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(54)  Polymeric  compositions  useful  as  binders  in  coating  colors  and  coating  colors  prepared  therefrom. 
  The  present  invention  relates  to  a  polymeric  binder 
composition  comprised  of  two  polymeric  components 
wherein  one  of  the  two  polymeric  components  is  a  lightly 
cross-linked  copolymer  comprising,  in  polymerized  form,  an 
a,  β-ethylenically  unsaturated  carboxylic  acid,  an  ester  of  an 
@,β-ethylenically  unsaturated  carboxylic  acid  and  an  unsatu- 
rated  nitrile.  In  general,  such  cross-linking  is  achieved  using 
a  small  amount  of  a  cross-linking  such  as  allyl  methacrylate. 



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

u s e f u l   as  the  b inder   component   in  c o a t i n g   c o l o r s   and  to  c o a t i n g   c o l o r s  

c o n t a i n i n g   these   po lymer i c   c o m p o s i t i o n s .  

In  the  p r o d u c t i o n   of  p a p e r ,   t h e  p a p e r   s u r f a c e   is  o f t e n   c o a t e d   with  a 

c o m p o s i t i o n   (commonly  r e f e r r e d   to  as  a  c o a t i n g   ,color)   which  i m p a r t s  
d e s i r a b l e   p r o p e r t i e s   such  as  p r i n t a b i l i t y   to  the  paper .   C o n v e n t i o n a l l y ,  

the  c o a t i n g   c o l o r   c o n s i s t s   p r i m a r i l y   of  s u s p e n s i o n   of  a  pigment   a n d / o r  

f i l l e r   such  as  c lay  in  an  aqueous   medium  c o n t a i n i n g   a  b i n d e r .  

In  one  c o n v e n t i o n a l   method  for  app ly ing   the  c o a t i n g   c o l o r ,   t h e  

c o a t i n g   is  c o n t i n u o u s l y  t r a n s f e r r e d   as  a  l i q u i d   f i lm  from  an  a p p l i c a t o r  

r o l l   to  the  paper  s u r f a c e ,   with  any  a p p l i e d   e x c e s s  r e m o v e d   using  s u i t a b l e  

m e a n s   such  as  blade  or  a i r - k n i f e   t e c h n i q u e s .   In  the  p r e p a r a t i o n   of  t h e  

h i g h e s t   q u a l i t y   paper ,   the  paper   is  o f t en   c o a t e d   s e q u e n t i a l   with  a  

c o a t i n g   co lo r   of  one  c o m p o s i t i o n   and  t h e r e a f t e r   with  a  c o a t i n g   co lo r   of  a  

second  c o m p o s i t i o n .   In  g e n e r a l ,   in  the  p r e p a r a t i o n   of  the  double  c o a t e d  

p a p e r ,   the  two  c o a t i n g   c o l o r s   c o n t a i n   the  same  or  s i m i l a r   b inde r s   b u t  

d i f f e r e n t   f i l l e r   m a t e r i a l s .  

For  v a r i o u s   r e a s o n s ,   paper   p r o d u c e r s   have  c o n t i n u o u s l y   s t r i v e d   t o  

reduce  the  f i n i s h e d   we igh t   of  the  c o a t e d   paper .   One  method  by  which  t h i s  

can  be  a ch i eved   is  by  r educ ing   the  amount  of  the  c o a t i n g   co lo r   a p p l i e d   t o  

the  pape r .   U n f o r t u n a t e l y ,   a  r e d u c t i o n   in  the  coa t   weight   g e n e r a l l y  

r e s u l t s   in  a  drop  of  the  f i n i s h e d   paper   p r o p e r t i e s ,   p a r t i c u l a r l y   in  t h e  

p r i n t   q u a l i t y .   To  e f f e c t i v e l y   c o a t   t h e  p a p e r ,   at  the  d e s i r a b l e   c o a t  

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

p r o p e r t i e s ,   e . g . ,   s t a b i l i t y   and  r h e o l o g i c a l   p r o p e r t i e s .   These  p r o p e r t i e s  

are  p a r t i c u l a r l y   i m p o r t a n t   in  the  p r e p a r a t i o n   of  q u a l i t y   paper  g r a d e s  

such  as  those  p r i n t e d   by  g r a v u r e   t e c h n i q u e s .  

H e r e t o f o r e ,   a  n a t u r a l ,   high  mo lecu la r   weight   m a t e r i a l   such  a s  

s t a r c h   or  p r o t e i n   has  been  used  as  the  b inder   component  of  the  c o a t i n g  

c o l o r .   U n f o r t u n a t e l y ,   these  n a t u r a l   m a t e r i a l s   are  s u s c e p t i b l e  t o  a t t a c k  

by  m ic roo rgan i sms   a n d   when  employed  alone  give  b r i t t l e   c o a t i n g s .  

Moreover ,   using  a  s t a r c h   b i n d e r ,   the  c o a t e d   paper  o f t en   does  not  p o s s e s s  

the  r e q u i r e d   p r i n t   q u a l i t y   due  to  i n s u f f i c i e n t   coa t   h o l d - o u t ,   i . e . ,  

e x c e s s i v e   p e n e t r a t i o n   of  the  c o a t i n g   in to   the  p a p e r .  



I t   has  h e r e t o f o r e   been  s u g g e s t e d   to  employ  s y n t h e t i c   polymers   as  t h e  

b i n d e r   in  paper   c o a t i n g s .   Many  such  s y n t h e t i c   polymer  b i n d e r s   c o n s i s t   o f  

two  p o l y m e r i c   components   wi th   one  copolymer   being  employed  p r i m a r i l y   t o  

i m p a r t   the  d e s i r e d   b i n d i n g   s t r e n g t h   and  o the r   p r o p e r t i e s   to  the  c o a t e d  

paper   and  the  second  copo lymer   component   being  employed  p r i m a r i l y   t o  

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

t h e r e f r o m .   For  example,   German  P a t e n t   1 ,546 ,315   d i s c l o s e s   a  s y n t h e t i c  

po lymer   b i n d e r   c o m p r i s i n g   60  to  95  p e r c e n t   of  @-  f i r s t   copolymer  o f  

b u t a d i e n e ,   s t y r e n e   and /o r   a c r y l o n i t r i l e   and  5  to  40  p e r c e n t   of  a  s econd  

c o p o l y m e r   of  a c r y l i c   or  m e t h a c r y l i c   a c id ,   a  monomer  which  forms  a  

w a t e r - i n s o l u b l e   homopolymer  (a t   l e a s t   a  p o r t i o n   of  which  is  an  e s t e r   o f  

a c r y l i c   or  m e t h a c r y l i c   ac id)   and,  o p t i o n a l l y ,   a c r y l -   or  m e t h a c r y l a m i d e .  

U n f o r t u n a t e l y ,   c o a t i n g   c o l o r s   p r e p a r e d   from  t h i s   b inde r   are  g e n e r a l l y  

d e f i c i e n t ,   p a r t i c u l a r l y   us ing   g r a v u r e   p r i n t i n g   t e c h n i q u e s ,   due  again  t o  

i n s u f f i c i e n t   c o a t   h o l d - o u t .   In  a d d i t i o n ,   using  c o a t i n g   c o l o r s   p r e p a r e d  

.from  the  d e s c r i b e d   p o l y m e r i c   b i n d e r s , '   d i f f i c u l t i e s   are  e x p e r i e n c e d   in  t h e  

p r e p a r a t i o n   of  a  double   c o a t e d   pape r .   S p e c i f i c a l l y ,   an  u n d e s i r a b l e   number 

of  paper   b r e a k s   and  d i s c o n t i n u i t i e s   on  the  coa ted   paper   are  e x p e r i e n c e d  

us ing   the  c o a t i n g   c o l o r s   p r e p a r e d   from  these   copolymer  b i n d e r s .  

A  s i m i l a r   s y n t h e t i c   p o l y m e r i c   b inder   excep t   t h a t   the  f i r s t   c o p o l y m e r  

is  d e r i v e d   from  an  e s t e r   of  a c r y l i c   or  m e t h a c r y l i c   a c i d ,   a  v i n y l   e s t e r   o r  

p r o p i o n i c   a c i d ,   and  o p t i o n a l l y   o the r   c o p o l y m e r i z a b l e   monomers,  i s  

d e s c r i b e d   by  U.S.  P a t e n t   No.  3 , 3 6 5 , 4 1 0 .   While  c o a t i n g   c o l o r s   p r e p a r e d  

us ing   t h e s e   po lymer i c   b i n d e r s   improve  the  p r i n t   q u a l i t y   of  paper  p r e p a r e d  

t h e r e f r o m ,   a  f u r t h e r   improvement   in  the.  ba l ance   of  the  paper  p r o p e r t i e s  

is  r e q u i r e d .  

In  view  of  the  a f o r e m e n t i o n e d   d e f i c i e n c i e s   of  the  s y n t h e t i c   po lymer  

b i n d e r s   employed  h e r e t o f o r e ,   i t   remains   h igh ly   d e s i r a b l e   to  p rovide   a  

p o l y m e r i c   c o m p o s i t i o n   which  can  e f f e c t i v e l y   be  employed  as  the  b inder   i n  

a  paper   c o a t i n g   co lo r   to  i m p a r t   an  improved  ba lance   of  p r o p e r t i e s   in  t h e  

paper   c o a t e d   h e r e w i t h .  

A c c o r d i n g l y ,   the  p r e s e n t   i n v e n t i o n   is  such  an  improved  p o l y m e r i c  

c o m p o s i t i o n   u s e f u l   as  the  b inde r   component  in  a  c o a t i n g   c o l o r .   The 

p o l y m e r i c   c o m p o s i t i o n   is  composed  of  two  po lymer ic   components ,   t h e  

improvement   in  sa id   c o m p o s i t i o n   c o m p r i s i n g   the  i n c l u s i o n ,   as  one  of  t h e  

two  p o l y m e r i c   componen ts ,   of  a  l i g h t l y   c r o s s - l i n k e d   copolymer   c o m p r i s i n g ,  



in  p o l y m e r i z e d   f o r m ,  a n  @ , β e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   ac id ,   an  

e s t e r   of  an  @,β  - e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   ac id   and  an  

u n s a t u r a t e d   n i t r i l e .   The  l i g h t l y   c r o s s - l i n k e d   copolymer   ( h e r e i n a f t e r  

r e f e r r e d   to  as  the  " rheo logy   c o n t r o l   copolymer")   is  c r o s s - l i n k e d  

s u f f i c i e n t l y   to  improve  the  r h e o l o g i c a l   and/or   o the r   p r o p e r t i e s   of  t h e  

po lymer i c   c o m p o s i t i o n   and /o r   c o a t i n g   c o l o r s   p r e p a r e d   t h e r e f r o m .  

In  g e n e r a l ,   such  c r o s s - l i n k i n g   in  the  copolymer  is  a c h i e v e d   by  u s i n g  

a  sma l l   amount  ( i . e . ,   from  0.01  to  10  we igh t   p e r c e n t )   of  a  c r o s s - l i n k i n g  

monomer.  The  o the r   copolymer  ( h e r e i n a f t e r   r e f e r r e d   to  as  the  " b i n d e r  

copo lymer" )   is  g e n e r a l l y   a  copolymer   of  a  m o n o v i n y l i d e n e   a r o m a t i c ,   a  

c o n j u g a t e d   d iene   and,  o p t i o n a l l y ,   o the r   c o p o l y m e r i z a b l e   monomers  or  a 

copolymer   of  an  e s t e r   of  an  @ , β - e t h y l e n i c a l l y   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 ,   a  comonomer  which  forms  a  w a t e r - i n s o l u b l e   homopolymer  and ,  

o p t i o n a l l y ,   one  or  more  c o p o l y m e r i z a b l e   monomers .  

In  a  p r e f e r r e d   embodiment,   the  b inder   copolymer  c o m p r i s e s ,   based  on 

100  we igh t   p a r t s ,  - a t   l e a s t   60  we igh t   p a r t s   in  p o l y m e r i z e d   form,  or  f rom 

10  to  90  weight   p e r c e n t   of  a  m o n o v i n y l i d e n e   a romat ic   and  from  10  to  90 

we igh t   p e r c e n t   of  a  c o n j u g a t e d   d i e n e ,   sa id   weight   p e r c e n t s   being  based  on  

the  t o t a l   weight   of  the  m o n o v i n y l i d e n e   a romat ic   and  the  c o n j u g a t e d   d i e n e .  

The  b inde r   copolymer   can  o p t i o n a l l y   c o m p r i s e ,   in  p o l y m e r i z e d   form,  up  t o  

20  we igh t   p a r t s   of  an  @ , β - e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   acid  and 

up  to  20  we igh t   p a r t s   of  o t h e r   c o p o l y m e r i z e d   monomers.  The  r h e o l o g y  

c o n t r o l   polymer  c o m p r i s e s ,   based  on  100  weight   p a r t s ,   in  p o l y m e r i z e d  

form,  from  40  to  90  weight   p a r t s   of  an  e s t e r   of  an  @,  B - e t h y l e n i c a l l y  

u n s a t u r a t e d   c a r b o x y l i c   ac id ;   from  1  to  30  p a r t s   of  an  @ , β - e t h y l e n i c a l l y  

u n s a t u r a t e d   c a r b o x y l i c   ac id ;   from  0.5  to  30  weight   p a r t s   of  an  

e t h y l e n i c a l l y   u n s a t u r a t e d   n i t r i l e   and  from  0.01  to  10  we igh t   p a r t s   of  a  

c r o s s - l i n k i n g   monomer. 

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

component   p o s s e s s   r h e o l o g i c a l   and /o r   o the r   p r o p e r t i e s   which  cannot   be  

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

by  the  c r o s s - l i n k e d   s t r u c t u r e   a l lows   ready  a d a p t a b i l i t y   of  the  p o l y m e r i c  

b inder   c o m p o s i t i o n   to  v a r i o u s   f o r m u l a t i o n s   in  the  p r e p a r a t i o n   of  c o a t i n g  

c o l o r s .   Paper  coa ted   with  the  c o a t i n g   c o l o r s   e x h i b i t   u n e x p e c t e d l y   h i g h  

b ind ing   s t r e n g t h s   and  e x c e l l e n t   p r i n t a b i l i t y .  



The  p o l y m e r i c   c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   are  u s e f u l   a s  

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

c o l o r s .   They  are  p a r t i c u l a r l y   u s e f u l   as  the  b inde r   component   in  c o a t i n g  

c o l o r s   employed  in  the  two  s t e p   c o a t i n g   p r o c e s s e s   for  p r e p a r i n g   t h e  

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

The  po lymer i c   c o m p o s i t i o n   of  the  p r e s e n t   i n v e n t i o n   c o m p r i s e s   two 

p o l y m e r i c   c o m p o n e n t s ,   h e r e i n   r e f e r r e d   t o   as  a  b i n d e r   copolymer   and-  a  

r h e o l o g i c a l   c o n t r o l   po lymer .   The  b i n d e r   copolymer   which  p r i m a r i l y   i m p a r t s  

the  b i n d i n g   s t r e n g t h s   and  o t h e r   p r o p e r t i e s   to  the  c o a t e d   paper  i s  

p r e f e r a b l y   d e r i v e d   from  a  m o n o v i n y l i d e n e   a r o m a t i c ,   a  c o n j u g a t e d   d i e n e  

and,  o p t i o n a l l y ,   o t h e r   monomers  c o p o l y m e r i z a b l e   t h e r e w i t h .   R e p r e s e n t a t i v e  

m o n o v i n y l i d e n e   a r o m a t i c s   i n c l u d e   s t y r e n e ;  a   - a l k y l   s t y r e n e s   such  a s  

a - m e t h y l   s t y r e n e   and  a - e t h y l   s t y r e n e ;   n u c l e a r   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   s t y r e n e s   such  as  v i n y l   t o l u e n e ,   o - e t h y l   s t y r e n e ,   2 , 4 - d e m e t h y l  

s t y r e n e ,   n u c l e a r   s u b s t i t u t e d   h a l o - s t y r e n e   such  as  c h l o r o s t y r e n e   and  2 , 4 -  

d i c h l o r o s t y r e n e ;   s t y r e n e   s u b s t i t u t e d   with  both  a  ha lo   and  an  a l k y l   g r o u p  

such  as  2 , 2 - c h l o r o - 4 - m e t h y l   s t y r e n e   and  c o m b i n a t i o n s   t h e r e o f .   In  g e n e r a l ,  

s t y r e n e ,   or  a  c o m b i n a t i o n   of  s t y r e n e   with,  smal l   amounts  ( i . e . ,   l e s s   t h a n  

10  w e i g h t   p e r c e n t   of  the  m o n o v i n y l i d e n e   a romat ic   employed)  of  one  or  more 

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

p r e f e r r e d .   Most  p r e f e r a b l y ,   s t y r e n e   is  employed  as  the  m o n o v i n y l i d e n e  

a r o m a t i c .   The  c o n j u g a t e d   d i ene   is  an  a l k a d i e n e ,   p r e f e r a b l y   a 

1 , 3 - c o n j u g a t e d   diene  such  as  b u t a d i e n e ,   i s o p r e n e ,   p r o p e r y l e n e ,   c h l o r o p e n e  

and  the  l i k e .   The  p r e f e r r e d   c o n j u g a t e d   diene  is  1 , 3 - b u t a d i e n e .  

O f t e n ,   but  o p t i o n a l l y ,   the  b i n d e r   copolymer  c o m p r i s e s   one  or  more 

a d d i t i o n a l   c o p o l y m e r i z a b l e   monomers.   Such  comonomers  are  employed  to  v a r y  

the  p r o p e r t i e s   of  the  r e s u l t i n g   polymer  and  the  s p e c i f i c   comonomers  and 

t h e i r   amounts  s e l e c t e d   to  o b t a i n   a  copolymer   having  d e s i r a b l e   p r o p e r t i e s .  

For  example ,   to  i n c r e a s e   the  b i n d i n g   s t r e n g t h   of  a  coa t ed   p a p e r ,   i t   i s  

o f t e n   d e s i r a b l e   to  employ  an  @ , β - e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c  

ac id   such  as  a c r y l i c ,   m e t h a c r y l i c ,   i t a c o n i c ,   fumar ic   or  maleic   acid  i n  

the  p r e p a r a t i o n   of  the  b i n d e r   copo lymer .   P r e f e r r e d   of  such  ac ids   a r e  

i t a c o n i c  o r  a c r y l i c  a c i d   or  a  c o m b i n a t i o n   t h e r e o f .   Other  comonomers  which  

are  o f t e n   a d v a n t a g e o u s l y   employed  in  the  p r e s e n c e   of  such  c o p o l y m e r  

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

m e t h y l a c r y l o n i t r i l e ,   the  h a l o - s u b s t i t u t e d   o l e f i n s   such  as  v i n y l i d e n e  



c h l o r i d e ,   e s t e r s   of  @,  a  - e t h y l e n i c a l l y   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 s ,  

e t h y l e n i c a l l y   u n s a t u r a t e d   amides  such  as  a c r y l a m i d e   and  m e t h y l a c r y l a m i d e ,  

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

The  r e l a t i v e   p r o p o r t i o n s   of  the  m o n o v i n y l i d e n e   a r o m a t i c ,   c o n j u g a t e d  

diene   and  o t h e r   comonomers,  if  employed  in  the  p r e p a r a t i o n   of  t h e  

p r e f e r r e d   b inde r   copolymer ,   are  d e p e n d e n t   on  a  v a r i e t y   of  f a c t o r s  

i n c l u d i n g   the  s p e c i f i c   m o n o v i n y l i d e n e   a r o m a t i c   and  c o n j u g a t e d   d i e n e  

employed  and  the  d e s i r e d   p r o p e r t i e s   of  the  b inde r   copo lymer .   For  e x a m p l e ,  

the  b inder   copolymer   a d v a n t a g e o u s l y   e x h i b i t s   a  s e c o n d - o r d e r   t r a n s i t i o n  

t e m p e r a t u r e ,   as  de f ined   by  P . J .   F lory   in  " P r i n c i p l e s   of  Po lymer  

Chemis t ry"   p u b l i s h e d   in  1953  by  C o r n e l l   U n i v e r s i t y   P r e s s ,   I t h a c a ,   N . Y . ,  

p.  56  between  -600  and  +40°C  and  the  monomers  and  t h e i r   amounts  s e l e c t e d  

a c c o r d i n g l y .   In  g e n e r a l ,   the  b inde r   copolymer   compr i s e s   at   l e a s t   60 ,  

p r e f e r a b l y   at  l e a s t   80,  more  p r e f e r a b l y   at   l e a s t   90,  weight   p e r c e n t   o f  

the  m o n o v i n y l i d e n e   a romat ic   and  c o n j u g a t e d   d iene ,   sa id   weight   p e r c e n t s  

being  based  on  the  t o t a l   we igh t   of  the  f i r s t  c o p o l y m e r .   In  g e n e r a l ,   t h e  

m o n o v i n y l i d e n e   a romat ic   is  employed  in  amounts  from  10  to  90,  p r e f e r a b l y  

from  50  to  70,  weight   p e r c e n t   and  the  c o n j u g a t e d   diene  is  employed  i n  

amounts  from  10  to  90,  p r e f e r a b l y   from  30  to  50,  weight   p e r c e n t ,   s a i d  

weight   p e r c e n t s   being  based  on  the  t o t a l   amount  of  m o n o v i n y l i d e n e  

a romat ic   and  c o n j u g a t e d   diene  employed  in  the  p r e p a r a t i o n   of  the  b i n d e r  

copo lymer .   The  @,β  - e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   ac ids   a r e  

employed  in  amounts  from  0  to  20  we igh t   p e r c e n t ,   p r e f e r a b l y   f r om 1   to  5 

weight   p e r c e n t ,   and  the  o ther   c o p o l y m e r i z a b l e   monomers  are  employed  i n  

amounts  from  0  to  20,  more  g e n e r a l l y   from  0  to  5,  weight   p e r c e n t ,   s a i d  

we igh t   p e r c e n t s   being  based  on  the  t o t a l   weight   of  the  b inder   c o p o l y m e r .  

In  g e n e r a l ,   the  binder   copolymer  of  the  p r e s e n t   i n v e n t i o n   is  p r e f e r a b l y  

d e r i v e d   from  50  to  70  weight   p e r c e n t   of  a  monov iny l idene   a r o m a t i c ,  

p a r t i c u l a r l y   s t y r e n e ,   from  30  to  50  we igh t   p e r c e n t   of  a  c o n j u g a t e d   d i e n e ,  

p a r t i c u l a r l y   1 , 3 - b u t a d i e n e ,   and  from  1  to  5  weight   p e r c e n t   of  an @,β 

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

a c r y l i c   acid   or  a  combina t ion   t h e r e o f .  

A l t e r n a t i v e l y ,   but  less  p r e f e r a b l y ,   the  b inder   copolymer  is  d e r i v e d  

from  an  e s t e r   of  an  @ , β - e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   acid  and  a  

comonomer  which  forms  a  w a t e r - i n s o l u b l e   homopolymer.  R e p r e s e n t a t i v e  

e s t e r s   are  the  e s t e r s   of  a c r y l i c   and /o r   m e t h a c r y l i c   acids   with  a l c o h o l s  



having   from  1  to  8  ca rbon   atoms  i n c l u d i n g   e t hy l   a c r y l a t e ,  

η - b u t y l a c r y l a t e ,   i - b u t y l a c r y l a t e ,   2 - e t h y l h e x y l a c r y l a t e   and  the  l i k e .  

Ester-s   of  a c r y l i c   ac id   with  a l c o h o l s   having   from  4  to  8  carbon  atoms  a r e  

p r e f e r r e d .   R e p r e s e n t a t i v e   comonomers  which  form  a  w a t e r - i n s o l u b l e  

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

s t y r e n e ;   the  u n s a t u r a t e d   n i t r i l e s ,   p a r t i c u l a r l y   a c r y l o n i t r i l e ;   -the  v i n y l  

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

p r o p i o n a t e ;   the  h a l o - o l e f i n s   such  as  v i n y l   c h l o r i d e   or  v i n y l i d e n e  

c h l o r i d e ;   or  a  c o m b i n a t i o n   t h e r e o f .   The  p r e f e r r e d   of  such  comonomers  a r e  

the  v i n y l   e s t e r s ,   p a r t i c u l a r l y   v i n y l   a c e t a t e   and  v i n y l   p r o p i o n a t e .   I n  

g e n e r a l ,   the  b i n d e r   copolymer   w i l l   c o m p r i s e   from  10  to  90,  p r e f e r a b l y  

from  35  to  60,  w e i g h t   p e r c e n t   of  the  e s t e r   of  an  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   and.  from  10  to  90,  p r e f e r a b l y   from  35  to  60,  weight   p e r c e n t   of  t h e  

v i n y l   a c e t a t e ,   and  o p t i o n a l l y ,   up  to  10  we igh t   p e r c e n t   of  a  f u r t h e r  

comonomer,   s a id   w e i g h t   p e r c e n t s   being  based   on  the  t o t a l  w e i g h t   of  t h e  

b i n d e r   c o p o l y m e r .   A l though   such  f u r t h e r   comonomer  can  be  a  comonomer 

which  forms  a  w a t e r - i n s o l u b l e   homopolymer,   i t   is  more  a d v a n t a g e o u s l y   an  

@ , β - e t h y l e n i c a l l y   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 ,   p r e f e r a b l y   an  acid  h a v i n g  

from  3  to  5  c a r b o n   a t o m s ,   i n c l u d i n g   a c r y l i c ,   m e t h a c r y l i c ,   c r o t o n i c ,  

m a l e i c ,   fumaric   or  i t a c o n i c   acid  and  t h e i r   amides ,   m o n o a l k y l a m i d e s ,  

d i a l k y l a m i d e s ,  .   N - m e t h y l o l a m i d e s   and  e s t e r s   of  the  N - m e t h y l o l a m i d e s ,  

i n c l u d i n g   the  ha l f   amides  and  h a l f   e s t e r s   of  the  d i - c a r b o x y l i c   a c i d s ;   o r  

a  more  s t r o n g l y   a c i d i c   comonomer  such  as  v i n y l   s u l f o n i c   ac id   and 

p - t o l u e n e   s u l f o n i c   a c i d .   P r e f e r r e d   of  such  comonomers  are  t h e  

@ , β - e t h y l e n i c a l l y   u n s a t u r a t e d   a c i d s ,   p a r t i c u l a r l y   those  acids   having  f rom 

3  to  5  carbon  a toms.   These  ac ids   are  p r e f e r a b l y   employed  in  amounts  f rom 

0.1  to  5  we igh t   pe rcen t -   based  on  the  t o t a l   weight   of  the  b i n d i n g  

c o p o l y m e r .  

The  rheo logy   c o n t r o l   po lymer i c   component   compr i ses   a  l i g h t l y  

c r o s s - l i n k e d   copolymer   of  an  a,  β - e t h y l e n i c a l l y   u n s a t u r a t e d   ac id ,   an  e s t e r -  

of  an  @ , β - e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   acid   and  an  u n s a t u r a t e d  

n i t r i l e .  

The  e s t e r s   of  the  @ , β - e t h y l e n i c a l l y   u n s a t u r a t e d   ac ids   a d v a n t a g e o u s l y  

employed  in  the  p r e s e n t   i n v e n t i o n   are  those   e s t e r s   of  a  c a r b o x y l i c   a c i d  

having  from  3  to  5  ca rbon   atoms  such  as  a c r y l i c ,   m e t h a c r y l i c ,   m a l e i c ,  

fumar ic   or  i t c c o n i c   a c id s   ( p r e f e r a b l y   a c r y l i c   or  m e t h a c r y l i c   ac ids)   w i t h  

a l c o h o l s   having  from  2  to  10  ca rbon   a toms,   p r e f e r a b l y   2  to  4  c a r b o n  

atoms.   Examplary  examples   of  s u c h   e s t e r s   are  e t h y l   a c r y l a t e ,   p r o p y l  



a c r y l a t e ,   b u t y l   a c r y l a t e ,   p r o p y l   m e t h a c r y l a t e   and  the  l i k e .  

The  u n s a t u r a t e d   c a r b o x y l i c   ac ids   a d v a n t a g e o u s l y   employed  here in   a r e  

those  c a r b o x y l i c   ac ids   which  c o n t a i n   from  3  to  10  carbon  a t oms .  

R e p r e s e n t a t i v e   of  such  a c id s   are  a c r y l i c ,   m e t h a c r y l i c ,   c r o t o n i c ,  

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

R e p r e s e n t a t i v e   of  e t h y l e n i c a l l y   u n s a t u r a t e d   n i t r i l e s   i n c l u d 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 ,   male ic   n i t r i l e   and  c i n n a m o n i t r i l e .  

In  g e n e r a l ,   a  c r o s s - l i n k i n g   monomer,  i . e . ,   a  c o p o l y m e r i z a b l e   monomer 

which  when  i n c l u d e d   in  the  p o l y m e r i z a t i o n   r e c i p e   i n t r o d u c e s  

c r o s s - l i n k a g e s   i n to   the  r e s u l t i n g   polymer ,   is  employed  to  l i g h t l y  

c r o s s - l i n k   the  rheo logy   c o n t r o l .   R e p r e s e n t a t i v e   c r o s s - l i n k i n g   monomers 

i n c l u d e   the  e t h y l e n i c a l l y   u n s a t u r a t e d   monomers  which  c o n t a i n   two  or  more 

n o n - c o n j u g a t e d   t e r m i n a l   e t h y l e n i c   g roups .   Examples  of  such  monomers  a r e  

the  p o l y v i n y l i d e n e   a r o m a t i c s   such  as  d i v i n y l b e n z e n e ,   d i v i n y l   t o l u e n e ,  

d i v i n y l   xy lene   and  t r i v i n y l b e n z e n e ;   the  a l l y l   or  b u t e n y l   a c r y l a t e s   a n d / o r  

m e t h a c r y l a t e s   such  as  a l l y l   m e t h a c r y l a t e ,   e t h y l e n e   g l y c o l  

d i m e t h y l a c r y l a t e   and  the  l i k e .   P r e f e r r e d   c r o s s - l i n k i n g   monomers  c o n t a i n  

from  4  to  15  carbon   atoms,  with  a l l y l   a c r y l a t e   and  a l l y l   m e t h a c r y l a t e  

being  most  p r e f e r r e d .  

The  s p e c i f i c   monomeric  components   and  the  r e l a t i v e   p r o p o r t i o n s   o f  

each,   i n c l u d i n g   the  c r o s s - l i n k i n g   monomer  and  i t s   amounts,   m o s t  

a d v a n t a g e o u s l y   employed  in  p r e p a r i n g   the  rheology  c o n t r o l   polymer  a r e  

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

copolymer   employed  and  the  d e s i r e d   p r o p e r t i e s   of  the  c o a t i n g   c o l o r  

p r e p a r e d   t h e r e f r o m .   For  example,   if  the  b inder   copolymer  is  a  copo lymer  

of  an  e s t e r   of  an  u n s a t u r a t e d   ac id   and  a  .vinyl   e s t e r   of  an  u n s a t u r a t e d  

c a r b o x y l i c   -acid,   the  d e s i r e d   po lymer i c   p r o p e r t i e s   of  the  copolymers   c a n  

o f t en   be  o b t a i n e d   using  a  l i g h t l y   c r o s s - l i n k e d   polymer  d e r i v e d   from  t h e  

e s t e r   of  an  u n s a t u r a t e d   c a r b o x y l i c   ac id ,   p r e f e r a b l y   from  40  to  90  w e i g h t  

p e r c e n t   of  an  e s t e r   of  a c r y l i c   ac id   with  an  a l c o h o l   having  from  1  to  8 

carbon  atoms;  the  u n s a t u r a t e d   c a r b o x y l i c   ac id ,   p r e f e r a b l y   from  5  to  40 

weight   p e r c e n t   of  a c r y l i c   a n d / o r   m e t h a c r y l i c   ac id ;   and  an  u n s a t u r a t e d  

n i t r i l e ,   p r e f e r a b l y   from  0.5  to  25  weight   p e r c e n t   or  a c r y l o n i t r i l e ,   s a i d  

weigh t   p e r c e n t s   being  based  on  the  t o t a l   weight   of  the  rheo logy   c o n t r o l  

polymer .   The  c r o s s - l i n k i n g   is  a d v a n t a g e o u s l y   i n c o r p o r a t e d  u s i n g   from  0 . 0 5  

to  5  weight   p e r c e n t   of  a  c r o s s - l i n k i n g   monomer,  p r e f e r a b l y   from  0.05  to  2 



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

amounts   ( i . e . ,   l e s s   than  10  we igh t   p e r c e n t )   of  a  v iny l   e s t e r   of  a  

m o n o c a r b o x y l i c   ac id   can  o p t i o n a l l y   be  e m p l o y e d .  

A l t e r n a t i v e l y ,   when  the  b inder   copolymer   is  a  copolymer  d e r i v e d  

p r i m a r i l y   from  a  monovony l idene   a roma t i c   and  a  c o n j u g a t e d   d iene ,   t o  

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

c o n t r o l  c o p o l y m e r  i s - - a d v a n t a g e o u s l y  d e r i v e d   from  40  to  90  weight   p e r c e n t  

of  the  e s t e r   of  an  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 ,   p r e f e r a b l y   from  45  to  75 

w e i g h t   p e r c e n t   of  e t h y l   a c r y l a t e   and /o r   e t h y l   m e t h a c r y l a t e ;   from  1  to  30 

w e i g h t   p e r c e n t   of  an  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 ,   p r e f e r a b l y   from  5  to  25 

we igh t   p e r c e n t   a c r y l i c   and /o r   m e t h a c r y l i c   a c id ;   from  0.5  to  30  w e i g h t  

p e r c e n t   of  an  u n s a t u r a t e d   n i t r i l e ,   p r e f e r a b l y   from  5  to  25  weight   p e r c e n t  

of  a c r y l o n i t r i l e   or  m i x t u r e s   of  a c r y l o n i t r i l e   with  maleic  n i t r i l e   o r  

m e t h a c r y l o n i t r i l e ;   and  0.01  to  10  we igh t   p e r c e n t   o f  a   c r o s s - l i n k i n g  

monomer,  p r e f e r a b l y   from  0.05.  to  5  weight   p e r c e n t   of  a l l y l   a c r y l a t e  

a n d / o r   a l l y l   m e t h a c r y l a t e ,   where in   sa id   we igh t   p e r c e n t s   are  based  on  t h e  

t o t a l   we igh t   of  the  r h e o l o g y   c o n t r o l   c o p o l y m e r .  

Most  p r e f e r a b l y ,   the  rheo logy   c o n t r o l   copolymer  c o m p r i s e s ,   i n  

p o l y m e r i z e d   form,  from  50  to  70  weight   p e r c e n t   e t h y l   a c r y l a t e ,   from  10  t o  

20  we igh t   p e r c e n t   m e t h a c r y l i c   a c id ,   from  10  to  20  weight   p e r c e n t  

a c r y l o n i t r i l e   and  f r o m  0 . 0 5   to  2  we igh t   p e r c e n t   of  a  c r o s s - l i n k i n g  

monomer,  p a r t i c u l a r l y   a l l y l   m e t h a c r y l a t e .  

The  b inde r   copo lymer   and  rheo logy   c o n t r o l   copolymer  are  p r e p a r e d  

s e p a r a t e l y   us ing   c o n t i n u o u s ,   s e m i - c o n t i n u o u s   or  batch  e m u l s i o n  

p o l y m e r i z a t i o n   t e c h n i q u e s .   Such  t e c h n i q u e s   are  wel l -known  in  the  a r t   and 

r e f e r e n c e   is  made  t h e r e t o   for  the  pu rposes   of  t h i s   i n v e n t i o n .   In  g e n e r a l ,  

the  p o l y m e r i c   components   are  p r e p a r e d   by  d i s p e r s i n g   the  d e s i r e d   monomers 

in  an  aqueous  p o l y m e r i z a t i o n   medium  which  t y p i c a l l y   c o n t a i n s   an  

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

e . g . ,   cha in   t r a n s f e r   agen t   and  c h e l a t i n g   a g e n t .  

Free  r a d i c a l   i n i t i a t i o n   means  which  are  a d v a n t a g e o u s l y   employed 

i n c l u d e   UV  l i g h t   and  c o n v e n t i o n a l   c h e m i c a l   i n i t i a t o r s   such  as  p e r o x y g e n s ,  

e . g . ,   hydrogen  p e r o x i d e   and  cumene  h y d r o p e r o x i d e ;   p e r s u l f a t e s ,   e . g . ,  

p o t a s s i u m   p e r s u l f a t e ,   sodium  p e r s u l f a t e   and  ammonium  p e r s u l f a t e ;   o r g a n i c  

azo  compounds  such  as  a z o b i s i s o b u t y r o n i t r i l e ;   redox  i n i t i a t o r s   such  a s  

p e r o x i d e   in  c o m b i n a t i o n   with  a  s u l f i t e   or  t h i o s u l f a t e   reducing  agent ;   and 



the  l i k e .   T y p i c a l l y ,   such  i n i t i a t o r s   are  employed  in  amounts  wh ich  

g e n e r a l l y   range  from  0.01  to  5  we igh t   p e r c e n t   based  on  the  t o t a l   w e i g h t  

of  the  monomers  being  p o l y m e r i z e d .  

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

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

emuls ion   p o l y m e r i z a t i o n s .   R e p r e s e n t a t i v e   a n i o n i c   s u r f a c t a n t s   u s e f u l  

h e r e i n   i nc lude   the  a l k y l   a r y l   s u l f o n a t e s   such  as  sodium  dodecy l   b e n z e n e  

s u l f o n a t e ,   a l k y l   phenoxy  p o l y e t h y l e n e   s u l f o n a t e s   and  p h o s p h a t e s ,   sod ium 

l a u r y l   s u l f a t e ,   p o t a s s i u m   l a u r y l   s u l f o n a t e   and  the  l i k e .   R e p r e s e n t a t i v e  

non ion i c   s u r f a c t a n t s   u s e f u l   h e r e i n   i n c l u d e   the  r e a c t i o n  p r o d u c t   of  an  

a l k y l e n e   oxide  with  a l k y l a t e d   pheno l s   or  long  c h a i n ,   e . g . ,   from  6  to  20 

carbon   atoms,  f a t t y   a l c o h o l s ,   f a t t y   a c i d s ,   a l k y l   mercap tans   and'  p r i m a r y  

amines;   mono  e s t e r s ,   e . g . ,   the  r e a c t i o n  p r o d u c t   of  p o l y e t h y l e n e   g l y c o l  

with  a  long  c h a i n   c a r b o x y l i c   acid  with  p o l y g l y c o l   e s t e r s   of  a  p o l y h y d r i c  

a l c o h o l .  T h e   s u r f a c t a n t s   are  employed  in  an  amount  which  e f f e c t i v e l y  

s t a b i l i z e s   the  d i s p e r s i o n   dur ing   p o l y m e r i z a t i o n .   In  g e n e r a l ,   such  amount  

w i l l   vary  from  0.1  to  5  weight   p e r c e n t   based  on  the  t o t a l   we igh t   of  t h e  

monomers  employed.   To  a s s i s t   in  c o n t r o l l i n g   the  molecu la r   we igh t   of  t h e  

r e s u l t i n g   po .  lymers ,   a  cha in   t r a n s f e r   agen t   is  o f t e n ,   but  o p t i o n a l l y  

inc luded   in  the  aqueous  p o l y m e r i z a t i o n   medium.  In  g e n e r a l ,   cha in   t r a n s f e r  

agen ts   which  have  c o n v e n t i o n a l l y   been  employed  h e r e t o f o r e   in  e m u l s i o n  

p o l y m e r i z a t i o n   p r o c e s s e s   can  be  employed  in  the  p r a c t i c e   of  the  p r e s e n t  

i n v e n t i o n .   R e p r e s e n t a t i v e   of  such  cha in   t r a n s f e r   agents   i n c l u d e   t h e  

mercap tans   such  as  n - d o d e c y l   mercap tan   c y c l o h e x e n e ,   bromoform,  c a r b o n  

t e t r a b r o m i d e ,   ca rbon   t e t r a c h l o r i d e   and  the  l i k e .   When  employed,  the  c h a i n  

t r a n s f e r   agents   are  g e n e r a l l y   a d v a n t a g e o u s l y   employed  in  amounts  f rom 

0.05  to  5  we igh t   p e r c e n t   based  on  the  t o t a l   we igh t   of  the  monomers .  

P o l y m e r i z a t i o n   is  a d v a n t a g e o u s l y   c o n d u c t e d   at   as  low  a  t e m p e r a t u r e  

s u f f i c i e n t   to  p o l y m e r i z e   the  monomers  at  a  p r a c t i c a l   r a t e .   In  g e n e r a l ,  

the  p o l y m e r i z a t i o n   is  conduc ted   at   t e m p e r a t u r e s   from  40-100°  C,  

p r e f e r a b l y   from  60-90°C,  for  p e r i o d s   s u f f i c i e n t   to  c o n v e r t -   d e s i r e d  

amounts  of  monomer  to  the  d e s i r e d   polymer  ( g e n e r a l l y   the  c o n v e r s i o n   of  a t  

l e a s t   90  p e r c e n t   of  the  monomer  to  polymer)  which  c o n v e n t i o n a l l y   t a k e s  

from  1-6  hours .   The  polymer  d i s p e r s i o n s   may  be  p r epa red   over  a  wide  r a n g e  

of  c o n c e n t r a t i o n s ,   with  the  r e s u l t i n g   aqueous  d i s p e r s i o n s   a d v a n t a g e o u s l y  

ranging   from  20  to  60  weight   p e r c e n t   s o l i d s .  



The  p o l y m e r i c   c o m p o s i t i o n   of  the  p r e s e n t   i n v e n t i o n   is  p r epa red   by 

admix ing   the  d e s i r e d   amounts  of  the  b inde r   copolymer  with  the  r h e o l o g y  

c o n t r o l   c o p o l y m e r .   The  r e l a t i v e   c o n c e n t r a t i o n s   of  the  b inde r   copo lymer  

and  the  r h e o l o g y   c o n t r o l   copo lymer   are  s e l e c t e d   on  the  b a s i s   of  t h e  

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

p r e p a r e d   t h e r e f r o m .   In  g e n e r a l ,   the  b inder   copolymer   is  employed  i n  

amounts   from  50  to  97,  p r e f e r a b l y   60  to  90,  more  p r e f e r a b l y   70  to  90 ,  

w e i g h t   p e r c e n t   and  the  r h e o l o g y   c o n t r o l   copolymer   is  used  in  amounts  f rom 

3  to  50,  p r e f e r a b l y   10  to  40,  more  p r e f e r a b l y   10  to  30,  we igh t   p e r c e n t ,  

s a i d   w e i g h t   p e r c e n t s   being  based   on  the  t o t a l   we igh t   of  the  two 

c o p o l y m e r s .  

The  method  by  which  the  two  po lymers   are  admixed  is  not   p a r t i c u l a r l y  

c r i t i c a l   to  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n .   In  g e n e r a l ,   the  two 

polymer   d i s p e r s i o n s   w i l l   be  c o m p a t i b l e   with  one  a n o t h e r ,   e s p e c i a l l y   i f  

any  c a r b o x y l   g roups   c o n t a i n e d   in  e i t h e r   or  both  copo lymer   are   n o t  

n e u t r a l i z e d   or  -only  p a r t i a l l y   n e u t r a l i z e d   p r i o r   to  a d m i x t u r e .   The 

a d m i x t u r e   of  the  two  polymer  d i s p e r s i o n s   is  r e a d i l y   a c h i e v e d   by  mix ing  

the  d i s p e r s i o n   of  the  f i r s t   b i n d e r   copo lymer ,   as  p r e p a r e d ,   with  t h e  

d i s p e r s i o n   of  the  rheo logy   c o n t r o l   copo lymer ,   as  p r e p a r e d ,   using  m i l d  

a g i t a t i o n .  

In  the  p r e p a r a t i o n   of  c o a t i n g   c o l o r s   using  the  p o l y m e r i c  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   as  the  b inder   component ,   the  p o l y m e r i c  

c o m p o s i t i o n   of  the  p r e s e n t   i n v e n t i o n   is  commonly  admixed  with  o t h e r ,  

o p t i o n a l l y   employed  a d j u n c t s ,   such  as  f i l l e r s   and /or   p igmen t s   i n c l u d i n g  

c l a y   and,  o p t i o n a l l y   c h a l k ,   or  c a l c i u m   c a r b o n a t e ,   and,  if  d e s i r e d ,   o t h e r  

a d j u n c t s   such  as  d i s p e r s i n g   a g e n t s ,   l u b r i c a n t s   or  the  l i k e .   Al though  such  

a d j u n c t s   can  be  mixed  with  e i t h e r   copolymer   p r i o r   to  t h e i r   s u b s e q u e n t  

a d m i x t u r e   in  g e n e r a l ,   an  aqueous  d i s p e r s i o n   of  the  p igment   and /o r   f i l l e r  

is  p r e p a r e d   and  the  two  c o p o l y m e r s   are  added  t h e r e t o ,   with  a g i t a t i o n  

s h o r t l y   b e f o r e   use.   P r i o r   to  the  a p p l i c a t i o n   of  a  c o a t i n g   c o l o r  

c o n t a i n i n g   the  po lymer i c   c o m p o s i t i o n   of  the  p r e s e n t   i n v e n t i o n   to  a  p a p e r  

s u r f a c e ,   the  c a r b o x y l i c   groups   are  a d v a n t a g e o u s l y   n e u t r a l i z e d   by  adding  a  

b a s i c   m a t e r i a l   such  as  sodium  or  p o t a s s i u m   h y d r o x i d e   or  ammonia, 

p r e f e r a b l y   sodium  h y d r o x i d e .   The  a l k a l i   is  added  in  an  amount  s u f f i c i e n t  

to  g ive   the  aqueous   d i s p e r s i o n   c o n t a i n i n g   the  p o l y m e r  a   pH  from  8  to  9 . 5 .  

The  r e s u l t i n g   c o a t i n g   c o l o r   can  be  a p p l i e d   to  raw  pape r s   us ing  any  of  thy= 

known  m e t h o d s .  



The  f o l l o w i n g   example  is  se t   f o r t h   to  i l l u s t r a t e   the  i n v e n t i o n   and 

should   not  be  c o n s t r u e d   to  l i m i t   i t s   scope .   In  the  examples ,   a l l   p a r t s  

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

Example  

P r e p a r a t i o n   o f  t h e   Binder   Copolymer  

To  a  s u i t a b l y   s i z e d   p o l y m e r i z a t i o n   f l a s k   equ ipped   with  a g i t a t i o n  

means,  h e a t i n g   and  c o o l i n g   means,  t h e r m o m e t e r ,   and  a d d i t i o n   f u n n e l ,  

is  added  60  p a r t s   w a t e r ,   0.1  p a r t s   of  an  a n i o n i c   s u r f a c t a n t ,   0 . 8  

p a r t s   of  a  f r e e - r a d i c a l   i n i t i a t o r   and  3  p a r t s   of  a  chain  t r a n s f e r  

agen t .   The  v e s s e l   is  purged  with  n i t r o g e n   and  hea ted   to  90°C.  Over  a  

4  hour  p e r i o d ,   57  p a r t s   of  s t y r e n e ,   39  p a r t s   of  b u t a d i e n e ,   1  p a r t   o f  

i t a c o n i c   and  3  p a r t s   of  a c r y l i c   acid   are  added  c o c u r r e n t l y   with  an  

aqueous  s t ream  c o m p r i s i n g   a d d i t i o n a l   s u r f a c t a n t   and  f r e e - r a d i c a l  

i n i t i a t o r .   The  v e s s e l   is  m a i n t a i n e d   at  900C  dur ing   t h i s   a d d i t i o n   and  

for  an  a d d i t i o n a l   2  hours .   At  t h i s   t ime,   the  p o l y m e r i z a t i o n   i s  

s topped .   The  r e s u l t i n g   emuls ion  c o n t a i n s   50  p e r c e n t   s o l i d s   and  t h e  

p a r t i c l e   s i ze   of  the  r e s u l t i n g   s t y r e n e / b u t a d i e n e / i t a c o n i c  

a c i d / a c r y l i c   acid   copolymer   is  found  to  be  a p p r o x i m a t e l y   1800  K. 

P r e p a r a t i o n   of  the  Rheology  Con t ro l   Po lymer  

To  a  s u i t a b l y   s i z ed   p o l y m e r i z a t i o n   v e s s e l   s i m i l a r   to  tha t   used  i n  

the  p r e p a r a t i o n   of  the  f i r s t   copolymer  is  added  188  p a r t s   of  w a t e r ,  

0.02  p a r t s   of  a  c h e l a t i n g   agent  and  0.5  p a r t s   of  an  a n i o n i c  

s u r f a c t a n t .   The  v e s s e l   is  then  heated  to  80°C.  A  f i r s t   monomer  f e e d  

stream  c o m p r i s i n g   60  p a r t s   e t h y l a c r y l a t e ,   15  p a r t s   a c r y l o n i t r i l e ,   25 

p a r t s   m e t h a c r y l i c   ac id   and  0.05  p a r t s   of  a l l y l m e t h a c r y l a t e   are  a d d e d  

to  the  mi ld ly   s t i r r e d   aqueous  p o l y m e r i z a t i o n   mix tu re   for  a  pe r iod   o f  

about  4  hours .   C o i n c i d e n t   with  the  a d d i t i o n   of  the  monomers,  an  

a d d i t i o n a l   50  p a r t s   w a t e r ,   2.0  p a r t s   of  a n i o n i c   s u r f a c t a n t ,   0 . 2  

p a r t s   of  sodium  h y d r o x i d e ,   and  0.7  p a r t s   of  a  f r e e - r a d i c a l   i n i t i a t o r  

is  added  to  the  p o l y m e r i z a t i o n   medium.  The  t e m p e r a t u r e   of  the  v e s s e l  

is  m a i n t a i n e d   at  80°C  dur ing  the  a d d i t i o n   of  the  monomer  and 

p o l y m e r i z a t i o n   a ids   and  for  an  a d d i t i o n a l   2  hours .   At  the  end  o f  



t h i s   p e r i o d ,   the  f l a s k   is  then  c o o l e d   to  ambient   t e m p e r a t u r e s   and 

the  s u b s e q u e n t   emu l s ion   s u b j e c t e d   to  steam  d i s t i l l a t i o n   to  remove 

the  u n c o n v e r t e d   monomer.  The  r e s u l t i n g   emuls ion  c o n t a i n s   about   30 

p e r c e n t   s o l i d s .  

P r e p a r a t i o n   of  Coa t ing   C o l o r  

A  p o l y m e r i c   b lend  is  p r e p a r e d   by  admix ing ,   with  mild   a g i t a t i o n ,   84 

p a r t s ,   on  a  dry  b a s i s ,   of  the  emuls ion   c o n t a i n i n g   the  b i n d e r  

copo lymer   w i t h   16  p a r t s ,   on  a  dry  b a s i s ,   of  the  emul s ion   c o n t a i n i n g  

the  r h e o l o g y   c o n t r o l   c o p o l y m e r   to  form  a  blend  of  46  we igh t   p e r c e n t  

s o l i d s .  

A  p r e - c o a t ,   paper   c o a t i n g   c o m p o s i t i o n   is  p r e p a r e d   by  adding  5  p a r t s  

of  t h i s   b l e n d   to  100  p a r t s   of  c a l c i u m   c a r b o n a t e   d i s p e r s e d   in  an  

aqueous   s o l u t i o n  o f   0.1  p a r t s   sodium  p o l y a c r y l a t e   and  0.2  p a r t s  .  

sodium  m e t a p h o s p h a t e   us ing   v i g o r o u s   a g i t a t i o n .   The  pH  of  t h e  

r e s u l t i n g   a d m i x t u r e   is  then  a d j u s t e d   to  8.5  by  the  a d d i t i o n   o f  

c a u s t i c   s o d a .   The  r e s u l t i n g   p r e - c o a t   has  62  p e r c e n t   s o l i d s   with  a  

v i s c o s i t y   of  900  cps  measured   us ing  a  B r o o k f i e l d   v i s c o m e t e r ,   t y p e  

No.  RVT,  u s i n g   S p i n d l e   No.  5   at   100  rpm  and  25°C.  

An  i d e n t i c a l   t o p - c o a t   paper   c o a t i n g   c o m p o s i t i o n   is  p r e p a r e d   e x c e p t  

t h a t   100  p a r t s   of  D ink i e   A  c l ay   is  used  in  p l a c e   of  the  c a l c i u m  

c a r b o n a t e .   The  r e s u l t i n g   t o p - c o a t   has  58  p e r c e n t   s o l i d s   with  a  

v i s c o s i t y   of  1600  cps  measured   us ing   a  B r o o k f i e l d   v i s c o m e t e r ,   t y p e  

No.  RVT,  u s ing   Sp ind l e   No .  5   at  .100  rpm  and  15°C.  

A  base  pape r   of  36  grams  per  squa re   meter  (g/m2)  is  c o a t e d   with  t h e  

p r e - c o a t   c o m p o s i t i o n   at   a  speed  of  600  m/min  .and  at  10  g/m2  c o a t  

we igh t   w i th   6  p e r c e n t   m o i s t u r e   us ing  a  c o n v e n t i o n a l   b l ade   c o a t i n g  

t e c h n i q u e .   The  p r e - c o a t e d   paper   is  then  d r i e d   and  s u b s e q u e n t l y  

c o a t e d   wi th   the  t o p - c o a t   c o m p o s i t i o n   a t   a  speed  of  600  m/min  and  a t  

10  g/m2  c o a t   we igh t   with  6  p e r c e n t   mo i s tu re   using  a  c o n v e n t i o n a l  

b l ade   c o a t i n g   t e c h n i q u e .   E x c e l l e n t   r u n a b i l i t y   c h a r a c t e r i s t i c s   were  

o b s e r v e d .   The  b ind ing   s t r e n g t h   of  the  coa t ed   paper  is  found  to  be  48 

cm/sec  when  measured   us ing   c o n v e n t i o n a l   IGT  t e s t   equipment   w i t h  



a  pendulum  d r i v e ,   with  the  r e s u l t   being  r e p o r t e d   in  c e n t i m e t e r s   p e r  

second  to  the  f i r s t   pick  of  the  coa t ed   paper  using  a  low  v i s c o s i t y  

o i l   at   a  p r i n t i n g   p r e s s u r e   of  350  newtons  per  square   c e n t i m e t e r .   The 

p r i n t a b i l i t y   of  the  c o a t e d   paper   is  found  to  be  above  45  mm  when 

measured   us ing  a  t e s t i n g   d e v i c e ,   for  measur ing   p r i n t a b i l i t y   of  p a p e r  

p r i n t e d   us ing   r o t a g r a v u r e   p r i n t i n g   t e c h n i q u e s ,   which  has  b e e n  

a d a p t e d   t o  a   pendulum  d r i v e  I G I  t e s t e r ,   Type  2A,  with  the  r e s u l t s  -  

being  r e p o r t e d   in  m i l l i m e t e r s   (mm)  to  twenty  mi s s ing   dots   using  a  

p r i n t i n g   p r e s s u r e   of  250  n e w t o n s / c m 2 .  

C o m p a r a t i v e   Example  

A  double   c o a t e d   paper  is  p r e p a r e d   using  the  same  c o a t i n g   t e c h n i q u e s  

b y   c o a t i n g   the  base  paper   with  i d e n t i c a l   p r e - c o a t   and  t o p - c o a t  

c o m p o s i t i o n s   excep t   p r e p a r e d   with  a  po lymer ic   b inder   c o m p o s i t i o n   o f  

a  f i r s t   polymer  of  an  a c r y l a t e   and  vinyl,   a c e t a t e   and  a  s e c o n d  

copolymer   of  an  a c r y l a t e ,   c a r b o x y l i c   acid   and  an  amide.  The  d o u b l e  

c o a t e d   paper   e x h i b i t s   a  b ind ing   s t r e n g t h   of  only  24  cm/sec  a n d  

a p p r o x i m a t e l y   the  same  p r i n t a b i l i t y   as  the  double   c o a t e d   paper  u s i n g  

the  p r e - c o a t   and  t o p - c o a t   c o m p o s i t i o n   p r e p a r e d   using  the  p o l y m e r i c  

b inde r   of  the  p r e s e n t   i n v e n t i o n .  

As  shown  by  t h i s   Example,  the  po lymer ic   c o m p o s i t i o n s   of  the  p r e s e n t  

i n v e n t i o n   are  e x c e p t i o n a l   b i n d e r s   for  paper  c o a t i n g s .   S p e c i f i c a l l y ,   t h e  

paper   c o a t i n g s   p r epa red   using  the  po lymer ic   c o m p o s i t i o n s   of  the  p r e s e n t  

i n v e n t i o n   impa r t   u n e x p e c t e d l y   high  b inding  s t r e n g t h s   in  c o m b i n a t i o n   w i t h  

e x c e l l e n t   p r i n t a b i l i t y   c h a r a c t e r i s t i c s .  



1.  An  improved   po lymer i c   c o m p o s i t i o n   u s e f u l   as  the  b i n d e r   c o m p o n e n t  

in  a  c o a t i n g   c o l o r ,   the  p o l y m e r i c   c o m p o s i t i o n   being  composed  of  two 

p o l y m e r i c   c o m p o n e n t s ,   the  improvement   c o m p r i s i n g   the  i n c l u s i o n   in  t h e  

c o m p o s i t i o n ,   as  one  o f  t h e   p o l y m e r i c   componen t s ,   of  a  r h e o l o g y   c o n t r o l  

po lymer   of  a  l i g h t l y   c r o s s - l i n k e d   copolymer  c o m p r i s i n g   an  @,B 

- e t h y l e n i c a l l y   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 ,   an  e s t e r   of  an  @, 

- e t h y l e n i c a l l y   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   and  an  u n s a t u r a t e d   n i t r i l e .  

2.  The  p o l y m e r i c   c o m p o s i t i o n   of  Claim  1  wherein  the  r heo logy   c o n t r o l  

po lymer   c o m p r i s e s ,   in  p o l y m e r i z e d   form,  from  about   0 .01  to  10  w e i g h t  

p e r c e n t   of  a  c r o s s - l i n k i n g   monomer,  s a i d   we igh t   p e r c e n t   being  based  on  

the  t o t a l   w e i g h t   of  the  r heo logy   c o n t r o l   p o l y m e r .  

3.  A  p o l y m e r i c   c o m p o s i t i o n   c o m p r i s i n g   a  f i r s t   copolymer   of  a  b i n d e r  

copo lymer   of  a  m o n o v i n y l i d e n e   a r o m a t i c ,   a  c o n j u g a t e d   d iene   a n d ,  

o p t i o n a l l y ,   o t h e r   c o p o l y m e r i z a b l e   monomers  or  a  copolymer  of  an  e s t e r   o f  

an  @ , β - e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   ac id ,   a  comonomer  which  f o rms  

a  w a t e r - i n s o l u b l e   homopolymer  and,  o p t i o n a l l y ,   o the r   comonomers  and  a  

second  c o p o l y m e r   of  a  r h e o l o g y   c o n t r o l   copolymer  of  a  l i g h t l y  

c r o s s - l i n k e d   copo lymer   of  an  @ , β - e t h y l e n i c a l l y   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 ;   an  e s t e r   of  a n  @ , β - e t h y l e n i c a l l y  u n s a t u r a t e d   c a r b o x y l i c   acid   and  an  

u n s a t u r a t e d   c a r b o x a m i d e .  

4.  The  p o l y m e r i c   c o m p o s i t i o n   of  Claim  3  where in   the  c o m p o s i t i o n  

c o m p r i s e s   from  50  to  97  w e i g h t   p e r c e n t   of  the  b inder   copo lymer   and  from  3 

to  50  w e i g h t   p e r c e n t   of  the  rheo logy   c o n t r o l   copo lymer ,   these   w e i g h t  

p e r c e n t s   be ing   based   on  the  t o t a l   amount  of  the  rheo logy   c o n t r o l   po lymer  

and  the  b i n d e r   c o p o l y m e r .  

5.  The  p o l y m e r i c   c o m p o s i t i o n   of  Claim  4  w h e r e i n  -  t h e   p o l y m e r i c  

c o m p o s i t i o n   c o m p r i s e s   from  60  to  90  we igh t   p a r t s   of  a  b inde r   c o p o l y m e r  

c o m p r i s i n g ,   based   on  100  we igh t   p a r t s ,   a t   l e a s t   60  w e i g h t   p a r t s ,   i n  

p o l y m e r i z e d   form,  of  a  m o n o v i n y l i d e n e   a romat ic   and  a  c o n j u g a t e d   d i e n e ,  

the  m o n o v i n y l i d e n e   a romat i c   and  c o n j u g a t e d   diene  being  employed  i n  

amounts  such  t h a t   the  m o n o v i n y l i d e n e   a roma t i c   c o m p r i s e s   from  10  to  90 

w e i g h t   p e r c e n t   and  the  c o n j u g a t e d   d iene   compr i ses   from  10  to  90  w e i g h t  

p e r c e n t   of  the  t o t a l   we igh t   o f   the  m o n o v i n y l i d e n e   a roma t i c   and  c o n j u g a t e d  

d iene   employed  and  from  10  to  40  w e i g h t   p a r t s   of  a  r heo logy   c o n t r o l  



copolymer   c o m p r i s i n g ,   based  on  100  weight   p a r t s ,   in  p o l y m e r i z e d   form  f r o m  

40  to  90  we igh t   p a r t s   of  an  e s t e r  o f   an  a , a - e t h y l e n i c a l l y   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 ,   from  1  to  30  we igh t   p a r t s   of  an  @ , β - e t h y l e n i c a l l y  

u n s a t u r a t e d   c a r b o x y l i c   a c id ,   from  0.5  to  30  we igh t   p a r t s   of  an  

e t h y l e n i c a l l y   u n s a t u r a t e d   n i t r i l e   and  from  0.01  to  10  we igh t   p a r t s   of  a  

c r o s s - l i n k i n g   monomer.  

6.  The  p o l y m e r i c  c o m p o s i t i o n  o f   C la im  5  where in   the  b inder   c o p o l y m e r  

f u r t h e r   c o m p r i s e s   up  to  20  we igh t   p e r c e n t   of  an  @,β  - e t h y l e n i c a l l y  

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 .  

.7.  The  po lymer ic   c o m p o s i t i o n   of  Claim  5  where in   the  b inder   c o p o l y m e r  

is  composed  based  on  100  weight   p a r t s ,   in  p o l y m e r i z e d   form,  of  from  50  t o  

70  we igh t   p a r t s   of  a  monov iny l i dene   a r o m a t i c ,   from  30  to  50  we igh t   p a r t s  

of  a  c o n j u g a t e d   d iene   and  from  1  to  5  we igh t   p a r t s   of  an  @,β  

- e t h y l e n i c a l l y   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 .  

8 .   The  c o m p o s i t i o n   of  Claim  -7  where in   the  m o n o v i n y l i d e n e   a romat ic   i s  

s t y r e n e ,   the  c o n j u g a t e d   diene  is  1 , 3 - b u t a d i e n e   and  the'  u n s a t u r a t e d  

c a r b o x y l i c   acid  is  i t a c o n i c   and /or   a c r y l i c   a c i d .  

9.  The  po lymer ic   c o m p o s i t i o n   of  Claim  8  where in   the  rheo logy   c o n t r o l  

copolymer   is  composed,  based  on  100  weight   p a r t s ,   in  p o l y m e r i z e d   form,  o f  

from  50  to  70  weight   p a r t s   e t h y l a c r y l a t e   and /or   e t h y l m e t h a c r y l a t e ,   f rom 

10  to  20  weight   p a r t s   of  a c r y l i c   acid  and/or   m e t h a c r y l i c   ac id ,   from  10  t o  

20  we igh t   p a r t s   of  a c r y l o n i t r i l e   and  from  0.05  to  2  weight   p a r t s - o f   a l l y l  

m e t h a c r y l a t e   and/or   a l l y l   a c r y l a t e .  

10.  The  po lymer ic   c o m p o s i t i o n   of  Claim  4  where in   the  b i n d e r  

copolymer   is  d e r i ved   from  35  to  60  weight   p e r c e n t   of.  an  e s t e r   of  a c r y l i c  

and /o r   m e t h a c r y l i c   acid  with  an  a l c o h o l   having  from  1  to  8  ca rbon   a t o m s ,  

from  35  to  60  'weight  p e r c e n t   of  a  v i n y l   a c e t a t e   and /o r   v i n y l   p r o p i o n a t e ,  

and,  o p t i o n a l l y ,   up  to  10  weight   p e r c e n t   of  a  c o p o l y m e r i z a b l e   monomer, 

sa id   we igh t   p e r c e n t s   being  based  on  the  t o t a l   we igh t   of  the  b i n d e r  

c o p o l y m e r .  

11.  The  polymeric   c o m p o s i t i o n   of  Claim  10  where in   the  r h e o l o g y  

c o n t r o l   copolymer  is  de r ived   from  40  to  90  weight   p e r c e n t   of  an  e s t e r   o f  

a c r y l i c   acid   with  an  a l c o h o l   having  from  1  to  8  ca rbon   atoms,  from  5  t o  

40  weight   p e r c e n t   of  a c r y l i c   and /or   m e t h a c r y l i c   a c id ,   from  0.5  to  25 

weight   p e r c e n t   of  a c r y l o n i t r i l e   and  up  to  10  we igh t   p e r c e n t   of  a  v i n y l  

e s t e r   of  a  monocarboxyl ic   acid  and  from  0.05  to  5  weight   p e r c e n t   of  a 



c r o s s - l i n k i n g   monomer,  s a id   w e i g h t   p e r c e n t s   being  based  on  the  t o t a l  

w e i g h t   of  the  r heo logy   c o n t r o l   p o l y m e r .  

12.  A  paper   c o a t i n g   c o m p r i s i n g   a  s u s p e n s i o n   of  a  p igment   a n d / o r  

f i l l e r   in  an  aqueous  medium  and  c o n t a i n i n g ,   as  the  b i n d e r   component ,   t h e  

p o l y m e r i c   c o m p o s i t i o n   of  Claim  4 .  

13.  The  paper   c o a t i n g   of  Claim  12,  where in   the   p o l y m e r i c   c o m p o s i t i o n  

c o m p r i s e s   from  60  to  90  we igh t   p a r t s   of  a  b i n d e r   copolymer   c o m p r i s i n g ,  

b a s e d   on  100  we igh t   p a r t s ,   at   l e a s t   60  we igh t   p a r t s ,   in  p o l y m e r i z e d   f o r m ,  

of  a  m o n o v i n y l i d e n e   a r o m a t i c   and  a  c o n j u g a t e d   d i e n e ,   the  m o n o v i n y l i d e n e  

a r o m a t i c   and  c o n j u g a t e d   d iene   being  employed  in  amounts  such  t h a t   t h e  

m o n o v i n y l i d e n e   a roma t i c   c o m p r i s e s   from  10  to  90  we igh t   p e r c e n t   of  t h e  

t o t a l   w e i g h t   of  the  m o n o v i n y l i d e n e   a roma t i c   and  c o n j u g a t e d   d i e n e  

employed   and  from  10  to  40  we igh t   p a r t s   of  a  r h e o l o g y   c o n t r o l   c o p o l y m e r  

c o m p r i s i n g ,   based   on  100  we igh t   p a r t s ,   in  p o l y m e r i z e d   form,  from  40  to  90 

w e i g h t   p a r t s   of  an  e s t e r   of  an  @ , β - e t h y l e n i c a l l y   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 ,   from  1  to  30  we igh t   p a r t s   of  an  @ , β - e t h y l e n i c a l l y   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 ,   from  0.5  to  30  we igh t   p a r t s   of  an  e t h y l e n i c a l l y  

u n s a t u r a t e d   n i t r i l e   and  from  0 .01  to  10  we igh t   p a r t s   of  a  c r o s s - l i n k i n g  

m o n o m e r .  

14.  The  paper  c o a t i n g   of  Claim  12  where in   the  po lymer i c   c o m p o s i t i o n  

c o m p r i s e s   a  b inde r   copolymer   from  60  to  90  we igh t   p a r t s   of  a  b i n d e r  

c o p o l y m e r   d e r i v e d   from  35  to  60  we igh t   p e r c e n t   of  an  e s t e r   of  a c r y l i c  

a n d / o r   m e t h a c r y l i c   ac id   with  an  a l c o h o l   having  from  1  to  8  carbon  a t o m s ,  

from  35  to  60  we igh t   p e r c e n t   of  a  v i n y l   a c e t a t e   and /o r   v i n y l   p r o p i o n a t e ,  

and,   o p t i o n a l l y ,   up  to  10  we igh t   p e r c e n t   of  a  c o p o l y m e r i z a b l e   monomer, 

s a i d   w e i g h t   p e r c e n t s   being  based  on  the  t o t a l   we igh t   of  the  b i n d e r  

c o p o l y m e r ,   and  from  10  to  40  we igh t   p a r t s   of  a  r heo logy   c o n t r o l   c o p o l y m e r  

d e r i v e d   from  40  to  90  we igh t   p e r c e n t   of  an  e s t e r   of  a c r y l i c   acid  with  a n  

a l c o h o l   having  from  1  to  8  ca rbon   atoms,  from  5  to  40  we igh t   p e r c e n t   o f  

a c r y l i c   and /o r   m e t h a c r y l i c   a c i d ,   from  0.5  to  25  we igh t   p e r c e n t   o f  

a c r y l o n i t r i l e ,   up  to  10  w e i g h t   p e r c e n t   of  a  v i n y l   e s t e r   of  a  

m o n o c a r b o x y l i c   acid   and  from  0.05  t o  2   weight   p e r c e n t   of  a  c r o s s - l i n k i n g  

monomer,  s a i d   we igh t   p e r c e n t s   being  based  on  the  t o t a l   weight   of  t h e  

r h e o l o g y   c o n t r o l   p o l y m e r .  
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