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©  Thermoplastic  synthetic  filaments  and  process  for  producing  the  same. 
Thermoplastic  synthetic  filaments  having  a  properly 

delustered  appearance  and  an  adequate  frictional  property, 
comprise  85  to  99%  by  weight  of  a  thermoplastic  matrix 
polymer  and  1  to  15%by  weight  of  a  dispersed  polymer  which 
is  incompatible  with  the  matrix  polymer  and  uniformly  dis- 
persed  in  the  form  of  fine  particles  in  the  matrix  polymer,  and 
are  characterized  by  numerous  fine  protuberances  consisting 
of the  dispersed  polymer  and  formed  in  the  number  of  at  least 
5  per  10  µ2  on  the  peripheral  surface  of  each  individual  fila- 
ment,  the  protuberances  preferably  being  each  in  the  form  of 
a  hemisphere,  hemispheroid  or  hemiellipsoid  extending 

.  along  the  longitudinal  axis  of  each  individual  filament. 



FIELD  OF  THE  INVENTION 

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

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

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

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

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

s a m e .  

BACKGROUND  OF  THE  INVENTION 

I t   i s   known  t h a t   in  o r d e r   to  p r o d u c e   t h e r m o p l a s t i c  

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

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

t i t a n i u m   d i o x i d e   or  c h i n a   c l a y ,   in  t he   form  of  f i n e   s o l i d  

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

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

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

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

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

s u r f a c e   of  t he   r e s u l t a n t   i n d i v i d u a l   f i l a m e n t .   The  n u m b e r  

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

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

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

For   e x a m p l e ,   when  a  m i x t u r e   of  t he   t h e r m o p l a s t i c   m a t r i x  

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

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

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

m i x t u r e   to   be  f r e q u e n t l y   b r o k e n .   A l s o ,   when  t h e   r e s u l t a n t  

f i l a m e n t s   a re   s u b j e c t e d   to  a  w e a v i n g   or  k n i t t i n g   p r o c e s s ,  
t h e   p r o t u b e r a n c e s   on  the   p e r i p h e r a l   s u r f a c e s   of  t h e  

f i l a m e n t s   s e r v e   to  a c c e l e r a t e   the  wear   of  t h e   n e e d s   in  t h e  

w e a v i n g   m a c h i n e   or  t he   n e e d l e s   in  t he   k n i t t i n g   m a c h i n e .  

I t   i s   a l s o   known  t h a t   when  a  f a b r i c   c o n s i s t i n g   o f  

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

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



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

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

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

of  t h e   s y n t h e t i c   f i b e r s .   The  t e r m   " s n a p   b a c k   p h e n o m e n o n "  

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

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

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

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

s h r u n k   and  i r r e g u l a r l y   c r i m p e d .   The  i r r e g u l a r l y   c r i n g e d  

end  p o r t i o n s   of  t he   f i b e r s   or  f i l a m e n t s   c a u s e   t h e   a p p e a r -  

a n c e   of  t h e   r a i s e d   f a b r i c   to   be  p o o r .  

F u r t h e r m o r e ,   i t   i s   known  t h a t   t h e   t h e r m o p l a s t i c  

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

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

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

have   t o o   l a r g e   t e n s i l e   s t r e n g t h   and  u l t i m a t e   e l o n g a t i o n .  

In  o r d e r   to  i m p r o v e   t h e   r a i s i n g   and  s t r e t c h - b r e a k i n g  

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

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

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

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

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

t h e   s t r e t c h - b r e a k i n g   and  r a i s i n g   p r o p e r t i e s   of  t h e  

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

c a r b o n a t e   r e m a i n s   u n s a t i s f a c t o r y .  

M o r e o v e r ,   i t   i s   known  t h a t   when  a  t h e r m p l a s t i c  

s y n t h e t i c   f i l a m e n t   y a r n   i s   f a l s e - t w i s t e d   a t   an  e l e v a t e d  

t e m p e r a t u r e   a t   w h i c h   t h e   f i l a m e n t s   in  t he   y a r n   can  b e  

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

f i l a m e n t   y a r n   e x h i b i t   a  p r e f e r a b l e   hand  l i k e   t h a t   of  a  

s t r o n g l y   t w i s t e d   f i l a m e n t   y a r n .   H o w e v e r ,   t h e   a b o v e -  
-r) 

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

f i l a m e n t   y a r n   to  e x h i b i t   an  u n e v e n   d y e i n g   p r o p e r t y   and  a  

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

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

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

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



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

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

w a t e r - a b s o r b i n g   p r o p e r t y .   In  o r d e r   to   e n h a n c e   t h e  

w a t e r - a b s o r b i n g   p r o p e r t y ,   i t   was  a t t e m p t e d   to  form  n u m e r o u s  

p o r e s   or  c o n c a v e s   in  t he   f i l a m e n t s .   The  p o r e s   or  c o n c a v e s  

were   in  t h e   form  of  a  s i m p l e   l i n e   e x t e n d i n g   a l o n g   t h e  

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

c a u s e   t he   r e s u l t a n t   f i l a m e n t s   to   e x h i b i t   an  u n d e s i r a b l y  

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

e a s i l y   d i v i d e d   i n t o   f i n e   f i b r i l s .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

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

p r o p e r t y ,   and  a  p r o c e s s   fo r   p r o d u c i n g   t he   s a m e .  

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

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

s t r e t c h - b r e a k i n g   and  r a i s i n g   p r o p e r t i e s ,   and  a  p r o c e s s   f o r  

p r o d u c i n g   the   s a m e .  

S t i l l   a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   t o  

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

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

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

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

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

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

ing  p r o p e r t y ,   and  a  p r o c e s s   f o r   p r o d u c i n g   the   s a m e .  

The  a b o v e - m e n t i o n e d   o b j e c t s   can  be  a t t a i n e d   by  u s i n g  

the   t h e r m o p l a s t i c   s y n t h e t i c   f i l a m e n t s   of  the   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 r i s e   85  to   99%  by  w e i g h t   of  a  

t h e r m o p l a s t i c   m a t r i x   p o l y m e r   and  1  to  15%  by  w e i g h t   o f  

a  d i s p e r s e d   p o l y m e r   wh ich   is   i n c o m p a t i b l e   w i t h   t h e  

m a t r i x   p o l y m e r   and  d i s p e r s e d   in  t he   form  of  f i n e  

p a r t i c l e s   in  t he   m a t r i x   p o l y m e r ,   and  w h i c h   f i l a m e n t s  

a re   c h a r a c t e r i z e d   by  n u m e r o u s   f i n e   p r o t u b e r a n c e s  



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

number   of  l e a s t   5  pe r   10  s q u a r e   m i c r o n s   on  t h e   p e r i p h e r a l  

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

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

can   be  p r o d u c e d   by  t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n  

w h i c h   c o m p r i s e s   t he   s t e p s   o f :  

p r e p a r i n g   a  m i x t u r e   of  85  to   99%  by  w e i g h t   of  a  

t h e r m o p l a s t i c   m a t r i x   p o l y m e r   w i t h   1  to   15%  by  w e i g h t   of  a  

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

p o l y m e r ,   a n d ;  

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

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

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

of  t h e   d i s p e r s e d   p o l y m e r   a r e   f o r m e d   w i t h   a t   l e a s t   5  p e r  

10  s q u a r e   m i c r o n s   on  t h e   p e r i p h e r a l   s u r f a c e   of   e a c h   i n -  

d i v i d u a l   f i l a m e n t .  

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

m a t r i x   p o l y m e r   i s   a  p o l y e s t e r   and  w h i c h   a r e   in  t h e   form  o f  

a  f i l a m e n t   y a r n   and  in  a  p a r t i a l l y   o r i e n t e d   s t a t e ,   can  b e  

c o n v e r t e d   i n t o   a  d r a w n - f a l s e   t w i s t e d   f i l a m e n t   y a r n   b y  

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

s a t i s f y i n g   t h e   r e l a t i o n s h i p   ( 3 ) :  

a  <   0 . 0 2 T  -   1 . 5 D  -   1 . 0 5   ( 3 )  

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

f rom  0 .4   t o   0 . 9 ,   T  r e p r e s e n t s   a  f a l s e - t w i s t i n g   t e m p e r a t u r e  

in  a  r a n g e   of  from  150  to   200°C  and  D  r e p r e s e n t s   a  d r a w  

r a t i o   s a t i s f y i n g   the   r e l a t i o n s h i p   ( 4 ) :  

0 . 8 0 R 0  @  D  @   R 0  ,   ( 4 )  

w h e r e i n   R   r e p r e s e n t s   a  draw  r a t i o   w h i c h   c a u s e s   t h e  

r e s u l t a n t   d r a w n   f i l a m e n t s   to   e x h i b i t   an  u l t i m a t e   e l o n -  

g a t i o n   of  30%,  to  p r o d u c e   a  d r a w n - f a l s e - t w i s t e d   f i l a m e n t  

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

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

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

them  w i t h   an  a q u e o u s   a l k a l i   s o l u t i o n   to   c a u s e   t h e   r e s u l t a n t  

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



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

e a c h   c o n c a v e   b e i n g   c o m p o s e d   of  a  h e m i s p h e r e ,   h e m i s p h e r o i d  

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

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

e a c h   e x t e n d i n g   f rom  t h e   c e n t e r   p o r t i o n   a l o n g   the   l o n g i -  

t u d i n a l   a x i s   of  t he   i n d i v i d u a l   f i l a m e n t   in  o p p o s i t e  

d i r e c t i o n   to   t h e   o t h e r .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

( m a g n i f i c a t i o n  :   3000)   s h o w i n g   a  p e r i p h e r a l   s u r f a c e   of  a  

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

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

F i g .   2  i s   a  s c a n n i n g   e l e c t r o n   m i c r o s c o p i c   p h o t o g r a p h  

( m a g n i f i c a t i o n  :   3000)   s h o w i n g   a  p e r i p h e r a l   s u r f a c e   of  a  

c o n v e n t i o n a l   f i l a m e n t   c o n t a i n i n g   1%  by  w e i g h t   of  t i t a n i u m  

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

F i g .   3  i s   a  s c a n n i n g   e l e c t r o n   m i c r o s c o p i c   p h o t o g r a p h  

( m a g n i f i c a t i o n  :   3000)  s h o w i n g   a  p e r i p h e r a l   s u r f a c e   of  a  

f i l a m e n t   m o d i f i e d   from  the   f i l a m e n t   of  t he   p r e s e n t   i n -  

v e n t i o n   as  shown  in  F i g .   1  and  h a v i n g   n u m e r o u s   s p e c i f i c  

c o n c a v e s ,   a n d ;  

F i g .   4  i s   a  s c a n n i n g   e l e c t r o n   m i c r o s c o p i c   p h o t o g r a p h  

( m a g n i f i c a t i o n  :   3000)  s h o w i n g   a  p e r i p h e r a l   s u r f a c e   of  a  

c o m p a r a t i v e   f i l a m e n t   m o d i f i e d   f rom  t he   c o n v e n t i o n a l  

f i l a m e n t   as  i n d i c a t e d   in  F i g .   2  and  h a v i n g   i r r e g u l a r l y  

s h a p e d   c o n c a v e s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

i n v e n t i o n   c o m p r i s e s   85  to  99%  by  w e i g h t ,   p r e f e r a b l y ,   91  t o  

97%  by  w e i g h t ,   of  a  t h e r m o p l a s t i c   f i b e r - f o r m i n g   m a t r i x  

p o l y m e r   and  1  to   15%  by  w e i g h t ,   p r e f e r a b l y ,   3  to   9%  b y  

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

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

p o l y m e r   is   d i s p e r s e d   in  the   form  of  n u m e r o u s   f i n e   s p h e r e s ,  

s p h e r o i d s   or  e l l i p s o i d s ,   e x t e n d i n g   a l o n g   the   l o n g i t u d i n a l  

a i x s   of  t he   i n d i v i d u a l   f i l a m e n t ,   in  t he   m a t r i x   p o l y m e r .   I n  

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



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

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

l e a s t   5  p e r   10  s q u a r e   m i c r o n s ,   on  t h e   p e r i p h e r a l   s u r f a c e   o f  

t h e   f i l a m e n t .   The  m a t r i x   p o l y m e r   u s a b l e   f o r   t he   p r e s e n t  

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

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

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

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

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

p o l y m e r   may  be  s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  f i b e r -  

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

s t y r e n e .   The  i m p o r t a n t   m a t r i x   p o l y m e r   f o r   t h e   p r e s e n t  
i n v e n t i o n   i s   p o l y e s t e r .   The  m a t r i x   p o l y e s t e r   may  be  a  

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

c o m p o u n d ,   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   or   i t s   r e a c t i v e  

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

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

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

t e r e p h t h a l a t e ,   p o l y b u t y l e n e   t e r e p h t h a l a t e   or  a  c o p o l y e s t e r  

c o n t a i n i n g   75  m o l a r  %   or  m o r e ,   more  p r e f e r a b l y ,   85  m o l a r  %  

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

d e r i v e d   f rom  the   e s t e r i f i c a t i o n   r e a c t i o n   of  an  a l k y l e n e  

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

A l s o ,   i t   i s   p r e f e r a b l e   t h a t   t h e   m a t r i x   p o l y e s t e r   has   a  

l i m i t i n g   ( i n t r i n s i c )   v i s c o s i t y   of  0 .4   or  more   m e a s u r e d   i n  

o - c h l o r o p h e n o l   a t   a  t e m p e r a t u r e   of  3 5 ° C .  

The  m a t r i x   p o l y m e r   may  c o n t a i n ,   as  a d d i t i v e s ,   a  

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

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

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

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

i s   n o t   l i m i t e d   to  a  s p e c i a l   g r o u p   of  p o l y m e r s ,   as  long   a s  

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

c o m p a t i b l e   w i t h   t h e   m a t r i x   p o l y m e r .   I t   i s   p r e f e r a b l e   t h a t  

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

t r a n s i t i o n   t e m p e r a t u r e   of  a t   l e a s t   1 5 0 ° C .   The  g l a s s  



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

d e t e r m i n e d   by  the   m e t h o d   d e s c r i b e d   in  U.  S.  P a t e n t  

No.  2 , 5 5 6 , 2 9 5 .   The  n o n - c r y s t a l l i n i t y   of  t he   d i s p e r s e d  

p o l y m e r   can  be  d e t e r m i n e d   by  t h e   X - r a y   wide  a n g l e   d i f f r a c -  

t o m e t r y .   When  no  d i f f r a c t i o n   p o i n t   or  l i n e   i s   f o u n d   in  t h e  

d i f f r a c t i o n   X - r a y   p h o t o g r a p h   of  t he   d i s p e r s e d   p o l y m e r ,   i t  

i s   deemed   t h a t   t he   d i s p e r s e d   p o l y m e r   i s   n o n - c r y s t a l l i n e .  

The  d i s p e r s e d   p o l y m e r   may  be  s e l e c t e d   from  p o l y s u l f o n s  

h a v i n g   t h e   r e c u r r i n g   u n i t s   of  t h e   f o r m u l a e   ( I )   t h r o u g h   ( I V ) :  

a n d  

The  p r e f e r a b l e   p o l y s u l f o n e   i s   one  of  the   f o r m u l a   ( I V )  

h a v i n g   a  d e g r e e   of  p o l y m e r i z a t i o n   of  60  to   1 2 0 .  

The  d i s p e r s e d   p o l y m e r   i s   u sed   in  an  a m o u n t   of  from  1 

to  15%  by  w e i g h t ,   p r e f e r a b l y ,   f rom  3  to   9%  by  w e i g h t .   When 

the   a m o u n t   of  the   d i s p e r s e d   p o l y m e r   i s   l e s s   t h a n   1%  b y  

w e i g h t ,   t he   number   of  the   r e s u l t a n t   p r o t u b e r a n c e s   i s   l e s s  

t h a n   5  p e r   10  s q u a r e   m i c r o n s   of  the   p e r i p h e r a l   s u r f a c e   o f  

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

ance   and  the   f r i c t i o n a l   p r o p e r t y   of  the   r e s u l t a n t   f i l a m e n t  

a r e   u n s a t i s f a c t o r y .   A l s o ,   more   t h a n   15%  by  w e i g h t   of  t h e  

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

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

u s e l e s s .  



When  a  m i x t u r e   of  t he   m a t r i x   p o l y m e r   and  the   d i s p e r s e d  

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

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

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

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

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

a t   l e a s t   5  p e r   10  s q u a r e   m i c r o n s   of  t h e   p e r i p h e r a l   s u r f a c e  

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

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

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

w i t h   m e t a l   s u r f a c e s .   T h e r e f o r e ,   t he   f i l a m e n t   can  e x h i b i t   a  

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

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

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

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

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

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

l o n g i t u d i n a l   a x i s   of  t h e   i n d i v i d u a l   f i l a m e n t .   Also   i t   i s  

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

i s   0 .5   s q u a r e   m i c r o n s   or  m o r e .  

The  f i l a m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   may  have   a  

c i r c u l a r   c r o s s - s e c t i o n a l   p r o f i l e   or  an  i r r e g u l a r   c r o s s -  

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

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

al   p r o f i l e   i s   e f f e c t i v e   f o r   i m p a r t i n g   a  s i l k - l i k e   g l o s s   a n d  

hand  to   t h e   f i l a m e n t .  

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

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

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

s m a l l   v o i d s   a r e   f o r m e d   in  t he   i n t e r f a c e   b e t w e e n   the   m a t r i x  

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

t h e r e   i s   a  s m a l l   d i f f e r e n c e   in  t h e   t e r m a l   s h r i n k a g e   b e t w e e n  

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

t h e   woven  or  k n i t t e d   f a b r i c   made  f rom  t h e   f i l a m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n   can  have   a  p r e f e r a b l e   b u l k i n e s s   and  h a n d .  

F i g .   1  shows  an  e l e c t r o n   m i c r o s c o p i c   v i ew   of  a  



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

v e n t i o n   in  a  m a g n i f i c a t i o n   of  3000 .   A l s o ,   F i g .   2  shows  a n  

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

c o n v e n t i o n a l   f i l a m e n t   c o n t a i n i n g   1%  by  w e i g h t   of  t i t a n i u m  

d i o x i d e .   The  p e r i p h e r a l   s u r f a c e   of  t h e   f i l a m e n t   as  i n -  

d i c a t e d   in  F i g .   2  i s   p r o v i d e d   w i t h   e x t r e m e l y   s m a l l   p r o -  

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

p r o j e c t i o n s   do  n o t   c a u s e   the   r e s u l t a n t   f i l a m e n t   to   e x h i b i t  

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

In  t h e   p r e p a r a t i o n   of  t he   t e r m o p l a s t i c   s y n t h e t i c  

f i l a m e n t s   of  t he   p r e s e n t   i n v e n t i o n ,   a  m i x t u r e   of  85  to   99% 

by  w e i g h t   of  a  t h e r m o p l a s t i c   m a t r i x   p o l y m e r   w i t h   1  to   15% 

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

t h e   m a t r i x   p o l y m e r ,   i s   p r e p a r e d .   T h i s   m i x t u r e   may  b e  

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

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

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

m e r i z a t i o n   m i x t u r e   i s   s u b j e c t e d   to  a  p o l y m e r i z a t i o n   of  t h e  

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

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

which   i s   n o n - r e a c t i v e   w i t h   t he   m a t r i x   p o l y m e r .   O t h e r w i s e ,  

t he   m i x t u r e   may  be  p r e p a r e d   by  m i x i n g   the   m a t r i x   p o l y m e r  

w i t h   t he   d i s p e r s e d   p o l y m e r .  

The  m i x t u r e   is   s u b j e c t e d   to   a  s p i n n i n g   p r o c e s s   w h i c h  

may  be  a  m e l t   s p i n n i n g   p r o c e s s ,   d ry   s p i n n i n g   p r o c e s s   or  w e t  

s p i n n i n g   p r o c e s s .   When  the   m a t r i x   p o l y m e r   i s   a  p o l y e s t e r ,  

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

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

j e c t e d   to  a  d r a f t   zone  s y s t e m   s p i n n i n g   p r o c e s s   or  a  f a b r i c  

made  from  the   f i l a m e n t s   i s   s u b j e c t e d   to  s  r a i s i n g   p r o c e s s ,  
i t   i s   p r e f e r a b l e   t h a t   t he   f i l a m e n t s   e x h i b i t   a  s n a p   b a c k  

v a l u e   of  4%  or  l e s s .   The  t e r m   " s n a p   b a c k   v a l u e "   u s e d  

h e r e i n   i s   d e f i n e d   by  the   e q u a t i o n   ( 1 ) :  

SB  =  ( e b  -   e s b )  -   eb  x  r b / 1 0 0   ( 1 )  

w h e r e i n   SB  r e p r e s e n t s   a  snap   b a c k   v a l u e   in  %  of  t h e  



f i l a m e n t s ,   eb  r e p r e s e n t s   a  b r e a k i n g   e l o n g a t i o n   in  %  of  t h e  

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

f i l a m e n t s   a t   i t s   b r e a k   and  e sb   r e p r e s e n t s   an  e l o n g a t i o n   o f  

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

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

of  t h e   f i l a m e n t .   When  t h e   s n a p   b a c k   v a l u e   i s   more  t h a n   4%, 

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

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

f a b r i c   made  from  t h e   f i l a m e n t s   s o m e t i m e s   e x h i b i t   an  u n -  

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

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

a p p e a r a n c e .  

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

p r e s e n t   i n v e n t i o n   e x h i b i t   a  b r e a k i n g   m o d u l u s   of  4  g /d   o r  

l e s s .   The  t e r m   " b r e a k i n g   m o d u l u s "   u s e d   h e r e i n   i s   d e f i n e d  

by  t h e   e q u a t i o n   ( 2 ) :  

w h e r e i n   Mb  r e p r e s e n t s   a  b r e a k i n g   m o d u l u s   in   g /d   of  a  

f i l a m e n t ,   sb  r e p r e s e n t s   a  g r a d i e n t   in  g/%  of  a  t a n g e n t i a l  

l i n e   d r a w n   t h r o u g h   a  b r e a k i n g   p o i n t   of  t h e   f i l a m e n t   on  t h e  

s t r e s s - s t r a i n   c u r v e   of  t h e   f i l a m e n t ,   eb  r e p r e s e n t s   a  

b r e a k i n g   e l o n g a t i o n   in  %  of   t h e   f i l a m e n t   and  D   r e p r e s e n t s  

a  d e n i e r   of  t he   f i l a m e n t .  

The  f i l a m e n t s   h a v i n g   a  b r e a k i n g   m o d u l u s   of  4  g / d   o r  

l e s s   can   e x h i b i t   a  p r o p e r   s t r e t c h - b r e a k i n g   p r o p e r t y   a n d  

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

The  f i l a m e n t s   of  t he   p r e s e n t   i n v e n t i o n ,   in   w h i c h   t h e  

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

a l k a l i   a q u e o u s   s o l u t i o n .   The  a l k a l i   t r e a t m e n t   r e s u l t s   i n  

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

t h e   i n d i v i d u a l   f i l a m e n t .   Each   c o n c a v e   i s   c o m p o s e d   of  a  

c e n t e r   p o r t i o n   t h e r e o f ,   w h i c h   i s   in  t h e   form  of  a  h e m i -  

s p h e r e ,   h e m i s p h e r o i d   or  h e m i e l l i p s o i d ,   and  a  p a i r   of  w i n g  



p o r t i o n s   t h e r e o f   e a c h   of  w h i c h   i s   in  t he   form  of  a  h e m i c o n e  

or  h e m i e l l i p t i c   cone   and  e x t e n d s   from  the   c e n t e r   p o r t i o n   i n  

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

of  t he   i n d i v i d u a l   f i l a m e n t .   The  b o t t o m   of  e a c h   w i n g  

p o r t i o n   is   c o n n e c t e d   to   t h e   c e n t e r   p o r t i o n .   The  c e n t e r  

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

p r o t u b e r a n c e   by  t he   a l k a l i   t r e a t m e n t .   A l s o ,   t h e   w i n g  

p o r t i o n   of  t he   c o n c a v e   i s   d e r i v e d   from  the   r e m o v a l   of  a  

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

p r o t u b e r a n c e .  

The  a l k a l i   may  be  s e l e c t e d   from  t he   g r o u p   c o n s i s t i n g  

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

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

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

or   p o t a s s i u m   h y d r o x i d e .  

The  c o n c e n t r a t i o n   of  t h e   a l k a l i   in  i t s   a q u e o u s  
s o l u t i o n   i s   v a r i a b l e   d e p e n d i n g   on  the   t y p e   of  a l k a l i   a n d  

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

c o n c e n t r a t i o n   of  t he   a l k a l i   i s   u s u a l l y   in  the   r a n g e   of  f r o m  

0.1  to   40%  by  w e i g h t ,   more   p r e f e r a b l y ,   f rom  0.1  to   30%  b y  

w e i g h t .   The  a l k a l i   t r e a t m e n t   i s   p r e f e r a b l y   c a r r i e d   ou t   a t  

a  t e m p e r a t u r e   of  f rom  room  t e m p e r a t u r e   to  100°C ,   f o r   o n e  

m i n u t e   to  4  h o u r s .   A l s o ,   i t   i s   p r e f e r a b l e   t h a t   the   a l k a l i  

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

to  an  e x t e n t   of  a t   l e a s t   10%  of  t he   o r i g i n a l   w e i g h t   of  t h e  

f i l a m e n t s .   By  t h i s   a l k a l i   t r e a t m e n t ,   t he   p r o t u b e r a n c e s   o n  

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

r e m o v e d   so  as  to  form  t h e   c o n c a v e s   in  t he   form  of  h e m i -  

s p h e r o i d   or  h e m i e l l i p s o i d .  

In  the   a l k a l i - t r e a t e d   i n d i v i d u a l   f i l a m e n t ,   i t   i s   p r e -  
f e r a b l e   t h a t   e a c h   c o n c a v e   has   an  o p e n i n g   a r e a   of  a t   l e a s t  

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

of  the   c o n c a v e s   is   a t   l e a s t   one  p e r   300  s q u a r e   m i c r o n s   o f  

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

F i g .   3  shows  an  e l e c t r o n   m i c r o s c o p i c   v i e w   of  a  p e r i -  

p h e r a l   s u r f a c e   of  an  a l k a l i - t r e a t e d   i n d i v i d u a l   f i l a m e n t  

wh ich   has   been   p r e p a r e d   f rom  t h e   i n d i v i d u a l   f i l a m e n t   of  t h e  



p r e s e n t   i n v e n t i o n   as  i n d i c a t e d   in  F i g .   1.  R e f e r r i n g   t o  

F i g .   3,  e a c h   c o n c a v e   f o r m e d   on  t h e   p e r i p h e r a l   s u r f a c e   o f  

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

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

h e m i c o n e   or  h e m i e l l i p t i c   c o n e - s h a p e d ,   c a v e d   wing  p o r t i o n s ,  

e x t e n d i n g   f rom  t h e   c e n t e r   p o r t i o n   in  o p p o s i t e   d i r e c t i o n s   t o  

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

T h i s   c o n f i g u r a t i o n   of  t he   c o n c a v e   i s   v e r y   s p e c i f y   and  w a s  

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

p r e s e n t   i n v e n t i o n .  

A l s o ,   i t   i s   i m p o r t a n t   t h a t   t h e   a l k a l i   t r e a t m e n t  

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

c a u s e   t h e   r e s i s t a n c e   of  t h e   r e s u l t a n t   f i l a m e n t   to   f i b r i l i -  

z a t i o n   to  be  r e d u c e d .   T h a t   i s ,   t h e   a l k a l i   t r e a t e d   f i l a m e n t s  

e x h i b i t   a  s a t i s f a c t o r y   r e s i s t a n c e   to   a b r a s i o n .  

When  t h e   c o n v e n t i o n a l   f i l a m e n t   as  shown  in  F i g .   2  i s  

t r e a t e d   w i t h   t h e   a l k a l i   a q u e o u s   s o l u t i o n ,   t h e   t r e a t e d  

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

F i g .   4.  The  c o n c a v e s   as  shown  in  F i g .   4  a r e   s i g n i f i c a n t l y  

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

s p e c i f i c   c o n c a v e s   as  shown  in  F i g .   3.  T h a t   i s ,   t h e   c o n -  

f i g u r a t i o n   of  t h e   c o n c a v e s   shown  in  F i g .   4  i s   i r r e g u l a r .  

The  f i l a m e n t s   of  t he   p r e s e n t   i n v e n t i o n   can  be  c o n -  

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

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

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

f i l a m e n t s   in   a  p a r t i a l l y   o r i e n t e d   s t a t e   and  in  t h e   form  a  

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

s a t i s f y i n g   t he   r e l a t i o n s h i p   ( 3 ) :  

a  <   0 . 0 2 T  -   1 . 5 D  -   1 . 0 5   ( 3 )  

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

t h e   f i l a m e n t   y a r n   in  t he   r a n g e   of   f rom  0 .4   to   0 . 9 ,   T  r e -  

p r e s e n t s   a  f a l s e   t w i s t i n g   t e m p e r a t u r e   to  be  a p p l i e d   to   t h e  

f i l a m e n t   y a r n   in  t h e   r a n g e   of   f rom  150  to   200°C  and  D 

r e p r e s e n t s   a  d raw  r a t i o   to   be  a p p l i e d   to   t h e   f i l a m e n t   y a r n  
s a t i s f y i n g   t h e   r e l a t i o n s h i p   ( 4 ) :  



w h e r e i n   R   r e p r e s e n t s   a  draw  r a t i o   w h i c h   c a u s e s   t h e  

r e s u l t a n t   d rawn   f i l a m e n t   y a r n   to   e x h i b i t   an  u l t i m a t e  

e l o n g a t i o n   of  30%.  

The  t w i s t   m u l t i p l i e r   (a)  of  t h e   f i l a m e n t   y a r n   can  b e  

c a l c u l a t e d   in  a c c o r d a n c e   w i t h  t h e   e q u a t i o n   ( 5 ) :  

w h e r e i n   TN  r e p r e s e n t s   t he   number   of  t w i s t s   a p p l i e d   to  t h e  

f i l a m e n t   y a r n   and  De  r e p r e s e n t s   a  d e n i e r   of  t he   r e s u l t a n t  

d r a w n ,   f a l s e - t w i s t e d   f i l a m e n t   y a r n .  
The  f i l a m e n t   y a r n   to  be  s u b j e c t e d   to   t he   a b o v e  

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

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

e l o n g a t i o n   of  f rom  70  to   200%.  The  p a r t i a l l y   o r i e n t e d  

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

s p i n n i n g . p r o c e s s .   The  s p i n n i n g   s p e e d   a d q u a t e   to   p r o d u c e  

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

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

of  the   r e s u l t a n t   i n d i v i d u a l   f i l a m e n t .   U s u a l l y ,   t h e  

s p i n n i n g   p r o c e s s   i s   p e r f o r m e d   a t   a  h i g h   s p e e d   of  2000  t o  

5500  m / s e c .  

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

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

p r e s e n t   i n v e n t i o n   a l o n e   or  a  b l e n d   of  t he   f i l a m e n t s   of  t h e  

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

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

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

150  to  200°C ,   f rom  t he   c o n v e n t i o n a l   d r a w - f a l s e   t w i s t i n g  

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

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

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

t h a t   t he   d r a w - f a l s e   t w i s t i n g   t e m p e r a t u r e   to   be  a p p l i e d   t o  

t h e   p o l y e s t e r   f i l a m e n t   y a r n   i s   215°C  or  more .   H o w e v e r ,  

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



t he   y a r n   t o   be  f u s e - b o n d e d   to   e a c h   o t h e r   and  t h e   d y e a b i l i t y  

of  t h e  f i l a m e n t   y a r n   to  be  s i g n i f i c a n t l y   c h a n g e d .   H o w e v e r ,  

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

d r a w - f a l s e   t w i s t i n g   t e m p e r a t u r e   i s   r e l a t i v e l y   low.   T h e r e -  

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

v e r y   s m a l l   and  t h e   f i l a m e n t   y a r n   e x h i b i t s   a  s a t i s f a c t o r y  

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

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

f a c t o r y   e x t e n t .  

The  d r a w n ,   f a l s e - t w i s t e d   f i l a m e n t   y a r n   e x h i b i t s   a  

s a t i s f a c t o r y   w e a v i n g   and  k n i t t i n g   p r o p e r t y .   In  o r d e r   t o  

s t a b i l i z e   t h e   f i l a m e n t   y a r n ,   i t   i s   p r e f e r a b l e   to   r e l a x   t h e  

f i l a m e n t   y a r n   a t   an  e l e v a t e d   t e m p e r a t u r e ,   f o r   e x a m p l e ,   2 1 0  

to   2 3 0 ° C ,   more   p r e f e r a b l y ,   w h i l e   o v e r f e e d i n g   t h e   f i l a m e n t  

y a r n   a t   a  d e g r e e   of  o v e r f e e d   of   2  t o   7%  so  t h a t   t h e   r e s u l t -  

a n t   r e l a x e d   f i l a m e n t   y a r n   e x h i b i t s   a  t o r q u e   of  50  t u r n s / m  

or  l e s s .  

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

m a t r i x   p o l y m e r   i s   a  p o l y e s t e r ,   t h e   d i s p e r s e d   p o l y m e r   m a y  
c o n t a i n   a t   l e a s t   one  member  s e l e c t e d   f rom  the   g r o u p   c o n -  

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

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

e t h y l e n e ,   p o l y v i n y l i d e n e   f l u o r i d e   and  p o l y v i n y l   f l u o r i d e  

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

t r a n s i t i o n   t e m p e r a t u r e   of  150°C  or  l e s s ,   and ,   a l s o   w h i c h  

e x h i b i t   a  m e l t   v i s c o s i t y   of  105  p o i s e s   or  more  when  t h e s e  

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

p o i n t   t h e r e o f .  

S P E C I F I C   EXAMPLES  OF  THE  INVENTION 

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

p u r p o s e   of   c l a r i f y i n g   t he   p r e s e n t   i n v e n t i o n .   H o w e v e r ,   i t  

s h o u l d   be  u n d e r s t o o d   t h a t   t h e s e   a r e   i n t e n d e d   o n l y   to  b e  

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

l i m i t   t h e   p r e s e n t   i n v e n t i o n   in  any  w a y .  

E x a m p l e s   1  t h r o u g h   5  and  C o m p a r a t i v e   E x a m p l e s   1  and  2 

In  e a c h   of  t h e   E x a m p l e s   1  t h r o u g h   5  and  C o m p a r a t i v e  

E x a m p l e s   1  and  2,  t he   a m o u n t   as  i n d i c a t e d   in  T a b l e   1  of  a  



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

r e c u r r i n g   u n i t   of  t he   f o r m u l a :  

was  m i x e d   w i t h   t he   b a l a n c e   c o n s i s t i n g   of  a  m a t r i x   p o l y m e r ,  

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

v i s c o s i t y   of  0 . 6 4   d e t e r m i n e d   in  O - c h l o r o p h e n o l   a t   a  t e m p e r -  

a t u r e   of  35°C,   and  c o n t a i n i n g   0 .03%  by  w e i g h t   of  t i t a n i u m  

d i o x i d e .  

The  m i x t u r e   was  d r i e d   and  m e l t e d   in  an  e x t r u d e r  

a t   a  t e m p e r a t u r e   of   315°C  and ,   t h e n ,   e x t r u d e d   t h r o u g h   a  

s p i n n e r e t   h a v i n g   24  s p i n n i n g   o r i f i c e s   e a c h   h a v i n g   a  d i a m e t e r  

of  0 .3   mm,  a t   a  t e m p e r a t u r e   of  2 9 0 ° C .   The  f i l a m e n t a r y  

s t r e a m s . o f   t he   e x t r u d e d   m i x t u r e   were   i n t r o d u c e d   i n t o   a  s p i n -  

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

t h r o u g h   t he   c h i m n e y   a t   a  f l o w i n g   l i n e a r   s p e e d   of  0 .2   m / s e c  

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

were   wound  up  a t   a  w i n d i n g   s p e e d   of  1400  m / m i n .  

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

90°C  f o r   0 . 3 5   s e c o n d s   by  u s i n g   a  h e a t i n g   r o l l   and  drawn  a t  

a  d raw  r a t i o   of   3 . 0 .   F i n a l l y ,   t he   d r a w n   f i l a m e n t  y a r n   w a s  

b e n t   t r e a t e d   a t   a  t e m p e r a t u r e   of  230°C  by  u s i n g   a  s l i t  

h e a t e r   and ,   t h e n ,   wound  up  a t   a  s p e e d   of   800  m / m i n .  

In  C o m p a r i s o n   E x a m p l e   1,  t h e   r e s u l t a n t   d rawn  i n d i v i d u a l  

f i l a m e n t   had  s u b s t a n t i a l l y   no  h e m i s p h e r e   or  h e m i e l l i p s o i d  

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

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

d i o x i d e   p a r t i c l e s .   A l s o ,   in  C o m p a r i s o n   E x a m p l e   2,  t h e  

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

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

f o r e ,   were  u s e l e s s   f o r   p r a c t i c a l   u s e .  

The  r e s u l t a n t   d r awn   i n d i v i d u a l   f i l a m e n t s   in  E x a m p l e s   1 

t h r o u g h   5  e a c h   e x h i b i t e d   s a t i s f a c t o r y   c o e f f i c i e n t s   o f  

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

u l t i m a t e   e l o n g a t i o n ,   and  had  an  a d e q u a t e l y   d e l u s t e r e d  

a p p e a r a n c e   t h e r e o f .  





C o m p a r a t i v e   E x a m p l e   3 

The  same  p r o c e d u r e s   as  t h o s e   d e s c r i b e d   in  Example   1 

were  c a r r i e d   o u t ,   e x c e p t   t h a t   no  d i s p e r s e d   p o l y m e r   was  u s e d  

and  t he   m a t r i x   p o l y m e r   c o n t a i n e d   1.0%  by  w e i g h t   of  t i t a n i u m  

d i o x i d e .  

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

d e l u s t e r e d   a p p e a r a n c e   t h e r e o f   c l o s e   t o  t h a t   in  Example   4 

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

E x a m p l e   6 

The  d rawn   f i l a m e n t s   o b t a i n e d   in  E x a m p l e   3  w e r e  

c o n v e r t e d   i n t o   a  t r i c o t   f a b r i c .   T h i s   f a b r i c   e x h i b i t e d   a  

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

d ry   t o u c h .  

E x a m p l e s  7   t h r o u g h   11  and  C o m p a r a t i v e   E x a m p l e s   4  and  5 

In  e a c h   of  t h e   E x a m p l e s   7  t h r o u g h   11  and  C o m p a r a t i v e  

E x a m p l e s   4  and  5,  t he   same  p r o c e d u r e s   as  t h o s e   d e s c r i b e d   i n  

E x a m p l e   1  were  c a r r i e d   ou t   w i t h   t he   f o l l o w i n g   e x c e p t i o n .  

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

compound   wh ich   was  p r o d u c e d   and  s o l d   in  t he   t r a d e m a r k   o f  

Udel  by  Union   C a r b i d e   C o . ,   U . S . A .   and  w h i c h   was  n o n - c r y s -  
t a l l i n e   and  i n c o m p a t i b l e   w i t h   t he   p o l y e t h y l e n e   t e r e p h t h a l a t e  

u sed   and  had  a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  1 7 5 ° C .  

The  m i x t u r e   of  t he   m a t r i x   p o l y m e r   and  t he   d i s p e r s e d  

p o l y m e r   in  t he   a m o u n t   as  i n d i c a t e d   in  T a b l e   2  was  d r i e d   a t  

a  t e m p e r a t u r e   of  160°C  f o r   4  h o u r s   b e f o r e   t he   m e l t - e x t r u d -  

ing  p r o c e d u r e .  

The  s p i n n e r e t   used   had  36  s p i n n i n g   o r i f i c e s   e a c h  

h a v i n g   a  d i a m e t e r   of  0.4  mm,  and  the   e x t r u d e d   f i l a m e n t a r y  

s t r e a m s   of  the   m e l t e d   m i x t u r e   was  c o o l e d   by  b l o w i n g   c o o l i n g  

a i r   a t   a  f l ow  l i n e a r   s p e e d   of  0.3  m / s e c   a c r o s s   a  s p i n n i n g  

c h i m n e y   to  s o l i d i f y   t h e m .  

The  s o l i d i f i e d   f i l a m e n t   was  o i l e d   and ,   t h e n ,   wound  u p  

a t   a  w i n d i n g   s p e e d   of  1200  m / m i n .  

The  r e s u l t a n t   u n d r a w n   f i l a m e n t s   were   p r e h e a t e d   a t   a  

t e m p e r a t u r e   of  90°C  f o r   0.3  s e c o n d s ,   and  d r awn   a t   a  d r a w  

r a t i o   of  3 . 3 .  



The  p r o p e r t i e s   of  t h e   r e s u l t a n t   f i l a m e n t s   a r e  
i n d i c a t e d   in  T a b l e   2 .  





In  C o m p a r a t i v e   E x a m p l e   4,  t h e   r e s u l t a n t   d rawn  i n -  

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

d i o x i d e ,   b u t   had  s u b s t a n t i a l l y   no  h e m i s p h e r e   or  h e m i -  

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

f i l a m e n t   in  C o m p a r a t i v e   E x a m p l e   5  e x h i b i t e d   e x t r e m e l y   p o o r  
t e n s i l e   s t r e n g t h   and  u l t i m a t e   e l o n g a t i o n   and  t h e r e f o r e ,   w a s  

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

E x a m p l e s   12  t h r o u g h   16  and  C o m p a r a t i v e   E x a m p l e s   6 ,  

7  and  8 

In  e a c h   of  t h e   E x a m p l e s   12  t h r o u g h   16  and  C o m p a r a t i v e  

E x a m p l e s   6,  7  and  8,  t h e   a m o u n t   as  i n d i c a t e d   in  T a b l e   3  o f  

t h e   same  d i s p e r e d   p o l y m e r   as  t h a t   d e s c r i b e d   in  E x a m p l e   6 

was  m i x e d   w i t h   t h e   b a l a n c e   c o n s i s t i n g   of  t he   same  p o l y -  

e t h y l e n e   t e r e p h t h a l a t e   as  t h a t   d e s c r i b e d   in  E x a m p l e   1.  T h e  

m i x t u r e   was  d r i e d   a t   160°C  f o r   4  h o u r s   and  m e l t e x t r u d e d   i n  

t h e   same  m a n n e r   as  t h a t   d e s c r i b e d   in  E x a m p l e   1,  and  t h e  

s o l i d i f i e d   f i l a m e n t s   were   o i l e d   a n d ,   t h e n ,   wound  a t   a  s p e e d  

of  1500  m / m i n .  

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

90°C  f o r   0 .3   s e c o n d s   on  a  h e a t i n g   r o l l   and  d rawn   a t   a  d r a w  

r a t i o   of  2 . 8 .   The  d rawn   f i l a m e n t   y a r n   was  b e n t t r e a t e d   a t  

210°C  by  u s i n g   a  s l i t   h e a t e r   and  wound  a t   a  s p e e d   of  8 0 0  

m / m i n .   The  r e s u l t s   a r e   shown  in  T a b l e   3 .  





In  each   of  C o m p a r a t i v e   E x a m p l e s   6  and  7,  t he   r e s u l t a n t  

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

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

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

A l s o ,   t h e   r e s u l t a n t   f i l a m e n t   y a r n   in   C o m p a r a t i v e   E x a m p l e   8 

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

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

The  f i l a m e n t   y a r n s   o b t a i n e d   in   E x a m p l e s   12  t h r o u g h   16  

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

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

f o r e ,   t h e s e   f i l a m e n t   y a r n s   a r e   u s e f u l   f o r   t h e   d r a f t   z o n e  

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

E x a m p l e s   17  t h r o u g h   21  and  C o m p a r i s o n   E x a m p l e s   9 

t h r o u g h   11  

I n  e a c h   of  t h e   E x a m p l e s   17  t h r o u g h   21  and  C o m p a r a t i v e  

E x a m p l e s   9  t h r o u g h   11,  t h e   same  p r o c e d u r e s   as  t h o s e  

d e s c r i b e d   in  E x a m p l e   12  w e r e   c a r r i e d   o u t ,   e x c e p t   t h a t   t h e  

a m o u n t   of  t he   d i s p e r s e d   p o l y m e r   was  as  i n d i c a t e d   in  T a b l e  

4,  t h e   s p i n n i n g   o r i f i c e s   e a c h   had  a  d i a m e t e r   of  0 . 27   mm, 
the   e x t r u s i o n   of  t h e   m e l t e d   m i x t u r e   was  c a r r i e d   ou t   a t   a  

t e m p e r a t u r e   of  2 9 5 ° C ,   t h e   o i l e d   u n d r a w n   f i l a m e n t s   w e r e  

wound  a t   a  s p e e d   of  1200  m / m i n  a n d   t h e   h e a t   t r e a t m e n t   f o r  

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

2 2 0 ° C .   The  p r o p e r t i e s   of  t h e   r e s u l t a n t   f i l a m e n t   y a r n   a r e  

i n d i c a t e d   in   T a b l e   4 .  





Each   f i l a m e n t   y a r n   was  c o n v e r t e d   i n t o   a  k n i t t e d  

f a b r i c .   The  f a b r i c   was  s c o u r e d   and  d r i e d   in  an  o r d i n a r y  

m a n n e r .   The  d r i e d   f a b r i c   was  t r e a t e d   w i t h   an  a q u e o u s  
s o l u t i o n   of  s o d i u m   h y d r o x i d e   in  c o n c e n t r a t i o n   as  shown  i n  

T a b l e   5  a t   a  b o i l i n g   t e m p e r a t u r e   of  t h e   s o l u t i o n   f o r   t h e  

t i m e   p e r i o d   as  i n d i c a t e d   in   T a b l e   5.  The  d e c r e a s e   in  t h e  

w e i g h t   of  t h e   f i l a m e n t   y a r n   i s   i n d i c a t e d   in   T a b l e   5.  A l s o ,  

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

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

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

- f o r m i n g   p r o p e r t y   of  t h e   a l k a l i - t r e a t e d   f i l a m e n t   y a r n   a r e  

shown  in  T a b l e   5 .  





The  w a t e r   a b s o r p t i o n   was  d e t e r m i n e d   as  f o l l o w s .   A 

t e s t   s p e c i m e n   was  c o m p l e t e l y   d r i e d   and  the   w e i g h t   (W )  o f  
o  

t h e   d r i e d   s p e c i m e n   was  m e a s u r e d .   The  s p e c i m e n   was  i m m e n s e d  

in  w a t e r  a t  r o o m   t e m p e r a t u r e   f o r   30  m i n u t e s   and ,   t h e n ,  

c e n t r i f u g a l i z e d   f o r   5  m i n u t e s   by  u s i n g   a  home  c e n t r i f u g e .  

The  w e i g h t   (W1)  of  t he   c e n t r i f u g a l i z e d   s p e c i m e n   was  m e a s -  

u r e d .   The  w a t e r   a b s o r p t i o n   (WA)  of  t h e   s p e c i m e n   was  c a l c u -  

l a t e d   f rom  t h e   f o l l o w i n g   e q u a t i o n .  

The  f i b r i l - f o r m i n g   p r o p e r t y   was  o b s e r v e d   in  t h e   f o l l o w -  

ing  m a n n e r .   A  t e s t   s p e c i m e n   ( f a b r i c )   was  r u b b e d   500  t i m e s  

w i t h   a  c r e p e   s u z e t t e   f a b r i c   made  of  p o l y e t h y l e n e   t e r e p h t h a -  

l a t e   m u l t i f i l a m e n t   y a r n s   h a v i n g   a  y a r n   c o u n t   of   75  d e n i e r / 3 6  

f i l a m e n t s ,   and  h a v i n g   a  w e i g h t   of  90  g / m 2  u n d e r   a  l o a d   o f  

500  g  by  u s i n g   a  r u b b i n g   t e s t e r .   A f t e r   t he   r u b b i n g   p r o -  

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

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

f o l l o w i n g   m a n n e r .   T h a t   i s ,   a f t e r   t h e   a l k a l i   t r e a t m e n t ,   t h e  

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

g r a p h e d   f o r   an  e l e c t r o n   m i c r o s c o p i c   o b s e r v a t i o n   a t   a  m a g -  
n i f i c a t i o n   of  3 0 0 0 .   From  t h e   p h o t o g r a p h ,   t h e   o p e n i n g   a r e a  

of  t he   c o n c a v e   was  m e a s u r e d .  

E x a m p l e s   22  t h r o u g h   26  and  C o m p a r a t i v e   E x a m p l e s   12  

t h r o u g h   1 4  

In  e a c h   of  t h e   E x a m p l e s   22  t h r o u g h   26  and  C o m p a r i s o n  

E x a m p l e s  1 2   t h r o u g h   14,  t he   same  p r o c e d u r e s   as  t h o s e   i n  

Example   12  w e r e   c a r r i e d   o u t ,   e x c e p t   t h a t   t h e   a m o u n t   of  t h e  

d i s p e r s e d   p o l y m e r   was  as  i n d i c a t e d   in  T a b l e   6,  t he   n u m b e r  

of  the   s p i n n i n g   o r i f i c e s   was  48,   t he   l i n e a r   f l o w   s p e e d   o f  

the   c o o l i n g   a i r   was  0 .3   m / s e c ,   t h e   w i n d i n g   s p e e d   f o r   t h e  

s o l i d i f i e d   f i l a m e n t s   was  1200  m / m i n ,   t h e   d raw  r a t i o   was  3 . 3  

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

y a r n   was  2 3 0 ° C . .  

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



i n d i c a t e d   in  T a b l e   6 .  





The  same  a l k a l i   t r e a t m e n t   as  m e n t i o n e d   in  E x a m p l e   17 

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

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

h y d r o x i d e   in  t h e   a q u e o u s   s o l u t i o n   was  3 .0%.  The  r e s u l t s  

a r e   i n d i c a t e d   in  T a b l e   7 .  





From  T a b l e s   5  and  6,  i t   i s   c l e a r   t h a t   when  t h e  

f i l a m e n t   y a r n   of  t he   p r e s e n t   i n v e n t i o n   ( E x a m p l e s   17  t h r o u g h  

26)  was  a l k a l i   t r e a t e d   to   an  e x t e n t   t h a t   t he   d e c r e a s e   i n  

w e i g h t   was  10%  or  m o r e ,   t he   r e s u l t a n t   c o n c a v e s   had  a  

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

of  40%  or  more  and  a  s a t i s f a c t o r y   r e s i s t a n c e   to  t h e  

f o r m a t i o n   of  f i b r i l s .  

E x a m p l e s   27  t h r o u g h   44  and  C o m p a r a t i v e   E x a m p l e s   15  

t h r o u g h   1 8  

In  e a c h   of  t he   E x a m p l e s   27  t h r o u g h   44  and  C o m p a r a t i v e  

E x a m p l e s   15  t h r o u g h   18,  t he   same  p r o c e d u r e s   as  t h o s e  

d e s c r i b e d   in  E x a m p l e   22  w e r e   c a r r i e d   o u t ,   e x c e p t   t h a t   t h e  

a m o u n t   of  d i s p e r s e d   p o l y m e r   was  as  i n d i c a t e d   in  T a b l e   8 ,  

t h e   n u m b e r   of  t he   s p i n n i n g   o r i f i c e s   was  36,  t h e   o i l e d  

f i l a m e n t s   were   wound  a t   a  h i g h   s p e e d   as  i n d i c a t e d   i n  

T a b l e   8,  and  t h e   u n d r a w n   f i l a m e n t   y a r n   had  an  u l t i m a t e  

e l o n g a t i o n   of  a b o u t   120%  and  a  d e n i e r   of  1 5 0 / 3 6   f i l a m e n t s .  

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

f i l a m e n t s .  

Each   r e s u l t a n t   f i l a m e n t   y a r n   was  d r a w - f a l s e   t w i s t e d  

u n d e r   t h e   c o n d i t i o n s   as  i n d i c a t e d   in  T a b l e   8  by  u s i n g   a  

D r a w - F a l s e   t w i s t e r   (Type   F W - I I I ,   made  by  T e i j i n   S e i k i   K . K .  

J a p a n ;   t h e   l e n g t h   of  h e a t e r   =  1 .0   m),  and  the   d r a w n ,   f a l s e  

t w i s t e d   f i l a m e n t   y a r n   was  r e l a x e d   a t   a  t e m p e r a t u r e   of  2 0 0 ° C  

w h i l e   o v e r f e e d i n g   the   y a r n   a t   an  o v e r f e e d   of  5%  by  u s i n g   a  

n o n - c o n t a c t   t y p e   h e a t e r ,   and  wound  a t   a  s p e e d   of  100  m / m i n .  

The  r e s u l t s   a r e   i n d i c a t e d   in  T a b l e   8 .  





In  C o m p a r a t i v e   E x a m p l e s   16  and  17  in  which  t h e  

d i s p e r s e d   p o l y m e r   was  used   in  an  amoun t   l e s s   than  1%,  t h e  

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

f i l a m e n t   y a r n s   h a v i n g   s u b s t a n t i a l l y   no  p r o t u b e r a n c e s   f a i l e d  

to  o b t a i n   h a r d   t w i s t   f i l a m e n t .  y a r n - l i k e   f a l s e   t w i s t e d  

y a r n s ,   even  when  a  h i g h   d r a w - f a l s e   t w i s t i n g   t e m p e r a t u r e   o f  

200°C  was  a p p l i e d   to  the   f i l a m e n t   y a r n s .   In  the  C o m p a r a t i v e  

Example   15  in  w h i c h   no  d i s p e r s e d   p o l y m e r   was  used  and  t h e  

r e s u l t a n t   f i l a m e n t s   had  no  p r o t u b e r a n c e ,   an  e x e s s i v e l y   h i g h .  

d r a w - f a l s e   t w i s t i n g   t e m p e r a t u r e   of  235°C  was  a p p l i e d   to  t h e  

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

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

t o u c h .  

In  C o m p a r a t i v e   Example   18,  t h e   r e s u l t a n t   f i l a m e n t   y a r n  
c o n t a i n i n g   16.0%  of  the   d i s p e r s e d   p o l y m e r   e x h i b i t e d   a n  

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

In  E x a m p l e s   27,  28,  30  t h r o u g h   34,  36,  37  and  39 

t h r o u g h   44  w h e r e i n   t he   d r a w - f a l s e   t w i s t i n g   p r o c e d u r e s   w e r e  

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

( 3 ) ,   t he   r e s u l t a n t   f i l a m e n t   y a r n s   a l l   e x h i b i t e d   s a t i s f a c t o r y  

ha rd   t w i s t   f i l a m e n t   y a r n - l i k e   c o n f i g u r a t i o n   and  t o u c h .  

H o w e v e r ,   in  E x a m p l e s   29,  35  and  38  w h e r e i n   the  d r a w - f a l s e  

t w i s t i n g   p r o c e d u r e s   were  c a r r i e d   ou t   u n d e r   c o n d i t i o n s   n o t  

s a t i s f y i n g   the   r e l a t i o n s h i p   ( 3 ) ,   t he   r e s u l t a n t   f i l a m e n t  

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

f o n d i n g   of  the   i n d i v i d u a l   f i l a m e n t s .  

T a b l e   8  shows  t h a t   as  long  as  the   r e l a t i o n s h i p   (3)  i s  

s a t i s f i e d ,   t he   l a r g e r   the   amoun t   of  t he   d i s p e r s e d   p o l y m e r  

and  the   l o w e r   the   t w i s t   m u l t i p l i e r   and  the  draw  r a t i o   a n d  

the   h i g h e r   the  d r a w - f a l s e   t w i s t i n g   t e m p e r a t u r e ,   the  b e t t e r  

the   ha rd   t w i s t e d   f i l a m e n t   y a r n - l i k e   c o n f i g u r a t i o n   a n d  

t o u c h .  

E x a m p l e s   45  t h r o u g h   62  and  C o m p a r a t i v e   Examples   19 

t h r o u g h   22  

In  e a c h   of  t he   E x a m p l e s   45  t h r o u g h   62  and  C o m p a r a t i v e  

E x a m p l e s   19  t h r o u g h   22,  the   same  p r o c e d u r e s   as  t hose   d e -  

s c r i b e d   in  E x a m p l e   27  were   c a r r i e d   o u t ,   e x c e p t   t h a t   t h e  



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

T a b l e   9,  t h e   w i n d i n g   s p e e d   f o r   t he   s o l i d i f i e d   f i l a m e n t s  

w e r e   as  i n d i c a t e d   in   T a b l e   9,  and  t h e   d r a w - f a l s e   t w i s t i n g  

p r o c e d u r e   was  c a r r i e d   o u t   u n d e r   t h e   c o n d i t i o n s   as  i n d i c a t e d  

in  T a b l e   9.  The  r e s u l t s   a r e   i n d i c a t e d   in  T a b l e   9 .  





In  C o m p a r a t i v e   E x a m p l e   19  w h e r e i n   t h e   f i l a m e n t s  

c o n t a i n e d   no  d i s p e r s e d   p o l y m e r ,   t he   d r a w - f a l s e   t w i s t i n g  

p r o c e d u r e   was  c a r r i e d   o u t   a t   an  e x c e s s i v e l y   h i g h   t e m p e r a t u r e  
of   235°C .   The  r e s u l t a n t   f i l a m e n t   y a r n   e x h i b i t e d   p o o r  

d r a p i n g   p r o p e r t y .   - 
In  C o m p a r a t i v e   E x a m p l e   20  and  21  w h e r e i n   t h e   f i l a m e n t s  

c o n t a i n e d   z e r o   or   0.5%  by  w e i g h t   of  t h e   d i s p e r s e d   p o l y m e r ,  

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

r e l a t i v e l y   low  t w i s t   m u l t i p l i e r   of   0 . 4 0 ,   d r aw  r a t i o   of  1 . 2  

and  t e m p e r a t u r e   of  1 6 0 ° C .   The  r e s u l t a n t   f i l a m e n t   y a r n s  
e x h i b i t e d   an  u n s a t i s f a c t o r y   h a r d   t w i s t   f i l a m e n t   y a r n   l i k e  

c o n f i g u r a t i o n   and  t o u c h .  

In  C o m p a r a t i v e   E x a m p l e   22  w h e r e i n   t h e   d i s p e r s e d  

p o l y m e r   was  u s e d   in  a  l a r g e   a m o u n t ,   16%  by  w e i g h t ,   t h e  

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

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

In  E x a m p l e s   45  t h r o u g h   49,  51  t h r o u g h   53,   55  t h r o u g h  

58  and  60  t h r o u g h   62,  w h e r e i n   t he   d r a w - f a l s e   t w i s t i n g  

c o n d i t i o n s   s a t i s f i e d   t h e   r e l a t i o n s h i p   ( 3 ) ,   t h e   r e s u l t a n t  

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

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

H o w e v e r ,   in   E x a m p l e s   50,  54,  and  59,  w h e r e i n   t h e   d r a w - f a l s e  

t w i s t i n g   c o n d i t i o n s   d i d   n o t   s a t i s f y   t h e   r e l a t i o n s h i p   ( 3 ) ,  

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

p r o p e r t y .  



1.  T h e r m o p l a s t i c   s y n t h e t i c   f i l a m e n t s   c o m p r i s i n g   85 

to  99%  by  w e i g h t   of  a  t h e r m o p l a s t i c   m a t r i x   p o l y m e r   and  1  t o  
15%  by  w e i g h t   of  a  d i s p e r s e d   p o l y m e r   w h i c h   i s   i n c o m p a t i b l e  
w i t h   s a i d   m a t r i x   p o l y m e r   and  d i s p e r s e d   in  t he   form  of  f i n e  

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

s a i d   d i s p e r s e d   p o l y m e r   and  f o r m e d   in  t he   number   of  a t   l e a s t  

5  p e r   10  s q u a r e   m i c r o n s   on  t he   p e r i p h e r a l   s u r f a c e   of  e a c h  

i n d i v i d u a l   f i l a m e n t .  

2.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

p r o t u b e r a n c e s   a re   each   in  t he   form  of  a  h e m i s p h e r e ,   h e m i -  

s p h e r o i d   or  h e m i e l l i p s o i d   e x t e n d i n g   a l o n g   the   l o n g i t u d i n a l  
a x i s   of  t he   i n d i v i d u a l   f i l a m e n t .  

3.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  

a r e a   of  b o t t o m s   of  s a i d   p r o t u b e r a n c e s   i s   0 .5   s q u a r e   m i c r o n s  

or  m o r e .  

4.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

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

5.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

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

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

6.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

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

t r a n s i t i o n   t e m p e r a t u r e   of  a t   l e a s t   1 5 0 ° C .  

7.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

d i s p e r s e d   p o l y m e r   i s   a  p o l y s u l f o n e .  

8.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   7,  w h e r e i n   s a i d  

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

9.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  

a m o u n t   of  s a i d   d i s p e r s e d   p o l y m e r   i s   in  the   r a n g e   of  from  3 

to   9%  by  w e i g h t .  

10.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  

i n d i v i d u a l   f i l a m e n t s   e x h i b i t   a  snap   b a c k   v a l u e   of  4%  o r  



l e s s ,   s a i d   s n a p   b a c k   v a l u e   b e i n g   d e f i n e d   by  t h e   e q u a -  

t i o n   ( 1 ) :  

w h e r e i n   SB  r e p r e s e n t s   a  s n a p   b a c k   v a l u e   in   %  of   t h e  

f i l a m e n t s ,   eb  r e p r e s e n t s   a  b r e a k i n g   e l o n g a t i o n   in  %  of  t h e  

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

f i l a m e n t s   a t   i t s   b r e a k   and  esb   r e p r e s e n t s   an  e l o n g a t i o n   i n  

%  of   t h e   f i l a m e n t   d e t e r m i n e d   from  t h e   d i f f e r e n c e   b e t w e e n  

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

l e n g t h   of  t h e   f i l a m e n t .  

11 .   A  f i b e r   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   i n -  

d i v i d u a l   f i b e r   e x h i b i t s   a  b r e a k i n g   m o d u l u s   o f   4  g /d   or  l e s s ,  

s a i d   b r e a k i n g   m o d u l u s   b e i n g   d e f i n e d   by  t h e   e q u a t i o n   ( 2 ) :  

w h e r e i n   Mb  r e p r e s e n t s   a  b r e a k i n g   m o d u l u s   in  g / d   of  t h e  

f i l a m e n t ,   sb  r e p r e s e n t s   a  g r a d i e n t   in   g/%  of   a  t a n g e n t i a l  

l i n e   d r a w n   t h r o u g h   a  b r e a k i n g   p o i n t   of  t h e   f i l a m e n t   on  t h e  

s t r e s s - s t r a i n   c u r v e   of   t h e   f i l a m e n t ,   eb  r e p r e s e n t s   a  

b r e a k i n g   e l o n g a t i o n   i n  %  of  t he   f i l a m e n t   and  D   r e p r e s e n t s  

a  d e n i e r   of  t h e   f i l a m e n t .  

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

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

p r e p a r i n g   a  m i x t u r e   of  85  t o   99%  by  w e i g h t  

of  a  t h e r m o p l a s t i c   m a t r i x   p o l y m e r   w i t h   1  to   15%  by  w e i g h t  

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

m a t r i x   p o l y m e r   a n d ;  

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

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

d i s p e r s e d   in  s a i d   m a t r i x   p o l y m e r , ,   and  n u m e r o u s   f i n e  

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

f o r m e d   in   t he   number   of  a t   l e a s t   5  p e r   10  s q u a r e   m i c r o n s   o n  

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

13 .   The  p r o c e s s   as  c l a i m e d   in   c l a i m   12,   w h e r e i n   s a i d  

m i x t u r e   i s   p r e p a r e d   in  s u c h   a  m a n n e r   t h a t   s a i d   d i s p e r s e d  



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

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

s a i d   a d m i x e d   p o l y m e r i z a t i o n   m i x t u r e   i s  

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

14.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   s a i d  

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

15.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   s a i d  

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

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

16.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   s a i d  

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

t r a n s i t i o n   t e m p e r a t u r e   of  a t   l e a s t   1 5 0 ° C .  

17.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   s a i d  

d i s p e r s e d   p o l y m e r   i s   a  p o l y s u l f o n e .  

1 8 .   The  p r o c e s s   as  c l a i m e d   in  c l a i m   17,  w h e r e i n   s a i d  

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

19.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   t h e  

a m o u n t   of  s a i d   d i s p e r s e d   p o l y m e r   is   in  t he   r a n g e   of  f rom  3 

to   9%  by  w e i g h t .  

20.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   s a i d  

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

o r i e n t e d   s t a t e ,   and  in  t he   form  of  a  f i l a m e n t   y a r n ,   a r e  

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

r e l a t i o n s h i p   ( 3 ) :  

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

t he   f i l a m e n t   y a r n   in  t h e   r a n g e   of  from  0 .4   to   0 . 9 ,   T 

r e p r e s e n t s   a  f a l s e - t w i s t i n g   t e m p e r a t u r e   to  be  a p p l i e d   t o  

t he   f i l a m e n t   y a r n   in  t h e   r a n g e   of  from  150  to   200°C  and  D 

r e p r e s e n t s   a  draw  r a t i o   to  be  a p p l i e d   to  t he   f i l a m e n t   y a r n  

s a t i s f y i n g   t he   r e l a t i o n s h i p   ( 4 ) :   0 . 80   R0 @  D <  R ,   w h e r e i n  

R   r e p r e s e n t s   a  d r aw  r a t i o   w h i c h   c a u s e s   t h e   r e s u l t a n t   d r a w n  

f i l a m e n t   y a r n   to   e x h i b i t   an  u l t i m a t e   e l o n g a t i o n   of  30%,  t o  

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



21.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   20,  w h e r e i n   s a i d  

p a r t i a l l y   o r i e n t e d   f i l a m e n t   y a r n   has   an  u l t i m a t e   e l o n g a t i o n  

of   f rom  70  to   2 0 0 % .  

22.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   12,  w h e r e i n   s a i d  

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

a r e   a d d i t i o n a l l y   t r e a t e d   w i t h   an  a q u e o u s   a l k a l i   s o l u t i o n   t o  

c a u s e   t he   t r e a t e d   i n d i v i d u a l   f i l a m e n t   to   have   n u m e r o u s   c o n -  

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

i n  t h e   form  of  a  h e m i s p h e r e ,   h e m i s p h e r o i d   or  h e m i e l l i p s o i d  

and  a  p a i r   of  wing  p o r t i o n s   t h e r e o f   e a c h   in  t h e   form  of  a  

h e m i c o n e   or  h e m i e l l i p t i c   c o n e   and  e a c h   e x t e n d i n g   f rom  t h e  

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

l o n g i t u d i n a l   a x i s   of  t h e   i n d i v i d u a l   f i l a m e n t .  

23.   The  p r o c e s s   as  c l a i m e d   in   c l a i m   22,   w h e r e i n   s a i d  

a q u e o u s   a l k a l i   s o l u t i o n   c o n t a i n s   0 .01   to   40%  by  w e i g h t   o f  

t h e   a l k a l i .  

24.  The  p r o c e s s   as   c l a i m e d   in   c l a i m   22,  w h e r e i n   s a i d  

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

t e m p e r a t u r e   to  1 0 0 ° C .  

25.  The  p r o c e s s   as  c l a i m e d   in  c l a i m   22,   w h e r e i n   s a i d  

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

r e d u c e d   to   an  e x t e n t   of  a t   l e a s t   10%  of   t he   o r i g i n a l   w e i g h t  

t h e r e o f .  

26.  The  f i l a m e n t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

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

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

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

t h e r e o f   in   t h e   form  of  a  h e m i s p h e r e ,   h e m i s p h e r o i d   or   h e m i -  

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

form  of  a  h e m i c o n e   or   h e m i e l l i p t i c   cone   and  e a c h   e x t e n d i n g  

f rom  t he   c e t e r   p o r t i o n   in   o p p o s i t   d i r e c t i o n   to  t h e   o t h e r  

a l o n g   t h e   l o n g i t u d i n a l   a x i s   of   t h e   i n d i v i d u a l   f i l a m e n t .  

27.  The  f i l a m e n t s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

c o n c a v e s   e a c h   h a v e   an  o p e n i n g   a r e a   of  a t   l e a s t   5  s q u a r e  
m i c r o n s .  

28.   The  f i l a m e n t s   as   c l a i m e d   in   c l a i m   1,  w h e r e i n   t h e  

n u m b e r   of  s a i d   c o n c a v e s   i s   a t   l e a s t   one  p e r   300  s q u a r e  



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

f i l a m e n t .  
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