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(54)  Crimp  angle  modification  process  and  apparatus. 

Process  and  apparatus  for  modifying  the  crimp  angle 
memory  of  a  crimped  yarn  are  provided.  The  process  com- 
prises  extending  the  crimp  angle  of  the  yarn  by  applying 
tension  to  the  yarn,  and  heating  the  yarn  while  under  that 
tension  to  at  least  the  glass  transition  temperature,  but 
below the  melting  point,  of  the  yarn  material.  The  apparatus 
comprises  a  pair  of  nip  rolls,  from  which  the  yarn  passes 
through  a  heated  chamber  to  a  cutter. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   a n d  

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

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

i t   e x i t s   t h e   c r i m p e r   and  p r i o r   to  any  o t h e r   t r e a t m e n t .  

The  tow  s t r e t c h i n g   a p p a r a t u s   u t i l i z e d   in  t h e   f r o n t   end  o f  

t h i s   p r o c e s s   is   shown  in  U .S .   P a t e n t   4  095  318  to   A b b o t t  

e t   a l . ,   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e ,   and  a  t y p i c a l  

c r i m p e r   i s   shown  by  U.S .   P a t e n t s   3  273  220  and  3  351  9 9 3  

to   R o s e n s t e i n   e t   a l . ,   a l s o   i n c o r p o r a t e d   by  r e f e r e n c e .   S e e  

a l s o   U . S .   P a t e n t s   3  266  082  t o   B r a n d i   and  3  422  492  t o  

G o r e c k i ,   p e r t i n e n t   p o r t i o n s   of  w h i c h   a r e   h e r e b y  

i n c o r p o r a t e d   by  r e f e r e n c e .  

PRIOR  ART 

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

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

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

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

r e s t r i c t i o n ,   such   as  a  s t u f f i n g   c h a m b e r   or  t h e   l i k e ,   i n  

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

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

a f t e r ,   t h e   c r i m p e d   y a r n   ( t e x t u r e d   tow)  can  be  cu t   to  f o r m  

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

as  t u f t e d   c a r p e t .   I n t e r m e d i a t e   to  c u t t i n g   and  t u f t i n g ,  

t h e   s t a p l e   f i b e r   is   c a r d e d ,   d r a f t e d   and  spun  i n t o   y a r n ,  
w h i c h   m e c h a n i c a l l y   e x t e n d s ,   i . e . ,   o p e n s   or  e n l a r g e s ,   t h e  

c r i m p   a n g l e   of  t h e   f i b e r .   When  the   f a b r i c ,   e . g . ,   t u f t e d  



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

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

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

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

r e d e v e l o p m e n t   t h e   p r e s e n t   i n v e n t i o n   was  m a d e .  

U . S .   P a t e n t   3  271  836  to   R o s e n s t e i n ,   h e r e b y  

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

or   m o d i f y i n g   c r i m p e d   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   w h i c h  

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

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

of   t h e   V - s h a p e d   c r i m p .  

U . S .   P a t e n t s   3  886  636  and  3  977  058  t o  

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

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

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

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

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

y a r n   w h i c h ,   a f t e r   c o o l i n g   in   t h e   s t r a i g h t e n e d   f o rm ,   w i l l  

a s s u m e   a  c r i m p e d   fo rm  upon   s u b s e q u e n t   h e a t i n g   in  a  r e l a x e d  

s t a t e .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s  a n d  

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

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

t h e   c r i m p   a n g l e   of  t h e   y a r n   by  a p p l y i n g   t e n s i o n   to  t h e  

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

a t   l e a s t   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 ,   b u t   b e l o w   t h e  

m e l t i n g   p o i n t ,   of  t h e   y a r n   m a t e r i a l .  

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

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

p o l y e s t e r   and  p o l y o l e f i n   ( p o l y p r o p y l e n e ) ,   more  p r e f e r a b l y  

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

t h e   l a t t e r .  

The  t e n s i o n   a p p l i e d   when  p r o c e s s i n g   n y l o n   y a r n s  
i s   p r e f e r a b l y   in  a  r a n g e   of  0 . 0 1   to   0 . 0 4   g ram  p e r  

d e n i e r ,   more   p r e f e r a b l y   0 . 0 2   t o   0 . 0 3   g ram  p e r   d e n i e r ,  

t e n s i o n s   of  a t   l e a s t   0 . 0 1   g ram  p e r   d e n i e r   b e i n g   r e q u i r e d  



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

s h r i n k a g e   of  t u f t e d   f i b e r   and  t e n s i o n s   of  g r e a t e r   t h a n  

0 . 0 4   g ram  p e r   d e n i e r   c a u s i n g   t he   c r i m p   a n g l e   to  be  r e m o v e d  

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

p r e s e n t   i n v e n t i o n .  

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 i l l   v a r y  

d e p e n d i n g   on  t h e   p a r t i c u l a r   y a r n   m a t e r i a l .   F u r t h e r ,   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  n y l o n   6  and   n y l o n   6 , 6 ,  

r e s p e c t i v e l y ,   a r e   m a r k e d l y   a f f e c t e d   by  w a t e r   c o n t e n t .   S e e  

B u c h a n a n   and  W a l t e r s ,   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 s   o f  

P o l y a m i d e   T e x t i l e   F i b e r s ,   P a r t   I,   T e x t i l e   R e s e a r c h   J o u r n a l  

3 9 8 - 4 0 6   ( J u n e   1 9 7 7 )   and  K e t t l e ,   V a r i a t i o n   of  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  N y l o n - 6   W i t h   C h a n g i n g   W a t e r  

C o n t e n t ,   18  P o l y m e r   742  ( J u l y   1 9 7 7 ) ,   b o t h   of  w h i c h   a r e  

h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .   The  e f f e c t   o f  

e n v i r o n m e n t   upon  e q u i l i b r i u m   w a t e r   c o n t e n t s   and  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   ( d i l a t o m e t r i c   m e a s u r e m e n t  

t e c h n i q u e )   of  s a m p l e s   of  n y l o n - 6   shown  in  t h e   l a t t e r  

r e f e r e n c e   a r e :  

I t   can  be  s e e n ,   t h e n ,   t h a t   t h e   t e m p e r a t u r e   to  w h i c h  

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

s u r f a c e   p y r o m e t e r   such   as  t h e   D i g i c o n   I I   by  A l n o r  

I n s t r u m e n t   Company  or  a  R a y n g e r   I I   by  R a y t e k )   may  v a r y .  

I t   is  o n l y   n e c e s s a r y   t h a t   t h e   t e m p e r a t u r e   of  t h e   y a r n   b e  

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

e x p o s u r e   l i m i t s   of  t h e   p r o c e s s .   For   n y l o n   y a r n ,   i t   i s  

p r e f e r r e d   t h a t   t h e   y a r n   be  h e a t e d   to  a  t e m p e r a t u r e   in   t h e  

r a n g e   of  40°  t o   1 0 0 ° C ,   more   p r e f e r a b l y   70°  t o   1 0 0 ° C .   T h i s  

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

s a t u r a t e d   s t e a m   a t   a  t e m p e r a t u r e   in  t h e   r a n g e   of  100°   t o  

180°C  in  a  s e a l e d   e n v i r o n m e n t   or  a t   a  t e m p e r a t u r e   in  t h e  

r a n g e   of  100°   t o   105°C   a t   a t m o s p h e r i c   c o n d i t i o n s   f o r   a  

t i m e   of  2  t o   4  s e c o n d s ,   more   p r e f e r a b l y   2 . 2   t o   3 . 8  

s e c o n d s .  

The  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s  

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

a n g l e   of   t h e   y a r n ,   and  means   f o r   h e a t i n g   t h e   y a r n   w h i l e  

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

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

a  c h a m b e r   h a v i n g   a  y a r n   i n l e t   and  a  y a r n   o u t l e t   f o r  

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

t r a n s p o r t i n g   t h e   y a r n   t h e r e t h r o u g h ,   and  means  f o r  

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

m e a n s   i s   a  s t e a m   h e a d e r .   The  r o l l s   in  t h e   h e a t e d   c h a m b e r  

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

f i r s t   r o l l   c o n t a c t e d   in   t h e   c h a m b e r   by  t h e   y a r n   may  b e  

r a t i o e d   to   t h a t   of  t h e   r o l l   l a s t   c o n t a c t e d   by  t h e   y a r n   i n  

t h e   c h a m b e r   to  a p p l y   t h e   r e q u i r e d   t e n s i o n   to  t h e   y a r n .   I t  

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

be  i n d e p e n d e n t   of  t h e   h e a t   a p p l i c a t i o n   m e a n s ,  

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

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

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

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

l i e u   of  n i p   r o l l s .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

F i g u r e   1  i s   a  s c h e m a t i c   s i d e   v i e w ,   p a r t i a l l y   c u t  

away ,   of  t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  tow  s t r e t c h i n g   a p p a r a t u s   u t i l i z e d   in  t h e   f r o n t  



end  of  t h i s   p r o c e s s   i s   d e p i c t e d   in  U .S .   P a t e n t   4  095  318  

to   A b b o t t   e t   a l . ,   i n c o r p o r a t e d   by  r e f e r e n c e   h e r e i n .   W i t h  

r e f e r e n c e   to  F i g u r e   1,  t h e   a p p a r a t u s   of  t h e   p r e s e n t  

i n v e n t i o n   is   p r o v i d e d   to  m o d i f y   t h e   c r i m p   a n g l e   memory  o f  

t h e   c r i m p e d   y a r n   tow  2  e x i t i n g   a  c r i m p e r   box  or  J  b o x  
i n d i c a t e d   by  t h e   n u m e r a l   1.  T e x t u r e d   tow  2  i s   p a s s e d   t o  

a  s e t   of  n i p   r o l l s   3,  t h e n   i n t o   h e a t i n g   c h a m b e r   4  t o   b e  

h e a t e d   to  i t s   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 ,   and  f i n a l l y  

t o   w i t h d r a w a l   means   5,  w h i c h   p r e f e r a b l y   i s   a  c u t t e r   u n i t .  

H e a t i n g   c h a m b e r   4,  w i t h   s w i n g - o u t   f r o n t   p a n e l   11  f o r  

a c c e s s   t h e r e t o ,   has   a  y a r n   i n l e t   6  and   y a r n   o u t l e t   7 ,  

w h i c h   a r e   s i m p l y   s l o t s   f o r   p a s s a g e   of  tow  2  t h e r e t h r o u g h .  
S l u i c e s   and  s e a l s   can  be  p r o v i d e d ,   i f   d e s i r e d ,   to   p r e v e n t  

p e n e t r a t i o n   of  a t m o s p h e r i c   a i r   i n t o   h e a t i n g   c h a m b e r   4 .  

A  p l u r a l i t y   of  f r e e w h e e l i n g ,   f l a n g e d   r o l l s   8  f o r  

t r a n s p o r t i n g   tow  2  a r e   a t t a c h e d   to  t h e   r e a r   p a n e l   o f  

c h a m b e r   4,  t h e   p a r t i c u l a r   number   and  a r r a n g e m e n t   b e i n g  
c h o s e n   to   e f f e c t   a  g i v e n   r e s i d e n c e   t i m e   f o r   tow  2  i n  

c h a m b e r   4.  S a t u r a t e d   s t e a m   is  i n t r o d u c e d ,   p r e f e r a b l y  

u n d e r   a t m o s p h e r i c   c o n d i t i o n s ,   a t   t h e   b a s e   of  c h a m b e r   4  v i a  

s t e a m   h e a d e r   9  h a v i n g   a p e r t u r e s   10.   Nip  r o l l s   3,  o p e r a t i n g  

on  a i r   p r e s s u r e ,   a p p l y   t e n s i o n   to  tow  2  w h i c h   i s  

m a i n t a i n e d   t h r o u g h o u t   h e a t i n g   c h a m b e r   4  by  c o o r d i n a t i n g  
t h e   s p e e d   of  w i t h d r a w a l   means   5 .  

In  l i e u   of  a p p l y i n g   and  m a i n t a i n i n g   t e n s i o n   v i a   n i p  

r o l l s   3  and  w i t h d r a w a l   means   5,  t e n s i o n   may  be  a p p l i e d  

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

s e l e c t e d   r o l l s   8,  p r e f e r a b l y   t h e   f i r s t   and  l a s t   to  b e  

c o n t a c t e d   by  tow  2  w i t h i n   c h a m b e r   4.  F u r t h e r ,   t e n s i o n  

b a r s   c o u l d   be  u s e d   in  l i e u   of  n ip   r o l l s   3  f o r   a p p l y i n g  
t e n s i o n   to  tow  2 .  

EXAMPLE  1  (CONTROL) 

N y l o n   6  p o l y m e r   h a v i n g ,   n o m i n a l l y ,   50  c a r b o x y l  

e n d s ,   m i l l i e q u i v a l e n t s   p e r   106  g r a m s   p o l y m e r ,   50  a m i n e  

e n d s ,   m i l l i e q u i v a l e n t s   p e r   106  g r a m s   p o l y m e r ,   a  f o r m i c   a c i d  

v i s c o s i t y   (ASTM  D - 7 8 9 - 5 9 T )   of  57,  and  h a v i n g   0 . 1 3 %  

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

p r o c e s s ,   i . e . ,   a  p r o c e s s   w h e r e i n   s u b s e q u e n t   to  f i n a l  



p o l y m e r i z a t i o n   t h e   m o l t e n   p o l y m e r   was  pumped  d i r e c t l y  

t o   s p i n n i n g  u n i t s   v i a   an  e x t r u d e r .   The  m o l t e n   p o l y m e r  

h a v i n g   a  t e m p e r a t u r e   of  a b o u t   267°C  was  m e l t - e x t r u d e d  

u n d e r   p r e s s u r e   of  a b o u t   900  p s i g   (6205  k P a )   t h r o u g h   a  

3 0 0 - o r i f i c e   s p i n n e r e t t e   a t   a  r a t e   of  1 8 7 . 5   p o u n d s   p e r   h o u r  

( 8 5 . 0   k g / h o u r )   i n t o   a  q u e n c h   s t a c k   w h e r e   c r o s s f l o w   o f  

q u e n c h i n g   f l u i d   was  a i r   a t   a  t e m p e r a t u r e   of  a b o u t   1 8 ° C  

and  a t   a  r e l a t i v e   h u m i d i t y   of  a b o u t   65%.  The  q u e n c h e d  

f i l a m e n t s   had  a  s p i n   f i n i s h   a p p l i e d   and  we re   d e p o s i t e d  

in  a  tow  c a n .   The  u n d r a w n   d e n i e r   p e r   f i l a m e n t  

was  n o m i n a l l y   32,   t h e   m o d i f i c a t i o n   r a t i o   was  t a r g e t e d   f o r  

2 . 4 ,   and  t h e   p e r c e n t   f i n i s h   on  y a r n   was  a b o u t   0 . 9 .   Y a r n  

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

s e v e r a l   (16)   tow  c a n s   was  c o m b i n e d   in  a  c r e e l   i n t o   a  t o w  

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

a b o u t   3 . 3   t o   1  in   a  tow  s t r e t c h e r .   The  tow  was  t h e n  

f e d   t h r o u g h   a  s t u f f i n g   box  c r i m p e r   u s i n g   a b o u t   15  p o u n d s  

(103  k P a )   of  s t e a m   t o . p r o d u c e   a b o u t   1 0 . 3   c r i m p s   p e r   i n c h  

( 4 . 1   c r i m p s   p e r   cm),   and  was  a u t o c l a v e d   a t   1 2 7 ° C .  

T h e n ,   t h e   tow  was  fed   i n t o   a  c o n v e n t i o n a l  c u t t e r ,   w a s  

c u t   i n t o   s t a p l e   y a r n   h a v i n g   a  l e n g t h   of  8  i n c h e s   ( 2 0 . 3   c m ) ,  

and  was  b a l e d .  

A  s i n g l e   p l y   b u n d l e   of  10  d e n i e r   p e r   f i l a m e n t  

s t a p l e   f i b e r   h a v i n g   a  c o t t o n   c o u n t   of  3 . 0   and  a  t w i s t   o f  

4 . 0   Z  was  f o r m e d .   Some  of  t h i s   y a r n   was  m e a s u r e d   f o r  

c r i m p   e l o n g a t i o n   b e f o r e  b o i l   ( p e r c e n t ) ,   t h e n   b o i l e d   f o r  

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

e l o n g a t i o n   a f t e r   b o i l   ( p e r c e n t ) .   T h e s e   v a l u e s   a l o n g   w i t h  

t h e   d i f f e r e n c e s   ( Δ S )   a r e   p r e s e n t e d   w i t h   some  t e x t u r e d  

y a r n   p h y s i c a l s   in  T a b l e   1 .  

EXAMPLES  2  THROUGH  7 

The  p r o c e d u r e   of  E x a m p l e   1  was  f o l l o w e d   in   each   o f  

E x a m p l e s   2  t h r o u g h   7,  r e s p e c t i v e l y ,   e x c e p t   t h a t   t h e   t o w  

was  fed   t h r o u g h   a p p a r a t u s   l i k e   t h a t   of  F i g u r e   1  p r i o r   t o  

c u t t i n g   in  l i e u   of  a u t o c l a v i n g .   S t e a m   was  i n j e c t e d   u n d e r  

8  p s i g   (55  k P a )   i n t o   a t m o p s h e r i c   c o n d i t i o n s   a t   t h e   b a s e   o f  

c h a m b e r   4  t o   e f f e c t   a  s a t u r a t e d   s t e a m   a t m o s p h e r e   of  a b o u t  

1 0 0 ° C .   The  tow  p a s s e d   t h r o u g h   c h a m b e r   4  a t   a  n o m i n a l   r a t e  



of   500  f e e t   p e r   m i n u t e   (152  m e t e r s / m i n u t e )   f o r   a  r e s i d e n c e  

t i m e   of  3 . 8   s e c o n d s .   T e n s i o n   a p p l i e d ,   c r i m p   box  s t e a m  

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

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

in  T a b l e   1 .  

EXAMPLES  8  THROUGH  1 4  

In  E x a m p l e s   8  t h r o u g h   14,  some  of  t h e   y a r n   f o r m e d  

in   E x a m p l e s   1  t h r o u g h   7,  r e s p e c t i v e l y ,   was  f o r m e d   i n t o  

t u f t e d   v e l o u r   c a r p e t   h a v i n g   a  t a r g e t   w e i g h t   of  2 9 . 0  

o z / y d 2   (983  g / m 2 ) ,   t a r g e t   p i l e   h e i g h t   of  0 . 5   i n c h   ( 1 . 2 7  

cm) ,   POLY  BAC  FLW®  p r i m a r y   b a c k i n g   and  A c t i o n   B a c k s  

s e c o n d a r y   b a c k i n g ,   b o t h   m a n u f a c t u r e d   by  Amoco  F a b r i c s   C o . ,  

P a t c h o g u e   P l y m o u t h   D i v i s i o n .   The  c a r p e t s   we re   b e c k   d y e d  
S a l e m   B e i g e   a t   a  t e m p e r a t u r e   of  a b o u t   96°C  p r i o r   t o  

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

a c t u a l   p i l e   h e i g h t   of  e a c h   c a r p e t   was  t h e n   m e a s u r e d .  

R e s u l t s   a r e   p r e s e n t e d   in  T a b l e   2 .  

D I S C U S S I O N  

W i t h   r e f e r e n c e   to  E x a m p l e s   2  t h r o u g h   7  and  T a b l e  1 ,  
i t   w o u l d   be  e x p e c t e d   f rom  t h e  Δ S   v a l u e s   t h a t   t h e   p i l e  

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

(as   o p p o s e d   to   c o n t r o l   y a r n )   and  dyed  a t   a  t e m p e r a t u r e  

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

8  t h r o u g h   14  and  T a b l e   2  shows   t h i s   p r e d i c t i o n   to  b e  

a c c u r a t e   e x c e p t   in  E x a m p l e   6 .  
The  c r i m p   a n g l e   memory  of  t h e   t e x t u r e d   f i b e r   w a s  

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

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

c r i m p   r e d e v e l o p m e n t ,   p r o v i d i n g   h i g h e r   p i l e   h e i g h t ,   due  t o  

t h e   e x t e n d e d   c r i m p   a n g l e .  







1.  A  p r o c e s s   f o r   m o d i f y i n g   the   c r i m p   a n g l e   m e m o r y  
of  a  c r i m p e d   y a r n ,   c o m p r i s i n g   the   s t e p s   o f :  

e x t e n d i n g   the   c r i m p   a n g l e   of   t he   y a r n   by  a p p l y i n g  

t e n s i o n   to  t he   y a r n ,   a n d  

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

l e a s t   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 ,   b u t   b e l o w   t h e  

m e l t i n g   p o i n t   of  t he   y a r n   m a t e r i a l .  

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

n y l o n .  

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

a p p l i e d   is  in  t he   r a n g e   0 . 0 1   to  0 . 0 4   gram  p e r   d e n i e r .  

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

h e a t e d   to  a  t e m p e r a t u r e   in  the   r a n g e   of  40°C  to  1 0 0 ° C .  

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

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

of   100°  to  180°C  in  a  s e a l e d   e n v i r o n m e n t .  

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

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

of  100°  to  105°C  at   a t m o s p h e r i c   c o n d i t i o n s   f o r   a  t ime   o f  

2  to  4  s e c o n d s .  

7.  A p p a r a t u s   f o r   m o d i f y i n g   the   c r i m p   a n g l e   m e m o r y  
of  a  c r i m p e d   y a r n ,   c o m p r i s i n g :  

means   f o r   a p p l y i n g   t e n s i o n   to  the   y a r n   to  e x t e n d  

the   c r i m p   a n g l e   of  t h e   y a r n ,   a n d  

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

to  a t   l e a s t   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 ,   b u t   b e l o w  

t h e   m e l t i n g   p o i n t ,   of  t h e   y a r n   m a t e r i a l .  

8.  The  a p p a r a t u s   of  c l a i m   7  w h e r e i n   the   means   f o r  

h e a t i n g   the   y a r n   c o m p r i s e s :  

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

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

ing  the   y a r n   t h e r e t h r o u g h ,   a n d  

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

9.  The  a p p a r a t u s   of  c l a i m   8  w h e r e i n   the   s p e e d   o f  

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

r a t i o e d   to  t h a t   of  t he   r o l l   l a s t   c o n t a c t e d   by  the   y a r n  
in  the  c h a m b e r   to  a p p l y   the   r e q u i r e d   t e n s i o n   to  t h e  



y a r n .  
10.  The  a p p a r a t u s   of  c l a i m   8  w h e r e i n   t he   means   f o r  

a p p l y i n g   t e n s i o n   to  the   y a r n   c o m p r i s e s   a  p a i r   of  n i p  

r o l l s ,   f rom  w h i c h   the   y a r n   p a s s e s   to  t h e   y a r n   i n l e t   o f  

the   c h a m b e r ,   and  w i t h d r a w a l   means   to  w h i c h   the   y a r n  

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

the   c h a m b e r   b e i n g   f r e e w h e e l i n g .  
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