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@  Resin  useful  for  preparing  an  electrophotograhic  toner. 

  A  resin  useful  for  preparing  an  electrophotographic  toner, 
comprising  particles  of  a  double  layer  structure  composed  of 
(A)  a  layer  of  a  low-temperature  melting  emulsion  polymer  hav- 
ing  a  4  mm  descending  temperature  of  90  to  130°C  and  (B)  a 
layer  of  a  high-temperature  melting  emulsion  polymer  having  a 
4 mm  descending  temperature  of  130  to  170°C,  said  particles 
of  the  resin  having  a  4  mm  descending  temperature  of  100  to 
150°C.  The  4 mm  descending  temperature  is  defined  as  the 
temperature  at  which  the  plunger  of  a  flow  tester  descends 
4  mm  in  a  referential  test  set  forth  in  JIS  K-7210  under  condi- 
tions  involving  a  die  diameter  of  1  mm,  a  die  length  of  10  mm,  a 
load  of  100  kg/cm2  and  a  temperature  raising  rate  of  6°C. 



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

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

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

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

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

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

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

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

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

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

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

image   to  a  r e c e p t o r   s h e e t   s u c h   as  a  s h e e t   of  p a p e r ,   a n d  

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

a  s o l v e n t   v a p o r ,   e t c .  

The  m o s t   g e n e r a l   m e t h o d   of  f i x a t i o n   now  in  u s e  

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

and  p r e s s u r e .   A c c o r d i n g   to  t h i s   m e t h o d ,   an  o i l   s u c h   as  a  
s i l i c o n e   o i l   i s   c o a t e d   on  r o l l e r s   in   o r d e r   to  i n c r e a s e  

t he   r e l e a s a b i l i t y   of  t h e   t o n e r   f rom  t he   h o t   r o l l e r s .  

C o a t i n g   of  t h e   o i l ,   h o w e v e r ,   l e a d s   to   v a r i o u s   t r o u b l e s  

o w i n g   to   t h e   c o m p l e x i t y   of  t h e   f i x i n g   d e v i c e ,   and  t h e  

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

l e s .   I t   has   b e e n   d e s i r e d   t h e r e f o r e   to  e s t a b l i s h   a  h o t  

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

o i l s .  

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

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

r o l l s   ( t h e   o f f s e t   p h e n o m e n o n )   e v e n   in   t h e   a b s e n c e   of  a n  

o i l   c o a t i n g ,   and  can   be  f i x e d   w e l l   a t   low  t e m p e r a t u r e s .  

I t   i s   known  t h a t   t h e   o f f s e t   p h e n o m e n o n   a n d  

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

a  b i n d e r   r e s i n   as  a  c o n s t i t u e n t   of  t h e   t o n e r .   A t t e m p t s  
h a v e   b e e n   made  h e r e t o f o r e   to  i m p r o v e   t h e   r e l e a s a b i l i t y   o f  

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



t h e   t o n e r   by  t h e   s t r u c t u r e   of  t h e   b i n d e r   r e s i n .   F o r  

e x a m p l e ,   t h e r e   i s   a  m e t h o d   in   w h i c h   a  l o w - m o l e c u l a r -  

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

o r d e r   to  p r e v e n t   t h e   o f f s e t   p h e n o m e n o n .   T h i s   m e t h o d ,  

h o w e v e r ,   has   t h e   p r o b l e m   of  f i l m i n g   on  t h e   p h o t o s e n s i t i v e  

m a t e r i a l .   A t t e m p t s   h a v e   b e e n   made  to  i n c r e a s e   t h e   c o -  

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

w e i g h t   of  t h e   r e s i n   or  c r o s s l i n k i n g   i t .   T h e s e   a t t e m p t s  
h a v e   r e s u l t e d   in   an  a p p r e c i a b l e   e f f e c t   of  p r e v e n t i n g  

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

On  t h e   o t h e r   h a n d ,   a t t e m p t s   h a v e   b e e n   made  to  make  t h e  

g l a s s   t r a n s i t i o n   t e m p e r a t u r e   (Tg)  or  m o l e c u l a r   w e i g h t   o f  

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

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

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

r e s i n   i s   n o t   f e a s i b l e   in   p r a c t i c a l   a p p l i c a t i o n s   b e c a u s e  

t h e   o f f s e t   p h e n o m e n o n   o c c u r s   a t   low  t e m p e r a t u r e s   a n d  

m o r e o v e r ,   t h e   t o n e r   u n d e r g o e s   b l o c k i n g .  

A l t h o u g h   t h e   b i n d e r   r e s i n   of  t o n e r s   i s   r e q u i r e d  

to   h a v e   b o t h   o f f s e t   r e s i s t a n c e   and  f i x a b i l i t y ,   b u t   i t   i s  

by  no  m e a n s   e a s y   to  s a t i s f y   t h e s e   c o n t r a d i c t o r y   t h e r m a l  

p r o p e r t i e s   a t   t h e   same  t i m e .  

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

f o r e   in   o r d e r   to  s o l v e   t h e   a f o r e s a i d   p r o b l e m s .  

For  e x a m p l e ,   J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i -  

c a t i o n s   Nos .   1 1 4 2 4 5 / 1 9 7 9 ,   2 7 1 5 6 / 1 9 8 1   and  1 1 3 7 3 6 / 1 9 7 7  

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

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

r e s i n   m e l t i n g   a t   a  r e l a t i v e l y   low  t e m p e r a t u r e   and  a  r e s i n  

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

m e l t   k n e a d i n g .   S i n c e ,   h o w e v e r ,   t h e s e   r e s i n s   h a v e   l o w  

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

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

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

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



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

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

J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n   N o .  

1 5 8 3 4 0 / 1 9 8 1   p r o p o s e s   a  m e t h o d   in   w h i c h   two  r e s i n s   h a v i n g  

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

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

two  s t e p s .   H o w e v e r ,   d i s p e r s e d   r e s i n   p a r t i c l e s   in   s u s p e n -  

s i o n   p o l y m e r i z a t i o n   a r e   g e n e r a l l y   as  l a r g e   as  s e v e r a l  

h u n d r e d   m i c r o n s   or  m o r e .   H e n c e ,   t h e   u n i f o r m   m i x a b i l i t y  

of  t h e   two  r e s i n s   i s   p o o r ,   and  t h e   r e s u l t i n g   m i x e d   r e s i n  

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

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 0 8 5 5 / 1 9 8 2  

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

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

z a t i o n   a r e   b l e n d e d   and  t h e n   c o - c o a g u l a t e d   to   f o r m   a  t o n e r  

r e s i n .   T h i s   m e t h o d   i s   i m p r o v e d   to   some  e x t e n t   in   r e g a r d  

to  t h e   u n i f o r m   m i x a b i l i t y   of  t h e   two  r e s i n s   o v e r   t h e  

c o n v e n t i o n a l   b l e n d i n g   m e t h o d s .   H o w e v e r ,   in  t h e   c o -  

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

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

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

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

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

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

r e s i n s   o c c u r s   and  a  u n i f o r m   m i x t u r e   c a n n o t   be  o b t a i n e d .  

A c c o r d i n g l y ,   t h i s   m e t h o d   can   n e i t h e r   m e e t   t h e   d u a l   r e -  

q u i r e m e n t   of  f i x a b i l i t y   and  o f f s e t   r e s i s t a n c e .  

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to  o v e r c o m e  

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

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

t o n e r   in   w h i c h   two  r e s i n s   h a v i n g   d i f f e r e n t   t h e r m a l   p r o -  
p e r t i e s   a r e   f u l l y   u n i f o r m l y   m i x e d   and  w h i c h   has   good   a n d  

s t a b l e   f i x a b i l i t y   and  e x c e l l e n t   o f f s e t   r e s i s t a n c e   and  c a n  

be  f i x e d   by  h o t   r o l l e r s   w i t h o u t   an  o i l   c o a t i n g .  

The  a b o v e   o b j e c t   of  t h i s   i n v e n t i o n   i s   a c h i e v e d   b y  



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

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

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

e m u l s i o n   p o l y m e r   h a v i n g   a  4  mm  d e s c e n d i n g   t e m p e r a t u r e   o f  

90  to  130  °C,  p r e f e r a b l y   100  to   120  °C  and  (B)  a  

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

h a v i n g   a  4  mm  d e s c e n d i n g   t e m p e r a t u r e   of  130  to  170  ° C ,  

p r e f e r a b l y   140  to  160  °C,  s a i d   p a r t i c l e s   of  t h e   r e s i n  

h a v i n g   a  4  mm  d e s c e n d i n g   t e m p e r a t u r e   of  100  to  150  ° C ,  

p r e f e r a b l y   110  to   140  °C,  s a i d   4  mm  d e s c e n d i n g   t e m p e r a -  
t u r e   b e i n g   d e f i n e d   as   t h e   t e m p e r a t u r e   a t   w h i c h   t h e  

p l u n g e r   of  a  f l o w   t e s t e r   d e s c e n d s   4  mm  in  a  r e f e r e n t i a l  

t e s t   s e t   f o r t h   in   J I S   K-7210   u n d e r   c o n d i t i o n s   i n v o l v i n g   a  
d i e   d i a m e t e r   of  1  mm,  a  d i e   l e n g t h   of  10  mm,  a  l o a d   o f  

100  k g / c m 2   and  a  t e m p e r a t u r e   r a i s i n g   r a t e   of  6  ° C .  

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

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

t h e   h i g h - t e m p e r a t u r e   m e l t i n g   r e s i n   l a y e r   can  be  o b t a i n e d  

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

one  of  t h e   two  r e s i n s   in   t h e   p r e s e n c e   of  a  l a t e x   of  t h e  

o t h e r   r e s i n   by  an  o r d i n a r y   s e e d   p o l y m e r i z a t i o n   m e t h o d .  

The  r e s u l t i n g   r e s i n   l a t e x   p a r t i c l e s   a r e   u n i t a r y   m i n u t e  

l a t e x   p a r t i c l e s   i n   w h i c h   t h e   m o n o m e r i c   m a t e r i a l   f o r   o n e  

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

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

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

t h e i r   i n t e r f a c e .   In  a  s u b s e q u e n t   c o a g u l a t i o n   t r e a t m e n t ,  

t h e r e f o r e ,   t h e   two  r e s i n s   do  n o t   s e p a r a t e   f rom  e a c h   o t h e r  

and  a  v e r y   u n i f o r m   m i x e d   r e s i n   can   be  o b t a i n e d .   By 

m e l t - k n e a d i n g   t h e   m i x e d   r e s i n   w i t h   a  c o l o r i n g   g e n t ,   e t c .  

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

p r o p e r t i e s   can  be  o b t a i n e d .   F u r t h e r m o r e ,   t h e   e n e r g y  

r e q u i r e d   f o r   k n e a d i n g   can   be  d r a s t i c a l l y   r e d u c e d .  

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

t e m p e r a t u r e   m e l t i n g   r e s i n   p o r t i o n   m a i n t a i n s   good  o f f s e t  



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

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

good   b a l a n c e   by  t he   use  of  t h e   r e s i n   of  t h i s   i n v e n t i o n .  

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

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

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

of  t he   t o n e r   o c c u r s   ( i . e . ,   a  b r o a d   f i x a b l e   t e m p e r a t u r e  

r a n g e ) ,   and  t h e   t o n e r   e x h i b i t s   e x c e l l e n t   f i x a b i l i t y   e v e n  

when  f i x e d   by  h o t   r o l l e r s   n o t   c o a t e d   w i t h   an  o i l .   I f   t h e  

4  mm  d e s c e n d i n g   t e m p e r a t u r e s   of  t h e   l o w - t e m p e r a t u r e  

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

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

a b o v e - s p e c i f i e d   l o w e r   l i m i t s ,   o f f s e t   t e n d s   to   o c c u r .   I f  

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

t h e   t o n e r   b e c o m e s   poor   and  t h e   t o n e r   i s   of  no  p r a c t i c a l  

u s e .  

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

f l o w   in  t h e   r e f e r e n t i a l   t e s t   of  J I S   K-7210   i s   d e s i r a b l y  

60  to  100  C   f o r   t h e   l o w - t e m p e r a t u r e   m e l t i n g   r e s i n  

p o r t i o n ,   100  to  140  C   f o r   t h e   h i g h - t e m p e r a t u r e   m e l t i n g  

r e s i n   p o r t i o n ,   and  80  to  130  °C  f o r   t he   d o u b l e - l a y e r e d  

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

A  r e s i n   m i x t u r e   p r e p a r e d   by  m e t h o d s   o t h e r   t h a n  

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

b l e n d i n g ,   s o l u t i o n   b l e n d i n g   or  l a t e x   b l e n d i n g ,   d o e s   n o t  

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

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

r a n g e .   M o r e o v e r ,   a  t o n e r   p r e p a r e d   f rom  i t   ha s   u n s t a b l e  

f i x a b i l i t y .  

The  t h e r m a l   p r o p e r t i e s   of  t h e   r e s i n   in   a c c o r d -  

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

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

I n t r o d u c t i o n   of  a  c r o s s l i n k e d   s t r u c t u r e   i n t o   t h e   h i g h -  

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

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

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



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

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

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

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

a c r y l a t e ,   e t h y l   a c r y l a t e ,   p r o p y l   a c r y l a t e ,   b u t y l  

a c r y l a t e ,   2 - e t h y l h e x y l   a c r y l a t e ,   m e t h y l   m e t h a c r y l a t e ,  

e t h y l   m e t h a c r y l a t e ,   p r o p y l   m e t h a c r y l a t e ,   b u t y l   m e t h -  

a c r y l a t e ,   2 - e t h y l h e x y l   m e t h a c r y l a t e ,   d i m e t h y l a m i n o e t h y l  

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

m o n o l e f i n s   s u c h   as  e t h y l e n e ,   p r o p y l e n e   and  b u t y l e n e ;  

d i o l e f i n s   s u c h   as  b u t a d i e n e ,   i s o p r e n e   and  p i p e r y l e n e ;  

v i n y l   h a l i d e s   s u c h   as  v i n y l   c h l o r i d e ,   v i n y l i d e n e   c h l o r i d e  

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

and   v i n y l   p r o p i o n a t e ;   v i n y l   e t h e r s   such   as  v i n y l   m e t h y l  

e t h e r   and  v i n y l   e t h y l   e t h e r ;   v i n y l   k e t o n e s   s u c h   as  v i n y l  

m e t h y l   k e t o n e   and  m e t h y l   i s o p r o p e n y l   k e t o n e ;   a n d  

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

p y r i d i n e ,   1 - v i n y l p y r i d i n e   and  N - v i n y l p y r r o l i d o n e .   T h e s e  

v i n y l   c o m p o u n d s   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 .  

The  use   of  s t y r e n e   a l o n e   or  a  m i x t u r e   of  a  m a j o r   p r o p o r -  
t i o n   of  s t y r e n e   and  a  m i n o r   p r o p o r t i o n   of  ( m e t h ) a c r y l i c  

a c i d   or  i t s   d e r i v a t i v e   or  a  d i o l e f i n   i s   p r e f e r r e d .   F r o m  

t h e   v i e w p o i n t   of  p u l v e r i z a b i l i t y ,   p o l y m e r s   or  c o p o l y m e r s  

f r o m   t h e s e   m o n o m e r s   a r e   r e c o m m e n d e d   e i t h e r   as  t h e   l o w -  

t e m p e r a t u r e   m e l t i n g   r e s i n   or  as  t h e   h i g h - t e m p e r a t u r e  

m e l t i n g   r e s i n .  

A  g e n e r a l   t e c h n i q u e   f o r   i n t r o d u c i n g   a  c r o s s -  

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

i z a t i o n   of  t h e   m o n o m e r s   in   t h e   p r e s e n c e   of  a  c r o s s l i n k i n g  

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

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

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

u n s a t u r a t e d   c a r b o x y l i c   a c i d   e s t e r s   s u c h   as  e t h y l e n e  

g l y c o l   d i m e t h a c r y l a t e   and  d i e t h y l e n e   g l y c o l   d i m e t h -  

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



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

v i n y l   g r o u p s .   These   c r o s s l i n k i n g   c o m p o u n d s   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 .  

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

d e t e r m i n e d   by  a d d i n g   an  a r b i t r a r y   a m o u n t   of  a  m o l e c u l a r  

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

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

Any  d e s i r e d   s u r f a c e - a c t i v e   a g e n t s   can  be  u s e d  

in   e m u l s i o n   p o l y m e r i z a t i o n .   E x a m p l e s   i n c l u d e   a n i o n i c  

s o a p s   s u c h   as  s o d i u m   a l k y l b e n z e n e s u l f o n a t e s ,   s o d i u m   s a l t s  

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

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

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

d o d e c y l a m i n e   h y d r o c h l o r i d e .  

The  s e e d   p o l y m e r i z a t i o n   i s   c a r r i e d   o u t   by  k n o w n  

p r o c e d u r e s .   H o w e v e r ,   t h e   c o n c e n t r a t i o   of  t h e   s u r f a c e -  

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

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

t e r m i n a t i o n   of  t he   p o l y m e r i z a t i o n   in   t h e   f i r s t   s t e p ,  

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

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

s t e p .  

G e n e r a l l y ,   a  w a t e r - s o l u b l e   or  o i l - s o l u b l e  

p o l y m e r i z a t i o n   i n i t i a t o r   i s   u s e d .   E x a m p l e s   of  p r e f e r r e d  

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

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

h y d r o p e r o x i d e   and  p a r a - m e n t h a n e   h y d r o p e r o x i d e ,   and  r e d o x  

s y s t e m s .  

In  t h e   p r o d u c t i o n   of  t h e   t o n e r   r e s i n   in   a c c o r d -  

a n c e   w i t h   t h i s   i n v e n t i o n ,   a n o t h e r   r e s i n   may  be  m i x e d   w i t h  

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

an  a m o u n t   w h i c h   d o e s   n o t   i m p a i r   t he   o b j e c t   of  t h i s   i n v e n -  

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

r e s i n s ,   epoxy   r e s i n s ,   p o l y u r e t h a n e   r e s i n s ,   and  p o l y e t h e r  

r e s i n s .  

As  s t a t e d   a b o v e ,   t h e   t o n e r   r e s i n   in   a c c o r d a n c e  



w i t h   t h i s   i n v e n t i o n   can  be  p r o d u c e d   by  a  p o l y m e r i z a t i o n  

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

a r t   s u c h   as  d ry   b l e n d i n g   or  s o l u t i o n   b l e n d i n g .  

In  p r e p a r i n g   a  t o n e r   f rom  t h e   r e s i n   of  t h i s  

i n v e n t i o n   as   a  b i n d e r ,   t h e r e   can  be  u s e d   any  d e s i r e d  

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

o x i d e   and  c a r b o n   b l a c k ,   and  any  d e s i r e d   m a g n e t i c   p o w d e r s  

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

s e s q u i o x i d e ,   t r i i r o n   t e t r o x i d e ,   m a n g a n e s e   i r o n   o x i d e ,  

z i n c   i r o n   o x i d e   and  n i c k e l   i r o n   o x i d e .   To  c o n t r o l   t h e  

c h a r g e   of  t h e   t o n e r ,   a  dye  s u c h   as  n i g r o s i n e   b a s e ,  

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

r e d ,   p h t h a l o c y a n i n e   b l u e   and  m a l a c h i t e   g r e e n   o x a l a t e   may  
be  u s e d   as   r e q u i r e d .  

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

g e n e r a l l y   a b o u t   2  to  50  m i c r o n s .   The  t o n e r   can  be  p r e -  

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

t h e   d y e ,   e t c .   by  m e l t   k n e a d i n g   u n d e r   h e a t   f o r   e x a m p l e ,  
and  p u l v e r i z i n g   t h e   m i x t u r e   by  an  o r d i n a r y   p u l v e r i z e r  

s u c h   as  as   hammer  m i l l   or  a  j e t   m i l l .  

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

r e s i n   of  t h i s   i v e n t i o n   h a s   e x c e l l e n t   t o n e r   p r o p e r t i e s .  

I t   e x h i b i t s   b e t t e r   f i x a b i l i t y   t h a n   c o n v e n t i o n a l   t o n e r  

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

when  i t   i s   f i x e d   by  t h e   h o t   r o l l e r   f i x i n g   m e t h o d ,   and  c a n  

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

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   p r e s e n t  
i n v e n t i o n   more   s p e c i f i c a l l y .   A l l   p a r t s   in   t h e s e   e x a m p l e s  

a r e   by  w e i g h t .  

EXAMPLE  1 

A  p o l y m e r i z a t i o n   r e a c t o r   e q u i p p e d   w i t h   a  s t i r -  

r e r   was  c h a r g e d   w i t h   70  p a r t s   of  d e i o n i z e d   w a t e r ,   0 . 4 5  

p a r t   of  s o d i u m   l a u r y l s u l f a t e   and  0 . 0 5   p a r t   of  s o d i u m  

c a r b o n a t e ,   and  w i t h   s t i r r i n g ,   a  m i x t u r e   c o m p o s e d   of  2 4  

p a r t s   of  s t y r e n e ,   6  p a r t s   of  b u t y l   a c r y l a t e   and  0 . 0 1   p a r t  
of  t - d o d e c y l m e r c a p t a n   was  a d d e d   and  e m u l s i f i e d .   T h e  



p o l y m e r i z a t i o n   s y s t e m   was  t h e n   f u l l y   d e a e r a t e d   and  p u r g e d  

w i t h   n i t r o g e n .   Wi th   s t i r r i n g ,   t h e   t e m p e r a t u r e   of  t h e  

p o l y m e r i z a t i o n   s y s t e m   was  r a i s e d   to  50  °C.  P o t a s s i u m  

p e r s u l f a t e   ( 0 . 1   p a r t )   was  a d d e d   to   i n i t i a t e   t he   p o l y m e r i -  

z a t i o n .   In  12  h o u r s   a f t e r   t h e   i n i t i a t i o n   of  t h e   p o l y m e r i -  

z a t i o n ,   t h e   p o l y m e r i z a t i o n   was  c o m p l e t e d   to   o b t a i n   a  

f i r s t - s t a g e   p o l y m e r   l a t e x .  

To  t h e   p o l y m e r i z a t i o n   s y s t e m   in  w h i c h   t h e  

p o l y m e r   l a t e x   was  p r e s e n t ,   150  p a r t s   of  d e i o n i z e d   w a t e r ,  

0 .6   p a r t   of  s o d i u m   l a u r y l s u l f a t e   and  0 . 0 9   p a r t   of  s o d i u m  

c a r b o n a t e   w e r e   a d d e d .   F u r t h e r ,   56  p a r t s   of  s t y r e n e ,   14 

p a r t s   of  b u t y l   a c r y l a t e   and  1 .0   p a r t   of  t - d o d e c y l -  

m e r c a p t a n   w e r e   a d d e d .   They  we re   m i x e d   w i t h   s t i r r i n g   s o  

t h a t   t h e   p o l y m e r i z a t i o n   s y s t e m   b e c a m e   u n i f o r m .   Then ,   0 . 2  

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

was  c a r r i e d   o u t   a t   50  °C  f o r   10  h o u r s   to   c o m p l e t e   t h e  

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

The  e m u l s i o n   was  s a l t e d   o u t ,   f i l t e r e d ,   a n d  

d r i e d   to  o b t a i n   a  r e s i n .   The  r e s i n   had  a  4mm  d e s c e n d i n g  

t e m p e r a t u r e   of  120  ° C .  

The  4  mm  d e s c e n d i n g   t e m p e r a t u r e s   of  r e s i n   (A) 

o b t a i n e d   by  s a l t i n g   o u t   and  d r y i n g   t h e   f i r s t - s t a g e   p o l y -  

mer  l a t e x   and  a  r e s i n   (B)  o b t a i n e d   by  p e r f o r m i n g   p o l y m e r -  

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

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

The  r e s u l t s   a r e   shown  in  t h e   f o l l o w i n g   t a b l e .  

One  h u n d r e d   p a r t s   of  t h e   r e s i n   o b t a i n e d   by  t h e  

a b o v e   s e e d   p o l y m e r i z a t i o n   m e t h o d   was  m i x e d   w i t h   10  p a r t s  
of  c a r b o n   b l a c k   and  t h e   m i x t u r e   was  m e l t - k n e a d e d   by  t w o  

h o t   r o l l s   and  f i n e l y   p u l v e r i z e d   by  a  j e t   m i l l .   The  f i n e  

p o w d e r   was  c l a s s i f i e d   by  w i n d   to  o b t a i n   a  t o n e r   h a v i n g   a n  

a v e r a g e   p a r t i c l e   d i a m e t e r   of  15  m i c r o n s .  

A  d e v e l o p e r   was  p r e p a r e d   by  m i x i n g   t h e   t o n e r  

w i t h   an  i r o n   powder   c a r r i e r .   A  l a t e n t   e l e c t r o s t a t i c  

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

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



w i t h   t h e   d e v e l o p e r .   The  d e v e l o p e d   image   was  t r a n s f e r r e d  

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

s i l i c o n - T e f l o n   h o t   r o l l e r s .   As  shown  in   t h e   f o l l o w i n g  

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

( T f ) ,   a  h i g h   l o w e s t   o f f s e t   g e n e r a t i n g   t e m p e r a t u r e  

(TH0) ,   and  a  b r o a d   f i x a b l e   t e m p e r a t u r e   r a n g e   ( T H O  -  
T f ) .   A c c o r d i n g l y ,   t h e   t o n e r   had  good  f i x a b i l i t y   a n d  

o f f s e t   r e s i s t a n c e .  

The  Tf  and  THO  w e r e   m e a s u r e d   as  f o l l o w s : -  

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

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

r u b b e r   r o l l e r )   was  k e p t   a t   a  f i x e d   p o i n t ,   and  a  s o l i d  

i m a g e   t r a n s f e r r e d   to   p l a i n   p a p e r   was  p a s s e d   b e t w e e n   t h e  

r o l l e r s .   The  s u r f a c e   t e m p e r a t u r e   of  t h e   r o l l e r s   w a s  

c h a n g e d   a t   10°C  i n t e r v a l s ,   and  t h e   p h e n o m e n o n   in   w h i c h  

t h e   t o n e r   a d h e r i n g   to   t h e   r o l l e r   was  a g a i n   t r a n s f e r r e d   t o  

t h e   w h i t e   p o r t i o n   of  t h e   same  p a p e r   ( o f f s e t   p h e n o m e n o n )  

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

p h e n o m e n o n   o c c u r r e d   was  d e f i n e d   as  t h e   l o w e s t   o f f s e t  

g e n e r a t i n g   t e m p e r a t u r e   THO.  As  r e g a r d s   f i x a b i l i t y ,   t h e  

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

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

i m a g e   t h r o u g h   5  c y c l e s ,   and  t h e r e a f t e r   t h e   d e n s i t y   of  t h e  

i m a g e   was  c o m p a r e d   w i t h   t h a t   b e f o r e   r u b b i n g .   When  t h e  

i m a g e   d e n s i t y   was  a t   l e a s t   70%  of  t h a t   b e f o r e   r u b b i n g ,   i t  

was  j u d g e d   t h a t   t h e   t o n e r   was  f i x e d .   The  l o w e s t   t e m p e r a -  
t u r e   a t   w h i c h   t h e   f i x a t i o n   was  e f f e c t e d   was  d e f i n e d   a s  

T f .  

COMPARATIVE  EXAMPLE  1 

A  r e s i n   was  p r e p a r e d   by  s e e d   p o l y m e r i z a t i o n   i n  

t h e   same  way  as  in  E x a m p e l   1  e x c e p t   t h a t   in   t h e   s e c o n d -  

s t a g e   p o l y m e r i z a t i o n ,   49  p a r t s   of  s t y r e n e ,   21  p a r t s   o f  

b u t y l   a c r y l a t e   and  3 .5   p a r t s   of  1 - d o d e c y l m e r c a p t a n   w e r e  

u s e d .  

A  t o n e r   was  p r e p a r e d   by  u s i n g   t h e   r e s u l t i n g  

r e s i n   in   t h e   same  way  as  in   E x a m p l e   1,  and  t e s t e d   f o r  



f i x a b i l i t y .   As  shown  in   t h e   f o l l o w i n g   t a b l e ,   t h i s   t o n e r  

had  p o o r   o f f s e t   r e s i s t a n c e   and  a  n a r r o w   f i x a b l e   t e m p e r a -  

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

p r a c t i c a l   a p p l i c a t i o n .  

EXAMPLE  2 

A  p o l y m e r i z a t i o n   r e a c t o r   e q u i p p e d   w i t h   a  s t i r -  

r e r   was  c h a r g e d   w i t h   50  p a r t s   of  d e i o n i z e d   w a t e r ,   0 . 5  

p a r t   of  s o d i u m   d o d e c y l b e n z e n e s u l f a t e   and  0 . 0 4   p a r t   o f  

s o d i u m   c a r b o n a t e .   Wi th   s t i r r i n g ,   a  m i x t u r e   c o m p o s e d   o f  

1 7 . 5   p a r t s   of  s t y r e n e ,   7 . 5   p a r t s   of  b u t y l   a c r y l a t e ,   0 . 1 1  

p a r t   of  d i v i n y l b e n z e n e   and  0 . 0 4   p a r t   of  1 - d o d e c y l -  

m e r c a p t a n   was  a d d e d   and  e m u l s i f i e d .   Then ,   by  t he   s a m e  
m e t h o d   as  in   E x a m p l e   1,  a  f i r s t - s t a g e   p o l y m e r   l a t e x   w a s  

o b t a i n e d .  

A  d i s p e r s i o n   c o m p o s e d   of  150  p a r t s   of  d e i o n i z e d  

w a t e r ,   0 . 1   p a r t   of  s o d i u m   d o d e c y l b e n z e n e s u l f a t e ,   0 . 1   p a r t  

of  n a p t h a l e n e / s o d i u m   s u l f a t e   c o n d e n s a t e ,   60  p a r t s   o f  

s t y r e n e ,   15  p a r t s   of  b u t y l   m e t h a c r y l a t e   and  1 .4   p a r t s   o f  

t - d o d e c y l m e r c a p t a n   was  a d d e d   to   t h e   p o l y m e r i z a t i o n   s y s t e m  
in  w h i c h   t h e   a b o v e   p o l y m e r   l a t e x   was  p r e s e n t ,   and  t h e  

s e c o n d - s t a g e   p o l y m e r i z a t i o n   was  c o m p l e t e d   by  t h e   s a m e  

m e t h o d   as  in   E x a m p l e   1.  The  r e s u l t i n g   e m u l s i o n   w a s  

s a l t e d   o u t ,   f i l t e r e d   and  d r i e d   to  o b t a i n   a  r e s i n .  

One  h u n d r e d   p a r t s   of  t h e   r e s u l t i n g   r e s i n   w a s  
m i x e d   w i t h   3  p a r t s   of  a  n i g r o s i n e - t y p e   dye  and  80  p a r t s  
of  m a g n e t i t e .   They  we re   m e l t - k n e a d e d ,   f i n e l y   p u l v e r i z e d  

by  a  j e t   m i l l   and  c l a s s i f i e d   by  w i n d   to   g i v e   a  m a g n e t i c  

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

The  t o n e r   was  t e s t e d   f o r   f i x a b i l i t y   by  t h e   s a m e  

m e t h o d   as  in   E x a m p l e   1,  and  was  f o u n d   to  show  g o o d  

f i x a b i l i t y   and  o f f s e t   r e s i s t a n c e   as  shown  in   t h e   f o l l o w -  

ing   t a b l e .  

COMPARATIVE  EXAMPLE  2 

The  r e s i n   p o w d e r   o b t a i n e d   by  the   f i r s t - s t a g e  

p o l y m e r i z a t i o n   in  E x a m p l e   1  and  a  r e s i n   p o w d e r   o b t a i n e d  

by  s e p a r a t e l y   p e r f o r m i n g   p o l y m e r i z a t i o n   in   a c c o r d a n c e  



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

p o l y m e r i z a t i o n   of  E x a m p l e   2  we re   m e l t - k n e a d e d   in   a  w e i g h t  

r a t i o   of  1 : 3 ,   and  t h e n   a  m a g n e t i c   t o n e r   h a v i n g   an  a v e r a g e  

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

r e s u l t i n g   r e s i n   in   t h e   same  way  as  in   E x a m p l e   2 .  

The  t o n e r   was  t e s t e d   f o r   f i x a b i l i t y .   I t   w a s  

f o u n d   as  shown  in   t h e   f o l l o w i n g   t a b l e   t h a t   t h e   t o n e r  

c o u l d   be  f i x e d   a t   a  r e l a t i v e l y   low  t e m p e r a t u r e ,   b u t  

s h o w e d   a  low  o f f s e t   g e n e r a t i n g   t e m p e r a t u r e   and  a  n a r r o w  

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

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

COMPARATIVE  EXAMPLE  3 

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

E x a m p l e   2  was  b l e n d e d   w i t h   a  p o l y m e r   l a t e x   s e p a r a t e l y  

p r e p a r e d   in   a c c o r d a n c e   w i t h   t h e   same  p o l y m e r i z a t i o n  

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

t h e   s e c o n d - s t a g e   p o l y m e r i z a t i o n   in   E x a m p l e   2  e x c e p t   t h a t  

0 .7   p a r t   of  s o d i u m   d o d e c y l b e n z e n e s u l f a t e   was  u s e d .   T h e  

b l e n d   was  s a l t e d   o u t ,   f i l t e r e d ,   and  d r i e d   to   o b t a i n   a  
r e s i n .   A  m a g n e t i c   t o n e r   h a v i n g   an  a v e r a g e   p a r t i c l e  

d i a m e t e r   of  13  m i c r o n s   was  p r e p a r e d   by  u s i n g   t h i s   r e s i n  

by  t h e   same  m e t h o d   as   in   E x a m p l e   2.  When  t h e   t o n e r   w a s  

t e s t e d   f o r   f i x a b i l i t y ,   i t   was  f o u n d   to   h a v e   poor   o f f s e t  

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

COMPARATIVE  EXAMPLE  4 

A  s o l u t i o n   of  0 . 0 5   p a r t   of  p o l y v i n y l   a l c o h o l   i n  

100  p a r t s   of  d e i o n i z e d   w a t e r   was  p u t   i n t o   a  p o l y m e r i z a -  

t i o n   r e a c t o r   e q u i p p e d   w i t h   a  s t i r r e r   and  a  b a f f l e .   T h e n ,  

1 7 . 5   p a r t s   of  s t y r e n e ,   7 . 5   p a r t s   of  b u t y l   a c r y l a t e ,   0 . 1 1  

p a r t   of  d i v i n y l b e n z e n e ,   0 . 0 3   p a r t   of  a z o b i s i s o b u t y r o -  

n i t r i l e   and  0 . 0 3   p a r t   of  1 - b u t y l m e r c a p t a n   w e r e   a d d e d   a n d  

s u s p e n d e d .   Then ,   t h e   i n s i d e   of  t h e   r e a c t o r   was  f u l l y  

d e a e r a t e d   and  p u r g e d   w i t h   n i t r o g e n .   W i t h   s t i r r i n g ,   t h e  

t e m p e r a t u r e   of  t h e   i n s i d e   of  t h e   r e a c t o r   was  r a i s e d   to   70  

°C,  and  t h e   f i r s t - s t a g e   p o l y m e r i z a t i o n   was  c o m p l e t e d   i n  

10  h o u r s .  



The  p o l y m e r i z a t i o n   s y s t e m   was  c o o l e d   to  40  

°C,  and  a  m i x t u r e   of  60  p a r t s   of  s t y r e n e ,   15  p a r t s   o f  

b u t y l   m e t h a c r y l a t e ,   0 . 1   p a r t   of  a z o b i s i s o b u t y r o n i t r i l e  

and  0 .9  p a r t   of  t - b u t y l m e r c a p t a n   was  a d d e d .   F u r t h e r m o r e ,  

200  p a r t s   of  w a t e r   h a v i n g   0 .15   p a r t   of  p o l y v i n y l   a l c o h o l  

d i s s o l v e d   in   i t   was  a d d e d .   The  m i x t u r e   was  f u l l y   s t i r -  

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

r a i s e d   to   70  °C.  The  s e c o n d - s t a g e   p o l y m e r i z a t i o n   w a s  

c o m p l e t e d   in   15  h o u r s .   The  p o l y m e r i z a t i o n   s y s t e m   w a s  

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

and  d r i e d   to   o b t a i n   a  r e s i n .  

A  t o n e r   was  p r e p a r e d   f rom  t h e   r e s u l t i n g   r e s i n  

in   t h e   same  way  as  in   E x a m p l e   2,  and  t e s t e d   f o r   f i x -  

a b i l i t y .   As  shown  in  t h e   f o l l o w i n g   t a b l e ,   i t   had  p o o r  
o f f s e t   r e s i s t a n c e .  

COMPARATIVE  EXAMPLE  5 

The  same  p o l y m e r i z a t i o n   as  t h e   f i r s t - s t a g e  

p o l y m e r i z a t i o n   in   E x a m p l e   2  was  p e r f o r m e d   e x c e p t   t h a t   t h e  

p o l y m e r i z a t i o n   r e c i p e   was  c h a n g e d   to  16  p a r t s   of  s t y r e n e ,  

5  p a r t s   of  b u t y l   a c r y l a t e ,   4  p a r t s   of  a c r y l o n i t r i l e ,   0 . 4  

p a r t   of  d i v i n y l b e n z e n e   and  0 .03   p a r t   of  1 - d o d e c y l -  

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

was  c a r r i e d   o u t   in   a c c o r d a n c e   w i t h   t he   same  p o l y m e r i -  

z a t i o n   r e c i p e   and  u n d e r   t h e   same  p o l y m e r i z a t i o n   c o n -  
d i t i o n s   as  in   E x a m p l e   2  to  o b t a i n   a  r e s i n .  

A  t o n e r   was  p r e p a r e d   f rom  t he   r e s u l t i n g   r e s i n  

in  t h e   same  way  as  in   E x a m p l e   2,  and  t e s t e d   f o r   f i x -  

a b i l i t y .   As  shown  in  t h e   f o l l o w i n g   t a b l e ,   i t   had  a  h i g h  

l o w e s t   f i x a b l e   t e m p e r a t u r e ,   and  c o u l d   n o t   be  u s e d   i n  

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

EXAMPLE  3 

A  p o l y m e r i z a t i o n   r e a c t o r   e q u i p p e d   w i t h   a  s t i r -  

r e r   was  c h a r g e d   w i t h   58  p a r t s   of  d e i o n i z e d   w a t e r ,   0 . 5  

p a r t   of  p o t a s s i u m   o l e a t e   and  0 . 0 4   p a r t   of  s o d i u m   c a r b o n -  

a t e .   Wi th   s t i r r i n g ,   a  m i x t u r e   c o m p o s e d   of  17  p a r t s   o f  

s t y r e n e ,   8  p a r t s   of  2 - e t h y l h e x y l   a c r y l a t e ,   0 . 58   p a r t   o f  



e t h y l e n e   g l y c o l   d i m e t h a c r y l a t e   and  0 .1   p a r t   of  t - b u t y l -  

m e r c a p t a n   was  a d d e d   and  e m u l s i f i e d .   T h e r e a f t e r ,   by  t h e  

same  way  as  i n   E x a m p l e   1,  a  f i r s t - s t a g e   p o l y m e r   l a t e x   w a s  
o b t a i n e d .  

To  t h e   p o l y m e r i z a t i o n   s y s t e m   in  w h i c h   t h e   a b o v e  

p o l y m e r   l a t e x   was  p r e s e n t ,   a  d i s p e r s i o n   c o m p o s e d   of  1 7 0  

p a r t s   of  d e i o n i z e d   w a t e r ,   0.8  p a r t   of  p o t a s s i u m   o l e a t e ,  

61  p a r t s   of  s t y r e n e ,   11  p a r t s   of  2 - e t h y l h e x y l   a c r y l a t e  

and  1 . 2   p a r t s   of  t - b u t y l m e r c a p t a n   was  a d d e d .   Then ,   b y  

t h e   same  m e t h o d   as   in   E x a m p l e   1,  t h e   s e c o n d - s t a g e   p o l y m e r -  

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

o u t ,   f i l t e r e d ,   and  d r i e d   to   o b t a i n   a  r e s i n .  

One  h u n d r e d   p a r t s   of  t h e   r e s u l t i n g   r e s i n   w a s  
m i x e d   w i t h   5  p a r t s   of  a  g o l d - c o n t a i n i n g   dye  and  100  p a r t s  

of  m a g n e t i t e ,   and  t h e   m i x t u r e   was  m e l t - k n e a d e d ,   f i n e l y  

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

an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  12  m i c r o n s .   The  t o n e r  

was  t e s t e d   f o r   f i x a b i l i t y   by  t h e   same  m e t h o d   as   in   E x -  

a m p l e   1.  As  shown  in   t h e   f o l l o w i n g   t a b l e ,   i t   e x h i b i t e d  

good   f i x a b i l i t y   and  o f f s e t   r e s i s t a n c e .  

COMPARATIVE  EXAMPLE  6 

A  p o l y m e r i z a t i o n   r e a c t o r   was  c h a r g e d   w i t h   1 1 6  

p a r t s   of  d e i o n i o z e d   w a t e r ,   1 .0   p a r t   of  p o t a s s i u m   o l e a t e  

and  0 .08   p a r t   of  s o d i u m   c a r b o n a t e .   Wi th   s t i r r i n g ,   a  
m i x t u r e   of  35  p a r t s   of  s t y r e n e ,   15  p a r t s   of  2 - e t h y l h e x y l  

a c r y l a t e ,   0 . 7   p a r t   of  e t h y l e n e   g l y c o l   d i m e t h a c r y l a t e   a n d  

0 .1   p a r t   of  t - b u t y l m e r c a p t a n   was  a d d e d .   Then ,   by  t h e  

same  m e t h o d   as   in   E x a m p l e   1,  a  f i r s t - s t a g e   p o l y m e r   l a t e x  

was  o b t a i n e d .  

To  t h e   p o l y m e r i z a t i o n   s y s t e m   in  w h i c h   t h e  

p o l y m e r   l a t e x   was  p r e s e n t ,   a  d i s p e r s i o n   c o m p o s e d   of  1 1 4  

p a r t s   of  d e i o n i z e d   w a t e r ,   0 . 3 3   p a r t   of  p o t a s s i u m   o l e a t e ,  

43  p a r t s   of  s t y r e n e ,   7  p a r t s   of  2 - e t h y l h e x y l   a c r y l a t e   a n d  

0 .7   p a r t   of  t - b u t y l m e r c a p t a n   was  a d d e d .   Then ,   by  t h e  

same  m e t h o d   as   in   E x a m p l e   1,  t h e   s e c o n d - s t a g e   p o l y m e r i -  
z a t i o n   as  c o m p l e t e d .   The  e m u l s i o n   was  s a l t e d   o u t ,  



f i l t e r e d   and  d r i e d   to   o b t a i n   a  r e s i n .  

A  t o n e r   was  p r e p a r e d   f r o m  t h e   r e s i n   by  t h e   s a m e  

m e t h o d   as  in   E x a m p l e   3,  and  t e s t e d   f o r   f i x a b i l i t y .   A s  

shown  in   t h e   f o l l o w i n g   t a b l e ,   i t   had  a  h i g h   l o w e s t  

f i x a b l e   t e m p e r a t u r e   and  c o u l d   n o t   be  u s e d   in   p r a c t i c a l  

a p p l i c a t i o n s .  

EXAMPLE  4 

A  p o l y m e r i z a t i o n   r e a c t o r   e q u i p p e d   w i t h   a  s t i r -  

r e r   was  c h a r g e d   w i t h   180  p a r t s   of  d e i o n i z e d   w a t e r ,   1 . 2  

p a r t s   of  p o t a s s i u m   o l e a t e   and  0 . 1 2   p a r t s   of  s o d i u m   c a r b o n -  

a t e .   Wi th   s t i r r i n g ,   12  p a r t s   of  b u t y l   a c r y l a t e ,   6 7 8  

p a r t s   of  s t y r e n e   and  1 .5   p a r t s   of  t - d o d e c y l m e r c a p t a n   w e r e  

a d d e d ,   and  by  t h e   same  m e t h o d   as  in   E x a m p l e   1,  a  f i r s t -  

s t a g e   p o l y m e r   l a t e x   was  o b t a i n e d .  

To  t h e   p o l y m e r i z a t i o n   s y s t e m   in  w h i c h   t h e  

p o l y m e r   l a t e x   was  p r e s e n t   was  a d d e d   a  d i s p e r s i o n   c o m p o s e d  
of  16  p a r t s   of  d e i o n i z e d   w a t e r ,   0 .2   p a r t   of  p o t a s s i u m  

o l e a t e ,   17  p a r t s   of  s t y r e n e ,   3  p a r t s   of  b u t a d i e n e ,   0 . 1 4  

p a r t   of  v i n y l b e n z e n e   and  0 . 0 5   p a r t   of  t - d o d e c y l m e r c a p t a n .  

Then ,   by  t h e   same  m e t h o d   as  in   E x a m p l e   1,  t h e   s e c o n d -  

s t a g e   p o l y m e r i z a t i o n   was  c o m p l e t e d .   The  e m u l s i o n   w a s  

s a l t e d   o u t   w i t h   c a l c i u m   c h l o r i d e ,   and  d r i e d   to   o b t a i n   a  
r e s i n .  

One  h u n d r e d   p a r t s   of  t h e   r e s u l t i n g   r e s i n   w a s  

m i x e d   w i t h   4  p a r t s   of  a  n i g r o s e n e - t y p e   dye  and  100  p a r t s  

of  m a g n e t i t e .   The  m i x t u r e   was  m e l t   k n e a d e d ,   f i n e l y  

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

h a v i n g   an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  13  m i c r o n s .   T h e  

t o n e r   was  t e s t e d   f o r   f i x a b i l i t y   in  t h e   same  way  as  i n  

E x a m p l e   1.  As  shown  in  t h e   f o l l o w i n g   e x a m p l e ,   i t   h a d  

e x c e l l e n t   o f f s e t   r e s i s t a n c e   and  good  f i x a b i l i t y .  





1.  A  r e s i n   u s e f u l   f o r   p r e p a r i n g   an  e l e c t r o p h o t o -  

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

s t r u c t u r e   c o m p o s e d   of  (A)  a  l a y e r   of  a  l o w - t e m p e r a t u r e  

m e l t i n g   e m u l s i o n   p o l y m e r   h a v i n g   a  4  mm  d e s c e n d i n g   t e m p e r -  

a t u r e   of  90  to  130  °C  and  (B)  a  l a y e r   of  a  h i g h - t e m p e r -  

a t u r e   m e l t i n g   e m u l s i o n   p o l y m e r   h a v i n g   a  4  mm  d e s c e n d i n g  

t e m p e r a t u r e   of  130  to  170  °C,  s a i d   p a r t i c l e s   of  t h e  

r e s i n   h a v i n g   a  4  mm  d e s c e n d i n g   t e m p e r a t u r e   of  100  to  1 5 0  

°C,  s a i d   4  mm  d e s c e n d i n g   t e m p e r a t u r e   b e i n g   d e f i n e d   a s  
t h e   t e m p e r a t u r e   a t   w h i c h   t h e   p l u n g e r   of  a  f l o w   t e s t e r  

d e s c e n d s   4  mm  in  a  r e f e r e n t i a l   t e s t   s e t   f o r t h   in   J I S  

K-7210   u n d e r   c o n d i t i o n s   i n v o l v i n g   a  d i e   d i a m e t e r   of  1  mm, 

a  d i e   l e n g t h   of  10  mm,  a  l o a d  o f   100  kg / cm2   and  a  

t e m p e r a t u r e   r a i s i n g   r a t e   of  6  ° C .  

2.  The  r e s i n   of  c l a i m   1  w h e r e i n   t h e   e m u l s i o n  

p o l y m e r   of  e a c h   of  t h e   l a y e r s   (A)  and  (B)  i s   a  p o l y m e r   o f  

a  v i n y l   c o m p o u n d .  

3.  The  r e s i n   of  c l a i m   2  w h e r e i n   t h e   p o l y m e r   of  a  

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

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

c o m p o u n d .  

4.  The  r e s i n   of  c l a i m   1  w h e r e i n   t h e   h i g h - m e l t i n g  

e m u l s i o n   p o l y m e r   l a y e r   (B)  h a s   a  c r o s s l i n k e d   s t r u c t u r e .  

5.  The  r e s i n   of  c l a i m   1  w h e r e i n   t h e   p a r t i c l e s   of  a  

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

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

and  an  o u t e r   l a y e r   of  t h e   l o w - t e m p e r a t u r e   m e l t i n g   e m u l -  

s i o n   p o l y m e r   l a y e r   ( A ) .  

6.  The  r e s i n   of  c l a i m   1  w h e r e i n   t h e   p a r t i c l e s   of  a  

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

z a t i o n   m e t h o d .  
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