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Papermaklng. 

©  in  making  paper  from  an  aqueous  papermaking  stock, 
a  binder  comprising  colloidal  silicic  acid  and  cationic  starch 
is  added  to  the  stock  for  improving  the  paper  or  the  reten- 
tion  of  the  stock  components,  or  is  added  to  the  white  water 
for  reducing  the  pollution  problems  or  recovering  values 
from  the  white  water. 

The  cationic  starch  of  the  binder  has  a  degree  of 
substitution  of  not  less  than  0.01,  and  the  weight  ratio  of 
cationic  starch  to  Si02  is  between  1:1  and  25:1. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   p a p e r -  

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

of  a  b i n d e r   in  a  p a p e r m a k i n g   p r o c e s s ,   t h e   b i n d e r   c o m -  

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

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

and  o t h e r   c h a r a c t e r i s t i c s .   Such   a  b i n d e r ,   in  a d d i t i o n ,  

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

a d d e d   m i n e r a l   m a t e r i a l s   as  w e l l   as  p a p e r m a k i n g   f i n e s .  

M o r e o v e r ,   v a r i o u s   f e a t u r e s   of  t h e   i n v e n t i o n   may  b e  

e m p l o y e d   to   e f f e c t   c l a r i f i c a t i o n   of  t h e   w h i t e   w a t e r  

r e s u l t i n g   f r o m   a  p a p e r m a k i n g   p r o c e s s .  

At  t h e   p r e s e n t   t i m e ,   t h e   p a p e r m a k i n g   i n d u s t r y  

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

and  h i g h   q u a l i t y   p u l p   i s   in  r e l a t i v e l y   s h o r t   s u p p l y .  

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

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

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

ly  i n c r e a s e d   t h e   c o s t   o f  p a p e r m a k i n g .   F i n a l l y ,   t h e  

c o s t   of  t h e   e n e r g y   r e q u i r e d   to   make  p a p e r   has   i n c r e a s e d  

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

mer s   a r e   f a c e d   w i t h   two  c h o i c e s :   e i t h e r   pay   t h e   h i g h e r  

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

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

of  q u a l i t y   in  t h e   f i n i s h e d   p a p e r   p r o d u c t .  

The  i n d u s t r y   has   made  v a r i o u s   a t t e m p t s   to   r e d u c e  

t h e   c o s t   of  t h e   p a p e r   p r o d u c t s .   One  a p p r o a c h   t h a t   h a s  

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

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

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

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

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

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

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



t h e   w i r e   to   t h e   e x t e n t   t h a t   t h e   l e v e l   of   f i l l e r   m a t e r i a l s  

b u i l d s   up  in   t h e   w h i t e   w a t e r   w i t h   t h e   r e s u l t   t h a t   t h e  

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

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

e m p l o y e d   in   an  a t t e m p t   to   a l l e v i a t e   t h e   r e t e n t i o n   p r o b l e m  

b u t   t h e i r   u s e   has   n o t   b e e n   e n t i r e l y   s a t i s f a c t o r y .  

A t t e m p t s   h a v e   a l s o   b e e n   made  to   u s e   t y p e s   of   p u l p  

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

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

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

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

A c c o r d i n g l y ,   t h e   p r i n c i p a l   o b j e c t   of   t h e   i n v e n t i o n §  

i s   t h e   p r o v i s i o n   of   a  b i n d e r   s y s t e m   and  m e t h o d   w h i c h  

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

p e r m i t   t h e   u s e   of  m i n i m u m   a m o u n t s   of  f i b e r   to   a t t a i n  

s t r e n g t h s   and  o t h e r   p r o p e r t i e s   w h i c h   a r e   r e q u i r e d .  

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   t h e   p r o v i s i o n   o f  

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

m a t e r i a l l y   i n c r e a s e s   t h e   s t r e n g t h   and  o t h e r   c h a r a c t e r i s -  

t i c s   of   p a p e r   as  c o m p a r e d   to   a  s i m i l a r   p a p e r   made  w i t h  

known  b i n d e r s .   An  a d d i t i o n a l   o b j e c t   of   t h e   i n v e n t i o n  

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

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

o t h e r   m a t e r i a l s   in   t h e   p a p e r   s h e e t   when  u s e d   in   t h e  

s t o c k   on  t h e   p a p e r m a k i n g   m a c h i n e .   A  f u r 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   t h e   p r o v i s i o n   of  a  p a p e r   h a v i n g  

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

and   o t h e r   c h a r a c t e r i s t i c s .   A  f i n a l   o b j e c t   i s   t h e   p r o v i -  

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

w h i t e   w a t e r   in  a  p a p e r m a k i n g   p r o c e s s .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n   w i l l  

b e c o m e   known  b y  r e f e r e n c e   to   t h e   f o l l o w i n g   d e s c r i p t i o n  

and   t h e   a p p e n d e d   d r a w i n g s   in   w h i c h :  

FIGURE  1  i s   a  f l o w   d i a g r a m   of  a  p a p e r m a k i n g   p r o c e s s  

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

FIGURE  2  and   FIGURES  2A  t h r o u g h   2 S - a r e   c h a r t s  



s h o w i n g   a  t e s t   r u n   on  a  p a p e r m a k i n g   m a c h i n e   in  E x a m p l e  

1  and  t h e   p r o p e r t i e s   of   t h e   p a p e r   r e s u l t i n g   t h e r e f r o m ,  

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

of  t h e   i n v e n t i o n ;  

FIGURE  3  i s   a  c h a r t   g r a p h i c a l l y   p o r t r a y i n g   t h e  

r e s u l t s   of  E x a m p l e   I I ;  

FIGURE  4  i s   a  f l o w   d i a g r a m   of  a  p a p e r m a k i n g   p r o c e s s  

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

FIGURE  5  i s   a  c h a r t   s h o w i n g   a  t e s t   r u n   on  a  p a p e r -  

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

f e a t u r e s   of  t h e   i n v e n t i o n ;  

FIGURE  6  i s   a  c h a r t   s h o w i n g   t h e   t e n s i l e   i n d e x   as  a  

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

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

FIGURE  7  i s   a  c h a r t   s h o w i n g   t h e   s e t t l i n g   r a t e  

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

f e a t u r e s   of  t h e   i n v e n t i o n s ;  

FIGURES  8A  t h r o u g h   8G  a r e   c h a r t s   g r a p h i c a l l y   p o r -  

t r a y i n g   r e s u l t s   of  E x a m p l e   X I .  

We  h a v e   d i s c o v e r e d   a  b i n d e r   and  m e t h o d   of  e m p l o y i n g  

i t   w h i c h   m a t e r i a l l y   i n c r e a s e s   t h e   s t r e n g t h   and  o t h e r  

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

t h e   u s e   of  s u b s t a n t i a l   a m o u n t s   of   m i n e r a l   f i l l e r s   in   a  

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

t h e   f i l l e r   and  c e l l u l o s i c   f i n e s   in   t h e   s h e e t .   T h i s  

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

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

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

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

t h e   s h e e t .   A l s o ,   by  e m p l o y i n g   t h e   p r i n c i p l e s   of   t h e  

i n v e n t i o n   t h e   a m o u n t   of  m i n e r a l   f i l l e r   m a t e r i a l   may  b e  

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

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

by  a  r e d u c t i o n   in   t h e   a m o u n t   of   p u l p   e m p l o y e d   to   m a k e  

a  g i v e n   s h e e t   or   t h e   s u b s t i t u t i o n   of  m i n e r a l   f i l l e r  

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

as   a  r e d u c t i o n   in   t h e  e n e r g y   r e q u i r e d   f o r   d r y i n g   t h e  



s h e e t .   In  a d d i t i o n ,   i t   ha s   b e e n   f o u n d   t h a t   t h e   r e t e n t i o n  

of  t h e   m i n e r a l   f i l l e r   and   f i n e s   i s   a t   a  s u f f i c i e n t l y   h i g h  

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

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

t h i s   i n v e n t i o n   may  be  e m p l o y e d   to   r e m o v e   s u s p e n d e d   f i b e r s  

and  m i n e r a l   m a t e r i a l s   in   a  w h i t e   w a t e r   s y s t e m   p a p e r m a k i n g  

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

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

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

The  w e i g h t   r a t i o   b e t w e e n   t h e   c a t i o n i c   s t a r c h   and  t h e  

SiO2  in  t h e   c o l l o i d a l   s i l i c i c   a c i d   i s   g r e a t e r   t h a n  

one   and  l e s s   t h a n   a b o u t   25.  The  two  c o m p o n e n t s   a r e  

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

p r o d u c t   on  t h e   p a p e r m a k i n g   m a c h i n e .   I t   ha s   b e e n   f o u n d  

t h a t ,   a f t e r   d r y i n g ,   t h e   s h e e t   h a s   g r e a t l y   e n h a n c e d  

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

when  m i n e r a l   f i l l e r s   s u c h   as  c l a y ,   c h a l k   and   t h e   l i k e  

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

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

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

of   t h e   s h e e t   t h a t   w i l l   be  o b s e r v e d   when  t h e   b i n d e r  

s y s t e m   i s   n o t   e m p l o y e d .  

W h i l e   t h e   m e c h a n i s m   t h a t   o c c u r s   in   t h e   s t o c k   a n d  

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

the-   b i n d e r   i s   n o t   e n t i r e l y   u n d e r s t o o d ,   i t   i s   b e l i e v e d  

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

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

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

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

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

i s   e i t h e r   t o t a l l y   or  p a r t i a l l y   a n i o n i c .   The  c a t i o n i c  .  

s t a r c h   a l s o   b e c o m e s   a s s o c i a t e d   w i t h   t h e   c e l l u l o s i c  

f i b e r   and   t h e   f i n e s ,   b o t h   of   w h i c h   a r e  a n i o n i c .   U p o n  

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

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

i n g .   T h i s   t h e o r y   i s   s u p p o r t e d   in   p a r t   by  t h e   f a c t   t h a t  

as  t h e   Z e t a   p o t e n t i a l   in   t h e   a n i o n i c   s t o c k   m o v e s  t o w a r d s  



z e r o   when  e m p l o y i n g   t h e   b i n d e r   c o m p l e x   of   t h e   i n v e n t i o n  

b o t h   t h e   s t r e n g t h   c h a r a c t e r i s t i c s   and  t h e   r e t e n t i o n  

i m p r o v e .  

We  h a v e   a l s o   d i s c o v e r e d   t h a t   when  a  b i n d e r   o f  

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

t h e   b i n d e r   s y s t e m   may  be  e n h a n c e d   by  a d d i n g   t h e   c o l l o i d a l  

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

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

w i t h   t h e   p u l p   and  t h e   m i n e r a l   f i l l e r   when  p r e s e n t ,  

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

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

a c i d   and  s t a r c h   i s   f o r m e d   and   b e f o r e   t h e   s t o c k   i s   f e d  

to  t h e   h e a d   box  of  t h e   p a p e r m a k i n g   m a c h i n e  t h e   r e m a i n i n g  

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

t h e   s t o c k   c o n t a i n i n g   t h e   c o m p l e x   a g g l o m e r a t e .   T h i s  

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

two  or  more   s t e p s   r e s u l t s   in  c e r t a i n   i m p r o v e m e n t s   i n  

s t r e n g t h   and  o t h e r   c h a r a c t e r i s t i c s ,   b u t   t h e   m o s t   s t r i k -  

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

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

t h e y   r e s u l t   f r o m   t h e   p r o d u c t i o n   of  c o m p l e x   f i l l e r - f i b e r -  

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

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

to   f o r m   e v e n   more   s t a b l e   a g g l o m e r a t e s   w h i c h   a r e   l e s s  

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

f o r m a t i o n   of  t h e   p a p e r .  
B a s e d   upon   t h e   work   t h a t   has   b e e n   d o n e   to   d a t e ,  

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

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

p r i n t ,   t i s s u e ,   p a p e r   b o a r d   and   t h e   l i k e .  

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

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

p u l p s ,   e . g .   s u l f a t e   and  s u l f i t e   p u l p s   f r o m   b o t h   h a r d  

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



o c c u r   w i t h   t h e r m o - m e c h a n i c a l   and  m e c h a n i c a l   p u l p s .  
I t   h a s   b e e n   n o t e d   t h a t   t h e   p r e s e n c e   of   e x c e s s i v e   a m o u n t s  
of  l i g n i n   in  g r o u n d   wood  p u l p s   s e e m s   to   i n t e r f e r e   w i t h  

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

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

low  l i g n i n   c o n t e n t   to   a c h i e v e   t h e   d e s i r e d   r e s u l t .   ( A s  

u s e d   h e r e i n ,   t h e   t e r m s   " c e l l u l o s i c   p u l p "   and   " c e l l u l o s i c  

f i b e r "   r e f e r   t o   c h e m i c a l ,   t h e r m o - m e c h a n i c a l   and  m e c h a -  

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

t h e r e i n . )  

The  p r e s e n c e   of  c e l l u l o s i c   f i b e r s   i s   e s s e n t i a l  

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

t i o n   w h i c h   o c c u r   b e c a u s e   of   t h e   i n t e r a c t i o n   or  a s s o -  

c i a t i o n   of  a g g l o m e r a t e   and  t h e   c e l l u l o s i c   f i b e r s .   P r e -  

f e r a b l y ,   t h e   f i n i s h e d   p a p e r   s h o u l d   c o n t a i n   o v e r   50% 

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

of  c e l l u l o s i c   f i b e r s   may  be  p r o d u c e d   w h i c h   h a v e   g r e a t l y  

i m p r o v e d   p r o p e r t i e s   as  c o m p a r e d   to   p a p e r   made  f r o m  

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

d e s c r i b e d   h e r e i n .  

M i n e r a l   f i l l e r   m a t e r i a l   w h i c h   can   be  e m p l o y e d  

i n c l u d e s   any  of   t h e   common  m i n e r a l   f i l l e r s   w h i c h   h a v e  

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

t e r .   M i n e r a l   f i l l e r s   s u c h   as  k a o l i n   ( c h i n a   c l a y ) ,   b e n -  

t o n i t e ,   t i t a n i u m   d i o x i d e ,   c h a l k ,   and   t a l c   a l l   may  b e  

e m p l o y e d   s a t i s f a c t o r i l y .   (The  t e r m   " m i n e r a l   f i l l e r s "  

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

m a t e r i a l s ,   w o l l a s t o n i t e   and  g l a s s   f i b e r s   and   a l s o   l o w -  

d e n s i t y   m i n e r a l   f i l l e r s   s u c h   as  e x p a n d e d   p e r l i t e ) . .  

When  t h e   b i n d e r   c o m p l e x   d i s c l o s e d   h e r e i n   i s   e m p l o y e d ,  

t h e   m i n e r a l   f i l l e r s   w i l l   be  s u b s t a n t i a l l y   r e t a i n e d  

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

n o t   h a v e   i t s   s t r e n g t h   d e g r a d e d   to   t h e   d e g r e e   o b s e r v e d  

when  t h e   b i n d e r   i s   n o t   e m p l o y e d .  

The  m i n e r a l   f i l l e r   i s   n o r m a l l y   a d d e d   in  t h e   f o r m  



of  an  a q u e o u s   s l u r r y   in  t h e   u s u a l   c o n c e n t r a t i o n s   e m p l o y e d  

f o r   s u c h   f i l l e r s .  

As  m e n t i o n e d   a b o v e ,   t h e   m i n e r a l   f i l l e r s   in   t h e  

p a p e r   may  c o n s i s t   of  or  c o m p r i s e   a  l o w - d e n s i t y   o r  

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

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

s u c h   as  t h e   r e t e n t i o n   of  t h e   f i l l e r s   on  t h e   w i r e ,   t h e  

d e w a t e r i n g   of  t h e   p a p e r   s t o c k   on  t h e   w i r e ,   t h e   w e t  

and  d r y   s t r e n g t h   of  t h e   p a p e r   p r o d u c t   o b t a i n e d .   We 

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

a d d i t i o n   of  s u c h   f i l l e r s   can   be  o b v i a t e d   or  s u b s t a n -  

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

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

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

t a i n   s p e c i a l   p r o p e r t i e s   in  t h e   p a p e r   p r o d u c t .   T h u s ,  

u s i n g   t h e   b i n d e r   c o m p l e x   of  t h e   i n v e n t i o n   i t   ha s   b e -  

come  p o s s i b l e   to   p r o d u c e   a  p a p e r   p r o d u c t   of   l o w e r   d e n -  

s i t y   and  c o n s e q u e n t l y   h i g h e r   s t i f f n e s s   a t   t h e   s a m e  

g r a m m a g e   and  s i m u l t a n e o u s l y   to   k e e p   t h e   s t r e n g t h   p r o -  

p e r t i e s   of  t h e   p a p e r   p r o d u c t   ( s u c h   as  t h e   m o d u l u s   o f  

e l a s t i c i t y ,   t h e   t e n s i l e   i n d e x ,   t h e   t e n s i l e   e n e r g y   a b -  

s o r p t i o n   and  t h e   s u r f a c e   p i c k i n g   r e s i s t a n c e )   a t   t h e  

same  l e v e l   as  or  e v e n   a t   a  b e t t e r   l e v e l   t h a n   b e f o r e .  

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

t i o n   of  c o l l o i d a l   s i l i c i c   a c i d   and  c a t i o n i c   s t a r c h .  

The  c o l l o i d a l   s i l i c i c   a c i d   may  t a k e   v a r i o u s   f o r m s ,  

f o r   e x a m p l e ,   i t   may  be  in  t h e   f o r m   of   p o l y s i l i c i c   a c i d  

or  c o l l o i d a l   s i l i c i c   a c i d   s o l s   a l t h o u g h   b e s t   r e s u l t s  

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

P o l y s i l i c i c   a c i d   can   be  made  by  r e a c t i n g   w a t e r  

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

m o l e c u l a r   w e i g h t s   (as   S i 0 2 )   up  to   a b o u t   1 0 0 , 0 0 0 .   H o w e v e r ,  

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

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

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



s u l f a t e   may  be  r e m o v e d   by  i on   e x c h a n g e   t h r o u g h   t h e  

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

r a t e   on  s t o r a g e .   S a l t - f r e e   p o l y s i l i c i c   a c i d   may  a l s o  

be  p r o d u c e d   by  d i r e c t   i on   e x c h a n g e   of  d i l u t e d   w a t e r  

g l a s s .  

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

b o t h   s t r e n g t h   and  r e t e n t i o n   w i t h   a  b i n d e r   c o n t a i n i n g  

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

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

of  c o l l o i d a l   s i l i c i c   a c i d   in   t h e   f o r m   of  a  s o l   c o n t a i n i n g  
b e t w e e n   a b o u t   2-60%  by  w e i g h t   of  S i 0 2   and  p r e f e r a b l y  

a b o u t   4-30%  S i 0 2   by  w e i g h t .  

The  c o l l o i d a l   s i l i c i c   a c i d   in   t h e   s o l   s h o u l d   d e s i r a b l y  

h a v e   a  s u r f a c e   a r e a   of  f r o m   a b o u t   50  to   1000  m2/g   a n d  

p r e f e r a b l y   a  s u r f a c e   a r e a   f r o m   a b o u t   200  to   1000  m 2 / g  

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

i s   b e t w e e n   a b o u t   300  to   700  m 2 / g .   The  s i l i c i c   a c i d   s o l  

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

SiO2  to   M20  of  f r o m   1 0 : 1   to   3 0 0 : 1   and  p r e f e r a b l y  a  

r a t i o   of  f r o m   1 5 : 1   to   1 0 0 : 1   (M  i s   an  i on   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of  Na,  K,  Li   and  NH4) .   I t   h a s  

b e e n   d e t e r m i n e d   t h a t   t h e   s i z e   of  t h e   c o l l o i d a l   s i l i c i c  

a c i d   p a r t i c l e s   s h o u l d   be  u n d e r   20  nm  and  p r e f e r a b l y  

s h o u l d   h a v e   an  a v e r a g e   s i z e   r a n g i n g   f r o m   a b o u t   10  d o w n  

to   1  n m .   (A  c o l l o i d a l   s i l i c i c   a c i d   p a r t i c l e   h a v i n g  

a  s u r f a c e   a r e a   of  a b o u t   500  m2/g   i n v o l v e s   an  a v e r a g e  

p a r t i c l e   s i z e   of   a b o u t   5 . 5   n m ) .  

In   e s s e n c e ,   i t   i s   p r e f e r a b l y   s o u g h t   to   e m p l o y  

a  s i l i c i c   a c i d   s o l   h a v i n g   c o l l o i d a l   s i l i c i c   a c i d   p a r -  

t i c l e s   w h i c h   h a v e   a  maximum  a c t i v e   s u r f a c e   and  a  w e l l  

d e f i n e d   s m a l l   s i z e   g e n e r a l l y   a v e r a g i n g   4-9   nm.  

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

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

i n g   N a l c o   C h e m i c a l   C o m p a n y ,   Du  P o n t   &  de  N e m o u r s   C o r p o -  



r a t i o n   and  t h e   a s s i g n e e   of  t h i s   i n v e n t i o n .  

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

may  be  made  f r o m   s t a r c h e s   d e r i v e d   f r o m  a n y   of   t h e   c o m m o n  

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

s t a r c h ,   p o t a t o   s t a r c h ,   r i c e   s t a r c h ,   e t c .   As  i s   w e l l  

k n o w n ,   a  s t a r c h   i s   made  c a t i o n i c   by  ammonium  g r o u p  

s u b s t i t u t i o n   by  known  p r o c e d u r e s .   B e s t   r e s u l t s   h a v e  

b e e n   o b t a i n e d   when  t h e   d e g r e e   of  s u b s t i t u t i o n   ( d . s . )  

i s   b e t w e e n   a b o u t   0 . 0 1   and   0 . 0 5   and  p r e f e r a b l y   b e t w e e n  

a b o u t   0 . 0 2   and   0 . 0 4 ,   and   m o s t   p r e f e r a b l y   o v e r   a b o u t  

0 . 0 2 5   and   l e s s   t h a n   a b o u t   0 . 0 4 .   W h i l e   a  w i d e   v a r i e t y  

of  ammonium  c o m p o u n d s ,   p r e f e r a b l y   q u a t e r n a r y ,   a r e   e m p l o y -  

ed  in   m a k i n g   c a t i o n i z e d   s t a r c h e s   f o r   u s e   in   o u r   b i n d e r ,  

we  p r e f e r   to   e m p l o y   a  c a t i o n i z e d   s t a r c h   w h i c h   was  p r e -   ' 

p a r e d   by  t r e a t i n g   t h e   b a s e   s t a r c h   w i t h   e i t h e r   3 - c h l o r o - 2 -  

h y d r o x y p r o p y l - t r i m e t h y l   ammonium  c h l o r i d e   or   2 , 3 - e p o x y -  

p r o p y l - t r i m e t h y l   ammonium  c h l o r i d e   t o   o b t a i n   a  c a t i o n i z e d  

s t a r c h   h a v i n g   0 . 0 2 - 0 . 0 4   d . s .  

In  t h e   p a p e r m a k i n g   p r o c e s s   t h e   b i n d e r   i s   a d d e d  

to   t h e   p a p e r m a k i n g   s t o c k   p r i o r   t o   t h e   t i m e   t h a t   t h e  

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

The  two  i n g r e d i e n t s ,   t h e   c o l l o i d a l   s i l i c i c   a c i d   c o m p o -  
n e n t   and   t h e   c a t i o n i c   s t a r c h ,   may  be  m i x e d   t o g e t h e r  

t o   f o r m   an  a q u e o u s   s l u r r y   of  t h e   s i l i c a - c a t i o n i c   s t a r c h  

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

m i x e d   w i t h   t h e   p a p e r m a k i n g   s t o c k .   H o w e v e r ,   t h i s   p r o c e d u r e  

d o e s   n o t   p r o v i d e   m a x i m i z e d   r e s u l t s .   I t   i s   p r e f e r a b l e  

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

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

by  a d d i n g   t h e   c o l l o i d a l   s i l i c i c   a c i d   c o m p o n e n t   in   t h e  

f o r m   of   an  a q u e o u s   s o l   and   t h e   c a t i o n i c   s t a r c h   in   t h e  

f o r m   of   an  a q u e o u s   s o l u t i o n   s e p a r a t e l y   to   t h e   s t o c k  

in  a  m i x i n g   t a n k   or  a t   a  p o i n t   in  t h e   s y s t e m   w h e r e  

t h e r e   i s   a d e q u a t e   a g i t a t i o n   so  t h a t   t h e   two  c o m -  



p o n e n t s   a r e   d i s p e r s e d   w i t h   t h e   p a p e r m a k i n g   c o m p o n e n t s  
so  t h a t   t h e y   i n t e r a c t   w i t h   e a c h   o t h e r ,   and  w i t h   t h e  

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

Even  b e t t e r   r e s u l t s   a r e   o b t a i n e d   i f   t h e   c o l l o i d a l  

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

t h e   s t o c k   and   t h o r o u g h l y   m i x e d   t h e r e w i t h   a f t e r  

w h i c h   t h e   m a k e - u p   of   t h e   s t o c k   i s   c o m p l e t e d   a n d  

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

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

of   t h e   p a p e r   p r o d u c t .  

In  t h e   e v e n t   t h a t   a  m i n e r a l   f i l l e r   i s   t o   be  a d d e d  

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

a c i d ,   or   in   t h e   e v e n t   of   i n c r e m e n t a l   a d d i t i o n s   of   t h e ' ,  

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

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

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

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

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

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

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

a g g l o m e r a t e   i s   f o r m e d   and  p r i o r   to   or   a t   t h e   t i m e   t h e  

s t o c k   i s   c o n d u c t e d  i n t o   t h e   h e a d   b o x .   The  i n i t i a l   a d d i -  

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

a b o u t   20  to   a b o u t   90  p e r c e n t   of   t h e   t o t a l   a m o u n t   t o  

be  a d d e d   and   t h e n ,   a f t e r   t h e   i n i t i a l   a g g l o m e r a t e   i s  

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

i s   f o r m e d .   P r e f e r a b l y ,   t h e   i n i t i a l   a d d i t i o n   s h o u l d  

c o m p r i s e   f r o m   a b o u t   30  to   a b o u t   80%  of   t h e   c o l l o i d a l  

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

I t   ha s   b e e n   f o u n d   t h a t   in   a  p a p e r m a k i n g   p r o c e s s  

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

pH  of  t h e   s t o c k   is   n o t   u n d u l y   c r i t i c a l   and  may  r a n g e  



f r o m   a  pH  of  f r o m   4  to   9.  H o w e v e r ,   pH  r a n g e s   h i g h e r  

t h a n   9  and  l o w e r   t h a n   4  a r e   u n d e s i r a b l e .   A l s o ,   o t h e r  

p a p e r   c h e m i c a l s   s u c h   as  s i z i n g   a g e n t s ,   a l u m ,   and   t h e  

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

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

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

a g g l o m e r a t e   and  t h a t   t h e   l e v e l   of  t h e   a g e n t   in  r e c i r -  

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

to   i n t e r f e r e   w i t h   t h e   f o r m a t i o n   o f  t h e   b i n d e r   a g g l o -  

m e r a t e .   T h e r e f o r e ,   i t   i s   u s u a l l y   p r e f e r r e d   t o   add  t h e  

a g e n t   a t   a  p o i n t   in  t h e   s y s t e m   a f t e r   t h e   a g g l o m e r a t e  

i s   f o r m e d .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e   r a t i o   of  c a t i o n i c  

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

s h o u l d   be  b e t w e e n   1 :1   and  2 5 : 1   by  w e i g h t .   P r e f e r a b l y ,  

t h e   r a t i o   i s   b e t w e e n   1 . 5 : 1   and  1 0 : 1   and  m o s t   p r e f e r a b l y  

b e t w e e n   1 . 5 : 1   and  4 . 5 : 1 .  

The  a m o u n t   of  b i n d e r   to   be  e m p l o y e d   v a r i e s   w i t h  

t h e   e f f e c t   d e s i r e d   and  t h e   c h a r a c t e r i s t i c s   of  t h e   p a r -  
t i c u l a r   c o m p o n e n t s   w h i c h   a r e   s e l e c t e d   in  m a k i n g   u p  
t h e   b i n d e r .   For  e x a m p l e ,   i f   t h e   b i n d e r   i n c l u d e s   p o l y -  

s i l i c i c   a c i d   as  t h e   c o l l o i d a l   s i l i c i c   a c i d   c o m p o n e n t ,  

more   b i n d e r   w i l l   be  r e q u i r e d   t h a n   i f   t h e   c o l l o i d a l  

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

h a v i n g   a  s u r f a c e   a r e a   of  300  to   700  m 2 / g .   S i m i l a r l y ,  

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

0 . 0 2 5   as  c o m p a r e d   to   a  d . s .   of  0 . 0 3 0 ,   more   b i n d e r   w i l l  

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

is   u n c h a n g e d .  

In  g e n e r a l ,   when  t h e   s t o c k   d o e s   n o t   c o n t a i n   a  

m i n e r a l   f i l l e r   t h e   l e v e l   of  b i n d e r   may  r a n g e   f r o m   0 . 1  

to  15%  by  w e i g h t   and  p r e f e r a b l y   f r o m   1  to   15%  by  w e i g h t  
b a s e d   upon   t h e   w e i g h t   of  t h e   c e l l u l o s i c   f i b e r .   As  p o i n t -  

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

w i t h   c h e m i c a l   p u l p s   so  t h a t   l e s s   b i n d e r   w i l l   be  r e q u i r e d  



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

t y p e s .   In  t h e   e v e n t   t h a t   a  m i n e r a l   f i l l e r   i s   e m p l o y e d  
t h e   a m o u n t   of  b i n d e r   may  be  b a s e d   on  t h e   w e i g h t   o f  

t h e   f i l l e r   m a t e r i a l   and  may  r a n g e   f r o m   0 .5   to   25%  b y  

w e i g h t   and   u s u a l l y   b e t w e e n   2 .5   to   15%  by  w e i g h t   o f  

t h e   f i l l e r .  

As  h a s   b e e n   p o i n t e d   o u t ,   t h e   b i n d e r   may  be  a d d e d   t o  

t h e   w h i t e   w a t e r   of   a  p a p e r m a k i n g   m a c h i n e   in   a  s y s t e m   i n  

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

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

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

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

of   w a t e r   w h i c h   can   be  r e t u r n e d   to   t h e   p a p e r m a k i n g   s y s t e m ,  

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

t r a t e d   and   f r o m   w h i c h   t h e y   c an   be  r e m o v e d   by  f i l t r a t i o n  

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

r e q u i r e d ,   w i t h   t h e   c a t i o n i c   s t a r c h   to   S i 0 2   r a t i o s   as  s e t  

f o r t h   a b o v e ,   can   be  r e l a t i v e l y   s m a l l   and  in   m o s t   i n s t a n c e s  

i s   l e s s   t h a n   a b o u t   10%  by  w e i g h t   b a s e d   u p o n   t h e   d r y   w e i g h t  

of   s o l i d s   in   t h e   w h i t e   w a t e r   and   t h e   d r y   w e i g h t   of   t h e  

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

b i n d e r   s y s t e m   or   c o m p l e x   i s   f r o m   a b o u t   1  to   a b o u t   20%  b y  

w e i g h t ,   p r e f e r a b l y   f r o m   a b o u t   2  t o   a b o u t   10%  by  w e i g h t .  

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

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

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

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

EXAMPLE  I  

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

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

made  on  a  F o u r d r i n i e r   m a c h i n e   h a v i n g   an  e s t i m a t e d   c a p a c i t y  

of  a b o u t   6000  k g / h .   The  m a c h i n e   s p e e d   was  a p p r o x i m a t e l y  

250  m / m i n .   and  t h e   t a r g e t   g r a m m a g e  w a s   90  g / m  .   FIGURE  1 

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



The  f i b e r   in  t h e   s t o c k   c o m p r i s e d   a  m i x t u r e   of   a  

m e c h a n i c a l   p u l p   and  a  c h e m i c a l   p u l p .   The  m e c h a n i c a l   p u l p  

was  u n b l e a c h e d   and  was  r e f i n e d   to   a  C a n a d i a n   S t a n d a r d  

F r e e n e s s   (CSF)  of  100 .   The  c h e m i c a l   p u l p   e m p l o y e d   was  a  

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

400  CSF.  D u r i n g   t h e   r e f i n i n g   p r o c e s s ,   s u i t a b l e   a m o u n t s  

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

t h e   d e s i r e d   c o n s i s t e n c y .  

P a p e r m a k e r s '   c h i n a   c l a y   and  a  c o l l o i d a l   s i l i c i c  

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

c o n t a i n i n g   5  p e r c e n t   c l a y   by  w e i g h t .   The  c h i n a   c l a y  
had   a  p a r t i c l e   s i z e   d i s t r i b u t i o n   in  t h e   r a n g e   of  f r o m   a b o u t  

0 .5   to   10  um.  The  c o l l o i d a l   s i l i c i c   a c i d   was  in   t h e  

f o r m   of  a  15%  s o l   w h i c h   was  s t a b i l i z e d   w i t h   a l k a l i   w i t h  

a  m o l a r   r a t i o   of  S i O 2 : N a 2 0   of  4 5 : 1 .   The  s i l i c i c   a c i d   h a d  

a  p a r t i c l e   s i z e   in  t h e   r a n g e   of  f r o m   a b o u t   5-7  nm  and  a  

s u r f a c e   a r e a   of  a p p r o x i m a t e l y   500  m 2 / g .   The  c o l l o i d a l   s i -  

l i c i c   a c i d   was  a d d e d   to   p r o v i d e   2 .86%  SiO2  b a s e d   u p o n  
t h e   w e i g h t   of  t h e   c l a y .   The  pH  of  t h e   c l a y - S i 0 2   s l u r r y  

was  a b o u t   8 .  

FIGURE  2  shows   t h e   l e v e l   of   f e e d   to   t h e   p a p e r m a k i n g  

m a c h i n e   d u r i n g   t h e   t e s t   r u n ,   in  k g / m i n .   a t   t h e   v a r i o u s  

t i m e s   d u r i n g   t h e   r u n .   The  c o n s i s t e n c y   of   t h e   s t o c k   f l o w i n g  

to   t h e   p a p e r   m a c h i n e   r a n g e d   f r o m   a b o u t   6  to   a b o u t   15  g / 1 ,  

as  shown  in  FIGURE  2A,  t h e   t i m e   in   FIGURE  2A  b e i n g   c o r r e -  

l a t e d   to   t h e   t i m e s   shown  in  FIGURE  2 .  

As  i l l u s t r a t e d   in   FIGURE  2,  t h e   r u n   was  b e g u n   a t  

1 4 1 0  h o u r s   by  m i x i n g   t h e   c h e m i c a l   p u l p   and   m e c h a n i c a l  

p u l p   in  t h e   p r o p o r t i o n s   s h o w n .   At  1440  h o u r s   t h e   s t o c k  

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

m a c h i n e .  T h e   d o t t e d   l i n e   in   FIGURE  2  s h o w s   t h e   a d j u s t m e n t  

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

I n i t i a l l y ,   t h e   s t o c k   f e e d   to   t h e   m a c h i n e   was  c o n -  

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

p u l p .   H o w e v e r ,   a t   1450  h o u r s   t h e   c h i n a   c l a y - c o l l o i d a l  



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

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

u n t i l   t h e   a s h   c o n t e n t   of   t h e   s t o c k   and  t h e   w h i t e   w a t e r   c a m e  

to   e q u i l i b r i u m .   At  a p p r o x i m a t e l y   1535  h o u r s ,   a  s l u r r y   o f  

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

p u l p ,   c l a y   and   c o l l o i d a l   s i l i c i c   a c i d  i n   the  mixing  tank  t o  

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

o f   c a t i o n i c   s t a r c h   a d d e d   a t   1535  h o u r s   was  7 . 1 4   p e r c e n t   b y  

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

of   c a t i o n i c   s t a r c h   to   c o l l o i d a l   s i l i c i c   ac id   being  2 . 4 9 .  

(This  l e v e l   of  s t a r c h   in  t h i s   e x a m p l e   and  in  t h e  d r a w i n g s   i s  

s o m e t i m e s   r e f e r r e d   to   as   "LEVEL  1 " ) .   At  1625  h o u r s ,   t h e  

l e v e l   of   c a t i o n i c   s t a r c h   was  r a i s e d   to   8 . 5 7   p e r c e n t   b a s e d  

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

c o l l o i d a l   s i l i c i c   ac id   then  being  r a i s e d   to  2.99.   (This  l e v e l   o f  

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

r e f e r r e d   to   as  "LEVEL  2 " ) .   At  1702  h o u r s ,   t h e   l e v e l   o f  

c a t i o n i c   s t a r c h   was  r a i s e d   to   1 1 . 4 3   p e r c e n t   b a s e d   u p o n  

t h e   w e i g h t   of   c l a y ,   t h e   r a t i o   of   c a t i o n i c   s t a r c h   to   c o l l o i -  

d a l   s i l i c i c   a c i d   t h e n   b e i n g   3 . 9 9 .  ( T h i s   l e v e l   of  s t a r c h  

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

to   as   "LEVEL  3 " ) .   At  a l l   t i m e s   d u r i n g   t h e   r u n ,   t h e   pH 

of   t h e   s t o c k   on  t h e   m a c h i n e   was  a p p r o x i m a t e l y   8 .  

The  c a t i o n i c   s t a r c h   was  p r e p a r e d   by  t r e a t i n g   p o t a t o  

s t a r c h   w i t h   3 - c h l o r o - 2 - h y d r o x y p r o p y l - t r i m e t h y l a m m o n i u m  

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

t h e   s t a r c h   of   0 . 0 3 .   I t   was  d i s p e r s e d   in   c o l d   w a t e r   a t   a  

c o n c e n t r a t i o n   of   a b o u t   4%  by  w e i g h t ,   h e a t e d   f o r   30  m i n .  

a t   a b o u t  9 0 ° C ,   d i l u t e d   w i t h   c o l d   w a t e r   to   a  c o n c e n t r a t i o n  

of   a b o u t   2%  by  w e i g h t   and   t h e n   a d d e d   to   t h e   m i x i n g   t a n k  

as  i n d i c a t e d   in   FIGURE  1 .  

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

an  a d d i t i o n   o r   c h a n g e   was  made  in   t h e   m i x i n g   t a n k   ( t h e  

t i m e   of   a d d i t i o n   b e i n g   i n d i c a t e d   by  t h e   v e r t i c a l   a r r o w s  

in   FIGURE  2 ) ,   i t   r e q u i r e d   a p p r o x i m a t e l y   15  m i n u t e s   f o r  

t h e   c h a n g e   t o   s t a b i l i z e   on  t h e   p a p e r m a k i n g   m a c h i n e   ( i n d i -  



c a t e d   by  t h e   h o r i z o n t a l   a r r o w s   in   FIGURE  2 ) .  

A f t e r   t h e   a d d i t i o n   of  t h e   c a t i o n i c   s t a r c h   to   L e v e l   1 ,  

i . e .   to   a  r a t i o   of   2 . 4 9   to  the  s i l i c i c   a c i d ,   the  grammage  of  t h e  

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

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

w i t h   t h e   p a p e r m a k i n g   f i b e r s   on  t h e   w i r e   of   t h e   m a c h i n e .  

The  s t o c k   v a l v e   was  t h e n   a d j u s t e d   to   r e d u c e   t h e   g r a m m a g e  

to   t h e   90  g/m 2  l e v e l   a n d ,   by  a d j u s t m e n t   of   t h e   s t o c k   v a l v e ,  

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

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

in   t h e   w h i t e   w a t e r   w e r e   r e d u c e d   by  a p p r o x i m a t e l y   50  p e r c e n t  

as   more   and  more   of   t h e   s o l i d   m a t e r i a l s   w e r e   r e t a i n e d .  

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

L e v e l   2,  i . e .   a  r a t i o   of  2 . 9 9   to   t h e   s i l i c i c   ac id ,   the  grammage 

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

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

l e v e l   of   r e t e n t i o n   a g a i n   i n c r e a s e d .  

A f t e r   t h e   a d d i t i o n   of   t h e   c a t i o n i c   s t a r c h   to   t h e  

s y s t e m   and  t h e   i n c r e a s e d   r e t e n t i o n   of   c l a y   was  o b s e r v e d ,  

i t   was  f o u n d   t h a t   t h e   d r i e r s   o v e r d r i e d   t h e   p a p e r .   T h e  

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

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

r a p i d   d r y i n g .   In  s p i t e   of  t h e   r e d u c t i o n   in   h e a t   to   t h e  

d r i e r s ,   t h e   p a p e r   was  p e r i o d i c a l l y   o v e r d r i e d .   T h e  

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

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

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

Even   t h o u g h   t h e   m i n e r a l   c o n t e n t   ( m e a s u r e d   as  a s h  

c o n t e n t )   of   t h e   p a p e r   was  g r e a t l y   i n c r e a s e d ,   t h e   p a p e r -  

m a k i n g   m a c h i n e   was  r u n   a t   t h e   same  s p e e d   and   w i t h o u t  

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

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

i l l u s t r a t e d   in   FIGURES  2 A - 2 S .  

In  FIGURE  2A  t h e   c o n c e n t r a t i o n   of   s o l i d s   in  t h e  

s t o c k   i s   shown  c o r r e l a t e d   to   t h e   t i m e   o f   t h e   r u n .   I t   w i l l  

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

e x c e e d s   t h e   t o t a l   of   f i b e r   and   a s h .   T h i s   i s   b e c a u s e   t h e  



a s h   d e t e r m i n a t i o n   d r i v e s   o u t   t h e  w a t e r   of   h y d r a t i o n   a n d  

o t h e r   w a t e r   a s s o c i a t e d   w i t h   t h e   c l a y .  

FIGURE  2B  s h o w s   t h e   l e v e l   of   s o l i d s   in   t h e   w h i t e  

w a t e r .   A g a i n ,   t h e   t o t a l   c o n c e n t r a t i o n   of   s o l i d s   e x c e e d s  

t h e   sum  of   f i b e r   and   a s h   f o r   t h e   r e a s o n   g i v e n   a b o v e .   I n  

c o n n e c t i o n   w i t h   FIGURE  2B  i t   s h o u l d  b e   n o t e d   t h a t   t h e  

l e v e l   of   a s h   ( i n   t h i s   c a s e   n o n - r e t a i n e d   m i n e r a l s )   r i s e s  

r a p i d l y   u n t i l   t h e   c a t i o n i c   s t a r c h   a t   L e v e l   1,  h a s   b e e n  

a d d e d   and   h a s   had   a  c h a n c e   to   r e a c h   e q u i l i b r i u m   in  t h e  

s y s t e m .   When  t h e   l e v e l   o f   c a t i o n i c   s t a r c h   i s   i n c r e a s e d  

to   L e v e l   2  a n o t h e r   d r a m a t i c   d e c r e a s e   o c c u r s .  

The  c o m b i n a t i o n   of   t h e   c o l l o i d a l   s i l i c i c   a c i d  a n d   t h e  

c a t i o n i c   s t a r c h   as  a  b i n d e r   a l s o   i n c r e a s e s   t h e   f i l t e r i n g  

s p e e d   o f  t h e   w h i t e   w a t e r   t h r o u g h   t h e   w i r e   as  shown  i n  

FIGURE  2C.  The  d r a i n a g e   t i m e   p e r   u n i t   v o l u m e   i n c r e a s e d  

u n t i l   t h e   c o m b i n a t i o n   b i n d e r   was  p r e s e n t   a t   L e v e l   1  a n d  

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

c a t i o n i c   s t a r c h   a t   L e v e l   2  t h e   d e c r e a s e   in   t i m e   p e r   u n i t  

v o l u m e   was  e v e n   g r e a t e r .  

FIGURE  2D  s h o w s   t h e   Z e t a   p o t e n t i a l   in   t h e   s t o c k  

w h i c h   i s   a d j u s t e d   t o w a r d s   0  by  t h e  a d d i t i o n   of   t h e   c a t i o n i c  

s t a r c h   c o m p o n e n t .   As  w i l l  b e   n o t e d ,   t h e   a d j u s t m e n t   c o r r e -  

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

FIGURE  2E  g r a p h i c a l l y   i l l u s t r a t e s   t h e   g r a m m a g e   o f  

t h e   p a p e r  d u r i n g   t h e   r u n .   T h e r e   w e r e   two  o c c a s i o n s   w h e n  

t h e   web  b r o k e   on  t h e   m a c h i n e   as   i n d i c a t e d .  

FIGURE  2F  i s   a  c h a r t   s h o w i n g   t h e   t e n s i l e   i n d e x  

o f - t h e   p a p e r   p r o d u c e d   in   t h i s   e x a m p l e .   I t   s h o u l d   b e  

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

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

120  p e r c e n t   of   t h e   a m o u n t   of   a s h   s h o w n .   As  w i l l   be  o b -  

s e r v e d ,   t h e   t e n s i l e   i n d e x   i s   g r e a t l y   i m p r o v e d   and  t h e  

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

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

i n d e x .  

FIGURE  2G  i s   a  c h a r t   s i m i l a r   to   FIGURE  2 F ,  

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

of   c h e m i c a l   p u l p .  



FIGURE  2H  s h o w s   t h e   i m p r o v e d   Z  s t r e n g t h s   in   t h e  

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

s u b s t a n t i a l   a m o u n t s   of   c l a y .  

FIGURE  21  t h r o u g h   2S  a r e   c h a r t s   s h o w i n g   t h e   p r o p e r -  

t i e s   of   t h e   p a p e r   made  by  t h e   p r o c e s s   of   t h i s   e x a m p l e  

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

c a t i o n i c   s t a r c h   b o n d .   I t   s h o u l d   be  n o t e d   t h a t   in   t h e   c a s e  

of   FIGURE  2M  h a v i n g   to   do  w i t h   t h e   r o u g h n e s s   o f   t h e   s h e e t ,  

t h e   p a p e r   was  s o m e w h a t   o v e r d r i e d   a t   t i m e s   so  t h e   c o n c l u s i o n s  

as  to   t h i s   p r o p e r t y   w h i c h   c an   be  d r a w n   f r o m   t h e   c h a r t   m a y  

n o t   be  e n t i r e l y   v a l i d .  

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

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

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

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

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

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

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

p u l p   to   o b t a i n   t h e   same  or   b e t t e r   p r o p e r t i e s   t h a n   can   b e  

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

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

t h e   b i n d e r   of   t h e   i n v e n t i o n   i s   n o t   e m p l o y e d .  

EXAMPLE  I I  

Hand  s h e e t s   w e r e   made  up  in   a  l a b o r a t o r y   h a n d   s h e e t  
f o r m e r   f r o m   v a r i o u s   s t o c k s   made  f r o m   b l e a c h e d   s o f t   w o o d  
s u l f a t e   p u l p   w i t h   and   w i t h o u t   w o l l a s t o n i t e   as   a  f i l l e r ,  
t h e   s t o c k   i n c l u d i n g   t h e   c a t i o n i c   s t a r c h   c o l l o i d a l   s i l i c i c   a c i d  

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

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

c r y s t a l s   b e t w e e n   a b o u t   1  and  20  pm  in   d i a m e t e r   and  h a v i n g  
a  l e n g t h   of   a b o u t   15  t i m e s   t h e   d i a m e t e r .  

The  c o l l o i d a l   s i l i c i c   a c i d   w h i c h   was  u s e d   was  a  s i l i -  
c ic   ac id   sol  c o n t a i n i n g   15  p e r c e n t   of  c o l l o i d a l   s i l i c i c   a c i d  
h a v i n g   a  s u r f a c e   a r e a   o f   a p p r o x i m a t e l y   500  m 2 / g .   The  s o l  
was  a l k a l i   s t a b i l i z e d   w i t h  a   m o l a r   r a t i o   o f   S i 0 2 : N a 2 0   o f  
4 0 : 1 .  

The  c a t i o n i c   s t a r c h   ( C . S . )   e m p l o y e d   was  t h e   s a m e  



s t a r c h   e m p l o y e d   in   E x a m p l e   I  h a v i n g   a  d e g r e e   of   s u b s t i -  
t u t i o n   of   0 . 0 3 .   The  c a t i o n i c   s t a r c h   was  a d d e d   in   t h e   f o r m  

of   a  4  p e r c e n t   (by  w e i g h t )   a q u e o u s   s o l u t i o n .  

In  t h e   p r o c e d u r e ,   t h e   c o l l o i d a l   s i l i c i c   ac id   sol   was 

a d d e d   to   t h e   s t o c k   b e f o r e   t h e   c a t i o n i c   s t a r c h .   In  t h e  

e x a m p l e s   c o n t a i n i n g   w o l l a s t o n i t e ,   t h e   s o l   and  c a t i o n i c  

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

b i n d e r   s l u r r y   w h i c h   was  t h e n   a d d e d   to   t h e   c e l l u l o s e .   T h e  

u s u a l   a m o u n t   of   w a t e r   was  a d d e d   to   make  up  a  p a p e r m a k i n g  

s t o c k   of   t h e   d e s i r e d   c o n s i s t e n c y   of   a b o u t   1%  by  w e i g h t  

s o l i d s .   A f t e r   t h e   h a n d   s h e e t s   w e r e   made  t h e y   w e r e   p r e s s e d  

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

In   t h e   f o l l o w i n g   t a b l e   t h e   c o m p o s i t i o n   of   t h e   s o l i d s  

in   e a c h   s t o c k   i s   s e t   f o r t h   and  t h e   Z - s t r e n g t h   ( S c o t t   B o n d )  

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

of   t h e   r e s u l t i n g   s h e e t   a f t e r   p r e s s i n g   and   d r y i n g .  

The  r e s u l t s   a r e   p l o t t e d   in   FIGURE  3  w h i c h   i l l u s t r a t e s  

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

c a t i o n i c   s t a r c h   complex  b i n d e r .   As  w i l l   be  s e e n   f r o m   t h e  c h a r t ,  

t h e  Z - s t r e n g t h   of   a  s h e e t   made  f r o m   a  s t o c k   c o n t a i n i n g   30% 

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

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

i s   e m p l o y e d ,   i s   h i g h e r .   A l s o ,   t h e   u s e   of   t h e   b i n d e r   w i t h  



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

i n c r e a s e s   t h e   Z - s t r e n g t h .  

EXAMPLE  I I I  

Hand  s h e e t s   w e r e   made  up  in  a  l a b o r a t o r y   h a n d   s h e e t  

f o r m e r   f r o m   v a r i o u s   s t o c k s   made  of   2 . 0   g  of   b l e a c h e d   s o f t  

wood  s u l f a t e   p u l p   and  2 . 0   g  of   E n g l i s h   c h i n a   c l a y   G r a d e   C .  

The  c h i n a   c l a y   was  d i s p e r s e d   in   an  a l k a l i   s t a b i l i z e d   c o l l o -  

i d a l   s i l i c i c   a c i d   s o l   d i l u t e d   frcm  15%  to  1.5%  t o t a l   s o l i d s   by  

w e i g h t   and  t h e   d i s p e r s i o n   was  a d d e d   to   t h e   p u l p   in   500  m l  

of   w a t e r   in   a  l a b o r a t o r y   d i s i n t e g r a t o r .   A  2 %  s o l u t i o n   o f  

c a t i o n i c   s t a r c h   ( d . s .  =   0 . 0 3 )   was  a d d e d   and  t h e   r e s u l t i n g  

s t o c k   was  t r a n s f e r r e d   to   a  s h e e t   m o l d .   The  h a n d   s h e e t s  

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

i d e n t i c a l   c o n d i t i o n s .  

D u r i n g   t h e   r u n s   d i f f e r e n t   s i l i c i c   ac id   so l s   were  u s e d ,  
t h e   s o l s   h a v i n g   d i f f e r i n g   s u r f a c e   a r e a s   p e r   u n i t   w e i g h t  

and  s t a b i l i z e d   w i t h   d i f f e r e n t   m o l a r   r a t i o s   of   a l k a l i .  

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

a l l   of   w h i c h   i n c l u d e d   in   a d d i t i o n   to   t h e   2  g  of   p u l p   a n d  

2  g  of   c l a y   t h e   a m o u n t s   and   t y p e   of   s o l   and  t h e   a m o u n t s   o f  

c a t i o n i c   s t a r c h   i n d i c a t e d .   The  p r o p e r t i e s   of   h a n d   s h e e t s  

p r o d u c e d   a r e   a l s o   s e t   f o r t h .  



From  t h i s   e x a m p l e ,   i t   i s   a p p a r e n t   t h a t   t h e   s i l i c i c  
a c i d   s o l   c a t i o n i c   s t a r c h   c o m p l e x   g r e a t l y   a i d s   in   t h e   r e -  
t e n t i o n   of  c l a y ,   in   many  i n s t a n c e s   r e s u l t i n g   in   a l m o s t  

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

maximum  r e t e n t i o n   of  t h e   c l a y   o c c u r s   when  t h e   c o l l o d i a l  

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

s u r f a c e   a r e a   i s   b e t w e e n   a b o u t   300  and  700  m 2 / g .  

EXAMPLE  I V  

Hand  s h e e t s   w e r e   made  in   a  l a b o r a t o r y   h a n d   s h e e t  

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

as  t h e   c o l l o i d a l   s i l i c i c   a c i d   c o m p o n e n t   a  p o l y s i l i c i c   a c i d  

100  ml  of   w a t e r   g l a s s   (R =  S i O 2 : N a 2 O =   3 . 3   and  S i 0 2   =  2 6 . 5 %  

by  w e i g h t )   w e r e   d i l u t e d   w i t h   160  ml  o f   w a t e r   and  s l o w l y  

f e d   i n t o   130  ml  of   10%  s u l f u r i c   a c i d   u n d e r   v i g o r o u s   a g i -  

t a t i o n .   When  a l l   o f   t h e   w a t e r   g l a s s   had   b e e n   a d d e d   t h e  

pH  was  2 . 7   and  t h e   SiO2  c o n t e n t   was  8%  by  w e i g h t .   T h i s  



a c i d   s o l   was  d i l u t e d   to   2%  SiO2  by  w e i g h t   and  a d d e d   t o  

E n g l i s h   c h i n a   c l a y   G r a d e   C  f o l l o w e d   by  t h e   a d d i t i o n   of  a  

2%  c a t i o n i c   s t a r c h   (CS)  s o l u t i o n   ( d . s .   0 . 0 3 ) .   The  f o l l o w i n g  

s u s p e n s i o n s   w e r e   m a d e .  

E a c h   of   s u s p e n s i o n s   1,  2  and  4  was  f e d   i n t o   a  

l a b o r a t o r y   d i s i n t e g r a t o r   c o n t a i n i n g   2 . 0   g  of   b l e a c h e d   ' 

s o f t w o o d   s u l f a t e   p u l p   in   500  ml  o f  w a t e r   and  t h o r o u g h l y  

a g i t a t e d .   S u s p e n s i o n s   3  and  5  w e r e   s t o r e d   f o r   5  h o u r s  

b e f o r e   m i x i n g   as  a b o v e .   I m m e d i a t e l y   a f t e r   m i x i n g ,   h a n d  

s h e e t s   w e r e   m a d e ,   p r e s s e d   and   d r i e d .   The  s h e e t s   had  t h e  

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

As  c o m p a r e d   w i t h   t h e   s a m p l e s   p r o d u c e d   in  E x a m p l e   I I I ,  

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

m i n e r a l  f i l l e r   i s   n o t   as  g r e a t   as  in   t h a t   E x a m p l e .  

EXAMPLE  V 

Hand  s h e e t s   w e r e   made  in   a  l a b o r a t o r y   h a n d   s h e e t  
f o r m e r   f r o m   v a r i o u s   s t o c k s   as  f o l l o w s :  

1.  2 . 0   g  c h a l k   h a v i n g   a  p a r t i c l e   s i z e   r a n g i n g   f r o m  
a b o u t   2  to   2 0  p m   w i t h   t h e   m a j o r   p o r t i o n   b e i n g   a b o u t   5  u m ,  
2 . 0   g  of   w a t e r   and   3 . 8   g  c o l l o i d a l   s i l i c i c   ac id   (1.5%  t o t a l  
s o l i d s   and  s u r f a c e   a r e a   of   500  m2 /g )   are  a d d e d   to   a  s t o c k  

c o n s i s t i n g   of  2 . 0   g  f u l l y   b l e a c h e d   s o f t   wood  s u l f a t e   p u l p  



and  500  ml  of   w a t e r   in   a  l a b o r a t o r y   d i s i n t e g r a t o r .   To  t h e  
c h a l k - s i l i c i c - a c i d   pulp  s tock   7.1. g  c a t i o n i c   s t a r c h   s o l u t i o n  

(2.0%  t o t a l   s o l i d s ,   d . s .  =   0 . 0 3 )   i s   a d d e d .   A  s h e e t   i s   m a d e  

f r o m   t h e   s a m p l e   in   a  l a b o r a t o r y   s h e e t   m o l d   and  t h e   s h e e t  

i s   p r e s s e d   and  d r i e d .  

2.  A  s h e e t   as  in   s t o c k   1  a b o v e   was  m a d e ,   e x c e p t  

t h a t   t h e   a m o u n t   of   c o l l o i d a l   s i l i c i c   ac id   sol   was  5 .7   g  and  t h e  

a m o u n t   of   c a t i o n i c   s t a r c h   s o l u t i o n   was  9 .7   g .  
3.  A  s h e e t   as  in   s t o c k   1  a b o v e   was  m a d e ,   e x c e p t  

t h a t   t h e   a m o u n t   o f   c o l l o i d a l   s i l i c i c   ac id   sol   was  5 . 0  g   and  t h e  
a m o u n t  o f   c a t i o n i c   s t a r c h   s o l u t i o n   was  1 0 . 3   g .  

4.  The  same  p r o c e d u r e   was  f o l l o w e d   to   make  a  r e f e r -  

e n c e   s h e e t   w i t h o u t   c h a l k   w h e r e   3 .8   g  of   t h e   c o l l o i d a l   s i -  

l i c i c   a c i d   s o l   were  a d d e d  t o  2 . 0  g   of  t h e   p u l p   in   500  ml  o f  

w a t e r   and   t h e n   7 . 1   g  of   t h e   c a t i o n i c   s t a r c h   s o l u t i o n   a r e  

a d d e d .  

5.  The  same  p r o c e d u r e   was  f o l l o w e d   t o   make  a  

r e f e r e n c e   s h e e t   c o n t a i n i n g   no  b i n d e r .   10  g  of   c h a l k   w e r e  

a d d e d   to   2 . 0   g  of   p u l p   in   500  ml  of   w a t e r ,   b u t   no  b i n d e r  

was  a d d e d .   The  a m o u n t   of   c h a l k   a d d e d   was  l a r g e   so  t h a t ,  

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

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

t h e   b i n d e r   was  e m p l o y e d .  

6.  A n o t h e r   s h e e t   was  made  f r o m   a  s t o c k   c o n s i s t e n c y  

of   2 . 0   g  of   t h e   p u l p   in   500  ml  of   w a t e r   w i t h   no  a d d i t i v e .  

The  r e s u l t i n g   paper   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  



The  f o r e g o i n g   d e m o n s t r a t e s   t h e   i n c r e a s e   in   s t r e n g t h  

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

b o t h   w i t h   and  w i t h o u t   m i n e r a l   f i l l e r s   and  a l s o   d e m o n s t r a t e s  

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

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

p u l p   i t   c an   be  s e e n   t h a t   s u b s t a n t i a l l y   a l l   of   t h e   m i n e r a l  

f i l l e r   was  r e t a i n e d   in   s a m p l e s   1 - 3 .  

EXAMPLE  V I  

A  s l u r r y   made  of   2 . 0   g  of   N o r w e g i a n   t a l c   G r a d e   I T  

E x t r a   h a v i n g   a  p a r t i c l e   s i z e   r a n g i n g   f r o m   a b o u t   1  to   5  p m ,  

8 . 0   g  of   w a t e r   and  3 . 8   g  of  c o l l o i d a l   s i l i c i c   ac id   (1.5%  t o t a l  

s o l i d s ,   s p e c i f i c   s u r f a c e   a r e a   480  m2 /g )   was  a d d e d   to   a  

s t o c k   c o n s i s t i n g   of   2 . 0   g  of   f u l l y   b l e a c h e d   s o f t   w o o d  

s u l f a t e   p u l p   and   500  g  o f   w a t e r   in   a  l a b o r a t o r y   d i s i n t e =  

g r a t o r .   To  t h e   r e s u l t i n g   s t o c k   5 .9   g  of   c a t i o n i c   s t a r c h  

(2.4%  t o t a l   s o l i d s ,   d . s .  =   0 . 0 3 3 )   w e r e   a d d e d .   A  s h e e t   w a s  

made  in   a  l a b o r a t o r y   h a n d   mo ld   and  was  p r e s s e d   and  d r i e d .  

A  r e f e r e n c e   s a m p l e   was  made  w h e r e   4 .0   g  of   t h e  

t a l c   w e r e   a d d e d   to   2 . 0   g  of   t h e   p u l p   in  500  g  of   w a t e r ,  

b u t   no  b i n d e r   was  a d d e d .  ( T h e   a m o u n t   of   t a l c   i s   l a r g e r   t o  

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

s h e e t   w i l l   h a v e   a p p r o x i m a t e l y   t h e   same  m i n e r a l   c o n t e n t   a s  

t h e   s h e e t   made  a b o v e   w i t h   t h e   b i n d e r ) .  

I t   w i l l   be  n o t e d   a g a i n ,   as  in   E x a m p l e   V,  t h a t   t h e  

s t r e n g t h   c h a r a c t e r i s t i c s   a r e   markedly   b e t t e r   as  i s   t h e  

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

f i l l e r .  

EXAMPLE  V I I  

In  t h i s   E x a m p l e ,   t h e   b i n d e r   s y s t e m   of   t h e   p r e s e n t  

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



show  t h a t   t h e   i n v e n t i o n   i s   u s e f u l   e v e n   in   s t o c k s   c o n t a i n i n g  

c o n s i d e r a b l e   a m o u n t s   of   n o n - c e l l u l o s i c   f i b e r s .  

As  c e l l u l o s i c   f i b e r s   f u l l y   b l e a c h e d   s o f t   s u l f a t e  

p u l p   was  u s e d ,   and   as  n o n - c e l l u l o s i c   f i b e r s   g l a s s   f i b e r s  

h a v i n g   a  d i a m e t e r   of   a b o u t   5  µ m . a n d   h a v i n g   b e e n   p h e n o l i c  

r e s i n   t r e a t e d   w e r e   u s e d .   The  c o l l o i d a l   s i l i c i c   ac id   sol  c o n -  

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

a b o u t   400  m 2 / g ,   and  t h e   s i l i c i c   ac id   c o n t e n t   of  the  sol   was 

o r i g i n a l l y   15%  by  w e i g h t ,   b u t   t h e   s o l   was  d i l u t e d   w i t h   w a -  
t e r   to   a  s i l i c i c   ac id   c o n t e n t   of  1.5%  by  w e i g h t   b e f o r e   i t   w a s  

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

a  d e g r e e   of   s u b s t i t u t i o n   of   0 . 0 2   and  was  u s e d   as  a  2%  b y  

w e i g h t   s o l u t i o n .  

The  f o l l o w i n g   s t o c k s   w e r e   m a d e ,   t h e   s t o c k s   1  to   3 ,  

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

From  t h e   s e v e n  s t o c k s ,   h a n d   s h e e t s   w e r e   made  in   a  

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

t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  



As  a p p e a r s   f r o m   t h e   a b o v e ,   t h e   Z - s t r e n g t h   d e c r e a s e d  

when  g l a s s   f i b e r s   w e r e   a d d e d   ( c o m p a r e   s t o c k s   1  and  2 )  

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

s t o c k s   1  and  4)  when  s i l i c i c   a c i d   s o l   and  c a t i o n i c  

s t a r c h   b o t h   w e r e   a d d e d .   The  s h e e t s   made  f r o m   s t o c k s  

5,  6  and  7  had  h i g h e r   Z - s t r e n g t h   v a l u e s   t h a n   t h e   s h e e t s  

made  f r o m   s t o c k   1  c o n t a i n i n g   no  g l a s s   f i b e r s .  

EXAMPLE  V I I I  

A  c o m m e r c i a l   t r i a l   r u n   was  made  m a k i n g   a  c o a t e d ,  

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

mage  of   85  g / m 2 .   The  m a c h i n e   e m p l o y e d  w a s   a  t w i n   w i r e  

B e l o i t   " B e l - B a i e "   m a c h i n e   h a v i n g   a  c a p a c i t y   of  a b o u t  

1 0 , 0 0 0   k g / h o u r   a t   a  s p e e d   of  a b o u t   600  m / m i n .   The  c o a t -  

i ng   was  a c c o m p l i s h e d   " o n - l i n e "   w i t h   10  g /m2  of  c a l c i u m   ' 

c a r b o n a t e   a p p l i e d   to   e a c h   s i d e   of  t h e   s h e e t .   The  c e l l u -  

l o s i c   f i b e r   c o m p r i s e d   70%  s u l f a t e   h a r d w o o d   and  30% 

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

The  pH  of  t h e   w h i t e   w a t e r   was  a b o u t   8 . 5 .  

In  t h e   o p e r a t i o n   of  t h e   m a c h i n e   w h i c h   was  e m p l o y e d ,  

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

i t   w e r e   v e r y   r i g i d .   As  a  r e s u l t ,   in   n o r m a l   o p e r a t i o n ,  

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

25%,  i s   c l a s s i f i e d   as  " b r o k e " .   B r o k e ,   i s   u n s a t i s f a c t o r y  

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

i n t o   a  p a p e r   web.   As  a  r e s u l t ,   t h e   s t o c k   to   t h e   m a c h i n e  

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

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

t i o n  o f   t h e   b r o k e   i s   o f t e n   as  h i g h   as  50%  of  t h e   s o l i d s  

in  t h e   t o t a l   s t o c k .  

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

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

of  t h e   m a c h i n e   s i n c e   i t s   r e t e n t i o n   on  t h e   p a p e r m a k i n g  

w i r e   i s   e x t r e m e l y   p o o r   and  m o s t   of  i t   f i n d s   i t s   w a y  

i n t o   t h e   w h i t e   w a t e r   and   e v e n t u a l l y   i n t o   t h e   s e w e r .  

A l s o ,   s i n c e   t h e   a m o u n t   of   b r o k e   a l w a y s   v a r i e s ,   t h e  

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

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



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

l o s s   of  p r o d u c t i o n .  

F i g .   4  i s   a  f l o w   d i a g r a m   i n d i c a t i n g   t h e   g e n e r a l  

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

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

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

In  M i x i n g   Tank   No.  1,  t h e   two  t y p e s   of  b l e a c h e d  

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

70%  s u l f a t e   h a r d w o o d   and  30%  s u l f a t e   s o f t w o o d   p u l p ,  

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

b r o k e .   In  o r d e r   to   c o m p e n s a t e   f o r   v a r y i n g   a m o u n t s   o f  

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

b r o k e ,   a r r a n g e m e n t s   w e r e   made  to   add  a  d e s i r e d   a m o u n t  

of  e x t r a   f i l l e r   ( c a l c i u m   c a r b o n a t e ) .   At  t h i s   p o i n t ,  

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

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

f i l l e r   was  a d d e d   to   m a i n t a i n   t h e   l e v e l   of  a sh   in   t h e  

f i n i s h e d   p a p e r   b a s e   s h e e t   a t   15%  by  w e i g h t   of  d r y   p a p e r .  

In  a d d i t i o n ,   in  M i x i n g   Tank  No.  1,  t h e r e   was  a d d e d  

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

a c i d   c o n t a i n i n g   15%  by  w e i g h t   S i 0 2 ,   in   an  a m o u n t   e q u i v a -  

l e n t   to   1 .7   kg  o f  S i O 2   p e r   m e t r i c   t o n   of  d r y   b a s e   s h e e t  

( p r i o r   t o   c o a t i n g ) .   The  c o l l o i d a l   s i l i c i c   a c i d   s o l  

was  s t a b i l i z e d   w i t h   a l k a l i   w i t h   a  m o l a r   r a t i o   of  S i O 2 : N a 2 O  
of  4 5 : 1 .   The  s i l i c i c   a c i d   had   a  p a r t i c l e   s i z e   in   t h e  

r a n g e   of   f r o m   a b o u t   5-7  nm  and  a  s u r f a c e   a r e a   of   a p -  

p r o x i m a t e l y   500  m 2 / g .  

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

d u c t e d   to   M i x i n g   Tank   N o .  2   w h e r e   c a t i o n i c   s t a r c h   w a s  

a d d e d   to   t h e   s t o c k ,   in   an  a m o u n t   e q u a l   to   1 0 . 2   kg  o f  

c a t i o n i c   s t a r c h   p e r   m e t r i c   t o n   of   d r y   b a s e   s h e e t .   T h e  

c a t i o n i c   s t a r c h   was  p r e p a r e d   by  t r e a t i n g   p o t a t o   s t a r c h  

w i t h   3 - c h l o r o - 2 - h y d r o x y p r o p y l - t r i m e t h y l - a m m o n i u m   c h l o r i d e  

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

of  0 . 0 3 .   I t   was  d i s p e r s e d   in   c o l d   w a t e r   a t   a  c o n c e n -  

t r a t i o n   of  a b o u t   4%  by  w e i g h t ,   h e a t e d   f o r   30  m i n u t e s  



a t   a b o u t   9 0 ° C ,   d i l u t e d   w i t h   c o l d   w a t e r   to   a  c o n c e n t r a -  

t i o n   of  a b o u t   2%  by  w e i g h t   and   t h e n   a d d e d   to   M i x i n g  

Tank   No.  2 .  

A f t e r   t h e   c a t i o n i c   s t a r c h   was  t h o r o u g h l y   i n t e r m i x e d  

t h e   s t o c k   was  c o n d u c t e d   to   M i x i n g   Tank   N o .  3   w h e r e i n  

a  s e c o n d   i n c r e m e n t   of  c o l l o i d a l   s i l i c i c   a c i d   s o l ,   o f  

t h e   t y p e   d e s c r i b e d   a b o v e ,   was  a d d e d   t o   t h e   s t o c k   i n  

an  a m o u n t   e q u a l   to   2 . 1   kg  S i O 2  p e r   m e t r i c   t o n   of   d r y  

b a s e   s h e e t .  

From  M i x i n g   Tank   N o .  3   t h e   s t o c k   was  f e d   i n t o  

t h e   h e a d   box  of   t h e   p a p e r   m a c h i n e   w h i c h   was  o p e r a t e d  

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

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

c a l c i u m   c a r b o n a t e   and  c a l e n d e r e d   in  t h e   same  m a n n e r  

as  b e f o r e .  

F i g .   5  g r a p h i c a l l y   i l l u s t r a t e s   t h e   e f f e c t   of   t h e  

a d d i t i o n   of  t h e   c o l l o i d a l   s i l i c i c   a c i d   and   c a t i o n i c  

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

c h a r t   shows   t h e   c o n d i t i o n   of  t h e   s t o c k   and   t h e   w h i t e  

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

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

as  o u t l i n e d   a b o v e .   As  w i l l   be  n o t e d ,   t h e   t o t a l   s o l i d s  

in  t h e   s t o c k   a t   t h e   f o r m e r   or  h e a d   box  i s   a p p r o x i m a t e l y  

1 5 . 5   g / l ,   of  w h i c h   a p p r o x i m a t e l y   8 . 5   g / l   i s   f i b e r   a n d  

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

c o n t a i n e d   a p p r o x i m a t e l y   3  p e r c e n t   a s h .  

As  a p p e a r s   f r o m   F i g .   5 , t h e   w h i t e   w a t e r   in   t h e  

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

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

1 0 . 5   g / l   of  s o l i d s ,   6 . 0   g / l   a s h ,   and  4 . 5   g / l   f i b e r .  

The  d r a m a t i c   e f f e c t   of  t h e   a d d i t i o n   of  t h e   c o l l o i d a l  

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

is   shown  on  t h e   r i g h t   h a n d   s i d e   of  FIGURE  5  w h e r e   t h e  

t o t a l   s o l i d s   in  t h e   h e a d   box  d e c r e a s e d   to   a p p r o x i m a t e l y  

6  g / l ;   s l i g h t l y   l e s s   t h a n   5  g / l   f i b e r ;   and   a b o u t   1 . 5   g / l  

a s h .   The  t o t a l   s o l i d s   in  t h e   w h i t e   w a t e r   d r o p p e d   t o  

a b o u t   1  g / l ;   a b o u t , 0 . 5   g / l   f i b e r ;   and   a b o u t   0 .5   g / l  



a s h .   The  b a s e   s h e e t   c o n t a i n e d   a p p r o x i m a t e l y   15  p e r c e n t  
a s h   a n d ,   t h e   m a c h i n e   b r e a k s   d u r i n g   o p e r a t i o n   w e r e   s u b -  

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

t h e   s h e e t   c o n t a i n e d   o n l y   3  p e r c e n t   a s h .  

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

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

a m o u n t   of  f i l l e r ,   i . e .   f r o m   a b o u t   3  p e r c e n t   to   a b o u t  

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

t h e   s h e e t ,   t h e   a d d i t i o n a l   f i l l e r   d i d   n o t   m a t e r i a l l y  

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

of  t h e   p a p e r .   To  t h e   c o n t r a r y ,   c e r t a i n   p r o p e r t i e s   w e r e  

i n c r e a s e d   m a r k e d l y .   For   e x a m p l e ,   Z - s t r e n g t h   or  i n t e r -  

n a l   bond   s t r e n g t h   m e a s u r e d   by  t h e   S c o t t - B o n d   m e t h o d  

i n c r e a s e d   by  85  p e r c e n t   a t   t h e   15  p e r c e n t   f i l l e r   l e v e l  

as  c o m p a r e d   to   t h e   3  p e r c e n t   f i l l e r   l e v e l   in   t h e   c o n a n e r -  

c i a l   r u n s .   The  IGT  ( I n s t i t u u t   Voor   G r a f i s c h e   T e c h n i e k ,  

A m s t e r d a m )   s u r f a c e   p i c k i n g   r e s i s t a n c e   i n c r e a s e d   b y  

40  p e r c e n t   and   t h e   b u r s t i n g   s t r e n g t h   i n c r e a s e d   by  4 0  

p e r c e n t .  

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

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

much  more   b r o k e   to   t h e   s t o c k   t h a n   b e f o r e .   At  one  p e r i o d  

e x t e n d i n g   f o r   a b o u t   16  h o u r s ,   t h e   e n t i r e   s t o c k   w a s  

b r o k e .   F u r t h e r ,   w i t h   t h e   a d d i t i o n   of  a d d i t i o n a l   f i l l e r  

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

15·  p e r c e n t   f i l l e r   in  t h e   b a s e   s h e e t   o v e r   a  t w o - w e e k  

p e r i o d   and  t h a t   t h e   r e s u l t i n g   e v e n   l e v e l   of  a s h   p e r -  
m i t t e d   an  i n c r e a s e   in   t h e   p r o d u c t i v i t y   of  t h e   p a p e r  
m a c h i n e   due  to   f e w e r   b r e a k s   and   a  s a v i n g   of   f i b e r .  

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

r e t e n t i o n   and   d e c r e a s e d   h e a d   box  c o n s i s t e n c y   r e s u l t e d  

in  a  m a r k e d   i m p r o v e m e n t   in  t h e   d r a i n a g e   r a t e   of   t h e  

s t o c k   on  t h e   w i r e .   T h i s ,   of   c o u r s e ,   means   t h a t   an  i n -  

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

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

The  r e t e n t i o n   of  f i b e r s   and  f i n e s   on  t h e   w i r e  

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



R e t e n t i o n   p e r c e n t a g e   i s   d e t e r m i n e d   by  d i v i d i n g   t h e  

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

in  t h e   h e a d   box  and  t h e   c o n c e n t r a t i o n   of  t o t a l   s o l i d s  

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

in  t h e   h e a d   box  and  m u l t i p l y i n g   by  100 .   T h u s ,   on  t h e  

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

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

p e r c e n t a g e   of  r e t e n t i o n   was  15.5 15.5-10.5  x  100  or  3 2 % .  

As  a  r e s u l t   of  t h e   u se   of   o u r   p r o c e s s   t h e   p e r c e n t a g e  

of   r e t e n t i o n   i n c r e a s e d   to   a b o u t   83%6.0-1.0 6.0  x  1 0 0 ) .  

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

c l e a n - u p   and  d i s p o s a l .  

EXAMPLE  I X  

To  f u r t h e r  d e m o n s t r a t e   t h e   a d v a n t a g e s   o f   t h e   t w o -  

s t e p   o p e r a t i o n ,   e x t e n d e d   r u n s   we re   made  u n d e r   v a r i o u s  

c o n d i t i o n s   on  t h e   c o m m e r c i a l   m a c h i n e   d e s c r i b e d   i n  

E x a m p l e   V I I I .   The  r e s u l t s   of  t h e s e   r u n s   a r e   s e t   f o r t h  

in  t a b u l a r   f o rm  in  t h e   t a b l e   b e l o w .  



Run  1  r e f l e c t s   t h e   a v e r a g e   o p e r a t i o n   of  t h e   m a c h i n e  

of  E x a m p l e   V I I I   in  m a k i n g   c o a t e d ,   s u p e r c a l e n d e r e d   p r i n t -  

i ng   p a p e r   o v e r   an  e x t e n d e d   p e r i o d   of  t i m e .   The  c e l l u l o s i c  

f i b e r   c o m p r i s e d   70%  s u l f a t e   h a r d w o o d   and  30%  s u l f a t e  

s o f t w o o d ,   b o t h   f u l l y   b l e a c h e d .   N o r m a l   a m o u n t s   of  b r o k e  

w e r e   r e c y c l e d .   The  b a s e   s h e e t   was  c o a t e d   w i t h   10  g / m 2  

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

Run  2  r e f l e c t s   t h e   a v e r a g e   o p e r a t i o n   of  t h e   m a c h i n e  

of  E x a m p l e   V I I I   o v e r   an  e x t e n d e d   p e r i o d   in   m a k i n g   c o a t e d ,  

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

was  e m p l o y e d   and  n o r m a l   a m o u n t s   of  b r o k e   w e r e   r e c y c l e d  

in  w h i c h   t h e   c o l l o i d a l   s i l i c i c   a c i d   e m p l o y e d   was  a  

15%  a q u e o u s   s o l   h a v i n g   t h e   s p e c i f i c a t i o n s   s e t   f o r t h  

in  E x a m p l e   V I I I .   I t   was  a d d e d ' t o   M i x i n g   Tank   No.  1 

a t   a  l e v e l   of  3 . 8   kg  of   S i 0 2   p e r   m e t r i c   t o n   of  d r y  

b a s e   s h e e t .   C a t i o n i c   s t a r c h   was  a d d e d   in   M i x i n g   T a n k  

N o .  2   a t   a  l e v e l   of  1 1 . 8   kg  of  c a t i o n i c   s t a r c h   p e r  
m e t r i c   t o n   of  d r y   b a s e   s h e e t ,   t h e   c a t i o n i c   s t a r c h   h a v i n g  

t h e   s p e c i f i c a t i o n   as  s e t   f o r t h   in   E x a m p l e   V I I I   a n d  

t h e   m e t h o d   of   a d d i t i o n   was  as  s e t   f o r t h   in  E x a m p l e   V I I I .  

No  a d d i t i o n s   w e r e   made  in  M i x i n g   Tank   N o .  3 .   The  b a s e  

s h e e t   a f t e r   d r y i n g   was  c o a t e d   on  e a c h   s i d e   w i t h   10  g / m  

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

Run  3  f o l l o w e d   t h e   p r o c e d u r e   of  Run  2  e x c e p t   t h a t  

t h e   a d d i t i o n   of  t h e   s i l i c i c   a c i d   s o l   was  a d d e d   in  t w o  

i n c r e m e n t s .   T h e r e   was  a d d e d   in   M i x i n g   Tank   N o .  1 ,   2 . 9   k g  

of  S i o 2   p e r   m e t r i c   t o n   of  d r y   b a s e   s h e e t .   In  M i x i n g  

Tank   N o .  2   t h e   c a t i o n i c   s t a r c h   was  a d d e d   a t   a  l e v e l  

of  1 3 . 7   kg  of  c a t i o n i c   s t a r c h   p e r   m e t r i c   t o n   of   d r y  

b a s e   s h e e t .   In  M i x i n g   Tank   N o .  3   a  s e c o n d   a d d i t i o n  

of  t h e   s i l i c i c   a c i d   s o l   was  a d d e d   a t   a  l e v e l   of   1 . 5   k g  

of  S i o 2   p e r   m e t r i c   t o n   of  d r y   b a s e   s h e e t .  

EXAMPLE  X 

To  f u r t h e r   d e m o n s t r a t e   t h e   i n v e n t i o n   and  t h e   e f f e c t  

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

s t a r c h   c o m p o n e n t   of   t h e   b i n d e r ,   two  s e r i e s   of  h a n d  

s h e e t s   w e r e   made  in  a  l a b o r a t o r y   h a n d   f o r m e r   u s i n g  



s t o c k s   w h i c h   a l l   c o n t a i n e d   t h e   same  t y p e   and   a m o u n t  

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

s t a r c h e s   of  v a r i o u s   d e g r e e s   of  s u b s t i t u t i o n   ( d . s ) .  

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

p r e p a r e d   f rom  two  d i f f e r e n t   b a s e   m a t e r i a l   s t a r c h e s  

(A  and  B)  to   o b t a i n   t h e   d e g r e e s   of  s u b s t i t u t i o n   m e n t i o n e d  

in  t h e   t a b l e   b e l o w .  

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

ed  by  m i x i n g   1 . 0 9   g  c h i n a   c l a y   ( E n g l i s h   C h i n a   C l a y  

G r a d e   C)  w i t h   2 . 7 2   g  of  a  c o l l o i d a l   s i l i c i c   a c i d   s o l  

(1 .5%  t o t a l   s o l i d s   and  s u r f a c e   a r e a   530  m 2 / g )   and  a d d i n g  

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

1 . 6 3   g  of  f u l l y   b l e a c h e d   s o f t w o o d   s u l f a t e   p u l p   in   500  m l  

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

d u r i n g   30  s e c o n d s ,   t h e   r e l e v a n t   c a t i o n i c   s t a r c h   w a s  

a d d e d .   The  m i x i n g   was  t h e n   c o n t i n u e d   f o r   a b o u t   15  s e c o n d s  

and  t h e n   t h e   s t o c k   was  p o u r e d   i n t o   t h e   h a n d   s h e e t   f o r m e r .  

The  d e g r e e s   of   s u b s t i t u t i o n   of  t h e   v a r i o u s  

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

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

s h e e t s   made  a r e   shown  in  t h e   t a b l e   b e l o w .  

The  t e n s i l e   i n d e x   of  t h e   d i f f e r e n t   s h e e t s   i s   g r a p h i -  

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

( c a l c u l a t e d   as  a  w e i g h t   p e r c e n t a g e   of   t h e   sum  of   t h e  

f i l l e r   and   f i b e r   c o n t e n t s )   in  FIGURE  6  w h i c h   c l e a r l y  

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

maximum  s t r e n g t h   ( t e n s i l e   i n d e x ) .   Thus   s t a r c h   A  h a v i n g  

0 . 0 3 3 - d . s .   g i v e s   t h e   maximum  s t r e n g t h   a t   a b o u t   3 . 5 %  

a d d i t i o n ,   w h i l e   s t a r c h   A  h a v i n g   0 . 0 2 0   d . s .   g i v e s   t h e  

maximum  s t r e n g t h   a t   a b o u t   4.3%  a d d i t i o n .   The  same  t e n -  

d e n c y   i s   t r u e   f o r   s t a r c h   B  w h i c h   a t   0 . 0 4 7   d . s .   g i v e s  

t h e   b e s t   s t r e n g t h   a t   a b o u t   4.2%  a d d i t i o n   and  a t   0 . 0 2 6   d . s .  

g i v e s   t h e   b e s t   s t r e n g t h   a t   a b o u t   4 . 8 % .  





EXAMPLE  XI  

T h i s   E x a m p l e   c o n c e r n s   t h e   a p p l i c a b i l i t y   of   t h e  

i n v e n t i o n   in  p r o d u c i n g   l i g h t - w e i g h t   f i n e   p a p e r .  

A  s e r i e s   of  t r i a l s   w e r e   r u n   on  an  e x p e r i m e n t a l  

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

h a v i n g   a  g r a m m a g e   of  75  g / m 2 .   The  p a p e r   s t o c k   f e d   t o  

t h e   h e a d b o x   of  t h e   m a c h i n e   c o n s i s t e d   of   50%  by  w e i g h t  

of  f u l l y   b l e a c h e d   h a r d w o o d   and  20%  by  w e i g h t   of   f u l l y  

b l e a c h e d   s o f t w o o d   s u l f a t e   p u l p   and  30%  by  w e i g h t   o f  

f i l l e r .   Two  t y p e s   of   f i l l e r   w e r e   u s e d ,   a  c o n v e n t i o n a l  

f i l l e r   c o n s i s t i n g   of  p a p e r   m a k i n g   c h a l k   (CaC03)   a n d  

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

h a v i n g   a  d e n s i t y   of   a b o u t   0 .2   g / c m 3   and   a  p a r t i c l e  

s i z e   of   99%  b e l o w   10  um.  In  a  r e f e r e n c e   r u n   ( r u n   A) 

0.2%  by  w e i g h t   of  a  p o l y a c r y l a m i d e   r e t e n t i o n   a i d   w a s  

a d d e d   t o   a  s t o c k   c o n t a i n i n g   CaCO3  as  t h e   s o l e   m i n e r a l  

f i l l e r .   In  r u n s   B  t h r o u g h   E  t h e   m i n e r a l   f i l l e r   w a s  

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

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

b i n d e r   a d d e d   was  t h e   s a m e ,   v i z .   0.5%  by  w e i g h t   of   s i -  

l i c i c   a c i d   s o l   ( s p e c i f i c   s u r f a c e   a b o u t   500  m2 /g )   a n d  

1.5%  b y  w e i g h t   of  c a t i o n i c   s t a r c h   ( h a v i n g   a  d e g r e e  

of  s u b s t i t u t i o n   of  0 . 0 3 )   c a l c u l a t e d   as  s o l i d s   in   t h e  

b i n d e r   and   b a s e d   on  t h e   w e i g h t   of  t h e   s t o c k   as   a  w h o l e .  

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

t h e   t a b l e   b e l o w   and  f r o m   FIGURES  8A  t h r o u g h   8G  g r a p h i c a l -  

ly  s h o w i n g   some  of  t h e   r e s u l t s   g i v e n   in   t h e   t a b l e .  



As  w i l l   be  s e e n   f r o m   t h e   t a b l e   of  t h i s   e x a m p l e  

and  f r o m   t h e   g r a p h s   of  F i g .   8A  t h r o u g h   8G  t h e   b i n d e r  

c o m p l e x   of  t h e   i n v e n t i o n   m a k e s   i t   p o s s i b l e   t o   add  s u b -  

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

t h e   same  or  e v e n   b e t t e r   p r o p e r t i e s   of   t h e   p a p e r   p r o d u c t .  

F i g u r e   8A  shows   t h a t   t h e   b i n d e r   of  t h e   p r e s e n t  

i n v e n t i o n   s u b s t a n t i a l l y   i m p r o v e d   t h e   m o d u l u s   of  e l a s t i -  

c i t y   c o m p a r e d   to   t h e   known  a d d i t i v e   ( r u n   A)  b o t h   i n  

t h e   m a c h i n e   d i r e c t i o n   ( c u r v e   M.D. )   and  in   t h e   c r o s s  

d i r e c t i o n   ( c u r v e   C . D . ) .   In  f a c t ,   t h e   m o d u l u s   of   e l a s t i -  

c i t y   in  r u n s   C  and  D  w h e r e   t h e   e x p a n d e d   p e r l i t e   h a d  

b e e n   a d d e d   was  h i g h e r   t h a n   in  r e f e r e n c e   r u n   A  and  w a s  

s t i l l   a t   a b o u t   t h e   same  l e v e l   in  r u n   E  as  in   r u n   A 

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

w i t h   t h e   e x p a n d e d   p e r l i t e   f i l l e r .  

F i g u r e s   8B,  8C,  8E  and  8F  show  t h a t   t h e   same  g o o d  

t r e n d   i s   o b t a i n e d   w i t h   r e g a r d   to   t h e   t e n s i l e   i n d e x ,  

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

s u r f a c e   p i c k i n g   r e s i s t a n c e   ( e x p r e s s e d   as  D e n n i s o n   w a x  

p i c k ) .  



F i g u r e   8D  shows   t h e   d e c r e a s e   of  d e n s i t y   o b t a i n e d  

by  t h e   r e p l a c e m e n t   of  t h e   c h a l k   m i n e r a l   w i t h   t h e   e x p a n d -  

ed  p e r l i t e   m i n e r a l .  

F i g u r e   8G  shows   t h e   B e n d t s e n   r o u g h n e s s   n u m b e r  

(SCAN  P - 2 1 )   a t   d i f f e r e n t   d e n s i t y   l e v e l s   of  p a p e r   p r o -  

d u c t s .   The  c u r v e s   f o r   t h e   r e f e r e n c e   p a p e r   ( r u n   A)  a n d  

f o r   r u n   B  ( c h a l k   as  t h e   s o l e   m i n e r a l   u s i n g   t h e   b i n d e r  

c o m p l e x   of  t h e   i n v e n t i o n )   w e r e   so  c l o s e   t o   e a c h   o t h e r  

t h a t   t h e y   had   to   be  d r a w n   as  a  s i n g l e   c u r v e   in   t h e  

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

c o m p l e x   and  t h e   e x p a n d e d   p e r l i t e   f i l l e r   in   h i g h   p r o p o r -  
t i o n s   made  i t   p o s s i b l e   t o   o b t a i n   s m o o t h   p a p e r s   ( l o w  

B e n d t s e n   n u m b e r s )   a t   low  d e n s i t i e s .  

EXAMPLE  X I I  

T h i s   E x a m p l e   shows   t h a t   t h e   i n v e n t i o n   i s   u s e f u l  

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

b o t h   c e l l u l o s i c   and  n o n - c e l l u l o s i c   f i b e r s   and   w h i c h  

a r e   e x t e n d e d   w i t h   m i n e r a l   f i l l e r s ,   s p e c i a l l y   good   r e -  

s u l t s   b e i n g   o b t a i n e d   when  u s i n g   l o w - d e n s i t y   m i n e r a l  

f i l l e r s   as  e x t e n d e r s .  

T h r e e   d i f f e r e n t   s t o c k s   we re   u s e d .   A l l   t h e   s t o c k s  

c o n t a i n e d   50%  by  w e i g h t   of  f u l l y   b l e a c h e d   s o f t w o o d  

s u l f a t e   p u l p ,   20%  by  w e i g h t   of  m i n e r a l   f i b e r s   ( m i n e r a l  

wool   f i b e r s ) ,   1 .43%  by  w e i g h t   of  c o l l o i d a l   s i l i c i c  

a c i d   s o l   ( s p e c i f i c   s u r f a c e   a r e a   a b o u t   500  m2 /g )   a n d  

3 .57%  by  w e i g h t   of  a  c a t i o n i c   s t a r c h   ( d e g r e e   of   s u b s t i -  

t u t i o n   0 . 0 3 ) .   The  r e m a i n i n g   25%  by  w e i g h t   of   t h e   s t o c k  

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

as  d r y   s o l i d s   and  a r e   b a s e d   on  t h e   s t o c k   as  a  w h o l e .  

When  p r e p a r i n g   t h e   s t o c k s   to   be  f o r m e d   on  a  l a b o -  

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

as  a  1.5%  s o l u t i o n   and  t h e   c a t i o n i c   s t a r c h   as  a  1% 

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

C  t h e   m i n e r a l   f i l l e r   ( s o l e l y   c h a l k   and   s o l e l y   e x p a n d e d  

p e r l i t e ,   r e s p e c t i v e l y )   was  i n i t i a l l y   s l u r r i e d   in   t h e  

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



s a m p l e   B  t h e   m i n e r a l   f i l l e r s   (15%  c h a l k   and   10%  e x p a n d e d  

p e r l i t e )   w e r e   i n i t i a l l y   m i x e d   and  t h e n   s l u r r i e d   i n  

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

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

f i b e r - s u l f a t e   p u l p   in  500  ml  w a t e r   in   a  l a b o r a t o r y  

d i s i n t e g r a t o r .   A f t e r   30  s  m i x i n g   t i m e   in   t h e   d i s i n t e g r a -  

t o r   t h e   d i f f e r e n t   s h e e t s   w e r e   f o r m e d   on  t h e   h a n d   s h e e t  

f o r m e r   and  p r e s s e d   a t   a  p r e s s u r e   of  5  k g / c m  .   The  p r o -  

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

of   t h i s   e x a m p l e .  

The  s a m p l e s   A,  B  a n a   c  snow  t n a t   i t   i s   p o s s b l e   t o  

r e p l a c e   some  or  a l l   of   t h e   c h a l k   f i l l e r   w i t h   an  e x p a n d e d  

p e r l i t e   f i l l e r   to   l o w e r   t h e   d e n s i t y ,   s t i l l   k e e p i n g  

t h e   o t h e r   p r o p e r t i e s   a t   a b o u t   t h e   same  l e v e l   as  w i t h  

c h a l k   as   t h e   s o l e   m i n e r a l   e x t e n d e r   or  f i l l e r .   I t   i s  

to   be  n o t e d   t h a t   t h e   r e t e n t i o n   c a l c u l a t e d   on  t h e   a s h  

c o n t e n t   was  a l m o s t   100%  in  a l l   s a m p l e s ,   w h i c h   i s   h i g h  

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

f i l l e r   i s   low  when  t h e   b i n d e r   c o m p l e x   of  t h e   p r e s e n t  

i n v e n t i o n   i s   n o t   u s e d .  



EXAMPLE  X I I I  

T h i s   E x a m p l e   c o n c e r n s   t h e   c l a r i f i c a t i o n   of  w h i t e  

w a t e r   f r o m   a  t w i n   w i r e   p a p e r m a k i n g   m a c h i n e   m a k i n g   w o o d -  

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

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

w e r e   a n a l y z e d   f o r   s o l i d s   c o n t e n t   and  k i n d s   of   s o l i d s .   T h e  

s o l i d s   c o n t e n t   was  7  g r a m s / l i t e r ,   and  a b o u t   60%  by  w e i g h t  

of   t h e   s o l i d s   c o n s i s t e d   of   c h i n a   c l a y   and  c h a l k .  

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

c a t i o n i c   s t a r c h   and  s i l i c i c   ac id   sol  were  added.  The  c a t i o n i c  

s t a r c h   h a v i n g   a  d e g r e e   of   s u b s t i t u t i o n   of   0 . 0 3 3   was  u s e d  

as  a  s o l u t i o n   c o n t a i n i n g   4%  by  w e i g h t   of   t h e   s t a r c h .   T h e  

c o l l o i d a l   s i l i c i c   a c i d   s o l   had  a  p a r t i c l e   s i z e   of  about   6  nm, 

a  s p e c i f i c   s u r f a c e   a r e a   of   a b o u t   500  m 2 / g   and  a  s i l i c i c  

a c i d   c o n c e n t r a t i o n   of  15%  by  w e i g h t .  

In  e a c h   t e s t   in  t h e   T a b l e   b e l o w ,   500  ml  of   t h e   w h i t e  

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

of   s i l i c i c   ac id   sol   and  c a t i o n i c   s t a r c h   w e r e   m a d e .   The  c o n t e n t s  

of   t h e   b e a k e r   w e r e   v i g o r o u s l y   a g i t a t e d   and  t h e   a g i t a t i o n  

t h e n   s t o p p e d .   A f t e r   t h e   t i m e   l a p s e   i n d i c a t e d ,   20  ml  t u r -  

b i d i t y   t e s t   s a m p l e s   w e r e   t a k e n   by  m e a n s   of   a  p i p e t t e   5  mm 

b e l o w   t h e   s u r f a c e   of  t h e   c o n t e n t s   in   e a c h   b e a k e r .   T h e  

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

S t a n d a r d   SIS  in   a  t u r b i d i t y   t e s t e r   (Hach  m o d e l   2 1 0 0 A )  

g i v i n g   t h e   r e s u l t   in   F o r m a z i n   T u r b i d i t y   U n i t s   (FTU) .   T h e  

l o w e r - t h e   u n i t s ,   t h e   b e t t e r   was  t h e   c l a r i f i c a t i o n   o b t a i n e d .  

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

t e s t   r e s u l t   a p p e a r   f r o m   t h e   T a b l e   b e l o w .  



The  r e s u l t s   p r e s e n t e d   in  t h e   T a b l e   of  t h i s   E x a m p l e  
d e m o n s t r a t e   t h a t   t h e   a d d i t i o n   of  t h e   b i n d e r   a c c o r d i n g  

to   t h e   p r e s e n t   i n v e n t i o n   to   w h i t e   w a t e r   r e s u l t s   i n  

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

and  t h u s   in  a  d e c r e a s e   of  t u r b i d i t y .   The  r e s u l t s   a l s o  

show  t h a t   an  a l m o s t   c l e a r   w h i t e   w a t e r   was  o b t a i n e d  

in  t e s t   5  w h i c h   is   a  s u b s t a n t i a l   i m p r o v e m e n t   o v e r   t h e  

u n t r e a t e d   w h i t e   w a t e r   in  t e s t   1 .  

EXAMPLE  XIV 

T h i s   E x a m p l e   c o n c e r n s   t h e   c l a r i f i c a t i o n   of  w h i t e  

w a t e r   f rom  a  c o m b i n e d   b o a r d   and  p r i n t i n g   p a p e r   m i l l .  

W h i t e   w a t e r   s a m p l e s   we re   t a k e n   f r o m   t h e   m i x e d   w h i t e   w a t e r s  

f r o m   t h e   m i l l   and  w e r e   a n a l y z e d   f o r   s o l i d s   c o n t e n t   a n d  

t y p e s   of  s o l i d s .   The  s o l i d s   c o n t e n t   was  1 .1   g / l   a n d  

a b o u t   25%  of  t he   s o l i d s   was  p i g m e n t   ( m a i n l y   c h i n a   c l a y ) .  

A  n u m b e r   of  t e s t s   we re   made  to   d e t e r m i n e   t h e   s e t t l i n g  

r a t e s   and  t h e   t u r b i d i t y   of  t h e   w h i t e   w a t e r   when  t r e a t e d  

w i t h   PERCOLO  1697  (a  t y p i c a l   e x a m p l e   of  a g e n t s   f o r  

w h i t e   w a t e r   t r e a t m e n t )   and  w i t h   a  b i n d e r   a c c o r d i n g  

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

s o l   and  a  c a t i o n i c   s t a r c h .  



The  s e t t l i n g   r a t e s   w e r e   d e t e r m i n e d   by  u s i n g   a  

g r a d e d   c o n i c a l   f u n n e l   h a v i n g   a  d i a m e t e r   of  110  mm  a t  

t h e   w i d e   t o p   end  and  a  h e i g h t   of  400  mm  and  b e i n g   g r a d e d .  

To  1200  ml  s a m p l e s  o f   t h e   w h i t e   w a t e r   t h e r e   w e r e   a d d e d  

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

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

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

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

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

e v e r y   50  or  100  ml  mark   on  t h e   f u n n e l   was  n o t e d ,   a n d  

t h e   s e t t l i n g   r a t e s   c a l c u l a t e d   we re   p l o t t e d   in  FIGURE  7 .  

The  a l m o s t   c l e a r   u p p e r   p h a s e   was  n e a r l y   f r e e  

f r o m   f l o c k s   b u t   was  o p a l e s c e n t   due  to   v a r i o u s   a m o u n t s  

of  f i n e s   and  p i g m e n t   p a r t i c l e s .   For   t h i s   r e a s o n ,   t h e   ' 

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

t o p   of  t h e   f u n n e l   w e l l   a b o v e   t h e   i n t e r f a c e   15  m i n u t e s  

a f t e r   p o u r i n g   t h e   s a m p l e   i n t o   t h e   f u n n e l .   S a m p l e s   f r o m  

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

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

The  t u r b i d i t y   was  m e a s u r e d   a c c o r d i n g   to   S w e d i s h  

S t a n d a r d   SIS  in  a  t u r b i d i t y   t e s t e r   (Hach  m o d e l   2100  A) 

g i v i n g   t h e   r e s u l t   in  F o r m a z i n   T u r b i d i t y   U n i t s   ( F T U ) .  

The  l o w e r   t h e   FTU  f i g u r e s ,   t h e   b e t t e r   i s   t h e   c l a r i f i c a -  

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

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

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

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

l e v e l s   200  ml  and  600  ml  in   FIGURE  7 .  

A  r e f e r e n c e   t e s t   u s i n g   no  a d d i t i v e   was  m a d e  

and  t h e   s e t t l i n g   t i m e   d e t e r m i n e d   and  p l o t t e d   ( S a m p l e   A) 

shown  in  FIGURE  7 .  

A  c o m p a r a t i v e   t e s t   s e r i e s   was  made  u s i n g   P E R C O L  

1697  as  an  a d d i t i v e   (0 .5%  s o l u t i o n ) .   To  1200  ml  w h i t e  

w a t e r   a d d i t i o n s   of  2  ml ,   1  ml ,   0 . 8   ml ,   0 . 6   ml  and  0 .4   m l ,  

r e s p e c t i v e l y ,   of  t h e   0.5%  s o l u t i o n   of  PERCOL®  1 6 9 7  

w e r e   a d d e d ,   and  t h e n   t h e   s e t t l i n g   t i m e s   w e r e   d e t e r m i n e d .  

W i t h   t h i s   a d d i t i v e   t h e   0 . 6   ml  a d d i t i o n   g a v e   t h e   b e s t  

r e s u l t   ( S a m p l e   B  shown  in  FIGURE  7 ) .  



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

p r e s e n t   i n v e n t i o n   w e r e   p e r f o r m e d .   The  a d d i t i o n s   o f  

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

t h i s   t e s t   s e r i e s   and   so  was  t h e   w e i g h t   r a t i o   (R)  b e t w e e n  

t h e   s t a r c h   and  t h e   s i l i c i c   a c i d  s o l .   Two  of   t h e   b e s t  

r e s u l t s   w e r e   o b t a i n e d   w i t h   t h e   a d d i t i o n   of  3 .7   g  o f  

a  2%  s o l u t i o n   of  c a t i o n i c   s t a r c h   w i t h   a  d e g r e e   o f  

s u b s t i t u t i o n   of  0 . 0 4 7   and  3 .3   g  of  a  1.5%  s o l u t i o n  

of   s i l i c i c   a c i d   s o l   ( s a m p l e   C)  and  w i t h   t h e   a d d i t i o n  

of  2 . 5   g  of  a  2%  s o l u t i o n   of  c a t i o n i c   s t a r c h   w i t h   a  

d e g r e e   of   s u b s t i t u t i o n   of  0 . 0 4 7   and  1 . 6 5   g  s i l i c i c  

a c i d   s o l   ( s a m p l e   D).   The  w e i g h t   r a t i o   (R)  of   s t a r c h : S i 0 2  
was  1 . 5 : 1   f o r   s a m p l e   C  and  2 . 0 : 1   f o r   s a m p l e   D,  a n d  

in  b o t h   c a s e s   t h e   s i l i c i c   a c i d   s o l   u s e d   was  an  a l k a l i  

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

a r e a   of  a b o u t   500  m2/g   and   t h e   o r i g i n a l   c o n c e n t r a t i o n  

of  15%,  a l t h o u g h   d i l u t e d   t o   1.5%  c o n c e n t r a t i o n   b e f o r e  

u s e .  

The  r e s u l t s   f o r   s a m p l e s   A-D  a p p e a r   f r o m   t h e   f o l l o w -  

i n g   t a b l e :  

As  w i l l   a p p e a r   f r o m   t h e   t a b l e ,   t h e   b e s t   r e s u l t s  

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

C  and   D,  e s p e c i a l l y   t h e   l a t t e r .  

As  w i l l   be  s e e n   f r o m   t h e   f o r e g o i n g ,   t h e   u s e   o f  

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

e s p e c i a l l y   a  c o m p l e x   in   w h i c h   t h e   c o l l o i d a l   s i l i c i c  



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

a d d e d   a f t e r   t h e   i n i t i a l   a g g l o m e r a t e   i s   f o r m e d ,   m a k e s  

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

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

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

c h a r a c t e r i s t i c s   can   be  i m p r o v e d   to   t h e   p o i n t   t h a t   m e c h a -  

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

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

s t r e n g t h   and  o t h e r   p r o p e r t i e s   d e s i r e d .   On  t h e   o t h e r  

h a n d ,   i f   s p e c i f i c   s t r e n g t h   c h a r a c t e r i s t i c s   a r e   r e q u i r e d ,  

t h e   g r a m m a g e   of   t h e   s h e e t   may  be  r e d u c e d   w h i l e   m a i n t a i n -  

ing   t h e   d e s i r e d   p r o p e r t i e s .  

S i m i l a r l y ,   a  m i n e r a l   f i l l e r   may  be  e m p l o y e d   in  m u c h  

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

or   e v e n   i m p r o v i n g   t h e   c h a r a c t e r i s t i c s   and  p r o p e r t i e s   o f  

t h e   s h e e t .   Or  in   t h e   a l t e r n a t i v e   t h e   p r o p e r t i e s   of   a  s h e e t  

c o n t a i n i n g   f i l l e r   may  be  e n h a n c e d .  

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

i n c r e a s e d   r e t e n t i o n   of   b o t h   m i n e r a l s   and  f i n e s   so  t h a t  

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

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

a g g l o m e r a t e   s o l i d s   in   w h i t e   w a t e r   to   f a c i l i t a t e   i t s   d i s -  

p o s a l   or   r e u s e .  

F u r t h e r ,   b e c a u s e   of   t h e   a b i l i t y   to   r e d u c e   t h e  

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

p a p e r   and   to   p u l p   t h e   wood  f i b e r s   s i n c e   l e s s   f i b e r s   can   b e  

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

h i g h e r   r e t e n t i o n   on  t h e   w i r e   make  p o s s i b l e   h i g h e r   m a c h i n e  

s p e e d s .  

In  a d d i t i o n ,   t h e   b i n d e r   c o m p l e x   m a k e s   i t   p o s s i b l e  

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

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

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

a d d i t i v e   to   t h e   s t o c k   p e r   s e .   The  b i n d e r   s y s t e m   t h u s  



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

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

d e s c r i b e d ,   i t   w i l l   be  u n d e r s t o o d   t h a t   t h e r e   i s   no  i n t e n t  

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

i s   i n t e n d e d   to   c o v e r   a l l   m o d i f i c a t i o n s   and  a l t e r n a t e   c o n -  

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

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



1.  A  p a p e r m a k i n g   p r o c e s s   in  w h i c h   an  a q u e o u s  

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

and  d r i e d ,   c  h  a  r  a  c  t   e  r  i  z  e  d   by  i n c o r p o r a t i n g  

i n t o   t h e   s t o c k   p r i o r   to   the,  f o r m a t i o n   of   t h e   s h e e t   a  

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

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

0 . 0 1 ,   p r e f e r a b l y   f r o m   a b o u t   0 . 0 1   to   a b o u t   0 . 0 5   and  m o s t  

p r e f e r a b l y   f r o m   a b o u t   0 . 0 2   to   a b o u t   0 . 0 4 ,   t h e   w e i g h t   r a t i o  

of   c a t i o n i c   s t a r c h   to   SiO2  b e i n g   b e t w e e n   1 :1   and  2 5 : 1 ,  

p r e f e r a b l y   b e t w e e n   1 . 5 : 1   and  1 0 : 1 ,   and  m o s t   p r e f e r a b l y  
b e t w e e n   1 . 5 : 1   and  4 . 5 : 1 .  

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

in  t h a t   t h e   c o l l o i d a l   s i l i c i c   a c i d   i s   p r o v i d e d   as  a  c o l l o -  

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

f a c e   a r e a   of   a b o u t   50  to   a b o u t   1000  m 2 / g ,   p r e f e r a b l y   f r o m  

a b o u t   300  to   a b o u t   700  m 2 / g .  

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

i  z  e  d   in   t h a t   t h e   pH  of   t h e   s t o c k   i s   m a i n t a i n e d   b e t w e e n  

a b o u t   4  and  a b o u t   9 .  

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

t  e  r  i  z  e   d  in  t h a t   t h e   s o l i d s   in   t h e   b i n d e r   a m o u n t   t o  

0 . 1 - 1 5 % ,   p r e f e r a b l y   1 . 0 - 1 5 %   of   t h e   w e i g h t   of   p u l p .  

5.  The  p r o c e s s   of   a n y  o n e   of   c l a i m s   1 - 4 ,   c  h  a  r  -  

a  c  t   e  r  i  z  e  d   in   t h a t   t h e   a q u e o u s   p a p e r m a k i n g   s t o c k  

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

6.  The  p r o c e s s   of   c l a i m   5,  c  h  a  r  a  c  t   e  r  -  

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

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

l e a s t   50%  by  w e i g h t   of   c e l l u l o s i c   f i b e r s .  

7.  The  p r o c e s s   of   c l a i m   5  or   6,  c  h  a  r  a  c  t   e  r  -  

i  z  e  d   in   t h a t   t h e   s o l i d s   in   t h e   b i n d e r   a m o u n t   to   f r o m  

a b o u t   0 . 5   to   25%,  p r e f e r a b l y   f r o m   a b o u t  2 . 5   to   15%  b y  

w e i g h t   b a s e d   upon   t h e   w e i g h t   of   t h e   m i n e r a l   f i l l e r .  



8.  The  p r o c e s s   of   c l a i m   5,  6  or  7,  c  h  a  r  a  c  -  
t  e  r  i  z  e  d   in   t h a t   t h e   c o l l o i d a l   s i l i c i c   a c i d   i s  

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

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

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

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

9.  The  p r o c e s s   of   any   of  c l a i m s   1  to   7,  c  h  a  r  a  c  -  
t   e  r  i  z  e  d   in   i n t e r m i x i n g   i n   t h e   s t o c k   a  p o r t i o n  

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

t h e   c a t i o n i c   s t a r c h   in  t h e   s t o c k   c o n t a i n i n g   t h e   i n i t i a l  

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

r a t e   has   f o r m e d ,   a d d i n g   and  i n t e r m i x i n g   t h e   r e m a i n d e r  

of  t h e   c o l l o i d a l   s i l i c i c   a c i d   in  t h e   s t o c k   p r i o r   t o  

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

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

20  and  a b o u t   90  p e r c e n t ,   p r e f e r a b l y   b e t w e e n   a b o u t   30  

and  a b o u t   80  p e r c e n t   of  t h e   c o l l o i d a l   s i l i c i c   a c i d  

i s   a d d e d   t o   t h e   s t o c k   to   f o r m   an  a g g l o m e r a t e   and  t h e  

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

a d d e d   a f t e r   t h e   f o r m a t i o n   of  t h e   a g g l o m e r a t e .  

11.   An  i m p r o v e d   p a p e r   p r o d u c t   c o n t a i n i n g   c e l l u l o s i c  

f i b e r s ,   p r e f e r a b l y   in   a  c o n t e n t   of   a t   l e a s t   50%  by  w e i g h t  

o f   t h e   p a p e r   p r o d u c t   and   c h a r a c t e r i z e d   by  e n h a n c e d   s t r e n g t h  

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

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

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

of   s u b s t i t u t i o n   of   n o t   l e s s   t h a n   0 . 0 1 ,   p r e f e r a b l y   f r o m   a b o u t  
0 . 0 1   to   a b o u t   0 . 0 5   and  m o s t   p r e f e r a b l y   f r o m   a b o u t   0 . 0 2   t o  

a b o u t   0 . 0 4 ,   and  w h e r e i n   t h e   r a t i o   of  c a t i o n i c   s t a r c h   t o  

s i o 2   i s   b e t w e e n   1 : 1   and   2 5 : 1 ,   p r e f e r a b l y   b e t w e e n   1 . 5 : 1   a n d  

1 0 : 1 ,   and  m o s t   p r e f e r a b l y   b e t w e e n   1 . 5 : 1   and  4 . 5 : 1 .  

12.   A  p a p e r m a k i n g   p r o c e s s   in   w h i c h   an  a q u e o u s   p a p e r -  

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

c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   t h e   w h i t e   w a t e r   f r o m   t h e  

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

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

of   s u b s t i t u t i o n  o f   n o t   l e s s   t h a n   0 . 0 1 ,   p r e f e r a b l y   f r o m  

a b o u t  0 . 0 1   to   a b o u t   0 . 0 5 , a n d   m o s t  p r e f e r a b l y   f r o m   a b o u t   0 . 0 2  



to   a b o u t   0 . 0 4 ,   t h e   w e i g h t   r a t i o   of  c a t i o n i c   s t a r c h  

to   SiO2  b e i n g   b e t w e e n   1 :1   and  2 5 : 1 ,   p r e f e r a b l y   b e t w e e n  

1 . 5 : 1   and  1 0 : 1 ,   and  m o s t   p r e f e r a b l y   b e t w e e n   1 . 5 : 1   a n d  

4 . 5 : 1   and  t h e   a m o u n t   of  s a i d   b i n d e r   a d d e d   to   t h e   w h i t e  

w a t e r   f o r   t r e a t i n g   same  b e i n g   f rom  a b o u t   1  to   a b o u t  

20%  by  w e i g h t ,   p r e f e r a b l y   f rom  a b o u t   2  to   a b o u t   10% 

by  w e i g h t ,   b a s e d   upon   t h e   d r y   w e i g h t   of  s o l i d s   in   t h e  

w h i t e   w a t e r   and  t h e   d r y   w e i g h t   of  s a i d   b i n d e r .  

13.  A  p a p e r m a k i n g   p r o c e s s   in  w h i c h   an  a q u e o u s  

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

and  d r i e d ,   to   be  p e r f o r m e d   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

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

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

14.  An  i m p r o v e d   p a p e r   p r o d u c t   c o n t a i n i n g   c e l l u -  

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

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

n y i n g   d r a w i n g s .  
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