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©  Clarification  of  hydrolysed  starch. 
Hydrolysed  corn  or  other  starch  is  clarified  by  a  process 

which  comprises  forming  in  the  syrup  at  a  pH  of  3.5  to  6.5  a 
primary  floc  formed  between  aluminium  ions,  hydroxide 
ions,  and  phosphate  ions;  aerating  the  syrup  containing  the 
primary  floc;  distributing  an  anionic  organic  polymeric  floc- 
culant  through  the  aerated  syrup  to  initiate  the  formation  of  a 
secondary  floc;  allowing  the  secondary  floc  to  grow,  and  to 
segregate  by  flotation;  and  separating  flocculated solids  from 
clarified  syrup. 



The  p re sen t   i n v e n t i o n   r e l a t e s   to  the  c l a r i f i c a t i o n   o f  

hydro lysed   s t a rch   s y r u p s .  

Hydrolys is   of  s t a rch   gives  a  syrup  c o n t a i n i n g   a  v a r i e t y  

of  s a c c h a r i d e s ,   i n c l u d i n g   g lucose .   The  hyd ro ly s i s   is  e f f e c t e d  

using  acid  and/or   enzyme  p rocedu re s .   These  procedures   are  wel l  

documented  in  the  pa t en t   and  o ther   l i t e r a t u r e ,   and  are  p r a c t i s e d  

on  an  i n d u s t r i a l   s ca l e .   It  is  thus  unnecessa ry   to  descr ibe   them 

now  in  d e t a i l .  

Put  b r i e f l y ,   s t a r c h   from  a  na tura l   source ,   such  as  maize 

( i . e .   t h e  c e r e a l   known  in  the  USA  and  e lsewhere   as  ' c o r n ' ) ,   i s  

u sua l ly   l i q u e f i e d   and  th inned   using  h y d r o c h l o r i c   or  other   a c i d ,  

or  using  an  enzyme  p r e p a r a t i o n   c o n t a i n i n g   an  @-amylase.   The 

t h inn ing   can  give  a  syrup  of  up  to  50CE  or  sometimes  higher  ( " fE"  

or  "Dextrose  Equ iva len t "   being  the  pe rcen tage   of  so l ids   p r e s e n t  

as  reducing  sugars  and  determined  as  e q u i v a l e n t s   of  d e x t r o s e ) ,  

but,  in  order  to  obta in   DEs  above  about  45DE,  i t   is  cus tomary  

to  e f f e c t   a  s a c c h a r i f i c a t i o n   using  an  enzyme  p r e p a r a t i o n   t y p i c a l l y  

c o n t a i n i n g   an  a m y l o - g l u c o s i d a s e .   It  will  be  a p p r e c i a t e d   t h a t  

for  syrups  of  high  DE,  say  60 DE  or  above,  i t   is  e s s e n t i a l   to  employ 

an  acid-enzyme  or  a  enzyme-enzyme  p r o c e d u r e .  



Whichever  p rocedure   is  employed,  the  crude  syrup  o b t a i n e d  

as  p roduc t   will   con ta in   i m p u r i t i e s   der ived  from  the  o r i g i n a l   s t a r c h  

source .   Thus,  for  i n s t a n c e ,   a  crude  syrup  from  maize,  i . e .   a 

crude  corn  syrup,   will  con t a in   o i l s ,   f a t s ,   p r o t e i n a c e o u s   m a t e r i a l  

and  f ine   f i b r e   der ived  from  the  maize.  S imi la r   i m p u r i t i e s   a r e  

e n c o u n t e r e d   in  hydro lysed   s t a r ch   syrups  der ived  from  o the r   s t a r c h  

s o u r c e s ,   such  as  wheat  or  p o t a t o e s .  

In  a  conven t iona l   p rocess   for  improving  the  p u r i t y   o f  

crude  hydro lysed   s t a r ch   syrups ,   a  c l a r i f i c a t i o n   is  performed  by 

c e n t r i f u g i n g   the  syrup  and  then  f i l t e r i n g   i t   using  p recoa ted   f i l t e r s .  

However,  the  c e n t r i f u g i n g   and  f i l t r a t i o n   p rocesses   are  d i f f i c u l t  

and  t ime-consuming ,   r e q u i r e   c o s t l y   equipment  and  involve  the  u s e  

of  l a rge   q u a n t i t i e s   of  f i l t e r   a i d .  

In  UK  Patent   S p e c i f i c a t i o n   No.  1,397,927  there   is  d e s c r i b e d  

and  c laimed  a  process   for  the  s e p a r a t i o n   of  suspended  s o l i d s   from 

an  aqueous  l i q u o r .   This  p r o c e s s ,   which  is  of ten   r e f e r r e d   to  a s  

the  " r e t e n t i o n - f l o c c u l a t i o n   p r o c e s s " ,   comprises :   forming  a  p r i m a r y  

f loc   in  the  l i q u o r   c o n t a i n i n g   suspended  s o l i d s ;   a e r a t i n g   the  l i q u o r  

c o n t a i n i n g   the  primary  f l o c ,   with  a g i t a t i o n ;   d i s t r i b u t i n g   an  o r g a n i c  

polymeric   f l o c c u l a n t   un i formly   th roughou t   the  l i qu id   phase  o f  

the  a e r a t e d   l i q u o r ,   to  i n i t i a t e   the  format ion  of  a  secondary  f l o c  

t h e r e i n ;   r e t a i n i n g   the  r e s u l t i n g   mixture  in  a  f l o c c u l a t o r   v e s s e l  

with  n o n - t u r b u l e n t   a g i t a t i o n   p r e v e n t i n g   the  s e g r e g a t i o n   of  t h e  

secondary   f loc  from  the  l i q u o r   and  a l lowing  the  secondary  f l o c  

to  grow;  t r a n s f e r r i n g   the  l i q u o r ,   with  minimal  a g i t a t i o n ,   f rom 

the  f l o c c u l a t o r   vessel   to  a  s e p a r a t o r   v e s s e l ;   a l lowing  the  s e c o n d a r y  



floc  to  s e g r e g a t e   by  f l o t a t i o n   from  the  l iquor   in  the  s e p a r a t o r  

v e s s e l ;   and  s e p a r a t e l y   removing  c l a r i f i e d   l iquor   and  f l o c c u l a t e d  

so l ids   from  the  s e p a r a t o r   v e s s e l .  

This  e a r l i e r   i nven t ion   is  a p p l i c a b l e   to  a  wide  range  o f  

p rocesses   r e q u i r i n g   the  s e p a r a t i o n   of  suspended  so l ids   from  an 

aqueous  l i q u i d ,   for  example  in  brewing,  water  p u r i f i c a t i o n   t r e a t m e n t s ,  

the  t r e a t m e n t   of  sewage  and  i n d u s t r i a l   e f f l u e n t s ,   and  m i n e r a l  

ore  s e p a r a t i o n   p r o c e s s e s .   However,  the  inven t ion   is  p a r t i c u l a r l y  

useful  for  s e p a r a t i n g   suspended  so l ids   from  sugar  l i q u o r s ,   s y r u p s  

or  j u i c e s ,   during  the  var ious   s tages  of  sugar  m a n u f a c t u r e .  

The  r e t e n t i o n - f l o c c u l a t i o n   process   can  be  used,  for  example ,  

in  the  manufac tu re   of  sucrose ,   but  th i s   is  not  the  only  s u g a r  

to  whose  manufac tu re   i t   can  be  app l i ed .   More  s p e c i f i c a l l y ,   t h e  

r e t e n t i o n - f l o c c u l a t i o n   process   can  be  useful  for  s e p a r a t i n g   suspended 

so l id s   from  hydrolysed   s t a rch   s y r u p s .  

The  p r e s e n t   i nven to r s   have  been  i n v e s t i g a t i n g   th is   a p p l i c a t i o n  

of  the  r e t e n t i o n - f l o c c u l a t i o n   process   to  the  c l a r i f i c a t i o n   o f  

hydro lysed   s t a r ch   syrups,   and  in  so  doing  have  developed  an  improved 

process   which  o f f e r s   s p e c i f i c   advantages   over  the  process   known 

from  UK  Pa ten t   S p e c i f i c a t i o n   No.  1 ,397 ,927 .   The  new  p r o c e s s e s  

can  be  g e n e r a l l y   appl ied   to  the  c l a r i f i c a t i o n   of  hydrolysed  s t a r c h  

syrups ,   and  in  p a r t i c u l a r   to  high  DE  glucose  syrups  prepared  by 

the  acid-enzyme  or  enzyme-enzyme  p rocedures   ("High  DE  S y r u p s " )  

and  to  low  DE glucose  syrups  prepared  by  acid  or  enzyme  l i q u e f a c t i o n  

and  t h inn ing   wi thout   the  subsequent   enzyme  s a c c h a r i f i c a t i o n   ("Low 

DE  S y r u p s " ) .  



More  p a r t i c u l a r l y ,   in  accordance  with  the  p r e sen t   i n v e n t i o n  

there   is  provided  a  novel  p rocess   for  the  c l a r i f i c a t i o n   of  a  h y d r o l y s e d  

s t a r ch   syrup.  The  p r e s e n t   p rocess   comprises  forming  in  the  s y r u p ,  

at  a  pH  cf  3.5  to  6.5,   a  pr imary  f loc  formed  between  a lumin ium 

ions ,   hydroxide   ions  and  phosphate   ions;   a e r a t i ng   the  s y r u p  c o n t a i n i n g  

the  primary  f loc ;   d i s t r i b u t i n g   an  anionic   organic  p o l y m e r i c  f l o c c u l a n t  

through  the  ae ra t ed   syrup,   to  i n i t i a t e   t h i f o r m a t i o n   of  a  s e c o n d a r y  

f loc ;   a l lowing   the  secondary  f loc  to  grow,  and  to  s e g r e g a t e   by 

f l o t a t i o n ;   and  s e p a r a t i n g   f l o c c u l a t e d   so l ids   from  c l a r i f i e d   s y r u p .  

The  p r e s e n t   i n v e n t i o n   is  founded  upon  the  d i s cove ry   t h a t  

the re   is  a  p a r t i c u l a r   r e agen t   sy s t em -   aluminium  i o n s / h y d r o x i d e  

i o n s / p h o s p h a t e   ions/pH  3.5  to  6 . 5  -   which  gives  a  primary  f l o c  

o p t i o n a l l y   capable   of  e n t r a i n i n g   unwanted  mater ia l   from  h y d r o l y s e d  

s t a r ch   syrups .   This  r eagen t   system  is  d i f f e r e n t   from  those  i n  

our  UK  Pa ten t   S p e c i f i c a t i o n   No.  1 ,397,927  and  gives  r i se   to  a 

basic   aluminium  phosphate   f l o c .   It  is  th is   floc  which  is  e s p e c i a l l y  

su i t ed   for  removing  from  crude  hydro lysed   s tarch  syrups  the  p r o t e i n a c e o u s  

and  o ther   ma t t e r   which  i t   is  d i f f i c u l t   to  remove  c o m p l e t e l y  u s i n g  

the  known  r e t e n t i o n - f l o c c u l a t i o n   p r o c e s s .  

Compared  to  the  conven t iona l   c e n t r i f u g i n g   and  f i l t r a t i o n   p r o c e d u r e  

c u r r e n t l y   employed  for  c l a r i f y i n g   hydrolysed  s ta rch   syrup,   t h e  



presen t   process   can  o f fe r   the  fo l lowing   a d v a n t a g e s :  

(i)  l a rge   q u a n t i t i e s   of  f i l t e r   aid  are  not  needed .  

Thus  c l a r i f i c a t i o n   cos ts   are  s u b s t a n t i a l l y   reduced  as  are  t he  

p r e sen t   problems  a s s o c i a t e d   with  d i sposa l   of  la rge   q u a n t i t i e s  

of  used  f i l t e r   aid;  and 

( i i )   expens ive   c e n t r i f u g e   equipment  and  a  large  f i l t e r  

s t a t i o n   are  not  r e q u i r e d ,   e f f e c t i n g   a p p r e c i a b l e   saving  in  e q u i p m e n t ,  

maintenance  and  o p e r a t i o n a l   c o s t s .  

In  the  p r e s e n t   p rocess ,   the  aluminium  ions  are  p r e f e r a b l y  

added  as  aluminium  s u l p h a t e ,   though  th i s   is  not  c r i t i c a l ,   and 

o ther   aluminium  compounds,  for  example  potass ium  aluminium  s u l p h a t e  

or  aluminium  c h l o r i d e ,   can  be  u s e d .  

In  the  primary  f loc  the  ion  r a t i o   of  aluminium  ions  t o  

phosphate  ions  is  t y p i c a l l y   more  than  1:1,  with  a  r a t i o   of  more 

than  3  aluminium  ions  to  1  phosphate   ion  being  p a r t i c u l a r l y   common. 

For  most  syrups  the  amounts  of  added  aluminium  ( c a l c u l a t e d   as  

aluminium  and  expressed   as  ppm  on  weight   of  syrup)  will  l ie  in  

the  range  5  to  100  ppm,  p r e f e r a b l y   20  to  40  ppm.  Crude  h y d r o l y s e d  

s ta rch   syrups  of ten   conta in   r e s idua l   l eve l s   of  free  p h o s p h a t e ,  

and  i t   is  not  always  necessary   to  add  all  of  the  phosphate  ion  

requ i red   for  fo rmat ion   of  the  f loc .   Indeed,   for  some  p h o s p h a t e - c o n t a i n i n g  

syrups  it   may  not  be  necessary   to  add  any  phosphate  ions  at  a l l .  



A  simple  q u a n t i t a t i v e   a n a l y s i s   of  the  crude  syrup  before   add ing  

phosphate   ions  permi ts   due  a l lowance  to  be  made  for  any  p h o s p h a t e  

ions  a l r e a d y   p r e s e n t .   As  a  general   rule  i t   is  unnecessary   t o  

make  a l lowance   for  aluminium  ions  a l ready   p re sen t   since  the  c r u d e  

syrups  u s u a l l y   con ta in   less   than  1  ppm  of  aluminium.  Where  i n s u f f i c i e n t  

phosphate   ions  are  p re sen t   for  r e a c t i o n   with  the  aluminium,  i t  

is  p r e f e r r e d   to  r a i se   the  level  to  up  to  50  ppm,  more  p r e f e r a b l y  

25  ppm  of  phosphate   ions  ( c a l c u l a t e d   as  P205 and  e x p r e s s e d  a s  

ppm  on  weight   of  syrup)  by  adding  phospha te .   Phosphate  ions  a r e  

p r e f e r a b l y   added  as  phosphor ic   ac id ,   though  again  other  p h o s p h a t e  

compounds,  for  example  sodium  phosphate   (Na2HP04)  can  be  u s e d .  

For  example,  the  fo l lowing   r e agen t s   and  q u a n t i t i e s   a r e  

a p p r o p r i a t e : -  

(i)  2.6kg  of  A1C13.6H20  is  d i s s o l v e d   in  4  dm3  of  w a t e r  

and  0.194  kg  of  85%  H3P04  is  added.  This  reagent   is  s u i t a b l e  

for  t r e a t m e n t   of  syrup  from  a  10  ton  batch  of  s t a r c h .  

( i i )   2.42  Kg  of  aluminium  s u l p h a t e ,   Al2(SO4).16H 20  i s  

added  at  340  ppm  ( c a l c u l a t e d   on  weight  of  syrup)  to  seven  t o n n e s  

of  crude  syrup,   fo l lowed  by  170.5g  of  85%  phosphoric   a c i d .  

( i i i )   Aluminium  c h l o r i d e   and  phosphoric   acid  are  d i s s o l v e d  

in  water   to  provide   a  reagent   which  is  added  to  crude  syrup  a t  

53  ppm  A1203  and  5  ppm  phosphor ic   ac id ,   c a l c u l a t e d   on  w e i g h t  



of  s y r u p .  

(iv)  Phosphoric   ac id ,   co r r e spond ing   to  6  ppm  P205,  and 

a  so lub le   aluminium  s a l t ,   c o r r e s p o n d i n g   to  53  ppm  of  A1203,  c a l c u l a t e d  

on  weight  of  s y r u p , a r e   added  to  syrup  to  be  c l a r i f i e d .  

(v)  Aluminium  s u l p h a t e ,   potass ium  aluminium  s u l p h a t e ,  

aluminium  c h l o r o h y d r a t e   or  poly  aluminium  c h l o r i d e ,   50  ppm  A1203, 

and  disodium  hydrogen  phosphate   or  phosphoric   acid,  6  ppm  P205,  

c a l c u l a t e d   on  weight  of  syrup,   a r e  added   to  syrup  to  be  c l a r i f i e d .  

(vi)  3.08  l i t r e   of  13wt%  aluminium  sulphate   s o l u t i o n  

is  added  to  1000  l i t r e   of  High  DE  Syrup  a lready  c o n t a i n i n g   o v e r  

100  ppm  P205  (the  added  aluminium  amounting  to  29.3  ppm,  ppm  be ing  

on  weight  of  s y r u p ) .  

It  will   be  r e a d i l y   a p p r e c i a t e d   tha t   these  c o m b i n a t i o n s  

of  r e agen t s   and  amounts  are  only  i l l u s t r a t i v e  -   the  s k i l l e d   man 

will  have  no  d i f f i c u l t y   in  f o r m u l a t i n g   o ther   c o m b i n a t i o n s .  

Low  CE  Syrup  produced  from  s ta rch   by  the  acid  h y d r o l y s i s  

p rocedures   t y p i c a l l y   has  a  pH  around  1  to  3,  and  in  a c c o r d a n c e  

with  the  p r e s e n t   p roces s ,   i t   is  e s s e n t i a l   to  ad jus t   the  pH  t o  

l i e   wi th in   the  range  of  3.5  to  6.5  for  formation  of  the  p r i m a r y  

f loc .   The  ad jus tmen t   of  pH  is  p r e f e r a b l y   e f f e c t e d   in  two  s t a g e s  

with  i n t e r v e n i n g   a d d i t i o n   of  the  aluminium  ions  and,  if  n e e d e d ,  

phosphate  ions.   F i r s t l y   a l k a l i   is  added  to  stop  the  h y d r o l y s i s  



r e a c t i o n   and  to  e f f e c t   a  crude  ad jus tment   of  the  pH  to,  say,  pH 

4.5;  secondly  the  aluminium  and  phosphate  ions  are  a d d e d ;  a n d ,  

t h i r d l y ,   f u r t h e r   a l k a l i   is  added  to  e f f e c t   a  f ine  ad jus tment   to  

the  d e s i r e d   pH  of,   say,  4.5.  The  pH  ad jus tment   is  most  c o n v e n i e n t l y  

c a r r i e d   out  by  adding  sodium  ca rbona te   s o l u t i o n .   However,  o t h e r  

r e a g e n t s ,   e .g .   sodium  hydrox ide ,   can  be  u s e d .  

Low  DE  Syrup  produced  from  s tarch   by  enzyme  h y d r o l y s i s  

p rocedures   t y p i c a l l y   has  a  pH  around  6  to  7.  To  gain  the  n e c e s s a r y  

pH  of  3.5  to  6.5,  i t   is  p r e f e r r e d   f i r s t   to  add  the  aluminium  and 

phosphate   ions,   the reby   giving  a  pH  of  about  pH  5.  T h e r e a f t e r ,  

acid  such  as  h y d r o c h l o r i c   acid  is  added  to  gain  the  des i r ed   pH 

of  s.ay  pH  4 . 5 .  

High  DE  Syrup  produced  from  s ta rch   by  acid-enzyme  dual 

p rocedures   or  by  enzyme-enzyme  procedures   t y p i c a l l y   has  a  pH  o f  

around  4  to  5  and  any  pH  ad jus tmen t   is  p r e f e r a b l y   bes t   e f f e c t e d  

by  a d d i t i o n   of  the  in tended   amount  of  aluminium  and  p h o s p h a t e  

ions ,   fo l lowed  by  a l k a l i   as  r equ i red   to  gain  the  des i r ed   pH. 

In  forming  the  primary  floc  with  a  pH  ad ju s tmen t ,   i t   i s  

p o s s i b l e   to  add  l a s t   the  r e s p e c t i v e   sources  of  phosphate  and  a luminium 

ions:   in  such  i n s t a n c e s   the  amount  of  acid  or  a l k a l i   needed  t o  

give  the  des i r ed   f ina l   pH  has  f i r s t   to  be  de termined   by  e x p e r i m e n t  

or  c a l c u l a t i o n .  



Whatever  the  r eagen t s   employed,  i t   is  a  c r i t i c a l   f e a t u r e  

of  the  p re sen t   i n v e n t i o n   tha t   the  pH  should  l ie   within  the  r ange  

of  3.5  to  6.5  during  the  format ion  of  the  primary  f loc .   It  i s  

most  n o t i c e a b l e   t ha t   an  e f f e c t i v e   c l a r i f i c a t i o n   is  not  o b t a i n e d  

if  the  pH  l i e s   o u t s i d e   th is   range  during  growth  of  the  p r i m a r y  

f loc .   For  best  r e s u l t s ,   a  pH  of  4  to  5  is  a p p r o p r i a t e ,   e s p e c i a l l y  

about  pH  4.5  to  4 . 7 .  

After   fo rma t ion   of  the  primary  f loc ,   the  syrup  is  a e r a t e d .  

Aera t ion   is  p r e f e r a b l y   c a r r i e d   out  using  a g i t a t i o n   as  d e s c r i b e d  

in  our  U.K  Patent   S p e c i f i c a t i o n   No.  1 ,397,927.   Aera t ion   can  be 

c a r r i e d   out  d i r e c t l y   on  the  syrup  con t a in ing   the  primary  f l o c ,  

or  on  another   l i q u i d   which  is  then  added  to  the  f l o c - c o n t a i n i n g  

syrup.  In  a  p r e f e r r e d   p rocess ,   par t   of  the  c l a r i f i e d   syrup  produced 

by  the  process   is  i t s e l f   ae ra ted   and  added  back  to  the  f l o c - c o n t a i n i n g  

syrup,  thereby   i n d i r e c t l y   e f f e c t i n g   the  des i red   a e r a t i o n .   Fo r  

example,  from  10  to  50%,  u sua l ly   15 to  30%  of  the  c l a r i f i e d   sy rup  

can  be  d i v e r t e d   from  the  product   stream,  a e r a t e d ,   and  added  t o  

the  incoming  stream  of  f l o c - c o n t a i n i n g   s y r u p .  

After  the  d i r e c t   or  i n d i r e c t   a e r a t i o n   of  the  syrup  c o n t a i n i n g  

the  primary  f l oc ,   an  anionic   organic  polymeric  f l o c c u l a n t   is  d i s t r i b u t e d  

t h e r e t h r o u g h   to  i n i t i a t e   the  formation  of  a  secondary  f loc .   Al though  

the  known  r e t e n t i o n - f l o c c u l a t i o n   process   works  with  o ther   f l o c c u l a n t s ,  

we  l im i t   the  p r e s e n t   process   to  anionic  f l o c c u l a n t s .   S u i t a b l e  

f l o c c u l a n t s   are  widely  a v a i l a b l e   and  inc lude  the  an ion ic   p o l y a c r y l a m i d e s ,  



p a r t i c u l a r l y   those  with  a  molecu la r   weight  above  1 ,000 ,000 .   E s p e c i a l l y  

p r e f e r r e d   are  the  an ionic   po lyac ry l amides   with  a  molecu la r   w e i g h t  

of  5 ,000 ,000   to  10 ,000,000  and  having  a  charge  dens i t y   of  20  t o  

75%  by  weight   a c r y l a t e   u n i t s ,   such  as  the  an ionic   p o l y a c r y l a m i d e s  

sold  under  the  R e g i s t e r e d   Trade  Marks  "TALOFLOTE"  and  "TALODURA". 

For  most  pu rposes ,   from  1  to  20  ppm  by  weight  of  f l o c c u l a n t   i n  

the  syrup  is  s u i t a b l e ,   with  a  p r e f e r r e d   range  being  3  to  8  ppm..  

The  secondary  f loc  is  then  allowed  to  grow,  and  to  s e g r e g a t e  

by  f l o t a t i o n .   In  a  p r e f e r r e d   embodiment  of  the  p r e s e n t   p r o c e s s ,  

the  growth  and  s e g r e g a t i o n   is  achieved  by  r e t a i n i n g   the  m i x t u r e  

in  a  f l o c c u l a t o r   vessel   with  n o n - t u r b u l e n t   a g i t a t i o n   p r e v e n t i n g  

the  s e g r e g a t i o n   of  the  secondary  floc  and  thereby   a l lowing  i t  

to  grow,  t r a n s f e r r i n g   the  syrup  with  minimal  a g i t a t i o n   from  t h e  

f l o c c u l a t o r   vessel   to  a  s e p a r a t o r   v e s s e l ,   and  then  a l lowing  t h e  

secondary  f loc  to  s e g r e g a t e   by  f l o t a t i o n   from  the  syrup.  S u i t a b l e  

equipment  comprises   a  "TALO"  ( R e g i s t e r e d   Trade  Mark)  c l a r i f i e r  

a v a i l a b l e   from  Tate  &  Lyle  Ltd;  such  c l a r i f i e r s   r e p r e s e n t   a p p a r a t u s  

as  d e s c r i b e d   and  claimed  in  the  U.K  Patent   S p e c i f i c a t i o n   No.  1 , 3 9 7 , 9 2 7 .  

S u i t a b l e   r e s i d e n c e   times  and  other   ope ra t ing   c o n d i t i o n s   are  a l s o  

d e s c r i b e d   in  No.  1 , 3 9 7 , 9 2 5 .  

Af ter   s e g r e g a t i o n   of  the  secondary  f loc ,   the  f l o c c u l a t e d  

s o l i d s   are  s e p a r a t e d   from  c l a r i f i e d   syrup.  The  s e p a r a t i o n   may 

be  e f f e c t e d   by  employing  d i f f e r e n t   o u t l e t s   in  the  s e p a r a t o r   o r  

o the r   vessel   c o n t a i n i n g   the  syrup  and  so l ids   (as  in  a  TALO  c l a r i f i e r ) ,  

or  by  wi thdrawing  f i r s t   the  syrup  and  then  the  so l i d s   using  a 



common  o u t l e t :   the  former  is  more  a p p r o p r i a t e   for  c o n t i n u o u s  

o p e r a t i o n   whereas  the  l a t t e r   is  more  a p p r o p r i a t e   for  batch  o p e r a t i o n .  

The  p r e s e n t   i nven t ion   is  f u r t h e r   i l l u s t r a t e d   by  the  f o l l o w i n g  

n o n - l i m i t i n g   e x a m p l e s .  

In  Example  1,  r e f e r ence   is  made  to  the  accompanying  d r a w i n g s ,  

w h e r e i n :  

The  Figure   is  a  flow  diagram  for  a  process   for  p r o d u c i n g  

corn  syrup  using  a  c l a r i f i c a t i o n   in  accordance  with  the  i n v e n t i o n .  

EXAMPLE  1 -  F i r s t   L a r g e - s c a l e   P r o c e s s  

This  Example  is  based  on  exper imenta l   work  c a r r i e d   o u t  

at  a  f a c t o r y   in  B r i t a i n   which  had  p r e v i o u s l y   used  a  c o n v e n t i o n a l  

2 - s t age   f i l t r a t i o n   to  c l a r i f y   the  corn  s y r u p .  

R e f e r r i n g   to  the  drawing,   a  vessel   10  for  p r e p a r a t i o n  

of  s t a rch   s l u r r y   was  equipped  with  a  s t i r r e r   11  and  i n l e t s   12,  

13  and  14  r e s p e c t i v e l y   for  s t a r c h ,   water  and  hydroch lo r i c   a c i d .  

From  the  vessel   10  a  pipe  15  led  to  an   acid  c o n v e r t e r   16  of  c o n v e n t i o n a l  

c o n s t r u c t i o n .   A-pipe  17  then  led  to  a  f lash   tank  19,  with  p i p e  

18  being  provided  for  add i t i on   of  sodium  carbona te   s o l u t i o n   t o  

l i q u i d   in  pipe  17.  



From  the  f l a sh   tank  19  a  pipe  20  led  to  a  b u f f e r   t a n k  

21  equipped  with  a  s t i r r e r   22  for  uniform  mixing  of  the  n e u t r a l i s e d  

syrup.  A  pump  23  was  provided  to  pump  the  syrup  through  p i p e  

24  to  i n l e t   36  of  a  r e a c t i o n   tank  28.  Pipe  25  served  for  a d d i t i o n  

of  premixed  aluminium  i o n / p h o s p h a t e   ion  reagent   to  the  syrup  i n  

pipe  24.  The  r e a c t i o n   tank  28  had  a  s t i r r e r   35,  an  i n l e t   26  f o r  

feeding  in  of  sodium  c a r b o n a t e ,   and  an  o u t l e t   for  g r a v i t y   f e e d i n g  

of  the  syrup  through  a  pipe  27  to  a  TALO  c l a r i f i e r   29.  This  c l a r i f i e r  

29  was  of  s u b s t a n t i a l l y   the  same  c o n s t r u c t i o n   as  the  a p p a r a t u s  

shown  in  Figure  2  of  UK  Patent   S p e c i f i c a t i o n   No.  1,397, 9Z7  and 

f u r t h e r   d e s c r i p t i o n   is  not  needed  in  the  p resen t   s p e c i f i c a t i o n .  

A  feed  30  was  provided  for  add i t i on   of  p o l y a c r y l a m i d e  

f l o c c u l a n t   (TALOFLOTE  A5  s o l u t i o n ,   molecular   weight  about  7 , 0 0 0 , 0 0 0  

and  charge  d e n s i t y   about  47%  a c r y l a t e )   to  l i qu id   f lowing  i n t o  

the  c l a r i f i e r   29.  Liquid  s epa ra t ed   from  the  c l a r i f i e r   was  ma in ly  

drawn  off  by  pipe  34,  though  there   was  a  recyc le   loop  31  w i t h  

c e n t r i f u g a l   pump  32  p e r m i t t i n g   par t   of  the  c l a r i f i e d   syrup  t o  

be  ae ra t ed   and  r e t u rned   to  the  stream  e n t e r i n g   the  c l a r i f i e r .  

The  c l a r i f i e d   syrup  drawn  off  through  pipe  34  passed  to  a  c l a r i f i e d  

syrup  tank  36 .  

Fu r the r   equipment  was  provided  for  subsequent   t r e a t m e n t  

of  the  c l a r i f i e d   syrup  with  powdered  carbon  and  f i l t e r   a id,   t o  

d e c o l o u r i s e   i t ,   and  also  to  allow  c o n c e n t r a t i o n   of  the  syrup  by 

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



In  o p e r a t i o n ,   s t a r ch   from  i n l e t   12  and  water  from  i n l e t  

13  was  mixed  in  the  s t i r r e d   vessel  10  to  produce  a  uniformly  mixed 

s l u r ry   (about   35%  w/v).   Usual ly ,   a  small  amount  of  sodium  m e t a b i s u l p h i t e  

was  added  at  th is   s tage  to  improve  the  colour   of  the  final  s y r u p .  

32%  h y d r o c h l o r i c   acid  (11  N  HC1)  was  added  from  i n l e t  

14  to  the  vessel  10  in  the  r a t i o   of  approx imate ly   1.5  l i t r e s   o f  

acid  for  every  ton  of  s t a rch   s l u r r y .   The  a c i d i f i e d   s lu r ry   (pH 

about  1.5)  was  then  fed  to  a  batch  c o n v e r t e r   16  where  it   was  h e a t e d  

under  p r e s s u r e .   The  s l u r ry   was  heated  to  125°C  and  the  s t a r c h  

conver t ed   to  sugars   in  about  10-15  minutes ,   giving  a  syrup  o f  

42DE.  A  small  amount  of  sodium  ca rbona te   was  then  added  in  known 

manner  through  pipe  18  to  the  syrup  during  passage  of  the  syrup  

to  the  a tmospher i c   f l a sh   tank  19  where  it   was  f l a s h - e v a p o r a t e d  

to  105°C.  Carbon  d ioxide   bubbled  off  from  the  syrup  during  t h e  

f l a sh   a r i s i n g   from  the  decompos i t ion   of  the  c a r b o n a t e .  

This  f a r ,   the  process   was  c o n v e n t i o n a l .  

If  d e s i r e d ,   the  acid  convers ion   can  be  replaced  by  an 

enzyme  c o n v e r s i o n .   Conversion  t h e n  t a k e s   place  in  the  p r e s e n c e  

of  enzyme  at  106°C  and  at  pH  6.2,   and  may  be  followed  by  an  a d d i t i o n a l  

enzyme  convers ion   at  60°C  ( s a c c h a r i f i c a t i o n )   to  a  h ighe r   DE  s y r u p .  

Ac id ,  enzyme ,   acid-enzyme  and  enzyme-enzyme  convers ions   are  a l l  

p o s s i b l e .  



C l a r i f i c a t i o n   in  accordance  with  the  i n v e n t i o n   was  i n i t i a t e d  

by  the  fo rmat ion   in  the  r e a c t i o n   vessel  28  of  a  primary  a luminium 

h y d r o x y - p h o s p h a t e   f loc .   This  floc  was  produced  by  the  d o s i n g  

of  aluminium  and  phosphate  ions  through  i n l e t   25.  Ae ra t ion   o f  

the  primary  floc  was  achieved  i n d i r e c t l y   by  a e r a t i o n   of  r e c y c l e d  

syrup  in  the  loop  31  using  a e r a t i o n   pump  32.  Ae ra t ion   was  f o l l o w e d  

by  a d d i t i o n   through  feed  30  of  the  anionic   p o l y a c r y l a m i d e   f l o c c u l a n t  

forming  a  secondary  f loc  which  was  r e t a ined   wi th in   the  l i q u o r  

with  n o n - t u r b u l e n t   a g i t a t i o n   for  s u f f i c i e n t   time  (about  2  m i n u t e s )  

to  allow  the  f loc  to  grow  in  the  way  descr ibed   in  UK  Pa ten t   S p e c i f i c a t i o n  

No.  1 , 397 ,927 .   Af te r   the  a p p r o p r i a t e   r e s idence   time  the  f l o c - c o n t a i n i n g  

l i q u o r   flowed  into  a  s e p a r a t o r   chamber  of  the  c l a r i f i e r   29,  and 

the  secondary   f loc  f l o a t e d   to  the  surface   as  a  scum.  The  f l o a t e d  

f loc   c o n t a i n i n g   p r o t e i n s   and  f a t s ,   was  removed  as  a  scum  by  a 

r o t a r y   s c r a p e r   blade  and  drawn  off  through  pipe  33.  The  c l a r i f i e d  

syrup  was  fed  to  a  tank  where  carbon  and  f i l t e r   aid  were  added ,  

and  the  syrup  was  then  f i l t e r e d   using  six  p l a t e - a n d - f r a m e   f i l t e r s .  

The  p rocess   was  opera ted   so  as  to  give  a  42CE  syrup  of  e s s e n t i a l l y  

the  same  c l a r i t y   as  had  p r ev ious ly   been  obta ined  by  the  c o n v e n t i o n a l  

method,  t h a t   is ,   a  syrup  of  about  20  ppm  t u r b i d i t y .  

The  amounts  of  r eagen t s   used  in  the  p r e s e n t   t r e a t m e n t .  

were  very  small  and  c o n s i s t e d   o f :  

5  ppm  P205  c a l c u l a t e d   on  40wt%  syrup,  added  as  p h o s p h o r i c  

a c i d .  

28  ppm  of  Al  c a l c u l a t e d   on  the  syrup,  added  as  a luminium 

s u l p h a t e .  



about  5  ppm  of  TALOFLOTE  c a l c u l a t e d   on  the  syrup,  added 

as  an  0.1%  s o l u t i o n .  

0.138%  of  carbon,   c a l c u l a t e d   on  the  s y r u p .  

0.055%  of  f i l t e r   aid,   c a l c u l a t e d   on  the  s y r u p .  

0.9%  of  the  glucose  in  the  conver ted   s t a r c h   was  l o s t   in  

the  scum  produced  in  the  c l a r i f i e r ,   and  the  to ta l   s ludge  to  be 

d i s c h a r g e d   amount  to  1.56%,  c a l c u l a t e d   on  the  weight   of  the  s y r u p .  

In  c o n t r a s t ,   the  convent iona l   c l a r i f i c a t i o n   p r e v i o u s l y  

used  to  produce  the  same  syrup  used  to  need  more  equipment ,   more 

chemica l s   and  gave  g r e a t e r   glucose  losses   and  g r e a t e r   sludge  volumes.  

Thus,  p r e v i o u s l y   i t   had  been  necessary  to  employ  a  two-s tage   f i l t r a t i o n  

with  carbon  and  f i l t e r   aid  added  in  both  s t a g e s .   The  f i r s t   s t a g e  

was  based  on  ten  p l a t e - a n d - f r a m e   f i l t e r s ,   and  the  second  s t a g e  

on  th ree   such  f i l t e r s .   0.175%  carbon  and  0.16%  f i l t e r   aid  were 

p r e v i o u s l y   used,  the  glucose  loss  was  1.5%,  and  the  to ta l   s l u d g e  

amounted  to  2.6%,  all  c a l c u l a t e d   on  the  weight  of  s y r u p .  

The  c l a r i f i c a t i o n   procedure  of  the  i n v e n t i o n   thus  gave 

s u b s t a n t i a l   a d v a n t a g e s .  



EXAMPLE  2 -  Second Large  Scale  P r o c e s s  

This  Example  is  based  on  exper imenta l   work  c a r r i e d   o u t  

at  a  f a c t o r y   in  the  USA.  The  equipment  was  s u b s t a n t i a l l y   as  shown 

in  the  accompanying  drawing,  except   for  two  m o d i f i c a t i o n s .   F i r s t l y ,  

the  acid  c o n v e r t e r   16  and  a s s o c i a t e d   equipment  was  r ep laced   w i t h  

c o n v e n t i o n a l   equipment  for  c a r r y i n g   out  a  dual  enzyme-enzyme  h y d r o l y s i s  

to  give  a  high  DE  syrup.  Secondly,   at  the  j u n c t i o n   between  t h e  

pipe  27  from  the  r e a c t i o n   tank  28  and  the  re tu rn   loop  from  t h e  

c e n t r i f u g a l   pump  32,  a  holding  tank  was  i n s t a l l e d   to  even  o u t  

flow  into  the  c l a r i f i e r   29 .  

The  enzyme-enzyme  c o n v e r t e r   was  opera ted   in  c o n v e n t i o n a l  

manner  to  produce  97DE  syrup  c o n t a i n i n g   about  35%  by  weight  o f  

d i s s o l v e d   s o l i d s .   The  syrup  con t a ined   0.5%  suspended  so l id s   and 

was  thus  very  t u r b i d .   The  so l i d s   themselves   comprised  about  25% 

oil  and  f a t ,   about  22%  p ro te in   and  about  3%  f ib re   and  o ther   m a t t e r .  

The  syrup  c o n t a i n e d   about  116  ppm  of  phosphate  and  about  0.2  ppm 

of  a l u m i n i u m .  

Af te r   ad jus tment   of  the  pH  of  the  syrup  to  4.3,  i t   was 

fed  at  about  1600  pa r t s   by  volume  per  minute  to  the  r e a c t i o n   t ank  

28.  4.92  pa r t s   by  volume  per  minute  of  13%  aluminium  s u l p h a t e  

(Al2(SO4)3.16H2O)  s o l u t i o n   was  added,  along  with  s u f f i c i e n t   2% 

sodium  hydroxide  s o l u t i o n   to  give  a  pH  of  4.2.  No  phosphate   was 

needed  in  view  of  the  high  i n i t i a l   phosphate  conten t   of  the  sy rup .  



The  syrup  then  passed  through  the  holding  tank  to  t h e  

c l a r i f i e r   29.  7  par t s   by  volume  per  minute  of  a  0.1%  s o l u t i o n  

of  TALOFLOTE  A5  was  metered  in  through  the  l ine   30.  C l a r i f i e d  

syrup  was  c o n t i n u o u s l y   drawn  off  through  the  pipe  34  and  t h r o u g h  

the  r ecyc le   loop  31.  30%  the  syrup  (by  volume  of  syrup  p a s s i n g  

through  the  c l a r i f i e r )   was  drawn  off  through  the  loop  31,  a e r a t e d  

with  30  pa r t s   by  volume  per  minute  of  air   using  the  pump  32,  and 

cycled  to  the  holding  tank  mentioned  above .  

The  p roduc t   syrup  drawn  off  through  the  pipe  34  was 

e x c e p t i o n a l l y   c l e a r ,   c o n t a i n i n g   only  25  ppm  of  suspended  s o l i d s  

and  having  70%  t r a n s m i s s i o n   at  395  nm,  so  tha t   only  a  po l i sh   f i l t r a t i o n  

was  r equ i r ed   to  give  a  fu l ly   c l a r i f i e d   syrup.  Using  a  p r e s s u r e  

l ea f   f i l t e r ,   the  f i l t e r   aid  consumption  amounted  to  no  more  t h a n  

0.07%  c a l c u l a t e d   on  the  syrup  when  using  a  flow  rate   of  a b o u t  

70  l i t r e s   per  square  foot  per  h o u r .  

Scum  from  the  c l a r i f i e r   was  dra ined  off  through  pipe  33 

at  about  80  pa r t s   by  volume  per  minute .   It  conta ined  11.47%  suspended  

so l id s   compr is ing   37.5%  p r o t e i n ,   40%  oil  and  fa ts   and  22.5%  f i b r e s ,  

e t c .  

The  i n s t a l l a t i o n   of  the  p rocess   of  the  i nven t ion   was  r e g a r d e d  

as  very  s u c c e s s f u l .   The  savings  in  equipment  and  chemicals   were  

c o n s i d e r a b l e ,   compared  to  a  conven t iona l   i n s t a l l a t i o n ,   and  s y r u p  

of  c o n s i s t e n t l y   high  qua l i t y   was  o b t a i n e d .  



EXAMPLE  3  Small  Scale  I n v e s t i g a t i o n s  

100  ml  of  15  DE  enzyme- th inned   syrup  at  about  pH  6.3  and 

c o n t a i n i n g   about  150  ppm  of  phosphorus  ( c a l c u l a t e d   as  P205)  was 

t r e a t e d   with  0.4  ml  of  0.2M  A12(S04)3.16H20  s o l u t i o n   (36  ppm  Al 

on  syrup)  and  then  with  s u f f i c i e n t   d i l u t e   h y d r o c h l o r i c   acid  t o  

give  a  pH  of  4 . 4 .  

The  syrup  was  then  ae ra ted   by  a g i t a t i o n   and  0.5  ml  o f  

0.1%  TALOFLOTE  A5  s o l u t i o n   (about  5  ppm  f l o c c u l a n t   on  syrup)  was 

mixed  in  with  n o n - t u r b u l e n t   a g i t a t i o n .   S e p a r a t i o n   was  then  a l l owed  

to  ensue  for  5  minu tes ,   giving  a  f l o a t e d   mud  volume  of  about  10% 

and  about  90%  c l ea r   s y r u p .  

In  c o n t r a s t   to  the  i n i t i a l ,   very  t u r b i d   syrup,   the  c l a r i f i e d  

syrup  was  very  c l e a r   and  con ta ined   less   than  50  ppm  of  suspended  

s o l i d s .  

Taking  th i s   exper imen t   as  a  s t a n d a r d ,   v a r i a t i o n s   were  

then  i n t roduced   to  e s t a b l i s h   the  l a t i t u d e   which  might  be  p o s s i b l e .  

With  each  v a r i a t i o n ,   a  s u b j e c t i v e   assessment   was  made,  r e l a t i v e  

to  the  s tandard   e x p e r i m e n t .  

In  this   way,  i t   was  e s t a b l i s h e d   t h a t ,   for  the  p a r t i c u l a r  

syrup  being  t r e a t e d ,   comparable  r e s u l t s   could  be  ob ta ined   u s i n g  

20  to  45  ppm  Al,  with  more  than  45  ppm  aluminium  giving  no  a p p a r e n t  

a d v a n t a g e .  



Working  at  30  ppm  Al,  i t   was  found  tha t   from  5  to  30  ppm 

P2O5  gave  the  best  r e s u l t s ,   with  more  than  30  ppm  phosphate  aga in  

giving  no  apparent   a d v a n t a g e .  

The  f l o c c u l a n t   dose  could  be  var ied   between  2.5  and  10 

ppm  when  using  35  ppm  Al,  and  when  using  34  ppm  Al  the  f l o c c u l a n t  

type  could  be  var ied  between  charge  d e n s i t i e s   of  30  to  60%  by 

weight   a c r y l a t e .  

Resul t s   comparable  to  the  s tandard   were  also  o b t a i n e d  

when  the  hyd roch lo r i c   acid  was  used  to  give  a  pH  of  4  or  a  pH 

of  5.  

With  s u b s t a n t i a l   d e p a r t u r e   from  the  ranges  mentioned  i t  

was  found  tha t   the  c l a r i f i c a t i o n   was  l e s s   e f f e c t i v e   for  the  sy rups  

under  i n v e s t i g a t i o n .  

EXAMPLE  4 -  Process  Inc lud ing   De-Sweetening  of  F l o c c u l a t e d   Scum 

4.8  ml  of  prepared  primary  reagent   ( c o n t a i n i n g   26  ppm 

Al  and  12  ppm  P2O5  on  s o l u t i o n   weight)   was  added  to  800  ml  97DE 

corn  syrup  of  40%  so l ids   which  had  been  heated  to  75°C  on  a  w a t e r  

bath.   The  pH  of  the  s o l u t i o n   was  ad jus ted   to  5  by  the  a d d i t i o n  

of  a  few  drops  of  sodium  hydroxide  s o l u t i o n   (1M).  The  t r e a t e d  

syrup  was  quickly  ae ra t ed   in  a  b lender   (a  food  mixer)  and  4  ml 



T a l o f l o t e   A5  f l o c c u l a n t   (0.1%)  s o l u t i o n ,  5   ppm  on  s o l u t i o n   w e i g h t ,  

added  with  gen t l e   s i t r r i n g .   The  corn  syrup  was  l e f t   to  c l a r i f y .  

Af te r   the  c l a r i f i c a t i o n ,   the  syrup  subna tan t   was  syphoned  o f f .  

The  f l o a t e d   scum  produced  con ta ined   some  g lucose .   An 

i n v e s t i g a t i o n   was  performed  to  see  how  much  glucose  was  o c c l u d e d  

in  the  scum  and  how  much  might  be  recovered  by  simple  wash ing  

on  a  f i l t e r   membrane. 

Two  s e p a r a t e   t e s t s   were  performed  on  the  scum. 

1.  The  amount  of  scum  produced  from  800  ml  of  corn  s y r u p ,  

d i r e c t l y   a f t e r   c l a r i f i c a t i o n ,   was  de termined   by  weighing.   Deionised  

water   (220  ml)  was  thoroughly   mixed  with  the  scum  and  the  c o n c e n t r a t i o n  

of  g lucose   s o l u t i o n   d e t e r m i n e d .  

38.43  g  of  scum  was  produced  from  800  ml  40wt%  corn  s y r u p .  

Af ter   the  a d d i t i o n   of  200  ml  water  a  7.70wt%  glucose  s o l u t i o n  

was  o b t a i n e d .  

2.  A  sample  of  the  scum  was  gent ly   f i l t e r e d   on  a  f i l t e r  

c lo th   in  a  Buchner  funne l .   Deionised  water  was  mixed  with  t h e  

r e s u l t a n t   dry  cake  and  the  c o n c e n t r a t i o n   of  glucose  d i s s o l v e d  

in  the  s o l u t i o n   was  d e t e r m i n e d .  

The  scum  gave  200  ml  0.2wt%  l i q u o r .   This  r e p r e s e n t s   0.65% 

o r i g i n a l   g lucose .   F i l t r a t i o n   was  performed  qui te   e a s i l y ,   w i t h o u t  



much  ' b l i n d i n g '   of  the  f i l t e r   c l o t h .   Thus,  some  glucose  was  i ndeed  

p r e s e n t   in  the  scum  but  could  be  recovered   by  washing,  s h o u l d  

economic  and  other   f a c t o r s   be  f a v o u r a b l e .  

EXAMPLE  5 -   Comparison  of  a  Convent iona l   R e t e n t i o n - F l o c c u l a t i o n  

C l a r i f i c a t i o n   Applied  to  Corn  Syrup  with  a  C l a r i f i c a t i o n   T r e a t m e n t  

Embodying  the  Present   I n v e n t i o n  

Hydrolys is   of  corn  s t a r c h   was  c a r r i e d   out  in  the  normal 

way  by  a c i d i f i c a t i o n   of  a  corn  s t a r ch   s l u r r y   to  pH  1.5  with  h y d r o c h l o r i c  

acid  fol lowed  by  heat  t r e a t m e n t   under  p r e s s u r e .   The  r e s u l t i n g  

42EE  g lucose   syrup  con ta ined   i m p u r i t i e s   of  corn  o i l ,   g luten  e t c .  

C o n v e n t i o n a l l y ,   such  a  syrup  is  c l a r i f i e d   by  expensive  d i a tomaceous  

ea r th   f i l t r a t i o n .   In  th is   i n s t a n c e ,   c l a r i f i c a t i o n   was  e f f e c t e d  

using  e i t h e r   a  f l o c c u l a t i o n   p rocedure   embodying  the  p r e sen t   i n v e n t i o n ,  

or,  for  comparison,   a  f l o c c u l a t i o n   p rocedure   based  on  a  r e t e n t i o n -  

f l o c c u l a t i o n   c o n v e n t i o n a l l y   employed  for  sucrose  and  as  d e s c r i b e d  

in  UK  Pa ten t   S p e c i f i c a t i o n   No.  1 , 3 9 7 , 9 2 7 .  

For  the  process   based  on  the  p rocedure   of  UK  Patent   S p e c i f i c a t i o n  

No.  1 ,397 ,927 ,   glucose  syrup  at  800C  was  t r e a t e d   with  p h o s p h o r i c  

acid  ( c o r r e s p o n d i n g   to  370  ppm  P205  on  s o l i d s )   and  lime  (to  g i v e  

pH  6).  The  sample  was  then  a e r a t e d   before   the  a d d i t i o n   of  TALODURA 

p o l y a c r y l a m i d e   f l o c c u l a n t   (10  ppm  on  s o l i d s ) .   Impur i t i e s   were  

al lowed  to  s epa ra t e   by  f l o t a t i o n   with  r e t e n t i o n   in  a  TALO  c l a r i f i e r ,  

and  the  c l a r i f i e d   syrup  was  f i l t e r e d   through  a  coarse  p a p e r .  



For  cont ro l   purposes  to  r e p r e s e n t   the  c u r r e n t   f a c t o r y  

p r o c e s s ,   an  a l i q u o t   of  the  o r i g i n a l   syrup  was  f i l t e r e d   u s i n g  d i a t o m a c e o u s  

e a r t h ,   producing  a  control   sample  of  c lean  glucose  s y r u p .  

C l a r i t y   (given  by  op t i ca l   t r a n s m i s s i o n   at  393  nm)  and 

calc ium  l e v e l s   were  then  a s sessed   as  f o l l o w s :  

As  can  be  seen  in  the  above  r e s u l t s ,   c l a r i f i c a t i o n   a t  

pH  6.0  by  the  procedure   based  on  a  sucrose   r e t e n t i o n - f l o c c u l a t i o n  

c l a r i f i c a t i o n   scheme  has  the  fo l lowing   d i s a d v a n t a g e s :  

1)  Tub id i ty   develops  in  the  sample  a f t e r   c l a r i f i c a t i o n   e 

2)  The  calcium  level  of  the  t r e a t e d   syrup  is  s u b s t a n t i a l l y  

i n c r e a s e d .  



It  is  to  be  noted  t ha t   c l a r i f i c a t i o n   with  the  normal  p h o s p h o r i c  

a c i d / l i m e   system  cannot  be  c a r r i e d   out  at  a  lower  pH  than  6 . 0 .  

This  is  because,   with  the  normal  system,  the  p r e c i p i t a t e   be ing  

formed  at  above  pH  6.0  is  mainly  di-  or  t r i - c a l c i u m   p h o s p h a t e .  

Below  pH  6.0  the  system  forms  more  mono-calcium  phosphate ,   which 

is  more  so lub le   and  thus  u n s u i t a b l e .  

For  c l a r i f i c a t i o n   of  the  corn  syrup  in  accordance  w i t h  

the  i n v e n t i o n ,   the  glucose  syrup  at  80°C  was  t r e a t e d   with  75% 

phosphor ic   acid  (6  ppm  P205  on  sy rup) ,   aluminium  su lphate   (A12(S04)3 

16H20)  (26  ppm  Al  on  syrup)  and  sodium  hydroxide  (100  ppm  on  s y r u p ) .  

The  sample  was  a e r a t ed   and  TALOFLOTE  po lyac ry lamide   f l o c c u l a n t  

(5  ppm  on  syrup)  then  a d d e d .  

Impur i t i e s   were  al lowed  to  s epa ra t e   by  f l o t a t i o n .   C l a r i f i e d  

syrup  was  f i l t e r e d   through  a  course  paper  before  a n a l y s i s .   Again 

for  comparison  purposes  an  a l i q u o t   of  the  o r i g i n a l   syrup  was  f i l t e r e d  

using  diatomaceous  ea r th   to  produce  a  control   sample  of  c l e a n  

glucose  syrup,  r e p r e s e n t i n g   the  c u r r e n t   f ac to ry   p r o c e s s .  



As  can  be  seen  in  the  r e s u l t s ,   c l a r i f i c a t i o n   p roduced  

a  syrup  as  clean  as  t h a t   produced  by  s t r a i g h t   diatomaceous  e a r t h  

f i l t r a t i o n .   In  a d d i t i o n   the  syrup  s t a b i l i t y   was  s u p e r i o r  t o   t h a t  

of  the  f i l t e r e d   sample  in  t h a t   l ess   co lour   was  gene ra ted .   No 

t u r b i d i t y   formed  in  e i t h e r   of  the  s a m p l e s .  



1.  A  process   for  the  c l a r i f i c a t i o n   of  a  hydrolysed  s t a r c h  

syrup,  which  process   compr ises   forming  in  the  syrup  at  a  pH  o f  

3.5  to  6.5  a  primary  f loc  formed  between  aluminium  ions,   h y d r o x i d e  

ions,   and  phosphate  ions;   a e r a t i n g   the  syrup  c o n t a i n i n g   the  p r i m a r y  

f loc ;   d i s t r i b u t i n g   an  an ionic   organic  polymeric  f l o c c u l a n t   t h r o u g h  

the  ae ra ted   syrup  to  i n i t i a t e   the  format ion  of  a  secondary  f l o c ;  

a l lowing  the  secondary  f loc  to  grow,  and  to  s eg rega te   by  f l o t a t i o n ;  

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

2.  A  process  accord ing   to  claim  1,  wherein  for  f o r m a t i o n  

of  the  primary  floc  aluminium  is  added  to  the  syrup  in  an  amount 

of  5  to  100  ppm  ( c a l c u l a t e d   as  aluminium  and  expressed  as  ppm 

on  weight  of  s y r u p ) .  

3.  A  process   accord ing   to  claim  2,  wherein  the  a luminium 

is  added  at  20  to  40  ppm. 

4.  A  process   accord ing   to  claim  1,  2  or  3,  wherein  the  ion  

r a t i o   in  the  primary  f loc  of  aluminium  ions  to  phosphate  i ons  

is  more  than  1 : 1 .  

5.  A  process  accord ing   to  any  preceding  c laim,   wherein  f o r  

format ion  of  the  primary  f l o c ,   al lowance  is  made  for  any  phospha te  



ions  a l r e a d y   p r e s e n t   in  the  s y r u p .  

6.  A  p rocess   accord ing   to  any  preceding  claim,  wherein  f o r  

fo rmat ion   of  the  primary  f loc  phosphate   ions  are  added  to  t h e  

syrup  to  give  at  most  50  ppm  phosphate   ( c a l c u l a t e d   as  P2O5 and 

expres sed   as  ppm  on  weight  of  s y r u p ) .  

7.  A  p rocess   according   to  any  preceding  claim  wherein  f o r  

fo rmat ion   of  the  primary  f loc  the  pH  is  4  to  5 .  

8.  A  p rocess   accord ing   to  claim  7  wherein  the  pH  is  4.5  t o  

4 . 7 .  

9.  A  p rocess   accord ing   to  any  p receding   claim,  wherein  t h e  

a e r a t i o n   is  c a r r i e d   out  using  a g i t a t i o n .  

10.  A  p rocess   accord ing   to  claim  9,  w h e r e i n ,  a e r a t i o n   is  c a r r i e d  

out  on  a  l i q u i d   which  is  then  added  to  the  f l o c - c o n t a i n i n g   s y r u p .  

11.  A  p roces s   according   to  claim  10,  wherein  par t   of  the  c l a r i f i e d  

syrup  produced  by  the  p rocess   is  ae ra t ed   and  added  to  the  f l o c -  

c o n t a i n i n g   s y r u p .  



12.  A  process   according  to  claim  11,  wherein  from  10  to  50% 

of  the  c l a r i f i e d   syrup  is  a e ra t ed   and  added  to  the  f l o c - c o n t a i n i n g  

s y r u p .  

13.  A  process   according  to  any  preceding   claim,  wherein  t h e  

an ionic   organic   polymeric   f l o c c u l a n t   is  an  anionic   p o l y a c r y l a m i d e  

with  a  molecu la r   weight  of  5 ,000 ,000   to  10,000,000  and  a  c h a r g e  

dens i t y   of  20  to  75%  by  weight  a c r y l a t e   u n i t s .  

14.  A  process   accord ing   to  any  p reced ing   claim,  wherein  from 

1  to  20  ppm  of  f l o c c u l a n t   is  employed  (expressed   as  ppm  on  w e i g h t  

of  s y r u p ) .  

15.  A  process   accord ing   to  any  p reced ing   claim,  wherein  t h e  

secondary  f loc  is  allowed  to  grow,  and  then  to  segregate   by 

f l o t a t i o n , u s i n g   the  s teps  of  r e t a i n i n g   the  mixture  in  a  f l o c c u l a t o r  

vessel  with  n o n - t u r b u l e n t   a g i t a t i o n   p r e v e n t i n g   the  s e g r e g a t i o n  

of  the  secondary  f loc  and  thereby   a l lowing  i t   to  grow,  t r a n s f e r r i n g  

the  syrup  with  minimal  a g i t a t i o n   from  the  f l o c c u l a t o r   vessel  t o  

a  s e p a r a t o r   v e s s e l ,   and  then  a l lowing  the  secondary  floc  t o  

s eg rega t e   by  f l o t a t i o n   from  the  s y r u p .  

16.  Low  CE  syrup  when  c l a r i f i e d   by  a  process   according  t o  

any  preceding  c l a i m .  



17.  High  DE  syrup  when  c l a r i f i e d   by  a  process   accord ing   t o  

any  of  c l a ims   1  to  15.  
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