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©  Method  and  apparatus  for  continuously  applying  a  liquor  to  an  elongate  material. 
©  The  invention  concerns  a  method  of  continuously  ap-  @ 
plying  a  liquor  to  an  elongate  material,  which  comprises 
forming  a  linear  assembly  comprising  a  plurality  of  yams, 
filaments,  tow,  threads  or  twines,  hereinafter  referred  to  as 
"linear  assembly",  continuously  feeding  liquor  to  said  linear 
assembly  whereby  to-  impregnate  said  linear  assembly  with 
said  liquor,  characterised  in  that  said  liquor/linear  assembly 
combination  is  continuously  passed  through  an  elongate 
treatment  zone  and  through  at  least  one  constrictive  throat 
located  in  said  elongate  treatment  zone,  the  at  least  one  said 
constrictive  throat  having  a  cross-sectional  area  smaller  than 
that  of  the  linear  assembly  immediately  prior  to  its  passage 
through  said  at  least  one  constrictive  throat  such  that  said 
linear  assembly  is  compacted  on  passage  through  said  at 
least  one  constrictive  throat,  and  wherein,  after  passage 
through  said  at  least  one  constrictive  throat,  said  liquor/ 
linear  assembly  combination  passes  through  a  region  in 
which  h  is  maintained  in  a  uniform,  composite  state.  The 
invention  also  includes  ah  apparatus  for  carrying  out  the  Salo" 
method. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   a n d  

a p p a r a t u s   fo r   c o n t i n u o u s l y   a p p l y i n g   a  l i q u o r ,   e . g .  a  

t r e a t i n g   l i q u o r ,   to  an  e l o n g a t e   m a t e r i a l .   M o r e  

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

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

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

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

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

w i t h   t h e   t r e a t i n g   l i q u o r .  

At  p r e s e n t   y a r n   i s   n o r m a l l y   dyed   by  a  b a t c h  

p r o c e s s   w h i c h   i n v o l v e s   t he   s t e p s   o f : -  

(a)  f o r m i n g   a  p l u r a l i t y   of  h a n k s ;  

(b)  s u s p e n d i n g   t h e   h a n k s   f rom  t h e   l i d   of  a  v a t ,  

i . e .   t h e   t a n k   of  t h e   d y e i n g   a p p a r a t u s ;  

:  (c)  s u p p l y i n g   to   t h e   v a t   a b o u t   20  l i t r e s   of  w a t e r  

p e r  k i l o g r a m   of  y a r n ,   i . e .   a  l i q u o r   r a t i o   of  a b o u t  

2 0 : 1 ,   and  a d d i n g   v a r i o u s   a u x i l i a r y   c h e m i c a l s   t o  f o r m   a  

l i q u o r ;  

(d)   l o w e r i n g   t h e   h a n k s   i n t o   t h e   l i q u o r ;  

(e)  h e a t i n g   t h e   l i q u o r   to  a  t e m p e r a t u r e   of  5 0 ° C  

w h i l s t   c i r c u l a t i n g   t he   l i q u o r   t h r o u g h   t h e   h a n k s   f o r   a  

p e r i o d   of  a b o u t   10  m i n u t e s ;  



( f )   r a i s i n g   t h e   h a n k s   o u t   of   t h e   l i q u o r ;  

(g)  a d d i n g   d y e s t u f f   to  t he   l i q u o r ,   w h i l s t  

c i r c u l a t i n g   t h e   l i q u o r   in  t h e   v a t ,   to   f o r m   a  d y e i n g  

l i q u o r ;  

(h)  l o w e r i n g   t h e   h a n k s   i n t o   t h e   d y e i n g   l i q u o r ;  

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

9 5 ° C   o v e r   a  p e r i o d  o f   a b o u t   1  h o u r   w h i l s t   c i r c u l a t i n g  

t h e   d y e i n g   l i q u o r   a t   a b o u t   10  l i t r e s   pe r   m i n u t e   p e r  

k i l o g r a m   of   y a r n ;  

( j )   h o l d i n g   t h e   t e m p e r a t u r e   of   t h e   d y e i n g   l i q u o r  

a t   95°C  f o r   a b o u t   1  hour   w h i l s t   c i r c u l a t i n g   t h e   d y e i n g  

l i q u o r ;  

(k)  o p t i o n a l l y ,   l o w e r i n g   t h e   t e m p e r a t u r e   of   t h e  

d y e i n g   l i q u o r   to   80°C  w i t h   c i r c u l a t i o n   of   t h e   d y e i n g  

l i q u o r   o v e r   a  p e r i o d   of  a b o u t   15  m i n u t e s   ( o m i s s i o n   o f  

t h i s   s t e p   may  r e s u l t   in  more  dye   b e i n g   p r e s e n t   in  t h e  

e f f l u e n t   l i q u o r   in   s t e p   1  b e l o w ) ;  

:  (1)  d i s c h a r g i n g   t h e   e x h a u s t e d   d y e i n g   l i q u o r   a s  

e f f l u e n t ;  

(III)  o p t i o n a l l y ,   a d d i n g   c l e a n   warm  w a t e r   to   t h e   v a t  

a t   a  r a t i o   of   a b o u t  2 0 : 1   ( i . e .   a b o u t   20  l i t r e s   o f  

w a t e r   p e r   k i l o g r a m   of  y a r n )   and   c i r c u l a t i n g  t h e   w a r m  

w a t e r ;  

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

as   e f f l u e n t   and   d r a i n i n g   the   h a n k s ;  

( o )  o f f - l o a d i n g   t h e   h a n k s   t o   a  c e n t r i f u g e   a n d  

r e m o v i n g   w a t e r ;  



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

them  t h r o u g h   an  o v e n   to   f u r t h e r   d r y   t h e m ;   a n d  

(q)  p a c k a g i n g   t h e   y a r n s .  

A l t h o u g h  s a t i s f a c t o r y   d y e i n g   of  y a r n   can   b e  

a c h i e v e d   u t i l i z i n g   t h e   above   b a t c h   d y e i n g   p r o c e s s ,  t h e  

p r o c e s s   d o e s   h a v e   t h e   d i s a d v a n t a g e   t h a t   a  number   o f  

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

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

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

b a t c h   d y e i n g   p r o c e s s   i s   t h a t   t h e   d y e b a t h   mus t   be  of  a  

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

dyed  in   a  s i n g l e   b a t c h .   T h e r e f o r e ,   i f   a t   any  t i m e   i t  

i s   d e s i r e d   to  dye   a  s m a l l e r   a m o u n t   of  y a r n ,   t h e n  

e i t h e r   t he   d y e b a t h   h a s   to  be  u s e d   a t   l e s s   t h a n   i t s  

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

dye  an  a m o u n t   of  y a r n   s m a l l e r   t h a n   t he   maximum  a m o u n t  

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

have   a  f u r t h e r ,   s m a l l e r   d y e b a t h   o f  a   s i z e   s u i t a b l e   f o r  

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

t h e   i n e f f i c i e n t   s i t u a t i o n   of  h a v i n g   to  use   a  l a r g e  

a m o u n t   of  d y e i n g   l i q u o r   to  dye  o n l y   a  s m a l l   a m o u n t   o f  

y a r n .  

A  s t i l l   f u r t h e r   d i s a d v a n t a g e   of  t h e  

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

p a c k i n g   of  t he   y a r n s   in   the   v a t   a f f e c t s   l i q u o r  

c i r c u l a t i o n   w h i c h ,   in   t u r n ,   a f f e c t s   t he   s h a d e   a n d  



l e v e l n e s s   of  d y e i n g .   Hence   fo r   a  p a r t i c u l a r   s h a d e   a n d  

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

on  t h e   v a r i a t i o n   of  b a t c h   s i z e .  

F r o m   t h e  a b o v e   i t   c a n ,   t h e r e f o r e ,   be  s e e n   t h a t   t h e  

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

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

p r o d u c t i o n   r u n s   w h e r e   t h e   y a r n   can   be  d i v i d e d   i n t o  

i n t e g r a l   b a t c h   s i z e s   e q u a l   to  t h e   c a p a c i t y   of  t h e  

a p p a r a t u s .  

F u r t h e r   d i s a d v a n t a g e s   of  t he   b a t c h   d y e i n g   of  y a r n  

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

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

d e m a n d   on  t h e   e f f l u e n t   s y s t e m .  

The  m a i n   a d v a n t a g e   of  t he   a b o v e - d e s c r i b e d   b a t c h  

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

u n i f o r m i t y   of  t h e   d y e i n g   of  t he   y a r n ,   known  as  l e v e l  

d y e i n g ,   c an   be  a c h i e v e d   bu t   o n l y   a t   a  c o s t .  

C o n s i d e r a b l e   c a r e   h a s   to   be  e x e r c i s e d   in   l i q u o r  

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

a u x i l i a r y   c h e m i c a l s   to  a d j u s t   t h e   r a t e   of   s t r i k e ,   a n d  

t h e   e q u i l i b r i u m   p a r t i t i o n   b e t w e e n   l i q u o r   and  t h e  

y a r n .   The  y a r n   has   to  be  p r e s e n t e d   t o  t h e   l i q u o r   s o  

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

a n d   so  e q u a l   c h a n c e   of  r e c e i v i n g   d y e .   For   e c o n o m i c  

r e a s o n s   t h e r e   has   to   be  a r b i t r a t i o n   b e t w e e n   f a c t o r s  

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



t i m e   a t   h i g h   t e m p e r a t u r e   and  t h e   e x t e n t   of  d y e  

e x h a u s t i o n .   5%  and  e v e n   10%  of   t h e   dye  may  be  l e f t   i n  

t h e   dye  l i q u o r .  

In  v i e w   of  t he   a b o v e ,   i t   w o u l d   c l e a r l y   b e  

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

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

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

u n i f o r m i t y   of  d i s t r i b u t i o n   of   t h e   dye  on  the   y a r n .  

C o n t i n u o u s   p r o c e s s e s   a r e   known  fo r   t he   d y e i n g   o f  

tow  in  w h i c h   t h e   tow  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  

dye  l i q u o r   t r o u g h   and  t h e   a m o u n t   of   l i q u o r   a p p l i e d   t o  

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

e m e r g e s   f rom  t h e   t r o u g h ,   b e t w e e n   two  n i p   or  p r e s s u r e  

r o l l e r s   w h i c h   s q u e e z e   t h e   e x c e s s   l i q u o r   f rom  t he   t o w .  

The  tow  i s   t h e n   p a s s e d   to   a  f u r t h e r   t r e a t m e n t   s t a g e  

w h e r e   i t   i s   h e a t e d   and  t he   dye   i s   f i x e d   t h e r e o n .   S u c h  

c o n t i n u o u s   p r o c e s s e s   a r e   known  as  " p a d - m a n g l e "  

p r o c e s s e s .  

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

t h e   a d v a n t a g e ,   o v e r   t h e   b a t c h   d y e i n g   t e c h n i q u e ,   t h a t  

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

tow  b e i n g   p a s s e d   t h r o u g h   t h e   p r o c e s s ,   t he   e x i s t i n g  

m e t h o d s   of  c o n t i n u o u s   d y e i n g   h a v e   one  or  more  of  t h e  

f o l l o w i n g   d i s a d v a n t a g e s : -  

( i )   l a c k   of  u n i f o r m i t y   of   d y e i n g   a l o n g   and  a c r o s s  

t h e   f e e d s t o c k  ( b y  f e e d s t o c k  i s  m e a n t  t h e   m a t e r i a l  

b e i n g   d y e d ) ;  



( i i )   l a c k   of   u n i f o r m i t y   o f   d y e i n g ,   s u r f a c e   t o  

i n t e r i o r ,   of   t h e   f e e d s t o c k ;  

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

dye   l i q u o r   t r o u g h s ;  

( iv )   w a s t a g e   o f   d y e s t u f f   as  a  r e s u l t   of  t h e   u s e   o f  

dye   l i q u o r   t r o u g h s ,   p a r t i c u l a r l y   w a s t a g e   o c c u r r i n g   a t  

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

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

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

c h a n g e s   in   p r o g r a m m e   or  i n v o l u n t a r y   s t o p p a g e s   a r e  

e x t r e m e l y   w a s t e f u l   o f   f e e d s t o c k ;  

(v i )   t h e   d y e i n g   a p p a r a t u s   m a r k s   and  c h a n g e s   t h e  

f e e d s t o c k ;  

( v i i )   d y e   l i q u o r   in  t h e   t r o u g h   may  b e c o m e  

c o n t a m i n a t e d   by  m a t e r i a l s ,   e . g .   g r e a s e   or  w a t e r ,  

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

( v i i i )   dye   l i q u o r   in  t h e   t r o u g h   may  b e c o m e  

d e f i c i e n t   in   d y e s t u f f   and  a c i d   b e c a u s e   t h e s e   t r a n s f e r  

r e l a t i v e l y   q u i c k l y   t o   t h e   f e e d s t o c k   and  a l s o   b e c a u s e  

t h e   l i q u o r   t h a t   i s   r e c y c l e d   in  s u c h   a  c o n t i n u o u s  

p r o c e s s   i s   of   a  w e a k e r   d y e s t u f f / a c i d   s t r e n g t h   t h a n   t h e  

i n i t i a l l y   i n t r o d u c e d   f r e s h   dye  l i q u o r .  

B e c a u s e   of   t h e   a b o v e   d i s a d v a n t a g e s   a s s o c i a t e d   w i t h  

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

m o n i t o r i n g   and   c o n t r o l   of  t h e   p r o c e s s   i s   t h e r e f o r e  

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



c o n c e n t r a t i o n   and   a  c o n s t a n t   pH  and  to  e n s u r e   t h a t   t h e  

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

u n a c c e p t a b l e   l e v e l .  

A  p a d - m a n g l e   d y e i n g   a p p a r a t u s ,   in  wh ich   t h e  

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

w h i c h   u s e s   t h e   n i p   r o l l e r s   to   f o rm  t h e   t r o u g h ,   to   s o m e  

e x t e n t   r e d u c e s   t h e   p r o b l e m   of  w e a k e n i n g   t he   dye  l i q u o r  

as  a  r e s u l t   o f   r e c i r c u l a t i o n   of   t he   dye  l i q u o r .  

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

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

n e c e s s a r y   f o r   u n i f o r m   a d d i t i o n   of  t h e   dye  l i q u o r   t o  

t h e   f e e d s t o c k ,   p a r t i c u l a r l y   when  t h e   dye  l i q u o r  

a d d i t i o n   e x c e e d s   100%  of   t h e   w e i g h t   of  t he   f e e d s t o c k .  

The  use   of  t h e   a b o v e - d e s c r i b e d   c o n t i n u o u s   d y e i n g  

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

y a r n s   as  t h e   u n i f o r m i t y   of  d i s t r i b u t i o n   of  t h e   dye   o n  

t h e   y a r n   i s   p o o r .   A  s o - c a l l e d   " f r o s t i n g "   e f f e c t  

o c c u r s   w h i c h   i s   when  t h e   o u t e r m o s t   f i n e   f i b r e s   o r  

f i l a m e n t s   of   t h e   y a r n   a r e   n o t   dyed   to  t he   same  e x t e n t  

as  t he   main   b u l k   of   t h e   y a r n .   F r o s t i n g   i s  

p a r t i c u l a r l y   e m p h a s i z e d   by  t h e   use   of  a  p a d - m a n g l e  

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

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

n i p .  F u r t h e r ,   t h e   m e a n s   by  w h i c h   t he   y a r n s   a r e   h e a t e d  

f o r   t h e   p u r p o s e   of   dye  s t r i k e   and  dye  f i x a t i o n   c a n  

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



t h e   y a r n .   For  e x a m p l e ,   i f   t h e   y a r n s   a r e   h e a t e d   b y  

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

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

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

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

f i b r e s ,   t h e r e b y   r e s u l t i n g   in  t h e s e   f i b r e s   b e i n g   m o r e  

h i g h l y   d y e d   t h a n   t h e   r e m a i n i n g   f i b r e s .   I f ,   h o w e v e r ,  

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

h e l d ,   c o n d e n s a t e   t e n d s   to  l e a c h   dye  f r o m   t h e   s u r f a c e  

o f   t h e   y a r n s   as   i t   w i c k s   to  t h e   i n t e r i o r   of   t he   y a r n s ,  

t h e r e b y   e n h a n c i n g   t h e   f r o s t i n g   e f f e c t .   I n c r e a s i n g   t h e  

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

f i b r e s .  

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

d u r i n g   f i x a t i o n   of   t h e   dye  b u t   t h e s e   s y s t e m s   a r e   o n l y  

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

s t a p l e   a n d   a r e   u n s u i t a b l e   f o r   u s e   on  y a r n s .  

-  I t   h a s   now  b e e n   f o u n d   t h a t ,   by  u s i n g   a  new  m e t h o d  

o f   c o n t i n u o u s l y   a p p l y i n g   a  l i q u o r   to   an  e l o n g a t e  

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

a b o v e - s t a t e d   d i s a d v a n t a g e s   of  t h e   known  b a t c h   a n d  

c o n t i n u o u s   d y e i n g   p r o c e s s e s   may  be  o v e r c o m e   and  t h a t   a  

d y e d   p r o d u c t   may  be  o b t a i n e d   h a v i n g   a  u n i f o r m i t y   o f  

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

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

A c c o r d i n g  t o   t h e   p r e s e n t   i n v e n t i o n  t h e r e   i s  

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



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

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

t h r e a d s   or  t w i n e s ,   h e r e i n a f t e r   r e f e r r e d   to   as  " l i n e a r  

a s s e m b l y " ,   c o n t i n u o u s l y   f e e d i n g   l i q u o r ,   e . g .   a  d y e i n g  

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

s a i d   l i n e a r   a s s e m b l y   w i t h   s a i d   l i q u o r ,   c h a r a c t e r i z e d  

in  t h a t   s a i d   l i n e a r   a s s e m b l y / l i q u o r   c o m b i n a t i o 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   an  e l o n g a t e   t r e a t m e n t   z o n e  

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

in  s a i d   e l o n g a t e   t r e a t m e n t   z o n e ,   t he   or  e a c h   of  s a i d  

c o n s t r i c t i v e   t h r o a t s   h a v i n g   a  c r o s s - s e c t i o n a l   a r e a  

s m a l l e r   t h a n   t h a t   of  t h e   l i n e a r   a s s e m b l y   i m m e d i a t e l y  

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

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

on  p a s s a g e   t h r o u g h   s a i d   c o n s t r i c t i v e   t h r o a t ( s ) ,   a n d  

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

t h r o a t ( s ) ,   s a i d   l i q u o r / l i n e a r   a s s e m b l y   c o m b i n a t i o n  

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

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

As  u s e d   h e r e i n   in  c o n n e c t i o n   w i t h   t h e   p r e s e n t  

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

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

a r e a   of  t he   l i n e a r   a s s e m b l y   of   y a r n s ,   f i l a m e n t s ,   t o w s ,  

t h r e a d s   or  t w i n e s   i s   r e d u c e d .  

In  t he   m e t h o d   of  t h e   i n v e n t i o n   t he   l i q u o r   a n d  

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



a f t e r   t h e y   e m e r g e   f rom  t h e   c o n s t r i c t i v e   t h r o a t ( s )   s u c h  

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

t w i n e s   of   t h e   l i n e a r   a s s e m b l y   h a v e   u n i f o r m   a m o u n t s   o f  

t h e   l i q u o r   in  t h e i r   s u r r o u n d i n g s .   The  l i q u o r   a n d  

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

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

i n t e r a c t i o n   b e t w e e n   t h e   l i n e a r   a s s e m b l y   and  t h e  

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

u s e d   to   t r e a t   t h e   l i n e a r   a s s e m b l y   t h e   a c t i v e  

c o n s t i t u e n t   of  t h e   t r e a t i n g   l i q u o r ,   s u c h   as  a  d y e ,   h a s  

t r a n s f e r r e d   f rom  t h e   t r e a t i n g   l i q u o r   to   t h e   l i n e a r  

a s s e m b l y .   T h e r e a f t e r ,   t h e   l i n e a r  a s s e m b l y   may  b e  

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

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

t h e   l i n e a r   a s s e m b l y   and  be  f i x e d   in   t h e   m o l e c u l a r  

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

h e l d   by  p a c k i n g   f o r c e s   a n d / o r   h y d r o g e n   b o n d i n g   a n d / o r  

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

I n   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   i t   i s  

i m p o r t a n t   t h a t   t h e   l i q u o r / l i n e a r   a s s e m b l y   f i l l s   t h e  

s p a c e   a v a i l a b l e   in  t h e   t r e a t m e n t   zone   i m m e d i a t e l y  

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

t h r o a t ( s )   so  as  to   f o r m   a  r e s e r v o i r ( s )   of   l i q u o r  

e x t e n d i n g   u p s t r e a m   f rom  t h e   r e s t r i c t i v e   t h r o a t ( s ) .  

P r e f e r a b l y ,   t h e   l i n e a r   a s s e m b l y   h a s   a  c r o s s - s e c t i o n a l  

a r e a   s u c h   t h a t ,   on  i t s   p a s s a g e   t h r o u g h .   t h e   e l o n g a t e  



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

s u r f a c e   of  the   t r e a t m e n t   z o n e   u p s t r e a m   f rom  t h e  

c o n s t r i c t i v e   t h r o a t ( s ) .  

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

m e t h o d   of  t he   p r e s e n t   i n v e n t i o n ,   t h e   p a s s a g e   of  t h e  

l i q u o r / l i n e a r   a s s e m b l y   t h r o u g h   t he   e l o n g a t e   t r e a t m e n t  

zone   i s   s u c h   t h a t :  

(a)  t he   l i n e a r   a s s e m b l y   i s   a p p r e c i a b l y   c o m p a c t e d  

by  t h e   c o n s t r i c t i v e   t h r o a t ( s )   on  i t s   p a s s a g e  

t h e r e t h r o u g h ;  

(b)  the   l i q u o r / l i n e a r   a s s e m b l y   f i l l s   t he   s p a c e  

a v a i l a b l e   in  t he   e l o n g a t e   t r e a t m e n t   zone  i m m e d i a t e l y  

u p s t r e a m   f rom  t h e   c o n s t r i c t i v e   t h r o a t ( s )   and  t h e  

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

s u r f a c e   of  the   e l o n g a t e   t r e a t m e n t   z o n e ;   a n d  

(c)  in   t he   r e g i o n   o f   t h e   e l o n g a t e   t r e a t m e n t   z o n e  

d o w n s t r e a m   f rom  t h e   c o n s t r i c t i v e   t h r o a t ( s ) ,   t h e   l i q u o r  

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

t r e a t m e n t   zone  and  t h e   l i n e a r   a s s e m b l y   i s   s l i g h t l y  

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

z o n e .  

The  a m o u n t   of  l i q u o r   in  t h i s   ( t h e s e )  

" r e s e r v o i r ( s ) "   s h o u l d   p r e f e r a b l y   r e m a i n   c o n s t a n t ,  

t h e r e b y . m a i n t a i n i n g   an  i n v a r i a n t   l i q u o r   f l o w   r a t e .  



Some  or   a l l   of   t h e   l i q u o r   may,  f o r   e x a m p l e ,   be  f e d  

to  t h e   l i n e a r   a s s e m b l y   b e f o r e   t h e   " r e s e r v o i r " ,   i n  

w h i c h   c a s e   t h e r e   w i l l   be  p a r t   of  t he   e l o n g a t e  

t r e a t m e n t   z o n e   o n l y   p a r t i a l l y   f i l l e d   w i t h   t h e  

l i q u o r / l i n e a r   a s s e m b l y   c o m b i n a t i o n .  

P r e f e r a b l y   t h e   g r e a t e r   p r o p o r t i o n   o f   t h e   l i q u o r   i s  

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

w i t h i n   t h e   " r e s e r v o i r " ,   so  t h a t   a  s u b s t a n t i a l l y  

s t a t i o n a r y   ' p l u g '   of   l i q u o r   is   f o r m e d   u p s t r e a m   of  t h a t  

p o i n t .  

In  t h e s e   c i r c u m s t a n c e s   t he   r a t e   of  c o u n t e r f l o w   o f  

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

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

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

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

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

t h e   l i q u o r   e n t r y   p o i n t .   T h i s   has   t h e   e f f e c t   o f  

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

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

l i n e a r   v o l u m e   of   t h e   m a t e r i a l   of  t h e   l i n e a r   e l e m e n t  

( i . e .   e x c l u d i n g   v o i d s   and  l i q u o r   s p a c e ) .   F u r t h e r m o r e ,  

i f   t h e   c r o s s   s e c t i o n a l   a r e a   of  t h e   t r e a t m e n t   z o n e  

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

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

l i q u o r   s p a c e   i s   a v a i l a b l e ,   l e s s   l i q u o r   i s   i n v o l v e d   i n  

a  l i n e a r   v a r i a t i o n  o f   t h e  r e s e r v o i r  a n d   t h e r e f o r e   t h e  



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

l e s s .   The  c r o s s - s e c t i o n a l   a r e a   of  t h e   t r e a t m e n t   z o n e  

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

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

l i q u o r   e n t r y   p o i n t .   One  way  of  a c h i e v i n g   t h i s   i s   t o  

p r o v i d e   an  e x t r a   c o n s t r i c t i v e   t h r o a t   u p s t r e a m   of  t h e  

s a i d   l i q u o r   e n t r y   p o i n t ,   in   w h i c h   c a s e   any  l i q u o r  

e n t e r i n g   b e f o r e   s u c h   e x t r a   r e s t r i c t i v e   t h r o a t   mus t   n o t  

be  s u c h   as  to  c r e a t e   a  r e s e r v o i r   u p s t r e a m   of  s a i d  

e x t r a   c o n s t r i c t i v e   t h r o a t .  

P r e f e r a b l y   t h e   e l o n g a t e   t r e a t m e n t   zone  i s   o f  

c i r c u l a r   c r o s s - s e c t i o n   and   p r e f e r a b l y   t he   or  e a c h  

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

o r i f i c e   of  c i r c u l a r   c r o s s - s e c t i o n .  

The  w h o l e   of  t h e   l i q u o r   may,  f o r   e x a m p l e ,   be  f e d  

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

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

t h r o a t ( s )   i n t e n d e d   to   p r o d u c e   r e s e r v o i r s .   H o w e v e r ,   i t  

i s   a l s o   p o s s i b l e   to   f e e d   a  p a r t   of  t h e   l i q u o r   to  t h e  

l i n e a r   a s s e m b l y   b e f o r e   t h e   l i n e a r   a s s e m b l y   e n t e r s   t h e  

e l o n g a t e   t r e a t m e n t   z o n e   or  d o w n s t r e a m   of  t h e  

c o n s t r i c t i v e   t h r o a t s .  

At ,   or  i n  t h e   r e g i o n   o f ,   t he   p o i n t   a t   wh ich   t h e  

l i q u o r   i s   fed   to  t h e   l i n e a r   a s s e m b l y ,   t he   l i n e a r  

a s s e m b l y   may,  f o r   e x a m p l e ,   be  p a s s e d   t h r o u g h   a  g u i d e  

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



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

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

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

The  l i q u o r   may,   f o r   e x a m p l e ,   be  h e a t e d   b e f o r e   i t  

i s   f ed   to   t h e   l i n e a r   a s s e m b l y   and   s u c h   h e a t i n g   m a y ,  

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

a  h e a t   e x c h a n g e r .   Such  h e a t i n g   w o u l d   h e l p   t o  

s o l u b i l i z e ,   in   t h e   s o l v e n t   m e d i u m ,   e . g .   w a t e r ,   of   t h e  

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

In  one  e m b o d i m e n t   of  t h e   m e t h o d   of  t h e   p r e s e n t  

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

t h e   l i q u o r ,   e . g .   a  d y e i n g   l i q u o r ,   i s   f e d   t h e r e t o ,   t h e  

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

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

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

l i n e a r   a s s e m b l y .   -Such  c o n d i t i o n i n g   may,   f o r   e x a m p l e ,  

c o m p r i s e   one  or  more   of  t h e   s t e p s   o f :  

:  ( i )   w a s h i n g   t h e   l i n e a r   a s s e m b l y ,   e . g .   w i t h   w a t e r ,  

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

e x c e s s   w a s h i n g   f l u i d   f rom  t h e   r e s u l t i n g   wet   l i n e a r  

a s s e m b l y ,   f o r   e x a m p l e ,   by  p a s s i n g   t h e   we t   l i n e a r  

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

t r e a t m e n t   r e m o v i n g   or  r e d u c i n g   t h e   a m o u n t   o f  

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

t o w ,   t h r e a d s   or  t w i n e s   f o r m i n g   t h e   l i n e a r   a s s e m b l y ;  



( i i )   h e a t i n g   t h e   l i n e a r   a s s e m b l y ,   f o r   e x a m p l e   b y  

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

to  r a i s e   t h e   t e m p e r a t u r e   of  t he   l i n e a r   a s s e m b l y   to   a n  

a p p r o p r i a t e   t e m p e r a t u r e   for   t r e a t m e n t   w i t h   t h e   l i q u o r ;  

( i i i )   d i r e c t l y   c o n t a c t i n g   t h e   l i n e a r   a s s e m b l y   w i t h  

s t e a m ;   a n d  

( i v )   a d j u s t i n g   t he   pH  of  t h e   l i n e a r   a s s e m b l y . .  

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

b e i n g   c o n t a c t e d   w i t h   t h e   l i q u o r   may,   f o r   e x a m p l e ,   b e  

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

t h r e a d s   or  t w i n e s   f o r m i n g   the   l i n e a r   a s s e m b l y   do  n o t  

a l l   h a v e   t h e   same  c h a r a c t e r i s t i c s   w i t h   r e g a r d   to   t h e i r  

a f f i n i t y   f o r   t h e   l i q u o r .  

The  e f f e c t   of  p a s s i n g   the   l i q u o r / l i n e a r   a s s e m b l y  

t h r o u g h   a t   l e a s t   one  c o n s t r i c t i v e   t h r o a t   i s   s u c h   t h a t  

t he   c o m p a c t i o n   of  t h e   l i n e a r   a s s e m b l y   as   i t   p a s s e s  

t h r o u g h   t h e   c o n s t r i c t i v e   t h r o a t ( s )   r e s u l t s   in   t h e  

l i q u o r   b e i n g   f o r c e d ,   or  " s q u i r t e d " ,   t h r o u g h   t h e  

c o n s t r i c t i v e   t h r o a t ( s )   in  t he   same  d i r e c t i o n   as  t h e  

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

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

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

f rom  t h e   c o n s t r i c t i v e   t h r o a t ( s )   and   r e l a t i v e   t h e   m a i n  

d i r e c t i o n   of   p a s s a g e   of  the   l i q u o r / l i n e a r   a s s e m b l y .  

T h i s   i s   b e l i e v e d   to   g i v e   r i s e   to   t h e   s i t u a t i o n   w h e r e i n  

t h e   l i q u o r   and  t h e   l i n e a r  a s s e m b l y   may  b o t h   b e  p a s s i n g  



at   t h e   same  s p e e d   t h r o u g h   t h e   r e g i o n   of   t h e   e l o n g a t e  

t r e a t m e n t   zone   u p s t r e a m   f r o m ,   and  r e m o t e   f r o m ,   t h e  

c o n s t r i c t i v e   t h r o a t ( s )   ( s e e   a f o r e s a i d   d i s c u s s i o n   o f  

t h e   f o r m a t i o n   of  a  " r e s e r v o i r "   of  l i q u o r   and  t h e  

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

in  t h e   r e g i o n   o f ,   or  b e f o r e ,   t h i s   " r e s e r v o i r " ) ,   t h e  

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

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

c o n s t r i c t i v e   t h r o a t ( s )   a t   a  f a s t e r   s p e e d   t h a n   t h e  

l i q u o r   i s   p a s s i n g   t h r o u g h   t h e   same  r e g i o n ,   and  t h e  

l i q u o r   i s   p a s s i n g   t h r o u g h   t h e   c o n s t r i c t i v e   t h r o a t ( s )  

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

t h r o u g h   s u c h   c o n s t r i c t i v e   t h r o a t ( s ) .  

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

c o n s t r i c t i v e   t h r o a t ( s )   i s   t h a t   t h e   l i q u o r   i s   f o r c e d   t o  

move  r e l a t i v e   to  t h e   l i n e a r   a s s e m b l y   and  t h e r e b y  

a c h i e v e s   a  b e t t e r ,   and  more   u n i f o r m ,   d i s t r i b u t i o n   o f  

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

f i l a m e n t s ,   t ow,   t h r e a d s   or  t w i n e s   f o r m i n g   t h e   l i n e a r  

a s s e m b l y .  

The  p r e s e n c e   of  a t   l e a s t   one  c o n s t r i c t i v e   t h r o a t  

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

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

in   t h e   l i q u o r ,   t h e   maximum  p r e s s u r e   b e i n g   in  t h e  

r e g i o n   of  t h e   e n t r a n c e   to   c o n s t r i c t i v e   t h r o a t ( s )   a n d  

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



a n d   d o w n s t r e a m   s i d e s   of   t he   r e g i o n   of   m a x i m u m  

p r e s s u r e .   F u r t h e r ,   t h e   p r e s s u r e   u p s t r e a m   f r o m  t h e  

c o n s t r i c t i v e   t h r o a t ( s )   b a l a n c e s   t h e   p r e s s u r e   d o w n -  

s t r e a m   f rom  t he   c o n s t r i c t i v e   t h r o a t ( s ) .  

As  s t a t e d   a b o v e   t h e   l i n e a r   a s s e m b l y   and  t h e  

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

t h r o a t ( s ) ,   p a s s   t h r o u g h   a  r e g i o n   w h e r e i n   t h e y   a r e  

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

y a r n s ,   f i l a m e n t s ,   t h r e a d s ,   t ows   or  t w i n e s   of  t h e  

l i n e a r   a s s e m b l y   h a v e   u n i f o r m   a m o u n t s   of  t h e   l i q u o r   i n  

t h e i r   s u r r o u n d i n g s .   The  l i n e a r   a s s e m b l y   and  l i q u o r  

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

t h e   u n i f o r m   d i s t r i b u t i o n   of  t h e   l i q u o r   i n . t h e  

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

t h e   c a s e   of  y a r n   d y e i n g ,   u n t i l   t h e   dye   has   t r a n s f e r r e d  

f r o m   t h e   l i q u o r   to  t h e   y a r n s .   The  l i q u o r / l i n e a r  

a s s e m b l y   c o m p o s i t e   may,  for   e x a m p l e ,   be  h e a t e d   i n  

o r d e r   to   a c t i v a t e   or  a c c e l e r a t e   t h e   t r e a t m e n t  

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

a s s e m b l y   c o m p o s i t e   may,   fo r   e x a m p l e ,   be  by  an  e l e c t r i c  

h e a t e r   or  a  f l u i d   h e a t i n g   j a c k e t   l o c a t e d   a r o u n d   t h e  

c o n t a i n i n g   o u t e r   w a l l   of  t he   e l o n g a t e   t r e a t m e n t   z o n e  

d o w n s t r e a m   f rom  t he   c o n s t r i c t i v e   t h r o a t ( s ) .  

P r e f e r a b l y ,   t he   h e a t i n g   i s   s p r e a d   o v e r   t h e   c r o s s -  

s e c t i o n   of  t h e   l i q u o r / l i n e a r   a s s e m b l y   c o m p o s i t e ,   f o r  

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

m i c r o w a v e   or  h i g h   f r e q u e n c y   e l e c t r o m a g n e t i c   r a d i a n t  



e n e r g y ,   or  w h e n   c o n v e n i e n t   by  p a s s i n g   an  e l e c t r i c  

c u r r e n t   d i r e c t l y   t h r o u g h   t h e   l i q u o r .  

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

m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   t h e   l i q u o r   is  h e a t e d  

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

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

c o n s t r i c t i v e   t h r o a t ( s ) ,   t h e   l i q u o r / l i n e a r   a s s e m b l y   i s  

p a s s e d   t h r o u g h   a  h o t   zone   in   w h i c h   t he   t e m p e r a t u r e   i s  

m a i n t a i n e d   in   t h e   d o w n s t r e a m   d i r e c t i o n .  

I f   t he   l i q u o r   i s   a  d y e i n g   l i q u o r ,   t h e n   in  t h e   h o t  

zone   t h e   dye  t r a n s f e r s   f rom  t h e   l i q u o r   o n t o   t h e   y a r n s ,  

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

a s s e m b l y .   H o w e v e r ,   in   t h i s   c a s e ,   t h e   ho t   zone  may  n o t  

a c h i e v e   s u f f i c i e n t l y   c o m p l e t e   t r a n s f e r   of  t he   dye   o n t o  

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

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

p r e f e r a b l y   p r o v i d e d .   T h i s   f u r t h e r   h o t   zone  may,  f o r  

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

drum  w i t h   t h e   l i q u o r / l i n e a r   a s s e m b l y   c o m p o s i t e   p a s s i n g  

b e t w e e n   the   b e l t   and   t h e   drum  and  p a s s i n g   one  or  m o r e  

t i m e s   a r o u n d   t h e   d r u m .   In  s u c h   an  a r r a n g e m e n t   f o r   t h e  

f u r t h e r   h o t   z o n e ,   t h e   t e m p e r a t u r e   of  the   l i q u o r / l i n e a r  

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

f l a t t e n e d   by  i t s   p a s s a g e   b e t w e e n   t he   b e l t   and  t h e  

d rum,   the   i n t i m a c y   of   t h e   l i n e a r   a s s e m b l y   and  l i q u o r  

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



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

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

a s s e m b l y .   In  t he   c a s e   of  d y e i n g   y a r n ,   a  s t i l l   f u r t h e r  

h o t   zone   m a y  b e   p r o v i d e d ,   e . g   in  t h e   f o r m   of  a  J - b o x ,  

b u t   in   t h i s   s t i l l   f u r t h e r  h o t   zone   i t   i s   n o t   n e c e s s a r y  

to   m a i n t a i n   t h e   l i n e a r   a s s e m b l y   and  l i q u o r   as  a  

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

t h e r e b e t w e e n   has   a l r e a d y   b e e n   a l l o w e d   to   t a k e   p l a c e .  

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

t w i n e s   of  t h e   l i n e a r   a s s e m b l y   may,  f o r   e x a m p l e ,   h a v e  

f u r t h e r   l i q u o r   or  a  d i f f e r e n t   l i q u o r   a p p l i e d   t h e r e t o  

d o w n s t r e a m   of  t he   c o n s t r i c t i v e   t h r o a t ( s ) ,   e . g .   t o  

a l t e r   t h e   pH,  a n d / o r   may  come  i n t o   c o n t a c t   w i t h   s t e a m  

c o n d e n s a t e   as  a  r e s u l t   of  h e a t i n g   t h e   y a r n s   d i r e c t l y  

w i t h   s t e a m ,   in  w h i c h   c a s e s   a  f u r t h e r   c o n s t r i c t i v e  

t h r o a t   may  be  u s e d   to   i m p r o v e   t h e   u n i f o r m i t y   o f  

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

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

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

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

of   t h e   f u r t h e r   f l u i d   a n d / o r   s t e a m .   The  l i n e a r  

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

a  wash   b a t h   a n d / o r   t h r o u g h   a  m a n g l e ,   e . g .   to  r e m o v e  

any   e x c e s s   f l u i d ,   a n d / o r   t h r o u g h   a  d r y i n g   oven  a n d / o r  

t h r o u g h   an  o i l   a p p l i c a t o r .  



A f t e r   t r e a t m e n t ,   t h e   y a r n s ,   f i l a m e n t s ,   t o w s ,  

t h r e a d s   or  t w i n e s   may,   f o r   e x a m p l e ,   be  p a c k a g e d   o n  

r o l l e r s ,   c r e e l s   or  b o b b i n s   s u i t a b l e   f o r   f u r t h e r  

t e x t i l e   p r o c e s s i n g   f o r   s t o r a g e   or  t r a n s p o r t a t i o n ,   o r  

be  c u t   i n t o   d e s i r e d   l e n g t h s ,   or  s e p a r a t e d   by  g u i d e  

p i n s   i n t o   a  w a r p   s h e e t ,   and  t h e n   p r e s e r v e d   in   t h i s  

m a n n e r   u n t i l   c o l l e c t e d .  

I f ,   i n   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e  

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

i n t o   t h e   e l o n g a t e   t r e a t m e n t   zone  and  t h e   l i n e a r  

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

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

from  t h e   p o i n t   of   i n t r o d u c t i o n   of  t h e   l i q u o r ,   t h e n   t h e  

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

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

of  r e s t r i c t i n g   t h e   f l o w   of  t he   l i q u o r   and  so  f u r t h e r  

s t a b i l i z i n g   t h e   v o l u m e   of  t h e   r e s e r v o i r   of  l i q u o r  

u p s t r e a m   of   t h e   c o n s t r i c t i v e   t h r o a t ( s ) ,   t h i s  

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

a b o v e ,   o f   t h e   p r e s e n c e   of  t h e   c o n s t r i c t i v e   t h r o a t ( s ) .  

R e s t r i c t i o n   in   t h e   f l o w   of  t h e   l i q u o r   i s   p r e f e r a b l y  

a c h i e v e d   by  t h e   p r e s e n c e   of  a  c o n s t r i c t i v e   t h r o a t  

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

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

a d d i t i o n a l   t o   t h e   c o n s t r i c t i v e   t h r o a t ( s )   p o s i t i o n e d  

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

the   l i n e a r   a s s e m b l y .  



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

of  t h e   l i q u o r   e n t r y   p o i n t   h a s   a  c r o s s - s e c t i o n a l   a r e a  

s i m i l a r   to  t h a t   of  t h e   f i r s t   c o n s t r i c t i v e   t h r o a t  

d o w n s t r e a m   or  s a i d   e n t r y   p o i n t .   T h i s   w i l l   f u r t h e r  

s t a b i l i z e   t h e   " r e s e r v o i r "  v o l u m e   by  s t a b i l i z i n g   t h e  

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

t h e   " r e s e r v o i r "   by  t h e   c o n s t r i c t i v e   t h r o a t   d o w n s t r e a m  

of  t h e   l i q u o r   e n t r y   p o i n t ;   s a i d   s t a b i l i z a t i o n  

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

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

of  t he   l i q u o r   e n t r y   p o i n t   e x c e e d i n g   t h o s e   f o r c e s   p e r  

u n i t   l e n g t h   r e q u i r e d   to   pump  t h e   e q u i v a l e n t   a m o u n t  

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

l i q u o r   e n t r y   p o i n t .  

I f   such   a  c o n s t r i c t i v e   t h r o a t   i s   p r e s e n t ,   u p s t r e a m  

of  t he   l i q u o r   e n t r y   p o i n t ,   t h e   l i n e a r   a s s e m b l y   i s  

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

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

t h r o u g h   t e n s i o n   on  t h e   l i n e a r   a s s e m b l y .  

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

p r o v i d e d   an  a p p a r a t u s   f o r   a p p l y i n g   a  l i q u o r   to  a n  

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

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

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

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

s a i d  l i q u o r ,   c h a r a c t e r i z e d  i n   t h a t  s a i d   a p p a r a t u s   a l s o  



c o m p r i s e s   an  e l o n g a t e   t r e a t m e n t   z o n e   f o r   p a s s a g e   o f  

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

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

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

a s s e m b l y ,   s a i d   a t   l e a s t   one  c o n s t r i c t i v e   t h r o a t   b e i n g  

l o c a t e d   in   s a i d   e l o n g a t e   t r e a t m e n t   zone   and   d o w n s t r e a m  

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

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

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

l i n e a r   a s s e m b l y   and  l i q u o r   in   a  u n i f o r m   c o m p o s i t e  

s t a t e .  

P r e f e r a b l y   t h e   e l o n g a t e   t r e a t m e n t   zone   i s   o f  

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

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

o r i f i c e   of   c i r c u l a r   c r o s s - s e c t i o n .  

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

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

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

f rom  t h e   e l o n g a t e   t r e a t m e n t   z o n e .   H o w e v e r ,   i t   i s  

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

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

t h e   c o n s t r i c t i v e   t h r o a t ( s ) .  

A t ,   or   in   t h e   r e g i o n   o f ,   t h e   m e a n s   f o r  

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

a s s e m b l y ,   t h e r e   may  be  p r o v i d e d   a  g u i d e   box  f o r  

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



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

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

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

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

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

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

t h e   l i n e a r . a s s e m b l y .  

C o n d i t i o n i n g   means   may,  f o r   e x a m p l e ,   be  p r o v i d e d  

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

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

t h e r e t o .   S u c h   c o n d i t i o n i n g   m e a n s   may ,   f o r   e x a m p l e ,  

c o m p r i s e   one  or  more  of  the   f o l l o w i n g : -  

(1)  w a s h i n g   means   to  wash  t h e   l i n e a r   a s s e m b l y   a n d  

m e a n s ,   e . g .   n i p   or  p r e s s u r e   r o l l e r s ,   to   r e m o v e   e x c e s s  

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

s c o u r i n g   a g e n t ,   f rom  the   r e s u l t i n g   w e t   l i n e a r   a s s e m b l y ;  

(2)  h e a t i n g   m e a n s ,   e . g .   a  h e a t   e x c h a n g e r ,   to   r a i s e  

t h e   t e m p e r a t u r e   of  t he   l i n e a r   a s s e m b l y ;  

(3)  s t e a m   i n l e t   means   a d a p t e d   t o   a l l o w   s t e a m   t o  

d i r e c t l y   c o n t a c t   t h e   l i n e a r   a s s e m b l y ;   a n d  

(4)  m e a n s   f o r   a d j u s t i n g   t h e   pH  of   t h e   l i n e a r  

a s s e m b l y .  

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

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

a c c e l e r a t i n g   t h e   t r e a t m e n t   p r o c e s s ,   e . g .   an  e n e r g i z i n g  

o r  h o t   z o n e ,  a f t e r  t h e   l i q u o r  h a s   b e e n   f ed   to   t h e  



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

c o n s t r i c t i v e   t h r o a t ( s ) .  T h e   e n e r g i z i n g   or  h o t   z o n e  

may ,   fo r   e x a m p l e ,   c o m p r i s e   one   or  more   of   t h e  

f o l l o w i n g : - .  

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

t h e   s t e a m   w i t h   t h e   l i q u o r / l i n e a r   a s s e m b l y   c o m p o s i t e  

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

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

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

f o r   e x a m p l e ,   be  u t i l i z e d   d o w n s t r e a m   of   t h e   p o i n t   o f  

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

d i s t r i b u t i o n   of  t h i s   i n c r e a s e d   t o t a l   l i q u o r   v o l u m e ;  

(b)  means   f o r   i n t r o d u c i n g   f u r t h e r   t r e a t i n g   l i q u o r  

or   a n o t h e r   f l u i d ,   e . g .   f o r   a d j u s t i n g   t h e  p H ,   o r  

c o n t a i n i n g   a  c a t a l y s t ,   r e a c t i v e   c h e m i c a l   or  a  m e t a l  

c o m p l e x i n g   a g e n t ;  

(c)  a  h e a t e r ,   e . g .   an  e l e c t r i c   o h m i c  h e a t e r   or  a  

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

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

c o m p o s i t e   and  h e a t   t h e   c o m p o s i t e ;  

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

h e a t e r   or  a  h i g h   f r e q u e n c y   e l e c t r o m a g n e t i c   w a v e  

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

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

c e n t r e   of  l i q u o r / l i n e a r   a s s e m b l y   c o m p o s i t e   when  a n  

e l e c t r i c  o h m i c   h e a t e r   o r  a   f l u i d   h e a t e d  j a c k e t  i s  

u s e d ;   o r  



(e)  a  b a t t e r y   o f   c e l l s   made  up  of  an  a l t e r n a t i n g  

s e r i e s   of  a n n u l a r   e l e c t r i c a l   i n s u l a t o r s   and  c o n d u c t o r s  

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

p a s s e s   such   t h a t   an  e l e c t r i c   c u r r e n t   can   be  made  t o  

f l o w   t h r o u g h   t h e   l i q u o r .  

I f   t he   a p p a r a t u s   a c c o r d i n g   to   t he   p r e s e n t  

i n v e n t i o n   i s   to   be  u s e d   to  t r e a t   t h e   l i n e a r   a s s e m b l y  

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

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

a s s e m b l y ,   t h e n   i t   may  be  d e s i r a b l e   to  i n c l u d e ,   i n  

a d d i t i o n   to  an  e n e r g i z i n g   or  h o t   z o n e ,   a  f u r t h e r   h o t  

zone   l o c a t e d   d o w n s t r e a m   of  s a i d   e n e r g i z i n g   or  h o t   z o n e  

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

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

t h e   f u r t h e r   h o t   z o n e   may  c o m p r i s e   a  c o n t i n u o u s   h o t  

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

l i q u o r / l i n e a r   a s s e m b l y   c o m p o s i t e   may  be  p a s s e d   b e t w e e n  

t h e   b e l t   and  t h e   d r u m   and  one  or  more   t i m e s   a r o u n d   t h e  

d r u m .   A  s t i l l   f u r t h e r   ho t   z o n e   may,  fo r   e x a m p l e ,   b e  

p r o v i d e d   d o w n s t r e a m   of  s a i d   e n e r g i z i n g   or  ho t   z o n e   a n d  

s a i d   f u r t h e r   h o t   z o n e ,   e . g .   in   t h e   fo rm  of  a  J - b o x ,   t o  

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

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

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

d i f f u s i o n   of  t h e   dye   o n t o   t h e   y a r n s   and  t he   m o l e c u l a r  

f i x a t i o n  o f   t h e   d y e   w i t h i n  t h e   f i b r e s   of  t he   y a r n s   i s  

c o m p l e t e d   in  t h e   h o t   z o n e ( s ) .  



The  a p p a r a t u s   may ,   fo r   e x a m p l e ,   a l s o   c o m p r i s e  

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

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

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

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

The  a p p a r a t u s   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   m a y ,  

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

t h r o a t   or  t h r o a t s   f o r   i m p r o v i n g   t h e   u n i f o r m i t y   o f  

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

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

t h e _ l i n e a r   a s s e m b l y   a n d / o r   a  wash  b a t h   a n d / o r   a  

m a n g l e ,   e . g .   to   r e m o v e   any  e x c e s s   f l u i d ,   a n d / o r   an  o i l  

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

a s s e m b l y   p a s s e s   t h e r e t h r o u g h   a f t e r   i t s   p a s s a g e   t h r o u g h  

t h e   c o n s t r i c t i v e   t h r o a t ( s )   in  t h e   e l o n g a t e   t r e a t m e n t  

z o n e   a n d ,   i f   p r e s e n t ,   t h e   e n e r g i z i n g / h o t   z o n e   a n d / o r  

f i x i n g   z o n e .  

:  P a c k a g i n g   m e a n s ,   e . g .   r o l l e r s ,   b o b b i n s   or  c r e e l s ,  

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

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

f i l a m e n t s ,   t o w s ,   t h r e a d s   or  t w i n e s   i n t o   d e s i r e d  

l e n g t h s ,   or   g u i d e   p i n s   fo r   s e p a r a t i n g   s a i d   t r e a t e d  

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

s h e e t ,   may ,   f o r   e x a m p l e ,   be  p r o v i d e d   in   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 .  



In   a d d i t i o n   to   t h e   c o n s t r i c t i v e   t h r o a t ( s )   l o c a t e d  

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

l i q u o r   to  t h e   l i n e a r   a s s e m b l y ,   an  a d d i t i o n a l  

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

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

l i n e a r   a s s e m b l y .  

I f   t h i s   f u r t h e r   c o n s t r i c t i v e   t h r o a t   i s   p r e s e n t  

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

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

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  f u r t h e r  

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

in   w h i c h : -  

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

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

of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g . 2   i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  f u r t h e r  

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

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

F i g . 3   i s   a  s c h e m a t i c  r e p r e s e n t a t i o n   of  a  s t i l l  

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

t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g . 4   i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e  

I - I   of  F i g . 3 ,  

F i g . 5   i s   a  s i d e   v i e w   of  t h e   d e v i c e   i l l u s t r a t e d   i n  

F i g . 4 ,  



F i g . 6 a   i s   a  s c h e m a t i c   v i e w   of   a  s t i l l   f u r t h e r  

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

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

F i g . 6 b   i s   a  p l a n   v i e w   of   a  p a r t   of  t h e   a p p a r a t u s  

o f   F i g . 6 a ,   a n d  

F i g . 7   i s   a  m o d i f i e d   v e r s i o n   of   t h e   t r e a t m e n t   z o n e  

o f   F i g . 6 b . .  

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

c o n f i n e d   t o   t h e   u se   of   a  d y e i n g   l i q u o r   as   t h e   l i q u o r ,  

b u t   i t   i s   to   be  u n d e r s t o o d   t h a t   o t h e r   l i q u o r s   c o u l d  

a l s o   be  u s e d   in  p l a c e   of  t h e   d y e i n g   l i q u o r .  

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

y a r n s   1  a r e   d r a w n   f r o m   c r e e l   3  ( o n l y   two  y a r n   p a c k a g e s  

i l l u s t r a t e d )   t h r o u g h   an  e l o n g a t e   t r e a t m e n t   z o n e   5.  As 

t h e   y a r n s   1  p a s s   t h r o u g h   t h e   e l o n g a t e   t r e a t m e n t   zone  5 

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

e l o n g a t e   t r e a t m e n t   z o n e   t h r o u g h   a  t u b e   7  and   i n l e t   9 .  

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

z o n e   5  f r o m   a  d y e i n g   l i q u o r   r e s e r v o i r   11  by  m e a n s   of  a  

pump  13,   e . g .  a   p e r i s t a l t i c   pump.   T h e  p r e s s u r e   of  t h e  

d y e i n g   f l u i d   f e d   to   t h e   e l o n g a t e   t r e a t m e n t   z o n e   5  i s  

c o n t i n u a l l y   m o n i t o r e d   by  a  p r e s s u r e   g a u g e   1 4  

p o s i t i o n e d   b e t w e e n   t h e   pump  13  and  t h e   i n l e t   9 .  

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

y a r n s   1  a r e   d r a w n   t h r o u g h   a  c o n s t r i c t i v e   t h r o a t   15  

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



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

d o w n s t r e a m   f r o m   t he   c o n s t r i c t i v e   t h r o a t   15 .   As  t h e  

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

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

t h e   c o n s t r i c t i v e   t h r o a t   15  a t   a  f a s t e r   s p e e d   t h a n   t h e  

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

15,   and  a l s o   d e c e l e r a t e   t he   d y e i n g   l i q u o r   u p s t r e a m  

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

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

y a r n s .  

The  i m p r e g n a t e d   y a r n s   1,  a f t e r   p a s s a g e   t h r o u g h   t h e  

c o n s t r i c t i v e   t h r o a t   15 ,   a r e   d r a w n   t h r o u g h   a  h e a t i n g  

zone   17  in   w h i c h   t h e   dye  is   t r a n s f e r r e d   f r o m   t h e  

l i q u o r   to   t h e   y a r n .   In  t he   e m b o d i m e n t   i l l u s t r a t e d   i n  

F i g . l   t h e   h e a t i n g   i s   e f f e c t e d   by  means   of   an  e l e c t r i c  

h e a t e r ,   e . g .   an  e l e c t r i c   h e a t i n g   c o i l   s u r r o u n d i n g   a  

t u b e   t h r o u g h   w h i c h   t h e   y a r n s   1  a r e   d r a w n .  

:  The  y a r n s   1  a r e   d r a w n   t h r o u g h   t he   a p p a r a t u s  

i l l u s t r a t e d   in   F i g . l   by  means   of  a  h o t   r o l l e r   1 9 ,  

w h i c h  m a y   be  g r o o v e d   to   m a i n t a i n   t h e   c o m p o s i t e   l i q u o r -  

l i n e a r   a s s e m b l y   so  t h a t   a l l   f i b r e s   r e m a i n   in   i n t i m a t e  

c o n t a c t   w i t h   t h e  l i q u o r   and  w r a p p i n g   b e l t   21 ,   and  m a y ,  

f o r   e x a m p l e ,   t h e n   be  w a s h e d ,   d r i e d   and  p a c k a g e d ,   or  b e  

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

n o t   s h o w n ) .  



F i g . 2   i l l u s t r a t e s   an  a l t e r n a t i v e   e m b o d i m e n t   of  a n  

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

i n v e n t i o n ,   in  w h i c h   a p p a r a t u s   a  p l u r a l i t y   of   y a r n s   23  

a r e   d r a w n   f rom  c r e e l   25  ( o n l y   two  y a r n   p a c k a g e s   s h o w n )  

and   t h r o u g h   an  e l o n g a t e   t r e a t m e n t   z o n e   27  w h e r e i n   t h e  

y a r n s   23  a r e   c o n t a c t e d   w i t h   a  d y e i n g   l i q u o r   b e i n g   f e d  

i n t o   t h e   e l o n g a t e   t r e a t m e n t   zone   27  t h r o u g h   i n l e t   2 9 .  

The  d y e i n g   l i q u o r   i s   f e d   i n t o   the   e l o n g a t e   t r e a t m e n t  

z o n e   27  f rom  a  d y e i n g   l i q u o r   r e s e r v o i r   31  by  means  o f  

a  pump  33,   e . g .   a  p e r i s t a l t i c   pump.  L o c a a e d   b e t w e e n  

t h e   pump  33  and  t h e   d y e i n g   l i q u o r   i n l e t   29  i s   a  h e a t  

e x c h a n g e r   35,  t h e   p u r p o s e   of   w h i c h   i s   to   h e a t   t h e  

d y e i n g   l i q u o r   to  an  a p p r o p r i a t e   t e m p e r a t u r e   to  a i d   i n  

i t s   d y e i n g   of  t h e   y a r n s   2 3 .  

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

y a r n s   23  a r e   d r a w n   t h r o u g h   a  c o n s t r i c t i v e   t h r o a t   3 7 ,  

t h e   c o n s t r u c t i o n   and   f u n c t i o n   of  w h i c h   i s   t h e   same  a s  

t h a t   of  t h e   c o n s t r i c t i v e   t h r o a t   15  d e p i c t e d   in  F i g . l .  

In  o r d e r   to   t r a n s f e r   t h e   dye  f r o m   t h e   l i q u o r   o n t o  

t h e   y a r n s   23,  t h e   y a r n s ,   a f t e r   p a s s a g e   t h r o u g h   t h e  

c o n s t r i c t i n g   t h r o a t   3 7 ,   a r e   d r a w n   t h r o u g h   a  zone  39  i n  

w h i c h   t h e y   a r e   h e a t e d   by  d i r e c t   c o n t a c t   w i t h   t he   s t e a m  

i n t r o d u c e d   t h r o u g h   i n l e t   4 1 .  

The  y a r n s   23  a r e   t h e n   d r awn   t h r o u g h   t h e   a p p a r a t u s  

by  a  m a n g l e   43  to   r e m o v e   dye  e x h a u s t e d   l i q u o r   from  t h e  

y a r n s   2 3 .  



As  in   t h e   e m b o d i m e n t   i l l u s t r a t e d   in   F i g . l ,   t h e  

y a r n s   23  a r e   p a s s e d   b e t w e e n   a  r o l l e r   45 ,   and  w r a p p i n g  

b e l t   47  and  may,  fo r   e x a m p l e ,   t h e n   be  w a s h e d ,   d r i e d  

and  p a c k a g e d ,   on  r o l l e r s ,   or  c u t   i n t o   d e s i r e d   l e n g t h s  

( p a c k a g i n g   r o l l e r s   and  c u t t i n g   m e a n s ,   n o t   s h o w n ) .  

R e f e r r i n g   now  to  F i g . 3   t h e r e   i s   i l l u s t r a t e d   a  

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

t h e   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n ,   in   w h i c h   a  

p l u r a l i t y   of   y a r n s   49  a r e   d r awn   f r o m   y a r n   p a c k a g e s   o n  

a  c r e e l   51  ( o n l y   t h r e e   y a r n s   on  a  c r e e l   a r e   i n d i c a t e d )  

t h r o u g h   an  e l o n g a t e   t r e a t m e n t   zone   53 .   In   t h e  

e l o n g a t e   t r e a t m e n t   zone   53,  t he   y a r n s   49  a r e   f i r s t l y  

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

56 ,   t h e   p u r p o s e   of  t h i s   s t e a m   t r e a t m e n t   b e i n g   t o  

c o n d i t i o n   t h e   y a r n s   s u c h   t h a t   t h e y   may  be  s u b s e q u e n t l y  

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

t h e n   d r a w n   t h r o u g h   a  g u i d e   box  57  w h i c h   s e p a r a t e s   t h e  

y a r n s   4 9 ,   t h e r e b y   f a c i l i t a t i n g   a c c e s s   to   t h e   y a r n s   4 9  

by  d y e i n g   l i q u o r   w h i c h   i s   i n t r o d u c e d   i n t o   t h e   g u i d e  

box  57  t h r o u g h   i n l e t   59.   The  g u i d e   box  i s   shown  i n  

g r e a t e r   d e t a i l   in  F i g s .   4  and  5  of  t h e   d r a w i n g s .  

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

y a r n s   49  a r e   d r a w n   t h r o u g h   two  c o n s t r i c t i v e   t h r o a t s   6 1  

and  63 ,   t h e   c o n s t r u c t i o n   and  f u n c t i o n   of   w h i c h   i s   t h e  

same  as   t h a t   of  t h e   c o n s t r i c t i v e   t h r o a t   15  d e p i c t e d   i n  

F i g . l .  



In   o r d e r   to  i n c r e a s e   a n d / o r   m a i n t a i n   t h e  

t e m p e r a t u r e   of  t h e   y a r n s   49  and  t h e   l i q u o r   p u m p e d  

t h r o u g h   i n l e t   59,  t h e   y a r n s   49,   t o g e t h e r   w i t h   t h e  

l i q u o r ,   a r e   d r a w n   t h r o u g h   a  h o t   zone   65,   the   h e a t   i n  

t h i s   zone   b e i n g   p r o v i d e d   by  p a s s i n g   an  e l e c t r i c  

c u r r e n t   t h r o u g h   t h e   l i q u o r   u t i l i z i n g   a  b a t t e r y   o f  

c e l l s   55  made  up  of   an  a l t e r n a t i n g   s e r i e s   of  a n n u l a r  

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

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

in   z o n e . 6 5   may  be  p r o v i d e d   by  means   of  m i c r o w a v e   o r  

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

When  t h e   y a r n s   49  e x i t   f r o m   zone   65  an  a p p r e c i a b l e  

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

d y e i n g   l i q u o r   to   t h e   y a r n s ,   w i t h   some  dye  h a v i n g  

d i f f u s e d   i n t o   t h e   f i b r e s   and  some  dye  h a v i n g   b e e n  

f i x e d   in  t h e   f i b r e s   o f   t h e   y a r n s .  

To  f u r t h e r   t r a n s f e r   dye   f rom  t h e   l i q u o r   to   t h e  

y a r n s   49 ,   t h e   y a r n / d y e i n g   l i q u o r   c o m b i n a t i o n   e m i t t i n g  

f r o m   h o t   zone   65  i s   d i r e c t l y   c o n t a c t e d   w i t h   s t e a m  

i n t r o d u c e d   t h r o u g h   i n l e t   67.   The  y a r n / d y e i n g   l i q u o r  

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

c o n s t r i c t i v e   t h r o a t   69  t o   i m p r o v e   t h e   u n i f o r m i t y   o f  

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

4 9 .  

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

y a r n s   49 ,   t h e   y a r n s   a r e   p a s s e d   t h r o u g h   a  h o t   v e s s e l   7 1  



c o n t a i n i n g   a  h o t ,   f l e x i b l e   b e l t   73  and  a  h o t   drum  7 5 ,  

t he   d rum  75  b e i n g   r o t a t e d   by  means   of  a  b e l t   77  d r i v e n  

by  an  e l e c t r i c   m o t o r   ( n o t   s h o w n ) .   The  v e s s e l   71  a l s o  

c o n t a i n s   an  i n c l i n e d   r e g i o n   79  and  an  e x i t   81 .   T h e  

y a r n s   49  a r e   t a k e n   b e t w e e n   t h e   drum  75  a n d   b e l t   73  a n d  

t h e   l i n e a r   a s s e m b l y   of  y a r n s   49  a r e   f l a t t e n e d   t h e r e b y  

to  f o r m   a  t a p e   w h i c h   i s   p a s s e d   one  or  m o r e   t i m e s  

a r o u n d   t h e   drum  75  and  is  h e l d   in  i n t i m a t e   c o n t a c t  

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

t r a n s f e r   of   dye  to  t he   y a r n s   4 9 .  

The  y a r n s   49  and  t he   d y e i n g   l i q u o r   a r e   t h e n  

d i s p e n s e d   f rom  b e l t   73  i n t o   t he   i n c l i n e d   r e g i o n   7 9  

w h e r e   t h e   y a r n s   49  a r e   a c c u m u l a t e d   and   s t o r e d   w i t h o u t  

c o m p a c t i o n   or  t e n s i o n   u n t i l   f i x a t i o n   i s   s u b s t a n t i a l l y  

c o m p l e t e d .   Y a r n s   49  a r e   t h e n   w i t h d r a w n   f r o m   v e s s e l   7 1  

t h r o u g h   e x i t   81  f o r   r i n s i n g ,   d r y i n g   and   r e p a c k a g i n g  

( t h e s e   l a t t e r   t h r e e   s t e p s   a r e   n o t   i l l u s t r a t e d ) .  

:  F i g s .   6a  and  6b  t o g e t h e r   i l l u s t r a t e   a  f u r t h e r  

e m b o d i m e n t   of  t he   i n v e n t i o n ,   in  w h i c h   a  s c o u r i n g  

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

zone   and  in   w h i c h   y a r n   s e p a r a t i o n   m e a n s   a r e   a l s o  

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

s c h e m a t i c a l l y   in  F i g . 6 a   b u t   i s   n o t   s h o w n   in   F i g . 6 b .  

The  y a r n   s e p a r a t i n g   means   a r e   shown  in  F i g . 6 b   b u t   f o r  

c o n v e n i e n c e   a r e   o m i t t e d   f rom  F i g . 6 a .  



R e f e r r i n g   to   F i g . 6 a   y a r n s   a r e   f e d   f rom  c r e e l s   1 0 0  

v i a   a  y a r n   f e e d e r   r o l l   101  i n t o   a  s c o u r i n g   t u b e   1 0 3  

p r o v i d e d   w i t h   an  i n l e t   104  f o r   s c o u r i n g   s o l u t i o n   and  a  

t a n k   102  i n t o   w h i c h   s c o u r i n g   s o l u t i o n   d r a i n s   f r o m  

s c o u r i n g   t u b e   1 0 3 .   A  c o n s t r i c t i o n   105  i s   f o r m e d   a t  

t h e   e x i t   to  s c o u r i n g   t u b e   103 .   The  y a r n s   l e a v i n g   t h e  

s c o u r i n g   t u b e   103  p a s s   o v e r   a  f u r t h e r   g u i d e   r o l l   1 0 6  

and   t h r o u g h   a  m a n g l e   108  and  t h e n c e   i n t o   t he   e l o n g a t e d  

t r e a t m e n t   zone   1 1 0 .   As  shown  in   F i g . 6 b   two  rows  1 0 7  

and   109  of  p i n s   a r e   p r o v i d e d ,   one  b e f o r e   and  one  a f t e r  

m a n g l e   108  f o r   s e p a r a t i o n   of  t h e   y a r n s .  -  

The  e l o n g a t e d   t r e a t m e n t   zone   110  i s   p r o v i d e d   w i t h  

an  i n l e t   111  ( e . g .   f o r   s t e a m )   and   a  g u i d e   box  l 1 2  

( s i m i l a r   to   t h a t   i l l u s t r a t e d   in  F i g s .   4  and  5)  h a v i n g  

an  i n l e t   113  f o r   l i q u o r .   C o n s t r i c t i v e   t h r o a t s   114  a n d  

115  a r e   p r o v i d e d   b e t w e e n   i n l e t   111  and  g u i d e   box  1 1 2  

a n d   d o w n s t r e a m   of   g u i d e   box  112  r e s p e c t i v e l y .  

:  A  f u r t h e r   row  l 1 6   o f   p i n s   i s   p r o v i d e d   f o r  

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

z o n e   110  b e f o r e   t h e y   p a s s   o v e r   r o l l   s y s t e m   117  a n d  

g u i d e   r o l l   118  ( n o t   s h o w n   in  F i g . 6 b ) .   In   F i g . 6 b  

c o n s t r i c t i v e   t h r o a t s   114  and  115  a r e   t he   s a m e  

d i m e n s i o n s   and  t h e   g u i d e   box  1  i s   d i s c   s h a p e d   and  h a s  

two  p i n s   i n s t e a d   o f   t h r e e ,   and  i s   a l s o   p r o v i d e d   w i t h   a  

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



F i g . 7   i l l u s t r a t e s   s c h e m a t i c a l l y   a  m o d i f i e d  

e l o n g a t e d   t r e a t m e n t   z o n e   119  h a v i n g   i n l e t s   120  and  1 2 1  

( f o r   s t e a m   and  l i q u o r )   and  two  r e s t r i c t i v e   t h r o a t s   1 2 2  

and  123  p o s i t i o n e d   r e s p e c t i v e l y   b e t w e e n   i n l e t s   120  a n d  

121.   R e s t r i c t i v e   t h r o a t   123  is  s i m i l a r   to   t h a t   s h o w n  

in  F i g . 6 b   a t   115  b u t   r e s t r i c t i v e   t h r o a t   122  e x t e n d s  

the   w h o l e   d i s t a n c e   b e t w e e n   i n l e t s   12Q  and   1 2 1 ,   and  i s  

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

1 2 3 .  

T h e  p r e s e n t   i n v e n t i o n   w i l l   now  be  f u r t h e r  

i l l u s t r a t e d   by  way  of   t h e   f o l l o w i n g   E x a m p l e s .  

EXAMPLE  1 .  

The  a p p a r a t u s   u s e d   in  t h i s   E x a m p l e   c o m p r i s e d   a  

g l a s s   t u b e   h a v i n g   a  d i a m e t e r   of  14  mm  and   a  l e n g t h   o f  

10  cm,  t h i s   t u b e   h a v i n g   a  l i q u o r   i n l e t   a t   t h e   u p s t r e a m  

end  t h e r e o f .   L i q u o r   f r o m   a  r e s e r v o i r   was  i n t r o d u c e d  

i n t o   t h e   g l a s s   t u b e   t h r o u g h   the   l i q u o r   i n l e t   by  m e a n s  

o f : a   pump  l o c a t e d   b e t w e e n   the   r e s e r v o i r   and   t h e  

i n l e t .   D o w n s t r e a m   of  t h e   g l a s s   t u b e   was  l o c a t e d   a  

s t a i n l e s s   s t e e l   t u b e   h a v i n g   a  d i a m e t e r   of  4 . 7 5   mm  a n d  

a  l e n g t h   of  15  cm,  and  d o w n s t r e a m   of  t h e   s t a i n l e s s  

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

Two  y a r n s   e a c h   of  2 . 2   Ktex   were   d r a w n   t h r o u g h   t h e  

g l a s s   and  s t a i n l e s s   s t e e l   t u b e s   by  m e a n s   o f   t h e  

w i n d i n g   r o l l e r   and  w a t e r   was  u s e d   as  t h e   t r e a t i n g  

l i q u o r   i n t r o d u c e d   t h r o u g h   the   l i q u o r   i n l e t   and   t h e r e b y  

a p p l i e d   to  t h e   y a r n s .  



I n   t h i s   E x a m p l e ,   i t   was  f o u n d   t h a t ,   when  t h e   g l a s s  

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

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

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

t h e   l i q u o r   i n l e t   a t   a  r a t e   o f   12g  pe r   m i n u t e ,   w a t e r  

d r i p p e d   f rom  t h e   e n t r y   p o i n t   of  t he   y a r n s   i n t o   t h e  

g l a s s   t u b e .   H o w e v e r ,   i t   was  a l s o   f o u n d   t h a t ,   i f   w a t e r  .  

c o n t a i n i n g   4g  of  a  x a n t h a t e   gum  pe r   l i t r e   of  w a t e r   w a s  

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

i n t o   t h e   g l a s s   t u b e   a t   a  r a t e   of  12g  pe r   m i n u t e ,   a l l  

of   t h e   l i q u o r   was  t a k e n   up  by  t h e   y a r n s   i n  

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

d r i p p i n g   f rom  t h e   e n t r y   p o i n t   of   t he   y a r n s   i n t o   t h e  

g l a s s   t u b e   o c c u r r e d .  

EXAMPLE  2 

E x a m p l e   1  was  r e p e a t e d   u t i l i z i n g   w a t e r   c o n t a i n i n g  

4g  o f   a  x a n t h a t e   gum  p e r   l i t r e   of   w a t e r   as  t h e  

t r e a t i n g   l i q u o r .   H o w e v e r ,   in   t h i s   E x a m p l e ,   one  of  t h e  

two  y a r n s   was  p r e t r e a t e d ,   b e f o r e   p a s s i n g   i t   t h r o u g h  

t h e   g l a s s   t u b ,   by  i m m e r s i n g   i t   in  w a t e r   and  t h e n  

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

a b o u t  4 0 %   of  f r e e   w a t e r .   The  r e s u l t s   of  t h i s   E x a m p l e  

i n d i c a t e   t h a t   a l l   of   t h e   t r e a t i n g   l i q u o r   was  t a k e n   u p  

by  t h e   y a r n s   w i t h   t h e   t r e a t i n g   l i q u o r   b e i n g  

p a r t i t i o n e d   b e t w e e n   t h e   p r e t r e a t e d   y a r n   and  t h e  

u n - p r e t r e a t e d   y a r n   in   a  r a t i o   of  a p p r o x i m a t e l y   2 : 1 .  



EXAMPLE  3 

E x a m p l e   1  was  r e p e a t e d   e x c e p t   t h a t   t h e   t r e a t i n g  

l i q u o r   c o m p r i s e d   lOg  A c i d   Red  37  d y e ,   20g  f o r m i c   a c i d ,  

lg  of  w e t t i n g   a g e n t ,   ( i . e .   d o d e c y l   b e n z y l   s u l p h o n a t e ) ,  

20g  of  C o a c e r v a t e   ( i . e .   I r g a p a d o l   m a n u f a c t u r e d   b y  

C i b a - G e i g y )   and   2g  o f  a   x a n t h a t e   gum  pe r   l i t r e   o f  

w a t e r ,   and  a  s t e a m   box  was  p l a c e d   d o w n s t r e a m   of   t h e  

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

t he   s t e a m   box  b e i n g   o p e n   to   t he   a t m o s p h e r e ,   h a v i n g   a  

y a r n   p a s s a g e   l e n g t h   o f  4   m e t r e s   and  h a v i n g   no  m e a n s  

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

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

the   a p p a r a t u s   a t   a  r a t e   of  2  m e t r e s   p e r   m i n u t e .  

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

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

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

r e l a t i v e l y   l i t t l e   dye  on  them  g i v i n g   the   a p p e a r a n c e  

known  as  " f r o s t i n g "   to   t h e   y a r n s .  

EXAMPLE  4 

E x a m p l e   3  was   r e p e a t e d   e x c e p t   t h a t   t he   s t e a m   b o x  

was  r e p l a c e d   by  an  e l e c t r i c a l l y   h e a t e d   t u b e   h a v i n g   a  

d i a m e t e r   of  4 . 7 5   mm  and  a  l e n g t h   of   8 3 . 8   cms,   t h i s  

e l e c t r i c a l l y   h e a t e d  t u b e   b e i n g   a t t a c h e d   to  t h e  

d o w n s t r e a m   end  of   t h e   s t a i n l e s s   s t e e l   t u b e .   W i t h   2 0 0  

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

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

t h e   h e a t e d   t u b e .  



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

t h e   y a r n s   d i d   n o t   a p p e a r   " f r o s t e d "   and  l i t t l e   d y e  

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

i n d i c a t i n g   t h a t   m o s t   of  t he   dye  h a d   t r a n s f e r r e d   f r o m  

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

t u b e .   The  y a r n s   w e r e ,   h o w e v e r ,   u n e v e n l y   c o l o u r e d   b y  

t h e   d y e .  

EXAMPLE  5 

E x a m p l e   4  was  r e p e a t e d   e x c e p t   t h a t   a  c o n s t r i c t i v e  

t h r o a t   h a v i n g   a  d i a m e t e r   of  3 . 1 8   mm  was  p o s i t i o n e d   a t  

t h e   d o w n s t r e a m   end  of   the   s t a i n l e s s   s t e e l   t u b e   a n d  

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

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

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

S e v e r a l   s a m p l e s   of  y a r n   w e r e   d r a w n   t h r o u g h   t h e  

a p p a r a t u s .   S a m p l e   1  was  a  p o r t i o n   of   y a r n s   d r a w n  

d i r e c t l y   f r o m   t h e   s t o r i n g   p a c k a g e ,   s a m p l e   2  was  a  

p o r t i o n   of   y a r n s   w h i c h   had  b e e n   h e a t e d   in   s t e a m   f o r   8 

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

t u b e ,   and   s a m p l e   3  w a s  a   p o r t i o n   of   t h e   s a m p l e   1  y a r n s  

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

r e t u r n   of   t h e   dye  by  a  l e v e l l i n g   p r o c e s s .  

On  r i n s i n g   t h e   t r e a t e d   s a m p l e s ,   v i r t u a l l y   no  d y e  

r i n s e d   o f f   s a m p l e   2  and  o n l y   a b o u t   5%  of  t h e   a d d e d   d y e  

r i n s e d   o f f   s a m p l e   1.  Sample   2  was   s l i g h t l y   d e e p e r   i n  

c o l o u r   t h a n  s a m p l e   1  a n d  b o t h   a p p e a r e d   t o  b e   d y e d   m o r e  



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

y a r n s .   Sample   3  was  l i g h t e r   in   c o l o u r   t h a n   s a m p l e s   1 

and   2  and  was  u n i f o r m   i n s i d e   to   o u t s i d e   of  t he   y a r n .  

EXAMPLE  6 

S a m p l e   5  was  r e p e a t e d   w i t h   y a r n   s a m p l e s   1  a n d   2  a s  

in   E x a m p l e   5  e x c e p t   t h a t   t h e   t r e a t i n g   l i q u o r   w a s  

p r e h e a t e d   to  a b o u t   80°C  and  w i t h   o n l y   50  w a t t s  

s u p p l i e d   to  t he   e l e c t r i c a l l y   h e a t e d   t u b e .   L e s s   s t e a m  

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

to   E x a m p l e   5 .  

The  c o l o u r   of  t he   s u r f a c e   and  i n t e r i o r   of  t h e  

y a r n s   we re   s i m i l a r   to  e a c h   o t h e r   and  s i m i l a r   to   a  

" l e v e l l e d   s a m p l e " .  

The  c o l o u r   of  t he   y a r n   s u r f a c e   and  t h e   c o l o u r   o f  

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

y a r n   w h i c h   had  been   b a t c h   d y e d   to   a  l e v e l   s h a d e  

t h r o u g h o u t .  

:  EXAMPLES  7  -   1 2  

E x a m p l e   6  was  r e p e a t e d   in   e a c h   of   E x a m p l e s   7  -   12 

e x c e p t   t h a t   in  E x a m p l e   7  t h e   A c i d   Red  37  dye  in  t h e  

t r e a t i n g   l i q u o r   was  r e p l a c e d   by  CI  A c i d   B lue   80,  i n  

E x a m p l e   8  the   A c i d   Red  37  dye  was  r e p l a c e d   by  CI  A c i d  

Brown  44,   in  E x a m p l e   9  t h e   A c i d   Red  37  dye  w a s  

r e p l a c e d   b y  C I   A c i d   Y e l l o w   17 ,   in  E x a m p l e   10  t he   A c i d  

Red  3 7  d y e   was  r e p l a c e d   by  CI  A c i d   O r a n g e   10,  i n  

E x a m p l e  1 1   t h e  A c i d   R e d  3 7   dye  was  r e p l a c e d  b y   a  



m i x t u r e   of   2%  CI  A c i d   Red  1 1 4 ,   1 .1%  CI  A c i d   Red  1 2 9  

a n d   0 .19%  CI  A c i d   Red  119  ( t h e   p e r c e n t a g e s   b e i n g   b a s e d  

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

o f   d y e s t u f f   c o n t a i n i n g   t he   s t a t e d   dye  as  t h e   a c t i v e  

d y e   c o m p o n e n t ) ,   and  in  E x a m p l e   12  t h e   two  2 . 2   K t e x  

y a r n s   w e r e   r e p l a c e d   b y  7   e n d s   of   720  t e x   woo l   y a r n s .  

S i m i l a r   r e s u l t s   to   t h a t   o f   E x a m p l e   6  w e r e   o b t a i n e d  

i n   e a c h   of   E x a m p l e s   7  -   1 2 .  

EXAMPLE  1 3 .  

T w e n t y - t w o   e n d s   of  2 . 2   K t e x   y a r n   w e r e   d r a w n   a t  

a b o u t   1 . 5   m / m i n u t e   t h r o u g h   an  a p p a r a t u s   a c c o r d i n g   t o  

F i g . 2   of  t h e   a c c o m p a n y i n g   d r a w i n g s   w h e r e i n   t h e  

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

p a s s   i s   l4mm  and  t he   c o n s t r i c t i v e   o r i f i c e   h a s   a  

d i a m e t e r   of  11  mm.  The  w i n d i n g   r o l l e r s   w e r e  

p o s i t i o n e d   a b o u t   70  cms  d o w n s t r e a m   f r o m   t h e   end  of  t h e  

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

:  The  t r e a t i n g   l i q u o r   had   t h e   c o m p o s i t i o n  :   2g  a  

x a n t h a t e   gum,  20g  C o a c e r v a t e ,   ( i . e .   I r g a p a d o l  

m a n u f a c t u r e d   by  C i b a - G e i g y ) ,   and   lg   w e t t i n g   a g e n t ,  

( i . e .   d o d e c y l   b e n z y l   s u l p h o n a t e ) ,   p e r   l i t r e   of  w a t e r .  

The  t r e a t i n g   l i q u o r   was  p u m p e d   a t   a m b i e n t  

t e m p e r a t u r e   a t   a  r a t e   of  a b o u t   150%  of   t h e   w e i g h t   o f  

t h e   p a s s i n g   y a r n .  

N o  s t e a m   or  h e a t   was  a p p l i e d   to   t h e   a p p a r a t u s .   A 

6 0  c m  c u t  l e n g t h  o f   t h e  w e t   b u n d l e   of   y a r n   t a k e n   a f t e r  



p a s s i n g   t h r o u g h   t h e   t u b i n g   of  t he   a p p a r a t u s   and   b e f o r e  

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

y a r n s   and  t h e   a m o u n t   of  l i q u o r   on  each   y a r n   w a s  

d e t e r m i n e d   by  w e i g h i n g   t h e   wet  y a r n   and  w e i g h i n g   t h e  

y a r n   a g a i n   a f t e r   d r y i n g .   The  r e s u l t s   o b t a i n e d   a r e  

g i v e n   b e l o w   in  T a b l e   1 .  



EXAMPLE  1 4 .  

Example  13  was  r e p e a t e d   excep t   t h a t   18  yarn  ends  were  d r a w n  

th rough   the  a p p a r a t u s   of  F ig .3   of  the   accompanying  d r a w i n g s ,   a n d  

only   two  c o n s t r i c t i v e   t h r o a t s   (61,63)  were  p r e s e n t   ( i . e .  

c o n s t r i c t i v e   t h r o a t   69  was  omit ted)   and  the  hot   v e s s e l   71  w a s  

o m i t t e d .   The  r e s u l t s   o b t a i n e d   in  t h i s   Example  are  g iven  below  i n  

Table   2 .  

EXAMPLE  15 

Example  14  was  r e p e a t e d   excep t   t h a t   10g  of  Acid  Red  37  a n d  

20g  of  formic  a c i d   were  a d d i t i o n a l l y   p r e s e n t  i n   each  l i t r e   o f  

water   and  steam  was  s u p p l i e d   to  the  wet  yarn  bundle  downstream  o f  

the  c o n s t r i c t i v e   t h r o a t s   61  and  63,  the  steam  being  s u p p l i e d   f r o m  

a  small   p r e s s u r e   b o i l e r   th rough   a  1  mn  o r i f i c e   at  a  r a t e   of  a b o u t  

2 5 g / m i n u t e .  

The  bundle   of  y a r n s ,   a f t e r   t r e a t m e n t ,   appeared  s l i g h t l y  

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

the  b u n d l e .  



EXAMPLE  16 

E x a m p l e   15  w a s  r e p e a t e d   e x c e p t   t h a t  a   c o n s t r i c t i v e  

t h r o a t   ( i . e .  t h r o a t   69  of  F i g . 3 )   was  p o s i t i o n e d   a b o u t  

1 5 . 2 4   cm  d o w n s t r e a m   of  the   s t e a m   e n t r y   p o i n t .   T h e  

c o l o u r   d i f f e r e n c e   f r o m   the   o u t s i d e   to  i n s i d e   o f  t h e  

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

E x a m p l e   1 5 .  

V e r y   l i t t l e   dye   r u b b e d   o f f   o n t o   a b s o r b e n t   p a p e r   a t  

t h e   w i n d i n g   r o l l e r s   b u t   h e a t i n g   fo r   a  f u r t h e r   8 

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

and  r e d u c e d   t h e   a m o u n t   of  dye  r i n s e d   o f f   f rom  l e s s  

t h a n   5%  to  a l m o s t   n i l .  

The  c o l o u r   of   i n d i v i d u a l   y a r n   e n d s   was  m e a s u r e d  

u s i n g   a  M a c b e t h   2000   s p e c t r o p h o t o m e t e r   and  t h e   r e s u l t s  

o b t a i n e d   a r e   g i v e n   b e l o w   in  T a b l e   3 .  

EXAMPLE  17  

E x a m p l e   16  was  r e p e a t e d   e x c e p t   t h a t   t he   dye  l i q u o r  

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

e l e c t r i c   h e a t i n g .   No  d i f f e r e n c e   in  c o l o u r   c o u l d   b e  

o b s e r v e d   b e t w e e n   t h e   o u t s i d e   and  t he   i n t e r i o r   o f   t h e  

y a r n   b u n d l e .   The   c o l o u r   of  i n d i v i d u a l   y a r n s   w a s  

m e a s u r e d   as  in   E x a m p l e   16  and  t h e   r e s u l t s   o b t a i n e d   a r e  

g i v e n   b e l o w   in   T a b l e   3 .  



The  co lour   of  the  yarns   t r e a t e d   in  Example  17,  i . e .   t h e  

o u t s i d e   co lour   and  the  colour   of  the  yarn   c r o s s - s e c t i o n ,   b o t h  

c o r r e s p o n d   wi th   the  co lou r   of  the  same  y a r n s   t r e a t e d  

c o n v e n t i o n a l l y   by  b a t c h   d y e i n g .  

EXAMPLE  18 

E x a m p l e   17  was  r e p e a t e d   except   t h a t   the   t r e a t i n g   l i q u o r  

a d d i t i o n a l l y   c o n t a i n e d   Acid  Blue  80  dye  and  20g  of  p o t a s s i u m  

d i h y d r o g e n   p h o s p h a t e   per  l i t r e   of  water  in  p l a c e   of  the  Acid  Red 

37  dye  and  formic   a c i d .   A d d i t i o n a l l y   the   y a r n s   were  steamed  a t  

i t s   p o i n t   of  e n t r y   i n to   the  appa ra tu s   of  F ig .  3   and  were  d rawn  

t h r o u g h   the  a p p a r a t u s   using  a  steam  h e a t e d   drum  of  2  m e t r e s  

c i r c u m f e r e n c e   e n c l o s e d   in  a  steam  box,  the   drum  having  a  

c o n t i n u o u s   impe rv ious   b e l t   pass ing   t h e r e o v e r .   The  yarns  p a s s e d  



twice   around  the  drum  before   c o l l e c t i o n   (sample  1).  One  metre  o f  

yarn   was  f u r t h e r   t r e a t e d   to  l eve l   the  dye  between  the  y a r n  

( sanp le   2).  Another   sample  (sanple  3)  of  about   50g  of  yarn  was 

c o n v e n t i o n a l l y   batch  dyed .  

Samples   of  the  t r e a t e d   yarns  were  wound  on  ca rds   such  t h a t  

i n d i v i d u a l   yarns   formed  ad jacen t   pads.   Also ,   bund les   of  y a r n  

p u l l e d   through  paper  tubes   to  form  a  t i g h t l y   packed  p a r a l l e l   y a r n  

assembly   and  were  cut  to  expose  the  yarn  c r o s s - s e c t i o n s .  

Colour  was  measured  on  a  Macbeth  2000  s p e c t r o p h o t o m e t e r   and 

the  r e s u l t s   o b t a i n e d   are  given  below  in  Table   4 .  



T h e   c o l o u r   d e p t h   of  t h e   c r o s s - s e c t i o n   and  s i d e   o f  

s a m p l e s   1  a n d   2  w e r e   s i m i l a r   to  t h a t   of   t h e  b a t c h   d y e d  

s a m p l e   ( s a m p l e   3 ) .  

EXAMPLE  19  

10  as   f o r m e d   w o o l   y a r n s   of  a b o u t   460  t e x   e a c h   w e r e  

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

F i g . 6 a   e x c l u d i n g   t h e   s c o u r i n g   t u b e   and  m a n g l e   a n d  

u s i n g   t h e   m o d i f i e d   e l o n g a t e d   t r e a t m e n t   z o n e   119  s h o w n  

s c h e m a t i c a l l y   in   F i g . 7 .   The  y a r n s   w e r e   d r a w n   f r o m  

c r e e l s   100  a t   3 . 6   m e t r e s   pe r   m i n u t e   d i r e c t l y   i n t o   t h e  

e l o n g a t e d   t r e a t m e n t  z o n e   119  in   w h i c h   t h e   c o n s t r i c t i v e  

t h r o a t   122  was  100  mm  l o n g   and  5  mm  in   i n t e r n a l  

d i a m e t e r ,   c o n s t r i c t i v e   t h r o a t   123  was  20  mm  l o n g   a n d  

3 . 3   mm  in   i n t e r n a l   d i a m e t e r   and  t h e   r e m a i n d e r   of   t h e  

e l o n g a t e d   t r e a t m e n t   zone  119  was  6  mm  i n t e r n a l  

d i a m e t e r .   Ho t   dye  l i q u o r   of  t h e   c o m p o s i t i o n   u s e d   i n  

E x a m p l e   3  was  p u m p e d   i n t o   i n l e t   121  u s i n g   t he   p u m p i n g  

s y s t e m   shown   i n   F i g . 2   a t   a  r a t e   e q u a l   to   125%  of   t h e  

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

z o n e   1 1 9 .   The  s e p a r a t i o n   p i n s   116  w e r e   n o t   u t i l i z e d  

i n   t h i s   E x a m p l e .   The  y a r n   was  g i v e n   s e v e r a l   m i n u t e s  

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

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

on  c a r d s   f o r   i n s p e c t i o n .   The  p r o c e d u r e   was  t h e n  

r e p e a t e d   on  a  s e c o n d   s a m p l e   of  t h e   same  y a r n s   e x c e p t  

t h a t   t h e   d y e  f e e d   r a t e   was  i n c r e a s e d  t o   1 5 0 %  o f   t h e  

w e i g h t   of  y a r n .  



At  a  f e e d   r a t e   of  dye  l i q u o r   of  150%  t h e   r e s e r v o i r  

w h i c h   e x t e n d e d   u p s t r e a m   of  c o n s t r i c t i v e   t h r o a t   1 2 3  

e x t e n d e d   i n t o   c o n s t r i c t i v e   t h r o a t   122  a n d   v a r i e d   i n  

l e n g t h   by  111  to   118  mm.  With  a  dye   l i q u o r   i n p u t   r a t e  

o f   125%  of   t h e   w e i g h t   of  y a r n s   t h e   r e s e r v o i r   was  m o r e  

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

i n l e t   121  and   c o n s t r i c t i v e   t h r o a t   1 2 3 .  

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

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

was  a f f e c t e d   by  e x t r a n e o u s   m a t t e r .   T h i s   r e s u l t   is  t o  

be  c o m p a r e d   w i t h   t h a t   in  the  f o l l o w i n g   E x a m p l e   2 0 .  

EXAMPLE  2 0 .  

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

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

a p p a r a t u s   s c h e m a t i c a l l y   shown  in  F i g . 6 a   b u t   w i t h   t h e  

e l o n g a t e d   t r e a t m e n t  z o n e   110  as  s h o w n   i n   F i g . 6 b   a n d  

u t i l i z i n g   t h e   s e p a r a t i o n   p i n s   1 0 7 , 1 0 9   and   116  of  t h a t  

F i g u r e .  

The  s c o u r i n g   s e c t i o n   was  o p e r a t e d   by  i n j e c t i n g  

250%  of   t h e   w e i g h t   of  t h e  y a r n   p a s s i n g   t h r o u g h  

s c o u r i n g   t u b e   103  v i a   i n l e t   104  of   h o t   w a t e r  

c o n t a i n i n g   5g  p e r   l i t r e   of  a  n o n - i o n i c   d e t e r g e n t .   T h e  

c o n s t r i c t i o n   105  (3.3mm  i n t e r n a l   d i a m e t e r )   e f f e c t i v e l y  

s t r i p p e d   100  of   t he   250%  d e t e r g e n t   s o l u t i o n   f rom  t h e  

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



c o l l e c t e d   in   t a n k   1 0 2 .   The  d e t e r g e n t   s o l u t i o n   i n   t a n k  

102  was  f o u n d   t o   i n c l u d e   a  c o n s i d e r a b l e   a m o u n t   o f  

g r e a s e   and  a l s o   0 .5%  of   s o l i d s   b a s e d   on  t h e   w e i g h t   o f  

y a r n   p a s s e d   t h r o u g h   t h e   s c o u r i n g   t u b e   103.   A  f u r t h e r  

100  o f   t h e   250%  d e t e r g e n t   s o l u t i o n   w a s r e m o v e d   b y  

m a n g l e   1 0 8 .  

The  c o n s t r i c t i v e   t h r o a t s   114  and  1 1 5  w e r e   b o t h   2 0  

mm  l o n g   and  3 . 3   mm  in  i n t e r n a l   d i a m e t e r .   The  g u i d e  

box  112  was  33  mm  in  d i a m e t e r   and  10  mm  in  h e i g h t   a n d  

had   two  p i n s   d i v i d i n g   t h e   y a r n s   i n t o   t h r e e   t r a c k s .   A 

t r a n s p a r e n t   f a c e   was  p r o v i d e d   f o r   i n s p e c t i o n   p u r p o s e s .  

Dye  l i q u o r   was  pumped   i n t o   i n l e t   113  as  in   E x a m p l e  

19  and   s t e a m   was  p u m p e d   i n t o   i n l e t   111 .   The  r a t e   o f  

i n p u t   of  dye   l i q u o r   was  150%  of   t h e   w e i g h t   of  y a r n  

p a s s i n g   t h r o u g h   t h e   e l o n g a t e d   t r e a t m e n t   zone   1 1 0 .  

In   c o n t r a s t   to   t h e   r e s u l t   in   E x a m p l e   19 ,   t h e   d y e d  

y a r n s   s h o w e d   e q u a l   d y e i n g   and  t h e   hue  was  u n a f f e c t e d .  

:  EXAMPLE  2 1  

10  s c o u r e d   w o o l   y a r n s   (~460  t e x   e a c h )   w e r e   d r a w n  

f r o m   c r e e l s   d i r e c t l y   i n t o   e l o n g a t e d   t r e a t m e n t   z o n e   1 1 0  

i l l u s t r a t e d   s c h e m a t i c a l l y   in   F i g . 6 b .   The  c o n s t r u c t i o n  

and  d i m e n s i o n s   of   z o n e   110  we re   t h o s e   g i v e n   in   E x a m p l e  

20.   No  s t e a m   was  i n j e c t e d   i n t o   i n l e t   111  b u t   t h e  

a p p l i c a t i o n   o f   dye   l i q u o r   was  t h e   same  as  E x a m p l e   2 0 .  

5  kg  t e n s i o n   was  r e q u i r e d   to   p u l l   t h e   y a r n s   t h r o u g h  

t h e   zone   1 1 0 .  



EXAMPLE  2 2 .  

The  p r o c e d u r e   of  E x a m p l e   21  was  r e p e a t e d   e x c e p t  

t h a t   s t e a m   was  i n j e c t e d   i n t o   i n l e t   l l l .   I t   was  f o u n d  

t h a t   o n l y   0 . 6   kg  was  r e q u i r e d   to  p u l l   t h e   y a r n s  

t h r o u g h   to   z o n e   1 1 0 .   The  c h a n g e   in  l e n g t h   of   t h e   y a r n  

f i n a l l y  c o l l e c t e d   was  l e s s   t h a n   3%  of  t h a t   l e a v i n g   t h e  

c r e e l s   100  b e f o r e   t r e a t m e n t .   F u r t h e r m o r e ,   t h e   y a r n  

t e x t u r e   was  u n a f f e c t e d .  

I t   was  f o u n d   t h a t   a t   a  dye  l i q u o r   i n p u t   of  130%  o f  

y a r n   p a s s i n g   t h r o u g h   zone  110  t h e   r e s e r v o i r   of  d y e  

l i q u o r   f o r m e d   was  s t a b l e   and  o c c u p i e d   t h e   w h o l e   s p a c e  

b e t w e e n   c o n s t r i c t i v e   t h r o a t s   114  and  115  and   a  p u m p  

p r e s s u r e   of   5  p o u n d s   pe r   s q u a r e   i n c h   d e v e l o p e d .   A i r  

b u b b l e s   e s c a p e d   u p s t r e a m   of  c o n s t r i c t i v e   t h r o a t   1 1 4 .  

The  r e s u l t i n g   d y e d   y a r n s   were   i n s p e c t e d   in   t h e  

fo rm  of  k n i t t e d   p a n e l s   and  wound  on  c a r d s   and  w e r e  

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

o b t a i n e d   by  b a t c h   d y e i n g .  

T h i s   E x a m p l e   was  r e p e a t e d   s e v e r a l   t i m e s   and  s h o w e d  

c o n s i s t e n t   r e s u l t s .  

EXAMPLE  2 3 .  

8  n y l o n / w o o l   b l e n d   y a r n s   and  an  a l l   n y l o n   s t a p l e  

y a r n   of  s i m i l a r   w e i g h t   460  t e x   f o r   e a c h   y a r n   w e r e  

t r e a t e d   as  in   E x a m p l e   19  bu t   w i t h   d y e s t u f f   was  a  

m i x t u r e   of   lg  pe r   l i t r e   of  n y l o m i n e   b l u e   ( a c i d   b l u e  

C . I .  6 2 )   and   5g  p e r   l i t r e   o f  n y l o m i n e   y e l l o w   ( a c i d  



y e l l o w   1 1 9 ) .   No  n y l o n   dye   r e t a r d a n t   was  p r e s e n t .   T h e  

n y l o n   was  f o u n d   to   dye   t o   t h e   same  hue  as  t h e   w o o l .  

From  t he   a b o v e   E x a m p l e s   i t   can   be  s e e n   t h a t  

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

t h e   e l o n g a t e   m a t e r i a l   b e i n g   t r e a t e d   i n t o   t h e   t r e a t i n g  

a p p a r a t u s   may  be  a v o i d e d   by  u t i l i z i n g   a  t r e a t i n g  

l i q u o r   of  s u f f i c i e n t   v i s c o s i t y ,   e . g .   by  i n c l u d i n g   a  

gum  in  t h e   l i q u o r   ( s e e   E x a m p l e s   1  a n d   2 ) .   E x a m p l e s   3 

and   4  i l l u s t r a t e   t h a t   p o o r   d y e i n g   of   y a r n s   i s   a c h i e v e d  

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

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

an  e l e c t r i c a l l y   h e a t e d   t u b e .   E x a m p l e s   5  o n w a r d s  

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

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

one   c o n s t r i c t i v e   t h r o a t ,   t h e   c o n s t r i c t i v e   t h r o a t ( s )  

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

d y e i n g   l i q u o r .  

I  A l s o   f rom  t h e   a b o v e   E x a m p l e s   i t   can   be  s e e n   t h a t  

t h e   t r e a t i n g   l i q u o r   m a y ,   f o r   e x a m p l e ,   c o n t a i n  

a u x i l i a r i e s ,   e . g .   w e t t i n g   a g e n t s   s u c h   as  d o d e c y l  

b e n z y l   s u l p h o n a t e   a n d / o r   c o a c e r v a t e s   s u c h   as  I r g a p a d o l  

m a n u f a c t u r e d   by  C i b a - G e i g y .  

In  s u m m a r y ,   i t   c a n   be  s e e n   f r o m   t h e   a b o v e   E x a m p l e s  

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

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

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



A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has   been   d e s c r i b e d  

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

t r e a t m e n t   z o n e ,   i t   i s   to  be  u n d e r s t o o d   t h a t ,   i f  

d e s i r e d ,   t w o ' o r   m o r e   such  e l o n g a t e   t r e a t m e n t   z o n e s   m a y  

be  u t i l i z e d ,   t h e s e   z o n e s   b e i n g   l o c a t e d   in  s e r i e s   w i t h  

one  a n o t h e r .  

F u r t h e r m o r e ,   w h i l s t   the   m e t h o d   of  t he   i n v e n t i o n  

has   been   p a r t i c u l a r l y   d e s c r i b e d   w i t h   r e t e r e n c e   to   t h e  

t r e a t m e n t   of  a  l i n e a r   a s s e m b l y   w i t h   a  l i q u o r ,   i . e .   a  

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

a p p l i e s   to  s i t u a t i o n s   where   t h e   l i n e a r   a s s e m b l y   i s  

u s e d   to  e f f e c t   t r e a t m e n t   of  a  l i q u o r   e . g .   as  a  c a r r i e r  

fo r   a  t r e a t i n g   a g e n t   fo r   the   l i q u o r   or  c a t a l y s t   f o r  

r e a c t i o n   e f f e c t e d   in   t he   l i q u o r .   In  s u c h   a n  

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

t h r o u g h   a  t r e a t i n g   a g e n t   p i c k - u p   or  c a t a l y s t -  

r e g e n e r a t i o n   z o n e .  



1 .   A  m e t h o d   of  c o n t i n u o u s l y   a p p l y i n g   a  l i q u o r   t o  

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

a s s e m b l y   c o m p r i s i n g   a  p l u r a l i t y   of  y a r n s ,   ' f i l a m e n t s ,  

t o w ,   t h r e a d s   or  t w i n e s ,   h e r e i n a f t e r   r e f e r r e d   to   a s  

" l i n e a r  a s s e m b l y " ,   c o n t i n u o u s l y   f e e d i n g   l i q u o r   to   s a i d  

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

a s s e m b l y   w i t h   s a i d   l i q u o r ,   c h a r a c t e r i s e d   in   t h a t   s a i d  

l i q u o r / l i n e a r   a s s e m b l y   c o m b i n a t i o 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   an  e l o n g a t e   t r e a t m e n t   z o n e   and  t h r o u g h  

a t   l e a s t   one  c o n s t r i c t i v e   t h r o a t   l o c a t e d   in  s a i d  

e l o n g a t e   t r e a t m e n t   z o n e ,   t he   a t   l e a s t   one   s a i d  

c o n s t r i c t i v e   t h r o a t   h a v i n g   a  c r o s s - s e c t i o n a l   a r e a  

s m a l l e r   t h a n   t h a t   of  t h e   l i n e a r   a s s e m b l y   i m m e d i a t e l y  

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

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

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

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

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

l i q u o r / l i n e a r   a s s e m b l y   c o m b i n a t i o n   p a s s e s   t h r o u g h   a  

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

c o m p o s i t e   s t a t e .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i s e d  

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

by  t h e   a t   l e a s t   one  c o n s t r i c t i v e   t h r o a t   on  i t s   p a s s a g e  

t h e r e t h r o u g h .  



3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  or  2 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   l i q u o r / l i n e a r   a s s e m b l y  

c o m b i n a t i o n   f i l l s   t h e   s p a c e   a v a i l a b l e   in  t h e   e l o n g a t e -  

t r e a t m e n t   zone  i m m e d i a t e l y   u p s t r e a m   f rom  t h e   a t   l e a s t  

one  c o n s t r i c t i v e   t h r o a t   and  t h e   l i n e a r   a s s e m b l y   i s  

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

e l o n g a t e   t r e a t m e n t   z o n e .  

4.  A  m e t h o d   as  c l a i m e d   in  any   of  c l a i m s   1  to  3 ,  

c h a r a c t e r i s e d   in  t h a t   in  t h e  r e g i o n   of  t h e   e l o n g a t e  

t r e a t m e n t   z o n e  d o w n s t r e a m   f r o m   t h e   a t   l e a s t   o n e  

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

s p a c e   a v a i l a b l e   in  t h e   e l o n g a t e   t r e a t m e n t   zone   and  t h e  

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

w a l l   of  t he   e l o n g a t e   t r e a t m e n t   z o n e .  

5.  A  m e t h o d   as  c l a i m e d   in   any   of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   in  t h a t   t h e   p a s s a g e   of  t h e  

l i q u o r   t h r o u g h   t h e   e l o n g a t e   t r e a t m e n t   zone   i s   s u c h  

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

of  t h e   a t   l e a s t   one  c o n s t r i c t i v e   t h r o a t .  

6 .   A  m e t h o d   as  c l a i m e d   in  c l a i m   5,  c h a r a c t e r i s e d  

in  t h a t   t he   a m o u n t   of  l i q u o r   in   t h e   s a i d   r e s e r v o i r  

r e m a i n s   e s s e n t i a l l y   c o n s t a n t ,   t h e r e b y  m a i n t a i n i n g   a n  

e s s e n t i a l l y   i n v a r i a n t   l i q u o r   f l o w   r a t e .  

7 .   A  m e t h o d   as  c l a i m e d   in  c l a i m   5  or  6 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   l i q u o r   i s   f ed   to  t he   l i n e a r  

a s s e m b l y   i n  t h e   r e g i o n  o f   t h e  r e s e r v o i r .  



8.   A  m e t h o d   as  c l a i m e d   in  any  of   c l a i m s   5,  6  o r  

7,  c h a r a c t e r i s e d   in  t h a t   t he   l i n e a r   a s s e m b l y   p a s s e s  

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

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

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

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

f i r s t   and   s e c o n d   c o n s t r i c t i v e   t h r o a t s .  

9.   A  m e t h o d   as   c l a i m e d   in  c l a i m   8,  c h a r a c t e r i s e d  

in   t h a t   t h e   r a t e   of   f e e d   of  l i q u o r   t o   t h e   l i n e a r  

a s s e m b l y   and  t h e   r a t e   of  p a s s a g e   of   t h e   l i n e a r  

a s s e m b l y   t h r o u g h   t h e   e l o n g a t e d   t r e a t m e n t   z o n e   a r e   s u c h  

t h a t   t h e   r e s e r v o i r   f i l l s   t h e   f r e e   s p a c e   a v a i l a b l e  

b e t w e e n   t h e   s a i d   c o n s e c u t i v e   c o n s t r i c t i v e   t h r o a t s .  

1 0 .   A  m e t h o d   as   c l a i m e d   in  c l a i m   9,  c h a r a c t e r i s e d  

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

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

t h r o a t s .  

l l .   A  m e t h o d   as   c l a i m e d   in  any   of   c l a i m s   1  to  1 0 ,  

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

1 2 .   A p p a r a t u s   f o r  a p p l y i n g   a  l i q u o r   t o  a n  

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

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

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

t h r e a d s   or  t w i n e s   w h e r e b y   to   i m p r e g n a t e   s a i d   l i n e a r  

a s s e m b l y   w i t h   s a i d   l i q u o r ,   c h a r a c t e r i s e d   in   t h a t   s a i d  

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

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



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

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

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

b e i n g   l o c a t e d   in   s a i d   e l o n g a t e   t r e a t m e n t   zone  a n d  

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

l i q u o r   to  s a i d   l i n e a r   a s s e m b l y ,   and  means   l o c a t e d  

d o w n s t r e a m   of   s a i d   c o n s t r i c t i v e   t h r o a t ( s )   f o r  

m a i n t a i n i n g   s a i d   l i n e a r   a s s e m b l y   and  t r e a t i n g   l i q u o r  

in  a  u n i f o r m   c o m p o s i t e   s t a t e .  

.  13 . .   A p p a r a t u s   as  c l a i m e d   in  c l a i m   1 2 ,  

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

of  c i r c u l a r   c r o s s -   s e c t i o n   and  s a i d   a t   l e a s t   o n e  

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

o r i f i c e   of  c i r c u l a r   c r o s s - s e c t i o n .  

14.   A p p a r a t u s   as  c l a i m e d   in  c l a i m   11  or  1 2 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   means   f o r   c o n t i n u o u s l y  

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

p o s i t i o n e d   to   i n t r o d u c e   the   l i q u o r   i n t o   t he   e l o n g a t e  

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

c o n s t r i c t i v e   t h r o a t .  

15.   A p p a r a t u s   as  c l a i m e d   in  any  of  c l a i m s   12  t o  

14 ,   c h a r a c t e r i s e d   in   t h a t   a t   or  in  t h e   r e g i o n   of   t h e  

means   fo r   c o n t i n u o u s l y   f e e d i n g   t he   l i q u o r   to  t h e  

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

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

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



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

l i q u o r   t h r o u g h o u t   t h e   l i n e a r   a s s e m b l y .  

1 6 .   A p p a r a t u s  a s   c l a i m e d   in  any  of   c l a i m s   12  t o  

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

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

a s s e m b l y .  

-  1 7 .   A p p a r a t u s   as  c l a i m e d   in   any  of  c l a i m s   12  t o  

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

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

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

one  o f   t h e   f o l l o w i n g : -  

(1)  w a s h i n g   m e a n s   to  wash   t h e  l i n e a r   a s s e m b l y   a n d  

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

r e s u l t i n g   we t   l i n e a r   a s s e m b l y ;  

(2)  h e a t i n g   m e a n s   to   r a i s e   t h e   t e m p e r a t u r e   of   t h e  

l i n e a r   a s s e m b l y ;  

(3)  s t e a m   i n l e t   m e a n s   a d a p t e d   to  a l l o w   s t e a m   t o  

d i r e c t l y   c o n t a c t   t h e   l i n e a r   a s s e m b l y ;   a n d  

(4)   m e a n s   f o r   a d j u s t i n g   t h e   pH  of  t h e   l i n e a r  

a s s e m b l y .  

1 8 .   A p p a r a t u s   as  c l a i m e d   in  any  of   c l a i m s   12  t o  

17 ,   c h a r a c t e r i s e d   by  i n c l u d i n g   a c t i v a t i n g   o r  

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

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

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

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



19.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   1 8 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   a c t i v a t i n g   means   c o m p r i s e s  

one  or  more   of  t h e   f o l l o w i n g : -  

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

t h e   s t e a m   w i t h   t h e   l i n e a r   a s s e m b l y / l i q u o r   c o m p o s i t e  

and  t h e r e b y   r a i s e   t h e   t e m p e r a t u r e   of  t h e   c o m p o s i t e ,  

(b)  means   f o r   i n t r o d u c i n g   f u r t h e r   l i q u o r   o r  

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

or  a  m e t a l   c o m p l e x i n g   a g e n t ;  

(c)  a  h e a t e r   a d a p t e d   to   s u r r o u n d   t h e   l i n e a r  

a s s e m b l y / f l u i d   c o m p o s i t e   and  h e a t   t he   c o m p o s i t e ;  

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

h e a t e r   or  a  h i g h   f r e q u e n c y   e l e c t r o m a g n e t i c   w a v e  

g e n e r a t o r ,   o r  

(e)  a  b a t t e r y   of  c e l l s   made  up  of  an  a l t e r n a t i n g  

s e r i e s   of  a n n u l a r   e l e c t r i c a l   i n s u l a t o r s   and  c o n d u c t o r s  

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

p a s s e s   s u c h   t h a t   an  e l e c t r i c   c u r r e n t   can   be  made  t o  

f l o w   t h r o u g h   t he   l i q u o r .  
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