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@  Process  for  producing  adhesive  active  polyester  yarn  and  product. 

An  improvement  is  provided  in  a  process  for  the  pro- 
duction  of  polyester  yarn  involving  spinning  and  drawing 
steps.  The  improvement  comprises  exposing  the  yarn  sub- 
sequent  to  the  drawing  step  to  ultraviolet  radiation,  and 
treating  the  yarn  with  a  finish  composition  which  com- 
prises  water  and  a  silane  having  the  structural  formula 

wherein  n  =  2  to  5.  The  yarn  is  preferably  used  in  tire  cords 
for  the  construction  of  pneumatic  passenger  tires  and  re- 
sults  in  excellent  adhesion  of  tire  cord  to  rubber. 



BACKGROUND  O F  T H E  I N V E N T I O N  

F i e l d   O f  t h e   I n v e n t i o n  

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

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

p r e f e r a b l y   p o l y e t h y l e n e   t e r e p h t h a l a t e ,   y a r n   w h e r e i n  

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

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

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

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

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

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

p n e u m a t i c   p a s s e n g e r   t i r e s   and  r e s u l t s   in  e x c e l l e n t  

a d h e s i o n   of  t i r e   c o r d   to   r u b b e r .  

DESCRIPTION OF  T H E  P R I O R   ART 

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

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

Two  t y p e s   of  a d h e s i v e   s y s t e m s ,   a  s i n g l e   d i p   and  a  

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

m e e t   t h i s   n e e d .  

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

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

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

an  e p o x y   r e s i n ,   w e t t i n g   a g e n t s   and  w a t e r .   The  t r e a t e d  



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

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

In  t h e   s i n g l e   d i p   s y s t e m ,   t h e   a d h e s i v e   l a y e r  

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

s u b s e q u e n t   to   d r a w i n g   of  t h e   y a r n .   The  p o l y e s t e r  

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

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

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

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

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

has   v e r y   good   a m m o n o l y t i c   and  h y d r o l y t i c   s t a b i l i t y ,  

b u t   has   p o o r   a d h e s i o n   to   r u b b e r   when  made  i n t o  

t i r e   c o r d .   F u r t h e r ,   w h i l e   r e g u l a r   c a r b o x y l   p o l y e s t e r  

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

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

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

a d h e s i o n   to   r u b b e r .  

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

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

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

c a r b o x y l   p o l y e s t e r   y a r n   w h e r e i n ' n o r m a l   c u r i n g  

t e m p e r a t u r e s   a r e   u t i l i z e d ,   and  (b)  r e g u l a r   c a r b o x y l  

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

a r e   u t i l i z e d .  

The  c l o s e s t  p r i o r   a r t   i s   b e l i e v e d   to   be  U . S .  

P a t e n t s   3 , 6 4 2 , 5 1 8   to   M i k i   e t   a l . ,   3 , 6 7 2 , 9 7 7   t o  

D a r d o u f a s ,   3 , 7 3 0 , 8 9 2   to  M a r s h a l l   e t   a l . ,   a n d  

4 , 0 5 4 , 6 3 4   to   M a r s h a l l   e t   a l . ,   and  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   1 , 2 2 8 , 1 7 3   to  J e r v i s   e t   a l .  

SUMMARY  O F  T H E  I N V E N T I O N  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e m e n t  

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

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

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



The  i m p r o v e m e n t   c o m p r i s e s :   e x p o s i n g   t h e   y a r n  

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

r a d i a t i o n ;   and   t r e a t i n g   t h e   y a r n   w i t h   a  f i n i s h  

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

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

w h e r e i n   n  =  2  to   5 .  

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

may  o c c u r   e i t h e r   p r i o r   to  o r   s u b s e q u e n t   to   t h e  

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

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

wave   l e n g t h s   b e t w e e n   200  and  400  n a n o m e t e r s   and  a  

p e a k   wave  l e n g t h   of  a b o u t   253  n a n o m e t e r s .   The  t i m e  

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

r a d i a t i o n   i s   a t   l e a s t   a b o u t   0 .3   s e c o n d ,   p r e f e r a b l y  

a b o u t   0 .3   to   7  s e c o n d s .  

The  f i n i s h   c o m p o s i t i o n   may  c o m p r i s e   a b o u t   50  

to   98  w e i g h t   p e r c e n t   of   w a t e r   and   a b o u t   2  to   50  

w e i g h t   p e r c e n t   of   t h e   s i l a n e .   When  t h e s e   fo rm  t h e  

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

c o m p o s i t i o n   i s   to   be  a p p l i e d   by  m e a n s   o f   a  

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

s m a l l   a m o u n t ,   f o r   e x a m p l e   0 . 1   w e i g h t   p e r c e n t ,   o f  

a  n o n i o n i c   w e t t i n g   a g e n t   be  i n c o r p o r a t e d   in  o r d e r  

to   we t   t h e   l u b e   r o l l ;   T r i t o n   X - 1 0 0 ,   Rohm  &  H a a s  

C o m p a n y ' s   t r a d e n a m e   f o r   p o l y o x y e t h y l e n e   9 -10   o c t y l -  

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

I t   i s   p r e f e r r e d   t h a t   t h e   f i n i s h   c o m p o s i t i o n  

be  an  o v e r f i n i s h   c o m p o s i t i o n   w h i c h   c o m p r i s e s   a n  

o i l - i n - w a t e r   e m u l s i o n   w h e r e i n   t h e   n o n - a q u e o u s  

p o r t i o n   c o m p r i s e s   a b o u t   50  to   70  w e i g h t   p e r c e n t   o f  

h e x a d e c y l   s t e a r a t e ,   a b o u t   3  to  9  w e i g h t   p e r c e n t   o f  

g l y c e r o l   m o n o o l e a t e ,   a b o u t   2  to   8  w e i g h t   p e r c e n t   o f  



d e c a g l y c e r o l   t e t r a o l e a t e ,   a b o u t   5  to   12  w e i g h t  

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

5  to   15  w e i g h t   p e r c e n t   of   s u l f o n a t e d   g l y c e r o l  

t r i o l e a t e ,   a b o u t   1  to   10  w e i g h t   p e r c e n t   o f  

e t h o x y l a t e d   a l k y l   a m i n e ,   and   a b o u t   2  to   45  w e i g h t  

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

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

t h e   o v e r f i n i s h   c o m p o s i t i o n   t h a t   (a)  a b o u t   0 .4   t o  

1 . 0   w e i g h t   p e r c e n t   b a s e d   on  t h e   w e i g h t   of   t h e   y a r n  
of  t h e   n o n - a q u e o u s   p o r t i o n   of   t h e   o v e r f i n i s h  

c o m p o s i t i o n   i s   a d d e d ,   and  (b)  a b o u t   0 . 0 5   to   0 . 2  

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

t h e   s i l a n e   i s   a d d e d .   A l t e r n a t i v e l y ,   t h e   o v e r f i n i s h  

c o m p o s i t i o n   can   c o m p r i s e   a b o u t   7  to   50  w e i g h t  

p e r c e n t   of  t h e   s i l a n e ,   a b o u t   5  to   20  w e i g h t   p e r c e n t  
of   d i m e t h y l   p o l y s i l o x a n e   e m u l s i o n ,   and  t h e   b a l a n c e  

w a t e r .  

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s ,   in   a  

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

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

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

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

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

l e n g t h   b e t w e e n   a b o u t   200  and  400  n a n o m e t e r s ;   a n d  

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

c o m p r i s i n g   a b o u t   60  to   90  w e i g h t   p e r c e n t   of   w a t e r  

and  a b o u t   10  to   40  w e i g h t   p e r c e n t   of   an  o i l   p o r t i o n ,  

t h e   o i l   p o r t i o n   c o m p r i s i n g   a b o u t   50  to   70  w e i g h t  

p e r c e n t   of  h e x a d e c y l   s t e a r a t e ,   a b o u t   3  to  9  w e i g h t  

p e r c e n t   of  g l y c e r o l   m o n o o l e a t e ,   a b o u t   2  to  8  w e i g h t  

p e r c e n t   of   d e c a g l y c e r o l   t e t r a o l e a t e ,   a b o u t   5  t o  

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

a c i d ,   a b o u t   5  to  15  w e i g h t   p e r c e n t   of   s u l f o n a t e d  

g l y c e r o l   t r i o l e a t e ,   a b o u t   1  to  10  w e i g h t   p e r c e n t   o f  



e t h o x y l a t e d   a l k y l   a m i n e ,   and  a b o u t   2  to   45  w e i g h t  

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

w h e r e i n   n  =  2  to  5 .  

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

a b o u t   8  t o  1 8   c a r b o x y l   end  g r o u p s   ( m e q . / k g . ) .  

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

h a v i n g   a b o u t   19  to  30  c a r b o x y l   end  g r o u p s   ( m e q . / k g . ) .  

The  s t r i p   a d h e s i o n   t e s t   u t i l i z e d   i n  

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

U .S .   P a t e n t   3 , 9 4 0 , 5 4 4   to   M a r s h a l l   e t   a l ' . ,   h e r e b y  

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

DESCRIPTION  OF THE PREFERRED  EMBODIMENT 

In  o r d e r   to   d e m o n s t r a t e   t h e   i n v e n t i o n ,   t h e  

f o l l o w i n g   e x a m p l e s   a r e   g i v e n .   They  a r e   p r o v i d e d  

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

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

w h i c h   i s   d e f i n e d   by  t h e   a p p e n d e d   c l a i m s .   S p e c i f i -  

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

can   be  a p p l i e d   e i t h e r   as  a  s p i n   f i n i s h   d u r i n g   s p i n n i n g  

or  as   an  o v e r f i n i s h   s u b s e q u e n t   to  d r a w i n g   of   t h e  

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

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

as  t h e   one   d e t a i l e d   ( s e e   T a b l e   I ) .   I t   i s   a l s o  

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

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

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

a d d i t i o n a l   to  t h e   s i l a n e .   In  t h e s e   e x a m p l e s ,   p a r t s  

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

o t h e r w i s e .  

The  y a r n s   of   t h i s   i n v e n t i o n   can   be  p r o c e s s e d  

by  any  s p i n   d r a w   p r o c e s s   or  s p i n n i n g   and  s e p a r a t e l y  



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

and   t e c h n i c a l   l i t e r a t u r e ,   u s i n g   any   s u i t a b l e  

p o l y e s t e r .  

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

t e r e p h t h a l a t e   p o l y e s t e r s ,   i . e . ,   p o l y e s t e r s   of  a  

g l y c o l   c o n t a i n i n g   f rom  2  to   20  c a r b o n   a t o m s   a n d  

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

a b o u t   75  p e r c e n t   t e r e p h t h a l i c   a c i d .   The  r e m a i n d e r ,  

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

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

a d i p i c   a c i d ,   i s o p h t h a l i c   a c i d ,   s u l f o n y l - 4 , 4 ' -  

d i b e n z o i c   a c i d ,   or   2 , 8 - d i - b e n z o f u r a n - d i c a r b o x y l i c  

a c i d .   The  g l y c o l   may  c o n t a i n   more   t h a n   two  c a r b o n  

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

g l y c o l ,   d e c a m e t h y l e n e   g l y c o l ,   and   b i s - 1 , 4 - ( h y d r o x y -  

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

p o l y e s t e r s   w h i c h   may  be  e m p l o y e d   i n c l u d 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 ) ,   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 ) ,   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 / 5 - c h l o r o i s o p h t h a l a t e )   ( 8 5 / 1 5 ) ,  

p o l y ( e t h y l e n e   t e r e p h t h a l a t e / 5 - I s o d i u m   s u l f o ] i s o p h t h a l a t e )  

( 9 7 / 3 ) ,   p o l y ( c y c l o h e x a n e - l , 4 - d i 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 ( c y c l o h e x a n e - l , 4 - d i m e t h y l e n e   t e r e p h t h a l a t e /  

h e x a h y d r o t e r e p h t h a l a t e )   ( 7 5 / 2 5 ) .  

EXAMPLE 1  (COMPARATIVE)  

For   c o m p a r a t i v e   t e s t i n g ,   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   y a r n   h a v i n g   11±1  c a r b o x y l   end  g r o u p s  

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

p r o c e d u r e   d e s c r i b e d   in  U . S .   P a t e n t   3 , 6 7 2 , 9 7 7   t o  

D a r d o u f a s ,   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e ,   i . e . ,  

a  1000  d e n i e r   192  f i l a m e n t   y a r n   was  p r e p a r e d  

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

t r e a t e d   w i t h   a b o u t   0 . 4 5   p e r c e n t   b a s e d   on  t h e  

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

as  s p i n   f i n i s h   A  in   T a b l e   I .   D r a w i n g   p e r f o r m a n c e   o f  

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



a b o u t   0 . 1 5   to   0 . 2 5   p e r c e n t .  

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

two  4 - t u b e   l a y e r s   w i t h   o f f - s e t   c e n t e r s   of   h i g h  

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

l e n g t h   of   a b o u t   200  to  300  n a n o m e t e r s ,   w i t h   p e a k  

wave  l e n g t h   a t   253  n a n o m e t e r s .   The  l a m p s   w e r e  

a p p r o x i m a t e l y   8 3 . 8   c e n t i m e t e r s   (33  i n c h e s )   in  l e n g t h  

and  c an   be  o b t a i n e d   f rom  t h e   U l t r a d y n a m i c s  

C o r p o r a t i o n ,   S a n t a   M o n i c a ,   C a l i f o r n i a .   The  y a r n  
made  s i x   p a s s e s   t h r o u g h  t h e   c h a m b e r ,   e a c h   p a s s  
b e i n g   c e n t e r e d   a t   a  d i s t a n c e   of   a b o u t   1  c e n t i m e t e r  

b e t w e e n   t h r e e   o f   t h e   t u b e s   so  t h a t   h i g h   i n t e n s i t y  

u l t r a v i o l e t   r a d i a t i o n   f e l l   on  a l l   s i d e s   of  t h e   y a r n .  
The  l a m p s   w e r e   f o u n d   to  p r o v i d e   maximum  e f f i c i e n c y  

a t   a  t e m p e r a t u r e   n e a r   3 7 . 8 ° C .   ( . 1 0 0 ° F . ) .   The  y a r n  
was  e x p o s e d   to   t h e   u l t r a v i o l e t   r a d i a t i o n   f o r   a  t o t a l  

of   7  s e c o n d s .  

To  t h i s   y a r n   a  s e c o n d a r y   f i n i s h ,   or   o v e r f i n i s h ,  

i d e n t i f i e d   as  o v e r f i n i s h   A  of   T a b l e   I I ,   was  a p p l i e d  

a t   a  3  p e r c e n t   t o t a l   wet   p i c k u p   to  a c h i e v e   a  t o t a l  

o i l   on  y a r n   l e v e l   of   a b o u t   1 , 0   p e r c e n t .   The  y a r n  

was  t h e n   t w i s t e d   i n t o   3 - p l y   c o r d s   h a v i n g   9x9  t w i s t s  

p e r   i n c h .   E a c h   c o r d   was  t r e a t e d   w i t h   a  c o n v e n t i o n a l  

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

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

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

4 .5   p e r c e n t   t o t a l   s o l i d s   p i c k u p   b a s e d   on  t h e   w e i g h t  

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

c o n d i t i o n   3  of   T a b l e   I I I .   The  t r e a t e d   c o r d s   w e r e  

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

w h i c h   a r e   p r e s e n t e d   in   T a b l e   I V .  

EXAMPLE  2  -(COMPARATIVE) 

The  p r o c e d u r e   of  E x a m p l e   1  was  r e p e a t e d   w i t h  

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

to  u l t r a v i o l e t   r a d i a t i o n ;   and  t h e   y a r n   was  o v e r f i n i s h e d  



a t   room  t e m p e r a t u r e   w i t h   o v e r f i n i s h   B  of   T a b l e   I I .  

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

T a b l e   I V .  

EXAMPLES  3 - 5  

The  p r o c e d u r e   of   E x a m p l e   1  was  r e p e a t e d   i n  

e a c h   of   E x a m p l e s   3  t h r o u g h   5  w i t h   t h e   f o l l o w i n g  

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

r a d i a t i o n   f o r   a  p e r i o d   of  0 . 3 ,   3  and   7  s e c o n d s ,  

r e s p e c t i v e l y ,   in   E x a m p l e s   3  t h r o u g h   5;  and  t h e  

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

o v e r f i n i s h   B  of   T a b l e   I I .   R e s u l t s   of   a d h e s i o n  

t e s t i n g   a r e   p r e s e n t e d   in   T a b l e   I V .  

E X A M P L E S  6  a n d   7 

The  p r o c e d u r e   of   E x a m p l e   1  was  r e p e a t e d   w i t h  

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

u l t r a v i o l e t   r a d i a t i o n   in  E x a m p l e   6  w h i l e   i n  

E x a m p l e   7,  t h e   y a r n   was  e x p o s e d   to   u l t r a v i o l e t  

r a d i a t i o n   f o r   a  p e r i o d   of   t h r e e   s e c o n d s ;   and  i n  

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

t e m p e r a t u r e s   w i t h   o v e r f i n i s h   C  of  T a b l e   I I .   R e s u l t s  

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

EXAMPLES  8 - 1 3  

P o l y e t h y l e n e   t e r e p h t h a l a t e   y a r n   h a v i n g  
24±1  c a r b o x y l   end  g r o u p s   was  p r e p a r e d   in  a c c o r d a n c e  

w i t h   t h e   p r o c e d u r e   of  E x a m p l e   1  in   E x a m p l e s   8  t h r o u g h  

13,  u t i l i z i n g   t h e   s p i n   f i n i s h e s ,   o v e r f i n i s h e s ,  

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

in  T a b l e   IV.  R e s u l t s   of   a d h e s i o n   t e s t i n g   a r e   a l s o  

p r e s e n t e d   in   T a b l e   I V .  

EXAMPLES  1 4 - 1 9  

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   h a v i n g   2 4 ± 1  

c a r b o x y l   end  g r o u p s   was  p r e p a r e d   in  a c c o r d a n c e   w i t h  

t h e   p r o c e d u r e  o f   E x a m p l e   1  in  E x a m p l e s   14  t h r o u g h  

19,  u t i l i z i n g   t h e   s p i n   f i n i s h e s ,   o v e r f i n i s h e s ,  

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



s p e c i f i e d   in  T a b l e   IV;  h o w e v e r ,   t h e   s t e p   o f  

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

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

t h o s e   e x a m p l e s   (15 ,   16,  18  and  19)  w h i c h   i n c l u d e d  

b o t h   o f   t h e s e   s t e p s .   R e s u l t s   of  a d h e s i o n   t e s t i n g  

a r e   p r e s e n t e d   in   T a b l e   I V .  











CONCLUSIONS 

A  c o m p a r i s o n   of   E x a m p l e s   1  t h r o u g h   7  s h o w s  

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

t h e   y a r n   to   u l t r a v i o l e t   r a d i a t i o n   and  t r e a t i n g   t h e  

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

an  e p o x y   s i l a n e   as   p r e v i o u s l y   d e s c r i b e d .   T h e  

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

E x a m p l e   5 .  

A  c o m p a r i s o n   of   E x a m p l e s   8  t h r o u g h   19  s h o w s  

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

c a r b o x y 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   of   b o t h  

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

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

c o n t a i n i n g   an  e p o x y   s i l a n e   as  p r e v i o u s l y   d e s c r i b e d .  

In  E x a m p l e s   9,  11  and  13,  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   y a r n   was  e x p o s e d   to   u l t r a v i o l e t  

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

w h i l e   in  E x a m p l e s   15,  16,  18  and  19,  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   y a r n   was  t r e a t e d   w i t h   an  a q u e o u s  
o v e r f i n i s h   c o m p o s i t i o n   c o n t a i n i n g   t h e   e p o x y   s i l a n e  

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

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

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

t e m p e r a t u r e s   ( t r e a t i n g   c o n d i t i o n s   of   T a b l e   I I I )   c a n  

be  u t i l i z e d   w i t h   t h e   r e g u l a r   c a r b o x y l   y a r n ;   t h i s  

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

e m i s s i o n s .  

A l t e r n a t i v e   s o u r c e s   of  u l t r a v i o l e t   r a d i a t i o n  

can   be  u s e d .   F o r   e x a m p l e ,   m e d i u m   wave  l e n g t h  

(280  to   400  n a n o m e t e r s )   f l u o r e s c e n t   sun  lamp  M o d e l  

F S - 4 0   a v a i l a b l e   f r o m   W e s t i n g h o u s e   C o r p o r a t i o n   i s  

s u i t a b l e .   The  i n t e n s i t y   of  u l t r a v i o l e t   r a d i a t i o n  

i s   e x p r e s s e d   in  m i c r o - w a t t s   p e r   s q u a r e   c e n t i m e t e r  



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

e m i t t e d   f rom  a l l   s i d e s   of   t h e   u l t r a v i o l e t   lamp  i s  

e x p r e s s e d   in  w a t t s .   The  t o t a l   e x p o s u r e   i s   a  p r o d u c t  

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

u l t r a d s   ( m i c r o w a t t   s e c o n d s   p e r   s q u a r e   c e n t i m e t e r ) ,  

The  same  n u m b e r   of   u l t r a d s   c an   be  a c h i e v e d   w i t h   a  

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

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

i n t e n s i t y   of  u l t r a v i o l e t   r a d i a t i o n .   E x p o s u r e s   o f  

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   y a r n   to   u l t r a v i o l e t  

r a d i a t i o n   f o r   a  p e r i o d   of  up  to   15  m i n u t e s   s h o w e d  

v i r t u a l l y   no  l o s s   o f   y a r n   b r e a k i n g   s t r e n g t h   a n d  

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

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

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



1.  In  a  p r o c e s s   f o r   t h e   p r o d u c t i o n   of  p o l y -  

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

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

q u e n t   to  t he   d r a w i n g   s t e p   to  u l t r a v i o l e t   r a d i a t i o n ;  

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

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

f o r m u l a  

w h e r e i n   n  =  2  to   5 .  

2.  A  p o l y e s t e r   y a r n   p r o d u c e d   in  a c c o r d a n c e  

w i t h   t he   p r o c e s s   of  c l a i m   1 .  

3.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   s t e p  

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

p r i o r   to  t h e   s t e p   of  t r e a t i n g   t h e   y a r n   w i t h   t h e   f i n i s h  

c o m p o s i t i o n .  
4.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   s t e p  

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

s u b s e q u e n t   to  t h e   s t e p   of  t r e a t i n g   t h e   y a r n  w i t h   t h e  

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

5.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   s i l a n e  

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

6.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   f i n i s h  

c o m p o s i t i o n   c o m p r i s e s   a b o u t   50  to   98  w e i g h t   p e r c e n t   o f  

w a t e r   and  a b o u t   2  to   50  w e i g h t   p e r c e n t   of  t he   s i l a n e .  

7.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   f i n i s h  

c o m p o s i t i o n   is  an  o v e r f i n i s h   c o m p o s i t i o n   w h i c h   f u r t h e r  

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

8.  In  a  p r o c e s s   f o r   t he   p r o d u c t i o n   of  p o l y -  

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

i m p r o v e m e n t   w h i c h   c o m p r i s e s :  

e x p o s i n g   t he   y a r n   s u b s e q u e n t   to   t h e   d r a w -  

ing   s t e p   f o r   a  t i m e   p e r i o d   of  a t   l e a s t   a b o u t   0 .3   s e c o n d  

to  u l t r a v i o l e t   r a d i a t i o n   h a v i n g   a  wave  l e n g t h   b e t w e e n  

200  to   400  n a n o m e t e r s ;   a n d  



t r e a t i n g   the   y a r n   w i t h   an  o v e r f i n i s h  

c o m p o s i t i o n   c o m p r i s i n g   a b o u t   60  to   90  w e i g h t   p e r c e n t   o f  

w a t e r   and  a b o u t   10  to  40  w e i g h t   p e r c e n t   of  an  o i l   p o r -  

t i o n ,   t he   o i l   p o r t i o n   c o m p r i s i n g   a b o u t   50  to   70  w e i g h t  

p e r c e n t   of  h e x a d e c y l   s t e a r a t e ,   a b o u t   3  to   9  w e i g h t  

p e r c e n t   of  g l y c e r o l   m o n o o l e a t e ,   a b o u t   2  to  8  w e i g h t  

p e r c e n t   o f   d e c a g l y c e r o l   t e t r a o l e a t e ,   a b o u t   5  to   1 2  

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

5  to   15  w e i g h t   p e r c e n t   of  s u l f o n a t e d   g l y c e r o l   t r i o l e a t e ,  

a b o u t   1  to   10  w e i g h t   p e r c e n t   of  e t h o x y l a t e d   a l k y l a m i n e ,  

and  a b o u t   2  to   45  w e i g h t   p e r c e n t   of  s i l a n e   h a v i n g  

s t r u c t u r a l   f o r m u l a  

w h e r e i n   n  =  2  to   5 .  

9.  The  p r o c e s s   of  c l a i m   8  w h e r e i n   t he   s i l a n e  

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

w i t h   t he   p r o c e s s   of  c l a i m   8 .  
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