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PRESSURE  SENSITIVE  COPYING  SYSTE"  

T h i s   i n v e n t i o n   r e l a t e s   to  a  p r e s s u r e   s e n s i t i v e  

c o p y 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 ,   to  a  p r e s s u r e  

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

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

A  p r e s s u r e   s e n s i t i v e   c o p y i n g   s y s t e m   w h i c h  

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

f o r m e r "   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 e r  

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

has  been   w i d e l y   known.   In  such   a  s y s t e m ,   a  c o l o r   i m a g e  

is  f o r m e d   on  a  p a p e r   s h e e t   by  the   a p p l i c a t i o n   o f  

l o c a l i z e d   p r e s s u r e   to  r u p t u r e   t he   m i c r o c a p s u l e   w a l l  

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

each   o t h e r   in  t h e   p r e s e n c e   of  a  s o l v e n t ,   t h u s   b r i n g i n g  

b o t h   r e a c t a n t 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   on  t h e  

p a p e r   s h e e t   to  t a k e   p a r t   in  a  c o l o r - f o r m i n g   r e a c t i o n .  

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

c o m p o s e d   of  a  p a p e r   s h e e t   ( g e n e r a l l y   c a l l e d   top  s h e e t )  

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

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

!  g e n e r a l l y   c a l l e d   u n d e r s h e e t )   h a v i n g   on  one  s i d e   a  

l a y e r   of  a  c o l o r   d e v e l o p e r .   When  t he   top  s h e e t   i s  

--  l a c e d   o v e r   t he   u n d e r s h e e t   so  t h a t   b o t h   l a y e r s   may 

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

a p p l i e d   by  means   of  a  w r i t i n g   i n s t r u m e n t   or  the   l i k e  
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to  t he   s u r f a c e   of  top   s h e e t   ,  t h e   m i c r o c a p s u l e s   a r e  

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

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

I f   a  s h e e t   ( g e n e r a l l y   c a l l e d   i n t e r m e d i a t e   s h e e t )   h a v i n g  

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

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

and  t h e   u n d e r s h e e t   so  t h a t   t h e   c o l o r   d e v e l o p e r   l a y e r  

may  c o n f r o n t   w i t h   t he   c o l o r   f o r m e r   l a y e r   of  t h e   top   s h e e t  

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

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

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

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

m e d i a t e   s h e e t   and  t h e   u n d e r s h e e t   .  More  c o p i e s   a r e  

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

T h e r e   is   a l s o   a  w e l l - k n o w n   s e l f - c o n t a i n e d  

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   s h e e t   h a v i n g   o n  

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

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

r e a c t i o n   to  t a k e   p l a c e .   T h i s   s h e e t   a l s o   d e v e l o p s   c o l o r  

i m a g e   on  a p p l i c a t i o n   of  a  l o c a l i z e d   p r e s s u r e   to  s a i d  

l a y e r .  

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

p r e s s u r e   s e n s i t i v e   c o p y i n g   s y s t e m .   Among  the   t h r e e  

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

t he   one  w h i c h   i s   m i c r o e n c a p s u l a t e d   can  be  any ,   so  l o n g  

as  any  one  of  t h e   c o l o r   f o r m e r ,   c o l o r   d e v e l o p e r   a n d  

s o l v e n t   is  k e p t   s e p a r a t e d   f rom  t h e   o t h e r s   by  t h e  

m i c r o c a p s u l e   w a l l ;   t h a t   i s ,   t h e   m a t e r i a l   to  be  e n c a p s u l a t e d  
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car.  be  a  c o l o r   f o r m e r   s o l u t i o n   or  a  c o l o r   d e v e l o p e r  

s o l u t i o n   o r ,   in   some  c i r c u m s t a n c e s ,   a  s o l v e n t   a l o n e .  

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

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

n o t .   I f   the   c o l o r   f o r m e r   is  e n c a p s u l a t e d ,   t he   c o l o r  

d e v e l o p e r   can  be  in   t h e   f o rm  of  f i n e   p o w d e r .   T h e  

s o l v e n t   can  be  i n c l u d e d   in  e i t h e r   or  b o t h   of  t he   m i c r o -  

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

the   c o l o r   d e v e l o p e r .   The  c o l o r   f o r m e r   and  the   c o l o r  

d e v e l o p e r   b o t h   in   t h e   fo rm  of  f i n e   p o w d e r   can  be  u s e d  

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

s o l v e n t   a l o n e   . 

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

s o l v e n t   can  be  u s e d   in   c o m b i n a t i o n   w i t h   a  s h e e t  

b e a r i n g   a  l a y e r   c o n t a i n i n g   b o t h   t he   c o l o r   f o r m e r   and  t h e  

c o l o r   d e v e l o p e r ,   e i t h e r   or  b o t h   of  w h i c h   may  be  m i c r o -  

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

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

iamge  is  f o r m e d   on  t h e   s u r f a c e   b e a r i n g   the   c o l o r   f o r m e r  

and  the   c o l o r   d e v e l o p e r   by  a p p l y i n g   a  l o c a l i z e d   p r e s s u r e .  

In  t h i s   c a s e ,   a  p l u r a l i t y   of  c o p i e s   can  be  o b t a i n e d   b y  

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

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

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

t i o n   w i t h   an  u n d e r s h e e t .   I t   is   u n d e r s t a n d a b l e   t h a t   m a n y  

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

u t i l i z i n g   t he   c o l o r - f o r m i n g   r e a c t i o n   w h i c h   t a k e s   p l a c e  

upon  the   a p p l i c a t i o n   of  m a r k i n g   p r e s s u r e   in  t he   p r e s e n c e  
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of  a  s o l v e n t   to  t h e   s y s t e m   c o m p r i s i n g   a  c o l o r   f o r m e r   a n d  

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

by  the   w a l l   of  m i c r o c a p s u l e s .  

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

a b o v e   has  b e e n   w i d e l y   u s e d   in  - v a r i o u s   b u s i n e s s   f o r m s ,  

s l i p s ,   ch i t s ,   r e c o r d   p a p e r ,   c o m p u t e r   p a p e r ,   e t c .   a n d  

p r o v e d   to  be  u s e f u l .   F o r   t h i s   v e r y   r e a s o n ,   h o w e v e r ,  

f u r t h e r   i m p r o v e m e n t   in   q u a l i t y   has   b e e n   r e q u i r e d   i n  

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

One  of  t h e   d i s a d v a n t a g e s   of  t h e   a f o r e m e n t i o n e d  

p r e s s u r e   s e n s i t i v e   c o p y i n g   s y s t e m   u t i l i z i n g   t he   r u p u t u r e  

of  m i c r o c a p s u l e s   on  a p p l i c a t i o n   of  p r e s s u r e   i s   a n  

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

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

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

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

r e q u i r e d .  

To  o v e r c o m e   t h e   above   d i f f i c u l t y   a  m i c r o -  

c a p s u l e   p r o t e c t i v e   a g e n t   has   b e e n   u s e d   in  a d m i x t u r e   w i t h  

m i c r o c a p s u l e s   in  c o a t i n g   t h e   l a t t e r   on  t he   s h e e t .   S u c h  

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

p o w d e r e d   c e l l u l o s e   ( U . S .   P a t e n t   2 , 7 1 1 , 3 7 5 ) ,   s t a r c h  

p a r t i c l e s   ( B r i t .   P a t e n t   1 , 2 3 2 , 3 ^ 7 ;   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   Nos  .  1 , 1 7 - 6 / 7 2   and  3 3 , 2 0 4 / 7 3 ) ,   g l a s s   b e a d s  

(U .S .   P a t e n t   2 , 6 5 5 , ^ 5 3 ) ,   and  t h e r m a l l y   e x p a n d a b l e   p o l y m e r  

p a r t i c l e s   ( m i c r o s p h e r e s )   ( 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.  3 2 , 0 1 3 / 7 3 ) -   T h o s e   p r o t e c t i v e   a g e n t s  

h a v i n g   a  p a r t i c l e   s i z e   l a r g e r   t h a n   t h a t   of  m i c r o c a p s u l e s  
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a r e   u s a b l e   i f   no t   s a t i s f a c t o r i l y ,   w h i l e   t h o s e   h a v i n g   a  

s p e c i f i c   g r a v i t y   d i f f e r e n t   too   g r e a t l y   f rom  - t h a t   of-  t h e  

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

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

c o n s t a n c y   in  t h e   q u a l i t y   of  t h e   c o a t e d   s h e e t   o w i n g   to  a n  

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

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

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

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

have   f a v o r a b l e   s p e c i f i c   g r a v i t i e s   and  p a r t i c l e   s i z e s ,  

bu t   t h e y   a re   i n s u f f i c i e n t   in  s t r e n g t h   and  a r e   m a r k e d l y  

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

d i s t r i b u t i o n   is   r e q u i r e d .   As  d e s c r i b e d   a b o v e ,   t h e r e   a r e  

s t i l l   a  number   of  p r o b l e m s   to  be  s o l v e d   in  u s i n g   t h e  

p r o t e c t i v e   a g e n t .  

T h e r e   is   a n o t h e r   m e t h o d   f o r   t he   use   of  p r o t e c -  

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

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

i n s t e a d   of  a p p l y i n g   t hem  in  a  m i x t u r e   as  d e s c r i b e d  

a b o v 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   L a i d - o p e n   No .  

1 5 , 7 - 9 / 7 7   d i s c l o s e d   a  m e t h o d   in  w h i c h   m i c r o c a p s u l e s   a r e  

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

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

a d v a n t a g e s   in  t h a t   f e a t h e r i n g   of  t he   i m p r e s s e d   i m a g e  

is   apt   to  o c c u r   and  t h a t   when  the   c o a t i n g   c o m p o s i t i o n  

c o n t a i n i n g   m i c r o c a p s u l e s   and  t he   c o m p o s i t i o n   c o n t a i n i n g  

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

c o a t i n g   by  means  of  p r i n t i n g   m a c h i n e ,   t he   c o a t e d   a r e a s  
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a r e   i n c r e a s e d   in  t h i c k n e s s   and  become  more  s e n s i b l e   t o  

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

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

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

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

c o a t e d   c o p y i n g   s h e e t s   s u c h   as  c h i t s .  

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

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

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

( s m u d g i n g )   . 

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

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

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

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

a  c o m b i n a t i o n   of  an  e l e c t r o n   d o n a t i n g   c o l o r   f o r m e r ,  

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 e r ,   and  a  s o l v e n t ,   a t  

l e a s t   one  of   t h e   c o m p o n e n t s   of  s a i d   c o m b i n a t i o n   b e i n g  

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

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

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

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

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

at   l e a s t   one  of  t he   c o m p o n e n t s   of  s a i d   c o m b i n a t i o n   i s  

l a i d   o v e r   s a i d   u n d e r l a y e r   in  the   s e l e c t e d   a r e a s .  

The  p r e s s u r e   s e n s i t i v e   c o p y i n g   s y s t e m   o f  

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

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

a g e n t   so  as  to  c o v e r   e n t i r e   s u r f a c e   of  t h e   p a p e r   s h e e t  
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1  and  s u b s e q u e n t l y   d i s p o s i n g ,   by  c o a t i n g   or  p r i n t i n g ,   o n  

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

member   of  t he   g r o u p   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   f o r m e r ,   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 e r   a n d  

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

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

e n c a p s u l a t e d .  

T h u s ,   in  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  

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

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

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

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

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

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

15  t h e   m a t e r i a l s   p a r t i c i p a t i n g   in  the   c o l o r   f o r m i n g  

r e a c t i o n ,   e a c h   a l o n e   or  in  c o m b i n a t i o n s .   In  a  p r e s s u r e  

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

f o r m i n g   s h e e t s ,   at  l e a s t   one  of  t h e   s h e e t s ,   p r e f e r a b l y  

t h e   t op   s h e e t   or  t he   i n t e r m e d i a t e   s h e e t ,   can  be  p r e p a r e d  

20  a c c o r d i n g   to  t h i s   i n v e n t i o n .  

A n o t h e r   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s  

s u c h   t h a t   e i t h e r   the   c o l o r   f o r m e r   or  t he   c o l o r   d e v e l o p e r  

can  be  i n c l u d e d   in   t he   b a s e   s h e e t   or  in  t he   l a y e r   c o n t a i n -  

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

25  When  an  e n c a p s u l a t e d   s o l v e n t   is   u s e d ,   i t   i s  

p o s s i b l e   to  c o a t   b o t h   t h e   c o l o r   f o r m e r   and  t he   c o l o r  

d e v e l o p e r   on  one  s i d e   of  an  u n d e r s h e e t   or  an  i n t e r m e d i a t e  

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

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

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

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

5  a l s o   p o s s i b l e   to  p r e p a r e   a  s e l f - c o n t a i n e d   p r e s s u r e  

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

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

ana  a  c o l o r   d e v e l o p e r .   In  t h e s e   c a s e s ,   at   l e a s t   one  o f  

t he   c o l o r   f o r m e r   and  t h e   c o l o r   d e v e l o p e r   can  be  i n -  

IG  c o r p o r a t e d   i n t o   t h e   s h e e t   w h i c h   i s   to  be  c o a t e d   w i t h   a  

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

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

t i m e   r e q u i r e d   f o r   t h e   image   c o l o r   to  r e a c h   i t s   m a x i m u m  

d e n s i t y   is   s l i g h t l y   p r o l o n g e d   and  t h e   maximum  d e n s i t y   i s  

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

When  a  s o l u t i o n   of  a  c o l o r   f o r m e r   i s   m i c r o -  

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

on  one  s i d e   of  an  u n d e r s h e e t   or  an  i n t e r m e d i a t e   s h e e t  

and  a s s e m b l e   s u c h   a  s h e e t   t o g e t h e r   w i t h   a  t op   s h e e t   o r  

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

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

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

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

s e n s i t i v e   c o p y i n g   s h e e t   by  c o a t i n g   one  s i d e   of  a  

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

In  t h e s e   c a s e s ,   t he   p a p e r   s h e e t   to  be  c o a t e d   w i t h   a  m i c r o -  

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

c o l o r   d e v e l o p e r   or  c o a t e d   w i t h   t h e   c o l o r   d e v e l o p e r  
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1  t o g e t h e r   w i t h   a  m i c r o c a p s u l e   p r o t e c t i v e   a g e n t .   In  s u c h  

c a s e s   t he   t i m e   r e q u i r e d   f o r   t h e   image   c o l o r   to  r e a c h   i t s  

maximum  d e n s i t y   i s   r e l a t i v e l y   s h o r t   and  the   m a x i m u m  

d e n s i t y   is   r a t h e r   h i g h .  

5  F u r t h e r ,   when  a  s o l u t i o n   of  a  c o l o r   d e v e l o p e r  

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

f o r m e r   on  one  s i d e   of  an  u n d e r s h e e t   or  an  i n t e r m e d i a t e  

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

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

IC  so  t h a t   t h e   l a y e r   of  t h e s e   m i c r o c a p s u l e s   may  c o n f r o n t  

w i t h   t he   c o l o r   f o r m e r   l a y e r .   I t   is   a l s o   p o s s i b l e   t o  

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

s h e e t   by  c o a t i n g   one  s i d e   of  a  p a p e r   s h e e t   w i t h   m i c r o -  

c a p s u l e s   and  the   c o l o r   f o r m e r .   In  t h e s e   c a s e s ,   t h e  

15  p a p e r   s h e e t   tc   be  c o a t e d   w i t h   a  m i c r o c a p s u l e   p r o t e c t i v e  

a g e n t   can  be  i n c o r p o r a t e d   w i t h   t h e   c o l o r   f o r m e r   o r  

c o a t e d   w i t h   t he   c o l o r   f o r m e r   t o g e t h e r   w i t h   the   m i c r o -  

c a p s u l e   p r o t e c t i v e   a g e n t .   In  s u c h   c a s e s   t he   t ime   r e q u i r e d  

f o r   t he   image   c o l o r   to  r e a c h   i t s   maximum  d e n s i t y   i s  

20  r e l a t i v e l y   s h o r t .  

As  a  v a r i a t i o n   of  t he   above   modes  of  e m b o d y i n g  

the   p r e s e n t   i n v e n t i o n ,   use   may  be  made  of  a  c o l o r   f o r m e r  

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

m i c r o e n c a p s u l a t e d .   The  two  k i n d s   of  m i c r o c a p s u l e s   a r e  

25  c o a t e d   as  a  m i x t u r e   or  in  two  c o n s e c u t i v e   l a y e r s   on  a n  

u n d e r s h e e t   or  on  one  s i d e   of  an  i n t e r m e d i a t e   s h e e t  

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

h a v i n g   no  such   a  p r e c o a t i n g   l a y e r ,   and  the   r e s u l t i n g  
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1  c o a t e d   s h e e t s   a r e   a s s e m b l e d   so  t h a t   t he   c o a t i n g   l a y e r s  

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

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

k i n d s   of  m i c r o c a p s u l e s   as  a  m i ; : t u r e   or  in  two  c o n s e c u t i v e  

5  l a y e r s .   Many  o t h e r   c o m b i n a t i o n s   of  t h e   c o m p o n e n t  

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

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

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

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

10  The  r e a s o n s   fo r   t he   c o m p a r a t i v e l y   u n i f o r m  

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

t h i s   i n v e n t i o n   by  s p o t - c o a t i n g   an  image   f o r m i n g   s t r a t u m  

on  s e l e c t e d   a r e a s   of  an  u n d e r c o a t i n g   of  a  m i c r o c a p s u l e  

p r o t e c t i v e   a g e n t   seem  to  be  a  r e d u c e d   d i f f e r e n c e   i n  

15  t h i c k n e s s   b e t w e e n   t h e   image   f o r m i n g   a r e a s   and  t h e  

image   n o n - f o r m i n g   a r e a s   as  w e l l   as  t h e   p e n e t r a t i o n   o f  

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

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

The  c o l o r   f o r m e r   f o r   use   in  t h e   c o p y i n g   s y s t e m  

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

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

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

c o m p o u n d s   s u c h   as  3,  3 - t i s   ( p - d i m e t h y l a m i n o p h e n y   I  )-£— 

d i m e t h y   l a m i n o p h t h a l i d e   ' . g e n e r a l l y   c a l l e d   c r y s t a l   v i o l e t  

2:  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   1  ) p h t h a l i d e   , 

3-  (p  d i m e t h y   l a m i n o p h e n y   1  )-  5-  (1 ,   2  - d i m e   t h y   U n d o   1  -  3-y  1)  -  

p h t h a l i d e   ,  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 I i n d o l -  

3 - y i   ) p h t h a l i d e   ,  3-  ( p - d i m e t h y l a m i n c p h e n y l   ) - 3 -   ( 2 -  
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1  m e t h y l i n d c l - 3 - y l ) p h t h a l i d e   ,  3  ,  3 - b i s   (  9 - e t h y   I c a r b a z c l -  

3 - y l   ) - 5 - d i m e t h y l a m i n c p h t h a I i d e   ,  e t c .   ;  d i m e t h y   I m e t h a r . e  

c o m p o u n d s   such   as  4  ,  4  '  - b i s d i m e t h y l a m i n o b e n z h y d r i r .   b e n z y l  

e t h e r ,   N - h a l o p h e n y l l e u c o a u r a m i n e   ,  e t c . ;   x a n t h e n e   c o m p o u n d s  

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

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

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

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

1C  c h l o r o e t h y l m e t h y l a m i n o f   l u o r a n e   ,  e t c . ;   t h i a z i n e   c o m p o u n d s  

s u c h   as  b e n z c y l l e u c o m e t h y l e n e   b l u e ,   p - n i t r o b e n z y l l e u c c -  

m e t h y l e n e   b l u e ,   e t c . ;   and  s p i r o   c o m p o u n d s   s u c h   as  3 -  

m e t h y l s p i r o d i n a p h t h o p y r a n e   ,  3 - e t h y l s p i r o d i n a p h t h c p y r a n e   , 

3 , 3 '   - d i c h l o r o s p i r o d i n a p h t h c p y r a n e   ,  3 - p r o p y I s p i r o b e r . z c -  

15  p y r a n e   ,  e t c .   T h e s e   c o l c r   f o r m e r s   a r e   u s e d   each   a l c r . e  

or  in  m i x t u r e s .  

The  c o l o r   d e v e l o p e r s   c a p a b l e   of  f o r m i n g   c o l c r  

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

a c i d i c   s u b s t a n c e s   such   as  a c i d   c l a y ,   a c t i v a t e d   a c i d  

20  c l a y ,   a t t a p u l g i t e ,   k a o l i n ,   a l u m i n u m   s i l i c a t e ;   p h e n o l i c  

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

 ̂ ,  4  '  -  (  I - m e t h y l e t h y   l i d e n e   ) b i s p h e n o l   ,  p h e n o l - a l d e h y d e  

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

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

25  a c i d ,   s a l i c y l i c   a c i d ,   5 - ~ e r t ~ b u t y l s a I i c y l i e   a c i d ,  

3 , 5 - d i - t e r t - b u t y I z a I i c y l i c   a . i   i,  3  ,  5 - d i   (  c - m e t h y l b e n z y i  

s a l i c y l i c   a c i d ,   e t c . ;   and  m e t a l   s a l t s   of  a b o v e - n o t e d  

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



-  v.-  f  5  I  »3  3  

c a l c i u m ,   z i n c ,   a l u m i n u m ,   . i n ,  

c o l c r   d e v e l c o e r s   a re   u s e d   e a c l  

ana   n i c k e _   s a _ t s .   Ti 

.  a l o n e   or  in  m i x t u r e s  

' h e s s  

j.n  e n c . c E i r . t   a  c c _ c r   x c r m e r   or  a  

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

o r m e r   or  c o i c r   a e v e i c c e  vi  -  y~ s u i t a b l e   s o l v e n t   i s  

i r . i c r o e n c a p s u j . a t e c   i u c n   s c _ v e n t s   a r e   t n c s e   c a t a o i e   c :  

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

known  s o l v e n t s   i n c l u d e   m i n e r a l   o i l s   s u c h   as  k e r o s e n e  

and  p a r a f f i n   o i l ;   a n i m a l   o i l s   s u c h   as  f i s h   o i l ,   l a r d ,  

e t c . ;   v e g e t a b l e   o i l s   such   as  p e a n u t   o i l ,   l i n s e e d   o i l ,  

s o y b e a n   o i l ,   c a s t o r   o i l ,   e t c . ;   and  s y n t h e t i c   o i l s   s u c h  

as  t h o s e   of  t h e   a l k y l n a p h a l e n e   t y p e ,   d i a r y l a l k a n e  

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

V"t  ~:  T~  V  —  i~  ̂    ̂ _  —  V-  '  nT  2  , ^LlC;.  v . - d ^ C -   "JV.S,  i  - i  

0-~  ,  iV^d. of  d i b a s i c  

: s u ^ a t i o n  

( U . S .   P a t e n t   Ncs  .  2 , 5 0 0 , -  

J a o a n e s e   P a t e n t   P u b l i c a t i  

OOC.^ :  

->  3 

r a t e r . :  

L  iw  d.  *  ̂   kj  w 

rue  i . C i .   o.on  .«cs  .  cnu  ô-  , 

••rrs.  y>  J.  ~  s  —  -  -  >-  /Zivi-—  pet-  2v  r-  C  —  i;  ii  3  • 

0 5 , 9 5 1 ;   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  

-  v->q  ~  7*  "~*   ̂ '  r\  C   ̂ S.1̂   Q.  X1̂    ̂ "~  \JL  c:  c; :  v»q  ~  7*  "~*   ̂ '  n  C  j 

5  -  CL... 

W  —   ̂ ̂   C 

i n v e n t i o n   a re   a i o r e m e n t i   one  a  r c w d e r e c  

: a r ~ i c l e s ,   g i a s o   D e a o s ,   m i c r o s p n e r e s   ; 

:r  _  = 

i r t i c j i e :  

s u c n   as  p a r t i c j . e s   of  p o x y o ^ e f   i n s   ,  n y i o n ,   p o l y v i n y l  
r 
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1  c h l o r i d e ,   p o l y m e t h y l   m e t h a c r y l a t e   and  t e t r a f   l u c r o e t h y l e r . e -  

h e x a f   l u o r o e t h y l e n e   c o p o l y m e r s ;   and  i n o r g a n i c   p a r t i c l e s  

such   as  p o w d e r e d   a l u m i n u m ,   p o w d e r e d   z i n c ,   a t o m i z e d  

c o p p e r - l e a d   a l l o y ,   a t o m i z e d   b r o n z e ,   p o w d e r e d   t i t a n i u m ,  

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

z i n c   s u l f i d e .   T h o s e   m a t e r i a l s   w h i c h   can  be  u s e d   a s  

p r o t e c t i v e   a g e n t s   have   a  l a r g e r   p a r t i c l e   s i z e   t h a n   t h a t  

of  m i c r o c a p s u l e s .   P r e f e r r e d   a re   t h o s e   p a r t i c l e s   w h i c h  

a r e   s p h e r i c a l   in  s h a p e   and  c o l o r l e s s .  

10  The  m i c r o c a p s u l e   p r o t e c t i v e   a g e n t s   a r e  

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

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

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

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

15  f o r   o t h e r   r e a s o n s .   O t h e r   known  c o a t i n g   m e t h o d s   such   a s  

t a r   c o a t i n g ,   rod   c o a t i n g ,   r o l l e r   c o a t i n g ,   f o u n t a i n  

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

and  e x t r u s i o n   c o a t i n g   can  a l s o   be  u s e d .  

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

20  a m o u n t s   of  s u i t a b l e   b i n d e r s   and  a p p l i e d   to  a  b a s e   p a p e r  

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

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

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

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

25  as  b a r   c o a t i n g ,   rod   c o a t i n g ,   r o l l e r   c o a t i n g ,   f o u n t a i n  

c o a t i n g ,   g r a v u r e   c c a t i . . g ,   -lP-v-  c o a t i n g ,   d ip   c o a t i n g   a n d  

e x t r u s i o n   c o a t i n g   can  be  e m p l o y e d .   Spo t   p r i n t i n g   is  a l s o  

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



he  i n v e n t i o n   is   uc_<-«  a.  „  _ 

t  no t   Cj  *  @- 

ion   of  i>  cy  w e i g n t   c  >  c - ~ - -   —  =  • 

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

-  c  h  e  n  v  1  -  1  -  x  y  ±  v  1  e  t  h  an  e  w  a  ; 

; a r t S   OV  V,c_E..s.  O-  —I.  cLvja—w^o  —  0 

cy  w e i g h t   of  p o l y v i n y l   a l o c h c l   (DYA-L17  cf   K u r a r a ;  

_'j  p a r r s   c y  

3  c r c t   6 c z i v 6   a g s n t  CL  L_f  o  _ „1  1  ̂ t. »j  .  O"  ~ 

ihe  m i x t u r e   was  u r . i i c r r - i ^   cc-du-u   ^   ^  

in  t e r m s   cf   s o n a s   ( a l t e r   o r y i r . £  

i \ e x t ,   a  m i x t u r e   wis  u r c j - a i c - -    ̂ -  -  -°  w~ 

p e r s i c n   a::u.  j-v  u c . . s  

t a i n i n e ;   10'"  by  w e i g h t   cf   p e l  

.1  xt.  ur  "  w  ; 

a t e   cf   3  g / - ~   in  t e r n  

.ne  

cf  an  a q u e o u s   s o l u t i o n  

ny l   a l c o h o l .   T h e  

a  c o a t i n g   rod   on  t h e  

the   wr .ea t   s t a r c h   a t  

s  a f t e r   d r y i n g   at  1 0 5 ^ 0  

@as  d r i e d   at  1 0 5 ° 0  

2  m i n u t e s   and  u s e e   as  top  s n e s - .   uuy  -.„^,. , ;^  r. 
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i 
;  1  s u p e r p o s e d   on  a  c o m m e r c i a l   p r e s s u r e   s e n s i t i v e   u n d e r s h e e t  

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

m a r k i n g   p r e s s u r e   was  a p p l i e d   to  t h e   t op   s h e e t   by  m e a n s  

of  a  b a l l - p o i n t e d   pen  to   o b t a i n   an  i m p r e s s i o n   image   w h i c h  

5  was  f o u n d   to  be  s h a r p   and  c l e a r .  

A  " top   s h e e t "   p r e p a r e d   as  a b o v e   was  p l a c e d  

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

t a b l e .   A  c o m m e r c i a l   " u n d e r s h e e t "   was  s u p e r p o s e d   w i t h  

t h e   c o a t e d   s i d e   d o w n w a r d   on  t he   " top   s h e e t " .   A  300  g 
2 

10  m e t a l   w e i g h t ,   10  cm  in  b o t t o m   a r e a ,   was  p l a c e d   on  t h e  

" u n d e r s h e e t " .   A f t e r   t h e   " t o p   s h e e t "   had  b e e n   f i x e d   o n  

t h e   t a b l e ,   the   " u n d e r s h e e t "   c a r r y i n g   t he   w e i g h t   w a s  

moved  h o r i z o n t a l l y   f o r   a  d i s t a n c e   of  50  cm  and  t he   c o a t e d  

s i d e   of  t he   " u n d e r s h e e t "   was  e x a m i n e d   f o r   . the   d e n s i t y   o f  

15  c o l o r   image   by  means   of  a  c o l o r   d i f f e r e n c e   m e t e r  

( s u p p l i e d   by  N ippon   D e n s h o k u   Kogyo  Co . )   and  was  f o u n d   t o  

be  7 5 - 5 -   [ N o t e :   The  s c a l e   on  t he   m e t e r   c o v e r e d   f r o m  

0  to  100.   A  s m a l l e r   f i g u r e   means  a  h i g h e r   c o l o r   d e n s i t y  

( t h e   same  a p p l i e s   h e r e i n a f t e r ) ] .  

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

T h i s   e x p e r i m e n t   was  c a r r i e d   out  to  d e m o n s t r a t e ,  

by  c o m p a r i s o n ,   t he   e f f e c t i v e n e s s   of  t he   m i c r o c a p s u l e  

p r o t e c t i v e   a g e n t   u sed   in  E x p e r i m e n t   I .  

A  " top   s h e e t "   was  p r e p a r e d   in  t he   same  m a n n e r  

25  as  in  Example   1,  e x c e p t   t h a t   t ne   whea t   s t a r c h   was  n e t  

u s e d .   In  the   same  m a n n e r   as  in  Example   1,  t h e   c o l o r  

d e n s i t y   of  the   image  f o r m e d   by  the   w e i g h t   was  d e t e r m i n e d  
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v  means  of  a  c o l o r   a i : r e r e n c e   c^u  wa=  xw^iu   ~~ 

9 . - ,   i n d i c a t i n g   t h a t   t he   use   of  a  m i c r o c a p s u l e   p r o t e c t i v e  

s e n t   is  ve ry   e f f e c t i v e ,   t h e   c o l o r   f o r m a t i o n   due  t o  

• a c t i n g   was  m a r k e d l y   l e s s   in  E x a m p l e   1  t h a n   in  C o m p a r a t i v e  

x  ample   1 .  

x  ample   2 

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

h a t   a  c o p y i n g   s h e e t   w i t h   f a i r l y   good  p r o f i l e   is   o b t a i n e d  

'rem  a  b a s e   s h e e t   p r o v i d e d   w i t h   an  u n d e r c o a t i n g   cf  a  

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

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

;ame  m a n n e r   as  in  E x a m p l e   1  was  s p r a y - d r i e d   to  o b t a i n  

»  p o w d e r .   A  m i x t u r e   was  p r e p a r e d   by  m i x i n g   t o g e t h e r  

;C  p a r t s   by  w e i g n t   c.  s a i d   m i c r o c a p s u l e s   in  p o w d e r   f o r m ,  

md  30  t a r t s   of  an  e t h a n o l   s o l u t i o n   c o n t a i n i n g   12%  by  

w e i g h t   cf  e t h y l c e l l u l o s e .  

The  above   m i x t u r e   was  c o a t e d   by  means   of  a  

r u b b e r   p r i n t i n g   p l a t e   on  t h e   r i g n t   h a l f   p o r t i o n   of  a  

p a p e r   s h e e t   h a v i n g   an  u n d e r c o a t i n g   cf   w h e a t   s t a r c h   a s  

in  E x a m t l e   1.  Twenty   s h e e t s   c o a t e d   in  t h e   same  m a n n e r  

were   s u p e r p o s e d   one  o v e r   a n o t h e r   so  t h a t   t h e   c o a t e d  

p o r t i o n   cf  e a c h   s h e e t   may  be  in  t he   same  r e l a t i v e   p o s i -  

t i o n .   Tr.e  t o t a l   t h i c k n e s s   of  t h e   u n c o a t e d   p o r t i o n s  

was  I.  2c-  mm,  w h i l e   t h a t   of  t he   m i c r o c a p s u l e - c   e a r i n g  

p o r t i o n s   was  1 . 2 3 :   mm,  as  m e a s u r e d   by  means   of  a  m i c r o -  

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

By  the   a d d i t i o n   cf  a.n  a d d i t i o n a l   amoun t   cf  t h e  
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m i c r o c a p s u l e   p r o t e c t i v e   a g e n t   to  t h e   m i c r o c a p s u l e  

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

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

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

T h i s   e x p e r i m e n t   was  c a r r e i d   ou t   to  d e m o n -  

s t r a t e   by  c o m p a r i s o n   w i t h   t he   r e s u l t s   o b t a i n e d   in  E x a m p l e  

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

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

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

40  p a r t s   of  t he   c a p s u l e   p o w d e r   p r e p a r e d   as  in  E x a m p l e   2 ,  

12  p a r t s   of  w h e a t   s t a r c h ,   and  48  p a r t s   of  e t h a n o l   s o l u -  

t i o n   c o n t a i n i n g   12%  by  w e i g h t   of  e t h y l c e l l u l c s e   . 

The  m i x t u r e   was  c o a t e d   by  means  of  a  r u b b e r   p r i n t i n g  

p l a t e   on  t h e   r i g h t   h a l f   p o r t i o n   of  t h e   same  p a p e r  

s h e e t   as  u s e d   in   E x a m p l e   2.  Twenty   s h e e t s   c o a t e d   i n  

t h e   same  m a n n e r   were   s u p e r p o s e d   one  o v e r   a n o t h e r   so  t h a t  

t h e   c o a t e d   p o r t i o n   of  e a c h   s h e e t   may  be  in  t he   s a m e  

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

p o r t i o n s   was  1 . 1 8 3   mm,  w h i l e   t h a t   cf   t he   m i c r o c a p s u l e -  

b e a r i n g   p o r t i o n s   was  1 . 2 7 -   inm,  as  m e a s u r e d   by  means  of  a  

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

i s   i m p r o v e d   when  t he   m i c r o c a p s u l e s   were   s p o t - p r i n t e d   o n  

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

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

T h i s   e x p e r i m e n t   was  c a r r i e d   cu t   tc   c o m p a r e   t h e  

A  m i x t u r e   was  p r e p a r e d  by  m i x i n g   t o g e t h e r  
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1  Example   3 

T h i s   E x a m p l e   r e l a t e s   to  a  s e l f - c o n t a i n e d  

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

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

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

A  m i x t u r e   was  p r e p a r e d   f rom  10  p a r t s   of  a l u m i n u m  

h y d r o x i d e ,   hQ  p a r t s   of  w h e a t   s t a r c h ,   10  p a r t s   ( i n   t e r m s  

of  s o l i d s )   of  a  d i s p e r s i o n   cf  p - p h e n y   I p h e n o l   r e s i n  

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

lO  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  p o l y v i n y l   a l c c h c l  

(PVA-117  of  K u r a r a y   C o . ) ,   and  50  p a r t s   of  w a t e r .   A  p a p e r  

s h e e t   was  c o a t e d   by  means  cf  a  c o a t i n g   rod  w i t h   t h e   a b o v e  

m i x t u r e   at  a  r a t e   cf   8  g / r r r   ( a f t e r   d r y i n g   at  105°  C  f o r  

2  m i n u t e s )   and  s u b s e q u e n t l y   w i t h   t he   same  m i c r o c a p s u l e  

_5  c o a t i n g   c o m p o s i t i o n   ( a d m i x e d   w i t h   t he   p o l y v i n y l   a l c o h o l  

s o l u t i o n )   as  u s e d   in  E x a m p l e   I  at  a  r a t e   cf  2  g / m ^  

( a f t e r   d r y i n g   at  105°C  f o r   2  m i n u t e s ) .  

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

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

20  f a c e   and  an  IEM-895   t y p e - w r i t e r   at  an  i n t e n s i t y   of  5 .  

The  c o l o r   d e n s i t y   of  t he   i m p r e s s e d   image   was  f o u n d   to  b e  

3 5 - 1 .   F u r t h e r ,   t he   c c l o r   f o r m e d   due  to  r u b b i n g   w a s  

e x a m i n e d   as  in  E x a m p l e   1.  The  c o l o r   d e n s i t y   was  f o u n d  

to  be  8 1 . 5 ,   i n d i c a t i n g   t h e   e f f e c t i v e n e s s   of  the   m i c r o -  

23  c a p s u l e   p r o t e c t i v e   a g e n t .  
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f o r m e r   or  t he   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 e r   w h i c h  

is   no t   e n c l o s e d   by  m i c r o c a p s u l e s   and  i s   d i s p o s e d   u n d e r  

t h 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   of  e t h e r   t he   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 e r   or  t he   e l e c t r o n   d o n a t i n g   c o l o r  

f o r m e r   . 

5.  A  p r e s s u r e   s e n s i t i v e   c o p y i n g   s y s t e m   a c c o r d i n g  

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

or  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 e r   w h i c h   is   n e t  

e n c l o s e d   by  m i c r o c a p s u l e s   is  c o n t a i n e d   in  t he   p a p e r   s h e e t  

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

l a y e r   i s   d i s p o s e d .  
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