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©  Purification  of  natural  oils  with  alkali  metal  borohydrides. 
This  invention  relates  to  an  improved  alkali  refining 

process  for  purifying  natural  oils  such  as  the  triglyceride  oils. 
In  accordance  with  the  present  invention,  it  has  been  found 
that the  color,  color  stability,  odor  and/or  flavor  of  the  refined 
oil  is  improved  by  refining  the  oil  in  the  presence  of  an  alkali 
metal  borohydride.  In  addition,  a  reduction  in  the  peroxide 
content  of the  refined  oils  has  also  been  observed.  Use  levels 
of  the  alkali  metal  borohydride  typically  range  from  about  50 
to  about  2000  ppm,  based  on  the  weight  of  the  oil. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   p r o c e s s  

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

as  t he   e d i b l e   v e g e t a b l e   o i l s .   I t   p a r t i c u l a r l y   r e l a t e s   to  a n  

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

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

f l a v o r .  

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

f rom  t h e i r   n a t u r a l   s o u r c e s   by  c o n v e n t i o n a l   e x t r a c t i o n   or  p r e s s i n g  

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

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

s o u r c e   of  the   o i l ,   s u c h   as  x a n t h o p h y l l   or  c h l o r o p h y l l ;   p r o d u c t s  

o b t a i n e d   by  t h e   b r e a k d o w n   of  t h e   g l y c e r i d e   o i l   d u r i n g   t r e a t m e n t  

s u c h   as  f r e e   f a t t y   a c i d s   and  o t h e r   d e r i v a t i v e s   of  the   g l y c e r i d e s  

s u c h   as  p h o s p h a t i d e s ,   s t e r o l s ,   a l d e h y d e s   and  k e t o n e s ;   p e r o x i d e s ;  

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

c o m p l e x e s ,   v a r i o u s   d i s u l f i d e s   and  r e l a t e d   i m p u r i t i e s .   I n  

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

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

i m p u r i t i e s   a r e   d e s i r a b l e   in  t h a t   t h e y   h e l p   to   p r o t e c t   the   o i l  

f rom  o x i d a t i o n   or  o t h e r   a d v e r s e   p r o c e s s e s ,   b u t   by  f a r   t he   g r e a t e r  

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

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

t a s t e ;   s t a b i l i t y   and  o t h e r   p r o p e r t i e s   of  t he   o i l .   I t   h a s  

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

o i l s   to   an  e x t e n s i v e   p u r i f i c a t i o n .   T y p i c a l l y ,   t h i s   p u r i f i c a t i o n  

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

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

a n d / o r   s e l e c t e d   c r y s t a l l i z a t i o n   ( w i n t e r i z i n g ) .  



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

d e v e l o p e d   by  t h e   p r i o r   a r t   i s   a l k a l i   r e f i n i n g .   In  t h i s   t e c h -  

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

h y d r o x i d e   or  some  o t h e r   s t r o n g   a l k a l i   in  an  a m o u n t   s l i g h t l y   i n  

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

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

T y p i c a l   a l k a l i   r e f i n i n g   t e c h n i q u e s   w h i c h   have   p r e v i o u s l y   b e e n  

e m p l o y e d   t o   r e f i n e   t r i g l y c e r i d e   o i l s   a r e   d e s c r i b e d   in  U .S .   P a t e n t  

N o s .   2 , 7 0 2 , 8 1 3 ;   3 , 6 2 9 , 3 0 7 ;   3 , 9 4 3 , 1 5 5 ;   4 , 1 5 0 , 0 4 5   and  4 , 2 8 0 , 9 6 2 ;   a s  

w e l l   as   in   S u l l i v a n ,   J o u r n a l   A g r i c u l t u r a l   and  O i l   C h e m i s t s  

S o c i e t y ,   p a g e   845A  ( N o v e m b e r   1 9 8 0 ) .  

W h i l e   t h e   a l k a l i   r e f i n i n g   t e c h n i q u e s   of  t h e   p r i o r   a r t  

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

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

a c c e p t a b l e   p u r i t y ,   many  of  t h e   v a r i o u s   a t t e m p t s   to   i m p r o v e   t h e  

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

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

e x p l o i t a t i o n .   In  t h e   a l k a l i   r e f i n i n g   p r o c e d u r e   of  U . S .   P a t e n t  

No.  3 , 6 2 9 , 3 0 7 ,   f o r   e x a m p l e ,   f o l l o w i n g   t r e a t m e n t   of  t h e   o i l   w i t h  

a l k a l i   to   p r o d u c e   an  o i l - w a t e r - s o a p s t o c k   a d m i x t u r e ,   t he   a d m i x t u r e  

m u s t   be  f i r s t   d e h y d r a t e d   t o   a  w a t e r   c o n t e n t   of  no  more  t h a n   3%  b y  

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

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

S i m i l a r l y ,   in   U . S .   P a t e n t   No.  4 , 2 8 0 , 9 6 2 ,   t h e   a l k a l i   e x t r a c t e d   o i l  

m u s t   be  t r e a t e d   w i t h   an  a q u e o u s   s o l u t i o n   of  a c i d   b e f o r e   t h e  

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

d u r i n g   r e f i n i n g .  

W h i l e   t h e   p r i o r   a r t   has   a l s o   d e v e l o p e d   l e s s   c o m p l i c a t e d  

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



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

a r t i c l e   by  S u l l i v a n ,   c o l d   r e f i n i n g   has   in  p r a c t i c e   r e s u l t e d   i n  

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

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

In  a d d i t i o n ,   i t   ha s   a l s o   p r e v i o u s l y   been   known  in  t h e  

p r i o r   a r t   t h a t   t h e   o d o r   and  c o l o r   of  mink   o i l   (a  n o n - t r i g l y c e r i d e  

o i l )   may  be  i m p r o v e d   by  t r e a t i n g   t he   mink   o i l   w i t h   NaBH4 

s u b s e q u e n t   to   t h e   c o n v e n t i o n a l   n e u t r a l i z a t i o n   and  b l e a c h i n g   s t e p s  

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

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

e q u i p m e n t   c o s t s ,   h o w e v e r ,   r e n d e r s   t h e   use   of  s u c h   s e p a r a t e   N a B H 4  

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

t r i g l y c e r i d e   o i l s .  

The  use   of  a l k a l i   m e t a l   b o r o h y d r i d e s   in  o r d e r   t o  

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

U . S .   P a t e n t   No.  3 , 5 4 2 , 8 2 3 .   As  d e s c r i b e d   t h e r e i n ,   t h e   a l k a l i  

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

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

u n i t   w i t h   t h e   a l k a l i   m e t a l   b o r o h y d r i d e   a t   a  pH  of  a t   l e a s t   9 . 5 .  

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

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

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

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

A c c o r d i n g l y ,   i t   is   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

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

o i l s   such   as  t he   t r i g l y c e r i d e   o i l s   w h i c h   o b v i a t e s   t he   need   f o r  

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



I t   i s   a  p a r t i c u l a r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

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

c o l o r ,   c o l o r   s t a b i l i t y ,   o d o r   a n d / o r   f l a v o r   of   n a t u r a l   o i l s ,   a s  

w e l l   as  t h e   p r o d u c t i o n   e f f i c i e n c y   of   t h e   o v e r a l l   p u r i f i c a t i o n  

p r o c e d u r e .  

In  a c c o m p l i s h i n g   t h e   f o r e g o i n g   and  o t h e r   o b j e c t s ,   t h e r i  

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

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

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

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

w h i l e   in  t h e   p r e s e n c e   o f   an  a l k a l i   m e t a l   b o r o h y d r i d e .   The  a l k a l :  

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

t i o n   t r e a t m e n t   in   an  a m o u n t   s u f f i c i e n t   to   e f f e c t   t h e   d e s i r e d  

i m p r o v e m e n t   in  t h e   q u a l i t y   of   t h e   t r i g l y c e r i d e   o i l .   T y p i c a l l y ,  

f r o m   a b o u t   50  to   a b o u t   2000  ppm  of   a l k a l i   m e t a l   b o r o h y d r i d e  

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

O i l s   of   s u p e r i o r   c o l o r   and  p u r i t y   may  be  o b t a i n e d   b y  

e m p l o y i n g   t h e   a l k a l i   r e f i n i n g   t r e a t m e n t   of  t h i s   i n v e n t i o n   i n  

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

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

d e o d o r i z a t i o n   t r e a t m e n t   as  w e l l   as  by  any   of   t h e   v a r i o u s   o t h e r  

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

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

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

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

p r o d u c e   a  d e g u m m e d   o i l ;   e x t r a c t i n g   t h e   degummed   o i l   w i t h   a l k a l i  

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

r e f i n e d   o i l   and  a  s o a p s t o c k ;   b l e a c h i n g   t h e   r e f i n e d   o i l ;   and ,   i f  



r e q u i r e d ,   d e o d o r i z i n g ,   w i n t e r i z i n g ,   h y d r o g e n a t i n g   a n d / o r  

c r y s t a l l i z i n g   t h e   o i l .  

T h r o u g h   t h e   use   of  t h e   i n v e n t i v e   c o n c e p t s   of  t h i s  

i n v e n t i o n ,   o i l s   of  e x c e l l e n t   p u r i t y   and  c o l o r   may  r e a d i l y   b e  

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

for   c o s t l y   e x t r a   s t e p s   and  t he   a t t e n d a n t   c a p i t a l   i n v e s t m e n t  

o u t l a y s   r e q u i r e d   t h e r e f o r .   V e g e t a b l e   t r i g l y c e r i d e   o i l s   e x h i b i t -  

ing  a  L o v i b o n d   c o l o r   c h a r a c t e r i z e d   by  a  y e l l o w   v a l u e   of  10  o r  

l e s s   and  a  r e d   v a l u e   of  1  or  l e s s ,   a  b l a n d   t a s t e ,   a  l a c k   of  a n y  

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

fo r   e x a m p l e ,   may  r e a d i l y   be  o b t a i n e d   t h r o u g h   t h e   u se   of   t h e  

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

s u b j e c t e d   to   t h e   a l k a l i   m e t a l   b o r o h y d r i d e / a l k a l i   e x t r a c t i o n   o f  

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

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

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

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

r e q u i r e d   a n d / o r   to  r e d u c e   t h e   t i m e   r e q u i r e d   f o r   d e o d o r i z a t i o n ,  

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

e f f i c i e n c y .  

O t h e r   o b j e c t s ,   a d v a n t a g e s   and  f e a t u r e s ,   as  w e l l   as  t h e  

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

a p p a r e n t   to   t h o s e   s k i l l e d   in  t h e   a r t   f r om  t h e   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n   of   t h e   p r e f e r r e d   e m b o d i m e n t s .  

The  p r o c e s s   i m p r o v e m e n t s   of  t h i s   i n v e n t i o n   may  b e  

s u c c e s s f u l l y   u t i l i z e d   w i t h   any  of  t h e   n a t u r a l   o i l s   w e l l   known  t o  

t h o s e   s k i l l e d   in  t he   a r t ,   s u c h   as  t h e   t r i g l y c e r i d e   o i l s .   Of  t h e  



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

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

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

s e s a m e   o i l ,   r a p e s e e d   o i l ,   c a n o l a   o i l ,   among  o t h e r s .   As  i s   w e l l  

known   to  t h o s e   s k i l l e d   in  t h e   a r t ,   s u c h   o i l s   a r e   f r e q u e n t l y  

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

as   c o n s t i t u e n t s   in  v a r i o u s   o t h e r   f o o d   a p p l i c a t i o n s ,   and  a c c o r d -  

i n g l y   m u s t   m e e t   s t r i n g e n t   r e q u i r e m e n t s   in   t e r m s   of  c o l o r ,   f l a v o r ,  

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

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

c o l o r ,   as  e v a l u a t e d   by  t h e   L o v i b o n d   C o l o r   s y s t e m ,   c h a r a c t e r i z e d  

by  a  y e l l o w   v a l u e   of   10  o r   l e s s   and  a  r e d   v a l u e   of  1 .0   or  l e s s .  

In   a d d i t i o n ,   t h e   e d i b l e   v e g e t a b l e   o i l s   m u s t   a l s o   d e s i r a b l y   h a v e   a  

b l a n d   t a s t e ,   a  l a c k   o f   a n y  p e r c e p t i b l e   o d o r ,   and  a  p e r o x i d e   v a l u e  

of   0  as   d e t e r m i n e d   by  s t a n d a r d   A . O . C . S .   t e s t   Cd  8 - 5 3 .  

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

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

a l k a l i   r e f i n i n g   of   t h e   t r i g l y c e r i d e   or   o t h e r   n a t u r a l . o i l .   W h i l e  

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

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

o f   t h e   a l k a l i   m e t a l   b o r o h y d r i d e s   in  n o n - a l k a l i n e   e n v i r o n m e n t s  

r e q u i r e s   t h a t   t h e   a l k a l i   m e t a l   b o r o h y d r i d e   t r e a t m e n t   be  p e r f o r m e d  

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

s t e p .   W h i l e   t h i s   l a t t e r   t y p e   of   t r e a t m e n t   p r o c e d u r e   is   w i t h i n -  

t h e   p u r v i e w   of   t h i s   i n v e n t i o n   and  i s   d e s i r a b l e   f o r   use  in  t h e  

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

u n e x p e c t e d l y   f o u n d   t h a t   u t i l i z a t i o n   of  t h e   a l k a l i   m e t a l  

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



p e r o x i d e   b u i l d - u p   in  t h e   o i l   d u r i n g   s u b s e q u e n t   t r e a t m e n t .  

M o r e o v e r ,   u t i l i z a t i o n   of  t h e   a l k a l i   m e t a l   b o r o h y d r i d e   t r e a t m e n t  

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

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

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

t h e   a c t i v i t y   of  t h e   a l k a l i   m e t a l   b o r o h y d r i d e .   A c c o r d i n g l y ,   i t   i s  

p r e f e r r e d   t h a t - t h e   a l k a l i   m e t a l   b o r o h y d r i d e   t r e a t m e n t   b e  

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

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

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

c o m p r i s e   a  c r u d e   o i l   or  a  p r e t r e a t e d   o i l ,   i . e . ,   a  degummed  o i l .  

Degumming   of  t h e   o i l   may  be  a c c o m p l i s h e d   by  any  of  t h e   v a r i o u s  

d e g u m m i n g   p r o c e d u r e s   w e l l   known  to   t h o s e   s k i l l e d   in  t h e   a r t .   T h e  

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

m i l l ,   w h e r e   a l k a l i   r e f i n i n g   may  or  may  no t   be  c a r r i e d   o u t .   To  a  

much  l e s s e r   e x t e n t ,   d e g u m m i n g   may  be  done   by  t h e   r e f i n e r   a t  

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

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

t h e   v e g e t a b l e   o i l   w i t h   f r o m   a b o u t   1  to   a b o u t   3%  by  w e i g h t   w a t e r  

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

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

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

s t e p   in  o r d e r   to   i m p r o v e   t h e   e f f i c i e n c y   t h e r e o f .   As  a  m a t t e r   o f  

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

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

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

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

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

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



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

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

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

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

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

m e t a l   b o r o h y d r i d e .   Any  of   t h e   v a r i o u s   a r t   r e c o g n i z e d   a l k a l i  

r e f i n i n g   p r o c e d u r e s   w e l l   known  to   t h o s e   s k i l l e d   in  t he   a r t ,  

i n c l u d i n g   any   o f   t h e   v a r i o u s   p r o c e d u r e s   d e s c r i b e d   in  U . S .   P a t e n t  

N o s .   2 , 7 0 2 , 8 1 3 ;   3 , 6 2 9 , 3 0 7 ;   3 , 9 4 3 , 1 5 5 ;   4 , 1 5 0 , 0 4 5 ;   and  4 , 2 8 0 , 9 6 2 ;  

as  w e l l   as  in  S u l l i v a n ,   J o u r n a l   A g r i c u l t u r a l   and  O i l   C h e m i s t s  

S o c i e t y ,   p a g e   845A  ( N o v e m b e r   1 9 8 0 ) ,   may  t h u s   be  e m p l o y e d   i n  

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

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

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

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

r e f i n e d .   In  g e n e r a l ,   t h e   o i l   i s   r e f i n e d   by  c o n t a c t i n g   t h e   s a m e  

w i t h   an  a q u e o u s   s o l u t i o n   of  a  s u i t a b l e   a l k a l i ,   s u c h   as  f o r  

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

w h i c h   r a n g e   f r o m   as  low  as  5°C  to   t e m p e r a t u r e s   as  h i g h   as  a b o u t  

1 0 0 ° C   f o r   an  i n t e r v a l   o f   f r o m   s e v e r a l   s e c o n d s   to   s e v e r a l   h o u r s .  

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

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

t h a t   t h e o r e t i c a l l y   r e q u i r e d   ( t h e   s t o i c h i o m e t r i c   a m o u n t )   f o r  

n e u t r a l i z a t i o n   of   t h e   f r e e   f a t t y   a c i d s   in  t h e   o i l ,   ah  e x c e s s   o f  

0 . 0 1 %   to   0 . 5 % ,   and  p r e f e r a b l y   f r o m   0 . 0 1   to   0 . 3 % ,   of  a l k a l i   b e i n g  

p r e f e r r e d .  

The  a l k a l i   m e t a l   b o r o h y d r i d e   may  be  a d d e d   to  t h e   s y s t e m  

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

d r i d e   i s   a d d e d   w i t h   t h e   a d d i t i o n   of   t h e   a l k a l i   s o l u t i o n   to  t h e  



o i l .   In  t h i s   e m b o d i m e n t ,   t h e   a l k a l i   m e t a l   b o r o h y d r i d e   may  b e  

e m p l o y e d   in  p o w d e r e d   f o r m ,   or  a l t e r n a t i v e l y   may  be  e m p l o y e d   i n  

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

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

r e a d i l y   a v a i l a b l e   c o m m e r c i a l l y ,   f o r   e x a m p l e ,   f r om  t he   M o r t o n -  

T h i o k o l   C o r p o r a t i o n   u n d e r   t h e   t r a d e   d e s i g n a t i o n   S W S ® .  I f   a n  

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

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

t h e   o i l   to   c o m p e n s a t e   f o r   t h e   a l k a l i   p r e s e n t   in  t h e  `  a l k a l i   m e t a l  

b o r o h y d r i d e   s o l u t i o n .  

In  an  a l t e r n a t i v e   e m b o d i m e n t ,   t h e   a l k a l i   may  be  d i v i d e d  

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

w i t h   t he   o i l .   The  a l k a l i   m e t a l   b o r o h y d r i d e ,   e i t h e r   in  p o w d e r e d  

fo rm  or  in  t he   fo rm  of  an  a q u e o u s   a l k a l i   m e t a l   b o r o h y d r i d e  

s o l u t i o n ,   is  a d m i x e d   w i t h   t h e   r e m a i n i n g   p o r t i o n   of  a l k a l i ,   a n d  

t h e   c o m b i n e d   m i x t u r e   t h e r e a f t e r   a d d e d   t o   t h e   a l k a l i   d e f i c i e n t  

o i l - a l k a l i   m i x t u r e .  

As  i s   w e l l   known  to   t h o s e   s k i l l e d   in  t he   a r t ,   t h e  

r e a c t i o n   of  t he   a l k a l i   w i t h   t h e   o i l   d u r i n g   r e f i n i n g   n e u t r a l i z e s  

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

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

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

t h i s   i n v e n t i o n .   W h i l e   n o t   w i s h i n g   to   be  bound   by  any  p a r t i c u l a r  

t h e o r y   or  e x p l a n a t i o n ,   i t   i s   b e l i e v e d   t h a t   the   a l k a l i   m e t a l  

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

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

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

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

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



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

a t t a c k .   R e d u c t i o n   of   t h e s e   v a r i o u s   i m p u r i t i e s   has   b e e n   f o u n d   t o  

n o t   o n l y   i m p r o v e   t h e   q u a l i t y   of   t h e   r e f i n e d   o i l ,   b u t   in  a d d i t i o n  

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

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

The  a l k a l i   m e t a l   b o r o h y d r i d e   may  be ,   f o r   e x a m p l e ,  

l i t h i u m ,   p o t a s s i u m ,   or  s o d i u m   b o r o h y d r i d e .   Of  t h e   a l k a l i   m e t a l  

b o r o h y d r i d e s ,   t h e   s o d i u m   d e r i v a t i v e   is   c o m m e r c i a l l y   r e a d i l y  

a v a i l a b l e .   The  a l k a l i   m e t a l   b o r o h y d r i d e  m a y   be  a d d e d   to   t h e  

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

d i s c u s s e d   a b o v e ,   as  an  a q u e o u s   s o l u t i o n .   I f   d e s i r e d ,   t h e   a l k a l i  

m e t a l   b o r o h y d r i d e   may  a l s o   be  f o r m e d   in  s i t u   f r o m   o t h e r  

b o r o h y d r i d e s .  

The  a l k a l i   m e t a l   b o r o h y d r i d e   is   g e n e r a l l y   e m p l o y e d  

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

t h e   d e s i r e d   i m p r o v e m e n t   in  t h e   q u a l i t y   of   t he   p u r i f i e d   o i l .   T h e  

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

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

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

o d o r ,   t a s t e ,   e t c .   T y p i c a l l y ,   f r o m   a b o u t   50  to   a b o u t   2000  ppm  o f  

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

p r e f e r r e d   a m o u n t s   r a n g i n g   f r o m   a b o u t   250  to   1000  ppm,   and  m o s t  

p r e f e r a b l y   f r o m   a b o u t   250  to   500  ppm  of  a l k a l i   m e t a l   b o r o h y d r i d e ,  

b a s e d   on  t h e   w e i g h t   of   t h e   o i l . -   In  p r o c e s s i n g   t h e   e d i b l e  

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

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

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

y e l l o w   v a l u e   o f   10  or   l e s s   and  a  r ed   v a l u e   of  1  or  l e s s ,   a s  

m e a s u r e d   by  a  L o v i b o n d   T i n t o m e t e r   u s i n g   a  5  1 / 4 "   c e l l - a t   a m b i e n t  



t e m p e r a t u r e ;   a  b l a n d   t a s t e ;   a  l a c k   of  any  p r e c e p t i b l e   o d o r ;   and  a  

p e r o x i d e   v a l u e   of  0 .0   as  m e a s u r e d   by  AOCS  S t a n d a r d   A n a l y t i c a l  

M e t h o d   Cd  8 - 5 3 .   For  t he   p u r p o s e s   of   t h e   p r e s e n t   i n v e n t i o n ,   t h e s e  

c h a r a c t e r i s t i c s   a r e   b a s e d   on  t h e   p u r i f i e d   o i l ,   i . e . ,   a f t e r   i t   h a s  

b e e n   d e g u m m e d ,   r e f i n e d ,   b l e a c h e d ,   and  i f   r e q u i r e d   d e o d o r i z e d   a n d  

a n d / o r   w i n t e r i z e d ,   d e w a x e d ,   e t c .  

F o l l o w i n g   c o m p l e t i o n   of   t h e   c o m b i n e d   a l k a l i - a l k a l i  

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

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

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

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

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

t y p i c a l l y   w a s h e d   w i t h   w a t e r   to  r e m o v e   any  r e s i d u a l   t r a c e s   of  s o a p  

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

may  be  p r e s e n t .  

F r e q u e n t l y ,   t he   p r o d u c t i o n   of  a  p u r i f i e d   o i l   h a v i n g   a n  

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

to  r e m o v e   p i g m e n t s   r e m a i n i n g   in  t h e   o i l   a f t e r   t he   r e f i n i n g   s t e p ,  

s u c h   as  v a r i o u s   c a r o t e n o i d s   a n d  c h l o r o p h y l l ,   among  o t h e r s .  

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

m o d e r a t e  t e m p e r a t u r e   in  t h e   r a n g e   of   f rom  a b o u t   50  to   a b o u t   1 2 0 ° C  

in  t he   p r e s e n c e   of  a  b l e a c h i n g   c l a y .   A f t e r   b l e a c h i n g ,   the   o i l   i s  

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

a d s o r b e d   t h e r e o n .  

I f   r e q u i r e d ,   t he   o i l   may  be  t h e r e a f t e r   s u b j e c t e d   to  a  

d e o d o r i z a t i o n   p r o c e s s ,   w i n t e r i z i n g   p r o c e s s ,   d e w a x i n g   p r o c e s s ,  

e t c .   by  c o n v e n t i o n a l   t e c h n i q u e s   w e l l   known  to  t h o s e   s k i l l e d   i n  

t h e   a r t   in  o r d e r   to  f u r t h e r   i m p r o v e   t he   q u a l i t y   of  t h e   o i l .   Some 

o i l s   may  a l s o   r e q u i r e   h y d r o g e n a t i o n   in  o r d e r   to  r e d u c e   t h e  



p o l y u n s a t u r a t e s .   T h e s e   v a r i o u s   a d d i t i o n a l   p r o c e s s i n g   t e c h n i q u e s ,  

h o w e v e r ,   a r e   w e l l   known  to  t h o s e   s k i l l e d   in  t h e   a r t   and  do  n o t  

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

The  i n v e n t i o n   i s   a d d i t i o n a l l y   i l l u s t r a t e d   in  c o n n e c t i o n  

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

t r a t i v e   of   t h e   p r e s e n t   i n v e n t i o n .   I t   s h o u l d   be  u n d e r s t o o d ,  

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

e x a m p l e s .  

EXAMPLE  I  

A  d e g u m m e d   s o y b e a n   o i l   was  a l k a l i   r e f i n e d   in  a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n .   In  t h e   r u n s   of   t h i s   e x a m p l e ,  

r e f i n i n g   was  c a r r i e d   o u t   in  t h e   p r e s e n c e   of   2 5 0  -   770  ppm  o f  

NaBH4,   w h i c h   was  u t i l i z e d   in  t h e   f o r m   of   an  a q u e o u s   s o d i u m  

b o r o h y d r i d e   s o l u t i o n   c o m p r i s i n g   a p p r o x i m a t e l y   12%  NaBH4  and  40% 

by  w e i g h t   s o d i u m   h y d r o x i d e   ( S W S ®  b r a n d ,   a v a i l a b l e   f rom  t h e  

M o r t o n - T h i o k o l   C o r p o r a t i o n )   and  in  t h e   p r e s e n c e   of  1000  ppm  NaBH4 

w h i c h   was  u t i l i z e d   in   t h e   f o r m   of   a  d r y   p o w d e r .   As  a  c o n t r o l ,   a  

f u r t h e r   r u n   was  c o n d u c t e d   by  an  i d e n t i c a l   p r o c e d u r e ,   b u t   w i t h o u t  

t h e   u s e   o f   NaBH4  d u r i n g   r e f i n i n g .  

In  e a c h   o f   t h e s e   r u n s ,   500  g  o f   o i l   was  f i r s t   c o o l e d   t o  

10°C   and  t h e n   r e f i n i n g   was  p e r f o r m e d   by  a d d i n g   a  s o d i u m   h y d r o x i d e  

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

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

t e m p e r a t u r e   m a i n t a i n e d   b e l o w   5 4 . 4 ° C   ( 1 3 0 ° F ) .   W h e r e   u s e d ,   t h e  

NaBH4  was  a d d e d   to   t h e   s a m p l e   a f t e r   t h e   f i r s t   f o u r - m i n u t e  

a g i t a t i o n   and   p r i o r   to   t h e   s e c o n d .   In  t h e   r u n   e m p l o y i n g   NaBH4 

p o w d e r ,   a  p o r t i o n   of  t h e   a l k a l i   was  r e t a i n e d   and  u s e d   f o r   NaBH4 

a d d i t i o n   by  a d m i x t u r e   t h e r e w i t h .   The  t o t a l   NaOH  e m p l o y e d   was  i n  



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

to  t he   f r e e   f a t t y   a c i d   c o n c e n t r a t i o n   of   t he   o i l   (0.2%  e x c e s s ) .  

At  t he   end  of  t he   s e c o n d   f o u r - m i n u t e   a g i t a t i o n   p e r i o d ,  

each   s a m p l e   was  a l l o w e d   to  s i t   o v e r n i g h t   and  t h e n   f i l t e r e d  

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

two  h o u r s   w i t h   m o l e c u l a r   s i e v e   to  r e m o v e   any  r e m a i n i n g   w a t e r .  

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

v a l u e   ( A . O . C . S .   m e t h o d   Cd  8 - 5 3 ) ,   f r e e   f a t t y   a c i d s ,   FFA,  ( A . O . C . S .  

s t a n d a r d   m e t h o d   Ca  5a  40,   Ca  9a  52,   B . 3 ) ,   o d o r ,   c o l o r   ( L o v i b o n d  

s y s t e m   u s i n g   a  L o v i b o n d   T i n t o m e t e r   w i t h   a  5  1 /4   i n c h   c e l l   a t  

a m b i e n t   t e m p e r a t u r e )   and  h e a t   s t a b i l i t y .   The  h e a t   s t a b i l i t y   t e s t  

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

h e a t e d   f o r   2  h o u r s   a t   205°C  in  a i r   and  t h e n   a n a l y z e d   f o r   c o l o r ,  

p e r o x i d e   v a l u e   and  F F A .  

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

d e s c r i b e d   a b o v e   were   t h e r e a f t e r   b l e a c h e d   by  a g i t a t i n g   t h e   o i l  

w i t h   1%  b y  w e i g h t   of  a  s t a n d a r d   b l e a c h i n g   c l a y   ( F i l t r o l   105)  a t  

110°C  u n d e r   a  5  mm  Hg  v a c u u m   f o r   one  h o u r .   The  r e s u l t i n g  

b l e a c h e d   s a m p l e s   were   t h e n   c o o l e d   to   40°C  and  f i l t e r e d   t h r o u g h  

Wha tman   #4  f i l t e r   p a p e r   and  d i a t o m a c e o u s   e a r t h ,   a f t e r   w h i c h   a n  

a n a l y s i s   f o r   p e r o x i d e s ,   c o l o r ,   and  h e a t   s t a b i l i t y   was  p e r f o r m e d  

as  d e s c r i b e d   a b o v e .  

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

T a b l e s   I a - I b .   As  can   be  s e e n   t h e r e f r o m ,   v e g e t a b l e   o i l s   a l k a l i  

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

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

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





EXAMPLE  I I  

T h i s   e x a m p l e   d e m o n s t r a t e s   t h e   e f f e c t   of  v a r i o u s   NaBH4 

t r e a t m e n t   l e v e l s   d u r i n g   t h e   a l k a l i   r e f i n i n g   and  s u b s e q u e n t  

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

degummed  c r u d e   s o y b e a n   o i l .  

1000  g r am  s a m p l e s   of  the   p a r t i a l l y   degummed  o i l   w e r e  

t r e a t e d   w i t h   0,  250  and  500  ppm  of  NaBH4,  b a s e d   on  t h e   w e i g h t   o f  

o i l ,   by  the   a d d i t i o n   t h e r e t o   of  t he   r e q u i r e d   a m o u n t   of  S W #  

( M o r t o n - T h i o k o l   C o r p o r a t i o n )   a q u e o u s   NaBH4  s o l u t i o n   to  t h e  

c a u s t i c   r e f i n i n g   s o l u t i o n .   The  t o t a l   NaOH  a d d i t i o n   w a s  

s u f f i c i e n t   to  a c h i e v e   a  0 .05%  e x c e s s   o f   NaOH,  b a s e d   on  t h e   . f r e e  

f a t t y   a c i d   c o n c e n t r a t i o n .   R e f i n e m e n t   was  c a r r i e d   o u t   f o r   5 

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

m a i n t a i n i n g   t h e   t e m p e r a t u r e   b e l o w   5 4 . 4 ° C   ( 1 3 0 ° F ) .   Each  of  t h e  

r e f i n e d   s a m p l e s   was  t h e n   a l l o w e d   to  s e t t l e   o v e r n i g h t ,   f o l l o w e d   b y  

f i l t e r i n g   t h r o u g h   W h a t m a n   #4  f i l t e r   p a p e r   and  w a s h i n g   t h r e e   t i m e s  

w i t h   warm  d e i o n i z e d   d i s t i l l e d   w a t e r .   F o l l o w i n g   t h i s   t r e a t m e n t ,  

t he   c o l o r ,  f r e e   f a t t y   a c i d   (FFA),   and  p e r o x i d e s   were   e v a l u a t e d   a s  

d e s c r i b e d   in  E x a m p l e   I .  

A f t e r   r e f i n i n g ,   300  g r ams   of  e a c h   of  t he   o i l   s a m p l e s  

were   b l e a c h e d   by  a g i t a t i o n   w i t h   0 .5   to   3%  b l e a c h i n g   c l a y   ( F i l t r o l  

105)  a t   1 0 0 - 1 1 0 ° C   f o r   one   h o u r   u n d e r   a  5  mm  Hg  v a c u u m .   T h e  

s a m p l e s   were   t h e r e a f t e r   c o o l e d   to  40°C  and  f i l t e r e d   t h r o u g h  

d i a t o m a c e o u s   e a r t h   and  Whatman  #4  f i l t e r   p a p e r .   At  t h i s   p o i n t ,  

t he   c o l o r ,   p e r o x i d e   v a l u e ,   and  f r e e   f a t t y   a c i d   c o n c e n t r a t i o n   w e r e  

a g a i n   e v a l u a t e d   as  in  E x a m p l e   I .  

The  a c c e l e r a t e d   h e a t   a g i n g   t e s t   of  E x a m p l e   I  was  t h e n  

p e r f o r m e d   on  e a c h   s a m p l e   and  an  a n a l y s i s   o f  %   FFA,  p e r o x i d e   a n d  

. c o l o r   made  in  o r d e r   to   e v a l u a t e   to  h e a t   s t a b i l i t y .  



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

T a b l e s   I I a   and  I I b .   As  can   be  s e e n   f rom  t h e   d a t a   of  t h e s e  

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

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

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





1.  A  p r o c e s s   f o r   a l k a l i   r e f i n i n g   a  t r i g l y c e r i d e   o i l  

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

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

a l k a l i   r e f i n i n g   s t e p   in  t h e   p r e s e n c e   of   an  a l k a l i   m e t a l   b o r o h y -  

d r i d e   in   an  a m o u n t   s u f f i c i e n t   to   i m p r o v e   t h e   p u r i t y   a n d / o r   c o l o r  

o f   s a i d   o i l .  

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

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

a m o u n t   of  f r o m   a b o u t   50  to   a b o u t   2000   ppm,   b a s e d   on  t he   w e i g h t   o f  

o i l .  

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

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

a m o u n t   of   f r o m   a b o u t   250  to   a b o u t   1000  ppm,   b a s e d   on  the   w e i g h t  

o f   o i l .  

4.  The  p r o c e s s   of  c l a i m   1,  2  or  3,  w h e r e i n   s a i d   t r i -  

g l y c e r i d e   o i l   i s   an  e d i b l e   v e g e t a b l e   o i l .  

5.  The  p r o c e s s   of  claim 1,3 2, or 4  w h e r e i n   s a i d   a l k a l i   m e t a l  

b o r o h y d r i d e   i s   a d d e d   to   s a i d   a l k a l i   r e f i n i n g   s t e p   in  t he   f o r m   o f  

a  s o l i d   p o w d e r .  

6.  The  p r o c e s s   of  claim 1,3 2, or 4  w h e r e i n   s a i d   a l k a l i   m e t a l  

b o r o h y d r i d e   i s   a d d e d   to   s a i d   a l k a l i   r e f i n i n g   s t e p   in  t he   f o rm  o f  

an  a q u e o u s   a l k a l i n e   a l k a l i   m e t a l   b o r o h y d r i d e   s o l u t i o n .  



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

t r i g l y c e r i d e   o i l   c h a r a c t e r i s e d   b y - t h e   s t e p s   o f :  

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

degummed   o i l ;  

b.  r e f i n i n g   t h e   degummed  o i l   of  s t e p   (a)  w i t h   a n  

a l k a l i   s o l u t i o n   c o n t a i n i n g   f rom  a b o u t   50  to   2000  ppm  of  an  a l k a l i  

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

r e f i n e d   o i l   and  a  s o a p s t o c k ;   a n d  

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

p u r i f i e d / d e c o l o r i z e d   o i l .  

8.  The  p r o c e s s   of  c l a i m   7,  w h e r e i n   s a i d   t r i g l y c e r i d e  

o i l   i s   an  e d i b l e   v e g e t a b l e   o i l .  

7  o r  
9.  The  p r o c e s s   of  c l a i m   8 ,   w h e r e i n   s a i d   a l k a l i   m e t a l  

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

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

c h a r a c t e r i z e d   by  a  y e l l o w   v a l u e   in  t h e   r a n g e   of  10  or  l e s s   and  a  

r ed   v a l u e   in  t h e   r a n g e   of  1  or  l e s s .  

10.  The  p r o c e s s   of  c l a i m   9,  w h e r e i n   s a i d   a l k a l i   m e t a l  

b o r o h y d r i d e   c o m p r i s e s   f rom  a b o u t   250  to   a b o u t   1000  ppm,  b a s e d   o n  

t h e   w e i g h t   of  o i l .  
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