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

M e t h o d s   of  c o m p r e s s i o n   e m b o s s i n g   f i b r o u s   webs  are  known  i n  

the   a r t .   M e t h o d s   of  h e a t   e m b o s s i n g   f i b r o u s   webs  i n c l u d 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   f i b e r s   a re   a l s o  

known.   In  g e n e r a l ,   the   h e a t   e m b o s s i n g   is  done  by  means  o f  

h e a t e d   r o l l e r s ,   w i t h   the   f i b r o u s   web  t r a v e l i n g   t h r o u g h   t h e  

n ip   b e t w e e n   the   c o u n t e r r o t a t i n g   h e a t e d   r o l l e r s .   To 

m a i n t a i n   a  good  t h r o u g h - p u t   s p e e d ,   the   r o l l e r s   are   u s u a l l y  

h e a t e d   a  few  d e g r e e s   h i g h e r   t han   the  m e l t i n g   p o i n t   of  t h e  

t h e r m o p l a s t i c   f i b e r s   in  the   web  or  t he   t e m p e r a t u r e   d e s i r e d  

in  the  e m b o s s i n g   p r o c e s s .   Th i s   is  n e c e s s a r y   so  t h a t   t h e  

web  t r a v e l i n g   q u i c k l y   t h r o u g h   the   n ip   a c h i e v e s   the   d e s i r e d  

t e m p e r a t u r e .  

F a b r i ' c s   which   have  been  h e a t   e m b o s s e d   and  in  p a r t i c u l a r  

f a b r i c s   which   have  been  h e a t   e m b o s s e d   in  a  p a t t e r n   by  

p a t t e r n e d   r o l l e r s   o f t e n   d i s p l a y   damage  from  e x c e s s i v e  

h e a t .   In  p a r t i c u l a r ,   in  o r d e r   to  a c h i e v e   h e a t   s u f f i c i e n t  

to  f u s e   the  f i b e r s   in  the  p a t t e r n e d   r e g i o n s ,   the   f i b e r s  

i m m e d i a t e l y   a d j a c e n t   the  p a t t e r n e d   r e g i o n s   are  h e a t e d   to  a  

t e m p e r a t u r e   s u f f i c i e n t   to  c a u s e   s h r i n k a g e   and  damage .   T h e  

h e a t   r a d i a t e d   to  the   f i b e r s   nex t   a d j a c e n t   the  p a t t e r n e d  

a r e a   a l s o   s h r i n k s   t he   web  b l u r r i n g   the   l i n e   of  d e m a r k a t i o n  

of  the  p a t t e r n .   In  t he   method  of  the   p r e s e n t   i n v e n t i o n ,   a  

c o m b i n a t i o n   of  h e a t   and  p r e s s u r e   is  used   to  c o m p a c t   t h e  

f i b e r s   in  the  p a t t e r n e d   r e g i o n s   in  the   w e b .   Th i s   c o m b i n a -  

t i o n   of  f a c t o r s   does   not   e f f e c t i v e l y   r a d i a t e   to  the  f i b e r s  

n e x t   a d j a c e n t   the  p a t t e r n   r e g i o n   of  the   f a b r i c ,   c r e a t i n g   a  

f a b r i c   w i th   v e r y   s h a r p   p a t t e r n   d e l i n e a t i o n   and  h igh   l o f t  

a d j a c e n t   the  p a t t e r n   r e g i o n .  

I t   is  a l s o   o ld   in  the   a r t   to  co ld   emboss   to  form  o r  

l a m i n a t e   f i b r o u s   l a y e r s .   Cold  e m b o s s i n g   of  m o i s t   f i b r o u s  



l a y e r   p r o d u c e s   a  c o m p a c t e d   p r o d u c t   wh ich   e x h i b i t s   d e f o r m a -  

t i o n   of  f i b e r s   and  h y d r o g e n   b o n d i n g .   P a p e r   t o w e l i n g   i s  

o f t e n   made  by  such   a  m e t h o d .   The  c o m p a c t i o n   a c h i e v e d   w i t h  

c o l d   e m b o s s i n g   can  be  u n d o n e   w i t h   w a t e r .   In  the   m e t h o d  

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

f i b r o u s   web  may  n o t   be  r e v e r s e d   or  u n d o n e   by  the   a p p l i c a -  

t i o n   of  w a t e r .  

Summary  O f  T h e   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   a  m e t h o d   of  p a t t e r n   e m b o s -  

s i n g   a  n o n w o v e n   web  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  

and  the   f a b r i c   f o r m e d   t h e r e b y .   The  m e t h o d   c o m p r i s e s   h e a t  

e m b o s s i n g   t he   web  a t   a  t e m p e r a t u r e   s l i g h t l y   be low  t h e  

s o f t e n i n g   p o i n t   of  t h e _ 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  t h e  

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

t e m p e r a t u r e   s u f f i c i e n t   to  c a u s e   c o l d   f low  of  at  l e a s 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 s   t o  

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

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

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

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

p a t t e r n .   The  web  c o n t a i n s   a t   l e a s t   15  p e r c e n t   c o n j u g a t e  

f i b e r s .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t he   c o n j u g a t e   f i b e r s  

a r e   a  s h e a t h / c o r e   of  h igh   d e n s i t y   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 .  

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

The  F i g u r e   is  a  p h o t o m a c r o g r a p h   s h o w i n g   a  c r o s s - s e c t i o n   o f  

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



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

web  c o m p r i s i n g   at  l e a s t   15  p e r c e n t   c o n j u g a t e   f i b e r s   a n d  

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

a  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 igh   m e l t i n g   p o i n t  

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

P r e f e r a b l y ,   t he   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   I n d e x   ( " 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 han   1,  p r e f e r a b -  

ly  g r e a t e r   t h a n   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 .  

The  f a b r i c s   of  the   i n v e n t i o n   a re   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  f o u n d  

w i t h i n   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   p e r  

s q u a r e   y a r d .   T h i s   web  is  t h e n   c o n v e y e d   to  the   n ip   o f  t h e  

e m b o s s i n g   r o l l e r s .  

A c c o r d i n g   to  the   me thod   of  the   p r e s e n t   i n v e n t i o n ,   a  c o m b i -  

n a t i o n   of  h e a t   and  p r e s s u r e   is  a p p l i e d   at  the   e m b o s s i n g  

nip   c o m b i n e d   to  c a u s e   the  low  m e l t i n g   p o i n t   c o m p o n e n t   o f  

the   c o n j u g a t e   f i b e r s   of  the  web  to  co ld   f low.   The  m e t h o d  

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

e m b o s s e d   r o l l s   g e n e r a l l y   known  in  the   a r t .   The  p a t t e r n  
embossed   r o l l e r s   have   r a i s e d   p a t t e r n e d   s u r f a c e   a r e a s   w h i c h  

c o n t a c t   and  c o m p r e s s   the  web  as  i t   p a s s e s   t h r o u g h   the  n i p  



of  a  p a i r   of  c o u n t e r r o t a t i n g   p a t t e r n   emboss   r o l l e r s .   I n  

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

t e m p e r a t u r e   n e e d e d   a t   t he   n i p .   Th i s   is  n e c e s s a r y   to  m a i n -  

t a i n   a  good  t h r o u g h - p u t   s p e e d   of  the   web.  The  e l e v a t e d  

t e m p e r a t u r e   a s s u r e s   t h a t   d u r i n g   the   s h o r t   amoun t   of   t i m e  

t h a t   t he   web  s p e n d s   in  t he   n i p ,   the   e f f e c t i v e   t e m p e r a t u r e  

w i t h i n   t he   web  is  r e a c h e d .  

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

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

web  w h i c h   is  to  be  p r o c e s s e d   t h r o u g h   the   n ip   of  the   r o l -  

l e r s .   As  the   web  p a s s e s   t h r o u g h   the   n i p ,   t he   c o m b i n a t i o n  

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

r o l l e r s   c a u s i n g   a t   l e a s 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  

of  the   c o n j u g a t e   f i b e r s   of  the   web  to  c o l d   f low  a n d  

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

f i b e r s   in  t he   web,  in  o n l y   the   p a t t e r n e d   r e g i o n s .   By 

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

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

web  damage   in  the   r e g i o n s   i m m e d i a t e l y   a d j a c e n t   t h e  

p a t t e r n e d   r e g i o n s   n o r m a l l y   c a u s e d   by  the  r a d i a t i o n   of  h e a t  

f rom  t he   s u p e r   h e a t e d   r o l l e r s   used  when  h e a t   a l o n e   is  u s e d  

to  f u s e   the   f i b e r s   of  the   w e b .  

The  f i b r o u s   webs  u sed   in  p r a c t i c i n g   the  m e t h o d   a c c o r d i n g  

to  t he   p r e s e n t   i n v e n t i o n   c o m p r i s e   at  l e a s t   15  p e r c e n t  

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

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

o t h e r   c o n j u g a t e   f i b e r s   w h i c h   may  be  used  in  the   m e t h o d   o f  

t he   p r e s e n t   i n v e n t i o n   a re   c o p o l y e s t e r / p o l y e s t e r   a n d  

n y l o n   6 / n y l o n   66  f i b e r s .   O p t i o n a l l y ,   b e f o r e   p a s s i n g   t o  

t he   n i p ,   the   web  may  be  h e a t e d   w i th   h e a t e d   a i r   at  a  

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



each   o t h e r   and  to  o t h e r   f i b e r s   in  the  web  to  s t r e n g t h e n  

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

F i g u r e   1  i l l u s t r a t e s   a  m i c r o s c o p i c   c r o s s - s e c t i o n   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 .   T h e  

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

r e g i o n s   12  c r e a t e d   by  the   d e f o r m i n g   and  c o m p a c t i n g   of  t h e  

c o n j u g a t e   f i b e r ,   c o m p a c t i n g   a l l   the   f i b e r s   in  the   web  i n  

o n l y   the  p a t t e r n   e m b o s s e d   r e g i o n .   The  d e f o r m a t i o n   a n d  

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

c o m b i n a t i o n   of  h e a t   and  p r e s s u r e .   In  the  me thod   of  t h e  

p r e s e n t   i n v e n t i o n ,   the   h e a t e d   e m b o s s e d   r o l l e r s   a re   h e a t e d  

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

S u f f i c i e n t   p r e s s u r e   is  a p p l i e d   in  t he   p a t t e r n e d   a r e a   t o  

p e r m a n e n t l y   d e f o r m   the   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   and  h e n c e   the   c o n j u g a t e   f i b e r .   Any  o t h e r  

f i b e r s   in  the   p a t t e r n e d   r e g i o n s   of  the   web  are   c o m p a c t e d  

and  the  web  is  m a i n t a i n e d   in  a  d e n s i f i e d   s t a t e   by  t h e  

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

r e g i o n s   d i s p l a y   an  o p a c i t y   t h a t   is  b e l i e v e d   due  to  the  a i r  

f i b e r   i n t e r f a c e s .   One  c o u l d   s p e c u l a t e   t h a t   the  d e f o r m a -  

t i o n   of  the   c o n j u g a t e   f i b e r s   is  c a u s e d   by  co ld   f low  of  a t  

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

the   r e g i o n s   14  i m m e d i a t e l y   a d j a c e n t   the  d e n s i f i e d  

p a t t e r n e d   r e g i o n s ,   the  f a b r i c   shows  a  ve ry   h igh   l o f t   a n d  

i n d i v i d u a l   f i b e r s   16  are   s e e n .   The  h igh   l o f t   d e l i n e a t e s  

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

damage   in  the  r e g i o n s   i m m e d i a t e l y   a d j a c e n t   the  p a t t e r n e d  

r e g i o n s .  



1.  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   l o f t   r e g i o n s   i m m e d i a t e l y  

a d j a c e n t   d e n s i f i e d   p a t t e r n e d   r e g i o n s ,   s a i d   f a b r i c   c o n p r i s -  

ing  a t   l e a s t   15  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   a  

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

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

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

ing  the   f i b e r s   in  o n l y   t h e   p a t t e r n e d   r e g i o n s .  

2.  A  f a b r i c   as  in  C la im   1  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  
70  to  80,  e . g .  

c o m p r i s e s / 7 5 ,   p e r c e n t   of  t h e   f i b e r s   of  s a i d   w e b .  

3.  A  m e t h o d   of  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   l o f t  

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

from  a  web  c o m p r i s i n g   a t   l e a s t   15  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   a  low  m e l t i n g   p o i n t   c o m p o n e n t   and  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 a i d   m e t h o d   c o m p r i s i n g   c o m p r e s s i n g   s a i d  
low  melt inh  p o i n t ,   e . g .  web  at   a  t e m p e r a t u r e   be low  the   s o f t e n i n g   p o i n t   f   the   /  

p o l y e t h y l e n e ,  c o m p o n e n t ,   and  a t   a  c o m b i n a t i o n   of  t e m p e r a -  

t u r e   and  p r e s s u r e   to  d e f o r m   and  c o m p a c t   the   c o n j u g a t e  

f i b e r s   and  c o m p a c t   t h e   f i b e r s   of  t he   web  in  o n l y   t h e  

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

4.  A  m e t h o d   of  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   l o f t  

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

from  a  web  c o m p r i s i n g   a t   l e a s t   15  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   a  low  m e l t i n g -   p o i n t   c o m p o n e n t   and  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 a i d   m e t h o d   c o m p r i s i n g   h e a t i n g   s a i d   w e b  

w i t h   h e a t e d   a i r   at  a  t e m p e r a t u r e   s u f f i c i e n t   to  f u s e   t h e  

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

web,  and  s u b s e q u e n t l y   c o m p r e s s i n g   s a i d   web  a t   a  t e m p e r a -  
low  mel t ing  p o i n t ,   e . g .  

t u r e   b e l o w   t h e   s o f t e n i n g   p o i n t   of  t h e / p o l y e t h y l e n e , c o m p o -  

n e n t ,   and  a t   a  c o m b i n a t i o n   of  t e m p e r a t u r e   and  p r e s s u r e   t o  

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

f i b e r s   of  t h e   web  in  o n l y   the   p a t t e r n e d   r e g i o n s .  
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