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NEVER  DRIED ŴTER-  SWOLLEN TOW 
PROCESSED 

TOW 

o .  
u i  

ACTOF1UM  AG 



10 

2 0  

30  

0 2 2 8 2 2 4  
i  

T I T L E  
AROMATIC  POLYAMIDE  FIBERS  AND  PROCESSES 

FOR  MAKING  SUCH  F I B E R S  

BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

The  f i e l d   of  a r t   to  w h i c h   t h i s   i n v e n t i o n  

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

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

15  S p e c i f i c a l l y ,   s u c h   i n v e n t i o n   i s   a  p r o c e s s   f o r  

d y e i n g   a  f i b e r   s t r u c t u r e   of  p o l y ( m e t a - p h e n y l e n e  
i s o p h t h a l a m i d e   )  f i b e r s   w i t h   a  w a t e r - s o l u b l e   dye  b y  
h e a t i n g   t he   a m o r p h o u s ,   w a t e r - s w o l l e n   f i b e r s ,   as  s p u n  
and  p r i o r   to  d r y i n g ,   w i t h   s t e a m   a t   a  t e m p e r a t u r e   f r o m  
a b o u t   110°C  to  1 4 0 ° C ,   and  p r e f e r a b l y   a t   a b o u t   1 2 0 ° C ,  

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

An  o r g a n i c   w a t e r - i n s o l u b l e   m a t e r i a l ,   s u c h   a s  

25  an  u l t r a v i o l e t   l i g h t   s c r e e n e r ,   may  a l s o   be  m i x e d   w i t h  
t he   w a t e r - s o l u b l e   dye  and  p a d d e d   o n t o   t h e   w a t e r - s w o l l e n  
f i b e r s   p r i o r   to  h e a t i n g ,   w h i l e   t h e   dye  i s   e f f e c t i v e l y  
d i f f u s e d   i n t o   t h e   f i b e r   s t r u c t u r e   a t   t e m p e r a t u r e s  
b e t w e e n   110°C  and  1 4 0 ° C ,   s u c h   s t r u c t u r e   mus t   a l s o   b e  
h e a t e d   w i t h   s t e a m   a t   a  s u b l i m a t i o n   t e m p e r a t u r e   b e l o w  
t h e   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  t h e   f i b e r s   in  o r d e r  
to  s u b l i m e   t h e   s c r e e n e r   i n t o   t he   p o r e s   of  t he   f i b e r s .  
The  f i b e r s   a r e   t h e n ,   p r e f e r a b l y ,   f u r t h e r   h e a t e d   w i t h  
s t e a m   a t   a b o u t   165°C  f o r   a  t i m e   s u f f i c i e n t   to  c o l l a p s e  
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the   p o r e s   in  the   f i b e r s   and  l o c k   the   dye  t h e r e i n .   A t  
t h i s   t e m p e r a t u r e   the   f i b e r s   a l s o   w i l l   c r y s t a l l i z e   a n d  
the   f i b e r   s t r u c t u r e   is   t h e r e b y   s t a b i l i z e d   a g a i n s t  

p r o g r e s s i v e   l a u n d r y   s h r i n k a g e .  
V a r i o u s   w a t e r - i n s o l u b l e   m a t e r i a l s ,   i n c l u d i n g  

5  d i s p e r s e   d y e s ,   may  be  d r i v e n   i n t o   t he   f i b e r s   in  t h i s  

m a n n e r   ( e . g . ,   by  c o n t a c t i n g   the   w a t e r - s w o l l e n ,  
n e v e r - d r i e d   f i b e r s   w i t h   a  d i s p e r s i o n   c o n t a i n i n g   the   d y e  
and  h e a t i n g   w i t h   s t e a m   to  1 6 5 ° C ) .   P r e f e r a b l y   t h i s  

s u b l i m a t i o n   s t e p   f o l l o w s   the   d i f f u s i o n   s t e p   p r e v i o u s l y  
10  d e s c r i b e d .  

D e s c r i p t i o n   of  t he   R e l a t e d   A r t  

A r o m a t i c   p o l y a m i d e   f i b e r s   a r e   w e l l   known  t o  
t he   a r t .   They  have   h i g h   t e n s i l e   s t r e n g t h ,   a r e   f l a m e   a n d  

h e a t   r e s i s t a n t ,   p o s s e s s   good  f l e x   l i f e ,   and  have   v e r y  
15  h i g h   m e l t i n g   p o i n t s ,   e t c .   w h i c h   make  them  p a r t i c u l a r l y  

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

c l o t h i n g ,   and  f o r   many  o t h e r   u s e s .  
I t   f u r t h e r   is  known  t h a t   w h i l e   a r o m a t i c  

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

v a r i o u s   s t e p s   be  t a k e n   to  i m p r o v e   a  p r o p e r t y   o r  

p r o p e r t i e s   of  t he   f i b e r s   to  meet   a  s p e c i f i c   end  u s e .  
As  an  e x a m p l e ,   v a r i o u s   a d d i t i v e s   such   as  d y e s ,  
u l t r a v i o l e t   l i g h t   s c r e e n e r s ,   f l a m e   r e t a r d a n t s ,  

25  a n t i s t a t i c   a g e n t s   or  w a t e r   r e p e l l e n t s ,   may  b e  

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

or  in  s u b s e q u e n t   p r o c e s s i n g   s t e p s   to  i m p r o v e   t h e i r  

p e r f o r m a n c e   l e v e l s .  

T h i s   i n v e n t i o n   is   s p e c i f i c a l l y   d i r e c t e d   t o  
30  a r o m a t i c   p o l y a m i d e   f i b e r s   of  a  p o l y ( m e t a - p h e n y l e n e  

i s o p h t h a l a m i d e )   p o l y m e r ,   h e r e i n a f t e r   r e f e r r e d   to  a s  
"MPD-I  f i b e r s " .   Such  f i b e r s ,   w h i c h   a re   d e s c r i b e d   i n  

g r e a t e r   d e t a i l   in  U.  S.  P a t e n t   3 , 2 8 7 , 3 2 4   to  S w e e n y ,  
f o r   e x a m p l e ,   p o s s e s s   many  u s e f u l   p r o p e r t i e s .   I t   i s  
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w e l l   known  to  the   a r t ,   h o w e v e r ,   t h a t   t h e s e   f i b e r s   a r e  

v e r y   d i f f i c u l t   to  d y e .  
V a r i o u s   t e c h n i q u e s   have   e v o l v e d   to  s o l v e   t h i s  

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

a r t   and  w i d e l y   p r a c t i c e d ,   dyes   t he   f i b e r s   in  an  a q u e o u s  
5  b a t h   in  the   p r e s e n c e   of  a  c a r r i e r ,   such   a s  

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

d y e i n g   such   f i b e r s ,   t he   c a r r i e r   i s   e x p e n s i v e   and  m u s t  
be  d i s p o s e d   o f .  

A n o t h e r   s o l u t i o n   is   shown  in  B r i t i s h   P a t e n t  
10  1 , 4 3 8 , 0 6 7   to  Moulds   and  Vance   w h i c h   t e a c h e s   i m b i b i n g   a  

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

MPD-I  f i b e r s   by  p a s s i n g   such   f i b e r s   t h r o u g h   an  a q u e o u s  
b a t h ,   p r i o r   to  d y e i n g .   The  i m p r e g n a n t   s e r v e s   as  a  
" s t r u c t u r e   p r o p "   w h i c h   p r e v e n t s   c o l l a p s e   of  t h e  

15  w a t e r - s w o l l e n   f i b e r s   on  d r y i n g .   The  d r i e d   i m p r e g n a t e d  
f i b e r s   may  s u b s e q u e n t l y   r e a d i l y   be  t i n t e d   in  a n  

a q u e o u s   dye  b a t h   w h i l e   c o r r e s p o n d i n g   f i b e r s   d r i e d  
w i t h o u t   the   i m p r e g n a n t   may  be  t i n t e d   o n l y   u n d e r   m u c h  

more  v i g o r o u s   c o n d i t i o n s ,   i n c l u d i n g   n e c e s s a r i l y   t he   u s e  
20  of  dye  c a r r i e r s ,   such   as  a c e t o p h e n o n e ,   as  m e n t i o n e d  

h e r e i n a b o v e   . 
T h i s   i n v e n t i o n   s o l v e s   t h e s e   and  o t h e r  

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

25  MPD-I  f i b e r s   w i t h   s t e a m ,   h e a t e d   w i t h i n   c e r t a i n  

t e m p e r a t u r e   r a n g e s ,   i t   is   p o s s i b l e   e f f e c t i v e l y   to  d y e  
the   f i b e r s .   S p e c i f i c a l l y ,   i t   has   been   f o u n d   t h a t   s u c h  

f i b e r s   may  be  d y e d ,   u s i n g   a  w a t e r - s o l u b l e   dye ,   b y  

h e a t i n g   the   f i b e r s   w i t h   s t e a m   h e a t e d   a t   a  t e m p e r a t u r e  
30  f rom  a b o u t   110°C  to  140°C  fo r   a  t ime   s u f f i c i e n t   t o  

d i f f u s e   t he   dye  i n t o   t he   p o r e s   of  t he   f i b e r s .  

I t   f u r t h e r   has   been   f o u n d   t h a t   a f t e r   t h i s  

d i f f u s i o n   s t e p   has   t a k e n   p l a c e   t h a t   such   f i b e r s   may  b e  

s u b s e q u e n t l y   h e a t e d ,   a g a i n   w i t h   s t e a m ,   a t   a  
35  t e m p e r a t u r e   of  a b o u t   165°C  to  c o l l a p s e   the   f i b e r s   a n d  
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l o c k   the   dye  in  p l a c e .   Th i s   l a t t e r   s t e p   w i l l   a l s o ,   i t  

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

them  a g a i n s t   p r o g r e s s i v e   l a u n d r y   s h r i n k a g e .  

In  a d d i t i o n ,   v a r i o u s   o r g a n i c   w a t e r - i n s o l u b l e  

m a t e r i a l s ,   such   as  u l t r a v i o l e t   l i g h t   s c r e e n e r s ,   may  b e  

5  mixed   w i t h   t he   w a t e r - s o l u b l e   dye  and  d r i v e n ,   by  a  

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

A g a i n ,   h e a t i n g   i s   a c c o m p l i s h e d   w i t h   s t e a m ,   w h i l e   t h e  

p o r e s   r e m a i n   open  and  s u b l i m a t i o n   t e m p e r a t u r e s   f r o m  

a b o u t   110°C  to  150°C  a r e   r e q u i r e d   to  s u b l i m e   t h e  

10  w a t e r - i n s o l u b l e   m a t e r i a l s   i n t o   the   open  p o r e s .  

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

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

s t e a m   in  a l l   c a s e s   as  a  key  s t e p ,   to  dye  a  

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

15  i s o p h t h a l a m i d e   )  f i b e r s   w i t h   a  w a t e r - s o l u b l e   d y e ,  

b e f o r e   t h e y   a r e   d r i e d ,   or  to  add  an  o r g a n i c  

w a t e r - i n s o l u b l e   m a t e r i a l   to  the   f i b e r s ,   e i t h e r   m i x e d  

w i t h   the   dye  or  a l o n e ,   and  to  l o c k   the   dye  a n d / o r  

o t h e r   i m p r e g n a n t   i n t o   the   p o r e s   of  the   f i b e r s .   T h i s  

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

( e . g . ,   110°C  to  140°C)   to  d i f f u s e   the   dye  i n t o   t h e  

f i b e r   p o r e s   and  up  to  165°C  to  s u b l i m e   t h e  

w a t e r - i n s o l u b l e   m a t e r i a l   i n t o   such   p o r e s .   At  t h i s  

l a t t e r   t e m p e r a t u r e   t he   dye  is   a l s o   l o c k e d   i n t o   t h e  

25  f i b e r s ,   w h i l e   s t a b i l i z i n g   such   f i b e r s   a g a i n s t  

p r o g r e s s i v e   l a u n d r y   s h r i n k a g e .   These   p r o c e s s e s   g i v e   t o  

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

c a p a b i l i t y ,   and  a  p r a c t i c a l   means  of  s o l v i n g   a  n u m b e r  

of  p r o b l e m s   l o n g   c h a l l e n g i n g   such   a r t s .  

30  Summary  of  the   I n v e n t i o n  

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

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

o f :  
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e x t r u d i n g   a  s o l u t i o n   of  p o l y   (  m e t a - p h e n y l e n e  

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

s p i n n e r e t   to  form  a m o r p h o u s   f i b e r s   w h i c h   t o g e t h e r  
d e f i n e   a  f i b e r   s t r u c t u r e ,   such   f i b e r s   h a v i n g   m i n u t e  

p o r e s   t h e r e i n ,  

5  mov ing   such   a m o r p h o u s   f i b e r s   i n t o   c o n t a c t  

w i t h   an  a q u e o u s   e x t r a c t i o n   b a t h   to  remove   t he   s o l v e n t  

d u r i n g   w h i c h   such   f i b e r s   become  w a t e r - s w o l l e n ,  

c o n t a c t i n g   such   w a t e r - s w o l l e n   f i b e r s   w i t h   a n  

a q u e o u s   s o l u t i o n   c o n t a i n i n g   a  w a t e r - s o l u b l e   m a t e r i a l  

10  a n d  

h e a t i n g   the   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m  

a t   a  t e m p e r a t u r e   f rom  a b o u t   110°C  to  140°C  f o r   a  t i m e  

s u f f i c i e n t   to  d i f f u s e   s u b s t a n t i a l l y   a l l   of  t h e  

w a t e r - s o l u b l e   m a t e r i a l   i n t o   t he   p o r e s   of  t he   f i b e r s  

15  t h r o u g h o u t   such   f i b e r   s t r u c t u r e .  

P r e f e r a b l y   the   w a t e r - s w o l l e n   f i b e r s   a r e  

h e a t e d   w i t h   s t e a m   at   a  t e m p e r a t u r e   of  a b o u t   120°C  f o r   a  
t i m e   s u f f i c i e n t   to  d i f f u s e   s u b s t a n t i a l l y   a l l   of  t h e  

w a t e r - s o l u b l e   m a t e r i a l   i n t o   the   p o r e s   of  the   f i b e r s  

20  t h r o u g h o u t   such   f i b e r   s t r u c t u r e .  

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

f i b e r s   p r e f e r a b l y   i s   a  dye .   I t   may  a l s o   be  a  

s u r f a c t a n t ,   f o r   e x a m p l e ,   in  w h i c h   c a s e   t he   f i b e r  

s t r u c t u r e   is   d r i e d   a f t e r   d i f f u s i o n .   O t h e r  

25  w a t e r - s o l u b l e   o r g a n i c   or  i n o r g a n i c   s a l t s   may  be  u s e d .  

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

f i b e r s   . 
In  a  p r e f e r r e d   e m b o d i m e n t ,   when  t he   m a t e r i a l  

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

the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  t he   f i b e r s   fo r   a  
t i m e   s u f f i c i e n t   to  c o l l a p s e   t he   p o r e s   and  i r r e v e r s i b l y  
l o c k   the   dye  w i t h i n   t he   f i b e r s   and  to  c r y s t a l l i z e   s u c h  
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f i b e r s   and  s t a b i l i z e   them  a g a i n s t   p r o g r e s s i v e   l a u n d r y  

s h r i n k a g e   . 
In  the   s t e p   of  l o c k i n g   the   w a t e r - s o l u b l e  

m a t e r i a l   or  dye  i n t o   t he   f i b e r s ,   the   f i b e r s   may  b e  

h e a t e d   w i t h   s t e a m   at   a  t e m p e r a t u r e   f rom  a b o u t   150°C  t o  
5  165°C  and  p r e f e r a b l y   a re   h e a t 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   of  a b o u t   1 6 5 ° C .  

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

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

f o l l o w i n g   s t e p s :  
10  e x t r u d i n g   a  s o l u t i o n   of  p o l y   ( m e t a - p h e n y l e n e  

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

s p i n n e r e t   to  form  a m o r p h o u s   f i b e r s   w h i c h   t o g e t h e r  
d e f i n e   a  f i b e r   s t r u c t u r e ,   such   f i b e r s   h a v i n g   m i n u t e  

p o r e s   t h e r e i n ,  
15  mov ing   such   a m o r p h o u s   f i b e r s   i n t o   c o n t a c t  

w i t h   an  a q u e o u s   e x t r a c t i o n   b a t h   to  remove  the   s o l v e n t  

d u r i n g   w h i c h   such   f i b e r s   become  w a t e r - s w o l l e n ,  

c o n t a c t i n g   such   w a t e r - s w o l l e n   f i b e r s   w i t h   a n  

a q u e o u s   m i x t u r e   c o n t a i n i n g   a  w a t e r - s o l u b l e   dye  and  a n  
20  o r g a n i c   w a t e r - i n s o l u b l e   m a t e r i a l   w h i c h   s u b l i m e s   i n  

s t e a m   at   a  t e m p e r a t u r e   b e l o w   the   g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   of  t he   f i b e r s ,  

h e a t i n g   the   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m  

a t   a  t e m p e r a t u r e   f rom  a b o u t   110°C  to  140°C  f o r   a  t i m e  

25  s u f f i c i e n t   to  d i f f u s e   s u b s t a n t i a l l y   a l l   of  t h e  

w a t e r - s o l u b l e   dye  i n t o   the   p o r e s   of  such   f i b e r s  

t h r o u g h o u t   t he   f i b e r   s t r u c t u r e ,  

h e a t i n g   the   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m  

at   a  s u b l i m a t i o n   t e m p e r a t u r e   b e l o w   the   g l a s s   t r a n s i t i o n  

30  t e m p e r a t u r e   of  the   f i b e r s   fo r   a  t i m e   s u f f i c i e n t   t o  

s u b l i m e   the   w a t e r - i n s o l u b l e   m a t e r i a l   i n t o   the   p o r e s   o f  

s u c h   f i b e r s   t h r o u g h o u t   the   f i b e r   s t r u c t u r e ,   a n d  

t h e r e a f t e r ,  
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h e a t i n g   the  w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m  
at   a  t e m p e r a t u r e   above   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e  
of  the   f i b e r s   fo r   a  t ime   s u f f i c i e n t   to  c o l l a p s e   t h e  

p o r e s   and  i r r e v e r s i b l y   l o c k   the   dye  w i t h i n   the   f i b e r s  
and  to  s t a b i l i z e   the   f i b e r s   a g a i n s t   p r o g r e s s i v e   l a u n d r y  
s h r i n k a g e   . 

P r e f e r a b l y ,   in  t h i s   p r o c e s s ,   t h e  

w a t e r - s w o l l e n   f i b e r s   a re   h e a t e d   w i t h   s t e a m   a t   a  
s u b l i m a t i o n   t e m p e r a t u r e   f rom  a b o u t   110°C  to  1 5 0 ° C .  

In  t h i s   p r o c e s s   t he   w a t e r - i n s o l u b l e   m a t e r i a l  

may  be  an  u l t r a v i o l e t   l i g h t   s c r e e n e r   or  a  d i s p e r s e   d y e ,  
f o r   e x a m p l e .   A f t e r   t he   s c r e e n e r   or  d i s p e r s e   dye  h a s  

been   s u b l i m e d   i n t o   t he   open  p o r e s   of  t he   w a t e r - s w o l l e n  

f i b e r s ,   such   f i b e r s   p r e f e r a b l y   a r e   h e a t e d   w i t h   s t e a m  
at   a  t e m p e r a t u r e   of  a b o u t   165°C .   to  c l o s e   t he   p o r e s  
and  l o c k   the   dye  t h e r e i n .  

T h i s   i n v e n t i o n   o f f e r s   i m p r o v e m e n t s   o v e r   t h e  

p r i o r   a r t   by  p r o v i d i n g   p r o c e s s e s   fo r   d i f f u s i n g   a n d  

s u b l i m i n g   w a t e r - s o l u b l e   and  w a t e r - i n s o l u b l e   m a t e r i a l s ,  
such   as  d y e s ,   i n t o   n e v e r - d r i e d ,   w a t e r - s w o l l e n   a r o m a t i c  

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

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

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

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

as  t he   t r a n s f e r   m e a n s .   In  so  d o i n g ,   i t   p r o v i d e s   t h e  

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

D e s c r i p t i o n   of  t he   P r e f e r r e d   E m b o d i m e n t s  

T h i s   i n v e n t i o n   i s   an  i m p r o v e d   p r o c e s s   f o r  

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

More  s p e c i f i c a l l y ,   in  the   p r o c e s s e s   of  t h i s  

i n v e n t i o n ,   a  w a t e r - s o l u b l e   m a t e r i a l ,   and ,   i f   d e s i r e d ,   a  
w a t e r - i n s o l u b l e   m a t e r i a l   a r e   d i f f u s e d   or  s u b l i m e d   i n t o  
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a  f i b e r   s t r u c t u r e   of  MPD-I  a m o r p h o u s   s y n t h e t i c   f i b e r s  

to  i m p r o v e   t h e i r   p r o p e r t i e s .   D u r i n g   the   d i f f u s i o n   a n d  

s u b l i m a t i o n   s t e p s ,   the   f i b e r s   a re   w a t e r - s w o l l e n ,   w i t h  

open  p o r e s .   S t e a m ,   a t   c r i t i c a l   t e m p e r a t u r e s ,   i s   u s e d  

to  p e r f e c t   the   p r o c e s s .  
5  B r i e f l y ,   the   f i b e r s   of  t h i s   i n v e n t i o n   a r e  

p r e p a r e d   f rom  a r o m a t i c   p o l y a m i d e   p o l y m e r s   such   as  a r e  

d i s c l o s e d   in  U.S .   P a t e n t   3 , 0 6 3 , 9 6 6   to  Kwolek ,   M o r g a n  
and  S o r e n s o n ;   3 , 0 9 4 , 5 1 1   to  H i l l ,   Kwolek  and  Sweeny ;   a n d  

3 , 2 8 7 , 3 2 4   to  Sweeny ,   f o r   e x a m p l e .   These   p a t e n t s ,   a n d  

10  t h e i r   t e a c h i n g s ,   a re   i n c o r p o r a t e d   by  r e f e r e n c e   i n t o  

th i . s   a p p l i c a t i o n .  

In  the   p r e s e n t   i n v e n t i o n ,   the   t e r m   " a r o m a t i c  

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

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

15  f i b e r - f o r m i n g ,   and  c h a r a c t e r i z e d   p r e d o m i n a n t l y   by  t h e  

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

R.  R.  0  0  
J  J-  |  -L  n  n 

-  N  -  A r 1 -   N  -  C  -  Ar2  -  C  -  

2q  w h e r e i n   each   R  ̂ i n d e p e n d e n t l y   is   h y d r o g e n   or  l o w e r  

a l k y l   and  w h e r e i n   Ar^  and  Ar2  may  be  the   same  o r  

d i f f e r e n t   and  may  be  an  u n s u b s t i t u t e d   d i v a l e n t  

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

r a d i c a l ,   the   c h a i n - e x t e n d i n g   b o n d s   of  t h e s e   d i v a l e n t  

2g  a r o m a t i c   r a d i c a l s   b e i n g   o r i e n t e d   p r e d o m i n a n t l y   meta   t o  

one  a n o t h e r   and  the   s u b s t i t u e n t s   a t t a c h e d   to  a n y  
a r o m a t i c   n u c l e u s   b e i n g   one  or  more  or  a  m i x t u r e   o f  

l o w e r   a l k y l ,   l o w e r   a l k o x y ,   h a l o g e n ,   n i t r o ,   l o w e r  

c a r b a l k o x y ,   or  o t h e r   g r o u p   w h i c h   do  no t   form  a  

2q  p o l y a m i d e   d u r i n g   p o l y m e r i z a t i o n .   These   p o l y m e r s   may  
be  p r e p a r e d   by  f o l l o w i n g   the   t e a c h i n g s   of  U.S .   P a t e n t s  

3 , 0 9 4 , 5 1 1 ;   3 , 2 8 7 , 3 2 4   or  3 , 0 6 3 , 9 6 6   m e n t i o n e d   a b o v e .  

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

p o l y ( m e t a p h e n y l e n e   i s o p h t h a l a m i d e )   . 
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In  p r e p a r i n g   the   b a s i c   u n t r e a t e d  

w a t e r - s w o l l e n   MPD-I  f i b e r s   f o r m i n g   a  p a r t   of  t h i s  

i n v e n t i o n ,   a r o m a t i c   p o l y a m i d e s   w h i c h   have   been   p r e p a r e d  

by  p r o c e d u r e s   shown  in  the   a b o v e - m e n t i o n e d   p a t e n t s   a r e  
c o m b i n e d   w i t h   v a r i o u s   s o l v e n t s   such   a s  

5  d i m e t h y l a c e t a m i d e   to  form  a  s p i n n i n g   s o l u t i o n   as  s h o w n ,  

f o r   e x a m p l e ,   in  U.S.   P a t e n t   3 , 0 6 3 , 9 6 6   and  the   f i b e r s   o r  

f i l a m e n t s   a re   f o r m e d   by  e x t r u d i n g   the   s p i n n i n g   s o l u t i o n  

t h r o u g h   o r i f i c e s   in  a  s p i n n e r e t .   Such  f i b e r s   may  b e  

d r y - s p u n   or  w e t - s p u n   to  form  a  w a t e r - s w o l l e n   f i b e r  

10  s t r u c t u r e .   In  e i t h e r   c a s e ,   t he   f i b e r s   as  spun   a r e  

s u b s t a n t i a l l y   a m o r p h o u s .  

" D r y - s p i n n i n g "   r e f e r s   to  a  p r o c e s s   in  w h i c h  

the   s p i n n i n g   s o l u t i o n   is   e x t r u d e d   in  t he   form  of  t h i n  

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

15  i s   c a u s e d   to  e v a p o r a t e   so  t h a t   t he   s t r e a m s   a r e  
c o n v e r t e d   i n t o   i n d i v i d u a l   f i l a m e n t s   w h i c h   a r e   " d r y "  

e n o u g h   even   t h o u g h   s t i l l   c o n t a i n i n g   a p p r e c i a b l e  

q u a n t i t i e s   of  r e s i d u a l   s o l v e n t   t h a t   t h e y   a r e  

s e l f - s u p p o r t i n g .   " W e t - s p i n n i n g "   i n v o l v e s   a  p r o c e s s  
20  w h e r e i n   the   p o l y m e r   s p i n n i n g   s o l u t i o n   e x i t s   in  t h e  

form  of  t h i n   s t r e a m s   w h i c h   a r e   g e n e r a t e d   w i t h i n ,   o r  

a r e   c o n d u c t e d   i n t o ,   a  l i q u i d   c o a g u l a t i n g   b a t h   w h i c h  

c a u s e s   the   p o l y m e r   to  p r e c i p i t a t e   in  t he   form  o f  

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

25  of  the   c o a g u l a t i n g   b a t h ,   and  commonly   a l s o   t h r o u g h  

s u b s e q u e n t   p r o c e s s i n g   s t e p s .   D e p e n d i n g   on  t h e  

c o m p o s i t i o n   of  the   c o a g u l a t i n g   b a t h ,   t he   t e m p e r a t u r e  
and  t i m e   of  c o n t a c t   of  t he   f i l a m e n t s   w i t h   t he   b a t h ,  

t he   f i l a m e n t s   may  s t i l l   r e t a i n   an  a p p r e c i a b l e   q u a n t i t y  

30  of  t he   o r i g i n a l   p o l y m e r   s o l v e n t   a t   t he   t ime   t h e y   e x i t  

t he   b a t h .  

As  j u s t   s t a t e d   the   f i b e r s   w h e t h e r   d r y - s p u n   o r  

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

h a v i n g   been   s o l i d i f i e d   in  a  d r y - s p i n n i n g   e v a p o r a t i o n  

35  
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c e l l   or  c o a g u l a t e d   in  a  w e t - s p i n n i n g   p r e c i p i t a t i o n  
b a t h .   To  remove  the   s o l v e n t   such   f i b e r s   a re   b r o u g h t  
i n t o   c o n t a c t   w i t h   an  a q u e o u s   e x t r a c t i o n   b a t h ,   as  i s  
known  in  the   a r t .   As  a  r e s u l t   the   f i b e r s   b e c o m e  
" w a t e r - s w o l l e n "   w i t h   a  w a t e r   c o n t e n t   of  35%  or  m o r e .  

5  The  a b o v e - d e s c r i b e d   s t e p s   of  f o r m i n g  
a m o r p h o u s   w a t e r - s w o l l e n   f i b e r s   of  an  a r o m a t i c   p o l y a m i d e  

p o l y m e r   a re   known  to  t he   a r t   and  t h e s e   f i b e r s   a r e   a l l  

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

a c c o r d a n c e   w i t h   the   p r o c e s s   of  t h i s   i n v e n t i o n .  
10  S p e c i f i c a l l y ,   in  a  p r e f e r r e d   p r o c e s s ,   t h e s e  

w a t e r   s w o l l e n   f i b e r s ,   w h i c h   have  no t   been   d r i e d ,   a r e  
c o n t a c t e d   w i t h   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   a  
w a t e r - s o l u b l e   m a t e r i a l   and  h e a t e d   w i t h   s t e a m   at   a  

t e m p e r a t u r e   f rom  a b o u t   110°C  to  140°C  f o r   a  t i m e  
15  s u f f i c i e n t   to  d i f f u s e   s u b s t a n t i a l l y   a l l   of  t h e  

w a t e r - s o l u b l e   m a t e r i a l   i n t o   the   p o r e s   of  t he   f i b e r s  

t h r o u g h o u t   such   f i b e r   s t r u c t u r e .   The  m a t e r i a l  
d i f f u s e d   i n t o   the   f i b e r s   p r e f e r a b l y   i s   a  dye .   I t   may  
a l s o   be  a  s u r f a c t a n t .  

20  in  a n o t h e r   p r e f e r r e d   e m b o d i m e n t ,   when  t h e  

m a t e r i a l   is   d y e d ,   the   w a t e r - s w o l l e n ,   d y e - c o n t a i n i n g  
f i b e r s   a re   t h e n   f u r t h e r   h e a t e d   w i t h   s t e a m   at   a  

t e m p e r a t u r e   above   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   o f  
the   f i b e r s   fo r   a  t ime   s u f f i c i e n t   to  c o l l a p s e   the   p o r e s  

25  and  i r r e v e r s i b l y   l o c k   the   dye  w i t h i n   the   f i b e r s   and  t o  

c r y s t a l l i z e   such   f i b e r s   and  s t a b i l i z e   them  a g a i n s t  

p r o g r e s s i v e   l a u n d r y   s h r i n k a g e .   T e m p e r a t u r e s   in  t h e  

r a n g e   f rom  150°C  to  165°C  w i l l   a c c o m p l i s h   t h e s e  

o b j e c t i v e s   . 
30  in  s t i l l   a n o t h e r   e m b o d i m e n t ,   n e v e r - d r i e d ,  

a m o r p h o u s   MPD-I  f i b e r s   of  the   t y p e   d e s c r i b e d   a r e  
c o n t a c t e d   w i t h   an  a q u e o u s   m i x t u r e   c o n t a i n i n g   b o t h   a  
w a t e r - s o l u b l e   m a t e r i a l ,   such   as  a  dye ,   and  an  o r g a n i c  
w a t e r - i n s o l u b l e   m a t e r i a l   w h i c h   s u b l i m e s   in  s t e a m   at   a  

10 
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t e m p e r a t u r e   b e l o w   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   o f  

the   f i b e r s .   The  w a t e r - s w o l l e n   f i b e r s   a r e   t h e n   h e a t 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   f rom  a b o u t   110°C  to  1 4 0 ° C  

fo r   a  t ime   s u f f i c i e n t   to  d i f f u s e   s u b s t a n t i a l l y   a l l  

of  the   w a t e r - s o l u b l e   dye  i n t o   the   p o r e s   of  such   f i b e r s  

and  a t   a  s u b l i m a t i o n   t e m p e r a t u r e   b e l o w   the   g l a s s  

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

w a t e r - i n s o l u b l e   m a t e r i a l   i n t o   the   open  p o r e s   of  s u c h  

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

w h i c h   s u b l i m e s   in  s t e a m " ,   as  u s e d   h e r e i n ,   r e f e r s   to  a  

member  of  the   c l a s s   of  w a t e r - i n s o l u b l e   o r g a n i c  
m a t e r i a l s   w h i c h   a re   a c t i v a t e d   by  s t e a m   to  m i g r a t e   f r o m  

the   s u r f a c e   of  the   f i b e r s   i n t o   the   p o r e s   of  the   f i b e r s ,  

and  the   t e r m   " s u b l i m a t i o n   t e m p e r a t u r e "   r e f e r s   to  t h e  

t e m p e r a t u r e   a t   w h i c h   the   m a t e r i a l   is   so  a c t i v a t e d   t o  

m i g r a t e .   A f t e r   t he   d i f f u s i o n   and  s u b l i m a t i o n   s t e p s  
have   been   c o m p l e t e d ,   the   f i b e r s   may  be  f u r t h e r   h e a t e d  

w i t h   s t e a m   at   a  t e m p e r a t u r e   above   the   g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   of  the   f i b e r s   fo r   a  t ime   s u f f i c i e n t   t o  

c o l l a p s e   the   p o r e s   and  i r r e v e r s i b l y   l o c k   the   m a t e r i a l  

w i t h i n   the   f i b e r s   and  to  s t a b i l i z e   t he   f i b e r s   a g a i n s t  

p r o g r e s s i v e   l a u n d r y   s h r i n k a g e .  

B r i e f l y   d e s c r i b e d ,   t he   g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   (T^)  of  a  p o l y m e r i c   f i b e r   is   a  
c h a r a c t e r i s t i c   of  t he   a m o r p h o u s   p h a s e   of  the   p o l y m e r   o f  

w h i c h   the   f i b e r   i s   made.   Below  the   g l a s s   t r a n s i t i o n  

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

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

f i b e r   t e n d s   to  r e m a i n   in  the   same  s t r u c t u r a l  

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

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

u n d e r g o e s   such   c h a n g e s   in  s t r u c t u r e   as  r e l a x a t i o n   o f  

s t r e s s e s ,   c o l l a p s e   of  p o r e s   w i t h i n   the   f i b e r ,   a n d  

c r y s t a l l i z a t i o n   of  t he   p o l y m e r   of  w h i c h   the   f i b e r   i s  

made.   For  p o l y ( m e t a - p h e n y l e n e   i s o p h t h a l a m i d e )   i n  

11 
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s a t u r a t e d   s t e a m ,   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   i s  

a b o u t   150°C .   When  a  s u r f a c t a n t   is  d i f f u s e d   i n t o   a  

f i b e r   of  p o l y   ( m e t a - p h e n y l e n e   i s o p h t h a l a m i d e ) ,   the   g l a s s  
t r a n s i t i o n   t e m p e r a t u r e   of  the   f i b e r   is   a f f e c t e d .  

The  t e r m   " f i b e r " ,   as  u s e d   h e r e i n ,   i n c l u d e s  

5  b o t h   s t a p l e   f i b e r s   and  c o n t i n u o u s   f i l a m e n t s .   T h e  

c o n t i n u o u s   f i l a m e n t s   may  be  in  the   form  of  a  t o w  

c o n t a i n i n g   a  l a r g e   number   of  f i l a m e n t s   or  in  the   f o r m  

of  a  y a r n .  
The  d r a w i n g   is  a  s c h e m a t i c   v i ew  s h o w i n g   k e y  

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

p r o c e s s   of  t h i s   i n v e n t i o n ,   w h i c h   now  w i l l   be  d e s c r i b e d  

in  g r e a t e r   d e t a i l .  

R e f e r r i n g   to  the   d r a w i n g ,   a  f i b e r   s t r u c t u r e  

of  n e v e r - d r i e d ,   w a t e r - s w o l l e n   f i b e r s ,   as  s p u n ,   in  l a r g e  

15  b u n d l e s   c a l l e d   tow,   as  i n d i c a t e d   by  the   r e f e r e n c e  

n u m e r a l   1,  is   s u p p l i e d   f rom  a  s u p p l y   s o u r c e   2  a n d  

p a s s e d   ove r   g u i d e   r o l l s   3  to  n ip   r o l l s   4  and  4 ' .  

An  a q u e o u s   b a t h   5  of  c o n s t a n t   l e v e l   i s  

m a i n t a i n e d   at   the   e n t r a n c e   to  the   n ip   r o l l s .   The  tow  1 

20  of  w a t e r - s w o l l e n   f i b e r s   is  b r o u g h t   i n t o   c o n t a c t   w i t h  

the   b a t h   5  w h i c h   c o n t a i n s   the   m a t e r i a l   ( e . g . ,   a  

w a t e r - s o l u b l e   dye ,   or  s u r f a c t a n t ,   or  u l t r a v i o l e t   l i g h t  

s c r e e n e r ,   f o r   e x a m p l e )   to  be  d i f f u s e d   or  s u b l i m e d   i n t o  

the   f i b r o u s   tow.   The  p i c k - u p   of  m a t e r i a l   on  t h e  

25  n e v e r - d r i e d   tow  may  be  a d j u s t e d   by  s u i t a b l y  

c o n t r o l l i n g   the   s p e e d   of  the   tow  and  the   p r e s s u r e  

a p p l i e d   b e t w e e n   the   n i p   r o l l s .  

The  tow  1  c o a t e d   w i t h   t he   d e s i r e d   amoun t   o f  

m a t e r i a l   is   d e p o s i t e d   on  a  b e l t   6,  mov ing   a t   a  s p e e d  

30  s l o w e r   t h a n   the   s p e e d   of  the   tow  p a s s i n g   b e t w e e n   t h e  

n i p   r o l l s   4  and  4 ' .   The  tow  is   t h e n   w i t h d r a w n   f rom  t h e  

mov ing   b e l t   6,  moved  ove r   a  g u i d e   r o l l   7,  and  p a s s e d  

i n t o   a  s t e a m   c h a m b e r   8,  w h i c h   is  s u i t a b l y   an  e l o n g a t e d  

c y l i n d r i c a l   t u b e   h a v i n g   two  or  more  h e a t i n g   z o n e s   9 

35 
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and  10  w i t h i n   w h i c h   s t e a m   h e a t e d   a t   d i f f e r e n t  

t e m p e r a t u r e s   and  u n d e r   a p p r o p r i a t e   p r e s s u r e   can  b e  

s u p p l i e d .   The  e n t r a n c e   and  e x i t   of  the   s t e a m   c h a m b e r  
8  a r e   s u i t a b l y   s e a l e d   to  p r e v e n t   e s c a p e   of  s t e a m ,  

e . g . ,   by  s u p p l y i n g   the   tow  to  the   s t e a m   c h a m b e r   i n  
f o l d s   w h i c h   e f f e c t i v e l y   p r e v e n t s   e s c a p e   of  the   s t e a m  
from  the   c h a m b e r ;   l i k e w i s e ,   p a s s a g e   of  the   s t e a m   a t  
d i f f e r e n t   t e m p e r a t u r e s   and  p r e s s u r e s   b e t w e e n   z o n e s   9 
and  10  is   p r e v e n t e d   by  s u i t a b l e   m e a n s ,   e . g . ,   b y  
p a s s i n g   the   tow  t h r o u g h   the   c h a m b e r   in  f o l d s .  

The  tow  is   h e a t e d   in  t h e s e   z o n e s   9  and  10  a t  
the   r e q u i r e d   c r i t i c a l   t e m p e r a t u r e s   to  d i f f u s e   t h e  

w a t e r - s o l u b l e   m a t e r i a l   and  to  s u b l i m e   the   i n s o l u b l e  

m a t e r i a l   i n t o   the   f i b e r s ,   a f t e r   w h i c h   such   f i b e r s   may  
be  f u r t h e r   h e a t e d   to  s t a b l i z e   the   f i b e r   s t r u c t u r e  

a g a i n s t   p r o g r e s s i v e   l a u n d r y   s h r i n k a g e .  
The  p r o c e s s e d   tow  is   t h e n   w i t h d r a w n   f rom  t h e  

c h a m b e r   8  by  r o l l s   11  and  11  or  o t h e r   s u i t a b l e   m e a n s  
and  d e p o s i t e d   in  a  c o n t a i n e r   12.  The  s e l e c t i v e   s t e a m  
t r e a t m e n t   of  the   tow  p r o v i d e s   an  MPD-I  f i b e r   h a v i n g  
the   p r o p e r t i e s   s o u g h t   in  t he   t r e a t m e n t .  

The  f o l l o w i n g   e x a m p l e s   w i l l   f u r t h e r  

i l l u s t r a t e   t h i s   i n v e n t i o n .  

Example   1 

A.  P r e p a r a t i o n   of  N e v e r - D r i e d   F i l a m e n t s   o f  

P o l y ( m e t a p h e n y l e n e   i s o p h t h a l a m i d e )   ( M P D - I ) .   F i l a m e n t s  
of  MPD-I  h a v i n g   an  i n h e r e n t   v i s c o s i t y   of  1 .5   were   d r y  

spun   f rom  a  f i l t e r e d   s o l u t i o n   c o n t a i n i n g   19%  M P D - I ,  
70%  d i m e t h y l a c e t a m i d e   (DMAc),  9%  c a l c i u m   c h l o r i d e ,   a n d  
2%  w a t e r .   On  l e a v i n g   the   d r y i n g   t o w e r   t he   a s - s p u n  
f i l a m e n t s   were   g i v e n   a  p r e l i m i n a r y   wash  w i t h   w a t e r   s o  
t h a t   t h e y   c o n t a i n e d   a b o u t   60%  DMAc,  15%  c a l c i u m  

c h l o r i d e ,   and  100-150%  w a t e r ,   b a s e d   on  the   w e i g h t   o f  

d ry   p o l y m e r .   The  f i l a m e n t s   were   w a s h e d   and  d r awn   4X 

a t   90°C.   in  a  c o u n t e r - c u r r e n t   e x t r a c t i o n - d r a w   p r o c e s s  
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in  w h i c h   the   c a l c i u m   c h l o r i d e   d e t e r m i n e d   as  c h l o r i d e  

c o n t e n t   and  DMAc  c o n t e n t   were   r e d u c e d   to  a b o u t   0 . 1 %  

and  0 .5%,   r e s p e c t i v e l y .   The  wet  f i l a m e n t s   w e r e  

g a t h e r e d   t o g e t h e r   to  form  a  tow,   a  c o n v e n t i o n a l  

a n t i s t a t i c   f i n i s h   was  a p p l i e d   to  the   tow,   and  the   t o w  

was  c r i m p e d   in  a  s t u f f e r   box  c r i m p e r   a t   a  t e m p e r a t u r e  
of  a b o u t   80°C.   in  the   p r e s e n c e   of  s t e a m .   The  tow  w a s  
t h e n   c o l l e c t e d ,   s t i l l   m o i s t   ( c o n t a i n i n g   an  a m o u n t   o f  

w a t e r   a b o u t   e q u a l   to  the   w e i g h t   of  the   d ry   t o w ) ,   in  a  

p l a s t i c - l i n e d   c a r d b o a r d   box.   The  i n d i v i d u a l   f i l a m e n t s  

had  a  l i n e a r   d e n s i t y   of  a b o u t   1 . 5 5   d e c i t e x   ( d t e x )   ( 1 . 7  

d p f ) .   The  l i n e a r   d e n s i t y   of  the   n e v e r - d r i e d   f i l a m e n t s  

h e r e   and  e l s e w h e r e   h e r e i n   is   b a s e d   on  the   w e i g h t   of  d r y  
f i l a m e n t s   . 

B.  Two  1 2 0 - k i l o t e x   ( 1 , 1 0 0 , 0 0 0   d e n i e r )   t o w s  

of  n e v e r - d r i e d   MPD-I  f i l a m e n t s ,   p r e p a r e d   as  d e s c r i b e d  

in  P a r t   (A)  a b o v e ,   were   c r e e l e d   t h r o u g h   the   g u i d e s   of  a  
c o n t i n u o u s   tow  d y e i n g   a p p a r a t u s   e q u i p p e d   f o r   e x p o s i n g  
the   tow  to  s t e a m   at   s e l e c t e d   t e m p e r a t u r e s   fo r   s e l e c t e d  

e x p o s u r e   t i m e s .   The  tows  were   f i r s t   fed   b e t w e e n   n i p  
r o l l s   a t   the   e n t r a n c e   of  a  s t e a m   c h a m b e r   a t   a  r a t e   o f  

20  m/min  u n d e r   a  p r e s s u r e   of  203  kPa  ( t w o  

a t m o s p h e r e s ) ,   w h e r e i n   an  a q u e o u s   dye  s o l u t i o n   w a s  

p a d d e d   o n t o   the   tow  so  t h a t   t he   i n d i v i d u a l   f i l a m e n t s   i n  

the   tow  were   c o a t e d   w i t h   t he   s o l u t i o n .   The  s o l u t i o n  

c o n t a i n e d   70  g /1   of  C.  I.   ( C o l o u r   I n d e x )   No.  A c i d   B l a c k  

58  dye  (a  w a t e r - s o l u b l e   d y e ) ,   100  g /1   of  C.  I.   No.  A c i d  

B l a c k   218  dye  (a  w a t e r - s o l u b l e   d y e ) ,   8  g /1   o f  

c e l l u l o s i c   t h i c k e n e r ,   and  5  g/1  of  a n i o n i c   s u r f a c t a n t ,  

a d j u s t e d   to  a  pH  of  7  ( a d d i n g   a c e t i c   a c i d   or  c a u s t i c  

soda   as  n e e d e d   u n t i l   the   d e s i r e d   pH  was  o b t a i n e d ) .   T h e  

p i c k - u p   of  t he   dye  s o l u t i o n   on  the   tow  was  30  wt .   %. 

The  tows  were   t h e n   p a c k e d   i n t o   the   r e c t a n g u l a r   s h a p e d  

s t e a m   c h a m b e r   and  c a r r i e d   t h r o u g h   the   c h a m b e r   by  a  
c h a i n   mov ing   a t   a b o u t   1  m/min ,   one  tow  on  e a c h   s i d e   o f  
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the   c h a i n .   The  f i l a m e n t s   c o a t e d   w i t h   the   s o l u t i o n   w e r e  
e x p o s e d   to  s t e a m   at   120°C  in  a  f i r s t   zone  in  the   s t e a m  
c h a m b e r   fo r   two  m i n u t e s   and  t h e n   to  s t e a m   in  a  s e c o n d  
zone  a t   165°C  fo r   5  m i n u t e s .   Upon  l e a v i n g   the   t o w  
c h a m b e r ,   the   tows  were   w a s h e d   w i t h   w a t e r .   I t   w a s  
o b s e r v e d   t h a t   v e r y   good  e x h a u s t i o n   of  t he   dye  i n t o   t h e  
f i l a m e n t s   was  o b t a i n e d ,   so  t h a t   t h e r e   was  v e r y   l i t t l e  
dye  r e m a i n i n g   on  the   s u r f a c e   of  the   f i l a m e n t s   to  b e  
r e m o v e d   in  the   w a s h i n g   s t e p .   A f t e r   the   tows  w e r e  
w a s h e d ,   t h e y   were   fed   i n t o   a  f o r c e d   a i r   d r y e r ,   w h e r e i n  
t h e i r   m o i s t u r e   l e v e l   was  r e d u c e d   to  7%  m o i s t u r e .  
F i n i s h   was  a p p l i e d   to  the   tows  a t   the   e x i t   of  t h e  

d r y e r .   The  tows  were   dyed  a  deep   s h a d e   of  g r a y .  
The  s h r i n k a g e   of  the   tow  was  m e a s u r e d   a n d  

d e t e r m i n e d   to  be  2 . 4 % .  

Example   2 

(A)  Dye  P a d d e d   on  Tow;  No  S team  T r e a t m e n t  
A  1 2 0 - k i l o t e x   ( 1 , 1 0 0 , 0 0 0   d e n i e r )   tow  o f  

n e v e r - d r i e d   MPD-I  f i l a m e n t s ,   p r e p a r e d   as  d e s c r i b e d   i n  

p a r t   (A)  of  Example   1  a b o v e ,   was  p a s s e d   t h r o u g h   the   n i p  
r o l l s   of  a  tow  d y e i n g   a p p a r a t u s   as  in  p a r t   (B)  o f  
Example   1,  w h e r e i n   an  a q u e o u s   dye  s o l u t i o n   was  p a d d e d  
o n t o   the   tow.   The  s o l u t i o n   c o n t a i n e d   3 9 4 . 4   g  ( 6 . 2 6  
wt.   %),  of  C.  I.  No.  Ac id   B l a c k   58  dye  (a  w a t e r - s o l u b l e  
dye)   and  5902  g  ( 9 3 . 7 4   wt .   %)  w a t e r .   A  s a m p l e   of  t h e  
tow  w i t h   the   dye  p a d d e d   on  i t   was  c o l l e c t e d   a n d  

i m m e d i a t e l y   w a s h e d   w i t h   w a t e r ,   w i t h o u t   any  s t e a m  
t r e a t m e n t   of  the   tow.   I t   was  o b s e r v e d   t h a t   t he   tow  w a s  
s o m e w h a t   s t a i n e d   by  the   dye ,   bu t   t h a t   the   tow  r e m a i n e d  

s u b s t a n t i a l l y   u n d y e d .  
(B)  Dye  P a d d e d   on  Tow;  Tow  T r e a t e d   w i t h   1 0 0 ° C  

S t e a m  

A  tow  of  n e v e r - d r i e d   f i l a m e n t s   was  p a d d e d  
w i t h   a  6.26%  a q u e o u s   s o l u t i o n   of  Ac id   B l a c k   58  dye  a s  
b in   p a r t   (A)  of  t h i s   e x a m p l e ,   a f t e r   w h i c h   the   tow  w a s  

L5 
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p a s s e d   i n t o   the   s t e a m   c h a m b e r   and  e x p o s e d   to  s t e a m   a t  
100°C  fo r   2  m i n u t e s .   The  tow  was  t h e n   p a s s e d   ou t   o f  
the   s t e a m   c h a m b e r   and  was  i m m e d i a t e l y   w a s h e d   w i t h  

w a t e r .   I t   was  o b s e r v e d   t h a t   the   tow  was  t i n t e d   by  t h e  

dye ,   bu t   the   s h a d e   of  c o l o r   was  so  l i g h t   t h a t   the   t o w  

5  r e m a i n e d   s u b s t a n t i a l l y   u n d y e d .  
(C)  Dye  Padded   on  Tow;  Tow  T r e a t e d   w i t h  

110°C  S t e a m  

P a r t   (B)  of  t h i s   e x a m p l e   was  r e p e a t e d ,  

e x c e p t   t h a t   the   tow  was  e x p o s e d   to  s t e a m   at   110°C  f o r   2 

10  m i n u t e s .   When  the  tow  was  p a s s e d   ou t   of  the   s t e a m  
c h a m b e r   and  w a s h e d   w i t h   w a t e r ,   i t   was  o b s e r v e d   t h a t   t h e  

tow  was  dyed  to  a  l i g h t   s h a d e   of  g r a y .   In  c o m p a r i n g  
the   e f f e c t   of  110°C  s t e a m   in  p a r t   (C)  w i t h   the   e f f e c t  

of  100°C  s t e a m   in  p a r t   (B) ,   i t   was  c o n c l u d e d   t h a t   t h e  

15  s h a d e   was  b e g i n n i n g   to  b u i l d   as  the   t e m p e r a t u r e   of  t h e  

s t e a m   was  i n c r e a s e d   to  1 1 0 ° C .  

(D)  Dye  P a d d e d   on  Tow;  Tow  T r e a t e d   w i t h  
120°C  S t e a m  

P a r t   (B)  of  t h i s   e x a m p l e   was  r e p e a t e d ,   e x c e p t  
20  t h a t   the   tow  was  e x p o s e d   to  s t e a m   at   120°C  f o r   2 

m i n u t e s .   When  the   tow  was  p a s s e d   ou t   of  the   s t e a m  
c h a m b e r   and  w a s h e d   w i t h   w a t e r ,   i t   was  o b s e r v e d   t h a t   t h e  

tow  was  dyed  to  a  medium  s h a d e   of  g r a y .   A l s o ,   t h e r e  

was  v e r y   good  e x h a u s t i o n   of  the   dye  i n t o   t he   f i l a m e n t s  

25  of  the   tow,  so  t h a t   t h e r e   was  v e r y   l i t t l e   dye  r e m a i n i n g  
on  the   s u r f a c e   of  the   f i l a m e n t s   to  be  r e m o v e d   in  t h e  

w a s h i n g   s t e p .  
(E)  Dye  P a d d e d   on  Tow;  Tow  T r e a t e d   w i t h  

140°C  S t e a m  

30  P a r t   (B)  of  t h i s   e x a m p l e   was  r e p e a t e d ,   e x c e p t  
t h a t   the   tow  was  e x p o s e d   to  s t e a m   at   140°C  f o r  

2  m i n u t e s .   When  the   tow  was  p a s s e d   ou t   of  the   s t e a m  

c h a m b e r   and  w a s h e d   w i t h   w a t e r ,   i t   was  o b s e r v e d   t h a t   t h e  

tow  was  dyed  to  a  medium  s h a d e   of  g r a y ,   a b o u t   the   s a m e  

16 
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as  the   s h a d e   o b s e r v e d   in  the   tow  p r e p a r e d   in  p a r t   (D) 
above   . 

(F)  Dye  P a d d e d   on  Tow;  Tow  T r e a t e d   w i t h  
165°C  S t e a m  

P a r t   (B)  of  t h i s   e x a m p l e   was  r e p e a t e d ,   e x c e p t  
t h a t   the   tow  was  e x p o s e d   to  s t e a m   at   165°C  fo r   2 
m i n u t e s .   When  the   tow  was  p a s s e d   ou t   of  t he   s t e a m  
c h a m b e r   and  w a s h e d   w i t h   w a t e r ,   i t   was  o b s e r v e d   t h a t   t h e  
tow  was  dyed  o n l y   to  a  v e r y   l i g h t   s h a d e   of  g r a y .   T h e  
e x h a u s t i o n   of  the   dye  i n t o   t he   f i l a m e n t s   of  t he   tow  w a s  
p o o r ,   so  t h a t   much  of  the   dye  r e m a i n e d   on  the   s u r f a c e  
of  the   f i l a m e n t s   of  the   tow  and  was  r e m o v e d   in  t h e  
w a s h i n g   s t e p .  

(G)  Dye  P a d d e d   on  Tow;  Tow  T r e a t e d   w i t h  
120°C  S team  and  t h e n   w i t h   165°C  S t e a m  

P a r t   (B)  of  t h i s   e x a m p l e   was  r e p e a t e d ,   e x c e p t  
t h a t   the   tow  was  f i r s t   e x p o s e d   to  s t e a m   at   120°C  f o r  
2  m i n u t e s   and  t h e n   p a s s e d   d i r e c t l y   from  the   120°C  s t e a m  
zone  i n t o   a n o t h e r   zone  in  w h i c h   i t   was  e x p o s e d   to  s t e a m  
at  165  C  fo r   5  m i n u t e s .   When  the   tow  was  p a s s e d   ou t   o f  
the   s t e a m   c h a m b e r   and  w a s h e d   w i t h   w a t e r ,   i t   w a s  
o b s e r v e d   t h a t   the   tow  was  dyed  to  a  medium  s h a d e   o f  

g r a y .   A l s o ,   t h e r e   was  v e r y   good  e x h a u s t i o n   of  t he   d y e  
i n t o   t he   f i l a m e n t s   of  the   tow,   so  t h a t   t h e r e   was  v e r y  
l i t t l e   dye  r e m a i n i n g   on  the   s u r f a c e   of  the   f i l a m e n t s  
to  be  r e m o v e d   in  the   w a s h i n g   s t e p .  

(H)  S h r i n k a g e   of  the   S t e a m - T r e a t e d   F i l a m e n t s  
The  s h r i n k a g e   of  f i l a m e n t s   r e m o v e d   f rom  t h e  

s t e a m - t r e a t e d   tows  of  the   p r e c e d i n g   p a r t s   of  t h i s  

e x a m p l e   was  d e t e r m i n e d .   The  s h r i n k a g e   v a l u e s   were   a s  
f o l l o w s   : 
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F i l a m e n t   of  t h i s  

e x a m p l e ,   p a r t  
S t e a m  

T e m p e r a t u r e  
1 0 0 ° C  

A v e r a g e   S h r i n k a g e  
V a l u e ,   % 

(  B  ) 

(C )  

(D) 

( E )  

( F )  

(G)  )  120,   t h e n   165  1 . 9  
D e t e r m i n a t i o n   of  f i l a m e n t   s h r i n k a g e .   I n  

1 6 5  

1 4 0  

1 2 0  

1 1 0  8 . 1  

4 . 5  

5 . 4  

5 . 8  

3 . 0  

d e t e r m i n i n g   the   s h r i n k a g e   of  the   f i l a m e n t s   in  a  d r y  
f i l a m e n t a r y   tow,   at   l e a s t   f i v e   f i l a m e n t s   a r e   r e m o v e d  
from  the   tow  and  50-cm  ( 2 0 - i n )   l e n g t h s   a r e   cu t   f r o m  
each   of  the   f i l a m e n t s   r e m o v e d .   The  e x a c t   l e n g t h   o f  
e a c h   of  the   cu t   f i l a m e n t s   is   m e a s u r e d   w h i l e   i t   is   h e l d  
u n d e r   v e r y   low  t e n s i o n ,   a b o u t   0 .1  d t e x .   The  c u t  
f i l a m e n t s   a re   t h e n   h e a t e d   in  an  oven  a t   285°C  in  a  
c o n d i t i o n   f r e e   to  r e l a x ,   a f t e r   w h i c h   t h e y   a re   a l l o w e d  
to  c o o l   and  t h e i r   l e n g t h s   a re   m e a s u r e d   a g a i n   w h i l e   t h e y  
a re   h e l d   u n d e r   the   same  low  t e n s i o n   u n d e r   w h i c h   t h e i r  
l e n g t h s   were  o r i g i n a l l y   m e a s u r e d .   The  d i f f e r e n c e  
b e t w e e n   t h e i r   o r i g i n a l   l e n g t h s   and  t h e i r   f i n a l   l e n g t h s ,  
d i v i d e d   by  t h e i r   o r i g i n a l   l e n g t h s ,   is   m u l t i p l i e d   b y  
100%  to  g i v e   the   %  s h r i n k a g e   fo r   e ach   f i l a m e n t .   T h e  
r e s u l t   is  r e p o r t e d   as  the   a v e r a g e   of  the   %  s h r i n k a g e s  
of  t he   f i l a m e n t s   r emoved   from  the   t o w .  

m n u t e s   and  w a s h e d ,   the   g r a y - c o l o r e d   tow  was  k e p t   w e t  
and  was  p a s s e d   a g a i n   t h r o u g h   the   n i p   r o l l s   of  the   t o w  
3 y e i n g   a p p a r a t u s ,   w h e r e i n   a n o t h e r   a q u e o u s   dye  s o l u t i o n  
*as  p a d d e d   o n t o   the   tow.  The  s o l u t i o n   p a d d e d   o n t o   t h e  
tow  c o n t a i n e d   420  g  ( 6 . 2 0   wt.   %)  of  C.  I.   No.  B a s i c   R e d  
29  dye  (a  w a t e r - s o l u b l e   dye)   and  635  g  ( 9 3 . 8   wt .   %)  o f  
* a t e r .   The  tow  w i t h   the   dye  p a d d e d   on  was  p a s s e d  

Example   3 
P a r t   (D)  of  Example   2  was  r e p e a t e d ,   e x c e p t  

t h a t   a f t e r   the   tow  was  e x p o s e d   to  120°C  s t e a m   f o r   2 
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i n t o   the   s t e a m   c h a m b e r   and  e x p o s e d   to  s t e a m   at   1 2 0 ° C  

fo r   2  m i n u t e s .   The  tow  was  t h e n   p a s s e d   ou t   of  the   t o w  

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

w a t e r .   I t   was  o b s e r v e d   t h a t   the   tow  was  dyed  a  m e d i u m  
s h a d e   of  r e d d i s h - g r a y ,   and  t h a t   t h e r e   was  v e r y   g o o d  

5  e x h a u s t i o n   of  the   red  dye  i n t o   t he   f i l a m e n t s   of  t h e  

tow,   w i t h   v e r y   l i t t l e   of  t he   red  dye  r e m a i n i n g   on  t h e  

s u r f a c e   of  the   f i l a m e n t s   to  be  w a s h e d   o f f .  

P a r t   (G)  of  Example   2  was  r e p e a t e d ,   e x c e p t  
t h a t   a f t e r   the   tow  was  e x p o s e d   to  120°C  s t e a m   and  t h e n  

10  to  165°C  s t e a m   and  w a s h e d ,   t he   g r a y - c o l o r e d   tow  w a s  
k e p t   wet  and  was  p a s s e d   a g a i n   t h r o u g h   the   n i p   r o l l s   o f  

the   tow  d y e i n g   a p p a r a t u s ,   w h e r e i n   a n o t h e r   a q u e o u s   d y e  
s o l u t i o n   was  p a d d e d   o n t o   the   tow.  The  s o l u t i o n   was  a  
6 . 2 0   wt.   %  a q u e o u s   s o l u t i o n   of  C.  I.   B a s i c   Red  29  d y e ,  

15  the   same  a q u e o u s   dye  s o l u t i o n   u s e d   in  the   p a r a g r a p h  
j u s t   a b o v e .   The  tow  w i t h   the   a q u e o u s   dye  s o l u t i o n  

p a d d e d   on  was  p a s s e d   i n t o   the   tow  d y e i n g   a p p a r a t u s   a n d  

e x p o s e d   to  s t e a m   at   120°C  fo r   2  m i n u t e s .   The  tow  w a s  
t h e n   p a s s e d   ou t   of  the   s t e a m   c h a m b e r   and  w a s  

20  i m m e d i a t e l y   w a s h e d   w i t h   w a t e r .   I t   was  o b s e r v e d   t h a t  

the   tow  was  s t i l l   dyed   a  medium  s h a d e   of  g r a y ,   w i t h  

v e r y   l i t t l e   r e d d i s h   s h a d e   v i s i b l e   in  the   tow.   T h e  

e x h a u s t i o n   of  the   red  dye  i n t o   the   f i l a m e n t s   of  t h e  

tow  was  v e r y   p o o r ,   w i t h   most   of  the   red  dye  b e i n g  

25  r e m o v e d   in  the   w a s h i n g   s t e p .  

Example   4 

(A)  100°C  S team  T r e a t m e n t   o f  

S u r f a c t a n t - T r e a t e d   Tow 

A  1 2 0 - k i l o t e x   ( 1 , 1 0 0 , 0 0 0   d e n i e r )   tow  o f  

30  n e v e r - d r i e d   MPD-I  f i l a m e n t s ,   p r e p a r e d   as  d e s c r i b e d   i n  

p a r t   (A)  of  Example   1  a b o v e ,   was  p a s s e d   t h r o u g h   the   n i p  
r o l l s   of  a  tow  d y e i n g   a p p a r a t u s   as  in  p a r t   (B)  o f  

E x a m p l e   1  a t   the   same  tow  s p e e d   and  n i p   r o l l   p r e s s u r e ,  
w h e r e i n   a  26  wt.   %  a q u e o u s   s o l u t i o n   o f  

35  
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i s o p r o p y l a m m o n i u m   d o d e c y l b e n z e n e s u l f   o n a t e   s a l t   ( m i x t u r e  
of  i s o m e r s ) ,   a  w a t e r - s o l u b l e   a n i o n i c   s u r f a c t a n t ,   w a s  
p a d d e d   o n t o   the   tow.   The  p i c k - u p   of  the   a n i o n i c  

s u r f a c t a n t   s o l u t i o n   on  the   tow  was  a b o u t   50  wt.   %, 
b a s e d   on  the   dry   w e i g h t   of  the   tow.  The  tow  w i t h   t h e  

5  a n i o n i c   s u r f a c t a n t   s o l u t i o n   p a d d e d   on  was  t h e n   p a s s e d  
to  the   s t e a m   c h a m b e r   of  the   tow  d y e i n g   a p p a r a t u s ,  
w h e r e i n   i t   was  e x p o s e d   to  s t e a m   at   100°C  fo r   2  m i n u t e s .  

The  s t e a m - t r e a t e d   tow  was  t h e n   d r i e d   in  an  a i r   oven  a t  
9 0 - 1 1 0   C.  The  d r i e d   tow  c o n t a i n e d   a b o u t   1 6 - 1 7   wt.   %  o f  

10  the   s u r f a c t a n t .   I n s p e c t i o n   of  the   tow,  b o t h   as  to  i t s  

t a c t i l i t y   and  as  to  i t s   v i s u a l   a p p e a r a n c e ,   i n d i c a t e d  

t h a t   much  of  the   s u r f a c t a n t   r e m a i n e d   on  the   s u r f a c e   o f  

the   f i l a m e n t s .  

(B)  120°C  S team  T r e a t m e n t   o f  

15  S u r f a c t a n t - T r e a t e d   Tow 

P a r t   (A)  of  t h i s   e x a m p l e   was  r e p e a t e d ,   e x c e p t  
t h a t   the   tow  was  e x p o s e d   to  s t e a m   at   120°C .   fo r   2 

m i n u t e s .   I n s p e c t i o n   of  the   tow,  b o t h   as  to  i t s  

t a c t i l i t y   and  as  to  i t s   v i s u a l   a p p e a r a n c e ,   i n d i c a t e d  

20  t h a t   s u b s t a n t i a l l y   a l l   of  the   s u r f a c t a n t   had  b e e n  
d i f f u s e d   i n t o   the   f i l a m e n t s .  

Example   5 

P r e p a r i n g   s u r f a c t a n t - c o n t a i n i n g   MPD-I  s t a p l e   f i b e r s  

Two  1 2 0 - k i l o t e x   ( 1 , 1 0 0 , 0 0 0   d e n i e r )   tows  o f  

25  n e v e r - d r i e d   MPD-I  f i l a m e n t s ,   p r e p a r e d   as  d e s c r i b e d   i n  

p a r t   (A)  of  Example   1,  were   c r e e l e d   t h r o u g h   the   g u i d e s  
of  the   c o n t i n u o u s   tow  d y e i n g   a p p a r a t u s   d e s c r i b e d   i n  

p a r t   (B)  of  Example   1,  f o l l o w i n g   the   same  g e n e r a l  
p r o c e d u r e   of  the   e x a m p l e ,   w i t h   the   f o l l o w i n g  

30  e x c e p t i o n s .   The  a q u e o u s   b a t h   c o n t a i n e d   in  a  p o o l   a b o v e  
the   n i p   r o l l s   was  m a i n t a i n e d   a t   8 0 - 9 5 ° C   and  w a s  

p r e p a r e d   by  a d d i n g   1 2 8 . 4   kg  (283  l b s )   of  a  93  w t . %  

a q u e o u s   s o l u t i o n   of  i s o p r o p y l a m m o n i u m  

d o d e c y l b e n z e n e s u l f   o n a t e   s a l t   ( m i x t u r e   of  i s o m e r s ) ,   a  

35  
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w a t e r - s o l u b l e   a n i o n i c   s u r f a c t a n t ,   to  350  1  of  h o t  
( 9 0 - 9 5   C)  w a t e r   w i t h   o n l y   v e r y   m i l d   a g i t a t i o n   t o  
m i n i m i z e   a e r a t i o n   of  the   s o l u t i o n .   The  c a l c u l a t e d  
c o n c e n t r a t i o n   of  t he   a n i o n i c   s u r f a c t a n t   was  25 .4   w t . % .  
The  tows  were   p a s s e d   t h r o u g h   the   n i p   r o l l s   a t   a  s p e e d  

5  of  17  m/min  and  the   n ip   r o l l   p r e s s u e   was  m a i n t a i n e d   a t  
152  kPa  ( 1 . 5   a t m o s p h e r e s ) ,   p a d d i n g   the   a n i o n i c  
s u r f a c t a n t   s o l u t i o n   o n t o   the   tow  so  t h a t   the   i n d i v i d u a l  
f i l a m e n t s   in  the   tow  were   c o a t e d   w i t h   the   s o l u t i o n .  
The  tows   were   t h e n   p a c k e d   i n t o   the   r e c t a n g u l a r   s h a p e d  

10  s t e a m   c h a m b e r   and  c a r r i e d   t h r o u g h   the   c h a m b e r   by  a  
c h a i n   mov ing   a t   1 .3   m/min ,   one  tow  on  e a c h   s i d e   of  t h e  
c h a i n .   W i t h i n   the   s t e a m   c h a m b e r   the   f i l a m e n t s   c o a t e d  
w i t h   t he   a n i o n i c   s u r f a c t a n t   s o l u t i o n   were   e x p o s e d   t o  
s t e a m   at   a  t e m p e r a t u r e   of  120°C  ( g a u g e   p r e s s u r e   a b o u t  

15  one  a t m o s p h e r e )   fo r   an  e x p o s u r e   t ime   of  a p p r o x i m a t e l y   6 
m i n u t e s ,   the   s t e a m   c h a m b e r   b e i n g   o p e r a t e d   as  a  s i n g l e  
z o n e .   J u s t   p r i o r   to  e x i t i n g   the   s t e a m   c h a m b e r ,   t h e  
tows  were   e x p o s e d   to  c o l d   w a t e r   i n j e c t e d   i n t o   t h e  
c h a m b e r   to  wash  o f f   any  e x c e s s   s u r f a c t a n t .   A f t e r  

20  e x i t i n g   the   s t e a m   c h a m b e r   the   tows  were   c o n t i n u o u s l y  
t r a n s p o r t e d   t h r o u g h   a  f o r c e d   a i r   d r y e r   w h e r e i n   the   t o w s  
were   d r i e d   a t   1 0 0 - 1 3 0 ° C .   F i b e r   s a m p l e s   t a k e n   f rom  t h e  
tows  were   a n a l y z e d   fo r   s u r f a c t a n t   c o n t e n t   by  h i g h  
p r e s s u r e   l i q u i d   c h r o m a t o g r a p h y .   I t   was  d e t e r m i n e d   t h a t  

25  the   MPD-I  f i b e r s   c o n t a i n e d   a p p r o x i m a t e l y   1 1 . 5 - 1 2 . 8   w t . %  
of  t he   a n i o n i c   s u r f a c t a n t ,   b a s e d   on  the   t o t a l   w e i g h t   o f  
the   s u r f a c t a n t - c o n t a i n i n g   f i b e r .  

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

30  A  s t a p l e   f i b e r   b l e n d   was  t h e n   p r e p a r e d   b y  
c u t t i n g   the   d r i e d   MPD-I  tow,   t o g e t h e r   w i t h   a  d ry   tow  o f  
p o l y ( p - p h e n y l e n e   t e r e p h t h a l a m i d e   )  (PPD-T)   f i l a m e n t s   t o  
form  s t a p l e   f i b e r s   h a v i n g   a  cu t   l e n g t h   of  5  cm  (2  i n ) ,  
t he   p r o p o r t i o n   of  MPD-I  s t a p l e   f i b e r s   to  PPD-T  s t a p l e  
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f i b e r s   b e i n g   95  to  5  by  w e i g h t .   The  PPD-T  f i l a m e n t s  

were   c o m m e r c i a l l y   a v a i l a b l e   f i l a m e n t s   h a v i n g   a  m o d u l u s  
of  a b o u t   6 0 0 , 0 0 0   kg/cm2  ( a b o u t   9 , 0 0 0 , 0 0 0   p s i )   and  a  
l i n e a r   d e n s i t y   of  1 .65   d t e x   ( 1 . 5   d p f ) ,   p r e p a r e d   a s  
d e s c r i b e d   in  U.S.   P a t e n t   3 , 7 6 7 , 7 5 6   to  B l a d e s   ( a v a i l a b l e  

5  as  Type  29  " K e v l a r "   a r a m i d   f i b e r   f r o m  

E.  I.  du  Pon t   de  Nemours   and  C o m p a n y ) .   A  t w o - p l y ,  
5 9 1 - d t e x   ( 2 0 / 2   c o t t o n   c o u n t )   spun  y a r n   was  t h e n  

p r e p a r e d   f rom  the  s t a p l e   f i b e r   b l e n d   on  the   c o t t o n  
2 

s y s t e m   in  the   c o n v e n t i o n a l   m a n n e r .   A  255  g / m  
2 10  ( 7 . 5   o z / y d   )  p l a i n   weave  f a b r i c   h a v i n g   a  c o n s t r u c t i o n  

of  18  e n d s / c m   (45  e n d s / i n )   in  the   warp  and  17  e n d s / c m  
(42  e n d s / i n )   in  the   f i l l i n g   was  t h e n   woven  i n  

c o n v e n t i o n a l   manner   f rom  the   spun  y a r n .  
The  f a b r i c   as  woven ,   c o n t a i n i n g   95  wt.%  MPD-I  

15  f i b e r s ,   was  a n a l y z e d   by  the   e x t r a c t i o n   t e c h n i q u e .   I t  

was  d e t e r m i n e d   t h a t   the   MPD-I  f i b e r s   c o n t a i n e d  

a p p r o x i m a t e l y   10.9%  of  the   a n i o n i c   s u r f a c t a n t .  

D y e i n g   the   f a b r i c  

The  p l a i n   weave  f a b r i c   was  w e t t e d   ou t   b y  
20  p a s s i n g   i t   t h r o u g h   a  21°C  ( 7 0 ° F )   w a t e r   b a t h   in  an  o p e n  

w i d t h   w a s h e r .   A  rope   of  the   wet  f a b r i c   was  t h e n   p l a c e d  
in  a  p r e s s u r e   b e c k ,   w h i c h   was  c h a r g e d   w i t h   38°C  ( 1 0 0 ° F )  

w a t e r ,   a  n o n i o n i c   p o l y e t h e r   s u r f a c t a n t ,   and  f o r m i c   a c i d  
to  a c h i e v e   a  pH  of  3 . 5 .   The  t e m p e r a t u r e   was  r a i s e d   t o  

25  99°C  ( 2 1 0 ° F )   at   a b o u t   1 . 7 ° C / m i n   ( 3 ° F / m i n ) ,   h e l d   a t   9 9 ° C  

( 2 0 0 ° F )   fo r   20  m i n u t e s ,   and  c o o l e d   to  80°C  ( 1 8 0 ° F ) .  

Six  wt .%,   b a s e d   on  f i b e r   w e i g h t ,   of  a  c a t i o n i c  
c o m b i n a t i o n   b l a c k   dye  f o r m u l a t i o n   ( A s t r a z o n   B l a c k   R  -  
New,  a v a i l a b l e   f rom  C i b a - G e i g y   C o r p . ) ,   was  a d d e d   to  t h e  

30  ho t   s c o u r   b a t h   w h i l e   the   rope   was  m a i n t a i n e d   in  m o t i o n  
w i t h i n   the   b a t h .   The  pH  was  r e a d j u s t e d   to  3 . 5 .   T h e  
b a t h   was  r a i s e d   to  127°C  ( 2 6 0 ° F )   a t   1 . 7 ° C / m i n   and  w a s  
h e l d   at   127°C  fo r   60  m i n u t e s .   The  b a t h   was  c o o l e d   t o  
70°C  ( 1 6 0 ° F ) .   The  dye  b a t h   was  d r a i n e d ,   and  the   f a b r i c  
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was  r i n s e d   w i t h   c l e a n   w a t e r   fo r   10  m i n u t e s   a t   6 0 ° C  
( 1 4 0 ° F ) .   The  b a t h   was  d r a i n e d ,   and  the   beck  w a s  
c h a r g e d   w i t h   w a t e r   and  0 .5   g/1  a c e t i c   a c i d   a t   3 8 ° C  
( 1 0 0 ° F ) .   The  t e m p e r a t u r e   was  r a i s e d   to  70°C  ( 1 6 0 ° F )   a t  
1 . 7 ° C / m i n ,   and  h e l d   a t   70°C  fo r   20  m i n u t e s .   The  b a t h  

5  was  d r a i n e d   and  the   f a b r i c   was  r i n s e d   w i t h   c o l d   w a t e r .  
The  f a b r i c   was  d r i e d   on  a  t e n t e r   f r ame   a t   1 2 1 ° C  

( 2 5 0 ° F ) .   The  f a b r i c   was  a  deep   b l a c k   s h a d e .  

Example   6 

Two  1 2 0 - k i l o t e x   ( 1 , 1 0 0 , 0 0 0   d e n i e r )   tows  o f  

10  n e v e r - d r i e d   MPD-I  f i l a m e n t s ,   p r e p a r e d   as  d e s c r i b e d   i n  
P a r t   (A)  of  Example   1  a b o v e ,   were   c r e e l e d   t h r o u g h   t h e  

g u i d e s   of  a  c o n t i n u o u s   tow  d y e i n g   a p p a r a t u s   e q u i p p e d  
f o r   e x p o s i n g   the   tow  to  s t e a m   at   s e l e c t e d   t e m p e r a t u r e s  
fo r   s e l e c t e d   e x p o s u r e   t i m e s .   The  tows  were   f i r s t   f e d  

15  b e t w e e n   n i p   r o l l s   a t   the   e n t r a n c e   of  a  s t e a m   c h a m b e r   a t  
a  r a t e   of  1 2 . 5   m/min  u n d e r   a  p r e s s u r e   of  203  kPa  ( t w o  
a t m o s p h e r e s ) ,   w h e r e i n   an  a q u e o u s   dye  m i x t u r e   was  p a d d e d  
o n t o   the   tow  so  t h a t   the   i n d i v i d u a l   f i l a m e n t s   in  t h e  
tow  were   c o a t e d   w i t h   the   m i x t u r e .   The  m i x t u r e   c o n t a i n e d  

20  d y e s ,   c e l l u l o s i c   t h i c k e n e r ,   and  an  a n i o n i c   s u r f a c t a n t  
in  s o l u t i o n   t o g e t h e r   w i t h   a  d i s p e r s e d   w a t e r - i n s o l u b l e  
u l t r a v i o l e t   (UV)  l i g h t   s c r e e n e r   and  had  the   f o l l o w i n g  
c o m p o s i t i o n :   86 .4   g/1  of  C.  I.  ( C o l o u r   I n d e x )   No.  A c i d  
G r e e n   60  dye  (a  w a t e r - s o l u b l e   d y e ) ,   14 .7   g/1  of  C.  I .  

25  No.  Ac id   Red  404  dye  (a  w a t e r - s o l u b l e   d y e ) ,   7 .4   g /1   o f  
C.  I.  No.  Ac id   O r a n g e   127  dye  (a  w a t e r - s o l u b l e   d y e ) ,   6 

g/1  of  a  c e l l u l o s i c   t h i c k e n e r ,   132  g /1   of  40%  a c t i v e  
2-(  2  ' - h y d r o x y - 5 ' - m e t h y l p h e n y l   ) b e n z o t r i a z o l e   p a s t e  
(  C i b a - G e i g y   '  s  " T i n u v i n "   P  p a s t e ,   a  w a t e r - i n s o l u b l e   UV 

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

1 2 9 - 1 3 4 ° C ) ,   and  6 2 . 7   g/1  of  a  w a t e r - s o l u b l e   a n i o n i c  

s u r f a c t a n t ,   a d j u s t e d   to  pH  of  5  ( a d d i n g   a c e t i c   a c i d   a s  
n e e d e d   u n t i l   the   d e s i r e d   pH  was  o b t a i n e d ) .   The  p i c k - u p  
of  the   dye  s o l u t i o n   on  the   tow  was  30  wt .   %.  T h e  
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tows  were   t h e n   p a c k e d   i n t o   the   r e c t a n g u l a r   s h a p e d   s t e a m  
c h a m b e r   and  c a r r i e d   t h r o u g h   the   c h a m b e r   by  a  c h a i n  

mov ing   at   a b o u t   1  m/min ,   one  tow  on  e a c h   s i d e   of  t h e  

c h a i n .   The  f i l a m e n t s   c o a t e d   w i t h   the   a q u e o u s   d y e  
m i x t u r e   were   e x p o s e d   to  s t e a m   at   120°C  in  a  f i r s t   z o n e  
in  the   s t e a m   c h a m b e r   fo r   two  m i n u t e s   and  t h e n   to  s t e a m  
in  a  s e c o n d   zone  a t   165°C  fo r   5  m i n u t e s .   Upon  l e a v i n g  
the   tow  c h a m b e r ,   the   tows  were  w a s h e d   w i t h   w a t e r .   I t  

was  o b s e r v e d   t h a t   v e r y   good  e x h a u s t i o n   of  the   dye  i n t o  

the   f i l a m e n t s   was  o b t a i n e d ,   so  t h a t   t h e r e   was  v e r y  
l i t t l e   dye  r e m a i n i n g   on  the   s u r f a c e   of  the   f i l a m e n t s   t o  

be  r e m o v e d   in  the   w a s h i n g   s t e p .   A f t e r   the   tow  w a s  

w a s h e d ,   i t   was  fed   i n t o   a  f o r c e d   a i r   d r y e r ,   w h e r e i n   i t s  

m o i s t u r e   l e v e l   was  r e d u c e d   to  7%  m o i s t u r e .   F i n i s h   w a s  

a p p l i e d   to  the   tow  at   the   e x i t   of  the   d r y e r .   The  t o w  

was  dyed  to  a  deep   s h a d e   of  a  c o l o r   d e s i g n a t e d   as  s t o n e  

g r a y .   T h i s   dyed  f i b e r   was  d e s i g n a t e d   as  " T e s t   F i b e r " .  

The  above   p r o c e d u r e   was  r e p e a t e d ,   e x c e p t   t h a t  

the   w a t e r - i n s o l u b l e   UV  l i g h t   s c r e e n e r   was  o m i t t e d   f r o m  

the   a q u e o u s   dye  m i x t u r e   p a d d e d   on to   the   tow.  The  t o w  

made  by  the   r e v i s e d   p r o c e d u r e   was  a l s o   dyed  to  the   s a m e  

deep   s h a d e   of  s t o n e   g r a y   c o l o r .   The  dyed  tow  made  b y  
the   r e v i s e d   p r o c e d u r e   was  d e s i g n a t e d   as  " C o n t r o l  

F i b e r "   . 
C a r d e d   s t a p l e   pad  s a m p l e s   of  the   T e s t   F i b e r  

and  the   C o n t r o l   F i b e r   were   e x p o s e d   to  UV  l i g h t   i n  

a c c o r d a n c e   w i t h   the   p r o c e d u r e   d e s c r i b e d   in  AATCC  M e t h o d  

1 6 E - 1 9 8 2 ,   s u b j e c t i v e l y   r a t i n g   the   s a m p l e s   a g a i n s t   f i x e d  

s t a n d a r d s   on  the   g r a y   s c a l e   by  a s s i g n i n g   r a t i n g   v a l u e s  

in  h a l f   s t e p s   in  a  r a n g e   of  1  to  5,  where   t he   v a l u e   o f  

5  r e p r e s e n t s   no  a p p r e c i a b l e   c h a n g e   and  the   v a l u e   o f  

1  r e p r e s e n t s   the   g r e a t e s t   c h a n g e   f rom  the   o r i g i n a l  
s h a d e .   The  r e s u l t s   were   as  f o l l o w s :  

R a t i n g   A f t e r   E x p o s u r e   Time  O f :  
Sample   10  20  30  40  ( H o u r s )  

T e s t   F i b e r   4  4-3  3  2 

C o n t r o l   F i b e r   4-3  3  2  1 
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2 5  

C l a i m s   : 
1.  A  p r o c e s s   fo r   m a k i n g   s y n t h e t i c   f i b e r s  

i n c l u d i n g   the   f o l l o w i n g   s t e p s :  
e x t r u d i n g   a  s o l u t i o n   of  p o l y ( m e t a - p h e n y l e n e  

i s o p h t h a l a m i d e )   and  a  s o l v e n t   t h r o u g h   o r i f i c e s   in  a  
s p i n n e r e t   to  form  a m o r p h o u s   f i b e r s   w h i c h   t o g e t h e r  
d e f i n e   a  f i b e r   s t r u c t u r e ,   s u c h   f i b e r s   h a v i n g   m i n u t e  

p o r e s   t h e r e i n ,  

mov ing   s u c h   a m o r p h o u s   f i b e r s   i n t o   c o n t a c t   w i t h  

an  a q u e o u s   e x t r a c t i o n   b a t h   to  r emove   the   s o l v e n t   d u r i n g  
w h i c h   s u c h   f i b e r s   become  w a t e r - s w o l l e n ,  

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

a q u e o u s   s o l u t i o n   c o n t a i n i n g   a  w a t e r - s o l u b l e   m a t e r i a l  

a n d  

h e a t i n g   t he   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m   a t  

a  t e m p e r a t u r e   f rom  a b o u t   110°C  to  140°C  f o r   a  t i m e  
s u f f i c i e n t   to  d i f f u s e   s u b s t a n t i a l l y   a l l   of  t h e  

w a t e r - s o l u b l e   m a t e r i a l   i n t o   t he   p o r e s   of  t he   f i b e r s  

t h r o u g h o u t   such   f i b e r   s t r u c t u r e .  

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

w a t e r - s w o l l e n   f i b e r s   a r e   h e a t e d   w i t h   s t e a m   at   a  

t e m p e r a t u r e   of  a b o u t   1 2 0 ° C .   f o r   a  t ime   s u f f i c i e n t   t o  
d i f f u s e   s u b s t a n t i a l l y   a l l   of  t he   w a t e r - s o l u b l e   m a t e r i a l  
i n t o   t he   p o r e s   of  t he   f i b e r s   t h r o u g h o u t   s u c h   f i b e r  

s t r u c t u r e .   or  clailn  2 
3.  The  p r o c e s s   of  c l a i m   1 / w h e r e i n   t h e  

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

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

w a t e r - s o l u b l e   m a t e r i a l   is   a  d y e .  
5.  The  p r o c e s s   of  c l a i m   3  w h e r e i n   t he   f i b e r  

s t r u c t u r e   is   d r i e d   a f t e r   t he   s u r f a c t a n t   has   b e e n  

d i f f u s e d   i n t o   t he   f i b e r s .  

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

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

h e a t 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   a b o v e   the   g l a s s  

25 



0 2 2 8 2 2 4  

26 
t r a n s i t i o n   t e m p e r a t u r e   of  the   f i b e r s   fo r   a  t i m e  
s u f f i c i e n t   to  c o l l a p s e   the   p o r e s   and  i r r e v e r s i b l y   l o c k  
the   dye  w i t h i n   the   f i b e r s   and  to  c r y s t a l l i z e   s u c h  
f i b e r s   and  s t a b i l i z e   them  a g a i n s t   p r o g r e s s i v e   l a u n d r y  
s h r i n k a g e   . 

5  7.  The  p r o c e s s   of  c l a i m   6  w h e r e i n   the   f i b e r s  
a re   h e a t e d   w i t h   s t e a m   at   a  t e m p e r a t u r e   f rom  a b o u t   1 5 0 ° C  

to  1 6 5 ° C .  

8.  The  p r o c e s s   of  c l a i m   6  w h e r e i n   the   f i b e r s  
a r e   h e a t e d   w i t h   s t e a m   at   a  t e m p e r a t u r e   of  a b o u t   1 6 5 ° C .  

10  9.  A  p r o c e s s   fo r   m a k i n g   s y n t h e t i c   f i b e r s  

i n c l u d i n g   the   f o l l o w i n g   s t e p s :  

e x t r u d i n g   a  s o l u t i o n   of  p o l y ( m e t a - p h e n y l e n e  
i s o p h t h a l a m i d e )   and  a  s o l v e n t   t h r o u g h   o r i f i c e s   in  a  
s p i n n e r e t   to  form  a m o r p h o u s   f i b e r s   w h i c h   t o g e t h e r  

15  d e f i n e   a  f i b e r   s t r u c t u r e ,   such   f i b e r s   h a v i n g   m i n u t e  

p o r e s   t h e r e i n ,  

moving   such   a m o r p h o u s   f i b e r s   i n t o   c o n t a c t   w i t h  
an  a q u e o u s   e x t r a c t i o n   b a t h   to  remove  the   s o l v e n t   d u r i n g  
w h i c h   such   f i b e r s   become  w a t e r - s w o l l e n ,  

20  c o n t a c t i n g   such   w a t e r - s w o l l e n   f i b e r s   w i t h   a n  
a q u e o u s   m i x t u r e   c o n t a i n i n g   a  w a t e r - s o l u b l e   dye  and  a n  
o r g a n i c   w a t e r - i n s o l u b l e   m a t e r i a l   w h i c h   s u b l i m e s   i n  
s t e a m   at   a  t e m p e r a t u r e   b e l o w   the  g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   of  the   f i b e r s ,  
25  h e a t i n g   the   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m   a t  

a  t e m p e r a t u r e   f rom  a b o u t   110°C  to  140°C  fo r   a  t i m e  
s u f f i c i e n t   to  d i f f u s e   s u b s t a n t i a l l y   a l l   of  t h e  
w a t e r - s o l u b l e   dye  i n t o   the   p o r e s   of  such   f i b e r s  

t h r o u g h o u t   the   f i b e r   s t r u c t u r e ,  
30  h e a t i n g   the   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m   a t  

a  s u b l i m a t i o n   t e m p e r a t u r e   be low  the   g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   of  the   f i b e r s   fo r   a  t ime   s u f f i c i e n t   t o  
s u b l i m e   the   w a t e r - i n s o l u b l e   m a t e r i a l   i n t o   t he   p o r e s   o f  
such   f i b e r s   t h r o u g h o u t   the   f i b e r   s t r u c t u r e ,   a n d  
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h e a t i n g   the   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m   a t  
a  t e m p e r a t u r e   a b o v e   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   o f  
the   f i b e r s   f o r   a  t i m e   s u f f i c i e n t   to  c o l l a p s e   t he   p o r e s  
and  i r r e v e r s i b l y   l o c k   the   dye  w i t h i n   t he   f i b e r s   and  t o  
s t a b i l i z e   the   f i b e r s   a g a i n s t   p r o g r e s s i v e   l a u n d r y  

5  s h r i n k a g e .  

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

w a t e r - s w o l l e n   f i b e r s   a r e   h e a t e d   w i t h   s t e a m   a t   a  
s u b l i m a t i o n   t e m p e r a t u r e   f rom  a b o u t   110°C  to  1 5 0 ° C .  

or  10 
11.  The  p r o c e s s   of  c l a i m   9 / w h e r e i n   t h e  

10  w a t e r - i n s o l u b l e   m a t e r i a l   is   an  u l t r a v i o l e t   l i g h t  
s c r e e n e r   . or  10 

12.  The  p r o c e s s   of  c l a i m   9 / w h e r e i n   t h e  
w a t e r - i n s o l u b l e   m a t e r i a l   is   a  d i s p e r s e , ,   dye  . *  TO,  Ml  or  12 

13.  The  p r o c e s s   of  c l a i m   9,  / w h e r e i n   t h e  
15  w a t e r - s w o l l e n   f i b e r s   a r e   h e a t 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   of  a b o u t   1 6 5 ° C .  

14.  A  p r o c e s s   f o r   m a k i n g   s y n t h e t i c   f i b e r s  

i n c l u d i n g   the   f o l l o w i n g   s t e p s :  

e x t r u d i n g   a  s o l u t i o n   of  p o l y   (  m e t a - p h e n y l e n e  
20  i s o p h t h a l a m i d e )   and  a  s o l v e n t   t h r o u g h   o r i f i c e s   in  a  

s p i n n e r e t   to  form  a m o r p h o u s   f i b e r s   w h i c h   t o g e t h e r  
d e f i n e   a  f i b e r   s t r u c t u r e ,   s u c h   f i b e r s   h a v i n g   m i n u t e  

p o r e s   t h e r e i n ,  

m o v i n g   such   a m o r p h o u s   f i b e r s   i n t o   c o n t a c t   w i t h  

25  an  a q u e o u s   e x t r a c t i o n   b a t h   to  r emove   t he   s o l v e n t   d u r i n g  
w h i c h   s u c h   f i b e r s   become  w a t e r - s w o l l e n ,  

c o n t a c t i n g   such   w a t e r - s w o l l e n   f i b e r s   w i t h   a n  

a q u e o u s   s o l u t i o n   c o n t a i n i n g   a  w a t e r - s o l u b l e   m a t e r i a l  
and  h e a t i n g   t he   w a t e r - s w o l l e n   f i b e r s   w i t h   s t e a m   at   a  

30  t e m p e r t u r e   f rom  a b o u t   110°C  to  140°C  f o r   a  t i m e  

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

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

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

t e m p e r a t u r e   above   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   o f  
the   f i b e r s   fo r   a  t ime   s u f f i c i e n t   to  c o l l a p s e   t he   p o r e s  
and  i r r e v e r s i b l y   l o c k   the   dye  w i t h i n   the   f i b e r s   and  t o  

c r y s t a l l i z e   such   f i b e r s   and  s t a b i l i z e   them  a g a i n s t  

p r o g r e s s i v e   l a u n d r y   s h r i n k a g e .  
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