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BACKGROUND  OF  THE  INVENTION 
This   i n v e n t i o n   r e l a t e s   to  a  method  for   r e f i n i n g  

g l y c e r i d e   o i l s   by  c o n t a c t i n g   the  o i l s   wi th   a n  
a d s o r b e n t   c a p a b l e   of  r emoving   c e r t a i n   i m p u r i t i e s .   More 

s p e c i f i c a l l y ,   i t   has  been  found  t h a t   amorphous   s i l i c a s  

are  q u i t e   e f f e c t i v e   in  a d s o r b i n g   both  soaps   a n d  

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

g l y c e r i d e   o i l s ,   to  p r o d u c e   o i l   p r o d u c t s   wi th   s u b s t a n t i a l l y  
lowered   c o n c e n t r a t i o n s   of  t h e s e   i m p u r i t i e s .   For  p u r p o s e s  
of  t h i s   s p e c i f i c a t i o n ,   the  term  " i m p u r i t i e s "   r e f e r s   t o  

soaps  and  p h o s p h o l i p i d s .   The  p h o s p h o l i p i d s   are  a s s o c i a t e d  
wi th   m e t a l   ions   and  t o g e t h e r   they   w i l l   be  r e f e r r e d   to  a s  
" t r a c e   c o n t a m i n a n t s . "   The  term  " g l y c e r i d e   o i l s "   as  u s e d  
h e r e i n   is  i n t e n d e d   to  encompass   both   v e g e t a b l e   and  a n i m a l  
o i l s .   The  term  is  p r i m a r i l y   i n t e n d e d   to  d e s c r i b e   t h e  
s o - c a l l e d   e d i b l e   o i l s ,   i . e . ,   o i l s   d e r i v e d   from  f r u i t s   o r  
seeds   of  p l a n t s   and  used  c h i e f l y   in  f o o d s t u f f s ,   but   i t   i s  
u n d e r s t o o d   t h a t   o i l s   whose  end  use  is  as  n o n - e d i b l e s   a r e  
to  be  i n c l u d e d   as  w e l l .   The  i n v e n t i o n   is  a p p l i c a b l e   t o  
o i l s   which  have  been  s u b j e c t e d   to  c a u s t i c   t r e a t m e n t ,   w h i c h  
is  the  r e f i n i n g   s t e p   in  which  soaps  are  formed  in  the  o i l .  

Crude  g l y c e r i d e   o i l s ,   p a r t i c u l a r l y   v e g e t a b l e   o i l s ,   a r e  
r e f i n e d   by  a  m u l t i - s t a g e   p r o c e s s ,   the  f i r s t   s t ep   of  w h i c h  

t y p i c a l l y   is  "degumming"  or  " d e s l i m i n g "   by  t r e a t m e n t   w i t h  
wa t e r   or  wi th   a  c h e m i c a l   such  as  p h o s p h o r i c   a c i d ,   c i t r i c  
acid   or  a c e t i c   a n h y d r i d .   This  t r e a t m e n t   removes  some  b u t  

not  a l l   gums  and  c e r t a i n   o t h e r   c o n t a m i n a n t s .   Some  of  t h e  

p h o s p h o r u s   c o n t e n t   of  the  o i l   is  removed  wi th   the  gums .  
E i t h e r   c rude   or  degummed  o i l   may  be  t r e a t e d   in  a 
c h e m i c a l ,   or  c a u s t i c ,   r e f i n i n g   p r o c e s s .   The  a d d i t i o n   o f  

an  a l k a l i   s o l u t i o n ,   c a u s t i c   soda  for   example ,   to  a  c r u d e  

or  degummed  o i l   c a u s e s   n e u t r a l i z a t i o n   of  f r e e   f a t t y   a c i d s  

to  form  s o a p s .   This  s t e p   in  the  r e f i n i n g   p r o c e s s   w i l l   b e  
r e f e r r e d   to  h e r e i n   as  " c a u s t i c   t r e a t m e n t "   and  o i l s   t r e a t e d  
in  t h i s   manner  w i l l   be  r e f e r r e d   to  as  " c a u s t i c   t r e a t e d  
o i l s .   Soaps  g e n e r a t e d   d u r i n g   c a u s t i c   t r e a t m e n t   are   a n  
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i m p u r i t y   which  must  be  removed  from  the  o i l   b e c a u s e   t h e y  
have  a  d e t r i m e n t a l   e f f e c t   on  the  f l a v o r   and  s t a b i l i t y   o f  
the  f i n i s h e d   o i l .   Moreove r ,   the  p r e s e n c e   of  soaps  i s  
h a r m f u l   to  the  c a t a l y s t s   used  in  the  o i l   h y d r o g e n a t i o n  

5  p r o c e s s .  
C u r r e n t   i n d u s t r i a l   p r a c t i c e   is  to  f i r s t   remove  s o a p s  

by  c e n t r i f u g a l   s e p a r a t i o n   ( r e f e r r e d   to  as  " p r i m a r y  
c e n t r i f u g a t i o n "   )  .  In  t h i s   s p e c i f i c a t i o n ,   o i l s   which  h a v e  
been  s u b j e c t e d   to  c a u s t i c   t r e a t m e n t   and  p r i m a r y  

10  c e n t r i f u g a t i o n   w i l l   be  r e f e r r e d   to  as  " c a u s t i c   r e f i n e d "  
o i l .   C o n v e n t i o n a l l y ,   the  c a u s t i c   r e f i n e d   o i l ,   which  s t i l l  

has  s i g n i f i c a n t   soap  c o n t e n t ,   is  s u b j e c t e d   to  a  w a t e r  
wash,   which  d i s s o l v e s   the  soaps  from  the  o i l   phase   i n t o  
the  aqueous   p h a s e .   The  two  phases   are   s e p a r a t e d   b y  

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

p h a s e s   is  not   p o s s i b l e ,   even  under   the  b e s t   of  c o n d i t i o n s .  
The  l i g h t   phase   d i s c h a r g e   is  w a t e r - w a s h e d   o i l   which  now 
has  r e d u c e d   soap  c o n t e n t .   The  heavy  phase   is  a  d i l u t e  

soapy  w a t e r   s o l u t i o n .   F r e q u e n t l y ,   the  w a t e r   wash  and  
20  c e n t r i f u g a t i o n   s t e p s   must  be  r e p e a t e d   in  o r d e r   to  r e d u c e  

the   soap  c o n t e n t   of  the  o i l   below  about   50  ppm.  The 
w a t e r - w a s h e d   o i l   then  must  be  d r i e d   to  remove  r e s i d u a l  
m o i s t u r e   to  below  abou t   0.1  w e i g h t   p e r c e n t .   The  d r i e d   o i l  
is  then  e i t h e r   t r a n s f e r r e d   to  the  b l e a c h i n g   p r o c e s s   or  i s  

25  s h i p p e d   or  s t o r e d   as  o n c e - r e f i n e d   o i l .  

A  s i g n i f i c a n t   p a r t   of  the  was te   d i s c h a r g e   from  t h e  
c a u s t i c   r e f i n i n g   of  v e g e t a b l e   o i l   r e s u l t s   from  the  w a t e r  
wash  p r o c e s s   used  to  remove  s o a p s .   In  f a c t ,   a  p r i m a r y  

r e a s o n   for   r e f i n e r s   1  use  of  the  p h y s i c a l   r e f i n i n g   p r o c e s s  
30  is  to  avo id   the  w a s t e s t r e a m   p r o d u c t i o n   a s s o c i a t e d   w i t h  

r emova l   of  soaps   g e n e r a t e d   in  the  c a u s t i c   r e f i n i n g  

p r o c e s s :   s i n c e   no  c a u s t i c   is  used  in  p h y s i c a l   r e f i n i n g ,   no 

soaps   are  g e n e r a t e d .   In  a d d i t i o n ,   in  the  c a u s t i c   r e f i n i n g  

p r o c e s s ,   some  o i l   is  l o s t   in  the  w a t e r   wash  p r o c e s s .   I n  
35  the  c a u s t i c   r e f i n i n g   p r o c e s s   to  which  t h i s   i n v e n t i o n  

- 3 -  



0 2 4 7 4 1 1  

9.  - 

r e l a t e s ,   m o r e o v e r ,   the  d i l u t e   soaps  tock  must  be  t r e a t e d  
b e f o r e   d i s p o s a l ,   t y p i c a l l y   wi th   an  i n o r g a n i c   ac id   such  a s  
s u l f u r i c   ac id   in  a  p r o c e s s   t e rmed  a c i d u l a t i o n .   S u l f u r i c  
ac id   is  f r e q u e n t l y   used .   I t   can  be  seen  t h a t   q u i t e   a 
number  of  s e p a r a t e   u n i t   o p e r a t i o n s   make  up  the  s o a p  
removal   p r o c e s s ,   each  of  which  r e s u l t s   in  some  d e g r e e   o f  
o i l   l o s s .   The  r emova l   and  d i s p o s a l   of  soaps   and  a q u e o u s  
s o a p s t o c k   is  one  of  the  most  c o n s i d e r a b l e   p r o b l e m s  
a s s o c i a t e d   wi th   the  c a u s t i c   r e f i n i n g   of  g l y c e r i d e   o i l s .  

In  a d d i t i o n   to  r emova l   of  soaps   c r e a t e d   in  t h e  
c a u s t i c   r e f i n i n g   p r o c e s s ,   p h o s p h o r u s - c o n t a i n i n g   t r a c e  
c o n t a m i n a n t s   must  be  removed  from  the  o i l .   The  p r e s e n c e  
of  t h e s e   t r a c e   c o n t a m i n a n t s   can  lend  o f f   c o l o r s ,   odors   a n d  

f l a v o r s   to  the  f i n i s h e d   o i l   p r o d u c t .   These  compounds  a r e  
p h o s p h o l i p i d s ,   wi th   which  are  a s s o c i a t e d   i o n i c   forms  o f  

the  m e t a l s   c a l c i u m ,   magnes ium,   i r on   and  c o p p e r .   F o r  

p u r p o s e s   of  t h i s   i n v e n t i o n ,   r e f e r e n c e s   to  the  r emova l   o r  
a d s o r p t i o n   of  p h o s p h o l i p i d s   is  i n t e n d e d   a l s o   to  r e f e r   t o  
removal   or  a d s o r p t i o n   of  the  a s s o c i a t e d   me ta l   i o n s .  

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

example ,   b l e a c h i n g   e a r t h )   has  been  p r a c t i c e d   but  only   w i t h  

r e s p e c t   to  o i l s   u n d e r g o i n g   p h y s i c a l   r e f i n i n g   (in  which  no 

soaps  are  g e n e r a t e d )   or  in  c a u s t i c   r e f i n i n g   s u b s e q u e n t   t o  
wa t e r   wash  s t e p s   (in  which  the  soaps   are  removed)  .  No 

a d s o r p t i o n   p r o c e s s   has  a c c o m p l i s h e d   the  r emova l   of  b o t h  

soaps  and  p h o s p h o l i p i d s   at  an  e a r l y   s t a g e   of  c a u s t i c  

r e f i n i n g   where  l a r g e   q u a n t i t i e s   of  soaps   are  p r e s e n t .  

SUMMARY  OF  THE  INVENTION 
A  s imple   p h y s i c a l   a d s o r p t i o n   p r o c e s s   has  been  f o u n d  

whereby  soaps   and  p h o s p h o l i p i d s   can  be  removed  f r o m  
c a u s t i c   t r e a t e d   or  c a u s t i c   r e f i n e d   v e g e t a b l e   o i l s   in  a 
s i n g l e   u n i t   o p e r a t i o n .   This  u n i q u e   p r o c e s s   c o m p l e t e l y  
e l i m i n a t e s   the  need  to  s u b j e c t   c a u s t i c   t r e a t e d   or  c a u s t i c  
r e f i n e d   o i l   to  a  wa t e r   wash ing   p r o c e s s   in  o r d e r   to  r e m o v e  
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s o a p s .   I t   a l s o   e l i m i n a t e s   the  need  for   a  s e p a r a t e  
a d s o r p t i o n   p r o c e s s   to  r e d u c e   the  p h o s p h o l i p i d   c o n t e n t   o f  
the  o i l .   The  p r o c e s s   d e s c r i b e d   h e r e i n   u t i l i z e s   a m o r p h o u s  
s i l i c a   a d s o r b e n t s   h a v i n g   an  a v e r a g e   pore  d i a m e t e r   o f  

5  g r e a t e r   than   60A  which  can  remove  a l l   or  s u b s t a n t i a l l y   a l l  

soaps   from  the  o i l   and  which  r e d u c e   the  p h o s p h o l i p i d  
c o n t e n t   on  the  o i l   to  at  l e a s t   below  15  p a r t s   per  m i l l i o n ,  
p r e f e r a b l y   below  5  p a r t s   per   m i l l i o n ,   most  p r e f e r a b l y  
s u b s t a n t i a l l y   to  z e r o .  

10  i t   is  the  p r i m a r y   o b j e c t   of  t h i s   i n v e n t i o n   t o  
i n t r o d u c e   a  s i n g l e   u n i t   o p e r a t i o n   i n t o   the  c a u s t i c  

r e f i n i n g   of  g l y c e r i d e   o i l s   which  bo th   e l i m i n a t e s   soap  a n d  
r e d u c e s   the  p h o s p h o l i p i d   c o n t e n t   of  o i l s   to  a c c e p t a b l e  
l e v e l s .   A d s o r p t i o n   of  soaps  and  p h o s p h o l i p i d s   ( t o g e t h e r  

15  wi th   a s s o c i a t e d   c o n t a m i n a n t s )   onto  amorphous  s i l i c a   in  t h e  

manner   d e s c r i b e d   o f f e r s   t r e m e n d o u s   a d v a n t a g e   in  c a u s t i c  

r e f i n i n g   by  e l i m i n a t i n g   the  s e v e r a l   u n i t   o p e r a t i o n s  
r e q u i r e d   when  c o n v e n t i o n a l   w a t e r - w a s h i n g ,   c e n t r i f u g a t i o n  
and  d r y i n g   are  employed  to  remove  soaps  from  the  o i l s .   I n  

20  a d d i t i o n ,   t h i s   method  e l i m i n a t e s   the  need  for   w a s t e w a t e r  
t r e a t m e n t   and  d i s p o s a l   from  t h o s e   o p e r a t i o n s .   Over  and  
above  the  c o s t   s a v i n g s   r e a l i z e d   from  t h i s   t r e m e n d o u s  

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

25  c o n v e n t i o n a l   c a u s t i c   r e f i n i n g   is  d i l u t e   aqueous   soaps  t o c k ,  
which  is  of  ve ry   low  v a l u e   and  r e q u i r e s   s u b s t a n t i a l  

t r e a t m e n t   b e f o r e   d i s p o s a l   is  p e r m i t t e d   by  e n v i r o n m e n t a l  

a u t h o r i t y .  
I t   is  a l s o   i n t e n d e d   t h a t   use  of  the  method  of  t h i s  

30  i n v e n t i o n   may  r e d u c e   or  p o t e n t i a l l y   e l i m i n a t e   the  need  f o r  

b l e a c h i n g   e a r t h   t r e a t m e n t .   In  t h i s   i n v e n t i o n   only   o n e  
a d s o r p t i o n   s t e p   is  used  for   r emova l   of  both   soaps  and  

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

to  remove  t h e s e   i m p u r i t i e s   t y p i c a l l y   w i l l   not   be  r e q u i r e d .  

- 5 -  
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F e d u c t i o n   or  e l i m i n a t i o n   of  an  a d d i t i o n a l   b l e a c h i n g   e a r t h  

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

s t ep   t y p i c a l l y   r e s u l t s   in  s i g n i f i c a n t   o i l   l o s s .   M o r e o v e r ,  
s i n c e   s p e n t   b l e a c h i n g   e a r t h   has  a  t e n d e n c y   to  u n d e r g o  

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

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

An  a d d i t i o n a l   o b j e c t   of  the  i n v e n t i o n   is  to  s i m p l i f y  
the  r e c o v e r y   c o s t s   and  p r o c e s s i n g   now  a s s o c i a t e d   w i t h  

p r e p a r a t i o n   of  the  aqueous   s o a p s t o c k   for   use  in  the  a n i m a l  
feed  i n d u s t r y .   The  s p e n t   s i l i c a   a d s o r b e n t   can  be  used  i n  

an imal   f eeds   e i t h e r   as  is  or  a f t e r   a c i d u l a t i o n   to  c o n v e r t  
the  soaps  i n t o   f r e e   f a t t y   a c i d s .   The  need  in  t h e  
c o n v e n t i o n a l   c a u s t i c   r e f i n i n g   p r o c e s s   for   d r y i n g   o r  
c o n c e n t r a t i n g   the  d i l u t e   s o a p s t o c k   is  e l i m i n a t e d   by  t h i s  
i n v e n t i o n   . 

DESCRIPTION  OF  THE  DRAWINGS 
FIGURE  1  is  a  g r a p h i c   r e p r e s e n t a t i o n   of  a d s o r p t i o n  

i s o t h e r m s   for   the  c a p a c i t y   of  amorphous  s i l i c a   f o r  
combined  p h o s p h o l i p i d s   and  s o a p s .   The  i s o t h e r m s   are  b a s e d  

on  the  r e s u l t s   of  Example  II  as  shown  in  Table   V. 
FIGURE  2  is  a  g r a p h i c   r e p r e s e n t a t i o n   of  a d s o r p t i o n  

i s o t h e r m s   for  the  c a p a c i t y   of  amorphous  s i l i c a   f o r  

p h o s p h o l i p i d s ,   for  t r e a t e d   o i l   wi th   f_  30  p a r t s   per   m i l l i o n  
r e s i d u a l   soap.   The  i s o t h e r m s   are  based  on  the  r e s u l t s   o f  

Example  II  as  shown  in  Table   V. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
It   has  been  found  t h a t   amorphous   s i l i c a s   a r e  

p a r t i c u l a r l y   we l l   s u i t e d   for   r emoving   both   soaps   a n d  

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

p r o c e s s   for   the  r emova l   of  t h e s e   i m p u r i t i e s ,   as  d e s c r i b e d  
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1  i- 
in  d e t a i l   h e r e i n ,   e s s e n t i a l l y   c o m p r i s e s   the  s t e p s   o f  

s e l e c t i n g   a  c a u s t i c   t r e a t e d   or  c a u s t i c   r e f i n e d   g l y c e r i d e  
o i l   which  c o m p r i s e s   soaps   and  p h o s p h o l i p i d s ,   s e l e c t i n g   a n  
a d s o r b e n t   which  c o m p r i s e s   a  s u i t a b l e   amorphous  s i l i c a ,  

5  c o n t a c t i n g   the  c a u s t i c   t r e a t e d   or  c a u s t i c   r e f i n e d   o i l   a n d  
the   a d s o r b e n t ,   a l l o w i n g   the  soaps   and  p h o s p h o l i p i d s   to  b e  
a d s o r b e d   onto   the   amorphous  s i l i c a ,   and  s e p a r a t i n g   t h e  
a d s o r b e n t - t r e a t e d   o i l   from  the  a d s o r b e n t .  

By  the  p r o c e s s   of  t h i s   i n v e n t i o n   soaps  a n d  
10  p h o s p h o l i p i d s   can  be  removed  from  o i l s   in  a  s i n g l e -  

a d s o r p t i o n   s t e p .   Moreove r ,   i t   has  been  found  t h a t   t h e  

p r e s e n c e   of  i n c r e a s i n g   l e v e l s   of  soap  in  the  o i l   to  b e  
t r e a t e d   a c t u a l l y   e n h a n c e s   the  c a p a c i t y   of  amorphous  s i l i c a  

to  a d s o r b   p h o s p h o r u s .   That  i s ,   the  p r e s e n c e   of  soaps  a t  
15  l e v e l s   below  the  maximum  a d s o r b e n t   c a p a c i t y   of  the  s i l i c a  

makes  i t   p o s s i b l e   to  s u b s t a n t i a l l y   r educe   p h o s p h o r u s  
c o n t e n t   at  lower   s i l i c a   usage   than  r e q u i r e d   in  the  a b s e n c e  
of  s o a p s .  

The  O i l s  
20  The  p r o c e s s   d e s c r i b e d   h e r e i n   can  be  used  for   t h e  

r emova l   of  p h o s p h o l i p i d s   from  any  c a u s t i c   r e f i n e d  

g l y c e r i d e   o i l ,   for   example ,   o i l s   of  s o y b e a n ,   p e a n u t ,  
r a p e s e e d ,   co rn ,   s u n f l o w e r ,   palm,   c o c o n u t ,   o l i v e ,  
c o t t o n s e e d ,   e t c .   The  c a u s t i c   r e f i n i n g   p r o c e s s   i n v o l v e s  

25  the  n e u t r a l i z a t i o n   of  the  f r ee   f a t t y   a c i d   c o n t e n t   o f  
c rude   or  degummed  o i l   by  t r e a t m e n t   wi th   bases   ,  such  a s  
sodium  h y d r o x i d e   or  sodium  c a r b o n a t e ,   which  t y p i c a l l y   a r e  
used  in  aqueous   s o l u t i o n .   The  n e u t r a l i z e d   f r ee   f a t t y   a c i d  

p r e s e n t   as  the  a l k a l i   or  a l k a l i n e   e a r t h   s a l t   is  d e f i n e d   a s  
30  soap .   The  soap  c o n t e n t   of  c a u s t i c   t r e a t e d   o i l   w i l l   v a r y  

d e p e n d i n g   on  the   f r e e   f a t t y   c o n t e n t   of  the   u n r e f i n e d   o i l .  
Va lues   d i s c l o s e d   as  t y p i c a l   in  the  i n d u s t r y   vary   f r o m  
abou t   300  ppm  soap  for   c a u s t i c   t r e a t e d   o i l   ( E r i c k s o n ,   E d . ,  
Handbook  of  Soy  Oil  P r o c e s s i n g   and  U t i l i z a t i o n ,   C h a p t e r   7 ,  

- 7 -  
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" R e f i n i n g , "   p.  91  ( 1 9 8 0 ) ) ,   to  about   10-50  ppm  soap  f o r  

c a u s t i c   t r e a t e d   and  p r i m a r y   c e n t r i f u g e d   o i l   ( C h r i s t e n s o n   , 
Shor t   Cour se ,   P r o c e s s i n g   and  Q u a l i t y   C o n t r o l   of  Fa t s   a n d  

O i l s ,   F ig .   1,  p r e s e n t e d   at  Amer.  Oil  C h e m i s t s '   Soc.  (May 

5  5-7,   1983)  .  F u l l y   r e f i n e d   o i l s   must  have  soap  v a l u e s  

a p p r o a c h i n g   ze ro .   C o n v e n t i o n a l   s e p a r a t i o n   a n d  

w a t e r - w a s h i n g   p r o c e s s e s   remove  abou t   90%  of  the  s o a p  
c o n t e n t   g e n e r a t e d   by  the  c a u s t i c   t r e a t m e n t   s t e p .   The 

p r o c e s s   d i s c l o s e d   h e r e i n   w i l l   r educe   soaps   to  l e v e l s  

10  a c c e p t a b l e   to  the  i n d u s t r y ,   t h a t   i s ,   l e s s   than  abou t   10 

ppm,  p r e f e r a b l y   l e s s   than   abou t   5  ppm,  most  p r e f e r a b l y  
about   zero   ppm,  w i t h o u t   the  use  of  w a t e r   wash  s t e p s .  

Removal  of  t r a c e   c o n t a m i n a n t s   ( p h o s p h o l i p i d s   a n d  
a s s o c i a t e d   me ta l   ions)   from  e d i b l e   o i l s   a l s o   is  a 

15  s i g n i f i c a n t   s t ep   in  the  o i l   r e f i n i n g   p r o c e s s   b e c a u s e  

they  can  cause   o f f   c o l o r s ,   odors   and  f l a v o r s   in  t h e  
f i n i s h e d   o i l .   T y p i c a l l y ,   the  a c c e p t a b l e   c o n c e n t r a t i o n   o f  

p h o s p h o r u s   in  the  f i n i s h e d   o i l   p r o d u c t   shou ld   be  l e s s   t h a n  
about   15.0  ppm,  p r e f e r a b l y   l e s s   than   abou t   5.0  ppm, 

20  a c c o r d i n g   to  g e n e r a l   i n d u s t r y   p r a c t i c e .   As  a n  
i l l u s t r a t i o n   of  the  r e f i n i n g   g o a l s   wi th   r e s p e c t   to  t r a c e  
c o n t a m i n a n t s ,   t y p i c a l   p h o s p h o r u s   l e v e l s   in  soybean   o i l   a t  
v a r i o u s   s t a g e s   of  c h e m i c a l   r e f i n i n g   are  shown  in  Table   I .  

- 8 -  
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In  a d d i t i o n   to  p h o s p h o l i p i d   r e m o v a l ,   the  p r o c e s s   o f  

t h i s   i n v e n t i o n   a l s o   removes  from  e d i b l e   o i l s   i o n i c   forms  o f  
the  m e t a l s   c a l c i u m ,   magnes ium,   i r o n   and  c o p p e r ,   which  a r e  
b e l i e v e d   to  be  c h e m i c a l l y   a s s o c i a t e d   wi th   p h o s p h o l i p i d s ,   a n d  
which  are  removed  in  c o n j u n c t i o n   wi th   the  p h o s p h o l i p i d s .  
These  me ta l   ions   t h e m s e l v e s   have  a  d e l e t e r i o u s   e f f e c t   on  t h e  
r e f i n e d   o i l   p r o d u c t s .   Ca lc ium  and  magnes ium  ions   can  r e s u l t  

in  the  f o r m a t i o n   of  p r e c i p i t a t e s ,   p a r t i c u l a r l y   wi th   f r e e  

f a t t y   a c i d s ,   r e s u l t i n g   in  u n d e s i r e d   soaps  in  the  f i n i s h e d  
o i l .   The  p r e s e n c e   of  i r o n   and  copper   ions   p romote   o x i d a t i v e  

i n s t a b i l i t y .   Moreove r ,   each  of  t h e s e   m e t a l   ions   i s  
a s s o c i a t e d   wi th   c a t a l y s t   p o i s o n i n g   where  the  r e f i n e d   o i l   i s  

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

m e t a l s   in  soybean   o i l   at  v a r i o u s   s t a g e s   of  c h e m i c a l   r e f i n i n g  
are  shown  in  Table   I.  T h r o u g h o u t   the  d e s c r i p t i o n   of  t h i s  

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

removal   of  p h o s p h o l i p i d s   is  meant  to  encompass   the  r e m o v a l  
of  a s s o c i a t e d   me ta l   ions   as  w e l l .  

The  A d s o r p t i o n   P r o c e s s   -  The  amorphous   s i l i c a s  
d e s c r i b e d   below  e x h i b i t   ve ry   h igh   c a p a c i t y   for   a d s o r p t i o n   o f  

soaps   and  p h o s p h o l i p i d s .   The  c a p a c i t y   of  the  s i l i c a   f o r  

p h o s p h o l i p i d s   is  improved  wi th   i n c r e a s i n g   soap  l e v e l s   in  t h e  

s t a r t i n g   o i l ,   p r o v i d e d   t h a t   s u f f i c i e n t   s i l i c a   is  used  t o  
o b t a i n   a d s o r b e n t - t r e a t e d   o i l   wi th   soap  l e v e l s   o f  

a p p r o x i m a t e l y   30  ppm  or  l e s s .   I t   is  when  the  r e s i d u a l   s o a p  
l e v e l s   (in  the  a d s o r b e n t - t r e a t e d   o i l )   f a l l   below  a b o u t  
30  ppm  t h a t   the  i n c r e a s e d   c a p a c i t y   of  the  s i l i c a   f o r  

p h o s p h o l i p i d   a d s o r p t i o n   is  s een .   I t   is  b e l i e v e d   t h a t   t h e  
t o t a l   a v a i l a b l e   a d s o r p t i o n   c a p a c i t y   of  amorphous   s i l i c a   i s  
about   50  to  75  wt.%  on  a  dry  b a s i s .  

The  s i l i c a   usage   shou ld   be  a d j u s t e d   so  t h a t   the  t o t a l  

soap  and  p h o s p h o l i p i d   c o n t e n t   of  the  c a u s t i c   t r e a t e d   o r  
c a u s t i c   r e f i n e d   o i l   does  not  exceed   about   50  to  75  wt.%  o f  
the  s i l i c a   added  on  a  dry  b a s i s .   The  maximum  a d s o r p t i o n  
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c a p a c i t y   o b s e r v e d   in  a  p a r t i c u l a r   a p p l i c a t i o n   is  e x p e c t e d   t o  
be  a  f u n c t i o n   of  the  s p e c i f i c   p r o p e r t i e s   of  the  s i l i c a   u s e d ,  
the  o i l   type   and  s t a g e   of  r e f i n e m e n t ,   and  p r o c e s s i n g  
c o n d i t i o n s   such  as  t e m p e r a t u r e ,   d e g r e e   of  mix ing   a n d  

5  s i l i c a - o i l   c o n t a c t   t ime .   C a l c u l a t i o n s   for   a  s p e c i f i c  

a p p l i c a t i o n   are   we l l   w i t h i n   the  knowledge   of  a  p e r s o n   o f  

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

c o n v e n t i o n a l   methods   in  which  the  amorphous  s i l i c a   and  t h e  
10  o i l   are   c o n t a c t e d ,   p r e f e r a b l y   in  a  manner  which  f a c i l i t a t e s  

the  a d s o r p t i o n .   The  a d s o r p t i o n   s t e p   may  be  by  a n y  
c o n v e n i e n t   b a t c h   or  c o n t i n u o u s   p r o c e s s .   In  any  c a s e ,  
a g i t a t i o n   or  o t h e r   m ix ing   w i l l   enhance   the  a d s o r p t i o n  
e f f i c i e n c y   of  the  s i l i c a .  

15  The  a d s o r p t i o n   can  be  c o n d u c t e d   at   any  c o n v e n i e n t  

t e m p e r a t u r e   at  which  the  o i l   is  a  l i q u i d .   The  c a u s t i c  
r e f i n e d   o i l   and  amorphous   s i l i c a   are  c o n t a c t e d   as  d e s c r i b e d  
above  for   a  p e r i o d   s u f f i c i e n t   to  a c h i e v e   the  d e s i r e d   l e v e l s  
of  soap  and  p h o s p h o l i p i d   in  the  t r e a t e d   o i l .   The  s p e c i f i c  

20  c o n t a c t   t ime  w i l l   vary   somewhat  wi th   the  s e l e c t e d   p r o c e s s ,  
i . e . ,   b a t c h   or  c o n t i n u o u s .   In  a d d i t i o n ,   the  a d s o r b e n t  

u s a g e ,   t h a t   i s ,   the   r e l a t i v e   q u a n t i t y   of  a d s o r b e n t   b r o u g h t  
i n t o   c o n t a c t   wi th   the  o i l ,   w i l l   a f f e c t   the  amount  of  s o a p s  
and  p h o s p h o l i p i d s   removed.   The  a d s o r b e n t   usage   i s  

25  q u a n t i f i e d   as  the  w e i g h t   p e r c e n t   of  amorphous   s i l i c a   (or.  a 
dry  w e i g h t   b a s i s   a f t e r   i g n i t i o n   at  1750  °F)  ,  c a l c u l a t e d   on  
the  b a s i s   of  the  w e i g h t   of  the  o i l   p r o c e s s e d .   The  p r e f e r r e d  
a d s o r b e n t   usage   is  at   l e a s t   abou t   0.01  to  abou t   1.0  w t . % ,  
dry  b a s i s ,   most  p r e f e r a b l y   at  l e a s t   about   0.1  to  about   0 . 1 5  

30  wt.%,  dry  b a s i s .  
As  seen  in  the  Examples ,   s i g n i f i c a n t   r e d u c t i o n   in  s o a p  

and  p h o s p h o l i p i d   c o n t e n t   is  a c h i e v e d   by  the  method  of  t h i s  
i n v e n t i o n .   The  soap  c o n t e n t   and  the  p h o s p h o r u s   c o n t e n t   o f  
the  t r e a t e d   o i l   w i l l   depend  p r i m a r i l y   on  the  o i l   i t s e l f ,   a s  

35  we l l   as  on  the  s i l i c a ,   u s a g e ,   p r o c e s s ,   e t c .   For  example ,   by 
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r e f e r e n c e   to  Table   I,  i t   w i l l   be  a p p r e c i a t e d   t h a t   t h e  
i n i t i a l   soap  c o n t e n t   w i l l   vary   s i g n i f i c a n t l y   d e p e n d i n g  
w h e t h e r   the  o i l   is  t r e a t e d   by  t h i s   a d s o r p t i o n   m e t h o d  

f o l l o w i n g   c a u s t i c   t r e a t m e n t   or  f o l l o w i n g   p r i m a r y  
5  c e n t r i f u g a t i o n .   S i m i l a r l y ,   the  p h o s p h o r u s   c o n t e n t   w i l l   b e  

somewhat  r e d u c e d   f o l l o w i n g   degumming,  c a u s t i c   t r e a t m e n t  
a n d / o r   p r i m a r y   c e n t r i f u g e .   However,   p h o s p h o r u s   l e v e l s   o f  
l e s s   than  15  ppm,  p r e f e r a b l y   l e s s   than  5.0  ppm,  and  m o s t  

p r e f e r a b l y   l e s s   than  1.0  ppm,  and  soap  l e v e l s   of  l e s s   t h a n  
10  50  ppm,  p r e f e r a b l y   l e s s   than   abou t   10  ppm  and  m o s t  

p r e f e r a b l y   s u b s t a n t i a l l y   zero  ppm,  can  be  a c h i e v e d   by  t h i s  

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

F o l l o w i n g   a d s o r p t i o n ,   the  soap  and  p h o s p h o l i p i d  
e n r i c h e d   s i l i c a   is  removed  from  the  a d s o r b e n t - t r e a t e d   o i l   by  

15  any  c o n v e n i e n t   means,   for   example ,   by  f i l t r a t i o n   o r  
c e n t r i f u g a t i o n .   The  o i l   may  be  s u b j e c t e d   to  a d d i t i o n a l  

f i n i s h i n g   p r o c e s s e s ,   such  as  s team  r e f i n i n g ,   b l e a c h i n g  
a n d / o r   d e o d o r i z i n g .   With  low  p h o s p h o r u s   and  soap  l e v e l s ,   i t  

may  be  f e a s i b l e   to  use  h e a t   b l e a c h i n g   i n s t e a d   of  a  b l e a c h i n g  
20  e a r t h   s t e p ,   which  is  ^ a s s o c i a t e d   wi th   s i g n i f i c a n t   o i l   l o s s e s .  

Even  where  b l e a c h i n g   e a r t h   o p e r a t i o n s   are  to  be  e m p l o y e d ,  
s i m u l t a n e o u s   or  s e q u e n t i a l   t r e a t m e n t   wi th   amorphous   s i l i c a  

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

p r o c e s s .   By  f i r s t   u s i n g   the  method  of  t h i s   i n v e n t i o n   t o  
25  d e c r e a s e   the  soap  and  p h o s p h o l i p i d   c o n t e n t ,   and  t h e n  

t r e a t i n g   wi th   b l e a c h i n g   e a r t h ,   the  e f f e c t i v e n e s s   of  t h e  
l a t t e r   s t ep   is  i n c r e a s e d .   T h e r e f o r e ,   e i t h e r   the  q u a n t i t y   o f  

b l e a c h i n g   e a r t h   r e q u i r e d   can  be  s i g n i f i c a n t l y   r e d u c e d ,   o r  
the  b l e a c h i n g   e a r t h   w i l l   o p e r a t e   more  e f f e c t i v e l y   per   u n i t  

30  w e i g h t .   The  s p e n t   s i l i c a   may  be  used  in  an ima l   f e e d ,   e i t h e r  

as  i s ,   or  f o l l o w i n g   a c i d u l a t i o n   to  r e c o n v e r t   the  soaps   i n t o  

f a t t y   a c i d s .   A l t e r n a t i v e l y ,   i t   may  be  f e a s i b l e   to  e l u t e   t h e  
a d s o r b e d   i m p u r i t i e s   from  the  s p e n t   s i l i c a   in  o r d e r   t o  
r e - c y c l e   the  s i l i c a   for   f u r t h e r   o i l   t r e a t m e n t .  
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43. 
The  A d s o r b e n t  

The  term  "amorphous   s i l i c a "   as  used  h e r e i n   is  i n t e n d e d  
to  embrace  s i l i c a   g e l s ,   p r e c i p i t a t e d   s i l i c a s ,   d i a l y t i c  
s i l i c a s   and  fumed  s i l i c a s   in  t h e i r   v a r i o u s   p r e p a r e d   o r  
a c t i v a t e d   fo rms .   Both  s i l i c a   ge l s   and  p r e c i p i t a t e d   s i l i c a s  

are   p r e p a r e d   by  the  d e s t a b i l i z a t i o n   of  aqueous   s i l i c a t e  
s o l u t i o n s   by  ac id   n e u t r a l i z a t i o n .   In  the  p r e p a r a t i o n   o f  
s i l i c a   g e l ,   a  s i l i c a   h y d r o g e l   is  formed  which  then   t y p i c a l l y  
is  washed  to  low  s a l t   c o n t e n t .   The  washed  h y d r o g e l   may  b e  

m i l l e d ,   or  i t   may  be  d r i e d ,   u l t i m a t e l y   to  the   p o i n t   w h e r e  
i t s   s t r u c t u r e   no  l o n g e r   changes   as  a  r e s u l t   of  s h r i n k a g e .  
The  d r i e d ,   s t a b l e   s i l i c a   is  t e rmed   a  x e r o g e l .   In  t h e  

p r e p a r a t i o n   of  p r e c i p i t a t e d   s i l i c a s ,   the  d e s t a b i l i z a t i o n   i s  
c a r r i e d   out  in  the   p r e s e n c e   of  p o l y m e r i z a t i o n   i n h i b i t o r s ,  
such  as  i n o r g a n i c   s a l t s   ,  which  cause   p r e c i p i t a t i o n   o f  

h y d r a t e d   s i l i c a .   The  p r e c i p i t a t e   t y p i c a l l y   is  f i l t e r e d ,  
washed  and  d r i e d .   For  p r e p a r a t i o n   of  ge l s   or  p r e c i p i t a t e s  
u s e f u l   in  t h i s   i n v e n t i o n ,   i t   is  p r e f e r r e d   to  i n i t i a l l y   d r y  
the  gel   or  p r e c i p i t a t e   to  the  d e s i r e d   w a t e r   c o n t e n t .  

A l t e r n a t i v e l y ,   they   can  be  d r i e d   and  then   w a t e r   can  be  a d d e d  
to  r e a c h   the  d e s i r e d   w a t e r   c o n t e n t   b e f o r e   use .   D i a l y t i c  
s i l i c a   is  p r e p a r e d   by  p r e c i p i t a t i o n   of  s i l i c a   from  a  s o l u b l e  
s i l i c a t e   s o l u t i o n   c o n t a i n i n g   e l e c t r o l y t e   s a l t s   ( e . g . ,   NaNO^, 
Na2SO^,  KNO.j)  w h i l e   e l e c t r o d i a l y z i n g ,   as  d e s c r i b e d   i n  

p e n d i n g   U.S.  p a t e n t   a p p l i c a t i o n   S e r i a l   No.  5 3 3 , 2 0 6  
(Winya l l )   ,  " P a r t i c u l a t e   D i a l y t i c   S i l i c a , "   f i l e d   S e p t e m b e r  
20,  1983.  Fumed  s i l i c a s   (or  p y r o g e n i c   s i l i c a s )   are  p r e p a r e d  
from  s i l i c o n   t e t r a c h l o r i d e   by  h i g h - t e m p e r a t u r e   h y d r o l y s i s ,  
or  o t h e r   c o n v e n i e n t   m e t h o d s .   The  s p e c i f i c   m a n u f a c t u r i n g  

p r o c e s s   used  to  p r e p a r e   the  amorphous  s i l i c a   is  not   e x p e c t e d  
to  a f f e c t   i t s   u t i l i t y   in  t h i s   m e t h o d .  

In  the  p r e f e r r e d   embodiment   of  t h i s   i n v e n t i o n ,   t h e  
s i l i c a   a d s o r b e n t   w i l l   have  the  h i g h e s t   p o s s i b l e   s u r f a c e   a r e a  
in  po re s   which  are  l a r g e   enough  to  p e r m i t   a c c e s s   to  the   s o a p  
and  p h o s p h o l i p i d   m o l e c u l e s ,   wh i l e   b e i n g   c a p a b l e   o f  
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m a i n t a i n i n g   good  s t r u c t u r a l   i n t e g r i t y   upon  c o n t a c t   wi th   t h e  

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

p a r t i c u l a r l y   i m p o r t a n t   where  the  s i l i c a   a d s o r b e n t s   are  u s e d  
in  c o n t i n u o u s   flow  s y s t e m s ,   which  are  s u s c e p t i b l e   t o  

5  d i s r u p t i o n   and  p l u g g i n g .   Amorphous  s i l i c a s   s u i t a b l e   for   u s e  
in  t h i s   p r o c e s s   have  s u r f a c e   a r e a s   of  up  to  about   1200 

s q u a r e   m e t e r s   per  gram,  p r e f e r a b l y   be tween   100  and  1200 

s q u a r e   m e t e r s   per  gram.  I t   is  p r e f e r r e d ,   as  w e l l ,   for   a s  
much  as  p o s s i b l e   of  the  s u r f a c e   a rea   to  be  c o n t a i n e d   i n  

10  pores   wi th   d i a m e t e r s   g r e a t e r   than   60A. 
The  method  of  t h i s   i n v e n t i o n   u t i l i z e s   amorphous   s i l i c a s  

wi th   s u b s t a n t i a l   p o r o s i t y   c o n t a i n e d   in  po re s   h a v i n g  
d i a m e t e r s   g r e a t e r   than   abou t   60A,  as  d e f i n e d   h e r e i n ,   a f t e r  

a p p r o p r i a t e   a c t i v a t i o n .   A c t i v a t i o n   t y p i c a l l y   i s  
15  a c c o m p l i s h e d   by  h e a t i n g   to  t e m p e r a t u r e s   of  about   450  t o  

700  °F  in  vacuum.  One  c o n v e n t i o n   which  d e s c r i b e s   s i l i c a s   i s  

a v e r a g e   pore  d i a m e t e r   ("APD"),  t y p i c a l l y   d e f i n e d   as  t h a t  

pore  d i a m e t e r   at  which  50%  of  the  s u r f a c e   a r ea   or  p o r e  
volume  is  c o n t a i n e d   in  p o r e s   wi th   d i a m e t e r s   g r e a t e r   than  t h e  

2  0  s t a t e d   APD  and  50%  is  c o n t a i n e d   in  po re s   wi th   d i a m e t e r s   l e s s  

than  the  s t a t e d   APD.  Thus,  in  amorphous   s i l i c a s   s u i t a b l e  
for  use  in  the  method  of  t h i s   i n v e n t i o n ,   at  l e a s t   50%  of  t h e  

pore  volume  w i l l   be  in  po re s   of  at  l e a s t   60A  d i a m e t e r .  
S i l i c a s   w i th   a  h i g h e r   p r o p o r t i o n   of  p o r e s   wi th   d i a m e t e r s  

25  g r e a t e r   than  60A  w i l l   be  p r e f e r r e d ,   as  t h e s e   w i l l   c o n t a i n   a  

g r e a t e r   number  of  p o t e n t i a l   a d s o r p t i o n   s i t e s .   The  p r a c t i c a l  

upper   APD  l i m i t   is  about   5000A.  
S i l i c a s   which  have  m e a s u r e d   i n t r a p a r t i c l e   APDs  w i t h i n  

the  s t a t e d   range   w i l l   be  s u i t a b l e   for   use  in  t h i s   p r o c e s s .  
30  A l t e r n a t i v e l y ,   the  r e q u i r e d   p o r o s i t y   may  be  a c h i e v e d   by  t h e  

c r e a t i o n   of  an  a r t i f i c i a l   pore  ne twork   of  i n t e r p a r t i c l e  
vo ids   in  the  60  to  5000A  r a n g e .   For  example ,   n o n - p o r o u s  
s i l i c a s   ( i . e . ,   fumed  s i l i c a )   can  be  used  as  a g g r e g a t e d  
p a r t i c l e s .   S i l i c a s ,   wi th   or  w i t h o u t   the  r e q u i r e d   p o r o s i t y ,  

35  may  be  used  under   c o n d i t i o n s   which  c r e a t e   t h i s   a r t i f i c i a l  
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pore   n e t w o r k .   Thus  the  c r i t e r i o n   fo r   s e l e c t i n g   s u i t a b l e  

amorphous   s i l i c a s   for   use  in  t h i s   p r o c e s s   is  the  p r e s e n c e   o f  
an  " e f f e c t i v e   a v e r a g e   pore   d i a m e t e r "   g r e a t e r   than   60A.  T h i s  
term  i n c l u d e s   bo th   m e a s u r e d   i n t r a p a r t i c l e   APD  a n d  

5  i n t e r p a r t i c l e   APD,  d e s i g n a t i n g   the  p o r e s   c r e a t e d   b y  
a g g r e g a t i o n   or  p a c k i n g   of  s i l i c a   p a r t i c l e s .  

The  APD  v a l u e   (in  Angs t roms)   can  be  measured   b3/  s e v e r a l  
methods   or  can  be  a p p r o x i m a t e d   by  the   f o l l o w i n a   e q u a t i o n ,  
which  assumes  model  p o r e s   of  c y l i n d r i c a l   g e o m e t r y :  

,n  (1)  APD  (A)  =  40,000  x  PV  (cc/gm)  , 
2 SA  (m  /gm) 

where  PV  is   pore  volume  (measured   in  cub ic   c e n t i m e t e r s   p e r  
gram)  and  SA  is  s u r f a c e   a r ea   (measured   in  s q u a r e   m e t e r s   p e r  
gram)  . 

15  Both  n i t r o g e n   and  m e r c u r y   p o r o s i m e t r y   may  be  used  t o  

measure,  pore  volume  in  x e r o g e l s ,   p r e c i p i t a t e d   s i l i c a s   a n d  

d i a l y t i c   s i l i c a s .   Pore  volume  may  be  m e a s u r e d   by  t h e  

n i t r o g e n   B r u n a u e r - E m m e t t - T e l l e r   ("B-E-T")   method  d e s c r i b e d  
in  B r u n a u e r   e t   a l . ,   J.  Am.  Chem.  S o c ,   Vol  60,  p.  309 

20  (1938)  .  This  method  depends   on  the  c o n d e n s a t i o n   of  n i t r o g e n  
i n t o   the   p o r e s   of  a c t i v a t e d   s i l i c a   and  is  u s e f u l   f o r  

m e a s u r i n g   p o r e s   wi th   d i a m e t e r s   up  to  about   60  OA.  If   t h e  

sample  c o n t a i n s   p o r e s   w i th   d i a m e t e r s   g r e a t e r   than   a b o u t  

600A,  the  pore   s i z e   d i s t r i b u t i o n ,   at  l e a s t   of  the   l a r g e r  
25  p o r e s ,   is  d e t e r m i n e d   by  m e r c u r y   p o r o s i m e t n '   as  d e s c r i b e d   i n  

R i t t e r   et   a l . ,   Ind.   Eng.  Chem.  Anal .   Ed.  17,787  ( 1 9 4 5 ) .  
This   method  is  based   on  d e t e r m i n i n g   the  p r e s s u r e   r e q u i r e d   t o  
f o r c e   m e r c u r y   i n t o   the  p o r e s   of  the   sample .   M e r c u r y  
p o r o s i m e t r y ,   which  is  u s e f u l   from  abou t   30  to  about   1 0 , 0 0 0  

30  A,  may  be  used  a l o n e   for   m e a s u r i n g   pore   volumes   in  s i l i c a s  

h a v i n g   p o r e s   w i th   d i a m e t e r s   bo th   above  and  below  60  OA. 

A l t e r n a t i v e l y ,   n i t r o g e n   p o r o s i m e t r y   can  be  used   i n  

c o n j u n c t i o n   w i th   m e r c u r y   p o r o s i m e t r y   for   t h e s e   s i l i c a s .   F o r  
m e a s u r e m e n t   of  APDs  below  600A,  i t   may  be  d e s i r e d   to  c o m p a r e  
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the  r e s u l t s   o b t a i n e d   by  both   m e t h o d s .   The  c a l c u l a t e d   PV 
volume  is  used  in  E q u a t i o n   (1)  . 

For  d e t e r m i n i n g   pore  volume  of  h y d r o g e l s ,   a  d i f f e r e n t  

p r o c e d u r e ,   which  assumes  a  d i r e c t   r e l a t i o n s h i p   be tween  p o r e  
5  volume  and  wa te r   c o n t e n t ,   is  used .   A  sample  of  the  h y d r o g e l  

is  we ighed   i n t o   a  c o n t a i n e r   and  a l l   w a t e r   is  removed  f r o m  
the  sample  by  vacuum  at  low  t e m p e r a t u r e s   ( i . e . ,   abou t   room 

t e m p e r a t u r e )   .  The  sample  is  then  h e a t e d   to  about   450  t o  
700°F  to  a c t i v a t e .   A f t e r   a c t i v a t i o n ,   the  sample  i s  

10  r e - w e i g h e d   to  d e t e r m i n e   the  w e i g h t   of  the  s i l i c a   on  a  d r y  
b a s i s ,   and  the  pore  volume  is  c a l c u l a t e d   by  the  e q u a t i o n :  

(2)  PV  (cc/gm)  =  %TV  , 
100  -  %TV 

15  where  TV  is  t o t a l   v o l a t i l e s ,   d e t e r m i n e d   by  the  wet  and  d r y  
we igh t   d i f f e r e n t i a l .   An  a l t e r n a t i v e   method  of  c a l c u l a t i n g  
TV  is  to  measure   w e i g h t   l o s s   on  i g n i t i o n   at  1750  °F,  ( s e e  

E q u a t i o n   (9)  in  Example  II)   .  The  PV  v a l u e   c a l c u l a t e d   i n  
t h i s   manner  is  then  used  in  E q u a t i o n   (1)  . 

20  The  s u r f a c e   a rea   m e a s u r e m e n t   in  the  APD  e q u a t i o n   i s  

measu red   by  the  n i t r o g e n   E-E-T  s u r f a c e   a rea   m e t h o d ,  
d e s c r i b e d   in  the  B r u n a u e r   et  a l . ,   a r t i c l e ,   supra   .  The 

s u r f a c e   a rea   of  a l l   t ypes   of  a p p r o p r i a t e l y   a c t i v a t e d  

amorphous  s i l i c a s   can  be  measu red   by  t h i s   method .   The 
2  5  measu red   SA  is  used  in  E q u a t i o n   (1)  wi th   the  m e a s u r e d   PV  t o  

c a l c u l a t e   the  APD  of  the  s i l i c a .  
The  p u r i t y   of  the  amorphous   s i l i c a   used  in  t h i s  

i n v e n t i o n   is  not  b e l i e v e d   to  be  c r i t i c a l   in  t e rms   of  t h e  

a d s o r p t i o n   of  soaps  and  p h o s p h o l i p i d s .   However,   where  t h e  
30  f i n i s h e d   p r o d u c t s   are  i n t e n d e d   to  be  food  g rade   o i l s   c a r e  

shou ld   be  t aken   to  e n s u r e   t h a t   the  s i l i c a   used  does  n o t  
c o n t a i n   l e a c h a b l e   i m p u r i t i e s   which  cou ld   compromise   t h e  
d e s i r e d   p u r i t y   of  the  p r o d u c t ( s ) .   I t   is  p r e f e r r e d ,  
t h e r e f o r e ,   to  use  a  s u b s t a n t i a l l y   pure  amorphous   s i l i c a ,  

35  a l t h o u g h   minor   amoun t s ,   i . e . ,   l e s s   than  about   10%,  of  o t h e r  

- 1 6 -  
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i n o r g a n i c   c o n s t i t u e n t s   may  be  p r e s e n t .   For  e x a m p l e ,  
s u i t a b l e   s i l i c a s   may  c o m p r i s e   i r o n   as  Fe2®2'  aluminum  a s  

A1^0^r  t i t a n i u m   as  TiO^,  c a l c i u m   as  CaO,  sodium  as  Na^O, 
z i r c o n i u m   as  Zr0o,  a n d / o r   t r a c e   e l e m e n t s .  

The  examples   which  f o l l o w   are  g iven   for   i l l u s t r a t i v e  

p u r p o s e s   and  are  not   meant   to  l i m i t   the  i n v e n t i o n   d e s c r i b e d  
h e r e i n .   The  f o l l o w i n g   a b b r e v i a t i o n s   have  been  u s e d  

t h r o u g h o u t   in  d e s c r i b i n g   the  i n v e n t i o n :  
A  -  Angs t rom  ( s )  
APD  -  a v e r a g e   pore   d i a m e t e r  

B-E-T  -  B r u n a u e r - E m m e t t - T e l l e r  

C  -  c a p a c i t y  
Ca  -  c a l c i u m  

cc  -  c u b i c   c e n t i m e t e r   ( s )  

cm  -  c e n t i m e t e r  

Cu  -  c o p p e r  
°C  -  d e g r e e s   C e n t i g r a d e  
db  -  dry  b a s i s  
°F  -  d e g r e e s   F a h r e n h e i t  

Fe  -  i r o n  

gm  -  gram  (  s  ) 
ICP  -  I n d u c t i v e l y   Coupled   P l a s m a  

m  -  m e t e r  

Mg  -  m a g n e s i u m  
min  -  m i n u t e s  
ml  -  m i l l i l i t e r   ( s )  
P  -  p h o s p h o r u s  
PL  -  p h o s p h o l i p i d s  

ppm  -  p a r t s   per   m i l l i o n   (by  w e i g h t )  
PV  -  pore   v o l u m e  
%  -  p e r c e n t  
RH  -  r e l a t i v e   h u m i d i t y  

rpm  -  r e v o l u t i o n s   per  m i n u t e  
S  -  s o a p s  

- 1 7 -  
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4 L  
SA  -  s u r f a c e   a r e a  

sec  -  s e c o n d s  
TV  -  t o t a l   v o l a t i l e s  

wt  -  w e i g h t  

5  EXAMPLE  I  

(Amorphous  S i l i c a   Oil  S a m p l e s )  
The  p r o p e r t i e s   of  the  amorphous   s i l i c a   used  in  t h e s e  

examples   are  l i s t e d   in  Table   I I .  

10  TABLE  I I  

S i l i c a   S u r f a c e   Pore   ̂ Av-  Pore3  T o t a l  
Sample  Area  Volume  '  D i a m e t e r   V o l a t i l e s  

Hydroge l5   911  1.8  80  6 4 . 5  

1-  B-E-T  S u r f a c e   Area  (SA)  measu red   as  d e s c r i b e d   a b o v e .  
15  2-  Pore  Volume  (PV)  m e a s u r e d   as  d e s c r i b e d   above  u s i n g  

h y d r o g e l   m e t h o d .  
3-  Average   Pore  D i a m e t e r   (APD)  c a l c u l a t e d   as  d e s c r i b e d  

above  . 
4-  T o t a l   v o l a t i l e s ,   in  w e i g h t   p e r c e n t   (wt.%)  on  i g n i t i o n  

20  at  1 7 5 0 ° F .  
5-  The  h y d r o g e l   was  o b t a i n e d   from  the  Dav i son   C h e m i c a l  

D i v i s i o n   of  W.  P..  Grace  &  Co.  

The  Oil  Samples  used  in  the  f o l l o w i n g   examples   w e r e  
p r e p a r e d   by  combin ing   Oil   A  (see  Table   I I I )   ,  a  c a u s t i c  

25  r e f i n e d   soybean   o i l   sampled  a f t e r   c a u s t i c   t r e a t m e n t   and  

p r i m a r y   c e n t r i f u g e   but  b e f o r e   w a t e r   wash,  wi th   e i t h e r   O i l  

Sample  E  or  Oil  Sample  E1  degummed  soybean   o i l s   p r e p a r e d   a s  
d e s c r i b e d   below  and  not  s u b j e c t e d   to  c a u s t i c   t r e a t m e n t .   O i l  

Sample  E'  was  p r e p a r e d   in  the  same  manner  as  Oil  Sample  E  o f  

30  Table   I I I ,   for  which  a n a l y t i c a l   r e s u l t s   are  s h o w n ;  
i n s u f f i c i e n t   q u a n t i t i e s   of  Oil  Sample  E1  p r e c l u d e d   s e p a r a t e  
a n a l y s i s ,   but  i t   is  assumed  t h a t   the  i d e n t i c a l l y   degummed 
o i l s   were  s u b s t a n t i a l l y   i d e n t i c a l .   Oil  Sample  A  c o n t a i n e d  

l a r g e   q u a n t i t i e s   of  soaps  (362  ppm)  d e t e r m i n e d   by  m e a s u r i n g  

- 1 8 -  
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43,  

a l k a l i n i t y   e x p r e s s e d   as  sodium  o l e a t e   (ppm)  by  A . O . C . S .  
Recommended  P r a c t i c e   Cc  17-79 .   The  a c i d   degummed  o i l s ,  
h a v i n g   not   been  c o n t a c t e d   wi th   c a u s t i c ,   c o n t a i n e d   no  s o a p ,  
but  c o n t a i n e d   s i g n i f i c a n t   l e v e l s   of  p h o s p h o r u s ,   a s  
i n d i c a t e d   by  the  v a l u e s   for   Oil   Sample  E,  which  c o n t a i n e d  
22.0  ppm  p h o s p h o r u s ,   m e a s u r e d   by  i n d u c t i v e l y   c o u p l e d   p l a s m a  
("ICP")  e m i s s i o n   s p e c t r o s c o p y .  

Oil   Sample  A  was  mixed  in  v a r y i n g   p r o p o r t i o n s   ( a s  
i n d i c a t e d   in  Tab le   I I I )   wi th   Oil   Sample  E  or  E'  to  p r e p a r e  
Oil   Samples  B,  C  and  D,  which  are  r e l a t i v e l y   c o n s t a n t   f o r  

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

s i g n i f i c a n t l y   d i f f e r e n t   l e v e l s   of  soap.   Oil   Sample  B 
c o n t a i n e d   75%  Oil  Sample  A  and  25%  Oil  Sample  E.  Oil  S a m p l e  
C  c o n t a i n e d   50%  Oil   Sample  A  and  50%  Oil   Sample  E*  .  O i l  

Sample  D  c o n t a i n e d   25%  Oil   Sample  A  and  75%  Oil  Sample  E*  . 
Each  Oil   Sample  was  a n a l y z e d   as  d e s c r i b e d   above  for   t r a c e  
c o n t a m i n a n t s   (P,  Ca,  Mg,  Fe  and  Cu)  and  for  s o a p s .   The 
r e s u l t s   are  shown  in  Table   I I I .  

The  a c i d   degummed  o i l s   (Oil   Samples  E  and  E')  w e r e  
p r e p a r e d   by  h e a t i n g   500.0  gm  o i l ,   c o v e r e d   wi th   f o i l   and  
b l a n k e t e d   wi th   n i t r o g e n ,   in  a  40°C  wa t e r   b a t h .   Next ,   500 

ppm  85%  p h o s p h o r i c   ac id   (0 .25  gm)  was  added  to  the  o i l   and  
s t i r r e d   for   t w e n t y   m i n u t e s   w h i l e   m a i n t a i n i n g   the  n i t r o g e n  
b l a n k e t .   Ten  m i l l i l i t e r s   of  d e - i o n i z e d   w a t e r   was  added  and  
mixed  fo r   one  hour .   The  sample  was  c e n t r i f u g e d   at  2300  rpm 
for   t h i r t y   m i n u t e s .   The  top  l a y e r   was  the  degummed  o i l   u s e d  
in  the   e x p e r i m e n t   ( the  bo t tom  l a y e r ,   c o m p r i s i n g   the   gums ,  
was  d i s c a r d e d )   . 
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Z « .  
TABLE  I I I  

Oil  Trace  C o n t a m i n a n t s   «,  ppm 
Sample  P  Ca  Mq  Fe"  Cu"  Soap,  ppm 

A  13.4  0.93  1.03  0.02  0.02  3 6 2 . 0  

B  19.4  2.08  1.92  0.00  0.02  1 8 0 . 0  

C  20.8  3.04  2.46  0.06  0.01  7 0 . 0  

D  23.7  3.84  3.01  0.07  0.02  3 0 . 0  

E  22.9  4.27  3.17  0.11  0.03  0 . 0  

E  '  *  *  *  *  *  * 

1-  Trace  c o n t a m i n a n t   l e v e l s   (P,  Ca,  Mg,  Fe,  Cu)  m e a s u r e d  
in  p a r t s   per  m i l l i o n   by  ICP  e m i s s i o n   s p e c t r o s c o p y .  

2-  Fe  and  Cu  v a l u e s   r e p o r t e d   were  nea r   the  d e t e c t i o n  
l i m i t s   of  t h i s   a n a l y t i c a l   t e c h n i q u e .  

3-  Soap  measured   by  A .O .C .S .   Recommended  P r a c t i c e   Cc 
1 7 - 7 9 .  

*-  Oil  Sample  E'  was  p r e p a r e d   from  the  same  c rude   o i l   a s  
Oil  Sample  E,  and  by  i d e n t i c a l   ac id   degumming  s t e p s .  
I n s u f f i c i e n t   q u a n t i t i e s   of  Oil  Sample  E'  were  a v a i l a b l e  
for  a n a l y s i s ,   but  i t   is  assumed  t h a t   the  v a l u e s   a r e  
c o m p a r a b l e   to  t h o s e   of  Oil  Sample  E.  

EXAMPLE  I I  
( T r e a t m e n t   Of  Oil  Samples  With  S i l i c a )  

The  Oil  Samples   p r e p a r e d   in  Example  I  were  t r e a t e d   w i t h  
the  amorphous  s i l i c a   d e s c r i b e d   in  Example  I.  For  each  t e s t  

a  100.0  gm  q u a n t i t y   of  the  Oil  Sample  (A,  B,  C,  D,  or  E)  was  
h e a t e d   at  100  eC,  and  the  s i l i c a   was  added  in  the  a m o u n t  
i n d i c a t e d   in  Table   IV.  The  m i x t u r e   was  m a i n t a i n e d   at  100  °C, 
wh i l e   be ing   s t i r r e d   v i g o r o u s l y ,   for   0.5  h o u r s .   The  s i l i c a  

was  s e p a r a t e d   from  the  o i l   by  f i l t r a t i o n .   The  t r e a t e d ,  
f i l t e r e d   Oil  Samples   were  a n a l y z e d   for   soap  and  t r a c e  
c o n t a m i n a n t   l e v e l s   by  the  methods   d e s c r i b e d   in  Example  I .  
The  r e s u l t s ,   shown  in  Table   IV,  i n d i c a t e   t h a t :  

1.  The  amorphous  s i l i c a   a d s o r b e n t   removed  soaps   a n d  

t r a c e   c o n t a m i n a n t s   ( p h o s p h o l i p i d s   and  a s s o c i a t e d   me ta l   i o n s )  
from  the  Oil  Samples  in  a  s i n g l e   o p e r a t i o n .  
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2.  Soaps  a p p e a r e d   to  be  p r e f e r e n t i a l l y   a d s o r b e d   a s  
compared   to  t r a c e   c o n t a m i n a n t s   .  In  many  cases   t h e r e   were  no 

soaps   found  in  the  s i l i c a ,   t r e a t e d   o i l ,   wh i l e   t h e r e   w e r e  
c o n s i d e r a b l e   t r a c e   c o n t a m i n a n t s   r e m a i n i n g   in  the  o i l .  

3.  The  c a p a c i t y   of  the  s i l i c a   a d s o r b e n t   f o r  

p h o s p h o r u s   a p p e a r e d   to  i n c r e a s e   wi th   i n c r e a s i n g   soap  l e v e l s  
in  the  Oil  Samples .   For  example ,   in  Oil   Sample  A  (362  ppm 
s o a p ) ,   a  s i l i c a   l o a d i n g   of  on ly   0.15  wt.%  was  r e q u i r e d   t o  
r e d u c e   the  p h o s p h o r u s   l e v e l   to  w e l l   below  1.0  ppm,  w h i l e   i n  
Oil  Samples  C,  D  and  E  (70,  30  and  0  ppm  soap,   r e s p e c t i v e l y )  
s i l i c a   l o a d i n g s   of  0.6  wt.%  were  r e q u i r e d   to  r e d u c e  

p h o s p h o r u s   l e v e l s   to  below  1.0  ppm.  The  p r e s e n c e   of  s o a p s  
in  the  o i l   t h e r e f o r e   made  i t   p o s s i b l e   to  r e d u c e   p h o s p h o r u s  
l e v e l s   to  below  1.0  ppm  at   a  much  lower  s i l i c a   usage   t h a n  

was  r e q u i r e d   in  the  a b s e n c e   of  soaps  . 
The  da t a   o b t a i n e d   from  Example  II  d e m o n s t r a t e   t h a t   t h e  

c a p a c i t y   of  amorphous   s i l i c a   for   p h o s p h o l i p i d   and  s o a p  
r emova l   a c t u a l l y   i n c r e a s e s   w i th   i n c r e a s i n g   soap  c o n t e n t   o f  

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

a p p r o a c h e d .   The  maximum  a d s o r b e n t   c a p a c i t y   of  the  s i l i c a  

h y d r o g e l   used  under   the  c o n d i t i o n s   of  Example  II  was  
a p p r o x i m a t e l y   55  wt.%  soaps  p lus   p h o s p h o l i p i d s .  

The  da ta   in  Table   V  were  c a l c u l a t e d   from  Table  IV 
i n o r d e r   to  o b t a i n   v a l u e s   for   the  a d s o r p t i o n   c a p a c i t y   of  t h e  

amorphous   s i l i c a .   C a l c u l a t i o n s   were  made  as  f o l l o w s .   The 

c a p a c i t y   of  the   amorphous   s i l i c a   for   combined  soaps   a n d  

p h o s p h o l i p i d s   (C„  „ , ) ,   e x p r e s s e d   as  a  p e r c e n t ,   can  b e  
d e f i n e d   a s :  

(3)  Cs_pL  =  [AS  (ppm)  +APL  (ppm)]  x l Q - 2  
S i l i c a   (db,  w t .%)  

where  the  change  in  c o n c e n t r a t i o n s   of  soaps  and  

p h o s p h o l i p i d s   in  the  o i l   (from  b e f o r e   to  a f t e r   c o n t a c t   w i t h  

the  s i l i c a   a d s o r b e n t )   are   d e f i n e d   as  : 
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ll)  As<PPm>  =  S  ( p p m ) i n . t i a l   -  S  ( p p m ) f . n a l  

(5)  APL  (ppm)  =AP  (ppm)  x  30 

(6)  AP  (ppm)  =  P  ( p p m ) i n l t ± a l   -  P  (ppm)  f ± n a l  

(7)  S i l i c a   (db,  wt.%)  =  S i l i c a   (db,  gm)  infl 
Oil  (gm)  x  1UU 

where  " S i l i c a   (db,  gm)  "  is  the  w e i g h t   in  grams  of  the  s i l i c a  

a f t e r   i g n i t i o n   at  1 7 5 0 ° F .  

(8)  S i l i c a   (db,  wt.%)  =  S i l i c a   (as  i s ,   gm)  100  -  TV x  100 
(9)  TV  =  100  x S i l i c a   (as  i s ,   gm)  -  S i l i c a   (db,  gm) 

S i l i c a   (as  i s ,   gm) 
9  

The  c a p a c i t y   of  the  amorphous  s i l i c a   for   p h o s p h o l i p i d s   a l o n e  
^CPL  ̂ '  exPresse<^  as  a  p e r c e n t ,   can  be  d e f i n e d   a s :  

(10)  C  =  PL  (ppm)  10"2  
S i l i c a   (db,  w t .%)  

The  c a l c u l a t e d   v a l u e s   for  changes   in  p h o s p h o r u s   (P)  , 
p h o s p h o l i p i d s   (PL)  and  soap  (S)  ,  combined  p h o s p h o l i p i d   and 

soap  (S-PL)  r e m a i n i n g   in  the  o i l ,   c a p a c i t y   for   combined  r o a p  
15  and  p h o s p h o l i p i d   (%C_  )  are  g iven   in  Table   V  for   each  o f  

the  t r e a t e d   Oil  Samples ,   a long   wi th   s t a r t i n g   p h o s p h o r u s   and 

soap  v a l u e s .   The  da ta   from  Table   V  were  p l o t t e d   in  FIGURE  1 
in  the  form  of  a d s o r p t i o n   i s o t h e r m s ,   wi th   the  wt .% 

p h o s p h o l i p i d s   and  soaps   a d s o r b e d   on  the  s i l i c a   (A  S-PL) 

20  p l o t t e d   on  the  o r d i n a t e   v e r s u s   the  amount  of  soap  a n d  

p h o s p h o l i p i d   r e m a i n i n g   in  the  a d s o r b e n t - t r e a t e d   o i l  

(Remain ing   S-PL)  p l o t t e d   on  the  a b s c i s s a .   The  da ta   w e r e  

p l o t t e d   in  t h i s   manner  in  o r d e r   to  c o r r e c t   for   the  phenomena  

t y p i c a l l y   o b s e r v e d   for   a d s o r p t i o n   of  i n c r e a s i n g   c a p a c i t y   (up 

25  to  some  p l a t e a u   v a l u e   as  a  r e s u l t   of  s a t u r a t i o n )   w i t h  

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

- 2 2 -  
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This   phenomenon  is  p r e d i c t e d   from  e q u i l i b r i u m  
c o n s i d e r a t i o n s   . 

The  da t a   from  Table   V  were  a l s o   p l o t t e d   in  FIGURE  2  i n  
the  form  of  a d s o r p t i o n   i s o t h e r m s ,   wi th   the  wt .% 

p h o s p h o l i p i d s   a d s o r b e d   on  the  s i l i c a   (A  PL)  p l o t t e d   in  t h e  
o r d i n a t e   v e r s u s   the  amount  of  p h o s p h o r u s   r e m a i n i n g   in  t h e  
a d s o r b e n t -   t r e a t e d   o i l   (P)  p l o t t e d   on  the  a b s c i s s a .   FIG.  2 
shows  da t a   for   a d s o r b e n t - t r e a t e d   Oil   Samples  wi th   £30  ppm 
r e s i d u a l   s o a p s .  

The  da t a   from  Table   V  and  F i g u r e s   1  and  2  i n d i c a t e   t h e  

f o l l o w i n g :  
1.  The  c a p a c i t y   of  the   s i l i c a   for   p h o s p h o l i p i d   a n d  

soaps  t ends   to  i n c r e a s e   w i th   i n c r e a s i n g   l e v e l s   of  soap  i n  
the  s t a r t i n g   o i l .  

2.  I n c r e a s i n g   soap  c o n t e n t   on  the  s i l i c a   t e n d s   t o  
i n c r e a s e   the  p h o s p h o l i p i d   c a p a c i t y   of  the  s i l i c a   when  t h e  

soap  c o n t e n t   in  the  t r e a t e d   o i l   has  been  s i g n i f i c a n t l y  
r e d u c e d   for   example ,   in  t h i s   c a s e ,   abou t   30  ppm  soap,   a s  
d e m o n s t r a t e d   in  Table   V  and  F i g u r e   2,  for   t h e s e   Oil  S a m p l e s  
and  t h i s   a d s o r b e n t .  

The  p r i n c i p l e s ,   p r e f e r r e d   embodiments   and  modes  o f  

o p e r a t i o n   of  the   p r e s e n t   i n v e n t i o n   have  been  d e s c r i b e d   i n  
the  f o r e g o i n g   s p e c i f i c a t i o n .   The  i n v e n t i o n   which  i s  
i n t e n d e d   to  be  p r o t e c t e d   h e r e i n ,   however ,   is  not   to  b e  
c o n s t r u e d   as  l i m i t e d   to  the  p a r t i c u l a r   forms  d i s c l o s e d ,  
s i n c e   t h e s e   are   to  be  r e g a r d e d   as  i l l u s t r a t i v e   r a t h e r   t h a n  
r e s t r i c t i v e .   V a r i a t i o n s   and  changes   may  be  made  by  t h o s e  
s k i l l e d   in  the   a r t   w i t h o u t   d e p a r t i n g   from  the  s p i r i t   of  t h e  
i n v e n t i o n   . 
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WE  CLAIM;  -  - '  

1  .  A  p r o c e s s   for   the  r emova l   of  soaps   and  p h o s p h o l i p i d s  

( t o g e t h e r   wi th   a s s o c i a t e d   m e t a l   i o n s )   from  g l y c e r i d e   o i l ,  
c h a r a c t e r i z e d   in  t h a t   a  c a u s t i c   t r e a t e d   or  c a u s t i c   r e f i n e d  

g l y c e r i d e   o i l   which  c o m p r i s e s   soaps   and  p h o s p h o l i p i d s   i s  

c o n t a c t e d   wi th   an  a d s o r b e n t   which  c o m p r i s e s   a  s u i t a b l e  

amorphous   s i l i c a   a l l o w i n g   s a i d   soaps   and  p h o s p h o l i p i d s   to  b e  
a d s o r b e d   onto   the   amorphous   s i l i c a   and  s e p a r a t i n g   t h e  
a d s o r b e n t - t r e a t e d   o i l   from  the  a d s o r b e n t .  

2.  The  p r o c e s s   of  Claim  1  in  which  s a i d   c a u s t i c   t r e a t e d  

or  c a u s t i c   r e f i n e d   g l y c e r i d e   o i l   c o m p r i s e s   at  l e a s t   about   5 

p a r t s   per  m i l l i o n   soaps   and  at  l e a s t   1  p a r t   per  m i l l i o n  

p h o s p h o r u s   . 

3.  The  p r o c e s s   of  Claim  2  in  which  s a i d   c a u s t i c   t r e a t e d  

or  c a u s t i c   r e f i n e d   g l y c e r i d e   o i l   c o m p r i s e s   at  l e a s t   50  p a r t s  

per   m i l l i o n   s o a p s .  

4.  The  p r o c e s s   of  Claims  1  to  3  in  which  s a i d   a m o r p h o u s  
s i l i c a   has  an  e f f e c t i v e   a v e r a g e   pore  d i a m e t e r   of  g r e a t e r   t h a n  
60  8 .  

5.  The  p r o c e s s   of  Claim  4  in  which  at  l e a s t   50%  of  t h e  

pore  volume  of  s a i d   s i l i c a   is  c o n t a i n e d   in  po re s   of  at  l e a s t  
60  8  in  d i a m e t e r .  

6.  The  p r o c e s s   of  Cla ims  1  to  5  in  which  s a i d   a m o r p h o u s  
s i l i c a   is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  s i l i c a   g e l s ,  

p r e c i p i t a t e d   s i l i c a s ,   d i a l y t i c   s i l i c a s ,   and  fumed  s i l i c a s .  
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7.  The  p r o c e s s   of  Claims  1  to  6  in  which  s a i d   a m o r p h o u s  
s i l i c a   has  a  s u r f a c e   a r e a   of  up  to  about   1  200  m2  . 

8.  The  p r o c e s s   of  c l a i m s   1  to  7  in  which  s a i d   g l y c e r i d e  
o i l   is  c o n t a c t e d   wi th   s a i d   amorphous   s i l i c a   at  a  p o i n t   in  t h e  

r e f i n i n g   p r o c e s s   a f t e r   c a u s t i c   t r e a t m e n t   or  c a u s t i c   r e f i n i n g  
so  t h a t   s a i d   g l y c e r i d e   o i l   c o m p r i s e s   at   l e a s t   5  p a r t s   p e r  
m i l l i o n   s o a p s .  

9.  The  p r o c e s s   of  c l a i m s   1  to  8  in  which  s a i d   c a u s t i c  
t r e a t e d   or  c a u s t i c   r e f i n e d   o i l   is  c o n t a c t e d   wi th   a m o r p h o u s  
s i l i c a   at   a  s i l i c a   usage   of  at  l e a s t   0.1  w e i g h t   p e r c e n t .  

10.  The  p r o c e s s   of  c l a i m s   1  to  9  c o m p r i s i n g   t h e  

s u b s e q u e n t   s t ep   of  t r e a t i n g   the   s i l i c a - t r e a t e d   g l y c e r i d e   o i l  
w i th   b l e a c h i n g   e a r t h .  



S U A .  

o  o  
i  i  i  i  i  —   i  —   i  —   i  —   i  —   i  —   u-  o  t  

J _   
—   [ " ,   

I  

1 —  

_  4-  :  M M  
"  -   I  I  w  t»  T  

*f  1  ?  2  <> 
1  3  !i  £•  o  z  4> 

i  r   I  

X  -f  N  o: 
\   I  I   §  f  

V  1  J-  IT)  O.  (A 
 ̂ r   i '   s   i  
l  I  t  to  a.  O L  1  t s ,   J  

»   
!  

=  =?  ^   ="  1  I  I  =T=  -I  l — ^ ^ - l   1—  
^  °  

l o o m o m o i n o i o o i n o   o  
n i n * * i i n « w r r   z  

1  D 

<.  -  —  " 



•X.  /  S\ 

—   t  1  1  1  1  1  1  tf  5  s  
S  

- 4 —   
|  

-  
^   « -   r *  

S*  
'  '  

\   2  
-  u _   < ^ — \   : S   ?  

\   \  -  O  @  I 
\   \  

K  :  •   x  «/> —  —  rr—  H 
vT  t» 
\ \   :  2  <> 

3E  U  :  h-  2  <*> 

\   \  g  
\   \[  :  •   *.  s  

\   U  *>  G» 
\   W  •  

"  °  
\   I   A  

L  ll  * 

V   —   I  n  ?  

\   1  *K 
_ _   '  *  

^  

P-W  i  i  »T  - r - r^ r^   -»-i-T-r-  ~i  i  i  i  -r-i  n   \  i  |  i  »  i  i  °   2  
i n o i o o n o n e   W 
r»  «  w  **  2  

J*  0.-J  ©z   w m j h O <   -J 

-  @  '  r |2  *  

I  
.  

d   =*l  -  

1  '  

,   
\   s  

f  -  u _   A  ?  

^  \   i  i» 
»  \   \  .  -   -  

L  .  
\   \  *  

3  V  \  @'-  A 0  VV  ;  ^  
_  \\  «J 
-  \   S  ^  

*  -  
:  —   r -   5  »  

j   \ \   :  2  <> 
£  36  \X  :  1*  2  «> 

|   -  \,  
a.  |  

a  \   \\  q.  w 
_t  _A  U  *>  G» 

i  \   \   *  

A  -  :  \   4   "  *  

^  \  \\ 
1  V   —   |   @«  % 

$  \   \  

^ ^ - 4   w 

-  .  i  i  i  .  i  i  ii  i  i  i  i  i  i  t  |  .  i  i  i  j  »  @  i  i  M  i"'^  1  '  »  @  »  '  2  

.,,  **  a.  j   ©z   w m j h o <   -J 

§ 9 c n   J  

SI 
(» 

?  
v» 

a  

i  
y  
kl 

a  

i  
y  
kl 



i t  European  Patent 
Office EUROPEAN  SEARCH  REPORT 

0 2 4 7 4 1 1  
Application  number 

EP  87  10  5683  

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, of  relevant  passages 
Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  (InL  Cl.«  ) 

P , X  

GB-A-  599  595  (ANDERSON, 
CLAYTON  &  CO.  ) 
*  C l a i m s   1 ,3 -5   * 

EP-A-0  185  182  (GRACE) 

*  C la ims   1 , 2 , 4 , 5 , 9 - 1 1 , 1 3 , 2 1   * 

CHEMICAL  ABSTRACTS,  vo l .   1 0 5 ,  
no.  23,  December  1986,  page  503 ,  
a b s t r a c t   no.  207837k,   C o l u m b u s ,  
Ohio,   US;  &  STJ-A-1  253  993 
(CENTRAL-  AS  IAN 
SCIENTIFIC-RESEARCH  e t c . )  
3 0 - 0 8 - 1 9 8 6  
*  A b s t r a c t   * 

C U B   3 / 1 0  

1 , 2 , 4 -  
7 , 1 0  

1 , 5 , 6 ,  
9 

TECHNICAL  FIELDS 
SEARCHED  (Int.  CI  i) 

C U B  

The  present  search  report  has  been  drawn  up  for  all  claims 

Place  of  search 
THE  HAGUE 

Data  of  completion  of  the  search 
1 0 - 0 9 - 1 9 8 7  

Examiner 
PEETERS  J . C .  

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone 
Y:  particulariy  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

after  the  filing  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
D  : L  ; 
&  :  member  of  the  same  patent  family,  corresponding 

document 


	bibliography
	description
	claims
	drawings
	search report

