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@  Readily  processable  cotton-like  terephthalate  polyester  staple. 

There  is  described  a  mass  of  convoluted  terephthalate 
polyester  staple  fiber  which  contains  fiber  bundles  that  have  a 
corrugated  crimp  pattern.  The  mass  of  staple  fibers  is  proces- 
sable  at  high  speeds  either  alone  or  blended  with  other  staple 
fibers  to  yield  yarns  from  which  polyester  fabric  having  a  cot- 
ton-like  feel  may  be  produced. 



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

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

f i b e r   t h a t   may  be  made  i n t o   an  a l l - p o l y e s t e r   f a b r i c  

h a v i n g   t h e   l o o k   and  f e e l   of   n a t u r a l   c o t t o n   f a b r i c .  

The  s t a p l e   f i b e r   mass   c a n   be  p r o c e s s e d   o n  

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

i n t o   s p u n   y a r n s .   The  s p u n   y a r n   made  of   t h e  

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

a l o n e   or  b l e n d e d ,   as  t h e   c o t t o n - l i k e   c o m p o n e n t   w i t h  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

a  h i g h   r a t e   of   s p e e d .   The  q u e n c h e d   f i l a m e n t   is   d r a w n  

f rom  1  to  4  t i m e s   i t s   o r i g i n a l   l e n g t h   u n d e r   a m o r p h o u s  

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

i n d u c e   a  m in imum  of   c r y s t a l l l n i t y ,   and  t h e   d r a w n  



f i l a m e n t   i s   s h r u n k   15 -75%  r e s u l t i n g   in  a  c o n v o l u t e d  

f i l a m e n t a r y   s t r u c t u r e .   Such  known  f i l a m e n t s   c o m p r i s e  
a  s t e m   and   a t   l e a s t   one  f i n   h a v i n g   a  w i d t h   a t   l e a s t  
1 . 4   t i m e s   i t s   t h i c k n e s s ,   t h e   f i n   or  f i n s   of   w h i c h   a r e  
c o n v o l u t e d   ( i n   t h e   fo rm  of   a  r u f f l e   or  h e l i x   a r o u n d  
t h e   s t e m ) . ,   t h e r e   b e i n g   f r o m   s e v e r a l   to  s e v e r a l  
h u n d r e d   c o n v o l u t i o n s   p e r   c e n t i m e t e r .   The  f i l a m e n t s  
h a v e   a  d e n i e r   p r e f e r a b l y   in  t h e   r a n g e   o f   1  to   1 0 .  
Such  f i l a m e n t s   a r e   d i s c l o s e d   in  U . S .   P a t e n t   3 , 2 1 9 , 7 3 9  
to  B r e e n   e t   a l .  

A c c o r d i n g   to  one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

t h e i r   i s   t h u s   p r o v i d e d   a  mass   of   t e r e p h t h a l a t e   p o l y e s t e r  

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

i n d e x   g r e a t e r   t h a n   a b o u t   10,   a  l i n e a r   d e n s i t y   of   1  to   6 

d e c i t e x ,   a  t e n a c i t y   g r e a t e r   t h a n   1  d e c i n e w t o n   p e r   t e x ,  

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

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

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

f i n   p o r t i o n   h a v i n g   a  w i d t h   a t   l e a s t   1 .4   t i m e s   i t s   t h i c k n e s s ,  

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

s t e m   p o r t i o n   to   t h e   e x t e n t   of  a b o u t   5  to   300  c o n v o l u t i o n s  

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

b e i n g   p r e s e n t   in   t h e   fo rm  of   f i b e r   b u n d l e s ,   s a i d   f i b e r  

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

f r e q u e n c y   of   2  to   12  c r i m p s   p e r   c e n t i m e t e r   of   l e n g t h   a n d  

b u n d l e   c r i m p   i n d e x   of  5  to   40%,  s a i d   f i b e r   b u n d l e s   b e i n g  

p r e s e n t   in   s a i d   mass   to   t h e   e x t e n t   of   a t   l e a s t   1 0 0 0  

f i b e r   b u n d l e s   p e r   k i l o g r a m   of   s a i d   m a s s .  

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

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

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

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

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

c o n t a i n i n g   a t   l e a s t   100  f i b e r   b u n d l e s   p e r   k i l o g r a m ,   s a i d   ' 

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

c r i m p   p a t t e r n .  



The  c o n v o l u t e d   t e r e p h t h a l a t e   p o l y e s t e r   s t a p l e  
f i b e r   i s   a  c o n v o l u t e d   f i b e r   of  t h e   t y p e   b r o a d l y   d e s c r i b e d  
in  t h e   B r e e n   e t   a l .   p a t e n t   b u t   has   s p e c i f i c   p r o p e r t i e s   o n l y  
g e n e r a l l y   d i s c l o s e d   in  t h e   B r e e n   e t   a l .   p a t e n t .   I t   has   a  
l i n e a r   d e n s i t y   of   1  to  6  d e c i t e x ,   a  t e n a c i t y   g r e a t e r  

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

g r e a t e r   t h a n   a b o u t   1 0 .  
The  c o n v o l u t e d   t e r e p h t h a l a t e   p o l y e s t e r  

s t a p l e   f i b e r   i s   p a r t i c u l a r l y   c h a r a c t e r i z e d   in  t h a t  

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

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

c r i m p   f r e q u e n c y   of   2  to   12  c r i m p s   p e r   c e n t i m e t e r   o f  

l e n g t h ,   and  a  b u n d l e   c r i m p   i n d e x   of   5  to   4 0 .  

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

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

mass   of   t e r e p h t h a l a t e   p o l y e s t e r   s t a p l e   f i b e r   of  t h e  

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

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

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

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

e l o n g a t e   f i n   p o r t i o n   e x t e n d i n g   t h e r e f r o m .  

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

i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  y a r n   s p u n   f r o m   t h e   mass   o f  

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

t h e   b l e n d   of  t h e   i n v e n t i o n .  

The  p r e p a r a t i o n   and  c h a r a c t e r i s t i c s   of  e m b o d i m e n t s  

of  t h e   i n v e n t i o n   w i l l   now  be  d i s c u s s e d   by  way  of  e x a m p l e  

w i t h   r e f e r e n c e   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 :  

FIG.  1  i s   a  r e p r e s e n t a t i o n   of  a  s p i n n e r e t   o r i f i c e  

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

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



FIGS.   2-6  a r e   s c h e m a t i c   r e p r e s e n t a t i o n s   of   s o m e  

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

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

f i b e r   mass   of   t h i s   i n v e n t i o n ;  
FIG.  7  i s   a  r e p r e s e n t a t i o n   in  l a t e r a l   v i e w   a n d  

g r e a t l y   e n l a r g e d ,   of  a  c o n v o l u t e d   f i b e r   of  a  t y p e  s u i t a b l e  
f o r   m a k i n g   up  t h e   s t a p l e   f i b e r   mass   of   t h e   i n v e n t i o n ;   a n d  

FIG.  8  i s   a  r e p r e s e n t a t i o n ,   g r e a t l y   e n l a r g e d ,   o f  
a  s t a p l e   f i b e r   b u n d l e   of  t h e   t y p e   f o u n d   in  t h e   s t a p l e  
f i b e r   mass   of   t h e   i n v e n t i o n .  

The  t e r m   " c o n v o l u t i o n " ,   as  u s e d   h e r e i n ,  

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

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

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

r u f f l e s   or  h e l i c a l   c o n v o l u t i o n s   or  b o t h .   In  a n  

i d e a l i z e d   c o n v o l u t i o n ,   a  p l a n e   c an   be  d r a w n   t h r o u g h  

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

one   s i d e   of   t h e   p l a n e   and  t h e n   f rom  t h e   o t h e r ,   s o  

t h a t   in  a  c o m p l e t e   c y c l e   of   a  c o n v o l u t i o n   a  f i n  

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

The  e x p r e s s i o n   " c o n v o l u t i o n s   p e r   c e n t i m e t e r " ,  

as   u s e d   h e r e i n ,   r e p r e s e n t s   t h e   n u m b e r   of   t i m e s   t h a t  

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



t h e   f o rm  of  r u f f l e s   or  h e l i c e s ,   p e r   cm.  of   l e n g t h   o f  

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

pe r   c m . ,   a  r e p r e s e n t a t i v e   s a m p l e   of   s t a p l e   f i b e r s   i s  

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

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

p o r t i o n   of   t h e   f i b e r   i s   c o n v o l u t e d ;   h o w e v e r ,   a n y  
f i b e r s   w h i c h   a r e   n o t   c o n v o l u t e d   a t   a l l   when  o b s e r v e d  

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

a r e   t a p e d   on  g l a s s   s l i d e s ,   f o u r   on  a  s l i d e   p a r a l l e l  

to  one   a n o t h e r   and  u n d e r   e n o u g h   t e n s i o n   to   k e e p   t h e  

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

c o n v o l u t i o n s .   A  c o v e r   s l i d e   m a r k e d   w i t h   l i n e s   1  c m .  

a p a r t   is   p l a c e d   upon   t h e   s l i d e   a b o v e   t h e   t a p e d   f i b e r s .  

The  f i b e r s   a r e   o b s e r v e d   in  an  o p t i c a l   m i c r o s c o p e   a t  

100X  m a g n i f i c a t i o n .   A  c o u n t   is   t h e n   made  of   t h e  

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

e a c h   f i b e r ,   b e t w e e n   l i n e s   s p a c e d   a t   1 - c m .   i n t e r v a l s ,  

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

c e n t e r   l i n e   of  t h e   f i b e r   or  r e a c h i n g   a  m i n i m u m  

d i s t a n c e   f rom  t h e   c e n t e r   l i n e   of   t h e   f i b e r .   FIG.   7 

i l l u s t r a t e s   t he   i n d e n t a t i o n s   1  w h i c h   a r e   c o u n t e d  

a l o n g   c o n v o l u t e d   f i b e r   2  h a v i n g   r u f f l e s   3  and  h e l i c e s  

4  and  4'  of   o p p o s i t e   p i t c h   m e e t i n g   a t   r e v e r s a l   5 .  

For  e a c h   f i b e r   a  c o u n t   i s   made  a l o n g   a t   l e a s t   t w o  

a d j a c e n t   1 - c m .   s e g m e n t s ,   so  t h a t   a  t o t a l   o f   a t   l e a s t  

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

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

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

i n d e n t a t i o n s   c o u n t e d   fo r   a l l   s e g m e n t s ,   d i v i d i n g   b y  

t h e   n u m b e r   of   s e g m e n t s   w h i c h   we re   c o u n t e d ,   and  t h e n  

d i v i d i n g   a g a i n   by  t h e   n u m b e r   of   f i n s   in  t h e   f i b e r  

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

c o n v o l u t i o n   r e q u i r e s   one  i n d e n t a t i o n   on  t h e   same  s i d e  

of  t h e   f i b e r   f o r   e a c h   f i n   in   t he   f i b e r   c r o s s   s e c t i o n ,  



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

h i g h e s t   v a l u e s   f o r   i n d i v i d u a l   1 - c m .   s e g m e n t s   a r e   r e -  

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

The  t e r m   " f i n "   means   an  e l o n g a t e d   p o r t i o n   o f  

a  n o n r o u n d   f i b e r   c r o s s   s e c t i o n .   A  f i n   may  b e  

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

h a v e   a  s i n g l e   f i n   or  more   t h a n   one  f i n .  

' T h e   t e r m   " s t e m "   of  t h e   f i b e r   m e a n s   t h e   r o o t  

or  b o d y   of   t h e   f i b e r   f rom  w h i c h   t h e   f i n s   p r o t r u d e .  

G e n e r a l l y   t h e   s t e m   is   t h e   a r e a   a t   w h i c h   two  or  m o r e  

f i n s   i n t e r s e c t .   The  p r o p e l l e r   c r o s s   s e c t i o n   (F IGS.   4 

and  6)  is   d e f i n e d   h e r e i n   as  two  f i n s   p r o t r u d i n g  

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

k e y h o l e   c r o s s   s e c t i o n   (F IG.   2)  is   a  s p e c i a l   c a s e   i n  

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

one   end  of   t he   f i n .   A  r i b b o n   c r o s s   s e c t i o n   (F IG.   3) 

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

f i n s   w h i c h   m e e t   a t   t h e   c e n t e r   of  t he   f i b e r   c r o s s  

s e c t i o n   and  t h e   s t e m   is   r e g a r d e d   as  t h e   m e d i a n  

p o r t i o n   of   t h e   r i b b o n   c r o s s   s e c t i o n - - s e e   Ex.  I I   o f  

B r e e n   e t   a l .   U . S .   3 , 2 1 9 , 7 3 9 .   The  c r o s s   s e c t i o n   m a y  
h a v e   more   t h a n   one  s t e m ,   e . g . ,   a  c r o s s   s e c t i o n   in  t h e  

s h a p e   of   an  " H " .  

The  t e r m   " w i d t h "   (W)  of   t h e   f i n   m e a n s   t h e  

l e n g t h   o f   a  l i n e   ( t e r m e d   " w i d t h   l i n e " )   e x t e n d i n g   f r o m  

t h e   t i p   o f   t h e   f i n   to   t h e   c e n t e r   of  t h e   s t e m .   T h e  

w i d t h   l i n e   i s   d r a w n   w i t h i n   t h e   p e r i p h e r y   of   t h e   f i n ,  

e q u i d i s t a n t   f r o m   t h e   s i d e s   of   t h e   f i n ,   f r o m   t h e   t i p  

of   t h e   f i n   to  t h e   p o i n t   w h e r e   t h e   f i n   j o i n s   t h e   s t e m ,  

t he   l i n e   t h e n   b e i n g   e x t e n d e d   to   t h e   c e n t e r   of   t h e  

s t e m .   In  t h e   c a s e   of   t h e   r i b b o n   c r o s s   s e c t i o n ,   t h e  

c e n t e r   of   t h e   s t e m   is  t h e   m i d p o i n t   b e t w e e n   t h e   t w o  

t i p s .   In  t h e   c a s e   of  t h e   k e y h o l e   and  p r o p e l l e r   c r o s s  

s e c t i o n s ,   t h e   c e n t e r   of   t h e , s t e m   i s   t a k e n   as  t h e  



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

w i t h i n   t h e   p e r i p h e r y   of   t h e   c r o s s   s e c t i o n .  

The  t e r m   " t h i c k n e s s "   (T)  of  t he   f i n   m e a n s  

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

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

w i d t h - t o - t h i c k n e s s   r a t i o ,   W/T,  h a s   a  v a l u e   of   a t  

l e a s t   1 . 4 .   T h i s   r a t i o   is  d e t e r m i n e d   by  e m b e d d i n g   i n  

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

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

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

p r e p a r i n g   a  600X  o p t i c a l   p h o t o m i c r o g r a p h   of   t h e  

s e c t i o n e d   f i b e r s .   A  g r o u p   of   12  r e p r e s e n t a t i v e   a n d  

s u b s t a n t i a l l y   a d j a c e n t   c r o s s   s e c t i o n s   is   s e l e c t e d   i n  

t h e   p h o t o m i c r o g r a p h ;   and  f o r   e a c h   of  t h e   12  c r o s s  

s e c t i o n s   W and   T  a r e   m e a s u r e d   and  t he   r a t i o   W/T  

d e t e r m i n e d .   The  t w e l v e   W/T  r a t i o s   a r e   a v e r a g e d .  

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

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

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

a r e   o f t e n   of   t h e   same  a p p r o x i m a t e   l e n g t h ,   and  o f t e n  

t h e   e n d s   a r e   in  t h e   same  p l a n e .   A  f i b e r   b u n d l e  

v a r i e s   in  l e n g t h   f rom  a b o u t   1  to  20  c e n t i m e t e r s .  

F i b e r   b u n d l e s   a r e   f o r m e d   when  m u l t i f i l a m e n t   tow  i s  

s e v e r e d   to   fo rm  f i b e r s   of  s t a p l e   l e n g t h .   B u l k  

q u a n t i t i e s   of  s t a p l e   f i b e r s   made  by  c o n v e n t i o n a l  

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

w h i c h   u s u a l l y   c o n t a i n   a t   l e a s t   20  f i b e r s   and  m o r e  

t y p i c a l l y   c o n t a i n   a b o u t   100  to  200  f i b e r s   or  m o r e .  

The  t e r m   " c r i m p "   m e a n s   a  s e r i e s   o f  

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

a x i s   of   a  f i b e r   ( e a c h   p r o n o u n c e d   c h a n g e   in  d i r e c t i o n  

is   c a l l e d   a  " b e n d " ) .   A  s i n g l e   c r i m p   is  made  up  o f  

two  s u c c e s s i v e   b e n d s .  

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

t he   f i b e r   mass   of  t h e   p r e s e n t   i n v e n t i o n ,   may  e x h i b i t  



" b u n d l e   c r i m p " .   B u n d l e   c r i m p   m e a n s   t h a t   e a c h   of  t h e  

f i b e r s   of   t h e   f i b e r   b u n d l e   is  s u b s t a n t i a l l y   a l i g n e d  

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

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

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

s i d e - t o - s i d e   s e q u e n c e s .   A d j a c e n t   r i d g e s   in  t h e  

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

to   one   a n o t h e r .   FIG.   8  i s   a  d r a w i n g   o f   a  t y p i c a l  

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

The  a v e r a g e   n u m b e r   of   c r i m p s   p e r   c e n t i m e t e r  

in  a  f i b e r   b u n d l e   is  d e t e r m i n e d   as  t h e   " b u n d l e   c r i m p  

f r e q u e n c y "   by  t h e   f o l l o w i n g   m e t h o d .   From  a  s a m p l e   o f  

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

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

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

i n v e n t i o n   c o n t a i n s   a t   l e a s t   1000  of   t h e s e   f i b e r  

b u n d l e s   p e r   k i l o g r a m   of   m a s s .   The  f i b e r   b u n d l e s  

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

l o o s e l y   a s s o c i a t e d   w i t h   t h e   b u n d l e ,   e . g . ,   w i t h  

t w e e z e r s .   P a r t i a l l y   a s s o c i a t e d   f i b e r s   w h i c h   m i g h t  

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

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

c o m p l e t e   t h e   t r i m m i n g   of   t h e   b u n d l e .   One  end  of   t h e  

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

v e r y   c l o s e   to   t h e   end  of   t h e   b u n d l e .   A  s m a l l   c l a m p  

w e i g h i n g   a b o u t   0 . 3 g   i s   t h e n   c l a m p e d   v e r y   c l o s e   to  t h e  

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

l e s s   t h a n   a b o u t   100  f i b e r s ,   a  c l a m p   w e i g h i n g  

p r o p o r t i o n a t e l y   l e s s   t h a n   0 . 3 g   i s   u s e d ) .   The  f i b e r  

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

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

w i t h   t h e   b u n d l e   b e i n g   t e n s i o n e d   o n l y   by  t he   w e i g h t   o f  

t h e   s m a l l   c l a m p ,   and  t h e   d i s t a n c e   b e t w e e n   t h e   c l a m p s  

is   m e a s u r e d   in  c e n t i m e t e r s ,   t o   a  p r e c i s i o n   of  0 . 0 5  



cm.  or  b e t t e r   and  r e c o r d e d   as   R.  The  t o t a l   n u m b e r   o f  

r i d g e s   on  one  s i d e   of   t h e   f i b e r   b u n d l e   o n l y   i s   t h e n  

c o u n t e d   and  r e c o r d e d   as  t h e   n u m b e r   of  c r i m p s ,   N ,  

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

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

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

s t r a i g h t e n e d   l e n g t h ;   and  t h e   d i s t a n c e   b e t w e e n   t h e  

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

0 . 0 5   cm.  or  b e t t e r ,   and  r e c o r d e d   as   S.  To  d e t e r m i n e  

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

a r e   r e q u i r e d .   The  b u n d l e   c r i m p   f r e q u e n c y   in  c r i m p s  

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

d i v i d i n g   N  by  S,  and  t h e   r e s u l t s   f o r   t h e   t h r e e   f i b e r  

b u n d l e s   a r e   a v e r a g e d .   The  " b u n d l e   c r i m p   i n d e x " ,   a  

m e a s u r e   of  t h e   q u a l i t y   of  t h e   c r i m p ,   is   c a l c u l a t e d  

f rom  t h e   d a t a   o b t a i n e d   f rom  t h e   same  f i b e r   b u n d l e s ,  

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

B u n d l e   C r i m p   I n d e x ,  %  =   ( S  -   R)  X  1 0 0  
S 

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

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

The  b u n d l e   c r i m p   f r e q u e n c y   and  b u n d l e   c r i m p  
i n d e x   a r e   d e t e r m i n e d   in  e s s e n t i a l l y   t he   same  m a n n e r  

f o r   b l e n d s   of  t h e   f i b e r   mass   of  t h i s   i n v e n t i o n   a n d  

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

e x a m i n e d   to  d e t e r m i n e   t h a t   t h e y   c o n t a i n   c o n v o l u t e d  

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

c o n v o l u t e d   f i b e r   b u n d l e s   w i l l   be  a t   l e a s t   100  p e r  
k i l o g r a m .  

The  t e r m   " c r y s t a l l i n i t y   i n d e x "   is   a n  

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

o b t a i n e d   f rom  an  X - r a y   r e f l e c t i o n   d i f f r a c t o m e t e r   s c a n  

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

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

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



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

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

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

p a r a l l e l   to   t h e   a x e s   of   t h e   f i b e r s   is   r e c o r d e d   f r o m  

10°  to   36°  ( 2 9 ) ,   u s i n g   a  s t a n d a r d   r e f l e c t i o n  

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

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

h a l o   o c c u r s   a r o u n d   20°  (28)  and  i s   l o c a t e d   in  t h e  

v a l l e y   b e t w e e n   two  c r y s t a l l i n e   d i f f r a c t i o n   p e a k s ,   o n e  

of   w h i c h   i s   a t   a p p r o x i m a t e l y   1 7 . 6 °   (2@).  T h e  

c r y s t a l l i n i t y   i n d e x   is   t h e   r a t i o   of   t h e   i n t e n s i t y  

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

p e a k   to  t h e   i n t e n s i t y   of   t h e   c r y s t a l l i n e   p e a k   a l o n e  

and  i s   d e t e r m i n e d   by  d r a w i n g   a  b a c k g r o u n d   b a s e l i n e   o n  

t h e   d i f f r a c t i o n   p a t t e r n   f rom  a p p r o x i m a t e l y   11°  to  3 1 ° ,  

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

1 7 . 6 °   as   A  in  c h a r t   d i v i s i o n s ,   r e c o r d i n g   t h e   i n t e n s i t y  

of  t h e   b a c k g r o u n d   b a s e l i n e   as  B  in  c h a r t   d i v i s i o n s ,  

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

i n t e n s i t y   a t   a b o u t   20°)   as  C  in  c h a r t   d i v i s i o n s ,   a n d  

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

C r y s t a l l i n i t y   I n d e x   =  ( A  -   C)  X  1 0 0  
A  -   B 

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

has   a  c r y s t a l l i n i t y   i n d e x   of   a t   l e a s t   10.  At  t h i s  

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

a d e q u a t e   s t a b i l i t y .  

The  r e l a t i v e   v i s c o s i t y   of  t h e   p o l y e s t e r ,  

d e s i g n a t e d   in  t h e   e x a m p l e s   as  "HRV"  ( a c r o n y m   f o r  

H e x a f l u o r o i s o p r o p a n o l   R e l a t i v e   V i s c o s i t y )   i s  

d e t e r m i n e d   as  d e s c r i b e d   by  Lee  in   U .S .   P a t e n t   N o .  

4 , 0 5 9 , 9 4 9 ,   C o l u m n   5,  l i n e   65  to   Co lumn   6,  l i n e   6 .  

The  p o l y e s t e r   s h o u l d   h a v e   an  HRV  of   a b o u t   10  to  4 0 ,  

p r e f e r a b l y   15  to  2 5 .  



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

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

( t ) ,   e l o n g a t i o n ,   and  t e n a c i t y   a t   7%  e l o n g a t i o n   ( t 7 )  
of   t h e   s t a p l e   t e r e p h t h a l a t e   p o l y e s t e r   f i b e r s .  

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

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

b o i l - o f f   s h r i n k a g e ,   Lea  P r o d u c t ,   and  s k e i n   b r e a k i n g  

t e n a c i t y .  

' L e a   P r o d u c t   and  s k e i n   b r e a k i n g   t e n a c i t y   a r e  

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

and  a r e   d e t e r m i n e d   in  a c c o r d a n c e   w i t h   ASTM  p r o c e d u r e  

D1578  ( P u b l i s h e d   1979)   u s i n g   s t a n d a r d   8 0 - t u r n   s k e i n s .  

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

no t   o n l y   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 ,   b u t   p o l y e s t e r s  

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

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

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

t e r e p h t h a l i c   a c i d   is  r e p l a c e d   by  a n o t h e r   o r g a n i c   a c i d  

or  a  p o r t i o n   of  t h e   g l y c o l   is  r e p l a c e d   by  a n o t h e r  

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

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

c o m p o s i t i o n .  

The  t e r m   " m a s s "   m e a n s   q u a n t i t y   o f  f i b e r s   o f  

no  p a r t i c u l a r   s i z e   or  s h a p e .   A  mass   of   f i b e r s   m a y  

e x i s t   as  a  p i l e ,   s t a c k ,   in  a  c o n t a i n e r ,   or  in  a  

b a l e .   A  mass   of  f i b e r s   may  be  l o o s e l y   a s s o c i a t e d   o r  

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

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

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

t h a t   a r e   a l i g n e d   t o g e t h e r .  

The  s t a p l e   f i b e r s   in  t h e   mass   of  t h e   p r e s e n t  

i n v e n t i o n   g e n e r a l l y   have  a  l eng th   in- . tbe  range  of  about  1  to  20 

c e n t i m e t e r s   and  p r e f e r a b l y   a b o u t   2  to  15  c e n t i m e t e r s .  

The  n u m b e r   of  f i b e r   b u n d l e s   p e r   k i l o g r a m   o f  

mass   of  t e r e p h t h a l a t e   p o l y e s t e r   s t a p l e   f i b e r   can   b e  



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

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

n u m b e r   of   f i b e r   b u n d l e s   in  t h e   s a m p l e .   I f   t h e   w e i g h t  

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

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

g i v e   t h e   r e s u l t   in  b u n d l e s   p e r   k i l o g r a m .  

The  s t a p l e   f i b e r   mass   of   t h e   p r e s e n t  

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

i s   in  t h i s   u s e - t h a t   t h e   f i b e r   mass   of  t h i s   i n v e n t i o n  

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

a l .   U.  S.  P a t e n t   3 , 2 1 9 , 7 3 9 .   The  s t a p l e   f i b e r s   in  t h e  

s t a p l e   f i b e r   mass   of  t h e   p r e s e n t   i n v e n t i o n   can   b e  

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

c u r r e n t l y   a v a i l a b l e   t e x t i l e   e q u i p m e n t   w i t h   n o  

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

f i b e r s   of   t h e   same  s i z e   and  t e n a c i t y   made  b y  

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

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

s p e e d s .  

When  u s e d   a l o n e ,   t h e   c o n v o l u t e d   t e r e p h t h a l a t e  

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

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

f a b r i c s   w h i c h ' h a v e   t r u l y   c o t t o n - l i k e   v i s u a l   a n d  

t a c t i l e   a e s t h e t i c s .   Y e t ,   t h e s e   f a b r i c s   a r e   s u p e r i o r  

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

c h a r a c t e r i s t i c s   a s s o c i a t e d   w i t h   a l l - p o l y e s t e r  

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

d u r a b i l i t y ,   and  w a s h - w e a r   l a u n d e r a b i l i t y .  

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

be  b l e n d e d   w i t h   o t h e r   f i b e r s ,   e i t h e r   s y n t h e t i c   o r  

n a t u r a l ,   e . g . ,   c o t t o n ,   and  when  made  i n t o   f a b r i c s  

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

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

90%  by  w e i g h t   c o n v e n t i o n a l   u n c o n v o l u t e d   c r i m p e d  

p o l y e s t e r   s t a p l e   f i b e r s   h a v i n g   2  to  12  c r i m p s   p e r  



c e n t i m e t e r .   Such  a  f i b e r   mass   may  be  p r o c e s s e d   i n t o  

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

p o l y e s t e r / c o t t o n   v i s u a l   and  t a c t i l e   a e s t h e t i c s ,   t h e  

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

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

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

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

M o r e o v e r , '  t h e   a l l - p o l y e s t e r   f a b r i c s   a r e   h i g h l y  

w r i n k l e - r e s i s t a n t ;   so  t h a t   t h e r e   i s   no  n e e d   to   t r e a t  

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

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

p o l y e s t e r / c o t t o n   f a b r i c s .  

An  a d d i t i o n a l   a d v a n t a g e   of   b l e n d s   of   t h e  

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

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

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

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

of  c o m b i n g ,   b l e a c h i n g ,   and  m e r c e r i z i n g   a r e   e l i m i n a t e d .  

I f   d e s i r e d ,   t h e   f i b e r   m a s s   of   t h e   i n v e n t i o n  

can   be  p r o v i d e d   w i t h   a  p e r m a n e n t   h y d r o p h i l i c   c o a t i n g  

to  e n h a n c e   i t s   c o t t o n - l i k e   c h a r a c t e r .  
The  f o l l o w i n g   E x a m p l e s   a r e   p r o v i d e d   to   i l l u s t r a t e  

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

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

EXAMPLE  1 

P o l y ( e t h y l e n e   t e r e p h t h a l a t e )   c o n t a i n i n g  
0 . 1   w t .  %   TiO2  and  h a v i n g   a  HRV  of  a b o u t   22  w a s  

e x t r u d e d   a t   t h e   r a t e   of   1 0 . 2   k g / h r .   f r o m   a  s p i n n e r e t  

h a v i n g   300  p r o p e l l e r - s h a p e d   o r i f i c e s ,   l i k e   t h a t   s h o w n  

in  FIG.   1,  e a c h   o r i f i c e   c o n s i s t i n g   of  a  s l o t  

m e a s u r i n g   0 . 0 7 6   mm  (3  m i l s )   in  w i d t h   X  1 . 7 8   mm 

(70  m i l s )   in  l e n g t h   e n l a r g e d   a t   i t s   m i d - p o i n t   w i t h   a  
r o u n d   h o l e   0 . 2 3   mm  (9  m i l s )   in  d i a m e t e r ,   w i t h   t h e  

c e n t e r   o f  t h e   r o u n d   h o l e   c o i n c i d i n g   w i t h   t h e  

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

t e m p e r a t u r e   was  3 0 4 - 3 0 5 ° C   and  t h e   e x t r u d e d   f i l a m e n t s  

were   q u e n c h e d   w i t h   a i r   a t   room  t e m p e r a t u r e   a t   t h e  

r a t e   of  3 . 0   m 3 / m i n . , a   p o r t i o n   of  t h e   a i r   b e i n g  



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

s p i n n e r e t   t h r o u g h   a  c y l i n d r i c a l   s c r e e n   1 5 . 2   cm.  h i g h  

h a v i n g   an  a r e a   of   0 . 0 7 1   m2  and  t h e   r e m a i n d e r   as  a  

c r o s s - f l o w   t h r o u g h   a  f l a t   s c r e e n   2 0 . 3   cm.  w i d e   h a v i n g  

an  a r e a   of   0 . 1 2 9   m2.  The  e x t r u d e d   f i l a m e n t s   w e r e  

g a t h e r e d   i n t o   a  3 0 0 - f i l a m e n t   y a r n   and  wound  up  a t  

s p e e d   o f   3000  m / m i n .  

N i n e t y - s i x   e n d s   of   t h e   3 0 0 - f i l a m e n t   y a r n   w e r e  

c o m b i n e d - t o   f o r m   a  t ow.   The  tow  was  d r a w n   on  a  

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

P a u l s e n   in  h i s   U . S .   P a t e n t   2 , 9 1 8 , 3 4 6   by  p a s s i n g   i t   a t  

a  s p e e d   of   4 7 . 5   m / m i n .   (52  ypm)  f rom  t h e   f e e d   r o l l  

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

60°C  to  a  d r a w   r o l l   s e c t i o n ,   t h e   d raw  r a t i o   b e i n g  

1 . 6 X .  

Added   to  t h e   a q u e o u s   s p r a y ,   in  t h e   fo rm  o f  

an  a q u e o u s   e m u l s i o n ,   was  a  f i n i s h   c o m p o s i t i o n  

c o m p r i s i n g   a b o u t   40  p a r t s   by  w e i g h t   c o c o t r i m e t h y l -  

ammonium  m e t h o s u l f a t e ,   25  p a r t s   c o c o n u t   o i l ,   20  p a r t s  

s o r b i t o l p o l y o x y e t h y l e n e ( 3 0 )   t e t r a o l e a t e / l a u r a t e ,   5 

p a r t s   d i s o d i u m   N - l a u r y l - $ - i m i n o d i p r o p i o n a t e ,   0 . 3   p a r t  

KOH,  and  9  p a r t s   p o l y o x y e t h y l e n e ( 5 )   h y d r o g e n a t e d  

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

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

o f   0 . 3 6   w t .  %   on  t h e   s t a p l e   f i b e r   p r o d u c t .   The  d r a w n  

tow  was  f ed   t h r o u g h   a  s t u f f e r   box  c r i m p e r   a t   r o o m  

t e m p e r a t u r e   (no  e x t e r n a l   h e a t i n g ) ,   a f t e r   w h i c h   t h e  

c r i m p e d   tow  was  c o n t i n u o u s l y   p i d d l e d   o n t o   a  m o v i n g  

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

s u b j e c t e d   to  a  t e m p e r a t u r e   of   135°C  f o r   a  r e s i d e n c e  

t i m e   o f   t e n   m i n u t e s .   The  tow  was  t h e n   c u t   to  a  m a s s  

o f   s t a p l e   f i b e r s   h a v i n g   a  c u t   l e n g t h   o f   3 .8   c m .  

( 1 . 5   i n . )   and  a  l i n e a r   d e n s i t y   of   2 . 0   d t e x   p e r  
f i l a m e n t   ( 1 . 8   d p f ) .   The  s t a p l e   f i b e r   p r o d u c t   had  a  

t y p i c a l   f i b e r   c r o s s   s e c t i o n  , ( m a g n i f i e d )   in  the   f o r m  



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

p o r t i o n s ,   as  shown  in  FIG.   4.  The  w i d t h   of   t h e   f i n  

p o r t i o n   m e a s u r e d   3 . 9   t i m e s   i t s   t h i c k n e s s .  

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

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

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

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

mass   of  s t a p l e   f i b e r s .   The  b u n d l e   c r i m p   f r e q u e n c y  

was  d e t e r m i n e d   to   be  4 . 1   c r i m p s   p e r   cm.  ( 1 0 . 4   c r i m p s  

p e r   i n c h )   and  t h e   b u n d l e   c r i m p   i n d e x   was  d e t e r m i n e d  

to  be  1 6 . 2 % .   The  mass   of  s t a p l e   f i b e r s   c o n t a i n e d  

more  t h a n   1000  f i b e r   b u n d l e s   p e r   k i l o g r a m .  

A d d i t i o n a l   f i b e r   p r o p e r t i e s   a r e   l i s t e d   in  T a b l e   I .  

S t a p l e   f i b e r s   p r e p a r e d   as  d e s c r i b e d   a b o v e  

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

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

of   9 .3   k g / h r .   The  r e s u l t i n g   s l i v e r   was  p r o c e s s e d  

t h r o u g h   a  d r a w   f r a m e   (2  p a s s e s ) ,   a  r o v i n g   f r a m e ,   a n d  

a  r i n g - s p i n n i n g   f r a m e .   Two  s p u n   y a r n s   w e r e   p r e p a r e d ,  

one  h a v i n g   a  l i n e a r   d e n s i t y   of  227  d t e x   (26  c o t t o n  

c o u n t )   and  d e s i g n a t e d   as   Ya rn   lA,  and  t h e   o t h e r  

h a v i n g   a  l i n e a r   d e n s i t y   of  148  d t e x   (40  c o t t o n   c o u n t )  

and  d e s i g n a t e d   as  Ya rn   1B.  The  p r o p e r t i e s   of  t h e s e  

y a r n s   a r e   l i s t e d   in  T a b l e   I I .  

Ya rn   lA  was  k n i t t e d   on  a  c i r c u l a r   k n i t t i n g  

m a c h i n e   to  fo rm  a  2 2 - c u t   s i n g l e   k n i t   p l a i n   j e r s e y  

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

EXAMPLE  2 

P o l y ( e t h y l e n e   t e r e p h t h a l a t e )   c o n t a i n i n g   0 . 1  

wt .   %  T i 0 2   and  h a v i n g   an  HRV  of   a b o u t   23  w a s  

e x t r u d e d   f r o m   a  s p i n n e r e t   h a v i n g   900  p r o p e l l e r - s h a p e d  

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

0 . 0 8 9   mm  ( 3 . 5   m i l s )   in  w i d t h   x  1 . 5 0   mm  (59  m i l s )   i n  

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

0 . 2 3   cm.  (9  m i l s )   in  d i a m e t e r ,   w i t h   t h e   c e n t e r   of  t h e  



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

t h e   s l o t .   The  s p i n n e r e t   p a c k   t e m p e r a t u r e   was  2 8 8 ° C  

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

room  t e m p e r a t u r e   a t   t h e   r a t e   of   5 .4   m 3 / m i n .   t h r o u g h  

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

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

wound  up  a t   a  s p e e d   of   1830  m / m i n .   The  900  a s - s p u n  
f i l a m e n t s   had  a  l i n e a r   d e n s i t y   of   3 . 1 7   d t e x   p e r  
f i l a m e n t ' ( 2 . 8 6   d p f ) .  

F i f t y   e n d s   of   t h e   9 0 0 - f i l a m e n t   y a r n   w e r e  

c o m b i n e d   to   f o r m   a  tow  of   a b o u t   1 4 , 2 0 0   t e x   ( 1 2 8 , 3 0 0  

d e n i e r ) .   The  tow  was  d r a w n   on  a  s p r a y - d r a w   m a c h i n e  

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

a q u e o u s   s p r a y   a t   a  t e m p e r a t u r e   of  68°C  to  a  d r a w   r o l l  

s e c t i o n ,   t h e   d r a w   r a t i o   b e i n g   1 . 8 8 X   and  t h e   f i n a l  

s p e e d   of   t h e   tow  b e i n g   a b o u t   116  mpm  (127  y p m ) .  

Added   to   t h e   a q u e o u s   s p r a y ,   in  t h e   f o r m   of  an  a q u e o u s  

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

E x a m p l e   1  a t   a  c o n c e n t r a t i o n   a d j u s t e d   to   p r o v i d e   a  

f i n i s h   l e v e l   of   0 . 4 5   wt .   %  on  t h e   s t a p l e   f i b e r  

p r o d u c t .   The  d r a w n   tow  was  f ed   t h r o u g h   a  s t u f f e r   b o x  

c r i m p e r   a t   room  t e m p e r a t u r e ,   a f t e r   w h i c h   t h e   c r i m p e d  

tow  was  c o n t i n u o u s l y   p i d d l e d   o n t o   a  m o v i n g   b e l t   a n d  

p a s s e d   t h r o u g h   a  r e l a x e r   o v e n   w h e r e i n   i t   was  s u b -  

j e c t e d   to   a  t e m p e r a t u r e   of   135°C   f o r   a  r e s i d e n c e   t i m e  

of   t e n   m i n u t e s .   The  tow  was  t h e n   c u t   to  a  mass   o f  

s t a p l e   f i b e r s   h a v i n g   a  c u t   l e n g t h   of  3 . 1 8   c m .  

( 1 . 2 5   i n . ) .   The  s t a p l e   f i b e r   p r o d u c t   had  a  p r o p e l l e r  

f i b e r   c r o s s   s e c t i o n   in  w h i c h   t h e   w i d t h   of   t h e   f i n  

p o r t i o n   m e a s u r e d   3 . 7   t i m e s   i t s   t h i c k n e s s .   E x a m i n a t i o n  

of   t h e   s t a p l e   f i b e r s   r e v e a l e d   t h a t   t h e y   w e r e  

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

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

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

f i b e r s .   The  b u n d l e   c r i m p   f r e q u e n c y   w a s  



d e t e r m i n e d   to  be  4 . 0   c r i m p s   p e r   cm.  ( 1 0 . 2   c r i m p s   p e r  

i n c h )   and  t h e   b u n d l e   c r i m p   i n d e x   was  d e t e r m i n e d   to   b e  

1 7 . 6 % .   The  mass   of  s t a p l e   f i b e r s   c o n t a i n e d   more   t h a n  

1000  f i b e r   b u n d l e s   pe r   k i l o g r a m .   O t h e r   f i b e r  

p r o p e r t i e s   a r e   l i s t e d   in  T a b l e   I .  

S t a p l e   f i b e r s   p r e p a r e d   as  d e s c r i b e d   a b o v e  

were   p r o c e s s e d   on  t h e   c o t t o n   s y s t e m   s e q u e n t i a l l y  

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

(a t   t h e   r a t e   of  2 2 . 7   k g / h r . ) ,   a  d r a w   f r a m e   (2  

p a s s e s ) ,   a  r o v i n g   f r a m e ,   and  a  r i n g - s p i n n i n g   f r a m e .  

The  p r o p e r t i e s   of  t h e   s p u n   y a r n   so  p r e p a r e d ,  

d e s i g n a t e d   as  Ya rn   2,  a r e   l i s t e d   in  T a b l e   I I .  

Ya rn   2  was  k n i t t e d   on  a  c i r c u l a r   k n i t t i n g  

m a c h i n e   to  fo rm  a  2 2 - c u t   s i n g l e   k n i t   p l a i n   j e r s e y  

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

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

t h e   same  c o n s t r u c t i o n .  

EXAMPLE  3 

P o l y ( e t h y l e n e   t e r e p h t h a l a t e )   c o n t a i n i n g   0 . 3  

wt .   %  T i 0 2  a n d   h a v i n g   an  HRV  of  a b o u t   23  w a s  

e x t r u d e d   f rom  a  s p i n n e r e t   h a v i n g   34  p r o p e l l e r - s h a p e d  

o r i f i c e s   of  t h e   same  d i m e n s i o n s   as  t he   o r i f i c e s   o f  

t h e   s p i n n e r e t   of  E x a m p l e   1.  The  s p i n n e r e t   p a c k  

t e m p e r a t u r e   was  b e t w e e n   a b o u t   290  and  293°C  and  t h e  

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

room  t e m p e r a t u r e   a i r   a t   t h e   r a t e   of  a b o u t   4 . 6 7   c u b i c  

m e t e r s   p e r   m i n u t e   (165  c u b i c   f e e t   pe r   m i n u t e )   t h r o u g h  

a  f l a t   s c r e e n   152  cm.  h i g h   h a v i n g   an  a r e a   o f  

0 . 3 5   m2.  The  e x t r u d e d   f i l a m e n t s   we re   g a t h e r e d   i n t o  

a  y a r n   and  wound  up  a t   a  s p e e d   of  2800  m / m i n .   T h e  

a s - s p u n   y a r n   c o n t a i n e d   34  f i l a m e n t s   and  had  a  l i n e a r  

d e n s i t y   of  84  d t e x   ( 2 . 4 7   d t e x   p e r   f i l a m e n t ) .  

S i x t e e n   e n d s   of  t h e   84  d t e x   y a r n   w e r e  

c o m b i n e d   to  f o rm  a  y a r n   of   a p p r o x i m a t e l y   1350  d t e x ,  

and  t h i r t e e n   e n d s   of  t he   1350  d t e x   y a r n   we re   t h e n  



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

1 7 , 5 0 0   d t e x   c o n t a i n i n g   208  e n d s .   The  tow  was  d r a w n  

on  a  tow  d r a w i n g   m a c h i n e   by  p a s s i n g   i t   f r om  t h e   f e e d  

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

t e m p e r a t u r e   of   63°C  to  a  d r a w   r o l l   s e c t i o n ,   t h e   d r a w  

r a t i o   b e i n g   1 . 5 5 X   and  t h e   f i n a l   s p e e d   of   t h e   t o w  

b e i n g   a b o u t   38  mpm  (42  y p m ) .   Added   to   t h e   a q u e o u s  
b a t h   w a s  a   f i n i s h   c o m p o s i t i o n   e s s e n t i a l l y   c o m p r i s i n g  

a  15%  b y  w e i g h t   a q u e o u s   s o l u t i o n   of   (1)  a b o u t   6 7  

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

g l y c o l   (400)   m o n o l a u r a t e   and  a  m i n o r   a m o u n t   o f  

p o l y e t h y l e n e   g l y c o l   (400)  l a u r i c   a m i d e   and  (2)  a b o u t  

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

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

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

f i n i s h   l e v e l   of   0 . 1 0   wt .   %  on  t h e   s t a p l e   f i b e r  

p r o d u c t .   The  d r a w   tow  was  fed   t h r o u g h   a  s t u f f e r   b o x  

c r i m p e r   a t   room  t e m p e r a t u r e ,   a f t e r   w h i c h   t h e   c r i m p e d  

tow  was  c o n t i n u o u s l y   p i d d l e d   o n t o   a  m o v i n g   b e l t   a n d  

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

s u b j e c t e d   to   a  t e m p e r a t u r e   of  170°C  f o r   a  r e s i d e n c e  

t i m e   o f   t e n   m i n u t e s .   The  tow  was  t h e n   c u t   to  a  m a s s  
of   s t a p l e   f i b e r s   h a v i n g   a  c u t   l e n g t h   of  3 .8   cm.  ( 1 . 5  

i n . ) .   E x a m i n a t i o n   of   t h e   s t a p l e   f i b e r s   r e v e a l e d   t h a t  

t h e y   we re   c o n v o l u t e d   and  c o n t a i n e d   c r i m p .   N u m e r o u s  

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

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

w i t h i n   t h e   mass   of  s t a p l e   f i b e r s .   The  b u n d l e   c r i m p  

f r e q u e n c y   was  d e t e r m i n e d   to  be  4 . 1   c r i m p s   pe r   c m .  

( 1 0 . 4   c r i m p s   p e r   i n c h )   and  t h e   b u n d l e   c r i m p   i n d e x   w a s  

d e t e r m i n e d   to   be  1 2 . 9 % .   The  mass   of  s t a p l e   f i b e r s  

c o n t a i n e d   more   t h a n   1000  f i b e r   b u n d l e s   p e r   k i l o g r a m .  

O t h e r   f i b e r   p r o p e r t i e s   a r e   l i s t e d   in  T a b l e   I .  



(A)  Spun  y a r n   p r e p a r e d   f r o m   100%  c r i m p e d ,   c o n v o l u t e d  

s t a p l e   f i b e r s .   S t a p l e   f i b e r s   p r e p a r e d   as  d e s c r i b e d  

a b o v e   were   p r o c e s s e d   on  t h e   c o t t o n   s y s t e m  

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

(2  p a s s e s ) ,   a  r o v i n g   f r a m e ,   and  a  r i n g - s p i n n i n g  

f r a m e .   The  p r o p e r t i e s   of  t h e   s p u n   y a r n   so  p r e p a r e d ,  

d e s i g n a t e d   as  Ya rn   3A,  a r e   l i s t e d   in  T a b l e   I I .  

(B)  Spun  y a r n   p r e p a r e d   f rom  a  b l e n d   of   c r i m p e d ,  

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

s t a p l e   f i b e r s .   S t a p l e   f i b e r s   p r e p a r e d   as  d e s c r i b e d  

in  t h e   f i r s t   two  p a r a g r a p h s   of   t h i s   e x a m p l e   w e r e  

p r o c e s s e d   t h r o u g h   a  c h u t e - f e d   c a r d   and  t h r o u g h   t h e  

f i r s t   p a s s   of   a  d r a w   f r a m e   as  in  P a r t   A  a b o v e .   T h e  

s l i v e r   f rom  t he   f i r s t   p a s s   was  b l e n d e d   in  a  s e c o n d  

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

w e i g h t   p r e p a r e d   f rom  a  mass   of   c o m m e r c i a l l y   a v a i l a b l e  

1 . 6 7   d t e x   pe r   f i l a m e n t ,   r o u n d   c r o s s   s e c t i o n   c r i m p e d  

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

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

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

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

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

n o n c o n v o l u t e d   f i b e r   b u n d l e s   was  d e t e r m i n e d   to   be  4 . 4  

c r i m p s   pe r   cm.  ( 1 1 . 2   c r i m p s   p e r   i n c h )   and  t h e   b u n d l e  

c r i m p   i n d e x   was  d e t e r m i n e d   to   be  2 1 . 4 % .   The  b l e n d e d  

s l i v e r   was  r e p r o c e s s e d   in  a  t h i r d   p a s s   t h r o u g h   t h e  

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

r i n g - s p i n n i n g   f r a m e   to  make  a  5 0 / 5 0   c o n v o l u t e d /  

n o n c o n v o l u t e d   b l e n d   y a r n ,   d e s i g n a t e d   as  Y a r n   3B.  T h e  

p r o p e r t i e s   of  t h i s   y a r n   a r e   l i s t e d   in  T a b l e   I I :  

Y a r n s   3A  and  3B  w e r e   k n i t t e d   on  a  c i r c u l a r  

k n i t t i n g   m a c h i n e   to  fo rm  2 2 - c u t   s i n g l e   k n i t   p l a i n  

j e r s e y   f a b r i c s .   The  f a b r i c  m a d e   f r o m   Yarn   3A  had  a  

p l e a s i n g   c o t t o n - l i k e   hand   i n d i s t i n g u i s h a b l e   f rom  a n  

a u t h e n t i c   c o t t o n   f a b r i c   of   t h e   same  c o n s t r u c t i o n .  



The  f a b r i c   made  f r o m   Y a r n   3B  had  t h e   v i s u a l   a n d  

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

t h e   same  c o n s t r u c t i o n .  

EXAMPLE  4 

P o l y ( e t h y l e n e   t e r e p h t h a l a t e )   c o n t a i n i n g  

0 . 3   w t .  %   T i 0 2   and  h a v i n g   an  HRV  of   a b o u t   22  w a s  

e x t r u d e d   f r o m   a  s p i n n e r e t   h a v i n g   34  p r o p e l l e r - s h a p e d  

o r i f i c e s   of   t h e   same  d i m e n s i o n s   as  t h e   o r i f i c e s   o f  

t h e   s p i n n e r e t   o f   E x a m p l e   1.  The  s p i n n e r e t  

t e m p e r a t u r e   was  ~ 2 8 5 ° C   and  t h e   e x t r u d e d   f i l a m e n t s  

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

a i r   a t   t h e   r a t e   of   a b o u t   1 . 4 9   c u b i c   m e t e r s   p e r   m i n u t e  

( 5 2 . 5   c u b i c   f e e t   p e r   m i n u t e )   t h r o u g h   a  f l a t   s c r e e n  

2 5 . 4   cm.  h i g h   h a v i n g   an  a r e a   of   0 . 0 3 9   m2.  T h e  

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

wound  up  a t   a  s p e e d   o f   2652  m / m i n   (2900  y p m ) .   T h e  

a s - s p u n   y a r n   c o n t a i n e d   34  f i l a m e n t s   and  had  a  l i n e a r  

d e n s i t y   of  209  d t e x .  

E i g h t   b o b b i n s   of  t h e   209  d t e x   y a r n   w e r e  

c o m b i n e d   i n t o   a  tow,   w h i c h   was  d r a w n   1 . 5 5 X   t h r o u g h   a n  

a q u e o u s   b a t h   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  71°C  a n d  

t h e n   wound  up  as  a  p a c k a g e   a t   70  mpm  (77  y p m ) .  

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

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

and  a  s l o t   a p p l i c a t o r   f rom  w h i c h   a  10%  a q u e o u s  
s o l u t i o n   o f   a  f i n i s h   c o m p r i s i n g   4 9 . 0   wt .   %  i s o c e t y l  

s t e a r a t e ,   2 4 . 5   w t .   %  s o d i u m   b i s ( 2 - e t h y l h e x y l ) s u l f o -  

s u c c i n a t e ,   2 4 . 5   wt .   %  of   a  3  m o l e   e t h y l e n e   o x i d e  

c o n d e n s a t e   of   s t e a r y l   a l c o h o l ,   1 . 0   wt .   % 

t r i e t h a n o l a m i n e ,   and  1 . 0   wt , .  %  o l e i c   a c i d   was  a p p l i e d  

to  t h e   t ow .   The  d r a w n   tow  was  p a s s e d   t h r o u g h   a  

r e l a x e r   t u b e   i n t o   w h i c h   s t e a m   a t   69  kPa  (10  p s i )   w a s  

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

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

i n t o   a  s t u f f e r   box  c r i m p e r   i n t o   w h i c h   s t e a m   a t   3 4 . 5  



kPa  (5  p s i )   was  f e d .   The  c r i m p e d   tow  was  t h e n   d r i e d  

a t   65°C  o v e r n i g h t   and  h e a t   s e t   a t   205°C   f o r   10  

m i n u t e s .   O n e - t h i r d   of  t h e   tow  was  c u t   to   1 1 . 4   c m .  

( 4 . 5   i n . )   s t a p l e   f i b e r s ,   a n o t h e r   t h i r d   to   1 2 . 7   cm.  ( 5  

i n . )   s t a p l e   f i b e r s ,   and  t h e   o t h e r   t h i r d   to   1 4 . 0   c m .  

( 5 . 5   i n . )   s t a p l e   f i b e r s .   In  e a c h   c a s e ,   n u m e r o u s  

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

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

w i t h i n   t h e   mass   of  s t a p l e   f i b e r s .   The  p r o p e r t i e s   o f  

t h e   s t a p l e   f i b e r s   a r e   l i s t e d   in  T a b l e   I .   In  e a c h  

i n s t a n c e   t h e   mass   of  s t a p l e   f i b e r s   had  more   t h a n   1 0 0 0  

f i b e r   b u n d l e s   pe r   k i l o g r a m .  

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

b l e n d e d   and  a  s p u n   y a r n ,   d e s i g n a t e d   as  Ya rn   4,  w a s  

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

t h i s   s p u n   y a r n   a r e   l i s t e d   in  T a b l e   I I .  

EXAMPLE  5 

P o l y ( e t h y l e n e   t e r e p h t h a l a t e )   c o n t a i n i n g   0 . 1  

wt .   %  TiO2  and  h a v i n g   an  HRV  of  a b o u t   22  w a s  

e x t r u d e d   f rom  t h e   s p i n n e r e t   of  E x a m p l e   1  a t   a  

s p i n n e r e t   t e m p e r a t u r e   of  288°C  and  q u e n c h e d   w i t h   a i r  

a t   room  t e m p e r a t u r e   a t   t h e   r a t e   of  0 . 7   m 3 / m i n .  

t h r o u g h   t h e   q u e n c h i n g   a p p a r a t u s   of  E x a m p l e   1.  T h e  

e x t r u d e d   f i l a m e n t s   we re   g a t h e r e d   i n t o   a  3 0 0 - f i l a m e n t  

y a r n   and  wound  up  a t   a  s p e e d   of  1830  m / m i n .  

A  tow  was  f o r m e d   by  c o m b i n i n g   17  e n d s   of  t h e  

3 0 0 - f i l a m e n t   y a r n .   The  tow  was  d r a w n   2.OX  t h r o u g h   a  

65°C  w a t e r   b a t h   a t   a  d r a w   r o l l   s p e e d   of  100  mpm 
(109  y p m ) ,   w i t h   t h e   f i n i s h   d e s c r i b e d   in   E x a m p l e   2 

b e i n g   a p p l i e d   f rom  a  f i n i s h   r o l l   a f t e r   t h e   tow  i s  

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

l e v e l   of   0 . 2 4   wt .   %  on  t h e   s t a p l e   f i b e r   p r o d u c t .   A 

c o m b i n e d   tow  was  made  f rom  f o u r   e n d s   of  t h e   d r a w n  

t o w ,   and  two  e n d s   of   t h e   c o m b i n e d   tow  we re   f e d  

t h r o u g h   a  s t u f f e r   box  c r i m p e r   a t   room  t e m p e r a t u r e ,  



a f t e r   w h i c h   t h e   c r i m p e d   tow  was  p a s s e d   on  a  c o n v e y o r  
b e l t   t h r o u g h   a  4 - z o n e   r e l a x e r   o v e n   in  w h i c h   t h e   z o n e  

t e m p e r a t u r e s   w e r e   m a i n t a i n e d   a t   9 0 ° ,   1 0 9 ° ,   1 2 3 ° ,   a n d  

1 4 0 ° C   f o r   a  r e s i d e n c e   t i m e   of  8  m i n u t e s .   The  tow  w a s  

t h e n   c u t   to   a  mass   of   s t a p l e   f i b e r s   h a v i n g   a  c u t  

l e n g t h   of   3 .8   cm.  ( 1 . 5 ) .   The  s t a p l e   f i b e r s   w e r e  

o v e r s p r a y e d   w i t h   0 . 2 0   wt .   %  of  t h e   f i n i s h   c o m p o s i t i o n  

d e c r i b e d  i n   E x a m p l e   2,  r a i s i n g   t h e   t o t a l   f i n i s h   l e v e l  

to  0 . 4 4   wt .   %.  E x a m i n a t i o n   of  t h e   s t a p l e   f i b e r s  

r e v e a l e d   t h a t   t h e y   we re   c o n v o l u t e d   and  c o n t a i n e d  

c r i m p .   N u m e r o u s   f i b e r   b u n d l e s   c o m p r i s e d   o f  

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

p a t t e r n   we re   o b s e r v e d   w i t h i n   t h e   mass   of  s t a p l e  

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

be  4 . 9   c r i m p s   p e r   cm.  ( 1 2 . 4   c r i m p s   p e r   i n c h )   and  t h e  

b u n d l e   c r i m p   i n d e x   was  d e t e r m i n e d   to   be  9 .3%.   O t h e r  

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

p r o d u c t   a r e   l i s t e d   in  T a b l e   I .   The  mass   of  s t a p l e  

f i b e r s   c o n t a i n e d   more   t h a n   1000  f i b e r   b u n d l e s   p e r  

k i l o g r a m .  

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

as  d e s c r i b e d   a b o v e   we re   p r o c e s s e d   on  t h e   c o t t o n  

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

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

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

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

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

s p e e d   of   25  rpm  and  a  t h r o u g h p u t   of   1 2 . 8   k g / h r .  

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

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

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

a t   i t s   maximum  c a p a b i l i t y .   B e c a u s e   of  e x c e s s   m a c h i n e  

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

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

was  p r e p a r e d   and  c o i l e d   a t   a ' t h r o u g h p u t   of   1 0 . 7  



k g / h r .   The  r e s u l t i n g   s l i v e r   was  p r o c e s s e d   t h r o u g h   a  

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

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

r o v i n g ,   w h i c h   had  a  t w i s t   of  0 . 2 1   t u r n s   pe r   c m . ,   w a s  

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

The  p r o p e r t i e s   of   t h e   y a r n   a r e   l i s t e d   in  T a b l e   I I .  

COMPARATIVE  EXAMPLE 

A  tow  was  f o r m e d   by  c o m b i n i n g   17  e n d s   of  t h e  

3 0 0 - f i l a m e n t   y a r n   of   E x a m p l e   5,  and  t h e   tow  was  d r a w n  

u s i n g   t h e   same  f i n i s h   and  same  c o n d i t i o n s   d e s c r i b e d  

in  E x a m p l e   5.  A  c o m b i n e d   tow  was  made  f r o m   f o u r   e n d s  

of  t h e   d r a w n   t o w .   The  c o m b i n e d   t o w ,   w h i c h   had  n o t  

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

p a s s e d   on  a  c o n v e y o r   b e l t   t h r o u g h   a  4 - z o n e   r e l a x e r  

o v e n   u n d e r   t h e   same  c o n d i t i o n s   d e s c r i b e d   in  E x a m p l e   5 

and  f i n a l l y   c u t   to  a  mass   of  s t a p l e   f i b e r s   h a v i n g   a  

c u t   l e n g t h   of  3 . 8   cm.  ( 1 . 5   i n . ) .   The  c o n v o l u t e d  

s t a p l e   f i b e r s ,   w h i c h   had  a  f i n i s h   l e v e l   of  0 . 1 7   w t .  %  

when  c u t ,   were   o v e r s p r a y e d   w i t h   0 . 2 0   wt .   %  of  t h e  

f i n i s h   c o m p o s i t i o n   d e s c r i b e d   in  E x a m p l e   2,  r a i s i n g  

t h e   t o t a l   f i n i s h   l e v e l   to  0 . 3 7   wt .   %..  E x a m i n a t i o n   o f  

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

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

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

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

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

t h e   m a s s   of  s t a p l e   f i b e r s .   H o w e v e r ,   no  c o r r u g a t e d  

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

t h e   b u n d l e s   w e r e   a c c o r d i n g l y   r a t e d   as  h a v i n g   a  z e r o  

b u n d l e   c r i m p   f r e q u e n c y .  

A  s a m p l e   of  t h e   s t a p l e   f i b e r s   was  s u b m i t t e d  

f o r   d e t e r m i n a t i o n   of  t h e   c r i m p   f r e q u e n c y   of  t h e  

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

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

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



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

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

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

a t   e a c h   end  by  t h e   c l a m p s ,   is   c o u n t e d   and  r e c o r d e d   a s  

t h e   n u m b e r   o f   c r i m p s .   The  f i b e r   is  t h e n   g e n t l y  

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

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

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

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

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

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

i n d i v i d u a l l y   was  3 . 9   c r i m p s   p e r   cm.  ( 9 . 9   c r i m p s   p e r  
i n c h ) ;   a l t h o u g h ,   as  n o t e d   a b o v e ;   t h e   b u n d l e   c r i m p  

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

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

l i n e a r   d e n s i t y   o f   2 . 2   d t e x / f i l ,   a  p r o p e l l e r   c r o s s  

s e c t i o n   w i t h   a  f i n   W/T  r a t i o   of  4 . 9 ,   and  a  r a n g e   of   9 

to  61  c o n v o l u t i o n s   p e r   cm.  w i t h   an  a v e r a g e   of   2 7  

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

42,   t h e i r   t / t 7   was  2 . 3 / 0 . 7 2 ,   and  t h e i r   e l o n g a t i o n  

was  4 2 % .  

C o n v o l u t e d   s t a p l e   f i b e r s   p r e p a r e d   a s  

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

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

e m p l o y e d   in  E x a m p l e   5.  At  t h e   b e g i n n i n g   of   t h e  

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

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

i n c r e a s e d ;   h o w e v e r ,   a t   a  t h r o u g h p u t   o f   6 . 0   k g / h r .  

u n s t a b l e   o p e r a t i o n   o c c u r r e d .   S l i v e r   c o u l d   be  d r a w n  

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

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

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

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

p r e p a r e d   and  c o i l e d   a t   a  t h r o u g h p u t   of  5 .4   k g / h r .  



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

f r a m e   in  two  p a s s e s   and  t h e n   t h r o u g h   a  r o v i n g   f r a m e  

as  in  E x a m p l e   5.  The  r o v i n g ,   w h i c h   had  a  t w i s t   o f  

0 . 2 1   t u r n s   pe r   c m . ,   was  t h e n   p r o c e s s e d   i n t o   y a r n   on  a  

r i n g   s p i n n i n g   f r a m e .   The  r e s u l t i n g   y a r n   was  a  2 3 6  

d t e x ,   s i n g l e   p l y   y a r n   h a v i n g   a  t w i s t   of  7 . 5   Z  t u r n s  

p e r   cm.  and  a  b o i l - o f f   s h r i n k a g e   of  3 . 2 % .   The  y a r n  
had  a  s k e i n   b r e a k i n g   t e n a c i t y   of  1 . 0   d N / t e x   and  a  L e a  

P r o d u c t   of   2 1 1 8 .  







1.  A  mass   of  t e r e p h t h a l a t e   p o l y e s t e r   s t a p l e   f i b e r ,   s a i d  

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

a b o u t   10,   a  l i n e a r   d e n s i t y   of  1  to   6  d e c i t e x ,   a  t e n a c i t y  

g r e a t e r   t h a n   1  d e c i n e w t o n   p e r   t e x ,   and  a  c r o s s - s e c t i o n a l  

s h a p e   when  c u t   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 m e n s i o n  

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

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

l e a s t   1 . 4   t i m e s   i t s   t h i c k n e s s ,   s a i d   a t   l e a s t   one  f i n  

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

e x t e n t   of  a b o u t   5  to   300  c o n v o l u t i o n s   p e r   c e n t i m e t e r   o f  

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

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

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

of  2  to   12  c r i m p s   p e r   c e n t i m e t e r   of   l e n g t h   and  b u n d l e  

c r i m p   i n d e x   of  5  to  4 0 % , - s a i d   f i b e r   b u n d l e s   b e i n g   p r e s e n t  
in  s a i d   mass   to   t h e   e x t e n t   of  a t   l e a s t   1000  f i b e r  

b u n d l e s   p e r  k i l o g r a m   of  s a i d   m a s s .  

2.  A  mass   of   s t a p l e   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   t e r e p h t h a l a t e   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 .  

3.  A  mass   of  s t a p l e   f i b e r   as  c l a i m e d   in  e i t h e r  

of   c l a i m s   1  and  2  w h e r e i n   t h e   f i b e r   c r o s s - s e c t i o n   i s   i n  

a  s h a p e   e s s e n t i a l l y   as  i l l u s t r a t e d   in   any  of  F I G S . 2   to   6 

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

4.  A  mass   of   s t a p l e   f i b e r   as  c l a i m e d   in   e i t h e r   of   c l a i m s  

1  and  2,  w h e r e i n   t h e   f i b e r   c r o s s   s e c t i o n   i s   in   t h e   s h a p e  

of   a  two  f i n n e d   p r o p e l l e r .  

5.  A  b l e n d  o f  a  m a s s   of   t e r e p h t h a l a t e   p o l y e s t e r   s t a p l e  

f i b e r   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   4  w i t h   o t h e r  

s t a p l e   f i b e r s ,   s a i d   b l e n d   c o n t a i n i n g   a t   l e a s t   100  f i b e r  

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

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

6.  A  b l e n d   as  c l a i m e d   in   c l a i m   5,  w h e r e i n   t h e   o t h e r  

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



7.  A  b l e n d   as  c l a i m e d   in   c l a i m   5,  w h e r e i n   t h e   o t h e r  

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

h a v i n g   2  to   12  c r i m p s   p e r   c e n t i m e t e r .  

8.  A  y a r n   spun   f rom  a  mass   of  s t a p l e   f i b e r   as  c l a i m e d  

in  a n y  o n e   of  c l a i m s   1  to   4  or  a  b l e n d   as  c l a i m e d   i n  

a n y  o n e   of  c l a i m s   5  to   7 .  

9 .   A  f a b r i c   made  a t   l e a s t   in  p a r t   f r o m   a  y a r n   a s  

c l a i m e d   in  c l a i m   8 .  
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