h i s   E x a m p l e   i l l u s t r a t e s   t he   p r o d u c t i o n   of  a  

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

s u c c i n i c   a c i d   compound   and  an  u n s u b s t i t u t e d   a l k y l e n e  

d i a m i n e .   T w e l v e   h u n d r e d   g r a m s   of  a  4 0 . 5   p e r c e n t  

a c t i v e   s o l u t i o n   ( in   o i l )   of  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   ( 0 . 2 1 7   m o l e s )   h a v i n g   a  m o l e c u l a r   w e i g h t  

of  2240  and  5 0 . 4   g r a m s   h e x a m e t h y l e n e d i a m i n e   ( 0 . 4 3  

m o l e s )   was  h e a t e d   a t   100°C  f o r   two  h o u r s   in  a  3 

l i t e r ,   3 - n e c k e d ,   r o u n d   b o t t o m   f l a s k .   The  t e m p e r a -  

t u r e   was  t h e n   r a i s e d   to  150°C  and  n i t r o g e n   was  b l o w n  

t h r o u g h   t he   s o l u t i o n   to  r e m o v e   e x c e s s   h e x a m e t h y l e n e -  

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

n i n e t y - s e v e n   g r a m s   of  b o r i c   a c i d   s u s p e n d e d   in  a  

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

t e t r a e t h y l e n e p e n t a m i n e   and  f o r m a l d e h y d e   (2.72%  b o r o n )  

o v e r n i g h t   a t   95°C  to  y i e l d   a  p r o d u c t   c o n t a i n i n g  

0.20%  by  w e i g h t   b o r o n   and  0.47%  n i t r o g e n .  

E x a m p l e   I I I  

T h i s   E x a m p l e   i l l u s t r a t e s   the   p r o d u c t i o n   of  a  

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

s u c c i n i c   a c i d   c o m p o u n d   and  a l k y l e n e   d i a m i n e   h a v i n g  

an  a v e r a g e   of  a b o u t   2  N - s u b s t i t u t e d   h y d r o x y p r o p y l  

g r o u p s .   T w e n t y - f o u r   and  n i n e - t e n t h   g r a m s   of  h y d r o x y -  

p r o p y l a t e d   h e x a m e t h y l e n e d i a m i n e   p r e p a r e d   by  t h e  

m e t h o d   of  E x a m p l e   I  e x c e p t   t h a t   a  two  to  one  m o l e  

r a t i o   of  p r o p y l e n e   o x i d e   to  d i a m i n e   ( 0 . 1 0 7   m o l e s )  

was  u s e d ,   t h r e e   h u n d r e d   g r a m s   of  a  50%  a c t i v e   s o l u t i o n  

( in   o i l )   of  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   ( 0 . 1 0 7  

m o l e s )   c o m b i n e d   w i t h   one  h u n d r e d   t w e l v e   g r ams   S X - 5  

b a s e   o i l   were   h e a t e d   at   190°C  fo r   two  h o u r s   in  t h e  

m a n n e r   d e s c r i b e d   in  E x a m p l e   I I .   Two  h u n d r e d   g r a m s  
of  t h i s   r e a c t i o n   p r o d u c t   ( 0 . 0 4 9 0   m o l e s )   were   t r e a t e d  

w i t h   1 5 . 2   g r a m s   b o r i c   a c i d   ( 0 . 2 4 6   m o l e s )   and  e i g h t  

g r ams   of  w a t e r   a t   82°C  f o r   n i n e t y   m i n u t e s   and  t h e n  



at   170°C  fo r   two  h o u r s   f o l l o w e d   by  f i l t r a t i o n   t h r o u g h  

c e l i t e .   The  f i n a l   p r o d u c t   was  shown  to  be  p r i m a r i l y  

amide   and  i m i d e   by  i n f r a r e d   s p e c t r o s c o p y   and  c o n t a i n e d  

1.11%  B  ( 1 . 3 1   t h e o r e t i c a l ) .  

E x a m p l e   IV  

T h i s   E x a m p l e   i l l u s t r a t e s   t he   p r o d u c t i o n   of  a n  

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

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

h e x a m e t h y l e n e d i a m i n e   m o i e t y .   S i x t y - t w o   g rams   o f  

t he   h e x a m e t h y l e n e d i a m i n e   p r o p y l e n e   o x i d e   r e a c t i o n  

p r o d u c t   of  E x a m p l e   I ,   t w e l v e   h u n d r e d   g r ams   of  a  40% 

a c t i v e   o i l   s o l u t i o n   of  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  

h a v i n g   a  m o l e c u l a r   w e i g h t   of  2240  ( 0 . 2 1 4   m o l e s )   a n d  

n i n e t y - t h r e e   g rams   SX-5  b a s e   o i l   were   h e a t e d   a t  

150°C  fo r   f i v e   h o u r s   w i t h   a  m i l d   n i t r o g e n   p u r g e   i n  

a  3  l i t e r ,   3 - n e c k e d   f l a s k .   The  r e s u l t a n t   p r o d u c t  

c o n t a i n e d   0 .456%  n i t r o g e n   ( 0 . 4 4   t h e o r e t i c a l )   a n d  

was  shown  by  i n f r a r e d   s p e c t r o s c o p y   to  be  a  m i x t u r e  

of  e s t e r   (1740  cm-1)  and  amide   (1650  c m - 1 ) .  

E x a m p l e   V 

T h i s   E x a m p l e   i l l u s t r a t e s   t he   p r e p a r a t i o n   of  a 

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

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

h e x a m e t h y l e n e d i a m i n e   m o i e t y   and  a  r e l a t i v e l y   h i g h  

b o r o n   c o n t e n t .   One  h u n d r e d   n i n e t e e n   g rams   of  t h e  

h e x a m e t h y l e n e d i a m i n e   p r o p y l e n e   o x i d e   r e a c t i o n   p r o d u c t  

of  E x a m p l e   I ,   one  t h o u s a n d   f o r t y - f i v e   g r ams   of  a  

55%  a c t i v e   o i l   s o l u t i o n   of  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   h a v i n g   a  m o l e c u l a r   w e i g h t   of  f o u r t e e n   h u n -  

d r e d   ( . 41   m o l e s )   and  f i v e   h u n d r e d   s e v e n t y - o n e   g r a m s  

SX-5  b a s e   o i l   were   h e a t e d   a t   190°C  f o r   two  h o u r s  

w i t h   a  n i t r o g e n   p u r g e   in  a  5  l i t e r ,   3 - n e c k e d   f l a s k .  

A f t e r   t he   r e a c t i o n   mass  was  c o o l e d   to  82°C,   o n e  

h u n d r e d   t w e n t y - s e v e n   g r ams   b o r i c   a c i d   ( 2 . 0 5   m o l e s )  

and  s i x t y - t h r e e   g rams   of  w a t e r   were   a d d e d .   T h e  



r e a c t i o n   m i x t u r e   was  s l o w l y   h e a t e d   to  170°C  a n d  

h e l d   a t   170°C  f o r   two  h o u r s   and  f i l t e r e d .   The  f i n a l  

p r o d u c t   c o n t a i n e d   0.99%  b o r o n .  

E x a m p l e   VI  

T h i s   E x a m p l e   i l l u s t r a t e s   a  c o m p a r i s o n   of  s e q u e n c e  

VD  e n g i n e   t e s t   of  d i s p e r s a n t s   made  a c c o r d i n g   t o  

E x a m p l e s   I ,   I I ,   IV  and  V .  

S e q u e n c e   VD  R e s u l t s  

*Minimum  r a t i n g   n e e d e d   to  p a s s   (10  =  c l e a n )  

The  a b o v e   d a t a   shows  t h a t   a  b o r a t e d   u n p r o p o x y l a t e d  

a d d u c t   f a i l e d   t he   s e q u e n c e   VD  t e s t   w h e r e a s   t h e  

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

E x a m p l e s   I ,   I I   and  IV  p a s s e d   t h e   a b o v e   t e s t .   T h e  

b o r a t e d   p r o p o x y l a t e d   a d d u c t   of  E x a m p l e   V  p a s s e d   t h e  

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

p a s s   t he   a v e r a g e   v a r i s h   t e s t   a t   a  h i g h e r   c o n c e n t r a -  

t i o n .  



E x a m p l e   V I I  

D i s p e r s a n t s   p r e p a r e d   in  a c c o r d a n c e   w i t h   t h e  

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

c a r b o n   s e a l   in  o i l   s o l u t i o n   a t   300°F   fo r   s e v e n   d a y s  
and  t he   c h a n g e   in  p h y s i c a l   p r o p e r t i e s   ( t e n s i l e   s t r e n g t h  

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



The  a b o v e   d a t a   c l e a r l y   shows  t h a t   b o r a t i o n   o f  

an  u n p r o p o x y l a t e d   a d d u c t   has   no  s u b s t a n t i a l   e f f e c t  

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

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

s e a l   a t t a c k   as  t he   c o n c e n t r a t i o n   of  b o r o n   in  t h e  

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

E x a m p l e   V I I I  

T h i s   E x a m p l e   i l l u s t r a t e s   t h e   p r o d u c t i o n   of  a  

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

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

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

g r a m s   h e x a m e t h y l e n e d i a m i n e   ( 3 . 1 9   m o l e s )   were   h e a t e d  

to  180°C  in  a  one  l i t e r ,   3 - n e c k e d   r o u n d   b o t t o m   f l a s k  

f i t t e d   w i t h   an  o v e r h e a d   s t i r r e r   f r i t t e d   g l a s s   g a s  

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

W h i l e   s t i r r i n g   v i g o r o u s l y ,   e t h y l e n e   o x i d e   was  a d d e d  

t h r o u g h   t h e   gas   d i s p e r s i o n   t u b e   fo r   s i x   and  o n e -  

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

s i x t y - t w o   g r a m s ,   c o r r e s p o n d i n g   to  r e a c t i o n   of  1 2 . 7 7  

m o l e s   of  e t h y l e n e   o x i d e   (4 :1   r a t i o   of  e t h y l e n e   o x i d e  

to  h e x a m e t h y l e n e d i a m i n e ) .  

T h i r t y - f i v e   g r ams   of  t he   h y d r o x y e t h y l a t e d  

h e x a m e t h y l e n e d i a m i n e   ( . 1 2 0   m o l e s ) ,   f o u r   h u n d r e d  

f i f t y   g rams   of  a  50%  a c t i v e   o i l   s o l u t i o n   of  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   ( . 1 6 1   m o l e s )   h a v i n g   a  

m o l e c u l a r   w e i g h t   of  1 4 0 0 ,   and  one  h u n d r e d   s i x t y -  

f i v e   g r a m s   SX-5  b a s e   o i l   we re   h e a t e d   a t   190°C  f o r  

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

d e s c r i b e d   in  E x a m p l e   I .  

A  p o r t i o n   of  t h i s   p r o d u c t   ( t h r e e   h u n d r e d   e i g h t y -  

n i n e   g r a m s )   was  c o o l e d   to  100°C  and  t r e a t e d   w i t h  



f i f t y   m i l l i l i t e r s   of  x y l e n e   and  5 .9   g r ams   of  b o r i c  

a c i d .   The  m i x t u r e   was  t h e n   r e f l u x e d   a t   140°C  w i t h  

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

180°C  w i t h   a  n i t r o g e n   p u r g e   to  r emove   the   x y l e n e .  
The  p r o d u c t   ( i n c l u d i n g   b a s e   o i l )   was  f i l t e r e d   w i t h  

c e l i t e   and  the   f i n a l   p r o d u c t   c o n t a i n e d   0.11%  b o r o n .  



1.  A  bora ted   r e a c t i o n   product   of  a  long  chain  a l i p h a t i c  

s u c c i n i c   acid  compound  and  a lky lene   diamine  having  an  average  o f  

at  l e a s t   about  2  N - s u b s t i t u t e d   hydroxya lky l   g r o u p s .  
2.  A  borated  r e a c t i o n   product   according  to  Claim  1  w h e r e i n  

said  a lky lene   diamine  has  on  average  from  about  2.5  to  4  N - s u b s t i t u t e d  

hydroxya lky l   g r o u p s .  
3.  A  borated  r e a c t i o n   product   accord ing   to  Claim  1  or  Claim  2 

wherein  the  hydroxya lky l   groups  are  hydroxypropyl   g r o u p s .  
4.  A  borated  product   accord ing   to  any  preceding   claim  w h e r e i n  

the  a lky lene   diamine  con ta ins   from  2  to  24  carbon  a toms .  

5.  A  bora ted   r e a c t i o n   product   of  a  long  chain  a l i p h a t i c  

s u c c i n i c   acid  compound  and  a lky lene   diamine  c o n t a i n i n g   from  6  to  12 

methylene  un i t s   having  an  average  of  about  2.5  to  4  N - s u b s t i t u t e d  

hydroxypropyl   g r o u p s .  
6.  A  l u b r i c a t i n g   oil   compos i t ion   compris ing  a  lube  oil  and  a 

borated  r e a c t i o n   product   as  claimed  in  any  p receding   c l a i m .  

7.  The  method  of  producing  a  lube  oi l   a d d i t i v e ,   which 

comprises   the  s teps  of  (1)  r e a c t i n g   an  u n s u b s t i t u t e d   a lky lene   d i a m i n e  

with  at  l e a s t   2  mols  of  h y d r o x y a l k y l a t i n g   reagent   per  mol  o f  

a lky lene   diamine  (2)  r e a c t i n g   the  r e s u l t i n g   N-hydroxyalkyl   a l k y l e n e  

diamine  with  an  alpha  long  chain  a l i p h a t i c   succ in i c   acid  compound 

and  (3)  b o r a t i n g   the  r e a c t i o n   product   of  step  ( 2 ) .  

8.  A  method  accord ing   to  Claim  7  wherein  in  step  (3),  t h e  

r e a c t i o n   product   of  step  (2)  is  bora ted   with  s u f f i c i e n t   c o n c e n t r a t i o n  

of  boron  compound  to  y ie ld   a  long  chain  succ in i c   acid  p r o d u c t  

c o n t a i n i n g   at  l e a s t   .15%  by  weight  b o r o n .  

9.  A  method  accord ing   to  Claim  7  or  Claim  8  wherein  t h e  

h y d r o x y a l k y l a t i n g   r eagen t   is  p ropylene   oxide  in  a  c o n c e n t r a t i o n   o f  

about  2.5  to  4.5  mols  per  mol  of  d i a m i n e .  

10.  A  method  accord ing   to  any  of  Claims  7  to  9  wherein  t h e  

a lky lene   diamine  con ta in s   from  6  to  12  methylene  u n i t s .  

11.  A  method  accord ing   to  any  of  Claims  7  to  9  wherein  t h e  

a lky lene   diamine  comprises  h e x a m e t h y l e n e d i a m i n e .  



CLAIMS  FOR  A U S T R I A  

1.  A  method  of  producing  a  borated  r e a c t i o n   product  of  a 

long  chain  a l i p h a t i c   s u c c i n i c   acid  compound  and  a lky lene   d i amine  

having  an  average  of  at  l eas t   about  2  N - s u b s t i t u t e d   h y d r o x y a l k y l  

groups  which  comprises  the  s teps  of  (1)  r e a c t i n g   an  u n s u b s t i t u t e d  

a lky lene   diamine  with  at  l e a s t   2  mols  of  h y d r o x y l a t i n g   r e a g e n t  

per  mol  of  a lkylene   diamine  (2)  r e a c t i n g   the  r e s a l t i n g  

N-hydroxyalkyl   a lky lene   diamine  with  an  alpha  long  c h a i n  

a l i p h a t i c   succ in ic   acid  compound  and  (3)  b o r a t i n g   the  r e a c t i o n  

product   of  step  ( 2 ) .  

2.  A  method  according  to  Claim  1  wherein  said  a l k y l e n e  

diamine  has  on  an  average  from  about  2.5  to  4  N - s u b s t i t u t e d  

hydroxyalkyl   g r o u p s .  
3.  A  m'ethod  according  to  Claim  1  or  Claim  2  wherein  t h e  

hydroxyalkyl   groups  are  hydroxypropyl   g r o u p s .  
4.  A  method  according   to  any  p receding   claim  wherein  t he  

a lkylene   diamine  con ta ins   from  2  to  24  carbon  a toms .  

5.  A  method  according   to  any  p receding   claim  wherein  t h e  

a lkylene   diamine  con ta ins   from  6  to  12  methylene  u n i t s .  

6.  A  method  according  to  any  p receding   claim  wherein  in  s t e p  

(3)  the  r e a c t i o n   product   of  step  2  is  bora ted   with  s u f f i c i e n t  

c o n c e n t r a t i o n   of  boron  compound  to  y ie ld   a  long  chain  s u c c i n i c  

acid  product   con t a in ing   at  l e a s t   15%  by  weight  b o r o n .  

7.  A  method  according  to  any  preceding   claim  wherein  t h e  

h y d r o x y a l k y l a t i n g   reagent   is  propylene   oxide  in  a  c o n c e n t r a t i o n   o f  

about  2.5  to  4.5  mols  per  mole  of  d i a m i n e .  

8.  A  method  according  to  any  preceding  claim  wherein  t h e  

a lky lene   diamine  comprises  hexamethylene  d i a m i n e .  

9.  A  method  of  producing  a  l u b r i c a t i n g   oil  composi t ion   which 

comprises  admixing  a  lube  oil  and  the  product   of  the  method  o f  

any  p reced ing   c l a i m .  
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