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@ Electrophotographic photosensitive member.

@ An electrophotographic photoéensitive member has an electroconductive support and a photosensitive layer.
The photosensitive layer contains a compound represented by the general formula (1) below:

Ar-(-N=N-Cp); (1).
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BACKGROUND OF THE INVENTION

Field of th_e Invention

The present invention relates to an electrophotographic photosensitive member, particularly to an
electrophotographic photosensitive member containing an azo pigment having a specified chemical struc-
ture.

Related Background Art

Known organic photoconductive substances used for electrophotographic photosensitive members
include photoconductive polymers typified by poly-N-vinylcarbazole, low-molecular organic photoconductive
substances such as 2,5-bis(p-diethylaminophenyl)-1,3,4-oxadiazole, combinations of such organic photocon-
ductive substances with a variety of dyes and pigments, and so forth.

Electrophotographic photosensitive members employing an organic photoconductive substance have
advantages that the photoconductive members are producible at high productivity at low cost, and the color
sensitivity thereof is arbitrarily controlled by selecting the employed sensitizer such as a dye and a
pigment. Therefore, organic photoconductive substances have comprehensively been investigated. Re-
cently, function separation types of photosensitive members have been developed which have a lamination
structure comprising a charge-generating layer containing an organic photoconductive dye or pigment and a
charge-transporting layer containing aforementioned photoconductive polymer or a low-molecular organic
photoconductive substance, whereby the disadvantages of conventional organic electrophotographic pho-
tosensitive members such as low sensitivity and low durability have been remarkably alleviated.

Among organic photoconductive substances, generally, azo pigments have superior photoconductivity.
Moreover, selection of combinations of an azo component and a coupler component allows control of
pigment properties, giving a variety of properties of pigment compounds. Accordingly, many azo pigments
have been reported as organic photoconductive substances.

Known couplers for such azo pigments include naphthol AS type compounds as disclosed in Japanese
Patent Application Laid-Open No. 47-375438, efc., benzocarbazole compounds as disclosed in Japanese
Patent Application Laid-Open No. 53-95033, naphthalimide type compounds as disclosed in Japanese
Patent Application Laid-Open No. 54-79832, perylene type compounds as disclosed in Japanese Patent
Application Laid-Open No. 57-176055, and so forth.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an elecirophotographic photosensitive member having
a higher sensitivity, and stable potential characteristics during repeated use.

The present invention provides an electrophotographic photosensitive member comprising an elec-
troconductive support and a photosensitive layer formed thereon, the photosensitive layer containing a
compound represented by the general formula (1) below:

AI"(N = N-Cp), %)
where Ar is an aromatic hydrocarbon radical or an aromatic heterocyclic radical which may be substituted
and may be finked through a linking group; Cp is a coupler radical having a phenolic hydroxyl radical; and i

is an integer of 1, 2, 3, or 4; at least one of Cp being a coupler radical represented by the formula (2)
below:

i
HO CNH(CNH), (2)
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where Ri, Rz, Rs, and R+ may be the same or different, and are respectively hydrogen, alkoxy,
disubstituted amino, halogen, nitro, cyano, trifluoromethyl, substituted or unsubstituted atkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted aralkyl; Z1+ and Z> may be the same or different and are
oxygen or sulfur; j and k are respectively an integer of 1, 2, 3, 4, or 5; £ and m are respectively an integer
of 1, 2, 3, or 4; and n is an integer of 0 or 1.

The present invention also provides an electrophotographic apparatus comprising an electrophotog-
raphic photosensitive member, a means for forming an electrostatic latent image, a means for developing
the electrostatic latent image formed, and a means for transferring the image developed onto a transfer-
receiving material;
the electrophotographic photosensitive member comprising an electroconductive support and a photosen-
sitive layer formed thereon, and the photosensitive layer containing a compound representedby the general
formula (1) as shown above.

The present invention further provides a device unit comprising an electrophoiographic photosensitive
member, a charging means, and a cleaning means;
the electrophotographic photosensitive member comprising a electroconductive support and a photosen-
sitive layer formed thereon, the photosensitive layer containing a compound represented by the general
formula (1) as shown above.

The present invention still further provides a facsimile machine, comprising an electrophotography
apparatus and a signal-receiving means for receiving image information from a remote terminal:
the electrophotography apparatus comprising an electrophotographic photosensitive member, the elec-
trophotographic photosensitive member comprising an electroconductive support and a photosensitive layer
formed thereon, the photosensitive layer containing a compound represented by the general formula (1) as
shown above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates an outline of the constitution of an electrophotographic apparatus employing the
electrophotographic photosensitive member of the present invention.

Fig. 2 illustrates an example of a block diagram of a facsimile employing the electrophotographic
photosensitive member of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The photosensitive layer of the electrophotographic photosensitive. member of the present invention
contains a compound represented by the general formula (1) below:

Ar-(-N=N-Cp); (1)

where Ar is an aromatic hydrocarbon radical or an aromatic heterocyclic radical which may be substituted
and may be linked through a linking group; Cp is a coupler radical having a phenolic hydroxyl radical; and i
is an integer of 1, 2, 3, or 4; at least one of Cp being a coupler radical represented by the formula (2)
below:

%1 %2 (Rl).'
HO  CNH (CNH) ~GS (2)
e (Rz)
(Re) o ©)
.
(R:x)f

where Ri, Rz, Ras, and R4 may be the same or different, and are respectively hydrogen, alkoxy,
disubstituted amino, halogen, nitro, cyano, frifluoromethyl, substituted or unsubstituted alkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted aralkyl; Z; and Z» may be the same or different, and are



10

15

20

25

30

35

40

45

50

55

EP 0 451 788 Al

oxygen or sulfur; j and k are respectively an integer of 1, 2, 3, 4, or 5; ¢ and m are respectively an integer
of 1, 2, 3, or 4; and n is an integer of O or 1.

The specific examples of Ar include radicals of aromatic hydrocarbon rings such as benzene,
naphthalene, fluorene, phenanthrene, anthracene, and pyrene; radicals of heterocyclic aromatic rings such
as furan, thiophene, pyridine, indole, benzothiazole, carbazole, acridone, dibenzothiophene, benzoxazole,
benzotriazole, oxadiazole, and thiazole; and radicals in which the above-mentioned aromatic rings are linked
directly or through an aromatic or non-aromatic group, such as triphenylamine, diphenylamine, N-methyl-
diphenylamine, biphenyl, terphenyl, binaphthyl, fluorenone, phenanthrene-quinone, anthraquinone, benzan-
throne, diphenyloxadiazole, phenylbenzoxazole, diphenyimethane, diphenylsulfone, diphenylether, ben-
zophenone, stilbene, distyrylbenzene, tetraphenyl-p-phenylenediamine, and tetraphenylbenzidine; and the
like.

The substituent which may be possessed by the Ar includes, for example, alkyl radicals such as methyl
ethyl, propyl, and butyl; alkoxy radicals such as methoxy, and ethoxy; dialkylamino radicals such as
dimethylamino, and diethylamino; halogen radicals such as of fluorine, chiorine, and bromine; hydroxy, nitro,
cyano, and halomethyl.

The specific examples of Ry, Ra, Rs, and R4 include alkyl radicals such as methyl, ethyl, n-propyl, and
n-butyl; aryl radicals such as phenyl, naphthyl, pyrenyl, and anthryl; aralky! radicals such as benzyl,
phenethyl, and naphthylmethyl; alkoxy radicals such as methoxy, ethoxy, butoxy, and phenoxy; disub-
stituted amino radicals such as dimethylamino, and dietylamino; halogen radicals including radicais of
fluorine, chlorine, bromine, and iodine; and the like. The groups of Ri, Rz, Rs, and Rs are particularly
preferably electron accepting radicals.

The examples of the coupler radical Cp of the formula (1) other than those represented by the general
formula (2) include the coupler radicals having the structure represented by the general formulas (4) to (8),
but are not limited thereto:

Zs Rs
t
HO_ (CONH) s CN
N\
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Rs
/
HO  CONHN
\

R (5 )

HO CONHN=CHR-

X
Ro
0 N_O (7))
O
Y
0 N_N (8)

OH

The radical X in the general formulas (4), (5), and (6) denotes a radical necessary for forming a substituted
or unsubstituted ring of naphthalene, anthracene, carbazole, benzocarbazole, dibenzofuran, or the like by
condensing with the benzene ring.

Rs and Rs are respectively a hydrogen radical, substituted or unsubstituted alkyl, substituted or
unsubstituted aryl, substituted or unsubstituted aralkyl, or a substituted or unsubstituted heterocyclic ring
radical, or otherwise Rs and R are linked together to form a cyclic amino group through the nitrogen atom.

R7 is a hydrogen atom, substituted or unsubstituted alkyl, substituted or unsubstituted aryl, substituted
or unsubstituted aralkyl, or substituted or unsubstituted heterocyclic ring radical.

Rs is an alkyl radical, an aryl radical, an aralkyl radical, or a heterocyclic radical, each of which may be
substituted.

Z3 is oxygen or sulfur. g is an integer of 0 or 1.

Y is a bivalent aromatic hydrocarbon radical or a bivalent heterocyclic radical having a nitrogen in the
ring. Specific examples are o-phenylene, o-naphthylene, peri-naphthylene, 1,2-anthrylene, 3,4-pyrazoldiyl,
2,3-pyridindiyl, 4,5-pyridindiyl, 6,7-indazoldiyl, 6,7-quinclindiy!l, and the like.

In the above description, the alkyl radical includes methyl, ethyl, propyl, butyl, etc.; the aralkyl radical
includes benzyl, phenethyl, naphthylmethyl, etc.; the heterocyclic radical includes pyridyl, thienyl, furyl,
thiazolyl, carbazolyl, dibenzofuryl, benzoimidazolyl, benzothiazolyl, etc.; cyclic amino group having nitrogen
in the ring includes cyclic amino groups derived from pyrrol, pyrroline, pyrrolidine, pyrrolidone, indole,
indoline, isoindole, carbazole, benzoindole, imidazole; pyrazole, pyrazoline, oxazine, phenoxazine, benzocar-
bazole, etc.

The substituent includes alkyl radicals such as methyl, ethyl, and propyl; alkoxy radicals such as
methoxy and ethoxy; substituted amino radicals such as diethylamino and dimethylamino, halogen radicals
of fluroine, chlorine, bromine, and iodine; a phenylcarbamoyl radical, a nitro radical; a cyano radical;
halomethyl radicals such as trifluoromethyl; and the like.
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Typical examples of the azo pigments useful in the present invention are listed below by showing only
variable portions in the basic formula.

BASIC FORMULA 1: Ar-N=N-Cp

Exemplified pigment (1-1)

0 HO CONH‘</:>
Ar : .Q C p : CeL
(0~ H
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Exemplified pigment (1-2)

NC_CN

0CH
AT : @*N=N-@—
Cp: HO CONHCONH—O)
B3
9 0
BASIC FORMULA 2: Cpl—N=1\l--Ar-—N=N—Cp2

Exemplified pigment (2-1)

Cp:. . Cpz : o CONH—<O)
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Exemplified pigment (2-2)

CHa

O.
Ar: TOL >0
Cp:. Cpa : o CONHO)

o NO.
n<0)
O~
Exemplified pigment (2-3)
N
Ar : Y “N-
N~
Cp. : HO CONH
X0y Czls
@@
0
ct
Cp. : HO  CONHCONH=O)
<O
O
0
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Exemplified pigment (2-4).
S
Ar : —@:N%@_

Cp:.Cpz : HO CONHXO)-0CH.,

H

©,

e

Exemplified pigment (2-5)

Exemplified pigment (2-6)
0

2407

Ar : @ Q

Cp.: : | KO CONHCONH{;)
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Cpa : HO  CONHCONH~O)-gr

Exemplified pigment (2-7)

CHa
Ar: —~O-N<Or—
Cpi. Cp. : HO CONHCONH
H() NO -
@@
0
Br

Exemplified pigment (2-8)

H
Ar:—@—N

Cop. CONH<O)»-0C.H.
Cp. : HO  CONH~O)-N (CH,) .

10
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Exemplified pigment (2-9)

Cp. : HO  CONE~O)

CL
)
)
FaC Q
Exemplified pigment (2-10)
NC CN
\
Ar @‘@
Cpi . Cp: : HO  CSNH<O)

11
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Exemplified pigment (2-11)

0
ar: QIO
0.
Cp:..Cpz : HO_ CONHCSNH=Q)
(O) CFs
1<0)
OaN

Exemplified pigment (2-12)
Ar : —CDF4:}“
Cp. 1O CSNH-O)

Cpa : HO  CSNH~Q)

CH

Exemplified pigment (2-13)

0CHa O0CHa

12
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Cp. : HO CONHCO'NH@—CHa
o) CHa
R
.0
OCH3

Cp2 : HO csnu@—cm

CHs
H

©)

OCHs3

ce

Exemplified pigment (2—14)

CN

Cp:. . Cpz : HO CONH§§S

Br

cS

N
©)

Exemplified pigment (2-15)

CHs CHs

A

13
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Cp. : HO CONH—<O)-CH.C
05
ct<0) .
Ce
Cp- HO CONHCONH-@
(O) CHaCL
@@
0

Exemplified pigment {2-16)

Ar : —<O)y-N=N<O)-
Cp. : , HO cONH—~O)~O)
©)
N{O)
5
N\
HsC/ CHs
Cpa : Ko CoNH~O)
H Q
©)

HsC &
sa.o

14
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Exemplified pigment (2-17)

N-N
Ar o o) 1o

| CR
Cp . HO CONHCSNH@
CL

13
() 0
OCHs
Cpaz - HO CONHCSNH I
I
R

C) 0

Exemplified pigment (2-18)

CHa

CN
Cp..Copoa HO CSNH@
(O) CN
R{0)
o} )
CH:

Exemplified pigment (2-19)

N
AT : '1:IZN>N“

15
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L, o

Ar :

Cpx

Cp-:
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HO CONHCSNH<O)-F

H()
©)
O
HO CONHCONH
©) _<:§
H40)
%
I
HO  CONH~O)-Br
H Br
Ol

16
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Exemplified pigment (2-21)

Exemplified pigment (2-22)
CN
{
AT : —@—C';CH'@—

C'px

17
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_ NO .
Cp2 : ' HO CONH
NO.
9
N9
&
Exemplified pigment (2-23)
0
.@
Ar : @ @
Cp. : HO CONHCSNH
~O) 0CH.4
(O)
02N @ 0
C p- HO CONHCONH
7 (O) C:Hs
©)
Q.N :
1N—<O) S

Exemplified pigment (2-24)

i
Ar : —o)rN<Or
cL

Cp. : HO conu@»cx

cY

H
N
©

MO

18
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Cpa : HO CONH<Q)-N (CaHs) .

Exemplified pigment (2-25)

CHa
Ar: <O-N-O)
Cp:i. Cpa : HO CONHCONH~O)
S
FaC @
F
Exemplified pigment (2-26)
0
Ar @‘@
0
Cp. HO_ CONH
©O) NO -
.M @
v 0
NO2

Cp: : HO_ CSNHO)
H() NO -
| N{O)
Oa

19
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BASIC FORMULA 3: Cp

Cpl-N=N-Ar—N=N—Cp2

Exemplified pigment (3-1)

o

Ar:«@—N-@—

Cpx\sz~Cp3: HO CONH‘@

Exemplified pigment (3-2)

%

Ar : —@-N—@-

Cp: . Cp2.Cpas : HO CONH—@

20

NO:
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Exemplified pigment (3-3)

Cp:i.Cp2.Cps : HO. CONHCONH~<O)
13
@ 0
Exemplified pigment (3-4) Br

>

ar QL0

Cp: .Cpz. Cps : HO connjcj}noz
!
O
NC
. © 0
Exemplified pigment (3-5)
A Nrgj_
r : _@:0
Cpi.Cpz.Cps : HO cs&u—@—ocus
. H
@ﬁ

21
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BASIC FORMULA 4: Cpl-Nt--N N==N-Cp3
\ /
Ar
/ N\,
sz-N=N =N-Cp 4

Exemplified pigment {(4-1)

Exemplified pigment (4-2)

HO .CONHCONH-@

NO.

The azo pigments used in the present invention can readily be synthesized, for example, by diazotizing
a corresponding amine in a conventional manner; and (a) coupling it with a coupler having the structure
shown by the above general formula (2) in the presence of an alkali in an aqueous solution or otherwise (b)
converting the diazonium salt to a borofluoride salt or a zinc-chloride double salt; and then coupling it with
the coupler in an organic solvent such as N,N-dimethylformamide, dimethylsulfoxide, and the like in the

22
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presence of a base such as sodium acetate, triethylamine, triethanolamine, and the like.

The disazo pigments having mixedly other coupler component in addition to the one of the general
formula (2) can be synthesized by tetrazotizing an equivalent mole of a corresponding diamine in a
conventional manner, isolating the resulting product in a form of an aforementioned soluble sait, coupling it
with an equivalent mole of a coupler of the general formula (2) and then coupling it with an equivalent mole
of another coupler; or otherwise by protecting one amino group of a diamine with an acetyl| radical or the
like, diazotizing it, coupling it with a coupler of the general formula (2), hydrolyzing the protecting group with
hydrochloric acid or the like, diazotizing it, and subsequently coupling it with another kind of coupler.

A trisazo pigment or a tetrakisazo pigment having in the molecule mixedly a coupler other than the
coupler of the general formula (2) can similarly be synthesized.

Naturally, the method of the synthesis of the compounds of the present invention is not limited to the
method described above.

In the present invention, the photosensitive layer, which contains the compound represented by the
general formula (1), includes those of the constructions below. The constitutions are shown with the layer
order of (lower layer) / (upper layer).

(1) Layer containing a charge-generating substance (charge-generating layer) / layer containing a charge-
transporting substance (charge-transporting layer),

{(2) Charge-transporting layer / charge-generating layer

(3) Layer containing a charge-generating substance and a charge-transporting substance.

The constitution of the photosensitive layer of the present invention is not limited thereto naturally, and
is described below in detail.

The charge-generating layer may be formed by applying onto an electroconductive support a coating
liquid which has been prepared by dispersing the azo pigment of the formula (1) and a binder in a suitable
solvent. The film thickness is preferably not more than 5 um, more preferably in the range of from 0.1 to 1
wm.

The binder resin used may be selected from a great variety of insulating resins and organic
photoconductive polymers. Preferred resins are polyvinylbutyrals, polyvinylbenzals, polyarylates, polycar-
bonates, polyesters, phenoxy resins, cellulose resins, acrylic resins, polyurethanes, and the like. The
content of the binder resin in the charge-generating layer is preferably not more than 80% by weight, more
preferably not more than 40% by weight.

Any solvent may be employed, provided that the solvent dissolves the above-mentioned resin. Specific
examples of the resins include ethers such as tetrahydrofuran, and 1,4-dioxane; ketones such as cyclohex-
anone and methyl ethyl ketone; amides such as N,N-dimethylformamide; esters such as methy! acetate,
and ethyl acetate; aromatic solvents such as toluene, xylene, and chlorobenzene; alcohols such as
methanol, ethanol, and 2-propanol; aliphatic halogenated hydrocarbons such as chloroform, methylene
chloride, dichloroethylene, carbon tetrachloride, and trichloroethylene; and the like. Among them, preferable
are solvents which does not dissolve the charge-transporting layer nor the undercoat layer described later.

The azo pigment employed in the present invention may either be amorphous or be crystalline. Two or
more of the azo pigments of the formula (1) may be combinedly used or the azo pigment may be used
combinedly with a known charge-generating substance, if necessary.

The charge-transporting layer may be formed on or beneath the charge-generating layer, and has a
function of receiving charge carriers from the charge-generating layer and transporting the carriers under an
electric field applied.

The charge-transporting layer may be formed by applying a solution of a charge-transporting substance
and if necessary, together with a suitable binder resin in a solvent. The film thickness is preferably in the
range of from 5 to 40 wm, more preferably from 15 to 30 wm.

The charge-transporting substance includes electron-transporting substances and positive-hole-trans-
porting substances. The examples of the electron-transporting substances are electron-atiracting substances
such as 2,4,7-trinitrofluorenone, 2,4,5,7-tetranitrofluorenone, chloranil, and tetracyanoquinodimethane; and
polymers of these electron-atiracting substances.

The positive-hole-transporting substances include polycyclic aromatic compounds such as pyrene and
anthracene; heterocyclic compounds including carbazoles, indoles, imidazoles, oxazoles, thiazoles, ox-
adiazoles, pyrazoles, pyrazolines, thiadiazoles, and ftriazoles; hydrazone compounds such as p-
diethylaminobenzaldehyde-N,N-diphenylhydrozone, and N,N-diphenylhydrazino-3-methylidene-9-ethylcar-
bazole; styryl compounds such as «-phenyl-4'-N,N-diphenylaminostilbene, and 5-[4-(di-p-tolylamino)-
benzylidene]-5H-dibenzo[a,d]cycloheptene;benzidines; triarylmethanes, triphenylamines; and the like; and
polymers having a radical derived from the above compound in the main chain or side chain thereof such
as poly-N-vinylcarbazole, polyvinylanthracene, etc. ’

23
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In addition to these organic charge-transporting substances, inorganic materials such as selenium,
selenium-tellurium, amorphous silicon, and cadmium sulfide may be used.

These charge-transporting substances may be used alone or in combination of two or more kinds
thereof.

If the charge-transporting substance does not have a film-forming property, a suitable binder may be
used. The specific examples of the binder include insulating resins such as acrylic resins, polyarylates,
polyesters, polycarbonates, polystyrenes, acryloniirile-styrene copolymers, polyacrylamides, polyamides,
chlorinated rubbers, and the like; and organic photoconductive polymers such as poly-N-vinylcarbazole,
polyvinylanthracene, and the like.

Another specific example of the present invention is an electrophotographic photosensitive member
having a monolayer type photosensitive layer which contains the azo pigment of the formula (1) and a
charge-transporting substance in the same layer. In this example, as the charge-transporting substance, a
charge-transfer complex such as a combination of poly-N-vinylcarbazole and trinitrofluorenone may also be
used.

As a protecting layer, a simple resin layer or a resin layer containing electroconductive particles or
charge-transporting substance may be provided for the purpose of protecting the photosensitive layer from
adverse mechanical and chemical influences in the present invention.

The electroconductive support may be made of a metal or alloy such as aluminum, aluminum alloy,
copper, zinc, stainless steel, vanadium, molybdenum, chromium, titanium, nickel, indium, gold, and
platinum. Further, the electroconductive support may be a plastic on which a film of the metal or metal alloy
as mentioned above is formed by vacuum vapor deposition: the plastic including polyethylene, poly-
propylene, polyviny! chloride, polyethylene terephthalate, acrylic resins, and the like; or may be a plastic or
metal substrate which is coated with a mixture of electroconductive particles (such as carbon black
particles, and silver particles) and a suitable binder, or a plastic or paper sheet impregnated with
electroconductive particles.

An undercoat layer having a barrier function and an adhesive function may be provided between the
electroconductive support and the photosensitive layer. The undercoat layer may be made of casein,
polyvinyl alcohol, nitrocellulose, polyamides such as nylon 6, nylon 66, nylon 610, nylon copolymers, and
alkoxymethylated nylon, polyurethanes, aluminum oxide, and the like. The thickness of the undercoat layer
is preferably not more than 5 um, more particularly in the range of from 0.1 to 3 um.

The electroconductive support may be in a shape of a drum, a sheet, a belt, or the like.

The electrophotographic photosensitive member of the present invention in not only useful for electroh-
potographic copying machines but also useful for a variety of application fields including facsimiles, laser
beam-~printers, CRT printers, LED printers, liquid crystal printers, laser engraving systems, and so forth.

Fig. 1 shows a schematic diagram of a usual transfer type electrophotographic apparatus employing the
electrophotographic photosensitive member of the present invention.

In Fig. 1, a drum type photosensitive member 1 serves as an image carrier, being driven to rotaie
around the axis 1a in the arrow direction at a predetermined peripheral speed. The photosensitive member
1 is charged positively or negatively at the peripheral face uniformly during the rotation by an electrostatic
charging means 2, and then exposed to image-exposure light L (e.g. slit exposure, laser beam-scanning
exposure, efc.) at the exposure portion 3 with an image-exposure means (not shown in the figure), whereby
electrostatic latent images are sequentially formed on the peripheral surface in accordance with the
exposed image.

The electrostatic latent image is developed with a toner by a developing means 4, and the toner-
developed images are sequentially transferred by a transfer means 5 onto a transfer-receiving material P
which is fed between the photosensitive member 1 and the transfer means 5 synchronously with the
rotation of the photosensitive member 1 from a transfer-receiving material feeder not shown in the figure.

The transfer-receiving material P having received the transferred image is separated from the photosen-
sitive member surface, and introduced to an image fixing means 8 for fixiation of the image and discharged
from the copying machine as a duplicate copy.

The surface of the photosensitive member 1, after the image transfer, is cleaned with a cleaning means
6 to remove any residual un-transferred toner, and is treated for electrostatic charge erasing means 7 for
repeated use for image formation.

The generally and usually employed charging means 2 for uniformly charging the photosensitive
member 1 is a corona charging apparatus. The generally and usually employed transfer means 5 is also a
corona charging means. In the electrophotographic apparatus, two or more of the constitutional elements
such as the above described photosensitive member, the developing means, the cleaning means, etc. may
be integrated as one apparatus unit, which may be made mountable to or demountable from the main body
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of the apparatus. For example, at least one of a charging means, a developing means, and a cleaning
means is combined with the photosensitive member into one unit mountable {o or demountable from the
main body of the apparaius by aid of a guiding means such as a rail of the main body of the apparatus. A
charging means and/or a developing means may be combined with the aforementioned unit.

In the case where the electrophotographic apparatus is used as a copying machine or a printer, the
optical image exposure light L is projected onto the photosensitive member as reflected light or transmitted
light from an original, or otherwise projected ontfo the photosensitive member by signalizing information read
out with a sensor from an original and then scanning with a laser beam, driving an LED array, or driving a
liquid crystal shutter array according to the signal.

In the case where the electrophotographic apparatus is used as a printer of a facsimile apparatus, the
optical image exposure light L is for printing the received data. Fig. 2 is a block diagram of an example of
this case.

A controller 11 controls an image reading part 10 and a printer 19. The whole of the controller 11 is
controlled by a CPU 17. Readout data from the image reading part is transmitted through a transmitting
circuit 13 to the other communication station. Data received from the other communication station is
transmitted through a receiving circuit 12 fo a printer 19. The image data is stored in image memory. A
printer controller 18 controls a printer 19. The numeral 14 denotes a telephone set.

The image received through a circuit 15, namely image information from a remote terminal connected
through the circuit, is demodulated by the receiving circuit 12, treated for decoding of the image information
in CPU 17, and successively stored in the image memory 16. When at least one page of images are stored
in the image memory 16, the images are recorded in such a manner that the CPU 17 read out the one page
of image information, and send out the decoded one page of information to the printer controller 18, which
controls the printer 19 on receiving the one page of information from CPU 17 to record the image
information.

Incidentally the GPU 17 receives the following page of information while recording is conducted by the
printer 19.

Images are received and recorded in the manner as described above.

Example 1

Onto an aluminum substrate, a solution of 5 g of methoxymethylated nylon (weight-average molecular
weight: 32000) and 10 g of alcohol-soluble copolymer nylon (weight-average molecular weight: 29,000) in 95
g of methanol was applied with a Meyer bar to form a undercoat layer having a dry film thickness of 1 um.

Separately, 5 g of the Exemplified pigment (2-1) was added to a solution of 2 g of a butyral resin
(butyralation degree: 63 mol%) in 95 g of cyclohexanone, and was dispersed for 20 hours by means of a
sand mill. The resulting dispersion was applied and dried on the aforementioned undercoat layer with a
Meyer bar to give a charge-generating layer having a dry film thickness of 0.2 um.

5 g of the hydrazone compound represented by the structural formula below:

gz:z>N«@—CH=N—N/\%

and 5 g of polymethyl methacrylate (number-average molecular weight: 100,000) were dissolved in 40 ml of
toluene. The solution was applied onto the above-mentioned charge-generating layer with a Meyer bar and
dried to form a charge-transporting layer having a dry film thickness of 20 um.

The electrophotographic photosensitive member thus prepared was tested for charging characteristics
by means of an electrostatic copying-paper tester (Model SP-428, made by Kawaguchi Denki K.K) by
subjecting the member to corona charging at -5 KV, leaving it in the dark for 1 second, and exposing it to
light of illuminance of 10 lux.

The charging characteristics measured were the surface potential (Vo) immediately after the charging,
and the quantity of light exposure (Eqz2) required for decay of the potential after 1 second of dark standing
by half, namely sensitivity.

The results are shown in Table 1.

25



(&)}

70

15

20

25

30

35

40

EP 0 451 788 A1

Examples 2 - 9

Electrophotographic photosensitive members were prepared and evaluated in the same manner as in
Example 1 except that Exemplified pigment (2-2), (2-4), (2-7), (2-9), (2-13), (2-23), (3-1), and (3-4) were

respectively used in place of Exemplified pigment (2-1).

The results are shown in Tabie 1.

Table 1

Example Exemplified VO E1/2
pigment (-V) {lux.sec)
1 (2-1) 710 2.0
2 (2-2) 705 1.8
3 (2-4) 695 3.9
4 (2-7) 700 3.3
5 (2-9) 680 2.1
6 (2-13) 715 3.2
7 (2-23) 690 4.5
8 (3-1) 720 2.3
9 (3—-4) 710 2.5

Comparative examples 1 - 3

Electrophotographic photosensitive members were prepared and evaluated for charging characteristics
in the same manner as in Example 1 except that Comparative pigments (A) to (C) represented by the
structural formulas below were used respectively in place of the azo pigment employed in Example 1.

45

50

55

The results are shown in Table 2.
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Comparative pigment (A)

) _
ﬁl‘;"@*ﬂ’“@’ s

Comparative pigment (B)

H:C0<O)-HNOC_ OH

Comparative example (C)

HaC CONH OH

CHs (O N=NN=N—

HO

0CHs

®), O CONH~O)~CHs
OCHs 8 CHs
OCH3
Table 2
Comparative Exemplified V0 E1/2
example pigment {-V) {lux.sec)

1 {A) 690 7.8

2 (B) 670 8.3

3 (C) 705 6.2
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Examples 10 - 12

The electrophotographic photosensitive members prepared in Examples 1, 2, and 8 were sticked
respectively onto a cylinder of a copying machine equipped with a -68.5 KV corona charger, a light-exposing
system, a developer unit, a transfer-charger, a charge-erasing light-exposing system, and a cleaner. This
copying machine has a constitution that images are formed on a transfer paper sheet as the cylinder drives.

With this copying machine, the dark portion potentials Vp and light portion potential V. at the initial
stage were set respectively at approximately -700 V and -200 V, and the changes of the dark-poriion
potentials (AVp) and of the light-portion potentials (AV,) after 5000 times of copying were measured for the
respective photosensitive members. The results are shown in Table 3, where a negative value of the change
of the potential means a decrease in the absolute value of the potential, and a positive value of the change
of the potential means an increase thereof.

Table 3
Example AVD AVL
(V) (V)
10 ~-10 0
11 -5 +10
12 0 +10

Comparative example 4 - 6

The electrophotographic photosensitive members prepared in Comparative examples 1 - 3 were
subjected to measurement of the change of the potentials during repeated use in the same manner as in
Example 10. The resulis are shown in Table 4.

Table 4
Comparative AVD AVL
example (V) (V)
4 -85 +95
5 -60 +85
6 ~55 +60

Example 13
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Onto an aluminum face of an aluminum-deposited polyethylene terephthalate film, an undercoat layer of
polyvinyl alcohol of 0.5 um thick was formed.
Thereon, the dispersion of the disazo pigment employed in Example 1 was applied with a Meyer bar, and
the applied layer was dried {o give a charge-generating layer of 0.2 um thick.

Subsequently, a solution of 5 g of the styryl compound of the structural formula below:

HaC
@\N-@—CH=C
MO ©)

and 5 g of polyarylate (a polycondensate of bisphenol A and terephthalic acid-isophthalic acid) in 40 ml of

tetrahydrofuran was applied on the charge-generating layer, and dried to form a charge-transporting layer of

20 um thick. The electrophotographic photosensitive member thus prepared was tested for the charging

properties and durability in the same manners as in Example 1 and Example 10. The resulis are as below.
Vo: -705 V

Eqp: 2.3 lux.sec

AVDI -5V

AVL: +10V
Example 14

An electrophotographic photosensitive member was prepared in the same manner as in Example 2
except that the charge-generating layer and the charge-transporting layer were applied in the reversed
order. The resulting electrophotographic photosensitive member was evaluated for charging characteristics
in the same manner as in Example 1 but employing a positive charge:

Vo: +690 V
Eqp: 4.3 lux.sec
Example 15

On the charge-generating layer prepared in Example 2, a solution of 5 g of 2,4,7-irinitro-9-fluorenone
and 5 g of poly-4,4'-dioxydiphenyl-2,2-propane carbonate (molecular weight 300,000) in 70 ml of chloroben-
zene was applied and dried to give a charge-transporting layer of 15 um thick.

The charging characteristics of the resulting electrophotographic photosensitive member was evaluated
in the same manner as in Example 1 but employing positive charging potentials.

Vo: +695 V
Eqp: 5.1 lux.sec
Example 16

0.5 g of Exemplified pigment (2-2) was dispersed in 9.5 g of cyclohexanone by means of a paint shaker
for 5 hours. Thereto, a solution of 5 g of the charge-transporting substance used in Example 1 and 5 g of
the polycarbonate in 40 g of tefrahydrofuran was added, and the mixture was shaken for further one hour.
The coating solution prepared thus was applied onto an aluminum support with a Meyer bar and was dried
to form a photosensitive layer of 20 um thick.

The electrophotographic photosensitive member prepared thus was evaluated for charging characteris-
tics in the same manner as in Example 1 but employing positive charge potentials.

Vo: +685 V
E1/2: 4.2 lux.sec

Example 17
5 g of 2,4,7-trinitro-9-fluorenone and 6 g of poly-N-vinylcarbazole (number-average molecular weight:

300,000) were dissolved in 70 ml of tetrahydrofuran o prepare a charge-transfer complex. This charge-
transfer complex was added to a solution of 1 g of Exemplified pigment (2-5) and 5 g of polyester (irade
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name: Vylon, made by Toyobo Co., Lid.) in 70 ml of tetrahydrofuran, and the mixture was dispersed. The
resulting liquid dispersion was applied on an undercoat layer prepared in the same manner as in Example
1, and dried to form a photosensitive layer of 16 um thick.
The charging characieristics of the electrophotographic photosensitive member prepared thus were
evaluated in the same manner as in Example 1 but employing positive charging potentials.
Vo: +680 V
Eqj: 4.7 lux.sec
An elecirophotographic photosensitive member has an electroconductive support and a photosensitive
layer. The photosensitive layer contains a compound represented by the general formula (1) below:

Ar-(-N=N-Cp); (1).
Claims

1. An electrophotographic photosensitive member comprising an electroconductive support and a pho-
tosensitive layer formed thereon, the photosensitive layer containing a compound represented by the
general formula (1) below:

Ar-(-N=N-Cp); (1)

where Ar is an aromatic hydrocarbon radical or an aromatic heterocyclic radical which may be
substituted and may be linked through a linking group; Cp is a coupler radical having a phenolic
hydroxyl radical; and i is an integer of 1, 2, 3, or 4; at least one of Cp being a coupler radical
represented by the formula (2) below:

n
HO CNH (CNH) .
(2)

where Ri, Rz, Rs, and Rs may be the same or different, and are respectively hydrogen, alkoxy,
disubstituted amino, halogen, nitro, cyano, trifluoromethyl, substituted or unsubstituted alkyl, substituted
or unsubstituted aryl, or substituted or unsubstituted aralkyl; Z1 and Z> may be the same or different,
and are oxygen or sulfur; j and k are respectively an integer of 1, 2, 3, 4, or 5; £ and m are respectively
an integer of 1, 2, 3, or 4; and n is an integer of 0 or 1.

2. An electrophotographic photosensitive member according to Claim 1, wherein the compound of the
formula (1) is the one represented by the formula (3) below:

(Rz) « (3)

30



10

15

20

25

30

35

40

45

50

55

10.

11.

EP 0 451 788 A1

where Ar, R1 10 Rq, Z1, Z2, i to n are the same as in Claim 1.

An electrophotographic photosensitive member according to Claim 1, wherein at least one substituent
selected from Ry, Rz, Rs, and Rq is an electron-accepting group.

An electrophotographic photosensitive member according to Claim 1, wherein the photosensitive layer
comprises a charge-generating layer and a charge-transporting layer.

An elecirophotographic photosensitive member according to Claim 4, wherein the charge-transporting
layer is overlaid on the charge-generating layer.

An electrophotographic photosensitive member according to Claim 4, wherein the charge-generating
layer is overlaid on the charge-transporting layer.

An electrophotographic photosensitive member according to Claim 1, wherein the photosensitive layer
is constituted of a single layer.

An electrophotographic photosensitive member according to Claim 1, wherein an undercoat layer is
provided between the electroconductive support and the photosensitive layer.

An electrophotographic photosensitive member according to Claim 1, wherein a protective layer is
provided on the photosensitive layer.

An electrophotographic apparatus, comprising an electrophotographic photosensitive member, a means
for forming an electrostatic latent image, a means for developing the elecirostatic latent image formed,
and a means for transferring the image developed onto a fransfer-receiving material;

the electrophotographic photosensitive member comprising an electroconductive support and a pho-
tosensitive layer formed thereon, and the photosensitive layer containing a compound represented by
the general formula (1) below:

Ar-(-N=N-Cp); (1)

where Ar is an aromatic hydrocarbon radical or an aromatic heterocyclic radical which may be
substituted and may be linked through a linking group; Cp is a coupler radical having a phenolic
hydroxy! radical; and i is an integer of 1, 2, 3, or 4; at least one of Cp being a coupler radical
represented by the formula (2} below:

(2)

where Ry, Rz, Rs, and Ry may be the same or different, and are respectively hydrogen, alkoxy,
disubstituted amino, halogen, nitro, cyano, trifluoromethyl, substituted or unsubstituted alkyl, substituted
or unsubstituted aryl, or substituted or unsubstituted aralkyl; Z: and Z> may be the same or different,
and are oxygen or sulfur; j and k are respectively an integer of 1, 2, 3, 4, or 5; £ and m are respectively
an integer of 1, 2, 3, or 4; and n is an integer of 0 or 1.

A device unit comprising an electrophotographic photosensitive member, a charging means, and a
cleaning means;

the electrophotographic photosensitive member comprising a electroconductive support and a pho-
tosensitive layer formed thereon, the photosensitive layer containing a compound represented by the
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general formula (1) below:
Ar-(-N=N-Cp); (1)

where Ar is an aromatic hydrocarbon radical or an aromatic heterocyclic radical which may be
substituted and may be linked through a linking group; Cp is a coupler radical having a phenolic
hydroxyl radical; and i is an integer of 1, 2, 3, or 4; at least one of Cp being a coupler radical
represented by the formula (2) below:

(R} « (2)

where Ri, Rz, Rs and Rs may by the same or different, and are respectively hydrogen, alkoxy,
disubstituted amino, halogen, nitro, cyano, trifluoromethyl, substituted or unsubstituted alkyl, substituted
or unsubstituted aryl, or substituted or unsubstituted aralkyl; Z: and Z> may be the same or different,
and are oxygen or sulfur; j and k are respectively an integer of 1, 2, 3, 4, or 5; £ and m are respectively
an integer of 1, 2, 3, or 4; and n is an integer of 0 or 1.

A device unit according to Claim 11, wherein the device comprises a developing means.

A facsimile machine, comprising an electrophotographic apparatus and a means for receiving image
information from a remote terminal:

the electrophotography apparatus comprising an electrophotographic photosensitive member, the
electrophotographic photosensitive member comprising an electroconductive support and a photosen-
sitive layer formed thereon, the photosensitive layer containing a compound represented by the general
formula (1) below:

Ar-(-N=N-Cp); (1)

where Ar is an aromatic hydrocarbon radical or an aromatic heterocyclic radical which may be
substituted and may be linked through a linking group; Cp is a coupler radical having a phenolic
hydroxyl radical; and i is an integer of 1, 2, 3, or 4; at least one of Cp being a coupler radical
represented by the formula (2) below:

AR A (RI)J
d
HO (“INH(CNH) a (2)
(R2) «
Q)
(Ra) 2
\ 0
(Rs)‘f

where Ri, Rz, Rs, and Rs may be the same or different, and are respectively hydrogen, alkoxy,
disubstituted amino, halogen, nitro, cyano, trifluoromethyl, substituted or unsubstituted alkyl, substituted
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or unsubstituted aryl, or substituted or unsubstituted aralkyl; Z; and Z> may be the same or different,
and are oxygen or sulfur; j and k are respectively an integer of 1, 2, 3, 4, or 5; £ and m are respectively
an integer of 1, 2, 3, or 4; and n is an integer of 0 or 1.
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