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©  Process  for  the  preparation  of  polyethylene  terephthalate  monofilaments. 

A  process  for  the  preparation  of  a  polyethylene  tereph- 
thalate  monofilament  is  provided  in  which  a  non-drawn 
monofilament  formed  from  100  ppw  of  polyethylene  tereph- 
thalate  and  5-150  ppw  of  a  modified  polyethylene  terephtha- 
late  is  subjected  to  two  drawings,  the  first  at  85-100°C  in 
humid  conditions,  increasing  the  size  by  2.8  to  4.0  times,  the 
second  at  180-250°C  in  a  gas  atmosphere,  increasing  the  size 
by  1.5-2.5  times,  and  then  to  heat  treatment  at  180-250°C  and 
a  take-up  ratio  of  0.9-1.0. 

The  monofilament  prepared  has  been  found  to  have  a 
substantially  identical  or  higher  knot  strength  against  ten- 
sion  and  transparency,  and  an  increased  knot  strength 
against  impact  than  previously  used  polyethylene  terephtha- 
late  monofilaments,  and  the  monofilament  also  has  been 
found  to  be  superior  to  conventional  nylon  monofilaments 
without  loss  of  linear  strength  and  transparency.  Such 
monofilaments  find  use  as  fishing  line  and  racket  gut. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   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   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 o n o f i l a m e n t s .  

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

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

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

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

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

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

of   t h e   same  f i n e n e s s ,   t h e i r   k n o t   s t r e n g t h   a g a i n s t   i m p a c t   i s  

so  s m a l l   a s  t o   be  in   t h e   r a n g e   of   b e t w e e n   o n e - s i x t h   a n d  

o n e - t e n t h   of   t h a t   of   t h e   n y l o n   m o n o f i l a m e n t s .  

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   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 o n o f i l a m e n t s   has   b e e n   d i s c l o s e d   in  J a p a n e s e   L a i d  

Open  P a t e n t   A p p l i c a t i o n   No.  1 0 3 3 0 8 / 1 9 8 0 .   By  t h a t   p r o c e s s   a  

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

d r a w i n g   i s   d r a w n   to   3  to   3 .5   t i m e s   i t s   o r i g i n a l   s i z e   i n  

w a t e r   h a v i n g   a  t e m p e r a t u r e   of  in   t h e   r a n g e   of  f rom  85  t o  

95°C  and  t h e   m o n o f i l a m e n t   i s   f u r t h e r   d r a w n   to  1 .7   to   2 . 3  

t i m e s   t h e   f i r s t   d r a w n   s i z e   in   a  gas   h a v i n g   a  t e m p e r a t u r e   o f  



i n   t h e   r a n g e   of   f r o m   150  t o   2 6 0 ° C .   The  m o n o f i l a m e n t   i s  

t h e n   s u b j e c t e d   to   h e a t   t r e a t m e n t   in  a  gas   h a v i n g   a  t e m -  

p e r a t u r e   in   t h e   r a n g e   of   f r o m   200  t o   260°C  t h r o u g h   t a k e - u p  
r a t i o s   (o r   r e l a x   r a t i o s )   of   b e t w e e n   1 . 0   and  0 . 9 5 .   A l t h o u g h  

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

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

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

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

i n f e r i o r   to   t h a t   of   n y l o n   m o n o f i l a m e n t s .  

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

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

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

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

m e n t ,   w i t h o u t   l o s s   of   l i n e a r   s t r e n g t h .  

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  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  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 o n o f i l a m e n t  

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

i n g   100  p a r t s   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   a n d  

i n   t h e   r a n g e   of  f r o m   5  t o   150  p a r t s   by  w e i g h t   of   m o d i f i e d  

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  m o l a r   r a t i o   of  t e r e -  

p h t h a l i c   a c i d   t o   i s o p h t h a l i c   a c i d   in   t h e   r a n g e   of  f r o m   9 7 / 3  

t o   8 0 / 2 0   i s   d r a w n   t o   2 . 8   t o   4 . 0   t i m e s   i t s   o r i g i n a l   s i z e   a t  

a  t e m p e r a t u r e   in   t h e   r a n g e   of  f r o m   85  C  to   100°C  u n d e r  

h u m i d   h e a t i n g   c o n d i t i o n s   and   i s   f u r t h e r   d r a w n   t o   1 .5   t o  

2 . 5   t i m e s   i t s   f i r s t   d r a w n   s i z e   in   a  gas   h a v i n g   a  t e m p e r a t u r e  

i n   t h e   r a n g e   of   f r o m   180  t o   2500C  and  t h e n ,   t h e   s e c o n d   d r a w n  

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

of   in   t h e   r a n g e   of   f r o m   180  t o   2500C  t h r o u g h   a  t a k e - u p   r a t i o  

of   in   t h e   r a n g e   of   f r o m   0 . 9   t o   1 . 0 .  

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 o n o f i l a m e n t   p r e p a r e d  

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

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

t h a n   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   m o n o f i l a m e n t s  

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



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

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

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

a l s o   d o e s   n o t   show  any  w h i t e n i n g   of  t h e   f i l a m e n t .   W h i t e n i n g  

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

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

f i s h i n g   l i n e s .  

Where   t h e   c o n d i t i o n s   f o r   t h e   p r o c e s s   of  t h e   p r e s e n t  

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

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

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

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

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

b e t w e e n   0 . 4   and   1 . 5 ,   p r e f e r a b l y   of  b e t w e e n   0 . 6   and  1 .2   ( t h e  

u l t i m a t e   v i s c o s i t y   i s   t h e   v i s c o s i t y ,   a t   a  t e m p e r a t u r e   of  3 0 ° C ,  

of  a  s o l u t i o n   c o n t a i n i n g   1g  r e s i n   p e r   100  ml  of  s o l v e n t ,   t h e  

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

a  w e i g h t   r a t i o   of   1 / 1 ) .  

M o d i f i e d   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  m o l a r  

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

9 7 / 3   to   8 0 / 2 0   ( r e f e r r e d   to   h e r e i n a f t e r   as  "a  m o d i f i e d   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   p r e p a r e d   by  m i x i n g   t e r e p h t h a l i c  

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

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

d e r i v a t i v e   t h e r e o f ,   s u c h   as  d i m e t h y l   i s o p h t h a l a t e ,   in  a  

m o l a r   r a t i o   of  b e t w e e n   9 7 / 3   and  8 0 / 2 0   and  t h e n ,   s u b j e c t i n g  

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

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

f o r   a  p o l y e s t e r .  

The  m o d i f i e d   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   s u i t a b l y   h a s  



an  u l t i m a t e   v i s c o s i t y   of   in   t h e   r a n g e   of   f r o m   0 . 4   to   1 . 5 ,  

p r e f e r a b l y   f r o m   0 . 6   t o   1 . 2  

P r e f e r a b l y ,   t h e   m i x t u r e   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  

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

10  to   100  p a r t s   by  w e i g h t   of   t h e   m o d i f i e d   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   m i x t u r e   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   and  t h e  

m o d i f i e d   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   m o l a r   r a t i o   o f  

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

r a n g e   of  f r o m   99:1   t o   9 0 : 1 0 ,   p r e f e r a b l y   of   f r o m   99:1  t o  

9 5 : 5 .   The  r a t i o   w i l l   v a r y   a c c o r d i n g   t o   t h e   a m o u n t   o f   i s o -  

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

t h e   m i x i n g   r a t i o   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   and  t h e  

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

P o l y e t h y l e n e   t e r e p h t h a l a t e   and   t h e   m o d i f i e d   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   can   be  m i x e d   by  s u i t a b l e   m e t h o d s   i n  

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

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

u s i n g   an  e x t r u d e r   and   e x t r u d e d   so  as  t o   be  f o r m e d   i n t o   a  

p e l l e t .  

A  n o n - d r a w n   m o n o f i l a m e n t   may  be  p r o d u c e d   by  s u b j e c t i n g  

t h e   s p e c i f i e d   m i x t u r e   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   and  t h e  

m o d i f i e d   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 o   f u s i o n   s p i n n i n g   i n  

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

h a v e   a  f i n e n e s s   of   m o r e   t h a n   100  d e n i e r ,   u s u a l l y   more  t h a n  

200  d e n i e r ,   b u t   l e s s   t h a n   some  t e n   t h o u s a n d s   d e n i e r .  

A c c o r d i n g   t o   a  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 ,   t h e  

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

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

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

s u r r o u n d i n g   f l u i d   i s   an  a v e r a g e   of  3  or   more   t e m p e r a t u r e s   o f  

t h e   f l u i d   m e a s u r e d   a d j a c e n t   to   t h e   m o n o f i l a m e n t   w i t h i n   1  cm 

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

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



r o l l e r   and  a  t a k e - u p   r o l l e r .  

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

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

c a n n o t   be  o b t a i n e d .   I f   t h e   t e m p e r a t u r e   i s   t o o   h i g h ,   i t s  

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

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

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

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

In  t h e   f i r s t   d r a w i n g   s t a g e ,   t h e   t e m p e r a t u r e   u n d e r   w e t  

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

f r o m   93  t o   9 7 ° C .   The  d r a w i n g   m a g n i f i c a t i o n   in   t h a t   s t a g e   i s  

p r e f e r a b l y   in   t h e   r a n g e   of  f r o m   3 . 0   t o   3 . 5 .   A  r e s i d e n c e  

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

r a n g e   of  f r o m   2  t o   10  s e c . ,   p r e f e r a b l y   f r o m   3  t o   6  s e c .  
I t   i s   to   be  n o t e d   t h a t   d r a w i n g   u n d e r   w e t   or  h u m i d  

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

s t e a m .  

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

f u r t h e r   d r a w n   in   h e a t e d   gas   to   1 .5   to   2 .5   t i m e s   t h e   f i r s t  

d r a w n   s i z e   in   t h e   s e c o n d   d r a w i n g   s t a g e .   As  t h e   g a s ,   a i r   o r  
i n e r t   g a s e s   s u c h   as  n i t r o g e n   may  be  e m p l o y e d   b u t   u s u a l l y  

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

d r a w i n g   s t a g e   i s   p r e f e r a b l y   in   t h e   r a n g e   of   f r o m   180  to  2 4 0 ° C .  

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

1 . 8   t o   2 . 2 .   The  r e s i d e n c e   t i m e   of  t h e   m o n o f i l a m e n t   in  t h e  

d r a w i n g   i s   n o r m a l l y   in   t h e   r a n g e   of  f r o m   1  t o   10  s e c . ,   p r e -  

f e r a b l y   f r o m   2  t o   4  s e c .  

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

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

i s   t o o   low,   a  m o n o f i l a m e n t   h a v i n g   a  h i g h   k n o t   s t r e n g t h  

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

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

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



n o t   be  p e r f o r m e d   in   t h e   h e a t   t r e a t m e n t .   I f   d r a w i n g   i s   p e r -  
f o r m e d   in   t h e   h e a t   t r e a t m e n t ,   a  m o n o f i l a m e n t   h a v i n g   a  h i g h  

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

The  t e m p e r a t u r e   i n   t h e   h e a t   t r e a t m e n t   i s   a d v a n -  

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

and   is   p r e f e r a b l y   i n   t h e   r a n g e   o f   b e t w e e n   185  and  2 4 5 ° C .  

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

i s   g e n e r a l l y   i n   t h e   r a n g e   of  f r o m   1  t o   3  s e c . ,   p r e f e r a b l y  

f r o m   1  t o   2  s e c .  

A  " t a k e - u p "   or   " r e l a x "   r a t i o   i s   t h e   r a t i o   of  t h e   s p e e d  

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

t o   t h a t   of  t h e   f e e d   r o l l e r ,   or  f i l a m e n t   r e l e a s i n g   d rum.   F o r  

e x a m p l e ,   a  t a k e - u p   r o l l e r   r o t a t i n g   a t   90  m  p e r   m i n u t e   and  a  

f e e d   r o l l e r   r o t a t i n g   a t   100  m  p e r   m i n u t e   w o u l d   g i v e   a  t a k e - '  

up  r a t i o   of  0 . 9 .  

I f   t h e   t a k e - u p   r a t i o   i s   t o o   s m a l l ,   t h e   m o n o f i l a m e n t  

w i l l   b e c o m e   l o o s e ,   and  g i v e   r i s e   to   d i f f i c u l t y   of  p r o c e s s  

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

f r o m   0 . 9 5   to   0 . 9 8 .  

A  t o t a l   d r a w i n g   m a g n i f i c a t i o n   g i v e n   as  a  r e s u l t   of   a l l  

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

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

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

r a n g e   of  f r o m   5 . 5   t o   6 . 5 ,   p r e f e r a b l y   f r o m   6  t o   6 . 2 5 .  

Knot   s t r e n g t h   a g a i n s t   t e n s i o n   in   t h e   d r i e d   s t a t e   i s  

a  v a l u e   m e a s u r e d   in   a c c o r d a n c e   w i t h   J I S - L 1 0 7 0   w h i l e   k n o t  

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

f o r c e   r e q u i r e d   f o r   c u t t i n g   a  k n o t t e d   p o r t i o n   of   a  m o n o f i l a m e n t  

by  a p p l y i n g   an  i m p a c t   to   t h e   m o n o f i l a m e n t   in   i t s   l o n g i t u d i n a l  

d i r e c t i o n   w i t h   one  end  of   t h e   m o n o f i l a m e n t   b e i n g   f i x e d   t o   a  

j i g   and  t h e   o t h e r   end  b e i n g   h e l d   by  t h e   j i g ,   s u c h   as  by  t h e  

u s e   of  an  i m p a c t   t e s t e r .  

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



i d e n t i c a l   or   h i g h e r   k n o t   s t r e n g t h   a g a i n s t   t e n s i o n   and  t r a n s -  

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

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

p r o d u c e d   by  p r e v i o u s l y   p r o p o s e d   m e t h o d s ,   can   be  p r o d u c e d .  

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

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

r a n g e   of   f r o m   10  t o   15%  s t r o n g e r   in   t e r m s   of   t e n s i l e   s t r e n g t h  

and  in   t h e   r a n g e   of   f r o m   15  to   20%  s t r o n g e r   in   t e r m s   of   k n o t  

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

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

In  t h e   E x a m p l e s ,   k n o t   s t r e n g t h   a g a i n s t   i m p a c t   w a s  

m e a s u r e d   u s i n g   a  U n i v e r s a l   I m p a c t   T e s t e r   m a n u f a c t u r e d   b y  

Toyo  S e i k i   S e i s a k u s h o   C o . ,   L t d .   and  t h e   t r a n s p a r e n c y   w a s  

b a s e d   on  a  v i s u a l   i n s p e c t i o n   in   w h i c h   a  m o n o f i l a m e n t   2000  m .  

in   l e n g t h   was  wound   a r o u n d   a  b o b b i n  o f   10  cm  d i a m e t e r   a n d  

20  cm  h e i g h t .  

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

P o l y e t h y l e n e   t e r e p h t h a l a t e   ( N o v a p e t   1110B  p r o d u c e d  

by  M i t s u b i s h i   K a s e i   Kogyo  C o . ,   L t d . ) ,   in   p e l l e t   f o rm  h a v i n g  

an  u l t i m a t e   v i s c o s i t y   of   1 . 1 0   and  m o d i f i e d   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   p e l l e t   f o r m ,   h a v i n g   an  u l t i m a t e   v i s c o s i t y  

of  0 . 7 3 ,   o b t a i n e d   by  c o n d e n s a t i o n   p o l y m e r i z a t i o n   of  a  m i x t u r e ,  

h a v i n g   a  m o l a r   r a t i o   of   9 0 : 1 0 , o f   d i m e t h y l   t e r e p h t h a l a t e   t o  

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

u s u a l   m a n n e r   a t   t h e   r a t i o s   shown  in   T a b l e   1  t o   p r o d u c e   a  

n o n - d r a w n   m o n o f i l a m e n t   h a v i n g   a  f i n e n e s s   of  2400  d e n i e r .  

The  n o n - d r a w n   m o n o f i l a m e n t   was  f e d   a t   a  r a t e   of   2 0 m / m i n .   a n d  

was  s u b j e c t e d   t o   f i r s t   d r a w i n g   in   h o t   w a t e r ,   s e c o n d   d r a w i n g  

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

in  T a b l e   1 .  

The  k n o t   s t r e n g t h   a g a i n s t   t e n s i o n   in   t h e   d ry   s t a t e ,  

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

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

in  T a b l e   1.  M e a n w h i l e ,   f o r   c o m p a r a t i v e   p u r p o s e ,   a  m o n o -  

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



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

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

shown  in   T a b l e   1 .  

E x a m p l e   6  and  C o m p a r a t i v e   E x a m p l e   3 

One  h u n d r e d   p a r t s   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   ( N o v a p e t   1075B  p r o d u c e d   by  M i t s u b i s h i   K a s e i   Kogyo  C o . ,  

L t d . ) , i n   p e l l e t   f o r m ,   h a v i n g   an  u l t i m a t e   v i s c o s i t y   of   0 . 7 1 5 ,  

and   25  p a r t s   by  w e i g h t   o f   m o d i f i e d   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   same  as  t h a t   e m p l o y e d   E x a m p l e   1 , w e r e   m i x e d   to   p r o d u c e   a  

n o n - d r a w n   m o n o f i l a m e n t   h a v i n g   a  f i n e n e s s   of   2400   d e n i e r ,   i n  

u s u a l   m a n n e r .  

A f t e r   t h e   n o n - d r a w n   m o n o f i l a m e n t   was  f e d   a t   a  r a t e   o r  

2 0 m / m i n . ,   i t   was  d r a w n   t o   3 . 0   t i m e s   i t s   o r i g i n a l   s i z 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   96°C  and  t h e n   d r a w n   t o   2 . 1 4   t i m e s  

t h e   f i r s t   d r a w n   s i z e   i n   a i r   a t   a  t e m p e r a t u r e   of   200°C  a n d  

h e a t   t r e a t e d   in   a i r   a t   a  t e m p e r a t u r e   of   2 3 0 ° C   and  a  t a k e - u p  

r a t i o   of  0 . 9 8 .  

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

a g a i n s t   t e n s i o n ,   of   5 . 3   g / d   in   t h e   d r y   s t a t e ,   a  k n o t   s t r e n g t h  

a g a i n s t   i m p a c t ,   of   85  k g . c m / m m 2   in  t h e   d r y   s t a t e   and  w a s  

t r a n s p a r e n t .   Fo r   c o m p a r a t i v e   p u r p o s e ,   o n l y   t h e   a b o v e -  

d e s c r i b e d   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   was  u s e d   and   was  d r a w n  

and   h e a t   t r e a t e d   in   t h e   same  m a n n e r   as   d e s c r i b e d   a b o v e .   T h e  

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

o f   5 . 3 g / d   in   t h e   d r y   s t a t e ,   a  k n o t   s t r e n g t h   a g a i n s t   i m p a c t ,  

of   60  k g . c m / m m 2   i n   t h e   d r y   s t a t e   and  was  s u b j e c t   to   s l i g h t  

w h i t e n i n g .  

E x a m p l e   7 

One  h u n d r e d   p a r t s   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 ,   in   p e l l e t   f o r m ,   t h e   same  as  t h a t   e m p l o y e d   in   E x a m p l e  

1 ,  and   67  p a r t s   by  w e i g h t   of  m o d i f i e d   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   p e l l e t   f o r m ,   h a v i n g   an  u l t i m a t e   v i s c o s i t y   of  0 . 7 4 5  

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

m o l a r   r a t i o   of  9 5 : 5 , o f   d i m e t h y l   t e r e p h t h a l a t e   to   d i m e t h y l  



i s o p h t h a l a t e   and  e t h y l e n e   g l y c o l   w e r e   m i x e d   so  as  t o  

p r o d u c e   a  m o n o f i l a m e n t   in   t h e   same  m a n n e r   as  in   E x a m p l e   6 .  

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

a g a i n s t   t e n s i o n ,   of   5 . 4 8   g / d   in   t h e   d r y   s t a t e ,   a  k n o t  

s t r e n g t h   a g a i n s t   i m p a c t ,   of  77  k g . c m / m m 2   in   t h e   d r y   s t a t e  

and   was  t r a n s p a r e n t .  





1:  E m b o d i m e n t  

2:  C o m p a r a t i v e   e x a m p l e  

3:  M i x i n g   r a t i o  

4:  1 s t   d r a w i n g  

5:  2nd  d r a w i n g  

6:  H e a t   t r e a t m e n t  

7:  K n o t   s t r e n g t h   in   d r a w   s t a t e  

8:  P o l y e t h y l e n e   t e r e p h t h a l a t e   ( p a r t s   by  w e i g h t )  

9:  M o d i f i e d   p o l y e t h y l e n e   t e r e p h t h a l a t e   ( p a r t s   by  w e i g h t )  

10:   Temp.  ( ° C )  

11:   M a g n i f i c a t i o n  

12:   Temp.  ( ° C )  

13:   M a g n i f i c a t i o n  

1 4 :  T e m p .   ( ° C )  

15 :   T a k e - u p   r a t i o  

16:   T e n s i o n   ( g / d )  

17:  I m p a c t   ( k g . c m / m m  )  

18:  T r a n s p a r e n c y  

19:   T r a n s p a r e n t  

20:   S l i g h t l y   o p a q u e  



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

f o r m i n g   a  n o n - d r a w n   m o n o f i l a m e n t   f r o m   100  p a r t s   b y  

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   and   i n   t h e   r a n g e   o f  

f r o m   5  t o   150  p a r t s   by  w e i g h t   o f   m o d i f i e d   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 ,   s a i d   m o d i f i e d   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  m o l a r   r a t i o   of   t e r e p h t h a l i c   a c i d  t o   i s o p h t h a l i c   a c i d   i n  

t h e   r a n g e   o f   f r o m   9 7 : 3   t o   8 0 : 2 0 ;  

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

of  f r o m   2 . 8   t o   4 . 0   t i m e s   i t s   i n i t i a l   s i z e   a t   an  a v e r a g e  

t e m p e r a t u r e   i n   t h e   r a n g e   of   f r o m   85  t o   100°C  u n d e r   w e t  

h e a t i n g   c o n d i t i o n s ;  

d r a w i n g   s a i d   f i r s t   d r a w n   m o n o f i l a m e n t   to   in   t h e   r a n g e .  
of   f r o m   1 . 5   to   2 . 5   t i m e s   i t s   f i r s t   d r a w n   s i z e   in   a  gas   a t   a n  

a v e r a g e   t e m p e r a t u r e   in   t h e   r a n g e   of  f r o m   180  t o   2 5 0 ° C ;   a n d  .  

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

a t   an  a v e r a g e   t e m p e r a t u r e   in   t h e   r a n g e   of  f r o m   180  t o   2 5 5 0 C  

a t   a  t a k e - u p   r a t i o   in   t h e   r a n g e   of  f r o m   0 . 9   t o   1 . 0 .  

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

f i l a m e n t   i s   f o r m e d   f r o m   100  p a r t s   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   and   in   t h e   r a n g e   of  f r o m   10  t o   100  p a r t s   b y  

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

3.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  or   c l a i m   2,  w h e r e i n  

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

r a n g e   of   f r o m   93  t o   9 7 ° C .  

4.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   3 ,  

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

to   in   t h e   r a n g e   of   f r o m   3 . 0   to   3 .5   t i m e s   i t s   o r i g i n a l   s i z e .  

5.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  t o   4 ,  

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

in  t h e   r a n g e   of   f r o m   180  to   2 4 0 ° C .  

6.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  t o   6 ,  

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



s t a g e   t o   in   t h e   r a n g e   of   f r o m   1 . 8   t o   2 . 2   t i m e s   i t s   f i r s t  

d r a w n   s i z e .  

7.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1  t o   6 ,  

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

in   t h e   r a n g e   f o r   f r o m   185  t o   2 4 5 ° C .  

8.  A  p r o c e s s   as   c l a i m e d   in   a n y  o n e   of   c l a i m s   1  to   7 ,  

w h e r e i n   t h e   t a k e - u p   r a t i o   in   t h e   h e a t   t r e a t m e n t   s t a g e   i s   i n  

t h e   r a n g e   of   f r o m   0 . 9 5   t o   0 . 9 8 .  

9.  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 o n o f i l a m e n t   w h i c h   i s   f o r m e d  

f r o m   a  m i x t u r e   of  100  p a r t s   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   and  i n   t h e   r a n g e   of   f r o m   5  t o   150  p a r t s   by  w e i g h t  

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

a c i d   t o   i s o p h t h a l i c   a c i d   in   t h e   r a n g e   of   f r o m   9 7 : 3   to   8 0 : 2 0 .  

10.   A  m o n o f i l a m e n t   as   c l a i m e d   in   c l a i m   9,  i n   w h i c h   t h e  

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

t h e   r a n g e   of   f r o m   99 :1   t o   9 0 : 1 0 .  

11.   A  m o n o f i l a m e n t   as  c l a i m e d   in   c l a i m   10,  w h e r e i n   t h e  

m o l a r   r a t i o   i s   in   t h e   r a n g e   of  f r o m   99 :1   t o   9 5 : 5 .  

12 .   A  m o n o f i l a m e n t   as   c l a i m e d   in   a n y  o n e   of  c l a i m s   9  t o   1 1 ,  

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

c l a i m s   1  t o   8 .  

13.   F i s h i n g   t a c k l e   o r   a  r a c k e t   w h i c h   i n c o r p o r a t e s   a  m o n o -  

f i l a m e n t   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   9  to   1 2 .  
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