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An  entangled  nonwoven  fabric  including  bicomponent  fibers  and  the  method  of  making  same. 
There  is  disclosed  a  thermal  bonded  entangled  non- 

woven  fabric  including  conjugate  fibers  having  an  exposed 
low  melting  point  component  and  a  component  having  a 
higher  melting  point.  The  fabric  may  include  only  conjugate 
fibers  or  the  conjugate  fibers  may  be  combined  with  other 
fibers.  The  fabric  is  formed  by  forming  a  web  containing 
conjugate  fibers,  entangling  the  fibers  of  the  web,  heating 
the  web  to  heat  fuse  the  low  melting  point  component  of  the 
conjugate  fibers  to  fibers  of  the  web  at the  fiber  intersection. 



TECHNICAL  FIELD  OF  THE  INVENTION 

The  i n v e n t i o n   r e l a t e s   to   a  t h e r m a l   b o n d e d ,   n o n w o v e n   f a b r i c  

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

or  in  c o m b i n a t i o n   w i t h   b a s e   f i b e r s ,   and  to  t he   m e t h o d   f o r  

m a k i n g   s a i d   n o n w o v e n   f a b r i c .  

BACKGROUND  OF  THE  INVENTION 

Nonwoven   f a b r i c s   have  wide  u t i l i t y   f o r   use  in  b o t h   d i s p o s -  

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

t o w e l s ,   and  w i p e s .   T h e r e   is  c o n t i n u i n g   i n t e r e s t   in  p r o -  

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

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

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

m e t h o d s .  

H i g h l y   e n t a n g l e d   f i b e r   f a b r i c s   has   been   long  known  in  t h e  

a r t . .   Such  f a b r i c s   r e l y   p r i m a r i l y   on  i n t e r f i b e r   f r i c t i o n a l  

e n g a g e m e n t   f o r   s t r e n g t h   and  i n t e g r i t y ,   and  a r e   e x p e n s i v e  

to  p r o d u c e .   I t   is  a l s o   known  to  u t i l i z e   an  e x t r a n e o u s  

b i n d e r   w i t h   l o o s e l y   e n t a n g l e d   f i b e r s ,   bu t   t h i s   can  l e a d   t o  

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

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

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

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

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

a c u t e ,   s i n c e   s u c h   f i b e r s   (due   to  t h e i r   h y d r o p h o b i c   n a t u r e )  

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

number   of  f r i c t i o n a l   b o n d s ,   and  s u b s e q u e n t l y ,   a  w e a k  

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



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

is  d i s c l o s e d   in  d e t a i l   in   E v a n s   U . S .   P a t e n t   No.  3 , 4 8 5 , 7 0 6 .  

P r i o r   to   A p p l i c a n t ' s   i n v e n t i o n   i t   has  been   known  how  t o  

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

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

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

t h e r e a f t e r   p a s s i n g   the   web  t h r o u g h   an  o v e n ,   w h e r e   at  l e a s t  

one  c o m p o n e n t   of  t he   c o n j u g a t e   f i b e r   is  m e l t e d   and  f u s e d  

to  a d j a c e n t   f i b e r s .   F a b r i c s   f o r m e d   in  t h i s   m a n n e r   a r e  

d e s c r i b e d   in  d e t a i l   in  D a v i e s   U .S .   P a t e n t   No.  3 , 5 1 1 , 7 4 7  

and  D a v i e s   e t   a l .   U .S .   P a t e n t   No.  3 , 5 9 5 , 7 3 1 .   C o n j u g a t e  

f i b e r   f a b r i c s   a re   a l s o   s e t   f o r t h   in  U . S . S . N .   3 8 3 , 2 6 0   a n d  

3 8 2 , 7 3 1   f i l e d   J u n e   2,  1 9 8 2 .   F a b r i c s   f o r m e d   of  b i c o m -  

p o n e n t , . o r   h e t e r o f i l ,   f i b e r s   a r e   t y p i c a l l y   more   e x p e n s i v e  

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

f i b e r s .   M o r e o v e r ,   v e r y   h i g h   s t r e n g t h   t h e r m a l   b o n d e d  

f a b r i c s   l a c k   the   s o f t n e s s   or  hand  of  e n t a n g l e d   f a b r i c s .  

E v a n s   U.S .   P a t e n t   No.  3 , 4 8 5 , 7 0 6   a l s o   d i s c l o s e s   f o r m a t i o n  

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

H o w e v e r ,   in  a c c o r d a n c e   w i t h   t he   t e a c h i n g s   of  t h e   E v a n s  

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

f i b e r s ,   and  the   c o n j u g a t e   f i b e r s   a r e   s h r u n k   and  r e l a t i v e l y  

h i g h l y   c r i m p e d ,   so  as  to   g i v e   t h e   r e s u l t i n g   f a b r i c   e l a s t i -  

c i t y .   F a b r i c s   f o r m e d   of  c o n j u g a t e   f i b e r s   in  a c c o r d a n c e  

w i t h   the   E v a n s   p a t e n t   a r e   r e t a i n e d   in  the   e n t a n g l e d   c o n -  

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

f i b e r s ,   and  t h e r e   is  no  t e a c h i n g   or  s u g g e s t i o n   of  m e l t i n g  

any  p o r t i o n   of  t he   c o n j u g a t e   f i b e r s   to  a c h i e v e   a  t h e r m o -  

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

One  of  the   common  p r o b l e m s   a s s o c i a t e d   w i t h   e n t a n g l e d   f i b e r  

f a b r i c s   is  f i b e r   b r e a k a g e ,   or  l i n t i n g ,   at  t he   s u r f a c e ( s )  

of  t he   f a b r i c .   T h i s   p h e n o m e n o n ,   when  a g g r a v a t e d ,   m a k e s  

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



t h e   l i k e ,   b e c a u s e   the   b r o k e n   f i b e r s   may  a d h e r e   to  a n d  

a c c u m u l a t e   in  t he   w o u n d .   In  o r d e r   to   p r o v i d e   e n t a n g l e d  

f i b e r   f a b r i c s   w i t h   i n c r e a s e d   s t r e n g t h ,   and  to   r e d u c e   f i b e r  

b r e a k a g e   and  l i n t i n g ,   i t   ha s   b e e n   known  to  t r e a t   e n t a n g l e d  

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

common  use   t o d a y   a r e   o b j e c t i o n a l   f rom  a  m e d i c a l   and  s u r g i -  

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

The  d i a p e r   f a c i n g   m a t e r i a l   on  t h e   Moony  d i a p e r   m a n u f a c -  

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

e n t a n g l e d   b l e n d   of  r a y o n   and  p o l y e s t e r   f i b e r s   and  a b o u t   5% 

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

p o l y e t h y l e n e   s h e a t h .   The  f a b r i c   is   v e r y   l i g h t   w e i g h t ,   h a s  

l i t t l e   s t r e n g t h ,   and  e x h i b i t s   no  f u s e d   e n t a n g l e d   n e t w o r k  

or  s u p e r s t r u c t u r e .  

I t   can  be  a p p r e c i a t e d   t h a t   an  e n t a n g l e d   f a b r i c   h a v i n g   t h e  

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

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

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

w e l c o m e   a d d i t i o n   to  t he   a r t .  

BRIEF SUMMARY  OF  THE  INVENTION 

The  f a b r i c   of  the   i n v e n t i o n   i s   a  n o n w o v e n ,   t h e r m a l l y  

b o n d e d   e n t a n g l e d   f a b r i c   c o m p r i s i n g   a t   l e a s t   10  p e r c e n t  

c o n j u g a t e   f i b e r s   h a v i n g   an  e x p o s e d   s u r f a c e   c o m p o n e n t   w i t h  

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

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

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

s y n t h e t i c   f i b e r s ,   such   as  r a y o n ,   p o l y e s t e r   or  o t h e r  

p o l y o l e f i n s .  

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

p r o c e s s   which   c o m p r i s e s :  



(a)   p r o v i d i n g   a  l o o s e   a r r a y   of  f i b e r s   c o m p r i s i n g  

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

c o m p o n e n t   and  p o s s i b l y   o t h e r   f i b e r s ;  

(b)  e n t a n g l i n g   the   f i b e r s   of  the   l o o s e   a r r a y   u s i n g   a  

p r o c e s s   s i m i l a r   to   t h a t   d e s c r i b e d   in  Evans   U.S .   P a t e n t  

No.  3 , 4 8 5 , 7 0 6 ;  

(c)   s u b j e c t i n g   s a i d   f i b e r s   to  a  t e m p e r a t u r e   s u f f i c i e n t   t o  

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

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

c o m p r e s s i o n ;   a n d  

(d)  c o o l i n g   s a i d   f i b e r s   to   r e s o l i d i f y   t he   l o w e r   m e l t i n g  

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

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

f i b e r s   a t   the   f i b e r   i n t e r s e c t i o n s ,   to   c r e a t e   a  f u s e d ,  

e n t a n g l e d   n e t w o r k   of  f i b e r s .  

W h i l e   i t   i s   e n c o m p a s s e d   w i t h i n   the   p r e s e n t   i n v e n t i o n   t o  

make  a  f a b r i c   of  s o l e l y   e n t a n g l e d   c o n j u g a t e   f i b e r s ,   a  

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

i n v e n t i o n   w i l l   in  i t s   p r e f e r r e d   e m b o d i m e n t   be  a  g e n e r a l l y  

h o m o g e n e o u s   f a b r i c   c o m p r i s i n g   at   l e a s t   10  p e r c e n t  

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

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

or  p o l y o l e f i n   f i b e r s ,   such   as  p o l y e s t e r   f i b e r s ,   or  o t h e r  

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

not   wash   ou t   d u r i n g   t he   e n t a n g l e m e n t   p r o c e s s .   T h e  

c o n j u g a t e   f i b e r s   may  be  b i c o m p o n e n t   f i b e r s   in  which   a t  

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

t e m p e r a t u r e   t h a n   the   o t h e r   c o m p o n e n t   of  t he   f i b e r .  

The  f a b r i c   d e r i v e s   s t r e n g t h   by  the  e n t a n g l e m e n t   p r o c e s s ,  

w h i c h   a r r a n g e s   t he   f i b e r s   and  in  p a r t i c u l a r   the   c o n j u g a t e  

f i b e r s   in  an  e n t a n g l e d   n e t w o r k .   F u r t h e r   s t r e n g t h   i s  



i m p a r t e d   by  h e a t i n g   of  the   f i b e r s   to   s o f t e n   or  m e l t   t h e  

low  m e l t i n g   p o i n t   c o m p o n e n t   of  t he   c o n j u g a t e   f i b e r   t o  

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

o t h e r   f i b e r s   in  t he   web.  When  h e a t e d   the   low  m e l t i n g  

p o i n t   c o m p o n e n t   of  the   c o n j u g a t e   f i b e r s   may  f low  to  t h e  

f i b e r   i n t e r s e c t i o n s   and  p o i n t s   of  t a n g e n c y   of  the   f i b e r s ,  

and  upon   s o l i d i f i c a t i o n ,   b r i d g e   and  j o i n   a d j a c e n t   f i b e r s ,  

f o r m i n g   i n c l u s i o n   b o n d s   to  s u p p l e m e n t   t he   i n t e r f i b e r  

f r i c t i o n a l   e n g a g e m e n t   r e s u l t i n g   f rom  the   e n t a n g l e m e n t  

p r o c e s s .   The  h i g h   m e l t i n g   p o i n t   c o m p o n e n t s   of  t h e  

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

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

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

the   f a b r i c ,   y i e l d i n g   a  l a u n d e r a b l e   f a b r i c   w i t h   e n h a n c e d  

r e s i s t a n c e   to   wet  c o l l a p s e .  

T h u s ,   a  f a b r i c   made  in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n -  

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

to  p r o d u c e   and  e x h i b i t s   b e t t e r   a b r a s i o n   r e s i s t a n c e   t h a n  

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

the   f a b r i c   by  t h e   e n t a n g l i n g   of  t he   f i b e r s ,   t he   f a b r i c s  

e x h i b i t   b e t t e r   s o f t n e s s   and  hand  t h a n   t h e r m a l   b o n d e d  

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

f a b r i c s   of  t he   p r e s e n t   i n v e n t i o n   do  not  r e q u i r e   t he   a d d i -  

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

w e l l   as  d e s i r a b i l i t y   f o r   m e d i c a l   and  s u r g i c a l   u s e .   By 

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

d u r i n g   the   f a b r i c   f o r m i n g   p r o c e s s ,   the   f a b r i c   is  s t r e n g t h -  

ened  and  shows   i n c r e a s e á   r e s i s t a n c e   to  wet  c o l l a p s e ,   i n  

a d d i t i o n   to   i t s   o t h e r   a t t r i b u t e s .   Though   the   f a b r i c s  

f o rmed   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   r e q u i r e   n o  

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

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

m a k i n g   such   f a b r i c s   s u i t a b l e   f o r   m e d i c a l   and  s u r g i c a l   u s e ,  
such  as  f o r   wound  d r e s s i n g s .   Such  f a b r i c s   a l s o   h a v e  

i m p r o v e d   wash  d u r a b i l i t y .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  is  a  s c h e m a t i c   s i d e   e l e v a t i o n   of  an  a p p a r a t u s  

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

F i g u r e   2  is  an  e n l a r g e d   i l l u s t r a t i o n   of  an  e n t a n g l e d  

f a b r i c   i n c o r p o r a t i n g   c o n j u g a t e   f i b e r s ;   a n d  

F i g u r e   3  is  a  v i e w   t a k e n   a l o n g   l i n e   3-3  of  F i g u r e   2 .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

10  p e r c e n t   c o n j u g a t e   f i b e r s .   As  u sed   in  t h i s   a p p l i c a t i o n ,  

the   t e r m   c o n j u g a t e   f i b e r s   i n c l u d e s   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 t   l e a s t   two  c o m p o n e n t s   of  d i f f e r i n g   m e l t i n g  

p o i n t s .   The  f a b r i c   is   e n t a n g l e d   to   p r o v i d e   i n t e r f i b e r  

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

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

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

i n c l u d e   not   o n l y   p o i n t s   w h e r e   f i b e r s   c r i s s - c r o s s   o n e  

a n o t h e r ,   bu t   a l s o   p o i n t s   of  f i b e r   t a n g e n c y .  

O t h e r   f i b e r s   w h i c h   m a y  b e   i n c l u d e d   in  t he   f a b r i c s   of  t h e  

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

o l e f i n s .   T h e s e   f i b e r s   a r e   n o r m a l l y   f rom  a b o u t   1/4  i n c h   t o  

2  i n c h e s   or  l o n g e r   in  l e n g t h ,   bu t   t h i s   is  i n t e n d e d   to   b e  

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

so  l ong   as  the   f i b e r s   do  no t   wash  ou t   d u r i n g   t h e   e n t a n g l e -  

ment   p r o c e s s .   D u r i n g   t h e   h e a t i n g   p r o c e s s ,   t he   low  m e l t i n g  

p o i n t   c o m p o n e n t   of  t he   c o n j u g a t e   f i b e r   may  m e l t   and  f l o w  

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

In  a  p r e f e r r e d   e m b o d i m e n t ,   t he   n o n w o v e n   f a b r i c   of  t h e  

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

f i b e r s   and  p o l y e s t e r / p o l y e t h y l e n e   c o n j u g a t e   f i b e r s .  



The  v a r i o u s   c o n j u g a t e   f i b e r s   t h a t   may  be  u s e d   i n c l u d e  

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

a r r a n g e d   in  s i d e - b y - s i d e   r e l a t i o n s h i p .   H o w e v e r ,   i t   i s  

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

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

f i b e r s   w i t h   p o l y e t h y l e n e   as  the   s h e a t h   and  t he   p o l y e s t e r  

as  the   c o r e .   E i t h e r   e c c e n t r i c   or  c o n c e n t r i c   s h e a t h / c o r e  

f i b e r s   can  be  e m p l o y e d .   The  f i b e r s   w i l l   u s u a l l y   have   a  

d e n i e r   w i t h i n   t he   r a n g e   of  from  a b o u t   1  to  a b o u t   6,  a n d  

a re   in  e x c e s s   of  a b o u t   1/4  i n c h   in  l e n g t h ,   up  to  a b o u t   3 

or  4  i n c h e s   l o n g .  

P r e f e r a b l y ,   the   c o n j u g a t e   f i b e r s   e m p l o y   h i g h   d e n s i t y  

p o l y e t h y l e n e ,   t h a t   i s ,   l i n e a r   p o l y e t h y l e n e   t h a t   has  a  

d e n s i t y   of  at  l e a s t   a b o u t   0 . 9 4 ,   and  a  Mel t   I n d e x   ( " M . I . " )  

by  ASTM  D - 1 2 3 8 ( E )   ( 1 9 0 ° C ,   2160  g m s . )   of  g r e a t e r   t h a n   1 ,  

p r e f e r a b l y   g r e a t e r   t h a n   a b o u t   10,  and  m o r e ,   m o s t  

p r e f e r a b l y   f rom  a b o u t   20  to   a b o u t   50.   U s u a l l y ,   the   f i b e r s  

. w i l l   be  c o m p o s e d   of  a b o u t   40  to   60  w e i g h t   p e r c e n t ,   a n d  

p r e f e r a b l y   45  to   55  w e i g h t   p e r c e n t ,   p o l y e s t e r ,   t h e  

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

makes   up  a  l a r g e   p e r c e n t a g e   of  t h e   f a b r i c   to   be  fo rmed   i n  

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

has  a  m e l t i n g   t e m p e r a t u r e   a b o v e   t h a t   of  t he   p o l y e t h y l e n e  

s h e a t h   so  t h a t   t he   p o l y e s t e r   is  no t   m e l t e d   d u r i n g   t h e  

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

O t h e r   c o n j u g a t e   f i b e r s   h a v i n g   u t i l i t y   in  t he   p r e s e n t   i n -  

v e n t i o n   a r e   h e t e r o f i l   med ium  t e n a c i t y   f i b e r s .   S u c h -  

f i b e r s ,   w h i c h   a r e   a v a i l a b l e   f rom  ICI  F i b e r s ,   H a r r o g a t e ,  

N o r t h   Y o r k s h i r e ,   E n g l a n d ,   u n d e r   p r o d u c t   c o d e s  

3 . 3 / 1 0 0 / V 3 0 3 ,   3 . 3 / 5 0 / V 3 0 3 ,   6 . 7 / 5 0 / V 3 0 2 ,   1 3 / 6 5 / V 3 0 2 ,   a n d  

1 3 / 1 0 0 / V 3 0 2   i n c l u d e   s h e a t h / c o r e   f i b e r s   w h e r e i n   the   s h e a t h  

i s ' a   n y l o n   6  m a t e r i a l   and  the   c o r e   is  a  h i g h e r   m e l t i n g  

p o i n t   n y l o n   66  m a t e r i a l .   S u c h  f i b e r s   a re   p a r t i c u l a r l y  

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



i l l u s t r a t i v e l y ,   t he   l a y e r   of  h e t e r o f i l   f i b e r s   w i l l   c o m -  

p r i s e   a t   l e a s t   a b o u t   10  p e r c e n t   by  w e i g h t   of  t he   o v e r a l l  

w e i g h t   of  t h e   e n t a n g l e d   f a b r i c .   O t h e r   med ium  t e n a c i t y  

h e t e r o f i l   f i b e r s   a v a i l a b l e   f rom  ICI  F i b e r s   f o r   use   in  t h e  

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

p r o d u c t   c o d e s   3 . 3 / 5 0 / V 5 4 4   and  3 . 3 / 9 0 / V 5 4 4 .   O t h e r   s u i t a b l e  

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

p o l y e t h y l e n e   t e r e p h t h a l a t e   as  a  c o r e   m a t e r i a l   and  a n  

i s o p h t h a l i c   c o p o l y m e r   as  t he   s h e a t h   m a t e r i a l .  

O t h e r   e x a m p l e s   of  p o l y m e r   p a i r s   s u i t a b l e   f o r   use  in  t h e  

c o n j u g a t e   f i b e r s   of  the   f a b r i c s   of  the   p r e s e n t   i n v e n t i o n  

a r e   c o p o l y e s t e r / p o l y e s t e r ,   n y l o n / p o l y p r o p y l e n e ,   p o l y -  

p r o p y l e n e / p o l y e s t e r ,   and  n y l o n   6 / p o l y p r o p y l e n e .   T h e  

c o n j u g a t e   f i b e r s   made  f rom  t h e s e   p o l y m e r   p a i r s   may  c o m -  

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

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

a  f i b r o u s   web  c o m p r i s i n g   a  l o o s e   a r r a y   of  f i b e r s   a n d  

c o n j u g a t e   f i b e r s ,   as  by  c a r d i n g ,   a i r - l a y i n g ,   or  the   l i k e .  

I t   is   p r e f e r r e d   to   e m p l o y   a  c a r d ,   or  a  d u a l   r o t o r   such   a s  

is  shown  by  R u f f o   e t   al  in  U .S .   P a t e n t   No.  3 , 7 6 8 , 1 1 8 ,   a s  

t he   web  f o r m i n g   d e v i c e ,   a l t h o u g h   o t h e r   web  f o r m i n g  

a p p a r a t u s   can   be  e m p l o y e d   i f   d e s i r e d .   The  e x a c t   w e i g h t   o f  

the   f i b r o u s   web  has   not   b e e n   f o u n d   to  be  n a r r o w l y  

c r i t i c a l .   In  a  p r e f e r r e d   e m b o d i m e n t   the   m a j o r   p o r t i o n   o f  

t he   h o m o g e n e o u s   f a b r i c   made  in  a c c o r d a n c e   w i t h   t he   p r e s e n t  
i n v e n t i o n   i s   made  up  of  t he   r e l a t i v e l y   l e s s   e x p e n s i v e  

p o l y e s t e r   f i b e r   and  t he   b a l a n c e   is  c o n j u g a t e   f i b e r .   T h e  

p e r c e n t   by  w e i g h t   of  the   c o n j u g a t e   f i b e r s   may  be  as  low  a s  
f rom  a b o u t   10  p e r c e n t   to   a b o u t   20  p e r c e n t ;   h o w e v e r ,   i f  

a d d i t i o n a l   i n c r e a s e d   s t r e n g t h   is  d e s i r e d   t he   p e r c e n t a g e   o f  

t h e   r e l a t i v e l y   more   e x p e n s i v e   c o n j u g a t e   f i b e r s   can  b e  

i n c r e a s e d   up  to   a b o u t   100  p e r c e n t   by  w e i g h t .   T h e  

m e c h a n i s m   d i s c l o s e d   in  t he   R u f f o   e t   al  p a t e n t   is  an  a i r -  

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



c a p a b l e   of  p r o d u c i n g   a  web  w h i c h   can  be  made  up  o f  

100  p e r c e n t   c o n j u g a t e   f i b e r s   or  a  b l e n d   of  c o n j u g a t e  

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

The  c o n j u g a t e   f i b e r s   may  be  c o n c e n t r a t e d   at   one  or  b o t h   o f  

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

t e a c h i n g s   of  t h e   R u f f o   e t   al   p a t e n t .  

F i g u r e   1  s h o w s   one  a r r a n g e m e n t   of  a p p a r a t u s   t h a t   can  b e  

u s e d   to   p r o d u c e   t h e   f a b r i c s   of  t he   i n v e n t i o n .   A  h o m o -  

g e n e o u s   web  8  of  l o o s e   c o n j u g a t e   and  o t h e r   f i b e r s   i s  

p r o d u c e d   by ,   e . g . ,   a  d u a l   r o t o r .   T h i s   c o m p o s i t e   web  8 ,  

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

p o l y e s t e r / p o l y e t h y l e n e   b i c o m p o n e n t   f i b e r s   and  o t h e r  

f i b e r s ,   e . g . ,   p o l y e s t e r   f i b e r s   is  s u p p o r t e d   on  a  l i q u i d  

p e r v i o u s   s u p p o r t   member   s u c h   as  an  e n d l e s s   woven  b e l t   1 0 ,  

w h i c h   c a r r i e s   t h e   web  t h r o u g h   an  e n t a n g l i n g   m e c h a n i s m   12  

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

c o l u m n a r   j e t s   of  w a t e r   14  i m p a c t   the   web,  e n t a n g l i n g   t h e  

f i b e r s .   The  h i g h   p r e s s u r e   w a t e r   is  s u p p l i e d   f rom  m a n i f o l d  

16.  The  j e t s   a r e   a r r a n g e d   in  rows  d i s p o s e d   t r a n s v e r s e l y  

a c r o s s   t h e   p a t h   of  t r a v e l   of  t he   b e l t   10.  P r e f e r a b l y ,  

t h e r e   is  a  v a c u u m   m e a n s   18  p u l l i n g   a  v a c u u m ,   e . g ,   of  up  t o  

5  t o  1 0   i n c h e s   of  m e r c u r y ,   b e n e a t h   the   b e l t   1 0 .  

E v a n s ,   in  U .S .   P a t e n t   No.  3 , 4 8 5 , 7 0 6 ,   d e s c r i b e s   a  p r o c e s s  
and  a p p a r a t u s   f o r   r e a r r a n g i n g / e n t a n g l i n g   f i b r o u s   webs  by  

c a r r y i n g   s u c h   webs  on  a  woven  b e l t   u n d e r   a  s e r i e s   of  h i g h  

p r e s s u r e ,   f i n e ,   c o l u m n a r   j e t s   of  l i q u i d .   A p p a r a t u s   of  t h e  

g e n e r a l   t y p e   d i s c l o s e d   by  Evans   can  be  used   in  the   p r o c e s s  
of  t h i s   i n v e n t i o n ,   a l t h o u g h   t y p i c a l l y   t he   d e g r e e   of  e n -  

t a n g l e m e n t   c o n t e m p l a t e d   by  t h i s   i n v e n t i o n   is  much  l e s s  

t h a n   t h a t   g e n e r a l l y   p r e f e r r e d   by  E v a n s .  



The  e n t a n g l e d   f i b e r   web  is   t h e n   c o n v e y e d   by  s u i t a b l e  

m e c h a n i s m s   i n c l u d i n g   b e l t s   20,  22  to   a  h e a t i n g   means   s u c h  

as  a  f o r c e d   a i r   oven   24.   In  t he   oven  24 ,   t he   web  i s  

s u b j e c t e d   to   an  e l e v a t e d   t e m p e r a t u r e   to   m e l t   at   l e a s t   p a r t  

of  t h e   low  m e l t i n g   p o i n t   c o m p o n e n t   ( e . g . ,   p o l y e t h y l e n e )   o f  

the   c o n j u g a t e   f i b e r s ,   w h i c h   w i l l   form  a d h e s i o n   and  i n c l u -  

s i o n   b o n d s   at   p o i n t s   of  f i b e r - t o - f i b e r   c o n t a c t ,   a n d / o r   a t  

p o i n t s   of  a d j a c e n t   f i b e r   t a n g e n c y   upon  c o o l i n g   and  r e s o l i -  

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

t h e   h e a t i n g   zone  is   s u f f i c i e n t l y   h i g h   to   m e l t   at   l e a s t  

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

bu t   i n s u f f i c i e n t   to   m e l t   t he   h i g h e r   m e l t i n g   p o i n t  c o m p o n -  

e n t   ( e . g . ,   p o l y e s t e r )   of  t h e   c o n j u g a t e   f i b e r s ,   t h u s  

m a i n t a i n i n g   t he   f i b r o u s   fo rm  of  the   c o n j u g a t e   f i b e r s   i n  

t h e   f a b r i c .   The  t e m p e r a t u r e   is   a l s o   i n s u f f i c i e n t   to  m e l t  

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

w e b .  

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

z e r o   p r e s s u r e ,   or  v e r y   l i g h t   p r e s s u r e ,   so  t h a t   the   web  i s  

no t   s i g n i f i c a n t l y   c r u s h e d   or  c o m p a c t e d   d u r i n g   the   t h e r m a l  

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

t h e r m a l   b o n d i n g   s t e p   w i l l   v a r y ,   d e p e n d i n g   upon   the   w e i g h t  

and  b u l k   d e n s i t y   of  t h e   web,   and  upon  t h e   d w e l l   t i m e  

e m p l o y e d   in  t he   h e a t e d   z o n e .   For  i n s t a n c e ,   b o n d i n g  

t e m p e r a t u r e s   w i t h i n   t h e   r a n g e   f rom  a b o u t   130°  to  a b o u t  

1 8 0 ° C ,   have   been   f o u n d   s a t i s f a c t o r y   f o r   e n t a n g l e d   w e b s  

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

p o l y e s t e r   s h e a t h / c o r e   c o n j u g a t e   f i b e r s   o f - t h e   t y p e  
d e s c r i b e d   a b o v e .   D w e l l   t i m e s   in  t h e   b o n d i n g   zone  w i l l  

u s u a l l y   v a r y   f rom  a b o u t   2  s e c o n d s   to  a b o u t   1  m i n u t e ,   a n d  

more   n o r m a l l y   w i l l   be  f rom  a b o u t   3  to  a b o u t   10  s e c o n d s .  

The  i m p o r t a n t   f a c t o r   in   s e l e c t i n g   t he   h e a t i n g   c o n d i t i o n s  

f o r   o p t i m u m   b o n d i n g   is   to   h e a t   t he   low  m e l t i n g   p o i n t  

c o m p o n e n t   to  a t   l e a s t   i t s   m e l t i n g   p o i n t ,   b u t   not   to  such   a  

t e m p e r a t u r e   t h a t   t h e   h i g h e r   m e l t i n g   p o i n t  c o m p o n e n t   of  t h e  



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

be  u s e d   w i t h   s h o r t   e x p o s u r e   t i m e s ,   in  o r d e r   to   a c h i e v e  

h i g h   s p e e d   o p e r a t i o n .  

In  the   t h e r m a l   b o n d i n g   s t e p ,   t he   low  m e l t i n g   p o i n t   c o m p o -  

n e n t   of  t he   c o n j u g a t e   f i b e r   may  be  c a u s e d   to   f l ow  to  f i b e r  

i n t e r s e c t i o n s   and  to   p o i n t s   of  f i b e r   t a n g e n c y   or  a d j a -  

c e n c y ,   to  e n t r a p s   o t h e r   f i b e r s   in  a  t h e r m o p l a s t i c   mass   t o  

form  i n c l u s i o n   b o n d s .   The  low  m e l t i n g   p o i n t   c o m p o n e n t  

a l s o   a d h e r e s   to   l i k e   m a t e r i a l   on  t he   r e m a i n i n g   c o n j u g a t e  

f i b e r s   and  to  t he   o t h e r   f i b e r s   in  t he   web  to  bond  s u c h  

f i b e r s   to  one  a n o t h e r .   Upon  c o o l i n g ,   t he   w e l d s   of  t h e  

f u s e d   low  m e l t i n g   p o i n t   c o m p o n e n t ,   e . g . ,   p o l y e t h y l e n e ,  

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

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

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

u t i l i z e d   as  t he   o t h e r   f i b e r s ,   and  p o l y e t h y l e n e / p o l y e s t e r  

b i c o m p o n e n t   f i b e r s   a re   u t i l i z e d   as  the   c o n j u g a t e   f i b e r s ,  

and  the   b l e n d e d   web  is  s u b j e c t e d   to   h e a t i n g   c o n d i t i o n s  

w h i c h   s u b s t a n t i a l l y   c o m p l e t e l y   m e l t   t he   p o l y e t h y l e n e   c o m -  

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

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

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

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

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

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

b o n d s .  

The  t h e r m a l   b o n d i n g   s t e p   can  be  c a r r i e d   ou t   by  t h r o u g h - a i r  

b o n d i n g ,   as  i l l u s t r a t e d   in  F i g u r e   1  by  the   o v e n ,   or  by  

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

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

c a r r y i n g   the   web  on  a  p o r o u s   c o n v e y o r   b e l t   t h r o u g h   a  z o n e  

w h e r e   ho t   a i r   is  f o r c e d   t h r o u g h   t h e   web.   I t   can  b e  

c a r r i e d   t h r o u g h  a   h e a t e d   zone  b e t w e e n   two  p o r o u s   s c r e e n s  

or  b e l t s ,   or  i t   can  be  c a r r i e d   a r o u n d   a  r o t a t i n g   d r u m  



h a v i n g   a  p o r o u s   s u r f a c e   w h i c h   i s   e q u i p p e d   to   suck   hot   a i r  

t h r o u g h   t h e   web  as  i t   i s   p a s s i n g   a r o u n d   t h e   d rum.   T h e  

e x a c t   m e t h o d   of  e f f e c t i n g   the   h e a t i n g   has   not   been   f o u n d  

to  be  n a r r o w l y   c r i t i c a l .   I f   d e s i r e d ,   t h e   t h e r m a l   b o n d i n g  

s t e p   can   be  p e r f o r m e d   by  p a s s i n g   t h e   web  b e t w e e n   h e a t e d  

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

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

h e a v i e r   p r e s s u r e .   Wi th   t h e s e   l a t t e r   m e t h o d s ,   s o m e  

c o m p a c t i o n   and  d e n s i f i c a t i o n   of  t h e   web  t a k e s   p l a c e .  

H o w e v e r ,   t he   a p p l i c a t i o n   of  p r e s s u r e   i n c r e a s e s   the   n u m b e r  

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

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

the   f a b r i c   of  t h e   i n v e n t i o n   is  c o l l e c t e d ,   as  on  a  

c o n v e n t i o n a l   w i n d - u p   m e c h a n i s m   2 5 .  

R e f e r r i n g   now  to   F i g u r e s   2  and  3,  t h e r e   is   i l l u s t r a t e d   i n  

m a g n i f i e d   fo rm  t h e   c o n s t r u c t i o n   of  one  n o n w o v e n   f a b r i c  

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

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

r e f o r m   t h e   l o o s e   a r r a y   of  f i b e r s   in   t h e   web  8  i n t o   a n  

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

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

o b t a i n e d   due  to   e n t a n g l e m e n t   and  s t r o n g   t h e r m a l   b o n d s   a r e  

o b t a i n e d   w h e r e   t h e   c o n j u g a t e   f i b e r s   26  a r e   t h e r m a l l y  

j o i n e d   to   one  a n o t h e r   or  to   t h e   o t h e r   f i b e r s   in  the   web  b y  
a d h e s i o n   b o n d s   28,  and  j o i n e d   to   o t h e r   f i b e r s   30  in  t h e  

web  by  i n c l u s i o n   b o n d s   32.   As  shown  a t   32 ,   i n c l u s i o n  

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

c o n j u g a t e   f i b e r   26  m e e t s   and  f l o w s   a r o u n d   t he   o t h e r   f i b e r s  

of  t h e   web.   As  shown  a t   34,  t he   h i g h   m e l t i n g   p o i n t  

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

t h e r m a l   b o n d i n g .   S i n c e   t h e   f a b r i c   o b t a i n s   s t r e n g t h   from  a  
c o m b i n a t i o n   of  e n t a n g l e m e n t   and  t h e r m o b o n d i n g ,   i t   h a s  

b e t t e r   c o m b i n a t i o n   of  s t r e n g t h   and  s o f t n e s s   or  hand  t h a n   a  



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

s t r e n g t h ,   a b r a s i o n   r e s i s t a n c e   and  r e s i s t a n c e   to   w e t  

c o l l a p s e   of  a  f a b r i c   made  by  t h e r m a l   b o n d i n g .   In   a d d i -  

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

of  m i g r a t i o n   and  a c c u m u l a t i o n   of  t he   low  m e l t i n g   p o i n t  

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

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

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

t h e   f i b e r s .  

As  shown  in  F i g u r e   3,  t he   e n t a n g l i n g   p r o c e s s   r e s u l t s   in  a  

z - d i r e c t i o n   m o v e m e n t   of  t he   f i b e r s ,   and  g e n e r a l l y   c r e a t e s  

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

o t h e r   f i b e r s   a r e   in  c o n t a c t .   When  t h e   e n t a n g l e d   web  i s  

h e a t e d ,   t he   low  m e l t i n g   p o i n t   c o m p o n e n t   of  t he   c o n j u g a t e  

f i b e r s   26  f o r m   a d h e s i o n   b o n d s   28,  and  p o s s i b l y   i n c l u s i o n  

t h e r m a l   b o n d s   32  at  t he   i n t e r s e c t i o n   and  p o i n t s   o f  

t a n g e n c y   of  t h e   c o n j u g a t e   f i b e r s   w i t h   o t h e r   c o n j u g a t e  

f i b e r s   and  w i t h   the  b a s e   f i b e r s .   T h i s   t h e r m a l   b o n d i n g  

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

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

a b r a s i o n   r e s i s t a n c e   and  r e s i s t a n c e   to   wet  c o l l a p s e .  

The  i n c r e a s e d   s t r e n g t h   of  t h e   f a b r i c s   of  the   p r e s e n t  

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

t he   f o l l o w i n g   e x a m p l e .   C a r d e d   webs  of  20%  CHISSO  ES 

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

s h e a t h ,   and  80%  p o l y p r o p y l e n e   f i b e r s   were   e n t a n g l e d ,  

d r i e d ,   and  t h e r m a l   b o n d e d   on  s t e a m   c a n s   at  310F .   S a m p l e  

1 4 6 2 8 - 1   was  d r i e d   but   not   t h e r m a l   b o n d e d .   S a m p l e   1 4 6 2 8 0 - 2  

was  d r i e d   and  t h e r m a l   b o n d e d   o n - l i n e   by  p a s s i n g   t h e   web 

a b o u t   a  s t a c k   of  s t e a m  c a n s .   S a m p l e   1 4 6 2 8 0 - 3   was  d r i e d  

and  t h e r m a l   b o n d e d   by  p a s s i n g   t h e   web,   d i s p o s e d   b e t w e e n  

two  b e e t s ,   a b o u t   a  s t a c k   of  s t e a m   c a n s .   A  c o m p a r i s o n   o f  

f a b r i c   p r o p e r t i e s   is  s e t   o u t   b e l o w .  



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

a b r a s i o n   r e s i s t a n c e ,   and  t he   r e s i s t a n c e   to  wet  c o l l a p s e   o f  

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

w i t h o u t   t h e   s a c r i f i c e   to  a b s o r b e n c y   shown  by  f a b r i c s  

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

w h i c h   f i l l s   t he   i n t e r f i b e r   s p a c e s .   When  b i n d e r   m a t e r i a l  

f i l l s   t he   i n t e r f i b e r   s p a c e s ,   i t   d e c r e a s e s   a b s o r b e n t  

c a p a c i t y   and  d i s r u p t s   the   c a p i l l a r y   n e t w o r k   of  the  f a b r i c .  

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

c h a r a c t e r i s t i c s   of  the   f a b r i c s   of  the   p r e s e n t   i n v e n t i o n   a s  

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

S a m p l e s  A ,   B,  and  C  were  made  w i t h   1  1/8  i n c h   l e n g t h ,  

1 .5   d e n i e r   AVTEX  SN  1913  r a y o n   and  1 .5   i n c h   l e n g t h ,  

3 .0   d e n i e r   BICO  1050  p o l y e t h y l e n e / p o l y e s t e r   s h e a t h / c o r e  

c o n j u g a t e   f i b e r s   made  by  A m e r i c a n   E n k a .   2 . 0   o z . / y d . 2   w e b s  

were  e n t a n g l e d   on  a  5710  D u o t e x   b e l t   made  by  A p p l e t o n  

W i r e .   The  web  and  b e l t   were   p a s s e d   u n d e r   c o l u m n a r   j e t s   o f  

w a t e r   f rom  a  s t r i p   of  o r i f i c e   of  0 . 0 0 7   i n c h   d i a m e t e r ,  

d i s p o s e d   a t   3 0 / i n c h .   The  s a m p l e s   u n d e r w e n t   2  p a s s e s   u n d e r  

the   s t r i p s   a t   100  p s i   w a t e r   p r e s s u r e ,   3  p a s s e s   at  300  p s i ,  

3  p a s s e s   a t   500  p s i   and  t h e n   10  p a s s e s   a t   1000  p s i .   T h e  



s a m p l e s   were   t h e n   t h e r m o b o n d e d   in  an  oven   at   300°F  f o r  

20  s e c o n d s   u n d e r   no  p r e s s u r e .   S a m p l e   D  was  made  from  a  

2 . 0   o z . / y d . 2   web  of  1  1 /8   i n c h ,   1 .5   d e n i e r   AVTEX  SN  1 9 1 3  

r a y o n .   The  web  was  e n t a n g l e d   on  the   same  b e l t   and  w i t h  

t h e   same  o r i f i c e   s t r i p s   as  s a m p l e s   A,  B,  and  C,  but   w i t h   3 

p a s s e s   a t   100  p s i ,   3  p a s s e s   a t   150  p s i ,   and  24  p a s s e s   a t  

600  p s i .   The  web  was  t h e n   s a t u r a t i o n   b o n d e d   w i t h   an  a c r y -  
l i c   b i n d e r   s o l u t i o n   and  d r i e d ,   to   p r o d u c e   a  r a t i o   o f  

872  gms  of  f i b e r   to   55  gms  of  b i n d e r   in  the   f i n a l   f a b r i c .  

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

SAC  t e s t ,   t a k e - u p   r a t e   u s i n g   an  ATS  t e s t ,   and  r e s i d u e   ( o r  

s u b s t r a t e   s u r f a c e   dry  a b i l i t y )   and  l a u n d e r a b i l i t y   u s i n g  

t h e   t e s t   m e t h o d s   d e s c r i b e d   b e l o w .  

The  G r a v i m e t r i c   A b s o r b e n c y   T e s t e r   (GAT)  d e s c r i b e d   i n  

U . S .   4 , 3 5 7 , 8 2 7   w h i c h   was  i s s u e d   N o v e m b e r   9,  1 9 8 2 ,   a n d  

w h i c h   is   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e ,   i s   used   t o  

d e t e r m i n e   t h e   S a t u r a t e d   A b s o r b e n c y   C a p a c i t y   (SAC)  and  t h e  

A p p a r e n t   T a k e - u p   S p e e d   ( A T S ) .  

The  GAT  is  s e t   f o r   a  p o s i t i v e   h y d r o s t a t i c   head   by  r a i s i n g  

the   b a s e   p l a t e   3mm  a b o v e   t h e   z e r o   h y d r o s t a t i c   head  p o s i -  

t i o n .   A  s a m p l e   is  d i e   c u t   to   10  cm.  in  d i a m e t e r ,   w e i g h e d  

on  an  a n a l y t i c a l   b a l a n c e   to   t he   ' n e a r e s t   0 . 0 0 1   g ram,   and  i s  

a f f i x e d   to   the   s a m p l e   h o l d e r   of  t he   GAT.  The  s a m p l e  

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

100  g ram  w e i g h t   is  i m p o s e d   on  t op   of  t he   s a m p l e   h o l d e r .  

T h i s   w e i g h t   p l u s   t he   w e i g h t   of  t he   s a m p l e   h o l d e r   p r o v i d e s  

a  p r e s s u r e   of  0 . 0 5   p s i   on  t h e   t e s t   s p e c i m e n .   The  c h a r t  

s p e e d   is   s e t   at   3  c m / m i n .   The  b a l a n c e   is  t a r e d .   The  t e s t  

i s   s t a r t e d   and  a l l o w e d   to   p r o c e e d   u n t i l   the   b a l a n c e   r e a d -  

ou t   s t a b i l i z e s .   The  maximum  w e i g h t   a c h i e v e d   w h i c h  

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

t e s t   s p e c i m e n   is  r e c o r d e d .  



The  SAC  is  d e t e r m i n e d   by  d i v i d i n g   t h e   maximum  amount   o f  

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

d ry   w e i g h t   of  t h e   t e s t   s p e c i m e n .   The  r e s u l t s   a r e  

e x p r e s s e d   as  g r a m s   of  f l u i d   a b s o r b e d   pe r   gram  of  f a b r i c .  

The  25%  s a t u r a t i o n   p o i n t   i s   d e t e r m i n e d   by  m u l t i p l y i n g   t h e  

b a l a n c e   r e a d o u t   by  .25  and  t he   75%  s a t u r a t i o n   p o i n t   by  

m u l t i p l y i n g   by  . 7 5 .   On  the   GAT  c h a r t   the   25%  and  75% 

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

s l o p e   of  t h i s   l i n e   is  d e s i g n a t e d   by  the   ATS  w i t h   t h e  

r e s u l t s   e x p r e s s e d   as  g r a m s   of  f l u i d   a b s o r b e d   per   gram  o f  

t e s t   s p e c i m e n   p e r   s e c .   and  is   a  m e a s u r e m e n t   of  the   t a k e   u p  
r a t e   or  r a t e   a t   w h i c h   t h e   t e s t   s p e c i m e n   t a k e s   up  f l u i d .  

A c c e l e r a t e d   wash   t e s t s   a r e   done   u s i n g   a  L a u n d e r - O - M e t e r  

u n i t   s u p p l i e d   by  A t l a s   E l e c t r i c   D e v i c e s   Co.  of  C h i c a g o ,  

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

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

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

c o n v e n i e n t l y   s h o r t   t i m e .  

The  L a u n d e r - O - M e t e r   is  s e t   f o r   a  b a t h   t e m p e r a t u r e   of  1 6 0 ° F  

a n d  r u n   u n t i l   a  s t a b i l i z e d   t e m p e r a t u r e   is  r e a c h e d .   T h e  

s p e c i m e n   to   be  t e s t e d   is  c u t   to   a  s i z e   of  2  i n c h e s   by 

6  i n c h e s   and  p l a c e d   in  a  c o n t a i n e r   a l o n g   w i t h   a  s t a n d a r d  

AATCC  9.2%  s o a p   s o l u t i o n   o b t a i n e d   by  AATCC  R e s e a r c h  

T r i a n g l e   P a r k ,   N o r t h   C a r o l i n a   and  f i f t y   1 /4"   d i a m e t e r  

s t e e l   b a l l s .   The  c o n t a i n e r   is   p l a c e d   in  the   b a s k e t   of  t h e  

L a u n d e r - O - M e t e r   and  p o s i t i o n e d   in  t h e   p r e h e a t e r / s t o r a g e  

u n t i l   the   t e m p e r a t u r e   r e a c h e s   1 2 0 ° F .   A f t e r   p r e h e a t i n g ,  

t h e   b a s k e t   i s   p l a c e d   on  the   r o t o r   of  the   L a u n d e r - O - M e t e r ,  

t he   u n i t   s t a r t e d ,   and  t he   t i m e   c y c l e   s e t   f o r   60  m i n u t e s .  

At  t he   c o m p l e t i o n   of  the   c y c l e   t h e   s p e c i m e n   is   r emoved   a n d  

i n s p e c t e d .   F a i l u r e   of  t he   s p e c i m e n   is  n o t e d   by  v i s u a l  

i n s p e c t i o n   f o r   any  h o l e s .   I f   t he   s p e c i m e n   p a s s e s ,   i t   i s  

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



u n t i l   t he   s p e c i m e n   f a i l s   or  u n t i l   the   t e s t   is  t e r m i n a t e d .  

The  wash  d u r a b i l i t y   t e s t   r e s u l t s   a r e   r e p o r t e d   as  t h e  

n u m b e r   of  h o u r s   of  s u c c e s s f u l   wash  or  the   number   of  h o u r s  

to  wash  f a i l u r e .  

The  r e s i d u e   t e s t   m e a s u r e s   w i c k i n g   e f f i c i e n c y   and  y i e l d s   a n  

i n d i c a t i o n   of  t he   a b i l i t y   of  t h e   t e s t   s p e c i m e n   to  w i p e  

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

p l a c e d   on  an  a n a l y t i c a l   b a l a n c e   and  the   b a l a n c e   t a r e d .  

From  the   p r e v i o u s l y   c o n d u c t e d   SAC  the   50%  SAC  l e v e l   i s  

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

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

in  t he   c e n t e r   of  t he   p l a t e .   A  t e s t   s p e c i m e n   is  d i e   c u t   i n  

a  10  c . m .   d i a m e t e r   and  c a r e f u l l y   p l a c e d   on  the   p l a t e   o v e r  

the   p u d d l e   of  l i q u i d .   T w e n t y   s e c o n d s   a r e   a l l o w e d   f o r   t h e  

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

the   t e s t   s p e c i m e n   is   r e m o v e d   f rom  the   g l a s s   p l a t e   and  t h e  

w e i g h t   of  t he   l i q u i d   w h i c h   r e m a i n s   on  the   p l a t e   is  r e a d  

d i r e c t l y   f rom  the   b a l a n c e .   T h i s   w e i g h t   of  l i q u i d   is  t h e  

r e s i d u e   and  is  r e p o r t e d   in  g r a m s   of  l i q u i d .  





The  f a b r i c s   of  t he   p r e s e n t   i n v e n t i o n   e x h i b i t e d   g r e a t e r  
a b s o r b e n t   c a p a c i t y   and  t a k e - u p   r a t e   t h a n   s a m p l e   D.  T h e  

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

a b s o r b e n t   c a p a c i t y   and  t a k e - u p   a s  t h e   p e r c e n t a g e   of  ENKA 

c o n j u g a t e   f i b e r s   we re   i n c r e a s e d   f rom  10  p e r c e n t   to  20 

p e r c e n t   to   33  p e r c e n t .   The  f a b r i c s   of  t he   p r e s e n t  
i n v e n t i o n   e x h i b i t e d   good  s u r f a c e   d r y i n g   a b i l i t y ,   t h o u g h  

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

p e r c e n t a g e   of  t he   n o n - a b s o r b e n t   c o n j u g a t e   f i b e r s   o r  

d e c r e a s e   in  p e r c e n t a g e   r a y o n .   S u r f a c e   d r y i n g   a b i l i t y   may  
be  i m p r o v e d   by  t r e a t i n g   the   f a b r i c   w i t h   a  s u r f a c t a n t .  

S a m p l e s   A  and  D  showed   c o m p a r a b l e   d u r a b i l i t y .  

S a m p l e s   of  t he   d i a p e r   f a c i n g   m a t e r i a l   on  the   U n i c h a r m  

Moony  d i a p e r   we re   a l s o   s u b j e c t e d   to   t he   L a u n d e r - O - M e t e r  

t e s t   d e s c r i b e d   a b o v e ,   h o w e v e r   the   t i m e   c y c l e   was  s e t   f o r  

20  m i n u t e s .   Upon  i n s p e c t i o n   a f t e r   20  m i n u t e s   the   f a b r i c  

s a m p l e   was  s u b s t a n c i a l l y   d i s i n t e g r a t e d .  

The  f a b r i c s   of  t h e   p r e s e n t   i n v e n t i o n   may  be  e n t a n g l e d   on  a  

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

f i b e r   s t r u c t u r e s   and  f a b r i c   a p p e a r a n c e s ,   as  is   known  i n  

t he   a r t .   For   i n s t a n c e ,   the   f a b r i c s   may  a p p e a r   a p e r t u r e d  

or  u n a p e r t u r e d   and  may  have  l o c a l i z e d   t u f t s   or  nubs  o f  

e n t a n g l i n g ,   or  e l o n g a t e d   r i b s   of  e n t a n g l e d   f i b e r s  

e x t e n d i n g   a c r o s s   t h e   f a b r i c .  

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

bu t   a r e   no t   to   be  t a k e n   as  l i m i t i n g .   O t h e r   v a r i a t i o n s   a n d  

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

s p i r i t   and  s c o p e   of  the   p r e s e n t   i n v e n t i o n .  



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

10  p e r c e n t   c o n j u g a t e   f i b e r s ,   s a i d   f a b r i c   h a v i n g   a  

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

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

e n t a n g l e d ,   f u s e d   n e t w o r k   of  c o n j u g a t e   f i b e r s   c o m p r i s i n g   a n  

e x p o s e d   low  m e l t i n g   p o i n t   c o m p o n e n t ,   and  a  h i g h e r   m e l t i n g  

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

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

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

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

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

2.  A  f a b r i c   as  in  C l a i m   1,  c o m p r i s i n g   c o n j u g a t e   f i b e r s  

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

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

3.  A  f a b r i c   as  in   C l a i m   1  or  2,  w h e r e i n   s a i d   low  m e l t i n g  

p o i n t   c o m p o n e n t   of  s a i d   c o n j u g a t e   f i b e r s   fo rm  i n c l u s i o n  

bonds   w i t h   s a i d   o t h e r   f i b e r s   a t   t h e   i n t e r s e c t i o n s   of  s a i d  

c o n j u g a t e   f i b e r s   and  o t h e r   f i b e r s .  

4.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   3  in  w h i c h   t h e  

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

c o m p o n e n t ,   in   w h i c h   t h e   s h e a t h   c o m p o n e n t   i s   a  low  m e l t i n g  

p o i n t   c o m p o n e n t .  

5.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   3  in  w h i c h   t h e  

c o m p o n e n t s   of  t h e   c o n j u g a t e   f i b e r s   a re   d i s p o s e d   in  s i d e -  

b y - s i d e   r e l a t i o n s h i p .  

6.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m s   2,  3,  4,  or   5  in  w h i c h  

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



7.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   6  c o m p r i s i n g   a  

p o l y e s t e r   c o m p o n e n t .  

8.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   1  in  wh ich   the   f a b r i c  

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

f i b e r s   and  o t h e r   f i b e r s .  

9.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   1  or  2  c o m p r i s i n g   a t  

l e a s t   20  p e r c e n t   c o n j u g a t e   f i b e r s .  

10 .   A  f a b r i c   as  s e t   f o r t h   in  C l a i m   1  or  2  c o m p r i s i n g   a t  

l e a s t   33  p e r c e n t   c o n j u g a t e   f i b e r s .  

11.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   1  in  w h i c h   the  o t h e r  

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

12.   A  f a b r i c   as  s e t   f o r t h   in  C l a i m   10  in  wh ich   the   o t h e r  

f i b e r   i s   p o l y e s t e r .  

13.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   1  in  wh ich   the  o t h e r  

f i b e r s   a r e   c o t t o n .  

14.  A  f a b r i c   as  s e t   f o r t h   in  C l a i m   1  in  w h i c h   the  o t h e r  

f i b e r s   a r e   r a y o n .  

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

s t e p s   o f :   p r o v i d i n g   a  web  c o m p r i s i n g   c o n j u g a t e   f i b e r s  

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

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

j e t s   of  f l u i d   u n d e r   p r e s s u r e   t h r o u g h   s a i d   web  to  e n t a n g l e  

s a i d   f i b e r s ;   and  h e a t i n g   s a i d   web  to  t h e r m a l   bond  s a i d   l o w  

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

i n t e r s e c t i o n s   to  i n c r e a s e   the   s t r e n g t h   of  t he   f a b r i c .  



16.   A  m e t h o d   as  in  C l a i m   15  w h e r e i n   s a i d   web  c o m p r i s e s  

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

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

at   f i b e r   i n t e r s e c t i o n s .  

17 .   A  m e t h o d   as  in  C l a i m   15  or  16  w h e r e i n   s a i d   l o w  

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

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

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

o t h e r   f i b e r s .  

18.   A  m e t h o d   as  s e t   f o r t h   in  C l a i m   15  in  w h i c h   t h e  

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

h o m o g e n e o u s   w e b .  

19.   A  m e t h o d   as  s e t   f o r t h   in  C l a i m   15  in  w h i c h   s a i d  

h e a t i n g   s t e p   i s   p e r f o r m e d   by  s u b j e c t i n g   s a i d   web  to   h o t  

a i r .  

20.   A  m e t h o d   as  s e t   f o r t h   in  C l a i m   15  in   w h i c h   s a i d  

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

r a d i a n t   h e a t i n g .  
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