
Europaisches  Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  1  6 0   1  0 6  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 
published  in  accordance  with  Art.  158(3)  EPC 

©  Application  number:  84903988.8 

©  Date  of  filing:  29.10.84 

Data  of  the  international  application  taken  as  a  basis: 

©  International  application  number: 
PCT/JP84/00518 

©  International  publication  number: 
WO85/01917  (09.05.85  85/11) 

©  IntCI.*:  B  41  M  5 /12  

©  Priority:  31.10.83  JP  205650/83 

©  Date  of  publication  of  application  : 
06.11.85  Bulletin  85/45 

©  Designated  Contracting  States: 
BE  DE  GB 

©  Qj)  Applicant:  MITSUBISHI  PAPER  MILLS,  LTD. 
4-2,  Marunouchi  3-chome 
Chiyoda-ku  Tokyo  100(JP) 

©  Inventor:  TORll,  Takahiro 
1263-5,  Nozoe  Harimacho 
Kako-gun  Hyogo  675-0KJP) 

@  Inventor:  TSUKAHARA,  Hirokazu 
Minami-Shataku  8Go  700,  Tsurifunemachi  Takasagocho 
Takasago-shi  Hyogo  676(JP) 

©  Representative:  Lehn,  Werner,  Dipl.-lng.  et  al, 
Hoffmann,  Eitie  &  Partner  Patentanwalte  Arabellastrasse 
4  (Sternhaus) 
D-8000  Munchen  81  (DE) 

(0 
o  

o  
(0 

©  PROCESS  FOR  MANUFACTURING  COLOR-DEVELOPING  SHEET  FOR  IMAGE-RECORDING  MATERIAL. 
  A  process  for  manufacturing  a  color-developing  sheet 
from  a  combination  of  an  electron-donating  colorless  dye 
such  as  no-carbon  pressure-sensitive  recording  material, 
heat-developable  image-recording  material  using  heat- 
sublimable  colorless  dye,  heat-sensitive,  color-transferring 
image-recording  material,  etc.  and  an  electron-accepting 
color-developing  agent  which  comprises  preparing  a  coating 
solution  containing  at  least  an  inorganic  color-developing 
agent,  calcium  carbonate,  and  a  bisphenol  compound.  This 
coating  solution  has  a  low  viscosity  and  a  good  fluidity  at 
high  solids,  concentration  in  spite  of  the  use  of  inorganic 
color-developing  agent  which  usually  causes  troubles  such 
as  gelation.  Thus,  it  facilitates  coating  work  and  provides 
good  color-developing  power  of  the  color-developing  sheet, 
thus  being  excellent  in  printing  properties. 



TECHNICAL  F I E L D  

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   f o r   p r o d u c i n g  

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

p a r t i c u l a r l y ,   t h e   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   f o r  

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

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

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

an  e l e c t r o n - d o n a t i n g   c o l o r l e s s   dye  and  an  e l e c t r o n - a c c e p t i n g  

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

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

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

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

c o l o r - d e v e l o p i n g   a g e n t s   s u c h   as  an  a c t i v e   c l a y   ( e . g .   a c i d  

c l a y   and  a c t i v a t e d   c l a y )   or   a  s e m i - s y n t h e t i c   s o l i d   a c i d  

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

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

t h a t   t h e   t r e a t e d   c l a y   m i n e r a l   h a s   a  SiO2  c o n t e n t   of  82  t o  

96.5%  by  w e i g h t   on  a  d ry   b a s i s   ( d r y i n g   of  3  hr   a t   1 0 5 ° C ) ,  

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

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

p a r t i a l l y   s o l u b l e   in   s a i d   med ium  a n d ,   when  t h e   s o l u b l e  

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

c o m p o u n d   w i t h   an  a l k a l i   or   a c i d   so  as  to   f o r m   a  h y d r o x i d e ,  



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

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

r e s u l t i n g   c a l y   m i n e r a l .  

BACKGROUND  ART 

A s - a n   i m a g e - r e c o r d i n g   m a t e r i a l   u t i l i z i n g   a  c o l o r  

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

e l e c t r o n - d o n a t i n g   c o l o r l e s s   ( l e u c o )   d y e  a n d   an  e l e c t r o n -  

a c c e p t i n g   c o l o r - d e v e l o p i n g   a g e n t ,   t h e r e   a r e ,   as  w e l l   k n o w n ,  

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

m a t e r i a l s   as  d e s c r i b e d   i n ,   f o r   e x a m p l e ,  U S P   No.  2 5 0 5 4 7 0 ,  

U S P  N o .   2 5 5 0 4 7 1 ,   USP  N o .  2 7 3 0 4 5 6   and   U S P  N o .  3 4 1 8 2 5 0 .  T h e s e  

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

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

T h e r e   a r e   o t h e r   i m a g e - r e c o r d i n g   m a t e r i a l s   u t i l i z i n g   t h e  

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

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

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

A p p l i c a t i o n   K o k a i   ( L a i d - o p e n )   No.  1 4 9 1 2 3 / 1 9 7 7 ,   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   K o k a i   ( L a i d - o p e n )   No.  5 3 5 3 8 / 1 9 7 9 ,   e t c . ] ,  

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

and  t h e   l i k e .  

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

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

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

(Some  of   t h e s e   m a t e r i a l s   i n c l u d e   a  m i d d l e   s h e e t   f u r t h e r   o r  

c o n s i s t   of   a  s e l f - c o n t a i n e d   s h e e t . )   The  c o l o r l e s s   ( l e u c o )  

dye  i s ,   in   many  c a s e s ,   d i s s o l v e d   in   a  h i g h   b o i l i n g   s o l v e n t  



and   c o n t a i n e d   in  m i c r o c a p s u l e s .  

T h i s   e n c a p s u l a t i o n   has   b e e n   c o n d u c t e d   by  a  

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

i n t e r f a c i a l   p o l y m e r i z a t i o n   m e t h o d ,   e t c .   As  t h e   c o l o r l e s s  

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

as  C r y s t a l   V i o l e t   L a c t o n e ,   3 - 3 - b i s ( p - d i m e t h y l a m i n o p h e n y l ) -  

n a p h t h a l i d e   and  3 - ( p - d i m e t h y l a m i n o p h e n y l ) - 3 - ( 2 - m e t h y l i n d o l e -  

3 - y l ) - 6 - d i m e t h y l a m i n o p h t h a l i d e ;   a c y r l   ( b e n z o y l ,   a n i s o y l ,  

p i v a l o y l ,   e t c . )   d e r i v a t i v e s   of   M e t h y l e n e   B l u e ;   x a n t h e n e -  

p h t h a l i d e s   s u c h   as  3 - d i e t h y l a m i n o - 6 - m e t h y l - 7 - c h l o r o f l u o r a n ,  

3 - d i e t h y l a m i n o - 7 - d i b e n z y l a m i n o f l u o r a n ,   3 - d i e t h y l a m i n o - 6 -  

m e t h y l a n i l i n o f l u o r a n ,   3 - m e t h y l - c y c l o h e x y l a m i n o - 6 - m e t h y l - 7 -  

a n i l i n o f l u o r a n   and  3 - e t h y l - p - t o l y l a m i n o - 6 - m e t h y l - 7 - a n i l i n o -  

f l u o r a n ;   and  o t h e r   l e u c o   d y e s .  

As  t h e   h i g h   b o i l i n g   s o l v e n t   o f t e n   u s e d   in  n o n -  

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

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

by  d i i s o p r o p y l n a p h t h a l e n e ,   d i a r y l a l k a n e s   r e p r e s e n t e d   by  1 -  

p h e n y l - l - x y l y l e t h a n e ,   a l k y l b i p h e n y l s   r e p r e s e n t e d  b y  

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

b e n z y l n a p h t h a l e n e s ,   d i a r y l a l k y l e n e s ,   a r y l i n d a n e s   and  t h e  

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

p h t h a l a t e ,   d i o c t y l   m a l e a t e   and  t h e   l i k e ;   p h o s p h o r i c   a c i d  

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

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

o i l ,   soy  b e a n   o i l ,   c o t t o n   s e e d   o i l ,   w h a l e   o i l   and  t h e   l i k e  

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

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



s u c h   as  m i n e r a l   o i l s ;   and  so  f o r t h .  

W i t h   r e s p e c t   to   t h e   e l e c t r o n - a c c e p t i n g   c o l o r -  

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

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

a g e n t s   s u c h   as  n a t u r a l   c l a y   m i n e r a l s   ( e . g .   a c i d   c l a y ,  

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

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

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

i n o r g a n i c   a c i d   ( m i n e r a l - a c i d )   s u c h   as  h y d r o c h l o r i c  a c i d ,  

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

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

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

p o l y v a l e n t - m e t a l   s a l t s .  

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

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

( a r o m a t i c   c a r b o x y l i c   a c i d s )   and   t h e i r   s a l t s ,   w h i c h   a r e   a l l  

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

can   be  c o a t e d   on  a  s u b s t r a t e   s h e e t   i n   t h e   f o rm  of   a  c o a t i n g  

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

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

h o w e v e r ,   t h e y   a r e   s l o w   in   c o l o r - d e v e l o p i n g   s p e e d   and   t h e  

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

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

p r i n t a b i l i t y   s u c h   as  i nk   s e t t i n g   and  a r e   e x p e n s i v e   b e c a u s e  

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

i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t s   a r e   e x c e l l e n t   i n  

p r i n t a b i l i t y   s u c h   as  i nk   s e t t i n g   and  i n e x p e n s i v e   a n d  

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



t h e y   h a v e   a  b i g   d r a w b a c k   in  p r o d u c t i o n   of  c o l o r - d e v e l o p i n g  

s h e e t s   u s i n g   t h e m .   T h a t   i s ,   i t   i s   d i f f i c u l t   to   p r e p a r e   a  

c o a t i n g   f l u i d   c o n t a i n i n g   an  i n o r g a n i c   c o l o r - d e v e l o p i n g  

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

g e l   and  a c c o r d i n g l y ,   c o a t i n g   of  an  i n o r g a n i c   c o l o r -  

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

s h e e t   b e c o m e s   i m p o s s i b l e .  

A c t i v a t e d   c l a y   as  an  i n o r g a n i c   c o l o r - d e v e l o p i n g  

a g e n t   i s   p r o d u c e d ,   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   P u b l i c a -  

t i o n   No.  2 3 7 3 / 1 9 6 6 ,   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  7 6 2 2 /  

1966  and  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  8 8 1 1 / 1 9 6 7 ,  b y  

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

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

b l e   in   t h e   a c i d   s u c h   as  a l u m i n u m ,   i r o n   and  t h e   l i k e   and  t o  

a l l o w   t h e   t r e a t e d   c l a y   to   p o s s e s s   a  s u r f a c e   a r e a   of  2 0 0  

m2 /g   or  l a r g e r .   A c t i v a t e d   c l a y   i s   a m o r p h o u s   when  o b s e r v e d  

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

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

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

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

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

s u r f a c e   a c t i v i t y   of   a c t i v a t e d   c l a y .  

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

c o a t i n g ,   when  d i s p e r s e d   in   w a t e r ,   c an   r e t a i n   f l u i d i t y  

u n t i l   t h e   s o l i d   c o n t e n t   in  t h e   d i s p e r s i o n   i n c r e a s e s   t o   70% 

or  h i g h e r .   In  c o n t r a s t ,   a c t i v a t e d   c l a y ,   when  d i s p e r s e d   i n  

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

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



r e a c h e s   a b o u t   4 0 % .  

C o a t i n g   of   a  c o a t i n g   f l u i d   c o n t a i n i n g   a  c o l o r -  

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

d e s i r e d   in  v i e w   of   p r o d u c t i v i t y   and  e n e r g y   s a v i n g .   H o w e v e r ,  

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

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

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

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

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

f l u i d   ( f o r   e x a m p l e ,   s o l i d   c o n t e n t :   a b o u t   30%)  by  t h e   use   o f  

an  a i r   k n i f e   c o a t e r .  

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

i n g   an  i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t   a t   a  h i g h   c o n c e n t -  

r a t i o n ,   t h e r e   i s   d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

K o k a i   ( L a i d - o p e n )   No.  2 6 0 8 / 1 9 7 7 ,   a  m e t h o d  w h e r e i n   c a l c i u m  

c a r b o n a t e   o r   k a o l i n   i s   a d d e d   t o   a c t i v a t e d   c l a y .   A c c o r d i n g  

to   t h e   e x p e r i m e n t   by  t h e   p r e s e n t   i n v e n t o r s ,   t h i s   m e t h o d  

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

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

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

a p p l i c a t i o n .  

In  J a p a n e s e   P a t e n t   A p p l i c a t i o n   K o k a i   ( L a i d - o p e n )  

No.  9 7 7 8 2 / 1 9 8 0 ,   t h e r e   i s   d e s c r i b e d   a  m e t h o d   w h e r e i n   a  

m a g n e s i u m   c o m p o u n d   i s   a d d e d   to   a c t i v a t e d   c l a y .   T h i s   m e t h o d  

i s   n o t   s u f f i c i e n t   due   t o   t h e   same  r e a s o n s   as  m e n t i o n e d  

a b o v e .  A l s o ,   t h e r e   i s   d e s c r i b e d   a  m e t h o d   w h e r e i n   a  l a t e x  

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

c l a y   i s   m i x e d   w i t h   w a t e r .   A c c o r d i n g   to   t h e   e x p e r i m e n t   b y  



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

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

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

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

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

p r i n t a b i l i t y .   T h u s ,   t h i s   m e t h o d   can   b o t   be  p u t   i n t o  

p r a c t i c a l   a p p l i c a t i o n .  

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to  d e v e l o p  

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

i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t   w h i c h   i s   low  in  v i s c o s i t y ,  

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

as  w e l l   as  to   p r o d u c e   a  c o l o r - d e v e l o p i n g   s h e e t   of   e x c e l l e n t  

p r i n t a b i l i t y   by  u s i n g   s a i d   c o a t i n g   f l u i d .  

DISCLOSURE  OF  THE  INVENTION 

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

of   an  i m a g e - r e c o r d i n g   m a t e r i a l   c o n s i s t i n g   of   an  e l e c t r o n -  

d o n a t i n g   c o l o r l e s s   dye   and   an  e l e c t r o n - a c c e p t i n g   c o l o r -  

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

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

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

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

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

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

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

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

f l u i d i t y .   T h e   c o l o r - d e v e l o p i n g   s h e e t   p r o d u c e d   by  c o a t i n g   t h e  

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



a b i l i t y   and  i s   e x c e l l e n t   in   p r i n t a b i l i t y ,   e t c .  

BRIEF  DESCRIPTION  OF  DRAWINGS 

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

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

F i g .   2  i s   a  r h e o l o g i c a l   d i a g r a m   of   t h e   c o a t i n g  

f l u i d   of  C o m p a r a t i v e   E x a m p l e   1 .  

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

f l u i d   of  C o m p a r a t i v e   E x a m p l e   2 .  

F i g .   4  i s   a  r h e o l o g i c a l   d i a g r a m   of  t h e   c o a t i n g  

f l u i d   of  C o m p a r a t i v e   E x a m p l e   3 .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   can   be  a p p l i e d   t o   a l l   i m a g e -  

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

b e t w e e n   an  e l e c t r o n - d o n a t i n g   c o l o r l e s s   ( l e u c o )   dye  and  a n  

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

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

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

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

t r a n s f e r ,   i m a g e - r e c o r d i n g   m a t e r i a l s   and   t h e   l i k e .   A c c o r d -  

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

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

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

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

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

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

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

i n v e n t i o n   can   be  a p p l i e d   a l s o   to   a  m i d d l e   s h e e t ,   a  s e l f -  



c o n t a i n e d   s h e e t ,   e t c .  

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

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

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

p r o p o s e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   K o k a i   ( L a i d - o p e n )  

No.  1 5 9 9 6 / 1 9 8 2 .  

T h i s   s e m i - s y n t h e t i c   s o l i d   a c i d   i s   an  i n o r g a n i c  

c o l o r - d e v e l o p i n g   a g e n t   of  new  t y p e   p r o d u c e d   by  a c i d - t r e a t i n g  

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

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

m i n e r a l   h a s   a  S i 0 2  c o n t e n t   of  82  to   96 .5%  by  w e i g h t ,   p r e -  

f e r a b l y   85  t o   95%  by  w e i g h t   on  a  d r y   b a s i s   ( d r y i n g   of  3  h r  

a t   1 0 5 ° C ) ,   c o n t a c t i n g   t h e   r e s u l t i n g   c l a y   m i n e r a l ,   i n   a n  

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

a t   l e a s t   p a r t i a l l y   s o l u b l e   in   s a i d   med ium  a n d ,   when  t h e  

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

s o l u b l e   c o m p o u n d   w i t h   an  a l k a l i   or   a c i d   so  as  to   f o rm  a  

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

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

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

T h i s   c o l o r - d e v e l o p i n g   a g e n t   i s   c a l l e d   " s e m i -  

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

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

n o v e l   p r o c e s s .   The  a c i d - t r e a t e d   c l a y   m i n e r a l   m e n t i o n e d  

a b o v e ,   when  m e a s u r e d   by  X - r a y   d i f f r a c t i o n   and  e l e c t r o n  

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

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

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



c l a y   m i n e r a l   b e f o r e   a c i d   t r e a t m e n t .   M e a n w h i l e ,   t h e   a c i d -  

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

c o m p o n e n t   has   b e e n   i n t r o d u c e d ,   when  m e a s u r e d   by  e l e c t r o n  

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

s a i d   l a y e r   s t r u c t u r e   c r y s t a l   c o n s i s t i n g   o f   r e g u l a r   t e t r a -  

h e d r o n s - o f   s i l i c a ,   b u t ,   when  m e a s u r e d   by  X - r a y   d i f f r a c t i o n ,  

s h o w s   no  such   d i f f r a c t i o n   p a t t e r n   a s _ , g i v e n   by  s a i d   l a y e r  

s t r u c t u r e   c r y s t a l .  

The  s e m i - s y n t h e t i c   s o l i d   a c i d   i s   a  new  t y p e   o f  

c o l o r - d e v e l o p i n g   a g e n t   w h i c h   can   g r e a t l y   i m p r o v e   t h e   d r a w -  

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

t y p e   r e p r e s e n t e d   by  a c i d   c l a y   a n d  a c t i v a t e d   c l a y ,   n a m e l y ,  

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

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

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

f l u i d   c o n t a i n i n g   a  low  c o n c e n t r a t i o n   of   an  i n o r g a n i c   c o l o r -  

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

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

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

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

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

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

c o n d i t i o n s .   The  p r e s e n t   i n v e n t o r s   a l s o   f o u n d   t h a t ,   w h e n  

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

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

as  o f t e n   s e e n   in   c o a t i n g   f l u i d s   c o n t a i n i n g   c o n v e n t i o n a l  

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

a n d   p o s s e s s e s   no  f l u i d i t y   l e a d i n g   to   low  p r o d u c t i v i t y .  



H e n c e ,   t h e   p r e s e n t   i n v e n t o r s   c o n d u c t e d   e x t e n s i v e  

r e s e a r c h   in   o r d e r   to   l o o k   f o r   a  s u b s t a n c e   w h i c h   can  i m p r o v e  

t h e   f l u i d i t y   of  a  c o a t i n g   f l u i d   c o n t a i n i n g   a  h i g h   c o n c e n t -  

r a t i o n   of   one   of  i n o r g a n i c   c o l o r   d e v e l o p e r s ,   a  s e m i -  

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

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

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

n a t i o n ,   t h e r e   can   be  o b t a i n e d   a  c o a t i n g   f l u i d   c o n t a i n i n g   a  

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

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

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

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

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

c o n t a c t   w i t h   p l a s t i c i z e r s   or   o i l s   and  m o r e o v e r   h a s   e x c e l -  

l e n t   p r i n t a b i l i t y .   T h i s   n o v e l   k n o w l e d g e   h a s   l e d   to   t h e  

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

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

t i o n   h a s   no  p a r t i c u l a r   r e s t r i c t i o n .   I t   i s   a  w h i t e   p i g m e n t  

c a l l e d   HAKUENKA  (TRADE  MARK)  in   some  c a s e s ,   u s e d   f o r   p a p e r  

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

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

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

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

of   2 .5   to   40  p a r t s   by  w e i g h t   and  p a r t i c u l a r l y   p r e f e r a b l y   i n  

an  a m o u n t   of   5  to   30  p a r t s   by  w e i g h t   b a s e d   on  100  p a r t s   b y  

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

a d d e d   in   an  a m o u n t   s m a l l e r   t h a n   2 .5   p a r t s   by  w e i g h t ,   t h e  

a d d i t i o n   i s   n o t   e f f e c t i v e   f o r   r e d u c t i o n   in   v i s c o s i t y   o f  



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

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

d e v e l o p e d   c o l o r .  

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

i n v e n t i o n ,   t h e r e   a r e ,   f o r   e x a m p l e ,   4 , 4 ' - i s o p r o p y l i d e n e -  

d i p h e n o l ,   4 , 4 ' - c y c l o h e x y l i d e n e d i p h e n o l ,   b i s ( 4 - h y d r o x y p h e n y l )  

s u l f o n e ,   t h i o b i s ( 3 - m e t h y l - 6 - t - b u t y l p h e n o l ) ,   4 , 4 ' - b u t y l i d e n e -  

b i s ( 3 - m e t h y l - 6 - t - b u t y l p h e n o l ) ,   2 , 2 ' - m e t h y l e n e b i s ( 4 - m e t h y l -  

6 - t - b u t y l p h e n o l ) ,   e t c .   P a r t i c u l a r l y   p r e f e r a b l e   i s  

b i s ( 4 - h y d r o x y p h e n y l ) s u l f o n e .  

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

a m o u n t   of  2 . 5   t o   40  p a r t s   by  w e i g h t   and  p a r t i c u l a r l y   p r e -  

f e r a b l y   in   an  a m o u n t   of   10  to   30  p a r t s   by  w e i g h t   b a s e d   o n  

100  p a r t s   by  w e i g h t   of   i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t .  

When  t h e   b i s p h e n o l   c o m p o u n d   i s   a d d e d   in   an  a m o u n t  

s m a l l e r   t h a n   2 . 5   p a r t s   by  w e i g h t ,   t h e   a d d i t i o n   i s   n o t  

e f f e c t i v e   f o r   r e d u c t i o n   in   v i s c o s i t y   of   c o a t i n g   f l u i d .   When 

i t   i s   a d d e d   in   an  a m o u n t   l a r g e r   t h a n   40  p a r t s   by  w e i g h t ,  

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

d e n s i t y   of  d e v e l o p e d   c o l o r .  

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

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

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

t h e   u s e   of   a  we t   g r i n d e r   s u c h   as  a  b a l l   m i l l ,   an  a t t r i t o r ,  

a  s a n d   g r i n d e r   or   t h e   l i k e .  

The  p r e s e n t   i n v e n t i o n   i s   c h a r a c t e r i z e d   in  t h a t   a  

c o a t i n g   f l u i d   i s   p r e p a r e d   by  a d d i n g   to   an  i n o r g a n i c   c o l o r -  

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



c o m p o u n d   in   c o m b i n a t i o n .   A d d i t i o n   of  c a l c i u m   c a r b o n a t e   o r  

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

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

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

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

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

low  c o n t e n t   of   an  i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t   in   t h e  

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

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

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

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

In   c o n t r a s t ,   when  c a l c i u m   c a r b o n a t e   and  a  b i s -  

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

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

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

f i c i e n t l y   low  v i s c o s i t y ,   of  good   f l u i d i t y   and  y e t   of  h i g h  

s o l i d   c o n t e n t   ( f o r   e x a m p l e ,   40%  or   a b o v e ) .   F u r t h e r ,   t h e  

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

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

p r i n t a b i l i t y ,   e t c .  

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

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

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

a d d e d   an  i n o r g a n i c   d i s p e r s i n g   a g e n t   ( e . g .   s o d i u m   t r i p o l y -  

p h o s p h a t e ,   s o d i u m   h e x a m e t a p h o s p h a t e ,   s o d i u m   p y r o p h o s p h a t e ,  

s o d i u m   s i l i c a t e ) ,   an  o r g a n i c   d i s p e r s i n g   a g e n t   ( e . g .   a  

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

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



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

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

e m u l s i o n   b i n d e r   ( e . g .   a  s t y r e n e - b u t a d i e n e   r u b b e r   l a t e x ,   a n  

a c r y l i c   t y p e   l a t e x )   and  a d d i t i v e s   (a  d u s t i n g - p r e v e n t i n g  

a g e n t ,   a  d e f o a m a n t )   to   o b t a i n   a  h i g h   c o n c e n t r a t i o n   c o a t i n g  

f l u i d   c o n t a i n i n g   40%  or  more   of  s o l i d ;   and  t h i s   c o a t i n g  

f l u i d   i s   c o a t e d   on  a  s u b s t r a t e   s h e e t   s u c h   a s  a ' p a p e r  

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

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

m a t e r i a l s .  

In   t h e   p r e s e n t   i n v e n t i o n ,   as  n e c e s s a r y ,   t h e r e   m a y  

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

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

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

a l u m i n a ,   a l u m i n u m   h y d r o x i d e   and  t h e   l i k e .  

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

b i l i t y   and  f l u i d i t y   of  an  i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t  

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

a  c o a t i n g   f l u i d   of   low  v i s c o s i t y   as  w e l l   as  c o a t i n g   of   a n  

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

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

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

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

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

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

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

c o l o r   d e v e l o p m e n t   due  to   r u b b i n g )   and   i m p r o v e d   s u r f a c e  

s t r e n g t h .  



I n c i d e n t a l l y ,   t h e   a d d i t i o n   o r d e r   of  c h e m i c a l  

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

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

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

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

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

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

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

J a p a n e s e   P a t e n t   A p p l i c a t i o n   K o k a i   ( L a i d - o p e n )   No.  1 5 9 9 6 /  

1 9 8 2 .   Not   o n l y   t h i s   a g e n t   b u t   a l s o   o t h e r   i n o r g a n i c   c o l o r -  

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

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

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

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

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

t h e   c o l o r   d e v e l o p m e n t .   H o w e v e r ,   as  t h e   s u r f a c e   a r e a   g e t s  

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

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

f l u i d   c o n t a i n i n g   an  i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t   a t   a  

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

The  p r e s e n t   i n v e n t i o n   e x h i b i t s   t h e   b e s t   e f f e c t s  

when  an  i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t   h a v i n g   p a r t i c l e  

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

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

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

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

As  t h e   c o a t e r   u s e d   a t   t h i s   t i m e ,   a  b l a d e   c o a t e r   i s   b e s t .  



I t s   u s e   a l s o   a l l o w s   h i g h   s p e e d   c o a t i n g ,   s a f e t y   and  h y g i e n e  

of   w o r k i n g   e n v i r o n m e n t s   and   good   s u r f a c e   c o n d i t i o n   o f  

c o a t e d   s h e e t .  

C o n v e n t i o n a l   i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t s  

h a v e   o r d i n a r i l y   u s e d   p a r t i c l e   d i a m e t e r s   o f   5  to   6  p   c u t  

( p a r t i c l e s   w h i c h   p a s s   t h r o u g h   a  mesh   o f   5  t o   6  µ ) .   W h i l e ,  

in   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   can   be  u s e d   an  i n o r g a n i c  

c o l o r - d e v e l o p i n g   a g e n t   h a v i n g   p a r t i c l e   d i a m e t e r s   of   4  µ   c u t  

a n d ,   e v e n   w i t h   an  i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t   h a v i n g  

p a r t i c l e   d i a m e t e r s   o f   3 . 5   µ,  p r e p a r a t i o n  o f   a  c o a t i n g   f l u i d  

as  w e l l   as  i t s   c o a t i n g   by  a  b l a d e   c o a t e r  i s   p o s s i b l e .  

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

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

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

t h e   e x a m p l e   of   t h e   p r e s e n t   i n v e n t i o n .   A l l   p a r t s   shown  b e l o w  

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

P r o c e s s   f o r   p r o d u c i n g   a  c o l o r - d e v e l o p i n g   ( a g e n t )  

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

3 . 5   p a r t s   o f   C r y s t a l   V i o l e t   L a c t o n e   w h i c h   i s   a  

c o l o r l e s s   ( l e u c o )   dye   and  1  p a r t   of   M a l a c h i t e   G r e e n   L a c t o n e  

w e r e   d i s s o l v e d   in   100  p a r t s   of  a  d i a r y l e t h a n e   t y p e   o r g a n i c  

s o l v e n t   w h i c h   i s   a  h i g h   b o i l i n g   s o l v e n t .   The  r e s u l t i n g  

s o l u t i o n   was  a d d e d   to   160  p a r t s   of   an  a q u e o u s   s o l u t i o n  

c o n t a i n i n g   10%  of   an  a c i d - t r e a t e d   g e l a t i n   ( i s o e l e c t r i c  

p o i n t :   7 . 8 )   and  t h e   m i x t u r e   was  made  an  e m u l s i o n .  

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

d i s s o l v i n g   20  p a r t s   of   gum  a r a b i c   in   1 , 5 0 0   p a r t s   of   w a t e r .  

The  m i x t u r e   was  a d j u s t e d   t o   a  pH  of   8 . 5   w i t h   s o d i u m  



h y d r o x i d e ,   k e p t   a t   5 0 ° C ,   a d j u s t e d   to   a  pH  of  4 .4   w i t h  a c e t i  

a c i d ,   and  c o o l e d   to   10°C .   T h e r e t o   was  a d d e d   20  p a r t s   o f  

an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   37%  f o r m a l i n ,   and  t h e   m i x t u r e  

was  s t i r r e d   f o r   24  h r .   T h e n ,   t h e   m i x t u r e   was  a d j u s t e d   t o  

a  pH  of   10  w i t h   s o d i u m   h y d r o x i d e   to   o b t a i n   m i c r o c a p s u l e s .  

To  100  p a r t s   ( as   s o l i d )   of   t h e   m i c r o c a p s u l e s  

w e r e   a d d e d   50  p a r t s   of   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   10% 

of  a  p o l y v i n y l   a l c o h o l   and   30  p a r t s   of   w h e a t   s t a r c h .   T h e  

m i x t u r e   was  c o a t e d   on  a  p l a i n   p a p e r   of   40  g / m 2  b y   t h e   u s e  

of   an  a i r   k n i f e   c o a t e r   so  t h a t   t h e   c o a t e d   a m o u n t   b e c a m e  

5  g/m2  (as   s o l i d ) .   The  c o a t e d   p a p e r   was  d r i e d   to   o b t a i n   a  

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

The  p r e f e r a b l e   e m b o d i m e n t   and   e x c e l l e n t   e f f e c t s  

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

b e l o w   by  way  of  t h e   m o s t   r e p r e s e n t a t i v e   e x a m p l e .  

E x a m p l e  

A  40%  b i s p h e n o l   c o m p o u n d   d i s p e r s i o n   was  p r e p a r e d  

by  s u b j e c t i n g   100  p a r t s   of   b i s ( 4 - h y d r o x y p h e n y l ) s u l f o n e ,   5 

p a r t s   of   s o d i u m   p o l y m e t h a c r y l a t e   and  145  p a r t s   of   w a t e r  

(250  p a r t s   in   t o t a l )   to   g r i n d i n g   by  a  b a l l   m i l l   f o r   2  d a y s .  

To  55  p a r t s   of  w a t e r   w e r e   a d d e d   2  p a r t s   of   a n  

a q u e o u s   s o l u t i o n   c o n t a i n i n g   30%  of   s o d i u m   s i l i c a t e   and  1 0 0  

p a r t s   of   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   10%  of  an  o x i d i z e d  

s t a r c h ,   and  t h e y   w e r e   s t i r r e d .   T h e r e t o   was  a d d e d   10  p a r t s  

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

T h e n ,   3 7 . 5   p a r t s   of   t h e   a b o v e   p r e p a r e d   40%  b i s ( 4 - h y d r o x y -  

p h e n y l ) s u l f o n e   d i s p e r s i o n   was  a d d e d   and   t h e   m i x t u r e   w a s  



s t i r r e d .   T h e r e a f t e r ,   100  p a r t s   of   a  s e m i - s y n t h e t i c   s o l i d  

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

w h i c h   20  p a r t s   of  a  50%  s t y r e n e - b u t a d i e n e   r u b b e r   l a t e x   w a s  

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

c o a t i n g   f l u i d .   T h i s   c o a t i n g   f l u i d   had  a  s o l i d   c o n t e n t   o f  

45%  and  g o o d   f l u i d i t y  a s   s t a t e d   l a t e r .   When  t h e  c o a t i n g  

f l u i d   was  c o a t e d   on  a  p l a i n   p a p e r   of  40  g / m 2  b y   t h e   u s e   o f  

a  b l a d e   c o a t e r   so  t h a t   t h e   c o a t e d   a m o u n t   b e c a m e   5  g/m 2 

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

w e r e   s m o o t h   and  a  good   c o l o r - d e v e l o p i n g   s h e e t   was  o b t a i e d .  

C o m p a r a t i v e   E x a m p l e   1  - 

To  45  p a r t s   of   w a t e r   w e r e   a d d e d   2  p a r t s   of   a n  

a q u e o u s   s o l u t i o n   c o n t a i n i n g   30%  of   s o d i u m   s i l i c a t e   and  1 0 0  

p a r t s   o f   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   10%  of   an  o x i d i z e d  

s t a r c h ,   and   t h e y   w e r e   s t i r r e d .   T h e r e t o   was  s l o w l y   a d d e d  

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

i t   was  d i s p e r s e d .   T h e n ,   20  p a r t s   of  a  50%  s t y r e n e - b u t a d i e n e  

r u b b e r   l a t e x   was  a d d e d   and  t h e   r e s u l t i n g   m i x t u r e   w a s  

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

was  c o a t e d   on  a  p l a i n   p a p e r   of   40  g/m2  by  t h e   u s e   of   a  

b l a d e   c o a t e r   so  t h a t   t h e   c o a t e d   a m o u n t   b e c a m e   5  g/m 2  ( a s  

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

The  c o a t i n g   f l u i d   was  v e r y   v i s c o u s   and  p o o r   in   f l u i d i t y ;  

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

C o m p a r a t i v e   E x a m p l e   2 

To  77  p a r t s   of  w a t e r   w e r e   a d d e d   2  p a r t s   of  a n  



a q u e o u s   s o l u t i o n   c o n t a i n i n g   30%  s o d i u m   s i l i c a t e   and  1 0 0  

p a r t s   of  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   10%  of  an  o x i d i z e d  

s t a r c h .   T h e r e t o   was  a d d e d   25  p a r t s   of   l i g h t   c a l c i u m  

c a r b o n a t e   and   i t   was  d i s p e r s e d .   F u r t h e r ,   100  p a r t s   of  a  

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

and  d i s p e r s e d .   T h e r e a f t e r ,   20  p a r t s   of  a  50%  s t y r e n e -  

b u t a d i e n e   r u b b e r   l a t e x   was  a d d e d   and   t h e   r e s u l t i n g   m i x t u r e  

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

f l u i d   was  c o a t e d   on  a  p l a i n   p a p e r   of   40  g/m2  by  t h e   u s e   o f  

a  b l a d e   c o a t e r   so  t h a t   t h e   c o a t e r   a m o u n t   b e c a m e   5  g/m 2 

(as  s o l i d )   and   t h e n   d r i e d   to  o b t a i n   a  c o l o r - d e v e l o p i n g  

s h e e t .   The  c o a t i n g   f l u i d   had  a  h i g h   v i s c o s i t y   and   p o o r  

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

C o m p a r a t i v e   E x a m p l e   3 

To  40  p a r t s   of  w a t e r   w e r e   a d d e d   2  p a r t s   of   a n  

a q u e o u s   s o l u t i o n   c o n t a i n i n g   30%  of  s o d i u m   s i l i c a t e   and  1 0 0  

p a r t s   of   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   10%  of   an  o x i d i z e d  

s t a r c h ,   and   t h e y   w e r e   s t i r r e d .   T h e r e t o   was  a d d e d   50  p a r t s  

of   t h e   40%  b i s ( 4 - h y d r o x y p h e n y l ) s u l f o n e   d i s p e r s i o n   p r e p a r e d  

in   E x a m p l e   and   t h e y   w e r e   s t i r r e d .   T h e n ,   100  p a r t s   of   a  s e m i -  

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

d i s p e r s e d .   F u r t h e r ,   20  p a r t s   o f   a  50%  s t y r e n e - b u t a d i e n e  

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

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

c o a t e d   on  a  p l a i n   p a p e r   of  40  g/m2  by  t h e   u s e   of  a  b l a d e  

c o a t e r   so  t h a t   t h e   c o a t e d   a m o u n t   b e c a m e   5  g/m2  (as   s o l i d )  

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



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

i t s   c o a t i n g   was  d i f f i c u l t .  

T e s t   m e t h o d  

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

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

t h e   f o l l o w i n g   m e t h o d s .   - 

C o a t i n g   f l u i d  

o  V i s c o s i t y  

A  v i s c o m e t e r   o f   B  t y p e   m a n u f a c t u r e d   by  T o k y o  

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

60  rpm  by  t h e   u s e   of  a  No.  4  r o t o r   was  m e a s u r e d .   F i g s .  

1,  2,  3  and   4  show  v i s c o s i t y   c u r v e s   o b t a i n e d   u s i n g   a  

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

N i h o n   R i g a k u   K o g y o .  

o  S o l i d   c o n t e n t  

D r y i n g   was  c o n d u c t e d   f o r   16  h r   a t   105°C  t o   m e a s u r e  

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

C o l o r - d e v e l o p i n g   s h e e t  

o  D e n s i t y   of   d e v e l o p e d   c o l o r  

A  c o l o r - d e v e l o p i n g   s h e e t   was  s u p e r i m p o s e d   on  t h e  

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

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

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

d e f i n e d   by  t h e   f o l l o w i n g   f o r m u l a   was  m e a s u r e d .   When  a  

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



i s   h i g h e r .  

o  S m o o t h n e s s  

M e a s u r e m e n t   was  made  u s i n g   a  B e c k   s m o o t h n e s s  

t e s t e r .   A  l a r g e r   v a l u e   ( e x p r e s s e d   in   s e c o n d s )   means   b e t t e r  

s m o o t h n e s s .  

o  Smudge  ( S t a i n i n g   by  d e v e l o p e d   c o l o r   due   to   r u b b i n g )  

A  c o l o r - d e v e l o p i n g   s h e e t   was  s u p e r i m p o s e d   on  t h e  

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

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

The  s t a i n i n g   of  t h e   c o l o r - d e v e l o p i n g   s h e e t   was  m e a s u r e d   a s  

a  r e f l e c t a n c e   (%)  u s i n g   a  c o l o r   d i f f e r e n c e   m e t e r .   A c c o r d i n g -  

l y ,   a  h i g h   smudge   v a l u e   m e a n s   l o w e r   s t a i n i n g .  

o  S u r f a c e   s t r e n g t h   ( P r i n t a b i l i t y   t e s t )  

M e a s u r e m e n t   was  made  u s i n g   an  IGT  t e s t e r .   T h e  

s t r e n g t h   o b t a i n e d   was  e x p r e s s e d   by  o,  6,  o r   x  (o  i s   g o o d  

and   x  i s   p o o r ) .  



T e s t   r e s u l t s  

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

As  a  o b v i o u s   f r o m   T a b l e   1,  t h e   c o a t i n g  f l u i d   o f  

t h e   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 ,   as   c o m p a r e d   w i t h   t h e  

c o a t i n g   f l u i d s   of   C o m p a r a t i v e   E x a m p l e s   1,  2  and   3,  h a s  

a b o u t   t h e   same  s o l i d   c o n t e n t   (%)  b u t   a  f a r   s m a l l e r  v i s c o s i t y .  

As  i s   a l s o   o b v i o u s   f r o m   F i g s .   1,  2,  3  and   4,  t h e  

c o a t i n g   f l u i d   of   C o m p a r a t i v e   E x a m p l e s   1,  2  a n d  3 ,   a s  

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

v i s c o s i t i e s   a t   h i g h   r o t a t i o n   s p e e d s   and  e v e n   a t   low  r o t a -  

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

s t a t e .  

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

E x a m p l e s   1,  2  a n d   3  by  a  b l a d e   c o a t e r   was  v e r y   d i f f i c u l t  

due   to   h i g h   v i s c o s i t y   and   g e l a t i o n .  



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

As  i s   o b v i o u s   f rom  T a b l e s   1  and   2  and   F i g s .   1,  2 ,  

3  and  4,  in   p r o d u c t i o n   of  a  c o l o r - d e v e l o p i n g   s h e e t   u s i n g   a  

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

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

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

v i s c o s i t y   and  f l u i d i t y   of  s a i d   c o a t i n g   f l u i d   as  w e l l   as  f o r  

t h e   s m o o t h n e s s ,   s m u d g e   and   s u r f a c e   s t r e n g t h   of   a  c o l o r -  

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

INDUSTRIAL  A P P L I C A B I L I T Y  

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

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

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

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

m a t e r i a l s   c o n s i s t i n g   of   an  e l e c t r o n - d o n a t i n g   c o l o r l e s s   d y e  



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

l y ,   an  i n o r g a n i c   c o l o r - d e v e l o p i n g   a g e n t   e x c e l l e n t   i n  

p r i n t a b i l i t y   and   a d v a n t a g e o u s   in   c o s t   s u c h   as  an  a c t i v e  

c l a y ,   n a m e l y ,   a  s o - c a l l e d  s e m i - s y n t h e t i c   s o l i d   a c i d   ( e . g .  

a c i d   c l a y   and   a c t i v a t e d   c l a y ) .   T h i s   c o l o r - d e v e l o p i n g  

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

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

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

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

m a t e r i a l s ,   e t c .  



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

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

d o n a t i n g   c o l o r l e s s   dye   and   an  e l e c t r o n - a c c e p t i n g   c o l o r -  

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

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

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

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

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

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

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

f o r   i m a g e - r e c o r d i n g   m a t e r i a l s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

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

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

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

s i l i c a   so  t h a t   t h e   t r e a t e d   c l a y   m i n e r a l   h a s   a  S i 0 2   c o n t e n t  

o f   82  to   96.5%  by  w e i g h t   on  a  d r y   b a s i s   ( d r y i n g   of  3  hr   a t  

1 0 5 ° C ) ,   c o n t a c t i n g   t h e   r e s u l t i n g   c l a y   m i n e r a l ,   i n   a n  

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

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

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

b l e   c o m p o u n d   w i t h   an  a l k a l i   or   a c i d   so  as  to   f o r m   a  

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

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

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

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

f o r   i m a g e - r e c o r d i n g   m a t e r i a l s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

t h e   b i s p h e n o l   c o m p o u n d   i s   b i s ( 4 - h y d r o x y p h e n y l ) s u l f o n e .  



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

f o r   i m a g e - r e c o r d i n g   m a t e r i a l s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

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

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

f o r   i m a g e - r e c o r d i n g   m a t e r i a l s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

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

p a r t i c l e   d i a m e t e r s   s u b s t a n t i a l l y   of   4  p   o r   l e s s .  

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

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

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

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

c o m p o u n d   h a s  a   s o l i d   c o n t e n t   of   40%  b y  w e i g h t   o r   m o r e .  
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