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O  

@  Process  for  preparing  overfoased  oil  soluble  magnesium  salts  and  products  obtained. 

A  process  for  preparing  an  over-based,  oil-soluble  mag- 
nesium  salt  of  a sulphonicacid  comprises  contacting  an  acidic 
gas  in  the  presence  of  a  promoter  system  with  a  mixture  of  an 
oil-soluble  magnesium  salt  of  a  sulphonic  acid,  a  light  mag- 
nesium  oxide  and  an  inert  diluent.  The  promoter  system 
comprises  (1)  a carboxylic compound  selected  from the  group 
of  compounds  consisting  of  lower  carboxylic  acids,  lower 
carboxylic  anhydrides,  substituted  lower  carboxylic  acids, 
and  metal  salts  and  esters  of  lower  carboxylic  acids,  (2)  water, 
and  optionally  (3)  a  lower  alkanol  or  lower  alkoxy  alkanol.  The 
reaction  is  carried  out  at  a  temperature  ranging  from  approx- 
imately  10°C  (50°F)  up  to  reflux  temperature  of  the  mixture. 
The  volatile  components  are  stripped  from  the  reaction  mix- 
ture  after  absorption  of  the  acidic  gas  is  at  a  desired  level  to 
give  an  over-based,  oil-soluble  magnewium  salt  of  the  sul- 
phonic  acid. 



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

a p p r o x i m a t e l y   10  up  to  a p p r o x i m a t e l y   40  and  p r o c e s s e s   f o r  

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

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

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

l u b r i c a n t s ,   g r e a s e s ,   f u e l s ,   and  t h e   l i k e .  T h e y   f u n c t i o n   a s  

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

c o r r o s i o n   and  e x t e n d i n g   t h e   e n g i n e   l i f e .  

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

m e t a l   r a t i o   o f   e q u i v a l e n t s   of   m a g n e s i u m   to   e q u i v a l e n t s   o f  

s u l p h o n i c   a c i d   r a n g i n g   f rom  10  up  to  40  or   m o r e ,   p a r t i c u -  

l a r l y   t h e   h i g h e r   m e t a l   r a t i o s   o f   20  to  40  h a v e   b e e n   d i f f i -  

c u l t   to  p r e p a r e   i n  a   o n e - s t e p   o p e r a t i o n   u s i n g   MgO  as  a  Mg 

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

c i e n t   m a g n e s i u m   was  d i s p e r s e d   or   an  u n f i l t e r e d   p r o d u c t  

r e s u l t e d .  

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

a t e s   may  be  p r e p a r e d   in   a  o n e - s t e p   o p e r a t i o n   by  u s i n g   a  

r e a c t i o n   p r o m o t e r   s y s t e m   c o m p r i s i n g   (1)   a  c a r b o x y l i c  



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

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

t u t e d   l o w e r   c a r b o x y l i c   a c i d s ,   m e t a l   s a l t s   and  e s t e r s  o f  

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

1  to  5  c a r b o n   a t o m s ;   (2 )   w a t e r   and   o p t i o n a l l y   (3 )   an  a l c o h o l  

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

a l k a n o l s ,   l o w e r   a l k o x y   a l k a n o l s   and   m i x t u r e s   t h e r e o f ,   a l l  

h a v i n g   f r o m   1  to  5  c a r b o n   a t o m s .   S u c h   a  p r o m o t e r   s y s t e m  

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

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

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

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

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

a p p r o x i m a t e l y   10  and   u p w a r d s   to   a p p r o x i m a t e l y   40  or   m o r e  
w h e r e   t h e   p r o d u c t   i s   p r e p a r e d   i n   a  o n e - s t e p   o p e r a t i o n   o f  

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

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

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

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

h a v i n g   m e t a l   r a t i o s   o f   10  up  to  40  or   m o r e .  

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

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

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

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

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

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

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

i m a t e l y   10  up  to  a p p r o x i m a t e l y   40  or   m o r e ,   in   a  o n e - s t e p  

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

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

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

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



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

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

m a t e l y   10  to  a p p r o x i m a t e l y   40 ;   c o m p r i s i n g   c o n t a c t i n g   a n  

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

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

(b )   f r o m   a p p r o x i m a t e l y   10  e q u i v a l e n t s   up  to  a p p r o x i -  

m a t e l y   40  e q u i v a l e n t s   of   a  l i g h t   m a g n e s i u m   o x i d e   p e r   e q u i v -  

a l e n t   of  s u l p h o n i c   a c i d ,  

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

(1)   f r o m   a p p r o x i m a t e l y   0 . 5   to  a p p r o x i m a t e l y   5  

e q u i v a l e n t s   of   an  e s s e n t i a l l y   o i l - i n s o l u b l e   c a r b o x y l i c   c o m -  

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

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

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

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

f r o m   1  to  5  c a r b o n   a t o m s ,  

(2 )   f r o m   a p p r o x i m a t e l y   2  to  a p p r o x i m a t e l y   3 0  

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

( 3 )   f r o m   0  to  a p p r o x i m a t e l y   35  e q u i v a l e n t s   of  a n  

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

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

a l k a n o l s ,   l o w e r   a l k o x y   a l k a n o l s   and  m i x t u r e s   t h e r e o f ,   a l l  

h a v i n g   f r o m  1   to  5  c a r b o n   a t o m s ,   a n d  

(d )   an  i n e r t   s o l v e n t   f o r   l o w e r i n g   t h e   v i s c o s i t y   of  s a i d  

m i x t u r e   to  f a c i l i t a t e   m i x i n g ;  

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

r a n g i n g   f r o m   a p p r o x i m a t e l y   100C  ( 5 0 ° F )   up  to   r e f l u x   t e m p e r -  

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

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

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

g i v e   an  o v e r - b a s e d ,   o i l - s o l u b l e   m a g n e s i u m   s a l t   of   a  s u l -  

p h o n i c   a c i d .  

The  r e a c t i o n   m i x t u r e   may  be  f i l t e r e d   e i t h e r   b e f o r e   or  a f t e r  

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

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

A d d i t i o n a l   w a t e r   a n d / o r   a l c o h o l   may  be  a d d e d   c o n t i n u o u s l y  

or   p o r t i o n - w i s e   to  t h e   r e a c t i o n   m i x t u r e   d u r i n g   t h e   t i m e  



t h a t   the   a c i d i c   gas   i s   c o n t a c t e d   w i t h   the  m i x t u r e .   The 

amount   of  w a t e r   u s e d   in   t o t a l   s h o u l d   no t   e x c e e d   30  e q u i v a -  

l e n t s   pe r   e q u i v a l e n t   of   s u l p h o n i c   a c i d   and  the   t o t a l   amoun t  

of  a l c o h o l   u s e d   s h o u l d   n o t   e x c e e d   35  e q u i v a l e n t s   pe r   a q u i v a -  

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

The  a f o r e m e n t i o n e d ,   and  o t h e r   o b j e c t s ,   a d v a n t a g e s   a n   f e a -  

t u r e s   o f  t h e   i n v e n t i o n   w i l l   become  a p p a r e n t   in  the   f o l l o w i n g  

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

t h i s   i n v e n t i o n .   I t   i s   u n d e r s t o o d   t h a t   the   f o l l o w i n ,   p r e -  

f e r r e d   e m b o d i m e n t s   a r e   n o t   to  be  i n t e r p r e t e d   as  l i m i t i n g  

the   s cope   of   t he   i n v e n t i o n .  

P r o m o t e r   S y s t e m  

The  e s s e n t i a l l y   o i l - i n s o l u b l e   c a r b o x y l i c   compound  i  r e p r e -  

s e n t e d   by  t h e   f o r m u l a :  
XCOOY 

w h e r e i n   X  i s   H,  -CH2OH,  -CH2Cl ,   -CH2Br,   -CH2COCH3, R  o r  

RNH2  and  Y  i s   H,  R,  or  Mn  w h e r e   R  i s   an  a l k y l   r a d i a l   o f  

f rom  1  to  4  c a r b o n   a t o m s ,   the   sum  of  a l l   the   c a r b o   a t o m s  

in  t he   R  r a d i c a l s   no t   e x c e e d i n g   5,  and  Mn  i s   an  a l k a l i   o r  

a l k a l i n e   e a r t h   m e t a l   a tom  w h e r e i n   n  i s   an  i n t e g e r  o f   1  or  2 .  

P r e f e r r e d   o i l - i n s o l u b l e   c a r b o x y l i c   compounds   of  h i s   i n v e n -  

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

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

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

m a g n e s i u m   a c e t a t e .   These   compounds   may  be  ued  i n d i v i d u a l l y  

or  in   c o m b i n a t i o n   w i t h   one  a n o t h e r   where   the  amount   of  t h i s  

p r o m o t e r   r a n g e s   f rom  .5  up  to  5  e q u i v a l e n t   p e r   e q u i v a l e n t  

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

r a n g e s   f rom  0 . 7   to  1 . 3   e q u i v a l e n t s .   I t   has  been   found   i n  

most   i n s t a n c e s   t h a t   i f   o v e r   5  e q u i v a l e n t   o f  t h e   p r o m o t e r  

a r e   u s e d ,   t h e   r e a c t i o n   m i x t u r e   becomes  ve ry   v i s c o u s   a n d  

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

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

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

p r o c e s s   d i f f i c u l t .  



The  i n i t i a l   r e a c t i o n   m i x t u r e   s h o u l d   h a v e   a t   l e a s t   2  e q u i v a -  
l e n t e   of   w a t e r   p e r   e q u i v a l e n t   o f   s u l p h o n i c   a c i d .   The  m i x -  

t u r e   may  h a v e   up  to  15  e q u i v a l e n t s   of   w a t e r   w h e r e   t h e  

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

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

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

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

r e a c t i o n   m i x t u r e   i n i t i a t e s   a b s o r p t i o n   of   t h e   a c i d i c   g a s   b y  
t h e   r e a c t i o n   m i x t u r e .   T h e r e   i s ,   h o w e v e r ,   a  c o m p e t i n g   r e a c -  

t i o n   f o r   t h e   w a t e r   i n   t h e   f o r m a t i o n   of   h y d r o x i d e s   of   t h e  

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

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

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

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

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

t h e   s y s t e m   to  p r o m o t e   t h e   a b s o r p t i o n   o f   t h e   a c i d i c   g a s .   T h e  

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

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

u s e d   g i v e s   a  h i g h e r   m e t a l   r a t i o ;   h o w e v e r ,   w i t h   h i g h e r  

a m o u n t s   of   w a t e r ,   t h e r e   i s   u s u a l l y   a  r e s u l t a n t   h a z i n e s s   i n  

t h e   p r o d u c t .   On  t h e   o t h e r   h a n d ,   a  d e f i c i e n c y   of  w a t e r  

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

m e t a l   r a t i o .  

The  t o t a l   a m o u n t   o f   w a t e r   a d d e d   to   t h e   m i x t u r e   o v e r   t h e  

e n t i r e   r e a c t i o n   t i m e   s h o u l d   n o t   e x c e e d   30  e q u i v a l e n t s   p e r  

e q u i v a l e n t   o f   o i l - s o l u b l e   s u l p h o n i c   a c i d   u s e d .   The  o p t i m u m  

a m o u n t   of   w a t e r   to  be  u s e d   i s   d e t e r m i n e d   by  t h e   a m o u n t   o f  

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

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

m e t a l   r a t i o .   D e p e n d i n g   u p o n   t h e   end  u s e   of  t h e   p r o d u c t ,   i t  

may  be  a c c e p t a b l e   f o r   t h e   p r o d u c t   to  be  h a z y   i f   u s e d ,   f o r  

e x a m p l e ,   i n   b u n k e r   f u e l   o i l s   and  t h e   l i k e ;   h o w e v e r ,   h i g h e r  

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

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

a l k a n o l s ,   a l k o x y   a l k a n o l s ,   and  m i x t u r e s   t h e r e o f ,   w h e r e   t h e  

n u m b e r   of   c a r b o n   a t o m s   d o e s   n o t   e x c e e d   5.  E x a m p l e s   of   t h e  



a l c o h o l s   i n c l u d e   m e t h a n o l ,   e t h a n o l ,   i s o p r o p a n o l ,   n - p r o p a n o l ,  
b u t a n o l ,   and  p e n t a n o l .   T h e ' p r e f e r r e d   a l c o h o l   i s   m e t h a n o l  

b e c a u s e   of  t he   low  c o s t   and  e a se   of   r e m o v a l   from  the   r e a c -  
t i o n   m i x t u r e .   E x a m p l e s   of   the   a l k o x y   a l k a n o l s   i n c l u d e  

m e t h o x y   e t h a n o l   and  e t h o x y   e t h a n o l .  

In  o r d e r   to  i n i t i a t e   a b s o r p t i o n   of  t h e   a c i d i c   gas   in  t h e  

r e a c t i o n   m i x t u r e ,   i t   i s   no t   n e c e s s a r y   to  have  an  a l c o h o l  

p r e s e n t   in   t he   i n i t i a l   m i x t u r e .   I t   i s   b e l i e v e d ,   h o w e v e r ,  
t h a t   t he   p r i m a r y   f u n c t i o n   of  t he   a l c o h o l   i s   to  p r o m o t e   t h e  

s t a b i l i t y   of   the   c o l l o i d a l   d i s p e r s i o n   of  magnes ium  s a l t s   i n  

the   o i l .   To  t h i s   end  t h e r e   may  be  none  or  a  s m a l l   amount   o f  

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

t a c t i n g   w i t h   the   a c i d i c   gas   f u r t h e r   a m o u n t s   of  a l c o h o l   a r e  
a d d e d   e i t h e r   s e p a r a t e l y   or  in  c o m b i n a t i o n   w i t h   the   a d d i t i o n  

of  w a t e r .   I t   has   been   found   t h a t   l o w e r   m e t a l   r a t i o s   r e s u l t  

i f   t h e   t o t a l   amount   of  a l c o h o l   to  be  a d d e d   e x c e e d s   35  e q u i v -  
a l e n t s   p e r   e q u i v a l e n t   of   s u l p h o n i c   a c i d .   The  p r e f e r r e d  
amoun t   t r   be  u s e d   r a n g e s   f rom  4  to  20  e q u i v a l e n t s   p e r   e q u i v -  
a l e n t   of   s u l p h o n i c   a c i d .  

S u l p h o n i c   A c i d s  

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

w h i c h   a r e   w i d e l y   known  by  t h o e e   s k i l l e d   in   t he   a r t   as  o i l -  

s o l u b l e   s u l p h o n i c   a c i d s .   Such  c o m p o u n d s   may  be  d e r i v e d   f r o m  

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

a c i d s   w h i c h   may  be  u s e d   i n c l u d e :  

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

a l k a r y l   s u l p h o n i c   a c i d s ,   a r a l k y l   s u l p h o n i c   a c i d s ,  

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

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

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

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

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

p e t r o l e u m   f r a c t i o n s .  

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

a c i d s   may  be  used   in   p r e p a r i n g   an  o v e r - b a s e d   m a g n e s i u m  

s u l p h o n a t e .  



The  p r o c e s s   a c c o r d i n g   to   t h i s   i n v e n t i o n   i s   o p e r a t i v e   w i t h  

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

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

as   10%  by  w e i g h t   o f   m a g n e s i u m   s u l p h o n a t e   w i t h o u t   f u r t h e r  

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

A c i d i c   G a s  

As  i s   a p p r e c i a t e d   by  t h o s e   s k i l l e d   i n   t h e   a r t ,   v a r i o u s   t y p e s  
o f   a c i d i c   g a s e s   may  be  u s e d   i n   o v e r - b a s i n g   m a g n e s i u m   s u l -  

p h o n a t e s .   The  p r e f e r r e d   a c i d i c   g a s e s   a r e   c a r b o n   d i o x i d e ,  

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

i s   b e i n g   m i x e d   so  t h a t   t h e   s e l e c t e d   g a s   o r   g a s e s   become   i n -  

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

r e a c t i o n   m i x t u r e .  

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

r e a c t i o n   m i x t u r e   a c c o r d i n g   to  a  p r e f e r r e d   e m b o d i m e n t   m a y  

v a r y   f r o m   10  to  9 3 . 3 ° C   (50   to   2 0 0 ° F ) ,   a l t h o u g h   p r e f e r a b l y  

w i t h i n   t h e   4 8 . 9   to   7 6 . 7 ° C   ( 1 2 0   to   1 7 0 ° F )   r a n g e .  

M a g n e s i u m   O x i d e  

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

o x i d e s   a r e   s o l d   u n d e r   t h e   T r a d e   M a r k s :   MAGNESITE,  a v a i l a b l e  

f r o m   M a r t i n   M a r i e t t a   C h e m i c a l s ,   H u n t   V a l l e y ,   M a r y l a n d ;  

MICHIGAN  N o .  3 ,   MICHIGAN  No.  15 ,   MICHIGAN  No.  340 ,   a v a i l a b l e  

f r o m   M i c h i g a n   C h e m i c a l   C o r p o r a t i o n ,   C h i c a g o ,   I l l i n o i s ;   DOW 

L - 2 ,   DOW  C - 1 ,   a v a i l a b l e   f r o m   Dow  C h e m i c a l   C o . ,   M i d l a n d ,  

M i c h i g a n ;   ELASTOMAG  1 7 0 ,   and   ELASTOMAG  20,   a v a i l a b l e   f r o m  

M o r t o n   C h e m i c a l   C o . ,   C h i c a g o ,   I l l i n o i s ;   MAGLITE  Y,  a v a i l a b l e  

f r o m   W h i t t a c k e r ,   C l a r k   and   D a n i e l s ,   S o u t h   P l a i n f i e l d ,   N e w  

Y o r k ;   LYCAL  9 3 / 7 1 1 ,   and   LYCAL  9 6 / 5 7 5   a v a i l a b l e   f r o m   P i g m e n t  

a n d   C h e m i c a l s ,   T o r o n t o ,   C a n a d a ;   and   MAGOX  PREMIUM,  a v a i l a b l e  

f r o m   B a s i c   C h e m i c a l ,   C l e v e l a n d ,   O h i o .   The  a m o u n t   o f   m a g n e -  

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

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

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

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



compound.   T h e r e f o r e ,   to  o b t a i n   a  m e t a l   r a t i o   o f ,   f o r  

e x a m p l e ,   30,  t h e r e   must   be  a t   l e a s t   t h i r t y   e q u i v a l e n t s   o f  

m a g n e s i u m   o x i d e   p e r   e q u i v a l e n t   of  s u l p h o n i c   a c i d   in   t h e  
i n i t i a l   r e a c t i o n   m i x t u r e .   I t   i s   a p p a r e n t   t h a t   when  t h e   r e -  
a c t i o n   i s   c a r r i e d   ou t   u n d e r   l e s s   f a v o u r a b l e   c o n d i t i o n s   a t  

l o w e r   e f f i c i e n c i e s ,   an  e x c e s s   of  m a g n e s i u m   o x i d e   b e y o n d   t h a t  
d e t e r m i n e d   by  the   m e t a l   r a t i o   s h o u l d   be  u s e d   to  e n s u r e  
s u f f i c i e n t   i n c o r p o r a t i o n   of  magnes ium  w i t h   t he   s t r u c t u r e   o f  
the   o v e r - b a s e d   m a g n e s i u m   s a l t   of  t he   s u l p h o n i c   a c i d .  

I n e r t   D i l u e n t s  

S e v e r a l   d i f f e r e n t   t y p e s   of  v o l a t i l e   and  n o n - v o l a t i l e   d i l u -  

e n t s   may  be  u sed   in   t h i s   p r o c e s s .   The  n o n - v o l a t i l e   d i l u e n t s  

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

l u b r i c a t i n g   o i l s   h a v i n g   a  v i s c o s i t y   a r o u n d   100  SUS  a t   3 7 . 8 ° C  
( 1 0 0 ° F )   or   h i g h e r .   The  v o l a t i l e   d i l u e n t s   w h i c h   a r e   i n e r t   t o  
the   r e a c t i o n   a r e   p r e f e r a b l y   h y d r o c a r b o n s   w i t h   b o i l i n g   p o i n t s  

r a n g i n g   f rom  6 5 . 6   to  1 4 8 . 9 ° C   (150  to  3 0 0 ° F ) .   These   can  b e  

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

For  e x a m p l e ,   n a p t h a   i s   a  p a r t i c u l a r l y   u s e f u l   d i l u e n t .   O t h e r  

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

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

g e n a t e d   h y d r o c a r b o n s ,   such   as  c h l o r o b e n z e n e ,   and  o t h e r  

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

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

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

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

The  l e n g t h   of   t ime   t h a t   the   a c i d i c   gas   i s   c o n t a c t e d   w i t h   t h e  

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

in  t he   o v e r - b a s e d   m a g n e s i u m   s u l p h o n a t e .   The  c o n t a c t i n g   o f  
t he   g a s   w i t h   t h e   m i x t u r e   may  be  c o n t i n u e d   u n t i l   no  f u r t h e r  

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

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



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

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

t h e   f l o w   r a t e   o f   t h e   g a s   l e a v i n g   t h e   s y s t e m .   When  t h e   f l o w  

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

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

As  c a n   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   i n   t h e   a r t ,   i m p u r i -  

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

s t o c k s   and   m a g n e s i u m   o x i d e s ,   a c c o r d i n g   to   t h i s   i n v e n t i o n ,  

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

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

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

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

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

P r e p a r a t i o n   1 

An  o i l - s o l u b l e   m a g n e s i u m   s u l p h o n a t e   was   p r e p a r e d   by  c h a r g i n g  

i n t o   a  1  l i t r e   r e a c t o r ,   e q u i p p e d   w i t h   s t i r r e r ,   d r o p p i n g  

f u n n e l ,   t h e r m o m e t e r ,   c o o l i n g   and   v e n t ,   310  gm.  o f   a  s o l v e n t  

r e f i n e d   l u b r i c a t i n g   o i l   h a v i n g   a  v i s c o s i t y   o f   330  SUS  a t  

3 7 . 8 ° C   ( 1 0 0 ° F )   a n d   w h i l e   s t i r r i n g   v i g o r o u s l y ,   103  gm.  of   2 5  

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

p e r i o d .   The   t e m p e r a t u r e   was   m a i n t a i n e d   a t   3 2 . 2   to  4 3 . 3 ° C  

(90   t o  1 1 0 ° F ) .   The  m i x t u r e   was   s t i r r e d   f o r   an  a d d i t i o n a l   1 0  

m i n u t e s   and   t h e n   q u e n c h e d   w i t h   25  gm.  w a t e r ,   310  gm.  VM&P 

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

s e p a r a t o r y   f u n n e l   f o r   3  h o u r s ;   80  gm.  s p e n t   a c i d   was  s e p a r -  
a t e d   and  r e m o v e d .   The  o r g a n i c   n a p h t h a   l a y e r   was  w a s h e d   w i t h  

120   gm.  w a t e r   and   t h e   a q u e o u s   l o w e r   y e l l o w i s h   l a y e r   was  s e p -  

a r a t e d   and  d i s c a r d e d .   To  t h e   u p p e r   s u l p h o n i c   a c i d / n a p h t h a  

l a y e r   was   a d d e d   100   gm.  w a t e r ,   10  gm.  m e t h a n o l   and  8  g m .  

m a g n e s i u m  o x i d e .   The  m i x t u r e   was   s t i r r e d   a t   60°C  ( 1 4 0 ° F )  

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

to  s t a n d .   The  b o t t o m   a q u e o u s   l a y e r   w h i c h   s e p a r a t e d  w a s   d i s -  

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

w a t e r   to   g i v e   a  30  w t . %   s o l u t i o n   o f   m a g n e s i u m   s u l p h o n a t e   i n  

o i l .  



E x a m p l e   1 
I n t o   a  1000  ml.  f l a s k   f i t t e d   w i t h   m e c h a n i c a l   s t i r r e r ,  

t h e r m o m e t e r ,   c o n d e n s e r ,   d r o p p i n g   f u n n e l   and  a  c o u r s e   c y l i n -  
d r i c a l   d i s p e r s i o n   t ube   w e r e   c h a r g e d   85  gm.  of  t he   m a g n e s i u m  

s u l p h o n a t e   of  P r e p a r a t i o n   1,  25  gm.  l u b r i c a t i n g   o i l   of   1 0 0  

SUS  v i s c o s i t y   a t   3 7 . 8 ° C   ( 1 0 0 ° F ) ,   140  gm.  n a p h t h a   and  30  gm. 
m a g n e s i u m   o x i d e   (MAGNESITE  No.  5 6 9 ) .   The  m i x t u r e   was  h e a t e d  

to  5 4 . 4 ° C   ( 1 3 0 ° F )   and  6  gm.  m a g n e s i u m   a c e t a t e   was  a d d e d .  

H e a t i n g   was  c o n t i n u e d ,   and  a t   60°C  ( 1 4 0 ° F )   a  m i x t u r e   o f  
w a t e r / m e t h a n o l   of  20  gm/16   gm.  r e s p e c t i v e l y   w a s  a d d e d   d r o p -  
w i s e   t h r o u g h   the   d r o p p i n g   f u n n e l   o v e r   a  p e r i o d   of  66  m i n -  

u t e s .   At  the   same  t ime   c a r b o n a t i o n   was  i n i t i a t e d   a t   7 5  m l /  
min.   and  c o n t i n u e d   f o r   3  h o u r s .  

The  p r o d u c t   of  c a r b o n a t i o n   was  t h e n   f i l t e r e d   w i t h   t he   a i d   o f  

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

t h e n   s t r i p p e d   o f f   by  h e a t i n g   to   2 0 4 . 4 ° C   ( 4 0 0 ° F )   l e a v i n g   a  

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

of   9.2%  w h i c h   i s   e q u i v a l e n t   to  a  m e t a l   r a t i o   of   2 7 . 0 .  

E x a m p l e   2  

The  f o l l o w i n g   r e a g e n t s   w e r e   m i x e d   t o g e t h e r   i n   a  1 0 0 0  m l  

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

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

137g  n a p h t h a   ( B . P .   1 1 5 . 6 - 1 4 3 . 3 ° C   ( 2 4 0 - 2 9 0 ° F ) )  

8g  m e t h a n o l  

4g  w a t e r  

32g  l u b r i c a t i n g   o i l  

100  gm  m a g n e s i u m   s u l p h o n a t e   s o l u t i o n   made  up  of  45% 

m a g n e s i u m   s u l p h o n a t e ,   4 2  %  l u b r i c a t i n g   o i l ,   a n d  

13%  n a p h t h a .   The  s u l p h o n i c   a c i d   u s e d   t o   make  t h e  

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

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

500  which   may  be  o b t a i n e d   f r o m   C o n t i n e n t a l   O i l  

30g  m a g n e s i u m   o x i d e   s o l d   u n d e r   t h e   T r a d e   Mark MAGNESIT 

No.  569  a v a i l a b l e   f r o m   M a r t i n   M a r i e t t a   Co.  (USA) 

a n d  

5 . 2 5 g   g l a c i a l   a c e t i c   a c i d .  



The  m i x t u r e   was  h e a t e d   n e a r   i t s   r e f l u x   t e m p e r a t u r e   6 5 . 6 ° C  

( 1 5 0 ° F )   and  c a r b o n   d i o x i d e   was   i n t r o d u c e d   w h i l e   m i x i n g   v i a  

t h e   d i s p e r s i o n   t u b e   i n t o   t h e   m i x t u r e   a t   a  f l o w   r a t e   of   1 0 0  

m l / m i n .   C a r b o n a t i o n   was  c o n t i n u e d   f o r   2 - 1 / 2   h o u r s ,   d u r i n g  

w h i c h   8  gm.  w a t e r   and  8  gm.  m e t h a n o l   w e r e   a d d e d   a f t e r   4 0  

m i n u t e s   o f   c a r b o n a t i o n   and  f u r t h e r   4  gm.  o f   w a t e r   and  8  g m .  

m e t h a n o l   w e r e   a d d e d   a f t e r   80  m i n u t e s   of   c a r b o n a t i o n .  

The  p r o d u c t   of   t h e   c a r b o n a t i o n   was  f i l t e r e d   w i t h   t h e   a i d   o f  

d i a t o m a c e o u s   f i l t e r   a i d .   The  v o l a t i l e   c o m p o n e n t s   of   s o l v e n t ,  

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

2 0 4 . 4 ° C   ( 4 0 0 ° F ) .   A  s t r e a m   of   C02  was  i n t r o d u c e d   to  t h e  

h e a t e d   m i x t u r e   to  r e m o v e   t h e   l a s t   t r a c e s   of   s o l v e n t s .   T h e  

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

u b l e   s o l u t i o n   w h i c h   c o n t a i n e d   9 .4%  by  w e i g h t   m a g n e s i u m ,  

2 6 . 5 %   by  w e i g h t   m a g n e s i u m   s u l p h o n a t e   and  had  a  v i s c o s i t y   o f  

525  S U S  a t   9 8 . 9 ° C   ( 2 1 0 0 F ) .   The  m e t a l   r a t i o   of   t h e   p r o d u c t  

was  1 4 . 8 .  

E x a m p l e   3  

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

c a r b o n a t i o n .   The  e x a c t   p r o c e d u r e   of   E x a m p l e   2  was  f o l l o w e d  

e x c e p t   t h a t   t h e   m i x t u r e   was  m a i n t a i n e d   a t   3 2 . 2   to  4 3 . 3 ° C  

(90   to   1 1 0 ° F )   d u r i n g   c a r b o n a t i o n .   The  f i n a l   p r o d u c t   was  a  

c l e a r   and  b r i g h t   o i l   s o l u b l e   s o l u t i o n   w h i c h   c o n t a i n e d   6 . 9 %  

by  w e i g h t   m a g n e s i u m ,   2 6 . 9 %   by  w e i g h t   m a g n e s i u m   s u l p h o n a t e .  

The  m e t a l   r a t i o   o f   t h e   p r o d u c t   was  1 0 . 7 .  

E x a m p l e s   4  t o  ?  

The  r e s u l t s   of   a  s e r i e s   o f   e x p e r i m e n t s   a r e   l i s t e d   i n   T a b l e   1 

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

t h e   a m o u n t s   of   m e t h a n o l   and  w a t e r   u s 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 .   The  p r o c e d u r e   i s   as   f o r   E x a m p l e   2  w i t h   w a t e r /  

m e t h a n o l   a d d i t i o n s   made  a t   0,  40  and  80  m i n u t e s   d u r i n g   t h e  

c a r b o n a t i o n   s t e p .  



E x a m p l e s   8  to  1 1  

T a b l e   2  s u m m a r i s e s   r e s u l t s   o f   a  s e r i e s   of  e x p e r i m e n t s   w h i c h  

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

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

m e n t   i s   s i m i l a r   to  t h a t   u s e d   in   E x a m p l e   2 .  



E x a m p l e s   12  to  2 3  

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

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

r e s u l t s   o f   t h e s e   e x p e r i m e n t s   a r e   s u m m a r i s e d   i n   T a b l e   3.  T h e  

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

E x a m p l e   2 .  



E x a m p l e s  2 4  t o   2 9  

T a b l e   4  s u m m a r i s e s   t h e   r e s u l t s   of  a  s e r i e s   of   e x p e r i m e n t s  

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

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

t h a t   u s e d   i n   E x a m p l e   2  e x c e p t   f o r   u s i n g   an   e q u i v a l e n t   m o l a r  

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



E x a m p l e s   30  to   3 3  

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

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

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

t h e   e x p e r i m e n t s   a r e   s u m m a r i s e d   i n   T a b l e   5.  The  p r o c e d u r e  

of  e a c h   e x p e r i m e n t   i s   s i m i l a r   to  t h a t   u s e d   in   E x a m p l e   2 .  

E x a m p l e s   34  to  4 6  

The  r e s u l t s   of  t h e s e   e x p e r i m e n t s   a r e   s u m m a r i s e d   i n   T a b l e   6  

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

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

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

2 .  



E x a m p l e s   47  to  4 9  

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

a l c o h o l s   i n   t h e   p r o c e d u r e   of   E x a m p l e   2.  The  r e s u l t s   o f   t h e  

e x p e r i m e n t s   a r e   s u m m a r i s e d   i n   T a b l e   7 .  



I t   can   be  a p p r e c i a t e d   f r o m   t h e   r e s u l t s   of  t h e s e   e x p e r i m e n t s  
t h a t   h i g h   q u a l i t y ,   o v e r - b a s e d   m a g n e s i u m   s a l t s   of   s u l p h o n i c  
a c i d s   may  be  m a n u f a c t u r e d   and  u s e d   as   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 s ,   g r e a s e s   and  o t h e r   t y p e s   of   o i l - b a s e d   p r o d u c t s ,  
s u c h   as   f u e l   o i l s ,   b u n k e r   o i l s ,   e t c . ,   w h e r e   t h e   m e t a l   r a t i o  

of   t h e   a d d i t i v e s   a r e   i n   t h e   r a n g e   of   5  to  40 .   The  p r o d u c t s  

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

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

l u b r i c a n t s   and  f u e l s .  

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

b e e n   d e s c r i b e d   h e r e i n   in   d e t a i l ,   i t   w i l l   be  a p p r e c i a t e d   b y  

t h o s e   s k i l l e d   in   t h e   a r t   t h a t   v a r i a t i o n s   may  be  made  t h e r e -  

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

t h e   s c o p e   of   t h e   a p p e n d e d   c l a i m s .  



1.  A  p r o c e s s   f o r   p r e p a r i n g   an  o v e r - b a s e d   o i l - s o l u b l e   m a g n e s -  
ium  s a l t   o f   a  s u l p h o n i c   a c i d   h a v i n g   a  m e t a l   r a t i o   of   e q u i v a l e n t s  
of   m a g n e s i u m   to  e q u i v a l e n t s   of  s u l p h o n i c   a c i d   of   f r o m   a p p r o x i -  

m a t e l y   10  to   a p p r o x i m a t e l y   40;   c o m p r i s i n g   c o n t a c t i n g   an  a c i d i c  

gas   w i t h   a  m i x t u r e   c o m p r i s i n g :  

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

(b)   f r o m   a p p r o x i m a t e l y   t e n   e q u i v a l e n t s   up  to  a p p r o x i -  

m a t e l y   40  e q u i v a l e n t s   of   a  l i g h t   m a g n e s i u m   o x i d e   p e r   e q u i v a l e n t  
of  s u l p h o n i c   a c i d ,  

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

(1 )   f r o m   a p p r o x i m a t e l y   0 . 5   to  a p p r o x i m a t e l y   5  

e q u i v a l e n t s   of  an  e s s e n t i a l l y   o i l - i n s o l u b l e  

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

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

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

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

s u b s t i t u t e d   l o w e r   c a r b o x y l i c   a c i d s ,   and  m i x -  

t u r e s   t h e r e o f ,   a l l   h a v i n g   f rom  1  to  5  c a r b o n  

a t o m s ,  

(2 )   f r o m   a p p r o x i m a t e l y   2  to  a p p r o x i m a t e l y   30  e q u i v -  

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

a c i d ,   a n d  

( 3 )   f r o m   0  to  a p p r o x i m a t e l y   35  e q u i v a l e n t s   o f   a n  

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

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

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

1  to   5  c a r b o n   a t o m s ,   a n d  

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

m i x t u r e   to  f a c i l i t a t e   m i x i n g ;  

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

r a n g i n g   f r o m   a p p r o x i m a t e l y   10°C  ( 5 0 ° F )   up  to  r e f l u x   t e m p e r a t u r e  

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

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

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

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



2.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1  w h e r e i n   s a i d   c o n t a c t i n g   i s  
c a r r i e d   ou t   a t   a  t e m p e r a t u r e   o f   f r o m   10°C  to  9 3 · 3 ° C   ( 5 0 ° F   t o  
2 0 0 ° F ) .  

3.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   2  in   w h i c h   s a i d   c o n t a c t i n g  
i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of   f r o m   4 8 . 9 ° C   to  7 6 . 7 ° C  
( 1 2 0 ° F   to  1 7 0 0 F ) .  

4.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1,  2  or   3  i n   w h i c h   t h e  
a c i d i c   g a s   i s   c o n t a c t e d   w i t h   t h e   m i x t u r e   u n t i l   a b s o r p t i o n   o f  
t h e   g a s   by  t h e   m i x t u r e   i s   e s s e n t i a l l y   c o m p l e t e .  

5.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s   i n  

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

a p p r o x i m a t e l y   3  e q u i v a l e n t s   of   t h e   e s s e n t i a l l y   o i l - i n s o l u b l e  

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

6.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s  

w h e r e i n   a p p r o x i m a t e l y   0 . 7   to  1 . 3   e q u i v a l e n t s   of  t he   c a r b o x -  

y l i c   c o m p o u n d   a r e   u s e d .  

7.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s  

w h e r e i n   t h e   i n i t i a l   a m o u n t   o f   w a t e r   i s   l e s s   t h a n   30  e q u i v a -  

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

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

t h e   t o t a l   a m o u n t   of   w a t e r   u s e d   to   n o t   more  t h a n   30  e q u i v a l e n t s  

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

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g   c l a i m s  

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

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

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

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

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

more   t h a n   35  e q u i v a l e n t s   p e r   e q u i v a l e n t   of  s u l p h o n i c   a c i d .  



9.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s  
w h e r e i n   s a i d   a c i d i c   g a s   i s   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   c a r b o n   d i o x i d e ,   s u l f u r   d i o x i d e   h y d r o g e n   s u l f i d e   and  n i t r o -  

gen   d i o x i d e .  

10.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s  

w h e r e i n   s a i d   a c i d i c   g a s   i s   c a r b o n   d i o x i d e .  

11.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s  

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

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

m a t e l y   2  to  a p p r o x i m a t e l y   15  e q u i v a l e n t s .  

12.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s  

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

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

a p p r o x i m a t e l y   2  to  a p p r o x i m a t e l y   8  e q u i v a l e n t s .  

13.   A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s  

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

m a t e l y   4  to   a p p r o x i m a t e l y   20  e q u i v a l e n t s .  

14.   A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s  

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

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

m e t h o x y   e t h a n o l ,   and  t h o x y   e t h a n o l .  

15.   A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s  

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

f o r m u l a :  

XCOOY 

w h e r e i n   X  i s   H,  -CH2OH,  - C H 2 C l ,   -CH2Br ,   -CH2COCH3,  R,  o r  

NRH2  and  Y  i s   H,  R,  or   Mn  w h e r e   R  i s   an  a l k y l   r a d i c a l   o f  

f r o m   1  to   4  c a r b o n   a t o m s ,   t h e   sum  of  a l l   t h e   c a r b o n   a t o m s   i n  

t h e   R  r a d i c a l s   n o t   e x c e e d i n g   5  and  Mn  i s   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   a t o m   w h e r e i n   n  i s   an  i n t e g e r   of  f r o m   1  to  2 .  



16.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   15  w h e r e i n   s a i d   c a r b o x y l i c  

compound   i s   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  a c e t i c  

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

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

s o d i u m   a c e t a t e ,   c a l c i u m   a c e t a t e ,   m a g n e s i u m   a c e t a t e   a n d  

m i x t u r e s   t h e r e o f .  

1 7 .  A n   o v e r b a s e d ,   o i l - s o l u b l e   m a g n e s i u m   s a l t   of   s u l p h o n i c  

a c i d   h a v i n g   a  m e t a l   r a t i o   of  f r o m   a p p r o x i m a t e l y   10  up  t o  

a p p r o x i m a t e l y   40  p r e p a r e d   by  t h e   p r o c e s s   a c c o r d i n g   to  a n y  

one  of   t h e   p r e c e d i n g   c l a i m s .  
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