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  Fabrics  of  reduced  static  propensity  are  obtained  from 
cospun  yarns  comprising  a  major  amount,  up  to  70  weight 
percent,  of  poly(ethylene  terephthalate)  filaments  with  the 
remainder  being  poly(hexamethylene  terephthalamide)  fila- 
ments  containing  3  to  10  weight  percent  of  an  N-alkyl 
substituted  polycarbonamide,  the  filaments  having  a  denier 
of  from  1  to  10. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a n t i s t a t i c   c o s p u n  

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

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

and  to   woven  and  k n i t t e d   f a b r i c s   made  t h e r e f r o m .  

2.  D e s c r i p t i o n   of  t h e   P r i o r   A r t  

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

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

t e x t i l e   a p p l i c a t i o n s   is   w e l l   known.   A  r e c e n t  

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

i n c o r p o r a t i o n   of  an  N - a l k y l   s u b s t i t u t e d  

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

A l d e r s o n   U . S .   P a t e n t   3 , 9 0 0 , 6 7 6 .   T h i s   p a t e n t   s u g g e s t s  

t h a t   s u c h   a n t i s t a t i c   f i l a m e n t s   may  fo rm  one  c o m p o n e n t  
of   a  c o s p u n   y a r n .   I t   i s   an  o b j e c t   of   t h i s   i n v e n t i o n  

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

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

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

as  shown  by  r e d u c e d   g a r m e n t   c l i n g ,   t h a t   is  a f f o r d e d  

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

SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   p r o v i d e s   an  a n t i s t a t i c   c o s p u n  

y a r n   c o m p r i s i n g   a  m a j o r   a m o u n t   up  to  a b o u t   70  w e i g h t  

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

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

a d i p a m i d e )   f i l a m e n t s   c o n t a i n i n g   3  to  10  w e i g h t  

p e r c e n t   of   an  N - a l k y l   s u b s t i t u t e d   p o l y c a r b o n a m i d e ,  

t h e   f i l a m e n t s   h a v i n g   a  d e n i e r   of  f rom  1  to   1 0 .  

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

of   t h i s   i n v e n t i o n .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  c o s p u n   y a r n   of   t h e   i n v e n t i o n   may  b e  

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   g e n e r a l   t e c h n i q u e s  

d e s c r i b e d   in  R e e s e   U .S .   P a t e n t   3 , 6 8 1 , 9 1 0 .   B a s i c a l l y ,  

t he   two  f i b e r - f o r m i n g   p o l y m e r i c   c o m p o s i t i o n s   a r e  

s e p a r a t e l y   f ed   to  one  or  more   s p i n n i n g   a s s e m b l i e s   a n d  

e x t r u d e d   to  fo rm  g r o u p s   of   d i s c r e t e   f i l a m e n t s   f r o m  

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

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

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

p r e f e r a b l y   f rom  1  to   10  d e n i e r   p e r   f i l a m e n t   ( d p f ) .  

The  two  f i b e r - f o r m i n g   p o l y m e r i c   c o m p o s i t i o n s  

e m p l o y 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   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 e r e i n a f t e r   2GT  and  p o l y ( h e x a m e t h y l e n e  

a d i p a m i d e )   h e r e i n a f t e r   n y l o n   6 , 6 .   The  n y l o n   6 , 6   t o  

be  e x t r u d e d   c o n t a i n s   f rom  3  to   10  w e i g h t   p e r c e n t   o f  

an  N - a l k y l   s u b s t i t u t e d   p o l y c a r b o n a m i d e   as  an  a n t i s t a t  

m o d i f i e r .   The  l a t t e r ,   w h i c h   i s   d e s c r i b e d   in  m o r e  

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

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

c o n t a i n s   a  m a j o r   a m o u n t   of   2GT  f i l a m e n t s ,   p r e f e r a b l y  

a b o u t   60%  by  w e i g h t ,   b u t   no  more   t h a n   70%  by  w e i g h t .  

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

by  t h e   m o d i f i e d   n y l o n   6 ,6   f i l a m e n t s .   S u r p r i s i n g l y   i t  

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

of   s u c h   y a r n s   as  shown  by  c l i n g   t e s t s   is  no  g r e a t e r  

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

m o d i f i e d   n y l o n   6 ,6   f i l a m e n t s .  

The  n y l o n   6 ,6   f i l a m e n t s   c o n t a i n   f r o m   a b o u t   3 

to  10  w e i g h t   p e r c e n t   of  an  N - a l k y l   s u b s t i t u t e d  

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

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

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

d i s c l o s e d   in  A l d e r s o n   U . S .   3 , 9 0 0 , 6 7 6 .   The  m o d i f i e r  



has   a  m o l e c u l a r   w e i g h t   of   a t   l e a s t   a b o u t   800  to   5 0 0 0  

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

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

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

e s s e n t i a l l y   p a r a l l e l   to   t h e   f i l a m e n t   a x i s ,   a l l   a s  

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

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

t h e i r   l e n g t h ,   L,  to   a v e r a g e   d i a m e t e r ,   D,  of   a t   l e a s t  

a b o u t   100  as  t a u g h t   in  s a i d   A l d e r s o n   p a t e n t .  

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

i n v e n t i o n ,   t he   N - a l k y l   p o l y c a r b o n a m i d e   may  be  m i x e d  

d i r e c t l y   w i t h   t h e   f i b e r - f o r m i n g   n y l o n   6 ,6   and  t h e n  

i m m e d i a t e l y   spun   i n t o   f i l a m e n t s .   I f   d e s i r e d ,   i t   m a y  
be  c o m b i n e d   w i t h   p o l y m e r   f l a k e   and  t h e n   s p u n   i n t o  

f i l a m e n t s .   L e s s   r e a c t i v e   N - a l k y l   p o l y c a r b o n a m i d e s  

c a n   be  i n t r o d u c e d   i n t o   t h e   a u t o c l a v e   d u r i n g  

p r o d u c t i o n   of  t he   f i b e r - f o r m i n g   p o l y c a r b o n a m i d e .  

P r e f e r a b l y ,   t h e   N - a l k y l   p o l y c a r b o n a m i d e   a n d  

f i b e r - f o r m i n g   n y l o n   6 ,6   a r e   m i x e d   in  m o l t e n   c o n d i t i o n  

and  i m m e d i a t e l y   s p u n   i n t o   f i l a m e n t s .  

U s e f u l   N - a l k y l   p o l y c a r b o n a m i d e s   a r e  

d i s c l o s e d   p a r t i c u l a r l y   in  c o l u m n   3  l i n e   7  t h r o u g h  

l i n e   21  of  c o l u m n   4  of  U . S .   P a t e n t   3 , 9 0 0 , 6 7 6 .   In  t h e  

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

r e a c t i o n   p r o d u c t   of   a  m i x t u r e   of   80%  N , N ' - d i - n - b u t y l  

h e x a m e t h y l e n e   d i a m i n e   and  20%  of   m o n o - N - b u t y l  

h e x a m e t h y l e n e   d i a m i n e   and  d o d e c a n e d i o i c   a c i d .  

S t e a r i c   a c i d   is  e m p l o y e d   as  a  v i s c o s i t y   s t a b i l i z e r .  

The  m o d i f i e r   had  a  m e l t i n g   p o i n t   l e s s   t h a n   0°C,   a  

c a l c u l a t e d   m o l e c u l a r   w e i g h t   of  a b o u t   2100  and  a  

v i s c o s i t y   of  1100  c e n t i s t o k e s   a t   9 5 ° C .  

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

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

d e s c r i b e d   in  t he   a f o r e m e n t i o n e d   R e e s e   p a t e n t .   O n e  

f i l a m e n t   g r o u p   of   t h e   m i x e d   f i l a m e n t   y a r n   was  2GT 



f i l a m e n t s   w h i l e   t he   o t h e r   was  n y l o n   6 ,6   f i l a m e n t s ,  

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

m o d i f i e r   m e n t i o n e d   a b o v e .   Two  t e c h n i q u e s   f o r  

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

p o l y c a r b o n a m i d e   a r e   i l l u s t r a t e d .   In  E x a m p l e   I ,   t h e  

m o d i f i e r   was  i n j e c t e d   i n t o   t h e   n y l o n   6 ,6   s t r e a m  

s h o r t l y   b e f o r e   e x t r u s i o n   by  i n j e c t i o n   of   t h e   m o d i f i e r  

i n t o   t h e   s c r e w   m e l t e r - e x t r u d e r   and  m i x i n g   b e f o r e   t h e  

m e l t - s p i n n i n g   o p e r a t i o n .   In  E x a m p l e   I I ,   t h e   m o d i f i e r  

was  c o m b i n e d   w i t h   t he   n y l o n   6 , 6   in  t he   a u t o c l a v e   i n  

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

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

a c h i e v e d   by  s e p a r a t e l y   m e t e r i n g   2GT  and  n y l o n   6 , 6  

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

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

two  s t r e a m s   and  k e e p   them  s e p a r a t e .   The  p o l y m e r s   a r e  

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

s p i n n e r e t .   The  two  g r o u p s   of   f i l a m e n t s   m e r g e   and  a r e  

t h e n   d r a w n   and  wound  up  in  a  p a c k a g e .   D e t a i l s   a r e  

g i v e n   in  t h e   e x a m p l e s .  

TEST  PROCEDURES 

R e l a t i v e   v i s c o s i t y ,   RV,  of   2GT  as  u s e d   i n  

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

of   a  4 . 7 5   w e i g h t   p e r c e n t   s o l u t i o n   of  2GT  i n  

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

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

u n i t s   a t   2 5 ° C .   The  RV  of  n y l o n   6 ,6   is  m e a s u r e d   a s  

d e s c r i b e d   in  U . S .   3 , 6 8 1 , 9 1 0   a t   c o l u m n   3,  l i n e s   2 5 - 3 0 .  

S a i l   T e s t  -   t h i s   t e s t   is  p e r f o r m e d   a s  

d e s c r i b e d   in  U . S .   3 , 9 0 0 , 6 7 6   a t   c o l u m n   16,   l i n e s   1 1 - 3 6 .  

K e i t h l e y   Log  R  -   t h i s   t e s t   is  p e r f o r m e d   a s  

d e s c r i b e d   in  AAATC  7 6 - 1 9 7 8   p.   2 3 3 .  

S k e i n   Log  R  -   t h i s   t e s t   is  s i m i l a r   to   t h e  

y a r n   log   R  t e s t   in  U .S .   3 , 9 0 0 , 6 7 6   e x c e p t   t h a t   f o r  

S k e i n   Log  R,  s u f f i c i e n t   r e v o l u t i o n s   were   wound  t o  



make  a  s k e i n   w i t h   a  c r o s s - s e c t i o n   of   7 2 0 , 0 0 0   d e n i e r .  

The  s k e i n   is   s c o u r e d ,   d r i e d   and  c o n d i t i o n e d   a t   20% 

r e l a t i v e   h u m i d i t y   f o r   24  h o u r s .   The  s k e i n   is  c u t   a n d  

c l a m p e d   w i t h o u t   s p r e a d i n g   b e t w e e n   e l e c t r o d e s   2 . 0  

i n c h e s   a p a r t   so  t h a t   3 6 0 , 0 0 0   d e n i e r   is   b e t w e e n   t h e  

e l e c t r o d e s .   The  r e s i s t a n c e   i s   m e a s u r e d   a t   20% 

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

of   210  v o l t s .  

EXAMPLE  I  

C o s p u n   y a r n s   of   t r i l o b a l   2GT  f i l a m e n t s   (60% 

by  w e i g h t )   and  t r i l o b a l   n y l o n   6 , 6   f i l a m e n t s   (40%  b y  

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

f rom  n y l o n   6 ,6   (42  R.V.   w i t h   0 .02%  T i 0 2 )   c o n t a i n i n g  

4.6%  by  w e i g h t   of  m o d i f i e r   and  f rom  2GT  (22  R.V.   w i t h  

0.1%  T i 0 2 ) .   The  p o l y m e r s   w e r e   m e l t   s p u n   a t   2 9 1 ° C  

t h r o u g h   a  s i n g l e   s p i n n e r e t   i n t o   a  y a r n   ( 6  f i l a m e n t s  

of   e a c h   p o l y m e r )   in  w h i c h   t h e   n y l o n   6 ,6   f i l a m e n t s   h a d  

an  R.V.   of   4 7 . 7   and  t h e   2GT  f i l a m e n t s   an  R.V.   o f  

2 1 . 5 .   The  e x t r u d e d   f i l a m e n t s   w e r e   a i r - q u e n c h e d .  

F i n i s h   was  a p p l i e d   and  t h e   f i l a m e n t   s t r e a m s   w e r e  

c o n v e r g e d   to   a  f e e d   r o l l   o p e r a t i n g   a t   1564  y p m  
s u r f a c e   s p e e d   and  t h e n   p a s s e d   t h r o u g h   a  s t e a m   j e t   a t  

200°C   to  a  d raw  r o l l   o p e r a t i n g   a t   a  s u r f a c e   s p e e d   o f  

3674  ypm  f o r   a  draw  r a t i o   of   2 . 3 5 .   The  d r a w n   y a r n  

was  a n n e a l e d   a t   138°C  in  a  h o t   c h e s t   ( r e s i d e n c e   t i m e  

a b o u t   0 .2   s e c . ) .   The  d r a w n   y a r n   was  p a s s e d   t h r o u g h  

an  i n t e r l a c e   j e t   a t   55  p s i g   a i r ,   t r e a t e d   w i t h   a  

s e c o n d   f i n i s h   and  wound  up  a t   3681   ypm  a t   a  t e n s i o n  

of   7  g r a m s .   The  y a r n   d e n i e r   was  40,   p e r c e n t  

e l o n g a t i o n   was  3 5 . 4 ,   t e n a c i t y   was  3 .5   g p d .   The  n y l o n  

6 ,6   f i l a m e n t s   had  a  d e n i e r   o f   2 . 7   w h i l e   t he   2GT 

f i l a m e n t s   had  a  d e n i e r   of   4 . 0 .   The  a n t i s t a t i c  

p e r f o r m a n c e   of  s k e i n s   and  w a r p   k n i t   f a b r i c s   f r o m   t h e  

y a r n s   is  r e p o r t e d   as  I t e m   1  on  T a b l e   I  b e l o w .  



EXAMPLE  I I  

A  p r o c e s s   s i m i l a r   to  t h a t   u s e d   in  E x a m p l e   I  

was  p e r f o r m e d   e x c e p t   t h a t   t he   p o l y m e r s   u s e d   w e r e  

n y l o n   6 ,6   (32  R.V.   w i t h   0 .02%  T i 0 2 )   c o n t a i n i n g  

5 .25%  by  w e i g h t   of   m o d i f i e r   and  2GT  (22  R.V.   w i t h  

0.1%  T i 0 2 ) .   The  r e s u l t i n g   y a r n   was  made  up  o f  

n y l o n   6 ,6   f i l a m e n t s   (40%  by  w e i g h t )   of   3 9 . 5   R.V.   a n d  

2GT  f i l a m e n t s   (60%  by  w e i g h t )   of   2 1 . 2   R.V.   The  y a r n  
d e n i e r   was  40,  p e r c e n t   e l o n g a t i o n  w a s   4 2 . 5 ,   a n d  

t e n a c i t y   was  3 .5   g p d .   The  a n t i s t a t i c   p e r f o r m a n c e   o f  

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

s u c h   y a r n s   i s   r e p o r t e d   on  T a b l e   I  as  I t e m   2 .  

I t e m   3  of   T a b l e   I  r e p r e s e n t s   a  c o s p u n  
t r i l o b a l   c o n t r o l   y a r n   c o n t a i n i n g   no  a n t i s t a t  

m o d i f i e r ,   b u t   i s   o t h e r w i s e   s i m i l a r   to  I t e m s   1  and  2 .  

I t e m s   4,  5  and  6  a r e   c o m m e r c i a l   w a r p   k n i t  

f a b r i c s   f rom  40  d e n i e r   y a r n .   I t e m   4  i s   a  t r i l o b a l  

n y l o n   a n t i s t a t i c   1 3 - f i l a m e n t   y a r n .   I t e m   5  i s   a  

q u a d r a l o b a l   n y l o n   a n t i s t a t i c   2 0 - f i l a m e n t   y a r n   a n d  

I t e m   6  is  a  r o u n d   n y l o n   1 3 - f i l a m e n t   y a r n   c o n t a i n i n g  

no  a n t i s t a t .   I t e m s   4  and  5  c o n t a i n   t h e   same  m o d i f i e r  

as  u s e d   f o r   I t e m   1  and  a t   a  c o n c e n t r a t i o n   of   5 . 2 5 % .  

I t e m   7  and  8  r e p r e s e n t   e x p e r i m e n t s   p e r f o r m e d   t o  

c o m p a r e   r e s u l t s   o b t a i n e d   f rom  n y l o n   6 ,6   y a r n s   i n  

w h i c h   m o d i f i e r   5 .25%  c o n c e n t r a t i o n   was  a d d e d   to   100% 

of   t h e   f i l a m e n t s   ( I t e m   7)  and  n y l o n   6 ,6   y a r n s   i n  

w h i c h   m o d i f i e r   was  a d d e d   a t   5 .25%  c o n c e n t r a t i o n   t o  

o n l y   50%  of   t h e   f i l a m e n t s   ( I t e m   8 ) .   In  e a c h   c a s e   t h e  

same  m o d i f i e r   was  u s e d .  





1.  An  a n t i s t a t i c   c o s p u n   y a r n   c o m p r i s i n g   a  

m a j o r   a m o u n t   up  to  a b o u t   70  w e i g h t   p e r c e n 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 )   f i l a m e n t s ,   t h e   r e m a i n d e r  

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

c o n t a i n i n g   3  to   10  w e i g h t   p e r c e n t   of  an  N - a l k y l  

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

d e n i e r   of   f rom  1  to  1 0 .  

2.  The  y a r n   of   c l a i m   1  c o m p r i s i n g   a b o u t   60 

w e i g h t   p e r c e n 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 )  

f i l a m e n t s .  

3.  F a b r i c s   of   t h e   y a r n   of  c l a i m   1 .  
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