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T h i s   invention  discloses  a  process  for  the  manufacture  of 
paper  having  retained  therein  high  levels  of  starch  wherein 
such  starch  is  a  specially  treated,  cooked,  cross-linked  starch 
which  is  added  with  a  poly-electrolyte  at  the  wet  end  of  the 
paper  manufacturing  process  or  sprayed  on  the  web  in  the 
paper-forming  process.  The  invention  also  relates  to  a  novel 
wet-end  paper  additive  composition  which  includes  the  spe- 
cially  treated,  cooked,  cross-linked  starch  and  a  polyelectro- 
lyte  and  the  improved  paper  produced  therefrom. 



T h i s   i n v e n t i o n   r e l a t e s   to   u s e   of  a  c o o k e d ,   s p e c i a l l y -  

t r e a t e d   s t a r c h   p r o d u c t   as  a  p a p e r   w e t - e n d   a d d i t i v e   f o r   t h e  

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

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

m a n u f a c t u r e d   f rom  r ag   p u l p ,   p a p e r   i s   m a n u f a c t u r e d   fo r   t h e  

most   p a r t   f rom  wood  p u l p .   T h e r e   a r e   f i v e   d i f f e r e n t   k i n d s   o f  

wood  p u l p :   m e c h a n i c a l   p u l p   ( g r o u n d   w o o d ) ,   s e m i - c h e m i c a l  

p u l p ,   s u l f i t e   p u l p ,   s u l f a t e   or  k r a f t   p u l p ,   and  soda   p u l p .  

The  f i r s t   is   p r e p a r e d   by  p u r e l y   m e c h a n i c a l   m e a n s ,   t he   s e c o n d  

by  a  c o m b i n a t i o n   of  m e c h a n i c a l   and  c h e m i c a l   m e a n s ,   and  t h e  

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

s u b s t a n t i a l l y   a l l   t h e   wood  e x c e p t   t h e   b a r k   and  t h a t   l o s t  

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

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

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

n o n - c e l l u l o s i c   c o m p o n e n t s   of  t h e   wood  h a v i n g   b e e n   d i s s o l v e d  

away  by  t h e   c o o k i n g   and  b l e a c h i n g   t r e a t m e n t .   B e c a u s e   of  t h i s ,  

c h e m i c a l   p u l p s   a r e   much  s u p e r i o r   to   m e c h a n i c a l   and  s e m i - c h e m i c a l  

p u l p s   f o r  f i n e   p a p e r   m a k i n g .   H o w e v e r ,   b e c a u s e   of  the   s p e c i a l  

p r o c e s s i n g   r e q u i r e d ,   t h e y   a r e   t o o   e x p e n s i v e   t o   s e r v e   as  a  

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

n e w s p r i n t .  

I f   t he   p u l p   f i b e r s   w e r e   t h e  o n l y   c o n s t i t u e n t s   o f  

a  p a p e r   s h e e t ,   t h e   u s e f u l n e s s   of   t h e   p a p e r   w o u l d   be  v e r y  

r e s t r i c t e d   b e c a u s e   t he   s h e e t   w o u l d   be  s o f t ,   have   a  y e l l o w i s h  

c o l o r ,   and  c o u l d   no t   be  s u c c e s s f u l l y   w r i t t e n   or  p r i n t e d   u p o n  

w i t h   i n k .   I f   t h e   s h e e t   were   t h i n ,   i t   w o u l d   be  t r a n s p a r e n t  

to  m a t t e r   p r i n t e d   upon  t h e   o p p o s i t e   s i d e .   I t   is   n e c e s s a r y ,  



t h e n ,   to  add  o t h e r   s u b s t i t u e n t s ,   s u c h   as  s i z i n g   o r  

c o l o r i n g   a g e n t s   and  f i l l e r s   to  t he   c e l l u l o s i e   f i b e r s   t o  

p r o d u c e   p a p e r s   s u i t e d   to  i t s   many  u s e 3 .  

Many  p a p e r s ,   e x c e p t   t h e   a b s o r b e n t   t y p e s ,   f i l t e r  

p a p e r s   and  most   p a c k a g i n g   p a p e r s ,   must   have   a  f i n e l y   g r o u n d  

f i l l e r   a d d e d   to  t h e m ,   the   p u r p o s e   of   w h i c h   i s   to  o c c u p y   t h e  

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

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

i m p r o v e d   o p a c i t y .   S i z i n g   is   a d d e d   to  t he   p a p e r ,   o t h e r  

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

to  p e n e t r a t i o n   by  l i q u i d s .   Common  s i z i n g   a g e n t s   a d d e d   t o  

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

or   s o a p s   made  by  t h e   s a p o n i f i c a t i o n   of  r o s i n   w i t h   a l k a l i .  

The  s i z e s   a r e   p r e c i p i t a t e d   w i t h   a l u m .   Such  s i z i n g   a s  

d e s c r i b e d   in  t h i s   p a r a g r a p h   is   known  in  t h e   t r a d e   a s  

i n t e r n a l   s i z i n g .  

The  word  s i z i n g   is   a l s o   u s e d   in   a  s e c o n d   c o n t e x t  

in  the   p a p e r   i n d u s t r y .   T h i s   s e c o n d   use   i s   known  as  s u r f a c e  

s i z i n g .   I t   d i f f e r s   f rom  t h e   i n t e r n a l   s i z i n g   p r e v i o u s l y  

d e s c r i b e d   in   t h a t   i t   i s   a p p l i e d   to   t h e   s u r f a c e   of  t h e   p a p e r  

where   i t   c e m e n t s   t he   f i b e r s   to   t h e   body   of  t h e   p a p e r   a n d  

d e p o s i t s   a  more  or  l e s s   c o n t i n u o u s   f i l m   on  t he   p a p e r   s u r f a c e .  

S u r f a c e   s i z i n g   i s   u s e d   to   p r o d u c e   a  s m o o t h   h a r d   s u r f a c e   w h i c h  

w i l l   not   c a t c h   a  pen   when  t he   p a p e r   i s   w r i t t e n   u p o n ,   w i l l  

no t   p i c k   o f f   i f   t he   p a p e r   is   p r i n t e d   u s i n g   t a c k y   i n k s   a n d  

w i l l   no t   show  f e a t h e r i n g   of  t h e   i n k .   An  a d d i t i o n a l   a d v a n t a g e  

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

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



p a p o r .   S u r f a c e   s i z i n g   may  be  of  g r e a t e r   i m p o r t a n c e   t h a n  

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

p a p e r s ,   p r i n t i n g   p a p e r s   and  some  w r a p p i n g   p a p e r s .   I t   i s  

i m p o r t a n t   to   s u r f a c e   s i z e   p a p e r   t h a t   is  u sed   in  an  o f f s e t  

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

f i b e r s   when  the   p a p e r   is   m o i s t e n e d   w i t h   w a t e r   on  t h e   p r e s s .  

A  common  way  to   add  a  s u r f a c e   s i z e   is   to  a p p l y   t h e  

s i z i n g   a g e n t   to  b o t h   s i d e s   of  t h e   p a p e r   when  t h e   p a p e r   i s  

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

r o l l s   f o r c e   t h e   s i z e   i n t o   t h e   p a p e r   and  r emove   e x c e s s   s i z e  

f rom  t h e   s u r f a c e   of  t h e   p a p e r .   I n h e r e n t   in  t h i s   p r o c e s s  

a re   v a r i o u s   m e c h a n i c a l   p r o b l e m s   w h i c h   make  i t   e x p e n s i v e   t o  

a p p l y   and  m a i n t a i n   a  u n i f o r m   i a y e r   of  t he   s i z e   on  t h e   s u r f a c e  

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

t h e r e   i s   t h e   a d d e d   e x p e n s e   of  e v a p o r a t i n g   t he   w a t e r  

a d d e d   to  t h e   p a p e r   w i t h   a  d i l u t e   s u s p e n s i o n   of   t he   s i z e .  

Commonly  t h e   s i z e   i s   a  s t a r c h   or  a  s t a r c h   d e r i v a t i v e  

s u c h   as  an  h y d r o x y e t h y l   s t a r c h .  

S t a r c h   has   l o n g   b e e n   u s e d   as  an  a d d i t i v e   in   t h e  

m a n u f a c t u r e   of  p a p e r   to  s t r e n g t h e n   the   p a p e r   s h e e t .   S e e  

f o r   e x a m p l e   W h i s t l e r   and  P a s c h a l l ,   S t a r c h :   C h e m i s t r y   a n d  

T e c h n o l o g y ,   A c a d e m i c   P r e s s   I n c . ,   New  Y o r k ,   N.Y.  Vo l .   2 ,  

1 9 6 7 ,   C h a p t e r   VI.  For   t h i s   p u r p o s e ,   s t a r c h   i s   a d d e d   t o  

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

is   u s u a l l y   c o o k e d   in  w a t e r   b e f o r e   the   m i x t u r e   i s   a d d e d  

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

w h i c h   i s   no t   e f f e c t i v e l y   r e t a i n e d   in  t he   p a p e r   s h e e t .   An 



i m p r o v e m e n t   in  s t a r c h  c o o k i n g   was  d i s c l o s e d   in  U.S.   P a t e n t  

2 , 8 0 5 , 9 6 6 ,   i s s u e d   S e p t e m b e r   10,  1957 ,   w h e r e i n   t he   s t a r c h  

s l u r r y   was  h e a t e d   in  a  s t e a m   i n j e c t i o n   c o o k e r .   T h i s   p o r m i t t e d  

c o n t r o l   of  t h e   h e a t i n g   so  t h a t   t he   m a j o r i t y   of   t he   s t a r c h  

g r a n u l e s   were   s w o l l e n   bu t   no t   r u p t u r e d .   H o w e v e r ,   t h e  

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

and  g e l a t i n i z e   is  l a r g e .   Even   in   t h i s   p r o c e s s   o n l y   a  

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

s w o l l e n   s t a t e .   Some  s t a r c h   g r a n u l e s   may  be  s t i l l   u n s w o l l e n  

and  h e n c e   u s e l e s s   as  an  a d h e s i v e   w h i l e   o t h e r s   a r e   s o l u b i l i z e d  

and  n o t   r e t a i n e d   in  t h e   s t a r c h .   F u r t h e r m o r e ,   many  of  t h e  

s w o l l e n   s t a r c h   g r a n u l e s   so  p r e p a r e d   have   a  t e n d e n c y   t o  

d i s i n t e g r a t e   and  f o rm  more  s o l u b l e s   when  t h e i r   s l u r r i e s  

in   w a t e r   a r e   s u b j e c t e d   to  v i g o r o u s   a g i t a t i o n .  

One  m e t h o d   to   o b t a i n   a  s t a r c h   whose   s w o l l e n  

g r a n u l e s   do  no t   d i s i n t e g r a t e   d u r i n g   a g i t a t i o n   was  d i s c l o s e d  

in  U .S .   P a t e n t   2 , 1 1 3 , 0 3 4 ,   i s s u e d   A p r i l   5,  1 9 3 8 .   T h i s   w a s  

a c c o m p l i s h e d   by  r e a c t i o n   of  s t a r c h   w i t h   f o r m a l d e h y d e .   T h e  

p r o d u c t   i s   r e s i s t a n t   to  d i s p e r s i o n   in   h o t   w a t e r ,  a n d  

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

r e n d e r   t h e   s t a r c h   s u i t a b l e   as  a  p a p e r   p u l p   a d d i t i v e .  

As  a  r e s u l t   of  t h e s e   t r e a t m e n t   r e q u i r e m e n t s   and  b e c a u s e  

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

t h e   p r o d u c t   has  n e v e r   f o u n d   a c c e p t a n c e   in   t h e   p a p e r  

m a n u f a c t u r i n g   i n d u s t r y .  



A  s e c o n d   m e t h o d   to   o b t a i n   a  s t a r c h   whose   s w o l l e n  

g r a n u l e s   w o u l d   no t   d i s i n t e g r a t e   d u r i n g   a g i t a t i o n   was  d i s -  

c l o s e d   in  U.S .   P a t e n t   2 , 3 2 8 , 5 3 7 ,   i s s u e d   S e p t e m b e r   7,  1 9 4 3 .  

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

a n t i m o n y   or  p h o s p h o r o u s   c h l o r i d e s   or  o x y c h l o r i d e s .   T h e  
p a t e n t   s u g g e s t e d   t h a t   t he   p r o d u c t s   m i g h t   be  u s e f u l   in  t h e  

m a n u f a c t u r e   of  p a p e r .   A g a i n ,   t h e s e   p r o d u c t s   have   n e v e r  

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

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

ho t   w a t e r   and  a r e   o n l y   p a r t i a l l y   r e t a i n e d   in  t h e   p a p e r   s h e e t .  

One  m e t h o d   w h i c h   p a r t i a l l y   o v e r c o m e s   t h e s e   d i f -  

f i c u l t i e s   i s   d i s c l o s e d   in  c o p e n d i n g   U.S.   A p p l i c a t i o n ,   S e r i a l  

No.  7 8 0 , 6 1 4 ,   f i l e d   March   23,  1977 ,   w h i c h   i s   i n c o r p o r a t e d   i n  

t h i s   a p p l i c a t i o n   by  r e f e r e n c e .   T h i s   m e t h o d   e m p l o y s   a  

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

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

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

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

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

c o n d i t i o n s .  

I t   w o u l d   t h e r e f o r e   be  an  a d v a n c e   in  t h e   a r t   i f  

an  a d d i t i v e   were   d i s c o v e r e d   w h i c h   c o u l d   be  i n c o r p o r a t e d  

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

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

a v o i d   the   n e c e s s i t y   for  a  s e p a r a t e   s u r f a c e   s i z i n g   s t e p   w i t h  

t he   a t t e n d a n t   a d d i t i o n   of  m o i s t u r e   and  the   n e c e s s i t y   o f  



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

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

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

in  q u e s t i o n   w o u l d   f i n d   r e a d y   a c c e p t a n c e   in  t he   a r t .   I f   o n  
the   o t h e r   h a n d ,   p r o p e r t i e s   of   t h e   f i n a l l y   f o r m e d   p a p e r   a r t i c l e ,  

such   as  dry   s t r e n g t h   and  t e n s i l e   s t r e n g t h   were  i m p r o v e d   b y  

Means  of  t he   a d d i t i v e ,   t h i s   w o u l d   be  an  a d d e d   e c o n o m i c a l   b e n e f i t  

to  be  g a i n e d   t h r o u g h   use  of  an  a d d i t i v e   of  t h i s   t y p e .  

I t   i s   t h e r e f o r e   an  o b j e c t   of  t he   i n v e n t i o n  

to  p r o v i d e   a  new  and  i m p r o v e d   m e t h o d   f o r   i m p a r t i n g   t h e  

c h a r a c t e r i s t i c s   of   s u r f a c e   s i z i n g   to  m a n u f a c t u r e d   p a p e r  

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

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

A  f u r t h e r   o b j e c t   i s   to   p r o v i d e   an  a g e n t   of   t h i s  

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

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

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

on  t h e   c h e m i c a l   and  p h y s i c a l   c h a r a c t e r i s t i c s   of  t h e  

f i n i s h e d   s h e e t .  

A n o t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   to   p r o v i d e  

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

r e t a i n e d   in   and  n o t   w a s h e d   out   of  t h e   p a p e r   in   t h e   s h e e t  

f o r m i n g   p r o c e s s .  



An  i m p o r t a n t   o b j e c t   of  t he   i n v e n t i o n   i s   to   p r o v i d e  

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

p a p e r   w h i c h   w i l l   o p e r a t e   on  a  wide   v a r i e t y   of   p a p e r   s t o c k s ,  

i s   s a f e   to   h a n d l e   and  w i l l   i m p a r t   to   t h e   f i n i s h e d   s h e e t  

d e s i r a b l e   c h a r a c t e r i s t i c s   w h i c h   have   no t   h e r e t o f o r e   b e e n  

a v a i l a b l e   when  p r i o r   a r t   a t t e m p t s   have   b e e n   made  to  m a k e  

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

c o a t i n g   of  s u r f a c e   s i z e .   A  s p e c i f i c   o b j e c t   of  t h i s   i n v e n t i o n  

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

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

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

a r t i c l e   i m p r o v e d   d ry   s t r e n g t h .  

A  s t i l l   f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is   t o  

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

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

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

and  whose   s w o l l e n   g r a n u l e s   do  not   d i s i n t e g r a t e   when  s u b j e c t e d  

to  v i g o r o u s   a g i t a t i o n .  

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

f o r   t h e   m a n u f a c t u r e   of  p a p e r   w h i c h   c o m p r i s e s   t h e   s t e p s   o f :  

(a)   a d d i n g   an  a q u e o u s   s u s p e n s i o n   of  a  

c o o k e d ,   c r o s s - l i n k e d   s t a r c h   h a v i n g  

a  c o o k e d   s w o l l e n   v o l u m e   ( h e r e a f t e r  

r e f e r r e d   to  as  CSV)  of   f rom  a b o u t  

4  m l / g   to  a b o u t   25  m l / g   to   a n  

a q u e o u s   s u s p e n s i o n   of  c e l l u l o s i c  

p u l p ;  



(b)  a d d i n g   a  p o l y e l e c t r o l y t e   to   t h e  

s t a r c h - p u l p   m i x t u r e ;   a n d  

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

p u l p ,   s t a r c h   and   p o l y e l e c t r o l y t e .  

A n o t h e r   a s p e c t   of  t h i s   i n v e n t i o n   i s   a  w e t - e n d  

p a p e r   a d d i t i v e   c o m p o s i t i o n   w h i c h   c o m p r i s e s :  

(a)   an  a q u e o u s   s u s p e n s i o n   of  a  c o o k e d ,  

c r o s s - l i n k e d   s t a r c h   h a v i n g   a  CSV  o f  

f rom  a b o u t  4   m l / g   to   a b o u t   25  m l / g ;  

a n d  

(b)  a  p o l y e l e c t r o l y t e .  

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

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

.  c o m p r i s e s   s p r a y i n g   an  a q u e o u s   s u s p e n s i o n   of   a  c o o k e d ,  

c r o s s - l i n k e d   s t a r c h   h a v i n g   a  CSV  of   f r o m   a b o u t  4  m l / g  

to   a b o u t   25  m l / g   o n t o   t h e   wet  web  i n   t h e   p a p e r - f o r m i n g  

p r o c e s s   and  d r y i n g   s u c h   w e b .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   i t   has   b e e n  

d i s c o v e r e d   t h a t   c e r t a i n   c r o s s - l i n k e d   s t a r c h e s   w h i c h   show  a  

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

s u r f a c e   p r o p e r t i e s   to  m a n u f a c t u r e d   p a p e r   when  t h e y   a r e   a d d e d  

to   t h e   p u l p   in  t h e   p a p e r - m a k i n g   p r o c e s s .   The  p a p e r   so  o b t a i n e d  

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

by  t h e   e x p e n s i v e   s u r f a c e   s i z i n g   p r o c e s s .   F u r t h e r m o r e ,   t h e  

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



s t r e n g t h .   The  i n c o r p o r a t i o n   of   t h e   c r o s s - l i n k e d   s t a r c h e s   o f  

t h i s   p r o c e s s   d o e s   no t   i n t e r f e r e   w i t h   t h e   o t h e r   a d d i t i v e s   a n d  

s u b s t a n c e s   u s e d   in   t he   m a k e u p   of   t he   m a n u f a c t u r e   of   p a p e r .  

T h e r e   a r e   no  a d v e r s e   e f f e c t s   on  t he   c h e m i c a l   and  p h y s i c a l  

c h a r a c t e r i s t i c s   of  t he   f i n i s h e d   s h e e t .  

The  s t a r c h   r e a c t a n t   i t s e l f   t h a t   may  be  u s e d   i n  

p r a c t i c i n g   t he   i n v e n t i o n  m a y   be  d e r i v e d   f rom  any  v e g e t a b l e  

s o u r c e   s u c h  a s ' f o r   e x a m p l e   c o r n ,   w h e a t ,   p o t a t o ,   t a p i o c a ,  

r i c e ,   s a g o   and  g r a i n  s o r g h u m .   I t   may  be  e i t h e r   w a x y  o r  

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

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

s t a r c h   t h a t   has   b e e n   m o d i f i e d   s o m e w h a t   by  t r e a t m e n t s   w i t h  

a c i d s ,   a l k a l i e s ,   e n z y m e s   or  o x i d i z i n g   or  d e r i v a t i z i n g   a g e n t s .  

I f   t h e   s t a r t i n g   s t a r c h   i s   m o d i f i e d   or   d e r i v a t i z e d   in  s o m e  

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

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

g r o u p s   c a p a b l e   of  r e a c t i n g   w i t h   t h e   c r o s s - l i n k i n g   r e a g e n t s .  

The  c r o s s - l i n k i n g   a g e n t s   u s e d   in  t h i s   i n v e n t i o n  

may  be  any  of  t h e   w e l l - k n o w n   o r g a n i c   or  i n o r g a n i c   p o l y -  

f u n c t i o n a l   r e a g e n t s   w h i c h   can  r e a c t   w i t h   two  or  more  s t a r c h  

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

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

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

The  c r o s s - l i n k e d   s t a r c h e s  o f   t h i s   i n v e n t i o n   may  

be  p r e p a r e d   by  t h e   g e n e r a l   p r o c e d u r e   d i s c l o s e d   in  U.S.   P a t e n t  

2 , 3 2 8 , 5 3 7 ,   i s s u e d  S e p t e m b e r   7,  1 9 4 3 .   I t  i s   n e c e s s a r y   t o  



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

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

w h i c h   when  c o o k e d   in   w a t e r   g i v e   a  C S V   of   f r o m   a b o u t   4  t o  

a b o u t   2 5  m l / g ,   p r e f e r a b l y   a b o u t   7  to   a b o u t   20  m l / g .  

CSV  i s   m e a s u r e d   as  f o l l o w s :  

To  1 0 . 0 0   g  dry  b a s i s   of   s t a r c h   in  a  6 0 0 - m l  

s t a i n l e s s   s t e e l   b e a k e r   i s   a d d e d   1 9 0 . 0   g  of  d i s t i l l e d  

w a t e r .   C o v e r   w i t h   a  w a t c h   g l a s s   h a v i n g   a  c e n t e r   h o l e  

f o r   a  s t i r r i n g   s h a f t .   S t i r   at   500  rpm  f o r   18  min  i n  

a  b o i l i n g   w a t e r   b a t h .   Cool   to  28°C  by  s t i r r i n g  i n  

a  c o l d   w a t e r   b a t h .   Add  d i s t i l l e d   w a t e r   to   e x a c t l y  

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

2 5 0 - m l   c e n t r i f u g e   b o t t l e   and  c e n t r i f u g e   at   2000  r p m  

f o r   10  min .   Mark  t h e   l e v e l   of   t h e   p a s t e   in   t he   b o t t l e .  

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

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

T h e n   t h e   r e s i d u e   i s   d r i e d   f o r   4  h o u r s   a t   120°C  i n  

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

i s   c a l c u l a t e d   as  f o l l o w s :  

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

b o t t l e   i s   m e a s u r e d   in   m i l l i l i t e r s .   The  CSV  i s  

c a l c u l a t e d   as  f o l l o w s :  



I f   no  l a y e r   of   p a s t e   s e p a r a t e s   a f t e r   c e n t r i f u g a t i o n ,  

t h e   t e s t   i s   r e p e a t e d   u s i n g   a  5-g   s a m p l e   of  s t a r c h  

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

I t   has  been   f o u n d   t h a t   p r o d u c t s   w i t h   a  s u i t a b l e  

CSV  a r e   o b t a i n e d   when  s t a r c h   is   t r e a t e d   w i t h   from  a b o u t  

100  to  a b o u t   2000  m i c r o m o l e s   of  P O C l 3  p e r   mole   of  s t a r c h .  

(A  mole   o f  s t a r c h   i s   d e f i n e d   as  162  g  of   s t a r c h   on  a  d r y  

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

s t a r c h . )   S u i t a b l e   a m o u n t s   o f  o t h e r   c r o s s - l i n k i n g   a g e n t s  

a r e   r e a d i l y   d e t e r m i n e d   by  e x p e r i m e n t a t i o n .  

S t a r c h e s   w i t h   t h e   CSV  s p e c i f l e d   a b o v e   g i v e ,  

when  c o o k e d   in  w a t e r ,   s w o l l e n   g r a n u l e s   p a r t i c u l a r l y  

u s e f u l   in  t he   p a p e r - m a k i n g   p r o c e s s .   Use  of  t h e s e  

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

c o n t r o l l e d   h e a t i n g   of  t he   s t a r c h   s l u r r i e s   as  was  r e q u i r e d  

in   t h e   p r i o r   a r t  p r o c e s s e s .  F u r t h e r m o r e ,   i t   has   b e e n  

f o u n d   t h a t   t he   s w o l l e n   g r a n u l e s   p r e p a r e d   f rom  t h e  

c r o s s - l i n k e d   s t a r c h e s   w i t h  t h e   s p e c i f i e d   CSV  have   l i t t l e   or  n o  

t e n d e n c y   to  d i s i n t e g r a t e   when  s u b j e c t e d  t o   v i g o r o u s  

a g i t a t i o n .  

The  s t a r c h   i s   p r e p a r e d   f o r   a d d i t i o n   to  t he   p a p e r  

p u l p   by  c o o k i n g   a  s u s p e n s i o n   in   w a t e r .   C o o k i n g   may  b e  

a c c o m p l i s h e d   in  a  b a t c h   c o o k e r   or  a  j e t   c o o k e r .   The  c r o s s -  

l i n k e d  s t a r c h ,  p r o p e r l y   c o o k e d   in   w a t e r ,   may  be  a d d e d   t o  

t h e   p a p e r   f u r n i s h   at   v a r i o u s   p o i n t s   in   t h e   o p e r a t i o n   w h e r e  

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

i s  a t  t h e  s u c t i o n  s i d e   of  the   f a n   p u m p .  



The  s e a r c h e s   o f   t h e   p r e s e n t   p r o c e s s   a r e   e f f e c t i v e  

when  u s e d   a t  l e v e l s   o f   a b o u t   1%  to   a b o u t   20%  by  w e i g h t  

o f   d r y   s o l i d s   in   t h e   m i x t u r e   of   s t a r c h   and   p u l p .   T h e  

p r e f e r r e d   u s e   l e v e l   i s   f r o m   a b o u t   5%  to  a b o u t   10%  by  w e i g h t  

o f   d r y   s o l i d s   i n   t h e   m i x t u r e .   I t   h a s   b e e n   d i s c o v e r e d   t h a t  

s u c h   c r o s s - l i n k e d   s t a r c h e s   a r e   w e l l   r e t a i n e d   and  t h a t   w h e n  

u s e d   a t   t h e   p r e f e r r e d   u s e   l e v e l s   l e s s   t h a n   a b o u t   20%  of   t h e  

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

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

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

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

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

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

c r o s s - l i n k e d   s t a r c h e s .   S u c h   p o l y e l e c t r o l y t e s   may  b e  

u s e d   a t   a  l e v e l   o f   a b o u t   0 .01%  t o   a b o u t   1%,  p r e f e r a b l y  

a t   a  l e v e l   of   a b o u t   0 . 0 2 5 %   to   a b o u t   0.1%  by  w e i g h t   o f  

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

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

-  l i n k e d   s t a r c h   h a s   b e e n   a d d e d .  

The  p o l y e l e c t r o l y t e s   e m p l o y e d   in   t h e   p r o c e s s   o f  

t h i s   i n v e n t i o n   may  be  t h o s e   e m p l o y e d   by  p a p e r   m a k e r s   a s  

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

of   p i g m e n t s   i n   t h e   p a p e r .   They   may  be  e i t h e r   a n i o n i c   o r  

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

a c r y l a m l d e - b a s e d   c o p o l y m e r s   s o l d   by  t h e   H e r c u l e s   C o r p o r a t i o n ,  

W i l m i n g t o n ,   D e l a w a r e ,   u n d e r   t h e   R e t e n   t r a d e m a r k ;   t h o s e   s o l d  



b y   t h e   N a l c o  C h e m i c a l   C o m p a n y ,   0ak   B r o o k ,   I l l i n o i s ,   u n d e r  

t h e   N a l c o   t r a d e m a r k ;   and   t h o s e   s o l d   by  t h e   B e t z   L a b o r a t o r i e s ,  

T r e v o s e ,   P e n n s y l v a n i a ,   u n d e r   t h e   B e t z   t r a d e m a r k .  

The  b e s t   p o l y e l e c t r o l y t e   f o r   use  in  a  p a r t i c u l a r  

p a p e r - m a k i n g   s y s t e m   is   d e t e r m i n e d   by  the   f o l l o w i n g   m e t h o d :  

In  a  B r i t t   Dynamic   D r a i n a g e   J a r ,   d i s t r i b u t e d   b y  

P a p e r   R e s e a r c h   M a t e r i a l s   C o . ,   770  J a m e s  S t . ,  

A p t .   1 2 0 6 ,   S y r a c u s e ,   N.Y.  1 3 2 0 3 ,   i s   p l a c e d  

500  ml  of   p r e p a r e d   f u r n i s h .   The  m i x t u r e   i s  

a g i t a t e d   at   7 0 0 - 8 0 0   rpm  f o r   15  s e c o n d s   b e f o r e  

t h e   r e q u i r e d   amoun t   of  p o l y e l e c t r o l y t e   i s  

i n t r o d u c e d .   The  m i x t u r e   i s  a g i t a t e d   f o r   a n  

a d d i t i o n a l   10  s e c o n d s   b e f o r e   t h e   c lamp  i s   o p e n e d  

and  100  m l  o f   f i l t r a t e   is   c o l l e c t e d .   The  f i l t r a t e ,  

d i l u t e d  i f   n e c e s s a r y ,   i s   p l a c e d   in  an  e l e c t r o -  

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

at   425  m u .  T h e   p o l y e l e c t r o l y t e   w h i c h   g i v e s   t h e  

h i g h e s t   t r a n s m i s s i o n   i n  t h i s  t e s t   i s  t h e   b e s t  

. p o l y e l e c t r o l y t e   f o r   use  in   t he   p a r t i c u l a r   s y s t e m '  

t e s t e d .  

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

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

may  be  s p r a y e d   o n t o   t he   wet  web  in  t he   p a p e r - m a k i n g  

p r o c e s s .   P a p e r s   p r o d u c e d   by  t h i s   m e t h o d   e x h i b i t  

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

s u r f a c e - s i z e d   p a p e r s .   T h i s   p r o c e s s   a l s o   a v o i d s   t h e  

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



a t t e n d a n t   a d d i t i o n   of   m o i s t u r e   and  t h e   n e c e s s i t y   o f  

f u r t h e r   d r y i n g   of  t h e   p r o d u c t .  

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

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

h o w e v e r ,   t h a t   t h e   i n v e n t i o n   i s   no t   l i m i t e d  t o   t h e   e x a m p l e s  

g i v e n   b e l o w .  

EXAMPLE  I  

C r o s s - l i n k e d   s t a r c h e s   were   p r e p a r e d   u s i n g   4 0 0 ,  

800  and  1600  m i c r o m o l e s   of  p h o s p h o r o u s   o x y c h l o r i d e   p e r  

mole  of  c o m m e r c i a l   c o r n   s t a r c h .   P a p e r   h a n d s h e e t s   w e r e  

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

t h e   f o l l o w i n g   p r o c e d u r e .   The  s t a r c h   was  c o o k e d   b y  

h e a t i n g   a  s t i r r e d   5%  s l u r r y   in   w a t e r   f o r   15  m i n u t e s  a t  

9 5 - 1 0 0 ° C .   The  s t a r c h   s l u r r y   was  a d d e d   to   t h e   p a p e r   p u l p  

p r e p a r e d   f r o m   a  5 0 / 5 0   b l e a c h e d   h a r d w o o d / s o f t w o o d   k r a f t  

p u l p .   The  p u l p   a l s o   c o n t a i n e d  a l u m   in   t h e   r a t i o   o f   2% 

by  w e i g h t   of   t h e   d r i e d   p u l p .   T h e r e   was  a d d e d   0.1%,  b a s e d  

on  t o t a l   s o l i d s   w e i g h t ,   of  a  p o l y e l e c t r o l y t e ,   R e t e n   4 2 1 .  

The  pH  of   t h e   p u l p   s l u r r y   was  a d j u s t e d   to   4 .5   w i t h   s u l f u r i c  

a c i d   b e f o r e   t h e   s t a r c h   was  a d d e d .   The  d i l u t e   p u l p   s l u r r y  

c o n t a i n i n g   a p p r o x i m a t e l y   3%  by  w e i g h t   s o l i d s   was  u s e d   t o  

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

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

B l a n k   s h e e t s   w e r e   p r e p a r e d   u s i n g   t h e   same  p u l p - a l u m  

c o m p o s i t i o n   w i t h o u t   t h e   a d d i t i o n   of  any  s t a r c h .   B u r s t i n g  



s t r e n g t h   ( M u l l e n   p o i n t s ) ,   c r i t i c a l   wax  p i c k   and  K &  N 

i n k   h o l d o u t   t e s t s   we re   m e a s u r e d   by  TAPPI  ( T e c h n i c a l  

A s s o c i a t i o n   of   t h e   P u l p   and  P a p e r   I n d u s t r y ,   360  L e x i n g t o n  

A v e n u e ,   New  Y o r k ,   New  York  1 0 0 1 7 )   M e t h o d s   T 4 0 3 t s - 6 3 ,  

T 4 5 9 s u - 6 5 ,   UM413,  r e s p e c t i v e l y .   The  d a t a   a r e   s u m m a r i z e d  

in  T a b l e   I .  

T h i s   E x a m p l e   shows  t h a t   t h e   a d d i t i o n   of   a  

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

d ry   s t r e n g t h ,   wax  p i c k   and  i n k   h o l d o u t   of  t h e   p a p e r .  





EXAMPLE  I I  

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

t h e   c r o s s - l i n k i n g   a g e n t   at   a  l e v e l   c h o s e n   to  g i v e   s t a r c h  

w i t h   a  CSV  in  t h e   p r e f e r r e d   r a n g e .   The  c r o s s - l i n k i n g  

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

and   p h o s p h o r o u s   o x y c h l o r i d e .   The  s t a r c h e s   were   used   a t  

t h e   10%  l e v e l   as  in   E x a m p l e   I .   R e s u l t s   a r e   g i v e n   i n  

T a b l e   I I .  

T h i s   E x a m p l e   shows  t h a t   v a r i o u s   c r o s s - l i n k i n g  

a g e n t s   a r e   e q u a l l y   e f f e c t i v e   in  p r o d u c i n g   c r o s s - l i n k e d  

s t a r c h e s   w h i c h   i m p r o v e   t h e   p r o p e r t i e s   of  p a p e r .  





EXAMPLE  I I I  

T e s t s   were  run   on  a  p i l o t   p a p e r   m a c h i n e   u s i n g   a  

p u l p   f u r n i s h   t h a t   was  50%  b l e a c h e d   h a r d w o o d   k r a f t   and  50% 

b l e a c h e d   s o f t w o o d   k r a f t   m i x t u r e   b e a t e n   to  a  450  ml  C a n a d i a n  

s t a n d a r d   f r e e n e s s .   F o r t i f i e d   r o s i n   s i z e   (1%) and  a l u m  ( 2 % )  

were   a d d e d   to  t he   p u l p   in   t h e   b e a t e r .   S t a r c h   was  c o o k e d  

in  w a t e r   u s i n g   b a t c h e s   of   9 . 1   kg  s t a r c h   and  143  kg  w a t e r .  

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

c h e s t   at  a  2%  by  dry  w e i g h t   of   f u r n i s h   c o n s i s t e n c y .   The  p a p e r  

m a c h i n e   was  run   at  a  s p e e d   of   2 7 . 4   m/min  u s i n g   7 2 . 6   k g / h r  

of  p u l p   to   make  66 .6   g / m 2  b a s i s   w e i g h t   p a p e r .   A  0 . 7 5 %  

a q u e o u s   s o l u t i o n   of  R e t e n   421 ,   an  a n i o n i c   p o l y e l e c t r o l y t e ,   w a s  

a d d e d   a t   a  s t a n d p i p e   j u s t   p r i o r   to  t he   fan   pump.  A d d i t i o n  

was  made  at   s u c h   a  r a t e   as  to  g i v e   a  c o n c e n t r a t i o n   of  t h e  

p o l y e l e c t r o l y t e   of  0.05%  by  d ry   w e i g h t   of  t h e   t o t a l   s o l i d s .  

A l l   p a p e r   was  c a l e n d e r e d   t h r e e   n i p s   on  the   p a p e r   m a c h i n e  

c a l e n d e r   s t a c k .  

A  s u r f a c e - s i z e d   c o n t r o l   p a p e r   was  made  u s i n g   an  0 . 0 7  

d e g r e e   of  s u b s t i t u t i o n ,  8 0 - f l u i d i t y   h y d r o x y e t h y l   s t a r c h ,   a p p l i e d   a s  

a  s u r f a c e   s i z e .   T h i s   was  c o o k e d   at   15%  c o m m e r c i a l   m o i s t u r e  

b a s i s   s o l i d s   and  d i l u t e d   to   10%  s o l i d s   f o r   s i z e   p r e s s   a p p l i -  

c a t i o n .   T h e r e   was  4%  p i c k u p   of   t h i s   s t a r c h   on  the   p a p e r .  

R e s u l t s   of  t h e   e x p e r i m e n t s   a r e   g i v e n   in  T a b l e   I I I .  

The  IGT  P r i n t a b i l i t y   T e s t   was  p e r f o r m e d   a c c o r d i n g  

to  TAPPI  Me thod   T 4 9 9 s u - 6 4 .   The  p o r o s i t y   and  s m o o t h n e s s   t e s t s  

were   p e r f o r m e d   a c c o r d i n g   to  TAPPI  M e t h o d s   T460m-49   and  4 7 9 s m - 4 8 ,  

r e s p e c t i v e l y ,   and  e m p l o y e d   t h e   G u r l e y - H i l l   S - P - S   T e s t e r ,  



m a n u f a c t u r e d   by  G u r l e y   T e s t i n g   I n s t r u m e n t s ,   T r o y ,   New  Y o r k .  

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

as  f o l l o w s :  

P r e p a r e   CaCl2  s o l u t i o n   by  d i s s o l v i n g   540  g  o f  

CaCl2 ·  2H2O  in  w a t e r   and  d i l u t e   to 1  l i t e r .   A d j u s t  

t h e   s p e c i f i c   g r a v i t y   to  1 . 3 0   aL  16°C  w i t h   w a t e r .  

A d j u s t   t h e  p H   to  1 .8  w i t h   g l a c i a l   a c e t i c   a c i d .  

P r e p a r e   a  U 0 2 ( C 2 H 3 0 2 ) 2   s o l u t i o n   by  d i s s o l v i n g  

10  g  of   U O 2 ( C 2 H 3 O 2 ) 2 · 2 H 2 O   in   80  ml  w a t e r   and  20  ml  

g l a c i a l   a c e t i c   a c i d .   Do  no t   h e a t   a b o v e   60°C .   D i l u t e  

w i t h   100  ml  of  t he   CaCl2   s o l u t i o n .  

Weigh   a c c u r a t e l y   a  2-g   s a m p l e   of  p a p e r   c u t   i n t o  

p i e c e s   a p p r o x i m a t e l y   1  cm  s q u a r e .   M a c e r a t e   in   10  m l  

w a t e r   in   a  2 5 0 - m l   b e a k e r .   Add  60  ml  CaCl2  s o l u t i o n  

and   b o i l   v i g o r o u s l y   f o r   30  m i n u t e s   w i t h   o c c a s i o n a l  

s t i r r i n g .   Add  w a t e r   as  n e e d e d   to  m a i n t a i n   a  c o n s t a n t  

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

m i x t u r e   i n t o   a  1 0 0 - m l   K o h l r a u s c h   f l a s k   c o n t a i n i n g  

10  ml  of   U 0 2 ( C 2 H 3 0 2 ) 2   s o l u t i o n .   D i l u t e   to   v o l u m e  

w i t h   C a C l 2  s o l u t i o n .   F i l t e r   by  g r a v i t y   t h r o u g h  

an  1 8 . 5 - c m   r e t e n t i v e   p a p e r   i n t o   a  dry   f l a s k ,  

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

t h e   o p t i c a l   r o t a t i o n   of  t h e   s a m p l e   i n   a  2 - d c m  

p o l a r i m e t e r   t u b e .  



Where :   2 0 3  =   s p e c i f i c   r o t a t i o n   of  p u r e   c o r n   s t a r c h  

T h i s   e x a m p l e   shows   t h a t   t he   c o o k e d   c r o s s - l i n k e d  

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

g i v e   p a p e r   w i t h   p r o p e r t i e s   as  good  as  or  b e t t e r   t h a n  

t h o s e   of  s u r f a c e   s i z e d   p a p e r .   They  a l s o   show  t h a t   t h e  

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

p a p e r   when  t h e y   a r e   a d d e d   to   t h e   p u l p   w i t h   a  p o l y e l e c t r o l y t e .  





EXAMPLE  I V  

H a n d s h e e t s   were   p r e p a r e d   u s i n g   50%  b l e a c h e d   h a r d w o o d  

k r a f t   and  50%  b l e a c h e d   s o f t w o o d   k r a f t   p u l p .   A  POC13  c r o s s -  

l i n k e d   s t a r c h   w i t h   a  CSV  of  14  was  a d d e d   at   a  l e v e l   of  7% 

by  d ry   w e i g h t   of  t h e   s t a r c h   p u l p   m i x t u r e .   The  f u r n i s h   a l s o  

c o n t a i n e d   1%  by  w e i g h t   dry   b a s i s   of  r o s i n   and  2%  by  w e i g h t  

dry   b a s i s   of  a lum  p l u s   a  s m a l l   a m o u n t   of  a  p o l y e l e c t r o l y t e  

a d d e d   in   d i l u t e   s o l u t i o n .   S t a r c h   r e t e n t i o n   and  h a n d s h e e t  

p r o p e r t i e s   a r e   g i v e n   in  T a b l e   I V .  

T h e s e   r e s u l t s   show  t h a t   b o t h   a n i o n i c   and  c a t i o n i c  

p o l y e l e c t r o l y t e s   i n c r e a s e   t h e   r e t e n t i o n   in  p a p e r   of   t h e  

s t a r c h e s   of   t h i s   i n v e n t i o n .   P a p e r   p r e p a r e d   w i t h   t h e s e  

a d d i t i v e s   has   s u p e r i o r   s u r f a c e   p r o p e r t i e s   a s . m e a s u r e d   b y  

c r i t i c a l   wax  p i c k   to   t h o s e   of   p a p e r   p r e p a r e d   w i t h o u t   t h e s e  

a d d i t i v e s .  





EXAMPLE  V 

P a p e r   h a n d s h e e t s   were   p r e p a r e d   f rom  a  p u l p  

f u r n i s h   c o n t a i n i n g   50%  b l e a c h e d   h a r d w o o d   k r a f t   and  50% 

b l e a c h e d   s o f t w o o d   k r a f t .   A  0 .25%  d i s p e r s i o n   of  s t a r c h  

in  w a t e r   was  s p r a y e d   on  t h e   wet  h a n d s h e e t   web  w h i l e   i t  

was  s t i l l   on  t he   w i r e .   S u f f i c i e n t   m a t e r i a l   was  s p r a y e d  

on  t h e   p a p e r   to   g i v e   a  t o t a l   a d d i t i o n   of  2%  s t a r c h   b y  

w e i g h t   on  a  d ry   s o l i d s   b a s i s .   P r o p e r t i e s   of  the   d r i e d  

s h e e t s   a r e   g i v e n   in   T a b l e   V .  

T h e s e   r e s u l t s   show  t h a t   t h e   c r o s s - l i n k e d   s t a r c h  

of  t h i s   i n v e n t i o n ,   when  s p r a y e d   on  a  p a p e r   web,   i m p a r t s  

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

m e a s u r e d   by  t h e   c r i t i c a l   wax  p i c k .  





1.  An  i m p r o v e d   p r o c e s s   f o r   t h e   m a n u f a c t u r e   o f  

p a p e r   
w h i c h   c o m p r i s e s   t h e   s t e p s   o f :  

(a)  a d d i n g   an  a q u e o u s   s u s p e n s i o n   of   a  c o o k e d ,   c r o s s -  

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

f r o m   a b o u t   4  m l / g   to   a b o u t   25  m l / g   t o   an  a q u e o u s  

s u s p e n s i o n   of   c e l l u l o s i c   p u l p ;  

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

m i x t u r e ;   a n d  

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

s t a r c h   and   p o l y e l e c t r o l y t e .  

2.  The  p r o c e s s  o f   c l a i m  1   w h e r e i n   s a i d  c r o s s - l i n k e d  

s t a r c h   c o m p r i s e s   f r o m   a b o u t   1%  to   a b o u t   20%  by  w e i g h t   o f   t h e  

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

3.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   a t   l e a s t   a b o u t  

80%  by  w e i g h t   o f   t h e   c r o s s - l i n k e d   s t a r c h   a d d e d   t o   t h e   p u l p  

i s   r e t a i n e d   in   t h e   p a p e r .  

4 .   The  p r o c e s s   of   c l a i m   1  w h e r e i n   s a i d   p o l y e l e c t r o l y t e  

c o m p r i s e s   f r o m   a b o u t   0 .01%  t o   a b o u t   1%  by  w e i g h t   of   s a i d   p u l p ,  

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

5.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   s a i d   p o l y e l e c t r o l y t e  

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

6.  A  w e t - e n d   p a p e r   a d d i t i v e   c o m p o s i t i o n   w h i c h   c o m p r i s e s :  

(a)  an  a q u e o u s   s u s p e n s i o n   of   a  c o o k e d ,   c r o s s - l i n k e d  

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

4  m l / g   to   a b o u t   25  m l / g ;   a n d  

(b)  a  p o l y e l e c t r o l y t e .  



7.  The  c o m p o s i t i o n   of   c l a i m   10  w h e r e i n   t h e   p o l y -  

e l e c t r o l y t e   c o m p r i s e s   an  a n i o n i c   o r   c a t i o n i c   a c r y l a m i d e   b a s e d  

c o p o l y m e r .  

8.  A  p a p e r   of   i m p r o v e d   s u r f a c e   p r o p e r t i e s   w h i c h  

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

h a v i n g   a  c o o k e d   s w o l l e n   v o l u m e   of   f r o m   a b o u t   4  m l / g   t o   a b o u t  

25  m l / g   a n d   a  p o l y e l e c t r o l y t e .  

9.  An  i m p r o v e d   p r o c e s s   f o r   t h e   m a n u f a c t u r e   o f   p a p e r  

w h i c h   c o m p r i s e s   s p r a y i n g   an  a q u e o u s   s u s p e n s i o n   o f   a  c o o k e d ,  

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

4  m l / g   t o   a b o u t   25  m l / g   o n t o   t h e   w e t   w e b  i n  t h e   p a p e r - f o r m i n g  

p r o c e s s   and   d r y i n g   s u c h   w e b .  

10 .   The  p r o c e s s   of   c l a i m   9  w h e r e i n   t h e   a m o u n t  o f  

c o o k e d ,   c r o s s - l i n k e d   s t a r c h   a d d e d   t o   t h e   w e t   web  i s   a b o u t   2% 

by  w e i g h t   of   t h e   d r y   b a s i s   w e i g h t   of   t h e   f u r n i s h .  
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