
(19) 

Europaisches  Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  1 2 2   9 0 6  

Office  europeen  des  brevets  A 2  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84870052.2  ©  Int.  CI.3:  D  01  D  5 /32  
D  01  F  8/12,  D  01  F  8 / 1 4  

©  Date  of  filing:  10.04.84 

©  Priority:  27.12.83  US  565424  ©  Inventor:  Bromley,  James  Ernest 
11.04.83  US  484110  4305  Roxborough  Place 

Pensacola  Florida  32504(US) 

©  Date  of  publication  of  application:  ©  Inventor:  Yu,Jing-Peir 
24.10.84  Bulletin  84/43  6541  Scenic  Highway 

Pensacola  Florida  32504(US) 
©  Designated  Contracting  States: 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE  ©  Inventor:  Bach,  Hartwig  Christian 
11416  Highsprings  Road 

©  Applicant:  Monsanto  Company  Pensacola  Florida  32504(US) 
Patent  Department  800  North  Lindbergh  Boulevard 
St.  Louis  Missouri  63167{US)  @  Inventor:  Black,  William  Bruce 

2300  Whaley  Avenue 
Pensacola  Florida  32503(US) 

©  Representative:  McLean,  Peter  et  al, 
Monsanto  Europe  S.A.  Patent  Department  Avenue  de 
Tervuren  270-272  Letter  Box  No  1 
B-1150Brussels(BE) 

©  Deep  dyeing  helically  crimped  conjugate  yarn  process. 
  A  deep  dyeing  helically  crimped-conjugate  yam  is  made 
by  high  speed  melt  spinning,  preferably  with  an  in-line  draw. 
The  drawing  step  increases  the  degree  of  crimp,  and  the 
resulting  yarn  dyes  deeper  than  conventional  yams  and  has 
greater  dye  stability  than  it  would  have  without  the  drawing 
step. 



The  i n v e n t i o n   r e l a t e s   to  the   a r t   of   p r o d u c i n g  

m e l t - s p u n   d e e p - d y e i n g   c o n j u g a t e   f i l a m e n t s   which   h a v e  

l a t e n t   c r i m p ,   and  more  p a r t i c u l a r l y   to  d i r e c t l y   p r o d u c i n g  

such  f i l a m e n t s   in  a  s i n g l e   c o n t i n u o u s   m a n u f a c t u r i n g  

o p e r a t i o n .  

C o n j u g a t e   f i l a m e n t s   wh ich   have   l a t e n t   c r i m p   a r e  

known  and  have   b e e n   in  l i m i t e d   c o m m e r c i a l   use  for   c e r t a i n  

a p p l i c a t i o n s .   Such  f i l a m e n t s   or  y a r n s   c o n t a i n i n g   s u c h  

f i l a m e n t s   a r e   t y p i c a l l y   made  by  m e l t - s p i n n i n g   d i s s i m i l a r  

p o l y m e r s   as  s i d e - b y - s i d e   c o n j u g a t e   f i l a m e n t s   at   f a i r l y  

low  w i n d i n g   s p e e d s   of   the   o r d e r   of   1 , 5 0 0   m e t e r s   p e r  
m i n u t e   (MPM)  or  l e s s .   The  f i l a m e n t s   wound  on  the   s p i n  

p a c k a g e   a re   t h e n   ho t   d rawn  ( o r   drawn  and  t e x t u r e d )   in  o n e  

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

h e l i c a l   c r i m p .   The  r e l a t i v e l y   slow  s p e e d s   and  m u l t i p l e  

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

e x p e n s i v e ,   and  the   p r o d u c t   q u a l i t y   i s   f r e q u e n t l y  

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

d y e a b i l i t y .  

A c c o r d i n g   to  the   i n v e n t i o n ,   t h e s e   and  o t h e r  

p r o b l e m s   of   the   p r i o r   a r t   a re   a v o i d e d   by  the   p r o v i s i o n   o f  

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

h a v i n g   l a t e n t   c r i m p   and  i m p r o v e d   d y e a b i l i t y .  

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  p r o c e s s  f o r   m e l t - s p i n n i n g  

a  d e e p - d y e i n g   c o n j u g a t e   f i l a m e n t   h a v i n g   l a t e n t   h e l i c a l  

c r i m p   from  f i r s t   and  s econd   d i s s i m i l a r   p o l y m e r s ,  

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

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

second   p o l y m e r   c o n v e r g i n g   to  merge   s i d e - b y - s i d e   as  a  

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

s p i n n e r e t ,   q u e n c h i n g   the  c o m b i n e d   s t r e a m   to  form  a 

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



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

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

f i l a m e n t   from  t he   c o m b i n e d   s t r e a m   at   a  p r e d e t e r m i n e d  

s p i n n i n g   s p e e d   a b o v e   2200  MPM,  and  w i n d i n g   the   f i l a m e n t  

on  a  b o b b i n   a t   a  w i n d i n g   speed   a b o v e   3000  KPM,  t h e  

p o l y m e r s ,   t he   s p i n n i n g   speed   and  t he   w i n d i n g   speed   b e i n g  

s e l e c t e d   such   t h a t   the   f i l a m e n t   wound  on  the   b o b b i n   h a s   a  

s h r i n k a g e   g r e a t e r   t h a n   10%.  

A c c o r d i n g   to  a  s e c o n d   a s p e c t   of   t he   i n v e n t i o n ,  

t he   f i r s t   s u b - s t r e a m   i s   n y l o n   66  and  the   s e c o n d   s u b -  

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

A c c o r d i n g   to  a  t h i r d   a s p e c t   o f   t he   i n v e n t i o n ,  

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

t h a t   t h e   f i l a m e n t   h a s   a  s h r i n k a g e   g r e a t e r   t h a n   20%  and  a n  

e l o n g a t i o n   l e s s   t h a n   100%.  

A c c o r d i n g   to  a  f o u r t h   a s p e c t   of   t he   i n v e n t i o n ,  

the   f i l a m e n t   i s   d r awn   at   a  g i v e n   draw  r a t i o   p r i o r   t o  

w i n d i n g   t he   f i l a m e n t   a t   a  h i g h e r   s p e e d   t h a n   t h e  

p r e d e t e r m i n e d   s p i n n i n g   s p e e d ,   the   p o l y m e r s ,   the   s p i n n i n g  

s p e e d ,   and  t h e   d raw  r a t i o   b e i n g   s e l e c t e d   such  t h a t   t h e  

f i l a m e n t   h a s   a  s h r i n k a g e   g r e a t e r   t h a n   2 0 % .  

A c c o r d i n g   to  a  f i f t h   a s p e c t   o f   t he   i n v e n t i o n ,  

the   p o l y m e r s ,   t h e   s p i n n i n g   s p e e d ,   and  the   draw  r a t i o   a r e  

s e l e c t e d   such  t h a t   t he   f i l a m e n t   h a s   a  s h r i n k a g e   g r e a t e r  

t h a n   2 5 % .  

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

t he   p o l y m e r s ,   t he   s p i n n i n g   s p e e d ,   and  the   draw  r a t i o   a r e  

s e l e c t e d   such  t h a t   t he   f i l a m e n t   h a s   an  e l o n g a t i o n   l e s s  

t h a n   7 5 % .  

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

t he   p o l y m e r s ,   t he   s p i n n i n g   s p e e d ,   and  the   draw  r a t i o   a r e  

s e l e c t e d   such  t h a t   t he   f i l a m e n t   h a s   an  e l o n g a t i o n   l e s s  

t h a n   50%.  

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  t he   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   in  c o n n e c t i o n   w i t h   the   a c c o m p a n y i n g  

d r a w i n g s ,   w h e r e i n :  

FIGURE  1  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  

the   p r e f e r r e d   s p i n n i n g   p r o c e s s ;  

FIGURE  2  i s   a  g e n e r a l i z e d   g r a p h   s h o w i n g  

q u a l i t a t i v e l y   how  y a r n   s h r i n k a g e   v a r i e s   w i t h   s p i n n i n g  

speed   for   PET  ( p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) )   and  for   N66 

( n y l o n   66)  y a r n s ;  
FIGURE  3  i s   a  v e r t i c a l   s e c t i o n a l   v i e w   of   a 

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

i n v e n t i o n ;  

FIGURE  4  i s   a  b o t t o m   p l a n   v i e w   of   t he   FIGURE  3 

s p i n n e r e t ;   a n d  

FIGURE  5  i s   a  s e c t i o n a l   v i ew   of   a  c o n j u g a t e  

f i l a m e n t   a c c o r d i n g   to  the   i n v e n t i o n .  

As  shown  in  FIGURE  1,  p o l y m e r s   a r e   e x t r u d e d   f r o m  

o r i f i c e s   in  s p i n n e r e t   20  as  m o l t e n   c o n j u g a t e   s t r e a m s   2 2 .  

S t r e a m s   22  a re   q u e n c h e d   by  t r a n s v e r s e l y   m o v i n g   q u e n c h   a i r  

in  q u e n c h   c h a m b e r   24  i n t o   f i l a m e n t s   26,   the   s e v e r a l  

f i l a m e n t s   b e i n g   c o n v e r g e d   i n t o   a  y a r n   b u n d l e   28.   T h e  

y a r n   p a s s e s   in  p a r t i a l   w r a p s   a r o u n d   u n h e a t e d   g o d e t s   3 0  

and  32  b e f o r e   p a s s i n g   to  w i n d e r   34.  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   at   36,  and  the   s e v e r a l   f i l a m e n t s  

c o n s t i t u t i n g   the   y a r n   can  be  e n t a n g l e d   t o g e t h e r   by  t a n g l e  

c h a m b e r   3 8 .  

In  the   s p i n n i n g   a p p a r a t u s   as  t h u s   i l l u s t r a t e d ,  

each   f i l a m e n t   i s   w i t h d r a w n   from  i t s   a s s o c i a t e d   m o l t e n  

s t r e a m   at  a  s p i n n i n g   speed   d e t e r m i n e d   by  the   speed   a t  

w h i c h   g o d e t   30  i s   d r i v e n .   A c c o r d i n g   to  the   i n v e n t i o n ,  

the   s p i n n i n g   speed   must   be  above   2200  MPM,  and  i s  

p r e f e r a b l y   above   3000  MPM. 

R e f e r r i n g   to  FIGURES  3 - 5 ,   the   p r e f e r r e d  

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

s t r e a m s   of  two  d i s s i m i l a r   p o l y m e r s  s i d e - b y - s i d e   as  a 

c o m b i n e d   s t r e a m   b e f o r e   e x t r u s i o n   from  f a c e   40  o f  



s p i n n e r e t   20 .   C a p i l l a r i e s   42  and  44  each   have  d i a m e t e r s  

of   0 . 2 5 4   mm,  and  c o n v e r g e   w i t h i n   t he   s p i n n e r e t   to  form  a n  

i n c l u d e d   a n g l e   o f   9 0 ° .   As  shown  in  FIGURE  4,  the   a x e s   o f  

c a p i l l a r i e s   42  and  44  i n t e r s e c t   w i t h   the   p l a n e   o f   f a c e   4 0  

at   p o i n t s   0 . 1 5   mm  a p a r t .   C a p i l l a r i e s   42  and  44  t o g e t h e r  

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

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

c a p i l l a r y   42  and  a  s e c o n d   p o l y m e r   m e t e r e d   t h r o u g h  

c a p i l l a r y   44 .   In  p r a c t i c e ,   the   s p i n n e r e t   would   i n c l u d e   a  

number   o f   c o m b i n e d   o r i f i c e s ,   one  f o r   each   f i l a m e n t .  

R e f e r r i n g   a g a i n   to  F I G U R E  1 ,   e a c h   s t r e a m   22  i s   a  c o m b i n e d  

s t r e a m   o f   t he   t y p e   d e s c r i b e d   in  t h i s   p a r a g r a p h .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   the   f i r s t   and  s e c o n d  

p o l y m e r s   a r e   d i s s i m i l a r .   Tha t   i s ,   t he   p o l y m e r s   p r o d u c e  

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

at   h i g h   s p i n n i n g   s p e e d s .   The  p r e f e r r e d   f i r s t   and  s e c o n d  

p o l y m e r s   a r e   n y l o n   66  and  PET,  whose   s h r i n k a g e   v a r i a t i o n s  

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

FIGURE  2.  As  t h e r e   i l l u s t r a t e d ,   the   s h r i n k a g e   o f   PET 

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

a b o u t   3000  MPM,  and  f a l l s   o f f   r a p i d l y   from  l e v e l s   o f  

a b o u t   50-70%  to  l e v e l s   of   a b o u t   5%  or  so  o v e r   a  n a r r o w  

r a n g e   o f   s p i n n i n g   s p e e d .   The  l o c a t i o n   of   the   n a r r o w   r a n g e  
v a r i e s   s o m e w h a t   w i t h   c a p i l l a r y   d i a m e t e r   ( j e t   s t r e t c h )   f o r  

a  g i v e n   f i l a m e n t   d e n i e r ,   b u t   c a n  r e a d i l y   be  l o c a t e d  

fo r   a  g i v e n   c a p i l l a r y   and  f i l a m e n t   d e n i e r   by  s p i n n i n g   a t  

d i f f e r e n t   s p i n n i n g   s p e e d s .   The  s h r i n k a g e   b e h a v i o r   o f  

n y l o n   66  y a r n s   i s   q u i t e   d i f f e r e n t   in  t h a t   i t   m e r e l y   r i s e s  

s l o w l y   o v e r   t he   speed   r a n g e   i l l u s t r a t e d   to  a b o u t   5%  o r  

so,  and  d o e s   n o t   e x h i b i t   t he   v e r y   h i g h   v a l u e s   of   PET 

y a r n s .  

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

i n v e n t i o n ,   t he   s i d e - b y - s i d e   c o n j u g a t e   f i l a m e n t   i s   spun  a t  

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

s e l e c t e d   such   t h a t   t he   f i l a m e n t   h a s   a  s h r i n k a g e   g r e a t e r  



t h a n   10%.  Under   t h e s e   c o n d i t i o n s ,   t he   c o n s t i t u e n t   s u b -  

f i l a m e n t s   have   s u b s t a n t i a l l y   d i f f e r e n t   s h r i n k a g e s   and  t h e  

f i l a m e n t   w i l l   have   l a t e n t   c r i m p .  

R e f e r r i n g   a g a i n   to  FIGURE  1,  i t   i s   p r e f e r r e d  

t h a t   g o d e t   32  be  d r i v e n   a t   a  h i g h e r   s p e e d   t h a n   g o d e t   3 0  

so  t h a t   y a r n   28  i s   d rawn  p r i o r   to  w i n d i n g .   T h i s   d r a w i n g  

i n c r e a s e s   t he   d y e - f a s t n e s s   of   the   n y l o n   66  c o m p o n e n t   t o  

d i s p e r s e   d y e s   and  g e n e r a l l y   i n c r e a s e s   the   c r i m p   l e v e l   i n  

the   y a r n .   P r e f e r a b l y   the  d r a w i n g   i s   s u f f i c i e n t   to  r e d u c e  

the  y a r n   e l o n g a t i o n   to  b e l o w   75%,  w i t h   b e s t   r e s u l t s  

a c h i e v e d   when  the   y a r n   e l o n g a t i o n   i s   r e d u c e d   to  b e l o w  

50%.  

EXAMPLE 

U s i n g   the   above   d i s c l o s e d   a p p a r a t u s ,   60%  b y  

v o l u m e   n y l o n   66  p o l y m e r   and  40%  by  v o l u m e   PET  p o l y m e r   o f  

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

t h r o u g h   c a p i l l a r i e s   42  and  44  r e s p e c t i v e l y   at   a 

t e m p e r a t u r e   o f   2 8 0  C   to  p r o v i d e   a  f i l a m e n t   d e n i e r   of   4 . 7 .  

The  speed   o f   b o t h   g o d e t s   i s   4000  MPM,  and  the   y a r n   i s  

wound  a t   a  w i n d i n g   t e n s i o n   o f   0.1  g r a m s   pe r   d e n i e r .   T h e  

y a r n   h a s   an  e l o n g a t i o n   of   74%,  good  l a t e n t   c r i m p ,   a n d  

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

have   b e e n   t e x t u r e d   by  the   f a l s e - t w i s t   m e t h o d .  

The  p r o c e s s   of   the   p r e c e d i n g   p a r a g r a p h   i s  

r e p e a t e d   e x c e p t   t h a t   the   speed   of   g o d e t   32  i s   i n c r e a s e d  

to  4500  MPM  so  as  to  a p p l y   an  i n - l i n e   draw  to  the   y a r n .  
The  d y e - f a s t n e s s   of   the   n y l o n   66  c o m p o n e n t   to  d i s p e r s e  

d y e s   i s   s u b s t a n t i a l l y   i n c r e a s e d ,   and  the   y a r n   c o n t i n u e s  

to  dye  d e e p e r   t h a n   p r i o r   a r t   y a r n s   w h i c h   have   b e e n   h o t  

drawn  or  t e x t u r e d   by  the  f a l s e - t w i s t   m e t h o d .   The  l a t e n t  

c r i m p   in  the   y a r n   i s   a l s o   i n c r e a s e d   by  the   s t e p   o f  

d r a w i n g   i m m e d i a t e l y   a f t e r   q u e n c h i n g   and  b e f o r e   w i n d i n g .  

By  s e l e c t i o n   of  the   s p e e d s   of   g o d e t s   30  and  32  (and   h e n c e  

the  draw  r a t i o ) ,   the   y a r n   e l o n g a t i o n   may  be  r e d u c e d   t o  

the  p r e f e r r e d   l e v e l   o f  b e l o w   75%,  and  to  the  p a r t i c u l a r l y  

p r e f e r r e d   l e v e l   o f  b e l o w   5 0 % .  



I f   t he   s p i n n i n g   s p e e d   were  so  h i g h   t h a t   the   PET 

s h r i n k a g e   ( and   h e n c e   t he   y a r n   s h r i n k a g e )   were   b e l o w   t h e  

l e v e l   r e q u i r e d   fo r   s a t i s f a c t o r y   y a r n   c r i m p ,   a p p l i c a t i o n  

of   the   i n - l i n e   draw  wou ld   i n c r e a s e   the   PET  s h r i n k a g e   a n d  

i m p r o v e   the   c r i m p   l e v e l .  

Yarn  s h r i n k a g e   i s   d e t e r m i n e d   by  the   f o l l o w i n g  

m e t h o d .   The  b o b b i n   i s   c o n d i t i o n e d   a t   21 °C  and  65% 

r e l a t i v e   h u m i d i t y   f o r   one  day  p r i o r   to  t e s t i n g .   1 0 0  

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

U s i n g   a  S u t e r   d e n i e r   r e e l   or  e q u i v a l e n t ,   t he   y a r n   i s  

wound  to  form  a  s k e i n   h a v i n g   a b o u t   1 8 , 0 0 0   s k e i n   d e n i e r .  

T h a t   i s ,   the   d e n i e r   r e e l   r e v o l u t i o n s   a r e   9000  d i v i d e d   b y  

the   y a r n   d e n i e r .   The  s k e i n   y a r n   e n d s   a re   t i e d   t o g e t h e r .  

The  s k e i n   i s   s u s p e n d e d   from  a  rod  h a v i n g   a  d i a m e t e r   o f  

one  c e n t i m e t e r   and  a  1000  gram  w e i g h t   i s   a t t a c h e d   to  t h e  

b o t t o m   of   the   s k e i n .   A f t e r   30  s e c o n d s ,   the   s k e i n   l e n g t h  

i s   m e a s u r e d   to  p r o v i d e   l e n g t h   L1.  The  1000  gram  w e i g h t  

i s   t h e n   r e p l a c e d   by  a  50  g r a m . w e i g h t ,   w h e r e u p o n   the   r o d  

w i t h   s k e i n   and  50  gram  w e i g h t   a re   p l a c e d   in   a  v i g o r o u s l y  

b o i l i n g   w a t e r   b a t h   s u f f i c i e n t l y   deep  t h a t   the   s k e i n   i s  

u n d e r   t e n s i o n   from  t h e   50  gram  w e i g h t .   A f t e r   10  m i n u t e s  

in  the  b o i l i n g   w a t e r   b a t h ,   t he   rod  w i t h   s k e i n   and  the   50  

gram  w e i g h t   a r e   r e m o v e d   from  the   b a t h   and  hung  up  f o r  

t h r e e   m i n u t e s   to  p e r m i t   e x c e s s   w a t e r   to  d r a i n   o f f .   T h e  

rod  w i t h   s k e i n   and  s u s p e n d e d   50  gram  w e i g h t   a r e   t h e n  

p l a c e d   in  a  120°C  oven   f o r  1 5   m i n u t e s ,   a f t e r   wh ich   t h e  

rod  w i t h   s k e i n   and  s u s p e n d e d   50  gram  w e i g h t   a r e   r e m o v e d  

from  the  oven  and  hung  fo r   15  m i n u t e s   a t   r o o m  

t e m p e r a t u r e .   The  s u s p e n d e d   50  gram  w e i g h t   i s   t h e n  

r e m o v e d   and  r e p l a c e d   by  a  1000  gram  w e i g h t .   A f t e r   3 0  

s e c o n d s ,   t he   s k e i n   l e n g t h   i s   i s   m e a s u r e d   to  p r o v i d e   L 2 .  

The %  s h r i n k a g e   i s   d e f i n e d   as   1 0 0 ( L 1  -   L2)  d i v i d e d  b y   L 1 .  



1.  A  p r o c e s s   fo r   m e l t - s p i n n i n g   a  d e e p - d y e i n g  

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

and  s e c o n d   d i s s i m i l a r   p o l y m e r s ,   c o m p r i s i n g :  

a.  g e n e r a t i n g   a  f i r s t   m o l t e n   s u b - s t r e a m   o f  

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

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

merge   s i d e - b y - s i d e   as  a  c o m b i n e d   s t r e a m   b e f o r e  

e x t r u s i o n   from  the   f a c e   o f   a  s p i n n e r e t ;  

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

a  c o n j u g a t e   f i l a m e n t   c o m p r i s i n g   a  f i r s t  

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

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

s e c o n d   p o l y m e r ;   a n d  

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

c o m b i n e d   s t r e a m   at   a  p r e d e t e r m i n e d   s p i n n i n g  

speed   above   2200  mpm;  a n d  

-  d.  w i n d i n g   s a i d   f i l a m e n t   on  a  b o b b i n   a t  

at   a  w i n d i n g   speed   above   3000  mpm; 

e.  s a i d   p o l y m e r ,   s a i d   s p i n n i n g   s p e e d ,   a n d  

w i n d i n g   speed   b e i n g   s e l e c t e d   such  t h a t   s a i d  

f i l a m e n t   wound  on  s a i d   b o b b i n   has   a  s h r i n k a g e  

g r e a t e r   t h a n   10%.  

2.  The  p r o c e s s   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 r s t   s u b - s t r e a m   i s   n y l o n   66  and  s a i d   s e c o n d  

s u b - s t r e a m   i s   p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) .  

3.  The  p r o c e s s   d e f i n e d   in  c l a i m   2,  w h e r e i n  

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

t h a t   s a i d   f i l a m e n t   has   a  s h r i n k a g e   g r e a t e r   t h a n   20%  a n d  

an  e l o n g a t i o n   l e s s   t h a n   1 0 0 % .  

4.  The  p r o c e s s   d e f i n e d   in  c l a i m   2,  w h e r e i n  

s a i d   f i l a m e n t   i s   d rawn  at   a  g i v e n   draw  r a t i o   p r i o r   t o  

w i n d i n g   sa id   f i l a m e n t   at   a  h i g h e r   speed   t h a n   s a i d  

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

s p i n n i n g   s p e e d ,   and  s a i d   draw  r a t i o   b e i n g   s e l e c t e d   s u c h  

t h a t   s a i d   f i l a m e n t   h a s   a  s h r i n k a g e  g r e a t e r   t h a n   2 0 % .  



5.  The  p r o c e s s   d e f i n e d   in  c l a i m   4,  w h e r e i n   s a i d  

p o l y m e r s ,   s a i d   s p i n n i n g   s p e e d ,   and  s a i d   draw  r a t i o   a r e  

s e l e c t e d   such   t h a t   s a i d   f i l a m e n t   h a s   a  s h r i n k a g e   g r e a t e r  

t h a n   2 5 % .  

6.  The  p r o c e s s   d e f i n e d   in   c l a i m   4,  w h e r e i n   s a i d  

p o l y m e r s ,   s a i d   s p i n n i n g   s p e e d ,   and  s a i d   draw  r a t i o   a r e  
s e l e c t e d   such  t h a t   s a i d   f i l a m e n t   h a s   an  e l o n g a t i o n   l e s s  

t h a n   7 5 % .  

7.  The  p r o c e s s   d e f i n e d   in  c l a i m   4,  w h e r e i n   s a i d  

p o l y m e r s ,   s a i d   s p i n n i n g   s p e e d ,   and  s a i d   draw  r a t i o   a r e  
s e l e c t e d   such  t h a t   s a i d   f i l a m e n t   h a s   an  e l o n g a t i o n   l e s s  

t h a n   50%.  
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