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@  Method  and  apparatus  for  making  fibrils  of  a  thermoplastic  pofymer. 

Fibrils  of  a  thermoplastic  polymer  are  produced.  A  mix- 
ture  of the termoplastic  and  a  liquid,  e.g.  water  and  pentane  or 
hexane,  flows  through  a  valve  from  a  high  to  a  low  pressure 
zone.  The  valve  contains  a  spring  biased  closure  member 
which  interrupts  the  flow  when  the  pressure  in  the  high  pres- 
sure  zone  is  too  low.  At  low  pressure  the  flow  is  unstable  and 
the  formation  of  fibrils  is  unsatisfactory.  A  preferred 
apparatus  takes  the  form  of  an  extruder  having  a  spring 
loaded  closure  member  on  the  die.  The  spring  stops  the 
extrusion  when  the  pressure  in  the  extruder  is  too  low  for 
satisfactory  flash  evaporation. 



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

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

use  in  p a p e r - m a k i n g   p r o c e s s e s .  

F l a s h   f i b r i l l a t i o n   p r o c e s s e s   for   t h e r m o p l a s t i c s  
m a t e r i a l s   a re   d e s c r i b e d   in  U n i t e d   S t a t e s   p a t e n t  

s p e c i f i c a t i o n s   3  081  519  and  3  227  784  and  in  B r i t i s h  

p a t e n t   s p e c i f i c a t i o n s   1  32-3  174,   1  336  915  and  1  446  0 3 4 .  

B r i e f l y ,   in  a  f l a s h   f i b r i l l a t i o n   p r o c e s s   t h e  

t h e r m o p l a s t i c s   m a t e r i a l   and  a  l i q u i d   a re   c h a r g e d   to  a 
f i r s t   zone   m a i n t a i n e d   at  a  t e m p e r a t u r e   s u f f i c i e n t   t o  

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

the   l i q u i d   is  a b o v e   i t s   n o r m a l   ( i . e .   at  a t m o s p h e r i c  

p r e s s u r e )   b o i l i n g   p o i n t   and  m a i n t a i n e d   at  a  p r e s s u r e  
s u f f i c i e n t   to  s t o p   the   l i q u i d   v o l a t i l i s i n g   and  t hen   t h e  

c h a r g e   is   e j e c t e d   t h r o u g h   an  o u t l e t   i n t o   a  s e c o n d   zonp  a t  

c o n s i d e r a b l y   l o w e r   p r e s s u r e   whe re   the   t e m p e r a t u r e   is  b e l o w  

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

t e m p e r a t u r e   and  p r e s s u r e   in  t he   s e c o n d   zone  a re   s e l e c t e d  

to  p r o m o t e   r a p i d   v o l a t i l i s a t i o n   of  the   l i q u i d   w i th   t h e  

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

v o l a t i l i s a t i o n   s h r e d   a n d / o r   s t r e t c h   the   t h e r m o p l a s t i c s  

m a t e r i a l   i n t o   f i b r i l s   w h i l e   h e a t   l o s t   from  the   t h e r m o -  

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

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

s i z e   of  t he   o u t l e t   is  o f t e n   p r e - s e t   to  o p t i m i s e   t h e  

f i b r i l l a t i n g   f o r c e s   wh ich   o c c u r   as  t he   c h a r g e   is  e j e c t e d .  

F l a s h   f i b r i l l a t i o n   p r o c e s s e s   ( e s p e c i a l l y   c o n t i n u o u s  

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

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

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

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



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

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

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

e j e c t e d   t h r o u g h   an  o u t l e t   g o v e r n e d   by  a  p r e s s u r e -  

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

d i s p e r s i o n   u p s t r e a m   of  t h e   v a l v e   such   t h a t   i f   t he   p r e s s u r e  
f a l l s   b e l o w   a  p r e d e t e r m i n e d   l e v e l   w h i c h   i s   no t   b e l o w   t h e  

l e v e l   r e q u i r e d   to  s t o p   t h e   l i q u i d   v o l a t i l i s i n g ,   t he   v a l v e  

at   l e a s t   p a r t i a l l y   c l o s e s   and  i f   t h e   p r e s s u r e   r i s e s   a b o v e  

t he   p r e d e t e r m i n e d   l e v e l   t h e   v a l v e   o p e n s .   The  p r e s s u r e -  

r e s p o n s i v e   v a l v e   i m p r o v e s   t h e   s t a b i l i t y   of  t h e  

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

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

m i x t u r e   of  w a t e r   and  o r g a n i c   l i q u i d   a n d / o r   when  t h e  

p r o c e s s   i s   o p e r a t e d   c o n t i n u o u s l y .   P o s s i b l y ,   v a r i a t i o n s   i n  

t h e   c o m p o s i t i o n   of  t h e   d i s p e r s i o n   in  t h e   r e g i o n   of  t h e  

o u t l e t   d i s t u r b   t he   s t a b i l i t y   of  t h e   p r o c e s s   and  s u c h  

v a r i a t i o n s   a r e   a g g r a v a t e d   by  t h e   use  of  a  c o n t i n u o u s  

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

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

a b o u t   an  h o u r   p r i o r   to  e j e c t i o n   or  by  t he   use   of  a  m u l t i -  

p h a s e   l i q u i d .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a p p a r a t u s   fo r   m a k i n g  

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

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

g o v e r n e d   by  a  p r e s s u r e - r e s p o n s i v e   v a l v e   s e t   to  r e s p o n d   t o  

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

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

l e a s t   p a r t i a l l y   c l o s e s   and  i f   t h e   p r e s s u r e   r i s e s   a b o v e   t h e  

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

P r e f e r a b l y   t h e   p r e s s u r e - r e s p o n s i v e   v a l v e   is   l o c a t e d  

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

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

o u t l e t .   Such  a  v a l v e   i s   o p e n e d   when  t he   p r e s s u r e   in  t h e  



e n t r a n c e   p o r t i o n   is   s u f f i c i e n t   to  f o r c e   t he   c l o s u r e   b a c k  

a g a i n s t   t he   b i a s .   C o n v e n i e n t l y ,   t he   b i a s   is  a d j u s t a b l e   s o  
t h a t   t he   v a l v e   can  be  e a s i l y   s e t   to  r e s p o n d   to  a  v a r i e t y  
of  p r e d e t e r m i n e d   l e v e l s   of  p r e s s u r e .   The  c l o s u r e   may  b e ,  
fo r   e x a m p l e ,   a  s p r i n g - l o a d e d   b a l l ,   cone   or  c h a m f e r e d   b a r  

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

c o n e s   a r e   p r e f e r r e d   fo r   o u t l e t s   of  c i r c u l a r   c r o s s - s e c t i o n  

and  b a r s   fo r   o u t l e t s   wh ich   a r e   s l i t s .   P r e f e r a b l y ,   t h e  

d i a m e t e r   of  t he   e n t r a n c e   and  e s p e c i a l l y   of  the   e x i t  

p o r t i o n   of  t h e   o u t l e t   is   from  0 .1   to  5 .0   mm  ( m o s t  

p r e f e r a b l y   f rom  0.5  to  3.0  mm)  and  the   c l e a r a n c e   b e t w e e n  

t h e   e n t r a n c e   and  e s p e c i a l l y   t he   e x i t   p o r t i o n s   of  a  s l i t  

d i e   i s   f rom  0 .1   to  5 .0  mm  (mos t   p r e f e r a b l y   f rom  0 . 1 5   t o  

0 .5   m m ) .  

The  p r e s s u r e   v e s s e l   may  be  s i m p l y   a  r e s e r v o i r   f i t t e d  

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

d i s p e r s i o n   can  be  e j e c t e d   f rom  the   r e s e r v o i r   m e r e l y   b y  

o p e n i n g   the   t a p .   P r e f e r a b l y ,   t he   p r e s s u r e   v e s s e l   i s  

p r o v i d e d   w i t h   means   fo r   h e a t i n g ,   p r e s s u r i s i n g   and  m i x i n g  

t h e   c o m p o n e n t s   of  t h e   d i s p e r s i o n .   E s p e c i a l l y   in  a  

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

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

o u t l e t .   In  one  e m b o d i m e n t   of  t he   i n v e n t i o n ,   m o n o m e r s   may  

be  p o l y m e r i s e d   in  t h e   l i q u i d   o p t i o n a l l y   when  c o n t a i n e d   i n  

t h e   p r e s s u r e   v e s s e l   so  as  to  p r o v i d e   a  d i s p e r s i o n   o f  

p o l y m e r i c   t h e r m o p l a s t i c s   m a t e r i a l   in  t he   l i q u i d   in  s i t u ,  

The  p r e s s u r e   v e s s e l   may  be  a  s c r e w   e x t r u d e r .   T h e r m o -  

p l a s t i c s   m a t e r i a l   may  be  m e l t e d   in  t he   e x t r u d e r   and  t h e n   a  

d i s p e r s i o n   f o r m e d   by  i n j e c t i n g   l i q u i d   i n t o   the   m o l t e n  

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

d i s p e r s i o n   is  o b t a i n e d   i f   t he   l i q u i d   is  i n j e c t e d   at  a  

p o i n t   whe re   t he   t h e r m o p l a s t i c s   m a t e r i a l   is  at  or  j u s t  

a b o v e   ( e . g .   10°  a b o v e )   i t s   m e l t i n g   t e m p e r a t u r e .   T h i s  

t e c h n i q u e   is  u s e f u l   when  t he   l i q u i d   is   to  c o m p r i s e   b o t h  

w a t e r   and  an  o r g a n i c   l i q u i d   b e c a u s e   by  i n j e c t i n g   t h e  



w a t e r   and  o r g a n i c   l i q u i d   r a d i a l l y   i n t o   t h e   e x t r u d e r   b a r r e l  

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

b a r r e l   i t   i s   e a s i e r   to  c o n t r o l   w h e t h e r   t he   d i s p e r s i o n  

p r o d u c e d   is  an  e m u l s i o n   of  w a t e r   in  o r g a n i c   l i q u i d   or  v i c e  

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

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

and  i t   can  be  c o n v e n i e n t l y   h e a t e d   by  means   c o n v e n t i o n a l l y  

p r o v i d e d   on  s c r e w   e x t r u d e r s .  

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

w a t e r ,   an  o r g a n i c   l i q u i d   or  a  m i x t u r e   of  b o t h .  

P r e f e r a b l y ,   t h e   o r g a n i c   l i q u i d   s h o u l d   have   a  d i s s o l v i n g   o r  

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

u n d e r   t h e   c o n d i t i o n s   u sed   in  t h e   f i r s t   z o n e .   E x a m p l e s  

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

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

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

v o l a t i l i s a t i o n   of  t h e   l i q u i d .   N u c l e a t i n g   a g e n t s   s h o u l d  

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

u s e d   in  t h e   f i r s t   zone   and  s h o u l d   be  s p a r i n g l y   s o l u b l e   i n  

t h e   d i s p e r s i o n .   N i t r o g e n   and  c a r b o n   d i o x i d e   a r e   s u i t a b l e .  

O t h e r   l i q u i d s   and  n u c l e a t i n g   a g e n t s   a r e   d i s c l o s e d   in  t h e  

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

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

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

t e m p e r a t u r e   and  p r e s s u r e   u s e d   in  t he   f i r s t   z o n e ,   t h e  

d i s p e r s i o n s   u sed   in  f l a s h   f i b r i l l a t i o n   p r o c e s s e s   may  b e  

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

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

p o l y m e r   in  l i q u i d .   If   t he   l i q u i d   has   a  s w e l l i n g   e f f e c t   o n  

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

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

Most  p r e f e r a b l y ,   t h e   l i q u i d   c o m p r i s e s   a  m i x t u r e   of  w a t e r  

and  an  o r g a n i c   l i q u i d   w h i c h   i s   m i s c i b l e   w i t h   t h e   t h e r m o -  

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



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

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

l i q u i d .   P r e f e r a b l y ,   c o d i t i o n s   a re   c h o s e n   to  e s t a b l i s h   a n  
e m u l s i o n   of  w a t e r   and  f l u i d   p o l y m e r   d r o p l e t s   in  o r g a n i c  

l i q u i d .   A c c o r d i n g l y ,   t he   d i s p e r s i o n   p r e f e r a b l y   c o m p r i s e s  

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

0 .1   to  4.0  ( e s p e c i a l l y   0 .3   to  1 . 5 ) : 1   and  a  w e i g h t   r a t i o   o f  

t h e r m o p l a s t i c s   m a t e r i a l   to  i n o r g a n i c   l i q u i d   of  from  0 .5   t o  

0 . 0 0 5   ( e s p e c i a l l y   0 . 3 5   to  0 . 0 2 ) : x   w h e r e   x  is  the   d e n s i t y  

of  t he   o r g a n i c   l i q u i d   r e l a t i v e   to  w a t e r .  

H o w e v e r ,   i t   is  a l s o   p o s s i b l e   to  use  an  e m u l s i o n   o f  

o r g a n i c   l i q u i d   and  d r o p l e t s   of  f l u i d   p o l y m e r   in  w a t e r .   I n  

t h i s   c a s e   t he   d i s p e r s i o n   p r e f e r a b l y   c o m p r i s e s   f rom  1  t o  

20%  ( p r e f e r a b l y   2  to  8%)  by  w e i g h t   of  o r g a n i c   l i q u i d   and  5 

to  75%  ( p r e f e r a b l y   3 5  t o   60%)  by  w e i g h t   of  t h e r m o p l a s t i c s  

m a t e r i a l ,   t he   p e r c e n t a g e s   b e i n g   b a s e d   on  the   w e i g h t   o f  

w a t e r   p r e s e n t .   The  use  of  l a r g e   q u a n t i t i e s   of  w a t e r  

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

p r e s s u r e - r e s p o n s i v e   v a l v e   is   s e t   to  r e s p o n d   is  g e n e r a l l y  

a t   l e a s t   0 .1   MN/m2  ( p r e f e r a b l y   at   l e a s t   0 .5   MN/m2) 

a b o v e   t h e   minimum  p r e s s u r e   r e q u i r e d   to  s t o p   the   l i q u i d  

v o l a t i l i s i n g   in  t he   f i r s t   z o n e .   For  e x a m p l e ,   t he   v a l v e  

may  be  s e t   to  r e s p o n d   to  p r e s s u r e s   of  at   l e a s t   2 .0   and  3 . 3  

MN/m2  fo r   p e n t a n e   a t   150°C  and  190°C  r e s p e c t i v e l y  

or  1 .3   and  2 .0   MN/m2  f o r   h e x a n e   at  150°C  and  1 9 0 ° C  

r e s p e c t i v e l y .   C o n v e n i e n t l y ,   t he   p r e s s u r e   in  the   s e c o n d  

zone   is   a t m o s p h e r i c .   G e n e r a l l y ,   t h e   t e m p e r a t u r e   of  t h e  

f i r s t   zone  is  at   l e a s t   10°C  ( p r e f e r a b l y   at  l e a s t   2 5 ° C )  

a b o v e   t h e   b o i l i n g   p o i n t   of  t he   l i q u i d   at  t he   p r e s s u r e  

e m p l o y e d   in  t he   s e c o n d   z o n e .  

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

w e i g h t   w h i c h   wou ld   e n a b l e   them  to  be  c o n v e r t e d   i n t o  

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

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



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

two  or  c o p o l y m e r s   of  e t h y l e n e   w i t h   up  to  20%  hy  w e i g h t   o f  

c o p o l y m e r i s a b l e   m o n o m e r s ,   for   e x a m p l e ,   v i n y l   a c e t a t e   o r  

m e t h y l ,   e t h y l   or  b u t y l   e s t e r s   of  a c r y l i c   or  m e t h a c r y l i c  

a c i d s .   The  p r e f e r r e d   p o l y o l e f i n   is  a  c r y s t a l l i n e   h o m o -  

p o l y m e r   of  p r o p y l e n e   or  a  c o o o l y m e r   of  p r o p y l e n e   w i t h   up 

to  20%  by  w e i g h t   of  e t h y l e n e   p r e f e r a b l y   made  by  i n j e c t i n g  

e t h y l e n e   i n t o   the   l a t t e r   s t a o e s   of  an  o t h e r w i s e   p r o p y l e n e  

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

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

i n v e n t i o n   a re   e s p e c i a l l y   s u i t a b l e   for   use  in  p a p e r - m a k i n g  

p r o c e s s e s   w h e r e   t h e y   may  be  used   a l o n e   or  b l e n d e d   w i t h  

c o n v e n t i o n a l   p a p e r   p u l p s .   For  such   p u r p o s e s   i t   i s  

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

from  0 .1   to  30 .0   ( e s p e c i a l l y   0 .5   to  5 . 0 ) q / 1 0   m i n u t e s   a s  

n e a s u r e d   a c c o r d i n g   to  B r i t i s h   S t a n d a r d   2 7 8 2 : 1 0 5 : P a r t   C  o f  

1970  u s i n g   a  2 .16   Kg  l oad   a t   230°C  in  the   c a s e  o f  

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

190°C  in  the   c a s e   of  e t h y l e n e   p o l y m e r s   and  c o p o l y m e r s .  

In  o r i e r   to  f a c i l i t a t e   t he   use  of  t h e   f i h r i l s   i n  

p a p e r - m a k i n g   p r o c e s s e s ,   n o n - i o n i c ,   a n i o n i c   or  c a t i o n i  

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

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

c o n d e n s a t e s   of  e t h y l e n e   and  p r o p y l e n e   o x i d e s .   O t h e r  

s u r f a c t a n t s   a r e   d i s c l o s e d   in  the   p a t e n t   s p e c i f i c a t i o n s  

q u o t e d   e a r l i e r   in  t h i s   d e s c r i p t i o n .  

The  t h e r m o p l a s t i c s   m a t e r i a l   may  a l s o   c o n t a i n   t h e  

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

p a p e r   such   as  s t a b i l i s e r s ,   p i g m e n t s   ( e p e c i a l l y   t i t a n i u m  

d i o x i d e )   and  f i l l e r s   ( e s p e c i a l l y   k a o l i n ,   c h a l k   and  t a l c ) .  

The  i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d   by  the   f o l l o w i n g  

d e s c r i p t i o n s   w h i c h   r e f e r   to  the   d r a w i n g s   in  w h i c h :  

F i g u r e   1  shows  in  s e c t i o n   an  o u t l e t   l o c a t e d   in  a  

p o r t i o n   of  a  p r e s s u r e   v e s s e l   w a l l ;  

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

t h a t   shown  in  F i g u r e   1 ;  



F i g u r e   3  shows  in  end  e l e v a t i o n   the  s l e e v e ,   b o l t s   a n d  

s p r i n g s   of  t he   o u t l e t   shown  in  F i g u r e   2 ;  

F i g u r e   4  shows  in  p e r s p e c t i v e   on  a  l a r g e r   s c a l e   t h e  

c l o s u r e   shown  in  F i g u r e   2 .  

F i g u r e   1  shows  p a r t   o f  w a l l   1  of  a  p r e s s u r e   v e s e l  

i n t o   w h i c h   is  s c r e w e d  a   t h r e a d e d   c o m p o n e n t   2.  C o m p o n e n t   2 

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

o u t l e t   from  the   p r e s s u r e   v e s s e l ,   t he   o u t l e t   c o n s i s t i n g   o f  

e n t r a n c e   o r i f i c e   4,  e x p a n d e d   p o r t i o n   5  t h r e a d e d   t o w a r d s  

one  end  and  e x i t   o r i f i c e   6.  S l e e v e   3  s c r e w s   i n t o   e x p a n d e d  

p o r t i o n   5.  E x p a n d e d   p o r t i o n   5  a l s o   h o u s e s   a  p r e s s u r e -  

r e s p o n s i v e   v a l v e   c o n s i s t i n g   of  a  c l o s u r e   in  the   form  of  a  

b a l l   7  w h i c h   s e a t s   in  e n t r a n c e   o r i f i c e   4  to  c l o s e  t h e  

o u t l e t   and  a  s p r i n g   8  wh ich   b i a s s e s   b a l l   7  i n t o   c l o s i n g  

e n g a g e m e n t   w i t h   e n t r a n c e   4  and  which   r e a c t s   a g a i n s t   s l e e v e  

3  by  s c r e w i n g   s l e e v e   3  i n t o   or  ou t   of  e x p a n d e d   p o r t i o n   5 ,  

the   b i a s   in  s p r i n g   8  can  be  e a s i l y   a d j u s t e d .  

F i g u r e   2  shows  an  a l t e r n a t i v e   o u t l e t   c o m p r i s i n g   s l i t  

d i e s   14  and  16  i n s t e a d   of  o r i f i c e s   4  and  6.  F i g u r e   2 

shows  a  p a r t   of  a  w a l l   11  of  a  p r e s s u r e   v e s s e l   i n t o   w h i c h  

a  t h r e a d e d   c o m p o n e n t   12  i s   s c r e w e d .   C o m p o n e n t   12  t o g e t h e r  

w i t h   s l e e v e   13  d e f i n e   an  o u t l e t   c o n s i s t i n g   of  e n t r a n c e  

s l i t   d i e   14,  e x p a n d e d   o o r t i o n   15  and  e x i t   s l i t   d i e   16 

w h i c h   makes   a  p r e s s   f i t   in  e x p a n d e d   c h a m b e r   15  and  is  h e l d  

in  p l a c e   by  b o l t s   23  w h i c h   p a s s   t h r o u g h   f l a n g e d   e n d s   24 

and  e n g a g e   in  b l i n d   t h r e a d e d   b o l t   h o l e s   22  fo rmed   i n  

c o m p o n e n t   12.  The  p o s i t i o n i n g   of  b o l t s   23  a l o n g   t h e  

l e n g t h   of  s l i t   d i e   16  is  shown  in  F i g u r e   3 .  

E x p a n d e d   p o r t i o n   15  h o u s e s   a  p r e s s u r e - r e s p o n s i v e  

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

bar   17  and  t h r e e   s p r i n g s   1 8  a s   shown  in  F i g u r e   3  w h i c h  

b i a s   bar   17  i n t o   c l o s i n g   e n g a g e m e n t   w i t h   e n t r a n c e   s l i t   d i e  

14  and  w h i c h   r e a c t   a g a i n s t   s l e e v e   13.  F i g u r e   4  shows  t h e  

c h a m f e r e d   e d g e s   20  of  bar   17  w h i c h   a s s i s t   in  s e a t i n g   b a r  

17  in  s l i t   d i e   14.  The  b i a s   in  s p r i n g s   18  can  be  e a s i l y  

a d j u s t e d   by  t u r n i n g   b o l t s   2 3 .  



In  o p e c a t i o n   the   p o s i t i o n   of  t he   e x i t   d e f i n i n g   s l e e v e  

r e l a t i v e   to  one  e x p a n d e d   p o r t i o n   of  the   o u t l e t   is  c h o s e n  

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

the   c l o s u r e  o f   t he   v a i v e   in  c l o s i n g   e n g a g e m e n t   w i th   t h e  

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

t he   o u t l e t   ang  i m p i n g e s   upon  t he   c l o s u r e .  A s   soon  as  t h e  

p r e s s u r e  o f   the  m i x t u r e   r i s e s   a b o v e   the   l e v e l   r e q u i r e d   t o  

o v e c o m e   the   b i a s  o n   the   c l o s u r e ,   t he   c l o s u r e   is  f o r c e d  

a g a i n s t   the   b i a s   and  tne   v a l v e   o p e n s  a l l o w i n g   t h e  

d i s p e r s i o n   to  he  e j e c t e d   t h r o u g h   t he   o u t l e t .   If  t h e  

b i a s s i n g   f o r c e   has  been   c h o s e n   c o r r e c t l y ,   t he   d i s p e r s i o n  

i s  e j e c t e d   u n d e r   the   c o r r e c t   c o n d i t i o n s   for   s t a b l e  

f i b r i l l a t i o n .   If  t he   b i a s s i n g   f o r c e   has  no t   b e e n  

c o r r e c t l y   c h o s e n ,   i t   can  be  e a s i l y   a d j u s t e d   u n t i l   t h e  

c o r r e c t   f o r c e   is  f o u n d .  

The  i n v e n t i o n   is  f u r t h e r   i l l l u s t r a t e d   by  t h e  

f o l l o w i n g   E x a m p l e s .  

EXAMPLES  1  TO  7 

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

T a b l e   1  we re   c h a r g e d   to  a  s c r e w   e x t r u d e r   f i t t e d   w i t h   a n  

o u t l e t   g o v e r n e d   by  a  p r e s s u r e - r e s p o n s i v e   v a l v e   a s  

i l l u s t r a t e d   in  F i g u r e   1.  The  d i m e n s i o n s   of  t he   e x i t  

o r i f i c e   a re   s p e c i f i e d   in  T a b l e   1 .  

The  t h e r m o p l a s t i c s   m a t e r i a l   was  c o n v e y e d   to  a  o o i n t  

w h e r e   i t   was  m e l t e d .   P e n t a n e   ( h e x a n e   in  E x a m p l e   7)  a n d  

w a t e r   were  i n j e c t e d   r a d i a l l y   i n t o   the   e x t r u d e r   b a r r e l   a t  

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

a r e   s p e c i f i e d   in  T a b l e   1.  In  E x a m p l e   4,  p o l y v i n y l   a l c o h o l  

s u r f a c t a n t   was  a d d e d   to  t he   w a t e r   p r i o r   to  i n j e c t i o n .  

The  c o n t e n t s   of  the   e x t r u d e r   b a r r e l   were   p r o p e l l e d   t o  

the   o u t l e t   by  the   a c t i o n   of  the   s c r e w   and  were   h e a t e d   t o  

the   t e m p e r a t u r e s   s p e c i f i e d   in  T a b l e   1.  The  m i x i n g   a c t i o n  

of  the   s c r e w   p r o d u c e d   an  e m u l s i o n   of  w a t e r   and  d r o p l e t s   o f  

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



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

p r e s s u r i s e d   by  the   a c t i o n   of  the   s c r e w   and  the  p r e s s u r e  
r e s p o n s i v e   v a l v e   was  s e t   to  r e s p o n d   to  the  p r e s s u r e s  
s p e c i f i e d   in  T a b l e   1.  When  the   p r e s s u r e   of  the   e m u l s i o n  

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

e j e c t e d   t h r o u g h   the   o u t l e t   i n t o   a  zone  of  a m b i e n t  

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

o c u r r e d .   A f t e r  a   b r i e f   i n i t i a l   p e r i o d   of  h u n t i n g .   t h e  

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

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

o b t a i n e d   is  s p e c i f i e d   in  T a b l e   1 .  

COMPARATIVE  EXAMPLES  A  TO  E 

E x a m p l e s   1  to  5  were   r e p e a t e d   e x c e p t   t h a t   the   o u t l e t  

g o v e r n e d   by  the   p r e s s u r e - r e s p o n s i v e   v a l v e   was  r e p l a c e d   by  

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

d i a m e t e r .   In  a l l   c a s e s   i t   was  found   t h a t   f i b r i l s   w e r e  

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

e j e c t e d   from  the   o r i f i c e .   The  c o o l i n g   e f f e c t   p r o d u c e d   b y  

t he   v o l a t i l i s a t i o n   of  t he   l a r g e   vo lume   of  l i q u i d   which   h a d  

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

t h e r m o p l a s t i c s   m a t e r i a l   in  t he   o u t l e t   and  form  a  p l u g  

wh ich   b l o c k e d   the   o u t l e t .   P r e s s u r e   b u i l t   up  b e h i n d   t h e  

p l u g   u n t i l   t he   p lug   was  v i o l e n t l y   e x p e l l e d   from  t h e  

o u t l e t .   Foamed  p o l y m e r   was  t h e n   p r o d u c e d   wh ich   t h e n   g a v e  

way  to  the   p r o d u c t i o n   of  f i b r i l s   a g a i n .   H o w e v e r ,   t h e  

c y c l e   r e p e a t e d   i t s e l f   at   i r r e g u l a r   i n t e r v a l s .  

The  t e rm  " f l u i d "   as  a p p l i e d   to  the   d r o p l e t s   o f  

t h e r m o p l a s t i c s   m a t e r i a l   means   t h a t   the   d r o p l e t s   a r e   in  a 

l i q u i d   s t a t e   b e c a u s e   t h e y   a r e   m o l t e n ,   d i s s o l v e d   in  t h e  

o r g a n i c   l i q u i d   or  s w o l l e n   by  t he   o r g a n i c   l i q u i d .  

P r e f e r a b l y   t h e y   a r e   s w o l l e n .  







1.  A  f l a s h   f i b r i l l a t i o n   p r o c e s s   for   c o n v e r t i n g  

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

p l a s t i c s   m a t e r i a l   and  a  l i q u i d   a r e   e j e c t e d   f rom  a  f i r s t  

zone  t h r o u g h   an  o u t l e t   i n t o   a  s e c o n d   z o n e ;   w h e r e i n   (a)  t h e  

t e m p e r a t u r e   in  t he   f i r s t   zone  is  s u f f i c i e n t   to  e n s u r e   t h a t  

the   t h e r m o p l a s t i c s   m a t e r i a l   is  f l u i d ,   (b)  t he   t e m p e r a t u r e  

in  t he   f i r s t   zone   is   a b o v e   the   a t m o s p h e r i c   b o i l i n g   p o i n t  

of  t he   l i q u i d   and  (c)  t he   p r e s s u r e   in  the   f i r s t   zone   i s  

s u f f i c i e n t   to  s t o p   t he   l i q u i d   v o l a t i l i s i n g ;   and  w h e r e i n  

(d)  the   t e m p e r a t u r e   in  t he   s e c o n d   zone   is  b e l o w   t h e  

f r e e z i n g   p o i n t   of  t he   t h e r m o p l a s t i c s   m a t e r i a l   and  (e)  t h e  

p r e s s u r e   in  the   s e c o n d   zone  i s   low  e n o u g h   to  p r o m o t e   r a p i d  

v o l a t i l i s a t i o n   of  t he   l i q u i d ,   c h a r a c t e r i s e d   in  t h a t   t h e  .  

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

o u t l e t   i n t o   the   s e c o n d   zone  is  c o n t r o l l e d   by  a  p r e s s u r e  

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

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

f a l l s   b e l o w   a  p r e d e t e r m i n e d   l e v e l   w h i c h   is  no t   b e l o w   t h e  

l e v e l   r e q u i r e d   to  s t o p   t he   l i q u i d   v o l a t i l i s i n g   the   v a l v e  

at   l e a s t   p a r t i a l l y   c l o s e s   and  i f   t he   p r e s s u r e   r i s e s   a b o v e  

a  p r e d e t e r m i n e d   l e v e l   t he   v a l v e   o p e n s .  
2.  A p p a r a t u s   fo r   m a k i n g   t h e r m o p l a s t i c s   f i b r i l s   b y  

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

p r e s s u r e   v e s s e l   h a v i n g   an  o u t l e t   g o v e r n e d   by  a  p r e s s u r e -  

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

u p s t r e a m   of  t h e   v a l v e   s u c h   t h a t   i f   t he   p r e s s u r e   f a l l s  

b e l o w   a  p r e d e t e r m i n e d   v a l u e   the   v a l v e   at  l e a s t   p a r t i a l l y  

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

l e v e l   t he   v a l v e   o p e n s .  
3.  A p p a r a t u s   fo r   m a k i n g   f i b r i l s   by  a  f l a s h  

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

e x t r u d e r   h a v i n g   an  o u t l e t   c h a r a c t e r i s e d   in  t h a t   t he   o u t l e t  

c o n t a i n s   a  c l o s u r e   (7)  b i a s e d   i n t o   a  c l o s e d   p o s i t i o n   by  a  

s p r i n g   ( 8 ) .  
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