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Extrusion  process  and  an  extrusion  die  with  a  central  air  jet. 
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@  A  thermoplastic  material  extrusion  mechanism  is  pro- 
vided  which  includes  a  die  head  having  a  centrally  disposed 
high  velocity  gas  delivery  means  adapted  to  continuously 
emit  a  jet  of  a  gas  having  shear  layers,  at  least  one  chamber 
for  the  thermoplastic  material,  thermoplastic  material  deliv- 
ery  means  arranged  at  least  partially  surrounding  the  cen- 
trally  disposed  high  velocity  gas  delivery  means  for  direct- 
ing  extruded  thermoplastic  material  emitted  from  the  ther- 
moplastic  material  delivery  means  toward  the  gas  jet,  caus- 
ing  the  extruded  thermoplastic  material  to  be  introduced  in- 
to  the  shear  layers  of  the  gas  jet,  and  a  thermoplastic  mate- 
rial  conduit  which  communicates  the  at  least  one  chamber 
with  each  of  the  thermoplastic  material  extrusion  openings. 

A  method  of  producing  fibers  of  a  thermoplastic  mate- 
rial  is  also  provided  which  comprises  the  steps  of  (a)  form- 
ing  a  high  velocity  gas  jet  having  shear  layers,  (b)  extruding 
at  least  one  stream  of  a  molten  thermoplastic  material  from 
at  least  one  thermoplastic  material  delivery  means  arrang- 
ed  adjacent  and  at  least  partly  surrounding  the  high  velocity 
gas  jet,  and  (c)  merging  the  at  least  one  thermoplastic  ma- 
terial  stream  with  the  shear  layers  of  the  high  velocity  gas 
jet  to  attentuate  the  thermoplastic  material  into  fibers,  form- 
ing  thereby  fiber  streams  of  the  thermoplastic  material. 
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T e c h n i c a l   F i e l d :  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  e x t r u s i o n  

p r o c e s s   fo r   p r o d u c i n g   f i b e r s   and  n o n w o v e n   ma t s   t h e r e -  

f rom  and  to  an  a p p a r a t u s   u s e d   t h e r e f o r .   More  p a r t i -  

c u l a r l y ,   t he   p r e s e n t   i n v e n t i o n   r e l a t e s   to  m e l t - b l o w -  

ing  p r o c e s s e s   in  w h i c h   a  t h e r m o p l a s t i c   m a t e r i a l   i n  

m o l t e n   form  is   e x t r u d e d   f rom  o u t l e t   n o z z l e s   such   t h a t  

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

a  gas   j e t   e m a n a t i n g   f rom  a  h i g h   v e l o c i t y   gas   d e l i v e r y  

n o z z l e .  

B a c k g r o u n d   A r t :  

V a r i o u s   known  m e l t   b l o w i n g   p r o c e s s e s   have   b e e n  

d e s c r i b e d   in  " 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 "   b y  

W e n t e ,   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 u m e  

48,  Number  8,  P a g e s   1 3 4 2 - 1 3 4 6 ,   A u g u s t   1 9 5 6 ,   " M a n u f a c -  

t u r e   Of  S u p e r f i n e   O r g a n i c   F i b e r 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 ,   Number  1 1 1 4 3 7 ,   1 9 5 4 ,   and  U.  S .  

P a t e n t   3 , 6 7 6 , 2 4 2   to  P r e n t i c e .   A p p a r a t u s e s   s u i t a b l e  

fo r   use  in  such   p r o c e s s e s   a r e   d e s c r i b e d   in  "An  I m -  

p r o v e d   D e v i c e   For  The  F o r m a t i o n   Of  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 " ,   by  K.  D.  L a w r e n c e   e t   a l ,   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 ,   Number  5265 ,   F e b r u a r y   1 1 ,  

1 9 5 9 ,   and  in  U.  S.  P a t e n t   3 , 9 8 1 , 6 5 0   to  P a g e .  

Nonwoven  ma t s   p r o d u c e d   by  t h e s e   and  o t h e r   c u r -  

r e n t l y   known  m e l t   b l o w i n g   p r o c e s s e s   and  t he   a p p a r a -  
t u s e s   u s e d   t h e r e f o r   e m p l o y   an  e x t r u d e r   to  f o r c e   a  h o t  

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

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

s t r e a m s   of  h e a t e d   g a s ,   u s u a l l y   a i r   a r r a n g e d   on  a l t e r -  

n a t e   s i d e s   of  t he   e x t r u s i o n   o r i f i c e s .   F i b e r s   of  t h e  

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

s t r e a m ,   t he   f i b e r s   s o l i d i f y i n g   a t   a  p o i n t   whe re   t h e  

t e m p e r a t u r e   is  low  e n o u g h .  

D i s c l o s u r e   Of  I n v e n t i o n :  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   t he   p o t e n t i a l   t o  

a t   l e a s t   d o u b l e   t h e   t h r o u g h p u t   r a t e   r e a l i z e d   by  c u r -  

r e n t l y   u sed   m e l t   b l o w i n g   p r o c e s s e s   and  a p p a r a t u s e s  

u s e d   t h e r e f o r .  

The  a p p a r a t u s   and  m e t h o d   of  the   p r e s e n t   i n v e n -  

t i o n   a l s o   p e r m i t   t he   f o r m a t i o n   of  c o m p o s i t e   webs  o f  

two  or  more  d i f f e r e n t   p o l y m e r s .  

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

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

the   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   due  to  t he   c l o s e r  

p r o x i m i t y   of  t he   f i b e r s   to  t he   q u e n c h i n g   a i r   or  w a t e r  

v a p o r   used   in  t he   p r o c e s s .  
The  p r e s e n t   i n v e n t i o n   a d d i t i o n a l l y   p r o v i d e s   m o r e  

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

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

d o w n s t r e a m   r e g i o n .  
The  p r e s e n t   i n v e n t i o n   a l s o   p e r m i t s   the   e n t a n g l e -  

men t   of  f i l a m e n t s  o r  f i b e r s   in  t he   i n i t i a l   s h e a r  

r e g i o n   in  wh ich   t u r b u l e n c e   s c a l e s   a re   s m a l l e r .  



T h e s e   and  o t h e r   a d v a n t a g e s   of  t he   p r e s e n t   i n v e n -  

t i o n   a r e   p r o v i d e d   by  a  m e l t   b l o w i n g   d e v i c e   w h i c h  

i n c l u d e s   a  d i e   head   h a v i n g   a t   l e a s t   one  c e n t r a l l y  

d i s p o s e d   h i g h   v e l o c i t y   gas   or  f l u i d   d e l i v e r y   m e a n s  
w h i c h   is  a d a p t e d   to  c o n t i n u o u s l y   e m i t   a  j e t   of  f l u i d ,  

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

l e a s t   one  c h a m b e r   f o r   t h e r m o p l a s t i c   m a t e r i a l .   A t  

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

as  one  or  more  t h e r m o p l a s t i c   m a t e r i a l   e x t r u s i o n  

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

a r e   f o r m e d   in  t he   d i e   head   a d j a c e n t   to  the   h i g h  

v e l o c i t y   gas   d e l i v e r y   m e a n s .   The  c e n t r a l l y   d i s p o s e d  

h i g h   v e l o c i t y   gas   d e l i v e r y   means   may  be  p l a c e d  

b e t w e e n   or  s u r r o u n d e d   by  the   one  or  more  t h e r -  

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

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

one  t h e r m o p l a s t i c   m a t e r i a l   may  be  s u p p l i e d   to  i n d i v i -  

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

C o n d u i t   means   fo r   f l u i d   c o m m u n i c a t i o n   b e t w e e n   t h e  

c h a m b e r   or  c h a m b e r s   and  each   of  t he   t h e r m o p l a s t i c  
m a t e r i a l   e x t r u s i o n   o p e n i n g s   a r e   p r o v i d e d   fo r   t r a n s f e r  

of  t he   t h e r m o p l a s t i c   m a t e r i a l .   A  means   fo r   s u p p l y i n g  

t he   t h e r m o p l a s t i c   m a t e r i a l   to  t he   c h a m b e r   or  c h a m b e r s  

is  a l s o   p r o v i d e d .   The  t h e r m o p l a s t i c   m a t e r i a l   e x t r u -  

s i o n   o p e n i n g s   a r e   a r r a n g e d   to  d i r e c t   the   e x t r u d e d  

t h e r m o p l a s t i c   m a t e r i a l   t o w a r d   t he   gas   j e t   such   t h a t  

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

i n t o   t he   s h e a r   l a y e r s   of  t he   gas   j e t .   A  d e p o s i t i n g  

s u r f a c e   may  be  p r o v i d e d   fo r   c o l l e c t i o n   of  s t r e a m s   o f  

a t t e n u a t e d   f i b e r s   w h i c h   a r e   f o r m e d   by  the   e x t r u d e d  

t h e r m o p l a s t i c   m a t e r i a l   a f t e r   c o n t a c t   w i t h   the   j e t   o f  

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

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

mat  t h e r e f r o m   a c c o r d i n g   to  the   s t e p s   in  wh ich   a t  



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

or  j e t   is   f o r m e d   and  a t   l e a s t   one  s t r e a m ,   g e n e r a l l y  
two  or  more  s t r e a m s ,   of  a  m o l t e n   t h e r m o p l a s t i c   m a t e r -  
i a l   e x t r u d e d   f rom  at   l e a s t   one  t h e r m o p l a s t i c   m a t e r i a l  

e x t r u s i o n   o p e n i n g   or  o r i f i c e   wh ich   a t   l e a s t   p a r t i a l l y  

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

v e l o c i t y   gas   j e t   is   m e r g e d   w i t h   t he   s h e a r   l a y e r s   o f  

t he   l a t t e r .   T h i s   r e s u l t s   in  t he   f o r m a t i o n   of  a t  

l e a s t   one  s t r e a m   of  f i b e r s   of  t he   t h e r m o p l a s t i c   m a -  
t e r i a l   w h i c h   may  be  d i r e c t e d   o n t o   a  c o l l e c t i n g   s u r -  

f a c e ,   f o r m i n g   t h e r e b y   a  m e l t   b lown  n o n w o v e n   m a t .  

U n l i k e   t h e   p r e s e n t   i n v e n t i o n ,   m e l t   b l o w i n g   p r o c e s s e s  
f o r   p r o d u c i n g   n o n w o v e n   ma t s   known  h e r e t o f o r e   h a v e  

e x t r u d e d   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   i n  

m o l t e n   form  t h r o u g h   o r i f i c e s   of  a  h e a t e d   n o z z l e   i n t o  

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

j e t s   wh ich   a t   l e a s t   p a r t i a l l y   s u r r o u n d   the   e x t r u s i o n  

o r i f i c e s   to  a t t e n u a t e   t he   m o l t e n   r e s i n   as  a  s i n g l e  

s t r e a m   or  row  of  f i b e r s   w h i c h   a r e   t h e r e a f t e r   c o l l e c t -  

ed  on  a  r e c e i v e r   to  form  a  n o n w o v e n   m a t .  

B r i e f   D e s c r i p t i o n   Of  D r a w i n q s :  

F i g u r e   1  is   a  s o m e w h a t   s c h e m a t i c   s i d e   e l e v a t i o n -  

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

head   h a v i n g   a  s t r u c t u r e   and  o p e r a t i o n   a c c o r d i n g   t h e  

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

F i g u r e   2  is   a  s i d e   e l e v a t i o n a l   v i e w ,   in  s e c t i o n ,  

of  an  e m b o d i m e n t   of  t he   d i e   t i p   of  t he   p r e s e n t   i n v e n -  

t i o n ;  

F i g u r e s   3 a - f   i l l u s t r a t e   b o t t o m   v i e w s   of  d i e   t i p s  

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

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

h i g h   v e l o c i t y   gas   d e l i v e r y   m e a n s ;  

F i g u r e   4  is   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e  



f o r m a t i o n   of  f i l a m e n t   s t r e a m s   in  the   s h e a r   l a y e r s   o f  

a  g a s e o u s   j e t ;  

F i g u r e   5  is   a  s i d e   e l e v a t i o n a l   v i e w ,   in  s e c t i o n ,  

of  an  a l t e r n a t i v e   e m b o d i m e n t   of  a  d i e   t i p   a c c o r d i n g  

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

F i g u r e   6  shows  an  e l e v a t i o n a l   v i e w ,   in  s e c t i o n ,  

of  an  e m b o d i m e n t   of  a  d i e   t i p   a c c o r d i n g   to  t he   p r e -  
s e n t   i n v e n t i o n   p r o v i d e d   w i t h   an  a u x i l i a r y   d u c t ;  

F i g u r e   7  i l l u s t r a t e s   in  s e c t i o n   a  s i d e   e l e v a -  

t i o n a l   v i ew   of  an  e m b o d i m e n t   of  a  d i e   t i p   a c c o r d i n g  

to  t he   p r e s e n t   i n v e n t i o n   p r o v i d e d   w i t h   a  means   f o r  

a d j u s t i n g   t he   s l o t s ;   a n d  

F i g u r e   8  is   a  s o m e w h a t   s c h e m a t i c   s i d e   e l e v a t i o n -  

a l   v i ew  of  an  e m b o d i m e n t   of  a  d i e   head   p r o v i d e d   w i t h  

two  t h e r m o p l a s t i c   m a t e r i a l   c h a m b e r s .  

B e s t   Modes  For  C a r r y i n g   Out  The  I n v e n t i o n :  

W h i l e   t he   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  c o n n e c -  
t i o n   w i t h   c e r t a i n   p r e f e r r e d   e m b o d i m e n t s ,   i t   is  to  b e  

u n d e r s t o o d   t h a t   t he   i n v e n t i o n   is  no t   to  be  l i m i t e d   t o  

t h o s e   e m b o d i m e n t s .   On  t h e   c o n t r a r y ,   i t   is  i n t e n d e d  

to  c o v e r   a l l   a l t e r n a t i v e s ,   m o d i f i c a t i o n s ,   and  e q u i v a -  

l e n t s   as  can  be  i n c l u d e d   w i t h i n   the   s p i r i t   and  s c o p e  
of  t he   i n v e n t i o n   as  d e f i n e d   in  t he   a p p e n d e d   c l a i m s .  

One  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n   is  i l -  

l u s t r a t e d   in  F i g u r e   1  in  w h i c h   a  d i e   head   or  e x t r u -  

s i o n   head   10  is  p r o v i d e d   w i t h   a  c h a m b e r   12  fo r   c o n -  

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

i a l .   The  t h e r m o p l a s t i c   m a t e r i a l   may  be  s u p p l i e d   t o  

c h a m b e r   12,  g e n e r a l l y   u n d e r   p r e s s u r e ,   by  d e l i v e r y  

means   or  d e v i c e s   36  such   as  a  s u p p l y   h o p p e r   and  a n  

e x t r u d e r   s c r e w   or  t he   l i k e .   The  t h e r m o p l a s t i c   m a t e r -  

i a l   may  be  r e n d e r e d   f l u i d   or  m o l t e n   by  one  or  m o r e  

h e a t e r s   39  p l a c e d   a p p r o p r i a t e l y ,   such   as  s u r r o u n d i n g  



t he   c h a m b e r   12,  s u r r o u n d i n g   the   h o p p e r   a n d / o r   b e t w e e n  

t he   h o p p e r   and  the   c h a m b e r .   As  shown  in  F i g u r e s   1 

and  3 a - f ,   c h a m b e r   12  is   p r o v i d e d   w i t h   o u t l e t   p a s s a g e s  
14  and  16  w h i c h   p e r m i t   t he   f l ow  of  m o l t e n  

t h e r m o p l a s t i c   m a t e r i a l   f rom  t he   c h a m b e r   to  a  

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

o p e n i n g s   or  o r i f i c e s   18  and  20  or  a  s i n g l e   s u c h  

o p e n i n g   19  l o c a t e d   in  a  p r e f e r a b l y   c i r c u l a r   d i e   t i p  

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

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

a i r ,   a t   a  h i g h   v e l o c i t y ,   w i t h   an  o p e n i n g   such   as  a  

n o z z l e   22  or  t he   l i k e   f rom  a  s o u r c e   of  i n e r t   g a s  
23.  L i k e   the   t h e r m o p l a s t i c   m a t e r i a l ,   t he   a i r  

e m a n a t i n g   f rom  t he   h i g h   v e l o c i t y   n o z z l e   may  be  h e a t e d  

by  a  h e a t e r   (no t   s h o w n ) ,   a p p r o p r i a t e l y   p l a c e d ,   s u c h  

as  in  or  s u r r o u n d i n g   the   s o u r c e   of  i n e r t   gas   23  o r  

n o z z l e   22  i t s e l f .   A l t e r n a t i v e l y ,   c h a m b e r   12  may  b e  

p r o v i d e d   w i t h   a  s i n g l e   o u t l e t   (shown  in  p h a n t o m   i n  

F i g u r e   1)  w h i c h   b r a n c h e s   or  f o r k s   i n t o   two  or  m o r e  

p a s s a g e s .   As  u s e d   h e r e i n   in  r e f e r r i n g   to  the   i n e r t  

gas   or  a  j e t   of  i n e r t   g a s ,   " h i g h   v e l o c i t y "   g e n e r a l l y  

d e s c r i b e s   j e t s   h a v i n g   v e l o c i t i e s   of  a b o u t   300  to  o v e r  

2 , 0 0 0   f e e t / s e c o n d .   A l s o   as  u sed   to  d e s c r i b e   t he   p r e -  

s e n t   i n v e n t i o n ,   t he   t e r m s   " c e n t r a l "   or  " c e n t r a l l y " ,  

as  a p p l i e d   to  t he   gas   d e l i v e r y   means   or  j e t s ,   g e n e r -  

a l l y   i n c l u d e s   a l l   s i t u a t i o n s   in  w h i c h   the   gas   d e -  

l i v e r y   means   is  s u r r o u n d e d   by  or  a r r a n g e d   b e t w e e n  

t h e r m o p l a s t i c   e x t r u s i o n   o p e n i n g s   or  a  p o r t i o n   t h e r e -  

o f .  

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,   t h e r e   may  b e  

as  few  as  a  s i n g l e   t h e r m o p l a s t i c   e x t r u s i o n   o p e n i n g   19 

s u r r o u n d i n g   or  at   l e a s t   two  t h e r m o p l a s t i c   e x t r u s i o n  

o p e n i n g s   18  and  20  p l a c e d   a r o u n d   an  o p e n i n g  

c o m p r i s i n g   the   h i g h   v e l o c i t y   gas   d e l i v e r y   means   o r  

a i r   n o z z l e   22.  H o w e v e r ,   as  is  more  common  among  m e l t  



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

22  has   t he   form  of  an  e l o n g a t e d   o p e n i n g   or  s l o t   and  a  

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

or  s l i t s   18  and  20  a r e   a r r a n g e d   in  rows  on  o p p o s i t e  

s i d e s   of  t he   gas   d e l i v e r y   means   22  as  in  F i g u r e s   3 a  

and  3b.  The  o p e n i n g s   18  and  20  a r e   a r r a n g e d   s u c h  

t h a t   t h e i r   l o n g i t u d i n a l   a x e s   form  an  i n c l u d e d   a n g l e  
w i t h   t he   l o n g i t u d i n a l   a x i s   of  t he   h i g h   v e l o c i t y   g a s  

d e l i v e r y   n o z z l e   of  a b o u t   30  d e g r e e s   to  l e s s   t h a n  

a b o u t   90  d e g r e e s .   As  i n d i c a t e d   by  the   e m b o d i m e n t  

shown  in  F i g u r e   2,  t y p i c a l l y   t h i s   a n g l e   is  a b o u t   60 

d e g r e e s .  

Some  of  t he   a r r a n g e m e n t s   of  t he   c e n t r a l l y   p l a c e d  

gas   j e t   and  t h e r m o p l a s t i c   e x t r u s i o n   o p e n i n g s   of  t h e  

p r e s e n t   i n v e n t i o n ,   as  v i e w e d   f rom  the   b o t t o m ,   a r e  

shown  in  F i g u r e s   3 a - f .   One  p r e f e r r e d   a r r a n g e m e n t   i s  

shown  in  F i g u r e   3a  in  w h i c h   two  s e r i e s   of  h o l e s   18 

and  20  a r e   a r r a n g e d   in  rows  s u b s t a n t i a l l y   p a r a l l e l   t o  

and  on  o p p o s i t e   s i d e s   of  n o z z l e   22,  f o r m e d   as  a  l i n -  

e a r ,   e l o n g a t e d   o p e n i n g   or  s l o t .   Each  of  t he   o p e n i n g s  
in  s e r i e s   18  may  be  a r r a n g e d   o p p o s i t e   to  a  c o r r e -  

s p o n d i n g   h o l e   in  s e r i e s   20.  A l t e r n a t i v e l y ,   the   h o l e s  

in  t he   two  s e r i e s   may  have   a  s t a g g e r e d   or  s k e w e d  

r e l a t i o n s h i p   w i t h   r e s p e c t   to  one  a n o t h e r .   F i g u r e   3 b  

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

e x t r u s i o n   o p e n i n g s   18  and  20  t a k e   the   form  of  e l o n -  

g a t e d   l i n e a r   o p e n i n g s   or  s l i t s   p l a c e d   p a r a l l e l   to  a n d  

on  o p p o s i t e   s i d e s   of  t he   e l o n g a t e d   l i n e a r   gas   n o z z l e  

or  s l o t   22.  The  a r r a n g e m e n t   shown  in  F i g u r e   3c  p r o -  
v i d e s   f o r   t he   i n e r t   gas  to  be  e m i t t e d   f rom  c a p i l l a r y  

gas   n o z z l e s   22  a r r a n g e d   w i t h i n   an  e l o n g a t e d   s l i t   19 

f rom  w h i c h   the   p o l y m e r i c   m a t e r i a l   f l o w s .   A l t h o u g h  

n o z z l e s   22  a r e   a r r a n g e d   h e r e   l i n e a r l y   a l o n g   a  p l a n e  

p a s s i n g   t h r o u g h   the   c e n t e r   and  p a r a l l e l   to  the   e l o n -  

g a t e d   e d g e s   of  the   s l i t ,   o t h e r   a r r a n g e m e n t s ,   such   a s  



an  a l t e r n a t i n g   or  z i g z a g   a r r a n g e m e n t   of  the   a i r   n o z -  
z l e s ,   a r e   a l s o   p o s s i b l e .  

F i g u r e   3d  i l l u s t r a t e s   an  e x t r u s i o n   a r r a n g e m e n t  
in  w h i c h   an  i n e r t   gas   n o z z l e   22,  h a v i n g   a  c i r c u l a r  

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

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

c y l i n d r i c a l   o p e n i n g   and  the   o u t e r   s u r f a c e   of  t h e  
i n e r t   gas   n o z z l e   form  an  a n n u l a r   e x t r u s i o n   o p e n i n g  
19.  In  t h i s   e m b o d i m e n t   and  t he   a r r a n g e m e n t   shown  i n  

F i g u r e   3e,   t he   c e n t r a l   a i r   n o z z l e   22  may  have   a  d i a -  

m e t e r   of  up  to  a b o u t   two  i n c h e s .   The  e m b o d i m e n t  

shown  in  F i g u r e   3e  i n c l u d e s   a  p l u r a l i t y   of  t h e r m o -  

p l a s t i c   p o l y m e r   e x t r u s i o n   o p e n i n g s   18  and  20  a r r a n g e d  
in  s p a c e d   r e l a t i o n s h i p   to  one  a n o t h e r   and  to  t h e  

i n e r t   gas   n o z z l e   a r o u n d   the   c i r c u m f e r e n c e   of  t h e  

i n e r t   gas   n o z z l e .   F i n a l l y ,   F i g u r e   3f  i l l u s t r a t e s   a  

p l u r a l i t y   of  c a p i l l a r y   gas   n o z z l e s   22  a r r a n g e d   c e n -  

t r a l l y   w i t h i n   a  t h e r m o p l a s t i c   e x t r u s i o n   o p e n i n g   19  

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

The  d i e   head   a r r a n g e m e n t   of  t he   p r e s e n t   i n v e n -  

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

t r a n s f e r r e d   f rom  c h a m b e r   12  t h r o u g h   the   p a s s a g e s   o r  

c o n d u i t s   14  and  16  to  t he   e x t r u s i o n   o p e n i n g s   19  or  18 

and  20,  w h e r e u p o n ,   as  shown  in  F i g u r e   4,  t he   m o l t e n  

e x t r u d a t e   e m e r g e s   and  c o n t a c t s   the   s h e a r   l a y e r s   o f  

the   a t   l e a s t   one  j e t   of  h i g h   v e l o c i t y   gas   w h i c h   i s  

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

or  more  c e n t r a l l y   p l a c e d   n o z z l e s   22.  As  u s e d   h e r e i n ,  

t he   s h e a r   l a y e r s   a r e   c o n s i d e r e d   to  be  t h o s e   l a y e r s   o r  

p o r t i o n s   of  t he   i n e r t   gas   j e t   l o c a t e d   in  the   p e r i -  

p h e r a l   r e g i o n s   of  the   j e t .   T h i s   a r r a n g e m e n t   r e s u l t s  

in  a  p l u r a l i t y   of  s t r e a m s ,   p r e f e r a b l y   two  s t r e a m s ,   i n  

t he   p r e f e r r e d  e m b o d i m e n t s   s h o w n  i n   F i g u r e s   3a  and  3 b  

of  m o l t e n   e x t r u d a t e   b e i n g   f i r s t   a t t e n u a t e d   in  t h e  

p e r i p h e r a l   p o r t i o n s   or  s h e a r   l a y e r s   of  the   j e t   o r  



j e t s ,   t h e r e b y   f o r m i n g   f i l a m e n t s   or  f i b e r s   wh ich   a r e  

mixed   and  d i r e c t e d   to  a  f o r m i n g   or  c o l l e c t i n g  

f o r a m i n o u s   s u r f a c e   37,  such   as  a  r o l l ,   (shown  i n  

F i g u r e   8)  or  a  m o v i n g   w i r e   p l a c e d   in  t he   v i c i n i t y   o f  

t he   d i e   h e a d s ,   w h e r e   t he   f i b e r s   fo rm  a  m a t r i x   or  m a t  

3 8 .  

S i n c e ,   w i t h   t he   e x c e p t i o n   of  t he   e m b o d i m e n t  

shown  in  F i g u r e   3d  in  wh ich   the   a n n u l a r   e x t r u s i o n  

o p e n i n g   19  e x t e n d s   a r o u n d   t he   c i r c u m f e r e n c e   of  t h e  

n o z z l e   o p e n i n g   22,  at   l e a s t   two  s t r e a m s   of  t h e r m o -  

p l a s t i c   m a t e r i a l   e x t r u d a t e   a r e   f o r m e d   by  the   e x t r u -  

s i o n   head   of  t he   p r e s e n t   i n v e n t i o n ,   wh ich   s t r e a m s   m a y  
be  u l t i m a t e l y   a t t e n t u a t e d   to  form  f i n e   f i l a m e n t s   o r  

f i b e r s   in  t h e   n o n w o v e n   ma t ,   t h e   p r e s e n t   i n v e n t i o n  

p r o v i d e s   t he   p o t e n t i a l   to  more  t h a n   d o u b l e   t h e  

t h r o u g h p u t   r a t e   of  f i b e r   f o r m a t i o n   c o m p a r e d   to  e x i s t -  

ing   p r o c e s s e s   and  a p p a r a t u s   used   t h e r e f o r .   In  a d d i -  

t i o n ,   s i n c e   t he   f i l a m e n t s   f o r m e d   by  the   d i e   head   o f  

the   p r e s e n t   i n v e n t i o n   a r e   a t t e n u a t e d   in  t he   s h e a r  

l a y e r s   of  t h e   h i g h   v e l o c i t y   gas   s t r e a m ,   t h e s e   f i l a -  

m e n t s   a r e   c l o s e r   to  t he   a i r   e n t r a i n e d   f rom  the   a t m o s -  

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

much  more  e f f e c t i v e   t h a n   c o n v e n t i o n a l   a p p a r a t u s   i n  

wh ich   a i r   j e t s   c o n v e r g e   on  a  c e n t r a l l y   e m i t t e d   s t r e a m  

of  t h e r m o p l a s t i c   m a t e r i a l .  

F i g u r e s   2  and  5  i l l u s t r a t e   in  s e c t i o n   s e v e r a l  

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

c i t y   gas   d e l i v e r y   n o z z l e   22.  T h u s ,   t he   w a l l   s e c t i o n s  

24  of  t he   o u t l e t   p o r t i o n   of  t he   n o z z l e   22  may  b e  

s t r a i g h t   and  may  be  a r r a n g e d   s u b s t a n t i a l l y   p a r a l l e l  

to  one  a n o t h e r ,   as  shown  in  F i g u r e s   5  to  7  or  may  b e  

a r r a n g e d   to  form  an  i n c l u d e d   a n g l e   w i t h   r e s p e c t   t o  

e a c h   o t h e r ,   as  is  shown  in  F i g u r e   2.  T y p i c a l l y ,   w i t h  

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

the   w a l l   s e c t i o n s   of  the   t i p   of  t he   h i g h   v e l o c i t y   g a s  



o u t l e t   n o z z l e   is  a b o u t   60  d e g r e e s .   Wi th   t he   o t h e r  

p r e f e r r e d   w a l l   c o n f i g u r a t i o n s   in  wh ich   the   w a l l   s e c -  
t i o n s   24  a r e   s u b s t a n t i a l l y   p a r a l l e l ,   the   t i p   of  t h e  

n o z z l e   has   a  s l i g h t l y   d i f f e r e n t   c o n f i g u r a t i o n .   A s  

i l l u s t r a t e d ,   t he   t i p   of  t he   n o z z l e   has   a  c o n t o u r e d   o r  

g r a d u a l l y   c u r v i n g   and  t a p e r i n g   c o n f i g u r a t i o n   in  w h i c h  

t he   o u t l e t   n o z z l e   w a l l s   26,  w h i c h   a r e   a r r a n g e d   i n  

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

g r a d u a l   S - s h a p e d   c o n f i g u r a t i o n   27  to  a  more  c o n -  

s t r i c t e d   n o z z l e   t i p   28  in  w h i c h   t he   w a l l s   a re   a p p r o x -  

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

a n o t h e r .  

A n o t h e r   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n  

p r o v i d e s   a  means   fo r   i n t r o d u c i n g   an  a d d i t i v e   to  t h e  

a i r   s t r e a m   or  j e t   w h i c h   m e r g e s   w i t h   t he   s t r e a m s   o f  

m o l t e n   e x t r u d a t e .   T h u s ,   as  i l l u s t r a t e d   in  F i g u r e   6 ,  

a  c o n d u i t ,   such   as  a  t u b e   or  d u c t   30,  may  be  p l a c e d  

c o n c e n t r i c a l l y   w i t h i n   and  s p a c e d   f rom  the   w a l l s   24  o f  

t he   h i g h   v e l o c i t y   gas   d e l i v e r y   n o z z l e .   As  is  i l l u s -  

t r a t e d   in  F i g u r e   6,  t he   a d d i t i v e   d e l i v e r y   c o n d u i t   may  
t a k e   the   form  of  a  d u c t   30,  t he   o u t l e t   end  of  w h i c h  

is  r e c e s s e d   f rom  t he   o u t e r   p o r t i o n   or  e x i t   p l a n e   32 

f o r m e d   by  the   o u t e r   s u r f a c e s   of  t he   h i g h   v e l o c i t y   g a s  

d e l i v e r y   n o z z l e .   A l t e r n a t i v e l y ,   as  is  shown  in  p h a n -  

tom  in  F i g u r e   6,  t he   a d d i t i v e   d e l i v e r y   c o n d u i t   may  
t a k e   the   form  of  a  d u c t   34,  t he   o u t l e t   end  of  w h i c h  

e x t e n d s   f rom  the   o u t e r   p o r t i o n   or  b e y o n d   the   e x i t  

p l a n e   of  t he   h i g h   v e l o c i t y   gas   d e l i v e r y   n o z z l e .   T h e  

end  of  t he   d u c t   may  a l s o   be  a r r a n g e d   w i t h   t he   o u t l e t  

end  h a v i n g   a  p o s i t i o n   b e t w e e n   t h o s e   shown  in  s o l i d  

l i n e   or  in  p h a n t o m   in  F i g u r e   6,  p a r t i c u l a r l y   one  i n  

wh ich   the   o u t l e t   end  of  t he   d u c t   is  f l u s h   w i t h   p l a n e  

32.  A  m e a n s  m a y   a l s o   be  p r o v i d e d   to  move  the   d u c t  

b e t w e e n   the   two  p o s i t i o n s   i l l u s t r a t e d .  

The  a d d i t i v e   w h i c h   i s   i n t r o d u c e d   i n t o   the   a i r  



s t r e a m   t h r o u g h   the   d u c t   may  be  any  g a s e o u s ,   l i q u i d  

( s u c h   as  s u r f a c t a n t s   or  e n c a p s u l a t e d   l i q u i d s ) ,   o r  

p a r t i c u l a t e   m a t e r i a l   ( s u c h   as  a  s u p e r a b s o r b e n t   m a t e r -  

i a l ,   i . e . ,   a  m a t e r i a l   c a p a b l e   of  a b s o r b i n g   many  t i m e s  

i t s   w e i g h t   of  l i q u i d ,   p r e f e r r e d   b e i n g   m a t e r i a l s   s u c h  

as  c a r b o x y m e t h y l   c e l l u l o s e   and  the   s o d i u m   s a l t   of  a  

c r o s s   l i n k e d   p o l y a c r y l a t e ;   wood  p u l p   or  s t a p l e   f i -  

b e r s ,   a s ,   f o r   e x a m p l e ,   c o t t o n ,   f l a x ,   s i l k   or  j u t e ) ,  

w h i c h   is   i n t e n d e d   to  form  p a r t   of  t he   f i b e r s   or  t h e  

f i n i s h e d   web.  The  a d d i t i v e   m a t e r i a l   may  be  fed   f r o m  

a  s o u r c e   l o c a t e d   w i t h i n   t he   e x t r u s i o n   head   or  r e m o t e  

t h e r e f r o m .   A l t h o u g h   the   v e l o c i t i e s   of  t he   i n e r t   g a s  

f l o w i n g   t h r o u g h   t he   h i g h   v e l o c i t y   gas   d e l i v e r y   n o z z l e  

22  and  t he   m i x t u r e   of  gas   and  p a r t i c l e s   f l o w i n g  

t h r o u g h   the   d u c t   30  or  34  s h o u l d   be  o p t i m i z e d ,   t h e r e  

is  no  need   t h a t   t h e y   be  t he   s ame .   The  m a t e r i a l   m a y  
be  fed  to  t he   d u c t   by  any  c o n v e n t i o n a l   means   u s i n g  

gas   as  a  c o n v e y i n g   med ium.   A l t e r n a t i v e l y ,   the   a d d i -  

t i v e   and  a  s u i t a b l e   f l u i d i z i n g   gas   may  be  mixed   a n d ,  

in  some  i n s t a n c e s ,   s u p p l i e d   to  t he   d u c t   22  d i r e c t l y ,  

t h u s   e l i m i n a t i n g   the   use   of  a  d u c t .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t he   p r e s e n t  

i n v e n t i o n ,   c o m p o s i t e   webs  of  two  or  more  d i f f e r e n t  

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

p r e s e n t   i n v e n t i o n   p r o v i d e s   fo r   t he   i n t r o d u c t i o n   o f  

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

l a y e r s   of  a t   l e a s t   one  r a p i d l y   mov ing   s t r e a m   or  j e t  

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

two  or  more  e x t r u s i o n   o p e n i n g s   or  s e t s   of  o p e n i n g s ,  

such   as  18  and  20,  p l a c e d   s u r r o u n d i n g   or  on  a l t e r n a t e  

or  o p p o s i t e   s i d e s   of  t he   h i g h   v e l o c i t y   gas   d e l i v e r y  

n o z z l e   22.  The  t h e r m o p l a s t i c   m a t e r i a l   w h i c h   is  e x -  

t r u d e d   f rom  t h e s e   o p e n i n g s   may  be  the   same  m a t e r i a l  

o r ,   a l t e r n a t i v e l y ,   m a t e r i a l s   wh ich   d i f f e r   f rom  o n e  

a n o t h e r   in  t h e i r   c h e m i c a l   a n d / o r   p h y s i c a l   p r o p e r -  



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

m a t e r i a l s   may  be  of  the   same  or  d i f f e r e n t   c h e m i c a l  

c o m p o s i t i o n   or  m o l e c u l a r   s t r u c t u r e   and ,   when  of  t h e  

same  m o l e c u l a r   s t r u c t u r e ,   may  d i f f e r   in  m o l e c u l a r  

w e i g h t   or  o t h e r   c h a r a c t e r i s t i c s   wh ich   r e s u l t s   i n  

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

in  w h i c h   t h e r m o p l a s t i c   m a t e r i a l s   a r e   u s e d   w h i c h   d i f -  

f e r   f rom  one  a n o t h e r   in  some  r e s p e c t ,   such   as  i n  

p h y s i c a l   p r o p e r t i e s ,   t he   e x t r u s i o n   or  d i e   head   w i l l  

be  p r o v i d e d   w i t h   m u l t i p l e   c h a m b e r s ,   one  fo r   e ach   o f  

the   t h e r m o p l a s t i c   m a t e r i a l s ,   such   as  f i r s t ,   s e c o n d ,  

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

p l u r a l i t y .   T h a t   i s ,   as  i l l u s t r a t e d   in  F i g u r e   8,  t h e  

d i e   head   is   p r o v i d e d   w i t h   a  f i r s t   c h a m b e r   12a  fo r   t h e  

f i r s t   t h e r m o p l a s t i c   m a t e r i a l   and  a  s e c o n d   c h a m b e r   1 2 b  

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

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

w h e r e   a  s i n g l e   c h a m b e r   12  is   p r o v i d e d   w i t h   c o n d u i t s  

or  p a s s a g e s   14  and  16  wh ich   p r o v i d e   c o m m u n i c a t i o n  

b e t w e e n   the   s i n g l e   c h a m b e r   and  each   of  the   f i r s t   a n d  

t h e   s e c o n d   t h e r m o p l a s t i c   e x t r u s i o n   o u t l e t   o p e n i n g s   18 

and  20,  when  a  f i r s t   c h a m b e r   12a  and  a  s e c o n d   c h a m b e r  

12b  a r e   e m p l o y e d   fo r   f i r s t   and  s e c o n d   t h e r m o p l a s t i c  

m a t e r i a l s ,   r e s p e c t i v e l y ,   e ach   c h a m b e r   is  p r o v i d e d  

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

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

m a t e r i a l   c h a m b e r   12a  c o m m u n i c a t e s   w i t h   t he   f i r s t  

e x t r u s i o n   o u t l e t   o p e n i n g   18  by  means   of  the   f i r s t  

t h e r m o p l a s t i c . m a t e r i a l   p a s s a g e   14a ,   w h i l e   the   s e c o n d  

t h e r m o p l a s t i c   m a t e r i a l   c h a m b e r   12b  c o m m u n i c a t e s   w i t h  

the   s e c o n d   t h e r m o p l a s t i c   e x t r u s i o n   o p e n i n g   20  t h r o u g h  

t he   s e c o n d   t h e r m o p l a s t i c  m a t e r i a l   p a s s a g e   1 6 b .  

The  e x t r u s i o n   head   may  be  c a s t   e i t h e r   as  a  s i n -  

g l e   p i e c e   or  may  be  f o r m e d   in  m u l t i p l e   c o m p o n e n t  



p a r t s ,   p r e f e r a b l y   in  two  g e n e r a l l y   s y m m e t r i c a l   p o r -  
t i o n s   42  and  44  w h i c h   a r e   s u i t a b l y   c l a m p e d ,   b o l t e d   o r  

w e l d e d   t o g e t h e r .   Each  of  t h e s e   p o r t i o n s   may  a l s o   b e  

f o r m e d   f rom  s e p a r a t e   p a r t s   w h i c h   may  a l s o   be  s u i t a b l y  

c l a m p e d ,  b o l t e d   or  w e l d e d   t o g e t h e r .   D e p e n d i n g   u p o n  
t h e   p a r t i c u l a r   a r r a n g e m e n t   of  t he   c o m p o n e n t   e l e m e n t s  

of  t he   s y s t e m ,   when  two  or  more  c h a m b e r s   fo r   t h e r m o -  

p l a s t i c   m a t e r i a l   a r e   e m p l o y e d ,   t he   d i e   head   may  b e  

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

so  as  to  r e d u c e   t h e   t h e r m a l   i n f l u e n c e s   of  a i r  

s u r r o u n d i n g   t he   a p p a r a t u s   or  r e g i o n s   of  t h e  

a p p a r a t u s .   A c c o r d i n g l y ,   i n s u l a t i o n   may,  fo r   e x a m p l e ,  

be  p l a c e d   b e t w e e n   the   c h a m b e r s   and ,   p e r h a p s ,   t h e  

t h e r m o p l a s t i c   m a t e r i a l   c o n d u i t   means   14a  and  1 6 b .  

T h i s   p e r m i t s ,   when  s u i t a b l e   means   a r e   p r o v i d e d  

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

a p p r o p r i a t e l y   p l a c e d   h e a t e r s ,   such   as  39a  and  3 9 b  

( F i g u r e   8)  a n d ,   as  a  r e s u l t ,   t he   t e m p e r a t u r e s   of  t h e  

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

o r i f i c e s   18  and  20.  T h u s ,   t he   f i r s t   t h e r m o p l a s t i c  

m a t e r i a l   h a v i n g   one  s e t   of  p r o p e r t i e s   may  be  m a i n -  

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

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

may  be  m a i n t a i n e d   a t   a  s e c o n d   t e m p e r a t u r e ,  

e t c e t e r a .   S i m i l a r l y ,   t he   t e m p e r a t u r e   of  t he   gas   a n d  

the   p o l y m e r s   may  be  d i f f e r e n t .   In  a d d i t i o n ,   t h e  

h e a t e r s   t h e m s e l v e s   a n d ,   p e r h a p s ,   t he   means   o f  

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

may  a l s o   be  i n s u l a t e d .   T h e r e   may  a l s o   be  p r o v i d e d  

m u l t i p l e   ( such   as  f i r s t   and  s e c o n d )   t h e r m o p l a s t i c  

s u p p l y   or  d e l i v e r y   means   fo r   t he   f i r s t   and  s e c o n d  

t h e r m o p l a s t i c   m a t e r i a l s ,   u n l i k e   the   a p p a r a t u s   s h o w n  

in  F i g u r e   1  in  wh ich   a  s i n g l e   t h e r m o p l a s t i c   m a t e r i a l  

s u p p l y   means   and  c h a m b e r   a r e   u s e d .   L i k e   t h e  

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



c h a m b e r ,   h o w e v e r ,   t he   a p p a r a t u s   of  t he   p r e s e n t  
i n v e n t i o n   wh ich   u s e s   two  t h e r m o p l a s t i c   m a t e r i a l  

c h a m b e r s ,   i n c l u d e s   d e l i v e r y   means   w h i c h   d e l i v e r s  

t h e r m o p l a s t i c   m a t e r i a l   f rom  a  s o u r c e   t h e r e o f   to  t h e  

c h a m b e r s   u n d e r   p r e s s u r e .   In  t he   e m b o d i m e n t   w i t h  

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

c h a m b e r s ,   s e p a r a t e   c o n t r o l s   may  be  p r o v i d e d   fo r   s u p -  
p l y i n g   the   t h e r m o p l a s t i c   m a t e r i a l   a t   d i f f e r e n t   p r e s -  
s u r e s .  

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

may  be  f o r m e d   by  any  s u i t a b l e   m e a n s ,   such   as  by  a p -  
p r o p r i a t e l y   c o r i n g   or  d r i l l i n g   the   d i e   h e a d ,   and  t h e  

o p e n i n g s   and  p a s s a g e s   or  c o n d u i t s   may  be  d r i l l e d .  

I t   s h o u l d   a l s o   be  n o t e d   t h a t ,   a l t h o u g h   t he   d i s -  

c u s s i o n   h e r e i n   of  t he   p r e s e n t   i n v e n t i o n   has   b e e n  

d i r e c t e d   to   a  common  e x t r u s i o n   or  d i e   head   c o n t a i n i n g  

a l l   or  mos t   of  t he   e n u m e r a t e d   e l e m e n t s ,   mos t   of  t h e s e  

e l e m e n t s   may  be  l o c a t e d   r e m o t e   f rom  the   d i e   h e a d  

e m p l o y i n g   s u i t a b l e   c o m m u n i c a t i n g   m e a n s .   Such  s t r u c -  

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

s i o n   o p e n i n g s   and  c e n t r a l l y   p l a c e d   h i g h   v e l o c i t y   g a s  
d e l i v e r y   n o z z l e ( s ) ,   a l l   w i t h   a s s o c i a t e d   c o n d u i t  

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

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

s c r i b e d   and  shown  in  t he   d r a w i n g s .  

Bo th   t he   h i g h   v e l o c i t y   gas   d e l i v e r y   n o z z l e   22  

and  the   e x t r u s i o n   o p e n i n g s   18  and  20  may  have   d i m e n -  

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

b e i n g   e x t r u d e d   and  the   c o n c o m i t a n t   p a r a m e t e r s   e m p l o y -  

ed ,   as  w e l l   as  t he   a r r a n g e m e n t   of  t he   c o m p o n e n t   p a r t s  
of  the   d i e   h e a d .   P r e f e r r e d   w i d t h s   of  the   a i r   n o z z l e  

22  a t   i t s   e f f l u e n t   end  c o n t i g u o u s   to  the   e x t r u s i o n  

s u r f a c e ,   h o w e v e r ,   l i e   in  t he   r a n g e   of  a b o u t   0 . 0 1   i n c h  

to  a b o u t   1/8  i nch   bu t   may  be  l a r g e r   to  p e r m i t   u n i m -  



p e d e d   f l o w   of  a  p a r t i c u l a t e   a d d i t i v e ,   such   as  w h e r e  

an  a d d i t i v e   i n t r o d u c t i o n   d u c t   30,  34  or  t h e   l i k e   i s  

e m p l o y e d .   The  p r e f e r r e d   w i d t h   of  t he   p o l y m e r   e x t r u -  

s i o n   o p e n i n g s   is  a b o u t   0 . 0 0 5   i n c h   to  a b o u t   0 . 0 5   i n c h  

a t   t h e i r   e f f l u e n t   ends   c o n t i g u o u s   to  t he   p o l y m e r  
e x t r u s i o n   s u r f a c e .   The  l a t t e r   d i m e n s i o n   is   m o s t  

p r e f e r a b l y   a b o u t   0 . 0 1 5   i n c h .   The  d i m e n s i o n s   of  t h e  

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

s o m e w h a t   l a r g e r ,   h o w e v e r ,   to  a c c o m m o d a t e   t he   c e n t r a l -  

ly  a r r a n g e d   h i g h   v e l o c i t y   gas   d e l i v e r y   n o z z l e s   22,  a s  
shown  in  F i g u r e s   3c,   3d  and  3 f .  

The  p r e s e n t   i n v e n t i o n   a l s o   c o n t e m p l a t e s   an  e m -  
b o d i m e n t   in  wh ich   t he   s i z e   of  e ach   of  t he   f i r s t   a n d  

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

j u s t a b l e .   T h i s   may  b e . a c c o m p l i s h e d   by  s u i t a b l e   a d -  

j u s t m e n t   means   a s ,   f o r   e x a m p l e ,   s l o t   a d j u s t m e n t  

s t r u t s   46  as  shown  in  F i g u r e   7 .  

As  d i s c u s s e d   a b o v e ,   a  n o n w o v e n   mat  f o r m e d   f r o m  

f i b e r s   of  a  p o l y m e r i c   or  t h e r m o p l a s t i c   m a t e r i a l   may  
be  f o r m e d   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   by  e x -  

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

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

of  a  m o l t e n   t h e r m o p l a s t i c   m a t e r i a l   f rom  one  or  m o r e  
f i r s t   t h e r m o p l a s t i c   m a t e r i a l   e x t r u s i o n   o p e n i n g s   a n d  

c o n c u r r e n t l y   e x t r u d i n g   t he   same  or  a  d i f f e r e n t   m o l t e n  

t h e r m o p l a s t i c   m a t e r i a l   f rom  one  or  more  s e c o n d   t h e r -  

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

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

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

the   h i g h   v e l o c i t y   gas   n o z z l e .   The  e x t r u d e d   t h e r m o -  

p l a s t i c   m a t e r i a l   is  a t t e n u a t e d   to  f i b e r s   or  f i l a m e n t s  

by  a  j e t   or  s t r e a m   of  h i g h   v e l o c i t y   i n e r t   gas   p a s s i n g  
b e t w e e n   the   f i r s t   and  s e c o n d   s t r e a m s   of  e x t r u d e d  

t h e r m o p l a s t i c   m a t e r i a l .   The  f i b e r s   form  as  t he   f i r s t  

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



merge   w i t h   t he   s h e a r   l a y e r   of  the   i n e r t   gas   s t r e a m ,  

as  shown  in  F i g u r e   4.  The  f i b e r s   a r e   t h e n   d i r e c t e d  

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

f o r a m i n o u s   f o r m i n g   r o l l   or  a  mov ing   w i r e   b e l t   37  

l o c a t e d   a b o u t   1  to  a b o u t   16  i n c h e s   f rom  the   d i e  

h e a d .   The  f i b r o u s   web  or  mat  38  is   f o r m e d   l a r g e l y  

when  the   f i b e r s   a r e   d e p o s i t e d   on  the   c o l l e c t i n g  

s u r f a c e .   A c c o r d i n g   to  t he   m e t h o d   and  a p p a r a t u s   o f  

t he   p r e s e n t   i n v e n t i o n ,   some  e n t a n g l e m e n t   of  t h e  

f i b e r s   may  o c c u r   in  t he   i n i t i a l   s h e a r   r e g i o n   w h e r e  

t he   s t r e a m s   of  t h e r m o p l a t i c   m a t e r i a l   m e r g e   w i t h   t h e  

i n e r t   gas   s t r e a m   and  w h e r e   t he   t u r b u l e n c e   s c a l e s   a r e  

g e n e r a l l y   s m a l l e r   as  w e l l   as  f u r t h e r   d o w n s t r e a m   a t  

t h e   c o n f l u e n c e   of  t he   two  s t r e a m s   of  f i b e r s .  

The  m a t e r i a l s   s u i t a b l e   fo r   use   in  the   p r e s e n t  
i n v e n t i o n   as  p o l y m e r i c   or  t h e r m o p l a s t i c   m a t e r i a l s  

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

f i b e r s   a f t e r   p a s s i n g   t h r o u g h   a  h e a t e d   d i e   head   a n d  

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

and  of  t he   a t t e n u a t i n g   a i r   s t r e a m   fo r   b r i e f   p e r i o d s  

of  t i m e .   T h i s   wou ld   i n c l u d e   t h e r m o p l a s t i c   m a t e r i a l s  

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

and  p o l y p r o p y l e n e ,   p o l y a m i d e s ,   such   as  p o l y h e x a m e t h y -  

l e n e   a d i p a m i d e ,   p o l y o m e g a - c a p r o a m i d e   and  p o l y h e x a m e -  

t h y l e n e   s e b a c a m i d e ,   p o l y e s t e r s ,   such   as  the   m e t h y l  

and  e t h y l   e s t e r s   of  p o l y a c r y l a t e s   and  the   p o l y m e t h -  

a c r y l a t e s   and  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 ,   c e l l u l o s e  

e s t e r s ,   p o l y v i n y l   p o l y m e r s ,   such   as  p o l y s t y r e n e ,  

p o l y a c r y l o n i t r i l e   and  p o l y t r i f l u o r o c h l o r o e t h y l e n e .  

Any  gas   wh ich   d o e s   no t   r e a c t   w i t h   the   t h e r m o -  

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

fo r   use  as  the   i n e r t   gas   used   in  the   h i g h   v e l o c i t y  

gas   s t r e a m   wh ich   a t t e n u a t e s   t he   t h e r m o p l a s t i c   m a t e r -  

i a l s   i n t o   f i b e r s   or  m i c r o f i b e r s .   Air   has  been   f o u n d  



to  be  q u i t e   s u i t a b l e   fo r   such   p u r p o s e s .  
The  f i b e r s   may  g e n e r a l l y   be  f o r m e d   in  any  c o n -  

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

of  t he   e x t r u s i o n   o r i f i c e s .  

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

d i a m e t e r s   g e n e r a l l y   up  to  a b o u t   100  m i c r o n s   and ,   i n  

some  i n s t a n c e s ,   h i g h e r ,   bu t   is   g e n e r a l l y   d i r e c t e d   t o  

t he   f o r m a t i o n   of  f i n e   f i b e r s ,   known  a l s o   as  m i c r o f i -  

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

t he   p r e s e n t   i n v e n t i o n   f r e q u e n t l y   have   d i a m e t e r s   i n  

t he   r a n g e   of  a b o u t   1  to  a b o u t   20  m i c r o n s ;   h o w e v e r ,  

m i c r o f i b e r s   may  be  f o r m e d   h a v i n g   d i a m e t e r s   down  to  a s  
f i n e   as  0 .1   m i c r o n .   Among  t he   l i m i t i n g   f a c t o r s   w h i c h  

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

i a l   or  p o l y m e r   to  a t t e n t u a t e   to  a  f i n e   f i b e r   a r e   t h e  

p a r a m e t e r s   of  t he   e x t r u s i o n   s y s t e m ,   t he   n a t u r e   of  t h e  

p o l y m e r i c   m a t e r i a l ,   such   as  t he   m a t e r i a l ' s   m o l e c u l a r  

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

t e m p e r a t u r e   c h a r a c t e r i s t i c s ,   and  the   p r e s s u r e s   a n d  

f l o w   r a t e s   of  a i r .   Opt imum  c o n d i t i o n s   fo r   any  p a r t i -  

c u l a r   t h e r m o p l a s t i c   m a t e r i a l   may  be  a c h i e v e d   by  v a r y -  

ing  such   o p e r a t i n g   p a r a m e t e r s   as  a i r   t e m p e r a t u r e ,  
n o z z l e   t e m p e r a t u r e ,   a i r   v e l o c i t y   or  p r e s s u r e ,   and  t h e  

p o l y m e r   f e e d   r a t e   or  ram  p r e s s u r e .   T h e s e   and  o t h e r  

v a r i a b l e s   may  be  e a s i l y   d e t e r m i n e d   by  one  f a m i l i a r  

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

e v e r ,   is   p r o v i d e d   by  Wente   in  " 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 " ,   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 ,  

Volume  48,  Number  8,  P a g e s   1 3 4 2 - 1 3 4 6   ( 1 9 5 6 ) ;   " M a n u -  

f a c t u r e   Of  S u p e r f i n e   O r g a n i c   F i b e r 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   Number  1 1 , 4 3 7   ( 1 9 5 4 ) ;   L a w r e n c e   e t  

a l ,   "An  I m p r o v e d   D e v i c e   For  The  F o r m a t i o n   Of  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 " ,   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   Number  5265  ( 1 9 5 9 ) ;   and  U.  S.  P a t e n t s  



4 , 0 4 1 , 2 0 3 ;   4 , 1 0 0 , 3 2 4 ;   3 , 9 5 9 , 4 2 1 ;   3 , 7 1 5 , 2 5 1 ;  

3 , 7 0 4 , 1 9 8 ;   3 , 6 9 2 , 6 1 8 ;   3 , 6 7 6 , 2 4 2 ;   3 , 5 9 5 , 2 4 5 ;  
3 , 5 4 2 , 6 1 5 ;   3 , 5 0 9 , 0 0 9 ;   3 , 5 0 2 , 7 6 3 ;   3 , 5 0 2 , 5 3 8 ;  

3 , 3 4 1 , 3 9 4 ;   3 , 3 3 8 , 9 9 2 ;   and  3 , 2 7 6 , 9 4 4 ;   B r i t i s h   S p e c i f i -  
c a t i o n   1 , 2 1 7 , 8 9 2 ;   and  C a n a d i a n   P a t e n t   8 0 3 , 7 1 4 .  

G e n e r a l l y ,   t he   o p e r a t i n g   c o n d i t i o n s   may  be  s u m -  
m a r i z e d   as  f o l l o w s .   The  a i r   t e m p e r a t u r e   s u i t a b l e   f o r  

a t t e n t u a t i n g   m i c r o f i b e r s   may  be  as  low  as  a m b i e n t  

t e m p e r a t u r e .   H o w e v e r ,   i t   is  o r d i n a r i l y   on  the   o r d e r  

of  a t   l e a s t   200  d e g r e e s   F  a b o v e   the   m e l t i n g   p o i n t   o f  

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

c o n d i t i o n s   some  m a t e r i a l s ,   such   as  the   p o l y o l e f i n s ,  

p a r t i c u l a r l y   p o l y e t h y l e n e ,   and  p o l y s t y r e n e ,   r e q u i r e  
a i r   t e m p e r a t u r e s   on  the   o r d e r   of  300  d e g r e e s   F  a b o v e  

the   m e l t i n g   or  s o f t e n i n g   p o i n t s   of  t he   t h e r m o p l a s t i c  
m a t e r i a l s .   When  p o l y p r o p y l e n e   is  c h o s e n   as  the   p o l y -  

m e r i c   m a t e r i a l ,   a  t e m p e r a t u r e   in  t he   r a n g e   of  a b o u t  

400  to   a b o u t   700  d e g r e e s   F  is   g e n e r a l l y   u s e d .  

The  t i m e   d u r i n g   wh ich   t he   t h e r m o p l a s t i c   m a t e r i a l  

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

v e l o c i t y   i n e r t   gas   s t r e a m   is   r e l a t i v e l y   s h o r t   a n d  

t h e r e   i s ,   t h e r e f o r e ,   r e l a t i v e l y   l i t t l e   c h a n c e   o f  

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

when  e l e v a t e d   t e m p e r a t u r e s   a r e   e m p l o y e d .   H o w e v e r ,  

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

t i m e   t h a n   when  i t   is  in  the   h i g h   v e l o c i t y   i n e r t   g a s  
s t r e a m   and  the   s u s c e p t i b i l i t y   to  d e g r a d a t i o n  
i n c r e a s e s   w i t h   b o t h   the   r e s i d e n c e   t i m e   in  t he   d i e  

head   and  the   t e m p e r a t u r e   at   which   the   t h e r m o p l a s t i c  
m a t e r i a l   is  m a i n t a i n e d .   T h e r e f o r e ,   when  p o l y m e r  

d e g r a d a t i o n   is  b e i n g   s o u g h t ,   t h i s   may  be  a c h i e v e d   b y  

c o n t r o l   of  the   r e s i d e n c e   t ime   of  the   p o l y m e r   in  t h e  

d i e   head  and  the   d e l i v e r y   s y s t e m   u p s t r e a m .  

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



or  p o l y m e r   n o z z l e   t e m p e r a t u r e   may  be  u sed   wh ich   i s  

a b o u t   e q u a l   to  or  as  much  as  200  d e g r e e s   F a h r e n h e i t  

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

r e s i d e n c e   t i m e   w i t h i n   t he   h e a t e d   p o r t i o n   of  t he   d i e  

h e a d .   The  t e m p e r a t u r e   of  t he   p o l y m e r   n o z z l e   is  n o t  

n o r m a l l y   c o n t r o l l e d ,   h o w e v e r ,   to  a c h i e v e   or  m a i n t a i n  

a  p a r t i c u l a r   t e m p e r a t u r e .   R a t h e r ,   t he   t e m p e r a t u r e   o f  

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

d e t e r m i n e d   in  l a r g e   p a r t   f rom  t he   h e a t   g i v e n   up  b y  

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

i n g s   and  the   s u r r o u n d i n g   a i r ,   b o t h   t h a t   p a s s i n g  

t h r o u g h   t he   h i g h   v e l o c i t y   gas   d e l i v e r y   n o z z l e   a n d  

a m b i e n t   a i r .   In  some  i n s t a n c e s ,   in  o r d e r   to  m a i n t a i n  

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

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

n o z z l e s ,   t h e   h i g h   v e l o c i t y   gas   d e l i v e r y   n o z z l e ,   o r  

b o t h .  

The  v e l o c i t y   of  the   h e a t e d   i n e r t   gas   s t r e a m ,  

w h i c h   d e p e n d s   a t   l e a s t   in  p a r t   on  the   gas   p r e s s u r e ,  
a l s o   v a r i e s   c o n s i d e r a b l y   d e p e n d i n g   upon  the   n a t u r e   o f  

the   t h e r m o p l a s t i c   m a t e r i a l .   T h u s ,   w i t h   some  t h e r m o -  

p l a s t i c   m a t e r i a l s ,   such   as  t he   p o l y o l e f i n s ,   p a r t i c u -  

l a r l y   p o l y e t h y l e n e ,   a i r   p r e s s u r e s   on  the   o r d e r   of  1 

to  25  p s i   may  be  s u i t a b l e   w h e r e a s   o t h e r   t h e r m o p l a s t i c  
m a t e r i a l s   may  r e q u i r e   50  p s i   fo r   f i b e r s   of  t he   s a m e  

d i a m e t e r   and  l e n g t h .   C o n s i s t a n t   w i t h   such   v a r i a b l e s ,  

t he   a i r   p r e s s u r e   g e n e r a l l y   is  in  t he   r a n g e   of  1  t o  

a b o u t   60  p s i g .  

As  s u g g e s t e d   a b o v e ,   one  of  the   a d v a n t a g e s   r e -  

a l i z e d   w i t h   t he   p r e s e n t   i n v e n t i o n ,   as  c o m p a r e d   t o  

known  m e l t - b l o w i n g   a p p a r a t u s   and  m e t h o d s   wh ich   e m p l o y  

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

s e t   of  o p e n i n g s ,   is  t he   i n c r e a s e   in  t h r o u g h p u t  

r a t e s .   W h e r e a s   a  s t a n d a r d   s i n g l e   row  or  s e t   of  o p e n -  

i n g s   w i l l   f r e q u e n t l y   be  o p e r a t e d   at   a  r a t e   of  3 



p o u n d s / i n c h / h o u r   w i t h   a  maximum  r a t e   on  the   o r d e r   o f  

25  p o u n d s / i n c h / h o u r ,   t he   p r e s e n t   i n v e n t i o n   p e r m i t s   a  

c o m p a r a b l e   o p e r a t i n g   r a t e   of  6  p o u n d s / i n c h / h o u r   up  t o  

a  r a t e   of  a b o u t   50  p o u n d s / i n c h / h o u r .  

I t   s h o u l d   be  c l e a r l y   u n d e r s t o o d   by  t h o s e   s k i l l e d  

in  t he   a r t   t h a t   c e r t a i n   c h a n g e s   may  be  made  in  t h e  

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

the   s p i r i t   and  s c o p e   of  t he   i n v e n t i o n   d e s c r i b e d   h e r e -  

i n .  



1.  A  t h e r m o p l a s t i c   m a t e r i a l   e x t r u s i o n   m e c h a n i s m  

c o m p r i s i n g   a  d i e   head   i n c l u d i n g   t h e r e i n :  

a  c e n t r a l l y   d i s p o s e d   h i g h   v e l o c i t y   gas  d e -  

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

one  j e t   of  a  gas   h a v i n g   s h e a r   l a y e r s ;  

a t   l e a s t   one  c h a m b e r   fo r   s a i d   t h e r m o p l a s t i c  

m a t e r i a l ;  

t h e r m o p l a s t i c   m a t e r i a l   d e l i v e r y   means   a r -  

r a n g e d   a d j a c e n t   and  at   l e a s t   p a r t l y   s u r r o u n d i n g   s a i d  

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

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

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

means   t o w a r d   s a i d   gas   j e t ,   c a u s i n g   s a i d   e x t r u d e d  

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

s h e a r   l a y e r s   of  s a i d   gas  j e t ;   a n d  

t h e r m o p l a s t i c   m a t e r i a l   c o n d u i t   means  c o m m u n -  

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

p l a s t i c   m a t e r i a l   d e l i v e r y   m e a n s .  

2.  The  m e c h a n i s m   a c c o r d i n g   to  c l a i m   1  w h e r e i n  

s a i d   t h e r m o p l a s t i c   m a t e r i a l   d e l i v e r y   means   c o m p r i s e s  

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

o p e n i n g   and  at   l e a s t   one  s e c o n d   t h e r m o p l a s t i c   e x t r u -  

s i o n   o p e n i n g .  

3.  The  m e c h a n i s m   a c c o r d i n g   to  c l a i m   1  w h e r e i n  



s a i d   m e c h a n i s m   f u r t h e r   i n c l u d e s   a  means   fo r   s u p p l y i n g  

s a i d   t h e r m o p l a s t i c   m a t e r i a l   to  s a i d   at   l e a s t   o n e  

c h a m b e r .  

4.  The  m e c h a n i s m   a c c o r d i n g   to  c l a i m   2  w h e r e i n  

s a i d   a t   l e a s t   one  c h a m b e r   c o m p r i s e s   two  c h a m b e r s .  

5.  The  m e c h a n i s m   a c c o r d i n g   to  c l a i m   4  w h e r e i n  

s a i d   two  c h a m b e r s   c o m p r i s e   a  f i r s t   c h a m b e r   a d a p t e d   t o  

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

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

6.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m   5 

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

s a i d   f i r s t   c h a m b e r   and  s a i d   at   l e a s t   one  f i r s t   t h e r -  

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

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

and  s a i d   a t   l e a s t   one  s e c o n d   t h e r m o p l a s t i c   m a t e r i a l  

e x t r u s i o n   o p e n i n g .  

7.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m   1 

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

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

i a l .  

8.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m   5 

w h e r e i n   s a i d   m e c h a n i s m   i n c l u d e s   means  fo r   d e l i v e r i n g  

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

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

s a i d   s e c o n d   c h a m b e r .  

9.  The  m e c h a n i s m   a c c o r d i n g   to  c l a i m   5  w h e r e i n  

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



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

to  a  s e c o n d   t e r m p e r a t u r e .  

10.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

l ,   f u r t h e r   i n c l u d i n g   a  means   f o r   i n t r o d u c i n g   an  a d d i -  

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

gas   d e l i v e r y   m e a n s .  

11.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

10  w h e r e i n   s a i d   means   f o r   i n t r o d u c i n g   an  a d d i t i v e   t o  

t h e   p r e s s u r i z e d   gas   c o m p r i s e s   an  a d d i t i v e   d e l i v e r y  

d u c t .  

12.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

11  w h e r e i n   s a i d   h i g h   v e l o c i t y   gas  d e l i v e r y   means   h a s  

an  e x i t   p l a n e   and  the   o u t l e t   end  of  s a i d   a d d i t i v e  

d e l i v e r y   d u c t   e x t e n d s   o u t w a r d l y   f rom  the   e x i t   p l a n e  

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

13  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

11  w h e r e i n   s a i d   h i g h   v e l o c i t y   gas  d e l i v e r y   means  h a s  

an  e x i t   p l a n e   and  the   o u t l e t   end  of  s a i d   a d d i t i v e  

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

s a i d   h i g h   v e l o c i t y   gas   d e l i v e r y   m e a n s .  

14.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

2  f u r t h e r   i n c l u d i n g   means   to  a d j u s t   the   w i d t h   of  s a i d  

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

s i o n   o p e n i n g s .  

15.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

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

d e l i v e r y   means   has  a  l o n g i t u d i n a l   a x i s   wh ich   fo rms   a n  



i n c l u d e d   a n g l e   of  b e t w e e n   a b o u t   30  d e g r e s s   to  l e s s  

t h a n   a b o u t   90  d e g r e e s   w i t h   each   of  s a i d   f i r s t   a n d  

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

i n g s .  

16.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

2  w h e r e i n   s a i d   c e n t r a l l y   d i s p o s e d   h i g h   v e l o c i t y   g a s  
d e l i v e r y   means   c o m p r i s e s   a  s l o t   h a v i n g   two  e l o n g a t e d  

e d g e s .  

17.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

16  w h e r e i n   s a i d   a t   l e a s t   one  f i r s t   t h e r m o p l a s t i c  

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

p a r a l l e l   to  one  of  t he   e l o n g a t e d   e d g e s   and  on  o n e  

s i d e   of  s a i d   s l o t   and  s a i d   a t   l e a s t   one  s e c o n d   t h e r -  

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

a r r a n g e d   p a r a l l e l   to  the   o t h e r   of  t he   e l o n g a t e d   e d g e s  

and  on  the   o p p o s i t e   s i d e   of  s a i d   s l o t .  

18.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

16  w h e r e i n   s a i d   a t   l e a s t   one  f i r s t   t h e r m o p l a s t i c  

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

one  of  t he   e l o n g a t e d   e d g e s   and  on  one  s i d e   of  s a i d  

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

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

o t h e r   of  the   e l o n g a t e d   e d g e s   and  on  the   o p p o s i t e   s i d e  

of  s a i d   s l o t .  

19.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

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

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

d e l i v e r y   means  c o m p r i s e s   a  p l u r a l i t y   of  c a p i l l a r y   g a s  
n o z z l e s   a r r a n g e d   w i t h i n   s a i d   s l i t .  

20.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  



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

d e l i v e r y   means   c o m p r i s e s   a  n o z z l e   of  c i r c u l a r   c r o s s  

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

c y l i n d r i c a l   o p e n i n g ,   t he   i n n e r   s u r f a c e   of  s a i d   c y l i n -  
d r i c a l   o p e n i n g   and  the   o u t e r   s u r f a c e   of  s a i d   n o z z l e  

d e f i n i n g   an  a n n u l a r   e x t r u s i o n   o p e n i n g .  

21.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

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

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

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

e x t r u s i o n   o p e n i n g s   a r r a n g e d   a r o u n d   the   n o z z l e   i n  

s p a c e d   r e l a t i o n s h i p   to  e a c h   o t h e r   and  to  s a i d   n o z z l e .  

22.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

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

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

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

c i t y   gas   d e l i v e r y   means   c o m p r i s e s   a  p l u r a l i t y   o f  

c a p i l l a r y   gas   n o z z l e s   a r r a n g e d   w i t h i n   s a i d   e x t r u s i o n  

o p e n i n g .  

23.  The  e x t r u s i o n   m e c h a n i s m   a c c o r d i n g   to  c l a i m  

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

c o m p r i s e s   a t   l e a s t   one  f i r s t   t h e r m o p l a s t i c   m a t e r i a l  

e x t r u s i o n   o p e n i n g   and  at   l e a s t   one  s e c o n d   t h e r m o p l a s -  

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

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

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

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

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

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

ber   and  s a i d   at   l e a s t   one  f i r s t   t h e r m o p l a s t i c   m a t e r -  

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



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

l e a s t   one  s e c o n d   t h e r m o p l a s t i c   e x t r u s i o n   o p e n i n g ,  
s a i d   h i g h   v e l o c i t y   gas   d e l i v e r y   means   c o m p r i s e s   a  
s l o t   h a v i n g   two  e l o n g a t e d   e d g e s   and  s a i d   a t   l e a s t   o n e  
f i r s t   t h e r m o p l a s t i c   o p e n i n g   c o m p r i s e s   a  f i r s t   row  o f  

a p e r t u r e s   a r r a n g e d   p a r a l l e l   to  one  of  t he   e l o n g a t e d  

e d g e s   and  on  one  s i d e   of  s a i d   s l o t   and  s a i d   at   l e a s t  

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

row  of  a p e r t u r e s   a r r a n g e d   p a r a l l e l   to  the   o t h e r   o f  

t he   e l o n g a t e d   e d g e s   and  on  the   o p p o s i t e   s i d e   of  s a i d  

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

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

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

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

the   t e m p e r a t u r e   of  s a i d   f i r s t   t h e r m o p l a s t i c   m a t e r i a l  

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

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

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

p l a s t i c   m a t e r i a l   c o m p r i s i n g   the   s t e p s   o f :  

(a)  f o r m i n g   a t   l e a s t   one  c e n t r a l l y   p o s i -  

t i o n e d   h i g h   v e l o c i t y   gas   j e t   h a v i n g   s h e a r   l a y e r s ;  

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

d e l i v e r y   means   a r r a n g e d   a d j a c e n t   and  a t   l e a s t   p a r t l y  

s u r r o u n d i n g   s a i d   at   l e a s t   one  h i g h   v e l o c i t y   gas   j e t ;  
a n d  

(c)  m e r g i n g   s a i d   a t   l e a s t   one  m o l t e n  

t h e r m o p l a s t i c   m a t e r i a l   s t r e a m   w i t h   the   s h e a r   l a y e r s  
of  s a i d   at   l e a s t   one  h i g h   v e l o c i t y   gas  j e t   t o  

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



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

m a t e r i a l .  

25.  The  m e t h o d   a c c o r d i n g   to  c l a i m   24  w h e r e i n  

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

m a t e r i a l   s t r e a m   and  s a i d   t h e r m o p l a s t i c   m a t e r i a l   d e -  

l i v e r y   means   c o m p r i s e s   a t   l e a s t   one  f i r s t   t h e r m o p l a s -  
t i c   m a t e r i a l   e x t r u s i o n   o p e n i n g   f rom  wh ich   s a i d   a t  

l e a s t   one  f i r s t   t h e r m o p l a s t i c   m a t e r i a l   s t r e a m   i s  

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

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

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

c o n c u r r e n t l y   w i t h   s a i d   a t   l e a s t   one  f i r s t   t h e r m o p l a s -  
t i c   m a t e r i a l   s t r e a m   such   t h a t   s a i d   a t   l e a s t   one  f i r s t  

and  s e c o n d   t h e r m o p l a s t i c   m a t e r i a l   s t r e a m s   merge   w i t h  

t h e   s h e a r   l a y e r s   of  s a i d   a t   l e a s t   one  h i g h   v e l o c i t y  

gas   j e t   and  form  t h e r e b y   a t   l e a s t   one  f i r s t   t h e r m o -  

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

p l a s t i c   f i b e r   s t r e a m ,   r e s p e c t i v e l y .  

26.  The  m e t h o d   a c c o r d i n g   to  c l a i m   25  w h e r e i n   a  

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

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

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

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

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

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

s i c a l   p r o p e r t i e s .  

27.  The  m e t h o d   a c c o r d i n g   to  c l a i m   24  w h e r e i n  

s a i d   at   l e a s t   one  h i g h   v e l o c i t y   gas  j e t   i n c l u d e s   a  

f l u i d i z e d   a d d i t i v e .  



28.  The  m e t h o d   a c c o r d i n g   to  c l a i m   27  w h e r e i n  

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

29.  The  m e t h o d   a c c o r d i n g   to  c l a i m   27  w h e r e i n  

s a i d   f l u i d i z e d   a d d i t i v e   c o m p r i s e s   wood  p u l p   f i b e r s .  

30.  The  m e t h o d   a c c o r d i n g   to  c l a i m   27  w h e r e i n  

s a i d   f l u i d i z e d   a d d i t i v e   c o m p r i s e s   s t a p l e   f i b e r s .  

31.  The  m e t h o d   a c c o r d i n g   to  c l a i m   27  w h e r e i n  

s a i d   f l u i d i z e d   a d d i t i v e   is  a  l i q u i d .  

32.  The  m e t h o d   a c c o r d i n g   to  c l a i m   27  w h e r e i n  

s a i d   f l u i d i z e d   a d d i t i v e   is  a  g a s e o u s   a d d i t i v e .  

33.  The  m e t h o d   a c c o r d i n g   to  c l a i m   25  w h e r e i n  

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

s t r e a m s   merge   w i t h   the   s h e a r   l a y e r s   of  s a i d   h i g h  

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

v e l o c i t y   gas   j e t   of  a b o u t   30  d e g r e e s   to  l e s s   t h a n  

a b o u t   90  d e g r e e s .  

34.  The  m e t h o d   a c c o r d i n g   to  c l a i m   25  w h e r e i n  

s a i d   f i r s t   and  s e c o n d   f i b e r   s t r e a m s   f o r m e d   in  s t e p  

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

t h e r e b y   a  m e l t   b l o w n ,   nonwoven   m a t .  
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