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  An  apparatus,  method  and  fabric  formed  thereby  for 
heat  or  fusion  bonding  a  web  comprising  conjugate  fibers. 



B a c k g r o u n d   Of  The  I n v e n t i o n  

Method  and  a p p a r a t u s   for  d r y i n g   and  h e a t   s e t t i n g   f i b r o u s  

webs  are  known.  One  such  method  and  a p p a r a t u s   is  s e t  
f o r t h   in  U.S.  3 , 4 4 2 , 7 4 0 .   The  a p p a r a t u s   d e s c r i b e d   c o m -  

p r i s e s   the  r o t a t i n g   h e a t e d   r o l l   and  f l e x i b l e   e n d l e s s  

r e s t r a i n i n g   b e l t   which  t r a v e l s   a r o u n d   the  r o l l .   A  web  i s  

i n s e r t e d   b e t w e e n   the  b e l t   and  the  r o l l .   In  the  m o d i f i c a -  
t i o n   d e s c r i b e d   in  t h i s   p a t e n t ,   the   web  t r a v e l s   a round   t h e  

r o l l   under   the  r e s t r a i n i n g   b e l t .   The  web  is  d o f f e d   f r o m  
the  h e a t i n g   r o l l   on to   the  b e l t   which  t r a n s p o r t s   i t   to  a  
c o o l i n g   r o l l .   The  web  t r a v e l s   a round   the  c o o l i n g   r o l l  

whi le   under   the  r e s t r a i n i n g   b e l t   and  is  then   d o f f e d   f r o m  

the  r o l l   and  the  b e l t .  

In  the  c o m m e r c i a l l y   a v a i l a b l e   Honeycomb  D r y e r ,   a  f i b r o u s  

web  is  p a s s e d   a round   a  f o r a m i n o u s   r o l l   wh i l e   b e i n g  
s u b j e c t e d   to  f o r c e d   a i r   h e a t   d i r e c t e d   toward   the  o u t s i d e  
s u r f a c e   of  the  r o l l .   Th is   a p p a r a t u s ,   a l t h o u g h   o r i g i n a l l y  
used  for   d r y i n g   f i b r o u s   webs,   has  been  s u g g e s t e d   for   u s e  
in  f u s i n g   f i b r o u s   webs  c o m p r i s i n g   t h e r m o p l a s t i c   m a t e r i a l s .  

One  m o d i f i c a t i o n   of  the   a p p a r a t u s   and  method  c o m p r i s e s   t h e  

use  of  a  r e s t r a i n i n g   b e l t   e x t e n d i n g   abou t   the  r o l l ,   w h i c h  

b e l t   is  l a i d   down  a t o p   the  f i b r o u s   web  to  r e s t r a i n   the   web  

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

d r y i n g   p r o c e s s .   The  f o r a m i n o u s   s u r f a c e   of  the  r o l l  

c r e a t e s   a  smooth  f a b r i c   f a c e .   In  the  method  and  a p p a r a t u s  
of  the  p r e s e n t   i n v e n t i o n ,   an  open  mesh  n e t w o r k   is  d i s p o s e d  
a b o u t  t h e   s u r f a c e   of  the  r o l l   or  s u b s t i t u t e d   for   t h e  

s u r f a c e   of  the  r o l l .   The  open  mesh  n e t w o r k   s u r f a c e  

molds  the  f a b r i c   c r e a t i n g   a  p u f f e d   s u r f a c e .  
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Honeycomb  d r y e r .   T h a t   a p p l i c a t i o n   a l s o   d i s c l o s e s   the  u s e  
of  an  open  mesh  b e l t   a d j a c e n t   a  web  and  b e t w e e n   two  c a r -  
r i e r   b e l t s .   The  f a b r i c s   formed  have  a  p a t t e r n e d   s u r f a c e  

fo rmed   by  the  t e n s i o n   of  the  open  mesh  b e l t   a g a i n s t   t h e  
web  d u r i n g   b o n d i n g   of  the  f a b r i c .   The  f a b r i c s   have  g o o d  

s t r e n g t h   and  h igh   l o f t .  
. 

Summary  Of  The  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   c o m p r i s e s   an  a p p a r a t u s ,   me thod   a n d  

f a b r i c   fo rmed   t h e r e b y   for   t h e r m a l   b o n d i n g   a  web  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 .   In  the   a p p a r a t u s   o f  

the   p r e s e n t   i n v e n t i o n ,   an  open  mesh  n e t w o r k   c o m p r i s e s   o r  
is  s u p e r i m p o s e d   on  a  moving  s u r f a c e   such  as  a  r o t a t i n g  

drum  and  a  s o u r c e   of  f o r c e d   h e a t e d   a i r   is   d i r e c t e d   t o w a r d  

the  open   mesh  n e t w o r k .   In  the  method  of  t he   p r e s e n t  
i n v e n t i o n ,   a  f i b r o u s   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   c o m -  

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

t o - a n d   s u p e r i m p o s e d   ove r   the  open  mesh  n e t w o r k  r o t a t i n g   o n  
the  r o t a t i n g   drum.  Forced   h e a t e d   a i r   i m p i n g i n g   on  the   web  

mo lds   the   web  and  p u f f s   the  f i b e r s   out   of  the  p l a n e   of  t h e  

f a b r i c   i n t o   the  open  a r e a s   of  the  open  mesh  n e t w o r k   a n d  

f u s e s   the   low  m e l t i n g   p o i n t   componen t   of  the   c o n j u g a t e  

f i b e r s   in  the   web.  The  f a b r i c   formed  t h e r e b y   is  a  v e r y  

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

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

of  d e n s i f i c a t i o n   b e t w e e n   the  p u f f e d   r e g i o n s .   The  use  of  a  
c o n v e n t i o n a l   smooth  s u r f a c e d   r e s t r a i n i n g   b e l t   c o m p r e s s e s  
the   web  a g a i n s t   the   open  mesh  s t r u c t u r e   c r e a t i n g   r e g i o n s  

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

and  a  smooth   s u r f a c e   on  the  o p p o s i t e   s i d e   of  the   f a b r i c .  

I f   t h e   r e s t r a i n i n g   b e l t   is  formed  of  a n o t h e r   open  m e s h  

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

w i l l   c r e a t e   a  p a t t e r n   of  embossed   type   d e n s i f i e d   r e g i o n s  

on  the   s u r f a c e   of  t he   f a b r i c   o p p o s i t e   t he   p u f f e d   s u r f a c e .  



B r i e f   D e s c r i p t i o n   Of  The  D r a w i n g s  

F i g u r e   1  is  a  s c h e m a t i c   s i d e   view  of  an  a p p a r a t u s  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  is  a  p e r s p e c t i v e   view  of  a  p o r t i o n   of  an  o p e n  
mesh  n e t w o r k   for   use  in  the   a p p a r a t u s   and  m e t h o d   a c c o r d i n g  

to  the   p r e s e n t   i n v e n t i o n ;  

F i g u r e   3  is  a  p e r s p e c t i v e   view  of  one  e m b o d i m e n t   of  a  
f a b r i c   formed  a c c o r d i n g   to  the   method  of  the  p r e s e n t  
i n v e n t i o n ;  

F i g u r e   3A  is  a  f r a g m e n t a r y   s e c t i o n   of  the   f a b r i c   of  F i g u r e  
3  i l l u s t r a t i n g   s c h e m a t i c a l l y   how  the  f a b r i c   is  f o r m e d ;  

F i g u r e   4  is  a  p e r s p e c t i v e   view  of  a n o t h e r   e m b o d i m e n t   of  a  
f a b r i c   fo rmed   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ;  

F i g u r e   4A  is  a  f r a g m e n t a r y   s e c t i o n   of  the  f a b r i c   of  F i g u r e  
4  i l l u s t r a t i n g   s c h e m a t i c a l l y   how  the  f a b r i c   is  f o r m e d ;  

F i g u r e   5  is  a  p e r s p e c t i v e   view  of  a n o t h e r   e m b o d i m e n t   o f  
the   f a b r i c   formed  a c c o r d i n g   to  the  method  of  t he   p r e s e n t  
i n v e n t i o n ;   a n d  

F i g u r e   5A  is  a  f r a g m e n t a r y   s e c t i o n   of  the   f a b r i c   of   F i g u r e  
5  i l l u s t r a t i n g   s c h e m a t i c a l l y   how  the  f a b r i c   is  f o r m e d .  

D e t a i l e d   D e s c r i p t i o n   Of  t he   D r a w i n g s  

F i g u r e   1  i l l u s t r a t e s   s c h e m a t i c a l l y   and  in  c r o s s - s e c t i o n   a n  

a p p a r a t u s   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .   In   t h e  

p r e f e r r e d   embod imen t   shown,   the  a p p a r a t u s   c o m p r i s e s   a  
f r a m e w o r k   shown  g e n e r a l l y   at  10  wi th   a  m o v a b l e   s u r f a c e  

c o m p r i s i n g   in  t h i s   e m b o d i m e n t   a  r o t a t a b l e   drum  12 .   T h e  



a p p a r a t u s   has  h e a t i n g   means  (no t   shown)  w i t h i n   the  f r a m e  

at  14.  The  h e a t i n g   means  d i r e c t s   f o r c e d   h e a t e d   a i r   o n t o  

the   o u t s i d e   of  the  movab le   s u r f a c e .   Though  i t   is  n o t  

n e c e s s a r y   t h a t   the   pa th   of  the   m o v a b l e   s u r f a c e   c o m p r i s e   a  

c u r v e   when  as  in  t h i s   e m b o d i m e n t ,   when  i t   d o e s ,   i t   i s  

p r e f e r r e d   to  e x h a u s t   the  c o n f l u e n c e   o f   f o r c e d   a i r   by  

d r a w i n g   a  vacuum  from  a  p o i n t   w i t h i n   the   c u r v e .   M o s t  

p r e f e r a b l y   t he   f o r c e   of  the  i m p i n g i n g   a i r   and  the   v a c u u m  

are   b a l a n c e d ,   which   b a l a n c e   is  d e p e n d e n t   on  the   web  b e i n g  

p r o c e s s e d .  

In  the  i m p r o v e d   a p p a r a t u s   of  the  p r e s e n t   i n v e n t i o n ,   a n  

open  mesh  n e t w o r k   16  is  s u p e r i m p o s e d   on  t he   m o v a b l e  

s u r f a c e .   The  open  mesh  n e t w o r k   may  c o m p r i s e   an  e n d l e s s  

b e l t   as  shown,   which  e x t e n d s   away  from  t he   r o l l   12  and  i s  

t r a n s p o r t e d   back   to  the  r o l l   by  means  18,  20,  and  22  f o r  

moving  an  e n d l e s s   b e l t   open  mesh  s t r u c t u r e   to  and  from  t h e  

movab le   s u r f a c e .   In  an  a l t e r n a t e   e m b o d i m e n t ,   the   o p e n  
mesh.  n e t w o r k   may  be  wound  t i g h t l y   a b o u t   j u s t   the   drum.  I n  

s t i l l   a n o t h e r   a l t e r n a t i v e ,   the  open  mesh  n e t w o r k   may  b e  

used  to  form  the   s u r f a c e   of  the  drum  or  m o v a b l e   s u r f a c e .  

In  the  p r e f e r r e d   embod imen t   shown,  the   e n d l e s s   b e l t   o p e n  
mesh  n e t w o r k   has   two  a d v a n t a g e s .   The  e n d l e s s   b e l t   o p e n  
mesh  n e t w o r k   may  be  used  to  t r a n s p o r t   t he   web  to  a  c o o l i n g  
s t a t i o n   as  w i l l   be  d e s c r i b e d   l a t e r ;   and  may  be  e a s i l y  

r e p l a c e d   by  a n o t h e r   open  mesh  n e t w o r k   of  d i f f e r e n t  

c o n f i g u r a t i o n .  

A  p o r t i o n   of  an  open  mesh  s t r u c t u r e   f o r   use   in  t he   a p p a r a -  
t u s   and  m e t h o d   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   is  s h o w n  

at  40  in  F i g u r e   2.  The  open  mesh  s t r u c t u r e   has  open  a r e a s  

42  and  a l s o   has  a  d e p t h   44.  In  the  me thod   a c c o r d i n g   t o  

the  p r e s e n t   i n v e n t i o n ,   a  web  24  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   is  d i s p o s e d   a c r o s s   a  moving  o p e n  
mesh  s t r u c t u r e   s u r f a c e   and  the  e x p o s e d   s i d e   of  t he   f a b r i c  

is  then   s u b j e c t e d   to  f o r c e d   h e a t e d   a i r .   The  f i b e r s  



d i s p o s e d   a c r o s s   the  open  a r e a s   22  are   ben t   out   of  t h e  

p l a n e   of  the   web  and  i n t o   the  open  r e g i o n s   by  the  f o r c e d  

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

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

c r e a t e d   by  the  f i b e r s   bent   out   of  the   f l a m e   of  the   f a b r i c .  

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

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

f i b e r s   in  the   web.  The  a p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n  

may  a l s o   c o m p r i s e   a  c o o l i n g   s t a t i o n   (no t   shown)  at   26 

which  in  i t s   p r e f e r r e d   e m b o d i m e n t   c o m p r i s e s   f o r c e d   c o o l e d  

a i r .   In  a  s t i l l   p r e f e r r e d   e m b o d i m e n t ,   the   means  f o r  

c a r r y i n g   the  e n d l e s s   b e l t   open  mesh  away  from  the  drum  may  

c o m p r i s e   means  for   c a r r y i n g   the  open  mesh  n e t w o r k   i n t o   t h e  

c o o l i n g   s t a t i o n .  

F i g u r e   3  d e p i c t s   a  f a b r i c   formed  a c c o r d i n g   to  the  p r e s e n t  
i n v e n t i o n .   The  f a b r i c   shown  g e n e r a l l y   at   50  has  a  v e r y  
high  l o f t   and  low  d e n s i t y .   One  f ace   52  of  the  f a b r i c  

c o m p r i s e s   a  p a t t e r n   of  p u f f e d   r e g i o n s   54  w h e r e i n   t h e  

f i b e r s   are   bent   out  of  the  p l a n e   65  of  the   f a b r i c .   As 
shown  in  F i g u r e   3A,  t h e s e   p u f f s   are   formed  in  the  o p e n  

a r e a s   42  of  the  open  mesh  s t r u c t u r e   by  the  f o r c e d   h e a t e d  

a i r .   These   p u f f e d   r e g i o n s   have  lower   d e n s i t y   t h a n   t h e  
o v e r a l l   f a b r i c .   The  o t h e r   s u r f a c e   56  of  the   f a b r i c   may 
have  a  p a t t e r n   of  r e c e s s e s   58  c o r r e s p o n d i n g   to  t he   p u f f e d  

r e g i o n s   54.  At  l ower   a i r   v e l o c i t i e s ,   the   f a b r i c   f o r m e d  

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

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

f a b r i c   w h e r e i n   the  e n t i r e   f a b r i c   is  moved  i n t o   the   o p e n  
a r e a s ,   42,  of  the   open  mesh  s t r u c t u r e .  

In  a  p r e f e r r e d   c o n s t r u c t i o n ,   the   nonwoven  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   are  made  from  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   w h e r e i n   at  l e a s t   a b o u t   50  p e r c e n t   of  t h e  

s u r f a c e   of  the  i n d i v i d u a l   f i b e r s   is  p o l y e t h y l e n e .   I t   i s  



p r e f e r r e d   to  employ  s h e a t h / c o r e   f i b e r s   w i th   the  p o l y e t h y -  
l ene   as  the  s h e a t h   and  the  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  b e  

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  

the   r ange   of  from  a b o u t   1  to  abou t   6,  and  a re   in  e x c e s s   o f  

abou 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   employ  h igh   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  Melt  Index   ( " M . I . " )   by  ASTM 

D - 1 2 3 8 ( E )   ( 1 9 0 ° C . ,   2160  gms. )   of  g r e a t e r   t h a n   1,  p r e f e r a b -  

ly  g r e a t e r   t han   a b o u t   10,  and  more  p r e f e r a b l y   from  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  composed  o f  

a b o u t   40  to  60  w e i g h t   p e r c e n t ,   and  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 ,   the  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 .  

A  m ino r   p r o p o r t i o n   of  o t h e r   f i b e r s ,   p r e f e r a b l y   n o n a b s o r -  

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

a long   wi th   the  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  f a b r i c s   of  the   i n v e n t i o n   are   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  the   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 .   The  e x a c t  

w e i g h t   of  the  f i b r o u s   web  has  not   been  found   to  be  n a r r o w -  

ly  c r i t i c a l ,   a l t h o u g h   u s e f u l   w e i g h t s   have  been   found   w i t h -  

in  the   r a n g e   from  a b o u t   0 .2  to  a b o u t   4 .2  o u n c e s   pe r   s q u a r e  

y a r d .  

The  web  c o m p r i s i n g   a  l o o s e   a r r a y   of  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   is  l a i d   on  an  open  m e s h  

n e t w o r k   s u r f a c e   and  p a s s e d   under   f o r c e d   a i r   h e a t i n g   m e a n s .  

The  f o r c e d   h e a t e d   a i r   p u s h e s   the  f i b e r s   in  open  a r e a s   o f  

the  mesh  out  of  the   p l a n e   of  the  f a b r i c   and  f u s e s   t h e  

p o l y e t h y l e n e   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   and  f o r m  

bonds  a t   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 .   Forced   h e a t e d  



a i r   at  a  f a c e   v e l o c i t y   of  at  l e a s t   100  f t . / m i n .   is  a p p l i e d  

to  a  c i r c u l a r   drum  wi th   a  vacuum  drawn  a t   t h r e e - t e n t h s  

i n c h e s   of  w a t e r   w i t h i n   the  drum.  The  e x a c t   t e m p e r a t u r e s  

employed   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  the   web,  and  upon  the  d w e l l   t ime   e m p l o y e d   i n  

the  h e a t e d   zone .   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   the  r a n g e   from  a b o u t   130°  to  a b o u t   1 8 0 ° C . ,   h a v e  

been  found  s a t i s f a c t o r y .   Dwell  t i m e s   in  t he   h e a t e d   z o n e  

w i l l   u s u a l l y   vary   from  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 ,  

and  more  n o r m a l l y   w i l l   be  from  abou t   3  to   a b o u t   10 

s e c o n d s .  

In  an  a l t e r n a t i v e   e m b o d i m e n t   of  a  method   and  a p p a r a t u s   o f  

the  p r e s e n t   i n v e n t i o n ,   an  a i r   p e r m e a b l e   r e s t r a i n i n g   b e l t  

28  may  be  p r o v i d e d   and  c a r r i e d   a l ong   means   30  f o r   c a u s i n g  

s a i d   r e s t r a i n i n g   b e l t   to  t r a v e l   a l ong   w i t h   the   open  m e s h  

n e t w o r k   s u r f a c e .   The  r e s t r a i n i n g   b e l t   c o m p r e s s e s   the  web  

a g a i n s t   the   open  mesh  n e t w o r k   c r e a t i n g   a  f a b r i c   as  s h o w n  

at  60  in  F i g u r e   4.  The  f a b r i c   has  one  s u r f a c e   6 3  c o m p r i s -  

ing  p u f f e d   r e g i o n s   64  w h e r e i n   the  f i b e r s   a r e   b e n t   out  o f  

the  p l a n e   65  of  the  f a b r i c .   The  p u f f e d   r e g i o n s   have  v e r y  
low  d e n s i t y .   As  shown  e s p e c i a l l y   in  F i g u r e   4A,  the  f a b r i c  

a l s o   c o m p r i s e s   d e n s i f i e d   r e g i o n s   66  which   e x t e n d   b e t w e e n  

and  a round   the  p u f f e d   r e g i o n s .   The  d e n s i f i c a t i o n   i s  

c aused   by  the   c o m p r e s s i o n   of  the  web  a g a i n s t   t h e   open  m e s h  

s t r u c t u r e   by  the  b e l t   28.  The  o t h e r   s u r f a c e   of  the   f a b r i c  

68  formed  n e x t   to  the   b e l t   28  is  s m o o t h .  

In  ye t   a n o t h e r   a l t e r n a t i v e   of  the   method  and  a p p a r a t u s  

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

may  c o m p r i s e   an  e n d l e s s   b e l t   open  mesh  n e t w o r k .   A  f a b r i c  

formed  t h e r e b y   is  shown  in  F i g u r e   5.  The  f a b r i c   shown 

g e n e r a l l y   at   70  c o m p r i s e s   one  face   72  which   c o m p r i s e s  

p u f f e d   r e g i o n s   74  w h e r e i n   the  f i b e r s   are   p u f f e d   out  of  t h e  

p l ane   75  of  the  f a b r i c ,   and  d e n s i f i e d   r e g i o n s   76  t h e r e b e -  

tween  formed  by  the  c o m p r e s s i o n   of  the  web  a g a i n s t   t h e  



open  mesh  n e t w o r k   r e s t r a i n i n g   b e l t .   The  f a b r i c   a l s o   c o m -  

p r i s e s   e m b o s s e d   type   d e n s i f i c a t i o n   at  l e a s t   at   s u r f a c e   7 8  

i n t r o d u c e d   by  the  open  mesh  n e t w o r k   r e s t r a i n i n g   b e l t .   T h e  

e m b o s s - t y p e   d e n s i f i c a t i o n   g i v e s   an  embossed   t y p e   p a t t e r n  
to  the  o t h e r   s u r f a c e   78.  As  shown  in  F i g u r e   5A,  the  o p e n  
mesh  n e t w o r k s   16  and  28'  had  the  same  c o n f i g u r a t i o n   a n d  

were   in  r e g i s t r y ;   h o w e v e r ,   the   p r e s e n t   i n v e n t i o n   c o n t e m -  

p l a t e s   d i f f e r e n t   open  mesh  n e t w o r k s   used  as  the   m o v i n g  

s u r f a c e   and  as  the  r e s t r a i n i n g   b e l t   and  a l s o   c o n t e m p l a t e s  

the  b e l t s   b e i n g   used  when  t hey   are   not   in  r e g i s t r y   c r e a t -  

ing  a  f a b r i c   w h e r e i n   the  o t h e r   s u r f a c e   78  has  e m b o s s e d  

type   d e n s i f i e d   r e g i o n s   which  do  not  c o i n c i d e   w i t h   t h e  

d e n s i f i e d   r e g i o n s   c r e a t e d   by  c o m p r e s s i n g   the   web  a g a i n s t  

the  open  web  s t r u c t u r e   moving  s u r f a c e .  

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   are   i l l u s t r a t i v e  

but   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   are  p o s s i b l e   w i t h o u t   d e p a r t i n g   from  t h e  

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



1.  P r o c e s s   f o r   m a k i n g   a  n o n w o v e n   f a b r i c   h a v i n g   h i g h   b u l k  

and  low  d e n s i t y   c o m p r i s i n g :  

(a)   s u p e r i m p o s i n g   a  web  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   c o m p r i s i n g   a  low  m e l t i n g   p o i n t  

c o m p o n e n t   on  a  moving   open  mesh  n e t w o r k   s u r f a c e  

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

(b)  app ly ing   f o r ced   hea ted   a i r   to  the  exposed  s u r f a c e  
of  the  web  to  bend  the  f i b e r s   a d j a c e n t   the  o p e n  
areas   i n t o   the  open  a r eas   and  to  hea t   fuse  the  l ow  
mel t ing   p o i n t   component  of  the  c o n j u g a t e   f i b e r s  
to  f i b e r s   in  the  web,  forming  a  f a b r i c   with  a  
p a t t e r n e d   s u r f a c e   a d j a c e n t   the  open  mesh  n e t w o r k .  

2 . .   The  p r o c e s s   of  Cla im  1  f u r t h e r   c o m p r i s i n g   t h e   s t e p   o f  

r e s t r a i n i n g   t h e   web  a g a i n s t   t he   open   mesh   n e t w o r k   d u r i n g  

the   a p p l i c a t i o n   of  f o r c e d   a i r .  

3.  The  p r o c e s s  o f   Cla im  2  w h e r e i n   s a i d   r e s t r a i n i n g   m e a n s  

c o m p r i s e s   a n o t h e r   open  mesh  n e t w o r k -  

4.  The  p r o c e s s   of  C l a i m s   1,  2  or  3  w h e r e i n   t h e   web  i s  

c o o l e d   b e t w e e n   t h e - o p e n   mesh  n e t w o r k   and  r e s t r a i n i n g  

m e a n s .  

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

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

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

i m p r o v e m e n t   c o m p r i s i n g   an  open  mesh  n e t w o r k   s u p e r i m p o s e d  

on  the   m o v a b l e   s u r f a c e .  



6.  An  a p p a r a t u s   as  in  C la im  5  f u r t h e r   c o m p r i s i n g   an  a i r  

p e r m e a b l e   r e s t r a i n i n g   b e l t   and  means  fo r   c a u s i n g   s a i d  

r e s t r a i n i n g   b e l t   to  t r a v e l   a l o n g   w i t h   the  m o v a b l e   s u r f a c e .  

or  6 
7.  An  a p p a r a t u s   as  in  C la im  5 / w h e r e i n   s a i d   open  m e s h  

n e t w o r k   c o m p r i s e s   an  e n d l e s s   b e l t   w i t h   means  f o r   c a u s i n g  
s a i d   e n d l e s s   b e l t   o p e n  m e s h   n e t w o r k   to  and  from  t h e  

m o v a b l e   s u r f a c e .  

8.  A  h i g h   l o f t ,   low  d e n s i t y   nonwoven   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   c o m p r i s i n g  

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

of  low  d e n s i t y   w h e r e i n   the   f i b e r s   a re   b e n t   ou t   of  t h e  

p l a n e   of  the  f a b r i c .  

9.  A  nonwoven   f a b r i c   as  in  Claim  8  f u r t h e r   c o m p r i s i n g  

d e n s i f i e d   r e g i o n s   b e t w e e n   the  p u f f s .  

or  10 
10.  A  nonwoven   f a b r i c   as  in  Cla im  9 / f u r t h e r   c o m p r i s i n g   a n  

emboss   t y p e   p a t t e r n e d   o t h e r   s u r f a c e   formed  by  emboss   t y p e  
d e n s i f i e d   r e g i o n s   fo rmed   in  a t   l e a s t   the   o t h e r   s u r f a c e   o f  

t h e   f a b r i c .  
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