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filamentary  materials;  (b)  forming  a  thermoplastic  polymeric 
fiber;  (c)  intermixing  the  two  tows;  and  (d)  withdrawing  the 
intermixed  tow  for  further  use. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  f i b e r   tow  and  to  a  

p r o c e s s   f o r   p r e p a r i n g   i t .   Such  tows  a r e  u s e f u l   in  f o r m i n g  

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

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

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

F i b e r - r e i n f o r c e d   p r o d u c t s   have   b e e n   known  f o r  

s e v e r a l   y e a r s ;   s e e ,   f o r   e x a m p l e ,   U.S.  P a t e n t s   N o s . 3 , 9 1 4 , 4 9 9  

3 , 9 6 9 , 1 7 1   and   4 , 2 1 4 , 9 3 1 ,   as  w e l l   as  U.S.   P a t e n t   No.  4 , 3 4 1 , 8 3 5 .  

I t   i s   known  to  i n t e r m i x   two  s i m i l a r   or   d i f f e r e n t  

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

e x a m p l e ,   U . S . P a t e n t s   Nos.  4 , 2 1 9 , 9 9 7 , 4 , 2 1 8 , 8 6 9 , 3 , 9 5 9 , 9 6 2 ,  

3 . 9 6 8 , 6 3 8 ,   and  3 , 9 5 8 , 3 1 0 .   The  c o m b i n i n g   of  d i f f e r e n t   t y p e s  

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

j e t s ;   s e e ,   f o r   e x a m p l e ,   U.S.   P a t e n t s   Nos.  3 , 9 5 8 , 3 1 0   a n d  

4 , 1 4 7 , 0 2 0 .   In  N o . 4 , 1 4 7 , 0 2 0 ,   the   y a r n s   a re   c u t   i n t o   s h o r t  

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

U . S .   P a t e n t   No.  4 , 2 2 6 , 0 7 9 ,   d i s c l o s e s   t h e   c o m b i n i n g  

of  two  d i f f e r e n t   t y p e s   of  f i b e r s   in  o r d e r   to  p r o d u c e   a  b u l k  

y a r n .   The  f i b e r s   a r e   i n t e r m i x e d   in  a  j e t   i n t e r m i x i n g   z o n e .  

The  f i b e r s   d i s c l o s e d   in  the   p a t e n t   a re   p o l y e s t e r   and  p o l y -  

amid  f i b e r s .   T h e r e   is   no  i n d i c a t i o n   of  c o m b i n i n g   c a r b o n  

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

U . S .   P a t e n t   No.  3 , 1 7 5 , 3 5 1   d i s c l o s e s   a  m e t h o d   o f  

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

d i s c l o s e d   t h a t   t he   two  y a r n s   wh ich   a re   c o m b i n e d   may  be  o f  

d i f f e r e n t   c o m p o s i t i o n s .   T h e r e   i s   no  i n d i c a t i o n   t h a t   a n y  

of   the  y a r n s   m i g h t   be  a  c a r b o n   f i b e r   y a r n .  

U . S .   P a t e n t   No.  3 , 8 5 9 , 1 5 8   d i s c l o s e s   t h e   p r e p a r a -  

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

an  open  w e a v e   of   a  c a r b o n   f i b e r   and  c o a t i n g   w i t h   a  c a r b o n a -  

c e o u s   m a t e r i a l .   U .S .   P a t e n t   No.  4 , 3 6 8 , 2 3 4   d i s c l o s e s  

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

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

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

c 



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

r e s i n   and  c u r e d .  

A c c o r d i n g   to  an  e a r l i e r   p r o p o s a l ,   b e l i e v e d   t o  

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

i t   has   been  s u g g e s t e d   to  p r o v i d e   an  i m p r o v e d   woven  f a b r i c  

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

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

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

to   t h a t   p r o p o s a l , f u s i b l e   and  i n f u s i b l e   f i b e r s   a re   w o v e n  

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

a b o v e   the  m e l t i n g   p o i n t   of  the   f u s i b l e   f i b e r .   Tha t   p r o p o s a l  

d o e s   no t   s u g g e s t   t h e   p r e p a r a t i o n   of   l i n e a r l y   i n t e r m i x e d  

f i b e r   tow  p r o d u c t s   n o r   does   i t   in  any  way  s u g g e s t   t h a t   s u c h  

p r o d u c t s   wou ld   be  u s e f u l   in  f o r m i n g   c o m p o s i t e   a r t i c l e s .  

M o r e o v e r   t h a t   p r o p o s a l   d o e s   no t   s u g g e s t   the   p r e p a r a t i o n   o f  

s u c h   m a t e r i a l s   u s i n g   a  gas   j e t   i n t e r m i x i n g   m e a n s .  

In  t h e   p r i o r   a r t ,   t h e r e   were   two  d i s t i n c t   m e t h o d s  

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

o l d e r   me thod   i n v o l v e d   s i m p l y   f o r m i n g   a  t a p e   or  f a b r i c  

p r e p r e g   by  p a i n t i n g   or   c o a t i n g   r e i n f o r c i n g   f i b e r   t ows   o r  

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

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

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

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

T h e s e   t a p e s   or  f a b r i c s   were   t h e n   u s e d   in  f o r m i n g   t h e   c o m -  

p o s i t e .   H o w e v e r , t h e   p r e p r e g   f o r m e d   by  b o t h   of  t h e s e   p r o -  

c e s s e s   were  s o m e w h a t   d i f f i c u l t   to  h a n d l e .   S p e c i f i c a l l y ,  

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

c o u l d   no t   be  d r a p e d   a c r o s s   i n t r i c a t e l y   s h a p e d   m o l d s .   W h i l e  

t h e r m o s e t   p r e p r e g s   w e r e   somewha t   more  f l e x i b l e ,   t h e y   w e r e  

c f t e n   q u i t e   t a c k y   and   d i f f i c u l t   to  h a n d l e .  A s   a  r e s u l t ,  

t h e   use  of  b o t h   t y p e s   of  t a p e s   was  l i m i t e d .  

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

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

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

t h e   p r i o r   a r t .  



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

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

i n t i m a t e   b l e n d   of  90  to  30%  by  v o l u m e ,   b a s e d   on  the   t o t a l  

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

m e l t i n g   p o i n t   of  a t   l e a s t   50°C.  and  10  to  70%  by  v o l u m e ,  

b a s e d   on  the   t o t a l   f i b e r   c o n t e n t ,   of   a  n o n - t h e r m o p l a s t i c  

r e i n f o r c i n g   f i b e r .  

In  g e n e r a l ,   t he   tows  of   t h e   i n v e n t i o n   a re   c a p a b l e  

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

of   a t   l e a s t   0 . 0 0 2   i n c h   ( 0 . 0 5   m m ) .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  p r o c e s s   of  p r e p a r -  

i n g   a  f i b e r   tow  w h i c h   c o m p r i s e s :  

(a)   f o r m i n g   a  tow  of   n o n - t h e r m o p l a s t i c   r e i n f o r c -  

ing   f i b e r s ;  

(b)  f o r m i n g   a  c o n t i n u o u s   tow  of   spun   t h e r m o p l a s t i c  

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

l e a s t   5 0 ° C ;  

(c)   i n t e r m i x i n g   t he   n o n - t h e r m o p l a s t i c   r e i n f o r c -  

ing   f i b e r   tow  and  t h e   t h e r m o p l a s t i c   p o l y m e r  

f i b e r   tow,  a n d  

(d)  w i t h d r a w i n g   the   i n t e r m i x e d   t o w .  

I t   w i l l   be  s een   from  t h e   a b o v e   t h a t   t he   p r o c e s s  
o f   t h i s   i n v e n t i o n   i n v o l v e s   (a)  f o r m i n g   a  f i b e r   tow  from  a  

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

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

m i x i n g   the   two  t o w s ;   and  (d)  w i t h d r a w i n g   the   i n t e r m i x e d  

t o w s   f o r   u s e .   The  f i l a m e n t a r y   r e i n f o r c i n g   m a t e r i a l   i s   n o n -  

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

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

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

i n v e n t i o n   a r e   f l e x i b l e   and  h a n d l e a b l e   and  have   good  d r a p i n g  

p r o p e r t i e s ,   so  t h a t   t h e y   can  be  u s e d   to  form  i n t r i c a t e l y  

s h a p e d   a r t i c l e s .   In  a d d i t i o n ,   b e c a u s e   of   the   i n t e r m i x i n g  

o f   the   two  f i b e r s ,   good  w e t t i n g   of   t h e   r e i n f o r c i n g   f i b e r  

by  the   t h e r m o p l a s t i c   m a t e r i a l   i s   o b t a i n e d   when  a p p r o p r i a t e  



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

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

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

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

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

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

the   f i n a l   p r o d u c t   i s   d e s i r e d .   For   e x a m p l e ,   u s i n g   the   p r i o r  

a r t   t a p e s ,   i t   was  n o t   p o s s i b l e   in  many  i n s t a n c e s   to  p r e p a r e  

a r t i c l e s   w h i c h   had  90°  b e n d ,   b e c a u s e   t a p e s   wou ld   c r a c k   o r  

d e f o r m   at   t he   bend   l i n e .   H o w e v e r ,   t he   tows   of  the   i n v e n t i o n  

may  be  e m p l o y e d   w i t h   r a d i i   or   c u r v a t u r e   as  low  as  0 . 0 0 2   i n  

( 0 . 0 5   mm) .  

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

in  w h i c h :  

F I G . 1   i s   a  d i a g r a m a t i c   v i e w   of   t he   v a r i o u s  

d e v i c e s   u s e d   in  c a r r y i n g   o u t   one  of  t h e   p r o c e s s   of  t h e  

i n v e n t i o n .  

F I G . 2   i s   a  d i a g r a m a t i c   v i ew  of   t he   v a r i o u s  

d e v i c e s   u s e d   in   c a r r y i n g   o u t   a n o t h e r   v e r s i o n   of  the   p r o c e s s  
of  t h e   i n v e n t i o n .  

F I G . 3   i s   a  p e r s p e c t i v e   v i e w   of   t h e   gas  s p r e a d i n g  

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

i n v e n t i o n .  

F I G . 4   i s   a  p e r s p e c t i v e   v i ew   of   t he   same  d e v i c e  

w i t h   the  top   r e m o v e d .  

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

c a r r y i n g   o u t   the   i n v e n t i o n   may  b e l o n g   to   v i r t u a l l y   any  t y p e  

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

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

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

m i d e s , p o l y s u l f o n e s   ( e . g .   p o l y e t h e r   s u l f o n e s ) ,   p o l y e t h e r  

e t h e r   k e t o n e s ,   p o l y b u t y l e n e   t e r e p h t h a l a t e   and  the   l i k e .   T h e  

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

50°F  ( 2 8 ° C ) ,   p r e f e r a b l y   a t   l e a s t   200°F   ( 1 1 1 ° C )   above   a m b i e n t  

t e m p e r a t u r e .   H i g h e r   m e l t i n g   t e m p e r a t u r e s   e n s u r e   t h a t   t h e r e  

w i l l   be  no  undue   s t i c k i n g   o r   b i n d i n g   of   t he   spun   f i b e r s  



p r i o r   to  u s e .   In  a d d i t i o n   to  one  c o m p o n e n t   p o l y m e r   s y s t e m s ,  

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

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

t i e s   a re   d e s i r e d .  

Of  p a r t i c u l a r   i m p o r t a n c e   are   t he   l i q u i d   c r y s t a l  

p o l y m e r s   or   L C P ' s -   E x a m p l e s   of  t h e s e   p o l y m e r s   i n c l u d e   t h e  

w h o l l y   a r o m a t i c   p o l y e s t e r   r e s i n s   wh ich   a re   d i s c u s s e d   in  t h e  

f o l l o w i n g   p u b l i c a t i o n s  :   (a)   P o l y e s t e r s   of   H y d r o x y b e n z o i c  

A c i d s ,   by  R u s s e l l   G i l k e y   and  John  R.  C a l d w e l l ,   J .   of  A p p l i e d  

P o l y m e r   S c i . ,   V o l .   I I ,   P a g e s   198  to  202  ( 1 9 5 9 ) ;   ( b )  

P o l y a r y l a t e s   ( P o l y e s t e r s   From  A r o m a t i c   D i c a r b o x y l i c   A c i d s  

and  B i s p h e n o l s ) ,   by  G . B i e r ,   P o l y m e r ,   V o 1 . 1 5 ,   P a g e s   527  t o  

535  ( A u g u s t   1 9 7 4 ) :   (c)   A r o m a t i c   P o l y e s t e r   P l a s t i c s ,   by  S . G .  

C o t t i s ,   M o d e r n   P l a s t i c s ;   P a g e s   62  to  63  ( J u l y   1 9 7 5 ) ;   and  ( d )  

P o l y   ( p - O x y b e n z o y l   S y s t e m s ) :   Homopolymer   f o r   C o a t i n g s  

C o p o l y m e r s   f o r   C o m p r e s s i o n   and  I n j e c t i o n   M o l d i n g ,   by  R o g e r  

S.  S t o r m   and  S t e v e n   G . C o t t i s ,   C o a t i n g s   P l a s t . P r e p r i n t , V o l .  

34,  N o . 1 ,   P a g e s   1 9 4   to  197  ( a p r i l   1 9 7 4 ) .   See  a l s o ,   U . S .  

P a t e n t s   Nos .   3 , 0 3 9 , 9 9 4 ;   3 , 1 6 9 , 1 2 1 ;   3 , 3 2 1 , 4 3 7 ;   3 , 5 5 3 , 1 6 7 ;  

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

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

3 , 9 7 5 , 4 8 7 .  

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

(a)  P o l y e s t e r   X7GCA  S e l f   R e i n f o r c e d   T h e r m o p l a s t i c ,   by  W . J .  

J a c k s o n ,   J r . ,   H . F .   K u h f u s s ,   and  T.F.   Gray ,   J r . ,   3 0 t h  

A n n i v e r s a r y   T e c h n i c a l   C o n f e r e n c e ,   1975  R e i n f o r c e d   P l a s t i c s /  

C o m p o s i t e s   I n s t i t u t e ,   The  S o c i e t y   of  the   P l a s t i c s   I n d u s t r y ,  

I n c . ,   S e c t i o n   1 7 - r ,   P a g e s   1  to  4;  (b)  B e l g i a n   P a t e n t s   N o s .  

8 3 8 , 9 3 5   and  8 2 8 , 9 3 5 ;   (c )   D u t c h   P a t e n t   No.  7 5 0 5 5 5 1 ;   (d)  W e s t  

German  P a t e n t s   Nos .   2 5 2 0 8 1 9 ;   2520820 ;   2 7 2 2 1 2 0 ;   2 8 3 4 5 3 5 ;  

2 8 3 4 5 3 6   and  2 8 3 4 5 2 7 ;   (e )   J a p a n e s e   P a t e n t s   Nos .   4 3 - 2 2 3 ;  

2 1 3 2 - 1 1 6 ;   and  3 0 2 1 - 2 9 3 ;   and  ( f )   U.S.   P a t e n t s   Nos .   3 , 9 9 1 , 0 8 3 ;  

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

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

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

681;  4 , 2 0 1 , 8 5 6 ;   4 , 2 1 9 , 4 6 1 ;   4 , 2 2 4 , 4 3 3 ;   4 , 2 2 6 , 9 7 0 ;   4 , 2 3 0 , 8 1 7 ;  

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

082;  4 , 2 4 5 , 8 0 4 ;   4 , 2 4 7 , 5 1 4 ;   4 , 2 5 6 , 6 2 4 ;   4 , 2 6 5 , 8 0 2 ;   4 , 2 6 7 , 2 8 9 ;  



4 , 2 6 9 , 9 6 5 ; 4 , 2 7 9 , 8 0 3 ;   and  4 , 2 9 9 , 7 5 6 .  

The  p o l y e s t e r s   and   c o p o l y e s t e r s   w h i c h   a re   p r e -  

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

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

a n d  

a n d / o r  

w h e r e i n   u n i t s   I  and  I I ,   i f   p r e s e n t ,   a r e   p r e s e n t   i n  

s u b s t a n t i a l l y   e q u i m o l a r   a m o u n t s ;   R1 ,R2   and  R3  a r e   r a d i c a l s  

s e l e c t e d   f rom  (1)  s i n g l e   and   f u s e d   s i x - m e m b e r e d   a r o m a t i c  

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

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

p o s i t i o n e d   1 , 3 -   or   1 , 4 -   ( p r e f e r a b l y   1 , 4 - )   to  each   o t h e r , a n d  

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

p a r a l l e l   and  o p p o s i t e l y   d i r e c t e d ,   and   (2)  m u l t i p l e   s i x -  

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

i n d i v i d u a l   r i n g s   a r e   j o i n e d   by  a  c h e m i c a l   bond  or  a  t r a n s -  

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

e a c h   r i n g   a re   in  t h e   1 , 3 -   or   1 , 4 -   ( p r e f e r a b l y   1 , 4 - )   p o s i t i o n s ;  

R2  may  a l s o   b e  

w h e r e i n   A  is   a  d i v a l e n t   r a d i c a l   c o n t a i n i n g   one  or  t w o  

b i c y c l i c   i n - c h a i n   a t o m s ;   and  R3  may  a l s o   b e  

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

g r o u p .   P r e f e r r e d   g r o u p   (1)   r a d i c a l s   a r e   p h e n y l e n e . .  

P r e f e r r e d   g r o u p   (2)   r a d i c a l s   a r e   t w o - r i n g   s y s t e m s .  



I l l u s t r a t i v e   of  (1)  a r e  

and  of  (2)  a r e  

The  f o r e g o i n g   r i n g   s y s t e m s ,   e x c e p t   f o r   R2  as  i n d i c a t e d  

b e l o w ,   a re   a l s o   i n t e n d e d   to  i n c l u d e   one  or  more   s u b s t i t u e n t s ,  

e . g . ,   c h l o r o ,   b r o m o ,   f l u o r o ,   or  l o w e r   a l k y l   ( 1 - 4   c a r b o n  

a t o m s )   on  t h e   r i n g   or   r i n g s .   The  R2  a r o m a t i c   r i n g   s y s t e m s  

s h o u l d   p r e f e r a b l y   be  u n s u b s t i t u t e d   when  o n l y   one   k i n d   o f  

u n i t   I  and  one  k i n d   of   u n i t   I I   a re   u s e d ,   i . e . ,   when  a  

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

In  t h e   c a s e   of   c o p o l y m e r s ,   i t   i s   p r e f e r r e d   t h a t   t h e   R2 
a r o m a t i c   r i n g   s y s t e m s   be  u n s u b s t i t u t e d   b e c a u s e   o f   t h e r m a l  

or  h y d r o l y t i c   i n s t a b i l i t y   a n d / o r   c o s t   of  t he   R 2 - r i n g   s u b -  

s t i t u t e d   c o p o l y m e r s .  

A l s o   i n c l u d e d   a r e   t h o s e   ( c o ) p o l y e s t e r s   w h e r e i n   u p  

to  25  mol  %,  p r e f e r a b l y   up  to   5  mol  %,  b a s e d   on  t h e   t o t a l  

1 , 1 1 ,   and  I I I   u n i t s ,   a r e   a r o m a t i c   p o l y m e r - f o r m i n g   u n i t s   ( i . e . ,  

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

a t t a c h e d   to  a r o m a t i c   r i n g s )   no t   c o n f o r m i n g   to   t h o s e   d e s c r i b e d  

a b o v e   and  w h i c h   do  n o t   i n t e r f e r e   w i t h   the  a n i s o t r o p i c   m e l t  

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

t h e s e   u n i t s   i n c l u d e s  



a n d  

The  ( c o ) p o l y e s t e r s , a s   m e n t i o n e d   a b o v e ,   may  c o m p r i s e  

u n i t s   I  and   I I   in   s u b s t a n t i a l l y   e q u i m o l a r   a m o u n t s   or   m a y  

c o m p r i s e   u n i t   I I I   or   may  c o m p r i s e   a  c o m b i n a t i o n   o f   u n i t s   I ,  

I I ,   and   I I I ,   a n d ,   of  c o u r s e ,   more  t h a n   one  k i n d   o f   u n i t   ( I ,  

I I   a n d / o r   I I I )   c an   be  p r e s e n t   i n   t h e   p o l y m e r .  

P r e f e r r e d   ( c o ) p o l y e s t e r s   f o r   u s e   in   t h e   i n v e n t i o n  

c o n s i s t   e s s e n t i a l l y   o f   u n i t s   I  and  I I .   In  s u c h   p o l y m e r s ,   i t  

i s   p r e f e r r e d   t h a t   R1  i s   s e l e c t e d   f r o m   1 , 4 - p h e n y l - e n e ;   c h l o r o - ,  

d i c h l o r o - , b r o m o - , d i b r o m o - ,   m e t h y l - , d i m e t h y l -   and  f l u o r o - 1 , 4 -  

p h e n y l e n e ;   4 , 4 ' - b i p h e n y l e n e ,   3 , 3 ' , 5 , 5 '  -   t e t r a  -   m e t h y l - 4 , 4 ' -  

b i p h e n y l e n e   and   R2  i s   s e l e c t e d   f rom  t r a n s - 1 , 4 - c y c l o h e x y l e n e ;  

t r a n s - 2 , 5 - d i m e t h y l - 1 , 4 - c y c l o -   h e x y l e n e ;   t r a n s - v i n y l e n e b i s ( l ,  

4 - p h e n y l e n e ) ;   4 , 4 ' - b i p h e n y l e n e ;   2 , 6 - n a p h t h y l e n e ;   and   1 , 4 -  

p h e n y l e n e   and   w i t h   t h e   p r o v i s o   t h a t   more   t h a n   one  k i n d   of   u n i t  

I  o r   I I   a r e   p r e s e n t .   Of  s u c h   c o p o l y e s t e r s ,   two  t y p e s   a r e  

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

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

r e c u r r i n g   u n i t s ( x )  

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

m e t h y l   r a d i c a l s ;   n  i s   1  or  2;  and  Y  i s   s e l e c t e d   f r o m   4 , 4 ' -  

b i p h e n y l e n e   and  2 , 6 - n a p h t h y l e n e ,   t h e   r a t i o   o f  



u n i t s   b e i n g   w i t h i n   t he   r a n g e   of  4:1  to  1 : 4 .   In  t he   s e c o n d  

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

u n i t s  

w h e r e i n   Z  i s   s e l e c t e d   f r o m   4 , 4 ' - b i p h e n y l e n e ,   2 , 6 - n a p h t h y l e n e ,  

and  1 , 4 - p h e n y l e n e ,   t he   r a t i o   o f  

u n i t s   b e i n g   w i t h i n   t he   r a n g e   of  4:1  to  3 : 2 .   Wi th   e a c h   t y p e  

of  p o l y m e r ,   up  to  25  mol  p e r c e n t   of  n o n - c o n f o r m i n g   u n i t s  

may  be  p r e s e n t   as  d e s c r i b e d   a b o v e .  

A  l i s t   of  u s e f u l   d i c a r b o x y l i c   a c i d s   i n c l u d e s , f o r  

e x a m p l e ,   t e r e p h t h a l i c   a c i d ,   4 , 4 ' - b i b e n z o i c   a c i d ,   4 , 4 '  -  

o x y d i b e n z o i c   a c i d ,   4 , 4 '  -   t h i o d i b e n z o i c   a c i d ,   4 - c a r b o x y p h e n -  

o x y a c e t i c   a c i d ,   4 , 4 ' - t r a n s - t i l b e n e d i c a r b o x y l i c   a c i d ,   2 , 6 -  

n a p h t h a l e n e -   d i c a r b o x y l i c   a c i d ,   e t h y l e n e o x y - 4 , 4 ' - d i b e n z o i c  

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

d e r i v a t i v e s   of   t he   f o r e g o i n g   d i c a r b o x y l i c   a c i d s ,   1 , 4 - t r a n s -  

c y c l o h e x a n e -   d i c a r b o x y l i c   a c i d ,   and  2 , 5 - d i m e t h y l - 1 ,   4 - t r a n s -  

c y c l o h e x a n e d i -   c a r b o x y l i c   a c i d .  



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

i n c l u d e s   6 - h y d r o x y - 2 - n a p h t h o i c   a c i d ,   4 - h y d r o x y - 4 '   c a r b o x y  

a z o b e n z e n e ,   f e r u l i c   a c i d ,   4 - h y d r o x y b e n z o i c   a c i d ,   4 - ( 4 ' h y d r o -  

x y p h e n o x y ) -   b e n z o i c   a c i d   and  4 - h y d r o x y c i n n a m i c   a c i d   and  t h e  

a l k y l ,   a l k o x y   and  h a l o g e n   s u b s t i t u t e d   v e r s i o n s   of  t h e s e  

c o m p o u n d s .  

Of  t he   ( c o ) p o l y e s t e r s   c o n t a i n i n g   o n l y   type   I I I  

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

of  t h e   r e c u r r i n g   u n i t s  

The  (co)   p o l y e s t e r s   a re   p r e p a r e d   p r e f e r a b l y   b y  

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

and  a r o m a t i c - a l i p h a t i c ,   a r o m a t i c   and  c y c l o a l i p h a t i c   d i -  

c a r b o x y l i c   a c i d s   or  t h e i r   d e r i v a t i v e s .   A  c o n v e n i e n t   p r e -  

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

t a t e   o f   a  d i h y d r i c   p h e n o l   w i t h   a  d i c a r b o x y l i c   a c i d .   A l t e r -  

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

may_be   u s e d   as  c o - r e a c t a n t s   in  t he   p r e p a r a t i o n   of  p o l y e s t e r s  

and  c o p o l y e s t e r s .  

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

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

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

m e t h y l h y d r o q u i n o n e ,   d i m e t h y l h y d r o q u i n o n e , d i c h l o r o h y d r o q u i n o n e ,  

d i b r o m o h y d r o q u i n o n e , 4 , 4 ' -   o x y d i p h e n o l ,   4 , 4 ' i s o p r o p y l i d e n e d i -  

p h e n o l , 4 , 4 ' - t h i o d i p h e n o l , 4 , 4 ' - b i p h e n o l , 3 , 5 , 3 ' , 5 ' - t e t r a m e t h y l -  

4 , 4 ' - b i s p h e n o l ,   3 , 5 , 3 ' 5 ' - t e t r a c h l o r o - 4 , 4 ' - b i p h e n o l , 2 , 6 -  

d i h y d r o x y n a p h t h a l e n e ,   2 , 7 - d i h y d r o x y n a p h t h a l e n e ,   a n d  4 , 4 ' -  

m e t h y l e n e d i p h e n o l ,  



In  a d d i t i o n ,   i t   i s   p o s s i b l e   to  p r e p a r e   a n i s o t r o p i c  

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

i n g   an  a l k a l i   m e t a l   h y d r o x i d e   and  f r e e   r a d i c a l   i n i t i a t o r s   a s  

d e s c r i b e d   in  U.S .   P a t e n t s   Nos.   4 , 1 1 2 , 2 1 2 ,   4 , 1 3 0 , 7 0 2 , a n d  

4 , 1 6 0 , 7 5 5 .  

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

i n c l u d e ,   f o r   e x a m p l e ,   p - a c e t o x y b e n z o i c   a c i d   and  p - a c e t o x y -  

c i n n a m i c   a c i d .  

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

p o l y m e r s   i n c l u d e s  :   p o l y ( m e t h y l - 1 , 4 - p h e n y l e n e ,   2 , 5 - d e m e t h y l -  

t r a n s -   h e x a h y d r o t e r e p h t h a l a t e ) ;   c o p o l y ( m e t h y l - 1 - 4 - p h e n y l e n e  

t r a n s - h e x a h y d r o t e r e p h t h a l a t e / t e r e p h t h a l a t e )   ( 8 / 2 ) ; c o p o l y  

( c h l o r o - 1 , 4 - p h e n y l e n e   t r a n s - h e x a h y d r o t e r e p h t h a l a t e / i s o p h t h a l a t e )  

( 9 / 1 )   and  ( 8 / 2 ) ;   c o p o l y ( e t h y l - 1 , 4 - p h e n y l e n e   t e r e p h t h a l a t e / -  

2 , 6 - n a p h t h a l a t e )   ( 7 / 3 ) ;   c o p o l y ( t e r t . b u t y l - 1 , 4 - p h e n y l e n e / -  

3 , 3 ' , 5 , 5 ' -   t e t r a m e t h y l - 4 , 4 ' - b i p h e n y l e n e / t e r e p h t h a l a t e ) ( 7 / 3 ) ;  

c o p o l y ( c h l o r o - 1 , 4 - p h e n y l e n e / - 3 , 3 ' 5 , 5 ' - t e t r a c h l o r o - 4 , 4 ' - b i -  

p h e n y l e n e   t e r e p h t h a l a t e ) ( 7 / 3 ) .  

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

p o l y e s t e r s   and  p o l y ( e s t e r - a m i d e ) s   w h i c h   a r e   s u i t a b l e   f o r   u s e  

in  t h e   p r e s e n t   i n v e n t i o n   may  be  f o r m e d   by  a  v a r i e t y   of  e s t e r  

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

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

t h e   r e q u i s i t e   r e c u r r i n g   m o i e t i e s .   For  i n s t a n c e ,   the   f u n c -  

t i o n a l   g r o u p s   of  the   o r g a n i c   monomer   c o m p o u n d s   may  be  c a r b o -  

x y l i c   a c i d   g r o u p s ,   h y d r o x y l   g r o u p s ,   e s t e r   g r o u p s , a c r y o x y   g r o u p s ,  
a c i d   h a l i d e s ,   amine   g r o u p s , e t c .   The  o r g a n i c   monomer  c o m p o u n d s  

may  be  r e a c t e d   in   t he   a b s e n c e   of   a  h e a t   e x c h a n g e   f l u i d   v i a   a  

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

i n i t i a l l y   to  f o rm  a  m e l t   s o l u t i o n   of  t he   r e a c t a n t s   w i t h   t h e  

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

t h e r e i n .   A  vacuum  may  be  a p p l i e d   to  f a c i l i t a t e   r e m o v a l   o f  

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

( e . g . ,   a c e t i c   a c i d   or  w a t e r ) .  

Our  U . S . P a t e n t   No.  4 , 0 8 3 , 8 2 9 ,   e n t i t l e d   " M e l t  

P r o c e s s a b l e   T h e r m o t r o p i c   W h o l l y   A r o m a t i c   P o l y e s t e r " , d e s c r i b e s  

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



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

in  t h e   p r e s e n t   i n v e n t i o n .   A c c o r d i n g   to   such   a  p r o c e s s , t h e  

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

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

w h o l l y   a r o m a t i c   p o l y e s t e r s ,   the   p r o c e s s   may  a l s o   b e  

e m p l o y e d   to  form  p o l y ( e s t e r - a m i d e ) s .  

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

s l u r r y   p r o c e d u r e   of   U . S .   P a t e n t   No.  4 , 0 8 3 , 8 2 9 ,   the  o r g a n i c  

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

a r e   d e r i v e d   may  be  i n i t i a l l y   p r o v i d e d   in  a  m o d i f i e d   f o r m  

w h e r e b y   the   u s u a l   h y d r o x y   g r o u p s   of  s u c h   monomers   a re   e s t e r i -  

f i e d   ( i . e . ,   t h e y   a r e   p r o v i d e d   as  l o w e r   a c y l   e s t e r s ) .   T h e  

l o w e r   acy l   g r o u p s   p r e f e r a b l y   have   f rom  two  to  f o u r   c a r b o n  

a t o m s .   P r e f e r a b l y ,   t h e   a c e t a t e   e s t e r s   of  o r g a n i c   m o n o m e r  

r e a c t a n t s   are   p r o v i d e d .   When  p o l y ( e s t e r - a m i d e ) s   are   to  b e  

f o r m e d ,   an  amine  g r o u p   may  be  p r o v i d e d   as  a  l o w e r   a c y l   a m i d e .  

R e p r e s e n t a t i v e   c a t a l y s t s   w h i c h   o p t i o n a l l y   may  b e  

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

s l u r r y   p r o c e d u r e   of   U . S .   P a t e n t   No.  4 , 0 8 3 , 8 2 9   i n c l u d e   d i a l k y l  

t i n   o x i d e   ( e . g .   d i b u t y l   t i n   o x i d e ) ,   d i a r y l   t i n   o x i d e ,  

t i t a n i u m   d i x o i d e ,   a n t i m o n y   t r i o x i d e ,   a l k o x y   t i t a n i u m   s i l i -  

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

s a l t s   of  c a r b o x y l i c   a c i d s   ( e . g .   z i n c   a c e t a t e ) ,   the   g a s e o u s  
a c i d   c a t a l y s t s   s u c h   as   L e w i s   a c i d s   ( e . g .   BF3) ,   h y d r o g e n  

h a l i d e s   ( e . g .   HC1),   e t c .   The  q u a n t i t y   of   c a t a l y s t   u t i l i z e d  

t y p i c a l l y   i s   0 . 0 0 1   to   1  p e r c e n t   by  w e i g h t   b a s e d   upon  t h e  

t o t a l   monomer  w e i g h t ,   and   mos t   c o m m o n l y   0 . 0 1   to  0 .2  p e r c e n t  

by  w e i g h t .  

The  w h o l l y   a r o m a t i c   p o l y e s t e r s   and  p o l y ( e s t e r - a m i d e ) s  

s u i t a b l e   f o r   use   in  t h e   p r e s e n t   i n v e n t i o n   t e n d   to  be  s u b s t a n -  

t i a l l y   i n s o l u b l e   in  common  p o l y e s t e r   s o l v e n t s   and  a c c o r d i n g l y  

a r e   n o t   s u s c e p t i b l e   to   s o l u t i o n   p r o c e s s i n g .   As  d i s c u s s e d  

p r e v i o u s l y ,   t h e y   can   be  r e a d i l y   p r o c e s s e d   by  common  m e l t  

p r o c e s s i n g   t e c h n i q u e s .   Most  s u i t a b l e   w h o l l y   a r o m a t i c   p o l y m e r s  

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



The  w h o l l y   a r o m a t i c   p o l y e s t e r s   w h i c h   a re   p r e f e r r e d  

f o r   use   in  the   p r e s e n t   i n v e n t i o n   commonly   e x h i b i t   a  w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t   of   2 , 0 0 0   to  2 0 0 , 0 0 0 , a n d   p r e f e r a b l y  

1 0 , 0 0 0   to  5 0 , 0 0 0 ,   and  mos t   p r e f e r a b l y   2 0 , 0 0 0   to  2 5 , 0 0 0 .   T h e  

w h o l l y   a r o m a t i c   p o l y ( e s t e r - a m i d e ) s   wh ich   a r e   p r e f e r r e d   f o r  

u s e   in  t h e   p r e s e n t   i n v e n t i o n   commonly   e x h i b i t   a  m o l e c u l a r  

w e i g h t   of   5 , 0 0 0   to  5 0 , 0 0 0 ,   and  p r e f e r a b l y   1 0 , 0 0 0   to  3 0 , 0 0 0 ;  

e . g . ,   1 5 , 0 0 0   to  1 7 , 0 0 0 .   Such   m o l e c u l a r   w e i g h t   may  be  d e t e r -  

m i n d e d   by  gel   p e r m e a t i o n   c h r o m a t o g r a p h y   and  o t h e r   s t a n d a r d  

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

by  end  g r o u p   d e t e r m i n a t i o n   v i a   i n f r a r e d   s p e c t r o s c o p y   o n  

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

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

to  d e t e r m i n e   the   m o l e c u l a r   w e i g h t .  

The  w h o l l y   a r o m a t i c   p o l y e s t e r s   and  p o l y ( e s t e r -  

a m i d e ) s   commonly   e x h i b i t   an  i n h e r e n t   v i s c o s i t y   ( I . V . )   o f  

a t   l e a s t   2 . 0   d l . / g . , e . g . , 2 . 0   to  1 0 . 0   d l . / g . , w h e n   d i s s o l v e d  

a t   a  c o n c e n t r a t i o n   of  0 .1   p e r c e n t   by  w e i g h t   in  p e n t a f l u o r o -  

p h e n o l   a t   6 0 0 C .  

For  the   p u r p o s e s   o f   t h e   p r e s e n t   i n v e n t i o n ,   t h e  

a r o m a t i c   r i n g s   w h i c h   a re   i n c l u d e d   in  the   p o l y m e r   b a c k b o n e s  

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

l e a s t   some  of  the   h y d r o g e n   a t o m s   p r e s e n t   upon   an  a r o m a t i c  

r i n g .   Such  s u b s t i t u e n t s   i n c l u d e   a l k y l   g r o u p s   of  up  to  f o u r  

c a r b o n   a t o m s ;   a l k o x y   g r o u p s   h a v i n g   up  to  f o u r   c a r b o n   a t o m s ;  

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

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

c h l o r i n e   and  b r o m i n e .   A l t h o u g h   b r o m i n e   a t o m s   t e n d   to  b e  

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

i s   more  s t a b l e   on  a r o m a t i c   r i n g s   t h a n   on  a l i p h a t i c   c h a i n s ,  

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

t u e n t   on  the   a r o m a t i c   r i n g s .  

I t   i s   e m p h a s i z e d   t h a t   an  i m p o r t a n t   a s p e c t   of  t h e  

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

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



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

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

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

i n t e g r a t i o n   can  be  a c h i e v e d   by  a p p l i c a t i o n   of   h e a t   a n d  

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

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

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

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

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

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

b r e v i t y .  

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

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

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

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

o r d e r e d   p o l y m e r s .  

The  use   of  c a r b o n   f i b e r s   as  r e i n f o r c e d   f i b e r s   i s  

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

E u r o p e a n   a p p l i c a t i o n   b a s e d   on  U n i t e d   S t a t e s   s e r i a l  

n o s .   5 8 9 , 8 1 7 ,   5 8 9 , 8 2 3   and  5 8 9 , 8 2 5 .  

The  g l a s s   f i b e r s   u t i l i z e d   a r e   m a n u f a c t u r e d   a n d  

m a r k e t e d   c o m m e r c i a l l y .   The  f i b e r s   a r e   d r awn   f rom  a  m o l t e n  

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

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

f r o m   w h i c h   the   m o l t e n   g l a s s   i s   d rawn  a t   h i g h   r a t e s   of   s p e e d  
w h i c h   a t t e n u a t e   t h e   g l a s s   i n t o   e x t r e m e l y   f i n e   d i a m e t e r .   T h e  

g l a s s   f i l a m e n t s   a r e   p r e t r e a t e d   as  d r awn   f rom  t h e   p l a t i n u m  

c o n t a i n e r ,   u s u a l l y   c a l l e d   a  " b u s h i n g "   w i t h   a  s i z e   s e r v i n g  
to  e n h a n c e   the   c o m p a t a b i l i t y   of  t he   u l t i m a t e   g l a s s   y a r n  
w i t h   t h e   t h e r m o p l a s t i c   f i b e r   w h i c h   i s   u t i l i z e d .  

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

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

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



S i z e   c o m p o s i t i o n s   are  c o n t e m p l a t e d   h e r e i n   a n d  

t h o s e   p r e f e r r e d   f o r   use  in  the  p r a c t i c e   of   t h e   p r e s e n t  

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

of  g l a s s   f i b e r s .   Such  s i z e   c o m p o s i t i o n s   c o n t a i n ,   as  t h e  

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

an  o r g a n o   s i l i c o n   compound   or  a  W e r n e r   c o m p l e x   c o m p o u n d .  

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

such   as  g a m m a - a m i n o p r o p y l t r i e t h o x y   s i l a n e   or   N - ( b e t a a m i n o -  

e t h y l ) -   g a m m a - a m i n o p r o p y l t r i e t h o x y   s i l a n e .   H o w e v e r ,   u s e  

can  a l s o   be  made  of   any  of  the  o r g a n o   s i l a n e s   as  w e l l   a s  

the   c o r r e s p o n d i n g   s i l a n o l s   and  p o l y s i l o x a n e s .   R e p r e s e n t a -  

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

in  t he   p r a c t i c e   of  t h i s   i n v e n t i o n   a re   t he   o r g a n o   s i l i c o n s  

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

( p o l y s i l o x a n e ) .  

I n s t e a d   of  o r g a n o   s i l i c o n   as  d e s c r i b e d   a b o v e , u s e  

can  a l s o   be  made  of   W e r n e r   c o m p l e x   c o m p o u n d s   c o n t a i n i n g   a  

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

c h r o m i c   a t o m s ,   and  in  w h i c h   the  c a r b o x y l a t o  g r o u p   may  a l s o  

c o n t a i n   an  a m i n o   g r o u p   or  an  epoxy   g r o u p .   S u i t a b l e   W e r n e r  

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

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

g l y c i n e   c h r o m i c   c o m p l e x   or  g l y c l a t o   c h r o m i c   c h l o r i d e .  

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

s i l i c o n   c a r b i d e   ( c o m p o s e d   of  u l t r a f i n e   b e t a - S i C   c r y s t a l s ) ,  

s i l i c o n   n i t r i d e   ( S i 3 N 4 )   and  a l u m i n a   (A1203)   f i b e r s .  

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

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

c a r b i d e   y a r n   w i t h   an  a v e r a g e   f i l a m e n t   d i a m e t e r   up  to  5 0  

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

of  5  to  15  m i c r o n s   i s   e s p e c i a l l y   p r e f e r r e d .   I f   a  s i l i c o n  

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

m o n o f i l a m e n t   of   a p p r o x i m a t e l y   140  m i c r o n s   d i a m e t e r   i s  

a v a i l a b l e   f rom AVCO  S y s t e m s   D i v i s i o n s ,   L o w e l l ,   Mass .   T h i s  

f i b e r   e x h i b i t s   an  a v e r a g e   t e n s i l e   s t r e n g t h   o f   up  to  3450  MPa,  

has   a  t e m p e r a t u r e   c a p a b i l i t y   of  o v e r   1 3 0 0 ° C .   and  i s   s t a b l e  

in  o x i d i z i n g   e n v i r o n m e n t s .  



A l u m i n a   f i b e r s   have  been   a v a i l a b l e   f o r   s e v e r a l  

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

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

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

f i r s t ,   the   two  p r i n c i p a l   t y p e s   of  a l u m i n a   f i b e r   w e r e   t h e  

l a r g e   d i a m e t e r   ( > 3 5 0 µ )   s i n g l e   c r y s t a l   r o d s   or  a l u m i n a  

w h i s k e r s .   The  p r o b l e m s   of  h a n d l i n g   and  p r o c e s s i n g   w h i s k e r s  

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

the   e n t h u s i a s m   f o r   t h e i r   use  in  c o m p o s i t e s .   The  s i t u a t i o n  

c h a n g e d ,   h o w e v e r ,   w i t h   the   a d v e n t   of  h i g h   q u a l i t y   a l u m i n a  

y a r n s   w h i c h , b e c a u s e   of  t h e i r   low  p o t e n t i a l   c o s t   and  a t t r a c -  

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

f o r   use   in  c o m p o s i t e s .   In  g e n e r a l ,   t h e s e   f i b e r s   a r e   p r o d u c e d  

by  E . I .   D u P o n t   de  N e m o u r s ,   I n c .   and  3M  C o r p o r a t i o n   in   t h e  

USA  and  S u m i t o m o   C h e m i c a l s   C o . i n   J a p a n .  

The  D u P o n t   f i b e r , r e f e r r e d   to  as  f i b e r   FP,  i s   a  

r o u n d   c r o s s   s e c t i o n ,   2 0 µ m   d i a m e t e r ,   c o n t i n u o u s   l e n g t h   y a r n  

h a v i n g   210  f i b e r s   p e r   tow.   I t   i s   a v a i l a b l e   in   two  f o r m s .  

Type  I  i s   p u r e   a l p h a   a l u m i n a   w h i l e   Type  I I   i s   s i m i l a r   b u t  

c o a t e d   w i t h   a  t h i n   l a y e r   of  g l a s s .   Type  I I   was  o r i g i n a l l y  

i n t e n d e d   f o r   r e s i n   m a t r i x   c o m p o s i t e s   and  Type  I  f o r   m e t a l  

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

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

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

of  1380  MPA  ( 2 0 0 , 0 0 0   p s i ) ,   i t   i s   v e r y   i m p o r t a n t   to   n o t e   t h a t  

t h i s   s t r e n g t h   i s   s t a b l e   and  no t   a f f e c t e d   by  h a n d l i n g   and  i s  

not   v e r y   d i f f e r e n t   f rom  t h a t   r e a l i z e d   in  c o m p o s i t e s   r e i n f o r c e d  

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

s t r e n g t h .  

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

y a r n   form;   h o w e v e r ,   t h e r e   t he   s i m i l a r i t y   w i t h   f i b e r   FP  e n d s .  

T h i s   f i b e r   i s   n o t   p u r e   a l u m i n a   and,   in  f a c t ,   i t   i s   t h e   p r e -  

s e n c e   of  some  S iO2  and  a  v e r y   f i n e   s t r u c t u r e   w h i c h   p e r m i t   a  

c l a i m e d   use   t e m p e r a t u r e   to  be  1 3 5 0 ° C .  



On  the   b a s i s   of   s p e c i f i c   m e c h a n i c a l   p r o p e r t i e s  

t h i s   f i b e r   i s   a t t r a c t i v e .   I t s   low  d e n s i t y   and  h igh   t e n s i l e  

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

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

t he   FP  p r o p e r t y .   The  S u m i t o m o   f i b e r   a p p e a r s   to  h a v e  

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

The  known  p r o p e r t i e s   of  b o r o n   n i t r i d e ,   p r o p e r t i e s  

s u c h   as  e x c e p t i o n a l l y   h i g h   h e a t   r e s i s t a n c e   ( 1 8 0 0 ° F .   i n  

o x i d i z i n g   5 0 0 0 ° F .   in  r e d u c i n g   a t m o s p h e r e s ) , d i e l e c t r i c  

s t r e n g t h   (950  v . / m i l ) ,   h i g h   s u r f a c e   and  vo lume   r e s i s t i v i t y  

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

f i b e r   c a n d i d a t e .   The  f i b e r s   may  v a r y   in  d i a m e t e r ,   a l t h o u g h  

t h o s e   p r e f e r r e d   a re   a b o u t   10  m i c r o n s   in   d i a m e t e r   and  f i b e r s  

h a v i n g   d i a m e t e r s   up  to  30  m i c r o n s   may  be  u s e d .   C o n t i n u o u s  

b o r o n   n i t r i d e   f i b e r s   (99+%  b o r o n   n i t r i d e )   a re   a v a i l a b l e  

c o m m e r c i a l l y   f rom  the   C a r b o r u n d u m   C o r p o r a t i o n .  

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

u s e f u l   h e r e i n   have   b u n d l e   or   tow  d e n i e r s   in  the  r ange   o f  

f rom  1  to  1 0 0 , 0 0 0   and  f i l a m e n t   c o u n t s   of  f rom  300  to  3 0 0 , 0 0 0 ,  

p r e f e r a b l y   d e n i e r s   of  1000   to  1 6 , 0 0 0   and  f i l a m e n t   c o u n t s   o f  

3 , 0 0 0   to  2 4 , 0 0 0 .   The  f i b e r s   a l s o   s h o u l d   e x h i b i t   a  t e n s i l e  

s t r e n g t h   of  at   l e a s t   1 0 0 , 0 0 0   p s i   (689  000  kPa)  and  a  t e n s i l e  

m o d u l u s   of  10  to  120  x  106  p s i   ( 6 8 . 9   to  8 2 6 . 8   x  106  k P a ) .  

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

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

t w i c e   t h a t   of  the   r e i n f o r c i n g   f i b e r   tows  to  h a l f   t h a t   of  t h e  

r e i n f o r c i n g   f i b e r  t o w .   B u n d l e   or  tow  d e n i e r   w i l l   be  in  t h e  

r a n g e   of  1  to  50  and  the   f i b e r   c o u n t   w i l l   d epend   upon  s i n g l e  

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

d e n i e r   f i l a m e n t s ) .   H o w e v e r ,   in   g e n e r a l ,   f rom  10  to  1 5 0 , 0 0 0  

f i l a m e n t s ,   p r e f e r a b l y   100  to   1 0 , 0 0 0   f i l a m e n t s ,   are   e m p l o y e d .  

The  m o d u l u s   of  the   f i b e r   s h o u l d   be  in  t he   r a n g e   of  5 0 , 0 0 0  

to  5 0 0 , 0 0 0   p s i   ( 3 4 4 5 0 0   to   3 4 4 5 0 0 0   k P a ) .   "The  t h e r m o p l a s t i c  

f i b e r   s h o u l d   a l s o   e x h i b i t   a  m e l t i n g   p o i n t   which   i s   at  l e a s t  

50°F  ( 2 8 ° C ) ,   p r e f e r a b l y   a t   l e a s t   200°F  ( 1 1 1 ° C ) ,   a b o v e  

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



and  f u s e   a t   t e m p e r a t u r e s   no  h i g h e r   t h a n   1 , 0 0 0 ° F   ( 5 3 8 ° C ) ,  

p r e f e r a b l y   no  h i g h e r   t h a n   800°F  ( 4 2 7 ° C ) ,   in  o r d e r   to   b e  

u s e f u l   h e r e i n .  

The  w e i g h t   r a t i o   of  the   two  f i b e r s   w h i c h   a r e  

i n t e r m i x e d   can   v a r y   w i d e l y .   H o w e v e r ,   in  o r d e r   to  p r e p a r e  

s a t i s f a c t o r y   c o m p o s i t e s ,   i t   is   n e c e s s a r y   t h a t   s u f f i c i e n t  

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

w e t t i n g   o f   t h e   r e i n f o r c i n g   f i b e r s .   G e n e r a l l y ,   no  l e s s   t h a n  

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

may  be  e m p l o y e d .   The  maximum  amoun t   of   t h e r m o p l a s t i c  

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

r e q u i r e d .   In  g e n e r a l ,   when  l e s s   t h a n   t e n   p e r c e n t ,   b y  

v o l u m e   of   t he   r e i n f o r c i n g   f i b e r   i s   p r e s e n t ,   t he   r e s u l t i n g  

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

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

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

i m p r o v e m e n t   o v e r   u n r e i n f o r c e d   m a t r i c e s .   P r e f e r a b l y   20  t o  

60  p e r c e n t ,   by  v o l u m e ,   of  the   r e i n f o r c i n g   f i b e r   m a t e r i a l s  

s h o u l d   be  p r e s e n t   in  the   c o m b i n e d   t o w .  

In  a d d i t i o n   to  the   r e i n f o r c i n g   f i b e r   and  t h e  

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

p l a t e d   to   add  c a r b o n   f i b e r s   to  the   f i b e r   b l e n d s   of   t h e  

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

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

of  t h e   r e i n f o r c i n g   f i b e r   w h i c h   i s   u s e d   to   as  low  as  1 0  

v o l u m e   p e r c e n t .   H o w e v e r ,   the   maximum  c o m b i n e d   a m o u n t   of  t h e  

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

w h i c h   i s   e m p l o y e d   s h o u l d   no t   e x c e e d   t he   u p p e r   l i m i t   s p e c i -  

f i e d   a b o v e   f o r   t h e   r e i n f o r c i n g   f i b e r   a l o n e .  

In  F i g u r e   1  of  the   d r a w i n g s ,   a  r e i n f o r c i n g   f i b e r  

tow  (1)   i s   o b t a i n e d   h a v i n g   the   p r o p e r t i e s   s p e c i f i e d   a b o v e .  

The  f i b e r s   f rom  the   r e i n f o r c i n g   f i b e r   tow  a r e   p a s s e d   t h r o u g h  

a  f i b e r   g u l o e   (3)   and  on to   a  f i r s t   G o d e t   r o l l   ( 4 ) .   T h e  

f i r s t   G o d e t   r o l l   i s   s y n c h r o n i z e d   w i t h   a  s e c o n d   G o d e t   r o l l ( l l )  

at  r a t e s   of   s p e e d   such   t h a t   the   s e c o n d   G o d e t   r o l l   r e v o l v e s  

s l i g h t l y   s l o w e r   t h a n   the   f i r s t   Gode t   r o l l .   H e n c e ,   t he   f i b e r s  

b e t w e e n   t h e   two  Gode t   r o l l s ,   w h i c h   a r e   s u b s e q u e n t l y   s p r e a d  

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



a  low  t e n s i o n e d   ( a p p r o a c h i n g   t e n s i o n - f r e e )   s t a t e   w h i c h  

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

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

a l a t e   f i b e r s ,   a re   m o u n t e d   on  a  b o b b i n   r a c k   (2)  and  t h e  

f i b e r s   a re   f ed   t h r o u g h   a  f i b e r   g u i d e   (3)  o n t o   the  f i r s t  

G o d e t   r o l l   ( 4 ) .   A  t e n s i o n   comb  may  be  e m p l o y e d   a f t e r   t h e  

f i b e r s   l e a v e   the   b o b b i n   and   b e f o r e   t h e y   a re   b r o u g h t   i n t o  

c o n t a c t   w i t h   the   Gode t   r o l l .   T h i s   t e n s i o n   comb  s e r v e s   t o  

i m p r o v e   the  c o n t a c t   of  t h e   f i b e r   w i t h   t he   Godet   r o l l   a n d  

to  i n c r e a s e   the   w i d t h   of   t he   f i b e r   t o w .  

At  t h i s   p o i n t   in  t he   p r o c e s s   n e i t h e r   the  r e i n -  

f o r c i n g   f i b e r s   no r   the   t h e r m o p l a s t i c   f i b e r s   a re   i n t e r m i x e d  

or  a r e   in  c o n t a c t .   R a t h e r ,   b o t h   a re   w r a p p e d   s e p a r a t e l y  

a r o u n d   the  f i r s t   Godet   r o l l   (4)  to  p r o v i d e   t e n s i o n   c o n t r o l .  

A f t e r   l e a v i n g   the   G o d e t   r o l l ,   the   i n d i v i d u a l   f i b e r s  

s e p a r a t e l y   p a s s   t h r o u g h   a  f i b e r   g u i d e   (5)  to  m a i n t a i n  

d i r e c t i o n a l   c o n t r o l .   A f t e r   l e a v i n g   the   f i b e r   g u i d e   ( 5 ) ,   t h e  

t h e r m o p l a s t i c   p o l y m e r   f i b e r s   p a s s   t h r o u g h   a  f i b e r   comb  ( 6 ) .  

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

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

t h e r m o p l a s t i c   p o l y m e r i c   f i b e r   so  as  to  p r e s e r v e   s e p a r a t i o n  

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

o t h e r   h a n d ,   a f t e r   l e a v i n g   t h e   f i b e r   g u i d e   ( 5 ) ,   are   d i r e c t e d  

i n t o   a  gas  b a n d i n g   j e t   ( 7 ) .  

The  gas  b a n d i n g   j e t s   s h o w i n g   In  FIGS.  3  and  4  i s  

u s e d   to  u n i f o r m l y   s p r e a d   t h e   f i b e r   t o w s .   A  gas  " b a n d i n g "  

j e t   can  a l s o   be  u s e d   as  an  i n t e r m i x i n g   means   w h e r e b y   the  g a s  

j e t   s e r v e s   to  u n i f o r m l y   i n t e r m i x   the   two  f i b e r   t ows .   T h e  

b a n d i n g   j e t  c o n s i s t s   of   a  gas  box  (40)   i n t o   which   c o m p r e s s e d  

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

gas   m e t e r i n g   means  ( 4 1 ) .   The  p r e f e r r e d   p r e s s u r e   of  gas   f l o w  

i n t o   t he   gas  j e t   i s   in   t h e   r a n g e   of  0 .5   to  10  p s i   ( 3 . 4 5   t o  

6 8 . 9   k P a ) .   One  or  more  t h a n   one ,   gas  e x i t   p o r t s   (44)  a r e  

p r o v i d e d   to  c a u s e   gas  f r o m   w i t h i n   the  gas  box  to  i m p i n g e   i n  

a  g e n e r a l l y   p e r p e n d i c u l a r   f a s h i o n   upon  the   f i b e r   tow  w h i c h  

p a s s e s   a c r o s s   the   e x i t   p o r t s .   P r e f e r a b l y ,   the   e x i t   p o r t s  

a r e   V-shape -d   and  p o i n t e d   in   the   d i r e c t i o n   of  movement   of  t h e  

f i b e r   tow  a c r o s s   t he   b o x .  



As  shown  in  F I G . 4 ,   the   gas  b a n d i n g   j e t   i s   p r o v i d e d  

w i t h   s h i m s   ( 4 6 )   or   o t h e r   means  to  a l l o w   a  g a s   box  c o v e r   ( 4 8 )  

to  be  a t t a c h e d , s o   t h a t   a  f l ow  c h a n n e l   f o r   t h e   f i b e r s   i s   p r o -  

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

a t t a c h m e n t   m e a n s ,   s u c h   as  c l a m p s   ( 4 9 ) .  

In  an  a l t e r n a t i v e   p r o c e s s   shown  in   F I G . 2   b o t h  

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

to  g a s   b a n d i n g   j e t   t r e a t m e n t   (26)  and  ( 2 7 ) .   H o w e v e r ,   p a r t i -  

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

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

p l u r a l i t y   of   s p a c e d - a p a r t   f i n g e r s ,   as  d e s c r i b e d   a b o v e ,   may 

be  e m p l o y e d   in   p l a c e   of  the   b a n d i n g   j e t .  

A f t e r   t he   f i b e r s   are  s p r e a d   by  b a n d i n g   j e t s   o r  

b a n d i n g   j e t s   in   c o m b i n a t i o n   w i t h   combs,   t h e y   a r e   i n t e r m i x e d  

u s i n g   an  i n t e r m i x i n g   means   (8 ) .   In  F I G . 1   t h e   i n t e r m i x i n g  

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

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

s p r e a d   t h e r m o p l a s t i c   tow  or  y a r n s   b o t h   i n i t i a l l y   come  i n t o  

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

or  b a r .   The  f i b e r s   t h e n   a re   d e f l e c t e d   a c r o s s   t he   t op   of   t h e  

s e c o n d   s t a t i o n a r y   b a r   or  rod  and,   as  a  r e s u l t ,   a r e   i n t e r m i x e d .  

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

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

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

v i r t u a l l y   i d e n t i c a l .   F i n a l l y ,   i t   is   n e c e s s a r y   t h a t   i n t e r -  

m i x i n g   be  u n d e r t a k e n   in  a  r e l a t i v e l y   t e n s i o n - f r e e   s t a t e .  

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

( o r   o p t i m a l ) i n t e r m i x i n g   may  not   o c c u r .   A f t e r   p a s s i n g   o v e r  

and  u n d e r   t h e   s t a t i o n a r y   b a r s ,   t he   c o m b i n e d   f i b e r   tow  m a y  
be  f u r t h e r   i n t e r m i x e d   u s i n g   an  a i r   e n t a n g l e m e n t   j e t   a s  

d e s c r i b e d   a b o v e .  

A f t e r   i n t e r m i x i n g ,   the  f i b e r s   p a s s   t h r o u g h   a  comb  

(9)  to   m a i n t a i n   d i m e n s i o n a l   s t a b i l i t y   and  t h r o u g h   t w i s t  

g u i d e s   (10 )   to   i m p a r t   a  s l i g h t   t w i s t   to   t h e   i n t e r m i x e d   f i b e r s .  

The  t w i s t   i s   i m p a r t e d   in  o r d e r   to  m a i n t a i n   t h e   i n t e r m i x i n g  
of  t h e   f i b e r s .   I n s t e a d   of  u s i n g   an  a c t u a l   h a l f - t w i s t ,  



f a l s e - t w i s t i n g   of   the   f i b e r s   u s i n g   m e t h o d s   w e l l   known  in  t h e  

a r t   may  be  e m p l o y e d .   In  the   a l t e r n a t i v e ,   a  f i b e r   wrap  may 

be  u s e d   to  h o l d   the   i n t e r m i x e d   f i b e r s   t o g e t h e r .   The  o v e r -  

w r a p   may  be  of  any  c o n v e n i e n t   t y p e   of   f i b e r .   H o w e v e r , i t   i s  

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

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

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

G o d e t   r o l l   (11)   w h i c h ,   as  p o i n t e d   o u t   a b o v e ,   s e r v e s   in  c o n -  

j u n c t i o n   w i t h   t he   f i r s t   Godet   r o l l   to   p r o v i d e   a  r e l a t i v e l y  

t e n s i o n - f r e e   zone   to  a l l o w   f i b e r   i n t e r m i x i n g .   The  f i b e r s  

a r e   t h e n   t a k e n   up  by  a  t a k e - u p   r o l l   (12)   f o r   s t o r a g e .   O f  

c o u r s e ,   i t   is  p o s s i b l e   to  i m p a r t   f a l s e - t w i s t i n g   or  a c t u a l  

t w i s t i n g   or  to  wrap  the   f i b e r   tow  w i t h   a n o t h e r   f i b e r   e i t h e r  

b e f o r e   or  a f t e r   the   Godet   r o l l .   In  a d d i t i o n ,   the   i n t e r m i x e d  

f i b e r s   may  be  made  s t a b l e   by  a p p l i c a t i o n   of   an  a p p r o p r i a t e  

f i b e r   f i n i s h   w h i c h   s e r v e s   to  h o l d   t h e   i n t e r m i x e d   f i b e r s  

t o g e t h e r   and  e n a b l e   e a s i e r   h a n d l i n g   in   s u b s e q u e n t   o p e r a t i o n s ,  

s u c h   as  w e a v i n g .  

F I G . 2   i s   s i m i l a r   to  F I G . 1   b u t   i s   the   p r o c e s s   m o s t  

p r e f e r r e d   when  a  l i q u i d   c r y s t a l   t y p e   of  p o l y m e r   or   o t h e r  

h i g h e r   m e l t i n g   p o i n t   p o l y m e r   i s   u s e d .   In  F I G . 2   a  r o l l   o f  

r e i n f o r c i n g   f i l a m e n t a r y   m a t e r i a l   ( 21 )   f e e d s   f i b e r   t h r o u g h  

t e n s i o n   comb  (22)   and  on to   Gode t   r o l l   ( 2 5 ) .   L i q u i d   c r y s t a l  

f i b e r s   f rom  a  r o l l   (23)   a re   f ed   t h r o u g h   a  g u i d e   (24)   and  o n t o  

t h e   same  Godet   r o l l   ( 2 5 ) .   S e p a r a t i o n   i s   m a i n t a i n e d   b e t w e e n  

b o t h   f i b e r s   on  the   Godet   r o l l .   As  p o i n t e d   out   a b o v e ,   t h e  

f i r s t   Gode t   r o l l   ( 2 5 ) ,   when  u s e d   in   c o m b i n a t i o n   w i t h   t h e  

o p t i o n a l   s e c o n d   Gode t   r o l l   ( 3 5 ) ,   s e r v e s   to  m a i n t a i n   the   f i b e r s  

in   a  r e l a t i v e l y   t e n s i o n - f r e e   s t a t e   d u r i n g   the   i n t e r m i x i n g  

p r o c e s s .   High  t e n s i o n   d u r i n g   i n t e r m i x i n g   must   be  a v o i d e d   t o  

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

A f t e r   the   r e i n f o r c i n g   f i b e r s   and  the   l i q u i d   c r y s t a l  

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

b a n d i n g   j e t s   (26)   a n d - ( - 2 7 )   t h r o u g h   g u i d e s   (28)   a n d _ ( 2 9 ) ,  

r e s p e c t i v e l y .   In  the   gas  b a n d i n g   j e t   t he   f i b e r s   a re   s p r e a d  

to  a  u n i f o r m   w i d t h .   The  f i b e r s   t h e n   p a s s   t h r o u g h   a  s e c o n d  

s e t   of   f i b e r   g u i d e s   (30)  and  (31)   and  a r e   i n t e r m i x e d   u s i n g  

s t a t i o n a r y , l o n g i t u d i n a l l y   e x t e n d e d   b a r s   shown  at   ( 3 2 ) .   I n  



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

f ed   o n t o   the   same  b a r   i n   t h e   same  a r e a s   as  i s   t he   r e i n f o r c e -  

men t   f i b e r .   At  t h i s   p o i n t   in  t he   p r o c e s s i n g ,   the   w i d t h   o f  

b o t h   t ows   i s   the   s ame ,   and  as  t h e y   a re   b r o u g h t   s i m u l t a n e o u s l y  

i n t o   c o n t a c t   w i t h   t he   same  a r e a   of   the   b a r ,   i n t i m a t e   i n t e r -  

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

two  f i b e r   tows  a r e   f e d   s i m u l t a n e o u s l y   i n t o   a  gas   j e t   o r  

o t h e r   g a s e o u s   i n t e r m i x i n g   d e v i c e   in   a  r e l a t i v e l y   t e n s i o n -  

f r e e   s t a t e .   In  a d d i t i o n ,   t he   f i b e r s   may  be  f e d   i n t o   a  g a s  

j e t   f o r   f u r t h e r   i n t e r m i x i n g   a f t e r   t h e y   have   b e e n   t r e a t e d   o n  

the   s t a t i o n a r y   b a r s .   In   t he   gas  i n t e r m i x i n g   means   a  j e t   o f  

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

t h e i r   d i r e c t i o n   of  f l o w .  

F o l l o w i n g   i n t e r m i x i n g ,   t he   f i b e r s   a r e   f ed   t h r o u g h  

t w i s t   g u i d e s   (33)   to  add   a t   l e a s t   a  h a l f - t w i s t   p e r   y a r d   t o  

the   f i b e r   to  e n s u r e   d i m e n s i o n a l   s t a b i l i t y .   F i b e r s   t h e n   p a s s  

t h r o u g h   a  g u i d e   (34)   o n t o   a  s e c o n d   G o d e t   r o l l   (35)   and  f r o m  

t h e r e   o n t o   a  t a k e - u p   r o l l   ( 3 6 ) .  

In  u s e ,   t he   i n t e r m i x e d   f i b e r s   may  be  f i l a m e n t  

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

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

p l a s t i c   p o l y m e r   to  f o r m   c o m p o s i t e   a r t i c l e s   w h i c h   a re   u s e f u l  

in  a  v a r i e t y   of  e n d - u s e s   w h e r e   h i g h   s t r e n g t h ,   h i g h   s t i f f n e s s  

and  low  w e i g h t   a r e   e s s e n t i a l .   For   e x a m p l e ,   t he   c o m p o s i t e s  

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

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

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

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

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

i n v o l v e d .   As  p o i n t e d   o u t   a b o v e ,   t he   c o m p o s i t i o n s   of  t h e  

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

s m a l l   r a d i u s   of  c u r v a t u r e   r e q u i r i n g   s u b s t a n t i a l   b e n d i n g   a n d  

s h a p i n g   cf  the  c o m p o s i t i o n s   of   t h e   i n s t a n t   i n v e n t i o n .   T h e  

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

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

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



T h e r e f o r e ,   u t i l i z i n g   t h e   c o m p o s i t i o n s   of  t he   i n v e n t i o n ,   i t  

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

of  c u r v a t u r e   of  0 . 0 0 2   in  ( 0 . 0 5   mm),  p r e f e r a b l y   as  low  a s  

0 . 0 0 3   i n . ( 0 . 0 8   mm).  H o w e v e r ,   w i t h   p r i o r   a r t   t h e r m o p l a s t i c  

t a p e s ,   the   minimum  r a d i u s   of  c u r v a t u r e   i s   a b o u t   0 . 0 0 5   i n .  

( 0 . 1 3   mm).  Even  t h e n   f i b e r   d i r e c t i o n a l i t y   or  a l i g n m e n t   i s  

d i s t o r t e d . )   As  s t r u c t u r a l   e l e m e n t s   f o r m e d   f rom  t he   f i b e r  

t ows   of  t h i s   i n v e n t i o n   a r e   h e a t e d   u n d e r   p r e s s u r e   a b o v e   t h e  

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

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

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

U s i n g   the   f i b e r   b l e n d s   of  the   i n s t a n t   i n v e n t i o n ,   i t   i s  

p o s s i b l e   to  p r e p a r e   r e c r e a t i o n a l   a r t i c l e s ,   such   as  t e n n i s  

r a c q u e t   f r a m e s ,   r a c q u e t b a l l   r a c q u e t   f r a m e s ,   h o c k e y   s t i c k s ,  

s k i   p o l e s ,   f i s h i n g   r o d s   and  g o l f   c l u b   s h a f t s .  

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

u t i l i t y   in   f i l a m e n t   w i n d i n g   a p p l i c a t i o n s .   As  p o i n t e d   o u t  

a b o v e ,   in  the   p r i o r   a r t   i t   was  e x t r e m e l y   d i f f i c u l t   to  p r e -  

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

T h e s e   t a p e s ,   w h i c h   a r e   p r e p a r e d   on  an  e x t r e m e l y   l a r g e   s c a l e ,  

a r e   d i f f i c u l t   to  h a n d l e   on  a  s m a l l   s c a l e ,   and  i t   i s   p a r t i -  

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

a r t i c l e s .   Whi l e   t he   p r i o r   a r t   e m p l o y e d   the   f i l a m e n t   w i n d -  

i n g   p r o c e s s   w i t h   s u c c e s s ,   t h i s   p r o c e s s   was  l i m i t e d   to  use   o f  

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

i f   l o n g ,   t h i n   r o d s   w e r e   to  be  p r e p a r e d .   In  the   p r i o r   a r t  

p r o c e s s ,   the   r e i n f o r c i n g   f i b e r   was  wound  o n t o   a  mold   a f t e r  

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

s e t t i n g   m a t e r i a l   a f t e r   w i n d i n g .   As  a  r e s u l t ,   h o w e v e r ,   i t  

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

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

p r o d u c t s .  

U t i l i z i n g   t h e   p r o c e s s   of  t he   i n v e n t i o n   in  a  

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

p r e p a r e   i n t r i c a t e l y   s h a p e d   a r t i c l e s   when  the   f i b e r  b l e n d s  

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

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

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



w i n d i n g   p r o c e s s   b e g i n s   w i t h   the   use   of  t he   i n t e r m i x e d   t o w s  

of  the   i n v e n t i o n .   T h e s e   tows  may  be  f e d   d i r e c t l y   to  a  

f i l a m e n t   w i n d e r .   As  t he   f i l a m e n t   w i n d e r   m o v e s   a r o u n d   or  u p  

and  down  t h e   m a n d r e l   or  f o r m ,   t he   r e i n f o r c e m e n t   f i b e r / t h e r m o -  

p l a s t i c   f i b e r   tow  i s   a p p l i e d   d i r e c t l y   to  t h e   mo ld   and  h e a t e d  

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

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

the   r e i n f o r c i n g   f i b e r   t ow.   In  o t h e r   w o r d s ,   t h e   r e i n f o r c i n g  

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

as  soon   as   o r   s o o n   a f t e r   i t   m e e t s   the   m a n d r e l .   A f t e r   f u l l  

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

the   p r o d u c t ,   o r   t h e   m a n d r e l   may  a c t u a l l y   b e c o m e   a  p a r t   o f  

the  p r o d u c t .  

A n o t h e r   u n i q u e   use  f o r   the   f i b e r   b l e n d s   p r e p a r e d  

a c c o r d i n g   to   t h e   i n v e n t i o n   i s   in  f o r m i n g   w o v e n   f a b r i c s  

u t i l i z i n g   s t a n d a r d   t e c h n i q u e s .   A c c o r d i n g   to   t h i s   p r o c e s s ,  
t he   tow  o f   t h e   i n s t a n t   i n v e n t i o n   i s   u s e d   e i t h e r  a l o n e   or  i n  

c o m b i n a t i o n   w i t h   o t h e r   t ows   or  f i b e r s   to  f o r m   a  w o v e n   m a t .  

The  woven  f a b r i c s   p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e s s   of   t h i s  

i n v e n t i o n   may  be  a p p l i e d   to  the   d e s i r e d   mo ld   or   o t h e r w i s e  

u s e d   in  f o r m i n g   a  c o m p o s i t e .   The  p r e v i o u s   m e t h o d   of  c h o i c e  

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

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

e t c .   Now  t h e   m a t e r i a l s   can   be  c o m b i n e d   in   a  s o l i d   w o v e n  

l a y e r   and  much  more   r e a d i l y   a p p l i e d   to  a  m o l d .   A f t e r   t h e  

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

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

o c c u r   in  one  or   more  d i r e c t i o n s ,   i . e . ,   t h o s e   d i r e c t i o n s  

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

d e f i n i n g   v e c t o r .  



EXAMPLE  1 

A  l i q u i d   c r y s t a l   p o l y m e r i c   (LCP)  f i b e r   tow  b a s e d  

upon   a  c o p o l y m e r   p r e p a r e d   from  6 - h y d r o x y - 2 - n a p h t h o i c   a c i d  

and  p - h y d r o x y   b e n z o i c   a c i d   is   o b t a i n e d .   The  LCP  has   a  

d e n s i t y   of   1 . 4   g / c c ,   and  the  tow  i t s e l f   i s   f o r m e d   of  6 6 0  

f i l a m e n t s   ( 2 . 2 5   d e n i e r   p e r   f i l a m e n t ) .   The  tow  had  an  i n i t i a l  

m o d u l u s   of   5670  gms,  a  t e n a c i t y   of  1 0 . 5   g / d e n i e r ,   and  a n  

e l o n g a t i o n   of   2%.  The  s e c o n d   f i b e r   to  be  u s e d   f o r   i n t e r -  

m i x i n g   w i t h   t h e   LCP  f i b e r   is   E - g l a s s   f i b e r   (204  f i l a m e n t  

c o u n t   d e s i g n a t e d   as  ECG  150  1 / 0 ) ,   h a v i n g   a  d e n s i t y   of  2 . 5 5  

g / c c ,   a  t e n s i l e   s t r e n g t h   of  3 0 0 , 0 0 0   p s i   ( 2 0 6 7 0 0 0   k P a ) , a  

t e n s i l e   m o d u l u s   of  1 0 , 5 0 0 , 0 0 0   p s i   ( 7 2 3 4 5 0 0 0   kPa)   and  a n  

u l t i m a t e   e l o n g a t i o n   o f   2 .8%.  The  g l a s s   f i b e r   i s   a v a i l a b l e  

f rom  b o t h   PPG  I n d u s t r i e s   and  OCF. 

B o b b i n s   c o n t a i n i n g   the   LCP  p o l y m e r i c   f i b e r   t o w  

and  t h e   g l a s s   f i b e r   tow  a re   s p a c e d   a p a r t   on  a  b o b b i n   r a c k .  

F i b e r s   f r o m   b o t h   b o b b i n s   a re   fed   onto   and  s e p a r a t e l y   w r a p p e d  

a r o u n d   a  G o d e t   r o l l ,   so  t h a t   upon  m i x i n g   t h e   m i x e d   t o w  

c o n t a i n s   a p p r o x i m a t e l y   50%  by  vo lume  of   l i q u i d   c r y s t a l   p o l y -  

n.er  and  a p p r o x i m a t e l y   50%  by  volume  of  g l a s s .   The  LCP  p o l y -  

m e r i c   f i b e r   i s   s u b j e c t   to   a  50  gram  w e i g h t   on  a  t e n s i o n i n g  

d e v i c e   p r i o r   to  b e i n g   w r a p p e d   a r o u n d   t he   G o d e t   r o l l ,   in  o r d e r  

to  m a i n t a i n   s m o o t h   t r a c k i n g   on  the  r o l l .   A f t e r   l e a v i n g   t h e  

G o d e t   r o l l ,   b o t h   f i b e r s   a re   s e p a r a t e l y   s u b j e c t e d   to  a i r   j e t  

b a n d i n g   t r e a t m e n t s   u t i l i z i n g   an  a i r   j e t   w h i c h   i m p i n g e s   a i r  

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

n o z z l e s .   The  j e t   f o r   t he   l i q u i d   c r y s t a l   p o l y m e r   i s   o p e r a t e d  

at   5  p s i   ( 3 4 . 4 5   k P a ) ,   w h i l e   the  g l a s s   f i b e r   j e t   was  o p e r a t e d  

at  4  p s i   ( 2 7 . 5 6   k P a ) .   A f t e r   l e a v i n g   the   b a n d i n g   j e t s ,   t h e  

f i b e r s   a r e   b r o u g h t   t o g e t h e r   ove r   the  top   and  u n d e r n e a t h   o f  

two  p a r a l l e l ,  l o n g i t u d i n a l l y   e x t e n d e d ,   s t a g g e r e d   s t a t i o n a r y  

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

j e t ,   w h i c h   i s   s i m i l a r   in   d e s i g n   to  the   gas   b a n d i n g   j e t   a n d  

o p e r a t e d   a t   a  gas   p r e s s u r e   of  7  p s i   ( 4 8 . 2 3   k P a ) .   F o l l o w i n g  

i n i t m a t e   i n t e r m i x i n g   o f   t he   two  tows ,   t he   f i b e r s   a re   t a k e n  

up  on  a  t a k e - u p   r o l l   a t   a  t a k e - u p   s p e e d   of   7-8   m / m i n .  



The  c o m p o s i t e   p a n e l s   ( 3 . 5 "   x  1 0 " ) ( 9 0   x  250  mm)  a r e  

p r e p a r e d   u s i n g   20  l a y e r s   of  the   i n t e r m i x e d   f i b e r   tow.   E a c h  

l a y e r   i s   p r e p a r e d   by  f i r s t   w r a p p i n g   a  h e a t e d   drum  w i t h   a  

K a p t o n   f i l m   and  t h e n   f i l a m e n t   w i n d i n g   p a r a l l e l   rows  on  t h e  

f i b e r   b l e n d   p r e p a r e d   a b o v e   o n t o   the   K a p t o n   w r a p p e d   d r u m .  

A  l a y e r   of   K a p t o n   f i l m   i s   t h e n   p l a c e d   o v e r   t h e   drum,   a n d  

the  e n t i r e   w r a p p e d   drum  i s   h e a t e d   so  as  to  t e m p o r a r i l y   f u s e  

the  f i b e r s   t o g e t h e r .   The  c o m p o s i t e   c o n t a i n i n g   t he   20  f u s e d  

l a y e r s   i s   p l a c e d   in   a  p r e s s u r e   mold ,   h e a t e d   to   a b o u t   3 1 5 ° C .  

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

a p p l i c a t i o n   of   s i g n i f i c a n t   mold  p r e s s u r e .   The  mold  p r e s s u r e  
is  t h e n   i n c r e a s e d   to   500  p s i   (3445  kPa)   and  h e l d   at   a b o u t  

315c  t e m p e r a t u r e   and   u n d e r   such  i n c r e a s e d   p r e s s u r e   f o r   t h i r t y  

m i n u t e s .   The  m a t e r i a l   i s   t h e n   c o o l e d   a t   70°C .   and  r e m o v e d  

from  t h e   m o l d .   The  r e s u l t i n g   m a t e r i a l   c o n t a i n s   a b o u t   50% 

by  v o l u m e   of   E - g l a s s   f i b e r   and  has   a  p a n e l   t h i c k n e s s   of  a b o u t  

0 . 1 0 3 "   ( 2 . 6 2   m m ) .  

U t i l i z i n g   t he   same  p r o c e s s ,   a  s i x - p l y   3 . 5 "   x  1 0 "  

(90  x  250  mm)  c o m p o s i t e   p a n e l   i s   p r e p a r e d   h a v i n g   a  g l a s s  

f i b e r   v o l u m e   of   a b o u t   60%,  a  p a n e l   t h i c k n e s s   o f   a b o u t   0 . 0 3 5 "  

( 0 . 8 9   mm).  The  c o m p o s i t e s   a re   e v a l u a t e d   and  e x h i b i t   e x c e l l e n t  

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



EXAMPLE  2 

U t i l i z i n g   the   same  g l a s s   f i b e r   as  d e s c r i b e d   i n  

E x a m p l e   1,  an  a p p r o x i m a t e   50%  by  vo lume  p o l y b u t y l e n e   t e r e -  

p h t h a l a t e   (PBT)  g l a s s   f i b e r   b l e n d   i s   p r e p a r e d .   The  p o l y b u t y -  

l e n e   t e r e p h t h a l a t e   m a t e r i a l   has  a  d e n s i t y   o f   1 . 3 4   g / c c   a n d  

a  d e n i e r   of   1 5 2 0   g / 9 0 0 0 m .   The  p o l y b u t y l e n e   t e r e p h t h a l a t e  

has   a  d r a w   r a t i o   of   2 . 2 5 - 1 ,   an  i n i t i a l   m o d u l u s   of   24  g,  a  

t e n a c i t y   o f   5 . 3   g / d e n i e r ,   a n  e l g o n a t i o n   of   28%,  a  m e l t i n g  

p o i n t   of   2 2 7 ° C .   and  a  d e n i e r   pe r   f i l a m e n t   o f   2 . 7 .   T e n  

p a c k a g e s   of   33  f i l a m e n t   c o u n t   y a r n   are   e m p l o y e d   on  a  c r e e l ,  

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

t e r e p h t h a l a t e   f i b e r   tow  on  a  Godet   r o l l .   M a i n t a i n e d   s e p a -  

r a t e l y ,   b u t   on  t h e   same  Godet   r o l l ,   ten   p a c k a g e s   of  4 0 8  

f i l a m e n t   c o u n t   g l a s s   f i b e r ( T y p e   ECK  75  2 / 1 )   to  p r o v i d e   a  

t o t a l   a p p r o x i m a t e   b l e n d   of  50 /50   by  vo lume   g l a s s   f i b e r / P B T .  

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

a  f i b e r   comb  h a v i n g   a p p r o x i m a t e l y   30  t e e t h ,   w h i l e   t h e  g l a s s  

f i b e r   tow  i s   f e d   t h r o u g h   a  gas  b a n d i n g   j e t   o p e r a t i n g   a s  

d e s c r i b e d   in   E x a m p l e   1,  a t  a   p r e s s u r e   of  2 . 5   to  3 . 5   p s i  

( 1 7 . 2 3   to   2 4 . 1 2   k P a ) .   The  two  tows  a re   t h e n   i n t e r m i x e d   o v e r  

and  u n d e r   p a r a l l e l   e x t e n d i n g   r ods   by  f e e d i n g   b o t h   tows   i n t o  

t he   same  a r e a   on  t h e   b a r s .   I n t e r m i x i n g   i s   a i d e d   by  the   u s e  

of  a  s e c o n d   g a s   b a n d i n g   j e t   of  the  t ype   d e s c r i b e d   in   E x a m p l e  

1,  o p e r a t i n g   a t   2 . 5   to  3 . 5   p s i   ( 1 7 . 2 3   to  2 4 . 1 2   k P a ) .   A f t e r  

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

f i b e r   comb  w h i c h   was  a r r a n g e d   p a r a l l e l   to  t h e   d i r e c t i o n   o f  

f l o w   of   t h e   f i b e r ,   so  as  to  p r o v i d e   a  t e n s i o n i n g   p a t h   to  a i d  

in  i n t e r m i x i n g .   A f t e r   l e a v i n g   the  comb,  t h e   f i b e r s   a r e   f e d  

t h r o u g h   t w i s t   g u i d e s   to  p r o v i d e   a p p r o x i m a t e l y   a  h a l f   t w i s t  

p e r   y a r d   ( p e r   0 . 9   m),  so  as  to  m a i n t a i n   t h e   f i b e r s   in  t h e i r  

i n t e r m i x e d   s t a t e .   The  f i b e r s   are   t h e n   w r a p p e d   a r o u n d   a  

s e c o n d   G o d e t   r o l l   and  t a k e n   up  at  a  s p e e d   of   7-8   m / m i n .   I n  

o r d e r   to  m i n i m i z e   t e n s i o n   d u r i n g   the   i n t e r m i x i n g   p r o c e s s ,   t h e  

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

t he   f i r s t   G o d e t   r o l l .  

3 . 5 "   x  10"  (90  x  250  mm)  p a n e l   c o m p o s i t e s   a r e  

p r e p a r e d   g e n e r a l l y   as  d e s c r i b e d   in  Example   1  and  e v a l u a t e d  

s a t i s f a c t o r i l y .  



A  s a m p l e   o f   t h e   P B T / g l a s s   f i b e r   b l e n d   p r e p a r e d  

a b o v e   i s   w r a p p e d   w i t h   90  d e n i e r   p o l y b u t y l e n e   t e r e p h t h a l a t e  

y a r n   as  d e s c r i b e d   a b o v e   a t   f o u r   wraps   p e r   in   ( p e r   2 .5   c m )  

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

PBT  f a b r i c   wrap  i s   c h o s e n ,   so  t h a t   i t   w o u l d   form  a  p a r t   o f  

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

y a r n   i s   t h e n   d i v i d e d   i n t o   96  d i f f e r e n t   y a r n   s e g m e n t s   a n d  

p l a c e d   on  s p o o l s   m o u n t e d   o n  a   s p e c i a l   c r e e l .   A  6"  (152   mm) 

wide   f a b r i c   i s   t h e n   w o v e n   on  a  m o d i f i e d   D r a p e r   XD  l o o m ,  

u s i n g   a  p l a i n   weave  p a t t e r n .   The  r e s u l t i n g   woven  p r o d u c t  

has   d i m e n s i o n s   of  16  e n d s   p e r   i n c h   ( p e r   2 5 . 4   mm)  x  15  p i c k s  

p e r   i n c h   ( p e r   25 .4   mm)  and  w e i g h s   ca.   0 . 0 5   o z . / y d 2   (17  g / m 2 ) .  

The  f a b r i c   i s   c a . 1 0   m i l s   ( 0 . 2 5   mm)  in  t h i c k n e s s ,   i s   s o f t   b u t  

c o m p a c t ,   and  e x h i b i t s   g o o d   d i m e n s i o n a l   s t a b i l i t y .   S a t i s f a c -  

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

f rom  t h e   r e s u l t i n g   f a b r i c .  



EXAMPLE  3 

An  a p p r o x i m a t e   50 /50%  by  vo lume   b l e n d   i s   p r e p a r e d  

b a s e d   upon  the  g l a s s   f i b e r   d e s c r i b e d   in  Example   1  and  a  

p o l y e t h e r   e t h e r   k e t o n e   (PEEK)  t h e r m o p l a s t i c   p o l y m e r .   T h e  

f i b e r   p r e p a r e d   f rom  t h e   PEEK  has   a  d e n s i t y   of  1 . 3   g / c c ,   a  

m e l t i n g   p o i n t   of  3 3 8 ° C . ,   an  i n i t i a l   m o d u l u s   of  53  g r a m s , a  

t e n a c i t y   of  2 .7   g / d e n i e r ,   an  e l o n g a t i o n   of  65%,  and  in  1 0  

f i l a m e n t s   pe r   p a c k a g e   t o w s   a  dpf   of  367  ( g / 9 0 0 0 m ) .   F o u r  

(10  f i l a m e n t s   p e r   p a c k a g e )   tows   a re   p l a c e d   on  a  c r e e l   a n d  

t h e   f i b e r s   are   b l e n d e d   t o g e t h e r   on  a  Godet   r o l l ,   but   m a i n -  

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

a r o u n d   the  Godet   r o l l .   The  PEEK  f i b e r   is  t hen   d i r e c t e d  

t h r o u g h   a  f i b e r   comb  as  d e s c r i b e d   in  Example   2  and  i n t o   a  

gas   b a n d i n g   j e t .   The  g l a s s   f i b e r   a f t e r   l e a v i n g   the   G o d e t  

r o l l   a l s o   e n t e r s   a  g a s   b a n d i n g   j e t .   Both  j e t s   a re   o p e r a t i n g  

a t   a  p r e s s u r e   of  a b o u t   3  p s i   ( 2 0 . 7   k P a ) .   A f t e r   l e a v i n g   t h e  

j e t s   the   f i b e r s   a r e   i n t e r m i x e d   above   and  b e l o w   two  p a r a l l e l ,  

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

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

i t y ,   fed   o v e r   a  s e c o n d   G o d e t  .   r o l l   and  t a k e n   up  a t   a  s p e e d  

of  7 - 1 0   m/min.   A  s a t i s f a c t o r y   c o m p o s i t i o n   r e s u l t s .  



1.  A  c o n t i n u o u s   f i b e r   tow  u s e f u l   in  f o r m i n g  

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

90  to   30%  by  v o l u m e ,   b a s e d   on  t h e   t o t a l   f i b e r   c o n t e n t ,   o f  

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

l e a s t   5 0 ° C .   and  10  to  70%  by  v o l u m e ,   b a s e d   on  t he   t o t a l  

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

2.  The  tow  of  c l a i m   1  w h e r e i n   t h e   a m o u n t   o f  

t h e r m o p l a s t i c   f i b e r   of  80  to   4 0 % , a n d   t he   a m o u n t   of   r e i n -  

f o r c i n g   f i b e r   i s   20  to  6 0 % .  

3.  The  tow  of  c l a i m   1  or  2  w h e r e i n   t he   r e i n -  

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

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

4.  The  tow  of   c l a i m   3  w h e r e i n   t h e   r e i n f o r c i n g  

f i b e r s   a r e   g l a s s ,   b o r o n ,   a r a m i d   or   c e r a m i c   f i b e r s .  

5.  The  tow  of   any   of   c l a i m s   1  -   4  w h e r e i n   t h e  

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

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

p o l y e t h e r ,   s u l f o n e s ,   p o l y e t h e r   e t h e r   k e t o n e s ,   and  w h o l l y  

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

6.  The  tow  of  any  of  c l a i m s   1  -   4  w h e r e i n   t h e  

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

7.  A  p r o c e s s   f o r   p r e p a r i n g   a  f i b e r   tow  u s e f u l   i n  

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

(a)  f o r m i n g   a  tow  of   n o n - t h e r m o p l a s t i c   r e i n f o r c i n g  

f i b e r s ;  

(b)  f o r m i n g   a  c o n t i n u o u s   tow  of  spun   t h e r m o p l a s t i c  

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

l e a s t   5 0 ° C ;  

(c)  I n t e r m i x i n g   the   n o n - t h e r m o p l a s t i c   r e i n f o r c i n g  
f i b e r   tow  and   t he   t h e r m o p l a s t i c   p o l y m e r   f i b e r  

tow;  a n d  

(d)  w i t h d r a w i n g   t h e   i n t e r m i x e d   t o w .  

8.  The  p r o c e s s   o f   c l a i m   7  w h e r e i n   t h e   i n t e r m i x i n g  

of   t h e   t o w s   i s   p e r f o r m e d   by  m e a n s   of  a  gas   i n t e r m i x i n g   m e a n s .  



9.  The  p r o c e s s   of  c l a i m   8  w h e r e i n   t h e   g a s  

i n t e r m i x i n g   m e a n s   c o m p r i s e s   a  gas  box  h a v i n g   a  gas   i m p i n g e -  

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

o n t o   t h e   f i b e r s .  

10.  The  p r o c e s s   of  c l a i m   7  w h e r e i n   t he   i n t e r m i x i n g  

of  t he   t o w s   i s   p r e f e r r e d   by  means  of  a  l o n g i t u d i n a l l y   e x t e n d e d  

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

tow  b e i n g   b r o u g h t   i n t o   s i m u l t a n e o u s   c o n t a c t   in  t he   same  a r e a  

of  the   r o d   in  a  r e l a t i v e l y   t e n s i o n - f r e e   s t a t e .  

11.  The  p r o c e s s   of  c l a i m   10  w h e r e i n   a  s e c o n d   r o d  

i s   e m p l o y e d .  

12.  The  p r o c e s s   of  any  of  c l a i m s   7  -   9  w h e r e i n  

the   i n t e r m i x i n g   p r o c e s s   i s   c a r r i e d   ou t   w i t h   t he   f i b e r s   i n  

a  r e l a t i v e l y   t e n s i o n - f r e e   s t a t e .  

13.  The  p r o c e s s   of  any  of  c l a i m s   7  -12   w h e r e i n  

the   tow  i s   as  d e f i n e d   in   any  of  c l a i m s   1  -   6 .  

14.  A  p r o c e s s   f o r   f o r m i n g   a  c o m p o s i t e   a r t i c l e  

w h i c h   c o m p r i s e s   a p p l y i n g   to  a  mold  an  i n t i m a t e l y   i n t e r m i x e d ,  

c o n t i n u o u s   f i b e r   tow  c o n t a i n i n g   a  m i x t u r e   of   90  to  30%  b y  

v o l u m e ,   b a s e d   on  t he   t o t a l   f i b e r   c o n t e n t ,   of   a  spun   t h e r m o -  

p l a s t i c   f i b e r   h a v i n g   a  m e l t i n g   p o i n t   of  at   l e a s t   5 0 ° C . , a n d  

10  to  70%  by  v o l u m e ,   b a s e d   on  the  t o t a l   f i b e r   c o n t e n t ,   of  a  

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

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

15.  The  p r o c e s s   of  c l a i m   14  w h e r e i n   t he   tow  i s  

as  d e f i n e d   in  any  of   c l a i m s   1  -   6 .  

16.  The  p r o c e s s   of  c l a i m   14  or  15  w h e r e i n   t h e  

tow  is   a p p l i e d   to  t he   mold  e m p l o y i n g   a  f i l a m e n t   w i n d i n g  

p r o c e s s .  

17.  The  p r o c e s s   of  c l a i m   14  or  15  w h e r e i n   t h e  

tow  is   a p p l i e d   to  t he   mold   in  the  form  of  a  woven  f a b r i c .  

18.  The  p r o c e s s   of  any  of  c l a i m s   1 4  -   17  w h e r e i n  

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

19.  The  p r o c e s s   of  c l a i m   18  w h e r e i n   t he   c o m p o s i t e  

a r t i c l e   i s   a  t e n n i s   r a c q u e t   f r a m e .  
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