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54)  Improved  method  and  apparatus  for  treatment  of  textile  sheet  material  by  application  of  microwaves. 

Within  a  confined  chamber  (1)  replete  with  saturated  or 
overheated  steam,  a  textile  sheet  material  (F)  such  as  a 
woven  cloth  is  continuously  transferred  from  one  roll  (Ra)  to 
another  roll  (Rb)  and  vice  versa  under  concurrent  emanation 
of  microwaves  for  uniform  treatment  over  entire  length  and 
thickness.  The  textile  sheel  material  (F)  may  be  subjected  to 
dyeing  or  other  aqueous  treatment  during  the  transfer. 



BACKGROUND  OF  THE  INVENTION 

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  an  i m p r o v e d  

me thod   and  a p p a r a t u s   f o r   t r e a t m e n t   of  t e x t i l e   s h e e t  

m a t e r i a l   by  a p p l i c a t i o n   of  m i c r o w a v e s ,   and  more  p a r t i -  

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

m a t e r i a l   such  as  a  woven  c l o t h   w i t h i n   an  a t m o s p h e r e  

r e p l e t e   w i t h   s a t u r a t e d   or  o v e r h e a t e d   s t eam  under   e m a n a -  

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

e f f e c t   o v e r   the   e n t i r e   l e n g t h   and  t h i c k n e s s   of  the  t e x -  

t i l e   s h e e t   m a t e r i a l .  

F i x a t i o n   and  d e v e l o p m e n t   of  dyes  on  a  t e x t i l e   s h e e t  

m a t e r i a l   such  as  a  woven  c l o t h   have  s i n c e   a  long  t i m e  

been  c a r r i e d   out   by  p l a c i n g   the   t e x t i l e   s h e e t   m a t e r i a l  

in  an  a t m o s p h e r e   i m p r e g n a t e d   w i th   s t e a m .  

As  a  s u b s t i t u t e   fo r   such  a  s t eam  p r o c e s s ,   i t   h a s  

a l r e a d y   been  p r o p o s e d   to  s u b j e c t   a  wet  t e x t i l e   s h e e t  

m a t e r i a l  t o   e m a n a t i o n   of  m i c r o w a v e s .   H e r e ,   the  t e r m  

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

f r e q u e n c i e s   in  a  r a n g e   from  300  to  3 0 , 0 0 0   MHz. 

M i c r o w a v e s   i n v o l v e   a  wide  v a r i e t y   of  a d v a n t a g e s   i n  

p a r t i c u l a r   when  used  fo r   t r e a t m e n t   of  a  wet  t e x t i l e  

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

t e x t i l e   s h e e t   m a t e r i a l   e x t r e m e l y   q u i c k l y ,   h e a t i n g   i t  

w i t h i n   a  ve ry   s h o r t   t i m e .   S e c o n d l y ,   due  to  h e a t   g e n e r a -  
t i o n   c a u s e d   by  d i e l e c t r i c   l o s s ,   m i c r o w a v e s   can  be 

s e l e c t i v e l y   a b s o r b e d   in  an  o b j e c t   w i th   l a r g e   d i e l e c t r i c  

l o s s e s ,   t h e r e b y   h e a t i n g   on ly   r e q u i s i t e   s e c t i o n s   of  t h e  

o b j e c t .   T h e r e   w i l l   be  no  h e a t i n g   of  u n n e c e s s a r y   s e c t i o n s  

of  the  o b j e c t ,   t h e r e b y   a v o i d i n g   w a s t e   of  t h e r m a l   e n e r g y .  
T h i r d l y ,   the   o b j e c t   e x p o s e d   to  m i c r o w a v e s   g e n e r a t e s  

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

a t m o s p h e r e .   As  a  c o n s e q u e n c e ,   the  amount   of  t h e r m a l  



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

a t m o s p h e r e   can  be  g r e a t l y   r e d u c e d .   F o u r t h l y ,   s i n c e  

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

r i s e   at  d i f f e r e n t   s e c t i o n s   of  t he   o b j e c t   e x p o s e d   t h e r e -  

t o ,   r e g i o n a l   v a r i a t i o n s   in  t e m p e r a t u r e   w i t h i n   the  o b -  

j e c t   can  be  s i g n i f i c a n t l y   m i n i m i z e d ,   t h e r e b y   e n a b l i n g  

o p t i m a l   and  u n i f o r m   h e a t i n g   of  the   o b j e c t .   F i n a l l y ,  

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

s i m p l e   and  ea sy   c o n t r o l   of  h e a t i n g   c o n d i t i o n s   in  a c c o r -  

d a n c e   w i t h   r e q u i r e m e n t s   in  a c t u a l   t r e a t m e n t .  

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

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

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

w a t e r   a n d / o r   a g e n t s   c o n t a i n e d   in  the  m a t e r i a l .   T h i s  

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

t i l e   s h e e t   m a t e r i a l .  

A  wide  v a r i e t y   of  s y s t e m s   have  been  p r o p o s e d   i n  

o r d e r   to  u t i l i z e   m i c r o w a v e s   in  p r a c t i c a l   t r e a t m e n t   o f  

t e x t i l e   s h e e t   m a t e r i a l s ,   bu t   o n l y   a  few  of  them  h a v e  

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

s c a l e .  

One  r e a s o n   f o r   t h i s   d i f f i c u l t y   is  the   m a n n e r   o f  

m i c r o w a v e   e m a n a t i o n .   V a r i o u s   e m a n a t i o n   m e t h o d s   in  g e n e -  
r a l   u s e d  f o r   t h i s   e m a n a t i o n   a re   r o u g h l y   c l a s s i f i e d   i n t o  

t h r e e   m a j o r   t y p e s ,   i . e .   t he   use  of  an  e m a n a t o r   wi th   a 

h a i r p i n   c u r v e d   wave  g u i d e ,   the   use  of  an  e m a n a t o r   w i t h  

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

e m a n a t o r .  

In  c a s e   the   e m a n a t o r   is  e q u i p p e d   w i th   a  wave  g u i d e ,  

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

g r e a t   i n f l u e n c e   upon  the   h e a t i n g   e f f e c t   and ,   c o n s e q u e n t -  

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

even   h e a t i n g   c a u s e d   by  p o s s i b l e   v a r i a t i o n s   in  the  w a v e  

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

a re   q u i t e   u n s u i t a b l e   f o r   t r e a t m e n t   of  wet  t e x t i l e   s h e e t  



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

ing  e f f e c t .  

In  ca se   an  o p e n - t y p e   e m a n a t o r   is  used  w h i c h  

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

s t r o n g l y   r e q u i r e d   to  use  means  f o r   e q u a l i z i n g   the  i n -  

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

p l a c e d   in  the  c h a m b e r .   O t h e r w i s e ,   e m a n a t o r s   of  t h i s  

t y p e   a re   q u i t e   u n s u i t a b l e   f o r   use  in  i n d u s t r i a l   s c a l e  

a l t h o u g h   t h e y   may  o p e r a t e   in  l a b o r a t o r y   t e s t s .  

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

of  m i c r o w a v e s   is  t he   r i s k   of  f u s i n g   the   f i b e r s   c o m p o s i n g  

a  t e x t i l e   s h e e t   m a t e r i a l   by  h e a t i n g   i t   by  means  o f  

m i c r o w a v e s .   Th is   c a u s e s   s e r i o u s   p r o b l e m s   in  p a r t i c u l a r  

when  the   t e x t i l e   s h e e t   m a t e r i a l   is  composed   of  t h e r m o -  

p l a s t i c   s y n t h e t i c   f i b e r s ,   such  as  a c r y l i c   f i b e r s .   S u c h  

f u s i o n   of  the   f i b e r s   is  c a u s e d   by  p r e s e n c e   of  w a t e r   a n d  

h igh   b o i l i n g   p o i n t   a g e n t s   in  the   t e x t i l e   s h e e t   m a t e r i a l  

a f t e r   s c o u r i n g   and  f i n i s h i n g .   For  e x a m p l e ,   when  a  t e x -  

t i l e   s h e e t   m a t e r i a l   is  made  of  a c r y l i c   f i b e r s ,   s w e l l i n g  

of  the   f i b e r s   s t a r t s   at  a  t e m p e r a t u r e   ve ry   c l o s e   t o  

100oC  and ,   r e g a r d l e s s   of  the   d i e l e c t r i c   c o n s t a n t ,   t h i s  

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

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

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

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

such  f u s i o n   of  the   f i b e r s ,   e v a c u a t i o n   of  w a t e r   c o n t a i n e d  

in  t he   f i b e r s   has  to  be  p r e v e n t e d   at  l e a s t   d u r i n g   t r e a t -  

ment   by  m i c r o w a v e s .  

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

p r a c t i c a l   use  of  m i c r o w a v e s   is  the   c o n t r o l   of  the  a b o v e -  

d e s c r i b e d   e v a c u a t i o n   of  w a t e r   c o n t a i n e d   in  the  f i b e r s .  

To  o b t a i n   such  c o n t r o l ,   i t   has  been  p r o p o s e d   to  clamp  a 

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

v e y e r   b e l t s   or  to  p l a c e   i t   on  a  r u n n i n g   wet  s h e e t  

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



z o n e .   In  e i t h e r   c a s e ,   t h e r e   is  a  r i s k   t h a t   any  c o n t a -  

m i n a t i o n   on  t he   b e l t s   or  t he   s h e e t   may  be  t a k e n   o v e r  

by  the   t e x t i l e   s h e e t   m a t e r i a l   and  t h i s   s e r i o u s l y   d e -  

g r a d e s   t h e   c o m m e r c i a l   v a l u e   of  the   end  p r o d u c t .  

In  o r d e r   to  r e m o v e  s a i d   d i f f i c u l t y ,   i t   has  a l -  

r e a d y   been  p r o p o s e d   in  US  P a t e n t   A p p l i c a t i o n   S e r .   No .  

1 0 7 , 7 9 0   ( f i l e d   on  28 th   D e c e m b e r ,   1979)   and  EPC  P a t e n t  

A p p l i c a t i o n   No.  7 9 8 5 0 1 1 6 . 9   to  p l a c e   a  t e x t i l e   s h e e t  

m a t e r i a l   in  the   form  of  a  r o l l   w i t h i n   a  c o n f i n e d   c h a m -  

ber   r e p l e t e   w i t h   s a t u r a t e d   or  o v e r h e a t e d   s t e a m   a n d  

r o t a t e   the   r o l l   u n d e r   c o n c u r r e n t   e m a n a t i o n   of  m i c r o -  

w a v e s .  

Th i s   new  s y s t e m   r e m o v e d   mos t   d i s a d v a n t a g e s   of  t h e  

c o n v e n t i o n a l   t r e a t m e n t   by  m i c r o w a v e s .   H o w e v e r ,   s i n c e  

the   t e x t i l e   s h e e t   m a t e r i a l   is  e x p o s e d   to  the   s t e a m   a n d  

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

d i f f e r e n c e   in  t r e a t m e n t   e f f e c t   b e t w e e n   the   s e c t i o n   o f  

the   t e x t i l e   s h e e t   m a t e r i a l   c l o s e   to  the   c o r e   of  t h e  

r o l l   and  the   s e c t i o n   of  the   t e x t i l e   s h e e t   m a t e r i a l  

c l o s e   to  the   p e r i p h e r y   of  the   r o l l .   As  a  c o n s e q u e n c e ,  

one  c a n n o t   e x p e c t   a  u n i f o r m   t r e a t m e n t   e f f e c t   o v e r   t h e  

e n t i r e   l e n g t h   and  t h i c k n e s s   of  t he   t e x t i l e   s h e e t  

m a t e r i a l .  

SUMMARY  OF  THE  INVENTION 

I t   is  the   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  a p p l y  

a  t r e a t m e n t   by  m i c r o w a v e   e m a n a t i o n   to  a  t e x t i l e   s h e e t  

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

e n t i r e   l e n g t h   and  t h i c k n e s s   of  t he   m a t e r i a l .  

In  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n ,   a  p a i r  

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

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

s t e a m   a n d ,   by  r o t a t i n g   the   r o l l s ,   the   t e x t i l e   s h e e t   i s  

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

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



D u r i n g   the  t r a n s f e r ,   the  t e x t i l e   s h e e t   m a t e r i a l   may 

u n d e r g o   any  a q u e o u s   t r e a t m e n t   w i t h   a g e n t   such  as  d y e i n g .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Of  the   d r a w i n g s :  

FIG.  1  is  a  p a r t i a l l y   s e c t i o n a l   p e r s p e c t i v e  

view  of  a  c o n f i n e d   c h a m b e r   f o r   t r e a t m e n t   of  t e x -  

t i l e   s h e e t   m a t e r i a l   a c c o r d i n g   to  the   i n v e n t i o n ;  

FIG.  2  is  a  p a r t i a l l y   s e c t i o n a l   p e r s p e c t i v e  

v iew  of  a  m o d i f i e d   e m b o d i m e n t   of  the   i n v e n t i o n ;  

FIG.  3  is  a  p a r t i a l l y   s e c t i o n a l   p e r s p e c t i v e  

v iew  i l l u s t r a t i n g   an  e m b o d i m e n t   w h e r e i n   the  t e x -  

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

a d d i t i o n   to  the  t r e a t m e n t   by  m i c r o w a v e s ;  

FIG.  4  is  a  p a r t i a l l y   s e c t i o n a l   p e r s p e c t i v e  

v iew  i l l u s t r a t i n g   a  m o d i f i c a t i o n   of  the   e m b o d i -  

ment   of  F i g .   3;  a n d  

FIG.  5  is  a  s e c t i o n a l   view  of  a  s h e l t e r   a s s e m b l y ,  

a r r a n g e d   to  p r e v e n t   l e a k a g e   of  s t e a m   and  m i c r o -  

waves   from  the   c o n f i n e d   c h a m b e r   i n t o   the   dye  b a t h  

be low  s a i d   c h a m b e r .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  the  f o l l o w i n g   d e s c r i p t i o n ,   e l e m e n t s   of  t h e  

a p p a r a t u s   s u b s t a n t i a l l y   same  in  c o n s t r u c t i o n   and  f u n c -  

t i o n   a re   d e s i g n a t e d   wi th   common  r e f e r e n c e   s y m b o l s .  

The  f i r s t   e m b o d i m e n t   of  the   a p p a r a t u s   in  a c c o r d a n c e  

w i t h   the   p r e s e n t   i n v e n t i o n   is  shown  in  F ig .   1,  in  w h i c h  

a  c o n f i n e d   c h a m b e r   1  fo r   t r e a t m e n t   of  a  t e x t i l e   s h e e t  

m a t e r i a l   F  is  composed   of  f o u r   s i d e   w a l l s   la  to  l d ,   a 

c e i l i n g   le  and  a  f l o o r   l f .   Though  no t   shown  in  the  d r a w -  

i n g ,   a  d o o r   is  f o rmed   in  one  of  the   s i d e   w a l l s   la  to  l d  

f o r   e n a b l i n g   t r a n s p o r t a t i o n   of  t he   s h e e t   m a t e r i a l   F  i n t o  

and  ou t   of  the   c o n f i n e d   c h a m b e r   1 .  

A  m i c r o w a v e   e m a n a t o r   2  i n t e r n a l l y   e q u i p p e d   w i t h   a 



m i c r o w a v e   g e n e r a t o r   is  m o u n t e d   to  the  c e i l i n g   l e  

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

c h a m b e r   1.  A l t e r n a t i v e l y ,   t h e   m i c r o w a v e   e m a n a t o r   2  may 
be  c o n n e c t e d   to  a  s e p a r a t e   m i c r o w a v e   g e n e r a t o r   by  a 

s u i t a b l e   c o n n e c t i o n .   P r e f e r a b l y ,   t he   m i c r o w a v e   e m a n a t o r  

2  s h o u l d   be  l o c a t e d   at   the   c e n t r a l   p a r t   of  the   c e i l i n g  

le  f o r   u n i f o r m   a p p l i c a t i o n   of  t he   m i c r o w a v e s .  

A  s u p p l y   d u c t   3  f o r   s a t u r a t e d   or  o v e r h e a t e d   s t e a m  

is  a t t a c h e d ,   o p e n i n g   i n t o   the   c o n f i n e d   c h a m b e r   1  i n  

o r d e r   to  keep  the   c o n f i n e d   c h a m b e r   1  r e p l e t e   w i th   s u c h  

s t e a m .   Used  s t e a m   is  d i s c h a r g e d   t h r o u g h   an  e x h a u s t   d u c t  

4  o p e n i n g   i n t o   the   c o n f i n e d   c h a m b e r   1.  For  u n i f o r m  

d i s t r i b u t i o n   of  the   s t e a m   w i t h i n   the   c o n f i n e d   chamber   1 ,  

t h e s e   d u c t s   3  a n d  4  s h o u l d   p r e f e r a b l y   open  i n t o   the   c o n -  

f i n e d   c h a m b e r   1  t h r o u g h   the   o p p o s i t e   s i d e   w a l l s   la  a n d  

lc  or  lb  and  l d .  

A  p a i r   of  p a r a l l e l   s h a f t s   6a  and  6 b , b e i n g   a d e q u a t e -  

ly  s p a c e d   from  each   o t h e r ,   a r e   a r r a n g e d   w i t h i n   the  c o n -  
f i n e d   c h a m b e r   1.  The  s h a f t s   6a  and  6b  a re   r o t a t a b l y  

s u p p o r t e d   by  a s s o c i a t e d   b e a r i n g s   m o u n t e d   to  the   s i d e  

w a l l s .   In  the   d r a w i n g ,   o n l y   one  b e a r i n g   7  m o u n t e d   t o  

the  s i d e   wa l l   ld  is  i l l u s t r a t e d .   One  end  of  the   s h a f t  

6a  e x t e n d s   o u t s i d e   t he   c o n f i n e d   c h a m b e r   1  t h r o u g h   t h e  

a s s o c i a t e d   s i d e   wa l l   lb  and  f i x e d l y   c a r r i e s   a  p u l l e y  

8a.   L i k e w i s e ,   the   e x p o s e d   end  of  the   s h a f t   6b  f i x e d l y  

c a r r i e s   a  p u l l e y   8b.  The  p u l l e y s   8a  and  8b  a re   o p e r a -  

t i o n a l l y   c o u p l e d ,   by  means   of  b e l t s   9a  and  9b,  to  a 

p u l l e y   11  f i x e d   on  the   o u t p u t   s h a f t   of  a  r e v e r s i b l e  

d r i v e   m o t o r   12  a r r a n g e d   o u t s i d e   the   c o n f i n e d   c h a m b e r   1 .  

The  d r i v e   m o t o r   12,  h o w e v e r ,   may  a l s o   be  a r r a n g e d   w i t h -  

in  the   c o n f i n e d   c h a m b e r   1.  F u r t h e r ,   the   p u l l e y - b e l t  

c o u p l i n g   may  be  r e p l a c e d   by  a  s u i t a b l e   s p r o c k e t - c h a i n  

c o u p l i n g .  

Cores   13a  and  13b  a re   m o u n t e d   on  the   s h a f t s   6a  a n d  

6b  f o r   f o r m a t i o n   of  r o l l s   Ra  and  Rb  of  the   t e x t i l e   s h e e t  



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

a s s o c i a t e d   s h a f t s   6a  and  6 b .  

A c c o r d i n g   to  t he   mos t   s i m p l e   e m b o d i m e n t ,   the   c o r e s  

13a  and  13b  a re   f i x e d l y   i n s e r t e d   ove r   the   a s s o c i a t e d  

s h a f t s   6a  and  6b.  In  t h i s   c a s e ,   the   t e x t i l e   s h e e t  

m a t e r i a l   F  has  to  be  i n t r o d u c e d   i n t o  t h e   c o n f i n e d   c h a m -  

ber   1  in  s h e e t   form  and  wound  on  to  one  of  t he   c o r e s  

13a  and  13b  to  form  a  r o l l   Ra  or  Rb  b e f o r e   s t a r t i n g   t h e  

t r e a t m e n t .   L i k e w i s e ,   when  the   t r e a t m e n t   of  the   t e x t i l e  

s h e e t   m a t e r i a l   F  is  o v e r ,   i t   mus t   be  d e l i v e r e d   ou t   o f  

the   c o n f i n e d   c h a m b e r   1  in  s h e e t   form  from  one  of  t h e  

r o l l s   Ra  or  Rb .  

A c c o r d i n g   to  a  p r e f e r r e d   e m b o d i m e n t ,   the   c o r e s   1 3 a  

and  13b  a re   r e l e a s a b l y   c o u p l e d   to  the  a s s o c i a t e d   s h a f t s  

6a  and  6b  by  means  of  c h u c k i n g   m e c h a n i s m s   wh ich   p r o v i -  

s i o n a l l y   l o c k s   o u t e r   ends  of  the   c o r e s   13a  and  13b  t o  

the   i n n e r   ends   of  t he   a s s o c i a t e d   s h a f t s   6a  and  6b,  e a c h  

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

s e c t i o n s .   In  t h i s   c a s e ,   the   t e x t i l e   s h e e t   m a t e r i a l   F  c a n  

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

c o n f i n e d   c h a m b e r   1  in  the   form  of  the  r o l l   Ra  or  Rb 

wound  the   co r e   13a  or  13b,   wh ich   is  t hen   l o c k e d   to  t h e  

s h a f t   6a  or  6b  by  the   c h u c k i n g   m e c h a n i s m .   L i k e w i s e ,   when  

the  t r e a t m e n t   is  o v e r ,   the   t e x t i l e   s h e e t   m a t e r i a l   F  c a n  

be  d e l i v e r e d   ou t   of  the   c o n f i n e d   c h a m b e r   1  in  the   f o r m  

of  the   r o l l   Ra  or  R b ,  

E i t h e r   s y s t e m   can  be  f r e e l y   c h o s e n   d e p e n d i n g   on  t h e  

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

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

e m p l o y e d   f o r   t h e  p u l l e y s   9a  and  9b  and ,   c o n s e q u e n t l y ,   t h e  

s h a f t s   6a  and  6b  a re   d r i v e n   f o r   r o t a t i o n   in  t he   s a m e  

d i r e c t i o n .   So,  when  the   s h a f t s   6a  and  6b  r o t a t e   in  t h e  

c l o c k w i s e   d i r e c t i o n   in  the   d r a w i n g ,   the   t e x t i l e   s h e e t  

m a t e r i a l   F  is  d e l i v e r e d   from  the   l e f t   s i d e   r o l l   Ra  a n d  

wound  on  the   r i g h t   s i d e   r o l l   Rb,  w h e r e a s ,   when  t h e  



s h a f t s   6a  and  6b  r o t a t e   in  the   c o u n t e r c l o c k w i s e   d i r e c -  

t i o n ,   t he   t e x t i l e   s h e e t   m a t e r i a l   F  is  d e l i v e r e d   f r o m  

the  r i g h t   s i d e   r o l l   Rb  and  wound  on  the  l e f t   s i d e   r o l l  

R a .  

As  a  c o n s e q u e n c e ,  t h e   o u t e r m o s t   l a y e r   of  t h e  

m a t e r i a l   in  the   one  r o l l   at  i t s   l a r g e s t   d i a m e t e r   b e -  

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

r o l l ,   t he   i n n e r m o s t   l a y e r   of  the   m a t e r i a l   in  the  o t h e r  

r o l l   at   i t s   l a r g e s t   d i a m e t e r .   H e r e ,   w i n d i n g   of  the   t e x -  

t i l e   m a t e r i a l   F  is  c a r r i e d   ou t   in  a  m a n n e r   such  t h a t  

the   s u r f a c e   s i d e   of  the   t e x t i l e   s h e e t   m a t e r i a l   F  in  t h e  

one  r o l l   r e m o t e   from  the   a x i s   of  the   one  s h a f t   is  a l s o  

r e m o t e ,   in  the   o t h e r   r o l l ,   f rom  the  a x i s   of  the   o t h e r  

s h a f t .   S i n c e   the   c o n f i n e d   c h a m b e r   1  is  r e p l e t e   w i t h  

s a t u r a t e d   or  o v e r h e a t e d   s t e a m   and  m i c r o w a v e s   a re   e m a n a -  

t ed   at  l e a s t   d u r i n g   the   t r a n s f e r   of  the  t e x t i l e   s h e e t  

m a t e r i a l   F  b e t w e e n   the   r o l l s   Ra  and  Rb,  the   t e x t i l e  

s h e e t   m a t e r i a l   F  is  e x p o s e d   to  and  t r e a t e d   w i t h   t h e  

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

l e n g t h .  

T r a n s f e r   of  the   t e x t i l e   s h e e t   m a t e r i a l   F  b e t w e e n  

the   r o l l s   Ra  and  Rb  may  be  c a r r i e d   ou t   t w i c e   or  m o r e  

t i m e s   d e p e n d i n g   on  the   r e q u i r e m e n t s   in  the   p r a c t i c a l  

p r o c e s s i n g .  

The  s e c o n d   e m b o d i m e n t   of  t he   a p p a r a t u s   in  a c c o r -  

d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   is  shown  in  F i g .   2 ,  

in  w h i c h   a r r a n g e m e n t s   of  t he   e l e m e n t s   a re   a l m o s t   s a m e  

as  in  the   f i r s t   e m b o d i m e n t   e x c e p t   f o r   the   a r r a n g e m e n t  

of  the  b e l t s   9a  and  9b.  In  t h i s   c a s e ,   c r o s s   r u n n i n g   i s  

e m p l o y e d   f o r   the   p u l l e y s   9a  and  9b  a n d ,   c o n s e q u e n t l y ,  

the   s h a f t s   6a  and  6b  a re   d r i v e n   f o r   r o t a t i o n   in  o p p o -  
s i t e   d i r e c t i o n s .   So,  when  the   s h a f t   6a  r o t a t e s   in  t h e  

c l o c k w i s e   d i r e c t i o n ,   t he   s h a f t   6b  r o t a t e s   in  t h e  

c o u n t e r c l o c k w i s e   d i r e c t i o n   in  o r d e r   to  wind  up  the   t e x -  

t i l e   s h e e t   m a t e r i a l   F  on  i t s   a s s o c i a t e d   r o l l   R b ,  



w h e r e a s ,   w h e n  t h e   s h a f t   6b  r o t a t e s   in  the   c l o c k w i s e  

d i r e c t i o n ,   the   s h a f t   6a  r o t a t e s   in  t he   c o u n t e r c l o c k -  

wise   d i r e c t i o n   in  o r d e r   to  wind  up  the  t e x t i l e   s h e e t  

m a t e r i a l   F  on  i t s   a s s o c i a t e d   r o l l   R a .  

Th i s   e m b o d i m e n t   d i f f e r s   f rom  the   f i r s t   e m b o d i m e n t  

in  t h a t ,   in  w i n d i n g   of  the  t e x t i l e   s h e e t   m a t e r i a l   F ,  

the  s u r f a c e   s i d e   of  the  t e x t i l e   s h e e t   m a t e r i a l   F  r e -  

mote  f rom  the   a x i s   of  the   s h a f t   of  the   f i r s t   r o l l ,   on 

the  o t h e r   r o l l   is  c l o s e   to  the   a x i s   of  the   o t h e r   s h a f t .  

T h u s ,   in  a d d i t i o n   to  the  l o n g i t u d i n a l   u n i f o r m i t y ,   t h e  

t e x t i l e   s h e e t   m a t e r i a l   is  t r e a t e d   w i t h   the  s t e a m   a n d  

the   m i c r o w a v e s   q u i t e   u n i f o r m l y   ove r   i t s   e n t i r e   t h i c k -  

n e s s .  

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

wi th   t he   p r e s e n t   i n v e n t i o n   is  shown  in  F i g .   3,  i n  

which   the   m a n n e r   of  w i n d i n g   up  the  t e x t i l e   s h e e t   m a t e -  

r i a l   F  is  same  as  t h a t   in  the  f i r s t   e m b o d i m e n t   s h o w n  

in  F i g .   1.  Tha t   i s ,   the   s u r f a c e   s i d e   of  the   t e x t i l e  

s h e e t   m a t e r i a l   F  on  the  one  r o l l   r e m o t e   from  the  a x i s  

of  the   one  s h a f t   is  a l s o   r e m o t e ,   in  the  o t h e r   r o l l ,  

from  the   a x i s   of  the   o t h e r   s h a f t .   Th i s   e m b o d i m e n t ,   how-  

e v e r ,   d i f f e r s   from  the  f i r s t   e m b o d i m e n t   in  t h a t   t h e  

t e x t i l e   s h e e t   m a t e r i a l   F  is  s u b j e c t e d   to  d y e i n g   o r  

o t h e r   a q u e o u s   t r e a t m e n t   w i th   a g e n t   d u r i n g   the  t r a n s f e r  

b e t w e e n   the   r o l l s   Ra  and  Rb.  

In  the  e m b o d i m e n t   i l l u s t r a t e d   in  F ig .   3,  a  d y e  

ba th   D  is  l o c a t e d   below  the  f l o o r   l f   of  the  c o n f i n e d  

c h a m b e r   1  and ,   in  o r d e r   to  b l o c k   l e a k a g e   of  the  s t e a m  

and  the   m i c r o w a v e s   f rom  the  c o n f i n e d   c h a m b e r   1 ,  

s h e l t e r   a s s e m b l i e s   20  are   a r r a n g e d   t h r o u g h   the  f l o o r  

l f   at  p o s i t i o n s   be low  the  r o l l s   Ra  and  Rb.  

The  c o n s t r u c t i o n   of  the   s h e l t e r   a s s e m b l y   20  i s  

shown  in  d e t a i l   in  F ig .   5,  in  which   t h e  s h e l t e r   a s s e m b -  

ly  20  i n c l u d e s   a  t h i c k   h o u s i n g   201 ,   a  v e n t i l a t i o n   d u c t  

202  o p e n i n g   i n t o   the  s p a c e   d e f i n e d   by  the  h o u s i n g   2 0 1 ,  



and  a  p e r f o r a t e d   c o v e r   203  c l o s i n g   t he   o p e n i n g   of  t h e  

d u c t   202  f o r   b l o c k i n g   l e a k a g e   of  e l e c t r i c   waves   t h r o u g h  

the   d u c t   202 .   The  top  of  the   s p a c e   is  c o v e r e d   by  a n  

a d j u s t a b l e   s l i t   p l a t e   204  p r o v i d i n g   a  p a s s a g e   f o r   t h e  

t e x t i l e   s h e e t   m a t e r i a l .   By  a d j u s t i n g   the   s l i t   p l a t e  

204 ,   t he   s i z e   of  the   p a s s a g e   can  be  c h a n g e d   f r e e l y   i n  

a c c o r d a n c e   w i t h   the   p r o c e s s i n g   c o n d i t i o n s .   A  b l o c k  

f i l t e r   206  is  a r r a n g e d   v e r t i c a l l y   w i t h i n   the   s p a c e   b e -  

low  the   s l i t   p l a t e   204.   The  b l o c k   f i l t e r   206  i n c l u d e s  

a  p l u r a l i t y   of  e l e c t r i c   wave  d a m p i n g   e l e m e n t s   2 0 6 a  

a l i g n e d   in  a  v e r t i c a l   d i r e c t i o n   and  f a c i n g   the   t r a v e l -  

l i n g   p a t h   of  the   t e x t i l e   s h e e t   m a t e r i a l   F.  The  b l o c k  

f i l t e r   206  f u r t h e r   i n c l u d e s   an  e l e c t r i c   wave  a b s o r b e r  

206b  v e r t i c a l l y   e x t e n d i n g   on  the  o p p o s i t e   s i d e   of  t h e  

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

The  e x t r e m e l y   s m a l l   s i z e   of  the   p a s s a g e   p r o v i d e d  

by  the   s l i t   p l a t e   204  w e l l   b l o c k s   l e a k a g e   of  t he   s t e a m  

and  the   m i c r o w a v e s   ou t   of  the   c o n f i n e d   c h a m b e r   1  w h i l s t  

a l l o w i n g   f r e e   p a s s i n g   of  the  t e x t i l e   s h e e t   m a t e r i a l   F .  

Even  when  the   m i c r o w a v e s   l e a k   t h r o u g h   the   p a s s a g e ,   t h e y  

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

the   b l o c k   f i l t e r   206.   P r e f e r a b l y ,   a  w a t e r   r e s e r v o i r   2 0 7  

is  a r r a n g e d   in  t he   s p a c e   be low  the   l o w e r   t e r m i n a l   o f  

the   b l o c k   f i l t e r   206  in  o r d e r   to  a b s o r b   m i c r o w a v e s  

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

b l o c k   f i l t e r   2 0 6 .  

R e v e r t i n g   to  the   a r r a n g e m e n t   shown  in  F i g .   3,  g u i d e  

r o l l e r s   21  and  22  a re   a r r a n g e d   be low  the   s h e l t e r   a s s e m b -  

l i e s   20  and  i m m e r s i o n   r o l l e r s   23  and  24  a re   a r r a n g e d   i n  

the   dye  b a t h   D,  bo th   in  known  m a n n e r s .  

When  the   s h a f t s   6a  and  6b  r o t a t e   in  t h e   c l o c k w i s e  

d i r e c t i o n   in  t he   d r a w i n g ,   the   t e x t i l e   s h e e t   m a t e r i a l   F 

is  d e l i v e r e d   from  the   r o l l   Ra  on  the   l e f t   s i d e   s h a f t  

6a ,   t h r o u g h   the   s h e l t e r   a s s e m b l y   20  and  the   g u i d e   r o l -  

l e r s   21  t o w a r d s   the  dye  b a t h   D  w h i l s t   b e i n g   t r e a t e d  



w i t h   the   s t e a m   and  the   m i c r o w a v e s   in  the   c o n f i n e d  

c h a m b e r   1,  f u r t h e r   t h r o u g h   the   g u i d e   r o l l e r s   22  a n d  

the   s h e l t e r   a s s e m b l y   20  a f t e r   i m m e r s i o n   in  the   d y e  

b a t h   D  w h i l s t   b e i n g   a g a i n   t r e a t e d   w i t h   the   s t e a m   a n d  

m i c r o w a v e s   in  the   c o n f i n e d   c h a m b e r   1,  and  wound  up  on 

t he   r o l l   Rb  on  the  r i g h t   s i d e   s h a f t   6 b .  

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

d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n   is  shown  in  F i g .   4 ,  

in  w h i c h   the   m a n n e r   of  w i n d i n g   up  the  t e x t i l e   s h e e t  

m a t e r i a l   F  is  t he   same  as  in  the   s e c o n d   e m b o d i m e n t  

shown  in  F i g .   2.  Tha t   i s ,   t he   s u r f a c e   s i d e   of  the   t e x -  

t i l e   s h e e t   m a t e r i a l   F  in  the   one  r o l l   r e m o t e   from  t h e  

a x i s   of  the   one  s h a f t   i s ,   on  the  o t h e r   r o l l , c l o s e   t o  

the   a x i s   of  the   o t h e r   s h a f t .   L ike   the   t h i r d   e m b o d i m e n t ,  

the   t e x t i l e   s h e e t   m a t e r i a l   u n d e r g o e s   d y e i n g   or  o t h e r  

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

ween  the   r o l l s   Ra  and  Rb.  In  the  c a s e   of  the   i l l u s t r a -  

t ed   c o n s t r u c t i o n ,   a  dye  ba th   D  is  a r r a n g e d   be low  t h e  

f l o o r   l f   of  the   c o n f i n e d   c h a m b e r   1 .  

When  the  l e f t   s i d e   s h a f t   6a  r o t a t e s   in  the   c l o c k -  

w i s e   d i r e c t i o n   and  the   r i g h t   s i d e   s h a f t   6b  in  the   c o u n -  

t e r c l o c k w i s e   d i r e c t i o n ,   the   t e x t i l e   s h e e t   m a t e r i a l   F  i s  

d e l i v e r e d   from  the  r o l l   Ra  on  the  l e f t   s i d e   s h a f t   6 a ,  

t h r o u g h   the   s h e l t e r   a s s e m b l y   20  and  the  g u i d e   r o l l e r s   21 

t o w a r d s   the   dye  ba th   D  w h i l s t   b e i n g   t r e a t e d   w i t h   t h e  

s t e a m   and  the   m i c r o w a v e s   in  the   c o n f i n e d   c h a m b e r   1 ,  

f u r t h e r   t h r o u g h   the  g u i d e   r o l l e r s   22  and  the   s h e l t e r  

a s s e m b l y   20  a f t e r   i m m e r s i o n   in  the  dye  b a t h   D  w h i l s t  

b e i n g   a g a i n   t r e a t e d   w i t h   the  s t e a m   and  the   m i c r o w a v e s  

in  the   c o n f i n e d   c h a m b e r   1,  and  wound  up  on  the   r o l l   Rb 

on  the   r i g h t   s i d e   s h a f t   6 b .  

E x a m p l e .  

Us ing   the   a p p a r a t u s   shown  in  F i g .   4,  t e x t i l e   s h e e t  

m a t e r i a l s   of  v a r i o u s   k i n d s   were  t r e a t e d   and  dyed  i n  

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



p r o c e s s   c o n d i t i o n s   shown  in  t he   f o l l o w i n g   t a b l e .  

As  a  r e s u l t   of  t he   e x p e r i m e n t s ,   i t   was  c o n f i r m e d  

t h a t   t h e r e   was  no  s u b s t a n t i a l   d i f f e r e n c e   in  c o l o u r  

e f f e c t   a l o n g   the   e n t i r e   l e n g t h   of  e ach   t e x t i l e   s h e e t  

m a t e r i a l .   I t   was  f u r t h e r   c o n f i r m e d   t h a t ,   even  when  a 

v e r y   t h i c k   t e x t i l e   s h e e t   m a t e r i a l   was  p r o c e s s e d ,   t h e r e  

was  no  s u b s t a n t i a l   d i f f e r e n c e   in  c o l o u r   e f f e c t   a l o n g  

the  o v e r a l l   t h i c k n e s s   of  the   s h e e t   m a t e r i a l .  





1.  I m p r o v e d   m e t h o d   f o r   t r e a t m e n t   of  a  t e x t i l e  

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

p l a c i n g   one  r o l l   of  s a i d   t e x t i l e   s h e e t   m a t e r i a l  

wound  on  a  f i r s t   r o t a r y   c o r e   w i t h i n   a  c o n f i n e d  c h a m b e r  

r e p l e t e   w i t h   s a t u r a t e d   or  o v e r h e a t e d   s t e a m ,  

d e l i v e r i n g   s a i d   t e x t i l e   s h e e t   m a t e r i a l   from  s a i d  

one  r o l l   on  s a i d   f i r s t   r o t a r y   c o r e   in  o r d e r   to  wind  up 

on  a n o t h e r   r o l l   on  a  s e c o n d   r o t a r y   c o r e ,  

d e l i v e r i n g   s a i d   t e x t i l e   s h e e t   m a t e r i a l   from  s a i d  

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

wind  up  on  s a i d   one  r o l l   on  s a i d   f i r s t   r o t a r y   c o r e ,  

t r a n s f e r   of  s a i d   t e x t i l e   s h e e t   m a t e r i a l   b e t w e e n   s a i d  

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

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

l e a s t   d u r i n g   s a i d   t r a n s f e r   of  s a i d   t e x t i l e   s h e e t   m a t e r i -  

a l .  

2.  I m p r o v e d   m e t h o d   a c c o r d i n g   to  c l a i m   1  in  w h i c h  

w i n d i n g - u p   of  s a i d   t e x t i l e   s h e e t   m a t e r i a l   on  s a i d  

r o l l s   is  c a r r i e d   out   in  a  m a n n e r   such  t h a t   the   s u r f a c e  

s i d e   of  s a i d   t e x t i l e   s h e e t   m a t e r i a l   in  s a i d   one  r o l l   r e -  

mote  f rom  the   a x i s   of  s a i d   f i r s t   r o t a r y   co r e   is  a l s o   r e -  

m o t e ,   in  s a i d   a n o t h e r   r o l l ,   f rom  the   a x i s   of  s a i d   s e c o n d  

r o t a r y   c o r e .  

3.  I m p r o v e d   m e t h o d   a c c o r d i n g   to  c l a i m   1  in  w h i c h  

w i n d i n g - u p   of  s a i d   t e x t i l e   s h e e t   m a t e r i a l   on  s a i d  

r o l l s   is  c a r r i e d   ou t   in  a  m a n n e r   such  t h a t   the   s u r f a c e  

s i d e   of  s a i d   t e x t i l e   s h e e t   m a t e r i a l   in  s a i d   one  r o l l   r e -  

mote  from  t he   a x i s   of  s a i d   f i r s t   r o t a r y   co r e   is  c l o s e ,  

in  s a i d   a n o t h e r   r o l l ,   to  the  a x i s   of  s a i d   s e c o n d   r o t a r y  

c o r e .  

4.  I m p r o v e d   me thod   a c c o r d i n g   to  any  of  the   p r e -  

c e d i n g   c l a i m s   in  w h i c h  

s a i d   t e x t i l e   s h e e t   m a t e r i a l   is  s u b j e c t e d ,   at   l e a s t  

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



5.  I m p r o v e d   m e t h o d   a c c o r d i n g   to  c l a i m   4  in  w h i c h  

s a i d   d y e i n g   is  c a r r i e d   out   o u t s i d e   s a i d   c o n f i n e d  

c h a m b e r .  

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

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

a  h o u s i n g   (1)  d e f i n i n g   a  c o n f i n e d   c h a m b e r ,  

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

(6a ,   6b)  a r r a n g e d   w i t h i n   s a i d   c o n f i n e d   c h a m b e r   and  a d a p -  

ted   fo r   w i n d i n g   up  s a i d   t e x t i l e   s h e e t   m a t e r i a l   in  a 

r o l l   f o r m ,  

d r i v i n g   means  ( 8a ,   8b,  9a,   9b,  11,  12 ) ,   f o r   w i n d -  

ing  up  s a i d   t e x t i l e   s h e e t   m a t e r i a l ,   d r i v i n g   s a i d   s h a f t s  

( 6a ,   6b)  f o r   s i m u l t a n e o u s   a x i a l   r o t a t i o n   a l t e r n a t e l y   i n  

r e v e r s e   d i r e c t i o n s ,  

at  l e a s t   one  e m a n a t o r   (2)  of  s a i d   m i c r o w a v e s   a t t a c h -  

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

a n d  

means  (3,  4)  f o r   mak ing   s a i d   c o n f i n e d   c h a m b e r   r e -  

p l e t e   wi th   s a t u r a t e d   or  o v e r h e a t e d   s t e a m .  

7.  I m p r o v e d   a p p a r a t u s   a c c o r d i n g   to  c l a i m   6  i n  

w h i c h  

s a i d   s h a f t s   ( 6 a ,   6b)  b e i n g   d r i v e n   by  s a i d   d r i v i n g  

means  fo r   s i m u l t a n e o u s   r o t a t i o n   in  a  same  d i r e c t i o n .  

8.  I m p r o v e d   a p p a r a t u s   a c c o r d i n g   to  c l a i m   6  i n  

w h i c h  

s a i d   s h a f t s   ( 6a ,   6b)  b e i n g   d r i v e n   by  s a i d   d r i v i n g  

means  f o r   s i m u l t a n e o u s   r o t a t i o n   in  d i f f e r e n t   d i r e c t i o n s .  

9.  I m p r o v e d   a p p a r a t u s   a c c o r d i n g   to  one  of  c l a i m s  

6  to  8  f u r t h e r   c o m p r i s i n g  

a  dye  ba th   (D)  a r r a n g e d   o u t s i d e   s a i d   c o n f i n e d  

c h a m b e r ,  

means  (21 ,   22)  f o r   g u i d i n g   s a i d   t e x t i l e   s h e e t  

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

on  s a i d   s h a f t s ,   a n d  

s h e l t e r   a s s e m b l i e s   (20)  m o u n t e d   to  s a i d   h o u s i n g  



a l o n g   the   c o u r s e s   of  s a i d   t e x t i l e   s h e e t   m a t e r i a l   to  a n d  

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

s a i d   m i c r o w a v e s   and  s t e a m s   ou t   of  s a i d   c o n f i n e d   c h a m b e r .  

10.  I m p r o v e d   a p p a r a t u s   a c c o r d i n g   to  c l a i m   9  i n  

w h i c h   each   s a i d  s h e l t e r   (20)   a s s e m b l y   i n c l u d e s  

t h i c k   w a l l s   ( 201 )   d e f i n i n g   a  s p a c e   o u t s i d e   s a i d  

c o n f i n e d   c h a m b e r   t h r o u g h   wh ich   s a i d   t e x t i l e   s h e e t  

m a t e r i a l   t r a v e l s ,  

an  a d j u s t a b l e   s p l i t   p l a t e   ( 204)   a r r a n g e d   at  t h e  

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

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

i n t o   and  out   of  s a i d   s p a c e ,   a n d  

a  m i c r o w a v e   b l o c k   f i l t e r   ( 206 )   a r r a n g e d   w i t h i n  

s a i d   s p a c e   t h r o u g h   wh ich   s a i d   t e x t i l e   s h e e t   m a t e r i a l  

t r a v e l s .  



1.  Method  f o r   t r e a t m e n t   of  a  t e x t i l e   s h e e t   m a t e -  

r i a l   (F)  w i t h i n   a  c o n f i n e d   c h a m b e r   (1)  r e p l e t e   w i t h  

s a t u r a t e d   or  o v e r h e a t e d   s t e a m   u n d e r   c o n c u r r e n t   e m a n a -  

t i o n   of  m i c r o w a v e s ,   c  h  a  r  a   c  t  e  r  i  z  e  d   by  

p l a c i n g   one  r o l l   (Ra)  of  the   t e x t i l e   s h e e t   m a t e r i a l  

(F)  wound  on  a  f i r s t   r o t a r y   c o r e   ( 1 3 a )   in  the  c o n f i n e d  

c h a m b e r   ( 1 ) ,  

d e l i v e r i n g   the   t e x t i l e   s h e e t   m a t e r i a l   from  the  o n e  

r o l l   on  the  f i r s t   r o t a r y   c o r e   in  o r d e r   to  wind  up  s a m e  

on  the  o t h e r   r o l l   (Rb)  on  a  s e c o n d   r o t a r y   co r e   ( 1 3 b ) ,   a n d  

d e l i v e r i n g   the   t e x t i l e   s h e e t   m a t e r i a l   from  the  o t h e r  

r o l l   on  the   s e c o n d   r o t a r y   co r e   in  o r d e r   to  wind  up  s ame  

back  on  the   one  r o l l   on  the  f i r s t   r o t a r y   c o r e ,   t r a n s f e r  

of  the  t e x t i l e   s h e e t   m a t e r i a l   (F)  b e t w e e n   the   r o l l s  

(Ra,  Rb)  b e i n g   r e p e a t e d   at  l e a s t   t w i c e .  
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