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©  Improved  method  of  recovering  sucrose. 
(D  An  improved  method  of  recovering  sucrose  from  plant- 
derived  aqueous  solutions  is  provided.  The  method  compris- 
es  contacting  an  aqueous  sucrose-containing  solution  de- 
rived  from  plant  juice,  such  as  sugar  cane  or  sugar  beet  juice, 
with  aliphatic  carboxylic  acid  having  an  average  carbon 
chain  length  of  about  2-6,  in  a  concentration  sufficient  to 
selectively  precipitate  a  substantial  amount  of  sucrose  from 
the  solution.  The  precipitate  is  then  separated  and  recovered 
and  the  depleted  solution  can  be  recycled.  Preferably  the 
sucrose-containing  solution  is  concentrated  to  about  55-96 
Brix  before  the  contacting  and  the  contacting  is  carried  out 
by  rapidly  adding  the  sucrose-containing  solution  to  the  acid 
in  order  to  assure  rapid  growth  of  large  sucrose  crystals  for 
maximum  sucrose  recovery.  The  sucrose-containing  solu- 
tion  before  concentrating  can  be  any  solution  obtained  prior 
to  molasses  formation;  e.g.  untreated  diffusion  juice,  pre- 
limed  and/or  predefecated  diffusion  juice,  purified  diffusion 
juice  or  even  a  solution  formed  by  reconstituting  from  raw 
recovered  sugar;  alternatively,  it  can  be  a  solution  after 
molasses  formation,  in  which  event  the  selected  acid,  if  it 
includes  acetic  acid,  only  includes  it  in  a  mixture  with  other 
aliphatic  carboxylic  acids.  It  may  also  be  waste  fluid  from  a 
canning  operation  or  the  like. 



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

and,   more  p a r t i c u l a r l y ,   to  an  improved   me thod   of  r e c o v e r i n g   s u c r o s e  

from  an  a q u e o u s   s o l u t i o n .  

In  t he   c o n v e n t i o n a l   p u r i f i c a t i o n   of   s u g a r   b e e t   j u i c e s   a n d  

the   r e c o v e r y   of   s u c r o s e   c o n t a i n e d   in  t h e   j u i c e s ,  m i l k   of  l ime   i s  

added  to  the  d i f f u s i o n   j u i c e   from  the  b e e t s   and  is  t hen   p r e c i p i t a t e d  

from  the   s o l u t i o n   w i t h   c a r b o n   d i o x i d e .   The  p h y s i c a l   and  c h e m i c a l  

changes   c a u s e d   by  the   a d d i t i o n   of  mi lk   of  l i m e   and  c a r b o n   d i o x i d e ,  

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

c a l c i u m   c a r b o n a t e ,   e f f e c t   r e m o v a l   of  b e t w e e n   20  and  40%  of  t h e  

i m p u r i t i e s   p r e s e n t   in  the  j u i c e .   Th is   p u r i f i c a t i o n   s t e p   is  known  a s  

f i r s t   c a r b o n a t i o n .   The  amount  of  c a r b o n   d i o x i d e   and  l i m e   u s e d   i s  

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

and  a c h i e v e   an  o p t i m a l   f i l t e r a b i l i t y   of  s l u d g e   p r o d u c e d .   The  u s u a l  

a l k a l i n i t y   r a n g e   f o r   t h i s   p r o c e s s   i s   0 . 0 6 5   to  0.140%  CaO.  F i r s t  

c a r b o n a t i o n   i s   f o l l o w e d   by  s e c o n d   c a r b o n a t i o n .   The  p u r p o s e   o f  

s e c o n d   c a r b o n a t i o n   is   to  m i n i m i z e   the   amount   of  d i s s o l v e d   c a l c i u m  

( l i m e   s a l t s )   r e m a i n i n g   in  t he   j u i c e .   T h i s   i s   done   to  m i n i m i z e  

s c a l i n g   in  t h e   e q u i p m e n t   and  l i n e s   in  t h e   p r o c e s s ,   as  w e l l   as  t o  

r e m o v e   t he   c a l c i u m   i on   w h i c h   wou ld   o t h e r w i s e   c o n t r i b u t e   to   t h e  



f o r m a t i o n   of  m o l a s s e s .  

T h e r e   a r e   many   p r o c e s s   v a r i a t i o n s   known  and  p r a c t i c e d   f o r  

t he   p u r i f i c a t i o n   of  s u g a r   b e e t   j u i c e s   t h a t   employ  l ime  and  l ime   p l u s  

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

employed   in  b o t h   the   f i r s t   and  s e c o n d   c a r b o n a t i o n   s t e p s .   Some  o f  

the   p r o c e s s   v a r i a t i o n s   a r e :  

a)  P r e l i m i n g   w i t h   c a r b o n a t i o n ;  

b)  P r e l i m i n g   w i t h o u t   c a r b o n a t i o n ;  

c)  D e f e c o - c a r b o n a t i o n ;  

d)  S e p a r a t i o n   of  p r e l i m e   s l u d g e ;  

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

f)  R e c y c l e   of   s p e n t   l ime  from  f i r s t   c a r b o n a t i o n ;  

g)  I n t e r m e d i a t e   l i m i n g ;  

h)  Main  l i m i n g ;  

i)  Main  c a r b o n a t i o n ;  

j)  O v e r - c a r b o n a t i o n   p r i o r   to  main  l i m i n g ;  

k)  O v e r - c a r b o n a t i n g   s e c o n d   c a r b o n a t i o n ,   f o l l o w e d   b y  

r e a l k a l i z a t i o n   w i t h   m a g n e s i u m   o x i d e ;   a n d  

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

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

c a r b o n a t e .  

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

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

T h e s e   i n c l u d e   p u l p   l o s s   from  d i f f u s i o n ,   l ime  f lume  l o s s ,   i n v e r s i o n  

in   t h e   p r o c e s s ,   u n c o n t r o l l e d   l e a k a g e ,   and   l o s s   of   t h e   s u g a r  

c o n t a i n e d   in  the   m o l a s s e s   p r o d u c e d   by  the  p r o c e s s .   The  l a r g e s t   l o s s  

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

m o l a s s e s   is   h e a v i l y   d e p e n d e n t   on  the  e f f i c i e n c y   of  i m p u r i t y   r e m o v a l  

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



S e v e r a l   p r o c e s s e s   h a v e   b e e n   d e v e l o p e d   and   e m p l o y e d   t o  

e n h a n c e   t h e   r e c o v e r y   of  s u c r o s e   from  s u g a r   b e e t s .   The  most   common 

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

S t e f f e n s   p r o c e s s ,   w h i c h   e m p l o y s   l i m e   a t   low  t e m p e r a t u r e s   t o  

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

p r e c i p i t a t e   s u c r o s e .   S u c r o s e   m a y   a l s o   be  s e p a r a t e d  

c h r o m a t o g r a p h i c a l l y   on  i o n   e x c h a n g e   c o l u m n s .   A n o t h e r   m a j o r  

t e c h n i q u e   i n v o l v e s   the  m o d i f i c a t i o n   of  the   j u i c e   c o m p o s i t i o n   by  i o n  

e x c h a n g e .   One  a p p r o a c h   is  the   Q u e n t i n   p r o c e s s ,   w h e r e   c a t i o n s   a r e  

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

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

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

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

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

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

p r e c i p i t a t i o n   of  s u c r o s e ,   w h i l e   e s s e n t i a l l y   a l l   i m p u r i t i e s   r ema in   i n  

s o l u t i o n .   Work  on  t h i s   m e t h o d   c o n t i n u e d   t h r o u g h   t h e   1 9 2 0 ' s ,   b u t  

c o m m e r c i a l   e x p l o i t a t i o n   was  n e v e r   r e a l i z e d .   The  method  was  n e v e r  

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

Two  p h a s e   s o l v e n t   e x t r a c t o r   s y s t e m s   have  a l s o   been  d e v i s e d  

to  r e c o v e r   s u c r o s e .   For  e x a m p l e ,   in  one  known  p r o c e s s   s u g a r   j u i c e  

is   c o u n t e r c u r r e n t l y   c o n t a c t e d   w i th   an  i m m i s c i b l e   s o l v e n t   c o m p r i s i n g  

two  m u t u a l l y   i n s o l u b l e   p h a s e s .   Acid  a d d i t i o n   is   r e q u i r e d   to  c o n t r o l  

pH  t o   1 . 3 - 1 . 5 ,   a  r a n g e   w h i c h   g r e a t l y   a c c e l e r a t e s   i n v e r s i o n   o f  

s u c r o s e   and  t h u s   r e d u c e s   t h e   a m o u n t   of   s u c r o s e   r e c o v e r e d .   T h e  

p r o c e s s   has  n e v e r   been  c o m m e r c i a l l y   e m p l o y e d .  

J u i c e s   e x t r a c t e d   from  s u g a r   cane   must   a l s o   be  t r e a t e d   w i t h  

o n e ,   or  a  c o m b i n a t i o n   of  s e v e r a l ,   p r o c e s s e s   for   the   p r o d u c t i o n   o f  

e i t h e r   w h i t e   or  raw  s u g a r .   Lime  or  m a g n e s i a   is  a  u s u a l   p u r i f i c a t i o n  



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

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

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

( c a r b o n i t a t i o n ) .   P r o c e s s e s   a re   a l s o   employed   t h a t   use  f l o c c u l a t i n g  

or  foaming   a g e n t s   to  remove  c o l o r i n g   m a t t e r .  

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

s u g a r   i n d u s t r y   a r e   c h e m i c a l l y   g e n t l e .   This   is  r e q u i r e d   fo r   e c o n o m i c  

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

r e q u i r e d   for   b e e t   s u g a r   p r o d u c t i o n   would  l ead   to  the  d e s t r u c t i o n   o f  

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

i m p u r i t i e s   in  t he   cane   s u g a r   r e f i n i n g   p r o c e s s .   I n v e r t   s u g a r s   i n  

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

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

b e c a u s e   i t   l o w e r s   t h e   q u a l i t y   of   s u g a r   p r o d u c e d .   H o w e v e r ,   t h e  

g e n t l e   c o n d i t i o n s   are   no t   c a p a b l e   of  r emov ing   s i g n i f i c a n t   amoun t s   o f  

i m p u r i t i e s   and  the   i m p r o v e m e n t   is   g e n e r a l l y   in  the  r ange   of  .5  to  2 

p u r i t y   p o i n t s .   The  r e c o v e r y   of   s u c r o s e   f rom  c a n e   j u i c e s   i s   t h u s  

l i m i t e d .   The  r e m o v a l   of  i m p u r i t i e s   in   cane   suga r   p r o c e s s i n g   i s  

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

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

in  cane  s u g a r   p r o c e s s i n g   c o m p e n s a t e s   fo r   the   lower   i m p u r i t y   r e m o v a l .  

The  m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s   c o n t a c t i n g   a  

c o n c e n t r a t e d   ( a b o u t   5 5 - 9 6   B r i x )   a q u e o u s   s o l u t i o n   of  s u c r o s e   w i t h  

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

l e n g t h   of  a b o u t   2-6  p r e f e r a b l y   by  r a p i d l y   add ing   the   s o l u t i o n   to  a n d  

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

g r o w t h   of  l a r g e   s u c r o s e   c r y s t a l s   to   f a c i l i t a t e   t h e i r   s e l e c t i v e  

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

a b o u t   0 . 0 2 - 0 . 2 : 1 .   The  s o l u t i o n   a l s o   u s u a l l y   c o n t a i n s   n o n - s u g a r  



s o l i d s   in  a  w e i g h t   r a t i o   to  the   a c i d   of  a b o u t   0 . 1 - 1 : 1 .   The  s u c r o s e  

p r e c i p i t a t e   is  t h e n   s e p a r a t e d   from  the  s o l u t i o n ,   as  by  f i l t r a t i o n ,  

c e n t r i f u g a t i o n   or  the   l i k e ,   and  r e c o v e r e d   in  p u r i f i e d   f o r m .   T h e  

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

r e c y c l e d ,   i f   d e s i r e d ,   or  s t r i p p e d   of  i t s   c a r b o x y l i c   a c i d .  

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

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

t h e   n o n - s u g a r s   p r e s e n t   in   s u g a r - c o n t a i n i n g   j u i c e s   have  d i f f e r e n t  

s o l u b i l i t i e s   in  d i f f e r e n t   s o l v e n t s .   In  the  n o r m a l   a q u e o u s   s y s t e m ,  

a l l   i m p u r i t i e s ,   as  w e l l   as  t h e   s u c r o s e ,   are   h i g h l y   s o l u b l e .   I f   a  

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

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

c a r b o x y l i c   a c i d s   hav ing   an  a v e r a g e   c a r b o n   c h a i n   of  a b o u t   2-6  h a v e  

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

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

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

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

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

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

s u b s e q u e n t   s t e p s   in  t h e   r e f i n i n g   p r o c e s s .   In  t h e   c a s e   of  t h e  

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

p r o d u c e d   d i r e c t l y   from  the  p r e l i m e d   c o n c e n t r a t e d   d i f f u s i o n   j u i c e .  

The  s o l v e n t   c h a n g e   is   a c c o m p l i s h e d   in  j u i c e   which   f i r s t   h a s  

b e e n   c o n c e n t r a t e d   to  a  h i g h   s o l i d s   c o n t e n t .   The  s o l v e n t   sy s t em  may  

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

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

a c e t i c   a c i d ,   p r o p a n o i c   a c i d ,   b u t a n o i c   a c i d ,   p e n t a n o i c   a c i d ,   h e x a n o i c  

a c i d   or  m i x t u r e s   t h e r e o f ,   e x c e p t   where   the  s o l u t i o n   is   m o l a s s e s   o r  

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



o t h e r s   of  t h e  a l i p h a t i c   c a r b o x y l i c   a c i d s   a re   a l s o   p r e s e n t .   I t   w i l l  

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

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

e x c e s s   o f  6   or  l e s s   t h a n   2,  p r o v i d e d   t h a t   the  a v e r a g e   c a r b o n   c h a i n  

l e n g t h   of   t h e   m i x t u r e   i s   a b o u t   2 - 6 .   T h u s ,   f o r m i c   a c i d   c a n   b e  

p r e s e n t ,   bu t   o n l y   in  m i x t u r e   w i t h   o t h e r   a l i p h a t i c   c a r b o x y l i c   ac id   s o  

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

a c c e p t a b l y   l o w .  

The  p u r i t y   of  the   s u c r o s e   p r o d u c e d   by  the   c o n t a c t i n g   of  t h e  

s o l u t i o n   w i t h   t h e   a c i d   may  be  e n h a n c e d   by  p r e - t r e a t m e n t   s t e p s   s u c h  

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

c r y s t a l l i z a t i o n   w i t h   s e l e c t e d   a c i d   s o l v e n t   p r e c i p i t a t i o n   is  g r e a t l y  

i m p r o v e d ,   c o m p a r e d   to  a q u e o u s   s y s t e m s ,   and  e q u i l i b r i u m   i s   c l o s e l y  

a p p r o a c h e d   a t   room  t e m p e r a t u r e   in   l e s s   t h a n   two  h o u r s   u n d e r  m o s t  

l a b o r a t o r y   c o n d i t i o n s .  

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

t e c h n i q u e s ,   as  p r e v i o u s l y   d e s c r i b e d ,   the   j u i c e   i s   c o n c e n t r a t e d   to  a  

h i g h   p e r c e n t   of  s o l i d s   in  the  r ange   of  55  to   96%.  The  c o n c e n t r a t e d  

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

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

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

c r y s t a l s   and  s o l u t i o n   is   v e r y   low  v i s c o s i t y   and  the   c r y s t a l s   may  b e  

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

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

c o n t a i n s   d i s s o l v e d   s u c r o s e   in  low  a m o u n t s ,   t he   s u c r o s e   c o n c e n t r a t i o n  

b e i n g   a  f u n c t i o n   of  the  w a t e r   c o n t e n t ,   t he   i m p u r i t y   c o n t e n t ,   and  t h e  

a c e t i c   a c i d   c o n c e n t r a t i o n .  

The  w e i g h t   r a t i o   of  t h e   w a t e r   to  t h e   s e l e c t e d   c a r b o x y l i c  

a c i d   in  t he   c o n t a c t   zone  is   u s u a l l y   in  t he   r a n g e   of  .02  to   . 2 : 1   a n d  



t he   n o n - s u g a r   to  s e l e c t e d   ac id   w e i g h t   r a t i o   is  u s u a l l y   in  t he   r a n g e  

of  .1  to  1 . 0 : 1 .  

The  s e l e c t e d   a c i d   m u s t   be  r e c o v e r e d   f o r   m o s t   e c o n o m i c a l  

o p e r a t i o n   of  the  sugar   r e f i n i n g   p r o c e s s .   Care  must   be  t aken   in  t h e  

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

by  b o i l i n g   t e n d s   to  r e s u l t   in  a  s i g n i f i c a n t   l o s s   of  a c e t i c   ac id   b y  

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

i n s u r i n g   a d e q u a t e   w a t e r   to   m i n i m i z e   s u c h   l o s s .   A l t e r n a t i v e  

t e c h n i q u e s   may  be  e m p l o y e d ,   such  as  r e c o v e r y   v i a   s o l v e n t   e x t r a c t i o n ,  

u t i l i z i n g   l i q u i d   c a r b o n   d i o x i d e   or  some  o t h e r   s o l v e n t   in  which  t h e  

c a r b o x y l i c   a c i d   has  a  h i g h   s o l u b i l i t y .  

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

c o n t r o l   may  be  o b t a i n e d   by  a d d i n g   t h e   a q u e o u s   s u c r o s e - c o n t a i n i n g  

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

a c i d .   Slow  d i s p e r s i o n   of  t h e   s u c r o s e - c o n t a i n i n g   s o l u t i o n   in  t h e  

a c i d   or  a d d i t i o n   of  the  ac id   to  the  a q u e o u s   s o l u t i o n   w i l l   r e s u l t   i n  

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

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

In  the   case   where  c o n v e n t i o n a l   s o l u t i o n   p u r i f i c a t i o n   i s   n o t  

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

a c h i e v e d   f o r   s e v e r a l   r e a s o n s .   F i r s t ,   t h e   c o s t   of  c o n v e n t i o n a l  

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

s e c o n d ,   the  p r o d u c t i o n   of  n o n - s u g a r s   for   s a l e   i n c r e a s e s   up  to  50%;  

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

l e v e l s   of  s u c r o s e   r ema in   in  the  r e s u l t i n g   m o l a s s e s .  

S i g n i f i c a n t   r e d u c t i o n s   in  e n e r g y   r e q u i r e m e n t s   are  p o s s i b l e  

in   t h e   c a s e   w h e r e   s u c r o s e   i s   s o l d   as  p r o d u c e d   or   w h e r e   i t   i s  

d i s s o l v e d   and  so ld   as  a  l i q u i d .   If  c o n v e n t i o n a l   g r a n u l a r   s u c r o s e   i s  

d e s i r e d ,   the  e n e r g y   r e q u i r e m e n t s   a r e   s t i l l   d i m i n i s h e d   b e c a u s e   t h e  



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

needed   in  t h e i r   p r e s e n t   form  due  to  the   h i g h   p u r i t y   of  the   s u g a r   a n d  

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

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

The  p r o c e s s   may  be  a p p l i e d   a t   a  v a r i e t y   of  a l t e r n a t i v e  

p o i n t s   in   a  b e e t   s u g a r   f a c t o r y ,   d e p e n d i n g   upon  the  g r a d e   of  s u g a r  

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

p o s s i b i l i t i e s   a r e   s e t   f o r t h   b e l o w :  

A l t e r n a t i v e   1 :  

C o n v e n t i o n a l   u n t r e a t e d   b e e t   s u g a r   d i f f u s i o n   j u i c e   i s  

c o n c e n t r a t e d   to  b e t w e e n   55  and  96  B r i x ,   w h i l e   c o n t r o l l i n g   pH.  T h e  

j u i c e   i s   t h e n   f e d   to   t h e   s e l e c t e d   c a r b o x y l i c   a c i d   c o n t a c t i n g   z o n e  

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

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

t e c h n i q u e s .   The  s e p a r a t e d   sugar   c o n t a i n s   s u s p e n d e d   s o l i d s   and  s o m e  

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

A l t e r n a t i v e   2 :  

C o n v e n t i o n a l   b e e t   s u g a r   j u i c e   i s   t r e a t e d   by  a  p r e l i m i n g  

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

p r o t e i n a c e o u s   m a t e r i a l   and  to  c l a r i f y   and  s t a b i l i z e   the   j u i c e .   T h e  

j u i c e   is  t h e n   c o n c e n t r a t e d   under   c o n t r o l l e d   pH  c o n d i t i o n s   to   55  t o  

96  B r i x   and  f e d   to   t h e   s e l e c t e d   c a r b o x y l i c   a c i d - c o n t a c t i n g   z o n e  

where   the  s u c r o s e   i s   s e p a r a t e d   f rom  t h e   m o t h e r   l i q u o r .   In  t h i s  

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

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

d i r e c t l y .   The  s u c r o s e   may  be  s e p a r a t e d   from  the   mo the r   l i q u o r   b y  

f i l t r a t i o n   or  o t h e r   t e c h n i q u e s ,   and  the   r e s i d u a l   a c e t i c   a c i d   r e m o v e d  



by  a i r   d r y i n g ,   s o l v e n t   e x t r a c t i o n ,   or  a n o t h e r   t e c h n i q u e .  

A l t e r n a t i v e   3 :  

Beet   s u g a r   d i f f u s i o n   j u i c e   is  f i r s t   p u r i f i e d   by  c o n v e n t i o n a l  

m e a n s   and  t h e n   c o n c e n t r a t e d   to   55  t o   96%  ( B r i x )   s o l i d s .   T h e  

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

zone  where  s u c r o s e   is  s e p a r a t e d   f r o m   t h e   m o t h e r   l i q u o r .   In  t h i s  

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

p r e c i p i t a t i o n ,   a  h igh   p u r i t y   s u c r o s e   can  be  p r o d u c e d   for   s a l e .   T h e  

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

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

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

t e c h n i q u e .  

A l t e r n a t i v e   4 :  

The  s u g a r   f a c t o r y   may  be  run  in  a  c o n v e n t i o n a l   f a s h i o n   up  t o  

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

c o n c e n t r a t e d   to  as  h igh   a  Br ix   as  can  be  h a n d l e d   and  the  m a t e r i a l   i s  

s u b s e q u e n t l y   fed  to  t h e   s e l e c t e d   c a r b o x y l i c   a c i d   c o n t a c t i n g   z o n e  

w h e r e   t he   s u c r o s e   is   p r e c i p i t a t e d   f r o m   t h e   m o t h e r   l i q u o r .   T h e  

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

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

w h i t e   s u g a r .  

A l t e r n a t i v e   5 :  

In  p r o d u c t i o n   of  c ane   s u g a r ,   t h e   j u i c e ,   a t   any  s t a g e   o f  

p r o c e s s i n g   a n a l o g o u s   to  t h o s e   l i s t e d   in  A l t e r n a t i v e s   1,  2,  3  and  4 ,  

i s   c o n c e n t r a t e d   to  55  to  96  Br ix   and  fed  to  the  s e l e c t e d   c a r b o x y l i c  

a c i d   c o n t a c t i n g   zone ,   where  s u c r o s e   p r e c i p i t a t e s   f rom  s o l u t i o n   a n d  



i s   r e c o v e r e d   e i t h e r   fo r   s a l e   or  for   s u b s e q u e n t   r e p r o c e s s i n g .  

A l t e r n a t i v e   6 :  

Raw  c a n e   s u g a r   i s   d i s s o l v e d   in  w a t e r   to  p r o d u c e   a  s o l u t i o n  

of   b e t w e e n   55  and  96  B r i x   and  i s   s u b s e q u e n t l y   f ed   to  t h e   s e l e c t e d  

c a r b o x y l i c   a c i d   c o n t a c t i n g   zone  where  s u c r o s e   is  s e p a r a t e d   from  t h e  

m o t h e r   l i q u o r   as  p r e v i o u s l y   d e s c r i b e d .  

A l t e r n a t i v e   7 :  

C e r t a i n   w a s t e   f l o w s   c o n t a i n i n g   s u c r o s e ,   such  as  a re   i n v o l v e d  

in   c a n n i n g   o p e r a t i o n s ,   a r e   c o n c e n t r a t e d   w i t h   pH  c o n t r o l   to   b e t w e e n  

55  and  96  B r i x   and  f e d   to   t h e  s e l e c t e d   c a r b o x y l i c   a c i d   c o n t a c t i n g  

zone  as  d e s c r i b e d   a b o v e ,   to   p r e c i p i t a t e   t he   s u c r o s e   t h e r e f r o m .  

A l t e r n a t i v e   8 :  

M o l a s s e s   can   be  c o n t a c t e d   wi th   the  s e l e c t e d   c a r b o x y l i c   a c i d  

to   remove  a v a i l a b l e   s u c r o s e .  

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

f e a t u r e s   of  the   p r e s e n t   i n v e n t i o n :  

Example   I  -   R e c o v e r y   o f   S u c r o s e   from  D i f f u s i o n   (Raw)  J u i c e  

A  1 , 7 0 0   ml .   s a m p l e   of  d i f f u s i o n   j u i c e   ( 1 3 . 8 7 %   by  w e i g h t  

s o l i d s ,   8 6 . 7 %   by  w e i g h t   p u r i t y )   was  t r e a t e d   w i t h   35  m l .   o f  

a p p r o x i m a t e l y   30°  B r i x   m i l k   of   l ime   so  t h a t   the   pH  was  b r o u g h t   t o  

10 .3   at  50°C.  The  s l u d g e   t h a t   s e p a r a t e d   was  r e m o v e d   by  f i l t r a t i o n  

and  the   f i l t r a t e   was  c o n v e n t i o n a l l y   c a r b o n a t e d   to  a  pH  of  7 .6  a t  

35°C.  The  f i l t r a t e   was  t h e n   h e a t e d   to  90°  and  f i l t e r e d   to   r e m o v e  

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



A  745 .0   g.  sample   of  t r e a t e d   j u i c e ,   o b t a i n e d   as  d e s c r i b e d  

a b o v e ,   was  p l a c e d   in  a  t a r e d   2  l i t e r   f i l t e r   f l a s k   e q u i p p e d   w i t h   a n  

a i r   d e l i v e r y   t ube   and  the  wa t e r   in  the   j u i c e   s a m p l e   was  e v a p o r a t e d  

u n d e r   an  a i r   s t r e a m .   Heat  was  p r o v i d e d   by  a  wa te r   b a t h .   A f t e r   t h e  

r e s i d u a l   sy rup   had  r e a c h e d   89 .0%  by  w e i g h t   s o l i d s ,   t h e   f l a s k   w a s  

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

127  ml.  of  g l a c i a l   a c e t i c   ac id   was  added  to  the  ho t   s y r u p .   S u c r o s e  

p r e c i p i t a t e d   i m m e d i a t e l y .   The  s o l u t i o n   was  a l l o w e d   to  cool   to  room 

t e m p e r a t u r e   and  the  p r o d u c t   was  c o l l e c t e d   by  s u c t i o n   f i l t r a t i o n .  

The  f i l t e r   c a k e   was  w a s h e d   w i t h   t h r e e   30  ml .   p o r t i o n s   of  g l a c i a l  

a c e t i c   ac id   and  fou r   25  ml.  p o r t i o n s   o f   a c e t o n e   and  t h e n   d r i e d   a t  

80°C  f o r   one  h o u r .   The  y i e l d   was  8 1 . 7   g.  s u c r o s e   w i t h   a  p o l   o f  

9 7 . 9 ° S .   The  y i e l d ,   based   on  s u c r o s e   t a k e n   and  c o r r e c t e d   for   p r o d u c t  

p u r i t y ,   was  89.3%.  A c c o r d i n g l y ,   the   p r e s e n t   method  was  shown  to  b e  

r a p i d ,   e f f i c i e n t   and  p r a c t i c a l ,   p r o v i d i n g   f o r   a  l a r g e   i m m e d i a t e  

r e c o v e r y   of  s u c r o s e   from  a  s u g a r   r e f i n i n g   s t r e a m .  

Example  2  -   R e c o v e r y   of  S u c r o s e   f rom  Th in   J u i c e  

The  a p p a r a t u s   e m p l o y e d   in   t h i s   run   was  i d e n t i c a l   to  t h a t  

used   in  E x a m p l e   1.  A  6 7 7 . 2   g.  p o r t i o n   of   t h i n   j u i c e   ( 1 3 . 0 8 %   b y  

w e i g h t   s o l i d s ,   88.8%  by  w e i g h t   p u r i t y )   was  p l a c e d   in  a  t a r e d   2  l i t e r  

f i l t e r   f l a s k   and  wa t e r   was  removed  u n t i l   t he   s o l i d s   c o n t e n t   of  t h e  

s y r u p   r e a c h e d   89.9%  by  w e i g h t .   A  110  ml.  p o r t i o n   of  g l a c i a l   a c e t i c  

a c i d   was  added  to  the  hot   s y r u p   and  s u c r o s e   p r e c i p i t a t e d   p r o m p t l y .  

W a s h i n g   and  d r y i n g   were   c a r r i e d   o u t   as  in  Example   1.  A  t o t a l   o f  

71 .39   g.  of  9 7 . 7 ° S   pol  s u c r o s e   was  o b t a i n e d .   The  y i e l d ,   b a s e d   o n  

s u c r o s e   t a k e n   and  c o r r e c t e d   for   p r o d u c t   p u r i t y ,   was  88.6%  by  w e i g h t .  



E x a m p l e   3  -   R e c o v e r y   o f   S u c r o s e   f r o m   T h i c k   J u i c e  

A  205 .0   g.  p o r t i o n   of  t h i c k   j u i c e   (67 .72%  by  w e i g h t   s o l i d s ,  

87 .4%  by  w e i g h t   p u r i t y )   was  p l a c e d   in  t h e   e v a p o r a t i o n   a p p a r a t u s  

d e s c r i b e d   in  Example   1  and  w a t e r   was  removed  in  t h e   u s u a l   f a s h i o n .  

When  t h e   s o l i d s   c o n t e n t   r e a c h e d   91.0%  by  w e i g h t ,   a c e t i c   a c i d   ( 1 7 0  

m l . )   was  added  to  the   h o t   s y r u p   and  s u c r o s e   p r e c i p i t a t e d   p r o m p t l y .  

I s o l a t i o n   of   t h e   p r o d u c t  i n   a  manner   a n a l o g o u s   to  the   p r o c e d u r e   o f  

Example   1  gave   1 1 2 . 6 1   g.  of   9 8 . 0 ° S   po l   s u c r o s e .   The  y i e l d ,   ba sed   o n  

s u c r o s e   t a k e n   and  c o r r e c t e d   for   p r o d u c t   p u r i t y ,   was  90.9%  by  w e i g h t .  

Example   4  -   P u r i f i c a t i o n   of  Cane  Raw  S u g a r  

A  1 0 0 . 0   g.  s a m p l e   o f   cane  raw  s u g a r   ( 9 6 . 3 ° S   p o l )   was  m i x e d  

w i t h   a  25 .0   g.  p o r t i o n   of  w a t e r   and  w a t e r   was  e v a p o r a t e d   u n t i l   t h e  

s o l i d s   c o n t e n t   had  r e a c h e d   88.5%  by  w e i g h t .   A  125  ml.  p o r t i o n   o f  

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

s y r u p   and  the  s u c r o s e   p r e c i p i t a t e d   in  the   u s u a l   f a s h i o n .   A  t o t a l   o f  

8 8 . 6 3   g.  of   9 7 . 2 ° S   p o l   s u g a r   was  o b t a i n e d .   The  y i e l d ,   b a s e d   o n  

s u c r o s e   t a k e n   and  c o r r e c t e d   for   p r o d u c t   p u r i t y ,   was  89.4%  by  w e i g h t .  

Example   5  -   R e c o v e r y   of  S u c r o s e   from  55  B r i x   C a r b o n a t e d   Bee t   J u i c e  

A  2 5 0 . 0 0   g.  s a m p l e   of  c a r b o n a t e d   b e e t   j u i c e   (55.0%  by  w e i g h t  

s o l i d s ,   87.0%  by  w e i g h t   p u r i t y )   was  m i x e d   a t   25°  C  w i t h   a  1750  g .  

p o r t i o n   of  g l a c i a l   a c e t i c   a c i d   and  c r y s t a l l i z a t i o n   was  a l l o w e d   t o  

p r o c e e d   a t   25°  C.  A f t e r   an  i n i t i a l   i n d u c t i o n   p e r i o d   of   0 . 5   h o u r ,  

s u c r o s e   p r e c i p i t a t e d   as  s m a l l   c r y s t a l s .   The  c r y s t a l s   were  i s o l a t e d ,  

w a s h e d   and  d r i e d   in  the   u s u a l   f a s h i o n   to  g i v e   8 3 . 2 2   g.  of  9 7 . 6 ° S   p o l  

s u g a r   (67.9%  r e c o v e r y   c o r r e c t e d   for   p o l ) .  



Example  6  -   R e c o v e r y   of  S u c r o s e   from  96  B r i x   M a s s e c u i t e   ( M i x t u r e   o f  

Mother   L i q u o r   and  C r y s t a l s )  

A  1 0 0 . 2 0   g.   p o r t i o n   of  m a s s e c u i t e   ( 9 6 . 0   w e i g h t   p e r c e n t  

s o l i d s ,   89 .6   w e i g h t   p e r c e n t   p u r i t y )   was  h e a t e d   on  a  w a t e r   b a t h   a n d  

m i x e d   w i t h   1 2 9 . 0 0   g.  of  ho t   ( a p p r o x i m a t e l y   100°  C)  g l a c i a l   a c e t i c  

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

was  c o l l e c t e d   and  w a s h e d   in  t he   u s u a l   f a s h i o n   to  g i v e   77 .53   g.  o f  

9 9 . 4 ° S   po l   s u g a r   (88.2%  r e c o v e r y   c o r r e c t e d   for   p o l ) .  

Example   7  -   R e c o v e r y   of  S u c r o s e   from  T h i c k   J u i c e   w i t h   P r o p a n o i c   A c i d  

A  2 0 0 . 1 3   g.  p o r t i o n   of  b e e t - d e r i v e d   j u i c e   (65.4%  s o l i d s ,  

90.8%  p u r i t y )   was  p l a c e d   in  a  1  l i t e r   f l a s k   and  w a t e r   was  e v a p o r a t e d  

u n d e r   an  a i r   s t r e a m   u n t i l   t he   s o l i d s   c o n t e n t   r e a c h e d   8 8 . 4 % .   A 

253 .44   g.  p o r t i o n   o f  n - p r o p a n o i c   a c i d   was  h e a t e d   to  a b o u t   100°  C  a n d  

t h e n   a d d e d   a l l   a t   once  to  the  hot   c o n c e n t r a t e d   j u i c e   w i t h   s t i r r i n g .  

W i t h i n   45  s e c o n d s   s u c r o s e   b e g a n   to  c r y s t a l l i z e .   A f t e r   c o o l i n g ,  

f i l t r a t i o n   and  w a s h i n g   with  four   150  ml.  p o r t i o n s   of  m e t h a n o l ,   t h e  

p r o d u c t   was  d r i e d   in  an  oven.   The  y i e l d   was  1 0 9 . 0   g.  ( 9 9 . 0 ° S   p o l )  

s u c r o s e   (91.7%  r e c o v e r y   c o r r e c t e d   for   p o l ) .  

Example  8  -   R e c o v e r y   of  S u c r o s e   f r o m   T h i c k   J u i c e   w i t h   n - B u t a n o i c  

A c i d  

A  1 4 1 . 8 4   g .   s a m p l e   of  t h i c k   j u i c e   ( 6 7 . 4 %   s o l i d s ,   9 0 . 5 %  

p u r i t y )   was  t r e a t e d   in  the  same  manner   as  in  Example   7.  A  193 .00   g .  

p o r t i o n   of  n - b u t a n o i c   a c i d   a t   100°  C  was  added  a l l   a t   once  to  t h e  

hot   c o n c e n t r a t e d   j u i c e   (90.0%  s o l i d s ) .   A f t e r   c o o l i n g ,   f i l t r a t i o n ,  

w a s h i n g   and  d r y i n g ,   the   s u c r o s e   y i e l d   was  79 .56   g.  and  the  pol   was  

9 5 . 6 ° S   (91.9%  r e c o v e r y   c o r r e c t e d   for   p o l ) .  



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

n - b u t a n o i c   a c i d .   However ,   no  s u c r o s e   p r e c i p i t a t e d .   The  f o r m i c   a c i d  

kep t   the  s u c r o s e   in  s o l u t i o n .  

Example   9  -   R e c o v e r y   of  S u c r o s e   from  Thick   J u i c e   w i t h   Mixed  A c i d .  

A  2 0 0 . 0 0   g.  s a m p l e   of   t h i c k   j u i c e   ( 6 8 . 0 6 %   s o l i d s ,   9 0 . 0 %  

p u r i t y )   was  h e a t e d   on  a  w a t e r   b a t h   w h i l e   w a t e r   was  e v a p o r a t e d   u n d e r  

an  a i r   s t r e a m   to  r e d u c e   i t   to  1 5 0 . 4 1   g.  ( 1 3 6 . 1 2   g.  s o l i d s ) .   I t   w a s  

t h e n   c o n t a c t e d   w i t h   a  100°  C  m i x t u r e   of  1 2 0 . 1 0   g.  a c e t i c  a c i d   a n d  

1 4 4 . 1 6   g.  n - p r o p a n o i c   a c i d   ( l e s s   a  1 5 . 0 0   g.  p o r t i o n   of   the   a c i d  

m i x t u r e   wh ich   had  been  d i s c a r d e d   b e f o r e   t h e   c o n t a c t i n g ) ,   t h e   a c i d  

b e i n g   a d d e d   a l l   a t   once   to  the  s u g a r   s o l u t i o n ,   w i t h   s t i r r i n g .   The  

r e s u l t i n g   m i x t u r e   was  t h e n   c o o l e d   to   r oom  t e m p e r a t u r e .   T h e  

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

washed  w i t h   75  ml .   n - p r o p a n o i c   a c i d   and  t hen   m e t h a n o l   and  t h e n   w a s  

d r i e d .   The  d r i e d   p r o d u c t   w e i g h e d   105 .40   g.  to  p r o v i d e   a  86.0%  y i e l d  

( 9 9 . 0 ° S   p o l ) .  

E x a m p l e s   1  t h r o u g h   9  c l e a r l y   i l l u s t r a t e   t h a t   w h e n  a   b e e t  

s u g a r   raw  ( d i f f u s i o n )   j u i c e ,   t h i n   j u i c e   or  t h i c k   j u i c e   or  a  raw  c a n e  

s u g a r   s o l u t i o n   i s   c o n c e n t r a t e d   to  abou t   55-96  B r i x ,   t h e n   c o n t a c t e d  

w i t h   a  s e l e c t e d   a l i p h a t i c   c a r b o x y l i c   a c i d   of   2 - 6   c a r b o n   c h a i n  

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

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

t h e r e f r o m   and   i s   r e c o v e r e d   e a s i l y   f rom  t h e   j u i c e   by  f i l t r a t i o n ,  

c e n t r i f u g a t i o n   or  the   l i k e .   S i m i l a r   r e s u l t s   have  been   o b t a i n e d   w i t h  

cane  s u g a r   j u i c e .   In  c o n t r a s t ,   f o r m i c   ac id   s o l u b i l i z e s   the   s u c r o s e .  

P a r a l l e l   t e s t s   have   shown  t h a t   j u i c e s   and  o t h e r   s o l u t i o n s  

c o n t a i n i n g   s u c r o s e   such  as  a re   d e s c r i b e d   in  A l t e r n a t i v e s   1-7  a b o v e ,  



which   s o l u t i o n s   have  b e e n  c o n c e n t r a t e d   to  a b o u t   5 5 - 9 6   B r i x ,   can   b e  

r e a d i l y   p r e c i p i t a t e d   by  c o n t a c t i n g   w i t h   a c e t i c   a c i d ,   p r o p a n o i c   a c i d ,  

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

a l i p h a t i c   c a r b o x y l i c   ac id   h a v i n g   an  a v e r a g e   c a r b o n   c h a i n   l e n g t h   o f  

a b o u t   2 -6 ,   in  a  c o n c e n t r a t i o n   s u f f i c i e n t   to  p r o v i d e   a  w e i g h t   r a t i o  

of  w a t e r   to  s e l e c t e d   c a r b o x y l i c   a c i d   of  a b o u t   0 . 0 2 - 0 . 2 : 1 .   A f t e r  

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

a c i d   s o l u t i o n   can  be  r e c y c l e d   per  se  or  the   s e l e c t e d   c a r b o x y l i c   a c i d  

t h e r e i n   can  be  r e c o v e r e d   by  v a r i o u s   means  fo r   r e u s e .  



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

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

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

d e r i v e d   f rom  p l a n t   j u i c e  w i t h   a l i p h a t i c   c a r b o x y l i c   a c i d  

h a v i n g   an  a v e r a g e   c a r b o n   c h a i n   l e n g t h   of   a b o u t   2 - 6 ,   s a i d  

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

c i p i t a t e   s a i d   s u c r o s e ;   and   s e p a r a t i n g   and  r e c o v e r i n g   s a i d  

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

2.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   1 ,   w h e r e i n   s a i d  

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

a c i d .  

3.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   1  or   c l a i m   2 ,  

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

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

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

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

4.  A  m e t h o d   a c c o r d i n g  t o   a n y  o n e   o f   c l a i m s   1  t o   3 ,  

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

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

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

5.  A  m e t h o d   a c c o r d i n g   t o   a n y  o n e   of   c l a i m s   1  t o   4 ,  

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

s a i d   a c i d   i s   a b o u t   0 . 0 2 - 0 . 2 : 1 .  



6.  A - m e t h o d   a c c o r d i n g   t o   a n y  o n e   o f   c l a i m s   1  to   5 ,  

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

s o l u t i o n   to   s a i d   a c i d   i s   a b o u t   0 . 1 - 1 : 1 .  

7.  A  m e t h o d   a c c o r d i n g   t o   a n y  o n e   o f   c l a i m s   1  t o   6 ,  

w h e r e i n   t h e   a q u e o u s   s u c r o s e - c o n t a i n i n g   s o l u t i o n   h a s   a  

c o n c e n t r a t i o n   of   f r o m   a b o u t   5 5  t o   96  B r i x .  

8.  A  m e t h o d   a c c o r d i n g   t o   a n y  o n e   of   . c l a i m s   1  t o   7 ,  

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

u n t r e a t e d   d i f f u s i o n   j u i c e ;   d i f f u s i o n   j u i c e   w h i c h   h a s   b e e n  

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

and   p r o t e i n a c e o u s   m a t e r i a l   a n d  t o   c l a r i f y   s a i d   j u i c e ;  

d i f f u s i o n   j u i c e   w h i c h   h a s   b e e n   c o n v e n t i o n a l l y   p u r i f i e d ;  

d i s s o l v e d  r a w   sugar ;   or  a  s u g a r - c o n t a i n i n g   s o l u t i o n   f r o m   a  

c a n n i n g   o p e r a t i o n .  

9.  A  m e t h o d   a c c o r d i n g   t o   a n y  o n e   o f   c l a i m s   1  to   8 ,  

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

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

t h e r e f r o m ,   i s   t r e a t e d   t o   r e c o v e r   s a i d   a c i d .  

10 .   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   1  to   9 ,  

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

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

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

s u c r o s e   c r y s t a l   g r o w t h .  
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