
European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  1 2 1   0 2 4  

A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83307343.0 

©  Date  of  filing:  02.12.83 

©  Int.  CI.3:  C  10  M  1/40 
C  07  C  143/00 

©  Priority:  08.12.82  GB  8235018 

@  Date  of  publication  of  application: 
10.10.84  Bulletin  84/41 

©  Designated  Contracting  States: 
BE  DE  FR  GB  IT  NL 

©  Applicant:  Exxon  Research  and  Engineering  Company 
P.O.Box  390  180  Park  Avenue 
Florham  Park  New  Jersey  07932(US) 

©  Inventor:  Alcock,  Kenneth 
38  Green  Close 
Didcot  Oxfordshire  OX11  8TA(GB) 

©  Representative:  Northover,  Robert  Frank  et  al, 
ESSO  Chemical  Limited  Esso  Chemical  Research  Centre 
P.O.  Box  1 
Abingdon  Oxfordshire,  OX13  6BB(GB) 

©  Preparation  of  overbased  calcium  sulphonates. 
@  The  problem  of  sludge  formation  is  avoided  in  the 
preparation  of  high  base  number  calcium  sulphonates  in 
good  yields  by  carbonating  a  mixture  of: 

a)  an  oil-soluble  sulphonic  acid  or  an  alkaline  earth 
metal  sulphonate, 

b)  a  hydrocarbon  solvent 
c)  a  Ci-is  alcohol,  preferably  methanol, 
d)  oil,  and 
e)  excess  calcium  hydroxide, 
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bonated  mixture,  and  then  separating  the  heat  soaked  pro- 
duct  into  an  alcohol/water  phase  and  a  solvent/oil  phase. 
The  alcohol/water  phase  is  removed  before  stripping  the 
solvent/oil  phase  to  yield  the  overbased  product. 
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T h e   problem  of  sludge  formation  is  avoided  in  the 
preparation  of  high  base  number  calcium  sulphonates  in 
good  yields  by  carbonating  a  mixture  of: 

a)  an  oil-soluble  sulphonic  acid  or  an  alkaline  earth 
metal  sulphonate, 

b)  a  hydrocarbon  solvent 
c)  a  C1-16  alcohol,  preferably  methanol, 
d)  oil, and 
e)  excess  calcium  hydroxide, 

at  a  temperature  not  exceeding  35°C,  heat  soaking  the  car- 
bonated  mixture,  and  then  separating  the  heat  soaked  pro- 
duct  into  an  alcohol/water  phase  and  a  solvent/oil  phase. 
The  alcohol/water  phase  is  removed  before  stripping  the 
solvent/oil  phase  to  yield  the  overbased  product. 



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

c a l c i u m  s u l p h o n a t e s . ,   and  in  p a r t i c u l a r   to  the   r e d u c t i o n   o f  

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

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

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

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

a c t i n g   as  t he   s u r f a c t a n t .   They   h a v e   been   known  f o r   s o m e  

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

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

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

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

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

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

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

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

d i l u e n t   o i l .   In  US  3  105  049  c a l c i u m   o x i d e   or  h y d r o x i d e  

is  r e a c t e d   w i t h   c a r b o n   d i o x i d e   in  t he   p r e s e n c e   of  m e t h a n o l  

to   f o r m   s o l v a t e d   c a l c i u m   c a r b o n a t e ,   wh ich   is  t h e n   m i x e d  

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

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

p h a s e s ,   t h e   m e t h a n o l   p h a s e   b e i n g   r e m o v e d   f rom  t h e   o i l  

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

US  3 3 1 8 8 0 9   d e s c r i b e s   a  s i m i l a r   p r o c e s s   in  w h i c h   f i n e l y  

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

c a r b o n a t e d   in  a  c o u n t e r  -   c u r r e n t   c a r b o n a t i o n   u n i t   b e f o r e  



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

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

f o l l o w i n g   s t r i p p i n g   t he   o i l   p h a s e   i s   t r e a t e d   w i t h   w a t e r  

to   d e c o m p o s e   any  m e t h a n o l   c o m p l e x .  

US  3  342  733  d e s c r i b e s   a  s i m i l a r   p r o c e s s   in  w h i c h   a  

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

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

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

to  f o r m   an  e m u l s i o n .   The  e m u l s i o n   b r e a k s   on  s t a n d i n g   a n d  

t h e   w a t e r   p h a s e   i s   r e m o v e d .  

" D i s p e r s i o n s   of   I n s o l u b l e   C a r b o n a t e s   in  O i l s "   b y  

B r a y   e t   a l ,   I nd   Eng  Chem  P r o d   Res  Dev,   Vol   14,  No  4 ,  

1 9 7 5 ,   pp  2 9 5 - 8   a l s o   d e s c r i b e s   t h a t   t h e   r e m o v a l   o f  

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

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

w a t e r   to   b r e a k   t h i s   g e l ,   bu t   a c k n o w l e d g e s   t h a t   t h i s   m a y  

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

US  3  258  426  d e s c r i b e s   an  a l t e r n a t i v e   p r o c e s s   f o r   p r e p a r i n g  

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

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

t h e n   c o n v e r t e d   to   t h e   c a r b o n a t e   by  h e a t i n g .   C o a r s e  

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

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

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



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

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

b a s e   n u m b e r   ( t y p i c a l l y   of  300  T o t a l   Base   N u m b e r  -   TBN,  a s  

m e a s u r e d   by  ASTM  2 8 9 6 - 8 0 )   wh ich   h a v e   good  s t a b i l i t y ,   i t   i s  

more  u s u a l   to  use  a  p r o c e s s   in  w h i c h   a  m i x t u r e   of  a n  

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

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

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

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

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

i s   a l s o   p o s s i b l e   to   e m p l o y   a  s e c o n d   s o l v e n t ,   t y p i c a l l y   a  

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

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

is   g i v e n   in  EP  0 0 0 0 2 6 4 ,   w h i c h   a l s o   d e s c r i b e s   a  s o a k i n g  

p e r i o d   in  w h i c h ,   a f t e r   c a r b o n a t i o n   and  b e f o r e   s t r i p p i n g  

and  f i l t r a t i o n ,   t h e   r e a c t i o n   m i x t u r e   i s   h e l d   at   20°C  t o  

35°C  f o r   at   l e a s t   1/2  h o u r .  

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

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

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

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

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

f i l t e r e d   t h i s   h e a v i e r   l a y e r   f o r m s   a  s l u d g e   on  t o p   of  t h e  

f i l t e r   c a k e   w h i c h   can  t e n d   to   s l ow   t h e   f i l t e r i n g   o p e r a t i o n .  

The  s l u d g e   has   a  g r e a s e - l i k e   c o n s i s t e n c y   and  a l s o   c o n t a i n s  

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



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

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

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

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

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

o p e r a t i o n s   to  k e e p   f i l t e r s   and  c e n t r i f u g e s   o p e r a b l e ,   w h i l e  

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

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

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

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

or  e v e n   e l i m i n a t e d .  

GB  2 0 9 7 4 1 7   d e s c r i b e s   a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   o f  

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

a l k a l i n e   e a r t h   m e t a l   h y d r o x i d e   is   c a r b o n a t e d   in  m e t h a n o l  

and  m i x e d   w i t h   a  d i s p e r s a n t   ( a s   in  t h e   e a r l y   p r i o r   a r t )  

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

s e p a r a t e d   f r o m   t h e   p r o d u c t .  

H o w e v e r ,   by  e m p l o y i n g   a  low  t e m p e r a t u r e   c a r b o n a t i o n   a n d  

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

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

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

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

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

p r o d u c t   and  b e t t e r   y i e l d s .   M o r e o v e r ,   t h e   p r o d u c t   s h o w s  

a d v a n t a g e s   in  v i s c o s i t y   a n d / o r   s t a b i l i t y   a n d / o r   h a z e .  

T h u s ,   in   one   a s p e c t   t h e   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   o f  



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

i)  f o r m i n g   a  m i x t u r e   o f  
a)  an  o i l - s o l u b l e   s u l p h o n i c   a c i d   or  a n  

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

b)  an  a r o m a t i c   or  a l i p h a t i c   h y d r o c a r b o n  
s o l v e n t ,  

c)  a  C l - 5   a l c o h o l ,  
d)  o i l ,   a n d  
e)  an  e x c e s s   of  c a l c i u m   h y d r o x i d e   o v e r  

t h a t   r e q u i r e d   to   r e a c t   w i t h   s u l p h o n i c  
a c i d   p r e s e n t ;  

i i )   c a r b o n a t i n g   t he   m i x t u r e   at   a  t e m p e r a t u r e  
no t   e x c e e d i n g   35°C  w i t h   f rom  75  to   95  wt%  C02 
b a s e d  o n   t h e   e x c e s s   c a l c i u m   h y d r o x i d e ;  

i i i )   h e a t i n g   t h e   r e a c t i o n   m i x t u r e   a f t e r   c a r b o n -  
a t i o n   to  a  t e m p e r a t u r e   no t   e x c e e d i n g   60°C  o v e r  
a  p e r i o d   of  no t   l e s s   t h a n   15  m i n u t e s ;  

iv )   s e p a r a t i n g   t h e   c a r b o n a t e d   m i x t u r e   i n t o   a  
f i r s t   p h a s e   c o m p r i s i n g   at   l e a s t   a  m a j o r   p a r t   o f  
t he   a l c o h o l   and  a  s e c o n d   p h a s e   c o m p r i s i n g   a t  
l e a s t   a  m a j o r   p a r t   of  t he   h y d r o c a r b o n   s o l v e n t  
and  t he   o i l ,   and  r e m o v i n g   t he   f i r s t   p h a s e ;  

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

C o m p o n e n t   (a)  o f  t h e   r e a c t i o n   m i x t u r e   i n c l u d e s   one  or  m o r e  

o i l - s o l u b l e   s u l p h o n i c   a c i d s   and  t h e s e   may  be  n a t u r a l   o r  

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

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

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

p r e f e r a b l y   h a v e   a t   l e a s t   18  c a r b o n   a toms   in  t h e   a l k y l  

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

w e i g h t   f rom  300  to  700 ,   p r e f e r a b l y   f rom  400  to   5 0 0 .  

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

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

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



C o m p o n e n t   (a)   may  be  c o n v e n t i o n a l l y   u s e d  a s  a  m i n e r a l   o i l  

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

50  to   90%  by  w e i g h t ,   p r e f e r a b l y   70%  by  w e i g h t ,   o f  s u l p h o n i c  

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

C o m p o n e n t   (b)  of   t h e   r e a c t i o n   m i x t u r e   i s   an  a r o m a t i c   o r  

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

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

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

i n c l u d e   p a r a f f i n i c   h y d r o c a r b o n s   s u c h   as  n - h e x a n e ,  

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

or  i s o - p a r a f f i n s .  

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

C 1  t o   C5  a l c o h o l s   s u c h   as  e t h a n o l   can  be  u s e d .  

When  c o m p o n e n t   (a)  i s   i n t r o d u c e d   as  an  o i l   s o l u t i o n   i t   may  

be  u n n e c e s s a r y   to   i n t r o d u c e   a d d i t i o n a l   o i l  -   t h u s ,   t he   o i l  

s o l v e n t   f o r   (a)  a c t s   as  c o m p o n e n t   ( d )  -   and  t h i s   i s  

p r e f e r r e d .   A l t e r n a t i v e l y   o i l   may  be  i n t r o d u c e d   s e p a r a t e l y  

i n t o   t h e   r e a c t i o n   m i x t u r e .   The  r e a c t i o n   i s   t h u s   an  o i l  

s o l u t i o n   of  c o m p o n e n t s   ( a ) ,   ( b ) ,   (c)  and  ( e ) .   S u i t a b l e  

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

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

of  15  to   30  cS t   a t   38°C  a r e   v e r y   s u i t a b l e .   A l t e r n a t i v e l y  

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

may  be  u s e d .  



C a l c i u m   h y d r o x i d e   u s e d   as  c o m p o n e n t   (e)  w i l l   g e n e r a l l y  

be  d e r i v e d   f rom  a  n a t u r a l   s o u r c e   such   as  l i m e   or  g y p s u m .  

The  c a l c i u m   h y d r o x i d e   ( c o m p o n e n t   ( e ) )   may  be  a d d e d   i n  

one  s t a g e   or  in  two  s t a g e s .   In  two  s t a g e   a d d i t i o n  

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

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

h y d r o x i d e   i s   a d d e d .   H o w e v e r   s i n g l e   s t a g e   a d d i t i o n  

i s   p r e f e r r e d .  

A d d i t i o n a l   r e a c t i o n   p r o m o t e r s   may  be  u s e d   and  t h e s e   may  b e  

t h e   ammonium  c a r b o x y l a t e s   such   as  t h o s e   d e s c r i b e d   i n  

U n i t e d   K i n g d o m   p a t e n t   1  307  172  w h e r e   t h e   p r e f e r r e d  

ammonium  c a r b o x y l a t e s   a r e   t h o s e   d e r i v e d   f rom  C1  to   C3 

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

a c i d   or   p r o p i o n i c   a c i d .   A l t e r n a t i v e l y   a l k a l i   m e t a l   s a l t s  

of  a  C1  to   C3  c a r b o x y l i c   a c i d   may  be  u s e d ,   s u c h   a s  

t h o s e   of   a  C1  to   C3  s a t u r a t e d   m o n o c a r b o x y l i c   a c i d .  

A  f u r t h e r   a l t e r n a t i v e   p r o m o t e r   is   a  m e t a l   h a l i d e   o r  

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

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

n i c k e l .  

R e g a r d i n g   t h e   q u a n t i t i e s   of  c o m p o n e n t s   ( a ) ,   ( b ) ,   ( c ) ,   ( d )  

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

p r e f e r a b l y   be  b e t w e e n   3 0 : 7 0   and  8 0 : 2 0 ,   o t h e r w i s e   i f   t h e r e  

i s   t oo   much  of   c o m p o n e n t   (b)  t h e   r e s u l t i n g   p r o d u c t   t e n d s  



to   be  g r e a s y ,   w h e r e a s   w i t h   t o o   much  of  c o m p o n e n t   (c)   t h e  

r e a c t i o n   m i x t u r e   may  t e n d   to   be  t o o   v i s c o u s   d u r i n g   a d d i t i o n  

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

P r e f e r r e d   v o l u m e   r a t i o s   of  (b)  and  (c)  a r e   b e t w e e n   5 0 : 5 0  

and  7 0 : 3 0 .  

I f   a  p r o m o t e r   i s   u s e d   we  p r e f e r   to   use   l e s s   t h a n   10%,  e . g .  

b e t w e e n   3 .0%  and   7 .0%  by  w e i g h t   b a s e d   on  t h e   t o t a l   w e i g h t  

of  c a l c i u m   h y d r o x i d e   in  t h e   r e a c t i o n   m i x t u r e ,   ( i . e .  

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

s t a g e   in   t h e   r e a c t i o n ) .  

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

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

t h a t   t h e   w e i g h t   o f   c o m p o n e n t   (a)   i s   40%  to   220%  of   t h e  

t o t a l   w e i g h t   o f   o i l   in  t h e   r e a c t i o n   m i x t u r e ;   and  t h a t   t h e  

a m o u n t s   by  w e i g h t   o f  c o m p o n e n t s   (b)  and  (c)   a re   e a c h  

b e t w e e n   30%  and   160%  of   t he   t o t a l   w e i g h t   of  o i l ,   i n  

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

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

i s   at  a  t e m p e r a t u r e   b e l o w   3 5 ° C ,   p r e f e r a b l y   no t   more  t h a n  

3 0 ° C ,   and  m o r e   p r e f e r a b l y   in  t h e   r a n g e   to   23°C  to  3 0 ° C ,  

in  an  a m o u n t   up  t o   f r o m   75  to  95  wt%,  p r e f e r a b l y   80  to   90  

wt%,  of   t h a t   s t o i c h i o m e t r i c a l l y   r e q u i r e d   to   n e u t r a l i z e   t h e  

e x c e s s   c a l c i u m   h y d r o x i d e .   When  u s e d   in  c o n j u n c t i o n   w i t h  

t h e   o t h e r   s t e p s   o f   t h e   p r o c e s s   o f   t h e   i n v e n t i o n   t h i s   l o w  

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

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



Very   p r e f e r a b l y   s t e p   i i )   c o m p r i s e s :  

i i )   c a r b o n a t i n g   t h e   m i x t u r e   w i th   an  a m o u n t   of   f r o m  
80  to   90  wt%  C02  b a s e d   on  the   e x c e s s   c a l c i u m  
o x i d e   or  h y d r o x i d e   a t   a  t e m p e r a t u r e   of  25  + 
2 ° C .  

When  t h e   c a r b o n   d i o x i d e   has   been   a d d e d ,   i f   d e s i r e d  

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

t he   p r e f e r r e d   maximum  q u a n t i t y   d e s c r i b e d   a b o v e ,  m a y   b e  

added   and  t h e n   f u r t h e r   c a r b o n   d i o x i d e   i n t r o d u c e d   i n t o  

the   r e a c t i o n   m i x t u r e   in  t h e   same  manne r   as  p r e v i o u s l y .  

I f   s u l p h o n i c   a c i d   was  u s e d   i n i t i a l l y   as  t he   c o m p o n e n t  

(a)  i t   w i l l   no t   be  n e c e s s a r y   to  use  so  much  c a l c i u m  

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

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

f i r s t   a d d i t i o n   of   c a r b o n   d i o x i d e .  

The  h e a t i n g   s t e p   ( i i i ) ,   h e r e i n a f t e r   r e f e r r e d   t o  

as  "a  h e a t   s o a k "   or  " h e a t   s o a k i n g " ,   i s  p r e f e r a b l y  

c a r r i e d   o u t   o v e r   a  p e r i o d   of  f rom  1/2  to  3  h o u r s ,   a n d  

most   p r e f e r a b l y   o v e r   1  to   2  h o u r s .   T h e  t e m p e r a t u r e  

p r e f e r a b l y   d o e s   no t   e x c e e d   5 5 ° C ,   and  more  p r e f e r a b l y  

does   n o t   e x c e e d   4 5 ° C .   and  mos t   p r e f e r a b l y   in  t h e   r a n g e  

of  30°C  to   4 5 ° C .   D u r i n g   t h e   h e a t   s o a k   t he   r e a c t i o n  

m i x t u r e   i s   d e s i r a b l y   s t i r r e d .   I t   i s   b e l i e v e d   t h a t   t h e  

h e a t   s o a k   r e s u l t s   in  more  l i m e   g o i n g   i n t o   s o l u t i o n ,  

which   r e s u l t s   in  g r e a t e r   l i m e   u t i l i z a t i o n   a n d  a n   i n c r e a s e  

TBN  in  t h e   p r o d u c t .   In  a d d i t i o n   l o w e r   v i s c o s i t y   p r o d u c t s  

may  be  o b t a i n e d   f o r   a  g i v e n   TBN.  B e t t e r   y i e l d s   a n d / o r   a  

r e d u c e d   s k i n n i n g   t e n d e n c y   a n d / o r   a  r e d u c t i o n   in  t h e  

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



may  a l s o   be  o b t a i n e d .  

D i l u e n t   o i l   may  be  a d d e d   e i t h e r   to   t h e   r e a c t i o n   m i x t u r e  

f o l l o w i n g   h e a t   s o a k i n g   in  s t e p   i i i )   or   to   the   r e c o v e r e d  

s e c o n d   p h a s e   of  s t e p   iv )   to   g i v e   t h e   r e q u i r e d   d i l u t i o n  

to  t h e   a d d i t i v e   p r o d u c t   or  at  b o t h   s t a g e s .   A d d i t i o n   of  a t  

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

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

a d d e d   to   g i v e   a  p r o d u c t   c o n t a i n i n g   f r o m   25  to  75  wt% 

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

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

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

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

f o r m a t i o n   in  t h e   p r o d u c t .   The  s e p a r a t i o n   may  be  done  b y  

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

o r   by  m e c h a n i c a l   m e a n s   s u c h   as  c e n t r i f u g a t i o n   or  d e c a n -  

t a t i o n   in  a  s c r o l l   d e c a n t e r .   T h i s   s e p a r a t i o n   i s   p r e f e r -  

a b l y   c a r r i e d   o u t   b e t w e e n   a m b i e n t   t e m p e r a t u r e   and  6 0 ° C ,  

more   p r e f e r a b l y   a t   a  t e m p e r a t u r e   no t   e x c e e d i n g   45°C.   T h e  

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

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

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

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

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

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

s e p a r a t e d   and  t h e   s e c o n d   p h a s e   is   t r e a t e d   f u r t h e r   t o  

r e c o v e r   t h e   d e s i r e d   p r o d u c t .   The  f i r s t   p h a s e   may  b e  

t r e a t e d   to   r e c o v e r   t h e   a l c o h o l ,   w h i c h   may  t h e n   be  r e c y c l e d .  



A f t e r   t he   s e p a r a t i o n   s t e p   t h e   s e c o n d   p h a s e   may  be  h e a t e d  

to  an  e l e v a t e d   t e m p e r a t u r e ,   e . g .   a b o v e   130°C,   a n d / o r  

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

( b ) ,   w a t e r   and  any  r e m a i n i n g   a l c o h o l )   and  is  p r e f e r a b l y  

t h e r e a f t e r   f i l t e r e d   a n d / o r   c e n t r i f u g e d   to   remove   s o l i d s .  

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

The  d e s i r e d   o v e r b a s e d   d e t e r g e n t   a d d i t i v e   is   o b t a i n e d   a s  

the   f i l t r a t e .  

I t   is   p o s s i b l e   f o r   a  s i n g l e   c e n t r i f u g a t i o n   s t e p   to  b e  

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

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

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

a  l i q u i d - l i q u i d - s o l i d   s e p a r a t i o n .  

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

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

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

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

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

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

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

a  p r e f e r r e d   p r o d u c t   w i t h   a  TBN  o f   a t   l e a s t   300  m g ( K O H ) / g  

at  a  k i n e m a t i c   v i s c o s i t y   m e a s u r e d   at   100°C  of  l e s s   t h a n  

9 0 c S t ,   more   p r e f e r a b l y   l e s s   t h a n   70  c S t .   More  p a r t i c u l a r l y ,  

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

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

f i l t r a t i o n   r a t e   of  at  l e a s t   200  1 / h m 2 ,   more  p r e f e r a b l y  

at  l e a s t   400  1 / h m 2 ,   i s   a c h i e v e d .   In  a d d i t i o n ,  



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

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

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

f o r   use   in  l u b r i c a t i n g   o i l s ,   b o t h   m i n e r a l   and  s y n t h e t i c .  

The  l u b r i c a t i n g   o i l   may  be  an  a n i m a l ,   v e g e t a b l e   or  m i n e r a l  

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

n a p h t h a s   or   s p i n d l e   o i l   to   SAE  30,  40  to   50  l u b r i c a t i n g  

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

o i l .  

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

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

a z e l a t e ,   t r i d e c y l   a d i p a t e ,   d i d e c y l   s u c c i n a t e ,   d i d e c y l  

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

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

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

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

c a p r o i c   a c i d ,   c a p r y l i c   a c i d   and  p e l a r g o n i c   a c i d   to   g i v e  

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

A l s o   c o m p l e x   e s t e r s   may  be  u s e d   as  b a s e   o i l s   s u c h   as  t h o s e  

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

a c i d ,   a  g l y c o l   and  an  a l c o h o l   a n d / o r   a  m o n o c a r b o x y l i c  

a c i d .  

B l e n d s   of   d i e s t e r s   w i t h   m i n o r   p r o p o r t i o n s   of   one  or  m o r e  

t h i c k e n i n g   a g e n t s   may  a l s o   be  u s e d   as  l u b r i c a n t s .   T h u s  

one   may  use   b l e n d s   c o n t a i n i n g   up  to   50%  by  v o l u m e   of  o n e  

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



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

o x y e t h y l e n e / o x y p r o p y l e n e   g l y c o l .  

The  amoun t   of  o v e r b a s e d   d e t e r g e n t   added   to  t he   l u b r i c a t i n g  

o i l   s h o u l d   be  a  m i n o r   p r o p o r t i o n  ,   e . g .   b e t w e e n   0.01%  a n d  

10%  by  w e i g h t ,   p r e f e r a b l y   b e t w e e n   0.1%  and  5%  by  w e i g h t .  

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

a c c o r d i n g   to   t h e   p a r t i c u l a r   use   f o r   t h e   o i l .   For  e x a m p l e ,  

v i s c o s i t y   i n d e x   i m p r o v e r s   such   as  e t h y l e n e   p r o p y l e n e  

c o p o l y m e r s   may  be  p r e s e n t   as  may  s u c c i n i c   a c i d   b a s e d  

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

and  t h e   w e l l   known  z i n c   d i a l k y l d i t h i o p h o s p h a t e   a n t i w e a r  

a d d i t i v e s .   The  i n v e n t i o n   e x t e n d s   to   an  a d d i t i v e  c o n c e n -  

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

s u l p h o n a t e   of  t h e   i n v e n t i o n   and  p r e f e r a b l y   one  o r  m o r e  

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

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

The  p r e s e n t   i n v e n t i o n   is  now  d e s c r i b e d ,   t h o u g h   o n l y   by  w a y  

of  i l l u s t r a t i o n ,   by  r e f e r e n c e   to  t h e   f o l l o w i n g   E x a m p l e s .  

C o m p a r a t i v e   E x a m p l e s   A  to  J  and  E x a m p l e s   1  to  6 

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

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

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

c o m p r i s e d :  



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

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

3 5 6 g  -   i . e .   88  wt%  of   t h e   s t o i c h i o m e t r i c   amoun t   r e q u i r e d  

by  t h e   o v e r b a s i n g   a m o u n t   of   l i m e  -   c h a r g e d   o v e r   3 . 6 4   h o u r s .  

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

f o r   C02  is   t h e   s a m e .  

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

o t h e r w i s e   i n d i c a t e d ,   in  an  a m o u n t   of   8 7 5 g .   S t a n c o   1 5 0  

is   u s e d   as  t h e   d i l u e n t   o i l .  

C o m p a r a t i v e   E x a m p l e   A 

a)  C h a r g i n g :  

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

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

and  s t i r r e d .   The  m e t h a n o l   was  a d d e d ,   and  t h e n   t h e   l i m e .  

The  t e m p e r a t u r e   r o s e   to   3 5 ° C ,   and  t h e   r e a c t o r   was  c o o l e d  

to   2 5  +   2 ° C .  

b)  C a r b o n a t i o n :  

C a r b o n a t i o n   c o m m e n c e d   a t   a  r a t e   of   9 7 . 8 g / h o u r   C02,   a n d  

t h e   t e m p e r a t u r e   was  m a i n t a i n e d   a t  2 5  +   2°C  u n t i l   69%  C02  



was  a d d e d .   Then  t h e   t e m p e r a t u r e   was  r a i s e d   to   55°C  o v e r  

t h e   r e m a i n i n g   c a r b o n a t i o n   t i m e .  

c)  S t r i p p i n g :  

A  n i t r o g e n   s p a r g e   was  commenced   and  the   r e f l u x   c o n d e n s e r  

r e p l a c e d   by  a  t a k e - o f f   c o n d e n s e r .   The  t e m p e r a t u r e   was  t h e n  

r a i s e d   to   80°C .   D i l u e n t   o i l   was  added   d u r i n g   s t r i p p i n g   a t  

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

t h e n   c e n t r i f u g e d ,   and  t h e   c e n t r i f u g a t e   f u r t h e r   s t r i p p e d  

u n d e r   vacuum  at   1 5 0 ° C .  

d)  F i l t r a t i o n :  

The  s t r i p p e d   p r o d u c t   was  f i l t e r e d   u s i n g   D i c a l i t e   S p e c i a l  

S p e e d f l o w   f i l t e r   a id   ( a v a i l a b l e   f rom  G e n e r a l   R e f r a c t o r y  

Co.  of  USA)  as  p r e c o a t   and  e i t h e r   2%  S p e e d p l u s   or   2% 

S p e e d e x   ( b o t h   a v a i l a b l e   f rom  G e n e r a l   R e f r a c t o r y   Co . )   as  a n  

a d m i x .   O t h e r   f i l t e r   a i d s   u sed   as  a d m i x e s   in  t he   f o l l o w i n g  

E x a m p l e s   as  shown  in  t h e   T a b l e .  

For   C o m p a r a t i v e   E x a m p l e s   B  to  J  and  E x a m p l e s   1  to   6  t h e  

p r o c e d u r e   was  as  d e s c r i b e d   f o r   C o m p a r a t i v e   E x a m p l e   A 

e x c e p t   w h e r e   v a r i a t i o n s   a r e   shown  in  T a b l e   1  b e l o w .  









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

E x a m p l e s   a r e   g i v e n   in  T a b l e   2  b e l o w   wh ich   i n d i c a t e s   t h e  

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

t he   a m o u n t s   of  s e d i m e n t   and  s l u d g e   f o r m e d   at  v a r i o u s  

s t a g e s   in  c a r r y i n g   ou t   the   p r e p a r a t i o n .   A l s o   g i v e n   a r e  

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

c e n t r i f u g a t e   f l o w  r a t e   w h i c h   i n d i c a t e   how  r e a d i l y   t h e  

d e s i r e d   p r o d u c t   may  be  i s o l a t e d .  

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

in  t h e   s l u d g e   f o r m a t i o n ,   wh ich   g i v e s   a  more  e f f i c i e n t  

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

of  t he   d e s i r e d   p r o d u c t .   In  t h i s   c o n n e c t i o n   i t   is  p o i n t e d  

o u t   t h a t   t he   t e r m   " s l u d g e "   is   u sed   to   d e s c r i b e   a  h e a v y  

l a y e r   f o r m e d   w i t h i n   t h e   p r o d u c t   w h i c h   is   h a z y   in  a p p e a -  

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

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

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

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

f rom  t h e   p r o d u c t   as  h a r d   or  s o f t   p r e c i p i t a t e s .   On  f i l -  

t e r i n g   t h e   s e d i m e n t s   fo rm  a  f i l t e r   c a k e ,   w h i l e   any  s l u d g e  

is   d e p o s i t e d   as  a  g r e a s y   l a y e r   on  t o p .  

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

f i l t r a t e   d i l u t e d   to  a  n o m i n a l   300  TBN  w i t h   d i l u e n t   o i l ,  

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



K i n e m a t i c   v i s c o s i t y   was  m e a s u r e d   at   100°C  by  t he   t e c h n i q u e  

d e s c r i b e d   in  ASTM  D 4 4 5 - 7 9 .  

The  s o a p   c o n t e n t   was  m e a s u r e d   by  the   t e c h n i q u e   d e s c r i b e d  

in  ASTM  D 3 7 1 2 .  

F o a m i n g   t e n d e n c y   was  m e a s u r e d   on  a  s o l u t i o n   of  2 .0   wt%  o f  

t h e   f i l t r a t e   in  d i l u e n t   o i l   by  t h e   t e c h n i q u e   d e s c r i b e d  

in  ASTM  D892  Seq  I  u s i n g   400  ppm  of  Dow  C o r n i n g   D 2 0 0  

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

B l e n d   s t a b i l i t y   was  m e a s u r e d   by  o b s e r v i n g   a)  t h e   v o l u m e  

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

w i t h   h e p t a n e   in  a  1:1  ( v / v )   r a t i o   and  c e n t r i f u g i n g   f o r  

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

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

s t a n d   f o r   24  h o u r s .  















C o m p a r a t i v e   E x a m p l e s   A  a n d  B   w h i c h   do  not   e m p l o y   a 

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

C o m p a r a t i v e   E x a m p l e s   C  and  D  use  a  p h a s e   s e p a r a t i o n   s t e p  

but   in  c o n j u n c t i o n   w i t h   a  h i g h   t e m p e r a t u r e   c a r b o n a t i o n ,  

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

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

E x a m p l e s   E - J   show  no  s l u d g e   f o r m a t i o n   but   t he   p r o d u c t s  

have   p o o r   f i l t e r a b i l i t y   a n d / o r   p o o r   b l e n d   s t a b i l i t y   a n d / o r  

h i g h   v i s c o s i t y .   C o m p a r a t i v e   E x a m p l e   J  i n c l u d e s   b o t h   p h a s e  

s e p a r a t i o n   and  h e a t   s o a k i n g   s t e p   bu t   e m p l o y s   a  h i g h  

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

to  t h o s e   f o r   E x a m p l e   1,  w h i c h   is  a  s i m i l a r   p r o c e s s   e x c e p t  

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

e m p l o y e d .   W h e r e a s   C o m p a r a t i v e   E x a m p l e   J  g i v e s   p o o r  

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

E x a m p l e   1  g i v e s   e x c e l l e n t   f i l t e r a b i l i t y   and  a  much  l o w e r  

v i s c o s i t y .   E x a m p l e s   2  to   6  show  the   e f f e c t   of  v a r i a t i o n s  

f r o m  t h e   p r e f e r r e d   p r o c e d u r e   of  E x a m p l e  1 ;   in  e a c h   c a s e  

t h e   p r o d u c t   is   f r e e   f rom  s l u d g e   and  w h e r e   m e a s u r e d   t h e  

v i s c o s i t y   i s   much  l o w e r   t h a n   C o m p a r a t i v e   E x a m p l e   J .  

E x a m p l e s   2  and  4  show  r e d u c e d   f i l t e r a b i l i t y   bu t   t h e s e  

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

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

e x p e c t e d   to  make  f i l t r a t i o n   d i f f i c u l t .   E x a m p l e s   3  to   5 

a l s o   show  t h a t   c a r b o n a t i o n   b e y o n d   90%  of   s t o c h i o m e t r i c  



r e s u l t s   in  a  l e s s   o p t i m u m   p r o d u c t ,   and  E x a m p l e   6  s h o w s  

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

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

C o m p a r a t i v e   E x a m p l e s   E-H  w h i c h   a l s o   use   two  p a r t   l i m e  

a d d i t i o n .  

E x a m p l e s   7  t o   11 

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

same  r e a c t a n t s   as  in  t h e   p r e v i o u s   E x a m p l e s ,   b u t   on  a  3 

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

The  f o l l o w i n g   p r o c e d u r e   was  e m p l o y e d :  

a)  C h a r g i n g :  

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

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

and  s t i r r e d .   The  m e t h a n o l   was  a d d e d ,   and  t h e n   t h e   l i m e .  

The  t e m p e r a t u r e   r o s e   to   3 5 ° C ,   and  t h e   r e a c t o r   was  c o o l e d  

to  2 5  +   2 ° C .  

b)  C a r b o n a t i o n :  

C a r b o n a t i o n   was  c o n d u c t e d   a t   2 5  +   2°C  o v e r   3 .5   h o u r s  

so  t h a t   c a r b o n   d i o x i d e   was  a d s o r b e d   to   90%  of   t h e   s t o i c h i o -  

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

c)  Hea t   s o a k :  

The  c a r b o n a t e d   m i x t u r e   was  s t i r r e d   at   t h e   t e m p e r a t u r e s   a n d  

f o r   t h e   t i m e s   shown  in   T a b l e   3  b e l o w .  



d)  D i l u e n t   o i l   a d d i t i o n :  

525g  of  d i l u e n t   o i l   we re   t h e n   added   to  t he   h e a t   s o a k e d  

p r o d u c t .  

e)  P h a s e   s e p a r a t i o n :  

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

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

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

p h a s e   w h i c h   is  d i s c a r d e d .  

f)  S t r i p p i n g :  

The  s e c o n d   l i q u i d   p h a s e   was  s t r i p p e d   by  h e a t i n g   t o  

160°C  u n d e r   vacuum  o v e r   2  h o u r s   and  t h e n   m a i n t a i n i n g   u n d e r  

v a c u u m   at   a  t e m p e r a t u r e   of  160°C  f o r   a  f u r t h e r   2  h o u r s .  

g)  F i l t r a t i o n :  

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

S p e c i a l   S p e e d f l o w   f i l t e r   a id   as  p r e c o a t   and  1.5%  S p e c i a l  

S p e e d f l o w   as  an  a d m i x .  

The  a n a l y s i s   of  t he   m a t e r i a l   w a s  c a r r i e d   ou t   as  d e s c r i b e d  

h e r e i n b e f o r e   w i t h   t h e   a d d i t i o n   of  a  h a z e   t e s t .   Haze  w a s  

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

u s i n g   a  n e p h a l o m e t e r   ( C o l e m a n  P h o t o n e p h e l o m e t e r   a v a i l a b l e  

f rom  C o l e m a n   I n s t r u m e n t s   C o m p a n y  o f   USA).  The  m e a s u r e m e n t s  

a r e   c a r r i e d   o u t   on  a  5wt%  s o l u t i o n   in  d i l u e n t   o i l   and  t h e  

r e s u l t s   a r e   e x p r e s s e d   in  n e p h a l o s .  





E x a m p l e   12 

The  p r o c e d u r e   of  E x a m p l e s   7  to  11  was  r e p e a t e d  e x c e p t   f o r  

the   f o l l o w i n g   c h a n g e s :  

R e a c t a n t s :   Lime  f rom  Company  of  USA  US  Gypsum  w a s  u s e d   i n  

p l a c e   of  l i m e   f rom  B a l t h a z a r d   et  C o t t e .  

b)  C a r b o n a t i o n  

C a r b o n a t i o n   was  c a r r i e d   ou t   o v e r   3  h o u r s ,   b u t   s t i l l   to  90% 

of  t he   s t o i c h i o m e t r i c   amount   r e q u i r e d   by  t h e   o v e r b a s i n g  

l i m e .  

c)  Hea t   S o a k  

T h i s   was  c o n d u c t e d   at   40°C  fo r   1.5  h o u r s .  

Six   r e p e a t s   were   made  of  t h i s   t e s t   and  the   r e s u l t s   i n  

T a b l e   4  b e l o w   r e p r e s e n t   t h e   a v e r a g e   of  t h e   s i x   r u n s .  



E x a m p l e   13 

The  p r o c e d u r e   of  E x a m p l e   12  was  r e p e a t e d   e x c e p t   f o r  

t h e   f o l l o w i n g   c h a n g e :  

a)  C h a r g i n g :  

The  l i m e ,   m o s t   of  t h e   t o l u e n e   and  m e t h a n o l   were  c h a r g e d   t o  

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

t o l u e n e   was  a d d e d .   The  r e a c t o r   was  c o o l e d   to  2 5 + 2 ° C .  

A g a i n   s i x   r e p e a t s   were   c a r r i e d   o u t   and  the   r e s u l t s   a r e  

g i v e n   in   T a b l e   5  b e l o w .  



E x a m p l e  1 4   and  C o m p a r a t i v e   E x a m p l e s   K  and  L 

The  p r o c e d u r e   of  E x a m p l e   12  w a s ' r e p e a t e d   u s i n g   B a l t h a z a r d  

Lime  in  p l a c e   of  US  Gypsum  l i m e .   To  p r o v i d e   a  c o m p a r i s o n   t h i s  

p r e p a r a t i o n   was  r e p e a t e d   w i t h o u t   h e a t   s o a k i n g   ( C o m p a r a t i v e  

E x a m p l e   K)  and  w i t h o u t   p h a s e   s e p a r a t i o n   ( C o m p a r a t i v e  

E x a m p l e   L ) .  

The  r e s u l t s   a r e   g i v e n   i n  T a b l e   6  b e l o w .  



The  r e s u l t s   show  t h a t   t h e   p r o c e s s   of  t h e   i n v e n t i o n   i s  

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

w h i c h   is  r e a d i l y   f i l t e r e d ,   and  shows  h i g h   p r o d u c t   q u a l i t y  

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

and  h a z e .   In  C o m p a r a t i v e   E x a m p l e   K  t h e   a b s e n c e   of  a  h e a t  

s o a k   s t e p   l e a d s   to   a  low  TBN  p r o d u c t   w i t h   h i g h   v i s c o s i t y  

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

p r o d u c t   w o u l d   be  u n s u i t a b l e   f o r   use  as  a  300TBN  a d d i t i v e  

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

E x a m p l e   L  s h o w s   t h a t   t h e   o m i s s i o n   of  t h e   p h a s e   s e p a r a t i o n  

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

y i e l d   was  m i n i m a l .   A  l a r g e   amount   of  s e d i m e n t   was  a l s o  

f o r m e d .   Such  a  p r o c e s s   w o u l d   be  i m p r a c t i c a l   f o r   p r e p a -  

r a t i o n   of   an  a d d i t i v e   on  a  c o m m e r c i a l   s c a l e .  



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

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

i)  f o r m i n g   a  m i x t u r e   o f  
a)  an  o i l - s o l u b l e   s u l p h o n i c   a c i d   or  a n  

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

s o l v e n t ,  
c )  a   C1-5   a l c o h o l ,  
d)  o i l ,   a n d  
e)  an  e x c e s s   of  c a l c i u m   h y d r o x i d e   o v e r   t h a t  

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

i i )   c a r b o n a t i n g   the   m i x t u r e   at   a  t e m p e r a t u r e  
not   e x c e e d i n g   3 5 ° C  w i t h   f rom  75  t o  9 5  w t %  
C02  b a s e d   on  t he   e x c e s s   c a l c i u m   h y d r o x i d e ;  

i i i )   h e a t i n g   t he   r e a c t i o n   m i x t u r e   a f t e r   c a r b o n a t i o n  
to  a  t e m p e r a t u r e   not   e x c e e d i n g   60°C  o v e r   a 
p e r i o d   o f  n o t   l e s s   t h a n   15  m i n u t e s .  

iv )   s e p a r a t i n g  t h e   c a r b o n a t e d   m i x t u r e   i n t o  a  
f i r s t   p h a s e   c o m p r i s i n g   at   l e a s t   a  m a j o r   p a r t   o f  
of  t he   a l c o h o l   and  a  s e c o n d   p h a s e   c o m p r i s i n g  
at  l e a s t   a  m a j o r   p a r t   of  t h e   h y d r o c a r b o n  
s o l v e n t   and  the   o i l ,   and  r e m o v i n g   the   f i r s t  
p h a s e ;  

v)  r e m o v i n g  v o l a t i l e   m a t e r i a l   f rom  t h e  s e c o n d  
p h a s e   to  y i e l d   a  d i s p e r s i o n   of  o v e r b a s e d  
c a l c i u m   s u l p h o n a t e   in  o i l .  

2  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  in   w h i c h   s t e p   i i )  

c o m p r i s e s :  

i i )   c a r b o n a t i n g   the   m i x t u r e   at   a  t e m p e r a t u r e   o f  
no t   e x c e e d i n g   3 0 ° C .  

3  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  or   c l a i m   2,  i n  

wh ich   d i l u e n t   o i l   i s   a d d e d   f o l l o w i n g   s t e p   i i i )   a n d / o r  

f o l l o w i n g   s t e p   v )  



4  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to   3,  i n  

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

h e a t e d   to   a  t e m p e r a t u r e   n o t   e x c e e d i n g   55°C  f o r   1/2  to   3 

h o u r s .  

5  A  p r o c e s s   as  c l a i m e d   in  c l a i m   4,  in  w h i c h   t h e  

c a r b o n a t e d   r e a c t i o n   m i x t u r e   i s   h e a t e d   to   f r o m   30°C  to   4 5 ° C .  

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

by  a  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to   5,  a n d  

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

l e a s t   3 0 0 .  

7  An  o v e r b a s e d   c a l c i u m   s u l p h o n a t e   as  c l a i m e d   i n  

c l a i m   6,   h a v i n g   a  v i s c o s i t y   m e a s u r e d   a t   100°C  and  a  

t o t a l   b a s e   n u m b e r   of  300  of   l e s s   t h a n   90  c S t .  

8.  The   u se   of  an  o v e r b a s e d   c a l c i u m   s u l p h o n a t e   a s  

c l a i m e d   in  c l a i m   6  or   c l a i m   7  as  a  l u b r i c a t i n g   o i l  

a d d i t i v e .  

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

s u l p h o n a t e   as  c l a i m e d   in   c l a i m   6  or   c l a i m   7 .  

10  An  a d d i t i v e   c o n c e n t r a t e   f o r   b l e n d i n g   w i t h   l u b r i c a t i n g  

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

s u l p h o n a t e   as  c l a i m e d   in  c l a i m   6  or   c l a i m   7 .  
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