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BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the  I n v e n t i o n  

This   i n v e n t i o n   r e l a t e s   to  e l e c t r o s t a t i c   r e c o r d i n g   a n d  

more  p a r t i c u l a r l y ,   to  a  method  for   making  m a g n e t i c   t o n e r s   f o r  

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

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

D e s c r i p t i o n   of  the  P r i o r   A r t  

M a g n e t i c   t o n e r s   are  u s u a l l y   composed  of  b i n d e r   r e s i n s ,  

m a g n e t i c   m a t e r i a l s ,   r e s i s t a n c e - a d j u s t i n g   a g e n t s   a n d  

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

t o n e r s   have  the  a d v a n t a g e   t h a t   no  c o n t r o l   in  c o n c e n t r a t i o n   o f  

m a g n e t i c   t o n e r   is  r e q u i r e d   b e c a u s e   no  c a r r i e r   is  c o n t a i n e d  

and  use  of  the  t o n e r   a l l o w s   a  s i m p l e r   c o n s t r u c t i o n   o r  

mechanism  of  d e v e l o p i n g   d e v i c e .   In  o r d e r   to  s u i t a b l y   c o n t r o l  

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

c o n d u c t i v e   p a r t i c l e s   such  as  of  c a rbon   b l a c k   in  i n d i v i d u a l  

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

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

the  l a t t e r   c a s e .  

T y p i c a l   methods   of  f o rming   a  c o n d u c t i v e   l a y e r   i n c l u d e :  

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

m a t r i x   p a r t i c l e s   t o g e t h e r   in  a  s t r eam  of  hot  a i r   such  as  i n  



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

p a r t i c l e s   on  the  s u r f a c e   of  each  m a t r i x   p a r t i c l e   to  form  a  

c o n d u c t i v e   l a y e r   t h e r e o n ;   a n d  

b)  Mixing  c o n d u c t i v e   p a r t i c l e s   and  m a g n e t i c   m a t r i x  

p a r t i c l e s   in  a  r o t a r y   drum  to  form  a  c o n d u c t i v e   l a y e r   on  e a c h  

m a t r i x   p a r t i c l e .  

However,   t h e s e   methods   have  s e v e r a l   d r awbacks   t h a t  

mere  mix ing   of  m a g n e t i c   t o n e r   m a t r i x   p a r t i c l e s   and  c o n d u c t i v e  

p a r t i c l e s   w i l l   not  p e r m i t   s u f f i c i e n t   d e p o s i t i o n   of  t h e  

c o n d u c t i v e   p a r t i c l e s   on  the  m a t r i x   p a r t i c l e s ,   i t   be ing   t h u s  

d i f f i c u l t   to  form  a  s t a b l e ,   u n i f o r m   c o n d u c t i v e   l a y e r   on  e a c h  

m a t r i x   p a r t i c l e ,   t h a t   the  amount  of  t r e a t m e n t   per  u n i t   h o u r  

is  r e l a t i v e l y   s m a l l ,   and  t h a t   i t   is  r a t h e r   d i f f i c u l t   t o  

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

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

r e s u l t s   in  l o w  i m a g e   d e n s i t y   and  f r e q u e n t   o c c u r r e n c e   o f  

f o g g i n g ,   l e a d i n g   to  the  l o w e r i n g   of  image  q u a l i t y .  

The  above  d e f e c t   is  e m p h a s i z e d   e s p e c i a l l y   in  m a g n e t i c  

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

for   example ,   an  a n o d i z e d   a l u m i n i u m   s l e e v e ,   a  p l a s t i c   r e s i n  

s l e e v e   and  the  l i k e .  

SUMMARY  OF  THE  INVENTION 

I t   is  an  o b j e c t   of  the  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  

method  for   making  a  m a g n e t i c   t o n e r   which  ove rcomes   t h e  

d rawbacks   of  the  p r i o r   a r t   t e c h n i q u e s   and  in  which  the  t o n e r  



of  s t a b l e   q u a l i t y   can  r e a d i l y   be  p r e p a r e d   in  l a r g e  

q u a n t i t i e 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   a  

method  for   making  a  m a g n e t i c   t o n e r   e x h i b i t i n g   low  r e s i s t i v i t y  

and  good  f l o w a b i l i t y   whereby  the  t o n e r   e n s u r e s   much  r e d u c e d  

o c c u r r e n c e   of  f o g g i n g   phenomenon  and  very   e x c e l l e n t   i m a g e  

q u a l i t y   and  d e n s i t y   even  when  a p p l i e d   in  an  i n s u l a t i n g  

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

I t   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   a  

method  for   making  a  m a g n e t i c   t o n e r   in  which  c o n d u c t i v e  

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

of  i n d i v i d u a l   m a g n e t i c   m a t r i x   p a r t i c l e s   which  have  b e e n  

s o f t e n e d   but  not  mo l t en   t h e r e b y   f o rming   a  u n i f o r m   t a n a c i o u s  

c o a t i n g   on  each  p a r t i c l e   of  the  m a t r i x .  

I t   is  a  s t i l l   f u r t h e r   o b j e c t   of  the  i n v e n t i o n   t o  

p r o v i d e   a  m a g n e t i c  t o n e r   which  can  g ive   e x c e l l e n t   r e s u l t s  

when  used  to  d e v e l o p   in  any  known  m a g n e t i c   r o l l   d e v e l o p i n g  

s y s t e m s   u t i l i z i n g   r o t a t i o n   of  s l e e v e ,   r o t a t i o n   of  magnet  a n d  

s i m u l t a n e o u s   r o t a t i o n   of  both  magnet   and  s l e e v e .  

The  above  o b j e c t s   can  be  a c h i e v 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   by  a  method  which  c o m p r i s e s   a g i t a t i n g  

m a g n e t i c   m a t r i x   p a r t i c l e s ,   each  c o m p r i s i n g   at  l e a s t   a  b i n d e r  

m a t e r i a l   and  a  m a g n e t i c   m a t e r i a l ,   in  a  high  speed  mixer   u n t i l  

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

be tween   the  m e l t i n g   p o i n t   and  the  s o f t e n i n g   p o i n t   of  t h e  



b i n d e r   m a t e r i a l ,   add ing   a  p r e d e t e r m i n e d   amount  of  c o n d u c t i v e  

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

the  m i x t u r e   to  p e r m i t   the  c o n d u c t i v e   p a r t i c l e s   to  d e p o s i t   on 

the  s u r f a c e   of  the  i n d i v i d u a l   m a t r i x   p a r t i c l e s   as  a  t e n a c i o u s  

c o a t i n g ,   and  c l a s s i f y i n g   the  r e s u l t i n g   p a r t i c l e s   to  have  a  

p r e d e t e r m i n e d   range   of  s i z e .   In  the  h igh   speed   m i x e r ,   t h e  

m a t r i x   p a r t i c l e s   are  a g i t a t e d   and  h e a t e d   by  means  of  an  

a g i t a t o r   f i t t e d   wi th   a  r o t o r .   The  p e r i p h e r a l   speed  of  t h e  

r o t o r   shou ld   p r e f e r a b l y   be  in  the  range  of  from  200  m/min  t o  

2000  m/min  in  o r d e r   to  r e a l i z e   the  i n t e n d e d   l e v e l   of  t h e  

t e m p e r a t u r e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.   1  is  a  p e r s p e c t i v e   s c h e m a t i c   view  of  a  c e l l   f o r  

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

Fig .   2  is  a  p e r s p e c t i v e   s c h e m a t i v   view  of  an  

i n s t r u m e n t   for  m e a s u r i n g   the  f l o w a b i l i t y   of  m a g n e t i c   t o n e r .  

PREFERRED  EMBODIMENT  OF  THE  INVENTION 

A c c o r d i n g   to  the  method  of  the  i n v e n t i o n ,   m a g n e t i c  

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

known  t y p e s   of  high  speed  mixer   hav ing   an  a g i t a t o r   u n t i l   t h e y  

are  h e a t e d   to  a  t e m p e r a t u r e   be tween   the  m e l t i n g   p o i n t   and  t h e  

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

p a r t i c l e s .   The  a c t u a l   t e m p e r a t u r e   l e v e l   to  which  the  m a t r i x  

p a r t i c l e s   must  be  h e a t e d   depends   on  the  b i n d e r   m a t e r i a l   u s e d  

but  is  g e n e r a l l y   in  the  range  of  a p p r o x i m a t e l y   3 0  -   8 0 ° C ,  



p r e f e r a b l y   4 0  -   60°C  and  most  p r e f e r a b l y   4 5  -   50°C,  at  w h i c h  

an  o r d i n a r y   b i n d e r   r e s i n   or  m a t e r i a l   used  for   t h i s   p u r p o s e ,  

e . g .   an  epoxy  r e s i n ,   a  s t y r e n e   r e s i n ,   p o l y e t h y l e n e   wax  or  t h e  

l i k e ,   can  be  s o f t e n e d .   The  r e a s o n   why  the  p a r t i c l e s   a r e  

h e a t e d   d u r i n g   the  mix ing   is  due  to  the  f a c t   t h a t   when 

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

is  e x e r t e d   on  the  p a r t i c l e s ,   so  t h a t   h e a t   g e n e r a t e s   by  

f r i c a t i o n a l   f o r c e   among  the  p a r t i c l e s   and  be tween   t h e  

p a r t i c l e s   and  the  r o t o r   of  a g i t a t o r   and  wal l   s u r f a c e s   of  t h e  

m i x e r .   The  high  speed  mixer   i s ,   for   e x a m p l e ,   Super  M i x e r  

made  by  Kawada  Mfg  Co. ,   L t d . ,   Henchel   Mixer  made  by  

M i t s u i - M i i k e   Mfg.  Co. ,   L t d . ,   or  the  l i k e .   As  a  m a t t e r   o f  

c o u r s e ,   any  m i x e r s   which  can  y i e l d   such  a  h igh  s h e a r i n g   f o r c e  

as  m e n t i o n e d   above  may  be  used  in  the  p r a c t i c e   of  t h e  

i n v e n t i o n .   The  a g i t a t i o n   is  c a r r i e d   out  under   c o n d i t i o n s   o f  

v i g o r o u s   a g i t a t i o n   with  an  a g i t a t o r   f i t t e d   wi th   a  r o t o r   whose  

p e r i p h e r a l   speed  is  in  the  range   of  from  200  m/min  to  2000  

m/min  whereby  the  g e n e r a t i o n   of  hea t   becomes  s u f f i c i e n t   t o  

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

speeds   may  not  cause   the  m a t r i x   p a r t i c l e s   to  be  s o f t e n e d ,  

which  makes  is  d i f f i c u l t   to  f i r m l y   d e p o s i t   on  the  m a t r i x  

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

m a t r i x   p a r t i c l e s .   On  the  o t h e r   hand,   l a r g e r   p e r i p h e r a l  

speeds   show  the  t e n d e n c y   t h a t   among  c o n d u c t i v e   p a r t i c l e s  

which  have  once  d e p o s i t e d   on  the  m a t r i x   p a r t i c l e s ,   t h e  



p a r t i c l e s   of  s m a l l e r   s i z e s   than  the  m a t r i x   p a r t i c l e s   a r e  

l i a b l e   to  f a l l   off   and  thus   a  un i fo rm  c o a r t i n g   c a n n o t   b e  

o b t a i n e d .   I t   w i l l   be  no ted   t h a t   p r i o r   to  the  a g i t a t i o n ,   t h e  

m a t r i x   p a r t i c l e s   may  be  c l a s s i f i e d   by  a  s u i t a b l e   means  t o  

improve   a  y i e l d   of  f i n a l   p r o d u c t .   In  t h i s   c a s e ,   the  s i z e   o f  

the  p a r t i c l e s   is  g e n e r a l l y   in  the  range  of  from  5  to  60 

m i c r o n s ,   p r e f e r a b l y   10  to  44  m i c r o n s .  

To  the  thus   h e a t e d   m a t r i x   p a r t i c l e s   are  i m m e d i a t e l y  

added  c o n d u c t i v e   p a r t i c l e s   s e r v i n g   as  a  r e s i s t a n c e   a d j u s t e r ,  

f o l l o w e d   by  high  speed  mix ing   or  a g i t a t i o n   under   the  same 

a g i t a t i n g   c o n d i t i o n s   as  in  the  f i r s t   a g i t a t i o n   to  u n i f o r m l y  

d i s p e r s e   the  both  p a r t i c l e s .   As  a  r e s u l t ,   the  c o n d u c t i v e  

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

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

c o n d u c t i v e   p a r t i c l e s   on  the  s u r f a c e   of  each  m a t r i x   p s a r t i c l e .  

The  c o n d u c t i v e   p a r t i c l e s   are  u s u a l l y   added  in  an  a m o u n t  

r a n g i n g   from  1  to  5  wt%  of  the  m a t r i x   p a r t i c l e s   c h a r g e .   The 

amount  is  v a r i e d ,   w i t h i n   the  a b o v e - d e f i n e d   r a n g e ,   d e p e n d i n g  

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

p r o d u c t .  

The  c o n d u c t i v e   p a r t i c l e s   are  made  of  any  of  c o n d u c t i v e  

m a t e r i a l s ,   and  c a r b o n   b l ack   is   used  for   g e n e r a l   p u r p o s e  

b e c a u s e   of  i t s   a v a i l a b i l i t y   and  i n e x p e n s i v e n e s s .  

Aside   from  the  r e s i s t a n c e   a d j u s t e r ,   any  known 

a d d i t i v e s   such  as  c h a r g e - c o n t r o l l i n g   p a r t i c l e s   may  be  a d d e d  



t o g e t h e r   wi th   the  r e s i s t a n c e   a d j u s t e r   a f t e r   h e a t i n g   of  t h e  

m a t r i x   p a r t i c l e s .  

The  m a g n e t i c   t o n e r   thus   o b t a i n e d   in  a c c o r d a n c e   w i t h  

the  method  of  the  p r e s e n t   i n v e n t i o n   are  c l a s s i f i e d   to  have  a 

p r e d e t e r m i n e d   s i z e   of  from  5  to  60  m i c r o n s ,   p r e f e r a b l y   10  t o  

44  m i c r o n s .   This   m a g n e t i c   t o n e r   can  g ive   good  r e s u l t s   when 

f i x e d   on  r e c o r d i n g   paper   by  any  known  f i x i n g   s y s t e m s  

i n c l u d i n g   1)  f i x i n g   by  h e a t i n g ,   2)  f i x i n g   by  a p p l i c a t i o n   o f  

p r e s s u r e ,   and  3)  f i x i n g   by  a p p l i c a t i o n   of  h e a t   and  p r e s s u r e  

in  c o m b i n a t i o n .  

The  p r e s e n t   i n v e n t i o n   is  d e s c r i b e d   in  more  d e t a i l   b y  

way  of  example s   and  c o m p a r a t i v e   e x a m p l e s .  

[Example  11 

A  s t a r t i n g   m a t e r i a l   for   t o n e r   composed  of  50  p a r t s   by  

we igh t   of  an  epoxy  r e s i n   ( E p i k o t e   No.  1004,   by  S h e l l   Chem. 

C o . ) ,   and  50  p a r t s   by  we igh t   of  i ron   ox ide   ( M a g n e t i t e  

EPT-500,   by  Toda  Ind.   Co. ,   L t d . )   was  kneaded   in  a  b i a x i a l  

k n e a d e r   and  r e d u c e d   i n t o   p a r t i c l e s   wi th   a  s i z e   below  2  mm  by  

means  of  the  R o t o p l e x   p o w d e r i n g   machine   ( I toman  E n g i n e e r i n g  

Model  8 / 1 6 ) ,   f o l l o w e d   by  f i n e l y   p o w d e r i n g   in  a  pin  m i l l  

( A l p i n e  :   160  z ) .   The  r e s u l t i n g   powder  was  c l a s s i f i e d   by  

means  of  a  wind  power  c l a s s i f i e r   (Alp ine   100  MZR)  to  have  a  

s i z e   r a n g i n g   from  10  to  44  m i c r o n s ,   and  then   a g i t a t e d   in  a  

h igh  speed  a g i t a t e d   mixer   (Super   Mixer  SMG-20,  by  Kawada  Mfg .  

Co.)  u n t i l   i t   was  s e l f - h e a t e d   up  to  45°C.  I m m e d i a t e l y ,  



ca rbon   b l ack   to  be  the  r e s i s t a n c e   a d j u s t e r   (Carbon  Black  # 4 4 ,  

by  M i t s u b i s h i   Chem.  Co.,   L t d . )   was  added  in  an  amount  of  3 

wt%  of  the  m a g n e t i c   m a t r i x   p a r t i c l e s ,   f o l l o w e d   by  a g i t a t i n g  

at  1900  r . p . m .   for   30  s econds   t h e r e b y   c o a t i n g   or  d e p o s i t i n g  

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

m a t r i x   p a r t i c l e s   in  a  un i fo rm  and  t e n a c i o u s   manner  ( w h i c h  

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

The  r e s u l t i n g   p a r t i c l e s   were  a g a i n   s u b j e c t e d   to  the  w i n d  

power  c l a s s i f i e r   to  have  a  s i z e   of  from  10  to  44  m i c r o n s .  

This   m a g n e t i c   t o n e r   was  p l a c e d   in  a  c e l l   shown  in  F i g .  

1  to  measure   i t s   r e s i s t i v i t y .   The  r e s i s t i v i t y   was  found  to  b e  

2.00  x  103  ohms-cm.  In  Fig .   1,  i n d i c a t e d   at  1  are   c o p p e r  

e l e c t r o d e s   each  hav ing   a  l e n g t h   of  1  cm,  a  wid th   of  1  cm  a n d  

a  t h i c k n e s s   of  0.03  cm,  the  e l e c t r o d e s   b e i n g   spaced   from  e a c h  

o t h e r   at  a  d i s t a n c e   of  1  cm,  at  2  is  a  g l a s s   c e l l   hav ing   a n  

i n n e r   wal l   d i m e n s i o n   of  1  cm  in  l e n g t h ,   1.06  cm  in  width   a n d  

3  cm  in  h e i g h t ,   and  at  3  are  c o v e r e d   w i r e s   each  c o n n e c t e d   t o  

the  e l e c t r o d e   at  one  end  and  a l s o   to  one  of  t e r m i n a l s   of  t h e  

W h e a t s t o n e   b r i d g e   at  the  o t h e r   end.  The  m a g n e t i c   t o n e r   i s  

c h a r g e d   i n t o   the  c e l l   to  a  c e r t a i n   l e v e l   for   the  m e a s u r e m e n t .  

The  m a g n e t i c   t o n e r   was  then  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  f l o w a b i l i t y   u s i n g   an  i n s t r u m e n t   shown  in  F i g .  

2,  which  i n c l u d e s   a  b r a s s   p l a t e   4  h a v i n g   a  t h i c k n e s s   of  0 . 1 5  

cm  and  formed  wi th   t h r o u g h - h o l e s   7  of  d i f f e r e n t   s i z e s  

i n d i c a t e d   in  the  f i g u r e ,   a  r ing   5  h a v i n g   an  i n n e r   d i a m e t e r   o f  



0.8  cm  and  a  h e i g h t   of  1  cm,  and  a  frame  6  s u p p o r t i n g   t h e  

p l a t e   4.  In  m e a s u r i n g   o p e r a t i o n ,   the  r i n g   5  is  p l a c e d   j u s t  

on  an  a r b i t r a r y   t h r o u g h - h o l e   and  a  m a g n e t i c   t o n e r   to  b e  

m e a s u r e d   is  c h a r g e d   i n t o   the  r ing   5.  The  f l o w a b i l i t y   i s  

r e p r e s e n t e d   by  a  d i a m e t e r   of  the  s m a l l e s t   t h r o u g h - h o l e   7 

t h r o u g h   which  the  c h a r g e d   t o n e r   s t a r t s   to  d rop .   The  m a g n e t i c  

t o n e r   o b t a i n e d   in  t h i s   example   showed  a  f l o w a b i l i t y   of  0 . 6  

mm. 

F u r t h e r ,   the  m a g n e t i c   t o n e r   p a r t i c l e s   were  s u b j e c t e d  

to  the  m e a s u r e m e n t   of  a n g l e   of  r epose   by  a  powder  t e s t e r  

(Model  PT-E,  by  Hosokawa  Micron  Co.,   L t d . ) .   The  a n g l e   o f  

r epose   which  is  a  m e a s u r e   for   f l o w a b i l i t y   was  found  to  b e  

3 1 0 .  

The  m a g n e t i c   t o n e r   was  used  to  d e v e l o p   by  the  m a g n e t i c  

r o l l   d e v e l o p i n g   t e c h n i q u e s   in  which  magne ts   were  r o t a t e d   w i t h  

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

t h e r m a l l y   f i x e d   t h e r e b y   o b t a i n i n g   h igh   q u a l i t y   v i s i b l e   i m a g e s  

of  high  d e n s i t y   which  were  c o m p l e t e l y   f r e e   of  any  f o g g i n g .  

S i m i l a r   e x c e l l e n t   r e s u l t s   were  a l s o   o b t a i n e d   by  o t h e r  

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

r o t a t i o n   sys tem  and  the  s l e e v e  a n d   magnet   s i m u l t a n e o u s  

r o t a t i o n   s y s t e m .  

To  c o n f i r m   the  r e p r o d u c i b i l i t y ,   the  p r o c e d u r e   o f  

Example  1  was  e x a c t l y   r e p e a t e d   f i v e   t i m e s .   The  v a l u e s   o f  

r e s i s t i v i t y ,   f l o w a b i l i t y   and  a n g l e   of  r epose   are  shown  i n  



Table   1,  r e v e a l i n g   t h a t   good  r e p r o d u c i b i l i t y   is  o b t a i n e d .  

The  r e s u l t s   of  the  d e v e l o p m e n t   and  f i x a t i o n   were  a l s o  

e x c e l l e n t   s i m i l a r   for  Example  1 .  

[ C o m p a r a t i v e   Example  11 

600  cc  of  the  m a g n e t i c   m a t r i x   p a r t i c l e s   o b t a i n e d   i n  

Examle  1  were  c h a r g e d   i n t o   a  1  l i t e r   wide  mouth  b o t t l e ,   t o  

which  was  added  the  r e s i s t a n c e   a d j u s t e r   in  an  amount  of  2  wt% 

based   on  the  m a t r i x   p a r t i c l e s ,   f o l l o w e d   by  the  s u r f a c e  

c o a t i n g   t r e a t m e n t   on  a  s h a k e r   for  30  m i n u t e s .   The  r e s u l t i n g  

m a g n e t i c   t o n e r   was  s u b j e c t e d   to  the  wind  power  c l a s s i f i e r   t o  

have  a  s i z e   of  1 0  -   44  m i c r o n s .   The  m a g n e t i c   t o n e r   had  a  

r e s i s t i v i t y   of  8  x  104  ohms-cm,  a  f l o w a b i l i t y   of  0.9  mm,  a n d  

an  a n g l e   of  r epose   of  34  d e g r e e s   when  m e a s u r e d   in  the  same 

manner  as  in  Example  1 .  

S i m i l a r l y ,   2.5  l i t e r s   of  the  m a g n e t i c   m a t r i x   p a r t i c l e s  



o b t a i n e d   in  Example  1  was  c h a r g e d   i n t o   a  5  l i t e r s   b a l l   m i l l  

po t ,   to  which  was  added  the  ca rbon   b lack   r e s i s t a n c e   a d j u s t e r  

in  an  amount  of  2  wt%  based  on  the  m a t r i x   p a r t i c l e s .   The 

m a t r i x   p a r t i c l e s   were  s u r f a c e   c o a t e d   by  s h a k i n g   for   3  h o u r s  

and  then  c l a s s i f i e d   by  means  of  the  wind  power  c l a s s i f i e r   t o  

have  a  s i z e   of  from  10  to  44  m i c r o n s .   The  thus   c l a s s i f i e d  

m a g n e t i c   t o n e r   had  a  r e s i s t i v i t y   of  2  x  105  ohms-cm,  a 

f l o w a b i l i t y   of  1.2  mm  and  an  ang le   of  r epose   of  35  d e g r e e s   on 

m e a s u r e m e n t   in  the  same  manner  as  in  Example  1 .  

The  both  m a g n e t i c   t o n e r s   were  a p p l i e d   as  usua l   and  

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

t h e r m a l l y   f i x e d ,   with  the  r e s u l t   t h a t   t h e r e   cou ld   be  o b t a i n e d  

in  both  c a s e s   high  q u a l i t y   v i s i b l e   images  of  high  d e n s i t y  

which  were  f r e e   of  any  f o g g i n g   when  d e v e l o p e d   us ing   a n  

c o n d u c t i v e   a lumin ium  s l e e v e .   However,   the  d e v e l o p m e n t   u s i n g  

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

phenomenon  with  the  image  be ing   low  in  d e n s i t y   and  hav ing   a 

r e d u c e d   c o m m e r c i a l   v a l u e .  

Then,  the  r e p r o d u c i b i l i t y   t e s t   was  c o n d u c t e d  

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

C o m p a r a t i v e   Example  1  u s i n g   the  shake r   and  the  b a l l   pot  m i l l .  

The  r e s i s t i v i t i e s ,   f l o w a b i l i t i e s   and  a n g l e s   of  r epose   of  t h e  

r e s u l t i n g   m a g n e t i c   t o n e r s   were  so  f l u c t u a t e d   as  shown  i n  

T a b l e s   2  and  3 .  



[Example  2]  

Example  1  was  r e p e a t e d   u s i n g   a  s t a r t i n g   m a t e r i a l   f o r  

t o n e r   composed  of  40  p a r t s   by  we igh t   of  a  s t y r e n e   r e s i n  



( P i c o l a s t i c   D-125,   E s s o ) ,   10  p a r t s   by  we igh t   of  low  m o l e c u l a r  

we igh t   p o l y p r o p y l e n e   ( B i s c a l l   550P,  by  Sanyo  Chem.  Co.,   L t d )  

and  50  p a r t s   by  we igh t   of  i ron   oxide   ( M a g n e t i t e   EPT  500,  by 

Toda  Ind.  Co.,   L t d . ) ,   t h e r e b y   o b t a i n i n g   a  m a g n e t i c   t o n e r .  

The  c h a r a c t e r i s t i c s   of  t h i s   m a g n e t i c   t o n e r   w e r e  

m e a s u r e d   in  the  same  manner  as  in  Example  1.  As  a  r e s u l t ,   i t  

had  a  r e s i s t i v i t y   of  1.5  x  103  ohms-cm,  a  f l o w a b i l i t y   of  0 . 5  

mm,  and  an  a n g l e   of  r epose   of  30  d e g r e e s .  

The  m a g n e t i c   t o n e r   was  used  for   d e v e l o p m e n t   by 

m a g n e t i c   r o l l   d e v e l o p i n g   t e c h n i q u e s   and  f i x e d   by  a  hea t   r o l l .  

In  both  d e v e l o p i n g   s y s t e m s   us ing   c o n d u c t i v e   and  i n s u l a t i n g  

r o l l s ,   t h e r e   were  o b t a i n e d   h igh  q u a l i t y   v i s i b l e   images  o f  

high  d e n s i t y   f r e e   of  any  f o g g i n g   i n v o l v e d .  

[ C o m p a r a t i v e   Example  2] 

The  p r o c e d u r e   of  C o m p a r a t i v e   Example  1  was  r e p e a t e d  

u s i n g   the  m a g n e t i c   t o n e r   m a t r i x   p a r t i c l e s   o b t a i n e d   in  E x a m p l e  

2.  The  r e s u l t i n g   m a g n e t i c   t o n e r   was  s u b j e c t e d   to  t h e  

measu remen t   of  i t s   c h a r a c t e r i s t i c s   in  the  same  manner  as  i n  

Example  1  and  found  to  have  a  r e s i s t i v i t y   of  9  x  104  o h m s - c m ,  

a  f l o w a b i l i t y   of  1.0  mm  and  an  ang le   of  r epose   of  35  d e g r e e s .  

F u r t h e r ,   2.5  l i t e r s   of  the  m a g n e t i c   t o n e r   m a t r i x  

p a r t i c l e s   o b t a i n e d   in  Example  2  were  c h a r g e d   i n t o   a  5  l i t e r s  

b a l l   m i l l   po t ,   to  which  was  added  the  c a rbon   b l ack   r e s i s t a n c e  

a d j u s t e r   in  an  amount  of  2  wt%  based  on  the  m a t r i x   p a r t i c l e s ,  



f o l l o w e d   by  s u r f a c e   c o a t i n g   of  the  m a t r i x   p a r t i c l e s   wi th   t h e  

ca rbon   b l ack   for   3  h o u r s .   The  r e s u l t i n g   m a g n e t i c   t o n e r   was  

c l a s s i f i e d   by  a  wind  power  c l a s s i f i e r   to  have  a  s i z e   of  f r o m  

10  to  44  m i c r o n s .   When  m e a s u r e d   in  the  same  manner  as  i n  

Example  1,  the  m a g n e t i c   t o n e r   had  a  r e s i s t i v i t y   of  1.5  x  105 

ohms-cm,  a  f l o w a b i l i t y   of  1.2  mm,  and  an  a n g l e   of  r epose   o f  

35  d e g r e e s .   The  m a g n e t i c   t o n e r   was  used  for   d e v e l o p m e n t   by  

m a g n e t i c   r o l l   d e v e l o p i n g   t e c h n i q u e s   and  f i x e d   wi th   a  h e a t  

r o l l .   A l t h o u g h   a  h igh   q u a l i t y   v i s i b l e   image  of  h igh  d e n s i t y  

which  was  f r e e   of  any  f o g g i n g   was  o b t a i n e d   by  the  d e v e l o p i n g  

method  u s i n g   the  c o n d u c t i v e   a l u m i n i u m   s l e e v e ,   the  i m a g e  

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

wi th   i t s   d e n s i t y   be ing   low,  and  had  t hus   l i t t l e   c o m m e r c i a l  

v a l u e .  

[Example  3] 

Example  1  was  r e p e a t e d   u s i n g   a  s t a r t i n g   m a t e r i a l   f o r  

t o n e r   composed  of  30  p a r t s   by  we igh t   of  p o l y e t h y l e n e   wax 

(Hi-wax  200P,  M i t s u i   P e t r o l e u m   Chem.  Co.,   L t d . ) ,   10  p a r t s   by  

we igh t   of  EVA  ( E v a f l e x   #260,  by  M i t s u i   P o l y c h e m i c a l   C o . ,  

L t d . )   and  60  p a r t s   by  we igh t   of  i r on   ox ide   ( M a g n e t i t e  

EPT-500,   by  Toda  Ind.   Co.,   L t d . ) .  

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

r e s i s t i v i t y   of  1.8  x  103  ohms-cm,  a  f l o w a b i l i t y   of  0.6  mm  a n d  

an  a n g l e   of  r epose   of  31  d e g r e e s .  



The  m a g n e t i c   t o n e r   was  used  for   d e v e l o p m e n t   by 

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

t h e r e b y   o b t a i n i n g   high  q u a l i t y   v i s i b l e   images  of  high  d e n s i t y  

f r e e   of  any  f o g g i n g   in  both  the  c o n d u c t i v e   and  i n s u l a t i n g  

r o l l   d e v e l o p i n g   s y s t e m s .  

[ C o m p a r a t i v e   Example  3] 

The  m a g n e t i c   t o n n e r   m a t r i x   p a r t i c l e s   o b t a i n e d   i n  

Example  3  were  used  and  t r e a t e d   in  the  same  manner  as  i n  

C o m p a r a t i v e   Example  1  u s i n g   a  shake r   and  a  b a l l   m i l l   t o  

o b t a i n   two  t ypes   of  m a g n e t i c   t o n e r .   The  m a g n e t i c   t o n e r  

t r e a t e d   by  the  shake r   had  a  r e s i s t i v i t y   of  7  x  104  ohms-cm,  a 

f l o w a b i l i t y   of  1.1  mm  and  an  a n g l e   of  r epose   of  35  d e g r e e s  

and  the  m a g n e t i c   t o n e r   o b t a i n e d   in  the  b a l l   m i l l   had  a 

r e s i s t i v i t y   of  5  x  105  ohms-cm,  a  f l o w a b i l i t y   of  1.2  mm  a n d  

an  a n g l e   of  r epose   of  35  d e g r e e s .  

The  both  m a g n e t i c   t o n e r s   were  used  for  d e v e l o p m e n t   by 

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

f i x i n g   r o l l .   A l t h o u g h   high  q u a l i t y   v i s i b l e   images  of  h i g h  

d e n s i t y   which  were  c o m p l e t e l y   f r e e   of  any  f o g g i n g   w e r e  

o b t a i n e d   by  the  d e v e l o p i n g   method  u s i n g   the  c o n d u c t i v e  

a lumin ium  s l e e v e ,   the  images  o b t a i n d   by  the  i n s u l a t i n g  

m a g n e t i c   r o l l   s u f f e r e d   f o g g i n g   with  t h e i r   d e n s i t y   be ing   l o w ,  

and  had  thus   l i t t l e   c o m m e r c i a l   v a l u e .  

I t   shou ld   be  no ted   t h a t   a p p r o p r i a t e   b i n d e r   m a t e r i a l s ,  

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



than  t h o s e   se t   f o r t h   in  t h e s e   examples   can  be  used  as  long  a s  

they   are  o r d i n a r i l y   used  for   t h i s   p u r p o s e .   These  w i l l   not  b e  

s e t   f o r t h   s i n c e   t hey   are   we l l   known.  



1.  A  method  for  making  a  m a g n e t i c   t o n e r   c o m p r i s i n g  

a g i t a t i n g   m a g n e t i c   m a t r i x   p a r t i c l e s ,   each  c o m p r i s i n g   at  l e a s t  

a  b i n d e r   m a t e r i a l   and  a  m a g n e t i c   m a t e r i a l ,   in  a  high  s p e e d  

mixer   u n t i l   the  p a r t i c l e s   are  f r i c t i o n a l l y   h e a t e d   to  a 

t e m p e r a t u r e   be tween   the  m e l t i n g   p o i n t   and  the  s o f t e n i n g   p o i n t  

of  the  b i n d e r   m a t e r i a l ,   add ing   a  p r e d e t e r m i n e d   amount  o f  

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

a g i t a t i n g   the  m i x t u r e   to  d e p o s i t   a  t e n a c i o u s   c o a t i n g   of  t h e  

c o n d u c t i v e   p a r t i c l e s   on  the  s u r f a c e   of  the  i n d i v i d u a l   m a t r i x  

p a r t i c l e s ,   and  c l a s s i f y i n g   the  r e s u l t i n g   p a r t i c l e s   to  have  a  

p r e d e t e r m i n e d   range  of  s i z e .  

2.  A  method  a c c o r d i n g   to  Claim  1,  w h e r e i n   the  m a t r i x  

p a r t i c l e s   are  mixed  in  the  p r e s e n c e   of  an  a g i t a t o r   f i t t e d  

wi th   a  r o t o r   whose  p e r i p h e r a l   speed  is  in  the  range  of  f r o m  

200  m/min  to  2000  m / m i n .  

3.  A  method  a c c o r d i n g   to  Claim  1  or  2,  w h e r e i n   s a i d   c o n d u c t i v e  

p a r t i c l e s   are  added  in  an  amount  of  from  1  to  5  wt%  based   on  

the  c h a r g e d   m a t r i x   p a r t i c l e s .  

4.  A  method  a c c o r d i n g   to  any  one  of  the   p r e c e d i n g   c l a i m s ,   w h e r e i n  

s a i d   r e s u l t i n g   p a r t i c l e s   have  a  s i z e   of  from  5  to  60  m i c r o n s .  



5.  A  method  a c c o r d i n g   to  a n y  o n e   of  the   p r e c e d i n g   c l a i m s ,  

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

p a r t i c l e s   are   c l a s s i f i e d   to  have  a  p r e d e t e r m i n e d   r ange   of  s i z e .  
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