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FORMALDEHYDE-FREE  VINYL  ACETATE/ETHYLENE/AGA 

COPOLYNERS  USEFUL  AS  NONWOVEN  BINDERS 

TECHNICAL  FIELD 

The  p r e s e n t   I nven t ion   r e l a t e s   to  b inde r   c o m p o s i t i o n s   for  nonwoven 
f a b r i c s   compr i s ing   copolymer ized   e thy l   ene  and  vinyl   a c e t a t e .  

5  BACKGROUND  OF  THE  INVENTION 

Emulsion  polymers  prepared   from  v inyl   a c e t a t e   and  e thy iene   p r o v i d e  
wide  a p p l i c a t i o n   as  b inders   In  I n d u s t r y .   U n f o r t u n a t e l y ,   these  b i n d e r s  

e x p e r i e n c e   u n a c c e p t a b l e   loss  In  s t r e n g t h   1n  the  p r e s e n c e   of  water  and 

o t h e r   s o l v e n t s .   In  a d d i t i o n ,   they  e x h i b i t   d e f i c i e n c i e s   In  adhesion  t o  

10  the  s u b s t r a t e s   on  which  they  are  used.   These  sho r t comings   have  been 

reduced  by  the  use  of  adhes ion   promot ing   or  c r o s s l i n k i n g   comonomers 
a n d / o r   p o s t - a d d e d   c r o s s i i n k e r s .  

The  roost  s u c c e s s f u l   of  the  many  c h e m i s t r i e s   employed  1s  a m i n o p l a s t  

t e c h n o l o g y ,   e s p e c i a l l y   N - m e t h y l o l a c r y l a m 1 d e   (NHA)  and  u r e a - f o r m a l d e h y d e  

15  (U/F)  c o n d e n s a t e s .   While  they  are  low  in  c o s t ,   compa t ib l e   with  aqueous  
e m u l s i o n s ,   r a p i d l y   cured  under  a d d   c a t a l y s i s   and  s u b s t r a t e   r e a c t i v e ,  

they  s u f f e r   from  two  d e f i c i e n c i e s :   the  emis s ion   of  low  leve ls   o f  

f o r m a l d e h y d e ,   a  suspec t   c a r c i n o g e n ;   and  I n a d e q u a t e   adhes ion  to  c e r t a i n  

s u b s t r a t e s ,   for  example,  meta l ,   g lass   and  s y n t h e t i c s   such  as  m y l a r .  

20  Many  a t t empt s   have  been  made  to  overcome  or  minimize  the  f i r s t  

d e f i c i e n c y ,   e s p e c i a l l y   a f t e r   the  p o t e n t i a l   c a r d n o g e n i d t y   and  I r r i t a n t  

p r o p e r t i e s   of  formaldehyde  became  widely  r e c o g n i z e d .  

To  reduce  the  level  of  formaldehyde   1n  emuls ion   p roduc t s ,   the  use  o f  
O - a l k y l a t e d   NHA's  such  as  1 sobu toxyme thac ry l am1de   (IBHA)  or  the  use  of  

25  1:1  molar  r a t i o s   of  NHA  with  a c ry l amide   were  i n t r o d u c e d .   These  m a t e r i a l s  
did  not ,   however,  e l i m i n a t e   the  p re sence   of  f o r m a l d e h y d e .  

Epoxide  f u n c t i o n a l   comonomers  such  as  a l l y l   g l y c i d y l   e the r ,   g l y d d y l  
( m e t h ) a c r y l a t e   or  t h e i r   p r e c u r s o r s   have  a l so   been  used.  These  m a t e r i a l s  
s u f f e r   from  high  c o s t s ,   l imi ted   she l f   s t a b i l i t y   of  the  f u n c t i o n a l i z e d  

30  emulsion  polymer  and  t o x U i t y   q u e s t i o n s   a s s o c i a t e d   with  epoxide  m a t e r i a l s .  
Other  approaches   use  e s t e r 1 f 1 c a t 1 o n   c h e m i s t r y   ( c a r b o x y l i c   a d d   + 

a lcohol   to  give  an  e s t e r   c r o s s l i n k ) ,   but  such  approaches   requi re   a  s low 
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and  e x p e n s i v e   high  t e m p e r a t u r e   cur ing   c y c l e .   P o s t - a d d i t i o n   o f  

f o r m a l d e h y d e - f r e e   u r e a / g l y o x a l   c o n d e n s a t e s   I n c l u d i n g   N , N ' - d 1 a l k y l - 4 , 5 -  

d ihydroxy   1ra1dazoles   has  been  used  1n  Japan  for  f a b r i c   t r e a t i n g ,   but  such  

systems  are  l e s s   e f f i c i e n t   than  f o r m a l d e h y d e - c o n t a i n i n g   a n a l o g s .  
5  The  use  of  a m i d e / g l u t a r a l d e h y d e   c o n d e n s a t e s ,   for   example ,   t h e  

c o n d e n s a t e   wi th   a c r y l a m i d e ,   has  been  a t t e m p t e d .   The  c o m b i n a t i o n   of  t h e  

r e a g e n t s ,   however ,   gave  a  complex  mix ture   of  u n c h a r a c t e r i z a b l e   p r o d u c t s  
which  did  not  p e r f o r m   well   1n  t e x t i l e   c r o s s l i n k i n g   a p p l i c a t i o n s .  

U.S.  4 , 2 8 9 , 6 7 6   d i s c l o s e s   b inder   copolyraers  c o n t a i n i n g   at  l e a s t   85  wtX 
10  (a)  a  m i x t u r e   of  f roa   40-60  p a r t s   by  we igh t   of  s t y r e n e   a n d / o r  

a c r y l o n i t r i l e   and  f r o a   60-40  pa r t s   by  weight   of  b u t a d i e n e   o r  

(b)  e s t e r s   of  a c r y l i c   a d d   and /o r   a e t h a c r y l i c   a d d   w i t h  

a l k a n o l s   of  1-8  carbon  atoms,  and /o r   vinyl   e s t e r s   of  a c e t i c   a d d   o r  
p r o p i o n i c   ac id   a n d / o r   vinyl  c h l o r i d e ,   and  o p t i o n a l l y   up  to  40  wt% 

15  based  on  t o t a l   ■onowers  (b) ,   of  a c r y l o n 1 t r 1 l e t   s t y r e n e   or  b u t a d i e n e ,  
from  0  to  5  wt%  of  a l p h a ,   b e t a - a o n o o l e f 1 n 1 c a l l y   u n s a t u r a t e d   m n o -  

c a r b o x y l i c   a d d s   a n d / o r   d i c a r b o x y l i c   a d d s   of  3  to  5  carbon  atoms  a n d / o r  

t h e i r   amides ,   a n d  

3  to  10  wtX  N - a c r y l a r a 1 d o g l y c o l 1 c   acid  and /o r   N - r a e t h a c r y l a r a 1 d o -  
20  g l y c o l i c   a d d .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   I n v e n t i o n   provides   an  aqueous  d i s p e r s i o n   of  v i n y l  

a c e t a t e - e t h y l   ene  copo lymers   of  35  to  65  wtX  s o l i d s   which  are  use fu l   a s  
25  nonwoven  b i n d e r s .   The  aqueous  d i s p e r s i o n ,   or  emul s ion ,   compr ises   a  

copolymer  c o n s i s t i n g   e s s e n t i a l l y   of  vinyl  a c e t a t e ,   1  to  30  wtX  e t h y l e n e  
and  0.5  to  15  wtX  of  an  N-ac ry la ra1dog lyco l1c   acid  (AGA). 

The  copolymer   emul s ions   of  the  I nven t i on   can  be  a p p l i e d   to  a  
nonwoven  web  of  f i b e r s   to  p rovide   a  nonwoven  bonded  s u b s t r a t e   by  c u r i n g  

30  the  AGA-con ta in ing   v inyl   a c e t a t e / e t h y l e n e   copolymers   under  a d d   c a t a l y s i s  
and  h e a t i n g .   The  s t r e n g t h   of  the  bonded  p roduc t s   1n  s o l v e n t s   1s 

comparable   to  t h a t   o b t a i n e d   using  c u r r e n t   t e c h n o l o g y   but  fo rma ldehyde   1s 
not  e m i t t e d .  

35  
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In  comparing  bonded  nonwovens  using  a  " f o r m a l d e h y d e - f r e e *   b i n d e r ,  
the  copolymer  of  the  p r e s e n t   I n v e n t i o n   d e m o n s t r a t e s   s u r p r i s i n g l y   good 
block  r e s i s t a n c e .  

The  copolymers  can  a l so   be  used  as  a  b inder   adhes ive   or  c o a t i n g   or, 
5  any  s u b s t r a t e ,   e s p e c i a l l y   t hose   with  hydroxy l ,   c a r b o x y l i c ,   pr imary  o r  

secondary   amide  s u r f a c e   g roups .   The  copolymers  should  be  able  t o  
I n t e r a c t   with  ox i rane   ( e p o x i d e )   c o n t a i n i n g   polymers  and  should  be  
s u i t a b l e   as  an  adhes ive   for  t hose   s u b s t r a t e s .  

10  DETAILED  DESCRIPTION  OF  THE  INVENTION 
There  1s  provided  an  aqueous  emuls ion  compr i s ing   an  aqueous  medium 

having  c o l l o i d a l l y   d i s p e r s e d   t h e r e i n   a  copolyraer  c o n s i s t i n g   e s s e n t i a l l y  
of  vinyl   a c e t a t e ,   1  to  30  wt%  e t h y l e n e   and  0.5  to  15  wtX  N - a c r y l a m i d o -  
g l y c o l i c   a d d   (ASA)  and /or   N - m e t h a c r y l a m i d o g l y c o U c   a d d   (HethAGA). 

15  whenever  "AGA"  1s  used  1t  1s  to  be  under s tood   tha t   'MethAGA"  1s  a l s o  
c o n t e m p l a t e d .   The  p r e f e r r e d   copolymers   c o n s i s t   e s s e n t i a l l y   of  v i n y l  
a c e t a t e   and  6  to  18  wtX  e t h y l e n e ,   e s p e c i a l l y   10  to  12  wtX,  with  p r e -  
f e r a b l y   2  to  10  wtX  AGA.  Such  copolymer  emulsions  which  are  useful   &i 
nonwoven  b inders   would  have  B r o o k f i e l d   v i s c o s i t i e s   ranging  from  10  t o  

20  2600  cps,  p r e f e r a b l y   400-1000  cps.   The  copolymers  would  have  a  Tg 
between  -20  and  32°C,  p r e f e r a b l y   -5  to  25°C.  

The  vinyl  a c e t a t e / e t h y l e n e / A G A   copolymers  may  o p t i o n a l l y   Inc lude   one 
or  more  a d d i t i o n 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   c o p o l y m e r i z a b l e   monomers.  
Exemplary  of  such  comonomers,  which  may  be  p re sen t   at  up  to  10  wtX,  a r e  

25  C3"C10  alkeno1c  and  a l k e n e d i o i c   a d d s ,   such  as  a c r y l i c   a d d ,   me th -  
a c r y l U   a d d ,   c r o t o n U   a d d ,   I s o c r o t o n i c   a d d ,   maleic  a d d ,   fumaric  a d d  
and  I t a c o n i c   a d d   and  t h e i r   monoes te r s   and  d i e s t e r s   with  C . -C .  
a l k a n o l s ,   such  as  methanol ,   e t h a n o l .   p ropano l ,   butanol   and  2 - e t h y l -  
hexanol ;   ca rboxye thy l   a c r y l a t e ;   vinyl   ha l i de s   such  as  vinyl  c h l o r i d e ;   and 

30  n i t r o g e n - c o n t a i n i n g   m o n o o l e f 1 n 1 c a l l y   u n s a t u r a t e d   monomers,  p a r t i c u l a r l y  
n i t r i l e s ,   amides,  N-methy lo lam1des ,   lower  a lkano ic   a d d   e s t e r s   o f  
N-methylolam1des ,   lower  a lkyl   e t h e r s   of  N-methylolam1des  and  a l l y l -  
ca rbamates ,   such  as  a c r y l o n i t r i l 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 ,  
N-methy lo lac ry lam1de ,   N - m e t h y l o l m e t h a c r y l a m 1 d e ,   N - m e t h y l o l a l l y l c a r b a m a t e ,  

35  and  N-methylol  lower  a lkyl   e t h e r s   or  N-methylol  lower  a lkanoic   a d d  

BAD  ORIGINAL  M  
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e s t e r s   of  N - i n e t h y l o l a c r y l a m 1 d e ,   N - m e t h y l o l m e t h a c r y l a m i d e   and 

N - m e t h y l o l a l l y l c a r b a m a t e .   If  such  a d d i t i o n 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  

comonomer  1s  used,  about  2  to  5  wt%  1s  p r e f e r r e d .   A  p a r t i c u l a r l y  

p r e f e r r e d   comonomer  for  I n c r e a s i n g   the  water   r e s i s t a n c e   of  the  copo lymer  
5  1s  one  of  the  a l k e n o i c   a c i d s ,   namely  c r o t o n i c   acid  at  up  to  3  wt%, 

p r e f e r a b l y   0.5  to  1.5  wtX. 

C o n t e m p l a t e d   as  the  f u n c t i o n a l ,   or  o p e r a t i v e ,   e q u i v a l e n t   of  v i n y l  

a c e t a t e   In  the  copolyner   e m u l s i o n s ,   are   vinyl   e s t e r s   of  C . - C . -  

a l k a n o i c   a d d s ,   such  as  vinyl   f o r m a t e ,   v inyl   p r o p r i o n a t e ,   vinyl  l a u r a t e  
10  and  the   l i k e .  

ASA  Is  employed  1n  the  p r e p a r a t i o n   of  the  aqueous  copo lyner   e m u l s i o n  

by  e m u l s i o n   p o l y m e r i z a t i o n   In  amounts  which  y i e l d   a  copolyraer  t ha t   I s  

0.5  to  15  wtX,  p r e f e r a b l y   2  to  10  wtX  A6A.  ASA  and  a  p rocess   for  I t s  

p r e p a r a t i o n   are  known  from  B r i t i s h   P a t e n t   No.  1 , 1 0 3 , 9 1 6 .   It  can  be  
15  p u r c h a s e d   from  S o d e t e   F r a n c a i s e   Hoechst   (American  Hoechst  1s  t h e  

d i s t r i b u t o r   1n  the  U . S . ) .  

The  A6A  un i t s   1n  the  vinyl  a c e t a t e / e t h y l   ene  copolymers   can  a l s o  

a d v a n t a g e o u s l y   be  In t roduced   by  r e a c t i n g   emuls ion  copolymers   wh ich  

c o n t a i n ,   as  copo lymer ized   u n i t s ,   v inyl   a c e t a t e   and  e t h y l e n e ,   and  which  
20  a l s o   c o n t a i n   from  0.3  to  8  wt%  of  a c r y l a m i d e   a n d / o r   roethacryl   amide  a s  

c o p o l y m e r i z e d   u n i t s ,   with  g l y o x y l i c   a d d   1n,  for  example,   an  e q u i v a l e n t  

or  e x c e s s   amount  based  on  the  c o p o l y m e r i z e d   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  

( t h o u g h   a  l e s s   than  e q u i v a l e n t   amount  of  g l y o x y l i c   a d d   may  also  be 

u s e d ) .   F u r t h e r ,   the  copolymers  a c c o r d i n g   to  the  I n v e n t i o n ,   can  be 
25  p r e p a r e d   by  p o l y m e r i z i n g   the  monomer  m i x t u r e   c o n t a i n i n g   ac ry lamide   o r  

m e t h a c r y l a m i d e   In  aqueous  emulsion  in  the  p r e sence   of  g l y o x y l i c   a d d  

under   o t h e r w i s e   conven t iona l   c o n d i t i o n s .  

Methods  for  p r epa r ing   vinyl  a c e t a t e / e t h y l e n e   copolymer  emulsions  a r e  
well   known  In  the.  a r t   and  any  of  the  cus tomary   p r o c e d u r e s ,   t o g e t h e r   w i t h  

30  the  I n c o r p o r a t i o n   of  an  e t h y l e n e   p r e s s u r e ,   can  be  used,   such  as  t h o s e  

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   d e s c r i b e d   1n  such  chemis t ry   t e x t s   as  
POLYMER  SYNTHESIS,  Vol.  I  and  I I ,   by  S t a n l e y   R.  Sand ie r   and  Wolf  Karo ,  
Academic  P r e s s ,   New  York  and  London  (1974) ,   and  PREPARATIVE  METHODS  OF 
POLYMER  CHEMISTRY.  Second  E d i t i o n ,   by  Wayne  R.  Sorenson  and  Tod  W. 

35  Campbe l l ,   I n t e r s d e n c e   P u b l i s h e r s   (John  WHey  &  Sons) ,   New  York  ( 1 9 6 8 ) .  
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In  g e n e r a l ,   s u i t a b l e   v iny l   a c e t a t e / e t h y l e n e   copolymer  emul s ions   can  
be  p repared   by  the  c o p o l y m e r 1 z a t 1 o n   of  the  monomers  1n  the  p r e s e n c e   o f  
s u i t a b l e   e m u l s i f y i n g   a g e n t s ,   I . e .   p r o t e c t i v e   c o l l o i d s   and  s u r f a c t a n t s .   1 
an  aqueous  medium  under  p r e s s u r e s   g e n e r a l l y   not  exceeding   about   100  a tm 

5  and  1n  the  p r e sence   of  a  redox  system  which  1s  added  I n c r e m e n t a l l y ,   t h e  
aqueous  system  being  m a i n t a i n e d   by  a  s u i t a b l e   b u f f e r i n g   agent   at  a  pH  o f  
about  2  to  6.  The  p r o c e s s   f i r s t   Involves   a  homogen iza t ion   1n  which  t n e  
vinyl  a c e t a t e   suspended   1n  water   1s  t ho rough ly   a g i t a t e d   In  the  p r e s e n t *  
of  e t h y l e n e   under  the  working  p r e s s u r e   to  e f f e c t   s o l u t i o n   of  the  e t h y l e n e  

10  1n  the  vinyl  a c e t a t e   wh i l e   the  r e a c t i o n   medium  is  g r a d u a l l y   hea ted   to  a 
p o l y m e r i z a t i o n   t e m p e r a t u r e .   The  homogen1zat1on  per iod   1s  fo l lowed   by  a 
p o l y m e r i z a t i o n   pe r iod   d u r i n g   which  the  redox  system  1s  added  I n c r e -  
nen  t a l l y .  

The  c r o s s l i n k i n g   monomer  AGA  nay  be  added  a l l   at  once  with  the  v i n y s  15  a c e t a t e   and  e t h y l e n e   or  I n c r e m e n t a l l y   over  the  course   of  the  p o l y m e r i z a -  
t ion  r e a c t i o n ,   with  the  l a t t e r   being  p r e f e r r e d .   Advan tageous ly   a  p o r t i © /  
of  the  AGA  1s  added  d u r i n g   the  beg inn ing   of  the  p o l y m e r i z a t i o n   r e a c t i o n ,  
not  added  at  a l l   dur ing   the  middle  per iod   and  again  added  dur ing   the  l a s t  
par t   of  the  p o l y m e r i z a t i o n   r e a c t i o n .  

20  Minor  amounts,   e . g .   0.01  to  0.25  wt%,  of  a  Po lyo l e f1n1c   comonomer 
such  as  t r i a l l y l   c y a n u r a t e ,   d i a l l y l   roaleate  and  the  l ike   can  be  added  t o  
I n c r e a s e   the  m o l e c u l a r   we igh t   of  the  polymer.  Sodium  vinyl  s u l f a n a t e   can  
be  added  to  I n c r e a s e   m e c h a n i c a l   s t a b i l i t y   of  the  emulsion  and  r e d u c e  
g r i t s .  

The  e m u l s i f y i n g   a g e n t s   which  can  be  used . in   the  p o l y m e r i z a t i o n  
rec ipe   Include  1on1c  and  non ion i c   s u r f a c t a n t s ,   p r e f e r a b l y   the  a n i o n i c  
types  which  are  well  known  to  those  s k i l l e d   1n  the  p o l y m e r i z a t i o n   a r t .  
S u i t a b l e   n o n i o n U   e m u l s i f y i n g   agents   Include  p o l y o x y e t h y l e n e   c o n d e n -  
sa tes   and  the  p r e f e r r e d   a n i o n i c   e m u l s i f y i n g   agents  Include  a r y l   a l k y l  
s u l f o n a t e s .   Other  e m u l s i f y i n g   agents   Include  p r o t e c t i v e   c o l l o i d s ,   such  
as  po lyv iny l   a l coho l   and  the  c e l l u l o s e   m a t e r i a l s   such  as  me thy l  
c e l l u l o s e ,   hyd roxye thy l   c e l l u l o s e ,   hydroxypropylmethyl   c e l l u l o s e   and  t h e  
l i ke .   T 
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The  c o n c e n t r a t i o n   range  of  the  t o t a l   amount  of  the  e m u l s i f y i n g  

a g e n t s   u se fu l   1s  from  0.5  to  10%,  p r e f e r a b l y   4  to  5%,  based  on  e m u l s i o n  

s o l i d s .  

Var ious   f r e e - r a d i c a l   forming  sou rces   can  be  used  1n  c a r ry ing   out  t h e  

5  p o l y m e r i z a t i o n   of  the  monomers,  such  as  p e r o x i d e   compounds.  C o m b i n a t i o n -  

type   sys tems  employing  both  r e d u c i n g   agen t s   and  o x i d i z i n g   a g e n t s ,   I . e .   a  

redox  sys tem,   are  e s p e c i a l l y   p r e f e r r e d .   S u i t a b l e   reducing   agents   I n c l u d e  

b i s u l f i t e s ,   s u l f o x y l a t e s ,   a l k a l i   weta l   b 1 s u l f 1 t e - k e t o n e   adduc t s ,   or  o t h e r  

compounds  having  r educ ing   p r o p e r t i e s   such  as  a s c o r b i c   ac id ,   e r y t h o r b i c  
10  a c i d   and  o the r   reduc ing   s u g a r s .   The  o x i d i z i n g   agen t s   Include  h y d r o g e n  

p e r o x i d e ,   o rgan ic   p e r o x i d e s   such  as  t - b u t y l   h y d r o p e r o x i d e   and  the  l i k e ,  

p e r s u l   f a t e s ,   such  as  ammonium  or  p o t a s s i u m   p e r s u l f a t e   and  the  l i k e .  

S p e c i f i c   redox  systems  which  can  be  used  I n c l u d e   hydrogen  peroxide   and  

z inc   f o r a a l d e h y d e   s u l f o x y l a t e ;   hydrogen  p e r o x i d e   and  e r y t h o r b i c   a d d ,   " 

15  hyd rogen   p e r o x i d e ,   ammonium  p e r s u l f a t e   or  p o t a s s i u m   p e r s u l f a t e   w i t h  

sodium  » e t a b 1 s u l f 1 t e ,   sodium  b i s u l f i t e ,   f e r r o u s   s u l f a t e ,   zinc  f o r m a l -  

dehyde  s u l f o x y l a t e   or  sodium  f o r m a l d e h y d e   s u l f o x y l a t e ;   and  t - b u t y l  

h y d r o p e r o x i d e   with  sodium  b i s u l f i t e - a c e t o n e   a d d u c t .   Other  free  r a d i c a l  

fo rming   systems  t ha t   are  well  known  In  the  a r t   can  a lso  be  used  t o  
20  p o l y m e r i z e   the  monomers.  O b v i o u s l y ,   for   a  c o m p l e t e l y   f o r m a l d e h y d e - f r e e  

b i n d e r   emulsion  the  redox  system  would  compr ise   a  reducing  agent  t h a t  

does  not   l i b e r a t e   f o r m a l d e h y d e ;   I . e .   a s c o r b i c   or  e r t h y t h o r b i c   a d d ,   a 

b i s u l f i t e   or  e s p e c i a l l y   an  a l k a l i   metal  b i s u l f i t e - k e t o n e   a d d u c t .  

The  o x i d i z i n g   agent   1s  g e n e r a l l y   employed  1n  an  amount  of  0 .01  
25  to  IX,  p r e f e r a b l y   0.05  to  0.5%  based  on  the  weight   of  the  vinyl  a c e t a t e  

I n t r o d u c e d   Into  the  p o l y m e r i z a t i o n   sys tem.   The  reducing   agent  1s 

o r d i n a r i l y   added  In  the  n e c e s s a r y   e q u i v a l e n t   a m o u n t .  

The  r e a c t i o n   t e m p e r a t u r e   can  be  c o n t r o l l e d   by  the  ra te   of  r e d o x  

a d d i t i o n   and  by  the  r a t e   of  heat   d i s s i p a t i o n   via  a  r e a c t i o n   vessel   w a t e r  
30  J a c k e t .   G e n e r a l l y ,   1t  1s  a d v a n t a g e o u s   to  m a i n t a i n   a  mean  t e m p e r a t u r e   o f  

about   50°C  during  the  p o l y m e r i z a t i o n   of  the  monomers  and  to  a v o i d  

t e m p e r a t u r e s   much  1n  excess   of  80°C.  Although  t e m p e r a t u r e s   as  low  as  0°C 

can  be  used,   e conomica l ly   the  lower  t e m p e r a t u r e   l i m i t   1s  about  30°C.  

The  r e a c t i o n   time  wi l l   depend  upon  v a r i a b l e s   such  as  the  t e m p e r -  

a t u r e ,   the  f ree   r a d i c a l   forming  source   and  the  d e s i r e d   ex ten t   of  p o l y -  
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m e r i z a t i o n .   It  1s  g e n e r a l l y   d e s i r a b l e   to  c o n t i n u e   with  the  r e a c t i o n  
un t i l   less  than  0.5%  of  the  v inyl   a c e t a t e   remains  u n r e a c t e d .  

In  c a r r y i n g   out  the  p o l y m e r i z a t i o n ,   an  amount  of  the  vinyl  a c e t a t e  
1s  I n i t i a l l y   charged  to  the  p o l y m e r i z a t i o n   vesse l   and  s a t u r a t e d   w i t h  

5  e t h y l e n e .   At  l e a s t   about  25%  of  the  t o t a l   vinyl  a c e t a t e   to  be  p o l y -  
merized  1s  I n i t i a l l y   charged  and  the  r emainder   of  the  vinyl  a c e t a t e   1s 
added  I n c r e m e n t a l l y   dur ing   the  p o l y m e r i z a t i o n .   P r e f e r a b l y   al l   the  v i r y i  
a c e t a t e   1s  charged  I n i t i a l l y   with  no  a d d i t i o n a l   I nc remen ta l   s u p p l y .  

When  r e f e r e n c e   1s  made  to  I n c r e m e n t a l   a d d i t i o n ,   whether  a  v i n y l  
10  a c e t a t e   or  redox  system  or  any  o the r   I n g r e d i e n t ,   I n t e r m i t t e n t   a d d i t i o n s  

are  c o n t e m p l a t e d .   Such  a d d i t i o n s   are  a l so   r e f e r r e d   to  as  " d e l a y -  
a d d i t i o n s .  

The  q u a n t i t y   of  e t h y l e n e   e n t e r i n g   Into  the  copolymer  1s  I n f l u e n c e d  
by  the  p r e s s u r e ,   the  a g i t a t i o n   and  the  v i s c o s i t y   of  the  p o l y m e r i z a t i o n  

15  medium.  Thus,  to  I n c r e a s e   the  e t h y l e n e   c o n t e n t   of  the  copolymer  h i g h e r  
p r e s s u r e s ,   g r e a t e r   a g i t a t i o n   and  a  low  v i s c o s i t y   are  employed .  

The  process   of  forming  the  vinyl   a c e t a t e - e t h y l e n e   copolymer  e m u l s i e r  
g e n e r a l l y   comprises   the  p r e p a r a t i o n   of  an  aqueous  s o l u t i o n   c o n t a i n i n g   t h e  
emu l s i fy ing   system  and,  o p t i o n a l l y ,   the  b u f f e r i n g   system.  This  a q u e o u s  2°  s o l u t i o n   and  the  I n i t i a l   or  t o t a l   charge   of  the  vinyl  a c e t a t e   are  a d d e d  
to  the  p o l y m e r i z a t i o n   vesse l   and  e t h y l e n e   p r e s s u r e   1s  app l ied   to  t h e  
d e s i r e d   value.   The  p r e s s u r i z e d   e t h y l e n e   source  can  be  shut  off  from  t h e  
r e a c t o r   so  tha t   the  e t h y l e n e   p r e s s u r e   decays  as  It  1s  polymer ized  or  1 t  
can  be  kept  open  to  ma in t a in   the  e t h y l e n e   p r e s s u r e   t h roughou t   t h e  

25  r e a c t i o n .   I . e .   make-up  e t h y l e n e .   As  p r e v i o u s l y   ment ioned,   the  mix ture   1s 
t ho rough ly   a g i t a t e d   to  d i s s o l v e   e t h y l e n e   1n  the  vinyl  a c e t a t e   and  1n  t h e  
water  phase.  C o n v e n i e n t l y ,   the  charge   1s  brought   to  p o l y m e r i z a t i o n  
t empera tu re   during  th i s   a g i t a t i o n   p e r i o d .   The  p o l y m e r i z a t i o n   Is  t h e n  
i n i t i a t e d   by  I n t r o d u c i n g   I n i t i a l   amounts  of  the  ox idan t .   the  r e d u c t a n t  

30  having  been  added  with  the  I n i t i a l   cha rge .   After   the  p o l y m e r i z a t i o n   has  
s t a r t e d ,   the  oxidant   and  r e d u c t a n t   are  I n c r e m e n t a l l y   added  as  r e q u i r e d   t o  
con t inue   p o l y m e r i z a t i o n .   Any  o the r   c o p o l y m e M z a b l e   monomer  and  t h e  
remaining  vinyl  a c e t a t e   and /or   AGA,  If  any.  may  be  added  as  s e p a r a t e  
d e l a y s .  

35  
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As  m e n t i o n e d ,   the  r e a c t i o n   1s  g e n e r a l l y   c o n t i n u e d   un t i l   the  r e s i d u a l  

v iny l   a c e t a t e   c o n t e n t   1s  below  about   0.5%.  The  comple ted   r e a c t i o n  

p r o d u c t   1s  then  a l lowed  to  cool  to  about   room  t e m p e r a t u r e   while  sea led   t o  

the  a t m o s p h e r e .  

5  Vinyl  a c e t a t e / e t h y l   ene/AGA  copolymer   emu l s ions   of  r e l a t i v e l y   h i g h  

s o l i d s   c o n t e n t   can  be  d i r e c t l y   p roduced   having   a  s o l i d s   con ten t   of  35 

to  bO%  or  snore.  

The  v inyl   a c e t a t e - e t h y l   ene  copolymer   b i n d e r s   of  the  Inven t ion   can  be  

used  to  p r e p a r e   nonwoven  p r o d u c t s ,   or  f a b r i c s ,   by  a  v a r i e t y   of  methods  

10  known  In  the  a r t   which,  1n  g e n e r a l ,   I n v o l v e   the  I m p r e g n a t i o n   of  a  l o o s e l y  

a s s e m b l e d   mass  of  f i b e r s   with  the  b i n d e r   e m u l s i o n ,   fo l lowed   by  a  m o d e r a t e  

h e a t i n g   to  dry  the  mass.  In  the  case  of  the  p r e s e n t   I n v e n t i o n ,   t h i s  

m o d e r a t e   h e a t i n g   a l so   se rves   to  cure  the  b i n d e r   by  forming  a  cross!   i n k e d  

I n t e r p o l y t a e r .   Before   the  b inde r   1s  a p p l i e d ,   I t   1s,  of  cour se ,   nixed  w i t h  

15  a  s u i t a b l e   c a t a l y s t   for   the  c r o s s i i n k i n g   Monomer  ABA.  For  example,  a n  

ac id   c a t a l y s t   such  as  minera l   a c i d s ,   e . g .   hydrogen  c h l o r i d e ,   or  o r g a n i c  

a d d s ,   e . g .   o x a l i c   a d d ,   or  a d d   s a l t s   such  as  ammonium  c h l o r i d e ,   a r e  

s u i t a b l y   used  as  known  In  the  a r t .   The  amount  of  c a t a l y s t   is  g e n e r a l l y  

from  0.5  to  2%  of  the  t o t a l   p o l y m e r .  

20  The  s t a r t i n g   f i b e r   l ayer   or  mass  can  be  formed  by  any  one  of  t h e  

c o n v e n t i o n a l   t e c h n i q u e s   for  d e p o s i t i n g   or  a r r a n g i n g   f i b e r s   1n  a  web  o r  

l a y e r .   These  t e c h n i q u e s   Inc lude   c a r d i n g ,   g a r n e t t i n g ,   a i r - l a y i n g ,   w e t  

l a y i n g   and  the  l i k e .   I n d i v i d u a l   webs  or  t h i n   l a y e r s   formed  by  one  o r  

more  of  t h e s e   t e c h n i q u e s   can  a l so   be  l a m i n a t e d   to  p rov ide   a  t h i c k e r   l a y e r  
25  for   c o n v e r s i o n   Into  a  f a b r i c .   T y p i c a l l y ,   the  f i b e r s   extend  In  a 

p l u r a l i t y   of  d i v e r s e   d i r e c t i o n s   in  g e n e r a l   a l i g n m e n t   with  the  major  p l a n e  
of  the  f a b r i c ,   o v e r l a p p i n g ,   I n t e r s e c t i n g   and  s u p p o r t i n g   one  another   t o  
form  an  open,  porous  s t r u c t u r e .  

When  r e f e r e n c e   1s  made  to  " c e l l u l o s e "   f i b e r s ,   those   f i b e r s   c o n -  
30  t a i n i n g   p r e d o m i n a n t l y   C6H1Q05  g roup ings   are  meant .   Thus,  examples  

of  the  f i b e r s   to  be  used  1n  the  s t a r t i n g   l a y e r   are  the  n a t u r a l   c e l l u l o s e  

f i b e r s   such  as  wood  pulp,   co t ton   and  hemp  and  the  s y n t h e t i c   c e l l u l o s e  

f i b e r s   such  as  rayon,   and  r e g e n e r a t e d   c e l l u l o s e .   Often  the  f i b e r  

s t a r t i n g   l aye r   c o n t a i n s   at  l e a s t   50r.  c e l l u l o s e   f i b e r s ,   whether  they  be 
35  n a t u r a l   or  s y n t h e t i c ,   or  a  combina t i on   t h e r e o f .   Often  the  f ibe r s   1n  t h e  
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s t a r t i n g   layer   may  compr i se   n a t u r a l   f i b e r   such  as  wool,  j u t e ;   a r t i f i c i a l  
f i b e r s   such  as  c e l l u l o s e   a c e t a t e ;   s y n t h e t i c   f i b e r s   such  as  p o l y a m i d e s ,  
nylon,   p o l y e s t e r s ,   a c r y l i c s ,   p o l y o l e f i n s ,   I . e .   p o l y e t h y l e n e ,   p o l y v i n y l  
c h l o r i d e ,   p o l y u r e t h a n e ,   and  the  l i k e ,   a lone  or  1n  combina t ion   with  one  

5  a n o t h e r .  

The  f i b r o u s   s t a r t i n g   l aye r   1s  s u b j e c t e d   to  at  l e a s t   one  of  s e v e r a l  

types  of  bonding  o p e r a t i o n s   to  anchor  the  I n d i v i d u a l   f i b e r s   t o g e t h e r   t o  
form  a  s e l f - s u s t a i n i n g   web.  Some  of  the  b e t t e r   known  methods  of  b o n d i n g  
are  o v e r a l l   I m p r e g n a t i o n   or  p r i n t i n g   the  web  with  I n t e r m i t t e n t   o r  

10  con t inuous   s t r a i g h t   or  wavy  l i n e s   for  a reas   of  b inder   ex t end ing   g e n e r a l l y  
t r a n s v e r s e l y   or  d i a g o n a l l y   ac ros s   the  web  and  a d d i t i o n a l l y ,   1f  d e s i r e d ,  
along  the  web. 

The  amount  of  copolymer   b i n d e r ,   c a l c u l a t e d   on  a  dry  b a s i s ,   a p p l i e d  
to  the  f i b r o u s   s t a r t i n g   web  1s  t ha t   amount  which  1s  at  l e a s t   s u f f i c i e n t  

15  to  bind  the  f i b e r s   t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web  and  s u i t a b l y  

ranges  from  about  3  to  about   100%  or  more  by  weight  of  the  s t a r t i n g   web,  
p r e f e r a b l y   from  about   10  to  about  50  wt%  of  the  s t a r t i n g   web.  The 

Impregnated  web  1s  then  d r i ed   and  cured.   Thus  the  nonwoven  p r o d u c t s   a r e  
s u i t a b l y   dr ied   by  p a s s i n g   them  through  an  a i r   oven  or  the  l ike   and  t h e n  

20  through  a  cur ing   oven.  Typical   c o n d i t i o n s   to  achieve   opt imal   c r o s s -  
l i n k i n g   are  s u f f i c i e n t   time  and  t e m p e r a t u r e   such  as  drying  at  1 5 0 - 2 0 0 # F  

(66-93°C)  for  4-6  m i n u t e s ,   fo l lowed  by  cur ing   at  300-310°F  ( 1 4 9 - 1 5 4 ° C )  
for  3-5  minutes  or  more.  However,  o ther   t i m e - t e m p e r a t u r e   r e l a t i o n s h i p s  

can  be  employed  as  1s  well  known  In  the  a r t ,   s h o r t e r   times  and  h i g h e r  
t e m p e r a t u r e   or  l onger   t imes  at  lower  t e m p e r a t u r e   being  u s e d .  

An  emulsion  copolymer   p repared   with  an  a l k a l i   metal  b i s u l f i t e - k e t o n e  

adduct ,   sodium  m e t a - b 1 s u l f 1 t e ,   a s c o r b i c   a d d   or  e r y t h o r b i c   a d d   as  t h e  

reducing  agent  and  c o n t a i n i n g   A6A  as  the  c r o s s l i n k i n g   monomer  1s  100*  
f o r m a l d e h y d e - f r e e .   There  are  no  formaldehyde  donors  or  e m i t t e r s  

30  p r e s e n t .   N - m e t h y l o l a c r y l a m 1 d e .   being  p repared   from  ac ry lamide   and  

formaldehyde  1n  an  e q u i l i b r a t i n g ,   r e v e r s i b l e   r e a c t i o n   will   always  c o n t a i n  
some  formaldehyde   and  wi l l   con t inue   to  gene ra t e   some  un t i l   a l l   the  NMA 
has  been  e i t h e r   used  or  l o s t   I ts   fo rmaldehyde .   AGA  1s  not  p repared   u s i n g  
fo rmaldehyde ,   but  r a t h e r   g l y o x y l i c   a d d ,   and  though  Its  p r e p a r a t i o n   1s  by 

35  
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a  r e v e r s i b l e   p r o c e s s ,   t h i s   would  r e l e a s e   g l y o x y l i c   a d d   and  n o t  
f o r m a l d e h y d e .  

EXAMPLE  1 
5  This  example  d e m o n s t r a t e s   the  p r e p a r a t i o n   of  a  vinyl   a c e t a t e / e t h -  

yl  ene/AGA  copolymer   e m u l s i o n .  

A  one  g a l l o n   r e a c t o r   was  charged  with  136.  9g  vinyl   a c e t a t e ,   19.  I g  
I gepa l   CO-887  s u r f a c t a n t ,   13.  3g  Igepal  CO-630  s u r f a c t a n t ,   13.  3g  P l u r o n i c  
F-68  s u r f a c t a n t ,   13.  3g  P lu ron ic   L-64  s u r f a c t a n t .   1142.  7g  of  a  2%  aqueous  

10  s o l u t i o n   of  N a t r o s o l   250  LR  hydroxye thy l   c e l l u l o s e ,   5.5g  sodium  a c e t a t e ,  
0 .05g   f e r r i c   ammonium  s u l f a t e   and  3.1g  a c e t i c   a c i d .   It  was  purged  for  40 
m i n u t e s   wi th   n i t r o g e n .   The  k e t t l e   was  hea ted   to  48*C,  a g i t a t e d   at  800 
rpra,  p r e s s u r i z e d   with  e t h y l e n e   to  450  pounds  and  charged   with  15.  2g  o f  
7%  aqueous   s o l u t i o n   of  sodium  ace tone   b i s u l f i t e   (SAB).  The  r e a c t i o n   was 

15  i n i t i a t e d   by  add ing   3%  aqueous  s o l u t i o n   of  t - b u t y l   h y d r o p e r o x i d e   (TBHP) 
at  0 .6   s i l /min .   Upon  i n i t i a t i o n   the  r a te   of  a d d i t i o n   was  switched  t o  
a u t o m a t i c   and  1228g  vinyl   a c e t a t e   was  added  at  7.3  ml/min.   and  493g  o f  
monomer  s o l u t i o n   (55.  Og  AGA  in  495g  d e i o n i z e d   wa t e r )   was  added  at  2 . 7  
m l / m i n .   Ten  minu tes   a f t e r   i n i t i a t i o n ,   a  7%  aqueous  s o l u t i o n   of  SAB  was 

20  added  a t   0.3  ml /min .   The  r e a c t o r   t e m p e r a t u r e   was  m a i n t a i n e d   at  49°C  and 
the  p r e s s u r e   at  450  pounds.   After   t h r ee   hours ,   the  vinyl   a c e t a t e   and  AGA 
feeds   were  comple t e   but  the  reducing  agent   and  o x i d i z i n g   agent  f e e d s  
c o n t i n u e d   for   an  a d d i t i o n a l   seventy  m i n u t e s .   Thereupon ,   the  r e a c t i o n   was 
c o o l e d ,   d e g a s s e d   and  t r e a t e d   with  5g  of  a  10%  aqueous  s o l u t i o n   of  TBHP 

25  and  4 .6g  of  a  50%  aqueous  s o l u t i o n   of  C o l l o i d .   585  defoamer .   S o l i d s :   46%; 
V i s c o s i t y :   652  c p s .  

Example  2 
This  example  1s  a  r epea t   of  Example  1  In  which  the  i n i t i a l ,   charge  t o  30  the  r e a c t o r   c o n t a i n e d   4.0g  a c e t i c   a d d   and  the  monomer  s o l u t i o n   c o m p r i s e d  

110g  AGA  1n  440g  d e i o n i z e d   water .   So l ids   45.4%;  V i s c o s i t y   232  c p s .  
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Example  3 
This  example  shows  the  use  of  t M a l l y l c y a n u r a t e   and  sodium  v i n y l  

s u l f o n a t e   1n  the  p r e p a r a t i o n   of  a  vinyl   a c e t a t e / e t h y l   e n e / A G A / a c r y l a m 1 d e  
copolymer  e m u l s i o n .  

5  A  o n e - g a l l o n   r e a c t o r   was  charged  with  1364.8g  vinyl  a c e t a t e   7  6g 
Igepal   C0887  s u r f a c t a n t .   33.9g  S ipona t e   OS-10  s u r f a c t a n t ,   1.6g  t r i a i l y l -  
c y a n u r a t e ,   27.  Og  sodium  vinyl   s u l f o n a t e   (25%  1n  HO) ,   1142.  7g  of  a 
2%  aqueous  s o l u t i o n   of  Na t ro so l   250  LR  hyd roxye thy l   c e l l u l o s e   5  5g 
sodium  a c e t a t e .   0 .05g  f e r r i c   ammonium  s u l f a t e   and  0.5g  -phosphor ic   a d d  10  ft  was  purged  for  40  minu tes   with  n i t r o g e n .   The  k e t t l e   was  heated  t o  
48«C.  a g i t a t e d   at  800  rpm.  p r e s s u r i z e d   with  e t h y l e n e   to  340  pounds  and 
charged  with  30.4g  of  a  3.5%  aqueous  s o l u t i o n   of  SAB.  The  r e a c t i o n   was 
I n i t i a t e d   by  adding   1.5%  aqueous  s o l u t i o n   of  TBHP  at  0.2  » l / « i n .   Upon 
I n i t i a t i o n   the  r a t e   of  a d d i t i o n   was  swi tched  to  au toma t i c   to  ma in t a in   a 
5*C  exotherm  and  493g  of  monomer  s o l u t i o n   (55.0g  A6A  and  17.  5g  a c r y l a m i d e  
1n  477.  5g  d e i o n i z e d   wa t e r )   was  added  at  2.0  « l /m1n.   Ten  minutes   a f t e r  
I n i t i a t i o n ,   a  3.5%  aqueous  s o l u t i o n   of  SAB  was  added  at  0.3  ml/m1n.  The 
r e a c t o r   t e m p e r a t u r e   was  m a i n t a i n e d   at  49T.  and  the  p r e s s u r e   at  340 
pounds.  Af t e r   four   hou r s ,   the  AGA  feed  was  complete   but  the  SAB  and  TBHP 
feeds  c o n t i n u e d   for  an  a d d i t i o n a l   f ive   minu tes .   Thereupon,   the  r e a c t i o n  
was  coo led ,   degas sed   and  t r e a t e d   with  5g  of  10%  aqueous  s o l u t i o n   of  TBHP 
and  4.6g  of  50%  aqueous  s o l u t i o n   of  Co l lo id   585  defoamer.   S o l i d s -   43  4%- 
V i s c o s i t y :   200  cps.   

'  '  

2 5  
Example  4 

This  example  shows  the  p r e p a r a t i o n   of  a  vinyl  a c e t a t e / e t h y l e n e / A G A /  
ac ry l amide   copolymer  emuls ion   f o l l o w i n g   a  p rocedure   s i m i l a r   to  Example  3 

A  o n e - g a l l o n   r e a c t o r   was  charged  with  1364.  8g  vinyl  a c e t a t e   is  2g 
Rewopol  NOS  25  s u r f a c t a n t .   33.9g  S ipona te   OS-10  s u r f a c t a n t .   I . 6 g ' t r 1 a l l y l  
c y a n u r a t e .   27.  Og  sodium  vinyl   s u l f o n a t e   (25%  1n  HO).   1142.  7g  of  a 
2%  aqueous  s o l u t i o n   of  Na t roso l   250  LR  hydroxye thy l   c e l l u l o s e   5  5g 
sodium  a c e t a t e .   0.05g  f e r r i c   ammonium  s u l f a t e   and  0.5g  phosphor ic   a d d  It  was  purged  for  40  minutes   with  n i t r o g e n .   The  k e t t l e   was  heated  to  

' 

48-C.  a g i t a t e d   at  800  rpm.  p r e s s u r i z e d   with  e t hy l ene   to  340  pounds  and 
charged  with  30.4g  of  a  0.7%  aqueous  s o l u t i o n   of  sodium  ace tone   b i s u l f i t e  
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(SAB).  The  r e a c t i o n   was  I n i t i a t e d   by  adding   1.5%  aqueous  s o l u t i o n   o f  

t - b u t y l   h y d r o p e r o x i d e   (TBHP)  at  0.2  ral/roin.  Upon  I n i t i a t i o n   the  r a t e   o f  

a d d i t i o n   was  swi tched  to  a u t o m a t i c   to  m a i n t a i n   a  2*C  exotherm  and  525g  o f  

monomer  s o l u t i o n   (55.  Og  AGA  and  17.  5g  a c r y l a r a i d e   1n  477.  5g  d e i o n i z e d  
5  w a t e r )   was  added  at  2.2  ml/rain.   Ten  minu tes   a f t e r   I n i t i a t i o n ,   a  0.7% 

aqueous   s o l u t i o n   of  SAB  was  added  at  0.3  ml/rain.   The  r e a c t o r   t e m p e r a t u r e  

was  m a i n t a i n e d   at  49#C  and  the  p r e s s u r e   at  340  pounds.   After   two  h o u r s ,  
the  AGA  feed  was  stopped  and  the  r e a c t i o n   m a i n t a i n e d   at  a  2*C  e x o t h e r m .  
At  the   four   hour  nark  the  ASA  de lay   was  . r e s t a r t e d   and  45  minutes,   l a t e r  

1°  the  SAB  s o l u t i o n   was  changed  to  a  3.5%  aqueous  s o l u t i o n   of  SAB  and  t h e  

TBHP  s o l u t i o n   swi tched  to  1.5%  aqueous  s o l u t i o n   of  TBHP.  At  the  six  h o u r  

mark,   the  AGA  feed  was  comple te   but  the  SAB  and  TBHP  feeds  con t inued   f o r  

an  a d d i t i o n a l   f i ve   minu tes .   Thereupon ,   the  r e a c t i o n   was  cooled,   d e g a s s e d  
and  t r e a t e d   with  5g  of  10%  aqueous  s o l u t i o n   of  TBHP  and  4.6g  of  50% 

15  aqueous   s o l u t i o n   of  Co l lo id   585  de foarae r .   S o l i d s :   41.0%;  V i s c o s i t y :  
80  c p s .  

Example  5 

This  example  was  the  same  as  Example  3  except   17.  Og  c r o t o n i c   a c i d  
20  was  added  to  the  premix.  S o l i d s :   43.0%;  V i s c o s i t y :   660  c p s .  

Table   1  p r e s e n t s   the  c o m p a r a t i v e   pe r fo rmance   data  of  the  f i v e  

copo lymer   emuls ions   of  Examples  1-5  wi th   p r i o r   a r t   vinyl   a c e t a t e / e t h y l   e n e  
copo lymer s   c o n t a i n i n g   N - m e t h y l o l a c r y l a m i d e   (NHA),  I s o b u t o x y m e t h a c r y l a m i d e  

(IBHA)  and  an  equimolar   r a t i o   of  N - m e t h y l o l a c r y l a m i d e   and  ac ry lamide   (AH) 
25  1n  Examples  6-8,  r e s p e c t i v e l y .   It  can  be  seen  from  the  performance  d a t a  

t h a t   the   vinyl   a c e t a t e / e t h y l   ene/AGA  emuls ion   copolymers   according   to  t h e  
I n v e n t i o n   e x h i b i t e d   dry  and  wet  t e n s i l e   s t r e n g t h s   and  so lven t   r e s i s t a n c e  
c o m p a r a b l e   to  the  p r io r   a r t   v inyl   a c e t a t e / e t h y l e n e / c r o s s l i n k e r   c o p o l y m e r s  
wi th   the  added  advantage   of  not  e m i t t i n g   f o r m a l d e h y d e .  

30  The  copolymers   were  a p p l i e d   as  b i n d e r   emuls ions   on  Whatman  paper  a t  
10%  b i n d e r   s o l i d s .   Phosphor ic   a d d   to  pH  2.5  was  added  as  a  c u r i n g  
c a t a l y s t   and  the  Impregnated  paper  was  d r i ed   and  cured  at  150*C  f o r  
3  m i n u t e s .  

3 5  
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T A B L E   1 

Cross l1nk1ng   T e n s i l e   S t r e n q f h *  
Example  Monomer  (wt%)  Orv  Wet  Pe rch lo ro   m r c "  

1  AGA  (3)  16.0  5.7  —  4 . 3  

2  AGA  (6)  14.6  6.1  -   5>1 

3  AGA  (3)  15.5  6.0  —  5 . !  

.  
4  AGA  (3)  16.0  6.7  —  5 . 9  

5  AGA  (3)  17.0  6.6  -   b A  

6  NHA  (5)  15.1  7.7  8.9  8 . 0  

7  IBMA  (5)  16.4  5.0  4 . 6  

8  KHA/AM  ( 2 . 5 / 2 )   12.6  6.0  5  9  a  ? 

1 0  

15  

*  PLI  (pounds  per  l i n e a r   I n c h )  

2 0  

The  high  t e m p e r a t u r e   cure  used  to  c r o s s l i n k   the  copolymers  a c c o r d i n g  
to  the  I nven t ion   causes  the  amide  n i t r o g e n   of  one  AGA  molecule  to  add  t o  
the  carbon  which  1s  a lpha  to  both  the  amide  n i t r o g e n   and  the  c a r b o x y l i c  

25  a d d   f u n c t i o n a l i t y   of  a n o t h e r   AGA  uni t   with  loss  of  water .   These  
c o n d i t i o n s   a lso  al low  a  hydroxyl   group  of  c e l l u l o s e   to  add  to  the  c a r b o n  
alpha  to  both  the  amide  n i t r o g e n   and  the  c a r b o x y l i c   a d d   f u n c t i o n a l i t y   o f  
an  AGA  unit   with  loss  of  w a t e r .   This  second  r e a c t i o n   binds  the  p o l y m e r  
to  the  c e l l u l o s i c   s u b s t r a t e ,   t h e r eby   s t r e n g t h e n i n g   the  r e s u l t i n g   n e t w o r k  

30  and  p r e v e n t i n g   adhes ive   f a i l u r e   of  the  binder   in  w a t e r .  
Polymers  c o n t a i n i n g   AGA  perform  well  as  nonwoven  b inders   because  t h e  

mechanics  are  p r e s e n t   for  the  a m i n o p l a s t   t echno logy ,   e s p e c i a l l y   as  t h e  
c a r b o x y U c   a d d   group  wi l l   s t a b i l i z e   the  1m1n1um  I n t e r m e d i a t e ,   f a c i l i -  
t a t i n g   Us  format ion   and  a l l o w i n g   1t  to  ex i s t   long  enough  to  find  a 

35  n u c l e o p h i l e .   This  can  I nc lude   a n o t h e r   AGA  moiety  or  any  other   a c t i v e  
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hydrogen   sou rce   such  as  a  hydroxyl   group  from  a n o t h e r   monomer  or  from  t h e  

c e l l u l o s i c   s u b s t r a t e .   The  key  advan tage   Is  t h a t   the  AGA  does  not  c o n t a i n  

or  r e l e a s e   fo rma ldehyde   dur ing   cu r ing   as  I t   1s  not  p r e p a r e d   u s i n g  

f o r m a l d e h y d e .  

STATEMENT  OF  INDUSTRIAL  APPLICATION 

The  I n v e n t i o n   p rov ides   vinyl   a c e t a t e / e t h y l e n e / A G A   copolymer  e m u l s i o n  

b i n d e r s   u s e f u l   for  the  p r e p a r a t i o n   of  nonwoven  p r o d u c t s .  

1 0  

1 5  

2 0  

2 5  

3 0  

3 5  
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CLAIMS 

. 1 .   A  copolymer  emulsion  for  bonding  nonwovens  compris ing  an 
aqueous  medium  having  c o l l o i d a l l y   d i s p e r s e d   t h e r e i n   a  copolymer  

5  c o n s i s t i n g   e s s e n t i a l l y   of  vinyl  a c e t a t e .   1  to  30  wtX  e thy lene   and 
0.5  to  15  wt%  of  an  N - a c r y l a m 1 d o g l y c o l 1 c   a d d .  

2.  The  emulsion  of  Claim  1  1n  which  the  copolymer  con ta ins   6  t o  
18  wtX  e t h y l e n e .  

1 0  

3.  The  emulsion  of  Claim  1  In  which  the  copolyroer  conta ins   2  t o  
10  wt%  of  an  N-ac ry l am1dog lyco l1c   a d d .  

4.  The  emulsion  of  Claim  1  1n  which  the  copolyroer  c o n t a i n s  
15  N - a c r y l a m 1 d o g l y c o l 1 c   a d d .  

5.  The  emulsion  of  Claim  1  1n  which  the  copolymer  c o n t a i n s  
N - m e t h a c r y l a m 1 d o g l y c o l 1 c   a d d .  

20  6.  The  emulsion  of  Claim  1  1n  which  the  copolymer  also  con ta in s   up 
to  10  wtX  of  a  C3-C10  a lkeno i c   a d d   comonomer.  

7.  The  emulsion  of  Claim  1  1n  which  the  copolymer  conta ins   up  t o  
3  wtX  c r o t o n i c   a d d .  

2 5  

8.  The  emulsion  of  Claim  1  in  which  the  copolymer  c o n t a i n s  
0 . 5 - 1 . 5   wtX  c r o t o n i c   a d d .  

9.  A  copolymer  emulsion  for  bonding  nonwovens  comprising  an 
30  aqueous  medium  having  c o l l o i d a l l y   d i s p e r s e d   t h e r e i n   a  copolymer  

c o n s i s t i n g   e s s e n t i a l l y   of  vinyl  a c e t a t e ,   6-18  wt%  e thy lene   and  2-10  wtX 
H - a c r y l a m i d o g l y c o l i c   a d d .  

35  



0 2 3 7 6 4 3  

-  16  -  

10.  The  emu l s ion   of  Claim  9  1n  which  the  copolymer  1s  10-12  wtX 

e t h y l e n e .  

11.  The  . emu l s ion   of  Claim  9  1n  which  the  copolymer   a l so   c o n t a i n s  

5  0 . 5 - 1 . 5   wt!4  c r o t o n i c   a d d .  

12.  A  nonwoven  p r o d u c t   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded  

t o g e t h e r   with  the  v iny l   a c e t a t e - e t h y l   ene  copolymer  d e p o s i t e d   from  t h e  

emuls ion   of  Claim  1  at   a  b inde r   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  

10  t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

13.  A  nonwoven  p r o d u c t   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded  

t o g e t h e r   with  the  v iny l   a c e t a t e - e t h y l   ene  copolytaer  d e p o s i t e d   from  t h e  

emuls ion   of  Claim  2  a t   a  b inde r   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
15  t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

14.  A  nonwoven  p r o d u c t   compr i s ing   a  nonwoven  web  of  f i b e r s   b o n d e d  

t o g e t h e r   with  the  v iny l   a c e t a t e - e t h y l   ene  copolymer  d e p o s i t e d   from  t h e  

emuls ion   of  Claim  3  at   a  b inde r   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
20  t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

15.  A  nonwoven  p r o d u c t   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded  

t o g e t h e r   with  the  v iny l   a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  

emuls ion   of  Claim  4  at  a  b inde r   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
25  t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

16.  A  nonwoven  p r o d u c t   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded  

t o g e t h e r   with  the  v iny l   a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  
emuls ion   of  Claim  5  at  a  b inder   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  

30  t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

17  »  A  nonwoven  p r o d u c t   compr is ing   a  nonwoven  web  of  f i b e r s   bonded  

t o g e t h e r   with  the  v iny l   a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  

3 5  
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emulsion  of  Claim  6  at  a  b inder   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web. 

18.  A  nqnwoven  product   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded 
5  t o g e t h e r   with  the  vinyl  a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  

emulsion  of  Claim  7  at  a  b inder   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

19.  A  nonwoven  product   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded 
10  t o g e t h e r   with  the  vinyl  a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  

emulsion  of  Claim  8  at  a  b inder   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

20.  A  nonwoven  product   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded 
15  t o g e t h e r   with  the  vinyl  a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  

emulsion  of  Claim  9  at  a  b inder   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web.  

21.  A  nonwoven  product   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded 
20  t o g e t h e r   with  the  vinyl  a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  

emulsion  of  Claim  10  at  a  b inder   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web. 

22.  A  nonwoven  product   compr i s ing   a  nonwoven  web  of  f i b e r s   bonded 25  t o g e t h e r   with  the  vinyl  a c e t a t e - e t h y l e n e   copolymer  d e p o s i t e d   from  t h e  
emulsion  of  Claim  11  at  a  b inder   add-on  s u f f i c i e n t   to  bond  the  f i b e r s  
t o g e t h e r   to  form  a  s e l f - s u s t a i n i n g   web. 
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