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©  Electrophotographic  toner  composition. 

An  electrophotographic  toner  composition  which 
comprises  a  colorant  and  a  resin.  The  resin  is  an  amine 
copolymer  or  terpolymer  having  the  formula: 

wherein  M,  is  a  monomeric  unit,  such  as  styrene  methyl 
methacrylate,  n-butyl  methacrylate,  isobutyl  styrene;  M2 
is  a  similar  monomeric  unit  different  from  M1,  R,  and  R2 
are  independently  selected  from  hydrogen  and  carbon 
containing  radicals  with  from  1  to  8  carbon  atoms,  such 
as  hydrocarbon  and  substituted  hydro-carbon  radicals,  R3 
is  hydrogen  or  a  hydrocarbon  group  with  from  1  to  8  carbon 
atoms,  n  is  an  integer  between  50  and  100,000  and  Y  is  an 
integer  between  1  and  5,  said  copolymer  or  terpolymer 
being  prepared  by  vinyl  or  addition  polymerization. 



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

The  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  more   s p e c i f i c a l l y  

t h e   x e r o g r a p h i c   p r o c e s s   i s   f u l l y   d e s c r i b e d   in  U.  S.  P a t e n t  

3 , 6 3 5 , 7 0 4 .   In  s u m m a r y ,   in  t h e   x e r o g r a p h i c   p r o c e s s  

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

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

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

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

in  s u c h   a  m a n n e r   so  as  to   c a u s e   i t   to   b e c o m e   c o n d u c t i v e  

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

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

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

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

made  f o r   t h i s   p u r p o s e   s u c h   as  t o n e r .   I t   i s   t h i s   t o n e r  

m a t e r i a l   t h a t   i s   e l e c t r o s t a t i c a l l y   a t t r a c t e d   to   t h e   l a t e n t  

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

c o n c e n t r a t i o n   t h e r e o f ,   t h u s   in  a r e a s   of   h i g h   c h a r g e  

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

in  a r e a s   of  low  c h a r g e   c o n c e n t r a t i o n   s u b s t a n t i a l l y   n o  

t o n e r   i s   a t t r a c t e d .   T h i s   d e v e l o p e d   i m a g e   can   t h e n   b e  

t r a n s f e r r e d   to  a  f i n a l   s u p p o r t   m a t e r i a l   s u c h   as  p a p e r  
and  a f f i x e d   t h e r e t o .  

T h e r e   a r e   many  m e t h o d s   t h a t   a r e   known  f o r   d e v e l o p -  

ing   and  f i x i n g   t h e   r e s u l t i n g   i m a g e s ,   some  of   w h i c h   a r e  

d i s c l o s e d   in  U.  S.  P a t e n t   No.  3 , 6 3 5 , 7 0 4   and  i n c l u d e   f o r  

e x a m p l e ,   c a s c a d e   d e v e l o p m e n t   as  d e s c r i b e d   in  U.  S.  P a t e n t  

No.  2 , 6 1 8 , 5 5 2 ;   m a g n e t i c   b r u s h   d e v e l o p m e n t   as  d e s c r i b e d  

in  U.  S.  P a t e n t s   2 , 8 7 4 , 0 6 3 ;   3 , 2 5 1 , 7 0 6 ;   and  3 , 3 5 7 , 4 0 2 ;  

p o w d e r   c l o u d   d e v e l o p m e n t   as  d e s c r i b e d   in  U . S .   P a t e n t  



No.  2 , 2 2 1 , 7 7 6 ;   and  t o u c h d o w n   d e v e l o p m e n t   as  d e s c r i b e d  

. : : in   U.  S.  P a t e n t   No.  3 , 1 6 6 , 4 3 2 .   The  f i x i n g   c a n  

be  e i t h e r   v a p o r   f i x i n g ,   h e a t   f i x i n g ,   p r e s s u r e   f i x i n g  

or  c o m b i n a t i o n s   t h e r e o f   as  d e s c r i b e d   in  U . S .   P a t e n t   N o .  

3 , 5 3 9 , 1 6 1 .   M o d e r n   e l e c t r o s t a t o g r a p h i c   r e p r o d u c i n g   a p p a r a t u s e s  

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

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

to   be  t h e   b e s t   m e t h o d   f o r   a f f i x i n g   i m a g e s   in  s u c h   e n -  

v i r o n m e n t s .   The  e n e r g y   w h i c h   i s   e m i t t e d   in  t h e  

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

and   r e q u i r e s   no  i n t e r v e n i n g   m e d i u m   f o r   i t s   p r o p o g a t i o n .  

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

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

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

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

w i t h .   A f t e r   f o r m i n g   a  p o w d e r   i m a g e   on  t h e   e l e c t r o s t a t i c  

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

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

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

d e v i c e   as  d e s c r i b e d   f o r   e x a m p l e   in  U . S .   P a t e n t   No.  2 , 7 7 7 , 9 5 7 .  

S p e c i f i c a l l y ,   t r a n s f e r   i s   e f f e c t e d   by  s u c h   a  d e v i c e   b y  

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

i m a g e   f r o m   t h e   drum  to   t h e   s u p p o r t   s u r f a c e .   The  p o l a r i t y  

of   t h e   c h a r g e   r e q u i r e d   to   a f f e c t   t h e   t r a n s f e r   of  t h e  

i m a g e   d e p e n d s   upon   t h e   v i s u a l   fo rm  of   t h e   o r i g i n a l   c o p y  
r e l a t i v e   to   t h e   r e p r o d u c t i o n  a s   w e l l   as  t h e   e l e c t r o s c o p i c  

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

a c c o m p l i s h   d e v e l o p m e n t .   T h u s ,   when  a  p o s i t i v e   r e p r o d u c t i o n  

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

to   e m p l o y   a  p o s i t i v e   p o l a r i t y   c o r o n a  ' t o   a f f e c t   t h e   t r a n s f e r  

of   a  n e g a t i v e l y   c h a r g e d   t o n e r   image   to   a  s u p p o r t   s u r f a c e .  

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

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

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

a r e a s   on  t h e   p l a t e   to  t h e   d i s c h a r g e d   a r e a s   t h e r e o n   t o  



fo rm  a  p o s i t i v e   image   w h i c h   may  be  t r a n s f e r r e d   by  n e g a t i v e  

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

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

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

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

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

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

t o n e r .  

I t   i s   known  to   m o d i f y   t h e   d e v e l o p e r   c o m p o s i t i o n  

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

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

s y s t e m   i n v o l v e d .   For   e x a m p l e ,   i t   h a s   b e e n   f o u n d   to   b e  

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

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

be  i m p a r t e d   to   t h e   t o n e r   p o w d e r   m a t e r i a l .   N u m e r o u s   m e t h o d s  

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

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

of  v a r i o u s   d y e s ,   a m i n e s ,   q u a t e r n a r y   ammonium  c o m p o u n d s ,  

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

in  e l e c t r o p h o t o g r a p h i c   t o n e r s .   W h i l e   t h e s e   a d d i t i v e s  

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

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

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

of  t h e   t o n e r   to  t h e   s u r f a c e   due  to   e n e r g y   d i f f e r e n c e s  

w h i c h   r e s u l t s   in  c a u s i n g   t h e   t o n e r   to   c h a n g e   i t s   c h a r g e  

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

l a t e n t   i m a g e s   in  some  s i t u a t i o n s .   A l s o ,   t h e s e   a d d i t i v e s  

a r e   e i t h e r   w a t e r   s o l u b l e   or  m o i s t u r e   s e n s i t i v e ;   t h u s  

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

i m a g e .   F u r t h e r ,   s u c h   a d d i t i v e s   a r e   d i f f i c u l t   to   d i s p e r s e  

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

p a r t i c l e   to  p a r t i c l e   n o n - u n i f o r m i t y   and  w ide   d i s t r i b u t i o n  

of  e l e c t r i c a l   c h a r g e s .  



The  i n v e n t i o n   as  c l a i m e d   is   i n t e n d e d   to  p r o v i d e  

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

d o e s   n o t   r e q u i r e   t h e   u se   of  an  a d d i t i v e   to  o b t a i n   s u c h  

a  c h a r g e .   T h i s   t o n e r   c o m p o s i t i o n   i s   c h a r a c t e r i s e d   by  t h e  

i n c l u s i o n   of  a  r e s i n   w h i c h   i s   in  an  a m i n e   c o p o l y m e r   o r  

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

o r  

w h e r e i n   M1  i s   a  m o n o m e r i c   u n i t ,   M2  i s   a  m o n o m e r i c   u n i t   d i f f e r e n t  

f r o m   M1,  R1  and  R2  a r e   i n d e p e n d e n t l y   s e l e c t e d   f rom  h y d r o g e n ,  

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

c a r b o n   r a d i c a l s ,   R3  i s   h y d r o g e n   or  a  h y d r o c a r b o n   g r o u p ,   n  i s   a n  

i n t e g e r   b e t w e e n   50  and  1 0 0 , 0 0 0   and  Y  i s   an  i n t e g e r  b e t w e e n   1  a n d  

5,  s a i d   c o p o l y m e r   or   t e r p o l y m e r   b e i n g   p r e p a r e d   by  v i n y l   o r  

a d d i t i o n   p o l y m e r i z a t i o n .  

The  t o n e r   c o m p o s i t i o n s   of  t h e   i n v e n t i o n   h a v e   t h e  

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

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

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

e s p e c i a l l y   when  a  n e g a t i v e   c h a r g e   is  p r e s e n t   on  t h e   p h o t o -  

r e c e p t o r   u s e d .  



T o n e r   c o m p o s i t i o n   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n  
w i l l   n o w  b e   d e s c r i b e d   in  more  d e t a i l .  

G e n e r a l l y   t h e   c o l o r a n t   w h i c h   c an   be  a  c a r b o n  

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

of  f rom  a b o u t   1  to  a b o u t   70  p e r c e n t   by  w e i g h t   w h i l e   t h e  

r e s i n   i s   p r e s e n t   in  a m o u n t s   of  f rom  a b o u t   30  to   99  p e r c e n t  

by  w e i g h t .   In  o r d e r   to  a c h i e v e   o p t i m u m   r e s u l t s   i t   i s  

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

f rom  4  to  a b o u t   50  p e r c e n t   b a s e d   on  t h e   w e i g h t   of  t o n e r  

and  t h e   r e s i n   be  p r e s e n t   in  a m o u n t s   of   f r o m   50  to   a b o u t  

96  p e r c e n t   by  w e i g h t .  

Any  s u i t a b l e   p i g m e n t   or  dye  may  be  e m p l o y e d  

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

n i g r o s i n e   d y e ,   a n i l i n e   b l u e ,   C a l c o   O i 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 ,   D u P o n t   O i l   Red,   m e t h y l e n e   b l u e   c h l o r i d e ,  

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

M a p i c o   B l a c k ,   M a p i c o   Y e l l o w s ,   M a p i c o   R e d s ,   M a p i c o   B r o w n s ,  

M a p i c o   T a n s ,   and  m i x t u r e s   t h e r e o f .   The  p i g m e n t   or  d y e  

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

to  r e n d e r   i t   c o l o r e d   so  t h a t   i t   w i l l   f o r m   a  c l e a r l y   v i s i b l e  

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

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

1  to  a b o u t   70  p e r c e n t .   Thus   f o r   e x a m p l e   w h e r e   c o n v e n t i o n a l  

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

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

or  m a g n e t i t e .  

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

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

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

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

in  one  p r e f e r r e d   e m b o d i m e n t   t h u s   a l l o w i n g   i t   to  be  u s e d  

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

an  o r g a n i c   p h o t o r e c e p t o r ,   is   n e g a t i v e l y   c h a r g e d .  



The  r e s i n   of  t h e   i n v e n t i o n   may  be  i l l u s t r a t e d  

by  an  a m i n e   c o p o l y m e r   h a v i n g   t h e   f o l l o w i n g   s t r u c t u r e :  

w h e r e i n   M1  i s   a  m o n o m e r i c   u n i t   s u c h   as  s t y r e n e   m e t h y l  

m e t h a c r y l a t e ,   n - b u t y l   m e t h a c r y l a t e ,   i s o b u t y l   s t y r e n e ;   R1 
and  R2  a r e   as  d e f i n e d   b e l o w ;   R3  i s   h y d r o g e n   or  a  h y d r o c a r b o n  

g r o u p ,   s u c h   g r o u p   c o n t a i n i n g   f r o m   a b o u t   1  to   a b o u t   8  c a r b o n  

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

i s o p r o p y l ,   h e x y l ,   o c t y l ;   n  i s   an  i n t e g e r   of  f rom  a b o u t  

50  to   1 0 0 , 0 0 0 ;   and  y  i s   an  i n t e g e r   of  f rom  a b o u t   1  to  5 .  

The  t e r p o l y m e r   w o u l d   be  of  s i m i l a r   s t r u c t u r e   w i t h   t h e  

a d d i t i o n   of  an  M2  g r o u p i n g ,   -M1-M2-CH2  w h e r e i n   M2  is   u s u a l l y  

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

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

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

w h e r e i n   R1  and  R2  a r e   i n d e p e n d e n t l y   s e l e c t e d   f rom  h y d r o g e n ,  

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

h y d r o c a r b o n   g r o u p s .   R1  and  R2  c o u l d   be  b o n d e d   to  t h e  

n i t r o g e n - N   t h r o u g h   t h e   same  c a r b o n   a t o m   (=CH2)  or   t h r o u g h  

d i f f e r e n t   c a r b o n   a t o m s   ( N   ) .   The  h y d r o c a r b o n   or  s u b s t i -  

t u t e d   h y d r o c a r b o n   can   be  a l i p h a t i c   or  a r o m a t i c   w i t h   t h e  

a l i p h a t i c   g r o u p   c o n t a i n i n g   f rom  1  to   a b o u t   8  c a r b o n   a t o m s  

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

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

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

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



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

I l l u s t r a t i v e   e x a m p l e s   of  c o p o l y m e r s   and  t e r p o l y m e r s  

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

e t h y l   m e t h a c r y l a t e ,   s t y r e n e   n - b u t y l   m e t h a c r y l a t e ,   t - b u t 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 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 .  

The  r e s i n s   of  t h e   i n v e n t i o n   a r e   v i n y l  

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

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

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

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

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

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

v i n y l   a c e t a t e ,   v i n y l   p r o p i o n a t e ,   v i n y l   b e n z o a t e ,  v i n y l  

b u t y r a t e   and  t h e   l i k e ;   e s t e r s   of  a l p h a m e t h y l e n e   a l i p h a t i c  

m o n o c a r b o x y l i c   a c i d s   s u c h   as  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 ,  

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

n - o c t y l   a c r y l a t e ,   2 - c h l o r o e t h y l   a c r y l a t e ,   p h e n y l   a c r y l a t e ,  

m e t h y l - a l p h a - c h l o r o 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 ,   b u t y l   m e t h a c r y l a t e   and  t h e   l i k e ;   a c r y l o n i t r i l e ,  

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

m e t h y l   e t h e r ,   v i n y l   i s o b u t y l   e t h e r ,   v i n y l   e t h y l   e t h e r ,  

and  t h e   l i k e ;   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 ,  

v i n y l   h e x y l   k e t o n e ,   m e t h y l   i s o p r o p e n y l   k e t o n e   and  t h e  

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

v i n y l i d e n e   c h l o r o f l u o r i d e   and  t h e   l i k e ;   and  N - v i n y l   c o m p o u n d s  

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

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

m e t h a c r y l a t e ,   t - b u t 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 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 ,   and  t h e   l i k e ;   and  m i x t u r e s  

t h e r e o f .  

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

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

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

Any  of  t h e s e   v i n y l   r e s i n s   may  be  b l e n d e d   w i t h   one  o r  



more   o t h e r   r e s i n s   i f   d e s i r e d ,   p r e f e r a b l y   o t h e r   v i n y l   r e s i n s  

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

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

Where   c a r r i e r   m a t e r i a l s   a r e   e m p l o y e d   w i t h   t h e  

t o n e r   c o m p o s i t i o n s   of   t h e   p r e s e n t   i n v e n t i o n   in  c a s c a d e  

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

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

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

a r e   c a p a b l e   of  t r i b o e l e c t r i c a l l y   o b t a i n i n g   a  c h a r g e   o f  

o p p o s i t e   p o l a r i t y   to   t h a t   of  t h e   t o n e r   p a r t i c l e s   so  t h a t  

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

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

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

so  t h a t   t he   t o n e r   p a r t i c l e s   a c q u i r e   a  c h a r g e   h a v i n g   a  

p o l a r i t y   o p p o s i t e   to   t h a t   of  t h e   e l e c t r o s t a t i c   l a t e n t  

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

A l t e r n a t i v e l y ,   in  r e v e r s a l   r e p r o d u c t i o n   of   an  e l e c t r o s t a t i c  

l a t e n t   i m a g e ,   t h e   c a r r i e r s   a r e   s e l e c t e d   so  t h a t   t h e   t o n e r  

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

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

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

m a t e r i a l s   i n c l u d e :   s o d i u m   c h l o r i d e ,   ammonium  c h l o r i d e ,  

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

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

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

n i c k e l ,   i r o n ,   f e r r i t e s ,   f e r r o m a g n e t i c   m a t e r i a l s ,   s i l i c o n  

d i o x i d e   and  t h e   l i k e .   The  c a r r i e r s   may  be  e m p l o y e d   w i t h  

or  w i t h o u t   a  c o a t i n g .   Many  of  t h e   f o r e g o i n g   and  t y p i c a l  

c a r r i e r s   a r e   d i s c l o s e d   in  U.  S.  P a t e n t s   2 , 6 1 8 , 4 4 1 ;  2 , 6 3 8 , 5 5 2 ;  

3 , 5 9 1 , 5 0 3   and  3 , 5 3 3 , 8 3 5   d i r e c t e d   to  e l e c t r i c a l l y   c o n d u c t i v e  

c a r r i e r   c o a t i n g s ,   and  U.  S.  P a t e n t   3 , 5 2 5 , 5 3 3   d i r e c t e d  

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

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

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

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



w i t h   a  t e r p o l y m e r   f o r m e d   f rom  t he   a d d i t i o n   p o l y m e r i z a t i o n  

r e a c t i o n   b e t w e e n   m o n o m e r s   or  p r e p o l y m e r s   o f :   s t y r e n e ,  

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

or  s i l o x a n e s ) ;   and  n i c k e l   b e r r y   c a r r i e r s   as  d i s c l o s e d  

in  U.  S.  P a t e n t s   3 , 8 4 7 , 6 0 4   and  3 , 7 6 7 , 5 9 8 .   N i c k e l   b e r r y  

c a r r i e r s   a r e   m o d u l a r   c a r r i e r   b e a d s   of  n i c k e l   c h a r a c t e r i z e d  

by  a  s u r f a c e   of  r e c u r r i n g   r e c e s s e s   and  p r o t r u s i o n s   g i v i n g  

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

An  u l t i m a t e   c o a t e d   c a r r i e r   p a r t i c l e   d i a m e t e r   b e t w e e n  

a b o u t   50  m i c r o n s   to  a b o u t   1000  m i c r o n s   i s   p r e f e r r e d   b e c a u s e  

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

and  i n e r t i a   to  a v o i d   a d h e r e n c e   to  t he   e l e c t r o s t a t i c   i m a g e s  

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

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

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

o b t a i n e d   when  a b o u t   1  p a r t   t o n e r   is   u s e d   w i t h   a b o u t   1 0  

to  a b o u t   2 0 0  p a r t s   by  w e i g h t   of  c a r r i e r .  

The  t o n e r s   of  t h e   p r e s e n t   i n v e n t i o n   may  b e  

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

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

and  o t h e r   t y p e s   of  d e v e l o p m e n t   s y s t e m s .  

The  t o n e r   c o m p o s i t i o n s  o f   t h e   p r e s e n t   i n v e n t i o n  

can  be  p r e p a r e d   by  any  w e l l   known  t o n e r   m i x i n g   and  c o m b i n a t i o n  

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

m i x e d   by  b l e n d i n g ,   m i x i n g   and  m i l l i n g   t h e   c o m p o n e n t s  

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

A n o t h e r   w e l l   known  t e c h n i q u e   f o r   f o r m i n g   t o n e r   p a r t i c l e s  

is   to  s p r a y - d r y   a  b a l l   m i l l e d   t o n e r   c o m p o s i t i o n   c o m p r i s i n g  

a  c o l o r a n t ,   a  r e s i n   and  a  s o l v e n t .   The  t o n e r   c o m p o s i t i o n s  

of  t h e   p r e s e n t   i n v e n t i o n   can   be  u s e d   to  d e v e l o p   e l e c t r o -  

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

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

c o n d u c t o r s   such   as  i n o r g a n i c   or  o r g a n i c   p h o t o c o n d u c t i v e  

m a t e r i a l s .   Some  t y p i c a l   m a t e r i a l s   i n c l u d e   s u l f u r ,   s e l e n i u m ,  

z i n c   s u l f i d e ,   z i n c   o x i d e ,   c a d m i u m   s u l f i d e ,   p o l y v i n y l  

c a r b a z o l e ,  4   d i m e t h y l   a m i n o   b e n z y l i d e n e ,   3  a m i n o   c a r b a z o l e ,  

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



c o m p l e x e s ,   p h t h a l o c y a n i n e s ,   and  t h e   l i k e .  

I t   i s   i m p o r t a n t   to   n o t e   t h a t   no  a d d i t i v e s   a r e  
b e i n g   s u p p l i e d   i n  o r   to   t h e   t o n e r   of  t h e   p r e s e n t   i n v e n t i o n ,  
t h a t   i s   no  m a t e r i a l   i s   b e i n g   s u p p l i e d   to   t h e   d e v e l o p e r  
r a t h e r   t h e   r e s i n   i s   p r e p a r e d   in  s u c h   a  m a n n e r   so  as  t o  
c o n t a i n   a m i n o   f u n c t i o n a l i t y   w h i c h   r e s u l t s   in   t h e   p r o p e r t y  
d e s i r e d .   The  r e s u l t s   as  d e m o n s t r a t e d   by  t h e   w o r k i n g  

e x a m p l e s   w i l l   a i d   as  w i l l   be  more   f u l l y   e s t a b l i s h e d   i n  
t h e   w o r k i n g   e x a m p l e s   t h a t   f o l l o w .  

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

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

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

The  t r i b o e l e c t r i c   c h a r g e   of  t h e   d e v e l o p e r   w a s  

m e a s u r e d   by  t h e   f o l l o w i n g   p r o c e d u r e .   One  h u n d r e d   ( 1 0 0 )  

p a r t s   of   t h e   c o a t e d   c a r r i e r   and  3  p a r t s   of   t h e   t o n e r  

w e r e   p l a c e d   in  an  8  oz .   g l a s s   j a r .   The  j a r   c o n t a i n i n g  

t h e   d e v e l o p e r   was  r o l l   m i x e d   a t   a  l i n e a r   s p e e d   of   9 0  

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

in  a  s t a i n l e s s   s t e e l   F a r a d a y   c a g e   w i t h   a  35  m i c r o n   s c r e e n .  

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

t h e   t o n e r   f rom  t h e   d e v e l o p e r ,   u s i n g   an  e l e c t r o m e t e r  

w h i c h   i s   c o n n e c t e d   to   t h e   F a r a d a y   c a g e .  
EXAMPLE  I  

T o n e r   A  c o m p r i s e d   of   6  p e r c e n t   R e g a l   330.  c a r b o n  

b l a c k   f r o m   C a b o t   C o r p o r a t i o n   and  94  p e r c e n t   of   a  c o p o l y m e r  
r e s i n   was  p r e p a r e d   by  B a n b u r y   b l e n d i n g   f o l l o w e d   by  m e c h a n i c a l  

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

65  p e r c e n t   s t y r e n e   a n d  3 5   p e r c e n t   n - b u t y l   m e t h a c r y l a t e  

u s i n g   b e n z y l   p e r o x i d e   as  an  i n i t i a t o r .   The  t r i b o e l e c t r i c  

c h a r g e   of   t h i s   t o n e r   a g a i n s t   a  0 . 3 5   p e r c e n t   PFA  ( p e r f l u o r  

a l k o x y   f l u o r o   p o l y m e r   f r o m   d u P o n t   C o . )   c o a t e d   H o e g a n a e s  

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

w i t h   t h e   f o l l o w i n g   r e s u l t s .   The  word  ' t r i b o '   i s   u s e d  

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



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

A f t e r   4  h o u r s   of  m i x i n g ,   t h e   c h a r g e   of  t h e   t o n e r   c h a n g e d  

f r o m   p o s i t i v e   to  n e g a t i v e ,   i n d i c a t i n g   i t   was  n o t   a  s t a b l e  

d e v e l o p e r .  

EXAMPLE  I I  

T o n e r   B  w h i c h   i s  c o m p r i s e d   of   6  p e r c e n t   R e g a l  

330  c a r b o n   b l a c k   and  94  p e r c e n t   of  T e r p o l y m e r   1  r e s i n  

was  p r e p a r e d   by  B a n b u r y / j e t t i n g .   The  T e r p o l y m e r   1  r e s i n  

of  t h i s   t o n e r   was  p r e p a r e d   by  p o l y m e r i z i n g   60  p e r c e n t  

s t y r e n e ,   38  p e r c e n t   n - b u t y l   m e t h a c r y l a t e ,   and  2  p e r c e n t  

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

as  an  i n i t i a t o r .   The  t r i b o e l e c t r i c   m e a s u r e m e n t s   of  t h i s  

t o n e r   a g a i n s t   a  0 . 3 5   p e r c e n t   PFA  ( p e r f l u o r o   a l k o x y   f l u o r o  

p o l y m e r   f rom  D u P o n t   Co . )   c o a t e d   H o e g a n a e s   c a r r i e r   w e r e  

as  shown  in  t h e   f o l l o w i n g   t a b l e :  

The  c h a r g i n g   r a t e   of  t h i s   t o n e r   was  r a p i d   and  t h e   t r i b o  

was  r a t h e r   h i g h   and  s t a b l e .  

EXAMPLE  I I I  

T o n e r   C  c o m p r i s i n g   6  p e r c e n t   R e g a l ' 3 3 0   c a r b o n  

b l a c k   and  94  p e r c e n t   T e r p o l y m e r   2  r e s i n   was  p r e p a r e d  

by  B a n b u r y / j e t t i n g .   The  T e r p o l y m e r   2  r e s i n   of  t h i s   t o n e r  

was  p r e p a r e d   by  p o l y m e r i z i n g   60  p e r c e n t   s t y r e n e ,   36  p e r c e n t  

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

m e t h a c r y l a t e   u s i n g   b e n z o y l   p e r o x i d e   as  i n i t i a t o r .   T h e  

t r i b o s   of  t h i s   t o n e r   a g a i n s t   a  0 . 3 5   p e r c e n t   PFA  ( p e r f l u o r o  

a l k o x y   f l u o r o   p o l y m e r   from  d u P o n t   Co . )   c o a t e d   H o e g a n a e s  

c a r r i e r   were   as  shown  in  the   f o l l o w i n g   t a b l e :  



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

t r i b o .  

EXAMPLE  I V  

T o n e r   D  c o m p r i s i n g   6  p e r c e n t   R e g a l   330  c a r b o n  

b l a c k   and  94  p e r c e n t   T e r p o l y m e r   3  r e s i n   was  p r e p a r e d  

by  B a n b u r y / j e t t i n g .   The  T e r p o l y m e r   3  r e s i n   of   t h i s   t o n e r  

was  p r e p a r e d   by  p o l y m e r i z i n g   60  p e r c e n t   s t y r e n e ,   34  p e r c e n t  

n - b u t y l   m e t h a c r y l a t e   and  6  p e r c e n t   t - b u t y l   a m i n o   e t h y l  

m e t h a c r y l a t e   u s i n g   b e n z o y l   p e r o x i d e   as  i n i t i a t o r .   T h e  

t r i b o   of   t h i s   t o n e r   a g a i n s t   a  0 . 3 5   p e r c e n t   PFA  ( p e r f l u o r o  

a l k o x y   f l u o r o   p o l y m e r   f rom  d u P o n t   C o . )   c o a t e d   H o e g a n a e s  

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

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

t r i b o .  

EXAMPLE  V 

T o n e r   E  c o m p r i s i n g   6  p e r c e n t   R e g a l   330  c a r b o n  

b l a c k   and  94  p e r c e n t   T e r p o l y m e r   4  r e s i n   was  p r e p a r e d  

by  B a n b u r y / j e t t i n g .   The  T e r p o l y m e r   4  r e s i n   of   t h i s  

t o n e r   was  p r e p a r e d   by  p o l y m e r i z i n g   50  p e r c e n t   m e t h y l  

m e t h a c r y l a t e ,   45  p e r c e n t   n - b u t y l   m e t h a c r y l a t e ,   and  5 



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

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



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 m p o s i t i o n   c o m p r i s i n g   a  

c o l o r a n t   and  a.  r e s i n ,   c h a r a c t e r i s e d   in   t h a t   t h e   r e s i n   i s   a n  

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

o r  

w h e r e i n   M 1  i s   a  m o n o m e r i c   u n i t ,   M2  i s   a  m o n o m e r i c   u n i t   d i f f e r e n t  

f r o m   M1,  R1  and  R2  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m   h y d r o g e n ,  

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

c a r b o n   r a d i c a l s ,   R3  i s   h y d r o g e n   or  a  h y d r o c a r b o n   g r o u p ,   n  i s   a n  

i n t e g e r   b e t w e e n   50  and  1 0 0 , 0 0 0   and  Y  i s   an  i n t e g e r   b e t w e e n   1  a n d  

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

2.  A  t o n e r   c o m p o s i t i o n   in   a c c o r d a n c e   w i t h   C l a i m   1  w h e r e i n   a  

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

m e t h a c r y l a t e .  

3.  A  t o n e r   c o m p o s i t i o n   in  a c c o r d a n c e   w i t h   C l a i m   1  w h e r e i n   a  

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



m e t h a c r y l a t e .  

4.  A  t o n e r   c o m p o s i t i o n   in  a c c o r d a n c e   w i t h   C l a i m   1  w h e r e i n  

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

5.  A  t o n e r   c o m p o s i t i o n   in  a c c o r d a n c e   w i t h   C l a i m   1  w h e r e i n   R1 
a n d / o r   R2  i s   b e n z y l   p h e n y l .  

6.  A  m e t h o d   f o r   p r o d u c i n g   an  e l e c t r o p h o t o g r a p h i c   i m a g e  

c o m p r i s i n g   f o r m i n g   an  e l e c t r o s t a t i c   l a t e n t   i m a g e   on  an  i m a g e  

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

c o m p o s i t i o n   of  a n y  o n e   of  c l a i m s   1  to  5,  t r a n s f e r r i n g   t h e  

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

t h e   i m a g e   t h e r e o n .  
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