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5  E i e c t r o p n o - c o g r a p j i J - t ;   xuuc i .  

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

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   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   p o w d e r   f o r   use   in   t h e   d e v e l o p m e n t  

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

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

a b i l i t y   in   a  h o t - r o l l   c o p y i n g   m e t h o d .  

.5  B a c k g r o u d   of  t h e   T e c h n i c  

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

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

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

c o n t r o l   a g e n t ,   wax  and  t h e   l i k e .   S y n t h e t i c   or  n a t u r a l  

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

a  s u i t a b l e   m i x t u r e .   A  r e l a t i v e l y   h i g h   m o l e c u l a r   w e i g h t  

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

a d m i x t u r e   w i t h   a  r e l a t i v e l y   low  m o l e c u l a r   w e i g h t  

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

25  The  c o m p o s i t i o n   and   t h e r m a l   p r o p e r t i e s   of  t h e   s t y r e n e  

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

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

Many  k i n d s   of   f i x a t i o n   m e t h o d   w h i c h   c a l l e d  

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

5  c o p y i n g   m a c h i n e s   and  p r i n t e r s .   In  t h e s e   m e t h o d s ,  

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

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

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

f i x e d   on  t h e   p a p e r .   C o p y i n g   m a c h i n e   have   r e c e n t l y  

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

s p e e d   and  a  low  e n e r g y   f i x a t i o n .   C o n v e n t i o n a l   t o n e r ,  

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

of   t h e s e   m a c h i n e s   and  p r i n t e r s   by  t h e   f o l l o w i n g   r e a s o n s .  

The  h e a t   q u a n t i t y   t r a n s f e r r e d   f rom  t h e   h o t   r o l l s   t o  

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

t h a n   a t   low  d u p l i c a t i o n   s p e e d .   A  r e m a r k a b l e   d e c r e a s e  

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

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

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

20  f i x a t i o n   of  t h e   t o n e r   p a r t i c l e s .   B e s i d e s   t h e   c o p y i n g  

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

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

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

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

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

s t r o n g l y   r e q u i r e d   to   l o w e r   t h e   t e m p e r a t u r e   of  h o t   r o l l s .  
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I  -  3  -  

The  c o n v e n t i o n a l   t o n e r ,   h o w e v e r ,   c a n n o t   p e r f o r m  

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

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

T h e r e f o r e   i t   ha s   b e e n   s t r o n g l y   d e s i r e d   to  d e v e l o p   t h e  

5  t o n e r   w h i c h   e x h i b i t s   s u f f i c i e n t   f i x i n g   a b i l i t y   b y  

s u p p l y i n g   a  s m a l l e r   q u a n t i t y   of  h e a t .  

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

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

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

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

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

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

t e m p e r a t u r e s   c a n   be  p r e p a r e d   by  a d j u s t i n g   t h e   m i x i n g  

r a t i o   of  t he   r e s i n .   T h i s   m e t h o d ,   h o w e v e r ,   i n c r e a s e s  

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

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

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

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

p a p e r   by  t he   h o t   r o l l s   a t   t h e   f i x a t i o n   s t a g e   a r e  

20  t r a n s f e r r e d   and  l e f t   on  t h e   h o t   r o l l   s u r f a c e   when  t h e  

p a p e r   was  r e m o v e d   f rom  t h e   r o l l s .   The  a t t a c h e d   t o n e r  

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

w h i c h   i s   s o - c a l l e d   " o f f s e t   p h e n o m e n o n " .   The  o f f s e t  

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

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

be  o b t a i n e d .  
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-  4  -  

The  r e s i n   w h i c h   i s   f r e e   f rom  the   b l o c k i n g  

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

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

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

5  w h i c h   c o n s t i t u t e s   t h e   r e s i n .   A  p o l y m e r i z a t i o n   i n i t i a t o r ,  

h o w e v e r ,   i s   u n e c o n o m i c a l l y   r e q u i r e d   in   a  r e l a t i v e l y  

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

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

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

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

to   c o n t a m i n a t e   in  t h e   t o n e r .   Thus   f r i c t i o n a l   •  c h a r g e  

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

d i f f i c u l t   to  o b t a i n   s h a r p ,   c l e a r   and  good  q u a l i t y  

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

15  B e s i d e s   t h e   low  m o l e c u l a r   w e i g h t   s t y r e n e  

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

a m o u n t   of  p o l y m e r i z a t i o n   i n i t i a t o r   in   c o m b i n a t i o n   w i t h  

a  c h a i n   t r a n s f e r   a g e n t   s u c h   as   m e r c a p t a n .   The  t o n e r  

c o n t a i n i n g   a  low  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  

20  ( 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.  3 , 3 0 4 / 1 9 7 7 )   and  t h e  

t o n e r   o b t a i n e d   by  u s i n g   a,  3  - u n s a t u r a t e d   e t h y l e n e   p o l y m e r  

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

w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   (Mw)  / n u m b e r   a v e r a g e  

m o l e c u l a r   w e i g h t   (Mn)  =  3 .5   -  40,  as  t h e   r e s i n   ( J a p a n e s e  

25  P a t e n t   P u b l i c a t i o n   No.  6 , 8 9 5 / 1 9 8 0 )   a re   a l s o   k n o w n .  

T h e s e   t o n e r s   can   i m p r o v e   o f f s e t   r e s i s t a n c e   to   s o m e  
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e x t e n t ,   b u t   c a n n o t   i m p r o v e   f i x i n g   a b i l i t y .   B e s i d e s  

as  a  m e t h o d   f o r   i m p r o v i n g   t he   f i x i n g   a b i l i t y ,   t h e  

t o n e r   a d d e d   w i t h   p l a s t i c i z e r s   such   as  p h t h a l i c   a c i d  

e s t e r s   e t c .   ( 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   ( 1 2 , 6 7 9 / 1 9 7 1 )  

5  i s   known .   The  a d d e d   p l a s t i c i z e r s ,   h o w e v e r ,   m i g r a t e  

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

c a u s e   p r o b l e m s   in  a c t u a l   u s e .  

B e s i d e s   t he   t o n e r   c o n t a i n i n g   the   r e s i n  

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

10  a t   l e a s t   one  peak   v a l u e   r e s p e c t i v e l y   in   t h e   m o l e c u l a r  

w e i g h t   r e g i o n s   of  103  -  8  x  104  and  105  -  2  x  1 0 6  

( J a p a n e s e   P a t e n t   L a i d - o p e n   No.  1 6 , 1 4 4 / 1 9 8 1 ,   r e l e v a n t  

to  U.S .   P.  4 , 4 9 9 , 1 6 8 )   i s   known.   F u r t h e r m o r e ,   t h e   t o n e r  

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

15  number   a v e r a g e   m o l e c u l a r   w e i g h t   of  3 , 0 0 0   -  5 0 , 0 0 0   a n d  

Mw/Mn  of   l e s s   t h a n   3 . 5 ,   and  a  p o l y m e r   w h i c h   i s   i n s o l u b l e  

and  i n f u s i b l e   ( 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.  8 6 5 5 8 /  

1983)  has   a l s o   b e e n   p r o p o s e d   r e c e n t l y .  

The  t o n e r   o b t a i n e d   f rom  such   p o l y m e r ,   h o w e v e r ,  

20  i s   s t i l l   u n s a t i s f a c t o r y   in   c h a r g e   s t a b i l i t y ,   c a n n o t  

p r o v i d e   a  good  image   u n d e r   h i g h   r e l a t i v e   h u m i d i t y   i n  

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

u s e .   In  a d d i t i o n ,   t h e   t o n e r   is   a p t   to  c a u s e   b l o c k i n g  

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

25  in  p r a c t i c a l   a p p l i c a t i o n .  
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D i s c l o s u r e   or  t h e   I n v e n t i o n  

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

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   w h i c h   i s   e x c e l l e n t   i n  

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

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

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

a g a i n s t   b l o c k i n g   and   o f f s e t .  

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

be  a c h i e v e d   by  p r o v i d 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  

10  c o n t a i n i n g   a  v i n y l   p o l y m e r   as  a  p r i m a r y   c o m p o n e n t .  

The  v i n y l   p o l y m e r   h a s   1 , 0 0 0   -  5 , 0 0 0   in   a  n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   (Mn)  and  1  -  3  in   a  r a t i o  

(Mw/Mn)  of  a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   (Mw)  t o  

t h e   number   a v e r a g e   m o l e c u l a r ,   w e i g h t .  

1-5  The  t o n e r   of   t h i s   i n v e n t i o n   is   e x c e l l e n t  

as  a  one  c o m p o n e n t   t o n e r   c o n t a i n i n g   m a g n e t i c   p o w d e r  

or  a  two  c o m p o n e n t   t o n e r   e m p l o y e d   a f t e r   m i x i n g   w i t h   a  

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

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

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

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

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

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

e x a m p l e ,   a t   a  h i g h   s p e e d   of  40  -  100  s h e e t s / m i n .   a n d  

25  a  l o w e r   t e m p e r a t u r e   of   130  -  1 4 0 ° C .  
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P r e f e r r e d   E m b o d i m e n t s   of  the   I n v e n t i o n  

The  v i n y l   monomer   h a v i n g   c a r b o x y l   g r o u p s  

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

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 ,   c r o t o n i c   a c i d ,   i t a c o n i c  

5  a c i d ,   c i n n a m i c   a c i d ,   m a l e i c   a n h y d r i d e ,   f u m a r i c   a c i d ,  

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

m o n o e s t e r s .   T h e s e   m o n o m e r s   a r e   u s e d   s i n g l y   or   a  

c o m b i n a t i o n   of  two  and  m o r e .   In  c o n s i d e r a t i o n   o f  

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

LO  m a l e i c   a n h y d r i d e   and  c i n n a m i c   a c i d   a r e   p a r t i c u l a r l y  

p r e f e r a b l e .   B e s i d e s   t h e   r a t i o   of  v i n y l   monomer   t o  

s t y r e n e   i s   d e t e r m i n e d   so  as  to  o b t a i n   an  a c i d   v a l u e   i n  

t h e   r a n g e   of   p r e f e r a b l y   0 - 5 0   KOHmg/g,  and  m o r e  

p r e f e r a b l y   0 - 3 0   KOHmg/g .  

15  The  a c i d   v a l u e   e x c e e d i n g   50  KOHmg/g  i s   u n d e s i r a b l e  

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

c h a r g e   s t a b i l i t y   i s   e l i m i n a t e d .  

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

can   be  p r e p a r e d   by  any  of  c o n v e n t i o n a l l y   known  m e t h o d s  

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

i z a t i o n ,   e m u l s i o n   p o l y m e r i z a t i o n ,   b u l k   p o l y m e r i z a t i o n .  

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

a t i o n   of  q u a l i t y   s t a b i l i z a t i o n .   The  p o l y m e r i z a t i o n  

i n i t i a t o r   or   t he   c h a i n   t r a n s f e r   a g e n t   i s   f r e q u e n t l y  

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

p r e p a r i n g   t he   low  m o l e c u l a r   w e i g h t   p o l y m e r .   In  t h e  



s o l u t i o n   p o l y m e r i z a t i o n ,   s o l v e n t   is  a l w a y s   d i s t i l l e d  

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

f i n a l   s t e p   of  p r e p a r a t i o n .   The  r e s i d u e   of  p o l y m e r -  

i z a t i o n   i n i t i a t o r ,   u n r e a c t e d   monomer   and  low  b o i l i n g  

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

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

a m o u n t   of  i m p u r i t i e s .   T h e r e f o r e   t h e   t o n e r   o b t a i n e d  

f r o m   t h e   p o l y m e r   has   a  good   h u m i d i t y   r e s i s t a n c e   and  a n  

e x c e l l e n t   s t a b i l i t y   of  q u a l i t y   e v e n   in   t he   c o p y i n g  

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

of   5 0 , 0 0 0   s h e e t s   of   p a p e r .  

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

i n v e n t i o n   i s   a t   l e a s t   one  of   known  r a d i c a l   p o l y m e r i z a -  

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

15  d i a l k y l   p e r o x i d e ,   k e t o n e   p e r o x i d e ,   d i a c y l   p e r o x i d e ,  

p e r c a r b o n a t e   ,  a z o b i s   d e r i v a t i v e .   The  i n i t i a t o r  

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

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

p e r o x i d e ,   cumene   h y d r o p e r o x i d e ,   d i -   t - b u t y l   p e r o x i d e ,  

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

k e t o n e   p e r o x i d e ,   m e t h y l   i s o b u t y l   k e t o n e   p e r o x i d e ,  

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

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

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

25  a z o b i s i s o b u t y r o n i t r i l e ,   2 - p h e n y l a z o - 2 , 4 - d i m e t h y l - 4 -  

m e t h o x y v a l e r o n i t r i l e ,   and  2 ,2   ' - a z o b i s   ( 2 - m e t h y l p r o p a n e )   . 
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The  d i a l k y l   p e r o x i d e   p o l y m e r i z a t i o n   i n i t i a t o r s  

s u c h   as  d i - t - b u t y l   p e r o x i d e ,   t - b u t y l   cumyl   p e r o x i d e  

and  d i - c u m y l   p e r o x i d e   a r e   p a r t i c u l a r l y   p r e f e r r e d   f o r  

u se   among  t h e s e   i n i t i a t o r s   . 

The  i n i t i a t o r   i s   u s e d   in   an  amoun t   of  0 . 0 5   -  

1 5 . 0   p a r t s   by  w e i g h t   p e r   100  p a r t s   by  w e i g h t   of   t h e  

v i n y l   m o n o m e r .  

The  s o l v e n t   w h i c h   i s   u s e d   in  t h i s   i n v e n t i o n  

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

v i n y l   monomer   and  i t s   p o l y m e r .   The  s o l v e n t   i n c l u d e s ,  

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

c a r b o n s ,   e s t e r s ,   e t h e r s ,   k e t o n e s ,   a l c o h o l s ,   c e l l o s o l v e s ,  

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

s o l v e n t   can   be  u s e d   s i n g l y   or   in   c o m b i n a t i o n .  

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

i s   x y l e n e ,   e t h y l b e n z e n e ,   b e n z e n e ,   t o l u e n e ,   e t h y l  

TM a c e t a t e   and  S o l v e s s o   #100  and   #150  ( p r o d u c t s   o f  

E s s o   P e t r o l e u m   Co.)   . 

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

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

v i n y l   monomer   and  p r e f e r a b l y   c o n t a i n s   s t y r e n e   as  t h e  

m a j o r   i n g r e d i e n t .   The  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t  

of  t h e   p o l y m e r   i s   r e q u i r e d   to   be  1 , 0 0 0   -  5 , 0 0 0   a n d  

p r e f e r r e d   to  be  1 , 5 0 0   -  2 , 8 0 0 .   Mw/Mn  i s   r e q u i r e d   t o  

be  1  -  3  .  The  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   of  l e s s  

t h a n   1 , 0 0 0   i s   u n d e s i r a b l e   b e c a u s e   t h e   t o n e r   d e c r e a s e s  
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t h e   b l o c k i n g   r e s i s t a n c e .   T h a t   of  more  t h a n   5 , 0 0 0  

or  a l s o   Mw/Mn  of  more   t h a n   3  d e t e r i o r a t e   t h e   f i x i n g  

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

G e n e r a l l y   i n   t h e   number   a v e r a g e   m o l e c u l a r  

5  w e i g h t   of   5 , 0 0 0   and   l e s s ,   c o p o l y m e r   of   s t y r e n e   w i t h  

a c r y l i c   a c i d   e s t e r   s u c h   as  b u t y l   a c r y l a t e   w h i c h   i s  

c o n v e n t i o n a l l y   u s e d   f o r   t h e   t o n e r   r e s i n   l o w e r s   Tg  t o  

l e s s   t h a n   5 0 ° C ,   c a u s e s   b l o c k i n g   and  r e n d e r s   t h e   t o n e r  

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

10  i n v e n t i o n   d e r i v e d   f r o m   s t y r e n e   a l o n e   or   s t y r e n e   a n d  

v i n y l   m o n o m e r   c o n t a i n i n g   c a r b o x y l   g r o u p   can   m a i n t a i n  

Tg  a t   n o t   l o w e r   t h a n   50°C  and  s a t i s f y   b o t h   f i x i n g   a b i l i t y  

and  b l o c k i n g   r e s i s t a n c e .  

Tg  o f   t h e   v i n y l   p o l y m e r   i s   p r e f e r a b l y   50  -  

15  75°C  i n   t h i s   i n v e n t i o n .   Tg  of  n o t   h i g h e r   t h a n   5 0 ° C  

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

Tg  e x c e e d i n g   75°C  c a u s e s   l a c k   of   f i x i n g   a b i l i t y .  

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

as  an  i n g r e d i e n t   of   t h e   e l e c t r o p h o t o g r a p h i c   t o n e r  

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

The  a m o u n t   i s   n o r m a l l y   30  -  80%  by  w e i g h t ,   p r e f e r a b l y  

35  -  70%  by  w e i g h t   o f   t h e   r e s i n   i n   t h e   t o n e r .  

B e s i d e s   t h e   m o s t   g e n e r a l   m e t h o d   f o r  

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

25  t i o n   i s ,   f o r   e x a m p l e ,   as  f o l l o w s .   The  a f o r e s a i d   r e s i n  

i s   g r o u n d   to   a  s i z e   of  a b o u t   0 . 5 - 2   mm  and  m i x e d   w i t h  



us  «:  z  4  o  o  

-  11  -  

: a r b o n   b l a c k .   The  r e s u l t i n g   m i x t u r e   i s   o p t i o n a l l y  

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

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

: h a r g e   c o n t r o l   a g e n t   and  wax .   The  m i x t u r e   t h u s  

> b t a i n e d   i s   s u b j e c t e d   to   d i s p e r s i o n   m i x i n g   w i t h   a  

l e n s h e l   m i x e r   and  t h e n   to  m e l t   k n e a d i n g   a t   a  t e m p e r a t u r e  

)f  130  -  180  °C  w i t h   a  k n e a d e r .   The  r e s u l t i n g   mass   i s  

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

ind  c l a s s i f i e d   in   a i r   to   o b t a i n   p a r t i c l e s   h a v i n g   a  

s i z e   of  5  -  25  ym.  /  

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

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

an  a m o u n t   of  10  -  99%  by  w e i g h t   and  more  g e n e r a l l y  

c o n t a i n s   40%  by  w e i g h t   of  t h e   m a g n e t i c   powder   a n d  

60%  by  w e i g h t   of  t h e   r e s i n .   In  t h e   a b s e n c e   of  m a g n e t i c  

p o w d e r ,   t h e   t o n e r   c o n t a i n s   50  -  99%  by  w e i g h t   of  t h e  

r e s i n   and  more   g e n e r a l l y   c o n t a i n s ,   f o r   e x a m p l e ,   5  -  10% 

by  w e i g h t   of   c a r b o n   b l a c k   and  95  -  90%  by  w e i g h t   o f  

t h e   r e s i n .  

O t h e r   p o l y m e r s   w h i c h   may  be  u s e d   in   t h e  

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

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

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

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

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

t h e   t o n e r   s t r e n g t h ,   h i g h   m o l e c u l a r   w e i g h t   p o l y m e r   h a v i n g  
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Mw  of  n o t   l e s s   t h a n   1 0 0 , 0 0 0   i s   p r e f e r r e d   in  p a r t i c u l a r .  

The  t o n e r   d e t e r i o r a t e s   t h e   f i x i n g   a b i l i t y   when  t h e  

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

v i n y l   p o l y m e r   i s   l e s s   t h a n   30%  by  w e i g h t .   The  t o n e r  

5  c a n n o t   m a i n t a i n   i t s   s t r e n g t h   and  d e t e r i o r a t e s   a p p a r e n t  

f i x i n g   a b i l i t y   when  t h e   c o n t e n t   e x c e e d s   80%. 

The  u se   of   c r o s s l i n k e d   p o l y m e r s   w h i c h   a r e   i n s o l u b l e  

and   i n f u s i b l e   i s   u n d e s i r a b l e   b e c a u s e   of   f i x i n g   a b i l i t y  

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

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

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

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

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

15  and   m a g n e t i t e .  

The  c h a r g e   c o n t r o l   a g e n t   w h i c h   may  be  u s e d  

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

d y e s t u f f s ,   c h r o m e   c o m p l e x   of  3  , 5 - d i - t - b u t y l s a l i c y l i c  

a c i d .   F u r t h e r m o r e ,   c o n v e n t i o n a l l y   known  a d d i t i v e s  

20  s u c h   as  c o l l o i d a l   s i l i c a ,   z i n c   s t e a r a t e ,   low  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 ,   p o l y e t h y l e n e   wax,   p o l y t e t r a -  

f  l u o r o e t h y l e n e   e t c .   may  a l s o   be  a d d e d   i f   r e q u i r e d .  

B e s i d e s   in   t h i s   i n v e n t i o n ,   Mw  and  Mn  a r e  

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

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

GPC)  u s i n g   t e t r a h y d r o f u r a n   (THF)  as  s o l v e n t ,   d e t e c t i n g  
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w i t h   a  d i f f e r e n t i a l   r e f   r a c t o m e t e r   (SHODEX  SE-RU  )  a n d  

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

s t a n d a r d   p o l y s t y r e n e .   Mw  and  Mn  are   e x p r e s s e d   a s  

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

t  number   a v e r a g e   m o l e c u l a r   w e i g h t .  

E x a m p l e   1 

A  5  £  f o u r   n e c k e d   f l a s k   f i t t e d   w i t h   a  

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

0  w i t h   2 , 0 0 0   p a r t s   of  x y l e n e   and  f ed   u n d e r   r e f l u x   o v e r  

10  h o u r s   w i t h   a  m i x t u r e   c o m p o s e d   of  1 ,000   p a r t s   o f  

x y l e n e ,   1 , 0 0 0   p a r t s   of  s t y r e n e   and  a z o b i s i s o b u t y r o -  

n i t r i l e   ( h e r e i n a f t e r   r e f e r r e d   to   as  AIBN)  in  an  a m o u n t  

i l l u s t r a t e d   in  T a b l e   1.  The  r e a c t i o n   was  c o n t i n u e d  

.5  f o r   an  h o u r   u n d e r   r e f l u x   to   c o m p l e t e   the   p o l y m e r i z a t i o n .  

F i n a l l y   1 , 0 0 0   p a r t s   of  t h e   r e s u l t i n g   p o l y m e r   s o l u t i o n  

was  h e a t e d   a t   200  °C  u n d e r   r e d u c e d   p r e s s u r e   of  10  mmHg 

to  r emove   t h e   s o l v e n t .   The  m o l e c u l a r   w e i g h t   and  T g  

of  t h e   p o l y m e r   (A)  t h u s   o b t a i n e d   a re   i l l u s t r a t e d   i n  

20  T a b l e   1 .  

In  t h e   n e x t   s t e p ,   2 , 0 0 0   p a r t s   of  t h e   r e s u l t i n g  

p o l y m e r   s o l u t i o n   was  m i x e d   w i t h   500  p a r t s   of  s t y r e n e  

n - b u t y l   a e r y   l a t e   c o p o l y m e r   (  s t y r e n e   : n - b u t y l   a e r y   l a t e   = 

7 0 : 3 0   by  w e i g h t ,   Mw  =  2 8 0 , 0 0 0 ,   Mn  =  9 6 , 0 0 0 ,   Tg  =  5 8 ° C ,  

25  r a t i o   to  p o l y m e r   A  =  1 :1 )   and  f i n a l l y   h e a t e d   a t   2 0 0 ° C  

u n d e r   r e d u c e d   p r e s s u r e   of  10  mmHg  to  o b t a i n   p o l y m e r   (B)  . 
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To  1 , 0 0 0   p a r t s   of  p o l y m e r   (B)  ,  70  p a r t s   of  c a r b o n  

b l a c k   (MA-100,  a  p r o d u c t   of  M i t s u b i s h i   C h e m i c a l   C o . )  

w e r e   a d d e d   and  k n e a d e d   w i t h   a  b u m b u r y   m i x e r   in   a  

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

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

c l a s s i f i e d   to  o b t a i n   t h e   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   s i z e   of   12  y m .  

D e v e l o p i n g   a g e n t s   w e r e   p r e p a r e d   by  m i x i n g  

e a c h   3  p a r t s   of  t h e s e   t o n e r s   w i t h   100  p a r t s   of  f e r r i t e  

10  c a r r i e r   ( F - 9 5 - 1 0 0 ,   a  p r o d u c t   of  J a p a n   I r o n   P o w d e r   Co . )   . 

In  o r d e r   to   e v a l u a t e   t h e   f i x i n g   a b i l i t y ,  

a  c o m m e r c i a l l y   a v a i l a b l e   c o p y i n g   m a c h i n e   ( D C - 3 1 3 Z ,  

a  p r o d u c t   of  M i t a   I n d u s t r y   Co.)   was  r e f o r m e d   to   f r e e l y  

p r e s c r i b e   the   t e m p e r a t u r e   of  h o t   r o l l s .  

15  Ten  s h e e t s   o f   p a p e r   w e r e   c o n t i n u o u s l y  

d u p l i c a t e d   and  s u b j e c t e d   to  a  c e l l o p h a n e   t a p e  

s e p a r a t i o n   t e s t .   The  minimum  f i x a t i o n   t e m p e r a t u r e  

was  d e f i n e d   as  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   n o  

t r a n s f e r   of  t he   t o n e r   was  f o u n d   on  t h e   c e l l o p h a n e   t a p e  

20  a t   a l l .   The  t e m p e r a t u r e   was  f u r t h e r   r a i s e d   to   c h e c k  

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

F u r t h e r m o r e   b l o c k i n g   was  e x a m i n e d   by  s t a n d i n g  

10  p a r t s   of  t h e   t o n e r   in  a  p o l y e t h y l e n e   v e s s e l   a t   50  °C 

f o r   a  week .   R e s u l t s   w e r e   i l l u s t r a t e d   by  t h e   f o l l o w i n g  

25  t h r e e   c l a s s e s .  
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(o)  . . .   No  b l o c k i n g   was  f o u n d   a t   a l l .  

A  . . .   A g g r e g a t i o n   was  f o u n d   p a r t i a l l y ,   b u t  

e a s i l y   u n f a s t e n e d .  

X  . . .   C o a g u l a t e   was  f o u n d .  

5 

E x a m p l e   2 

The  same  p r o c e d u r e s   as  in  E x a m p l e   1  w e r e  

c a r r i e d   o u t   to   o b t a i n   t h e   p o l y m e r   e x c e p t   970  p a r t s   o f  

s t y r e n e   and  30  p a r t s   of   m e t h a c r y l i c   a c i d   w e r e   u s e d   i n  

l0  p l a c e   of   1 , 0 0 0   p a r t s   of  s t y r e n e   and  t h e   a m o u n t   o f  

AIBN  was  c h a n g e d   to   80  p a r t s .   The  r e s u l t i n g   p o l y m e r  

had   Mn  of  2 , 6 0 0 ,   Mw/Mn  of  2 . 0 ,   Tg  of  69  °C  and  an  a c i d  

v a l u e   of  19  KOHmg/g.  The  t o n e r   was  p r e p a r e d   a n d  

e v a l u a t e d   by  t h e   same  p r o c e d u r e s   as  in   E x a m p l e   1.  A s  

15  a  r e s u l t ,   t h e   min imum  f i x a t i o n   t e m p e r a t u r e   was  145  °C 

and  t h e   o f f s e t   i n i t i a t i o n   t e m p e r a t u r e   was  2 4 0 ° C .   No 

b l o c k i n g   was  f o u n d   a t   a l l .  

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

20  The  p o l y m e r   was  o b t a i n e d   by  c a r r y i n g   o u t  

t h e   same  p r o c e d u r e   as  in   E x a m p l e   2  e x c e p t   n - b u t y l  

a e r y   l a t e   was  u s e d   in   p l a c e   of  m e t h a c r y l i c   a c i d .   T h e  

p o l y m e r   o b t a i n e d   had   Mn  of  2 , 5 0 0 ,   Mw/Mn  of  1 .9   a n d  

Tg  of   46  °C.  The  t o n e r   was  p r e p a r e d   and  e v a l u a t e d  

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

a  min imum  f i x a t i o n   t e m p e r a t u r e   of  145  °C  and  an  o f f s e t  
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I n i t i a t i o n   t e m p e r a t u r e   of  240°C .   The  t o n e r ,   h o w e v e r ,  

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

S0°C  f o r   a  w e e k .  

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

In  Run-3   of  E x a m p l e   1,  t h e   p o l y m e r   w a s  

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

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

s t y r e n e   and  AIBN  was  f ed   o v e r   2  h o u r s   and  t h e   o t h e r  

h a l f   of   t he   m i x t u r e   was  f ed   o v e r   8  h o u r s .   The  r e s u l t i n g  

p o l y m e r   had  Mn  of  1900 ,   Mw/Mn  of   4 .2   and  Tg  of  4 8 ° C .  

In  a d d i t i o n ,   t h e   t o n e r   was  p r e p a r e d   a n d  

e v a l u a t e d   by  t h e   same  p r o c e d u r e s   as  in   Example   1 .  

The  t o n e r   had   a  min imum  f i x a t i o n   t e m p e r a t u r e   of  1 4 5 ° C  

and  an  o f f s e t   i n i t i a t i o n   t e m p e r a t u r e   of  240°C.   T h e  

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

t e s t   a t   50°C  f o r   a  week  and  c o u l d   n o t   be  a p p l i e d   f o r  

a c t u a l   u s e .  
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What   i s   c l a i m e d   i s :  

(1)  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 n t a i n i n g   a  

v i n y l   p o l y m e r   h a v i n g   1 , 0 0 0   -  5 , 0 0 0   in   a  n u m b e r   a v e r a g e  

5  m o l e c u l a r   w e i g h t   (Mn)  and  1  -  3  in   a  r a t i o   (Mw/Mn) 

o f   a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   (Mw)  to   t h e  

n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t .  

(2)  The  t o n e r   as  c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e  

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

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

(3)  The  t o n e r   as  c l a i m e d   in   c l a i m   1  w h e r e i n   t h e  

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

L5  1 , 5 0 0   -  2 , 8 0 0 .  

(4)  The  t o n e r   as  c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e  

p o l y m e r   h a s   a  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   of  50  -  7 5 ° C .  

20  (5)  The  t o n e r   as  c l a i m e d   in   c l a i m   2  w h e r e i n  

t h e   v i n y l   monomer   i s   a  c o m b i n a t i o n   of  s t y r e n e   w i t h  

a t   l e a s t   one   of  c a r b o x y l   g r o u p   c o n t a i n i n g   v i n y l  

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

25  c i n n a m i c   a c i d ,   m a l e i c   a c i d   a n h y d r i d e ,   f u m a r i c   a c i d ,  

m a l e i c   a c i d   and  m e t h y l ,   e t h y l ,   b u t y l   and  2 - e t h y l h e x y l  
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memoes  t e r   of  s a m e .  

(6)  The  t o n e r   as  c l a i m e d   i n   c l a i m   5  w h e r e i n  

t h e   v i n y l   monomer   i s   s t y r e n e   a l o n e   or   a  m i x t u r e   o f  

5  s t y r e n e   w i t h   m e t h y l   m e t h a c r y l a t e   a n d / o r   m e t h a c r y l i c  

a c i d .  

(7)  The  t o n e r   as  c l a i m e d   in   c l a i m   1  w h e r e i n  

t h e   v i n y l   p o l y m e r   i s   in   an  a m o u n t   of  30  -  80%  b y  

10  w e i g h t   of  t h e   r e s i n   in   t he   t o n e r .  

(8)  The  t o n e r   as  c l a i m e d   i n   c l a i m   6  w h e r e i n   t h e  

v i n y l   p o l y m e r   i s   i n   an  a m o u n t   of   35  -  70%  by  w e i g h t  

of  the   r e s i n   in   t h e   t o n e r .  
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