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©  Aldehyde-substituted  amide  polymers,  their  preparation  and  use. 
To  avoid  gellation  in  the  preparation  of  aldehyde- 

substituted  amide  polymers,  substituted  amide  monomer  is 
reacted  with  a  polyaldehyde  and,  simultaneously  and/orsub- 
sequently,  polymerized  with  at  least  one  other  monomer  to 
provide  polymer  containing  free  aldehyde  groups  and  in 
which  the  polyaldehyde  is  predominantly  mono-functionally 
bonded  to  the  polymer.  The  polymer  may  be  crosslinked  by 
added  crosslinker  or  is  self-crosslinkable  when  it  contains 
unreacted  amide  groups.  Preferred  reactants  are  acrylamide 
or  methacrylamide,  glyoxal  and  acrylic  or  methacrylic  acid 
esters.  The  polymers  may  be  used  as  binders  in  the  manufac- 
ture  of  paper  and  nonwoven  fabrics. 



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

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

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

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

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

r e a d i l y   made  in   t h e   fo rm  of  a  c o p o l y m e r   l a t e x   and  i s   u s e f u l  

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

b i n d e r s   f o r   n o n w o v e n   f a b r i c s   and  hand   or  s o f t n e s s   m o d i f i e r s ,  

and  in  t h e   p r e p a r a t i o n   of  p a p e r s   u t i l i z i n g   b i n d e r s   or  c o a t i n g s .  

I t   i s   known  in  t h e   a r t   to   e m p l o y ,   as  a  b i n d e r ,   w a t e r - i n s o l u b l e  

a l d e h y d e - s u b s t i t u t e d   amide   c o p o l y m e r s   in   w h i c h   t h e   a l d e h y d e  

i s   a  m o n o - a l d e h y d e ,   such   as  f o r m a l d e h y d e .   U.S .   P a t e n t  

3 , 0 3 7 , 9 6 3 ,   d i s c l o s e s   t h e   p r e p a r a t i o n   of   m o n o - a l d e h y d e - s u b -  

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

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

i s   f o r m a l d e h y d e .   U .S .   P a t e n t   3 , 1 5 7 , 5 6 2 ,   d i s c l o s e s   t h a t  

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

g r o u p s   and  amide   g r o u p s ,   in  c e r t a i n   p r o p o r t i o n s ,   s e r v e   a s  

b i n d e r s   f o r   n o n w o v e n   f a b r i c s .   U .S .   P a t e n t   3 , 1 0 0 , 6 7 4 ,   d i s -  

c l o s e s   t h e   use   of  N - m e t h y l o l a m i d e   c o p o l y m e r s   f o r   s t a b i l i z i n g  

p r o t e i n - c o n t a i n i n g   woven  and  k n i t t e d   t e x t i l e   m a t e r i a l s   a g a i n s t  

s h r i n k a g e .   In  d e s c r i b i n g   t he   u s a b l e   a l d e h y d e s ,   U .S .   3 , 0 3 7 , 9 6 3  

s t a t e s   a t   c o l u m n   7,  l i n e   6  " A l d e h y d e s   c o n t a i n i n g   two  or  m o r e  

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

s h o u l d   n o t   be  u s e d   i n a s m u c h   as  t h e y   c a u s e   ge l   f o r m a t i o n   w h e n  



r e a c t e d   w i t h   a m i d e   i n t e r p o l y m e r s . "   U .S .   2 , 8 8 6 , 5 5 7   d i s c l o s e s  

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

d u c e   a  c r o s s l i n k e d   p o l y m e r .   We  have   d i s c o v e r e d   how  to   p r e p a r e  
w a t e r - i n s o l u b l e   a m i d e   c o p o l y m e r s   c o r e a c t e d   w i t h   p o l y a l d e h y d e s  

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

i s   u s a b l e   as  a  t h e r m o s e t t a b l e   b i n d e r   or   t r e a t i n g   a g e n t   i n  

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

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

e x t e r n a l   c r o s s l i n k e r s .  

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

a d h e s i v e s   in   s o f t   f i b e r   f a b r i c s ; b o n d i n g   a g e n t s ,   to   bond   a  

l a m i n a t e   foam  to  a  f a b r i c   or  a  f a b r i c   to   a n o t h e r   f a b r i c ,   o r  

in   n o n w o v e n   f a b r i c s ;   f a b r i c   b a c k i n g   a g e n t s ;   p i g m e n t   b i n d e r s ,  

e s p e c i a l l y   f o r   u se   on  p a p e r   and  to   b i n d   p i g m e n t s   t o  g l a s s  

f a b r i c s   or   in   p i g m e n t   p r i n t i n g   and  d y e i n g   of  f a b r i c s ;   f a b r i c  

f i n i s h i n g   a g e n t s ,   t o   m o d i f y   t h e   h a n d   or   w e i g h t   of   a  f a b r i c ;  

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

i z e r s   f o r   w o o l l e n   and  w o r s t e d   f a b r i c s   and  as  b i n d e r s   f o r  

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

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

to   w a s h i n g   and  d r y   c l e a n i n g .   The  a d d i t i o n   of  e x t e r n a l   c r o s s -  

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

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

E x p o s u r e   of   w o r k e r s   to   f o r m a l d e h y d e   has   b e e n   of  g r o w i n g   c o n -  

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

w o r k e r   s a f e t y .   The  v a r i o u s   f o r m a l d e h y d e   a m i d e   a d d u c t s ,   s u c h  

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

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

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

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

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

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

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

f o r   e x t r e m e   s a f e t y   p r e c a u t i o n s .   F a b r i c s   u t i l i z i n g   f o r m a l d e -  



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

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

a  f o r m a l d e h y d e - f r e e   p o l y m e r ,   such   as  t h a t   of  t h i s   i n v e n t i o n ,  

i s   n e e d e d .  

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

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

(A)  monomer   w h i c h   i s   t h e   p r o d u c t   of  a t   l e a s t   one  e t h y l e n i -  

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

one  a l d e h y d e   g r o u p   of  a t   l e a s t   one  p o l y a l d e h y d e ,   t h e   p r o d u c t  

h a v i n g   a t   l e a s t   one  f r e e   a l d e h y d e   g r o u p ,   and  (B)  a t   l e a s t   o n e  

o t h e r   e t h y l e n i c a l l y   u n s a t u r a t e d   monomer ;   t h e   amide   m o n o m e r  

c o m p o n e n t   of  (A)  and  any  u n s u b s t i t u t e d   amide   monomer  of  (B) 

b e i n g   up  to   50%  of  t h e   t o t a l   m o n o m e r s ,   by  w e i g h t .   In  a  p r e -  
f e r r e d   e m b o d i m e n t ,   t h e   c o p o l y m e r   has   s u f f i c i e n t   u n s u b s t i t u t e d  

a m i d e   g r o u p s   among  t h e   (B)  monomer s   and  amide   g r o u p s   m o n o -  

f u n c t i o n a l l y   b o n d e d   to   a  p o l y a l d e h y d e ,   (A),   to   be  t h e r m o -  

s e t t a b l e .   In  a n o t h e r   e m b o d i m e n t ,   an  e x t e r n a l   c r o s s l i n k e r   i s  

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

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

p o l y m e r   in  t he   m a n u f a c t u r e   of  f a b r i c s   and  p a p e r s .   A  p r e f e r r e d  

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

s t a b l e   p o l y m e r   l a t e x   or  p o l y m e r   e m u l s i o n .  

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

m o n o m e r s ,   o t h e r   t h a n   t h e   a m i d e s ,   a r e :   (1)  v i n y l   e s t e r s   of  a n  

a l i p h a t i c   a c i d   h a v i n g   1  to  18  c a r b o n   a t o m s ,   e s p e c i a l l y   v i n y l  

a c e t a t e ;   (2)  a c r y l i c   a c i d   e s t e r s   and  m e t h a c r y l i c   a c i d   e s t e r s  

of  an  a l c o h o l   h a v i n g   1  to  18  c a r b o n   a t o m s ,   and  (3)  e t h y l e n i -  

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

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

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

c o m p o n e n t s   (A)  and  (B)  i s   a  p o l y m e r i z a b l e   amide   such   a s  

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

d i a m i d e .   A c r y l a m i d e   and  m e t h a c r y l a m i d e   a r e   p r e f e r r e d .  



G l y o x a l   i s   an  e x a m p l e   of   t h e   p o l y a l d e h y d e   w h i c h   i s   m o n o -  

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

s t r u c t u r e :  

w h e r e i n   R1,  R2  and  R3  a r e .  i n d e p e n d e n t l y ,   h y d r o g e n ,   a  m o n o -  

f u n c t i o n a l  o r g a n i c   g r o u p   or  two  of  t h e m   t o g e t h e r   a r e   a  d i -  

f u n c t i o n a l   o r g a n i c   g r o u p   and  A  i s   a  s i n g l e   b o n d ,   as  in   g l y -  

o x a l ,   or   d i - f u n c t i o n a l   o r g a n i c   g r o u p .   Thus  t h e   p o l y m e r   i s  

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

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

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

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

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

an  a m i n o p l a s t   or   a  p o l y e p o x i d e   in  c o n j u n c t i o n   w i t h   t h e   p o l y -  

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

t a i n i n g   p o l y m e r s ,   when  c u r e d   as  by  h e a t i n g   a t   an  e l e v a t e d  

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

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

r e s i s t a n c e   to   d r y   c l e a n i n g ,   w h i c h   may  be  p e r f o r m e d   by  c h l o r -  

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

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

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

c o p o l y m e r i z a t i o n .   The  c o p o l y m e r s   a r e   p r e p a r e d   u s i n g   up  t o  

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

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

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

a l d e h y d e ,   as  i n d i c a t e d   by  t h e   a b s e n c e   of   g e l a t i o n ,   and  f r e e  

a l d e h y d e   g r o u p s   r e m a i n   on  t h e   p o l y a l d e h y d e ,   as  shown  by  t h e  

c u r a b i l i t y   of   t h e   p o l y m e r .   Thus   t h e  p o l y m e r   c o m p r i s e s   u n -  

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

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



mer  a l s o   c o m p r i s e s   a c i d   g r o u p s .  

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

t h e   p o l y a l d e h y d e   i s   g l y o x a l .   A  p r e f e r r e d   m e t h o d   f o r   p r e -  
p a r i n g   t h e   p o l y m e r s   i s   by  e m u l s i o n   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 s   in  t h e   p r e s e n c e   of  t h e   p o l y a l d e h y d e ,   u n d e r   c o n d i t i o n s  

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

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

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

a l d e h y d e   s u c h   as  o t h e r   amide   g r o u p s .   The  l a t e x   so  p r o d u c e d  
i s   u s e d   in  t h e   m a n u f a c t u r e   of  p a p e r   or  f a b r i c   p r o d u c t s   f o l l o w -  

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

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

make  t h e   n e c e s s a r y   a c c o m m o d a t i o n s   f o r   m o d e s t   d i f f e r e n c e s   i n  

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

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

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

i s   w a t e r   r e s i s t a n t   and  s o l v e n t   r e s i s t a n t .   I t   i s   p r e s u m e d   t h a t  

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

hyde   and  amide   g r o u p s   w h i c h   had  been   p e n d a n t   on  t h e   p o l y m e r  

to  p r o d u c e   a  c r o s s l i n k e d   p o l y m e r .  

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

p a r e d   in   l a t e x   fo rm  as  a  w a t e r - i n s o l u b l e   a d d i t i o n   c o p o l y m 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   amide  and  a t   l e a s t   one  o t h e r  

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

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

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

mer  so  as  to   r e n d e r   t h e   c o p o l y m e r   t h e r m o s e t t a b l e .   The  c o -  

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

d u r i n g   t he   p o l y m e r i z a t i o n .   I t   i s   b e l i e v e d   t h a t   t h e   p o l y a l d e -  

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

p o l y m e r .   Thus  t he   c o p o l y m e r   i s   no t   c r o s s l i n k e d   b u t   i s   s t i l l  



c r o s s l i n k a b l e   a t   t h e   end  of  t h e   p o l y m e r i z a t i o n   s t e p .   A l t h o u g h  

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

i s   s t a b l e   and  d o e s   n o t   g e l   when  s t o r e d   a t   room  t e m p e r a t u r e  
f o r   m o n t h s   or   even   l o n g e r .   P r e f e r a b l y   a l l   t h e   p o l y a l d e h y d e  

in  t h e   l a t e x   i s   b o n d e d   to   t h e   p o l y m e r .   The  l a t e x ,   in  a  f o r -  

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

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

I t   i s   p r e f e r r e d   t h a t   t h e . p o l y a l d e h y d e   be  a t   l e a s t   s l i g h t l y  

w a t e r   s o l u b l e   s u c h   as  g l u t e r a l d e h y d e   or  2 - i m i d a z o l i d o n e - l , 3 -  

b i s ( 2 , 2 - d i m e t h y l p r o p a n o l )   or  more   p r e f e r a b l y ,   w a t e r   s o l u b l e  

s u c h   as  g l y o x a l .   By  p o l y a l d e h y d e ,   w h a t   i s   m e a n t   in  t h i s   s p e c -  
i f i c a t i o n   i s   a  n o n - p o l y m e r i c   o r g a n i c   m o l e c u l e   w i t h   more  t h a n  

o n e  J r o u p .   A l d e h y d e s   o f t e n   f o rm  h o m o p o l y m e r s   or  c o -  

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

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

i n v e n t i o n   i s   g l y o x a l ,   o r d i n a r i l y   d e p i c t e d   by  t h e   s t r u c t u r e :  

G l y o x a l   i s   mos t   commonly   a v a i l a b l e   c o m m e r c i a l l y   as  a  40% 

a q u e o u s   s o l u t i o n .   In   t h i s   fo rm  g l y o x a l   has   no  a p p r e c i a b l e  

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

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

of   g l y o x a l   a r e   n o n e x p l o s i v e   and  n o n f l a m m a b l e .   _ G l y o x a l   in   i t s  

h y d r a t e d   f o r m   ( I I )   i s   b e l i e v e d   to   e x i s t   in   e q u i l i b r i u m   w i t h  

( I I a )   and  ( I I b ) :  



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

s i m p l i f i e d   OHC-CHO  d e p i c t i o n   i s   u s e d   in  t h i s   s p e c i f i c a t i o n .  

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   u n s u b s t i t u t e d   amide   m o n o m e r s  

of   t h i s   i n v e n t i o n   i n c l u d 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 ,   i t a c o n i c  

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

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

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

a m i d e   i s   an  amide   h a v i n g   two  h y d r o g e n s   on  t h e   amide   n i t r o g e n ,  

i . e .   t h e   amide   g r o u p   -CONH2.  

Among  t h e   o t h e r   e t h y l e n i c a l l y   u n s a t u r a t e d   monomer s   u s e f u l   i n  

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

h a v i n g   1  to   8  c a r b o n   a t o m s   s u c h   as  v i n y l   f o r m a t e ,   v i n y l   a c e -  

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

P r e f e r r e d   i s   v i n y l   a c e t a t e   p a r t i c u l a r l y   when  u s e d   w i t h   one  o r  

more   of  t h e   f o l l o w i n g :   v i n y l   c h l o r i d e ,   v i n y l i d e n e   c h l o r i d e ,  

s t y r e n e ,   v i n y l   t o l u e n 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 ,   a n d  

a c r y l a t e   or   m e t h a c r y l a t e   e s t e r s .   The  a c r y l a t e   and  m e t h a c r y -  

l a t e   e s t e r s   of  a l k y l   and  c y c l o a l k y l   a l c o h o l s   h a v i n g   1  to  18 

c a r b o n   a t oms   form  u s e f u l   p o l y m e r s ,   w i t h   C1  to   C8  a l c o h o l s  

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

m i x t u r e s   w i t h   t h e   f o l l o w i n g   m o n o m e r s :   v i n y l   a c e t a t e ,   v i n y l  

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

v i n y l   t o l u e n e ,   a c r y l o n i t r i l e   and  m e t h a c r y l o n i t r i l e .   The  u n -  

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

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

one  or  more   e s t e r s ,   n i t r i l e s   or  a m i d e s   of  a c r y l i c   a c i d   or  o f  

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

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

common  and  i n d e e d   u s e f u l   to  i n c l u d e   a  s m a l l   amoun t   such   a s  

a  1/2  p e r c e n t   to   a b o u t   2  1/2  p e r c e n t ,   4%,  or  p e r h a p s   8%  o r  

m o r e ,   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   m o n o m e r  

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

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

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

a c i d   and  so  f o r t h .   The  use   of  t he   a c i d s   o f t e n   a i d s   in  t h e  



c u r i n g   of  t h e   p o l y m e r .   E s t e r s   of   t h e s e   a c i d s   w i t h   CI  to   C18  
a l c o h o l s   may  be  u s e d .   The  p r e f e r r e d   e s t e r s   of  m e t h a c r y l i c  

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

w i t h   m e t h y l   b e i n g   mos t   p r e f e r r e d .   The  p r e f e r r e d   e s t e r s   o f  

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

b u t y l ,   s e c o n d a r y   b u t y l ,   i s o b u t y l   and  2 - e t h y l h e x y l   e s t e r s .   A 

c o p o l y m e r   c o m p o s i t i o n   c o n t a i n i n g   a t   l e a s t   a b o u t   60%  by  w e i g h t  

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

t h e s e   i s   e s p e c i a l l y   u s e f u l .  

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

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

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

m o n o m e r s ;   t h e   c o p o l y m e r i z a t i o n   b e i n g   c a r r i e d   ou t   in   t h e   p r e -  

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

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

c o p o l y m e r   f o r m e d ;   t h e r e   i s   to   be  l e s s   amide   monomer   t h a n   t h e  

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

A l t h o u g h   50%  or   25%  may  be  e m p l o y e d ,   i t   i s   f o u n d   t h a t   12% 

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

and  0.5%  i s   a  u s u a l   l o w e r   l i m i t   f o r   e f f e c t i v e   c r o s s l i n k i n g .  

P r e f e r a b l y ,   t h e   a m i d e   monomer   c o n t e n t   i s   b e t w e e n   2%  and  10% 

w i t h   3%  to   6%  b e i n g   m o s t   p r e f e r r e d .   T h e s e   amide   m o n o m e r  

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

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

One  e m b o d i m e n t   of   t h i s   i n v e n t i o n   p r o v i d e s   s e l f - c r o s s l i n k i n g  

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

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

i v e   c r o s s l i n k i n g   b u t   n o t   so  much  in   r e l a t i o n   t o   t h e   a m o u n t  

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

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

T h e s e   d e s i d e r a t a   a r e   a c h i e v e d   when  t h e r e   a r e   a b o u t   0 . 2   t o  

a b o u t   0 . 8   of  a  m o l e   of  p o l y a l d e h y d e   p e r   mole   of  amide   g r o u p s .  

T h u s ,   when  t h e   l a t e x   i s   p r e p a r e d   and  a p p l i e d   to   t h e   f a b r i c  

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

0 . 2   m o l e   of   p o l y a l d e h y d e   p e r   mo le   of   amide   t h e r e   i s   0 . 8   m o l e  



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

t h e   o t h e r   e x t r e m e ,   when  0 .8   mole   of   p o l y a l d e h y d e   p e r   mole   o f  

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

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

r e a c t i o n   d u r i n g   c u r i n g .   P r e f e r a b l y ,   t h e r e   i s   b e t w e e n   0 .4   a n d  

0 .6   mo le   of   p o l y a l d e h y d e   p e r   mole   of  a m i d e   g r o u p s   w i t h   0 . 4 5  

to   0 . 5 5   mo le   of  p o l y a l d e h y d e   p e r   mole   of  amide   g r o u p s   b e i n g  

m o s t   p r e f e r r e d .  

In  a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   0 . 5 ,   p r e f e r a b l y   0 . 7  

to  one  mole   of  p o l y a l d e h y d e   p e r   amide   g r o u p   i s   p r e s e n t   d u r i n g  

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

a c h i e v e d   by  u se   of  an  e x t e r n a l   a m i n o p l a s t   c r o s s l i n k i n g   a g e n t  
s u c h   as  a  p o l y a m i d e   or  a  compound   c o n t a i n i n g   a m i d e - l i k e   NH2 

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

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

c l u d e s   t h e   a l d e h y d e   and  a l c o h o l / a l d e h y d e   a d d u c t s   of  u r e a   a n d  

m e l a m i n e .   Use  of  t h e   f o r m a l d e h y d e   a d d u c t s   wou ld   d e f e a t   t h e  

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

p r e f e r r e d .   Among  t h e   p r e f e r r e d   p o l y a m i d e s   w h i c h   can  be  e m -  

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

a z e l a i c ,   s e b a c i c ,   i s o p h t h a l i c ,   t e r e p h t h a l i c   and  t he   l i k e  

a c i d s .   A l s o ,   t h e r e   may  be  e m p l o y e d   t h e   a m i d e s   of  d i m e r   a n d  

t r i m e r   a c i d s   and  m i x t u r e s   t h e r e o f ;   t h e s e   a c i d s   a r e   p r e p a r e d  

by  t h e   p o l y m e r i z a t i o n   of  C18  f a t t y   a c i d s .   The  e x t e r n a l  

c r o s s l i n k i n g   a g e n t   i s   u s e d   in  an  amoun t   up  to   a b o u t   25%  o f  

t h e   c o p o l y m e r ,   up  to  11%  b e i n g   p r e f e r r e d ,   and  up  to   7%  b e i n g  

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

amide   r a t i o   i s   h i g h   u s e f u l l y   embody  0.5%  or  m o r e ,   p r e f e r a b l y  

o v e r   2%  of  e x t e r n a l   c r o s s l i n k e r .  

The  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  t he   c o p o l y m e r ,   b e f o r e  

c u r i n g ,   i s   p r e f e r a b l y   be low  35°C,   more  p r e f e r a b l y   b e l o w   2 0 0 c  

and  mos t   p r e f e r a b l y   be low  0°C.  The  w e i g h t   a v e r a g e   m o l e c u l a r  

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

may  be  g e l l e d ,   i s   p r e f e r a b l y   f rom  1 0 0 , 0 0 0   to  1 0 , 0 0 0 , 0 0 0   w i t h  

f rom  3 0 0 , 0 0 0   to  3 , 0 0 0 , 0 0 0   b e i n g   p r e f e r r e d .  



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

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

or   m e t h a c r y l a m i d e ,   may  be  a p p l i e d   to   a  s u b s t r a t e   and  c u r e d  

to   p r o d u c e   a  f a b r i c   or   p a p e r .   The  f a b r i c   or   p a p e r   so  p r o -  

d u c e d   i s   f o u n d   t o   be  l e s s   r e s i s t a n t   to   w a t e r ,   l a u n d e r i n g   a n d  

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

of   t h i s   i n v e n t i o n ,   o t h e r   c o n d i t i o n s   b e i n g   t h e   same.   I n  

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

t o g e t h e r ,   t h a t   i s ,   of  amide   and  a l d e h y d e ,   t e n d   to   g i v e   p r o -  

d u c t s   w h i c h   a r e   e x c e s s i v e l y   s t i f f .   Of  c o u r s e ,   in   c e r t a i n  

a p p l i c a t i o n s ,   t h e   s t i f f n e s s   i s   d e s i r a b l e .   Low  l e v e l s   o f  

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

An  e s p e c i a l l y   u s e f u l   p o l y m e r   i s   a  c o p o l y m e r   o f ,   by  w e i g h t ,  

20  to   97%  e t h y l   a c r y l a t e ,   0  to   97%  p r o p y l   or  b u t y l   a c r y l a t e  

or   a  m i x t u r e   t h e r e o f ,   O  to   25%  a c r y l o n i t r i l e ,   0  to   50%  m e t h y l  

m e t h a c r y l a t e ,   3  to   6%  a c r y l a m i d e ,   O  to   2%  i t a c o n i c   a c i d   a n d  

1  to   2%  g l y o x a l .   More  p r e f e r r e d   i s   a  c o p o l y m e r   w h i c h   c o n s i s t s  

of  70  to   95%  e t h y l   a c r y l a t e ,   3  t o   5%  a c r y l o n i t r i l e ,   O  t o  2 5 %  

b u t y l   a c r y l a t e ,   O  to   10%  m e t h y l   m e t h a c r y l a t e ,   3  to   4%  a c r y l -  

a m i d e ,   and  0 . 5   to   1.5%  i t a c o n i c   a c i d   and  1  to   2%  g l y o x a l ,   b y  

w e i g h t .  

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

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

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

one  a l d e h y d e   g r o u p   of   a t   l e a s t   one  p o l y a l d e h y d e   w i t h   a t   l e a s t  

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

a n d ,   s i m u l t a n e o u s l y   a n d / o r   s u b s e q u e n t l y ,   s u b j e c t i n g   t h e   m o n -  

omer  to   p o l y m e r i z a t i o n   c o n d i t i o n s   in   t h e   p r e s e n c e   of  a t   l e a s t  

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

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

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

" E m u l s i o n   P o l y m e r i z a t i o n "   i s   t a u g h t   in   b o o k s ,   so  t i t l e d ,   b y  

D.  C.  B l a c k l e y   ( W i l e y ,   1975)  and  by  F.  A.  Bovey  e t   a l .  

( I n t e r s c i e n c e   P u b l i s h e r s ,   1 9 6 5 ) .   The  c o r e a c t i o n   of  t h e   a l d e -  



h y d e s   ( m o n o - f u n c t i o n a l l y )   w i t h   t h e   amide   d u r i n g   t he   p o l y -  

m e r i z a t i o n   i s   f a v o r e d   by  u s i n g   a  t h e r m a l   p o l y m e r i z a t i o n   p r o -  

c e s s ,   t h e   p r e s e n c e   of  a l l   of  t h e   a l d e h y d e   in  t he   k e t t l e  

c h a r g e   a t   t h e   b e g i n n i n g   of  t he   p o l y m e r i z a t i o n   or  p r i o r   to   t h e  

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

k e t t l e   p r i o r   to   t h e   p o l y m e r i z a t i o n .   I t   i s   p r e f e r r e d   t h a t   a t  

l e a s t   one  t h i r d   and  more  p r e f e r a b l e   t h a t   a t   l e a s t   two  t h i r d s  

of  t h e   t o t a l   a l d e h y d e   and  t h a t   up  to   25%,  p r e f e r a b l y   17%  a n d  

more   p r e f e r a b l y   10%,  of  t h e   t o t a l   amide   monomer  be  in   t h e  

k e t t l e   c h a r g e .   The  a l d e h y d e - a m i d e   r e a c t i o n   need   n o t   be  c o m -  

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

m e r i z a t i o n   i s   c a r r i e d   ou t   in  t h e   p r e s e n c e   of  any  r e m a i n i n g  

p o l y a l d e h y d e   and  of  a  f r e e   r a d i c a l   i n i t i a t o r .   At  t h e   end  o f  

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

l a t e x   i s   b o n d e d   to  t h e   c o p o l y m e r .   The  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 d u r e s   may  e m p l o y   a  s u i t a b l e   e m u l s i f i e r ,   p r e f e r e r a b l y   a n  

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

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

P r e f e r r e d   e m u l s i f i e r s   a r e   s u l f a t e s   and  s u l f o n a t e s   such   a s  

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

Many  o t h e r s   a r e   w e l l   known  in  t h e   e m u l s i o n   p o l y m e r i z a t i o n  

a r t .   The  amoun t   of  e m u l s i f i e r   i s   u s u a l l y   b e t w e e n   1/2%  a n d  

6%  on  t h e   w e i g h t   of  monomers   w i t h   1%  to   3%  b e i n g   p r e f e r r e d .  

From  0.1%  to  a b o u t   2%  on  t h e   w e i g h t   of  monomers   of  f r e e   r a d -  

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

p e r o x i d e ,   ammonium,  s o d i u m   or  p o t a s s i u m   p e r s u l f a t e  m a y   b e  

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

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

monomer   and  p o l y a l d e h y d e .   The  p o l y m e r i z a t i o n   p r o c e s s   may  b e  

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

more   b u t   n o t   a l l   of  t h e   monomers   a r e   f i r s t   p o l y m e r i z e d   a n d  

t h e n   one  or  more  o t h e r   monomers   a r e   c o p o l y m e r i z e d   w i t h   t h e  

f i r s t   p o l y m e r   o b t a i n e d .  

The  l a t e x   i s   u s u a l l y   a t   an  a c i d   pH  as  m a n u f a c t u r e d ,   t y p i c a l  

v a l u e s   b e i n g   in  t h e   pH  r a n g e   f rom  two  to   t h r e e .   F o r m u l a t i o n  



of  t h e   l a t e x   f o r   a  g i v e n   a p p l i c a t i o n   may  s h i f t   t h e   pH,  f o r  

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

pH  s o m e w h a t ,   a  d r o p   of   a b o u t   a  h a l f   u n i t   i s   o f t e n   f o u n d .   I n  

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

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

A  p r e f e r r e d   u se   of   t h e   b i n d e r s   of   t h e   p r e s e n t   i n v e n t i o n   i s  

to   b i n d   n o n w o v e n   webs  to   fo rm  n o n w o v e n   f a b r i c s .   The  s e l e c t i o n  

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

i s   g i v e n   in   U . S .   3 , 1 5 7 , 5 6 2 ,   c o l u m n   3,  l i n e   30  to   c o l u m n   4 ,  

l i n e   53,   h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .  

A l t h o u g h   i t   i s   n o t   i n t e n d e d   to   l i m i t   t h e   i n v e n t i o n   by  a n y  

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

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

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

p o l y a l d e h y d e   r e a c t s   w i t h   a m i d e   g r o u p s   on  t h e   monomer   or   o n  

t h e   p o l y m e r   by  means   of  one  a m i d e   g r o u p   r e a c t i n g   w i t h   o n e  

a l d e h y d e   g r o u p .   T h i s   r e a c t i o n   o c c u r s   b e f o r e ,   a n d / o r   c o n t e m p -  

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

t h e   p o l y m e r .   In  some  i n s t a n c e s   t h e   a l d e h y d e - a m i d e   r e a c t i o n  

o c c u r s ,   in   t h e   p o l y m e r i z a t i o n   v e s s e l ,   s u b s e q u e n t   to   t h e   p o l y -  

m e r i z a t i o n .   U s i n g   as  t y p i c a l   an  a c r y l a m i d e   u n i t   in   t h e   p o l y -  

mer  and  g l y o x a l   as  t h e   a l d e h y d e ,   t h e   r e s u l t i n g   u n i t   in   t h e  

a l d e h y d e   p o l y m e r   a d d u c t   has   t h e   t h e o r e t i c a l   f o r m u l a   ( I I I ) .  

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

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



(IV)  o c c u r s .   In  a  t y p i c a l   e m b o d i m e n t   e m p l o y i n g   an  e x t e r n a l  

c r o s s l i n k e r ,   in  t h i s   i n s t a n c e   u r e a ,   t h e   f o l l o w i n g   r e a c t i o n  

i s   t h o u g h t   to   o c c u r ,   p r o d u c i n g   c r o s s l i n k i n g   by  means   o f  

s t r u c t u r e   ( V ) :  

In  t h e   s e l f - c r o s s l i n k i n g   r e a c t i o n ,   a  d e p e n d e n t   a l d e h y d e   g r o u p  
of  one  p o l y m e r   m o l e c u l e   r e a c t s   w i t h   an  amide   g r o u p   of  a n o t h e r  

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

to   be  d e p i c t e d   by  s t r u c t u r e   ( IV) .   In  t h e   c a s e   of  t he   e x t e r n a l  

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

v i a   an  e x t e r n a l   c r o s s l i n k e r   m o l e c u l e ,   s u c h   as  u r e a ,   w i t h   t h e  

c r o s s l i n k e d   s t r u c t u r e   b e i n g   d e p i c t e d   as  in   s t r u c t u r e   ( V ) .  

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

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

p o l y m e r   m o l e c u l e s   or  of  o t h e r   c r o s s l i n k i n g   m o l e c u l e s .   T h e r e  

may  a l s o   be  some  r e a c t i o n ,   d u r i n g   c u r i n g ,   b e t w e e n   t h e   a l d e -  

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

t h e   f i b e r s   of  t h e   p a p e r   or  f a b r i c ,   s u c h   as  t h e   h y d r o x y l   g r o u p s  
of  t h e   c e l l u l o s e   f i b e r s .   W h i l e   t h e   p r e c i s e   n a t u r e   of  t h e   r e -  

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

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

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

p o l y m e r   m o l e c u l e s   to   c r o s s l i n k   t h e s e   m o l e c u l e s   a n d / o r   a  r e -  

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

s i t e s   of  t h e   f i b e r   m o l e c u l e s .  

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

s t e p   w h i c h   may  e i t h e r   be  s i m u l t a n e o u s   w i t h   or  f o l l o w i n g   t h e  

d r y i n g   of  t h e   p o l y m e r   on  t he   s u b s t r a t e .   The  c u r i n g   may  b e  

by  l o n g   s u b j e c t i o n   to   t h e   n o r m a l   a t m o s p h e r e   in  h i g h   t e m p e r a -  



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

n a t e d   w i t h   t h e   p o l y m e r   d e s c r i b e d   h e r e i n   to   a  t e m p e r a t u r e   o f  
80°C  to   a b o u t   400°C  or  h i g h e r   f o r   p e r i o d s   of  t i m e   f rom  a  f e w  

s e c o n d s   a t   t h e   h i g h e r   t e m p e r a t u r e s   up  to   an  h o u r   or  more  a t  

t h e   l o w e r   t e m p e r a t u r e s .   T e m p e r a t u r e s   b e l o w   80°C  may  be  e m -  

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

f o r   a i r   d r i e d   s y s t e m s   a r e   a b o u t   15  s e c o n d s   to   a b o u t   15  m i n u t e s  

a t   t e m p e r a t u r e s   in   t h e   n e i g h b o r h o o d   of   1 5 0 ° C .   The  p o l y m e r   o f  

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

commonly   e m p l o y e d   in   b o n d i n g   or   t r e a t i n g   f a b r i c s   and  p a p e r .  

A l t h o u g h   c a t a l y s t s   a r e   n o t   n e c e s s a r y   to   o b t a i n   t h e   c r o s s -  

l i n k i n g   d e s i r e d   in   t h e   c u r e   s t e p ,   t h e y   may  be  u s e d .   A c i d  

c a t a l y s t s ,   w e l l   known  in   t h e   a r t ,   may  be  e m p l o y e d   a t   l e v e l s  

up  to   1%  w i t h   0.1%  to   0.5%  b e i n g   p r e f e r r e d .   H i g h e r   l e v e l s  

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

e f f e c t s .   E x a m p l e s   of   a c i d   c a t a l y s t s   a r e   o x a l i c   a c i d ,   b o r o n  

t r i f l u o r i d e   e t h y l   e t h e r a t e ,   s a l t s   of  h y d r o c h l o r i c   a c i d   s u c h  

as  t h e   z i n c   or   m a g n e s i u m   s a l t s ,   s a l t s   of  n i t r i c   a c i d   s u c h   a s  

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

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

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

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

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

g i v e n   end  u s e .   For   i n s t a n c e ,   a q u e o u s   d i s p e r s i o n s   of  t h e s e  

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

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

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

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

The  p r o p o r t i o n s   of  t h e   i n g r e d i e n t s   in   t h e   a q u e o u s   s y s t e m s  

may  be  v a r i e d   w i d e l y   and  a r e   a d j u s t e d   in   any  c o n v e n i e n t  

m a n n e r   so  t h a t   t h e   d i s p e r s i o n   or  p a s t e   have   a  c o n s i s t e n c y  

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

be  u s e d   f o r   t h i s   p u r p o s e .  

The  d r y i n g   r e f e r r e d   to   a b o v e   may  be  a i r   d r y i n g   by  s i m p l e   e x -  



p o s u r e   to   t h e   a m b i e n t   a t m o s p h e r e   or  i t   may  be  f o r c e   d r y i n g  

of  t h e   c o a t e d   or  i m p r e g n a t e d   m a t e r i a l   a t   t e m p e r a t u r e s   b e l o w  
80°C.   As  n o t e d ,   t h e   a i r   d r y i n g   or  f o r c e   d r y i n g   may  i t s e l f  

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

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

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

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

d e c o m p o s i t i o n   or  o t h e r   damage  t o   t h e   c o a t e d   or  i m p r e g n a t e d  

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

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

The  c o m p o s i t i o n s   may  be  a p p l i e d   to   t h e   s u b s t r a t e s   in  a n y  
s u i t a b l e   m a n n e r   such   as  by  s p r a y i n g ,   b r u s h i n g ,   r o l l e r c o a t i n g  

d i p p i n g ,   k n i f e - c o a t i n g ,   and  so  on.  E x c e s s   of  t h e   a p p l i e d  

m a t e r i a l   may  be  w i p e d   by  any  s u i t a b l e   s q u e e g e e i n g   o p e r a t i o n  

s u c h   as  b e t w e e n   p r e s s u r e   r o l l e r s ,   by  a i r   s q u e e g e e i n g ,   or  b y  

a  k n i f e   or  d o c t o r   b l a d e .   T h e r e a f t e r ,   t h e   c o a t i n g   may  be  d r i e d  

and  c u r e d   as  s t a t e d   h e r e i n a b o v e .   B e s i d e s   s i m p l e   a i r - d r y i n g ,  

t h e r e   may  be  e m p l o y e d   f o r   t h i s   p u r p o s e   h e a t e d   a i r   as  in  a n  

oven  or  t u n n e l   d r i e r ,   r a d i a t i o n   s u c h   as  by  i n f r a r e d   l a m p s ,  

or  e l e c t r i c a l   i n d u c t i o n ,   e i t h e r   of  e l e c t r o m a g n e t i c   or  e l e c t r o -  

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

o p e r a t i o n   may  be  a c c o m p l i s h e d   by  t h e   u se   of  any  s u i t a b l e  

h e a t i n g   d e v i c e s   such   as  i n f r a r e d   l amps   or  e l e c t r o m a g n e t i c   o r  

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

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

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

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

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

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

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

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

ing   t h o s e   u s e d   f o r   d r y - c l e a n i n g ,   such   as  p e r c h l o r o e t h y l e n e ,  

c a r b o n   t e t r a c h l o r i d e ,   and  s o l v e n t   n a p h t h a s ,   a re   o b t a i n e d .  

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



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

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

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

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

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

t h o s e   s k i l l e d   in  t h e   a r t ,   o b t a i n a b l e   by  means   of  f o r m a l d e h y d e  

or   f o r m a l d e h y d e   c o n d e n s a t e   s y s t e m s .   The  p r o d u c t s   p r o d u c e d  

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

by  t e s t i n g   t h e   b o n d e d   or   t r e a t e d   f a b r i c   or  p a p e r   f o r   d u r a -  

b i l i t y   in  t h e   p r e s e n c e   of  w a t e r   or  in  l a u n d e r i n g   and  in  d r y  

c l e a n i n g   t e s t s .   The  a q u e o u s ' l a t e x e s   of  t h e   p r e s e n t   i n v e n t i o n  

a r e   s u f f i c i e n t l y   s t a b l e   t o   p o s e   no  p r o b l e m s   to   t h e   f o r m u l a t o r  

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

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

c h a r a c t e r i z e d   by  s o f t n e s s ,   f l e x i b i l i t y ,   r e s i s t a n c e   to   d i s -  

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

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

to   l a u n d e r i n g .   B e c a u s e  o f   t h e   s o f t n e s s   and  f l e x i b i l i t y   a n d  

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

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

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

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

t h e   s k i n   of  a  w e a r e r  m a y   be  i n v o l v e d .   In  g e n e r a l ,   t h e   p r o -  
d u c t s   a r e   q u i t e   s t a b l e   d i m e n s i o n a l l y   and  h a v e   good  r e s i l i e n c e  

and  s h a p e - r e t e n t i o n   p r o p e r t i e s .   They  a r e   a d a p t e d   f o r   u s e   n o t  

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

a b s o r b i n g   a r t i c l e s ,   s u c h   as  b i b s   and  d i a p e r s .   They  a r e   a l s o  

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

t r a t i o n   m e d i a ,   b o t h   f o r   l i q u i d s   and  g a s e s .   They  can  be  l a m -  

i n a t e d   w i t h   p a p e r ,   t e x t i l e   f a b r i c s ,   or   l e a t h e r   to   m o d i f y   o n e  

or   b o t h   s u r f a c e s   of  t h e   l a t t e r   m a t e r i a l s .   They  may  be  a d -  

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

e t h y h l e n e   g l y c o l   t e r e p t h t h a l a t e   ( M y l a r )   or   m e t a l l i c   f o i l s ,  

s u c h   as  of  a l u m i n u m ,   to   i m p r o v e   t h e   t e a r   s t r e n g t h   of  s u c h  

f i l m s   and  f o i l s ,   to   make  t h e   l a t t e r  m o r e   a m e n a b l e   to   s t i t c h i n g ,  



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

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

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

t h e   a b s e n c e   of  t r a c e s   of  f o r m a l d e h y d e .   T h i s   means   t h a t   w e a r -  

e r s   of  t h e   f a b r i c s   p r o d u c e d   or  w o r k e r s   who  m u s t   come  in  c l o s e  

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

p o l y m e r s   do  n o t   e x p e r i e n c e   i r r i t a t i o n   due  t o   d e r m a l   c o n t a c t  

or   i n h a l a t i o n   of  f o r m a l d e h y d e   as  o c c u r r e d   w i t h   f o r m a l d e h y d e -  

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

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

to   s e n s i t i v e   s k i n ,   f rom  a r t i c l e s   s u c h   as  b i b s   and  d i a p e r s .  

T h i s   i s   in  a d d i t i o n   to   t h e   e n h a n c e d   w o r k i n g   c o n d i t i o n s ,   w i t h  

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

a r t ,   due  to   t h e   a b s e n c e   of  f o r m a l d e h y d e   in  t h e   p l a n t s   a n d  

w o r k r o o m s   of  t h e   f a b r i c a t o r s .  

W h i l e   t h e   b i n d e r   may  be  p r e f e r e n t i a l l y   a p p l i e d ,   i f   d e s i r e d ,  

to   p o r t i o n s   of  t h e   f i b r o u s   p r o d u c t ,   s u c h   as  one  or  b o t h   o f  

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

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

t r e a t m e n t   i s   no t   d e s i r e d ,   s u b s t a n t i a l l y   u n i f o r m   d i s t r i b u t i o n  

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

a f t e r   i n i t i a l   d i s t r i b u t i o n   t h r o u g h o u t   t h e   body   of  t h e   f i b r o u s  

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

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

a r e   by  w e i g h t   and  t e m p e r a t u r e s   in  °C.  u n l e s s   o t h e r w i s e  

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

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

i n v e n t i o n   b u t   a r e   n o t   i n t e n d e d   to   l i m i t   t he   i n v e n t i o n   in  a n y  

way.  The  monomers   and  o t h e r   c h e m i c a l s   u s e d   in  t h e   e x a m p l e s  

a r e   c o m m e r c i a l   g r a d e   m a t e r i a l s .  



E x a m p l e   1.  E t h y l   A c r y l a t e   B a s e d   L a t e x  

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

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

n i t r o g e n   s p a r g i n g ,   850  g.  of   w a t e r   i s   h e a t e d   t o  c a .   8 3 ° C  

u n d e r   n i t r o g e n   s p a r g e .   To  t h i s   a r e   a d d e d   70  g.  of  a  40% 

g l y o x a l   (GL)  s o l u t i o n ,   4  g.  of  ammonium  p e r s u l f a t e   and  100  g .  
of   a  m o n o m e r   e m u l s i o n   of   c o m p o s i t i o n :  

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

A f t e r   10  m i n u t e s ,   t h e   r e m a i n i n g   monomer   e m u l s i o n   i s   a d d e d  

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

of  c o m p o s i t i o n :  

D u r i n g   t h i s   p e r i o d ,   t h e   t e m p e r a t u r e   i s   m a i n t a i n e d   a t  c a .   8 3 ° C .  

F i f t e e n   m i n u t e s   a f t e r   t h e   a d d i t i o n ,   t h e   b a t c h   i s   c o o l e d   t o  
55°C.   and  c h a s e d   w i t h :  

The  same  c h a s e r   c h a r g e   i s   a d d e d   a f t e r   t h i r t y   m i n u t e s   and  a g a i n  

a f t e r   s i x t y   m i n u t e s .   F i f t e e n   or  more   m i n u t e s   a f t e r   t h e   l a s t  

c h a s e r   50  g.  of   35%  a q u e o u s   h y d r o g e n   p e r o x i d e   i s   a d d e d .   T h e  

r e s u l t i n g   c o p o l y m e r   has   t h e   c o m p o s i t i o n   EA/AM/IA/GL  =  9 3 . 5 /  

4 / 1 / 1 . 5 .  

E x a m p l e   2.  L a t e x   B a s e d   on  E t h y l - B u t y l   A c r y l a t e s   and  A c r y l o -  

n i t r i l e  

The  p o l y m e r i z a t i o n   p r o c e d u r e   i s   t h e   same  as  E x a m p l e   1  e x c e p t  



t h a t   t h e   c o m p o s i t i o n   of  t h e   monomer   e m u l s i o n   i s :  

The  r e s u l t i n g   p o l y m e r   has   t h e   c o m p o s i t i o n   E A / B A / A N / A M / I A / G L  

=  6 4 / 2 5 / 4 . 5 / 3 . 5 / 1 . 5 / 1 . 5 .  

E x a m p l e   3.  A c i d - f r e e   E t h y l   A c r y l a t e   B a s e d   L a t e x  

The  p o l y m e r i z a t i o n   p r o c e d u r e   i s   t h e   same  as  E x a m p l e   1  e x c e p t  

t h a t   80  g.  of  a  40%  g l y o x a l   s o l u t i o n   i s   in   t h e   k e t t l e   a n d  

t h e   c o m p o s i t i o n   of  t h e   monomer   e m u l s i o n   i s :  

The  r e s u l t i n g   p o l y m e r   has   t h e   c o m p o s i t i o n   EA/AM/GL  =  9 4 . 5 / 4 /  

1 . 5 .  

E x a m p l e   4.  Nonwoven  F a b r i c  

The  p o l y m e r s   of  E x a m p l e s   1,  2  and  3  and  t h a t   of  a  t y p i c a l  

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

a r e   p a d d e d   o n t o   a  l i g h t   w e i g h t   ( 0 . 0 1 7   kgm-2)   (0 .5   o z . / y d . 2 )  

r a y o n   n o n w o v e n   web  to   g i v e   a  f i b e r / b i n d e r   r a t i o   of  8 0 / 2 0 .  

The  m e t h y l o l a t e d   a c r y l a m i d e   p o l y m e r   i s   c a t a l y z e d   w i t h   0 . 5 %  

ammonium  n i t r a t e   in  t h e   b a t h   b u t   t h e   g l y o x a l   p o l y m e r s   a r e  

u n c a t a l y z e d .   The  webs  a r e   a i r   d r i e d   and  t h e n   c u r e d   f o r   t w o  

m i n u t e s   a t   150°C.   T e n s i l e   v a l u e s   a r e   m e a s u r e d   on  2 5 . 4   mm  x  

1 0 1 . 6   mm  (1  i n .   x  4  i n . )   s t r i p s   in  t h e   c r o s s - m a c h i n e   d i r e c t i o n  

(XMD)  u s i n g   an  I n s t r o n   T e s t e r   a t   an  e x t e n s i o n   r a t e   of  3 0 . 4 5   cm 

(12  i n . ) / m i n u t e   w i t h   a  jaw  s e p a r a t i o n   of  50 .8   mm  (2  i n . ) .  

Wet  s a m p l e s   ( w a t e r ,   p e r c h l o r o e t h y l e n e   (PCE)  and  i s o p r o p a n o l  

(IPA)  a r e   s o a k e d   f o r   a  minimum  of  30  m i n u t e s .   The  v a l u e s  

r e p o r t e d   r e p r e s e n t   maximum  f o r c e   b e f o r e   b r e a k .   S a m p l e s  



m e a s u r i n g   3 0 . 4 8   cm  x  3 0 . 4 8   cm  (12  by  12  i n . )   a r e   w a s h e d  

in   an  a u t o m a t i c   w a s h e r   a t   5 7 . 2  +   2 . 8 ° C   ( 1 3 5  +   5 0 F . )   w i t h  

1/4   cup  of  TideTM  d e t e r g e n t   a n d  8   t e r r y - c l o t h  t o w e l s   a s  

b a l l a s t .   F a i l u r e   to   s u r v i v e   i s   m e a s u r e d   by  t h e   t e a r i n g  

of   a  s a m p l e   i n t o   two  or  more   p i e c e s .   T y p i c a l   r e s u l t s  

a r e :  

N o t e   1:  The  t y p i c a l   l a t e x   e m p l o y i n g   t h e   f o r m a l d e h y d e  

c h e m i s t r y   i s   p o l y m e r i z e d   by  a  r e d o x   p r o c e d u r e .   I t   i s  

p r e p a r e d   a t   45%  p o l y m e r   in   w a t e r   and  f rom  t h e   f o l l o w i n g  

m o n o m e r s :   1.7%  a c r y l a m i d e ,   2.4%  N - m e t h y l o l a c r y l a m i d e   a n d  

95.9%  e t h y l   a c r y l a t e .  

E x a m p l e s   5,  6  and  7.  Redox  v s .   T h e r m a l   P o l y m e r i z a t i o n  

a n d   H i g h   G l y o x a l   L e v e l  

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

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

In  t h e   p r e p a r a t i o n   of  t h e   r e d o x   l a t e x   (Example   5 ) ,   a  p r o c e s s  
s i m i l a r   to   t h a t   of  E x a m p l e   1  i s   u s e d   e x c e p t   t h a t   t h e  

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

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

i s   a b o u t   65°C.  The  l a t i c e s   of  E x a m p l e s   6  and  7  a r e   p r e p a r e d  

by  t h e   p r o c e s s   of  E x a m p l e   1 .  





T h e s e   d a t a   show  t h a t   t h e   p o l y m e r   p o l y m e r i z e d   by  t h e  

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

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

by  t h e   r e d o x   p r o c e s s .   I t   i s   a l s o   s e e n   t h a t   t h e   o n l y  

a d v a n t a g e   of  t h e   h i g h e r   g l y o x a l   to   a c r y l a m i d e   r a t i o ,   a t  

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

in  t h e   s o l v e n t   s y s t e m s .  

E x a m p l e s   8 - 1 1 .   E f f e c t  o f   A c r y l a m i d e   t o   ' G l y o x a l   R a t i o  

P o l y m e r s   made  by  t h e   t h e r m a l   p r o c e s s   as  in  E x a m p l e   1 ,  

in  w h i c h   t h e   a c r y l a m i d e   l e v e l   was  4  w e i g h t   p e r c e n t   and  t h e  

g l y o x a l   l e v e l   was  v a r i e d ,   as  i n d i c a t e d   in   t h e   t a b l e   b e l o w ,  

we re   u s e d   to   bond  n o n w o v e n   r a y o n   w e b s .   The  b o n d e d   w e b s  

w e r e   t e s t e d   as  in   E x a m p l e   4  w i t h   t h e   r e s u l t s   g i v e n   in   t h e  

t a b l e   b e l o w .  

a A p p l i e d   a t   15%  p o l y m e r   b a t h   s o l i d s   w i t h   0.5%  NH4NO3 
c a t a l y s t .   Webs  w e r e   a i r - d r i e d   and  c u r e d   a t   1 4 9 ° C  

( 3 0 0 ° F ) / 2   m i n .  
b M o l a r   r a t i o   i n d i c a t e d .  

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

g l y o x a l   l e v e l ,   E x a m p l e   11,  has   l e s s   wash  d u r a b i l i t y   t h a n  

t h e   o t h e r s .  



E x a m p l e s   1 2 - 1 6 .   E f f e c t   of  V a r y i n g   A c r y l a m i d e   L e v e l  

U s i n g   t h e   t h e r m a l   p r o c e s s ,   as  in  E x a m p l e   1,  p o l y m e r s  

we re   p r e p a r e d   in  w h i c h   t h e   a c r y l a m i d e   to   g l y o x a l   m o l a r  

r a t i o   was  h e l d   a t   3  and  t h e   a c r y l a m i d e   l e v e l   was  v a r i e d   a s  

g i v e n   in  t h e   f o l l o w i n g   t a b l e .   Bonded  webs  were   p r e p a r e d  

and  t e s t e d   as  in   E x a m p l e   4,  w i t h   t h e   r e s u l t s   g i v e n   in  t h e  

f o l l o w i n g   t a b l e .  

a A p p l i e d   a t   15%  p o l y m e r   b a t h   s o l i d s   w i t h   0.5%  NH4NO3 
c a t a l y s t .   Webs  were   a i r - d r i e d   and  c u r e d   a t   1 4 9 ° C  

( 3 0 0 0 F ) / 2   m i n .  

E x a m p l e s   1 7 - 2 2 .   P o l y m e r s   C o n t a i n i n g   I t a c o n i c   A c i d  

U s i n g   t h e   p r o c e d u r e   of  E x a m p l e   1,  p o l y m e r s   were   m a d e  

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

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

g l y o x a l   r a t i o .   One  p o l y m e r   was  a l s o   m a d e  b y   a  r e d o x  

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

webs  and  t h e   t e s t i n g   was  as  in  Example   4  w i t h   t h e   r e s u l t s  

b e i n g   g i v e n   in  t he   t a b l e   b e l o w .  





E x a m p l e s   2 3 - 2 5 .   E x p e r i m e n t s   w i t h   P o s t   Added  G l y o x a l  

A  p o l y m e r   of  t h e   c o m p o s i t i o n   of  E x a m p l e   2,  o m i t t i n g  
t h e   g l y o x a l ,   i s   p r e p a r e d   by  t h e   p r o c e s s   of  E x a m p l e   5,  a n d  

d i v i d e d   i n t o   t h r e e   a l i q u o t s .   In  E x a m p l e   23,   t h e  a l i q u o t  

i s   u s e d   as  i s ;   in   E x a m p l e   24,  g l y o x a l   i s   p o s t   a d d e d   a t   t h e  

l e v e l   of  1 /2   mole   p e r   mole   of  a c r y l a m i d e ;   and  in   E x a m p l e  

25,  g l y o x a l   i s   p o s t   a d d e d   a t   t h e   same  l e v e l   in   a d d i t i o n   t o  

w h i c h   t h e   l a t e x   i s   h e a t   aged   a t   60°C  (140°F)   f o r   70  h o u r s .  

Each  a l i q u o t   i s   t h e n   u s e d   to   bond  a  n o n w o v e n   r a y o n   web  a n d  

t e s t e d   b y  t h e   p r o c e d u r e   o u t l i n e d   in   E x a m p l e   4 .  

The  h e a t   age  s a m p l e   was  h e a t   aged   b e f o r e   t he   a d d i t i o n  

of  t h e   ammonium  n i t r a t e   c a t a l y s t .   The  r e s u l t s   show  t h a t  

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

on  t h e   p r o p e r t i e s   of  t h e   b o n d e d   f i b e r ,   h o w e v e r ,   h e a t   a g i n g  

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

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

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

E x a m p l e   2.  I t   i s   r e c o g n i z e d   t h a t   in  a l l   t h r e e   of  t h e s e  

e x a m p l e s ,   t h e r e   may  have   been   a  l i m i t e d   amoun t   of  c r o s s l i n k i n g  

by  m e c h a n i s m s   n o t   i n v o l v i n g   t h e   amide   or  t h e   g l y o x a l .  



1.  A  w a t e r - i n s o l u b l e   a d d i t i o n   c o p o l y m e r   of  (A)  m o n o m e r  

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

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

a l d e h y d e   g r o u p ,   and  (B)  a t   l e a s t   one  o t h e r   e t h y l e n i c a l l y  

u n s a t u r a t e d   monomer ;   t h e   a m i d e   monomer   c o m p o n e n t   of  (A) 

and  any  u n s u b s t i t u t e d   a m i d e   monomer   of  (B)  t o t a l i n g   u p  
to   50%  by  w e i g h t   of  t h e   t o t a l   m o n o m e r s .  

2.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   1,  w h e r e i n   (B)  c o m p r i s e 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   u n s u b s t i t u t e d   a m i d e   monomer   a n d  

t h e   p o l y m e r   i s   t h e r m o s e t t a b l e .  

3.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   1  or  2  f o r m e d   f r o m   a  

monomer   s y s t e m   c o n t a i n i n g   f rom  0 .2   to   0 . 8   of  a  mo le   o f  

p o l y a l d e h y d e   p e r   mo le   of  a m i d e   g r o u p s   in   t h e   m o n o m e r .  

4.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   1  f o r m e d   f rom  a  m o n o m e r  

s y s t e m   c o n t a i n i n g   f r o m   0 . 5   to   1 . 0   m o l e s   of  p o l y a l d e h y d e   p e r  
a m i d e   g r o u p   in   t h e   m o n o m e r .  

5.  A  p o l y m e r   as  c l a i m e d   in   any  of  c l a i m s   1  to   4,  w h e r e i n  

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

6.  A  p o l y m e r   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m ,   in   w h i c h  

t h e   a m i d e   m o n o m e r s   of  (A)  and  (B)  t o t a l   f r om  0.5%  to   12% 

by  w e i g h t   of  t h e   p o l y m e r .  

7.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   6,  in  w h i c h   t h e   a m i d e  

m o n o m e r s   t o t a l   f r om  3%  to  6%  by  w e i g h t   of  t h e   c o p o l y m e r  

and  in   w h i c h   t h e r e   i s   f r om  0 . 4   to   0 .6   m o l e   of  g l y o x a l  

p e r   mo le   of  amide   g r o u p s .  

8.  A  p o l y m e r   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m   in  w h i c h  

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



9.  A  p o l y m e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h i c h  

c o n t a i n s   u n i t s   of  a t   l e a s t   one  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 .  

10.  A  p o l y m e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h i c h  

i s   a  c o p o l y m e r   of  a t   l e a s t   60%  by  w e i g h t   of  a t   l e a s t   o n e  

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   a c i d .  

11.  A  p o l y m e r   as  c l a i m e d   in  any  of  c l a i m s   1  to  9  w h i c h  

i s   a  c o p o l y m e r   o f ,   by  w e i g h t ,   20  to   97%  e t h y l   a c r y l a t e ,  

0  to   97%  p r o p y l   or  b u t y l   a c r y l a t e   or  a  m i x t u r e   t h e r e o f ,  

O  to  25%  a c r y l o n i t r i l e ,   O  to   50%  m e t h y l   m e t h a c r y l a t e ,   3 

to   6%  a c r y l a m i d e ,   0  to  2%  i t a c o n i c   a c i d   and  1  to  2%  g l y o x a l .  

12.   A  p o l y m e r   as  c l a i m e d   in  c l a i m   11  w h i c h   i s   a  c o p o l y m e r  

of  70  to   9 5 % . e t h y l   a c r y l a t e ,   3  to  5%  a c r y l o n i t r i l e ,   O  t o  

25%  b u t y l   a c r y l a t e ,   O  to  10%  m e t h y l   m e t h y l a c r y l a t e ,   3  t o  

4%  a c r y l a m i d e ,   0 . 5   to   1.5%  i t a c o n i c   a c i d   and  1  to  2% 

g l y o x a l ,   by  w e i g h t .  

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

any  of  c l a i m s   1  to  12  and  up  to   25%  by  w e i g h t   of  t h e   c o p o l y m e r  

of  an  a m i n o p l a s t   c r o s s l i n k i n g   a g e n t .  

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

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

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

l e a s t   one  p o l y a l d e h y d e   w i t h   a t   l e a s t   one  e t h y l e n i c a l l y  

u n s a t u r a t e d   u n s u b s t i t u t e d   amide   monomer  and ,   s u b s e q u e n t l y  

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

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

15.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   14  as  a p p l i e d   to  t h e  

p r e p a r a t i o n   of  p o l y m e r   a c c o r d i n g   to  any  of  c l a i m s   1  to  1 2 .  



16.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   14  w h e r e i n   a  m i x t u r e  

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

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

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

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

monomer   i s   a d d e d .  

17.  An  a r t i c l e   made  by  t r e a t i n g   a  s u b s t r a t e   w i t h   a  c o m p o s i t i o n  

c o n t a i n i n g   p o l y m e r   a c c o r d i n g   to   a n y  o f   c l a i m s   1  to   12  a n d  

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

18.  Use  of   a  p o l y m e r   a c c o r d i n g   to   any  of  c l a i m   1  to   12  or  a  

c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   13  in   t h e   m a n u f a c t u r e   o f  

p a p e r   or   a  t e x t i l e   or  n o n w o v e n   f a b r i c .  
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