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arranged  in  the  following  order;  cation  exchange  resin, 
microporous  adsorbent,  anion  exchange  resin. 



BACKGROUND  OF  THE  INVENTION 

I o n - e x c h a n g e   r e s i n s   may  be  p o i s o n e d   by  t h e  

a d s o r p t i o n   of  s u b s t a n c e s   t h a t   a re   e i t h e r   v e r y  
d i f f i c u l t   to  remove  or  a re   very   e a s i l y   r e m o v e d   f r o m  

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

c h a m b e r   c o n t a i n i n g   a c t i v a t e d   c a r b o n   has  been  e m p l o y e d  

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

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

s y s t e m   o p e r a t e s   in  a  pH  r a n g e   of  5 - 1 0 .   See ,   U . S .  

P a t e n t   No.  4 , 2 9 6 , 0 7 5 .  



C a t i o n   and  a n i o n   e x c h a n g e   r e s i n   p a i r s   ( o r  

s y s t e m s )   a r e   u sed   e x t e n s i v e l y   in  t h e   p u r i f i c a t i o n   o f  

s w e e t e n e r   s o l u t i o n s ,   fo r   e x a m p l e ,   c o r n   s y r u p s ,   c a n e  

s y r u p s ,   b e e t   s y r u p s   and  in  o t h e r   s w e e t e n e r  

a p p l i c a t i o n s .   These   i o n - e x c h a n g e   r e s i n   s y s t e m s   a r e  

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

the   p r o d u c t i o n   of  h igh   f r u c t o s e   c o r n   s y r u p s   ( H F C S ) .  

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

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

b e v e r a g e   i n d u s t r y .   A  key  c a u s e   of  u n w a n t e d   s y r u p  

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

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

s y r u p .   Whi le   t he   c a t i o n   and  a n i o n   e x c h a n g e   r e s i n s   a r e  

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

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

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

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

by  t h e   b r e a k d o w n   of  s t a r c h e s   or  p r o t e i n s .   These   a c i d s  

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

G e n e r a l l y ,   t h e   s p e c i f i c   a c i d s   a r e   no t   i d e n t i f i e d .  

R a t h e r ,   t he   m i x t u r e   of  a c i d s   in  t h e   s y r u p   a re   t e r m e d  

" t i t r a t a b l e   a c i d i t y " .   T h e s e   weak  o r g a n i c   a c i d s   a r e  

r emoved   by  t h e   a n i o n   e x c h a n g e   r e s i n   as  n e g a t i v e l y  

c h a r g e d   o r g a n i c   a n i o n s .   H o w e v e r ,   due  to  t he   l o w  

c h a r g e   d e n s i t y   of  some  of  t h e s e   a c i d s ,   t hey   a r e  

e a s i l y   d i s p l a c e d   from  the   a n i o n   e x c h a n g e  . r e s i n .   T h i s  

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

from  t h e   a n i o n   e x c h a n g e   r e s i n   c a u s i n g   an  u n a c c e p t a b l e  

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

o r g a n i c   a c i d s   i n t o   t he   s y r u p   t r i g g e r s   a  need  f o r  

r e g e n e r a t i o n   of  the   a n i o n   e x c h a n g e   r e s i n   b e f o r e   i t  

has  been   f u l l y   u t i l i z e d .   O t h e r s   of  t h e s e   a c i d s   w i l l  

not  be  r e a d i l y   d i s p l a c e d   and  w i l l   o ccupy   e x c h a n g e  



s i t e s   which   a r e   t h e n   u n a v a i l a b l e   to  the   i n o r g a n i c   a s h  

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

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

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

an  e c o n o m i c   s t a n d p o i n t .  

I t   h a s  b e e n   d i s c o v e r e d ,   t h a t   t h e  

i o n - e x c h a n g e   s y s t e m   d o w n t i m e   can  be  r e d u c e d ,   a n d  

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

weak  u n d i s s o c i a t e d   a c i d s   in  t he   s w e e t e n e r   s y r u p   a r e  

r emoved   b e f o r e   t h e y   e n t e r   the   a n i o n   e x c h a n g e   r e s i n .  

These  a c i d s   a r e   a d s o r b e d   on  a  p r o p e r l y   p o s i t i o n e d  

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

s y s t e m .  

SUMMARY  OF  THE  INVENTION 

Under  low  pH  c o n d i t i o n s   p r e s e n t   in  a 

s w e e t e n e r   p u r i f i c a t i o n   p r o c e s s ,   t he   weak  o r g a n i c  

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

s y r u p   can  be  r e m o v e d   from  the   s y s t e m   by  a  m i c r o p o r o u s  

a d s o r b e n t .   From  t h i s   d i s c o v e r y ,   i t   has  b e e n  

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

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

as  a c t i v a t e d   c a r b o n   f o r   t he   p r o t e c t i o n   of  i o n  

e x c h a n g e   r e s i n s .   These   o t h e r   a p p l i c a t i o n s   a r e  

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

Thus  t h e r e   is  p r o v i d e d   an  i m p r o v e d   s w e e t e n e r  

s o l u t i o n   p u r i f i c a t i o n   p r o c e s s   wh ich   c o m p r i s e s :   ( a )  

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

c o n t a i n i n g   a  c a t i o n   e x c h a n g e   r e s i n ,  

t h e r e b y   l o w e r i n g   the   s y r u p   pH;  (b)  p a s s i n g   t h e  

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

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

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



a c i d i t y ;   and  (c)   p a s s i n g   the   e f f l u e n t   from  s a i d  

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

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

(HFCS) .   S e c t i o n s   A-D  r e p r e s e n t   t he   d e x t r o s e   s i d e   a n d  

S e c t i o n s   E-I   r e p r e s e n t   t he   f r u c t o s e   s i d e .  

FIG.  II   d e t a i l s   one  e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   namely   t he   p l a c e m e n t   of  a  

m i c r o p o r o u s   a d s o r b e n t   (MPA)  b e t w e e n   the   c a t i o n - a n i o n  

e x c h a n g e   r e s i n   p a i r   u s e d   to  p u r i f y   s w e e t e n e r  

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

s o l u t i o n   f low  d i r e c t i o n s ,   t he   b r o k e n   l i n e s   s h o w  

a l t e r n a t i v e   f low  d i r e c t i o n s .  

FIG.  I I I   is   a  c o n d u c t a n c e   b r e a k t h r o u g h   c u r v e  

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

p e r f o r m a n c e   f o r   c a r b o n   t r e a t e d   d e x t r o s e   s y r u p   ( c u r v e  

B)  o v e r   u n t r e a t e d   d e x t r o s e   s y r u p   ( c u r v e   A ) .  

FIG.  IV  i s   a  c o n d u c t a n c e   b r e a k t h r o u g h   c u r v e  

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

p e r f o r m a n c e   f o r   r e g e n e r a t e d   c a r b o n   t r e a t e d   d e x t r o s e  

s y r u p   ( c u r v e   C)  o v e r   v i r g i n   c a r b o n   t r e a t e d   s y r u p  
( c u r v e   B)  o v e r   u n t r e a t e d   s y r u p   ( c u r v e   A ) .  

FIG.  V  is   a  c o n d u c t a n c e   b r e a k t h r o u g h   c u r v e  

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

p e r f o r m a n c e   f o r   c a r b o n   t r e a t e d   f r u c t o s e   s y r u p   ( c u r v e  

E)  o v e r   u n t r e a t e d   f r u c t o s e   s y r u p   ( c u r v e   D ) .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   i n v o l v e s   t he   use  of  a  

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

r e f i n i n g   p r o c e s s   to  p r o t e c t   t he   a n i o n   r e s i n   of  t h e  



c a t i o n - a n i o n   e x c h a n g e   r e s i n   s y s t e m .   The  t e r m s  

" s w e e t e n e r   s o l u t i o n "   a re   i n t e n d e d   to  i n c l u d e   t h o s e  

c r u d e   s u g a r   s o l u t i o n s   r e c o g n i z e d   in  the   a r t   as  common 

" s w e e t e n e r s " ,   fo r   e x a m p l e ,   co rn   s y r u p ,   cane   s y r u p ,  

b e e t   s y r u p ,   h igh   f r u c t o s e   s y r u p ,   h i g h   d e x t r o s e   s y r u p ,  
s o r b i t o l   and  the   l i k e .   The  t e r m s   " m i c r o p o r o u s  

a d s o r b e n t "   a re   i n t e n d e d   to  i n c l u d e   t h o s e   common 

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

v o l u m e )   of  more  t h a n   0.1  c c / g r a m   in  p o r e s   of  100A  o r  

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

A m b e r s o r b   t ype   m a c r o r e c t i c u l a r   r e s i n s ,   z e o l i t e s ,  

m i c r o p o r o u s   c l a y s   and  t he   l i k e .   The  p r e f e r r e d  

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

c a r b o n   may  be  e m p l o y e d   in  any  c o n v e n i e n t   f o r m ,  

g r a n u l a r ,   p o w d e r ,   or  a  m i x t u r e   of  b o t h .  

It  has  been  d i s c o v e r e d   t h a t   the   a c i d s   w h i c h  

c o n t r i b u t e   to  t i t r a t a b l e   a c i d i t y   in  c r u d e   s w e e t e n e r  

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

a d s o r b e n t s   such  as  a c t i v a t e d   c a r b o n   when  in  t h e  

u n d i s s o c i a t e d   form.   To  o b t a i n   a  h i g h   d e g r e e   o f  

u n d i s s o c i a t e d   a c i d s ,   a  pH  of  from  a b o u t   2  t o  2 . 5   i s  

n e c e s s a r y .   Two  l o c a t i o n s   in  a  s w e e t e n e r   s o l u t i o n  

p u r i f i c a t i o n   p r o c e s s   where   pH  is  t h i s   low  a re   ( 1 )  

w i t h i n   the   c a t i o n   e x c h a n g e   r e s i n   bed  and  (2)  d i r e c t l y  

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

f o r   a  s h o r t   t ime  w i t h i n   t he   a n i o n   e x c h a n g e   r e s i n  

bed .   O t h e r   s w e e t e n e r   s o l u t i o n   i m p u r i t i e s ,   some  o f  

which   a re   g e n e r a t e d   in  t he   c a t i o n   r e s i n   bed ,   such   a s  

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

c a t i o n   r e s i n   and  u n i d e n t i f i e d   o r g a n i c s   n o t  

c o n t r i b u t i n g   to  t i t r a t a b l e   a c i d i t y ,   a re   r e n d e r e d   l e s s  

s o l u b l e   at  low  pH  and  w i l l   a l s o   be  a d s o r b e d   by  a 

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



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

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

p r o c e s s   i s   g e n e r a l l y   d i v i d e d   i n t o   two  a r e a s ;   d e x t r o s e  

p u r i f i c a t i o n   and  f r u c t o s e   p u r i f i c a t i o n .   While   t h i s  

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

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

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

p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   to  F i g u r e   I  in  d e t a i l ,   r a w  

m a t e r i a l s   a r e   g r o u n d   i n t o   a  p u l p ,   a r e   washed  a n d  

s t a r c h e s   a r e   s e p a r a t e d   ( S e c t i o n   A).  Th is   is   f o l l o w e d  

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

c h e m i c a l   c o n v e r s i o n   ( a c i d )   or  by  e n z y m a t i c   c o n v e r s i o n  

of  the   s t a r c h   s l u r r y   to  a  h i g h   d e x t r o s e   e q u i v a l e n t  

s y r u p   ( S e c t i o n   B ) .  

The  d e x t r o s e   s y r u p   is   p a s s e d   t h r o u g h   a  

co lumn  of  a c t i v a t e d   c a r b o n   ( S e c t i o n   C)  f o r  

d e c o l o r i z a t i o n   and  r e m o v a l   of  some  i m p u r i t i e s .   T h e  

s y r u p   pH  at   t h i s   p o i n t   i s   a b o u t   3 . 5 - 5 . 0   and  i t   h a s  

been   found   t h a t   many  weak  o r g a n i c   a c i d s   c o n t r i b u t i n g  

to  t i t r a t a b l e   a c i d i t y   a r e   no t   e f f e c t i v e l y   a d s o r b e d   by  

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

The  c a r b o n   t r e a t e d   s y r u p   p a s s e s   nex t   to  t h e  

c a t i o n - a n i o n   e x c h a n g e   s y s t e m   ( S e c t i o n   D)  w h e r e i n  

f i r s t   a  c a t i o n   and  s e c o n d   an  a n i o n   e x c h a n g e   r e s i n  

remove  s a l t s   and  o t h e r   i m p u r i t i e s .   The  sy rup   e x i t i n g  

the   c a t i o n   e x c h a n g e   r e s i n   has  a  pH  be low  3 . 0  

( p r e f e r a b l y   2 .5   or  l e s s ) .   The  s y r u p   e x i t i n g   t h e  

a n i o n   e x c h a n g e   r e s i n   has  a  pH  of  from  3.5  to  5 . 0 .  

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

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

from  t he   a n i o n   e x c h a n g e   r e s i n   and  t h u s   improve   t h e  

o v e r a l l   p r o c e s s   e f f i c i e n c y .  



The  p u r i f i e d   d e x t r o s e   s y r u p   i s   t h e n  

c o n v e r t e d   i n t o   h igh   f r u c t o s e   co rn   s y r u p   (HFCS)  by  

e n z y m a t i c   c o n v e r s i o n   ( S e c t i o n   E ) .  

A c t i v a t e d   c a r b o n   is   a g a i n   e m p l o y e d   t o  

d e c o l o r i z e   the   s y r u p   and  a d s o r b   i m p u r i t i e s   ( S e c t i o n  

F) .   The  s y r u p   pH  i s   b e t w e e n   4 .0  and  5 .0   e n t e r i n g   a n d  

e x i t i n g   t h i s   c a r b o n   bed  and  i t   has  been   f o u n d   t h a t  

any  r e m a i n i n g   weak  o r g a n i c   a c i d s   a re   no t   a d s o r b e d .  

The  f r u c t o s e   s y r u p   is  t hen   p a s s e d   t h r o u g h   a n  

i o n - e x c h a n g e   s y s t e m   ( S e c t i o n   G)  to  r emove   s a l t s   a n d  

o t h e r   i m p u r i t i e s   r e m a i n i n g   in  the   s y r u p .   The  use  o f  

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

w i l l   a g a i n   d e l a y   the   r o l l o v e r   from  the   a n i o n   e x c h a n g e  

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

The  p u r i f i e d   s y r u p   is  t h e n   e i t h e r  

c o n c e n t r a t e d   by  e v a p o r a t i o n   ( S e c t i o n   H)  or  a g a i n  

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

s y r u p   from  42%  HFCS  to  55%  HFCS  ( S e c t i o n   I ) .  

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

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

is   not   i n t e n d e d   to  be  l i m i t e d   to  the   use  of  a c t i v a t e d  

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

a c t i v a t e d   c a r b o n   at  t he   low  pH  i o n - e x c h a n g e   s i t e s   may 

a l s o   p r e v e n t   t he   p r e m a t u r e   need  f o r   r e g e n e r a t i n g   t h e  

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

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

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

i n c l u d e :   A m b e r s o r b   M a c r o r e c t i c u l a r   R e s i n s   (Rohm  & 

Haas  C o . ) ,   F u l l e r ' s   E a r t h   and  o t h e r   m i c r o p o r o u s   c l a y s ,  

z e o l i t e   s i e v e s ,   s i l i c a   g e l ,   a l u m i n a ,   and  the   l i k e .  



EXAMPLE  1 

A  two  i n c h   d i a m e t e r   bed  c o n t a i n i n g   12  g  o f  

a c i d   w a s h e d   PCB  a c t i v a t e d   c a r b o n   ( a v a i l a b l e   f r o m  

C a l g o n   C o r p o r a t i o n ,   P i t t s b u r g h ,   P a . )   was  i n s e r t e d  

b e t w e e n   a  c a t i o n   and  a n i o n   e x c h a n g e   r e s i n   p a i r   ( s e e  

FIG.  I I ) .  

U n t r e a t e d   d e x t r o s e   s y r u p   was  run   t h r o u g h   t h e  

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

b r e a k t h r o u g h   of  t he   s y s t e m   was  m e a s u r e d .   C o n d u c t a n c e  

of  t h e   s o l u t i o n   was  m e a s u r e d   in  100  ml  i n c r e m e n t s   on  

a  C o l e - P a r m e r   Model  1 4 8 1 - 0 0   c o n d u c t i v i t y   m e t e r .   T h e  

u n i t   of  c o n d u c t a n c e   g e n e r a l l y   used   in  t h e   s w e e t e n e r  

i n d u s t r y   a r e   m i c r o m h o s .   Thus  t he   c o n d u c t a n c e  

b r e a k t h r o u g h   p l o t s   show  when  ( in   t e r m s   of  v o l u m e  

t r e a t e d )   an  i on   e x c h a n g e   r e s i n   s y s t e m   has  c e a s e d  

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

c o n d u c t i v i t y .   Th i s   c o n d u c t a n c e   b r e a k t h r o u g h   w a s  

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

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

i n s e r t e d .   FIG.  I I I   shows  t h e s e   two  c u r v e s .   Cu rve   A 

r e p r e s e n t s   t h e   u n t r e a t e d   (no  c a r b o n )   s y r u p   w h i l e  

c u r v e   B  r e p r e s e n t s   the   t r e a t e d   s y r u p .   A s s u m i n g   a n  

a r b i t r a r y   b r e a k t h r o u g h   p o i n t   of  100  m i c r o m h o s ,   a n  

e x t e n s i o n   of  a n i o n   r e s i n   l i f e t i m e   of  a b o u t   30  p e r c e n t  

was  shown  as  m e a s u r e d   by  t he   i n c r e a s e d   vo lume   o f  

s y r u p   t r e a t e d   by  the   c a r b o n   c o n t a i n i n g   s y s t e m .  

EXAMPLE  2 

The  c a r b o n   bed  e m p l o y e d   in  Example   1  w a s  

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

r e g e n e r a t i o n   of  the   a n i o n   e x c h a n g e   r e s i n ,   i . e . ,  

c a u s t i c   (NaOH)  wash  ( a b o u t   2  wt%)  f o l l o w e d   by  w a t e r  

r i n s e   ( to   a  pH  of  a b o u t   9 . 0 ) .   The  c o n d u c t a n c e  



b r e a k t h r o u g h   t e s t   was  r e p e a t e d ,   as  in  Example   I ,  

u s i n g   t he   r e g e n e r a t e d   PCB  a c t i v a t e d   c a r b o n   and  f r e s h  

s u p p l i e s   of  c a t i o n   and  a n i o n   e x c h a n g e   r e s i n s .   The  

c o n d u c t a n c e   b r e a k t h r o u g h   c u r v e s   shown  i n  F I G .   IV  s h o w  

an  e x t e n s i o n   of  a n i o n   r e s i n   of  a b o u t   49%.  T h i s  

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

b e t t e r   w e t t i n g   of  the   c a r b o n   bed  f o l l o w i n g   t h e  

c a u s t i c   r e g e n e r a t i o n .   Curve   A  r e p r e s e n t s   a n  

u n t r e a t e d   (no  c a r b o n )   s y s t e m ,   c u r v e   B  r e p r e s e n t s   a 

v i r g i n   c a r b o n   s y s t e m   and  c u r v e   C  r e p r e s e n t s   a 

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

In  a d d i t i o n   to  t h e   two  w e i g h t   p e r c e n t  

c a u s t i c   wash  e m p l o y e d   in  t h i s   E x a m p l e ,   o t h e r   c a u s t i c  

s o l u t i o n s   s u c h   as  NH40H,  KOH,  Na2CO3,  NaHCO3, 

Ca(OH)2 ,   Mg(OH)2  and  the   l i k e ,   m a y  b e   e m p l o y e d   s o  

long   as  a  h i g h   pH  is   a t t a i n e d .   In  a d d i t i o n   to  t h e  

w a t e r   r i n s e   d e s c r i b e d   a b o v e ,   an  a c i d   r i n s e  

( n e u t r a l i z a t i o n )   c o u l d   be  e m p l o y e d   or  a  s e r i e s   o f  

a c i d - w a t e r   r i n s e s   or  w a t e r - a c i d   r i n s e s   c o u l d   b e  

e m p l o y e d .  

EXAMPLE  3 

F o l l o w i n g   the  s u c c e s s f u l   e x t e n s i o n s   o f   a n i o n  

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

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

run  on  t h e   f r u c t o s e  - s i d e .   The  same  c o n d i t i o n s   a s  

used  in  t h e   p r e c e e d i n g   e x a m p l e s   were  u s e d .  F I G .   V 

shows  t h e   b r e a k t h r o u g h   c u r v e s   D,  f o r   t he   u n t r e a t e d  

a n i o n   e f f l u e n t   and  E,  fo r   t he   c a r b o n   t r e a t e d  

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

t h a t   s e e n   on  the   d e x t r o s e   s i d e   of   t he   p r o c e s s   b e c a u s e  

most  of  t he   o r g a n i c   a c i d s   l i k e l y   to  i n t e r f e r e   w i t h  

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

been  r e m o v e d   e a r l i e r   in  t he   p r o c e s s i n g .  



The  e x a m p l e s   d e m o n s t r a t e   t he   u s e f u l n e s s   o f  

the   p r e s e n t   i n v e n t i o n .   Us ing   the   f i g u r e s   shown  o n  

the   c o n d u c t a n c e   b r e a k t h r o u g h   c u r v e s   as  g u i d e s ,  

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

f o r   t he   d e x t r o s e   s i d e   of  a  HFCS  p r o c e s s   would   be  o n  

t he   o r d e r   of  a b o u t   25  to  5 0 %  o r   h i g h e r .  

As  d e s c r i b e d   a b o v e ,   a d s o r p t i o n   of  t he   w e a k  

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

m i c r o p o r o u s   a d s o r b e n t s   w i l l   o c c u r   b e s t   a t   low  pH. 

Low  pH  c o n d i t i o n s   e x i s t   w i t h i n   t h e   c a t i o n   e x c h a n g e  

r e s i n   bed.   T h e r e f o r e   a  m i x t u r e   of  the   c a t i o n  

e x c h a n g e   r e s i n   and  a c t i v a t e d   c a r b o n   or  a n o t h e r  

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

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

does   c a r b o n   t r e a t m e n t   of  t he   c a t i o n   e x c h a n g e   r e s i n  

e f f l u e n t .   F i n a l l y ,   a  low  pH  c o n d i t i o n   a l s o   e x i s t s  

i n i t i a l l y   in  the   a n i o n   e x c h a n g e   bed .   A f t e r   some  t i m e  

p a s s e s ,   h o w e v e r ,   t h e   a n i o n   e x c h a n g e   p r o c e s s   r a i s e s  

the   pH  of  t h e   s y r u p   w i t h i n   t h i s   a n i o n   bed .   H o w e v e r ,  

one  c o u l d   mix  a  m i c r o p o r o u s   a d s o r b e n t   w i t h   t he   a n i o n  

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

bed.   Th i s   p l a c e m e n t   would   be  t h e   l e a s t   d e s i r a b l e   o f  

t h o s e   d e s c r i b e d ,   b u t ,   t he   c o n c e p t   would  s t i l l   a p p l y .  
M i x t u r e s   of  ion  e x c h a n g e   r e s i n   ( c a t i o n   or  a n i o n )   w i t h  

the   m i c r o p o r o u s   a d s o r b e n t   may  va ry   from  1  p e r c e n t   by  

volume  m i c r o p o r o u s   a d s o r b e n t   to  99  p e r c e n t   by  v o l u m e  

m i c r o p o r o u s   a d s o r b e n t .   The  q u a l i t y   of  t he   a d s o r b e n t ,  

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

d e t e r m i n a t i v e   f a c t o r .   For  a c t i v a t e d   c a r b o n s   a 

p r e f e r r e d   amount   in  a  m i x t u r e   w i t h   an  ion  e x c h a n g e  
r e s i n   would  be  from  10  p e r c e n t   to  50  p e r c e n t   by 

volume  c a r b o n .   The  a d d i t i o n   of  a c i d s   ( e . g . ,   HC1, 

H2S04,  e t c . )   to  t he   s y r u p   to  a c h i e v e   a  low  pH 



c o n d i t i o n   i s   no t   g e n e r a l l y   a  d e s i r a b l e   a l t e r n a t i v e  

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

to  be  r e m o v e d   by  t h e   a n i o n   e x c h a n g e   r e s i n .   T h i s  

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

t h a t   r e s i n ' s   u s e f u l   l i f e t i m e .   H o w e v e r ,   in  t h o s e  

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

h i g h l y   p H  s e n s i t i v e   t y p e ,   t h e   a d d i t i o n   of  an  a q u e o u s  
m i n e r a l   a c i d   ( e . g .   HC1,  N2SO4,  H3P04,   HN03 
and  the   l i k e )   m i g h t   be  a d v a n t e a g o u s .   Such  a  c a s e  

would   be  t h e   i m p r o v e d   p u r i f i c a t i o n   of  t he   s w e e t e n e r  

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

wou ld   be  i n s u f f i c i e n t   to  a c h i e v e   s i g n i f i c a n t l y  

e n h a n c e d   a d s o r p t i o n   of  pH  s e n s i t i v e   s p e c i e s ,   or  w h e n  

p r a c t i c a l   e n g i n e e r i n g   c o n s i d e r a t i o n s  p r e c l u d e   t h e   u s e  
of  a  c a t i o n   bed  to  l o w e r   t h e   pH.  T h i s   i m p r o v e d  

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

of  a c i d   i s   i l l u s t r a t e d   in  T a b l e   I .  



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

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

c a t i o n / a n i o n   r e s i n   bed  and  s e r v e   as  a  u s e f u l   a d s o r b e r  

of   u n d e s i r a b l e   c o n t a m i n a n t s .   For  e x a m p l e ,   s w e e t e n e r  

s o l u t i o n   r e f i n e r i e s   may  employ   mixed  c a t i o n / a n i o n  

r . e s i n   beds   in  t h e i r   r e f i n i n g   p r o c e s s .   The  use  of  a  

c a t i o n   r e s i n   bed ,   f o l l o w e d   by,  f o r   e x a m p l e ,   a n  

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

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

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

t h e   l i f e t i m e - o f   t he   mixed  c a t i o n / a n i o n   r e s i n   s y s t e m .  

Based  on  t h e   i m p r o v e d   a n i o n   r e s i n  

p e r f o r m a n c e   fo r   s w e e t e n e r   a p p l i c a t i o n s ,   i t   i s  

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

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

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

For  e x a m p l e ,   ion  e x c h a n g e   r e s i n s   used   in  t h e  

t r e a t m e n t   of  c o n d e n s a t e   w a t e r   s y s t e m s   ( b o i l e r  

c o r r o s i o n   p r e v e n t i o n )   r e l y   on  a  c a t i o n   r e s i n   t o  

r e m o v e   weak  o r g a n i c   b a s e s   from  a q u e o u s   s o l u t i o n s   a n d  

r e t a i n   them  as  t he   p o s i t i v e l y   c h a r g e d   s p e c i e s .  

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

a n i l i n e ,   p u r i n e ,   p y r i d i n e ,   t o l u i d i n e ,   q u i n o l i n e   a n d  

o t h e r   common  o r g a n i c   a m i n e s   w i t h   pK a  of  g r e a t e r  

t h a n   7.  These   weak  o r g a n i c   b a s e s   become  l e s s   w a t e r  

s o l u b l e   a t   h igh   pH.  Thus ,   a t   a  s y s t e m   pH  of  a t   l e a s t  

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

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

e x c h a n g e   r e s i n   f o r   t h o s e   m a t e r i a l s   no t   a d s o r b e d ,  

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

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

i n i t i a l l y   e n t e r   an  a n i o n   e x c h a n g e   r e s i n ,   e x i t i n g   at  a 

h i g h   pH  and  t hen   p a s s   to  the   c a t i o n   e x c h a n g e   r e s i n .  

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

be  (1)  mixed  wi th   e i t h e r   of  the   i o n - e x c h a n g e   beds  o r  
(2)  p l a c e d   b e t w e e n   t he   beds   as  a  s e p a r a t e   a d s o r b e r .  



1.  A  s w e e t e n e r   s o l u t i o n   p u r i f i c a t i o n   p r o c e s s  

c o m p r i s i n g :  

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

bed  c o n t a i n i n g   a  c a t i o n  e x c h a n g e   r e s i n ,  

(b)  p a s s i n g   t he   e f f l u e n t   of  s a i d   c a t i o n  

e x c h a n g e   r e s i n   t h r o u g h   a  bed  c o n t a i n i n g   a 

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

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

a d s o r b e n t   t h r o u g h   a  bed  c o n t a i n i n g   a n  

a n i o n   or  a  mixed   c a t i o n / a n i o n   e x c h a n g e  

r e s i n .  

2.  The  p r o c e s s   of  C la im  1,  w h e r e i n   s a i d  

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

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

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

s o l u t i o n   is  s e l e c t e d   f rom  the   g roup   c o n s i s t i n g   o f  

c o r n   s y r u p ,   cane   s y r u p ,   b e e t   s y r u p ,   d e x t r o s e   s y r u p  
and  f r u c t o s e   s y r u p .  

3.  The  p r o c e s s   of  Cla im  1,  w h e r e i n   t h e  

s e p a r a t e   beds   of  c a t i o n   e x c h a n g e   r e s i n  a n d  

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

by  a  s i n g l e   bed  c o m p r i s i n g   a  m i x t u r e   of  from  1  t o  

99  p e r c e n t ,   by  v o l u m e ,   m i c r o p o r o u s   a d s o r b e n t   and  9 9  

to  1  p e r c e n t ,   by  v o l u m e ,   c a t i o n   e x c h a n g e   r e s i n .  

4.  The  p r o c e s s   of  Cla im  1,  w h e r e i n   t h e  

s e p a r a t e   beds  of  a n i o n   e x c h a n g e   r e s i n   a n d  

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

by  a  s i n g l e   bed  c o m p r i s i n g   a  m i x t u r e   of  from  1  t o  



99  p e r c e n t ,   by  v o l u m e ,   m i c r o p o r o u s   a d s o r b e n t   and  9 9  

to  1  p e r c e n t ,   by  v o l u m e ,   a n i o n   e x c h a n g e   r e s i n .  

5.  The  p r o c e s s   of  C la im  2,  w h e r e i n   s a i d  

m i c r o p o r o u s   a d s o r b e n t   is  a c t i v a t e d   c a r b o n   wh ich   h a s  

been  a c i d   washed   and  w h i c h ,   a f t e r   u s e ,   i s  

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

6.  A  h i g h   f r u c t o s e   c o r n   s y r u p   p u r i f i c a t i o n  

p r o c e s s   wh ich   c o m p r i s e s :  

(a)   p a s s i n g   c r u d e   c o r n   s y r u p   t h r o u g h   a  c a t i o n  

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

pH  to  be low  3 ;  

(b)  p a s s i n g   the   e f f l u e n t   from  s a i d   c a t i o n  

e x c h a n g e   r e s i n   t h r o u g h   a c t i v a t e d   c a r b o n ,  

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

o r g a n i c   a c i d s   and  i m p u r i t i e s   not   a d s o r b e d  

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

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

p o i s o n   the   a n i o n   r e s i n   a n d ;  

(c)   p a s s i n g   the   e f f l u e n t   from  s a i d   a c t i v a t e d  

c a r b o n   t h r o u g h   an  a n i o n   e x c h a n g e   r e s i n .  

7.  The  p r o c e s s   of  C la im  6,  w h e r e i n   s a i d   c r u d e  

c o r n   s y r u p   i s   s e l e c t e d   f rom  t he   g roup   c o n s i s t i n g   o f  

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

c o r n   s y r u p .  

8.  A  s w e e t e n e r   s o l u t i o n   p u r i f i c a t i o n  

c o m p o s i t i o n   c o m p r i s i n g   from  10  to  50  p e r c e n t ,   by  

v o l u m e ,   m i c r o p o r o u s   a d s o r b e n t   and  from  90  to  5 0  

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



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

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

10.  A  s w e e t e n e r   s o l u t i o n   p u r i f i c a t i o n   p r o c e s s  

c o m p r i s i n g :  

(a)   a d j u s t i n g   t he   pH  of  s a i d   s w e e t e n e r  

s o l u t i o n   to  be low  3.0  by  the   a d d i t i o n   o f  

an  a q u e o u s   m i n e r a l   a c i d ;   a n d  

(b)  p a s s i n g   s a i d   a c i d   t r e a t e d   s w e e t e n e r  

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

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

s i l i c a ,   m a c r o r e c t i c u l a r   r e s i n s ,   z e o l i t e  

and  m i c r o p o r o u s   c l a y s .  
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