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

c e r t a i n   e x t r u d a b l e   c o m p o s i t i o n s   and  m e t h o d s   f o r   f o r m i n g  
5 

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

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

M e l t - b l o w i n g   t e c h n i q u e s   f o r   f o r m i n g   v e r y   s m a l l  

d i a m e t e r   f i b e r s ,   s o m e t i m e s   r e f e r r e d   to  as  m e l t - b l o w n  

,  n  f i b e r s   or  m i c r o f i b e r s ,   f rom  t h e r m o p l a s t i c   r e s i n s   a r e   w e l l  

known  in  t h e   a r t .   For   e x a m p l e ,   t h e   p r o d u c t i o n   of  f i b e r s  

by  m e l t - b l o w i n g   i s   d e s c r i b e d   in  an  a r t i c l e   e n t i t l e d  

" S u p e r f i n e   T h e r m o p l a s t i c   F i b e r s " ,   a p p e a r i n g   in  I n d u s t r i a l  

and  E n g i n e e r i n g   C h e m i s t r y ,   V o l .   48,  No.  8,  p a g e s  

i  1 3 4 2 - 1 3 4 6 .   T h i s   a r t i c l e   d e s c r i b e s   work   done   a t   t he   N a v a l  
lo  ' 

R e s e a r c h   L a b o r a t o r i e s   in  W a s h i n g t o n ,   D . C .  

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

N a v a l   R e s e a r c h   L a b o r a t o r y   R e p o r t   1 1 1 4 3 7 ,   d a t e d   A p r i l   1 5 ,  

1954 .   G e n e r a l l y ,   m e l t - b l o w i n g   t e c h n i q u e s   i n c l u d e   h e a t i n g   a  

?0  t h e r m o p l a s t i c   f i b e r - f o r m i n g   r e s i n   to   a  m o l t e n   s t a t e   a n d  

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

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

d i e   as  m o l t e n   t h r e a d s .   '  The  m o l t e n   t h r e a d s   e x i t   t h e   d i e  

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

25  be  m a i n t a i n e d   a t   an  e l e v a t e d   t e m p e r a t u r e   and  w h i c h   s e r v e s  

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

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

h a v i n g   d i a m e t e r s   l e s s   t h a n   t h e   d i a m e t e r s   of  t h e  

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

30  U.S .   P a t e n t   3 , 8 4 9 , 2 4 1   to   B u t i n ,   t h e   d i s c l o s u r e   o f  

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

m a n u f a c t u r e   of  n o n w o v e n   m a t s   by  m e l t - b l o w i n g   a n d  

d e s c r i b e s ,   a t   c o l u m n   4,  l i n e s   57  et^  s e q .   ,  t h e   f o r m a t i o n   o f  

m e l t - b l o w n   f i b e r s   h a v i n g   d i a m e t e r s   of   f rom  a b o u t   0 . 5  

35  um  to  a b o u t   400  um  by  e x t r u d i n g   d e g r a d e d  

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

m o l t e n   t h r e a d s   i n t o   an  a t t e n u a t i n g   gas   s t r e a m .   A l s o  
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1  d i s c l o s e d   i s   t h e   f a c t   t h a t   t h e   d i a m e t e r s   of   t h e   a t t e n u a t e d  

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

t h r o u g h   t h e   gas   o u t l e t s ,   w h i c h   a r e   l o c a t e d   on  e i t h e r   s i d e  

of   t h e   d i e   c a p i l l a r i e s ,   i n c r e a s e s .   I t   i s   a l s o   s t a t e d  

5  t h a t ,   a t   low  to  m o d e r a t e   a t t e n u a t i n g   gas   v e l o c i t i e s ,   t h e  

e x t r u d e d   m o l t e n   t h r e a d s ,   even   a f t e r   a t t e n u a t i o n   by  the   g a s  
i n t o   f i b e r s ,   r e m a i n   e s s e n t i a l l y   c o n t i n u o u s   w i t h   l i t t l e   o r  

no  f i b e r   b r e a k a g e   and  t h a t   f i b e r s   p r o d u c e d   in  such   a n  

a r r a n g e m e n t   h a v e   d i a m e t e r s   o f ,   p r e f e r a b l y ,   f rom  a b o u t   8 

10  ,um  to  50  um.  P r i o r   to   e x t r u s i o n   t h e  

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

to  c o n t r o l l e d   t h e r m a l   and  o x i d a t i v e   d e g r a d a t i o n   a t  

t e m p e r a t u r e s   r a n g i n g   f rom  a b o u t   5 5 0 ° F   to   a b o u t   900°  F ,  

t h a t   i s ,   f rom  a b o u t   28  8°  C  to   a b o u t   482  °C,  p r e f e r a b l y   f r o m  

15  a b o u t   600°F   to  7 5 0 ° F ,   t h a t   i s ,   f r om  a b o u t   316°C  to  a b o u t  

3 9 9 ° C ,   to   e f f e c t   a  r e q u i s i t e   d e g r a d a t i o n   of   t h e   r e s i n   t o  

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

f i b e r - f o r m i n g   t h e r m o p l a s t i c   r e s i n s   a r e   l i s t e d   a t   co lumn  4 ,  

l i n e s   3  5  e_t  s e q .   and  c o m m e r c i a l l y   u s e f u l   r e s i n   t h r o u g h p u t  

20  r a t e s   a r e   s t a t e d   to   be  f rom  a b o u t   0 . 0 7   to   5  grams  p e r  
m i n u t e   p e r   d i e   e x t r u s i o n   c a p i l l a r y ,   p r e f e r a b l y   a t   l e a s t   1 

g ram  p e r   m i n u t e   p e r   d i e   e x t r u s i o n   c a p i l l a r y .  

Some  t h e r m o p l a s t i c   p o l y m e r s   a r e   a m e n a b l e   to  t h e  

m e l t - b l o w i n g   p r o c e s s ,   w h i l e   o t h e r s   do  n o t   seem  to  be.   As 

25  i s   r e p o r t e d   in  T a p p i ,   The  J o u r n a l   of   t h e   T e c h n i c a l  

A s s o c i a t i o n   of   t h e   P u l p   and  P a p e r   I n d u s t r y ,   V o l .   56,  p a g e s  
7 4 - 7 7   ( A p r i l   19  73)  ,  a  good   d e a l   o f   w o r k   h a s   b e e n   done  w i t h  

t h e   m e l t - b l o w i n g   of   p o l y p r o p y l e n e .   N o n w o v e n   webs  m a d e  

f rom  p o l y p r o p y l e n e   m i c r o f i b e r s   a r e   s a i d   to  be  s o f t   a n d  

30  d r a p e a b l e .   O t h e r   p o l y m e r s   t h a t   h a v e   b e e n   e v a l u a t e d   f o r  

u s e   in  m e l t - b l o w i n g   i n c l u d e   p o l y e t h y l e n e ,   n y l o n   6,  n y l o n  

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

as  h o t - m e l t   a d h e s i v e s ,   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 ,  

p o l y   ( 4 - m e t h y l p e n t e n e - l )   ,  p o l y   ( t e t r a m e   t h y   l e n e   t e r e p h -  
35  t h a l a t e )   ,  and  p o l y s t y r e n e .   The  T a p p i   a r t i c l e   -  r e p o r t s   t h e  

p r o p e r t i e s   of   n o n w o v e n   webs  made  f rom  m e l t - b l o w n   f i b e r s   o f  

t h e s e   m a t e r i a l s .   The  a r t i c l e   a l s o   r e p o r t s   t h a t   a t t e m p t s  
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I  have   been   made  to   m e l t - b l o w   p o l y s u l f o n e ,   n y l o n   4,  a n d  

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

o p e r a t i o n   in  s h o r t   s c r e e n i n g   t r i a l s .  

The  T a p p i   a r t i c l e   a l s o   r e p o r t s   t h a t   b l e n d s   of  c e r t a i n  

5  r e s i n s   can  be  made  up  f o r   m e l t - b l o w i n g .   T h u s ,   p e l l e t s   o f  

p o l y p r o p y l e n e   and  n y l o n   6  w e r e   m i x e d   t o g e t h e r ,   t h e n  

m e l t - b l o w n ,   to  p r o d u c e   webs  made  f rom  b l e n d s   of  t h e s e   t w o  

m a t e r i a l s .  

In  T e x t i l e   W o r l d ,   F e b r u a r y   1 9 7 9 ,   p a g e s   8 3 - 8 4 ,   t h e r e  

"LQ  is  a  l i s t   of   p o l y m e r s   t h a t   h a v e   b e e n   m e l t - b l o w n  

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

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

s i x   y e a r s   b e t w e e n   t h e   two  r e s p e c t i v e   p u b l i c a t i o n s .  

For   q u i t e   some  t i m e   t h o s e   in  t h e   a r t   have   b e e n  

!5  a t t e m p t i n g   to   fo rm  e l a s t o m e r i c   r e s i n s   i n t o   f i b r o u s  

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

t h a t   e x p e r i m e n t a t i o n   w i t h   p o l y s t y r e n e / p o l y   ( e t h y l e n e -  

b u t y l e n e )   / p o l y s t y r e n e   e l a s t o m e r i c   c o p o l y m e r   r e s i n s  

m a t e r i a l s   has   o c c u r r e d .   S e e ,   f o r   e x a m p l e ,   U .S .   P a t e n t  

20  4 , 3 2 3 , 5 3 4   to  des   M a r a i s .   U n f o r t u n a t e l y ,   t h e   p h y s i c a l  

p r o p e r t i e s   of   t h e   p r o d u c t s   o b t a i n e d   by  t h e   des   M a r a i s  

p r o c e s s ,   f o r   e x a m p l e ,   a  n o n w o v e n   mat   of   m e l t - b l o w n   f i b e r s ,  

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

l e a c h i n g   s t e p .   See  a l s o   J o n e s ,   U .S .   P a t e n t   No.  4 , 3 5 5 , 4 2 5 .  

2 5  
The  i n v e n t i o n   p r o v i d e s   e l a s t o m e r i c   f i b e r s   o b t a i n a b l e   b y  

m e l t - b l o w i n g   a c c o r d i n g   to   t h e   i n d e p e n d e n t   c l a i m s   1,  2  and  8 

and  t h e i r   c o r r e s p o n d i n g   d e p e n d e n t   c l a i m s .   The  i n v e n t i o n   a l s o  

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

go  c o m p r i s i n g   s a i d   e l a s t o m e r i c   f i b e r s   a c c o r d i n g   to   c l a i m   1 1 .  

F u r t h e r ,   t h e   i n v e n t i o n   ■  p r o v i d e s   c o m p o s i t e   e l a s t o m e r i c   w e b s  

a c c o r d i n g   to  t h e   i n d e p e n d e n t   c l a i m s   12,  18,  19  and  20  a n d  

t h e i r   c o r r e s p o n d i n g   d e p e n d e n t   c l a i m s   as  w e l l   as  a n  
e x t r u d a b l e   c o m p o s i t i o n   as  d e s c r i b e d   in  c l a i m   2 6 .  

3 5  

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

e t h y l e n e   can  in   f a c t   be  s u c c e s s f u l l y   m e l t - b l o w n   i n t o  
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e l a s t o m e r i c   f i b e r s   or   m i c r o f i b e r s   by  j u d i c i o u s   s e l e c t i o n  

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

c o p o l y m e r s   a r e   t h o s e   of   e t h y l e n e   w i t h   a t   l e a s t   one  v i n y l  

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

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

a l k y l   e s t e r s   o f   t h e s e   m o n o c a r b o x y l i c   a c i d s ,   w h e r e   t h e  

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

to  t h e   m e l t - b l o w n   f i b e r s .   E x e m p l a r y   c o p o l y m e r s   a r e   t h o s e  

of  e t h y l e n e   w i t h   v i n y l   a c e t a t e   (EVA)  h a v i n g   a  m e l t   i n d e x  

10  in  t h e   r a n g e   f rom  32  to   500  g r a m s   p e r   t e n   m i n u t e s ,   w h e n  

m e a s u r e d   in  a c c o r d a n c e   w i t h   ASTM  D - 1 2 3 8   a t   c o n d i t i o n   E ,  
and  i n c l u d i n g   f rom  a b o u t   10%  by  w e i g h t   to   a b o u t   50%  b y  

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

a b o u t   18%  to  a b o u t   36%  by  w e i g h t   o f   v i n y l   a c e t a t e   m o n o m e r ,  
15  and  m o s t   s p e c i f i c a l l y   f rom  a b o u t   26%  to  a b o u t   30%  b y  

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

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

e t h y l e n e - e t h y l   a e r y   l a t e   c o p o l y m e r ,   e h t y l e n e - m e t h a c r y l a t e  
20  c o p o l y m e r ,   e t h y l e n e - m e t h y l m e t h a c r y l a t e   c o p o l y m e r ,   a n d  

s i m i l a r   c o p o l y m e r   m a t e r i a l s .   In  any   o f   t h e s e   m a t e r i a l s ,  

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

g e n e r a l l y   f rom  a b o u t   10%  to   a b o u t   50%  by  w e i g h t   of  t h e  

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

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

been   o b s e r v e d   t h a t   a b o u t   10%  by  w e i g h t   of   t h e   c o m p o n e n t  
o t h e r   t h a n   e t h y l e n e   i s   n e e d e d   to   i m p a r t   d e s i r e d  

e l a s t o m e r i c   p r o p e r t i e s   to   t h e   p r o d u c t s   p r o d u c e d .  

The  e l a s t o m e r i c   f i b e r s   or   m i c r o f i b e r s   of   t h e   p r e s e n t  
30  i n v e n t i o n   can   be  c o f o r m e d   w i t h   one   or   more   t y p e   o f  

s e c o n d a r y   f i b e r s   to   fo rm  a  c o m p o s i t e   e l a s t o m e r i c   web.  T h e  

s e c o n d a r y   f i b e r   may  be  u s e d   in   an  a m o u n t   g r e a t e r   t h a n   0% 

by  w e i g h t   up  to   a b o u t   80%  by  w e i g h t   of   t h e   c o m p o s i t e  
c o f o r m e d   m a t e r i a l .   Wood  p u l p   f i b e r s   a r e   p a r t i c u l a r l y  

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

p r o p e r t i e s   . 
The  c o p o l y m e r   may  be  m i x e d   w i t h   a n o t h e r   p o l y m e r i c  

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

5  m e l t - b l o w n   to  form  f i b e r s   or  m i c r o f i b e r s   . .of   d e s i r e d  

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

can  be  p r e p a r e d   f rom  (a)  a t   l e a s t   a b o u t   10%  by  w e i g h t   of   a  

c o p o l y m e r   of  e t h y l e n e   and  a t   l e a s t   one  v i n y l   m o n o m e r  

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

10  u n s a t u r a t e d   a l i p h a t i c   m o n o c a r b o x y l i c   a c i d s   and  a l k y l  

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

of  v i n y l   monomer   in  t h e   c o p o l y m e r   i s   s u f f i c i e n t   to  i m p a r t  

e l a s t i c i t y   to  t h e   m e l t - b l o w n   f i b e r s   and  (b)  at   l e a s t   o n e  

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

15  p o l y m e r ,   w h i c h   may  f o r   e x a m p l e   be  one  f o r m e d   f rom  a  

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

a m o u n t   of   g r e a t e r   t h a n   0%  by  w e i g h t   up  to  a b o u t   90%  b y  

w e i g h t   of  t he   b l e n d .  

One  of  t h e   v a l u a b l e   p r o p e r t i e s   of  f i b e r s   a n d  

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

w i t h   t h e   i n v e n t i o n   i s   t h a t   of   b e i n g   e l a s t o m e r i c .   W e b s  

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

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

u n s t r e t c h e d   d i m e n s i o n s   when  t h e   s t r e t c h i n g   f o r c e   i s  

25  r e l e a s e d .   They  a l s o   b e c o m e   t a c k y   a t   m o d e r a t e l y   e l e v a t e d  

t e m p e r a t u r e s   and  t h e i r   a d h e s i v e   p r o p e r t i e s   p r o v i d e   a d d e d  

u t i l i t y .  

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

t he   e x t r u d a b i l i t y   and  f i b e r - f o r m i n g   c h a r a c t e r i s t i c s   of  t h e  

30  c o p o l y m e r .   H o w e v e r ,   i t   may  a l s o   be  s e l e c t e d   b e c a u s e   o f  

t h e   p r o p e r t i e s   t h a t   i t   i m p a r t s   to   t h e   f i b e r s ,   m i c r o f i b e r s  

a n d / o r   to   t he   n o n w o v e n   web  f o r m e d   f rom  t h e   f i b e r s   a n d / o r  

m i c r o f i b e r s .  

Webs  f o r m e d   f rom  s u c h   f i b e r s   or  m i c r o f i b e r s   a r e  

35  t a c t i c a l l y   a c c e p t a b l e ,   s o f t ,   and  c l o t h - l i k e   e l a s t o m e r i c  

n o n w o v e n   f a b r i c s .   In  some  e m b o d i m e n t s   t h e   f i b e r s   o r  
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m i c r o f i b e r s   a r e   f o r m e d   f rom  an  e x t r u d a b l e   c o m p o s i t i o n   t h a t  

is   a  m i x t u r e   of   a  c o p o l y m e r   of  e t h y l e n e   and  v i n y l   a c e t a t e  

a l o n g   w i t h   one  or  more   p o l y o l e f i n s .   The  p o l y o l e f i n   o r  

p o l y o l e f i n s   m o d i f y   t h e   hand   of   t h e   web  so  t h a t   a  web  o f  

5  s u c h   m a t e r i a l   i s   t a c t i c a l l y   a c c e p t a b l e ,   and  -at  t h e   s a m e  

t i m e ,   t h e   p o l y o l e f i n   or  p o l y o l e f i n s   may  be  p r e s e n t   in  a n  

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

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

10  f rom  t h e   g r o u p   i n c l u d i n g   a t   l e a s t   one  p o l y m e r   s e l e c t e d  

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

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

c o p o l y m e r s   or  b l e n d s   of   two  or   more   of   t h e s e   m a t e r i a l s .  

15  I f   t h e   m o d i f y i n g   p o l y m e r   i s   p o l y e t h y l e n e   i t   may  be  a  

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

O t h e r   m o d i f y i n g   p o l y m e r s   i n c l u d e   ABA1  b l o c k  

c o p o l y m e r s ,   w h e r e   A  and  A1  a r e   e a c h   a  t h e r m o p l a s t i c  

e n d b l o c k   t h a t   i n c l u d e s   a  s t y r e n i c   m o i e t y   and  w h e r e   B  i s   a n  

20  e l a s t o m e r i c   p o l y   ( e t h y l e n e - b u t e n e )   m i d b l o c k .  

The  e x t r u d a b l e   b l e n d   u s u a l l y   i n c l u d e s   f rom  a t   l e a s t  

a b o u t   10%  by  w e i g h t   of   t h e   e t h y l e n e / v i n y l   c o p o l y m e r   a n d  

f rom  g r e a t e r   t h a n   0%  by  w e i g h t   to   a b o u t   90%  by  w e i g h t   o f  

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

25  may  i n c l u d e   f rom  a b o u t   10%  by  w e i g h t   to   a b o u t   95%  b y  

w e i g h t   o f   e t h y l e n e / v i n y l   c o p o l y m e r   and  f rom  a b o u t   5%  b y  

w e i g h t   to   a b o u t   90%  by  w e i g h t   of   t h e   m o d i f y i n g   p o l y m e r .  

For   e x a m p l e ,   t h e   b l e n d   may  i n c l u d e   f rom  a b o u t   20%  b y  

w e i g h t   to   a b o u t   9  5%  by  w e i g h t   of   t h e   e t h y l e n e / v i n y l  

30  c o p o l y m e r   and  f rom  a b o u t   5%  by  w e i g h t   to   a b o u t   80%  b y  

w e i g h t   of   t h e   m o d i f y i n g   p o l y m e r .   T h a t   i s ,   t h e   b l e n d   may 
i n c l u d e   f rom  a b o u t   30%  by  w e i g h t   to   a b o u t   90%  by  w e i g h t   o f  

t h e   e t h y l e n e / v i n y l   c o p o l y m e r   and  f rom  a b o u t   10%  by  w e i g h t  

to   a b o u t   70%  by  w e i g h t   of   t h e   m o d i f y i n g   p o l y m e r -   M o r e  

35  s p e c i f i c a l l y ,   t h e   b l e n d   may  i n c l u d e   f rom  a b o u t   50%  b y  

w e i g h t   to   a b o u t   90%  by  w e i g h t   of   t h e   e t h y l e n e / v i n y l  
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I  c o p o l y m e r   and  f rom  a b o u t   10%  by  w e i g h t   to  a b o u t   50%  b y  

w e i g h t   of   t he   m o d i f y i n g   p o l y m e r .   Even  more   s p e c i f i c a l l y ,  

the   b l e n d   may  be  c o m p o s e d   of  f rom  a t   l e a s t   a b o u t   50%  b y  

w e i g h t   to  a b o u t   70%  by  w e i g h t   of  t h e   e t h y l e n e / v i n y l  

5  c o p o l y m e r   and  f rom  a t   l e a s t   a b o u t   30%  by  w e i g h t   to  a b o u t  

50%  by  w e i g h t   of  t h e   m o d i f y i n g   p o l y m e r .   One  p r e f e r r e d  

b l e n d   i n c l u d e s   a b o u t   60%  by  w e i g h t   of  t h e   e t h y l e n e / v i n y l  

c o p o l y m e r   and  a b o u t   40%  by  w e i g h t   of  t h e   m o d i f y i n g  

p o l y m e r .  

10  The  e x t r u d a b l e   b l e n d   i s   e x t r u d e d   a t   an  e f f e c t i v e  

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

c o n d i t i o n s .   T h e s e   c o n d i t i o n s   w i l l   v a r y   d e p e n d i n g   on  t h e  

m o d i f y i n g   p o l y m e r   u t i l i z e d .   For   e x a m p l e ,   t h e   e x t r u d a b l e  

b l e n d   s h o u l d   be  e x t r u d e d   or   o t h e r w i s e   f o r m e d   a t   a  

15  t e m p e r a t u r e   of   a t   l e a s t   a b o u t   3 8 0 ° F   (193°C)   ,  f o r   e x a m p l e  

a b o u t   460°F   ( 2 3 8 ° C )   ,  i f   t h e   e x t r u d a b l e   b l e n d   i n c l u d e s   a  

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

p o l y m e r   i s   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 ,   or  a  m i x t u r e   o f  

t he   two  . 

20  The  b l e n d s   a r e   g e n e r a l l y   e x t r u d a b l e   a t   or  a b o v e   t h e  

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

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

a  d i e   h a v i n g   t h i r t y   (30)  e x t r u s i o n   c a p i l l a r i e s   p e r   l i n e a r  

2.540  cm  (inch)  of  die  t i p   with  each  of  the  c a p i l l a r i e s   having  a  

25  d iameter   of  0.0368  cm  (0.0145  inch)  and  a  l eng th   of  0.287  cm  ( 0 . 1 1 3  

inch) ,   a  p r e s s u r e   of  no  more  than  about  20.7  bar  (G)  (300  p o u n d s  

per  square  inch,  gauge) ,   for  example,  p r e s s u r e s   of  from  about  1 . 4  

bar  (G)  (20  pounds  per  square  inch,  gauge) ,   to  about  17.2  bar  (G) 

(250  pounds  per  square   inch,  gauge) ,   are  o f t en   adequa t e .   More 

30  s p e c i f i c a l l y ,   the  b lends   ,are  g e n e r a l l y   e x t r u d a b l e   w i th in   the  a b o v e -  

de f ined   t e m p e r a t u r e   ranges   at  p r e s s u r e s   of  from  about  3.44  bar  (G) 

(50  pounds  per  square  inch,  gauge),   to  about  17.2  bar  (G)  (250  p o u n d s  

per  square  inch,  gauge) ,   for  example,  from  about  8.6  bar  (G)  (  125 

pounds  per  square  inch,   gauge) ,   to  about  15.5  bar  (G)  (225  pounds  

35  per  square  inch,  gauge) .   Higher  e l e v a t e d   p r e s s u r e s   can  be  u t i l i z e d  

with  o ther   die  des igns   having  a  l o w e r  

number  of  c a p i l l a r i e s   per  2.54  cm  (inch)  o f  
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d i e ,   b u t   g e n e r a l l y   s p e a k i n g ,   l o w e r   p r o d u c t i o n   r a t e s  

r e s u l t .  

An  e t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r   w i t h   a  v e r y   h i g h  
m e l t   i n d e x   and  a  h i g h   c o n t e n t   o f   v i n y l   a c e t a t e   can   b e  

5  e x p e c t e d   to  be  v e r y   low  in  v i s c o s i t y   and  s o m e w h a t  

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

p r e f e r a b l y   p o l y p r o p y l e n e .   T h u s ,   when  an  e t h y l e n e   v i n y l  

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

a  m o d i f y i n g   p o l y m e r ,   g e n e r a l l y   t h e   s e l e c t i o n   of   a n  
10  e t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r   h a v i n g   a b o u t   21%  to  40% 

by  w e i g h t   v i n y l   a c e t a t e   c o n t e n t ,   and  a  m e l t   i n d e x   in  t h e  

r a n g e   of   f rom  a b o u t   100  to  300  g r a m s   p e r   t e n   m i n u t e s   w h e n  

m e a s u r e d   in   a c c o r d a n c e   w i t h   ASTM  D - 1 2 3 8 ,   c o n d i t i o n   E,.  w i l l  

f a c i l i t a t e   p r o c e s s i n g .   G e n e r a l l y ,   t h o s e   s k i l l e d   in  t h e  

15  a r t   w i l l   be  a b l e   to   make  t h e   n e c e s s a r y   a d j u s t m e n t s   t o  

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

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

I t   has   b e e n   f o u n d   t h a t   t h e   e x t r u d a b l e   b l e n d s   of   t h e  

p r e s e n t   i n v e n t i o n   a r e   u s u a l l y   e x t r u d a b l e   a t   s a t i s f a c t o r y  
20  t h r o u g h p u t   r a t e s .   Such   r a t e s   may  be  a t t r i b u t a b l e   to   t h e  

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

e x t r u d a b l e   b l e n d ,   to   fo rm  b l e n d s   o f   s u i t a b l e   v i s c o s i t y ,  
w h e r e   t h e   c o p o l y m e r   i s ,   f o r   e x a m p l e ,   an  e t h y l e n e   v i n y l  

a c e t a t e   c o p o l y m e r   h a v i n g   a  low  m e l t   i n d e x   and  h i g h  
25  v i s c o s i t y .   A  r e d u c e d   v i s c o s i t y   p r o p o r t i o n a l l y   r e d u c e s   t h e  

d i e   p r e s s u r e   i f   a l l   o t h e r   p a r a m e t e r s   r e m a i n   t h e   same.   F o r  

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

g e n e r a l l y   be  l e s s   than  about  50  Pa»s  (500  po i se )   when  ex t ruded   a t  
t h e   a b o v e - d e f i n e d   e l e v a t e d   t e m p e r a t u r e   and  e l e v a t e d  

30  p r e s s u r e   r a n g e s .   P r e f e r a b l y ,   t h e   v i s c o s i t y   of   t h e  

e x t r u d a b l e   b lend  is  from  about  10  Pa*s  (100  po ise )   to  about  20  •  Pa  s  
(200  po i se )   when  e x t r u d e d   at  the  a b o v e - i d e n t i f i e d   e l e v a t e d   t e n p e r a t u r e  
and  e l e v a t e d   p r e s s u r e   c o n d i t i o n s .  

The  m o d i f y i n g   p o l y m e r   may  r e d u c e   or   i n c r e a s e   t h e  

3  5  v i s c o s i t y   of  t h e   b l e n d ,   as  c o m p a r e d   to   t h e   v i s c o s i t y   o f  

t h e   c o p o l y m e r ,   so  t h a t   t h e   e x t r u d a b l e   b l e n d   is  e x t r u d a b l e  
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w i t h i n   t h e   a b o v e - i d e n t i f i e d   e l e v a t e d   t e m p e r a t u r e   a n d  

e l e v a t e d   p r e s s u r e   r a n g e s .   R e d u c t i o n   or  i n c r e a s e   w i l l  

d e p e n d   on  t he   e t h y l e n e / v i n y l   c o p o l y m e r   and  m o d i f y i n g  

p o l y m e r   s e l e c t e d   f o r   u s e .  
5  The  e x t r u d a b l e   b l e n d   may  be  f o r m e d   i n t o   a-  v a r i e t y   o f  

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

e l a s t o m e r i c   webs  f o r m e d   f rom  e l a s t o m e r i c   m i c r o f i b e r s   w i t h  

an  a v e r a g e   d i a m e t e r   of   n o t   g r e a t e r   t h a n   a b o u t   100  um, 

and  h a v i n g   an  a v e r a g e   b a s i s   w e i g h t   of   n o t   more  t h a n   a b o u t  

10  300  g rams   p e r   s q u a r e   m e t e r ,   or  more   s p e c i f i c a l l y ,   a n  

average  bas i s   weight   of  from  about  17  g/m2  (0.5  oz.  per  square  yard)  t o  

about  3390  g/m2  (100  oz.  per  square  yard)  or  more;  for  example,  a n  

average  bas i s   weight   of  from  about  34  g/m2  (1  ounce  per  square  yard)  t o  

about  339  g/m2  (10  ounces  per  square  ya rd ) .   The  f i b r o u s   nonwoven 
15  e l a s t o m e r i c   web  may  be  •  f o r m e d   by  m e l t - b l o w i n g   t h e  

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

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

The  e x t r u d a b l e   b l e n d   may  be  e x t r u d e d   a t   a  r a t e   o f  

from  at   l e a s t   a b o u t   0 . 0 2   gram  p e r   c a p i l l a r y   p e r   m i n u t e   t o  
20  a b o u t   1 .7  or  more   g r a m s   p e r   c a p i l l a r y   p e r   m i n u t e ,   f o r  

e x a m p l e ,   f rom  a t   l e a s t   a b o u t   0 .1   g ram  p e r   c a p i l l a r y   p e r  

m i n u t e   to  a b o u t   1 . 2 5   g r a m s   p e r   c a p i l l a r y   p e r   m i n u t e ,   m o r e  

s p e c i f i c a l l y ,   f rom  a t   l e a s t   a b o u t   0 .3   g ram  p e r   c a p i l l a r y  

pe r   m i n u t e   to  a b o u t   1 .1   g r a m s   p e r   c a p i l l a r y   p e r   m i n u t e ,  
25  t h r o u g h   a  d i e   h a v i n g   a  p l u r a l i t y   of   s m a l l   d i a m e t e r  

e x t r u s i o n   c a p i l l a r i e s   as  m o l t e n   t h r e a d s   i n t o   a  gas   s t r e a m  

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

s t r e a m   of   f i b e r s   or   m i c r o f i b e r s .   T h e s e   f i b e r s   o r  

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

30  n o n w o v e n   e l a s t o m e r i c   w e b .  

The  a t t e n u a t i n g   gas   s t r e a m   may  be  a p p l i e d   to  t h e  

m o l t e n   t h r e a d s   a t   a  t e m p e r a t u r e   of   f rom  a t   l e a s t   a b o u t  

121.  1°C  (250°F)  to  about  260°C  (500°F),   and  p r e f e r a b l y   from  about  138°C 

(280°F)  to  about  232°C  (450°F),   and  at  a  p r e s s u r e   of  from  at  l e a s t   a b o u t  
35  0.034  bar  (G)  (0.5  pound  per  square  inch,   gauge)  to  about  1.38  bar  (G) 

(20  pounds  per  square   inch,  gauge) ,   for  example,   from  at  l e a s t   about  0 .0   7 
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bar  (G)  (1  pound  per  square   inch,   gauge) ,   to  about  0.7  bar  (G)  (10  pounds 

per  square   inch,   gauge)  .  The  a t t e n u a t i n g   gas  s t r e a m   may  be  a i r  

or  an  i n e r t ,   n o n - o x i d i z i n g   g a s   s t r e a m   s u c h   as ,   f o r  

e x a m p l e ,   a  s t r e a m   of   n i t r o g e n   g a s .   T e m p e r a t u r e s   a b o v e  

5  about   232°C  (450°F)  are  to  be  a v o i d e d   i f   t h e   e t h y l e n e /   v i n y l  

c o p o l y m e r   i s   an  e t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r   w h i c h  

b e g i n s   to   d e g r a d e   a t   a b o u t   232°C  ( 4 5 0 ° F ) .  

In  some  e m b o d i m e n t s   t h e   v e l o c i t y   and  t e m p e r a t u r e   o f  

t h e   t h r e a d - a t t e n u a t i n g   gas   s t r e a m   is   a d j u s t e d   so  t h a t   t h e  

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

h a v i n g   d i a m e t e r s   of   f rom  a b o u t   t e n   (10)  am  to  a b o u t  

s i x t y   (60)  urn,  f o r   e x a m p l e ,   f rom  a t   l e a s t   a b o u t   t e n  

(10)  urn  to   a b o u t   f o r t y   (40)  um. 
S t i l l   o t h e r   a s p e c t s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l  

15  b e c o m e   a p p a r e n t   to   t h o s e   s k i l l e d   in   t h e   a r t   upon   r e v i e w   o f  

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

D E F I N I T I O N S  

.20  The  t e r m   " c o p o l y m e r "   w i t h o u t   any  p r e c e d i n g   m o d i f y i n g  

t e r m ,   i s   u s e d   h e r e i n   as  a  fo rm  of   a b b r e v i a t i o n .   I t   r e f e r s  

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

monomer   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   v i n y l   e s t e r  

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

25  and  a l k y l   e s t e r s   of   s a i d   m o n o c a r b o x y l i c   a c i d s .   For  t h e  

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

i n d e x   in   t h e   r a n g e   f rom  32  to   500  g r a m s   p e r   10  m i n u t e s  

when  m e a s u r e d   in  a c c o r d a n c e   w i t h   ASTM-D  1 2 3 8 ,   c o n d i t i o n   E 

30  ( 2 , 1 6 0   g ram  l o a d   a t   190°C)   and  c o m p r i s i n g   f rom  a b o u t   10% 

to   a b o u t   50%  by  w e i g h t   of   v i n y l   a c e t a t e .  

The  t e r m   " m o d i f y i n g   p o l y m e r "   i s   e m p l o y e d   to  r e f e r   t o  

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

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

t h e   e x t r u s i o n   o r i f i c e s ,   t h a t   i s ,   a t   t h e   c a p i l l a r i e s   in  t h e  
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d i e   h e a d .   More  g e n e r a l l y ,   h o w e v e r ,   t h e   m o d i f y i n g   p o l y m e r  

may  be  a d d e d   to  i m p a r t   u n i q u e   a t t r i b u t e s   to  f i b e r s   o r  

m i c r o f i b e r s   f o r m e d   f rom  t he   b l e n d ,   or  to  e n h a n c e   one  o r  

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

5  The  t e r m   " c o m p a t i b l e "   i s   u s e d   to  r e f e r   to  t h e  

r e l a t i o n s h i p   of   one  p o l y m e r i c   m a t e r i a l   to  a n o t h e r   w i t h  

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

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

s i m i l a r   r h e o l o g i c a l   b e h a v i o r ,   t h e y   m u s t   form  a  g e n e r a l l y  

10  h o m o g e n e o u s   m e l t .   A  c o m p a t i b l e   p o l y m e r   is   one  w h i c h   w h e n  

m i x e d   w i t h   t h e   c o p o l y m e r   and  s u b j e c t e d   to  an  e f f e c t i v e  

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

c o n d i t i o n s   can  be  e x t r u d e d   and  m e l t - b l o w n   to  form  f i b e r s  

or  m i c r o f i b e r s   . 
15  The  t e r m   " c o f o r m i n g "   is   w e l l   u n d e r s t o o d   in  t he   a r t .  

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

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

or  m i c r o f i b e r s .   The  f i b e r s   or   m i c r o f i b e r s   may  s t i l l   b e  

t a c k y   or  m o l t e n ,   so  t h a t   u p o n   c o n t a c t ,   t h e   s e c o n d a r y  

20  f i b e r s   bond   to  t h e   f i b e r s   or  m i c r o f i b e r s   or  t h e   f i b e r s   o r  

m i c r o f i b e r s   may  be  c o m p l e t e l y   c o o l e d   so  t h a t   j o i n i n g   o f  

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

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

The  t e r m s   " e l a s t i c "   and  " e l a s t o m e r i c "   a r e   u s e d  

25  i n t e r c h a n g e a b l y   h e r e i n   to   d e f i n e   any  m a t e r i a l   t h a t ,   u p o n  

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

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

125  p e r c e n t ,   t h a t   i s   a b o u t   one  and  o n e - q u a r t e r   t i m e s ,   i t s  

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

30  40  p e r c e n t   of   i t s   e l o n g a t i o n   upon   r e l e a s e   of  t h e  

s t r e t c h i n g ,   e l o n g a t i n g '   f o r c e .   A  h y p o t h e t i c a l   e x a m p l e  

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

m a t e r i a l   would  be  a  2.54  cm  (one  (1)  inch)  sample  of  a  m a t e r i a l   w h i c h  

is  e l o n g a t a b l e   to  at  l e a s t   3.18  cm  (1.25  inches)   and  which,  upon  b e i n g  
35  e l o n g a t e d   to  3.18  cm  (1.25  inches)   and  r e l e a s e d ,   w i l l   r ecove r   to  a  

l e n g t h   of  n o t   more   t h a n   2 . 9 2   cm  ( 1 . 1 5   i n c h e s ) .   Many  
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e l a s t i c   m a t e r i a l s   may  be  s t r e t c h e d   by  much  more  t h a n   25  

p e r c e n t   of   t h e i r   r e l a x e d   l e n g t h   and  many  of  t h e s e   w i l l  

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

upon   r e l e a s e   of   t h e   s t r e t c h i n g ,   e l o n g a t i n g   f o r c e .   T h i s  

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

p u r p o s e   of   t h e   p r e s e n t   i n v e n t i o n .  

The  t e r m   " m e l t   f l o w "   as  u s e d   h e r e i n   i s   t he   a m o u n t  

( u s u a l l y   in   g r a m s   p e r   10  m i n u t e s   o r   d e c i g r a m s   p e r   m i n u t e )  

of   a  m a t e r i a l   w h i c h   can   be  f o r c e d   t h r o u g h   a  g i v e n   o r i f i c e  

10  u n d e r   a  s p e c i f i e d   p r e s s u r e   and  a t   a  g i v e n   t e m p e r a t u r e .  
The  v a l u e   s h o u l d   be  d e t e r m i n e d   in   a c c o r d a n c e   w i t h   ASTM 

D  123  8.  The  t e r m   " m e l t   i n d e x "   r e f e r s   to  t h e   v a l u e  

o b t a i n e d   in   a c c o r d a n c e   w i t h   c o n d i t i o n   E  of   ASTM  D  1 2 3 8  

(190°C   and  2 , 1 6 0   g r am  l o a d )   and  m o d i f i e d   as  f o l l o w s :  

15  (1)  I f   t h e   m e l t   i n d e x   (MI)  a t   c o n d i t i o n   E  i s   l e s s  

t h a n   100  g r a m s   p e r   10  m i n u t e s   t h e   m e l t   f l o w   r a t e   (MFR)  i n  

a c c o r d a n c e   w i t h   ASTM  D  1238  a t   125°C  and  2 , 1 6 0   gram  l o a d  

i s   d e t e r m i n e d   and  t h e   r e p o r t e d   m e l t   i n d e x   i s   d e t e r m i n e d   b y  

t h e   f o l l o w i n g   e q u a t i o n :  

20  

MI  =  8 .7   x  ( M F R ) 0 - 9 1 7  

(2)  I f   t h e   m e l t   i n d e x   (MI)  a t   c o n d i t i o n   E  is   g r e a t e r  
t h a n   100  g r a m s   p e r   10  m i n u t e s   t h e   m e l t   f l o w   r a t e   (MFR)  i n  

25  a c c o r d a n c e   w i t h   ASTM  D  1238  a t   1 2 5 ° C   and  325  gram  w e i g h t  

is   d e t e r m i n e d   and  t h e   r e p o r t e d   m e l t   i n d e x   i s   d e t e r m i n e d   b y  

t h e   f o l l o w i n g   e q u a t i o n :  

MI  =  6 6 . 8   x  ( M F R ) 0 ' 8 3  

30  

As  u s e d   h e r e i n ,   t h e   t e r m   " r e c o v e r "   r e f e r s   to  a  
c o n t r a c t i o n   of   a  s t r e t c h e d   m a t e r i a l   u p o n   t e r m i n a t i o n   of   a  

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

a p p l i c a t i o n   of   t h e   b i a s i n g   f o r c e .   For   e x a m p l e ,   i f   a  
35  m a t e r i a l   h a v i n g   a  r e l a x e d ,   u n b i a s e d   l e n g t h   of   2.54  cm  (one  (1) 

inch)  were  e l o n g a t e d   50%  by  s t r e t c h i n g   to   a  l e n g t h   of   3 . 8 1   cm  ( o n e  
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and  o n e - h a l f   ( 1 . 5 )   i n c h e s ) ,   t h e   m a t e r i a l   w o u l d   have   b e e n  

e l o n g a t e d   50%  and  w o u l d   h a v e   a  s t r e t c h e d   l e n g t h   t h a t   i s  

150%  of  i t s   r e l a x e d   l e n g t h .   I f   t h i s   e x e m p l a r y   s t r e t c h e d  

m a t e r i a l   c o n t r a c t e d ,   t h a t   i s ,   r e c o v e r e d   to  a  l e n g t h   of  2 . 7 9  

5  cm  (one  and  o n e - t e n t h   ( 1 . 1 )   i n c h e s )   a f t e r   r e l e a s e   of  t h e  

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

c o v e r e d   80  p e r c e n t   ( 1 . 0 2   cm  ( 0 . 4   i n c h ) )   of  i t s   e l o n g a t i o n .  

The  t e r m   " m i c r o f   i b e r s "   i s   u s e d   h e r e i n   to   r e f e r   t o  

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

10  g r e a t e r   t h a n   a b o u t   100  |im.  For   e x a m p l e ,   h a v i n g   a n  

a v e r a g e   d i a m e t e r   in  t h e   r a n g e   f rom  a b o u t   0 .5   |am  t o  

a b o u t   50  (am,  more   s p e c i f i c a l l y   h a v i n g   an  a v e r a g e  

d i a m e t e r   of  f rom  a b o u t   4  nm  to  a b o u t   40  l-im. 

As  u s e d   h e r e i n ,   t h e   t e r m   " n o n w o v e n   web"  means   a  w e b  

15  of  m a t e r i a l   w h i c h   has   b e e n   f o r m e d   w i t h o u t   t h e   u se   of  a  

w e a v i n g   p r o c e s s .   A  n o n w o v e n   web  has   a  s t r u c t u r e   o f  

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

in  an  i d e n t i f i a b l e ,   r e p e a t i n g   m a n n e r .   Nonwoven   webs  in  t h e  

p a s t   have   b e e n   f o r m e d   by  a  v a r i e t y   of  p r o c e s s e s   s u c h   a s ,  

20  f o r   e x a m p l e ,   m e l t - b l o w i n g   p r o c e s s e s ,   s p u n - b o n d i n g  

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

o t h e r w i s e   l i m i t e d ,   t h e   t e r m s   " p o l y m e r "   or  " p o l y m e r   r e s i n "  

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

25  h o m o p o l y m e r s   ,  c o p o l y m e r s   ,  s u c h   a s ,   f o r   e x a m p l e ,   b l o c k ,  

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

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

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

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

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

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

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

As  u s e d   h e r e i n ,   an  " i n e r t "   a t t e n u a t i n g   ■  gas   i s   a  

n o n - o x i d i z i n g   gas   w h i c h   d o e s   n o t   d e g r a d e   t h e   m a t e r i a l  

35  b e i n g   m e l t - b l o w n .  
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As  u s e d   h e r e i n ,   t h e   t e r m   " c o n s i s t i n g   e s s e n t i a l l y   o f "  

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

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

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

5  E x e m p l a r y   m a t e r i a l s   o f   t h i s -   s o r t   w o u l d   i n c l u d e ,   w i t h o u t  

l i m i t a t i o n ,   p i g m e n t s ,   a n t i o x i d a n t s   ,  s t a b i l i z e r s ,  

s u r f a c t a n t s ,   w a x e s ,   f l o w   p r o m o t e r s . ,   s o l i d   s o l v e n t s ,  

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

10 

F i g u r e   1  i s   a  p e r s p e c t i v e   s c h e m a t i c   v i e w   i l l u s t r a t i n g  

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

15  e l a s t o m e r   ic   web  in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   2  i s   a  p e r s p e c t i v e   v i e w ,   on  an  e n l a r g e d   s c a l e ,  

of   t h e   m e l t - b l o w i n g   d i e   i l l u s t r a t e d   in   F i g u r e   1  w h i c h  

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

t h e   d i e .  

20  F i g u r e   3  i s   a  s c h e m a t i c   c r o s s - s e c t i o n a l   v i e w ,   on  a  

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

F i g u r e   1,  t a k e n   a l o n g   l i n e   2 -2   o f   F i g u r e   2,  i l l u s t r a t i n g  

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

F i g u r e   4  i s   a n o t h e r   s c h e m a t i c   c r o s s - s e c t i o n a l   v i e w   o f  

25  t h e   d i e   i l l u s t r a t e d   in  F i g u r e   1,  t a k e n   a l o n g   l i n e   2-2  o f  

F i g u r e   2,  i l l u s t r a t i n g   t h e   d i e   in   a  p o s i t i v e   d i e   t i p  

s t i c k - o u t   a r r a n g e m e n t .  

F i g u r e   5  i s   a  s c h e m a t i c   v i e w   w i t h   p o r t i o n s   b r o k e n  

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

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

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

f o r m a t i o n   i n t o   a  n o n w o v e n   web  . 

35  
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The  e t h y l e n e / v i n y l   c o p o l y m e r s   of  t he   p r e s e n t  

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

5  e l a s t o m e r i c   m a t e r i a l s   such   as  e l a s t o m e r i c   f i b e r s   w h i c h   may  

be  f o r m e d   i n t o   e l a s t o m e r i c   webs   or   o t h e r   p r o d u c t s ,   b y  

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

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

f i b e r s   or  m i c r o f i b e r s   is   to  m e l t - b l o w   f i b e r s   to  form  a  

10  f i b r o u s   n o n w o v e n   e l a s t o m e r i c   w e b .  

M e l t - b l o w i n g   p r o c e s s e s   g e n e r a l l y   i n v o l v e   e x t r u d i n g   a  

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

d i a m e t e r   c a p i l l a r i e s   of  a  m e l t - b l o w i n g   d i e   as  m o l t e n  

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

15  g e n e r a l l y   in  t h e   same  d i r e c t i o n   as  t h a t ,   of   t h e   e x t r u d e d  

t h r e a d s   so  t h a t   t h e   e x t r u d e d   t h r e a d s   a r e   a t t e n u a t e d ,   i . e . ,  

d rawn  or  e x t e n d e d ,   to  r e d u c e   t h e i r   d i a m e t e r s   to  f i b e r   o r  

m i c r o f i b e r   s i z e .   The  t h u s - f o r m e d   f i b e r s   a r e   t h e n   b o r n e  

away  f rom  t h e   v i c i n i t y   of  t h e   d i e   by  t h e   gas   s t r e a m .   T h e  

20  gas  s t r e a m   is   d i r e c t e d   o n t o   a  f o r a m i n o u s   m e m b e r ,   s u c h   as  a  

s c r e e n   b e l t   or  a  s c r e e n   drum  w h i c h   i s   m o v i n g   o v e r   a  v a c u u m  

box ,   so  t h a t   t h e   g a s - b o r n e   f i b e r s   i m p i n g e   upon   and  a r e  

c o l l e c t e d   on  t h e   s u r f a c e   of  t h e   f o r a m i n o u s   member   and  f o r m  

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

25  M e l t - b l o w i n g   d i e s   u s u a l l y   e x t e n d   a c r o s s   t h e  

f o r a m i n o u s   c o l l e c t i n g   member   in   a  d i r e c t i o n   w h i c h '   i s  

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

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

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

30  t r a n s v e r s e   e x t e n t   of  t h e   d i e   w i t h   t h e   t r a n s v e r s e   e x t e n t   o f  

the   d i e   b e i n g   a p p r o x i m a t e l y   as  l o n g   as  t h e   d e s i r e d   w i d t h  

of  t he   f i b r o u s   n o n w o v e n   web  w h i c h   i s   to   be  p r o d u c e d .   T h a t  

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

w h i c h   i s   d e f i n e d   by  t h e   l i n e a r   a r r a y   of   d i e   c a p i l l a r i e s .  

35  T y p i c a l l y ,   t h e   d i a m e t e r   of  t h e   c a p i l l a r i e s   w i l l   be  on  t h e  

order  of  from  about  0.025  cm  (0.01  inch)  to  about  0.051  cm  (0.02  i n c h ) ,  

for  example,  from  about  0.037  cm  (0.0145  inch)  to  about  0.046  cm  ( 0 . 0 1 8  
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inch}  .  From  about  5  to  about  50  such  c a p i l l a r i e s   w i l l   be  p rovided   p e r  
l i n e a r   2.54  cm  (inch)  of  die  face .   T y p i c a l l y ,   the  l ength   of  the  c a p i l -  

l a r i e s   w i l l   be  from  about  0.127  cm  (0.05  inch)  to  about  0.508  cm  ( 0 . 2 0  

inch ) ,   for   example,  about  0.287  cm  (0.113  inch)  to  about  3.556  cm  ( 0 . 1 4  
5  inch)  long.   A  m e l t - b l o w i n g   die  can  ex tend   from  about  76.2  cm  (30  i n c h e s )  

to  about  1 5 2 . 4   cm  (60  i n c h e s )   or  more   in   t h e   t r a n s v e r s e  

d i r e c t i o n .  

In  m e l t - b l o w i n g   c o p o l y m e r s   o f   e t h y l e n e   and  v i n y l  

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

10  c o p o l y m e r   h a v i n g   a  m e l t   i n d e x   in   t h e   r a n g e   of   f rom  a b o u t  

3  2  to  a b o u t   500  g r a m s   p e r   t e n   m i n u t e s   and  c o m p r i s i n g   f r o m  

a b o u t   10%  to  a b o u t   50%  by  w e i g h t   o f   v i n y l   a c e t a t e   may  b e  

u t i l i z e d .   H o w e v e r ,   u s e   of   an  e t h y l e n e   v i n y l   a c e t a t e  

c o p o l y m e r   h a v i n g   a  m e l t   i n d e x   of   f rom  a b o u t   50  to   300  

15  g r ams   p e r   10  m i n u t e s   and  f rom  a b o u t   21%  by  w e i g h t   to   a b o u t  

40%  by  w e i g h t   of   v i n y l   a c e t a t e   m o n o m e r   i s   d e s i r e d   f o r  

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

a b o u t   3  2  g r a m s   p e r   t e n   m i n u t e s   t h e   e t h y l e n e - v i n y l   a c e t a t e  

e x h i b i t s   a  h i g h   v i s c o s i t y   d u r i n g   m e l t - b l o w i n g .   At  a  m e l t  

20  i n d e x   of   g r e a t e r   t h a n   a b o u t   500  g r a m s   p e r   t e n   m i n u t e s   t h e  

c o p o l y m e r   e x h i b i t s   a  v e r y   low  v i s c o s i t y   d u r i n g  

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

is   no t   e s s e n t i a l   f o r   m e l t - b l o w i n g   t h e   c o p o l y m e r .   H o w e v e r ,  

a t   low  m e l t   i n d e x   v a l u e s ,   some  m o d i f y i n g   p o l y m e r   may  b e  

25  u s e f u l   f o r   a d j u s t i n g   v i s c o s i t y   v a l u e s .  

E t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r s   a r e   c h a r a c t e r i z e d  

by  b o t h   t h e i r   m e l t   i n d e x   and  t h e i r   p e r c e n t a g e   of   v i n y l  

a c e t a t e .   In  some  c a s e s ,   a  m e l t   i n d e x   as  low  as  20  g r a m s  

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

30  e x p e c t e d   to  r e q u i r e   s u c h   s p e c i a l   p r e c a u t i o n s   and  t r e a t m e n t  

as  n o t   to   be  f e a s i b l e   f o r   c o m m e r c i a l   p r o c e s s e s   u n d e r  

p r e s e n t   c o n d i t i o n s   and  w i t h   e x i s t i n g   e q u i p m e n t .   E x e m p l a r y  

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

a r e   f rom  a b o u t   50  to  200  g r a m s   p e r   t e n   m i n u t e s ,   m o r e  

35  s p e c i f i c a l l y   f rom  a b o u t   150  to   200  g r a m s   p e r   t e n   m i n u t e s .  
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The  c o p o l y m e r   i s   r e a d i l y   c o m m e r c i a l l y   a v a i l a b l e .  

G e n e r a l l y ,   t he   p e r c e n t a g e   of  v i n y l   a c e t a t e   in  c o m m e r c i a l  

p r o d u c t s   is   f rom  a b o u t   6%  to  a b o u t   70%,  d e p e n d i n g   upon  t h e  

p r o p e r t i e s   d e s i r e d   and  the   a p p l i c a t i o n   i n t e n d e d .   When  t h e  

5  p e r c e n t a g e   of  v i n y l   a c e t a t e   i s   a b o v e   a b o u t   40%,  p r o c e s s i n g  

is  d i f f i c u l t .   Fo r   d e v e l o p i n g   e l a s t o m e r i c   p r o p e r t i e s   i n  

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

from  t h e s e   f i b e r s   or  m i c r o f i b e r s ,   i t   i s   b e l i e v e d   t h a t   t h e  

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

10  a b o u t   10%  by  w e i g h t   of  v i n y l   a c e t a t e   m o n o m e r .   G e n e r a l l y ,  

t he   v i n y l   a c e t a t e   c o n t e n t   s h o u l d   n o t   e x c e e d   a b o u t   50%  b y  

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

a b o u t   50%,  t h e   v i s c o s i t y   of  t h e   c o p o l y m e r   i s   v e r y   low  a n d  

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

15  p e r c e n t a g e   of  v i n y l   a c e t a t e   t h e r e f o r e   may  be  in  t he   r a n g e  

from  a b o u t   10%  by  w e i g h t   to   a b o u t   50%  by  w e i g h t ,   a  

s p e c i f i c   r a n g e   i s   18%  by  w e i g h t   to   36%  by  w e i g h t ,   and  a  

more  s p e c i f i c   r a n g e   i s   a b o u t   26%  by  w e i g h t   to  30%  b y  

w e i g h t ,   w i t h   an  e v e n   more  s p e c i f i c   v a l u e   b e i n g   a b o u t   28% 

20  by  w e i g h t .  

W h i l e   t h e   c o p o l y m e r   may  be  a  c o p o l y m e r   of  e t h y l e n e  

w i t h   v i n y l   a c e t a t e ,   t h e   i n v e n t i o n   e n c o m p a s s e s   o t h e r  

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

m e l t - b l o w n   f i b e r s   can  be  f o r m e d   f rom  a  c o p o l y m e r   o f  

25  e t h y l e n e   and  a t   l e a s t   one  v i n y l   m o n o m e r   s e l e c t e d   f rom  t h e  

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

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

m o n o c a r b o x y l i c   a c i d s ,   w h e r e i n   t h e   a m o u n t   of  v i n y l   m o n o m e r  

in  s a i d   c o p o l y m e r   i s   s u f f i c i e n t   to   i m p a r t   e l a s t i c i t y   t o  

30  t he   f i b e r s   f o r m e d   t h e r e f r o m .   T h u s ,   t h e   e t h y l e n e / v i n y l  

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

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

e t h y l   a c r y l a t e ,   e t h y l e n e   and  m e t h y l   a c r y l a t e ,   e t h y l e n e   a n d  

m e t h y l   m e t h a c r y l a t e   ,  and  t h e   l i k e .   I t   i s   a l s o   p o s s i b l e   t o  

35  use   m i x t u r e s   of  t h e s e   c o p o l y m e r i c   m a t e r i a l s   to  a c h i e v e  
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p a r t i c u l a r   p r o p e r t i e s   in   t h e   m e l t - b l o w n   f i b e r s   and  in  t h e  

webs  f o r m e d   t h e r e f r o m .  

B l e n d i n g   of   t h e   c o p o l y m e r   w i t h   a  m o d i f y i n g   p o l y m e r   i s  

o f t e n   n o t   n e c e s s a r y   f o r   v i s c o s i t y   a d j u s t m e n t   p u r p o s e s .  
5  H o w e v e r ,   when  t h e   m e l t   index-   of   t h e   s e l e c t e d   c o p o l y m e r   i s  

low,   b l e n d i n g   may  be  d e s i r a b l e   to   f a c i l i t a t e   e x t r u s i o n .  

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

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

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

10  m o d i f y i n g   p o l y m e r   s e l e c t e d   s h o u l d   be  one  w h i c h ,   w h e n  

b l e n d e d   w i t h   t h e   c o p o l y m e r ,   and  s u b j e c t e d   to  an  e f f e c t i v e  

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

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

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

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

p r o p y l e n e   c o p o l y m e r s   and  b u t e n e   c o p o l y m e r s .   I f   t h e  

m o d i f y i n g   p o l y m e r   i s   p o l y e t h y l e n e   i t   may  be  a  l i n e a r   l o w  

20  d e n s i t y   p o l y e t h y l e n e .   B l e n d s   of   two  or  more   of   t h e  

p o l y o l e f i n s   may  be  u t i l i z e d .   One  p o l y e t h y l e n e   may  b e  

o b t a i n e d   f rom  U . S . I .   C h e m i c a l   Company   u n d e r   t h e   t r a d e  

d e s i g n a t i o n   P e t r o t h e n e   Na601  ( a l s o   r e f e r r e d   to  h e r e i n   a s  

PE  Na601)   .  A  p r e f e r r e d   p o l y e t h y l e n e   i s   t h a t   u s e d   i n  

25  E x a m p l e   V,  b e l o w .   A  p r e f e r r e d   p o l y p r o p y l e n e   may  b e  

o b t a i n e d   f rom  The  Exxon   C h e m i c a l   Co.  u n d e r   t he   t r a d e  

d e s i g n a t i o n   PP  3 1 4 5 .  

I n f o r m a t i o n   o b t a i n e d   f rom  U . S . I .   C h e m i c a l   C o m p a n y  

s t a t e s   t h a t   t h e   Na601  i s   a  low  m o l e c u l a r   w e i g h t ,   l o w  

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

m e l t   a d h e s i v e s   and  c o a t i n g s .   U . S . I ,   ha s   a l s o   s t a t e d   t h a t  

t h e   Na601  has   t h e   f o l l o w i n g   n o m i n a l   v a l u e s :   (1)  a  

B r o o k f i e l d   V i s c o s i t y ,   Pa»s  (cP)  at  150°C  of  8.5  (8500)  and  at  190°C  o f  

3.3  (3300)  when  measured  in  a c c o r d a n c e   w i t h   ASTM  D  3236 ;   (2)  a  
35  d e n s i t y   of   0 . 9 0 3   g r a m s   p e r   c u b i c   c e n t i m e t e r   when  m e a s u r e d  

in  a c c o r d a n c e   w i t h   ASTM  D  1505 ;   (3)  an  e q u i v a l e n t   M e l t  
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i n d e x   of  2000  g r a m s   p e r   10  m i n u t e s   when  m e a s u r e d   i n  

a c c o r d a n c e   w i t h   ASTM  D  1238;   (4)  a  r i n g   and  b a l l   s o f t e n i n g  

p o i n t   of  102°C  when  m e a s u r e d   in  a c c o r d a n c e   w i t h   ASTM  E  2 8 ;  

(5)  a  t e n s i l e   of  58.6  bar  (850  pounds  per  square   inch)  when  m e a s u r e d  

in  a c c o r d a n c e   w i t h   ASTM  D  638;  (6)  an  e l o n g a t i o n   of  90% 

when  m e a s u r e d   in  a c c o r d a n c e   w i t h   ASTM  D  638;  (7)  a  m o d u l u s  

of  R i g i d i t y ,   Tp  ( 4 5 , 0 0 0 )   of  - 3 4 ° C   and  (8)  a  p e n e t r a t i o n  

H a r d n e s s   ( t e n t h s   of   mm)  of  3 .6   a t   7 7 ° F .  

The  Na601  i s   b e l i e v e d   to   h a v e   a  n u m b e r   a v e r a g e  

m o l e c u l a r   w e i g h t   (Mn)  of  a b o u t   4600 ;   a  w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t   (Mw)  of  a b o u t   2 2 , 4 0 0   and  a  Z  a v e r a g e  

m o l e c u l a r   w e i g h t   (MZ)  of  a b o u t   8 3 , 3 0 0 .   The  p o l y d i s p e r s i t y  

(Mw/Mn)  of   t h e   Na601  is   a b o u t   4 . 8 7 .  

Mn  i s   c a l c u l a t e d   by  t h e   f o r m u l a :  

Mn  =  Sum  [  (n)  (MW)  ] 

10 

15 

Sum  (n )  

Mw  i s   c a l c u l a t e d   bv  t h e   f o r m u l a :  

20 

Mw  =  Sum  [  (n)  (MW)  ] 

Sum  [  (n)  (MW)  ] 

Mz  i s   c a l c u l a t e d   by  t he   f o r m u l a :  

25  

Mz  =  Sum  [  (n)  (MW)  ] 

Sum  [  (n)-(MW)  ""] 

w h e r e :  

30  MW  =  t h e   v a r i o u s   . m o l e c u l a r   w e i g h t s   of   t h e   i n d i v i d u a l  

m o l e c u l e s   in   a  s a m p l e ,   a n d  

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

h a v e   a  g i v e n   m o l e c u l a r   w e i g h t   of   MW. 

35  T y p i c a l   c h a r a c t e r i s t i c s   of   t h e   Exxon  PP  3 1 4 5  

p o l y p r o p y l e n e   as  s t a t e d   by  Exxon   a r e   a  d e n s i t y   of  a b o u t  
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0 . 9 1 0   g r a m s   p e r   c u b i c   c e n t i m e t e r   m e a s u r e d   in  a c c o r d a n c e  

w i t h   ASTM  D  792 .   A  m e l t - f l o w   r a t e   o b t a i n e d   in   a c c o r d a n c e  

w i t h   ASTM  D  1 2 3 8 ,   C o n d i t i o n   L,  o f   a b o u t   300  g r a m s   p e r   t e n  

(10)  m i n u t e s .   The  PP  3145  i s   b e l i e v e d   to   h a v e   a  n u m b e r  

5  a v e r a g e   m o l e c u l a r   w e i g h t   (Mn)  o f   a b o u t   43 ,58 -0 ;   a  w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t   (Mw)  o f   a b o u t   1 2 4 , 4 0 0   and  a  Z 

a v e r a g e   w e i g h t   (Mz)  o f   a b o u t   2 5 5 , 6 0 0 .   The  p o l y d i s p e r s i t y  

o f   t h e   PP  3145  (Mw/Mn)  i s   a b o u t   2 . 8 5 .  

The  m o d i f y i n g   p o l y m e r   may  a l s o   be  an  ABA1  b l o c k  

10  c o p o l y m e r ,   f o r   e x a m p l e   one  o f   t h e   k i n d   s o l d   u n d e r   t h e  

t r a d e m a r k   KRATON  G  by  t h e   S h e l l   C h e m i c a l   Company .   I n  

t h e s e   ABA1  b l o c k   c o p o l y m e r s ,   A  and  A'  a r e   e a c h   a  

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

m o i e t y ,   and  B  i s   an  e l a s t o m e r i c   p o l y   ( e t h y l e n e - b u t e n e )  

15  m i d b l o c k .  

G e n e r a l l y ,   t h e   ABA1  b l o c k   c o p o l y m e r   r e s i n   m u s t   be  o n e  
w h i c h   i s   f r e e   of   p o l y m e r   s e g m e n t s   w h i c h   c h a i n   s c i s s i o n   o r  

w h i c h   c r o s s l i n k   a t   t h e   t e m p e r a t u r e s   u t i l i z e d   by  t h e  

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

20  w i l l   e i t h e r   t e n d   to   p l u g   up  t h e   s m a l l   d i a m e t e r   c a p i l l a r i e s  

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

e x t r u d e d   or   w i l l   d e g r a d e   and  fo rm  u n s a t i s f a c t o r y   p r o d u c t .  

The  n e a t   c o p o l y m e r   may  be  e x t r u d e d   t h r o u g h   t h e   d i e  

c a p i l l a r i e s   a t   a  t e m p e r a t u r e   of  at  l e a s t   about  116°C  (240°F)  .  I f  

25  p o l y e t h y l e n e   a n d / o r   p o l y p r o p y l e n e   i s   u t i l i z e d   as  a  

m o d i f y i n g   p o l y m e r   t h e   b l e n d   may  be  e x t r u d e d   t h r o u g h   t h e  

d i e   c a p i l l a r i e s   a t   a  t e m p e r a t u r e   in   t h e   r a n g e   of   f rom  a t  

l e a s t   a b o u t   138°C  ( 2 8 0 ° F ) .   Fo r   e x a m p l e ,   f r o m   about  204°C  (400 

°F)  to   a b o u t   260°C   ( 5 0 0 ° F ) .  

30  S p e c i f i c   p o l y o l e f i n   b l e n d s   w i t h   EVA  can   be  b r i e f l y  

s u m m a r i z e d ,   as  to   p r o p o r t i o n s ,   as  f o l l o w s :  

3 5  
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B l e n d s   w i t h   B l e n d s   w i t h   LLD  B l e n d s   w i t h  

.  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   (%)  Bo th   (%) 

5  5  PP /95   EVA  10  LLD  P E / 9 0   EVA  10  P P / 3 0   LLD  PE/60   EVA 

20  PP /80   EVA  30  LLD  P E / 7 0   EVA  15  P P / 1 5   LLD  PE/70   EVA 

40  PP /60   EVA  50  LLD  P E / 5 0   EVA  10  P P / 1 0   LLD  PE/80  EVA 

60  PP /40   EVA  90  LLD  P E / 1 0   EVA 

10  R e f e r r i n g   now  to  t h e   d r a w i n g s   w h e r e   l i k e   r e f e r e n c e  

n u m e r a l s   r e p r e s e n t   l i k e   s t r u c t u r e   or  l i k e   p r o c e s s   s t e p s  

and ,   in  p a r t i c u l a r ,   to   F i g u r e   1  w h i c h   s c h e m a t i c a l l y  

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

web  in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   i t   can  b e  

15  s e e n   t h a t   t h e   e t h y l e n e / v i n y l   c o p o l y m e r   or  a l t e r n a t i v e l y   a n  

e x t r u d a b l e   b l e n d   ( n e i t h e r   shown)   o f   (a)  f rom  at   l e a s t  

a b o u t   10%  by  w e i g h t   of   t h e   e t h y l e n e - v i n y l   c o p o l y m e r   w i t h  

(b)  f rom  0%  by  w e i g h t   to   a b o u t   90%  by  w e i g h t   of  a  

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

20  s u p p l i e d   in  p e l l e t   or   o t h e r   c o n v e n i e n t   fo rm  to  a  h o p p e r   10 

of  an  e x t r u d e r   1 2 .  

The  b l e n d ,   i f   a  b l e n d   i s   e m p l o y e d ,   u s u a l l y   i n c l u d e s  

from  at   l e a s t   a b o u t   10%  by  w e i g h t   to   a b o u t   95%  by  w e i g h t  

of  t he   c o p o l y m e r   and  f rom  a b o u t   5%  by  w e i g h t   to  a b o u t   90% 

25  by  w e i g h t   of  t h e   m o d i f y i n g   p o l y m e r .   For   e x a m p l e ,   t h e  

b l e n d   may  i n c l u d e   f rom  a b o u t   20%  by  w e i g h t   to  a b o u t   9  5%  b y  

w e i g h t   of   t h e   e t h y l e n e / v i n y l   c o p o l y m e r   and  f rom  a b o u t   5% 

by  w e i g h t   to  a b o u t   80%  by  w e i g h t   o f   t h e   m o d i f y i n g   p o l y m e r ,  

more  s p e c i f i c a l l y   f rom  a b o u t   30%  by  w e i g h t   to  a b o u t   90%  b y  

30  w e i g h t   of  t h e   e t h y l e n e / v i n y l   c o p o l y m e r   and  f rom  a b o u t   10% 

by  w e i g h t   to  a b o u t   70%  by  w e i g h t   of   t h e   m o d i f y i n g   p o l y m e r .  

Even  more  s p e c i f i c a l l y ,   t h e   b l e n d   may  i n c l u d e   from  a b o u t  

50%  by  w e i g h t   to  a b o u t   90%  by  w e i g h t   of   t h e   e t h y l e n e / v i n y l  

c o p o l y m e r   and  f rom  a b o u t   10%  by  w e i g h t   to  a b o u t   50%  b y  

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

b l e n d   may  i n c l u d e   f rom  a b o u t   50%  by  w e i g h t   to  a b o u t   70%  b y  



-  22  -  0   2 3 9   0 8 0  

w e i g h t   of   t h e   e t h y l e n e / v i n y l   c o p o l y m e r   w i t h   f rom  a b o u t   30% 

by  w e i g h t   to   a b o u t   50%  by  w e i g h t   of   t h e   m o d i f y i n g   p o l y m e r .  

One  b l e n d   i n c l u d e s   a b o u t   60%  by  w e i g h t   of  t h e  

e t h y l e n e / v i n y l   c o p o l y m e r   and  a b o u t   40%  by  w e i g h t   of  t h e  

5  m o d i f y i n g   p o l y m e r .  

The  t e m p e r a t u r e   of   t h e   b l e n d   i s   e l e v a t e d   w i t h i n   t h e  

e x t r u d e r   12  by  a  c o n v e n t i o n a l   h e a t i n g   a r r a n g e m e n t   { n o t  

shown)  to   m e l t   t h e   b l e n d .   P r e s s u r e   i s   a p p l i e d   to   t h e   b l e n d  

by  t h e   p r e s s u r e - a p p l y i n g   a c t i o n   o f   a  t u r n i n g   s c r e w   ( n o t  

10  shown)  ,  l o c a t e d   w i t h i n   t h e   e x t r u d e r ,   to   form  t he   b l e n d  

i n t o   an  e x t r u d a b l e   c o m p o s i t i o n .   P r e f e r a b l y   t h e   b l e n d   i s  

h e a t e d   to   a  t e m p e r a t u r e   of   a t   l e a s t   a b o u t   138°C  (280°F)  , 
for   example  at  l e a s t   about   204°C  (400°F),   i f   p o l y e t h y l e n e   o r  

p o l y p r o p y l e n e   i s   u t i l i z e d   as  t h e   m o d i f y i n g   p o l y m e r   in  t h e  

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

t h e   p r e s s u r e   a p p l y i n g   a c t i o n   of   t h e   t u r n i n g   s c r e w   to  a  

m e l t - b l o w i n g   d i e   14.  The  e l e v a t e d   t e m p e r a t u r e   of   t h e  

e x t r u d a b l e   c o m p o s i t i o n   i s   m a i n t a i n e d   in  t h e   m e l t - b l o w i n g  

d i e   14  by  a  c o n v e n t i o n a l   h e a t i n g   a r r a n g e m e n t   ( n o t   shown)  . 
20  The  d i e   14  g e n e r a l l y   e x t e n d s   a  d i s t a n c e   a b o u t   e q u a l   to  t h e  

w i d t h   16  o f   t h e   n o n w o v e n   web  18  w h i c h   i s   to   be  f o r m e d   b y  

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

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

c o m p o s i t i o n   w i l l   v a r y   o v e r   w i d e   r a n g e s .   For   e x a m p l e ,   a t  

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

e l e v a t e d   p r e s s u r e s   of   e x t r u s i o n ,   l o w e r   e l e v a t e d  

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

F i g u r e s   3  and  4  b e s t   i l l u s t r a t e   t h e   m e l t - b l o w i n g   d i e  

30  14.  An  e x t r u s i o n   s l o t   20  r e c e i v e s   t h e   e x t r u d a b l e   b l e n d  

f rom  t h e   e x t r u d e r   12.   The  e x t r u d a b l e   b l e n d   t h e n   p a s s e s  

t h r o u g h   t h e   e x t r u s i o n   s l o t   20  and  t h r o u g h   a  p l u r a l i t y   o f  

s m a l l   d i a m e t e r   c a p i l l a r i e s   22,   w h i c h   e x i t   t h e   d i e   14  in  a  

l i n e a r   a r r a n g e m e n t ,   b e s t   i l l u s t r a t e d   in   F i g u r e   2 ,  

3  5  e x t e n d i n g   a c r o s s   t h e   t i p   24  o f   t h e   d i e   14,  to   e m e r g e   f r o m  

t h e   c a p i l l a r i e s   22  as  m o l t e n   t h r e a d s   26.  P r e f e r a b l y ,   t h e  
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e x t r u d a b l e   b l e n d   i s   e x t r u d a b l e   w i t h i n   t h e   a b o v e - d e f i n e d  

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

c a p i l l a r i e s ,   t h a t   i s ,   w i t h i n   t he   d i e   t i p ,   a t   p r e s s u r e s   a s  

a p p l i e d   by  t he   t u r n i n g   s c r e w   of   t h e   e x t r u d e r   12,  of  n o  

5  more  than  about  20.7  bar  (G)  (300  pounds  per  square   inch,  gauge) .   F o r  

example,  u s e f u l e   p r e s s u r e s   i nc lude   those   from  about  1.4  bar  (G)  (20 

pounds  per  square  inch,   gauge) ,   to  about  17.2  bar  (G)  (250  pounds  p e r  

square  inch,  gauge),   and  more  s p e c i f i c a l l y ,   p r e s s u r e s   of  from  about  3 . 4 4  

bar  (G)  (50  pounds  per  square   inch,  gauge) ,   to  about  17.2  bar  (G)  (250 
10  pounds  per  square  inch,   gauge) ,   even  more  s p e c i f i c a l l y   from  about  8 . 6  

bar  (G)  (125  pounds  per  square   inch,  gauge) ,   to  about  15.5  bar  (G)  (225 

pounds  per  square  inch,  gauge) .   P r e s s u r e s   in  excess   of  20.7  bar  (G)  (300 

pounds  per  square  inch,  gauge) ,   may  r u p t u r e   or  b r e a k   s o m e  
d i e s   14.  G e n e r a l l y   s p e a k i n g ,   t h e   e x t r u d a b l e   b l e n d   i s  

15  d i s c h a r g e d   t h r o u g h   t h e   c a p i l l a r i e s   22  of  t h e   d i e   14  a t   a  

r a t e   of  f rom  at   l e a s t   a b o u t   0 . 0 2   g ram  p e r   c a p i l l a r y   p e r  
m i n u t e   to  a b o u t   1 .7   or   more   g r a m s   p e r   c a p i l l a r y   p e r  

m i n u t e ,   f o r   e x a m p l e ,   f rom  at   l e a s t   a b o u t   0 .1   gram  p e r  

c a p i l l a r y   p e r   m i n u t e   to   a b o u t   1 . 2 5   g r a m s   p e r   c a p i l l a r y   p e r  
20  m i n u t e ,   and  more  s p e c i f i c a l l y ,   f rom  a t   l e a s t   a b o u t   0 . 3  

gram  pe r   c a p i l l a r y   p e r   m i n u t e   to   a b o u t   1 .1   g r ams   p e r  

c a p i l l a r y   p e r   m i n u t e .  

The  d i e   14  a l s o   i n c l u d e s   a t t e n u a t i n g   gas   i n l e t s   28 

and  30  w h i c h   a r e   p r o v i d e d   w i t h   h e a t e d ,   p r e s s u r i z e d  
25  a t t e n u a t i n g   gas  ( n o t   shown)   by  a t t e n u a t i n g   gas   s o u r c e s   32 

and  34  ( F i g u r e   1 ) .   The  h e a t e d ,   p r e s s u r i z e d   a t t e n u a t i n g  

gas  e n t e r s   t h e   d i e   14  a t   t h e   i n l e t s   28  and  30  and  f o l l o w s  

t he   p a t h   g e n e r a l l y   d e s i g n a t e d   by  t h e   a r r o w s   36  and  38  i n  

F i g u r e s   3  and  4  t h r o u g h   two  c h a m b e r s   40  and  42  and  o n  
30  t h r o u g h   to   n a r r o w   p a s s a g e w a y s   or   g a p s   4  4  and  4 6 ,  

r e s p e c t i v e l y ,   so  as  to   c o n t a c t   t h e   e x t r u d e d   t h r e a d s   26 

( F i g u r e   1)  as  t h e y   e x i t   t h e   c a p i l l a r i e s   22  of   t he   d i e   1 4 .  

The  c h a m b e r s   4  0  and  4  2  a r e   d e s i g n e d   so  t h a t   t he   h e a t e d  

a t t e n u a t i n g   gas   e x i t s   t h e   c h a m b e r s   40  and  42  and  p a s s e s  
35  t h r o u g h   t h e   gas   p a s s a g e s   44  and  46  to   fo rm  a  s t r e a m   ( n o t  

shown)  of  a t t e n u a t i n g   gas   w h i c h   e x i t s   t h e   d i e   1 4 .  
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The  t e m p e r a t u r e   and  p r e s s u r e   o f   t h e   h e a t e d   s t r e a m   o f  

a t t e n u a t i n g   gas   can   v a r y   w i d e l y ,   d e p e n d i n g   on  t h e  

p a r t i c u l a r   e q u i p m e n t   b e i n g   u s e d .   F o r   e x a m p l e ,   t he   h e a t e d  

a t t e n u a t i n g   gas   can   be  a p p l i e d   a t   a  t e m p e r a t u r e   of  f r o m  

5  about  121°C  (250°F)  to  about  260°C.(500°F)   ,  more  s p e c i f i c a l l y ,   f r o m  

about  138°C  (280°F)  to  about  232°C  (450°F)  ,  at  a  p r e s s u r e   of  frcm  a b o u t  

0.034  bar  (G)  (0.5  pound  per  square   inch,   gauge) ,   to  about  1.38  bar  (G) 

(20  pounds  per  square   inch,   gauge) ,   more  s p e c i f i c a l l y ,   from  about  0 . 0 7  

bar  (G)  (1  pound  per   square   inch,  gauge) ,   to  about  0.7  bar  (G)  (10 
10  pounds  per  square   inch,   g a u g e ) .  

The  p o s i t i o n   of   a i r   p l a t e s   48  and  50  w h i c h ,   i n  

c o n j u n c t i o n   w i t h   a  d i e   t i p   p o r t i o n   52  o f   t he   d i e   1 4 ,  

d e f i n e   t h e   c h a m b e r s   40  and  42  and  t h e   p a s s a g e w a y s   44  a n d  

46,  may  be  a d j u s t e d   r e l a t i v e   to   t*he  d i e   t i p   p o r t i o n   52  t o  

15  w i d e n   or   n a r r o w   t h e   w i d t h   54  •  o f   t h e   a t t e n u a t i n g   g a s  

p a s s a g e w a y s   44  and  46  so  t h a t   t h e   v o l u m e   of  a t t e n u a t i n g  

gas   p a s s i n g   t h r o u g h   t h e   a i r   p a s s a g e w a y s   44  and  46  d u r i n g   a  

g i v e n   t i m e   p e r i o d   can   be  a d j u s t e d   w i t h o u t   v a r y i n g   t h e  

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

20  p l a t e s   48  and  50  can   a l s o   be  a d j u s t e d   u p w a r d l y   a n d  

d o w n w a r d l y   to   e f f e c t   a  " r e c e s s e d "   d i e   t i p   c o n f i g u r a t i o n  

( F i g u r e   3)  or  a  p o s i t i v e   d i e   t i p   " s t i c k - o u t "   c o n f i g u r a t i o n  

( F i g u r e   4)  as  d i s c u s s e d   in   d e t a i l   b e l o w .   G e n e r a l l y  

s p e a k i n g ,   i t   i s   p r e f e r r e d   to   u t i l i z e   a t t e n u a t i n g   g a s  
25  p r e s s u r e s   of  l e s s   than  about  1.38  bar  (G)  (20  pounds  per  square   i n c h ,  

gauge)  ,  in  c o n j u n c t i o n   with  a i r   passageway  w id th s ,   which  are  u s u a l l y  
t h e   s ame ,   of  no  g r e a t e r   t h a n   a b o u t   0 . 5 1   cm  ( 0 . 2 0   i n c h ) .  
Lower   a t t e n u a t i n g   g a s   v e l o c i t i e s   and  w i d e r   a i r   p a s s a g e w a y  

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

30  f i b e r s   or   m i c r o f i b e r s   a r e   to   be  p r o d u c e d .  

The  d i e   t i p   52  i s   f o r m e d   a t   an  a n g l e   p r e f e r a b l y  

b i s e c t e d   by  t h e   c a p i l l a r i e s   22.   The  a i r   p l a t e s   a r e  

a r r a n g e d   so  t h a t   r e s p e c t i v e   s u r f a c e s   48  ' - 5 0 '   i n s i d e  

c h a m b e r s   40  and  42  d e f i n e   an  a n g l e Q l   p r e f e r a b l y   b i s e c t e d  

35  by  c a p i l l a r i e s   2 2 .  
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The  two  s t r e a m s   of  a t t e n u a t i n g   gas   c o n v e r g e   to  form  a  

s t r e a m   of  gas   w h i c h   e n t r a i n s   and  a t t e n u a t e s   t h e   m o l t e n  

t h r e a d s   26,  as  t h e y   e x i t   t h e   l i n e a r l y   a r r a n g e d   c a p i l l a r i e s  

22  i n t o   f i b e r s   o r ,   d e p e n d i n g   upon   t h e   d e g r e e   o f  

5  a t t e n u a t i o n ,   m i c r o f i b e r s   26  of   a  s m a l l   d i a m e t e r ,   to  a  

d i a m e t e r   l e s s   t h a n   t h e   d i a m e t e r   of   t h e   c a p i l l a r i e s   2 2 .  

The  g a s - b o r n e   f i b e r s   26  a r e   b l o w n ,   by  t h e   a c t i o n   of  t h e  

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

t he   e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   1,  i s   a  f o r a m i n o u s  

10  e n d l e s s   b e l t   56  c o n v e n t i o n a l l y   d r i v e n   by  r o l l e r s   5 7 .  

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

a r r a n g e m e n t   may  be  u t i l i z e d .  

F i g u r e   1  i l l u s t r a t e s   t h e   f o r m a t i o n   of   s u b s t a n t i a l l y  

c o n t i n u o u s   f i b e r s   26  on  t h e   s u r f a c e   of   t he   b e l t   5 6 .  

15  H o w e v e r ,   t h e   f i b e r s   26  can   be  f o r m e d   in  a  s u b s t a n t i a l l y  

d i s c o n t i n u o u s   f a s h i o n   as  i l l u s t r a t e d   in  F i g u r e   5  b y  

a d j u s t i n g   t h e   v e l o c i t y   of  t h e   a t t e n u a t i n g   g a s ,   t h e  

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

a t t e n u a t i n g   gas   p a s s i n g   t h r o u g h   t h e   a i r   p a s s a g e w a y s   in  a  

20  g i v e n   t i m e   p e r i o d .  

The  c o l l e c t i n g   a r r a n g e m e n t   may  a l s o   i n c l u d e   one  o r  

more  v a c u u m   b o x e s   ( n o t   shown)  l o c a t e d   b e l o w   t h e   s u r f a c e   o f  

the   b e l t   56  and  b e t w e e n   t h e   r o l l e r s   57.  The  f i b e r s   26  a r e  

c o l l e c t e d   as  a  f i b r o u s   n o n w o v e n   e l a s t o m e r i c   web  18  on  t h e  

25  s u r f a c e   of   t h e   b e l t   56  w h i c h   i s   t r a v e l l i n g   in  t h e  

d i r e c t i o n   i n d i c a t e d   by  t h e   a r r o w   58  in  F i g u r e   1.  T h e  

v a c u u m   b o x e s   a s s i s t   in  r e t e n t i o n   of   t h e   f i b e r s   26  on  t h e  

s u r f a c e   of   t h e   b e l t   5 6 .  

T y p i c a l l y   t h e   t i p   24  of  t h e   d i e   t i p   p o r t i o n   52  of  t h e  

30  m e l t - b l o w i n g   d i e   14  i s   f rom  a b o u t   10.2  cm  (4  inches)   to  a b o u t  

61.0  cm  (24  inches)   from  the  s u r f a c e   of  the  b e l t   56  upon   w h i c h   t h e  

f i b e r s   26  a r e   c o l l e c t e d .   The  t h u s - c o l l e c t e d ,   e n t a n g l e d  

f i b e r s   2  6  fo rm  a  c o h e r e n t ,   f i b r o u s   n o n w o v e n   e l a s t o m e r i c  

web  18  w h i c h   may  be  r e m o v e d   f rom  t h e   b e l t   5  6  by  a  p a i r   o f  

35  p i n c h   r o l l e r s   60  and  62  ( F i g .   1)  w h i c h   may  be  d e s i g n e d   t o  

p r e s s   t h e   e n t a n g l e d   f i b e r s   of   t h e   web  18  t o g e t h e r   t o  
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i m p r o v e   t h e   i n t e g r i t y   of   t h e   web  18.  T h e r e a f t e r ,   t h e   w e b  

18  may  be  t r a n s p o r t e d   by  a  c o n v e n t i o n a l   a r r a n g e m e n t   to   a  

w i n d u p   r o l l   ( n o t   shown)   f o r   s t o r a g e .   A l t e r n a t i v e l y ,   t h e  

web  18  may  be  r e m o v e d   d i r e c t l y   f r o m   t h e   b e l t   56  by  t h e  

5  w i n d u p   r o l l e r .   The  web  18  may  be  p a t t e r n - e m b o s s e d   as  b y  

u l t r a s o n i c   e m b o s s i n g   e q u i p m e n t '   ( n o t   shown)  or  o t h e r  

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

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

shown)  . 

10  R e f e r r i n g   a g a i n   to   F i g u r e s   3  and  4,  i t   can  be  s e e n  

t h a t   t h e   m e l t - b l o w i n g   d i e   14  i n c l u d e s   a  b a s e   p o r t i o n   64 

and  a  d i e   t i p   p o r t i o n   5  2  w h i c h   g e n e r a l l y   c e n t r a l l y   e x t e n d s  

f rom  t h e   b a s e   p o r t i o n   64.  The  c e n t r a l l y   l o c a t e d   d i e   t i p  

p o r t i o n   52  i s   i n w a r d l y   t a p e r e d   t o   a  " k n i f e - e d g e "   p o i n t  

15  w h i c h   f o r m s   t h e   t i p   24  of   t h e   d i e   t i p   p o r t i o n   52  of   t h e  

d i e   14.  In  o r d e r   to   i n c r e a s e   t h e   p r e s s u r e s   of   e x t r u s i o n  

w h i c h   t h e   d i e   14  can   w i t h s t a n d   d u r i n g   o p e r a t i o n ,   i t   i s  

p r e f e r r e d   f o r   t h e   b a s e   p o r t i o n   6  4  and  t h e   d i e   t i p   p o r t i o n  

52  to   be  f o r m e d   f rom  a  s i n g l e   b l o c k   o f   m e t a l   w h i c h  

20  s u r r o u n d s   t h e   e x t r u s i o n   s l o t   20  and  t h e   e x t r u s i o n  

c a p i l l a r i e s   22.  The  d i e   14  a l s o   i n c l u d e s   two  a i r   p l a t e s  

4  8  and  50',  d i s c u s s e d   a b o v e ,   w h i c h   a r e   s e c u r e d   b y  

c o n v e n t i o n a l   m e a n s   to   t h e   b a s e   p o r t i o n   64  of   t h e   d i e   1 4 .  

The  a i r   p l a t e   48,   in   c o n j u n c t i o n   w i t h   t h e   d i e   t i p   p o r t i o n  

25  52  of  t h e   d i e   14,   d e f i n e s   t h e   c h a m b e r   40  and  t h e  

a t t e n u a t i n g   gas   a i r   p a s s a g e   or   gap   44.  The  a i r   p l a t e   5 0 ,  

in   c o n j u n c t i o n   w i t h   t h e   d i e   t i p   p o r t i o n   52,  d e f i n e s   t h e  

c h a m b e r   42  and  t h e   a i r   p a s s a g e w a y   or   gap  46.  The  a i r  

p l a t e s   48  and  50  t e r m i n a t e ,   r e s p e c t i v e l y ,   in   a i r   p l a t e  

30  l i p s   66  and  6 8 .  

In  t h e   c o n f i g u r a t i o n   i l l u s t r a t e d   in   F i g u r e   3,  t h e  

k n i f e - e d g e   p o i n t   w h i c h   f o r m s   t h e   t i p   24  of   t h e   d i e   t i p  

p o r t i o n   52  of  t h e   d i e   14  i s   r e c e s s e d   i n w a r d l y   of   t h e   p l a n  

f o r m e d   by  t h e   a i r   p l a t e   l i p s   66  and  68.  In  t h i s  

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

f o r m e d   by  t h e   l i p s   66  and  68  and  t h e   t i p   24  of   t h e   d i e   t i p  
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p o r t i o n   52  is   s o m e t i m e s   r e f e r r e d   to   by  t h o s e   in  t he   a r t   a s  

a  " n e g a t i v e   s t i c k - o u t "   or  a  " r e c e s s e d "   d i e   t i p  

c o n f i g u r a t i o n .   I f   t he   t i p   of  t h e   d i e   t i p   p o r t i o n   52  o f  

the   d i e   14  i s   c o n f i g u r e d   to  p r o t r u d e   o u t w a r d l y   b e y o n d   t h e  

5  p l a n e   f o r m e d   by  t h e   l i p s   66  and  68  of  t h e   a i r   p l a t e s   48 

and  50,  as  i s   i l l u s t r a t e d   in  F i g u r e   4,  such   a  

c o n f i g u r a t i o n   i s   r e f e r r e d   to   by  t h o s e   in  t he   a r t   as  a  

" p o s i t i v e   s t i c k - o u t "   of   t he   t i p   24  o f   t h e   d i e   t i p   52.  I n  

the   e x a m p l e s   d i s c u s s e d   b e l o w ,   n e g a t i v e   n u m b e r s   a r e  

10  u t i l i z e d   w i t h   d i e   t i p   52  " s t i c k - o u t "   d i s t a n c e s   when  t h e  

t i p   24  of  t h e   d i e   t i p   52  i s   r e c e s s e d   w i t h   r e g a r d   to  t h e  

p l a n e   f o r m e d   by  t h e   l i p s   66  and  68  of   t h e   a i r   p l a t e s   48 

and  50.  I f   t he   t i p   24  of  t h e   d i e   t i p   52  i s   c o n f i g u r e d   s o  

t h a t   i t   p r o t r u d e s   b e y o n d   t h e   p l a n e   f o r m e d   by  t he   l i p s   66 

15  and  68  of  t h e   a i r   p l a t e s   48  and  50,  t h e   d i e   t i p  

" s t i c k - o u t "   d i s t a n c e s   a r e   g i v e n   in   p o s i t i v e   n u m b e r s .  

P o s i t i v e   and  n e g a t i v e   d i e   t i p   " s t i c k - o u t "   v a l u e s   a r e  

o b t a i n e d   by  m e a s u r i n g   t he   p e r p e n d i c u l a r   d i s t a n c e   b e t w e e n  

the   p l a n e   f o r m e d   by  t h e   l i p s   66  and  68  of   t h e   a i r   p l a t e s  

20  48  and  50  and  t h e   k n i f e - e d g e   p o i n t   w h i c h   f o r m s   t he   t i p   24 

of  t he   d i e   t i p   p o r t i o n   52  of   t h e   d i e   14,  in  '  o t h e r   w o r d s ,  

t he   c l o s e s t   d i s t a n c e   b e t w e e n   t h e   p o i n t   24  and  t h e   p l a n e  

f o r m e d   by  t he   l i p s   66  and  68,  as  d e f i n e d   a b o v e .   I t   s h o u l d  

a l s o   be  n o t e d   t h a t ,   u n l e s s   o t h e r w i s e   s t a t e d ,   t h e   t e r m   " a i r  

25  gap  or  w i d t h " ,   as  u s e d   h e r e i n ,   i s   t h e   p e r p e n d i c u l a r ,   i . e . ,  

min imum,   w i d t h   54  of  e i t h e r   of  t h e   a i r   p a s s a g e s   44  and  4 6 .  

T h e s e   w i d t h s   a r e   n o r m a l l y   a r r a n g e d   to   be  i d e n t i c a l .  

F i g u r e   5  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   w h e r e   one  or  more   t y p e s   of  s e c o n d a r y  

30  f i b e r s   72  a r e   d i s t r i b u t e d   w i t h i n   or   upon  t h e   s t r e a m   o f  

f i b e r s   or  m i c r o f i b e r s   26.  D i s t r i b u t i o n   of  t h e   s e c o n d a r y  

f i b e r s   72  w i t h i n   t h e   s t r e a m   of   f i b e r s   26  may  be  s u c h   t h a t  

the   s e c o n d a r y   f i b e r s   72  a r e   g e n e r a l l y   .  u n i f o r m l y  

d i s t r i b u t e d   t h r o u g h o u t   t h e   s t r e a m   of   f i b e r s   26.  T h i s   may  
35  be  a c c o m p l i s h e d   by  m e r g i n g   a  s e c o n d a r y   gas   s t r e a m   ( n o t  

shown)  c o n t a i n i n g   t he   s e c o n d a r y   f i b e r s   72  w i t h   t he   s t r e a m  
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of   f i b e r s   26.  A p p a r a t u s   f o r   a c c o m p l i s h i n g   t h i s   m e r g e r   m a y  
i n c l u d e   a  c o n v e n t i o n a l   p i c k e r   r o l l   74  a r r a n g e m e n t   w h i c h  

has   a  p l u r a l i t y   of   t e e t h   76  t h a t   a r e   a d a p t e d   to  s e p a r a t e   a  

m a t ,   s h e e t   or   b a t t   of   s e c o n d a r y   f i b e r s   78  i n t o   t h e  

5  i n d i v i d u a l   s e c o n d a r y   f i b e r s   72.   The  m a t ,   s h e e t   or  b a t t   o f  

s e c o n d a r y   f i b e r s   78  w h i c h   i s   f e d   to  t h e   p i c k e r   r o l l   74  m a y  
be  o f   p u l p   f i b e r s   ( i f   a  two  c o m p o n e n t   m i x t u r e   of   f i b e r s  

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

( i f   a  two  c o m p o n e n t   m i x t u r e   of   f i b e r s   and  s e c o n d a r y   s t a p l e  
10  f i b e r s   i s   d e s i r e d )   or   o f   b o t h   p u l p   f i b e r s   and  s t a p l e  

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

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

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

or   s u p e r a b s o r b e n t   c h a r a c t e r i s t i c s   a r e   d e s i r e d ,   t h e  

15  s e c o n d a r y   f i b e r s   7  2  a r e   a b s o r b e n t   or   s u p e r a b s o r b e n t  
f i b e r s .   The  s e c o n d a r y   f i b e r s   72  may  g e n e r a l l y   be  s e l e c t e d  

f rom  t h e   g r o u p   i n c l u d i n g   one  or  more   p o l y e s t e r   f i b e r s ,  

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

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

20  d e r i v e d   f i b e r s   s u c h   a s ,   f o r   e x a m p l e ,   r a y o n   f i b e r s   and  w o o d  

p u l p   f i b e r s ,   m u l t i - c o m p o n e n t   f i b e r s   s u c h   a s ,   f o r   e x a m p l e ,  

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

m u l t i - c o m p o n e n t   f i b e r s ,   n a t u r a l   f i b e r s   s u c h   as  s i l k  

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

or   b l e n d s   of  two  or   more   of   s u c h   s e c o n d a r y   f i b e r s .   O t h e r  

t y p e s   of   s e c o n d a r y   f i b e r s   72  as  w e l l   as  b l e n d s   of   two  o r  

more   of   o t h e r   t y p e s   of   s e c o n d a r y   f i b e r s   72  may  b e  

u t i l i z e d .   The  s e c o n d a r y   f i b e r s   72  may  be  m i c r o f i b e r s   o r  
30  t h e   s e c o n d a r y   f i b e r s   72  may  be  m a c r o f i b e r s   h a v i n g   a n  

a v e r a g e   d i a m e t e r   of   f rom  a b o u t   300  um  to  a b o u t   1 , 0 0 0  

urn. 

The  s h e e t s ,   b a t t s   or  m a t s   78  of   s e c o n d a r y   f i b e r s   72  

a r e   f ed   to   t h e   p i c k e r   r o l l   74  by  a  r o l l e r   a r r a n g e m e n t   8 0 .  

35  A f t e r   t h e   t e e t h   76  of   t h e   p i c k e r   r o l l   74  have   s e p a r a t e d  

t h e   m a t ,   s h e e t   or   b a t t   o f   s e c o n d a r y   f i b e r s   78  i n t o  
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s e p a r a t e   s e c o n d a r y   f i b e r s   72  t h e   i n d i v i d u a l   s e c o n d a r y  

f i b e r *   72  a r e   c o n v e y e d   t o w a r d   t h e   s t r e a m   of  f i b e r s   o r  

m i c r o f i b e r s   26  t h r o u g h   a  n o z z l e   82.  A  h o u s i n g   84  e n c l o s e s  

t he   p i c k e r   r o l l   74  and  p r o v i d e s   a  p a s s a g e w a y   or  gap  86 

5  b e t w e e n   t h e   h o u s i n g   84  and  t h e   s u r f a c e   of  t h e . . t e e t h   76  o f  

t he   p i c k e r   r o l l   74.  A  gas   ( n o t   shown)   ,  f o r   e x a m p l e   a i r ,  

i s   s u p p l i e d   to  t h e   p a s s a g e w a y   or  gap  86  b e t w e e n   t h e  

s u r f a c e   of   t he   p i c k e r   r o l l   74  and  t h e   h o u s i n g   84  by  way  o f  

a  gas  d u c t   88.  The  gas   d u c t   88  may  e n t e r   t h e   p a s s a g e w a y  

10  or  gap  86  g e n e r a l l y   a t   t he   j u n c t i o n   90  of  t he   n o z z l e   82 

and  the   gap  86.  The  gas   i s   s u p p l i e d   in  s u f f i c i e n t  

q u a n t i t y   to  s e r v e   as  a  med ium  f o r   c o n v e y i n g   the   s e c o n d a r y  

f i b e r s   72  t h r o u g h   t h e   n o z z l e   82.  The  gas   s u p p l i e d   f r o m  

the   d u c t   88  a l s o   s e r v e s   as  an  a i d   in  r e m o v i n g   t h e  

15  s e c o n d a r y   f i b e r s   f rom  t h e   t e e t h   76  of   t h e   p i c k e r   r o l l   7 4 .  

H o w e v e r ,   gas   s u p p l i e d   t h r o u g h   t h e   d u c t   92  g e n e r a l l y  

p r o v i d e s   f o r   r e m o v a l   of  t he   s e c o n d a r y   f i b e r s   72  f rom  t h e  

t e e t h   76  of  t h e   p i c k e r   r o l l   74.  The  gas   may  be  s u p p l i e d  

by  any  c o n v e n t i o n a l   a r r a n g e m e n t   s u c h   a s ,   f o r   e x a m p l e ,   a n  

20  a i r   b l o w e r   ( n o t   shown)   . 

G e n e r a l l y   s p e a k i n g ,   t h e   i n d i v i d u a l '   s e c o n d a r y   f i b e r s  

72  a r e   c o n v e y e d   t h r o u g h   t h e   n o z z l e   82  a t   a b o u t   t h e  

v e l o c i t y   a t   w h i c h   t h e   s e c o n d a r y   f i b e r s   72  l e a v e   t h e   t e e t h  

76  of  t h e   p i c k e r   r o l l   74.  In  o t h e r   w o r d s   ,  t h e   s e c o n d a r y  

25  f i b e r s   72,  upon  l e a v i n g   t he   t e e t h   76  of   t h e   p i c k e r   r o l l   74 

and  e n t e r i n g   t h e   n o z z l e   82,  g e n e r a l l y   m a i n t a i n   t h e i r  

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

w h e r e   t h e y   l e f t   t h e   t e e t h   76  of   t h e   p i c k e r   r o l l   74.  S u c h  

an  a r r a n g e m e n t ,   w h i c h   i s   d i s c u s s e d   in  more   d e t a i l   in  U . S .  

30  p a t e n t   4 , 1 0 0 , 3 2 4   to  A n d e r s o n   e t   a l . ,   h e r e b y   i n c o r p o r a t e d  

by  r e f e r e n c e ,   a i d s   in  s u b s t a n t i a l l y   r e d u c i n g   f i b e r  

f  l o c c i n g .  

As  an  a i d   in  m a i n t a i n i n g   s a t i s f a c t o r y   s e c o n d a r y   f i b e r  

72  v e l o c i t y ,   t h e   n o z z l e   82  may  be  p o s i t i o n e d   so  t h a t   i t s  

35  l o n g i t u d i n a l   a x i s   i s   s u b s t a n t i a l l y   p a r a l l e l   to  a  p l a n e  

w h i c h   i s   t a n g e n t   to  t h e   p i c k e r   r o l l   74  a t   t h e   j u n c t i o n   90 
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of   t h e   n o z z l e   82  w i t h   t h e   p a s s a g e w a y   86.  As  a  r e s u l t   o f  

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

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

s e c o n d a r y   f i b e r s   72  w i t h   t h e   w a l l s   of   t h e   n o z z l e   82.  I f  

5  t h e   s e c o n d a r y   f i b e r s   72  t e m p o r a r i l y   r e m a i n   in  . c o n t a c t   w i t h  

t h e   t e e t h   76  of   t h e   p i c k e r   r o l l   74  a f t e r   t h e y   have   b e e n  

s e p a r a t e d   f rom  t h e   mat   or   b a t t   7  8  ,  t h e   a x i s   of   t h e   n o z z l e  

8  2  may  be  a d j u s t e d   a p p r o p r i a t e l y   to   be  a l i g n e d   w i t h   t h e  

d i r e c t i o n   of   s e c o n d a r y   f i b e r   72  v e l o c i t y   a t   t he   p o i n t  

10  w h e r e   t h e   s e c o n d a r y   f i b e r s   72  d i s e n g a g e   f rom  t h e   t e e t h   76  

of   t h e   p i c k e r   r o l l   74.  The  d i s e n g a g e m e n t   of   t h e   s e c o n d a r y  

f i b e r s   72  f rom  t h e   t e e t h   76  of   t h e   p i c k e r   r o l l   74  may  b e  

a s s i s t e d   by  a p p l i c a t i o n   of   a  p r e s s u r i z e d   g a s ,   i . e . ,   a i r  

t h r o u g h   d u c t   9 2 .  

15  The  v e r t i c a l   d i s t a n c e   94  t h a t   t h e   n o z z l e   82  is   b e l o w  

t h e   d i e   t i p   24  may  be  a d j u s t e d   to   v a r y   t h e   p r o p e r t i e s   o f  

t h e   c o m p o s i t e   p r o d u c t   100 .   V a r i a t i o n   of  t h e   h o r i z o n t a l  

d i s t a n c e   9  6  of   t h e   t i p   9  8  of   t h e   n o z z l e   82  f rom  t h e   d i e  

t i p   24  w i l l   a l s o   a c h i e v e   v a r i a t i o n s   in  t h e   f i n a l   e l a s t i c  

20  c o m p o s i t e   p r o d u c t   100 .   The  v e r t i c a l   d i s t a n c e   94  and  t h e  

h o r i z o n t a l   d i s t a n c e   9  6  v a l u e s   w i l l   a l s o   v a r y   w i t h   t h e  

m a t e r i a l   b e i n g   a d d e d   to   t h e   f i b e r s   26.  The  w i d t h   of   t h e  

n o z z l e   82  a l o n g   t h e   p i c k e r   r o l l   74  and  t h e   l e n g t h   t h a t   t h e  

n o z z l e   82  e x t e n d s   f rom  t h e   p i c k e r   r o l l   74  a re   a l s o  

25  i m p o r t a n t   in   o b t a i n i n g   o p t i m u m   d i s t r i b u t i o n   of  t h e  

s e c o n d a r y   f i b e r s   72  t h r o u g h o u t   t h e   s t r e a m   of  f i b e r s   2 6 .  

I t   i s   u s u a l l y   d e s i r a b l e   f o r   t h e   l e n g t h   of  t h e   n o z z l e   82  t o  

be  as  s h o r t   as  e q u i p m e n t   d e s i g n   w i l l   a l l o w .   The  l e n g t h   i s  

u s u a l l y   l i m i t e d   to   a  m in imum  l e n g t h   w h i c h   i s   g e n e r a l l y  

30  e q u a l   to   t h e   r a d i u s   of   t h e   p i c k e r   r o l l   74.  U s u a l l y ,   t h e  

w i d t h   of  t h e   n o z z l e   82  s h o u l d   n o t   e x c e e d   t h e   w i d t h   of   t h e  

s h e e t s ,   b a t t s   or  m a t s   78  t h a t   a r e   b e i n g   fed   to  t he   p i c k e r  

r o l l   7 4 .  

The  p i c k e r   r o l l   7  4  may  be  r e p l a c e d   by  a  c o n v e n t i o n a l  

35  p a r t i c u l a t e   i n j e c t i o n   s y s t e m   to   fo rm  a  c o m p o s i t e   n o n w o v e n  

web  p r o d u c t   10  0  c o n t a i n i n g   v a r i o u s   s e c o n d a r y   p a r t i c u l a t e s .  
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A  c o m b i n a t i o n   of  b o t h   s e c o n d a r y   p a r t i c u l a t e s   and  s e c o n d a r y  

f i b e r s   c o u l d   be  a d d e d   to  t h e   f i b e r s   26  p r i o r   to  f o r m a t i o n  

of  t he   c o m p o s i t e   p r o d u c t   100  i f   a  c o n v e n t i o n a l   p a r t i c u l a t e  

i n j e c t i o n   s y s t e m   was  a d d e d   to  t h e   l e f t   s i d e   of  t he   s y s t e m  

5  i l l u s t r a t e d   in  F i g u r e   5 .  

F i g u r e   5  f u r t h e r   i l l u s t r a t e s   t h a t   t he   gas  s t r e a m  

c a r r y i n g   t h e   s e c o n d a r y   f i b e r s   72  i s   m o v i n g   in  a  d i r e c t i o n  

w h i c h   i s   g e n e r a l l y   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  

m o v e m e n t   of  t h e   s t r e a m   of   f i b e r s   26  a t   t h e   p o i n t   of  m e r g e r  

10  of  t he   two  s t r e a m s .   O t h e r   a n g l e s   of   m e r g e r   of  t he   t w o  

s t r e a m s   may  be  u t i l i z e d .   The  v e l o c i t y   of  t h e   gas  s t r e a m  

of  s e c o n d a r y   f i b e r s   72  i s   u s u a l l y   a d j u s t e d   so  t h a t   i t   i s  

l e s s   t h a n   t h e   v e l o c i t y   of   t h e   s t r e a m   of   f i b e r s   26.  T h i s  

a l l o w s   t h e   s t r e a m s ,   upon   m e r g e r   and  i n t e g r a t i o n   t h e r e o f   t o  

15  f l o w   in  s u b s t a n t i a l l y   t h e   same  d i r e c t i o n   as  t h a t   of  t h e  

s t r e a m   of   f i b e r s   26.  I n d e e d ,   t h e   m e r g e r   of  t he   t w o  

s t r e a m s   may  be  a c c o m p l i s h e d   in  a  m a n n e r   w h i c h   is  s o m e w h a t  

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

f i b e r s   72  i s   d r a w n   i n t o   t h e   s t r e a m   of  f i b e r s   26.  I f  

20  d e s i r e d ,   t h e   v e l o c i t y   d i f f e r e n c e   b e t w e e n   t he   two  g a s  

s t r e a m s   may  be  s u c h   t h a t   t h e   s e c o n d a r y   f i b e r s   72  a r e  

i n t e g r a t e d -   i n t o   t h e   f i b e r s   26  in  a  t u r b u l e n t   m a n n e r   s o  

t h a t   t h e   s e c o n d a r y   f i b e r s   72  b e c o m e   s u b s t a n t i a l l y  

t h o r o u g h l y   and  u n i f o r m l y   m i x e d   t h r o u g h o u t   t h e   f i b e r s   2 6 .  

25  G e n e r a l l y ,   f o r   i n c r e a s e d   p r o d u c t i o n   r a t e s ,   t he   gas  s t r e a m  

w h i c h   e n t r a i n s   and  a t t e n u a t e s   t h e   s t r e a m   of  f i b e r s   26 

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

example  from  about  60.96  m  (200  f ee t )   to  over  304.8  m/s  (1,000  f ee t   p e r  
second) ,   and  the  s t ream  of  gas  which  c a r r i e s   t h e   s e c o n d a r y   f i b e r s  

3  0  72  s h o u l d   have   a  c o m p a r a t i v e l y   low  i n i t i a l   v e l o c i t y ,   for  example  

from  about  15.24  (50)  to  about  60.96  m/s  (200  f ee t   per  second) .   A f t e r  

t h e   s t r e a m   of   gas   t h a t   e n t r a i n s   and  a t t e n u a t e s   t he   f i b e r s  

26  e x i t s   t h e   g a p s   42  and  44  of   t h e   d i e   14,  i t   i m m e d i a t e l y  

e x p a n d s   and  d e c r e a s e s   in  v e l o c i t y .  

35  Upon  m e r g e r   and  i n t e g r a t i o n   of  t he   s t r e a m   o f  

s e c o n d a r y   f i b e r s   72  i n t o   t h e   s t r e a m   of   f i b e r s   26  t o  
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g e n e r a l l y   u n i f o r m l y   d i s t r i b u t e   t h e   s e c o n d a r y   f i b e r s   72 

t h r o u g h o u t   t h e   s t r e a m   of   f i b e r s   26,   a  c o m p o s i t e   s t r e a m   1 0 2  

of   f i b e r s   26  and  s e c o n d a r y   f i b e r s   72  i s   f o r m e d .   I f   t h e  

f i b e r s   26  a r e   s t i l l   s e m i - m o l t e n   and  t a c k y   a t   t he   t i m e   o f  

5  i n c o r p o r a t i o n   of   t h e   s e c o n d a r y   f i b e r s   72  i n t o '   t he   f i b e r s  

26,  t h e   s e c o n d a r y   f i b e r s   72  a r e   n o t   o n l y   m e c h a n i c a l l y  

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

2  6  b u t   may  a l s o   be  t h e r m a l l y   b o n d e d   or  j o i n e d   to  t h e  

f i b e r s   2 6 .  

10  In  o r d e r   to   c o n v e r t   t h e   c o m p o s i t e   s t r e a m   102  o f  

f i b e r s   26  and  s e c o n d a r y   f i b e r s   72  i n t o   a  c o m p o s i t e   e l a s t i c  

n o n w o v e n   web  or   mat   100  c o m p o s e d   o f   a  c o h e r e n t   m a t r i x   o f  

t h e   f i b e r s   26  h a v i n g   t h e   s e c o n d a r y   f i b e r s   72  g e n e r a l l y  

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

15  l o c a t e d   in   t h e   p a t h   of   t h e   c o m p o s i t e   s t r e a m   102.   T h e  

c o l l e c t i n g   d e v i c e   may  be  t h e   e n d l e s s   b e l t   56  of  F i g u r e   1 .  

The  b e l t   56  i s   u s u a l l y   p o r o u s   and  a  c o n v e n t i o n a l   v a c u u m  

a r r a n g e m e n t   ( n o t   shown)   w h i c h   a s s i s t s   in   r e t a i n i n g   t h e  

c o m p o s i t e   s t r e a m   102  on  t h e   e x t e r n a l   s u r f a c e   of  t h e   b e l t  

20  56  i s   u s u a l l y   p r e s e n t .   O t h e r   c o l l e c t i n g   d e v i c e s   a r e   w e l l  

known  to  t h o s e   o f   s k i l l   in   t h e   a r t   and  may  be  u t i l i z e d   i n  

p l a c e   of   t h e   e n d l e s s   b e l t   56.  F o r   e x a m p l e ,   a  p o r o u s  

r o t a t i n g   drum  a r r a n g e m e n t   c o u l d   be  u t i l i z e d .   T h e r e a f t e r ,  

t h e   c o m p o s i t e   e l a s t i c   n o n w o v e n   web  3  8  i s   r e m o v e d   f rom  t h e  

25  s c r e e n   by  t h e   a c t i o n   o f   r o l l e r s   ( n o t   shown)  such   a s  

r o l l e r s   60  and  62  shown  in  F i g u r e   1 .  

In  c e r t a i n   a p p l i c a t i o n s ,   p a r t i c u l a t e   m a t e r i a l s   may  b e  

s u b s t i t u t e d   f o r   t h e   s e c o n d a r y   f i b e r s   72.  A l t e r n a t i v e l y ,  

t h e   e l a s t i c   n o n w o v e n   web  88  may  h a v e   b o t h   s e c o n d a r y   f i b e r s  

30  64  and  p a r t i c u l a t e   m a t e r i a l s   i n c o r p o r a t e d   i n t o   t h e  

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

D e p e n d i n g   on  t h e   c h a r a c t e r i s t i c s   d e s i r e d   of   t h e  

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

i n c l u d e   (1)  f rom  a t   l e a s t   a b o u t   20%  by  w e i g h t   of  a  f i b r o u s  

35  n o n w o v e n   e l a s t i c   web  o f   m i c r o f i b e r s   as  d e f i n e d   h e r e i n ,   a n d  

(2)'  f rom  g r e a t e r   t h a n   0%  by  w e i g h t   to   a b o u t   80%  by  w e i g h t  
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of  at   l e a s t   one  s e c o n d a r y   f i b e r   g e n e r a l l y   u n i f o r m l y  

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

web  . 
The  m a t e r i a l   f rom  w h i c h   t h e   m i c r o f i b e r s   a r e   f o r m e d  

5  may  be  any  of  t h e   m e l t - b l o w n   m a t e r i a l s   c o n t e m p l a t e d   by  t h e  

p r e s e n t   i n v e n t i o n .   T h u s ,   t h e   m i c r o f i b e r s   may  be  f o r m e d  

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

a c i d ,   m e t h a c r y l i c   a c i d ,   e t h y l   a c r y l a t e ,   m e t h y l  

m e t h a c r y l a t e   ,  and  m i x t u r e s   of   t h e s e .   The^  m i c r o f i b e r s   may  

10  a l s o   be  f o r m e d   f rom  b l e n d s   of   c o p o l y m e r   w i t h   m o d i f y i n g  

p o l y m e r ,   w h i c h   p r e f e r a b l y   i s   one  or  more  of  t h e  

p o l y o l e f i n s   w i t h i n   any  one  of   t h e   a b o v e - m e n t i o n e d   b l e n d  

r a n g e s .   A d d i t i o n a l l y ,   t h e   s e c o n d a r y   f i b e r s   can  form  f r o m  

a b o u t   30%  by  w e i g h t   to  a b o u t   70%  by  w e i g h t   of  t he   c o f o r m e d  

15  web  and  e v e n   more   s p e c i f i c a l l y ,   t h e   s e c o n d a r y   f i b e r s   c a n  

form  f rom  a b o u t   50%  by  w e i g h t   to   a b o u t   70%  by  w e i g h t   o f  

the   c o f o r m e d   w e b .  

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

d i s c u s s e d   h e r e i n ,   a  v a r i e t y   of   m e l t - b l o w i n g   d i e   e x t r u d e r s  

20  and  c o n f i g u r a t i o n s   w e r e   u t i l i z e d   or  c o n t e m p l a t e d   f o r   u s e  

in  a  v a r i e t y   of   c o m b i n a t i o n s   to   i l l u s t r a t e   t he   b r o a d  

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

of  m e l t - b l o w i n g   d i e s   t h a t   h a v e   b e e n   u s e d   or  t h a t   a r e  

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

25  T a b l e   II   b e l o w :  

30 

35 
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TABLE  I I  

MELT-BLOWING  DIES  

5  E x t e n t   of   C a p i l l a r i e s   C a p i l l a r y   " C a p i l l a r y  

C a p i l l a r y   per  cm  (inch)  of  D i a m e t e r   L e n g t h  

Die  No.  Array  cm  ( in . )   Die  E x t e n t   cm  ( inches)   cm  ( i n c h e s )  

§1  50.8  (20)  38.1  (15)  0.046  (0.018)  0.356  (0 .14 )  

10  #2  50.8  (20)  76.2  (30)  0.037  (0.0145)  0.287  (0 .113)  

#3  2 . 54 -1 .59   (1-5 /8)   50.8  (20)  0.037  (0.0145)  0.338  (0 .133)  

#4  2 . 5 4 - 1 . 5 9   (1-5 /8)   22.9  (9)  0.037  (0.0145)  0.338  (0 .133)  

M e l t - b l o w i n g   d i e s   #3  and  #4  a r e   h i g h   p r e s s u r e   d i e s .  

15  The  d e s c r i p t i o n   of   t h e   i n v e n t i o n   w i l l   now  be  f u r t h e r  

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

i n v e n t i o n .   In  t h i s   d e s c r i p t i o n ,   a l l   p a r t s   and  p e r c e n t a g e s  

a r e   by  w e i g h t ,   and  a l l   t e m p e r a t u r e s   a r e   in  d e g r e e s  

C e l s i u s ,   u n l e s s   e x p r e s s l y   s t a t e d   o t h e r w i s e .   N u m e r i c a l  

20  v a l u e s   r e p o r t e d   a r e   v a l u e s   a v e r a g e d   f rom  a t   l e a s t   f i v e  

s e p a r a t e   r e a d i n g s ,   g e n e r a l l y .  

EXAMPLE  1 

P r o d u c t i o n   of   M i c r o f i b e r s   From  a  

25  C o p o l y m e r   of   E t h y l e n e   and  V i n y l   A c e t a t e  

The  a p p a r a t u s   e m p l o y e d   i s   e x p e r i m e n t a l   e q u i p m e n t  

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

EVA  c o p o l y m e r   s e l e c t e d   had   a  n o m i n a l   m e l t   i n d e x   of  500  a t  

30  190°C  and  c o n t a i n e d   28%  by  w e i g h t   of   v i n y l   a c e t a t e .  

The  d i e   was  of   J a p a n e s e   m a n u f a c t u r e .   The  e x t r u d e r  

was  a  P r o d e x   e x t r u d e r   w i t h   t h r e e   z o n e s   f o r   w h i c h   t h e  

t e m p e r a t u r e   c o u l d   be  s e t   and  a d j u s t e d ,   and  t h e   a c t u a l  

t e m p e r a t u r e   c o u l d   be  o b s e r v e d .   The  d i e   h e a d   had  20  h o l e s  

35  per  2.54  cm  ( i nch ) .   The  d iamete r   of  t h e n o s e   p i e c e   h o l e s   was  0 . 3 8  

mm.  The  d i e   h e a d   was  s u p p l i e d   w i t h   h o t   a i r   f rom  a  a  mm. 
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f u r n a c e .   A i r   t e m p e r a t u r e   m e a s u r e m e n t   was  p o s s i b l e   at   t h e  

f u r n a c e   and  a l s o   a t   d i f f e r e n t   l o c a t i o n s   in  t he   d i e   h e a d .  

The  t e m p e r a t u r e   of   t h e   d i e   head   c o u l d   a l s o   be  m e a s u r e d   i n  

s e v e r a l   p l a c e s .  

5  T h r e e   d i f f e r e n t   m i c r o f i b e r   p r o d u c t i o n   r u n s   A,  B  and  C 

were   made  u s i n g   s u b s t a n t i a l l y   t h e   same  o p e r a t i n g  

c o n d i t i o n s .   In  a l l   t h r e e   r u n s ,   t h e   d i e   h e a d   "was  m o u n t e d  

to  d i s c h a r g e   t o w a r d   t h e   s u r f a c e   of   a'  r o t a r y   drum.   T h e  

drum  s u r f a c e   was  f o r a m i n o u s .   In  r u n s   A  and  B,  t h e  

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

s u r f a c e ,   was  3 . 2 0   m  ( 1 0 . 5   f e e t )   p e r   m i n u t e ;   in  run   C,  t h e  

c o l l e c t o r   s p e e d   was  7 6 . 2   cm  (30  i n c h e s )   Der  m i n u t e .  
In  run   A,  t h e   d i s t a n c e   b e t w e e n   t h e   c a p i l l a r i e s   in  t h e  

d i e   head   and  t h e   c o l l e c t o r   s u r f a c e   was  47.63  cm  (18.75  i n c h e s ) ;  

15  in  runs  B  and  C,  i t   was  29.85  cm  (11.75  i n c h e s ) .   In  a l l   t h r ee   runs,   t h e  

e q u i p m e n t   was  o p e r a t e d   so  t h a t   t h e   r a t e   of  o p e r a t i o n ,   m e a s u r e d  

in  pounds  of  r e s i n   consumed  per  l i n e a r   t r a n s v e r s e   2 , 5 4   cm  ( i n c h )   o f  

d i e   p e r   h o u r   was  0 . 4 9 4   kg  ( 1 . 0 9 ) .  

The  s e t t i n g s   on  t h e   e q u i p m e n t   f o r   t h e s e   p r o d u c t i o n  

20  r u n s   were   as  f o l l o w s .   The  t h r e e   z o n e s   of   t h e   e x t r u d e r ,  

from  i t s   i n l e t   end   to   i t s   d i s c h a r g e   e n d ,   we re   s e t .   a t  

3 2 0 ° F ,   3 6 0 ° F ,   and  3 8 0 ° F ,   r e s p e c t i v e l y   ( 1 6 0 ° C ,   182°C ,   a n d  

193°C,   r e s p e c t i v e l y )   .  A c t u a l   r e a d i n g s   d u r i n g   o p e r a t i o n  

were   g e n e r a l l y   w i t h i n   0 . 5 ° C   (1°F)   of  t h e   s e t t i n g s .  

25  The  s c r e w   in  t h e   e x t r u d e r   was  o p e r a t e d   a t   39 .3   r p m .  

S i n c e   f r i c t i o n a l   h e a t   i s   g e n e r a t e d   d u r i n g   t he   e x t r u s i o n  

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

d i s c h a r g e   end  o f   t h e   e x t r u d e r   was  404°F   (207°C)   .  T h e  

f u r n a c e   f o r   h e a t i n g   t h e   a t t e n u a t i n g   a i r   was  s e t   f o r   3 7 0 ° F  

30  (188°C)  ,  and  in  a c t u a l   o p e r a t i o n   was  o b s e r v e d   to  a t t a i n   a  

t e m p e r a t u r e   of   3 7 5 ° F   ( 1 9 1 ° C ) .   B e c a u s e   of   h e a t   l o s s e s ,   t h e  

t e m p e r a t u r e   of   t h e   a i r   in  t h e   d i e   h e a d   was  g e n e r a l l y   i n  

t he   r a n g e   f rom  a b o u t   340°F   to   a b o u t   348°F   (171°C  t o  

176°C)  .  The  d i e   t e m p e r a t u r e   was  s e t   to   be  a b o u t   4 0 0 ° F  

35  (204°C)  ,  and  in  o p e r a t i o n ,   t h i s   t e m p e r a t u r e   was  a t t a i n e d  

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

, 4 0  
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d i e   h e a d .   The  b a c k   p r e s s u r e   on  t he   e x t r u d e r   d u r i n g  

o p e r a t i o n   was  a b o u t   1 6 . 9   b a r   (245  p s i ) .  

The  e q u i p m e n t   was  u s e d   u n d e r   t h e   c o n d i t i o n s   d e s c r i b e d  

to  form  m i c r o f i b e r s   f rom  t he   EVA  c o p o l y m e r   s p e c i f i c a l l y  

5  i d e n t i f i e d   in  t h i s   E x a m p l e .   As  t h e   m i c r o . f i b e r s   w e r e  

d i s c h a r g e d   and  d u r i n g   t h e i r   p a t h   of   t r a v e l   to  t h e  

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

s p r a y   t h a t   c o o l e d   t h e   m i c r o f i b e r s .   As  t h e   m i c r o f i b e r s  

c o l l e c t e d ,   a  c o h e s i v e   n o n w o v e n   web  was  f o r m e d   on  t h e  

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

s u f f i c i e n t   t a c k   to   b e c o m e   c o h e s i v e   ( s e l f - b o n d e d )   .  T h e  

b a s i s   w e i g h t   of  t h e   n o n w o v e n   web  p r o d u c e d   in  run  A  was  3 . 6  
g/m2  ( 3 . 0   g r a m s   p e r   s q u a r e   y a r d ) .  

In  run   B,  w h e r e   t h e   d i f f e r e n c e   f rom  run   A  was  in  t h e  

15  s e t t i n g   of   t h e   d i s t a n c e   f rom  t h e   d i e   h e a d   to  t h e   c o l l e c t o r  
su r f ace   at  29.85  cm  (11.75  i n c h e s ) ,   the  b a s i s   weight   was  nominal ly   3 . 6  

g/m2  (3.56  a c t u a l )   (3.0  (2.98  a c t u a l )   grams  per  square   ya rd) ,   and  a s  
measured  was  3.30  g/m2  (2.76  grams  per  square   ya rd ) .   In  run  C,  the  d i e  

c o l l e c t o r   d i s t a n c e ,   i . e . ,   t h e   d i s t a n c e   f rom  t h e   d i e   h e a d  

20  to  t h e   c o l l e c t o r   s u r f a c e ,   r e m a i n e d   t h e   same  as  in  run  B  a t  
29.85  cm  (11.75  i n c h e s ) ,   but  the  l i n e a r   speed  of  the  c o l l e c t o r   s u r f a c e  
was  a d j u s t e d   to  76.2  cm/min.  (30  inches   per  m inu t e ) .   The  ba s i s   w e i g h t  
for  the  cohes ive   nonwoven  web  formed  was  a  nominal  3  3 . 9 1   g/m2  ( 1 . 0  
o u n c e   p e r   s q u a r e   y a r d ) ,   and  as  a c t u a l l y   m e a s u r e d ,   was  3 7 . 2 9  

25  g/m2  ( 1 . 1   o u n c e s   p e r   s q u a r e   y a r d ) .  

O t h e r   p r o p e r t i e s   of   t h e s e   n o n w o v e n   webs  were   a l s o  

d e t e r m i n e d ,   as  r e p o r t e d   in  T a b l e   I I I   b e l o w :  

TABLE  I I I  

30  

Run  A  B  £  

Bulk   cm  ( i n c h e s )   0.058  (0.023)  0.051  (0.020)  0.028  ( 0 . 0 1 1 )  

35  
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Grab  kg  ( l b s . )   to  b r e a k :  

M a c h i n e   D i r e c t i o n  

C r o s s / M a c h i n e   D i r e c t i o n  

0.86  (1.9)  1.09  (2.4)  0.30  ( 0 . 6 7 )  

0.68  (1.5)  0.95  (2.1)  0.24  ( 0 . 5 4 )  

5  F i b e r   D i a m e t e r  

(jam) 1 4 . 0  1 3 . 0  

I t   was  o b s e r v e d   t h a t   t h e   web  was  e l a s t i c   a n d  

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

a p p e a r e d   to  be  g o o d .  

EXAMPLE  2 

P r o d u c t i o n   of  M i c r o f i b e r s   From  a  D i f f e r e n t  

15  C o p o l y m e r   of   E t h y l e n e   and  V i n y l   A c e t a t e  

D i f f e r e n t   e q u i p m e n t   was  u s e d   f rom  t h a t   in  E x a m p l e   I ,  

and  u n d e r   o p e r a t i n g   c o n d i t i o n s   as  d e s c r i b e d   b e l o w .   The  EVA 

c o p o l y m e r   e m p l o y e d   had  a  m e l t   i n d e x   ( n o m i n a l )   of  200  a t  

20  190°C  and  c o n t a i n e d   28%  by  w e i g h t   of   v i n y l   a c e t a t e .   T h e  

m o l t e n   m a t e r i a l   c o u l d   t h e r e f o r e   be  e x p e c t e d   to  be  m o r e  

v i s c o u s   t h a n   t h e   c o p o l y m e r   u s e d   in  E x a m p l e   I,  and  in  f a c t ,  

i t   w a s .  

A n o t h e r   run   was  made ,   w i t h   s e v e r a l   r o l l s   of  n o n w o v e n  

25  web  p r o d u c t   b e i n g   c o l l e c t e d .   The  d i s t a n c e   f rom  t he   d i e  

head   to  t h e   c o l l e c t o r   was  set   at  30.48  cm  (12  i n c h e s ) .   The  r e s i n  

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

366°F  (186°C)   .  D u r i n g   t h e   r u n ,   t h i s   t e m p e r a t u r e  

f l u c t u a t e d   as  high  as  190°C  ( 3 7 3 ° F ) , b u t   g e n e r a l l y   was  w i t h i n   a  

30  c o u p l e   of   degrees   of  182°C  ( 3 6 0 ° F ) . T h e   p r i m a r y   a i r   t e m p e r a t u r e  

was  477  °F  (247°C)   ,  and  t h e   a i r   p r e s s u r e   was  0.18  bar  (2.64  p s i ) .  

The  a i r   flow  r a t e   in  s t a n d a r d   m3/min.  (cubic  f e e t   per  minute)  was  0 . 7 6  

(27).  The  die  i n l e t   p r e s s u r e   was  11  bar  (160  p s i ) .   The  screw  of  t h e  

e x t r u d e r   was  d r i v e n   a t   72  rpm,  s o m e w h a t   h i g h e r   t h a n   i n  

3  5  E x a m p l e   I .  
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The  e x t r u d e r   had  f i v e   p e r m i s s i b l e   t e m p e r a t u r e  

s e t t i n g s .   The  s e t t i n g s   d u r i n g   o p e r a t i o n   w e r e :   250  °F 

( 6 6 ° C ) ;   190°F   ( 8 8 ° C ) ;   300°F   ( 1 4 9 ° C ) ;   370°F   ( 1 8 8 ° C ) ;   4 0 0 ° F  

(204°C)  .  The  h i g h e s t   t e m p e r a t u r e   was  a t   t h e   d i s c h a r g e   e n d  

5  of   t h e   e x t r u d e r .   T o w a r d   t h e   end  o f   t h e   r u n , .   - t h e   i n i t i a l  

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

c h a n g e   in  t h e   p r o c e s s   or   p r o d u c t .  

In  t h i s   r u n ,   t h e   a i r   was  r e l i e d   upon   f o r   q u e n c h i n g  

( c o o l i n g )   t h e   m i c r o f   i b e r s .   H o w e v e r ,   w i t h   t h i s   h i g h e r  

10  v i s c o s i t y   m a t e r i a l ,   q u e n c h i n g   was  n o t   as  n e c e s s a r y   as  w i t h  

t h e   r e l a t i v e l y   low  v i s c o s i t y   m a t e r i a l   e m p l o y e d   in  E x a m p l e  

I .  

The  c o h e s i v e   n o n w o v e n   web  p r o d u c e d   was  t a k e n   o f f   i n  

two  r o l l s   .  The  c h a r a c t e r i s t i c s   a r e   r e p o r t e d   in  T a b l e   IV 

15  b e l o w .  

TABLE  I V  

A  B 

20 

B a s i s   w e i g h t ,   g/m2  (oz.  / yd .2 )   6 7 . 8 1 ( 2 . 0 )   7 7 . 9 8 ( 2 . 3 )  

B u l k ,   cm  ( i n c h e s )   0.043  (0.017)  0.038  (0 .015)  

G r a b ,   kg  ( l b s . )  

M a c h i n e   D i r e c t i o n   (MD)  1.36  (3.0)  1.36  ( 3 . 0 )  

25  C r o s s   D i r e c t i o n   (CD)  0.99  (2.2)  0.95  ( 2 . 1 )  

T e a r ,   kg  ( l b s . )  

MD  0.43  (0.94)  0.38  (0 .84 )  

CD  0.16  (0.36)  0.27  ( 0 . 6 0 )  

A b s o r b e n c y .  

30  -  H2O,  %  115  ~  104 

O i l ,   %  334  258  

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

f o r   t h e i r   r e s p e c t i v e   a b i l i t i e s   t o   a b s o r b   w a t e r   and  o i l .  

35  The  f i n a l   e n t r i e s   in  T a b l e   IV  a b o v e   r e p o r t   t h e   p e r c e n t a g e s  

1.36  (3.0)  1.36  ( 3 . 0 )  

0.99  (2.2)  0.95  ( 2 . 1 )  

0.43  (0.94)  0.38  (0 .84 )  

0.16  (0.36)  0.27  (0 .60 )  

115  ~  104 

334  258  
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a b s o r b e d   by  t h e s e   s a m p l e s   by  w e i g h t   of  the   o r i g i n a l  

s a m p l e s ,   r e s p e c t i v e l y .  

The  d a t a   in  t h i s   E x a m p l e   a r e   a c t u a l   d a t a   from  a c t u a l  

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

5  d u r i n g   t h e   c o u r s e   of  t h e   r u n .  

EXAMPLE  3 

M i c r o f i b e r s   Made  From  B l e n d s   of   a  

C o p o l y m e r   of  E t h y l e n e   Wi th   V i n y l   A c e t a t e  

10  and  L i n e a r   Low  D e n s i t y   P o l y e t h y l e n e  

S e v e r a l   m e l t - b l o w i n g   r u n s   w e r e   made  to  p r o d u c e  

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

same  c o p o l y m e r   of   e t h y l e n e   and  v i n y l   a c e t a t e ,   and  the   s a m e  

15  l i n e a r   low  d e n s i t y   (LLD)  p o l y e t h y l e n e ;   t h e   p r o p o r t i o n s  

d i f f e r e d   . 
The  p a r t i c u l a r   c o p o l y m e r   of  e t h y l e n e   and  v i n y l  

a c e t a t e   s e l e c t e d   f o r   t h i s   run   had  a  n o m i n a l   m e l t   i n d e x   o f  

200  at   1 9 0 ° C ,   and  c o n t a i n e d   28%  by  w e i g h t   of  v i n y l  

20  a c e t a t e .   The  p o l y e t h y l e n e   was  a  l i n e a r   low  d e n s i t y  

p o l y e t h y l e n e .  

The  r u n s   r e p o r t e d   in  t h i s   E x a m p l e   w e r e   made  i n  

e q u i p m e n t   g e n e r a l l y   s i m i l a r   to   t h a t   shown  in  F i g u r e   1 .  

T h e r e   w e r e   s i x   a d j u s t a b l e   h e a t   z o n e s   in  t h e   e x t r u d e r .   T h e  

25  t e rm  " m e l t   t e m p e r a t u r e "   r e f e r s   to   t h e   t e m p e r a t u r e   of  t h e  

m o l t e n   b l e n d   j u s t   b e f o r e   l e a v i n g   t h e   e x t r u d e r .   The  " p i p e  

t e m p e r a t u r e "   r e f e r s   to   t h e   t e m p e r a t u r e   in  t h e   p i p e   t h a t   i s  

shown  in  F i g u r e   1  c o n n e c t i n g   t h e   d i s c h a r g e   end  of  t h e  

e x t r u d e r   w i t h   t h e   i n l e t   m a n i f o l d   of   t h e   d i e   h e a d .   The  d i e  

30  head   i t s e l f   was  p r o v i d e d   w i t h   a  h e a t i n g   e l e m e n t   h a v i n g   a n  

a d j u s t a b l e   t e m p e r a t u r e   s e t t i n g .   The  t e r m   " d i e  

t e m p e r a t u r e "   r e f e r s   to   t h e   t e m p e r a t u r e   of   t h e   m o l t e n   b l e n d  

or  r e s i n   as  m e a s u r e d   w i t h i n   t h e   d i e   head   p r i o r   t o  

e x t r u s i o n .  

35  The  a v a i l a b l e   d a t a   on  t h e   s e v e r a l   r u n s   made  a r e  

r e p o r t e d   in  T a b l e   V  b e l o w .  
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TABLE  V 

C o p o l y m e r - L L D   P o l y e t h y l e n e   R u n s  

B 5  Run 

C o p o l y r n e r   C o p / P E   C o p / P E   Cop/PE  C o p / P E  

( C o p )  

R e s i n  

10  P r o p o r -  

t i o n s ,   (%) 9 0 / 1 0   7 0 / 3 0   5 0 / 5 0   1 0 / 9 0  1 0 0  

D Run  A  B 

15  

O p e r a t i n g   C o n d i t i o n s  

E x t r u d e r   T e m p e r a t u r e   S e t t i n g ,   ° F ( ° C )  

2 5 0 ( 1 2 1 )   2 5 0 ( 1 2 1 )   2 5 0 ( 1 2 1 )   2 5 0 ( 1 2 1 )   2 5 0 ( 1 2 1 )  20  Zone  1 

3 5 0 ( 1 7 7 )   3 5 0 ( 1 7 7 )   3 5 0 ( 1 7 7 )   350  (177).  350  ( 1 7 7 )  Zone  2 

4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 5 0 ( 2 3 2 )  Zone  3 

25 

4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 5 0 ( 2 3 2 )   4 5 0 ( 2 3 2 )  Zone  4 

4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 5 0 ( 2 3 2 )   4 5 0 ( 2 3 2 )  Zone  5 

4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 5 0 ( 2 3 2 )   4 5 0 ( 2 3 2 )  3  0  Zone  6 

35 
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Mel t   T e m p e r a t u r e ,   ° F ( ° C )  

4 3 5 ( 2 2 4 )   4 3 5 ( 2 2 4 )   4 3 2 ( 2 2 2 )   4 7 0 ( 2 4 3 )   4 5 1 ( 2 3 3 )  

i n i t i a l ,  

5  4 5 0 ( 2 3 - 2 )  

f i n a l  

P i p e   T e m p e r a t u r e ,   ° F ( ° C )  

10  4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 7 0 ( 2 4 3 )   4 5 0 ( 2 3 2 )  

i n i t i a l ,  

450  ( 2 3 2 ) .  

f i n a l  

15  Die  H e a t i n g   Zones   O b s e r v e d   T e m p e r a t u r e ,   ° F ( ° C )  

4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 3 0 ( 2 2 1 )   4 7 0 ( 2 4 3 )   4 5 0 ( 2 3 2 )  

i n i t i a l   , 
450  ( 2 3 2 )  

20  f i n a l  

T e m p e r a t u r e   in  Die  Head ,   ° F ( ° C )  

3 7 1 ( 1 8 8 )   3 8 1 ( 1 9 4 )   3 8 7 ( 1 9 7 )   4 2 2 ( 2 1 7 )   4 2 0 ( 2 1 6 )  

25  i n i t i a l ,  

4 1 1 ( 2 1 1 )  

f i n a l  

30 

35  
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A t t e n u a t i n g   A i r  

T e m p e r a t u r e ,  

°F ( °C)   3 5 8 ( 1 8 1 )   3 7 0 ( 1 8 8 )   3 9 0 ( 1 9 9 )   4 4 0 ( 2 2 7 )   4 1 8 ( 2 1 4 )  

3 5 0  

350  i n i t i a l ,   350  

3 8 0  

f i n a l  

Flow  R a t e  

(SCF) 2 9 0  3 7 0  

10 

Die  C o l l e c t o r   D i s t a n c e ,   (cm)  i n c h e s  

11  ( 2 7 , 9 4 )  

i n i t i a l   , 
13.5  ( 3 4 . 2 9 )   )  ( 2 2 . 8 6 )   9  (22.86)  12  (30.48)  12  ( 3 0 . 4 8 )  

f i n a l  

15  

P r o d u c t   P r o p e r t i e s  

20 

D 

B a s i s   W e i g h t ,  

(g/m2)  o z . / y d . 2  

P.  S t r a i n  

MD/CD,  % 

1.0  (33.91)  1.0  (33.91)  1.0  ( 3 3 . 9 1 )  
25  

7 6 / 1 7 8   7 1 / 1 3 0   1 3 2 / 1 9 1  

F r a z i e r ,   f t   /  

30  min  /  f  t  
2  (m3  /min  .  /m2  ) 157(515)   4 2 6 ( 1 3 9 7 ) 4 3 4 ( 1 4 2 3 )  

D u r i n g   t h e   o p e r a t i n g   r u n s ,   some  of   t he   e q u i p m e n t  

s e t t i n g s   w e r e   a d j u s t e d   as  t h e   o p e r a t o r s   s o u g h t   to  p r o d u c e  

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

3  5  se t   back  to  -0 .203  cm  ( -0 .080  i n c h ) .   The  minimum  die  head  opening  was 
0.203  cm  (0.080  i n c h ) .   The  e f f e c t s   of  the  p r e s e n c e   of  i n c r e a s i n g  
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a m o u n t s   of   p o l y e t h y l e n e   in  t he   b l e n d s   b e i n g   m e l t - b l o w n   i s  

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

r e q u i r e d   f o r   h i g h e r   p o l y e t h y l e n e   c o n t e n t s .  

Webs  p r o d u c e d   f rom  t h e s e   m i c r o f i b e r s   had  good  h a n d ,  

5  were   s o f t ,   c l o t h - l i k e ,   and  t a c t i c a l l y   a c c e p t a b l e .   T h e  

webs  r e t a i n e d   an  e l a s t o m e r i c   c h a r a c t e r   and  had  g o o d  

s t r e t c h i n g   p r o p e r t i e s .  

EXAMPLE  4  ■  '  •  ■ 

10  M i c r o f i b e r s   Made  From  B l e n d s   of  a  C o p o l y m e r  
of  E t h y l e n e   Wi th   V i n y l   A c e t a t e   and  P o l y p r o p y l e n e  

M i c r o f i b e r s   w e r e   p r e p a r e d   by  m e l t - b l o w i n g   s e v e r a l  

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

15  a c e t a t e   w i t h   p o l y p r o p y l e n e .   For   p r o c e s s   c o m p a r i s o n  

p u r p o s e s ,   a  run   was  a l s o   made  w i t h   t h e   c o p o l y m e r   a l o n e .  

S i n c e   i t s   p r o p e r t i e s   we re   a l r e a d y   k n o w n ,   t h e y   were   n o t  

o b s e r v e d   and  r e c o r d e d .  

The  e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   had  a  n o m i n a l  

20  m e l t   i n d e x   of  200  a t   1 9 0 ° C ,   and  c o n t a i n e d   28%  by  w e i g h t   o f  

v i n y l   a c e t a t e .   The  p o l y p r o p y l e n e   was  a  c o m m e r c i a l   p r o d u c t  
s o l d   as  Exxon   PP  3 1 4 5 ,   h a v i n g   a  n o m i n a l   m e l t   f l ow  r a t e   o f  

3 0 0 .  

The  e q u i p m e n t   u s e d   was  g e n e r a l l y   s i m i l a r   to  t h a t   u s e d  

25  in  E x a m p l e   2.  The  p r o d u c t i o n   r u n s   we re   e a c h   of  an  i n i t i a l  

q u a n t i t y   of  45.36  kg  (100  pounds)  of  r e s i n .   The  r a t e   of  t h r o u g h p u t  

t h r o u g h   t h e   d i e   h e a d   was  on  t h e   o r d e r   of  0 .18 -0 .36   k g / c m / h  

(1-2  pounds  per  inch  per  hour)  . 

In  b r i e f   s u m m a r y ,   t he   o p e r a t o r s   w e r e   i n s t r u c t e d   t o  

30  run  w i t h   an  e x t r u d e r   p r o f i l e   in  t he   r a n g e   from  177°C  (350°F)  

to  216°C  (420°F),   a  pipe  t e m p e r a t u r e   of  about  216°C  (420°F),  a  t e m p e r a t u r e  
in  the  die  head  of  about  221°C  (430°F),   and  an  a t t e n u a t i n g   a i r   t e m p e r a t u r e  
of  about  204°C  (400°F)  .  The  die  c o l l e c t o r   d i s t a n c e   was  to  be  set  f rom 
30.48  cm  (12  inches)   to  38.1  cm  (15  i n c h e s ) .  

35  The  run   d a t a   i s   s u m m a r i z e d   in  T a b l e   VI  b e l o w :  



-  44  -  0  2 3 9   0 8 0  

TABLE  V I  

C o p o l y m e r - P o l y p r o p y l e n e   B l e n d s  

5  Run  A  B  C  D"  E 

R e s i n   C o p o l y m e r   C o p / P E   C o p / P E   Cop/PE  C o p / P E  

( C o p )  

10  P r o p o r -  

t i o n s ,   (%)  100  9 5 / 5   8 0 / 2 0   6 0 / 4 0   4 0 / 6 0  

O p e r a t i n g   C o n d i t i o n s  

15  E x t r u d e r   T e m p e r a t u r e ,   °F  ( ° C )  

Zone  1  250  (121)  250  (121)  250  (121)  250  (121)  2 5 0 ( 1 2 1 )  

Zone  2  350  (177)  350  (177)  3 5 0 ( 1 7 7 )  

Zone  3  350  (177)  350  (177)  440  (227)  440  (227)  4 4 0 ( 2 2 7 )  
20  Zone  4  440  (227)  440  (227)  4 4 0 ( 2 2 7 )  

Zone  5  390  (199)  400  (204)  440  (227)  440  (227)  4 4 0 ( 2 2 7 )  
i n i t i a l   , 

390  (199)  

f i n a l  
25  

M e l t   T e m p e r a t u r e ,   °F  (°C) 

394  (201)  410  (210)  444  (229)  444  (229)  4 4 4 ( 2 2 9 )  

30  P i p e   T e m p e r a t u r e ,   °F  (°C) 

390  (199)  400  (204)  440  (227)  440  (227)  4 4 0 ( 2 2 7 )  

Die  Zones   T e m p e r a t u r e ,   °F  (°C) 
35  

390  (199)  400  (204)  445  ( 2 2 9 . 5 ) 4 4 5 ( 2 2 9 . 5 ) 4 4 0 ( 2 2 7 )  
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Die  T e m p e r a t u r e ,   "F  ( ° c )  

397 (203 )   4 1 3 ( 2 1 2 )   4 2 6 ( 2 1 9 )   4 2 6 ( 2 1 9 )   4 2 3 ( 2 1 8 )  

5  A t t e n u a t i n g   A i r  

T e m p e r a t u r e ,  

°F (°C)   300(149)   420 (216)   450 (232 )   450 (232)   4 5 0 ( 2 3 2 ) .  

10  Flow  R a t e  

(SCFM)  395  370  375  375  335  

Die  C o l l e c t o r   D i s t a n c e ,   I n c h e s   (cm) 

15  1 0 . 5 ( 2 6 . 6 7 )  

12(30 .48)   12(30 .48)   12(30 .48)   12(30 .48)   i n i t i a l ,  

12  ( 3 0 . 4 8 )  

f i n a l  

20  P r o d u c t   P r o p e r t i e s  

C  D 

P.  S t r a i n  

25  MD/CD,  %  4 5 / 9 1   5 0 / 9 7  

F r a z i e r ,   f t   /  
m i n / f t 2   (m3/min./m2)  216  (708)  255  (836) 

30  The  n o n w o v e n   web  p r o d u c t s   p r o d u c e d   in  t h e s e   r uns   h a d  

h i g h l y   d e s i r a b l e   t a c t i l e   p r o p e r t i e s .   The  hand   was  g o o d ,  

and  t he   web  was  s t r o n g .   The  " F r a z i e r "   t e s t s   r e p o r t e d   i n  

t h i s   E x a m p l e   and  in  t h e   p r e v i o u s   E x a m p l e   r e f l e c t  

p e r m e a b i l i t y   and  s u i t a b i l i t y   f o r   u s e   in  c e r t a i n  
35  a p p l i c a t i o n s   s u c h   a s ,   f o r   e x a m p l e ,   f i l t r a t i o n ,  

l i q u i d - s o l i d   s e p a r a t i o n   d e v i c e s ,   and  t h e   l i k e .   T h e  
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p o l y p r o p y l e n e   c o n t e n t   i m p a r t s   t o u g h n e s s   and  r e s i s t a n c e   t o  

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

e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   i m p a r t s   s m o o t h n e s s ,  

s o f t n e s s ,   and  t o u g h n e s s .  

5 

EXAMPLE  V 

Nonwoven   Webs  P r o d u c e d   From  M i c r o f i b e r s  

of  E t h y l e n e - V i n y l   A c e t a t e   C o p o l y m e r  

B l e n d e d   w i t h   P o l y p r o p y l e n e   and  P o l y e t h y l e n e  

10 

In  t h e s e   t e s t   r u n s   of  m a k i n g   m e l t - b l o w n   f i b e r s   f r o m  

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

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

s o l d   by  Exxon  C h e m i c a l   Company  u n d e r   t h e   t r a d e m a r k   a n d  

15  g r a d e   d e s i g n a t i o n ,   M - 1 1 9 4 8 - 0 7 7 - 0 . 0 4   .  T h i s   r e s i n   had  a  

n o m i n a l   m e l t   i n d e x   of   200  a t   1 9 0 ° C ,   and  an  a c t u a l   m e l t  

i n d e x   of   a b o u t   160 .   I t s   d e n s i t y   was  0 .9   50  g r ams   pe r   c u b i c  

c e n t i m e t e r ,   and  t h e   v i n y l   a c e t a t e   c o n t e n t   was  28.0%  b y  

w e i g h t   . 
20  The  p o l y p r o p y l e n e   was  a l s o   a  p r o d u c t   of  E x x o n  

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

P o l y p r o p y l e n e   3 1 4 5 .   I t   had  a  d e n s i t y   of   a b o u t   0 . 9 1 0   g r a m s  

p e r   c u b i c   c e n t i m e t e r   when  m e a s u r e d   in  a c c o r d a n c e   w i t h   ASTM 

D  792.   I t   had  a  m e l t   f l o w   r a t e   o b t a i n e d   in  a c c o r d a n c e  

25  w i t h   ASTM  D  1 2 3 8 ,   C o n d i t i o n   L,  o f   a b o u t   300  g rams   p e r   10 

m i n u t e s ,   a  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   (Mn)  of  a b o u t  

4 3 , 5 8 0 ,   a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   (Mw)  of  a b o u t  

1 2 4 , 4 0 0 ,   a  Z  a v e r a g e   m o l e c u l a r   w e i g h t   (Mz)  of  a b o u t  

2 5 5 , 6 0 0 ,   and  a  p o l y d i s p e r s i t y   (Mw/Mn)  of   a b o u t   2 . 8 5 .  

30  The  p o l y e t h y l e n e   e m p l o y e d   was  a  l i n e a r   l o w - d e n s i t y  

p o l y e t h y l e n e   o b t a i n e d   f rom  t h e   Exxon   C h e m i c a l   C o m p a n y  

u n d e r   t h e   d e s i g n a t i o n ,   LPX  61.  I t   had   a  d e n s i t y   of  a b o u t  

0 .9  30  g r a m s   p e r   c u b i c   c e n t i m e t e r   when  m e a s u r e d   i n  

a c c o r d a n c e   w i t h   ASTM  D  1505 .   I t   had  a  m e l t   i n d e x   of  105  a t  

35  190°C  in  a c c o r d a n c e   w i t h   ASTM  1 2 3 8 .   The  number   a v e r a g e  
m o l e c u l a r   w e i g h t   (Mn)  was  a b o u t   1 0 , 5 0 0 ,   t h e   w e i g h t   a v e r a g e  
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m o l e c u l a r   w e i g h t   (Mw)  a b o u t   3 0 , 5 0 0 ,   t he   Z  a v e r a g e  

m o l e c u l a r   w e i g h t   (Mz)  a b o u t   6 2 , 0 0 0 ,   and  t he   p o l y d i s p e r s i t y  

(Mw/Mn)  a b o u t   2 . 9 .  

Each  of  t h e s e   t h r e e   r e s i n s   i m p a r t s   i t s   own  p e c u l i a r  

5  p r o p e r t i e s   to  m i c r o f i b e r s   made  f rom  a  b l e n d . .   A l l   t h r e e  

b l e n d s   t e s t e d   in  t h e s e   t h r e e   r u n s   p r o d u c e d   h o m o g e n e o u s  

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

c o m p a t i b l e .  

In  t h e   t a b u l a r   summary   in  T a b l e   VII  b e l o w ,  

10  p o l y p r o p y l e n e   i s   i d e n t i f i e d   by  t h e   a b b r e v i a t i o n   "PP"  ; 

p o l y e t h y l e n e   by  t h e   d e s i g n a t i o n   " P E " ,   and  t h e   c o p o l y m e r   o f  

e t h y l e n e   and  v i n y l   a c e t a t e   by  t h e   d e s i g n a t i o n   "EVA".  T h e  

p r o p o r t i o n s   a r e   by  r e s i n   w e i g h t .   In  e a c h   c a s e ,   t h e y  

r e p r e s e n t   p e l l e t s   of   t h e   r e s p e c t i v e   r e s i n s   p l a c e d   in  t h e  

15  h o p p e r   of   a p p a r a t u s   s i m i l a r   to  t h a t   shown  in  F i g u r e   1  o f  

t he   d r a w i n g s ,   a f t e r   b e i n g   d ry   b l e n d e d .   The  e q u i p m e n t   u s e d  

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

E x a m p l e   2 .  

20  TABLE  V I I  

M i c r o f i b e r s   From  a  B l e n d   of   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 ,   and  an  E t h y l e n e - V i n y l   A c e t a t e  

R e s i n   A B C  

25 

P r o p o r t i o n s   10  P P / 1 0   PE/  15  P P / 1 5   PE/  10  P P / 3 0  

P E /  

by  W e i g h t   80  EVA  70  EVA  60  EVA 

30 

35  
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O p e r a t i n g   C o n d i t i o n s  

E x t r u d e r   Temp.  S e t t i n g s ,   °F  ( ° c )  

Zone  1  252  (122)  251  (121.5).  2 5 1 ( 1 2 1 . 5 )  
Zone  2  296  (146)  296  (146)  2 9 5 ( 1 4 5 . 5 )  
Zone  3  434  (223)  433  (222.5)  4 3 4 ( 2 2 3 )  
Zone  4  457  (235.5)  457  (235.5)  4 5 6 ( 2 3 5 )  
Zone  5  452  (233)  452  (233)  4 5 1 ( 2 3 2 . 5 )  
Zone  6  451  (232.5)  450  (232)  4 5 0 ( 2 3 2 )  

S c r e w   S p e e d ,   rpm  3  5  35  35  

M e l t   P r e s s u r e ,   p s i   (bar)  9 2 0 ( 6 3 . 4 )   920  (63.4)  890  (61 .31  

M e l t   T e m p e r a t u r e ,   °F  (°C)  4  55  (234.5)  454  (234)  453  ( 2 3 3 . 5 )  

Die  H e a d  

10 

15 

20  P r e s s u r e ,   p s i   ( b a r )  

Tip  Temp,  °F  (°C) 

A t t e n u a t i n g   A i r  

132  ( 9 . 1 )  

375  ( 1 9 0 . 5 )  

137  ( 9 . 4 )  

384  (195) 

126  ( 8 . 7 )  

387  ( 1 9 6 . 5 )  

25  P r e s s u r e ,   p s i ( b a r )   3 ( 0 . 2 1 )   3 ( 0 . 2 1 )   2 . 9 - 3 ( 0 . 2 0 - 0 . 2 1 )  
T e m p e r a t u r e ,   °F  (°C)  3 4 0 - 3 4 9 ( 1 7 1 - 1 7 5 . 5 ) 3 5 6 - 3 6 6 ( 1 8 0 - 1 8 5 )   3 8 4 - 3 9 5 ( 1 9 5 - 2 0 1 . 5 )  
F l o w ,   SCFM  302  287  3 0 3  

Die  C o l l e c t o r  

D i s t a n c e ,   i n c h e s   (cm)  9 - 1 / 2 ( 2 2 . 8 6 - 1 . 2 7 ) 9 - 1 / 2 ( 2 2 . 8 6 - 1 . 2 7 ) 9 - 1 / 2 ( 2 2 . 8 6 - 1 . 2 7 )  

S p e e d ,   f t / m i n . ( m / m i n )   32  (9.75)  15  (4.57)  32  ( 9 . 7 5 )  

30  

35  
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P r o p e r t i e s   of  t he   Nonv/oven  Web 

B a s i s   W e i g h t ,  
2 

oz.   /yd  (g/m2  ) 2.7  ( 9 1 . 5 4 )  2 .5   ( 8 4 . 7 6 )  2.7  ( 9 1 . 5 4 )  

P.  L o a d ,  

MD/CD,  p s i   ( b a r )  

P.  S t r a i n ,  

10  MD/CD,  % 

6 . 5 / 4 . 3  
( 0 . 4 5 / 0 . 3 0 )  

6 . 8 / 3 . 4  
( 0 . 4 7 / 0 . 2 3 )  

5 . 8 / 3 . 8  
( 0 . 4 / 0 . 2 6 )  

1 0 3 / 3 6 2  1 1 6 / 5 2 5  8 0 / 1 2 3  

F r a z i e r ,   f t .   /  
m i n . / f t 2   (m3/min./m2  )  2 3 1 ( 7 5 7 )  164  (538)  232  (761) 

15  A b s o r b e n c y ,   % 

H2O 
O i l  

84 

353  

1 0 4  

3 3 4  

101  

3 6 1  

A l l   t h r e e   n o n w o v e n   webs  p r o d u c e d   by  the   t h r e e  

20  d i f f e r e n t   f i b e r   b l e n d s   had  p r o p e r t i e s   s o m e w h a t   d i f f e r e n t  

from  e a c h   o t h e r .   A l l   w e r e   t a c t i c a l l y   a c c e p t a b l e ,   s o f t   a n d  

c l o t h - l i k e .   A l l   had  s t r e n g t h   and  s t r e t c h   p r o p e r t i e s   t h a t  

were   q u i t e   a c c e p t a b l e .   The  webs  had  t a c t i l e  

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

25  p o l y e t h y l e n e ,   b u t   e a c h   of   t h e s e   n o n w o v e n   web's  h a d  

r e c o v e r a b l e   s t r e t c h   c h a r a c t e r i s t i c s .  

I t   i s   c o n t e m p l a t e d   t h a t   n o n w o v e n   webs  of  s t i l l  

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

b l e n d s   o f  

30  (A)  c o p o l y m e r s   of  e t h y l e n e   w i t h   (1)  e t h y l  

e t h a c r y l a t e ,   (2)  m e t h y l   e t h a c r y l a t e ,   and  (3 )  

e t h y l   m e t h a c r y l a t e ,   w i t h  

(B)  p o l y o l e f i n s   i n c l u d i n g   (1)  LLD  p o l y e t h y l e n e ,   ( 2 )  

p o l y p r o p y l e n e ,   and  (3)  m i x t u r e s   of  p o l y e t h y l e n e  

3  5  and  p o l y p r o p y l e n e .  
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In  T a b l e   VII   a b o v e ,   t h e   two  e n t r i e s   f o r   t h e  

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

p l e n u m   c h a m b e r s   r e s p e c t i v e l y .  

5  EXAMPLE  6 

Co  f o r m e d   M i c r o f i b e r s   and  N o n w o v e n   W e b s ;  

C o p o l y m e r   of   E t h y l e n e   w i t h   V i n y l  

A c e t a t e ,   and  Wood  P u l p   F i b e r  

10  The  e t h y l e n e - v i n y l   a c e t a t e   u s e d   in  t h i s   E x a m p l e ,   i n  

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

p u r c h a s e d   f rom  Exxon   C h e m i c a l   Company   a t   a  n o m i n a l   m e l t  

i n d e x   o f   200  a t   190°C  and  c o n t a i n i n g   28%  by  w e i g h t   o f  

v i n y l   a c e t a t e .  

15  A  f i b r o u s ,   n o n w o v e n   e l a s t i c   c o f o r m e d   web  was  f o r m e d  

by  u t i l i z i n g   t h e   t e c h n i q u e s   i l l u s t r a t e d   in  F i g u r e   5  t o  

c o m b i n e   wood  p u l p   f i b e r s   w i t h   m e l t - b l o w n   f i b e r s   f o r m e d  

from  t h e   c o p o l y m e r   of   e t h y l e n e   and  v i n y l   a c e t a t e .  

20  M e l t - B l o w i n g  

M e l t - b l o w i n g   of   t h e   c o p o l y m e r   was  a c c o m p l i s h e d   b y  

e x t r u d i n g   t h e   the  copolymer  from  a  3.81  cm  (one  and  o n e - h a l f   i n c h )  

J o h n s o n   e x t r u d e r   and  t h r o u g h   a  m e l t - b l o w i n g   d i e   h a v i n g   15  

e x t r u s i o n   c a p i l l a r i e s   p e r   l i n e a r   2.54  cm  (inch)  of  die  t i p .   T h a t  

25  i s ,   m e l t - b l o w i n g   s y s t e m   Al ,   as  d e f i n e d   a b o v e ,   w a s  

u t i l i z e d .  

The  c a p i l l a r i e s   in   t h e   d i e   h e a d   e a c h   had  a  d i a m e t e r  

of  about  0.045  cm  (0.018  inch)  and  a  l eng th   of  about  0.355  cm  (0.14  i n c h ) .   The 

e o p o l y m e r   was  e x t r u d e d   t h r o u g h   t h e   c a p i l l a r i e s   a t   a  r a t e  

30  of'   a b o u t   1 .8   g r a m s   p e r   c a p i l l a r y   p e r   m i n u t e   u n d e r   t h e  

o p e r a t i n g   c o n d i t i o n s   t h a t   a r e   s u m m a r i z e d   in  T a b l e   V I I I  

b e l o w .  

In  t h i s   T a b l e ,   t h e   e x t r u s i o n   p r e s s u r e   e x e r t e d   u p o n  
t h e   c o p o l y m e r   in  t h e   d i e   t i p   i s   r e p o r t e d   as  t h e   " d i e  

35  p r e s s u r e " .   The  d i e   t i p   c o n f i g u r a t i o n   was  a d j u s t e d   so  t h a t  

i t   was  r e c e s s e d   about  0.228  cm  (0.090  inch)  ( -0 .228  cm  ( - 0 . 0 9 0 ) d i e   t i p  
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s t i c k - o u t )   from  the  plane  of  the  e x t e r n a l   s u r f a c e s   of  the   l i p s  

of  the   a i r   p l a t e s   t h a t   fo rm  the   a t t e n u a t i n g   a i r  

p a s s a g e w a y s   on  e i t h e r   s i d e   of  t h e   row  of  c a p i l l a r i e s .   T h e  

a i r   p l a t e s   were   a d j u s t e d   so  t h a t   t h e   two  a t t e n u a t i n g   a i r  

5  p a s s a g e s ,   one  on  e a c h   s i d e   of  t h e   e x t r u s i o n   . c a p i l l a r i e s ,  

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

0.170  cm  (0.067  inch) .   I t   should  be  noted  t h a t   the  a i r   p a s s a g e w a y   o r  

gap  c o n f i g u r a t i o n   u t i l i z e d   in  t h i s   E x a m p l e   d i f f e r e d  

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

10  F i g u r e   3  in  t h a t   t h e   a n g l e   f o r m e d   by  t he   d i e   t i p   p o r t i o n  

52,  t h a t   i s ,   t h e   a n g l e   w h i c h   t h e   c a p i l l a r i e s   22  b i s e c t  

is   90° ,   and  t h e   a n g l e   i s   l e s s   t h a n   9 0 ° ,   and  t h e r e f o r e ,  

t he   a i r   gaps   44  and  46  a r e   w i d e r   n e a r   t h e   t i p   24  of  t h e  

d i e   t i p   52  t h a n   a t   t h e   a r e a s   40  and  42.  In  o t h e r   w o r d s ,  

15  t he   a i r   g a p s   44  and  46  of  t h i s   d i e   c o n f i g u r a t i o n ,   w i d e n   a s  

o p p o s e d   to  n a r r o w ,   as  t h e   a t t e n u a t i n g   a i r   p r o g r e s s e s   ( a s  

i n d i c a t e d   by  t h e   a r r o w s   36  and  38)  . 

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

to  t he   a i r   p a s s a g e w a y s   a t   t h e   t e m p e r a t u r e s   r e p o r t e d   a s  

20  " m a n i f o l d   t e m p e r a t u r e "   in  t h e   T a b l e   b e l o w ,   and  a t   a  

p r e s s u r e   of  a b o u t   0.27  bar  (G)  (4  ps ig)   .  The  mel t -b lown  f i b e r s   t h u s  

f o r m e d   we re   b l o w n   to  a  f o r m i n g   s c r e e n   t h a t   w a s  

a p p r o x i m a t e l y   27.94  cm  (12  inches)   from  the  die  t i p .  

2  5  C o f o r m i n g  

U t i l i z i n g   t h e   c o n v e n t i o n a l   c o f o r m i n g   t e c h n i q u e s  

i l l u s t r a t e d   in  F i g u r e   5,  d r y   wood  p u l p   f i b e r s   h a v i n g  

l eng ths   of  0.635  to  1.27  cm  (1/4  to  1/2  inch)  were  i n c o r p o r a t e d   in to   t h e  

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

30  of  t h e s e   m i c r o f i b e r s   upon   t h e   f o r m i n g   s c r e e n .  

The  wood  p u l p   f i b e r s   w e r e   fed   to   a  p i c k e r   r o l l  

r o t a t i n g   a t   a  r a t e   of   a b o u t   3 , 0 0 0   rpm,  and  f i b e r  

t r a n s p o r t i n g   a i r   was  s u p p l i e d   to   t h e   p i c k e r   r o l l   a t   a  

p r e s s u r e   of  about  0.41  bar  (G)  (6  p s i g ) .   The  d i s t a n c e   between  the  n o z z l e  

35  of  t he   c o f o r m i n g   a p p a r a t u s   and  t h e   s t r e a m s   of   m e l t - b l o w n   • 

f i b e r s   was  n o t   a c t u a l l y   m e a s u r e d ,   b u t   i s   b e l i e v e d   to  h a v e  
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been  about  5.08  cm  (two  inches)   below  the  d i e   fciP  of  t h e  

m e l t - b l o w i n g   d i e ,   and  about  5.08  cm  (two  inches)   back  from  the  d i e  

t i p   of  t h e   m e l t - b l o w i n g   d i e .  

5  Web  F o r m a t i o n  

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

e l a s t o m e r i c   web  h a v i n g   a  w i d t h   in  t h e   c r o s s - m a c h i n e  

d i r e c t i o n   of  about   50.8  cm  (20  i n c h e s ) .   The  web  was  composed  of  a  

b l e n d   h a v i n g   t h e   c o m p o s i t i o n   i n d i c a t e d   in  T a b l e   V I I I   b e l o w  

10  f o r   t h e   two  r e s p e c t i v e   r u n s .  

TABLE  V I I I  

C o f o r m i n g   M i c r o f i b e r s   From  a  C o p o l y m e r  

of   E t h y l e n e   W i t h   V i n y l   A c e t a t e  

15  and  Wood  P u l p   F i b e r s  

Run  A  B 

C o m p o n e n t s   ,  Wt  .  % 

20  C o p o l y m e r   90  50 

Wood  P u l p   F i b e r   10  50 

O p e r a t i n g   C o n d i t i o n s  

25  E x t r u d e r   Temp.  S e t t i n g s ,   ° F . ( ° C )  

Zone  1  351  (177.5)  360  (182) 

Zone  2  ■  4 3 1 ( 2 2 1 . 5 )   4 5 7 ( 2 3 5 . 6 )  

Zone  3  433  (222.5)  451  ( 2 3 2 . 5 )  

30  Zone  4  4 3 4 ( 2 2 3 )   4 5 8 ( 2 3 6 . 1 )  

Zone  5  441  (227.5)  458  ( 2 3 6 . 1 )  

Die  P r e s s u r e ,   p s i g   (bar  (G)  )  2 0 1 ( 1 3 . 8 5 )   1 6 3 ( 1 1 . 2 3 )  

35  
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A t t e n u a t i n g   A i r  

T e m p e r a t u r e ,   ° F ( ° C )   392  (200)  4 7 0 ( 2 4 3 )  

P r e s s u r e ,   p s i g   (bar  (G)  )  3 .5   (0.24)  3.5  ( 0 . 2 4 )  

5 

P i c k e r   A i r   P r e s s u r e ,   p s i g   (bar  (G)  )  6  (0.41)  6 ( 0 . 4 1 )  

The  c o h e s i v e ,   n o n w o v e n   c o f o r m e d   f i b r o u s   webs  p r o d u c e d  

10  in  t h e s e   r u n s   w e r e   c h a r a c t e r i z e d   by  v e r y   h i g h   a b s o r b e n c y  

fo r   b o t h   o i l   and  w a t e r . ,   c o m p a r e d   to  c o p o l y m e r   webs  i n  

w h i c h   wood  p u l p   f i b e r   was  n o t   i n c o r p o r a t e d .   In  a d d i t i o n ,  

the   wood  p u l p   f i b e r   is   an  e x t r e m e l y   i n e x p e n s i v e   m a t e r i a l  

a t   p r e s e n t ,   so  t h a t   good  web  p r o p e r t i e s   we re   a t t a i n e d   a t  

15  r e l a t i v e l y   low  c o s t .   The  webs  had  good  h a n d .   The  w e b  

p r o d u c e d   f rom  run  A  had  good  t a c t i l e   c h a r a c t e r i s t i c s .   T h e  

web  p r o d u c e d   f rom  run   B  had  a  s o m e w h a t   r o u g h   f e e l   b e c a u s e  

of  t h e   r e l a t i v e l y   l a r g e   a m o u n t   of   wood  p u l p   f i b e r s .   B o t h  

webs  we re   e l a s t i c   and  e x h i b i t e d   good  r e c o v e r y   p r o p e r t i e s  

20  a f t e r   b e i n g   s t r e t c h e d .   Bo th   webs  we re   t h e r e f o r e   g o o d  

c a n d i d a t e s   f o r   t h e   i n t e r c a l a r y   l a y e r   in  a  t h r e e - l a y e r  

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

s t r e n g t h   and  a b r a s i o n   r e s i s t a n c e ,   f o r   e x a m p l e .   E x a m p l e s  

of  such   o u t e r   l a y e r s   m i g h t   be  s p u n - b o n d e d   p o l y e t h y l e n e   a n d  

25  s p u n - b o n d e d   p o l y p r o p y l e n e ,   or  s p u n - b o n d e d   f i b e r s   f r o m  

m i x t u r e s   of  t h e s e   two  p o l y o l e f i n s ,   or  a  r a n d o m   c o p o l y m e r  

of  b o t h .  

EXAMPLE  7 

30  M i c r o f i b e r s   and  Nonwoven   C o h e s i v e   E l a s t o m e r i c  

Webs  Made  From  E t h y l e n e - V i n y l   A c e t a t e   C o p o l y m e r  

U s i n g   t h e   t e c h n i q u e s   g e n e r a l l y   d e s c r i b e d   in  E x a m p l e  

1,  t h r e e   a d d i t i o n a l   r u n s   we re   made  to  make  m i c r o f i b e r s   a n d  

35  n o n w o v e n   c o h e s i v e   e l a s t o m e r i c   webs  f rom  e t h y l e n e - v i n y l  
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a c e t a t e   c o p o l y m e r .   T h i s   p a r t i c u l a r   c o p o l y m e r   w a s  

p u r c h a s e d   f rom  Exxon   C h e m i c a l   C o m p a n y ,   u n d e r   t h e  

d e s i g n a t i o n   L D - 7 6 3 .   I t   had  a  n o m i n a l   m e l t   i n d e x   at   1 9 0 ° C  

of  50,  and  c o n t a i n e d   28%  by  w e i g h t   of   v i n y l   a c e t a t e .  

5  The  b a s i s   w e i g h t s   f o r   t h e   t h r e e   webs  f rom  t h e   t h r e e  

d i f f e r e n t   runs ,   in  g/m2  (ounces  per  square   yard,   were,  r e s p e c t i v e l y ,  

115.28,   33.23  and  115.28  (3.4,   0.98  and  3 .4 ) .   Other  web  p r o p e r t i e s   a r e  
s u m m a r i z e d   in  T a b l e   IX  b e l o w ,   a l o n g   w i t h   t he   p r o p e r t i e s   o f  

a  web  made  f rom  a  s o m e w h a t   d i f f e r e n t   c o p o l y m e r   h a v i n g   a  

10  n o m i n a l   m e l t   i n d e x   a t   190°C  of   160,   and  c o n t a i n i n g   28%  b y  

w e i g h t   of   v i n y l   a c e t a t e .   The  web  p r o d u c e d   from  t h i s  

c o p o l y m e r   had  a  b a s i s   w e i g h t   of   84.76  g/m2  (2.5  ounces  p e r  

square   yard)  . 

15  TABLE  IX 

M i c r o f i b e r s   and  Webs  f rom  C o p o l y m e r  

Run  A  B  C  D 

20  

C o p o l y m e r  

N o m i n a l   M . I .   50  50  50  160  

%  VA  28  28  28  28 

25  

Web,  B a s i c   Wt.  , 
o z / y d . 2   (g/m2)  3 .4   2 . 9 8   3 .4   2 . 5  

(115.28)  (101.04)  (115.28)  ( 8 4 . 7 6 )  

P  .  Load  , 
30  MD/CD,  l b .   (kg)  5 . 4 / 4 . 1   1 . 8 / 1 . 3   5 . 3 / 3 . 5   4 . 0 / 3 . 2  

( 2 . 4 5 / 1 . 8 6 )   ( 0 . 8 2 / 0 . 5 9 )   ( 2 . 4 0 / 1 . 5 9 )   ( 1 . 8 1 / 1 . 4 5 )  

T.  T e a r ,   0 . 6 6 / ( 0 . 3 0 )   0 . 5 8 / ( 0 . 2 6 ) 0 . 9 3 / ( 0 . 4 2 ) 0 . 8 7 / ( 0 . 3 9 )  

MD/CD,  l b s .   (kg)  0 . 5 3   (0.24)  0 . 6 9   ( 0 . 3 1 ) 0 . 9 2 ( 0 . 4 1 ) 0 . 6 7 ( 0 . 3 0 )  

35  P-  S t r a i n  

MD/CD,  %  3 2 8 / 4 2 3   4 3 2 / 5 5 3   3 8 1 / 4 6 3   2 7 5 / 3 3 2  
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F r a z i e r ,   f t   /  U.  O  _I_  V_  J.  /  J-  t_  / 
m i n / f t 2   (mVmin./my)  5 2 4 ( 1 7 1 8 ) 1 0 8 0 ( 3 5 4 1 )   4 0 5 ( 1 3 2 8 )   3 7 2 ( 1 2 2 0 )  

A b s o r b e n c y ,   % 

5  HO  107  241  141  ■  '■  133  . 
O i l   319  363  288  3 7 7  

F i b e r   D i a m e t e r ,   -  -  16 .7   1 2 . 7  

10  In  e a c h   c a s e ,   t h e   webs  had  good   hand   and ,   as  t he   d a t a  

i n d i c a t e s ,   good  e l a s t i c i t y   and  a b s o r b e n c y .   S i n c e  

v i s c o s i t y   of  t he   m o l t e n   m a t e r i a l   d e c r e a s e s   as  t he   m e l t  

i n d e x   i n c r e a s e s ,   run   D  c o u l d   be  o p e r a t e d   a t   l o w e r  

e x t r u s i o n   p r e s s u r e s   t h a n   r u n s   A,  B  and  C .  

15  The  n o n w o v e n   e l a s t o m e r i c   f i b e r s ,   m i c r o f i b e r s   and  w e b s  

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

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

webs  may  be  u s e d   by  t h e m s e l v e s ,   or  t h e y   may  be  b o n d e d   t o  

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

20  g a r m e n t s   and  a r t i c l e s ,   by  w h i c h   i s   m e a n t   g a r m e n t s   a n d  

a r t i c l e s   d e s i g n e d   to  be  d i s c a r d e d   a f t e r   one  or  a  few  u s e s  

r a t h e r   t h a n   b e i n g   r e p e a t e d l y   l a u n d e r e d   and  r e u s e d .  

Nonwoven   webs  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   a r e   u s e f u l   p e r   se  as  w i p i n g   c l o t h s   b e c a u s e   o f  

25  t h e i r   good  a b s o r b e n c y .   T h i s   is   p a r t i c u l a r l y   t h e   c a s e   w i t h  

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

f i b e r .  

W h i l e   t h e   i n v e n t i o n   has   b e e n   d i s c l o s e d   in  t h i s   p a t e n t  

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

30  e m b o d i m e n t s   of  t h e   i n v e n t i o n ,   i t   i s   to  be  u n d e r s t o o d   t h a t  

t h i s   d i s c l o s u r e   i s   i n t e n d e d   in  an  i l l u s t r a t i v e   r a t h e r   t h a n  

in  a  l i m i t i n g   s e n s e ,   as  i t   i s   c o n t e m p l a t e d   t h a t  

m o d i f i c a t i o n s   w i l l   r e a d i l y   o c c u r   to  t h o s e   s k i l l e d   in  t h e  

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

35  the   a p p e n d e d   c l a i m s .  

HO  107  241  141  ■  •  133 
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1  CLAIMS 

1  .  E l a s t o m e r i c   f i b e r s   f o r m e d   f rom  a  

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

5  l e a s t   one  v i n y l   monomer   s e l e c t e d   froiir  t he   g r o u p  

i n c l u d i n g   v i n y l   e s t e r   m o n o m e r s   o b t a i n a b l e   by  r r e l t - b l o w i n g .  

2.  E l a s t o m e r i c   f i b e r s   f o r m e d   from  a  

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

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

e t h y l e n e - e t h y l   a c r y l a t e   c o p o l y m e r ,   e t h y l e n e -  

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

m e t h y l m e t h a c r y l a t e   c o p o l y m e r   o b t a i n a b l e   by  m e l t - b l o w i n g .  

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

f i b e r s   a r e   f o r m e d   f rom  a  b l e n d   of   a t   l e a s t   a b o u t   10% 

by  w e i g h t   of   s a i d   c o p o l y m e r   and  f rom  g r e a t e r   t h a n   0% 

by  w e i g h t   of   a t   l e a s t   one  c o m p a t i b l e   m o d i f y i n g  

p o l y m e r .  

2 0  

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

m o d i f y i n g   p o l y m e r   i s   s e l e c t e d   f rom  the   g r o u p  
c o n s i s t i n g   of   one  or  more   of   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 b u t e n e ,   e t h y l e n e   c o p o l y m e r s ,  
25  p r o p y l e n e   c o p o l y m e r s   and  b u t e n e   c o p o l y m e r s   . 

5.  The  e l a s t o m e r i c   f i b e r s   of   c l a i m   3  or  4,  wherein  s a i d  

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

p o l y e t h y l e n e .  
3 0  

6.  The  e l a s t o m e r i c   f i b e r s   o f   c l a i m   3,  w h e r e i n   s a i d  

m o d i f y i n g   p o l y m e r   i s   an  ABA'  b l o c k   c o p o l y m e r ,   w h e r e   A 
and  A'  a r e   e a c h   a  t h e r m o p l a s t i c   p o l y m e r   e n d b l o c k   t h a t  

i n c l u d e s   a  s t y r e n i c   m o i e t y   and  w h e r e   B  i s   a n  
3^  e l a s t o m e r i c   p o l y   ( e t h y l e n e - b u t e n e )   m i d b l o c k .  
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1  7.  The  e l a s t o m e r i c   f i b e r s   of  one  of  c l a i m s   3 - 6 ,   w h e r e i n  

s a i d   f i b e r s   a r e   f o r m e d   f rom  a  b l e n d   of  a t   l e a s t   a b o u t  

10%  by  w e i g h t   to  a b o u t   95%  by  w e i g h t   of  s a i d   c o p o l y m e r  
and  f rom  at   l e a s t   a b o u t   5%  by  w e i g h t   to  a b o u t   90%  b y  

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

b l e n d   of  a t   l e a s t   a b o u t   20%  by  w e i g h t   to  a b o u t   95%  b y  

w e i g h t   of  s a i d   c o p o l y m e r   and  f rom  at   l e a s t   a b o u t   5%  b y  

w e i g h t   to   a b o u t   80%  by  w e i g h t   of  s a i d   m o d i f y i n g   p o l y m e r ,  
and  mos t   p r e f e r a b l y   f rom  a  b l e n d   of  a t   l e a s t   a b o u t   50% 

10  by  w e i g h t   to  a b o u t   90%  by  w e i g h t   of  s a i d   c o p o l y m e r   a n d  

f rom  at   l e a s t   a b o u t   10%  by  w e i g h t   to  a b o u t   50%  by  w e i g h t  
of  s a i d   m o d i f y i n g   p o l y m e r .  

8.  E l a s t o m e r i c   f i b e r s   f o r m e d   f rom  an  e t h y l e n e - v i n y l   a c e t a t e  

15  c o p o l y m e r   h a v i n g   a  m e l t   i n d e x   of  f rom  a b o u t   32  to  a b o u t  

500  g r ams   p e r   t e n   m i n u t e s ,   p r e f e r a b l y   f rom  a b o u t   50  t o  

a b o u t   200  g r a m s   p e r   t e n   m i n u t e s ,   and  mos t   p r e f e r a b l y  
f rom  a b o u t   15  0  to   a b o u t   2  00  g r a m s   p e r   t e n   m i n u t e s   a n d  

o b t a i n a b l e   by  m e l t - b l o w i n g .  

2 0  
9.  The  e l a s t o m e r i c   f i b e r s   of  c l a i m   8,  w h e r e i n   s a i d  

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

10%  by  w e i g h t   to   a b o u t   50%  by  w e i g h t ,   p r e f e r a b l y   f r o m  

a b o u t   18%  by  w e i g h t   to  a b o u t   3  6%  by  w e i g h t   of  v i n y l  

25  a c e t a t e   m o n o m e r .  

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

qq  11.  A  f i b r o u s   n o n w o v e n   c o h e r e n t   e l a s t o m e r i c   web  c o m p r i s i n g  
f i b e r s   as  d e s c r i b e d   in  one  of  t h e   p r e c e d i n g   c l a i m s .  

12.  A  c o m p o s i t e   e l a s t o m e r i c   web  c o m p r i s i n g :  
(a)  e l a s t o m e r i c   f i b e r s   a c c o r d i n g   to   one  of  t h e  

gg  p r e c e d i n g   c l a i m s ;   a n d  
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1  (b)  a t   l e a s t   one  t y p e   of  s e c o n d a r y   f i b e r   u n i f o r m l y  
d i s t r i b u t e d   t h r o u g h o u t   s a i d   w e b .  

13.  A  c o m p o s i t e   f i b r o u s   n o n w o v e n   e l a s t o m e r   ic  web  c o m p r i s i n g :  

5  (a)  e l a s t o m e r i c   f i b e r s   a c c o r d i n g   to   c l a i m   8  or  9  ; 
a n d  

(b)  f r o m   g r e a t e r   t h a n   0%  by  w e i g h t   to   a b o u t   80%  b y  
w e i g h t   of  a t   l e a s t   one  t y p e   of  s e c o n d a r y   f i b e r .  

10  14.  The  c o m p o s i t e   e l a s t o m e r i c   web  of  c l a i m   13,  w h e r e i n   s a i d  

e l a s t o m e r i c   f i b e r s   a r e   m i c r o f   i b e r s   . 

15.  The  c o m p o s i t e   e l a s t o m e r i c   web  of  c l a i m   13  or   14,  w h e r e i n  
s a i d   s e c o n d a r y   f i b e r   c o m p r i s e s   f rom  a b o u t   3  0%  by  w e i g h t  

15  to   a b o u t   70%  by  w e i g h t   of  s a i d   e l a s t o m e r i c   w e b .  

16.  The  c o m p o s i t e   e l a s t o m e r i c   web  of  one  of  c l a i m s   13  to  1 5 ,  
w h e r e i n   s a i d   s e c o n d a r y   f i b e r   c o m p r i s e s   p o l y o l e f i n  
f i b e r s .  

2 0  
17.  The  c o m p o s i t e   e l a s t o m e r i c   web  of  one   of  c l a i m s   13  to  1 5 ,  

w h e r e i n   s a i d   s e c o n d a r y   f i b e r   i s   s e l e c t e d   f rom  t h e   g r o u p  
c o n s i s t i n g   of  wood  p u l p   f i b e r ,   s t a p l e   n a t u r a l   f i b e r ,  
s t a p l e   a r t i f i c i a l   f i b e r ,   and  m i x t u r e s   t h e r e o f .  

2 5  

18.  a  c o m p o s i t e   e l a s t o m e r i c   web  c o m p r i s i n g :  

(a)  m e l t b l o w n   e l a s t o m e r i c   f i b e r s   f o r m e d   from  a  

b l e n d   o f :  

( i)   a t   l e a s t   a b o u t   10%  by  w e i g h t   of  a  

30  c o p o l y m e r   o f   e t h y l e n e   and  a t   l e a s t   one  v i n y l   m o n o m e r  

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

m o n o m e r s   ;  a n d  

( i i )   f r o m   g r e a t e r   t h a n   0%  by  w e i g h t   t o  

a b o u t   90%  by  w e i g h t   of   a t   l e a s t   one  c o m p a t i b l e  

35  m o d i f y i n g   p o l y m e r ,   a n d  

(b)  a t   l e a s t   one  t y p e   o f   s e c o n d a r y   f i b e r  

u n i f o r m l y   d i s t r i b u t e d   t h r o u g h o u t   s a i d   w e b .  
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1  19.  A  c o m p o s i t e   e l a s t o m e r i c   web  c o m p r i s i n g :  

(a)  m e l t b l o w n   e l a s t o m e r i c   f i b e r s   f o r m e d   from  a  

b l e n d   o f :  

(i)  a t   l e a s t   a b o u t   10%  by  w e i g h t   of  a  
5 

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

e t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r ,   e t h y l e n e - e t h y l  

a c r y l a t e   c o p o l y m e r ,   e t h y l e n e - m e t h y l a c r y l a t e   c o p o l y m e r  

and  e t h y l e n e - m e t h y l m e t h a c r y l a t e   c o p o l y m e r ;   a n d  

( i i )   f rom  g r e a t e r   t h a n   0%  by  w e i g h t   t o  

a b o u t   90%  by  w e i g h t   of  a t   l e a s t   one  c o m p a t i b l e  

m o d i f y i n g   p o l y m e r ,   a n d  

(b)  a t   l e a s t   one  t y p e   of   s e c o n d a r y   f i b e r  

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

20.  A  c o m p o s i t e   e l a s t o m e r i c   web  c o m p r i s i n g :  

(a)  m e l t b l o w n   e l a s t o m e r i c   f i b e r s   f o r m e d   f rom  a  

b l e n d   o f :  

(i)  a t   l e a s t   a b o u t   10%  by  w e i g h t   of  a n  

e t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r   h a v i n g   a  m e l t   i n d e x  
2 0  of  f rom  a b o u t   3  2  to   a b o u t   500  g r a m s   p e r   t e n   m i n u t e s ;  

a n d  

( i i )   f rom  g r e a t e r   t h a n   0%  by  w e i g h t   t o  

a b o u t   90%  by  w e i g h t   of   a t   l e a s t   one  c o m p a t i b l e  

m o d i f y i n g   p o l y m e r ,   a n d  

(b)  a t   l e a s t   one  t y p e   of   s e c o n d a r y   f i b e r  

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

21.  The  c o m p o s i t e   e l a s t o m e r i c   web  of   c l a i m   2.0  w h e r e i n  

s a i d   e t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r   has   a  m e l t  
OQ 

i n d e x   of   f rom  a b o u t   50  to   a b o u t   200  g r a m s   p e r   t e n  

m i n u t e s   . 

22.  The  composi te   e l a s t o m e r i c   web  of  one  of  c la ims  18  to  21,  w h e r e i n  

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

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

p r o p y l e n e   c o p o l y m e r s   and  b u t e n e   c o p o l y m e r s .  
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1  23  .  The  compos i te   e l a s t o m e r   ic  web  of  one  of  c la ims  18  to  21,  w h e r e i n  

s a i d   m o d i f y i n g   p o l y m e r   i s   a t   l e a s t   one  ABA1  b l o c k  

c o p o l y m e r ,   w h e r e   A  and  A1  a r e   e a c h   a  t h e r m o p l a s t i c  

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

5  w h e r e   B  i s   an  e l a s t o m e r i c   p o l y   ( e t h y l e n e - b u t e n e )  

m i d b l o c k .  

24.   The  c o m p o s i t e   e l a s t o m e r i c   web  of  one   of  c l a i m s   18  to  2 3 ,  

w h e r e i n   s a i d   s e c o n d a r y   f i b e r   i s   p r e s e n t   in  an  amoun t   o f  

10  f rom  g r e a t e r   t h a n   0%  by  w e i g h t   to   a b o u t   80%  by  w e i g h t ,  

p r e f e r a b l y   in  an  a m o u n t   of  f rom  a b o u t   3  0%  by  w e i g h t   t o  

a b o u t   70%,  and  m o s t   p r e f e r a b l y   in   an  a m o u n t   of  f r o m  

a b o u t   50%  by  w e i g h t   to   a b o u t   70%  by  w e i g h t   of  s a i d   w e b .  

15  25.   The  compos i te   e l a s t o m e r i c   web  of  one  of  c la ims   18  to  24,  w h e r e i n  
s a i d   s e c o n d a r y   f i b e r   i s   s e l e c t e d   f rom  t h e   g r o u p  
c o n s i s t i n g   o f   wood  p u l p   f i b e r ,   s t a p l e   n a t u r a l   f i b e r ,  

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

20  '26.  An  e x t r u d a b l e   c o m p o s i t i o n   c o m p r i s i n g :  

f rom  a b o u t   10%  by  w e i g h t   to   a b o u t   95%  by  w e i g h t  

of   a  c o p o l y m e r   o f   e t h y l e n e   and   v i n y l   a c e t a t e   h a v i n g   a  
m e l t   i n d e x   in   t h e   r a n g e   f r o m   a b o u t   3  2  to  a b o u t   5 0 0  

g r a m s   p e r   t e n   m i n u t e s   and  f r o m   a b o u t   10%  by  w e i g h t   t o  

25  a b o u t   50%  by  w e i g h t   o f   v i n y l   a c e t a t e ,   a n d  

f rom  a t   l e a s t   a b o u t .   5%  by  w e i g h t   to   a b o u t   90%  b y  

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

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

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

c o p o l y m e r s ,   p r o p y l e n e   c o p o l y m e r s ,   and  b u t e n e  

c o p o l y m e r   s  . 

3 5  
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