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Description 

The  present  invention  relates  to  an  electrophotographic  photosensitive  member  comprising  a  m-phenyle- 
nediamine  compound  as  a  charge  transport  substance. 

5  An  organic  photosensitive  member  which  has  a  good  processability,  is  advantageous  from  the  viewpoint 
of  the  manufacturing  cost  and  has  a  large  freedom  of  design  of  functions  is  recently  used  as  an  electropho- 
tographic  photosensitive  member  in  an  image-forming  apparatus  such  as  a  copying  machine.  Especially,  pho- 
tosensitive  layers  comprising  a  charge  generating  material  capable  of  generating  charges  under  irradiation  with 
light  and  a  charge  transport  material  for  transporting  the  generated  charges,  for  example,  function-separated 

10  single-layer  type  photosensitive  materials  comprising  a  charge  generating  material,  a  charge  transport  material 
and  a  binder  resin,  and  function-separated  electrophotographic  photosensitive  materials  having  a  laminate 
type  photosensitive  layer  having  a  laminate  structure  comprising  a  charge  generating  layer  containing  a  charge 
generating  material  as  described  above  and  a  charge  transport  layer  containing  a  charge  transport  material 
as  mentioned  above,  have  been  proposed. 

15  The  Carlson  process  is  widely  used  for  forming  a  copied  image  by  using  an  electrophotographic  photo- 
sensitive  member.  The  Carlson  process  comprises,  in  principle,  the  charging  step  of  uniformly  charging  a  pho- 
tosensitive  material  by  corona  discharge,  the  light-exposure  step  of  exposing  the  charged  photosensitive  ma- 
terial  imagewise  to  light  to  form  an  electrostatic  latent  image  corresponding  to  an  original  image,  the  developing 
step  of  developing  the  electrostatic  latent  image  with  a  developer  containing  a  toner  to  form  a  toner  image, 

20  the  transfer  step  of  transferring  the  toner  image  to  a  substrate  such  as  a  paper  sheet,  the  fixing  step  of  fixing 
the  toner  image  transferred  onto  the  substrate,  and  the  cleaning  step  of  removing  the  toner  left  on  the  photo- 
sensitive  material  after  the  transfer  step.  In  order  to  form  a  high-quality  image  in  this  Carlson  process,  it  is 
required  that  the  electrophotographic  photosensitive  member  should  be  excellent  in  charging  characteristics 
and  photosensitive  characteristics,  and  the  residual  potential  after  the  light  exposure  should  be  low. 

25  In  the  above-mentioned  function-separated  electrophotographic  photosensitive  member,  the  electric  char- 
acteristics  and  photosensitive  characteristics  of  the  photosensitive  member  are  greatly  influenced  by  the  char- 
acteristics  of  the  charge  generating  material  and  charge  transport  material.  Accordingly,  various  substances 
have  been  examined,  and  polyvinyl  carbazoles,  oxadiazole  compounds,  pyrazoline  compounds  and  hydrazone 
compounds  have  been  proposed  as  the  charge  transport  material. 

30  However,  in  these  charge  transport  materials,  the  drift  mobility  indicating  the  charge  transport  capacity 
is  relatively  small.  Moreover,  the  dependency  of  the  drift  mobility  on  the  electric  field  intensity  is  large,  and 
therefore,  the  migration  of  charges  in  a  low  electric  field  is  small  and  cancellation  of  the  residual  potential  is 
difficult.  Moreover,  these  charge  transport  materials  are  readily  deteriorated  under  irradiation  with  ultraviolet 
rays  and  the  like. 

35  It  is  known  that  the  electric  field  dependency  of  the  drift  mobility  is  small  in  the  triphenylamine  type  charge 
transport  material.  For  example,  U.S.-A-3,265,496  proposes  N,N,N',N-tetraphenylbenzidine,  N,N,N',N'tetra- 
phenyl-1,4-phenylenediamine  and  N,N,N',N'-tetraphenyl-1,3-phenylenediamine.  However,  these  charge 
transport  materials  are  still  defective  in  that  the  sensitizing  effect  is  low  in  the  ordinary  application  and  if  the 
amount  added  is  increased,  crystallization  is  often  caused.  Therefore,  these  charge  transport  materials  cannot 

40  be  put  into  practical  use. 
For  overcoming  this  defect,  we  previously  proposed  m-phenylenediamine  compounds,  in  which  phenyl 

groups  of  N,N,N',N'-tetraphenyl-1  ,3-phenylenediamine  can  optionally  be  substituted,  so  far  as  the  substitution 
is  possible  (see  JP-A-62-301703). 

Certain  improvements  can  be  attained  by  introduction  of  substituents,  but  it  has  been  found  that  the  im- 
45  provements  are  still  insufficient. 

In  general,  the  characteristics  of  an  electrophotographic  photosensitive  member  are  greatly  influenced  by 
the  photoconductive  material  used,  though  the  influences  differ  more  or  less  according  to  the  object  and  prep- 
aration  process. 

JP-A-61-129648  discloses  a  laminated  electrophotographic  photosensitive  material  comprising  laminating 
50  at  least  an  electric  charge  transporting  layer  and  an  electric  charge  generating  a  layer  in  order  for  carrying 

positive  holes  on  a  conductive  support  member,  and  blending  a  photoconductive  azo  pigment  and  an  electric 
charge  transporting  material  represented  by  the  following  general  formula  (1)  in  the  electric  charge  generating 
layer: 

55 

2 
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N  -  Ar  -  N ( 1 )  

where  Ar  is  arylene  group  which  may  have  substituents,  and  R2,  R3  and  R4  are  alkyl  groups,  aralkyl  groups 
oraryl  groups  which  may  have  substituents,  respectively. 

Under  this  background,  we  made  research  and  as  the  result,  it  was  found  that  if,  of  the  foregoing  m-phe- 
nylene-diamine  compounds,  a  compound  in  which  respective  substituents  are  located  at  meta-positions  to  ni- 
trogen  atoms  with  respect  to  phenylene  groups  is  selected  and  used  for  the  preparation  of  an  electrophoto- 
graphic  photosensitive  member,  this  compound  is  hardly  crystallized  in  a  binder  resin. 

It  is  therefore  a  primary  object  of  the  present  invention  to  provide  a  photoconductive  substance  which  is 
hardly  crystallized  in  a  resin  and  also  provide  a  high-sensitivity  electrophotographic  photosensitive  member 
comprising  this  photoconductive  substance. 

More  specifically,  in  accordance  with  the  present  invention,  there  is  provided  an  electrophotographic  pho- 
tosensitive  member  containing  in  a  photosensitive  layer  a  m-phenylenediamine  compound  represented  by  the 
following  general  formula  [I]: 

wherein  R5,  R6,  R7  and  R8  are  groups  substituted  at  meta-positions  to  the  nitrogen  atoms  and  represent 
a  hydrogen  atom,  an  alkyl  group,  an  alkoxyl  group  or  a  halogen  atom,  with  the  proviso  that  at  least  two  of  R5, 
R6,  R7  and  R8  represent  an  alkyl  group,  alkoxyl  group  or  a  halogen  atom,  and  R  represents  a  hydrogen  atom, 
an  alkyl  group,  an  alkoxyl  group  or  a  halogen  atom. 

In  the  photosensitive  material  of  the  present  invention,  the  compound  of  general  formula  [I]  is  incorporated 
as  the  charge  transport  material  in  a  binder  resin.  This  compound  is  poor  in  the  symmetry  of  the  molecular 
structure,  and  the  intermolecular  mutual  action  is  small.  This  means  that  the  mutual  action  with  a  resin  is  large, 
and  therefore,  the  compound  is  hardly  crystallized  in  a  resin  constituting  a  photosensitive  layer.  Accordingly, 
it  is  possible  to  increase  the  concentration  of  the  compound  in  the  resin,  and  if  this  compound  is  selected  and 
used  as  the  charge  transport  material,  a  charge  transport  material-rich  photosensitive  material  can  be  formed 
and  the  sensitivity  can  be  increased  because  of  increase  of  the  electron  mobility  in  the  photosensitive  layer. 

Namely,  the  above-mentioned  object  can  be  attained  by  an  electrophotographic  photosensitive  member 
comprising  an  electroconductive  substrate  and,  formed  thereon,  a  photosensitive  layer  containing  a  m-phe- 
nylenediamine  compound  of  general  formula  I. 

Detailed  Description  of  the  Preferred  Embodiments 

The  m-phenylenediamine  compound  used  in  the  present  invention  is  represented  by  general  formula  [I]. 
As  the  alkyl  group  for  R5,  R6,  R7  and  R8,  there  can  be  mentioned  lower  alkyl  groups  having  1  to  6  carbon  atoms, 
such  as  a  methyl  group,  an  ethyl  group,  a  propyl  group,  an  isopropyl  group,  a  butyl  group,  an  isobutyl  group, 
a  tert-butyl  group,  a  pentyl  group  and  a  hexyl  group.  As  the  alkoxyl  group,  there  can  be  mentioned  lower  alkoxyl 
groups  having  1  to  6  carbon  atoms  in  the  alkyl  portion,  such  as  a  methoxy  group,  an  ethoxy  group,  a  propoxy 
group,  an  isopropoxy  group,  a  butoxy  group,  an  isobutoxy  group,  a  tert-butoxy  group,  a  pentyloxy  group  and 
a  hexyloxy  group. 

N N ( I )  



EP  0  353  067  B1 

Specific  examples  of  the  m-phenylenediamine  compound  of  general  formula  [I]  used  in  the  present 
tion  are  shown  in  Table  1  . 

T a b l e   1 

( I )  

R  R5  R6  R7  R8 

OC  H  OC  H  CH  CH  OC  H 
2 5   2 5   3  3  2 5  

C H   C H   C H   C H   C H  
2 5   2 5   2 5   2 5   2 5  

C^Hy  C^Hy  C^Hy  C^H^  C^H^ 

C(CH3)3   C ( C ^ ) 3   C(CH3)3  C ( C I ^ ) 3   C ( C H 3 )  

OCH3  OCH  
3  OCF^  OCH3  OCH3 

O C ^   O C ^   OC2H5  OC2H5  O C ^  

O C ^   H  CH3  CH3  H 

OC2H5  CH3  CH3  C2H5 

OC2H5  C[CH3)3   CH3  CH3  C ( C H 3 )  

OC2H5  OC^  CH3  CH3  OCH3 

3 

3 
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T a b l e   1  ( c o n t i n u e d )  

R  R5  R6  R7  R8 

CH3  CH3  CH3  CH3  CH3 

10  CnHr  CH-  CH_  CH-  CH_ 2  5  3  3  3  3 

C3H?  CH3  CH3  CH3  CH3 

C ( C H - ) 0   CH-  CH.  CHQ  CHQ 
15  5  5  5  5  5  5 

OCH3  CH3  CH3  CH3  CH3 

0CoHc  CH0  CH-  CH_  CH- 
£  !?  5  5  5  5 

20  CH3  CH3  H  H  CH3 

CH,  CH0  C-Hc  C-Hc  CH- 
3  3  ^ 5   ^ 5   3 

CH3  CH3  C3H?  C3H?  CH3 

CH3  CH3  C(CH3)3  C(CH3)3   CH3 

CH3  CH3  OCH3  OCH3  CH3 

30  CH-  CH-  O C h   OCpHc  CH- 
3  3  2-5  *  o  3 

CH3  H  CH3  CH3  H 

CH-  C0HC  CH-  CH-,  C-HK 
35  3  2 5   3  3  2 5  

CH3  C3H?  CH3  CH3  C3H7 

CH3  C(CH3)3   CH3  CH3  C ( C H 3 )  

40  CH3  OCH3  CH3  CH3  OCH3 

3 

45 

50 

5 
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T a b l e   1  ( c o n t i n u e d )  

R  R5  R  R7  R 

CH3  OC2H5  CH3  CH3  OC2H5 

C2H5  CH3  H  H  CH3 

C2H5  CH3  C2H5  C2H5  CH3 

C2H5  CH3  C3H7  C3H?  CH3 

C2H5  CH3  C(CH3)3  C(CH3)3   CH3 

C2H5  CH3  OCH3  OCH3  CH3 

C2H5  CH3  OC2H5  OC2H5  CH3 

C2H5  H  CH3  CH3  H 

C2H5  C2H5  CH3  CH3  C2H5 

C2H5  C3H?  CH3  CH3  C3H? 

C2H5  C(CH3)3  CH3  CH3  C ( C H 3 ) ,  

C2H5  OCH3  CH3  CH3  OCH3 

C2H5  OC2H5  CH3  CH3  OC2H5 

C3H?  CH3  H  H  CH3 

C3H?  CH3  C2H5  C2H5  CH3 

C3H?  CH3  C3H7  C3H?  CH3 

C3H?  CH3  C(CH3)3   C(GH3)3  CH3 

C3H?  CH3  OCH3  OCH3  CH3 

3 

6 
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T a b l e   1  ( c o n t i n u e d )  

R  R5  R6  R7  R8 

C3H?  CH3  OC2H5  OC2H5  CH3 

C3H?  H  CH3  CH3  H 

C3H?  C2H5  CH3  CH3  C2H5 

C3H?  C3H?  CH3  CH3  C3H? 

C3H?  C(CH3)3  CH3  CH3  C ( C H 3 ) ,  

C3H?  OCH3  CH3  CH3  OCH3 

C3H7  OC2H5  CH3  CH3  OC2H5 

C(CH3)3  CH3  H  H  CH3 

C(CH3)3  CH3  C2H5  C2H5  CH3 

C(CH3)3  CH3  C(CH3)3  C(CH3)3   CH3 

C(CH3)3  CH3  OCH3  OCH3  CH3 

C(CH3)3  CH3  OC2H5  OC2H5  CH3 

C(CH3)3  H  CH3  CH3  H 

C(CH3)3  C2H5  CH3  CH3  C2H5 

C(CH3)3  C(CH3)3  CH3  CH3  C ( C H 3 ) .  

C(CH3)3  OCH3  CH3  CH3  OCH3 

C(CH3)3  OC2H5  CH3  CH3  OC2H5 

OCH3  CH3  H  H  CH3 

3 

3 
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T a b l e   1  (  c  on  t  i n u e d   ) 

R  R5  R6  R7  R8 

OCH-  CH-  C-Hc  C-H-  CH- 
3  3  2  5  2  5  3 

OCH3  CH3  C(CH3)3   C(CH3)3   CH3 

OCH3  CH3  OCH3  OCH3  CH3 

OCH3  CH3  OC2H5  OC2H5  CH3 

OCH3  H  CH3  CH3  H 

OCH3  C2H5  CH3  CH3  C2H5 

OCH3  C(CH3)3   CH3  CH3  C ( C U ^ ) .  

OCH3  OCH3  CH3  CH3  OCH3 

OCH3  OC2H5  CH3  CH3  O C ^  

OC2H5  CH3  H  H  CH3 

OC2H5  CH3  C2H5  C2H5  CH3 

OC2H5  CH3  C(CH3)3  C(CH3)3   CH3 

OC2H5  CH3  OCH3  OCH3  CH3 

OC2H5  CH3  OC2H5  OC£H5  CH3 

3 

The  position  of  the  substituent  R  is  not  particularly  critical,  and  the  position  of  the  substituent  R  is,  for  ex- 
ample,  the  5-position. 

The  meta-substituted  compound  of  general  formula  [I]  used  in  the  present  invention  can  be  synthesized 
according  to  various  processes.  For  example,  the  metasubstituted  compound  can  be  synthesized  according 
to  the  process  represented  by  the  following  reaction  formula: 

8 
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(A)  ( B )  

H  H 

10 

15 

20 

25 

30 

CHj  C H 3  

( E )  

40  More  specifically,  resorcinol  of  formula  (A)  is  reacted  with  m-toluidine  of  formula  (B)  in  the  presence  of 
iodine  in  a  nitrogen  current  to  obtain  N,N'-di(3-tolyl)-1,3-phenylenediamine  of  formula  (C).  Then,  N,N'-di(3-tol- 
yl)-1,3-phenylenediamine  is  reacted  with  iodotoluene  of  formula  (D)  in  the  presence  of  potassium  carbonate 
and  powdery  copper  under  reflux  in  nitrobenzene  to  obtain  N,N,N',N'-tetra(3-tolyl)-1,3-phenylenediamine  of 
formula  (E). 

45  The  electrophotographic  photosensitive  member  the  present  invention  is  characterized  in  that  a  photosen- 
sitive  layer  containing  a  m-phenylenediamine  compound  represented  by  general  formula  [I]  is  formed  on  an 
electroconductive  substrate.  The  present  invention  can  be  applied  to  either  a  function-separated  single-layer 
photosensitive  material  containing  a  charge  generating  material  and  a  charge  transport  material  in  at  least  one 
layer  formed  on  an  electroconductive  substrate,  or  a  function-separated  laminate  photosensitive  material  com- 

50  prising  at  least  a  charge  generating  layer  and  a  charge  transport  layer,  which  are  laminated  on  an  electrocon- 
ductive  substrate.  The  compound  of  general  formula  [I]  can  be  used  in  combination  with  known  other  charge 
transport  material  in  the  present  invention.  Known  electron  attractive  compounds  and  electron  donative  com- 
pounds  can  be  used  as  the  other  charge  transport  material.  As  the  electron  attractive  compound,  there  can 
be  mentioned,  for  example,  tetracyanoethylene,  2,4,7-trinitro-9-fluorenone,  2,4,8-trinitrothioxanthone, 

55  3,4,5,7-tetranitro-9-fluorenone,  dinitrobenzene,  dinitroanthrathene,  dinitroacrydine,  nitroanthraquinone,  dini- 
troanthraquinone,  succinic  anhydride,  maleic  anhydride  and  dibromomaleic  anhydride. 

As  the  electron  donative  compound,  there  can  be  mentioned,  for  example,  oxadiazole  compounds  such 
as  2,5-di(4-methylaminophenyl)-1,3,4-oxadiazole,  styryl  compounds  such  as  9-(4-diethylaminostyryl)anthra- 

9 
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thene,  carbazole  compounds  such  as  polyvinyl  carbazole,  pyrazoline  compounds  such  as  1-phenyl-3-(p-di- 
methylaminophenyl)pyrazoline,  hydrazone  compounds,  triphenylamine  compounds,  indole  compounds,  oxa- 
zole  compounds,  iso-oxazole  compounds,  thiazole  compounds,  thiadiazole  compounds,  imidazole  com- 
pounds,  pyrazole  compounds,  triazole  compounds,  and  other  nitrogen-containing  cyclic  compounds  and  fused 

5  polycyclic  compounds.  These  charge  transport  materials  can  be  used  singly  or  in  the  form  of  mixtures  of  two 
or  more  of  them.  Incidentally,  in  the  case  where  a  film-forming  charge  transport  material  such  as  polyvinyl  car- 
bazole  is  used,  use  of  a  binder  resin  is  not  always  necessary. 

For  example,  a  single-layer  electrophotographic  photosensitive  member  is  prepared  by  forming  a  photo- 
sensitive  layer  containing  a  compound  represented  by  general  formula  [I]  as  the  charge  transport  material,  a 

10  charge  generating  material  and  a  binder  resin  on  an  electroconductive  substrate.  A  laminate  type  electropho- 
tographic  photosensitive  member  is  prepared  by  forming  a  charge  generating  layer  containing  a  charge  gen- 
erating  material  on  an  electroconductive  substrate  by  such  means  as  vacuum  deposition  or  coating  and  form- 
ing  a  charge  transport  layer  containing  a  compound  represented  by  general  formula  [I]  and  a  binder  on  the 
charge  generating  layer,  or  vice  versa  by  forming  a  similar  charge  transport  layer  on  an  electroconductive  sub- 

is  strate  and  forming  a  charge  generating  layer  containing  a  charge  generating  material  on  the  charge  transport 
layer  by  such  means  as  vacuum  deposition  or  coating.  The  charge  generating  layer  can  also  be  prepared  by 
dispersing  a  charge  generating  material  and  a  charge  transport  material  in  a  binder  resin  and  coating  the  dis- 
persion. 

As  the  charge  generating  material,  there  can  be  mentioned,  for  example,  selenium,  selen-tellurium,  amor- 
20  phous  silicon,  a  pyrylium  salt,  an  azo  pigment,  a  disazo  pigment,  an  anthanthrone  pigment,  a  phthalocyanine 

pigment,  an  indigo  pigment,  a  triphenylmethane  pigment,  a  surene  pigment,  a  toluidine  pigment,  a  pyrazoline 
pigment,  a  perylene  pigment,  a  quinacridone  pigment  and  a  pyrrole  pigment.  One  or  more  of  these  charge  gen- 
erating  materials  can  be  used  so  that  a  desired  absorption  wavelength  region  can  be  obtained. 

As  the  binder  resin  for  the  above-mentioned  photosensitive  layer,  charge  generating  layer  and  charge 
25  transport  layer,  various  resins  can  be  used.  For  example,  there  can  be  mentioned  thermoplastic  resins  such 

as  a  styrene  polymer,  a  styrene/butadiene  copolymer,  a  styrene/acrylonitrile  copolymer,  a  styrene/maleic  acid 
copolymer,  an  acrylic  polymer,  a  styrene/acrylic  copolymer,  polyethylene,  an  ethylene/vinyl  acetate  copolymer, 
chlorinated  polyethylene,  polyvinyl  chloride,  polypropylene,  a  vinyl  chloride/vinyl  acetate  copolymer,  a  polyest- 
er,  an  alkyd  resin,  a  polyamide,  a  polyurethane,  a  polycarbonate,  a  polyallylate,  a  polysulfone,  a  diallyl  phthalate 

30  resin,  a  ketone,  a  polyvinyl  butyral  resin  and  a  polyether  resin,  crosslinkable  thermosetting  resins  such  as  a 
silicone  resin,  an  epoxy  resin,  a  phenolic  resin,  a  urea  resin  and  a  melamine  resin,  and  photosetting  resins 
such  as  epoxy  acrylate  and  urethane  acrylate.  These  binder  resins  can  be  used  singly  or  in  the  form  of  mixtures 
of  two  or  more  of  them. 

A  solvent  is  used  when  the  charge  generating  layer  or  the  charge  transport  layer  is  formed  by  coating.  For 
35  this  purpose,  various  organic  solvents  can  be  used.  For  example,  there  can  be  mentioned  alcohols  such  as 

methanol,  ethanol,  isopropanol  and  butanol,  aliphatic  hydrocarbons  such  as  n-hexane,  octane  and  cyclohex- 
ane,  aromatic  hydrocarbons  such  as  benzene,  toluene  and  xylene,  halogenated  hydrocarbons  such  as  di- 
chloromethane,  dichloroethane,  tetrachloromethane  and  chlorobenzene,  ethers  such  as  dimethyl  ether,  diethyl 
ether,  tetrahydrofuran,  ethylene  glycol  dimethyl  ether,  ethylene  glycol  diethyl  ether  and  diethylene  glycol  di- 

40  methyl  ether,  ketones  such  as  acetone,  methylethylketone  and  cyclohexanone,  esters  such  as  ethyl  acetate 
and  methyl  acetate,  and  dimethylformamide  and  dimethylsulfoxide.  These  solvents  can  be  used  singly  or  in 
the  form  of  mixtures  of  two  or  more  of  them. 

In  order  to  increase  the  sensitivity  of  the  charge  generating  layer,  a  known  sensitizing  agent  such  as  ter- 
phenyl,  a  halonaphthoquinone  or  acenaphthylene  can  be  used  in  combination  with  the  above-mentioned 

45  charge  generating  material.  Moreover,  a  surface  active  agent,  a  leveling  agent  or  the  like  can  be  used  in  order 
to  improve  the  dispersibility  or  coating  property  of  the  charge  transport  material  or  the  charge  generating  ma- 
terial. 

Various  materials  having  an  electroconductivity  can  be  used  as  the  electroconductive  substrate.  For  ex- 
ample,  there  can  be  mentioned  metals  such  as  aluminium,  copper,  tin,  platinum,  gold,  silver,  vanadium,  mo- 

50  lybdenum,  chromium,  cadmium,  titanium,  nickel,  palladium,  indium,  stainless  steel  and  brass,  plastic  materials 
on  which  the  above-mentioned  metals  are  vacuum-deposited  and  laminated,  and  glass  sheets  coated  with  alu- 
minium  iodide,  tin  oxide,  indium  oxide  orthe  like.  The  electroconductive  substrate  may  be  in  the  form  of  a  sheet 
or  a  drum.  A  substrate  which  is  electroconductive  by  itself  or  has  an  electroconductive  surface  and  which 
shows  a  sufficient  strength  when  it  is  actually  used  is  preferably  used  in  the  present  invention. 

55  The  laminate  type  electrophotographic  photosensitive  member  is  prepared  by  coating  a  charge  transport 
layer  and  a  charge  generating  layer  on  an  electroconductive  substrate  in  this  order  (photosensitive  material 
for  negative  charging)  or  in  the  reverse  order  (photosensitive  material  for  positive  charging). 

The  charge  transport  layer  is  formed  by  dissolving  or  dispersing  a  compound  of  general  formula  [I]  singly 
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or  in  combination  with  other  charge  transport  material  in  a  binder  resin  to  form  a  coating  liquid  and  coating 
and  drying  the  coating  liquid. 

The  compound  of  the  present  invention  as  the  charge  transport  material  and  the  binder  resin  can  be  used 
at  various  ratios,  so  far  as  the  transportation  of  charges  is  not  inhibited  and  the  crystallization  is  not  caused. 

5  If  the  compound  of  the  present  invention  is  singly  used  as  the  charge  transport  material,  it  is  preferred  that  the 
compound  of  general  formula  [I]  be  used  in  an  amount  of  25  to  200,  preferably  125  to  200  parts  by  weight  per 
1  00  parts  by  weight  of  the  binder  resin. 

If  the  amount  of  the  compound  of  general  formula  [I]  is  too  small  and  below  the  above-mentioned  range, 
a  sufficient  sensitivity  cannot  be  obtained.  If  the  amount  of  the  compound  of  formula  [I]  is  too  large  and  exceeds 

10  the  above-mentioned  range,  the  crystallization  is  caused  or  the  strength  of  the  layer  is  reduced. 
It  is  preferred  that  the  charge  transport  layer  be  formed  in  a  thickness  of  2  to  1  00  urn,  especially  about  5 

to  about  30  urn. 
In  the  case  where  the  above-mentioned  charge  generating  material  is  used  together  with  the  binder  resin 

for  formation  of  the  charge  generating  layer,  they  can  be  used  at  various  ratios,  but  it  is  preferred  that  the  binder 
15  resin  be  used  in  an  amount  of  1  to  300  parts  by  weight,  especially  5  to  150  parts  by  weight,  per  10  parts  by 

weight  of  the  charge  generating  material. 
The  thickness  of  the  charge  generating  layer  is  not  particularly  critical,  but  it  is  preferred  that  the  charge 

generating  layer  be  formed  in  a  thickness  of  0.01  to  20  urn,  especially  about  0.1  to  about  10  urn. 
For  formation  of  the  single-layer  electrophotographic  photosensitive  member,  the  charge  transport  mate- 

20  rial  and  charge  generating  material  are  used  in  amounts  of  50  to  200  parts  by  weight  and  3  to  1  0  parts  by  weight, 
respectively,  per  100  parts  by  weight  of  the  binder  resin.  In  case  of  the  single-layer  electrophotographic  pho- 
tosensitive  member,  it  is  preferred  that  the  compound  of  the  present  invention  represented  by  general  formula 
[I]  be  incorporated  in  an  amount  of  at  least  30  parts  by  weight  per  100  parts  by  weight  of  all  of  the  charge  trans- 
port  materials  and  in  an  amount  of  at  least  25  parts  by  weight  per  100  parts  by  weight  of  the  binder  resin. 

25  In  the  case  where  the  compound  of  the  present  invention  represented  by  general  formula  [I]  is  used  singly 
as  the  charge  transport  material,  it  is  preferred  that  the  compound  of  formula  [I]  be  used  in  an  amount  of  70 
to  200  parts  by  weight  per  100  parts  by  weight  of  the  binder  resin.  If  the  amount  of  the  compound  of  general 
formula  [I]  is  too  small  and  below  the  above-mentioned  range,  a  sufficient  sensitivity  cannot  be  obtained,  and 
if  the  amount  of  the  compound  of  formula  [i]  is  too  large  and  exceeds  the  above-mentioned  range,  the  crys- 

30  tallization  is  caused  and  the  strength  of  the  photosensitive  layer  is  reduced,  resulting  in  degradation  of  the  print- 
ability. 

In  the  formation  of  the  photosensitive  material,  a  barrier  layer  can  be  formed  on  the  surface  of  the  elec- 
troconductive  substrate,  so  far  as  the  characteristics  of  the  photosensitive  material  are  not  degraded.  Of 
course,  a  protective  layer  can  be  formed  on  the  surface  of  the  photosensitive  material. 

35  When  the  photosensitive  layer  is  formed  by  the  coating  means,  a  composition  comprising  the  above- 
mentioned  components  at  the  above-mentioned  ratio  is  formed  into  a  coating  liquid  by  using  known  means 
such  as  a  roll  mill,  a  ball  mill,  an  attriter,  a  paint  shaker  or  an  ultrasonic  disperser,  and  the  coating  liquid  is 
coated  and  dried  by  known  coating  means.  Incidentally,  as  pointed  out  hereinbefore,  the  charge  generating 
layer  can  be  formed  by  vacuum  deposition  of  the  above-mentioned  charge  generating  material. 

40  The  present  invention  will  now  be  described  in  detail  with  reference  to  the  following  examples  that  by  no 
means  limit  the  scope  of  the  invention. 

Referential  Example  1 

45  [Synthesis  of  N,N,N',N'-tetrakis(3-tolyl)-1  ,3-phenylenediamine] 
In  a  nitrogen  current,  11  g  of  resorcinol,  22.6  g  of  m-toluidine  and  0.5  g  of  iodine  were  reacted  under  reflux 

for  3  days.  After  the  reaction,  the  reaction  mixture  was  cooled  to  room  temperature,  and  the  formed  solid  was 
washed  with  500  mi  of  methanol  to  obtain,  N,N'-tetrakis(3-tolyl)-1  ,3-phenylenediamine.  The,  14.4  g  of  N,N'- 
tetrakis(3-yolyl)-1  ,3-phenylenediamine  20.4  g  of  iodobenzene,  9.7  g  of  potassium  carbonate  and  2  g  of  powd- 

50  ery  copper  were  reacted  under  reflux  in  100  mi  of  nitrobenzene  for  24  hours.  After  the  reaction,  nitrobenzene 
and  iodobenzene  were  removed  by  steam  distillation,  and  the  residue  was  washed  with  water  and  then  with 
methanol.  Then,  the  residue  was  added  into  900  mi  of  benzene.  The  water-soluble  substance  was  recovered 
by  filtration  and  subjected  to  the  active  alumina  column  chromatography  using  benzene/hexane  (1/1)  as  the 
developing  solvent.  The  first  fraction  was  recovered  and  subjected  to  the  active  alumina  column  chromatog- 

55  raphy  using  benzene/hexane  (1/2)  as  the  developing  solvent.  The  first  fraction  was  recovered  and  the  solvent 
was  removed  by  distillation.  A  part  of  the  residue  was  dissolved  in  acetonitrile  at  room  temperature,  and  by 
using  the  formed  crystal  as  the  seed,  crystallization  was  carried  out  from  acetonitrile  to  obtain  N,N,N',N'-tet- 
rakis(3-tolyl)-1  ,3-phenylenediamine  (meta-substituted  compound). 
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Referential  Example  2 

[Synthesis  of  N,N,N'  ,N'-tetrakis(4-tolyl)-1,3-phenylenediamine] 
N,N'-Tetrakis(4-tolyl)-1,3-phenylenediamine  was  synthesized  in  the  same  manner  as  described  in  Refer- 

5  ential  Example  1  except  that  22.6  g  of  p-toluidine  was  used  instead  of  m-toluidine  used  in  Referential  Example 
1  .  Then,  14.4  g  of  N,N'-tetrakis(4-tolyl)-1  ,3-phenylenediamine,  21  .8  g  of  iodotoluene,  9.7  g  of  potassium  car- 
bonate  and  2  g  of  powdery  copper  were  reacted  under  reflux  in  1  00  mi  of  nitrobenzene  for  24  hours.  After  the 
reaction,  nitrobenzene  and  iodobenzene  were  removed  by  steam  distillation,  and  the  residue  was  washed  with 
water  and  then  with  methanol.  The  residue  was  added  into  900  mi  of  benzene,  and  the  water-soluble  substance 

10  was  recovered  by  filtration  and  subjected  to  the  active  alumina  column  chromatography  using  benzene/hexane 
(1/1)  as  the  developing  solvent.  The  first  fraction  was  recovered  and  subjected  to  the  active  alumina  column 
chromatography  using  benzene/hexane  (1/2)  as  the  developing  solvent.  The  first  fraction  was  recovered  and 
the  solvent  was  removed  by  distillation,  and  a  part  of  the  residue  was  dissolved  in  acetonitrile  at  room  tem- 
perature.  By  using  the  formed  crystal  as  the  seed,  crystallization  was  carried  out  from  acetonitrile  to  obtain 

15  N,N,N',N'-tetrakis(4-tolyl)-1,3-phenylenediamine  (para-substituted  compound). 
The  preparation  of  the  electrophotographic  photosensitive  member  will  now  be  described. 

Example  1 

20  A  dispersion  was  prepared  from  8  parts  by  weight  of  N,N'-di(3,5-dimethylphenyl)perylene-3,4,9,1  0-tetra- 
carboxydiimide  as  the  charge  generating  material,  125  parts  by  weight  of  N,N,N',N'-tetrakis(3-tolyl)-1  ,3-phe- 
nylenediamine  (meta-substituted  compound)  as  the  charge  transport  material,  100  parts  by  weight  of  a  poly- 
carbonate  Z  resin  as  the  binder  resin  and  a  predetermined  amount  of  tetrahydrof  uran  by  using  an  ultrasonic 
disperser.  The  dispersion  was  coated  on  an  alumite-treated  aluminum  sheet  to  form  a  single-layer  electropho- 

25  tographic  photosensitive  member  comprising  a  photosensitive  layer  having  a  thickness  of  23  urn. 

Example  2 

Asingle-layer  electrophotographic  photosensitive  member  was  prepared  in  the  same  manner  as  described 
30  in  Example  1  except  that  150  parts  by  weight  of  N,N,N',N'-tetrakis(3-tolyl)-1,3-phenylenediamine  (meta- 

substituted  compound)  was  used  as  the  charge  transport  material. 

Example  3 

35  Asingle-layer  electrophotographic  photosensitive  memberwas  prepared  in  the  same  manner  as  described 
in  Example  1  except  that  200  parts  by  weight  of  N,N,N',N'-tetrakis(3-tolyl)-1,3-phenylenediamine  (meta- 
substituted  compound)  was  used  as  the  charge  transport  material. 

Example  4 
40 

In  2000  parts  by  weight  of  dichloromethane  were  incorporated  100  parts  by  weight  of  polyvinyl  butyral(Den- 
ka  Butyral  #500-A  supplied  by  Denki  Kagaku  Kogyo)  and  100  parts  by  weight  of  the  same  perylene  type  pig- 
ment  as  used  in  Example  1,  and  the  mixture  was  subjected  to  ultrasonic  dispersing  for  1  minute  to  prepare  a 
coating  liquid  for  formation  of  a  charge  generating  layer.  The  coating  liquid  was  coated  and  dried  on  an  alumi- 

45  num  sheet  to  form  a  charge  generating  layer  having  a  thickness  of  about  1  urn. 
Separately,  100  parts  by  weight  of  a  polycarbonate  Z  resin  (supplied  by  Mitsubishi  Gas  Kagaku)  and  125 

parts  by  weight  of  the  same  charge  transport  material  (metasubstituted  compound)  as  used  in  Example  1  were 
dissolved  in  900  parts  by  weight  of  tetrahydrof  uran  to  form  a  coating  liquid  for  formation  of  a  charge  transport 
layer.  The  coating  liquid  was  coated  and  dried  on  the  charge  generating  layer  to  form  a  charge  transport  layer 

so  having  a  thickness  of  about  20  ^m,  whereby  a  laminate  type  photosensitive  member  was  obtained. 

Comparative  Example  1 

Asingle-layer  electrophotographic  photosensitive  memberwas  prepared  in  the  same  manner  as  described 
55  in  Example  1  except  that  90  parts  by  weight  of  N,N,N',N'-tetrakis(4-tolyl)-1  ,3-phenylenediamine  (para- 

substituted  compound)  was  used  as  the  charge  transport  material. 
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Comparative  Example  2 

A  single-layer  electrophotographic  photosensitive  member  is  prepared  in  the  same  manner  as  described 
in  Example  1  except  that  100  parts  by  weight  of  N,N,N',N'-tetrakis(4-tolyl)-1  ,3-phenylenediamine  (para- 
substituted  compound)  was  used  as  the  charge  transport  material. 

Comparative  Example  3 

Asingle-layer  electrophotographic  photosensitive  memberwas  prepared  in  the  same  manner  as  described 
in  Example  1  except  that  90  parts  by  weight  of  N,N,N',N'-tetrakis-phenyl-1,3-phenylenediamine  (unsubstituted 
compound)  was  used  as  the  charge  transport  material. 

Comparative  Example  4 

A  single-layer  electrophotographic  photosensitive  memberwas  used  in  the  same  manner  as  described  in 
Example  1  except  that  1  00  parts  by  weight  of  diethylaminobenzaldehyde  diphenylhydrazone  was  used  as  the 
charge  transport  material. 

The  electrophotographic  photosensitive  members  prepared  in  the  foregoing  examples  were  evaluated  in 
the  following  manner. 

With  respect  to  the  charging  and  photosensitive  characteristics,  each  photosensitive  member  was  posi- 
tively  or  negatively  charged  by  using  an  electrostatic  copying  tester  (Gentec  Synthia  30M  supplied  by  Gentec) 
and  the  surface  potential  Vsp  (V)  was  measured,  and  by  using  a  halogen  lamp,  each  photosensitive  member 
was  exposed  to  light,  the  time  required  for  reduction  of  the  surface  potential  to  1/2  was  measured  and  the  half- 
value  exposure  quantity  E1/2  (nJ/cm2)  was  calculated,  while  the  surface  potential  Vrp  (V)  after  the  lapse  of 
0.15  second  from  the  point  of  termination  of  the  light  exposure  was  measured.  Moreover,  with  respect  to  each 
photosensitive  member  the  crystallization  state  was  examined  with  the  naked  eye  and  it  was  checked  whether 
or  not  the  crystallization  was  caused. 

The  results  of  the  measurement  of  the  charging  and  photosensitive  characteristics  of  the  electrophoto- 
graphic  photosensitive  members  obtained  in  the  foregoing  examples  are  shown  in  Table  2. 
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From  the  results  shown  in  Table  2,  it  is  seen  that  in  each  of  the  electrophotographic  photosensitive  mem- 
bers  obtained  according  to  the  present  invention,  charging  characteristics  were  excellent  with  no  crystalliza- 
tion,  the  half-value  light  exposure  quantity  was  small,  the  sensitivity  was  high  and  the  residual  potential  was 

so  small.  In  the  photosensitive  members  of  Comparative  Examples  1  and  2,  the  crystallization  was  caused.  In 
the  photosensitive  member  of  Comparative  Example  3  where  the  unsubstituted  compound  was  used  and  pho- 
tosensitive  member  of  Comparative  Example  4  where  the  conventional  hydrazone  compound  was  used,  the 
sensitivity  was  lower  and  the  residual  potential  was  larger  than  in  the  photosensitive  members  of  the  present 
invention. 

55  When  the  unsubstituted  diamine  compound  (Comparative  Example  4)  was  incorporated  in  an  increased 
amount  as  in  Examples  1,  2  and  3,  the  crystallization  was  readily  caused  in  the  photosensitive  layer. 

From  the  foregoing  experimental  results,  it  was  confirmed  that  use  of  the  meta-substituted  compound  of 
the  present  invention  is  very  effective  and  advantageous. 
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As  is  apparent  from  the  foregoing  description,  since  the  meta-substituted  m-phenylenediamine  compound 
of  the  present  invention  is  hardly  crystallized  in  a  resin  but  is  sufficiently  dissolved  in  the  resin,  the  concen- 
tration  of  the  compound  in  the  resin  can  be  increased  and  the  mobility  can  be  enhanced.  Accordingly,  an  elec- 
trophotographic  photosensitive  material  having  an  increased  sensitivity  can  be  obtained. 

1.  An  electrophotographic  photosensitive  member  containing  in  a  photosensitive  layer  a  m-phenylenedia- 
mine  compound  of  formula  [I]: 

wherein  R5,  R6,  R7  and  R8  are  the  same  or  different  and  each  is  selected  from  hydrogen,  alkyl,  alkoxyl 
and  halogen,  with  the  proviso  that  at  least  two  of  R5,  R6,  R7,  and  R8  are  selected  from  alkyl,  alkoxyl  and 
halogen,  and  R  is  selected  from  hydrogen,  alkyl,  alkoxyl  and  halogen. 

2.  A  member  according  to  claim  1  ,  wherein  the  photosensitive  layer  comprises  a  charge  generating  material 
and  a  m-phenylenediamine  compound  of  formula  [I]  as  a  charge  transport  material  in  a  binder  resin. 

3.  A  member  according  to  claim  2  comprising  the  m-phenylenediamine  compound  of  formula  [I]  in  an  amount 
of  25  to  200  parts  by  weight  per  1  00  parts  by  weight  of  the  binder  resin. 

4.  A  member  according  to  claim  2  or  claim  3  comprising  the  charge  generating  material  in  an  amount  of  3 
to  10  parts  by  weight  per  100  parts  by  weight  of  the  binder  resin. 

5.  A  member  according  to  any  one  of  claims  1  to  4  wherein  the  compound  of  formula  [I]  is  N,  N,  N',  N'  -tet- 
rakis(3-tolyl)1,3-phenylenediamine. 

6.  A  process  of  producing  a  member  according  to  any  one  of  claims  2  to  5  comprising  forming  on  an  elec- 
troconductive  substrate  a  photosensitive  layer  comprising  a  m-phenylenediamine  compound  of  formula 
[I],  a  charge  generating  material  and  a  binder  resin. 

Patentanspruche 

1.  Lichtempfindliches  photographisches  Element,  das  in  einer  lichtempf  indlichen  Schichteine  m-Phenylen- 
diaminverbindung  der  Formel  (I)  enthalt: 

Claims 

( I )  

( I )  
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worin  R5,  R6,  R7  und  R8  gleich  oder  verschieden  sind  und  ausgewahlt  sind  aus  Wasserstoff,  Alkyl,  Alkoxy 
und  Halogen,  mit  der  Malinahme,  dali  mindestens  zwei  der  Reste  R5,  R6,  R7  und  R8  ausgewahlt  sind  aus 
Alkyl,  Alkoxy  und  Halogen,  und  R  ausgewahlt  ist  aus  Wasserstoff,  Alkyl,  Alkoxy  und  Halogen. 

2.  Element  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  lichtempf  indliche  Schicht  ein  ladungserzeu- 
gendes  Material  und  eine  m-Phenylendiaminverbindung  der  Formel  (I)  als  Ladungstransportmaterial  in 
einem  Binderharz  enthalt. 

3.  Element  nach  Anspruch  2,  dadurch  gekennzeichnet,  dali  es  die  m-Phenylendiaminverbindung  der  Formel 
(I)  in  einer  Menge  von  25  bis  200  Gewichsteilen  pro  100  Gewichtsteile  des  Binderharzes  enthalt. 

4.  Element  nach  Anspruch  2  oder  Anspruch  3,  dadurch  gekennzeichnet,  dali  es  das  ladungserzeugende  Ma- 
terial  in  einer  Menge  von  3  bis  10  Gewichtsteilen  pro  100  Gewichtsteile  des  Binderharzes  enthalt. 

5.  Element  nach  einem  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  dali  die  Verbindung  der  Formel  (I) 
N,N,N',N'-Tetrakis(3-tolyl)1  ,3-phenylendiamin  ist. 

6.  Verfahren  zur  Herstellung  eines  Elementes  nach  einem  der  Anspruche  2  bis  5,  dadurch  gekennzeichnet, 
dali  man  eine  lichtempfindliche  Schicht,  die  eine  m-Phenylendiaminverbindung  der  Formel  (I),  ein  la- 
dungserzeugendes  Material  und  ein  Binderharz  enthalt,  auf  einem  elektrisch  leitfahigen  Substrat  ausbil- 
det. 

Revendications 

1.  Un  element  photosensible  electrophotographique  contenantdans  une  couche  photosensible  un  compose 
de  m-phenylenediamine  de  la  formule  (I)  : 

dans  laquelle  R5,  R6,  R7  et  R8  sont  les  memes  ou  differents  et  chacun  est  selectionne  parmi  I'hydrogene, 
un  alcoyle,  un  alcoxyle  et  un  halogene,  a  condition  qu'au  moins  deux  de  R5,  R6,  R7  et  R8  soient  selection- 
nes  parmi  un  alcoyle,  un  alcoxyle  et  un  halogene,  et  R  est  selectionne  parmi  I'hydrogene,  un  alcoyle,  un 
alkoxyle  et  un  halogene. 

2.  Un  element  selon  la  revendication  1,  dans  lequel  la  couche  photosensible  comprend  un  materiau  gene- 
rateur  de  charges  et  un  compose  de  m-phenylenediamine  de  la  formule  (I)  comme  materiau  de  transport 
de  charges  dans  un  liant  resine. 

3.  Un  element  selon  la  revendication  2  comprenant  le  compose  de  m-phenylenediamine  de  la  formule  (I)  en 
une  quantite  de  25  a  200  parties  en  poids  par  100  parties  en  poids  du  liant  resine. 

4.  Un  element  selon  la  revendication  2  ou  la  revendication  3  comprenant  le  materiau  generateur  de  charges 
en  une  quantite  de  3  a  10  parties  en  poids  par  1  00  parties  en  poids  du  liant  resine. 

5.  Un  element  selon  I'une  ou  I'autre  des  revendications  1  a  4  dans  lequel  le  compose  de  la  formule  (I)  est 
la  N,N,N',N'-tetracis(3-tolyl)1  ,3-phenylenediamine. 

6.  Un  procede  pour  produire  un  element  selon  I'une  ou  I'autre  des  revendications  2  a  5  consistant  a  former 
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sur  un  support  electroconducteur  une  couche  photosensible  comprenant  un  compose  de  m-phenylene- 
diamine  de  la  formule  (I),  un  materiau  generateur  de  charges  et  un  liant  resine. 
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