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.ril  IT6™5  dispersion  of  a  substituted  succinic  an-  persion  is  used  as  a  sizing  agent  and  shows  a  dilute  stability 
«£uV^7h.S'ng  an,aque°r  S0luble  c°Po|Vmer  A'  °r  in  Pape-making  steps  as  well  as  a  sufficient  sizing  effect  ^  
»fvlr«  th  COp°lymerAVr  a  ™«™  of  thw  two  low  content  addition  range,  even  in  acidic  p a i r  
I ^ S ^ S S S Z   \\   X 9   50  10  98  5  per  cent  by  wrthout  usin9  8  calcium  C8rbonate  filler<  8"d  m  nSf-l  m  I  of  (meth)acrylamide  (a),  1  to  49.5  per  cent  by  mol  of  N,N-  making  using  alum. 
Ikylamidealkyl(meth)acrylamide  (b),  and  0.5  to  20  per  cent mol  of  (meth)acrylic  acid  (c)  as  monomer  ingredients,  the 
leous  soluble  copolymer  A2  having  70  per  cent  by  weight 
nore  of  a  mixture  monomer  ingredient  having  50  to  98.5 
cent  by  mol  of  (meth)acrylamide  (a),  1  to  49.5  per  cent  by I  of  N,N-dialkylaminoalkyl(meth)acrylamide  (b)  and  0.5  to 
per  cent  by  mol  of  (meth)acrylic  acid  (c)  and  other 
olymer  monomer  (d)  as  monomer  ingredients.  The  dis- 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  a q u e o u s   d i s p e r s e d  

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

p a r t i c u l a r l y ,   t he   p r e s e n t   i n v e n t i o n   r e l a t e s   to  s u c h   an  a q u e o u s  

d i s p e r s i o n   of  a  s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   u s e d   as  a  

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

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

o p e r a t i o n s   even   in  a  d i l u t e   s t a b i l i t y .  

T h e r e   is  known  a  s i z i n g   p a p e r   e m p l o y i n g   an  a q u e o u s  

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

v a r i o u s   t y p e s   of  a q u e o u s   d i s p e r s i o n s   h a v e   b e e n   h e r e t o f o r e  

p r o p o s e d .  

For  e x a m p l e ,   an  a q u e o u s   d i s p e r s i o n   p r e p a r e d   by  m i x i n g  

an  a q u e o u s   s o l u t i o n   of  c a t i o n i c   s t a r c h   and  a  s u b s t i t u t e d  

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

h o m o g e n e o u s   s t a t e   ( d i s c l o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No.  2 3 0 5 / 1 9 6 4   o f f i c i a l   g a z e t t e ) ,   an  a q u e o u s   d i s p e r s i o n  

p r e p a r e d   by  d i s p e r s i n g   a  s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   i n  

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

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

( d i s c l o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  3 6 0 4 4 / 1 9 7 8  

o f f i c i a l   g a z e t t e ,   J a p a n e s e   P a t e n t   L a i d - o p e n   No.  4 5 7 3 1 / 1 9 8 3  

o f f i c i a l   g a z e t t e ,   J a p a n e s e   P a t e n t   L a i d - o p e n   No.  4 7 4 9 8 / 1 9 8 4  

o f f i c i a l   g a z e t t e )   ,  and  f u r t h e r   an  a q u e o u s   d i s p e r s i o n   p r e p a r e d  

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

a l k e n y l - s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   or  a  m i x t u r e   (a)  of  t h e  

s u c c i n i c   a n h y d r i d e s   w h i c h   c o n t a i n   70  to  9 9 . 9   p e r c e n t   by  w e i g h t  

and  a  m i x t u r e   (b)  of  p o l y o x y e t h y l e n e   a l k y l - e t h e r   p h o s p h o r i c  

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

s s t e r   or  t he   m i x t u r e   of   t h e s e   p h o s p h o r i c   a c i d   e s t e r s   w h i c h  
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o n t a i n   0 .1  to  30  p e r c e n t   by  w e i g h t   in   w a t e r   w i t h   t h e   a i d   o f  

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

d i s c l o s e d   in  J a p a n e s e   P a t e n t   L a i d - o p e n   No.  2 8 5 9 8 / 1 9 8 5 )   . 

H o w e v e r ,   in   t he   a b o v e m e n t i o n e d   a q u e o u s   d i s p e r s i o n  

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

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

o n s i d e r a b l y   l a r g e   a p p a r a t u s   i s   n o t   o n l y   r e q u i r e d   to  d i s p e r s e  

he  s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   in   w a t e r ,   b u t   i t   i s  

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

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

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

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

i e r f   o r m a n c e   . 

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

. a t t e r   m i x t u r e   of  t h e   a i d ,   t h e   p r e p a r e d   m i x t u r e   l o s e s   i t s   j 
j 

s t a b i l i t y   in   p r e s e r v a t i o n   and  c a n n o t   s e c u r e   a  s u f f i c i e n t   ; 

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

md  t he   r e s u l t a n t   a q u e o u s   d i s p e r s i o n   n o t   o n l y   l o s e s   i t s   s i z i n g   ■ 
i ! 

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

d e t e r i o r a t e s   in   t h e   d i s p e r s i b i l i t y   of  t h e   s u b s t i t u t e d   s u c c i n i c   ' 

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

s i z i n g   a g e n t   in  w a t e r .   I n c i d e n t a l l y ,   a  p r o c e s s   f o r   p r o d u c i n g   . 

an  a q u e o u s   d i s p e r s e d   s o l u t i o n   by  t h e   p r e p a r e d   m i x t u r e   h a s  

d r a w b a c k s   s u c h   t h a t ,   i f   t h e   p r e p a r e d   m i x t u r e   is  d i s p e r s e d   i n  

t h e   a q u e o u s   s o l u t i o n   d i s s o l v e d   in   a d v a n c e   in   a  c a t i o n i c   s t a r c h  

when  t he   a q u e o u s   d i s p e r s e d   s o l u t i o n   i s   p r e p a r e d   f rom  t h e  

p r e p a r e d   m i x t u r e ,   an  a q u e o u s   d i s p e r s e d   s o l u t i o n   h a v i n g  

p r e f e r a b l e   d i l u t e   s t a b i l i t y   can   be  p r o d u c e d ,   b u t   s i n c e   t h e  

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

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

as  a  s i z i n g   a g e n t ,   and  s i n c e   t h e   u n d e r w a t e r   d i s p e r s i b i l i t y   fo :  

t he   s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e s   of  the   c a t i o n i c   s t a r c h   i s  

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

p r e p a r i n g   the   a q u e o u s   d i s p e r s e d   s o l u t i o n   is  r e q u i r e d .  

F u r t h e r ,   t he   a q u e o u s   d i s p e r s i o n   u t i l i z i n g   t h e  

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

a l k e n y i   s u c c i n i c   a n h y d r i d e   or  a  m i x t u r e   (a)  of  t he   s u c c i n i c  

a n h y d r i d e s   w h i c h   c o n t a i n   70  to  9 9 . 9   p e r c e n t   by  w e i g h t   and  a  

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

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

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

0.1  to  30  p e r c e n t   by  w e i g h t   in  w a t e r   w i t h   t he   a i d   of  a n  

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

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

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

l a v i n g   an  i n t e r n a l   o l e f i n   s t r u c t u r e   as  a  s i z i n g   a g e n t   as  i t s  

n e r i t s ,   b u t   when  t he   a q u e o u s   d i s p e r s i o n   o b t a i n e d   f rom  t h i s  

n i x t u r e   is  u s e d   as  a  s i z i n g   a g e n t   in   an  i n d u s t r i a l   s c a l e ,   some  

p r o b l e m s   a r e   s t i l l   r e t a i n e d .   In  o t h e r   w o r d s ,   t he   a q u e o u s  

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

:he  m i x t u r e   p r o p o s e d   in  J a p a n e s e   P a t e n t   L a i d - o p e n   N o .  

1 8 5 9 8 / 1 9 8 5   e x h i b i t s   d i l u t e   s t a b i l i t y   of  the   a q u e o u s   d i s p e r s i o n  

.n  c a s e   t h a t   t he   c a t i o n i c   s t a r c h   d i s s o l v e d   in  w a t e r   o f  

: o n t i n u o u s   s t a t e   is   c o n t a i n e d   in   t h e   a q u e o u s   d i s p e r s i o n ,   b u t ,  

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

:his   a q u e o u s   d i s p e r s i o n   is   e m p l o y e d   as  a  s i z i n g   a g e n t   in  t h e  

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

■rawback  t h a t   i t   c o n t a m i n a t e s   t h e   w i r e s ,   r o l l s   and  c a r p e t s   o f  

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

T h e r e f o r e ,   t he   i n v e n t o r s   of  t h e   p r e s e n t   i n v e n t i o n   h a v e  

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

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

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

and  N , N - d i a l k y l a m i n o a l k y l ( m e t h ) a c r y l a m i d e   as  i n d i s p e n s a b l e  

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

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

and  has   p r o p o s e d   the   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e  

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

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

o p e r a t i o n   t h a t ,   when  t he   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e  

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e s   was  u t i l i z e d   as  a  p a p e r   m a k i n g  

s i z i n g   a g e n t ,   t h e   s i z i n g   e f f e c t   in   t h e   low  c o n t e n t   a d d i t i o n  

r a n g e   of  t h e   s i z i n g   a g e n t   was  n o t   a l w a y s   s a t i s f a c t o r y ,   a n d ,  

when  a p p l i e d   to  t he   a c i d i c   p a p e r   m a k i n g   s t e p   w h i c h   d id   n o t   u s e  

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

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

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

f i l l e r ,   t h e   s e p a r a t i o n   of  we t   p a p e r   and  r o l l s   was  d e t e r i o r a t e d  

to  c a u s e   t h e   p a p e r   to  be  c u t .  

A c c o r d i n g l y ,   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   i s   t o  

p r o v i d e   an  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  s u b s t i t u t e d  

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

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

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

w i t h   the   ( m e t h )   a c r y l a m i d e   a n d  

N , N - d i a l k y l a m i n o a l k y l ( m e t h ) a c r y l a m i d e   as  i n d i s p e n s a b l e   m o n o m e r  

i n g r e d i e n t s ,   i . e . ,   t h e   o p e r a t i o n   of  e x c e l l e n t   s i z i n g   e f f e c t  
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and  p r e f e r a b l e   d i l u t e   s t a b i l i t y   of  t he   a q u e o u s   d i s p e r s e d  

s o l u t i o n   in   p a p e r   m a k i n g   s t e p s   as  w e l l   as  p e r f o r m   a  s i z i n g  

e f f e c t   s u f f i c i e n t l y   s a t i s f i e d   in  a  low  c o n t e n t   s i z i n g   a g e n t  

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

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

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

making   s t e p   i n c l u d i n g   t he   c a s e   u s i n g   s u l f u r i c   a c i d   b a n d .  

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

is  p r o v i d e d   an  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  s u b s t i t u t e d  

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

c o p o l y m e r   (Aj)  h a v i n g   50  to  9 8 . 5   p e r c e n t   by  mol  o f  

( m e t h ) a c r y l a m i d e   ( a ) ,   1  to  4 9 . 5   p e r c e n t   by  mol  o f  

t f , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e   (b)  ,  and  0 .5   to  20  

p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  as  monomer   i n  

i n g r e d i e n t s ,   an  a q u e o u s   s o l u b l e   c o p o l y m e r   (A^)  h a v i n g   70 

> e r c e n t   by  w e i g h t   or  more  of  a  m i x t u r e   monomer   i n g r e d i e n t  

l a v i n g   50  to  9 8 . 5   p e r c e n t   by  mol  of  ( m e t h )   a c r y l a m i d e   ( a ) ,   1  t o  
>9.5  p e r c e n t   by  mol  of  N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e  

:b)  and  0 .5   to  20  p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  a n d  

. t h e r   c o p o l y m e r   monomer   (d)  as  monomer   i n g r e d i e n t s ,   or  b o t h   o f  

:he  a q u e o u s   s o l u b l e   c o p o l y m e r   <Aj)  and  s i m i l a r l y   t h e   a q u e o u s  
o l u b l e   c o p o l y m e r   (A2)  .  More  p a r t i c u l a r l y ,  

h e r e   is  p r o v i d e d   an  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  

u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   w h i c h   c o m p r i s e s   an  a q u e o u s  
o l u b l e   c o p o l y m e r   (Aj)  p r o d u c e d   by  c o p o l y m e r i z i n g   50  to  9 8 . 5  

e r c e n t   by  mol  of  ( m e t h )   a c r y l a m i d e   ( a ) ,   1  to  4 9 . 5   p e r c e n t   b y  
ol  of  N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e   (b)  ,  and  0 .5   t o  
0  p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  as  monomer   i n  

n g r e d i e n t s ,   an  a q u e o u s   s o l u b l e   c o p o l y m e r   (A2)  p r o d u c e d   b y  

o p o l y m e r i z i n g   70  p e r c e n t   by  w e i g h t   or  more   of  a  m i x t u r e  
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nonomer  i n g r e d i e n t   h a v i n g   50  to  9 8 . 5   p e r c e n t   by  mol  o r  

I  m e t h )   a c r y l a m i d e   ( a ) ,   1  to  4 9 . 5   p e r c e n t   by  mol  o f  

f l . N - d i a l k y l a m i n o a l k y l   (me th )   a c r y l a m i d e   (b)  and  0 .5   to  2 0  

s e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  and  30  p e r c e n t   b y  

w e i g h t   or  l e s s   of  o t h e r   c o p o l y m e r   monomer   (d)  as  m o n o m e r  

I n g r e d i e n t s ,   or  b o t h   of  t h e   a q u e o u s   s o l u b l e   c o p o l y m e r   ( A ^   a n d  

s i m i l a r l y   _the  a q u e o u s   s o l u b l e   c o p o l y m e r   (A2)  ,  and  a  

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   (B)  as  i n d i s p e n s a b l e  

i n g r e d i e n t s   . 

The  s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e s   (B)  in   t h e   a q u e o u s  

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

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   can   e m p l o y   a l l   of   t h e   k n o w n  

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e s   u s e d   h e r e t o f o r e   as  a  s i z i n g  

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

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

g r o u p s   e a c h   h a v i n g   a t   l e a s t   8  and  more   p r e f e r a b l y   12  to  36  

c a r b o n   a t o m s   s u c h   as  s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e s   ( h a v i n g  

a l k y l   or  a l k e n y l   g r o u p s ) .   G e n e r a l l y ,   t h e   s u b s t i t u t e d   s u c c i n i c  

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

r e a c t i o n   of  a l p h a - o l e f   ins   ,  i n n e r   o l e f i n s   or  o l e f i n s   of  t h e  

m i x t u r e   of   them  and  m a l e i c   a n h y d r i d e .   T y p i c a l l y ,   when  t h e  

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e s   a r e ,   f o r   e x a m p l e ,   o c t a d e c e n - 9 ,  

t e t r a d e c e n - 7 ,   h e x a d e c e n - 7 ,   e i c o s e n e - 1 1   or  t h e   m i x t u r e   t h e r e o f ;  

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

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

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

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

p o s i t i o n s   e x c e p t   a l p h a - p o s i t i o n s ;   and  s t r a i g h t - c h a i n   i n n e r  

o l e f i n   m i x t u r e   h a v i n g   70  p e r c e n t   or  more   by  w e i g h t   of  t o t a l  

a m o u n t   of   i n n e r   o l e f i n s   d i s p o s e d   a t   2 - ,   3-  and  4 - p o s i t i o n s   o f  
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d o u b l e   b o n d s   p r o d u c e d   by  a n i s o t r o p i c   r e a c t i o n   o f  

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

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

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

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

s u c c i n y l   g r o u p   in   t he   s u b s t i t u t e d   g r o u p ,   t h e   s i z i n g   e f f e c t  

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

a n h y d r i d e   of  t h e   p r e s e n t   i n v e n t i o n   to  t h e   s i z i n g   a g e n t   f o r  

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

The  monomer   i n g r e d i e n t s   of  t he   a q u e o u s   s o l u b l e  

c o p o l y m e r   ( A ^   or  (A2)  u s e d   t o g e t h e r   w i t h   t h e   s u b s t i t u t e d  

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

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

or  b o t h   of  t h e m ,   i . e . ,   ( m e t h )   a c r y l a m i d e   ( a ) ,   N , N - d l a l k y l a m i n o .  

a l k y l a c r y l a m i d e ,   N , N - d i a l k y l a m i n o . a l k y l m e t h a c r y l a m i d e   (b)  , 

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   or  b o t h   of  t h e m ,   i . e . ,  

N , N - d i a l k y l a m i n o . a l k y l   ( m e t h )   a c r y l a m i d e   (b)  ,  i . e . ,  

( m e t h ) a c r y l i c   a c i d   (c)  .  I n c i d e n t a l l y ,   t h e  

N , N - d i a l k y l a m i n o . a l k y l   ( m e t h )   a c r y l a m i d e   (b)  i s   b a s i c   t h i r d  

c l a s s   amino   g r o u p   c o n t a i n i n g   monomer   r e p r e s e n t e d   by  t h e  

f o l l o w i n g   g e n e r a l   f o r m u l a  

R 
'  / R l  

C H 9 - C - C 0 N H - ( C H , ) n - <   1 

R2 

t fhe re ,   in  t he   f o r m u l a ,   R  is   a  h y d r o g e n   or  m e t h y l   g r o u p ,   R1  a n d  

l2  r e p r e s e n t   a  m e t h y l   g r o u p ,   e t h y l   g r o u p   or  p r o p l y   g r o u p ,   a n d  

i  r e p r e s e n t s   an  i n t e g e r   of  2  to  4 .  

The  a q u e o u s   s o l u b l e   c o p o l y m e r   (A^)  c o m p r i s e s   a  

: o p o l y m e r   of  50  to  9 8 . 5   p e r c e n t   or  more   by  mol  of  t h e  

[meth)   a c r y l a m i d e   ( a ) ,   1  to  4 9 . 5   p e r c e n t   or   more   by  mol  o f  
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N , N - d i a l k y l a m i n o . a l k y l   ( m e t h )   a c r y l a m i d e   (b)  ,  0 .5   to  20  p e r c e n t  

by  mol  of  ( m e t h ) a c r y l i c   a c i d   (c)  and  t he   c o p o l y m e r   (A^)  can  b e  

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

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

c o m p o s i t i o n s ,   b u t   i t   is   c o n f i r m e d   t h a t   t h e   c o p o l y m e r   (A^)  o f  

75  to  94  p e r c e n t   by  mol  of  t h e   ( m e t h )   a c r y l a m i d e   ( a ) ,   5  to  20  

p e r c e n t   by  mol  of  N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e   (b)  , 

and  1  to  10  p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  o b t a i n s  

more  p r e f e r a b l e   r e s u l t s   by  t h e   s i z i n g   e f f e c t   in  t h e   low  s i z i n g  

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

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

a n h y d r i d e   of  t he   p r e s e n t   i n v e n t i o n   as  a  s i z i n g   a g e n t   o r  

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

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

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

t h e   a q u e o u s   s o l u b l e   c o p o l y m e r   (A-^)  i s   a p p r o x .   5 , 0 0 0   or  m o r e  

and  more   p r e f e r a b l y   2 0 , 0 0 0   or  more   to  be  e f f e c t i v e l y   u s e d .  

The  a q u e o u s   s o l u b l e   c o p o l y m e r   (A,,)  is   a  c o p o l y m e r   o f  

monomer   i n g r e d i e n t s   of  70  p e r c e n t   or  more   by  w e i g h t   of  m i x t u r e  

monomer   i n g r e d i e n t s   h a v i n g   50  to  9 8 . 5   p e r c e n t   by  mol  of  t h e  

( m e t h )   a c r y l a m i d e   ( a ) ,   1  to  4 9 . 5   p e r c e n t   by  mol  o f  

N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e   (b)  ,  and  0 .5   to  20  

p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  ,  30  p e r c e n t   or  l e s s  

by  w e i g h t   of  o t h e r   c o p o l y m e r   monomer   as  monomer   i n g r e d i e n t s ,  

and  can   be  r e a d i l y   p r o d u c e d   s i m i l a r l y   to  t h e   c a s e   o  t h e  

a q u e o u s   s o l u b l e   c o p o l y m e r   (A-^)  .  T h i s   a q u e o u s   s o l u b l e  

c o p o l y m e r   (A2)  b e c o m e s   p r e f e r a b l e   in   t h e   q u a l i t y   of  t h e   s i z i n g  

a g e n t   when  u t i l i z i n g   t h e   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e  

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

s i z i n g   a g e n t   of  t h e   c a s e   t h a t ,   s i m i l a r l y   to  t h e   a q u e o u s  
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s o l u b l e   c o p o l y m e r   ( A j ) ,   r e g a r d i n g   t he   ( m e t h )   a c r y l a m i d e   ( a ) ,  

N , N - d i a l k y l a m i n o a l k y l ( m e t h ) a l k y l a m i d e   (b)  and  ( m e t h )   a c r y l i c  

a c i d   ( c ) ,   75  to  94  p e r c e n t   by  mol  of  ( m e t h ) a c r y l a m d e   ( a ) ,   5  t o  

20  p e r c e n t   by  mol  of  N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e   ( b )  

and  1  to  10  p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  a r e  

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

(A2) ,   c o n t a i n i n g   5 , 0 0 0   or  more   and  more   p r e f e r a b l y   h a v i n g  

2 0 , 0 0 0   or  more   of  m o l e c u l a r   w e i g h t   is   e f f e c t i v e l y   u s e d .  

I n c i d e n t a l l y ,   as  o t h e r   c o p o l y m e r   monomer   i n g r e d i e n t s   of   30  

p e r c e n t   or  l e s s   by  w e i g h t   of  t h e   c o p o l y m e r   (A)  in   the   a q u e o u s  

s o l u b l e   c o p o l y m e r   (A2)  ,  t h e r e   a r e ,   f o r   e x a m p l e ,   a r o m a t i c   v i n y l  

nonomer   s u c h   as  s t y r e n e ,   a l k y l s t y r e n e   ;  a l p h a - ,  

b e t a - u n s a t u r a t e d   c a r b o x y l i c   a c i d   e s t e r s   s u c h   as  a l k y l e s t e r ,  

t i y d r o x y a l k y l e s t e r ,   a m i n o a l k y l e s t e r   of  a l p h a - ,   b e t a - u n s a t u r a t e d  

c a r b o x y l i c   a c i d ,   v i n y l   a c e t a t e   or  o t h e r   f a t t y   a c i d  

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

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

and  a r y l a m i n e   or  d i a r y l a m i n e   and  t h e i r   q u a t e r n a y   a m m o n i u m  

s a l t ;   p o l y m e r i z a b l e   q u a t e r n a r y   ammonium  c o m p o u n d s  

l u a t e r n a r i z e d   f rom  t he   N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e ,  

i m i n o a l k y l ( m e t h ) a c r y l a t e   and  v i n y l p y r i d i n e   ,  or  o t h e r  

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

The  c o n t e n t s   of  t h e   s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   i n  

:he  a q u e o u s   d i s p e r s i o n   of  t h e   s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e  

i c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   can   be  a r b i t r a r y   s e l e c t e d ,  

>ut  g e n e r a l l y   r a n g i n g   f rom  0 . 0 1   p e r c e n t   by  w e i g h t   to  25  

• e r c e n t   by  w e i g h t   to  o b t a i n   s t a b l e   a q u e o u s   d i s p e r s i o n .   T h e  

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

x c e l l e n t   u t i l i t y   in  t h e   s t a b i l i t y   a t   d i l u t i n g   t i m e .   I f   l e s s  

han  the   c o n c e n t r a t i o n   of   l e s s   t h a n   1  p e r c e n t   by  w e i g h t ,   t h e  



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

i p p a r e n t   . 

The  t o t a l   a m o u n t   of  t h e   c o n t e n t s   of  a q u e o u s   s o l u b l e   \ 

c o p o l y m e r s   (Aj)   and  (A2>  c o n t a i n e d   in  t h e   a q u e o u s   d i s p e r s e d  

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

> r e f e r a b l y   r a n g e d   f rom  0 . 0 5   p e r c e n t   by  w e i g h t   to   20  p e r c e n t   by  .  j 

w e i g h t ,   and  t h e   t o t a l   of  t h e   a q u e o u s   s o l u b l e   c o p o l y m e r s   (A1)  j 

and  (A2)  is   p r e f e r a b l y   s e l e c t e d   in   a  r a n g e   f rom  a b o u t   0 .2   to  2  i 

Da r t s   by  w e i g h t .  

F u r t h e r ,   t h e   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e  

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

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

s u r f a c t a n t s   or  a q u e o u s   s o l u b l e   p o l y m e r   s u b s t a n c e s .   M o r e  

s p e c i f i c a l l y ,   when  s m a l l   a m o u n t   of  an  o i l - i n - w a t e r   t y p e  

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

p o l y o x y a l k y l e n e a l k y l ( a r y l )   e t h e r   and  i t s   s u l f u r i c   a c i d   h a l f   , 

e s t e r   or  p h o s p h o r i c   a c i d   e s t e r ,   t h e   d i s p e r s e d   p a r t i c l e  

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

d i s p e r s i o n   can   be  v e r y   f i n e l y   p u l v e r i z e d ,   and  t h e   a q u e o u s  

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

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

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

s o l u t i o n   of  t h e   p r e s e n t   i n v e n t i o n .   In  t h e   a q u e o u s   d i s p e r s i o n  

c o n t a i n i n g   t h e   o i l - i n - w a t e r   t y p e   s u r f a c t a n t ,   0 .1   to  10  p e r c e n t ,  

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

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

The  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e   s u b s t i t u t e d  

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

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

(B)  to  an  a q u e o u s   s o l u t i o n   w h i c h   c o n t a i n s   t h e   a q u e o u s   s o l u b l e  
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c o p o l y m e r   (A^)  or   (A2)  ,  or  b o t h ,   and  m e c h a n i c a l l y   e m u l s i f y i n g  

and  d i s p e r s i n g   t h e   m i x t u r e   by  v a r i o u s   t y p e s   of   a  h o m o g e n i z e r  

or  a  m i x e r .   When  a  s m a l l   a m o u n t   of  o i l - i n - w a t e r   t y p e  

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

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

t h e   s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   (B)  .  I n c i d e n t a l l y ,   t h e  

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

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

a n h y d r i d e   (B)  ,  and  i t   is  p r e f e r a b l e   to  s e l e c t i v e l y   u s e   t h e  

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

a b i l i t y   in   t he   s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   (B)  and  l e s s  

a f f e c t s   t h e   a d v e r s e   i n f l u e n c e   to  t h e   s i z i n g   e f f e c t   s u c h   a s ,  

f o r   e x a m p l e ,   p o l y o x y a l k y l e n e a l k y l   ( a r y l )   e t h e r   and  i t s   s u l f u r i c  

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

o i l - i n - w a t e r   t y p e   s u r f a c t a n t   in   t he   p r e p a r e d   m i x t u r e   i s  

p r e f e r a b l y   0 .1   to  10  p e r c e n t   by  w e i g h t .   More  p r e f e r a b l e  

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

p o l y o x y a l k y l e n e a l k y l   ( a r y l )   e t h e r   p h o s p h o r i c   a c i d   e s t e r  

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

, 0 - A  
R ^ O - X )   0 - P .  

where  R3  is   an  a l k y l   g r o u p   or  a l k y l a r y l   g r o u p   h a v i n g   8  or  m o r e  

c a r b o n   a t o m s ,   X  r e p r e s e n t s   an  a l k y l e n e   g r o u p ,   A  r e p r e s e n t s   a  

n y d r o g e n   or  f o r m u l a   R'  -  (0-X)   ^-  ( i n   t h e   f o r m u l a   R*  is   an  a l k y l  

group  or  a l k y l a c r y l   g r o u p ,   X  r e p r e s e n t s   an  a l k y l e n e   g r o u p ,   1 

r e p r e s e n t s   an  i n t e g e r   e q u a l   to  or  g r e a t e r   t h a n   1 ) ,   and  m 

r e p r e s e n t s   an  i n t e g e r   e q u a l   to  or  g r e a t e r   t h a n   1.  T h i s   i s  

j a r t i c u l a r l y   e x c e l l e n t   in   t h e   s o l u b i l i t y   w i t h   t h e   s u b s t i t u t e d  

s u c c i n i c   a n h y d r i d e   or  u n d e r w a t e r   d i s p e r s i b i l i t y   of  t h e  
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u b s t i t u t e d   s u c c i n i c   a n h y d r i d e .   When  t h e   o i l - i n - w a t e r  

u r f a c t a n t   in   w h i c h   R3  in  t h e   g e n e r a l   f o r m u l a   is   an  a l k y l  

;roup  or  a l k y l a r y l   g r o u p   h a v i n g   10  to  20  c a r b o n   a t o m s ,   X  is   a n  

e t h y l e n e   g r o u p ,   m  is   an  i n t e g e r   e q u a l   to  or  g r e a t e r   t h a n   5  i s  

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

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   p r o d u c e d   by  d i s p e r s i n g   t h e   .\ 

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

> i l - i n - w a t e r   s u r f a c t a n t   in   t he   a q u e o u s   s o l u b l e   c o p o l y m e r   (Aj)   ,  j 

:he  a q u e o u s   s o l u b l e   c o p o l y m e r   (A2)  or  in  t h e   a q u e o u s   s o l u t i o n  

>f  t he   b o t h   a q u e o u s   s o l u b l e   c o p o l y m e r s   become   v e r y   u l t r a f i n e .  

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

l s e d   as  p a p e r   m a k i n g   s i z i n g   a g e n t   is   f u r t h e r   e x c e l l e n t ,   a n d  

secomes   more   p r e f e r a b l e   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e  

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e .   To  p r o d u c e   t h e   a q u e o u s  

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

a c c o r d i n g   to  one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   by  e m p l o y i n g   [ 

the  m i x t u r e   of  t he   s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   (B)  and  t h e   j 

D i l - i n - w a t e r   t y p e   s u r f a c t a n t ,   1  p a r t   by  w e i g h t   of  t h e   m i x t u r e ,  

and  the   a q u e o u s   s o l u t i o n   c o n t a i n i n g   0 .1   to  2  p e r c e n t   by  w e i g h t  

of  t he   a q u e o u s   s o l u b l e   c o p o l y m e r   (A^)  a r e   m i x e d   and  a g i t a t e d  

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

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

h o m o g e n i z e r   or  a  m i x e r .  

The  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e   s u b s t i t u t e d  

s u c c i n i c   a n h y d r i d e   of  t h e   p r e s e n t   i n v e n t i o n   as  d e s c r i b e d   a b o v e  

i s   m a i n l y   u t i l i z e d   as  a  p a p e r   m a k i n g   s i z i n g   a g e n t ,   b u t   may  b e  

u t i l i z e d   f o r   a  s i z i n g   a g e n t   in   v a r i o u s   f i b r o u s   i n d u s t r i a l  

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

s i z i n g   a g e n t ,   t he   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e  

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   i s   p r e p a r e d   in   a r b i t r a r y   o r  
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d e s i r e d   c o n c e n t r a t i o n ,   and  can  be  a p p l i e d   to  a l l   p a p e r   m a k i n g  

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

band   and  n e u t r a l   p a p e r   m a k i n g   s t e p   u s i n g   no  s u l f u r i c   a c i d   b a n d  

as  s i z i n g "   a g e n t   a d d e d   to  a  p u l p   s l u r r y   as  a  p a p e r   m a k i n g   r a w  

m a t e r i a l   or  s u r f a c e   s i z i n g   a g e n t   to   be  c o a t e d   by  a r b i t r a r y  

means  on  wet   or  d ry   s h e e t   a f t e r   f o r m e d .  

In  t h e   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  t h e   s u b s t i t u t e d  

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

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

s o l u b l e   c o p o l y m e r   (A2)  a d d e d   and  c o n t a i n e d   in  t h e   d i s p e r s e d  

s o l u t i o n   e x h i b i t   h i g h   a d s o r b i l i t y   to  p u l p .   T h u s ,   t h e  

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

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

3f  t he   f i b e r   of  t h e   p u l p   to  p e r f o r m   t h e   a d v a n t a g e s   of  t h e  

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

The  u n d e r w a t e r   d i s p e r s i b i l i t y   of  t he   a q u e o u s   s o l u b l e  

: o p o l y m e r s   (Aj)   and  (A2)  c o n t a i n e d   in  t he   a q u e o u s   d i s p e r s e d  

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

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

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

ind  the   N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e   (b)  ,  and  s u c h  

> p e r a t i o n s   of  t h e   a q u e o u s   s o l u b l e   c o p o l y m e r   ( A ^   and  (A2)  

i r o v i d e s   e x t r e m e l y   h i g h   d i l u t e   s t a b i l i t y   of  t h e   a q u e o u s  

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

:he  p r e s e n t   i n v e n t i o n .  

F u r t h e r ,   t h e   a q u e o u s   s o l u b l e   c o p o l y m e r s   (Aj)   and  ( A 2 )  
: o n t a i n e d   in   t h e   a q u e o u s   d i s p e r s e d   s o l u t i o n   of   t h e   p r e s e n t  

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

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

he  c o p o l y m e r   (Aj)   or  (A2)  r e a c t s   w i t h   a l u m i n u m   m u l t i - v a l e n c y  
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c a t i o n   in   t he   s u l f u r i c   a c i d   b a n d .   C o n s e q u e n t l y ,   when  t h e  

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

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

p a p e r   m a k i n g   s i z i n g   a g e n t ,   v a r i o u s   t r o u b l e s   s u c h   as  w i r e s ,  

r o l l s   and  c a r p e t s   of  t h e   p a p e r   m a k i n g   m a c h i n e   to  b e  

c o n t a m i n a t e d   in   t h e   p a p e r   m a k i n g   p r o c e s s   can   be  a v o i d e d   i n  

a d d i t i o n   to  t he   e x c e l l e n t   s i z i n g   e f f e c t .  

EXAMPLES  AND  COMPARISON  EXAMPLES 

P a r t s   by  w e i g h t   of  t he   s u r f a c t a n t s   l i s t e d   in  t h e  

c o l u m n s   of  T a b l e   1  w e r e   a d d e d   to  100  p a r t s   by  w e i g h t   o f  

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

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

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

p r o d u c e d   by  r e a c t i n g   i n n e r   o l e f i n   h a v i n g   90  p e r c e n t   by  w e i g h t  

of  o l e f i n   h a v i n g   15  to   18  c a r b o n   a toms   and   d o u b l e   b o n d s   a t   2 

to  4  p o s i t i o n s   w i t h   m a l e i c   a n h y d r i d e   in   a c c o r d a n c e   w i t h   t h e  

o r d i n a r y   p r o c e s s .  

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

was  m i x e d   s i m i l a r l y   by  p a r t s   in   t he   s o l u t i o n   of  10  p e r c e n t   b y  

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

c o l u m n s   of  T a b l e   1,  a g i t a t e d   by  a  h o m o g e n i z a t i o n   m i x e r   (HV:  M 

t y p e   p r o d u c e d   by  T o k u s h u   K i k a   Kogyo  K . K . )   a t   50V  f o r   o n e  

m i n u t e ,   and  t h e   a q u e o u s   d i s p e r s e d   s o l u t i o n s   of   t he   s u b s t i t u t e d  

s u c c i n i c   a n h y d r i d e s   w e r e   p r e p a r e d .  
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EXPERIMENT  1 

The  a q u e o u s   d i s p e r s e d   s o l u t i o n s   p r o d u c e d   in  t h e   a b o v e  

e x a m p l e s   and  c o m p a r i s o n   e x a m p l e s   w e r e   a d d e d   to  2  p e r c e n t   b y  

w e i g h t   of  p u l p   s l u r r y   (L-BKP,   c . s . f . :   AOOcc. )   c o n t a i n i n g   2 0  

p e r c e n t   by  w e i g h t   of  h e a v y   c a l c i u m   c a r b o n a t e   f i l l e r   ( E s c a r o n   # 

800  p r o d u c e d   by  S a n k y o   S e i f u n   K . K . )   w i t h   r e s p e c t   to  t h e   w e i g h t  

of  t h e   p u l p   and  s i m i l a r l y   1  p e r c e n t   by  w e i g h t   of  p a s t e d  

c a t i o n i c   s t a r c h   w i t h   r e s p e c t   to  t h e   w e i g h t   of  t he   p u l p   so  t h a t  

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

s u r f a c t a n t   in  t h e   a q u e o u s   d i s p e r s e d   s o l u t i o n   b e c a m e   0 . 1 5  

p e r c e n t   by  w e i g h t   of  t h e   p u l p ,   t h e n ,   m a n u a l   p a p e r   of  t h e  

n 
w e i g h t   of  80  g/m  was  p r e p a r e d   in  a c c o r d a n c e   w i t h   t h e   o r d i n a r y  

p r o c e s s   w i t h   TAPPI  S t a n d a r d   s h e e t   m a c h i n e ,   d r i e d   by  a  r o t a r y  

d r i e r   a t   110°C  f o r   120  s e c o n d s ,   and  m a n u a l   p a p e r   was  p r o d u c e d .  

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

m e a s r u e d   in  a c c o r d a n c e   w i t h   J IS   ( t h e   J a p a n e s e   I n d u s t r i a l  

S t a n d a r d s )   w i t h   r e s p e c t   to  S t o c k i g t   s i z i n g   d e g r e e   ( s e c . )   a n d  

l i s t e d   in  T a b l e   2 .  

In  T a b l e   2,  t h e   e m u l s i o n   mean  p a r t i c l e   d i a m e t e r s  

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

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

a l l o w e d   to  s t a n d   f o r   10  h o u r s ,   and  t h e   s t a b i l i z e   of  t h e  

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

a l k e n y l   s u c c i n i c   a n h y d r i d e   and  t h e   s u r f a c t a n t   b e c a m e   0 . 0 5  

p e r c e n t   by  w e i g h t   w i t h   c i v i l   w a t e r   h a v i n g   100  of  t o t a l  

h a r d n e s s   in   t h e   d i s p e r s e d   s o l u t i o n s   a r e   l i s t e d .  
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T a b l e   2 0 2 2 8 8 0 1  

D i s p e r s e d   S i z i n g   Mean  p a r t i c l e   s i z e  

s o l u t i o n   d e g r e e   of  e m u l s i o n   ( / tm) 

( s e c . )   D i r e c t   a f t e r   A f t e r  

p r e p a r a t i o n   10  h r s   . 

( I )  

( I I )  

( I I I )  

23  

3 2  

28  

D i l u t e d  

S t a b i l i t y  

( 0 . 0 5 w t . Z )  

0 .5   or  l e s s   0 .5   or  l e s s   G o o d  

0 .5   or  l e s s   0 .5   or  l e s s   G o o d  

0 .5   or  l e s s   0 .5   or  l e s s   G o o d  

( i ;   lo  0 . 5   or  l e s s   0 .5   or  l e s s   G o o d  

( I D   9  1  7-10  D i s c r e t e  

( H I )   16  1  P r e c i p i t a t e d   G o o d  

EXPERIMENT  2 

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

e x a m p l e s   and  c o m p a r i s o n   e x a m p l e s   we re   a d d e d   to  2  p e r c e n t   b y  

w e i g h t   of  p u l p   s l u r r y   (L-BKP,   c  .  s  .  f  .  :  400cc   .  )  c o n t a i n i n g   20 

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

s i m i l a r l y   0 .5   p e r c e n t   by  e i g h t   of  s u l f u r i c   a c i d   b a n d  

( A l 2 ( S O ^ ) 3 <   1 6 - 1 8 H 2 0 )   w i t h   r e s p e c t   to  t h e   p u l p   w e i g h t   so  t h a t  

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

s u r f a c t a n t   in  t he   a q u e o u s   d i s p e r s e d   s o l u t i o n   b e c a m e   0 . 2  

p e r c e n t   by  w e i g h t   of  t he   p u l p ,   t h e n   s i m i l a r l y   to  t h e  

EXPERIMENT  1  to  o b t a i n   p a p e r .   The  p r o d u c e d   p a p e r   was  p r e p a r e d  

in  m o i s t u r e   and  m e a s u r e d   a c c o r d i n g   to  J IS   ( t h e   J a p a n e s e  

I n d u s t r i a l   S t a n d a r d s )   w i t h   r e s p e c t   to  s t o c k i s t   s i z i n g   d e g r e e  

( s e c . )   and  l i s t e d   in   T a b l e   3 .  
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T a b l e   3 

D i s p e r s e d  

s o l u t i o n   ( I )   ( I D   ( I I I )   ( i )   ( i i )   ( i i i )  

S i z e   ( s e c . )   29  23  25  14  5  1 2  

EXPERIMENT  3 

The  a q u e o u s   d i s p e r s e d   s o l u t i o n s   p r o d u c e d   by  t h e  

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

p r o d u c e d   w i t h   t h e   same  c o m p o s i t i o n s   as  t h o s e   u s e d   in   t h e  

EXPERIMENT  2  so  t h a t   t h e   c o m p o s i t i o n s   of  t h e   s u b s t i t u t e d  

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

s o l u t i o n   became   1  p e r c e n t   by  w e i g h t   of  t h e   p u l p   w e i g h t ,   p a p e r  

was  made  s i m i l a r l y   to  t h e   EXPERIMENT  1,  and  we t   s h e e t   w a s  

p r e p a r e d .   The  p r o d u c e d   m o i s t e n e d   s h e e t   was  i n t e r p o s e d   b e t w e e n  

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

2 
w a t e r   f o r   5  min .   u n d e r   t h e   p r e s s u r e   of  3 .5   k g / c m   ,  t h e  

m o i s t e n e d   s h e e t   was  t h e n   r e m o v e d   f rom  t h e   p l a t e ,   and  t h e  

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

b a r e   eyes   ( p r e s e n c e   of  a d h e s i v e   s u c h   as  f i n e   f i b e r )   .  T h e  

r e s u l t s   were   l i s t e d   in   T a b l e   4 .  

T a b l e   4 

D i s p e r s e d  

s o l u t i o n   ( I )   ( I I )   ( I I I )   ( i )   ( i i )   ( i i i )  

C o n t a m i n a n t s  

of   p l a t e   f a c e   Non  S l i g h t   Non  Many  More  M a n y  

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

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

c o n s t i t u t e d   and  o p e r a t e d   as  d e s c r i b e d   a b o v e ,   and  t he   a q u e o u s  

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

d i l u t e d   s t a b i l i t y   as  t h e   a q u e o u s   d i s p e r s i o n   of   t h e   s u b s t i t u t e d  

s u c c i n i c   a n h y d r i d e   u t i l z i n g   t h e   c o n v e n t i o n a l   c a t i o n i c   s t a r c h  
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by  the   s t a b i l i z a t i o n   of  t he   a q u e o u s   s o l u b l e   c o p o l y m e r   ( A ^ )  

a n d / o r   the   a q u e o u s   s o l u b l e   c o p o l y m e r   (A2)  in  the   a q u e o u s  

d i s p e r s e d   s o l u t i o n   or  in  b o t h   t he   c o p o l y m e r s   (A)  and  (B)  ,  a n d  

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

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

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

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   and  i n d u s t r i a l   s c a l e   e q u i v a l e n t  

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

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

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

s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   is  u t i l i z e d   as  t he   s i z i n g   a g e n t  

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

s u c c i n i c   a n h y d r i d e   is   v e r y   low  s u c h   as  0 . 1 5   p e r c e n t   by  w e i g h t  

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

s i z i n g   a g e n t   can  be  p r o d u c e d .  

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

s u c c i n i c   a n h y d r i d e   of  t he   p r e s e n t   i n v e n t i o n   has  e x c e l l e n t  

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

b a n d ,   when  the   a q u e o u s   d i s p e r s e d   s o l u t i o n   of  the   s u b s t i t u t e d  

s u c c i n i c   a n h y d r i d e   is   u s e d   as  p a p e r   m a k i n g   s i z i n g   a g e n t ,  

e x c e l l e n t   s i z i n g   e f f e c t   can  be  p r o v i d e d   in   a l l   p a p e r   m a k i n g  

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

band .   In  a d d i t i o n ,   t he   p a p e r   m a k i n g   s t e p s   can  be  c o n d u c t e d  

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

n a k i n g   m a c h i n e   to  p r o v i d e   e x c e l l e n t   o p e r a b i l i t y .  



0 2 2 8 8 0 1  
1  C l a i m s  

2  1.  An  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  s u b s t i t u t e d   s u c c i n i c  

3  a n h y d r i d e   c o m p r i s i n g :  

4  ( i )   an  a q u e o u s   s o l u b l e   c o p o l y m e r   (A^)  h a v i n g   50  to  9 8 . 5  

5  p e r c e n t   by  mol  of  ( m e t h )   a c r y l a m i d e   ( a ) ,   1  to  4 9 . 5   p e r c e n t   b y  

6  mol  of  N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e   (b)  ,  and  0 .5   t o  

7  20  p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  as  monomer   i n  

8  i n g r e d i e n t s   ,  a n d  

9  ( i i )   an  a q u e o u s   s o l u b l e   c o p o l y m e r   (A2)  h a v i n g   70  p e r c e n t   b y  

10  w e i g h t   or  more  of  a  m i x t u r e   monomer   i n g r e d i e n t   h a v i n g   50  t o  

11  9 8 . 5   p e r c e n t   by  mol  of  ( m e t h )   a c r y l a m i d e   ( a ) ,   1  to  4 9 . 5   p e r c e n t  

12  by  mol  of  N , N - d i a l k y l a m i n o a l k y l   (me th )   a c r y l a m i d e   (b)  and  0 .5   t o  

13  20  p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  and  o t h e r  

14  c o p o l y m e r   monomer   (d)  as  monomer   i n g r e d i e n t s ,   or  b o t h   of  t h e  

15  a q u e o u s   s o l u b l e   c o p o l y m e r   (A^)  and  s i m i l a r l y   t h e   a q u e o u s  

16  s o l u b l e   c o p o l y m e r   (A2)  . 

17  2.  The  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  s u b s t i t u t e d  

18  s u c c i n i c   a n h y d r i d e   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   a q u e o u s  

19  s o l u b l e   c o p o l y m e r   (A-j)  or  (A2)  is  an  a q u e o u s   s o l u b l e   c o p o l y m e r  

20  c o n t a i n i n g   75  to  94  p e r c e n t   by  mol  of  ( m e t h )   a c r y l a m i d e   ( a ) ,   5 

21  to  20  p e r c e n t   by  mol  of  N , N - d i a l k y l a m i n o a l k y l   ( m e t h )   a c r y l a m i d e  

22  (b)  and  1  to  10  p e r c e n t   by  mol  of  ( m e t h )   a c r y l i c   a c i d   (c)  a s  

23  monomer   i n g r e d i e n t s   . 

24  3.  The  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  s u b s t i t u t e d  

25  s u c c i n i c   a n h y d r i d e   a c c o r d i n g   to  any  of  c l a i m s   1  and  2,  w h e r e i n   * 

26  s a i d   s u b s t i t u t e d   s u c c i n i c   a n h y d r i d e   is  an  a l k e n y l   s u c c i n i c  

27  a n h y d r i d e .  

28  4.  The  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  s u b s t i t u t e d  

29  s u c c i n i c   a n h y d r i d e   a c c o r d i n g   to  any  of  c l a i m s   1,  2  and  3 ,  

30 

15 

16 
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w h e r e i n   an  o i l - i n - w a t e r   t y p e   s u r f a c t a n t   is   c o n t a i n e d   as  a  

d i s p e r s i n g   a i d .  

5.  The  a q u e o u s   d i s p e r s e d   s o l u t i o n   of  a  s u b s t i t u t e d  

s u c c i n i c   a n h y d r i d e   a c c o r d i n g   to  c l a i m   4,  w h e r e i n   s a i d  

o i l - i n - w a t e r   t y p e   s u r f a c t a n t   is   p o l y o x y a l k y l e n e a l k y l   ( a r y l )   e t h e r  

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