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©  Improved  nylon  yarn  and  process. 
  High  RV  nylon  66  flat  yarns  having  specified  filament 
deniers  afford  superior  fabric  properties.  The  yarns  also 
provide  superior  spinning  performance. 



As  u s e d   in  the   s p e c i f i c a t i o n   and  c l a i m s ,   t h e  

t e r m   " n y l o n   66"  s h a l l   mean  t h o s e   s y n t h e t i c   l i n e a r   p o l y -  

a m i d e s   c o n t a i n i n g   in  the   p o l y m e r   m o l e c u l e   a t   l e a s t   85% 

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

C o n v e n t i o n a l   n y l o n   66  f l a t   ( u n t e x t u r e d )   y a r n s  
for   a p p a r e l   end  u s e s   such  as  w e a v i n g ,   t r i c o t   k n i t t i n g ,  

and  the   l i k e   a r e   t y p i c a l l y   spun  from  n o r m a l   m o l e c u l a r  

w e i g h t   p o l y m e r   ( a b o u t   30  to  a b o u t   45  RV)  p o l y m e r   a n d  

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

b e l o w   a b o u t   50%.  With  c o n v e n t i o n a l   n y l o n   66  

p o l y m e r i z a t i o n   t e c h n i q u e s ,   i n c r e a s i n g   the  p o l y m e r   R.V.  i s  

e x p e n s i v e   and  l e a d s   to  i n c r e a s e d   r a t e s   of  g e l   f o r m a t i o n ,  

w i t h   c o n s e q u e n t   s h o r t e n i n g   of   s p i n n i n g   pack   ( f i l t e r )  

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

u n l e s s   r e q u i r e d   for   some  s p e c i a l   p u r p o s e ,   such  as   w h e n  

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

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

f l a t   y a r n s   may  be  made  by  use  of   h i g h   RV  p o l y m e r   spun  a t  

h i g h   s p i n n i n g   s p e e d s ,   as  d i s c l o s e d   b e l o w .   These   n o v e l  

y a r n s   may  h a v e   e l o n g a t i o n s   above   the   c o n v e n t i o n a l   r a n g e  
n o t e d   a b o v e .   A c c o r d i n g   to  the   i n v e n t i o n ,   t h e r e   a r e  

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

q u a l i t y   and  i n c r e a s e d   f a b r i c   c o v e r i n g   power   as  c o m p a r e d  

to  f a b r i c s   made  from  c o n v e n t i o n a l   y a r n s .   I n c r e a s e d  

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

a l s o   p r o v i d e d .  

W h i l e   the   m e c h a n i s m   or  r e a s o n   for   the  i m p r o v e d  

r e s u l t s   o f   t he   p r e s e n t   i n v e n t i o n   a re   no t   e n t i r e l y  

u n d e r s t o o d ,   t he   i n c r e a s e d   v a l u e s   of   n o r m a l i z e d   SAXS  p e a k  

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

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



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

p r e s e n t   i n v e n t i o n .   V a l u e s   of   a t   l e a s t   1 .3   fo r   each   o f  

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

a c c o r d i n g   to  the   i n v e n t i o n   w i t h   v a l u e s   o f   a t   l e a s t   1 . 7 5  

b e i n g   e s p e c i a l l y   p r e f e r r e d .   The  n o r m a l i z e d   SAXS  p e a k  

i n t e n s i t y   in  p a r t i c u l a r   may  be  i n t e r p r e t e d   as   i n d i c a t i n g  

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

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

y a r n   as   c o m p a r e d   to  c o n v e n t i o n a l   f l a t   y a r n .  

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

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

t h e r e o n   a  m u l t i f i l a m e n t   n y l o n   66  a p p a r e l   f l a t   y a r n   s p u n  

at   a  s p i n n i n g   speed   g r e a t e r   t h a n   2200   MPM,  the   y a r n  

h a v i n g   an  RV  g r e a t e r   t h a n   53,   an  e l o n g a t i o n   b e t w e e n   3 0  

and  150%,  a  d e n i e r   b e t w e e n   30  and  2 2 0 ,   and  f i l a m e n t s  

h a v i n g   d e n i e r s   l e s s   t h a n   the   g r e a t e r   o f   ( 2 3 0  -   y a r n  

d e n i e r ) / 5 0   and  3 . 0 .   The  y a r n   i s   p r e f e r a b l y   wound  at  a  

w i n d i n g   t e n s i o n   l e s s   t h a n   0 . 6 0   ( a d v a n t a g e o u s l y   l e s s   t h a n  

0 . 2 5 )   g r a m s   p e r   d e n i e r .   The  y a r n   i s   p r e f e r a b l y   s p u n  
w i t h o u t   t he   use   of   s t eam  or  any  o t h e r   t y p e   of   h e a t .   T h e  

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

55  and  100%  and  f i l a m e n t   d e n i e r s   l e s s   t h a n   1 . 2 .  

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

SAXS  p e a k   i n t e n s i t i e s   g r e a t e r   t h a n   1 .3   and  h a v i n g  

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

1 . 3 .  

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

the   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  p r o c e s s   f o r  

m e l t - s p i n n i n g   a  m u l t i f i l a m e n t   n y l o n   66  a p p a r e l   f l a t   y a r n ,  
the   p r o c e s s   c o m p r i s i n g   m e t e r i n g   a t   a  g i v e n   r a t e   a  

p l u r a l i t y   of   m o l t e n   s t r e a m s   of   n y l o n   66  p o l y m e r   t h r o u g h  

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

f i l a m e n t s ,   w i t h d r a w i n g   the  f i l a m e n t s   f rom  the   s t r e a m s   a t  

a  s p i n n i n g   s p e e d  g r e a t e r  t h a n   2200   M P M ,  c o n v e r g i n g   t h e  

f i l a m e n t s   i n t o   a  y a r n ,   and  w i n d i n g   t he   y a r n   on to   a 



p a c k a g e ,   the   s p i n n i n g   s p e e d ,   the   RV  o f   the   p o l y m e r ,   a n d  

the   m e t e r i n g   r a t e   b e i n g   s e l e c t e d   such  t h a t   the  y a r n   h a s  

an  RV  g r e a t e r   t h a n   53,  a  d e n i e r   b e t w e e n   30  and  220 ,   a n d  

an  e l o n g a t i o n   b e t w e e n   30  and  150%,  and  the   f i l a m e n t s   h a v e  

d e n i e r s   l e s s   t h a n   the   g r e a t e r   of   ( 2 3 0  -   y a r n   d e n i e r ) / 5 0  

and  3 . 0 .   The  y a r n   i s   p r e f e r a b l y   spun  w i t h o u t   the  use  o f  

s t eam  or  any  o t h e r   t y p e   o f   h e a t ,   and  the   w i n d i n g   t e n s i o n  

i s   p r e f e r a b l y   l e s s   t h a n   0 .6   ( a d v a n t a g e o u s l y   l e s s   t h a n  

0 . 2 5 )   g r a m s   per   d e n i e r .   I t   i s   p a r t i c u l a r l y   p r e f e r r e d  

t h a t   the   p r o c e s s   c o n d i t i o n s   be  s e l e c t e d   such  t h a t   t h e  

y a r n   h a s   a  n o r m a l i z e d   SAXS  p e a k   i n t e n s i t y   g r e a t e r   t h a n  

1 .3   and  has   a  n o r m a l i z e d   l a m e l l a r   d i m e n s i o n a l   p r o d u c t  

g r e a t e r   t han   1 . 3 .  

O t h e r   a s p e c t s   w i l l   in  p a r t   a p p e a r   h e r e i n a f t e r  

and  w i l l   in  p a r t   be  a p p a r e n t   from  the   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n   t a k e n   t o g e t h e r   w i t h   the   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 :  

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

v iew  o f   an  e x e m p l a r y   s p i n n i n g   p o s i t i o n   fo r   mak ing   PON 

y a r n s   a c c o r d i n g   to  t he   i n v e n t i o n .  

As  shown  in  t h e   FIGURE,  m o l t e n   s t r e a m s   20  o f  

n y l o n   66  p o l y m e r   a re   e x t r u d e d   t h r o u g h   c a p i l l a r i e s   i n  

s p i n n e r e t   22  d o w n w a r d l y   i n t o   q u e n c h   zone  24  s u p p l i e d   w i t h  

t r a n s v e r s e l y   d i r e c t e d   q u e n c h i n g   a i r   at   room  t e m p e r a t u r e .  

S t r e a m s   20  s o l i d i f y   i n t o   f i l a m e n t s   26  a t   some  d i s t a n c e  

b e l o w   the  s p i n n e r e t   w i t h i n   t he   q u e n c h   z o n e .   F i l a m e n t s   2 6  

a re   c o n v e r g e d   to  form  y a r n   28  and  p a s s   t h r o u g h   i n t e r f l o o r  

c o n d i t i o n e r   t ube   30.   A  c o n v e n t i o n a l   s p i n - f i n i s h   i s  

a p p l i e d   to  y a r n   28  by  f i n i s h   r o l l   32.  Yarn  28  n e x t  

p a s s e s   in  p a r t i a l   w r a p s   a b o u t   g o d e t s   34  and  36  and  i s  

wound  on  p a c k a g e   38.   The  f i l a m e n t s   may  be  e n t a n g l e d   i f  

d e s i r e d ,   as  by  p n e u m a t i c   t a n g l e   c h a m b e r   4 0 .  

O r d i n a r i l y ,   g o d e t s   34  and  36  p e r f o r m   t h e  

f u n c t i o n s   of  w i t h d r a w i n g   f i l a m e n t s   26  from  s t r e a m s   2 0  a t  

a  s p i n n i n g   speed  d e t e r m i n e d   by  the   p e r i p h e r a l   speed  o f  



g o d e t   34,  and  of   r e d u c i n g   the   t e n s i o n   in  y a r n   28  from  t h e  

r a t h e r   h i g h   l e v e l  j u s t   p r i o r   to  g o d e t   34  to  an  a c c e p t a b l e  

l e v e l   fo r   w i n d i n g   o n t o   p a c k a g e   38.   Godet   34  may  b e  

d r i v e n   a t   a  l o w e r   s p e e d   t h a n   g o d e t   36  to  a p p l y   a  d r a w i n g  

o p e r a t i o n   i f   d e s i r e d .   W i n d i n g   t e n s i o n s   l e s s   t h a n   0 . 4  

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

y a r n   p a c k a g e   of   t he   p r e s e n t   i n v e n t i o n ,   p a r t i c u l a r l y   i n  

c o m m e r c i a l l y   a c c e p t a b l e   p a c k a g e   s i z e s .   The  r a n g e   of   0 . 0 3  

to  0 . 2 5   g r a m s   per   d e n i e r   i s   p r e f e r r e d ,   w i t h   t e n s i o n s   o f  

a b o u t   0.1  g r a m s   p e r   d e n i e r   b e i n g   p a r t i c u l a r l y   p r e f e r r e d .  

G o d e t s   34  and  36  may  be  d i s p e n s e d   w i t h   i f   the   y a r n  

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

a b s e n c e   of   the  g o d e t s   i s   w i t h i n   t he   y a r n   t e n s i o n   r a n g e s  
i n d i c a t e d   in  t h i s   p a r a g r a p h .   " W i n d i n g   t e n s i o n "   as  u s e d  

h e r e i n   means   the  y a r n   t e n s i o n   as  m e a s u r e d   j u s t   p r i o r   t o  

t h e   y a r n   t r a v e r s i n g   and  w i n d i n g   m e c h a n i s m .   Some 

c o m m e r c i a l l y   a v a i l a b l e   w i n d e r s   i n c l u d e   an  a u x i l i a r y   r o l l  

d e s i g n e d   to  b o t h   a s s i s t   in  y a r n   t r a v e r s i n g   and  to  p e r m i t  

r e d u c i n g   the  y a r n   t e n s i o n   as  the   y a r n   i s   wound  o n t o   t h e  

b o b b i n   or  p a c k a g e .   Such  w i n d e r s   may  be  of   a s s i s t a n c e  

when  u s i n g   the   u p p e r   p o r t i o n s   o f   t h e   y a r n   t e n s i o n   r a n g e s  
i n d i c a t e d   in  t h i s   p a r a g r a p h .  

C o n t r a r y   to  t he   t e a c h i n g s   o f   the   p r i o r   a r t ,  

n y l o n   66  y a r n s   can   be  s u c c e s s f u l l y   spun  and  wound  o n t o  

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

o f   h e a t   p r i o r   to  w i n d i n g ,   p r o v i d i n g   t h a t   the   s p i n n i n g  

s p e e d   i s   s u f f i c i e n t l y   h i g h   fo r   the   y a r n   RV.  Thus  55  

R.V.   y a r n   can  be  s u c c e s s f u l l y   spun  w i t h o u t   a  h e a t i n g   s t e p  

and  wound  at  4000  m e t e r s   pe r   m i n u t e ,   as  can  80  R.V.  y a r n  

a t   3500  m e t e r s   pe r   m i n u t e .   T h i s   i s   c o n t r a r y   to  t h e  

t e a c h i n g s   o f ,   for   e x a m p l e ,   Adams  U . S .   3 , 9 9 4 , 1 2 1   a n d  

K o s c h i n e k   U.S .   4 , 1 8 1 , 6 9 7 .   The  minimum  s p i n n i n g   s p e e d  

r e q u i r e d   for   a  g i v e n   y a r n   RV  i s   e x p e c t e d   to  v a r y   w i t h  

f i l a m e n t   d e n i e r ,   a n d   can   r e a d i l y   be  d e t e r m i n e d  b y  

e x p e r i m e n t .  



EXAMPLE  1 

A  c o n v e n t i o n a l   s p i n n e r e t   h a v i n g   68  c a p i l l a r i e s  

w i t h   c a p i l l a r y   d i a m e t e r s   o f   0 . 0 0 9   i n c h   ( 0 . 2 3   mm)  a n d  

c a p i l l a r y   l e n g t h s   of   0 . 0 1 2   i n c h   ( 0 . 3   mm) i s   u s e d .   The  

q u e n c h   c h a m b e r   i s   35  i n c h e s   (89  cm)  h i g h   and  3  1/2  i n c h e s  

( 8 . 9   cm)  w i d e .   Nylon   66  p o l y m e r s   a re   spun  a t   2 9 0 °   C  a s  

i n d i c a t e d   in   T a b l e   1,  u s i n g   u n h e a t e d   g o d e t s   and  w i t h   n o  

h e a t   a p p l i e d   in  c o n d i t i o n e r   t ube   30.  Gode t   36  i s   r u n  

a b o u t   1%  f a s t e r   t h a n   g o d e t   34  to  p r o v i d e   y a r n   s t a b i l i t y  

on  the   g o d e t s ,   and  the  w i n d e r   speed  i s   a d j u s t e d   t o  

p r o v i d e   a  w i n d i n g   t e n s i o n   of   a b o u t   0.1  gram  p e r   d e n i e r .  

T h e s e   y a r n s   have   the   p r o p e r t i e s   s e t   f o r t h   i n  

T a b l e   2 .  



The  y a r n s   of   t h i s   e x a m p l e   a r e   woven  as  f i l l i n g  

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

t a f f e t a   f a b r i c s   wh ich   a r e   c o n v e n t i o n a l l y   s c o u r e d   a n d  

d y e d .   A l l   f a b r i c s   a re   o f   a c c e p t a b l e   q u a l i t y ,   w i t h   t h o s e  

f a b r i c s   f o r m e d   from  y a r n s   w i t h   l e s s   t h a n   70%  e l o n g a t i o n  

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

c h a r a c t e r i z e d   by  n o r m a l i z e d   SAXS  p e a k   i n t e n s i t i e s   g r e a t e r  

t han   1 . 3   and  by  n o r m a l i z e d   l a m e l l a r   d i m e n s i o n a l   p r o d u c t s  

g r e a t e r   t h a n   1 . 3 .  

E x a m p l e   2 

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

750  MPM  to  5000  MPM,  the  y a r n   e l o n g a t i o n - t o - b r e a k  

( e l o n g a t i o n )   d e c r e a s e s   r e g a r d l e s s   o f   p o l y m e r   RV. 

A p p l i c a n t s   have   u n e x p e c t e d l y   d i s c o v e r e d   t h a t ,   w h i l e   a n  



i n c r e a s e   in  p o l y m e r   RV  l e a d s   to  h i g h e r   t e n a c i t y   and  l o w e r  

e l o n g a t i o n   a t   s p i n n i n g   s p e e d s   b e l o w   a b o u t   2200  MPM  ( a t  

wh ich   a p p r o x i m a t e   s p i n n i n g   speed   the   e l o n g a t i o n s   of   y a r n s  

spun  from  40  and  60  RV  a r e   e q u a l ) ,   t h i s   e f f e c t   a c t u a l l y  

r e v e r s e s   at   h i g h e r   s p i n n i n g   s p e e d s .   These   h i g h e r  

s p i n n i n g   s p e e d s   in  c o m b i n a t i o n   w i t h   h i g h e r   p o l y m e r   R V ' s  

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

y a r n s   fo r   a p p a r e l .   The  e x a c t   speed   at  wh ich   the   h i g h   RV 

y a r n   e l o n g a t i o n   e x c e e d s   t h a t   o f   40  RV  y a r n   may  v a r y  
s o m e w h a t   w i t h   p o l y m e r   RV,  f i l a m e n t   d e n i e r ,   s p i n n i n g  

t e m p e r a t u r e ,   q u e n c h i n g   c o n d i t i o n s ,   e t c . ,   b u t   may  r e a d i l y  

be  d e t e r m i n e d   by  e x p e r i m e n t .  

T a b l e   3  i l l u s t r a t e s   t he   h i t h e r t o   u n r e c o g n i z e d  

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

RV  p o l y m e r .   The  g e n e r a l   p r o c e s s   of   Example   1  above   i s  

r e p e a t e d ,   e x c e p t   t h a t   t h e   s p i n n e r e t   c o n t a i n s   o n l y   3 4  

c a p i l l a r i e s ,   s t e a m   i s   a d m i t t e d   to  the   y a r n   p a s s a g e  

t h r o u g h   c o n d i t i o n e r   t u b e   30,   and  the   y a r n   d e n i e r   a n d  

s p i n n i n g   s p e e d   a r e   v a r i e d   as  i n d i c a t e d   in  T a b l e   3.  T h e  

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

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

s p e e d .   The  r e s u l t s   a r e   shown  in  T a b l e   3 .  



Of  t h e s e   y a r n s ,   i t e m s   H,  J,  and  L  a r e   y a r n s   o f  

t h i s   i n v e n t i o n ,   and  a re   c h a r a c t e r i z e d   by  n o r m a l i z e d   SAXS 

p e a k   i n t e n s i t i e s   g r e a t e r   t han   1.3  and  by  n o r m a l i z e d  

l a m e l l a r   d i m e n s i o n a l   p r o d u c t s   g r e a t e r   t h a n   1 . 3 .  

C o m p a r i s o n   of   t he   e l o n g a t i o n   v a l u e s   in  T a b l e   3  fo r   i t e m s  

spun  at   the   same  s p i n n i n g   s p e e d s   shows  t h a t ,   up  to  2 0 0 0  

MPM,  y a r n s   spun  from  41  RV  p o l y m e r   h a v e   h i g h e r  

e l o n g a t i o n   t h a n   the   h i g h   RV  y a r n .   U n e x p e c t e d l y ,   t h i s  

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

such  t h a t   a t   a b o u t   3000  MPM  and  h i g h e r   s p e e d s   the   h i g h   RV 



y a r n   has   h i g h e r   e l o n g a t i o n   t h a n   the   low  RV  y a r n .   T h i s  

means   t h a t   the   h i g h   RV  y a r n s   o f   the   i n v e n t i o n   must   b e  

spun  at   h i g h e r   s p i n n i n g   s p e e d s   to  p r o v i d e   the   s ame  

e l o n g a t i o n   as  a  g i v e n   y a r n   spun  from  p o l y m e r   o f  

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

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

s i m i l a r   r e v e r s a l   at  a b o u t   t he   same  speed   r a n g e .   The  

i n d i c a t e d   e q u a l i t y   o f   t e n a c i t i e s   at  a b o u t   3000  MPM  may  b e  

due  to  e r r o r s   in  s t a t i s t i c a l   s a m p l i n g   or  t e s t i n g   r a t h e r  

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

r e v e r s a l   o c c u r s   at  a  h i g h e r   speed   t h a n   the   e l o n g a t i o n  

r e l a t i o n s h i p   r e v e r s a l .   S i m i l a r   r e s u l t s   o c c u r   i f   s team  i s  

n o t   a d m i t t e d   to  the  y a r n   p a s s a g e   of   the   c o n d i t i o n e r   t u b e ,  

w h i c h   i s   p r e f e r r e d   to  t he   use   of   s t e a m .  

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

e l o n g a t i o n   from  h i g h   RV  y a r n s   at  a  g i v e n   h i g h   s p i n n i n g  

s p e e d   i s   t h a t   the   h i g h   RV  y a r n s   of   the   i n v e n t i o n   must   b e  

spun  at   h i g h e r   s p i n n i n g   s p e e d s   to  p r o v i d e   the   s ame  

e l o n g a t i o n   as  a  g i v e n   y a r n   spun  from  p o l y m e r   o f  

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

s p i n n i n g   p r o d u c t i v i t y .   In  a d d i t i o n ,   t he   h i g h   RV  y a r n s  

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

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

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

when  v e r y   low  f i l a m e n t   d e n i e r s   a re   i n v o l v e d .  

T e s t   M e t h o d s  

Al l   y a r n   p a c k a g e s   to  be  t e s t e d   a re   c o n d i t i o n e d  

at  21  d e g r e e s   C.  and  65%  r e l a t i v e   h u m i d i t y   for   one  d a y  

p r i o r   to  t e s t i n g .  

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

week  a f t e r   s p i n n i n g .   F i f t y   y a r d s   of   y a r n   a re   s t r i p p e d  

from  the  b o b b i n   and  d i s c a r d e d .   E l o n g a t i o n - t o - b r e a k   i s  

d e t e r m i n e d   u s i n g   an  I n s t r o n   t e n s i l e   t e s t i n g   i n s t r u m e n t .  

The  gage  l e n g t h   ( i n i t i a l   l e n g t h )   of   y a r n   sample   b e t w e e n  

c l a m p s   on  the  i n s t r u m e n t )   i s   25  cm. ,   and  the  c r o s s h e a d  



s p e e d   i s   30  cm.  pe r   m i n u t e .   The  y a r n   i s   e x t e n d e d   u n t i l  

i t   b r e a k s .   E l o n g a t i o n - t o - b r e a k   i s   d e f i n e d   as   t h e  

i n c r e a s e   in  s a m p l e   l e n g t h   at  the   t i m e   o f   maximum  l o a d   o r  

f o r c e   ( s t r e s s )   a p p l i e d ,   e x p r e s s e d   as  a  p e r c e n t a g e   o f   t h e  

o r i g i n a l   gage  l e n g t h   (25  c m . ) .  

R e l a t i v e   v i s c o s i t y   ( R . V . )   i s   d e t e r m i n e d   by  ASTM 

D 7 8 9 - 8 1 ,   u s i n g   90%  f o r m i c   a c i d .  

X - R a y   T e c h n i q u e s  

The  X - r a y   d i f f r a c t i o n   p a t t e r n s   (  s m a l l   a n g l e  

X - r a y   s c a t t e r i n g ,   or  SAXS)  a re   r e c o r d e d   on  NS54T  K o d a k  

n o - s c r e e n   m e d i c a l   X - r a y   f i lm   u s i n g   e v a c u a t e d   f l a t   p l a t e  

Laue   c a m e r a s   ( S t a t t o n   t y p e ) .   S p e c i m e n   to  f i l m   d i s t a n c e  

i s   3 2 . 0   cm.;   i n c i d e n t   beam  c o l l i m a t o r   l e n g t h   i s   3 . 0  

i n c h e s ,   e x p o s u r e   t i m e   i s   8  h o u r s .   I n t e r c h a n g e a b l e  

S t a t t o n   t ype   y a r n   h o l d e r s   w i t h   0 .5   mm.  d i a m e t e r   p i n h o l e s  

and  0 . 5   mm.  y a r n   s h e a t h   t h i c k n e s s   a r e   u s e d   t h r o u g h o u t   a s  

w e l l   as   0 .5   mm.  e n t r a n c e   p i n h o l e s .   The  f i l a m e n t s   o f   e a c h  

s h e a t h   of   y a r n   a r e   a l i g n e d   p a r a l l e l   to  one  a n o t h e r   a n d  

p e r p e n d i c u l a r   to  the   x - r a y   b e a m .   A  c o p p e r   f i n e   f o c u s  

x - r a y   t u b e   (X *   1 . 5 4 1 8 Å )   i s   used   w i t h   a  n i c k e l   f i l t e r   a t  

40  KV  and  2 6 . 2 6   MA,  85%  of   t h e i r   r a t e d   l o a d .   For  e a c h  

x - r a y   e x p o s u r e   a  s i n g l e   f i l m   i s   u sed   in   t he   f i l m  

c a s s e t t e .   T h i s   f i l m   i s   e v a l u a t e d   on  a  s c a n n i n g   P - 1 0 0 0  

O b t r o n i c s   D e n s i t o m e t e r   fo r   i n f o r m a t i o n   c o n c e r n i n g  

s c a t t e r i n g   i n t e n s i t y   and  d i s c r e t e   s c a t t e r i n g   d i s t r i b u t i o n  

c h a r a c t e r i s t i c s   i n  t h e   e q u a t o r i a l   and  m e r i d i o n a l  

d i r e c t i o n s .   A  c u r v e   f i t t i n g   p r o c e d u r e ,   u s i n g   P e a r s o n   V I I  

f u n c t i o n s   [ s e e   H.  M.  H e u v e l   and  R.  H u i s m a n ,   J . A p p l . P o l y .  

S c i . ,   22,   2 2 2 9 - 2 2 4 3   ( 1 9 7 8 ) ]   t o g e t h e r   w i t h   a  s e c o n d   o r d e r  

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

e x p e r i m e n t a l   d a t a   p r i o r   to  c a l c u l a t i o n .   A  m e r i d i o n a l  

s c a n   i s   p e r f o r m e d ,   t he   d i s c r e t e   s c a t t e r i n g   f i t t e d ,  

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

s c a t t e r i n g   maxima  and  t h e n   a g a i n   the   d a t a   i s   f i t t e d   v i a   a  

p a r a m e t e r   f i t   p r o c e d u r e .  



The  p e a k   h e i g h t   i n t e n s i t y   i s   t a k e n   as   an  a v e r a g e  

of   the  f o u r   f i t t e d   i n t e n s i t y   d i s t r i b u t i o n s   ( i . e . ,   t he   t w o  

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

m e r i d i o n a l   d i r e c t i o n s   and  the  two  e q u a t o r i a l   d i s t r i b u -  

t i o n s   t h r o u g h   t h e s e   m e r i d i o n a l   m a x i m a ) .   The  n o r m a l i z e d  

SAXS  p e a k   i n t e n s i t y   i s   t h e n   s i m p l y   the   r a t i o   of   t h e  

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

i n t e n s i t y   of   a  40-RV  s a m p l e   of   the   same  d e n i e r   and  d e n i e r  

per   f i l a m e n t   spun  u n d e r   the   same  c o n d i t i o n s .  

The  SAXS  d i s c r e t e   s c a t t e r i n g   x - r a y   d i f f r a c t i o n  

maxima  a r e   u s e d   to  d e t e r m i n e   the  a v e r a g e   l a m e l l a r  

d i m e n s i o n s .   In  the   m e r i d i o n a l   d i r e c t i o n   t h i s   i s   t a k e n  

h e r e   to  be  the   a v e r a g e   s i z e   of   the   l a m e l l a r   s c a t t e r e r   i n  

the  f i b e r   d i r e c t i o n   and  in  the  e q u a t o r i a l   d i r e c t i o n ,   t h e  

a v e r a g e   s i z e   o f   the   l a m e l l a r   s c a t t e r e d   in  a  d i r e c t i o n  

p e r p e n d i c u l a r   to  the   f i b e r   d i r e c t i o n .   These   s i z e s   a r e  

e s t i m a t e d   from  the  b r e a d t h   of   the   d i f f r a c t i o n   m a x i m a  

u s i n g   S c h e r r e r ' s   m e t h o d ,  

D ( m e r i d i o n a l   or  e q u a t o r i a l )  =   K  λ / β c o s @ ,  

where   K  i s   the   shape   f a c t o r   d e p e n d i n g   on  the   way β  i s  

d e t e r m i n e d ,   as   d i s c u s s e d   b e l o w ,   λ  i s   the  x - r a y   w a v e  

l e n g t h ,   in  t h i s   c a s e   1 . 5 4 1 8   Å,  @  i s   the  Bragg  a n g l e ,   a n d  β  

the  spo t   w i d t h   of   the  d i s c r e t e   s c a t t e r i n g   in  r a d i a n s .  

β ( m e r i d i o n a l )   =  2 @ D  -   2 @ β ,  
where   2 @ D ( r a d i a n s )   =  A r c t a n   ((HW  +  w ) / 2 r )  

2 @ β ( r a d i a n s )  =   A r c t a n   ( ( H W  -   w ) / 2 r )  

r  =  the   f i b e r   to  f i l m   d i s t a n c e   320  mm. 

w  =  the   c o r r e c t e d   h a l f   w i d t h   of  t h e  

s c a t t e r i n g   as  d i s c u s s e d   b e l o w  

HW  =  p e a k   to  p e a k   d i s t a n c e   (mm.)  b e t w e e n  

d i s c r e t e   s c a t t e r i n g   m a x i m a  

The  S c h e r r e r   e q u a t i o n   i s   a g a i n   used   to  c a l c u l a t e  

the  s i z e   of   t he   l a m e l l a r   s c a t t e r e d   in  the  e q u a t o r i a l  

d i r e c t i o n   t h r o u g h   the  d i s c r e t e   s c a t t e r i n g   m a x i m a ,  

β ( e q u a t o r i a l )  =   2  A r c t a n   ( w / r * )  

where   r *  =   ((HW/2)2  +  ( 3 2 0 ) 2 ) 1 / 2  



W a r r e n ' s   c o r r e c t i o n   fo r   l i n e   b r o a d e n i n g   due  t o  

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

S c h e r r e r ' s   l i n e   b r o a d e n i n g   e q u a t i o n ,  
W2 =  w2 +  W2 

m 
where   Wm  i s   the   m e a s u r e d   l i n e   w i d t h ,   W =  0 . 3 9   mm.  i s   t h e  

i n s t r u m e n t a l   c o n t r i b u t i o n   o b t a i n e d   from  i n o r g a n i c  

s t a n d a r d s ,   and  w  i s   the   c o r r e c t e d   l i n e   w i d t h   ( e i t h e r   i n  

the  e q u a t o r i a l   or  m e r i d i o n a l   d i r e c t i o n s )   used   t o  

c a l c u l a t e   the   spo t   w i d t h   in  r a d i a n s ,   β.  The  m e a s u r e d  

l i n e   w i d t h   W  i s   t a k e n   as   t h e   w i d t h   at   w h i c h   t h e  
m 

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

o n e - h a l f   the   maximum  i n t e n s i t y   and  i s   the   h a l f   w i d t h  

p a r a m e t e r   of   the   c u r v e   f i t t i n g   p r o c e d u r e .  

C o r r e s p o n d i n g l y ,   a  v a l u e   o f   0 . 9 0   i s   e m p l o y e d   for   t h e  

shape   f a c t o r   K  in  S c h e r r e r ' s   e q u a t i o n s .   Any  b r o a d e n i n g  

due  to  v a r i a t i o n   of   p e r i o d i c i t y   i s   n e g l e c t e d .  

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

b y  

LDP =  D ( m e r i d i o n a l )   x  D ( e q u a t o r i a l )  

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

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

t h a t   of   a  40  RV  sample   o f   t h e   same  d e n i e r   and  d e n i e r   p e r  

f i l a m e n t   spun  u n d e r   the  same  c o n d i t i o n s .  



1.  A  y a r n   p a c k a g e   h a v i n g   wound  t h e r e o n   a 

m u l t i f i l a m e n t   n y l o n   66  a p p a r e l   f l a t   y a r n   spun  at   a 

s p i n n i n g   speed   g r e a t e r   t han   2200  MPM,  s a i d   y a r n   h a v i n g :  

( a )   an  RV  g r e a t e r   t h a n   5 3 ;  

(b)   an  e l o n g a t i o n   b e t w e e n   30  and  150%;  

( c )   a  d e n i e r   b e t w e e n   30  and  220 ,   a n d  

(d )   f i l a m e n t s   h a v i n g   d e n i e r s   l e s s   t h a n   t h e  

g r e a t e r   o f :  

(1)  ( 2 3 0  -   y a r n   d e n i e r ) / 5 0 , a n d  

(2)  3 . 0 .  

2.  The  y a r n   p a c k a g e   d e f i n e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   y a r n   i s   wound  at  a  w i n d i n g   t e n s i o n   l e s s   t h a n  

0 . 6 0   g r a m s   pe r   d e n i e r .  

3.  The  y a r n   p a c k a g e   d e f i n e d   in   c l a i m   1 ,  

w h e r e i n   s a i d   y a r n   i s   wound  at  a  w i n d i n g   t e n s i o n   l e s s   t h a n  

0 . 2 5   g r a m s   pe r   d e n i e r .  

4.  The  y a r n   p a c k a g e   d e f i n e d   in   c l a i m   1 ,  

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

s t e a m .  

5.  The  y a r n   p a c k a g e   d e f i n e d   in  c l a i m   1 ,  

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

h e a t .  

6.  The  y a r n   p a c k a g e   d e f i n e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   y a r n   h a s   an  e l o n g a t i o n   b e t w e e n   55  and  1 0 0 % .  

7.  The  y a r n   p a c k a g e   d e f i n e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   f i l a m e n t s   have  d e n i e r   l e s s   t h a n   1 . 2 .  

8.  The  y a r n   p a c k a g e   d e f i n e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   f i l a m e n t s   have  d e n i e r s   l e s s   t h a n   0 . 7 5 .  

9.  The  y a r n   p a c k a g e   d e f i n e d   in   c l a i m   1,  w h e r e i n  

s a i d   y a r n   h a s   a  n o r m a l i z e d   SAXS  p e a k   i n t e n s i t y   g r e a t e r  

t h a n   1 . 3 .  

10.  The  y a r n   p a c k a g e   d e f i n e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   y a r n   h a s   a  n o r m a l i z e d   l a m e l l a r   d i m e n s i o n a l  

p r o d u c t   g r e a t e r   t h a n   1 . 3 .  



11.  The  y a r n   p a c k a g e   d e f i n e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   y a r n   h a s   a  n o r m a l i z e d   SAXS  p e a k   i n t e n s i t y  

g r e a t e r   t h a n   1 .3  and  a  n o r m a l i z e d   l a m e l l a r   d i m e n s i o n a l  

p r o d u c t   g r e a t e r   t h a n   1 . 3 .  

12.  A  p r o c e s s   for   m e l t - s p i n n i n g   a  m u l t i f i l a m e n t  

n y l o n   66  a p p a r e l   f l a t   y a r n   c o m p r i s i n g   f i l a m e n t s ,   s a i d  

p r o c e s s   c o m p r i s i n g :  

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

m o l t e n   s t r e a m s   of  n y l o n   66  p o l y m e r   t h r o u g h  

c a p i l l a r i e s   in  a  s p i n n e r e t ;  
(b)   q u e n c h i n g   s a i d   s t r e a m s   i n t o   f i l a m e n t s ;  

(c)   w i t h d r a w i n g   s a i d   f i l a m e n t s   from  s a i d  

s t r e a m s   at  a  s p i n n i n g   speed   g r e a t e r   t h a n   2 2 0 0  

MPM; 

(d)  c o n v e r g i n g   s a i d   f i l a m e n t s   i n t o   a  y a r n ;  
a n d  

(e)   w i n d i n g   s a i d   y a r n   o n t o   a  p a c k a g e ;  

( f )   s a i d   s p i n n i n g   s p e e d ,   t he   RV  of   s a i d  

p o l y m e r ,   and  sa id   m e t e r i n g   r a t e   b e i n g   s e l e c t e d  

such   t h a t   s a i d   y a r n   h a s   an  RV  g r e a t e r   t h a n   53,   a 

d e n i e r   b e t w e e n   30  and  220 ,   an  e l o n g a t i o n   b e t w e e n   30  a n d  

150%,  and  s a i d   f i l a m e n t s   have   d e n i e r s   l e s s   t h a n   t h e  

g r e a t e r   o f :  

(1)   ( 2 3 0  -   y a r n   d e n i e r ) / 5 0 ,   a n d  

(2)   3 . 0 .  

13.  The  p r o c e s s   d e f i n e d   in  c l a i m   12,  w h e r e i n  

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

p r i o r   to  b e i n g   w o u n d .  

14.  The  p r o c e s s   d e f i n e d   in  c l a i m   12,  w h e r e i n  

s a i d   f i l a m e n t s   a re   no t   s u b j e c t e d   to  h e a t   p r i o r   to  b e i n g  

w o u n d .  

15.  The  p r o c e s s   d e f i n e d   in  c l a i m   12,  w h e r e i n  

s a i d   y a r n   i s   wound  a t   a  w i n d i n g   t e n s i o n   l e s s   t h a n   0 . 6  

g r a m s   p e r   d e n i e r .  

17.  The  p r o c e s s   d e f i n e d   in  c l a i m   12,  w h e r e i n  

s a i d   y a r n   i s   wound  a t   a  w i n d i n g   t e n s i o n   l e s s   t h a n   0 . 2 5  

g r a m s   p e r   d e n i e r .  



18.  The  p r o c e s s   d e f i n e d  i n   c l a i m   12,  w h e r e i n  

s a i d   y a r n   h a s   a  n o r m a l i z e d   SAXS  p e a k   i n t e n s i t y   g r e a t e r  

t h a n   1 . 3 .  

19.  The  p r o c e s s   d e f i n e d   in  c l a i m   12,  w h e r e i n  

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

g r e a t e r   t h e n   1 . 3 .  

20.   The  p r o c e s s   d e f i n e d   in   c l a i m   12,  w h e r e i n  

s a id   y a r n   h a s   a  n o r m a l i z e d   SAXS  p e a k   i n t e n s i t y   g r e a t e r  

t h a n   1 .3  and  a  n o r m a l i z e d   l a m e l l a r   d i m e n s i o n a l   p r o d u c t  

g r e a t e r   t han   1 . 3 .  
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