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@>  Stabilised  imide  graft  of  ethylene  copoiymeric  additives  for  lubricants,  process  for  their  preparation,  process  for  stabilis- 
ing  additive  concentrate.;  for  lubricants  based  on  the  imide  graft  ethylene  copolymer  and  lubricating  oil  compositions 
comprising  the  stabilised  additive. 
Oil-soluble,  derivatized  ethylene  copolymers  used  as 

additives  for  lubricants,  derived  from  about  2  to  98  weight  % 
ethylene,  and  one  or  more  C,  to  C28  alpha-olefins,  e.g.  prop- 
ylene,  which  are  grafted  in  the  presence  of  a  high-temperature 
decomposable  free-radical  initiator,  with  an  ethylenically- 
unsaturated  dicarboxylic  acid  material  and  thereafter  reacted 
with  a  polyamine  having  at  least  two  primary  amine  groups, 
e.g.  an  alkylene  polyamine  such  as  diethylene  triamine,  to 
form  carboxyl-grafted  polymeric  imide  derivatives  are  subse- 
quently  reacted  with  an  anhydride  of  a  C1-C30  hydrocarbyl- 
substituted  acid,  preferably  acetic  anhydride,  to  yield  an  oil- 
soluble  stable  amide  of  said  polyamine.  The  oil  solutions  of 
said  amide  derivative  are  characterized  by  minimal  viscosity 
change  over  an  extended  period  of  time. 



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

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

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

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

p o l y m e r s   c o m p r i s i n g   e t h y l e n e   and  one  or   more  C3  to  C28 

a l p h a - o l e f i n s ,   p r e f e r a b l y   p r o p y l e n e ,   w h i c h   have   b e e n  g r a f t e d  

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

i c a l l y - 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   m a t e r i a l ,   p r e f e r a b l y  

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

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

a l k y l e n e   p o l y a m i n e ,   h a v i n g   a t :  l e a s t   two  p r i m a r y   a m i n o  

g r o u p s ,   s u c h   as   d i e t h y l e n e   t r i a m i n e ,   and  t h e n   w i t h   an  a n -  

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

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

a e t i v i t y  i n   m i n e r a l   o i l   s o l u t i o n s .  



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

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

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

One  t y p e   o f   d i s p c r s a n t  i s   g e n e r a l l y  d e r i v e d   f r o m  

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

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

g e n - c o n t a i n i n g   m a t c r i a l .   U n i t e d   K i n g d o m   P a t e n t   S p e c i f i c a -  

t i o n   1 , 0 1 8 , 9 8 2   d i s c l o s e s   t h e   r e a c t i o n   of   s a i d   a l k e n y l   s u c c i n -  

i c   a n h y d r i d e   w i t h   a  2 - i m i d a z o l i n e   or  p y r i m i d i n e   ( t h e   l a t t e r  

i s   o b t a i n e d   by  t h e   r e a c t i o n   of   a  c a r b o x y l i c   a c i d ,   a . g .  

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

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

S i m i l a r l y ,   U . S .   P a t e n t   3 , 4 1 5 , 7 5 0   d i s c l o s e s   p o l y a l k e n y l   s u \ c -  

c i n i c i m i d o   i m i d a z o l i n e s   and   b i s - i m i d a z o l i n e s   w h i c h   c a n   b e  

u s e d   as  s a i d   a s h l e s s   d e t e r g e n t s .   The   i m i d a z o l i n e   i s   f i r s t  



p r e p a r e d   by  t h e   r e a c t i o n   of   a  p o l y a c h y l a m e   p o l y a m i n e   w i o d  

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

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

h y d r i d e .  

U . S .  P a t e n t   3 , 2 1 6 , 9 3 6   t e a c h e s   t h a t   i t   i s   a d v a r -  

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

a  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  m o n o c a r b o x y l i c  

a c i d   and  a n  a l k y l e n e   p o l y a m i n e   does   no t   come  f r o m  a n   i n t e r -  

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

s a i d   a m i n e   in   o r d e r   to  a v o i d   d e s t r o y i n g   t he   s l u d g e   d i s p e r s -  

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

I t   i s   w e l l   known  t h a t   t h e   i n t r o d u c t i o n   of  c a r b o x y -  

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

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

( V . I . )   i m p r o v i n g   a c t i v i t y   when  d i s s o l v e d   i n   m i n e r a l   o i l s  

One  means   of   i n t r o d u c i n g   the   c a r b o x y l i c  g r o u p s   i s   by  g r a f t -  

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

c a l   m e c h a n i s m .  

B e l g i a n   P a t e n t   8 4 3 , 3 6 0   t e a c h e s   t h e   p r o d u c t i o n   o f  

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

a n d   l u b r i c a t i n g   o i l s   by  t he   f r e e - r a d i c a l   i n d u c e d   g r a f t i n g  

i n   s o l u t i o n   of   an  e t h y l e n i c a l l y - 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   m a t e r i a l ,   s u c h   as  m a l e i c   a n h y d r i d e ,   o n t o   a  s u b s t a n -  

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

one  o t h e r   a l p h a - o l e f i n   a t   an  e l e v a t e d   t e m p e r a t u r e   to  p r o -  

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

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

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

as   a  p o l y a m i n e   or   a  h y d r o x y a m i n e   or  m i x t u r e s  o f   t h e s e .  

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



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

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

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

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

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

The  s o u r c e   of   t h i s   i n c r e a s e   a p p e a r s   to  be  a t   l e a s t   in   p a r t  

t h e   c h a i n   e x t e n s i o n   of  t h e   p o l y m e r .  

I t   ha s   now  b e e n   d i s c o v e r e d   t h a t   t h e  r e a c t i o n  o f  

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

w i t h   o r g a n i c   a c i d   a n h y d r i d e s ,   e . g .   a c e t i c   a n h y d r i d e ,   r e -  

s u l t s   i n   a m i d e   d e r i v a t i z a t i c n   of  any  p r i m a r y   amino   g r o u p s  

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

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

The  s u b j e c t   m a t t e r   of  t h i s   i n v e n t i o n   i s   e x e m p l i -  

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

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

a m o u n t ,   g e n e r a l l y   r a n g i n g   f r o m   a b o u t   0 . 1   to  a b o u t   50  w t .   %, 

b a s e d   on  t h e   t o t a l   w e i g h t   o f   s a i d   c o m p o s i t i o n ,   of  an  o i l -  

s o l u b l e   C1  to  C30  h y d r o c a r b y l   a m i d e   of   an  i m i d e ,   p r e f e r -  

a b l y   an  a l k y l e n e   p o l y a m i d o - i m i d e ,   g r a f t e d   e t h y l e n e   p o l y m e r i c  

v i s c o s i t y   i n d e x   i m p r o v e r   c o n t a i n i n g   f rom  a b o u t   0 . 0 0 1   to  8 ,  

p r e f e r a b l y   0 . 1   to  2 ,  w t .   %  of   n i t r o g e n .  

The  p r e s e n t   i n v e n t i o n   a l s o   c o m p r i s e s   t h e   v i s c o s -  

i t y   s t a b i l i z a t i o n   of   an  o i l   a d d i t i v e   c o n c e n t r a t e   c o m p r i s i n g  

a  h y d r o c a r b o n   s o l v e n t ,   f r o m   .1  to  50  w t .  %   b a s e d   on  t h e  

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

e t h y l e n e   C3-C28   a l p h a - o l e f i n   c o p o l y m e r i c   v i s c o s i t y   i n d e x  

i m p r o v e r   h a v i n g   a  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   (Mn)  o f  

700  to  5 0 0 , 0 0 0   and  a  w e i g h t   a v e r a g e / n u m b e r a v e r a g e   m o l e c u l a r  

w e i g h t   (Mw/Mn)  r a t i o   of   l e s s   t h a n   7,  c o m p r i s i n g   t h e   s t e p  



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

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

h a s   f r o m   a b o u t   1  to   30,  p r e f e r a b l y   1.  to  18  c a r b o n   a t o m s  

by  a d d i n g   s a i d   a c i d   a n h y d r i d e   in   a b o u t   0 . 5 - 2 . 5 ,   p r e f e r a b l ,  

1 - 1 . 5 ,   m o l e s   p e r   p r i m a r y   a m i n o   g r o u p  o f   s a i d   c o n c e n t r a t e  

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

f r o m   a b o u t   50°  to   a b o u t   2 5 0 ° C . ,   p r e f e r a b l y   100  to  2 0 0 ° C . ,  

and   f o r   a  p e r i o d   of   0 . 2 5   to  8,  p r e f e r a b l y   0 .5   to  3  h o u r s .  

The  r e a c t i o n   a p p e a r s   to  be  an  a c y l a t i o n   of  p e n d -  

a n t   p r i m a r y   a m i n e   g r o u p s   by  t h e i r   r e a c t i o n   w i t h   t he   o r g a n -  

i c   a c i d   a n h y d r i d e   w h i c h   can   be  r e p r e s e n t e d   as  f o l l o w s :  

E t h y l e n e   c o p o l y m e r   c h a i n  -  

A l k y l e n e   a m i n o - i m i d e   of  a  g r a f t e d   e t h y l e n e   c o p o l y m e r  

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

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



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

c h a i n   e x t e n s i o n   t h e r e b y   i n h i b i t i n g   v i s c o s i t y   i n c r e a s e   o f  

o i l  s o l u t i o n s   c o n t a i n i n g   t h e   a d d i t i v e s   of   t h e   i n v e n t i o n .  

To  e n h a n c e   t h e   f r e e d o m   f rom  h a z s   of  the   m i n e r a l  

o i l   s o l u t i o n s ,   t h e   m i n e r a l   o i l   c o m p o s i t i o n s   of  t h e   i n v e n -  

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

s u b s t i t u t e d   a c i d   h a v i n g   f rom  a b o u t   10  to  70  c a r b o n   a t o m s  

h a v i n g   a  pK  of   l e s s   t h a n  a b o u t   2 . 5 ,   p r e f e r a b l y   a  p o l y m e t h y l -  

ene   s u b s t i t u t e d   b e n z e n e   s u l f o n i c   a c i d ,   s a i d   p o l y m e t h y l e n e  

s u b s t i t u e n t   h a v i n g   f rom  1 8 - 4 0 ,   o p t i m a l l y   24  t o  3 2   c a r b o n s ,  

in   an  a m o u n t   o f   f rom  a b o u t   0 . 0 1   w t .  %   to  8  w t .  %   a t   a  

t e m p e r a t u r e   w i t h i n   t h e   r a n g e   of  a b o u t   1 5 0 ° C .   to  a b o u t   2 0 0 ° C .  

and  f o r   a  p e r i o d   f r o m  a  b o u t   0 . 1   h o u r   to   a b o u t   20  h o u r s ,  

e . g .   f o r   1  h o u r   a t   1 9 0 ° C .   T h i s   f u r t h e r   s t e p   r e s u l t s   i n  

an  a d d i t i v e   o i l   c o m p o s i t i o n   of  i m p r o v e d   v i s c o s i t y   s t a b i l -  

i t y   w h i c h   h a s   no  v i s u a l l y   p e r c e p t i b l e   h a z e .  

The  E t h y l e n e   C o p o l y m e r  

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

f r o m   a b o u t   2  to   a b o u t   98,  p r e f e r a b l y   30  to  80  w t .   %  o f  

e t h y l e n e ,   and   a b o u t   2  to  98,  p r e f e r a b l y   20  t  7 0 ,   w t .   % 

o f   one  or   more   C3  to  C28,   p r e f e r a b l y   C3  to  C18,  more  p r e f e r -  

a b l y   C3  to   C8,  a l p h a - o l e f i n s ,   e . g .   p r o p y l e n e .   Such  c o -  

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

t h a n   25  w t .   %,  as  d e t e r m i n e d   by  X - r a y   and  d i f f e r e n t i a l  

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

(Mn)  i n   t h e   r a n g e   of   a b o u t   700  t o a b o u t   5 0 0 , 0 0 0 ,   p r e f e r a b l y  

1 0 , 0 0 0   to  2 5 0 , 0 0 0 ,   as  d e t e r m i n e d   by  v a p o r   p h a s e   o s m o m e t r y  

(VPO)  or   m e m b r a n e   o s m o m e t r y .   C o p o l y m e r s   of   e t h y l e n e   a n d  

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

i n   p l a c e   o f   p r o p y l e n e   to  f o r m   t he   c o p o l y m e r   or   to  be  u s e d   i n  



c o m b i n a t i o n   w i t h   e t h y l e n e   and  p r o p y l e n e   to  form  a  t e r -  

p o l y m e r   i n c l u d e   1 - b u t e n e ,   1 - p e n t e n e ,   1 - h e x e n e ,   1 - o c t e n e ;  

a l s o   b r a n c h e d - c h a i n   a l p h a - o l e f i n s ,   s u c h   as  5 - m e t h y l p e n t e n e -  

1  and   6 - m e t h y l h e p t e n e - 1   and  m i x t u r e s - t h e r e o f .  

T e r p o l y m e r s   of   e t h y l e n e ,   s a i d   a l p h a - o l e f i n  a n d  

n o n - c o n j u g a t e d   d i o l e f i n   or  m i x t u r e s   of  such   d i o l e f i n s   may 

a l s o   be  u s e d .   The  a m o u n t   of  t he   n o n - c o n j u g a t e d   d i o l a f i n  

r a n g e s   f r o m   a b o u t   0 .5   to  20  mole   p e r c e n t ,   p r e f e r a b l y   a b o u t  

1  to  a b o u t   7  mole   p e r c e n t ,   b a s e d   on  the   t o t a l   a m o u n t   o f  

e t h y l e n e   and   a l p h a - o l e f i n   p r e s e n t .   R e p r e s e n t a t i v e   d i o l e -  

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

c o n j u g a t e d   h e x a d i e n e ,   or   any  o t h e r   a l i c y c l i c   or  a l i p h a t i c  

n o n - c o n j u g a t e d   d i o l e f i n   h a v i n g   f rom  6  to  15  c a r b o n   a t o m s  

p e r   m o l e c u l e ,   s u c h   as  2 - m e t h y l   or  e t h y l   n o r b o r n a d i e n e ,   2 , 4 -  

d i m e t h y l - 2 - o c t a d i e n e ,   3 - ( 2 - m e t h y l - 1 - p r o p e n e )   c y c l o p e n t e n e ,  

e t h y l i d e n e   n o r b o r n e n e ,   e t c .  

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

t e r p o l y m e r s ,   may  be  p r e p a r e d   u s i n g   t h e   w e l l - k n o w n   Z i e g l e r -  

N a t t a   c a t a l y s t   c o m p o s i t i o n s   as  d e s c r i b e d   in   U.K.  P a t e n t  

1 , 3 9 7 , 9 9 4 .  

Such   p o l y m e r i z a t i o n   may  be  e f f e c t e d   to  p r o d u c e  

t h e   e t h y l e n e   c o p o l y m e r s   by  p a s s i n g   0 . 1   to  15,  f o r   e x a m p l e ,  

5  p a r t s   of   e t h y l e n e ;   0 . 0 5   to  10,  f o r   e x a m p l e ,   2 .5   p a r t s  

of   s a i d   h i g h e r   a l p h a - o l e f i n ,   t y p i c a l l y   p r o p y l e n e ;   and  f r o m  

10  to  1 0 , 0 0 0   p a r t s   of   h y d r o g e n   p e r   m i l l i o n   p a r t s   of  e t h y l -  

e n e ;   i n t o   100  p a r t s   of  an  i n e r t   l i q u i d   s o l v e n t   c o n t a i n i n g  

(a)   f r o m   a b o u t   0 . 0 0 1 7   to  0 . 0 1 7 ,   f o r   e x a m p l e ,   0 . 0 0 8 6   p a r t s  

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

VOC13;  and  (b)   f r o m   a b o u t   0 . 0 0 8 4   to  0 . 0 8 4 ,   f o r   e x a m p l e ,  

0 . 0 4 2   p a r t s   of   c o c a t a l y s t ,  e . g .   ( C 2 H 5 ) 3 A l 2 C l 3 ;   a t   a  t e m p e r -  



a t u r e   of   a b o u t   2 5 ° C .   and  a  p r e s s u r e   of   60  p s i g   f o r   a  

p e r i o d   of   t i m e   s u f f i c i e n t   to  e f f e c t   o p t i m u m   c o n v e r s i o n ,  

f o r   e x a m p l e ,   15  m i n u t e s   to  o n e - h a l f   h o u r ;   a l l   p a r t s   b e i n g  

p a r t s   b y  w e i g h t .  

E t h y l e n i c a l l y   U n s a t u r a t e d   C a r b o x y l i c   A c i d  
M a t e r i a l s  

T h e s e   m a t e r i a l s   w h i c h   a r e  g r a f t e d   ( a t t a c h e d )   o n -  

to  the  c o p o l y m e r   c o n t a i n   a t   l e a s t   one  e t h y l e n i c   bond  a n d  

a t   l e a s t   o n e ,   p r e f e r a b l y   two,  c a r b o x y l i c   a c i d   or  i t s   a n -  

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

s a i d   c a r b o x y l   g r o u p s   by  o x i d a t i o n   or  h y d r o l y s i s .   M a l e i c  

a n h y d r i d e   or   a  d e r i v a t i v e   t h e r e o f   i s   p r e f e r r e d   as  i t   d o e s  

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

t he   e t h y l e n e   c o p o l y m e r   or  t e r p o l y m e r   to  g i v e   two  c a r b o x y l i c  

a c i d   f u n c t i o n a l i t i e s .   Such   p r e f e r r e d   m a t e r i a l s   have   t h e  

g e n e r i c   f o r m u l a  

w h e r e i n   R1  and  R2  a r e   h y d r o g e n   or   a  h a l o g e n   and  0  i s   o x y g e n .  

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

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

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

e s t e r s .  

G r a f t i n g   of   t h e   P o l l y m e r  

The  f r e e = r a d i c a l   i n d u c e d   g r a f t i n g   of   e t h y l e n i -  

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

s u c h   as  b e n z e n e ,   i s   known  in   the   a r t   ( s e e   U . S .   P a t e n t  

3 , 2 3 6 , 9 1 7 ) .   The  g r a f t i n g   a c c o r d i n g   to  the   p r o c e s s   of  t h i s  



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

r a n g e   of   a b o u t   1 0 0 ° C .   to  2 5 0 ° C . ,   p r e f e r a b l y   120  to  1 9 0 ° C .  

and  more  p r e f e r a b l y   150  to  1 8 0 ° C . ,   e . g .   a b o v e   1 6 0 ° C . ,   i n  

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

t a i n i n g ,   e . g .   1  to  50,  p r e f e r a b l y   5  t o  3 0   w t .   %,  b a s e d   o n  

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

p r e f e r a b l y   u n d e r   an  i n e r t   e n v i r o n m e n t .   The  g r a f t i n g   i s   c a r -  

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

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

t e m p e r a t u r e .  

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

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

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

1 0 0 ° C .   and  d e c o m p o s e   t h e r m a l l y   w i t h i n   t he   g r a f t i n g   t e m p e r a -  

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

of   t h e s e   f r e e - r a d i c a l   i n i t i a t o r s   a r e   a z o b u t y r o n i t r i l e   and  2 .  

5 - d i m e t h y l - h e x - 3 - y n e - 2 , 5   b i s - t e r t i a r y - b u t y l   p e r o x i d e ,   c o m m e r -  

c i a l l y   s o l d   as  L u p e r s o l   130  or   i t s   h e x a n e   a n a l o g u e .   T h e  

i n i t i a t o r   i s   u s e d   a t   a  l e v e l   o f   b e t w e e n   a b o u t   0 . 0 0 5 %   a n d  

a b o u t   1%,  b a s e d   on  t h e   t o t a l   w e i g h t   of  t he   p o l y m e r   s o l u t i o n ,  

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

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

f r o m   a b o u t   0 .01%  to  a b o u t   10%,  p r e f e r a b l y   0 . 1   to  2 . 0 % ,  

b a s e d   on  t h e   w e i g h t   of   t h e   i n i t i a l   t o t a l   o i l   s o l u t i o n .   T h e  

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

a t o r   a r e   u s e d   in   a  w e i g h t   p e r c e n t   r a t i o   r a n g e   of  1 . 0 : 1   t o  

3 0 : 1 ,   p r e f e r a b l y   2 . 0 : 1   to  7 : 1 ,   more  p r e f e r a b l y   3 . 0 : 1   to  6 : . L .  

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

i n e r t   a t m o s p h e r e ,   s u c h   as  by  n i t r o g e n   b l a n k e t i n g .   W h i l e  

t h e   g r a f t i n g   c a n   be  c a r r i e d   o u t   in   t h e   p r e s e n c e   of  a i r ,   t h e  



y i e l d   of   t h e   d e s i r e d   g r a f t   p o l y m e r   i s   d e c r e a s e d   as  c o m -  

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

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

g r a f t i n g  t i m e   r a n g e s   f rom  a b o u t   0..1  to  12  h o u r s ,   p r e f e r -  

a b l y   f rom  a b o u t   0 .5   to  6  h o u r s ,   more  p r e f e r a b l y   0 .5   to  3 

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

i m a t e l y   4  t i m e s ,  p r e f e r a b l y   a t   l e a s t   a b o u t   6  t i m e s  t h e  

h a l f - l i f e   of  t he   f r e e - r a d i c a l   i n i t i a t o r   a t   the   r e a c t i o n  

t e m p e r a t u r e   e m p l o y e d .   e . g .   w i t h   2 , 5 - d i m e t h y l   h e x - 3 - y n e - 2 ,  

5 - b i s ( t - b u t y l   p e r o x i d e )   2  h o u r s   a t   1 6 0 ° C .   and  one  h o u r   a t  

1 7 0 ° C .  

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

i s   f i r s t   h e a t e d   to  g r a f t i n g   t e m p e r a t u r e   and  t h e r e a f t e r  

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

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

h e a t i n g .   When  t h e   r e a c t i o n   i s   c o m p l e t e ,   t h e   e x c e s s   a c i d  

m a t e r i a l   i s   e l i m i n a t e d   by  an  i n e r t   gas   p u r g e ,   e . g .   n i t r o -  

gen   s p a r g i n g .  

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

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

t h e   p o l y m e r   and  t h e   s o l v e n t   f o r   t he   r e a c t i o n .   The  w t .   % 

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

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

e r   to   g r a f t i n g .   H o w e v e r ,   t h e   e x a c t   s p l i t   b e t w e e n   t h e   t w o  

m a t e r i a l s   d e p e n d s   upon   t h e   p o l y m e r   and  i t s   r e a c t i v i t y ,  

t h e   r e a c t i v i t y   and  t y p e   of  o i l ,   and  a l s o   t he   c o n c e n t r a t i o n  

of   t he   p o l y m e r   in   t he   o i l .   The  s p l i t   c a n   be  m e a s u r e d   e m -  

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

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

p e a k   a b s o r b a n c e   i n   e a c h .  



The  g r a f t i n g   i s   p r e f e r a b l y   c a r r i e d   ou t   i n   a  m i n -  

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

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

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

m a t e r i a l   and  as  a  s o l v e n t   f o r   t h e  e n d   p r o d u c t   to  form  t h e  

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

P o l y a m i n e s  

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

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

two  p r i m a r y   a m i n o   g r o u p s ,   h e r e a f t e r   d e s i g n a t e d   p o l y ( p r i m a r y  

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

m o i e t y   to  fo rm  t h e   i m i d o   l i n k a g e   and  one  more  g r o u p   to  r e -  

a c t   w i t h   t h e   o r g a n i c   a c i d   a n h y d r i d e   w h e r e b y   an  amide   i s  

f o r m e d .   Such  p o l y ( p r i m a r y   a m i n e s )   can   be  r e p r e s e n t e d   b y  

t he   f o r m u l a  

w h e r e i n   R  r e p r e s e n t s   an  a l k y l e n e   g r o u p ,   an  a l k y l e n e   i m i n o  

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

u n s a t u r a t e d   r i n g   s t r u c t u r e   or  a  n i t r o g e n   c o n t a i n i n g   h e t e r o -  

c y c l i c   r i n g   s t r u c t u r e .   The  u s e f u l   p o l y ( p r i m a r y   a m i n e s )   i n -  

c l u d e   p o l y ( p r i m a r y   a m i n e s )   of   a b o u t   2  to  60,  e . g .   3  to  2 0 ,  

t o t a l  c a r b o n   a t o m s   and  a b o u t   2  to   12,  e . g .   2  to  6  n i t r o g e n  

. a t o m s   i n   t he   m o l e c u l e ,   w h i c h   a m i n e s   may  be  h y d r o c a r b y l  

p o l y ( p r i m a r y   a m i n e s )   or  may  be  h y d r o c a r b y l   p o l y ( p r i m a r y  

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

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

t h o s e   of  t h e  g e n e r a l   f o r m u l a :  



w h e r e i n   R  a n d   R'  a r e   i n d e p e n d e n t l y   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g  o f   h y d r o g e n ,   a m i n o   a l k y l e n e  r a d i c a l s ,   and  C1 

to  C12  a l k y l a m i n o   C2  to  C6  a l k y l e n e   r a d i c a l s ,   s  i s   a  n u m b e r  

of  f r o m  2   to  6,  p r e f e r a b l y   2  to  4,  and  t  i s   a  n u m b e r   o f  

f rom  0  to  10,  p r e f e r a b l y   2  t o   6 .  

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

e t h y l e n e   d i a m i n e ,   d i a m i n o m e t h a n e ,   1 , 3 - d i a m i n o p r o p a n e ,   1 , 4 -  

d i a m i n o b u t a n e ,   1 , 6 - d i a m i n o h e x a 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 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 ,   1 , 2 - p r o p y l e n e  

d i a m i n e ,   d i - ( 1 , 2 - p r o p y l e n e )   t r i a m i n e ,   d i - ( 1 , 3 - p r o p y l e n e )  

t r i a m i n e ,   d i - ( 1 , 4 - b u t y l e n e )   t r i a m i n e   and  N , N - d i - ( 2 - 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 .  

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

a m i n e s   s u c h   as  1 , 4 - d i - ( a m i n o m e t h y l )   c y c l o h e x a n e   and  h e t e r o -  

c y c l i c   n i t r o g e n   c o m p o u n d s ,   s u c h   as  N - a m i n o - a l k y l   p i p e r a z i n e s  

of   t h e  g e n e r a l   f o r m u l a :  

w h e r e i n   G  i s   an  o m e g a - a m i n o a l k y l e n e   r a d i c a l   of  f r o m   1  t o  

3  c a r b o n   a t o m s   and   p  i s   an  i n t e g e r   of   f r o m   1  to  4.   A n  

e x a m p l e   of   s u c h   an  a m i n e   i s   N , N ' - d i - ( 2 - a m i n o m e t h y l )   p i p e r -  

a z i n e .  

C o m m e r c i a l   m i x t u r e s   of   a m i n e   c o m p o u n d s   may  a d v a n -  

t a g e o u s l y   be  u s e d .   For   e x a m p l e ,  o n e   p r o c e s s   f o r   p r e p a r i n g  

a l k y l e n e   a m i n e s   i n v o l v e s   t h e   r e a c t i o n   of   an  a l k y l e n e   d i -  

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



w i t h   a m m o n i a ,   w h i c h   r e s u l t s   i n   a  c o m p l e x   m i x t u r e   of  a l k y l -  

ene  g r o u p s ,   f o r m i n g  s u c h   c o m p o u n d s   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  i s o m e r i c  

p i p e r a z i n e s .   Low  c o s t   p o l y ( e t h y l e n e   a m i n e s )   c o m p o u r d s   h a v -  

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

a v a i l a b l e   c o m m e r c i a l l y   u n d e r   t he   t r a d e   name  P o l y a m i n e   4 0 0 .  

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

as  p o l y e t h e r s   or  s u l f i d e s   can   be  u s e d .  

M u l t i f u n c t i o n a l i z a t i o n   ( I m i d i z a t i o n )   P r o c e s s  

The  g r a f t e d   p o l y m e r ,   p r e f e r a b l y   in   s o l u t i o n ,   c a n  

be  r e a d i l y   r e a c t e d   w i t h   s a i d   p o l y ( p r i m a r y   a m i n e )   and  m i x -  

t u r e s   t h e r e o f   by  a d m i x t u r e   t o g e t h e r   and  h e a t i n g   a t   a  t e m p e r -  

a t u r e   of  f r o m   a b o u t   1 0 0 ° C .   to  2 5 0 ° C .   f o r   f rom  10  m i n u t e s   t o  

30  h o u r s ,   p r e f e r a b l y   10  m i n u t e s   to  10  h o u r s ,   u s u a l l y   a b o u t  

15  m i n u t e s   to  a b o u t  3   h o u r s .   I t   i s   p r e f e r r e d   to  u se   0 . 0 1  

to  2 .5   m o l e ,   more  p r e f e r a b l y   0 .5   to  1 . 0   m o l e ,   o f  t h e   p o l y -  

( p r i m a r y   a m i n e )   p e r   mole   of   g r a f t e d   c a r b o x y l i c   m a t e r i a l ,  

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

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

i n   15  m i n u t e s   or   l e s s   a t   1 7 0 ° C .   w i t h   a  n i t r o g e n   b l a n k e t .  

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

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

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

l e n g t h   ( m o l e c u l a r   w e i g h t )   of   t h e   e t h y l e n e - c o n t a i n i n g   p o l y -  

m e r .   M e a s u r e m e n t   of   m o l e c u l a r   w e i g h t s   and  d e g r a d a t i o n   c a n  

be  e v a l u a t e d   by  d e t e r m i n a t i o n   of   t h e   t h i c k e n i n g   e f f i c i e n c y  

of   t h e   p o l y m e r .  

T h i c k e n i n g   e f f i c i e n c y   ( T . E . )   i s   d e f i n e d   as  t h e  

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

an  o i l   s o l u t i o n   by  Exxon   C h e m i c a l  C o .   as  P a r u t a n e   N),  h a v i n g  



a  S t a u d i n g e r   M o l e c u l a r   W e i g h t   of   2 0 , 0 0 0 ,   r e q u i r e d   to  t h i c k -  

en  a  s o l v e n t - e x t r a c t e d   n e u t r a l   m i n e r a l   l u b r i c a t i n g   o i l ,   h a v -  

i n g   a  v i s c o s i t y   o f  1 5 0   SUS  a t   3 7 . 8 ° C . ,   a  v i s c o s i t y   i n d e x   o f  

105  and  an  ASTM  p o u r   p o i n t   of  0 ° F . ,   ( S o l v e n t   150  N e u t r a l )   t o  

a  v i s c o s i t y   of   1 2 . 4   c e n t i s t o k e s   a t   9 8 . 9 ° C . ,   to  t he   w e i g h t  

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

to  t h e   same  v i s c o s i t y   a t   the   same  t e m p e r a t u r e .   T . E .   is   r e -  

l a t e d   to  (Mn)  and   i s   a  c o n v e n i e n t ,   u s e f u l   m e a s u r e m e n t   f o r  

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

The  o i l   h a v i n g   a t t a c h e d   g r a f t e d   c a r b o x y l ,   e . g .  

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

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

c o r r e s p o n d i n g   d e r i v a t i v e s .  

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

r a n g e   of   0 . 0 0 1   to   8,  p r e f e r a b l y   0 . 0 1   to  2 ,  w t .   %  n i t r o g e n  

a n d / o r   o x y g e n   and   ha  a  Mn  in   t he   r a n g e   of  700  to  5 0 0 , 0 0 0 ,  

p r e f e r a b l y   700  to   2 5 0 , 0 0 0 .  

Amide   R e a c t i o n  

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

a c t e d   w i t h   t h e   o r g a n i c   a c i d   a n h y d r i d e   to   a c h i e v e   a m i d a t i o n  

of   t h e   i m i d i z e d   g r a f t e d   e t h y l e n e   c o p o l y m e r .  

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

(a)   t he   a n h y d r i d e   of   a  m o n o c a r b o x y l i c  a c i d   r e p r e s e n t e d   b y  

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

w h e r e i n   R  i s   s e l e c t e d   f r o m   an  a l k y l ,   s u b s t i t u t e d   a l k y l ,  

c y c l o a l k y l ,   s u b s t i t u t e d   c y c l o a l k y l ,   a l k e n y l ,   s u b s t i t u t e d  

a l k e n y l ,   a r y l ,   s u b s t i t u t e d   a r y l   or   h e t e r o c y c l i c   r a d i c a l   a n d  

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



to   30  c a r b o n   a t o m s ;   and  (b)  t h e   a n h y d r i d e   of   a  d i c a r b o x y l i c  

a c i d   r e p r e s e n t e d   by  t h e   s t r u c t u r e  

w h e r e i n   Z  i s   s e l e c t e d   f rom  a l k y l e n e ,   a r y l e n e   and  a l k e n y l -  

ene   and  c o n t a i n s   f rom  2  to  10  c a r b o n   a t o m s .  

Fo r   t he   a n h y d r i d e s   of  t he   m o n o c a r b o x y l i c   a c i d s ,  

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

(a)   A l i p h a t i c   m o n o c a r b o x y l i c   a c i d s  

( i )   W h e r e  R   i s   an  a l k y l   or  s u b s t i t u t e d   a l k y l   r a d -  

i c a l ,   i . e .   a c e t i c   a c i d ,   f l u o r o a c e t i c   a c i d ,   p r o p i o n i c   a c i d ,  

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

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

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

a c i d ,   d e c a n o i c   a c i d ,   d o d e c a n o i c   a c i d ,   u n d e c a n o i c   a c i d ,  

t e t r a d e c a n o i c   a c i d ,   h e x a d e c a n o i c   a c i d ,   h e p t a d e c a n o i c   a c i d ,  

o c t a d e c a n o i c   a c i d ,   e i c o s a n o i c   a c i d ,   d o c o s a n i c   a c i d   and  t r i -  

a c o n t a n o i c   a c i d .  

( i i )   Where   R  i s   an  a l k e n y l   or  s u b s t i t u t e d   a l k e n y l  

r a d i c a l ,   i . e .   b u t e n i c   a c i d ,   p e n t e n i c   a c i d ,   h e x e n i c   a c i d ,  

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

l i n o l e i c   a c i d ,   a l p h a - e l e o s t e a r i c   a c i d ,   b e t a - e l e o s t e a r i c  

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

a c i d ,   m e t h a c r y l i c   a c i d , c r o t o n i c   a c i d ,   i s o c r o t o n i c   a c i d ,   3 -  

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

a c i d ,   s o r b i c   a c i d   and  4 - t e t r a d e c e n o i c   a c i d .  

(b)   A l i c y c l i c   m o n o c a r b o x y l i c   a c i d s .  

C y c h o p r o p a n e c a r b o x y l i c   a c i d ,   c y c l o p e n t a n e - c a r b o x -  

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



a c i d ,   n a p h t h e n i c   a c i d ,   2 , 3 , 4 , 5 - t e t r a h y d r o b e n z o i c   a c i d   a n d  

c y c l o d e c a n e c a r b o x y l i c   a c i d .  

(c )   A r o m a t i c   m o n o c a r b o x y l i c   a c i d s .  

B e n z o i c   a c i d ,   1 - n a p h t h o i c   a c i d ,   2 - n a p h t h o i c   a c i d ,  

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

a c i d , m - c h l o r o b e n z o i c   a c i d ,   p - c h l o r o b e n z o i c   a c i d ,   2 , 3 - d i -  

b r o m o b e n z o i c   a c i d ,   3 , 4 - d i c h l o r o b e n z o i c   a c i d ,   o - n i t r o b e n z o i c  

a c i d ,   m - n i t r o b e n z o i c   a c i d ,   p - n i t r o b e n z o i c   a c i d ,   2 , 3 - d i n i t r o -  

b e n z o i c   a c i d ,   s a l i c y l i c   a c i d ,   m - h y d r o x y b e n z o i c   a c i d ,   p -  

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

a c i d   and  b e t a - p h e n y l p r o p i o n i c   a c i d .  

(d)   H e t e r o c y c l i c   m o n o c a r b o x y l i c   a c i d s .  

P i c o l i n i c   a c i d ,   n i c o t i n i c   a c i d ,   f u r y l a c r y l i c   a c i d ,  

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

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

p y r r o l e c a r b o x y l i c   a c i d ,   9 - a c r i d a n c a r b o x y l i c   a c i d ,   q u i n a l d i c  

a c i d ,   p y r a z i o n i c   a c i d   and   a n t i p y r i c   a c i d .  

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

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

( a )   A l i p h a t i c   d i c a r b o x y l i c   a c i d s .  

( i )   W h e r e   Z  i s   an  a l k y l e n e   r a d i c a l ,   e . g .   s u c c i n i c  

a c i d   and   g l u t a r i c   a c i d .  

( i i )   W h e r e   Z  i s   ar.  a l k e n y l e n e   r a d i c a l ,   i . e .   m a l e i c  

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

i t a c o n i c   a c i d .  

( b )  A r o m a t i c   d i c a r b o x y l i c   a c i d s ,   e . g .   p h t h a l i c  

a c i d .  

The  a m i d a t i o n  o f   t h e   i m i d e   g r a f t e d   e t h y l e n e   c o -  

p o l y m e r ,   w h i c h   i m i d i z a t i o n   r e a c t i o n   was  p r e f e r e n t i a l l y   c a r -  

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



c o n d u c t e d   as  a  c o n t i n u a t i o n   of  t he   i m i d i z a t i o n   r e a c t i o n   b y  

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

i n t o   t h e   s y s t e m .   I f   d e s i r e d ,   a m i d a t i o n   can   be  a  s e p a r a t e  

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

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

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

r e a c t i o n   c a r r i e d   on  f o r   a  p e r i o d   of  0 . 2 5   t o  8   h o u r s   a t  a  

t e m p e r a t u r e   r a n g i n g   f rom  50  to  2 5 0 ° C . ,   a  t e m p e r a t u r e   o f  

a b o u t   100  t o  2 0 0 ° C .   b e i n g   p r e f e r r e d .   In  o r d e r   to  f u l l y  

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

c e s s ,   i . e .   1  to  30,  more  u s u a l l y   a b o u t   1  to  10,  p e r c e n t   b y  

w e i g h t   of   t he   i n j e c t e d   a n h y d r i d e .   The  e n t i r e   r e a c t i o n   i s  

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

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

s y s t e m   by  s p a r g i n g   or  o t h e r   means   in   o r d e r   to  c o m p l e t e   t h e  

r e a c t i o n .   W i t h   a  low  b o i l i n g   a c i d ,   e . g .   a c e t i c   a c i d ,   t h i s  

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

The  a m i d a t i o n   p r o c e s s   s t e p   i s   p r e f e r e n t i a l l y   c o n -  

d u c t e d   on  an  i m i d i z e d   g r a f t   e t h y l e n e   c o p o l y m e r i c   m i n e r a l   o i l  

s o l u t i o n   w h e r e i n   t h e   e x c e s s   p o l y ( p r i m a r y   a m i n e )   e . g .   a l k y l -  

ene   p o l y a m i n e   i s   r e d u c e d   to   a  l e v e l   o f   l e s s   t h a n   a b o u t   0 . 0 5 ,  

o p t i m a l l y   l e s s   t h a n   a b o u t   0 . 0 2 ,   w e i g h t   p e r c e n t   f r e e   ( u n r e -  

a c t e d )   a m i n e .  

The  a m i d a t i o n   r e a c t i o n   can  be  m o n i t o r e d   by  d i f f e r -  

e n t i a l   i n f r a r e d   a n a l y s i s   of   t he   r e a c t i o n   medium.   D i f f e r e n t i a l  

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

o f   t he   s t a r t i n g   m a t e r i a l   p l a c e d   in   t h e   r e f e r e n c e   beam  w i t h   a  

t e s t   s a m p l e   p l a c e d   in   t h e   s a m p l e   beam  u s i n g   m a t c h e d   c e l l s .  

I t   h a s   b e e n   f o u n d  t h a t   a m i d a t i o n   r e s u l t s   in   t he   d e v e l o p m e n t  

of   maximum  a b s o r p t i o n   a t   an  amide   b a n d   of  1 6 3 0 - 1 6 7 0  



w h e r e a s   t h e   a c i d   a b s o r p t i o n   band   of   b e t w e e n   1720  and  1 7 4 0  

cm-1  f i r s t   i n c r e a s e s   and  t h e n   d e c r e a s e s   as  the   r e a c t i o n   i s  

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

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

The  b e s t   m e t h o d   of   m o n i t o r i n g   c o m p l e t i o n   of  the  a m i d a t i o n  

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

r e a c t i o n   u n t i l   a b s o r p t i o n   a t   t he   1 6 5 0 - 1 6 7 0  c m - 1   band  is  a t  

a  m a x i m u m .  

I l l u s t r a t i v e   of   such   d i f f e r e n t i a l   I . R .   m o n i t o r i n g  

of   t h e   r e a c t i o n   i s   t h e   f o l l o w i n g   T a b l e   I  w h i c h   shows  t h e  

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

d u r i n g   a m i d a t i o n   w i t h   a c e t i c   a c i d   a n h y d r i d e .  

H a z e - T r e a t i n g   S t e p  

The  m i n e r a l   o i l   a d d i t i v e   c o m p o s i t i o n   c o n t a i n i n g  

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

f r o m   a b o u t   .1  to  a b o u t   50  w t .  %   b a s e d   upon   the   t o t a l   w e i g h t  

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



e t h y l e n e   c o p o l y m e r   a d d i t i v e .   In  some  i n s t a n c e s ,   t h e s e   o i l  

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

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

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

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

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

of   an  o i l - s o l u b l e   a c i d   h a v i n g   a . p K   of   l e s s   t h a n . - a b o u t   2 . 5 ,  

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

I t   h a s  b e e n   f o u n d   u s e f u l   to  c a r r y   o u t   t h e   h a z e  

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

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

r a n g e   of   f rom  a b o u t   0 . 1   to   a b o u t   2 .5   m o l a r   e q u i v a l e n t s   o f  

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

t e r i a l .   P r e f e r a b l y   s a i d   a c i d   i s   a d d e d   i n  a n   a m o u n t   of  1 

e q u i v a l e n t   p e r   e q u i v a l e n t   o f   h a z e .   A  m o l a r   e q u i v a l e n t   o f  

h a z e   m a t e r i a l   i s   m e a s u r e d   by  r e f e r e n c e   to  t h e   t o t a l   m o l a r  

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

g r a f t e d   c o p o l y m e r ,   e . g .   one  mole   o f   s a i d   m a t e r i a l   e q u a l s  

one  m o l a r   e q u i v a l e n t   of   h a z e   m a t e r i a l .  

The  t r e a t m e n t   of   t h e   h a z e - c o n t a i n i n g   o i l   c o m p o s i -  

t i o n   i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of  a b o u t   room  t e m p e r a -  

t u r e   to   a b o u t   2 5 0 ° C . ,   p r e f e r a b l y   f r o m   a b o u t   150  to  a b o u t  

2 0 0 ° C .   and  f o r   a  t i m e   p e r i o d   of   a b o u t   0 . 1   h o u r   up  to  a b o u t  

20  h o u r s ,   p r e f e r a b l y   f r o m   0 .5   to  a b o u t   3  h o u r s .   The  o i l -  

s o l u b l e   a c i d   p r e f e r a b l y   h a s   a  p K   of   f r o m   a b o u t   0 . 0 0 1   t o  

a b o u t   2 . 5 , o p t i m a l l y   f r o m   a b o u t   0 . 1   to  a b o u t   2.  The  t e r m  

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

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

t r e a t   t h e   h a z e   c a u s i n g   s u b s t a n c e .   T h u s ,   pK  c an   be  d e f i n e d  

as  t h e   n e g a t i v e   l o g a r i t h m   to   t h e   b a s e   10  of   t h e   e q u i l i b r i u m  



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

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

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

a t i v e s   of   a l k y l   c a r b o x y l i c   a c i d s ,   s u c h   as  i s o s t e a r i c   a c i d ,  

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

a c i d s ,   p h o s p h o n i c   a c i d ,   t h i o p h o s p h o n i c   a c i d s ,   p h o s p h i n i c  

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

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

n i t r i l o - c a r b o x y l i c   a c i d s   w h e r e i n   the   o i l   s o l u b i l i z i n g   g r o u p  

or   g r o u p s   a r e   h y d r o c a r b y l   and  c o n t a i n i n g   f r o m   a b o u t   3  t o  

a b o u t   70,  p r e f e r a b l y   f rom  a b o u t   18  to   40 ,   o p t i m a l l y   25  t o  

32  c a r b o n   a t o m s .  

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

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

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

T h e s e   a l k y l a r y l   s u l f o n i c   a c i d s   g e n e r a l l y   h a v e   f rom  9  to  7 6 ,  

p r e f e r a b l y   24  to   46 ,   t o t a l   c a r b o n s .   The  a l k y l   s u b s t i t u e n t  

or   s u b s t i t u e n t s   p r e f e r a b l y   h a v e   18  to  40 ,   o p t i m a l l y   24  to  3 2 ,  

t o t a l   c a r b o n s .  

E s p e c i a l l y   p r e f e r r e d   a l k y l   m o n o - a r y l   s u l f o n i c  

a c i d s   a r e   t h o s e  a c i d s   t h a t   a r e   f o r m e d   by  a l k y l a t i n g   b e n z e n e  

w i t h   o l i g o m e r s   o f   p r o p y l e n e   or   C4-C10   1 - a l k e n e s   c o n t a i n i n g  

20  t o  4 0   c a r b o n   a t o m s   and  t h e r e a f t e r   s u l f o n a t i n g   t h e   r e s u l t -  

i n g   a l k y l a t e .   The  c l a s s   of   c o m p o u n d s   may  t h u s   be  i d e n t i f i e d  

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

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

w h e r e i n   t he   a l k y l   r a d i c a l   i s   d e r i v e d   f rom  a  n o m i n a l   28  

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

A  w i d e   r a n g e ,   e . g .   0 . 0 0 1   to  50  w t .   %,  p r e f e r a b l y  

0 . 0 0 5   to   20%,  o f   t h e   o i l - s o l u b l e   n i t r o g e n   a n d / o r   o x y g e n  



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

i n v e n t i o n   c a n   be  i n c o r p o r a t e d   i n t o   a b o u t   a  m a j o r   a m o u n t   o f  

an  o l e a g i n o u s   m a t e r i a l ,   s u c h   as  a  l u b r i c a t i n g   o i l   or  h y d r o -  

c a r b o n   f u e l .   When  u s e d   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 ,  

e . g . ,   a u t o m o t i v e   or   d i e s e l   c r a n k c a s e   l u b r i c a t i n g   o i l ,   t h e  

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

a b o u t   0 . 0 1   to  20  w t .   %,  e . g . ,   0 . 1   to  1 5 . 0   w t .   %,  p r e f e r a b l y  

0 . 2 5   to  1 0 . 0   w t .   %,  of   t h e   t o t a l   c o m p o s i t i o n .   The   l u b r i -  

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

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

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

e s t e r s   of  d i b a s i c   a c i d s   and  c o m p l e x   e s t e r s   made  by  e s t e r i f i c a -  

t i o n   o f   m o n o b a s i c   a c i d s ,   p o l y g l y c o l s ,   d i b a s i c   a c i d s   and  a l c o -  

h o l s .  

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

v e n t i o n   may  be  u t i l i z e d   i n   a  c o n c e n t r a t e   f o r m ,   e . g . ,   f r o m  

a b o u t   10  w t .  %   to  a b o u t   50  w t .   %,  p r e f e r a b l y   15  to  49  w t .  %  

in   o i l ,   e . g . ,   m i n e r a l   l u b r i c a t i n g   o i l ,   f o r   e a s e   of   h a n d l i n g .  

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

p o s i t i o n s   may  c o n t a i n   o t h e r   c o n v e n t i o n a l   a d d i t i v e s ,   s u c h   a s  

d y e s ,   p o u r   p o i n t   d e p r e s s a n t s ,   a n t i w e a r   a g e n t s ,   a n t i o x i d a n t s ,  

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 ,   d i s p e r s a n t s   and  t he   l i k e .  

In   t h e   f o l l o w i n g   e x a m p l e s ,   as  e l s e w h e r e   in   t h i s  

s p e c i f i c a t i o n ,   a l l   p a r t s   a r e   by  w e i g h t   u n l e s s   s p e c i f i c a l l y  

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

by  t h e   K j e l d a h l   M e t h o d .  

EXAMPLE  1 

PREPARATION  OF  IMIDE  GRAFT  ETHYLENE  COPOLYMERS 

5314   k i l o g r a m s   of   a  2 0 . 2   w t .   %  s o l u t i o n   of  a s  

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   c o n c e n t r a t s   b y  



Z i e g l e r - N a t t a   p r o c e s s   u s i n g   H2  m o d e r a t e d   V O C l 3 / a l u m i n u m  

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

25%;  c o n t a i n i n g   a b o u t   4 5  w t .  %   e t h y l e n e   and  55  w t .  %   p r o p y l -  

e n e ;   and  h a v i n g   a  T . E .   o f   1 .4   (Hn  =  2 7 , 0 0 0 )   i n   S130H  ( S o l v e r  

130  N e u t r a l   M i n e r a l  O i l )   was  h e a t e d  t o   2 5 0 ° F .   u n d e r   N2 

s p a r g e   and  s t i r r i n g ,   t a k i n g   1  h o u r   and  5  m i n .   U n d e r   N2 

b l a n k e t   31  k i l o g r a m s   o f  m a l e i c   a n h y d r i d e   we re   a d d e d   o v e r   10 

m i n u t e s .  T h e   s o l u t i o n   was  h e a t e d   to  3 1 0 ° F .   d u r i n g  a   p e r i o d  

of   2  h o u r s   and  15  m i n u t e s ;   6  k i l o g r a m s   of   L u p e r s o l   1 3 0  

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

was  a d d e d   in   t h r e e   e q u a l   c h a r g e s   o v e r   a  2  h o u r   and  50  m i n .  

p e r i o d .   E x c e s s   m a l e i c   a n h y d r i d e   was  s t r i p p e d   o u t   w i t h   N2 

o v e r   2  h o u r s   and  20  m i n u t e s .   20  kg  of  d i e t h y l e n e   t r i a m i n e  

(DETA)  was  c h a r g e d   and   a l l o w e d   to  r e a c t   f o r   1 .5   h r s .   E x -  

c e s s   DETA  was  s t r i p p e d   w i t h   vacuum  and  N2  f o r   6  h o u r s .   T h e  

r e s u l t i n g   m a t e r i a l   was  d i l u t e d   w i t h   S130N  to  14  w t .   % 

p o l y m e r   and  c o o l e d .   The  f i n a l   m a t e r i a l   had   a b o u t   0 . 2 6 2  

w t .   %  DETA  i n c o r p o r a t e d .  

EXAMPLE  2 

PREPARATION  OF  ACYLAMIDATE  OF 
MALEIMIDE  GRAFT  OF  ETHYLENE  COPOLYMER 

2528  g r a m s   ( 0 . 0 6 5   m o l e s   of   DETA)  of  t he   p r o d u c t  

of   E x a m p l e   1  was  h e a t e d   to  1 2 0 ° C .   u n d e r   a  n i t r o g e n   s p a r g e .  

To  t h i s   h e a t e d   s o l u t i o n ,   1 6 . 9   g r ams   ( 0 . 6 6 9   w t .   %,  0 . 1 6 6  

m o l e s ,   an  e x c e s s )   of   a c e t i c   a n h y d r i d e   was  s l o w l y   a d d e d   o v e r  

a  p e r i o d   o f   30  m i n u t e s   w i t h   s t i r r i n g .   The  m i x t u r e   i s   a l l o w e  

to  s o a k   a t   a  t e m p e r a t u r e   of   a b o u t   1 2 0 ° C .   u n d e r   t h e   n i t r o g e n  

b l a n k e t   f o r   1 . 5   h o u r s   a f t e r   w h i c h   t h e   r e a c t i o n   b y p r o d u c t s  

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

h o u r s   a t   a  t e m p e r a t u r e   o f   1 2 0 ° C .   w i t h   n i t r o g e n .   T h e  r e s u l t -  



i n g   p r o d u c t   shows   u n d e r   d i f f e r e n t i a l   I . R .   a  s u b s t a n t i a l  

a b s o r p t i o n   p e a k   a t  1 6 5 0   cm-1  and  a  l a c k   of   a c e t i c   a c i d ,  

s i n c e   t h e r e   i s   s u b s t a n t i a l l y   no  a b s o r p t i o n   a t   1720  c m - 1 .  

The  r e s u l t i n g   c o p o l y m e r   s o l u t i o n   h a d  a   c o l o r   of   5  w i t h   a  

h a z e   r e a d i n g   of   108  n e p h e l o s   ( u n c h a n g e d   f r o m   t h e   s t a r t i n g  

m a t e r i a l ) ;  a s   m e a s u r e d   on  a  n a p h e l o m e t e r   p u r c h a s e d   f r o m  

K o h l m a n n   I n d u s t r i e s ,   Maywood ,   I l l .   and  i d e n t i f i e d   as  Mode l   9 .  

T h i s   m a t e r i a l   had   a  v i s c o s i t y   of   1543  c e n t i s t o k e s   a t   2 1 0 ° F . ,  

a c t i v e   i n g r e d i e n t   of   1 5 . 4 2   w t .   %  by  d i a l y s i s ,   N  w t .   %  o f  

0 .12%  ( 0 . 4 9   w t .   %  N  on  p o l y m e r ) ,   f l a s h   p o i n t   of   4 2 0 ° F .   a n d  

T . E .   of   1 . 4 3 .   On  b l e n d s   w i t h   a  t e s t   o i l   of   6 . 2   c s ,   9 . 5  

w t .   %  g a v e   a  1 2 . 8   c s .   2 1 0 ° F .   v i s c o s i t y ,   13%  s o n i c   s h e a r  

b r e a k d o w n ,   a  p o u r - p o i n t   ( w i t h   0 . 4   w t .   %  of   a  v i n y l   a c e t a t e /  

f u m a r a t e   p o u r   d e p r e s s a n t )   o f   l e s s   t h a n   - 3 5 ° C . ,   and   a  0 ° F .  

v i s c o s i t y   o f  2 5 . 3   p o i s e   i n   a  C o l d   C r a n k i n g   S i m u l a t o r   (ASTM 

m e t h o d ) .  

EXAMPLE  3 

6 8 . 1   Kg  of   20%  by  w e i g h t   o f   1 . 4   T . E .   e t h y l e n e -  

p r o p y l e n e   r u b b e r   in   S130N  w e r e   a d d e d   to   a  200  l i t e r   k e t t l e .  

U n d e r   N2  b l a n k e t   t h i s   was  h e a t e d   to   1 2 1 ° C .   I t   was  s p a r g e d  

f o r   1  h o u r .   0 . 4 1 3   Kg  of   m a l e i c   a n h y d r i d e   w e r e   a d d e d   and  t h e  

s o l u t i o n   h e a t e d   to  1 5 4 ° C .   u n d e r   N2  b l a n k e t .   Then   0 . 0 8 6  K g  

of   L u p e r s o l   130  was  a d d e d   o v e r   1 - 1 / 2   h o u r s   i n   3  e q u a l   a m o u n t s .  

The  r e a c t i o n   c o n t i n u e d   30  m i n u t e s .   The  m i x t u r e   was  t h e n   N2 

s t r i p p e d   to  e l i m i n a t e   f r e e   m a l e i c   a n h y d r i d e   f o r   1 - 1 / 2  

h o u r s .   Then   0 . 2 7   Kg  of   DETA  w e r e   a d d e d   a n d   r e a c t e d   f o r   1 

h o u r .   The  s o l u t i o n   was  s t r i p p e d   f o r   1  h o u r   w i t h   N2  and   8 4  

k i l o p a s c a l s   of   v a c u u m .   0 . 3 4  K g   of   a c e t i c   a n h y d r i d e   w e r e  

c h a r g e d ,   r e a c t e d   f o r   1  h o u r   and   t he   m i x t u r e   s t r i p p e d   f o r   3 

h o u r s   w i t h   N2  and   v a c u u m .   The  m a t e r i a l   w a s  t h e n   d i l u t e d   t o  



14  w t .   %  w i t h   S130N.   The  f i n a l   p r o d u c t   had   t h e   f o l l o w i n g  

c h a r a c t e r i s t i c s :  

EXAMPLE 4  

300  g r a m s   of   E x a m p l e   1  p r o d u c t   was  c h a r g e d   i n t o   a  

4 - n e c k e d   1  l i t e r   f l a s k   and   h e a t e d   to  1 2 5 ° C .   w h i l e   s t i r r i n g  

and   N2  b l a n k e t i n g .   1  g ram  of   a c e t i c   a n h y d r i d e   was  a d d e d  

and   r e a c t e d   f o r . 1   h o u r .   The  m i x t u r e   was  s t r i p p e d   f o r   1  h o u r  

a t   1 2 5 ° C .   The  t e m p e r a t u r e   w a s  t h e n   r a i s e d   to  1 7 0 ° C .   and  3 

g r a m s   of   C24  a v e .   a l k y l b e n z e n e   s u l f o n i c   a c i d   w e r e   a d d e d .   R e -  

a c t i o n   c o n t i n u e d   f o r   4  h o u r s .   The  h a z e   was  r e d u c e d   f r o m   1 0 8  

( i n i t i a l )   to   16  n e p h e l o s .  

ExAMPLE  5 

ACETIC  ACID  SALT  OF  MALEIMIDE  OF  GRAFT 
ETHYLENE  COPOLYMER 

3000   g r a m s   ( . 0 7 7   m o l e s   of   DETA)  of  t h e   p r o d u c t   o f  

E x a m p l e   1  w e r e   c h a r g e d   t o   a  f l a s k   and  h e a t e d   to   1 1 8 ° C .   w i t h  

N2  s p a r g e .   10  g r a m s  ( 0 . 1 6 7   m o l e s ,   an  e x c e s s )   of   g l a c i a l  

a c e t i c   a c i d   w e r e   i n j e c t e d .   The  r e s u l t i n g   a d m i x t u r e   was  r e -  

a c t e d   a t   1 1 8 ° C .   w i t h   s t i r r i n g   and  u n d e r   a  n i t r o g e n   b l a n k e t  

and   m a i n t a i n e d   a t   1 1 8 ° C .   f o r   a b o u t   1  h o u r .   The  s o l u t i o n   w a s  

t h e n   h e a t e d  t o   1 5 5 ° C .   and  m a i n t a i n e d   t h e r e   f o r   2  h o u r s   w i t h  

n i t r o g e n   b l a n k e t .   The  m i x t u r e   was  t h e n .   s p a r g e d   a t   1 5 5 ° C .  



f o r   two  h o u r s .   The  d i f f e r e n t i a l   IR  s h o w e d   p r e s e n c e   of   a c e -  

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

a f t e r   s p a r g i n g .   S t o r a g e   s t a b i l i t y   t e s t s   showed   no  i m p r o v e -  

ment   i n  s t a b i l i t y   o v e r   t h e   s t a r t i n g ,  m a t e r i a l .   T h u s ,   t h e r e   i s  

no  s i g n i f i c a n t   a m i d a t i o n   when  t he   a c i d   i t s e l f   i s   u s e d   r a t h e r  

t h a n   the   a n h y d r i d e .   L i t e r a t u r e   i n f o r m a t i o n   i n d i c a t e s   t h a t  

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

n e c e s s a r y   to  c o n v e r t   t h e   a c i d   s a l t   to  t he   a m i d e .  

EXAMPLE-6 

A c i d   a n h y d r i d e s   a r e   known  n o t   to  r e a c t  w i t h   t e r -  

t i a r y  a m i n e s .   H o w e v e r ,   t h e y   may  r e a c t   w i t h   s e c o n d a r y  

a m i n e s .   From  t h e   s t o i c h i o m e t r y   of  t h e   r e a c t i o n   of   a c e t i c  

a n h y d r i d e   w i t h   an  i m i d e   made  f rom  DETA,  as  d e r i v e d   f r o m  

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

s e c o n d a r y   a m i n e ,   r e a c t s   i n   t h i s   c a s e .  

EXAMPLE  7 

The  u t i l i t y   o f   t h e   i n v e n t i v e   a d d i t i v e s   w e r e   m e a s -  

u r e d   by  s u b j e c t i n g   t h e   p r o d u c t s   of   E x a m p l e s   1  and   2  to   a  

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

t h e s e   a d d i t i v e s .   A  15W50  SAE  c r a n k c a s e   o i l   f o r m u l a t i o n   w a s  

made  up  u s i n g   1 2 . 5   w t .  %   of   t h e   o i l   c o n c e n t r a t e   o f   E x a m p l e   2 ,  

2  v o l u m e   %  of   an  a s h l e s s   d i s p e r s a n t   a d d i t i v e ,   1 . 1   v o l u m e   % 

of  an  o v e r b a s e d   m a g n e s i u m   s u l f o n a t e ,   0 . 8   v o l u m e  %   of  o v e r -  

b a s e d   c a l c i u m   p h e n a t e ,   0 . 5   v o l u m e   %  of   an  a n t i o x i d a n t ,   a n d  

1 . 4 3   v o l u m e  %   of  a  z i n c   d i a l k y l d i t h i o p h o s p h a t e   and   a  m i n e r a l  

l u b r i c a t i n g   o i l   b l e n d   of   b a s e   s t o c k s .   For   c o m p a r i s o n   p u r -  

p o s e s ,   a  f o r m u l a t i o n   was  made  up  in   t h e   same  m a n n e r   r e p l a c -  

i n c   t he   o i l   c o n c e n t r a t e   of   E x a m p l e   2  w i t h   t h e   same  w e i g h t  

p e r c e n t   of   t h e   o i l   c o n c e n t r a t e   of  E x a m p l e   1.  The  a b o v e  

f o r m u l a t i o n s   w e r e   t e s t e d   i n   t he   S e q u e n c e  V - C   E n g i n e   T e s t ,  



w h i c h   i s   d e s c r i b e d   i n   " M u l t i c y l i n d e r   T e s t   S e q u e n c e s   f o r  

E v a l u a t i n g   A u t o m o t i v e   E n g i n e   0 , i l s , "   ASTM  S p e c i a l   T e c h n i c a l  

P u b l i c a t i o n   3 1 5 F ,   p a g e   1 3 3 f f   ( 1 9 7 3 ) .   The  V-C  T e s t   e v a l u a t e s  

t h e   a b i l i t y   o f   an  o i l   to  keep   s l u d g e   in   s u s p e n s i o n   and  p r e -  

v e n t   t h e   d e p o s i t i o n   o f   v a r n i s h   d e p o s i t s   on  p i s t o n s ,   v a l v e s ,  

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

t h a t   t he   two  b l e n d s   a r e   n o t   s t a t i s t i c a l l y   d i f f e r e n t   i n  

p e r f o r m a n c e .  

In   t h e   a b o v e   t e s t s ,   t h e   r a t i n g s   a r e   on  a  s c a l e   of  0  to  1 0 ,  

w i t h   0  b e i n g   an  e x c e s s i v e   a m o u n t   of  s l u d g e   a n d  v a r n i s h  

w h i l e   10  b e i n g   a  c o m p l e t e l y   c l e a n   e n g i n e .  

EXAMPLE  8 

In  o r d e r   to  show  the   s u r p r i s i n g   v i s c o s i t y   s t a b i l -  

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

ene   c o p o l y m e r i c   V . I .   i m p r o v e r s   p r o v i d e d   a c c o r d i n g   to  t h e  

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

1,  2  and  5  w e r e   s u b j e c t e d   to  a  t e s t   w h e r e b y   t he   c h a n g e   i n  

v i s c o s i t y   of  t h e   p r o d u c t s   w e r e   m e a s u r e d   ove r   a  p e r i o d   of  t w o  

h o u r s   w h i l e   m a i n t a i n i n g   t h e   s o l u t i o n s   a t   99°C.   The  r e s u l t s  

a r e   as  f o l l o w s   in   T a b l e   I I I .  



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

of   t h e   v i s c o s i t y   s t a b i l i z a t i o n   a c t i v i t y   of   s o l u t i o n s   o f  

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

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

t h e   l o n g - t e r m   s t o r a g e   s t a b i l i t y   r e s u l t s   when  t h e   s o l u t i o n s  

c o n t a i n i n g   p o l y m e r   a r e   s t o r e d   a t   t e m p e r a t u r e s   of   a b o u t   1 8 0 ° F .  

f o r   p e r i o d s   of   up  to  two  m o n t h s .  



1.  An  e t h y l e n e  p o l y m e r i c   v i s c o s i t y   i n d e x   i m p r o v e r   h a v -  

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

a b o u t   0 . 0 0 1   to  8  w t .   %  of   n i t r o g e n ,   w h i c h   i m p r o v e r   h a s   b e e n  

f o r m e d   by  g r a f t i n g   an  e t h y l e n e   c o p o l y m e r   c o m p r i s i n g   a b o u t   30  t o  

80  w t .  %   e t h y l e n e   and  a b o u t   20  t o  7 0   wt.   % C3  to  C28  a l p h a  

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

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

a c i d s   and  a n h y d r i d e s   of  c a r b o x y l i c   a c i d ,   r e a c t i n g   s a i d  g r a f t e d  

e t h y l e n e   c o p o l y m e r   w i t h   p o l y a m i n e   of   2  to  60  c a r b o n s   and  2  to   1 2  

n i t r o g e n s   and  h a v i n g   a t   l e a s t   two  p r i m a r y   a m i n e   g r o u p s ,   w h e r e i n  

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

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

a n h y d r i d e   o f   an  a c i d   h a v i n g   a  Cl  to  C30  h y d r o c a r b y l   g r o u p   t o  

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

i n d e x   i m p r o v e r .  

2.  A  v i s c o s i t y   i n d e x   i m p r o v e r   a c c o r d i n g   to  c l a i m   1 ,  

w h i c h   i s   an  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   h a v i n g   a  n u m b e r   a v e r a g e  
m o l e c u l a r   w e i g h t   f rom  a b o u t   700  to  5 0 0 , 0 0 0   w h i c h   i s   g r a f t e d   w i t h  

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

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

3.  A  p r o c e s s   f o r   p r e p a r i n g   a  p o l y m e r i c   v i s c o s i t y   i n -  

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

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   m a t e r i a l   o n t o   a  c o p o l y m e r   c o m -  

p r i s e d   o f   e t h y l e n e   and  a t   l e a s t   one  C3-C18   a l p h a - o l e f i n   a t   a  t e m -  

p e r a t u r e   o f   f r o m   a b o u t   1 0 0 ° C .   to  a b o u t   2 5 0 ° C . ,   in  t h e   p r e s e n c e   o f  

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

a  b o i l i n g   p o i n t   in   e x c e s s   o f   a b o u t   1 0 0 ° C . ,   w h i c h   g r a f t e d   p o l y m e r  

i s   t h e n   d e r i v a t i z e d   by  r e a c t i o n   w i t h   an  a l k y l e n e   p o l y a m i n e   h a v -  

i ng   f rom  3  to   20  t o t a l   c a r b o n s   and  a b o u t   2  to  6  n i t r o g e n   a t o m s  

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

a f t e r   r e a c t e d   w i t h   f rom  a b o u t   0 . 5   to  2 .5   m o l e s   of   an  a n h y d r i d e  

o f   an  a c i d   h a v i n g   a  C1  to  C30  h y d r o c a r b y l   g r o u p   p e r   p r i m a r y  

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

4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   3  w h e r e i n   s a i d   c o p o l y -  

mer   i s   o f   e t h y l e n e . a n d   p r o p y l e n e   h a v i n g   f r o m   a b o u t   38  to   70  wt .   % 



of   e t h y l e n e ,   s a i d   d i c a r b o x y l i c   a c i d   m a t e r i a l   is   m a l e i c   a c i d   a n -  

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

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

p o l y a m i n e   i s   d i e t h y l e n e   t r i a m i n e   and  s a i d   0 . 5   to  2 .5  m o l e s   o f  

a n h y d r i d e   i s   o f   a c e t i c   a n h y d r i d e .  

5.  The  p r o c e s s   a c c o r d i n g   to  c l a i m s   3  or  4  w h e r e i n   t h e  

r e s u l t i n g   s o l u t i o n   f rom  s a i d   r e a c t i o n   w i t h   s a i d   0 .5   t o  2 . 5   m o l e s  

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

a c i d   c o n t a i n i n g   f rom  a b o u t   9  to  76  c a r b o n   a t o m s .  

6.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   5  w h e r e i n   s a i d   s u l -  

f o n i c   a c i d   i s   C24  ( a v e r a g e )   a l k y l b e n z e n e   s u l f o n i c   a c i d . .  

7.  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  m a j o r  

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

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

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

c o n t a i n i n g   in   t h e   r a n g e   o f   f rom  a b o u t   0 . 0 0 1   to   8  w t .  %   of  n i t r o -  

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

p o l y m e r   c o m p r i s i n g   a b o u t   30  to   80  w t .  %   e t h y l e n e   and  a b o u t   20  t o  

70  wt .   %  C3  to  C 2 8 , a l p h a - o l e f i n ,   w i t h   an  e t h y l e n i c a l l y - u n s a t u r -  

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

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

s a i d   g r a f t e d   e t h y l e n e   c o p o l y m e r   w i t h   p o l y a m i n e   o f   2  to  60  c a r b o n s  

and  2  to   12  n i t r o g e n s   and   h a v i n g   a t   l e a s t   two  p r i m a r y   a m i n e  

g r o u p s ,   w h e r e i n   e s s e n t i a l l y   one  o f   s a i d   p r i m a r y   amine   g r o u p s   r e -  

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

r e a c t i n g   w i t h   an  a n h y d r i d e   o f  a n   a c i d   h a v i n g   a  Cl  to  C30  h y d r o -  

c a r b y l   g r o u p   to   t h e r e b y   s t a b i l i z e   t he   r e s u l t i n g   e t h y l e n e   p o l y -  

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

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

8.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   7  w h e r e i n   s a i d   v i s -  

c o s i t y   i n d e x   i m p r o v e r   i s   p r e s e n t   in   an  a m o u n t   o f   f rom  a b o u t   0 . 1  

to  50  w t .   %,  b a s e d   u p o n   t h e   t o t a l   w e i g h t   o f   s a i d   c o m p o s i t i o n ,   a n d  

is   an  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   h a v i n g   a  n u m b e r   a v e r a g e   m o l e -  

c u l a r   w e i g h t   f rom  a b o u t   700  to   5 0 0 , 0 0 0   w h i c h   i s   g r a f t e d   w i t h  

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

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



9.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m s   7  o r   8  w h e r e i n  

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

an  e t h y l e n i c a l l y   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   m a t e r i a l   o n t o   a  

c o p o l y m e r   c o m p r i s e d   o f   e t h y l e n e   and   a t   l e a s t   one  C3-C18   a l p h a -  
o l e f i n   a t   a  t e m p e r a t u r e   o f   f r o m   a b o u t   1 0 0 ° C .   to  a b o u t   2 5 0 ° C . ,   i n  

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

t i a t o r   h a v i n g   a  b o i l i n g   p o i n t   in   e x c e s s   o f   a b o u t   1 0 0 ° C . ,   w h i c h  

g r a f t e d   p o l y m e r   i s   t h e n   d e r i v a t i z e d   by  r e a c t i o n   w i t h   an  a l k y l e n e  

p o l y a m i n e   h a v i n g   f rom  3  to   20  t o t a l   c a r b o n s   and  a b o u t   2 ' t o   6 

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

a c t i v i t y   and   t h e r e a f t e r   r e a c t e d   w i t h   f rom  a b o u t   0 . 5   to  2 .5   m o l e s  

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

10 .   A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m s   7-9   w h e r e i n  

s a i d   c o p o l y m e r   i s   o f   e t h y l e n e   and   p r o p y l e n e   h a v i n g   f rom  a b o u t   3 8  

to  70  w t .  %   o f   e t h y l e n e   and   i s   p r e s e n t   in   s a i d   c o m p o s i t i o n   in   a n  

a m o u n t   r a n g i n g   f r o m   a b o u t   0 . 1   to  a b o u t   15  wt .   %,  s a i d   d i c a r b o x y -  

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

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

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

and   s a i d   0 . 5   to   2 . 5   m o l e s   o f   a n h y d r i d e   i s   a c e t i c   a n h y d r i d e .  

11 .   A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m s  7 - 1 0   w h e r e i n  

t h e   r e s u l t i n g   s o l u t i o n   f r o m   s a i d   r e a c t i o n   w i t h   s a i d   0 .5   to  2 . 5  

m o l e s   o f   a n h y d r i d e   i s   t r e a t e d   w i t h   an  o i l - s o l u b l e   a l k y l   a r y l  

s u l f o n i c   a c i d   c o n t a i n i n g   f r o m   a b o u t   9  to  76  c a r b o n s   to  i n h i b i t  

h a z e .  

12 .   A  c o m p o s i t i o n   a c c o r d i n g   t o   c l a i m   11  w h e r e i n   s a i d  

s u l f o n i c   a c i d   i s   C24  ( a v e r a g e )   a l k y l b e n z e n e   s u l f o n i c   a c i d .  

13 .   A  p r o c e s s   f o r   i m p r o v i n g   t h e   v i s c o s i t y   s t a b i l i t y   o f  

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

bon  s o l v e n t   and   f r o m   .1  to   50  w t .   %,  b a s e d   on  t h e   t o t a l   w e i g h t   o f  

s a i d   c o n c e n t r a t e ,   o f   an  i m i d a t e d   g r a f t e d   e t h y l e n e / C 3 - C 2 8   a l p h a -  

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

w e i g h t   (Mn)  o f   700  to  5 0 0 , 0 0 0   and   a  Mw/Mn  r a t i o   o f   l e s s   t h a n   7 ,  

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

b e i n g   f o r m e d   by  g r a f t i n g   m a l e i c   a n h y d r i d e   o n t o   an  e t h y l e n e   c o p o -  

l y m e r   c o m p r i s i n g   a b o u t   30  to   80  w t .   %  e t h y l e n e   and   a b o u t   20  t o  



70  w t .   %  of   s a i d   C3-C28   a l p h a - o l e f i n ,   f o l l o w e d   by  r e a r t i o n   o f  
s a i d   m a l e i c   a n h y d r i d e   m o i e t i e s   w i t h   a  p o l y a m i n e   o f  2   to   50  c a r -  
bon   a t o m s   and  2  to   12  n i t r o g e n   a t o m s   and  h a v i n g   a t   l e a s t   t w o  

p r i m a r y   a m i n e   g r o u p s ,   w h e r e i n   a t   l e a s t   some  o f  s a i d   p l i m a r y   a m i n e  

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

a c t i n g   s a i d   c o n c e n t r a t e   w i t h   a  h y d r o c a r b y l - s u b s t i t u t e d   a c i d   a n h y -  
d r i d e   h a v i n g   f rom  a b o u t   2  to  30  c a r b o n s   by  a d d i n g   s a i d   s c i d   a n h y -  
d r i d e   i n   an  a m o u n t   to   p r o v i d e   an  e x c e s s   of  a t   l e a s t   a b o u t   5% 

b a s e d   on  t h e   p r i m a r y   amino   c o n c e n t r a t i o n   in  s a i d   c o n c e n t r a t e   a n d  

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

50°  to  a b o u t   2 5 0 ° C .   and  f o r   a  p e r i o d   of   0 . 2 5   to  8  h o u r s   and  t h e r e -  

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

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

w a t e r - f r e e   e n v i r o n m e n t .  

14.   A  p r o c e s s   a c c o r d i n g   to  c l a i m   13  w h e r e i n   s a i d   c o n -  
c e n t r a t e   c o n t a i n s   l e s s   t h a n   a b o u t   0 . 0 2   wt .   %  u n r e a c t e d   a l k y l e n e  

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

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

s o r p t i o n   a t   1 6 5 0 - 1 6 7 0   cm-1  i s   f o u n d   by  d i f f e r e n t i a l   i n f r a r e d  

t e s t i n g   to   be  a t   a  maximum  and   s a i d   r e m o v i n g   i s   by  n i t r o g e n   s p a r -  

g i n g   u n t i l   s a i d   a b s o r p t i o n   i s   a t   a  min imum  a t   1 6 5 0 - 1 6 7 0   c m - 1 .  

15.   A  p r o c e s s   a c c o r d i n g . t o   c l a i m s   13  or   14  w h e r e i n  

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

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

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

2 .5   and   c o n t a i n i n g   a b o u t   10  t o , 7 0   c a r b o n   a t o m s .  

16 .   A  p r o c e s s   a c c o r d i n g   t o  c l a i m   15  w h e r e i n   s a i d  

s t r o n g   a c i d   i s   a  d i a l k y l   s u b s t i t u t e d   b e n z e n e   s u l f o n i c   a c i d   p r e -  

s e n t   in   an  a m o u n t   r a n g i n g   f rom  a b o u t   0 . 1   to  2 . 5   m o l a r   e q u i v a l e n t s  

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

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

a t   a  t e m p e r a t u r e   r a n g i n g   f r o m   2 0 ° C .   to   2 5 0 ° C .   f o r   a  p e r i o d  r a n g .  

i n g   f r o m   0 . 1   to   20  h o u r s .  
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