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©  Highhy-shrlnkable  polyester  fiber,  process  for  preparation  thereof,  blended  polyester  yarn  and  process  for  preparation thereof. 

©   A  highly-shrinkable  polyester  fiber  composed  of  a  polyes- 
ter  comprising  ethylene  terephthalate  units  as  main  recurring 
units  end  having  a  birefringence  (An)  of  from  0.130  to  0.165, 
wherein  the  boiling  water  shrinkage  is  at  least  30%  and  the 
peak  temperature  and  peak  value  of  the  thermal  stress  are  90 
to  105°C  and  at  least  0.4  g/de,  respectively.  The  fiber  has 
excellent  shrinkability  as  well  as  high  heat  resistance,  dimen- 
sional  stability  and  alkali  resistance  and  provides  a  blended 
polyester  yarn  excellent  in  bulkiness  and  hand. 
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HIGHLY-SHRINKABLE  POLYESTER  FIBER,   PROCESS  FOR 
PREPARATION  THEREOF,  BLENDED  POLYESTER  YARN  AND 

PROCESS  FOR  PREPARATION  THEREOF - 

* 

BACKGROUND  OF  THE  INVENTION 
1.  F i e l d   o f   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  h i g h l y -  
s h r i n k a b l e   p o l y e s t e r   f i b e r   and  a  p r o c e s s   f o r   t h e   p r e p a r a -  
t i o n   t h e r e o f   and  to   a  b l e n d e d   p o l y e s t e r   y a r n   and  a  
p r o c e s s   f o r   t h e   p r e p a r a t i o n   t h e r e o f .   More  p a r t i c u l a r l y ,  
bhe  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  h i g h l y - s h r i n k a b l e  
p o l y e s t e r   f i b e r   w h i c h   has   s h r i n k a g e   c h a r a c t e r i s t i c s  
c o m p a r a b l e   to   t h o s e   of   a  s e m i - d r a w n   y a r n   ( p a r t i a l l y  
o r i e n t e d   y a r n )   t h o u g h   t h e   s t r e n g t h   and  e l o n g a t i o n  
c h a r a c t e r i s t i c s   a r e   c o m p a r a b l e   to   t h o s e   of   a  d r a w n   y a r n  
and  a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   t h e r e o f ,   as  w e l l   as  t o  
a  b l e n d e d   p o l y e s t e r   y a r n   in  w h i c h   t h e   h i g h l y - s h r i n k a b l e  
f i b e r   i s   c o n t a i n e d   as  a  h i g h l y - s h r i n k a b l e   c o m p o n e n t   a n d  
a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   t h e r e o f .  

2.  D e s c r i p t i o n   of  t h e   R e l a t e d   A r t  
A  b l e n d e d   p o l y e s t e r   y a r n   c a p a b l e   of   d e v e l o p i n g  

^ u l k i n e s s   t h r o u g h   h e a t   t r e a t m e n t   can   be  o b t a i n e d   b y  
^ l e n d i n g   p o l y e s t e r   f i b e r s   d i f f e r i n g   in   s h r i n k a b i l i t y  
( s e e ,   f o r   e x a m p l e ,   U .S .   P a t e n t   No.  3 , 2 0 0 , 5 7 6 ) .   Such  a  
b l e n d e d   y a r n   b e c o m e s   b u l k y   t h r o u g h   h e a t   t r e a t m e n t   b y  
r f i i ch   t h e   h i g h l y - s h r i n k a b l e   c o m p o n e n t   p o l y e s t e r   f i b e r  
( h e r e i n a f t e r   may  be  r e f e r r e d   to   as  h i g h l y - s h r i n k a b l e  
f i b e r )   s h r i n k s ,   t h e r e b y   b u l g i n g   t h e   l o w l y - s h r i n k a b l e  
c o m p o n e n t   p o l y e s t e r   f i b e r   ( h e r e i n a f t e r   may  be  r e f e r r e d  
:o  as  l o w l y - s h r i n k a b l e   f i b e r )   .  In  t h i s   c a s e ,   i f   a  f i b e r  
l a v i n g   a  l a r g e   m o n o f i l a m e n t   d e n i e r   i s   e m p l o y e d   as  t h e  
l i g h l y - s h r i n k a b l e   f i b e r   and  a  f i b e r   h a v i n g   a  s m a l l  
a o n o f i l a m e n t   d e n i e r   i s   e m p l o y e d   as  t h e   l o w l y - s h r i n k a b l e  
f i b e r ,   t h e   b u l k y   f i b e r   o b t a i n e d   a f t e r   h e a t   t r e a t m e n t   h a s  
i  r e s i l i e n t   h a n d   and  a  s o f t   f e e l   t d   t o u c h .  

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



o l y e s t e r   f i b e r s   h a v i n g   d i f f e r e n t   s n r i n K a D i i i t i e s ,  

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

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

a r i l y   i m p a r t e d   a r e   b l e n d e d .   Fo r   e x a m p l e ,   U .S .   P a t e n t  

to.  4 , 1 5 3 , 6 6 0   p r o p o s e s   t h e   f o l l o w i n g   p r o c e s s :   A  s p u n  

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

' i l a m e n t s   f rom  one  s p i n n e r e t   and   r a p i d l y   c o o l i n g   t h e  

;pun  f i l a m e n t s   a r e   d i v i d e d   i n t o   two  f i l a m e n t   b u n d l e s ,   a  

s p i n n i n g   f i n i s h   b a s e d   on  w a t e r   i s   i m p a r t e d   to   one  of   t h e  

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

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

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

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

md  t h e n   a r e   b l e n d e d   to   f o rm  one  b l e n d e d   y a r n .   H o w e v e r ,  

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

l i f f e r e n c e   in   s h r i n k a b i l i t y   ( b o i l i n g   w a t e r   s h r i n k a g e )   , 

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

s h r i n k a g e   i s   i m p a r t e d   b e t w e e n   t h e   two  f i b e r   b u n d l e s   b y  

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

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

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

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

o b t a i n e d   b u l k e d   y a r n   i s   p o o r   in   b u l k i n e s s   and  can   n o t  

have   a  s a t i s f a c t o r y   h a n d .  

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

y a r n   ( h e r e i n a f t e r   r e f e r r e d   to   as  POY)  o b t a i n e d   by  m e l t  

s p i n n i n g   a  p o l y e s t e r   a t   a  s p i n - t a k e   up  s p e e d   of   a b o u t  

3 , 0 0 0   m / m i n   as  t h e   h i g h l y - s h r i n k a b l e   f i b e r   o f   t h e  

a b o v e - m e n t i o n e d   b l e n d e d   y a r n ,   s i n c e   t h e   POY  has   a  h i g h  

b o i l i n g   w a t e r   s h r i n k a g e .   H o w e v e r ,   t h e   POY  has   v a r i o u s  

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

due  t o   t h e   f a c t   t h a t   i t   i s   i n f e r i o r   in  h e a t   r e s i s t a n c e  

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

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

d r a w i n g   ( h e r e i n a f t e r   may  be  r e f e r r e d   to   as  d r a w n   a n d  

h e a t   s e t   y a r n )   .  For   e x a m p l e ,   as  i s   d e s c r i b e d   in   J a p a n e s e  

U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   ( K o k a i )   No.  5 5 - 9 8 9 2 0 ,   t h e  
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use   of   b l e n d e d   y a r n s   h a v i n g   a  POY  c o n t a i n e d   as  t h e  
h i g h l y - s h r i n k a b l e   f i b e r   i s   l i m i t e d   to  e x t r e m e l y  
r e s t r i c t e d   s p e c i f i c   f i e l d s .   In  a d d i t i o n ,   POYs  h a v e  
d r a w b a c k s   in   t h a t   t h e y   e a s i l y   u n d e r g o   p l a s t i c   d e f o r m a t i o n  

5  by  t h e   s t r e s s   a p p l i e d   t h e r e t o   upon   t h e   h a n d l i n g   t h e r e o f  
a t   t h e   y a r n - m a k i n g   and  s u b s e q u e n t   s t e p s   and  f u r t h e r  
c h a n g e s   in  p h y s i c a l   p r o p e r t i e s   s u c h   as  b o i l i n g .   w a t e r  
s h r i n k a g e   w i t h   t h e   l a p s e   of   t i m e   so  t h a t   a  f a b r i c  
f i n a l l y   o b t a i n e d   t h e r e f r o m   o f t e n   has   many  f l u f f s ,   l o o p s  

LO  a n d / o r   u n e v e n n e s s   and ,   t h u s ,   t h e y   a r e   e x t r e m e l y   h a r d   t o  
be  h a n d l e d .   F u r t h e r m o r e ,   s i n c e   POYs  a r e   p o o r   in  a l k a l i  
r e s i s t a n c e ,   when  t h e y   a r e   s u b j e c t e d   to   an  a l k a l i   w e i g h t -  
r e d u c i n g   t r e a t m e n t   w h i c h   i s   g e n e r a l l y   e m p l o y e d   to   i m p a r t  
f a v o r a b l e   h a n d   and  g l o s s   to  a  p o l y e s t e r   f a b r i c ,   i t   i s  

L5  d i f f i c u l t   to   c o n t r o l   t h e   p e r c e n t a g e   r e d u c t i o n   of   w e i g h t  
upon  t h e   a l k a l i   w e i g h t - r e d u c i n g   t r e a t m e n t .   The  f i b e r   i n  
t h e   t h u s   o b t a i n e d   f a b r i c   may  e a s i l y   u n d e r g o   f i b r i l l a t i o n .  
T h e r e f o r e ,   i t   i s   i m p o s s i b l e   to   i n d u s t r i a l l y   s u b j e c t   a  
p o l y e s t e r   f a b r i c   c o n t a i n i n g   a  POY  to  an  a l k a l i   w e i g h t -  

20  r e d u c i n g   t r e a t m e n t .  

As  f i b e r s   h a v i n g   i m p r o v e d   h e a t   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   and  a l k a l i   r e s i s t a n c e   o v e r   t h e  
POYs  as  w e l l   as  a  b o i l i n g   w a t e r   s h r i n k a g e   h i g h e r   t h a n  
t h e   d r a w n   and  h e a t   s e t   y a r n s ,   t h e r e   may  be  m e n t i o n e d   a  

25  f i b e r   o b t a i n e d   by  d r a w i n g ,   w i t h o u t   h e a t   s e t t i n g ,   a n  
u n d r a w n   y a r n   p r e p a r e d   by  m e l t   s p i n n i n g   a  p o l y e s t e r   a t   a  
s p i n - t a k e   up  s p e e d   of   l e s s   t h a n   3 , 0 0 0   m/min  ( n o n - h e a t  
s e t ,   d r awn   y a r n ) ,   a  f i b e r   o b t a i n e d   by  d r a w i n g   a  POY  a t  
room  t e m p e r a t u r e   ( P O Y - c o l d   d r a w n   y a r n )   ,  and  a  f i b e r  

30  o b t a i n e d   by  d r a w i n g   a t   room  t e m p e r a t u r e   a  f u l l y   o r i e n t e d  
y a r n   p r e p a r e d   by  m e l t   s p i n n i n g   a  p o l y e s t e r   a t   a  h i g h  
s p i n - t a k e   up  s p e e d   of   n o t   l e s s   t h a n   4 , 1 0 0   m/min  ( h i g h l y  
o r i e n t e d ,   c o l d   d r awn   y a r n ) .   T h e s e   f i b e r s   have   i m p r o v e d  
h e a t   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   and  a l k a l i  

35  r e s i s t a n c e   as  c o m p a r e d   w i t h   POYs.  H o w e v e r ,   t h e y   a r e  
p o o r   in  b o i l i n g   w a t e r   s h r i n k a g e   a n d ,   t h u s ,   a  f a b r i c   m a d e  
of   a  b l e n d e d   y a r n   c o n t a i n i n g   s u c h   f i b e r   o n l y   has   a  p o o r  
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b u l k i n e s s .  

As  mean§  f o r   o b v i a t i n g   t h e   d i s a d v a n t a g e s   o f  

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

of   t h e   p r e s e n t   i n v e n t o r s   a l r e a d y   p r o p o s e d ,   in  t h e  

5  s p e c i f i c a t i o n   of   J a p a n e s e   U n e x a m i n e d   P a t e n t   P u b l i c a t i o n  

( K o k a i )   No.  6 0 - 2 5 9 6 1 6 ,   a  p o l y e s t e r   f i b e r   w h i c h   i s  

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

m a i n t a i n e d   a t   a  t e m p e r a t u r e   h i g h e r   t h a n   200  °C,  c o o l i n g  

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

L0  f i l a m e n t a r y   y a r n   by  t r a v e l l i n g   t h e   y a r n   t h r o u g h   a n  

a t m o s p h e r e   m a i n t a i n e d   a t   70  to   110  °C,  and  t h e n   t a k i n g   u p  

t h e   y a r n   a t   a  s p e e d   o f   4 , 5 0 0   to   6 , 0 0 0   m / m i n .   The  t h u s  

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

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

L5  s u b s t a n t i a l l y   t h e   same  as  t h a t   o f   a  POY  and  i m p r o v e d  

h e a t   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   and  a l k a l i  

r e s i s t a n c e   as  c o m p a r e d   w i t h   a  POY.  H o w e v e r ,   i t   has   b e e n  

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

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

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

s u b j e c t e d   to   t h e   k n i t t i n g   or  w e a v i n g   p r o c e s s   w i t h o u t   a  

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

s i n g l e   f i l a m e n t   i s   s t i l l   g r e a t   and  u n e v e n n e s s   or  k i n k i n g  

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

25  SUMMARY  OF  THE  INVENTION 

I t   i s   an  o b j e c t   o f   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  h i g h l y - s h r i n k a b l e   p o l y e s t e r   w h i c h   has   s h r i n k a g e  

c h a r a c t e r i s t i c s   s u b s t a n t i a l l y   t h e   same  as  t h o s e   of   a  POY 

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

30  s t a b i l i t y   and  a l k a l i   r e s i s t a n c e   and  w h i c h   can   p r o v i d e   a  

f a b r i c   h a v i n g   no  u n e v e n n e s s   or   k i n k i n g   e v e n   i f   t h e   f i b e r  

i s   d i r e c t l y   s u b j e c t e d   to   a  w e a v i n g   or  k n i t t i n g   o p e r a t i o n ,  

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

f i b e r .  

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

f a b r i c   h a v i n g   no  d e f e c t s   s u c h   as  s t r e a k   b a s e d   on  t h e  
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u n e v e n   s n r m x a g e   or  t n e   f i b e r   and  h a v i n g   f u l l y   s a t i s -  
f a c t o r y   b u l k i n e s s   and  hand   e v e n   a f t e r   an  a l k a l i   w e i g h t -  
r e d u c i n g   t r e a t m e n t ,   and  a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   o f  
t h e   b l e n d e d   p o l y e s t e r '   y a r n .  < 

The  i n v e n t o r s   made  r e s e a r c h   w i t h   a  v i e w   to  a t t a i n i n g  
t h e   a b o v e - m e n t i o n e d   o b j e c t ,   and  f o u n d   t h a t   in  t h e  

p r o c e s s   d i s c l o s e d   in  t h e   s p e c i f i c a t i o n   o f   J a p a n e s e  
U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   No.  6 0 - 2 5 9 6 1 6 ,   i f   t h e  
t e m p e r a t u r e   f o r   r e h e a t i n g   t h e   f i l a m e n t a r y   y a r n   i s  
e l e v a t e d ,   t h e r e   can   be  o b t a i n e d   a  h i g h l y - s h r i n k a b l e  
p o l y e s t e r   f i b e r   h a v i n g   s t r e n g t h   and  e l o n g a t i o n   c h a r a c t e r -  
i s t i c s   c o m p a r a b l e   to  t h o s e   of   a  d r a w n   y a r n   and  s h r i n k a g e  
c h a r a c t e r i s t i c s   c o m p a r a b l e   to  t h o s e   o f   a  POY  in  c o m b i n a -  
t i o n   and  t h a t   a  u n i f o r m   f a b r i c   h a v i n g   e x c e l l e n t   b u l k i n e s s  
can  be  o b t a i n e d   f rom  a  b l e n d e d   p o l y e s t e r   y a r n   c o m p r i s e d  
of   t h e   h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   and  a  d rawn   a n d  
h e a t   s e t   p o l y e s t e r   y a r n .   The  i n v e n t o r s   h a v e   a t t a i n e d  
t h e   p r e s e n t   i n v e n t i o n   b a s e d   on  t h i s   f i n d i n g .  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  h i g h l y -  
s h r i n k a b l e   p o l y e s t e r   f i b e r   c o m p o s e d   of   a  p o l y e s t e r  
c o m p r i s i n g   e t h y l e n e   t e r e p h t h a l a t e   u n i t s   as  main   r e c u r r i n g  
u n i t s   and  h a v i n g   a  b i r e f r i n g e n c e   (An)  of   f rom  0 . 1 3 0   t o  
0 . 1 6 5 ,   w h e r e i n   t h e   b o i l i n g   w a t e r   s h r i n k a g e   i s   a t   l e a s t  
30%  and  t h e   p e a k   t e m p e r a t u r e   and  p e a k   v a l u e   o f   t h e  
t h e r m a l   s t r e s s   a r e   90  to   105°C  and  a t   l e a s t   0 .4   g / d e ,  
r e s p e c t i v e l y   . 

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  p r o c e s s   f o r  
p r e p a r i n g   a  h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r ,   w h i c h  
c o m p r i s e s   e x t r u d i n g   a  m e l t   of   a  p o l y e s t e r   c o m p r i s i n g  
e t h y l e n e   t e r e p h t h a l a t e   u n i t s   as  ma in   r e c u r r i n g   u n i t s  
f rom  a  s p i n n e r e t   i n t o   an  a t m o s p h e r e   m a i n t a i n e d   a t   a  
t e m p e r a t u r e   h i g h e r   t h a n   2 0 0 ° C ,   c o o l i n g   and  s o l i d i f y i n g  
t h e   e x t r u d a t e   by  b l o w i n g   c o o l i n g   a i r   to   t h e   e x t r u d a t e ,  
t r a v e l l i n g   t h e   r e s u l t i n g   f i l a m e n t a r y   y a r n   in  an  a t m o s -  
p h e r e   h e a t e d   a t   120  to   160°C  and  e x t e n d i n g   a l o n g   a  
l e n g t h   o f   80  to   200  cm  in  t h e   y a r n   / t r a v e l l i n g   d i r e c t i o n ,  
and  t a k i n g   up  t h e   y a r n   a t   a  s p e e d   of   4 , 0 0 0   t o  
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6 , 0 0 0   m / m m .  

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 ,   t h e r e   i s  

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

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

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

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

s h r i n k a b l e   p o l y e s t e r   f i b e r .  

F u r t h e r m o r e ,   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 ,  

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

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

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

s h r i n k a g e   of   a t   l e a s t   30%  and  o b t a i n e d   by  t h e   a b o v e -  

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

f i b e r   h a v i n g   a  b o i l i n g   w a t e r   s h r i n k a g e   l o w e r   t h a n   t h a t  

L5  of   t h e   h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  g r a p h   o f   t h e   b i r e f r i n g e n c e   (An)  a n d  

b o i l i n g   w a t e r   s h r i n k a g e   (BWS)  of   a  p o l y e s t e r   f i b e r  

h a v i n g   a  m o n o f i l a m e n t   d e n i e r   of   a b o u t   2  d e n i e r s .  

2q  F i g .   2  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n  

t h e   b i r e f r i n g e n c e   (An)  and  SSC  10%  s t r e n g t h   ( t h e   s t r e s s  

a t   an  e l o n g a t i o n   of   10%  in   a  s t r e n g t h - e l o n g a t i o n   c u r v e )  

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

F i g .   3  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n  

25  t h e   b i r e f r i n g e n c e   (An)  and  p e r c e n t a g e   r e d u c t i o n   o f  

w e i g h t   upon   an  a l k a l i   w e i g h t - r e d u c i n g   t r e a t m e n t   of   a  

p o l y e s t e r   f i b e r .  

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

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

30  of   t h e   p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

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

ma in   r e c u r r i n g   u n i t s ,   and  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   i s  

35  m a i n l y   u s e d .   H o w e v e r ,   a  c o p o l y e s t e r   f o r m e d   by  c o p o l y -  

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

a m o u n t   n o t   s u b s t a n t i a l l y   c h a n g i n g   t h e   p r o p e r t i e s   o f   t h e  
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p o l y m e r ,   e . g . ,   up  to   15  mo le%,   may  be  u s e d .   E x a m p l e s   o f  
t h e   c o m o n o m e r   may  i n c l u d e   a c i d s   s u c h   as  i s o p h t h a l i c  
a c i d ,   2 , 6 - n a p h t h a l e n e d i c a r b o x y l i c   a c i d ,   p - h y d r o x y b e n z o i c  
a c i d ,   b e n z o i c   a c i d ,   d i p h e n y l - 4 , 4 » - d i c a r b o x y l i c   a c i d ,  
d i p h e n o x y e t h a n e - d i c a r b o x y l i c   a c i d ,   5 - s o d i u m s u l f o -  

i s o p h t h a l i c   a c i d ,   a d i p i c   a c i d ,   s e b a c i c   a c i d   and  c y c l o -  
h e x a n e - 1 ,   4 - d i c a r b o x y l i c   a c i d ,   and   d i o l s   s u c h   as  c y c l o -  
h e x a n e - l , 4 - d i m e t h a n o l ,   n e o p e n t y l   g l y c o l ,   b i s p h e n o l   A ,  
b i s p h e n o l   S,  p o l y a l k y l e n e   g l y c o l s   and  t e t r a m e t h y l e n e  
g l y c o l .   The  d e g r e e   of   p o l y m e r i z a t i o n   in  t h e   p o l y e s t e r  
s h o u l d   be  a p p r o p r i a t e l y   s e l e c t e d   a c c o r d i n g   to   t h e   k i n d  
of   p o l y e s t e r   and  t h e   i n t e n d e d   u s e ,   and  in  c a s e   o f  

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 ,   i t   i s   g e n e r a l l y   p r e f e r r e d  
t h a t   t h e   i n t r i n s i c   v i s c o s i t y   (n)  be  0 . 4 0   to   0 . 9 5   a s  
m e a s u r e d   a t   35°C  as  a  s o l u t i o n   in   o - c h l o r o p h e n o l .  

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

p r e s e n t   i n v e n t i o n   has   a  b i r e f r i n g e n c e   (An)  and  b o i l i n g  
w a t e r   s h r i n k a g e   (BWS)  s i m u l t a n e o u s l y   s a t i s f y i n g   t h e  

f o l l o w i n g   f o r m u l a e ,  

0 . 1 3 0   <  An  <  0 . 1 6 5 ,   p r e f e r a b l y   0 . 1 3 3   <  An  <  0 . 1 6 5  

30%  <  BWS,  p r e f e r a b l y   30%  <  BWS  <  45% 
The  An  and  BWS  s i m u l t a n e o u s l y   s a t i s f y i n g   t h e   a b o v e  

f o r m u l a e   a r e   in   t h e   o b l i q u e l y   l i n e d   a r e a   as  shown  i n  

F i g .   1.  F i g .   1  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p  
b e t w e e n   t h e   An  and  BWS  of   a  p o l y e s t e r   f i b e r   h a v i n g   a  
m o n o f i l a m e n t   d e n i e r   o f   a b o u t   2  d e n i e r s ,   in   w h i c h   t h e  
a b s c i s s a   r e p r e s e n t s   t h e   An  and  t h e   o r d i n a t e   r e p r e s e n t s  
t h e   BWS.  In  F i g .   1,  c u r v e   F  i s   a  g r a p h   s h o w i n g   t h e  

r e l a t i o n s h i p   b e t w e e n   t h e   An  and  BWS  of   p o l y e s t e r   f i b e r s  
o b t a i n e d   by  v a r y i n g   t h e   s p i n - t a k e   up  s p e e d ,   in   w h i c h  

p o i n t   a  shows  t h e   An  and  BWS  o f   a  P O Y - c o l d   d r awn   p o l y e s t e r  
f i b e r   o b t a i n e d   by  d r a w i n g   a t   room  t e m p e r a t u r e   ( c o l d  

d r a w i n g )   a  f i b e r   h a v i n g   a  An  o f   0 . 0 5   and  a  BWS  of   40%  a s  
shown  a t   p o i n t   a*  on  c u r v e   F  and  p o i n t   b  shows  t h e   An 

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

o b t a i n e d   by  d r a w i n g   a t   room  t e m p e r a t u r e   ( c o l d   d r a w i n g )   a  
f i b e r   h a v i n g   a  An  of   0 . 0 9   and  a  BWS  of   4%  as  shown  a t  
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p o i n t   b'   on  c u r v e   F.  P o i n t   c  shows  t h e   An  and  BWS  of   a  

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

a t   70  to   80°Cf   w i t h o u t   s u b j e c t i n g   to   h e a t   s e t t i n g ,   a n  

u n d r a w n   y a r n   p r e p a r e d *   by  m e l t   s p i n n i n g   a  p o l y e s t e r   a t   a  

5  s p i n - t a k e   up  s p e e d   o f   1 , 5 0 0   m / m i n .   The  a r e a   h a v i n g  

o b l i q u e   l i n e s   shows   t h e   s c o p e   of   t h e   An  and  BWS  ( e x c e p t  

f o r   t h e   An  of   0 . 1 3 0 )   o f   t h e   h i g h l y - s h r i n k a b l e   p o l y e s t e r  

f i b e r   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   as  m e n t i o n e d  

a b o v e .   As  i s   a p p a r e n t   f r o m   F i g .   1,  t h e   h i g h l y - s h r i n k a b l e  

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

and  a  h i g h   BWS  in  c o m b i n a t i o n ,   in  c o n t r a s t   to   t h e  

c o n v e n t i o n a l   h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r s ,   i . e . ,  

t h e   POY  a t   p o i n t   a ' ,   P O Y - c o l d   d r awn   y a r n   a t   p o i n t   a ,  

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

j_5  s e t ,   d r a w n   y a r n   a t   p o i n t   c .  

I f   t h e   f i b e r   h a s   a  An  as  low  as  n o t   h i g h e r   t h a n  

0 . 1 3 0 ,   t h e   f i b e r   i s   f u s e d   to   be  b o n d e d ,   r e n d e r e d   b r i t t l e  

and  h a r d e n e d   a t   t h e   s u b s e q u e n t   h e a t   t r e a t m e n t   s t e p s ,   a n d  

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

2o  A c c o r d i n g l y ,   when  t h e   f i b e r   i s   h a n d l e d ,   f l u f f s   and  l o o p s  

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

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

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

s h a p e   u n e v e n e s s   and  s t r e a k   u n e v e n n e s s   a r e   c a u s e d .   I f  

25  t h e   f i b e r   has   a  An  h i g h e r   t h a n   0 . 1 6 5 ,   t h e   r e s i d u a l  

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

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

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

t h e   f i b e r   has   a  BWS  as  low  as  n o t   h i g h e r   t h a n   30%,  a  

30  f a b r i c   o b t a i n e d   by  m i x - w e a v i n g   or   m i x - k n i t t i n g   s u c h   a  

low  BWS  f i b e r   and  a  d r a w n   and  h e a t   s e t   y a r n   can   n o t  

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

and  good   h a n d   and  a p p e a r a n c e .  

In  t h e   h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   of   t h e  

p r e s e n t   i n v e n t i o n ,   in   a d d i t i o n   to   t h e   h i g h   An  and  h i g h  

BWS,  i t   i s   a l s o   i n d i s p e n s a b l e   t h a t / '   t h e   p e a k   t e m p e r a t u r e  

of   t h e   t h e r m a l   s t r e s s   (Tmax)  s h o u l d   be  90  to   105  °C  a n d  



trie  peaK  v a l u e   o i   t n e   t h e r m a l   s t r e s s   (TSTmax)  s h o u l d   b e  
a t   l e a s t   0 . 4   g / d e <   p r e f e r a b l y   0 .4   to   0 . 6   g / d e .   I f   Tmax  
i s   l o w e r   t h a n   90  °C  or   TSTmax  i s   l e s s   t h a n   0 .4   g / d e ,   in  a  
f a b r i c   o b t a i n e d   by  m i x - w e a v i n g   or   m i x - k n i t t i n g   t h e  
h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   w i t h   a  d r a w n   and  h e a t  
s e t   y a r n ,   a t   t h e   h e a t   t r e a t m e n t   to   make  t h e   f a b r i c  
b u l k y ,   m a n i f e s t a t i o n   of   t h e   b u l k i n e s s   i s   u n e v e n   and  t h e  
h a n d   i s   i n s u f f i c i e n t ,   s i n c e   t h e   s h r i n k a g e   s t r e s s   o f   t h e  
h i g h l y - s h r i n k a b l e   f i b e r   i s   i n s u f f i c i e n t .   I f   Tmax  
e x c e e d s   1 0 5 ° C ,   a  f a b r i c   f o r m e d   f rom  t h e   h i g h l y   s h r i n k a b l e  
f i b e r   by  m i x - w e a v i n g   or   m i x - k n i t t i n g   w i t h   a  d r a w n   a n d  
h e a t   s e t   y a r n   i s   d e f e c t i v e   in  t h a t   a t   a  h e a t   t r e a t m e n t  
in  b o i l i n g   w a t e r   a t   t h e   s c o u r i n g   s t e p   w h e r e   t h e   r e l a x i n g  
h e a t   t r e a t m e n t   i s   g e n e r a l l y   c o n d u c t e d ,   no  s u f f i c i e n t  
d i f f e r e n c e   o f   t h e   s h r i n k a g e   be  m a n i f e s t e d   so  t h a t   t h e  
f a b r i c   b e c o m e s   to   h a v e   a  p a p e r - l i k e   h a n d .  

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

p r e s e n t   i n v e n t i o n   can   p r o v i d e   a  b u l k y   f a b r i c   or   a  f a b r i c  
h a v i n g   a  s p e c i a l   a p p e a r a n c e   or   h a n d   by  m i x - w e a v i n g   o r  
m i x - k n i t t i n g   w i t h   a  d r awn   and  h e a t   s e t   y a r n   to   f o r m   a  
f a b r i c ,   s u b j e c t i n g   t h e   f a b r i c   to   a  r e l a x i n g   h e a t   t r e a t -  
men t   a n d ,   i f   n e c e s s a r y ,   p e r f o r m i n g   a  r a i s i n g   t r e a t m e n t .  
F u r t h e r ,   a  b u l k y   spun   y a r n   can   be  o b t a i n e d   by  c u t t i n g  
t h e   h i g h l y - s h r i n k a b l e   f i b e r   o f   t h e   p r e s e n t   i n v e n t i o n ,  
m i x - s p i n n i n g   t h e   r e s u l t i n g   s t a p l e   f i b e r   w i t h   a  l o w l y  
t h e r m a l l y   s h r i n k a b l e   s t a p l e   f i b e r   and  s u b j e c t i n g   t h e  

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

p r e s e n t   i n v e n t i o n   has   a  h i g h   SSC  10%  s t r e n g t h   ( t h e  
s t r e s s   a t   an  e l o n g a t i o n   of   10%  in  a  s t r e n g t h - e l o n g a t i o n  
c u r v e )   a n d ,   in  a d d i t i o n ,   i s   e x c e l l e n t   in   a l k a l i   r e s i s t -  

a n c e ,   as  i s   s e e n   f rom  F i g s .   2  and   3.  F i g s .   2  and  3  a r e  
g r a p h s   r e s p e c t i v e l y   s h o w i n g   t h e   r e l a t i o n s h i p s   b e t w e e n  
t h e   An  and  SSC  10%  s t r e n g t h   and  t h e   An  and  p e r c e n t a g e  
r e d u c t i o n   o f   w e i g h t   upon   an  a l k a l i   w e i g h t - r e d u c i n g  
t r e a t m e n t   ( a l k a l i   w e i g h t - r e d u c t i o n / p e r c e n t a g e )   o f   a  
p o l y e s t e r   f i b e r ,   in   w h i c h   t h e   a b s c i s s a   r e p r e s e n t s   An  a n d  
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t he   o r d i n a t e   r e p r e s e n t s   t h e   SSC  10%  s t r e n g t h   or   t h e  

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

The  a l k a l i   w e i g h t - r e d u c t i o n   p e r c e n t a g e   as  shown  i n  
M 

F i g .   3  i s   a  v a l u e   d e t e r m i n e d   by  t r e a t i n g   t h e   p o l y e s t e r  
« 

5  f i b e r   in  an  s o l u t i o n   of   35  g / 1   of   s o d i u m   h y d r o x i d e   i n  

w a t e r   a t   100°C  f o r   1  h o u r ,   and  c a l c u l a t i n g   a c c o r d i n g   t o  

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

m,  —  tr.  2 A l k a l i   w e i g h t - r e d u c i n g   n n n  ,  ,o.i  =  m,  x  1 0 0  
p e r c e n t a g e   (%)  1 

in  w h i c h   m^  r e p r e s e n t s   t h e   w e i g h t   (g)  o f   t h e   p o l y e s t e r  

f i b e r   b e f o r e   t h e   a l k a l i   t r e a t m e n t ,   and  ro  ̂ r e p r e s e n t s  

t h e   w e i g h t   (g)  of   t h e   p o l y e s t e r   f i b e r   a f t e r   t h e   a l k a l i  

t r e a t m e n t   . 
15  As  i s   a p p a r e n t   f rom  F i g .   2,  t h e   h i g h l y - s h r i n k a b l e  

f i b e r   of   t h e   p r e s e n t   i n v e n t i o n   has   an  SSC  10%  s t r e n g t h  

h i g h e r   t h a n   3  g / d e   b e c a u s e   o f   i t s   h i g h   An  h i g h e r   t h a n  

0 . 1 3 0 .   T h e r e f o r e ,   t h e   h i g h l y - s h r i n k a b l e   f i b e r   d o e s   n o t  

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

p r o v i d e   a  u n i f o r m   f a b r i c .  

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

of   t h e   p r e s e n t   i n v e n t i o n   i s   s u p e r i o r   in   t h e   a l k a l i  

r e s i s t a n c e   to   c o n v e n t i o n a l   h i g h l y - s h r i n k a b l e   p o l y e s t e r  

25  f i b e r s ,   s u c h   as  a  POY,  as  i s   s e e n   f rom  F i g .   3,  and  t h u s ,  

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

b l e n d e d   y a r n   o b t a i n e d   by  b e i n g   b l e n d e d   w i t h   a  l o w l y -  

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

y a r n .   T h i s   i s   b e c a u s e   an  a l k a l i   w e i g h t - r e d u c i n g   t r e a t -  
30  men t   i s   g e n e r a l l y   e f f e c t e d   f o r   i m p r o v i n g   t h e   h a n d   a n d  

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

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

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

t h e   same  p u r p o s e .  
35  H o w e v e r ,   s i n c e   a  c o n v e n t i o n a l   h i g h l y - s h r i n k a b l e  

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



-  11  -  

r e s i s t a n c e   t h a n   a  l o w l y - s h r i n k a b l e   f i b e r   s u c h   as  a  d r a w n  
and  h e a t   s e t   y a r n   .and  i t   i s   d i f f i c u l t   to   c o n t r o l   t h e  
p e r c e n t a g e   r e d u c t i o n   o f   w e i g h t   of   t h e   h i g h l y - s h r i n k a b l e  
f i b e r   c o n t a i n e d   in  t h e   b l e n d e d   y a r n   upon   t h e   a l k a l i  
w e i g h t - r e d u c i n g   t r e a t m e n t ,   t h e   s h r i n k a g e - d i f f e r i n g   f i b e r  
b l e n d e d   y a r n   o b t a i n e d   by  u s i n g   s u c h   a  h i g h l y - s h r i n k a b l e  
f i b e r   can   n o t   e x h i b i t   a  s a t i s f a c t o r y   h a n d   and  g l o s s  
a f t e r   t h e   a l k a l i   w e i g h t - r e d u c i n g   t r e a t m e n t .   On  . t h e  
o t h e r   h a n d ,   i f   a  P O Y - c o l d   d r a w n   y a r n   (as  shown  a t  
p o i n t   a  in   F i g .   1)  ,  h i g h l y   o r i e n t e d ,   c o l d   d r a w n   y a r n   ( a s  
shown  a t   p o i n t   b  in  F i g .   1)  o r   n o n - h e a t   s e t ,   d r a w n   y a r n  
(as  shown  a t   p o i n t   c  in   F i g .   1)  h a v i n g   an  i m p r o v e d  

a l k a l i   r e s i s t a n c e   i s   e m p l o y e d   as  t h e   h i g h l y - s h r i n k a b l e  
f i b e r   c o m p o n e n t   i n s t e a d   o f   t h e   POY  h a v i n g   a  p o o r   a l k a l i  
r e s i s t a n c e ,   t h e   o b t a i n e d   s h r i n k a g e - d i f f e r i n g   f i b e r  
b l e n d e d   y a r n   can   n o t   e x h i b i t   a  w e l l   s a t i s f a c t o r y   b u l k i -  
n e s s   b e c a u s e   of   t h e   s m a l l   d i f f e r e n c e   o f   t h e   s h r i n k a g e .  

C o n t r a r y   to  t h i s ,   a  s h r i n k a g e - d i f f e r i n g   f i b e r  
b l e n d e d   p o l y e s t e r   y a r n   o b t a i n e d   by  b l e n d i n g   t h e   h i g h l y -  
s h r i n k a b l e   p o l y e s t e r   f i b e r   o f   t h e   p r e s e n t   i n v e n t i o n  
h a v i n g   s h r i n k a g e   c h a r a c t e r i s t i c s   c o m p a r a b l e   to   a  POY  a n d  
an  e x c e l l e n t   a l k a l i   r e s i s t a n c e   in   c o m b i n a t i o n   w i t h   a  
l o w l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   h a v i n g   a  b o i l i n g   w a t e r  
s h r i n k a g e   l o w e r   t h a n   t h a t   o f   t h e   h i g h l y - s h r i n k a b l e  
p o l y e s t e r   f i b e r   can   e x h i b i t   a  s a t i s f a c t o r y   b u l k i n e s s ,  
h a n d   and  g l o s s   e v e n   a f t e r   t h e   a l k a l i   w e i g h t - r e d u c i n g  
t r e a t m e n t   . 

In  t h e   b l e n d e d   y a r n ,   t h e   l o w l y - s h r i n k a b l e   f i b e r  
p r e f e r a b l y   has   a  b o i l i n g   w a t e r   s h r i n k a g e   n o t   h i g h e r   t h a n  
12%,  more   p r e f e r a b l y   4%  to   8%.  I f   t h e   b o i l i n g   w a t e r  
s h r i n k a g e   o f   t h e   l o w l y - s h r i n k a b l e   f i b e r   i s   h i g h e r   t h a n  
12%  t h e   r e s u l t i n g   b l e n d e d   y a r n   may  h a v e   a  h a r d   h a n d  
a f t e r   t h e   r e l a x i n g   h e a t   t r e a t m e n t ,   w h i l e   i t   may  b e  
d i f f i c u l t   to   p r e p a r e   a  l o w l y - s h r i n k a b l e   p o l y e s t e r   f i b e r  
h a v i n g   a  b o i l i n g   w a t e r   s h r i n k a g e   o f   l e s s   t h a n   4%. 

P r e f e r a b l y ,   t h e   d i f f e r e n c e   in   / b o i l i n g   w a t e r   s h r i n k -  

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

l e a s t   30%  and  t h e   . r a t i o   o f   t h e   m o n o f i l a m e n t   d e n i e r   (A) 

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

d e n i e r   (B)  of   t h e   l o w l y - s h r i n k a b l e   f i b e r   ( m o n o f i l a m e n t  

d e n i e r   r a t i o )   i s   a t   l e a s t   1 . 5 .   I f   t h e   d i f f e r e n c e   i n  

b o i l i n g   w a t e r   s h r i n k a g e   i s   l e s s   t h a n   30%,  t h e   b u l k i n e s s  

of   t h e   f i n a l l y   o b t a i n e d   f a b r i c   may  be  p o o r ,   and  i f   t h e  

m o n o f i l a m e n t   d e n i e r   r a t i o   i s   l e s s   t h a n   1 . 5 ,   t h e   f i n a l l y  

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

In  o r d e r   to   make  t h e   m a n i f e s t a t i o n   of   e v e n   b u l k i n e s s  

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

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

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

of   5  to   70  p e r   1  m e t e r .   I f   t h e   b l e n d e d   y a r n   has   l e s s  

t h a n   5  e n t a n g l e m e n t s   /m  t h e   b u l k i n e s s   of   t h e   r e s u l t i n g  

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

e x c e e d s   70  p e r   1  m e t e r   f l u f f s   and  l o o p s   may  e a s i l y   b e  

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

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

c a l l e d   as  f l a s h .  

In  o r d e r   to   o b t a i n   t h e   a b o v e - m e n t i o n e d   h i g h l y -  

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

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

p o l y e s t e r ,   p r e f e r a b l y   in   t h e   s t a t e   h e a t e d   a t   a  t e m p e r -  

a t u r e   h i g h e r   t h a n   2 9 0 ° C ,   s h o u l d   be  e x t r u d e d   i n   a  h e a t e d  

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

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

t a k e n   a t   a  h i g h   s p e e d   a f t e r   i t   ha s   b e e n   h e a t e d   a g a i n .  

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

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

e x t r u d e d   s h o u l d   be  m a i n t a i n e d   a t   a  l e v e l   h i g h e r   t h a n  

2 0 0 ° C .   I f   t h i s   a t m o s p h e r e   t e m p e r a t u r e   is   l o w e r   t h a n  

2 0 0 ° C ,   c r y s t a l l i z a t i o n   in  t h e   f i b e r   i s   a d v a n c e d   d u r i n g  

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

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

t h a n   30%.  I t   i s   p r e f e r r e d   t h a t   t h e   zone   o f   t h i s   h e a t e d  

a t m o s p h e r e   s h o u l d   e x t e n d   a l o n g   a  l e n g t h   o f   a t   l e a s t  
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v-,«,  ^ ^ ^ a i i j   a t   l e a s t   i s   cm,  t r om  t h e   s u r f a c e   o f  
t h e   s p i n n e r e t .  

The  y a r n   w h i c h   has   p a s s e d   t h r o u g h   t h e   zone   of   t h e  
h e a t e d   a t m o s p h e r e   i s j c o o l e d   and  s o l i d i f i e d   by  b l o w i n g  
c o o l i n g   a i r   to   t h e   y a r n ,   and  t h e   y a r n   i s   t h e n   h e a t e d  
a g a i n .   At  t h e   c o o l i n g   s t e p ,   i t   i s   p r e f e r r e d   t h a t  
c o o l i n g   a i r   be  b l o w n   to   t h e   y a r n   so  t h a t   t h e   y a r n  
t e m p e r a t u r e   i s   l o w e r   t h a n   Tg  +  40°C ,   e s p e c i a l l y   l o w e r  
t h a n   Tg  +  20  °C,  in  w h i c h   Tg  r e p r e s e n t s   t h e   g l a s s   t r a n s i -  
t i o n   t e m p e r a t u r e   of   t h e   p o l y e s t e r   c o n s t i t u t i n g   t h e   s p u n  
y a r n .   The  Tg  v a l u e   o f   a  p o l y e s t e r   i s   m e a s u r e d   by  t h e  
m e t h o d   d i s c l o s e d   in  t h e   s p e c i f i c a t i o n   of   D .S .   P a t e n t  
Ho.  2 , 5 5 6 , 2 9 5 ,   and  Tg  of   a m o r p h o u 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   i s   a b o u t   70°C .   I f   t h e   t e m p e r a t u r e   o f   t h e   y a r n  
to  be  r e - h e a t e d   i s   h i g h e r   t h a n   Tg  +  40  °C,  t h e   s u b s e q u e n t  
h e a t   t r e a t m e n t   by  r e - h e a t i n g   i s   h a r d l y   u n i f o r m l y   a c c o m -  
p l i s h e d ,   and  t h e r e f o r e ,   t h e   u n i f o r m i t y   of   t h e   o b t a i n e d  
p o l y e s t e r   f i b e r   i s   p o o r   and   u n e v e n n e s s   or  k i n k i n g   i s  
r e a d i l y   c a u s e d   in  a  f a b r i c   as  t h e   f i n a l   p r o d u c t .  
Z o o l i n g   o f   t h e   e x t r u d e d   y a r n   b e l o w   Tg  +  40°C  i s   a c c o m -  
p l i s h e d   by  b l o w i n g   c o o l i n g   a i r   m a i n t a i n e d   a t   20  to   1 0 ° C  
to  t h e   y a r n ,   w h i c h   has   p a s s e d   t h r o u g h   t h e   h e a t e d   a t m o s -  
p h e r e   j u s t   b e l o w   t h e   s u r f a c e   o f   t h e   s p i n n e r e t ,   a l o n g   a  
L e n g t h   o f   100  to   150  c m .  

R e - h e a t i n g   i s   a c c o m p l i s h e d   by  p a s s i n g   t h e   c o o l e d  
f a r n   in   an  a t m o s p h e r e   h e a t e d   a t   120  to   160°C  a l o n g   a  
L e n g t h   o f   80  to   200  cm  in  t h e   t r a v e l l i n g   d i r e c t i o n   o f  
:he  y a r n .   I f   t h e   t e m p e r a t u r e   o f   t h i s   a t m o s p h e r e   i s  
Lower  t h a n   1 2 0 ° C ,   t h e   b i r e f r i n g e n c e   ( o r i e n t a t i o n   d e g r e e )  
>f  t h e   o b t a i n e d   p o l y e s t e r   i s   l o w e r   t h a n   0 . 1 3 0 ,   a n d  
: h e r e f o r e ,   t h e   m e c h a n i c a l   p r o p e r t i e s   a r e   i n s u f f i c i e n t  
:or  t h e   y a r n   to  be  d i r e c t l y   woven  or   k n i t t e d .   I f   t h e  
: e m p e r a t u r e   of   t h e   a t m o s p h e r e   i s   h i g h e r   t h a n   1 6 0 ° C ,  
: r y s t a l l i z a t i o n   in   t h e   f i b e r   i s   a b r u p t l y   a d v a n c e d   d u r i n g  
:he  r e - h e a t i n g   o p e r a t i o n   and  t h e   b o i l i n g   w a t e r   s h r i n k a g e  
)f  t h e   o b t a i n e d   p o l y e s t e r   f i b e r   i s /   l e s s   t h a n   30%.  I f  
:he  l e n g t h   of   t h e   zone   o f   t h i s   r e - h e a t i n g   t r e a t m e n t   i s  
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s h o r t e r   t h a n   80  cm,  t h e   h e a t e d   t r e a t m e n t   t o r   t n e   y a r n   i s  

. n s u f   f i c i e n t ,   and  . t h e r e f o r e ,   t h e   b i r e f r i n g e n c e   (An)  o f  

;he  o b t a i n e d   p o l y e s t e r   f i b e r   i s   l o w e r   t h a n   0 . 1 3 0 .   I f  

:he  l e n g t h   o f   t h e   r e - h e a t i n g   zone   e x c e e d s   200  cm,  t h e  

space   of   t h e   r e - h e a t i n g   t r e a t m e n t   zone   i s   t o o   l a r g e   a n d  

:he  p r o c e s s   i s   i n d u s t r i a l l y   d i s a d v a n t a g e o u s .  

In  o r d e r   to   c a r r y   o u t   t h i s   r e - h e a t i n g   t r e a t m e n t   o n  

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

l a v i n g   a  l e n g t h   of   1  to   1 .5   m  be  d i p o s e d   b e l o w   t h e   z o n e  

3f  t h e   a t m o s p h e r e   m a i n t a i n e d   a t   a  t e m p e r a t u r e   h i g h e r  

than   200°C  and  l o c a t e d   j u s t   b e l o w   t h e   s p i n n e r e t   and  a  

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

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

c u n n i n g   y a r n   to   a  p r e d e t e r m i n e d   t e m p e r a t u r e .  

The  t e m p e r a t u r e   o f   t h e   a t m o s p h e r e   as  r e f e r r e d   t o  

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

t he   p o i n t   10  mm  a p a r t   f rom  t h e   r u n n i n g   y a r n .  

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

a g e n t   i s   a p p l i e d   to   t h e   r e - h e a t e d   y a r n ,   and  t h e   y a r n   i s  

t a k e n   up  by  g o d d e t   r o l l s   and  wound   by  a  w i n d e r .   T h e  

s p i n - t a k e   up  s p e e d   i s   4 , 0 0 0   to   6 , 0 0 0   m / m i n ,   p r e f e r a b l y  

4 , 5 0 0   to   6 , 0 0 0   m / m i n .   I f   t h e   t a k e - u p   s p e e d   i s   l o w e r  

t h a n   4 , 0 0 0   m / m i n ,   t h e   b i r e f r i n g e n c e   i s   l o w e r   t h a n   0 . 1 3 0 ,  

and  i f   t h e   t a k e - u p   s p e e d   i s   h i g h e r   t h a n   6 , 0 0 0   m / m i n ,   a  

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

t h r e a d a b i l i t y   a t   t h e   s t a r t   of   s p i n n i n g   or   t h e   w i n d i n g  

s t a b i l i t y   d u r i n g   s p i n n i n g   i s   d e g r a d e d   and  no  g o o d  

r e s u l t s   can  be  o b t a i n e d .  

In  t h e   p r e s e n t   i n v e n t i o n ,   i f   t h e   spun   y a r n   i s  

b u n d l e d   by  a  g u i d e   or   t h e   l i k e   b e f o r e   t h e   r e - h e a t i n g  

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

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

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

H o w e v e r ,   when  bad   i n f l u e n c e s   o f   t h e   f r i c t i o n a l   r e s i s t a n c e  

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

or   a  g u i d e   w h e r e   an  a p p r o p r i a t e   o i l i n g   a g e n t   i s   l e a k e d  

o u t   f rom  t h e   i n t e r i o r ,   t h e   y a r n   may  be  b u n d l e d .  



As  m e a n s   f o r   i m p a r t i n g   a  good   c o h e r e n c y   to   t h e  
y a r n ,   a  m e t h o d   in   w h i c h   a  t u r b u l e n t   f l o w   or   s w i r l i n g  
f l o w   of   a  gas   i s   c a u s e d   to   a c t   on  t h e   y a r n   b e f o r e  
w i n d i n g   or   a f t e r   a p p l i c a t i o n   o f   t h e   o i l i n g   a g e n t   t o  
a t t a i n   an  i n t e r l a c i n g   or  i n t e r t w i s t i n g   e f f e c t   i s   p r e f e r -  
a b l e   to   t h e   a b o v e - m e n t i o n e d   m e t h o d   u s i n g   a  g u i d e .  

By  b l e n d i n g   t h e   t h u s   o b t a i n e d   h i g h l y - s h r i n k a b l e  
p o l y e s t e r   f i b e r   h a v i n g   a  b o i l i n g   w a t e r   s h r i n k a g e   of   n o t  
l e s s   t h a n   30%  and  p r e f e r a b l y   o f   n o t   h i g h e r   t h a n   45%  w i t h  
a  l o w l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   h a v i n g   a  b o i l i n g  
t f a t e r   s h r i n k a g e   l o w e r   t h a n   t h a t   o f   t h e   h i g h l y - s h r i n k a b l e  
p o l y e s t e r   f i b e r ,   p r e f e r a b l y   o f   n o t   h i g h e r   t h a n   12%,  
t h e r e   can   be  o b t a i n e d   a  b l e n d e d   y a r n   e x h i b i t i n g   a  
s a t i s f a c t o r y   b u l k i n e s s   and  good   hand   and  g l o s s   e v e n  
a f t e r   t h e   a l k a l i   w e i g h t - r e d u c i n g   t r e a t m e n t .  

As  t h e   l o w l y - s h r i n k a b l e   f i b e r   u s a b l e   f o r   t h e  
s l e n d e d   y a r n ,   t h e r e   may  be  m e n t i o n e d   f i b e r s   o b t a i n e d   b y  
l i t h e r t o   known  m e t h o d s ,   f o r   e x a m p l e ,   t h e   s e p a r a t e  
I r a w i n g   m e t h o d   in   w h i c h   an  u n d r a w n   y a r n   o n c e   t a k e n   u p  
md  wound  a f t e r   m e l t   s p i n n i n g   i s   d r a w n   and  h e a t   s e t ,   t h e  
l i r e c t   s p i n - d r a w   m e t h o d   in   w h i c h   an  u n d r a w n   y a r n   t a k e n  
xp  o n t o   a  h e a t i n g   t a k e - u p   r o l l e r   i s   c o n t i n u o u s l y   d r a w n ,  
w i t h o u t   b e i n g   w o u n d ,   b e t w e e n   t h e   t a k e - u p   r o l l e r   and  a  
l e a t i n g   d r a w   r o l l e r ,   and  t h e   r u n n i n g   z o n e - h e a t i n g  
s p i n n i n g   m e t h o d   as  d i s c l o s e d ,   f o r   e x a m p l e ,   in   t h e  
s p e c i f i c a t i o n   o f   U .S .   P a t e n t   No.  4 , 3 8 8 , 2 7 5 ,   in   w h i c h   a  
' a rn   o n c e   c o o l e d   and  s o l i d i f i e d   a f t e r   m e l t   s p i n n i n g   i s  
l e a t e d   to   185  to   250°C  a l o n g   a  l e n g t h   o f   80  to   200  cm  i n  
:he  y a r n - r u n n i n g   d i r e c t i o n .   Of  t h e s e   m e t h o d s ,   t h e  
l i r e c t   s p i n - d r a w   m e t h o d   and  t h e   r u n n i n g   z o n e - h e a t i n g  
p i n n i n g   m e t h o d   a r e   p r e f e r r e d   in  v i e w   of   t h e i r   e x c e l l e n t  
p r o d u c t i v i t y .  

In  t h e   p r o c e s s   f o r   b l e n d i n g   t h e   h i g h l y - s h r i n k a b l e  
i b e r   w i t h   t h e   l o w l y - s h r i n k a b l e   f i b e r ,   i t   i s   p r e f e r r e d  
h a t   e n t a n g l e m e n t s   of   a  n u m b e r   o f   5  to   70  p e r   1  m e t e r   b e  
m p a r t e d   to   t h e   y a r n   by  a  c o m p r e s s e d   a i r   e n t a n g l i n g  
r e a t m e n t   u s i n g   an  c o m p r e s s e d   a i r   e n t a n g l i n g   a p p a r a t u s  
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s u c h   as  an  i n t e r l a c i n g   n o z z l e   Known  r rom  i s n t i s n   i - a t e m :  

No.  9 2 4 , 0 8 9 .  

The  b l e n d e d   y a r n   can  be  p r e p a r e d   e f f i c i e n t l y  

a c c o r d i n g   to   t h e   p r o c e s s   as  shown  in  F i g .   4.  F i g .   4  i s  

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

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

R e f e r r i n g   now  to   F i g .   4r  a  f i l a m e n t a r y   y a r n   3 

e x t r u d e d   f rom  a  s p i n   b l o c k   1  t h r o u g h   a  s p i n n e r e t   2  i n t o  

an  a t m o s p h e r e   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   n o t   l o w e r  

0  t h a n   200°C  and   c o o l e d   and  s o l i d i f i e d   in   a  c o o l i n g   a : . r  

c y l i n d e r   4  i s   d i v i d e d   i n t o   two  y a r n   b u n d l e s   3 ' ,   3"  b y  

b u n d l i n g   g u i d e s   5 ' ,   5" .   One  y a r n   b u n d l e   3'  p a s s e d  

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

h e a t e d   to   a  t e m p e r a t u r e   of   120  to   160  °C,  and  t h e   o t h e r  

5  y a r n   b u n d l e   3"  p a s s e s   t h r o u g h   a  h e a t i n g   c y l i n d e r   7  t h e  

a t m o s p h e r e   in   w h i c h   i s   h e a t e d   to   a  t e m p e r a t u r e   of  185  t o  

2 5 0 ° C .   The  y a r n   b u n d l e s   3 ' ,   3"  h e a t   t r e a t e d   in   t h e  

h e a t i n g   c y l i n d e r s   6,  7  a r e   a p p l i e d   w i t h   an  o i l i n g   a g e n t  

by  an  o i l i n g   d e v i c e   8,  c o m b i n e d   and  s u b j e c t e d   to  a  

20  c o m p r e s s e d   a i r   e n t a n g l i n g   t r e a t m e n t   by  an  i n t e r l a c i n g  

n o z z l e   9,  t a k e n   up  on  a  t a k e - u p   r o l l e r   10  a t   a  t a k e - u p  

s p e e d   of  4 , 0 0 0   to   6 , 0 0 0   m / m i n ,   and  t h e n   wound  by  a  

w i n d e r   1 1 .  

The  d i v i s i o n   of   t h e   y a r n   3  may  be  e f f e c t e d   b y  

25  p a s s i n g   a  f i l a m e n t a r y   y a r n   e x t r u d e d   f rom  one  s p i n n e r e t  

t h r o u g h   a  p l u r a l i t y   of   b u n d l i n g   g u i d e s   as  shown  i n  

F i g .   4  or   by  e x t r u d i n g   a  p l u r a l i t y   of   f i l a m e n t a r y   y a r n s  

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

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

30  or   b o t h   o f   t h e   h e a t i n g   c y l i n d e r s   6,  7  may  be  r e p l a c e d   b y  

a  s l i t   h e a t e r   or   t h e   l i k e ,   and  t h e   h e a t i n g   c y l i n d e r s   m a y  

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

The  r e a s o n s   why  a  b l e n d e d   y a r n   d i f f e r i n g   in  b o i l i n g  

w a t e r   s h r i n k a g e   can   be  o b t a i n e d   by  t h e   p r o c e s s   as  s h o w n  

35  in  F i g .   4  may  be  p r e s u m e d   as  f o l l o w s .  

At  t h e   h e a t i n g   c y l i n d e r s   6,  If,  when  t h e   y a r n s   o n c e  

c o o l e d   and   s o l i d i f i e d   a r e   r e - h e a t e d   in   t h e   h e a t i n g  
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c y l i n d e r s   and  r e a c h   a  t e m p e r a t u r e   c l o s e   to   t h e   t e m p e r -  
a t u r e   a t   w h i c h   t h e   m o l e c u l a r   m o b i l i t y   o f   t h e   p o l y m e r  
c o n s t i t u t i n g   t h e   f i l a m e n t a r y   y a r n   a p p e a r s   ( g l a s s   t r a n s i -  
t i o n   t e m p e r a t u r e   Tg)  /  The  m o l e c u l a r   o r i e n t a t i o n   i s  
e f f e c t e d   u n d e r   t h e   a c t i o n   o f   a  d r a w i n g   s t r e s s   c o r r e s p o n d -  
i n g   to   t h e   s t r e s s   due  to   t h e   f r i c t i o n   o f   t h e   y a r n   a n d  
a i r   p r o d u c e d   b e t w e e n   t h e   s p i n n e r e t   and  t h e   h e a t i n g  
c y l i n d e r ,   and  s i m u l t a n e o u s l y ,   c r y s t a l l i z a t i o n   in  t h e  
f i b e r   i s   a d v a n c e d .   H o w e v e r ,   s i n c e   in   t h e   y a r n   3'  w h i c h  

p a s s e s   t h r o u g h   t h e   h e a t i n g   c y l i n d e r   6  h a v i n g   an  a t m o s -  
p h e r e   t e m p e r a t u r e   m a i n t a i n e d   a t   120  to  160°C  and  i s  
t a k e n   up  a t   a  t a k e - u p   s p e e d   o f   4 , 0 0 0   to   6 , 0 0 0   m / m i n ,  
c r y s t a l l i z a t i o n   i s   n o t   a b r u p t l y   a d v a n c e d   w h i l e   t h e  
m o l e c u l a r   o r i e n t a t i o n   i s   a d v a n c e d   in  t h e   h e a t i n g  
c y l i n d e r   6  due  to   t h e   d r a w i n g   a c t i o n ,   t h e   y a r n   3 '  
b e c o m e s   an  a m o r p h o u s ,   h i g h l y - s h r i n k a b l e   f i b e r   h a v i n g   a  
h i g h   b o i l i n g   w a t e r   s h r i n k a g e   and  l a r g e   s h r i n k i n g   f o r c e .  
On  t h e   o t h e r   h a n d ,   s i n c e   in  t h e   y a r n   3"  w h i c h   p a s s e s  
t h r o u g h   t h e   h e a t i n g   c y l i n d e r   7  h a v i n g   an  a t m o s p h e r e  

t e m p e r a t u r e   of   185  to  250°C  h i g h e r   t h a n   t h a t   of   t h e  

h e a t i n g   c y l i n d e r   6,  t h e   m o l e c u l a r   o r i e n t a t i o n   due  to   t h e  

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

a r e   a d v a n c e d   in  t h e   h e a t i n g   c y l i n d e r   7,  t h e   y a r n   3 "  
b e c o m e s   a  c r y s t a l l i n e ,   l o w l y - s h r i n k a b l e   f i b e r   h a v i n g   a  
low  b o i l i n g   w a t e r   s h r i n k a g e   and   s m a l l   s h r i n k i n g   f o r c e .  

Thus  ,  by  b l e n d i n g   and  e n t a n g l i n g   t h e   h i g h l y -  
s h r i n k a b l e   f i b e r   and  t h e   l o w l y - s h r i n k a b l e   f i b e r   a t   t h e  

i n t e r l a c i n g   n o z z l e   9,  a  b l e n d e d   y a r n   l a r g e l y   d i f f e r i n g  
in  b o i l i n g   w a t e r   s h r i n k a g e   and  h a v i n g   a  h i g h   h a n d l e -  

a b i l i t y   can   be  o b t a i n e d .  

A c c o r d i n g   to   t h e   p r e p a r a t i o n   p r o c e s s   of   t h e   h i g h l y -  
s h r i n k a b l e   p o l y e s t e r   f i b e r   o f   t h e   p r e s e n t   i n v e n t i o n ,   a  
m o l t e n   p o l y e s t e r   i s   e x t r u d e d   in   a  h e a t e d   a t m o s p h e r e ,   t h e  
e x t r u d a t e   i s   c o o l e d   and  r e - h e a t e d   and  t h e   y a r n   i s   t a k e n  

up  a t   a  h i g h   s p e e d ,   and  t h e   r e - h e a t i n g   t e m p e r a t u r e   i s  
m a i n t a i n e d   a t   a  l e v e l   h i g h e r   t h a n   /the  t e m p e r a t u r e  
d i s c l o s e d   in   t h e   s p e c i f i c a t i o n   of   J a p a n e s e   U n e x a m i n e d  
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p a r e n t   f u o n c a t i o n   no.   6 0 - 2 5 9 6 1 6 .   By  t h e   d r a w i n g   a c t i o n  
a t   t h e   r e - h e a t i n g   . t r e a t m e n t ,   t h e   b i r e f r i n g e n c e   ( o r i e n t a -  
t i o n   d e g r e e )   of   t h e   o b t a i n e d   f i b e r   i s   f u r t h e r   i m p r o v e d .  
M o r e o v e r ,   t h e   u p p e r   l i m i t   o f   t h e   r e - h e a t i n g   t e m p e r a t u r e  

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

S i n c e   t h e   s o - o b t a i n e d   h i g h l y - s h r i n k a b l e   p o l y e s t e r  
10  f i b e r   has   a  h i g h   o r i e n t a t i o n   d e g r e e   even   t h o u g h   i t   i s  

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

L5  s e c t i o n   o f   t h e   s i n g l e   f i l a m e n t ,   c an   be  p r e v e n t e d .  
F u r t h e r m o r e ,   s i n c e   t h e   b l e n d e d   y a r n   o b t a i n e d   b y  

b l e n d i n g   t h e   a b o v e - m e n t i o n e d   h i g h l y - s h r i n k a b l e   p o l y e s t e r  
f i b e r   w i t h   a  p o l y e s t e r   f i b e r   o f   a  low  b o i l i n g   w a t e r  
s h r i n k a g e   s u c h   as  a  d r awn   and  h e a t   s e t   y a r n   has   a  

20  s a t i s f a c t o r i l y   l a r g e   d i f f e r e n c e   b e t w e e n   t h e   c o n s t i t u -  
t i o n a l   f i b e r s   and  t h e   h i g h l y - s h r i n k a b l e   f i b e r   has  a n  
a l k a l i   r e s i s t a n c e   c o m p a r a b l e   to   t h e   d r awn   and  h e a t   s e t  

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

25  t h e   b l e n d e d   o b t a i n e d   a f t e r   t h e   a l k a l i   w e i g h t - r e d u c i n g  
t r e a t m e n t   can   e x h i b i t   an  e x c e l l e n t   b u l k i n e s s   and  t h e  
good  h a n d   and  g l o s s .  

The  h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   of  t h e  
p r e s e n t   i n v e n t i o n   can  be  f e d   d i r e c t l y   to   t he   w e a v i n g   o r  

JO  k n i t t i n g   p r o c e s s   and ,   p a r t i c u l a r l y ,   i s   s u i t a b l e   f o r   t h e  
h i g h l y - s h r i n k a b l e   f i b e r   o f   a  s h r i n k a g e - d i f f e r i n g   f i b e r  
b l e n d e d   y a r n ,   s i n c e   t h e   f i b e r   i s   e x c e l l e n t   in  h e a t  
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   and  a l k a l i   r e s i s t a n c e .  
M o r e o v e r ,   t h e   h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   of  t h e  

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

The  c h a r a c t e r i s t i c s   as  m e n t i o n e d   h e r e i n   a r e   d e t e r -  
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-..-3  uuc  i u i i u w i n g   m e t n o a s .  
1.  B i r e f r i n g e n c e   (An) 

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

2.  B o i l i n g   W a t e r   S h r i n k a g e  
The  s a m p l e   i s   h e a t   t r e a t e d   in  b o i l i n g   w a t e r   a t  

100°C  f o r   30  m i n u t e s   in  t h e   u n r e s t r i c t e d   s t a t e ,   and  t h e  
b o i l i n g   w a t e r   s h r i n k a g e   i s   e x p r e s s e d   as  t h e   r a t i o   (%)  o f  
the  l e n g t h   s h r u n k   by  t h e   t r e a t m e n t   to  t h e   o r i g i n a l  
L e n g t h   o f   t h e   s a m p l e .  

3.  T h e r m a l   S t r e s s  
The  t h e r m a l   s t r e s s   i s   m e a s u r e d   u n d e r   c o n d i t i o n s  

5f  an  i n i t i a l   t e n s i o n   s t r e s s   of   1  d e n i e r / 3 9   g,  a  s a m p l e  
Length   of   10  cm  and  a  h e a t i n g   r a t e   o f   2 . 5 ° C / s e c   by  u s i n g  
i  t h e r m a l   s t r e s s   t e s t e r   (Model   K E - I I   s u p p l i e d   by  K a n e b o  
e n g i n e e r i n g   Co.  )  . 

4.  Number   o f   E n t a n g l e m e n t s  
The  s a m p l e   of   a  l e n g t h   of   1 .2   m  is   v e r t i c a l l y  

s u s p e n d e d   by  t y i n g   one  end  t h e r e o f   to   a  f i x e d   n a i l   a n d  
t p p l y i n g   a  l o a d   of   0 .2   g / d e   ( l o a d   of   0 .2   g  x  t o t a l  
l e n i e r )   to   t h e   o t h e r   e n d .   A  hook   h a v i n g   a  w e i g h t   o f  
.0  g / d e   (hook   w e i g h t   of   1 .0   g  x  t o t a l   d e n i e r )   i s  

. n s e r t e d   i n t o   t h e   c e n t e r   of   t h e   s a m p l e   f i l a m e n t a r y   y a r n  
e r t i c a l l y   s u s p e n d e d   and  a l l o w e d   to   f a l l   down  by  i t s   o w n  
' e i g h t .   When  t h e   hook   has   s t o p p e d   o w i n g   to   t h e   e n t a n g l e -  
l en t ,   t h e   hook   i s   a g a i n   i n s e r t e d   i n t o   t h e   y a r n   a t   a  
o i n t   of   1  mm  b e l o w   t h e   p o i n t   a t   w h i c h   t h e   hook   s t o p p e d  
nd  a  a l l o w e d   to   f a l l   down.  T h i s   p r o c e d u r e   i s   r e p e a t e d  
nd  t h e   n u m b e r   o f   s t o p s   i s   d e t e r m i n e d   o v e r   t h e   l e n g t h   o f  

m.  The  n u m b e r   o f   s t o p s   i s   t h e   number   o f   e n t a n g l e m e n t s .  
The  p r e s e n t   i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d  

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

E x a m p l e   1 

A  c h i p   o f   p o l y e t h y l e n e   t e r e p h t h a l a t e   h a v i n g   a n  
n t r i n s i c   v i s c o s i t y   of   0 . 6 4   ( h a v i n g   a  m e l t i n g   p o i n t   o f  
61°C  and  a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   o f   68°C)  w a s  
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m o l t e n   and   e x t r u d e d   in   an  a t m o s p h e r e   h a v i n g   a  l e n g t h   o f  

15  cm  and  m a i n t a i n e d   a t   a  t e m p e r a t u r e   shown  in   T a b l e   1 

( t h e   t e m p e r a t u r e   o f   t h e   a t m o s p h e r e   j u s t   b e l o w   t h e  

s p i n n e r e t )   f o r   a  s p i n n e r e t   h a v i n g   36  h o l e s ,   e a c h   h a v i n g  
< 

5  a  d i a m e t e r   of   0 . 2 7   mm,  and  in   a  zone   o f   1  m  b e l o w   t h i s  

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

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

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

a t m o s p h e r e   h a v i n g   a  l e n g t h   of   100  cm  to   r e - h e a t   t h e  

10  y a r n .   T h e n ,   an  o i l i n g   a g e n t   was  a p p l i e d   t o   t h e   y a r n   b y  

an  o i l i n g   r o l l e r   and  t h e   y a r n   was  t a k e n   up  by  a  p a i r   o f  

g o d d e t   r o l l e r s   to   o b t a i n   a  7 5 - d e n i e r   y a r n .  

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

( s p u n   p o l y m e r   t e m p e r a t u r e )   ,  t h e   t e m p e r a t u r e   of   t h e  

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

t h e   t a k e - u p   s p e e d   a r e   shown  in  T a b l e   I .   M o r e o v e r ,   t h e  

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

as  t h e   b i r e f r i n g e n c e   (An) ,   t h e   b o i l i n g   w a t e r   s h r i n k a g e ,  

t h e   t h e r m a l   s t r e s s   p e a k   t e m p e r a t u r e   (Tmax)  ,  t h e   t h e r m a l  

20  s t r e s s   p e a k   v a l u e   (TSTmax)  ,  t h e   s t r e n g t h   and  t h e   e l o n g a -  

t i o n ,   and  t h e   r e s u l t s   of   e v a l u a t i o n   of   t h e   hand   a n d  

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

o b t a i n e d   y a r n   a r e   shown  in  T a b l e   I .  
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N o t e  

S a m p l e s   of   Run  Nos .   5  t h r o u g h   7  a r e   s a m p l e 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 ,   w h i l e   s a m p l e s   of   R u n  
Nos .   1  t h r o u g h   4  and  ?8  t h r o u g h   16  a r e   c o m p a r a t i v e  

s a m p l e s .  

As  i s   a p p a r e n t   f rom  T a b l e   I ,   t h e   woven   f a b r i c s  

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

t h e   s c o p e   d e f i n e d   in   t h e   p r e s e n t   i n v e n t i o n   h a v e   n o  
k i n k i n g   o r   o t h e r   d e f e c t s   and  h a v e   a  good   h a n d .  

E x a m p l e   2 

P o l y e s t e r   f i b e r s   w e r e   p r e p a r e d   in  t h e   same  m a n n e r  
as  d e s c r i b e d   in   E x a m p l e   1  e x c e p t   t h a t   t h e   spun   p o l y e s t e r  

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

l e n g t h   o f   t h e   c o o l i n g   a i r - b l o w i n g   zone   ( c o o l i n g   l e n g t h )   , 
t h e   r e - h e a t i n g   t e m p e r a t u r e ,   t h e   l e n g t h   o f   t h e   r e - h e a t i n g  
zone   and   t h e   t a k e - u p   s p e e d   w e r e   c h a n g e d   as  shown  i n  
T a b l e   I I .   The  p h y s i c a l   p r o p e r t i e s   of   t h e   o b t a i n e d  

f i b e r s   ( y a r n s )   and  t h e   r e s u l t s   of   e v a l u a t i o n   o f   w o v e n  
f a b r i c s   a r e   shown  in  T a b l e   I I .  

f 
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N o t e  

S a m p l e s   o b t a i n e d   a t   Run  NOs.  17  t h r o u g h   23  a r e  

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

E x a m p l e   3  ' 

Each   o f   t h e   p o l y e s t e r   f i b e r s   shown  in   T a b l e   I  o f  

E x a m p l e   1  was  c o m b i n e d   w i t h   a  p o l y e t h y l e n e   t e r e p h t h a l a t e  

m u l t i - f i l a m e n t   y a r n   (30  d e / 2 4   f i l ,   b i r e f r i n g e n c e   o f  

0 . 1 5 9 ,   b o i l i n g   w a t e r   s h r i n k a g e   o f   8.6%)  and  t h e   c o m b i n e d  

y a r n   was  p a s s e d   t h r o u g h   an  i n t e r l a c i n g   a p p a r a t u s .   T h e  

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

h e a t   t r e a t m e n t   in  b o i l i n g   w a t e r   a t   1 0 0 ° C .   U n i f o r m   a n d  

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

f i b e r s   o f   Run  Nos .   5  t h r o u g h   7  w e r e   u s e d .   In  c a s e   o f  

t h e   p o l y e s t e r   f i b e r s   o f   Run  Nos .   8  t h r o u g h   10  w h e r e   t h e  

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

was  a d v a n c e d   and  t h e   b o i l i n g   w a t e r   s h r i n k a g e   was  l e s s  

t h a n   30%,  and  t h e r e f o r e ,   i n t e r l a c e d   y a r n s   p r e p a r e d   b y  

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

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

t h a n   0 . 1 3 0 ,   w h i c h   w e r e   o b t a i n e d   a t   Run  Nos .   1  t h r o u g h   4 ,  

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

u n e v e n   s h r i n k a g e   was  r e a d i l y   c a u s e d   and  s t r e a k i n g  

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

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

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

Nos .   11  t h r o u g h   13,   w e r e   u s e d ,   f l u f f s   and   l o o p s   w e r e  

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

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

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

by  t h e   s h r i n k i n g   h e a t   t r e a t m e n t   to   d e g r a d e   t h e   h a n d .  

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

t h e   p o l y e s t e r   f i b e r   of   Run  No.  15  w h e r e   t h e   s p i n n i n g  

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

l o w e r   t h a n   t h a t   o f   t h e   d r a w n   and  h e a t   s e t   y a r n ,   a n d  

t h e r e f o r e ,   t h e   b u l k i n e s s   was  l o s t   jand  t h e   hand   w a s  

d e g r a d e d .   The  p o l y e s t e r   f i b e r   h a v i n g   a  low  b i r e f r i n g -  
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s n c e ,   w h i c h   was  o b t a i n e d   a t   Run  No.  14  w h e r e   t h e   s p i n n i n g  

s p e e d   was  l ow,   was  r e a d i l y   d e f o r m e d ,   and  t h e   b o i l i n g  

w a t e r   s h r i n k a g e   was  low  and  t h e   hand   was  h a r d .   T h e  

p o l y e s t e r   f i b e r   o f   Run  No.  16  w h e r e   t h e   r e - h e a t i n g  

t r e a t m e n t   was  n o t   c a r r i e d   o u t   had   a  low  b o i l i n g   w a t e r  

s h r i n k a g e   . 
As  i s   a p p a r e n t   f rom  t h e   f o r e g o i n g ,   t h e   h i g h l y -  

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

p r e s e n t   i n v e n t i o n   has   a  v e r y   h i g h   b o i l i n g   w a t e r   s h r i n k -  

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

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

a p p e a r a n c e   and  h a n d   can   be  o b t a i n e d .   The  s t r e n g t h   a n  

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

and  when  t h e   y a r n   i s   h a n d l e d ,   t h e   y a r n   i s   n o t   d e f o r m e d  

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

I n c i d e n t a l l y ,   t h e   b u l k i n e s s   and  h a n d   w e r e   d e t e r m i n e d  

by  o r g a n o l e p t i c   e x a m i n a t i o n   by  s k i l l e d   w o r k e r s .  

E x a m p l e   4 

A c c o r d i n g   to   t h e   p r o c e s s   as  shown  in  F i g .   4,  a  c h i p  

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

v i s c o s i t y   of   0 . 6 4   ( h a v i n g   a  m e l t i n g   p o i n t   261°C  and  a  

g l a s s   t r a n s i t i o n   t e m p e r a t u r e   o f   68°C)  was  m o l t e n   and  w a s  

e x t r u d e d   a t   a  p o l y m e r   t e m p e r a t u r e   of   295°C  in  an  a t m o s -  

p h e r e   h a v i n g   a  l e n g t h   o f   15  cm  and  m a i n t a i n e d   a t   a  

t e m p e r a t u r e   shown  in  T a b l e   I I I   ( t h e   t e m p e r a t u r e   of   t h e  

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

h a v i n g   72  h o l e s ,   e a c h   h a v i n g   a  d i a m e t e r   o f   0 . 2 7   mm,  a n d  

in  a  zone   of   1  m  b e l o w   t h i s   a t m o s p h e r e ,   t h e   e x t r u d a t e  

was  c o o l e d   and  s o l i d i f i e d   by  b l o w i n g   c o o l i n g   a i r   t r a n s -  

v e r s e l y   to   t h e   e x t r u d a t e .   T h e n ,   t h e   y a r n   i s   d i v i d e d  

i n t o   two  f i l a m e n t a r y   y a r n s   e a c h   h a v i n g   36  f i l a m e n t s   a n d  

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

h a v i n g   a  l e n g t h   shown  in  T a b l e   I I I ,   a p p l i e d   w i t h   a n  

o i l i n g   a g e n t   on  an  o i l i n g   r o l l e r ,   and  s u b j e c t e d   to   a  

c o m p r e s s e d   a i r   i n t e r l a c i n g   t r e a t m e n t   on  an  i n t e r l a c i n g  

n o z z l e .   The  i n t e r l a c e d   and  c o m b i n e d   y a r n   was  t h e n   t a k e n  

up  by  a  p a i r   of   g o d d e t   r o l l e r s   and  wound  to   o b t a i n   a  
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1 5 0 - d e n i e r   y a r n .  
The  p h y s i c a l   . p r o p e r t i e s   of   t h e   y a r n s   a t   t h e   e x i t   o f  

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

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

5  a r e   shown  in   T a b l e   I I I .  
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N o t e  

The  s a m p l e s   of   Run  Nos .   24,   25  and  30  t h r o u g h   34  

a r e   c o m p a r a t i v e   s a m p l e s .  

As  i s   a p p a r e n t   f rom  T a b l e   I I I ,   t h e   f a b r i c   c o m p o s e d  

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

p r e s e n t   i n v e n t i o n   i s   e v e n   and  e x h i b i t s   a  good  b u l k i n e s s  

and  h a n d .  

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

The  same  p o l y e s t e r   as  u s e d   in   E x a m p l e   4  was  s p u n   a t  

a  s p i n - t a k e   up  s p e e d   o f   1 , 2 0 0   m / m i n .   The  spun   y a r n   w a s  

d r a w n   a t   a  d r a w   s p e e d   of   1 , 3 0 0   m / m i n   and  h e a t   s e t   a t  

200°C  to   o b t a i n   a  d r aw  y a r n   o f   75  d e / 3 6   f i l .   The  d r a w n  

y a r n   was  a  l o w l y - s h r i n k a b l e   f i b e r   h a v i n g   a  b i r e f r i n g e n c e  

(An)  of   0 . 1 6 4 ,   a  b o i l i n g   w a t e r   s h r i n k a g e   of   8%,  a  

s t r e n g t h   of   5  g / d e   and  an  e l o n g a t i o n   of   28%.  

A n o t h e r   d r a w n   y a r n   o b t a i n e d   by  r e p e a t i n g   t h e  

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

a t   200°C  was  n o t   e f f e c t e d   a t   t h e   d r a w i n g   s t e p   was  a  

h i g h l y - s h r i n k a b l e   f i b e r   h a v i n g   a  b i r e f r i n g e n c e   (An)  o f  

0 . 1 4 8 ,   a  b o i l i n g   w a t e r   s h r i n k a g e   o f   15%,  a  s t r e n g t h   o f  

4 .7   g / d e   and   an  e l o n g a t i o n   of   32%.  T h e s e   f i b e r s   w e r e  

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

on  an  i n t e r l a c i n g   n o z z l e   to   o b t a i n   a  b l e n d e d   y a r n   a n d  

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

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

E x a m p l e   4 . .  

The  o b t a i n e d   woven   f a b r i c   was  e v e n   h a v i n g   n o  

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

h a r d   h a n d .  

E x a m p l e   5 

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

o b t a i n e d   a t   Run  No.  27  in  T a b l e   I I I   of   E x a m p l e   4  w a s  

t r e a t e d   in   an  a q u e o u s   s o d i u m   h y d r o x i d e   s o l u t i o n   of   a  

c o n c e n t r a t i o n   o f   35  g / 1   a t   100°C  f o r   1  h o u r .   The  w e i g h t  

l o s s   of   t h e   t r e a t e d   f a b r i c   was  10%  by  w e i g h t .   T h e  

o b t a i n e d   f a b r i c   was  e v e n   and   had   a/'  good   b u l k i n e s s   a n d  

h a n d .  
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x  wwuij ja^xaui i ,   a  woven   r a b r i c   o b t a i n e d   by  u s i n g   a  
b l e n d e d   y a r n   c o m p o s e d   o f   t h e   d r a w n   and  h e a t   s e t   y a r n   a s  
u s e d   in   C o m p a r a t i v e   E x a m p l e   1  ( h a v i n g   a  b i r e f r i n g e n c e   o f  
0 . 1 6 4 ,   a  b o i l i n g   w a t e r   s h r i n k a g e   o f   8%,  a  s t r e n g t h   o f  

5  5  g / d e   and   an  e l o n g a t i o n   o f   28%)  a  POY  o b t a i n e d   b y  
t a k i n g   up  a t   a  s p i n - t a k e   up  s p e e d   o f   3 , 3 0 0   m/min   ( h a v i n g  
a  b i r e f r i n g e n c e   o f   0 . 0 4 5 ,   a  b o i l i n g   w a t e r   s h r i n k a g e   o f  
52%  a  s t r e n g t h   o f   2 . 4   g / d e   and  an  e l o n g a t i o n   o f   125%) 
was  s u b j e c t e d   to   an  a l k a l i   t r e a t m e n t   in   t h e   same  m a n n e r  

L0  as  m e n t i o n e d   a b o v e .   The  o b t a i n e d   f a b r i c   had   a  h a r d   h a n d  
and  t h e   s u r f a c e   o f   t h e   f a b r i c   was  r e a d i l y   w h i t e n e d   b y  
f r i c t i o n .   T h i s   p h e n o m e n o n   i s   due   to   t h e   f a c t   t h e   POY 
was  p r e f e r e n t i a l l y   r e d u c e d   in  w e i g h t   by  t h e   a l k a l i  
t r e a t m e n t   and  b e c a m e   r e a d i l y   f i b r i l l a t e d .  
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CLAIMS 

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

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

is  m a i n   r e c u r r i n g   u n t i s   and  h a v i n g   a  b i r e f r i n g e n c e   ( i n )  

Df  f rom  0 . 1 3 0   to   0 . 1 6 5 f   w h e r e i n   t h e   b o i l i n g   w a t e r  

s h r i n k a g e   i s   a t   l e a s t   30%  and  t h e   p e a k   t e m p e r a t u r e   a n d  

peak  v a l u e   o f   t h e   t h e r m a l   s t r e s s   a r e   90  to   105?C  and  a t  

L e a s t   0 . 4   g / d e f   r e s p e c t i v e l y .  

2.  A  h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   as  s e t  

f o r t h   in  c l a i m   1,  w h e r e i n   t h e   b i r e f r i n g e n c e   (An)  i s   n o t  

l e s s   t h a n   0 . 1 3 3 .  

3.  A  h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   as  s e t  

f o r t h   in   c l a i m   1,  w h e r e i n   t h e   b o i l i n g   w a t e r   s h r i n k a g e   i s  

n o t   h i g h e r   t h a n   4 5 % .  

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

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

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

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

m a i n t a i n e d   a t   a  t e m p e r a t u r e   n o t   l o w e r   t h a n   2 0 0 ° C ,  

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

a i r   to   t h e   e x t r u d a t e ,   t r a v e l l i n g   t h e   r e s u l t i n g   f i l a m e n t a r y  

y a r n   in   an  a t m o s p h e r e   h e a t e d   a t   120  to   160  °C  and  e x t e n d i n g  

a l o n g   a  l e n g t h   o f   80  to   200  cm  in  t h e   y a r n   t r a v e l l i n g  

d i r e c t i o n ,   and  t a k i n g   up  t h e   y a r n   a t   a  s p e e d   o f   4 , 0 0 0   t o  

6 , 0 0 0   m / m i n .  

5.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   4,  w h e r e i n   t h e  

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

n o t   l o w e r   t h a n   2 9 0 ° C .  

6.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   4,  w h e r e i n   t h e  

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

t a i n e d   a t   a  t e m p e r a t u r e   n o t   l o w e r   t h a n   200°C  e x t e n d s  

a l o n g   a  l e n g t h   o f   a t   l e a s t   13  cm  f rom  t h e   s u r f a c e   o f   t h e  

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

7.  A  p r o c e s s   as  s e t   f o r t h   in  c l a i m   4,  w h e r e i n   t h e  

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

by  b l o w i n g   c o o l i n g   a i r   m a i n t a i n e d   b e l o w   20  °c  a l o n g   a  

l e n g t h   o f   100  t o   150  cm  to   t h e   y a r n   w h i c h   has   p a s s e d  
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uiu_«jugn  t u e   a u n o s p n e r e   m a i n t a i n e d   a t   a  t e m p e r a t u r e   n o t  
l o w e r   t h a n   200  °C.  % 

8.  A  b l e n d e d   p o l y e s t e r   y a r n   c o m p r i s i n g   a  h i g h l y -  
s h r i n k a b l e   p o l y e s t e r   ' f i b e r   as  d e f i n e d   in   c l a i m   1  i n  
a d m i x t u r e   w i t h   a  l o w l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   h a v i n g  
a  b o i l i n g   w a t e r   s h r i n k a g e   l o w e r   t h a n   t h a t   o f   s a i d  
h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r .  

9.  A  b l e n d e d   p o l y e s t e r   y a r n   as  s e t   f o r t h   i n  
c l a i m   8,  w h e r e i n   t h e   b i r e f r i n g e n c e   o f   t h e   h i g h l y - s h r i n k -  
a b l e   p o l y e s t e r   f i b e r   i s   n o t   l e s s   t h a n   0 . 1 3 3 .  

10.  A  b l e n d e d   p o l y e s t e r   y a r n   as  s e t   f o r t h   i n  
c l a i m   8,  w h e r e i n   t h e   b o i l i n g   w a t e r   s h r i n k a g e   o f   t h e  
h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   i s   n o t   h i g h e r   t h a n  
45%.  

11.  A  b l e n d e d   p o l y e s t e r   y a r n   as  s e t   f o r t h   i n  
c l a i m   8,  w h e r e i n   t h e   b o i l i n g   w a t e r   s h r i n k a g e   of   t h e  
l o w l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   i s   n o t   h i g h e r   t h a n   12%.  

12.   A  b l e n d e d   p o l y e s t e r   y a r n   as  s e t   f o r t h   i n  
c l a i m   8,  w h e r e i n   t h e   d i f f e r e n c e   in  b o i l i n g   w a t e r   s h r i n k -  
age  b e t w e e n   t h e   h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   a n d  
the   l o w l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   i s   n o t   l e s s   t h a n  
30%. 

13.  A  b l e n d e d   p o l y e s t e r   y a r n   as  s e t   f o r t h   i n  
c l a i m   8,  w h e r e i n   t h e   r a t i o   (A/B)  o f   t h e   m o n o f i l a m e n t  
S e n i e r   (A)  o f   t h e   h i g h l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   t o  
bhe  m o n o f i l a m e n t   d e n i e r   (B)  o f   t h e   l o w l y - s h r i n k a b l e  
p o l y e s t e r   f i b e r   i s   n o t   l e s s   t h a n   1 . 5 .  

14.  A  b l e n d e d   p o l y e s t e r   y a r n   as  s e t   f o r t h   i n  
c l a i m   8f  w h e r e i n   t h e   b l e n d e d   y a r n   has   e n t a n g l e m e n t s .  

15.   A  b l e n d e d   p o l y e s t e r   y a r n   as  s e t   f o r t h   i n  
c l a i m   8,  w h e r e i n   t h e   n u m b e r   o f   t h e   e n t a n g l e m e n t s   i s   5  t o  
70  p e r   1  m e t e r .  

16.  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   o f   a  b l e n d e d  
p o l y e s t e r   y a r n ,   c o m p r i s i n g   b l e n d i n g   a  h i g h l y - s h r i n k a b l e  
p o l y e s t e r   f i b e r   h a v i n g   a  b o i l i n g   w a t e r   s h r i n k a g e   of   a t  
L e a s t   30%  and  o b t a i n e d   by  a  p r o c e s s   as  d e f i n e d   i n  
c l a i m   4  w i t h   a  l o w l y - s h r i n k a b l e   p o l y e s t e r   f i b e r   h a v i n g   a  
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b o i l i n g   w a t e r   s h r i n k a g e   l o w e r   t h a n   t h a t   of   s a i d   h i g h l y -  

s h r i n k a b l e   p o l y e s t e r   f i b e r .  

17.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   16,  w h e r e i n  

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

i s   n o t   l o w e r   t h a n   2 9 0 ° C .  

18.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   16,  w h e r e i n  

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

m a i n t a i n e d   a t   a  t e m p e r a t u r e   n o t   l o w e r   t h a n   200°C  e x t e n d s  

a l o n g   a  l e n g t h   o f   a t   l e a s t   13  cm  f rom  t h e   s u r f a c e   o f   t h e  

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

19.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   16,  w h e r e i n  

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

e f f e c t e d   by  b l o w i n g   c o o l i n g   a i r   m a i n t a i n e d   b e l o w   2 0 ° C  

a l o n g   a  l e n g t h   o f   100  to   150  cm  t o   t h e   y a r n   w h i c h   h a s  

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

n o t   l o w e r   t h a n   2 0 0 ° C .  

20.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   16,  w h e r e i n  

t h e   b o i l i n g   w a t e r   s h r i n k a g e   of   t h e   h i g h l y - s h r i n k a b l e  

p o l y e s t e r   f i b e r   i s   n o t   h i g h e r   t h a n   45%.  

21.  A  p r o c e s s   as  s e t   f o r t h   in  c l a i m   16,  w h e r e i n  

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

p o l y e s t e r   f i b e r   in   n o t   h i g h e r   t h a n   12%.  

22.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   16,  w h e r e i n  

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

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

a b l e   p o l y e s t e r   f i b e r   i s   n o t   l e s s   t h a n   30%. 

23.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   16,  w h e r e i n  

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

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

m e n t .  

24.  A  p r o c e s s   as  s e t   f o r t h   in   c l a i m   16,  w h e r e i n  

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

to   70  p e r   1  m e t e r .  
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