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(S)  Elastic  thermal  bonded  non-woven  fabric. 

There  is  disclosed  a  process  which  comprises  the  steps 
of: 

(a)  bonding  a  web  of  fusible  staple  fibers  by  thermal 
bonding  in  an  intermittent  pattern; 

(b)  stretching  the  bonded  web  at  elevated  temperature; 
and 

(c)  cooling  the  stretched  web, 
to  thereby  produce  a  fabric  having  elastic  properties  per- 

pendicular  to  the  direction  of  stretch. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

N o n - w o v e n   f a b r i c s   h a v i n g   e l a s t i c   p r o p e r t i e s   in  one  d i r e c -  

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

l a y e r s   f o r   s a n i t a r y   n a p k i n s ,   d i a p e r s ,   and  t h e  l i k e ,   w h e r e -  

in  t he   e l a s t i c i t y   of  t h e   f a b r i c   p r o v i d e s   a  " g i v e "   in   t h e  

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

to   c h a n g e s   in  t h e   s h a p e   of  t he   o b j e c t   in  r e s p o n s e   t o  

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

n o n - w o v e n   f a b r i c   h a v i n g   e l a s t i c i t y   in  one  d i r e c t i o n ,   a n d  

h e n c e   t he   f a b r i c   of  t he   i n v e n t i o n   has  e n h a n c e d   u t i l i t y   f o r  

s u c h   a p p l i c a t i o n s .  

B r i e f   Summary   of   t h e   I n v e n t i o n  

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

(a)  b o n d i n g   a  web  of  f u s i b l e   s t a p l e   f i b e r s   by  t h e r m a l  

e m b o s s i n g   in  an  i n t e r m i t t e n t   p a t t e r n ;   a n d  

(b)  s t r e t c h i n g   t he   b o n d e d   web  a t   e l e v a t e d   t e m p e r a t u r e ,  

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

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

s t r e t c h .  



The  P r i o r   A r t  

N e s s ,   in  U . S .   P a t e n t   No.  3 , 4 8 5 , 6 9 5 ,   d i s c l o s e s   a  m u l t i - s t e p  

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   h a v i n g   u n i d i r e c -  

t i o n a l   e l a s t i c i t y .   The  s t e p s   in  t h e   Ness   p a t e n t   a r e   t h e  

f o l l o w i n g :  

1.  F o r m i n g   a  f i b r o u s   w e b ;  

2.  R e a r r a n g i n g   the   f i b e r s   in  t h e   web  to   form  a  f i b r o u s  

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

3 .   B o n d i n g   the   w e b ;  

4 .   D r y i n g   t h e   b o n d e d   w e b ;  

5.   D r a f t i n g   the   d r i e d ,   b o n d e d   web  to   e l o n g a t e   s a i d   p o r e s ;  

6.   A p p l y i n g   the   e l a s t o m e r i c   b i n d e r   to  t he   d r a f t e d  w e b ;  

a n d  

7 .   D r y i n g   and  s e t t i n g   t h e   e l a s t o m e r i c   b i n d e r .  

O s t e r m e i e r ,   in  U.S .   P a t e n t   No.  3 , 9 4 9 , 1 2 8 ,   d i s c l o s e s   a  

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

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

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

B r i e f   Summary   of  t h e   D r a w i n g s  

F i g .   1  i s   a  s i d e   e l e v a t i o n ,   p a r t i a l l y   s c h e m a t i c ,   of  o n e  

a r r a n g e m e n t   of  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  

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

F i g .   2  i s   a  t op   p l a n   v i e w ,   p a r t i a l l y   s c h e n a t i c ,   of  a n o t h e r  

a r r a n g e m e n t   of  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  

p r o c e s s   of  t he   i n v e n t i o n ;  



F i g .   3  s h o w s   t h e   e m b o s s e d   p a t t e r n   of  t he   s u r f a c e   of  a n  
e m b o s s e d   c a l e n d e r   r o l l   s u i t a b l e   f o r   use  in  t h e   p r o c e s s   o f  

t h e   i n v e n t i o n ;  

F i g .   4  i s   a  c r o s s - s e c t i o n   t a k e n   a l o n g   l i n e s   4-4   of  F i g .   3 ;  

F i g .   5  s h o w s   t h e   p a t t e r n   of  t he   s u r f a c e   of  a n o t h e r   e m b o s -  

s ed   c a l e n d e r   r o l l   s u i t a b l e   f o r   use   in  t h e   i n v e n t i o n ;   a n d  

F i g .   6  i s   a  c r o s s - s e c t i o n   t a k e n   a l o n g   l i n e   6 -6   of  F i g .   5 .  

D e t a i l e d   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

R e f e r r i n g   f i r s t   to  F i g .   1,  one  p r e f e r r e d   a r r a n g e m e n t   o f  

a p p a r a t u s   f o r   c a r r y i n g   o u t   t he   p r o c e s s   of  t h e   i n v e n t i o n   i s  

s h o w n .   A  web  10  of  s t a p l e   l e n g t h   f u s i b l e   f i b e r s   i s   f e d ,  

as  by  an  e n d l e s s   b e l t   14,   to   a  c a l e n d e r   12  c o m p o s e d   o f  t w o  

r o l l s   16 ,   18 .   The  u p p e r   r o l l   16  has   an  e m b o s s e d   i n t e r m i t -  

t e n t   p a t t e r n   ( w h i c h   w i l l   be  d e s c r i b e d   in  more   d e t a i l  

b e l o w ) ,   and  t h e   l o w e r   r o l l   1C  is   a  smoo th   b a c k - u p   r o l l .  

Bo th   r o l l s   a r e   h e a t e d   to   a  t e m p e r a t u r e   such   t h a t   t h e  

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

t h e r m a l   b o n d i n g   t e m p e r a t u r e .   T h u s ,   as  t he   web  10  p a s s e s  

t h r o u g h   t h e   c a l e n d e r   12 ,   i t   is   t h e r m a l l y   b o n d e d   in  a n  
i n t e r m i t t e n t   p a t t e r n   c o r r e s p o n d i n g   to   t h e   e m b o s s e d   p a t t e r n  

of  t h e   u p p e r   r o l l   16.   The  t h e r m a l l y   b o n d e d   web  20  t h e n  

p r o c e e d s   p a s t   a  s e t   of  r o l l s   22,  23  t h a t   a r e   d r i v e n   a t   t h e  

same  c i r c u m f e r e n t i a l   s p e e d   as  t he   c a l e n d e r   r o l l s   16 ,   1 8 ,  

t h r o u g h   an  oven   24,  and  f i n a l l y   to  a  w i n d u p   26.   T h e  

w i n d u p   26  is   b e i n g   d r i v e n   a t   a  s p e e d   s u c h   t h a t   i t s  

c i r c u m f e r e n c e   is  mov ing   f a s t e r   t h a n   the   s p e e d   of  t h e   c i r -  

c u m f e r e n c e s   of  t he   two  r o l l s   16 ,   18  c o m p r i s i n g   t h e  

c a l e n d e r   12.  T h e r e f o r e ,   t h e   t h e r m a l   b o n d e d   f a b r i c   20  i s  

s t r e t c h e d   in  t he   m a c h i n e   d i r e c t i o n   as  i t   p a s s e s   t h r o u g h  

t h e   o v e n .   Upon  c o o l i n g ,   t he   t h u s   p r o d u c e d   f a b r i c   23  w i l l  

have   e l a s t i c   p r o p e r t i e s   in  t he   c r o s s   d i r e c t i o n ,   i . e . ,   t h e  

d i r e c t i o n   t r a n s v e r s e   to  t h a t   of  t he   s t r e t c h .  



R e f e r r i n g   now  to  F i g .   2,  an  a l t e r n a t e   a r r a n g e m e n t   o f  

a p p a r a t u s   f o r   c a r r y i n g   o u t   t he   p r o c e s s   of  t h e   i n v e n t i o n   i s  

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

F i g .   1,  a  web  10  of  s t a p l e   l e n g t h   f u s i b l e   f i b e r s   i s   fed  t o  

a  c a l e n d e r   12,   c o m p o s e d   of  an  e m b o s s e d   r o l l   16  and  a  

s m o o t h   b a c k u p   r o l l   ( n o t   s h o w n ) .   The  c a l e n d e r   is   h e a t e d   t o  

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

web  10  a r e   h e a t e d   to   t h e i r   t h e r m a l   b o n d i n g   t e m p e r a t u r e ,   s o  

t h a t   t h e   f a b r i c   is   t h e r m a l   b o n d e d   in  a  p a t t e r n   c o r r e s p o n d -  

ing   to   t h e   p a t t e r n   of  t h e   e m b o s s e d   r o l l   16 ,   w h i c h   is   a n  

i n t e r m i t t e n t   p a t t e r n .   The  t h e r m a l   b o n d e d   web  20  has  a  

w i d t h ,   Wl,  a f t e r   h a v i n g   b e e n   t h e r m a l   b o n d e d .   The  t h e r m a l  

b o n d e d   web  20  is  t h e n   fed   to   a  h e a t e d   t e n t e r   f r a m e   3 0 ,  

w h e r e i n   t h e   b o n d e d   web  20  i s   h e a t e d   and  s t r e t c h e d   in  t h e  

c r o s s   d i r e c t i o n   as  i t   p a s s e s   t h r o u g h   t he   t e n t e r   f r a m e   3 0 .  

A f t e r   p a s s i n g   t h r o u g h   t h e   t e n t e r   f r a n e   30 ,   t h e   w i d t h ,   W2,  

of   t h e   f a b r i c   32  w i l l   be  s l i g h t l y   g r e a t e r   t h a n   t he   w i d t h ,  

VII  of  t h e   f a b r i c   20  as  i t   was  fed  i n t o   t h e   t e n t e r   f r a m e  

3 0 .   The  f a b r i c   32,  a f t e r   i t   c o o l s ,   w i l l   t h e n   h a v e  e l a s t i c  

p r o p e r t i e s   in  the   m a c h i n e   d i r e c t i o n   ( i . e . ,   in  t he   d i r e c -  

t i o n   of  t he   a r r o w   " a " ) ,   w h i c h   is  the   d i r e c t i o n   t r a n s v e r s e  

to   t h a t   to   wh ich   the   f a b r i c   was  s t r e t c h e d   w h i l e   b e i n g  

h e a t e d .  

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

t h e   i n v e n t i o n   w h e r e i n   t h e   f a b r i c   is  t h e r m a l l y   b o n d e d   a n d  

t h e n   s t r e t c h e d   ( w h i l e   b e i n g   h e a t e d )   to   i m p a r t   e l a s t i c i t y ,  

in   one   c o n t i n u o u s   o p e r a t i o n .   H o w e v e r ,   i f   d e s i r e d ,   t h e  

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

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

h e a t e d )   to   i m p a r t   e l a s t i c i t y   to  the   w e b .  

The  f i b e r s   t h a t   a r e   e m p l o y e d   in  t he   i n v e n t i o n   a r e   h e a t -  

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

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

h a v i n g   an  o u t e r   l a y e r   of  a  h e a t   f u s i b l e   m a t e r i a l   such  a s  



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

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

of  p o l y e t h y l e n e   and  a  c o r e   of  p o l y e s t e r .   S u c h   h e a t  

f u s i b l e   f i b e r s   a re   c o m m e r c i a l l y   a v a i l a b l e .   The  f i b e r s  

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

u s u a l l y   in  e x c e s s   of  a b o u t   o n e - h a l f   i nch   in  l e n g t h ,   up  t o  

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

d e n i e r   w i t h i n   the   r a n g e   f rom  a b o u t   one  to  a b o u t   s i x .  

F i b e r s   t h a t   are   no t   n o r m a l l y   h e a t - f u s i b l e   can   be  u s e d   i n  

a d m i x t u r e   w i t h   t he   h e a t - f u s i b l e   f i b e r s , i n   m i n o r   a m o u n t s .  

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

t he   l i k e .  

The  f e e d   web  10  e m p l o y e d   in  t he   i n v e n t i o n   i s   p r e f e r a b l y   a  

r a n d o m   web  of  s t a p l e   f i b e r s .   Random  webs  a r e   made  b y  

known  p r o c e d u r e s ,   such   as  by  e m p l o y i n g   a  RAIIDO  WEBBER,  o r  

a  d u a l   r o t o r ,   such  as  is  d e s c r i b e d   by  R u f f o   and  G o y a l   i n  

U . S .   P a t e n t   No.  3 , 7 6 8 , 1 1 8 .   The  f e e d   web  can  w e i g h ,   f o r  

i n s t a n c e ,   from  a b o u t   0 .3   to  a b o u t   s i x   o u n c e s   p e r   s q u a r e  

y a r d .   The  e x a c t   w e i g h t   of  the   f eed   web  has   no t   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 .  

W h i l e   t he   use  of  r a n d o m   webs  is  p r e f e r r e d ,   o r i e n t e d   w e b s  

s u c h   as  c a r d   webs  can  a l s o   be  used   in  t he   i n v e n t i o n .   W h e n  

o r i e n t e d   webs  a re   u s e d ,   in  mos t   c a s e s   t h e   d i r e c t i o n   o f  

s t r e t c h   w i l l   be  in  t he   d i r e c t i o n   of  f i b e r   o r i e n t a t i o n  

( i . e . ,   u s u a l l y   in  t he   m a c h i n e   d i r e c t i o n ) ,   b e c a u s e   t h e  

o r i e n t e d   web  is  u s u a l l y   no t   s t r o n g   e n o u g h   in  t he   d i r e c t i o n  

p e r p e n d i c u l a r   to  t he   o r i e n t a t i o n   to  s u p p o r t   t e n s i o n   i n  

t h a t   ( p e r p e n d i c u l a r )   d i r e c t i o n .  

The  t h e r m a l   b o n d i n g   of  t h e   f i b e r s   in  t he   f e e d   web  i s  

c a r r i e d   ou t   on  an  e m b o s s e d   b o n d e r ,   such   as  is  i l l u s t r a t e d  

in  the   d r a w i n g s .   The  b o n d e r   has   one  r o l l   t h a t   has   a  



r a i s e d   i n t e r m i t t e n t   p a t t e r n   on  i t s   s u r f a c e ,   w i t h   t h e   o t h e r  

r o l l   b e i n g   a  s m o o t h   b a c k - u p   r o l l .   The  t e m p e r a t u r e   a t  

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

d e p e n d e n t   upon   t h e   n a t u r e   of  t he   f u s i b l e   m a t e r i a l   in  t h e  

f e e d   web,   as  w e l l   as  t he   w e i g h t   of  the   web  and  t h e   s p e e d  

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

s p e e d s ,   i t   may  be  d e s i r a b l e   to  use   a  p r e - h e a t e r   in  o r d e r  

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

j u s t   p r i o r   to   i t s   e n t r a n c e   i n t o   t he   b o n d e r .   The  b o n d i n g  

t e m p e r a t u r e   of  t he   web  is   p a r t i c u l a r l y   d e t e r m i n e d   by  t h e  

n a t u r e   of  t h e   m a t e r i a l   t h a t   is  t h e r m a l l y   b o n d a h l e .   F o r  

i n s t a n c e ,   i f   t he   f u s i b l e   m a t e r i a l   is   h i g h   d e n s i t y  

p o l y e t h y l e n e ,   as  i t   w i l l   be  in  a  c o n j u g a t e   f i b e r   h a v i n g   a  

s h e a t h   of   h i g h   d e n s i t y   p o l y e t h y l e n e ,   t he   b o n d i n g   t e m p e r a -  

t u r e   is  u s u a l l y   w i t h i n   t h e   r a n g e   of  f rom  a b o u t   100°   t o  

a b o u t   1 5 0 ° C .   I f   t h e   f u s i b l e   m a t e r i a l   in  t h e   web  i s   p o l y -  

p r o p y l e n e ,   t h e   b o n d i n g   t e m p e r a t u r e   is  u s u a l l y   f rom  a b o u t  

1 3 0 ° C .   to   a b o u t   1 9 0 ° C .   H o w e v e r ,   t he   e x a c t   b o n d i n g   t e m p e r -  

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

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

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

a d h e s i o n   o f   t he   f u s i b l e   f i b e r s   to   one  a n o t h e r   in  a  p a t t e r n  

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

F i g s .   3  and  4  i l l u s t r a t e   a  t y p i c a l   i n t e r m i t t e n t   e m b o s s e d  

p a t t e r n   (a  d i a m o n d   p a t t e r n )   t h a t   is  s u i t a b l e   f o r   use   i n  

t h e   i n v e n t i o n .   The  e x a c t   d i m e n s i o n s   of  one  e m b o d i m e n t   o f  

t h e   p a t t e r n   a r e   g i v e n   b e l o w   in  the   e x a m p l e s .   In   a  

p r e f e r r e d   way  of  c a r r y i n g   ou t   t h e   i n v e n t i o n ,   one   a x i s   o f  

t h e   d i a m o n d   p a t t e r n   is   s l i g h t l y   l o n g e r   t h a n   the   o t h e r  

a x i s .   In  s u c h   a  c a s e ,   when  t he   f a b r i c   i s   s t r e t c h e d ,   i t   i s  

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

two  a x e s .  



O t h e r   i n t e r m i t t e n t   p a t t e r n s   can  a l s o   be  used   in  t h e   i n v e n -  

t i o n ,   as  is  i l l u s t r a t e d   by  t h e   e m b o s s e d   p a t t e r n   shown   i n  

F i g s .   5  and  6.  The  o n l y   r e q u i r e m e n t   is  t h a t   t h e r e   b e  

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

the   i n v e n t i o n .  

The  p r e s s u r e   on  t he   c a l e n d e r   b o n d e r   has  no t   b e e n   f o u n d   t o  

be  n a r r o w l y   c r i t i c a l .   I t   w i l l   n o r m a l l y   be  w i t h i n   t h e  

r a n g e   of  f rom  a b o u t   18  to  a b o u t   350  p o u n d s   p e r   l i n e a r  

i n c h .  

A f t e r   h a v i n g   been   t h e r m a l   b o n d e d ,   the   b o n d e d   f a b r i c   i s  

t h e n   s u b j e c t e d   to  a  s t r e t c h   w h i l e   b e i n g   h e a t e d .   A 

s t r e t c h i n g   of  f rom  a b o u t   5%  up  to  p e r h a p s   40%  or  50%  i s  

f e a s i b l e ,   a l t h o u g h   a  s t r e t c h i n g   of  from  a b o u t   15%  to   a b o u t  

30%  is   p r e f e r r e d .   As  was  d i s c u s s e d   a b o v e ,   t he   s t r e t c h i n g  

can  e i t h e r   be  in  t he   m a c h i n e   d i r e c t i o n ,   w h i c h   is  m o r e  

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

e x p e n s i v e ,   or  i t   can  be  in  t h e   c r o s s   d i r e c t i o n   i f   o n e  

e m p l o y s   a  h e a t e d   t e n t e r   f r a m e   to  do  the   s t r e t c h i n g .   W h i l e  

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

e l e v a t e d   t e m p e r a t u r e ,   of  f r o m ,   f o r   e x a m p l e ,   a b o u t   100°   t o  

a b o u t   1 6 0 ° C .  

The  e x a c t   t e m p e r a t u r e   to  w h i c h   the   f a b r i c   is  h e a t e d   w h i l e  

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

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

the   s o f t e n i n g   p o i n t   of  t h e   f i b e r .  

The  e x a m p l e s   b e l o w   i l l u s t r a t e   t he   p r a c t i c e   of  t h e  

i n v e n t i o n .  

E x a m p l e   1 

A  r andom  l a i d   web  of  s t a p l e   f i b e r s   was  e m p l o y e d   in  t h i s  

e x a m p l e .   The  web  was  c o m p o s e d   of  75  w e i g h t   pe r   c e n t   o f  



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

one  and  o n e - h a l f   i n c h e s ,   and  25  w e i g h t   p e r   c e n t   of   1 . 5  

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

o n e - h a l f   i n c h e s .   The  t o t a l   b a s e   web  w e i g h t   was  60  g r a m s  

p e r   s q u a r e   m e t e r ,   or  1 . 7 7   o u n c e s   pe r   s q u a r e   y a r d .   T h i s  

web  was  s u b j e c t e d   to   t h e r m a l   e m b o s s   b o n d i n g   u s i n g   a n  

e m b o s s   b o n d e r   h a v i n g   a  r a i s e d   e m b o s s   p a t t e r n   as  shown  i n  

F i g s .   3  and  4.  The  r a i s e d   e m b o s s   l i n e s   40  w e r e   in  a  

d i a m o n d   p a t t e r n ,   w i t h   t h e   d i m e n s i o n s   "A"  b e i n g   5 . 5  

m i l l i m e t e r s ,   t h e   d i m e n s i o n s   "B"  b e i n g   0 .8   m i l l i m e t e r ,   a n d  

t h e   d i m e n s i o n   "C"  b e i n g   0 . 0 3 5   m i l l i m e t e r .   The  a n g l e s   "D" 

w e r e   3 0 ° .  

In  E x a m p l e   1,  t h e   l o n g   a x i s   of  t he   d i a m o n d   was  o r i e n t e d   i n  

t h e   c r o s s   d i r e c t i o n .   The  a b o v e - d e s c r i b e d   web  was  f e d  

t h r o u g h   t h e   e m b o s s   b o n d e r ,   w h i c h   was  h e a t e d   to   a  t e m p e r a -  

t u r e   of  1 6 5 ° C .   The  p r e s s u r e   on  t he   web  as  i t   p a s s e d  

t h r o u g h   t h e   e m b o s s   b o n d e r   was  270  p o u n d s   p e r   l i n e a r   i n c h .  

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

p a s s e d   t h r o u g h   a  h e a t e d   t e n t e r   f r a m e   whe re   i t   w a s  

s t r e t c h e d   to   a  f i n a l   w i d t h ,   W2,  t h a t   was  125%  of  t h e  

u n s t r e t c h e d   w i d t h ,   W1  ( S e e   F i g .   2 ) .   The  t e n t e r   f r a m e   w a s  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  1 4 0 ° C .  

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

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

T a b l e   I :  



E x a m p l e   2 

In  t h i s   e x a m p l e ,   a  web  s i m i l a r   to   t h a t   e m p l o y e d   in  E x a m p l e  

1  was  u s e d ,   e x c e p t   t h a t   i t   had  a  b a s i s   w e i g h t   of  25  g r a m s  

p e r   s q u a r e   m e t e r   ( 0 . 7 4   o u n c e s   p e r   s q u a r e   y a r d ) .   In  t h i s  

e x a m p l e ,   the   emboss   p a t t e r n   was  the   same  as  t h a t   u s e d   i n  

E x a m p l e   1,  e x c e p t   t h a t   t h e   l o n g   a x i s   of  t he   d i a m o n d  

p a t t e r n   was  o r i e n t e d   in  t he   m a c h i n e   d i r e c t i o n .  

The  web  was  fed  t h r o u g h   the   e m b o s s   b o n d e r   a t   a  s p e e d   of  10 

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

a t   a  t e m p e r a t u r e   of  1 6 0 ° C .   The  p r e s s u r e   on  the   web  g o i n g  

t h r o u g h   the   b o n d e r   was  360  p o u n d s   p e r   l i n e a r   i n c h .   I n  

t h i s   e x a m p l e ,   t he   w i n d u p   h a t c h e r   was  run  a t   a  s p e e d   o f  

12 .5   y a r d s   pe r   m i n u t e ,   w h i c h   is   125  pe r   c e n t   of  t h e   s p e e d  



of  t h e   web  t h a t   was  fed   i n t o   t he   e m b o s s   b o n d e r .   In   b e -  

t w e e n   t h e   e m b o s s   b o n d e r   and  t he   b a t c h e r ,   t h e r e   was  a n  

o v e n ,   in  w h i c h   t h e   web  was  h e a t e d   to  a  t e m p e r a t u r e   o f  

1 4 0 ° C .  

The  p r o p e r t i e s   of  t he   f a b r i c   so  p r o d u c e d   a r e   shown  i n  

T a b l e   I I :  

In  E x a m p l e s   1  and  2,  t h e   i n c r e a s e d   e l a s t i c i t y   in  t h e  

d i r e c t i o n   t r a n s v e r s e   to  t h a t   to  w h i c h   the   web  w a s  

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

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

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

as  s a n i t a r y   n a p k i n s ,   d i s p o s a b l e   d i a p e r s ,   b a n d a g e s ,   and  t h e  

l i k e ,   in  w h i c h   a  d e g r e e   of  s t r e t c h   in  one  d i r e c t i o n   i s  

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



f a b r i c   as  a  f a c i n g   f a b r i c   to  c o n f o r m   more  r e a d i l y   t o  

b o d i l y   m o v e m e n t .  

E x a m p l e   3 

The  p r o c e d u r e   of  E x a m p l e   2  was  r e p e a t e d ,   e x c e p t   t h a t   t h e  

75%  p o l y p r o p y l e n e / 2 5 %   p o l y e s t e r   f i b r o u s   f e e d   web  was  a  

c a r d e d   web  w e i g h i n g   0 . 6 7   o u n c e s   p e r   s q u a r e   y a r d .  

The  web  was  fed  t h r o u g h   the   e m b o s s   b o n d e r   a t   a  s p e e d   o f  

10  y a r d s   p e r   m i n u t e ,   w i t h   t he   e m b o s s   b o n d e r   b e i n g   m a i n -  

t a i n e d   a t   a  t e m p e r a t u r e   of  1 5 0 ° C .   The  p r e s s u r e   on  the   w e b  

g o i n g   t h r o u g h   the   b o n d e r   was  200  p o u n d s   p e r   l i n e a r   i n c h .  

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

13  y a r d s   pe r   m i n u t e ,   w h i c h   is  130  pe r   c e n t   of  t he   s p e e d   o f  

t h e   web  t h a t   was  fed  i n t o   t he   e m b o s s   b o n d e r .   In  b e t w e e n  

t h e   e m b o s s   b o n d e r   and  t h e   b a t c h e r ,   t h e r e   was  an  o v e n ,   i n  

w h i c h   the   web  was  h e a t e d   to  a  t e m p e r a t u r e   of  1 2 0 ° C .  

The  p r o p e r t i e s   of  t he   f a b r i c   so  p r o d u c e d   a r e   shown  i n  

T a b l e   I I I :  



E x a m p l e  4  

The  p r o c e d u r e   of  E x a m p l e   2  was  r e p e a t e d ,   e x c e p t   t h a t   t h e  

75%  p o l y p r o p y l e n e / 2 5 %   p o l y e s t e r   f e e d   web  was  a  r a n d o m   web  

w e i g h i n g   0 . 6 7   o u n c e s   p e r   s q u a r e   y a r d ,   and  t h e   c a l e n d e r  

e m p l o y e d   a  r o l l   t h a t   was  e m b o s s e d   in  t he   d a s h   p a t t e r n  

shown  in  F i g s .   5  and  6,  w h e r e i n   t he   a x i s   "y"  was  o r i e n t e d  

in  t h e   m a c h i n e   d i r e c t i o n ,   and  the   s e v e r a l   d i m e n s i o n s   w e r e  

t h e   f o l l o w i n g :  

g  =  0 . 5   m i l l i m e t e r   ( 0 . 0 2   i n c h )  

p  =   1  m i l l i m e t e r   ( 0 . 0 4   i n c h )  

q  =   5  m i l l i m e t e r s   ( 0 . 2   i n c h )  

r  =   2  m i l l i m e t e r s   ( 0 . 0 8   i n c h )  

s  =   3  m i l l i m e t e r s   ( 0 . 1 2   i n c h )  



The  web  was  fed  t h r o u g h   t he   b o n d e r   at  a  s p e e d   of  12  y a r d s  

p e r   m i n u t e ,   w i t h   the   b o n d e r   b e i n g   m a i n t a i n e d   a t   a  

t e m p e r a t u r e   of  1 5 0 ° C .   The  p r e s s u r e   on  t h e   web  g o i n g  

t h r o u g h   t he   b o n d e r   was  200  p o u n d s   p e r   l i n e a r   i n c h .   I n  

t h i s   e x a m p l e ,   t he   w i n d u p   b a t c h e r   was  run  a t   a  s p e e d   of  15 

y a r d s   p e r   m i n u t e ,   w h i c h   i s   125  p e r   c e n t   of  t h e   s p e e d   o f  

t h e   web  t h a t   was  fed  i n t o   t he   b o n d e r .   In  b e t w e e n   t h e  

b o n d e r   and  t h e   b a t c h e r ,   t h e r e   was  an  o v e n ,   in  w h i c h   t h e  

web  was  h e a t e d   to  a  t e m p e r a t u r e   of  1 3 0 ° C .  

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

T a b l e   I V :  



1.  P r o c e s s   w h i c h   c o m p r i s e s   s t r e t c h i n g ,   a t   e l e v a t e d  

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

b o n d s   a r e   in  an  i n t e r m i t t e n t   p a t t e r n ,   and  t h e n  

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

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

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

2.  P r o c e s s   w h i c h   c o m p r i s e s   t h e   s t e p s   o f :  

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

t h e r m a l   b o n d i n g   in  an  i n t e r m i t t e n t   p a t t e r n ;  

(b )   s t r e t c h i n g   the   b o n d e d   web  a t   e l e v a t e d   t e m p e r a t u r e ;  

a n d  

( c )   c o o l i n g   t h e  s t r e t c h e d   w e b ,  

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

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

s t r e t c h .  

3.  The  p r o c e s s   of   c l a i m   1  or   c l a i m   2  w h e r e i n   s a i d   w e b  

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

4.  The  p r o c e s s   of   a n y  o n e   of   c l a i m s   1  to  3  w h e r e i n   s a i d  

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

5.  The  p r o c e s s   o f   a n y  o n e   of   c l a i m s   1  to   3  w h e r e i n   s a i d  

i n t e r m i t t e n t   p a t t e r n   i s   a  d a s h   p a t t e r n .  

6.  The  p r o c e s s   of   a n y  o n e   of   c l a i m s   1  to   5  w h e r e i n   t h e  

f u s i b l e   f i b e r s   a r e   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 ,  

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

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 .  
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