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(SJ)  Process  of  dyeing  of  synthetic  polymeric  thermoplastic  yarns  and  product  produced  by  the  process. 

A  process  is  provided  in  which  partially  oriented  synthe- 
tic  yarn  such  as  partially  oriented  polyester  yarn  is  fed  con- 
tinuously  first  to  and  through  a  bath  of  a  liquid  conditioning 
agent  such  as  a  dye,  then  to  a  first  heated  roll  9  and  then  to  a 
second  heated  draw  roll  10  to  draw  the  partially  oriented 
yarn,  then  to  a  texturizer  12  and  then  to  a  takeup  roll  14,  all  in 
one  continuous  operation,  to  produce  a  conditioned  and  tex- 
turized  yarn  product  possessing  about  12%  to  about  30% 
latent  shrinkage.  Also  provided  is  a  novel  process  for  dyeing 
undrawn,  partially  drawn  or  fully  drawn  synthetic  yarn. 



The  i n v e n t i o n   c o n c e r n s   t h e   c o n t i n u o u s   c o n d i t i o n i n g   and  t e x t u r ; -  

z i n g   of   s y n t h e t i c   y a r n s   to   p r o d u c e   a  p r o d u c t   p o s s e s s i n g   s u b -  

s t a n t i a l   l a t e n t   s h r i n k a g e .  

By  " c o n d i t i o n i n g "   t h e   y a r n ,   as  u s e d   h e r e i n ,   m e a n s   a p p l y i n g   v a -  

r i o u s   l i q u i d   c o n d i t i o n e r s   to   t h e   y a r n   s u c h   as  d y e s ,   f i r e   r e t a r -  

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

l u b r i c a n t s ,   a n t i o x i d a n t s ,   d e l u s t e r a n t s ,   and  a n t i s t a t i c   a g e n t s .  

U . S .   P a t e n t   3 , 4 3 4 , 1 8 9   (Buck  e t   a l . )   d i s c l o s e s   a  m e t h o d   of  c o n t i -  

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

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

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

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

to  i m p r o v e   t h e   t e n s i l e   s t r e n g t h ,   and  t h e n   d y e i n g   and  t e x t u r i z i n g  

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



box  or   f a l s e   t w i s t   c r i m p i n g .   The  p a t e n t   d i s c l o s e s   a n d  

c l a i m s   a  p r o c e s s   f o r   c o n t i n u o u s l y   a p p l y i n g   dye  to   " u n d r a w n  

y a r n "   f o l l o w e d   by  d r a w i n g   and  t e x t u r i z i n g   t h e   dyed   y a r n .  

As  u s e d   in   U .S .   P a t e n t   3 , 4 3 4 , 1 8 9 , t h e   t e r m   " u n d r a w n   y a r n "  

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

men t   e x t r u d e r s .   The  s p e c i f i c a t i o n   s t a t e s   t h a t ,   in   s o m e  

i n s t a n c e s ,   t h e   " u n d r a w n   y a r n "   may  in   f a c t   be  s l i g h t l y   d r a w n  

a f t e r   e x t r u s i o n   and  b e f o r e   b e i n g   a p p l i e d . t o   t h e   d r a w i n g  

and  t e x t u r i z i n g   a p p a r a t u s .   H o w e v e r ,   e v e n   t h o u g h   " s l i g h t l y "  

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

r e f e r r e d   t o   in   t h e   a r t   as  " u n d r a w n   y a r n " .   The  p a t e n t   s t a t e s  

t h a t   b e f o r e   s u c h   y a r n s   can   be  s u p p l i e d   t o   t e x t u r i z i n g   a p p a -  
r a t u s   and   l a t e r   made  up  i n t o   f i n i s h e d   g a r m e n t s ,   i t   i s   n e -  

c e s s a r y   t o   d r a w   t h e   y a r n   and  e x t e n d   i t s   l e n g t h   by  a t   l e a s t  

two  t i m e s .   T h u s ,   t h e   m e a n i n g   of   t h e   t e r m   " u n d r a w n   y a r n " , b y  

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

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

d e g r e e   c o n s i d e r a b l y   l e s s   t h a n   two  t i m e s .  

The  s p e c i f i c a t i o n   and  a l l   c l a i m s   of   U . S .   P a t e n t   3 , 4 3 4 , 1 8 9  

a r e   l i m i t e d   by  e x p r e s s   l a n g u a g e   to   " u n d r a w n   y a r n " .   N o w h e r e  

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

l a t e n t   s h r i n k a g e .  

U .S .   P a t e n t   3 , 7 5 1 , 7 7 8   ( G r o s j e a n   e t   a l . )   d i s c l o s e s   a  p r o -  

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

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

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

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

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

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

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

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

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



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

d u c i n g   a  d y e i n g   s o l u t i o n   or  f i n i s h i n g   a g e n t   i n t o   t h e   c o n -  

f i n e d   s p a c e   and  o v e r   t he   c o m p r e s s e d   y a r n s .   T h i s   p r o c e s s   i s  

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

p a s s e d   t h r o u g h   a t   l e a s t   one  e x p a n s i o n   zone   and   t h e n   t h r o u g h  

a t   l e a s t   one   e x p a n s i o n   zone  and  t h e n   t h r o u g h   a t   l e a s t   o n e  

zone  in   w h i c h   an  a d d i t i o n a l   f l u i d   i s   i n t r o d u c e d   u n d e r   p r e s -  

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

or  f i n i s h i n g   o f   t h e r m o p l a s t i c   y a r n s   in  a ' h i g h   s p e e d   t e x -  

t u r i z i n g   p r o c e s s .  

U.S .   P a t e n t   3 , 7 5 1 , 7 7 8   a l s o   d e s c r i b e s   in   some  d e t a i l   t h e  

b a c k g r o u n d   a r t   c o n c e r n i n g   t h e   h i g h   s p e e d   t e x t u r i z i n g   a n d  

d y e i n g   of   s y n t h e t i c ,   t h e r m o p l a s t i c   y a r n s .   S p e c i f i c a l l y ,  

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

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

f a s t ,   and  t h e r e f o r e   t h e   s i m u l t a n e o u s   t e x t u r i z i n g   and  d y e -  

i ng   of   s u c h   y a r n s   has   d i s a d v a n t a g e s .   The  r e f e r e n c e   f u r t h e r  

s t a t e s   t h a t ,   u n t i l   t h e   d e v e l o p m e n t   of   p a t e n t e e s '   p r o c e s s ,  

no  p r o c e s s   f o r   t h e   s u c c e s s f u l   s i m u l t a n e o u s   h i g h   s p e e d   t e x -  

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

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

and  t e x t u r i z i n g   by  a  p r o c e s s   of  i n j e c t i n g   dye  d i r e c t l y  

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

U.S .   P a t e n t   3 , 6 0 2 , 9 6 6   d i s c l o s e s ,   l i k e   t h e   f i r s t   a b o v e -  

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

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

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

.in  c l a i m   1  o f   t h a t   r e f e r e n c e   and  i s   s a i d   to   c o m p r i s e  

p r o v i d i n g   d r a w i n g   means   in   f r o n t  o f   a  w a s h i n g   u n i t ,   t h e r e -  

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

a u x i l i a r y   f i n i s h i n g   a g e n t   in  t h e   d r a w i n g   u n i t   r a t h e r   t h a n  

in  t h e   w a s h i n g   u n i t .  

U . S . P a t e n t   3 , 9 1 9 , 7 4 9   d i s c l o s e s   a  m e t h o d   f o r   p r o d u c i n g  

s p a c e - d y e d   t e x t u r e d   y a r n .   U.S .   P a t e n t   3 , 9 5 5 , 2 5 4   d i s c l o s e s  



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

i n c l u d i n g   d y e s   and  c o n d i t i o n i n g   a g e n t s .   U.S .   P a t e n t   3 , 5 7 9 ,  

764  d i s c l o s e s   a  k n i t - d e k n i t   p r o c e s s   f o r   p r o d u c i n g   t e x t u r e d '  

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

c l o s e d .   U . S . P a t e n t   3 , 1 3 7 , 0 5 6   d i s c l o s e s   a  m e t h o d   f o r   d y e i n g  

and  t r e a t i n g   s y n t h e t i c   y a r n s ,   and  U . S .   P a t e n t   3 , 8 9 2 , 0 2 0   d i s -  

c l o s e s   a  m e t h o d   of  d y e i n g   a  t e x t u r i z e d   y a r n   p a c k a g e .   T h e s e  

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

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

r e f e r e n c e s   d e s c r i b e d   in   d e t a i l   h e r e i n - a b o v e .  

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

d u c i n g ,   in   a  c o n t i n u o u s   o p e r a t i o n ,   c o n d i t i o n e d   and  t e x t u r e d  

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

ly  f e e d i n g   a t   l e a s t   one  end   of   p a r t i a l l y   o r i e n t e d   s y n t h e t i c  

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

c o n d i t i o n i n g   a g e n t ,   w i p i n g   any  e x c e s s   c o n d i t i o n i n g   a g e n t  

f rom  t h e   y a r n ,   d i r e c t i n g   t h e   y a r n   to   and  a r o u n d   a  f i r s t  

h e a t e d   p r e d r a w   r o l l e r   and   t h e n c e   to   and  a r o u n d   a  s e c o n d  

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

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

f e e d i n g   t h e   c o n d i t i o n e d   and  d r a w n   y a r n   to   a  t e x t u r i z e r  

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

a  t a k e u p   r o l l e r ,   t h e   p roduc t   o b t a i n e d   t h e r e b y   p o s s e s s i n g  

l a t e n t   s h r i n k a g e   in   t h e   r a n g e   of  a b o u t   12%  to   a b o u t   30%.  

The  c o n d i t i o n i n g   a g e n t   may  be  a  d y e ,   a  f i r e   r e t a r d a n t ,   a n  

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

a  l u b r i c a n t ,   an  a n t i o x i d a n t ,   a  d e l u s t e r a n t ,   an  a n t i -  

s t a t i c   a g e n t ,   or   o t h e r   y a r n   c o n d i t i o n i n g   a g e n t .  

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

p i g m e n t   i s   p r e f e r r e d .  

The  s y n t h e t i c   t h e r m o p l a s t i c   f e e d   y a r n s   may  be  p o l y e s t e r ,  

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

p r o p y l e n e   or  s i m i l a r   y a r n s .  



M e t h o d s   f o r   p r o d u c i n g   h e a t h e r - l i k e   q u a l i t i e s   and  s p a c e  

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

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

A  n o v e l   m e t h o d   of   d y e i n g   u n d r a w n ,   p a r t i a l l y   d r a w n   or  f u l l y  

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

m a t a b l e   dye  p i g m e n t s   i s   a l s o   p r o v i d e d .  

O t h e r   a s p e c t s ,   c o n c e p t s ,   o b j e c t s   and   a d v a n t a g e s   of  t h e  

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

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

w i n g s .  

F i g s .   1  t h r o u g h   6  show  t h e   a p p a r a t u s   u s e d   in  p e r f o r m i n g  

t h e   p r o c e s s   o f   t h i s   i n v e n t i o n .  

In  F i g . 1 ,   f e e d   y a r n   e n d s   3  and   4  a r e   shown  b e i n g   w i t h d r a w n  

f r o m   f e e d   y a r n   p a c k a g e s   1  and  2  and  g a t h e r e d   a t   e y e l e t   5 .  

The  y a r n   e n d s   t h e n   p a s s   t h r o u g h   t r o u g h   7  c o n t a i n i n g   a  c o n -  

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

in   t h e   dye  by  means   of   r o l l e r   6,  and  t h e n   w i p e d   by  y a r n  

w i p e r   8.  From  w i p e r   8,  t h e   y a r n   e n d s   a r e   d i r e c t e d   to   a n d  

a r o u n d   h e a t e d   p r e d r a w   r o l l   9,  t h e n c e   t o   and  a r o u n d   h e a t e d  

d r a w   r o l l   10  w h i c h   i s   r o t a t i n g   a t   a  f a s t e r   p e r i p h e r a l   s p e e d  

t h a n   t h e   p r e d r a w   r o l l .   O p t i o n a l   t r e a t i n g   r o l l e r   11  may  b e  

u s e d   to   a p p l y   f i n i s h i n g   a g e n t   or  l u b r i c a n t   to   t h e   y a r n  
b u n d l e   b e f o r e   i t   p a s s e s   to   c r i m p   t e x t u r i z e r   12,  and  f i -  

n a l l y   to   p r o d u c t   y a r n   t a k e u p   1 4 .  

F i g . 2   shows   in   d e t a i l   a  w i p i n g   d e v i c e   8,  i n c l u d i n g   r u b b e r  

p a d s   8a ,   s u p p o r t   m e a n s   8b  and  w i n g - n u t   c l a m p s   8c.   F i g . 3  

i s   a  s i d e   v i e w   of   w i p i n g   d e v i c e   8.  A n o t h e r   p r e f e r r e d   w i -  

p i n g   d e v i c e   i s   shown  in  F i g . 7 .   T h i s   i s   a  s t a n d a r d   g a t e  
t e n s i o n   d e v i c e   18  and   c o u n t e r c u r r e n t   a i r   j e t   19.  Yarn  3d  

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

t e n s i o n   d e v i c e   18  and  t h e n   to   a i r   j e t   19  w h e r e   e x c e s s   d y e  

i s   r e m o v e d .  



F i g . 4   i l l u s t r a t e s   t h e   d y e i n g   p r o c e s s   u t i l i z e d   when  i t   i s  

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

a p p e a r a n c e .   For  s u c h   p r o c e s s ,   f e e d   y a r n   3a  i s   w h i t e   a n d  

i s   n o t   d y e d .   Feed   y a r n   4a  i s   f e d   to   and  t h r o u g h   t h e   d y e  

b a t h   7 . ,   w i p e d ,   and  b o t h   y a r n s   a r e   t h e n   p r o c e s s e d   as  i n  

F i g . 1 .  

F i g . 5   i l l u s t r a t e s   t h e   d y e i n g   p r o c e s s   u t i l i z e d   when  i t   i s  

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

a p p e a r a n c e   in   w h i c h   f e e d   y a r n   end  3b  i s   d y e d   one  c o l o r  

and  f e e d   y a r n   end  4b  i s   d y e d   a  d i f f e r e n t   c o l o r   by  p a s s a g e  

t h r o u g h   t h e   two  dye  b a t h s   7b  and  7a  r e s p e c t i v e l y ,   f o l l o w -  

i n g   w h i c h   t h e   y a r n s   a r e   p r o c e s s e d   as   in   F i g . 1 .  

F i g . 6   i l l u s t r a t e s   t h e   c o n f i g u r a t i o n   o f   dye   b a t h   7  and  t h e  

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

Dye  r o l l e r   6a  p i c k s   up  dye  f r o m   dye  b a t h   7  and   dye  i s  

t r a n s f e r r e d   to   t h e   r a i s e d   p o r t i o n s   o f   g r a v u r e   r o l l   6 b ,  

t h e n   t o   y a r n   3c  w h i c h   i s   p a s s e d   b e t w e e n   g r a v u r e   r o l l e r  

6b  and   p r e s s   r o l l   6c  as  s h o w n .   In  t h i s   m a n n e r , d y e   i s  

i n t e r m i t t e n t l y   a p p l i e d   to   t h e   y a r n   a t   d e s i r e d ,   p r e d e t e r -  

m i n e d   i n t e r v a l s   a l o n g   t h e   l e n g t h   of   t h e   y a r n .  

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

in  F i g . 8   w h e r e i n   y a r n   3e  i s   g u i d e d   t h r o u g h   s t a i n l e s s   s t e e l  

t r o u g h   27  as   shown  and  d i f f e r e n t   c o l o r   d y e s   a r e   c a u s e d   t o  

d r i p   i n t e r m i t t e n t l y   upon  y a r n   3e  f rom  dye   r e s e r v o i r s   2 5 .  

A i r   j e t   26  e f f e c t i v e l y   r e m o v e s   any  e x c e s s   d y e .  

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

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

b e e n   p a r t i a l l y   o r i e n t e d   a r e   c o n t i n u o u s l y   d y e d   and  t e x -  

t u r e d .   The  s y n t h e t i c   y a r n s   s u i t a b l e   f o r   u s e   in   t h i s   p r o -  

c e s s   i n c l u d e   t h e   y a r n s   o b t a i n e d   by  s p i n n i n g   or   e x t r u s i o n  

of   p o l y m e r s ,   c o p o l y m e r s ,   g r a f t   c o p o l y m e r s   and  m i x t u r e s  

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

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



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

f o r   c o n t i n o u s   d y e i n g   and  t e x t u r i z i n g   p o l y e s t e r   y a r n s .  

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

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

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

t h e n   to   and   t h r o u g h   a  b a t h   c o n t a i n i n g   a  l i q u i d   c o n d i t i o -  

n i n g   a g e n t   s u c h   as  a  d y e ,   t h e n   to   a  f i r s t   h e a t e d   p r e d r a w  

r o l l e r   ( c a l l e d   a  " G o d e t "   in   t h e   a r t ) ,   t h e n   to   a  s e c o n d  

h e a t e d   d raw  r o l l e r   ( " G o d e t " )   to   d raw  t h e   y a r n ,   t h e n   t o   a  

t e x t u r i z e r   and   t h e n   to  a  t a k e u p   r o l l ,   a l l   in   one  c o n t i -  

n u o u s   o p e r a t i o n ,   to   p r o d u c e   a  c o n d i t i o n e d   and  t e x t u r i z e d  

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

The  t e r m   " p a r t i a l l y   o r i e n t e d "   as  u s e d   h e r e i n   means   y a r n  
w h i c h   h a s   b e e n   d r a w n   f r o m   i t s   a s - s p u n   u n d r a w n   c o n d i t i o n  

to  an  e x t e n t   of  a t   l e a s t   two  (2)  t i m e s   i t s   u n d r a w n   l e n g t h .  

Such  y a r n s   a r e   c o m m e r c i a l l y   a v a i l a b l e   and  s o l d ,   f o r  

e x a m p l e ,   by  E . I .   d u P o n t   de  N e m o u r s   and  C o . ,   I n c . ,   u n d e r  

t h e   p r o d u c t   d e s i g n a t i o n   DACRON(R)  p o l y e s t e r   y a r n . *   T h i s  

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

a b o u t   3X,  i . e .   f r o m   a b o u t   750  d e n i e r   a s - s p u n   to   a b o u t  

250  d e n i e r   as  o b t a i n e d   c o m m e r c i a l l y .  

The  t e r m   " l a t e n t   s h r i n k a g e "   as  u s e d   h e r e i n   means   t h a t  

t h e   p r o d u c t   y a r n   o b t a i n e d   by  t h e   p r o c e s s   of  t h i s   i n v e n -  

t i o n ,   when  p l a c e d   i n t o   w a t e r   a t   a b o u t   820C ,   s h r i n k s   t o  

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

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

t o  t h e   p r o c e s s   h e r e i n   r a n g e s   b e t w e e n   a b o u t   12%  and  a b o u t  

30%. 

The  b a t h   c o n t a i n i n g   l i q u i d   f i n i s h i n g   a g e n t s   i s   t y p i c a l l y  

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

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

t i o n i n g   or  f i n i s h i n g   a g e n t .   The  c o n d i t i o n i n g   or  f i n i s h i n g  

*  "DACRON"  i s   a  r e g i s t e r e d  t r a d e m a r k   of  D u P o n t  



a g e n t   may  i n c l u d e   any  of   t h o s e   d i s c u s s e d   h e r e i n a b o v e .   T h e  

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

t e x t u r i z i n g   y a r n   and  f u r t h e r   d i s c u s s i o n   h e r e i n   w i l l   be  l i -  

m i t e d   t o   d y e s   b e i n g   u s e d   as   t h e   c o n d i t i o n i n g   a g e n t .  

The  d y e i n g   p r o c e s s   d e s c r i b e d   h e r e i n   h a s   b e e n   s u c c e s s f u l l y  

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

n u m b e r   o f   m a n u f a c t u r e r e s   i n c l u d i n g   D u P o n t ,   E a s t m a n   C h e m i -  

c a l   Co.  and   I m p e r i a l   C h e m i c a l s   I n d u s t r i e s .   The  b e s t   r e -  

s u l t s ,   i n s o f a r   as  e a s e   of   p r e p a r a t i o n ,   e v e n n e s s   of  a p p l i -  

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

b e e n   o b t a i n e d   when  u s i n g   p r i n t i n g   i n k s   c o n t a i n i n g   s u b -  

l i m a t a b l e   p i g m e n t s .  

T h e s e   i n k s   a r e   made  p r i m a r i l y   f o r   p r i n t i n g   a p p l i c a t i o n s .  

I n s o f a r   as   i s   k n o w n ,   t h e y   c o n s i s t   of  d i r e c t   d y e s   g r o u n d  

to   a  v e r y   f i n e   p a r t i c l e   s i z e ,   and   s u s p e n d e d   in   a  w a t e r   s o -  

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

a r e   i n t e n d e d   f o r   u se   w h e r e   t h e   i n k   i s   f i r s t   a p p l i e d   to   a  

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

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

f e r r a l   t o   t h e   f a b r i c   in   t h e   v a p o r   p h a s e .   To  s a t i s f y   v a -  

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

i n   t h r e e   g e n e r a l   e n e r g y  l e v e l s .   E n e r g y   l e v e l   i n d i c a t e s  

t h e   d e g r e e   of   h e a t   r e q u i r e d   t o   v a p o r i z e   t h e   d y e s t u f f   s o  

t h a t   i t   w i l l   t r a n s f e r   to   t h e   m e d i u m   b e i n g   p r i n t e d .   T h e  

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

i n k .   H o w e v e r ,   t h e   l o w e r   e n e r g y   i n k s   may  p r o d u c e   p r i n t i n g s  

w h i c h   a r e   d e f i c i e n t   in   l i g h t   and  wash   f a s t n e s s .   The  h i g h  

e n e r g y   i n k s   a r e   more  d i f f i c u l t   t o   t r a n s f e r   b u t   g e n e r a l l y  

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

a n d   w a s h   f a s t n e s s .  

P r e f e r r e d   d y e s   i n c l u d e   d y e s   m a n u f a c t u r e d   by  A u l t   and  W i -  

b o r g ,   L t d . ,   L o n d o n ,   E n g l a n d ,   i n c l u d i n g :  



I t   i s   b e l i e v e d   t h a t   t h e s e   dye  p i g m e n t s   a r e   s u b l i m a t a b l e  

a n t h r o q u i n o n e ,   azo   and  m e t h i n e   d y e s t u f f s .  

U p o n  l e a v i n g   t h e   dye  b a t h   a c c o r d i n g   to   t h e   p r o c e s s   o f  

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

w i p i n g   d e v i c e   to   r e m o v e   e x c e s s   dye  and   c a r r i e r   l i q u i d .  

A  s u i t a b l e   w i p i n g   d e v i c e   i s   shown  in   F i g s .   2  and  3,  a n d  

c o m p r i s e s   two  r u b b e r   w i p i n g   m e m b e r s   h e l d   by  b r a c k e t s   a n d  

a d j u s t e d   f o r   p r e s s u r e   by  w i n g - n u t s   as   s h o w n .  

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

f i r s t   h e a t e d   G o d e t .   H e a t   t o  t h i s   f i r s t   r o l l   i s   s u p p l i e d  

by  c o n v e n t i o n a l   m e a n s   s u c h   as  by  i n t e r n a l   r e s i s t a n c e  

h e a t e r s .   The  y a r n   e n d s   a r e   w r a p p e d   a r o u n d   t h i s   f i r s t  

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

t i m e   a t   t e m p e r a t u r e   t o   h e a t   t h e   y a r n .   For   250  d e n i e r   p o l y -  

e s t e r   y a r n ,   t h i s   f i r s t   r o l l   t y p i c a l l y   may  be  1 3 9 , 7   mm 

in   d i a m e t e r ,   h e a t e d   to   a  t e m p e r a t u r e   o f   a b o u t   9 3 ° C  ,   r o -  

t a t i n g   a t   3 7 5 - 7 5 0   rpm,   and  h a s   s e v e n   w r a p s   of   y a r n .  

From  t h e   f i r s t   G o d e t ,   t h e   y a r n   i s   s e n t   t o   t h e   s e c o n d   G o -  

d e t   w h i c h   i s   a l s o   h e a t e d   by  c o n v e n t i o n a l   m e a n s .   The  y a r n  
e n d s   a r e   w r a p p e d   a r o u n d   t h i s   r o l l e r   a  m u l t i p l i c i t y   o f  

t i m e s   a l s o   t o   f u l l y   h e a t   t h e   y a r n ,   and   t h i s   r o l l   r e v o l v e s  

f a s t e r   t h a n   t h e   f i r s t   r o l l e r   i n   o r d e r   t o   d r aw  t h e   y a r n .  
For   250  d e n i e r   p o l y e s t e r   y a r n ,   t h i s   s e c o n d   r o l l e r   t y p i -  

c a l l y   may  be  1 3 9 , 7   mm  in   d i a m e t e r ,   h e a t e d   to   a  t e m -  

p e r a t u r e   of   a b o u t   2 1 8 ° C ,   r o t a t i n g   a t   6 0 0 - 1 2 0 0   rpm,   a n d  

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

in   a  d r a w   r a t i o   of   1 . 6 ,   i . e .   250  d e n i e r   y a r n   w o u l d   b e  

*  " A u l t r a n "   i s   a  t r a d e m a r k   of   A u l t   and  W i b o r g  



d r a w n   down  to   150  d e n i e r   y a r n .  

From  t h e   s e c o n d   d raw  r o l l ,   t h e   y a r n   may  o p t i o n a l l y   b e  

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

in  F i g . 1 ,   f o l l o w i n g   w h i c h   i t   i s   d i r e c t e d   t o  t h e   t e x t u r i z e r ,  

and  f i n a l l y   to   a  t a k e u p   r o l l .   P r e f e r a b l y   t h e   t e x t u r i z e r   i s  

of  t h e   s t u f f e r   box   t y p e ,   a l t h o u g h   any  t e x t u r i z a t i o n   p r o -  

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

c a t i o n   of   h e a t   c o u l d   be  u t i l i z e d .   F a l s e   t w i s t   t e x t u r i z i n g  

f o r   e x a m p l e ,   i s   a l s o   c o n t e m p l a t e d .  

By  t h e   p r o c e s s   o f   t h i s   i n v e n t i o n ,   t h e   y a r n   p r o d u c e d   p o s s e s -  

s e s   s u b s t a n t i a l   l a t e n t   s h r i n k a g e ,   b e i n g   g e n e r a l l y   i n   t h e  

r a n g e   o f   a b o u t   12%  to   a b o u t   30%.  

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

i t   w i l l   be  c l e a r   to   one  s k i l l e d   in   t h e   a r t   t h a t   m u l t i p l e  

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

c o n t a i n i n g   d i f f e r e n t   c o l o r   d y e s   as  shown  in   F i g s . 4   and  5 .  

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

as  s h o w n   i n  F i g . 6 .  

The  a b o v e   d i s c u s s i o n   h a s   b e e n   c o n f i n e d   t o   t h e   c o n t i n u o u s  

p r o c e s s   o f   d y e i n g   and  t e x t u r i z i n g   p a r t i a l l y   d r a w n   y a r n .  
A l s o   c o n t e m p l a t e d   and  d e e m e d   t o   f a l l   w i t h i n   t h e   s c o p e  
of  t h i s   i n v e n t i o n   i s   t h e   new  d y e i n g   p r o c e s s   f o r   d y e i n g   u n -  

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

p i g m e n t s .   In  a d d i t i o n ,   t h e s e   d y e s t u f f s   may  be  u s e d   to   d y e ,  

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

t o w ,   f o r   e x a m p l e ,   f a l l i n g   w i t h i n   t h e   a b o v e - d e s c r i b e d   c l a s s  

of  s y n t h e t i c   p o l y m e r s .  

W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   a b o v e   and   in   t h e  

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

d e t a i l s   a n d   e m b o d i m e n t s ,   i t   w i l l   be  c l e a r   t o   one  s k i l l e d  

in  t h e   a r t   t h a t   c h a n g e s   of  m o d i f i c a t i o n s   d e v i a t i n g   f r o m  



t h e s e   s p e c i f i c   e m b o d i m e n t s   may  be  made  w i t h o u t   d e v i a t i n g  

f rom  t h e   g i s t   of  t h i s   i n v e n t i o n ,   and  s u c h   c h a n g e s   and   m o d i -  

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

c l a i m s   b e l o w .  

The  e x a m p l e s   w h i c h   f o l l o w   a r e   i n t e n d e d   to   be  i l l u s t r a t i v e  

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

s c o p e   o f   t h e   i n v e n t i o n   in  any  way.   The  b e s t   mode  p r e s e n t -  

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

i n v e n t i o n   i s   i l l u s t r a t e d   b e l o w   in  E x a m p l e   7 .  

E x a m p l e   1 

T h r e e   e n d s   of   p a r t i a l l y   o r i e n t e d   p o l y e s t e r   y a r n   ( D u P o n t  

2 3 5 / 3 4 ,   "DACRON"  p o l y e s t e r ,   t y p e   T56T)  w e r e   f e d   a t   3 4 2 , 5  

m / m i n .   f r o m   s e p a r a t e   p a c k a g e s   and  g a t h e r e d   by  an  e y e -  
l e t   and   f e d   t h r o u g h   a  dye  b a t h   c o m p r i s i n g   30%  R e s o l i n   R e d  

dye  ( S a n d o z   Co . )   and   70%  L u r o l   75  s o l v e n t   (G.A.  G o u l s t o n  

Co . )   by  p a s s i n g   t h e   y a r n   b u n d l e   u n d e r   a  g u i d e   i m m e r s e d   i n  

t h e   dye  l i q u o r ,   and   t h e n   t h e   y a r n   was  p a s s e d   o v e r   a  s p o n g e  

to   r e m o v e   e x c e s s   d y e .   From  t h e   s p o n g e ,   t h e   y a r n   p a s s e d  

o v e r   and   a r o u n d   a  f i r s t   p r e d r a w   r o l l e r   ( 7 6 , 2   mm  in   d i a -  

m e t e r ,   r o t a t i n g   a t   1430  r pm,   4  w r a p s ,   and  h e a t e d   t o 1 7 7 ° C  )  

and  t h e n   to   a  s e c o n d   d r a w   r o l l e r   ( 8 8 , 9   mm  in  d i a -  

m e t e r ,   r o t a t i n g   a t   1965  r p m ,   3  w r a p s ,   and  h e a t e d   t o 1 7 7 ° C  ,  

d raw  r a t i o   1 . 5 7 X )   and  t h e n   t o   an  FCJ  c r i m p e r   ( m a n u f a c t u r e d  

by  T e c h n i s e r v i c e   C o r p . )   and  t h e n c e   to   a  t a k e u p .   T e m p e r a t u r e  

in  t h e   c r i m p e r   was  m a i n t a i n e d   a t l 4 9 0 C .  

By  t h i s   p r o c e s s ,   t h e   y a r n   was  c o n t i n u o u s l y   dyed   a n d  

c r i m p e d .   Some  s p a t t e r i n g   o f   t h e   dye  o c c u r e d   r e q u i r i n g   i m -  

p r o v e d   w i p i n g   m e a n s .   A p p r o x i m a t e l y   one  p o u n d   of  y a r n   w a s  

p r o c e s s e d   c o n t i n u o u s l y   w i t h   no  b r e a k s .   No  v a r i a t i o n   i n  

d e p t h   o f   s h a d e   of   t h e   dye  f r o m   i n s i d e   to   o u t s i d e   of   t h e  

t a k e u p   p a c k a g e   was  o b s e r v e d .  

The  d y e d   y a r n   was  k n i t t e d   i n t o   f a b r i c   w h i c h   was  u n i f o r m  



in  s h a d e   w i t h   no  d e f e c t s   n o t e d   o t h e r   t h a n   t h o s e   d u e  

t o   p o o r   t e x t u r i n g   of   t h e   b a s e   y a r n .  

When  s c o u r e d   in   71°C  w a t e r   f o r   30  m i n u t e s ,   h o w e v e r ,   t h e  

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

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

i n t o   t h e   y a r n   b u n d l e .  

E x a m p l e   2 

In  t h i s   e x a m p l e   and  t h o s e   w h i c h   f o l l o w ,   an  M-600  s t u f f e r  

box  c r i m p e r   ( m a n u f a c t u r e d   by  T e c h n i s e r v i c e   C o r p . )   was  e m -  

p l o y e d .   T h i s   a p p a r a t u s   was  e q u i p p e d   w i t h   i n t e r n a l l y   h e a t e d  

p r e d r a w   and   d r a w   r o l l s   h a v i n g   v a r i a b l e   s p e e d   d r i v e s .  

T h r e e   e n d s   o f   p a r t i a l l y  o r i e n t e d   p o l y e s t e r   f e e d   y a r n  
( d u P o n t   "DACRON"  p o l y e s t e r ,   2 5 5 / 3 4 ,   Type   2 4 2 )   w e r e   d r a w n  

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

e y e l e t   to   t h e   f i r s t   p r e d r a w   G o d e t   r o l l   ( 1 3 9 , 7   mm  i n  

d i a m e t e r ,   r o t a t i n g   a t   1 2 0 - 2 4 0   r p m ,   7  w r a p s )   and   t h e n   t o   a  

dye  b a t h   l o c a t e d   b e t w e e n   f i r s t   and   s e c o n d   G o d e t   r o l l s .   T h e  

y a r n s   p a s s e d   o v e r   a  s p o n g e   u p o n   e x i t   f r o m   t h e   dye  to   r e -  

move  e x c e s s   d y e .  

V a r i o u s   r u n s   w e r e   made  u s i n g   d i f f e r e n t   dye  b a t h s .   D y e s  

u s e d   i n c l u d e d   A u l t r a n   DP  Red ,   A u l t r a n   DP  B l u e   and  A u l t r a n  

DP  Y e l l o w   ( s u p p l i e d   by  A u l t   and  W i b o r g ,   L t d . ,   L o n d o n ,  

E n g l a n d ) .  

From  t h e   dye  b a t h ,   t h e   y a r n   p a s s e d   t o   t h e   s e c o n 3 h e a t e d  

G o d e t   r o l l e r   ( 1 3 9 , 7   mm  in  d i a m e t e r ,   r o t a t i n g   a t   2 2 0 -  

440  r pm,   14  w r a p s ,   d r a w   r a t i o   1 . 8 3 ) ,   t h e n   to   t h e   s t u f f e r  

box  c r i m p e r   and  f i n a l l y   t o   t h e   t a k e u p .  

The  v a r i o u s   e x p e r i m e n t a l   c o n d i t i o n s   a r e   l i s t e d   in  T a b l e   1 .  



The  l a t e n t   s h r i n k a g e s   shown  r e p r e s e n t   t h e   p e r c e n t   s h r i n k a g e  

of   a  s k e i n   o f   y a r n   when  l o a d e d   w i t h   a  w e i g h t   of  0 . 0 0 5   g r a m s  

p e r   d e n i e r   and   i m m e r s e d   i n   a  w a t e r   b a t h   m a i n t a i n e d   a t   8 2 -  

8 8 ° C .  

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

e a c h   o f   t h e   y a r n s   p r o d u c e d .   O n e - h a l f   of  e a c h   t u b e   w a s  

s c o u r e d   i n   w a t e r   a t   710C  w i t h   d e t e r g e n t   f o r   30  m i n u t e s  

and  t h e n   t u m b l e   d r i e d .   The  d r i e d   t u b e   s e c t i o n s   w e r e   v i -  

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

m a t e s   of   c o l o r   l o s s   a r e   shwon  in  T a b l e   2 .  

*  T o t a l   d y e s t u f f   c o n c e n t r a t i o n   was  5%  in  w a t e r  



From  t h e s e   t r i a l s ,   i t   was  e v i d e n t   t h a t   t h e   dye  s o l u t i o n  

was  n o t   b e i n g   e v e n l y   a p p l i e d   and   t h a t   t h e   s l o w e r   y a r n  

s p e e d s   i m p r o v e d   dye  p e n e t r a t i o n   and   c o l o r   f a s t n e s s .   H i g h e r  

t e m p e r a t u r e s   a l s o   a p p e a r e d   t o   i m p r o v e   dye  f i x a t i o n .  

E x a m p l e   3 

U n l e s s   o t h e r w i s e   i n d i c a t e d ,   t h i s   e x a m p l e   and  t h o s e   t h a t  

f o l l o w   w e r e   p e r f o r m e d   as  in   E x a m p l e   2  e x c e p t   t h a t   t h e   d y e  

b a t h   was  l o c a t e d   p r i o r   t o   t h e   f i r s t   G o d e t ,   i . e .   b e t w e e n  

g a t h e r i n g   e y e l e t   and   p r e d r a w   G o d e t .  

T h r e e   e n d s   o f   p a r t i a l l y   o r i e n t e d   p o l y e s t e r   y a r n   ( D u P o n t  

"DACRON"  p o l y e s t e r   2 3 5 / 3 4 ,   Type   242)  w e r e   f ed   to   t h e   a p p a -  
r a t u r s   as  d e s c r i b e d   a b o v e .   The  e x p e r i m e n t a l   c o n d i t i o n s  

a r e   s h o w n   in   T a b l e   3.  The  d r a w   r a t i o   in   a l l   t r i a l s   w a s  

1 . 8 3 .  



T u b e s   w e r e   k n i t t e d   u s i n g   e a c h   of   t h e   y a r n s   so  p r o d u c e d  
and  s c o u r e d   as  in   E x a m p l e   2.  R e s u l t s   of  t h e s e   t e s t s   a r e  
shown  i n   T a b l e   4 .  



E x a m p l e   4 

U n l e s s   o t h e r w i s e   i n d i c a t e d ,   t h i s   e x a m p l e   and  t h o s e   t h a t  

f o l l o w   w e r e   p e r f o r m e d   as  in   E x a m p l e   3  e x c e p t   t h a t   t h e   d y e  

w i p e r   shown  in  F i g s .   2  and  3  was  l o c a t e d   b e t w e e n   t h e   d y e  

b a t h   and   t h e   p r e d r a w   G o d e t   in   o r d e r   to   w ipe   e x c e s s   dy  f r o m  

t h e   y a r n   b u n d l e .  

The  c o n d i t i o n s   u n d e r   w h i c h   t h e s e   t r i a l s   were   r u n   a r e   s h o w n  

in   T a b l e   5 .  

T u b e s   w e r e   k n i t t e d   u s i n g  t h e s e   y a r n s   as  b e f o r e   and  s c o u r e d .  

R e s u l t s   a r e   shown  i n   T a b l e   6 .  

I t   was  a p p a r e n t   f r o m   t h e s e   t r i a l s   t h a t   t h e   use   of   L u r o l   7 5  

m i n e r a l   o i l   i n h i b i t e d   t h e   p i c k u p   of   dye  by  t h e   y a r n .  



I t   was  c o n c l u d e d   t h a t   a  m a j o r   p o r t i o n   of  t h e   c o l o r   l o s s  

upon  s c o u r i n g   was  due  s i m p l y   to   e x c e s s i v e   dye  p i c k u p .  

For   t h e   r e m a i n i n g   t r i a l s ,   a d d i t i o n a l   w i p i n g   of   t h e   y a r n  

p r i o r   t o   r e a c h i n g   t h e   p r e d r a w   G o d e t   was  e m p l o y e d .  

E x a m p l e   5 

T h e s e   t r i a l s   we re   c o n d u c t e d   u n d e r   t h e   e x p e r i m e n t a l   c o n -  

d i t i o n s   of   E x a m p l e   4.  R e s u l t s   a f t e r   s c o u r i n g   t h e   k n i t t e d  

t u b e s   made  f rom  t h e   y a r n s   p r o d u c e d   a r e   shown  in   T a b l e   7 .  

The  f e e d   y a r n   u s e d   in   t h e s e   t r i a l s   was  p a r t i a l l y   o r i e n t e d  

D u P o n t   "DACRON"  p o l y e s t e r ,   2 5 5 / 3 4 ,   Type  2 4 2 .  

T h e s e   k n i t t e d   s a m p l e   c l o t h s   w e r e   of   c o m m e r c i a l   q u a l i t y  

i n s o f a r   as  c o l o r   p e n e t r a t i o n ,   evenness   and  w e t f a s t n e s s  

p r o p e r t i e s   a r e   c o n c e r n e d .  

E x a m p l e   6 

Two  d i f f e r e n t   t y p e s   o f   p a r t i a l l y   o r i e n t e d   p o l y e s t e r   y a r n s  

w e r e   c o m p a r e d   in   t h e s e   t r i a l s .   In  b o t h   t r i a l s ,   t h e   d y e  

b a t h   c o m p o s i t i o n   was  2 .5%  A u l t r a n   B l a c k   in   97.5%  W a t e r .  

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

as  in   t h e  p r e c e d i n g   e x a m p l e s .   E x p e r i m e n t a l   c o n d i t i o n s   a r e  

shown  i n   T a b l e   8.  In  a l l   c a s e s ,   a  d raw  r a t i o   of   1 . 8 3   w a s  
e m p l o y e d .  



T u b e s   k n i t   f r o m   t h e s e   p r o d u c t   y a r n s   w e r e   s c o u r e d   as  b e -  

f o r e   and  t h e   r e s u l t s   o f   t h e s e   t e s t s   a r e   shown  i n   T a b l e   9 .  

The  Type  56  y a r n   d y e d   p e r c e p t i b l y   l i g h t e r   t h a n   t h e   T y p e  

2 4 2 .   The  Type   56  y a r n   was  s t r o n g e r   t h a n   t h e   Type  2 4 2 .  

E x a m p l e   7 

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

t i o n s   of   E x a m p l e   4  e x c e p t   t h a t   f e e d   y a r n   s p e e d   was  i n -  

c r e a s e d   t o   '366  m  / m i n ,   and   s i x   (6)  e n d s   o f   D u P o n t   "DACRON" 

p o l y e s t e r   y a r n ,   2 5 5 / 3 4 ,   Type  242T  w e r e   f e d   to   t h e   a p p a r a -  
t u s .   The  d y e s   u s e d   w e r e   a l l   s u b l i m a t a b l e   p i g m e n t   i n k s   o b -  

t a i n e d   f r o m   A u l t   and  W i b o r g .   Dye  b a t h   c o m p o s i t i o n s ,   r e s u l -  

t a n t   c o l o r   o f   f i n i s h e d   y a r n   and   l a t e n t   s h r i n k a g e   of   f i -  

n i s h e d   y a r n   a r e   shown  in   T a b l e   10.  The  dye   b a t h   c o m p o s i -  

t i o n s   shown   in   t h e   t a b l e   i n d i c a t e   p e r c e n t a g e s   by  w e i g h t  

o f   d y e s   o n l y .   For   e a c h   t r i a l ,   t h e   d y e s   w e r e   d i l u t e d   t o  

t h r e e   s e p a r a t e   b a t h s   c o n t a i n i n g   2,   4  and   8%  dye  in   9 8 ,  



94  and   92%  w a t e r   r e s p e c t i v e l y .  



T u b e s   w e r e   k n i t t e d   as  b e f o r e   u s i n g   c e r t a i n   o f   t h e   y a r n s  

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

l i g h t  f a s t n e s s ,   wash   f a s t n e s s   and  d r y   c l e a n i n g   f a s t n e s s ,  

and   t h e   r e s u l t s   a r e   shown  in  T a b l e s   1 1 - 1 3 .   In  t h e s e  

t a b l e s ,   t h e   n u m b e r   e n t r i e s   shown  a r e   r a t i n g s   o f   t h e   c l o t h  

f o l l o w i n g   t h e   i n d i c a t e d   t e s t ,   b a s e d   u p o n   a  s c a l e   of  1  t o  

5,  5  b e i n g   p e r f e c t .   A  r a t i n g   of  4  i s   g o o d ,   and   a  r a t i n g  

of   3  i n d i c a t e s   a  c o m m e r c i a l l y   a c c e p t a b l e   p r o d u c t .  





1.  The  p r o c e s s   of  d y e i n g   of   s y n t h e t i c   p o l y m e r i c   t h e r m o p l a -  

s t i c   y a r n s   c  h  a ' r   a  c  t   e  r  i  z  e  d   in   t h a t   t h e  

dye   u s e d   i n   s a i d   p r o c e s s   i s   a  s u b l i m a t a b l e   i n k .  

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

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

y a r n ,   c o m p r i s i n g :  

a)  c o n t i n u o u s l y   f e e d i n g   a t   l e a s t   one   end   of  s y n t h e t i c  

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

q u i d   c o n d i t i o n i n g   a g e n t ,  

b)  w i p i n g   e x c e s s   c o n d i t i o n i n g   a g e n t   f r o m   s a i d   y a r n ,  

c)  d r a w i n g   s a i d   y a r n ,  

d)  f e e d i n g   s a i d   c o n d i t i o n e d   a n d   d r a w n   y a r n   to   a  t e x t u -  

r i z e r ,   a n d  

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

a  t a k e - u p   d e v i c e ,   c h a r a c t e r i z e d   i n   t h a t   s a i d   s y n t h e t i c  

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

a n d ,   a f t e r   t h e   w i p i n g   s t e p ,   s a i d   y a r n   i s   d i r e c t e d   to   a n d  

a r o u n d   a  f i r s t   r o t a t i n g ,   h e a t e d   p r e d r a w   r o l l e r   (9)  a n d  

t h e n c e   to   and  a r o u n d   a  s e c o n d   r o t a t i n g ,   h e a t e d   d r a w  

r o l l e r   (10)  r o t a t i n g   a t   a  f a s t e r   p e r i p h e r a l   s p e e d   t h a n  

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

r a n g e   of   a b o u t   12%  t o   a b o u t   30%. 

3.  The  p r o c e s s   of  c l a i m   2  i n   w h i c h   a  m u l t i p l i c i t y   of  f e e d  

y a r n   e n d s   (3,  4)  a r e   p r o c e s s e d .  

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

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

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



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

p y l e n e s .  

5.  The  p r o c e s s   of   c l a i m   4  in   w h i c h   s a i d   p a r t i a l l y   o r i e n t e d  

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

6.  The  p r o c e s s   of  c l a i m   2  w h e r e i n   a t   l e a s t   one  f e e d   y a r n  
end  (3a)  i s   w h i t e   and  i s   n o t   d y e d   d u r i n g   p a s s a g e   t h r o u g h  

s a i d   p r o c e s s   and  w h e r e i n   a t   l e a s t   one  o t h e r   y a r n   e n d  

(4a)  i s   d y e d   t o   a  d e s i r e d   c o l o r ,   to   p r o d u c e   a  p r o d u c t  

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

7.  The  p r o c e s s   of   c l a i m   2  w h e r e i n   a t   l e a s t   one  f e e d   y a r n  

end  (3b)  i s   d y e d   one  c o l o r   d u r i n g   p a s s a g e   t h r o u g h   s a i d  

p r o c e s s   and  a t   l e a s t   one  o t h e r   y a r n   end  (4b)  i s   d y e d  

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

p r o d u c e   a  p r o d u c t   y a r n   b u n d l e   h a v i n g   a  c o l o r / c o l o r   h e a -  

t h e r  e f f e c t .  

8.  The  p r o c e s s   of  c l a i m   2  in   w h i c h   s a i d   c o n d i t i o n i n g   a g e n t  

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

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

9.  The  p r o d u c t   p r o d u c e d  b y   t h e   p r o c e s s   of  c l a i m   1 .  

10.  The  p r o d u c t   p r o d u c e d   by  t h e   p r o c e s s   of  c l a i m   2 .  
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