
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  1 0 5   3 7 6  

Office  europeen  des  brevets  A 1  

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

©  Application  number:  83900802.6  ©  Int.  CI.3:  B  41  M  5 /22  

©  Date  of  filing:  02.03.83 

Data  of  the  international  application  taken  as  a  basis: 

©  International  application  number: 
PCT/JP83/00066 

©  International  publication  number: 
WO83/03077  (15.09.83  83/21) 

©  Priority:  03.03.82  JP  33237/82  ©  Applicant:  MITSUBISHI  PAPER  MILLS,  LTD. 
08.05.82  JP  76021/82  4-2,  Marunouchi  3-chome 
18.08.82  JP  143014/82  Chiyoda-ku  Tokyo  100(JP) 

©  Inventor:  TORILTakahiro 
(43)  Date  of  publication  of  application:  '  1263-5,  Nozoe  Harimacho 

18.04.84  Bulletin  84/16  Kako-gun  Hyogo  673-01  (JP) 

©  Designated  Contracting  States:  ©  Inventor:  SENOH,  Hideaki 
DE  GB  409-1,  SakaemachiTakasagocho 

Takasago-Shi  Hyogo  676(JP) 

©  Inventor:  TSUKAHARA,  Hirokazu 
391-1,  Sakaemachi  Takasagocho 
Takasago-Shi  Hyogo  676(JP) 

©  Representative:  Hansen,  Bernd,  Dr.rer.nat.  et  al, 
Hoffmann,  Eitle  &  Partner  PatentanwSrte  Arabellastrasse 
4 
D-8000  Munchen  81  (DE) 

©  COLOR-DEVELOPING  SHEET  FOR  USE  IN  NO-CARBON  RECORDING  SYSTEM. 

Q>7)  A  color-developing  sheet  for  use  in  a  no-carbon  press- 
ure-sensitive  recording  system,  which  has  a  color-developer 
layer  containing  synthetic  activated  clay  and  an  alkyl,  aryl  or 
aralkyl  ester  of  p-hydroxybenzoic  acid,  said  synthetic  acti- 

r"  vated  clay  being  produced  by  acid-treating  a  clay  mineral 
^   having  a  laminar  structure  comprising  regular  tetrahedron  of 

silica  to  such  a  degree  that  the  content  of  Si02  becomes  82  to 
iQ  96.5  wt  %  based  on  dry  weight  (measured  after  drying  at 
^   105°C  for  3  hours),  bringing  the  resulting  clay  mineral  into 
W  contact  in  an  aqueous  medium  with  a  magnesium  and/or 

aluminum  compound  at  least  partly  soluble  in  the  medium 
and,  when  this  soluble  compound  is  other  than  a  hydroxide, 

©  neutralizing  it  with  an  alkali  or  an  acid  to  form  a  hydroxide,  to 
^   thereby  introduce  a  magnesium  and/or  aluminum  compo- 
_  nent  into  the  acid-treated  clay  mineral,  and  if  desired,  drying ^   the  clay  mineral. 

Croydon  Printing  Company  Ltd. 

  A  color-developing  sheet  for  use  in  a  no-carbon  press- 
ure-sensitive  recording  system,  which  has  a  color-developer 
layer  containing  synthetic  activated  clay  and  an  alkyl,  aryl  or 
aralkyl  ester  of  p-hydroxybenzoic  acid,  said  synthetic  acti- 
vated  clay  being  produced  by  acid-treating  a  clay  mineral 
having  a  laminar  structure  comprising  regular  tetrahedron  of 
silica  to  such  a  degree  that  the  content  of  Si02  becomes  82  to 
96.5  wt  %  based  on  dry  weight  (measured  after  drying  at 
105°C  for  3  hours),  bringing  the  resulting  clay  mineral  into 
contact  in  an  aqueous  medium  with  a  magnesium  and/or 
aluminum  compound  at  least  partly  soluble  in  the  medium 
and,  when  this  soluble  compound  is  other  than  a  hydroxide, 
neutralizing  it  with  an  alkali  or  an  acid  to  form  a  hydroxide,  to 
thereby  introduce  a  magnesium  and/or  aluminum  compo- 
nent  into  the  acid-treated  clay  mineral,  and  if  desired,  drying 
the  clay  mineral. 



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

in   t h e   n o - 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   s y s t e m ,   a n d  

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

same  s y s t e m ,   h a v 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 e r .  

BACKGROUND  ART 

T h e r e   i s   known  t h 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 ng   s y s t e m   w h i c h   c o m p r i s e s   a  c o m b i n a t i o n ,  o f   a  c o l o r -  

f o r m i n g   s h e e t   ( h e r e i n a f t e r   r e f e r r e d   to   as  "CB"  in   s o m e  

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

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

c o l o r l e s s   dye  ( h e r e i n a f t e r   r e f e r r e d   t o   as   " c o l o r   f o r m e r " )  

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

( h e r e i n a f t e r   r e f e r r e d   to   as   "CF")  p r o v i d e d   w i t h   a  s u r f a c e  

l a y e r   c o n t a i n i n g   an  e l e c t r o n - a c c e p t a b l e   a c i d   m a t e r i a l  

( h e r e i n a f t e r   r e f e r r e d   t o   as   " c o l o r   d e v e l o p e r " ) ,   w h e r e i n  

an  i m a g e   i s   f o r m e d   on  t h e   CF  by  b r i n g i n g   b o t h   t h e   s u r f a c e  

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

p r e s s u r e .  

The  c o l o r   d e v e l o p e r   u s e d   a r e ;   i n o r g a n i c  

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

c l a y ,   a t t a p u l g i t e ,   and  common  c l a y   and   a c t i v a t e d   c l a y ,  

i . e .   t h e   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   g r o u p   c l a y  



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

or   m e d i u m   d e g r e e ;   as   w e l l   as  o r g a n i c   d e v e l o p e r s   i n c l u d i n g  

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

p o l y v a l e n t   m e t a l   s a l t s   of   a r o m a t i c   c a r b o x y l i c   a c i d s ,   e t c .  

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

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

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

t h e r e w i t h   h a v e   d i s a d v a n t a g e s   s u c h   t h a t ,   when  t h e y   a r e  

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

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

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

e f f e c t   w i l l   be  r a t h e r   l o w e r e d   and   t h e s e   d e v e l o p e r  

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

t h e r e o f   in   w a t e r   b e i n g   d e t e r i o r a t e d   and   t h e   c o a t i n g   b e i n g  

made   d i f f i c u l t   v a r i o u s   a t t e m p t s   h a v e   been made  f o r  t h e   p u r p o s e  

of  i m p r o v i n g   t h e   c o l o r   d e v e l o p i n g   e f f e c t   of  t h e   CF 

e m p l o y 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 e r .   Of  t h e s e   a t t e m p s ,  

an  i n o r g a n i c   c o l o r   d e v e l o p e r   ( 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  

L a i d - O p e n   No.  1 5 9 9 6   ( 2 ) / 8 2 )   i s   known  to   p r o v i d e   a  CF 

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

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

d e v e l o p e r   of  t h i s   p a t e n t   i s   o b t a i n e d   by  (1)  a c i d   t r e a t -  

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

c l a y ,   k a o l i n i t e   g r o u p   c l a y ,   s e p i o l i t e - p a l y g o r s k i t e   g r o u p  

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

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

as  t o   g i v e   a  s i l i c a   c o n t e n t   of  8 2  -   96.5%  by  w e i g h t   on  a  

d r y   b a s i s   ( d r i e d   a t   1 0 5 ° C   f o r   3  h o u r s ) ,   (2)  b r i n g i n g  



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

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   s o l u b l e   a t  

l e a s t   p a r t i a l l y   in   s a i d   m e d i u m ,   and  (3)  i f   t h e   s o l u b l e  

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

a l k a l i   or  a c i d   so  as   t o   t r a n s f o r m   i t   i n t o   t h e   h y d r o x i d e  

t h e r e b y   i n t r o d u c i n g   t h e   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 l s o   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 o r s '  

i n v e s t i g a t i o n s ,   i t   was  r e c o g n i z e d   t h e   a b o v e - n o t e d   k n o w n  

c o l o r   d e v e l o p e r   ( h e r e i n a f t e r   r e f e r r e d   t o   as  " s y n t h e t i c  

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

d e v e l o p i n g   a b i l i t y   of  CF  and   in  r e t a i n i n g   t he   d e v e l o p e d  

c o l o r   d e n s i t y   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 ;   h o w e 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   e m p l o y i n g   s u c h   6  s y n t h e t i c  

a c t i v a t e d   c l a y   was  f o u n d   t o   h a v e   a  d r a w b a c k   in  t h a t   t h e  

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

i n f e r i o r .  

DISCLOSURE  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t o r s m a d e   t h e r e f o r e   e x t e n s i v e  

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

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

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

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

v a r i o u s   known  a n t i o x i d a n t s   ( h i n d e r e d   p h e n y l s   and  o t h e r s )  

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

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

one  a l c o h o l   e s t e r   of  p - h y d r o x y b e n z o i c   a c i d   r e p r e s e n t e d  



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

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

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

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

a c t i o n   s u c h   as   t h e   p h o t o - y e l l o w i n g   of   w h i t e   a r e a s   ( a r e a s  

o t h e r   t h a n   i m a g e   a r e a s )   t h e r e o f .  

G e n e r a l   f o r m u l a :  

(R  r e p r e s e n t s   a l k y l ,   a r y l ,   or  a r a l k y l ) .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s .   1  and  2  a r e   g r a p h s   s h o w i n g   r h e o l o g i c a l  

b e h a v i o r   of   t h e   c o a t i n g   l i q u i d s   p r e p a r e d   in  E x a m p l e   3  o f  

t h i s   i n v e n t i o n   a n d   in   C o m p a r a t i v e   E x a m p l e   4 .  



BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

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

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

c l a y   a r e   as  f o l l o w s :  

B e n z y l   p - h y d r o x y b e n z o a t e  

o - M e t h y l b e n z y l   p - h y d r o x y b e n z o a t e  

p - C h l o r o b e n z y l   p - h y d r o x y b e n z o a t e  

o - C h l o r o b e n z y l   p - h y d r o x y b e n z o a t e  

P h e n e t h y l   p - h y d r o x y b e n z o a t e  

P h e n y l   p - h y d r o x y b e n z o a t e  

p - M e t h y l p h e n y l   p - h y d r o x y b e n z o a t e  

M e t h y l   p - h y d r o x y b e n z o a t e  

E t h y l   p - h y d r o x y b e n z o a t e  

n - P r o p y l   p - h y d r o x y b e n z o a t e  

I s o p r o p y l   p - h y d r o x y b e n z o a t e  

n - B u t y l   p - h y d r o x y b e n z o a t e  

I s o b u t y l   p - h y d r o x y b e n z o a t e  

s e c - B u t y l   p - h y d r o x y b e n z o a t e  

2 - E t h y l h e x y l   p - h y d r o x y b e n z o a t e  



The  s y n t h e t i c   a c t i v a t e d   c l a y   u s e d   in  t h i s  

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

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

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

(A)  s h o w i n g   an  e l e c t r o n   d i f f r a c t i o n   p a t t e r n   b a s e d   on  t h e  

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

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

(B)  no  X - r a y   d i f f r a c t i o n   p a t t e r n   b a s e d   on  t h e   c r y s t a l   o f  

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

(C)  c o n t a i n i n g   a t   l e a s t   s i l i c o n ,   m a g n e s i u m ,   a n d / o r  

a l u m i n u m   as   e l e m e n t s   o t h e r   t h a n   o x y g e n .  

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

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

f u l f i l l   t h e   a b o v e   c o n d i t i o n s   (A),  (B) ,   and   (C)  and  a d d i -  

t i o n a l l y  

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

a t o m i c   r a t i o s   ( s i l i c o n ) / ( t h e   sum  of  m a g n e s i u m   a n d / o r  

a l u m i n u m   of  1 2 / 1 . 5   t o   1 2 / 1 2 ,   in   p a r t i c u l a r   1 2 / 3   to   1 2 / 1 0 ,  

w h e r e i n   t h e   sum  of  m a g n e s i u m   a n d / o r   a l u m i n u m ,   when  o n l y  

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

c o n t a i n e d .  

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

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

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



a  s l i g h t   or  med ium  d e g r e e   t o   e x t r a c t   and  r e m o v e   a c i d -  

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

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

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

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

s t r e n g t h s   P K a < - 3 . 0 ,  - 3 . 0 < P K a < + 0 . 8 ,   and  + 0 . 8 < P K a < + 4 . 8  

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

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

an  e l e c t r o n - d o n a t i v e   c o l o r l e s s   dye  such   as  c r y s t a l   v i o l e t  

l a c t o n e ,   b e n z o y l   l e u c o m e t h y l e n e   b l u e ,   or  t h e   l i k e   i s  

a d s o r b e d   on  t h e s e   a c i d   s i t e s ,   e l e c t r o n   t r a n s f e r   t a k e s  

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

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

may  be  g i v e n   S i l t o n   M-140  ( t r a d e n a m e ,   m f d .   and   s o l d   b y  

M i z u s a w a   Chem.  I n d .   C o . ,   L t d . ) ,   w h i c h   i s   p r o d u c e d   f r o m  

a  J a p a n e s e   a c i d   c l a y .  

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

s y n t h e t i c   a c t i v a t e d   c l a y   u s e d   in  t h i s   i n v e n t i o n   i s   S i l t o n  

SS-1   ( t r a d e n a m e ,   mfd .   and   s o l d   by  t h e   a b o v e   c o m p a n y ) .   On 

a n a l y s i s   of  a c i d   s i t e s   t h e r e o f ,   none   of  s t r o n g   a c i d   s i t e s  

of  P K a < - 3 . 0   and   PKa< .+0 .8   w e r e   o b s e r v e d ,   b u t   weak  a c i d  

s i t e s   of  + 0 . 8 < P K a < + 4 . 8   and   + 4 . 8 < P K a < + 9 . 0   w e r e   m a n i f e s t e d  

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

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

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

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

t h i s   i n v e n t i o n   f o r   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  

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



The  CF  a c c o r d i n g   t o   t h i s   i n v e n t i o n   i s   p r e p a r e d  

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

an  e s t e r   of   p - h y d r o x y b e n z o i c   a c i d   a n d   t h e   s y n t h e t i c  

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

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

p a p e r ,   f o l l o w e d   by  d r y i n g .  

The  CB  u s e d   j o i n t l y   w i t h   t h i s   CF  f o r   c o p y i n g  

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

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

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

an  a r o m a t i c   h y d r o c a r b o n .   I t   s e e m s   a  c a u s e   of  i m p r o v e -  

m e n t s   in   t h e   r a t e   of  c o l o r   d e v e l o p m e n t   a n d   in   t h e   c o l o r  

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

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

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

P r e f e r r e d   e m b o d i m e n t s   of  t h i s   i n v e n t i o n   a r e  

i l l u s t r a t e d   by  t h e   f o l l o w i n g   t y p i c a l   E x a m p l e s :   H e r e i n -  

a f t e r ,   " p a r t s "   a r e   a l l   by  w e i g h t .  

E x a m p l e   1 

The  f o l l o w i n g   m i x t u r e   was  b a l l - m i l l e d   f o r   2 

d a y s :  



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

( t r a d e n a m e :   S i l t o n   S S - 1 ,   m f d .   by  M i z u s a w a   Chem.  I n d .  

C o . ,   L t d . )   and  50  p a r t s   of  t h e   a b o v e   w e t - m i l l e d   b e n z y l  

p - h y d r o x y - b e n z o a t e   s u s p e n s i o n   w e r e   d i s p e r s e d   in   200  p a r t s  

of  w a t e r   c o n t a i n i n g   1  p a r t s   of  s o d i u m   p y r o p h o s p h a t e  

d i s s o l v e d .   A  c o a t i n g   l i q u i d   was  made  up  by  a d d i n g   50  

p a r t s   of  a  10%  a q u e o u s   o x y d i z e d   s t a r c h   s o l u t i o n   and   50  

p a r t s   of  0 .48%  SBR  l a t e x   t o   t h e   r e s u l t i n g   d i s p e r s i o n .  

T h i s   c o a t i n g   l i q u i d   was  a p p l i e d   on  a  4 0 - g / m 2   b a s e   p a p e r  

to   a  d r y   c o a t i n g   w e i g h t   of  7  g / m 2 ,   f o r m i n g   a  CF  s h e e t  

( d e s i g n a t e d   as  s a m p l e   B ) .  

S i m i l a r l y   a n o t h e r   CF  s h e e t   ( s a m p l e   C)  w a s  

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

b e n z y l   p - h y d r o x y b e n z o a t e .  

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

p r e p a r e d   a  CF  s h e e t   ( s a m p l e   A)  w i t h o u t   a d d i t i o n   o f  

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

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

and   a  CF  s h e e t   ( s a m p l e   D)  by  u s i n g   t h e   same  a m o u n t   o f  

b i s p h e n o l   A .  

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

way:   A  s o l u t i o n   of  an  e l e c t r o n - d o n a t i v e   c o l o r l e s s   d y e  

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

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



D i i s o p r o p y l n a p h t h a l e n e  

( t r a d e n a m e :   KMC,  m f d .   a n d   s o l d   b y  

K u r e h a   Chem.  I n d .   C o . ,   L t d . )   100  p a r t s  

was  m i c r o - e n c a p s u l a t e d   a c c o r d i n g   t o   t h e   m e t h o d   of  U . S .  

P a t e n t   No.  4 2 3 3 1 7 8   by  u s i n g   a  m e l a m i n e - f o r m a l d e h y d e   r e s i n  

as   s h e l l   m a t e r i a l .   A  m i x t u r e   of   100  p a r t s   (on  d r y   b a s i s )  

of  t h e   m i c r o c a p s u l e s   o b t a i n e d ,   25  p a r t s   of  w h e a t   s t a r c h ,  

and   150  p a r t s   of  a  10%  a q u e o u s   o x i d i z e d   s t a r c h   s o l u t i o n  

was  a p p l i e d   on  a  40  g /m2   b a s e   p a p e r   to   a  d r y   c o a t i n g  

w e i g h t   of   5  g / m 2 .  

T h u s   o b t a i n e d   CF  (4  t y p e s )   s p e c i m e n s   w e r e   e a c h  

s u p e r p o s e d   u p o n   t h e   CB  s p e c i m e n   so  as   t o   c o n t a c t   t h e  

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

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

( t h e   n i p   p r e s s u r e   i s   in   t h e   r a n g e   of  pen   t i p   p r e s s u r e s ) .  

A f t e r   one  m i n u t e ,   one  h o u r ,   a n d   24  h o u r s ,   t h e   d e v e l o p e d  

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

d e t e r m i n e d   f r o m   t h e   f o l l o w i n g   e q u a t i o n   by  r e f l e c t a n c e  

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

of  N i p p o n   D e n s h o k u   C o . ,   L t d .   ( T a b l e   1 )  ;  

The  r e s u l t s   i n d i c a t e d   t h a t   t h e   s a m p l e   (B)  a n d  

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

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

on  w r i t i n g   c a n   be  q u i c k l y   o b t a i n e d ;   t h a t   i s ,   v e r y  

f a v o r a b l e   r e s u l t s   f o r   p r a c t i c a l   u s e .  

In   t h e   n e x t   p l a c e ,   e a c h   CF-CB  c o m b i n a t i o n   w a s  



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

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

d e n s i t y ,   and   a f t e r   one  or  more   d a y s ,   was  s u b j e c t e d   t o  

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

t o   l i g h t   f r o m   a  c a r b o n   a r c   l amp  F a d e - O - M e t e r )   and   t o  

a i r b o r n e   o x i d i z i n g   gas   ( 1 0 - m i n u t e   e x p o s u r e   to   150  ppm  o f  

NOx  g a s ) .   The  c o l o r  d e n s i t y   r e t e n t i o n   was  d e t e r m i n e d  

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

w i t h   t h e   c o l o r - d i f f e r e n c e   m e t e r   ( T a b l e   2 ) :  

The  r e s u l t s   r e v e a l e d   t h a t   t h e   s a m p l e   (B)  a n d  

(C)  of  t h i s   i n v e n t i o n   w e r e   much  s u p e r i o r   t o   t h e   s a m p l e  

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

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

l i g h t   f a s t n e s s   and   N O   g a s   f a s t n e s s .  





In  o r d e r   to   see   t h e   f a s t n e s s   ( s t a b i l i t y )   o f  

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

e x p o s u r e   t e s t s   and   n i t r o g e n   o x i d e   e x p o s u r e   t e s t s   w e r e  

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

e v a l u a t e d   by  e x p o s i n g   b l a n k   a r e a s   of  t h e   c o l o r -  

d e v e l o p i n g   s h e e t s   to   d i r e c t   r a y s   of  s u n l i g h t   f o r   4  h o u r s ,  

and   m e a s u r i n g   r e f l e c t a n c e s   (%)  on  t h e   a r e a s   w i t h   t h e  

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

The  n i t r o g e n   o x i d e   g a s   f a s t n e s s   of  w h i t e   a r e a s  

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

d e v e l o p i n g   s h e e t s   to   3000  ppm  of  N O   g a s   f o r   20  m i n u t e s ,  

and  m e a s u r i n g   r e f l e c t a n c e s   (%)  on  t h e   a r e a s   w i t h   t h e  

c o l o r - d i f f e r e n c e   m e t e r   u s i n g   a  b l u e   f i l t e r   ( T a b l e   3 ) .  

From  T a b l e   3,  i t   i s   s e e n   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 s   (B)  and   (C)  of  t h i s   i n v e n t i o n   a r e  

d e g r a d e d   o n l y   to   v e r y   s l i g h t   e x t e n t s   by  l i g h t   or  a i r b o r n e  

o x i d i z i n g   g a s   ( t h i s   m e a n s   t h a t   s h e l f   l i v e s   of  t h e s e  

p r o d u c t s   a r e   l o n g )   and  on  t h e   c o n t r a r y   t h e   s h e e t   w h e r e i n  

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

u s e d   ( s a m p l e   D)  u n d e r g o e s   h e a v y   y e l l o w i n g   due  to   N O   g a s  

as  w e l l   as   due  t o   l i g h t .  

T h u s ,   i t   can   be  s e e n   t h a t   t h e   CF  a c c o r d i n g   t o  

t h i s  i n v e n t i o n   e x h i b i t s   a  h i g h   i n i t i a l   r a t e   of  c o l o r  

d e v e l o p m e n t   ( T a b l e   1 ) ,   t h e   c o l o r   d e v e l o p e d   t h e r e o n   i s  

good   in   f a s t n e s s   ( T a b l e   2 ) ,   and   a d d i t i o n a l l y   t he   w h i t e  

a r e a   t h e r e o f   s c a r e c e l y  u n d e r g o e s   y e l l o w i n g   ( T a b l e   3 ) .  

The  s a m p l e   D,  w h e r e i n   t h e   s y n t h e t i c   a c t i v a t e d   c l a y   a n d  

b i s p h e n o l   A  a r e   j o i n t l y   u s e d ,   i s   s u r e l y   e x c e l l e n t   i n  



t h e   f a s t n e s s   of  d e v e l o p e d   c o l o r   ( T a b l e   2 ) ,   b u t   i s   n o t  

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

l i a b l e   t o   u n d e r g o   y e l l o w i n g   ( T a b l e   3 ) .  

When  a  CB  h a v i n g   c r y s t a l   v i o l e t   l a c t o n e   a l o n e  

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

N O   s t a b i l i t y   of  d e v e l o p e d   c o l o r   w e r e   b o t h   i m p r o v e d  

f u r t h e r .  

The  f a d i n g   due  t o   n i t r o g e n   o x i d e ,   in   t h e s e  

E x a m p l e s   was  e x a m i n e d   in  a c c o r d a n c e   w i t h   t h e   J I S   L 0 8 5 5  

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

o x i d e   g a s ,   in   t h e   f o l l o w i n g   m a n n e r :   N i t r o g e n   o x i d e   g a s  

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

p u t t i n g   300  ml  of  s u l f u r i c   a c i d   a d j u s t e d   t o   a  s p e c i f i c  

g r a v i t y   of   1 . 6 0 3   in   a  gas   g e n e r a t o r ,   p l a c i n g   100  ml  o f  

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

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



t o   g e n e r a t e   n i t r o g e n   o x i d e   g a s ,   and  l e a d i n g   t h e   g a s  

t h r o u g h   a  t r a p   c o n t a i n i n g   a  10%  s o d i u m   h y d r o x i d e   s o l u t i o n  

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

in  a  d e s i c a t o r ;   t h e   n i t r o g e n   o x i d e   gas   i s   i n t r o d u c e d  

i n t o   t h e   d e s i c a t o r   to   a  p r e s c r i b e d   c o n c e n t r a t i o n   ( p p m ) ;  

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

and   h e l d   t h e r e i n   f o r   10  or  20  m i n u t e s   to   see   t h e   f a d i n g .  

The  w h i t e   a r e a   of  t h e   CF  of  t h i s   i n v e n t i o n   c a n  

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

by  f u r t h e r   i n c o r p o r a t i o n   of  an  i n o r g a n i c   or  o r g a n i c  

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

of  t h e   ammonium  s a l t   as  f o l l o w s :   D e s i r e d   o b j e c t s   c a n  

be  a c h i e v e d   by  a d d i n g   1  -   100  p a r t s   by  w e i g h t   of  a t   l e a s t  

one  of  t h o s e   ammonium  s a l t s   f o r   100  p a r t s   by  w e i g h t   of  t h e  

s y n t h e t i c   a c t i v a t e d   c l a y .  

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

ammonium  a c e t a t e ,   ammonium  f o r m a t e ,   ammonium  n - b u t y r a t e ,  

ammonium  o x a l a t e ,   d i a m m o n i u m   c i t r a t e ,   t r i a m m o n i u m   c i t r a t e ,  

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

ammonium  a d i p a t e ,   ammonium  s e b a c a t e ,   ammonium  p h t h a l a t e ,  

and  ammonium  b e n z o a t e ;   Ammonium  s a l t s   of  i n o r g a n i c   a c i d s  

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

n i t r a t e ,   ammonium  c a r b o n a t e ,   ammonium  t h i o s u l f a t e ,  

ammonium  h y d r o g e n s u l f a t e ,   ammonium  p e r s u l f a t e ,   m o n o -  

ammonium  p h o s p h a t e ,   d i a m m o n i u m   p h o s p h a t e ,   and   t r i -  

ammonium  p h o s p h a t e .  



E x a m p l e   2 

A f t e r   d i s s o l u t i o n   of   0 . 5   p a r t   of   s o d i u m  

p h r o p h o s p h a t e   i n   120  p a r t s   of   w a t e r .   100  p a r t s   of   a  

s y n t h e t i c   a c t i v a e d   c l a y   ( S i l t o n   S S - 1 .   mfd .   by  M i z u s a w a  

Chem.  I n d .   C o . ,   L t 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 .   To  t h i s   d i s p e r s i o n   was  a d d e d   50  p a r t s   of  a  

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

h a d   b e e n   p r e p a r e d   by  g r i n d i n g   f o r   two  d a y s   in   b o l l   m i l l  

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

F u r t h e r ,   100  p a r t s   of   a  10%  a q u e o u s   s o l u t i o n , o f   a n  

o x i d i z e d   s t a r c h   ( M S - 3 8 0 0 ,   mfd .   by  N i p p o n   S h o k u h i n   C o . ,  

L t d . )   and  20  p a r t s   o f   a  48%  SBR  l a t e x   (Dow  670 ,   mfd .   b y  

A s a h i - D o w   C o . ,   L t d . )   w e r e   a d d e d   and   d i s p e r s e d .   T h e n ,  

35  p a r t s   of   25%  a q u e o u s   ammonium  c h l o r i d e   s o l u t i o n   w a s  

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

to   pH  8 .5   by  a d d i n g   c o u s t i c   s o d a   t o   make  up  a  c o a t i n g  

l i q u i d . .   T h i s   c o a t i n g  l i q u i d   was  a p p l i e d   on  a  40  g / m 2  

b a s e   p a p e r   ( p l a i n   p a p e r )   by  m e a n s   of   an  a i r - k n i f e  

c o a t e r   to   a  d r y   c o a t i n g   w e i g h t   of   5 . 5   g / m 2 .  

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

A f t e r   d i s s o l u t i o n   of  0 . 5   p a r t   of  s o d i u m  

p y r o p h o s p h a t e   i n   120  p a r t s   of  w a t e r ,   100  p a r t s   of  a  

s y n t h e t i c   a c t i v a t e d   c l a y   (SS-1 )   was  s l o w l y   a d d e d   w i t h  



s t i r r i n g   to   f r o m   a  d i s p e r s i o n .   F u r t h e r ,   100  p a r t s   o f  

a  10%  a q u e o u s   s o l u t i o n   of   an  o x i d i z e d   s t a r c h   ( M S - 3 8 0 0 )  

and  20  p a r t s   of   a  48%  SBR  l a t e x   (Dow  670)  w e r e   a d d e d .  

A f t e r   t h o r o u g h   s t i r r i n g   t h e   m i x t u r e   was  a d j u s t e d   t o  

pH  8 .5   by  a d d i n g   c a u s t i c   s o d a   to   make  up  a  c o a t i n g   l i q u i d .  

T h i s   c o a t i n g   l i q u i d   was  a p p l i e d   on  a  40  g/m2  p l a i n  

p a p e r   by  m e a n s   of  an  a i r - k n i f e   c o a t e r   to   a  d r y   c o a t i n g  

w e i g h t   of  5 .5   g / m 2 . .  

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

A f t e r   d i s s o l u t i o n   of  0 . 5   p a r t   of  s o d i u m   p y r o -  

p h o s p h a t e   in   130  p a r t s   of   w a t e r ,   100  p a r t s   of  a  s y n t h e t i c  

a c t i v a t e d   c l a y   ( S S - 1 )   was  s l o w l y   a d d e d  w i t h   s t i r r i n g   t o  

f o r m   a  d i s p e r s i o n .   F u r t h e r ,   50  p a r t s   of  a  d i s p e r s i o n   o f  

b e n z y l   p - h y d r o x y b e n z o a t e   and  t h e n   100  p a r t s   of  a  10% 

a q u e o u s   s o l u t i o n   of  an  o x i d i z e d   s t a r c h   (MS-3800)   and  20  

p a r t s   of  a  48%  SBR  l a t e x   (Dow  670)  w e r e   a d d e d   and  s t i r r e d .  

A f t e r   t h o r o u g h   s t i r r i n g ,   t h e   m i x t u r e   was  a d j u s t e d   to   pH 

8 . 5   by  a d d i n g   c a u s t i c   s o d a   to   make  up  a  c o a t i n g   l i q u i d .  

T h i s   c o a t i n g   l i q u i d   was  a p p l i e d   a  40  g/m2  p l a i n   p a p e r  

by  means   of  an  a i r - k n i f e   c o a t e r   to   a  d r y   c o a t i n g   w e i g h t  

of   5..5  g / m  .  

T e s t   m e t h o d  

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  

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

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

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



c a l e n d e r e d   a t   a  p r e s s u r e   of   96  K g / c m   t o   d e v e l o p   c o l o r .  

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

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

r e f l e c t a n c e   (%)  m e a s u r e m e n t s   w i t h   a  c o l o r - d i f f e r e n c e  

m e t e r   ( N i p p o n   D e n s h o k u   C o . ,   L t d . ) :  

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

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

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

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

( c o l o r l e s s   dye   d o n o r   s h e e t )   to   d e v e l o p   c o l o r   was  e x p o s e d  

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

c o l o r   d e n s i t y   was  d e t e r m i n e d   by  r e f l e c t a n c e   (%)  m e a s u r e -  

m e n t s   w i t h   t h e   c o l o r - d i f f e r e n c e   m e t e r .   T h e n ,   t h e   f o l l o w i n g  

v a l u e   was  c a l c u l a t e d :  

F a s t n e s s   t o   s u n l i g h t   ( % )  =  

R e f l e c t a n c e   on  c o l o r e d   a r e a   a f t e r   e x p o s u r e   x 100 R e f l e c t a n c e   on  w h i t e   a r e a   a f t e r   e x p o s u r e   
x  

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

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

d e v e l o p   c o l o r   was  a l l o w e d   to   s t a n d   f o r   4  d a y s   in   a  t h e r m o -  

h y g r o s t a t   c o n d i t i o n e d   a t   500C  and  95%  RH  and   t h e   r e m a i n i n g  

c o l o r   d e n s i t y   was  d e t e r m i n e d   by  r e f l e c t a n c e   (%)  m e a s u r e -  

m e n t s   w i t h   t h e   c o l o r - d i f f e r e n c e   m e t e r .   T h e n ,   t h e   f o l l o w i n g  

v a l u e   was  c a l c u l a t e d :  



C o l o r   f a s t n e s s   to   n i t r o g e n   o x i d e   gas   (NOx  g a s ) :  

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

d e v e l o p   c o l o r   was  e x p o s e d   to   a i r   c o n t a i n i n g   600  ppm  o f  

N O   f o r   10  m i n u t e s   and  t h e   r e m a i n i n g  c o l o r   d e n s i t y   w a s  

d e t e r m i n e d   by  r e f l e c t a n c e   (%)  m e a s u r e m e n t s   w i t h   t h e   c o l o r -  

d i f f e r e n c e   m e t e r .   T h e n ,   t h e   f o l l o w i n g   v a l u e   was  c a l c u l a t e d :  

F a s t n e s s   of  w h i t e   a r e a   t o   s u n l i g h t :  

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

we re   e x p o s e d   to   d i r e c t   r a y s   of  s u n l i g h t   f o r   3  h o u r s   a n d  

r e f l e c t a n c e s   (%)  on  t h e   a r e a   w e r e   m e a s u r e d   w i t h   t h e  

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

F a s t n e s s   of  w h i t e   a r e a   t o   n i t r o g e n   o x i d e   g a s :  

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

e x p o s e d   to   a i r   c o n t a i n i n g   1000  ppm  of  NOx  gas   f o r   30  

m i n u t e s   and  r e f l e c t a n c e s   (%)  on  t h e   a r e a s   we re   m e a s u r e d  

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



R e s u l t s   o f   t h e   m e a s u r e m e n t s  

F o u n d   v a l u e s   of   t h e   f a s t n e s s   of   d e v e l o p e d  

c o l o r   a r e   g i v e n   in   T a b l e   4,  w h e r e i n   t h e   v a l u e s   a r e  

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

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

R e s u l t s   of  t e s t s   on  t h e   r e s i s t a n c e   of   w h i t e  

a r e a s   t o   y e l l o w i n g   a r e a   g i v e n   i n   T a b l e   5,  w h e r e i n   t h e  

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

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



As  shown  in   t h e   a b o v e   T a b l e s   4  and   5,  t h i s  

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

s a l t   w i t h   t h e   f o r e g o i n g   b - h y d r o x y b e n z o i c   a c i d   e s t e r   a n d  

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

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

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

to   s u n l i g h t ,   h u m i d i t y ,   and  o x i d i z i n g   gas   and  a d d i t i o n a l l y  

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

due  t o   s u n l i g h t   or  n i t r o g e n   o x i d e   g a s .  

The  c o a t i n g   l i q u i d ,   c o n t a i n i n g   t h e   s y n t h e t i c  

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

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

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

e x h i b i t s   t h e r e f o r e   a  n o t a b l y   l o w e r e d   w o r k a b i l i t y   in   p a p e r  

c o a t i n g .  

T h i s   i s   u n d e r s t a n d a b l e   in   v i e w   of   s p e c i f i c  

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

i n d e x   38  of   t h e   s y n t h e t i c   a c t i v a t e d   c l a y   w i t h   t h e   i n d e x  



30  of   t h e   known   c o n v e n t i o n a l l y   u s e d   a c t i v a t e d   c l a y ,   t h e  

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

r e q u i r i n g   a  l a r g e   a m o u n t   o f   w a t e r   f o r   p r e p a r i n g   t h e  

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

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

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

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

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

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

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

d o c t o r   c o a t e r ,   or   t h e   l i k e   may  f o r m   s t r e a k s   on  t h e   c o a t -  

i n g   s u r f a c e , m a k i n g   t h e   s m o o t h n e s s   w o r s e .   L i g h t - g a u g e  

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

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

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

T h i s   d r a w b a c k   h a s   b e e n   e l i m i n a t e d   by  t h e   p r e s e n t  

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

t o   t h e   c o a t i n g   l i q u i d .   The  m e t h o d   i s   t o   u s e   as  a  f l o w  

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

( a t   l e a s t   40%  by  w e i g h t   of   s o l i d s ) ,   j o i n t l y   w i t h   t h e  

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

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

( A 1 2 0 3 . A S i 0 2 . 2 H 2 0 ) ,   k a o l i n i t e   c l a y   ( A 1 2 0 3 . 2 S i 0 2 . 2 H 2 0 ) ,  

h a l l o y s i t e   c l a y   ( A l 2 O 3 . 2 S i O . 4 H 2 O ) ,   s e r i c i t e   c l a y   ( K 2 0 .  

3 A l 2 O 3 . 6 S i O 2 . 2 H 2 O ) ,   m o n t m o l l o n i t e   c l a y   ( A l 4 [ M g ]  S i g  [ A l ] -  

O 2 0 ( O H ) 4 . X H 2 O ) ,   a l u m i n u m   h y d r o x i d e ,   g o h u n ,   c h a l k ,   h e a v y  

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

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



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

and  t i t a n i u m   d i o x i d e .  

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

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

a r e   in   t h e   r a n g e   f r o m   3 0 : 7 0   t o   9 5 : 5 ,   p a r t i c u l a r l y   f r o m  

5 0 : 5 0   to   8 5 : 1 5 ,   %  by  w e i g h t .   A m o u n t s   of  t h e   s y n t h e t i c  

a c t i v a t e d   c l a y   l e s s   t h a n   30%  by  w e i g h t   a r e   n o t   p r a c t i c a l l y  

u s e f u l   s i n c e   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   a b i l i t y   a r e  

m a r k e d l y   l o w .   I f   t h e   a m o u n t   e x c e e d s   20%  by  w e i g h t ,   n o  

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

can   be  o b t a i n e d .  

The  c o a t i n g   l i q u i d   c o m b i n i n g ,   as  shown  a b o v e ,  

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

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

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

a p p l i e d   on  p a p e r   t o   a  l i g h t   g a u g e   (5  g/m2  or  l e s s )   w i t h o u t  

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

A c c o r d i n g l y ,   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   c a n   b e  

p r i n t e d   by  t h i n   d e p o s i t i o n   of   a  d e s e n s i t i z i n g   i n k .   S i n c e  

t h e   t h i n   l a y e r   of  i n k   can   be  q u i c k l y   d r i e d ,   a  s p e e d - u p  

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

l i q u i d ,   a p p l i c a b l e   to   a  l i g h t   g a u g e ,   has   g r e a t   a d v a n t a g e s  

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

and  e n e r g y   s a v i n g .   T h e s e   a r e   g r e a t   e f f e c t s   of   t h i s  

i n v e n t i o n .  

In  t h e   f o l l o w i n g   E x a m p l e   and  C o m p a r a t i v e  

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

CBs  f o r   p r e s s u r e   s e n t i v e   r e c o r d i n g   ( M i t s u b i s h i - N C R  



O v e r l y i n g   S h e e t - 4 0   B l u e )   ( d y e s :   c r y s t a l   v i o l e t   l a c t o n e  

(CVL)  and   B e n z o y l   l e u c o m e t h y l e n e   b l u e   ( B L M L ) ) .  

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

A f t e r   c o m p l e t e   d i s s o l u t i o n   of   0 . 5   p a r t s   o f  

s o d i u m   h e x a m e t a p h o s p h a t e   i n   90  p a r t s   o f  w a t e r ,   50  p a r t s  

o f   a  10%  a q u e o u s   s o l u t i o n   of   an  o x i d i z e d   s t a r c h   ( M S - 3 8 0 0 )  

was  m i x e d   t h e r e w i t h .   T h e n ,   15  p a r t s - o f   k a o l i n i t e   p o w d e r  

(mfd .   by  ENGELHARD  MINERALS  and  CHEMICALS  C o . ) ,   5  p a r t s  

of   a l u m i n u m   h y d r o x i d e   p o w d e r   (mfd.   by  Showa  Denko   C o . ,   L t d . )  

and   10  p a r t s   of   f i n e   p r e c i p i t a t e d   c a l c i u m   c a r b o n a t e   ( m f d .  

by  S h i r a i s h i   C a l c i u m   C o . ,   L t d . )   and  s u b s e q u e n t l y   60  p a r t s  

o f   a  s y n t h e t i c   a c t i v a t e d   c l a y   ( S S - 1 )   w e r e   s l o w l y   a d d e d   t o  

t h e   a b o v e   m i x t u r e   w i t h   s t i r r i n g   t o   d i s p e r s e   w e l l .   F u r t h e r ,  

20  p a r t s   (as   s o l i d s )   o f   a  SBR  l a t e x   (Dow  670)  was  a d d e d .  

A f t e r   d i s p e r s i n g   by  g o o d   s t i r r i n g ,   t h e   m i x t u r e   w a s  

a d j u s t e d   t o   pH  8 .5   w i t h   20%  a q u e o u s   c a u s t i c   s o d a   t o   m a k e  

up  a  c o a t i n g   l i q u i d .   T h i s   c o a t i n g   l i q u i d   a p p l i e d   on  a  

40  g /m2  b a s e   p a p e r   by  m e a n s   of   a  b l a d e   c o a t e r   t o   a  d r y  

c o a t i n g   w e i g h t   of  4 . 5   g / m 2 ,   g i v i n g   a  c o l o r - d e v e l o p i n g  

s h e e t .  

E x a m p l e   3  

A f t e r   c o m p l e t e   d i s s o l u t i o n   of  0 . 5   p a r t   o f  

s o d i c u m   h e x a m e t a p h o s p h a t e   in   90  p a r t s   of  w a t e r ,   50  p a r t s  

of   a  10%  a q u e o u s   s o l u t i o n   of   an  o x i d i z e d   s t a r c h   ( M S - 3 8 0 0 )  

was  m i x e d   t h e r e w i t h .   The  same  a m o u n t s   of   t h e   s a m e  

i n o r g a n i c   f i l l e r s   as  u s e d   in   C o m p a r a t i v e   E x a m p l e   3  a n d  



s u b s e q u e n t l y   60  p a r t s   of  a  s y n t h e t i c   a c t i v a t e d   c l a y   ( S S - 1 )  

w e r e   s l o w l y   a d d e d   to   t h e   a b o v e   m i x t u r e   and  d i s p e r s e d   b y  

w e l l   s t i r r i n g .   F u r t h e r ,   50  p a r t s   of  a  d i s p e r s i o n   p r e p a r e d  

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

5  p a r t s   of  h y d r o x y e t h y l c e l l u l o s e   in   145  p a r t s   of   w a t e r  

u s i n g   a  b a l l   m i l l   and  s u b s e q u e n t l y   20  p a r t s   (as   s o l i d s )  

of  a  SBR  l a t e x   (Dow  670)  w e r e   a d d e d   to   t h e   a b o v e   d i s p e r s i o n  

and  d i s p e r s e d   by  good   s t i r r i n g .   T h e . m i x t u r e   was  a d j u s t e d  

to   pH  8 .5   w i t h   20%  a q u e o u s   c a u s t i c   s o d a   to   make  up  a  

c o a t i n g   l i q u i d .   T h i s   c o a t i n g   l i q u i d   was  a p p l i e d   o n  

a  40  g/m2  b a s e   p a p e r   by  m e a n s   of  a  b l a d e   c o a t e r   to   a  d r y  

c o a t i n g   w e i g h t   o f - 4 . 5   g / m 2 ,   g i v i n g   a  c o l o r - d e v e l o p i n g  

s h e e t .  

C o m p a r a t i v e   E x a m p l e   4 

A f t e r   c o m p l e t e   d i s s o l u t i o n   of  0 . 5   p a r t   o f  

s o d i u m   h e x a m e t a p h o s p h a t e   in   90  p a r t s   of  w a t e r ,   50  p a r t s  

of   a  10%  a q u e o u s   s o l u t i o n   of  an  o x i d i z e d   s t a r c h   ( M S - 3 8 0 0 )  

was  m i x e d   t h e r e w i t h .   T h e n ,   100  p a r t s   of  a  s y n t h e t i c  

a c t i v a t e d   c l a y   (SS-1 )   was  s l o w l y   a d d e d   to   t h e   m i x t u r e  

and  w e l l   s t i r r e d .   F u r t h e r ,   20  p a r t s   (as  s o l i d s )   of   a  

SBR  l a t e x   (Dow  670)  was  a d d e d   to   t h e   a b o v e   m i x t u r e   w i t h  

good   s t i r r r i n g .   The  m i x t u r e   was  a d j u s t e d   to   pH  8 . 5  

w i t h   20%  a q u e o u s   c a u s t i c   s o d a   to   make  up  a  c o a t i n g   l i q u i d .  

T h i s   c o a t i n g   l i q u i d   was  a p p l i e d   on  a  40  g/m2  b a s e . p a p e r  

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

4 . 5   g / m 2 ,   g i v i n g   a  c o l o r - d e v e l o p i n g   s h e e t .  



T e s t   m e t h o d  

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

m e t h o d s :  

(1)  C o a t i n g   l i q u i d  

i)   V i s c o s i t y  

V a l u e s   ( c p s )   a t   60  rpm  a f t e r   1  m i n u t e   w e r e  

m e a s u r e d   w i t h   a  B - t y p e   v i s c o m e t e r   (made  by  T o k y o   K e i k i  

C o . ,   L t d . )   u s i n g   a  r o t o r   N o .  4 .   In  a d d i t i o n ,   v i s c o s i t y  

c u r v e s   w e r e   d e t e r m i n e d   on  s p e c i m e n s   of   E x a m p l e   1  and  o f  

C o m p a r a t i v e   E x a m p l e   1  by  u s i n g   a  H e r c u l e s   I I - t y p e   o f  

h i g h   s h e a r   v i s c o m e t e r   (made  by  N i p p o n   R i g a k u - K o g y o   C o . ,  

L t d . )  

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

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

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

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

c a l e n d e r e d   a t   a  p r e s s u r e   of   96  K g / c m   t o   d e v e l o p   c o l o r .  

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

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

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

m e t e r   ( N i p p o n   D e n s h o k u   C o . ,   L t d . ) :  

*  The  r e f l e c t a n c e   was  m e a s u r e d   one  h o u r   a f t e r   c a l e n d e r i n g .  



R e s u l t s  

(1)  C o a t i n g   l i q u i d  

T a b l e   6  s h o w s   f o u n d   v i s c o s i t i e s ,   s o l i d   c o n t e n t s ,  

and  f l u i d   f e a t u r e s   of   t h e   c o a t i n g   l i q u i d s   o f  E x a m p l e   3 

and  C o m p a r a t i v e   E x a m p l e s   3  and   4.  F i g s .   1  and  2  s h o w  

v i s c o s i t y  c u r v e s   of  c o a t i n g   l i q u i d s   of  E x a m p l e  3   a n d  

C o m p a r a t i v e   E x a m p l e   4,  r e s p e c t i v e l y .  

As  i s   shown  in   T a b l e   6,  t h e   c o a t i n g   l i q u i d   o f  

E x a m p l e   3,  as  c o m p a r e d   w i t h   t h a t   of  C o m p a r a t i v e   E x a m p l e  

4,  h a s   m a r k e d l y   low  v i s c o s i t y   and  e x h i b i t s   v e r y   h i g h   f l o w  

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

F i g s .   l a n d   2,  i t   i s   o b v i o u s   t h a t   t h e   c o a t i n g   l i q u i d   o f  

C o m p a r a t i v e   E x a m p l e   4  e x h i b i t s   h i g h   v i s c o s i t i e s ,   a s  

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

t h e   r o t o r   and  g e l s   a t   a  low  r e v o l u t i o n ,   e x h i b i t i n g   a l s o  

a  h i g h   v i s c o s i t y .  



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

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

c o l o r - d e v e l o p i n g   s h e e t s   a r e   shown  i n   T a b l e   7.  The  c o l o r  

d e n s i t y   o f   t h e   s p e c i m e n   of   C o m p a r a t i v e   E x a m p l e   4  w a s  

s o m e w h a t   l o w .   T h i s   a g r e e s   w i t h   t h e   r e s u l t   of  v i s u a l  

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

w e r e   s e e n   on  t h e   s p e c i m e n .  

As  s h o w n   in   T a b l e s   6  and   7  and  F i g s .   1  a n d   2 ,  

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

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

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

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

i s   p o s s i b l e   w i t h o u t   any   t r o u b l e   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   i s   c o m p l e t e l y   f r e e   f r o m   b a r e   p a p e r  

f i b e r ;   a d d i t i o n a l   u s e   of   b e n z y l   p - h y d r o x y b e n z o a t e  c a n  

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



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

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

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

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   b u i l t   up  o f  

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

s i l i c a   c o n t e n t   of  8 2  -   96.5%  by  w e i g h t   when  d r y i n g   t h e  

t r e a t e d   c l a y   a t   1 0 5 ° C   f o r   3  h o u r s ,   b r i n g i n g   t h e   r e s u l t -  

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

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

i s   n o t   in  h y d r o x i d e   f o r m ,   n e u t r a l i z i n g   w i t h   an  a l k a l i   o r  

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

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

by  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   i f   d e s i r e d ;   a n d  

a  p - h y d r o x y b e n z o i c   a c i d   e s t e r   r e p r e s e n t e d   by  t h e  

f o r m u l a  

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

c o n s i s t i n g   of  a l k y l ,   a r y l ,   and  a r a l k y l   r a d i c a l s .  

2.  The  c o l o r - d e v e l o p i n g   s h e e t   of  C l a i m   1,  w h e r e i n  

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

b e n z o a t e .  



3.  The  c o l o r - d e v e l o p i n g   s h e e t   of  C l a i m   1 ,  

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

a d d i t i o n a l l y   c o n t a i n s   an  a m m o n i u m   s a l t .  

4.  The  c o l o r - d e v e l o p i n g   s h e e t   of   C l a i m   3,  w h e r e i n  

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

5.  The  c o l o r - d e v e l o p i n g   s h e e t   of   C l a i m   1  or   3 ,  

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

c o n t a i n s   an  i n o r g a n i c   f i l l e r .  

6.  The  c o l o r - d e v e l o p i n g   s h e e t   of  C l a i m   1,  2,  3,  4 ,  

or   5,  w h i c h   i s   u s e d   in   c o m b i n a t i o n   w i t h   a  c o l o r - f o r m i n g  

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

l a c t o n e .  
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