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and,  if  necessary,  a  filler  and  containing  as  a  paper  quality 
improver  a  cationic  polymer  prepared  by  copolymerizing  an 
acrylamide  compound  represented  by  CH2=C(R1)CONH2 
(wherein  R1  represents  H  or  methyl)  and  an  organic  or  in- 
organic  acid  salt  of  a  diallylamine  compound  represented  by 
(CH2=C(R2)CH2)2N-R3  (wherein  R2  represents  H  or  methyl  and 
R3  represents  H  or  Ci.6  alkyl)  in  the  presence  or  absence  of  af' 
vinyl  monomer  copolymerizable  wife  the  acrylamide  com- 
pound  and/or  the  salt  of  a  diallylamine  compound.  The  ptfper 
quality  improver  serves  to  improve  the  efficiency  of  additives 
in  making  paper  in  neutral  or  alkaline  conditions,  ancfthere- 
fore,  provide  paper  having  good  sizability  and  well  improved 
paper  power. 
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S P E C I F I C A T I O N  

PROCESS  FOR  MAKING  PAPER 

T e c h n i c a l   F i e l d  

T h i s   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   m a k i n g  

p a p e r .   More  p a r t i c u l a r l y ,   i t   r e l a t e s   to  a  p r o c e s s   f o r  

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

s l u r r y   c o n t a i n i n g   a  n e u t r a l   s i z i n g   a g e n t   and  o p t i o n a l l y   a 

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

i m p r o v e r .  

T e c h n i c a l   B a c k g r o u n d  

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

p r o c e s s   s u c h   as  s o - c a l l e d   n e u t r a l   or  a l k a l i n e   p a p e r m a k i n g  

p r o c e s s   w h i c h   is  c a r r i e d   ou t   a t   pH  6  to  10,  i n s t e a d   of  a n  

a c i d i c   p a p e r m a k i n g   p r o c e s s .  

The  n e u t r a l   or  a l k a l i n e   p a p e r m a k i n g   p r o c e s s   h a s  

a d v a n t a g e s   such   as  (1)  a  s m a l l e r   e n e r g y   f o r   b e a t i n g   is  u s e d ;  

(2)   c o r r o s i o n   of  m a c h i n e   is   l e s s ;   (3)   t he   w h i t e   w a t e r   s y s t e m  

can  be  c l o s e d ;   (*!)  s e l e c t i o n   of  f i l l e r s   is   no t   r e s t r i c t e d  

and  c h e a p   c a l c i u m   c a r b o n a t e   can  be  u s e d ;   (5)  d e t e r i o r a t i o n  

of  p a p e r   w i t h   t i m e   is  l e s s ;   (6)  p r i n t a b i l i t y   of  p a p e r   i s  

g o o d ,   and  t he   l i k e .  

On  the   o t h e r   h a n d ,   t h e   n e u t r a l   or  a l k a l i n e   p a p e r -  

m a k i n g   p r o c e s s   has   d r a w b a c k s   such   as  (1)  e x p e n s i v e   n e u t r a l  

s i z i n g   a g e n t s   such   as  a l k y l k e t e n e   d i m e r s ,   a l k e n y l s u c c i n i c  
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a n h y d r i d e s ,   e t c .   mus t   be  u s e d   i n s t e a d   of  c h e a p   r o s i n   s i z i n g  

a g e n t s ,   and  f u r t h e r ,   such   a g e n t s   a r e   p o o r   in  a n c h o r i n g   o n t o  

t he   p u l p ;   (2)  f i l l e r s   a r e   p o o r   in  a n c h o r i n g   o n t o   t he   p u l p ;  

(3)  when  the   a m o u n t   of  c a l c i u m   c a r b o n a t e   is  i n c r e a s e d ,   t h e  

s t r e n g t h   of  p a p e r   is   l o w e r e d ;   and  t h e   l i k e .  

I t   is  known  to  u se   M a n n i c h   r e a c t i o n   p r o d u c t s   o f  

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

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

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

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

r e i n f o r c i n g   of  p a p e r   s t r e n g t h   is  no t   e x p e c t e d .   B e s i d e s ,  

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

or  w h o l e   of  t h e   t e r t i a r y   a m i n e s   in  t he   a b o v e   M a n n i c h  

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

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

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

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

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

s i z i n g   a g e n t   is   p o o r   and  h e n c e   t h e   d e s i r e d   s i z i n g   e f f e c t   i s  

no t   a c h i e v e d .   M o r e o v e r ,   t h e r e   is  known  a  c o p o l y m e r  

c o m p r i s i n g   p r e d o m i n a n t l y   ( m e t h ) a c r y l a m i d e   and  a  q u a t e r n a r y  

p r o d u c t   of  d i m e t h y l a m i n o e t h y l ( m e t h ) a c r y l a m i d e ,   bu t   i t   i s  

s t i l l   p o o r   in  t h e   p a p e r   s t r e n g t h   r e i n f o r c i n g   e f f e c t ,   and  t h e  

s i z i n g   a g e n t   is   p o o r   in  a n c h o r i n g   e f f e c t .   T h e r e   is  a l s o  

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

and  a  q u a t e r n a r y   p r o d u c t   of  d i m e t h y l a m i n o p r o p y l ( m e t h ) a c r y l -  
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a m i d e ,   bu t   i t   is  s t i l l   p o o r   in  t h e   p a p e r   s t r e n g t h  

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

a g e n t   is  p o o r   in  a n c h o r i n g   e f f e c t   and  h e n c e   good  s i z i n g  

e f f e c t   can  no t   be  a c h i e v e d .  

B e s i d e s ,   t h e r e   is   known  a  c o p o l y m e r   c o m p r i s i n g  

p r e d o m i n a n t l y   ( m e t h ) a c r y l a m i d e   and  d i a l l y l d i m e t h y l a m m o n i u m  

c h l o r i d e ,   bu t   t he   s i z i n g   a g e n t   is  p o o r   in  a n c h o r i n g   e f f e c t  

and  h e n c e   the   d e s i r e d   s i z i n g   e f f e c t   can  no t   be  a c h i e v e d ,  

e i t h e r .  

M o r e o v e r ,   i t   is  d i s c l o s e d   in  J a p a n e s e   P a t e n t   S e c o n d  

P u b l i c a t i o n   ( K o k o k u )   No.  1 2 5 2 1 / 1 9 7 2   to  use   a  p o l y m e r   h a v i n g  

a  p a r t i a l   q u a t e r n a r y   g r o u p   w h i c h   is  p r o d u c e d   by  c o p o l y m e r -  

i z i n g   d i a l l y l a m i n e   and  a  c o p o l y m e r i z a b l e   v i n y l   monomer   [ e . g .  

( m e t h ) a c r y l a m i d e ]   ,  f o l l o w e d   by  m o d i f y i n g   w i t h   a'n  a g e n t   f o r  

c o n v e r t i n g   i n t o   q u a t e r n a r y   g r o u p .   H o w e v e r ,   such   a  p o l y m e r  

is   p a r t i c u l a r l y   i n s u f f i c i e n t   in  a n c h o r i n g   of  t he   s i z i n g  

a g e n t   and  h e n c e   can  no t   g i v e   good  s i z i n g   e f f e c t ,   w h i l e   t h e  

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

A l t h o u g h   t h e r e   a r e   a l s o   known  one  or  more  o f  

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

e t c . )   and  c a t i o n i c   s t a r c h ,   t h e s e   a r e   s t i l l   no t   s a t i s f a c t o r y  

in  t he   e f f e c t s .   From  t h e a s e   s t a n d p o i n t s ,   i t   has   b e e n  

d e s i r e d ,   to  d e v e l o p   an  i m p r o v e d   p a p e r   q u a l i t y   i m p r o v e r   w h i c h  

is  e x c e l l e n t   in  t h e   y i e l d   of  t he   p r o d u c t   pe r   s i z i n g   a g e n t  

and  f i l l e r   and  has   e x c e l l e n t   p a p e r   s t r e n g t h   r e i n f o r c i n g  

e f f e c t .  
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D i s c l o s u r e   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t o r s   have   i n t e n s i v e l y   s t u d i e d   o n  

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

s i z i n g   e f f e c t   and  e x c e l l e n t   p a p e r   s t r e n g t h   owing   to  t h e  

e x c e l l e n t   y i e l d i n g   e f f e c t   of  e a c h   a d d i t i v e s   in  the   p a p e r -  

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

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

f i l l e r ,   and  the   p r e s e n t   i n v e n t i o n   has   been   a c c o m p l i s h e d .  

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

p a p e r m a k i n g   w h i c h   c o m p r i s e s   f o r m i n g   a  s h e e t   at   pH  6  to  10  i n  

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

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

w h i c h   i s   p r e p a r e d   by  c o p o l y m e r i z i n g   (a )   an  a c r y l a m i d e  

c o m p o u n d   of  t he   f o r m u l a :  

CH2=C(R1  )C0NH2 

w h e r e i n   R  ̂ is   h y d r o g e n   a tom  or  m e t h y l   g r o u p ,   and  (b)  a n  

i n o r g a n i c   or  o r g a n i c   a c i d   s a l t   of  a  d i a l l y l a m i n e   compound   o f  

t h e   f o r m u l a :  

[ C H 2 = C ( R 2 ) C H 2 ] 2 N - R 3  

w h e r e i n   R2  is  h y d r o g e n   a tom  or  m e t h y l   g r o u p ,   Rg  is  h y d r o g e n  

a t o m   or  an  a l k y l   h a v i n g   1  to  6  c a r b o n   a t o m s ,   in  the   p r e s e n c e  

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

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

The  a c r y l a m i d e   c o m p o u n d   u s e d   as  t h e   c o m p o n e n t   ( a )  

in   t h i s   i n v e n t i o n   is  a c r y l a m i d e   or  m e t h a c r y l a m i d e .  

The  d i a l l y l a m i n e s   as  t h e   c o m p o n e n t   (b)  i n c l u d e , —   f o r  
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e x a m p l e ,   d i a l l y l a m i n e ,   d i a l l y l m e t h y l a m i n e ,   d i a l l y l e t h y l -  

a m i n e ,   d i a l l y l b u t y l a m i n e ,   e t c . ,   and  t h e s e   a r e   u s e d   in  t h e  

fo rm  of  a  s a l t   w i t h   an  i n o r g a n i c   a c i d   ( e . g .   h y d r o c h l o r i c  

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

an  o r g a n i c   a c i d   ( e . g .   f o r m i c   a c i d ,   a c e t i c   a c i d ,   p r o p i o n i c  

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

p r e f e r a b l e .  

The  c o m p o n e n t   (c)  w h i c h   is   o p t i o n a l l y   u s e d   in  t h i s  

i n v e n t i o n   i n c l u d e s   any  n o n i o n i c ,   c a t i o n i c   or  a n i o n i c   v i n y l  

m o n o m e r s   w h i c h   a r e   c o p o l y m e r i z a b l e   w i t h   t h e   c o m p o n e n t   ( a )  

a n d / o r   t he   c o m p o n e n t   ( b ) .   E x a m p l e s   of  t he   n o n i o n i c   m o n o m e r  

a r e   m e t h y l   a c r y l a t e ,   m e t h y l   m e t h a c r y l a t e ,   e t h y l   a c r y l a t e ,  

e t h y l   m e t h a c r y l a t e ,   a c r y l o n i t r i l e ,   m e t h a c r y l o n i t r i l e ,  

s t y r e n e ,   h y d r o x y e t h y l   a c r y l a t e ,   h y d r o x y e t h y l   m e t h a c r y l a t e ,  

v i n y l   a c e t a t e ,   and  the   l i k e .  

E x a m p l e s   of  t he   c a t i o n i c   monomer   a r e   d i m e t h y l a m i n o -  

e t h y l   a c r y l a t e ,   d i m e t h y l a m i n o e t h y l   m e t h a c r y l a t e ,   d i e t h y l -  

a m i n o e t h y l   a c r y l a t e ,   d i e t h y l a m i n o e t h y l   m e t h a c r y l a t e ,  

d i m e t h y l a m i n o p r o p y l a c r y l a m i d e ,   d  i  m e t h y l   a m i n o p   r o p y   l m e t h a c r y l   -  

a m i d e ,   and  t he   l i k e ,   or  t he   q u a t e r n a r y   d e r i v a t i v e s   of  t h e s e  

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

v i n y l p y r r o l i d o n e ,   and  the   l i k e .  

E x a m p l e s   of  t he   a n i o n i c   monomer   a r e   a c r y l i c   a c i d ,  

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

l i k e .  

The  r a t i o   of  the   c o m p o n e n t s   ( a ) ,   (b)  and  (c)   u s e d  
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in  t h e   c o p o l y m e r i z a t i o n   of  t h i s   i n v e n t i o n   i s   p r e f e r a b l y   t h e  

c o m p o n e n t   ( a ) :   40  to   99  %  by  m o l e ,   more  p r e f e r a b l y   50  to  9 7  

%  by  m o l e ,   t h e   c o m p o n e n t   ( b ) :   1  to  60  %  by  m o l e ,   m o r e  

p r e f e r a b l y   3  to   50  %  by  m o l e ,   and  the   c o m p o n e n t   (c)   can   b e  

u s e d   in  any  a m o u n t   u n l e s s   t h e   e f f e c t   of  t h i s   i n v e n t i o n   i s  

i n h i b i t e d   b u t   may  be  r e s t r i c t e d   by  the   w a t e r   s o l u b i l i t y   a n d  

i o n i c   p r o p e r t i e s   t h e r e o f .   In  c a s e   of  a  n o n i o n i c   m o n o m e r ,   i t  

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

p o l y m e r   d o e s   no t   l o s e   i t s   w a t e r   s o l u b i l i t y .   In  c a s e   of  a  

c a t i o n i c   m o n o m e r ,   i t   is  u s e d   in  an  a m o u n t   of  no t   more   t h a n  

40  %  by  m o l e ,   p r e f e r a b l y   no t   more   t h a n   30  %  by  m o l e .  

B e s i d e s ,   in  c a s e   of  an  a n i o n i c   m o n o m e r ,   i t   is  u s e d   in  t h e  

r a n g e   of  l e s s   t h a n   t he   a m o u n t   of  t he   c o m p o n e n t   ( b ) .  

When  t he   c o m p o n e n t   (a)   is   u s e d   in  an  a m o u n t   of  l e s s  

t h a n   40  %  by  mole   or  t he   c o m p o n e n t   (b)  is   u s e d   in  an  a m o u n t  

of  l e s s   t h a n   1  %  by  m o l e ,   t h e   e f f e c t   of  t h i s   i n v e n t i o n   c a n  

n o t   s u f f i c i e n t l y   be  a c h i e v e d ,   and  when  t h e   c o m p o n e n t   (c )   i s  

u s e d   in   an  a m o u n t   of  o v e r   40  %  by  m o l e ,   i t   is  t he   s a m e .  

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

can   be  c a r r i e d   o u t   by  a  known  p r o c e s s ,   and  the   p o l y m e r i z -  

a t i o n   m a n n e r   is   n o t   s p e c i f i e d ,   bu t   i t   is  p r e f e r a b l y   done   b y  

r e a c t i n g   in  w a t e r   or  a  m i x e d   s o l v e n t   of  w a t e r   and  a  w a t e r  

s o l u b l e   s o l v e n t   in  t he   p r e s e n c e   of  a  p o l y m e r i z a t i o n  

i n i t i a t o r .  

The  p o l y m e r i z a t i o n   i n i t i a t o r   i n c l u d e s   any  c o n v e n -  

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

2 , 2 '   - d i a m i d i n y l - 2 , 2 1   - a z o p r o p a n e   d i h y d r o c h l o r i d e ,   a z o b i s i s o -  

b u t y r o n i t r i l e ,   e t c . ) ,   p e r o x i d e s   ( e . g .   d i - t - b u t y l   p e r o x i d e ,  

cumene   h y d r o p e r o x i d e ,   h y d r o g e n   p e r o x i d e ,   e t c . ) ,   and  t h e  

l i k e .   T h e r e   may  a l s o   be  u s e d   known  Redox   i n i t i a t o r s ,   s u c h  

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

n a t i o n   w i t h   t e r t i a r y   a m i n e s .  

The  p o l y m e r i z a t i o n   is  u s u a l l y   c a r r i e d   ou t   a t   10  t o  

1 0 0 ° C ,   p r e f e r a b l y   40  to  80°C,   f o r   1  to  10  h o u r s .   The  p o l y -  

m e r i z a t i o n   may  be  done  in  the   p r e s e n c e   of  o x y g e n ,   b u t  

p r e f e r a b l y   done   u n d e r   an  a t m o s p h e r e   of  i n n e r t   gas   s u c h   a s  

n i t r o g e n   g a s .  

The  c o m p o n e n t   ( a ) ,   c o m p o n e n t   (b)  and  o p t i o n a l  

c o m p o n e n t   (c)   may  w h o l l y   be  c h a r g e d   at   one  t i m e   and  t h e n  

s u b j e c t e d   to  t h e   p o l y m e r i z a t i o n ,   or  a l t e r n a t i v e l y ,   a  p a r t   o r  

w h o l e   of  a  c e r t a i n   c o m p o n e n t   may  be  c h a r g e d   a f t e r   i n i t i a t i o n  

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

may  be  a d d e d   c o n t i n u o u s l y   or  p a r t i a l l y .  

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

p r e p a r e d   i s   u s e d   as  a  p a p e r   q u a l i t y   i m p r o v e r ,   and  the   a m o u n t  

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

s i z i n g ,   t he   d e s i r e d   s t r e n g t h   of  p a p e r ,   and  the   l i k e ,   bu t   i s  

u s u a l l y   u s e d   in  an  amoun t   of  0.01  to  2  %  by  w e i g h t ,   p r e f e r -  

a b l y   0 . 0 5   to  1  56  by  w e i g h t ,   when  c a l c u l a t e d   as  s o l i d   p o l y m e r  

b a s e d   on  t h e   w e i g h t   of  t he   p a p e r   in  dry  s t a t e .  

The  c a t i o n i c   p o l y m e r   used   in  t h i s   i n v e n t i o n   may  b e  
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u s e d   a l o n e   or  in  c o m b i n a t i o n s   w i t h   o t h e r   i n g r e d i e n t s   ( e . g .  

s i z i n g   a n c h o r i n g   a g e n t ,   y i e l d   i m p r o v e r ,   e t c . ) .  

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

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

t a l c ,   T i O 2 ,   s a t i n   w h i t e ,   and  t h e   l i k e .   The  n e u t r a l   s i z i n g  

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

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

a z i r i d i n e   d e r i v a t i v e s ,   c a r b o n y l   d e r i v a t i v e s ,   f a t t y   a c i d  

a n h y d r i d e s ,   and  t h e   l i k e .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   t h e   s h e e t   f o r m i n g   i s  

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

s i z i n g   a g e n t   and  o p t i o n a l l y   f i l l e r   at   pH  6  to   10.  T h e  

p r o c e s s   i s   no t   s p e c i f i e d   bu t   i n c l u d e s   any  c o n v e n t i o n a l  

p r o c e s s e s .   In  t h e   s o - c a l l e d   b e a t e r - a d d i t i o n   p r o c e s s ,   a  

f i l l e r   and  a  s i z i n g   a g e n t   a r e   b o t h   a d d e d   to  an  a q u e o u s  

s u s p e n s i o n   of  p u l p   f i b e r s   and  t h e   m i x t u r e   is   s u b j e c t e d   t o  

t he   s h e e t   f o r m i n g .   In  t he   b e a t e r - a d d i t i o n   p r o c e s s ,   t h e  

o r d e r   of  a d d i t i o n   of  a d d i t i v e s   i s   no t   s p e c i f i e d .  

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

a l o n e   or   in  c o m b i n a t i o n s   w i t h   o t h e r   i n g r e d i e n t s   ( e . g .   s i z i n g  

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

T h i s   i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e   f o l l o w i n g  

E x a m p l e s ,   b u t   i s   n o t   l i m i t e d   t h e r e t o .   In  E x a m p l e s ,   n%n 

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

P r e p a r a t i o n   1 

A  50  %  a q u e o u s   s o l u t i o n   of  d i a l l y l a m i n e   h y d r o -  
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c h l o r i d e   ( 4 2 . 8   g,  0 . 1 6   m o l e ) ,   a  50  %  a q u e o u s   s o l u t i o n   o f  

a c r y l a m i d e   (34 .1   g,  0 . 2 4   m o l e ) ,   i s o p r o p y l   a l c o h o l   ( 7 . 7   g )  

and  d e i o n i z e d   w a t e r   ( 1 7 1 . 6   g)  were   c h a r g e d   i n t o   a  r e a c t o r  

p r o v i d e d   w i t h   a  s t i r r e r ,   and  the   m i x t u r e   was  r e g u l a t e d   to  pH 

7 . 0   w i t h   a  s l i g h t   a m o u n t   of  28  %  a q u e o u s   s o d i u m   h y d r o x i d e .  

The  r e a c t o r   was  p u r g e d   w i t h   n i t r o g e n   gas   to  r emove   o x y g e n  

w i t h i n   t he   v e s s e l ,   and  t h e r e a f t e r ,   ammonium  p e r s u l f a t e   ( 0 . 1 2  

g)  was'  a d d e d   t h e r e t o   a t   55°C,   and  the   m i x t u r e   was  r e a c t e d   a t  

55°C  f o r   6  h o u r s .   By  q u a n t i t a t i v e   d e t e r m i n a t i o n   o f  

u n r e a c t e d   m o n o m e r ,   i t   was  c o n f i r m e d   t h a t   t he   d e g r e e   o f  

r e a c t i o n   was  99  %  or  m o r e .  

The  p r o d u c t   had  a  p o l y m e r   c o n t e n t   of  15  %,  pH  4 . 3 ,  

and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  65  p s .  

P r e p a r a t i o n   2 

A  50  %  a q u e o u s   s o l u t i o n   of  d i a l l y l a m i n e   h y d r o -  

c h l o r i d e   ( 1 0 . 7   g,  0 . 0 4   mo le )   and  d e i o n i z e d   w a t e r   ( 1 4 4 . 1   g )  

were   c h a r g e d   i n t o   a  r e a c t o r   p r o v i d e d   w i t h   a  s t i r r e r ,   and  t h e  

m i x t u r e   was  r e g u l a t e d   to  pH  7 .0   w i t h   a  s l i g h t   amoun t   of  28  % 

a q u e o u s   s o d i u m   h y d r o x i d e .   The  r e a c t o r   was  p u r g e d   w i t h  

n i t r o g e n   gas  to  r e m o v e   o x y g e n   w i t h i n   the   v e s s e l ,   a n d  

t h e r e a f t e r ,   ammonium  p e r s u l f a t e   ( 0 . 2 8   g)  was  added   t h e r e t o  

at   7 0 ° C .   Wi th   k e e p i n g   the   i n n e r   t e m p e r a t u r e   at   70°C,   a  50  % 

a c r y l a m i d e   ( 5 1 . 2   g,  0 . 36   mo le )   was  a d d e d   to  t h e   r e a c t i o n  

s y s t e m   o v e r   a  p e r i o d   of  2  h o u r s .   T h e r e a f t e r ,   the   m i x t u r e  

was  r e a c t e d   at   70°C  f o r   2  h o u r s .   By  q u a n t i t a t i v e  

d e t e r m i n a t i o n   of  u n r e a c t e d   monomer ,   i t   was  c o n f i r m e d   t h a t  
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t h e   d e g r e e   of  r e a c t i o n   was  99  %  or  m o r e .  

The  p r o d u c t   had  a  p o l y m e r   c o n t e n t   of  15  %,  pH  3 . 5 ,  

and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  50  p s .  

P r e p a r a t i o n   3 

A  98  %  d i a l l y l m e t h y l a m i n e   h y d r o c h l o r i d e   ( 3 - 8   g ,  

0 . 0 2 5   m o l e )   and  d e i o n i z e d   w a t e r   ( 9 7 . 6   g)  were   c h a r g e d   i n t o   a  

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

r e g u l a t e d   to  pH  7 . 0 .   The  r e a c t o r   was  p u r g e d   w i t h   n i t r o g e n  

gas   to  r e m o v e   o x y g e n   w i t h i n   t h e   v e s s e l ,   and  t h e r e a f t e r ,  

ammonium  p e r s u l f a t e   (0 .1   g)  was  a d d e d   t h e r e t o   a t   7 0 ° C .   W i t h  

k e e p i n g   t he   i n n e r   t e m p e r a t u r e   a t   70°C ,   a  50  %  a q u e o u s  

s o l u t i o n   of  a c r y l a m i d e   ( 3 2 . 0   g,  0 . 2 2 5   m o l e )   was  a d d e d   to  t h e  

r e a c t i o n   s y s t e m   o v e r   a.  p e r i o d   of  2  h o u r s .   T h e r e a f t e r ,   t h e  

m i x t u r e   was  r e a c t e d   a t   70°C  f o r   2  h o u r s .   By  q u a n t i t a t i v e  

d e t e r m i n a t i o n   of  u n r e a c t e d   m o n o m e r ,   i t   was  c o n f i r m e d   t h a t  

t h e   d e g r e e   of  r e a c t i o n   was  99  %  or  m o r e .  

The  p r o d u c t   had  a  p o l y m e r   c o n t e n t   of  15  %,  pH  3 - 9 ,  

and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  55  p s .  

P r e p a r a t i o n   4 

A  50  %  a q u e o u s   s o l u t i o n   of  d i a l l y l a m i n e   h y d r o -  

c h l o r i d e   ( 1 0 . 7   g,  0 . 0 4   m o l e )   and  d e i o n i z e d   w a t e r   ( 1 4 1 . 8   g )  

we re   c h a r g e d   i n t o   a  r e a c t o r   p r o v i d e d   w i t h   a  s t i r r e r ,   and  t h e  

m i x t u r e   was  r e g u l a t e d   to  pH  6 . 8   w i t h   a  s l i g h t   a m o u n t   of  28  % 

a q u e o u s   s o d i u m   h y d r o x i d e .   The  r e a c t o r   was  p u r g e d   w i t h  

n i t r o g e n   gas   to  r e m o v e   o x y g e n   w i t h i n   t he   v e s s e l ,   a n d  

t h e r e a f t e r ,   2,2  ' _ - d i a m i d i n y l - 2 , 2   f  - a z o p r o p a n e   d i h y d r o c h l o r i d e  
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( 0 . 2 7   g)  was  a d d e d   t h e r e t o   at   70°C.   Wi th   k e e p i n g   t h e   i n n e r  

t e m p e r a t u r e   a t   7 0 ° C ,   a  m i x t u r e   of  a  50  %  a q u e o u s   s o l u t i o n   o f  

a c r y l a m i d e   ( ^ 0 . 9   g,  0 . 2 8 8   mo le )   and  a c r y l o n i t r i l e   (3«8  g ,  

0 . 0 7 2   mo le )   was  a d d e d   to  t h e   r e a c t i o n   s y s t e m   o v e r   a  p e r i o d  

of  3  h o u r s .   T h e r e a f t e r ,   t he   m i x t u r e   was  r e a c t e d   a t   70°C  f o r  

3  h o u r s .   By  q u a n t i t a t i v e   d e t e r m i n a t i o n   of  u n r e a c t e d  

m o n o m e r ,   i t   was  c o n f i r m e d   t h a t   t he   d e g r e e   of  r e a c t i o n   was  9 9  

%  or  m o r e .  

The  p r o d u c t   had  a  p o l y m e r   c o n t e n t   of  15  %,  pH  3 . ^ ,  

and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  iJ3  p s .  

P r e p a r a t i o n s   5  to  12 

In  t h e   same  m a n n e r   as  d e s c r i b e d   in  P r e p a r a t i o n s   1 

to  H  e x c e p t   t h a t   t he   monomer   and  monomer  c o m p o s i t i o n   w e r e  

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

a r e   shown  in  T a b l e   1  . 
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R e f e r e n c e   P r e p a r a t i o n   1 

A  15  %  a q u e o u s   s o l u t i o n   of  a c r y l a r a i d e   was  r e a c t e d  

w i t h   ammonium  p e r s u l f a t e   ( 0 . 5   %  by  w e i g h t   p e r   w e i g h t   o f  

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

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

s o l u t i o n   of  p o l y a r y l a m i d e   h a v i n g   pH  3 .4   and  a  v i s c o s i t y   o f  

114  p s .  

T h e r e a f t e r ,   to  t h e   a q u e o u s   s o l u t i o n   of  p o l y a c r y l -  

a r a i d e   ( 4 7 3 . 8   g,  1 . 0   mole   c a l c u l a t e d   as  t he   a c i d   a m i d e   g r o u p )  

w e r e   added   a  50  %  a q u e o u s   s o l u t i o n   of  d i m e t h y l a m i n e   ( 1 9 . 8   g ,  

0 . 2 2   mole)   and  a  37  ?  f o r m a l i n   ( 1 6 . 2   g,  0 . 2   m o l e ) ,   and  t h e  

m i x t u r e   was  s u b j e c t e d   to  M a n n i c h   r e a c t i o n   by  k e e p i n g   i t   a t  

45°C  f o r   one  h o u r .   To  the   a q u e o u s   s o l u t i o n   was  f u r t h e r  

a d d e d   d i m e t h y l   s u l f a t e   ( 2 2 . 7   g,  0 . 1 8   m o l e ) ,   and  the   m i x t u r e  

was  k e p t   at   15  -  20°C  f o r   a b o u t   5  h o u r s ,   by  wh ich   t h e  

r e a c t i o n   f o r   c o n v e r t i o n   of  a m i n o   g r o u p   i n t o   q u a t e r n a r y   g r o u p  

/as  c o m p l e t e d .   A f t e r   c o m p l e t i o n   of  t he   c o n v e r s i o n   r e a c t i o n  

i n t o   q u a t e r n a r y   g r o u p ,   t he   a q u e o u s   s o l u t i o n   of  p o l y m e r   w a s  

r e g u l a t e d   to  t he   d e s i r e d   pH  and  c o n c e n t r a t i o n   w i t h   a q u e o u s  

s o d i u m   c a r b o n a t e   s o l u t i o n   and  d e i o n i z e d   w a t e r   to  g i v e   a n  

a q u e o u s   s o l u t i o n   of  p o l y m e r   h a v i n g   a  p o l y m e r   c o n t e n t   of  15  

%,  pH  3 .2   and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  25  p s .  

R e f e r e n c e   P r e p a r a t i o n   2_ 

A  50  %  a q u e o u s   s o l u t i o n   of  a c r y l a m i d e   ( 4 8 . 3   g,  0 . 3 4  

m o l e ) ,   d i m e t h y l a m i n o e t h y l   m e t h a c r y l a t e   w h i c h   was  c o n v e r t e d  

i n t o   q u a t e r n a r y   c o m p o u n d   w i t h   m e t h y l   c h l o r i d e   ( 1 2 . 5   g,  0 . 0 6  
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m o l e ) ,   d e i o n i z e d   w a t e r   ( 1 7 6 . 0   g)  ,  and  i s o p r o p y l   a l c o h o l   ( 7 . 3  

g)  we re   c h a r g e d   i n t o   a  r e a c t o r   p r o v i d e d   w i t h   a  s t i r r e r ,   a n d  

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

p e r s u l f a t e   (0 .21   g)  was  a d d e d   t h e r e t o   a t   6 0 ° C ,   a n d  

t h e r e a f t e r ,   t he   m i x t u r e   was  r e a c t e d   at   60°C  f o r   k  h o u r s .   I t  

was  c o n f i r m e d   t h a t   the   d e g r e e   of  r e a c t i o n   was  99  %  or  m o r e .  

The  p r o d u c t   had  a  p o l y m e r   c o n t e n t   of  15  %,  pH  3 - 2 ,  

and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  37  p s .  

R e f e r e n c e   P r e p a r a t i o n   3 

A  50  %  a q u e o u s   s o l u t i o n   of  a c r y l a m i d e   ( 5 1 . 2   g,  O . 3 6  

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

i n t o   q u a t e r n a r y   compound   w i t h   m e t h y l   c h l o r i d e   ( 8 . 8 3   g,  0 . 0 ^  

m o l e ) ,   d e i o n i z e d   w a t e r   ( 1 6 2 . 6   g ) ,   and  i s o p r o p y l   a l c o h o l   ( 6 . 9  

g)  were   c h a r g e d   i n t o   a  r e a c t o r   p r o v i d e d   w i t h   a  s t i r r e r ,   a n d  

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

p e r s u l f a t e   ( 0 . 1 9   g)  was  a d d e d   t h e r e t o   a t   60°C ,   and  t h e r e -  

a f t e r ,   the   m i x t u r e   was  r e a c t e d   at   60°C  f o r   *»  h o u r s .   T h e  

d e g r e e   of  r e a c t i o n   was  99  %  or  m o r e .  

The  p r o d u c t   had  a  p o l y m e r   c o n t e n t   of  15  %,  pH  ^ . 7 ,  

and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  HZ  p s .  

R e f e r e n c e   P r e p a r a t i o n   k 

A  70  %  d i a l l y l d i m e t h y l a m m o n i u m   c h l o r i d e   ( 5 . 8   g ,  

0 . 0 2 5   mo le )   and  d e i o n i z e d   w a t e r   ( 9 5 . 7   g)  were   c h a r g e d   i n t o   a  

r e a c t o r   p r o v i d e d   w i t h   a  s t i r r e r ,   and  t he   t h e   m i x t u r e   w a s  

r e g u l a t e d   to  pH  7 .0   w i t h   a  s l i g h t   amoun t   of  28  %  a q u e o u s  

s o d i u m   h y d r o x i d e   s o l u t i o n .   T h e r e a f t e r ,   t he   r e a c t o r   w a s  
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p u r g e d   w i t h   n i t r o g e n   gas   to   r e m o v e   o x y g e n   w i t h i n   t he   v e s s e l ,  

and  t h e n   ammonium  p e r s u l f a t e   ( 0 . 1 0   g)  was  a d d e d   t h e r e t o   a t  

7 0 ° C .   T h e r e a f t e r ,   w i t h   k e e p i n g   t h e   i n n e r   t e m p e r a t u r e   a t  

7 0 ° C ,   a  50  ?  a c r y l a m i d e   ( 3 2 . 0   g,  0 . 2 2 5   m o l e )   was  a d d e d   a v e r  

a  p e r i o d   of  2  h o u r s .   T h e r e a f t e r ,   t h e   m i x t u r e   was  r e a c t e d   a t  

70°C  f o r   2  h o u r s .   By  q u a n t i t a t i v e   d e t e r m i n a t i o n   o f  

u n r e a c t e d   monomer ,   i t   was  c o n f i r m e d   t h a t   t he   d e g r e e   o f  

r e a c t i o n   was  99  %  or  m o r e .  

The  p r o d u c t   had  a  p o l y m e r   c o n t e n t   of  15  %,  pH  3 . 9 ,  

and  B r o o k f i e l d   v i s c o s i t y   ( 2 5 ° C )   of  46  p s .  

E x a m p l e s   1  to  12  and  R e f e r e n c e   E x a m p l e s   1  to  k 

The  s h e e t   f o r m i n g   was  c a r r i e d   ou t   by  u s i n g   t h e  

c a t i o n i c   p o l y m e r s   as  p r e p a r e d   in   P r e p a r a t i o n s   and  R e f e r e n c e  

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

By  u s i n g   N/L  ( 1 / 1 )   BKP  ( C . S . F   =  410  m l ) ,   to  a  

s l u r r y   of  p u l p   ( p u l p   c o n c e n t r a t i o n :   7 . 5   g / i . )   were   a d d e d  

CaCOg  (10  %  pe r   p u l p   w e i g h t ) ,   AQUAPEL  12  (an  a l k y l k e t e n e  

d i m e r   t y p e   n e u t r a l   s i z i n g   a g e n t ,   m a n u f a c t u r e d   by  D i e  

H e r c u l e s ,   0.1  %  per   p u l p   w e i g h t )   and  t he   c a t i o n i c   p o l y m e r  

( 0 . 1 5   %  p e r   p u l p   w e i g h t ) ,   and  t h e   m i x t u r e   was  s u b j e c t e d   t o  

s h e e t   f o r m i n g   at   a  s l u r r y   pH  8 .5   so  t h a t   t he   b a s i s   w e i g h t  

b e c a m e   60  g/m2  ( b a s e d   on  t h e   r e g u l a t i o n   by  T A P P I ) .  

T h e r e a f t e r ,   t he   p a p e r   was  d e h y d r a t e d   at   4  kg /cm2  f o r   7 

m i n u t e s   and  d r i e d   at   110°C  f o r   H  m i n u t e s .   T h e r e a f t e r ,   t h e  

s h e e t   was  k e p t   at   20°C,   65  RH  f o r   15  h o u r s   in  o r d e r   t o  

c o n t r o l   t h e   h u m i d i t y ,   and  t h e n   v a r i o u s   p r o p e r t i e s   of  t h e  
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p a p e r   was  m e a s u r e d .   The  r e s u l t s   a re   shown  in  T a b l e   2.  T h e  

p r o p e r t i e s   we re   m e a s u r e d   in  the   f o l l o w i n g   m a n n e r .  

I n t e r n a l   bond  was  m e a s u r e d   w i t h   I n t e r n a l   B o n d  

T e s t e r   ( m a n u f a c t u r e d   by  K u m a g a y a   R i k i   Kogyo  K . K . ) .   S t o c k i g t  

s i z i n g   d e g r e e   was  m e a s u r e d   in  a  s i m i l a r   m a n n e r   as  d e s c r i b e d  

in  J I S - P - 8 1 2 2   (a  t e s t   m e t h o d   f o r   m e a s u r i n g   S t o c k i g t   s i z i n g  

d e g r e e   of  p a p e r ) .   The  y i e l d   pe r   CaCCU  was  m e a s u r e d   in  a  

s i m i l a r   m a n n e r   as  d e s c r i b e d   in  J I S - P - 8 1 2 8   (a  t e s t   m e t h o d   f o r  

m e a s u r i n g   ash   c o n t e n t   of  p a p e r   and  p a p e r   b o a r d ) .  

T a b l e   2 

S a m p l e   I n t e r n a l   bond  S t o c k i g t   s i z i n g   Y i e l d   pe r   CaCOg 
No.  ( k g / c m )   d e g r e e   ( s e c o n d )   (%) 

Ex.  1  2 . 6 9   29 .8   7 6 . 8  
"  2  2.  74  3 0 . 2   7 7 . 3  
11  3  2 . 3 9   21 .3   6 7 . 5  
"  4  2 . 6 8   29 .4   7 3 . 4  

"   5  2 . 6 0   28.1  |  7 5 . 3  
"  6  2 . 7 3   28 .5   I  7 4 . 7  
"  7  2 . 7 2   29 .0   I  7 2 . 8  
"  8  2 . 8 0   29 .7   j  7 3 . 1  
11  9  2 .61  29 .9   I  7 4 . 2  
"  10  2 . 7 5   28 .6   7 5 . 6  

11  11  j  2 . 4 8   20 .7   !  68 .7   i 

"  12  |  2 . 7 6   29 .5   7 4 . 7   j 

Ref .   j  |  |  | 
Ex.  1  |  2 . 5 0   7 .5  ;  59 .6   : 

11  2  |  1 . 9 8   6.8  j  5 1 . 2   ; 
11  3  |  1 . 9 7   9.4  j  60".  3  ! 

"  4  j  2 . 1 0   8 .5  5 2 . 5  

C o n t r o l   1  .68  0  1 ^ . 4  
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CLAIMS 

1  .  A  p r o c e s s   f o r   p a p e r m a k i n g   w h i c h   c o m p r i s e s  

f o r m i n g   a  s h e e t   a t   pH  6  to  10  in  t h e   p r e s e n c e   of  a  n e u t r a l  

s i z i n g   a g e n t   and  o p t i o n a l l y   a  f i l l e r   u s i n g   as  a  p a p e r  

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

o o p c l y n r s r i z i n g   an  a c r y l a m i d e   c o m p o u n d   of  t h e   f o r m u l a :  

CH2=C(R1  )C0NH2 

w h e r e i n   R1  is  h y d r o g e n   a tom  or  m e t h y l   g r o u p ,   and  a n  

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

t h e   f o r m u l a :  

[ C H 2 = C ( R 2 ) C H 2 ] 2 N - R 3  

w h e r e i n   R2  is  h y d r o g e n   a tom  or  m e t h y l   g r o u p ,   R3  is   h y d r o g e n  

a t o m   or   an  a l k y l   h a v i n g   1  to  6  c a r b o n   a t o m s ,   in  t he   p r e s e n c e  

or   a b s e n c e   of  a  v i n y l   monomer   c o p o l y m e r i z a b l e   w i t h   s a i d  

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