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Description 

The  present  invention  is  concerned  with  organic 
photoconductors  as  claimed  in  Claim  1  in  which  fati- 
gue  is  reduced  by  the  addition  of  certain  additives. 

Many  organic  photoconductors  are  known  to  the 
prior  art.  In  particular,  many  photoconductors  are 
known  which  comprise  a  charge  generation  layer  and 
a  charge  transport  layer. 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  Vol. 
24,  No.  1  1  B,  April  1  982,  page  61  94,  shows  an  organic 
photoconductor  comprising  a  charge  generator  and  a 
charge  transport  layer  in  which  fatigue  has  been  re- 
duced  by  the  addition  of  chloranil  or  trinitrofluore- 
none. 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  Vol. 
27.  No.  1  0A,  March  1  985,  page  5597,  shows  a  charge 
transport  layer  with  improved  cycling  fatigue  to  which 
diethylaminobenzaldehyde  has  been  added.  The 
publication,  however,  does  not  describe  the  type  of 
binder  to  which  the  additive  is  added. 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  Vol. 
27,  No.  10A,  March  1985,  page  5605,  describes  the 
addition  of  additives  to  a  charge  transport  layer  to  re- 
duce  fatigue.  The  additives  are  dyes.  The  type  of 
binder  is  not  specified. 

U.  S.  Pat.  No.  4,123,270  shows  the  use  of  an 
amine  as  a  solvent  in  the  making  of  an  organic  pho- 
toconductor.  The  amine,  however,  is  used  only  as  a 
solvent  and  is  volatile  and  does  not  remain  in  the  final 
photoconductor. 

U.  S.  Pat.  No.  4,490,452  (see  col.  1,  line  37  and 
col.  2,  line  11)  shows  the  use  of  amines  to  solubilize 
the  dye  in  an  organic  photoconductor  and  also  to  act 
as  a  cross-linker  for  the  epoxy  resin  therein.  These 
amines  are  volatile  and  furthermore,  when  they  act  as 
cross-linkers,  they  no  longer  remain  as  amines  in  the 
final  composition. 

The  present  invention  is  concerned  with  reducing 
fatigue  in  organic  photoconductors.  During  the  elec- 
trophotographic  process,  the  photoconductor  is  sub- 
jected  to  a  series  of  charge  and  illumination  steps 
which  often  produce  changes  in  the  electric  and  opt- 
ical  properties  of  the  photoconductor.  These  changes 
are  called  fatigue.  Fatigue  causes  the  operating  char- 
acteristics  to  vary  during  the  life  of  the  photoconduc- 
tors.  This  variance  is  obviously  undesirable  in  actual 
commercial  usage.  The  specific  changes  comprising 
fatigue  include  changes  in  dark  charge  acceptance 
and  dark  decay  rate  which  can  occur  when  the  trans- 
port  layer  is  exposed  to  light. 

The  present  invention  provides  a  solution  to  the 
problem  of  fatigue  in  charge  transport  layers  wherein 
the  charge  transport  layer  is  a  source  of  acidic  pro- 
tons.  Such  protons  may  arise  from  any  of  two  sourc- 
es,  the  first  from  the  binder,  and  the  second  from  con- 
taminants  in  either  the  binder  or  the  charge  genera- 
tion  material.  According  to  the  present  invention,  fati- 

gue  in  such  a  charge  generation  layer  is  greatly  re- 
duced  by  the  addition  of  a  nonvolatile  basic  amine. 
The  amine  must  be  nonvolatile  to  remain  in  the  final 
composition  after  the  manufacturing  process.  The  ad- 

5  ditive  must  be  distributed  uniformly  throughout  the 
charge  transport  layer.  Forthis  reason,  it  is  necessary 
that  the  amine  additive  be  soluble  in  a  common  sol- 
vent  with  the  charge  transport  material  and  the  binder 
so  that  all  three  may  be  dissolved  in  the  solvent  simul- 

10  taneously  to  achieve  uniform  distribution. 
The  nonvolatile  basic  amine  used  in  the  present 

invention  is  1,8,-bis-(dimethylamino)-naphthalene  or 
poly  (vinyl  pyridine).  In  general,  the  amount  of  amine 
additive  is  quite  small,  on  the  order  from  about  0.1% 

15  to  1  %  by  weight  of  the  charge  transport  layer.  In  most 
instances,  an  amount  of  about  0.25%  is  most  prefer- 
red.  In  those  instances  where  the  amine  additive  has 
an  oxidation  potential  more  positive  than  that  of  the 
charge  transport  material  layer,  larger  amounts  of 

20  amine  can  be  used. 
The  present  invention  is  particularly  useful  in  the 

case  of  the  charge  transport  layer  which  has  a  poly- 
ester  binder  and  p-diethylaminobenzaldehyde-1,1'- 
diphenylhydrazone  (DEH)  as  the  charge  transport 

25  material.  The  invention,  however,  is  also  useful  in 
other  charge  transport  layers  which  act  as  a  source 
of  contaminating  or  accidental  acidic  protons. 

When  the  present  invention  is  used,  the  loss  of 
dark  voltage  acceptance  and  increase  in  dark  decay 

30  rates  can  be  significantly  improved.  In  accelerated  fa- 
tigue  tests,  improvements  in  dark  decay  rates  and 
dark  voltage  acceptable  were  observed  in  which  the 
amount  of  improvement  corresponded  to  the  amount 
of  amine  additive.  It  must  also  be  emphasized  that 

35  photosensitivity  is  not  significantly  changed  with  the 
addition  of  the  additive  in  the  proper  amount. 

The  following  Examples  illustrate  the  preparation 
and  use  of  the  photoconductor  of  the  present  inven- 
tion. 

40 
Example  I 

A  layered  organic  photoreceptor  was  prepared  in 
which  the  charge  generation  layer  was  comprised  of 

45  a  squaric  acid  methine  dye  as  described  in  U.  S.  Pat. 
No.  3,824,099,  and  the  charge  transport  layer  was 
comprised  of  40  parts  p-diethylaminobenzaldehyde- 
1,1'diphenylhydrazone  (DEH)  in  60  parts  polyester 
binder  Vitel  PE200.  Vitel  PE200,  a  registered  trade- 

so  mark  material  available  from  Goodyear,  had  an  acid 
number  of  41.5  milliequivalents/gram  and  is  used  in 
this  example  as  an  extreme  case  of  acidity  in  the  bind- 
er. 

A  second  photoreceptor  was  prepared  in  which  the 
55  charge  transport  layer  was  comprised  of  0.1%  1,8- 

bis(dimethylamino)-naphthalene  (Proton  Sponge)  in 
addition  to  40%  DEH  and  59.9%  Vitel  PE200.  Proton 
Sponge,  a  registered  trademark  material  from  Aldrich 
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Chemical  Co.,  is  a  strong  base.  The  charge  genera- 
tion  layer  was  comprised  of  a  squaric  acid  methine 
dye  as  in  the  previous  example. 

The  electophotographic  properties  of  both  photo- 
receptors  were  measured  before  and  after  1600 
charge  and  expose  cycles.  It  was  found  that  the  pho- 
toreceptor  containing  Proton  Sponge  in  the  charge 
transport  layer  lost  11%  of  its  dark  voltage  accep- 
tance  capability  after  cycling  while  the  photoreceptor 
without  the  Proton  Sponge  in  the  transport  layer  lost 
1  8%.  The  dark  decay  rate  of  the  cycled  photoreceptor 
without  Proton  Sponge  was  also  higher  with  only  17% 
of  the  voltage  remaining  on  the  photoreceptor  after  14 
seconds  in  the  dark.  The  photoreceptor  with  Proton 
Sponge  retained  43%  during  the  same  time  period. 

Example  II 

A  photoreceptor  was  prepared  as  in  Example  I  ex- 
cept  Ardel  D-100  was  used  as  the  transport  binder 
and  1  -phenyl-3-(p-diethylaminostyryl)-5-(p-diethyla- 
mino  phenyl)-pyrazoline,  (DEASP),  was  used  as  the 
transport  dopant.  Ardel  D-100,  a  polyarylate  from 
Union  Carbide,  had  an  acid  number  of  44.6  milliequi- 
valents/gram.  The  transport  dopant  was  added  to  the 
Ardel  binder  at  a  level  of  40%  as  in  the  previous  ex- 
ample. 

A  photoreceptor  in  which  the  transport  layer  was 
comprised  of  2%  poly(2-vinyl  pyridine)  (PVP),  40% 
DEASP  and  58%  Ardel  was  also  prepared  and  the 
electrophotographic  properties  of  the  two  photore- 
ceptors  were  compared  before  and  after  cycling,  in 
the  same  way  as  Example  I. 

The  photoreceptor  without  PVP  lost  35%  of  its 
darkvoltage  acceptance  capability  while  the  photore- 
ceptor  containing  PVP  lost  23%  at  the  end  of  the  same 
cycling  period.  The  initial  dark  decay  rate  for  the  cy- 
cled  photoreceptor  without  PVP  was  69V/sec;  the 
dark  decay  rate  was  40V/sec  for  the  photoreceptor 
containing  PVP. 

Claims 

1.  An  organic  photoconductor  comprising  a  charge 
generation  layer  and  a  charge  transport  layer 
which  is  a  source  of  acidic  protons,  said  charge 
transport  layer  comprising  a  charge  transport 
material,  a  binder  and,  distributed  uniformly 
throughout  said  charge  transport  layer,  1,8-bis- 
(dimethylamino)-naphthalene  or  polyvinyl  pyri- 
dine). 

2.  An  organic  photoconductor  as  claimed  in  claim  1 
in  which  the  amine  is  1,8-bis-(dimethylamino)- 
naphthalene. 

3.  An  organic  photoconductor  as  claimed  in  claim  1 

in  which  the  amine  is  polyvinyl  pyridine). 

4.  An  organic  photoconductor  as  claimed  in  claim  1 
wherein  the  binder  is  a  polyester. 

5 
5.  An  organic  photoconductor  as  claimed  in  claim  1 

wherein  the  charge  transport  material  is  p-diethyla- 
minobenzaldehyde-1,1'diphenylhydrazone  (DEH). 

10 
Patentanspruche 

1.  Organischer  Fotoleiter,  umfassend  eine  ladungs- 
erzeugende  Schicht  und  eine  Ladungstransport- 

15  schicht,  die  die  Quelle  fursaure  Protonen  ist,  wo- 
bei  die  genannte  Ladungstransportschicht  ein 
Ladungstransportmaterial,  ein  Bindemittel  und, 
gleichmaliig  in  dergenannten  Ladungstransport- 
schicht  verteilt,  1  ,8-Bis(dimethylamino)-naphtal- 

20  in  oder  Poly(vinylpyridin)  umfalit. 

2.  Organischer  Fotoleiter  nach  Anspruch  1,  in  dem 
das  Amin  1,8-Bis(dimethylamino)-naphtalin  ist. 

25  3.  Organischer  Fotoleiter  nach  Anspruch  1,  indem 
das  Amin  Poly(vinylpyridin)  ist. 

4.  Organischer  Fotoleiter  nach  Anspruch  1,  in  dem 
das  Bindemittel  ein  Polyester  ist. 

30 
5.  Organischer  Fotoleiter  nach  Anspruch  1,  in  dem 

das  Ladungstransportmaterial  p-Diethylamino- 
benzaldehyd-1  ,1  'diphenylhydrazon  ist. 

35 
Revendications 

1.  Photoconducteur  organique  comprenant  une 
couche  de  generation  de  charges  et  une  couche 

40  de  transport  de  charges  qui  est  une  source  de 
protons  acides,  cette  couche  de  transport  de 
charges  comprenant  un  materiau  de  transport  de 
charges,  un  liant  et,  distribue  uniformement  dans 
la  totalite  de  cette  couche  de  transport  de  char- 

45  ges,  du  1,8-bis-(dimethylamino)-naphtalene  ou 
une  polyvinyl  pyridine). 

2.  Photoconducteur  organique  suivant  la  revendica- 
tion  1,  dans  lequel  I'amine  est  le  1,8-bis-(dime- 

50  thylamino)-naphtalene. 

3.  Photoconducteur  organique  suivant  la  revendica- 
tion  1,  dans  lequel  I'amine  est  une  polyvinyl  py- 
ridine). 

55 
4.  Photoconducteur  organique  suivant  la  revendica- 

tion  1  ,  dans  lequel  le  liant  est  un  polyester. 

3 
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5.  Photoconducteur  organique  suivant  la  revendica- 
tion  1,  dans  lequel  le  materiau  de  transport  de 
charge  est  la  p-ethylaminobenzaldehyde-1  ,1  '-di- 
phenylhydrazone  (DEH). 
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