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@  Process  for  level  dyeing  of  textiles  by  heat  transfer. 

A  process  is  provided  wherein  film  (e.g.  polyester) 
which  has  been  dyed  by  at  least  one  disperse  dye,  is 
contacted  with  textile  material  in  the  presence  of  sufficient 
heat  to  cause  the  dye  to  sublime  or  vaporize  and  transfer 
some  of  the  dye  from  the  film  to  the  textile  material,  thereby 
effecting  level  dyeing  of  the  textile  material.  Both  the  film 
and  textile  material  have  affinity  for  the  dye,  and  softening 
points  which  are  higher,  and  glass  transition  temperatures 
which  are  lower,  than  the  temperature  needed  to  effect 
sublimation  or  vaporization  and  transfer  of  the  dye.  Also  a 
process  is  provided  wherein  film  is  continously  dyed  with  at 
least  one  disperse  dye  and  thereafter  continuously  contac- 
ted  with  a  textile  material  at  elevated  temperature  so  as  to 
sublime  or  vaporize  the  dye  and  transfer  dye  from  the  film 
to  the  textile  material. 



BACKGROUND OF  THE  INVENTION 

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

T h i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   w h e r e i n   a 
f i l m   c o n t a i n i n g   a t   l e a s t   one  dye  is  c o n t a c t e d  w i t h   a  t e x -  

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

c a u s e   t h e   dye  (o r   d y e s )   to  s u b l i m e   or  v a p o r i z e   a n d  

t r a n s f e r   some  of  i t   f rom  t he   f i l m   to  t he   t e x t i l e  

m a t e r i a l ,   and  t h e r e b y   p r o v i d e   t e x t i l e   m a t e r i a l   l e v e l  

dyed  in  a  s o l i d   s h a d e .  

D e s c r i p t i o n   of  t h e   P r i o r  A r t  

In  r e c e n t   y e a r s ,   i t   has  become  a  common  c o m m e r c i a l  

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

v a p o r i z i n g   and  t r a n s f e r r i n g   dyes   f rom  p a p e r   c a r r i e r s  

p r i n t e d   or  c o a t e d   w i t h   d i s p e r s e   d y e s t u f f s   in  t h e   form  o f  

an  ink   or  p a s t e ;   i . e .   d y e s t u f f   p l u s   b i n d e r .   The  t e x t i l e  

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

t h e   p r e s e n c e   of  h e a t .   In  some  p r o c e s s e s ,   h e a t i n g   i s  

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

d u r i n g   or  a f t e r   t he   h e a t i n g   s t e p .  

W h i l e   s u p e r f i c i a l l y ,   i t   may  seem  p o s s i b l e   t o  

a c h i e v e   l e v e l   d y e i n g s   of  t e x t i l e   m a t e r i a l s   by  t h e   a b o v e -  

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

l i m i t a t i o n s ,   none   has  been  r e p o r t e d   in  c o m m e r c e .   P o s s i b l e  

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

n a t u r e   of  t h e   dye  c a r r i e r   and  t h e   means   a v a i l a b l e   f o r  

c o a t i n g   i t .  

In  o r d e r   to  a c h i e v e   l e v e l   d y e i n g   of  t he   t e x t i l e  

m a t e r i a l ,   t h e   c o a t i n g   on  t h e   c a r r i e r   mus t   be  v e r y   u n i f o r m .  

The  g r a v u r e   t e c h n i q u e ,   w h e r e i n   c o a t e d   p a p e r   ( e . g .   by  c l a y )  

is  u s e d ,   m i g h t   seem  to  be  c a p a b l e   of  a c h i e v i n g   u n i f o r m  

c o a t i n g   of  t he   c a r r i e r   w i t h   a  dye  ( in   t he   form  of  an  i n k ) .  



H o w e v e r ,   one  c a n n o t   m e t e r   i n k   e x a c t l y   a c r o s s   t he   e n t i r e  

l e n g t h   and  w i d t h   of  t h e   c a r r i e r   p a p e r   so  as  to  a c h i e v e  

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

M o r e o v e r ,   i t   i s   e x p e n s i v e ,   b o t h   in  t e r m s   of  c a p i t a l  

i n v e s t m e n t   and  in  o p e r a t i n g   c o s t s .   The  l i t h o g r a p h i c  

p r i n t i n g   t e c h n i q u e   d o e s   no t   p r o v i d e   a  c o n t i n u o u s   s u r -  
f a c e   f rom  w h i c h   ink  or  p r i n t   p a s t e   can  be  t r a n s f e r r e d .  

Ink  can  be  m e t e r e d   l e s s   e x a c t l y   w i t h   t he   f l e x o g r a p h i c  

p r o c e s s   t h a n   t h e   g r a v u r e   t e c h n i q u e .   The  r o t a r y   s c r e e n  

p r i n t i n g   t e c h n i q u e   r e q u i r e s   t he   use  of  a  w a t e r - b a s e d  

i n k ,   bu t   c l a y - c o a t e d   p a p e r   may  no t   be  u s e d ,   b e c a u s e   t h e  

w a t e r   w o u l d   c a u s e   t h e   p a p e r   to  p u c k e r .   I f   o t h e r   p a p e r  
is  u s e d   w i t h   w a t e r - b a s e d   i n k s ,   t he   dye  t h e r e o f   p e n e t r a t e s  

i n t o   t h e   m i c r o s t r u c t u r e   of  t he   p a p e r ,   and  on  h e a t i n g  

would   d i f f u s e   f u r t h e r   i n t o   t he   p a p e r ,   m a k i n g   i t   i m -  

p r a c t i c a l ,   i f   no t   i m p o s s i b l e ,   to  e f f e c t   l e v e l   d y e i n g  

f rom  t he   p a p e r   to  a  t e x t i l e   m a t e r i a l .  

M a r k e r t   e t   a l . ,   in  U.S .   P a t e n t   3 , 7 0 7 , 3 4 6 ,   d i s c l o s e  

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

a n t h r a q u i n o n e   d i s p e r s e   d y e s t u f f   is  a p p l i e d   to  one  or  b o t h  

s i d e s   of  a  c a r r i e r   f o r   w h i c h   t h e   d i s p e r s e   d y e s t u f f   do  

no t   p o s s e s s   a f f i n i t y .   P r e f e r a b l y ,   t h e   c a r r i e r   is  p a p e r ,  

bu t   a  m e t a l   s u b s t r a t e   is  d i s c l o s e d   as  w e l l .  

B o s s a r d   e t   a l . ,   in  U .S .   P a t e n t   3 , 9 1 5 , 6 2 8 ,   a l s o   d i s -  

c l o s e   t h e   use   of  a  c a r r i e r   h a v i n g   no  a f f i n i t y   f o r   t h e   c o m -  

pound   ( i n c l u d i n g   d y e s t u f f s )   w h i c h   is  to  be  t r a n s f e r - p r i n t e d  

on  t e x t i l e   m a t e r i a l   by  v a p o r i z a t i o n   in  t he   p r e s e n c e   o f  

h e a t .   T h e i r   c a r r i e r   is   a  c o n t i n u o u s ,   e n d l e s s   s t r u c t u r e  

to  w h i c h   t h e   v a p o r i z a b l e   m a t e r i a l   is  a p p l i e d   by  s p r a y i n g ,  

c o a t i n g   o r ' p r i n t i n g .   The  e n d l e s s   i n e r t   c a r r i e r   may  b e  

m e t a l ,   s u c h   as  a l u m i n u m   or  s t e e l ,   p l a s t i c ,   w a t e r -   a n d  

o p t i o n a l l y   s o l v e n t - r e s i s t a n t   p a p e r ,   or  t e x t i l e   f a b r i c s ,  

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

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

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



M a y e r ,   in  U.S .   P a t e n t   4 , 0 5 6 , 3 5 2 ,   d i s c l o s e s   t h e  

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

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

m a t e r i a l s   ( i n c l u d i n g   t e x t i l e   w e b s )   by  p a s s i n g   t h e   w e b s  

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

h e a t i n g   m e a n s   and  s u b s e q u e n t l y   o v e r   at   l e a s t   one  s u c t i o n  

m e a n s .   As  a  r u l e ,   t he   c a r r i e r   p o s s e s s e s   no  a f f i n i t y   f o r  

t h e   p r e p a r a t i o n   t h a t   c o n t a i n s   t h e   c o m p o u n d   to  be  t r a n s -  

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

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

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

s u r f a c e   of  t h e   c a r r i e r .   I f   t h e   c a r r i e r   is   a i r - p e r m e a b l e ,  

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

p o u n d s   to  be  t r a n s f e r r e d ,   t h e   u n t r e a t e d   or  t r e a t e d   s i d e  

of  t h e   c a r r i e r   may  be  b r o u g h t   i n t o   c o n t a c t   w i t h   t he   s u r -  

f a c e   of  t h e   web  to  be  t r e a t e d .   I f ,   as  is  p r e f e r r e d ,   t h e  

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

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

t h e   w e b  m a t e r i a l   to  be  t r e a t e d .  

S u b l i s t a t i c   H o l d i n g   S . A . ,   in  U.K.  P a t e n t   S p e c i f i c a -  

t i o n   No.  1 , 3 9 2 , 3 9 0 ,   d i s c l o s e   d ry   h e a t i n g   a  t e x t i l e  

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

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

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

b r i g h t e n i n g   a g e n t   to  s u b l i m e   or  v a p o r i z e ,   and  t h e r e b y  

t r a n s f e r   t h e   same  to  t h e   t e x t i l e   web.  P a p e r   or  a l u m i n u m ,  

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

make  i t   i m p e r m e a b l e   to  a i r ,   is  d i s c l o s e d   f o r   use   as  t h e  

f l e x i b l e   s u p p o r t .  

SUMMARY  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  a  p r o c e s s   i n  

w h i c h   p o l y e s t e r   f i l m   dyed  w i t h   a t   l e a s t   one  d i s p e r s e   d y e  

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

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



or  v a p o r i z a t i o n   of  t h e   dye   and  t r a n s f e r   some  of  t h e  

dye.  f rom  t h e   f i l m   to  t h e   t e x t i l e   m a t e r i a l ,   and  t h . e r e b y  

e f f e c t   l e v e l   d y e i n g   of  t h e   t e x t i l e   m a t e r i a l .   I n  

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

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

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

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

a t   e l e v a t e d   t e m p e r a t u r e   so  as  to  s u b l i m e   or  v a p o r i z e   t h e  

dye  and  t r a n s f e r   dye  f rom  t h e   f i l m   to  t h e   t e x t i l e   m a t e r i a l .  

W h e r e v e r   u sed   h e r e i n ,   " p o l y e s t e r "   means   c o n v e n t i o n -  

al  p o l y e t h y l e n e   t e r e p h t h a l a t e   w h i c h   m a y  o r   may  no t   b e  

m o d i f i e d   in  ways  w h i c h   a r e   w e l l   known  in  t h e   a r t .   L i k e -  

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

l e a s t   one  d i s p e r s e   dye  i s   m e n t i o n e d   h e r e i n ,   i t   is   to  b e  

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

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

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

d y e s   w i l l   n o t   r e s u l t   in  d y e i n g .   Such  s u b s t r a t e s ,   e . g .  

p o l y e s t e r ,   a r e   made  up  of  l o n g   p o l y m e r   c h a i n s   h e l d   to  o n e  

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

In  o r d e r   to  dye  such   a  s u b s t r a t e ,   i t   is  n e c e s s a r y   to  o v e r -  

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

m o l e c u l e s   to  p e n e t r a t e   t h e   s u b s t r a t e .   W i t h o u t   s u c h  

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

b i n d e r s   or  t h e   l i k e ,   w i l l   n o t   s u r v i v e   u s e a g e .   One  c a n  

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

s y s t e m .   Thus  when  t h e   p o l y m e r   i s   h e a t e d   to  t h e   g l a s s -  

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

t i o n s   b e g i n   to  o v e r c o m e   t h e   c o h e s i v e   f o r c e s   and  c o n t i n u e  

to  do  so  u n t i l   t h e   s o f t e n i n g   p o i n t   is  r e a c h e d .   B e t w e e n  

t h e   Tg  and  s o f t e n i n g   p o i n t   of  t h e   p o l y m e r ,   t h e   d i s p e r s e  

dye  m o l e c u l e s   can  p e n e t r a t e   b e t w e e n   p o l y m e r   m o l e c u l e s ,  

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

( s a t d   to  be  a  s o l i d   s o l u t i o n ) .  



DETAILED  DESCRIPTION OF   THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  b a t c h   or  c o n -  

t i n u o u s   p r o c e s s   by  w h i c h   l e v e l   d y e i n g   of  t e x t i l e  

m a t e r i a l s   can  be  o b t a i n e d   by  h e a t   t r a n s f e r   f rom  d y e d  

p o l y e s t e r   f i l m .   In  one  e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

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

ment   known  in  t h e   a r t ,   e . g .   t h a t   d i s c l o s e d   in  U . S .  

P a t e n t   No.  3 , 5 5 8 , 2 6 0   or  4 , 0 5 5 , 9 7 1 .   T h e r e a f t e r ,   t h e   d y e d  

f i l m   can  be  run  c o n t i n u o u s l y   to  c o n v e n t i o n a l   e q u i p m e n t  

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

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

t e x t i l e   f a b r i c   in  t h e   p r e s e n c e   of  h e a t .   In  a  m o d i f i c a -  

t i o n   of  t h e   a b o v e - d e s c r i b e d   t e c h n i q u e ,   t h e   f i l m   is  w o u n d  

up  on  a  r o l l   and  s t o r e d   u n t i l   s u c h   t i m e   as  l e v e l   d y e i n g  

of  t e x t i l e   m a t e r i a l s   t h e r e f r o m   is   d e s i r e d .   In  a n o t h e r  

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

a v a i l a b l e   dyed  p o l y e s t e r   f i l m   in  t h e   h e a t   t r a n s f e r   s t e p .  

The  d y e i n g   s t e p   is   p e r f o r m e d   in  a  h i g h - b o i l i n g  

s o l v e n t   e x e m p l i f i e d   in  U.S .   P a t e n t   2 , 9 3 8 , 8 1 1 .   The  p r e -  

f e r r e d   s o l v e n t   i s   d i e t h y l e n e   g l y c o l .   O t h e r   such   l i q u i d s  

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

g l y c o l   and  g l y c e r i n e .  
S u c h   s o l v e n t s   a r e   n e c e s s a r y   so  as  to  e n a b l e   o n e  

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

a b o u t   12Q°C.   As  a  p r a c t i c a l   m a t t e r ,   t h e   o n l y   u p p e r  

l i m i t s   t o  t h e   t e m p e r a t u r e   at   w h i c h   t h e   f i l m   is   dyed  a r e  

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

p o i n t   of  t h e   s o l v e n t   and  t h e   s o f t e n i n g   p o i n t   of  t h e   f i l m .  

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

g l y c o l ,   is  a b o u t   245°C  w h i l e   t he   s o f t e n i n g   p o i n t   of  t h e  

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

may  be  as  low  as  2 3 0 ° C .   U s u a l l y ,   t he   d y e i n g - t e m p e r a t u r e  

does   n o t   e x c e e d   a b o u t   2 1 5 ° C .   In  o r d e r   to  a v o i d   d i s -  

t o r t i o n s   in  t he   f i l m ,   p a r t i c u l a r l y   t h o s e   0 . 2 5   to  0 . 5  

mil  in  t h i c k n e s s ,   i t   is   p r e f e r a b l y   dyed  a t   t e m p e r a t u r e s  



of  a b o u t   180°C  or  l e s s .   A f t e r   t h e   f i l m   i s   d y e d ,   i t   i s  

u s u a l l y   w a s h e d ,   e . g .   in  a  r e l a t i v e l y   l o w - b o i l i n g   l i q u i d  

such   as  m e t h a n o l   or  e t h a n o l ,   c h l o r o f o r m   or  d i c h l o r o -  

m e t h a n e ,   as  d i s c l o s e d   in  U .S .   P a t e n t   4 , 0 4 7 , 8 8 9 .   On  t h e  

o t h e r   h a n d ,   t h e   dyed  f i l m   can  be  w a s h e d   w i t h   w a t e r   a s  

d i s c l o s e d   in  U.S .   P a t e n t   2 , 9 3 8 , 8 1 1 .   A f t e r   w a s h i n g   t h e  

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

t h e   e n t i r e   s e q u e n c e   can  be  r e p e a t e d ,   r e d y e i n g   t he   f i l m  

and  h e a t   t r a n s f e r r i n g   dye  t h e r e f r o m   to  t e x t i l e   f a b r i c .  

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

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

The  f i l m   may  be  of  any  t h i c k n e s s ,   so  l o n g   as  i t   is  s e l f -  

s u p p o r t i n g .   P o l y e s t e r   f i l m s   w h i c h   a r e   0 . 2 5   to  5  m i l s   i n  

t h i c k n e s s   can  be  u s e d .   T h o s e   h a v i n g   t h i c k n e s s e s   a t   t h e  

u p p e r   end  of  t h e   r a n g e   a r e   more  d i f f i c u l t   to  use   b e c a u s e  

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

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

v a p o r i z a t i o n   and  t r a n s f e r   of  e n o u g h   dye  to  a c h i e v e  

a d e q u a t e   d y e i n g   of  t h e   t e x t i l e   m a t e r i a l .   From  t h e   s t a n d -  

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

p r e f e r a b l y   0 .5   to  1  mil  t h i c k .   Not  o n l y   mus t   t h e   s o f t e n -  

ing  p o i n t   of  t h e   p o l y e s t e r ,   f rom  w h i c h   t h e   f i l m   is  p r e -  

p a r e d ,   b e  a b o v e   t h e   s u b l i m a t i o n   t e m p e r a t u r e   of  t he   d i s -  

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

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

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

mus t   he  s u b l i m a b l e   or  v a p o r i z a b l e   at   a  t e m p e r a t u r e   b e l o w  

t h e   s o f t e n i n g   p o i n t   of  t he   p o l y e s t e r   f i l m   as  w e l l   as  t h a t  

of  t h e   f a b r i c   to  w h i c h   t he   dye  is  t r a n s f e r r e d   f rom  t h e  

f i l m .   U s u a l l y ,   t h e   d i s p e r s e   d y e s   w i l l   have   a d e q u a t e  

v a p o r   p r e s s u r e   to  t r a n s f e r   a t   a  t e m p e r a t u r e   b e t w e e n   a b o u t  

150  and  22Q°C,   p r e f e r a b l y   b e t w e e n   175°  and  2 1 5 ° C .   F o r  

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

E x a m p l e s   of  such   d y e s   a r e   d i s c l o s e d   in  U.S .   P a t e n t  

3 , 9 1 5 , 6 2 8 .  



Iη  t h e   h e a t   t r a n s f e r   s t e p ,   t he   p o l y e s t e r   f i l m  

and  t h e   t e x t i l e   m a t e r i a l   a r e   b r o u g h t   i n t o ,   and  m a i n t a i n e d  

i n ,   c o n t a c t   w i t h   one  a n o t h e r   a t   a  t e m p e r a t u r e   s u f f i c i e n t -  

ly  h i g h   so  as  to  e f f e c t   s u b l i m a t i o n   or  v a p o r i z a t i o n   o f  

t he   d i s p e r s e   dye  c o n t a i n e d  i n   the  f i lm ,   for  so  long  as  i t   t a k e s  
the  d e s i r e d   amount  of  d y e s t u f f s   to  be  t r a n s f e r r e d   from  the  fi lm  t o  

t he   t e x t i l e   m a t e r i a l .   The  t e m p e r a t u r e ,   a t   w h i c h   t he   f i l m  

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

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

i t   m u s t   be  at   or  a b o v e   t h e   g l a s s   t r a n s i t i o n   t e m p e r a t u r e  

of  t h e   f i l m   or  t e x t i l e ,   w h i c h e v e r   has  t h e   h i g h e r   T g .  

M o r e o v e r ,   t h a t   t e m p e r a t u r e   m u s t   no t   e x c e e d   t he   s o f t e n i n g  

p o i n t   of   t h e   f i l m   or  t e x t i l e   m a t e r i a l .  

As  a  r u l e ,   t h e   f i l m   and  t e x t i l e   m a t e r i a l   a r e   h e a t e d  

t o g e t h e r   at  a  t e m p e r a t u r e   b e t w e e n   150  and  220°C  ( p r e f e r -  

a b l y   b e t w e e n   175  and  2 1 5 ° C )   f o r   a  b r i e f   p e r i o d   of  t i m e ,  

e . g .   1 0 - 9 0   s e c o n d s .   The  h e a t   t r a n s f e r   s t e p   may  be  c a r r i e d  

ou t   c o n t i n u o u s l y   or  on  a  b a t c h   b a s i s .   Hea t   can  b e  

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

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

A p p a r a t u s   f o r   c a r r y i n g   ou t   t he   h e a t   t r a n s f e r   s t e p   is   w e l l  

known  in  t he   a r t ,   s ee   f o r   e x a m p l e   U.S .   P a t e n t   3 , 7 6 8 , 2 8 0 ;  

4 , 0 3 0 , 9 6 2 ;   4 , 0 5 7 , 8 6 4 ;   4 , 1 1 6 , 0 2 2 ;   or  4 , 1 1 7 , 6 9 9 ;   or  U . K .  

P a t e n t   S p e c i f i c a t i o n   1 , 2 2 7 , 6 8 1 ;   1 , 3 9 9 , 0 9 5 ;   or  1 , 4 2 3 , 3 5 8 .  

For  e x a m p l e ,   t h e   dyed  f i l m   can  be  c o n t a c t e d   w i t h  

t h e   h e a t e d   r o l l   s u r f a c e   of  a  c a l e n d a r ,   and  the   t e x t i l e  

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

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

t e x t i l e   m a t e r i a l ,   i . e .   f a b r i c ,   is  b r o u g h t   i n t o   d i r e c t  

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

is   in  c o n t a c t   w i t h   t he   f i l m .   In  a  p r e f e r r e d   e m b o d i -  

m e n t ,   t h e   f i l m   is  s a n d w i c h e d   b e t w e e n   two  l a y e r s   of  t e x -  

t i l e   m a t e r i a l ,   w i t h   b o t h   l a y e r s   of  t e x t i l e   m a t e r i a l  

b e i n g   h e a t e d ,   e . g .   t h e   i n n e r   l a y e r   of  t e x t i l e   m a t e r i a l  

b e i n g   h e a t e d   by  a  h e a t e d   r o l l   and  the   o u t e r   l a y e r   o f  



t e x t i l e   m a t e r i a l   by  some  o t h e r   h e a t   s o u r c e ,   such   a s  

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

l a y e r s   to   same  d e p t h   of  s h a d e ,   i t   is  n e c e s s a r y   to  h e a t  

t he   i n n e r   and  o u t e r   l a y e r s   of  any  s u c h   s a n d w i c h   c o n -  

f i g u r a t i o n   to  t he   same  e x t e n t .   M o r e o v e r ,   in  o r d e r   t o  

e f f e c t   t r a n s f e r   of  t h e   d i s p e r s e   dye  in  as  s h o r t   a 

p e r i o d   of  t i m e   as  p o s s i b l e ,   one  s h o u l d   p r e - h e a t   t h e  

t e x t i l e   m a t e r i a l   j u s t   b e f o r e   b r i n g i n g   i t   i n t o   c o n t a c t  

w i t h   t h e   dyed  f i l m ,   p r e f e r a b l y   by  c o n t a c t i n g   t h e   t e x t i l e  

m a t e r i a l   w i t h   a  h e a t e d   s u r f a c e .  

One  may  c o n t r o l   t h e   h e a t   i n t r o d u c e d   in  t h e   h e a t  

t r a n s f e r   s t e p ,   in  t e r m s   of  t i m e   and  t e m p e r a t u r e ,   so  a s  

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

t h e   f i l m   to  t h e   t e x t i l e   m a t e r i a l .   I f   t he   f i l m   and  u n -  

dyed  t e x t i l e   m a t e r i a l   a r e   h e a t e d   in  c o n t a c t   w i t h   o n e  

a n o t h e r   a t   or  above  the  s u b l i m a t i o n   or  v a p o r i z a t i o n   t e m p e r a t u r e  

of  the  dye  for  a  s u f f i c i e n t l y   long  pe r iod   s u b s t a n t i a l   e q u i l i b r i u m  

wil l   be  r eached ,   and  t h e r e a f t e r   no  s i g n i f i c a n t   amount  of  dye 

w i l l   t r a n s f e r   f rom  t h a t   f i l m   to  t h a t   t e x t i l e   m a t e r i a l .  

I f   o t h e r   u n d y e d   t e x t i l e   m a t e r i a l   is  t h e r e a f t e r   h e a t e d  

in  c o n t a c t   w i t h   t h a t   same  f i l m   at   or  a b o v e   t he   s u b -  

l i m a t i o n   or  v a p o r i z a t i o n   t e m p e r a t u r e   of  t he   d y e ,  

a d d i t i o n a l   dye   w i l l   t r a n s f e r   f rom  t h e   f i l m   to  t he   t e x t i l e  

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

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

r e a c h e d .   The  t r a n s f e r   of  dye  may  a l s o   be  run  ( i n i t i a l l y  

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

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

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

f rom  f i l m   to  t e x t i l e   m a t e r i a l .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   can  be  u s e d   t o  

e f f e c t   l e v e l   d y e i n g   of  t he   t e x t i l e   m a t e r i a l s   so  as  t o  

g i v e   a  v a r i e t y   of  r e s u l t s .   The  t e x t i l e   m a t e r i a l   can  b e  

dyed  on  one  s i d e   o n l y .   By  c o n t r o l l i n g   t i m e   and  t e m p e r a -  

t u r e   of  d y e i n g ,   t h e   dye  can  be  c a u s e d   to  m i g r a t e   f r o m  



one  s i d e   of  t he   t e x t i l e   m a t e r i a l   to  t he   o t h e r   so  as  t o  

g i v e   l e v e l   d y e i n g   in  t h e   same  s h a d e   on  b o t h   s i d e s   t h e r e -  

o f .   On  c e r t a i n   f a b r i c   c o n s t r u c t i o n s ,   i t   is  p o s s i b l e  

to  o b t a i n   two  d i f f e r e n t   c o l o r s   on  o p p o s i t e   f a c e s   o f  

s i n g l e   l a y e r   of  f a b r i c   f rom  a  s i n g l e   f i l m .   One  can  d y e  

th-e  f i l m   w i t h   two  d i s p e r s e   dyes   t h a t   have   a  g r e a t  

d i f f e r e n c e   in  v a p o r   p r e s s u r e   a n d / o r   d i f f u s i o n   c o e f f i c i e n t .  

In  t h a t   e v e n t ,   t h e   f a c e   of  t h e   f a b r i c ,   away  f rom  t he   d y e d  

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

w h i l e   t h e   f a c e   n e x t   to  t h e   f i l m   w i l l   have   t h e   c o l o r   of  t h e  

dye  m i x t u r e .   Leve l   d y e i n g   of  t h e   two  s i d e s   of  t he   t e x t i l e  

m a t e r i a l   in  d i f f e r e n t   s h a d e s   or  c o l o r s   can  a l s o   be  

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

v e n t i o n .   T h u s ,   in  t h e   p r e s e n c e   of  h e a t ,   one  s i d e   of  t h e  

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

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

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

dye .   Such  a  p r o c e d u r e   can  be  p e r f o r m e d   in  a  s i n g l e  s t e p  

or  i t   can  be  c a r r i e d   o u t   in  s e q u e n t i a l   s t e p s .   In  a d d i t i o n  

to  s a n d w i c h i n g   a  l a y e r   of  f i l m   b e t w e e n   two  l a y e r s   of  t e x -  

t i l e   m a t e r i a l ,   one  can  make  m u l t i p l e   s a n d w i c h e s   in  w h i c h  

t h r e e ,   f o u r   or  more  l a y e r s   of  t e x t i l e   m a t e r i a l   a l t e r n a t e  

w i t h   two ,   t h r e e   of  more  l a y e r s   of  f i l m   dyed  to  the   same  o r  

d i f f e r e n t   s h a d e s   by  t h e   same  or  d i f f e r e n t   d y e s .  

The  t e x t i l e   m a t e r i a l s   may  be  in  t h e   fo rm  o f  

f i b e r s   or  f a b r i c ,   w o v e n ,   n o n - w o v e n   ( e . g .   s p u n b o n d e d )   o r  

k n i t t e d .   Most   c o m m o n l y ,   t h e y   w o u l d   be  k n i t t e d .   C e l l u l o s e  

a c e t a t e   and  n y l o n   6  have   s o f t e n i n g   p o i n t s   of  a b o u t   190  a n d  

1 7 0 ° C ,   r e s p e c t i v e l y .   S i n c e   t he   p r e f e r r e d   d i s p e r s e   d y e s  

r e q u i r e   t e m p e r a t u r e s   in  t he   r a n g e   b e t w e e n   a b o u t   1 7 5 -  

215°C  f o r   e f f e c t i v e   h e a t   t r a n s f e r ,   t e x t i l e   m a t e r i a l s   p r e -  

p a r e d   f rom  t h o s e   p o l y m e r s   w o u l d   no t   be  a c c e p t a b l e   as  p r e -  

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

66  nor   a c r y l i c   t e x t i l e   m a t e r i a l s   a re   p r e f e r r e d .   W h i l e  

t h e y   have   s u f f i c i e n t l y   h i g h   s o f t e n i n g   p o i n t s :   2 2 5 ,   2 3 5  



and  2 l 5 - 2 5 5 ° C ,   r e s p e c t i v e l y ,   t h e y   e x h i b i t   p o o r   w a s h -  

f a s t n e s s   p r o p e r t i e s   when  dyed  by  h e a t   t r a n s f e r .   " Q i a n a "  

n y l o n   is  s u i t a b l e   in  l i g h t   and  medium  s h a d e s   when  d y e d  

by  heat  t r a n s f e r ,   but  in  deep  shades  i t   cannot  meet  the  s u b l i m a t i o n  

f a s t n e s s   r e q u i r e m e n t s   f o r   t he   " Q i a n a "   l a b e l ,   and  i s  

t h e r e f o r e   no t   p r e f e r r e d   h e r e i n .   T h a t   l e a v e s   p o l y e s t e r  

t e x t i l e   m a t e r i a l s   as  t he   m o s t   s u i t a b l e   f o r   use   a c c o r d i n g  

to  t h i s   i n v e n t i o n .  

The  f o l l o w i n g   e x a m p l e s   a r e   g i v e n   by  way  o f  

i l l u s t r a t i o n   and  no t   l i m i t a t i o n .   In  t h e   e x a m p l e s ,   p a r t s  

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

o t h e r w i s e   s p e c i f i e d .  

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

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

p r e p a r e d   f rom  o t h e r   p o l y m e r s   can  be  u s e d   as  w e l l .   S u c h  

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

s o f t e n i n g   p o i n t   t h a t   is  h i g h e r ,   and  g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   t h a t   is  l o w e r ,   t h a n   t h e   t e m p e r a t u r e   n e e d e d  

to  e f f e c t   s u b l i m a t i o n   or  v a p o r i z a t i o n   and  t r a n s f e r   o f  

t h e   d y e s t u f f   to  t he   t e x t i l e   m a t e r i a l .   For  e x a m p l e ,   o n e  

can  use   f i l m   p r e p a r e d   f rom  t he   p o l y m e r s   f rom  w h i c h   t e x -  

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

d e s c r i b e d   a b o v e ,   v i z .   c e l l u l o s e   t r i a c e t a t e ,   a c r y l i c s ,  

n y l o n   66  ( p o l y h e x a m e t h y l e n e   a d i p a m i d e )   and  " Q i a n a "   t y p e  

n y l o n   [ t h e   p o l y a m i d e   made  f rom  d o d e c a n e d i o i c   a c i d   and  b i s -  

( 4 - a m i n o c y c l o h e x y l ) m e t h a n e ] .  



E x a m p l e   1 

A  p i e c e   of  0 .5   mil  c o m m e r c i a l l y   dyed  p o l y e s t e r  

f i l m ,   m e a s u r i n g   12  i n c h e s   by  10  i n c h e s   c o n t a i n i n g   a  m i x -  

t u r e   of  t h r e e   s u b l i m a b l e   dyes   ( D i s p e r s e   Y e l l o w   54,   D i s -  

p e r s e   B lue   60,   and  D i s p e r s e   Red  60)  was  p l a c e d   in  a  h o t  

p l a t e   on  top   of  an  u n d y e d   100%  p o l y e s t e r   f a b r i c   ( T y p e  

56  " D a c r o n "   150  den  34  f i l a m e n t   214  g/m2  t e x t u r i z e d  

d o u b l e - k n i t ) .   A f t e r   30  s e c o n d s   a t   2 1 0 ° ,   a  v e r y   l e v e l  

d y e i n g   of  t h e   top   s u r f a c e   o n l y   of  t he   f a b r i c   had  b e e n  

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

E x a m p l e   2 

E x a m p l e   1  was  r e p e a t e d   u s i n g   c o m m e r c i a l l y   d y e d  

p o l y e s t e r   f i l m   c o n t a i n i n g   D i s p e r s e   V i o l e t   17  and  D i s p e r s e  

Blue   56  dye  to  g i v e   v e r y   l e v e l   d y e i n g   on  one  s i d e   o n l y  

of  t h e   p o l y e s t e r   f a b r i c .  

E x a m p l e   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 he   p o l y e s t e r  

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

f i l m   dyed  w i t h   D i s p e r s e   B lue   56.  A f t e r   40  s e c o n d s   a t  

2 1 0 ° ,   b o t h   s i d e s   of  t he   p o l y e s t e r   f a b r i c   showed   v e r y  
l e v e l   d y e i n g   a t   t he   same  s h a d e .  

E x a m p l e   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   one  l a y e r  o f  

f i l m   c o n t a i n e d   t he   same  dyes   as  the   f i l m   in  E x a m p l e   1 

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

in  E x a m p l e   3.  A  f a b r i c   was  o b t a i n e d   wh ich   was  l e v e l  

dyed  one  c o l o r   on  one  s i d e   and  a  d i f f e r e n t   c o l o r   on  t h e  

o t h e r   s i d e .  



E x a m p l e   5 

The  p r o c e d u r e   of  E x a m p l e   1  was  r e p e a t e d   u s i n g   a 

d i f f e r e n t   t y p e   of  p o l y e s t e r   f a b r i c   (a  5 .7   o z . / y d . 2   7 0 -  

d e n i e r   i n t e r l o c k )   and  a  0 .5   mil  p o l y e s t e r   f i l m   w h i c h  

had  been   dyed  c o m m e r c i a l l y   w i t h   a  m i x t u r e   of  D i s p e r s e  
V i o l e t   17  (a  " l o w   e n e r g y "   dye  w i t h   h i g h   t r a n s f e r   a n d  

d i f f u s i o n   r a t e s )   and  D i s p e r s e   B lue   56  (a  much  " h i g h e r  

e n e r g y "   d i s p e r s e   d y e ) .   A f t e r   60  s e c o n d s   in  t h e   h o t  

p l a t e   at  210°,  t h e   f a c e   of   t h e   p o l y e s t e r   f a b r i c   a w a y  
f rom  t h e   f i l m   was  r e d ,   b e c a u s e   o n l y   t h e   V i o l e t   17  

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

n e x t   to  t he   f i l m   was  d a r k   g r e y ,   s i n c e   b o t h   t h e   V i o l e t   17 

and  t h e   B l u e   56  d y e s   were   p r e s e n t .  

E x a m p l e   6 

A  c o m m e r c i a l l y   dyed  0 .5   mil  p o l y e s t e r   f i l m   c o n -  

t a i n i n g   D i s p e r s e   B lue   56 ,   in  deep   s h a d e ,   was  p l a c e d  

b e t w e e n   two  u n d y e d   p o l y e s t e r   f a b r i c s   ( s ame   t y p e   as  i n  

E x a m p l e   1)  and  was  h e a t e d   f o r   30  s e c o n d s   in  a  ho t   p l a t e  

a t   2 1 0 ° .   Two  f a b r i c s   were   o b t a i n e d ,   e a c h   l e v e l   dyed  on  

one  f a c e   o n l y .   Then  t he   same  f i l m   s a m p l e   was  p l a c e d   a g a i n  

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

210°  and  t h e   d w e l l   t i m e   was  i n c r e a s e d   to  45  s e c o n d s .   T h e  

r e s u l t i n g   f a b r i c s   were   l e v e l   dyed  on  one  f a c e   o n l y   t o  

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

t h e   f i r s t   t r a n s f e r .   The  same  f i l m   was  a g a i n   p l a c e d   in  a 

ho t   p l a t e   w i t h   two  u n d y e d   p o l y e s t e r   f a b r i c s ,   and  by  i n -  

c r e a s i n g   t he   d w e l l   t i m e   to  60  s e c o n d s   a t   2 1 0 ° ,   a  v e r y  

s i m i l a r   d e p t h   of  s h a d e   was  o b t a i n e d   as  in  t he   f i r s t   t w o  

t r a n s f e r s .   T h a t   i s ,   f rom  one  deep   dyed  f i l m ,   s i x   p o l y -  

e s t e r   f a b r i c s   were   dyed  to  a  v e r y   s i m i l a r   d e p t h   of  s h a d e  

by  m a i n t a i n i n g   the   same  t r a n s f e r   t e m p e r a t u r e   bu t   p r o -  

g r e s s i v e l y   i n c r e a s i n g   t h e   t r a n s f e r   t i m e .  



E x a m p l e   7 

U s i n g   t h e   K a n n e g i e s s e r   TD  1 6 / 2 0   h e a t   t r a n s f e r  

p r i n t i n g   c a l e n d a r ,   a  0 .5   mil  p o l y e s t e r   f i l m   dyed   w i t h  

D i s p e r s e   V i o l e t   17  was  f ed   b e t w e e n   two  l a y e r s   of  100% 

p o l y e s t e r   f a b r i c   to  a  drum  h e a t e d   to  204  to  2 1 0 ° .  

A f t e r   a b o u t   30  s e c o n d s   d w e l l   t i m e ,   v e r y   l e v e l   d y e i n g  

on  one  f a c e   o n l y   of  e a c h   f a b r i c   r e s u l t e d .  



1.  A  p r o c e s s   c o m p r i s i n g   c o n t a c t i n g   p o l y m e r i c  

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

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

s u f f i c i e n t   h e a t   to   c a u s e   s a i d   dye   to   s u b l i m e   or   v a p o r i z e  

and  t r a n s f e r   some  of  s a i d   dye  f r o m   s a i d   f i l m   t o   s a i d  

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

m a t e r i a l   i s   e f f e c t e d ;   b o t h   s a i d   f i l m   and  t e x t i l e  

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

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

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

s u b l i m a t i o n   or   v a p o r i z a t i o n   and   t r a n s f e r   of  s a i d   d y e  

f r o m   s a i d   f i l m   to   s a i d   t e x t i l e   m a t e r i a l .  

2.  In  a  p r o c e s s   w h e r e i n   a  d i s p e r s e   dye   i s  

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

dye  i s   c o n t i n u o u s l y   v a p o r i z e d   or   s u b l i m e d   and   t r a n s -  

f e r r e d   f r o m   t h e   c a r r i e r   to   a  t e x t i l e   m a t e r i a l ,   t h e  

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

t e m p e r a t u r e   b e t w e e n   a b o u t   120°C  and   l e s s   t h a n   t h e  

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

s o l v e d   in   an  o r g a n i c   s o l v e n t   f o r   t h e   dye  h a v i n g   a  

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

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

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

s a i d   dye   t o   s u b l i m e   or   v a p o r i z e   and  t r a n s f e r   some  o f  

s a i d   dye   f r o m   s a i d   f i l m   t o   s a i d   t e x t i l e   m a t e r i a l ,  

w h e r e b y   l e v e l   d y e i n g   of  s a i d   t e x t i l e   m a t e r i a l   i s  

e f f e c t e d ;   b o t h   s a i d   f i l m   and   t e x t i l e   m a t e r i a l   h a v i n g  

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

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

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

l i m a t i o n   or   v a p o r i z a t i o n   and   t r a n s f e r   of  s a i d   dye  f r o m  

s a i d   f i l m   t o   s a i d   t e x t i l e   m a t e r i a l .  



3.  The  p r o c e s s   of  C l a i m   1  or  2  w h e r e i n ,   p r i o r  

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

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

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

4  The  p r o c e s s   of  C l a i m   3  w h e r e i n   s a i d   t e x t i l e  

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

5.  The  p r o c e s s   of  C l a i m   1,  2,  3  or  4  w h e r e i n  

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

and  a t   l e a s t   one  s o u r c e   of  h e a t .  

6.  The  p r o c e s s   of  C l a i m   5  w h e r e i n   s a i d   f i l m  

i s   p o s i t i o n e d   b e t w e e n   two  l a y e r s   of  s a i d   t e x t i l e  

m a t e r i a l .  

7.  The  p r o c e s s   of  C l a i m   6  w h e r e i n   s a i d   dye  i s  

t r a n s f e r r e d   f r o m   s a i d   f i l m   to   one  s i d e   o n l y   of  s a i d  

t e x t i l e   m a t e r i a l .  

8.  The  p r o c e s s   of  C l a i m   6  w h e r e i n   some  o f  

s a i d   dye  i s   t r a n s f e r r e d   f r o m   one  s i d e   of  s a i d   t e x t i l e  

m a t e r i a l   to   t h e   o t h e r .  

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

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

f r o m   one  a n o t h e r   in   v a p o r   p r e s s u r e   or  d i f f u s i o n   r a t e  

or  b o t h .  

10.  The  p r o c e s s   of  C l a i m   5  w h e r e i n   one   s i d e   o f  

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

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

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

p e r s e   d y e .  



11.  The  p r o c e s s   of   any  of  C l a i m s   1  to   10  w h e r e i n  

b o t h   s a i d   f i l m   and   s a i d   t e x t i l e   m a t e r i a l   a r e   b a s e d  

on  a  p o l y e s t e r .  
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