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©  Extreme  pressure  lubricating  oil  additive,  process  for  making  the  additive,  and  lubricating  oil  compositions  and  additive 
packages  comprising  the  additive. 
An  additive  for  improving  extreme  pressure  properties 

of  lubricating  oils  may  be  produced,  without  the  need  for  a 
recovery  step  involving  treatment  with  aqueous  caustic,  by 
reacting  sulfur  monochloride  with  a  monoolefin,  for  example 
isobutene,  to  form  an  adduct,  reacting  the  resulting  adduct 
with  sulfur  and  sodium  sulfide  in  an  aqueous  alkanol 
medium  using  from  0.1  to  0.4  gram  atom  of  sulfur  per  gram 
mole  of  sodium  sulfide,  and  then  recovering  the  reaction 
product  from  this  latter  reaction. 

The  invention  includes  both  the  additive  and  the  pro- 
cess,  lubricating  oil  compositions  comprising  the  additive 
and  lubricating  oil  additive  packages  comprising  the  addi- 
tives  and  one  or  more  conventional  lubricating  oil  additives. 



S u l f u r i z e d   o l e f i n s   a r e   w e l l - k n o w n   a d d i t i v e s   i n  

l u b r i c a t i n g   o i l ,   c u t t i n g   o i l   and  t h e   l i k e .   U.S.   P a t e n t  

S p e c i f i c a t i o n   No.  2 , 2 4 9 , 3 1 2 ,   d e s c r i b e s   such   a  p r o d u c t .   U . S .  

P a t e n t   S p e c i f i c a t i o n   No.  2 , 7 0 8 , 1 9 9 ,   d e s c r i b e s   a  s i m i l a r  

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

u s i n g   a  l o w e r   a l k a n o l   p r o m o t e r   to   o b t a i n   an  i n t e r m e d i a t e  

w h i c h   i s   r e a c t e d   w i t h   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 o l y s u l f i d e .   U.S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 4 7 1 , 4 0 4 ,  

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

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

s u l f u r   and  a l k a l i   m e t a l   s u l f i d e   at   a  c r i t i c a l   r a t i o   of  1 . 8  

to  2 .2  gram  m o l e s   of  m e t a l   f u l f i d e   p e r   gram  mole   of  s u l f u r .  

T h i s   m a t e r i a l   i s   t h e n   t y p i c a l l y   r e f l u x e d   f o r   1  to  24  h o u r s  

w i t h   a q u e o u s   a l k a l i   m e t a l   h y d r o x i d e   ( in   g e n e r a l   t e r m s ,  

" r e a c t e d   w i t h   an  i n o r g a n i c   b a s e " ) .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   an  i m p r o v e d  

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

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

to  form  an  a d d u c t   w h i c h   i s   t h e n   r e a c t e d   w i t h   s u l f u r   a n d  

s o d i u m   s u l f i d e ,   u s i n g   f rom  0 . 1   to   0 . 4   gram  atom  s u l f u r   p e r  

gram  mole  of  s o d i u m   s u l f i d e ,   and  t h e n   r e c o v e r e d   b y  

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

w i t h   a q u e o u s   i n o r g a n i c   b a s e   ( c a u s t i c ) .  

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

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

l u b r i c a t i n g   o i l   w h i c h   has  b e e n   made  by  a  p r o c e s s   c o m p r i s i n g  



(a)  r e a c t i n g   s u l f u r   m o n o . c h l o r i d e   w i t h   a  l o w e r   a l i p h a t i c  
m o n o o l e f i n   to   p r o d u c e   an  a d d u c t ,   (b)  r e a c t i n g   t h e   a d d u c t  

p r o d u c e d   in   (a)  w i t h   s u l f u r   and  s o d i u m   s u l f i d e   in   an  a q u e o u s  
a l k a n o l   m e d i u m   u s i n g - f r o m   0 . 1   to  0 . 4   g ram  a tom  of  s u l f u r   p e r  

gram  mo le   of   s o d i u m   s u l f i d e ,   and  (c)  r e c o v e r i n g   t h e   a d d i t i v e  

r e s u l t i n g   f rom  (b)  w i t h o u t   h e a t i n g   w i t h   a q u e o u s   c a u s t i c .  

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

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

e x t r e m e   p r e s s u r e   p r o p e r t i e s   made  by  t h e   p r o c e s s   c o n s i s t i n g  

e s s e n t i a l l y   of  (a)  r e a c t i n g   S  C12   w i t h   a  C3-6  a l i p h a t i c  

m o n o o l e f i n   a t   a b o u t   30  to  1 0 0 ° C .   to   p r o d u c e   an  a d d u c t ,   ( b )  

r e a c t i n g   s a i d   a d d u c t   w i t h   s u l f u r   and  Na2S  in  an  a q u e o u s  
a l k a n o l   med ium  a t   a  t e m p e r a t u r e   of  a b o u t   50°C.   up  to  r e f l u x  

u s i n g   a b o u t   0 . 1   to   0 . 4   gram  a tom  of  s u l f u r   p e r   gram  mo le   o f  

Na2S  and  t h e n   (c)  r e c o v e r i n g   s a i d   a d d i t i v e   w i t h o u t " t r e a t m e n t  

w i t h   an  i n o r g a n i c   b a s e " .  

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

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

c o n t a i n i n g   3  to   a b o u t   6  c a r b o n   a t o m s .   T h e s e   i n c l u d e   1 -  

b u t e n e ,   2 - b u t e n e ,   i s o b u t e n e ,   1 - p e n t e n e ,   2 - p e n t e n e ,   2 -  

m e t h y l - 1 - b u t e n e ,   3 - m e t h y l - l - b u t e n e ,   2 - m e t h y l - 2 - b u t e n e ,   1 -  

h e x e n e ,   2 - h e x e n e ,   3 - h e x e n e ,   2 - m e t h y l - 1 - n e n t e n e ,   2 - m e t h y l -  

2 - p e n t e n e ,   2 - e t h y l - 2 - b u t e n e   and  t h e   l i k e , i n c l u d i n g   m i x t u r e s  

t h e r e o f .  

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

s u c h   as  i s o b u t e n e ,   2 - m e t h y l - I - b u t e n e ,   2 - m e t h y l - 2 - b u t e n e ,  

2 - m e . t h y l - 2 - p e n t e n e   and  t h e   l i k e .   More  p r e f e r a b l y   t h e  

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

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

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

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

can  be  a d d e d   as  a  gas   or   l i q u i d .   P r e f e r a b l y   i t   i s   a d d e d  

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

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

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

e x o t h e r m .   An  a m o u n t   of  a b o u t   0 . 7 5   t o   2 . 0   gram  m o l e s   o f  

o l e f i n   f o r   e a c h   0 . 3   to   0 . 7 5   gram  mo le   of  s u l f u r   m o n o c h l o r i d e  



u s u a l l y   s u f f i c e s ,  A   p r e f e r r e d   amoun t   i s   a b o u t   1 ,8   to  2 , 2  

gram  m o l e s   of  o l e f i n   p e r   gram  mo le   of  s u l f u r   m o n o c h l o r i d e ,  

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

o l e f i n ,   t h e   use   of  an  a l k a n o l   p r o m o t e r   i s   p r e f e r r e d .   I n  

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

h a v i n g   s i g n i f i c a n t l y   b e t t e r   EP  ( e x t r e m e   p r e s s u r e )   p r o p e r t i e s .  
The  l o w e r   a l k a n o l   p r o m o t e r   u s e d   in   t he   f i r s t   s t a g e  

c o n t a i n s   f rom  a b o u t   1  to   a b o u t   4  c a r b o n   a toms   such   a s  

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 ,   i s o b u t a n o l ,   t e r t -  

b u t a n o l   and  the   l i k e .   The  m o s t   n r e f e r r e d   p r o m o t e r   is   m e t h a n o l .  

The  l o w e r   a l k a n o l   p r o m o t e r   can  be  added   to   t he   s u l f u r  

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

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



o l e f i n   a d d i t i o n   or  t h e   a l k a n o l   can  be  m i x e d   w i t h   t h e   o l e -  

f i n   and  a d d e d   t o g e t h e r   w i t h   t he   o l e f i n .   The  p r e f e r r e d  
modes   of  a d d i t i o n   a r e   to  e i t h e r   add  t he   e n t i r e   a m o u n t  

i n i t i a l l y   and  t h e n   add  t he   o l e f i n   or  to  c o n c u r r e n t l y   a d d  

b o t h   a l k a n o l   and  o l e f i n .  

The  a m o u n t   of   a l k a n o l   p r o m o t e r   i s   p r e f e r a b l y  

a b o u t   0 . 0 0 1   to  a b o u t   0 .3   gram  m o l e s   f o r   e a c h   0 .3   to  0 . 7 5 .  

g ram  m o l e   of   s u l f u r   m o n o c h l o r i d e .  

The  f i r s t   s t a g e   r e a c t i o n   can  be  c o n d u c t e d   a t  

any  t e m p e r a t u r e   h i g h   e n o u g h   to  c a u s e   the   r e a c t i o n   to  p r o -  
c e e d ,   b u t   n o t   so  h i g h   as  to  c a u s e   d e c o m p o s i t i o n   of  t h e  

r e a c t a n t s   or   p r o d u c t s .   A  u s e f u l   r a n g e   i s   a b o u t   30  to  1 0 0 °  

C.  A  more   p r e f e r r e d   r a n g e   i s   a b o u t   40  to  75°  C.  and  a  

m o s t   p r e f e r r e d   r a n g e   i s   a b o u t   50  to  60°  C. 

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

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

m o n o c h l o r i d e   and  o l e f i n .   T h i s   i s   u s u a l l y   l i m i t e d   by  h e a t  

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

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

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

d r o p .   E x t e r n a l   h e a t   may  be  a d d e d   to  c o n t i n u e   t h e   r e a c t i o n  

f o r   a  f u r t h e r   t i m e ,   b u t   t h i s   does   n o t   a p p e a r   to  be  n e c e s s a r y .  
The  o v e r a l l   t i m e   r e q u i r e d   to  c o m p l e t e   t h e   r e a c t i o n   d e p e n d s  

u p o n   t h e   s c a l e   of   t h e   p r o c e s s   and  can   v a r y   f r o m   a  few  m i n -  

u t e s   up  to  12  or  more   h o u r s .   The  t i m e   i s   n o t   c r i t i c a l .  

D u r i n g   t he   f i r s t   s t a g e   r e a c t i o n ,   HCl  g a s  . i s  

e v o l v e d   so  m e a n s   s h o u l d   be  p r o v i d e d   to  s c r u b   t h e  v e n t   g a s  
f r o m   t h e   r e a c t o r   to  r e m o v e   HC1  p r i o r   to  r e l e a s i n g   i t   to  t h e  

a t o m s p h e r e .  

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

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

an  a q u e o u s   a l k a n o l   r e a c t i o n   med ium.   The  s e c o n d   s t a g e   i s  

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

w a t e r ,   a l k a n o l   a n d ' e l e m e n t a l   s u l f u r   f l o w e r s   to  a  r e a c t o r  

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



The  s o d i u m   s u l f i d e   may  be  o b t a i n e d   f rom  any  of  a  

n u m b e r   of  s o u r c e s .   For   e x a m p l e ,   i t   can  be  made  by  m i x i n g  

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

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

be  a d s o r b e d   in   a q u e o u s   NaOH  to  form  a  s o l u t i o n   of  s o d i u m  

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

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

r e s u l t i n g   s o l u t i o n   s h o u l d   be  a d j u s t e d   w i t h   e i t h e r  N a O H ,   NaSH 

or  H2S  so  t h a t   t h e   r e s u l t i n g   s o l u t i o n   c o n s i s t s   m a i n l y   o f  

s o d i u m   s u l f i d e   w i t h   l i t t l e   or  no  f r e e   s o d i u m   h y d r o x i d e .  

The  amoun t   of  s o d i u m   s u l f i d e   can  v a r y   s o m e w h a t .   F o r -  

e x a m p l e ,   f rom  a b o u t   0 . 4 5   to  0 .7   gram  mole   f o r   e a c h   0 . 3   t o  

0 . 7 5   gram  mole   of  s u l f u r   m o n o c h l o r i d e   u s e d   in   t h e   f i r s t  

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

a b o u t   0 . 7   to  2  gram  mole   p e r   mole   of  s u l f u r   m o n o c h l o r i d e   a n d  

mos t   p r e f e r a b l y   a b o u t   0 . 8   to  1  gram  mole   p e r   gram  mole   o f  

s u l f u r   m o n o c h l o r i d e .   What  i s   e s s e n t i a l   i s   t h a t   f rom  0 . 1  t o  

0 . 4   gram  atom  s u l f u r   be  u s e d   p e r   gram  mole   of  s o d i u m   s u l f i d e .  

The  a m o u n t   of  w a t e r   can  v a r y   w i d e l y   w i t h o u t  

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

10  to  20  gram  m o l e s   of  w a t e r   p e r   gram  mole   of   s o d i u m   s u l f i d e .  

T h i s   i n c l u d e s   w a t e r   a d d e d   as  s u c h ,   w a t e r   in  a q u e o u s   r e a c t a n t s  

and  w a t e r   w h i c h   m i g h t   be  f o r m e d   by  r e a c t i o n   of  h y d r o g e n  

s u l f i d e   or  s o d i u m   h y d r o s u l f i d e   w i t h   s o d i u m   h y d r o x i d e   in  f o r m -  

ing   _sodium  s u l f i d e   s o l u t i o n .  

A l c o h o l   i s   r e q u i r e d   in  t h e   s e c o n d   s t a g e   r e a c t i o n .  

P r e f e r a b l y ,   t h e s e   a r e   l o w e r   a l k a n o l s   c o n t a i n i n g   1  to  4  c a r b o n  

a t o m s   s u c h   as  m e t h a n o l ,   e t h a n o l ,   n - p r o p a n o l ,   n - b u t a n o l ,  

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

t h e r e o f .   The  p r e f e r r e d   a l k a n o l   i s   i s o p r o p a n o l   e i t h e r   a l o n e  

or  m i x e d   w i t h   o t h e r   a l k a n o l s   s u c h   as  t e r t - b u t a n o l .  

The  amount   of  a l k a n o l   can  l i k e w i s e   v a r y   o v e r   a  w i d e  

r a n g e .   A  u s e f u l   r a n g e   is   a b o u t   0 . 1   to  0 . 5   p a r t s   by  w e i g h t  

p e r   e a c h   p a r t   by  w e i g h t   of  w a t e r .   A  more  p r e f e r r e d   r a n g e   i s  

a b o u t   0 .2   to  0 .4   p a r t s   by  w e i g h t   a l k a n o l   p e r   e a c h   p a r t   b y  

w e i g h t   w a t e r .  

P r e f e r r e d   a m o u n t s   of  s u l f u r   and  s o d i u m   s u l f i d e   in  t h e  

s e c o n d   r e a c t i o n   a re   0 . 0 5   to  0 . 1 8   gram  atom  of  s u l f u r   and  0 . 4 5  



to  0 , 7   gram  m o l e   of  s o d i u m   s u l f i d e ,   I t   i s   a l s o   p r e f e r r e d  

t h a t   a b o u t   0 , 1   to   0 . 2 5   gram  atom  of  s u l f u r   b e  u s e d   p e r   g r a m  

mole   of  s o d i u m   s u l f i d e .  

In  a  p r e f e r r e d   mode  of  o p e r a t i o n   t h e  m i x t u r e   o f  

s o d i u m   s u l f i d e ,   s u l f u r   and  a q u e o u s   a l k a n o l   i s   s t i r r e d   a n d  

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

to   i t .   H o w e v e r ,   t h e   r e a c t i o n   can  be  c a r r i e d   o u t   in  o t h e r  

ways  s u c h   as  by  a d d i n g   t h e   s o d i u m   s u l f i d e ,   s u l f u r   and  a q u e o u s  
a l k a n o l   m i x t u r e   to   t h e   a d d u c t   or  by  m i x i n g   e v e r y t h i n g   t o g e t h e r  

and  h e a t i n g   t h e   m i x t u r e .  

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

a b o u t   50°C.   up  to   r e f l u x   t e m p e r a t u r e .   A  more   p r e f e r r e d  

r e a c t i o n   t e m p e r a t u r e   i s   a b o u t   60  to   8 0 ° C .  

A f t e r   t h e   a d d u c t   has   b e e n   a d d e d   to   t h e   s o d i u m  

s u l f i d e / s u l f u r / a q u e o u s   a l k a n o l   m i x t u r e ,   w h i c h   i s   u s u a l l y  

c o m p l e t e d   in   a b o u t   1  to   8  h o u r s ,   t h e   m i x t u r e   i s   p r e f e r a b l y  

h e a t e d   to   r e f l u x   f o r   a b o u t   2  to  8  h o u r s   to  a s s u r e   c o m p l e t i o n  

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

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

is   t h a t   when  made  a c c o r d i n g   to   t h e   f o r e g o i n g   d i s c l o s u r e  

t h e r e   i s   no  n e e d   f o r   f u r t h e r   c a u s t i c   t r e a t m e n t   in   o r d e r   t o  

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

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

h e a t e d   w i t h   a q u e o u s   i n o r g a n i c   b a s e   ( c a u s t i c )   s o l u t i o n   s u c h  

as  i s   d i s c l o s e d   in   U.S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 4 7 1 , 4 0 4 .  

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

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

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

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

m a k i n g   t h e   p r e s e n t   s u l f u r i z e d   o l e f i n   a d d i t i v e .  

E x a m p l e  

In  a  r e a c t i o n   v e s s e l   p l a c e   7 7 . 7   g r ams   of  s u l f u r  

m o n o c h l o r i d e   and  0 . 3 1   gram  of  m e t h a n o l .   W h i l e   s t i r r i n g   s t a r t  

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

t e m p e r a t u r e   up  to   55°C.   C o n t i n u e   a d d i n g   i s o b u t y l e n e  



at   t h i s   t e m p e r a t u r e   u n t i l   the   e x o t h e r m i c   r e a c t i o n   s t o p s .  

T h i s   r e q u i r e s   28  to  32  g rams  of  i s o b u t y l e n e .  

In  a  s e c o n d   r e a c t i o n   v e s s e l   mix  90  grams  o f  

3 2 . 1   w e i g h t   p e r c e n t   a q u e o u s   s o d i u m   h y d r o s u l f i d e   and  4 1 . 3  

g rams   of  50  w e i g h t   p e r c e n t   a q u e o u s   s o d i u m   h y d r o x i d e .   To 

t h i s   add  4 4 . 4   g r ams   of  i s o p r o p a n o l   and  2 .9   grams  of  s u l -  

f u l   f l o w e r s .   S t i r   f o r   5  m i n u t e s   and  t h e n   add  55 .1   g r a m s  
of  w a t e r   and  h e a t   t he   m i x t u r e   to  7 5 °  C .   Over  a  2 - h o u r  

p e r i o d   add  the   f i r s t   s t a g e   a d d u c t   to  t h i s   m i x t u r e   w h i l e  

s t i r r i n g   a t   a b o u t   75°  C.  F o l l o w i n g   t h i s , h e a t   the   m i x t u r e  

to  r e f l u x   f o r  4   h o u r s   to  c o m p l e t e   t he   r e a c t i o n .  

D i s t i l l   ou t   i s o p r o p a n o l   up  to  90°  C.  and  t h e n  

r e d u c e   p r e s s u r e   to  c o m p l e t e   r e m o v a l . o f  a l c o h o l   and  m o s t  

of  t he   w a t e r .   Wash  t he   p r o d u c t   w i t h   68  grams  of  w a t e r   t o  

r e m o v e   s a l t   and  s e p a r a t e   o f f   t h e   a q u e o u s   l a y e r .   Wash  t h e  

o r g a n i c   p h a s e   a  s e c o n d   t i m e   w i t h   a  m i x t u r e   of  68  grams  o f  

w a t e r   and  34  g rams   of  h e x a n e .   W h i l e   s t i r r i n g , h e a t   t h i s  

m i x t u r e   to  r e f l u x   and  t h e n   c o o l   and  a l l o w   to  s e p a r a t e .  
Remove  and  d i s c a r d   the   a q u e o u s   p h a s e   and  d i s t i l l   h e x a n e  

f rom  the  o r g a n i c   p h a s e .   F i l t e r   the   r e s u l t a n t   m a t e r i a l   t o  

o b t a i n   a  s u l f u r i z e d   o l e f i n   (48  w e i g h t   p e r c e n t   s u l f u r )  

w h i c h   is  a  v e r y   e f f e c t i v e   EP  a d d i t i v e   in  l u b r i c a t i n g   o i l .  

The  p r e s e n t   s u l f u r i z e d   o l e f i n   a d d i t i v e s   are  e s p e c i a l l y  u s e f u l  

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

The  b a s e   o i l   may  be  a  m i n e r a l   o i l  o r   a  s y n t h e t i c   o i l .   U s e -  

f u l   s y n t h e t i c   o i l s   i n c l u d e   o l e f i n   o l i g o m e r s   such  as  d e c e n e  

t r i m e r ,   t e t r a m e r   and  p e n t a m e r   made  by  o l i g o m e r i z i n g   1 - d e c e n e  

u s i n g   a  BF3  c a t a l y s t .   U s e f u l   o l e f i n   o l i g o m e r s   can  be  m a d e  

u s i n g   o t h e r   c a t a l y s t s   s u c h   as  t he   a l u m i n u m   a l k y l   Z i e g l e r  

c a t a l y s t .   L i k e w i s e ,   o t h e r   o l e f i n s   can  be  u s e d   such  a s  

C6-14   1 - o l e f i n s .  

S y n t h e t i c   a l k y l b e n z e n e s   can  a l s o   be  u s e d   such  a s  

d i - d o d e c y l b e n z e n e   and  the   l i k e .  

S y n t h e t i c   e s t e r   l u b r i c a t i n g   o i l   can  a l s o   be  em-  

p l o y e d   such   as  the   a l k y l   e s t e r s   of  d i c a r b o x y l i c   a c i d   ( e . g . ,  

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

( e . g . ,   t r i m e t h y l o l p r o p a n e ,   t r i p e l a r g o n a t e )   or  c o m p l e x   e s t e r s  

of  a l k a n o l s ,   a l k a n e ,   p o l y o l s   and  c a r b o x y l i c   or  p o l y c a r b o x y l i c  

a c i d .  



In  t h i s   u se   t h e   s u l f u r i z e d   o l e f i n   i s   a d d e d   in   a n  

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

An  a m o u n t   of  0 . 1   to   1 0 . 0   w e i g h t   p e r c e n t   i s   u s u a l l y   s u f f i c i e n t .  

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

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

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

f o r   f e r r o u s   and  n o n - f e r r o u s   m e t a l s  s u c h   as  t e t r a p r o p e n y l  
s u c c i n i c   a c i d   and  b i s - ( 2 , 5 - a l k y l d i t h i a ) - 1 , 3 , 4 - t h i a d i a z o l e s ,  

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

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

a c i d s .   A l s o   z i n c   d i a l k y l   or  d i a r y l   d i t h i o p h o s p h a t e ,   c h l o r i -  

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

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

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

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

p a c k a g e   c o m p r i s i n g   an  a d d i t i v e   of  t h e ' i n v e n t i o n   and  one  o r  

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

f o r   f e r r o u s   or  n o n - f e r r o u s   m e t a l s ,   a n t i w e a r   a d d i t i v e s ,   z i n c  

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

and  s u l f u r i z e d   f a t t y   e s t e r s   and  a m i n e s .  

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

EP  e f f e c t i v e n e s s   of  t h e   s u l f u r i z e d   o l e f i n .   In  t h e s e   t e s t s  

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

e x a m p l e   was  c o m p a r e d   to   t h e   p r o d u c t   made  a c c o r d i n g   to   M y e r s ,  

U.S .   3 , 4 7 1 , 4 0 4 .   The  two  p r o d u c t s   a n a l y z e d   as  f o l l o w s :  

The  t e s t s   w e r e   c o n d u c t e d   in   SAE  90  m i n e r a l   o i l .  

The  f i r s t   was  a  4 - b a l l   w e l d   t e s t   (ASTM  D2783)   in   w h i c h   a  

s t e e l   b a l l   i s   r o t a t e d   in   l o a d e d   c o n t a c t   w i t h   t h r e e   f i x e d   b a l l s .  

The  maximum  l o a d   w i t h o u t   w e l d   i s   r e c o r d e d   as  t h e   p a s s   l o a d .  

A  s e c o n d   t e s t   c o n d u c t e d   was  t h e   SAE  Load   T e s t   i n  

w h i c h   2  s t e e l   r i n g s   a r e   r o t a t e d   u n d e r   l o a d e d   c o n t a c t   s u c h  

t h a t   t h e r e   i s   m e t a l   s l i d e   a t   t he   c o n t a c t   p o i n t .   The  m a x i -  

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

The  r e s u l t s   of   t h e s e   t e s t s   w e r e   as  f o l l o w s :  



F o u r - B a l l   T e s t  

SAE  Load  T e s t  

T h e s e   r e s u l t s   d e m o n s t r a t e   t he   u n u s u a l   e f f e c t i v e -  

n e s s   of  t h e   p r e s e n t   a d d i t i v e .  



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

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

w h i c h   h a s   b e e n   made  by  a  p r o c e s s   c o m p r i s i n g   (a)  r e a c t i n g   s u l f u r  

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

an  a d d u c t ,   (b)  r e a c t i n g   t h e   a d d u c t   p r o d u c e d   in   Ca)  w i t h  

s u l f u r   and  s o d i u m   s u l f i d e   in   an  a q u e o u s   a l k a n o l   med ium  u s i n g  

f rom  0 . 1   to   0 . 4   g ram  a tom  of  s u l f u r   p e r   gram  mo le   of  s o d i u m  

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

w i t h o u t   h e a t i n g   w i t h   a q u e o u s   c a u s t i c .  

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  

m o n o o l e f i n   has   f rom  3  to   6  c a r b o n   a toms   and  i s   r e a c t e d   w i t h  

s u l f u r   m o n o c h l o r i d e   a t   a  t e m p e r a t u r e   of  f rom  30  to   1 0 0 ° C .  

in  ( a ) ,   t h e   r e a c t i o n   of  (b)  b e i n g   e f f e c t e d   a t   a  t e m p e r a t u r e  

of  f r o m   50°C  up  t o   r e f l u x   t e m p e r a t u r e .  

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

m o n o o l e f i n   i s   a  b r a n c h e d   c h a i n   m o n o o l e f i n .  

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

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

5.  An  a d d i t i v e   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   2 

to  4,  w h e r e i n   t h e   r a t i o   of  s u l f u r   to   s o d i u m   s u l f i d e   in   ( b )  

is   f r om  0 . 1   to   0 . 2 5   gram  atom  of  s u l f u r   p e r   gram  m o l e   o f  

s o d i u m   s u l f i d e .  



6,  An  a d d i t i v e   as  c l a i m e d   in   any  one  of  c l a i m s   2  t o  

5,  w h e r e i n   f rom  0 , 7 5   t o   2  gram  m o l e s   of  t h e   o l e f i n   a r e  

r e a c t e d   w i t h   f rom  0 . 3   to  0 , 7 5   gram  m o l e s   of  s u l f u r   m o n o -  

c h l o r i d e   in  (a)  and  t h e   r e s u l t i n g   a d d u c t   i s   r e a c t e d   w i t h   f r o m  

0 . 4 5  t o   0 . 7   gram  m o l e s   of  s o d i u m   s u l f i d e   and  f rom  0 . 0 5   t o  

0 . 1 8   gram  a tom  of  s u l f u r   in   ( b ) .  

7.  A  p r o c e s s   f o r   p r e p a r i n g   a  s u l f u r i z e d   l u b r i c a t i n g  

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

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

m o n o c h l o r i d e   w i t h   a  C3-6  a l i p h a t i c   m o n o o l e f i n   at   30  to  1 0 0 ° C  

to  p r o d u c e   an  a d d u c t ,   (b)  r e a c t i n g   t h e  a d d u c t   f rom  (a)  w i t h  

s u l f u r   and  s o d i u m   s u l f i d e   in   an  a q u e o u s   a l k a n o l   medium  at   a  

t e m p e r a t u r e   of  f rom  50°C  up  to   r e f l u x   t e m p e r a t u r e   u s i n g   f r o m  

0 . 1   to   0 . 4   gram  a tom  of  s u l f u r   p e r   gram  mole   of  s o d i u m   s u l f i d e ,  

and  (c)  r e c o v e r i n g   t h e   a d d i t i v e   p r o d u c e d   in   (b)  by  c o n v e n t -  

i o n a l   m e t h o d s   w i t h o u t   t h e   use   of  t r e a t m e n t   w i t h   a q u e o u s  

c a u s t i c .  

8.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   7  when  f u r t h e r  

d e f i n e d   by  t h e   s p e c i f i c   f e a t u r e   of  a n y  o n e   of  c l a i m s   3  t o  

6 .  

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   c o m p r i s i n g   l u b r i c a t -  

i n g   o i l   and  an  e x t r e m e   p r e s s u r e   i m p r o v i n g   a m o u n t   of  a n  

a d d i t i v e   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  6 .  



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

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   of  c l a i m s   1  t o  6   and  o n e  

or   more   f u r t h e r   a d d i t i v e s   s e l e c t e d   f rom  c o r r o s i o n   i n h i b i t o r s  

f o r   f e r r o u s   or   n o n - f e r r o u s   m e t a l s ,   a n t i w e a r   a d d i t i v e s ,  

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

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