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©  Multi-gradation  heat  sensitive  transfer  medium. 

  A  multi-gradation  heat  sensitive  transfer  medium  for  use 
in  multi-gradation  thermal  transfer  for  adjusting  the  density 
of  a  transfer  print  image  by  superimposing  ink  layers  on  a 
recording  medium  a  plurality  of  times  by  thermal  transfer, 
which  comprises  a  foundation  and  ink  layers  provided 
thereon,  each  of  said  ink  layers  containing  a  color  pigment 
having  a  high  transparency  and  a  high  tinting  strength  in  an 

amount  smaller  than  sufficient  to  provide  a  maximal  degree 
of reflection  density,  and  each  of  said  ink layers  having  a  light 
transmittance  of  not  less  than  about  65  %  in  a  region  where 
the  color  pigment  does  not  have  any  absorption  band.  By 

superimposing  the  ink  layers  of  the  transfer  medium  on  a 
recording  medium  a  plurality  of  times,  there  is  obtained  a 
clear  print  image  having  a  multiplicity  of  gradations. 



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  h e a t  

s e n s i t i v e   t r a n s f e r   med ium  f o r   use   in  a  m u l t i - g r a d a t i o n  

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

can  be  c h a n g e d .   More  p a r t i c u l a r l y ,   i t   r e l a t e s   to  a  

m u l t i - g r a d a t i o n   h e a t   s e n s i t i v e   t r a n s f e r   medium  fo r   use   i n  

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

t h e   d e n s i t y   of  a  t r a n s f e r   image   by  s u p e r i m p o s i n g   i n k  

l a y e r s   on  a  r e c o r d i n g   med ium  a  p l u r a l i t y   of  t i m e s   b y  

t h e r m a l   t r a n s f e r .  

As  a  c o n v e n t i o n a l   m u l t i - g r a d a t i o n   t h e r m a l  

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

c a l l e d   3L  m e t h o d   ( s e e   J a p a n   D e n s h i   T s u s h i n   G a k k a i ' s  

t e c h n i c a l   r e p o r t   IE  8 1 - 6 3 ,   p  45  to   52,  S e p t .   25,  1 9 8 1 ) .  

Th i s   3L  m e t h o d   i s   i n t e n d e d   to  o b t a i n   a  

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

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

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

Wi th   t h i s   m e t h o d ,   h o w e v e r ,   i t   has  been   v e r y   d i f f i c u l t   t o  

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

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

b e c u a s e   i t   has  a  l i m i t a t i o n   in  t h e   a d j u s t m e n t   o f  

r e f l e c t i o n   d e n s i t y   of  t h e   ink   l a y e r s   and  b e c a u s e   t h e  

number   of  d o t s   is  s u b j e c t   to   l i m i t a t i o n   r e l a t i v e   t o  

r e s o l u t i o n .  

In  o r d e r   to   o v e r c o m e   t h e   d r a w b a c k   of  t h e   3L 

m e t h o d ,   t h e r e   may  be  c o n s i d e r e d   a  m e t h o d   in  w h i c h  

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

t h e   same  c o l o r   wh ich   h a v e   t h e   same  d e n s i t y   or  d i f f e r e n t  

d e n s i t i e s ,   t h e r e b y   a d j u s t i n g   t h e   d e n s i t y   of  the   p r i n t  

i m a g e .   A c c o r d i n g   to  t h i s   m e t h o d ,   i t   is   p o s s i b l e   to  u s e  

t h e   number   of  t i m e s   of  s u p e r i m p o s i n g   as  a  means  f o r  



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

H o w e v e r ,   such   m u l t i - g r a d a t i o n   m e t h o d   u t i l i z i n g  
s u e r i m p o s i n g   p r i n t i n g   t e c h n i q u e   h a s   a  d i s a d v a n t a g e   t h a t  
t h e   d e n s i t y   of   a  s u b s e q u e n t l y   t r a n s f e r r e d   ink   l a y e r  
p r o d u c e s  a   s t r o n g e r   e f f e c t   t h a n   t h a t   of   a  p r e v i o u s l y  
t r a n s f e r r e d   ink   l a y e r   so  t h a t   i t   i s   d i f f i c u l t   to   o b t a i n   a  
p r o g r e s s i v e   i n c r e a s e   in  d e n s i t y ,   t h u s   t h e   p r i n t   i m a g e  
p r o d u c e d   b e i n g   l i k e l y   to   be  of  a  f o g g y   and  l i g h t   t o n e  

e v e n   a t   a  maximum  r e f l e c t i o n   d e n s i t y .  
The  o b j e c t   of  t h i s   i n v e n t i o n   is   to  o v e r c o m e  

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

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

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

T h i s   and  o t h e r   o b j e c t s   o f   t h e   i n v e n t i o n   w i l l  

b e c o m e   a p p a r e n t   f rom  t he   d e s c r i p t i o n   h e r e i n a f t e r .  

To  t h i s   e n d ,   t he   i n v e n t i o n   p r o v i d e s   a  h e a t  

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

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

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

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

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

t r a n s m i t t a n c e   of  n o t   l e s s   t h a n   65  %  in  a  r e g i o n   w h e r e   t h e  

c o l o r   p i g m e n t   d o e s   no t   have   any  a b s o r p t i o n   b a n d .  

F i g .   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   s h o w i n g   a n  

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

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

l a y e r s   a r e   a r r a n g e d   in  c o l o r   d a n d a r a   p a t t e r n .  

F i g s .   2,  3  and  4  a r e   g r a p h i c a l   r e p r e s e n t a t i o n s  

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

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

o b t a i n e d   in  E x a m p l e s   1  and  2  and  C o m p a r a t i v e   E x a m p l e ,  

r e s p e c t i v e l y .  
By  p r i n t i n g   t he   a b o v e - m e n t i o n e d   s p e c i f i c   i n k  

l a y e r s   so  t h a t   t h e y   a re   s u p e r i m p o s e d   w i t h   e a c h   o t h e r   on  a  

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

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



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

i m a g e ,   and  w h i c h   i s   v e r y   c l e a r   and  v i s u a l l y   f r e e   of  f o g g y  

and  f u z z y   t o n e .  

In  t h i s   i n v e n t i o n ,   t he   amount   of  c o l o r   m e d i u m  

of  an  ink   l a y e r   d e f i n e d   b e l o w   must   be  l e s s   t h a n  

s u f f i c i e n t   t o   g i v e   a  m a x i m a l   d e g r e e   of  r e f l e c t i o n   d e n s i t y  
to   a  p r i n t   i m a g e ,   s i n c e   i f   i t   e x c e e d s   t he   u p p e r   l i m i t   o f  

r e f l e c t i o n   d e n s i t y   f o r   t he   image  in  t he   p a r t i c u l a r   c o l o r ,  

m u l t i - g r a d a t i o n   is  no t   a t t a i n a b l e .  

The  a m o u n t   of  c o l o r   medium  is  d e f i n e d   a s  

f o l l o w s :  

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

p r i n t   i m a g e   i s   i n t e n d e d   to   mean  t he   u p p e r   l i m i t   t h a t  

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

c o l o r   med ium  i s   i n c r e a s e d   by  any  amount   o v e r   t h e   l i m i t .  

The  v i s i b l e   l i g h t   t r a n s m i t t a n c e   of  e a c h   i n k  

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

have   any  a b s o r p t i o n   band   ( h e r e i n a f t e r   t h i s   r e g i o n   i s  

r e f e r r e d   to   as  " n o n - a b s o r p t i o n   b a n d " )   s h o u l d   be  no t   l e s s  

t h a n   a b o u t   65  %,  p r e f e r a b l y   no t   l e s s   t h a n   70  %.  If   i t   i s  

l o w e r   t h a n   65  %,  t h e   u p p e r   l e v e l   of  r e f l e c t i o n   d e n s i t y   o f  

t he   image   p r o d u c e d   can  n e v e r   be  s u f f i c i e n t ,   and  no  c l e a r  

p r i n t   i m a g e   can   be  o b t a i n e d   e i t h e r .   The  l i g h t  

t r a n s m i t t a n c e   is   p r e f e r a b l y   as  h i g h   as  f e a s i b l e .  

P r i n t i n g   u s i n g   t h e   t r a n s f e r   medium  of  t h e  

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

ink   l a y e r   of  t h e   t r a n s f e r   medium  in  t he   fo rm  of  d o t s   on  a  

r e c o r d i n g   m e d i u m   by  means   of  a  t h e r m a l   head   h a v i n g   a  

p l u r a l i t y   of   h e a t i n g   e l e m e n t s .   In  the   i n v e n t i o n ,   t h e  

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

d o t s   of  an  i n k   l a y e r   s u b s e q u e n t l y   t r a n s f e r r e d   a r e  

s u b s t a n t i a l l y   s u p e r i m p o s e d   ove r   t he   d o t s   of  an  ink   l a y e r  

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



The  p r e s e n t   i n v e n t i o n   is  more   p a r t i c u l a r l y  
d e s c r i b e d   and  e x p l a i n e d   by  means  of  t h e   f o l l o w i n g  

E x a m p l e s .   T h e s e   E x a m p l e s   a r e   i n t e n d e d   to   i l l u s t r a t e   t h e  

i n v e n t i o n   and  n o t   be  c o n s t r u e d   to  l i m i t   t h e   s c o p e   of  t h e  

i n v e n t i o n .   I t   i s   to   be  u n d e r s t o o d   t h a t   v a r i o u s   c h a n g e s  
and   m o d i f i c a t i o n s   may  be  made  in  t h e   i n v e n t i o n   w i t h o u t  

d e p a r t i n g   f rom  t h e   s p i r i t   and  s c o p e   t h e r e o f .  

E x a m p l e   1 

On  a  f i l m   b a s e   t h e r e   were   c o a t e d   t h r e e   p a r t i a l  

i n k   l a y e r s   Yl,   Y2,  Y3  in  y e l l o w   Y;  t h r e e   p a r t i a l   i n k  

l a y e r s   C l ,   C2,  C3  in  cyan   C;  and  t h r e e   p a r t i a l   ink   l a y e r s  

Ml,   M2,  M3  in  m a g e n t a   M  in  a  " D a n d a r a "   p a t t e r n   as  s h o w n  

in  F i g .   1  ( D a n d a r a :   t r a d e m a r k   of  F u j i   K a g a k u s h i   K o g y o  

C o . ,   L t d . ) .   The  t h r e e   p a r t i a l   ink  l a y e r s   f o r   e a c h   c o l o r  

w e r e   d i f f e r e n t   f rom  e a c h   o t h e r   in  t h e   a m o u n t   of  c o l o r  

m e d i u m .  

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

h a v i n g   a  t h i c k n e s s   of  9  p.  As  a  v e h i c l e   f o r   t h e   i n k  

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

t h e   c o m p o s i t i o n   of  w h i c h   was  as  f o l l o w s :  

As  c o l o r   m e d i u m s   f o r   t he   i n k   l a y e r s   were   u s e d  

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

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

m a g e n t a ,   and  b e n z i d i n e   y e l l o w   fo r   y e l l o w .  

T a b l e   1  shows  t h e   c o n t e n t   of  c o l o r   p i g m e n t   f o r  

e a c h   r e s p e c t i v e   p a r t i a l   ink  l a y e r ,   and  t h e   r e f l e c t i o n  

d e n s i t y   (ΔOD)  of  a  p r i n t   image  as  t h e r m a l l y   t r a n s f e r r e d  

one  t i m e   by  a  t h e r m a l   p r i n t e r   d i r e c t l y   on  a  p l a i n   p a p e r ,  



and  t h e   l i g h t   t r a n s m i t t a n c e   of   e a c h   ink  l a y e r   in  t h e  

n o n - a b s o r p t i o n   band  and  t h e   w a v e l e n g t h   of  t h e   n o n -  

a b s o r p t i o n   b a n d .  

The  r e f l e c t i o n   d e n s i t y   (ΔOD)  of  a  p r i n t   image   i s  

d e f i n e d   as  f o l l o w s :  

R e f l e c t i o n   d e n s i t y   ( Δ O D )  =   [ R e f l e c t i o n   d e n s i t y   o f  

a  p r i n t   i m a g e ]  -   [ R e f l e c t i o n   d e n s i t y   of  u n p r i n t e d  

p o r t i o n ]  





T h e n ,   s u p e r i m p o s i n g   p r i n t i n g   of  t h e   p a r t i a l   i n k  

l a y e r s   in  e a c h   c o l o r   was  c a r r i e d   ou t   two  or  more  t i m e s   b y  

u s i n g   a  t h e r m a l   p r i n t e r .   With   r e s p e c t   to   t h e   p r i n t  

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

r e f l e c t i o n   d e n s i t y   (ΔOD)  of  t h e   p r i n t   i m a g e   and  t h e  

a m o u n t   of  c o l o r   medium  is  g r a p h i c a l l y   p r e s e n t e d   in  F i g .  

2.  In  F i g .   2  (as   w e l l   as  in  F i g s .   3  and  4 ) ,   t h e   p r i n t  

i m a g e s   o b t a i n e d   from  Yl,   Cl  or  Ml  a r e   s i g n i f i e d   by  m a r k o ,  

t h e   p r i n t   i m a g e s   o b t a i n e d   f rom  Y2,  C2  or  M2  by  m a r k @ ,   a n d  

t h e   p r i n t   i m a g e s   o b t a i n e d   f rom  Y3,  C3  or  M3  by  m a r k  @ .  

As  is  c l e a r   from  F i g .   2,  w i t h   e a c h   c o l o r ,   o n c e  

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

r e f l e c t i o n   d e n s i t y   (QOD)  of  the   p r i n t   image   p r o d u c e d  

n e v e r   d id   e x c e e d   the  c e r t a i n   v a l u e   even   i f   t he   amount   o f  

c o l o r   medium  was  i n c r e a s e d   by  any  a m o u n t   o v e r   t he   l i m i t .  

A b o u t   10  g r a d a t i o n s   of  p r i n t   i m a g e s   we re   o b t a i n e d   f o r  

e a c h   c o l o r ,   e a c h   p r i n t   image  b e i n g   f o u n d   as  h a v i n g   a n  

e x c e p t i o n a l l y   good   d e f i n i t i o n .  

E x a m p l e   2 

The  same  p r o c e d u r e s   as  in  E x a m p l e   1  e x c e p t   t h a t  

0 . 5   p a r t   by  w e i g h t   of  t i t a n i u m   o x i d e   was  e m p l o y e d   t o g e t h e r  

w i t h   1  p a r t   by  w e i g h t   of  e ach   c o l o r   p i g m e n t   as  u s e d   i n  

E x a m p l e   1  were   r e p e a t e d   to  p r o d u c e   a  m u l t i - g r a d a t i o n  

h e a t   s e n s i t i v e   t r a n s f e r   medium.   P r i n t i n g   was  c a r r i e d   o u t  

by  u s i n g   t h e   o b t a i n e d   t r a n s f e r   medium  in  t h e   same  m a n n e r  

as  d e s c r i b e d   in  Example   1.  The  r e l a t i o n s h i p   b e t w e e n   t h e  

r e f l e c t i o n   d e n s i t y   (ΔOD)  of  t he   p r i n t   image   p r o d u c e d   a n d  

t h e   a m o u n t   of  c o l o r   medium  is  g r a p h i c a l l y   shown  in  F i g .   3 .  

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

was  a b o u t   70 %  w i t h   a  l a y e r   c o r r e s p o n d i n g   to   t h e  

a f o r e s a i d   ink  l a y e r   Yl,   a b o u t   76  %  w i t h   a  l a y e r  

c o r r e s p o n d i n g   to   a f o r e s a i d   ink  l a y e r   Cl ,   and  a b o u t   73  % 

w i t h   a  l a y e r   c o r e s p o n d i n g   to  t he   a f o r e s a i d   ink   l a y e r   M l .  

As  is  a p p a r e n t   from  F i g .   3,  a  m a x i m a l   v a l u e   o f  

r e f l e c t i o n   d e n s i t y   (ΔOD)  s u b s t a n t i a l l y   as  h i g h   as  t h a t   i n  

E x a m p l e   1  was  o b t a i n e d   for   e a c h   r e s p e c t i v e   c o l o r .  

F u r t h e r ,   a b o u t   8  g r a d a t i o n s   of  p r i n t   i a m g e s   were   o b t a i n e d  



f o r   e a c h   c o l o r ,   e a c h   p r i n t   image  b e i n g   of  a n  

e x c e p t i o n a l l y   g o o d   d e f i n i t i o n .  

C o m p a r a t i v e   E x a m p l e  
The  same  p r o c e d u r e s   as  in  E x a m p l e   1  e x c e p t   t h a t  

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

w i t h   1  p a r t   by  w e i g h t   of  e ach   c o l o r   p i g m e n t   as  u s e d   i n  

E x a m p l e   1  were   r e p e a t e d   to   p r o d u c e   a  m u l t i - g r a d a t i o n   h e a t  

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

n o n - a b s o r p t i o n   b a n d   was  a b o u t   45  %  w i t h   a  l a y e r  

c o r r e s p o n d i n g   t o   t h e   a f o r e s a i d   ink  l a y e r   Yl,   a b o u t   49  % 

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

a n d   a b o u t   47 %  w i t h   a  l a y e r   c o r r e s p o n d i n g   to   t h e  

a f o r e s a i d   ink   l a y e r   Ml.  P r i n t i n g   was  c a r r i e d   ou t   b y  

u s i n g   t h e   o b t a i n e d   t r a n s f e r   medium  in  t h e   same  m a n n e r   a s  

d e s c r i b e d   in  E x a m p l e   1.  The  r e l a t i o n s h i p   b e t w e e n   t h e  

r e f l e c t i o n   d e n s i t y   (ΔOD)  of  the  p r i n t   i m a g e   o b t a i n e d   a n d  

t h e   a m o u n t   of  c o l o r   medium  is  g r a p h i c a l l y   shown  in  F i g .   4 .  

As  can  b e   c l e a r l y   seen  fom  F i g .   4,  t he   p r i n t  

i m a g e   o b t a i n e d   in  C o m p a r a t i v e   E x a m p l e   had  a  much  l o w e r  

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

in  E x a m p l e s   1  and  2,  t h e   image  b e i n g   of   f o g g y   t o n e .  

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

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

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

be  r e f l e c t e d   in  a  d i f f e r e n c e   in  hue  w h i c h   w o u l d   b e  

i n c o n v e n i e n t   f rom  t h e   s t a n d p o i n t   of  c o m p a r i s o n .  

In  F i g s .   2  to   4,  i t   is   n o t e d ,   m a r k  0   i n d i c a t e s  

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

u s i n g   an  ink  l a y e r   w h i c h   was  fo rmed   by  a p p l y i n g   an  i n k  

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

in  an  i n k   l a y e r   m a r k e d @ ,   in  amount   of  c o a t i n g   of  2  g / m 2 ,  

As  can  be  c l e a r l y   seen   f rom  F i g s .   2  to  4 ,  

r e f l e c t i o n   d e n s i t y   (ΔOD)  v a r i e s   d e p e n d i n g   upon  t h e   a m o u n t  

of  c o l o r   m e d i u m .  

In  many  c a s e s ,   t he   t h i c k n e s s   of  an  ink  l a y e r   i s  

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



s u p e r i m p o s e d   p r i n t s   is  a b o u t   35  µm  or  l e s s .  

In  c a s e s   w h e r e ,   n o t   in  a f o r e s a i d   E x a m p l e s   a l o n e ,  

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

e x a m p l e ,   any  of  t h o s e   m e n t i o n e d   b e l o w ,   was  u s e d ,   g o o d  

r e s u l t s   s i m i l a r   to  t h o s e   o b s e r v e d   in  t he   above   E x a m p l e s  

we re   o b t a i n e d .   Max ima l   r e f l e c t i o n   d e n s i t y ,   l i g h t  

t r a n s m i t t a n c e   in  n o n - a b s o r p t i o n   b a n d ,   and  amount   o f  

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

r e a c h e d   v a r i e d   d e p e n d i n g   upon  t h e   k i n d   of  t he   m a t e r i a l  

u s e d .   In  e v e r y   c a s e ,   h o w e v e r ,   a  m a x i m a l   or  h i g h e r   l e v e l  

of  d e n s i t y   was  v i s u a l l y   o b s e r v e d .  

As  a  c o l o r   p i g m e n t   in  y e l l o w   was  used   one  k i n d  

or  a  m i x t u r e   of  two  or  more  k i n d s   of  p i g m e n t s   such  a s  

n a p h t h o l   y e l l o w   S,  Hansa   y e l l o w   5G,  p e r m a n e n t   y e l l o w   NCG, 

and  q u i n o l i n e   y e l l o w   l a k e .   Good  r e s u l t s   were   o b t a i n e d   a s  

in  E x a m p l e   1 .  

As  a  c o l o r   p i g m e n t   in  m a g e n t a   was  used   one  k i n d  

or  a  m i x t u r e   of  two  or  more   k i n d s   of  p i g m e n t s   such  a s  

b r i l l i a n t   f a s t   s c a r l e t ,   b r i l l i a n t   c a r m i n e   BS,  p e r m a n e n t  

c a r m i n e   FB,  l i t h o l   r e d ,   p e r m a n e n t   r e d   F5R,  b r i l l i a n t  

c a r m i n e   6B,  p i g m e n t   s c a r l e t   3B,  r h o d a m i n e   l a k e   B,  a n d  

a l i z a r i n   l a k e .   A g a i n ,   good   r e s u l t s   were   o b t a i n e d   as  i n  

E x a m p l e   1 .  

As  a  c o l o r   p i g m e n t   in  cyan   was  u sed   one  k i n d   o r  

a  m i x t u r e   of  two  or  more   k i n d s   of  p i g m e n t s   such  a s  

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

p h t h a l o c y a n i n e   b l u e ,   and  f a s t   sky  b l u e .   A g a i n ,   g o o d  

r e s u l t s   were   o b t a i n e d   as  in  E x a m p l e   1 .  

.Ca rbon   b l a c k   or  t h e   l i k e   was  u s e d   as  a  c o l o r  

p i g m e n t   in  b l a c k ,   and  in  t h i s   c a s e ,   t h e   r e s u l t s   were   a l s o  

s a t i s f a c t o r y   as  in  E x a m p l e   1 .  

With  r e s p e c t   to   t he   c o m p o s i t i o n   of  a  v e h i c l e ,  

i t   i s   d e s i r a b l e   to  use  s o l i d   wax  h a v i n g   a  p e n e t r a t i o n   o f  

10  to  30  (a t   250C)  as  a  b i n d e r   in  o r d e r   to  o b t a i n   a n  

i m p r o v e d   m e l t - t r a n s f e r a b i l i t y   of  ink   l a y e r s .   F o r  

e x a m p l e ,   waxes   such   as  c a r n a u b a   wax,  m i c r o c r y s t a l l i n e  

wax,  J a p a n   wax,  b e e s w a x ,   c e r e s i n   wax  and  s p e r m a c e t i   a r e  

u s e d .   F u r t h e r ,   any  r e a d i l y   h o t - m e l t a b l e   m a t e r i a l   such   a s  



l o w   m o l e c u l a r   w e i g h t   p o l y e t h y l e n e ,   o x i d i z e d   wax  or  e s t e r  

wax  may  be  u s e d   in  c o m b i n a t i o n .  

As  a  s o f t e n i n g   a g e n t   may  be  a d v a n t a g e o u s l y   u s e d  

any   r e a d i l y   h o t - m e l t a b l e   m a t e r i a l   such   as  p e t r o l e u m   r e s i n ,  

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

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

r e s i n s ,   or  l u b r i c a t i n g   o i l s .  

F u r t h e r m o r e ,   f o r   t he   p u r p o s e   of  the   p r e s e n t  

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

p o w d e r y   m a t e r i a l   a n d / o r   an  e x t e n d e r   p i g m e n t   in  o r d e r   t o  

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

s u c h   h e a t   s e n s i t i v e   i n k   l a y e r .  

As  s u c h   h e a t - c o n d u c t i v e   p o w d e r y   m a t e r i a l   may  b e  

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

e x a m p l e ,   w h i c h   has   a  h e a t - c o n d u c t i v i t y   of  6 .0   x  10-4   t o  

2 5 . 0   x  10-4   c a l f s e e . c m . ° C .  

As  e x t e n d e r   p i g m e n t s   may  be  u s e d   c o l l o i d a l  

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

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

a n h y d r i d e   ( c o m m e r c i a l l y   a v a i l a b l e   u n d e r   t h e   name 

" A e r o s i l "   made  by  N i p p o n   A e r o s i l   K a b u s h i k i   K a i s h a ) ,   a n d  

w h i t e   c a r b o n ,   f o r   e x a m p l e ,   wh ich   a l l   have   r e l a t i v e l y   h i g h  

t r a n s p a r e n c y .  

Such  h e a t - c o n d u c t i v e   m a t e r i a l   and  e x t e n d e r  

p i g m e n t   may  be  u s e d   in  an  a m o u n t   of  0  to   30  p a r t s   b y  

w e i g h t   and  0  to   10  p a r t s   by  w e i g h t   pe r   100  p a r t s   b y  

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

e a c h   c o l o r ,   r e s p e c t i v e l y .  

I t   i s   n o t e d   t h a t   t he   c o m b i n a t i o n   and  a m o u n t s   o f  

t h e   above   i n g r e d i e n t s   of   w h i c h   t h e   v e h i c l e   c o n s i s t s  

s h o u l d   be  s e l e c t e d   so  t h a t   t he   t r a n s p a r e n c y   of  t h e  

v e h i c l e   i t s e l f   may  n o t   be  a f f e c t e d   a d v e r s e l y .  

As  a  f o u n d a t i o n   may  be  u s e d   t h i n   p a p e r s   s u c h   a s  

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

p a p e r ,   I n d i a   p a p e r   a n d   wax  p a p e r ;   p l a s t i c   f i l m s   s u c h   a s  

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

f i l m ;   and  c e l l o p h a n e .  



The  f o u n d a t i o n   may  have  a  h i g h l y   h e a t - r e s i s t a n t  

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

or  a  h i g h l y   h e a t - c o n d u c t i v e   l a y e r   c o a t e d   t h e r e o n   in  o r d e r  

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

The  a r r a n g e m e n t   of  ink  l a y e r s   r e l a t i v e   to   t h e  

f o u n d a t i o n   may  n o t   be  l i m i t e d   to  one  s u c h   as  shown  i n  

F i g .   1,  bu t   s u c h   l a y e r s   may  be  a r r a n g e d   in  a n y  
c o n v e n t i o n a l   p a t t e r n .  

A g a i n ,   n o t   o n l y   is  i t   p o s s i b l e   to   a p p l y   i n k  

l a y e r s   in  d i f f e r e n t   c o l o r s   on  one  f o u n d a t i o n ,   bu t   i t   i s  

p o s s i b l e   as  w e l l   to   a p p l y   ink  l a y e r s   in  d i f f e r e n t   c o l o r s  

t o   s e p a r a t e   f o u n d a t i o n s   on  a  c o l o r   by  c o l o r   b a s i s   or  t o  

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

d e n s i t y .  



1.  A  m u l t i - g r a d a t i o n   h e a t   s e n s i t i v e   t r a n s f e r  

m e d i u m   f o r   u se   in  m u l t i - g r a d a t i o n   t h e r m a l   t r a n s f e r   f o r  

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

s u p e r i m p o s i n g   ink   l a y e r s   on  a  r e c o r d i n g   med ium  a  

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

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

t r a n s p a r e n c y   and  a  h i g h   t i n t i n g   s t r e n g t h   in  an  a m o u n t  

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

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

l i g h t   t r a n s m i t t a n c e   of  no t   l e s s   t h a n   a b o u t   65  %  in  a  

r e g i o n   w h e r e   t h e   c o l o r   p i g m e n t   does   n o t   have   a n y  

a b s o r p t i o n   b a n d .  

2.  The  t r a n s f e r   medium  of  C l a i m   1,  w h e r e i n   o n  

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

s i n g l e   c o l o r   w h i c h   a r e   d i f f e r e n t   f rom  e a c h   o t h e r   i n  

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

3.  The  t r a n s f e r   medium  of  C l a i m   2,  w h e r e i n   t h e  

c o l o r   i s   s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of   y e l l o w ,  

cyan   and   m a g e n t a .  

4.  The  t r a n s f e r   medium  of  C l a i m   1,  w h e r e i n   o n  

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

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

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

5.  The  t r a n s f e r   medium  of  C l a i m   4,  w h e r e i n   t h e  

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