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(3)  Self-contained  pressure  sensitive  recording  paper. 

A  self-contained  pressure  sensitive  recording  material 
having  reduced  tendency  of  spontaneous  background  stain- 
ing  and  capable  of  forming  an  impressed  image  of  deep 
color,  comprising  a  supporting  material  and  coated  thereon 
a  layer  composed  of (1)  a  colorless  dye  as  color  former,  (2)  a 
phenolic  resin  or  a  salicyclic  acid  derivative  or  its  metal  salt 
as  color  developer,  (3)  starch  particles,  (4)  a  pigment  and  (5) 
a  binder;  either  said  color  former  and/or  color  developer 
being  in  the  form  of liquid  composition  and  encapsulated  in 
microcapsules  of  a  melamine-formaldehyde  resin  as  wall 
material.  The  color  developer  is  a  phenolic  resin  or  a 
salicyclic  acid  or  a  metal  salt  thereof  and  the  starch  particles 
are  present  in  an  amount  of  at  least  1.5  times  the  weight  of 
the  encapsulated  material(s).  It  is  preferable  for  both  the 
former  and  developer  to  be  microencapsulated  and  for 
microencapsulation  of  the  developer  to  be  carried  out  by  in 
situ  encapsulation. 



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

The  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   p a p e r   s y s t e m  

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

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

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

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

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

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

s h e e t s   a r e   p l a c e d   so  t h a t   t he   c o a t e d   s i d e s   may  c o n f r o n t  

w i t h   e a c h   o t h e r ,   and  l o c a l i z e d   p r e s s u r e   is  a p p l i e d   b y  

means   of  a  t y p e w r i t e r   or  a  w r i t i n g   i n s t r u m e n t ,   t h e  

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

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

s y s t e m   has  b e e n   p u b l i c l y   known  and  i s   w i d e l y   in  u s e .  

T h e r e   i s   a l s o   known  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  

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

c o a t e d   on  one  s i d e ,   two  c o n s e c u t i v e   c o a t i n g s   of  a  c o l o r  

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

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

by  means   of  a  t y p e w r i t e r   w i t h o u t   u s i n g   an  i n k e d   r i b b o n ,  

or  can  p r o v i d e   a  copy  by  w r i t i n g   or  p r i n t i n g   on  a 

s u p e r p o s e d   o r d i n a r y   p a p e r   s h e e t .   Such  s p e c i f i c   u s e s  

r e c e n t l y   g i v e   r i s e   to  i n c r e a s i n g   demand  f o r   t he   p a 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.  6 , 2 0 7 / 7 2  



has   d i s c l o s e d   an  i m p r o v e d   c o a t e r   fo r   a p p l y i n g   two  c o a t i n g  

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

F u r 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  

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

'a  s i n g l e   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   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   has   b e e n   d i s c l o s e d   i n  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  1 6 , 0 9 6 / 7 2 .   A l t h o u g h  

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

ous  b a c k g r o u n d   s t a i n i n g   ( s e l f - s t a i n i n g ) ,   t he   p r e s e n t  

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

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

d e v e l o p e d   image  c o l o r ,   b e c a u s e   a  h y d r o p h i l i c   f i l m -  

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

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

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.  6 , 4 1 3 / 7 5   h a s  

p r o p o s e d   the   a d d i t i o n   of  a m i n e s   to  a l l e v i a t e   t he   s e l f -  

s t a i n i n g .   A l t h o u g h   e f f e c t i v e   to  some  d e g r e e ,   t h e   a d d i t i o n  

of   an  amine   in  an  a m o u n t   r e q u i r e d   f o r   t he   c o m p l e t e  

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

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

t e n d e n c y   of  the   s h e e t   s u r f a c e .  

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

P u b l i c a t i o n   No.  1 0 , 7 8 0 / 7 2 ,   in  w h i c h   the   c o a t i n g   c o m p o s i -  

t i o n   is  i n c o r p o r a t e d   i n t o   the   p a p e r   web  d u r i n g   web 

f o r m a t i o n .   In  s u c h   a  r e c o r d   p a p e r ,   u n l i k e   the   c o a t e d  

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

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



t h e   i m a g e   c o l o r .  

F u r t h e r ,   as  d i s c l o s e d   in  J a p a n e s e   P a t e n t  

L a i d - o p e n   No.  3 7 , 7 1 0 / 7 4 ,   a t t e m p t s   have   been   made  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   r e c o r d i n g  

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

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

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

A l t h o u g h   s e l f - s t a i n i n g   i s   i m p r o v e d   by  the   use   of  a  w a l l  

m a t e r i a l   and  an  e n c a p s u l a t i o n   p r o c e d u r e   as  d i s c l o s e d   i n  

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

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

w a l l   t h i c k n e s s ,   l e a d i n g   to  d e t e r i o r a t i o n   of  the   c o l o r  

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

m e t h o d ,   m o r e o v e r ,   is  not   s u i t a b l e   f o r   e n c a p s u l a t i n g  

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

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

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

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

f o r m i n g   the   c a p s u l e   m e m b r a n e .  

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

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

to  s p o n t a n e o u s   b a c k g r o u n d   s t a i n i n g   a n d  h a s   an  e x c e l l e n t  

c o l o r   f o r m i n g   a b i l i t y .  

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

p a p e r   is   f o r m e d   by  the   a p p l i c a t i o n   of  a  m i x t u r e   of  t h e  

f o l l o w i n g   f i v e   c o m p o n e n t s   o n t o   a  s u b s t r a t e   s h e e t :   ( 1 )  

a  c o l o r l e s s   dye  as  c o l o r   f o r m e r ,   (2)  a  p h e n o l i c   r e s i n ,  



a  s a l i c y l i c   a c i d   d e r i v a t i v e   or  i t s   m e t a l   s a l t   as  c o l o r  

d e v e l o p e r ,   (3)  s t a r c h   p a r t i c l e s ,   (4)  a  p i g m e n t ,   a n d  

(5)  a  b i n d e r ;   e i t h e r   or  e a c h   of  s a i d   c o l o r   f o r m e r   ( 1 )  

and  c o l o r   d e v e l o p e r   (2)  b e i n g   e n c a p s u l a t e d   in  l i q u i d  

fo rm  w i t h   the   w a l l   m e m b r a n e   m a t e r i a l   of  a  m e l a m i n -  

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

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

In  e n c a p s u l a t i n g   t he   c o l o r   f o r m e r   (1)  o r  

t h e   c o l o r   d e v e l o p e r   ( 2 ) ,   i t   is  u s e d   g e n e r a l l y   in  t h e  

fo rm  of  d i s p e r s i o n   or  s o l u t i o n   in  an  o i l y   s u b s t a n c e ,  

e x c e p t   f o r   t he   c a s e   of  a  p h e n o l i c   r e s i n   ( c o l o r   d e v e l o p e r )  

i f   i t   i s   l i q u i d   at  a m b i e n t   t e m p e r a t u r e s .   The  c o l o r  

f o r m e r   u s e d   is  a  known  e l e c t r o n   d o n a t i n g   l e u c o   dye  s u c h  

as  t y p i c a l l y   c r y s t a l   v i o l e t   l a c t o n e   or  a  f l u o r a n e  

d e r i v a t i v e .   The  c o l o r   d e v e l o p e r   u s e d   i s   t y p i c a l l y  

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

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No·  2 0 , 1 4 4 / 6 7   and  a  p o l y -  

v a l e n t   m e t a l   s a l t   of  a  s a l i c y l i c   a c i d   d e r i v a t i v e   d e s c r i b e d  

in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 5 , 1 7 4 / 7 6 .   E x a m p l e s  

of   d e s i r a b l e   c o l o r   d e v e l o p e r s   i n c l u d e   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   r e s i n ,   3 , 5 - d i - t e r t - b u t y l s a l i c y l i c   a c i d   o r  

z i n c   s a l t   t h e r e o f ,   and  3 , 5 - d i ( d i m e t h y l b e n z y l ) s a l i c y l i c  

a c i d   or  z i n c   s a l t   t h e r e o f .  

The  h i g h - b o i l i n g   o i l y   s u b s t a n c e s   f o r   use   i n  

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

i n c l u d e   "SAS"  (a  d i a r y l e t h a n e   t y p e   o i l   p r o d u c e d   b y  

N i p p o n   P e t r o c h e m i c a l   Co . )   and  "KMC"  (a  d i a l k y l n a p h t h a l e n e  

t y p e   o i l   p r o d u c e d   by  K u r e h a   C h e m i c a l   I n d u s t r y   C o . ) ,  



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

copy  p a p e r   s h e e t s .   I f   n e c e s s a r y ,   t h e s e   o i l s   can  b e  

a d m i x e d   w i t h   known  o i l s   of  the   e s t e r   t y p e   or  a l i p h a t i c  

t y p e .  

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

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

s i n g l e   c o a t i n g   c o m p o s i t i o n .   I t   i s   n e c e s s a r y   t o  

e n c a p s u l a t e   at  l e a s t   one  of  the   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   w i t h   a  w a l l   m a t e r i a l   c o m p r i s i n g   s u b s t a n t i a l l y  

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 .   A  s a t i s f a c t o r y   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   r e c o r d i n g   p a p e r   is  n o t  

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

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

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

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

t he   r e a s o n   why  the  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   a l o n e  

y i e l d s   a  s a t i s f a c t o r y   c a p s u l e   membrane   is  ye t   to  be  

e l u c i d a t e d ,   i t   seems   t h a t   owing   to  d e n s e   and  w a t e r -  

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

c a p s u l e s   a r e   a b l e   to   r e t a i n   the   c o n t e n t   f i r m l y  

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

t h i s   c a se   is  b e s t   p e r f o r m e d   by  the   in  s i t u   p r o c e s s  

d i s c l o s e d ,   fo r   e x a m p l e ,   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n  

L a i d - o p e n   No.  4 9 , 9 8 4 / 7 9 .   Above  a l l ,   c a p s u l e s   e x c e l l e n t  

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

of  t he   c a p s u l e   w a l l   a re   o b t a i n e d ,   when  a  s t y r e n e -  

m a l e i c   a n h y d r i d e   i s   u sed   as  the   e m u l s i f i e r .  



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

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

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   a m o u n t   o f  

s t a r c h   s h o u l d   be  1 .5   t i m e s   or  more  the   w e i g h t   of  c a p s u l e s  

in  t e r m s   of  s o l i d s .   A l t h o u g h   the   use  of  g r a n u l a r   s t a r c h  

in   c a r b o n l e s s   copy  s h e e t s   has  b e e n   known  ( 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 8 / 7 2   and  3 3 , 2 0 4 / 7 3 ) ,   i t   is   u s e d ,  

a c c o r d i n g   to  t he   d e s c r i p t i o n ,   in  an  a m o u n t   of  at  m o s t  

50%  of  t he   w e i g h t   of  c a p s u l e s   in   the   c a p s u l e - c o n t a i n i n g  

c o a t i n g s   of  a  top   s h e e t   and  an  i n t e r m e d i a t e   s h e e t .   I n  

t h e   c a s e   of  a  s e l f - c o n t a i n e d   copy  s h e e t   of  t h i s   i n v e n t i o n ,  

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

s h e e t   is   s t i l l   s u s c e p t i b l e   to  s e l f - s t a i n i n g   or  c a u s e s  

s m u d g i n g   on  o t h e r   p a p e r   s h e e t s .   A  s u i t a b l e   s i z e   o f  

s t a r c h   p a r t i c l e s   i s   in  the   r a n g e   f rom  a b o u t   10  t o  

a b o u t   30 

As  f o r   t he   p i g m e n t s ,   use  is   made  of  t h o s e  

w e l l   known  to  t h e   a r t   such   as  c l a y s ,   k a o l i n ,   c a l c i n e d  

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

and  p l a s t i c   p i g m e n t s .   The  p i g m e n t   is   u s e d   to  i m p r o v e  

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

p e r f o r m a n c e .   The  a m o u n t   to  be  used   is  p r e f e r a b l y   i n  

the   r a n g e   of  f rom  a b o u t   10  to  a b o u t   100  p a r t s   f o r   100  

p a r t s   of  c a p s u l e s ,   d e p e n d i n g   on  the   t y p e   of  p i g m e n t  

u s e d .  

The  b i n d e r s   u s e d   in  t h i s   i n v e n t i o n   a re   t h e  

same  as  t h o s e   g e n e r a l l y   u sed   in  u s u a l   c o p y i n g   p a p e r ,  

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



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

and  p o l y v i n y l   a l c o h o l .  

As  d e s c r i b e d   b e f o r e ,   mos t   of  t he   c o n v e n t i o n a l  

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

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

by  a p p l y i n g   o n t o   one  s i d e   of  a  s u p p o r t i n g   s h e e t   ( p a p e r ,  

f i l m   or  t h e   l i k e )   two  c o n s e c u t i v e   l a y e r s ;   a  c o a t i n g   of  c o l o r  

f o r m 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   and  a  c o a t i n g   of  c o l o r  

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

m i c r o e n c a p s u l a t i o n ,   i t   ha s   become   p o s s i b l e   to  o b t a i n   m i c r o -  

c a p s u l e s   l e s s   s u s c e p t i b l e   to  l e a k a g e   of  t he   c o n t a i n e d   s u b s t a n c e .  

T h e r e f o r e ,   a t t e m p t s   h a v e   b e e n   made  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   p a p e r   w i t h   s i n g l e   l a y e r   of  a  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   a  m i x t u r e   of  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 ,   e i t h e r   or  e a c h   of  w h i c h   i s   e n t r a p p e d   w i t h i n   m i c r o -  

c a p s u l e s .   A c c o r d i n g   to  t he   e x p e r i m e n t a l   r e s u l t s   of  t h e  

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

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

c o l o r ,   and  w h i c h   t h e r e f o r e   i s   t h e   mos t   p r e f e r r e d   e m b o d i m e n t  

of  t h e   i n v e n t i o n ,   was  o b t a i n e d   when  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   were   e a c h   m i c r o e n c a p s u l a t e d   and,   in   a d d i t i o n ,  

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

of  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   was  c a r r i e d   ou t   by  t h e   a b o v e -  

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

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

c a p s u l e s   w i t h   t h e   w a l l   p h a s e   of  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  

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

f o r   use   in   t h e   a b o v e - s a i d   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  

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



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

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

c o l o r   f o r m e r   or  t h e   c o l o r   d e v e l o p e r ,   p r e f e r a b l y   t h e  

l a t t e r ,   in  p r e p a r i n g   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  

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

one  of  t h e   r e a c t a n t s   e n c a p s u l a t e d .   These   f i n d i n g s  

have   l e d   to  t he   a c c o m p l i s h m e n t   of  t he   p r e s e n t   i n v e n t i o n .  

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

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

e n c a p s u l a t e d   is   mos t   p r e f e r a b l e   in  v iew  of  no t   o n l y  

p r o d u c t i o n   c o s t   bu t   a l s o   p r o d u c t   q u a l i t y ,   p a r t i c u l a r l y  

the   i n i t i a l   s p e e d   of  image   c o l o r   f o r m a t i o n .   H o w e v e r ,  

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

has  been   h i n d e r e d   by  l a c k   of  p r o p e r   m i c r c e n c a p s u l a c i o n  

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

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

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

p a p e r   w i l l   o c c u r   a l l  o v e r   t he   c o a t e d   s i d e .   W h e n '  

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

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

L a i d - o p e n   No.  9 , 0 7 9 / 7 6 ,   is   u s e d ,   c o l o r e d   s p e c k s   w i l l  

a p p e a r   on  the   p a p e r   s u r f a c e   w h i c h   is  w h i t e   in  g r o u n d  

c o l o r ,   and  so  makes  the   r e c o r d i n g   p a p e r   c o m m e r c i a l l y  

cf  no  v a l u e .   The  m i c r o e n c a p s u l a t i o n   u s i n g   a  p r e p o l y m e r  

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

s u b s t a n c e s   h a v i n g   s u c h  f u n c t i o n a l   g r o u p s   as  -OH,  >NH 

and  -COOH,  b e c a u s e   the   w a l l   m a t e r i a l   w i l l   r e a c t   w i t h  



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

F o r t u n a t e l y ,   t he   p r e s e n t   i n v e n t o r s   have   f o u n d   t h a t   w h e n  

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   is   used  as  c a p s u l e   w a l l  

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

l a y e r   t y p e ,   in   w h i c h   one  of  t he   r e a c t a n t s   is  s a t i s f a c t o r i l y  

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

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

more  p a r t i c u l a r l y   in  the   E x a m p l e s   p r e s e n t e d   h e r e u n d e r .  

In  p r e p a r i n g   the  p r e s e n t   r e c o r d i n g   p a p e r ,  

i t   is   p o s s i b l e   to   u s e ,   as  u s u a l ,   o t h e r   known  a d d i t i v e s  

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

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

e t c .   The  c o a t i n g   c o m p o s i t i o n   is   a p p l i e d   by  known  m e t h o d s  

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

e t c .  

The  i n v e n t i o n   is  i l l u s t r a t e d   b e l o w   w i t h  

r e f e r e n c e   to  E x a m p l e s ,   in  wh ich   " p a r t s "   a r e   by  w e i g h t .  

E x a m p l e   1 

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

In  60  p a r t s   of  " H i s o l   SAS"  N-296  (an  o i l  

p r o d u c e d   by  N i p p o n   P e t r o c h e m i c a l   C o . ) ,   was  d i s s o l v e d  

w i t h   h e a t i n g   40  p a r t s   of  p - p h e n y l p h e n o l   (PR  2 6 1 4 2  

p r o d u c e d   by  S u m i t o m o   D u r e r   S o . ;   m.p.   86°C)   to  p r e p a r e  

100  p a r t s   of  an  i n t e r n a l   p h a s e   o i l .   T h i s   i n t e r n a l  

p h a s e   o i l   was  e m u l s i f i e d  i n   200  p a r t s   of  a  5-%  a q u e o u s  

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



pH  5 . 3 .   A  m e l a m i n e - f o r m a l d e h y d e   e a r l y - s t a g e   c o n d e n s a t e  

was  p r e p a r e d   by  h e a t i n g   at  80°C  a  m i x t u r e   of  20  p a r t s  

of   m e l a m i n e   and  45  p a r t s   of  37-%  f o r m a l i n ,   s a i d   m i x t u r e  

h a v i n g   b e e n   a d j u s t e d   to  pH  8 .5   w i t h   s o d i u m   h y d r o x i d e .  

The  e a r l y - s t a g e   c o n d e n s a t e   was  a d d e d   to  t he   a b o v e  

e m u l s i o n   and  the   r e s u l t i n g   m i x t u r e   was  a l l o w e d   to  r e a c t  

by  h e a t i n g   at  70°C  f o r   one  h o u r   to   o b t a i n   m i c r o e n c a p s u l a t e d  

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

5 .2   p .  

E x a m p l e   2 

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

M i c r o e n c a p s u l a t i o n   of   a  c o l o r   d e v e l o p e r   w a s  

c a r r i e d   ou t   in  a  m a n n e r   s i m i l a r   to  t h a t   in  E x a m p l e   1  

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

3 , 5 - d i - t e r t - b u t y l s a l i c y l a t e ,   40  p a r t s   of  KMC-113 

(an  o i l   p r o d u c e d   by  K u r e h a   C h e m i c a l   I n d u s t r y   Co . )   a n d  

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

( N o .  3   i nk   s o l v e n t ) .   The  r e s u l t i n g   m i c r o c a p s u l e . s   h a d  

a n   a v e r a g e   p a r t i c l e   s i z e   of  3 .5   µ .  

E x a m p l e   3 

E n c a p s u l a t i o n   of  a  c o l o r   f o r m e r .  

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

c a r r i e d   ou t   in  a  m a n n e r   s i m i l a r   to  t h a t   in  Example   1 

u s i n g   an  i n t e r n a l   p h a s e   o l l   c o m p r i s i n g   5  p a r t s   of  c r y s t a l  

v i o l e t   l a c t o n e   (CVL)  and  95  p a r t s   of  KMC-113  to  o b t a i n  

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



s i z e   of  4  µ .  

Example   4 

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

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

The  a b o v e   c o m p o s i t i o n   was  a p p l i e d   by  m e a n s  

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

l a y e r   t y p e   h a v i n g   one  of  the   c o l o r - f o r m i n g   r e a c t a n t s  

m i c r o e n c a p s u l a t e d .   The  a p p l i c a t i o n   r a t e   was  6  g / m 2 .  

The  above   20-%  CVL  d i s p e r s i o n   was  an  a q u e o u s   d i s p e r s i o n  

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

s t a t e   and  no t   e n c a p s u l a t e d .   The re   was  o b t a i n e d   a  s e l f -  

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

e x h i b i t i n g   no  s e l f - s t a i n i n g   t e n d e n c y .   Upon  i m p r e s s i o n  

by  means   of  a  t y p e w r i t e r ,   a  c o l o r e d   s h a r p   image   w a s  

o b t a i n e d .  



E x a m p l e   5 

A  c o a t i n g   c o m p o s i t i o n   of  t he   f o l l o w i n g  

f o r m u l a t i o n   was  p r e p a r e d .  

The  a b o v e   c o a t i n g   c o m p o s i t i o n   was  a p p l i e d   by  

means   of  an  a i r - k n i f e   c o a t e r   o n t o   a  s h e e t   of  f i n e   p a p e r  

at   an  a p p l i c a t i o n   r a t e   of  7 .5   g / m 2  i n   t e r m s   of  s o l i d s  

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

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

e a c h   e n c a p s u l a t e d .   T h i s   w h i t e   s e l f - c o n r a i n e d  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 h e e t   showed   no  s e l f - s t a i n i n g  

t e n d e n c y .   Upon  i m p r e s s i o n   by  means   of  a  t y p e w r i t e r ,  

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

b l u e   in  c o l o r .  

The  e x p e r i m e n t a l   r e s u l t s   d e s c r i b e d   in  t h e  

a b o v e   E x a m p l e s   d e m o n s t r a t e   t he   n o v e l   f a c t   t h a t   by  t h e  

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

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



l a y e r   t y p e   h a v i n g   e i t h e r   or  e a c h   of  the   c o l o r - f o r m i n g  

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



1.  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   r e c o r d i n g  

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

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

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

and  s t a r c h   p a r t i c l e s ,   c h a r a c t e r i z e d   in  t h a t   (1)  t h e   c o l o r  

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

m e t a l   s a l t ,   and  (2)  a t   l e a s t   one  of  s a i d   c o l o r   f o r m e r   a n d  

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

m e m b r a n e   of   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 ,   and  (3)  t h e   a m o u n t  

of  s t a r c h   p a r t i c l e s   u s e d   i s   1 . 5   t i m e s   or  more  t h e   w e i g h t  

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

2.  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   r e c o r d i n g  

p a p e r   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   c o l o r   d e v e l o p e r   i s  

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

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  w a l l   m a t e r i a l .  

3.  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   r e c o r d i n g  

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

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 .  

4.  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   r e c o r d i n g  

p a p e r   a c c o r d i n g   to   c l a i m   2  or   c l a i m   3  w h e r e i n ,   a t   l e a s t  

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

p r o c e s s .  

5.  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   r e c o r d i n g  

p a p e r   a c c o r d i n g   to  c l a i m   4  w h e r e i n ,   a  s t y r e n   m a l e i c  

a n h y d r i d e   i s   u s e d   as  e m u l s i f i e r .  



6.  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   r e c o r d i n g  

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

t h e   s t a r c h   p a r t i c l e s   a r e   p r e s e n t   in  an  a m o u n t   of  150% 

by  w e i g h t   or  more  of  t h e   m i c r o c a p s u l e s   as  s o l i d s .  
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