
J  

Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0 0 1 4   0 6   1  
A 1  

Office  europeen  des  brevets  ^   1 

®  EUROPEAN  PATENT  A P P L I C A T I O N  

©  Application  number:  80300132.0  ®  Int.  CI.3:  G  03  G  5 / 1 4  

@  Date  of  filing  :  15.01  .80 

@  Priority:  15.01.79  US  3139  ©  Applicant:  XEROX  CORPORATION,  Xerox  Square  -020, 
Rochester  New  York  1  4644  (US) 

@  Inventor  :  Chu,  Joseph  Y.  C,  37  Fairfield  Drive,  Fairport, 
New  York  14450  (US) 
Inventor:  Lee,  Ueng-Huang,  796  John  Glenn  Bfvd, 
Webster,  New  York  1  4580  (US) 

@  Date  of  publication  of  application:  06.08.80  Inventor:  Morton,  FrederickJ,  1227VanLare  Road, 
Bulletin  80/1  6  Williamson,  New  York  1  4589  (US) 

Inventor:  TutJhasI,  Slmpel,  1217  Majestic  Way,  Webster, 
New  York  14580  (US) 

@  Representative  :  Goode,  Ian  Roy  et  al,  European  Patent 
Attorney  c/o  Rank  Xerox  Limited,  Patent  Dept. 
Westboume  House  14-16  Westboume  Grove,  London 

@  Designated  Contracting  States  :  DE  FR  GB  IT  W25RH  (GB) 

Photosensitive  Imaging  member  and  method. 

A  photosensitive  Imaging  member  (10)  comprises,  in 
order,  a  support  substrate  (12);  a  layer  of  a  charge-inject- 
ing  material  (14);  a  layer  of  a  charge  transporting  material 
(16)  into  which  charges  can  be  injected  by  the  charge-in- 
jecting  material  (14);  a  layer  of  a  charge-generating  mate- 
rial  (18)  capable  of  injecting  photo-generated  charges  into, 
and  receiving  charges  from  the  charge  transporting  mate- 
rial  (16);  a  charge-trapping  layer  (19);  and  an  insulating 
overlayer  (20).  The  charge-trapping  layer  preferably  con- 
tains  nitrogen-containing  electron-donating  molecules, 
such  as  aromatic  amines  having  one  of  the  following  for- 
mulae: 

and 

wherein  Z  is  Ar  or  R,  Ar  being  an  aromatic  radical  or  a 
substituted  aromatic  radical,  and  R  being  an  aliphatic  radi- 
calor  a  substituted  aliphatic  radical. 



This  i n v e n t i o n   r e l a t e s   to  a  p h o t o s e n s i t i v e  

imaging  member  of  the  kind  c o m p r i s i n g ,  
in  o r d e r ,   a  suppor t   s u b s t r a t e ,   a  l a y e r   of  a  c h a r g e - i n j e c t i n g   m a t e r i a l ,  

a  l a y e r   of  a  c h a r g e - t r a n s p o r t i n g   m a t e r i a l   i n to   which  charges   c a n  
be  i n j e c t e d   by  the  c h a r g e - i n j e c t i n g   m a t e r i a l ,   a  l a y e r   of  a  c h a r g e -  

g e n e r a t i n g   m a t e r i a l   capab le   of  i n j e c t i n g   p h o t o - g e n e r a t e d   c h a r g e s  

i n t o ,   and  r e c e i v i n g   charges   from,  the  c h a r g e - t r a n s p o r t i n g   m a t e r i a l ,  
and  an  i n s u l a t i n g   o v e r l a y e r .  

The  fo rmat ion   and  deve lopmen t   of  images  on  the  imaging  s u r -  

faces  of  pho toconduc t ive   mate r ia l s   by  e l e c t r o s t a t i c   means  is  well  known,  

one  of  the  most  widely  used  processes   being  xerography,   which  is  d i scussed  

in  Carlson  U.S.  Pa ten t   2,297,691.  Numerous  types  of  pho to recep to r s   c a n  

be  used  in  the  e l e c t r o p h o t o g r a p h i c   process  such  pho to recep to r s   inc luding  

organic  mater ia l s ,   inorganic  ma te r i a l s   and  mixtures   thereof .   P h o t o r e c e p t o r s  

are  known  wherein  the  charge  car r ie r   genera t ion   and  charge  car r ie r   t r a n s p o r t  

functions  are  accompl i shed   by  d i sc re te   contiguous  layers.  Also  known  a r e  

p h o t o r e c e p t o r s   which  include  an  overcoa t ing   layer  of  an  e lec t r ica l ly   insu-  

lating  polymeric   mate r ia l   and  in  conjunct ion  with  this  overcoa ted   type  p h o t o -  

recep tor   there  have  been  proposed  a  number  of  imaging  methods.  H o w e v e r ,  

the  art  of  e l e c t r o p h o t o g r a p h y   and  more  specif ical ly   xerography,  c o n t i n u e s  

to  advance  and  more  s t r ingent   demands  need  to  be  met  by  the  copying  a p -  

paratus  in  order  to  increase   p e r f o r m a n c e   s tandards   to  obtain  higher  q u a l i t y  

images  and  to  act ,as   p ro t ec t ion   for  the  p h o t o r e c e p t o r   as  well  as  to  c o n t r o l  

the  manner  and  the  type  of  charges   that   are  t r anspor t ed   and  re ta ined   at  v a r -  

ious  levels  of  the  p h o t o r e c e p t o r   device.  In  the  present   invention,  there  is 

described  in  one  embod imen t   an  e l e c t r o p h o t o g r a p h i c   imaging  device  e m p l o y -  

ing  an  improved  organic  e l e c t r o p h o t o g r a p h i c   imaging  member  which  c o n t a i n s  

a  trapping  l a y e r .  

A  method  for  uti l izing  an  overcoa ted   pho to recep to r   dev i ce  

has  been  recent ly   discovered  and  is  described  in  UK  P a t e n t   a p p l i c a t i o n   No 

7906411,  p u b l i s h e d   as  UK  P a t e n t   p u b l i c a t i o n   No  2015186.  In  the  me thod  

d e s c r i b e d   in  t ha t   a p p l i c a t i o n ,   t h e r e   is  u t i l i zed   an  imaging  member 

compr i s ing   a  s u b s t r a t e ,   a  layer  of  a  charge   c a r r i e r   i n j e c t i n g   e l e c t r o d e  



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

e l e c t r i c a l l y   i n s u l a t i n g   o v e r c o a t i n g   l a y e r .   In  one  embodiment  o f  

o p e r a t i o n ,   the  member  is  charged   a  f i r s t   time  with  e l e c t r o s t a t i c  

charges   of  a  f i r s t   p o l a r i t y ,   charged   a  s e c o n d  t i m e   with  e l e c t r o -  

s ta t ic   charges  of  a  polari ty  opposite  to  the  first   polari ty  in  order  to  s u b s t a n -  

tially  neut ra l ize   the  charges  residing  on  the  e lec t r i ca l ly   insulating  s u r f a c e  

of  the  member   and  exposed  to  an  imagewise   pa t t e rn   of  ac t iva t ing   e l e c t r o -  

magnet ic   radia t ion  whereby  an  e l e c t r o s t a t i c   l a t en t   image  is  formed.  T h e  

e l e c t r o s t a t i c   l a ten t   image  may  then  be  developed  to  form  a  visible  i m a g e  

which  can  be  t r an s f e r r ed   to  a  receiving  member .   Subsequently,   the  i m a g i n g  

member   may  be  reused  to  form  addi t ional   reproduct ions   af ter   the  e r a s u r e  

and  cleaning  steps  have  been  a c c o m p l i s h e d .  

I f   charges   are  not  s u b s t a n t i a l l y  r e t a i n e d   at  the  i n t e r f a c e  

between  the  charge  g e n e r a t i n g   l a y e r   and  the  i n s u l a t i n g   o v e r c o a t i n g ,  

the  e f f i c i e n c y   of  the  p h o t o r e c e p t o r   device   is   a d v e r s e l y   a f f e c t e d  

when  such  charges   are  a l lowed   to  f r e e l y   m i g r a t e   back  to  the  g e n e r a t o r  

l a y e r .   I f   some  of  the  cha rges   are  a l lowed  t o  m i g r a t e ,   they  w i l l  

t r a v e l   towards  the  e l e c t r o d e   l a y e r   ( the  s u b s t r a t e )   and  n e u t r a l i s e  

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

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

u s e f u l   for   the  s u c c e e d i n g   imaging  p r o c e s s .   This  would  a d v e r s e l y  

a f f e c t   the  imaging  system  as  well   as  lower  the  e f f i c i e n c y   of  t h e  

device   and  r ende r   the  c y c l i c   c h a r a c t e r i s t i c s   of  such  dev ice   u n s t a b l e .  

Depending  on  the  amount  and  the  f r e q u e n c y   with  which  the  c h a r g e s  

t r a v e l   t h r o u g h o u t   the  sys tem,   the  amount  of  charges   r e t a i n e d   a t  

the  g e n e r a t o r / i n s u l a t o r   i n t e r f a c e   v a r i e s ,   r e s u l t i n g   in  c y c l i c   i n s t a b -  

i l i t y .  

The  p r e s e n t   i n v e n t i o n   is  i n t e n d e d   to  overcome  t h i s   p r o b l e m ,  

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

is  c h a r a c t e r i s e d   by  a  c h a r g e - t r a p p i n g   l a y e r   between  the  l a y e r   o f  

c h a r g e - g e n e r a t i n g   m a t e r i a l   and  the  i n s u l a t i n g   o v e r l a y e r .  

The  c h a r g e - t r a p p i n g   l a y e r   p r e v e n t s   charges   frcm  m i g r a t i n g  

from  the  i n t e r f a c e   between  the  c h a r g e - g e n e r a t i n g   l a y e r   and  t h e  

i n s u l a t i n g   o v e r l a y e r   to  the  i n j e c t i n g   e l e c t r o d e   so  as  to  improve  

image  q u a l i t y   and  reduce   dark  decay  and  improve  c y c l a b i l i t y   o f  

the  p h o t o r e c e p t o r   d e v i c e .  



P r e f e r a b l y ,   the  t r a p p i n g   l a y e r   compr ises   e l e c t r o n - d o n a t i n g  

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

adhes ive   po lymers .   The  t r a p p i n g   l a y e r  o f   the  p h o t o -  

responsive  device  is  of  subs tant ia l   impor tance   as  ment ioned  h e r e i n b e f o r e ,  

its  main  funct ion  being  to  trap  holes,  that   is,  positive  charges,   thus  the  m a -  

terial   used  in  this  layer  must  be  capable  of  emi t t ing   e lec t rons   in  order  t h a t  

the  posit ive  charges  will  be  t rapped,   that  is,  remain  in  position  at  the  i n t e r -  

face  b e t w e e n   the  genera t ing   layer  and  the  overcoa t ing   insulating  layer.  The  

photorespons ive   device  may  remain  photosens i t ive   without  the  trapping  l aye r ,  

however,   higher  fields  will  be  needed  in  order  to  render  the  device  e f f i c i e n t ,  

the  d i sadvan tage   of  using  higher  fields  being  that  it  causes  breakdown  in 

the  system  and  more  ozone  is  gene ra t ed   thus  posing  an  env i ronmenta l   p r o b l e m  

in  some  s i tuat ions .   It  is  p re fe rab le   to  use  lower  voltages  as  the  system  is  

more  e f f i c i en t   and  more  stable  and  fur ther   with  the  hole  t rapping  layer,  t h e  

dark  decay  of  the  system,  that  is  leakage  of  charges,   will  improve  s ign i f i -  

cantly  so  as  to  subs tan t ia l ly   e l iminate   such  dark  d e c a y .  

The  hole  t rapping  mate r ia l   can  be  any  ni t rogen  c o n t a i n i n g  

e lec t ron   donating  molecules   which  donate  suf f ic ient   e lect rons   so  as  to  a c c o m -  

plish  the  above  ob jec t ives   while  at  the  same  time  not  adversely  a f f e c t i n g  

the  imaging  device  and  allowing  cyclic  s tabi l i ty   of  the  pho to recep to r   dev i ce .  

General ly,   most  organic  e lec t ron   donor  mater ia ls   can  be  used,  that  is,  m a -  
terials  that   will  emit  or  readily  give  up  e lec t rons .   In  one  embod imen t   o f  

the  p resen t   invention,  there  is  employed,   as  the  ni trogen  containing  e l e c t r o n  

donating  molecules ,   a romat ic   amines  se lec ted   from  the  group  cons i s t i ng  

of  those  within  the  following  f o r m u l a s :  



a n d  

wherein  Z  is  Ar  or  R,  R  being  an  a l iphat ic   radical   or  subs t i tu ted   a l i p h a t i c  

radicals ,   and  Ar  is  an  a romat ic   radical   or  a  subs t i t u t ed   a romat ic   r a d i c a l ,  

the  subs t i t uen t s   including  for  example  alkyl,  alkylene,   halogen,  and  the  l i ke .  

Examples   of  a l iphat ic   mater ia ls   include  s a t u r a t e d   as  well  as  u n s a t u r a t e d  

radicals   such  as  alkyl,  of  from  1  to  about  20  carbon  atoms,   alkylene  of  f r o m  

2  to  about  24  carbon  atoms.  I l lus t ra t ive   examples   of  such  radicals   i nc lude  

methane ,   e thane ,   propane,   butane,   i sobutane,   pentane ,   neopentane ,   h e p t a n e ,  

decane ,   t e t r a d e c a n e ,   eicosane,   e thylene,   propylene,   butylene,   a l p h a b u t y l e n e ,  

pen ty lene ,   hepty lene ,   decylene,   pen t adecy lene ,   and  the  like.  The  s u b s t i t u t e d  

alkyl  or  alkylene  radicals   include  those  ment ioned  above.  Examples  of  h a l -  

ogen  mater ia l s   include  chloride,  bromide,   iodide  and  fluoride.   I l l u s t r a t i v e  

examples   of  a roma t i c   radicals   include  those  containing  from  about  6  to  a b o u t  

20  carbon  atoms  such  as  phenyl,  napthyl   anthryl   and  the  like.  P o l y m e r i c  

n i t rogen  containing  e lec t ron   donating  molecules   are  also  useful  t r a p p i n g  

layers  within  the  scope  of  the  p resen t   i n v e n t i o n .  

In  one  embod imen t   the  a romat ic   subs t i tu ted   mater ia ls   are  o f  

the  following  f o r m u l a :  

wherein  Y  is  an  a l iphat ic   radical ,   or  a  halogen,  as  defined  h e r e i n .  

I l lus t ra t ive   examples   of  specific  ma te r ia l s   which  may  be  u s e d  

as  the  t rapping  layer  of  the  present   invention,  it  being  noted  that   these  e x -  

amples   are  not  all  inclusive,  and  other  similar  or  equiva lent   mater ia ls   c a n  

be  ut i l ized,   include  t r ipheny lamine ,   2 -methyl   t r i pheny lamine ,   4-methyl   t r i -  

phenylamine ,   t r i -p - to lyamine ,   d iphenylamine,   p -bromoani l ine ,   po ly(2-v iny l  

pyridine),   polyvinylpyrrol idone,   1 -d ime thy laminonap thy lene ,   2-amino  a n t h r a -  

cene,  nigrosine,   induline,  methylene   blue,  pheno  safranine ,   congo  red,  indigo 

blue,  capri  blue,  po lye thy lene imine ,   1-amino-pyrene ,   5,6-benzo  quinoline,  imino  

dibenzyl,   Nphenyl-1-naphthyl   amine,  and  the  l i ke .  

Although  the  hole  t rapping  mater ia l s   described  are  a r o m a t i c  

type  subs tances ,   cer ta in   al iphat ic   e lec t ron  donor  molecules  par t icu la r ly   a l i -  

phatic  amines  wherein  the  a romat ic   nucleus  is  replaced  by  an  al iphatic  r a d i c a l  

in  the  above -men t ioned   formula  can  be  used  in  the  present   invention  in  c e r t a i n  

ins tances   as  long  as  the  pa r t i cu la r   a l iphat ic   amine  does  not  adversely  a f f e c t  



the  objects   of  the  invention  and  performs  as  an  e f f ic ient   t rapping  layer  so 

as  to  improve  c y c l a b i l i t y .  
The  hole  t r a p p i n g   l a y e r   in  one  embodiment  i s  

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

c h a r g e - g e n e r a t i n g   l a y e r   fo l lowed   by  a p p l i c a t i o n  

of  a  l amina ted   ma te r i a l   containing  an  adhesive  layer  and  an  insulat ing  o v e r -  

coat  layer  such  as  Mylar.  In  another   embodiment ,   where  the  t r a p p i n g  

layer  is  not  a  discrete   layer  but  is  combined  with  an  adhesive  m a t e r i a l ,  
the  t r a p p i n g   mo lcecu l e s   are  d i s p e r s e d   in  a n  

adhesive  polymer  and  this  layer  is  then  applied  to  the  insulating  film.  In  t h i s  

way  the  hole  t rapping  layer  can  be  e f fec t ive ly   adhered  to  the  genera t ing   l a y e r  

by  l a m i n a t i o n .  

The  thickness   of  the  hole  t rapping  layer  can  range  over  a  w ide  

spectrum  and  also  depends  on  the  manner  in  which  the  hole  t rapping  l a y e r  
is  applied.  For  example,   when  a  l amina t ion   process  is  used,  and  the  hole  t r a p -  

ping  layer  is  coated  on  the  genera t ing   layer,  the  thickness  of  the  hole  t r a p p i n g  

layer  ranges  from  about  0.005  to  1  micron  and  preferably   from  about  0.05  t o  

0.2  microns,  while  when  the  hole  t rapping  layer  is  incorpora ted   into  an  a d h e -  

sive  mater ia l ,   the  t rapping  layer  ranges  in  thickness  from  about  1  to  15  m i c r o n s  

and  preferab ly   from  3  to  about  8  microns.  The  thickness  of  the  adhesive  l a y e r  

when  it  is  employed  as-a  separa te   layer  and  is  not  part   of  the  hole  t r a p p i n g  

layer  ranges   from  about   1  to  about  15  m i -  

crons  and  preferab ly   from  about  3  to  about  8  mic rons .  

In  one  p r e f e r r ed   embod imen t   of  the  present   invention,   the  p h o t o -  

responsive  device  c o m p r i s e s   a  hole  trapping  layer  sandwiched  in  b e -  

tween  a  gene ra to r   l aye r  ,   an  adhesive  layer  and/or  an  overcoa t ing   in su -  

lating  layer  ,   the  remaining  port ions  of  the  pho to recep to r   device  b e i n g  

comprised  of  a  subs t ra te ,   a  hole  inject ing  e lec t rode   layer  t he reove r   c o m p r i s e d  

of  carbon  black  dispersed  in  a  polymer,   a  charge  t r anspor t   layer  c o m p r i s e d  

of  an  e l ec t r i ca l ly   inact ive  organic  polymer  having  dispersed  therein  an  e l e c t r i c -  

ally  act ive  mater ia l ,   the  combinat ion   of  which  is  subs tant ia l ly   n o n a b s o r b i n g  

to  visible  e l e c t r o m a g n e t i c   radia t ion  but  allows  the  injection  of  p h o t o g e n e r a t e d  

holes  from  a  charge  genera t ing   layer  in  contac t   with  the  hole  t ranspor t   l a y e r  

which  layer  is  ove rcoa ted   with  the  charge  generat ing  mate r ia l   p r ev ious ly  

desc r ibed .  



A  p h o t o s e n s i t i v e   imaging  member  in  a c c o r d a n c e   with  t h e  

i n v e n t i o n ,   and  a  method  of  us ing   i t ,   w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  the  accompanying  d rawing ,   i n  w h i c h : -  

F i g u r e s   1  and  1A  are  p a r t i a l l y   s chema t i c   c r o s s - s e c t i o n a l  

views  of  two  embodiments  of  the  imaging  member;  a n d  

F i g u r e s   2A  to  2C  i l l u s t r a t e   the  v a r i o u s   method  s t e p s  

employed  in  us ing   the  imaging  member.  

I l lus t ra ted   in  Figure  1  is  a  pho to recep to r   general ly  d e s i g n a t e d  

lg  comprising  a  subs t r a t e   12,  a  layer  of  charge  injecting  e lec t rode   m a t e r i a l  

14,  a  layer  of  charge  car r ie r   t r anspor t   material  16,   a  layer  of  p h o t o c o n d u c t i v e  

charge  carr ier   genera t ing   material  18,   a  layer  of  t rapping  ma te r i a l   21,  a  l a y e r  

of  adhesive  mate r ia l   22,  and  a  layer  of  e l ec t r i ca l ly ' i n su l a t i ng   polymeric   m a t e r -  

ial  20,  it  being  noted  that   the  layer  of  adhesive  mater ia l   22  can  be  c o a t e d  

on  the  e lec t r ica l ly   insulat ing  polymeric   mater ia l   in  one  embodiment .   F i g u r e  

1A  i l lus t ra tes   a  similar  type  of  p h o t o r e c e p t o r   with  the  except ion  that   t h e  

layer  of  t rapping  ma te r i a l   is  r e p r e s e n t e d   by  19,  this  layer  being  c o m p r i s e d  

of  a  combinat ion   of  t rapping  and  adhesive  m a t e r i a l s .  

Subs t ra te   12  may  be  opaque  or  substant ia l ly   t r a n s p a r e n t   a n d  

may  comprise  any  sui table  mate r ia l   having  the  requisi te   mechanica l   p r o p e r -  
ties.  The  subs t ra te   may  comprise  a  layer  of  non-conduct ing   mate r ia l   s u c h  

as  an  inorganic  or  organic  polymeric   mater ia l ;   a  layer  of  an  organic  or  i n o r -  

ganic  mate r ia l   having  a  conduct ive   surface   layer  a r ranged   thereon  or  a  c o n -  
ductive  mate r ia l   such  as,  for  example,   aluminum,  brass  or  the  l i k e .   The  s u b -  

s t ra te   may  be  f lexible  or  rigid  and  may  have  any  of  many  d i f f e r e n t   c o n f i g -  

urat ions  such  as,  for  example,   a  plate,   a  cylindrical   drum,  a  scroll,  an  end l e s s  

flexible  belt,  and  the  like.  P re fe rab ly ,   the  subs t ra te   is  in  the  form  of  an  e n d -  

less  flexible  b e l t .  

The  th ickness   of  this  layer  can  vary  but  general ly   is  from  75  m i c r o n s  

to  2.5  m   and  p re fe rab ly   from  about  75  to  250  microns   a l t h o u g h   t h i c k -  

n e s s e s   of  over  2.5  mm  and  l e s s   than  75  microns   can  be  u s e d .  

Charge  carr ier   inject ing  e lec t rode   layer  14  must  be  capable  o f  

injecting  charge  ca r r ie r s   or  holes  into  the  t ranspor t   layer  16  under  the  i n f l u e n c e  

of  an  e l ec t r i ca l   field.  The  charge  carr ier   injecting  e lec t rode   layer  may  b e  

suff ic ient ly   la tera l ly   conduct ive   to  also  function  as  the ground  e lec t rode   f o r  

the  pho to recep to r   and  in  such  a  s i tuat ion  a  separa te   addit ional   c o n d u c t i v e  



layer  is  not  n e c e s s a r y .  
Numerous  mater ia l s   can  be  used  as  the  charge  injecting  e l e c t r o d e  

layer  including  those  mater ia l s   (such  as  for  example,   gold,  graphite ,   c a r b o n  
black  or  graphi te   dispersed  in  various  polymer  resins  and  the  like)  which  e f f e c -  

tively  inject  holes  that   is  posit ive  c h a r g e s i n t o   the  t ranspor t   layer.  T h e s e  

mater ia ls   are  capable  of  inject ing  holes  under  the  influence  of  an  e l e c t r i c a l  

field.  In  a  p re fe r red   embodiment ,   carbon  black  or  graphi te   dispersed  in  va r ious  

polymers   is  used  as  the  inject ing  e lec t rode ,   this  charge  injecting  e l e c t r o d e  

being  prepared  as  described  in  copending  @K  P a t e n t   a p p l i c a t i o n   No  7916357 ,  

p u b l i s h e d   as  UK  P a t e n t   p u b l i c a t i o n   No  2023298  which  in  one  me thod  

i n v o l v e s   s o l u t i o n   c a s t i n g   of  a  m ix tu re   of  carbon  b l a c k  

or  g r a p h i t e   d i s p e r s e d   in  an  a d h e s i v e   poly-   " 

mer  solution  onto  a  support  subs t r a t e   such  as  Mylar  or  a luminized  Mylar .  

The  hole  inject ing  e lec t rode   which  is  p re fe rab ly   carbon  black  or  g r a p h i t e  

dispersed  in  a  polymer  also  funct ions   as  a  pe rmanen t   adhesive  be tween   t h e  

subs t ra te   and  the  organic  t r anspor t   layer.   Thus,  the  injecting  layer  d o e s  n o t  

have  a  t endency   to  peel  off,  that   is  to  be  separa ted   from  the  t ranspor t   a n d  

support  layer  so  that  the  quality  of  the  image  is  not  adversely  e f fec ted   a f t e r  

r epe t i t ive   useage.  Gold,  silver  and  other  such  mater ia ls   when  used  as  t h e  

injecting  e lec t rode ,   perform  sa t i s f ac to r i ly ,   however,   they  do  not  adhere  as  

well  as  carbon  or  graphi te   dispersed  in  a  polymer.  One  other  advantage   o f  

using  carbon  black  and  graphi te   in  polymers   is  that   these  mater ia ls   are  r a t h e r  

inexpensive  when  compared   to  gold,  for  example,   are  more  readily  a v a i l a b l e  

and  funct ion  in  some  ins tances   more  e f fec t ive ly   than  gold .  

I l lus t ra t ive   examples   of  polymers  that  can  be  used  as  the  m a t e r -  

ial  within  which  the  carbon  black  or  g r a p h i t e   is  dispersed  include,  for  e x a m p l e ,  

po lyes te rs   such  as  PE-100  commerc i a l l y   available  from  Goodyear  C h e m i c a l  

Company.  Other  polyes ter   ma te r ia l s   that   are  useful  include  those  m a t e r i a l s .  

classif ied  as  polymeric   e s t e r i f i c a t i on   products   of  a  dicarboxylic   acid  and  a  

diol  comprising  a  diphenol.  Typical   diphenols  include  2 ,2-bis(4-beta   hyd roxy  

ethoxy  phenyl)-propane,   2 ,2-bis(4-hydroxy  isopropoxy  phenyl)propane,   2 ,2-b is (4-  

beta  hydroxy  e thoxy ,pheny l )pen tane ,   2 ,2-bis(4-beta   hydroxy  ethoxy  phenyl)  

butane  and  the  like,  while  typical   dicarboxylic   acids  include  oxalic  acid,  m a l -  

onic  acid,  succinic  acid,  adipic  acid,  phthalic  acid,  t e reph tha l i c   acid,  m a l e i c  

acid,  fumaric   acid  and  the  like.  Any  polyester   or  other  polymeric   m a t e r i a l s  

may  be  used  providing  they  do  not  adversely  a f fec t   the  system  and  allow  a  

uniform  dispersion  of  the  carbon  black  or  graphi te   t h e r e i n .  



The  hole  injecting  layer  has  a  th ickness   in  the  range  of  f r o m  

about  1  to  about  20  microns  or  more  with  the  p re fe r red   range  being  from  a b o u t  

4  microns  to  about  10  microns.  The  maximum  thickness   is  general ly  d e t e r m i n e d  

by  the  mechanica l   p roper t i es   desired.  The  charge  carr ier   inject ing  m a t e r i a l s  

and  charge  carr ier   t r anspor t   mate r ia l s   require  a  pa r t i cu la r   work  f u n c t i o n  

re la t ionship   in  order  tha t   hole  inject ion  from  the  former   into  the  l a t t e r   c a n  

be  e f fec t ive ly   accompl i shed .   Normally  the  hole  inject ing  mater ia ls   have  a  

re la t ively   high  work  f u n c t i o n .  

The  ratio  of  polymer  to  carbon  black  or  graphi te   ranges  f r o m  

about  0.5  to  1  to  2  to 1  with  a  p re fe r r ed   ratio  of  about  6  to  5. 

The  charge  carr ier   t r a n s p o r t   layer  16  can  be  any  number  of  n u -  

merous  suitable  mater ia ls   which  are  capable  of  t ransport ing,   holes,  this  l a y e r  

general ly  having  a  thickness   in  the  range  of  from  about  5  to  about  50  m i c r o n s  

and  preferably   from  about  20  to  about  40  microns.   In  a  p re fe r red   e m b o d i m e n t  

this  t ranspor t   layer  comprises   molecules   of  the  f o r m u l a :  

dispersed  in  a  highly  insulating  and  t r a n s p a r e n t   organic  polymeric   m a t e r i a l  

wherein  X  is  se lec ted   from  the  group  consist ing  of  (ortho)  CH3,  (meta)  CH3,  
(para)  CH3,  (ortho)  Cl,  (meta)  Cl,  (para)  CL  This  charge  t r anspor t   layer,  which  

is  described  in  detai l   in  copending  UK  P a t e n t   a p p l i c a t i o n   No  3 4 7 0 5 / 7 7  

is   s u b s t a n t i a l l y   n o n - a b s o r b i n g   in  the  s p e c t r a l   r e g i o n   o f  

intended  use,  i.e.,  visible  light,  but  is  "act ive"   in  that   it  allows  injection  o f  

pho togene ra t ed   holes  from  the  charge  gene ra to r   layer  and  e lec t r ica l ly   i n d u c e d  

holes  from  the  in ject ing  e lec t rode .   The  highly  insulating  polymer,  which  ha s  

a  res is t ivi ty   of  at  leas t   1012  ohm-cm  to  p reven t   undue  dark  decay,  is  a  m a -  
ter ia l   which  is  not  necessar i ly   capable   of  support ing  the  injection  of  ho l e s  
from  the  injecting  or  genera to r   layer  and  is  not  capable  of  allowing  the  t r a n s -  

port  of  these  holes  through  the  mater ia l .   However,   the  polymer  b e c o m e s  

e lec t r ica l ly   act ive  when  it  contains  from  about  10  to  75  weight  pe rcen t   o f  



the  subs t i tu t ed   N,N,N' ,N'- te t raphenyl-[1 ,1 ' -biphenyl]   4-4Ldiamines   c o r r e s p o n d i n g  

to  the  foregoing  formula.   Compounds  corresponding  to  this  formula  i nc lude ,  

for  example,   N,N'-diphenyl-N,N'-bis(alkyl-phenyl)-[1,1-biphenyl]   - 4 , 4 - d i a m i n e  

wherein  the  alkyl  is  se lec ted   from  the  group  consist ing  of  methyl  such  as  2 -  

methyl,   3-methyl   and  4-methyl ,   ethyl,  propyl,  butyl,  hexyl  and  the  like.  In 

the  case  of  chloro  subst i tu t ion,   the  compound  is  named  N , N ' - d i p h e n y l - N , N ' -  

bis  (halo  phenyl)-[1,1'-biphenyl]  -4 ,4 ' -d iamine   wherein  the  halogen  atom  is  2 -  

chloro,  3-chloro  or  4 - c h l o r o .  

Other  e lec t r ica l ly   act ive  small  molecules  which  can  be  d i spe r sed  

in  the  e lec t r i ca l ly   inact ive  polymer  to  form  a  layer  which  will  t r anspor t   ho le s  

include  t r i pheny lme thane ,   b i s - (4 -d i e thy lamino-2 -me thy lpheny l )   p h e n y l m e t h a n e ;  

4 ' , 4 " -b i s (d i e thy lamino) -2 ,2" -d ime thy l t r i pheny l   methane;   b i s - 4 ( - d i e t h y l a m i n o  

phenyl)  pheny lmethane ;   and  4 , 4 ' - b i s ( d i e t h y l a m i n o ) - 2 , 2 ' - d i m e t h y l t r i p h e n y l m e t h -  

a n e .  

Transpor t   layer  16  may  comprise  any  e lec t r ica l ly   inact ive  b i n d e r  

polymeric   ma te r i a l   such  as  those  descr ibed  by  Middleton  et  al,  in  U.S.  P a t e n t  

3,121,006 .  The  po lymer ic   b i n d e r   c o n t a i n s  

from  10  to  75  weight  pe rcen t   of  the  ac t ive   mate r ia l   corresponding  to  the  f o r -  

egoing  formula  and  preferably   from  about  35  to  about  50  weight  pe rcen t   o f  

this  mater ia l .   Typical  organic  polymeric   mater ia l s   useful  as  the  binder  i nc lude  

po lyca rbona tes ,   ac ry la te   polymers,   vinyl  polymers,   cellulose  polymers,   po ly -  

esters ,   polysiloxanes,   polyamides,   po lyure thanes   and  epoxies  as  well  as  b lock ,  

random  or  a l t e rna t ing   copolymers   thereof .   P r e f e r r ed   e lec t r i ca l ly   i n a c t i v e  

binder  mater ia ls   are  po lycarbona tes   having  a  molecular   weight  (M )   of  f r o m  

about  20,000  to  about  100,000  with  a  molecular   weight  in  the  range  of  f r o m  

about  50,000  to  about  100,000  being  pa r t i cu la r ly   p r e f e r r e d .  

Pho toconduc t ive   charge  carr ier   genera t ing   layer  18  g e n e r a l l y  

may  comprise   any  pho toconduc t ive   charge  carr ier   genera t ing   ma te r i a l   known  

for  use  in  e l ec t ropho tog raphy   provided  it  is  e lec t ronica l ly   compat ib le   w i t h  

the  charge  carr ier   t r anspor t   layer  and  the  charge  carr iers   can  t ravel   in  b o t h  

d i rec t ions   across  the  in te r face   be tween   the  two  layers.  Pa r t i cu la r ly   p r e f e r r e d  

pho toconduc t ive   charge  carr ier   genera t ing   mater ia ls   include  mater ia ls   such  

as  ph tha locyan ines   like  metal  free,  for  example,   the  X-form  of  p h t h a l o e y a n i n e ,  

or  metal   ph tha locyanines   including  vanadyl  phtha locyanine .   These  m a t e r i a l s  

can  be  used  alone  or  as  a  dispersion  in  a  polymeric   binder.  Layer  18  is  t y p i -  

cally  from  about  0.5  to  about  10  microns  or  more  in  thickness.   G e n e r a l l y ,  



it  is  desired  to  provide  this  layer  in a  th ickness   which  is  suff ic ient   to  a b s o r b  

at  least   90  percent   (or  more)  of  the  incident   radiat ion  which  is  d i rec ted   upon  

it  in  the  imagewise  exposure  s t e p .  

Elec t r ica l ly   insulat ing  overcoa t ing   layer  20  typically  has  a  bu lk  

res is t iv i ty   of  from  about  1012  to  about  5  x  1014  ohm-cm  and  typically  is  f r o m  

about  5  to  about  25  microns  in  th ickness .   General ly ,   this  layer  provides  a  

p ro t ec t ive   function  in  that   the  charge  car r ie r   genera t ing   layer  is  kept  f r o m  

being  con tac t ed   by  toner  and  ozone  which  is  gene ra t ed   during  the  i m a g i n g  

cycles.  The  overcoa t ing   layer  also  must  p reven t   charges  from  p e n e t r a t i n g  

through  it  into  charge  car r ie r   gene ra t ing   layer 1&  or  from  being  injected  i n t o  

it  by  the  l a t t e r .   Pre fe rab ly ,   t he re fo re ,   layer  2@  comprises  mater ia ls   h a v i n g  

higher  bulk  res is t iv i t ies .   General ly ,   the  minimum  thickness  of  the  layer  in 

any  ins tance   is  de te rmined   by  the  funct ions   the  layer  must  provide  w h e r e a s  

the  maximum  thickness  is  d e t e r m i n e d   by  mechanica l   considerat ions   and  t h e  

resolut ion  capabil i ty  desired  for  the  p h o t o r e c e p t o r .   Typical  suitable  m a t e r i a l s  

include  Mylar  (a  polye thylene   t e r e p h t h a l a t e   film  commerc ia l ly   available  f r o m  

E.  I.  duPont  de  Nemours),   po lye thy lenes ,   po lycarbona tes ,   polystyrenes,   p o l y -  

esters,   po lyure thanes   and  the  like.  The  pa r t i cu la r   mate r ia l   se lec ted   in  a n y  
instance  should  not  be  one  which  will  dissolve  or  reac t   with  the  mater ia l s   u s e d  

in  layers  16  and  18. 

The  fo rma t ion   of  the  e l e c t r i c a l l y   insulat ing  layer  20  over  t h e  

previous  layer  may  be  carr ied   out  by  lamina t ion   or  solution  coating,  w h e r e  

layer  20  cons t i tu tes   a  p re fo rmed   mechan ica l ly   tough  film,  it  is  typically  n e c -  

essary  to  provide  su f f ic ien t   adhesive   ma te r i a l   in  order  to  provide  an  i n t e g r a l  

s t ruc tu re   which  is  des i rable   for  use  in  a  r epe t i t i ve   imaging  method.  The  e -  

l ec t r i ca l   p roper t ies   of  any  such  adhesive  in t e r l aye r   should  be  similar  to  t h o s e  

of  the  overcoat ing .   A l t e rna t ive ly ,   they  may  be  similar  to  the  binder  m a t e r i a l  

of  the  charge  carr ier   gene ra t ing   layer   18  where  a  binder  mate r ia l   is  p r e s e n t  

in  that   layer.   Mechanical ly,   the  adhesive  in te r l ayer   should  provide  an  a d h e s i v e  

s ta te   that  firmly  binds  the  layers  t oge the r   without   any  air  gaps  or  the  l i k e  

which  could  disturb  image  d e f i n i t i o n .  

The  charge  carr ier   inject ing  e lec t rode   mater ia l   which  c o m p r i s e s  

layer  14  is  a  hole  injecting  mater ia l   such  as  graphi te ,   gold,  and  carbon  or  g r a p h -  

ite  dispersed  in  a  polymer  and  the  initial  charging  step  is  carr ied  out  w i t h  

negat ive  polari ty.   More  specif ical ly ,   there  is  r ep re sen t ed   in  Figure  2A  t h e  

condition  of  the  p h o t o r e c e p t o r   a f te r   it  has  been  e lec t r ica l ly   charged  n e g a -  



t ively  a  first  time  in  the  absence  of  i l luminat ion  by  any  suitable  e l e c t r o s t a t i c  

charging  appara tus   such  as  a  corotron.   The  negat ive   charges  reside  on  t h e  

surface   of  e l ec t r i ca l ly   insulating  layer  20.  As  a  consequence  of  the  cha rg ing ,  

an  e l ec t r i ca l   field  is  es tabl ished  across  the  pho to recep to r   and  as  a  c o n s e q u e n c e  

of  the  e l ec t r i ca l   field,  holes  are  in jec ted   from  the  charge  carr ier   i n j e c t i n g  

e lec t rode   layer  into  the  charge  car r ie r   t r anspor t   layer.  The  holes  i n j e c t e d  

into  the  charge  carr ier   t ranspor t   layer  are  t r anspor t ed   through  the  layer,  e n t e r  

into  the  charge  carr ier   genera t ing   layer  18  and  t ravel   through  the  l a t te r   u n t i l  

they  reach  the  in t e r face   be tween   the  charge  carr ier   genera t ing   layer  18  a n d  

the  hole  t rapping  layer  where  they  become  t rapped.   The  charges  are  thus  

subs tan t ia l ly   t rapped  at  the  i n t e r f ace ,   and  establish  an  e l ec t r i ca l   field  a c r o s s  

the  e lec t r ica l ly   insulating  layer  20,  t he re fo re ,   where  negat ive  charging  is 

carr ied  out  in  the  first   charging  step,  charge  carr ier   injecting  layer  14  and  

charge  carr ier   t r anspor t   layer  16  must  comprise  mater ia ls   which  will  a l low 

injection  of  holes  from  the  former   into  the  l a t t e r   and  charge  t ranspor t   l a y e r  

16  comprises  mater ia ls   which  will  p r edominan t ly   t r anspor t   holes.  The  c h a r g e  

carr ier   t ranspor t   layer  16  and  the  charge  carr ier   genera t ing   layer  18  m u s t  

comprise  mater ia ls   which  will  allow  inject ion  of  holes  from  the  former  i n t o  

the  l a t t e r   and  allow  the  holes  to  t ravel   to  the  in te r face   be tween  layer  18  a n d  

hole  t rapping  layer  19  or  21.  General ly,   the  e l ec t r i ca l   field  es tabl ished  by  t h e  

first   charging  is  in  the  range  of  from  10  vo l t s /mic ron   to  about  100  v o l t s / m i c r o n .  

Subsequently,   the  member   is  charged  a  second  time  in  the  a b -  

sence  of  i l luminat ion  with  a  polari ty  opposite  to  that   employed  in  the  f i r s t  

charging  step  for  the  purpose  of  subs tan t ia l ly   neut ra l iz ing   the  charges  r e s id ing  

on  the  surface  of  the  member .   The  second  charging  of  the  member   in  th i s  

e m b o d i m e n t   is  e f fec ted   with  posit ive  polari ty.   Subsequent   to  the  s e c o n d  

charging  step,  the  surface  of  the  p h o t o r e c e p t o r   should  be  substant ia l ly   f r e e  

of  e l ec t r i ca l   charges.   The  subs tan t ia l ly   neu t ra l i zed   surface  is  c rea ted   by 

select ing  a  charging  voltage  based  on  the  d ie lec t r ic   thickness  ratio  of  t h e  

overcoa t ing   layer  20,  plus  the  hole  t rapping  layer  19,  or  21  and  22  to  the  t o t a l  

of  the  charge  carr ier   t ranspor t   and  charge  carr ier   genera t ing   layers  16  and  

18  respect ive ly .   By  subs tant ia l ly   neu t ra l i zed   is  meant   that  the  voltage  a c r o s s  

the  pho to recep to r   member   upon  i l luminat ion  of  the  pho to recep to r   may  b e  

brought  to  substant ia l ly   z e r o .  

In  Figure  2B,  there  is  i l lus t ra ted   the  condition  of  the  p h o t o r e -  

ceptor   af ter   the  second  charging  step,  wherein  no  charges  are  shown  on  t h e  



surface  of  the  member .   The  positive  charges  residing  at  the  i n t e r f ace   o f  

layers  18  and  19  in  Fig.  1A  or  layers  18  and  21  in  Fig.  1  as  a  result   of  the  f i r s t  

charging  step  remain   subs tan t ia l ly   t rapped   at  that   i n t e r face   at  the  conc lus ion  

of  the  second  charging  step.  However,   there  is  now  a  uniform  layer  of  n e g -  

ative  charges  loca ted   at  the  i n t e r f ace   be tween   layers   14  and  16.  The  n e t  

result   of  the  second  charging  step  is  to  establish  a  uniform  e l ec t r i ca l   f i e ld  

across  the  charge  car r ie r   t r anspor t   and  charge  car r ie r   genera t ing   layers.   In 

order  to  obtain  this  result ,   it  is  impor t an t   that   the  negat ive   charges  be  l o c a t e d  

at  the  in t e r face   be tween   the  charge  carr ier   in ject ing  layer  14  and  c h a r g e  

carr ier   t r anspor t   layer   16  and  p reven ted   from  enter ing   into  the  t r anspor t   l a y e r .  

For  this  reason,  it  is  p re fe r r ed   to  utilize  a  charge   carr ier   t r anspor t   m a t e r i a l  

which  will  t r anspor t   only  one  species  of  charge  carr ier ,   holes  in  this  s i t u a t i o n .  

Where  a  charge  car r ie r   t ranspor t   ma te r ia l   capable  of  t r anspor t ing   both  s p e c i e s  

of  charge  car r iers   is  employed,  in  layer  16,  the  charge  carr ier   in ject ing  m a -  

terial   would  have  to  be  se lec t ive   so  that   the  l a t t e r   would  be  unable  to  i n j e c t  

e lec t rons   into  layer  16  thus  placing  cons t ra in t s   on  the  se lec t ions   of  m a t e r i a l s .  

The  member   is  then  exposed  to  an  imagewise  pa t t e rn   of  e l e c t r o -  

magnet ic   radia t ion  (Figure  2C)  to  which  the  charge  carr ier   genera t ing   m a -  

ter ial   compris ing  layer  18  is  responsive.   Exposure  of  this  member   is  a c c o m -  

plished  through  the  e l ec t r i ca l ly   insulating  overcoa t ing .   As  a  result   of  t h e  

imagewise  exposure  an  e l e c t r o s t a t i c   l a t en t   image  is  formed  in  the  p h o t o r e -  

ceptor   as  the  hole  e l ec t ron   pairs  are  gene ra t ed   in  the  light  s t ruck  areas  o f  

the  charge  carr ier   genera t ing   layer.  The  light  gene ra t ed   holes  are  i n j e c t e d  

into  the  charge  car r ie r   t r anspor t   layer  and  t ravel   through  it  to  be  n e u t r a l i z e d  

by  the  negat ive   charges   loca ted   at  the  i n t e r f ace   be tween   layers   14  and  16 

whereas  the  light  g e n e r a t e d   e lec t rons   neu t ra l i ze   the  positive  charges  t r a p p e d  

at  the  i n t e r f ace   be tween   layers  18  and  19  or  21.  In  the  areas  of  the  m e m b e r  

which  did  not  rece ive   any  i l luminat ion,   the  posi t ive  charges  remain  in  t h e i r  

original  position,  thus  there  continues  to  be  an  e l ec t r i ca l   field  across  t h e  

charge  carr ier   t r anspor t   and  charge  carr ier   genera t ing   layers  in  the  a r e a s  

which  do  not  rece ive   any  i l luminat ion  whereas   the  e l ec t r i ca l   field  across  t h e  

same  layers  in  the  areas  which  did  receive   i l luminat ion  is  d ischarged  to  s o m e  
low  l eve l .  

The  e l e c t r o s t a t i c   l a t en t   image  formed  in  the  member   may  b e  

developed  to  form  a  visible  image  by  any  of  the  well  known  xerographic   d e -  

ve lopment   techniques ,   for  example,   cascade,   magnet ic   brush,  liquid  d e v e l -  



opment  and  the  like.  The  visible  image  is  typically  t r ans fe r r ed   to  a  r e c e i v e r  

member  by  any  convent ional   t ransfer   technique  and  affixed  there to .   While 

it  is  p re fe rab ly   to  develop  the  e l ec t ro s t a t i c   l a ten t   image  with  marking  m a -  

terial  the  image  may  be  used  in  a  host  of  other  ways  such  as,  for  e x a m p l e ,  

"reading"  the  l a ten t   image  with  an  e l ec t ro s t a t i c   scanning  s y s t e m .  

When  the  pho to recep to r   is  to  be  reused  to  make  addit ional   r e p r o -  
ductions  as  is  the  case  in  a  recycl ible   xerographic   appara tus   any  residual  c h a r g e  

remaining  on  the  pho to recep to r   af ter   the  visible  image  has  been  t r a n s f e r r e d  

to  a  rece iver   member   typically  is  removed  the re f rom  prior  to  each  r e p e t i t i o n  

of  the  cycle  as  is  any  residual  toner  mater ia l   remaining  af ter   the  t r a n s f e r  

step.  General ly,   the  residual  charge  can  be  removed  from  the  p h o t o r e c e p t o r  

by  ionizing  the  air  above  the  e lec t r ica l ly   insulating  overcoa t ing   of  the  p h o t o -  

receptor   while  the  photoconduc t ive   carr ier   genera t ing   layer  is  uniformly  i l l umi -  

nated  and  grounded.  For  example,   charge  removal   can  be  e f f ec ted   by  A .C .  

corona  discharge  in  the  presence  of  i l lumination  from  a  light  source  or  p r e -  

ferably  a  grounded  conduct ive  brush  could  be  brought  into  con tac t   with  t h e  

surface  of  the  pho to recep to r   in  the  presence  of  such  i l luminat ion.   This  l a t t e r  

mode  also  will  remove  any  residual  toner  par t ic les   remaining  on  the  s u r f a c e  

of  the  p h o t o r e c e p t o r .  
.  Examples  of  adhesive  mater ia ls   layer  22  or  as  part  of  layer  19 

include  polyes ters   such  as  those  commerc ia l ly   available  from  E.  I.  d u P o n t  

Co.  (re  Dupong  Polyester   49000),  polyure thanes   and  the  l ike) .  

The  invention  will  now  be  described  in  detail   with  r e s p e c t  

to  specific  p re fe r red   embodiments   thereof,   it  being  unders tood  that  t h e s e  

Examples  are  intended  to  be  i l l lus t ra t ive  only  and  the  invention  is  not  i n t e n d e d  

to  be  l imited  to  the  mater ia ls ,   conditions,  process  pa rame te r s ,   etc.,  r e c i t e d  

herein.  All  parts  and  pe rcen tages   are  by  weight  unless  o therwise   i n d i c a t e d . .  

EXAMPLE  I 

A  pho to recep to r   was  fabr ica ted   using  an  approx imate ly   125  m i c r o n  

thick  Mylar  subs t ra te .   A  charge  injecting  composi t ion  was  formed  by  p r e -  

paring  a  12  pe rcen t   solution  of  PE-100  polyester   resin  available  from  G o o d y e a r  

.  Chemicals  in  chloroform,  adding  to  it  approx imate ly   about  10  percent   by  w e i g h t  
of  carbon  black  and  ball  milling  the  mixture  for  about  24  hours  with  steel  sho t .  

An  approx imate ly   4-6  micron  thick  layer  of  the  composi t ion  was  deposited  on 

the  Mylar  subs t ra te   and  the  sample  was  then  dried  to  remove  residual  so lven t s .  



An  app rox ima te ly   25  micron  thick  charge  carr ier   t r anspor t   layer  made  up  

of  N,N' -d iphenyl -N,NLbis   (3-methylphenyl)-[1,1'-biphenyl]  -4-4'  diamine  in  a  

po lycarbona te   binder  (1:1  ratio)  was  formed  on  the  carbon  black  layer  by  s o l v e n t  

coating  from  a  methylene   chloride  solution  using  a  draw  bar  coating  t e c h n i q u e .  

The  member   was  then  dried  in  a  vacuum  oven  at  a  t e m p e r a t u r e   of  about  7 0 ° C  

for  about  24  hours .  

A  charge  carr ier   genera t ing   layer  comprised  of  a  dispersion  o f  

5  pe rcen t   DuPont  49000  polyester   and  a  2.3  pe rcen t   X-meta l   free  p h t h a l o -  

cyanine  in  methylene   chloride  was  applied  as  an  overcoa t   to  the  t r a n s p o r t  

layer  followed  by  drying.  A  1  pe rcen t   alcoholic  solution  of  Nigrosine  w a s  

applied  on  the  surface   of  the  charge  carr ier   genera t ing   layer  followed  by  

drying  to  form  the  hole  t rapping  layer  and  finally  an  approx imate ly   12.5  m i c r o n  

thick  layer  of  Mylar  film  having  a  polyester   adhesive  preappl ied   there to   w a s  

lamina ted   to  the  hole  trapping  l a y e r .  

The  pho to recep to r   was  charged  at  a  first   time  with  a  p o t e n t i a l  

of  -400  volts  and  then  charged  a  second  time  with  a  po ten t ia l   of  +800  vo l t s .  

The  p h o t o r e c e p t o r   was  then  uniformly  i l luminated  with  white  light.  E l e c t r i c a l  

m e a s u r e m e n t s   show  that  the  field  across  the  pho to recep to r   was  d i s c h a r g e d  

to  subs tant ia l ly   zero  potent ia l .   The  process  was  r epea ted   successful ly   f o r  

more  than  two  thousand  times  thus  indicating  that  the  p h o t o r e c e p t o r   is  s u i t -  

able  for  use  according  to  the  method  of  the  present   i nven t ion .  

When  the  hole  t rapping  layer  was  used  in  the  p h o t o r e c e p t o r  

device,  exce l len t   cyclic  s tabi l i ty   was  obtained  thus  allowing  the  p r o d u c t i o n  

of  continuous  images  of  high  quality  in  a  commerc ia l   copying  machine  in  e x c e s s  
of  five  thousand  copies.  Therefore   images  of  high  quality  were  i m m e d i a t e l y  

obtained  and  there  was  no  waiting  period  as  compared   with  when  no  t r a p p i n g  

layer  is  used,  the  cyclic  s tabil i ty  is  not  maximized  and  there  is  a  wai t ing  p e r i o d  

prior  to  achieving  the  cyclic  s tabi l i ty   desired  in  order  that  improved  i m a g e s  

of  high  quality  can  be  p r o d u c e d .  

EXAMPLE  II 

A  p h o t o r e c e p t o r   was  f abr ica ted   by  coating  an  approx ima te ly   175 

micron  thickMylar  subs t ra te   with  an  approximate ly   8  micron  layer  of  the  c o n -  

ductive  hole  injecting  composi t ion  as  described  in  Example  I  by  the  s a m e  

technique.   An  approx imate ly   27  micron  thick  hole  t ranspor t   layer  and  3  m i c r o n  

thick  charge  carr ier   genera t ing   layer  of  the  same  composi t ions  as  used  in  t h e  

previous  example  were  deposited  successively  over  the  conduct ive   hole  in 



jecting  layer  by  solvent  coating  according  to  the  procedures  described  in  E x -  

ample  L  

The  hole  trapping  mater ia l   was  incorporated  into  the  l a m i n a t i n g  

adhesive  layer  by  mixing  0.5  pe rcen t   by  weight  of  Nigrosine  with  a  so lu t ion  

of  DuPont  46923  adhesive  polyester .   The  resulting  solution  was  coated  on  a  1 2 . 5  

micron  t r ansparen t   Mylar  film  to  form  an  approximate ly   4  micron  t h i c k  

trapping  adhesive  layer.   Finally  the  Mylar  film  was  laminated   over  the  c h a r g e  

carr ier   generat ing  layer.  This  pho to recep to r   was  charged  a  first  time  w i t h  

a  potent ia l   of  -480  volts  and  then  charged  a  second  time  with  a  potent ia l   o f  

+1160  volts  and  subsequent ly   the  pho to recep to r   was  then  uniformly  i l l u m i n a t e d  

with  white  light.  E lec t r i ca l   measu remen t s   show that   the  field  across  t h e  

pho to recep to r   was  discharged  to  substant ia l ly   zero  potent ial ,   thus  i n d i c a t i n g  

that  the  pho to recep to r   was  suitable  for  use  according  to  the  present   i nven t ion .  

When  the  hole  t rapping  layer  was  used  in  the  p h o t o r e c e p t o r  

device,  excel lent   cyclic  stabil i ty  was  obtained  thus  allowing  the  p r o d u c t i o n  

of  continuous  images  of  high  quality  in  a  commerc ia l   copying  machine  in  e x c e s s  

of  five  thousand  copies.  Therefore   images  of  high  quality  were  i m m e d i a t e l y  

obtained  and  there  was  no  waiting  period  as  compared  with  when  no  t r a p p i n g  

layer  is  used,  the  cyclic  stabil i ty  is  not  maximized,   and  there  is  a  w a i t i n g  

period  prior  to  achieving  the  cyclic  stabil i ty  desired  in  order  that  i m p r o v e d  

images  of  high  quality  can  be  p r o d u c e d .  

EXAMPLE  III 

The  procedure   of  Example  I  was  repeated   with  the  e x c e p t i o n  

that   Induline  3B  * HC1  was  used  in  place  of  the  Nigrosine  and  s u b s t a n t i a l l y  

resolution  resulted  and  improved  cyclabil i ty  was  achieved.  Also  the  p h o t o -  

recep tor   was  charged  in  accordance   with  the  potentials   of  E x a m p l e   w i t h  

substant ia l ly   similar  results  thus  indicating  that  the  pho to recep to r   is  s u i t a b l e  

for  use  according  to  the  methods  of  the  present   inven t ion .  

EXAMPLE  IV 

The  procedure  of  Example  II  was  repea ted   with  the  e x c e p t i o n  

that  the  trapping  mater ia l   used  was  methylene  blue  in  place  of  the  N ig ros ine  

and  substant ia l ly   similar  results  were  obtained,  that  is  images  of  high  q u a l i t y  

and  excel lent   resolut ion  resul ted  and  improved  cyclabili ty  was  achieved.  Also 

the  pho to recep to r   was  charged  in  accordance   with  the  potent ia ls   of  E x a m p l e  

I  with  substant ia l ly   similar  results  thus  indicating  that  the  pho to recep to r   is  

suitable  for  use  according  to  the  methods  of  the  present   inven t ion .  



EXAMPLE  V 

The  procedure   of  Example  II  was  repea ted   with  the  e x c e p t i o n  

that  Induline  3 B   HCl  was  used  in  place  of  the  Nigrosine  and  s u b s t a n t i a l l y  

similar  results  were  obtained,   that   is  images  of  high  quality  and  e x c e l l e n t  

resolut ion  resulted  and  improved  cyclabil i ty  was  achieved.  Also  the  p h o t o -  

r ecep to r   was  charged  in  acco rdance   with  the  potent ia ls   of  Example  I  w i t h  

substant ia l ly   similar  results   thus  indicating  that   the  pho to recep to r   is  s u i t a b l e  

for  use  according  to  the  methods  of  the  present   i nven t ion .  

EXAMPLE  VI 

The  procedure   of  Example  II  was  repea ted   with  the  except ion  t h a t  

diphenylamine  (9.2  weight  percent )   was  used  in  place  of  the  Nigrosine  a n d  

substant ia l ly   similar  results  were  obtained,  that  is  images  of  high  quality  a n d  

excel len t   resolution  resul ted  and  improved  cyclabil i ty  was  achieved.   Also  

the  pho to recep to r   was  charged  in  accordance   with  the  potent ia l s   of  E x a m p l e  

I  with  substant ia l ly   similar  resul ts   thus  indicating  that  the  p h o t o r e c e p t o r   i s  

suitable  for  use  according  to  the  methods  of  the  present   i nven t ion .  

EXAMPLE  VII 

The  procedure   of  Example  II  was  r epea ted   with  the  e x c e p t i o n  

that  p-bromoanil ine  (9.2  weight  percent)   was  used  in  place  of  the  Nigros ine  

and  substant ia l ly   similar  results   were  obtained,  that  is  images  of  high  q u a l i t y  

and  excel lent   resolution  resul ted   and  improved  cyclabil i ty  was  achieved.   Also  

the  pho to recep to r   was  charged  in  accordance   with  the  potent ia ls   of  E x a m p l e  

I  with  substant ia l ly   similar  results   thus  indicating  that  the  p h o t o r e c e p t o r   is  

suitable  for  use  according  to  the  methods  of  the  present   i n v e n t i o n .  

EXAMPLE  VIII 

The  procedure   of  Example  II  was  r epea ted   with  the  e x c e p t i o n  

that  polyvinylpyrrol idone  (9.2  weight  percent)   was  used  in  place  of  the  N i g r o -  

sine  and  substant ia l ly   similar  results   were  obtained,   that  is  images  of  h igh  

quality  and  excel lent   resolut ion  resul ted  and  improved  cyclabi l i ty   was  a c h i e v e d .  

Also  the  pho to recep to r   was  charged  in  accordance   with  the  potent ia ls   of  E x -  

ample  I  with  substant ia l ly   similar  results  thus  indicating  that  the  p h o t o r e c e p t o r  

is  suitable  for  use  according  to  the  methods  of  the  present   i nven t ion .  

EXAMPLE  IX 

The  procedure   of  Example  II  was  repea ted   with  the  e x c e p t i o n  

that  phenazine  was  used  in  place  of  the  Nigrosine  and  substant ia l ly   s i m i l a r  

results  were  obtained,  that  is  images  of  high  quality  and  excel lent   r e s o l u t i o n  



resul ted  and  improved  cyclabili ty  was  achieved.  Also  the  pho to recep to r   was 

charged  in  accordance   with  the  potent ia ls   of  Example  I  with  s u b s t a n t i a l l y  

similar  results  thus  indicating  that  the  pho to recep to r   is  suitable  for  use  a c -  

cording  to  the  methods  of  the  present   i nven t ion .  

EXAMPLE  X 

The  procedure  of  Example  II  was  repea ted   with  the  e x c e p t i o n  

that  t r iphenylamine  (9  weight  p e r c e n t )   was  used  in  place  of  the  Nigros ine  

and  substant ia l ly   similar  results  were  obtained,  that  is  images  of  high  qua l i t y  

and  excel lent   resolut ion  resulted  and  improved  cyclabil i ty  was  achieved.  Also 

the  pho to recep to r   was  charged  in  accordance   with  the  potent ia ls   of  E x a m p l e  

I  with  substant ia l ly   similar  results  thus  indicating  that  the  pho to recep to r   is 

suitable  for  use  according  to  the  methods  of  the  present   i nven t ion .  

EXAMPLE  XI 

The  procedure  of  Example  n  was  repea ted   with  the  e x c e p t i o n  

that   in  place  of  the  Induline  3B  ·  HCl   there  was  used  a  p o l y e t h y l e n e a m i n e  

(9  weight  percent)   in  place  of  the  Nigrosine  and  substant ia l ly   similar  r e s u l t s  

were  obtained,  that  is  images  of  high  quality  and  excel lent   resolution  r e s u l t e d  

and  improved  cyclabil i ty  was  achieved.   Also  the  pho to recep to r   was  c h a r g e d  

in  accordance   with  the  potent ia ls   of  Example  I  with  substant ia l ly   similar  r e -  

sults  thus  indicating  that  the  pho to recep to r   is  suitable  for  use  according  t o  

the  methods  of  the  present   i nven t ion .  

EXAMPLE  XII 

The  procedure  of  Example  II  was  repea ted   with  the  e x c e p t i o n  

that  5,6-benzo  quinoline,  a  t e r t i a ry   amine  was  used  in  place  of  the  Indul ine  

3 B   HCl  and  substant ia l ly   similar  results  were  obtained,  that   is  images  o f  

high  quality  and  excel lent   resolut ion  resul ted  and  improved  cyclabil i ty  was  

achieved.   Also  the  pho to recep to r   was  charged  in  accordance   with  the  p o t e n -  
tials  of  Example  I  with  substant ia l ly   similar  results  thus  indicating  that  t h e  

pho to recep to r   is  suitable  for  use  according  to  the  methods  of  the  p r e s e n t  

inven t ion .  



1.  A  p h o t o s e n s i t i v e   imaging  member  c o m p r i s i n g ,   in  o r d e r ,  

a  suppor t   s u b s t r a t e   (12) ,   a  l a y e r   of  a  c h a r g e - i n j e c t i n g   m a t e r i a l  

(14),   a  l a y e r   of  a  c h a r g e - t r a n s p o r t i n g   m a t e r i a l   (16)  i n to   w h i c h  

charges   can  be  i n j e c t e d   by  the  c h a r g e - i n j e c t i n g   m a t e r i a l   (14) ,   a  

l a y e r   of  a  c h a r g e - g e n e r a t i n g   m a t e r i a l  ( 1 8 )   capab le   of  i n j e c t i n g  

p h o t o - g e n e r a t e d   cha rges   i n t d ,   and  r e c e i v i n g   charges   from,  the  c h a r g e -  

t r a n s p o r t i n g   m a t e r i a l   (16),   and  an  i n s u l a t i n g   o v e r l a y e r ,   (20)  c h a r -  

a c t e r i s e d   by  a  c h a r g e - t r a p p i n g   l a y e r   (21  or  19 )  be tween   the  l a y e r  

of  c h a r g e - g e n e r a t i n g   m a t e r i a l   ( 1 8 )  a n d   the  i n s u l a t i n g   o v e r l a y e r  

( 2 0 ) .  

2.  An  imaging  member  a c c o r d i n g   t o   Claim  1  w h e r e i n  t h e   t r a p p i n g  

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

3.  An  imaging  member  a c c o r d i n g   to  Cla im 2   where in   the   n i t r o g e n -  

c o n t a i n i n g   e l e c t r o n - d o n a t i n g   mo lecu le s   a re   of  one  of  the   f o l l o w i n g  

f o r m u l a e :  

where in   Z  is  Ar  or  R,  Ar  being  an  a romat i c   r a d i c a l   or  a  s u b s t i t u t e d  

a roma t i c   r a d i c a l ,   and  R  being  an  a l i p h a t i c   r a d i c a l   or  a  s u b s t i t u t e d  

a l i p h a t i c   r a d i c a l .  



4.  An  imaging  member  a c c o r d i n g   to  Claim  3  wherein   Z  is  R, 
and  R  is  an  a l ky l   r a d i c a l   of  from  1  to  about  20  carbon  atcms  o r  

an  a l k y l e n e   r a d i c a l   of  from  2  to  about   24  carbon  atoms,  and  Ar  i s  

p h e n y l .  

5.  An  imaging  member  a c c o r d i n g   to  Claim  3,  where in   a l i p h a t i c  
R  r a d i c a l s ,   and  the  a romat i c   r a d i c a l s ,   Ar,  c o n t a i n   s u b s t i t u e n t s  

s e l e c t e d   from  a l i p h a t i c   r a d i c a l s ,   and  h a l o g e n .  

6.  An  imaging  member  a c c o r d i n g   to  Claim  1,  where in   the  m a t e r i a l  

is  N i g r o s i n e ,   me thy lene   b lue ,   5 , 6 - b e n z o q u i n o l i n e ,   t r i p h e n y l   a m i n e ,  

I n d u l i n e   3B'  HC1,  d i p h e n y l a m i n e ,   or  p - b r o m o a n i l i n e .  

7.  An  imaging  member  a c c o r d i n g   to  any one  of  Claims  1  t o  

6,  where in   sa id   t r a p p i n g   l a y e r   c o n t a i n s   as  an  a d d i t i o n a l   i n g r e d i e n t  

an  adhes ive   m a t e r i a l   as  pa r t   of  the  same  l a y e r .  

8.  An  e l e c t r o p h o t o g r a p h i c   imaging  method  u t i l i z i n g   t h e  

imaging  member  of  any one  of  Claims  2  to  7  c h a r a c t e r i z e d   by  c h a r g i n g  

the  imaging  member  with  n e g a t i v e   e l e c t r o s t a t i c   cha rges ,   c h a r g i n g  

the  imaging  member  with  p o s i t i v e   e l e c t r o s t a t i c   charges   in  o r d e r  

to  s u b s t a n t i a l l y   n e u t r a l i s e   the  n e g a t i v e   charge  r e s i d i n g   on  t h e  

s u r f a c e   of  the  imaging  member,  and  exposing  the  imaging  member 

to  an  imagewise  p a t t e r n   of  e l e c t r o m a g n e t i c   r a d i a t i o n   to  which  

the  charge  g e n e r a t i n g   m a t e r i a l   is  r e s p o n s i v e ,   whereby  t h e r e   i s  

formed  an  e l e c t r o s t a t i c   l a t e n t   image  wi th in   the  imaging  member. 








	bibliography
	description
	claims
	drawings
	search report

