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F i e l d   of  The  I n v e n t i o n  

The  f i e l d   of  t h i s   i n v e n t i o n   r e l a t e s   to   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 n t   o i l   a d d i t i v e   u s e f u l   as  an  i n h i -  

b i t o r   of  e n g i n e   w e a r ,   l u b r i c a n t   o x i d a t i o n   and   e n g i n e   p a r t  
c o r r o s i o n .   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  

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

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

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

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

a n d / o r   p r o l o n g e d   s t o r a g e .  T h e   d e c r e a s e d   r a t e   of  o x i d a -  

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

m a t i o n .  

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  

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

h a s   i n c r e a s e d   o x i d a t i v e   s t a b i l i t y   as  an  a d d i t i v e   in  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   and  good  c o l o r   s t a b i l i z a t i o n  

in  s t o r a g e   a t   e l e v a t e d   t e m p e r a t u r e s .  

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  
l u b r i c a n t   c o m p o s i t i o n   c o m p r i s i n g   a  wear   i n h i b i t o r   m i x t u r e  

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

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

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  p r o -  

c e s s   f o r   t h e   p r e p a r a t i o n   of  a  wear   i n h i b i t o r   m i x t u r e  

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

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

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  p r o -  

c e s s   f o r   p r e p a r a t i o n   of  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  

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

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

v a t e d   t e m p e r a t u r e s .  



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

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

B a c k g r o u n d   Of  t h e   I n v e n t i o n  

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

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

i n h i b i t   e n g i n e   w e a r ,   to  i n h i b i t   o x i d a t i o n   of  t h e   l u b r i c a -  

t i o n   o i l ,   and   to   i n h i b i t   e n g i n e   p a r t   c o r r o s i o n .   I t   i s  

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

p h o s p h a t e s   to   p r o v i d e   t h e   a f o r e s a i d   p r o p e r t i e s   to   t h e  

l u b r i c a t i n g   o i l   w i t h o u t   a f f e c t i n g   t h e   a p p e a r a n c e   c h a r a c -  

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

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

c o m p o s i t i o n   may  no t   be  a f f e c t e d   n o t i c e a b l y .  

As  i s   w e l l   known ,   o i l - s o l u b l e   z i n c   d i a l k y l d i t h i o -  

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

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

u s u a l l y   in  a  mole   r a t i o   of  4 : 1 ,   a l c o h o l   to   p h o s p h o r u s  

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

p e r a t u r e   w i t h i n   t he   r a n g e   of  f r o m   a b o u t   70°C  to   a b o u t  

135°C  to   f o r m   p a r t i a l   e s t e r s   of  d i t h i o p h o s p h o r i c   a c i d ,   a  

g r e e n   o d o r i f e r o u s   l i q u i d .   The  s o - o b t a i n e d   p a r t i a l   e s t e r s  

a r e   t h e n   n e u t r a l i z e d   w i t h   z i n c   o x i d e   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  f rom  a b o u t   70°C  to  a b o u t   135°C  t o  

f o r m   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 ,   t y p i c a l l y   a  l i g h t  

y e l l o w   l i q u i d .  

I t   ha s   b e e n   f o u n d   t h a t ,   upon   s t o r a g e ,   t h e   z i n c  

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

a c q u i r e   a  d a r k   o b j e c t i o n a b l e   c o l o r ,   o f t e n   of  a  b r o w n i s h  

h u e .   The  d a r k   c o l o r   i s   o b j e c t i o n a b l e   as  i t   a f f e c t s   t h e  

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

p r o d u c t   has   b e e n   c o n s i d e r e d   as   i n f e r i o r   to   p r o d u c t   of  a  

l i g h t   c o l o r .  

I.t  ha s   l o n g   b e e n   known  t h a t   t h e   m e t a l   s a l t s   of  p a r -  
t i a l   e s t e r s   of  d i t h i o p h o s p h o r i c   a c i d s   can   be  d e c o l o r i z e d  

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

w h o s e   a l k y l o l   g r o u p s   c o n t a i n   1  to   4  c a r b o n   a t o m s   e a c h .  

U . S .   P a t e n t   2 , 9 8 3 , 7 4 2   t e a c h e s   t h a t   e x c e l l e n t   r e s u l t s   h a v e  



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

t h e   c l a s s   d i s c l o s e d   can  be  u s e d .   A m o u n t s   can   be  u s e d   o f  

f rom  0 . 2 5   to   1 .0   p e r c e n t   by  w e i g h t .   U . S .   P a t e n t  

3 , 3 6 1 , 6 6 8   t e a c h e s   and  c l a i m s   a  l u b r i c a t i n g   c o m p o s i t i o n  

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

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

a b o u t   95%  to   99 .95%  by  w e i g h t   of  a  m o n o h y d r o x y   a l c o h o l   o r  

p h e n o l   h a v i n g   f rom  1  to   30  c a r b o n   a t o m s   and  f r o m   a b o u t  

0 .05%  to  5.0%  by  w e i g h t   of  an  a l k y l   a m i n e ,   c y c l o a l k y l a -  

mine   or  h e t e r o c y c l i c   a m i n e   h a v i n g   up  to  a b o u t   20  c a r b o n  

a t o m s .   In  an  a l t e r n a t i v e   p r o c e d u r e ,   t h e   p h o s p h o r o d i -  

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

of  a  s u i t a b l e   a m i n e   i s   t h e n   a d d e d .  

In  t h e   p r i o r   a r t ,   i t   has   b e e n   p o s t u l a t e d   t h a t   t h e  

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

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

p a l l y   i r o n ,   in  t h e   p h o s p h o r u s   p e n t a s u l f i d e s .   U . S .   P a t e n t  

2 , 9 8 3 , 7 4 2 ,   Boba ,   e t   a l ,   c o n s i d e r s   t h a t   a d d i t i o n   of  a  t r i -  

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

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

a r e   more   s t a b l e   t h a n   t h e   u n c o m p l e x e d   m e t a l   c o m p o u n d s .  

H o w e v e r ,   B o b a ,   e t   a l ,   ' 742   i n d i c a t e   t h i s   p o s t u l a t e   i s  

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

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

p r o d u c e   e q u i v a l e n t   r e s u l t s .   W i e s e ,   U . S .   P a t e n t  

3 , 3 6 1 , 6 6 8 ,   t e a c h e s   t h a t   c o m m e r c i a l l y   p r e p a r e d   p h o s p h o r o -  
d i t h i o i c   a c i d   d i e s t e r s   a r e   s u f f i c i e n t l y   s t r o n g   a c i d s   t o  

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

r e s i s t a n t   e q u i p m e n t   i s   g e n e r a l l y   r e q u i r e d   in   t h e i r   m a n u -  

f a c t u r e .   W i e s e   ' 6 6 8   t e a c h e s   t h a t   t h e   c o r r o s i v e n e s s   o f  

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

shown  to  be  r e d u c e d   in  t he   p r e s e n c e   of  an  a m i n e - r e a c t e d  

p r o d u c t   of  a  p h o s p h o r o d i t h i o i c   a c i d   e s t e r .   W i e s e   ' 6 6 8  

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

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

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



I t   has   now  b e e n   f o u n d   u n e x p e c t e d l y   t h a t   a c i d   s a l t s  

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

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

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

g r e a t e r   t h a n   1 .0   (wt)%  of  t h e   z i n c   d i a l k y l d i t h i o p h o s p h a t e  

m e t a l   s a l t   in  c o n c e n t r a t i o n s   of  f rom  0 . 0 0 0 1   to   0 . 5   m o l e  

of   s t a b i l i z e r   p e r   mo le   of  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  

m e t a l   s a l t .   A  p r e f e r r e d   r a n g e   i s   0 . 0 0 2   to  0 . 0 5   m o l e   o f  

s t a b i l i z e r   p e r   mole   of  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 .   T h e  

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

p h o r i c   a c i d   d i e s t e r   is   n e u t r a l i z e d   w i t h   z i n c   o x i d e   t o  

p r e p a r e   t h e   z i n c   d i a l k y l d i t h i o p h o s p h a t e .   Some  of   t h e  

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

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

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

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

p h o s p h o n e s .  

A l t h o u g h   t h e   m e c h a n i s m   has   no t   b e e n   d e f i n i t e l y  

e s t a b l i s h e d   by  w h i c h   t h e   c o l o r   s t a b i l i z e r s   c a u s e   t h e   z i n c  

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

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

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

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

p r o l o n g e d   s t o r a g e ;   nor   has   t h e   d a r k e n i n g   of  t h e   z i n c  

d i a l k y l d i t h i o p h o s p h a t e   b e e n   d e f i n i t e l y   e s t a b l i s h e d   a s  

h a v i n g   b e e n   c a u s e d   by  t he   p r e s e n c e   of  o x y g e n   and   c o n s e -  

q u e n t   o x i d a t i o n   of  t h e   d i t h i o p h o s p h a t e   e s t e r .   I t   i s   a l s o  

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

d a r k e n i n g   of  t he   e s t e r .  

Summary  Of  The  I n v e n t i o n  

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

m e r c a p t a n ,   an  e p o x i d e ,   a  p h o s p h i t e   or  a  p h o s p h i n e   i s  

a d d e d   to  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   s a l t   to   d e c r e a s e  

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

s t o r a g e   a n d / o r   e x p o s u r e   to  h e a t .  



D e t a i l   Of  t he   I n v e n t i o n  

0 , 0 ' - p h o s p h o r o d i t h i o i c   a c i d   d i e s t e r s   a r e   m a n u f a c -  

t u r e d   by  r e a c t i n g   a b o u t   4  e q u i v a l e n t s   of  an  o r g a n i c  

m o n o h y d r o x y   c o m p o u n d ,   e . g . ,   an  a l c o h o l   or  a  p h e n o l   w i t h  

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

f r o m   a b o u t   70°C  to   a b o u t   135°C  w i t h   t h e   e v o l u t i o n   o f  

h y d r o g e n   s u l f i d e   as   i l l u s t r a t e d   by  t h e   f o l l o w i n g   e q u a -  
t i o n :  

The  o i l - s o l u b l e   m e t a l   p h o s p h o r o d i t h i o a t e   d i e s t e r   s a l t s  

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

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

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

a m o u n t   of  w a t e r   a d d e d ,   a t   t e m p e r a t u r e s   of  f r o m   a b o u t   5 0 ° C  

to  a b o u t   1 5 0 ° C .  

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

to  h a v e   t h e   s t r u c t u r e   shown  in  t h e   a b o v e   e q u a t i o n   w h e r e i n  

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

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

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

w h i c h   a r e   p r e s e n t   in  t h e   r e a c t i o n   m i x t u r e   r e a c t   w i t h   t h e  

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

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

p h o r o m o n o t h i o i c   a c i d   and   even   some  u n e s t e r i f i e d   p h o s -  

p h o r u s   and  s u l f u r - c o n t a i n i n g   a c i d s .  

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

p r e p a r a t i o n   of  t h e   i m p r o v e d   0 , 0 ' - d i e s t e r s   of  p h o s p h o r o d i -  

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

' i n c l u d i n g   t h e i r   s u b s t i t u t e d   d e r i v a t i v e s ,   e . g . ,   n i t r o - ,  

h a l o a l k o x y - ,   h y d r o x y - ,   c a r b o x y - ,   e t c .   S u i t a b l e   a l c o h o l s  

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



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

n - p e n t a n o l ,   2 - p e n t a n o l ,   3 - p e n t a n o l ,   2 - m e t h y l b u t a n o l ,  

3 - m e t h y l - 2 - p e n t a n o l ,   n - h e x a n o l ,   2 - h e x a n o l ,   3 - h e x a n o l ,  

2 - m e t h y l - 2 - p e n t a n o l ,   4 - m e t h y l - 3 - p e n t a n o l ,   c y c l o h e x a n o l ,  

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

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

d o d e c a n o l ,   o c t a d e c a n o l ,   e i c o s a n o l ,   e t c .   The  p h e n o l s  

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

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

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

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

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

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

p u r p o s e s   of  t h i s   i n v e n t i o n   may  h a v e   f r o m   1  to   a b o u t   30  

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

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

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

t a n o l ,   i s o a m y l ,   a l c o h o l ,   i s o o c t a n o l ,   2 - p r o p a n o l ,  

4 - - m e t h y l - 2 - p e n t a n o l ,   c a p r y l   a l c o h o l ,   and   n o n y l p h e n o l .  

The  c o l o r   s t a b i l i z e r s   s u i t a b l e   f o r   u s e   in  t h i s  

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

p h i t e s ,   and  p h o s p h i n e s .   O l e f i n i c   c o m p o u n d s   u s e f u l   a s  

c o l o r   s t a b i l i z e r s   can   be  s e l e c t e d   f r o m   a  l a r g e   v a r i e t y   o f  

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

o l e f i n s   of  2  to   100  c a r b o n   a t o m s ,   c y c l i c   o l e f i n s   s u c h   a s  

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

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

e s t e r s ,   o l e i c   a c i d ,   s t y r e n e ,   v i n y l e t h e r s ,   v i n y l e s t e r s ,  

and   v n y l p y r r o l i d o n e .   M e r c a p t a n s   can   be  s e l e c t e d   f r o m  

p r i m a r y ,   s e c o n d a r y ,   or  t e r t i a r y   m e r c a p t a n s   of  4  to   40  

c a r b o n   a t o m s ;   H2 S  can  a l s o   be  u s e d   as  a  c o l o r   s t a b i l i z e r .  

E p o x i d e s   a r e   s e l e c t e d   f rom  c o m p o u n d s   w i t h   2  to   100  c a r b o n  

a t o m s ,   s u c h   as  e p o x y b u t a n e   or  e p o x i d i z e d   s o y b e a n   o i l .  

T r i a l k y l   or  t r i a r y l p h o s p h i t e s   can  be  s e l e c t e d   f r o m   c o m -  

p o u n d s   of  t he   f o r m u l a   (RO)3P  w h e r e   R  i s   an  a l k y l   g r o u p   o r  



a  p h e n y l   or  s u b s t i t u t e d   p h e n y l   g r o u p   of  f r o m   1  to   3 0  

c a r b o n   a t o m s .   T r i a l k y l p h o s p h i n e s   have   t h e   g e n e r a l   f o r -  

m u l a   R3P  w h e r e   R  i s   an  a l k y l   g r o u p   of  f r o m   1  t o   20  c a r b o n  

a t o m s .  

The  p r o p o s e d   c o l o r   s t a b i l i z e r s   a r e   u s u a l l y   a d d e d  

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

w i t h   z i n c   o x i d e .   Some  of  t h e   s t a b i l i z e r s   s u c h   as   p h o s -  

p h i t e s ,   p h o s p h i n e s ,   or  m e r c a p t a n s   can  be  a d d e d   b e f o r e  

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

The  c o l o r   s t a b i l i z i n g   a d d i t i v e   can   be  a d d e d   in  c o n -  

c e n t r a t i o n s   r a n g i n g   f rom  0 . 0 0 0 1   to   0 .5   m o l e   of  s t a b i l i z e r  

p e r   m o l e   of  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   ( Z n D T P ) .   A  p r e -  
f e r r e d   r a n g e   i s   0 . 0 0 2   to  0 . 0 5   mole   of  s t a b i l i z e r   p e r   m o l e  

of   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   ( Z n D T P ) .  

The  f o l l o w i n g   e x a m p l e s   a r e   i l l u s t r a t i v e   of   t y p i c a l  

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

o b t a i n a b l e   t h e r e f r o m .  

EXAMPLE  I  

A  s a m p l e   of  50g  ZnDTP  was  a d d e d   to   a  b o t t l e   of   t h e  

d i m e n s i o n s   37  x  155  mm  e q u i p p e d   w i t h   a  s c r e w   c a p .   C o l o r  

s t a b i l i z e r s   w e r e   a d d e d   and  m i x e d   w i t h   t h e   ZnDTP.  A f t e r  

s t o r i n g   t h e   b o t t l e s   in  an  o v e n ,   t h e   ASTM  c o l o r   of  t h e  

t e s t   s a m p l e s   was  m e a s u r e d   in  a  s t a n d a r d   a p p a r a t u s   f o r  

m e a s u r i n g   ASTM  c o l o r   as  d e s c r i b e d   in   ASTM  D - 1 5 0 0 .   T h e  

ASTM  p r o c e d u r e   u s e s   a  c o l o r   s c a l e   r a n g i n g   f r o m   0 . 5   to   8 . 0  

c o l o r   u n i t s ,   0 . 5   b e i n g   l i g h t   and  8 . 0   d a r k   in   c o l o r .  

A  ZnDTP  c o m p o s e d   of  50  mole   %  2 - p r o p y l   and   50  m o l e   % 

4 - m e t h y l - 2 - p e n t y l   a l k y l   g r o u p s   was  t e s t e d ;   e l e m e n t a l  

a n a l y s i s   of  ZnDTP  was :   Z n  -   8 . 9 6 % ,   P  -   8 . 1 2 % ,   s t o r a g e  

t e m p e r a t u r e   7 5 ° C .  



1 D i p e n t e n e - 1 2 2   ( H e r c u l e s   I n c . ,   W i l m i n g t o n ,   D e l a w a r e )  

2 N e e d o x   1 1 1 4  -   E p o x i d e   of  C 1 1 - 1 4   ( A s h l a n d   C h e m i c a l   C o . ,  

I n d u s t r i a l   C h e m i c a l s   and  S o l v e n t s   D i v . ,   C o l u m b u s ,   O h i o )  

3H2S  was  s p a r g e d   t h r o u g h   s a m p l e   b e f o r e   o v e n   s t o r a g e .  

EXAMPLE  I I  

A  s t o r a g e   t e s t   w i t h   ZnDTP  of  a  t e s t   s e r i e s   was  c a r -  
r i e d   ou t   a t   9 3 ° C .  



EXAMPLE  I I I  

A  ZnDTP  c o m p o s e d   of  65  mo le   %  i s o b u t y l ,   25  m o l e   % 

i s o a m y l ,   and   10  mo le   %  i s o o c t y l   a l k y l   g r o u p s   was  t e s t e d ;  

e l e m e n t a l   a n a l y s i s   of  ZnDTP  was :   Z n  -   8 . 7 5 % ,   P  -   7 . 7 6 % ,  

s t o r a g e   t e m p e r a t u r e  -   9 3 ° C .  

EXAMPLE  I V  

A  ZnDTP  c o m p o s e d   of   50  mo le   %  2 - p r o p y l   and   50  m o l e   % 

i s o o c t y l   a l k y l   g r o u p s   was  s t o r e d   a t   93°C;   e l e m e n t a l   c o m -  

p o s i t i o n   of  ZnDTP  was :   Z n  -   8 . 0 6 % ,   P  -   7 . 1 3 % .  

EXAMPLE  V 

In  t h e   p r o c e d u r e   of  E x a m p l e   I ,   a m i n e   c o m p o u n d s   w e r e  

a d d e d   to   s a m p l e s   of  ZnDTP  and  s t o r e d   a t   200°F   ( 9 3 ° C )   f o r  

46  and  70  h o u r s .   C o l o r s   were   d e t e r m i n e d   a c c o r d i n g   t o  

ASTM  D - 1 5 0 0 .   R e s u l t s   a r e   in  t h e   f o l l o w i n g   t a b l e .  



D a r k e n i n g   of  ZnDTP  in  t h e   P r e s e n c e   o f  

Amine  a t   9 3 ° C  



1.  A  p rocess   compr i s ing   i n c o r p o r a t i n g   in  a  metal  s a l t   of  a 

p a r t i a l   e s t e r   of  d i t h i o p h o s p h o r i c   acid  a  small  amount,  s u f f i c i e n t  

to  dec rea se   the  ra te   of  co lo r   g e n e r a t i o n   in  the  p roduc t ,   of  a  

co lo r   s t a b i l i z e r   compound  s e l e c t e d   from  hydrogen  s u l f i d e ,   an 

o l e f i n i c a l l y   u n s a t u r a t e d   compound  of  from  2  to  100  carbon  a t o m s ,  

a  mercap tan   of  from  4  to  40  carbon  atoms,  an  epoxide  of  from  2  t o  

100  carbon  atoms,  t r i a l k y l   or  t r i a r y l p h o s p h i t e s   of  the  f o r m u l a  

(RO)3P  where  R  is  an  a lky l   group  or  an  aryl   group  of  from  1  t o  

30  carbon  atoms,  t r i a l k y l p h o s p h i n e s   of  the  formula  R13P  where  

R1  is  an  a l ky l   group  of  1  to  20  carbon  atoms,  said  small  amount 

not  being  g r e a t e r   than  about  1.0  (wt)  %  of  the  weight   of  s a i d  

metal  s a l t .  

2.  The  p rocess   of  c la im  1  wherein  said  o l e f i n i c a l l y  

u n s a t u r a t e d   compound  is  s e l e c t e d   from  alpha  o l e f i n s   of  from  15  t o  

20  carbon  atoms,  d i p e n t e n e ,   s t y r e n e ,   alpha  methyl  s t y r e n e ,   o l e y l  

a l c o h o l ,   d - l imonene ,   d i c y c l o p e n t a d i e n e   and  a l l y l   a l c o h o l .  

3.  The  p rocess   of  c laim  1  wherein  said  mercaptan   i s  

s e l e c t e d   from  1 - d o d e c y l m e r c a p t a n   and  t e r t i a r y   d o d e c y l m e r c a p t a n .  

4.  The  p rocess   of  c laim  1  wherein  said  epoxide  is  s e l e c t e d  

from  epoxybutane   and  e p o x i d i z e d   soyabean  o i l .  

5.  The  p rocess   of  c la im  1  wherein  said  phosphine   is  t r i - n -  

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

6.  The  p rocess   of  claim  1  wherein  said  phosph i t e   i s  

t r i m e t h y l p h o s p h i t e .  



7.  The  process   of  any  p r e c e d i n g   claim  wherein  said  m e t a l  

s a l t   of  a  p a r t i a l   e s t e r   of  d i t h i o p h o s p h o r i c   acid  is  a  zinc  d i -  

a l k y l d i t h i o p h o s p h a t e .  

8.  The  process   of  any  p r e c e d i n g   claim  wherein  said  s m a l l  

amount  is  from  0.0001  to  0.1  mole  of  said  co lor   s t a b i l i z e r  

compound  per  mole  of  said  metal  s a l t   of  a  p a r t i a l   e s t e r   of  d i -  

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

9.  A  compos i t ion   compr i s ing   a  major  p o r t i o n   of  a  m e t a l  

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

amount  of  a  co lor   s t a b i l i z e r   compound  s e l e c t e d   from  h y d r o g e n  

s u l f i d e ,   an  o l e f i n i c a l l y   u n s a t u r a t e d   compound  of  from  2  to  100 

carbon  atoms,  a  mercaptan  of  from  2  to  100  carbon  atoms,  t r i a l k y l  

or  t r i a r y l p h o s p h i t e s   of  the  formula  (RO)3P  where  R  is  an  a l k y l  

group  of  a  phenyl  group  of  from  1  to  30  carbon  atoms,  t r i a l k y l -  

phosphines   of  the  formula  R13P  where  R1  is  an  a lky l   g r o u p  

of  from  1  to  20  carbon  atoms,  said  small   amount  being  not  g r e a t e r  

than  about  1.0  (wt)  %  of  the  weight  of  said  metal  s a l t .  

10.  The  compos i t ion   of  claim  9  wherein  said  metal   s a l t   of  a 

p a r t i a l   e s t e r   of  d i t h i o p h o s p h o r i c   acid  is  a  zinc  d i a l k y l d i t h i o -  

p h o s p h a t e .  

11.  The  compos i t ion   of  c laim  9  or  claim  10  where in   s a i d  

o l e f i n i c a l l y   u n s a t u r a t e d   compound  is  s e l e c t e d   from  an  a l p h a  

o l e f i n   of  from  15  to  20  carbon  atoms,  d i p e n t e n e ,   s t y r e n e ,   a l p h a  

methyl  s t y r e n e ,   o leyl   a l c o h o l ,   d - l imonene ,   d i c y c l o p e n t a d i e n e   and 

a l l y l   a l c o h o l .  



12.  The  compos i t ion   of  c laim  9  or  claim  10  wherein  s a i d  

mercaptan   is  s e l e c t e d   from  1 - d o d e c y l m e r c a p t a n   and  t e r t i a r y  

d o d e c y l m e r c a p t a n .  

13.  The  compos i t ion   of  claim  9  or  claim  10  wherein  s a i d  

epoxide  is  s e l e c t e d   from  epoxybutane   and  epox id ized   s o y a b e a n  

o i l .  

14.  The  compos i t ion   of  claim  9  or  claim  10  wherein  s a i d  

phosphine   is  t r i - n - b u t y l p h o s p h o n e .  

15.  The  compos i t ion   of  claim  9  or  claim  10  wherein  s a i d  

p h o s p h i t e   is  t r i m e t h y l p h o s p h i t e .  
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