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(§)  Manufacture  of  paper  using  copolymers  of  2-acrylamido-2-methylpropane  sulfonic  acid  for  increasing  rate  of  dewatering 
of  high  mechanical/thermomechanical  pulp  furnishes. 
A  process  for  increasing  rate  of  dewatering  in  the  man- 

ufacture  of  paperfrom  an  aqueous furnish  which  comprises  at 
least  40%  by  weight  of  mechanical  wood  pulp,  ther- 
momechanical  wood  pulp,  or  mixtures  thereof,  by  addition 
thereto  of  an  aluminum  salt,  e.g.,  alum,  and  a  water-soluble 
copolymer  containing  from  about  2  to  about  30  mole  percent 
repeating  units  derived  from  2-acrylamido -2-  methylpropane 
sulfonic  acid,  from  0  to  about  25  mole  percent  repeating  unit 
derived  from  acrylic  acid,  and  from  about  45  to  about  98  mole 
percent  repeating  units  derived  from  acrylamide,  while  main- 
taining  pH  of  the  furnish  in  the  range  of  from  about  3.5  to 
about  6.5. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   g e n e r a l l y   r e l a t e s   to  a  p r o c e s s   f o r  

i n c r e a s i n g   r a t e   of  d e w a t e r i n g   of  f u r n i s h   in  t h e   m a n u f a c t u r e  

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

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

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

D e s c r i p t i o n   of  t he   P r i o r   A r t  

In  t he   g e n e r a l   p r a c t i c e   of  p a p e r m a k i n g ,   an  a q u e o u s  

p u l p   s u s p e n s i o n ,   or  " f u r n i s h " ,   of  c e l l u l o s i c   f i b e r s   r e s u l t i n g  

f rom  p u l p i n g   of  the   f e e d   wood  s t o c k   i s   h y d r a u l i c a l l y   a n d  

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

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

wet   f i b e r   web  is  d e w a t e r e d   on  t h e   s c r e e n ,   by  d r a i n a g e   o f  

l i q u i d   t h e r e f r o m ,   f o l l o w i n g   w h i c h   t he   wet   web  may  be  f u r t h e r  

t r e a t e d ,   d r i e d ,   c a l e n d a r e d ,   and  s u b j e c t e d   to  a d d i t i o n a l   ' 

t r e a t m e n t s   as  d e s i r e d .  

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

c o n t a i n e d   in  the   f u r n i s h   w h i c h   i s   p a s s e d   to  t h e   w i r e   s u b -  

s t r a t e   ( w e t   web  f o r m i n g   m e a n s ) .   T h e s e   a d d i t i v e s   may  i n c l u d e  

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

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

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

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

of  f i l l e r   a d d i t i v e s   in  and  on  the   r e s u l t i n g l y   f o r m e d   w e b  



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

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

t h e   r a t e   of  d e w a t e r i n g   of  t h e   f u r n i s h   on  t h e   w i r e   f o r m i n g  

m e a n s .   O t h e r   a d d i t i v e s   may  i n c l u d e   f o r m a t i o n   a i d s ,   f l o c c u -  

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

c o n t r o l   a g e n t s ,   s l i m i c i d e s ,   c r e p i n g   a i d s ,   and  t he   l i k e ,   a s  

i s   w e l l   known  t o   t h o s e   s k i l l e d   in  t h e   a r t .  

F u n c t i o n a l   a d d i t i v e s   may  i n c l u d e   f i l l e r s   as  m e n -  

t i o n e d ,   s i z i n g   a i d s ,   s t r e n g h t e n i n g   a d d i t i v e s   and  t h e   l i k e .  

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

and  p i g m e n t s .   S i z i n g   a g e n t s   a r e   e m p l o y e d   to  p r o v i d e   t h e  

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

i n k , , w a t e r   and  t h e   l i k e ,   and  r o s i n   or  w a x e s   a r e   t y p i c a l l y  

e m p l o y e d   f o r   s u c h   p u r p o s e .  
B a s e d   on  c o n s i d e r a t i o n s   of  e f f i c i e n c y   and  e a s e   o f  

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

f u r n i s h   p r i o r   to   t h e   wet   web  f o r m a t i o n   s t e p ,   to   p r o v i d e   i n -  

c r e a s e d   c a p a c i t y   or   p r o c e s s i n g   r a t e ' i n   t h e   p a p e r m a k i n g   p r o -  

c e s s   in  s y s t e m s   w h e r e   d e w a t e r i n g   or  l i q u i d   d r a i n a g e   is   t h e  

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

A l t h o u g h   i t   is  d e s i r a b l e   to   m a x i m i z e   d r a i n a g e  

r a t e s   in  t he   p a p e r m k a i n g   s y s t e m ,   t h e   a d d i t i v e s   w h i c h   h e r e -  

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

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

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

c o n d i t i o n s .   T h e s e   i n c l u d e   c o n v e n t i o n a l   d r a i n a g e   a i d s   c o n t a i n -  

i n g   as  a n i o n i c  s u b s t i t u e n t s   -COOH  g r o u p s ,   as  w e l l   as  c o p o -  

l y m e r i c   a d d i t i v e s   c o n t a i n i n g   -S03H  g r o u p s .  
As  u s e d   h e r e i n ,   " n e w s p r i n t   f u r n i s h "   means   a  f u r -  

n i s h   f o r   t he   m a n u f a c t u r e   of  p a p e r   and  p a p e r b o a r d ,   p a r t i c u -  

l a r l y   n e w s p r i n t ,   c o a t i n g   raw  s t o c k   g r a d e s   and  f i n e   p a p e r  

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

c o n d i t i o n s ,   w h o s e   p u l p   c o n s t i t u e n t   c o m p r i s e s   a t   l e a s t   40% 

by  w e i g h t   of  a  wood  p u l p   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

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

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

A c c o r d i n g l y ,   t h e r e   is  a  c o n t a i n i n g   need   for   i m -  



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

a c t e r i z e d   by  s t a b i l i t y   and  h i g h   a c t i v i t y .  

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

t i o n   to  p r o v i d e   a  p r o c e s s   fo r   i n c r e a s i n g   r a t e   of  d e w a t e r i n g  

in  n e w s p r i n t   f u r n i s h e s   a t   t he   low  pH  c o n d i t i o n s   c h a r a c t e r -  

i s t i c   of  s u c h   f u r n i s h e s .  

SUMMARY  OF  THE  INVENTION 

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

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

40%  by  w e i g h t   of  a  wood  p u l p   s e l e c t e d   f rom  t h e   g r o u p   c o n -  

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

p u l p ,   and  m i x t u r e s   t h e r e o f   c o m p r i s i n g :  

(a)   a d d i n g   to  s a i d   f u r n i s h   p r i o r   to  s a i d   d e w a t e r -  

ing   t h e r e o f   (1)   f rom  a b o u t   0 .5   to  a b o u t   5  p e r c e n t   by  w e i g h t ,  
b a s e d   on  w e i g h t   of   c e l l u l o s i c   f i b e r s   in  s a i d   f u r n i s h ,   of  a n  
a l u m i n u m   s a l t ,   and  (2)  f rom  a b o u t   0 . 0 1   to  a b o u t   0 . 5   p e r c e n t  

by  w e i g h t ,   b a s e d   on  w e i g h t   of  c e l l u l o s i c   f i b e r s   in  s a i d  

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

2  to  a b o u t   30  m o l e   p e r c e n t   r e p e a t i n g   u n i t s   d e r i v e d   f rom  2 -  

a c r y l a m i d o - 2 - m e t h y l p r o p a n e s u l f o n i c   a c i d ,   f rom  0  to  a b o u t   2 5  

mole   p e r c e n t   r e p e a t i n g   u n i t s   d e r i v e d   f rom  a c r y l i c   a c i d ,   a n d  

f rom  a b o u t   45  to  a b o u t   98  m o l e   p e r c e n t   r e p e a t i n g   u n i t s  

d e r i v e d   f rom  a c r y l a m i d e ;   a n d  

(b)  m a i n t a i n i n g   pH  of  s a i d   f u r n i s h   d u r i n g   s t e p  
(a)   and  t h r o u g h   s a i d   d e w a t e r i n g   in  t he   r a n g e   of  f rom  a b o u t  

3 . 5   to  a b o u t   6 . 5 .  

DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is   a  g r a p h   of  d r a i n a g e   c h a n g e ,   i . e . ,   t h e  

c h a n g e   in  a m o u n t   of  d r a i n e d   l i q u i d ,   in  m i l l i l i t e r s ,   f o r   a  
f u r n i s h   c o n t a i n i n g   v a r i o u s   d r a i n a g e   a d d i t i v e s   r e l a t i v e   to  a  
f u r n i s h   c o n t a i n i n g   no  d r a i n a g e   a d d i t i v e s ,   p l o t t e d   as  a  

f u n c t i o n   of  f u r n i s h   pH,  fo r   3%  a d d i t i o n   of   a l u m i n u m   s u l f a t e  

( a l u m )   to  t he   f u r n i s h .  

F i g .   2  is   a  g r a p h   a  d r a i n a g e   c h a n g e ,   ml,  as  a  

f u n c t i o n   of  pH,  fo r   1%  a lum  a d d i t i o n .  



F i g .   3  i s   a  g r a p h   of  d r a i n a g e   c h a n g e ,   ml,  as  a  

f u n c t i o n   of  a l u m   a d d i t i o n ,   a t   pH  =  4 . 5 .  

F i g .   4  i s   a  g r a p h   of  d r a i n a g e   c h a n g e ,   ml,   as  a  

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

l e v e l s   of   a l u m   a d d i t i o n   and  of  e l e v a t e d   t e m p e r a t u r e .  
DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  c o n n e c t i o n   w i t h   t he   p r e s e n t   i n v e n t i o n ,   i t   h a s  

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

of   a  w a t e r - s o l u b l e   c o p o l y m e r   c o n t a i n i n g   f rom  a b o u t   2  t o  

a b o u t   30  m o l e   p e r c e n t   r e p e a t i n g   u n i t s   d e r i v e d   f rom  2 - a c r y l -  

a m i d o - 2 - m e t h y l p r o p a n e s u l f o n i c   a c i d   ( h e r e i n a f t e r   d e n o t e d   a s  

" A M P S " ) ,   f r om  0  to   a b o u t   25  mo le   p e r c e n t   r e p e a t i n g   u n i t s  

d e r i v e d   f rom  a c r y l i c   a c i d ,   and  f rom  a b o u t   45  to  a b o u t   9 8  

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

c o m b i n a t i o n   w i t h   a d d i t i o n   of   an  a l u m i n u m   s a l t ,   as  fo r   e x a m -  

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

n i t r a t e ,   a t   low  pH  c o n d i t i o n s   on  t he   o r d e r   of  f rom  a b o u t  

3 . 5   to  a b o u t   6 . 5   i s   r e m a r k a b l y   e f f e c t i v e   in  i n c r e a s i n g   t h e  

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

c o m p r i s e s   a t   l e a s t   40  p e r c e n t   by  w e i g h t   of  a  wood  p u l p  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  m e c h a n i c a l   wood  p u l p ,  

t h e r m o m e c h a n i c a l   wood  p u l p ,   and  m i x t u r e s   t h e r e o f .  

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

h i g h   r a t e   and  e x t e n t   of  d r a i n a g e   of  n e w s p r i n t   f u r n i s h e s ,  

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

ic  or  c a t i o n i c   p o l y m e r s   a r e   n o t   e f f e c t i v e .   As  i n d i c a t e d ,  

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

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

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

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

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

b e e n   t a u g h t   as  d r a i n a g e   a i d s   in  t h e   p r i o r   a r t ,   e . g . ,   G e r m a n  

O f f e n l e g u n g s s c h r i f t   2 , 2 4 8 , 7 5 2 ,   in  c o m b i n a t i o n   w i t h   a lum  a t  

low  pH  c o n d i t i o n s   f o r   t r e a t m e n t   of  h a r d w o o d / s o f t w o o d   k r a f t  

p u l p   f u r n i s h e s ,   t h e r e   has   been   no  r e c o g n i t i o n   t h a t   s u c h  

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

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



shown  t h a t   d e w a t e r i n g   a i d s   t h a t   work  w e l l   in  b l e a c h e d   p u l p  
f u r n i s h e s   a r e   n o t   e f f e c t i v e   in  g r o u n d w o o d - c o n t a i n i n g   p u l p s .  

In  v i ew   of  t he   f a c t   t h a t   m o s t   a d d i t i v e s   w h i c h   a r e   s a t i s f a c -  

t o r y   f o r   e n h a n c e m e n t   of  d r a i n a g e   in  n e u t r a l   or  a l k a l i n e  

f u r n i s h   m e d i a   and  k r a f t   p u l p s   a r e   c h a r a c t e r i z e d   by  e x t r e m e -  

ly  poo r   p e r f o r m a n c e   in  s t r o n g l y   a c i d i c   n e w s p r i n t - t y p e   f u r -  

n i s h e s ,   i t   is   i n d e e d   u n e x p e c t e d   t h a t   t h e   p r o c e s s   of  t h e  

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

s u p e r i o r   l e v e l s   of  d r a i n a g e .  

The  AMPS  c o p o l y m e r   e m p l o y e d   in  t h e   p r e s e n t   i n v e n -  

t i o n   c o n t a i n s   f rom  a b o u t   2  t o   a b o u t   30  m o l e   p e r c e n t   r e p e a t -  

ing  u n i t s   d e r i v e d   f rom  AMPS,  f rom  0  to  a b o u t   25  mole   p e r c e n t  

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

45  to  a b o u t   98  m o l e   p e r c e n t   r e p e a t i n g   u n i t s   d e r i v e d   f r o m  

a c r y l a m i d e .   As  u s e d   h e r e i n ,   AMPS  is   i n t e n d e d   b r o a d l y   t o  

r e f e r   to  2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e s u l f o n i c   a c i d   as  w e l l  

as  any  s u i t a b l e   s a l t s   t h e r e o f .  

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

f o r   e x a m p l e   f rom  a b o u t   2  to  a b o u t   20  m o l e   p e r c e n t   r e p e a t i n g  

u n i t s   d e r i v e d   f rom  AMPS  and  f rom  a b o u t   80  to  a b o u t   98  m o l e  

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

h e r e i n ,   " a c r y l a m i d e "   is   i n t e n d e d   to  be  b r o a d l y   c o n s t r u e d   t o  

i n c l u d e   a c r y l a m i d e   p e r   se  as  w e l l   as  a c r y l a m i d e   d e r i v a t i v e s ,  

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

may  be  u s e d   to  p a r t i c u l a r   a d v a n t a g e   in  f u r n i s h e s   w h e r e   a n  

a l u m i n u m   s a l t ,   e . g . ,   a l u m i n u m   s u l f a t e ,   a l u m i n u m   n i t r a t e ,   o r  

a l u m i n u m   c h l o r i d e ,   i s   a d d e d   to  t he   f u r n i s h   in  an  a m o u n t   o f  

from  a b o u t   2  to  a b o u t   4  p e r c e n t   by  w e i g h t ,   b a s e d   on  w e i g h t  

of  c e l l u l o s i c   f i b e r s   in  t h e   f u r n i s h .   W i t h   s u c h   w e i g h t  

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

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

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

a b o u t   4 .1   to  a b o u t   6 . 5 .  

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

the   p r e s e n t   i n v e n t i o n   as  a  s o u r c e   of  p o l y v a l e n t   m e t a l   i o n s ,  

to  e n h a n c e   the   e f f e c t i v e n e s s   of  t he   AMPS  c o p o l y m e r   and  t h e  

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



any  g i v e n   s y s t e m   c a n   r e a d i l y   be  d e t e r m i n e d   w i t h o u t   u n d u e  

e x p e r i m e n t a t i o n   by  s i m p l e   t e s t s   s u c h   as   C a n a d i a n   S t a n d a r d  

F r e e n e s s   (CSP)  or   B r i t t   j a r   d r a i n a g e   d e t e r m i n a t i o n s   on  t h e  

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

s a l t   i s   a l u m i n u m   s u l f a t e   ( a l u m ) .  

In  s y s t e m s   w h e r e   t h e   a b o v e - d e s c r i b e d   A M P S / a c r y l a -  

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

t h e   a l u m i n u m   s a l t   in   t h e   a m o u n t   of  f rom  a b o u t   0 . 5   to  a b o u t  

2  p e r c e n t   by  w e i g h t ,   b a s e d   on  w e i g h t   of   c e l l u l o s i c   f i b e r s  

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

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

t h e   d e w a t e r i n g   in   a  r a n g e   of  f rom  a b o u t   4 . 8   to   a b o u t   6 . 5 ,  

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

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

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

a b o u t   2  to  a b o u t   30  m o l e   p e r c e p t   r e p e a t i n g   u n i t s   d e r i v e d  

f rom  AMPS,  f r o m   a b o u t   5  to  a b o u t   25  m o l e   p e r c e n t   r e p e a t i n g  

u n i t s   d e r i v e d   f r o m   a c r y l i c   a c . i d ,   and  f rom  a b o u t   45  to  9 3  

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

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

d e t a i l ,   has   b e e n   f o u n d   to   p r o v i d e   p a r t i c u l a r l y   e n h a n c e d  

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

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

t h r o u g h   t h e   d e w a t e r i n g   in  a  r a n g e   of  f rom  a b o u t   20  to   a b o u t  

60oC.   Most   p r e f e r a b l y ,   e n h a n c e d   p e r f o r m a n c e   h a s   b e e n   f o u n d  

to  be  p a r t i c u l a r l y   e n h a n c e d   a t   e l e v a t e d   t e m p e r a t u r e s   in  t h e  

r a n g e   of  f rom  a b o u t   40  to   a b o u t   6 0 ° C .  

The  a b o v e   t e r p o l y m e r   c o m p o s i t i o n   h a s   p a r t i c u l a r  

u t i l i t y   when  t h e   pH  of  t h e   f u r n i s h   i s   m a i n t a i n e d   d u r i n g   t h e  

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

in  a  r a n g e   of  f r o m   a b o u t   4  to   a b o u t   6 . 5 .  

In  p a p e r m a k i n g   s y s t e m s   u s i n g   t h e   p r e f e r r e d   a l u m i -  

num  s a l t ,   a l u m i n u m   s u l f a t e   ( a l u m ) ,   w h e r e   t h e   a m o u n t   of  a l u m  

e m p l o y e d   fo r   o p t i m u m   d r a i n a g e   e n h a n c e m e n t   by  t h e   t e r p o l y m e r  

is  in  t he   r a n g e   of   f rom  a b o u t   2  to  a b o u t   4  p e r c e n t   by  w e i g h t ,  

b a s e d   on  w e i g h t   of   c e l l u l o s i c   f i b e r s   in  t h e   f u r n i s h ,   t h e   pH 

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



m e r / a l u m   a d d i t i o n   and  d e w a t e r i n g   s t e p s   in  t he   r a n g e   of  f r o m  

a b o u t   4 . 5   to  a b o u t   6 . 3 .   When  l o w e r   a m o u n t s   of  a lum  a d d i t i o n  

a r e   m o s t   e f f e c t i v e ,   e . g . ,   in  a  r a n g e   of   f rom  a b o u t   0 .5   t o  

a b o u t   2  p e r c e n t   by  w e i g h t   a d d i t i o n   of  a l u m ,   b a s e d   on  w e i g h t  

of  c e l l u l o s i c   f i b e r s   in  the   f u r n i s h ,   f u r n i s h   pH  is  d e s i r a b l y  

m a i n t a i n e d   d u r i n g   the   t e r p o l y m e r / a l u m   a d d i t i o n   and  t h r o u g h  

t h e   d e w a t e r i n g   s t e p s   in  a  r a n g e   of  f r o m   a b o u t   4 . 5   to  a b o u t  

5 . 6 .   T h e s e   r e l a t i o n s h i p s   may  v a r y   s o m e w h a t   f o r   d i f f e r e n t  

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

ce  of  r e c y c l i n g   in  t he   p a p e r m a k i n g   s y s t e m .   In  p r a c t i c e ,  

t he   o p t i m u m   pH  c o n d i t i o n s   can  be  a c c u r a t e l y   d e t e r m i n e d   b y  

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

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

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

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

a n d / o r   t h e r m o m e c h a n i c a l   wood  p u l p .   E s p e c i a l   u t i l i t y   i s  

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

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

P r e f e r a b l y ,   t he   AMPS  c o p o l y m e r   or  t e r p o l y m e r   h a s  

a  m o l e c u l a r   w e i g h t   of  f rom  a b o u t   two  m i l l i o n   to  a b o u t   t w e n -  

ty  m i l l i o n .   P a r t i c u l a r l y   p r e f e r r e d   c o p o l y m e r s   may  f o r  

e x a m p l e   have   a  S t a n d a r d   B r o o k f i e l d   v i s c o s i t y ,   m e a s u r e d   in  a  

0 . 2 0   p e r c e n t   s o l u t i o n   a t   250C.   in  0 . 3 3   M  NaCl  w i t h   a  n u m b e r  

one  s p i n d l e   r o t a t i n g   at   60  rpm,  of  2 - 1 0   c e n t i p o i s e s .  

A l t h o u g h   t he   p r e s e n t   i n v e n t i o n   in  p r e f e r r e d   p r a c -  
t i c e   e m p l o y s   a lum  as  a  s o u r c e   of  p o l y v a l e n t   m e t a l   c a t i o n s  

in  t he   t r e a t m e n t   of  t he   f u r n i s h   w i t h   A M P S - c o n t a i n i n g   c o p o l y -  

m e r s ,   i t   is   p o s s i b l e   to  e m p l o y   o t h e r   s o u r c e s   of  c a t i o n i c  

m e t a l   ( a l u m i n u m )   s o l s   h a v i n g   c a p a b i l i t y   to  bond  w i t h   t h e  

s u l f o n i c   a c i d   g r o u p s   or  c a r b o x y l i c   a c i d   g r o u p s   as  an  a l t e r -  

n a t i v e   to  the   a lum  c o n s t i t u e n t .   O t h e r   a l u m i n u m   s a l t s  

h a v i n g   p o t e n t i a l   u t i l i t y   in  c o m b i n a t i o n   w i t h   t he   AMPS  c o -  

p o l y m e r   at   low  pH  c o n d i t i o n s   i n c l u d e   a l u m i n u m   c h l o r i d e   a n d  

a l u m i n u m   n i t r a t e .  

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

m a i n t a i n   same  a t   e l e v a t e d   t e m p e r a t u r e   t h r o u g h   the   AMPS 

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



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

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

o l a t i o n   o f   a l u m i n u m   h y d r o x i d e   g r o u p s   to  an  A l + - O - A l +   t y p e  

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

h i g h e r   s t o c k   t e m p e r a t u r e s .  
In   t h e   m a n u f a c t u r e   of  n e w s p r i n t   i t   is   of  u t m o s t  

i m p o r t a n c e   to   i m p r o v e   d r a i n a g e   or  w a t e r   r e m o v a l   and  to  m i n i -  

m i z e   p i t c h   d e p o s i t i o n   p r o b l e m s .   Bo th   p r o b l e m s   can   be  a l l e -  

v i a t e d   to   a  g r e a t   e x t e n t   by  u s i n g   an  a p p r o p r i a t e   d r a i n a g e  

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

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

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

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

i m a t e l y   25%  of  l o n g   f i b e r   c h e m i c a l   p u l p ,   s u c h   as  b l e a c h e d  

s u l f i t e   or   b l e a c h e d   k r a f t   and  a b o u t   75%  by  w e i g h t   of  h i g h  

y i e l d   m e c h a n i c a l   p u l p s ,   s u c h   as  s t o n e   g r o u n d w o o d   (GW)  o r  

a  m i x t u r e   of   s t o n e   g r o u n d w o o d   and  t h e r m o m e c h a n i c a l   (TMP) 

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

m e r c i a l   p a p e r m a k i n g   m a c h i n e ,   much  of  t h e   f i n e   f i b e r s ,   c o n -  

s i s t i n g   p r i m a r i l y   of  t h e   f i n e   f r a c t i o n   of   t h e   GW  or  TMP 

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

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

i s   l o w ,   on  t h e   o r d e r   of  a b o u t   5 0 - 6 0 % .   A c c o r d i n g l y ,   s u c h  

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

t h e   p r o c e s s   s y s t e m ,   by  r e c y c l e   of  t he   t r a y   w a t e r .   By  s u c h  

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

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

H i g h   s p e e d   p a p e r   m a c h i n e s   in  g e n e r a l   a r e   v e r y   s e n -  

s i t i v e   to   any  c h a n g e s   in  d r a i n a g e   r a t e   and  i t   is   m o s t   e s s e n -  

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

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

t i o n   p r o b l e m s   and  e n h a n c e s   t h e   r a t e   of  w a t e r   r e m o v a l .   D r a i n -  

age   a i d s   t h a t   p e r f o r m   a d e q u a t e l y   in  f i n e   p a p e r   g r a d e s   g e n -  

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

n e w s p r i n t - t y p e   f u r n i s h e s   Such   i n e f f i c i e n c y   may  be  due   t o  

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

to   t h e   f i n e s   c o n t e n t   t h e r e o f )   and  the   s u b s t a n t i a l l y   r e d u c e d  



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

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

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

good  d r a i n a g e   and  h i g h   f i n e s   r e t e n t i o n   in  n e w s p r i n t - t y p e  

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

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

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

In  s u m m a r y ,   i t   has   no t   b e e n   p o s s i b l e   to  t r a n s l a t e  

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

t e n t i o n   a i d   a d d i t i v e s   in  f i n e   p a p e r   f u r n i s h e s   ( s e e   t h e  

a f o r e m e n t i o n e d   G e r m a n   O f f e n l e g u n g s s c h r i f t   2 , 2 4 8 , 7 5 2 ,   d i s -  

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

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

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

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

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

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

wood  p u l p .  

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   i l l u s t r a t e   s p e c i f i c  

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

f o r t h   by  way  of  i l l u s t r a t i o n   o n l y   and  a r e   n o t   to  be  c o n s t r u e d  

as  l i m i t i n g   on  t h e   s c o p e   of  t he   p r e s e n t   i n v e n t i o n   e x c e p t  

as  s e t   f o r t h   in  t h e   a p p e n d e d   c l a i m s .   In  a l l   e x a m p l e s   s e t  

f o r t h   h e r e i n a f t e r ,   p a r t s   and  p e r c e n t a g e s   a r e   by  w e i g h t  

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

EXAMPLE  I  

A  l a b o r a t o r y   d r a i n a g e   t e s t   p r o c e d u r e   was  d e v e l o p e d ,  

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

ges   in  h i g h   g r o u n d w o o d   c o n t e n t   p u l p s ,   due  to  t he   s low  d r a i n -  

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

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

75%  by  w e i g h t   g r o u n d w o o d   and  25%  by  w e i g h t   c h e m i c a l   l o n g  

f i b e r   p u l p s .   For  t he   m e a s u r e m e n t s   c a r r i e d   ou t   in  t he   s u b -  

s e q u e n t   e x a m p l e s ,   t he   f u r n i s h   was  50%:50%  by  w e i g h t   of  e a c h  



f i b e r   c o m p o n e n t ,   i . e . ,   g r o u n d w o o d   and  c h e m i c a l   l ong   f i b e r  

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

of   e q u a l   p a r t s   of   b l e a c h e d   s o f t w o o d   and  h a r d w o o d   k r a f t   t h a t  

had  b e e n   b e a t e d   to  a b o u t   450  CSF.  The  g r o u n d w o o d   p o r t i o n  

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

g r o u n d w o o d ,   p r o d u c e d   f o r   n e w s p r i n t   p r o d u c t i o n   by  B o w a t e r s  

P a p e r   C o m p a n y ,   C a l h o u n ,   T e n n e s s e e ,   a t   a  pH  of  4 . 7   and  c o n -  

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

w e i g h t   of  f i b e r s ,   t h e   a l u m   b e i n g   a d d e d   d u r i n g   t he   g r o u n d -  

wood  p r o d u c t i o n   to   r e d u c e   p i t c h   d e p o s i t i o n  i n   t he   s u b s e q u e n t  

p a p e r m a k i n g   o p e r a t i o n .  

In   e a c h   of  t he   t e s t s   d e s c r i b e d   h e r e i n a f t e r ,   t h e  

5 0 : 5 0   p e r c e n t   by  w e i g h t   m i x t u r e   of   t h e   c h e m i c a l   l o n g   f i b e r  

p u l p   and  g r o u n d w o o d   p u l p   was  d i l u t e d   to  0 . 5   p e r c e n t   f i b e r  

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

t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n ,   w i t h   t h e   pH  of  s u c h  

f u r n i s h   b e i n g   a d j u s t e d   by  a d d i t i o n   of  d i l u t e   s o d i u m   h y d r o x -  

i d e   to   t h e   f u r n i s h .  

To  t h e   f u r n i s h   s t o c k   p r e p a r e d   as  d e s c r i b e d   a b o v e  

was  a d d e d   a  0 .1%  s o l u t i o n   of   t h e   s p e c i f i c   p o l y m e r   or  c o -  

p o l y m e r   d r a i n a g e   a d d i t i v e   a t   a  d o s a g e   l e v e l   of   0 . 0 2 5 %   a c t u a l  

p o l y m e r   b a s e d   on  t o t a l   f i b e r   w e i g h t .   T h i s   f u r n i s h   t h e n  

was  m i x e d   by  t r a n s f e r r i n g   same  f rom  one   c o n t a i n e r   to  a n o -  

t h e r   f o r   s i x   t i m e s .   A  500  m i l l i l i t e r   (ml )   a l i q u o t   of  t h e  

t r e a t e d   f u r n i s h   t h e n   was  t r a n s f e r r e d   i n t o   a  d r a i n a g e   t u b e ,  

e q u i p p e d   w i t h   p a p e r   m a c h i n e   w i r e   a t   t h e   b o t t o m   end .   T h e  

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

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

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

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

n i s h   c o n t a i n i n g   no  d r a i n a g e   a i d   i s   i n d i c a t i v e   of  s i g n i -  

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

w e b .  

In   e a c h   e x p e r i m e n t   in  t he   e x a m p l e s   to  f o l l o w ,  

a  b l a n k   t e s t   r un   was  made  w h e r e i n   t he   f u r n i s h   c o n t a i n e d  

no  a d d i t i v e s ,   o t h e r   t h a n   a l u m .   An  i n c r e a s e   or  a  d e c r e a s e  

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



b l a n k ,   is  i n d i c a t i v e   of  an  i n c r e a s e   or  a  d e c r e a s e ,   r e s p e c -  

t i v e l y ,   in  t he   r a t e   of  d r a i n a g e   of  the   f u r n i s h .  

In  t he   e v a l u a t i o n s   of  t he   p r o c e s s   of  t h e   p r e s e n t  

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

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

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

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

d i t i v e s   had  m o l e c u l a r   w e i g h t s   in  t he   r a n g e   of  4 - 1 5   m i l l i o n .  

EXAMPLE  I I  

F i g u r e   I  is  a  g r a p h   of  d r a i n g a e   c h a n g e ,   i . e . ,   t h e  

c h a n g e   in  a m o u n t   of  d r a i n e d   l i q u i d ,   in  m i l l i l i t e r s   ( m l ) ,   f o r  

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

a  f u r n i s h   c o n t a i n i n g   no  a d d i t i v e s   ( b l a n k ) ,   as  a  f u n c t i o n   o f  

f u r n i s h   pH,  f o r   3%  a d d i t i o n   of  a lum  to  t he   f u r n i s h .   I n  

F i g u r e   I ,   c u r v e   A  is  t he   d r a i n a g e   c u r v e   fo r   t he   a b o v e - d e s -  

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

c o n t a i n i n g   15%  by  w e i g h t   AMPS  and  85%  by  w e i g h t   a c r y l a m i d e  

(AM).  C u r v e   B  is  the   d r a i n g e   c u r v e   fo r   a  f u r n i s h   c o n t a i n =  

ing  5%  by  w e i g h t   AMPS,  10%  by  w e i g h t   a c r y l i c   a c i d   (AA)  a n d  

85%  by  w e i g h t   AM.  C u r v e   C  r e p r e s e n t s   t he   d r a i n a g e   p e r f o r m -  

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

al  a n i o n i c   p o l y a c r y l a m i d e   d r a i n a g e / r e t e n t i o n   a g e n t ,   a n d  

C u r v e   D  is  t he   p e r f o r m a n c e   c u r v e   fo r   a  f u r n i s h   c o n t a i n i n g  

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

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

As  is  s e e n   f rom  F i g u r e   I  t h a t   c h a n g e s   in  pH  d r a -  

m a t i c a l l y   e f f e c t   the   p e r f o r m a n c e   of  a l l   t he   f u r n i s h   c o m p o -  
s i t i o n s   t e s t e d ,   p a r t i c u l a r l y   t he   h i g h l y   a n i o n i c   AMPS  c o -  

p o l y m e r s   ( C u r v e s   A  and  B)  and  t he   a n i o n i c   p o l y a c r y l a m i d e  

f u r n i s h   ( C u r v e   C).  The  1 5 / 8 5   AMPS/AM  c o p o l y m e r   ( C u r v e   A) 

p r o d u c e s   t he   b e s t   d r a i n a g e   in  t he   pH  r a n g e   of  4 . 3   to  5 . 7  

of  a l l   f u r n i s h e s   t e s t e d ,   w h i l e   t he   a n i o n i c   ( c a r b o x y l  

g r o u p - c o n t a i n i n g )   p o l y a c r y l a m i d e   is  r e l a t i v e l y   u n a f f e c t e d  

by  c h a n g e   of  pH  in  t h i s   r a n g e .   The  c a t i o n i c   p o l y a c r y l a m i d e  

( C u r v e   D)  has   a  m o d e r a t e   e f f e c t   in  t h i s   pH  r a n g e .   Such  pH 

r a n g e   and  a lum  d o s a g e   (3%  by  w e i g h t )   g e n e r a l l y   is  r e p r e -  



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

W i t h   b o t h   t h e   AMPS  c o p o l y m e r   of  C u r v e   A  and  t h e   AMPS  t e r -  

p o l y m e r   of  C u r v e   B,  t h e   a lum  a d d e d   to  t he   f i n i s h   s h o u l d   b e  

p a r t i a l l y   n e u t r a l i z e d ,   i . e . ,   in  t h e   fo rm  of  a  p o l y m e r   o f  

c a t i o n i c   a l u m i n a .   S i n c e   e x c e s s i v e   f l o c c u l a t i o n   may  be  u n -  

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

b e t w e e n   a  c o p o l y m e r   of  t h e   t y p e   r e p r e s e n t e d   by  C u r v e   A  a n d  

a  t e r p o l y m e r   of  t h e   t y p e   r e p r e s e n t e d   by  C u r v e   B  may  be  d e -  

t e r m i n e d   by  a c t u a l   m i l l   t r i a l ,   as  i n d i c a t e d   h e r e i n a b o v e .  

N o n e t h e l e s s ,   as  c l e a r l y   shown  by  t h e   g r a p h ,   e i t h e r   t y p e  
of  A M P S - c o n t a i n i n g   p o l y m e r   is  more   e f f e c t i v e   t h a n   t h e   c a t -  

i o n i c   p o l y a c r y l a m i d e   ( C u r v e   D)  h e r e t o f o r e   u s e d   as  a  c o n v e n -  

t i o n a l   d r a i n a g e / r e t e n t i o n   a i d .  

The   a n i o n i c   p o l y a c r y l a m i d e   of  C u r v e   C  b e c o m e s  

h i g h l y   a c t i v e   o n l y   a t   h i g h   pH  w h e r e   t he   p o l y m e r   is  m o r e  

s t r u c t u r a l l y   e x t e n d e d .   H i g h   pH  c o n d i t i o n s ,   h o w e v e r ,   a r e  

no t   a t t r a c t i v e   in  n e w s p r i n t   m a n u f a c t u r e   b e c a u s e   of  p i t c h  

d e p o s i t i o n   p r o b l e m s   a s s o c i a t e d   t h e r e w i t h .   On  t he   o t h e r  

h a n d ,   i f   t h e   pH  is   r e d u c e d   to  e x t r e m e l y   low  l e v e l s ,   on  t h e  

o r d e r   of  l e s s   t h a n   4 . 0 ,   t he   A M P S - c o n t a i n i n g   p o l y m e r s   b e c o m e  

s i g n i f i c a n t l y   l e s s   e f f e c t i v e ,   p r e s u m a b l y   due  to  t he   a b s e n c e  

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

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

EXAMPLE  I I I  

F i g u r e   II  is   a  g r a p h   of  d r a i n a g e   c h a n g e ,   ml,   a s  

a  f u n c t i o n   of  pH,  f o r   one  p e r c e n t   by  w e i g h t   a lum  a d d i t i o n  

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

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

ly  l e t t e r e d   c u r v e s   of  F i g u r e   I .  

As  s e e n   f rom  the   g r a p h ,   t he   A M P S - c o n t a i n i n g   c o -  

p o l y m e r s   b e c o m e   h i g h l y   e f f e c t i v e   when  t he   pH  of  t h e   f u r n i s h  

is  i n c r e a s e d   to   a  p o i n t   ( a p p r o x i m a t e l y   5 - 5 . 5 )   w h e r e   as  s u f -  

f i c i e n t   a m o u n t   of  c a t i o n i c   p o l y m e r i c   a l u m i n a   is  f o r m e d .  

The  o b s e r v e d   s h i f t   in  o p t i m u m   pH,  as  c o m a p r e d   to  t he   r e s u l t s  

in  E x a m p l e   II  is  p r o b a b l y   due  to  the   l o w e r   a lum  d o s a g e  

l e v e l   in  t h i s   i n s t a n c e   r e l a t i v e   to  E x a m p l e   I I ,   w h i c h   d e -  

c r e a s e s   t h e   e f f e c t i v e   c o n c e n t r a t i o n   of  t he   a c t i v e   c a t i o n i c  



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

o p t i m u m   o p e r a t i n g   pH  is  a  f u n c t i o n   of  t he   a v a i l a b l e   c a t i o n -  

ic  a l u m i n a   ( c a t i o n i c   p o l y m e r i c   Al  i o n s )   in  t he   f u r n i s h .  

EXAMPLE  I V  

F i g u r e   I I I   is  a  g r a p h   of  d r a i n a g e   c h a n g e ,   ml,   a s  

a  f u n c t i o n   of  a lum  a d d i t i o n ,   at   a  pH  of  4 . 5 .   C u r v e  A   r e -  

f e r s   to  a  f u r n i s h   c o n t a i n i n g   as  the   d r a i n a g e   a id   a  15  w e i g h t  

p e r c e n t / 8 5   w e i g h t   p e r c e n t   AMPS/AM  c o p o l y m e r ;   C u r v e   B  r e f e r s  

to  a  f u r n i s h   c o n t a i n i n g   a  5 : 1 5 : 8 0   w e i g h t   p e r c e n t   AMPS/AA/AMD 

t e r p o l y m e r ;   and  C u r v e   C  r e f e r s   to  a  f u r n i s h   e m p l o y i n g   as  t h e  

d r a i n a g e   a i d   an  a n i o n i c   p o l y a c r y l a m i d e   c o n t a i n i n g   30  p e r c e n t  

f r e e   c a r b o x y l   g r o u p s .  
In  t h i s   e x p e r i m e n t ,   the   d o s a g e   of  a lum  was  v a r i e d  

from  0.5%  to  2.0%  by  w e i g h t   b a s e d   on  t h e   w e i g h t   of  f i b e r s  

p r e s e n t   in  t he   f u r n i s h   and  pH  was  c o n t r o l l e d   at  4 . 5 .   T h e  

r e s u l t s   o b t a i n e d   a r e   c o n s i s t e n t   w i t h   t he   r e s u l t s   shown  i n  

E x a m p l e   I I I   in  d e m o n s t r a t i n g   at  low  a lum  l e v e l s   ( e . g . ,   0 . 5  

1.0%  by  w e i g h t )   t he   p o l y m e r   may  a c t u a l l y   r e t a r d   d r a i n a g e .  

In  t h i s   f u r n i s h   s y s t e m ,   a  min imum  of  1 . 5 - 2 . 0 %   by  w e i g h t  

a p p e a r s   to  be  e s s e n t i a l   for   a d e q u a t e   a c t i v a t i o n   of  t he   AMPS- 

- c o n t a i n i n g   p o l y m e r s .   The  c a r b o x y l   g r o u p - c o n t a i n i n g   a n i o n i c  

p o l y a c r y l a m i d e   is  u n a f f e c t e d   by  c h a n g e   in  t he   a lum  c o n t e n t  

of  t he   f u r n i s h .  

EXAMPLE  V 

F i g u r e   IV  is   a  g r a p h   of  d r a i n a g e   c h a n g e ,   ml,  a s  

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

v a r i a n t   l e v e l s   of  a lum  a d d i t i o n   and  of  e l e v a t e d   t e m p e r a t u r e .  

The  e f f e c t   of  t e m p e r a t u r e   on  the   d r a i n a g e   r a t e   to  d e t e r m i n e  

w h e t h e r   h e a t   w o u l d   a f f e c t   the   a lum  c h e m i s t r y   by  f a v o r i n g  

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

c r e a s e d   t e m p e r a t u r e .  

The  p a r a m e t r i c   a lum  c o n c e n t r a t i o n   and  t e m p e r a t u r e  

c o n d i t i o n s   a r e   s e t   f o r t h   on  the   d r a f t .   The  d r a i n a g e   a i d  

e m p l o y e d   in  a l l   i n s t a n c e s   was  a  t e r p o l y m e r   of  5 / 1 5 / 8 0  

w e i g h t   p e r c e n t   AMPS/AA/AM. 

In  e a c h   r u n ,   the   f u r n i s h   was  a d j u s t e d   to  the   s p e -  



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

t a i n i n g   t h e   f u r n i s h   in  a  s t e a m   b a t h .   Once   the   p a r a m e t r i c  

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

w i t h   a lum  and  n e u t r a l i z e d   w i t h   an  a p p r o p r i a t e   a m o u n t   o f  

s o d i u m   h y d r o x i d e   and  a l l o w e d   to  e q u i l i b r a t e   fo r   f i v e   m i n -  

u t e s .  



1.  A  p r o c e s s   f o r   i n c r e a s i n g   r a t e   of  d e w a t e r i n g  

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

s t i t u e n t   c o m p r i s e s   a t   l e a s t   40%  by  w e i g h t   of  a  wood  p u l p  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  m e c h a n i c a l   wood  p u l p ,  

t h e r m o m e c h a n i c a l   wood  p u l p ,   and  m i x t u r e s   t h e r e o f ,   c o m p r i -  

s i n g :  

(a)   a d d i n g   to  s a i d   f u r n i s h   p r i o r   to  s a i d  

d e w a t e r i n g   t h e r e o f   (1)  f rom  a b o u t   0 . 5   to  a b o u t   5  p e r c e n t   b y  

w e i g h t ,   b a s e d   on  w e i g h t   of  c e l l u l o s i c   f i b e r s   in  s a i d   f u r -  

n i s h ,   of  an  a l u m i n u m   s a l t ,   and  (2)  f rom  a b o u t   0 . 0 1   to  a b o u t  

0 .5   p e r c e n t   by  w e i g h t ,   b a s e d   on  w e i g h t   of  c e l l u l o s i c   f i b e r s  

in  s a i d   f u r n i s h ,   of  a  w a t e r - s o l u b l e   c o p o l y m e r   c o n t a i n i n g  
f rom  a b o u t   2  to  a b o u t   30  m o l e   p e r c e n t   r e p e a t i n g   u n i t s   d e -  

r i v e d   f rom  2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e s u l f o n i c   a c i d ,   f r o m  

0  to  a b o u t   25  m o l e   p e r c e n t   r e p e a t i n g   u n i t s   d e r i v e d   f r o m  

a c r y l i c   a c i d ,   and  f rom  a b o u t   45  to  a b o u t   98  m o l e   p e r c e n t  

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

(b)  m a i n t a i n i n g   pH  of  s a i d   f u r n i s h   d u r i n g   s t e p  

(a)   and  t h r o u g h   s a i d   d e w a t e r i n g   in  t h e   r a n g e   of  f r o m   a b o u t  

3 .5   to  a b o u t   6 . 5 .  

2.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d  

c o p o l y m e r   c o n t a i n s   f rom  a b o u t   2  to  a b o u t   20  mo le   p e r c e n t  

r e p e a t i n g   u n i t s   d e r i v e d   f rom  2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e -  

s u l f o n i c   a c i d   and  f rom  a b o u t   80  to  a b o u t   98  m o l e   p e r c e n t  

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

3.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   2  w h e r e i n   t h e  

a d d i t i o n   of  s a i d   a l u m i n u m   s a l t   to  s a i d   f u r n i s h   is  in  a n  

a m o u n t   of  f rom  a b o u t   2  to  a b o u t   4  p e r c e n t   by  w e i g h t ,   b a s e d  

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

4.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   3  w h e r e i n   pH  o f  

s a i d   f u r n i s h   is  m a i n t a i n e d   d u r i n g   s t e p   (a)   and  t h r o u g h   s a i d  

d e w a t e r i n g   in  t he   r a n g e   of  f rom  a b o u t   4 .1   to  a b o u t   6 . 5 .  

5.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   2  w h e r e i n   t h e  

a d d i t i o n   of  s a i d   a l u m i n u m   s a l t   to  s a i d   f u r n i s h   is  in  a n  

amoun t   of  f rom  a b o u t   0 . 5   to  a b o u t   2  p e r c e n t   by  w e i g h t ,  

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



6.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   4  w h e r e i n   pH  o f  

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

d e w a t e r i n g   in  t h e   r a n g e   of  f rom  a b o u t   4 . 8   to  a b o u t   6 . 5 .  

7.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d  

c o p o l y m e r   c o n t a i n s   f rom  a b o u t   2  to  a b o u t   30  m o l e   p e r c e n t  

r e p e a t i n g   u n i t s   d e r i v e d   f rom  2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e -  

s u l f o n i c   a c i d ,   f r o m   a b o u t   5  to  a b o u t   25  m o l e   p e r c e n t   r e p e a t -  

i ng   u n i t s   d e r i v e d   f r o m   a c r y l i c   a c i d ,   and  f r o m   a b o u t   45  t o  

a b o u t   93  m o l e   p e r c e n t   r e p e a t i n g   u n i t s   d e r i v e d   f rom  a c r y l -  

a m i d e .  

8.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   6  w h e r e i n   pH  o f  

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

d e w a t e r i n g   in  t h e   r a n g e   of   f rom  a b o u t   4  to   a b o u t   6 . 5 .  

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

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

( a )   a n d   t h r o u g h   s a i d   d e w a t e r i n g   in  t h e   r a n g e   of   f rom  a b o u t  

20  to  a b o u t   6 0 ° C .  

10.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   6,  f u r t h e r   c o m -  

p r i s i n g   m a i n t a i n i n g   t e m p e r a t u r e   of  s a i d   f u r n i s h   d u r i n g   s t e p  
(a )   and  t h r o u g h   s a i d   d e w a t e r i n g   in  t h e   r a n g e   of  f rom  a b o u t  

40  to  a b o u t   6 0 ° C .  
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