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(§4)  Lubricating  oil  additive  and  lubricating  oil  composition  containing  the  same. 

  Fuel  consumption  in  an  internal  combustion  engine  is 
reduced  by  contacting  the  moving  surfaces  thereof  with  a 
lubricating  oil  having  present  therein  a  complex  obtained  by 
reacting  a  borated  alkyl  catechol  with  an  oil-soluble  alkyl  or 
alkenyl  mono  or  bis  succinimide. 



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

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

e n g i n e s   and  to  t h e   use   of  s u c h   a d d i t i v e s   in  l u b r i c a n t  

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

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

f o r   t h i s   f u e l ,   t h e r e  h a s   been   a  g r e a t   d e a l   of  i n t e r e s t   i n  

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

e n g i n e s ,   and  t h e   l i k e .  

T h u s ,   t h e r e   i s   a  g r e a t   need   to  f i n d   l u b r i c a n t s  

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

r e d u c i n g   t h e   e n e r g y   r e q u i r e m e n t s   t h e r e t o .  

U.S.   P a t e n t   No.  2 , 7 9 5 , 5 4 8   d i s c l o s e s   t h e   u se   o f  

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

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

of   an  i n t e r n a l   c o m b u s t i o n   e n g i n e   in  o r d e r   to  r e d u c e   o x i -  

d a t i o n   of  t he   o i l   and  c o r r o s i o n   of  t h e   m e t a l   p a r t s   of  t h e  

e n g i n e .  

T h e r e   i s   a  p r o b l e m   w i t h   t h e   use   of  b o r a t e d   a l k y l  

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

m o i s t u r e   and  h y d r o l y z e   r e a d i l y .   The  h y d r o l y s i s   l e a d s   t o  

h a z e   a n d / o r   p r e c i p i t a t e   f o r m a t i o n   w h i c h   mus t   be  f i l t e r e d  

o u t   p r i o r   to  u s e .  

I t   has   now  b e e n   f o u n d   t h a t   t h e   b o r a t e d   a l k y l  

c a t e c h o l s   may  be  s t a b i l i z e d   a g a i n s t   h y d r o l y s i s   by  r e a c t i n g  

t he   b o r a t e d   a l k y l   c a t e c h o l   w i t h   an  a l k e n y l   or   a l k y l  

mono  or   b i s   s u c c i n i m i d e ,   and  t h a t   l u b r i c a t i n g   t he   c r a n k c a s e  
of  an  i n t e r n a l   c o m b u s t i o n   e n g i n e   w i t h   a  l u b r i c a t i n g   o i l  

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

c o n s u m p t i o n   of  t he   e n g i n e .  

Thus  in  a c c o r d a n c e   w i t h   one  a s p e c t   of  t h e   p r e s e n t  

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

c o m p r i s i n g   a  c o m p l e x   o b t a i n a b l e   by  r e a c t i n g   a  b o r a t e d  



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

mono  or  b i s   s u c c i n i m i d e .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n ,  

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

a m o u n t   e f f e c t i v e   to   r e d u c e   f r i c t i o n ,   an  a d d i t i v e   p r e p a r e d  

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

a l k y l   or  a l k e n y l   mono  or  b i s   s u c c i n i m i d e .  
O t h e r   a d d i t i v e s   may  a l s o   be  p r e s e n t   in  t h e  

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

p r o p e r t i e s   s u c h   as  d i s p e r s a n c y ,   c o r r o s i o n ,   w e a r   and  o x i -  

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

In  accordance   wi th   a  f u r t h e r   a spec t   of  the  i n v e n t i o n ,   t h e r e  

i s   p r o v i d e d   a  m e t h o d   of  r e d u c i n g   t h e   f u e l   c o n s u m p t i o n   of  a n  
i n t e r n a l   combust ion  engine  compr i s ing   t r e a t i n g   the  moving  s u r f a c e  

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

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

1%  to   2%  may  be  o b t a i n e d   by  e m p l o y i n g   t h e   c o m p o s i t i o n   o f  
t h i s  i n v e n t i o n .   T h i s   f u e l   e c o n o m y   i m p r o v e m e n t   can  b e  

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

g a s o l i n e   e n g i n e s .  

M o r e o v e 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   c o n t a i n -  

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

i n v e n t i o n   have   b e e n   f o u n d   a d d i t i o n a l l y   to   p o s s e s s   a n t i o x i -  

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

p o s s e s s   d i e s e l   d e p o s i t   i n h i b i t i o n .  

The  c o m p l e x   b e t w e e n   t h e   b o r a t e d   a l k y l   c a t e c h o l  

and  t h e   a l k e n y l   or   a l k y l   s u c c i n i m i d e   may  be  p r e p a r e d   i n  

s i t u .   T h a t   i s   when  b o r a t e d   a l k y l   c a t e c h o l   and  a  



s u f f i c i e n t   amount  of  an  a l k e n y l   or  a l ky l   mono  or  bis  s u c c i n i m i d e   t o  
s t a b i l i z e   t h e   b o r a t e d   a l k y l   c a t e c h o l   a g a i n s t   h y d r o l y s i s  

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

s i t u .  

In  t h i s   a s p e c t ,   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

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   an  o i l   of  l u b r i -  

c a t i n g   v i s c o s i t y   and  an  e f f e c t i v e   a m o u n t   to  r e d u c e   f r i c -  

t i o n   of  a  b o r a t e d   a l k y l   c a t e c h o l   and  an  e f f e c t i v e   a m o u n t  

of   an  a lkeny l   mono  or  bis  succ in imide   to  s t a b i l i z e   the  b o r a t e d   a l k y l  
c a t e c h o l   a g a i n s t   h y d r o l y s i s .  

When  e m p l o y e d   in  t h i s   m a n n e r ,   o t h e r   a d d i t i v e s  

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

o b t a i n   a  p r o p e r   b a l a n c e   of  p r o p e r t i e s   such   as  d i s p e r s i o n ,  

c o r r o s i o n ,   wear   and  o x i d a t i o n   w h i c h   a r e   c r i t i c a l   f o r   t h e  

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

T h u s ,   a n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

c o m p r i s i n g  

(a)  an  o i l   of  l u b r i c a t i n g   v i s c o s i t y ;  
a n d  

(b)  an  e f f e c t i v e   a m o u n t   of  e a c h   of  t h e   f o l l o w i n g :  

1.  an  a l k e n y l   s u c c i n i m i d e ,  

2.  a  G r o u p   I I   m e t a l   s a l t   of  a  d i h y d r o c a r b y l  

d i t h i o p h o s p h o r i c - a c i d ,  

3.  a  n e u t r a l   or   o v e r b a s e d   a l k a l i   or  a l k a l i n e  

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

o f ,  

4.  a  n e u t r a l   or   o v e r b a s e d   a l k a l i   or   a l k a l i n e  

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

a n d  

5.  a  b o r a t e d   a l k y l   c a t e c h o l   f r i c t i o n   m o d i f i e r .  

In  s t i l l   a n o t h e r   a s p e c t   of  t h i s   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  m e t h o d   of  r e d u c i n g   f u e l   c o n s u m p t i o n   of  a 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   by  t r e a t i n g   t he   mov ing   s u r f a c e s  

t h e r e o f   w i t h   t he   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   d e s c r i b e d  

a b o v e .  



The  b o r a t e d   a l k y l   c a t e c h o l s   may  be  p r epa red   b y  

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

t h e   w a t e r   of  r e a c t i o n .   P r e f e r a b l y ,   t h e r e   is   s u f f i c i e n t  

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

1 .5   to  2 .5   h y d r o x y l   g r o u p s   p r e s e n t   in  t he   r e a c t i o n   m i x -  

t u r e .  

The  r e a c t i o n   may  be  c a r r i e d   ou t   a t   a  t e m p e r a t u r e  
in  t h e   r a n g e   of  60°C  to   1 3 5 ° C ,   in  t h e   a b s e n c e   or   p r e s e n c e  
of   any  s u i t a b l e   o r g a n i c   s o l v e n t , s u c h   as  m e t h a n o l ,   b e n z e n e ,  

x y l e n e s ,   t o l u e n e ,   or   n e u t r a l   o i l .  

The  a l k y l   c a t e c h o l s   or   m i x t u r e s   t h e r e o f   w h i c h  

may  be  u s e d   to  p r e p a r e   t h e   b o r a t e d   a l k y l   c a t e c h o l s   u s e d   i n  

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

F o r m u l a   I  

w h e r e i n   R  i s   a l k y l   c o n t a i n i n g   10  to  3 0  c a r b o n   a t o m s  

and  p r e f e r a b l y   f r o m   16  to   26  c a r b o n   a t o m s .   A l s o ,   up  t o  

25%  by  w e i g h t   b u t   p r e f e r a b l y   l e s s   t h a n   10%  by  w e i g h t   o f  

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

a d j a c e n t   o r   o r t h o   to   one   of  t h e   h y d r o x y   g r o u p s   and  has   t h e  

F o r m u l a   I I  

w h e r e i n   R  i s   d e f i n e d   a b o v e .  

A l s o   i n c l u d e d   among  a l k y l   c a t e c h o l s   wh ich   may  b e  

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

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

F o r m u l a   I I I  



w h e r e i n   R  i s   d e f i n e d   a b o v e .   T r i a l k y l   c a t e c h o l s   may  
a l s o   be  e m p l o y e d   a l t h o u g h   t h e y   a r e   no t   p r e f e r r e d .  

Among  t h e a l k y i   c a t e c h o l s   w h i c h   may  be  e m p l o y e d  

a r e   d e c y l   c a t e c h o l ,   u n d e c y l   c a t e c h o l ,   d o d e c y l   c a t e c h o l ,  

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

c a t e c h o l ,   o c t a d e c y l   c a t e c h o l ,   e i c o s y l   c a t e c h o l ,   h e x a c o s y l  

c a t e c h o l ,   t r i a c o n t y l   c a t e c h o l ,   and  t he   l i k e .   A l s o ,   a  

m i x t u r e   of  a l k y l   c a t e c h o l s   may  be  e m p l o y e d   s u c h   as  a  m i x -  

t u r e   of   C14  to  C26  a l k y l   c a t e c h o l s ,   f o r   e x a m p l e   C 1 4 - C 1 8  
a l k y l   c a t e c h o l s   or  C16-C26   a l k y l   c a t e c h o l s ,   may  be  u s e d .  

The  a l k y l   c a t e c h o l s   of  t he   F o r m u l a   I I I   may  b e  

p r e p a r e d   by  r e a c t i n g   a  C10  to   C30  o l e f i n   s u c h   as  a  

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

ing   10  to  30  c a r b o n   a t o m s   w i t h   p y r o c a t e c h o l   in  t h e  

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

f rom  a b o u t   60°C  to  2 0 0 ° C ,   and  p r e f e r a b l y   125°C  to  180°C  i n  

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

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

c h l o r o b e n z e n e   and  250  T h i n n e r   w h i c h   i s   a  m i x t u r e   of  a r o m a -  

t i c s ,  p a r a f f i n s   and  n a p h t h e n e s .  

The  t e rm  " b r a n c h e d   o l e f i n "   means   t h a t   b r a n c h i n g  

o c c u r s   a t   t he   d o u b l e   b o n d .   The  t e r m   " s t r a i g h t   c h a i n   a l p h a  

o l e f i n "   means   t h a t   t he   a l p h a   o l e f i n   c o n t a i n s   l i t t l e   ( l e s s  

t h a n   10%)  or  no  b r a n c h i n g   a t   t he   d o u b l e   bond  or  e l s e w h e r e .  

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

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

and  p r e f e r a b l y   a  10%  by  w e i g h t   m o l a r   e x c e s s   of  b r a n c h e d  

o l e f i n   or  a l p h a - o l e f i n   o v e r   c a t e c h o l   is  u s e d .   When  u s e d  

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

m o n o a l k y l   c a t e c h o l s   bu t   c o n t a i n   some  a m o u n t s   of  d i a l k y l  

c a t e c h o l .   In  any  e v e n t ,   m o l a r   e x c e s s   of  p y r o c a t e c h o l  

( i . e . ,   2  e q u i v a l e n t s   of  p y r o c a t e c h o l   f o r   e a c h   e q u i v a l e n t  



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

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

n a n t l y   d i a l k y l   c a t e c h o l s   may  be  p r e p a r e d   by  e m p l o y i n g   t w o  

e q u i v a l e n t s   to  p y r o c a t e c h o l  o f   t h e   same  or   d i f f e r e n t  

o l e f i n .  

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

p r o p o r t i o n   of  a l k y l   c a t e c h o l s   of  F o r m u l a   I  t h a n   use   o f  

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

f i n s   g e n e r a l l y   r e s u l t s   in  g r e a t e r   t h a n   90%  a l k y l   c a t e c h o l  

of   F o r m u l a   I  and   l e s s   t h a n   10%  a l k y l   c a t e c h o l   o f  

F o r m u l a   I I .  

The  b o r a t e d   a l k y l   c a t e c h o l s   a r e   s t a b i l i z e d  

a g a i n s t   h y d r o l y s i s   by  r e a c t i n g   t h e   c a t e c h o l s   w i t h   an  a l k y l  

o r   a l k e n y l   mono  o r   b i s   s u c c i n i m i d e .   In  t h e   p r e f e r r e d  

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

e m p l o y e d .  

The  o i l   s o l u b l e   a l k e n y l   or   a l k y l   mono-   o r  
b i s - s u c c i n i m i d e s   w h i c h   a r e   e m p l o y e d   in   t h i s   i n v e n t i o n   a r e  

g e n e r a l l y   known  as  l u b r i c a t i n g   o i l   d e t e r g e n t s   and  a r e  

d e s c r i b e d   in  fo r   example  U.S.  Pa t en t s   Nos.  2 ,992,708  3 , 0 1 8 , 2 9 1 ,  

3 , 0 2 4 , 2 3 7 ,   3 , 1 0 0 , 6 7 3 ,   3 , 2 1 9 , 6 6 6 ,   3 , 1 7 2 , 8 9 2   and  3 , 2 7 2 , 7 4 6 .  

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

p o l y o l e f i n   p o l y m e r - 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   w i t h   a n  

a m i n e ,   p r e f e r a b l y   a  p o l y a l k y l e n e   p o l y a m i n e .   The  p o l y -  

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

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

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

d r i d e   t h u s   o b t a i n e d   i s   r e a c t e d   w i t h   t h e   a m i n e   c o m p o u n d .  
The  p r e p a r a t i o n   of  t he   a l k e n y l   s u c c i n i m i d e s   has   b e e n  

d e s c r i b e d   many  t i m e s   in  t he   a r t .   S e e ,   f o r   e x a m p l e ,   U . S .  

P a t e n t   Nos .   3 , 3 9 0 , 0 8 2 ,   3 , 2 1 9 , 6 6 6   and  3 , 1 7 2 , 8 9 2 .  

R e d u c t i o n   of  t h e   a l k e n 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  
y i e l d s   t h e   c o r r e s p o n d i n g   a l k y l   d e r i v a t i v e .   A  p r o d u c t  
c o m p r i s i n g   p r e d o m i n a n t l y   mono-   o r   b i s - s u c c i n i m i d e   can   b e  
p r e p a r e d   by  c o n t r o l l i n g   the   m o l a r   r a t i o s   of  t h e   r e a c t a n t s .  
T h u s ,   f o r   e x a m p l e ,   i f   one  mole   of  a m i n e   is   r e a c t e d   w i t h  



one  mole   of  t h e   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 ,   a  p r e d o m i n a n t l y   m o n o - s u c c i n i m i d e   p r o d u c t   w i l l  

be  p r e p a r e d .   If  two  m o l e s   of  t h e   s u c c i n i c   a n h y d r i d e   a r e  

r e a c t e d   p e r   mole   of  p o l y a m i n e ,   a  b i s - s u c c i n i m i d e   w i l l   b e  

p r e p a r e d .  

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

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

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

p o l y i s o b u t e n e - 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   of  a  p o l y -  

a l k y l e n e   p o l y a m i n e .  

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

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

a v e r a g e   n u m b e r   of  c a r b o n   a t o m s   can  r a n g e   f rom  30  or   l e s s  

to   250  or   m o r e ,   w i t h   a  r e s u l t i n g   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   of  a b o u t   400  or   l e s s   to   3 , 0 0 0   or   m o r e .   P r e f e r a b l y ,  

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

c u l e   w i l l   r a n g e   f rom  a b o u t  5 0   to  a b o u t   100  w i t h   t he   p o l y -  

i s o b u t e n e s   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   o f  

a b o u t   600  to  a b o u t   1 , 5 0 0 .   More  p r e f e r a b l y ,   t he   a v e r a g e  
n u m b e r   of  c a r b o n   a t o m s   p e r   p o l y i s o b u t e n e   m o l e c u l e   r a n g e s  
f rom  a b o u t   60  to  a b o u t   90,   and  t h 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   r a n g e s   f rom  a b o u t   800  to  1 , 3 0 0 .   T h e  

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

to   w e l l - k n o w n   p r o c e d u r e s   to  y i e l d   t he   p o l y i s o b u t e n e - s u b -  

s t i t u t e d   s u c c i n i c   a n h y d r i d e .   S e e ,   f o r   e x a m p l e ,   U . S .  

P a t e n t   Nos.   4 , 3 8 8 , 4 7 1   and  4 , 4 5 0 , 2 8 1 .  

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

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

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

up  to  a b o u t   8  c a r b o n   a t o m s .   The  n u m b e r   of  a l k y l e n e   r a d i -  

c a l s   can  r a n g e   up  to  a b o u t   8.  The  a l k y l e n e   r a d i c a l   i s  

e x e m p l i f i e d   by  e t h y l e n e ,   p r o p y l e n e ,   b u t y l e n e ,   t r i m e t h y l -  

e n e ,   t e t r a m e t h y l e n e ,   p e n t a m e t h y l e n e ,   h e x a m e t h y l e n e ,   o c t a -  

m e t h y l e n e ,   e t c .   The  number   of  amino   g r o u p s   g e n e r a l l y ,   b u t  

n o t   n e c e s s a r i l y ,   is   one  g r e a t e r   t h a n   t he   number   o f  

a l k y l e n e   r a d i c a l s   p r e s e n t   in  t he   a m i n e ,   i . e . ,   i f   a  



p o l y a l k y l e n e   p o l y a m i n e   c o n t a i n s   3  a l k y l e n e   r a d i c a l s ,   i t  

w i l l   u s u a l l y   c o n t a i n   4  amino   r a d i c a l s .   The  number   o f  

a m i n o   r a d i c a l s   can   r a n g e   up  to  a b o u t   9.  P r e f e r a b l y ,   t h e  

a l k y l e n e   r a d i c a l   c o n t a i n s   f rom  a b o u t   2  to  a b o u t   4  c a r b o n  

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

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

of   a l k y l e n e   g r o u p s   by  1.  P r e f e r a b l y   t h e   p o l y a l k y l e n e  

p o l y a m i n e   c o n t a i n s   f rom  3  to  5  amine   g r o u p s .   S p e c i f i c  

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

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

t r i m e t h y l e n e d i a m i n e ,   p e n t a e t h y l e n e h e x a m i n e ,   d i - ( t r i m e t h y l -  

e n e ) t r i a m i n e ,   t r i ( h e x a m e t h y l e n e ) t e t r a m i n e ,   e t c .  

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

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

a m i n e s   s u c h   as  p i p e r a z i n e ,   m o r p h o l i n e   and  d i p i p e r a z i n e s .  

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

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

w h e r e i n :  

a.  R1  r e p r e s e n t s - a n   a l k e n y l   g r o u p ,   p r e f e r a b l y   a  s u b -  

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

a l i p h a t i c   m o n o o l e f i n s .   P r e f e r a b l y   R1  i s   p r e p a r e d   f r o m  

i s o b u t e n e   and  has   an  a v e r a g e   n u m b e r   of  c a r b o n   a t o m s   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   as  d e s c r i b e d   a b o v e ;  

b.  t h e   " A l k y l e n e "   r a d i c a l   r e p r e s e n t s   a  s u b s t a n t i a l l y  

h y d r o c a r b y l   g r o u p   c o n t a i n i n g   up  to  a b o u t   8  c a r b o n   a t o m s  

and  p r e f e r a b l y   c o n t a i n i n g   f rom  a b o u t   2-4  c a r b o n   a t o m s   a s  

d e s c r i b e d   h e r e i n a b o v e ;  

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

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

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

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



t h e   a l k y l e n e   r a d i c a l s   d e s c r i b e d   a b o v e .   P r e f e r a b l y   A 

r e p r e s e n t s   h y d r o g e n ;  

d.  n  r e p r e s e n t s   an  i n t e g e r   of  f rom  a b o u t   1  to  1 0 ,  

and  p r e f e r a b l y   f rom  a b o u t   3 - 5 .  

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

c a t i n g   o i l   c o m p o s i t i o n s   of  t he   i n v e n t i o n   in  an  a m o u n t  

e f f e c t i v e   to  s t a b i l i z e   t he   b o r a t e d   a l k y l   c a t e c h o l s   a g a i n s t  

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

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

of  t h e   e n g i n e .  

The  e x a c t   s t r u c t u r e   of  t h e   c o m p l e x   of  t h i s  

i n v e n t i o n   i s   n o t   known.   For  c e r t a i n ,   h o w e v e r ,   w h i l e   n o t  

l i m i t i n g   t h i s   i n v e n t i o n   to  any  t h e o r y ,   i t   i s   b e l i e v e d   t o  

be  c o m p o u n d s   in  w h i c h   b o r o n   i s   e i t h e r   c o m p l e x e d ,   by  or   t h e  

s a l t   o f ,   one   or   more   n i t r o g e n   a t o m s   of  t he   b a s i c   n i t r o g e n  

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

t h a t   t he   a l k e n y l   s u c c i n i m i d e   c o n t a i n   a t   l e a s t   2  and  p r e -  

f e r a b l y   3-5  b a s i c   n i t r o g e n s   p e r   a t o m s .  

The  c o m p l e x   may  be  f o r m e d   by  r e a c t i n g   t h e  

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

a t   a  t e m p e r a t u r e   a b o v e   t h e   m e l t i n g   p o i n t   of  t he   m i x t u r e   o f  

r e a c t a n t s   and  b e l o w   t h e   d e c o m p o s i t i o n   t e m p e r a t u r e ,   or  in  a  

d i l u e n t   in  w h i c h   b o t h   r e a c t a n t s   a r e   s o l u b l e .   For  e x a m p l e ,  

t h e   r e a c t a n t s   may  be  c o m b i n e d   in  t he   p r o p e r   r a t i o   in  t h e  

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

may  be  a d d e d   to  t h e   o i l   or   t h e   r e a c t a n t s   may  be  c o m b i n e d  

in  t he   p r o p e r   r a t i o   in  a  s o l v e n t   s u c h   as  t o l u e n e   o r  

c h l o r o f o r m ,   t he   s o l v e n t   s t r i p p e d   o f f ,   and  t h e   c o m p l e x   t h u s  

f o r m e d   may  be  a d d e d   to  t h e   o i l .   A l t e r n a t i v e l y ,   t he   c o m -  

p l e x   may  be  p r e p a r e d   in  a  l u b r i c a t i n g   o i l   as  a  c o n c e n t r a t e  

c o n t a i n i n g   f rom  a b o u t   20  to  90%  by  w e i g h t   of  t he   c o m p l e x ,  

w h i c h   c o n c e n t r a t e   may  be  a d d e d   in  a p p r o p r i a t e   a m o u n t s   t o  

t h e   l u b r i c a t i n g   o i l   in  w h i c h   i t   i s   to  be  u sed   or  t h e   c o m -  

p l e x   may  be  p r e p a r e d   d i r e c t l y   in  t he   l u b r i c a t i n g   o i l   i n  

w h i c h   i t   i s   to  be  u s e d .  

The  d i l u e n t   is   p r e f e r a b l y   i n e r t   to  t he   r e a c t a n t s  

and  p r o d u c t s   f o r m e d   and  is  u s e d   in  an  a m o u n t   s u f f i c i e n t   t o  



i n s u r e   s o l u b i l i t y   of  t h e   r e a c t a n t s   and  to  e n a b l e   t he   m i x -  

t u r e   to   be  e f f i c i e n t l y   s t i r r e d .  

T e m p e r a t u r e s   f o r   p r e p a r i n g   the   c o m p l e x   may  be  i n  

t he   r a n g e   of  f rom  25°C  to  200°C  and  p r e f e r a b l y   25°C  t o  

100°C  d e p e n d i n g   on  w h e t h e r   t he   c o m p l e x   is   p r e p a r e d   n e a t   o r  

in  a  d i l u e n t ,   i . e . ,   l o w e r   t e m p e r a t u r e s   may  be  u s e d   when  a  

s o l v e n t   is   u s e d .  

An  e f f e c t i v e   a m o u n t   of  s u c c i n i m i d e   is   added   i n  

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

h y d r o l y s i s .   In  g e n e r a l ,   w e i g h t   p e r c e n t   r a t i o s   of  s u c c i n i -  

mide   to  b o r a t e d   a l k y l   c a t e c h o l   u s e d   to  fo rm  the   c o m p l e x  

a r e   in  t h e   r a n g e   of  3 :1   to   1 6 : 1   and  p r e f e r a b l y   f rom  3:1  t o  

1 0 : 1   and  m o s t  p r e f e r a b l y   3 :1   to   6 : 1 .   T h i s   l a t t e r   r a t i o   i s  

p r e f e r r e d   i f   t he   c o m p l e x   i s   made  a n d / o r   s t o r e d   n e a t   or  i n  

t h e   a b s e n c e   of  s o l v e n t   or   l u b r i c a t i n g   o i l   and  u n d e r   a t m o -  

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

As  u s e d   h e r e i n ,   t h e   t e r m   " s t a b i l i z e d   a g a i n s t  

h y d r o l y s i s "   means   t h a t   t he   b o r a t e d   a l k y l   c a t e c h o l - s u c c i n i -  

m i d e   c o m p l e x   d o e s   n o t   f o rm  a  p r e c i p i t a t e   due  to  t he   h y d r o -  

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

t h r e e   m o n t h s   when  s t o r e d   a t   room  t e m p e r a t u r e   ( a b o u t  

1 5 - 2 5 ° C )   and  a m b i e n t   h u m i d i t y .  

The  a m o u n t   of  t h e   c o m p l e x   r e q u i r e d   to  be  e f f e c -  

t i v e   f o r   r e d u c i n g   f r i c t i o n   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  

may  r a n g e   f r o m   0.5%  to   20%  by  w e i g h t   p e r c e n t .   H o w e v e r ,   i n  

t he   p r e f e r r e d   e m b o d i m e n t ,   i t   i s   d e s i r a b l e   to  add  s u f f i -  

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

a d d e d   a t   a  r a n g e   f r o m   0.1%  to  a b o u t   4%  by  w e i g h t   of  t h e  

t o t a l   l u b r i c a n t   c o m p o s i t i o n   and  p r e f e r a b l y   is  p r e s e n t   i n  

t he   r a n g e   of  f rom  0.2%  to  2%  by  w e i g h t   and  m o s t   p r e f e r a b l y  

0.5%  to   1%.  The  s u c c i n i m i d e   i s   p r e s e n t   in  t he   c o m p l e x   o f  

t h e   i n v e n t i o n   in  an  a m o u n t   e f f e c t i v e   to  s t a b i l i z e   t h e  

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

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

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

A l s o ,   t h e   s u c c i n i m i d e   in  t h e   c o m p l e x   a c t s   as  a  

d i s p e r s a n t   and  p r e v e n t s   t he   d e p o s i t i o n   of  c o n t a m i n a n t s  

f o r m e d   in  t h e   o i l   d u r i n g   o p e r a t i o n   of  t he   e n g i n e .  



In  g e n e r a l ,   t he   c o m p l e x e s   of  t h i s   i n v e n t i o n   may  
a l s o   be  u s e d   in  c o m b i n a t i o n   w i t h   o t h e r   a d d i t i v e   s y s t e m s   i n  

c o n v e n t i o n a l   a m o u n t s   f o r   t h e i r   known  p u r p o s e .  
For  e x a m p l e ,   f o r   a p p l i c a t i o n   in  m o d e r n   c r a n k c a s e  

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

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

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

and  a n t i - c o r r o s i o n   p r o p e r t i e s .  

T h u s ,   as  a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

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

r e a c t i n g   t h e   b o r a t e d   a l k y l   c a t e c h o l s   and  s u c c i n i m i d e s   m a y  
c o n t a i n   an  a l k a l i   or   a l k a l i n e   e a r t h   m e t a l   h y d r o c a r b y l  

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

Group   I I   m e t a l   s a l t   d i h y d r o c a r b y l   d i t h i o p h o s p h a t e .  

A l s o ,   s i n c e   t h e   s u c c i n i m i d e s   a c t   as  e x c e l l e n t  

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

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

t h e   form  of  t h e   c o m p l e x   w i t h   t h e   b o r a t e d   a l k y l   c a t e c h o l s .  

The  a m o u n t   of  s u c c i n i m i d e s   can   r a n g e   up  to   a b o u t   20%  b y  

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

The  a l k a l i   o r   a l k a l i n e   e a r t h   m e t a l   h y d r o c a r b y l  

s u l f o n a t e s   may  be  e i t h e r   p e t r o l e u m   s u l f o n a t e ,   s y n t h e t i c -  

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

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

of   t he   more   i m p o r t a n t   f u n c t i o n s   of  t he   s u l f o n a t e s   is   t o  

a c t   as  a  d e t e r g e n t   a n d  d i s p e r s a n t .   These   s u l f o n a t e s   a r e  

w e l l   known  in  t he   a r t .   The  h y d r o c a r b y l   g r o u p   m u s t   have   a  

s u f f i c i e n t   n u m b e r   of  c a r b o n   a t o m s   to  r e n d e r   t he   s u l f o n a t e  

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

has   a t   l e a s t   20  c a r b o n   a t o m s   and  may  be  a r o m a t i c   or   a l i -  

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

use   a r e   c a l c i u m ,   m a g n e s i u m   or  b a r i u m   s u l f o n a t e s   w h i c h   a r e  

a r o m a t i c   in  c h a r a c t e r .  

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

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

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

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

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



s y n t h e t i c a l l y   a l k y l a t e d   b e n z e n e s   and  a l i p h a t i c   h y d r o c a r -  
b o n s   p r e p a r e d   by  p o l y m e r i z i n g   a  mono-   or  d i o l e f i n ,   f o r  

e x a m p l e ,   a  p o l y i s o b u t e n y l   g r o u p   p r e p a r e d   by  p o l y m e r i z i n g  

i s o b u t e n e .   The  m e t a l l i c   s a l t s   a r e   f o r m e d   d i r e c t l y   or   b y  

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

may  be  n e u t r a l   or   o v e r b a s e d   h a v i n g   b a s e   n u m b e r s   up  t o  

a b o u t   400  o r   m o r e .   C a r b o n   d i o x i d e   and  c a l c i u m   h y d r o x i d e   o r  

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

b a s i c   or   o v e r b a s e d   s u l f o n a t e s .   M i x t u r e s   of  n e u t r a l   a n d  

o v e r b a s e d   s u l f o n a t e s  m a y   be  u s e d .   The  s u l f o n a t e s   a r e  

o r d i n a r i l y   u s e d   so  as   to  p r o v i d e   f rom  0.3%  to  10%  b y  

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

s u l f o n a t e s   a r e   p r e s e n t   f rom  0.4%  to  5%  by  w e i g h t   of  t h e  

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

f r o m   0.3%  to   3%  by  w e i g h t   of  t h e   t o t a l   c o m p o s i t i o n .  

The  p h e n a t e s   f o r   u se   in  t h i s   i n v e n t i o n   a r e   t h o s e  

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

e a r t h   m e t a l   s a l t s   of  a l k y l a t e d   p h e n o l s .   One  of  t h e   f u n c -  

t i o n s   of  t h e   p h e n a t e s   i s   to   a c t   as  a  d e t e r g e n t   and  d i s p e r -  

s a n t .   Among  o t h e r   t h i n g s ,   i t   p r e v e n t s   t h e   d e p o s i t   o f  

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

t h e   e n g i n e .   The  p h e n o l s   may  be  mono-   or   p o l y a l k y l a t e d .  

The  a l k y l   p o r t i o n   of  t he   a l k y l   p h e n a t e   i s  

p r e s e n t   to   l e n d   o i l   s o l u b i l i t y   to  t he   p h e n a t e .   The  a l k y l  

p o r t i o n   can   be  o b t a i n e d   f rom  n a t u r a l l y   o c c u r r i n g   or   s y n -  
t h e t i c   s o u r c e s .   N a t u r a l l y   o c c u r r i n g   s o u r c e s   i n c l u d e  

p e t r o l e u m   h y d r o c a r b o n s   s u c h   as  w h i t e   o i l   and  wax.  B e i n g  

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

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

w h i c h   was  u s e d   as  a  s t a r t i n g   m a t e r i a l .   S u i t a b l e   s y n t h e t i c  

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

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

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

b u t y l ,   h e x y l ,   o c t y l ,   d e c y l ,   d o d e c y l ,   h e x a d e c y l ,   e i c o s y l ,  

t r i a c o n t y l ,   and  t h e   l i k e .   O t h e r   s u i t a b l e   s y n t h e t i c   s o u r -  

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

p o l y p r o p y l e n e ,   p o l y b u t y l e n e ,   p o l y i s o b u t y l e n e   and  t h e   l i k e .  



The  a l k y l   g r o u p   can   be  s t r a i g h t - c h a i n e d   o r  

b r a n c h - c h a i n e d ,   s a t u r a t e d   or  u n s a t u r a t e d   ( i f   u n s a t u r a t e d ,  

p r e f e r a b l y   c o n t a i n i n g   no t   more   t h a n   2  and  g e n e r a l l y   n o t  

more  t h a n   1  s i t e   of  o l e f i n i c   u n s a t u r a t i o n ) .   The  a l k y l  

r a d i c a l s   w i l l   g e n e r a l l y   c o n t a i n   f rom  4  to  30  c a r b o n   a t o m s .  

G e n e r a l l y   when  t he   p h e n o l   is   m o n o a l k y l - s u b s t i t u t e d ,   t h e  

a l k y l   r a d i c a l   s h o u l d   c o n t a i n   a t   l e a s t   8  c a r b o n   a t o m s .   T h e  

p h e n a t e   may  be  s u l f u r i z e d   i f   d e s i r e d .   I t   may  be  e i t h e r  

n e u t r a l   or  o v e r b a s e d  a n d   i f   o v e r b a s e d   w i l l   have  a  b a s e  

n u m b e r   of  up  to  200  to  300  or  m o r e .   M i x t u r e s   of  n e u t r a l  

and  o v e r b a s e d   p h e n a t e s   may  be  u s e d .  

The  p h e n a t e s   a r e   o r d i n a r i l y   p r e s e n t   in  t h e   o i l  

to   p r o v i d e   f rom  0.2%  to  27%  by  w e i g h t   of  t h e   t o t a l   c o m p o -  
s i t i o n .   P r e f e r a b l y ,   t h e   n e u t r a l   p h e n a t e s   a re   p r e s e n t   f r o m  

0.2%  to  9%  by  w e i g h t   of  t h e   t o t a l   c o m p o s i t i o n   and  t h e  

o v e r b a s e d   p h e n a t e s   a r e   p r e s e n t   f rom  0 .2   to   13%  by  w e i g h t  

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

p h e n a t e s   a r e   p r e s e n t   f rom  0.2%  to  5%  by  w e i g h t   of  t h e  

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

The  s u l f u r i z e d   a l k a l i n e   e a r t h   m e t a l   a l k y l  

p h e n a t e s   a r e   p r e f e r r e d .   T h e s e   s a l t s   a r e   o b t a i n e d   by  a  

v a r i e t y   of  p r o c e s s e s   such   as  t r e a t i n g   t he   n e u t r a l i z a t i o n  

p r o d u c t   of  an  a l k a l i n e   e a r t h   m e t a l   b a s e   and  an  a l k y l p h e n o l  
w i t h   s u l f u r .   C o n v e n i e n t l y   t h e   s u l f u r ,   in  e l e m e n t a l   f o r m ,  

is   a d d e d   to  t h e   n e u t r a l i z a t i o n   p r o d u c t   and  r e a c t e d   a t  

e l e v a t e d   t e m p e r a t u r e s   to  p r o d u c e   the   s u l f u r i z e d   a l k a l i n e  

e a r t h   m e t a l   a l k y l   p h e n a t e .  

I f   more   a l k a l i n e   e a r t h   m e t a l   b a s e   were   a d d e d  

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

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

m e t a l   a l k y l   p h e n a t e   i s   o b t a i n e d .   See ,   f o r   e x a m p l e ,   t h e  

p r o c e s s   of  W a l k e r   e t   a l ,   U.S .   P a t e n t   No.  2 , 6 8 0 , 0 9 6 .   A d d i -  

t i o n a l   b a s i c i t y   can  be  o b t a i n e d   by  a d d i n g   c a r b o n   d i o x i d e  

to   t he   b a s i c   s u l f u r i z e d   a l k a l i n e   e a r t h   m e t a l   a l k y l  

p h e n a t e .   The  e x c e s s   a l k a l i n e   e a r t h   m e t a l   b a s e   can  b e  

a d d e d   s u b s e q u e n t   to  t he   s u l f u r i z a t i o n   s t e p   bu t   i s  



c o n v e n i e n t l y   a d d e d   a t   t he   same  t ime   as  t h e   a l k a l i n e   e a r t h  

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

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

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

o r   " o v e r b a s e d "   p h e n a t e s .   A  p r o c e s s   w h e r e i n   b a s i c   s u l f u r -  

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

a d d i n g   c a r b o n   d i o x i d e   is   shown  in  H a n n e m a n ,   U .S .   P a t e n t  

No.  3 , 1 7 8 , 3 6 8 .  

The  G r o u p   I I   m e t a l   s a l t s   of  d i h y d r o c a r b y l  

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

mal  s t a b i l i t y   p r o p e r t i e s .   Group   I I   m e t a l   s a l t s   of  p h o s -  

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

f o r   e x a m p l e ,   U .S .   P a t e n t   No.  3 , 3 9 0 , 0 8 0 ,   c o l u m n s   6  and  7 ,  

w h e r e i n   t h e s e   c o m p o u n d s   and  t h e i r   p r e p a r a t i o n   a r e  

d e s c r i b e d   g e n e r a l l y .   S u i t a b l y ,   t h e   Group   I I   m e t a l   s a l t s  

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

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

a b o u t   4  to  a b o u t   12  c a r b o n  a t o m s   in  e a c h   of  t h e   h y d r o -  

c a r b y l   r a d i c a l s   and  may  be  t he   same  or   d i f f e r e n t   and  may  
be  a r o m a t i c ,   a l k y l   or   c y c l o a l k y l .   P r e f e r r e d   h y d r o c a r b y l  

g r o u p s   a r e   a l k y l   g r o u p s   c o n t a i n i n g   f rom  4  to   8  c a r b o n  

a t o m s   and  a r e   r e p r e s e n t e d   by  b u t y l ,   i s o b u t y l ,   s e c . - b u t y l ,  

h e x y l ,   i s o h e x y l ,   o c t y l ,   2 - e t h y l h e x y l   and  t h e   l i k e .   T h e  

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

c a l c i u m ,   s t r o n t i u m ,   z i n c   and  c a d m i u m ,   of  w h i c h   z i n c   i s  

p r e f e r r e d .  

P r e f e r a b l y ,   t h e   G r o u p   I I   m e t a l   s a l t   of  a  

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

f o r m u l a :  

w h e r e i n :  

e.  R2  and  R3  e a c h   i n d e p e n d e n t l y   r e p r e s e n t   h y d r o -  

c a r b y l   r a d i c a l s   as  d e s c r i b e d   a b o v e ,   a n d  



f.  M1  r e p r e s e n t s   a  G r o u p   I I   m e t a l   c a t i o n   a s  
d e s c r i b e d   a b o v e .  

The  d i t h i o p h o s p h o r i c   s a l t   is   p r e s e n t   in  t h e  

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

a m o u n t   e f f e c t i v e   to  i n h i b i t   w e a r   and  o x i d a t i o n   of  t h e  

l u b r i c a t i n g   o i l .   The  a m o u n t   r a n g e s   from  a b o u t   0 .1   t o  

a b o u t   4  p e r c e n t   by  w e i g h t   of  t he   t o t a l   c o m p o s i t i o n ,   p r e -  
f e r a b l y   t h e   s a l t   is   p r e s e n t   in  an  a m o u n t   r a n g i n g   f r o m  

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

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

c o m p o s i t i o n   w i l l   o r d i n a r i l y   c o n t a i n   0 . 0 2 5   to  0.25%  b y  

w e i g h t   p h o s p h o r u s   and  p r e f e r a b l y   0 . 0 5   to  0.15%  by  w e i g h t .  

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

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

a d d i n g   v i s c o s i t y   i n d e x   (VI)  i m p r o v e r s .   T y p i c a l   v i s c o s i t y  
i n d e x   i m p r o v e r s   a r e   p o l y a l k y l   m e t h a c r y l a t e 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 s ,   s t y r e n e   d i e n e   c o p o l y m e r s   and  t h e  

l i k e .   S o - c a l l e d   d e c o r a t e d   VI  i m p r o v e r s   h a v i n g   b o t h   v i s c o -  

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

use   in  t h e   f o r m u l a t i o n s   of  t h i s   i n v e n t i o n .  

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

t h i s   i n v e n t i o n   may  be  m i n e r a l   o i l   or  in  s y n t h e t i c   o i l s   o f  

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

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

l u b r i c a t i n g   o i l s   o r d i n a r i l y   have   a  v i s c o s i t y   of  a b o u t   1 3 0 0  

c s t   0°F  to   2 2 . 7   c s t   a t  2 1 0 ° F   ( 9 9 ° C ) .   The  l u b r i c a t i n g   o i l s  

may  be  d e r i v e d   f rom  s y n t h e t i c   or   n a t u r a l   s o u r c e s .   M i n e r a l  

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

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

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 .   S y n t h e t i c   o i l s  

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

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

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

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

C 6 - 1 2   a l p h a   o l e f i n s   s u c h   as  1 - d e c e n e   t r i m e r .   L i k e w i s e ,  

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

b e n z e n e ,   can   be  u s e d .   U s e f u l   s y n t h e t i c   e s t e r s   i n c l u d e   t h e  

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



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

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

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

and  t h e   l i k e .   C o m p l e x   e s t e r s   p r e p a r e d   f rom  m i x t u r e s   o f  

mono  and  d i c a r b o x y l i c   a c i d   and  mono  and  d i h y d r o x y   a l k a n o l s  

can   a l s o   be  u s e d .  

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

a r e   a l s o   u s e f u l .   For  e x a m p l e ,   b l e n d s   of  10  to  25  w e i g h t  

p e r c e n t   h y d r o g e n a t e d   1 - d e c e n e   t r i m e r   w i t h   75  to   90  w e i g h t  

p e r c e n t   150  SUS  ( 1 0 0 ° F )   m i n e r a l   o i l   g i v e s   an  e x c e l l e n t  

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

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

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

a b o u t   90  to   20  w e i g h t   p e r c e n t   of  an  o i l   of  l u b r i c a t i n g  

v i s c o s i t y   and  f rom  a b o u t   20  to   90  w e i g h t   p e r c e n t   of  t h e  

c o m p l e x   a d d i t i v e   of  t h i s   i n v e n t i o n .   T y p i c a l l y ,   t h e   c o n -  

c e n t r a t e s   c o n t a i n   s u f f i c i e n t   d i l u e n t   to  make  them  e a s y   t o  

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

t h e   c o n c e n t r a t e s   i n c l u d e   any  i n e r t   d i l u e n t ,   p r e f e r a b l y   a n  
o i l   of  l u b r i c a t i n g   v i s c o s i t y ,   so  t h a t   t h e   c o n c e n t r a t e   may  
be  r e a d i l y   m i x e d   w i t h   l u b r i c a t i n g   o i l s   to  p r e p a r e   l u b r i -  

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

can   be  u s e d   as  d i l u e n t s   t y p i c a l l y   have   v i s c o s i t i e s   in  t h e  

r a n g e   f rom  a b o u t   35  to   a b o u t   500  S a y b o l t   U n i v e r s a l   S e c o n d s  

(SUS)  a t   1 0 0 ° F   ( 3 8 ° C ) ,   a l t h o u g h   an  o i l   of  l u b r i c a t i n g  

v i s c o s i t y   may  be  u s e d .  

O t h e r   a d d i t i v e s   w h i c h   may  be  p r e s e n t   in  t h e  

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

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

w e l l - k n o w n   a d d i t i v e s .  

The  f o l l o w i n g   e x a m p l e s   a r e   o f f e r e d   to  s p e c i -  

f i c a l l y   i l l u s t r a t e   t h e   i n v e n t i o n .   T h e s e   e x a m p l e s  
and  i l l u s t r a t i o n s   a r e   no t   to  be  c o n s t r u e d   in  any  way  a s  

l i m i t i n g   t h e   s c o p e   of  t h e   i n v e n t i o n .  



EXAMPLES 

E x a m p l e   1 

P r e p a r a t i o n   of  C14-C18   A l k y l   C a t e c h o l  

To  a  3 - l i t e r   f l a s k ,   e q u i p p e d   w i t h   s t i r r e r ,   D e a n  

S t a r k   t r a p ,   c o n d e n s o r   and  n i t r o g e n   i n l e t   and  o u t l e t   w a s  

c h a r g e d   759  gm.  of  a  C 1 4 - C , 8   a l p h a - o l e f i n   (2%  C 1 4 ;  
30%  C15;  30%  C16;  28%  C17;  and  10%  C 1 8 ) ,   330  gms.  of  p y r o -  
c a t e c h o l ,   165  gms.  of  a  s u l f o n i c   a c i d   c a t i o n   e x c h a n g e  
r e s i n   ( p o l y s t y r e n e   c r o s s - l i n k e d   w i t h   d i v i n y l b e n z e n e )   c a t a -  

l y s t   ( A m b e r l y s t   15  s u p p l i e d   by  Rohm  and  Haas)   and  240  m l s .  

t o l u e n e .   The  r e a c t i o n   m i x t u r e   was  h e a t e d   a t   150°C  t o  

160°C  f o r   a b o u t   7  h o u r s   w i t h   s t i r r i n g   u n d e r   a  n i t r o g e n  

a t m o s p h e r e .   The  r e a c t i o n   m i x t u r e   was  s t r i p p e d   by  h e a t i n g  

to  160°C  u n d e r   vacuum  ( 0 . 4   mm  Hg) .   The  p r o d u c t   was  f i l -  

t e r e d   ho t   o v e r   s u p e r   c e l l   (SCC)  to  a f f o r d   9 0 8 . 5   gms.   o f  

C14-C18   a l k y l   s u b s t i t u t e d   p y r o c a t e c h o l .   The  p r o d u c t   had  a  

h y d r o x y l   n u m b e r   of  259 .   In  a  s i m i l a r   m a n n e r ,   by  s u b s t i -  

t u t i n g   an  e q u i v a l e n t   a m o u n t   of  e a c h   of  a  C12  a l p h a - o l e f i n ,  

a  C14  a l p h a - o l e f i n   and  a  C18  a l p h a - o l e f i n   in  t he   a b o v e  

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

E x a m p l e   2 

P r e p a r a t i o n   of  C 1 6 - C 2 6   A l k y l   C a t e c h o l  

To  a  3 - l i t e r   f l a s k ,   e q u i p p e d   w i t h   s t i r r e r ,   D e a n  

S t a r k   t r a p ,   c o n d e n s o r   and  n i t r o g e n   i n l e t   and  o u t l e t   w a s  

a d d e d   759  gms.   of  a  m i x t u r e   of  C16  to   C26  o l e f i n   ( l e s s  

t h a n   C 1 4  -   2 .7%;  C 1 4 -   0 .3%;  C 1 6  -   1.3%;  C 1 8  -   8 .0%;  C 2 0  -  
4 4 . 4 % ;   C 2 2  -   29 .3%;   C 2 4  -   1 1 . 2 % ;   C 2 6  -   2 .2%;   C 2 8  -   0 . 4 % ;  

C 3 0  -   0.2%)  ( c o n t a i n i n g   a t   l e a s t   40%  b r a n c h i n g   ( a v a i l a b l e  

f rom  E t h y l   C o r p . ) ,   330  gms.  of  p y r o c a t e c h o l ,   165  gms.   of  a  

s u l f o n i c   a c i d   c a t i o n   e x c h a n g e   r e s i n   ( p o l y s t y r e n e   c r o s s -  
l i n k e d   w i t h   d i v i n y l b e n z e n e )   c a t a l y s t   ( A m b e r l y s t   15*  a v a i l -  

a b l e   f rom  Rohm  and  H a a s ,   P h i l a d e l p h i a ,   P e n n s y l v a n i a )   a n d  

240  ml.   t o l u e n e .   The  r e a c t i o n   m i x t u r e   was  h e a t e d   to  1 5 0 ° C  

to  160°C  f o r   a b o u t   7  h o u r s   w i t h   s t i r r i n g   u n d e r   a  n i t r o g e n  

a t m o s p h e r e .   The  r e a c t i o n   m i x t u r e   was  s t r i p p e d   by  h e a t i n g  

to  160°C  u n d e r   vacuum  ( 0 . 4   mm  Hg) .   The  p r o d u c t   w a s  



f i l t e r e d   h o t   o v e r   d i a t o m a c e o u s   e a r t h   to  a f f o r d   971  gms.  o f  

a  l i q u i d   C16  to   C26  a l k y l - s u b s t i t u t e d   p y r o c a t e c h o l .  

E x a m p l e   3 

P r e p a r a t i o n   of  B o r a t e d   C14-C18   A l k y l   C a t e c h o l  

To  a  906  g r a m s   of  C14-C18   a l k y l   c a t e c h o l   w a s  

a d d e d   124  g r a m s   b o r i c   a c i d   and  900  ml  of  t o l u e n e .   T h e  

r e a c t i o n   m i x t u r e   was  h e a t e d   a t   105  to  118°C  f o r   a b o u t   6 

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

t i o n s .   93  mls   of  w a t e r   were   c o l l e c t e d   by  a  Dean  S t a r k  

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

r o t o   e v a p o r a t o r   u n d e r   vacuum  to  155°C  to  y i e l d   930  g r a m s  
of  t h e   t i t l e   p r o d u c t .  

E x a m p l e   4 

An  o i l   b l e n d   was  p r e p a r e d   as  i n d i c a t e d   i n  

T a b l e   I  u s i n g   C i t C o n   100N  o i l   and  c o n t a i n i n g   1.0%  b y  

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

E x a m p l e   3 .  

E x a m p l e   5 

One  p a r t   by  w e i g h t   of  t he   b o r a t e d   a l k y l   c a t e c h o l  

p r e p a r e d   a c c o r d i n g   to  E x a m p l e   3  and  3  p a r t s   by  w e i g h t   of  a  

48%  by  w e i g h t   of  p o l y i s o b u t e n y l   s u c c i n i m i d e   ( p r e p a r e d   b y  

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

a b o u t   950  and  t e t r a e t h y l e n e p e n t a m i n e   in  a  mole   r a t i o   o f  

a m i n e   to  a n h y d r i d e   of  0 . 8 7 )   s o l u t i o n   in  o i l   ( C i t C o n   100N)  

were   h e a t e d   t o g e t h e r   w i t h   m i x i n g   on  a  ho t   p l a t e   a t   1 0 0 ° C  

f o r   0 .5   h o u r s .  



20  ml  of  t h e   r e a c t i o n   m i x t u r e   was  p l a c e d   in  a  

100  ml  b e a k e r   and  s t o r e d .   A  100  ml  b e a k e r   c o n t a i n i n g  

20  ml  of  o n l y   t h e   b o r a t e d   a l k y l   c a t e c h o l   w h i c h   had  b e e n  

h e a t e d   up  to  150°C  and  no  s u c c i n i m i d e   was  a l s o   s t o r e d   f o r  

a  c o m p a r i s o n .  

The  b o r a t e d   a l k y l   c a t e c h o l   h y d r o l y z e d   and  f o r m e d  

a  s k i n   on  i t s   s u r f a c e   as  i t   c o o l e d   down  ( a p p r o x .   1 / 4 - h r ) .  

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

r e m a i n e d   b r i g h t   a n d  c l e a r   a f t e r   one  week  in  s t o r a g e .   E v e n  

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

E x a m p l e   6 

T e s t s   were   c a r r i e d   ou t   w h i c h   d e m o n s t r a t e   t h e  

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

ing  o i l   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   to  t he   c r a n k c a s e   o f  

an  a u t o m o b i l e   e n g i n e .  

In  t h i s   t e s t ,   a  350  CID  O l d s m o b i l e   e n g i n e   w a s  

run   on  a  d y n a m o m e t e r .   An  e n g i n e   o i l i n g   s y s t e m   was  d e v i s e d  

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

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

s t o p p i n g   t h e   e n g i n e .   B a s i c a l l y   a  d ry   sump  s y s t e m   was  u s e d  

w i t h   an  e x t e r n a l   pump  p r o v i d i n g   l u b r i c a t i o n   to  t he   e n g i n e .  

T h i s   pump  was  c o n n e c t e d   t h r o u g h   v a l v e s   to  f o u r   e x t e r n a l  

s u m p s .   The  p o s i t i o n i n g   of  t he   v a l v e s   d e t e r m i n e d   t he   o i l  

u s e d .  

T h i s   t e s t   was  c o n d u c t e d   w i t h   b a s e   o i l   and  t h e n  

w i t h   t he   same  o i l   c o n t a i n i n g   1%  by  w e i g h t   of  t he   b o r a t e d  

C 1 4 - C l g   a l k y l   c a t e c h o l   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   3 .  

The  p e r c e n t   i m p r o v e m e n t s   in  f u e l   e c o n o m y   u s i n g   t he   c o m p o -  
s i t i o n s   of  t he   i n v e n t i o n   as  c o m p a r e d   to  t he   b a s e   o i l   i s  

shown  in  T a b l e   I I .  



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

m u l a t e d   Exxon  150N  o i l   c o n t a i n i n g   3.5%  of  a  p o l y i s o b u t e n y l  

s u c c i n i m i d e   of  t e t r a e t h y l e n e p e n t a m i n e ,   30  m m o l s / k g   o v e r -  

b a s e d   m a g n e s i u m   h y d r o c a r b y l   s u l f o n a t e ,   20  m m o l s / k g   o f  

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

8 .5   m m o l s / k g   z i n c   0 , 0 - d i ( 2 - e t h y l h e x y l )   d i t h i o p h o s p h a t e ,  

8  m m o l s / k g   of  a  m i x e d   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   f r o m  

s e c - b r i t a n o l ,   m e t h y l i s o b u t y l   c a r b i n o l ,   0.5%  s u l f u r i z e d  

c a l c i u m   p o l y p r o p y l e n e   p h e n a t e ,   1.5%  of  a  s u l f u r i z e d   m o l y b -  

d i c   a c i d   s u c c i n i m i d e   c o m p l e x   and  s u f f i c i e n t   a m o u n t   of  a n  

a m i n e   s u b s t i t u t e d   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   to  g i v e   a  

10W30  o i l   in  t h i s   f o r m u l a t i o n   and  i m p r o v e r .  

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

0.5%  to   2%  by  w e i g h t   of  b o r a t e d   C 1 8 - C 2 4   m o n o a l k y l   c a t e -  

c h o l ,   b o r a t e d   C 1 4 - C 1 8   d i a l k y l   c a t e c h o l   and  t h e   l i k e   in  t h e  

p l a c e   of  b o r a t e d   C14-C18   a l k y l   c a t e c h o l   of  E x a m p l e   3  i n  

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

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



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

o b t a i n a b l e   by  r e a c t i n g   a  b o r a t e d   a l k y l   c a t e c h o l   w i t h   a n  

o i l   s o l u b l e   a l k y l   or  a l k e n y l   mono  or  b i s   s u c c i n i m i d e .  

2.  An  a d d i t i v e   as  c l a i m e d   in  C l a i m   1,  w h e r e i n   t h e  

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

10  to   30  c a r b o n   a t oms   and  s a i d   s u c c i n i m i d e   i s   a  p o l y i s o -  

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

3.  An  a d d i t i v e . , a s   c l a i m e d   in  C l a i m   2,  w h e r e i n   s a i d  

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

of  a l k y l   g r o u p s   c o n t a i n i n g   f r o m   14  to  26  c a r b o n   a t o m s .  

4.  An  a d d i t i v e   as  c l a i m e d   in  C l a i m   2  or  3,  w h e r e i n  

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

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

t e t r a e t h y l e n e p e n t a m i n e .  

5.  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   an  o i l  

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

r e d u c e   f r i c t i o n ,   an  a d d i t i v e   as  c l a i m e d : . i n   a n y  o n e   o f  

C l a i m s   1  to   4 .  

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

s u r f a c e s   t h e r e o f   w i t h   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   a s  

c l a i m e d   in  C l a i m   5 .  

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   an  o i l  

of  l u b r i c a t i n g   v i s c o s i t y   and  0 .1   to   4  w e i g h t   p e r c e n t   of  a  

b o r a t e d   a l k y l   c a t e c h o l '   and  an  e f f e c t i v e   a m o u n t   of  a n  

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

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

8.  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   a c c o r d i n g   to   C l a i m  

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

c o n t a i n s   f r o m   10  to   30  c a r b o n   a t o m s   and  s a i d   a l k e n y l  

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

p o l y a m i n e .  

9.  A  l u b r i c a t i n g   o i l   c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   8 ,  

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

a  m i x t u r e   of  a l k y l   g r o u p s   c o n t a i n i n g   f rom  14  to   18  c a r b o n  

a t o m s .  



10.  A  l u b r i c a t i n g   oi l   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   8  or  9,  w h e r e i n   s a i d   a l k e n y l   s u c c i n i m i d e   is   a  

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

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

l l .   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   a c c o r d i n g   t o  

C l a i m   8,  w h e r e i n   t h e   a l k y l   g r o u p   of  s a i d   b o r a t e d   a l k y l  

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

14  to   26  c a r b o n   a t o m s .  

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

s u r f a c e s   t h e r e o f   w i t h   a  c o m p l e x   as  c l a i m e d   in  C l a i m   1 .  

13.  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)   an  o i l   o f  l u b r i c a t i n g   v i s c o s i t y ;   a n d  

(b)  an  e f f e c t i v e   a m o u n t   of  e a c h   of  t h e   f o l l o w i n g :  

1.  an  a l k e n y l   s u c c i n i m i d e ,  

2.  a  b o r a t e d   a l k y l   c a t e c h o l   f r i c t i o n   m o d i f i e r ,  

3.  a  Group   I I   m e t a l   s a l t   of  a  d i h y d r o c a r b y l  

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

4.  a  n e u t r a l   or   o v e r b a s e d   a l k a l i   or   a l k a l i n e  

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

o f ,   a n d  

5.  a  n e u t r a l   or   o v e r b a s e d   a l k a l i   or   a l k a l i n e  

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

14.  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   a c c o r d i n g   t o  

C l a i m   13,  w h e r e i n  

(1)  s a i d   a l k e n y l   s u c c i n i m i d e   i s   a  p o l y i s o b u t e n y l  

s u c c i n i m i d e   of  a  p o l y a l k y l e n e   p o l y a m i n e ;  

(2)  s a i d   b o r a t e d   a l k y l   c a t e c h o l   i s   a  b o r a t e d   C 1 4 - C 1 8  
a l k y l   c a t e c h o l ;  

( 3 )   s a i d   m e t a l   s a l t   of  t h e   d i h y d r o c a r b y l   d i t h i o p h o s -  

p h o r i c   a c i d   is   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   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   4  to  12  c a r b o n   a t o m s ;  

(4)  s a i d   m e t a l   of  t h e   n e u t r a l   or  o v e r b a s e d   a l k a l i   o r  

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

b a r i u m   or  a  m i x t u r e   t h e r e o f ;   a n d  

(5)  s a i d   m e t a l   of  t h e   n e u t r a l   or   o v e r b a s e d   a l k a l i   o r  

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

b a r i u m .  



15.  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   a c c o r d i n g   t o  

C l a i m   1 4 ,  w h e r e i n  

(1)  s a i d   a l k e n y l   s u c c i n i m i d e   i s   a  p o l y i s o b u t e n y l  

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

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

(2)  s a i d   b o r a t e d   a l k y l   c a t e c h o l   is  a  b o r a t e d   C l 4 - C l 8  

a l k y l   c a t e c h o l ;  

(3)  s a i d   m e t a l   s a l t   of  the   d i h y d r o c a r b y l   d i t h i o p h o s -  

p h o r i c   a c i d   i s   z i n c   0 , 0 - d i ( 2 - e t h y l h e x y l ) d i t h i o p h o s p h a t e ,  

z i n c   0 , 0 - d i ( i s o b u t y l / m i x e d   p r i m a r y   h e x y l ) d i t h i o p h o s p h a t e ,  

or   z i n c   0 , 0 - d i ( s e c - b u t y l / m i x e d   s e c o n d a r y   h e x y l ) d i t h i o p h o s -  

p h a t e ;  

(4)  s a i d   m e t a l   s a l t   of  t he   s u l f o n a t e   i s   an  o v e r b a s e d  

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

(5)  s a i d   m e t a l   s a l t   of  t he   p h e n a t e   i s   an  o v e r b a s e d  

s u l f u r i z e d   c a l c i u m   or  m a g n e s i u m   m o n o a l k y l a t e d   p h e n a t e . '  

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

s u r f a c e s   t h e r e o f   w i t h   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   1 3 ,  

14  or  1 5 .  
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