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A   textured  nylon-6  continuous  filament  is  characterized 
by  the  absence  of  a  spherulitic  ring  structure  along  the 
periphery  of  the  cross  section  thereof  when  the  cross  section 
is  viewed  under  polarized  light. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of   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   g e n e r a l l y   to   t e x t i l e s ,  

s p i n n i n g ,   t w i s t i n g ,   and  t w i n i n g .   More  p a r t i c u l a r l y ,  

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

n y l o n - 6   f i l a m e n t .  

P r i o r   A r t   B a c k g r o u n d  

In  t h e   m a j o r i t y   of  t e x t i l e   p r o d u c t s ,   two  i m p o r t a n t  

f u n c t i o n a l   p r o p e r t i e s   a r e   r e q u i r e d - - v i z . ,   p r o t e c t i o n  

and  t h e r m a l   i n s u l a t i o n - -   b o t h . o f   w h i c h   c a n  b e   s t a t i s -  

f i e d   by  a d e q u a t e   b u l k i n e s s   of  t h e   p r o d u c t .   In  g e n e r a l ,  

a  b u l k y   p r o d u c t   w i l l   h a v e   to   be  made  of  a  b u l k y   f i b e r  

or   f i l a m e n t ,   as  t he   b a s i c   c o n s t r u c t i o n a l   e l e m e n t   o f  

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

As  a  c o n s e q u e n d e ,   a  c o n s i d e r a b l e   e f f o r t   has   b e e n   m a d e  

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

f i l a m e n t s   by  t e x t u r i n g   or  c r i m p i n g   t h e r e o f ,   e s p e c i a l l y  

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

s u c h   as  n y l o n - 6 .   The  p r e s e n t   i n v e n t i o n   i s   an  i m p r o v e d  

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

S t a t e m e n t   of  C l o s e s t   Known  P r i o r   A r t  

The  c l o s e s t   p r i o r   a r t   of  w h i c h   t he   i n v e n t o r s   a r e  

a w a r e   i s   s e t   f o r t h   b e l o w .  

1.  U .S .   3 , 1 8 6 , 1 5 5 ,   B r e e n ,   e t   a l . ,   d i s c l o s e s   a  m o n o -  

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

n y l o n - 6   f i l a m e n t ,   w h i c h   h a s :   (a)  a l t e r n a t e   S  a n d   Z 

t w i s t   s e c t i o n s   t h r o u g h o u t   i t s   l e n g t h ;   (b)  a  r a n d o m  

n u m b e r   of  t u r n s   b e t w e e n   t w i s t   r e v e r s a l s ;   (c)   a  

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



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

i n c h ;   a t   l e a s t   one  S  t u r n   and  a t   l e a s t   one  Z  t u r n  

p e r   i n c h   w h i c h   h a v e   a  t w i s t   a n g l e   a v e r a g i n g - a t  

l e a s t   5  d e g r e e s .  

2.  U.S .   4 , 0 9 6 , 2 2 6 ,   M a r t i n ,   e t   a l . ,   d i s c l o s e s   t h e   p r o -  
d u c t i o n   of  a  c r i m p e d   n y l o n - 6   f i l a m e n t   s i m i l a r   t o  

t h a t   d i s c l o s e d   in  B r e e n ,   e t   a l . ,   U .S .   3 , 1 8 6 , 1 5 5 ,  

s u p r a .   H o w e v e r ,   t h e   M a r t i n   p r o c e s s   i s   an  i n t e g r a -  

t e d   p r o c e s s ,   in   c o n t r a d i s t i n c t i o n   to   t h a t   o f  

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

i m m e d i a t e   s u c c e s s i o n :   ( a )   m e l t   s p i n n i n g ;   ( b )  

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

t h a t   t h e   d r a w n   f i l a m e n t s   on  l e a v i n g   t h e   d r a w i n g  

s t a g e   h a v e   an  e x t e n s i b i l i t y   of   b e t w e e n   20  and   3 5  

p e r c e n t ;   and  (c)  t e x t u r i n g   t h e   d r a w n   f i l a m e n t s   a t  

a  v e l o c i t y   of   b e t w e e n   800  and   3 , 0 0 0   m e t e r s   p e r  

m i n u t e   by  an  a i r  j e t   p r o c e s s ,   t h e   t e m p e r a t u r e  o f  

t h e   f i l a m e n t s   b e i n g   b e t w e e n   50  and  180  °C  p r i o r   t o  

t e x t u r i n g .  

3.  U.S .   3 , 9 7 5 , 4 8 4 ,   O k a d a ,   e t   a l . ,   d i s c l o s e s  t h e   p r o -  
d u c t i o n   of   a  c r i m p e d   n y l o n - 6   f i l a m e n t   s i m i l a r   t o  

t h a t   d i s c l o s e d   in  B r e e n ,   e t   a l . ,   U .S .   3 , 1 8 6 , 1 5 5 ,  

s u p r a ,   by  a  p r o c e s s   s o m e w h a t   s i m i l a r   to   t h a t  

d i s c l o s e d   in   M a r t i n ,   e t   a l . ,   U . S .   4 , 0 9 6 , 2 2 6 ,  

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

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

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

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

s p e e d   of   more   t h a n   a b o u t   200  m e t e r s   p e r   m i n u t e ,  

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

c o n t a c t   a n g l e   b e t w e e n   a b o u t   80  °  and  160  °  w i t h  

t h e  s u r f a c e   t e m p e r a t u r e   of   t h e   h e a t e d   body  m a i n -  

t a i n e d   in   t h e   r a n g e   of  a b o u t   1 7 0 ° - 2 5 0 ° C .   The  f i l a -  

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



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

s t e a m   j e t   c r i m p e r   w h i c h   i s   s u p p l i e d   w i t h   s t e a m   a t  

a  t e m p e r a t u r e   in  t h e   r a n g e   of  a b o u t   2 0 0 - 3 5 0 ° C .  

4.  T h e i j i n   L i m i t e d ,   B r i t i s h   1 , 5 6 5 , 0 0 7 ,   d i s c l o s e s   a  

n y l o n - 6   m u l t i f i l a m e n t   y a r n   w h e r e i n   t h e   i n d i v i d u a l  

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

c h a r a c t e r i z e d   by  @ - t y p e c r y s t a l l i n i t y   in  c o m b i n a t i o n  

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

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

t h e   y a r n   has   a  b i r e f r i n g e n c e   of  a t   min imum  0 , 0 4 5 ,  

a  maximum  d e n i e r   of  0 . 8 ,   an  an  x - r a y   d i f f r a c t i o n  

i n t e n s i t y   r a t i o   s t a t i s f y i n g   a  s p e c i f i c  e q u a t i o n .  

None  of  t h e   f i l a m e n t a r y   p r o d u c t s   d e s c r i b e d   a b o v e  i s  

d e x d r i b e   as  h a v i n g   no  c h a r a c t e r i s t i c   s p h e r u l i t i c   r i n g  

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

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

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

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

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

a b o u t   10  to   a b o u t   20  µ .  

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

t h e   c r i m p e d   n y l o n - 6   c o n t i n u o u s   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   shows  a  c o m p l e t e   a b s e n c e   of  a  

s p h e r u l i t i c   r i n g   s t r u c t u r e   when  t h e   c r o s s   s e c t i o n  

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

of  t h e   a b s e n c e   of  such   a  s p h e r u l i t i c   r i n g  s t r u c t u r e  

i s   t h a t   t h e   f i l a m e n t   i s   more   l u x t r o u s   t h a n   a v a i l a b l e  

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

c o n d i t i o n s .   As  a  c o n s e q u e n d e ,   t h e   f i b e r   p r o d u c e r   m a y  

i n c r e a s e   b u l k   and  c o v e r   in   a  f i b r o u s   s t r u c t u r e   s u c h  

as  a  c a r p e t   w i t h o u t   any  l o s s   in  l u s t e r .  



SUMMARY  OF  THE  INVENTION 

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

i n c r e a s e d   b u l k   and  c o v e r   in  a  f i b r o u s   s t r u c t u r e  

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

t h e r e   i s   p r o v i d e d   a  c r i m p e d   n y l o n - 6   c o n t i n u o u s  

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

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

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

u n d e r   p o l a r i z e d   l i g h t .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

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

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

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

r e f e r e n c e   s h o u l d   be  made  to   t h e   D e t a i l e d   D e s c r i t i p n  

of  t h e   P r e f e r r e d   E m b o d i m e n t s ,   w h i c h   i s   s e t   f o r t h  

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

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

FIG.  1  d e p i c t s   two  c r o s s   s e c t i o n s   of  c r i m p e d   n y l o n - 6  

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

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

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

FIG.  2  d e p i c t s   two  c r o s s   s e c t i o n s   of  c r i m p e d   n y l o n - 6  

c o n t i n u o u s   f i l a m e n t s   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 c h   show  a  c o m p l e t e   a b s e n c e   o f  

t h e   s p h e r u l i t i c   r i n g   s t r u c t u r e   w h i c h   i s  

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

shown  in  FIG.   1 .  



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   now  to  t he   d r a w i n g ,   FIG.   1  d e p i c t s   a n  

a v a i l a b l e   c r i m p e d   n y l o n - 6   c o n t i n u o u s   f i l a m e n t   (1)  o f  

t h e   p r i o r   a r t ,   w h i c h   i s   shown  in  two  c r o s s   s e c t i o n s  

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

l i g h t .   A  c h a r a c t e r i s t i c   s p h e r u l i t i c   r i n g   (2)  i s  

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

A l s o   s e e n   in   t h e   c r o s s   s e c t i o n s   a r e   s m a l l   p a r t i c l e s  

(4)  of  a  d e l u s t r a n t   s u c h   as  t i t a n i u m   d i o x i d e .   T h e  

s p h e r u l i t i c   r i n g   (2)  i s   c o m p r i s e d   of  a  m u l t i p l i c i t y  

of  i n d i v i d u a l   p a r t i a l   s p h e r u l i t e s   ( 3 ) ,   w h i c h ,  

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

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

h e r e   h a v e   a  m o d i f i c a t i o n   r a t i o   of  b e t w e e n   a b o u t   2  a n d  

3,  i . e . ,   t h e   c o n f i g u r a t i o n   t h e r e o f   is   c o m m o n l y  

r e f e r r e d   to   as  " t r i l o b a l " .  

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

p r e s e n c e   or   a b s e n c e   of  a  s p h e r u l i t i c   r i n g   s t r u c t u r e ,  

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

y a r n   s a m p l e   i s   p l a c e d   in  a  s u i t a b l e   e m b e d d i n g   a g e n t .  

A  t h i n   s e c t i o n   t h e r e o f   i s   t h e n   c u t   w i t h   a  m i c r o t o m e .  

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

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

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

e q u a t i o n :  

w h e r e i n   DO  =  D i a m e t e r   of  c i r c u m s c r i b e d   c i r c l e   t o  

c r o s s   s e c t i o n ,   a n d  

Dl  =  D i a m e t e r   of  i n s c r i b e d   c i r c l e   i n t o   c r o s s  

s e c t i o n .  



The  p r e s e n c e   or   a b s e n c e   of   any  p e r i p h e r a l   r i n g   i s  

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

u n d e r   p o l a r i z e d   l i g h t i n g   ( p h a s e - c o n t r a s t   or  d a r k  

f i e l d   may  a l s o   be  e m p l o y e d ) ;   a  p h o t o m i c r o g r a p h   c a n  

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

D e p i c t e d   in   FIG.   2  i s   one  e m b o d i m e n t  ( 5 )   of  t h e  

c r i m p e d   n y l o n - 6   c o n t i n u o u s   f i l a m e n t   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n ,   w h i c h   i s   shown  in  two  c r o s s  

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

p o l a r i z e d   l i g h t .   No  s p h e r u l i t i c   r i n g   i s   o b s e r v e d  

a l o n g   t h e   p e r i p h e r y   of  t h e   c r o s s   s e c t i o n s ,   as  a t   ( 6 ) .  

Seen   in  t h e   c r o s s   s e c t i o n s   a r e   s m a l l   p a r t i c l e s   (4)  o f  

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

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

d i s c u s s e d   a b o v e   of   b e t w e e n   a b o u t   2  and  3,  i . e . ,   t h e  

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

" t r i l o b a l " .  

To  be  s u r e ,   i t   i s   n o t   n e c e s s a r y   t h a t   d e l u s t r a n t s   s u c h  

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

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

o b t a i n e d   when  a  f i l a m e n t   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   i s   s u b s t a n t i a l l y   f r e e   o f   any  d e l u s t r a n t .  

M o r e o v e r ,   a l t h o u g h   a  m o d i f i c a t i o n   r a t i o   of  b e t w e e n  

a b o u t   2  and  3  i s   a d v a n t a g e o u s l y   e m p l o y e d ,   f i l a m e n t 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  have   o t h e r  

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

c o n d i t i o n s   t h e   same  a d v a n t a g e s   and  b e n e f i t s   o v e r   t h e  

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

t h e   p r e s e n t   i n v e n t i o n   have   a  h i g h e r   l u s t e r - -   a s  

d e t e r m i n e d   v i s u a l l y - o r   by  any  of   many  s t a n d a r d  

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

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

p r i o r   a r t   w h i c h   h a v e   t h e   same  l e v e l   of  c r i m p ,   o r  t h e  



same  l e v e l   of  d e l u s t r a n t   in   an  a m o u n t   w h i c h   i s  

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

t h e   same  c r o s s   s e c t i o n a l   c o n f i g u r a t i o n .  

As  i s   u n d e r s t o o d   by  t h o s e   of  s k i l l   in  t h e  a r t ,  

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

a r e   s u b s t a n t i a l l y   f r e e   of  any  d e l u s t r a n t   a r e  

c o n s i d e r e d   to  be  v e r y   h i g h l y  l u s t r o u s .   I f   n o t   as  m u c h  

l u s t e r   i s   d e s i r e d ,   o n e  o f   t h e   d e l u s t r a n t s   known  t o  

t h o s e   of   s k i l l   in   t h e   a r t   may  be  e m p l o y e d .   T h e s e  

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

and  f i l l e r s   s u c h   as  t i t a n i u m   d i o x i d e ,   z i n c   s u l f i d e ,  

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

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

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

a r e   a d d e d   to  t h e   m o l t e n   n y l o n - 6   p o l y m e r  p r i o r   to   o r  

d u r i n g   e x t r u s i o n  a n d   s p i n n i n g ,   or  to  t h e  n y l o n - 6  

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

e x t r u s i o n   and  s p i n n i n g .   When  t i t a n i u m   d i o x i d e   i s  

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

of  n o t   g r e a t e r   t h a n   a b o u t   0 .1   p e r c e n t   by  w e i g h t .  

The  c r i m p e d   n y l o n - 6   c o n t i n u o u s   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   a d v a n t a g e o u s l y   h a s  a   t a n k   b u l k   o f  

a t   l e a s t . 8   p e r c e n t   and  a  d e n i e r   of  a t   l e a s t   5.  U n d e r  

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

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

s t r u c t u r e s   d e s i r a b l e   in   t o d a y ' s   m a r k e t .   Tank  b u l k   i s  

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

s k e i n   of  f i b e r   e x p o s e d   to   b o i l i n g   w a t e r   u n t e r   t w o  

l o a d s   of  a p p r o x i m a t e l y   0 . 0 0 0 3   g / d t e x   (L2)  and  0 . 0 9  

g / d t e x   (L11',  r e s p e c t i v e l y .   Thank   b u l k  i s   t h e n  

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



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

when  t h e   c r i m p e d   n y l o n - 6   c o n t i n u o u s   f i l a m e n t   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   has   a  m o d i f i c a t i o n   r a t i o   o f  

b e t w e e n   a b o u t   2  and  3  and  a  d e n i e r   of   b e t w e e n   a b o u t   5 

and  25.  U n d e r   t h e s e   c o n d i t i o n s ,   u s e   of   t h e   f i l a m e n t  

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   r e s u l t s   in   c a r p e t s  

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

In  a d d i t i o n   to   s h o w i n g   no  s p h e r u l i t i c   r i n g   s t r u c t u r e  

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

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

c r i m p e d   n y l o n - 6   c o n t i n u o u s   f i l a m e n t   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n   w h i c h   has   a  d e n i e r   of  a t   l e a s t   5  i s  

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

c h a r a c t e r i s t i c ,   v i z :   t h e  r a t i o   of  Y - f o r m   n y l o n - 6   t o  

@-form  n y l o n - 6   i s   a t   l e a s t   1  to  1,  and  o f t e n   a b o u t   3 / 1  

to  3 . 5 / 1 ,   as  m e a s u r e d   o n  n o n - h e a t   t r e a t e d ,   u n d e y e d ,  

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

Y- form  to  @-form  r a t i o s   of  a b o u t   1 /3   to   1 / 3 . 5   f o r  

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

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

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

i n v e n t i o n ,   t h e   @ - f o r m   i s   p r e d o m i n a n t .   Such  a  

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

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

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

t h e r e b y   i n c r e a s i n g   h e a t   s e t t i n g   e f f i c i e n c y   o v e r   t h a t  

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

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

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

m e a s u r e d   and  r e c o r d e d   c o n t i n u o u s l y   b e t w e e n   2  9  v a l u e s  

of  12°  and  3 0 ° .   The  a l p h a   c r y s t a l l i n e   f o r m   has   a  p e a k  

a t   2  0  =  2 0 . 0 °   to   2 0 . 5 ,   and  a n o t h e r   a t   2  9   =  2 3 . 2 °   t o  

2 4 . 0 ° .   The  p s e u d o - g a m m a   form  has   a  s i n g l e   p e a k   a t  

a b o u t   2  @  =  2 1 . 2 ° .   By  v i s u a l   e x a m i n a t i o n   o f   t h e  

c u r v e ,   one  can   d e t e r m i n e   the   r e l a t i v e   p r e p o n d e r a n c e  



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

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

of  y - f o r m   n y l o n - 6   to   A - f o r m   n y l o n - 6   a r e   e s p e c i a l l y  

d e s i r a b l e   when  s u b s t a n t i a l l y   f r e e   of  any  d e l u s t r a n t ,  

or   when  a  d e l u s t r a n t   s u c h   as  t i t a n i u m   d i o x i d e   i s  

p r e s e n t   t h e r e i n   in  an  a m o u n t   n o t   g r e a t e r   t h a n   a b o u t  

0 .1   p e r c e n t   by  w e i g h t .   M o r e o v e r ,   m o d i f i c a t i o n   r a t i o s  

of  b e t w e e n   a b o u t   2  and  3  a r e   h i g h l y   a d v a n t a g e o u s ,   a s  

is   a  t a n k   b u l k   as  s p e c i f i e d   s u p r a   of  a t   l e a s t   a b o u t   8 

p e r c e n t .  

A n y  o f   t h e   f i l a m e n t 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   m a y  b e   e m p l o y e d   in   a  m u l t i f i l a m e n t   y a r n - - e . g . ,  

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

t w i s t e d ,   u t i l i z i n g   s t a n d a r d   t e c h n i q u e s   w e l l - k n o w   t o  

t h o s e   of  s k i l l   in  t h e   a r t ,   to   p r o d u c e   c a r p e t s ,  

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

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

The  p r e s e n t   i n v e n t i o n ,   i n c l u d i n g   i t s   o b j e c t   a n d  

b e n e f i t s ,   may  be  b e t t e r   u n d e r s t o o d   by  r e f e r e n c e   t o  

t he   f o l l o w i n g   i l l u s t r a t i v e   e x a m p l e s :  

E x a m p l e   1 

N y l o n - 6   c h i p s   h a v i n g   a  r e l a t i v e   v i s c o s i t y  o f  2 . 6 9   a s  

m e a s u r e d   in  96-98%  s u l f u r i c   a c i d   and  c o n t a i n i n g   l e s s  

t h a n   0.01%  t i t a n i u m   d i o x i d e   w e r e   m e l t e d   in   a n  

e x t r u d e r   and  spun   a t   a  t e m p e r a t u r e   of   265°  t h r o u g h  

two  s p i n n e r e t t e s   w i t h   99  i r r e g u l a r   s h a p e d   h o l e s   e a c h  

a t   a  t h r u p u t   of  335  g r a m s   p e r   m i n u t e   p e r   s p i n n e r e t t e  

f o r m i n g   two  99  f i l a m e n t   t h r e a d l i n e s .   The  s p u n  
f i l a m e n t s   we re   q u e n c h e d   w i t h  a   c r o s s f l o w   of  a i r   a t  

a p p r o x i m a t e l y   1.2°C,  and  w e r e   l u b r i c a t e d  w i t h   an  o i l  

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



c o n t a i n i n g   e s s e n t i a l l y   no  w a t e r .   The  f i b e r   w a s  

s t r e t c h   p r e - t e n s i o n e d   1  1 /1%,   p r e - h e a t e d   to  45°C ,   a n d  

s t r e t c h e d   3 .25X  to  a  s p e e d   of  2119  m e t e r s   p e r   m i n u t e  

and  h e a t e d   to  1 6 5 ° C .   The  s t r e t c h e d   t h r e a d l i n e s  w e r e  

c r i m p e d   in  a  h o t   a i r   t e x t u r i z e r   s u c h   as  t h a t   i n   US 

P a t e n t   3 , 9 0 8 , 2 4 8 ,   and  d e p o s i t e d   o n t o  a   r o t a t i n g  

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

a  v a c u u m .   The  s i e v e   moved   a t   a  v e l o c i t y   o t   45  m e t e r s  

p e r   m i n u t e .   The  t h r e a d l i n e s   were   u n r a v e l e d   f rom  t h e i r  

p l u g   fo rm  on  t h e   c o o l i n g   s i e v e   to   a  s p e e d   of  1 7 3 2  

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

g o d e t s .   The  y a r n s   w e r e   s u b s e q u e n t l y   i n t e r l a c e d   in   a  

c o n v e n t i o n a l   a i r   j e t   and  wound  up  u n d e r   200  p o n d  

t e n s i o n   on  a  d o u b l e   cup  w i n d e r .   T h e r e   was  no  s p h e r u l i t i c  

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

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

u n d e r   p o l a r i z e d   l i g h t .   Some  of  t h e   f i b e r   p r o d u c e d   w a s  

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

e x h i b i t e d   e x c e l l e n t   u n i f o r m i t y   and  b u l k / c o v e r .   O t h e r  

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

t u f t e d ,   and  dyed   i n t o   an  e x c e l l e n t   r e s i d e n t i a l   t y p e  

c a r p e t .  

The  f i b e r   e x h i b i t e d   p h y s i c a l   p r o p e r t i e s   common  t o  

B u l k e d   C o n t i n u o u s   F i l a m e n t   (BCF)  p r o d u c t s   i n c l u d i n g :  



E x a m p l e   2 

A  p r o c e d u r e   e s s e n t i a l l y   e q u i v a l e n t   to   t h a t   of  E x a m p l e  

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

f o l l o w i n g   c h a r a c t e r i s t i c s :  

A f t e r   h e a t   s e t t i n g   of   t h i s   f i b e r ,   t h e   - f o r m   n y l o n - 6  

was  d e t e r m i n e d   to   be  p r e d o m i n a n t . .  

In  o r d e r   to   p r o d u c e   c r i m p e d   n y l o n - 6   c o n t i n u o u s  

f i l a m e n t 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 ,   i t   i s  

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

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

s p i n   f i n i s h ,   as  u t i l i z e d   in   t h e   e x a m p l e s   a b o v e .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d   i n  

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

t h e r e o f ,   i t   i s   u n d e r s t o o d   by  t h o s e   of  s k i l l   in  t h e  

a r t   t h a t   v a r i a t i o n s   and  m o d i f i c a t i o n s   in  t h i s   d e t a i l  

may  be  e f f e c t e d  w i t h o u t   any  d e p a r t u r e  @ - f r o m   t h e   s p i r i t  

and  s c o p e   of  t h e   p r e s e n t   i n v e n t i o n ,   as  d e f i n e d   in  t h e  

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



1.  A  c r i m p e d   n y l o n - 6   c o n t i n u o u s   f i l a m e n t   c h a r a c t e r i z e d  

by  t h e   a b s e n c e   of   a  s p h e r u l i t i c   r i n g   s t r u c t u r e  

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

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

l i g h t .  

2.  The  f i l a m e n t   o f   c l a i m   1,  w h i c h   i s   s u b s t a n t i a l l y  

f r e e   of  any  d e l u s t r a n t .  

3..  The  f i l a m e n t   of   c l a i m   1  h a v i n g   TiO2  as  a  d e l u s t r a n t  

t h e r e i n ,   t h e   TiO2  b e i n g   p r e s e n t   in   an  a m o u n t   n o t  

g r e a t e r   t h a n   0 .1   p e r c e n t   by  w e i g h t .  

4.  The  f i l a m e n t   o f   c l a i m   1,  w h i c h   has   a  m o d i f i c a t i o n  

r a t i o   of  b e t w e e n   a b o u t   2  and  3 .  

5.  The  f i l a m e n t   of  c l a i m   1,  w h i c h   h a s   a  t a n k   b u l k  

of  a t   l e a s t  8   p e r c e n t .  

6.  The  f i l a m e n t   of   c l a i m   1,  w h i c h   has   a  d e n i e r   o f  

a t   l e a s t   5 .  

7.  The  f i l a m e n t   of  c l a i m   4,  w h i c h   has   a  d e n i e r   o f  

b e t w e e n   a b o u t   5  and  2 5 .  

8.  The  f i l a m e n t   of   c l a i m   6,  w h e r e i n   t h e   r a t i o   o f  

Y-form  n y l o n - 6   to   A - f o r m   n y l o n - 6   i s  a t   l e a s t   1 

to   1,  as  m e a s u r e d   on  n o n - h e a t   t r e a t e d ,   u n d y e d ,  

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

9.  The  f i l a m e n t   of  c l a i m   8,  w h i c h   i s   s u b s t a n t i a l l y  
f r e e   of  any  d e l u s t r a n t .  



10.  The  f i l a m e n t   of   c l a i m   8,  h a v i n g   T i02   as  a  

d e l u s t r a n t   t h e r e i n ,   t h e  T i O 2   b e i n g   p r e s e n t   in  a n  

a m o u n t   n o t   g r e a t e r   t h a n   0 .1   p e r c e n t   by  w e i g h t .  

11.  The  f i l a m e n t   of   c l a i m   8,  w h i c h   h a s   a  m o d i f i c a t i o n  

r a t i o   of  b e t w e e n   a b o u t   2  and  3 .  

12.  The  f i l a m e n t   of  c l a i m   8,  w h i c h   h a s   a  t a n k   b u l k  

of  a t   l e a s t   8  p e r c e n t .  

13.  The  f i l a m e n t   of  c l a i m   8,  w h e r e i n   t h e   @ - f o r m  

n y l o n - 6   i s   p r e d o m i n a n t   a f t e r   h e a t   s e t t i n g   of  t h e  

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

14.   The  f i l a m e n t   of   c l a i m   1,  w h i c h   i s   g r o u p e d  

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

1  to  p r e s e n t   a  m u l t i f i l a m e n t   y a r n .  
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