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©  HEAT-SUBLIMABLE  INK  RIBBON. 
@  @  A  heat-sublimable  ink  ribbon  comprising  a  heat-resistant 

base  sheet  and  a  heat-sublimable  ink  formed  on  the  base 
tfQ  sheet  surface.  The  ink  comprises  a  sublimable  ink,  a  binder, 

and  30  to  200  parts  by  weight,  per  1  00  parts  by  weight  of  the 
(0  sum  of  the  dye  and  the  binder,  of  solvent-insoluble  particles 

with  high  thermal  conductivity  uniformly  dispersed  in  the 
"•St  binder  and  dye.  The  use  of  this  ribbon  enables  the  dye  to  be 
N  transferred  through  sublimation  effectively  by  slight  heat  and 

prevents  welding  between  the  ribbon  and  print  paper  by  heat. 
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 A   heat sublimable  ink  ribbon  comprising  a  heat-resistant 
base  sheet  and  a  heat-sublimable  ink  formed  on  the  base 
sheet  surface.  The  ink  comprises  a  sublimable  ink,  a  binder, 
and  30  to  200  parts  by  weight,  per  100  parts  by  weight  of  the 
sum  of  the  dye  and  the  binder,  of  solvent-insoluble  particles 
with  high  thermal  conductivity  uniformly  dispersed  in  the 
binder  and  dye.  The  use  of  this  ribbon  enables  the  dye  to  be 
transferred  through  sublimation  effectively  by  slight  heat  and 
prevents  welding  between  the  ribbon  and  print  paper  by  heat. 



TECHNICAL  F I E L D  

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  dye  c a r r i e r  

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

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

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

t h e   c a r r i e r   ink   r i b b o n   to  t h e   p r i n t i n g   p a p e r .  

BACKGROUND  ART 

A  c o l o r   c o p y i n g   m e t h o d   has   h i t h e r t o   b e e n  

p r o p o s e d   t h a t   a  dye   c a r r i e r   i n k   r i b b o n   in   w h i c h   an  i n k  

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

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

s h e e t   s u c h   as  p a p e r   o r   t h e   l i k e   i s   u s e d   and  w h i c h   i s   h e a t e d  

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

s u b l i m a t e   o n l y   t he   dye   c o n t a i n e d   in   t he   i n k ,   so  t h a t   t h e  

dye  i s   t r a n s f e r r e d   on  a  p r i n t i n g   p a p e r   c o a t e d   on  i t s  

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

s u c h   as  p o l y e s t e r   r e s i n   to   fo rm  a  c o l o r   p i c t u r e   i m a g e .  

The  dye  c a r r i e r   i n k   r i b b o n   u s e d   in   t h i s   c o l o r  

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

s u b l i m a t i n g   t he   dye  on  t h e   p r i n t i n g   p a p e r   so  t h a t   t h e  

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

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

h e a t   e n e r g y   a p p l i e d   to  t h e   t h e r m a l   p r i n t   h e a d   of   p r i n t e r  



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

o f   t h e r m a l   p r i n t   h e a d ,   t h e   l i f e   of   t h e r m a l   p r i n t   h e a d  

b e i n g   l e n g t h e n e d .  

M o r e o v e r ,   t h e   dye   c a r r i e r   i n k   r i b b o n   u s e d   i n  

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

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

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

on  t h e   p r i n t i n g   p a p e r .  

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

t h e   dye   c o n t a i n e d   in   t h e   dye   c a r r i e r   i n k   r i b b o n   i s  

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

a t   a  h i g h   t e m p e r a t u r e   o f   2 0 0 ° C   o r   a b o v e   and  t r a n s f e r r e d  

on  t h e   p r i n t i n g   p a p e r   w h i c h   c o n t a c t s   w i t h   t h e   dye  c a r r i e r  

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

w h i c h   t h e   b i n d e r   r e s i n   and   dye   c o n t a i n e d   in   t h e   i nk   a n d  

t h e   c o a t i n g   c o m p o s i t i o n   c o a t e d   on  t h e   p r i n t i n g   p a p e r  

a r e   m e l t e d   by  h e a t   and  a d h e r e d   to   e a c h   o t h e r .   When  t h e  

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

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

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

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

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

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

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

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

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

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

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

o f   t h e   p i c t u r e   c o u l d   n o t   be  o b t a i n e d .   To  s o l v e   t h e s e  

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



c o n t a i n e d   in   t h e   i n k   i s   s u b s t i t u t e d   w i t h   a  r e s i n  o f  

e n o u g h l y   h i g h   h e a t   r e s i s t i n g   p r o p e r t y   or  t h a t   t h e   r e s i n  

is   c u r e d   by  c u r i n g   a g e n t   or   l i k e   means   to  i n c r e a s e   t h e  

h e a t   r e s i s t i n g   p r o p e r t y   and  t h e   h e a t   r e s i s t i n g   p r o p e r t y  

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

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

w i t h   e a c h   o t h e r .   H o w e v e r ,   w i t h   t h e   a b o v e   m e t h o d s ,   t h e  

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

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

o t h e r .   W h i l e ,   i t   i s   g e n e r a l   t h a t   as  t h e   h e a t   r e s i s t i n g  

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

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

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

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

r e d u c e d ,   h o w e v e r   t h e   a m o u n t   of   dye  t r a n s f e r r e d   on  t h e  

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

t r a t i o n   i s   a p t   to  be  l o w e r e d .  

DISCLOSURE  OF  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  dye  c a r r i e r '  

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

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

an  i n k   c o n t a i n i n g   s u b l i m a b l e   dye   f o r m e d   on  t h e   s u r f a c e   o f  

the   b a s e   s h e e t .   The  i nk   i s   f o r m e d   of   a  s u b l i m a b l e   d y e ,  

a  b i n d e r   and  30  to  200  p a r t s   by  w e i g h t  o f   p o w d e r   o f   h i g h  

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

d i s p e r s e d   i n t o   t o t a l l y   100  p a r t s   by  w e i g h t   of   t h e  s u b -  

l i m a b l e   dye  and  t h e   b i n d e r .   A c c o r d i n g   to  the   p r e s e n t  

i n v e n t i o n ,   t h e   s u b l i m a b l e   dye  can   e f f i c i e n t l y   be  s u b l i m a t e d  

and  t r a n s f e r r e d   on  t h e   p r i n t i n g   p a p e r   by  h e a t   and  t h e  



m e l t   b o n d i n g   b e t w e e n   t h e   dye   c a r r i e r   i n k   r i b b o n   and   t h e  

p r i n t i n g   p a p e r   i s   a v o i d e d .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

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

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

s u b l i m a b l e   dye   and  a  b i n d e r   r e s i n   c o n t a i n g   in   a  c u r a b l e  

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

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

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

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

s o m e t i m e s   a d d e d   to  t h e   i n k   b i n d e r .  

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

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

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

i n k   i n   w h i c h   as  much  as  30  to   200  p a r t s   by  w e i g h t   o f  

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

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

100  p a r t s   by  w e i g h t   o f   t h e   s u b l i m a b l e   dye  and  t h e   b i n d e r  

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

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

be  d e s c r i b e d   h e r e i n a f t e r .  

F i r s t ,   an  i nk   was  f o r m e d   w i t h   a  m i x i n g   4  p a r t s  

by  w e i g h t   o f   SUMIKAPLAST  BLUE  S35  ( m a n u f a c t u r e d   by  S u m i t o m o  

C h e m i c a l   C o . ,   L t d . )   as  a  s u b l i m a b l e   d y e ,   6  p a r t s   by  w e i g h t  

o f   a c e t a t e   c e l l u l o s e   ( m a n u f a c t u r e d   by  D a i c e l   L t d . )   as  a  

b i n d e r   and   90  p a r t s   by  w e i g h t   o f   m e t h y l   e t h y l   k e t o n e   a s  

a  s o l v e n t .   And,   e x p e r i m e n t s   1  to   8  w e r e   c a r r i e d   o u t   i n  

w h i c h   s i l i c a   (AEROSIL  R 9 7 2 ,   m a n u f a c t u r e d   by  N i p p o n   A e r o s i l  

C o . ,   L t d . )   was  m i x e d   i n t o   t h e   a b o v e   i n k   w i t h   v a r i o u s   m i x i n g  



r a t i o s   w i t h i n   t h e   u p p e r   l i m i t   of   250  p a r t s   by  w e i g h t  

r e l a t i v e   to  t o t a l l y   100  p a r t s   by  w e i g h t   of  t h e   s u b l i m a b l e  

dye  and   t h e   b i n d e r .   In  t h e   r e s p e c t i v e   e x p e r i m e n t s ,   t h e  

m i x e d   c o m p o s i t i o n s   we re   d i s p e r s e d   by  a  b a l l   m i l l   f o r  

one  day  and  c o a t e d   on  a  c o n d e n s e r   p a p e r   o f   2 5  µ   t h i c k n e s s  

to   h a v e   a  c o a t i n g   a m o u n t   of   3  g/m2  a f t e r  b e i n g   d r i e d   t h u s  

dye  c a r r i e r   i n k   r i b b o n s   b e i n g   f o r m e d .   A f t e r  t h e   i n k   s u r -  

f a c e   o f  t h e   dye   c a r r i e r   i n k   r i b b o n   was  made  i n  c o n t a c t  

w i t h   t he   s u r f a c e   t r e a t e d   p r i n t i n g   p a p e r   in   w h i c h   t h e  

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

r i b b o n   was  h e a t e d   a t   i t s   b a c k   s i d e   by  c o n t r o l l i n g   t h e  

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

t e m p e r a t u r e   f r o m   300°C  a t   max imum  s o  t h a t   t h e  s u b l i m a t e d  

a m o u n t   o f   dye  was  c h a n g e d   and  a t   t h e   same  t i m e ,  t h e  

p r i n t i n g   p a p e r   and  t h e   dye  c a r r i e r   i nk   r i b b o n  w e r e  m o v e d  

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

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

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

m e d i a t e   g r a d a t i o n   a f t e r   t h e   p r i n t i n g   we re   o b s e r v e d .   A l s o ;  

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

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

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

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

e x p e r i m e n t   1  in   w h i c h   s i l i c a   c o n c e n t r a t i o n   was  t a k e n   a s  

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

c o n c e n t r a t i o n   0  p a r t s   by  w e i g h t " )   r e l a t i v e   to  100  p a r t s  

by  w e i g h t   o f   s u b l i m a b l e   dye  and  a c e t a t e   c e l l u l o s e   b i n d e r ,  

of  t h e   e x p e r i m e n t   2  in  w h i c h   t h e   s i l i c a   c o n c e n t r a t i o n  

was  t a k e n   as  20  p a r t s   by  w e i g h t ,  o f   t he   e x p e r i m e n t   3  i n  

w h i c h   t h e   s i l i c a   c o n c e n t r a t i o n   was  t a k e n   a s  3 0   p a r t s   b y  



w e i g h t ,   o f   t h e   e x p e r i m e n t   4  i n   w h i c h   t h e   s i l i c a   c o n c e n t r a -  

t i o n   was  t a k e n   as   50  p a r t s   by  w e i g h t ,   o f   t h e   e x p e r i m e n t   5 

in  w h i c h   t h e   s i l i c a   c o n c e n t r a t i o n   was  t a k e n   as  100  p a r t s  

by  w e i g h t ,   o f   t h e   e x p e r i m e n t   6  in   w h i c h   t h e   s i l i c a  

c o n c e n t r a t i o n   was   t a k e n   as  150  p a r t s   by  w e i g h t   and  of   t h e  

e x p e r i m e n t   7  i n   w h i c h   t h e   s i l i c a   c o n c e n t r a t i o n   was  t a k e n  

as  200  p a r t s   by  w e i g h t   and   o f   t h e   e x p e r i m e n t   8  in   w h i c h  

t h e   s i l i c a   c o n c e n t r a t i o n   was  t a k e n   as  250  p a r t s   by  w e i g h t  

w i l l   h e r e i n a f t e r   be  d e s c r i b e d   w i t h   r e f e r e n c e   to   a  t a b l e   1 .  

I n   t h e   e x p e r i m e n t - 1   i n   w h i c h   t h e   s i l i c a   c o n c e n -  

t r a t i o n   was  s e l e c t e d   to   be  0  p a r t s   by  w e i g h t ,   t h e   d y e  

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

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

s i m p l y   d e s c r i b e d   as  " m e l t   b o n d i n g " ) .   The  m e l t   b o n d i n g  

and  r o u g h e n e d   f i n i s h   w e r e   f r e q u e n t l y   f o u n d   o u t   i n   t h e  

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

t r a t i o n .   And ,   i t   was  i m p o s s i b l e   to  m e a s u r e   t h e   c y a n  

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

c o l o r i n g   c o n c e n t r a t i o n )   o f  t h e   h i g h e s t   c o n c e n t r a t i o n  

p o r t i o n   o f   t h e   g r a d a t i o n   p i c t u r e   image   f o r m e d   on  t h e  

p r i n t i n g   p a p e r .  

In   t h e   e x p e r i m e n t - 2   in   w h i c h   t h e   s i l i c a   c o n c e n -  

t r a t i o n   was  s e l e c t e d   to   be  20  p a r t s   by  w e i g h t ,   t h e  

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

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

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

1 . 3 1 .  

In  t h e   e x p e r i m e n t - 3   in   w h i c h   t he   s i l i c a   c o n c e n -  

t r a t i o n   was  s e l e c t e d   to   be  30  p a r t s   by  w e i g h t ,   no  m e l t  

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



s a t i s f a c t o r y   and  t h e   c o l o r i n g   c o n c e n t r a t i o n  w a s   1 . 6 5 .  

In  t h e   e x p e r i m e n t - 4   in  w h i c h   t h e   s i l i c a  c o n c e n -  

t r a t i o n   was  s e l e c t e d   to  b e  5 0  p a r t s   by  w e i g h t ,   no  m e l t  

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

s a t i s f a c t o r y   and  t h e   c o l o r i n g   c o n c e n t r a t i o n   was  1 . 7 2 .  



In   t h e   e x p e r i m e n t - 5   in   w h i c h   t h e   s i l i c a   c o n c e n -  

t r a t i o n   was   s e l e c t e d   to   be  100  p a r t s   by  w e i g h t ,   no  m e l t  

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

was  s a t i s f a c t o r y   and  t h e   c o l o r i n g   c o n c e n t r a t i o n   was  1 . 6 8 .  

In  t h e   e x p e r i m e n t - 6   in   w h i c h   t h e   s i l i c a   c o n c e n -  

t r a t i o n   was  s e l e c t e d   to  be  150  p a r t s   by  w e i g h t ,   no  m e l t  

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

s a t i s f a c t o r y   and   t h e   c o l o r i n g   c o n c e n t r a t i o n   was  1 . 6 5 .  

In   t h e   e x p e r i m e n t - 7   i n   w h i c h   t h e   s i l i c a   c o n c e n -  

t r a t i o n   was   s e l e c t e d   to   be  200  p a r t s   by  w e i g h t ,   no  m e l t  

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

s a t i s f a c t o r y   and   t h e   c o l o r i n g   c o n c e n t r a t i o n   was  1 . 5 7 .  

In   t h e   e x p e r i m e n t - 8   in   w h i c h   t h e   s i l i c a   c o n c e n -  

t r a t i o n   was   s e l e c t e d   to   be  250  p a r t s   by  w e i g h t ,   a l t h o u g h  

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

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

c o l o r i n g   c o n c e n t r a t i o n   was  1 . 0 3 .  

F u r t h e r ,   e x p e r i m e n t s - 9   to  -14  in   w h i c h   t h e   m i x e d  

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

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

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

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

h a v i n g   e x c e l l e n t   h e a t   c o n d u c t i v i t y   w e r e   a d d e d   to   100  p a r t s  

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

m i x i n g   r a t i o   of   13  p a r t s   by  w e i g h t   of   a  s u b l i m a b l e   d y e ,  

KAYASET  RED  126  ( m a n u f a c t u r e d   by  N i p p o n   K a y a k u   C o . ,   L t d . ) ,  

10  p a r t s  b y   w e i g h t   o f   e t h y l   c e l l u l o s e ,   10  p a r t s   by  w e i g h t  

o f   m e l a m i n e   r e s i n ,   0 . 2   p a r t s   by  w e i g h t   of   p a r a t o l u e n  

s u l f o n i c   a c i d   and  133  p a r t s   by  w e i g h t   of   m e t h y l   e t h y l  

k e t o n e .   T h i s   p r o d u c t   was  d i s p e r s e d   f o r   5  h o u r s   by  a  s a n d  



m i l l   t r e a t m e n t   and  t h u s   an  i n k   was  f o r m e d .   T h i s   ink   w a s  

t h e n   c o a t e d   on  a  r i c e   p a p e r   of   a r e a   w e i g h t   of  20  g/m2  s o  

as  to  h a v e   a  c o a t i n g   w e i g h t   of   3  g/m2  a f t e r   b e i n g   d r i e d  

and   t h e r e a f t e r   h e a t e d   f o r   3  m i n u t e s   a t   80°C  and  f o r  

one  h o u r   a t   100°C  to  h a r d e n   t h e   b i n d e r   r e s i n  t h u s   a  d y e  

c a r r i e r   ink   r i b b o n   was  f o r m e d .   And,  t h e   e x p e r i m e n t s - 9  

to  -14   in   w h i c h   t h e   p o w d e r   p a r t i c l e   of  e x c e l l e n t   h e a t  

c o n d u c t i v i t y   to  be  a d d e d   was  c h a n g e d   and  t h e   m i x i n g   r a t i o  

t h e r e o f   was  c h a n g e d   w e r e   c a r r i e d   o u t   and  t h e   e x p e r i m e n t a l  

r e s u l t s   i n d i c a t e d   on  t a b l e   2  w e r e   o b t a i n e d .   The  same  t e r m s  

a s  t h o s e  o n   t h e   t a b l e - 1   w e r e   u s e d   f o r   t h e   c o l o r i n g  c o n c e n -  

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

m e l t   b o n d i n g .  

In  t he   e x p e r i m e n t - g i n   w h i c h   no  p o w d e r   p a r t i c l e  

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

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

r o u g h e n e d   and  the   c o l o r i n g   c o n c e n t r a t i o n  w a s   1 . 3 0 .  



C o n t ' d  

In  t h e   e x p e r i m e n t - 1 0   i n   w h i c h   50  p a r t s   by  w e i g h t  

of   s i l i c a   p o w d e r   was  o n l y   a d d e d ,   no  m e l t   b o n d i n g   o c c u r r e d ,  

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

and  t h e   c o l o r i n g   c o n c e n t r a t i o n   was  1 . 5 5 .  

In  t h e   e x p e r i n e n t - 1 1   in   w h i c h   50  p a r t s   by  w e i g h t  

of   m i x t u r e   o f   70%  of   s i l i c a   p o w d e r   and  30%  of   c a r b o n  

p o w d e r   was  a d d e d ,   no  m e l t   b o n d i n g   o c c u r r e d ,   t h e   i n t e r -  

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

c o l o r i n g   c o n c e n t r a t i o n   was  1 . 6 8 .  

I n  t h e   e x p e r i m e n t - 1 2   in   w h i c h   50  p a r t s   by  w e i g h t  

of   m i x t u r e   o f   70%  of   s i l i c a   p o w d e r   and  30%  of   a l u m i n i u m  

p o w d e r   was  a d d e d ,   no  m e l t   b o n d i n g   o c c u r r e d ,   t he   i n t e r -  

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

c o l o r i n g   c o n c e n t r a t i o n   was  1 . 7 3 .  

In  t h e   e x p e r i m e n t - 1 3   in   w h i c h   o n l y   50  p a r t s   b y  

w e i g h t   of   s i l i c o n e   c a r b i d e   p o w d e r   was  a d d e d ,   no  m e l t   b o n d i n g  



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

f a c t o r i l y   and   t h e   c o l o r i n g   c o n c e n t r a t i o n   was  1 . 7 0 .  

In  t he   e x p e r i m e n t - 1 4   in   w h i c h   t o t a l l y  5 0   p a r t s  

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

m i x e d   r a t i o   of  50%  and  50%  was  a d d e d ,   no  m e l t   b o n d i n g  

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

f a c t o r i l y   and   t h e   c o l o r i n g   c o n c e n t r a t i o n   was  1 . 5 6 .  

H e a t   g e n e r a t e d   by  t h e   t h e r m a l   p r i n t   h e a d   i s  

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

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

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

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

t r a n s f e r r i n g   t h e   dye  f rom  t h e   i n k   r i b b o n   to  t he   s u r f a c e  

of  t he   p r i n t i n g   p a p e r .   In  t h i s   c a s e ,   t h e  h e a t   g e n e r a t e d  

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

to  t he   i n k   l a y e r   e f f e c t i v e l y .   From  t h e s e   e x p e r i m e n t s ,  

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

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

i n k ,   t he   h e a t   c o n d u c t e d   t h r o u g h   t h e   h e a t   r e s i s t i n g   s h e e t  

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

t h e   s u b l i m a t i o n   of   t he   s u b l i m a b l e   dye   c o n t a i n e d   in   t h e  

i n k .   The  e f f e c t   o f   t h e   p r e s e n t   i n v e n t i o n   can  n o t   b e  

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

t h e   i nk   r i b b o n .   For   e x a m p l e ,   when   a  m e t a l   f o i l   i s   u s e d  

o r   m e t a l l i z a t i o n   i s   c a r r i e d   o u t   so  as  to  i n c r e a s e   t h e  

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

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

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

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

dye  b e i n g   l o w e r e d .   On  t he   o t h e r  h a n d ,   t h e   p o w d e r   p a r t i c l e s  



d i s p e r s e d   w i t h   h i g h   c o n c e n t r a t i o n   in   t h e   i n k   of  t he   p r e s e n t  

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

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

and   a d s o r b e d   in   t h e   p e r i p h e r y   of   t h e   p a r t i c l e   c a n  

e f f e c t i v e l y   be  h e a t e d   and   s u b l i m a t e d .   H o w e v e r ,   s i n c e   t h e  

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

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

t h i c k n e s s   d i r e c t i o n s   w e r e   n o t   so  d i f f e r e n t  f r o m   e a c h  

o t h e r   so  t h a t   t h e   i n k   r i b b o n   o f   e x c e l l e n t   s u b l i m a t i o n  

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

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

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

o f   t h e   p r e s e n t   i n v e n t i o n   i s   made  c o n c a v e   and   c o n v e x   in   a  

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

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

A c c o r d i n g l y ,   s i n c e   a  s p a c e   in   w h i c h   t h e   dye   h e a t e d   by  t h e  

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

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

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

l e n t   c o l o r i n g   p r o p e r t y   was  o b t a i n e d .  

On  t h e   o t h e r   h a n d ,   s i n c e   t h e   c o n c a v e   and  c o n v e x  

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

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

t h e   p r i n t i n g   p a p e r ,   t h e r e   i s   t h e n   an  e f f e c t   t h a t   t he   i n k  

r i b b o n   and   t h e   p r i n t i n g   p a p e r   can   be  p r e v e n t e d   f rom  b e i n g  

m e l t   b o n d e d   by  h e a t   w i t h   e a c h   o t h e r .   P a r t i c u l a r l y ,   t h e  

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

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

p a c k e d   w i t h   h i g h   c o n c e n t r a t i o n   i n t o   t h e   i n k   and  t he   s u b -  

l i m a t i o n   s p a c e   was  i n c r e a s e d   by  t he   c o n c a v e   an^.  t h e  



c o n v e x   p o r t i o n s   f o r m e d   on  t h e   s u r f a c e   of   t h e   i n k   r i b b o n  

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

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

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

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

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

e f f e c t i v e   t h a t   t h e   m e l t   b o n d i n g   on  t h e   h i g h   c o n c e n t r a t i o n  

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

t h e   m i n u t e   m e l t   b o n d i n g   in   t h e   i n t e r m e d i a t e   g r a d a t i o n  

a r e a   c o u l d   be  a v o i d e d   w h e r e b y   a  c l e a r   i m a g e  h a v i n g   n o  

s c a t t e r e d   dye  c o n c e n t r a t i o n   c o u l d   be  f o r m e d   o v e r   a  r a n g e  

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

g r a d a t i o n   a r e a   to  t h e   low  c o n c e n t r a t i o n   a r e a .   From  t h e  

r e s u l t s   of   the   e x p e r i m e n t s - 1   to   - 8 ,   i t   c o u l d   be  c o n f i r m e d  

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

t o t a l l y   100  p a r t s   by  w e i g h t   of   t he   i n k   b i n d e r   c o n t a i n i n g  

t h e   s u b l i m a b l e   d y e ,   30  to  2 0 0 ,   p r e f e r a b l y   40  to   150  p a r t s  

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

c o n d u c t i v i t y   i n s o l u b l e   to   t h e   s o l v e n t .   When  t h e   a d d i n g  

a m o u n t   i s   l e s s   t h a n   30  p a r t s   by  w e i g h t ,   t h e   p a r t i c l e s  

do  n o t   c o n t a c t   w i t h   one   a n o t h e r   s u f f i c i e n t l y   and   t h e  

s u r f a c e   of  the   ink   r i b b o n   i s   n o t   f o r m e d   to  h a v e   q u i t e  

s m a l l   c o n c a v e   and  c o n v e x   p o r t i o n s   so  t h a t   t he   h e a t   c a n  

n o t   be  c o n d u c t e d   e f f e c t i v e l y .   A l s o ,   s i n c e   t h e   s u b l i m a t i o n  

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

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

p h e n o m e n o n   b e t w e e n   t h e   i n k   r i b b o n   and  t he   p r i n t i n g   p a p e r  

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

p a r t i c u l a r l y   on  t he   i n t e r m e d i a t e   g r a d a t i o n   a r e a   can  n o t  

e   a v o i d e d .  W h e n   t h e  a d d i n g  a m o u n t  e x c e e d s  2 0 0   p a r t s   b y  



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

o f   t h e   p r i n t i n g   p a p e r   u p o n   p r i n t i n g ,   and   t h e   dye  c o n c e n -  

t r a t i o n   i s   r e d u c e d   t oo   much  and   t h u s   t h e   c o l o r i n g   c o n c e n -  

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

o f   t h e   p o w d e r   p a r t i c l e   i s   p r e f e r a b l y   s e l e c t e d   to  be  l e s s  

t h a n   100  p,  m o r e   p r e f e r a b l y   i n   a  r a n g e   f r o m   10  mu  to  10  µ .  

In   o r d e r   to  g e t   a  k n o w l e d g e   of   n e c e s s a r y   a d d i n g  

r a t i o   o f   t h e   p o w d e r   p a r t i c l e ,   t h e   f o l l o w i n g   e x p e r i m e n t s - 1 5  

to   -17   w e r e   c a r r i e d   o u t .  

R e s i n   w i t h   a  m i x e d   r a t i o   o f   10  p a r t s   by  w e i g h t  

o f   e t h y l   c e l l u l o s e ,   10  p a r t s   by  w e i g h t   of   r a p i d - c u r i n g  

t y p e   m e l a m i n e   r e s i n   and   0 . 2   p a r t s   by  w e i g h t   of   p a r a t o l u e n e  

s u l f o n i c   a c i d   was  m i x e d   w i t h   a  s u b l i m a b l e   dye  PS  B l u e  

RR  ( m a n u f a c t u r e d   by  M i t s u i   T o a t s u   C h e m i c a l s ,   I n c . )   s o  

as  t o   s a t i s f y   t h e   m i x i n g   r a t i o s   o f   t h e   b i n d e r   to  t h e  

s u b l i m a b l e   dye   b e i n g   3 : 1 ,   3 : 2   and   3 : 3 .   T h e n ,   t h e   m i x t u r e  

was  d i l u t e d   by  m e t h y l   e t h y l   k e t o n e   to   1 0 % .  

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

t i v i t y   i n   w h i c h   s i l i c a   p o w d e r   (AEROSIL  R972 ,   m a n u f a c t u r e d  

by  N i p p o n   A e r o s i l   C o . ,   L t d . )   a n d   s i l i c o n e   c a r b i d e   p o w d e r  

( m a n u f a c t u r e d   by  F u j i m i   K e n m a z a i   Kogyo  K a b u s h i k i   K a i s h a )  

w e r e   m i x e d   to   e a c h   o t h e r   w i t h   a  w e i g h t   r a t i o   of   3 :2   w e r e  

a d d e d   to  100  p a r t s   by  w e i g h t   o f   t h e   i n k   c o n t a i n i n g   t h e  

b i n d e r   and   t h e   d y e ,   w h i c h   t h e n   was  d i s p e r s e d   f o r   15  h o u r s  

by  an  a t t r i t i o n   m i l l ,   t h u s   an  i n k   was  f o r m e d .   The  a b o v e  

i n k   was  c o a t e d   on  a  c o n d e n s e r   p a p e r   o f   a r e a   w e i g h t   o f  

20  g/m2  in   s u c h   a  m a n n e r   t h a t   t h e   t h i c k n e s s   of   t h e   i n k  

c o a t i n g   was  c h a n g e d   so  as  to   make  t h e   d y e s   in  t h e   c o n s t a n t  

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

d i f f e r e n t   a m o u n t   o f   p o w d e r   a f t e r   b e i n g   d r i e d .   Then  i n k  



r i b b o n s   w e r e   f o r m e d   and  h e a t e d   a t   80°C  f o r   15  h o u r s   a n d  

t h e   r e s i n   was  c u r e d .   A f t e r  t h a t ,   s i m i l a r l y   to  t h e   e x p e r i -  

m e n t - l ,   t h e   p r i n t s   we re   made  on  t h e  p r i n t i n g   p a p e r   b y  

u s i n g   t h e   i n k   r i b b o n ,   and  the   c y a n   c o n c e n t r a t i o n s   of   t h e  

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

m e a s u r e d   and   c o m p a r e d .   In  t h i s   c a s e ,   t h e   m e a s u r e d   v a l u e  

r e p r e s e n t s   t h e   cyan   c o n c e n t r a t i o n   m e a s u r e d   by  t h e   M a c b e t h  

r e f l e c t i o n   d e n s i t y   m e t e r .  

The  e x p e r i m e n t - 1 5 ,   t h e   e x p e r i m e n t - 1 6   and  t h e  

e x p e r i m e n t - 1 7   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to   a  

t a b l e - 3 .  

In  t h e   e x p e r i m e n t - 1 5   in   w h i c h   t h e   m i x i n g   r a t i o  

of   t h e   s u b l i m a b l e   dye  and  t h e   r e s i n   was  s e l e c t e d   to  b e  

1 : 3 ,   when  t h e   a d d i n g   a m o u n t   of  t h e   p o w d e r   p a r t i c l e  r e l a t i v e  

to  100  p a r t s   by  w e i g h t   of  t h e   s u b l i m a b l e   dye  and   t h e  r e s i n  

was  s e l e c t e d   to  be  0  p a r t s   by  w e i g h t . ,   t h e   c y a n   c o n c e n t r a -  

t i o n   a t   t h e   h i g h e s t   c o n c e n t r a t i o n   p o r t i o n  w a s   0 . 9 8 ,   w h e n  

i t   was  s e l e c t e d   to  be  30  p a r t s   by  w e i g h t ,   t h e  c y a n  

c o n c e n t r a t i o n   a t   t h e   h i g h e s t   c o n c e n t r a t i o n   p o r t i o n   w a s  

1 . 4 8   and   when  i t   was  s e l e c t e d   to  be  70  p a r t s   b y  w e i g h t , :  

t h e   c y a n   c o n c e n t r a t i o n   a t   t h e   h i g h e s t   c o n c e n t r a t i o n  

p o r t i o n   was  1 . 5 0 .  

In  t he   e x p e r i m e n t - 1 6   in   w h i c h   t h e   m i x i n g   r a t i o  

of  t h e   s u b l i m a b l e   dye  and  t he   r e s i n   was  s e l e c t e d   to   b e  

2 : 3 ,   when  t h e   a d d i n g   a m o u n t   of   t h e  p o w d e r   p a r t i c l e   r e l a t i v e  

to  100  p a r t s   by  w e i g h t   of  t h e   s u b l i m a b l e   dye  and   t h e   r e s i n  

was  s e l e c t e d   to  be  0  p a r t s   by  w e i g h t ,   t h e   c y a n   c o n c e n -  

t r a t i o n   a t   t h e   h i g h e s t   c o n c e n t r a t i o n   p o r t i o n   was  1 . 2 3 ,  

when  i t   was  s e l e c t e d   to  be  30  p a r t s   by  w e i g h t ,  t h e   c y a n  

c o n c e n t r a t i o n   a t   the   h i g h e s t   c o n c e n t r a t i o n   p o r t i o n   w a s  



1 . 6 0   and  when   i t   was  s e l e c t e d   to   be  70  p a r t s   by  w e i g h t ,  

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

was  1 . 6 5 .  

I n  t h e   e x p e r i m e n t - 1 7   in   w h i c h   t h e   m i x i n g   r a t i o  

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

3 : 3 ,   when   t h e   a d d i n g   a m o u n t   o f   t h e   p o w d e r   p a r t i c l e   r e l a t i v e  

to   100  p a r t s   by  w e i g h t   o f   t h e   s u b l i m a b l e   dye  and   t h e  

r e s i n   was  s e l e c t e d   to   be  0  p a r t s   by  w e i g h t ,   t h e   c y a n  

c o n c e n t r a t i o n   a t   t h e   h i g h e s t   c o n c e n t r a t i o n   p o r t i o n   w a s  

1 . 3 5 ,   when   i t   was  s e l e c t e d   to   be  30  p a r t s   by  w e i g h t ,   t h e  

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

was  1 . 7 2   and  when  i t   was   s e l e c t e d   to   be  70  p a r t s   by  w e i g h t ,  

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

was  1 . 7 6 .  

From  t h e   a b o v e   t h r e e   e x p e r i m e n t s ,   i t   w a s  

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

s u b l i m a b l e   dye   and  t h e   r e s i n ,   i f   a b o u t   30  p a r t s   by  w e i g h t  

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

m i x e d   i n t o   100  p a r t s   by  w e i g h t   o f   s u b l i m a b l e   dye  and  r e s i n ,  



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

i m a g e   c o u l d   be  o b t a i n e d .  

As  w i l l   be  c l e a r   f r o m   t he   v a r i o u s   e x p e r i m e n t a l  

r e s u l t s   as  d e s c r i b e d   a b o v e ,   a c c o r d i n g   to  t h e   dye  c a r r i e r  

i nk   r i b b o n   f o r m e d   by  c o a t i n g   on  t he   s u r f a c e   of   t h e   b a s e  

s h e e t   h a v i n g   h e a t   r e s i s t i n g   p r o p e r t y   t he   i n k   i n  w h i c h   30  

to  200  p a r t s   by  w e i g h t   o f   p a r t i c l e   o f   h i g h - t h e r m a l  

c o n d u c t i v i t y   and  i n s o l u b l e   to   t h e   s o l v e n t   w e r e   d i s p e r s e d  

i n t o   t o t a l l y   100  p a r t s   by  w e i g h t   of   t h e   i n k   f o r m e d   o f  

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

s u b l i m a b l e   dye  can   e f f i c i e n t l y   be  s u b l i m a t e d   and  t r a n s -  

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

and  i t   i s   p o s s i b l e   to   p r e v e n t   t h e   i nk   r i b b o n   and  t h e  

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

h e a t .   The  p o w d e r   p a r t i c l e   of   e x c e l l e n t   t h e r m a l   c o n d u c t i v i t y  

and   i n s o l u b l e   to   t h e   s o l v e n t   w h i c h   i s   u s e d   in   t h e   p r e s e n t  

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

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

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

o x i d e ,   t i n   o x i d e ,   s i l i c o n e   c a r b i d e ,   b e r y l l i a ,   g l a s s  

p o w d e r   and  t h e   l i k e   b u t   may  be  m e t a l   p o w d e r   s u c h   as  i r o n  

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

c a r b i d e   s u c h   as  g r a p h i t e ,   c a r b o n   and  t he   l i k e .   S i n c e   t h e s e  -  

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

w i t h   t h e   h e a t   r e s i s t i n g   p l a s t i c   s h e e t   or  p a p e r   w h i c h  

b e c o m e s   t he   b a s e   m a t e r i a l   o f   t h e   ink   r i b b o n ,   and  t h e  

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

the   t h e r m a l   p r i n t   h e a d   can   e f f e c t i v e l y   be  c o n d u c t e d   i n t o  

t h e   i n k .   In  g e n e r a l ,   i f   m a i n l y   i n e x p e n s i v e   i n o r g a n i c  

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



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

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

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

g r e a t e r .   In  a d d i t i o n ,   s h o r t   f i b r e - l i k e   and   p h o s p h o r  

p i e c e - l i k e   p o w d e r s   may  be  a d d e d   to   t h e   i nk   w i t h   a  s m a l l  

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



1.  A  dye  c a r r i e r   i n k   r i b b o n  f o r   a  s u b l i m a t i o n  

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

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

f o r m e d   on  t h e   s u r f a c e   of   s a i d   b a s e   s h e e t ,   c h a r a c t e r i z e d  

in  t h a t   s a i d   dye  c a r r i e r   i n k   i s   made  of   a  s u b l i m a b l e   d y e ,  

a  b i n d e r   and  30  to   200  p a r t s   by  w e i g h t   o f   p o w d e r   p a r t i c l e  

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

d i s p e r s e d   i n t o   t o t a l l y   100  p a r t s   by  w e i g h t   of  s a i d   s u b -  

l i m a b l e   dye  and   s a i d   b i n d e r .  

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

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

an  i n k   r i b b o n   f o r   s u p p o r t i n g   a  s u b l i m a b l e   dye  and  a  

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

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

s e l e c t i v e l y   h e a t i n g   s a i d   s u b l i m a b l e   dye  c o n t a i n e d   in   s a i d  

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

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

s h e e t ,   c h a r a c t e r i z e d   i n   t h a t   s a i d   dye  c a r r i e r   i n k   i s   m a d e  

of   a  s u b l i m a b l e   d y e ,   a  b i n d e r ,  a n d   30  to   200  p a r t s   b y  

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

and  i n s o l u b l e   to  s o l v e n t   d i s p e r s e d   i n t o   t o t a l l y   100  p a r t s  

by  w e i g h t   of   s a i d   s u b l i m a b l e   dye  and  s a i d   b i n d e r .  

3.  A  dye  c a r r i e r   i n k   r i b b o n   a c c o r d i n g   to  c l a i m   1 

or  2,  c h a r a c t e r i z e d   in   t h a t   t h e   a d d i n g   a m o u n t   of   s a i d  

p o w d e r   p a r t i c l e   i s   s e l e c t e d   in   a  r a n g e   f rom  40  to  1 5 0  

p a r t s   by  w e i g h t .  



4.  A  dye  c a r r i e r   i n k   r i b b o n   a c c o r d i n g   to   c l a i m   1 ,  

2  o r   3,  c h a r a c t e r i z e d   in   t h a t   s a i d   p o w d e r   p a r t i c l e   i s  

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

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

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

m e t a l   p a r t i c l e ,   g r a p h i t e   and  c a r b o n .  
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