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©  Electrophotographic  process  for  forming  a  visible  image. 

Electrophotographic  process  in  which  a  charge  pattern  is 
formed  on  a  photoconductive  element  comprising  a  charge 
generating  pigment-binder  layer  and  a  smooth  charge- 
conveying  top  layer  and  the  charge  pattern  is  developed  with 
a  one-component  developing  powder  of  which  the  particles 
have  a  specific  resistance  exceeding  1011Ohm.m.  Preferably 
the  electrophotographic  process  is  performed  on  a  photo- 
conductive  element  comprising  a  charge  generating 
pigment-binder  layer which  is  composed  of  a  dispersion  of an 
azo  dye  in  a  charge-transfer-complex  of  a  polyvinyl  carbazole 
and  a  nitrated  fluorene  derivative. 



This  inven t ion   r e l a t e s   to  a  process  for  forming  a  v i s i b l e   image 

in  which  a  pho toconduc t ive   element  with  a  c h a r g e - g e n e r a t i n g   l aye r ,   and 

a  smooth  charge-convey ing   top  layer   is  provided  with  a  charge  p a t t e r n ,  

and  the  charge  pa t t e rn   is  developed  with  a  one-component  d e v e l o p i n g  

powder  of  which  the  p a r t i c l e s   have  a  s p e c i f i c   r e s i s t a n c e   e x c e e d i n g  
10 11 Ohm.m. 

According  to  e l e c t r o p h o t o g r a p h i c   p rocesses   appl ied   in  p r a c t i c e ,  

charge  p a t t e r n s   are  g e n e r a l l y   developed  with  a  binary  d e v e l o p i n g  

powder  composed  of  a  mixture  of  two  components.  One  component  is  a  t o n e r  

powder  which  is  depos i t ed   on  the  charge  p a t t e r n   and  c o n s i s t s   mainly  of  a 

res in   into  which  a  s u i t a b l e   dye,  normally  being  b lack,   is  i n c o r p o r a t e d .  

The  o ther   component  is  a  c a r r i e r   c o n s i s t i n g   of  a  mater ia l   aga ins t   which 

the  former  component  is  t r i b o e l e c t r i c a l l y   charged  by  cont inuous  movement 

of  the  developing  powder . I f   magnetic  brush  development  is  app l i ed ,   t h e  

c a r r i e r   c o n s i s t s   of  f ine  p a r t i c l e s   of  a  magne t i s ab l e   mater ia l   such  as  

i ron ,   magnet i te   or  a  f e r r i t e .  

The  binary  developing  powders  have  the  d i sadvan tage   that   due  to  t h e  

consumption  of  the  toner   powder  the  r a t i o   between  the  toner  powder  and 

c a r r i e r   powder  as  well  as  the  p r o p e r t i e s   of  the  c a r r i e r   powder  which  i s  

not  consumed,  are  changed.  This  has  the  consequence  that  toner  powder 

has  to  be  added  at  r egu la r   i n t e r v a l s   and  the  c a r r i e r   powder  has  to  be 

r e p l e n i s h e d   from  time  to  time.  La t t e r   measure  implies  t h a t ,   f r e q u e n t l y ,  

some  kilograms  of  a  black  powder,  that   s t r o n g l y   con tamina tes   t h e  

envi ronment ,   have  to  be  thrown  away. 



A  binary  developing  powder  has  the  a d d i t i o n a l   d i s a d v a n t a g e   tha t   i t   has  a 

r a t h e r   s t rong  a b r a s i v e   ac t ion   on  the  s u b s t r a t e , u s u a l l y   a  p h o t o c o n d u c t i v e  

e lement ,   bear ing  the  charge  p a t t e r n ,   which  has  the  consequence  tha t   u s e f u l  

l i f e   of  th is   pho toconduc t ive   element  is  l i m i t e d .  

Several  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 e s ,   in  which  a  charge  p a t t e r n   i s  

developed  with  a  developing   powder  composed  of  on ly  one   component,  have  

been  proposed  to  overcome  the  above-ment ioned   d i s a d v a n t a g e s  .  

If  the  developing  powder  is  appl ied   t o  t h e   charge  p a t t e r n  b y   means  o f  a  

magnetic  r o l l ,   the  powder  for  example  c o n s i s t s   of  r e s i n  p a r t i c l e s   in  which  

extremely  f ine ,   magne t i s ab l e   ma te r i a l   has  been   d i s p e r s e d   T h e  m a g n e t i s a b l e ,  

one-component  developing  powders  proposed  in  the  p r io r   ar t   f a l l s  i n t o   two 

groups.  One  group  does  not  c o n t a i n  s u b s t a n t i a l   amounts  of  e l e c t r i c a l l y  

conduc t ive   m a t e r i a l ,   and  has  a  s p e c i f i c   r e s i s t a n c e   exceeding  1011  Ohm.m. 

The  o ther   group  has  been made  e l e c t r i c a l l y   conduc t ive   by  the   a d d i t i o n   o f  

a  conduc t ive   m a t e r i a l ,   such  as  carbon  b lack ,   a n d  g e n e r a l l y   has  a  s p e c i f i c  

r e s i s t a n c e   in  t h e  r a n g e   of  approx.   1 0   t o - 1 0   Ohm.m.  If  a  c h a r g e  p a t t e r n  

is  developed  with  an  e l e c t r i c a l l y   conduc t ive   deve loping   p o w d e r ,  t h i s  

developing  powder  is  charged  by  i n d u c t i o n   and  depos i t ed   on  the  c h a r g e  

p a t t e r n .   In  tha t   case  a  p o t e n t i a l   d i f f e r e n c e   of  about  10  Volt  w i l l  

s t i l l   be  developed.   This  is  d i s a d v a n t a g e o u s   t o  t h e   useful  l i f e  o f   the  p h o t o -  

conduc t ive   e lement ,   because  minimal  damages  and  s c r a t c h e s   will  become 

v i s i b l e   on  the  copies  made,  the  useful   l i f e   of  the  pho toconduc t ive   e l e m e n t  

thus  being  l im i t ed   again,   n o t w i t h s t a n d i n g   the  compara t i ve ly   low  a b r a s i v e  

ac t ion   of  the  one-component  deve loping   powder.  In  a d d i t i o n ,   by  the  use  o f  

an  e l e c t r i c a l l y   conduct ive   toner   powder  there   are  produced  images  o f  h a r d  

g r a d a t i o n ,   as  a  r e s u l t   of  which  con t inuous   tones  can  hardly  be  r e p r o d u c e d .  

Fu r the r ,   the  t r a n s f e r   of  the  developed  image  onto  p la in   paper  by  means  o f  

an  e l e c t r i c   f i e l d   meets  with  g rea t   d i f f i c u l t i e s .  

For  the  above-ment ioned  reasons  a  process   in  which  a  charge  p a t t e r n   i s  

developed  with  a  one-component  deve lop ing  powder   con ta in ing   no  or  h a r d l y  

any  e l e c t r i c a l l y   conduct ive   ma te r i a l   is  p r e f e r r e d .  

As  the  toner   powder  is  not  p r e - c h a r g e d ,   the  powder  p a r t i c l e s   only  carry   a 

small  amount  of  charge  but  the  powder  is  n e v e r t h e l e s s   depos i t ed   imagewise 

on  a  charge  p a t t e r n .   Various  charging  a n d  d e v e l o p i n g   mechanisms  have  been 

suggested  but  in  fact   it  is  not  known  how  the  powder   p a r t i c l e s   become  c h a r g e d  
and  why  an  i n s u l a t i n g   developing-   powder,  c a r ry ing   l i t t l e   or  even no  c h a r g e ,  
is  y e t t   a c t ive   as  a  d e v e l o p e r .  

Processes   in  which  a  charge  p a t t e r n   on a  pho toconduc t ive   su r face   i s  



developed  with  the  aid  of  an  e l e c t r i c a l l y   i n s u l a t i n g   deve lop ing   powder 

c o n s i s t i n g   of  one  component,  are  known. 

According  to  B r i t i s h   Patent   S p e c i f i c a t i o n   1  481  332  a  charge  p a t t e r n   on  a 

p h o t o c o n d u c t i v e   zinc  o x i d e - b i n d e r   l ayer   is  developed  with  such  a 

developing   powder .  

With  tha t   process   e x e l l e n t   copies  can  be  p repared ,   but  due  to  the  v e r y  
l i m i t e d   useful  l i f e   of  a  pho toconduc t i ve   element  based  on  zinc  o x i d e ,  

the  p h o t o c o n d u c t i v e   element  must  of ten   be  exchanged.  Thesame  B r i t i s h  

pa ten t   s p e c i f i c a t i o n   also  d e s c r i b e s   tha t   a  pho toconduc t ive   element  c o m p r i s i n g  

a  conduc t ive   s u b s t r a t e ,   an  evapora t ed   selenium  layer   f u n c t i o n i n g   as  a 

c h a r g e - g e n e r a t i n g   l aye r ,   and  a  smooth  cha rge -convey ing   layer   based  on 

polyvinyl   c a r b a z o l e ,   a  p o l y c a r b o n a t e   and  a  xylene  res in   can  be  d e v e l o p e d  

with  a  developing  powder  c o n s i s t i n g   of  res in   p a r t i c l e s   in  which  m a g n e t i s a b l e  

iron  oxide  powder  and  n i g r o s i n e   have  been  d i s p e r s e d .   In  tha t   case,   the  r e s i n  

p a r t i c l e s   c o n s i s t   of  a  mixture  of  a  s ty rene   t ype  ' r e s in   and  a  maleic  a c i d  

res in   modif ied  with  a  na tura l   r e s in .   The  a p p l i c a t i o n   of  th i s   p r o c e s s  
makes  it  p o s s i b l e   to  obta in   a  very  long  useful  l i f e   of  the  p h o t o c o n d u c t i v e  

e lement ,   a  c o n t r i b u t i n g   f a c t o r   being  the  smooth  sur face   of  the  top  l a y e r  

which  becomes  hardly  f i l t h y ,   as  opposed  to  a  rough  zine  o x i d e - b i n d e r   l a y e r .  

On  the  o ther   hand,  however,  the  a p p l i c a t i o n   of  the  a f o r e s a i d   smooth 

pho toconduc t i ve   element  has  the  d i s advan tage   that   edge  e f f e c t   will  o c c u r ,  

i . e .   images  will  be  developed  almost  e x c l u s i v e l y   at  the  edges  of  the  image 

a r e a s .  

The  o b j e c t   of  the  p resen t   i nven t ion   is  to  provide  an  e l e c t r o p h o t o g r a p h i c  

process   which  does  not  show  the  foregoing   d i s a d v a n t a g e s ,   and  combines  a l l  

the  advantages   mentioned  above.  The  process  according  to  the  i nven t ion   is  a 

process   as  de sc r ibed   in  the  opening  paragraph  of  th is   a p p l i c a t i o n ,  

c h a r a c t e r i z e d   in  that   the  image  is  formed  on  a  pho toconduc t ive   element  o f  

which  the  c h a r g e - g e n e r a t i n g   l ayer   comprises  a  pigment  that   genera tes   charges  i n  

l i g h t , s a i d   pigment  being  d i s p e r s e d   in  a  cha rge -convey ing   b i n d e r .  

It  has  appeared  that   a p p l i c a t i o n   of  the  process  according   to  t h e  

inven t ion   r e s u l t s   on  the  one  hand  in  a  long  useful  l i f e   of  the  p h o t o c o n d u c t i v e  

element  and,  on  the  o the r ,   n o t w i t h s t a n d i n g   the  smooth  su r face   of  t h e  

pho toconduc t ive   e lement ,   in  a  so l id   area  development  of  the  image  a r e a s  

wi thout   edge  e f f e c t s .   The  con ten t   of  pigment  in  the  c h a r g e - g e n e r a t i n g   l a y e r  

may  range  from  5  to  50%  by  weight ,   but  the  l im i t s   are  not  c r i t i c a l .  

At  con ten t s   of  pigment  lower  than  5%  an  i n c r e a s i n g   edge  e f f e c t   is  o b s e r v a b l e ,  

and  at  con ten t s   higher  than  50%  the  format ion  of  a  uniform  d i s p e r s i o n  

becomes  more  d i f f i c u l t .  



An  optimum  image  q u a l i t y   is  ob ta ined   if  the  con ten t   of  c h a r g e - g e n e r a t i n g  

pigment  ranges  from  10  to  35%  by  w e i g h t .  

To  ensure  tha t   the  p h o t o c o n d u c t i v e   element  will   have  the  d e s i r e d  

smooth  s u r f a c e ,   a  c h a r g e - g e n e r a t i n g   pigment  having  a  p a r t i c l e   s i z e  

between  0.1  and  3pm  is  p r e f e r a b l y   chosen,  but  to  gua ran tee   t ha t   a  smooth 

s u r f a c e   is  ob ta ined   of  all  e v e n t s ,   a  p a r t i c l e   s ize   less   than  1 µm  i s  

p a r t i c u l a r l y   p r e f e r r e d .   T h e  t h i c k n e s s   of  the  c h a r g e - g e n e r a t i n g   l ayer   i s  

not  c r i t i c a l   e i t h e r ,   and  may  be  chosen  between 0.2  and some  tens  o f  

mic rome te r s ,   for  example,  but  at  a  t h i ckness   b e t w e e n  a p p r o x i m a t e l y   0.5  and 

3µm  the  r e s u l t s   o b t a i n e d  w i t h   the  pho toconduc t ive   element  are  o p t i m a l .  

Among  the  c h a r g e - g e n e r a t i n g   pigments,   e s p e c i a l l y  t h e   pigments  w h i c h ,  

under  the  i n f l u e n c e   of  an  e l e c t r i c   f i e l d ,   have  a  s u b s t a n t i a l   c h a r g e -  

g e n e r a t i n g   c apac i t y   in  the  dark,   prove  to  b e  p a r t i c u l a r l y   s u i t a b l e .  

G e n e r a l l y ,   blue  p h o t o c o n d u c t i v e   p i g m e n t s  a r e   concerned  such  as  p h t h a l o -  

c y a n i n e s a n d   azo  p igments ,   t h e  l a t t e r   group  g i v i n g ' t h e   best  i m a g e  q u a l i t y .  

S u i t a b l e   c h a r g e - g e n e r a t i n g   pigments  are  the  bisazo  pigments  mentioned  i n  

B r i t i s h   Patent   S p e c i f i c a t i o n   1  370 197,  of  which  Fenelac  Blue,  also  known 

under  the  name  Diane  Blue  ( C . I .  2 1 1 8 0 ) ,   is  a  proper   r e p r e s e n t a t i v e .   T h i s  

dye  is  also  des igna ted   by  the  more  s y s t e m a t i c   name  3 , 3  -   dimethoxy-  4 , 4  -  

bis  (2  -hydroxy  -   3  - a n i l i n o c a r b o n y l   n a p h t h y l a z o ) - b i p h e n y l .   Copies  

showing  s t i l l   sounder  image  areas and  tha t   when  the  p h o t o c o n d u c t i v e  

element  is  used  for  a  longer   t ime,  are  ob ta ined   if   the  element  combines  

the  s t i l b e n e   bisazo  pigments  d i s c l o s e d   in  the  B r i t i s h   Pa tent   S p e c i f i c a t i o n  

1 ,520,590.   Very  s u i t a b l e   r e p r e s e n t a t i v e s   of  t h i s   group  are  3 , 3 ' - d i c h l o r o -  

4,4  - b i s ( 2   -hydroxy-3   - a n i l i n o c a r b o n y l   n a p h t h y l a z o ) - s t i l b e n e   and  4 , 4  -  

bis  (2  -hydroxy-  3  - i s o p r o p y l a m i n o c a r b o n y l   n a p h t h y l a z o ) - s t i l b e n e .  

In  a d d i t i o n   to  the  blue  pho toconduc t i ve   pigment,   which  may  be  a  m i x t u r e  

of  such  blue  pigments ,   a  red  or  o r a n g e  p h o t o c o n d u c t i v e   pigment  may  be  

added  for  the  purpose  of  improving  the  s p e c t r a l   s e n s i t i v i t y .  

The  p o l y x y l e n e d i y l i d e n e   dyes  desc r ibed   in  the  East-German  P a t e n t  

S p e c i f i c a t i o n   75  233  and,  more  p a r t i c u l a r l y ,   the  dimethoxy-  s u b s t i t u t e d  

po ly-a -   c y a n o x y l e n e d i y l i d e n e ,   which  is  ob t a ined   by  p o l y  c o n d e n s a t i o n   o f  

1,4  -phenylene  d i a c e t o n i t r i l e   with  2 ,5  -   dimethoxy  t e r e p h t h a l   a l d e h y d e ,  

are  very  s u i t a b l e .  

In  the  process  a c c o r d i n g  t o   the  i nven t ion   th i s   p o l y c o n d e n s a t i o n   p r o d u c t ,  

t o g e t h e r   with  one  of  the  two  s t i l b e n e   b i s a z o p i g m e n t s   r e f e r r e d   to  b e f o r e ,  

produces  an  e x c e p t i o n a l l y   b e a u t i f u l   image.  



In  g e n e r a l ,   the  charge-convey ing   binder   is  a  pho toconduc t ive   b i n d e r  

which  p r e s e n t s   no  or  a  r e l a t i v e l y   low  s e n s i t i v i t y   to  v i s i b l e   l i g h t   w i t h  

respec t   to  the  pigment.   Gene ra l ly ,   these  subs tances   also  have  a  c h a r g e -  

g e n e r a t i n g   c a p a c i t y ,   but  as  a  rule  this   is  lower  than  tha t   of  a  c h a r g e -  

g e n e r a t i n g   pigment.  Examples  of  s u i t a b l e   cha rge -convey ing   b inders   a r e :  

polyvinyl   n a p h t h a l e n e ,   po ly -9 -v iny l   a n t h r a c e n e ,   polyvinyl   c a r b a z o l e  

( P V K ) , s u b s t i t u t e d   PVK  such  as  c h l o r i n a t e d ,   bromated  or  iodated   PVK, 

polyvinyl   pyrene  or  h a l o g e n - s u b s t i t u t e d   polyvinyl   pyrene.  The  c h a r g e -  

conveying  b inder   need  not  n e c e s s a r i l y   c o n s i s t   of  a  polymeric  p h o t o -  

conduc t ive   s u b s t a n c e .   It  is  also  pos s ib l e   to  use  e l e c t r i c a l l y   i n s u l a t i n g  

polymers  into  which  a  non-polymeric   cha rge -convey ing   subs tance   has  been 

i n c o r p o r a t e d .   Examples  of  such  non-polymeric   subs tances   are  N-a lky l  

c a rbazo l e s   such  as  N-ethyl  ca rbazo le   or  N-isopropyl   c a r b a z o l e ;   2,5  - b i s  

(4 -aminopheny l ) -   1 , 3 , 4 ,   - o x a d i a z o l e ;   2,5  -bis  ( 4 - d l e t h y l a m i n o p h e n y l ) - 1 , 3 , 4 -  

oxad iazo l e   and  t r i p h e n y l m e t h a n e   diamines  such  as  bis  ( 4 - d i e t h y l a m i n o -   2  -  

methyl  p h e n y l ) ( p h e n y l )   me thane .  

Charge-conveying   binders   that   t r a n s p o r t   nega t ive   or  p o s i t i v e   c h a r g e  

c a r r i e r s   p r e d o m i n a n t l y ,   are  s u i t a b l e   binders   for  the  c h a r g e - g e n e r a t i n g  

l a y e r ,   but  for  a t t a i n i n g   optimum  r e s u l t s   a  c h a r g e - t r a n s f e r   complex  of  an 

e l e c t r o n   donor  and  of  an  e l e c t r o n   a c c e p t o r ,   which  complexes  can  t r a n s p o r t  

both  p o s i t i v e   and  nega t ive   charge  c a r r i e r s   in  approx ima te ly   the  same  d e g r e e ,  

is  p r e f e r r e d .   C h a r g e - t r a n s f e r   complexes  in  which  one  of  the  c h a r g e - c o n v e y i n g  

binders   r e f e r r e d   to  in  the  preceding  paragraph  func t ion   as  e l e c t r o n   donor  

and  a  n i t r a t e d   f luo rene   d e r i v a t i v e   as  an  e l e c t r o n   a c c e p t o r ,   are  very  u s e f u l .  

Very  s u i t a b l e   combinat ions   a r e ,  i n t e r   a l i a ,   PVK  with  one  of  the  f o l l o w i n g  

e l e c t r o n   a c c e p t o r s :  

2 , 4 , 5 , 7 -   t e t r a n i t r o f l u o r e n   - 9 - o n e  

2 ,4 ,7 -   t r i n i t r o f l u o r e n   - 9 - o n e  

9 - o x o - 4 , 5 , 7 - t r i n i t r o f l u o r e n e   - 2 - c a r b o x y l i c   ac id ,   methyl  e s t e r  

9 - o x o - 4 , 5 , 7 - t r i n i t r o f l u o r e n e   - 2 - c a r b o x y l i c   ac id ,   n-butyl  e s t e r  

2-  b r o m o - 4 , 5 , 7 - t r i n i t r o f l u o r e n   -9-  one 

a , a , a  -   t r i f l u o r o   -N-2 ,4 ,7 -   t r i n i t r o f l u o r e n   -9-  y l idene   -p-  t o l u i d i n e .  

N-  2 ,4 ,7 -   t r i n i t r o f l u o r e n   -9-  y l i d i n e   a n i l i n e   or  one  of  the  a n i l i n e  

d e r i v a t i v e s   desc r ibed   in  the  B r i t i s h   Patent  S p e c i f i c a t i o n   1 , 4 6 2 , 6 8 7 .  

The  molar  r a t i o   between  e l e c t r o n   donor  and  e l e c t r o n   accep to r   may  va ry  
from  20:1  to  1:1,  but  optimum  r e s u l t s   are  ob ta ined   at  r a t i o s   between  10:1 

and  3:1.  (If   the  donor  is  a  polymer,  the  molar  r a t i o   is  based  on  t h e  

monomeric  units   t h e r e o f ) .  



The  smooth  cha rge -convey ing   t o p  l a y e r   may  c o n s i s t   of  one  of  t h e  

c h a r g e - c o n v e y i n g   b i n d e r s  a p p l i e d   in  the  c h a r g e - g e n e r a t i n g   l aye r .   To  k e e p  

the  a b s o r p t i o n  o f  l i g h t   in  the  c h a r g e - c o n v e y i n g   top  l aye r   as  low  a s  

p o s s i b l e ,  t h e   use  of  a  c o l o u r l e s s ,   t r a n s p a r e n t   cha rge -convey ing   s u b s t a n c e  

is  p r e f e r r e d .   P r e f e r a l l y ,  t h e  s a m e   c h a r g e - c o n v e y i n g   subs tance   as  p r e s e n t  
in  the  c h a r g e - g e n e r a t i n g   l a y e r ,  b u t   w i t h o u t  t h e   a d d i t i o n  o f   a n  e l e c t r o n  

a c c e p t o r ,   is  used.  Small  q u a n t i t i e s  o f   a n  e l e c t r o n   accep to r  may   i n d e e d  

be  found  in  the  cha rge -convey ing   l a y e r ,   s ince  the  c h a r g e - g e n e r a t i n g  

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

l aye r   app l i ed   over  it   during  c o a t i n g .   The  t h i c k n e s s   of  the  c h a r g e -  

conveying  top  layer   is  n o t  c r i t i c a l .   L a y e r  t h i c k n e s s e s   of  1 to  50pm,e .g . . ,  

are  a p p l i c a b l e ,   but  in  the  c a s e s  w h e r e   the  pho toconduc t i ve   e l e m e n t  

should  remain  p roper ly   f l e x i b l e ,   a  t h i c k n e s s   o f  1  t o   6um  is  p r e f e r a b l y  

a p p l i e d .   To  promote  t h e  f l e x i b i l i t y  ,   a  s u i t a b l e  S o f t e n e r   may  be  added  a s  

w e l l .  

The  c h a r g e - g e n e r a t i n g   l ayer  may   be coated  o n  a   s u p p o r t  t h a t   is  conven -  

t i o n a l l y   used  for  p h o t o c o n d u c t i v e   e l emen t s .   Very  s u i t a b l e  a r e ,   for  example ,  

the  smooth  a lumin ium- .coa ted   p l a s t i c   s u p p o r t s ,   and  the  s l i g h t l y   rough 

conduc t ive   suppor t s   c o n s i s t i n g   of  e l e c t r o c h e m i c a l l y   roughned  a lumin ium.  

In  a d d i t i o n ,   a  t h i n   a n c h o r i n g  l a y e r   or  b a r r i e r   l aye r   m a y  b e   a p p l i e d  

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

In  a  way usual  in  e l e c t r o p h o t o g r a p h y   the  p h o t o c o n d u c t i v e   e l e m e n t  c a n  

be  charged  with  a  corona  or  a  s c o r o t r o n   l i m i t i n g   the  charging  c u r r e n t .  

By  d o i n g  s o ,   in  o r d e r  t o  a v o i d  u n d e s i r e d   i m p u r i t i e s ,   i t   is  p o s s i b l e   t o  

guide  a  hot  a i r   flow  along  the  p h o t o c o n d u c t i v e   element  by  means  of  a 

blowing  or  suc t ion   device  and an  adequate   hea t ing   e lement .   A f t e r  i m a g e w i s e  

exposu re ,   the  one-component  deve lop ing  powder   is  con t ac t ed   with  t h e  

p h o t o c o n d u c t i v e   element  by  means  o f   a  supplyingmember which  may  be,  f o r  

example,  a  r o t a t a b l e   c y l i n d e r   in  which  s t a t i o n a r y   m a g n e t s  a r e   a r r a n g e d .  

The  developing  powder  has  a  s p e c i f i c   r e s i s t a n c e   exceeding  10110hm.m. 

Such  a  high  s p e c i f i c   r e s i s t a n c e   can  be  ob ta ined   by  n o n - i n c o r p o r a t i n g  

e l e c t r i c a l l y   conduc t ive   subs t ances   into  the  deve loping   powder .  

P r e f e r a b l y ,   the  deve loping   powder  c o n t a i n s   a p p r o x i m a t e l y   40  to  65 

par t s   by  weight  of  an  e l e c t r i c a l l y   i n s u l a t i n g   m a g n e t i s a b l e   mate r ia l   such  

as  magne t i t e   or  a  f e r r i t e . T h e   r e s t   of  the  developing   powder  c o n s i s t s   f o r  

the  vast  ma jo r i t y   of  a  s y n t h e t i c   r e s i n ,   tha t   is  custumary  for  d e v e l o p i n g  

powders.  S u i t a b l e   s y n t h e t i c   r e s in s   inc lude   e p o x y  r e s i n s ,   m o d i f i e d  e p o x y  



r e s i n s ,   p o l y e s t e r   res ins   and  s t y r e n e - a c r y l a t e   copo lymers .  

If  d e s i r e d ,   a  c h a r g e - c o n t r o l l i n g   agent  may  be  added  to  the  d e v e l o p i n g  

powder , fo r   the  purpose  of  s u p p r e s s i n g   s l i g h t   edge  e f f e c t s ,   but  t h e  

developing  r e s u l t s   with  and  wi thout   c h a r g e - c o n t r o l l i n g   agents  only  show 

small  d i f f e r e n c e s .   Also  s u b s t a n c e s , s u c h   as  hydrophobic  s i l i c a ,   improv ing  

the  flow  behav iour ,   may  be  added.  As  usual  in  e l e c t r o p h o t o g r a p h y ,  

developing   powders  of  which  the  p a r t i c l e s   are  as  sphe r i ca l   as  p o s s i b l e  

and  t h e i r   d iameter   as  uniform  as  p o s s i b l e   are  p r e f e r r e d .  

In  a  way  usual  in  e l e c t r o p h o t o g r a p h y   the  developed  powder  image  may 
be  t r a n s f e r r e d   onto  a  s u i t a b l e   r e ce iv ing   m a t e r i a l ,   such  as  paper ,   and  be 

fixed  the reon .   The  t r a n s f e r   onto  paper  can  occur  d i r e c t   by  means  of  an 

e l e c t r i c   f i e l d ,   but  can  also  be  performed  via  a  s i l i c o n e   rubber  i n t e r -  

m e d i a t e .  

The  p resen t   i nven t ion   is  f u r t h e r   exp la ined   with  r e f e r e n c e   to  t h e  

fo l lowing   example s .  

Example  1 

A  p o l y e t h y l e n e   t e r e p h t h a l a t e   f o i l ,   to  which  a  smooth  coa t ing   o f  

aluminium  had  been  appl ied   by  v a p o r i z a t i o n ,   was  s u c c e s s i v e l y   p r o v i d e d  w i t h  

an  ex t remely   thin  anchoring  l a y e r ,   a  c h a r g e - g e n e r a t i n g   layer   h a v i n g  

a  t h i c k n e s s   of  1  µm,  and  a  cha rge -convey ing   layer   of  2pm  in  t h i c k n e s s .  

The  t h i c k n e s s   of  the  layer   was  measured  with  a  c a p a c i t i v e   t h i c k n e s s  

gauge,  which  was  c a l i b r a t e d   for  a  d i e l e t r i c   cons tan t   =  3  (F i sche r   C- 

Scope).  The  anchoring  l ayer   was  app l ied   by  d i p - c o a t i n g   in  a  one  p e r  

cent  by  weight  s o l u t i o n   of  a  vinyl  c h l o r i d e   vinyl  a c e t a t e   m a l e i c  

anhydr ide   t e rpo lymer   in  butyl  a c e t a t e .   The  t e rpo lymer   marketed  by 

Union  Carbide  Corp.,   U.S.A.,   under  the  name  Bake l i t e   VMCH,  c o n t a i n s  

the  above-ment ioned  components  in  the  weight  r a t io   of  8 6 : 1 3 : 1 .  

The  cha rge -convey ing   l ayer   was  formed  from  a  d i s p e r s i o n   of  t h e  

fo l lowing  c o m p o s i t i o n :  

1.56  g  of  3,3  -d ich lo ro   -4,4  -bis   (2  -hydroxy  -3  - a n i l i n o - c a r b o n y l  

naph thy lazo)   - s t i l b e n e  

5.6  g  of  polyvinyl   ca rbazo le (Luv ican   M170  of  B .A.S .F . ,   Germany) 

36  ml  of  c h l o r o b e n z e n e  

2.2  g  of  2 , 4 , 7 - t r i n i t r o f l u o r e n   - 9 - o n e  

17.5  ml  of  t e t r a h y d r o f u r a n  

Before  format ion  of  the  l aye r   the  d i s p e r s i o n   was  ground  unt i l   t h e  

diameter   of  the  pigment  p a r t i c l e s   was  smal le r   than  lum. 



The  t r a n p a r e n d y   of  the  formed  l a y e r  w a s   30%. 

After   d ry ing  t he   c h a r g e - c o n v e y i n g   l ayer   was  a p p l i e d   w i t h  

a  s o l u t i o n   of  5  g  of  p o l y v i n y l  c a r b a z o l e   (Luvican  M170)  in  100  ml  o f  

c h l o r o b e n z e n e .  

To  remove  remainders   of  the  s o l v e n t   the  p roduc t   was  dr ied   at  105°C  t o  

ob ta in   a  c o n s t a n t   weight .   The  r e s u l t i n g   p h o t o c o n d u c t i v e   element  had  a 

smooth  g l o s s y  s u r f a c e .  

The  p h o t o c o n d u c t i v e   e lement   was  charged  with  a  nega t i ve   corona  t o - 3 6 0  

Vult  and  imagewise  exposed  with  a  q u a n t i t y   of  l i g h t  o f   4 p J  p e r   cm2  of  a 

halogen  bulb,  in  which  process   the  p o t e n t i a l   of  the  f u l l y   exposed  a r e a s  

dropped  to-80  Volt.  The  p o t e n t i a l   of  t h e  u n e x p o s e d   a r e a s ,   measured  1  s e c o n d  

a f t e r   c h a r g i n g ,   was  -300  V o l t .  

The  charge  p a t t e r n   was  developed  with  a  magnetic   brush  d e v e l o p i n g  

device  which  comprised  no  means  for  charg ing   t h e , d e v e l o p i n g   powder,  and  

which  was  provided  with  a  one-component   deve lop ing   powder  o b t a i n e d   a s  

f o l l o w s  :  

A  mixture   of  50  g  of  epoxy  r e s in   (Epiko te   1004  from  S h e l l ,   N e t h e r l a n d s )  

and  50  g  of  m a g n e t i t e  p o w d e r   was  homogenized  via  e x t r u s i o n   and  t h e n  

g r o u n d .  

In  the  presence   o f  a   small  q u a n t i t y   o f  h y d r o p h o b i c   s i l i c a   (  Aeros i l   972)  

the  p a r t i c l e s   were  rounded  by  h e a t - t r e a t m e n t   a n d  t h e   p a r t i c l e s   t ha t   w e r e  

s m a l l e r   than  8  µm  and  l a r g e r  t h a n   30µm in  d iamete r   were  removed by  s i f t i n g .  
The  s p e c i f i c   r e s i s t a n c e   of  the  powder  was  2×10140hm.m. 

The  powder  image  o b t a i n e d  b y   development   was  t r a n s f e r r e d   onto  p a p e r  
via  a  s i l i c o n e   rubber   i n t e r m e d i a t e .   The  background  o f  t h e   image  fo rmed  

on  the  paper  was  e n t i r e l y   f ree   from  deve lop ing   powder,  and  the  r e p r p d u c t i o n  
of  the  black  image  areas   of  the  o r i g i n a l   was  sharp  and  uniform  in  d e n s i t y  

wi thout   edge  e f f e c t s .   The  p h o t o c o n d u c t i v e   e lement   did  not  show  memory 
e f f e c t   when  it  was  r e p e a t e d l y   c h a r g e d  a n d   exposed  at  a  cyc l ing   time  o f  

6  seconds.   The  r e s i s t a n c e   to  w e a r  a n d  o t h e r   mechanical   de fec t s   was 

e x c e l l e n t .   An  end less   be l t   formed  of  the  p h o t o c o n d u c t i v e   element  was  s t i l l  
u t i l i z a b l e   w e l l  a f t e r   i t   had  been  t r a v e r s e d   100 ,000  t imes   a l o n g  
the  developing  s t a t i o n   and  the  s i l i c o n e   r u b b e r  i n t e r m e d i a t e   of  a  c o p i e r .  

Example  2  

The  process   accord ing   to  E x a m p l e   was  r e p e a t e d ,   but  i n s t e a d  o f   t h e  

deve loping   powder  used  in  tha t   example  f o r  t h e   development  t he r e  was   used  a 

aeve lop ing   powaer  which,  as  a g a i n s t   the  deve lop ing   powder  of  Example  1 ,  

could  be 



p o s i t i v e l y   charged  by  t r i b o e l e c t r i c   ac t ion .   The  deve lop ing   powder,  

which  was  l i kewi se   composed  of  50%  by  weight  of  magne t i t e   and  50%  by 

weight  of  r e s i n ,   con ta ined   as  the  res in   a  mixture  of  an  epoxy  r e s i n  

(Epikote   828)  s t a b i l i z e d   with  4 - a , a - d i m e t h y l b e n z y l p h e n o l , a n   epoxy  r e s i n  

(Epikote   1004  from  Shel l )   and  the  r eac t ion   product   of  an  epoxy  r e s i n  

(Epikote   1001  from  Shel l )   with  2 -me thy l aminoe thano l .   The  copies  o b t a i n e d  

according  to  t h i s  p r o c e s s w e r e   equal  to  those  ob ta ined   according  toExample  1. 

Example  3 

The  process   according  to  Example  1  was  repea ted   once  more,  but  now 

with  a  deve lop ing   powder  t h a t , a s   aga ins t   the  deve lop ing   powder  a c c o r d i n g  

to  Example  1,  could  be  n e g a t i v e l y   charged  by  t r i b o e l e c t r i c   ac t ion .   As  t h e  

res in   th is   developing   powder  con ta ined   a  p o l y e s t e r   with  an  acid  value  =12 

(Atlac  382E  form  A t l a s , U . S . A . )  

Jus t  as   in  e x a m p l e l t h e   magne t i t e   content   of  the  deve loping   powder  was 

equal  to  50%  by  weight .   Also  in  th i s   case  the  image  q u a l i t y   of  the  c o p i e s  

was  almost  equal  to  tha t   ob t a ined   according  to  Example  1. 

There was  only  a  s l i g h t   edge  e f f e c t   v i s i b l e   as  a  r e s u l t   of  the  fact   tha t   t h e  

deve loping   powder  depos i t ed   to  a  g r e a t e r   degree  at  the  edges  of  the  image 

a r e a s .  

Example  4 

The  process   according  to  Example  1  was  r e p e a t e d ,   but  now  with  a 

p h o t o c o n d u c t i v e   element  in  which  the  c h a r g e - g e n e r a t i n g   pigment  had  been 

r ep laced   by  4,4  -bis  (2  -hydroxy  -3  - i s o p r o p y l a m i n o c a r b o n y l   - n a p h t h y l a z o )  

s t i l b e n e .   T h e  l i g h t s e n s i t i v i t y   of  the  resu l t ing  e lement   was  equal  to  that   o f  

the  p h o t o c o n d u c t i v e   element  accord ing   to  Example  1.  The  copies  o b t a i n e d  

with  the  process  showed  the  same  image  q u a l i t y   as  tha t   according  t o  

Example  1.  Upon  f r equen t   copying  the  image  q u a l i t y   could  longer  be 

ma in t a ined   cons t an t   than  in  the  process  accord ing   to  Example  1. 

Example  5 

The  process   according  to  Example  1  was  r e p e a t e d ,   but  half   t h e  

c h a r g e - g e n e r a t i n g   pigment  in  the  pho toconduc t ive   element  was  r e p l a c e d  

by  the  red  p o l y - a - c y a n o x y l e n e d i y l i d e n e   o b t a i n a b l e   by  p o l y c o n d e n s a t i o n  

of  1 , 4 - p h e n y l e n e d i a c e t o n i t r i l e   with  2 , 5 - d i m e t h o x y t e r e p h t h a l a l d e h y d e .  

The  l i g h t - s e n s i t i v i t y   aid the  useful  l i f e   of  the  pho toconduc t ive   e l e m e n t  

were  then  equal  to  those  accord ing   to  Example  1.  The  spec t r a l   s e n s i t i v i t y  

had  changed,  the  grey  r e p r o d u c t i o n   of  coloured  o r i g i n e l s   on  the  c o p i e s  

thus  being  improved.  



1.  A  process   for  forming a   v i s i b l e   image  in  which  a  p h o t o c o n d u c t i v e  

element  with  a  c h a r g e - g e n e r a t i n g   l a y e r ,   and  a  smooth   c h a r g e - c o n v e y i n g  

top  l a y e r   is  provided  with  a  charge  p a t t e r n ,   and  the  charge  p a t t e r n  
is  developed  with  a  one-component  deve lop ing   powder  of   which  t h e  

p a r t i c l e s   have  a  s p e c i f i c   r e s i s t a n c e   exceeding  10110hm.m. ,  

c  h  a   r  a  c  t  e  r   i  z  e  d   in  tha t   the  image  is  formed  on  a 

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

a  pigment  tha t   g e n e r a t e s  c h a r g e s   i n  l i g h t , s a i d   pigment  b e i n g  d i s p e r s e d  

in  a  c h a r g e - c o n v e y i n g   b i n d e r .  

2.  A  process   according   to  claim  1,  c  h  a  r  a  c  t   e  r   i  z  e  d   i n  

t h a t   a  c h a r g e - g e n e r a t i n g   l aye r   c o n t a i n i n g   10  to  35%  by  weight  of  a 

c h a r g e - g e n e r a t i n g   pigment  is  u s e d .  

3.  A  process   accord ing   to  claim  1  or  2,  c h  a  r   a  c  t  e  r  i  z  e  d  

in  tha t   a  c h a r g e - g e n e r a t i n g   l a y e r   having  a  t h i c k n e s s  b e t w e e n   0.5  and 

3µm  in  which  the  average  d i a m e t e r  o f   the  c h a r g e - g e n e r a t i n g   p i g m e n t  

p a r t i c l e s   ranges  from  0.1  to  3µm  is  u s e d .  

4.  A  process   according   to  any one  o f  t h e   p receding   c l a i m s ,  

c  h  a  r  a  c  t  e  r   i  z  e  d  i n   tha t   a  c h a r g e - g e n e r a t i n g   l a y e r   c o n t a i n i n g  

as  c h a r g e - g e n e r a t i n g   p i g m e n t a n  a z o   dye  and  as  cha rge -convey ing   b i n d e r  

a  c h a r g e - t r a n s f e r   complex  of  an  e l e c t r o n   donor  and  of  an  e l e c t r o n  a c c e p t o r ,  

is  u s e d .  

5.  A  process   according   to  claim  4 ,  c   h a  r  a  c  t  e   r  i  z  e   d  in   t h a t  

a  charge  - g e n e r a t i n g   l aye r   c o n t a i n i n g   as  c h a r g e - c o n v e y i n g   b inder   a  c h a r g e -  

t r a n s f e r   complex  of  a  po lyvinyl   c a r b a z o l e   a n d  a  n i t r a t e d   f l u o r e n e  

d e r i v a t i v e ,   is  u s e d .  

6.  A  process   accord ing   to  claim  5,  c  h  a  r   a c  t  e  r  i  z  e  d   in  t h a t  

a  c h a r g e - g e n e r a t i n g   layer   c o n t a i n i n g   a s  c h a r g e - c o n v e y i n g   b inder   a  c h a r g e -  

t r a n s f e r   complex  of  a  polyvinyl   c a r b a z o l e  a n d   a  n i t r a t e d   f l u o r e n e  

d e r i v a t i v e   in  a  molar  r a t i o   between  3:1  and  10:1,  is  u s e d .  

7. A  process   a c c o r d i n g  t o   a n y  o n e  o f   the  preceding   c l a i m s  

c  h  a  r  a  c  t  e  r  i  z  e   d  in  tha t   a  charge  - g e n e r a t i n g   l a y e r  c o n t a i n i n g  

as  c h a r g e - g e n e r a t i n g   pigment  a  s t i l b e n e   bisazo  dye,  i s  u s e d .  

8.  A  process   accord ing   to  claim  7 ,  c   h  a  r  a  c  t  e   r  i  z  e  d  i n   t h a t  

a  c h a r g e - g e n e r a t i n g   l a y e r  c o n t a i n i n g   4,4  -bis  (2  -hydroxy  - 3  -  

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



pigment,  is  u s e d .  

9.  A  process   according   to  claim  8,  c  h  a  r  a  c  t  e   r  i  z  e  d  
in  that   a  c h a r g e - g e n e r a t i n g   l ayer   con ta in ing   as  c h a r g e - g e n e r a t i n g  

pigment  a  mixture  of  4,4  - b i s (2   - h y d r o x y - 3  -   i s o p r o p y l a m i n o c a r b o n y l  

n a p h t h y l a z o ) - s t i l b e n e   and  the  p o l y c o n d e n s a t i o n   product   of  1,4  - p h e n y l e n e  
d i a c e t o n i t r i l e   with  2 ,5 -d imethoxy   t e r e p h t h a l a l d e h y d e ,   is  u s e d .  
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