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@  Ink  jet  recording  sheet. 

@  An  ink  jet  recording  sheet  comprising  a  paper  support 
applied  on  at  least  one  surface  thereof  or  internally  with  a 
composition  which  comprises  an  aqueous  dispersion  of 
polyvinylpyrrolidone,  vinylpyrrolidone-vinyl  acetate  copoly- 
mer  or  a  mixture  thereof  serving  a  s  a  binder  or  sizing  agent 
and  a  white  filler.  The  white  filler  is  contained  in  a  weight 
ratio,  to  the  binder,  of  10:1  to  0.2:1  when  the  composition  is 
applied  on  the  surface  of  the  paper  support.  When  the 
composition  is  internally  incorporated  in  the  recording 

d   sheet,  it  comprises  10  to  60  parts  by  weight  of  the  filler  and  2 
^   to  20  parts  by  weight  of  the  binder  per  100  parts  by  weight  of 

pulp. 
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This   i n v e n t i o n   r e l a t e s   to  ink  j e t   r e c o r d i n g   and  m o r e  

p a r t i c u l a r l y ,   to  r e c o r d i n g   p a p e r s   for   the  ink  j e t  

r e c o r d i n g .  

Grea t   i n t e r e s t   has  r e c e n t l y   been  a t t r a c t e d   to  t h e  

r e c o r d i n g   by  ink  j e t   s y s t e m s   b e c a u s e   of  t h e i r   r e d u c e d  

n o i s e s ,   ease   in  c o l o r   r e c o r d i n g ,   p o s s i b i l i t y   of  h igh   s p e e d  

r e c o r d i n g ,   and  u t i l i z a t i o n   of  o r d i n a r y   p a p e r s .   The  ink  j e t  

s y s t e m s   are  now  b e i n g   used  w i d e l y   in  the  f i e l d   o f  

f a c s i m i l e ,   v a r i o u s   t y p e s   of  p r i n t e r s   and  the  l i k e .   I t   i s  

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

u s a b l e   as  r e c o r d i n g   p a p e r   fo r   use  in  the  ink  j e t   r e c o r d i n g  

s y s t e m .   However ,   t h i s   does  not  mean  t h a t   a l l   the  o r d i n a r y  

p a p e r s   which  are  w i d e l y   used  at  p r e s e n t   are   u s a b l e .   I n  

o r d e r   to  o b t a i n   r e c o r d e d   m a t t e r s   of  more  e x c e l l e n t   q u a l i t y ,  

the  r e c o r d i n g   pape r   i t s e l f   s h o u l d   meet  s e v e r a l   r e q u i r e m e n t s  

which  f o l l o w :   (1)  The  pape r   has  an  e x c e l l e n t   i n k  

r e c e p t i v i t y   to  a l l o w   ink  do ts   d e p o s i t e d   on  the  p a p e r  

s u r f a c e   to  be  r a p i d l y   a b s o r b e d   in  the  i n s i d e   of  p a p e r ;   a n d  

(2)  The  pape r   can  s u p p r e s s   ink  d o t s   a p p l i e d   on  the   s u r f a c e  

from  r u n n i n g   or  s p r e a d i n g .  

The  r e q u i r e m e n t   (1)  is  the  most  f u n d a m e n t a l   o n e  

which  must  be  f u r n i s h e d   wi th   ink  j e t   r e c o r d i n g   p a p e r s   a n d  



assumes   g r e a t   i m p o r t a n c e   e s p e c i a l l y   when  c o l o r   images   a r e  

p r o d u c e d   by  the  ink  j e t   s y s t e m .   This   is   b e c a u s e   in  o r d e r  

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

of  c o l o r s   from  c o m b i n a t i o n s   of  y e l l o w ,   cyan  and  m a g e n t a  

i n k s ,   so  t h a t   i nks   of  d i f f e r e n t   c o l o r s   are   d e p o s i t e d   on  t h e  

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

of  i nks   per  u n i t   a r e a .  

The  r e q u i r e m e n t   (2)  i s   n e c e s s a r y   f o r  

o b t a i n i n g   c l e a r   r e c o r d e d   m a t t e r s .   By  p r e v e n t i n g   ink  d o t s  

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

be  i n c r e a s e d .   In  g e n e r a l ,   the  s i m p l e s t   method  o f  

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

i n c r e a s e   the  c o n c e n t r a t i o n   of  dye  in  ink .   However ,   t h i s  

method   has  i t s   l i m i t   b e c a u s e   of  the  t e n d e n c y   to  c log   a  h e a d  

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

s a t i s f y   the  above  r e q u i r e m e n t .  

As ide   from  the  f u n d a m e n t a l   r e q u i r e m e n t s   (1)  and  ( 2 ) ,  

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

r e q u i r e m e n t s :   (3)  The  d e g r e e   of  p e n e t r a t i o n   of  ink  in  t h e  

d i r e c t i o n   of  dep th   or  in  the  l o n g i t u d i n a l   d i r e c t i o n   is   n o t  

too  g r e a t ;   and  (4)  The  pape r   has  an  e x c e l l e n t   b r i g h t n e s s .  

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

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

p e n e t r a t i o n   in  the  d i r e c t i o n   of  dep th   is  too  g r e a t ,   i t   i s  

d i f f i c u l t   to  make  the  o p t i c a l   d e n s i t y   h i g h .  



The  r e c o r d i n g   pape r   to  be  a p p l i e d   in  the  ink  j e t  

r e c o r d i n g   sy s t em  is  g e n e r a l l y   made  from  b l e a c h e d   c h e m i c a l  

pu lp   to  which  f i l l e r s ,   dyes  and,  if  r e q u i r e d ,   s i z i n g   a g e n t s  

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

There   have  h e r e t o f o r e   been  p r o p o s e d   s e v e r a l   t y p e s   o f  

p a p e r s   for   ink  j e t   r e c o r d i n g .   For  i n s t a n c e ,   J a p a n e s e  

L a i d - o p e n   P a t e n t   A p p l i c a t i o n   No.  52 -74340   d i s c l o s e s   an  i n k  

j e t   r e c o r d i n g   p a p e r   which  is   c h a r a c t e r i z e d   in  t h a t   a  r a t i o  

of  an  a i r   r e s i s t a n c e   to  b a s i s   w e i g h t   ( g / m 2 ) ( a i r   r e s i s t -  

a n c e / b a s i s   w e i g h t )   is  below  0.3  and  t h a t   when  an  a q u e o u s  

ink  for   ink  j e t   r e c o r d i n g   is  d r o p p e d   in  an  amount  of  0 . 0 0 4  

ml,  an  a b s o r p t i o n   t ime  of  ink  is  in  the  r ange   of  from  t w o  

s e c o n d s   to  60  s e c o n d s .   F u r t h e r ,   J a p a n e s e   L a i d - o p e n   P a t e n t  

A p p l i c a t i o n   No.  52 -53012   t e a c h e s   a  method  of  m a k i n g  

r e c o r d i n g   p a p e r s   which  is  c h a r a c t e r i z e d   by  a p p l y i n g   a  

c o a t i n g   to  a  base  pape r   which  has  been  i n c o r p o r a t e d   wi th   a  

wet  s t r e n g t h   i m p r o v e r   known  per  se  and  which  has  a  S t o c k i g t  

s i z i n g   d e g r e e   of  below  1  second   whereby   the  r e s u l t i n g  

s u r f a c e   c o a t e d   p a p e r   has  a  S t o c k i g t   s i z i n g   d e g r e e   of  b e l o w  

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

are   d e s c r i b e d   s u r f a c e   s i z i n g   a g e n t s   i n c l u d i n g   o x i d i z e d  

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

a l g i n a t e ,   s t y r e n e - m a l e i c   ac id   c o p o l y m e r ,   CMC  and  o t h e r  

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

l i k e .   In  a d d i t i o n ,   t h e r e   a r e  



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

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

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

r e s i n s ,   f a t t y   a c i d s ,   a l k y l k e t e n e   d i m e r s   and  the  l i k e ,   a n d ,  

as  p i g m e n t   or  f i l l e r , k a o l i n ,   c a l c i u m   c a r b o n a t e ,   a l u m i n i u m  

h y d r o x i d e ,   s a t i n   w h i t e ,   t i t a n i u m   o x i d e ,   and  u r e a - f o r m a l i n  

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

M o r e o v e r ,   t h e r e   is  p r o p o s e d   in  J a p a n e s e   L a i d - o p e n  

P a t e n t   A p p l i c a t i o n   No.  55-5830   a  s h e e t   for   ink  j e t  

r e c o r d i n g   which  c o m p r i s e s   a  s u p p o r t   and  an  i n k - r e c e p t i v e  

l a y e r   fo rmed   on  the  s u r f a c e   of  the   s u p p o r t ,   s a i d   s h e e t  

h a v i n g   an  o p a c i t y   of  55.0   to  97 .5%,   an  a b s o r p t i v i t y   of  t h e  

i n k - r e c e p t i v e   l a y e r   b e i n g   in  the  r ange   of  1.5  to  1 8 . 0  

mm/min.  A l s o ,   J a p a n e s e   L a i d - o p e n   P a t e n t   A p p l i c a t i o n   No.  

55 -11829   t e a c h e s   a  s h e e t   for   ink  j e t   r e c o r d i n g   which  h a s  

(1)  two  or  more  l a y e r s ,   ( 2 )  a n   o p a c i t y   of  55.0  to  9 7 . 5 % ,  

(3)  a  top  l a y e r   w i th   a  t h i c k n e s s   of  1.0  to   16.0   m i c r o n s ,  

and  (4)  an  i n k - r e c e p t i v i t y   of  the  top  l a y e r   of  1 .5   to  5 . 5  

mm/min  and  t h a t   of  a  s econd   l a y e r   of  5.5  to  60.0  mm/min .  

The  i n k - r e c e p t i v e   l a y e r   of  t h e s e   s h e e t s   i s   fo rmed   o f  

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

c a l c i u m   c a r b o n a t e ,   c a l c i u m   s u l f a t e ,   ba r ium  s u l f a t e ,  

t i t a n i u m   o x i d e ,   z inc   o x i d e ,   z inc   s u l f i d e ,   s a t i n   w h i t e ,  

a l u m i n i u m   s i l i c a t e ,   l i t h o p o n e   and  the  l i k e .   As  b i n d e r  

r e s i n ,   t h e r e   are   m e n t i o n e d   o x i d i z e d   s t a r c h ,   e t h e r i f i e d  



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

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

We  have  made  an  e x t e n s i v e   s t u d i e s   of  ink  j e t  

r e c o r d i n g   p a p e r s   which  s a t i s f y   the  a f o r e - m e n t i o n e d  

r e q u i r e m e n t s   (1)  to  (4)  and  found  t h a t   c o a t i n g   l a y e r s   made 

of  c o m b i n a t i o n s   of  s i z i n g   a g e n t s   or  b i n d e r   r e s i n s   a n d  

p i g m e n t s   and  f i l l e r s   which  have  been  known  from  the  p r i o r  

l a i e - o p e n   p a t e n t   a p p l i c a t i o n s   do  not  show  s a t i s f a c t o r y  

c h a r a c t e r i s t i c s   when  a p p l i e d   for   such  r e c o r d i n g   p u r p o s e .  

E s p e c i s l l y ,   the  r e s i n s   s e r v i n g   as  the  s i z i n g   a g e n t   o r  

b i n d e r   p l a y   an  i m p o r t a n t   r o l e   and  i t   has  been  found   t h a t  

the  known  r e s i n s   are   u n s a t i s f a c t o r y   in  ink  r e c e p t i v i t y   a n d  

thus   r e c o r d e d   m a t t e r   u s i n g   such  r e s i n s   as  a  s u r f a c e   c o a t i n g  

f r e q u e n t l y   shows  i n s u f f i c i e n t   o p t i c a l   d e n s i t y .  

I t   is  a c c o r d i n g l y   an  o b j e c t   o f  t h e   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  j e t   r e c o r d i n g   s h e e t   which  shows  a n  i m p r o v e d  

o p t i c a l   d e n s i t y ,   when  r e c o r d e d ,   over  p r i o r   a r t  

c o u n t e r p a r t s .  

I t   is  a n o t h e r   o b j e c t   of  the  i n v e n t i o n   to  p r o v i d e   an  

i n k  j e t   r e c o r d i n g   s h e e t   which  shows  an  e x c e l l e n t   i n k  

r e c e p t i v i t y   and  is   ab l e   to  s u p p r e s s   ink  do ts   f r o m  

s p r e a d i n g .  

It   is  a  f u r t h e r   o b j e c t   of  the   i n v e n t i o n   to  p r o v i d e  

an  ink  j e t   r e c o r d i n g   s h e e t   which  e n s u r e s   a  c e r t a i n   e x t e n t  



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

m a t t e r .  

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

p r o v i d e d   a  r e c o r d i n g   s h e e t   for   ink  j e t   r e c o r d i n g   w h i c h  

c o m p r i s e s   a  paper   s u p p o r t   a p p l i e d   on  at  l e a s t   one  s u r f a c e  

t h e r e o f   or  i n t e r n a l l y   wi th   a  c o m p o s i t i o n   c h a r a c t e r i z e d   i n  

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

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

t h e r e o f   s e r v i n g   as  a  b i n d e r   or  s i z i n g   a g e n t   and  a  w h i t e  

f i l l e r ,   a  s a i d   w h i t e   f i l l e r   b e i n g   used  in  a  w e i g h t   r a t i o   t o  

s a i d   b i n d e r   of  10  :   1  to  0 . 2  :   1  when  s a i d   c o m p o s i t i o n   i s  

a p p l i e d   on  the  s u r f a c e   of  s a i d   pape r   s u p p o r t   and  s a i d  

c o m p o s i t i o n   c o m p r i s i n g   10  to  60  p a r t s   by  w e i g h t   of  s a i d  

w h i t e   f i l l e r   and  2  to  20  p a r t s   by  w e i g h t   of  s a i d   b i n d e r   p e r  

100  p a r t s   by  w e i g h t   of  s t o c k   pu lp   when  s a i d   c o m p o s i t i o n   i s  

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



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

the  p r e s e n t   i n v e n t i o n   r e s i d e s   in  use  of  p o l y v i n y l -  

p y r r o l i d o n e   ( h e r e i n a f t e r   a b b r e v i a t e d   as  P V P ) . . a n d / o r   v i n y l -  

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

a b b r e v i a t e d   as  PVP/VAc).   The  PVP  and  PVP/VAc  a r e  

w a t e r - s o l u b l e   p o l y m e r s   and  have  a  f i l m - f o r m i n g   p r o p e r t y .  

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

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

f i b e r - f i n i s h i n g   a g e n t s ,   and  i n k s ,   and  a l s o   in  the  f i e l d   o f  

l i t h o g r a p h i c   p r i n t i n g   and  p a p e r .   PVP  and  PVP/VAc  which   a r e  

a p p l i e d   in  the  f i e l d   of  the   p a p e r - m a k i n g   i n d u s t r y   are   u s e d  

as  a  d e c o l o r i n g   a g e n t   for   r ags   for   r e g e n e r a t i o n ,   a n  

i m p r o v e r   of  c e l l u l o s e   pape r   to  improve   i t s   t e n s i l e  

s t r e n g t h ,   and  a  b i n d e r   for   the  s p e c i f i c   type   of  p a p e r   made  

of  i n o r g a n i c   f l a k e s   or  f i b e r s .  

When  a p p l i e d   to  i n k s   making  use  of  d y e s ,   PVP  r e n d e r s  

the  dye  more  r e a d i l y   s o l u b l e ,   s e r v e s   to  p r e v e n t   g e l a t i o n ,  

and  i m p a r t s   deep  c o l o r   t o n e  t o   even  i nks   of  low  c o n c e n t r a t i o n  

of  d y e .  

The  PVP  and  PVP/VAc  is   s o l u b l e   in  wa t e r   a n d  

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

t h o u s a n d s   to  s e v e r a l   h u n d r e d   t h o u s a n d s .   These  p o l y m e r s   may 

be  ones  which  are   p r e p a r e d   by  any  of  know  t e c h n i q u e s .  



The  c o m m e r c i a l l y   a v a i l a b l e   v i n y l p y r r o l i d o n e   a n d  

v i n y l   a c e t a t e   c o p o l y m e r   has  a  r a t i o   of  PV/VAc  g e n e r a l l y   i n  

the  r ange   of  70/30  to  3 0 / 7 0 .  

The  PVP  a n d / o r   PVA/VAc  is  used  in  the   p r a c t i c e   o f  

the   i n v e n t i o n   t o g e t h e r   w i th   a  w h i t e   p i g m e n t   or  f i l l e r .  

Examples   of  the   f i l l e r   which  is   p r e f e r a b l y   used   in  c o m b i -  

n a t i o n   w i t h   the   PVP  r e s i n   or  PVP/VAc  c o p o l y m e r   as  w i l l  

become  a p p a r e n t   from  e x a m p l e s   a p p e a r i n g   h e r e i n a f t e r   i n c l u d e  

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

s i l i c a t e   d i a t o m a c e o u s   e a r t h ,   magnes ium  s i l i c a t e ,   t e r r a   a l b a ,  

a c t i v a t e d   c l a y ,   magnes ium  o x i d e ,   magnes ium  c a r b o n a t e   a n d  

a l u m i n i u m   h y d r o x i d e .   As ide   from  t h e s e ,   f i l l e r s   which  a r e  

o r d i n a r i l y   employed   in  the   p a p e r - m a k i n g   i n d u s t r y   such   a s  

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

z i n c   o x i d e   and  the  l i k e   may  be  u s a b l e   t h o u g h   t hey   a r e  

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

to  t h o s e   m e n t i o n e d   a b o v e .  

In  one  a s p e c t   of  the   i n v e n t i o n ,   an  a q u e o u s   d i s p e r s i o n  

of  the  PVP  a n d / o r   PVP/VAc  and  the   f i l l e r   is  a p p l i e d   o n t o  

a t  l e a s t   one  s u r f a c e   of  p a p e r   s u p p o r t .   The  d i s p e r s i o n   c a n  

be  r e a d i l y   p r e p a r e d   by  a d d i n g   a  f i l l e r   of  a  powder   f o r m  

to  an  a q u e o u s   s o l u t i o n   of  the  PVP  a n d / o r   P V P / V A c .   In  t h i s  

c a s e ,   a  r a t i o   of  the   f i l l e r   to  the   r e s i n   is   g e n e r a l l y   i n  

the  r ange   of  10  :   1  to  0 . 2  :   1,  p r e f e r a b l y   1  :   1  to  1  :   2 .  

This   w i l l   be  p a r t i c u l a r l y   d e s c r i b e d   in  e x a m p l e s   a p p e a r i n g   = 

h e r e i n a f t e r .   The  a q u e o u s   d i s p e r s i o n   is   a p p l i e d   to  a  p a p e r  



s u p p o r t ,   which   may  be  any  of  p a p e r s   o r d i n a r i l y   e m p l o y e d  

for   ink  j e t   r e c o r d i n g   p u r p o s e ,   in  an  amount  of  3  to  50  g /m2  

on  the  dry  b a s i s .   P r e f e r a b l y ,   the   c o a t i n g   amount   is   i n  

the  r ange   of  from  10  to  30  g / m   and  most  p r e f e r a b l y   a b o u t  

20  g / m 2 .  

In  o r d e r   to  i m p r o v e   w a t e r   p r o o f ,   the   PVP  a n d / o r  

PVP/VAc  r e s i n   may  be  admixed  wi th   a  s i z i n g   a g e n t   or  b i n d e r  

which  is  o r d i n a r i l y   employed   in  the  p a p e r - m a k i n g   i n d u s t r y ,  

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

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

h y d r o x y e t h y l c e l l u l o s e .   When  the  m i x t u r e   is  u s e d ,   the  PVP 

a n d / o r   PVP/VAc  r e s i n   s h o u l d   be  c o n t a i n e d   in  an  amount  o f  

not  s m a l l e r   than   33  wt%  of  the  m i x t u r e   when  an  added  s i z i n g  

a g e n t   shows  l i t t l e   or  no  w a t e r   a b s o r p t i v i t y   and  in  a n  

amount  of  not   s m a l l e r   t han   20  wt%  of  the  m i x t u r e   when  a n  

added  s i z i n g   a g e n t   shows  wa t e r   a b s o r p t i v i t y   such  as  PVA. 

When  i t   is  d e s i r e d   to  c o n t r o l   a  h a r d n e s s   of  t h e  

PVP/VAc  f i l m ,   t h e r e   may  be  added  to  the  a q u e o u s   d i s p e r s i o n  

or  c o m p o s i t i o n   as  u s u a l   p l a s t i c i z e r s   such  as  d i m e t h y l  

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

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

b u t y r a t e - p r o p i o n a t e   and  the  l i k e .  

In  a n o t h e r   a s p c e t   of  the  p r e s e n t   i n v e n t i o n ,   t h e  

a q u e o u s   d i s p e r s i o n   or  c o m p o s i t i o n   is  mixed  wi th   s t o c k   p u l p  

and  then   an  ink  j e t   r e c o r d i n g   pape r   is  made  from  t h e  

m i x t u r e   by  any  of  known  p a p e r - m a k i n g   t e c h n i q u e s .   The  p a p e r  



i n c o r p o r a t i n g   t h e r e i n   the  PVP  a n d / o r   PVP/VAc  r e s i n   a n d  

f i l l e r   c o m p o s i t i o n   has  s e v e r a l   a d v a n t a g e s :   The  m a k i n g  

p r o c e s s   is  s i m p l e ;   and  The  PVP  or  PVP/VAc  is  r e a d i l y  

s o l u b l e   in  w a t e r   and  is   t hus   poor  in  w a t e r   p r o o f ,   so  t h a t  

when  a  PVP  or  P V P / V A c - c o a t e d   pape r   is  d i p p e d   in  w a t e r ,   t h e  

c o a t i n g   l a y e r   is   r e a d i l y   d i s s o l v e d   out  but   the  i n t e r n a l l y  

i n c o r p o r a t e d   pape r   has  a  c e r t a i n   d e g r e e   of  wa t e r   p r o o f  

t h o u g h   the  f i l e r   is   s u r e l y   come  off   from  the  p a p e r   when  

d i p p e d   in  w a t e r .   Th i s   is   e x p e r i m e n t a l l y   c o n f i r m e d   t h a t  

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

in  w a t e r ,   a  c o a t i n g   l a y e r   c o m p o s e d  o f   PVP  or  PVP/VAc  a n d  

w h i t e   f i l l e r   is  come  of f   from  the  pape r   s u p p o r t   in  5  to  10 

s e c o n d s .   On  the  o t h e r   hand ,   even  when  the  i n t e r n a l l y  

i n c o r p o r a t e d   r e c o r d i n g   pape r   is  d i p p e d   in  w a t e r   for   10 

s e c o n d s ,   only   s e v e r a l   p e r c e n t   of  f i l l e r   is  found   to  b e  c o m e  

off   from  the  p a p e r .   In  a d d i t i o n ,   i t   t a k e s   over  one  m i n u t e  

b e f o r e   the  pu lp   s t o c k   of  the  pape r   i t s e l f   is  r e d u c e d   i n t o  

p i e c e s   and  d i s p e r s e d   in  w a t e r .   As  a  m a t t e r   of  c o u r s e ,   s u c h  

a  t ime  v a r i e s   d e p e n d i n g   on  the  amount  of  PVP  or  PVP/VAc.  A 

r e a s o n   why  the  w a t e r   p r o o f   is  i m p r o v e d   by  i n t e r n a l l y  

a p p l y i n g   the  c o m p o s i t i o n   is   b e l i e v e d   due  to  the  f a c t   t h a t  

the  r e s i n   or  b i n d e r   componen t   is   u n i f o r m l y   mixed  w i th   a  

pu lp   componen t   and  t h u s   the  speed   of  i n f i l t r a t i o n   of  w a t e r  

becomes   slow  and  no  c o a t i n g   l a y e r   is  come  off   as  w i l l   b e  

e x p e r i e n c e d   in  the  case   of  the  s u r f a c e   c o a t i n g .  

The  i n t e r n a l l y   a p p l i e d   r e c o r d i n g   pape r   can  be  made  

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

and  i s   thus   much  s i m p l e r   in  m a n u f a c t u r i n g   s t e p   t han   t h e  



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

However ,   the  r e s i n   and  f i l l e r   are  u s u a l l y   in  t h e  

case   in  amounts   g r e a t e r   than   t h o s e   r e q u i r e d   for   the  s u r f a c e  

c o a t i n g   t e c h n i q u e .   That   i s ,   as  h a v i n g   d e f i n e d  

h e r e i n b e f o r e ,   the  PVP  a n d / o r   PVP/VAc  is  used  in  an  a m o u n t  

of  2  to  20  p a r t s   by  w e i g h t   and  a  w h i t e   f i l l e r   is  used  in  a n  

amount  of  10  to  60  p a r t s   by  w e i g h t   both   per  100  p a r t s   b y  

w e i g h t   of  s t o c k  p u l p .   The  amount  of  the  w h i t e   f i l l e r ,   o f  

c o u r c e ,   v a r i e s   more  or  l e s s   d e p e n d i n g   on  the   type   of  t h e  

f i l l e r .  

In  o r d e r   to  f u r t h e r   and  much  improve   the  w a t e r   p r o o f  

of  e i t h e r   type   of  the  r e c o r d i n g   p a p e r s ,   i t   is   f a v o r a b l e   t o  

add  to  the  PVP  or  PVP/VAc  r e s i n   b i n d e r   an  a q u e o u s   e m u l s i o n - t y p e  

r e s i n   or  a  po lymer   s o l u b l e   in  a l c o h o l   which  is   c a p a b l e  

of  f o r m i n g   a  w a t e r - p r o o f   f i lm   a f t e r   d r y i n g .   W a t e r - s o l u b l e  

r e s i n   b i n d e r s   such  as  o x i d i z e d   s t a r c h ,   PVA,  CMC, 

h y d r o x y e t h y l   c e l l u l o s e   and  the  l i k e   s e r v e   to  improve   t h e  

w a t e r   p r o o f   as  h a v i n g   d e s c r i b e d   h e r e i n b e f o r e   when  used  in  combinat ion 

w i t h   PVP  of  PVP/VAc  but   are  no t   p o t e n t i a l   for   such  p u r p o s e .   F o r  

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

the  w a t e r - s o l u b l e   r e s i n   b i n d e r   and  PVP  or  PVP/VAc  i s  

d i s s o l v e d   in  w a t e r   in  abou t   10  to  15  s e c o n d s   and  a n  

i n c r e a s i n g   amount  of  the  w a t e r - s o l u b l e   r e s i n   b i n d e r   g i v e s  

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

Examples   of  the  aqueous   e m u l s i o n   u s e f u l   in  t h e  



p r a c t i c e   of  the  i n v e n t i o n   are   t h o s e   of  p o l y v i n y l   a c e t a t e ,  

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

c o n t e n t   of  below  30%),  a c r y l i c   e s t e r s ,   w a t e r - s o l u b l e   she l lac   and  t h e  

l i k e .   E x a m p l e s  o f   p o l y m e r s   s o l u b l e   in  a l c o h o l   i n c l u d e  

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

h y d r i n ,   s h e l l a c ,   p o l y v i n y l   a c e t a t e   and  the   l i k e .  

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

good  wa t e r   p r o o f   a f t e r   d r y i n g .   The  amount  of  t h e s e   r e s i n s  

va ry   d e p e n d i n g   on  the  type   of  r e s i n   and  o t h e r   f a c t o r s  

i n c l u d i n g   the  type   and  amount  of  f i l l e r   and  the  t h i c k n e s s  

of  c o a t i n g   l a y e r ,   but   is  g e n e r a l l y   in  the  r ange   of  1  to  50 

wt%,  p r e f e r a b l y   2  to  20  wt%,  of  a  m i x t u r e   of  the  r e s i n   a n d  

PVP  or  PVP/VAc.  

In  a d d i t i o n   to  t h e s e   r e s i n s ,   v a r i o u s   a d d i t i v e s   may  b e  

added  to  the  PVP  or  PVP/VAc  and  f i l l e r .   In  p a r t i c u l a r ,   t h e  

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

one  of  i m p o r t a n t   p r o b l e m s   to  s o l v e .  

Then,   we  have  made  an  i n t e n s i v e   s t u d y   on  the  l i g h t  

f a s t n e s s .   or  r e s i s t a n c e .   The  most  general  way  of  inproving  the  f a s t n e s s  

to  l i g h t   of  r e c o r d e d   m a t t e r   is   to  use  dyes  which  a r e  

e x c e l l e n t   in  f a s t n e s s   to  l i g h t .   However ,   s i n c e   inks   to  b e  

employed   in  the  ink  j e t   r e c o r d i n g   sys t em  are  r e q u i r e d   n o t  

to  cause   c l o g g i n g   of  ink  j e t   n o z z l e s   and  to  have  a  c l e a r  

c o l o r   t o n e ,   dyes  wi th   e x c e l l e n t   l i gh - t   f a s t n e s s   c a n n o t   a l w a y s  

be  e m p l o y e d .   B a s i c   dyes ,   a c i d   d y e s ,   or  m o r d a n t   dyes  a r e  



c l e a r   in  c o l o r   tone   and  are  now  w i d e l y   u s e d  f o r   the   ink  j e t  

r e c o r d i n g   p u r p o s e   but   t h e s e   dyes  are   not  n e c e s s a r i l y  

e x c e l l e n t   in  l i g h t   f a s t n e s s .  

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

can  be  r e a l i z e d   by  a d d i n g   to  the  aqueous   d i s p e r s i o n   o r  

c o m p o s i t i o n   of  PVP  a n d / o r   PVP/VAc  and  f i l l e r   (1)  

a n t i o x i d a n t s ,   (2)  UV  a b s o r b e r   and  (3)  me t a l   o x i d e s ,   m e t a l  

c h l o r i d e s   or  t a n n i c   a c i d   c a p a b l e   of  r e a c t i n g   wi th   dyes  t o  

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

Dur ing   the  c o u r s e   of  our  s t u d y ,   we  have  found   t h a t  

t hough   the  l i g h t   f a s t n e s s   more  or  l e s s   depend  on  the   t y p e  

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

than   t h a t   of  dye  in  l i q u i d   s t a t e   and  the  f a d i n g   is  m a i n l y  

c a u s e d   by  p h o t o o x i d a t i o n   based   on  oxygen  in  a i r   and  l i g h t .  

To  p r e v e n t   t h i s ,   a n t i o x i d a n t s   have  been  found  to  b e  

e f f e c t i v e .   M o r e o v e r ,   an  i n v e s t i g a t i o n   was  c o n d u c t e d  

to  know  the   mechan i sm  of  the  fading  in  r e l a t i o n   to  wave length .  

That   i s ,   g l a s s   f i l t e r s   were  used  to  s e l e c t   d e s i r e d   r a n g e s   o f  

w a v e l e n g t h   and  a  Xenone  f ade   mete r   was  used  to  m e a s u r e   t h e  

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

was  found  (1)  t h a t   l i t t l e   f a d i n g   took  p l a c e   in  the   w a v e l e n g t h  

range   of  i n f r a r e d   r a y s ,   (2)  t h a t   in  the  r ange   of  v i s i b l e  

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

main  a b s o r p t i o n   peak  of  dye;  (3)  t h a t   f a d i n g   by  t h e  

u l t r a v i o l e t   l i g h t   was  as  g r e a t   as  in  ( 2 ) .  



For  i n s t a n c e ,   a  magen ta   ink  composed  of  79%  o f  

w a t e r ,   20%  of  e t h y l e n e   g l y c o l   and  11%  of  B a s i c   V i o l e t  

showed  l i g h t   r e s i s t a n c e   as  f o l l o w s .  

From  the  r e s u l t s ,   i t   was  c o n s i d e r e d   t h a t   UV 

a b s o r b e r s   were  e f e c t i v e   to  p r e v e n t   f a d i n g   of  r e c o r d e d  

m a t t e r ,   which   was  e x p e r i m e n t a l l y   f o u n d  t u r e .  

These  a n t i o x i d a n t s ,   UV  a b s o r b e r s ,   and  c o m p o u n d s  

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

p i g m e n t s   are  used  in  amounts   of  0.1  to  10  wt%  of  a  m i x t u r e  

of  the   PVP  or  PVP/VAc  and  f i l l e r .   These  a d d i t i v e s   a r e  

d i s c u s s e d   in  e x a m p l e s .  

Then,  the  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y  

d e s c r i b e d   by  way  of  e x a m p l e s ,   which  s h o u l d   not   be  c o n s t r u e d  

as  l i m i t i n g   the  p r e s e n t   i n v e n t i o n .  

I t   w i l l   be  no t ed   he re   t h a t   f o u r   t y p e s   of  PVP  w e r e  



used  h a v i n g   a v e r a g e   m o l e c u l a r   w e i g h t s   of  3 6 0 , 0 0 0  

( h e r e i n a f t e r   r e f e r r e d   to  as  K - 9 0 ) , 1 6 0 , 0 0 0   ( h e r e i n a f t e r  

r e f e r r e d   as  K - 6 0 ) ,   40 ,000   ( h e r e i n a f t e r   r e f e r r e d   to  as  K - 3 0 )  

and  10 ,000   ( h e r e i n a f t e r   r e f e r r e d   to  as  K-10)  but   l i t t l e   o r  

no  s u b s t a n t i a l   d i f f e r e n c e   in  r e c o r d i n g   c h a r a c t e r i s t i c s   was  

o b s e r v e d   among  them  and  K-30  was  used  as  the  r e p r e s e n t a t i v e  

of  PVP  in  e x a m p l e s .   In  a d d i t i o n ,   four   t y p e s   of  PVP/VAc 

h a v i n g   VP/VAc  r a t i o s   of  7 0 / 3 9 ,   6 0 / 4 0 ,   50/50  and  3 0 / 7 0 ,  

r e s p e c t i v e l y ,   were  used  to  check  r e c o r d i n g   c h a r a c t e r i s t i c s .  

As  a  r e s u l t   i t   was  found   t h a t   good  r e s u l t s   were  o b t a i n e d   in  a n y  

c a s e s   w i t h o u g   showing   any  s i g n i f i c a n t   d i f f e r e n c e s   among 

them.  A c c o r d i n g l y ,   a  PVP/VAc  r e s i n   h a v i n g   a  VP/VAc  r a t i o  

of  50/50  was  used  in  e x a m p l e s   as  the  r e p r e s e n t a t i v e   for   t h e  

PVP/VAc.  

The  ink  j e t   r e c o r d i n g   was  c a r r i e d   out  u s i n g   a n  

On-demand-type  head  wi th   a  d i a m e t e r   of  n o z z l e   of  40  m i c r o n s  

in  which  t h r e e   ink  j e t t i n g   heads   were  used  to  d i s c h a r g e  

t h e r e f r o m   d i f f e r e n t   t y p e s   of  inks   i n c l u d i n g   c y a n ,  y e l l o w   and  magenta.  

By  the  c o m b i n a t i o n   of  t h e s e   i n k s ,   d i f f e r e n t   c o l o r s   of  r e d ,  

g r e e h ,   b lue   and  s e p i a   were  made.  The  d i s c h a r g e   of  ink  was  

changed   in  seven  s t a g e s   by  c o n t r o l l i n g   an  a p p l i c a t i o n  

v o l t a g e   and  the  r e c o r d i n g   of  6  l i n e s / m m   was  c o n d u c t e d .   I n  

the  case   of  monochrome,   amounts   of  d i s c h a r g e   per  u n i t   a r e a  

in  the  r e s p e c t i v e   s t a g e s   are   2.6  x  1 0   4 cc/cm2  in  f i r s t  

s t a g e ,   4.7  x  10-4  c c / c m   in  s econd   s t a g e ,   6.4  x  10-4  c c / c m   2 



in  t h i r d   s t a g e ,   7.0  x  10-4  cc/cm2  in  f o u r t h   s t a g e ,   7.9  x  1 0 - 4  

cc /cm2  in  f i f t h   s t a g e ,   8.7  x  10-4  cc/cm2  in  s i x t h   s t a g e ,  

and  9.4  x  10-4  cc/cm2  in  s e v e n t h   s t a g e ,   r e s p e c t i v e l y .   I n  

the   ca se   of  b lue   in  c o l o r ,   the  amounts   of  d i s c h a r g e   in  t h e  

r e s p e c t i v e   s t a g e s   become  d o u b l e   and  in  the  case   of  s e p i a  

c o l o r ,   t hey   become  t h r e e   t i m e s .   A c c o r d i n g l y ,   the   s e v e r e s t  

r e c o r d i n g   c o n d i t i o n s   are   t h o s e   for   the  s e p i a   c o l o r   in  t h e  

s e v e n t h   s t a g e .   As ide   from  t h e s e   r e c o r d i n g s ,   a  r e c o r d i n g   o f  

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

R e c o r d e d   m a t t e r s   were  e v a l u a t e d   a c c o r d i n g   to  t h e  

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

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

s t a g e ;   (2)  J u d g e m e n t   of  a  s t a g e   of  s e p i a   c o l o r   w h e r e  

inks   s t a r t   to  run  or  s p r e a d   so  as  to  check   a  d e g r e e   o f  

the   r u n n i n g   or  s p r e a d i n g   of  the   inks   (which  show  a  d e g r e e  

of  ink   r e c e p t i v i t y   of  p a p e r )  ;   (3)  Measurement  of  a  t ime  before   t h e  

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

a p p l i c a t i o n   t h e r e o f ;   and  (4)  M e a s u r e m e n t   of  a  r a t e   of  a r e a  

of  r e c o r d e d   m a t t e r   of  the  f i r s t   s t a g e   in  which  two  l i n e s / m m  

w e r e   r e c o r d e d   (to  know  a  d e g r e e   of  s p r e a d i n g   of  ink  do t s   o r  

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

Example   1 

In  t h i s   e x a m p l e ,   c a l c i u m   c a r b o n a t e   was  used  as  a  

w h i t e   p i g m e n t   and  d i f f e r e n t   t y p e s   of  b i n d e r   r e s i n s   w e r e  

used  i n c l u d i n g   PVP  and  PVP/VAc  to  be  used  in  the  p r e s e n t  



i n v e n t i o n .  

To  a  5%  aqueous   s o l u t i o n   or  d i s p e r s i o n   of  e a c h  

b i n d e r   r e s i n   was  added  15  wt%  of  c a l c i u m   c a r b o n a t e   of  a  

powder  form  h a v i n g   a  s i z e   of  0.1  to  0.2  m i c r o n s ,   f o l l o w e d  

by  fan  a g i t a t i n g   to  g ive   a  s l u r r y .   This   s l u r r y   was  a p p l i e d  

on to   a  c o m m e r c i a l l y   a v a i l a b l e   g roundwood  pape r   by  means  o f  

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

c o a t e d   p a p e r .   The  c o a t e d   l a y e r   had  a  t h i c k n e s s   of  5  t o  

20  m i c r o n s ,   i . e .   0 . 3  -   2.0  g  of  the   c o a t i n g   was  a p p l i e d  

on to   an  A-4  s i z e   p a p e r .  

The  r e s p e c t i v e   r e c o r d i n g   p a p e r s   thus   made  w e r e  

s u b j e c t e d   to  the  r e c o r d i n g   p r o c e d u r e   and  e v a l u a t e d  

a c c o r d i n g   to  the  m e a s u r i n g   me thods   d e s c r i b e d   h e r e i n a b o v e .  

The  t e s t   r e s u l t s   are   shown  in  Tab le   1 .  





wi th   r e s p e c t   to  the  magen ta   c o l o r   of  the  s e v e n t h   s t a g e   a n d  

o t h e r   s ix   c o l o r s   showed  a  s i m i l a r   t e n d e n c y .  

As  w i l l   be  c l e a r l y   seen  from  the  r e s u l t s   of  Tab le   1 ,  

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

c h a r a c t e r i s t i c s   of  ink  spreading,   drying  time  and  the  l ike   and 

the  PVP/VAc  r e s i n s   i n v o l v e   no  s p r e a d i n g   or  r u n n i n g   at  t h e  

s e v e n t h   s t a g e   and  are  thus   much  more  e x c e l l e n t   than   t h e  

o t h e r   b i n d e r   r e s i n s .   PVA  and  h y d r o x y e t h y l   c e l l u l o s e   r a n k  

s econd   to  PVP  and  PVP/VAc  wi th   r e s p e c t   to  o p t i c a l  

d e n s i t y   bu t   t h e s e   r e s i n s   were  i n f e r i o r   in  s p r e a d i n g  

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

s i x t h   s t a g e ,   and  r e q u i r e d   a  d r y i n g   t ime  of  as  long  as  60  t o  

80  s e c o n d s .   As  to  the  o p t i c a l   d e n s i t y   and  r a t e   of  a r e a ,  

o x i d i z e d   s t a r c h   was  e x c e l l e n t   and  PVP  and  PVP/VAc  s h o w e d  

such  c h a r a c t e r i s t i c s   n e x t   to  o x i d i z e d   s t a r c h .  

Example  2 

In  t h i s   e x a m p l e ,   PVP  and  PVP/VAc  were  used  as  a  

b i n d e r   r e s i n   and  d i f f e r e n t   t y p e s   of  w h i t e   p i g m e n t s   w e r e  

used  in  c o m b i n a t i o n   for   c o m p a r a t i v e   p u r p o s e .  

To  a  10%  aqueous   s o l u t i o n   of  PVP  or  PVP/VAc  was  

added  each  of  w h i t e   p i g m e n t s   to  be  t e s t e d   to  g ive   a  s l u r r y  

in  the  same  manner  as  in  Example  1  and  the  s l u r r y   was  

a p p l i e d   in  the  same  manner  as  in  Example  1  to  o b t a i n   a  

s u r f a c e   c o a t e d   p a p e r .   The  type   and  amount  of  w h i t e   p i g m e n t  

and  the  r e s u l t s   of  r e c o r d e d   m a t t e r   are  shown  in  Tab le   2 

below  wi th   r e g a r d   to  the  PVP  b i n d e r   r e s i n .  





As  w i l l   be  a p p r e c i a t e d   from  the   r e s u l t s   of  Tab le   2 ,  

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

w h i t e   and  z inc   o x i d e ,   t h e r e   a p p e a r s   a  w h i t e l y   f a d i n g  

phenomenon  where  an  e n t i r e t y   of  image  is  o b s e r v e d   as  w h i t e  

and  the   o p t i c a l   d e n s i t y   does  not   become  h i g h e r   t han   0 . 9 .  

This  is  b e c a u s e   an  ink  does  not   r e m a i n   on  the   s u r f a c e   o f  

the  c o a t e d   p a p e r   and  the   w h i t e   p i g m e n t   d e p o s i t s   ou t   on  t h e  

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

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

e a r t h   and  a l u m i n i u m   h y d r o x i d e   show  no  f a d i n g   p h e n o m e n o n  

and  o p t i c a l   d e n s i t i e s   of  above  0 . 9 .   The  w h i t e   p i g m e n t s  

c a u s i n g   the   f a d i n g   phenomenon  c a n n o t   be  used  in  l a r g e  

amounts   and  do  no t   show  an  e f f e c t   of  i n c r e a s i n g   the   w h i t e n e s s  

of  p a p e r   t hough   u s a b l e   in  the   p r a c t i c e   of  the   i n v e n t i o n .  

In  t h i s   s e n s e ,   the   w h i t e   p i g m e n t s   showing  no  f a d i n g  

phenomenon  are  c o n v e n i e n t l y   and  p r e f e r a b l y   u s e d .   P r e f e r a b l e  

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

a c t i v a t e d   c l a y ,   magnes ium  o x i d e   and  magnes ium  c a r b o n a t e .  

A s _  r e g a r d s   the   s p r e a d i n g   c h a r a c t e r i s t i c   and  d r y i n g   t i m e ,  

t h e r e   i s   no t   a  s i g n i f i c a n t   d i f f e r e n c e   d e p e n d i n g   on  the   t y p e  

of  p i g m e n t ,   r e v e a l i n g   t h a t   such  c h a r a c t e r i s t i c s   a re   m a i n l y  

d e p e n d e n t   of  the  type   of  b i n d e r .  

In  Table   2,  the   b i n d e r   used   was  PVP  and  s i m i l a r  

r e s u l t s   were  o b t a i n e d   when  PVP/VAc  was  used  e x c e p t   t h a t   t h e  

o p t i c a l   d e n s i t y   was  r e d u c e d   by  abou t   0.5  in  a l l   the  c a s e s .  



Example  3 

In  t h i s   e x a m p l e ,   PVP  was  used  as  b i n d e r   r e s i n   a n d  

c a l c i u m   c a r b o n a t e ,   c a l c i u m   s i l i c a t e   and  t a l c   were  used  a s  

p i g m e n t   to  d e t e r m i n e   an  e f f e c t   of  a  r a t i o   by  w e i g h t   of  t h e  

b i n d e r   and  the  w h i t e   p i g m e n t   on  the  r e c o r d i n g  

c h a r a c t e r i s t i c s .   The  c o a t e d   pape r   was  made  in  the  same  

manner   as  in  Example  1.  In  Tab le   3,  t h e r e   are   shown  

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



As  w i l l   be  c l e a r   from  the  r e s u l t s   of  T a b l e   3,  h i g h  

o p t i c a l   d e n s i t y   c a n n o t   be  o b t a i n e d   when  amounts   of  PVP 

and  c a l c i u m   c a r b o n a t e   are   too  g r e a t   or  too  s m a l l .   That   i s ,  

in  o r d e r   to  o b t a i n   good  r e c o r d i n g   c h a r a c t e r i s t i c s ,   a  

P V P / c a l c i u m   c a r b o n a t e   (wi th   an  a v e r a g e   s i z e   of  0.1  to  0 . 2  

m i c r o n s )   r a t i o   by  w e i g h t   is   p r e f e r a b l y   in  the  r ange   of  1 0  :  

1  to  0 . 2 5  :   1.  When  a  s i m i l a r   t e s t   was  c o n d u c t e d   u s i n g   a  

c a l c i u m   s i l i c a t e   powder  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  

0.1  m i c r o n   and  a  t a l c   powder  h a v i n g   an  a v e r a g e   s i z e   of  0 . 2  

to  0.3  m i c r o n s ,   i t   was  found  t h a t   a  p r e f e r a b l e   w e i g h t   r a t i o  

was  in  the  r ange   of  1 0  :   1  to  0 . 5  :   1  for   c a l c i u m   s i l i c a t e  

and  5:  1  to  0 . 2  :   1  for  t a l c .   The  w e i g h t   r a t i o   i s ,   o f  

c o u r s e ,   d e p e n d e n t   on  the  s i z e _ o f   w h i t e   p i g m e n t   and  t h e  

w e i g h t   r a t i o   of  PVP  or  PVP/VAc  and  a  w h i t e   p i g m e n t   i s  

c o n v e n i e n t l y   in  the   r a n g e   of  10  :   1  to  0 . 2  :   1 .  

F u r t h e r m o r e ,   when  the  c o m p o s i t i o n   c o m p r i s i n g   c a l c i u m  

c a r b o n a t e   and  PVP  was  a p p l i e d   in  d i f f e r e n t - t h i c k n e s s e s  

r a n g i n g   from  4  m i c r o n s   to  28  m i c r o n s ,   no  s i g n i f i c a n t  

d i f f e r e n c e   in  r e c o r d i n g   c h a r a c t e r i s t i c s   was  found  in  t h i s  

r ange   of  t h i c k n e s s e s .  

In  a d d i t i o n ,   four   t y p e s   of  pape r   s u p p o r t   s h o w i n g  

d i f f e r e n t   w a t e r   a b s o r p t i v i t i e s   were  used  to  check  t h e i r  

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

i t   was  found  t h a t   when  the  c o a t e d   l a y e r   had  a  t h i c k n e s s   o f  

above  8  m i c r o n s ,   i n c l u s i v e ,   good  r e s u l t s   were  o b t a i n e d   i n  



any  c a s e s .  

From  the  above ,   the  c o a t e d   l a y e r   s h o u l d   p r e f e r a b l y  

have  a  t h i c k n e s s   of  8  m i c r o n s   or  more ,   and  t h e   c o a t i n g   c o m -  

p o s i t i o n   of  t he   i n v e n t i o n   can  be  w i d e l y   a p p l i e d   to  a  w i d e  

v a r i e t y   of  p a p e r   s u p p o r t s .  

Example  4 

In  t h i s   e x a m p l e ,   PVP  and  o t h e r   b i n d e r   r e s i n s   w e r e  

used  in  c o m b i n a t i o n .   As  a  w h i t e   p i g m e n t ,   t a l c   ( C h i n e s e  

t a l c )   were  u s e d .   Amounts  of  the  b i n d e r   r e s i n   and  t a l c  

we re ,   r e s p e c t i v e l y ,   20%.  Coa ted   p a p e r s   were  m a d e  

s u b s t a n t i a l l y   in  the  same  manner  as  in  Example  1,  wi th   t h e  

r e s u l t s   s u m m a r i z e d   in  Tab le   4  b e l o w .  



As  w i l l   be  a p p r e c i a t e d   from  the  above  r e s u l t s ,  

b i n d e r   r e s i n s   such  as  PVA,  o x i d i z e d   s t a r c h   and  the  l i k e  

show  more  e x c e l l e n t   ink  r e c e p t i v i t y   when  a p p l i e d   i n  

c o m b i n a t i o n   wi th   PVP. 

A  g r e a t e r   amount  of  PVP  is  d e s i r a b l e   in  view  of  t h e  



ink  r e c e p t i v i t y .   Though  the  c o n t e n t   of  PVP  d e p e n d s   on  t h e  

type   of  t he   s e c o n d   b i n d e r ,   i t   is   in  t he   r a n g e   of  over   20  wt% 

when  the  b i n d e r   r e s i n   used  in  c o m b i n a t i o n   wi th   PVP  s h o w s  

w a t e r   a b s o r p t i v i t y   such  as  PVA  and  in  the  r ange   of  33  wt% 

when  the   s econd   b i n d e r   r e s i n   shows  no  w a t e r   a b s o r p t i v i t y .  

Example  5 

In  t h i s   e x a m p l e ,   c h a r a c t e r i s t i c s   of  ink  j e t  

r e c o r d i n g   p a p e r s   made  by  a  s i z e   p r e s s   t e c h n i q u e   a r e  

d e s c r i b e d .  

D i f f e r e n t   t y p e s   of  b i n d e r   and  c a l c i u m   c a r b o n a t e   w e r e  

mixed  in  a  r a t i o   of  1:1  in  an  aqueous   medium  to  o b t a i n   10% 

s l u r r i e s .   Each  s l u r r y   was  c o a t e d   on  a  c o m m e r c i a l l y  

a v a i l a b l e   g roundwood   p a p e r   by  a  s i z e   p r e s s   sys t em  to  o b t a i n  

a  s u r f a c e   c o a t e d   p a p e r   wi th   a  c o a t i n g   s p r e a d   of  4.0  g / m 2 .  

The  r e s u l t s   a re   shown  in  Tab le   5  b e l o w .  



From  the  above  r e s u l t s ,   i t   w i l l   be  seen  t h a t   t h e  

c h a r a c t e r i s t i c s   of  the  r e c o r d i n g   p a p e r s   made  by  the  s i z e  

p r e s s   t e c h n i q u e   are   s u b s t a n t i a l l y   the  same  as  t h o s e   of  t h e  

r e c o r d i n g   p a p e r s   o b t a i n e d   by  the  wi re   b a r .   For  i n s t a n c e ,  

the  r e c o r d i n g   pape r   of  the  c o a t e d   type   u s i n g   PVP/VAc  a s  

b i n d e r   had  an  o p t i c a l   d e n s i t y   of  0 . 9 9 ,   a  s p r e a d i n g   s t a g e  

of  >7,  a  d r y i n g   t ime  of  <10,  and  a  r a t e   of  a r ea   of  <10  a s  

shown  in  Tab le   1,  which  a r e  a l m o s t   the  same  as  t h o s e   o f  

Tab le   5.  In  the  PVP/PVA  and  P V P / o x i d i z e d   s t a r c h   s y s t e m s ,  

the  r e c o r d i n g   c h a r a c t e r i s t i c s   are   a l m o s t   the  same  as  t h o s e  

of  Tab le   4.  A c c o r d i n g l y ,   the  s i z e   p r e s s   t e c h n i q u e   can  b e  

used  s i m i l a r l y   w i th   the  s u r f a c e   c o a t i n g   m e t h o d .  

Example  6 

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

used  as  w h i t e   p i g m e n t   were  a p p l i e d   i n t e r n a l l y   or  mixed  w i t h  

p u l p .  

LBKP  and  NBKP  were  mixed  in  a  r a t i o   o f . 1  :   2  a n d  

b e a t e n   in  a  r e f i n e r .   Then,  l i g h t   c a l c i u m   c a r b o n a t e   w a s  

added  to  the  pu lp   in  an  amount  of  30  p a r t s   by  w e i g h t   p e r  

100  p a r t s   by  w e i g h t   of  the  pu lp   and  PVP  or  PVP/VAc  was  

added  i n  a n   amount  of  r a n g i n g   from  0.5  to  30  wt%  b a s e d   on 

the  p u l p .   The  pu lp   c o m p o s i t i o n   was  s u b j e c t e d   to  a  

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

make  a  pape r   wi th   a  b a s i s   w e i g h t   of  70  g/m2.  The  thus   made  

p a p e r s   were  each  s u b j e c t e d   to  the  c a l e n d e r   r o l l s   to  g i v e  



r e c o r d i n g   p a p e r s .  

The  r e c o r d i n g   p a p e r s   were  a p p l i e d   w i t h   i n k s   a n d  

e v a l u a t e d   in  the   same  manner   as  d e s c r i b e d   h e r e i n b e f o r e ,  

w i t h   t he   r e s u l t  s h o w n   in  Tab le   6  b e l o w .  



In  the  t a b l e ,   the   o p t i c a l   d e n s i t y   is  o b t a i n e d  

from  the  magen ta   c o l o r   of  the  s e v e n t h   s t a g e   and  as  r e g a r d s  

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

As  w i l l   be  a p p r e c i a t e d   from  the  above  r e s u l t s ,   w h e r e  

the  b i n d e r   c o n t e n t   is  0.5%  or  1%,  the  o p t i c a l   d e n s i t y ,  

s t a g e   where  s p r e a d i n g   a p p e a r e d ,   d r y i n g   t ime  and  r a t e   o f  

a r e a   are  not  s a t i s f a c t o r y .   A c c o r d i n g l y ,   the  b i n d e r   r e s i n  

s h o u l d   be  c o n t a i n e d   in  an  amount  of  at  l e a s t   2%  of  t h e  

p u l p .   Th is   is   much  l a r g e r   as  compared  wi th   an  amount  of  an  

s t r e n g t h   i m p r o v e r   o r d i n a r i l y   employed   in  the  p a p e r - m a k i n g  

i n d u s t r y   ( g e n e r a l l y   in  the  r ange   of  0.2  to  1  wt%).  On  t h e  

o t h e r   hand,   the  r e c o r d i n g   p a p e r s   in  which  30%  of  PVP  o r  

PVP/VAc  based   on  the  pu lp   is  c o n t a i n e d   show  e x c e l l e n t  

r e c o r d i n g   c h a r a c t e r i s t i c s   but   become  s t i c k y   to  the  t o u c h .  

I n  a d d i t i o n ,   such  p a p e r s   show  a  b l o c k i n g   t e n d e n c y .  

G a t h e r i n g   the  above ,   the  c o n t e n t   of  PVP  or  PVP/VAc 

is  in  the  r ange   of  2  wt%  to  20  wt%  of  the  p u l p .  

Example  7 

In  t h i s   e x a m p l e ,   an  amount  of  PVP  was  s e t   at  10%  b y  

w e i g h t   of  pu lp   but  an  amount  of  c a l c i u m   was  c h a n g e d .  

R e c o r d i n g   p a p e r s   were  each  made  and  e v a l u a t e d   in  the  same  

manner  as  in  Example  6.  The  t e s t   r e s u l t s   are   shown  in  T a b e  

7  b e l o w .  



As  w i l l   be  a p p a r e n t   from  the  above  r e s u l t s ,   g o o d  

r e c o r d i n g   c h a r a c t e r i s t i c s   are   o b t a i n e d   when  the  c o n t e n t   o f  

the  w h i t e   f i l l e r   i s   in  the  r ange   of  10  to  60  wt%  of  t h e  

p u l p .   Less   c o n t e n t s   are   d i s a d v a n t a g e o u s   in  t h a t   t h e  

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

the   w h i t e l y   f a d i n g   phenomenon .   A c c o r d i n g l y ,   a n  

e f f e c t i v e   amount  of  c a l c i u m   c a r b o n a t e   is   in  the  r ange   of  10 

to  60  wt%  of  the  p u l p .   In  t h i s   c o n n e c t i o n ,   the  c o n t e n t   o f  

c a l c i u m   c a r b o n a t e   more  or  l e s s   depends   on  the  c o n t e n t   o f  

P V P , e . g .   when  the  c o n t e n t   of  PVP  is  2%,  the  upper   l i m i t   i n  

c o n t e n t   of  c a l c i u m   c a r b o n a t e   was  found  to  be  40%.  S i m i l a r  



r e s u l t s   were  o b t a i n e d   when  PVP/VAc  was  used  i n s t e a d   of  PVP. 

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

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

found  t h a t   a  s u i t a b l e   c o n t e n t   of  c l a y   was  in  the  r ange   o f  

10  to  60  wt%  of  the  p u l p ,   t h a t   of  t a l c   r anged   from  10  to  60 

wt%,  t h a t   of  c a l c i u m   s u l f a t e   r a n g e d   from  5  to  40  wt%,  t h a t  

of  c a l c i u m   s i l i c a t e   r a n g e d   from  10  to  40  wt%,  t h a t   o f  

d i a t o m a c e o u s   e a r t h   r a n g e d   from  10  to  60 wt%,  t h a t   of  s a t i n  

w h i t e   r anged   from  5  to  50  wt%,  and  t h a t   of  z inc   o x i d e  

r anged   from  15  to  40  wt%.  G e n e r a l l y   s p e a k i n g ,   w h i t e  

p i g m e n t s   are   e f f e c t i v e l y   u s a b l e   in  tha  range   of  10  to  60 

wt%  of  p u l p .   Other   u s a b l e   w h i t e   p i g m e n t s   in  t h i s   i n t e r n a l  

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

a l u m i n i u m   s i l i c a t e ,   magnes ium  s i l i c a t e ,   t e r r a   a b l a ,  

a c t i v a t e d   c l a y ,   magnes ium  o x i d e ,   magnes ium  c a r b o n a t e ,  

a l u m i n i u m   o x i d e   and  the   l i k e .   Among  the   w h i t e   p i g m e n t s ,  

p r e f e r a b l e  o n e s   a re   t h o s e   m e n t i o n e d   wi th   r e s p e c t   to  t h e  

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

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

f i l m - f o r m i n g   r e s i n s   added  to  the  b a s i c   c o m p o s i t i o n   used  i n  

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

Example  8 

In  t h i s   e x a m p l e ,   b i n d e r   r e s i n   made  of  90  p a r t s   b y  

w e i g h t   of  PVP  and  10  p a r t s   by  w e i g h t   of  d i f f e r e n t   t y p e s   o f  

f i l m - f o r m i n g   p o l y m e r s   were  u s e d .  



To  10%  a q u e o u s   or  a l c o h o l i c   s o l u t i o n s   of  v a r i o u s  

b i n d e r   r e s i n   m i x t u r e s   was  added  c a l c i u m   c a r b o n a t e   p o w d e r  

w i t h   a  s i z e   of  0.1  to  0.2  m i c r o n s   in  an  amount  of  as  g r e a t  

as  t h r e e   t i m e s   the  b i n d e r   r e s i n   m i x t u r e ,   f o l l o w e d   b y  

a g i t a t i n g   wi th   a  fan  to  g ive   s l u r r i e s .   Each  s l u r r y   w a s  

a p p l i e d   on to   a  c o m m e r c i a l l y   a v a i l a b l e   g roundwood   p a p e r   by  a 

wi re   bar  and  the  thus   a p p l i e d   pape r   was  r o l l   p r e s s e d   t o  

o b t a i n   s u r f a c e   c o a t e d   p a p e r s .   The  t h i c k n e s s   of  the   c o a t e d  

l a y e r   was  in  the  r ange   of  5  to  20  m i c r o n s .   The  t h u s  

o b t a i n e d   p a p e r s   were  r e c o r d e d   and  e v a l u a t e d   in  the  s ame  

manner   as  in  Example  1  e x c e p t   for   w a t e r   p r o o f .   That   i s ,  

the  w a t e r   p r o o f   was  e v a l u a t e d   as  f o l l o w s :   a  t ime  b e f o r e  

the  c o a t e d   l a y e r   was  c o m p l e t e l y   s e p a r a t e d   from  a  c o a t e d  

p a p e r   s p e c i m e n   w i th   a  s i z e   of  1  cm  x  2  cm  a f t e r   h a v i n g  

immersed   the  c o a t e d   p a p e r   v e r t i c a l l y   in  w a t e r   was  m e a s u r e d .  

The  t e s t   r e s u l t s   are   shown  in  Tab le   8  b e l o w .  





From  the  above  r e s u l t s ,   i t   w i l l   be  a p p r e c i a t e d   t ha t  when  

PVP  or  PVP/VAc  is   used  s i n g l y ,   the  w a t e r   p r o o f   is  5  s e c o n d s  

or  l e s s .   In  a d d i t i o n ,   s y s t e m s   of  PVP  or  PVP/VAc  to  w h i c h  

o t h e r   w a t e r - s o l u b l e   p o l y m e r s   such  as  o x i d i z e d   s t a r c h ,   PVA 

and  h y d r o x y e t h y l   c e l l u l o s e   have  been  added  show  a  s l i g h t  

i m p r o v e m e n t   in  w a t e r   p r o o f .   On  the   o t h e r   hand,   b i n d e r  

r e s i n   m i x t u r e s   in  which  10  wt%  of  aqueous   e m u l s i o n - t y p e  

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

c o p o l y m e r ,   a c r y l i c   e s t e r   r e s i n   and  w a t e r - s o l u b l e   shel lac   show  a  

w a t e r   p r o o f   of  over   25  s e c o n d s ,   t hus   i m p r o v i n g   the  w a t e r  

p r o o f   r e m a r k a b l y .   These  b i n d e r   r e s i n   m i x t u r e s   a r e  

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

s p r e a d i n g   s t a g e   of  seven  and  a  d r y i n g   t ime  of  1 3  -   19,  t o  

the  PVP  or  PVP/VAc  r e s i n   a l o n e .   However ,   t h e s e   s l i g h t  

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

n e g l i g i b l e   and  the   i m p r o v e m e n t   in  wa te r   p r o o f   is  much  m o r e  

e f f e c t i v e .   S i m i l a r   r e s u l t s   are   o b t a i n e d   when  p o l y v i n y l  

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

and  the   l i k e   are  used  as  d i s s o l v e d   in  m e t h a n o l   s o l v e n t .  

As ide   from  the  r e s i n s   m e n t i o n e d   above ,   o t h e r   r e s i n s  

are   a l s o   u s a b l e   in  c o m b i n a t i o n   wi th   PVP  a n d / o r   PVP/VAc 

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

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

r e s i n ,   p o l y a m i d e   r e s i n ,   me lamine   r e s i n ,   m e l a m i n e - u r e a   r e s i n  

and  the  l i k e .  



Example  9 

In  t h i s   e x a m p l e ,   an  i n f l u e n c e   of  p o l y v i n y l   a c e t a t e  

in  a  b i n d e r   r e s i n   composed  of  PVP  and  p o l y v i n y l   a c e t a t e   was  

c h e c k e d .   To  an  aqueous   10%  s o l u t i o n   of  the  b i n d e r   r e s i n  

was  added  t a l c   ( C h i n e s e   t a l c )   in  an  amount  of  two  t i m e s   t h e  

b i n d e r   r e s i n   to  g ive   a  s l u r r y .   Then,  Examle  8  was  r e p e a t e d  

wi th   the  r e s u l t s   shown  in  Tab le   9 .  



As  w i l l   c l e a r   from  the  above   r e s u l t s ,   the  p r o o f   t o  

w a t e r   is   more  improved   as  the  amount   of  p o l y v i n y l   a c e t a t e  

is   i n c r e a s e d .   However ,   the  o p t i c a l   d e n s i t y ,   s p r e a d i n g  

c h a r a c t e r i s t i c   and  d r y i n g   t ime  become  more  d e t e r i o r a t e d  

wi th   an  i n c r e a s i n g   amount  of  p o l y v i n y l   a c e t a t e .   F o r  

i n s t a n c e ,   the   d r y i n g   t ime  is  49  s e c o n d s   for   the  b i n d e r  

s y s t e m   of  P V P / p o l y v i n y l   a c e t a t e   =  4 0 / 6 0 .   This   t ime  i s  

l o n g e r   than   a  t ime  of  from  c o m p l e t i o n   of  image  f o r m a t i o n  

t i l l   w i t h d r a w a l   of  the  r e c o r d e d   m a t t e r   from  a  mach ine   a n d  

is  not   t hus   p r a c t i c a l .   Tak ing   the  above  i n t o  

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

be  50%,  i . e .   i t   is  n e c e s s a r y   t h a t   p o l y v i n y l   a c e t a t e   d o e s  

not   e x c e e d   t h a t   of  PVP.  On  the  o t h e r   hand,   the  b i n d e r  

s y s t e m   c o n t a i n i n g   2%  of  p o l y v i n y l   a c e t a t e   does  show  l i t t l e  

e f f e c t s   and  t hus   p o l y v i n y l   a c e t a t e   s h o u l d   be  over  2%. 

The  above  p r o c e d u r e   was  r e p e a t e d   u s i n g   d i f f e r e n t  

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

the  r ange   of  a d d i t i o n   of  each  po lymer   which  may  more  o r  

l e s s   depend  on  the  type  and  amount  of  wh i t e   p i g m e n t ,   a n d  

t h i c k n e s s   of  the  c o a t e d   l a y e r .   The  r e s u l t s   are  shown  i n  

Tab le   1 0 .  



From  the  above  r e s u l t s ,   i t   is  g e n e r a l l y   p o s s i b l e   t o  

use  t h e s e   wa t e r   p r o o f - i m p a r t i n g   r e s i n s   in  the  r ange   of  1  t o  

50  wt%  of  the  m i x t u r e   wi th   PVP  or  PVP/VAc  p r o v i d e d   t h a t   t h e  

type   and  amount  of  w h i t e   p i g m e n t   and  the  t h i c k n e s s   of  t h e  

c o a t e d   l a y e r   are  p r o p e r l y   c o n t r o l l e d .  

Example  10 

In  t h i s   e x a m p l e ,   c h a r a c t e r i s t i c s   of  ink  j e t  



r e c o r d i n g   p a p e r s   made  by  the  s i z e   p r e s s   t e c h n i q u e   a r e  

s h o w n .  

V a r i o u s   b i n d e r s   (PVP :  a d d i t i v e   po lymer   =  9 0  :   10 )  

and  c a l c i u m   c a r b o n a t e   were  mixed  in  a  w e i g h t   r a t i o   of  1  :   2 

to  g ive   10%  s l u r r i e s .   Each  s l u r r y   was  a p p l i e d   onto   a  

c o m m e r c i a l l y   v a i l a b l e   g roundwood  pape r   by  the  s i z e   p r e s s  

method  in  an  amount  of  4.0  g/m2  on  a  d r y   b a s i s   to  g ive   a 

s u r f a c e   c o a t e d   p a p e r .   The  t hus   o b t a i n e d   c o a t e d   p a p e r s   h a d  

r e c o r d i n g   c h a r a c t e r i s t i c s   shown  in  Tab le   1 1 .  



As  w i l l   be  c l e a r l y   seen  from  the  above  r e s u l t s ,   t h e  

c h a r a c t e r i s t i c s   of  the  r e c o r d i n g   p a p e r s   made  by  the  s i z e  

p r e s s   method  are   e x c e l l e n t   s i m i l a r l y   to  t h o s e   of  t h e  

r e c o r d i n g   p a p e r s   made  by  the  wi re   bar  c o a t i n g   me thod .   As 

for   the  w a t e r   p r o o f ,   the  r e c o r d i n g   p a p e r s   made  by  the  s i z e  

p r e s s   method  are  s l i g h t l y   s u p e r i o r   to  t h o s e   o b t a i n e d   by  t h e  

wi re   bar  c o a t i n g   me thod .   Thus,   the  s i z e   p r e s s   t e c h n i q u e  

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

The  f o l l o w i n g   e x a m p l e s   dea l   w i th   the  manner  o f  

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

a n t i o x i d a n t s ,   U l t r a v i o l e t   a b s o r b e r s   and  compounds  c a p a b l e  

of  r e a c t i n g   wi th   dyes  for   c o n v e r t i o n   i n t o   l i g h t - r e s i s t a n t  

d y e s .  

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

a c c o r d i n g  t o   a  method  as  p r e s c r i b e d   in  JIS  L0843-71  u s i n g   a  

2.5 KW  xenon  f ade   mete r   of  an  a i r - c o o l i n g   type   (made  by  

Suga  T e s t e r   K . K . ) .   The  i r r a d i a t i o n   e n e r g y   was  464 

J / c m 2 - H r ,   which  is  9.6  t i m e s   t h a t   of  an  a v e r a g e   s u n l i g h t  

and  380  t i m e s   t h a t   of  a  f l u o r e s c e n t   l a m p .  

The  ink  j e t   r e c o r d i n g   was  c a r r i e d   out  u s ing   a n  

O n - d e n a n d - t y p e   head  h a v i n g   a  n o z z l e   d i a m e t e r   of40  m i c r o n s  

and  a  v o l t a g e   of  200  V  was  a p p l i e d   to  the  r e c o r d i n g   s y s t e m .  

When  a  r e c o r d i n g   of  6  l i n e s / m m 2   was  e f f e c t e d ,   a  d i s c h a r g e  

per  u n i t   a r e a   was  7.9  x  1 0   c c / c m 2 .  

R e c o r d i n g   p a p e r s   used  were  made  by  a p p l y i n g   onto   a 



c o m m e r c i a l l y   a v a i l a b l e   h igh   q u a l i t y   pape r   t h r e e   t y p e s   o f  

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

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

(30 /70)   and  p o l y v i n y l   a l c o h o l / p o l y v i n y l p y r r o l i d o n e   ( 4 0 / 6 0 )  

and  c a l c i u m   c a r b o n a t e   as  w h i t e   f i l l e r   in  a  b i n d e r - t o - f i l l e r  

r a t i o   of  1  :   1,  r e s p e c t i v e l y .   The  c o a t i n g   amount  was  40 

g/m2.  The  t h r e e   t y p e s   of  r e c o r d i n g   p a p e r s   were  d e s i g n a t e d  

as  r e c o r d i n g   p a p e r s   A,  B  and  C  r e s p e c t i v e l y .   A n t i o x i d a n t s ,  

UV  a b s o r b e r s   and  the  s p e c i f i c   type   of  compounds  c a p a b l e   o f  

r e a c t i n g   wi th   dyes  were  d i s s o l v e d   in  b i n d e r   to  m a k e  

r e c o r d i n g   p a p e r s .   I t   w i l l   be  no t ed   t h a t   t h e s e   a d d i t i v e s  

are   e f f e c t i v e   for   any  r e c o r d i n g   p a p e r s   which  are  to  b e  

a p p l i e d   wi th   dyes  for   r e c o r d i n g   p u r p o s e   and  a p p l i c a t i o n   o f  

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

the  i n v e n t i o n   is  a l s o   d e s c r i b e d   in  the  f o l l o w i n g   e x a m p l e s  

to  e v i d e n c e   the  e x c e l l e n c y   of  t h e s e   a d d i t i v e s .  

Example  11 

V a r i o u s   m e t a l   o x i d e s   and  o r g a n i c   a c i d s   were  added  t o  

the  b i n d e r s   in  such  an  amount  t h a t   t hey   were  c o n t a i n e d   i n  

the  s u r f a c e   c o a t i n g   in  an  amount  of  0.5  g/m2.  T h e n ,  

r e c o r d i n g   p a p e r s   were  made  s u b s t a n t i a l l y   in  the  same  m a n n e r  

as  in  the  f o r e g o i n g   e x a m p l e s .  

Then,   a  magen t a   ink  made  of  79%  by  w e i g h t   of  w a t e r ,  

20%  by  w e i g h t   of  e t h y l e n e   g l y c o l   and  1%  by  w e i g h t   of  C . I .  

B a s i c   V i o l e t   10  was  p r e p a r e d   and  used  for   r e c o r d i n g   on  t h e  

r e s p e c t i v e   r e c o r d i n g   p a p e r s .   The  r e c o r d e d   p a p e r s   w e r e  



i r r a d i a t e d   for   12  h o u r s   in  the  xenone  fade   meter   and  t h e i r  

op t ica l   d e n s i t y   was  m e a s u r e d .   The  t e s t   r e s u l t s   a r e  

shown  in  T a b l e   12  b e l o w .  



As  w i l l   be  seen  from  the   above  r e s u l t s ,   t h e  

a d d i t i v e s   are   found  to  r e m a r k a b l y   improve   the  l i g h t  

r e s i s t a n c e   of  r e c o r d e d   m a t t e r .   In  p r a c t i c e ,   t h e  

p h o s p h o r u s - c o n t a i n i n g   acids  are   p r e f e r a b l y   used  b e c a u s e  

of  t h e i r   e x c e l l e n c y   in  c o l o r   r e t e n t i v i t y .  

Example  12 

V a r i o u s   i nks   composed  of  76  to  79  %  by  w e i g h t   o f  

w a t e r   20  %  by  w e i g h t   of  e t h y l e n e   g l y c o l   and  1  to  4  % by  

w e i g h t   of  d i f f e r e n t   t y p e s   of  dyes   were  made  and  a p p l i e d   on  

a  r e c o r d i n g   p a p e r   D  which  was  made  by  a p p l y i n g   0.5  g/m2  o f  

p h o s p h o r u s   m o l y b d i c   a c i d   to  the   r e c o r d i n g   p a p e r   A  and  a  



r e c o r d i n g   paper   E  a p p l i e d   wi th   0.5  g/m2  of  t a n n i c   a c i d  

s i m i l a r l y   to  the  case   of  the  r e c o r d i n g   paper   D. 

The  l i g h t   r e s i s t a n c e   was  m e a s u r e d   in  the  same  m a n n e r  

as  in  Example  11  wi th   the  r e s u l t s   shown  in  Tab le   13  b e l o w .  







From  the  above  r e s u l t s ,   i t   w i l l   be  seen  t h a t   t h e  

p h o s p h o r u s   m o l y b d i c   acid  and  tannic  acid  showed  a  v e r y  

r e m a r k a b l e   e f f e c t   of  l i g h t   r e s i s t a n c e   on  the   b a s i c   dyes  a n d  

ac id   dyes  and  a  f a i r   e f f e c t   on  the  m o r d a n t   d y e s .   H o w e v e r ,  

l i t t l e   e f f e c t s   on  the   d i r e c t   dyes  and  d i s p e r s e   dyes  w e r e  

r e c o g n i z e d .  

In  t h e s e   e x a m p l e s   11  and  12,  f i v e   compounds  a r e  

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

and  o x i d e s   of  at  l e a s t   one  m e t a l   such  as  of  b a r i u m ,  

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

n i c k e l .  

The  amount  of  t h e s e   a d d i t i v e s   v a r i e s   d e p e n d i n g   on  

the  type   t h e r e o f   but   is  g e n e r a l l y   in  the  r ange   of  0.1  t o  

10%  by  w e i g h t   of  the  c o a t i n g   c o m p o s i t i o n   in  case  of  t h e  

s u r f a c e - c o a t e d   r e c o r d i n g   p a p e r .   L a r g e r   amounts   g ive   a n  

a d v e r s e   e f f e c t   on  the  r e c o r d i n g   c h a r a c t e r i s t i c s .  

As  w i l l   be  a p p r e c i a t e d   from  the  r e s u l t s   of  E x a m p l e  

11,  the   a d d i t i v e s   show  t h e i r   l i g h t - r e s i s t a n t   e f f e c t  

i n d e p e n d e n t l y   of  the  type  of  c o a t i n g .   F u r t h e r ,   t h e i r  

e f f e c t   is  a l s o   d e v e l o p e d   when  the  a d d i t i v e s   a r e  

i n c o r p o r a t e d   in  paper   or  a p p l i e d   by  d i p p i n g   pape r   i n  

s o l u t i o n s   of  the  a d d i t i v e s .   This   is  p a r t i c u l a r l y   d e s c r i b e d  

in  Example  13  and  1 4 .  

Example  1 

A  c o m m e r c i a l l y   a v a i l a b l e   h igh  q u a l i t y   pape r   s h o w i n g  



a  r e l a t i v e l y   h igh  d e g r e e   of  wa te r   a b s o r p t i v i t y   was  used  on 

which  r e c o r d i n g   was  c o n d u c t e d   by  an  ink  j e t   r e c o r d i n g  

t e c h n i q u e   u s i n g   an  ink  as  used  in  Example  11.  A f t e r  

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

in  a c e t o n e   or  m e t h a n o l   s o l u t i o n s   of  2  wt%  of  p h o s p h o r u s  

tungs t ic   acid,  phosphorus  molybdic  acid,  phosphorus  tungsten  molybdic  a c i d ,  

c h r o m i c   c h l o r i d e   and  t a n n i c   a c i d ,   then  d r i e d ,   and  s u b j e c t e d  

to  the   m e a s u r e m e n t   of  l i g h t   r e s i s t a n c e .   The  r e s u l t s   a r e  

shown  in  Tab le   1 4 .  



These  a d d i t i v e s   can  improve   the  l i g h t   r e s i s t a n c e   o f  

r e c o r d e d   m a t t e r   when  a p p l i e d   by  the  d i p p i n g   method  as  w i l l  

be  seen  from  the  above  r e s u l t s .  

Example  14 

LBKP  h a v i n g   a  f r e e n e s s   (C .S .F )   of  400  ml  was  used  a s  

s t o c k   pu lp   to  which  were  added  10  wt%  of  t a l c ,   0.2  wt%  of  a  

wet  s t r e n g t h   i m p r o v e r   and  0.5  wt%  of  a d d i t i v e s   each  b a s e d  

on  the  s o l i d   componen t   of  p u l p .   The  thus   added  p u l p s   w e r e  

each  used  to  make  p a p e r s   w i th   a  b a s i s   w e i g h t   of  50  g/m2  i n  

a  u s u a l   m a n n e r .  

Then,  an  ink  wi th   the  same  c o m p o s i t i o n   as  used  i n  

Example  13  was  used  to  r e c o r d   on  the  t hus   made  p a p e r s   a n d  

the  r e c o r d e d   m a t t e r s   were  s u b j e c t e d   to  the   m e a s u r e m e n t   o f  

l i g h t   r e s i s t a n c e .   The  r e s u l t s   are   shown  in  Tab le   15  b e l o w .  



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

r e s i s t a n c e   over  the  a d d i t i v e - f r e e  p a p e r .  

Example  15 

Example  11  was  r e p e a t e d   u s i n g   v a r i o u s   a n t i o x i d a n t s ,  

wi th   the   r e s u l t s   shown  in  Tab le   16  be low,   in  which  t h e  

t h r e e   r e c o r d i n g   p a p e r s   are  i n d i c a t e d   as  A ' ,   B'  and  C '  

c o r r e s p o n d i n g   to  r e c o r d i n g   p a p e r s   A,  B and  C  or  Example  1 1 .  







These  r e s u l t s   r e v e a l   t h a t   the   a d d i t i o n   o f  

a n t i o x i d a n t s   can  r e m a r k a b l y   improve   the  l i g h t   r e s i s t a n c e .  

The  d e g r e e   of  the  i n p r o v e m e n t   more  or  l e s s   depends   on  t h e  

type   of  a n t i o x i d a n t   and  h y d r o q u i n o n e ,   p - t e r t - b u t y l c a t e c h o l ,  

2 , 6 - d i - t e r t - b u t y l p h e n o l   and  m e t h y l h y d r o q u i n o n e   a r e  

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

As ide   from  t h o s e   m e n t i o n e d   above ,   t h e r e   are   u s a b l e  

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

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

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

m e t h y l - 6 - t - b u t y l p h e n o l ) ,   a l k y l t h i o d i   p r o p i o n a t e s ,  



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

e n e d i a m i n e s ,   a - n a p h t y l a m i n e ,   N - p h e n y l - a - n a p h t h y l a m i n e ,  

N , N ' - d i s a l i c y l i d e n e - 1 , 2 - p r o p y l e n e d i a m i n e ,   p h e n o t h i a z i n e ,  

t r i s ( n o n y l p h e n y l ) p h o s p h i t e ,   t r i p h e n y l p h o s p h i t e ,   t r i s ( 3 , 5 -  

d i - t - b u t y l - 4 , 4 - h y d r o x y p h e n y l p h o p h a t e ,   d i t h i o c a r b a m a t e ,  

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

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

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

and  the   l i k e .  

Example  16 

V a r i o u s   inks   composed  of  77  to  79  wt%  of  w a t e r ,   20% 

by  w e i g h t   of  e t h y l e n e   g l y c o l   and  1  to  3%  by  w e i g h t   o f  

. d i f f e r e n t   t y p e s   of  dyes  were  made  and  a p p l i e d   on  a 

r e c o r d i n g   pape r   D'  which  was  made  by  i n c o r p o r a t i n g   0.5  g/m2. 

of  m e t h y l h y d r o q u i n o n e   in  the  r e c o r d i n g   paper   A ' .   The  l i g h t  

r e s i s t a n c e   was  m e a s u r e d   in  the  same  manner  as  in  E x a m p l e  

15.  The  r e s u l t s   a re   shown  in  Tab le   17  b e l o w .  





From  the  above  r e s u l t s ,   i t   w i l l   be  seen  t h a t   t h o u g h  

an  i n f l u e n c e   of  the  a n t i o x i d a n t s   on  the  l i g h t   r e s i s t a n c e  

v a r i e s   d e p e n d i n g   on  the  type   of  dye,   good  r e s u l t s   a r e  

o b t a i n e d   in  a l l  t h e   c a s e s .   A c c o r d i n g l y ,   the  a d d i t i o n   o f  

a n t i o x i d a n t   is  b e l i e v e d   e f f e c t i v e   in  i m p r o v i n g   the  l i g h t  

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

The  amount  of  the  a n t i o x i d a n t s   a l s o   v a r i e s   d e p e n d i n g  

on  the  type   but  is  g e n e r a l l y   in  the  range   of  0.1  to  10%  by  

w e i g h t   of  the  c o a t i n g   c o m p o s i t i o n   when  such  c o m p o s i t i o n   i s  

a p p l i e d   by  the  s u r f a c e   c o a t i n g   t e c h n i q u e .   L a r g e r   a m o u n t s  

g ive   an  a d v e r s e   e f f e c t   on  the  r e c o r d i n g   c h a r a c t e r i s t i c s .  

The  a n t i o x i d a n t s   can  a l s o   be  a p p l i e d   by  d i p p i n g  

p a p e r   in  s o l u t i o n s   of  a n t i o x i d a n t s   or  i n t e r n a l l y  

i n c o r p o r a t e d   p a p e r .   This   is  p a r t i c u l a r l y   d e s c r i b e d   i n  

e x a m p l e s   which  f o l l o w .  

Example  17 

A  c o m m e r c i a l l y   a v a i l a b l e   h igh   q u a l i t y   paper   s h o w i n g  

a  r e l a t i v e l y   h igh   d e g r e e   of  wa te r   a b s o r p t i v i t y   was  used  a n d  

an  ink  j e t   r e c o r d i n g   u s i n g   an  ink  of  C . I .   B a s i c   V i o l e t   10 

was  c o n d u c t e d   on  such  p a p e r .   The  r e c o r d e d   paper   was  t h e n  

d i p p e d   an  a c e t o n e   s o l u t i o n   of  each  of  a n t i o x i d a n t s   (2  wt%) 

for   2  s e c o n d s .   A f t e r   d r y i n g ,   the  l i g h t   r e s i s t a n c e   of  t h e  

d i p p e d   pape r   was  m e a s u r e d   u s i n g   the  xeon  fade   n e t e r .   The 

r e s u l t s   are   shown  in  Tab le   18  b e l o w .  



As  w i l l   be  seen   from  the  above  r e s u l t s ,   the   d i p p i n g  

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

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

Example  18 

LBKP  h a v i n g   a  f r e e n e s s   (C .S .F )   of  400  ml  was  used  a s  

s t a r t i n g   pu lp   to  which  were  added  10  wt%  of  t a l c ,   2  wt%  o f  

a  wet  s t r e n g t h   i m p r o v e r   and  0.5  wt%  of  a n t i o x i d a n t s   e a c h  

based   on  the  s o l i d   componen t   of  p u l p .   The  thus   added   p u l p s  

were  each  used  to  make  p a p e r s   wi th   a  b a s i s   w e i g h t   of  50  g /m2  

in  a  u s u a l   m a n n e r .  



Then,  an  ink  wi th   the  same  c o m p o s i t i o n   as  used  i n  

Example  17  was  used  and  a p p l i e d   on  the  thus   made  p a p e r s ,  

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

are  shown  in  Tab le   19  b e l o w .  

Thus,   the  i n c o r p o r a t i o n   of  the  a n t i o x i d a n t s   in  p a p e r  

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

Example  19 

Example  11  was  r e p e a t e d   u s i n g   v a r i o u s   UV  a b s o r b e r s ,  

wi th   the  r e s u l t s   shown  in  Tab le   20  be low,   in  which  t h e  



t h r e e   r e c o r d i n g   p a p e r s   are  i n d i c a t e d   as  A " ,   B "   and  C "  

c o r r e s p o n d i n g   to  r e c o r d i n g   p a p e r s   A,  B  and  C  of  Example  1 1 .  



These  r e s u l t s   show  t h a t   the  a d d i t i o n   of  the  UV 

a b s o r b e r s   is  e f f e c t i v e   in  i m p r o v i n g   the  l i g h t   r e s i s t a n c e .  

Example  20 

V a r i o u s   inks   composed  of  77  to  79  wt%  of  w a t e r ,   20 

wt%  of  e t h y l e n e   g l y c o l   and  1  to  3  wt%  of  v a r i o u s   dyes  w e r e  

made  and  a p p l i e d   on  a  r e c o r d i n g   paper   D'  which  was  made  by  

i n c o r p o r a t i n g   0.5  g/m2  of  2 - h y d r o x y - 4 - o c t o x y b e n z o p h e n o n e   a s  

UV  a  b s o r b e r   in  the  c o a t i n g   l a y e r   of  t he   r e c o r d i n g   p a p e r  

A " .   The  l i g h t   r e s i s t a n c e   was  m e a s u r e d   in  the  same  m a n n e r  

as  in  Example  19.  The  r e s u l t s   a re   shown  in  Tab le   21  b e l o w .  



Tab le   21  ( 1 )  

O p t i c a l   D e n s i t y   ( O . D . )  
R e c  
o r d i n g   Dye  I r r a d i a t i o n   I r r a d i a t i o n   O . D . ( 1 2   h r s ) /  
pape r   t ime  t ime  O . D . ( 0   h r )  

(0  hr)  (12  h r s )  

A "   C . I . B a s i c   0 .97  0 .37  0 . 3 8  
V i o l e t   14 

D"   "  0.99  0 .81  0 . 8 2  

A"   C . I . B a s i d   0.79  0 .46  0 . 5 8  
Blue  3  

D"   "  0 .83  0 .75  0 . 9 0  

A"   C . I . B a s i c   0.57  0.39  0 . 6 9  
Yel low  11 

D"  "  0.59  0 .51  0 . 8 6  

A"   C . I . B a s i c   0.79  0 .35  0 . 4 4  
Red  1 

D"   "  0.81  0 .70  0 . 8 6  

A"   C . I . B a s i c   0 .78  0.56  0 . 7 2  
Red  13 

D"   "  0.77  0 .68  0 . 8 8  

A"   C . I . B a s i c   0.51  0 .21  0 . 4 1  
Yel low  17 

D"   "  0.54  0 .41  0 . 7 6  

A"   C . I . A c i d   0.63  0.43  0 . 6 9  
Orange  7 

D"   "  0.63  0.58  0 . 9 2  

A"   C . I . A c i d   0.80  0 .38  0 . 4 7  
Red  88 

D"  "  0.77  0.69  0 . 9 0  

A"   C . I . A c i d   0.92  0.32  0 . 3 5  
V i o l e t   49 

D"   "  0.91  0.85  0 . 9 3  



The  i n f l u e n c e   of  the  b e n z o p h e n o n e   on  the  l i g h t  

r e s i s t a n c e   more  or  l e s s   depends   on  the  type   of  UV  a b s o r b e r  

but  good  r e s u l t s   are  o b t a i n e d   in  a l l   c a s e s .  

When  the  UV  a b s o r b e r s   are  a p p l i e d   by  the  s u r f a c e  

c o a t i n g   t e c h n i q u e ,   they  are  g e n e r a l l y   used  in  an  amount  o f  

0.1  to  10wt%  of  the  c o a t i n g   c o m p o s i t i o n   of  b i n d e r   a n d  



f i l l e r .   S i m i l a r l y   to  the   a n t i o x i d a n t s   and  c o m p o u n d s  

c a p a b l e   of  r e a c t i n g   wi th   dye,   l a r g e r   amounts   g ive   a n  

a d v e r s e   e f f e c t   on  the   r e c o r d i n g   c h a r a c t e r i s t i c s .  

Example  21 

A  c o m m e r c i a l l y   a v a i l a b l e   h igh   q u a l i t y   p a p e r   showing   a  

r e l a t i v e l y   h igh   d e g r e e   of  w a t e r   a b s o r p t i v i t y   was  used   a n d  

an  inkk  j e t   r e c o r d i n g   u s i n g   an  ink  of  C . I .   B a s i c   V i o l e t   10 

was  c o n d u c t e d   on  s u c h  p a p e r .   The  r e c o r d e d   pape r   was  t h e n  

d i p p e d   in  an  a c e t o n e   s o l u t i o n   of  each  of  UV  a b s o r b e r s   (2  

wt%)  and  d r i e d ,   a f t e r   which  i t   was  s u b j e c t e d   to  t h e  

m e a s u r e m e n t   of  l i g h t   r e s i s t a n c e .   The  r e s u l t s   are   shown  i n  

Tab le   22  b e l o w .  



As  w i l l   be  c l e a r   from  the  above  r e s u l t s ,   the  d i p p i n g  

method  is  e f f e c t i v e   in  i m p r o v i n g   the  l i g h t   r e s i s t a n c e .  

Exmple  22 

LBKP  h a v i n g   a  f r e e n e s s   (C .S .F )   of  400  ml  was  used  a s  

s t a r t i n g   pu lp   to  which  were  added  10wt%  of  t a l c ,   2  wt%  of  a  

wet  s t r e n g t h   i m p r o v e r   and  0.5  wt%  of  UV  a b s o r b e r s   e a c h  

based   on  the  s o l i d   component   of  p u l p .   The  t hus   added  p u l p  

were  used  to  make  p a p e r s   w i th   a  b a s i s   w e i g h t   of  50  g/m2  i n  

a  u s u a l   m a n n e r .  

Then  an  ink  wi th   the  same  c o m p o s i t i o n   as  used  i n  

Example  21  was  used  and  a p p l i e d   on  the  t h u s m a d e   p a p e r s ,  

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

are   shown  in  Tab le   b e l o w .  



The  UV  a b s o r b e r s   can  be  e f f e c t i v e l y   u t i l i z e d   even  b y  

the   i n t e r n a l   a p p l i c a t i o n   method  as  w i l l   be  a p p a r e n t l y   s e e n  

from  the  above  r e s u l t s .  



1.  An  ink  j e t   r e c o r d i n g   s h e e t   which  c o m p r i s e s   a  

paper   s u p p o r t   a p p l i e d   on  at  l e a s t   one  s u r f a c e   t h e r e o f   o r  

i n t e r n a l l y   wi th   a  c o m p o s i t i o n   c h a r a c t e r i z e d   in  t h a t   s a i d  

c o m p o s i t i o n   c o m p r i s e s   an  aqueous   d i s p e r s i o n   of  p o l y v i n y l -  

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

m i x t u r e   t h e r e o f   s e r v i n g   as  a  b i n d e r   or  s i z i n g   a g e n t  a n d   a  

wh i t e   f i l l e r ,   s a i d   w h i t e   f i l l e r   b e i n g   c o n t a i n e d   in  a  w e i g h t  

r a t i o   to  s a i d   b i n d e r   of  1 0  :   1  to  0 . 2  :   1  when  s a i d  

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

and  s a i d   c o m p o s i t i o n   c o m p r i s e s   10  to  60  p a r t s   by  w e i g h t   o f  

s a i d   w h i t e   f i l l e r   and  2  to  20  p a r t s   by  w e i g h t   of  s a i d  

b i n d e r   per  100  p a r t s   by  w e i g h t   of  pu lp   when  s a i d  

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

2.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  1 ,  

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

paper   s u p p o r t   in  an  amount  of  3  to  50  g/m2  on  a  dry  b a s i s .  

3.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  1 ,  

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

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

magnes ium  s i l i c a t e ,   t e r r a   a l b a ,   a c t i v a t e d   c l a y ,   m a g n e s i u m  

o x i d e ,   magnes ium  c a r b o n a t e   or  a l u m i n i u m   h y d r o x i d e   in  t h e  

form  of  a  p o w d e r .  



4.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  1 ,  

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

the  f i r s t - m e n t i o n e d   b i n d e r   r e s i n ,   s a i d   f i r s t - m e n t i o n e d  

b i n d e r   r e s i n   b e i n g   used  in  an  amount  of  at  l e a s t   20  wt%  o f  

the  c o m b i n a t i o n   when  the  s e c o n d - m e n t i o n e d   b i n d e r   r e s i n  

shows  wa t e r   a b s o r p t i v i t y   or  in  an  amount  of  at  l e a s t   33  wt% 

of  the  c o m b i n a t i o n   when  s a i d   s e c o n d - m e n t i o n e d   b i n d e r   r e s i n  

shows  l i t t l e   wa t e r   a b s o r p t i v i t y .  

5.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  1 ,  

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

the  f i l m   fo rmed   from  the  b i n d e r   r e s i n .  

6.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  1 ,  

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

a l c o h o l - s o l u b l e   r e s i n ,   which  shows  a  w a t e r   p r o o f   p r o p e r t y  

when  d r i e d   in  the  form  of  a  f i l m ,   in  an  amount  of  1  to  50 

wt%  of  a  c o m b i n a t i o n   wi th   the  b i n d e r   r e s i n ,   whereby   t h e  

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

7.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  1 ,  

f u r t h e r   c o m p r i s i n g   0.1  to  10  w t %  o f  a n   a n t i o x i d a n t ,   UV 

a b s o r b e r   or  compound  c a p a b l e   of  r e a c t i n g   wi th   dye,   so  t h a t  

the  l i g h t   r e s i s t a n c e   of  an  ink  to  be  a p p l i e d   on  t h e  

r e c o r d i n g   s h e e t   is  i m p r o v e d .  



8.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  7 ,  

w h e r e i n   the  a n t i o x i d a n t ,   UV  a b s o r b e r   or  compound  c a p a b l e   o f  

r e a c t i n g   wi th   dye  is  c o n t a i n e d   at  l e a s t   in  the  s u r f a c e  

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

9.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  Claim  7 ,  

w h e r e i n   the  a n t i o x i d a n t ,   UV  a b s o r b e r   or  compound  c a p a b l e   o f  

r e a c t i n g   wi th   dye  is  c o n t a i n e d   in  t h e  r e c o r d i n g   s h e e t .  

10.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  any  o f  

Claim  7  t h r o u g h   9,  w h e r e i n   the  compound  c a p a b l e   of  r e a c t i n g  

wi th   dye  is  p h o s p h o r u s   t u n g s t i c   a c i d ,   p h o s p h o r u s   m o l y b d i c  

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

11.  An  ink  j e t   r e c o r d i n g   s h e e t   a c c o r d i n g   to  c l a im   1 ,  

w h e r e i n   the  r a t i o   is  i n  t h e   r ange   of  from  1  :   1  to  2  :   1 .  
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