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©  Heat-durable  spun-like  fasciated  yarn  and  method  for  producing  the  same. 
© A   fasciated  yarn,  consisting  of  wholly  aromatic  staple  fiber  bui 
polyamide  fibers,  with  excellent  mechanical  properties,  espe-  of  the  staple  fi 
cially  creep  durability  in  a  high  temperature  atmosphere,  suit-  Structural 
'able  for  industrial  uses.  Thefasciated  yarn  can  be  produced  by  fiber  length  in  t 
a  method  comprising  the  steps  of:  stretch-breaking  a  filament  bility  of  less  tha 
tow  (4)  of  the  wholly  aromatic  polyamide  fibers  to  form  a  3°,  and  a  numb 
staple  fiber  bundle  (4')  and  imparting  a  false-twist  to  the  20  per  1  cm  in 

staple  fiber  bundle  by  a  vortex  (9)  while  retaining  parallelism 
of  the  staple  fibers  composing  the  bundle. 

Structural  characteristics  of  the  yarn  reside  in  a  mean 
fiber  length  in  the  range  of  from  150  mm  to  600  mm,  a  crimpa- 
bilityof  less  than  5%,  a  mean  degree  of  parallelism  of  less  than 
3°,  and  a  number  of  wrap  fiber  groups  in  a  range  of  from  0.5  to 
20  per  1  cm  in  length  of  the  yarn. 
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A   fasciated  yarn,  consisting  of  wholly  aromatic 
polyamide  fibers,  with  excellent  mechanical  properties,  espe- 
cially  creep  durability  in  a  high temperature  atmosphere,  suit- 
able for industrial  uses. The fasciated yarn  can  be  produced  by 
a  method  comprising  the  steps  of:  stretch-breaking  a  filament 
tow  (4)  of  the  wholly  aromatic  polyamide  fibers  to  form  a 
staple  fiber  bundle  (4')  and  imparting  a  false-twist  to  the 

staple  fiber  bundle  by  a  vortex  (9)  while  retaining  parallelism 
of  the  staple  fibers  composing  the  bundle. 

Structural  characteristics  of the  yarn  reside  in  a  mean 
fiber length  in  the  range  of from  150  mm to  600  mm,  a crimpa- 
bility of lessthan  5%,  a  mean  degree  of parallelism of less than 
3°,  and  a  number of wrap  fiber  groups  in  a  range  of from  0.5 to 
20  per  1 cm  in  length  of the  yarn. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  s p u n - l i k e   f a s c i -  

a t e d   y a r n   h a v i n g   good  h e a t   d u r a b i l i t y   m a i n t a i n i n g   e x c e l -  

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

u n d e r   a  h i g h   t e m p e r a t u r e   c o n d i t i o n   e x c e e d i n g   3 0 0 ° C .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t  

I t   i s   w e l l - k n o w n   t h a t   w h o l l y   a r o m a t i c   p o l y a m i d e  

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

p o l y - m e t a - p h e n y l e n e i s o p h t h a l a m i d e   w h i c h   i s   on  t h e   m a r k e t  

u n d e r   t h e   t r a d e   name  " K e v l a r ® "   f r o m   Du  P o n t   de  N e m o u r s  

and  Co.  of  USA  or  " C o r n e x ® "   f r o m   T e i j i n   L i m i t e d   o f  

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

as  w e l l   as  good   h e a t   d u r a b i l i t y   and  a n t i - e r o s i v e   p r o p e r -  
t i e s .   Due  to   t h e   a b o v e - m e n t i o n e d   a d v a n t a g e s ,  t h e y   a r e  

w i d e l y   u t i l i z e d   in   t h e   i n d u s t r i a l   f i e l d .  

T h e s e   f i b e r s   a r e   u s e d   n o t   o n l y   in   f i l a m e n t   fo rm  b u t  

a l s o   p r e f e r a b l y   in   t h e   fo rm  of  spun  y a r n .   For   e x a m p l e ,   a  

bag  f i l t e r   i s   one  of  t h e   s u i t a b l e   u s a g e s   of   t h e   w h o l l y  

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

o f t e n   be  e x p o s e d   to   a ' h i g h   t e m p e r a t u r e   and  e r o s i v e   a t m o s -  

p h e r e .   In  t h i s   c a s e ,   a  f a b r i c   w o v e n  f r o m   t h e   spun   y a r n  
of  such   a  f i b e r   i s   e x p e c t e d   to   be  more   a d v a n t a g e o u s   t h a n  

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

a b i l i t y   c a u s e d   by  a  r e l a t i v e l y   l o o s e r   s t r u c t u r e   and  a  

l a r g e r   t h i c k n e s s   of  t h e   spun  y a r n   t h a n   of  t h e   f i l a m e n t  

y a r n .   H o w e v e r ,   a c c o r d i n g   to  a  c o n v e n t i o n a l   s p i n n i n g  

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

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

e x p l a i n e d   b e l o w .  

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

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

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



d i f f i c u l t   to  a d o p t   a  m e l t   s p i n n i n g   s y s t e m   to   p r e p a r e   a  
f i b e r .   A c c o r d i n g l y ,   t h e   f i b e r   can   be  f o r m e d   o n l y   by  t h e  

d r y   s p i n n i n g   or   we t   s p i n n i n g   of   a  s o l u t i o n   in  w h i c h   t h e  

p o l y m e r   i s   d i s s o l v e d   by  a  s u i t a b l e   s o l v e n t .   U n d e r   s u c h  

c o n d i t i o n s ,   i t   i s   more   a d v a n t a g e o u s   t o   h a v e   a  t h i c k e r   t o w  

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

f i l a m e n t   y a r n s .   S i n c e   t h e   tow  f o r   s t a p l e   f i b e r s   has   a  

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

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

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

d r a w i n g   as  w e l l   as  a  r e s i d u a l   s o l v e n t   in   t h e   f i b e r   u n r e -  

moved  d u r i n g   t h e   s p i n n i n g   p r o c e s s   r e s u l t   in   an  u n d e s i r a b l e  

l o w e r   t e n s i l e   s t r e n g t h   and  a  l o w e r   Y o u n g ' s   m o d u l u s   of  t h e  

r e s u l t a n t   f i b e r   t h a n   e x p e c t e d   f rom  a  s t r u c t u r e   of   a  

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

F u r t h e r ,   to   h a v e   a  spun   y a r n ,   t h e   t o w s   t h u s   o b t a i n e d  

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

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

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

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

spun  y a r n   a r e   c o n s i d e r a b l y   d i s o r i e n t e d   and  d e f o r m e d .  

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

e l o n g a t i o n   and  l o w e r   s t r e n g t h   of  t h e   y a r n .   E s p e c i a l l y ,  

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

b i l t y   due  to  i t s   h a r d n e s s   and  r i g i d i t y ,   t h e   a b o v e s a i d  

t e n d e n c y   i s   a c c e l e r a t e d .   A c c o r d i n g l y ,   t h e   spun   y a r n   h a s  

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

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

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

a b o v e - m e n t i o n e d   o b j e c t .  

SUMMARY  OF  THE  INVENTION 

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

o b t a i n   a  spun   y a r n   h a v i n g   none   of  t h e   d r a w b a c k s   m e n t i o n e d  

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

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

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



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

t h o s e   of  a  f i l a m e n t   y a r n .   B e f o r e ,   i t   was  b e l i e v e d   t h a t  

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

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

H o w e v e r ,   t h e   y a r n   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

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

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

a  spun   y a r n   h a v i n g   a  good  h e a t   d u r a b i l i t y   as  w e l l   as  a  

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

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

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   a t t a i n a b l e   b y  

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

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

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

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

150  mm  to  600  mm,  a  c r i m p a b i l i t y   of   l e s s   t h a n   5%,  and  a  

mean  d e g r e e   of   p a r a l l e l i s m   (6)  of   l e s s   t h a n   3° ,   and  t h a t  

t h e   n u m b e r   of   t h e   wrap   f i b e r   g r o u p s   i s   w i t h i n   t h e   r a n g e  
of  f rom  0 .5   t o   20  p e r   1  cm  in  l e n g t h  o f   s a i d   y a r n ,   a n d  

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

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

c o m p r i s i n g   t h e   f o l l o w i n g   s t e p s   o f :   s t r e t c h - b r e a k i n g   a  
tow  of  f i l a m e n t s   i n t o   a  b u n d l e   of  s t a p l e   f i b e r s   t a k i n g  

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

of  s a i d   tow  h a v i n g   a  c r i m p a b i l i t y   of  l e s s   t h a n   5%;  a n d  

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

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

form  s a i d   f a s c i a t e d   y a r n .  
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  p r e s e n t   i n v e n t i o n   i s   now  more  f u l l y   d e s c r i b e d  

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

F i g u r e   1  shows  an  e n l a r g e d   s i d e   v i e w   of  a  f a s c i a t e d  

y a r n   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

F i g :   2  i s   a  d i a g r a m m a t i c   e l e v a t i o n a l   v i e w   of  a n  



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

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   3  s h o w s   an  e n l a r g e d   o b l i q u e   v i e w   of  a n o t h e r  

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

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   4  i s   a  p a r t i a l l y   s e c t i o n a l   o b l i q u e   v i e w   of   a  
V - b e l t   s t r u c t u r e   u t i l i z i n g   y a r n   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n ;  

F i g .   5  i s   a  p a r t i a l l y   b r o k e n   s i d e   v i e w   of  a  h o s e  

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

i n v e n t i o n ;   a n d  

F i g .   6  i s   a  g r a p h   of  s t r e s s - s t r a i n   c u r v e s   of  t h e  

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

same  p o l y m e r   f i b e r .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

A  y a r n   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   i s   a  
f a s c i a t e d   y a r n   o f   t h e   same  t y p e   as  t h o s e  d i s c l o s e d   i n  

USP  No.  3 , 0 7 9 , 7 4 6   by  F.  C.  F i e l d ,   J r .   and  No.  4 , 2 6 5 , 0 8 2  

by  Y.  S a s a k i   e t   a l .   T h a t   i s ,   t h e   y a r n   c o m p r i s e s   a  c o r e  

p o r t i o n   1  h a v i n g   s u b s t a n t i a l l y   no  t w i s t   c o n s i s t i n g   o f  

s t a p l e   f i b e r s   and  a  p l u r a l i t y   of   w r a p   f i b e r   g r o u p s   2 

w r a p p e d   a r o u n d   t h e   c o r e   p o r t i o n .  

The  s t a p l e   f i b e r s   c o m p o s i n g   t h e   c o r e   p o r t i o n   1  h a v e  

to  be  s u b s t a n t i a l l y ,   p a r a l l e l   to   an  a x i s   of  t h e   y a r n .  
D i s t o r t i o n   o f   t h e   c o r e   p o r t i o n   f i b e r s   i s   r e p r e s e n t e d   as   a  

mean  d e g r e e   of   p a r a l l e l i s m  6   and  h a s   to   be  l e s s   t h a n   3 °  

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

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

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

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

ing   to   t h e   f o l l o w i n g   s t e p s :  

1)  p r e p a r i n g   a  l e n g t h   of   130  cm  f rom  t h e   y a r n  
to  be  m e a s u r e d   as  a  t e s t   p i e c e   and  m a r k i n g   t h e r e o n   1 2  

m a r k s   a t   a  d i s t a n c e   of   10  cm;  

2)  s e l e c t i n g   10  m e a s u r i n g   p o i n t s   on  t h e   m a r k s  

by  o m i t t i n g   t h e   two  d i s p o s e d   a t   o p p o s i t e   s i d e s ,   a n d ,   a t  

t h e   p o i n t s ,   m e a s u r i n g   an  i n c l i n a t i o n   a n g l e   6°  o f  t h e   c o r e  



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

3)  r e p e a t i n g   t h e   m e a s u r e m e n t   r e g a r d i n g   10 

t e s t   p i e c e s   and  c a l c u l a t i n g   a  @  as  a  mean  v a l u e   of  t h e  

o b t a i n e d   d a t a   by  t h e   f o l l o w i n g   e q u a t i o n   ( 1 ) ,  

The @  e x c e e d i n g   3°  i s   n o t   d e s i r a b l e ,   b e c a u s e   t h e  

y a r n   s h o w s   an  e x c e s s   e l o n g a t i o n   c o r r e s p o n d i n g   to   s t r e s s .  

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

has   p r e f e r a b l y   no  c r i m p s ,   i f   a n y ,   a  c r i m p a b i l i t y   t h e r e o f  

b e i n g   a t   m o s t   5%.  In  t h i s   c o n n e c t i o n ,   t h e   c r i m p a b i l i t y  

means   a  v a l u e   m e a s u r e d   a c c o r d i n g   to   J I S   1 0 7 4 - 6 5 , ' i n   w h i c h  

a  s i n g l e   f i b e r   of  a  l e n g t h   of  30  cm  to   be  t e s t e d   i s   l o a d e d  

by  a  w e i g h t   of  50  mg/d   f o r   30  s e c o n d s   a n d ,   t h e r e a f t e r ,  

i t s   l e n g t h   l 0  i s   m e a s u r e d ,   and  t h e   w e i g h t   i s   r e p l a c e d   t o  

a  l i g h t e r   one  of  2  mg/d   a n d ,   two  m i n u t e s   l a t e r ,   t h e  

l e n g t h  l 1   of  t h e   f i b e r   i s   m e a s u r e d ,   t h e   c r i m p a b i l i t y  C R  

b e i n g   c a l c u l a t e d   by  t h e   f o l l o w i n g   e q u a t i o n   ( 2 ) ,  

The  a v e r a g e   v a l u e   f o r   10  t e s t   p i e c e s   i s   r e p r e s e n t a -  

t i v e   of  CR.  

I t   i s   n o t   p r e f e r a b l e   t h a t   t h e   s t a p l e   f i b e r s   in   t h e  

c o r e   p o r t i o n   h a v e   t h e   CR  e x c e e d i n g   5%,  b e c a u s e ,   in  s u c h  

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

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

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

A  mean  f i b e r   l e n g t h   L  of  t h e   s t a p l e   f i b e r   i s   n e c e s -  

s a r i l y   w i t h i n   t h e   r a n g e   of   f rom  150  mm  to  600  mm.  I f   t h e  

f i b e r   l e n g t h   L  i s   l e s s   t h a n   150  mm,  t h e   t e n s i l e   s t r e n g t h  
d o e s   n o t   r e a c h   3  g / d   and ,   w h i l e ,   i f   t h e   f i b e r   l e n g t h   L  i s  

more   t h a n   600  mm,  t he   y a r n   s t r u c t u r e   i s   s i m i l a r   to   t h a t  

of  a  f i l a m e n t   y a r n   w h i c h   l a c k s   t h e   b u l k i n e s s   common  i n  

spun   y a r n .   B o t h   of  them  a r e   n o t   u n s u i t a b l e   f o r   t h e  

o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n .  

The  s t a p l e   f i b e r   c o m p o s i n g   t h e   w r a p   f i b e r   g r o u p   2 



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

f i b e r .   One  end  of   t h e   w r a p   f i b e r   i s   e m b e d d e d   in   t h e   c o r e  

p o r t i o n   1,  and  t h e   o t h e r   end   t h e r e o f   i s   f r e e ,   w h i c h   w r a p s  
a r o u n d   t h e   c o r e   p o r t i o n   1  and  b i n d s   i t   to   r e t a i n   a  y a r n  
s t r u c t u r e .   The  w r a p   f i b e r   g r o u p   f i b e r s   s h o u l d   h a v e  

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

p o r t i o n   f i b e r s .  

A  n u m b e r   of  w r a p   f i b e r   g r o u p s   N  m u s t   be  w i t h i n   t h e  

r a n g e   of   f r o m   0 .5   t o  2 0   p e r   1  cm  in   l e n g t h   of  t h e   y a r n   i n  

t h e   mean  v a l u e .   I f   t h e   n u m b e r   N  i s   l e s s   t h a n   0 . 5 ,   t h e  

f a s c i a t e   a c t i o n   to   t h e   c o r e   p o r t i o n   i s   t o o   weak   to   h a v e  a  

c o m p a c t   s t r u c t u r e   t h e r e o f ,   w h e r e b y   y a r n   b r e a k a g e   may  o c c u r  

d u r i n g   a  p o s t   o p e r a t i o n   s u c h   as  w e a v i n g   or  k n i t t i n g .   On 

t h e   o t h e r   h a n d ,   w r a p   f i b e r   g r o u p s   of  more   t h a n   20  p e r   1  cm 

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

f i b e r s   as  w e l l   as  t h e   mean  d e g r e e  o f   p a r a l l e l i s m  @  

e x c e e d i n g   3 ° ,   b o t h   of   w h i c h   r e s u l t   in   u n d e s i r a b l e  l o w  

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

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

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

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

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

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

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

b e l o w ,   in   a  w i d e   s e n s e .  

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

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

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

(1)  to   ( 4 ) :  

a n d  



w h e r e i n   A r l  ,   A r 2  ,   and  A r 3  ,   w h i c h   may  be  t h e   same  as  o r  

d i f f e r e n t   f rom  e a c h   o t h e r ,   s t a n d   f o r   t h e   a r o m a t i c   c a r b o -  

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

c o a x i a l l y   or  p a r a l l e l   to   t h e   a x i s ,   or  t h e   a r o m a t i c   h e t e r o -  

c y c l i c   r e s t s ,   w h i c h   a r e   t o   be  j o i n e d   to   a d j a c e n t   a t oms   o r  

g r a m s   by  t h e   r i n g   a t o m s   of   t h e   r e s t s   h a v i n g   t h e   g r e a t e s t  

d i s t a n c e ,   or  c o m b i n a t i o n s   t h e r e o f ,   Ar4  and  A r 5 ,   w h i c h  

may  be  t h e   same  as  or  d i f f e r e n t   f rom  e a c h   o t h e r ,   s t a n d  

f o r   p a r a -   and  m e t a - p h e n y l e n e   r e s t s ,   R1  to   R 5  ,   w h i c h   may  
be  t h e   same  as  or  d i f f e r e n t   f r o m  e a c h   o t h e r ,   s t a n d   f o r  

h y d r o g e n   a t o m s   or  a l k y l   r e s t s   c o n t a i n i n g   n o t   more   t h a n   5 

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

a n d  

w h e r e i n   R6  i s   t h e   same  as  R1  to   R5  h a v i n g   t h e   m e a n i n g  

d e f i n e d   a b o v e ,   s a i d   r e c u r r i n g   u n i t s   (1)  to   (4)  h a v i n g  

s u b s t a n t i a l l y   t h e   m o l a r   e q u a t i o n   of  (1)  +  ( 4 )  =   (2)  a n d ,  

when  i t   i s   a s s u m e d   t h a t   (1)  +  (2)  +  (3)  +  ( 4 )  =   100  m o l % ,  

( 3 )  =   0  to   90  mol%  and  ( 4 )  =   50  to   5  mol%,  p r e f e r a b l y   30 

to   10  m o l % .  

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

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

1 , 4 - p h e n y l e n e   and  1 , 4 - n a p h t h y l e n e   r e s t s .   On  t h e   o t h e r  

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

e x t e n d i n g   p a r a l l e l   to   t h e   a x i s ,   t h e r e   may  be  m e n t i n e d ,  

f o r   e x a m p l e ,   1 , 5 - n a p t h y l e n e   and  2 , 6 - n a p h t h y l e n e .  

The  a r o m a t i c   r e s t s   may  be  j o i n e d   to   e a c h   o t h e r   b y  
t h e   r e s t s   s e l e c t e d   f rom  a  g r o u p   c o n s i s t i n g   o f  -   N  =  N  - ,  
-  N  =  CH  - ,  -   CH  =  CH  - ,   a n d  -   C  ≡  C   - .   The  s o - j o i n e d  

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



As  t h e   a l k y l   r e s t s   c o n t a i n i n g   n e t   more   t h a n   5  c a r b o n  

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

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

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

In  t h e   a r o m a t i c   c a r b o c y c l i c   and   h e t e r o c y c l i c   r e s t s ,  
t h e   h y d r o g e n   a t o m s   b o n d e d   to   t h e   c a r b o n   a t o m s   may  b e  

s u b s t i t u t e d .   As  s u c h   s u b s t i t u e n t s ,   t h e r e   may  be  m e n t i o n e d  

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

a t o m s ) ,  l o w e r   a l k y l   r e s t s   ( e . g . ,   m e t h y l ,   e t h y l ,   i s o -  

- p r o p y l ,   and  n - p r o p y l   r e s t s ) ,   l o w e r   a l k o x y   r e s t s   ( e . g . ,  

m e t h o x y   and  e t h o x y   r e s t s ) ,   a  c y a n o   r e s t ,   an  a c e t y l   r e s t ,  
and   a  n i t r o   r e s t .   The  c h l o r i n e   a t o m   and   t h e   m e t h y l   r e s t  

a r e   p r e f e r a b l e .  

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

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

t e m p e r a t u r e   a t m o s p h e r e   e x c e e d i n g   3 0 0 ° C .  

I t   i s   n o t   i m p o s s i b l e ` y   h o w e v e r ,   to   a t t a i n   t h e   o b j e c t s  

of  t h e   p r e s e n t   i n v e n t i o n   by  a  spun   y a r n   p r o d u c e d   by  m e a n s  

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

a r e   r e a r r a n g e d   to   a  s l i v e r   fo rm  a f t e r   b e i n g   c r i m p e d   a n d  

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

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

in   s u c h   spun   y a r n .  

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

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

h e r e u n d e r .  

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

i s   p r e p a r e d   by  t h e   s o - c a l l e d   " s t r e t c h - b r e a k i n g "   of  a  

f i l a m e n t   t ow .   The  f i b e r   b u n d l e   t h u s   p r e p a r e d   has   to   b e  

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

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

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

t h e   f i l a m e n t   tow  by  a  c u t t e r   a r e   r a n d o m l y   m i x e d   and  t h e n . : . -  

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



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

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

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

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

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

t h e   p r e s e n t   i n v e n t i o n ,   i t   i s   one  of   c h a r a c t e r i s t i c s   o f  

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

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

n a l l y   e x i s t i n g   in   t h e   tow  and  n o t   to   d e f o r m   t h e   f i b e r   b y  

c r i m p i n g .  

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

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

d r awn   to  t h e   u t m o s t   e x t e n t   by  t h e   s t r e t c h i n g   f o r c e   t o  

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

t h e   m i c r o - s t r u c t u r e   of  t h e   f i b e r   can   be  g r e a t l y   i m p r o v e d ,  

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

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

P r i o r   to   t h e   s t r e t c h - b r e a k i n g   of   t h e   t ow ,   i t   i s  

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

to   t h e   tow  to  be  p r o c e s s e d   due  to  a  r i g i d i t y   of  t h e  

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

c a r r i e d   o u t   b e t w e e n   a  p a i r   of  f e e d   r o l l e r s   5  and  a  p a i r  

of  s t r e t c h   r o l l e r s   6  r o t a t i n g   a t   a  h i g h e r   r a t e   t h a n   t h a t  

of  t h e   f o r m e r   as  shown  in  F i g .   2,  w h i c h   i l l u s t r a t e s   a n  

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

m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n .   I f   t h e   a m o u n t   of  t h e  

o i l   a n d / o r   w a t e r   i s   t o o   s m a l l ,   t h e   tow  may  become   c h a r g e d  

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

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

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

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

t h e   o i l  a n d / o r   w a t e r   i s   t o o   l a r g e ,   s l i p p a g e   b e t w e e n   t h e  

s t r e t c h   r o l l e r s   and  t h e   tow  may  o c c u r ,   w h i c h   makes   i t  

i m p o s s i b l e   to   s t r e t c h - b r e a k   t h e   tow  o r ,   in   an  e x t r e m e  

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

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

to   0.30%  f o r   t h e   o i l   and  o f - l e s s   t h a n   7%  f o r   t h e   w a t e r  



r e l a t i v e   to   t h e   w e i g h t   of   t h e   tow.   More  s p e c i f i c a l l y ,  
f o r   t h e   w a t e r ,   t h e   more   p r e f e r a b l e   r a n g e   i s   d i f f e r e n t   t o  

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

i n t r i n s i c   w a t e r   a b s o r p t i o n s ;   t h a t   i s ,   l e s s   t h a n   6%  f o r  

p o l y - p a r a - p h e n y l e n e   t e r e p h t h a l a m i d e ,   and  l e s s   t h a n   3%  f o r  

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

The  mean  f i b e r   l e n g t h   of   t h e   s t a p l e   f i b e r   s t r e t c h -  

- b r o k e n   f r o m   t h e   tow  d e p e n d s   on  a  d i s t a n c e   b e t w e e n   t h e  

f e e d   r o l l e r s   5  and  t h e   s t r e t c h   r o l l e r s   6  as  w e l l   as  a  
d raw  r a t i o   t h e r e b e t w e e n .  

The  f i b e r  b u n d l e   4'  t h u s   s t r e t c h - b r o k e n   i s   c o l l e c -  

t i v e l y   g u i d e d   to   t h e   s t r e t c h   r o l l e r s   6  by  a  t r u m p e t  

s h a p e d   c h u t e   7  p r o v i d e d   u p s t r e a m   of   t h e   f o r m e r ,   and  i s  

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

A f t e r   b e i n g   d e l i v e r e d   f r o m   t h e   s t r e t c h   r o l l e r   6,  t h e  

f i b e r   b u n d l e   4'  i s   i n t r o d u c e d   i n t o   an  a s p i r a t o r   8  p r o v i d e d  

d o w n s t r e a m  o f   t h e   s t r e t c h   r o l l e r   6  a l o n g   w i t h   a  s u c t i o n  

f l o w .   D o w n s t r e a m   of  t h e   a s p i r a t o r   8  i s   a r r a n g e d   an  a i r  

n o z z l e   9  w i t h i n   w h i c h   t h e   f i b e r   b u n d l e   4 ' ,   i n t r o d u c e d  

t h e r e i n   in   a  r i b b o n   f o r m ,   i s   f a l s e - t w i s t e d   by  a  v o r t e x ,  

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

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

s t r u c t u r e   of  t h e   a i r   n o z z l e   9  i s   d i s c l o s e d ,   f o r   e x a m p l e ,  

in   t h e   a b o v e - m e n t i o n e d   USP  No.  3 , 0 7 9 , 7 4 6 .  

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

a i r   n o z z l e   9,  c a r e   m u s t   be  t a k e n   n o t   to   h a v e   any  s l a c k   i n  

t h e   t e n s i o n   of   t h e   f i b e r   b u n d l e   4 ' .   In  o r d e r   to   k e e p   a  

s u i t a b l e   t e n s i o n ,   a  f e e d   r a t i o   of  t h e  s t r e t c h   r o l l e r s   6 

r e l a t i v e   to   d r a w - o f f   r o l l e r s   10  p r o v i d e d   d o w n s t r e a m   o f  

t h e   f o r m e r   has   to   be  l e s s   t h a n   +4%  p r e f e r a b l y   l e s s   t h a n  

+1%  i n c l u d i n g   a  0%  or   m i n u s   f e e d   r a t i o .   In  c a s e   t h e   f e e d  

r a t i o   e x c e e d i n g   +4%,  t h e   c o r e   p o r t i o n   1  of   t h e   r e s u l t a n t  

y a r n   i s   p a r t i a l l y   t w i s t e d   in   an  S  or   Z  d i r e c t i o n   w h i c h  

c a u s e s   t h e   mean  d e g r e e   of  p a r a l l e l i s m   to   be  more   t h a n   3 °  

and  t h e   n u m b e r   of   t h e   w r a p   f i b e r   g r o u p s   to   be  more   t h a n  

20  p e r   1  cm  in  l e n g t h ,   b o t h   of   w h i c h   a r e   n o t   d e s i r a b l e   a s  

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



The  r e s u l t a n t   f a s c i a t e d   y a r n   i s   c o n t i n u o u s l y   w o u n d  

on  a  c h e e s e   1 1 .  

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

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

p r e s e n t   i n v e n t i o n .   H o w e v e r ,   t h e   p r o p e r t i e s   can  b e  

i m p r o v e d   more   by  h e a t   t r e a t m e n t   c a r r i e d   o u t   a f t e r   t h e  

y a r n   f o r m i n g .  

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

s u b s e q u e n t   t o   t h e   f a l s e - t w i s t   o p e r a t i o n ,   as  i l l u s t r a t e d  

in  F i g .   3,  by  a  h e a t   r o l l e r   12,   to   a  s u r f a c e   of  w h i c h   t h e  

y a r n   has   made  c o n t a c t   s e v e r a l   t i m e s ,   or  s e p a r a t e l y   to   t h e  

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

w h i c h   t h e   c h e e s e   11  of  t h e   y a r n   i s   s t e a m e d .   The  t e m p e r a -  
t u r e   of  t h e   h e a t   t r e a t m e n t   i s   p r e f e r a b l y   more  t h a n   2 0 0 ° C  

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

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

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

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

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

E x a m p l e   1 

A  f i l a m e n t   tow  of  4400  d / 3 0 0 0   f  c o n s i s t i n g   o f  

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

by  t h e   a p p a r a t u s   shown  in  F i g .   2.  The  tow  had  an  o i l  

c o n t e n t   and  a  w a t e r   c o n t e n t   of   0 .25%  and  4 .0%,   r e s p e c -  

t i v e l y ,   by  w e i g h t ,   and  a  f i b e r   c o m p o s i n g   t h e   tow  had   n o  

c r i m p s   a t   a l l .  

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

r o l l e r s   2  and  t h e   s t r e t c h   r o l l e r s   6  w e r e   a d j u s t e d   t o  

750  mm  and  25  t i m e s ,   r e s p e c t i v e l y .   The  tow  was  s t r e t c h -  

- b r o k e n   to   a  s t a p l e   f i b e r   b u n d l e   h a v i n g   a  mean  f i b e r  

l e n g t h   L  of  312  mm  a n d ,   f i n a l l y ,   was  f o r m e d   i n t o   a  
f a s c i a t e d   y a r n   of  30  S  ( c o t t o n   c o u n t )   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n .   A i r   p r e s s u r e s   u t i l i z e d   f o r   t h e  

a s p i r a t o r   8  and  t h e   a i r   n o z z l e   9  w e r e   3  kg / cm2   a n d  

5  k g / c m 2 ,   r e s p e c t i v e l y .  



E x a m p l e   2 

A  f i l a m e n t   tow  of   3000  d / 2 0 0 0   f  c o n s i s t i n g   o f  

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

s i s t i n g   of  25  mol%  of  p a r a - p h e n y l e n e d i a m i n e ,   25  mol%  o f  

3 . 4 ' - d i a m i n o d i p h e n y l e t h e r ,   and  50  mol%  of  t e r e p h t h a l i c  

a c i d   was  p r o c e s s e d   by  t h e   a p p a r a t u s   shown  in  F i g .   2 .  

The  tow  had  an  o i l   and   w a t e r   c o n t e n t   of   0.1%  and  1 . 6 % ,  

r e s p e c t i v e l y ,   by  w e i g h t .  

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

r o l l e r s   2  and  t h e   s t r e t c h   r o l l e r s   6  w e r e   a d j u s t e d   t o  

750  mm  and  20  t i m e s ,   r e s p e c t i v e l y .   The  tow  was  s t r e t c h -  

- b r o k e n  t o   a  s t a p l e   f i b e r   b u n d l e   h a v i n g   a  mean  f i b e r  

l e n g t h   L  of  290  mm  a n d ,   f i n a l l y ,   was  f o r m e d   i n t o   a  

f a s c i a t e d   y a r n   of   35  S  ( c o t t o n   c o u n t )   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n .   A i r   p r e s s u r e s   u t i l i z e d   f o r   t h e  

a s p i r a t o r   8  and  t h e   a i r   n o z z l e   9  w e r e   t h e   same  a s  

E x a m p l e   1 .  

E x a m p l e   3 

A  f i l a m e n t   tow  of   7000  d / 3 5 0 0   f  c o n s i s t i n g   o f  

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

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

and  2.  The  d i s t a n c e   and  t h e   d raw  r a t i o   b e t w e e n   t h e   f e e d  

r o l l e r s   2  and  t h e   s t r e t c h   r o l l e r s   6  w e r e   a d j u s t e d   t o  

600  mm  and  26  t i m e s ,   r e s p e c t i v e l y .   The  tow  was  s t r e t c h -  

- b r o k e n   to   a  s t a p l e   f i b e r   b u n d l e   h a v i n g   a  mean  f i b e r  

l e n g t h   L  of  230  mm  a n d ,   f i n a l l y ,   was  f o r m e d   i n t o   a  

f a s c i a t e d   y a r n   of   20  S  ( c o t t o n   c o u n t )   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n .   A i r   p r e s s u r e s   u t i l i z e d   f o r   t h e  

a s p i r a t o r   8  and  t h e   a i r   n o z z l e   9  w e r e   4  k g / c m 2 ,   r e s p e c -  

t i v e l y .  

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

The  tow  p r o c e s s i n g s  w e r e   c a r r i e d   o u t   on  t h e   s a m e  

tow  u t i l i z e d   in   E x a m p l e   3  u n d e r   t h e   s a m e  c o n d i t i o n s   a s  

E x a m p l e s   1  and  2,  e x c e p t   t h a t   t h e   r o l l e r   d i s t a n c e s   w e r e  

a d j u s t e d   to   280  mm  and   1800  mm,  r e s p e c t i v e l y ,   t h e r e b y  

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

l e n g t h s   L  of   103  mm  and  710  mm,  r e s p e c t i v e l y .  



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

The  same  f i l a m e n t   tow  as  u t i l i z e d   in  E x a m p l e  3   w a s  

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

a  c r i m p a b i l i t y   CR  of   10%  by  a  s t u f f e r   box  s y s t e m   w i t h o u t  

h e a t i n g .   The  tow  was  p r o c e s s e d   u n d e r   t h e   same  c o n d i t i o n s  

as  E x a m p l e   3,  t h e r e b y   o b t a i n i n g   a  c o m p a r a t i v e   y a r n   o f  

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

C o m p a r a t i v e   E x a m p l e   4 

The  same  f i l a m e n t   tow  as  u t i l i z e d   in   E x a m p l e   3  w a s  

p r o c e s s e d   u n d e r   t h e   same  c o n d i t i o n s   as  E x a m p l e   3  e x c e p t  
t h a t  t h e   f e e d   r a t i o   b e t w e e n   t h e   two  p a i r s   of  r o l l e r s   6 

and  10  was  a d j u s t e d   to   +7.%,  t h e r e b y   o b t a i n i n g   a  c o m p a r a -  
t i v e   y a r n   of  t h e   mean  d e g r e e   of   p a r a l l e l i s m  6   of  4 ° .  

C o m p a r a t i v e   E x a m p l e s   5  and  6 

Tow  p r o c e s s i n g s   we re   c a r r i e d   o u t   w i t h   t h e   same  t o w  

as  u t i l i z e d   in   E x a m p l e   3  u n d e r   t h e   same  c o n d i t i o n s  

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

p a i r s   of  r o l l e r s   6  and  10,  and  t h e   a i r   p r e s s u r e   of  t h e  

a s p i r a t o r   8  and  t h e   a i r   n o z z l e   9  w e r e   a d j u s t e d   to   t h e  

f o l l o w i n g   s e t s   of  v a l u e s :   (1)  f e e d   r a t i o   -2%,  a i r  

p r e s s u r e   2  k g / c m 2   r e s p e c t i v e l y , '  a n d   (2)  f e e d   r a t i o   + 8 % ,  

a i r   p r e s s u r e   6  k g / c m 2   r e s p e c t i v e l y ,   t h e r e b y   o b t a i n i n g  

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

g r o u p s   N  of  0 . 4 2 / c m   and  2 3 . 0 / c m ,   r e s p e c t i v e l y .  

C h a r a c t e r i s t i c s   of  t h e   y a r n s   t h u s   o b t a i n e d   b y  

E x a m p l e s   1  t h r o u g h   3  and  t h e   C o m p a r a t i v e   E x a m p l e s   1  

t h r o u g h   6  a r e   shown  in  T a b l e   1,  f r o m   w h i c h   t h e   e x c e l -  

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

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

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





(5)  The  c r e e p   d u r a b i l i t y   was  m e a s u r e d   by  t h e  

m e t h o d   in   w h i c h   a  t e s t   p i e c e   i s   l o a d e d   by  a  w e i g h t   o f  

0 . 3 3   g / d   in   t h e   a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  250°C  f o r  

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

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

(6)  The  h e a t   s h r i n k a g e   was  c a l c u l a t e d   f r o m   t h e  

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

e n v i r o n m e n t   of  2 1 0 ° C .  

E x a m p l e   4 

A  f i l a m e n t   tow  of  7000  d / 6 0 0 0   f  c o n s i s t i n g   o f  

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

c r i m p s   was  p r o c e s s e d   by  t h e   a p p a r a t u s   shown  in  F i g .   2 .  

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

r o l l e r s   2  a n d  t h e   s t r e t c h   r o l l e r s   6  w e r e   a d j u s t e d   t o  

600  mm  and  26  t i m e s ,   r e s p e c t i v e l y .   The  tow  was  s t r e t c h -  

- b r o k e n   to   a  s t a p l e   f i b e r   b u n d l e   h a v i n g   a  mean  f i b e r  

l e n g t h   L  of  230  mm  a n d ,   f i n a l l y ,   was  f o r m e d   i n t o   a  

f a s c i a t e d   y a r n   A  of  20  S  ( c o t t o n   c o u n t )   by  a d j u s t i n g   t h e  

a i r   p r e s s u r e s   of  t h e   a s p i r a t o r   and  t h e   a i r   n o z z l e   t o  

4  k g / c m 2   and  5  k g / c m 2 ,   r e s p e c t i v e l y .  

On  t h e   o t h e r   h a n d ,   t h e   same  tow  as  d e s c r i b e d   i n  

E x a m p l e   4,  was  c u t   to   f o r m   s t a p l e   f i b e r s   of   2  i n c h  

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

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

y a r n  B   as  a  c o m p a r a t i v e   e x a m p l e   by  means   of  a  c o n v e n t i o n a l  

c o t t o n   s p i n n i n g   s y s t e m .  

M e a s u r e m e n t   was  c a r r i e d   o u t   on  t h e   two  y a r n s   A  and  B 

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

on  t h e  g r a p h   in   F i g .   6 .  

As  i s   a p p a r e n t   f rom  t h e   g r a p h ,   t h e   y a r n   A  a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n   shows   a  d i f f e r e n t   s t r e s s - s t r a i n  



c u r v e   f r o m   t h a t   of   t h e   c o m p a r a t i v e   y a r n   B .  

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

and  B  w e r e   0.5%  and  5 .0%,   r e s p e c t i v e l y .  

N e x t ,   how  t h e   p r e s e n t   i n v e n t e d   y a r n   i s   u t i l i z e d   i n  

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

The  y a r n   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   can   b e  

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

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

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

a  r e i n f o r c i n g   member   e m b e d d e d   in   a  mo ld   m a t e r i a l   s u c h   a s  

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

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

mold  m a t e r i a l .   The  y a r n   a l s o   can   be  p r e f e r a b l y   u t i l i z e d  

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

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

n e e d l e   e v e n   a t   a  h i g h   s e w i n g   s p e e d .  

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

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

E x a m p l e   5 

A  f a s c i a t e d   y a r n   of  20  S  ( c o t t o n   c o u n t ) h a v i n g   a  m e a n  

f i b e r   l e n g t h   of   230  mm  was  p r e p a r e d   f r o m   a  f i l a m e n t   t o w  

of  7000  d / 1 0 0 0   f  c o n s i s t i n g   of   p o l y - m e t a - p h e n y l e n e i s o -  

p h t h a l a m i d e   f i b e r s   by  u t i l i z i n g   t h e   a p p a r a t u s   shown  i n  

F i g .   2 .  

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

was  m a n u f a c t u r e d   f r o m   a  s a t i n   made  of   t h e   a b o v e s a i d   y a r n .  
D e n s i t i e s   o f  t h e   w a r p   and  w e f t   w e r e   73  e n d s / i n   a n d  

57  p i c k s / i n ,   r e s p e c t i v e l y .  

On  t h e   o t h e r   h a n d ,   a n o t h e r   bag   f i l t e r   D  was  m a n u -  

f a c t u r e d   f r o m   t h e   same  k i n d   of   f a b r i c   made  of  t h e   y a r n   B 

as  d e s c r i b e d   in   E x a m p l e   4  as  a  c o m p a r a t i v e   e x a m p l e .  

The  two  bag   f i l t e r s   C  and  D  w e r e   t e s t e d   on  a i r  

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

a r e   t a b u l a t e d   in   T a b l e   2 .  



E x a m p l e   6 

A  f a s c i a t e d   y a r n   of  3 .6   S  ( c o t t o n   c o u n t )   was  p r o -  
d u c e d ,   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   f rom  a  f i l a m e n t  

tow  of  1 5 0 , 0 0 0   d  c o n s i s t i n g   of  t h e   same  a r o m a t i c   p o l y e t h e r  
a m i d e   f i b e r   as  u t i l i z e d   in   E x a m p l e   2  by  means   of  t h e  

a p p a r a t u s   shown  in  F i g .   2,  t h e r e b y   b e i n g   k n i t   in  a  

t u b u l a r   b r a i d .   The  b r a i d   was  l a y e r e d   in   a  h o s e   s t r u c t u r e  

as  an  i n n e r   r e i n f o r c e m e n t   52  a l o n g   w i t h   an  i n n e r   r u b b e r  

l a y e r   51,  a  p o l y e s t e r   f i l a m e n t   f a b r i c   53,   and  an  o u t e r  

r u b b e r   l a y e r   5 4 .  

On  t h e   o t h e r   h a n d ,   a  f i l a m e n t   y a r n   of   1500  d / 1 0 0 0   f  

c o n s i s t i n g   of  t h e   same  p o l y m e r   f i b e r   as  a b o v e   was  k n i t   t o  

fo rm  t h e   same  t u b u l a r   b r a i d   a n d ,   t h e r e a f t e r ,   was  i n c o r p o -  

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

a b o v e s a i d   i n n e r   r e i n f o r c e m e n t   5 2 .  

C o m p a r i s o n   of  t h e   two  h o s e s   in  shown  in  T a b l e   3 .  



The  m e a s u r e m e n t s   of  e a c h   i t e m   a r e   as  f o l l o w s :  

1.  O i l   D u r a b i l i t y  

T h r e e   h o s e s   to   be  t e s t e d   w e r e   f i l l e d   w i t h   b r a k e  

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

150°C  f o r   100 ,   2 0 0 ,   and  500  h o u r s ,   r e s p e c t i v e l y .   E a c h  

b u r s t   t e s t   was  c a r r i e d   o u t   on  one  o f   t h e   h o s e s   a t   e a c h  

t i m e   p e r i o d .  

2.  W e a r a b i l i t y  

A  h o s e   to   be  t e s t e d   was  s u b j e c t e d   to   r e p e a t e d  

b e n d i n g   m o t i o n s   c a u s e d   by  a  p u l l e y ,   on  w h i c h   t h e   h o s e   w a s  

m o u n t e d .   The  p u l l e y   had  a  d i a m e t e r   15  t i m e s   of  t h e   h o s e  

w i d t h   and  was  r o t a t e d   r e c i p r o c a l l y   a t   a  r a t e   of  10  m / s e c .  

A f t e r   2000  r e v o l u t i o n s   u n d e r   a  t e n s i o n   of   5  k g / c m ,   t h e  

b r e a k i n g   s t r e n g t h   of   t h e   h o s e   was  m e a s u r e d .  



From  t h i s   v a l u e   and  t h e   s t r e n g t h   of  t h e  

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

c a l c u l a t e d .  

3.  C h e m i c a l   D u r a b i i t y  

Two  h o s e s   to   be  t e s t e d   w e r e   i m m e r s e d   i n t o   a  

s o l u t i o n   of  20%  s u l f u r i c   a c i d   a t   90°C  and  a  s o l u t i o n   o f  

10%  c a u s t i c   s o d a   a t   95°C ,   r e s p e c t i v e l y ,   f o r   100  h o u r s .  

From  t h e   b r e a k i n g   s t r e n g t h s   of  t h e   t r e a t e d  

h o s e s   and  t h e   u n t r e a t e d   o n e ,   t h e   s t r e n g t h   r e t a i n i n g  

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

4.  S t e a m   D u r a b i l i t y  

T h r o u g h   a  h o s e   t o  b e   t e s t e d ,   s u p e r   h e a t e d   s t e a m  

of  150°C  was  i n t r o d u c e d  f o r   5 0 0  h o u r s .   From  t h e   b r e a k i n g  

s t r e n g t h s   of   t h e   t r e a t e d   h o s e   a n d  t h e   u n t r e a t e d   h o s e ,   t h e  

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

E x a m p l e   7 

The  same  f a s c i a t e d   y a r n   of   3 . 6   S  ( c o t t o n   c o u n t )  a s  

o b t a i n e d   in  E x a m p l e   6  was  t w o - p l i e d   w i t h  a n   S  t w i s t   o f  

10  t / 1 0   cm  to  f o r m   a  c o r d   a c c o r d i n g   to   
t h e   

p r e s e n t   i n v e n -  

t i o n .   The  c o r d   was  i m m e r s e d   i n t o   a  f i r s t   b a t h ,   w h i c h   w a s  

f o l l o w e d   by  d r y i n g   a t   1 5 0 ° C  f o r  1   m i n u t e   and  b a k i n g   a t  

240°C  f o r   1  m i n u t e .   T h e n ,   t h e   c o r d   was  i m m e r s e d   i n t o   a  

s e c o n d   b a t h   w h i c h   was  f o l l o w e d   by  d r y i n g   a t   150°C  f o r  

1  m i n u t e   and  b a k i n g   a t   240°C  f o r   1  m i n u t e ,   t h e r e b y  

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

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



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

1500  d / 1 0 0 0   f  c o n s i s t i n g   of   t h e   same  a r o m a t i c   p o l y e t h e r  

a m i d e   f i b e r s   as  t h e   a b o v e - s a i d   i n v e n t e d   y a r n ,   a n o t h e r  

c o r d   was  p r e p a r e d ,   as   a  c o m p a r a t i v e   e x a m p l e ,   a c c o r d i n g   t o  

t h e   same  p r o c e s s   as  d e s c r i b e d   a b o v e .  

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

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

c o r d   a r e   shown  in   T a b l e   4 .  

M e a s u r e m e n t s   of   e a c h   i t e m   a r e   as  f o l l o w s :  

1.  B r e a k i n g   S t r e n g t h   and  Y o u n g ' s   M o d u l u s  

T h e s e   i t e m s   w e r e   t e s t e d   by  m e a n s   of   a  T e n s i r o n  

s t r e s s - s t r a i n   t e s t e r   p r o v i d e d   by  TOYO-BALDWIN  K . K .  

2.  P u l l - O u t   F o r c e  



A  t w o - p l i e d   c o h e s i v e   c o r d   to   be  t e s t e d   w a s  

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

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

to  t h e   l o n g i t u d i n a l   d i r e c t i o n   of  t h e   b e l t .   Then  t h e  

b e l t   was  v u l c a n i z e d   u n d e r   a  t e m p e r a t u r e   of  160°C  f o r   20  

m i n u t e s .   A  f o r c e   was  m e a s u r e d ,   w h i c h   i s   n e c e s s a r y   t o  

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

b e l t ,   a t   a  r a t e   of  200  c m / m i n .  

3.  Wet  H e a t   D u r a b i l i t y  

A  c o r d   to   be  t e s t e d   was  t r e a t e d   in   an  a u t o c l a v e  

f i l l e d   w i t h   s t e a m   of  150°C  (6  k g / c m 2 )   f o r   100  h o u r s .  

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

b r e a k i n g   s t r e n g t h s   of  t he   t r e a t e d   c o r d   and  t h e   u n t r e a t e d  

o n e .  

4.  W e a r a b i l i t y  

A  c o r d   to   be  t e s t e d   was  s u b j e c t e d   to   r e p e a t e d  

e l o n g a t i o n s   of  6%  and  c o m p r e s s i o n s   of  18%,  c a u s e d   b y  a  
G o o d r i c h   t y p e   d i s c   t e s t e r ,   f o r   100  h o u r s   or  200  h o u r s .  

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

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

o n e .  

E x a m p l e  8  

The  same  f a s c i a t e d   y a r n   of  3 .6   S  ( c o t t o n   c o u n t )   a s  

o b t a i n e d   in   E x a m p l e   6  was  t w o - p l i e d   w i t h   a  p r i m a r y   t w i s t  

of  109  t / m   a n d ,   t h e n ,   t h e   r e s u l t a n t   y a r n   was  t h r e e - p l i e d  

w i t h   a  f i n a l   t w i s t   of  227  t / m   to   f o r m   a  c o r d .   The  c o r d  

was  i n c o r p o r a t e d   i n t o   a  V - b e l t  a s   shown  in  F i g .   4,  i n  

w h i c h   r e f e r e n c e   n u m e r a l s   41  and  45  d e s i g n a t e   c o t t o n  

f a b r i c s ,   r e s p e c t i v e l y ;   42  and  44  c h l o r o p r e n e   r u b b e r  

l a y e r s ,   r e s p e c t i v e l y ;   and  43  t h e   c o r d   c o n s i s t i n g   of  t h e  

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

1500  d / 1 0 0 0   f  c o n s i s t i n g   of  t h e   same  a r o m a t i c   p o l y e t h e r  

amide   f i b e r s   as  t h e   i n v e n t e d   y a r n ,   a n o t h e r   c o r d   w a s  

p r e p a r e d   a c c o r d i n g   t o   t h e   same  p r o c e s s  a s   d e s c r i b e d   a b o v e  

and  was  i n c o r p o r a t e d   i n t o   a n o t h e r   V - b e l t   as  a  c o m p a r a t i v e  

e x a m p l e .  



C o m p a r i s o n s   b e t w e e n   t h e   two  V  b e l t s   a r e   shown  i n  

T a b l e   5 .  

M e a s u r e m e n t s   of  e a c h   i t e m   a r e   as  f o l l o w s :  

1.  B r e a k i n g   S t r e n g t h ,   B r e a k i n g   E l o n g a t i o n ,   a n d  

Y o u n g ' s   M o d u l u s  

T h e s e   i t e m s   w e r e   t e s t e d   by  means   o f   a  T e n s i r o n  

s t r e s s - s t r a i n   t e s t e r   p r o v i d e d   by  TOYO-BALDWIN  K . K . .  

2.  W e a r a b i l i t y  

The  V - b e l t   to   be  t e s t e d   was  s u b j e c t e d   t o  

r e p e a t e d   b e n d i n g s   c a u s e d   by  a  p u l l e y ,   on  w h i c h   t h e   V - b e l t  

was  m o u n t t e d .   The  p u l l e y   had   a  d i a m e t e r   15  t i m e s   of  t h e  

V - b e l t   w i d t h   and  was  r o t a t e d   a t   a  r a t e   of  10  m / s e c .   A f t e r  
109  r e v o l u t i o n s   in   t h e   a t m o s p h e r e   h a v i n g   a  t e m p e r a t u r e   o f  

16°C  and  an  RH  of   65%  u n d e r   a  t e n s i o n   of   5  k g / c m ,   t h e  

b r e a k i n g   s t r e n g t h   of   t h e   V - b e l t   was  m e a s u r e d   and  t h e  

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

u n t r e a t e d   o n e .  

3.  C r e e p   D u r a b i l i t y  



A  c r e e p   t e s t e r   p r o v i d e d   by  K.K.  IWAMOTO 

SEISAKUSHO  was  u t i l i z e d .  

4.  Wet  H e a t   D i m e n s i o n a l   S t a b i l i t y  

The  V - b e l t   to   be  t e s t e d   was  s u b j e c t e d   t o  

r e p e a t e d   b e n d i n g s   u n d e r   c o n d i t i o n s   of  40°C  t e m p e r a t u r e  

and  100%  RH  by  t h e   same  d e v i c e   as  u t i l i z e d   f o r   t e s t i n g  

t h e   w e a r a b i l i t y .   A f t e r   109  r e v o l u t i o n s   u n d e r   a  t e n s i o n  

of  1  k g / c m ,   t h e   d i m e n s i o n s   of  t h e   V - b e l t   w e r e   m e a s u r e d  

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

5.  C h e m i c a l   D u r a b i l i t y  

Two  V - b e l t s   to   be  t e s t e d   w e r e  i m m e r s e d   i n t o  

a q u e o u s   s o l u t i o n s   of   20%  s u l f u r i c   a c i d   a t   95°C ,   and  10% 

c a u s t i c   s o d a   a t   95°C ,   r e s p e c t i v e l y ,   f o r   100  h o u r s .  

From  b r e a k i n g   s t r e n g t h s   of  t h e   t e a t e d   V - b e l t s   a n d  

t h a t   of  t h e   u n t r e a t e d   o n e ,   t h e   s t r e n g t h   r e t a i n i n g   r a t i o s  

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

E x a m p l e   9 

The  same  f a s c i a t e d   y a r n   of  3 .6   S  ( c o t t o n  c o u n t )   a s  

o b t a i n e d   in   E x a m p l e   6  was  c h o p p e d   to   a  p l u r a l i t y   of  p i e c e s  

of  5 mm  in  l e n g t h .   The  c h o p p e d   p i e c e s   w e r e   m i x e d   w i t h   a  

h e a t   d u r a b l e   r u b b e r   c o m p o s i t i o n   d e s c r i b e d   in  T a b l e   6  w i t h  

a  w e i g h t   r a t i o   of  2 . 0 : 1 0 0 ,   and  t h e   m i x e d   c o m p o s i t i o n   w a s  

e x t r u d e d   t h r o u g h   a  s l i t   to   fo rm  a  mold   A  in   a  s h e e t   f o r m  

of  3  mm  in  t h i c k n e s s .   The  mold   A  was  p r o c e s s e d ,   a c c o r d i n g  

to  t h e   f o l l o w i n g   s t e p s ,   to   have   a  t e s t   p i e c e :   p r e p a r i n g  

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

c o n t a i n i n g   t h e   c h o p p e d   p i e c e s ,   h a v i n g   t h i c k n e s s e s   of  5  mm 

and  2  mm,  r e s p e c t i v e l y ;   i n t e r p o s i n g   a  c a n v a s   woven  f rom  a  

p o l y e s t e r   y a r n   b e t w e e n   t h e   p r e p a r e d   two  s h e e t s   to   fo rm  a  

l a y e r e d   s a m p l e   of  30  mm  in  w i d t h ;   p e e l i n g   t h e   r u b b e r  

s h e e t   of  5  mm  in  t h i c k n e s s   a l o n g   a  100  mm  l e n g t h   a n d  

c o m p l e m e n t i n g   a  s e p a r a t e l y   p r e p a r e d   r u b b e r   s h e e t   of  2  mm 

in  t h i c k n e s s   of  t h e   same  c o m p o s i t i o n   and  t h e   mold   A  o f  

3  mm  in  t h i c k n e s s   in   a  l a y e r e d   m a n n e r   to   have   a  s a m p l e ;  

and  v u l c a n i z i n g   t h e   s a m p l e   u n d e r   a  p r e s s u r e   of  50  k g / c m 2  

to  make  a  f i n i s h e d   t e s t  p i e c e .  

The  t e s t   p i e c e   was  s u b j e c t e d   to   r e p e a t e d   b e n d i n g s   o f  



60  Hz  by  m e a n s   of   a  h o t   p u l l e y   o f   125°C  s u r f a c e   t e m p e r a -  

t u r e   and  a  75  mm  d i a m e t e r   u n d e r   a  t e n s i o n   of  55  kg,   a n d  

t h e   t i m e   r e q u i r e d   to   c a u s e   a  c r a c k   on  a  s u r f a c e   of  t h e  

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

On  t h e   o t h e r   h a n d ,   as  a  c o m p a r a t i v e   e x a m p l e ,   a  

mold   B  was  p r e p a r e d   by  u t i l i z i n g   a  f i l a m e n t   y a r n   o f  

1500  d / 1 0 0 0   f  c o n s i s t i n g   of   t h e   same  a r o m a t i c   p o l y e t h e r  

a m i d e   f i b e r s   as  t h e   y a r n   u t i l i z e d   in   t h e   mold   A,  a n d  

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

same  m a n n e r   as  d e s c r i b e d   a b o v e   and   s u b j e c t e d   to   t h e  

c r a c k i n g   t e s t .  

The  r e s u l t s   of   t h e   t e s t s   a r e   t a b u l a t e d   in   T a b l e   7 

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

and  B,  one   of   w h i c h   was  p r e p a r e d   a l o n g   an  o r i e n t a t i o n   o f  

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

In  t h i s   c o n n e c t i o n ,   t h e   c h o p p e d   p i e c e s   in   t h e   r u b b e r  

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

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

e x t r u s i o n .  



E x a m p l e   1 0  

A  f i l a m e n t   tow  of  3000  d e n i e r   c o n s i s t i n g   of  t h e   s a m e  
a r o m a t i c   p o l y e t h e r   a m i d e   f i b e r s   as  u t i l i z e d   in  E x a m p l e   2 



was  p r o c e s s e d   by  t h e   a p p a r a t u s   shown  in   F i g .   2  to   f o r m   a  

f a s c i a t e d   y a r n   A  of  53  S  ( c o t t o n   c o u n t )   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n .   The  y a r n   A  was  t w o - p l i e d   w i t h   a  

p r i m a r y   t w i s t   of   S  700  t / m   and   t h e   r e s u l t a n t   y a r n   w a s  

t h r e e - p l i e d   w i t h   a  f i n a l   t w i s t   of  Z  450  t / m ,   t h e r e b y  

o b t a i n i n g   a  s e w i n g   t h r e a d .  

On  t h e   o t h e r   h a n d ,   t h r e e   c o m p a r a t i v e   s e w i n g   t h r e a d s  

B,  C,  and   D  c o n s i s t i n g   of  a  p o l y e s t e r   f i l a m e n t   y a r n ,   a  

spun   y a r n   of   p o l y - m e t a - p h e n y l e n e i s o p h t h a l a t e   s t a p l e  

f i b e r s   of   50  mm  l e n g t h ,   and  a  f i l a m e n t   y a r n   of  t h e   s a m e  

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

t i v e l y ,   w e r e   p r e p a r e d .  

S e w i n g   t e s t s   w e r e   c a r r i e d   o u t   on  t h e   f o u r   s e w i n g  

t h r e a d s ,   and   t h e   r e s u l t s   t h e r e o f   a r e   shown  in  T a b l e   8 .  

I t   i s   a p p a r e n t   f rom  T a b l e   8  t h a t   t h e   t h r e a d   A 

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   shows   a  c o n s t a n t  

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

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

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





C o n d i t i o n s   o f   t h e   s e w i n g   t e s t s   a r e   as  f o l l o w s :  

1)  R e g a r d i n g   t h e   m e c h a n i c a l   s t r e n g t h ;  

2)  R e g a r d i n g   t h e   c r i t i c a l   s e w i n g   s p e e d ;  



1.  A  f a s c i a t e d   y a r n   c o n s i s t i n g   of   s t a p l e   f i b e r s  

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

s t r e t c h - b r e a k i n g   of  a  t ow ,   c o m p r i s i n g   a  c o r e   p o r t i o n   a n d  

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

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

s t a p l e   f i b e r   has   a  mean  f i b e r   l e n g t h   w i t h i n   t h e   r a n g e   o f  

f r o m   150  mm  to   600  mm,  a  c r i m p a b i l i t y  o f   l e s s   t h a n   5%, 

and  a  mean  d e g r e e   of   p a r a l l e l i s m   (@)  of   l e s s   t h a n   3° ,   a n d  

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

r a n g e   of  f rom  0 .5   to   20  p e r   1  cm  in   l e n g t h   of  s a i d   y a r n .  
2.  A  f a s c i a t e d   y a r n   a c c o r d i n g  t o   c l a i m   1 ,  i n   w h i c h  

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

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

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

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

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

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

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

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

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

c r i m p a b i l i t y   of  l e s s   t h a n   5%;  a n d  

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

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

o p e r a t i o n   to   fo rm  s a i d   f a s c i a t e d   y a r n .  

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  in   w h i c h   s a i d  

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

n o n - s l a c k   s t a t e   d e f i n e d   by  a  f e e d   r a t i o   of  l e s s   t h a n   +4%,  

p r e f e r a b l y   l e s s   t h a n   +1%  i n c l u d i n g   a  t e n s i o n   s t a t e .  

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  in  w h i c h   s a i d  

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

s h a p e d   c h u t e   d u r i n g   s a i d   s t r e t c h - b r e a k i n g   o p e r a t i o n .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  f u r t h e r   c o m -  

p r i s i n g   t he   s t e p   o f :  

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

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



7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  in   w h i c h   s a i d  

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

t w i s t i n g   a c t i o n   of  a  v o r t e x .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  in   w h i c h   s a i d  

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

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

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

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

9.  A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   3 

t h r o u g h   8,  in   w h i c h   s a i d   tow  h a s   an  o i l   c o n t e n t   of  w i t h i n  

t h e   r a n g e   of  f rom  0 .05%  to   0.30%  by  w e i g h t   t h e r e o f   a n d  a  

w a t e r   c o n t e n t   of   l e s s   t h a n   7.0%  by  w e i g h t   t h e r e o f .  

10.   A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  in   w h i c h   s a i d  

w a t e r   c o n t e n t   i s   l e s s   t h a n   6.0%  f o r   s a i d   tow  of   s a i d  

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

11.   A  m e t h o d   a c c o r d i n g   to   c l a i m   9 ,  i n   w h i c h   s a i d  

w a t e r   c o n t e n t   i s   l e s s   t h a n   3.0%  f o r   s a i d   tow  of   s a i d  

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

12.   A  bag   f i l t e r   made  f r o m   a  f a b r i c   c o m p r i s i n g   s a i d  

y a r n   a c c o r d i n g   to   c l a i m   1 .  

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

to   c l a i m   1 .  

14.   A  s e w i n g   t h r e a d   made  f rom  s a i d   y a r n   a c c o r d i n g  

to   c l a i m   1 .  
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