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f$  High  twist  polyester  multi-filament  yarn  and  fabric  made  therefrom. 

A  high  twist  polyester  multifilament  yarn  having  a  twist 
of  a  twist  multiplier  K  within  a  range  between  15,000  and 
25,000,  made  from  polyester  filaments  consisting  essentially 
of  a  copolymer  of  two  or  more  monomers  selected  from  the 
group  consisting  of  ethylene  terephthalate,  trimethylene 
terephthalate  and  tetramethylene  terephthalate  and/or  a 
blend  of  two  or  more  polymers  of  the  respective  monomers 
and  having  a  breaking  elongation  of  not  more  than  60% 
and  shrinkage  in  boiling  water  of  not  more  than  6%.  A 
woven  or  knitted  crepe  fabric  obtained  by  employing  such 
a  high  twist  yarn  has  a  desirable  pebble  configuration. 



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

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

G e n e r a l l y ,   woven   or   k n i t t e d   c r e p e   f a b r i c s   c o m p o s e d   o f  

h i g h   t w i s t   y a r n s   e x h i b i t   a  u n i q u e   hand   and  a p p e a r a n c e   w h e n  

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

u s e d .   V a r i o u s   t y p e s   of  woven  or   k n i t t e d   c r e p e   f a b r i c s  

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

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

p r o p o s e d .   In  a  t y p i c a l   m e t h o d ,   t h e   woven   or   k n i t t e d   c r e p e  
f a b r i c   a r e   p r o d u c e d   by  h i g h l y   t w i s t i n g :   p o l y e s t e r   f i l a m e n t  

y a r n s ;   t r e a t i n g   t h e   h i g h l y   t w i s t e d   y a r n s   a t   a  h i g h   t e m p e r -  
a t u r e   so  as  to   t e m p o r a r i l y   h e a t   s e t   t h e   t o r q u e ,   t h e r e b y  

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

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

f a b r i c   and  in   t h e   p r o c e s s   f o r   m a k i n g   t h e   woven  or   k n i t t e d  

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

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

so  as  to  r e l e a s e   t h e   t e m p o r a r i l y   s e t   u n t w i s t i n g   t o r q u e   o f  

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

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

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

H o w e v e r ,   t h i s   m e t h o d   c a n n o t   p r o d u c e   a  woven  or  k n i t t e d  

c r e p e   f a b r i c   h a v i n g   t h e   w e l l - d e f i n e d   p e b b l e   and  e x c e l l e n t  

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

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

a r e   t w i s t   s e t   a t   a  low  t e m p e r a t u r e ,   t h e   t e m p o r a r y   h e a t  

s e t t i n g   of  t h e   h i g h   t w i s t   y a r n s   i s   n o t   s a t i s f a c t o r y .   As  a  

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

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

f a b r i c   and  in  t h e   p r o c e s s   f o r   m a k i n g   t h e   woven  or   k n i t t e d  

f a b r i c   b e c o m e s   p o o r .   Or,   a  l a r g e   n u m b e r   of  s n a r l s   a r e  

g e n e r a t e d   d u r i n g   t h e   p r o c e s s   of   m a k i n g   t h e   woven  or   k n i t t e d  



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

woven  or  k n i t t e d   f a b r i c .  

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

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

s t r o n g .   In  t h i s   c a s e ,   h o w e v e r ,   h e a t   d e f o r m a t i o n   of  t h e  

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

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

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

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

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

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

woven  or   k n i t t e d   f a b r i c   to  be  u n e v e n .   For   t h e s e   r e a s o n s ,  

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

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

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

V a r i o u s   a t t e m p t s   h a v e   b e e n   made  to   o v e r c o m e   t h e  

a b o v e - m e n t i o n e d   p r o b l e m s .   One  a t t e m p t ,   d i s c l o s e d   i n  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  5 6 - 8 1 4 0 ,   c a l l e d   f o r  

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

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

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

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

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

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

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

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

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

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

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

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

t w i s t   s e t t i n g   p r o c e d u r e .  

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

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

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

t h e   h i g h   t w i s t   y a r n s   s o  a s   to   t w i s t   s e t   t h e m ,   and  c o n v e r t i n g  

t h e   r e s u l t a n t   y a r n s   i n t o   a  woven   or  k n i t t e d   f a b r i c .   T h i s  

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



f o r   t h e   t w i s t   s e t t i n g   of  t h e   h i g h   t w i s t   y a r n s .  
The  a b o v e - m e n t i o n e d   m e t h o d s   were   b a s e d   on  t he   d i s c o v e r y  

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

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

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

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

woven   or   k n i t t e d   f a b r i c .   T h e r e f o r e ,   t h e s e   m e t h o d s   d i d   n o t  

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

t w i s t   s e t t i n g   c a u s i n g   t h e   r e s u l t a n t   f a b r i c   to  e x h i b i t  

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

t e m p e r a t u r e   i n c r e a s e   and  c a u s i n g   an  u n e v e n n e s s   in   t w i s t  

s e t t i n g .  

Our  e x t e n s i v e   s t u d i e s   h a v e   shown  t h a t   t h e   a b o v e -  

- m e n t i o n e d   p r o b l e m s   can  be  s o l v e d   by  t h e   use   of  a  h i g h  

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

t e m p e r a t u r e .  
The  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   t w i s t   p o l y e s t e r  

m u l t i f i l a m e n t   y a r n   h a v i n g   a  t w i s t   of  a  t w i s t   m u l t i p l i e r   K 

w i t h i n   a  r a n g e   b e t w e e n   1 5 , 0 0 0   and  2 5 , 0 0 0 ;   made  f r o m  

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

of   two  or   more   m o n o m e r s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

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

t e t r a m e t h y l e n e   t e r e p h t h a l a t e   a n d / o r   a  b l e n d   of  two  or   m o r e  

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

of   n o t   more   t h a n   60%  and  a  s h r i n k a g e   in  b o i l i n g   w a t e r   o f  

n o t   more   t h a n   6%. 

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

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   may  be  o b t a i n e d   by  m e l t  

s p i n n i n g   a  c o p o l y m e r   of  two  or   more   m o n o m e r s   s e l e c t e d   f r o m  

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

t e r e p h t h a l a t e ,   and  t e t r a m e t h y l e n e   t e r e p h t h a l a t e   a n d / o r   a  

b l e n d   of  two  or  more  p o l y m e r s   of  t h e   m o n o m e r s .   The  a l k y l e n e  

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

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

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

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



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

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

and  t h e   b l e n d .   The  c o p o l y m e r   or   t h e   c o m b i n a t i o n   of  t h e  

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

on  t h e   t o t a l   w e i g h t ,   20%  to   90%  by  w e i g h t   of  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 ,   i . e . ,   c o p o l y m e r i z e d   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   in  t h e   c o p o l y m e r   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   in  t h e   b l e n d ,   and  80%  to  10%  by  w e i g h t   o f  

t r i m 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 ,   i . e . ,   c o p o l y m e r i z e d  

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

p o l y t r i m e t h y l e n e   t e r e p h t h a l a t e   in  t h e   b l e n d ,   a n d / o r  

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

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

p o l y t e t r a m e t h y l e n e   t e r e p h t h a l a t e   in  t h e   b l e n d .  

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

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

a  b r e a k i n g   e l o n g a t i o n   of  n o t   more   t h a n   60%  and  a  s h r i n k a g e  

in  b o i l i n g   w a t e r   of  n o t   more  t h a n   6%.  I f   t he   b r e a k i n g  

e l o n g a t i o n   i s   more   t h a n   60%,  t h e   y a r n   may  have   p o o r   h a n d l i n g  

in  t he   w e a v i n g   or  k n i t t i n g   s t e p   and  in   t h e   p r e p a r a t o r y   s t e p  

t h e r e o f .   A l s o ,   i f   t h e   b r e a k i n g   e l o n g a t i o n   i s   more   t h a n   60% 

or  t he   s h r i n k a g e   in  b o i l i n g   w a t e r   i s   more  t h a n   6%,  s a t i s -  

f a c t o r y   p e b b l i n g   e f f e c t   may  n o t   be  a t t a i n e d   due  to  t h e  

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

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

a l k y l e n e   t e r e p h t h a l a t e   p o l y m e r s   a n d / o r   c o p o l y m e r s .   T h e  

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

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

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

n o t   more  t h a n   5%  of   t h e   t o t a l   w e i g h t .  

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

t w i s t i n g   to  i m p a r t   a  h i g h   a  t w i s t   m u l t i p l i e r   K  w i t h i n   a  

r a n g e   b e t w e e n   1 5 , 0 0 0   and  2 5 , 0 0 0 .   The  t w i s t   m u l t i p l i e r   K  i s  

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

K  =  (Number   of  t w i s t   p e r   m e t e r )   x  Y d e n i e r  



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

t w i s t i n g   p r o c e d u r e .   The  a p p l i c a t i o n   of  s i z i n g   may  b e  

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

In  o r d e r   to  o b t a i n   a  d e e p e r   and  l a r g e r   p e b b l e   c o n f i g u r a t i o n ,  

i t   is   p r e f e r a b l e   to   a p p l y   s i z i n g   p r o c e s s   to  t he   p o l y e s t e r  

f i l a m e n t   y a r n s .   The  s i z i n g   a g e n t   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   may  be  s e l e c t e d   f rom  c o n v e n t i o n a l   s i z i n g   a g e n t s .  

P r e f e r a b l e   s i z i n g   a g e n t s   f o r   t h e   p r e s e n t   i n v e n t i o n   a r e  

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

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

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

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

to  t h e   p r e s e n t   i n v e n t i o n   may  be  t w i s t   s e t   a t   a  r e l a t i v e l y  

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

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

70°C  to  130°C  or   by  d r y   h e a t   s e t t i n g   a t   a  t e m p e r a t u r e   o f  

f rom  70°C  to  1 8 0 ° C .   T h a t   i s   to  s a y ,   in   a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n ,   a  h i g h   t w i s t   s e t t i n g   e f f e c t   can  b e  

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

r e l a t i v e l y   low  t e m p e r a t u r e .  

For   e x a m p l e ,   a  b l e n d   of  50%  by  w e i g h t   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   c h i p s   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  

w i t h   50%  by  w e i g h t   of  p o l y t e t r a m e t h y l e n e   t e r e p h t h a l a t e  

c h i p s   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 . 8 6   was  m e l t e d   a t   a  

t e m p e r a t u r e   of  290°C  to   p r e p a r e   a  dope   s o l u t i o n .   The  d o p e  

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

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

o i l e d ,   t h e y   w e r e   wound  up  a t   a  s p e e d   of   1 , 0 0 0   m / m i n u t e .  

The  r e s u l t a n t   u n d r a w n   f i l a m e n t s   we re   d r a w n   a t   a  s p e e d   o f  

800  m / m i n u t e   to   p r e p a r e   a  p o l y e s t e r   f i l a m e n t   y a r n   o f  

50  d e n i e r / 3 6   f i l a m e n t s   h a v i n g   a  d e n s i t y   of  1 . 3 3 2   g /cm3  a n d  

b r e a k i n g   e l o n g a t i o n   of   3 5 . 8 % .  

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

as  to  p r o v i d e   a  t w i s t   of   3 , 0 0 0   t u r n s / m   of  t h e   y a r n .   T h e  

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

p r o c e s s   a t   v a r i o u s   wet   h e a t   t e m p e r a t u r e s   f o r   30  m i n u t e s .  

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



t w i s t   n u m b e r   of  t h e   r e s u l t a n t   y a r n   was  d e t e r m i n e d   as  t h e  

u n t w i s t i n g   t o r q u e   of  t h e   r e s u l t a n t   y a r n .  

M e a s u r e m e n t   o f  d o u b l e   t w i s t   n u m b e r :  

A  l o a d   o f   2  m g / d e   was  s u s p e n d e d   f rom  t h e   m i d d l e  

p o r t i o n   of  a  h i g h   t w i s t   y a r n   h a v i n g   a  l e n g t h   of  100  cm 

w h i c h   had  b e e n   t w i s t   s e t .   The  e n d s   of  t h e   y a r n   were   j o i n e d  

t o g e t h e r   and  t h e   d o u b l e   t w i s t   n u m b e r   ( t u r n s / 5 0   cm)  o c c u r r e d  

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

t y p e   of  s e c o n d   t w i s t   w h i c h   i s   d e v e l o p e d   due  to  t h e   u n -  

t w i s t i n g   t o r q u e   of  t h e   h i g h   t w i s t   y a r n .   The  h i g h e r   t h e  

u n t w i s t i n g   t o r q u e ,   t h e   h i g h e r   t h e   d o u b l e   t w i s t   n u m b e r .  

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

50  d e n i e r / 3 6   f i l a m e n t   was  s u b j e c t e d   to   t h e   same  t w i s t i n g  

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

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

t w i s t   n u m b e r   of  t h e   r e s u l t a n t   y a r n   was  m e a s u r e d .   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   t w i s t   s e t t i n g   t e m p e r a t u r e   and  t h e  

d o u b l e   t w i s t   n u m b e r   i s   shown  in   F i g .   1.  In  F i g .   1,  t h e  

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

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

c o n v e n t i o n a l   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   y a r n .  
I t   i s   a p p a r e n t   f rom  F i g .   1  t h a t   w i t h   t h e   c o n v e n t i o n a l  

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

e f f e c t   i s   o b t a i n e d   a t   a  wet   h e a t   t e m p e r a t u r e   of  90°C  o r  

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

i n v e n t i o n ,   a  we t   h e a t   t e m p e r a t u r e   of  60°C  can  p r o v i d e   t h e  

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

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

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

t w i s t   s e t   y a r n   in  t h e   w e a v i n g   or  k n i t t i n g   p r o c e s s .  
The  r e a s o n   why  t h e   p o l y e s t e r   f i l a m e n t   y a r n   a c c o r d i n g  

to  t he   p r e s e n t   i n v e n t i o n   can   be  t e m p o r a r i l y   t w i s t   s e t   a t  

s u c h   a  low  t e m p e r a t u r e   i s   b e l i e v e d   to  be  as  f o l l o w s :   T h e  

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

may  h a v e   an  e x c e l l e n t   t w i s t   s e t t i n g   a b i l i t y ,   b e c a u s e   e s t e r  



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

e t h y l e n e   t e r e p h t h a l a t e - t e t r a m e t h y l e n e   t e r e p h t h a l a t e ,  

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

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

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

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

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

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

e x c e l l e n t   t w i s t   s e t t i n g   a b i l i t y .  

In  o r d e r   t h a t   t h e   p o l y e s t e r   f i l a m e n t   y a r n   has   a  m o r e  

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

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

t h e   p o l y e s t e r   f i l a m e n t   y a r n   h a v e   a  t e m p e r a t u r e   (Tf)   of   2 2 0 ° C  

to  255°C  a t   w h i c h ,   on  a  s h r i n k a g e   s t r e s s - t e m p e r a t u r e   c u r v e ,  

t h e   s h r i n k a g e   s t r e s s   of  t h e   f i l a m e n t s   b e c o m e s   e q u a l   to  z e r o  

due  to  t he   f u s i o n .  

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

f i l a m e n t   y a r n   h a v e   a  d e n s i t y   of  1 . 3 0 0   g /cm3  or   m o r e .   S u c h  

p o l y e s t e r   f i l a m e n t   y a r n   can   be  o b t a i n e d   by  s u b j e c t i n g   s p u n  
f i l a m e n t s   to  a  d r a w i n g   p r o c e d u r e   or   by  c a r r y i n g   o u t   a  h i g h  

s p e e d   m e l t   s p i n n i n g   a t   a  s p e e d   of  f rom  3 , 0 0 0   to   3 , 5 0 0   m / m i n  

or  m o r e .   Where   t h e   d e n s i t y   of  t h e   p o l y e s t e r   f i l a m e n t   y a r n  
i s   l o w e r   t h a n   1 . 3 0 0   g / c m 2 ,   t h e   r e s u l t a n t   woven  or   k n i t t e d  

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

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

f i l a m e n t   y a r n   i s   c o m p r i s e d   of   3%  to  15%  by  w e i g h t   of  a  

n o n c r y s t a l l i n e   p o l y m e r ,   t h e   r e s u l t i n g   y a r n   can   have   a  v e r y  
e x c e l l e n t   t w i s t   s e t t i n g   a b i l i t y .   T h u s ,   t h e   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  h i g h   t w i s t   p o l y e s t e r   m u l t i -  

f i l a m e n t   y a r n   h a v i n g   a  t w i s t   of  a  t w i s t   m u l t i p l i e r   K  w i t h i n  

a  r a n g e   b e t w e e n   1 5 , 0 0 0   and  2 5 , 0 0 0 ;   made  f rom  p o l y e s t e r  

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

or   more  m o n o m e r s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

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

t e t r a m e t h y l e n e   t e r e p h t h a l a t e   a n d / o r   a  b l e n d   of  two  or   m o r e  

p o l y m e r s   of  s a i d   m o n o m e r s   b l e n d e d   w i t h   3  to  15%  by  w e i g h t ,  

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



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

n o t   more   t h a n   60%  and  a  s h r i n k a g e   in  b o i l i n g   w a t e r   of  n o t  

more   t h a n   6%. 

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

e m p l o y e d   t h o s e   h a v i n g   a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of   7 0 ° C  

to   1 1 0 ° C ,   more   p r e f e r a b l y   s t y r e n e   p o l y m e r s   and  m e t h a c r y l a t e  

p o l y m e r s .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  woven  o r  

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

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

t w i s t   m u l t i p l i e r   K  w i t h i n   a  r a n g e   b e t w e e n   1 5 , 0 0 0   a n d  

2 5 , 0 0 0 ,   made  f rom  p o l y e s t e r   f i l a m e n t s   c o n s i s t i n g   e s s e n -  

t i a l l y   of  a  c o p o l y m e r   of  two  or   more  m o n o m e r s   s e l e c t e d   f r o m  

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

m e t h y l e n e   t e r e p h t h a l a t e ,   and  t e t r a m e t h y l e n e   t e r e p h t h a l a t e  

a n d / o r   a  b l e n d   of  two  or   more  p o l y m e r s   of  t h e   r e s p e c t i v e  

m o n o m e r s .  

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

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

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

s t e p s   o f :  

s u b j e c t i n g   a  c o p o l y m e r   of  two  or   more  m o n o m e r s  

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

p h t h a l a t e ,   t r i m e t h y l e n e   t e r e p h t h a l a t e ,   and  t e t r a m e t h y l e n e  

t e r e p h t h a l a t e   a n d / o r   a  b l e n d   of  two  or   more   p o l y m e r s   of  t h e  

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

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

w a t e r   of  n o t   more   t h a n   6%,  a  d e n s i t y   of  n o t   l e s s   t h a n  

1 . 3 0 0   g / c m 3 ,   and  a  b r e a k i n g   e l o n g a t i o n   of   n o t   more  t h a n  

60%;  

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

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

r a n g e   b e t w e e n   1 5 , 0 0 0   and  2 5 , 0 0 0   to   t h e   y a r n ;  

s u b j e c t i n g   t h e   h i g h   t w i s t   y a r n   to   t w i s t   s e t t i n g ;  

p r e p a r i n g   a  woven  or   k n i t t e d   f a b r i c   c o n s i s t i n g   o f  

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

y a r n ;   and  t h e n ,  



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

p e b b l i n g .  

The  h i g h   t w i s t   y a r n   of  t h e   p r e s e n t   i n v e n t i o n   e x h i b i t -  

i ng   an  e x c e l l e n t   t w i s t   s e t t i n g   p r o p e r t y   a t   a  low  t e m p e r a t u r e  

i s   c o n v e r t e d   i n t o   a  woven   or   k n i t t e d   f a b r i c   in  t h e   s a m e  

m a n n e r   as  m e n t i o n e d   a b o v e .   The  woven   or  k n i t t e d   f a b r i c   i s  

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

a t   a  t e m p e r a t u r e   of  f rom  80°C  to  1 0 0 ° C ,   in  a  wet   h e a t i n g  

a t m o s p h e r e   a t   a  t e m p e r a t u r e   of   f rom  80°C  to  1 5 0 ° C ,   or  in   a  

d r y   h e a t i n g   a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  f rom  100°C  t o  

2 0 0 ° C .   A f t e r   t h e   p e b b l i n g   t r e a t m e n t   i s   c o m p l e t e d ,   a n  

e x c e l l e n t   woven  or   k n i t t e d   c r e p e   f a b r i c   i s   o b t a i n e d .  

T h a t   i s ,   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   u s e  

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

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

h a v i n g   an  e x c e l l e n t   p e b b l e   w h i c h   has   n o t   b e e n   o b t a i n e d  

h i t h e r t o   f o r .   As  d e s c r i b e d   a b o v e ,   t h e   e x c e l l e n t   t w i s t  

s e t t i n g   p r o p e r t y   i s   c o n s i d e r e d   to  be  due  to  t he   c o p o l y -  

m e r i z e d   p o r t i o n   of  t h e   y a r n   or  t h e   b e h a v i o r   of  t h e   m o l e c u l a r  

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

y a r n .   On  t h e   o t h e r   h a n d ,   t h e   e x c e l l e n t   p e b b l i n g   p r o p e r t y  

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

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

t e r e p h t h a l a t e .  

As  i s   d e s c r i b e d   a b o v e ,   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   p o l y e s t e r   f i l a m e n t   y a r n   of   t he   p r e s e n t  
i n v e n t i o n   can   be  t w i s t   s e t   a t   a  low  t e m p e r a t u r e   w h i l e   i t   i s  

in  h i g h l y   t w i s t e d   s t a t e ,   s u c h   a  low  t e m p e r a t u r e   t w i s t  

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

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

h a n d l i n g .   The  woven   or   k n i t t e d   f a b r i c   p r e p a r e d   f rom  t h e  

t w i s t   s e t   y a r n   e x h i b i t s   no  u n e v e n n e s s   in   w i d t h   and  i n  

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

p r o d u c i n g   a  h i g h   r e d u c t i o n   in  w i d t h .   P a r t i c u l a r l y ,   t h e  

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

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

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



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

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

r a t i o n   i s   o b t a i n e d .  

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

woven  c r e p e   f a b r i c   may  a l s o   be  p r e p a r e d   by  a  p r o c e s s   c o m -  

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

w e a v i n g   a  m i x e d   f a b r i c   e m p l o y i n g   (A)  a  p o l y e s t e r  

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

n o t   more  t h a n   8%  and  a  b i r e f r i n g e n c e  A n   of  0 . 0 5   to   0 . 1 1   a n d  

(B)  a  h i g h   t w i s t   p o l y e s t e r   m u l t i f i l a m e n t   y a r n   h a v i n g   a  

t w i s t   of  a  t w i s t   m u l t i p l i e r   K  w i t h i n   a  r a n g e   b e t w e e n   1 5 , 0 0 0  

and  2 5 , 0 0 0 ,   made  f rom  p o l y e s t e r   f i l a m e n t s   c o n s i s t i n g  

e s s e n t i a l l y   of  a  c o p o l y m e r   of  two  of  more   m o n o m e r s   s e l e c t e d  

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

m e t h y l e n e   t e r e p h t h a l a t e ,   and  t e t r a m e t h y l e n e   t e r e p h t h a l a t e  

a n d / o r   a  b l e n d   of  two  or  more   p o l y m e r s   of  t h e   r e s p e c t i v e  

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

more   t h a n   6%,  a  d e n s i t y   of  n o t   l e s s   t h a n   1 . 3 0 0   g /cm3  and  a  

b r e a k i n g   e l o n g a t i o n   of  n o t   more   t h a n   60%;  and  t h e n ,  

s u b j e c t i n g   t h e   woven  f a b r i c   to  p e b b l i n g .  

I t   ha s   f u r t h e r   b e e n   f o u n d   t h a t   t h e   u se   of  a  y a r n   o f  

t h e   t y p e   (A)  a b o v e   as  a  warp   or   f i l l i n g   and  y a r n   of  t h e  

t y p e   (B)  a b o v e   as  a  f i l l i n g   or   w a r p ,   r e s p e c t i v e l y ,   e n a b l e s  

an  e x c e l l e n t   woven   c r e p e   f a b r i c ,   s u c h   as  c r e p e ,   s t r i p e d  

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

c o n f i g u r a t i o n   as  a p p e a r s   on  a  s i l k   c r e p e   f a b r i c .   T h a t   i s  

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

p r o p e r t y   and  p e b b l e   c o n f i g u r a t i o n   can   be  p r e p a r e d ,   a c c o r d -  

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

by  r e d u c i n g   t h e   r e s t r i c t i n g   f o r c e   of  t h e   wa rp   or  f i l l i n g   o f  

t h e   t y p e   (A)  y a r n   w i t h   r e s p e c t   to  t h e   f i l l i n g   or   warp   o f  

t h e   t y p e   (B)  y a r n   so  t h a t   t h e   t o r q u e   of   t h e   t y p e   (B)  y a r n  
can   e a s i l y   be  d e v e l o p e d .  

I f   t h e   s h r i n k a g e   in  b o i l i n g   w a t e r   of  t h e   t y p e   (A)  y a r n  
i s   more  t h a n   8%,  t h e   s h r i n k a g e   of  t h e   t y p e   (A)  y a r n   m a y  
b e c o m e   l a r g e   and  i n c r e a s e   t h e   r e s t r i c t i n g   f o r c e   w i t h  

r e s p e c t   to   t h e   t y p e   (B)  y a r n .   I f   t h e   b i r e f r i n g e n c e   i s   l e s s  



t h a n   0 . 0 5 ,   t h e   s h r i n k a g e   in  b o i l i n g   w a t e r   i s   t oo   h i g h   a n d  

t h e   t y p e   (A)  y a r n   has   t h e   same  d r a w b a c k   as  m e n t i o n e d   a b o v e .  

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

0 . 1 1 ,   t h e   t y p e   (A)  y a r n   may  h a v e   a  t oo   h i g h   f l e x u r a l  

s t i f f n e s s   and  p r e v e n t   t h e   t y p e   (B)  y a r n   f rom  s a t i s f a c t o r i l y  

d e v e l o p i n g   t h e   t o r q u e .  

The  y a r n   of   t h e   t y p e   (A)  may  be  o b t a i n e d   by  v a r i o u s  

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

o r d i n a r y   s k i l l   in   t h e   a r t .  

For   e x a m p l e ,   t h e   y a r n   can   be  p r e p a r e d   by  t a k i n g   u p  

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

i n t r i n s i c   v i s c o s i t y   of  0 .5   to   0 . 8   a t   a  s p e e d   of  n o t   l e s s  

t h a n   4 , 5 0 0   m / m i n .   H o w e v e r ,   t h e   o p t i m u m   t a k i n g   up  s p e e d   m a y  

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

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

c o m p o n e n t   c o n t a i n e d   in   t h e   p o l y m e r ,   or   t h e   l i k e .  

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

them  to  100°C  to   2 5 0 ° C ,   and  f i n a l l y   t a k i n g   them  up  a t   a  

s p e e d   of   1 , 5 0 0   to   4 , 5 0 0   m / m i n .   The  y a r n   can   be  p r e p a r e d   b y  

a n o t h e r   m e t h o d   w h e r e i n   a  y a r n   of   u n d r a w n   f i l a m e n t s   t a k e n   u p  
a t   a  s p e e d   of  2 , 5 0 0   to   4 , 0 0 0   m / m i n   i s   s u b j e c t e d   to  t h e r m a l  

r e l a x a t i o n   by  2%  to   8%  a t   a  t e m p e r a t u r e   of   n o t   l o w e r   t h a n  

150°C  and  t h e n   s u b j e c t e d   to  low  t e m p e r a t u r e   d r a w i n g   a t   a  

d r a w   r a t i o   of   1 . 2   to   1 . 5 .   The  y a r n   can   be  p r e p a r e d   by  a  

f u r t h e r   m e t h o d   w h e r e i n   a  y a r n   of   u n d r a w n   f i l a m e n t s   t a k e n   u p  
a t   a  s p e e d   of   1 , 0 0 0   to   2 , 5 0 0   m/min   i s   d r a w n   a t   a  r a t i o   o f  

a b o u t   2 . 0 ,   t h e r m a l l y   r e l a x e d   by  2%  to   8%  a t   a  t e m p e r a t u r e  

of   n o t   l o w e r   t h a n   1 5 0 ° C ,   and  t h e n   d r a w n   a t   a  low  t e m p e r -  

a t u r e   a t   a  r a t i o   of  1 .2   to   1 . 5 .  

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

t h e   f o l l o w i n g   n o n l 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 

B l e n d s   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   c h i p s   h a v i n g   a n  

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

t e r e p h t h a l a t e   c h i p s   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 . 8 6  

a t   v a r i o u s   p r o p o r t i o n s   were   p r e p a r e d .   Each   b l e n d   w a s  



m e l t e d   a t   a  t e m p e r a t u r e   of  f rom  285°C  to  295°C  to   p r e p a r e   a  

dope   s o l u t i o n .   The  dope   s o l u t i o n   was  e x t r u d e d   t h r o u g h   a  

s p i n n e r e t   h a v i n g   72  h o l e s .  

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

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

wound  up  a t   a  s p e e d   of  1 , 0 0 0   m / m i n .   The  u n d r a w n   f i l a m e n t s  

were   d r a w n   and  wound  up  a t   a  s p e e d   of   800  m/min   by  means   o f  

a  u s u a l   m e t h o d .   The  r e s u l t a n t   d r a w n   y a r n   of  100  d e n i e r / 7 2  

f i l a m e n t s   was  t w i s t e d   by  means   of  an  I t a l i a n   t w i s t i n g  

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

S2500   t u r n s / m .   T h e n ,   t h e   t w i s t e d   y a r n   was  s u b j e c t e d   to   a  

t w i s t   s e t t i n g   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  70°C  f o r  

30  m i n u t e s   by  means   of  a  v a c u u m   s e t t e r .  

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

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

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

t w i s t   s e t   y a r n   when  i m m e r s e d   in   b o i l i n g   w a t e r   a r e   shown  i n  

T a b l e   1.  The  d o u b l e   t w i s t   n u m b e r   ( T / 5 0   cm)  in   b o i l i n g  

w a t e r   was  d e t e r m i n e d   by  s u s p e n d i n g   a  l o a d   o f   2  m g / d e   f r o m  

t h e   m i d d l e   p o r t i o n   of  t h e   h i g h   t w i s t   y a r n   h a v i n g   a  l e n g t h  
of  100  cm,  by  j o i n i n g   t o g e t h e r   t h e   e n d s   of  t h e   y a r n ,   and  b y  

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

M o r e o v e r ,   t h e   y a r n   was  e v a l u a t e d   f o r   w e a v i n g   p r o p e r t y  

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

y a r n   i n t o   a  woven  f a b r i c   and  in   t h e   p r o c e s s   f o r   w e a v i n g )  

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

T a b l e   1 .  





E x a m p l e   2 

Each   of  t h e   d r a w n   y a r n s   as  p r e p a r e d   in   E x a m p l e   1  w a s  

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

of  2 , 8 0 0   t u r n s / m .   The  t w i s t e d   y a r n   was  s u b j e c t e d   to   a  

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

c a r r i e d   o u t   f o r   30  m i n u t e s   by  means   of  a  v a c u u m   s e t t e r   a t   a  

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

y a r n   was  50  t u r n s / 5 0   cm  or   l e s s ,   w h i c h   t e m p e r a t u r e   had  b e e n  

p r e l i m i n a r i l y   d e t e r m i n e d   in   a  l a b o r a t o r y .  

The  w e a v i n g   p r o p e r t y   and  t h e   p e b b l i n g   p r o p e r t y   of   t h e  

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

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

shown  in   T a b l e   2 .  





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

shown  i n   T a b l e   2  was  d e t e r m i n e d   a c c o r d i n g   to  t h e   f o l l o w i n g  

e q u a t i o n .   The  h i g h e r   t h e   w i d t h   r e d u c t i o n  p e r c e n t a g e ,   t h e  

b e t t e r   t h e   p e b b l i n g   p r o p e r t y .  

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

in  b o i l i n g   w a t e r   and  t h e   u n t w i s t i n g   t o r q u e   a f t e r   t h e   t w i s t  

s e t t i n g ,   as  shown  in   T a b l e   2,  i n d i c a t e s   an  a b i l i t y   to   f o r m  

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

a b i l i t y .  

E x a m p l e   3 

A  b l e n d   of   50%  by  w e i g h t   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  

c h i p s   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   w i t h   50%  b y  

w e i g h t   of  p o l y t e t r a m 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   o f   0 . 8 6   was  p r e p a r e d .   The  b l e n d   w a s  

m e l t e d   a t   a  t e m p e r a t u r e   of  290°C   to   p r e p a r e   a  dope   s o l u t i o n .  

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

24  h o l e s .  

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

u s u a l  c o n d i t i o n s ,   a f t e r   w h i c h   t h e   r e s u l t a n t   f i l a m e n t s   w e r e  
t a k e n   up  a t   a  s p e e d   of  1 , 0 0 0   c m / m i n .  

The  u n d r a w n   f i l a m e n t s   we re   d r a w n   a t   v a r i o u s   d raw  r a t i o  

to   p r e p a r e   y a r n s   Nos .   1,  2,  3,  and  5,  e a c h   h a v i n g   a  d i f -  

f e r e n t   d e n s i t y .  

S e p a r a t e l y ,   a  b l e n d   c o n s i s t i n g   of  50%  by  w e i g h t   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   c h i p s   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 ,   25%  by  w e i g h t   of  p o l y t e t r a m e t h y l e n e  

t e r e p h t h a l a t e   c h i p s   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 . 8 6  

and  25%  by  w e i g h t   of   p o l y t r i m e t h y l e n e   t e r e p h t h a l a t e   c h i p s  

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   o f   0 . 9 6 ,   was  p r e p a r e d .   T h e  

b l e n d   was  m e l t e d   a t   a  t e m p e r a t u r e   of  285°C  to  p r e p a r e   a  

dope   s o l u t i o n .   The  dope   s o l u t i o n   was  e x t r u d e d   in   a  s i m i l a r  

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

w e r e   d r a w n   to  p r e p a r e   y a r n s   Nos .   4  and  6,  e a c h   h a v i n g   a  



d i f f e r e n t   d e n s i t y .  

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

50  d e n i e r / 2 4   f i l a m e n t s   was  s u b j e c t e d   to  a  h i g h   t w i s t i n g  

p r o c e d u r e   (S  and  Z  t w i s t )   to   p r o v i d e   t w i s t e d   y a r n s   e a c h  

h a v i n g   a  t w i s t   o f   3 , 0 0 0   t u r n s / m .   The  h i g h   t w i s t   y a r n s   w e r e  

h e a t   t r e a t e d   a t   a  wet   h e a t   t e m p e r a t u r e   of  70°C  f o r   30  

m i n u t e s   to   t e m p o r a r i l y   s e t   t h e   t w i s t s   of  t h e   y a r n .   T h e  

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

warp   d e n s i t y   o f   3 2 / c m   of  a  w e f t   d e n s i t y   of   37 /cm  a n d  

c o m p r i s i n g   two  S  t w i s t   y a r n s   and  two  Z  t w i s t   y a r n s   a l t e r -  

n a t e l y .   The  a c t i n g   r e e d   w i d t h   was  120  cm,  t h e   w a r p i n g  

l e n g t h   was  55  m,  and  t h e   f a b r i c   l e n g t h   was  50  m .  

T h e n ,   t h e   r e s u l t a n t   g r a y   f a b r i c   was  s u b j e c t e d   to  a  

p e b b l i n g   p r o c e d u r e   in  h o t   w a t e r   a t   a  t e m p e r a t u r e   of  9 8 ° C  

f o r   30  m i n u t e s   by  means   of  a  r o t a r y   w a s h e r   in  a c c o r d a n c e  

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

t h e   p e b b l i n g   p r o c e d u r e   and  t h e   p e b b l i n g   p r o p e r t y   of  t h e  

f a b r i c   a r e   i n d i c a t e d   in   T a b l e   3 .  





E x a m p l e   4 

B l e n d s   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   c h i p s   ( d r i e d   a t  

160°C  f o r   4  h o u r s )   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  

c o n t a i n i n g   0 .05%  by  w e i g h t   of  T i02   as  f l a t t i n g   a g e n t   w i t h  

p o l y t e t r a m e t h y l e n e   t e r e p h t h a l a t e   c h i p s   ( d r i e d   a t   120°C  f o r  

6  h o u r s )   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 . 8 6   a t   v a r i o u s  

p r o p o r t i o n s   we re   p r e p a r e d .   Each   b l e n d   was  m e l t e d   a t   a  

t e m p e r a t u r e   of   f rom  285°C   to   295°C  to   p r e p a r e   a  d o p e  

s o l u t i o n .   The  dope   s o l u t i o n   was  e x t r u d e d   t h r o u g h   a  s p i n -  

n e r e t   h a v i n g   72  h o l e s   of   a  c i r c u l a r   c r o s s - s e c t i o n   of  0 .3   mm 

d i a m e t e r .  

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

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

wound  up  a t   a  s p e e d   of  1 , 0 0 0   m / m i n .   The  u n d r a w n   f i l a m e n t s  

we re   d r a w n   and  h e a t   s e t   on  a  h o t   r o l l e r   a t   1 8 0 ° C .   T h e  

r e s u l t a n t   d r a w n   y a r n   of  100  d e n i e r / 7 2   f i l a m e n t s   was  t w i s t e d  

by  m e a n s   of  an  I t a l i a n   t w i s t i n g   m a c h i n e   to   p r o v i d e   a  t w i s t e d  

y a r n   h a v i n g   a  t w i s t   of  S2500   t u r n s / m .   T h e n ,   t h e   t w i s t e d  

y a r n   was  s u b j e c t e d   to   a  t w i s t   s e t t i n g   t r e a t m e n t   a t   a  t e m -  

p e r a t u r e   of   90°C  by  m e a n s   of   a  v a c u u m   s t e a m   s e t t e r .  

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

t w i s t i n g   t o r q u e   of   t h e   r e s u l t a n t   h i g h   t w i s t   y a r n   a f t e r   t h e  

t w i s t   s e t t i n g   p r o c e d u r e ,   and  t h e   u n t w i s t i n g   t o r q u e   of   t h e  

t w i s t   s e t   y a r n   when  i m m e r s e d   in   b o i l i n g   w a t e r   a r e   shown  i n  

T a b l e   4 .  





E x a m p l e   5 

A  f a b r i c   was  woven  on  a  w a t e r   j e t   loom  ( N i s s a n   WJL 

LW-41)  a t   360  rpm  u s i n g   as  f i l l i n g   e a c h   of   t h e   h i g h   t w i s t  

y a r n s   as  p r e p a r e d   in   E x a m p l e   4  and  as  warp   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   of   50  d e n i e r / 3 6   f i l a m e n t s .  

The  f a b r i c   was  s c o r e d   w i t h   a  weak  a l k a l i   and  p e b b l e d   on  a  

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

The  r e s u l t s   a r e   shown  in  T a b l e   5 .  



E x a m p l e   6 

B l e n d s   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   c h i p s   ( d r i e d   a t  

160°C  f o r   4  h o u r s )   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  

c o n t a i n i n g   0 .05%  by  w e i g h t   of   TiO2  and   p o l y t r i m e t h y l e n e  

t e r e p h t h a l a t e   c h i p s   ( d r i e d   a t   120°C  f o r   6  h o u r s )   h a v i n g   a n  

i n t r i n s i c   v i s c o s i t y   of   0 . 6 5   w e r e   c o n v e r t e d   i n t o   d r a w n   y a r n s  

a n d ,   t h e n ,   h i g h   t w i s t   y a r n s ,   as  d e s c r i b e d   in   E x a m p l e   4 .  

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

u n t w i s t i n g   t o r q u e s   of   t h e   h i g h   t w i s t   y a r n s   a r e   shown  i n  

T a b l e   6 .  





E x a m p l e   7 

B l e n d s   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   c h i p s   h a v i n g   a n  

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

l a t e   c h i p s   h a v i n g   an  i n s t r i n s i c   v i s c o s i t y   o f   0 . 8 5   a t  

v a r i o u s   p r o p o r t i o n s ,   and  p o l y s t y r e n e   ( S t y r o n e   679 ,   by  A s a h i  

Dow  Co . )   w e r e   p r e p a r e d .   Each   b l e n d   was  m e l t e d   a t   a  t e m -  

p e r a t u r e   of  f r o m   285°C  to   295°C  to  p r e p a r e   a  d o p e   s o l u t i o n .  

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

72  h o l e s   of  a  c i r c u l a r   c r o s s - s e c t i o n   of   a  0 . 2 5   mm  d i a m e t e r .  

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

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

wound  up  a t   a  s p e e d   of  1 , 0 0 0   m / m i n .  

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

t e m p e r a t u r e   of   80°C  and  h e a t   s e t   on  a  h o t   r o l l e r   a t   1 8 0 ° C  

by  r a p p i n g   t h e   f i l a m e n t s   on  t h e   r o l l e r   8  t i m e s .   T h e  

r e s u l t a n t   d r a w n   y a r n   was  t w i s t e d   to   p r o v i d e   a  t w i s t e d   y a r n  

h a v i n g   a  t w i s t   o f   2 , 5 0 0   t u r n s / m .   T h e n ,   t h e   t w i s t e d   y a r n  
was  s u b j e c t e d   to   a  t w i s t   s e t t i n g   t r e a t m e n t   a t   a  t e m p e r a t u r e  
of   90°C  by  means   of   a  s t e a m   b a t h .  

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

u n t w i s t i n g   t o r q u e s   of  t h e   r e s u l t a n t   h i g h   t w i s t   y a r n   a r e  

shown  in   T a b l e   7 .  





E x a m p l e   8 

A  f a b r i c   was  woven  on  a  w a t e r   j e t   loom  ( N i s s a n   WJL 

LW-41)  a t   360  rpm  u s i n g   as  f i l l i n g   e a c h   o f   t h e   h i g h   t w i s t  

y a r n s   ( e x c e p t   f o r   N o .  7   y a r n )   as  p r e p a r e d   in   E x a m p l e   7  a n d  

as  warp   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   o f  

50  d e n i e r / 3 6   f i l a m e n t s .   The  f a b r i c   was  s c o r e d   w i t h   a  w e a k  

a l k a l i   and  p e b b l e d   on  a  r o t a r y   w a s h e r   a t   b o i l   f o r   20  m i n .  

The  r e s u l t s   a r e   shown  in   T a b l e   8 .  

E x a m p l e   9 

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

p h t h a l a t e   c h i p s   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 . 8 6   a t  

v a r i o u s   p r o p o r t i o n s   were   p r e p a r e d .   Each   b l e n d   was  m e l t e d  

a t   a  t e m p e r a t u r e   of  f rom  285°C  to   295°C  to  p r e p a r e   a  d o p e  

s o l u t i o n .   The  dope   s o l u t i o n   was  e x t r u d e d   t h r o u g h   a  s p i n -  

n e r e t   h a v i n g   72  h o l e s .  



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

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

wound  up  a t   a  s p e e d   of  1 , 0 0 0   m / m i n .   The  u n d r a w n   f i l a m e n t s  

w e r e   d r a w n   b e t w e e n   a  f e e d   r o l l e r   a t   80°C  and  a  d r a w i n g  

r o l l e r   a t   180°C  a t   a  d raw  r a t i o   of  3 . 0 ,   h e a t   t r e a t e d   a t  

2 0 0 ° C ,   and  wound  up  a t   a  s p e e d   of  800  m/min   by  means   of  a  

u s u a l   m e t h o d .   The  r e s u l t a n t   d r a w n   y a r n   of  100  d e n i e r / 7 2  

f i l a m e n t s   was  t w i s t e d   by  m e a n s   of  an  I t a l i a n   t w i s t i n g  

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

S2500   t u r n s / m .   T h e n ,   t h e   t w i s t e d   y a r n   was  s u b j e c t e d   to   a  

t w i s t   s e t t i n g   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  70°C  f o r  

30  m i n u t e s   by  m e a n s   of  a  v a c u u m   s e t t e r .  

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

t w i s t i n g   t o r q u e s   of   t h e   r e s u l t a n t   h i g h   t w i s t   y a r n   and  t h e  

p r o p e r t i e s   of  t h e   r e s u l t a n t   f a b r i c   a r e   shown  in  T a b l e   9 .  





E x a m p l e   10  

A  b l e n d   of   50%  by  w e i g h t   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  

c h i p s   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   w i t h   50%  b y  

w e i g h t   of  p o l y t e t r a m 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  

i n t r i n s i c   v i s c o s i t y   o f   0 . 8 6   was  p r e p a r e d .   The  b l e n d   w a s  

m e l t e d   a t   a  t e m p e r a t u r e   of   2 9 6 ° C   to  p r e p a r e   a  dope   s o l u t i o n .  

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

24  h o l e s .  

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

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

t a k e n   up  a t   a  s p e e d   of  1000  c m / m i n .  

The  u n d r a w n   f i l a m e n t s   we re   d r a w n   a t   v a r i o u s   d r a w  

r a t i o s   to   p r e p a r e   y a r n s   Nos .   1,  3,  5,  and  7,  e a c h   h a v i n g   a  
d i f f e r e n t   d e n s i t y   and  s h r i n k a g e   in   b o i l i n g   w a t e r .  

S e p a r a t e l y ,   a  b l e n d   c o n s i s t i n g   of  50%  by  w e i g h t   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   c h i p s   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 ,   25%  by  w e i g h t   of   p o l y t e t r a m e t h y l e n e  

t e r e p t h a l a t e   c h i p s   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 . 3 6 ,  

and  25%  by  w e i g h t   of  p o l y t r i m e t h y l e n e   t e r e p h t h a l a t e   c h i p s  

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   o f   0 . 9 6   was  p r e p a r e d .   T h e  

b l e n d   was  m e l t e d   a t   a  t e m p e r a t u r e   of   285°C  to  p r e p a r e   a  

dope   s o l u t i o n .   The  dope   s o l u t i o n   was  e x t r u d e d   in  a  s i m i l a r  

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

we re   d r a w n   to   p r e p a r e   y a r n s   Nos .   2,  4,  and  6,  e a c h   h a v i n g   a  

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

Each   of  t h e   r e s u l t a n t   d r a w n   y a r n s   h a v i n g   a  c o u n t   of   50  

d e n i e r / 2 4   f i l a m e n t s   was  s u b j e c t e d   to   a  h i g h   t w i s t i n g   p r o -  
c e d u r e   (S  and  Z  t w i s t )   to  p r o v i d e   a  t w i s t e d   y a r n ,   e a c h  

h a v i n g   a  t w i s t   of  3000  t u r n s / m .   The  h i g h   t w i s t   y a r n s   w e r e  

h e a t   t r e a t e d   a t   a  wet   h e a t   t e m p e r a t u r e   of  70°C  f o r   30  

m i n u t e s   to   t e m p o r a r i l y   s e t   t h e   t w i s t s   of   t h e   y a r n .   T h e  

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

w a r p   d e n s i t y   of  32 / cm  and  a  w e f t   d e n s i t y   of  37 /cm  a n d  

c o m p r i s i n g   two  S  t w i s t   y a r n s   and  two  Z  t w i s t   y a r n s  

a l t e r n a t e l y .   The  a c t i n g   r e e d   w i d t h   was  120  cm,  t h e   w a r p i n g  

l e n g t h   was  55  m,  and  t h e   f a b r i c   l e n g t h   was  50  m.  

T h e n ,   t h e   r e s u l t a n t   g r a y   f a b r i c   was  s u b j e c t e d   to   a  



p e b b l i n g   p r o c e d u r e   in   h o t   w a t e r   a t   a  t e m p e r a t u r e   of  9 8 ° C  

f o r   30  m i n u t e s   by  means   of  a  r o t a r y   w a s h e r   in  a c c o r d a n c e  

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

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

t h e   f a b r i c   a r e   shown  in   T a b l e   1 0 .  





E x a m p l e   11  

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   of  an  i n t r i n s i c   v i s c o s i t y  

of   0 . 6 4   was  m e l t   s p u n   a t   290°C  t h r o u g h   a  s p i n n e r e t   o f  

24  h o l e s ,   and  t h e   s p u n   f i l a m e n t s   we re   t a k e n   up  a t   a  s p e e d  

of   5 , 0 0 0   m / m i n .   The  r e s u l t a n t   p o l y e s t e r   f i l a m e n t   y a r n   (A) 

o f   75  d e n i e r / 2 4   f i l a m e n t s   was  t h e n   t w i s t e d   a t   a  low  t w i s t  

of   S300  t u r n s / m   and  w a r p e d   a t   a  warp   d e n s i t y   of   5 0 / c m .  

A  b l e n d   of   50%  by  w e i g h t   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   c h i p s   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   o f  0 . 6 4   w i t h   50% 

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

i n t r i n s i c   v i s c o s i t y   of   0 . 8 6   was  p r e p a r e d .   The  b l e n d   w a s  

m e l t e d   a t   a  t e m p e r a t u r e   of  290°C  to  p r e p a r e   a  dope   s o l u t i o n .  

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

24  h o l e s .  

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

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

t a k e n   up  a t   a  s p e e d   of  1000  c m / m i n .  

The  r e s u l t a n t   u n d r a w n   y a r n   was  d r a w n   a t   a  d raw  r a t i o  

of   3 .0   b e t w e e n   a  f e e d   r o l l e r   a t   80°C  and  a  d r a w i n g   r o l l e r  

a t   1 8 0 ° C ,   h e a t   t r e a t e d   a t   2 0 0 ° C ,   and  t a k e n   up  a t   800  m / m i n .  

The  d r a w n   y a r n   of  75  d e n i e r / 2 4   f i l a m e n t   was  t w i s t e d   a t  

S2500  t u r n s / m   and  s u b j e c t e d   to   wet   h e a t   t w i s t   s e t t i n g  

a t   80°C  f o r   30  m i n .  

U s i n g   t h e   h i g h   t w i s t   y a r n   (B)  as  f i l l i n g   a t   a  d e n s i t y  

of   3 3 / c m ,   a  p l a i n   woven  f a b r i c   was  p r e p a r e d .   The  f a b r i c  

was  t h e n   s u b j e c t e d   to   p e b b l i n g   in  h o t   w a t e r   a t   98°C  on  a  

r o t a r y   w a s h e r   f o r   20  min .   or  by  a  c o n t i n u o u s   p e b b l i n g  

p r o c e d u r e   f o r   5  m i n .  

For  c o m p a r i s o n ,   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   of   a n  

i n t r i n s i c   v i s c o s i t y   of   0 . 6 4   was  m e l t   spun   a t   290°C  t h r o u g h  

a  s p i n n e r e t   of  24  h o l e s   and  t h e   spun   f i l a m e n t s   were   t a k e n  

up  a t   a  s p e e d   of  1 , 2 0 0   m / m i n .   The  r e s u l t a n t   u n d r a w n   y a r n  

was  d r a w n   a t   d r aw  r a t i o   of  3 .3   on  a  d r a w   p i n   a t   90°C  a t   a  

s p e e d   of   500  m /min   and  t a k e n   up  a f t e r   b r i n g i n g   i t   in  t o u c h  

w i t h   a  h o t   p l a t e   of  a  30  cm  l e n g t h   a t   1 8 0 ° C .   The  d r a w n  

y a r n   of   75  d e n i e r / 2 4   f i l a m e n t s   was  t w i s t e d   a t   a  low  t w i s t  

of  S300  t u r n s / m   and  w a r p e d   a t   a  warp   d e n s i t y   of   5 0 / c m .  



T h e n ,   a  p l a i n   f a b r i c   was  p r e p a r e d   and  t r e a t e d ,   as  m e n t i o n e d  

a b o v e .  

The  r e s u l t s   a r e   shown  in  T a b l e   1 1 .  



1.  A  h i g h   t w i s t   p o l y e s t e r   m u l t i f i l a m e n t   y a r n   h a v i n g  

a  t w i s t   of  a  t w i s t   m u l t i p l i e r   K  w i t h i n   a  r a n g e   b e t w e e n  

1 5 , 0 0 0   and  2 5 , 0 0 0 ,   made  f rom  p o l y e s t e r   f i l a m e n t s   c o n s i s t i n g  

e s s e n t i a l l y   of   a  c o p o l y m e r   of   two  or   more   m o n o m e r s   s e l e c t e d  

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

m e t h y l e n e   t e r e p h t h a l a t e ,   and  t e t r a m e t h y l e n e   t e r e p h t h a l a t e  

a n d / o r   a  b l e n d   of   two  or   more   p o l y m e r s   of   t h e   r e s p e c t i v e  

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

t h a n   60%  and  a  s h r i n k a g e   in   b o i l i n g   w a t e r   of  n o t   m o r e  

t h a n   6%. 

2.  A  h i g h   t w i s t   y a r n   as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

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

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

b a s e d   on  t h e   t o t a l   w e i g h t ,   20%  to  90%  by  w e i g h t   of  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   and  80%  to   10%  by  w e i g h t   of  t r i m e t h y l e n e  

t e r e p h t h a l a t e   a n d / o r   t e t r a m 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 .  

3.  A  h i g h   t w i s t   y a r n   as  c l a i m e d   in  c l a i m   1  or  2 ,  

w h e r e i n   s a i d   p o l y e s t e r   f i l a m e n t s   h a v e   a  t e m p e r a t u r e   o f   2 2 0 ° C  

to   255°C  a t   w h i c h ,   on  a  s h r i n k a g e   s t r e s s - t e m p e r a t u r e   c u r v e ,  
t h e   s h r i n k a g e   s t r e s s   of  t h e   f i l a m e n t s   b e c o m e s   e q u a l   to   z e r o  

due  to  t h e   f u s i o n .  

4.  A  h i g h   t w i s t   p o l y e s t e r   m u l t i f i l a m e n t   y a r n   h a v i n g  

a  t w i s t   of  a  t w i s t   m u l t i p l i e r   K  w i t h i n   a  r a n g e   b e t w e e n  

1 5 , 0 0 0   and  2 5 , 0 0 0 ,   made  f rom  p o l y e s t e r   f i l a m e n t s   c o n s i s t i n g  

e s s e n t i a l l y   of   a  c o m p o s i t i o n   of   a  c o p o l y m e r   of  two  or  m o r e  

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

t e r e p h t h a l a t e ,   t r i m e t h y l e n e   t e r e p h t h a l a t e   and  t e t r a m e t h y l e n e  

t e r e p h t h a l a t e   a n d / o r   a  b l e n d   of   two  or   more   p o l y m e r s   of  t h e  

r e s p e c t i v e   m o n o m e r s   b l e n d e d   w i t h   3%  to  15%  by  w e i g h t ,   b a s e d  

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

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

more   t h a n   60%  and  a  s h r i n k a g e   in   b o i l i n g   w a t e r   of  n o t   m o r e  

t h a n   6%. 

5.  A  h i g h   t w i s t   y a r n   as  c l a i m e d   in  c l a i m   4,  w h e r e i n  

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

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



6.  A  woven   or   k n i t t e d   c r e p e   f a b r i c   c o n s i s t i n g   of  o r  

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

a  t w i s t   of  a  t w i s t   m u l t i p l i e r   K  w i t h i n   a  r a n g e   b e t w e e n  

1 5 , 0 0 0   and  2 5 , 0 0 0 ,   made  f rom  p o l y e s t e r   f i l a m e n t s   c o n s i s t i n g  

e s s e n t i a l l y   o f   a  c o p o l y m e r   of   two  or   more   m o n o m e r s   s e l e c t e d  

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

m e t h y l e n e   t e r e p h t h a l a t e ,   and  t e t r a m e t h y l e n e   t e r e p h t h a l a t e  

a n d / o r   a  b l e n d   of  two  or   more  p o l y m e r s   of  t h e   r e s p e c t i v e  

m o n o m e r s .  

7.  A  p r o c e s s   f o r   p r e p a r i n g   a  woven  or  k n i t t e d   c r e p e  

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

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

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

t e r e p h t h a l a t e ,   t r i m e t h y l e n e   t e r e p h t h a l a t e ,   and  t e t r a m e -  

t h y l e n e   t e r e p h t h a l a t e   a n d / o r   a  b l e n d   of  two  or   more  p o l y m e r s  

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

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

b o i l i n g   w a t e r   of  n o t   more   t h a n   6%,  a  d e n s i t y   of   n o t   l e s s  

t h a n   1 . 3 0 0   g / c m 3 ,   and  a  b r e a k i n g   e l o n g a t i o n   of  n o t   m o r e  

t h a n   6 0 % ;  

s u b j e c t i n g   t h e   p o l y e s t e r   m u l t i f i l a m e n t   y a r n  
to  t w i s t i n g   to   a p p l y   a  t w i s t   of   a  t w i s t   m u l t i p l i e r   K  w i t h i n  

a  r a n g e   b e t w e e n   1 5 , 0 0 0   and  2 5 , 0 0 0   to   t h e   y a r n ;  

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

s e t t i n g ;  

p r e p a r i n g   a  woven   or  k n i t t e d   f a b r i c   c o n s i s t -  

ing   of  or   c o m p r i s i n g  t h e   h i g h   t w i s t   y a r n   u s i n g   s a i d   h i g h  
t w i s t   y a r n ;   and  t h e n ,  

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

p e b b l i n g .  

8.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   7,  w h e r e i n   s a i d  

t w i s t   s e t t i n g   i s   wet   h e a t   s e t t i n g   a t   a  t e m p e r a t u r e   of  7 0 ° C  

to   1 3 0 ° C .  

9.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   7,  w h e r e i n   s a i d  

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

70°C  to  1 8 0 ° C .  

10.  A  p r o c e s s   f o r   p r e p a r i n g   a  woven  c r e p e   f a b r i c ,  



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

w e a v i n g   a  m i x e d   f a b r i c   e m p l o y i n g   (A)  a  

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

w a t e r   of   n o t   more   t h a n   8%  and   a  b i r e f r i n g e n c e   An  of   0 . 0 5  

to   0 . 1 1   and  (B)  a  h i g h   t w i s t   p o l y e s t e r   m u l t i f i l a m e n t   y a r n  

h a v i n g   a  t w i s t   of  a  t w i s t   m u l t i p l i e r   K  w i t h i n   a  r a n g e  
b e t w e e n   1 5 , 0 0 0   and  2 5 , 0 0 0 ,   made  f rom  p o l y e s t e r   f i l a m e n t s  

c o n s i s t i n g   e s s e n t i a l l y   of  a  c o p o l y m e r   of  two  o r   m o r e  

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

t e r e p h t h a l a t e ,   t r i m e t h y l e n e   t e r e p h t h a l a t e   and  t e t r a m e t h y l e n e  

t e r e p h t h a l a t e   a n d / o r   a  b l e n d   of  two  or   more   p o l y m e r s   of   t h e  

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

of   n o t   more  t h a n   6%,  a  d e n s i t y   of   n o t   l e s s   t h a n   1 . 3 0 0   g / c m 3  

and  a  b r e a k i n g   e l o n g a t i o n   of  n o t   more  t h a n   60%;  and  t h e n ,  

s u b j e c t i n g   t h e   woven  f a b r i c   to  p e b b l i n g .  
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