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AN  ORGANIC  PHOTOSENSITIVE  COMPOSITION 

FOR  ELECTROPHOTOGRABHX;  » 

T h i s   i n v e n t i o n   r e l a t e s   t o   an  o r g a n i c  

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

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

m  

In  o r d e r   to   o b t a i n   c l e a r   and  d i s t i n c t   i m a g e s ,  
the   s u r f a c e   of  a  p h o t o s e n s i t i v e   l a y e r   mus t   be  u n i f o r m l y  

c h a r g e d   w i t h   s t a t i c   e l e c t r i c i t y .   For   t h i s   p u r p o s e ,   i t  

10  i s   e s s e n t i a l   t h a t   t h e   p h o t o s e n s i t i v e   l a y e r   i s   f o r m e d  
w i t h   a  s m o o t h n e s s   and   an  e v e n   t h i c k n e s s   on  t h e   s u r f a c e  
of  a  c o n d u c t i v e   s u b s t r a t e .   Such   a  p h o t o s e n s i t i v e   l a y e r  
is  p r o d u c e d   by  a  v a r i e t y   of   i n o r g a n i c   or   o r g a n i c   p h o t o -  
s e n s i t i v e   m a t e r i a l s .   I n o r g a n i c   p h o t o s e n s i t i v e   m a t e -  

15  r i a l s   p r o v i d e   a  p h o t o s e n s i t i v e   l a y e r   t h e   s u r f a c e   o f  
w h i c h   is   h a r d   and  e x c e l l e n t   in   d u r a b i l i t y ,   so  t h a t   t h e y  
can  be  p r e f e r a b l y   u s e d   f o r   p h o t o s e n s i t i v e   l a y e r s   to   b e  
a p p l i e d   t o   l a r g e - s c a l e d   a n d   h i g h - s p e e d   c o p y i n g  
m a c h i n e s .   H o w e v e r ,   t h e   i n o r g a n i c   p h o t o s e n s i t i v e   m a t e -  

20  r i a l s   a r e   e x p e n s i v e   a n d   s o m e   o f   t h e m   a r e   h a r m f u l   t o  
human  b e i n g s .   T h u s ,   i n   r e c e n t   y e a r s ,   o r g a n i c   p h o t o s e n -  
s i t i v e   m a t e r i a l s   a r e   m o r e   p o p u l a r   t h a n   i n o r g a n i c   p h o t o -  
s e n s i t i v e   m a t e r i a l s   f o r   c o p y i n g   m a c h i n e s ,   e s p e c i a l l y  
l o w - s p e e d   c o p y i n g   m a c h i n e s .  

25  As  o r g a n i c   p h o t o s e n s i t i v e   m a t e r i a l s ,   p o l y - N -  
v i n y l c a r b a z o l e   i s   g e n e r a l l y   u s e d ,   b u t   i t   i s   b r i t t l e   s o  
t h a t   t h e   r e s u l t i n g   p h o t o s e n s i t i v e   l a y e r   i s   i n f e r i o r   i n  
a b r a s i o n - r e s i s t a n c e .   A l t h o u g h   a  c o n v e n t i o n a l   o r g a n i c  
p h o t o s e n s i t i v e   m a t e r i a l   w h i c h   c o n t a i n s   p o l y - N - v i n y l c a r -  

30  b a z o l e   and  p o l y c a r b o n a t e   as   an  a d d i t i v e   f u n c t i o n i n g   t o  

i m p r o v e   t h e   a b r a s i o n - r e s i s t a n c e   of   t h e   r e s u l t i n g   p h o t o -  
s e n s i t i v e   m a t e r i a l   i s   k n o w n ,   t h e   a b r a s i o n - r e s i s t a n c e   i s  
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s t i l l   i n s u f f i c i e n t ,   so  t h a t   t h e   o r g a n i c   p h o t o s e n s i t i v e  
m a t e r i a l   c a n n o t   p r o v i d e   o r g a n i c   p h o t o s e n s i t i v e   c o m p o s i -  
t i o n s   h a v i n g   e x c e l l e n t   d u r a b i l i t y .  

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

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

p a p e r -   j a m m i n g   c a n n o t   be  p r e v e n t e d .  

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

s t r e n g t h   of  an  o r g a n i c   p h o t o s e n s i t i v e   m a t e r i a l   s u c h   a s  
10  p o l y - N - v i n y l c a r b a z o l e ,   t h e   i n v e n t o r s   of  t h i s   i n v e n t i o n  

d i s c o v e r e d   t h a t   t h e   u s e   o f   a  g u m m y   r e s i n   m a t e r i a l   as   a n  
a d d i t i v e   can  i m p r o v e   t h e   m e c h a n i c a l   s t r e n g t h   of  p o l y - N -  
v i n y l c a r b a z o l e .   They  f i n a l l y   s u c c e e d e d   in   o b t a i n i n g   a  
n o v e l   o r g a n i c   p h o t o s e n s i t i v e   m a t e r i a l   h a v i n g   e x c e l l e n t  

15  a b r a s i o n - r e s i s t a n c e   and  h a r d n e s s .  

The  o r g a n i c   p h o t o s e n s i t i v e   c o m p o s i t i o n   f o r  
e l e c t r o p h o t o g r a p h y   of  t h i s   i n v e n t i o n ,   w h i c h   o v e r c o m e s  
t h e   a b o v e - d i s c u s s e d   a n d   n u m e r o u s   o t h e r   d i s a d v a n t a g e s  
and   d e f i c i e n c i e s   o f   t h e   p r i o r   a r t ,   c o m p r i s e s   p o l y - N -  

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

v i n y l i d e n e   c h l o r i d e - a c r y l o n i t r i l e   c o p o l y m e r   as   a n  
a d d i t i v e   f o r   i m p r o v i n g   t h e   m e c h a n i c a l   s t r e n g t h   of  s a i d  
p o l y - N - v i n y l c a r b a z o l e .  

T h e   v i n y l i d e n e   c h l o r i d e - a c r y l o n i t r i l e  
25  c o p o l y m e r   i s ,   in   a  p r e f e r r e d   e m b o d i m e n t ,   c o n t a i n e d   i n  

an  a m o u n t   of   5  t o   25  p a r t s   by  w e i g h t   p e r   100  p a r t s   b y  
w e i g h t   of  p o l y - N - v i n y l c a r b a z o l e .  
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The   o r g a n i c   p h o t o s e n s i t i v e   c o m p o s i t i o n  
f u r t h e r   c o m p r i s e s ,   in   a  p r e f e r r e d   e m b o d i m e n t ,   a n  
e l e c t r o n   a c c e p t o r   in   an  a m o u n t   of   10  to   40  p a r t s   b y  
w e i g h t   p e r   100  p a r t s   by  w e i g h t   of  p o l y - N - v i n y l c a r b a z o l e  

5  a n d / o r   an  e l e c t r o n   d o n o r   in   an  a m o u n t   o f   1  0  t o   60  p a r t s  
by  w e i g h t   p e r   1 0 0   p a r t s   by  w e i g h t   o f   p o l y - N -  
v i n y l c a r b a z o l e .  

T h u s ,   t h e   i n v e n t i o n   d e s c r i b e d   h e r e i n   m a k e s  
p o s s i b l e   t h e   o b j e c t s   of  (1)  p r o v i d i n g   an  o r g a n i c   p h o t o -  

10  s e n s i t i v e   c o m p o s i t i o n   f o r   e l e c t r o p h o t o g r a p h y   w h i c h   i s  
s u p e r i o r   in   m e c h a n i c a l   s t r e n g t h ;   (2)  p r o v i d i n g   a n  
o r g a n i c   p h o t o s e n s i t i v e   c o m p o s i t i o n   f o r   e l e c t r o p h o t o g r a -  
p h y   f r o m   w h i c h   a  p h o t o s e n s i t i v e   l a y e r   h a v i n g   a n  
e x t r e m e l y   h a r d   s u r f a c e   can   be  p r o d u c e d   a l l o w i n g   f o r   t h e  

15  m i n i m i z a t i o n   of  a  d e c r e a s e   i n   t h e   s u r f a c e   p o t e n t i a l   o f  
t h e   p h o t o s e n s i t i v e   l a y e r ,   r e s u l t i n g   i n   a  d i s t i n c t   a n d  
c l e a r   i m a g e ;   (3)  p r o v i d i n g   an   o r g a n i c   p h o t o s e n s i t i v e  
c o m p o s i t i o n   f o r   e l e c t r o p h o t o g r a p h y   w h d c h   h a s   a n  
e n h a n c e d   s e n s i t i v i t y ;   and  (4)  an  o r g a n i c   p h o t o s e n s i t i v e  

20  c o m p o s i t i o n   f o r   e l e c t r o p h o t o g r a p h y   in   w h i c h   t h e   r e d u c -  
t i o n   o f   t h e   s u r f a c e   p o t e n t i a l   d u e   t o   r e p e a t e d   l i g h t  
e x p o s u r e   i s   very  much  <  d e c r e a s e d .  
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T h i s   i n v e n t i o n   p r o v i d e s   a  n o v e l   o r g a n i c  
p h o t o s e n s i t i v e   l a y e r   h a v i n g   e x t r e m e l y   s u p e r i o r  
a b r a s i o n - r e s i s t a n c e   a n d   e x t r e m e l y   h i g h   s u r f a c e -  
h a r d n e s s ,   c o m p a r e d   w i t h   c o n v e n t i o n a l   p h o t o s e n s i t i v e  

5  l a y e r s ,   n o t w i t h s t a n d i n g   t h a t   t h e   p h o t o s e n s i t i v e   l a y e r  
i s   m a d e   u s i n g   v i n y l i d e n e   c h l o r   i d e - a c r y   l o n i   t r   i  l e  
c o p o l y m e r   w h i c h   i s   n e i t h e r   h a r d   n o r   b i n d i n g .   T h e r e -  
f o r e ,   r e s i n   m a t e r i a l s   h a v i n g   a  h i g h   d e g r e e   of  h a r d n e s s  
s u c h   as   p o l y c a r b o n a t e   n e e d   n o t   be  u s e d   as   an  a d d i t i v e  

10  f o r   i m p r o v i n g   a  m e c h a n i c a l   s t r e n g t h   of  p o l y - N - v i n y l c a r -  
b a z o l e .  

A c c o r d i n g   t o   t h i s   i n v e n t i o n ,   v i n y l i d e n e  
c h l o r i d e - a c r y l o n i t r i l e   c o p o l y m e r   i s   c o n t a i n e d   in   a n  
a m o u n t   of   5  t o   25  p a r t s   by  w e i g h t ,   p r e f e r a b l y   7  t o  

15  15  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  p o l y - N -  
v i n y l c a r b a z o l e .   When  v i n y l i d e n e   c h l o r i d e - a c r y l o n i t r i l e  
c o p o l y m e r   i s   c o n t a i n e d   i n   an  a m o u n t   o f   l e s s   t h a n  
5  p a r t s   by  w e i g h t   p e r   1 0 0   p a r t s   by  w e i g h t   of   p o l y - N -  
v i n y l c a r b a z o l e ,   t h e   r e s u l t i n g   p h o t o s e n s i t i v e   l a y e r   h a s  

20  i n s u f f i c i e n t   m e c h a n i c a l   s t r e n g t h .   When  v i n y l i d e n e  
c h l o r i d e - a c r y l o n i t r i l e   c o p o l y m e r   i s   c o n t a i n e d   in   a n  
a m o u n t   of   more   t h a n   25  p a r t s   by  w e i g h t   p e r   100  p a r t s   b y  
w e i g h t   of   p o l y - N - v i n y l c a r b a z o l e ,   t h e   c o n t e n t   of  p o l y - N -  
v i n y l c a r b a z o l e   i s   r e l a t i v e l y   r e d u c e d   so  t h a t   p o l y - N -  

25  v i n y l c a r b a z o l e   c a n n o t   s u f f i c i e n t l y   f u n c t i o n   a s   a  
c h a r g e - t r a n s f e r   m e d i u m .  

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

30  ( e . g . ,   b e n z o y l   p e r o x i d e ) ,   a z o - c o m p o u n d s   ( e . g . .  
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a z o b i s i s o b u t y r o n i t r i l e ) ,   e t c .  

F o r   t h e   p u r p o s e   of   an  e n h a n c e m e n t   of  t h e  

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

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

5  k n o w n   e l e c t r o n   a c c e p t o r s   may  be  i n c o r p o r a t e d   in   a n  

a m o u n t   of   10  t o   40  p a r t s   by  w e i g h t ,   p r e f e r a b l y   20  t o  

35  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  p o l y - N -  

v i n y l c a r b a z o l e .   As  t h e s e   e l e c t r o n   a c c e p t o r s ,  

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

10  n i t r o f l u o r e n o n e ,   e t c . ,   c an   be  u s e d .  

In  o r d e r   t o   f u r t h e r   i m p r o v e   t h e   s e n s i t i v i t y  

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

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

due   t o   t h e   r e p e a t e d   l i g h t   e x p o s u r e   ( i . e . ,   t o   i m p r o v e  

15  t h e   a g i n g   c h a r a c t e r i s t i c ) ,   k n o w n   e l e c t r o n   d o n o r s ,   f o r  

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

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

d r a z o n e ,   t r i p h e n y l   a m i n e ,   e t c . ,   may  be  i n c o r p o r a t e d   i n  

an  a m o u n t   of   1  0  t o   60  p a r t s   by  w e i g h t ,   p r e f e r a b l y   20  t o  

20  50  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  p o l y - N -  

v i n y l c a r b a z o l e   .  

A  v i n y l i d e n e   c h l o r i d e - a c r y l o n i t r i l e   c o p o l y m e r  

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

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

25  t he   l i k e ,   t o g e t h e r   w i t h   p o l y - N - v i n y l c a r b a z o l e   and ,   a s  

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

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

n e s s   on  a  c o n d u c t i v e   s u b s t r a t e ,   r e s u l t i n g   in  an  o r g a n i c  

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



0 2 1 0 8 6 8  

-  6  -  

E x a m p l e  

One  h u n d r e d   p a r t s   by  w e i g h t   of  p o l y - N - v i n y l -  

c a r b a z o l e   ( m a n u f a c t u r e d   by  A n a n   K o h r y o   C o . ,   J a p a n ) ,  

10  p a r t s   by  w e i g h t   of  v i n y l i d e n e   c h l o r i d e - a c r y l o n i t r i l e  

5  c o p o l y m e r   ( S a r a n   r e s i n   F - 3 1 0 ;   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   of   4 3 , 0 0 0 ;   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  

of  1 2 0 , 0 0 0 ;   m a n u f a c t u r e d   by  A s a h i   Dow  Co . ) ,   8  p a r t s   b y  

w e i g h t   of  N , N ' - d i ( 3   , 5 - d i m e t h y l p h e n y l ) p e r y l e n e - 3   ,4,  9  ,1  0 -  

t e t r a c a r b o x i c   a c i d   d i i m i d e ,   20  p a r t s   by  w e i g h t   of  2 , 3 -  

10  d i c h l o r o - 1 ,   4 - n a p h t h o q u i n o n e ,   40  p a r t s   by  w e i g h t   o f  

p h e n a n t h r e n e ,   and   20  p a r t s   by  w e i g h t   of  t e t r a h y d r o f u r a n  

w e r e   m i x e d   in   a  s t a i n l e s s   b a l l   m i l l   f o r   24  h o u r s .   T h e  

m i x t u r e   was  c o a t e d   on  an  a l u m i n u m   p l a t e   h a v i n g   a  t h i c k -  

n e s s   o f   80  um  by  m e a n s   o f   a  w i r e   b a r   a n d   d r i e d   a t   1 0 0 ° C  

15  f o r   1  h o u r ,   r e s u l t i n g   i n   a  p h o t o c o n d u c t o r   h a v i n g   a  

p h o t o s e n s i t i v e   l a y e r   t h e r e o n   w i t h   a  t h i c k n e s s   of   1  4  u  m. 
The  p h o t o s e n s i t i v e   l a y e r   had  a  s u r f a c e - h a r d n e s s   of  2H,  
w h i c h   was  d e t e r m i n e d   by  c o m p a r i s o n   w i t h   t h e   h a r d n e s s   o f  

p e n c i l s   a c c o r d i n g   t o   J I S   ( t h e   J a p a n e s e   I n d u s t r i a l  

20  S t a n d a r d s )   s c a l e   o f   HB,  F,  H,  2 H ,  

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

e l e c t r o p h o t o g r a p h i c   c o p y i n g   m a c h i n e   DC-191  ( s u p p l i e d   b y  
M i t a   I n d u s t r i a l   C o . ,   L t d . )   w h e r e i n   a n  

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   was  r e p e a t e d   4  x  104  t i m e s .  

25  The  accompanying  f i g u r e   shows  the  r e l a t i o n s h i p   between  t h e  

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

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

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

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

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

l a y e r .  
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The  s e n s i t i v i t y   o f   t h e   p h o t o s e n s i t i v e   l a y e r  

of  t h i s   i n v e n t i o n   was  15  l u x -   s e c o n d ,   w h i c h   i s   t h e   e x p o - r  

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

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

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

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

p h o t o s e n s i t i v e   l a y e r   w e r e   600  V  and  550  V  a t   t h e   f i r s t  

and   t h e   5 0 0 t h   c y c l e ,   r e s p e c t i v e l y .   The  d i f f e r e n c e  

t h e r e b e t w e e n   was  o n l y   50  V,  i n d i c a t i n g   t h a t   t h e   r e d u c -  

10  t i o n   of  t he   s u r f a c e   p o t e n t i a l   due  to   t h e   r e p e a t e d   l i g h t  

e x p o s u r e   was  s u r p r i s i n g l y   d e c r e a s e d   ( i . e . ,   t h e   a g i n g  

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

p o t e n t i a l   of  t h e   p h o t o s e n s i t i v e   l a y e r ,   w h i c h   was  20  V 

a t   t h e   f i r s t ,   was   l a r g e l y   r e t a i n e d   e v e n   a t   t h e  

15  5 0 0 t h   c y c l e ,   i n d i c a t i n g   t h a t   t h e   p h o t o s e n s i t i v e   l a y e r  

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

of  t i m e .  

C o n t r o l   1 

One  h u n d r e d   p a r t s   by  w e i g h t   of  p o l y - N - v i n y l -  

20  c a r b a z o l e   ( m a n u f a c t u r e d   by  A n a n   K o h r y o   Co . ,   J a p a n ) ,  

10  p a r t s   by  w e i g h t   of  p o l y c a r b o n a t e   ( p a n l i g h t   L  m a n u -  

f a c t u r e d   by  T e i j i n   C o . ,   J a p a n ) ,   8  p a r t s   by  w e i g h t   o f  

N  ,  N  '  - d i   (  3  ,  5 - d i m e t h y   l p h e n y l   )  p e r y l e n e - 3   , 4 , 9 , 1   0-  t e t r a c a r -  

b o x i c   a c i d   d i i m i d e ,   20  p a r t s   by  w e i g h t   of  2 , 3 - d i c h l o r o -  

25  1  1  4 - n a p h t h o q u i n o n e ,   40  p a r t s   by  w e i g h t   of  p h e n a n t h r e n e   -., 

and  20  p a r t s   by  w e i g h t   of   t e t r a h y d r o f u r a n   w e r e   m i x e d   i n  

a  s t a i n l e s s   b a l l   m i l l   f o r   24  h o u r s .  

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

t h e   m i x t u r e   i n   t h e   same  manner  as  the  pho toconduc to r   in  the  above-  

30  m e n t i o n e d   e x a m p l e .   T h e   s u r f a c e - h a r d n e s s   o f   t h e  

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

d e t e r m i n e d   to   be  F  a c c o r d i n g   t o   J I S .  
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The  p h o t o c o n d u c t o r   was  a p p l i e d   to  an  e l e c t r o -  
p h o t o g r a p h i c   c o p y i n g   m a c h i n e   in   t h e   same  m a n n e r   as  i n  
the   a b o v e - m e n t i o n e d   e x a m p l e .   The  r e l a t i o n s h i p   b e t w e e n  
t he   a g i n g   c y c l e   of   t h e   c o n t r o l   p h o t o s e n s i t i v e   l a y e r   a n d  5  t h e   t h i c k n e s s   o f   t h e   c o n t r o l   p h o t o s e n s i t i v e   l a y e r   i s  
shown  in  the  accomDanying  f i g u r e ,   i n d i c a t i n g   t ha t   the  t h i c k n e s s   of  t h e  c o n t r o l   p h o t o s e n s i t i v e   l a y e r   was  s i g n i f i c a n t l y   r e d u c e d ,  w h i l e   t h a t   of   t h e   p h o t o s e n s i t i v e   l a y e r   of  t h i s   i n v e n -  t xon   was  a l m o s t   u n c h a n g e d .   T h i s   m e a n s   t h a t   t he   p h o t o -  10  c o n d u c t o r   of   t h i s   i n v e n t i o n   i s   s u p e r i o r   in   a b r a s i o n -  
r e s i s t a n c e   and  s u r f a c e - h a r d n e s s .  

C o n t r o l   2 

Ten  p a r t s   by  w e i g h t   of  p o l y - N - v i n y l c a r b a z o l e  
( m a n u f a c t u r e d   by  A n a n   K o h r y o   C o . ,   J a p a n ) ,   , „   p a r t s   b y  15  w e x g h t   o f   p o l y e s t e r   ( b i r o n   200  m a n u f a c t u r e d   by  T o y o b o  Co.,  J a p a n ) ,   8  p a r t s   by  w e i g h t   of  N , N ' - d i < 3 . .   5 - d i n , e t h v l -  

P h e n y D p e r y l e n e - a . ^ . ^ O - t e t r a c a r b o x i c   a c i d   d i v i d e  20  p a r t s   by  w e i g h t   of  2 - 3 - d i c h l o r o - ,   .  4 - n a P h t h o q u i n O n e ,  40  p a r t s   by  w e i g h t   o f   p h e n a n t h r e n e .   a n d   20  p a r t s   b y  20  w e i g h t   f  t e t r a h y d r o f u r a n   w e r e   m i x e d   i n   a  s t a i n l e s l  
b a l l   m i l l   f o r   24  h o u r s .  

A  c o n t r o l   p h o t o c o n d u c t o r   was   p r e p a r e d   u s i n g  t h e   m i x t u r e   i n   t h e   s a m e   m a n n e r   a s   i n   t h e   a b o v e -  
m e n t i o n e d   e x a m p l e .   The  s u r f a c e - h a r d n e s s   of  t h e   c o n t r o l  
t o O j r n S t t l V e   l a y S r   "aS   a e t « m i - d   *>  »»  F  a c c o r d i n g  to   J I S ,   w h i c h   i n d i c a t e s   t h a t   t h e   s u r f a c e - h a r d n e s s   o f  t he   c o n t r o l   p h o t o s e n s i t i v e   l a y e r   was  i n f e r i o r   to   t h a t   o f  t h e   p h o t o s e n s i t i v e   l a y e r   of  t h i s   i n v e n t i o n .  

C o n t r o l   -j 
30  P r e p a r a t i o n   and  e x a m i n a t i o n   w e r e   c a r r i e d   o u t  "   t h e   s a m e   m a n n e r   as   i n   t h e   a b o v e - n e n t i o n e d   e x a m p l e  e x c e p t   t h a t   n a p h t h o a u i n o n e   was  n o t   u s e d .   The  s u r f a c e -  h a r d n e s s   of   t h e   p h o t o s e n s i t i v e   i a y e r   o f   t h e   r e s u l t i n g  
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c o n t r o l   p h o t o c o n d u c t o r   was  2 H .  

H o w e v e r ,   t h e   s e n s i t i v i t y   o f   t h e   c o n t r o l  
p h o t o s e n s i t i v e   l a y e r   was   a b o u t   32  l u x .   s e c o n d /   w h i c h  
c o n t r a s t s   s t r i k i n g l y   w i t h   t h a t   o f   t h e   p h o t o s e n s i t i v e  

5  l a y e r   of   t h i s   i n v e n t i o n ,   15  l u x - s e c o n d .   The  s u r f a c e  
p o t e n t i a l   of  t h e   c o n t r o l   p h o t o s e n s i t i v e   l a y e r   was  600  V 
a t   t h e   f i r s t   a n d   i t   was  a l m o s t   u n c h a n g e d   e v e n   a t   t h e  
5 0 0 t h   c y c l e   o f   a  c h a r g i n g - d i s c h a r g i n g   ( e x p o s u r e )  
p r o c e s s ,   b u t   t h e   r e s i d u a l   p o t e n t i a l   of  t h e   c o n t r o l  

10  p h o t o s e n s i t i v e   l a y e r ,   w h i c h   was   1 0 0   V  a t   t h e   f i r s t ,  
i n c r e a s e d   to   150  V  a t   t he   5 0 0 t h   c y c l e .   T h e s e   v a l u e s   o f  
t h e   r e s i d u a l   p o t e n t i a l   o f   t h e   c o n t r o l   l a y e r   a r e  
very  much  h i g h e r   t h a n   t h a t   of   t h e   p h o t o s e n s i t i v e   l a y e r  
of   t h i s   i n v e n t i o n ,   as   l ow  as   20  V.  T h e s e   f a c t s   i n d i -  

15  c a t e   t h a t   t h e   s e n s i t i v i t y   o f   t h e   p h o t o s e n s i t i v e   l a y e r  
of  t h i s   i n v e n t i o n   c o n t a i n i n g   an  e l e c t r o n   a c c e p t o r   s u c h  
as   n a p h t h o q u i n o n e   i s   s u p e r i o r   t o   t h a t   of   t h e   c o n t r o l  
l a y e r   l a c k i n g   s u c h   an  e l e c t r o n   a c c e p t o r .  

C o n t r o l   4 

20  P r e p a r a t i o n   and  e x a m i n a t i o n   we re   c a r r i e d   o u t  
in   t h e   s a m e   m a n n e r   a s   i n   t h e   a b o v e - m e n t i o n e d  
e x a m p l e   e x c e p t   t h a t   p h e n a n t h r e n e   was  n o t   u s e d .   T h e  
s u r f a c e - h a r d n e s s   o f   t h e   p h o t o s e n s i t i v e   l a y e r   of   t h e  
r e s u l t i n g   c o n t r o l   p h o t o c o n d u c t o r   w a s   2H.  T h e  

25  s e n s i t i v i t y   o f   t h e   c o n t r o l   p h o t o s e n s i t i v e   l a y e r   w a s  
17  l u x .   s e c o n d .   The   s u r f a c e   p o t e n t i a l s   of   t h e   c o n t r o l  
p h o t o s e n s i t i v e   l a y e r ,   w h i c h   w e r e   6 0 0   V  a t   t h e   f i r s t ,  
d e c r e a s e d   to   as  low  as  300  V  a t   t h e   5 0 0 t h   c y c l e ,   w h i c h  
c o n t r a s t s   s t r i k i n g l y   w i t h   t h a t   o f   t h e   p h o t o s e n s i t i v e  

30  l a y e r   of  t h i s   i n v e n t i o n   m e n t i o n e d   a b o v e .   M o r e o v e r ,   t h e  
r e s i d u a l   p o t e n t i a l   of  t he   p h o t o s e n s i t i v e   l a y e r   f r o m   t h e  
f i r s t   t o   t h e   5 0 0 t h   c y c l e   was   a o p r o x i m a t e l y   t h e   s a m e  
v a l u e ,   40  V,  w h i c h   i s   somewhat  h i g h e r   t h a n   tha fc   Q f  
t h e   p h o t o s e n s i t i v e   l a y e r   of  t h i s   i n v e n t i o n ,   20V.  T h e s e  

3 0  
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f a c t s   mean  t h a t   t h e   s e n s i t i v i t y   of  t h e   p h o t o s e n s i t i v e  

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

such   as  p h e n a n t h r e n e   i s   s u p e r i o r   to   t h a t   of  t he   c o n t r o l  

l a y e r   i a c k i n g   s u c h   an  e l e c t r o n   d o n o r -  
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C la i jn s :  

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

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

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

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

5  t h e   m e c h a n i c a l   s t r e n g t h   of  s a i d   p o l y - N - v i n y l c a r b a z o l e .  

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

e l e c t r o p h o t o g r a p h y   a c c o r d i n g   to   c l a i m   1  ,  w h e r e i n   s a i d  

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

c o n t a i n e d   in   an  a m o u n t   of   5  t o   25  p a r t s   by  w e i g h t   p e r  

10  100  p a r t s   by  w e i g h t   of  p o l y - N - v i n y l c a r b a z o l e .  

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

e l e c t r o p h o t o g r a p h y   a c c o r d i n g   to   c l a i m   1  ,  w h i c h   f u r t h e r  

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

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

15  e l e c t r o p h o t o g r a p h y   a c c o r d i n g   to   c l a i m   1,  2  or  3,  which  f u r t h e r  

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

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

e l e c t r o p h o t o g r a p h y   a c c o r d i n g   to   c l a i m   3,  w h e r e i n   s a i d  

e l e c t r o n   a c c e p t o r   i s   c o n t a i n e d   in   an  a m o u n t   of   10  t o  

20  40  p a r t s   by  w e i g h t   p e r   1 0 0   p a r t s   by  w e i g h t   of   p o l y - N -  

v i n y l c a r b a z o l e   .  

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

e l e c t r o p h o t o g r a p h y   a c c o r d i n g   to   c l a i m   4  or  5,  wherein  s a i d  

e l e c t r o n   d o n o r   i s   c o n t a i n e d   i n   an  a m o u n t   of   10  t o  

25  60  p a r t s   by  w e i g h t   p e r   1 0 0   p a r t s   by  w e i g h t   of   p o l y - N -  

v i n y l c a r b a z o l e .  
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