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Process  for  preparing  overbased  sulfurized  phenates. 
Overbased  sulfurized  phenates  formed  by  the  process 

comprising  contacting  at  reaction  conditions  a  composition 
comprising  a  phenolic  compound,  sulfur  and  an  alkaline 
earth  metal  base  selected  from  the  group  consisting  of 
calcium,  barium,  magnesium,  and  strontium,  in  an  amount 
insufficient  to  fully  react  with  the  phenolic  compound,  and 
contacting  the  above  intermediate  composition  with  an 
additional  amount  of  alkaline  earth  metal  base  and  carbon 
dioxide,  wherein  the  molar  ratio  of  carbon  dioxide  absorbed 
to  overbasing  alkaline  earth  metal  is  from  about  0.70  to 
about  0.95. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t h e   I n v e n t i o n  

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

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

f o r   t h e i r   m a n u f a c t u r e   and,   more  s p e c i f i c a l l y ,   to   o v e r -  

b a s e d   s u l f u r i z e d   p h e n a t e s .  

2.  S e t t i n g   of  t h e   I n v e n t i o n  

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

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

and  a u t o m o t i v e   e n g i n e s .   S l u d g e ,   l a c q u e r   and  r e s i d e n c e  

m a t e r i a l s   can   fo rm  and  a d h e r e   to  e n g i n e   p a r t s   ( e s p e c i a l l y  

p i s t o n   r i n g s ,   g r o o v e s   and  s k i r t s )   p o s s i b l y   h a v i n g  a  

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

u s e f u l   l i f e .   Commonly ,   a d d i t i v e s   a r e   a d d e d   to   l u b r i -  

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

m a t e r i a l s   a n d / o r   to  k e e p   them  s u s p e n d e d   so  t h a t   t h e  

e n g i n e   p a r t s   a r e   k e p t   c l e a n   and  o p e r a t i n g   p r o p e r l y .  

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

to  form  o x i d a t i o n   p r o d u c t s   a re   c a l l e d   a n t i o x i d a n t s ,   w h i l e  

a d d i t i v e s   w h i c h   t e n d   to   s u s p e n d   o x i d a t i o n   p r o d u c t s   a n d  

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

uncommon  f o r   c e r t a i n   a d d i t i v e s   to  e x h i b i t   b o t h   a n t i o x i -  

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

f u r i z e d   m e t a l   p h e n a t e s   a r e   q u i t e   u s e f u l   as  a n t i o x i d a n t s  

as  w e l l   as  d i s p e r s a n t s .   T h e s e   p h e n a t e s   a r e   g e n e r a l l y  

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

c ium,   b a r i u m ,  m a g n e s i u m ,   and  s t r o n t i u m .  

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

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

such   p r o c e s s   i n v o l v e s   t he   r e a c t i o n   of  a  p h e n o l ,   s u l f u r  

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

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

i s   e x e m p l i f i e d   by  U.S .   P a t e n t s   3 , 0 3 6 , 9 7 1   and  3 , 1 9 4 , 7 6 1 ,  

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



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

i z e d   m e t a l   p h e n a t e s   t h a t   a  h a z e   or  ge l   can   form  when  t h e  

p h e n a t e   i s   m i x e d   w i t h   b r i g h t   s t o c k   o i l s .   We  b e l i e v e   t h a t  

t h i s   h a z e   or  ge l   i s   due  to   o v e r c a r b o n a t i n g   t h e   p h e n a t e .  

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

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

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

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

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

t i o n   h a s   c e a s e d   and  c a r b o n a t i o n   i s   c o m p l e t e .   In  p r a c t i c e  

i t   h a s   b e e n   f o u n d   t h a t   even   i f   t h e   i n j e c t i o n   of  c a r b o n  

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

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

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

p r o b l e m s .   We  have   d i s c o v e r e d   t h a t   by  u n d e r c a r b o n a t i n g  

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

s o l u b i l i t y   p r o b l e m s   can  be  e l i m i n a t e d .   One  m e t h o d   o f  

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

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

t h e   a m o u n t   of  c a r b o n   d i o x i d e   a b s o r b e d ;   h o w e v e r ,   none   o f  

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

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

l e m s .   F u r t h e r ,   we  h a v e   f o u n d   t h a t   i f   t he   a l k a l i n e   e a r t h  

m e t a l   i s   a d d e d   in  a  s i n g l e   c h a r g e   or  s t a g e   and  t h e n   c a r -  

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

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

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

U n i t e d   S t a t e s . P a t e n t   2 , 9 1 6 , 4 5 4   to  B r a d l e y   e t   a l .  

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

to  a  m o l a r   r a t i o   of  0 . 2 - 0 . 6   c a r b o n   d i o x i d e : p h e n o l i c   c o m -  

p o u n d .   B r a d l e y   d o e s   n o t   d i s c l o s e   t h e   use   of  an  i n o r g a n i c  

e a r t h   m e t a l   b a s e ,   s u c h   as  c a l c i u m ,   b u t   r e q u i r e s   t h e   u s e  

of  c o m p l e x   m e t a l   a l c o h o l a t e s ,   such   as  b a r i u m ,   m a g n e s i u m  

or  s o d i u m .   U.S .   P a t e n t   3 , 0 3 6 , 9 7 1   to   O t t o   d i s c l o s e s   t h e  

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

and  a  m u t u a l   s o l v e n t .   O t t o   d i s c l o s e s   l i m i t i n g   t h e   a m o u n t  



of  c a r b o n   d i o x i d e   a b s o r b e d   to   a  m o l a r   r a t i o   of  0 . 2 - 0 . 6  

c a r b o n   d i o x i d e : c a l c i u m .   N o w h e r e   i s   i t   d i s c l o s e d   in  O t t o  

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

t i o n   p r o d u c t   f rom  b e c o m i n g   t o o   v i s c o u s .   B o t h   of  t h e s e  

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

amoun t   of  c a r b o n   d i o x i d e   a b s o r b e d   to   c o n t r o l   b r i g h t   s t o c k  

s o l u b i l i t y .  

U .S .   P a t e n t s   3 , 1 7 8 , 3 6 8   to  H a n n e m a n   and  3 , 3 3 6 , 2 2 4   t o  

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

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

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

l i m i t e d   to   0 .1  to  3 . 0   m o l e s   of  c a r b o n   d i o x i d e   p e r   mole  o f  

p h e n o l i c   c o m p o u n d .   Nowhere   i s   i t   d i s c l o s e d   in   t h e s e '  

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

b i l i t y   or   to  add  an  a l k a l i n e   e a r t h   m e t a l   b a s e   in  s t a g e s  

to  p r e v e n t   an  i n c r e a s e   in   t h e   v i s c o s i t y   of  t h e   r e a c t i o n  

p r o d u c t .   F u r t h e r ,   b o t h   Hanneman   and  A l l p h i n   r e q u i r e   t h e  

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

The  use   of  t h e s e   a l c o h o l s   i s   e c o n o m i c a l l y   u n a t t r a c t i v e  

b e c a u s e   t h e   a l c o h o l s   a re   e x p e n s i v e   and  mus t   be  d i s t i l l e d  

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

U .S .   P a t e n t   3 , 1 9 4 , 7 6 1   to  Foy  e t   a l .   d i s c l o s e s   t h e  

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

s u l f u r   and  a  m u t u a l   s o l v e n t .   C a r b o n   d i o x i d e   i s   b u b b l e d  

t h r o u g h   t h e   m i x t u r e   u n t i l   no  more  t h a n   0 .5   m o l e s   o f  

c a r b o n   d i o x i d e   i s   a b s o r b e d   p e r   mole   of  c a l c i u m .   T h e r e -  

a f t e r ,  a n   a d d i t i o n a l   amoun t   of  h y d r a t e d   l i m e   i s   a d d e d .  

U.S .   P a t e n t   3 , 3 5 0 , 2 1 0   to  Herd   e t   a l .   d i s c l o s e s   t he   r e a c -  

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

1 0 ° - 3 0 ° C .   T h e r e a f t e r   p h e n o l   s u l f i d e   and  a  d i l u e n t   a r e  

a d d e d .   The  amount   of  c a r b o n   d i o x i d e   a b s o r b e d   i s   l i m i t e d  

to  0 . 4 - 0 . 8   m o l e s   of  c a r b o n   d i o x i d e   p e r   mole   of  c a l c i u m .  

Bo th   of  t h e s e   p a t e n t s   f a i l   to  d i s c l o s e   t h e   c o n c e p t   o f  

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

p r o c e s s   of  Foy  et  a l .   and  Herd   d o e s   n o t   d i s c l o s e   t h e  

a d d i t i o n   of  an  a l k a l i n e   e a r t h   m e t a l   b a s e   in   s t a g e s   t o  

c o n t r o l   v i s c o s i t y .   F u r t h e r ,   t h e   p r o c e s s   of  Herd  r e q u i r e s  



t h e   use   of  m e t h a n o l   and  a  p h e n o l   s u l f i d e .  

U.S .   P a t e n t   3 , 9 2 3 , 6 7 0   to   C r a w f o r d   d i s c l o s e s   t h e  

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

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

t i o n a l   a l k a l i   m e t a l   h y d r o x i d e   and  c a r b o n   d i o x i d e .   I n  

C r a w f o r d   t h e r e   i s   no  l i m i t   on  t h e   amoun t   of   c a r b o n  

d i o x i d e   a b s o r b e d ,   and  t h u s   t h e r e   i s   no  s u g g e s t i o n   o f  

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

c a r b o n a t e   in   s t a g e s   to   c o n t r o l   v i s c o s i t y .  

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

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

c a r b o n a t i o n   s t a g e s   to   c o n t r o l   v i s c o s i t y   and  w h i c h   p r o -  
d u c e s   a  p r o d u c t   t h a t   h a s   no  b r i g h t   s t o c k   s o l u b i l i t y  p r o b -  

l e m s .  

D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t s  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  n o v e l   o v e r b a s e d  

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

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

pound  and  an  a l k a l i n e   e a r t h   m e t a l   b a s e   to   p r o d u c e   a  

p h e n a t e   i n t e r m e d i a t e .   T h e r e a f t e r ,   t h e   p h e n a t e   i n t e r m e -  

d i a t e   i s   c o n t a c t e d   a t   r e a c t i o n   c o n d i t i o n s   w i t h   an  a d d i -  

t i o n a l   a m o u n t   of  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   and  c a r b o n  

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

in  t he   r a t i o   of  a b o u t   0 . 7 5 - 0 . 9 5   m o l e s   p e r   mole   o v e r b a s i n g  

a l k a l i n e   e a r t h   m e t a l .   For   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 ,   o v e r b a s i n g   a l k a l i n e   e a r t h   m e t a l   i s   d e f i n e d   as  t h e  

t o t a l   m o l e s   of  a l k a l i n e   e a r t h   m e t a l   m i n u s   o n e - h a l f   of   t h e  

m o l e s   of  p h e n o l i c   c o m p o u n d .   For   e x a m p l e :   i f   1 . 0 4   m o l e s  

of  p h e n o l i c   c o m p o u n d   and  0 . 6 9   m o l e s   of  Ca(OH)2   a r e   a d d e d  

in  the   p r o d u c t i o n   of  t h e   p h e n a t e   i n t e r m e d i a t e   and  0 . 8 9  

m o l e s   of  Ca(OH}2  a r e   a d d e d   to  t h e   p h e n a t e   i n t e r m e d i a t e ,  

t h e n   t h e   o v e r b a s i n g   a l k a l i n e   e a r t h   m e t a l   i s   ( 0 . 6 9   +  0 . 8 9 )  

-  ( 1 . 0 4 / 2 )   or   1 . 0 6   m o l e s .  

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

c a r b o n   d i o x i d e   a d d e d   be  d e p e n d e n t   upon  t h e   t o t a l   m o l e s   o f  

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

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



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

the   r a t i o   of  m o l e s   of  c a r b o n   d i o x i d e   a b s o r b e d   to  o v e r -  

b a s i n g   a l k a l i n e   e a r t h   m e t a l   b a s e   p r e s e n t .   In  o t h e r   w o r d s  

t he   p r e s e n t   i n v e n t i o n   i s   n o t   d e p e n d e n t   upon   c o n t r o l l i n g  

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

or  a l k a l i n e   e a r t h   m e t a l   b a s e   b u t   to  a  s p e c i f i c   c o m b i n a -  

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

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

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

p r i s e s   t h e   r e a c t i o n   of  s u l f u r ,   a  p h e n o l i c   compound   and  a n  

a l k a l i n e   e a r t h   m e t a l   b a s e   w h i c h   i s ,   in  an  amoun t   i n s u f f i -  

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

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

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

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

20%  to  75%  of  t h e   t o t a l   a m o u n t   added   and,   p r e f e r a b l y   f r o m  

a b o u t   40%  to  60%.  In  c e r t a i n   c i r c u m s t a n c e s   i t   may  b e  

d e s i r a b l e   to  c a l c u l a t e   t h e   amount   of  a l k a l i n e   e a r t h   m e t a l  

b a s e   added   in  t he   s u l f u r i z a t i o n   s t e p   b a s e d   upon  the   p h e -  

n o l i c   compound .   In  t h i s   c a s e   t he   amoun t   of  a l k a l i n e  

e a r t h   m e t a l   b a s e   a d d e d   is   f rom  0 . 4 0   to  a b o u t   0 . 7 5   m o l e s  

p e r   mole  of  p h e n o l i c   c o m p o u n d .   The  p h e n a t e   i n t e r m e d i a t e  

i s   c o n t a c t e d   w i t h   a d d i t i o n a l   a l k a l i n e   e a r t h   m e t a l   b a s e  

and  c a r b o n   d i o x i d e   b u b b l e d   i n t o   t he   m i x t u r e .   The  p h e n a t e  

i n t e r m e d i a t e   can  be  c o n t a c t e d   w i t h   t h e   a d d i t i o n a l   a m o u n t  

of  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   in  s t a g e s   to  c o n t r o l   t h e  

v i s c o s i t y   of  t he   r e a c t i o n   p r o d u c t .   For  e x a m p l e ,   t h e  

p h e n a t e   i n t e r m e d i a t e   can  be  c o n t a c t e d   w i t h   two  a d d i t i o n a l  

c h a r g e s   of  the   a l k a l i n e   e a r t h   m e t a l   b a s e   and  c a r b o n  

d i o x i d e   w i t h   t he   l a s t   c h a r g e   b e i n g   a b o u t   1C  p e r   c e n t  

s m a l l e r   in  vo lume   t h a t   t h e   p r e v i o u s   a d d i t i o n a l   c h a r g e .  

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

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

s e l s   or  u n d e r   a l r e a d y   h i g h   v i s c o s i t y   c o n d i t i o n s .   R e g a r d -  

l e s s   of  t he   m e t h o d s   e m p l o y e d ,   t h e   amount   of  c a r b o n  

d i o x i d e   a b s o r b e d   s h o u l d   be  in  t he   r a t i o   of  a b o u t   0 . 7 0   t o  

a b o u t   0 :95   mo le s   p e r   mole   of  o v e r b a s i n g   a l k a l i n e   e a r t h  



m e t a l .  

C a r b o n   d i o x i d e   can   be  a d d e d   in   t h e   c a r b o n a t i o n   s t e p  

a l o n g   w i t h   or  a f t e r   t h e   a d d i t i o n   of  t h e   a d d i t i o n a l   o v e r -  

b a s i n g   a l k a l i n e   e a r t h   m e t a l   b a s e .   I f   t h e   a d d i t i o n a l  

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   in   s t a g e s   t h e   c a r b o n  

d i o x i d e   can   be  a d d e d   (a)   c o n t i n u o u s l y   w h i l e   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 ,   (b)  i n t r o d u c e d   a f t e r   e a c h  

a d d i t i o n   i s   c o m p l e t e d ,   or  (c)   a d d e d   o n l y   a f t e r   t h e   f i n a l  

a d d i t i o n   of  a l k a l i n e   e a r t h   m e t a l   b a s e .  

The  t o t a l   b a s e   n u m b e r   (TBN)  of  t h e   f i n a l   o v e r b a s e d  

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

o v e r   a  w ide   r a n g e ;   h o w e v e r ,   t h e   TBN  s h o u l d   be  b e t w e e n   2 0 0  

and  300 ,   and  p r e f e r a b l y   c l o s e   to   250  TBN. 

The  s u l f u r   u t i l i z e d   i s   p r e f e r r e d   to   be  e l e m e n t a l  

s u l f u r .   S u l f u r   i s   u s e d   in   an  a m o u n t   f rom  a b o u t   0 .3   t o  

a b o u t   2 . 5   m o l e s   of  s u l f u r   p e r   mole   of  t o t a l   a l k a l i n e  

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

f rom  a b o u t   0 .7   to   a b o u t   1 . 2 5   m o l e s   of  s u l f u r   p e r   mole   o f  

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

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

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

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

o t h e r s .   The  m o s t   commonly   u s e d   s u b s t i t u t e d   p h e n o l s   c o n -  

t a i n   one  or   more  h y d r o c a r b y l   g r o u p s   h a v i n g   a b o u t   1  t o  

a b o u t   100  c a r b o n : a t o m s .   P r e f e r a b l y ,   t h e   h y d r o c a r b y l  

g r o u p s   c o n t a i n   a b o u t   8  to   a b o u t   20  c a r b o n   a t o m s .   T h e  

h y d r o c a r b y l   g r o u p s   can   be  a l k y l ,   a l k e n y l ,   a r a l k y l   o r  

a l k a r y l .   For   r e a s o n s   of  c o s t   and  a v a i l a b i l i t y   m o n o a l k y l -  

p h e n o l s   a r e   p r e f e r r e d .   N o n o a l k y l   s u b s t i t u t i o n   in   t h e  

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

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

m e t h y l ,   e t h y l ,   p r o p y l ,   i s o p r o p y l ,   b u t y l ,   i s o b u t y l   and  t h e  

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

u n d e c y l ,   d o d e c y l   and  t h e   l i k e ,   i n c l u d i n g   low  m o l e c u l a r  

w e i g h t   p o l y m e r s   and  c o p o l y m e r s .   C o m m e r c i a l l y   a v a i l a b l e  

s u b s t i t u t e d   p h e n o l s   c o n t a i n   f rom  8  to  20  c a r b o n   a t o m s  

s u b s t i t u e n t s   f rom  p o l y p r o p y l e n e   or  p o l y b u t e n e .   T h e  



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

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

n i t r o ,   and  t h e   l i k e .  

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

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

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

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

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

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

t u r e   of  t h e s e   p h e n a t e s .   I t   i s   p r e f e r r e d   to  u s e   h y d r a t e d  

l ime   of  good  q u a l i t y ,   r e l a t i v e l y   f r e e   of  c a r b o n a t e s ,  

wh ich   has   n o t   d e t e r i o r a t e d   d u r i n g   s t o r a g e .   In  c e r t a i n  

c a s e s ,   t h e   c a r b o n a t e ,   m e t h o x i d e s   or  o t h e r   f o r m s   of  b a s e  

may  be  u s e d   f o r   c e r t a i n   m e t a l s   s u c h   as  m a g n e s i u m .  

Bo th   t h e   s u l f u r i z a t i o n   and  t he   c a r b o n a t i o n   r e a c t i o n s  

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

l i q u i d   w h i c h   i s   s o m e t i m e s   r e f e r r e d   to   as  a  " m u t u a l   s o l -  

v e n t . "   The  m u t u a l   s o l v e n t   can  c o m p r i s e   any  s t a b l e  

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

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

and  i n t e r m e d i a t e   p h e n a t e .   Whi l e   a  w ide   v a r i e t y   of  m u t u a l  

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

g l y c o l   m o n o e t h e r s ,   s u c h   as  e t h y l e n e   g l y c o l ,   1 , 4 - b u t e n e  

d i o l ,   and  d e r i v a t i v e s   of  e t h y l e n e   g l y c o l ,   such   as  t h e  

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

are   p r e f e r r e d   and  e t h y l e n e   g l y c o l   i s   t h e   mos t   p r e f e r r e d  

s i n c e   i t   s e r v e s   to   a c t i v a t e   t he   n e u t r a l i z a t i o n   r e a c t i o n  

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

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

t i o n   a re   u n k n o w n .  

Both   t h e   s u l f u r i z a t i o n   and  t h e   c a r b o n a t i o n   r e a c t i o n s  

can  be  c o n d u c t e d   in   a  d i l u e n t ,   p r e f e r a b l y   a  l u b r i c a t i n g  

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

The  r e a c t i o n   d i l u e n t   s e r v e s   to  r e d u c e   t h e   v i s c o s i t y   o f  

the   i n t e r m e d i a t e  p h e n a t e .  t o   make  i t   r e a d i l y   t r a n s f e r a b l e  

by  p u m p i n g   o p e r a t i o n s   and  t he   l i k e .   The  amoun t   o f  



d i l u e n t   u s e d   can  v a r y   o v e r   a  w i d e   r a n g e ,   b u t   i s   u s e d   in   a 
c o n c e n t r a t i o n   to  a c h i e v e   a  s u i t a b l e   i n t e r m e d i a t e   or   p r o -  
d u c t   v i s c o s i t y   f o r   r e a c t i o n   and  t r a n s f e r   w h i l e   n o t   u n d u l y  

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

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

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

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

H o w e v e r ,   any  i n e r t   w a t e r - i n s o l u b l e   o r g a n i c   med ium  w h i c h  

w i l l   n o t   r e a c t   or  i n t e r f e r e   w i t h   t h e   r e a c t i o n   of  t h e   p r o -  

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

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

c e s s ,   o t h e r   o i l s   can  a l s o   be  u s e d ,   such   as  s y n t h e t i c ,  

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

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

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

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

low  c o s t .   The  l u b r i c a t i n g   o i l s   p r e f e r r e d   w i l l   be  f l u i d  

o i l s ,   r a n g i n g   in  v i s c o s i t y   f rom  a b o u t   40  S a y b o l t   U n i v -  

e r s a l   S e c o n d s   a t   100°F   ( 3 8 ° C )   to   a b o u t   200  S a y b o l t   U n i v -  

e r s a l   S e c o n d s   a t   210°F   ( 9 9 ° C ) .  

The  m o l a r   r a t i o s   of  t h e   m a t e r i a l s   u t i l i z e d   in   t h e  

p r e s e n t   p r o c e s s   can   v a r y   o v e r   a  w ide   r a n g e   d e p e n d i n g   u p o n  
t h e   d e s i r e d   l e v e l   of  s u l f u r   to   be  p r e s e n t   in   t h e   f i n a l  

p r o d u c t   and  t h e   d e s i r e d   TBN.  The  m o l a r   r a t i o s   f o r   p h e -  

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

1 : 0 . 4 - 2 .   The  f i n a l   p r o d u c t   c a n   h a v e   m o l a r   r a t i o s   of  p h e -  

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

1 : 0 . 5 - 0 . 7   f o r   a  low  b a s e   m a t e r i a l   and  a b o u t   1 : 1 . 5 - 1 . 8   f o r  

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

p o u n d : s u l f u r   can  be  1 : 8 - 1 . 2   f o r   low  b a s e   m a t e r i a l s   a n d  

a b o u t   1 : 1 . 5 - 1 . 8   f o r   h i g h   b a s e d   m a t e r i a l s .   The  m o l a r  

r a t i o s   f o r   p h e n o l i c   c o m p o u n d : c a r b o n   d i o x i d e   can   be  a b o u t  

1 : 0 . 5 - 1 . 3 .   H o w e v e r ,   i t   i s   c r i t i c a l   t h a t   t h e   m o l a r   r a t i o  

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

a b o u t   0 . 7 0   to   a b o u t   0 . 9 5 .  



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

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

a b o u t   2 0 0 ° F   to  a b o u t  4 0 0 ° F   ( 9 4 ° C - 2 0 5 ° C ) .   P r e f e r a b l y ,   t h e  

r e a c t i o n s   a r e   c o n d u c t e d   a t   t e m p e r a t u r e s   f rom  a b o u t   3 0 0 ° F  

to  a b o u t   3 6 0 ° F   ( 1 4 8 . 8 ° - 1 8 2 . 2 ° C ) .   H i g h e r   t e m p e r a t u r e s  

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

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

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

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

(PSC)  p r o b l e m s .   At  l o w e r   r e a c t i o n   t e m p e r a t u r e s   PSC  p r o b -  

lems  can  m a n i f e s t   t h e m s e l v e s   by  t h e   f o r m a t i o n   qf  an  i n s o -  

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

r e a c t i o n s   a t   a b o v e   3 0 0 ° F   t h e   P S C  p r o b l e m s   can  be  e l i m i -  

n a t e d   or  a t   l e a s t   s u b s t a n t i a l l y   r e d u c e d .  

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

p r e s e n t   p r o c e s s   can  be  m i x e d   w i t h   any  s u i t a b l e   l u b r i -  

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

the   o v e r b a s e d   s u l f u r i z e d   m e t a l   p h e n a t e s   in  t h e   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   d e p e n d s   upon  t he   t y p e   of  b a s e  

o i l   u s e d   and  t he   p a r t i c u l a r   p r o p e r t i e s   d e s i r e d .   The  c o n -  

c e n t r a t i o n   can  r a n g e   f rom  a b o u t   0 . 7 5   to  a b o u t   15  w e i g h t  

pe r   c e n t   w i t h   t he   m a j o r   p o r t i o n   of  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   b e i n g   t h e   o i l .   Many  d i f f e r e n t   o i l s   can   b e  

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

c o a l   o i l s   and  s y n t h e t i c   o i l s .   F u r t h e r ,   o t h e r   a d d i t i v e s  

can  be  i n c l u d e d   in  t h e   f i n a l   p r o d u c t   to   p r o v i d e   m u l t i -  

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

s u r e   a g e n t s ,   t a c k i n e s s   a g e n t s ,   a n t i o d o r   a g e n t s ,   p o u r  

p o i n t   d e p r e s s a n t s ,   v i s c o s i t y   i n d e x   i m p r o v e r s ,   a n t i w e a r  

a g e n t s ,   a n t i o x i d a n t s ,   a n t i c o r r o d a n t s ,   m e t a l   d e a c t i v a t o r s ,  

e t c .  

In  t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n -  

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

l i m i t i n g   t h e   amount   of  c a r b o n   d i o x i d e   to  a b o u t   0 . 7 - 0 . 9 5  

moles   of  c a r b o n   d i o x i d e   p e r   mole   of  o v e r b a s i n g   a l k a l i n e  

e a r t h   m e t a l .   None  of  t h e   p r i o r   a r t   p r o c e s s e s   I  know  o f  

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



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

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

m e d i a t e ,   and  (b)  c o n t a c t i n g   t h e   p h e n a t e   i n t e r m e d i a t e   w i t h  

an  a d d i t i o n a l   amoun t   of  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   a n d  

c a r b o n   d i o x i d e ,   w h e r e i n   t h e   a m o u n t   of  c a r b o n   d i o x i d e  

a b s o r b e d   i s   l i m i t e d   to  0 . 7 0 - 0 . 9 5   m o l e s   p e r   mo le   of  o v e r -  

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

e a r t h   m e t a l   b a s e   s h o u l d   n o t   be  r e d u c e d   when  u n d e r c a r b o -  

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

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

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

c l o s e d   can   c a u s e   o t h e r   p r o b l e m s .   For   e x a m p l e ,   i f   0 . 5  

m o l e s   of  c a r b o n   d i o x i d e   p e r   mole   of  o v e r b a s i n g   a l k a l i n e  

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

z a t i o n   w o u l d   be  i n c o m p l e t e   and  t h e   f i n a l   p r o d u c t   w o u l d   b e  

u n s t a b l e   and  no t   e x h i b i t   t h e   r e q u i r e d   a n t i o x i d a n t   a n d  

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

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

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

be  u s e d   in  p l a c e   of  t h e   d i l u e n t   o i l   to   make  t h e   o b s e r v -  

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

more  c a r b o n   d i o x i d e   can  be  a b s o r b e d ,   to   c o i n c i d e   e x a c t l y  

w i t h   t h e   p o i n t   a t   w h i c h   t h e   c a r b o n   d i o x i d e   i n t r o d u c t i o n  

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

p h e n a t e   p r o d u c t .   I  h ave   d i s c o v e r e d   t h a t   t h e   u s e   of  a n  

a r o m a t i c   s o l v e n t ,   such   as  x y l e n e s   or   C9  a r o m a t i c s   in   l i e u  

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

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

c a r b o n   d i o x i d e   a b s o r p t i o n .   T e r m i n a t i o n   of   c a r b o n   d i o x i d e  

i n t r o d u c t i o n   at   t he   o b s e r v e d   p o i n t   w h i l e   u s i n g   t h o s e   s o l -  

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

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

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

s o l v e n t s   i s   e s s e n t i a l l y   t h e   same  as  h a s   b e e n   d e s c r i b e d  

a b o v e ;   h o w e v e r ,   a l l   or  a  p o r t i o n   of  t h e   d i l u e n t   o i l   c a n  

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

to  a b o u t   46  p e r   c e n t   of  t h e   n o r m a l   a m o u n t   of  d i l u e n t   o i l  



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

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

c o o l e d   to   u n d e r   a b o u t   2 7 5 ° F   when  a d d i n g   t h e   x y l e n e   or  C9 
a r o m a t i c s ,   m u t u a l   s o l v e n t   and  c a l c i u m   h y d r o x i d e .   C a r b o -  

n a t i o n   i s   i n i t i a t e d   when  t h e   r e a c t i o n   m i x t u r e   h a s   b e e n  

h e a t e d   to   a b o u t   300°  to  3 1 0 ° F ,   w h i c h   i s   t h e   r e f l u x   t e m -  

p e r a t u r e   of  t h e   C9  a r o m a t i c s   or  a b o u t   2 8 5 ° F   f o r   t h e  

x y l e n e s .   A  m i x t u r e   of  w a t e r   and  m u t u a l   s o l v e n t ,   s u c h   a s  

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

s t e p   to  p r e v e n t   w a t e r   b u i l d   up  in  t h e   r e a c t i o n   v e s s e l .  

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

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

the   r e a c t i o n   m i x t u r e   as  t h e   r e q u i r e d   a m o u n t   of  d i l u e n t  

o i l   i s   a d d e d .   The  use   of  t h e s e   s o l v e n t s   can  be  p a r t i c u -  

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

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

when  t he   v i s c o s i t y   of  t h e   r e a c t i o n   m i x t u r e  n e e d s   to   b e  -  

e s p e c i a l l y   l o w .  

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

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

on  t h e   b r i g h t   s t o c k   s o l u b i l i t y   of  t h e   f i n a l   p h e n a t e   p r o -  
d u c t .   W a t e r   i s   c o n t i n u o u s l y   p r o d u c e d   in   t h e   p r o c e s s   a n d  

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

or  b y  r e f l u x i n g   any  i n t r o d u c e d   s o l v e n t s ,   such   as  x y l e n e .  

When  5 - w e i g h t   o i l   i s   u s e d   as  t h e   d i l u e n t ,   t h e   c o n c e n t r a -  

t i o n   of  w a t e r   in   t h e   r e a c t i o n   v e s s e l   a p p e a r s   to   r e a c h   a  

s t e a d y   s t a t e   and  no  a d d i t i o n a l   w a t e r   can   be  r e m o v e d   f r o m  

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

the   c a r b o n a t i o n   s t e p .   I f   c a r b o n a t i o n   i s   a l l o w e d   to   c o n -  

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

r e s u l t   f rom  o v e r c a r b o n a t i o n .   In  c o n t r a s t ,   f i n i s h e d   p r o -  
d u c t s   u t i l i z i n g   x y l e n e   as  a  s o l v e n t   w i t h   c o n t i n u o u s   w a t e r  

r e m o v a l   r a n g e   from  o n l y   s l i g h t l y   h a z y   to   b r i g h t   and  c l e a r  

in  t h e   b r i g h t   s t o c k   s o l u b i l i t y   t e s t s .   I  know  t h a t   a r o -  

m a t i c   s o l v e n t s ,   such  as  x y l e n e s   and  CQ  a r o m a t i c s ,   a r e  

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

p h e n a t e s   when  u s i n g   b r i g h t   s t o c k   b a s e   o i l s .   P a r a f f i n i c  



s o l v e n t s ,   s u c h   as  5-W  o i l   and  d o d e c a n e ,   do  n o t   h a v e   a s  

good  s o l v e n t   c h a r a c t e r i s t i c s   as  t h e   a r o m a t i c   s o l v e n t s .  

We  a l s o   know  t h a t   t h e   two  a z e o t r o p e s ,   H20  +  x y l e n e s   a n d  

H20  +  d o d e c a n e ,   h a v e   a b o u t   t h e   same  c o m p o s i t i o n   a n d  

b o i l i n g   p o i n t s   w h i l e   5-W  o i l   +  H20  do  n o t   f o r m   an  a z e o -  

t r o p e   and  w a t e r   r e m o v a l   i s   p o o r .   T h e r e f o r e ,   s i n c e  

x y l e n e s   and  d o d e c a n e   fo rm  s i m i l a r   t y p e s   of  a z e o t r o p e s ,  
t he   n a t u r e   of  t h e   s o l v e n t   u s e d   ( p o l a r   vs .   n o n p o l a r )   p r o b -  

a b l y   h a s   an  e f f e c t   on  m i c e l l e   s t r u c t u r e   and  h e n c e   on  t h e  

a b i l i t y   to   r emove   w a t e r   f rom  t h e   p r o c e s s .  
V a r i o u s   m e t h o d s   can  be  u n d e r t a k e n   to  m i n i m i z e   t h e  

p r o d u c t i o n   of  w a t e r ,   d u r i n g   t h e   r e a c t i o n ,   s u c h   as  a  p u r g e  
of  t h e   r e a c t i o n  m i x t u r e   w i t h   n i t r o g e n   gas  d u r i n g   t h e   c a r -  

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

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

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

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

t h e   r e a c t i o n   m i x t u r e .   A l t h o u g h   no  s t o i c h i o m e t r y   of   t h e  

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

w a t e r ,   t h e   s y s t e m   can  be  e a s i l y   o v e r c a r b o n a t e d   a t   3 0 0 ° F  

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

to  t h e   o b s e r v a b l e   b r e a k   p o i n t   when  n o t   u s i n g   x y l e n e   or  C9 
a r o m a t i c s .   C o n d u c t i n g ' t h e   c a r b o n a t i o n   u n d e r   d e h y d r a t i n g  

c o n d i t i o n s   u s i n g   a  3 6 0 ° F   c a r b o n a t i o n   t e m p e r a t u r e   a n d  

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

d e c r e a s e d   t h e   amoun t   of  w a t e r   g e n e r a t e d   i n   t h e   r e a c t i o n  

m i x t u r e .  

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

be  r e d u c e d   to   a  minimum  a p p r o x i m a t e l y   t w o - t h i r d s   of  t h e  

way  t h r o u g h   t h e   c a r b o n a t i o n .   At  t h i s   p o i n t ,   t h e   r e a c t i o n  

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

s i d e   r e a c t i o n   l e a d i n g   to  o v e r c a r b o n a t i o n   t a k e s   p l a c e .   I t  

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

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

m i x i n g   e f f i c i e n c i e s ,   so  t h e   s t e p w i s e   c a r b o n a t i o n   of  t h e  

p r e s e n t   p r o c e s s ' i s   mos t   u s e f u l   in   c o n t r o l l i n g   t h e   v i s -  

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



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

i l l u s t r a t i n g   t he   i n v e n t i o n   and  a r e   n o t   to   l i m i t   or  r e s -  

t r i c t   t h e   i n v e n t i o n   in   any  w a y .  

E x a m p l e   I - - P r o c e s s   C o n d u c t e d   U s i n g   A  R e d u c e d   Amount   o f  

C a r b o n   D i o x i d e  

I n t o   a  two  l i t e r   f l a s k   was  a d d e d   a  m i x t u r e   of  272  g  
( 1 . 0 4 m )   of  d o d e c y l p h e n o l ,   260  g  of  5 - w e i g h t   o i l   a s  

d i l u e n t ,   47  g  ( 1 . 4 7 m )   of  e l e m e n t a l   s u l f u r ,   51  g  ( 0 . 6 9 m )  

of  Ca(OH)2   and  80  g  ( 1 . 2 9 m )   of  e t h y e n e   g l y c o l .   The  m i x -  

t u r e   was  h e a t e d   a t   149°C  f o r   two  h o u r s .   T h e r e a f t e r ,   66  g  

( 0 . 8 9 m )   of  Ca(OH)2  was  a d d e d   and  t h e   r e a c t i o n   m i x t u r e   w a s  

t r e a t e d   w i t h   c a r b o n   d i o x i d e   gas   i n j e c t e d   a t   1 . 2  

l i t e r s / m i n .   a t   149°C  u n t i l   1 8 . 3   l i t e r s   ( 0 . 8 2 m )   of  c a r b o n  

d i o x i d e   was  a b s o r b e d   ( i n   a b o u t   23  m i n . ) .   The  r e s u l t i n g  

p r o d u c t   was  s t r i p p e d   by  i n j e c t i o n   of  n i t r o g e n   gas   (N2)  a t  

232°C and  t h e n   f i l t e r e d   t h r o u g h   d i a t o m a c e o u s   e a r t h .   T h e  

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

T a b l e   1 .  

E x a m p l e   I I - - P r o c e s s   C o n d u c t e d   U s i n g   An  I n c r e a s e d   A m o u n t  

of  C a r b o n   D i o x i d e  

The  same  p r o c e d u r e   was  f o l l o w e d   as  in   E x a m p l e   I  

e x c e p t   t h a t   c a r b o n   d i o x i d e   i n j e c t i o n   was  c o n t i n u e d   u n t i l  

1 .08m  were   a b s o r b e d .   The  p h y s i c a l   p r o p e r t i e s   of  t h e  

f i n a l   p r o d u c t   a re   shown  in   T a b l e   I .  

E x a m p l e   I I I - - P r o c e s s   C o n d u c t e d   U s i n g   An  I n c r e a s e d   P h e n a t e  

C o n c e n t r a t i o n  

I n t o   a  two  l i t e r   f l a s k   we re   a d d e d   403  g  ( 1 . 5 4 m )   o f  

d o d e c y l p h e n o l ,   260  g  of  5 - w e i g h t   o i l   as  d i l u e n t ,   68  g  

( 2 . 1 4 m )   of  e l e m e n t a l   s u l f u r ,   65  g  ( 0 . 8 8 m )   of  Ca(OH)2  a n d  

80  g  ( 1 . 2 9 m )   of  e t h y l e n e   g l y c o l .   The  m i x t u r e   was  h e a t e d  

to  149°C  f o r   two  h o u r s .   T h e r e a f t e r ,   72  g  ( 0 . 9 7 m )   o f  

Ca(OH)2  were   added   and  t h e   r e a c t i o n   m i x t u r e   was  t r e a t e d  

w i t h   c a r b o n   d i o x i d e   gas   i n j e c t e d   a t   1 .2   l i t e r s / m i n .   a t  

149°C'  u n t i l   2 3 . 9   l i t e r s   ( 1 . 0 0 m )   of  c a r b o n   d i o x i d e   w e r e  



a b s o r b e d   ( i n   a b o u t   30  m i n . ) .   The  r e s u l t i n g   p r o d u c t   w a s  

s t r i p p e d   by  i n j e c t i o n   of  n i t r o g e n   gas   (N2)  a t   232°C  a n d  

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

p r o p e r t i e s   of  t h e   f i n a l   p r o d u c t   a r e   shown  in   T a b l e   I .  

E x a m p l e   I V - - P r o c e s s   C o n d u c t e d   U s i n g   An  I n c r e a s e d  T e m p e r a -  

t u r e   of  R e a c t i o n  

The  same  p r o c e d u r e   was  f o l l o w e d   as  in   E x a m p l e   I  

e x c e p t   t h a t   t h e   s u l f u r i z a t i o n   was  c o n d u c t e d   a t   1 8 2 ° C   a n d  

40  g  ( 0 . 6 5 m )   of  e t h y l e n e   g l y c o l   we re   a d d e d   p r i o r   to   t h e  

s e c o n d   a d d i t i o n   of  Ca(OH)2 .   The  p h y s i c a l   p r o p e r t i e s   o f  

the   f i n a l   p r o d u c t   a r e   shown  in   T a b l e   I .  





Example   V - - U s e   of  5-W  Oi l   and  C 9  A r o m a t i c s  
I n t o   a  two  l i t e r   f l a s k   was  a d d e d   a  m i x t u r e   of  272  g 

( 1 . 0 4 m )   of   d o d e c y l p h e n o l ,   120  g  5 - w e i g h t   o i l   ( a b o u t   46  

p e r   c e n t   of   t h a t   n o r m a l l y   u s e d ) ,   80  g  ( 1 . 3 0 m )   of  e t h y l e n e  

g l y c o l ,   47  g  ( 1 . 4 7 m )   of  e l e m e n t a l   s u l f u r   and  51  g  ( 0 . 6 9 m )  

of  Ca(OH)2  and  was  h e a t e d   to   149°C  f o r   2  h o u r s .   T h e  

r e a c t i o n   m i x t u r e   was  c o o l e d   to  a b o u t   121-135°C  by  a d d i n g  

160  g  of  C9  a r o m a t i c s ,   40  g  ( 0 . 6 5 m )   of  e t h y l e n e   g l y c o l  

and  75  g  ( 1 . 0 m )   of  C a ( O H ) 2 .   The  r e a c t i o n   m i x t u r e   w a s  

h e a t e d   to   r e f l u x   (149-154°C)  and  t h e r e a f t e r   c a r b o n a t e d  

w i t h   c a r b o n   d i o x i d e   i n j e c t i o n   a t   0 . 7 9   l i t e r s / m i n .   u n t i l  

a b s o r p t i o n   c e a s e d   a t   23  l i t e r s   a b s o r b e d .   One  h u n d r e d   a n d  

f o r t y   g r a m s   (140  g)  of  5 - w e i g h t   o i l   w e r e   a d d e d   as  t h e  

p r o d u c t   was  s t r i p p e d   by  a  p u r g e   of  n i t r o g e n   g a s   (N2)  a t  

232°C.  The  p r o d u c t   was  t h e n   f i l t e r e d   t h r o u g h   d i a t o m a -  

c e o u s   e a r t h .   The  p h y s i c a l   p r o p e r t i e s   of  t h e   f i n a l   p r o -  
d u c t   a re   shown  in  T a b l e   I I .  

Example   V I - - U s e   of  5-W  Oil   and  X y l e n e s  

I n t o   a  two  l i t e r   f l a s k   was  a d d e d   a  m i x t u r e   of  272  g  

( 1 . 0 4 m )   of   d o d e c y l p h e n o l ,   120  g  of  5 - w e i g h t   o i l ,   80  g  

( 1 . 2 8 m )   of  e t h y l e n e   g l y c o l ,   40  g  ( 1 . 2 5 m )   of  e l e m e n t a l  

s u l f u r   and  51  g  ( 0 . 6 9 m )   of  Ca(OH)2  and  was  h e a t e d   t o  

149°C  f o r   2 . 5   h o u r s .   The  r e a c t i o n   m i x t u r e   was  c o o l e d   t o  

a b o u t   121-135°C  and  100  g  of  x y l e n e s   and   60  g  ( 0 . 9 7 m )   o f  

e t h y l e n e   g l y c o l   we re   a d d e d .   The  m i x t u r e   was  h e a t e d   t o  

r e f l u x   (137-141°C)  and  75  g  ( 1 . 0 m )   of   Ga(OH)2   w e r e  

a d d e d .   C a r b o n   d i o x i d e   i n j e c t i o n   was  i n i t i a t e d   a t   1 . 2 2  

l i t e r s / m i n .   and  c o n t i n u e d   u n t i l   a b s o r p t i o n   c e a s e d   a t   2 5 . 3  

l i t e r s   a b s o r b e d .   One  h u n d r e d   and  f o r t y   g r a m s   (140  g)  o f  

5 - w e i g h t   o i l   were   a d d e d   as  t he   p r o d u c t   was  s t r i p p e d   by  a  

p u r g e   of  n i t r o g e n   gas  (N2)  at  232°C  The  p r o d u c t   w a s  

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

p r o p e r t i e s   of  t h e   f i n a l   p r o d u c t   a re   shown  in  T a b l e   I I .  



E x a m p l e   V I I - - U s e   of  CaO  and  S u l f u r i z a t i o n   a t   182°C 

I n t o   a  5  l i t e r   f l a s k   we re   a d d e d   179  g  of  CaO,  952  g  
of  d o d e c y l p h e n o l ,   910  g  of  5 - w e i g h t   o i l   as  d i l u e n t ,   224  g  
of  e t h y l e n e   g l y c o l ,   and  165  g  of  e l e m e n t a l   s u l f u r .   T h i s  

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

m a n t l e   to   '182°C  and  m a i n t a i n e d   a t   182°C  f o r   2  h o u r s .  

W a t e r   was  r e m o v e d   f rom  t h e   f l a s k   in  a  Dean   S t a r k   t r a p .   A 

t o t a l   of  127  g  of  d i s t i l l a t e   was  r e m o v e d   w h i c h   c o n t a i n e d  

73  g  of  w a t e r   (as   d e t e r m i n e d   by  t h e   K a r l   F i s h e r   m e t h o d ) .  

The  f l a s k   w i t h   t he   p h e n a t e   i n t e r m e d i a t e   was  m a i n t a i n e d   a t  
182°C'  and  c a r b o n   d i o x i d e   was  b u b b l e d   i n t o   t h e   m i x t u r e   a t  

1 . 6 8   1 / m i n .   u n t i l   7  l i t e r s   w e r e   a b s o r b e d .   One  h u n d r e d  

g rams   (100   g)  of  c a l c i u m   o x i d e   and  63  ml  of   e t h y l e n e  

g l y c o l   w e r e   a d d e d .   The  c a r b o n   d i o x i d e   i n j e c t i o n   w a s  

r e i n i t i a t e d   at   1 . 6 8   1 / m i n .   u n t i l   33  l i t e r s   w e r e   a b s o r b e d  

(31  m i n . ) .   D u r i n g   c a r b o n a t i o n ,   81  g  of  d i s t i l l a t e   c o n -  

t a i n i n g   14  g  of  w a t e r   were   c o l l e c t e d .   The  p r o d u c t   w a s  

t h e n   s t r i p p e d   by  i n j e c t i o n   of  n i t r o g e n   gas   (N2)  a t   232°C 

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

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

I I .  



As  can  be  s e e n   f rom  t h e   a b o v e  e x a m p l e s   v a r i o u s  

m e t h o d s   can   be  u s e d   s i n g u l a r l y   or  in   c o m b i n a t i o n   t o  

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

i z e d   m e t a l   p h e n a t e s .   The  mos t   i m p o r t a n t   of  t h e s e   m e t h o d s  

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

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

q u a l i t i e s .  

W h e r e a s   t h e   p r e s e n t   i n v e n t i o n   h a s   b e e n   d e s c r i b e d   i n  

p a r t i c u l a r   r e l a t i o n   to  t he   e x a m p l e s   and  e m b o d i m e n t s   d i s -  

c l o s e d   h e r e i n ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   o t h e r   a n d  

f u r t h e r   m o d i f i c a t i o n s   of  t h e   p r e s e n t   i n v e n t i o n ,   a p a r t  
f rom  t h o s e   s h o w n · o r   s u g g e s t e d   h e r e i n ,   may  be  made  w i t h i n  

t h e   s c o p e   and  s p i r i t   of  t h e   i n v e n t i o n .  



1.  A  p r o c e s s   f o r   t h e   m a n u f a c t u r e   of  o v e r b a s e d   s u l -  

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

(a)   c o n t a c t i n g   at   r e a c t i o n   c o n d i t i o n s   a  c o m p o s i t i o n  

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

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

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

p o u n d ;   a n d  

(b)  c o n t a c t i n g   t h e   c o m p o s i t i o n   of  (a)  w i t h   an  a d d i -  

t i o n a l   amoun t   of  a l k a l i n e   e a r t h   m e t a l   b a s e   a n d  

c a r b o n   d i o x i d e ,   w h e r e i n   t he   m o l a r   r a t i o   o f  

c a r b o n   d i o x i d e   a b s o r b e d   to  o v e r b a s i n g   a l k a l i n e  

e a r t h   m e t a l   b a s e   i s   f rom  a b o u t   0 . 7 0   t o   a b o u t  

0 . 9 5 .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   a d d i t i o n a l  

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

s t a g e s .   or  Claim  2 
3.  The  p r o c e s s   of  Claim  1  or Claim 2  w h e r e i n   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   c a l c i u m   h y d r o x i d e   or  c a l c i u m   o x i d e .  
Claims  1  to  3 

4.  The  p r o c e s s   of  any  o f   w h e r e i n   t h e   p h e n o l i c  

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

5.  The  p r o c e s s   of  any  /  w h e r e i n   s t e p s   (a)   a n d  

(b)  a re   c o n d u c t e d   a t   b e t w e e n   a b u t   200°F   to   a b o u t   4 0 0 ° F .  
p r e c e d i n g   c l a i m  

6.  The  p r o c e s s   of  any preceding claim  w h e r e i n  t h e   p r o c e s s   i s  

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

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

t h e t i c   o i l s ,   x y l e n e s ,   C9  a r o m a t i c s   and  c o m b i n a t i o n s  

t h e r e o f .  

7.  A  p r o c e s s . f o r   t he   m a n u f a c t u r e   of  o v e r b a s e d   s u l -  

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

(a)  c o n t a c t i n g   at   r e a c t i o n   c o n d i t i o n s   a  c o m p o s i t i o n  

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

c ium  h y d r o x i d e ,   w h e r e i n   t he   m o l a r   r a t i o   of  p h e -  

n o l i c   compound   to  s u l f u r   i s   1 : 1 - 1 . 8 ;   a n d  

(b)  c o n t a c t i n g   t h e   c o m p o s i t i o n   of  (a)  w i t h   an  a d d i -  

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

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



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

1 : 0 . 4 - 2 . 0   and  t h e   m o l a r   r a t i o   of  o v e r b a s i n g  

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

a b o u t   1 : 0 . 7 0 - 0 . 9 5 .  

8.  The  p r o c e s s   of  c l a i m   7  w h e r e i n   any  w a t e r   p r o -  
duced   in   s t e p s   (a)   and  (b)  i s   r e m o v e d .  

9.  An  o v e r b a s e d   s u l f u r i z e d   p h e n a t e   c o m p o s i t i o n  

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

(a)   c o n t a c t i n g   a t   r e a c t i o n   c o n d i t i o n s   a  c o m p o s i t i o n  

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

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

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

p o u n d ;   a n d  

(b)  c o n t a c t i n g   t h e   c o m p o s i t i o n   of  (a)   w i t h   an  a d d i -  

t i o n a l   a m o u n t   of  a l k a l i n e   e a r t h   m e t a l   b a s e   a n d  

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

c a r b o n   d i o x i d e   a b s o r b e d   to   o v e r b a s i n g   a l k a l i n e  

e a r t h   m e t a l   b a s e   i s   f rom  a b o u t   0 . 7 0   to   a b o u t  

0 . 9 5 .  

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

m a j o r   p o r t i o n   of  a  l u b r i c a t i n g   o i l   and  an  o v e r b a s e d   s u l -  

f u r i z e d   p h e n a t e   made  in   a c c o r d a n c e   w i t h   any  of  Claims  1  to  8 
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