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(s*)  Process  for  producing  nonwoven  fabrics  suited  for  use  as  wipers. 
©  Nonwoven  fabrics  showing  rubber-like  elasticity  in  a  wet 
condition,  having  good  wear  resistance  and  strength  and 
retaining  flexibility  even  in  a  dry  condition  are  obtained  by 
causing  a  nonwoven  fabric  containing,  as  essential  consti- 
tuent  fibers,  60-90  weight  percent  of  highly  shrinkable  . 
polyvinyl  alcohol  fibers  capable  of  absorbing  water  to  shrink 
of  which  a  maximum  shrinking  temperature  in  water  is 
within  the  range  of  65-90°C  with  a  maximum  shrinkage 
percentage  of  not  less  than  50  percent  and  10-40  weight 
percent  of  binder  fibers  having  a  melting  point  not  higher 
than  200°C  to  shrink  by  warm  water  treatment  to  an  extent 
such  that  the  areal  reduction  amounts  to  35-65  percent  and 

^   further  melting  the  surface  of  the  binder  fibers  by  heating. 
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BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of   t he   I n v e n t i o n  

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

a  n o n w o v e n   f a b r i c   in  w h i c h   h i g h l y   s h r i n k a b l e   p o l y v i n y l  

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

( h e r e i n a f t e r   such   f i b e r s   b e i n g   r e f e r r e d   to  a s  

" s h i r i n k a b l e   PVA  f i b e r s " )   a r e   e s s e n t i a l   c o n s t i t u e n t  

f i b e r s .  

I t   i s   an  o b j e c t   of   t h e   i n v e n t i o n   to  p r o v i d e  

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

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

n a p k i n s ,   t a b l e   n a p k i n s ,   a u t o m o b i l e   w i p e r s ,   f u r n i t u r e  

w i p e r s ,   t o i l e t   a r t i c l e s ,   and  t h e   l i k e ) .  

2.  D e s c r i p t i o n   of  t he   P r i o r   A r t  

W i p e r s   so  f a r   u sed   a r e   m a i n l y   made  of  s p o n g e s  

( e . g .   f oamed   p o l y v i n y l   f o r m a l )   or  n o n w o v e n   f a b r i c s  

c o n s i s t i n g   of  n a t u r a l   or  s y n t h e t i c   f i b e r s .   F o r  

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

bond  f i b e r s   to  a  s u f f i c i e n t   e x t e n t   by  i n t e n s e   n e e d l e -  

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

compound   or  a  s t y r e n e - b u t a d i e n e   c o p o l y m e r   so  t h a t   t h e  

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

use   t h e r e o f   ( f r i c t i o n   b e t w e e n   them  and  m e t a l s ,   p l a s t i c s ,  

c h i n a w a r e ,   human  s k i n ,   e t c . )   can  be  p r e v e n t e d .   E i t h e r  

of  t h e s e   b o n d i n g   t e c h n i q u e s   r e n d e r s   n o n w o v e n   f a b r i c s  

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



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

m a t c h   t h e   s h a p e   of  an  a r t i c l e   to  be  w i p e d ,   f e e l i n g ,  

a b i l i t y   to  a d s o r b   w a t e r )   and  i n s u f f i c i e n t   w e a r   r e s i s t -  

a n c e   ( r e p e a t e d   use   r e s u l t i n g   in  n a p p i n g   a n d / o r   f a l l i n g  

o f f   of  f i b e r s ) ,   f e e l   s t i f f   when  u s e d ,   and  s o m e t i m e s  

g i v e   s c r a t c h e s   or  t he   l i k e   to  a r t i c l e s   w i p e d ,   h e n c e   a r e  

n o t   a l w a y s   s a t i s f a c t o r y .   I t   i s   a l s o   known  t h a t  

i m p r e g n a t i o n   of  a  n o n w o v e n   f a b r i c   in  w h i c h   PVA  f i b e r s  

a r e   u s e d   w i t h   a  PVA  r e s i n ,   f o l l o w e d   by  c o a g u l a t i o n   a n d  

i n s o l u b i l i z a t i o n   to  g i v e   a  s p o n g e - l i k e   f o a m e d   l a y e r   o f  

PVA  r e s i n   g i v e s   w i p e r s   s h o w i n g   s o f t   and  f l e x i b l e  

b e h a v i o r   in  a  wet  c o n d i t i o n . . P r o d u c t s   o b t a i n e d   by  t h i s  

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

t h e y   f e e l   v e r y   h a r d   and  h a r s h  w h e n   t h e y   a r e   d r y .  

SUMMARY  OF  THE  INVENTION 

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

o b t a i n i n g   h i g h - q u a l i t y   w i p e r   p r o d u c t s   a t   low  c o s t   b y  

o v e r c o m i n g   t h e   above   d r a w b a c k s   have  now  l ed   to   t h e  

p r e s e n t   i n v e n t i o n .   T h u s ,   t h e   i n v e n t i o n   p r o v i d e s   a  

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

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

f a b r i c   c o n t a i n i n g ,   as  e s s e n t i a l   c o n s t i t u e n t   f i b e r s ,  

6 0 - 9 0   w e i g h t   p e r c e n t   of  h i g h l y   s h r i n k a b l e   p o l y v i n y l  

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

w h i c h   a  maximum  s h r i n k i n g   t e m p e r a t u r e   in  w a t e r   i s  

w i t h i n   t h e   r a n g e   of  6 5 - 9 0 ° C   w i t h   a  maximum  s h r i n k a g e  

p e r c e n t a g e   of   no t   l e s s   t h a n   50  p e r c e n t   and  1 0 - 4 0   w e i g h t  



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

h i g h e r   t h a n   200°C  to  s h r i n k   by  warm  w a t e r   t r e a t m e n t   t o  

an  e x t e n t   such   t h a t   t h e   a r e a l   r e d u c t i o n   a m o u n t s   t o  

3 5 - 6 5   p e r c e n t   and  f u r t h e r   m e l t i n g   t h e   b i n d e r   f i b e r  

s u r f a c e   by  h e a t i n g .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

A  f i r s t   c o n s t i t u e n t   e l e m e n t   of   t h e   i n v e n t i o n  

c o n s i s t s   in  t h a t   s h r i n k a b l e   PVA  f i b e r s   a r e   u s e d   as  m a i n  

n o n w o v e n   f a b r i c - c o n s t i t u t i n g   f i b e r s   and  f u r t h e r   in  t h a t  

t h e   n o n w o v e n   f a b r i c   i s   c a u s e d   to  s h r i n k   by  warm  w a t e r  

t r e a t m e n t   to  an  e x t e n t   such   t h a t   t h e   a r e a l   r e d u c t i o n  

a m o u n t s   to  35 -65   p e r c e n t .   By  t a k i n g   t h e s e   m e a n s ,   we 

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

h a v e ,   in  a  wet   c o n d i t i o n ,   an  e l o n g a t i o n   a t   b r e a k   o f  

a b o u t   100  p e r c e n t   and  good  r u b b e r - l i k e   e l a s t i c i t y   a n d ,  

e v e n   in  a  d ry   c o n d i t i o n ,   show  s o f t   f e e l i n g .  

A  s e c o n d   c o n s t i t u e n t   e l e m e n t   of   t h e   i n v e n t i o n   l i e s  

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

m e l t i n g   p o i n t   no t   h i g h e r   t h a n   200°C  ( h e r e i n a f t e r   s u c h  

f i b e r s   b e i n g   r e f e r r e d   to  as  " b i n d e r   f i b e r s " )   a r e  

i n c o r p o r a t e d   in  an  a m o u n t   of  10 -40   p e r c e n t   i n t o   s a i d  

n o n w o v e n   f a b r i c .   S a i d   b i n d e r   f i b e r s ,   when  h e a t e d ,   a r e  

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

f i b e r s ,   n a m e l y   s h r i n k a b l e   PVA  f i b e r s ,   f i r m l y .   A 

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

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

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



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

a m o u n t   of  2-30  p e r c e n t   ( r e s i n   s o l i d   w e i g h t / f i b e r  

w e i g h t ) .  

The  main   c o m p o n e n t   f i b e r s   c o n s t i t u t i n g   t h e  

n o n w o v e n   f a b r i c   a r e   s h r i n k a b l e   PVA  f i b e r s   and  a c c o u n t  

f o r   6 0 - 9 0   p e r c e n t   by  w e i g h t   b a s e d   on  t h e   w h o l e   w e b .  

T y p i c a l   e x a m p l e s   of  t he   " s h r i n k a b l e   PVA  f i b e r s "   a s  

r e f e r r e d   to  h e r e i n   a r e   f i b e r s   o b t a i n e d   by  we t   s p i n n i n g  

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

d e g r e e   of  p o l y m e r i z a t i o n   of   1 , 2 0 0 - 3 , 0 0 0   and  a  d e g r e e   o f  

s a p o n i f i c a t i o n   of  no t   l e s s   t h a n   98  m o l e   p e r c e n t ,  

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

l e a s t   4 :1   in  an  a t m o s p h e r e   m a i n t a i n e d   w i t h i n   a  

t e m p e r a t u r e   r a n g e   n o t   h i g h e r   t h a n   130°C  in  a  c o n d i t i o n  

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

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

in  a  t a u t   c o n d i t i o n   so  t h a t   t h e   maximum  s h r i n k i n g  

t e m p e r a t u r e   in  w a t e r   ( t e m p e r a t u r e   c a u s i n g   a  m a x i m u m  

s h r i n k a g e   of  t he   c o n t i n u o u s   f i b e r s   in  w a t e r )   c o m e s  

w i t h i n   t h e   r a n g e   of  6 5 - 9 0 ° C   w i t h   a  maximum  s h r i n k a g e  

p e r c e n t a g e   of  no t   l e s s   t h a n   50  p e r c e n t .  

V a r i o u s   PVA  f i b e r   s p e c i e s   have   been   so  f a r   k n o w n .  

T h o s e   i n t e n d e d   f o r   g e n e r a l   use   a l l   have   t h e   s o - c a l l e d  

h o t   w a t e r   r e s i s t a n c e ,   n a m e l y   t h e   maximum  s h r i n k i n g  

t e m p e r a t u r e   t h e r e o f   in  w a t e r   e x c e e d s   90°C  w i t h   a  

maximum  s h r i n k a g e   p e r c e n t a g e   of  l e s s   t h a n   50  p e r c e n t .  

Some  PVA  f i b e r   s p e c i e s   f o r   u s e s   t h a t   u t i l i z e   t h e i r  



r e a d y   w a t e r   s o l u b i l i t y   g e n e r a l l y   have   a  m a x i m u m  

s h r i n k i n g   t e m p e r a t u r e   l o w e r   t han   60°C.   Wi th   t h e   PVA 

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

maximum  s h r i n k i n g   t e m p e r a t u r e   in  w a t e r   i s   e i t h e r   l o w e r  

t h a n   60°C  or  h i g h e r   t h a n   90°C.   As  w i l l   be  e v i d e n t   f r o m  

c o m p a r i s o n ,   t h e   PVA  f i b e r s   to  be  u s e d   in  a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   a r e   v e r y   p a r t i c u l a r   and  a r e   q u i t e  

d i s t i n c t   from  t h e   PVA  f i b e r s   so  f a r   u s e d   g e n e r a l l y   i n  

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

and  so  f o r t h .  

As  p r i n c i p a l   f a c t o r s   wh ich   d e t e r m i n e   t h e   m a x i m u m  

s h r i n k i n g   t e m p e r a t u r e   of  PVA  f i b e r s   in  w a t e r   and  t h e  

maximum  s h r i n k a g e   p e r c e n t a g e ,   t h e r e   may  be  m e n t i o n e d  

t he   d r a w i n g   r a t i o   and  t he   d r a w i n g   and  h e a t   t r e a t m e n t  

t e m p e r a t u r e s .   T h u s ,   f o r   e x a m p l e ,   an  i n c r e a s e   in  t h e  

d r a w i n g   r a t i o   w i l l   r e s u l t   in  a  h i g h e r   maximum  s h r i n k i n g  

t e m p e r a t u r e .   R a i s e d   d r a w i n g   and  h e a t   t r e a t m e n t  

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

p e r c e n t a g e   and  a  h i g h e r   maximum  s h r i n k i n g   t e m p e r a t u r e .  

T h e r e f o r e ,   a  d e s i r e d   maximum  s h r i n k i n g   t e m p e r a t u r e   a n d  

a  d e s i r e d   maximum  s h r i n k a g e   p e r c e n t a g e   can   be  o b t a i n e d  

by  v a r y i n g   the   d r a w i n g   r a t i o   and  t h e   d r a w i n g   and  h e a t  

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

The  b i n d e r   f i b e r s   h a v i n g   a  f i b e r   s u r f a c e   m e l t i n g  

p o i n t   of   no t   h i g h e r   t h a n   200°C  a c c o u n t   f o r   1 0 - 4 0  

p e r c e n t   by  w e i g h t   b a s e d   on  the   web.  As  e x a m p l e s   o f  

such   f i b e r s ,   t h e r e   may  be  m e n t i o n e d   f i b e r s   of   m o d i f i e d  



p o l y e s t e r ,   p o l y p r o p y l e n e ,   p o l y e t h y l e n e ,   e t h y l e n e -  

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

p o l y m e r s  h a v i n g   a  m e l t i n g   p o i n t   n o t   h i g h e r   t h a n   2 0 0 ° C .  

S a i d   b i n d e r   f i b e r s   may  of  c o u r s e   be  t h e   s o - c a l l e d  

c o r e - s h e a t h   f i b e r s   t he   c o r e   or  i n s i d e   of  w h i c h   is   m a d e  

of  a  p o l y m e r   h a v i n g   a  m e l t i n g   p o i n t   n o t   l o w e r   t h a n  

200°C  and  t h e   s h e a t h   or  e x t e r n a l   l a y e r   of   w h i c h   is   m a d e  

of  a  p o l y m e r   h a v i n g   a  m e l t i n g   p o i n t   n o t   h i g h e r   t h a n  

200°C.   They  may  a l s o   be  m i x - s p u n   f i b e r s   c o m p o s e d   of  a  

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

p o l y m e r   h a v i n g   a  m e l t i n g   p o i n t   n o t   h i g h e r   t h a n   2 0 0 ° C .  

The  s h r i n k a b l e   PVA  f i b e r s ,   w h i c h   a r e   t h e   m a i n   c o m p o n e n t  

f i b e r s ,   when  s u b j e c t e d   a l o n e   to   t h e   s h r i n k i n g   t r e a t m e n t  

w i t h   warm  w a t e r   to   be  m e n t i o n e d   l a t e r   h e r e i n ,   u n d e r g o  

p s e u d o a d h e s i o n   of  s a i d   PVA  f i b e r s   w i t h   one  a n o t h e r .  

T h i s   l e a d s   to  h a r d e n i n g   of   t he   n o n w o v e n   f a b r i c   w h e n  

t h i s   i s   d r i e d .   T h i s   h a r d e n i n g   p h e n o m e n o n   can  b e  

p r e v e n t e d   by  t h e   p r e s e n c e   of  s a i d   b i n d e r   f i b e r s .   F o r  

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

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

f i b e r s   ( f o r   e x a m p l e   in   an  amoun t   of   n o t   l e s s   t h a n   20 

p e r c e n t )   i n t o   t h e   web.  The  u s e ,   a c c o r d i n g   to  t h e  

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

h i g h e r   t h a n   200°C  is  v e r y   e f f e c t i v e   in  i n c r e a s i n g   t h e  

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

and  f a l l i n g   o f f   of  t h e   main   c o m p o n e n t   f i b e r s   on  t h e  

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



by  s u b j e c t i n g   t he   s h r i n k a b l e   PVA  f i b e r s   a f t e r   s h r i n k a g e  

w i t h   warm  w a t e r   to  h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   n o t  

l o w e r   t h a n   t he   m e l t i n g   p o i n t   of  s a i d   b i n d e r   f i b e r s   i n  

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

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

t h e r e o f   and  s e r v e   as  b o n d i n g   a g e n t s   f o r   t h e   s h r i n k a b l e  

PVA  f i b e r s .   The  u se   of  such   b i n d e r   f i b e r s   i s   one  o f  

t h e   mos t   i m p o r t a n t   c o n s t i t u e n t   e l e m e n t s   of  t he   i n v e n t i o n .  

I t   is   of  c o u r s e   p o s s i b l e   to  add  a  s m a l l   amoun t   o f  

h y d r o p h o b i c   f i b e r s   w h i c h   w i l l   no t   m e l t   when  the   b i n d e r  

f i b e r s   a r e   m e l t e d   t h e r m a l l y .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   t h e r e   i s   a  

f u r t h e r   r e q u i s i t e   t h a t   t h e   web  h a v i n g   such   c o n s t i t u t i o n  

as  m e n t i o n e d   above   be  s u b j e c t e d   to  warm  w a t e r   t r e a t m e n t  

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

to  3 5 - 6 5   p e r c e n t .   When  t h e   web  a r e a   a f t e r   s h r i n k i n g  

t r e a t m e n t   is   a b o v e   65  p e r c e n t   of  t h e   o r i g i n a l ,   t h e  

r e s u l t i n g   n o n w o v e n   f a b r i c   does   no t   show  r u b b e r - l i k e  

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

p u r p o s e   of  t he   i n v e n t i o n . '   When  t h e   n o n w o v e n   f a b r i c  

a r e a   i s   r e d u c e d   to  l e s s   t h a n   35  p e r c e n t   of  t he   o r i g i n a l  

by  warm  w a t e r   t r e a t m e n t ,   t he   n o n w o v e n   f a b r i c   has  g o o d  

r u b b e r - l i k e   e l a s t i c i t y   in  a  wet   c o n d i t i o n   b u t ,   w h e n  

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

s u i t e d   f o r   t he   u s e s   i n t e n d e d   by  t he   i n v e n t o r s .   On  t h e  

c o n t r a r y ,   t he   n o n w o v e n   f a b r i c   a c c o r d i n g   to  t he   i n v e n t i o n  

t h a t   has   been   s h r i n k e d   by  warm  w a t e r   t r e a t m e n t   to  a n  



a r e a l   r e d u c t i o n   of  3 5 - 6 5   p e r c e n t   has   good  r u b b e r - l i k e  

e l a s t i c i t y   in  a  wet   c o n d i t i o n   and  shows  a  s o f t   f e e l i n g  

in  a  dry   c o n d i t i o n .   R e p e a t e d   w e t t i n g   and  d r y i n g   c y c l e s  

c a u s e   l i t t l e   c h a n g e   in  i t s   f e e l i n g .  

The  n o n w o v e n   f a b r i c   a f t e r   warm  w a t e r   t r e a t m e n t   a n d  

b i n d e r   f i b e r - m e l t i n g   t r e a t m e n t   can  be  u s e d ,   as  i t   i s   o r  

a f t e r   d r y i n g ,   as  a  w i p e r ,   such  as  a  k i t c h e n   n a p k i n ,  

t a b l e   n a p k i n ,   a u t o m o b i l e   w i p e r ,   f u r n i t u r e   w i p e r   o r  

t o i l e t   a r t i c l e ,   and  can   f u n c t i o n   s a t i s f a c t o r i l y   as  a  

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

f u n c t i o n a l i t y   and  d u r a b i l i t y   (wear   r e s i s t a n c e )   i n  

p r a c t i c a l   use   t h e r e o f ,   i t   is   p r e f e r a b l e   to  s u b j e c t   t h e  

nonwoven   f a b r i c   to   r e s i n   t r e a t m e n t .   The  r e s i n   to  b e  

u sed   in  s a i d   r e s i n   t r e a t m e n t   s h o u l d   n o t   i m p a i r   t h e  

f e e l i n g   ( f l e x i b i l i t y )   of  t h e   n o n w o v e n   f a b r i c   i t s e l f   b u t  

can  p r e f e r a b l y   p r o v i d e   t he   n o n w o v e n   f a b r i c   w i t h   w e a r  

r e s i s t a n c e   and  p r e v e n t   n a p p i n g   of  t h e   n o n w o v e n   f a b r i c  

or  f a l l i n g   o f f   of  f i b e r s .   The  mos t   s u i t a b l e   e x a m p l e   o f  

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

a d h e s i v e n e s s   to  s h r i n k a b l e   PVA  f i b e r s .   T r e a t m e n t   w i t h  

a  u r e t h a n e   r e s i n   can  be  c o n d u c t e d   e i t h e r   by  t he   s o - -  

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

d i p p i n g   t he   n o n w o v e n   f a b r i c   in  or  c o a t i n g   t h e   same  w i t h  

a  s o l u t i o n   of   a  s o l v e n t - t y p e   or  w a t e r - d i s p e r s i b l e   o r  

w a t e r - s o l u b l e   u r e t h a n e   r e s i n ,   f o l l o w e d   by  d r y i n g ,   or  b y  

the   s o - c a l l e d   wet   c o a g u l a t i o n   t e c h n i q u e   w h i c h   c o m p r i s e s  

d i p p i n g   the   n o n w o v e n   f a b r i c   in  or  c o a t i n g   t h e   same  w i t h  



a  s o l u t i o n   of  a  s o l v e n t - t y p e   u r e t h a n e   r e s i n   and  t h e n  

i m m e r s i n g   t he   same  in  w a t e r   f o r   e x t r a c t i o n   of  t h e  

s o l v e n t   to  t h e r e b y   c a u s e   c o a g u l a t i o n   of  t he   u r e t h a n e  

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

The  a m o u n t   of  t h e   u r e t h a n e   r e s i n   to  be  t a k e n   up  b y  

the   n o n w o v e n   f a b r i c   s h o u l d   p r e f e r a b l y   be  2-30  p e r c e n t  

( b a s e d   on  t h e   f i b e r   w e i g h t ) .   An  amoun t   of  l e s s   t h a n   2 

p e r c e n t   c a n n o t   p r o d u c e   w e a r   r e s i s t a n c e   i m p r o v i n g  

e f f e c t ,   w h e r e a s   an  a m o u n t   of  more  t h a n   30  p e r c e n t  

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

t h e r e o f .  

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

r e s i n   i s   a p p l i e d   to  t h e   n o n w o v e n   f a b r i c   by  d i p p i n g ,  

t h i s   t r e a t m e n t   and  t h e   a b o v e - m e n t i o n e d   s h r i n k i n g  

t r e a t m e n t   w i t h   warm  w a t e r   can  r a t i o n a l l y   be  c o n d u c t e d  

in  one  s t e p   by  a d j u s t i n g   t h e   t e m p e r a t u r e   of  t h e   a q u e o u s  

s o l u t i o n   or  d i s p e r s i o n .  

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

f l e x i b i l i t y ,   i t   is   a l s o   e f f e c t i v e   to  use   a  f i n i s h i n g  

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

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

e i t h e r   be  c a r r i e d   ou t   as  an  i n d e p e n d e n t   s t e p   or   b e  

i n c o r p o r a t e d ' i n t o   t h e   s t e p   of  s h r i n k i n g   t r e a t m e n t   w i t h  

warm  w a t e r   and  s i m u l t a n e o u s   t r e a t m e n t   w i t h   a  u r e t h a n e  

r e s i n .  

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

f i b e r s   c o n t a i n e d   in  t h e   n o n w o v e n   f a b r i c   to  t h e r e b y  



b o n d i n g   t he   s h r i n k a b l e   PVA  f i b e r s ,   w h i c h   a r e   t h e   m a i n  

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

f i b e r s   i s   now  d e s c r i b e d .   A l t h o u g h   t h e   i n t e n d e d   p u r p o s e  

can   be  a t t a i n e d   as  w e l l   by  h e a t   t r e a t m e n t   in  a  ho t   a i r  

oven   m a i n t a i n e d   a t   a  t e m p e r a t u r e   a b o v e   t h e   m e l t i n g  

p o i n t   of   t he   b i n d e r   f i b e r s ,   i t   is   p r e f e r a b l e   to  p a s s  

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

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

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

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

p o i n t   by  a t   l e a s t   20°C,   so  t h a t   t h e   n o n w o v e n   f a b r i c   c a n  

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

u n e v e n n e s s .   The  s u r f a c e   a p p e a r a n c e   of   t h e   n o n w o v e n  

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

r o l l   c l e a r a n c e   to  t h e   t h i c k n e s s   of  t h e   n o n w o v e n - f a b r i c .  

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

p r e f e r a b l e   to  a d j u s t   t h e   c a l e n d e r   r o l l   c l e a r a n c e / n o n w o v e n  

f a b r i c   t h i c k n e s s   ( b e f o r e   p a s s a g e   t h r o u g h   t h e   c a l e n d e r )  

r a t i o   to   1 /2   to  1 / 4 .  

The  f o l l o w i n g   e x a m p l e s ,   w h i c h   a r e   by  no  m e a n s  

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

t h e   i n v e n t i o n   in  more  d e t a i l .  

E x a m p l e   1  and  C o m p a r a t i v e   E x a m p l e   1 

C o n t i n u o u s   f i b e r s   were   p r o d u c e d   by  t h e   wet   m e t h o d  

by  e x t r u d i n g   an  a q u e o u s   s o l u t i o n   of  PVA  w i t h   a  d e g r e e  

of   p o l y m e r i z a t i o n   of  1 , 7 0 0   and  a  d e g r e e   o f   s a p o n i f i c a t i o n  

of   9 9 . 9   mole   p e r c e n t   i n t o   a  s a t u r a t e d   a q u e o u s   s o l u t i o n  



of  Na2S04 ,   d r a w n ,   a t   a  r a t i o   of  4 . 5 : 1 ,   in  a i r   a t  

40°C  and  in  a  s a t u r a t e d   a q u e o u s   s o l u t i o n   of  N a 2 S 0 4  

a t   90°C  and  t h e n ,   in  a  c o n s t a n t   l e n g t h   c o n d i t i o n ,   d r i e d  

w i t h   h o t  a i r   a t   130°C  to  a t t a i n   an  a b s o l u t e   d r y   c o n d i t i o n  

and  h e a t - t r e a t e d   in  h o t   a i r   a t   180°C  to   g i v e   a  m a x i m u m  

i n - w a t e r  s h r i n k i n g   t e m p e r a t u r e   of  80°C .   S i n c e   t h e s e  

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

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

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

w a t e r   a t   30°C  to  r e m o v e   Na2S04  r e t a i n e d   on  f i b e r s ,  

s u b j e c t e d   to  wet   t r e a t m e n t   i n c l u d i n g   o i l i n g   and ,   in  a  

t a u t   c o n d i t i o n ,   d r i e d   a t   80°C  u n t i l   t h e   m o i s t u r e  

c o n t e n t   r e a c h e d   40  p e r c e n t   b a s e d   on  t h e   f i b e r s   a n d  

f u r t h e r   in  h o t   a i r   a t   120°C.   A f t e r   t h e   s u b s e q u e n t  

c r i m p i n g   as  r e q u i r e d   in  m a n u f a c t u r i n g   n o n w o v e n   f a b r i c s ,  

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

h a v i n g   a  f i n e n e s s   of  1 .5   d e n i e r   and  a  l e n g t h   of  51  mm. 

T h e s e   f i b e r s   showed   a  maximum  i n - w a t e r   s h r i n k a g e  

p e r c e n t a g e   of  68  p e r c e n t   and  a  maximum  s h r i n k i n g  

t e m p e r a t u r e   of  8 0 . 5 ° C  

A  n o n w o v e n   f a b r i c   h a v i n g   a  w e i g h t   of   100  g rams   p e r  

s q u a r e   m e t e r   was  p r o d u c e d   by  t h e   r a n d o m   w e b b e r   a n d  

n e e d l e - p u n c h i n g   t e c h n i q u e   (200  p u n c h i n g s   p e r   s q u a r e  

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

a b o v e   and ,   as  b i n d e r   f i b e r s ,   ES  f i b e r s   (3  d e n i e r   x  51  

m m ;   p r o d u c e d   by  C h i s s o   C o r p o r a t i o n ;   c o r e - s h e a t h   f i b e r s ,  

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



and  t he   c o r e   p o r t i o n   b e i n g   of  p o l y p r o p y l e n e )   in  a  

m i x i n g   r a t i o   of  8 0 / 2 0 .   The  nonwoven   f a b r i c   t h u s  

p r o d u c e d   had  a  t h i c k n e s s   of  2.Q  mm. 

Nonwoven  f a b r i c s   p r o d u c e d   in  t h e   same  m a n n e r   a s  

a b o v e   were   s u b j e c t e d   to  s h r i n k i n g   t r e a t m e n t   by  i m m e r s -  

ing   in  warm  w a t e r   a t   d i f f e r e n t   t e m p e r a t u r e s   f o r   1 

m i n u t e   to  g i v e   n o n w o v e n   f a b r i c s   d i f f e r i n g   in  s h r i n k a g e  

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

70°C  f o r   10  m i n u t e s .   A  10%  a q u e o u s   d i s p e r s i o n   of  a  

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

t h e   a b o v e   n o n w o v e n   f a b r i c s   to  c a u s e   t h e   u r e t h a n e   r e s i n  

to  be  t a k e n   up  by  t h e   f a b r i c s   in  an  a m o u n t   of   10 

p e r c e n t   on  t h e   s o l i d   ( r e s i n )   w e i g h t / n o n w o v e n   f a b r i c  

w e i g h t   b a s i s .   A f t e r   d r y i n g   a t   70°C  f o r   10  m i n u t e s ,   t h e  

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

u n i t   m a i n t a i n e d   a t   a  r o l l   s u r f a c e   t e m p e r a t u r e   of  1 4 0 ° C  

( r o l l   c l e a r a n c e :   f o u r   t e n t h s   of  t h e   n o n w o v e n   f a b r i c  

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

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

a r e   shown  in  T a b l e   1 .  

As  i s   e v i d e n t   f rom  t h e   d a t a   g i v e n   in   T a b l e   1,  t h a t  

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

w a t e r   t r e a t m e n t   was  30  p e r c e n t   d i d   n o t   show  r u b b e r - l i k e  

e l a s t i c i t y   in  a  wet   c o n d i t i o n .   T h a t   one  of  w h i c h   t h e  

a r e a l   r e d u c t i o n   was  70  p e r c e n t   was  c o a r s e   and  s t i f f  

when  i t   was  d r y ,   h e n c e   u n f i t   f o r   a c h i e v i n g   t h e   o b j e c t s  

of  t he   i n v e n t i o n ,   a l t h o u g h   i t   showed   good   r u b b e r - l i k e  



e l a s t i c i t y   when  i t   was  w e t .  

E x a m p l e   2  and  C o m p a r a t i v e  E x a m p l e   2 

U s i n g   t h e   s h r i n k a b l e   PVA  f i b e r s   p r o d u c e d   i n  

Example   1  and  t he   same  b i n d e r   f i b e r s   (ES  f i b e r s ) ,   w e b s  

d i f f e r i n g   in  s h r i n k a b l e   PVA  f i b e r / b i n d e r   f i b e r   m i x i n g  

r a t i o   were   p r e p a r e d   by  t he   same  p r o c e d u r e   as  u s e d   i n  

Example   1  and  s u b j e c t e d   to  warm  w a t e r   t r e a t m e n t   t o  

c a u s e   s h r i n k a g e   to   an  e x t e n t   such   t h a t   t he   r e d u c t i o n   i n  

nonwoven   f a b r i c   a r e a   a m o u n t e d   to  a b o u t   50  p e r c e n t .   T h e  

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

c a l e n d e r i n g   w e r e   c o n d u c t e d   u n d e r   t h e   same  c o n d i t i o n s   a s  

used   in  E x a m p l e   1.  The  r e s u l t s   of  t h e   r u n s   made  a r e  

shown  in  T a b l e   2 .  

When  t h e   s h r i n k a b l e   PVA  f i b e r s   a l o n e   were   u s e d ,  

the   n o n w o v e n   f a b r i c   o b t a i n e d   showed   good  r u b b e r - l i k e  

e l a s t i c i t y   in  a  wet   c o n d i t i o n   b u t ,   once   d r i e d ,   b e c a m e  

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

f i b e r s ;   s a i d   f a b r i c   t h u s   f a i l e d   to  a c h i e v e   the   e x p e c t e d  

r e s u l t s   f rom  t h e   q u a l i t y   v i e w p o i n t .   On  t he   c o n t r a r y ,  

t h o s e   n o n w o v e n   f a b r i c s   w i t h   10  p e r c e n t   and  30  p e r c e n t ,  

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

had  s a t i s f a c t o r i l y   good  q u a l i t y   f rom  b o t h   the   w e t  

r u b b e r - l i k e   e l a s t i c i t y   and  d ry   f e e l i n g   v i e w p o i n t s .   T h e  

nonwoven   f a b r i c   w i t h   t he   b i n d e r   f i b e r s   i n c o r p o r a t e d  

t h e r e i n   in  an  a m o u n t   of  50  p e r c e n t ,   in  s p i t e   of  w a r m  

w a t e r   t r e a t m e n t   t h e r e o f   to  a t t a i n   an  a r e a l   r e d u c t i o n   o f  

50  p e r c e n t ,   d i d   no t   show  t h a t   r u b b e r - l i k e   e l a s t i c i t y   i n  



a  wet  c o n d i t i o n   s i n c e   t he   number   of   s i t e s   of   a d h e s i o n  

among  s a i d   f i b e r s   by  means   of  t he   b i n d e r   f i b e r s   was  t o o  

g r e a t ;   i t   had  c o a r s e   and  r i g i d   f e e l i n g   when  i t   was  d r y .  

E x a m p l e   3  and  C o m p a r a t i v e   E x a m p l e   3 

Nonwoven  f a b r i c s   p r e p a r e d   by  u s i n g   t h e   s h r i n k a b l e  

PVA  f i b e r s   p r o d u c e d   in  Example   1  and  t h e   same  b i n d e r  

f i b e r s   (ES  f i b e r s )   in  a  m i x i n g   r a t i o   of   8 0 / 2 0   by  w e i g h t  

w e r e   s u b j e c t e d   to  warm  w a t e r   s h r i n k i n g   t r e a t m e n t   ( a r e a l  

r e d u c t i o n :   50  p e r c e n t )   and  u r e t h a n e   r e s i n   t r e a t m e n t   i n  

t h e   same  m a n n e r   as  in  E x a m p l e   1,  f o l l o w e d   by  an  i n v e s t i -  

g a t i o n   as  to  t h e   c o n d i t i o n s   of  t h e r m a l   m e l t i n g   of  t h e  

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

shown  in  T a b l e   3 .  

When  the   b i n d e r   f i b e r s   were   n o t   h e a t - m e l t e d ,   t h e  

n o n w o v e n   f a b r i c   had  v e r y   low  t e n s i l e   s t r e n g t h   and  no  

good  wea r   r e s i s t a n c e   a l t h o u g h   i t   s howed   r u b b e r - l i k e  

e l a s t i c i t y   when  i t   was  w e t .   Based   on  t h i s   f i n d i n g ,  i t  

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

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

f i b e r s   were   m e l t e d   in  h o t   a i r ,   t h e   r e s u l t a n t   n o n w o v e n  

f a b r i c   had  a  wavy  s u r f a c e ,   h e n c e   an  u n f a v o r a b l e  

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

f u n c t i o n s   to  a  s a t i s f a c t o r y   e x t e n t .   I t   i s   t h e r e f o r e  

p r e f e r a b l e   t h a t   when  t h e   b i n d e r   f i b e r s   a r e   h e a t - m e l t e d  

in  h o t   a i r ,   t h e   n o n w o v e n   f a b r i c   be  a g a i n   s u b j e c t e d   t o  

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

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



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

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

Example   4  and  C o m p a r a t i v e   E x a m p l e   4 

N e e d l e - p u n c h e d   (200  p u n c h i n g s   p e r   s q u a r e  

c e n t i m e t e r )   n o n w o v e n   f a b r i c s   h a v i n g   a  w e i g h t   of  1 0 0  

g / m 2  w e r e   p r e p a r e d   by  u s i n g   the   s h r i n k a b l e   PVA  f i b e r s  

and  b i n d e r   f i b e r s   (ES  f i b e r s )   in  a  m i x i n g   r a t i o   o f  

8 0 / 2 0   and  s u b j e c t e d   to  warm  w a t e r   t r e a t m e n t   f o r  

a t t a i n i n g   an  a r e a l   r e d u c t i o n   of  50  p e r c e n t   in  t he   s a m e  

m a n n e r   as  in  E x a m p l e   1.  The  same  w a t e r - d i s p e r s i b l e  

p o l y u r e t h a n e   r e s i n   as  m e n t i o n e d   in  E x a m p l e   1  w a s  

a l l o w e d   to  be  t a k e n   up  by  the   n o n w o v e n   f a b r i c s   i n  

d i f f e r e n t   a m o u n t s   and  t he   f a b r i c s   w e r e   t h e n   s u b j e c t e d  

to  h e a t   t r e a t m e n t   f o r   m e l t i n g   the   b i n d e r   f i b e r s   b y  

c a l e n d e r i n g   in  the   same  m a n n e r   as  in  E x a m p l e   1.  T h e  

r e s u l t s   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   4 .  

I t   was  f o u n d   t h a t   a t t a c h m e n t   of  o n l y   2  p e r c e n t   o f  

t h e   p o l y u r e t h a n e   r e s i n   a l r e a d y   can  i m p r o v e   t he   w e a r  

r e s i s t a n c e   of  the   n o n w o v e n   f a b r i c   to  a  c o n s i d e r a b l e  

e x t e n t .   H o w e v e r ,   a t t a c h m e n t   of  t he   p o l y u r e t h a n e   r e s i n  

in  an  amount   e x c e e d i n g   30  p e r c e n t   gave   t he   n o n w o v e n  

f a b r i c   a  h a r d   and  r i g i d   f e e l i n g   in  a  d r y   c o n d i t i o n  

a l t h o u g h   good  wear   r e s i s t a n c e   was  o b t a i n e d ;   t he   f a b r i c  

t h u s   f a i l e d   to   a t t a i n   t h e   o b j e c t s   of  t h e   i n v e n t i o n .  

Example   5 

For   c o n d u c t i n g   t h e   warm  w a t e r   t r e a t m e n t   a n d  

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



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

t i o n   of   10  p e r c e n t   was  warmed  to  63°C,   and  a  n e e d l e -  

p u n c h e d   web  as  p r e p a r e d   by  t h e   p r o c e d u r e   of  E x a m p l e   1 

was  i m m e r s e d   t h e r e i n   f o r   1  m i n u t e .   The  web  w a s  

s q u e e z e d   on  a  mang le   u n t i l   t h e   a m o u n t   of  t he   s o l u t i o n  

c o n t a i n e d   in  t he   web  was  100  p e r c e n t   (pe r   100  w e i g h t  

p a r t s   of  w e b ) ,   t h e n   d r i e d   a t   70°C  f o r   10  m i n u t e s ,   a n d  

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

t e m p e r a t u r e   of  140°C  in  t h e   same  m a n n e r   as  in  E x a m p l e   1 

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

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

r e s u l t a n t   n o n w o v e n   f a b r i c   we re   c o m p a r a b l e   to  t h o s e   o f  

s a m p l e   No.  1-2  as  shown  in  E x a m p l e   1 .  











C o m p a r a t i v e   E x a m p l e   5 

A  n o n w o v e n   f a b r i c   was  p r o d u c e d   f o l l o w i n g   t h e  

p r o c e d u r e   of  E x a m p l e   1  e x c e p t   t h a t   c o m m e r c i a l   V i n y l o n  

f i b e r s   (maximum  s h r i n k a g e   p e r c e n t a g e :   10  p e r c e n t ;  

maximum  s h r i n k i n g   t e m p e r a t u r e :   95°C)  we re   u s e d   as  t h e  

s t a r t i n g   m a t e r i a l   PVA  f i b e r s   and  t h a t   t he   warm  w a t e r  

t r e a t m e n t   was  c o n d u c t e d   a t   90°C,   and  i m p r e g n a t e d  

w i t h   a  u r e t h a n e   r e s i n .   In  t h i s   c a s e ,   t he   a r e a l  

s h r i n k a g e   p e r c e n t a g e   was  16  p e r c e n t .   The  n o n w o v e n  

f a b r i c   t h u s   o b t a i n e d   showed   no  r u b b e r - l i k e   e l a s t i c i t y  

in  a  wet   c o n d i t i o n   a t   a l l   and ,   f u r t h e r m o r e ,   had  a  l o w  

w a t e r   a b s o r b e n c y ,   h e n c e   was  u n s u i t e d   f o r   u se   as  a  

w i p e r .   When  t h e   warm  w a t e r   t r e a t m e n t   t e m p e r a t u r e   w a s  

r a i s e d   to  above   90°C,   t h e   V i n y l o n   f i b e r s   b e g a n   to   m e l t  

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

a  w i p e r .  

C o m p a r a t i v e   Example   6 

A  nonwoven   f a b r i c   was  p r o d u c e d   f o l l o w i n g   t h e  

p r o c e d u r e   of  E x a m p l e   1  e x c e p t   t h a t   t he   s o - c a l l e d  

r e a d i l y   w a t e r - s o l u b l e   V i n y l o n   f i b e r s   w i t h   a  m a x i m u m  

s h r i n k a g e   p e r c e n t a g e   of   55  p e r c e n t   and  a  m a x i m u m  

s h r i n k i n g   t e m p e r a t u r e   of  50°C  were   u s e d   as  t h e   s t a r t i n g  

PVA  f i b e r s ,   t h a t   t h e   warm  w a t e r   t r e a t m e n t   was  p e r f o r m e d  

a t   30°C  and  t h a t   t h e   d r y i n g   was  c o n d u c t e d   a t   40°C  f o r  

30  m i n u t e s .   In  t h i s   c a s e ,   t he   a r e a l   s h r i n k a g e  

p e r c e n t a g e   was  72  p e r c e n t .   The  n o n w o v e n   f a b r i c  

o b t a i n e d   had  a  dry   h a r d n e s s   of  more  t h a n   30  cm,  a s  



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

and  r i g i d   f e e l i n g ,   and ,   t h e r f o r e ,   was  q u i t e   u n s u i t e d  

f o r   use   as  a  w i p e r .  



1.  A  p r o c e s s   f o r   p r o d u c i n g   n o n w o v e n   f a b r i c s  

s u i t e d   f o r   use   as  w i p e r s   w h i c h   c o m p r i s e s   f i r s t   c a u s i n g  

a  n o n w o v e n   f a b r i c   c o n t a i n i n g ,   as  e s s e n t i a l   c o n s t i t u e n t  

f i b e r s ,   6 0 - 9 0   w e i g h t   p e r c e n t   of  h i g h l y   s h r i n k a b l e  

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

s h r i n k   of  w h i c h   a  maximum  s h r i n k i n g   t e m p e r a t u r e   i n  

w a t e r   i s   w i t h i n   t he   r a n g e   of  6 5 - 9 0 ° C   w i t h   a  m a x i m u m  

s h r i n k a g e   p e r c e n t a g e   of  n o t   l e s s   t h a n   50  p e r c e n t   a n d  

1 0 - 4 0   w e i g h t   p e r c e n t   of  b i n d e r   f i b e r s   h a v i n g   a  m e l t i n g  

p o i n t   n o t   h i g h e r   t h a n   200°C  to  s h r i n k   by  warm  w a t e r  

t r e a t m e n t   to   an  e x t e n t   such   t h a t   t h e   a r e a l   r e d u c t i o n  

a m o u n t s   to   3 5 - 6 5   p e r c e n t   and  f u r t h e r   m e l t i n g   t h e  

s u r f a c e   of  t h e   b i n d e r   f i b e r s   by  h e a t i n g .  

2.  The  p r o c e s s   of  C l a i m   1,  w h e r e i n   a  p o l y u r e t h a n e  

r e s i n   i s   c a u s e d   to  be  t a k e n   up  by  t h e   n o n w o v e n   f a b r i c  

in  an  a m o u n t   of  2-30  p e r c e n t   by  w e i g h t   on  t h e   f i b e r  

w e i g h t   b a s i s .  

3.  The  p r o c e s s   of  C l a i m   1,  w h e r e i n   t he   b i n d e r  

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

n o n w o v e n   f a b r i c   t h r o u g h   a  h e a t e d   c a l e n d e r   r o l l   u n i t .  

4.  The  p r o c e s s   of  C l a i m   3,  w h e r e i n   t h e   c a l e n d e r  

r o l l   c l e a r a n c e   is  1/2  to  1/4  of   t h e   t h i c k n e s s   of   t h e  

n o n w o v e n   f a b r i c .  
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