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©  Pressure-fixable  toner. 
A  pressure-fixable  toner,  suitable  for  use  in  developing 

electrostatic  latent  images  in  electrophotography,  comprises 
a  pigment  and  a  binder  medium  comprising,  based  on  the 
total  weight  of  the  binder  medium,  20  to  50%  by  weight  of  a 
wax  having  a  penetration  of  less  than  5,  7  to  24%  by  weight 
of  a  styrene  type  resin  or  hydrogenated  styrene  resin  and  37 
to  73%  by  weight  of  a  tough  thermoplastic  resin  containing 
an  amide  or  ester  group  at  a  concentration  of  50  to  1200 
milliequivalents  per  100  g  of  the  resin.  The  toner  can  take  the 
form  of  a  pressure-fixable  one-component  type  magnetic 
developer  comprising  40  to  300  parts  by  weight  of  a  finely 
divided  magnetic  material  as  the  pigment  per  100  parts  of 
binder  medium. 



TITLE:   PRESSURE-FIXABLE  TONER 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r e s s u r e - f i x i n g  

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

t o  a   p r e s s u r e - f i x i n g   t o n e r   w h i c h   shows  a  good  p r e s s u r e -  

f i x i n g   p r o p e r t y   even   to   p l a i n   p a p e r   by  a  h i g h   a n c h o r i n g  

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

r e s i s t a n c e   to   f r i c t i o n   or   b e n d i n g .  

C o n v e n t i o n a l   d r y   d e v e l o p e r s   f o r   use   in  e l e c t r o p h o t o -  

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

f i x i n g   d e v e l o p e r s   and  p r e s s u r e - f i x i n g   d e v e l o p e r s .   I n  

c a s e   of  t h e   f o r m e r   t y p e ,   a  t o n e r   image   i s   f i x e d   by  h e a t  

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

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

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

t h a t   a  f i x e d   i m a g e   f a s t   to   f r i c t i o n   or  b e n d i n g   can   b e  

o b t a i n e d .   H o w e v e r ,   a  c o n s i d e r a b l e   t i m e   i s   r e q u i r e d   f o r  

w a r m i n g   up  t h e   a p p a r a t u s   to   e l e v a t e   t h e   t e m p e r a t u r e   of   a  

h e a t i n g   e l e m e n t   to  a  l e v e l   h i g h   e n o u g h   to   m e l t   a  b i n d e r  

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

i s   no t   s u f f i c i e n t l y   s a t i s f i e d .   M o r e o v e r ,   a  l a r g e   q u a n t i t y  

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

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

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

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

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

i m a g e   can  be  f i x e d   by  p a s s i n g   a  copy   s h e e t   c a r r y i n g   t h e  

t o n e r   image  t h e r e o n   b e t w e e n   a  p a i r   of   p r e s s u r e - f i x i n g  

r o l l e r s ,   no  t i m e   i s   n e c e s s a r y   f o r   w a r m i n g   up  t h e   c o p y i n g  



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

r e l a t i v e l y   s i m p l e .   H o w e v e r ,   a  f i x e d   image  f o r m e d   b y  

u s i n g   a  known  p r e s s u r e - f i x i n g   t o n e r   i s   p o o r   in  t h e  

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

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

M o r e o v e r ,   a  c o p y   s h e e t   to  w h i c h   p r e s s u r e   f i x a t i o n   can   b e  

a p p l i e d   i s   l i m i t e d   to   c o a t e d   p a p e r   s u c h   as  Fax  p a p e r   o r  

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

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

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

w a x .   A  t o n e r   of  t h i s   t y p e ,   h o w e v e r ,   i s   p o o r   in  t h e   f i x i n g  

p r o p e r t y   and   a  f i x e d   image   is  r e a d i l y   p e e l e d   i f   a  c o p y   i s  

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

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

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

b l u r r i n g   and  b l a n k i n g   o f t e n   a p p e a r   in   t h e   f o r m e d   i m a g e  

a t   t h e   d e v e l o p i n g   s t e p .  

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

J a p a n e s e   P a t e n t   A p p l i c a t i o n   L a i d - O p e n   S p e c i f i c a t i o n   N o .  

1 7 7 3 9 / 7 4   p r o p o s e s   a  p r e s s u r e - f i x i n g   m a g n e t i c   t o n e r  

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

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

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

o f   a  h a r d   p o l y m e r - s u c h   as  p o l y s t y r e n e .   A c c o r d i n g   to   t h i s  

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

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

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

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

t h e   r e s i s t a n c e   of  t he   f i x e d   i m a g e   to   f r i c t i o n   or   b e n d i n g  

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



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

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

and  t r a n s f e r   of   t h e   t o n e r   image   to  t h e   r o l l e r   s u r f a c e ,  

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

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   S p e c i f i c a t i o n  

No.  5 0 0 4 2 / 7 5   p r o p o s e s   t h e   u s e   of  a  h o t - m e l t   c o m p o s i t i o n  

c o m p r i s i n g   50  t o   100  p a r t s   by  w e i g h t   of  a  wax  and   2  t o   5 0  

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

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

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

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

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

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

R e c e n t l y ,   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 5 5 0 2 / 8 1  

t e a c h e s   t h a t   when   a  r e s i n   c o m p o s i t i o n   c o m p r i s i n g   ( a )  

25  to   60 %  by  w e i g h t ,   b a s e d   on  t h e   t o t a l   b i n d e r ,   o f  a  

h y d r o g e n a t e d   s t y r e n e   r e s i n ,   (b)   15  to   45  %  by  w e i g h t   of  a  

wax  h a v i n g   a  m e l t i n g   p o i n t   h i g h e r   t h a n   60°C,   ( c )   10  t o  

30  %  by  w e i g h t   of   a  c o p o l y m e r   of  an  o l e f i n   w i t h   a  c a r b o n y l  

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

(d)   up  to  20  %  by  w e i g h t   of  an  e p o x y   r e s i n   as   an  o p t i o n a l  

c o m p o n e n t   i s   u s e d   as  t h e   b i n d e r   medium  of  a  m a g n e t i c  

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

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

e x c e l l e n t   in  t h e   a d a p t a b i l i t y   to  t h e   d e v e l o p i n g   and   f i x i n g  

o p e r a t i o n s   and  t h e   p r o p e r t i e s   of  t h e   f o r m e d   i m a g e .  

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

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

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

r e s i n ,   t h a t   i s ,   s o - c a l l e d   Fax  p a p e r ,   but   when  t h i s   t o n e r  



is   a p p l i e d   t o   p l a i n   p a p e r ,   t h e   f i x a b i l i t y   i s   low  and  p e e l i n g  

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

o r   b e n d i n g .  

I t   i s   t h e r e f o r e   a  p r i m a r y   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   a  p r e s s u r e - f i x i n g   t o n e r   w h i c h   s h o w s  

a  good  p r e s s u r e - f i x i n g   p r o p e r t y   even   to   p l a i n   p a p e r   b y  

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

h i g h   r e s i s t a n c e   to   f r i c t i o n   or  b e n d i n g .  

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

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

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

p r o p e r t i e s   to  p l a i n   p a p e r .  

S t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

r e s i s t a n c e   in  a d d i t i o n   t o   t h e   a b o v e   p r o p e r t i e s .  

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

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

f i x i n g   t o n e r   c o m p r i s i n g   a  c o m p o s i t i o n   c o n t a i n i n g   a  p i g -  

ment   and  a  b i n d e r   h a v i n g   a  p r e s s u r e - f i x i n g   p r o p e r t y ,  

w h e r e i n  t h e   b i n d e r   c o m p r i s e s   20  to   50  %  by  w e i g h t ,   b a s e d  

on  t h e   t o t a l   b i n d e r ,   of  a  wax  h a v i n g   a  p e n e t r a t i o n   of   l e s s  

t h a n   5,  7  t o   24 %  by  w e i g h t ,   b a s e d   on  t h e   t o t a l   b i n d e r ,  

o f   a  s t y r e n e   t y p e   r e s i n   or  h y d r o g e n a t e d   s t y r e n e   r e s i n   a n d  

37  to   73  %  by  w e i g h t ,   b a s e d   on  t h e   t o t a l   b i n d e r ,   of   a  

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

g r o u p   a t   a  c o n c e n t r a t i o n   of   50  t o   1200   m i l l i e q u i v a l e n t s  

p e r   1 0 0  g   of   t h e   r e s i n .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  



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

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

o f   t h e   a b o v e - m e n t i o n e d   b i n d e r   c o m p o s i t i o n   and  40  to   3 0 0  

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   d e t a i l .  

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

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

a  wax  h a v i n g   a  p e n e t r a t i o n   of  l e s s   t h a n   5,  a  s t y r e n e   r e s i n  

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

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

w e i g h t   r a t i o   shows  a  v e r y   s t r o n g   f i x i n g   p r o p e r t y   t o   p l a i n  

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

h a s   a  h i g h   f a s t n e s s   or  r e s i s t a n c e   to  f r i c t i o n   or  b e n d i n g .  

More  s p e c i f i c a l l y ,   i t   i s   i n d i s p e n s a b l e   t h a t   t h e  

b i n d e r   medium  t h a t   i s   u s e d   in  t h e   p r e s e n t   i n v e n t i o n  

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

5,  e s p e c i a l l y   2  to  4 . 5 ,   in  an  a m o u n t   of  20  to   50 %  b y  

w e i g h t ,   e s p e c i a l l y   25  to  40  %  by  w e i g h t .   T h i s   wax  is   a n  

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

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

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

t o u c h   to   t h e   c o p i e d   i m a g e .   I f  t h e   a m o u n t   of  t h e   wax  i s  

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

e f f e c t s   c a n n o t   be  a t t a i n e d ,   and  i f   t h e   a m o u n t   of  t h e  

wax  is   t o o   l a r g e   and  e x c e e d s   t h e   a b o v e   r a n g e ,   t h e   a n c h o r -  

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

t he   o b t a i n e d   copy  is   b e n t ,   t h e   b e n t   f i x e d   t o n e r   image   i s  

p e e l e d .  

The  b i n d e r   medium  s h o u l d   c o n t a i n   7  to  24 %  by  w e i g h t ,  

e s p e c i a l l y   10  to   20  %  by  w e i g h t ,   o f   a  b r i t t l e   t h e r m o p l a s t i c  



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

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

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

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

e x e r t   a  good  a n c h o r i n g   e f f e c t   and  show  an  e x c e l l e n t   f i x i n g  

p r o p e r t y .   I f   t h e   a m o u n t   of  t h e   s t y r e n e   r e s i n   or  h y d r o g e -  

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

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

g o o d   f i x a t i o n   can   be  a t t a i n e d .   I f   t he   a m o u n t   of   t h e  

s t y r e n e   r e s i n   or  h y d r o g e n a t e d   s t y r e n e   r e s i n   i s   t oo   l a r g e  

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

b e c o m e s   t o o   b r i t t l e   and  when  t h e   o b t a i n e d   copy   i s   b e n t ,  

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

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

t i o n   is   t h a t   t h e   b i n d e r   med ium  c o m p r i s e s   a  t o u g h   t h e r m o -  

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

t h e   m o l e c u l e   c h a i n   in   a  r e l a t i v e l y   l a r g e   a m o u n t   of   37  t o  

73 .%  by  w e i g h t ,   e s p e c i a l l y   45  t o   65  %  by  w e i g h t .  

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

p a p e r   is  r e q u i r e d   to   h a v e   a  s p e c i f i c   p r o p e r t y   q u i t e  

d i f f e r e n t   f rom  t h e   p r o p e r t y   r e q u i r e d   f o r   a  c o n v e n t i o n a l  

p r e s s u r e - f i x i n g   t o n e r   f o r   Fax  p a p e r .   More  s p e c i f i c a l l y ,  

i n   a  p r e s s u r e - f i x i n g   t o n e r   f o r   Fax  p a p e r   or  c o a t e d   p a p e r ,  

t h e   f i x e d   image   i s   h e l d   by  a  r e s i n   c o a t i n g   l a y e r   f o r m e d  

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

c a s e ,   even  i f   t h e   t o n e r   c o m p o s i t i o n   f o r   f o r m i n g   an  i m a g e  

i s   r e l a t i v e l y   b r i t t l e ,   p e e l i n g   of  t h e   f i x e d   i m a g e   i s  

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

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

f i x i n g   t o n e r   f o r   p l a i n   p a p e r ,   t h e   f i x e d   t o n e r   image   i s  



r e a d i l y   p e e l e d   or  b r o k e n   by  b e n d i n g   u n l e s s   t h e   t o n e r   i m a g e  

p e r   se  h a s   a  good   a d h e s i o n   to   t h e   f i b e r   t e x t u r e   of   t h e  

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

In   t h e   p r e s e n t   i n v e n t i o n ,   in   v i ew   of  t h e   f o r e g o i n g ,  

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

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

50  t o   1 2 0 0   m i l l i e q u i v a l e n t s ,   e s p e c i a l l y   80  t o   1 0 0 0  

m i l l i e q u i v a l e n t s ,   p e r   100  g  of  t h e   r e s i n   i s   i n c o r p o r a t e d  

i n t o   t h e   t o n e r   b i n d e r ,   w h e r e b y   t h e   a d h e s i o n   of   t h e   f i x e d  

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

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

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

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

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

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

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

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

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

i m a g e   i s   p e l l e d   by  b e n d i n g .   I f   t h e   amount   of  t h i s   r e s i n  

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

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

The  wax  t h a t   is  u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i s   a  

r e l a t i v e l y   h a r d   wax  h a v i n g   a  p e n e t r a t i o n   of  l e s s   t h a n   5 ,  

as   p o i n t e d   ou t   h e r e i n b e f o r e .   Most   of  o r d i n a r y   w a x e s ,   f o r  

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

w a x e s ,   f a t t y   a c i d   d e r i v a t i v e s   and  m i n e r a l   w a x e s   h a v e   a  

p e n e t r a t i o n   much  l a r g e r   t h a n   5.  I f   a  wax  h a v i n g   s u c h   a  

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

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

in  c o n t a c t   t h e r e w i t h   and  t h e   f a s t n e s s   i s   v e r y   p o o r .  



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

i s   i n c r e a s e d .   I f  a   wax  h a v i n g   a  p e n e t r a t i o n   of  l e s s   t h a n  

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

d e f e c t s   can  be  e l i m i n a t e d .  

The  wax  t h a t   is  u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i s  

e a s i l y   a v a i l a b l e   as  a  p o l y o l e f i n   wax  such   as   l o w - m o l e c u l a r -  

w e i g h t   p o l y e t h y l e n e   or  l o w - m o l e c u l a r - w e i g h t   p o l y p r o p y l e n e .  

F u r t h e r m o r e ,   F i s c h e r - T r o p s c h   wax  may  b e  u s e d   f o r  

a t t a i n i n g   t h e   o b j e c t s   o f   t h e   p r e s e n t   i n v e n t i o n .  

The  s t y r e n e   r e s i n   t h a t   i s   u s e d   in   t h e   p r e s e n t   i n v e n -  

t i o n   may  be  a  h o m o p o l y m e r   or  a  c o p o l y m e r   of   s t y r e n e   w i t h  

o t h e r   v i n y l   m o n o m e r .   I t   i s   p r e f e r r e d   t h a t   t h e   m a j o r i t y ,  

e s p e c i a l l y   a t   l e a s t   55  m o l e   %,  o f   t h e   c o n s t i t u e n t   m o n o m e r  

u n i t s   o f ' t h e   s t y r e n e   r e s i n   s h o u l d   c o n s i s t   of   s t y r e n e .  

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

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

t h e   s t y r e n e   c o p o l y m e r   be  an  a l k y l   a c r y l a t e   or   a l k y l  

m e t h a c r y l a t e   c o n t a i n i n g   an  a l k y l   g r o u p   h a v i n g   4  t o   8  

c a r b o n   a t o m s .   T h i s   a c r y l a t e   o r   m e t h a c r y l a t e   may  be  p r e s e n t  

in   an  a m o u n t   of   5  to   45  mole   %.  I t   i s   p r e f e r r e d   t h a t   t h e  

m o l e c u l a r   w e i g h t   o f   t h e   s t y r e n e   r e s i n   be  1000   to   1 0 0 0 0 0 ,  

e s p e c i a l l y   5000   to  8 0 0 0 0 .  

As  t h e   b r i t t l e   r e s i n   c o m p o n e n t   to   be  i n c o r p o r a t e d  

in  t h e   b i n d e r ,   a  h y d r o g e n a t e d   s t y r e n e   r e s i 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 5 5 0 2 / 8 1   m e n t i o n e d   a b o v e  

may  be  u s e d   s i n g l y   or  in  c o m b i n a t i o n   w i t h   a  s t y r e n e   r e s i n .  

T h i s   h y d r o g e n a t e d   r e s i n   is   o b t a i n e d   by  c o m p l e t e l y   o r  

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

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

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



w h e r e i n   r i n g   H  i s   a  s a t u r a t e d   6 - m e m b e r e d   r i n g ,   n  i s  

an  i n t e g e r   of  a t   l e a s t   1  and  m  i s   z e r o   or  an  i n t e g e r  

of  a t   l e a s t   1 .  

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

s t y r e n e   r e s i n ,   t h a t   i s ,   t h e   r a t i o   1 0 0 n / ( n + m )   in  t h e   a b o v e  

f o r m u l a   ( 1 ) ,   i s   p r e f e r a b l y   a t   l e a s t   30  %,  e s p e c i a l l y   a t  

l e a s t   50  %.  The  m o l e c u l a r   w e i g h t   of  t he   r e s i n   i s   n o t  

p a r t i c u l a r l y   c r i t i c a l ,   b u t   f rom  t he   v i e w p o i n t   of   t h e  

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

w e i g h t   be  in  t h e   r a n g e   o f   f rom  500  t o   1 0 0 0 .   From  t h e  

v i e w p o i n t   of  t h e   p r e s s u r e - f i x i n g   p r o p e r t y ,   i t   a l s o   i s  

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

r e s i n   be  in  t h e   r a n g e   o f   f rom  85  to   1 5 0 ° C .   H y d r o g e n a t e d  

r e s i n s   a r e   m a r k e t e d   by  Arakawra  R i n s a n   K a g a k u   Kogyo  K a b u s h i k i  

K a i s h a ,   and  a  h y d r o g e n a t e d   s t y r e n e   r e s i n   h a v i n g   a  

h y d r o g e n a t i o n   d e g r e e   o f   100  %  i s   a v a i l a b l e   u n d e r   t h e  

t r a d e n a m e   of  "  Ankon  P  "  and  a  h y d r o g e n a t e d   s t y r e n e   r e s i n  

h a v i n g   a  h y d r o g e n a t i o n   d e g r e e   of   50 %  i s   a v a i l a b l e   u n d e r  

t h e   t r a d e n a m e   of  "  A r k o n   M  ".   O r d i n a r i l y ,   t h e   f o r m e r  

h y d r o g e n a t e d   s t y r e n e   r e s i n   i s   p r e f e r r e d .  

In  v i e w   of  t h e   p r e s s u r e - f i x i n g   p r o p e r t y ,   t h e   t o u g h  

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

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

at   t h e   a b o v e - m e n t i o n e d   c o n c e n t r a t i o n .   I f   t h e   c o n c e n t r a t i o n  

of  t h e   amide   or  e s t e r   g r o u p s   i s   t o o   low  and  i s   b e l o w   t h e  

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

d e g r a d e d ,   and  i f   t h e   c o n c e n t r a t i o n   i s   t oo   h i g h   a n d  



e x c e e d s   t h e   a b o v e   r a n g e ,   no  good  p r e s s u r e - f i x i n g   p r o p e r t y  

can  be  o b t a i n e d .  

I n c i d e n t a l l y ,   by  t h e   t e r m   "  t o u g h   "  u s e d   in  t h e  

i n s t a n t   s p e c i f i c a t i o n   i s   m e a n t   h a v i n g   a  h i g h   t o u g h n e s s   " .  

N a m e l y ,   by  t h e   t e r m   "  t o u g h   r e s i n   "  i s   m e a n t   a  r e s i n   i n  

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

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

is   t h e   b e n d i n g   t e s t .  

As  t h e   r e s i n   s a t i s f y i n g   t h i s   r e q u i r e m e n t ,   t h e r e   c a n  

be  m e n t i o n e d   a  p o l y a m i d e   r e s i n ,   a  p o l y e s t e r   r e s i n   and  a  

c o p o l y m e r   of  an  o l e f i n   w i t h   a  v i n y l   e s t e r   or   a c r y l a t e  

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

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

by  c o n d e n s a t i o n   of  a  p o l y m e r i z e d   f a t t y   a c i d   (  d i m e r   a c i d  )  

or  a  m i x t u r e   o f   a  p o l y m e r i z e d   f a t t y   a c i d   and   an  o r d i n a r y  

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

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

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

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

"  V e r s a m i d   "  (  s u p p l i e d   by  H e n c k e l - J a p a n ) .  

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

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   a  v i n y l   a c e t a t e  

c o n t e n t   of  5  to   30  ; ;   by  w e i g h t ,   p a r t i c u l a r l y   10  to   2 5  %  

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

an  a c r y l i c   or  m e t h a c r y l i c   a c i d   e s t e r   may  be  u s e d .  

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

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

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

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

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



a c i d .  

A c c o r d i n g   to  an  e s p e c i a l l y   p r e f e r r e d   e m b o d i m e n t   o f  

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

and  an  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   i s   u s e d   as  t h e  

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

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

t h e   f i x e d   i m a g e ,   and  t h 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 s e r  

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

t h e   r e s i n   and  wax  c o m p o n e n t s .   In  v i e w   of   t h e s e   e f f e c t s ,  

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

a m o u n t   of  25  to   50 %  by  w e i g h t   b a s e d   on  t h e   b i n d e r   a n d  

t h 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   be  u s e d   in  an  a m o u n t  

o f   10  t o   35  %  by  w e i g h t   b a s e d   on  t h e   b i n d e r .  

A  p i g m e n t   f o r   c o l o r i n g   t h e   t o n e r   or   r e n d e r i n g   t h e  

t o n e r   m a g n e t i c   or  e l e c t r i c a l l y   c o n d u c t i v e   may  be  i n c o r -  

p o r a t e d   i n t o   t h e   t o n e r   of   t h e   p r e s e n t   i n v e n t i o n .  

P r e f e r r e d   p i g m e n t s   t h a t   can  be  u s e d   in  t h e   p r e s e n t  

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

b l a c k ,   lamp  b l a c k   and  A n i l i n e   B l a c k ,   y e l l o w   p i g m e n t s   s u c h  

a s   c h r o m e   y e l l o w ,   z i n c   y e l l o w ,   cadmium  y e l l o w ,   y e l l o w  i r o n  

o x i d e ,   M i n e r a l   F a s t   Y e l l o w ,   n i c k e l - t i t a n i u m   y e l l o w ,   n a n l e s  

y e l l o w ,   N a p h t h o l   Y e l l o w   S,  H a n s a   Y e l l o w   G,  H a n s a   Y e l l o w  

10G,  B e n z i d i n e   Y e l l o w   G,  B e n z i d i n e   Y e l l l o w   GR,  Q u i n o l i n e  

Y e l l o w   L a k e ,   P e r m a n e n t   Y e l l o w   NCG  and  T a t r a z i n e   Y e l l o w  

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

o r a n g e ,   P e r m a n e n t   O r a n g e   GTR,  P y r a z o l o n e   O r a n g e ,   V u l c a n  

O r a n g e ,   I n d a n t h r e n e   B r i l l i a n t   O r a n g e   RK,  B e n z i d i h e  O r a n g e  

G  and  I n d a n t h r e n e   B r i l l i a n t   O r a n g e   GK,  r e d   p i g m e n t s   s u c h  

as  r e d   i r o n   o x i d e ,   cadmium  r e d ,   red   l e a d ,   c a d m i u m - m e r c u r y  

s u l f i d e ,   P a r m a n e n t   Red  4R,  L i t h o l   Red ,   P y r a z o l o n e   R e d ,  



W a t c h u n g   Red  c a l c i u m   s a l t ,   Lake  Red  D,  B r i l l i a n t   C a r m i n e  

6B,  E o s i n e   L a k e ,   R h o d a m i n e   Lake  B,  A l i z a r i n e   Lake  a n d  

B r i l l i a n t   C a r m i n e   3B,  v i o l e t   p i g m e n t s   such   as   m a n g a n e s e  

v i o l e t ,   F a s t   v i o l e t   B  a n d   M e t h y l   V i o l e t   L a k e ,   b l u e   p i g -  

m e n t s   such   as  p r u s s i a n   b l u e ,   c o b a l t   b l u e ,   A l k a l i   B l u e  

L a k e ,   V i c t o r i a   B l u e   L a k e ,   P h t h a l o c y a n i n e   B l u e ,   m e t a l - f r e e  

P h t h a l o c y a n i n e   B l u e ,   p a r t i a l l y   c h l o r i n a t e d   P h t h a l o c y a n i n e  

B l u e ,   F a s t   Sky  B l u e   and  I n d a n t h r e n e   B lue   BC,  g r e e n   p i g -  

m e n t s   such  as  c h r o m e   g r e e n ,   c h r o m i u m   o x i d e ,   P i g m e n t  

G r e e n   B , . M a l a c h i t e   G r e e n   Lake   and  F a n a l   Y e l l o w   G r e e n   G,  

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

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

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

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

a c i d   d y e s ,   d i s p e r s e   d y e s ,   d i r e c t   dyes   and  t h e   l i k e  )  

s u c h   as  N i g r o s i n e ,   M e t h y l e n e   B l u e ,   Rose  B e n g a l e ,   Q u i n o l i n e  

Y e l l o w   and  U l t r a m a r i n e   B l u e .  

.  I t   is   p r e f e r r e d   t h a t   t h e   p i g m e n t   or   e x t e n d e r   p i g m e n t  

be  u s e d   in  an  a m o u n t   of   up  t o   30  %  by  w e i g h t ,   e s p e c i a l l y  

up  t o   25  % by  w e i g h t ,   b a s e d   on  t h e   b i n d e r   m e d i u m .  

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

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

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

In  t h i s   e m b o d i m e n t ,   40  t o   300   p a r t s   by  w e i g h t ,   e s p e c i a l l y  

70  t o   150  p a r t s   by  w e i g h t ,   of   a  m a g n e t i c   p i g m e n t ,   t h a t   i s ,  

a  f i n e l y   d i v i d e d   m a g n e t i c   m a t e r i a l ,   i s   m i x e d   w i t h   1 0 0  

p a r t s   by  w e i g h t   o f   t h e   b i n d e r .   As  t h e   f i n e l y   d i v i d e d  

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

t e t r o x i d e   ( F e 3 0 4 ) ,   d i i r o n   t r i o x i d e   ( Y - F e 2 O 3 ) ,   z i n c   i r o n  



o x i d e   ( Z n F e 2 O 4 ) ,   y t t r i u m   i r o n   o x i d e   ( Y 3 F e 5 0 1 2 ) ,   c a d m i u m  

i r o n   o x i d e   ( C d F e 2 0 4 ) ,   g a d o l i n i u m   i r o n   o x i d e   ( G d 3 F e 5 O 1 2 ) ,  

c o p p e r   i r o n   o x i d e   ( C u F e 2 0 4 ) ,   l e a d   i r o n   o x i d e   ( P b F e 1 2 0 1 9 ) ,  

n i c k e l   i r o n   o x i d e   ( N i F e 2 O 4 ) ,   n e o d i u m   i r o n   o x i d e   ( N d F e 0 3 ) ,  

b a r i u m   i r o n   o x i d e   ( B a F e 1 2 O 1 9 ) ,   m a g n e s i u m   i r o n   o x i d e  

( M g F e 2 O 4 ) ,   m a n g a n e s e   i r o n   o x i d e  ( M n F e 2 O 4 ) ,   l a n t h a n u m   i r o n  

o x i d e   ( L a F e O 3 ) ,   i r o n   p o w d e r   ( F e ) ,   c o b a l t   p o w d e r   ( C o )  

and  n i c k e l   p o w d e r   ( N i ) .   T r i i r o n   t e t r o x i d e   (  m a g n e t i t e  )  

i s   e s p e c i a l l y   p r e f e r r e d .  

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

and  c o n d u c t i v e   m e t a l   p o w d e r   may  be  u s e d .  

When  the   e l e c t r o s c o p i c   p r o p e r t y   i s   r e q u i r e d   as  i n  

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

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

a g e n t   such   as  a  m e t a l - c o n t a i n i n g   dye  or  a  p o s i t i v e  

c h a r g e   c o n t r o l   a g e n t   s u c h   as  an  o i l - s o l u b l e   dye  may  b e  

i n c o r p o r a t e d   i n t o   t o n e r   p a r t i c l e s .  

.  The  t o n e r   of   t h e   p r e s e n t   i n v e n t i o n   may  be  p r e p a r e d  

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

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

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

to   n e e d .   In   o r d e r   to   i m p r o v e   t h e   f l o w a b i l i t y   of  t h e   o b t a i n e d  

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

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

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

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

I t   i s   p r e f e r r e d   t h a t   t h e   t o n e r   of  t h e   p r e s e n t  

i n v e n t i o n   s h o u l d   h a v e   a  p a r t i c l e   s i z e   of   5  to   30  m i c r o n s ,  

e s p e c i a l l y   10  to   20  m i c r o n s .  

As  w i l l   r e a d i l y   be  u n d e r s t o o d   f rom  t h e   r e s u l t s   o f  



E x a m p l e s   g i v e n   h e r e i n a f t e r ,   t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

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

c l e a r   and  s h a r p   image   e x c e l l e n t   in  t he   f i x i n g   p r o p e r t y  

and  f a s t n e s s   can   be  o b t a i n e d   by  t r a n s f e r r i n g   a  t o n e r   i m a g e  

o n t o   p l a i n   p a p e r   and  f i x i n g   t h e   t r a n s f e r r e d   image   u n d e r  

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

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

t h e   p r e s e n t   i n v e n t i o n   i s   a p p l i e d   to   a  t o n e r   of  an  o r d i n a r y  

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

o n e - c o m p o n e n t   t y p e   m a g n e t i c   t o n e r .  

The  p r e s e n t   i n v e n t i o n   w i l l n o w   be  d e s c r i b e d   i n  

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

no  means   l i m i t   t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .  

E x a m p l e   1  

A  m i x t u r e   h a v i n g   t h e   a b o v e   c o m p o s i t i o n   was  s u f f i c i e n t l y  

m o l t e n   and   k n e a d e d   by  a  h o t   t h r e e - r o l l   m i l l ,   and   t h e  

k n e a d e d   m i x t u r e   was  c o o l e d   and   r o u g h l y   p u l v e r i z e d   t o  

a b o u t   2  mm  by  a  r o u g h   p u l v e r i z e r   (  R o t o p l e x   c u t t i n g   m i l l  



s u p p l i e d   by  A l p i n e   C o . ) .   The  r o u g h l y   p u l v e r i z e d   p r o d u c t  

was  t h e n   f i n e l y   p u l v e r i z e d   by  an  u l t r a s o n i c   j e t   m i l l  

(  s u p p l i e d   by  N i p p o n   P n e u m a t i c   Mfg.  C o . ,   L t d .  )   to   o b t a i n  

a  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of  a b o u t   10  to   a b o u t   20  µ .  

The  b b t a i n e d   t o n e r   was  s p r i n k l e d   w i t h   0 .5   %  of   s i l i c a  

(  R - 9 7 2   s u p p l i e d   by  N i p p o n   A e r o s i l   K . K .  ) .   T h i s   t o n e r   w a s  

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

(  M o d e l   MC-20  s u p p l i e d   by  M i t a   I n d u s t r i a l   C o . ,   L t d .   ) ,  

and  t h e   c o p y i n g   o p e r a t i o n   was  c a r r i e d   ou t   by  u s i n g   v a r i o u s  

k i n d s   of   p l a i n   p a p e r s .   C l e a r   c o p i e s   h a v i n g   no  f o g   w e r e  

o b t a i n e d .   T h e s e   copy  s a m p l e s   we re   s u b j e c t e d   to   t h e  

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

(1)   F r i c t i o n   T e s t :  

A  f r i c t i o n   c l o t h   was  b e n t   a t   an  a n g l e   o f   90°  a n d  

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

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

t h e   c o p i e d   f a c e   in   c o n t a c t   w i t h   t h e   c l o t h   f a c e .   The  i m a g e  

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

by  Tokyo  D e n s h o k u   K . K .  )   and   t h e   r a t i o   of   t h e   m e a s u r e d  

d e n s i t y   to  t he   d e n s i t y   m e a s u r e d   in   a d v a n c e   (  t h e   d e n s i t y  

o f   t h e   copy  b e f o r e   t h e   t e s t  )   was  d e t e r m i n e d .   The  t o n e r  

r e s i d u a l   r a t i o   was  99  to   100   %.  

(2 )   Tape   P e e l   T e s t :  

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

u n d e r   a  c e r t a i n   p r e s s u r e ,   and  t h e   t a p e   was  p e e l e d   a t   a  

c e r t a i n   s p e e d   and  the   r e s i d u a l   d e n s i t y   was  m e a s u r e d .  

The  r a t i o   of  t h e   r e s i d u a l   d e n s i t y   to  t h e   d e n s i t y   b e f o r e  

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

60  to   70  %.  

(3)  B e n d i n g   T e s t :  



The  s a m p l e   was  r e c i p r o c a t i v e l y   moved  a t   a  c e r t a i n  

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

b e n t   a t   an  a n g l e   of   90°  in   t h e   s t a t e   w h e r e   t h e   c o p i e d  

f a c e   was  k e p t   in   c o n t a c t   w i t h   t h e   m e t a l   s u r f a c e .   T h e  

m e a s u r e m e n t   was  c a r r i e d   out   in  t h e   same  way  as  a t   t h e  

t e s t   ( 1 ) .   The  t o n e r   r e s i d u a l   r a t i o   was  90  to   97  %.  

E x a m p l e   2 

A  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of  10  to   2 0  µ   w a s  

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

t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1.  The  o b t a i n e d  

t o n e r   was  s p r i n k l e d   w i t h   0 .5   %  of   s i l i c a   ( R - 9 7 2 ) .   T h e  

t o n e r   was  c h a r g e d   in   t h e   same  c o p y i n g   m a c h i n e   ( M o d e l  

MC-20)   as  u s e d   in   E x a m p l e   1  and  t h e   c o p y i n g   o p e r a t i o n   w a s  

c a r r i e d   out   by  u s i n g   v a r i o u s   k i n d s   o f   p l a i n   p a p e r s .  

C l e a r   and  s h a r p   c o p i e s   h a v i n g   no  fog   w e r e   o b t a i n e d .  

The  t h r e e   t e s t s   were   c o n d u c t e d   on  t h e   o b t a i n e d   c o p i e s  

in   t h e   same  m a n n e r  a s   d e s c r i b e d   in   E x a m p l e   1.  The  t o n e r  

r e s i d u a l   r a t i o s   w e r e   99  to   100  %  a t   t h e   t e s t   ( 1 ) ,   57  t o  

72  %  a t   t he   t e s t   (2)   and  90  t o   95  %  a t   t h e   t e s t   ( 3 ) .  

E x a m p l e   3 



A  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of  10  t o   2 0  µ   w a s  

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

t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1.  T h e n ,   50  g  

o f   t h e   t o n e r   was  mixed   w i t h   950  g  of  an  i r o n   p o w d e r   c a r r i e r  

(KMPF-402S   s u p p l i e d   by  M i t s u b i s h i   K a s e i   Kogyo  K . K . )   t o  

o b t a i n   a  d e v e l o p e r .   The  d e v e l o p e r   was  c h a r g e d   in   a  

c o p y i n g   m a c h i n e   (Model   DC-131  s u p p l i e d   by  M i t a   I n d u s t r i a l  

C o . ,   L t d . )   i n  w h i c h   the   f i x i n g   zone   had  b e e n   r e p l a c e d   b y  

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

c a r r i e d   to   o b t a i n   a  c l e a r   and  s h a r p   copy  h a v i n g   no  f o g .  

The  t h r e e   t e s t s   were   c o n d u c t e d   on  t he   o b t a i n e d   c o p y  

in  t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1.  The  t o n e r  

r e s i d u a l   r a t i o s   were   99  to   100  %  a t   t h e   t e s t   ( 1 ) ,   65  t o  

75 %  a t   t h e   t e s t   (2)  and  85  to   89  %  at   t h e   t e s t   ( 3 ) .  

E x a m p l e   4  

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



t h e   same  m a n n e r   as   d e s c r i b e d   in   E x a m p l e   1.  The  t o n e r  

was  s p r i n k l e d   w i t h   0 . 5   %  of   c a r b o n   b l a c k   (  P r i n t e x   L  ) .  

The  t o n e r   was  c h a r g e d   in  a  c o p y i n g   m a c h i n e   (  M o d e l  

900D  s u p p l i e d   by  M i t a   I n d u s t r i a l   Co . ,   L t d .  )   and   t h e  

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

c o p y   h a v i n g   no  fog   was  o b t a i n e d .  

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

in  t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1 .   The  t o n e r  

r e s i d u a l   r a t i o s   w e r e   99  t o   100  %  a t   t h e   t e s t , ( 1 ) ,   85  t o  

90  %  a t   t h e   t e s t   (2)   and   99  to   100 %  a t   t h e   t e s t   ( 3 ) .  

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

A  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of  10  t o   2 0  µ   w a s  

p r e p a r e d   f rom  a  m i x t u r e   h a v i n g   t h e   a b o v e   c o m p o s i t i o n .  

The  t o n e r   was  s p r i n k l e d   w i t h   0 . 5   %  of  s i l i c a   (  R - 9 7 2  ) .  

The  t o n e r   was  c h a r g e d   in   a  c o p y i n g   m a c h i n e   M o d e l  

MC-20  s u p p l i e d   by  M i t a   I n d u s t r i a l   Co . ,   L t d .  )   and  t h e  

c o p y i n g   o p e r a t i o n   was  c a r r i e d   o u t   by  u s i n g   v a r i o u s   k i n d s  

of   p l a i n   p a p e r s .   C l e a r   and  s h a r p   c o p i e s   w e r e   o b t a i n e d .  

The  t h r e e   t e s t s   w e r e   c o n d u c t e d   on  t h e   o b t a i n e d   c o p i e s  

in   t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1.   The  t o n e r  

r e s i d u a l   r a t i o s   w e r e   78  t o   81  %  a t   t h e   t e s t   ( 1 ) ,   32  t o  

38  %  a t   t he   t e s t   (2)  and  96  to   99  %  a t   t h e   t e s t   ( 3 ) .  

The  r e s i s t a n c e   to   f r i c t i o n   and  t a p e   p e e l i n g   was  p o o r .  

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



A  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of  10  to   20  µ   w a s  

p r e p a r e d   f rom  a  m i x t u r e   h a v i n g   t h e   a b o v e   c o m p o s i t i o n .  

The  t o n e r   was  s p r i n k l e d   w i t h   0 .5   %  of  s i l i c a   (  R - 9 7 2  ) .  

The  t o n e r   was  c h a r g e d   in  a  c o p y i n g   m a c h i n e   (  Model   M C - 2 0  

s u p p l i e d   by  M i t a   I n d u s t r i a l   C o .  )   and  t h e   c o p y i n g   o p e r a t i o n  

was  c a r r i e d   ou t   by  u s i n g   v a r i o u s   k i n d s   of   p l a i n   p a p e r s .  

The  o f f s e t   p h e n o m e n o n   was  c a u s e d .  

The  t h r e e   t e s t s   w e r e   c o n d u c t e d   on  t h e   o b t a i n e d  

c o p i e s   in  t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1.  T h e  

t o n e r   r e s i d u a l   r a t i o s   w e r e   68  to   73  %  a t   t h e   t e s t   ( 1 ) ,  

80  t o   90  %  a t   t h e   t e s t   (2)   and  93  to   98 %  a t   t h e   t e s t   ( 3 ) .  

The  r e s i s t a n c e   t o   f r i c t i o n   was  v e r y   p o o r .  

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

A  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of  10  t o   2 0  p  w a s  

p r e p a r e d   f rom  a  m i x t u r e   h a v i n g   t h e   a b o v e   c o m p o s i t i o n .  

The  t o n e r   was  s p r i n k l e d   w i t h   0 .5   %  of  s i l i c a   (  R - 9 7 2  ) .  

The  t o n e r   was  c h a r g e d   in  a  c o p y i n g   m a c h i n e   (  Mode l   MC-20  

s u p p l i e d   by  M i t a   I n d u s t r i a l   C o .  )   and  t h e   c o p y i n g  

o p e r a t i o n   was  c a r r i e d   o u t   by  u s i n g   v a r i o u s   k i n d s   o f  

t r a n s f e r   s h e e t s .   C l e a r   and  s h a r p   c o p i e s   h a v i n g   no  f o g  

w e r e  o b t a i n e d .  

The  t h r e e   t e s t s   w e r e   c o n d u c t e d   on  t h e   o b t a i n e d   c o p i e s  

in   t he   same  m a n n e r   as   d e s c r i b e d   in   E x a m p l e   1 .  T h e   t o n e r  



r e s i d u a l   r a t i o s   we re   99  to   100  %  a t   t h e   t e s t   ( 1 ) ,   28  t o  

33  %  a t   t h e   t e s t   (2)  and  91  to   97  %  a t   t h e   t e s t   ( 3 ) .  

The  r e s i s t a n c e   to   t a p e   p e e l i n g   was  v e r y   p o o r .  

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

A  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of   10  t o   2 0  µ   w a s  

p r e p a r e d   f rom  a  m i x t u r e   h a v i n g   t h e   a b o v e   c o m p o s i t i o n .  

The  t o n e r   was  s p r i n k l e d   w i t h   0 . 5  %   of   s i l i c a   (  R - 9 7 2  ) .  

The  t o n e r   was  c h a r g e d   in   a  c o p y i n g   m a c h i n e   (  Mode l   M C - 2 0  

s u p p l i e d   by  M i t a   I n d u s t r i a l   C o . ,   L t d .  )   and   t he   c o p y i n g  

o p e r a t i o n   was  c a r r i e d   o u t   by  u s i n g   v a r i o u s   k i n d s   o f  

t r a n s f e r  s h e e t s .   C l e a r   and  s h a r p   c o p i e s   h a v i n g   no  f o g  

w e r e   o b t a i n e d .  

The  t h r e e   t e s t s   w e r e   c o n d u c t e d   on  t h e   o b t a i n e d  

c o p i e s   in   t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1 .  

T h e  t o n e r   r e s i d u a l   r a t i o s   w e r e   90  to   95  %  a t   t h e   t e s t  

( 1 ) ,   55  to   60  %  a t   t h e   t e s t   (2)   and  55  t o   65 %  a t   t h e   t e s t  

( 3 ) .   The  r e s i s t a n c e   to   b e n d i n g   was  v e r y   p o o r .  

C o m p a r a t i v e   E x a m p l e   5  

A  t o n e r   h a v i n g   a  p a r t i c l e   s i z e   of  10  t o   20  µ   w a s  

p r e p a r e d   f rom  a  m i x t u r e   h a v i n g   t h e   a b o v e   c o m p o s i t i o n .  

The  t o n e r   was  s p r i n k l e d   w i t h   0 .5   %  of  s i l i c a   (  R - 9 7 2  ) .  

The  t o n e r   was  c h a r g e d   in  a  c o p y i n g   m a c h i n e   (  Model   M C - 2 0  



s u p p l i e d   by  M i t a   I n d u s t r i a l   C o . ,   L t d .  )   and  t he   c o p y i n g  

o p e r a t i o n   was  c a r r i e d   out   by  u s i n g   v a r i o u s   k i n d s   o f  

p l a i n   p a p e r s .   C l e a r   and  s h a r p   c o p i e s   w e r e   o b t a i n e d .  

The  t h r e e   t e s t s   were   c o n d u c t e d   on  t h e   o b t a i n e d  

c o p i e s   in  t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1 .  

The  t o n e r   r e s i d u a l   r a t i o s   were   80  to   85 %  at   t h e   t e s t  

( 1 ) ,   60  to   65  %  a t   t h e   t e s t   (2)   and  70  to   75  %  a t   t h e  

t e s t   ( 3 ) .   The  r e s i s t a n c e   to   f r i c t i o n   and  b e n d i n g  

was  p o o r .  



1.  A  p r e s s u r e - f i x a b l e   t o n e r   c o m p r i s i n g   a  

p i g m e n t   and  a  b i n d e r   m e d i u m ,   s a i d   b i n d e r   m e d i u m  

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

20  to   50%  by  w e i g h t   of   a  wax  h a v i n g   a  p e n e t r a t i o n   o f  

l e s s   t h a n   5,  7  to   24%  by  w e i g h t   of   a  s t y r e n e   t y p e   r e s i n  

o r   h y d r o g e n a t e d   s t y r e n e   r e s i n   and   37  to   73%  by  w e i g h t  

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

e s t e r   g r o u p   a t   a  c o n c e n t r a t i o n   of   50  to   1200  m i l l i -  

e q u i v a l e n t s   p e r   100  g  of   t h e   r e s i n .  

2.  A  t o n e r   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   t h e  

wax  i s   a  p o l y o l e f i n   w a x .  

3.  A  t o n e r   a c c o r d i n g   to   c l a i m   1  or   2,  w h e r e i n  

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

r e s i n .  

4.  A  t o n e r   a c c o r d i n g   to   any  one  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   t o u g h   t h e r m o p l a s t i c   r e s i n   c o m p r i s e s  

an  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 .  

5.  A  t o n e r   a c c o r d i n g   t o   any  one  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   t o u g h   t h e r m o p l a s t i c   r e s i n   i s   a  

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

an  a m o u n t   of   25  to   50%  by  w e i g h t   b a s e d   on  t h e   t o t a l  

w e i g h t   of  t h e   b i n d e r   m e d i u m   and  t h 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   i s   p r e s e n t   i n   an  a m o u n t   of   10  to   35% 

by  w e i g h t   b a s e d   on  t h e   t o t a l   w e i g h t   of   t h e   b i n d e r  

m e d i u m .  



6.  A  t o n 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 i c h   c o m p r i s e s   40  to   300  p a r t s   by  w e i g h t   of   a  

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

100  p a r t s   by  w e i g h t   of  t h e   b i n d e r   m e d i u m .  

7.  Use  of  a  t o n e r   as  c l a i m e d   in   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   f o r   t h e   d e v e l o p m e n t   of  e l e c t r o s t a t i c  

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