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(57)  The invention relates to an electrophotosensi-
tive material comprising an organic photosensitive layer
and an inorganic surface protective layer, wherein at
least an outermost part of the organic photosensitive
layer contains a diphenylamine compound represented
by a formula (1):

wherein 'A' denotes a groups combined with two phenyl
groups in the formula in a manner to jointly form a n-
electron conjugated system.

The electrophotosensitive material features more
excellent durability because the compound functions as
a binder for combining the organic photosensitive layer
with the inorganic surface protective layer so that the
surface protective layer is less prone to suffer cracks or
delamination.
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Description
TECHNICAL FIELD
[0001] The present invention relates to an electrophotosensitive material.
BACKGROUND OF THE INVENTION

[0002] As an electrophotosensitive material for use in image forming apparatuses such as electrostatic copiers, laser
beam printers, plain paper facsimiles and the like, a so-called organic electrophotosensitive material is widespread
which comprises a combination of the following components:

*  acharge generating material for generating an electric charge (positive hole and electron) when exposed to light;
*  acharge transport material for transporting the generated electric charge; and
* abinder resin.

[0003] The charge transport materials fall into two broad categories which include a positive-hole transport material
for transporting positive holes of the electric charge, and an electron transport material for transporting electrons.
[0004] The organic electrophotosensitive material has an advantage over an inorganic electrophotosensitive material
employing an inorganic semiconductor material in that the organic electrophotosensitive material is fabricated more
easily at less production costs than the latter.

[0005] In addition, the organic electrophotosensitive material also has a merit of greater freedom of function design
by virtue of a wide variety of options for materials including charge generating materials, charge transport materials,
binder resins and the like.

[0006] The organic electrophotosensitive material is constructed by forming a single-layer or multi-layer photosen-
sitive layer over a conductive substrate.

[0007] The single-layer photosensitive layer is formed by dispersing a charge generating material and a charge
transport material (a positive-hole transport material and/or an electron transport material) in a binder resin.

[0008] The multi-layer photosensitive layer is formed by forming a lamination of the charge generating layer contain-
ing the charge generating material and the charge transport layer containing the charge transport material (the positive-
hole transport material or the electron transport material).

[0009] Despite the aforementioned various merits, the organic electrophotosensitive material is susceptible to
scratches, mars and the like in an actual use environment, thus suffering a smaller durability than the inorganic elec-
trophotosensitive material.

[0010] With an aim at increasing the durability of the organic electrophotosensitive material by solving the above
problem, study has been made on an approach to overlay a surface protective layer on an outermost layer.

[0011] The widely used surface protective layer is exemplified by an organic layer which is preferable in the light of
adhesion to and affinity with the organic photosensitive layer, integrity as a lamination, and consistency in the film
forming process. Ausable surface protective layer includes, for example, a layer of binder resin, and a layer of binder
resin having conductive particles, such as of metal oxides, dispersed therein.

[0012] However, the electrophotosensitive material employing such an organic layer as the surface protective layer
suffers the drawbacks of an increased residual potential and a lowered chargeability when repeatedly used for image
forming processes, and of significant variations in the photosensitivity characteristics due to environmental changes
(temperature, humidity and the like).

[0013] In this connection, more recent years have seen investigations made on the use of an inorganic layer as the
surface protective layer, the inorganic layer comprising an inorganic material such as metallic elements, carbon and
inorganic compounds containing any of these elements, and having high hardness and wear resistance. The inorganic
surface protective layer may be laid over the organic photosensitive layer by, for example, the vapor deposition methods
such as sputtering, plasma CVD, photo CVD or the like.

[0014] The inorganic surface protective layer is employed for the purposes of protecting the organic photosensitive
layer and overcoming the above problem. Specifically, the electrophotosensitive material with the inorganic surface
protective layer laid over the organic photosensitive layer has functions associated with the characteristics of the indi-
vidual layers thereof, the organic photosensitive layer involved in the generation and transport of the electric charge,
the surface protective layer responsible for ensuring the good durability and environmental resistance.

[0015] As compared with the organic surface protective layer, however, the inorganic surface protective layer has a
lower ability to achieve a sufficient adhesion to the organic photosensitive layer. Even if adjustments for the deposition
process or the deposition conditions may provide the inorganic layer with a sufficient initial adhesion to the organic
layer, the inorganic layer is prone to suffer cracks or delamination due to various stresses imposed thereon under the
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actual use environment or during the long-term storage thereof.

[0016] In the combination of the organic photosensitive layer and the inorganic surface protective layer, which are
formed of different materials, there are not attained as good adhering relation, affinity and integrity as in the combination
of the organic layers or of the inorganic layers. That is, the organic layer and the inorganic layer are often merely
combined with each other through a very small binding strength.

[0017] Accordingly, when subjected to mechanical stresses such as of contact pressure from a cleaning blade of the
image forming apparatus, or thermal stresses due to repeated cycles of heating during the operation of the apparatus
and cooling during the nonoperation thereof, or temperature changes during storage, the electrophotosensitive material
will suffer cracks in the inorganic surface protective layer or delamination of the surface protective layer from the organic
photosensitive layer as a result of increased differences between the hardnesses, flexibilities, expansion/shrinkage
properties or the like of these layers.

[0018] In the present conditions, therefore, the conventional inorganic surface protective layer is yet to be put to
practical use because it has not achieved a sufficient effect to increase the durability of the organic photosensitive layer.

SUMMARY OF THE INVENTION

[0019] The present invention provides an electrophotosensitve material comprising an organic photosensitive layer
and an inorganic surface protective layer laid over a conductive substrate in this order, wherein at least an outermost
part of the organic photosensitive layer that contacts the surface protective layer contains a diphenylamine compound
represented by a formula (1):

wherein 'A' denotes a group having at least one of aromatic groups, heterocyclic groups, double bond groups and
conjugated double bond groups combined with two phenyl groups in the formula in a manner to jointly form a n-electron
conjugated system, provided that when 'A'" is the only one phenyl group that is directly combined with nitrogen atom
in the formula, this phenyl group further possesses a group including one or more aromatic groups, heterocyclic groups,
double bond groups or conjugated double bond groups which form the n-electron conjugated system jointly with these
groups, or that when 'A' possesses a double bond group directly combined with nitrogen atom in the formula and one
phenyl group attached to its end, this phenyl group further possesses a group including one or more aromatic groups,
heterocyclic groups, double bond groups or conjugated double bond groups which form the n-electron conjugated
system jointly with these groups; R! and R2 are the same or different and each denote a hydrogen atom, alkyl group,
alkoxy group, aralkyl group, aromatic group or halogen atom; R! or R2 may form a condensed ring jointly with the
phenyl group; and 'a' and 'b' are the same or different and each denote an integer of 0 to 5.

[0020] In short, the electrophotosensitive material of the invention comprises the organic photosensitive layer and
the inorganic surface protective layer laid over the conductive substrate in this order, wherein at least an outermost
part of the organic photosensitive layer that contacts the surface protective layer contains the diphenylamine compound
of the formula (1).

[0021] The invention can thus provide an organic electrophotosensitive material comprising an inorganic surface
protective layer less prone to suffer cracks or del ami nation and excellent in physical stability, thereby achieving a
greater durability as compared with the prior-art products.

[0022] In achieving the above invention, the inventors analyzed and investigated the film forming process for the
inorganic surface protective layer.

[0023] As a result, the inventors discovered that condition of the surface protective layer initially deposited on the
outermost part of the organic photosensitive layer had a significant influence on the physical stability of the surface
protective layer subsequently deposited.
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[0024] At an initial stage of the film formation, the inorganic material forming the surface protective layer was some-
how combined with a part of the material of the organic photosensitive layer that was exposed at the outermost part
thereof, thereby forming a nucleus for film growth. A film of the inorganic material grew about the resultant nucleus
and thus the surface protective layer was formed. In the surface protective layer thus formed, the nucleus portion
functions as a binding point with the organic photosensitive layer, ensuring the good adhesion between these layers.
[0025] Therefore, the magnitude of binding strength between the organic photosensitive layer and the inorganic
material at individual binding points as well as the per-area number of binding points namely the density of the binding
points at an interface between the organic photosensitive layer and the surface protective layer gave significant influ-
ences on the adhesion of the surface protective layer to the organic photosensitive layer and the physical stability of
the surface protective layer.

[0026] Specifically, with increase in the binding strength between the organic photosensitive layer and the inorganic
material and also in the density of the binding points at the interface between these layers, the surface protective layer
was accordingly increased in the adhesion to the organic photosensitive layer, resulting in the greater physical stability.
[0027] As mentioned above , the typical organic photosensitive layer has a structure wherein low molecular weight
functional materials including the charge generating material, charge transport material and the like are dispersed in
the binder resin forming the layer.

[0028] From the standpoint of the findings regarding the binding points, it is thought ideal that the binder resin, forming
the layer and accounting for a major part thereof, acts asthe nucleus of film growth so as to be combined with the
inorganic material forming the surface protective layer.

[0029] Inthe actual process, however, because of the stability and reactivity of the molecules per se or of the reaction
site, the formation of the surface protective layer is thought to proceed with some of the low molecular weight materials,
that is exposed at the outermost part of the organic photosensitive layer, functioning as the nuclei of film growth, the
low-molecular weight materials including the charge generating material, charge transport material and the like which
are dispersed in the layer.

[0030] Hence, the properties of the low molecular weight materials, which include the reactivity and binding strength
with the inorganic material, the degrees of the compatibility and affinity with the binder resin forming the organic pho-
tosensitive layer, the dimensions of the materials themselves (including not only the molecular weight but also the
molecular or spatial extent), are thought also to significantly affect the adhesion to the organic photosensitive layer
and the physical stability of the surface protective layer.

[0031] That is, as the low molecular-weight materials are increased in the reactivity and binding strength with the
inorganic material, the surface protective layer is accordingly improved in the adhesion to the organic photosensitive
layer and in the physical stability thereof.

[0032] Furthermore, as the low molecular weight materials are increased in the compatibility and affinity with the
binder resin forming the organic photosensitive layer as well as in the dimensions thereof, a so-called anchor effect is
accordingly increased so that the surface protective layer is also improved in the adhesion to the organic photosensitive
layer and the physical stability thereof.

[0033] As to the combined form between the low molecular weight materials and the inorganic material, the most
preferred is molecular bond in the light of the magnitude of the binding strength. However, if this bond should change
the molecular structure to cause the production of an electric charge trap, the photosensitivity of the electrophotosen-
sitive material might be decreased.

[0034] Therefore, an important consideration in the use of the low-molecular weight materials influences the need
to prevent the reaction from transforming the molecular structure to a state reduced in the electrical properties.
[0035] Thus, the inventors have, found that an electrophotosensitive material capable of forming preferable images
cannot readily be obtained simply by overlaying on the conventional organic photosensitive layer a surface protective
layer containing an inorganic material of a greater hardness.

[0036] Only after the fabrication of electrophotosensitive materials according to the invention and preferably satisfying
the various conditions described above, the inventors have finally discovered that the inorganic surface protective layer
contributes to the improvement of the durability and environmental resistance of the electrophotosensitive material
while maintaining the electrical characteristics of the organic photosensitive layer as they are.

[0037] Taking these findings into consideration, the inventors made investigations into the various materials for form-
ing the organic photosensitive layer. The invention was achieved by the inventors' study that a suitable material satis-
fying these requirements is a diphenylamine compound according to the invention.

[0038] The diphenylamine compound of the formula (1) is believed to feature a great reactivity with the inorganic
material forming the surface protective layer because the n-electron conjugated system is spread across the molecules
thereof so that the compound has a function to attract particularly a metallic element or carbon of the inorganic material
at the initial stage of the film forming process.

[0039] Additionally, this function is believed to increase the ratio of the molecules of the diphenylamine compound
exposed at the outermost part of the organic photosensitive layer that are combined with the inorganic material to form
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the nuclei of film growth. This is believed to result in a higher density of the'binding points at the interface between
these layers.

[0040] Furthermore, the higher the density of the binding points, the greater the film growth rate. Therefore, the time
for film forming process may be reduced thereby minimizing damage on the organic photosensitive layer during the
deposition of the surface protective layer by the vapor deposition methods or the like.

[0041] With a m-bond. of the double bond in the molecules split off, the diphenylamine compound is rigidly combined
with a metallic element, carbon or the like via molecular bond.

[0042] In addition, the diphenylamine compound has a relatively greater molecular weight among the positive-hole
transport materials. Because of the n-electron conjugated system spread across the molecules, the diphenylamine
compound has a molecular structure spread in a plane-like fashion as a whole, thus having a great molecular or spatial
extent. Furthermore, the compound can be excellent in compatibility with the binder the binder resin, presenting a good
anchor effect on the binder resin.

[0043] Therefore, a great binding strength between the organic photosensitive layer and the inorganic material can
result.

[0044] According to the invention, the physical stability of the inorganic surface protective layer can be improved by
increasing the adhesion thereof to the organic photosensitive layer. Thus, the inorganic protective layer is prevented
from suffering the occurrence of cracks and delamination in the actual use environment or during the long-term storage.
As a result, an electrophotosensitive material featuring a superior durability to the conventional ones is provided.
[0045] The diphenylamine compound can have a great positive-hole transportability because of the n-electron con-
jugated system spread across the molecules thereof. Furthermore, the compound does not produce a deep electric
charge trap even when the molecular structure thereof is changed by the molecular bond with a metal or carbon. In
addition, the molecular bond occurs only in a small part of the diphenylamine compound that is exposed at the outermost
part of the organic photosensitive layer, so that the most of the diphenylamine compound in the organic photosensitive
layer can maintain the excellent positive-hole transportability as it is. Hence, there is no fear of reduced photosensitivity
of the electrophotosensitive material.

[0046] Besides the above merits, the diphenylamine compound can be excellent in compatibility with the binder resin
so that a large amount of diphenylamine compound may be uniformly dispersed in the binder resin without producing
particle aggregation. As a result, the electrophotosensitive material of the invention also features good photosensitivity
characteristics.

DETAILED DESCRIPTION OF THE INVENTION

[0047] The invention will be described as below.

Diphenylamine Compound

[0048] In an electrophotosensitive material according to the invention, a diphenylamine compound contained in at

least an outermost part of an organic photosensitive layer that is in contact with a surface protective layer is represented
by the formula (1):

(R4

wherein 'A' denotes a group having at least one of aromatic groups, heterocyclic groups, double bond groups and
conjugated double bond groups combined with two phenyl groups in the formula in a manner to jointly form a n-electron
conjugated system, provided that when 'A" is the only one phenyl group that is directly combined with nitrogen atom
in the formula, this phenyl group further possesses a group including one or more aromatic groups, heterocyclic groups,
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double bond groups or conjugated double bond groups which form the n-electron conjugated system jointly with these
groups, or that when 'A' possesses a double bond group directly combined with nitrogen atom in the formula and one
phenyl group attached to its end, this phenyl group further possesses a group including one or more aromatic groups,
heterocyclic groups, double bond groups or conjugated double bond groups which form the n-electron conjugated
system jointly with these groups; R! and R2 are the same or different and each denote a hydrogen atom, alkyl group,
alkoxy group, aralkyl group, aromatic group or halogen atom; R! or R2 may form a condensed ring jointly with the
phenyl group; and 'a' and 'b' are the same or different and each denote an integer of 0 to 5.

[0049] Examples of a suitable diphenylamine compound of the formula (1) includes compounds in which 'A'" in the
formula (1) is a group represented by a formula (A1):

—Ar'—(R%), (A1)
wherein Ar! denotes an aromatic group, heterocyclic group or group represented by a formula (A1a):
2 3
—Ar"—CH=CH—Ar"— CH=E— (A1a)

in which formula (A1a), Ar2 and Ar3 are the same or different and each denote an aromatic group, and 'E' denotes a
nitrogen atom or a group represented by a formula (A1b):

=CH—Ar*— (A1b)

in which formula (A1b), Ar4 denotes an aromatic group; R3 denotes a hydrogen atom, aromatic group, heterocyclic
group or group represented by a formula (A1c);

Ar®
/

—N (A1c)
A
Ar

provided that when Ar! is an aromatic group derived from a benzene ring, R3 is not a hydrogen atom; ' 'c' is an integer
of 1 or 2; Ar5 and Ar8 in the formula (A1c) are the same or different and each denote an aromatic group.

[0050] Examples of another suitable diphenylamine compound of the formula (1) include compounds in which 'A" in
the formula (1) is a group represented by a formula (A2):

— N=CH—R* (A2)

wherein R4 denotes an aromatic group having 7 to 16 carbon atoms, heterocyclic group or group represented by a
formula (A2a):

Ar®
7 /
—(Ar')q—CH=C
N9
Ar

(A2a)

in which formula (A2a), Ar” denotes an aromatic group or two or more aromatic groups forming a n-electron conjugated
system, Ar8 and Ar9 are the same or different and each denote an aromatic group; and 'd' denotes an integer of 0 or 1.
[0051] Examples of the aromatic group in the above formulas include groups derived from aromatic compounds such
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as benzene, toluene, xylene, biphenyl, o-terphenyl, m-terphenyl, p-terphenyl, naphthalene, anthracene, phenanthrene,
pyrene, indene, azulene, heptalene, biphenylene, fluorene and the like.

[0052] Examples of the heterocyclic group include groups derived from heterocyclic compounds such as indole,
quinoline, benzopyran, quinazoline, xanthene, carbazole, phenanthridine and the like.

[0053] Examples of the double bond group include -CH=CH-, -CH=N-, -N=N- and the like.

[0054] A specific example of the conjugated double bond group is exemplified by a group comprising two or more
of one type or more than one types selected from the above double bond groups and combined in a manner to form
the m-electron conjugated system.

[0055] These groups may optionally have a substituent. Examples of a suitable substituent include alkyl groups,
alkoxy groups, aralkyl groups, aromatic groups, halogen atoms and the like.

[0056] Examples of the alkyl group equivalent to the above substituent or the groups R', R? include alkyl groups
having 1 to 12 carbon atoms, such as methyl, ethyl, n-propyl(n-Pr), isopropyl(i-Pr), n-butyl(n-Bu), isobutyl(i-Bu), sec-
butyl(s-Bu), tert-butyl(t-Bu), pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and the like.
[0057] Examples of the alkoxy group include alkoxy groups having 1 to 12 carbon atoms, such as methoxy, ethoxy,
Nn-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, isopentyloxy, neopentyloxy, hexyloxy,
heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy and the like.

[0058] Examples of the aralkyl group include aralkyl groups having 4 to 10 carbon atoms in its aryl potion, such as
benzyl, benzhydryl, triphenylmethyl, phenethyl, thenyl, furfuryl and the like.

[0059] Examples of the aromatic group include the same groups as those mentioned supra.

[0060] Other usable substituents include, for example, hydroxyalkyl groups; alkoxyalkyl groups; monoalkyl ami-
noalkyl groups; dialkyl aminoalkyl groups; halogenated alkyl groups; alkoxycarbonylalkyl groups; carboxyalkyl groups;
alkanoyloxyalkyl groups; aminoalkyl groups; amino group; hydroxy group; optionally esterified carboxyl groups; cyano
group and the like.

[0061] Specific examples of the group represented by the formula (1) with 'A" denotes the formula (A1) include the
following compounds.

Diphenylamine Compound (1-1)

[0062]

” (e
/(l \)a i e/ ’ \
. _

N o /N

g —@—CH=CH y —XCH CH@-N/ .
/*l-\ _l_s
res (R")s
(1-1)

[0063] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1)
in which Ar! is represented by the formula (A1a), R3 is represented by the formula (A1c) and 'c' is 1; in which formula
(A1a), 'E'is represented by the formula (A1b); wherein Ar2, Ar3 and Ar4 each denote a divalent aromatic group derived
from a benzene ring; wherein Ar® and Arf each denote a phenyl group. The groups R, RZ and the symbols 'a', 'b' are
the same as defined in the foregoing. The groups R5 and R® are the same or different and each denote a hydrogen
atom, alkyl group, alkoxy group, aralkyl group, aromatic group or halogen atom. The symbols 'e' and 'f' are the same
or different and each denote an integer of 0 to 5. The groups R7 and R8 are the same or different and each denote a
hydrogen atom or alkyl group.

[0064] The compound of the formula (1-1) is rigidly combined with a metal or carbon via molecular bond because
the double bond in the molecule, particularly a n-bond of the -CH=CH- bond is split off. Among the diphenylamine
compounds of the formula (1), this compound has not only a greater molecular weight but also a greater molecular or
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spatial extent because of its molecular structure with seven benzene rings spread in a plane-like fashion. Therefore,
the compound exhibits a particularly preferable anchor effect on the binder resin. Thus, the compound of the formula
(1-1) further features a good effect to increase the binding strength between the organic photosensitive layer and the
inorganic material in addition to the aforesaid effects.

[0065] The compound of the formula (1-1) is classified into three types of compounds respectively having two
-CH=CH- groups in an ortho(o-) position, a meta(m-) position, and a para(p-) position relative to the benzene ring in
the molecular center. Any of these compounds are usable in the invention.

[0066] Specific examples of the compound of the formula (1-1) include compounds represented by formulas (1-1-1)
to (1-1-31).

CHa HsG
Q o
N@-CHzCH@—CHzCH-@-N
CHg HiC

(1-1-1)

i-Pr i-Pr
CHz HzC
(1-1-3)
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CHg
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CHs
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() <
OCH:CHQCH:CHO

oC

—

1-1-20)

‘@'CH=CH‘©—CH=CH-©—

SROYS

—
—h
|
b,
’
N
—h

)

Hs

I
Q

SRS

CHy HyC

e D-owend -

H3 ‘ H3C
(1-1-22)

SO0, OO
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CHs HaC
CHs HaC
(1-1-23)
HsCE ECHs HsC  CHg
N«@—CHzCHO-CHzCH—@-N
c Hg HscE
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i-Pr

O o O
N-O’CH=CH CH=CHON
7D

CH3 HSC
(1-1-26)

r

I-Pr i-P
D o e O
N‘O»CH:CHO—CH:CHO-N

H5CO OCHj

(1-1-27)

CHs HaC

Q O
NOCH=CH CH=CHON
O

Q O

CHs HsC
(1-1-28)

16
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C

H,C N@—CH:CH CH:CHON CHs

(1-1-29)

CHg HaC

O

OCHZCH CH=CH©—N

CHa HaC

Yoo
[

(1-1-30)

C  CHs

 Hg
CHa HsC @
" omeon oot Hn

(1-1-31)

(X
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Diphenylamine Compound (1-2)

[0067]

(1-2)

[0068] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1)
in which Ar' is represented by the formula (A1a), R3 is represented by the formula (A1c), and 'c' is 1; in which formula
(A1a), 'E' is represented by the formula (A1b), and Ar2 and Ar3 each denote a divalent aromatic group derived from a
benzene ring. The groups R, R2, Ar5 and Ar6 and the symbols 'a' and 'b' are the same as defined in the foregoing.
The groups R9 and R0 are the same or different and each denote a hydrogen atom, alkyl group, alkoxy group, aralkyl
group, aromatic group or halogen atom. The symbols 'g' and 'h' are the same or different and each denote an integer
of 0 to 4.

[0069] The compound of the formula (1-2) is rigidly combined with a metal or carbon via molecular bond because
the double bond in the molecule, particularly the n-bond of the -CH=CH- bond is split off. Among the diphenylamine
compounds of the formula (1), this compound has not only a greater molecular weight but also a greater molecular or
spatial extent because of its molecular structure with four benzene rings and two aromatic rings spread in a plane-like
fashion. Therefore, the compound exhibits a particularly preferable anchor effect on the binder resin. Thus, the com-
pound of the formula (1-2) further features a good effect to increase the binding strength between the organic photo-
sensitive layer and the inorganic material in addition to the aforesaid effects.

[0070] Specific examples of the compound of the formula (1-2) include compounds represented by formulas (1-2-1)
to (1-2-18).

CHg

N-N
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Diphenylamine Compound (1-3)

[0071]

GHR R,

F A

(j o O -

R (R, R‘2>,

[0072] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1)
in which Ar! is a divalent aromatic group derived from a benzene ring, R3 is represented by the formula (A1c), and 'c'
is 1; and wherein Ar® and Ar® each denote a phenyl group. The groups R, RZ and the symbols 'a', 'b' are the same
as defined in the foregoing. The groups R'1, R12 and R'3 are the same or different and each denote a hydrogen atom,
alkyl group, alkoxy group, aralkyl group, aromatic group or halogen atom. The symbols 'i' and j' are the same or different
and each denote an integer of 0 to 5, whereas 'k’ denotes an integer of 0 to 4.

[0073] Among the diphenylamine compounds of the formula (1), the compound of the formula (1-3) is molecularly
stronger and has a good stability against thermally or electrically accelerated atoms or ions, plasma, light rays, heat
radiation and the like, and more particularly against plasma-excited light and activated ions. Therefore, the compound
is unsusceptible to decomposition or change in properties when exposed to such an atmosphere during the deposition
of the inorganic surface protective layer by the CVD method or the like. Thus, the compound of the formula (1-3)
features, in additiontothe aforesaid effects, a good effect to increase the binding strength between the organic photo-
sensitive layer and the inorganic material and to maintain such a strength at high level.

[0074] Furthermore, the compound of the formula (1-3) is molecularly strong enough to be unsusceptible to decom-
position or change in properties and hence is unlikely to produce the deep electric charge trap. Accordingly, the com-
pound contributes to the improvement of the photosensitivity characteristics of the electrophotosensitive material.
[0075] The compound of the formula (1-3) is classified into three types of compounds respectively having two nitrogen
atoms in an ortho(o-) position, a meta(m-) position, and a para(p-) position relative to the benzene ring in the molecular
center. Any of these compounds are usable in the invention.

[0076] Specific examples of the compound of the formula (1-3) include compounds represented by formulas (1-3-1)

to (1-3-27).
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Diphenylamine Compound (1-4)
[0077]
R B
N
l/ |/
SN (1-4)

[0078] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1),
in which Ar? is a divalent aromatic group derived from a naphthalene ring, R3 is represented by the formula (A1c), and
'c'is 1; wherein Ar5 and Ar6 each denote a phenyl group. The groups R, R2, R and R'2 and the symbols 'a', 'b', i'
and 'j' are the same as defined in the foregoing. The group R4 denotes a hydrogen atom, alkyl group, alkoxy group,
aralkyl group, aromatic group or halogen atom. The symbol 'I' denotes an integer of 0 to 6.

[0079] Among the diphenylamine compounds of the formula (1), the compound of the formula (1-4) has not only a
greater molecular weight but also a greater molecular or spatial extent because of its molecular structure with four
benzene rings and one naphthalene ring spread in a plane-like fashion. Therefore, the compound exhibits a particularly
preferable anchor effect on the binder resin. Thus, the compound of the formula (1-4) further features a good effect to
increase the binding strength between the organic photosensitive layer and the inorganic material in addition to the
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aforesaid effects.

[0080] The compound of the formula (1-4) include those with two nitrogen atoms attached to any positions of either
one ring of the naphthalene ring at the center. Any of those compounds are usable in the invention. Examples of a
usable compound include 2,3-compound with two nitrogen atoms attached to the 2- and 3-positions of its naphthalene
ring; 1,2-compound with two nitrogen atoms attached to the 1- and 2-positions of its naphthalene ring; 1,3-compound
with two nitrogen atoms attached to the 1- and 3-positions of its naphthalene ring; 1,4-compound with two nitrogen
atoms attached to the 1and 4-positions of its naphthalene ring, and the like.

[0081] Specific examples of the 2,3-compound include those represented by formulas (1-4a-1) to (1-4a-27).
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[0082] Specific examples of the 1,3-compound include those represented by formulas (1-4b-1) to (1-4b-26).
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Diphenylamine Compound (1-5)

[0083]

1 11
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(1-5)

[0084] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1)
in which Ar' is a divalent aromatic group derived from biphenyl, R3 is represented by the formula (A1c), and 'c' is 1;
wherein Ar® and Arf each denote a phenyl group. The groups R, R2, R and R12 and the symbols 'a', 'b', ‘i and 'j' are
the same as defined in the foregoing. The groups R'® and R'6 are the same or different and each denote a hydrogen
atom, alkyl group, alkoxy group, aralkyl group, aromatic group or halogen atom. The symbols 'm' and 'n' are the same
or different and each denote an integer of 0 to 4.

[0085] Among the diphenylamine compounds of the formula (1), the compound of the formula (1-5) has not only a
greater molecular weight but also a greater molecular or spatial extent because of its molecular structure with six
benzene rings spread in a plane-like fashion. Therefore, the compound exhibits a particularly preferable anchor effect
on the binder resin. Thus, the compound of the formula (1-5) further features a good effect to increase the binding
strength between the organic photosensitive layer and the inorganic material, in addition to the aforesaid effects.
[0086] Specific examples of the compound of the formula (1-5) include those represented by formulas (1-5-1) to
(1-5-21).
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Diphenylamine Compound (1-6)
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[0088] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1)
in which Ar is a divalent aromatic group derived from biphenyl, R3 is represented by the formula (A1c), and 'c' is 1;
wherein Ar5 and Ar6 each denote a phenyl group. The groups R', R2, R! and R12 and the symbols 'a', 'b', 'i' and ' are
the same as defined in the foregoing. The group R'7 denotes a hydrogen atom, alkyl group, alkoxy group, aralkyl group,
aromatic group or halogen atom. The symbol 'o' denotes an integer of 0 to 5.

[0089] Among the diphenylamine compounds of the formula (1), the compound of the formula (1-6) is molecularly
stronger and has a good stability against thermally or electrically accelerated atoms or ions, plasma, light rays, heat
radiation and the like, and more particularly against plasma-excited light and activated ions. Therefore, the compound
is unsusceptible to decomposition or change in properties when exposed to such an atmosphere during the deposition
of the inorganic surface protective layer by the CVD method or the like. Thus, the compound of the formula (1-6)
features, in addition to the aforesaid effects, a good effect to increase the binding strength between the organic pho-
tosensitive layer and the inorganic material and to maintain such a strength at high level.
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[0090] Furthermore, this compound has a function to increase the glass transition temperature of the photosensitive
layer with the assistance of a biphenyl skeleton thereof thereby improving heat resistance of the photosensitive layer.
This results in a further increase in the rigid bind as mentioned above and the effect of preventing cracks.

[0091] The compound of the formula (1-6) is classified into three types of compounds respectively having two nitrogen
atoms in an ortho(o-) position, a meta(m-) position, and a para(p-) position relative to the benzene ring in the molecular
center. Any of these compounds are usable in the invention.

[0092] Specific examples of the compound of the formula (1-6) include those represented by formulas (1-6-1) to

(1-6-11).
HSCQ QCH;;
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Diphenylamine Compound (1-7)

[0093]

(1-7)

[0094] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1)
in which Ar' is a divalent aromatic group derived from phenanthrene, R3 is represented by the formula (A1c), and 'c'
is 1; wherein Ar5 and Ar® each denote a phenyl group. The groups R, R2, R1! and R'2 and the symbols 'a’, 'b', 'i' and
'|' are the same as defined in the foregoing. The group R'8 denotes a hydrogen atom, alkyl group, alkoxy group, aralkyl
group, aromatic group or halogen atom. The symbol 'p' denotes an integer of 0 to 8.

[0095] Among the diphenylamine compounds of the formula (1), the compound of the formula (1-7) has not only a
greater molecular weight but also a greater molecular or spatial extent because of its molecular structure with four
benzene rings and one phenanthrene ring spread in a plane-like fashion. Therefore, the compound exhibits a partic-
ularly preferable anchor effect on the binder resin. Thus, the compound of the formula (1-7) further features a good
effect to increase the binding strength between the organic photosensitive layer and the inorganic material, in addition
to the aforesaid effects.

Specific examples of the compound of the formula (1-7) include those represented by formulas (1-7-1) to (1-7-26).
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Diphenylamine Compound (1-8)

[0096]
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|
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[0097] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1),
in which Ar' is a trivalent aromatic group derived from benzene ring, R3 is represented by the formula (A1c), and 'c' is
2; wherein Ar5 and Arf each denote a phenyl group. The groups R, R2, R and R'2 and the symbols 'a’, 'b', i and '
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are the same as defined in the foregoing. The two groups R'! and R12 or symbols 'i' and 'j' of the formula (A1c) may
be the same or different.
[0098] Among the diphenylamine compounds of the formula (1), the compound of the formula (1-8) has not only a
greater molecular weight but also a greater molecular or spatial extent because of its molecular structure with seven
benzene rings spread in a plane-like fashion. Therefore, the compound exhibits a particularly preferable anchor effect
on the binder resin. Thus, the compound of the formula (1-8) further features a good effect to increase the binding

strength between the organic photosensitive layer and the inorganic material, in addition to the aforesaid effects.
Specific examples of the compound of the formula (1-8) include those represented by formulas (1-8-1) to (1-8-6).
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Diphenylamine Compound (1-9)

[0099] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A1),
in which Ar! denotes an aromatic group or heterocyclic group, R3 denotes a hydrogen atom, aromatic group or hete-
rocyclic group, and 'c' is 1; provided that when Ar! is an aromatic group derived from benzene ring, R3 is not a hydrogen
atom but either an aromatic group or a heterocyclic group; otherwise or when Ar' is either an aromatic group or hete-
rocyclic group having 7 or more carbon atoms, R3 is not limited to the above and may be a hydrogen atom, aromatic
group or heterocyclic group. The groups R', R2 and the symbols 'a’, 'b' are the same as defined in the foregoing.
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Specific examples of the compound of the formula (1-9) include those represented by formulas (1-9-1) to (1-9-31).
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Diphenylamine Compound (1-10)
[0100] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A2),
in which R4 denotes an aromatic group, heterocyclic group, or group represented by the formula (A2a), in which formula

(A2a), 'd"is 0. The groups R, R2, Ar8 and Ar® and the symbols 'a' and 'b' are the same as defined in the foregoing.
[0101] Specific examples of the compound of the formula (1-10) include those represented by formulas (1-10-1) to

(1-10-10).
C\H
\N"N (1-10-1)
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Diphenylamine Compound (1-11)

[0102] This compound is equivalent to a compound of the formula (1) wherein 'A' is represented by the formula (A2),
in which R% is a group represented by the formula (A2a), in which formula (A2a), 'd" is 1. The groups R, R2, Ar7, Ar8
and Ar® and the symbols 'a’, 'b’ are the same as defined in the foregoing.

[0103] Specific examples of the compound of the formula (1-11) include those represented by formulas (1-11-1) to
(1-11-23).
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HaG | CH,

HsC (1-11-22) CHj

HaC OCHs

HzC (1-11-23) OCHj,

[0104] The above diphenylamine compounds may be used alone or in combination with two or more types thereof.
Organic Photosensitive Layer

[0105] The organic photosensitive layer includes a single layer type and a multi-layer type, and the invention may
be applicable to these types.

[0106] The single-layer photosensitive layer may be formed by the steps of applying a coating solution to a conductive
substrate and drying the solution, the coating solution prepared by dissolving or dispersing in a suitable organic solvent,
any one of the diphenylamine compounds of the formula (1) serving as the positive-hole transport material, the charge
generating material and the binder resin.

[0107] The single-layer photosensitive layer features a simple layer construction and good productivity.

[0108] The single-layer photosensitive layer may also contain the electron transport material. A photosensitive layer
employing charge transport materials of opposite polarities is advantageous in that the single layer construction is
positively and negatively chargeable.

[0109] The multi-layer photosensitive layer may be formed by the steps of overlaying on the conductive substrate
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the charge generating layer containing the charge generating material, applying a coating solution containing the charge
transport material and the binder resin onto the resultant charge generating layer, and drying the solution thereby
forming the charge transport layer. Otherwise, the multi-layer photosensitive layer may also be obtained by forming
the charge transport layer over the conductive substrate, followed by forming thereover the charge generating layer.
[0110] The charge generating layer may further contain a charge transport material of the opposite polarity to that
of the charge transport layer.

[0111] There are a great variety of multi-layer photosensitive layers in correspondence to combinations of the orders
of the formation of the charge generating layer and charge transport layer and the polarities of the charge transport
materials contained in these layers .

[0112] Itis to be noted in the invention that the upper layer defining the outermost part in contact with the surface
protective layer must contain the diphenylamine compound of the formula (1) serving as the positive-hole transport
material.

[0113] Accordingly, specific examples of the multi-layer photosensitive layer include the following two types:

(a) a negative-charge multi-layer photosensitive layer wherein the charge generating layer containing the charge
generating material and, as required, the electron transport material is formed over the conductive substrate and
then the charge transport layer containing the diphenylamine compound of the formula (1) is laid over the charge
generating layer; and

(b) a negative-charge multi-layer photosensitive layer wherein the charge transport layer containing the electron
transport material is formed over the conductive substrate, and then the charge generating layer containing the
charge generating material and the diphenylamine compound of the formula (1) is laid over the charge transport
layer.

[0114] Itis noted that the charge generating layer generally has quite a small thickness as compared with the charge
transport layer and hence, the construction (a) with the charge transport layer laid on the upper side is more preferred.
[0115] Examples of a usable charge generating material include powders of inorganic photoconductive materials
such as selenium, selenium-tellurium, selenium-arsenic, cadmium sulfide, o-silicon and the like;

a variety of known pigments including phthalocyanine pigments comprising crystalline phthalocyanine compounds of
various crystalline forms such as metal-free phthalocyanine represented by a formula CG-1;

N NN
{ S
\NH HN/
N._N._N

(CG-1)

titanyl phthalocyanine represented by a formula CG-2;
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X x

N N
L 2R
N—Ti—N
\
N._N._~N

(CG-2)

azo pigments, bisazo pigments, perylene pigments, anthanthrone pigments, indigo pigments, triphenylmethane
pigments, threne pigments, toluidine pigments, pyrazoline pigments, quinacridone pigments, dithioketopyrolopyrrole
pigments and the like.
[0116] The charge generating materials may be used alone or in combination of two or more types such that the
photosensitive layer may have sensitivity at a desired wavelength range.
[0117] Particularly, a electrophotosensitive material having photosensitivity in the wavelength range of 700 nm or
more is required by digital-optical image forming apparatuses such as laser beam printers, plain paper facsimiles and
the like which utilize infrared light such as semiconductor laser beam. Accordingly, phthalocyanine pigments out of the
above exemplary compounds are preferably employed as the charge generating material.
[0118] Any of the various known electron-transporting compounds may be used as the electron transport material.
[0119] A preferred electron transport material include electron-attracting compounds which include, for example,
benzoquinone compounds, diphenoquinone compounds such as 2,6-dimethyl-2',6'-t-butylbenzoquinone represented
by a formula (ET-1);

t-Bu

0 C C 0 (ET-1)

3 t-Bu

naphthoquinone compounds, malononitrile, thiopyran compounds, tetracyanoethylene, 2,4,8-trinitrilothioxanthone, flu-
orenone compounds such as 2,4,7-trinitrilo-9-fluorenone, dinitrobenzene, dinitroanthracene, dinitroacridine, nitroan-
thragquinone, succinic anhydride, maleic anhydride, dibromomaleic anhydride, 2,4,7-trinitrofluorenoneimine com-
pounds, ethylated nitrofluorenoneimine compounds, tryptanthrin compounds, tryptanthrinimine compounds, azaflu-
orenone compounds, dinitropyridoquinazoline compounds, thioxanthene compounds, 2-phenyl-1,4-benzoquinone
compounds, 2-phenyl-1,4-naphthoquinone compounds, 5,12-naphthacenequinone compounds, a-cyanostilbene com-
pounds, 4'-nitrostilbene compounds, salts formed by reaction between anionic radicals of benzoquinone compounds
and cations.

[0120] These materials may be used alone or in combination of two or more types.

[0121] According to the invention, the diphenylamine compound of the formula (1), as the positive-hole transport
material, may be used in combination with another positive-hole transport material.

[0122] Any of the various known positive-hole transporting compounds may be used as the additional positive-hole
transport material.

[0123] Examples of a suitable positive-hole transport material include benzidine compounds, phenylenediamine
compounds, naphthylenediamine compounds, phenantolylenediamine compounds, oxadiazole compounds such as
2,5-di(4-methylaminophenyl)-1,3,4-oxadiazole, styryl compounds such as 9-(4-diethylaminostyryl)anthracene, carba-
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zole compounds such as poly-N-vinylcarbazole having a repeated unit represented by a formula (HT-1);
‘%‘CH_ CH2>‘
N
Q (HT-1)

organic polysilane compounds having a repeated unit represented by a formula (HT-2);

a
[ &)
Sll
\ R® /
wherein R@ and RP are the same or different and each denote an alkyl group, alkoxy group, aryl group or aralkyl group,

pyrazoline compounds such as 1-phenyl-3-(p-dimethylaminophenyl)pyrazoline, hydrazone compounds such as di-
ethylaminobenzaldehyde diphenylhydrazone represented by a formula (HT-3);

(HT-2)

CoHs
/N CH=N—-N
CaHs

(HT-3)

triphenylamine compounds such as tris(3-methylphenyl)amine represented by a formula (HT-4);

HaC CHs

(HT-4)

HaC

indole compounds, oxazole compounds, isooxazole compounds, thiazole compounds, thiadiazole compounds, imida-
zole compounds, pyrazole compounds, triazole compounds, butadiene compounds, pyrene-hydrazone compounds,
acrolein compounds, carbazole-hydrazone compounds, quinoline-hydrazone compounds, stilbene-hydrazone com-
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pounds, diphenylenediamine compounds and the like.

[0124] These compounds may be used alone or in combination of two or more types.

[0125] Examples of a usable binder resin include thermoplastic resins such as styrene polymers, styrene-butadiene
copolymers, styrene-acrylonitrile copolymers, styrene-maleic acid copolymers, acrylic polymers, styrene-acryl copol-
ymers, polyethylene, ethylene-vinyl acetate copolymers, chlorinated polyethylene, polyvinyl chloride, polypropylene,
copolymers of vinyl chloride and vinyl acetate, polyester, alkyd resins, polyamide, polyurethane, polycarbonate, pol-
yarylate, polysulfone, diarylphthalate resins, ketone resins, polyvinylbutyral resins, polyether resins and the like;

crosslinking thermosetting resins such as silicone resins, epoxy resins, phenol resins, urea resins, melamine resins
and the like; and
photosetting resins such as epoxy-acrylate, urethane-acrylate and the like.

[0126] These resins may be used alone or in combination of two or more types.

[0127] Where a high-molecular positive-hole transport material such as poly-N-vinylcarbazole or the organic polysi-
lane compound described above is used in combination with the diphenylamine compound of the formula (1), the
aforesaid binder resin may be dispensed with because the former compound serves as the binder resin, as well.
[0128] Additionally to the above components, the photosensitive layer may further contain any of the various additives
such as fluorene, ultraviolet absorber, plasticizer, surfactant, leveling agent and the like. For an increased photosen-
sitivity of the electrophotosensitive material, there may be further added a sensitizer such as terphenyl, halonaphtho-
quinone, acenaphthylene or the like.

[0129] The single-layer photosensitive layer may preferably contain 0.1 to 50 parts by weight or particularly 0.5 to
30 parts by weight of charge generating material, and 5 to 500 parts by weight or particularly 25 to 200 parts by weight
of positive-hole transport material, based on 100 parts by weight of binder resin.

[0130] Where the diphenylamine compound of the formula (1) is used alone, the mixing ratio of the positive-hole
transport material means that of the diphenylamine compound. Where the diphenylamine compound is used in com-
bination with another positive-hole transport material, the mixing ratio of the positive-hole transport material means the
combined ratio of the diphenylamine compound and the additional positive-hole transport material.

[0131] Where the diphenylamine compound is used in combination with another positive-hole transport material, the
additional positive-hole transport material may preferably be present in such a small amount that the aforesaid effect
of the diphenylamine compound may not be decreased. More specifically, the additional positive-hole transport material
may be present in concentrations of not more than 30 parts by weight'based on 100 parts by weight of diphenylamine
compound.

[0132] Where the electron-transport material is used in combination with the diphenylamine compound, the electron-
transport material may preferably be present in concentrations of 5 to 100 parts by weight or particularly 10 to 80 parts
by weight based on 100 parts by weight of binder resin. In this case, the total amount of the positive-hole transport
material and the electron-transport material may preferably be in the range of 20 to 500 parts by weight or particularly
30 to 200 parts by weight based on 100 parts by weight of binder resin.

[0133] The single-layer photosensitive layer may preferably have a thickness of 5 to 100 um or particularly 10 to 50
um.

[0134] The charge generating layer of the multi-layer photosensitive layer may be formed from the charge generating
material alone or formed from the binder resin in which the charge generating material and, as required, the electron
transport material are dispersed. In the latter case, it is preferred to employ 5 to 1,000 parts by weight or particularly
30 to 500 parts by weight of charge generating material and 1 to 200 parts by weight or particularly 5 to 100 parts by
weight of electron transport material based on 100 parts by weight of binder resin.

[0135] The charge transport layer may preferably contain the positive-hole transport material in concentrations of
10 to 500 parts by weight or particularly 25 to 200 parts by weight based on 100 parts by weight of binder resin.
[0136] Similarly to the si ngle-layer photosensitive layer, the mixing ratio of the positive-hole transport material means
that of the diphenylamine compound of the formula (1) when the diphenylamine compound is used alone. Where the
diphenylamine compound is used in combination with another positive-hole transport material, the mixing ratio of the
positive-hole transport material means the combined ratio of the diphenylamine compound and the additional positive-
hole transport material.

[0137] Where the diphenylamine compound is used in combination with another positive-hole transport material, the
additional positive-hole transport material may preferably be present in such a small amount that the aforesaid effect
of the diphenylamine compound may not be decreased. More specifically, the additional positive-hole transport material
may be present in concentrations of not more than 30 parts by weight based on 100 parts by weight of diphenylamine
compound.

[0138] As to the thickness of the multi-layer photosensitive layer, the charge generating layer may preferably have
a thickness of 0.01 to 5 um or particularly 0.1 to 3 um, whereas the charge transport layer may preferably have a
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thickness of 2 to 100 um or particularly 5 to 50 um.

[0139] An intermediate layer or barrier layer may be formed between the organic photosensitive layer of the single-
layer type or multi-layer type and the conductive substrate or between the charge generating layer and the charge
transport layer of the multi-layer photosensitive layer, so long as such a layer does not unacceptably decrease the
effect of the characteristics of the electrophotosensitive material.

[0140] Where each layer forming the electrophotosensitive material is formed by the coating method, the charge
generating material, charge transport material, and binder resin may be dispersed, by mixing, into an organic solvent
using a roll mill, ball mill, attritor, paint shaker, ultrasonic disperser or the like, thereby to prepare a coating solution,
which may be applied and dried by the known means.

[0141] Examples of a usable organic solvent include alcohols such as methanol, ethanol, isopropanol, butanol and
the like;

aliphatic hydrocarbons such as n-hexane, octane, cyclohexane and the like;

aromatic hydrocarbons such as benzene, toluene, xylene and the like;

halogenated hydrocarbons such as dichloromethane, dichloroethane, carbon tetrachloride, chlorobenzene and
the like;

ethers such as dimethyl ether, diethyl ether, tetrahydrofuran, 1,4-dioxane, ethyleneglycol dimethyl ether, diethyl-
eneglycol dimethyl ether and the like;

ketones such as acetone, methyl ethyl ketone, cyclohexanone and the like;

esters such as ethyl acetate, methyl acetate and the like; and

dimethylformaldehyde, dimethylformamide, dimethyl sulfoxide and the like. These solvents may be used alone or
in combination of two or more types.

[0142] The coating solution may further contain a surfactant, leveling agent or the like for increasing the dispersibility
of the charge generating material and charge transport material, and the surface smoothness of the photosensitive
layer.

Surface Protective Layer

[0143] The inorganic surface protective layer is exemplified by a variety of surface protective layers comprising at
least one element selected from the group consisting of metallic elements (the elements on the left side of a line
interconnecting boron (B) and astatine (At) in the long-form periodic table) and carbon, or an inorganic compound
containing any of these elements.

[0144] The surface protective layer may be formed by any of the various known vapor deposition methods including
the chemical vapor deposition methods such as plasma CVD, photo CVD and the like, and the physical vapor deposition
methods such as sputtering, vacuum deposition, ion plating and the like.

[0145] In the chemical vapor deposition method such as plasma CVD, there may be formed:

1. a film comprising carbon (C) and/or silicon (Si) of the 14-group elements, that is, carbon (C) film, silicon (Si) film
and silicon-carbon (Si-C) composite film;

2. a film comprising a compound containing the aforesaid carbon (C) and/or silicon (Si) and at least one element
selected from the group consisting of boron (B) and aluminum (Al) of the 13-group elements; nitrogen (Ni) and
phosphorus (P) of the 15-group elements; oxygen (O) and sulfur (S) of the 16-group elements; fluorine (F), chlorine
(Cl) and bromine (Br) of the 17-group elements; the film including, for example, silicon-nitrogen (SiN) composite
film, silicon-oxygen (SiO) composite film, carbon-fluorine (CF) composite film, carbon-nitrogen (CN) composite
film, carbon-boron (CB) composite film, carbon-oxygen (CO) composite film and the like; and

3. afilm comprising a compound containing boron (B) and/or aluminum (Al) of the 13-group elements and at least
one selected from the group consisting of the aforesaid elements including nitrogen (N), phosphorus (P), oxygen
(O), sulfur (S), fluorine (F), chlorine (Cl) and bromine (Br), the film including, for example, boron-nitrogen (BN)
composite film, aluminum-nitrogen (A1N) composite film and the like.

[0146] These films may contain a fractional amount of hydrogen (H) for an improved electrical characteristics of the
surface protective layer.

[0147] In the chemical vapor deposition method, a usable raw material gas for introduction of a constituent element
of the surface protective layer include the molecules of the constituent elements, and compounds thereof such as
oxides, hydrides, nitrides and halides thereof, the compounds capable of presenting a gaseous state under normal
temperature and pressure conditions or of being readily gassified under film forming conditions. As required, these
compounds may be diluted with a gas such as hydrogen gas (H,), helium gas, argon gas, neon gas or the like.

95



10

15

20

25

30

35

40

45

50

55

EP 1176 469 A1
[0148] Specific examples of the raw material gas include:

silanegas (SiH,) and disilane gas (Si,Hg) for silicon introduction;

methane gas (CH,), ethane gas (C,Hg), propane gas (C5Hg) and ethylene gas (C,H,) for carbon introduction;
fluorine gas (F5), bromine monofluoride gas (BrF), chlorine difluoride gas (CIF,), carbon tetrafluoride gas (CF,)
and silicon tetrafluoride gas (SiF,) for fluorine introduction;

nitrogen gas (N,), ammonia gas (NHj3), nitrogen oxide gas (NO,) for nitrogen introduction;

and boron hydride gas such as diborane gas (B,Hg), and tetraborane gas (B4H,) for boron introduction; and the
like.

[0149] Similarly, the introduction of the other constituent elements may employ compounds capable of presenting a
gaseous state under normal temperature and pressure conditions or of being readily gassified under film forming con-
ditions.

[0150] In the physical .vapor deposition method, or particularly in the sputtering or ion plating method, there are
formed films, besides the aforesaid films, which each comprise one or more than one metallic elements selected from
the group consisting of, for example, gallium (Ga), indium (In) and the like of the 13-group elements; germanium (Ge),
tin (Sn), lead (Pb) and the like of the 14-group elements; arsenic (As), antimony (Sb) and the like of the 15-group
elements; selenium (Se) and the like of the 16-group elements, or which each comprise an inorganic compound com-
prising any of the above elements.

[0151] Preferred as the inorganic surface protective layer are, for example, the carbon (C) film, silicon-carbon (SiC)
composite film and the like.

[0152] The thickness of the inorganic surface protective layer may preferably be in the range of 0.01 to 30 um or
particularly of 0.1 to 10 um.

[0153] The inorganic film defining the surface protective layer may be in the amorphous form, microcrystalline form,
or crystalline form. Further, the film may comprise a mixture of amorphous and crystalline particles.

Conductive Substrate

[0154] The conductive substrate may employ substrates formed from various materials having conductivity. Exam-
ples of a usable conductive substrate include those formed from metals such as iron, aluminum, copper, tin, platinum,
silver, vanadium, molybdenum, chromium, cadmium, titanium, nickel, palladium, indium, stainless steel, brass and the
like; those formed from a plastic material on which any of the above metals is deposited or laminated; and glass
substrate coated with aluminum iodide, tin oxide, indium oxide or the like.

[0155] In short, the substrate itself may have the conductivity or the surface thereof may have the conductivity. It is
preferred that the conductive substrate has a sufficient mechanical strength in use.

[0156] The conductive substrate may have any form, such as sheet, drum and the like, according to the construction
of the image forming apparatus to which the conductive substrate is applied.

EXAMPLES

[0157] The invention will hereinbelow be described by way of reference to examples and comparative examples
thereof.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 1-1
Forming Single-Layer Photosensitive Layer

[0158] A ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-1-2); and 100 parts by
weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin in 800 parts by
weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.

[0159] Subsequently, the resultant coating solution was dip coated on an aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.
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Forming Surface Protective Layer

[0160] The aluminum tube formed with the single-layer photosensitive layer was placed in a chamber of a plasma
CVD system. The air within the chamber was evacuated to reach a degree of vacuum of 0.67 Pa while a heater of the
system was operated to adjust the temperature of the tube substrate to 50°C.

[0161] Subsequently, methane gas (CH,), silane gas (SiH,) and hydrogen gas (H,) were fed into the chamber at
respective flow rates listed below, thereby to adjust the degree of vacuum to 0.47 hPa.

Methane gas: 208 SCCM
Silane gas: 2.5 SCCM
Hydrogen gas: 300 SCCM

[0162] In this state, a high-frequency electric field having a frequency of 13.56 MHz and an output of 133 W was
applied for causing glow discharge in the chamber. The plasma CVD process was performed for depositing an amor-
phous silicon-carbon (SiC) composite film at a film growth rate of 0.2 um/hr, thereby laying a surface protective layer
having a thickness of 0.5um over the surface of the single-layer photosensitive layer. Thus was fabricated an electro-
photosensitive material of Example 1-1.

[0163] The surface protective layer had a dynamic indentation hardness of 3645.6 Mpa.

Examples 1-2 to 1-12

[0164] Electrophotosensitive materials of Examples 1-2 to 1-12 were fabricated the same way as in Example 1-1,
except that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 1 as the positive-hole transport material.

Comparative Example 1-1

[0165] An electrophotosensitive material of Comparative Example 1-1 was fabricated the same way as in Example
1-1, except that 200 parts by weight of polyvinylcarbazole (humber-average molecular weight Mn=9,500) was used
instead of 100 parts by weight of diphenylamine compound and 100 parts by weight of Z-type polycarbonate, the
polyvinylcarbazole serving not only as the positive-hole transport material but also as the binder resin, and having the
repeated unit represented by the formula (HT-1).

Comparative Example 1-2

[0166] An electrophotosensitive material of Comparative Example 1-2 was fabricated the same way as in Example
1-1, except that 100 parts by weight of diethylaminobenzaldehyde diphenylhydrazone represented by the formula (HT-
3) was used as the positive-hole transport material.

Photosensitivity Test |

[0167] Each of the electrophotosensitive materials of the above examples and comparative examples was charged
at +800+20V and the surface potential Vy(V) thereof was measured using a drum sensitivity tester available from
GENTEC Co.

[0168] A bandpass filter was used to extract monochromatic light from white light from a halogen lamp as a light
source of the tester, the monochromatic light having a wavelength of 780 nm and a half width of 20 nm. The surface
of the above electrophotosensitive material was irradiated with the monochromatic light at a light intensity of 10 uW/
cm? for 1.0 second while the half-life exposure E;;, (1J/cm2) was determined by measuring the time elapsed before
the surface potential V(V) decreased to half. On the other hand, the residual potential V (V) was determined by meas-
uring a surface potential after a lapse of 0.5 seconds from the start of the light exposure.

Durability Test |

[0169] The electrophotosensitive materials of the above examples and comparative examples were each mounted
in an electrostatic copier [commercially available from KYOCERA MITA CORPORATION as "Creage 7350" ] for con-
tinuous production of 100,000 copies, during which the surface protective layer was visually observed after respective
productions of 10,000 copies, 20,000 copies, 50,000 copies and 100,000 copies. The durability of each electrophoto-
sensitive material was evaluated based on the following criteria:
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O a electrophotosensitive material having a good durability, suffering no cracks nor delamination of the surface
protective layer;

A : a electrophotosensitive material more or less lower in durability, suffering cracks spread in the overall surface
of the surface protective layer which, however, sustained no delamination; and

X : a electrophotosensitive material of an unacceptable durability, suffering the delamination of the surface pro-
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tective layer.

The results are listed in Table 1.
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It was confirmed from the table that both the electrophotosensitive materials of Comparative Examples 1-1,

1-2 suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. This
indicates that the compounds used in these comparative examples were not effective to improve the physical stability

of the inorganic surface protective layer.

[0170]

55

99



10

15

20

25

30

35

40

45

50

55

EP 1176 469 A1

[0171] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0172] Incontrast, all the electrophotosensitive materials of Examples 1-1 to 1-12 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-1) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0173] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 1-13 to 1-24, Comparative Examples 1-3, 1-4

[0174] Electrophotosensitive materials of Examples 1-13 to 1-24 and of Comparative Examples 1-3, 1-4 were fab-
ricated the same way as in Examples 1-1 to 1-12 and Comparative Examples 1-1, 1-2, except that the following pro-
cedure was taken to form a surface protective layer of amorphous carbon (C) having a thickness of 0.5um, instead of
the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Forming Surface Protective Layer

[0175] The aluminum tube formed with the single-layer photosensitive layer was placed in the chamber of the plasma
CVD system. The air within the chamber was evacuated to reach a degree of vacuum of 0.67 Pa while the heater of
the system was operated to adjust the temperature of the tube substrate to 50°C.

[0176] Subsequently, methane gas (CH,) and hydrogen gas (H,) were fed into the chamber at respective flow rates
listed below, thereby to adjust the degree of vacuum to 0.47 hPa.

Methane gas: 300 SCCM
Hydrogen gas: 300 SCCM

[0177] In this state, a high-frequency electric field having a frequency of 13.56 MHz and an output of 200 W was
applied for causing glow discharge in the chamber. The plasma CVD process was performed for depositing a film of
amorphous carbon (C) at a film growth rate of 0.15 um/hr, thereby forming the surface protective layer of the aforesaid
thickness over the surface of the single-layer photosensitive layer.

[0178] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as described above and evaluated for the characteristics thereof. The
results are listed in Table 2.
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It was confirmed from the table that if the type of the surface protective layer was changed, the same results

as the above were obtained according to the compositions of the single-layer photosensitive layer as the base.

[0179]

Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 1-3, 1-4

[0180]
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suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
in the electrophotosensitive material of Comparative Example 1-4, cracks over the whole surface protective layer were
already observed at completion of the continuous production of 10,000 copies. These indicate that the compounds
used in these comparative examples were not effective to improve the physical stability of the inorganic surface pro-
tective layer.

[0181] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0182] In contrast, all the electrophotosensitive materials of Examples 1-13 to 1-24 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-1) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0183] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 1-25, 1-26, Comparative Example 1-5

[0184] Electrophotosensitive materials of Examples 1-25, 1-26 and of Comparative Example 1-5 were fabricated the
same way as in Examples 1-4, 1-5 and Comparative Examples 1-2, except that the following procedure was taken to
form a surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5um, instead
of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Forming Surface Protective Layer

[0185] The aluminum tube formed with the single-layer photosensitive layer was placed in the chamber of the plasma
CVD system. The air within the chamber was evacuated to reach a degree of vacuum of 0.67 Pa while the heater of
the system was operated to adjust the temperature of the tube substrate to 50°C.

[0186] Subsequently, silane gas (SiH,), nitrogen gas (N,) and hydrogen gas (H,) were fed into the chamber at re-
spective flow rates listed below, thereby to adjust the degree of vacuum to 0.47 hPa.

Silane gas: 153 SCCM
Nitrogen gas: 150 SCCM
Hydrogen gas: 75 SCCM

[0187] In this state, a high-frequency electric field having a frequency of 13.56 MHz and an output of 150 W was
applied for causing glow discharge in the chamber. The plasma CVD process was performed for depositing a silicon-
nitrogen (SiN) composite film at a film growth rate of 0.75 um/hr, thereby forming the surface protective layer of the
aforesaid thickness over the surface of the single-layer photosensitive layer.

Examples 1-27, 1-28, Comparative Example 1-6

[0188] Electrophotosensitive materials of Examples 1-27, 1-28 and of Comparative Example 1-6 were fabricated the
same way as in Examples 1-4, 1-5 and Comparative Examples 1-2, except that the following procedure was taken to
form a surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5um, instead
of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Forming Surface Protective Layer

[0189] The aluminum tube formed with the single-layer photosensitive layer was placed in the chamber of the plasma
CVD system. The air within the chamber was evacuated to reach a degree of vacuum of 0.67 Pa while the heater of
the system was operated to adjust the temperature of the tube substrate to 50°C.

[0190] Subsequently, methane gas (CH,), nitrogen gas (N,) and hydrogen gas (H,) were fed into the chamber at
respective flow rates listed below, thereby to adjust the degree of vacuum to 0.47 hPa.

Methane gas: 100 SCCM
Nitrogen gas: 150 SCCM
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Hydrogen gas: 100 SCCM

[0191] In this state, a high-frequency electric field having a frequency of 13.56 MHz and an output of 150 W was
applied for causing glow discharge in the chamber. The plasma CVD process was performed for depositing a carbon-
nitrogen (CN) composite film at a film growth rate of 0.10 um/hr, thereby forming the surface protective layer of the
aforesaid thickness over the surface of the single-layer photosensitive layer.

Examples 1-29, 1-30, Comparative Example 1-7

[0192] Electrophotosensitive materials of Examples 1-29, 1-30 and of Comparative Example 1-7 were fabricated the
same way as in Examples 1-4, 1-5 and Comparative Examples 1-2, except that the following procedure was taken to
form a surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5um, instead
of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Forming Surface Protective Layer

[0193] The aluminum tube formed with the single-layer photosensitive layer was placed in the chamber of the plasma
CVD system. The air within the chamber was evacuated to reach a degree of vacuum of 0.67 Pa while the heater of
the system was operated to adjust the temperature of the tube substrate to 50°C.

[0194] Subsequently, methane gas (CH,), diborane gas (B,Hg) and hydrogen gas (H,) were fed into the chamber
at respective flow rates listed below, thereby to adjust the degree of vacuum to 0.47 hPa.

Methane gas: 100 SCCM
Diborane gas: 200 SCCM
Hydrogen gas: 100 SCCM

[0195] In this state, a high-frequency electric field having a frequency of 13.56 MHz and an output of 150 W was
applied for causing glow discharge in the chamber. The plasma CVD process was performed for depositing a carbon-
boron (CB) composite film at a film growth rate of 0.10 um/hr, thereby forming the surface protective layer of the
aforesaid thickness over the surface of the single-layer photosensitive layer.

Examples 1-31, 1-32, Comparative Example 1-8

[0196] Electrophotosensitive materials of Examples 1-31, 1-32 and of Comparative Example 1-8 were fabricated the
same way as in Examples 1-4, 1-5 and Comparative Examples 1-2, except that the following procedure was taken to
form a surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Forming Surface Protective Layer

[0197] The aluminum tube formed with the single-layer photosensitive layer was placed in the chamber of the plasma
CVD system. The air within the chamber was evacuated to reach a degree of vacuum of 0.67 Pa while the heater of
the system was operated to adjust the temperature of the tube substrate to 50°C.

[0198] Subsequently, methane gas (CH,), carbon tetrafluoride gas (CF,) and hydrogen gas (H,) were fed into the
chamber at respective flow rates listed below, thereby to adjust the degree of vacuum to 0.47 hPa.

Methane gas: 100 SCCM

Carbon tetrafluoride gas: 100 SCCM

Hydrogen gas: 100 SCCM
[0199] In this state, a high-frequency electric field having a frequency of 13.56 MHz and an output of 150 W was
applied for causing glow discharge in the chamber. The plasma CVD process was performed for depositing a carbon-
fluorine (CF) composite film at a film growth rate of 0.10 um/hr, thereby forming the surface protective layer of the
aforesaid thickness over the surface of the single-layer photosensitive layer.

Examples 1-33, 1-34, Comparative Example 1-9

[0200] Electrophotosensitive materials of Examples 1-33, 1-34 and of Comparative Example 1-9 were fabricated the
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same way as in Examples 1-4, 1-5 and Comparative Examples 1-2, except that the following procedure was taken to
form a surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5um, instead
of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Forming Surface Protective Layer

[0201] The aluminum tube formed with the single-layer photosensitive layer was placed in the chamber of the plasma
CVD system. The air within the chamber was evacuated to reach a degree of vacuum of 0.67 Pa while the heater of
the system was operated to adjust the temperature of the tube substrate to 50°C.

[0202] Subsequently, diborane gas (B,Hg), nitrogen gas (N,) and hydrogen gas (H,) were fed into the chamber at
respective flow rates listed below, thereby to adjust the degree of vacuum to 0.47 hPa.

Diborane gas: 200 SCCM
Nitrogen gas: 150 SCCM
Hydrogen gas: 150 SCCM

[0203] In this state, a high-frequency electric field having a frequency of 13.56 MHz and an output of 150 W was
applied for causing glow discharge in the chamber. The plasma CVD process was performed for depositing a boron-
nitrogen (BN) composite film at a film growth rate of 0.08 um/hr, thereby forming the surface protective layer of the
aforesaid thickness over the surface of the single-layer photosensitive layer.

[0204] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as described above and evaluated for the characteristics thereof. The
results are listed in Table 3.
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[0205] It was confirmed from the table that if the type of the surface protective layer was changed, the same results
as the above were obtained according to the compositions of the single-layer photosensitive layer as the base.

[0206] Specifically, it was found that all the electrophotosensitive materials of Comparative Examples 1-5 to 1-9
suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
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in the electrophotosensitive materials of Comparative Examples 1-7, 1-8, cracks over the whole surface protective
layer were already observed at completion of the continuous production of 10,000 copies. These indicate that the
compounds used in these comparative examples were not effective to improve the physical stability of the inorganic
surface protective layer.

[0207] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0208] In contrast, all the electrophotosensitive materials of Examples 1-25 to 1-34 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-1) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0209] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0210] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 1-1 to 1-34 but no surface protective layer, as well as on those of Examples 1-1 to 1-34, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0211] Similarly, the durability test | was conducted on electrophotosensitive materials having the same photosen-
sitive layers as Comparative Examples 1-1 to 1-9 but no surface protective layer. The electrophotosensitive materials
with the same photosensitive layer as Comparative Examples 1-1, 1-3 provided images which were decreased in image
density after the production of 20,000 copies or so, whereas the other electrophotosensitive materials provided such
images after the production of 30,000 to 50,000 copies. Such copies sustained white spots in solid black image areas.
By comparing these results with the results of the durability test | on the corresponding comparative examples, it was
found that the surface protective layers over the photosensitive layers of the comparative examples contributed no
increase in the durability or rather reduce the durability.

[0212] In other words, it is clarified that forming the surface protective layer on the organic photosensitive layer does
not always result in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole
transport material is not selected, the resultant electrophotosensitive material is rather decreased in durability.
[0213] The electrophotosensitive materials of Examples 1-1 to 1-34 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-1) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 1-35
Forming Multi-Layer Photosensitive Layer

[0214] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0215] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0216] The ball mill was operated for dispersing by mixing 1 part by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-1-2), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0217] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.
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Forming Surface Protective Layer

[0218] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 1-35.

Examples 1-36 to 1-46

[0219] Electrophotosensitive materials of Examples 1-36 to 1-46 were fabricated the same way as in Example 1-35
except that each of the examples used 1 part by weight of diphenylamine compound of the formula of a number listed
in the following Table 4 as the positive-hole transport material.

Comparative Example 1-10

[0220] An electrophotosensitive material of Comparative Example 1-10 was fabricated the same way as in Example
1-35, except that 2 parts by weight of polyvinylcarbazole (number-average molecular weight Mn=9,500) having the
repeated unit represented by the formula (HT-1) was used instead of 1 part by weight of diphenylamine compound as
the positive-hole transport material and 1 part by weight of Z-type polycarbonate as the binder resin.

Comparative Example 1-11

[0221] An electrophotosensitive material of Comparative Example 1-11 was fabricated the same way as in Example
1-35, except that 1 part by weight of diethylaminobenzaldehyde diphenylhydrazone represented by the formula (HT-
3) was used as the positive-hole transport material.

Photosensitivity Test Il

[0222] Each of the electrophotosensitive materials of the above examples and comparative examples was charged
at-800£20V and the surface potential V(V) thereof was measured using a drum sensitivity tester available from GEN-
TEC Co.

[0223] A bandpass filter was used to extract monochromatic light from white light from a halogen lamp as a light
source of the tester, the monochromatic light having a wavelength of 780 nm and a half width of 20 nm. The surface
of the above electrophotosensitive material was irradiated with the monochromatic light at a light intensity of 10 uW/
cm? for 1.0 second while the half-life exposure E;, (1LJ/cm2) was determined by measuring the time elapsed before
the surface potential V(V) decreased to half. On the other hand, the residual potential V (V) was determined by meas-
uring a surface potential after a lapse of 0.5 seconds from the start of the light exposure. Durability Test Il

[0224] The electrophotosensitive materials of the above examples and comparative examples were each mounted
in an electrostatic copier [commercially available from KYOCERA MITA CORPORATION as "Vi 7360"] for continuous
production of 100,000 copies, during which the surface protective layer was visually observed after respective produc-
tions of 10,000 copies, 20,000 copies, 50,000 copies and 100,000 copies. The durability of each electrophotosensitive
material was evaluated based on the following criteria:

O a electrophotosensitive material having a good durability, suffering no cracks nor delamination of the surface
protective layer;

A : a electrophotosensitive material more or less lower in durability, suffering cracks spread in the overall surface
of the surface protective layer which, however, sustained no delamination; and

X : a electrophotosensitive material of an unacceptable durability, suffering the delamination of the surface pro-
tective layer.

The results are listed in Table 4.
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It is confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer photo-

[0225]

sensitive layer, the same results as the above are obtained according to the compositions of the charge-transport layer

defining the outermost part of the electrophotosensitive material.
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[0226] Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 1-10, 1-11
suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
in the electrophotosensitive material of Comparative Example 1-11, cracks over the whole surface protective layer
were already observed at completion of the continuous production of 10,000 copies. These indicate that the compounds
used in these comparative examples were not effective to improve the physical stability of the inorganic surface pro-
tective layer.

[0227] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0228] In contrast, all the electrophotosensitive materials of Examples 1-35 to 1-46 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-1) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0229] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 1-47 to 1-58, Comparative Examples 1-12, 1-13

[0230] Electrophotosensitive materials of these examples and comparative examples were fabricated the same way
as in Examples 1-35 to 1-46 and Comparative Examples 1-10, 1-11 except that the same procedure as in Examples
1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to form a surface protective layer of amorphous carbon
(C) having a thickness of 0.5.m, instead of the silicon-carbon composite film, over a surface of the multi-layer photo-
sensitive layer.

[0231] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test || and durability test Il as described above and were evaluated for the characteristics thereof.
The results are listed in Table 5
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It is confirmed from the table that if the type of the surface protective layer is changed, the same results as

the above are obtained according to the compositions of the charge-transport layer of the multi-layer photosensitive

layer as the base.

[0232]

55

Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 1-12, 1-13

[0233]
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suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
in the electrophotosensitive material of Comparative Example 1-13, cracks over the whole surface protective layer
were already observed at completion of the continuous production of 10,000 copies. These indicate that the compounds
used in these comparative examples were not effective to improve the physical stability of the inorganic surface pro-
tective layer.

[0234] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0235] In contrast, all the electrophotosensitive materials of Examples 1-47 to 1-58 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-1) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0236] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 1-59, 1-60, Comparative Example 1-14

[0237] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 1-38, 1-39 and Comparative Example 1-11 except that the same procedure as in Examples 1-25, 1-26
and Comparative Example 1-5 was taken to form a surface protective layer of amorphous silicon-nitrogen (SiN) com-
posite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the multi-layer
photosensitive layer.

Examples 1-61, 1-62, Comparative Example 1-15

[0238] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 1-38, 1-39 and Comparative Example 1-11 except that the same procedure as in Examples 1-27, 1-28
and Comparative Example 1-6 was taken to form a surface protective layer of amorphous carbon-nitrogen (CN) com-
posite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the multi-layer
photosensitive layer.

Examples 1-63, 1-64, Comparative Example 1-16

[0239] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 1-38, 1-39 and Comparative Example 1-11 except that the same procedure as in Examples 1-29, 1-30
and Comparative Example 1-7 was taken to form a surface protective layer of amorphous carbon-boron (CB) composite
film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the multi-layer pho-
tosensitive layer.

Examples 1-65, 1-66, Comparative Example 1-17

[0240] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 1-38, 1-39 and Comparative Example 1-11 except that the same procedure as in Examples 1-31, 1-32
and Comparative Example 1-8 was taken to form a surface protective layer of amorphous carbon-fluorine (CF) com-
posite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the multi-layer
photosensitive layer.

Examples 1-67, 1-68, Comparative Example 1-18

[0241] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 1-38, 1-39 and Comparative Example 1-11 except that the same procedure as in Examples 1-33, 1-34
and Comparative Example 1-9 was taken to form a surface protective layer of amorphous boron-nitrogen (BN) com-
posite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the multi-layer
photosensitive layer.

[0242] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test Il and durability test Il as the above and were evaluated for the characteristics thereof. The
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results are listed in Table 6.
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It was confirmed from the table that if the type of the surface protective layer is changed, the same results as

[0243]

the above are obtained according to the compositions of the charge-transport layer of the multi-layer photosensitive

layer as the base.
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[0244] Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 1-14 to 1-18
suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
in the electrophotosensitive material of Comparative Examples 1-15 to 1-17, cracks over the whole surface protective
layer were already observed at completion of the continuous production of 10,000 copies. These indicate that the
compounds used in these comparative examples were not effective to improve the physical stability of the inorganic
surface protective layer.

[0245] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0246] In contrast, all the electrophotosensitive materials of Examples 1-59 to 1-68 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-1) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0247] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0248] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 1-35 to 1-68 but no surface protective layer, as well as on those of Examples 1-35 to 1-68, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0249] Similarly, the durability test Il was conducted on electrophotosensitive materials having the same photosen-
sitive layers as Comparative Examples 1-10 to 1-18 but no surface protective layer. The electrophotosensitive materials
with the same photosensitive layers as Comparative Examples 1-10, 1-12 provided images which were decreased in
image density after the production of 20,000 copies whereas the other electrophotosensitive materials provided such
images after the production of 30,000 to 50,000 copies. Such copies sustained white spots in solid black image areas.
By comparing these results with the results of the durability test 1l on the corresponding comparative examples, it is
found that the surface protective layers over the photosensitive layers of the comparative examples contribute no
increase in the durability or rather reduce the durability.

[0250] In other words, it is clarified that forming the surface protective layer on the organic photosensitive layer does
not always result in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole
transport material is not selected, the resultant electrophotosensitive material is rather decreased in durability.
[0251] Similarly to the examples with the single-layer photosensitive layers, the electrophotosensitive materials of
Examples 1-35 to 1-68 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the for-
mula (1-1) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 2-1
Forming Single-Layer Photosensitive Layer

[0252] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-2-2); 80 parts by weight
of 2,6-dimethyl-2',6'-t-butylbenzoquinone; and 100 parts by weight of Z-type polycarbonate (weight-average molecular
weight Mw=20,000) as the binder resin in 800 parts by weight of tetrahydrofuran, thereby to prepare a coating solution
for single-layer photosensitive layer.

[0253] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0254] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
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surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um over the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 2-1.

Examples 2-2 to 2-4

[0255] Electrophotosensitive materials of Examples 2-2 to 2-4 were fabricated the same way as in Example 2-1
except that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 7 as the positive-hole transport material.

Comparative Example 2-1

[0256] An electrophotosensitive material of Comparative Example 2-1 was fabricated the same way as in Example
2-1, except that 200 parts by weight of polyvinylcarbazole (humber-average molecular weight Mn=9,500) was used
instead of 100 parts by weight of diphenylamine compound and 100 parts by weight of Z-type polycarbonate, the
polyvinylcarbazole serving not only as the positive-hole transport material but also as the binder resin and having the
repeated unit represented by the formula (HT-1).

Comparative Example 2-2

[0257] An electrophotosensitive material of Comparative Example 2-2 was fabricated the same way as in Example
2-1, except that 100 parts by weight of diethylaminobenzaldehyde diphenylhydrazone represented by the formula (HT-
3) was used as the positive-hole transport material.

[0258] The electrophotosensitive materials of the examples and comparative examples were subjected to the same
photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The results
are listed in Table 7.
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It was confirmed from the table that the electrophotosensitive materials of Comparative Examples 2-1, 2-2

[0259]
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suffered the delamination of the surface protective layer after the continuous productions of 30,000 copies and 20,000
copies, respectively. This indicates that the compounds used in these comparative examples were not effective to
improve the physical stability of the inorganic surface protective layer.

[0260] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0261] In contrast, all the electrophotosensitive materials of Examples 2-1 to 2-4 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-2) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0262] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 2-5 to 2-8, Comparative Examples 2-3, 2-4

[0263] Electrophotosensitive materials of Examples 2-5 to 2-8 and Comparative Examples 2-3, 2-4 were fabricated
the same way as in Examples 2-1 to 2-4 and Comparative Examples 2-1, 2-2 except that the same procedure as in
Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to form a surface protective layer of amorphous
carbon (C) having a thickness of 0.5um, instead of the silicon-carbon composite film over the surface of the single-
layer photosensitive layer.

[0264] The electrophotosensitive materials of these examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The
results are listed in Table 8.
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It was confirmed from the table that if the type of the surface protective layer is changed, the same results as

[0265]
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the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0266] Specifically, cracks over the whole surface protective layer were already observed in both the electrophoto-
sensitive materials of Comparative Examples 2-3, 2-4 after the continuous production of 20,000 copies. These elec-
trophotosensitive materials suffered the delamination of the surface protective layer after the continuous production of
30,000 copies. These indicate that the compounds used in these comparative examples were not effective to improve
the physical stability of the inorganic surface protective layer.

[0267] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0268] In contrast, all the electrophotosensitive materials of Examples 2-5 to 2-8 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-2) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0269] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 2-9, 2-10, Comparative Example 2-5

[0270] Electrophotosensitive materials of Examples 2-9, 2-10 and Comparative Example 2-5 were fabricated the
same way as in Examples 2-2 to 2-3 and Comparative Examples 2-2 except that the same procedure as in Examples
1-25, 1-26 and Comparative Examples 1-5 was taken to form a surface protective layer of amorphous silicon-nitrogen
(SiN) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 2-11, 2-12, Comparative Example 2-6

[0271] Electrophotosensitive materials of Examples 2-11, 2-12 and Comparative Example 2-6 were fabricated the
same way as in Examples 2-2 to 2-3 and Comparative Examples 2-2 except that the same procedure as in Examples
1-27, 1-28 and Comparative Examples 1-6 was taken to form a surface protective layer of amorphous carbon-nitrogen
(CN) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 2-13, 2-14, Comparative Example 2-7

[0272] Electrophotosensitive materials of Examples 2-13, 2-14 and Comparative Example 2-7 were fabricated the
same way as in Examples 2-2, 2-3 and Comparative Example 2-2 except that the same procedure as in Examples
1-29, 1-30 and Comparative Examples 1-7 was taken to form a surface protective layer of amorphous carbon-boron
(CB) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 2-15, 2-16, Comparative Example 2-8

[0273] Electrophotosensitive materials of Examples 2-15, 2-16 and Comparative Example 2-8 were fabricated the
same way as in Examples 2-2, 2-3 and Comparative Example 2-2 except that the same procedure as in Examples
1-31, 1-32 and Comparative Examples 1-8 was taken to form a surface protective layer of amorphous carbon-fluorine
(CF) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 2-17, 2-18, Comparative Example 2-9

[0274] Electrophotosensitive materials of Examples 2-17, 2-18 and Comparative Example 2-9 were fabricated the
same way as in Examples 2-2, 2-3 and Comparative Example 2-2 except that the same procedure as in Examples
1-33, 1-34 and Comparative Examples 1-9 was taken to form a surface protective layer of amorphous boron-nitrogen
(BN) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

[0275] The electrophotosensitive materials of these examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The
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results are listed in Table 9.
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[0276] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0277] Specifically, it was found that the electrophotosensitive materials of Comparative Examples 2-7, 2-8 suffered
the delamination of the surface protective layer after the continuous production of 20,000 copies whereas those of
Comparative Examples 2-5, 2-6, 2-9 suffered the delamination of the surface protective layer after the continuous
production of 30,000 copies. Particularly in the electrophotosensitive material of Comparative Example 2-8, cracks
over the whole surface protective layer were already observed after the continuous production of 10,000 copies. These
indicate that the compounds used in these comparative examples were not effective to improve the physical stability
of the inorganic surface protective layer.

[0278] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0279] Incontrast, all the electrophotosensitive materials of Examples 2-9 to 2-18 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-2) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0280] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0281] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 2-1 to 2-18 but no surface protective layer, as well as on those of Examples 2-1 to 2-18, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0282] Similarly, the durability test | was conducted on electrophotosensitive materials having the same photosen-
sitive layers as Comparative Examples 2-1 to 2-9 but no surface protective layer. The electrophotosensitive materials
with the same photosensitive layers as Comparative Examples 2-1, 2-3 provided images which were decreased in
image density after the production of 20,000 copies or so, whereas the other electrophotosensitive materials provided
such images after the production of 30,000 to 50,000 copies. Such copies sustained white spots in solid black image
areas. By comparing these results with the results of the durability test | on the corresponding comparative examples,
it is found that the surface protective layers over the photosensitive layers of the comparative examples contribute no
increase in the durability or rather reduce the durability.

[0283] In other words, it is clarified that forming the surface protective layer on the organic photosensitive layer does
not always result in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole
transport material is not selected, the resultant electrophotosensitive material is rather decreased in durability.
[0284] The electrophotosensitive materials of Examples 2-1 to 2-18 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-2) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Examples 2-19
Forming Multi-Layer Photosensitive Layer

[0285] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0286] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0287] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-2-2), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0288] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
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was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0289] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 2-19.

Examples 2-20 to 2-22

[0290] Electrophotosensitive materials of Examples 2-20 to 2-22 were fabricated the same way as in Example 2-19
except that each of the examples used 0.8 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 10 as the positive-hole transport material.

Comparative Example 2-10

[0291] An electrophotosensitive material of Comparative Example 2-10 was fabricated the same way as in Example
2-19, except that 1 part by weight of polyvinylcarbazole (number-average molecular weight Mn=9,500) having the
repeated unit represented by the formula (HT-1) was used instead of 0.8 parts by weight of diphenylamine compound
as the positive-hole transport material and 1 part by weight of Z-type polycarbonate as the binder resin.

Comparative Example 2-11

[0292] An electrophotosensitive material of Comparative Example 2-11 was fabricated the same way as in Example
2-19, except that 0.8 parts by weight of diethylaminobenzaldehyde diphenylhydrazone represented by the formula (HT-
3) was used as the positive-hole transport material.

[0293] The electrophotosensitive materials of the examples and comparative examples were subjected to the same
photosensitivity test Il and durability test Il as the above and were evaluated for the characteristics thereof. The results
are listed in Table 10.
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It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer

photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost portion of the electrophotosensitive material.

[0295]

Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 2-10, 2-11
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suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. This indicates
that the compounds used in these comparative examples were not effective to improve the physical stability of the
inorganic surface protective layer.

[0296] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0297] In contrast, all the electrophotosensitive materials of Examples 2-19 to 2-22 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-2) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0298] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 2-23 to 2-26, Comparative Examples 2-12, 2-13

[0299] Electrophotosensitive materials of Examples 2-23 to 2-26 and Comparative Examples 2-12, 2-13 were fab-
ricated the same way as in Examples 2-19 to 2-22 and Comparative Examples 2-10, 2-11 except that the same pro-
cedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to form a surface protective layer
of amorphous carbon (C) having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface
of the multi-layer photosensitive layer.

[0300] The electrophotosensitive materials of these examples and comparative examples were subjected to the
same photosensitivity test Il and durability test Il as the above and were evaluated for the characteristics thereof. The
results are listed in Table 11.
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It was confirmed from the table that if the type of the surface protective layer is changed, the same results as

the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0302]

Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 2-12, 2-13
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suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
in the electrophotosensitive material of Comparative Example 2-13, cracks over the whole surface protective layer
were already observed after the continuous production of 10,000 copies. These indicate that the compounds used in
these comparative examples were not effective to improve the physical stability of the inorganic surface protective layer.
[0303] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0304] In contrast, all the electrophotosensitive materials of Examples 2-23 to 2-26 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-2) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0305] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 2-27, 2-28, Comparative Example 2-14

[0306] Electrophotosensitive materials of Examples 2-27, 2-28 and Comparative Example 2-14 were fabricated the
same way as in Examples 2-20, 2-21 and Comparative Example 2-11 except that the same procedure as in Examples
1-25, 1-26 and Comparative Examples 1-5 was taken to form a surface protective layer of amorphous silicon-nitrogen
(SiN) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

Examples 2-29, 2-30, Comparative Example 2-15

[0307] Electrophotosensitive materials of Examples 2-29, 2-30 and Comparative Example 2-15 were fabricated the
same way as in Examples 2-20, 2-21 and Comparative Example 2-11 except that the same procedure as in Examples
1-27, 1-28 and Comparative Examples 1-6 was taken to form a surface protective layer of amorphous carbon-nitrogen
(CN) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

Examples 2-31, 2-32, Comparative Example 2-16

[0308] Electrophotosensitive materials of Examples 2-31, 2-32 and Comparative Example 2-16 were fabricated the
same way as in Examples 2-20, 2-21 and Comparative Example 2-11 except that the same procedure as in Examples
1-29, 1-30 and Comparative Examples 1-7 was taken to form a surface protective layer of amorphous carbon-boron
(CB) composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

Examples 2-33, 2-34, Comparative Example 2-17

[0309] Electrophotosensitive materials of Examples 2-33, 2-34 and Comparative Example 2-17 were fabricated the
same way as in Examples 2-20, 2-21 and Comparative Example 2-11 except that the same procedure as in Examples
1-31, 1-32 and Comparative Examples 1-8 was taken to form a surface protective layer of amorphous carbon-fluorine
(CF) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

Examples 2-35, 2-36, Comparative Example 2-18

[0310] Electrophotosensitive materials of Examples 2-35, 2-36 and Comparative Example 2-18 were fabricated the
same way as in Examples 2-20, 2-21 and Comparative Example 2-11 except that the same procedure as in Examples
1-33, 1-34 and Comparative Examples 1-9 was taken to form a surfaceprotectivelayerofamorphousboron-nitrogen(BN)
composite film having a thickness of 0.5um, instead of the silicon-carbon composite film, over the surface of the multi-
layer photosensitive layer.

[0311] The electrophotosensitive materials of these examples and comparative examples were subjected to the
same photosensitivity test Il and durability test Il as the above and were evaluated for the characteristics thereof. The
results are listed in Table 12.
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[0312] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-
tosensitive layer as the base.

[0313] Specifically, it was found that all the electrophotosensitive materials of Comparative Examples 2-14 to 2-18
suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
in the electrophotosensitive materials of Comparative Examples 2-15 to 2-17, cracks over the whole surface protective
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layer were already observed after the continuous production of 10,000 copies. These indicate that the compounds
used in these comparative examples were not effective to improve the physical stability of the inorganic surface pro-
tective layer.

[0314] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0315] In contrast, all the electrophotosensitive materials of Examples 2-27 to 2-36 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-2) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0316] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0317] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 2-19 to 2-36 but no surface protective layer, as well as on those of Examples 2-19 to 2-36, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0318] Similarly, the durability test Il was conducted on electrophotosensitive materials having the same photosen-
sitive layers as Comparative Examples 2-10 to 2-18 but no surface protective layer. The electrophotosensitive materials
with the same photosensitive layers as Comparative Examples 2-10, 2-13 provided images which were decreased in
image density after the production of 20,000 copies or so, whereas the other electrophotosensitive materials provided
such images after the production of 30,000 to 50,000 copies. Such copies sustained white spots in solid black image
areas. By comparing these results with the results of the durability test Il on the corresponding comparative examples,
it is found that the surface protective layers over the photosensitive layers of the comparative examples contribute no
increase in the durability or rather reduce the durability.

[0319] In other words, it is clarified that forming the surface protective layer on the organic photosensitive layer does
not always result in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole
transport material is not selected, the resultant electrophotosensitive material is rather decreased in durability.
[0320] Similarly to the examples with the single-layer photosensitive layer, the electrophotosensitive materials of
Examples 2-19 to 2-36 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the for-
mula (1-2) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 3-1
Forming Single-Layer Photosensitive Layer

[0321] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-typemetal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-3-1); and 100 parts by
weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin in 800 parts by
weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.

[0322] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer
[0323] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a

surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um over the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 3-1.
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Examples 3-2 to 3-11

[0324] Electrophotosensitive materials of Examples 3-2 to 3-11 were fabricated the same way as in Example 3-1
except that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 13 as the positive-hole transport material.

[0325] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-1, 1-2, are listed in Table 13.
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As shown in the table, all the electrophotosensitive materials of Examples 3-1 to 3-11 suffered no cracks nor

delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-3) contributed the improvement of the physical stability of the inorganic surface protective

[0326]
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layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0327] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 3-12 to 3-22

[0328] Electrophotosensitive materials of Examples 3-12 to 3-22 were fabricated the same way as in Examples 3-1
to 3-11 except that the same procedure as in Examples 1-33 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a surface protective layer of amorphous carbon (C) having a thickness of 0.5um, instead of the silicon-carbon
composite film, over the surface of the single-layer photosensitive layer.

[0329] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-3, 1-4, are listed in Table 14.
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[0330] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0331] Specifically, all the electrophotosensitive materials of Examples 3-12 to 3-22 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-3) contributed the improvement of the physical stability of the inorganic surface protective
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layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0332] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 3-23 to 3-25

[0333] Electrophotosensitive materials of Examples 3-23, 3-24 and 3-25 were fabricated the same way as in Exam-
ples 3-1, 3-8, 3-10 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was
taken to form a surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 3-26 to 3-28

[0334] Electrophotosensitive materials of Examples 3-26, 3-27 and 3-28 were fabricated the same way as in Exam-
ples 3-1, 3-8, 3-10 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was
taken to form a surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 3-29 to 3-31

[0335] Electrophotosensitive materials of Examples 3-29, 3-30 and 3-31 were fabricated the same way as in Exam-
ples 3-1, 3-8, 3-10 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was
taken to form a surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 3-32 to 3-34

[0336] Electrophotosensitive materials of Examples 3-32, 3-33 and 3-34 were fabricated the same way as in Exam-
ples 3-1, 3-8, 3-10 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was
taken to form a surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 3-35 to 3-37

[0337] Electrophotosensitive materials of Examples 3-35, 3-36 and 3-37 were fabricated the same way as in Exam-
ples 3-1, 3-8, 3-10 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was
taken to form a surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

[0338] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-5 to 1-9, are listed in Table 15.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same

[0339]
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results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0340] Specifically, all the electrophotosensitive materials of Examples 3-23 to 3-37 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-3) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0341] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0342] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 3-1 to 3-37 but no surface protective layer, as well as on those of Examples 3-1 to 3-37, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0343] It was discovered from the results as well as the results of the analogous study on Comparative Examples
1-1 to 1-9 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0344] The electrophotosensitive materials of Examples 3-1 to 3-37 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-3) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Examples 3-38
Forming Multi-Layer Photosensitive Layer

[0345] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0346] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0347] The ball mill was operated for dispersing by mixing 1 part by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-3-1), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0348] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0349] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 3-38.

Examples 3-39 to 3-48

[0350] Electrophotosensitive materials of Examples 3-39 to 3-48 were fabricated the same way as in Example 3-38
except that each of the examples used 1 part by weight of diphenylamine compound of the formula of a number listed
in the following Table 16 as the positive-hole transport material.

[0351] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-10, 1-11, are listed in Table 16.
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It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer

photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport

layer defining the outermost part of the electrophotosensitive material.

[0352]

55

Specifically, all the electrophotosensitive materials of Examples 3-38 to 3-48 suffered no cracks nor delami-

nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine

[0353]
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compound of the formula (1-3) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0354] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 3-49 to 3-59

[0355] Electrophotosensitive materials of Examples 3-49 to 3-59 were fabricated the same way as in Examples 3-38
to 3-48 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a surface protective layer of amorphous carbon (C) having a thickness of 0.5um, instead of the silicon-carbon
composite film, over the surface of the multi-layer photosensitive layer.

[0356] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 1-12, 1-13, are listed in Table 17.
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[0357] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0358] Specifically, all the electrophotosensitive materials of Examples 3-49 to 3-59 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-3) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0359] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 3-60 to 3-62

[0360] Electrophotosensitive materials of Examples 3-60 to 3-62 were fabricated the same way as in Examples 3-38,
3-45 and 3-47 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken
to form a surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 3-60 to 3-62

[0361] Electrophotosensitive materials of Examples 3-60 to 3-62 were fabricated the same way as in Examples 3-38,
3-45 and 3-47 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken
to form a surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 3-66 to 3-68

[0362] Electrophotosensitive materials of Examples 3-66 to 3-68 were fabricated the same way as in Examples 3-38,
3-45 and 3-47 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken
to form a surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5um, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 3-69 to 3-71

[0363] Electrophotosensitive materials of Examples 3-69 to 3-71 were fabricated the same way as in Examples 3-38,
3-45 and 3-47 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken
to form a surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 3-72 to 3-74

[0364] Electrophotosensitive materials of Examples 3-72 to 3-74 were fabricated the same way as in Examples 3-38,
3-45 and 3-47 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken
to form a surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5um,
instead of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0365] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il and were evaluated for the characteristics thereof. The results, along with the aforementioned
results of Comparative Examples 1-14 to 1-18, are listed in Table 18.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same

results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-

tosensitive layer as the base.

[0366]
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Specifically, all the electrophotosensitive materials of Examples 3-60 to 3-74 suffered no cracks nor delami-

nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-3) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0368] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0369] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 3-38 to 3-74 but no surface protective layer, as well as on those of Examples 3-38 to 3-74, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0370] It was discovered from the results as well as the results of the analogous study on Comparative Examples
1-10 to 1-18 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0371] Similarly to the examples with the single-layer photosensitive layer, the electrophotosensitive materials of
Examples 3-38 to 3-74 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the for-
mula (1-3) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 4-1
Forming Single-Layer Photosensitive Layer

[0372] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-4a-8); 80 parts by
weight of 2,6-dimethyl-2',6'-t-butylbenzoquinone as the electron transport material represented by the formula (ET-1);
and 100 parts by weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin
in 800 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.
[0373] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0374] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um over the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 4-1.

Examples 4-2 to 4-4

[0375] Electrophotosensitive materials of Examples 4-2 to 4-4 were fabricated the same way as in Example 4-1
except that each of the examples used 1-00 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 19 as the positive-hole transport material.

[0376] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-1, 2-2, are listed in Table 19.
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[0377] It was found from the table that all the electrophotosensitive materials of Examples 4-1 to 4-4 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-4) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0378] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 4-5 to 4-8

[0379] Electrophotosensitive materials of Examples 4-5 to 4-8 were fabricated the same way as in Examples 4-1 to
4-4 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to
form a surface protective layer of amorphous carbon (C) having a thickness of 0.5um, instead of the silicon-carbon
composite film, over the surface of the single-layer photosensitive layer.

[0380] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-1, 2-2, are listed in Table 20.
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[0381] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0382] Specifically, all the electrophotosensitive materials of Examples 4-5 to 4-8 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-4) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0383] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
inphotosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 4-9, 4-10

[0384] Electrophotosensitive materials of Examples 4-9, 4-10 were fabricated the same way as in Examples 4-1, 4-3
except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a um
surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5um, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 4-11, 4-12

[0385] Electrophotosensitive materials of Examples 4-11, 4-12 were fabricated the same way as in Examples 4-1,
4-3 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a um
surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5um, instead of
the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 4-13, 4-14

[0386] Electrophotosensitive materials of Examples 4-13, 4-14 were fabricated the same way as in Examples 4-1,
4-3 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a um
surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5um, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 4-15, 4-16

[0387] Electrophotosensitive materials of Examples 4-15, 4-16 were fabricated the same way as in Examples 4-1,
4-3 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a um
surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5um, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 4-17, 4-18

[0388] Electrophotosensitive materials of Examples 4-17, 4-18 were fabricated the same way as in Examples 4-1,
4-3 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a um
surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5um, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

[0389] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-5 to 2-9, are listed in Table 21.
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[0390] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0391] Specifically, all the electrophotosensitive materials of Examples 4-9 to 4-18 suffered no cracks nor delamina-
tion after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine com-
pound of the formula (1-4) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0392] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0393] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 4-1 to 4-18 but no surface protective layer, as well as on those of Examples 4-1 to 4-18, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0394] It was discovered from the results as well as the results of the analogous study on Comparative Examples
2-1 to 2-9 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0395] The electrophotosensitive materials of Examples 4-1 to 4-18 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-4) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 4-19
Forming Multi-Layer Photosensitive Layer

[0396] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0397] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0398] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-4a-8), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0399] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0400] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 4-19.

Examples 4-20 to 4-22

[0401] Electrophotosensitive materials of Examples 4-20 to 4-22 were fabricated the same way as in Example 4-19
except that each of the examples used 0.8 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 22 as the positive-hole transport material.

[0402] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
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aforementioned results of Comparative Examples 2-10, 2-11, are listed in Table 22.
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[0403] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
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layer defining the outermost part of the electrophotosensitive material.

[0404] Specifically, all the electrophotosensitive materials of Examples 4-19 to 4-22 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-4) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0405] 'Itwas alsofound that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 4-23 to 4-26

[0406] Electrophotosensitive materials of Examples 4-23 to 4-26 were fabricated the same way as in Examples 4-19
to 4-22 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5um, instead of the silicon-
carbon composite film, over the surface of the multi-layer photosensitive layer.

[0407] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-12, 1-13, are listed in Table 23.
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[0408] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0409] Specifically, all the electrophotosensitive materials of Examples 4-23 to 4-26 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-4) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0410] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 4-27, 4-28

[0411] Electrophotosensitive materials of Examples 4-27, 4-28 were fabricated the same way as in Examples 4-19,
4-21 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a
um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5um, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 4-29, 4-30

[0412] Electrophotosensitive materials of Examples 4-29, 4-30 were fabricated the same way as in Examples 4-19,
4-21 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a
um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5um, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 4-31, 4-32

[0413] Electrophotosensitive materials of Examples 4-31, 4-32 were fabricated the same way as in Examples 4-19,
4-21 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a
um surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5um, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 4-33, 4-34

[0414] Electrophotosensitive materials of Examples 4-33, 4-34 were fabricated the same way as in Examples 4-19,
4-21 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a
um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5um, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 4-35, 4-36

[0415] Electrophotosensitive materials of Examples 4-35, 4-36 were fabricated the same way as in Examples 4-19,
4-21 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a
um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0416] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test 1l as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-14 to 2-18, are listed in Table 24.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same

results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-

tosensitive layer as the base.

[0417]

55

Specifically, all the electrophotosensitive materials of Examples 4-27 to 4-36 suffered no cracks nor delami-

nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine

[0418]
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compound of the formula (1-4) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0419] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0420] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 4-19 to 4-36 but no surface protective layer, as well as on those of Examples 4-19 to 4-36, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0421] It was discovered from the results as well as the results of the analogous study on Comparative Examples
2-10 to 2-18 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0422] Similarly to the examples with the single-layer photosensitive layer, the electrophotosensitive materials of
Examples 4-19 to 4-36 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the for-
mula (1-4) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 5-1
Forming Single-Layer Photosensitive Layer

[0423] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-5-2); and 100 parts by
weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin in 800 parts by
weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.

[0424] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0425] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5.m over the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 5-1.

Examples 5-2 to 5-7

[0426] Electrophotosensitive materials of Examples 5-2 to 5-7 were fabricated the same way as in Example 5-1
except that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 25 as the positive-hole transport material.

[0427] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 1-1, 1-2, are listed in Table 25.
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[0428] It was found from the table that all the electrophotosensitive materials of Examples 5-1 to 5-7 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-5) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products

[0429] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
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in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 5-8 to 5-14

[0430] Electrophotosensitive materials of Examples 4-8 to 5-14 were fabricated the same way as in Examples 5-1
to 5-7 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to
form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-carbon
composite film, over the surface of the single-layer photosensitive layer.

[0431] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-3, 1-4, are listed in Table 26.
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[0432] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0433] Specifically, all the electrophotosensitive materials of Examples 5-8 to 5-14 suffered no cracks nor delamina-
tion after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine com-
pound of the formula (1-5) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
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ucts.

[0434] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 5-15, 5-16

[0435] Electrophotosensitive materials of Examples 5-15, 5-16 were fabricated the same way as in Examples 5-3,
5-4 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a um
surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 5-17, 5-18

[0436] Electrophotosensitive materials of Examples 5-17, 5-18 were fabricated the same way as in Examples 5-3,
5-4 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a um
surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 5-19, 5-20

[0437] Electrophotosensitive materials of Examples 5-19, 5-20 were fabricated the same way as in Examples 5-3,
5-4 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a um
surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 5-21, 5-22

[0438] Electrophotosensitive materials of Examples 5-21, 5-22 were fabricated the same way as in Examples 5-3,
5-4 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a um
surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 5-23, 5-24

[0439] Electrophotosensitive materials of Examples 5-23, 5-24 were fabricated the same way as in Examples 5-3,
5-4 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a um
surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

[0440] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-5 to 1-9, are listed in Table 27.
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[0441] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0442] Specifically, all the electrophotosensitive materials of Examples 5-15 to 5-24 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-5) contributed the improvement of the physical stability of the inorganic surface protective
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layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0443] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0444] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 5-1 to 5-24 but no surface protective layer, as well as on those of Examples 5-1 to 5-24, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0445] It was discovered from the results as well as the results of the analogous study on Comparative Examples
1-1 to 1-9 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0446] The electrophotosensitive materials of Examples 5-1 to 5-24 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-5) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 5-25
Forming Multi-Layer Photosensitive Layer

[0447] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0448] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0449] The ball mill was operated for dispersing by mixing 1 part by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-5-2), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0450] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0451] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 5-25.

Examples 5-26 to 5-31

[0452] Electrophotosensitive materials of Examples 5-26 to 5-31 were fabricated the same way as in Example 5-25
except that each of the examples used 1 part by weight of diphenylamine compound of the formula of a number listed
in the following Table 28 as the positive-hole transport material.

[0453] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-10, 1-11, are listed in Table 28.
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[0454] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost part of the electrophotosensitive material.

[0455] Specifically, all the electrophotosensitive materials of Examples 5-25 to 5-31 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-5) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0456] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 5-32 to 5-38

[0457] Electrophotosensitive materials of Examples 5-32 to 5-38 were fabricated the same way as in Examples 5-25
to 5-31 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-
carbon composite film, over the surface of the multi-layer photosensitive layer.

[0458] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 1-12, 1-13, are listed in Table 29.
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[0459] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0460] Specifically, all the electrophotosensitive materials of Examples 5-32 to 5-38 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-5) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0461] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 5-39, 5-40

[0462] Electrophotosensitive materials of Examples 5-39, 5-40 were fabricated the same way as in Examples 5-27,
5-28 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a
um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 5-41, 5-42

[0463] Electrophotosensitive materials of Examples 5-41, 5-42 were fabricated the same way as in Examples 5-27,
5-28 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a
um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 5-43, 5-44

[0464] Electrophotosensitive materials of Examples 5-43, 5-44 were fabricated the same way as in Examples 5-27,
5-28 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a
um surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 5-45, 5-46

[0465] Electrophotosensitive materials of Examples 5-45, 5-46 were fabricated the same way as in Examples 5-27,
5-28 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a
um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 5-47, 5-48

[0466] Electrophotosensitive materials of Examples 4-35, 4-36 were fabricated the same way as in Examples 5-27,
5-28 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a
um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0467] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 1-14 to 1-18, are listed in Table 30.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same

results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-

tosensitive layer as the base.

[0468]

55

Specifically, all the electrophotosensitive materials of Examples 5-39 to 5-48 suffered no cracks nor delami-

nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine

[0469]
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compound of the formula (1-5) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0470] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0471] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 5-25 to 5-48 but no surface protective layer, as well as on those of Examples 5-25 to 5-48, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0472] It was discovered from the results as well as the results of the analogous study on Comparative Examples
1-10 to 1-18 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0473] Similarly to the examples with the single-layer photosensitive layer, the electrophotosensitive materials of
Examples 5-25 to 5-48 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the for-
mula (1-5) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 6-1
Forming Single-Layer Photosensitive Layer

[0474] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-6-2); 80 parts by weight
of 2,6-dimethyl-2',6'-t-butylbenzoquinone as the electron transport material represented by the formula (ET-1); and
100 parts by weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin in 800
parts by weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.

[0475] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0476] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5.mover the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 6-1.

Examples 6-2, 6-3

[0477] Electrophotosensitive materials of Examples 6-2, 6-3 were fabricated the same way as in Example 6-1 except
that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number listed in
the following Table 31 as the positive-hole transport material.

[0478] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-1, 2-2, are listed in Table 31.
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[0479] It was found from the table that all the electrophotosensitive materials of Examples 6-1 to 6-3 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-6) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0480] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 6-4 to 6-6

[0481] Electrophotosensitive materials of Examples 6-4 to 6-6 were fabricated the same way as in Examples 6-1 to
6-3 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to
form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-carbon
composite film, over the surface of the single-layer photosensitive layer.

[0482] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-3, 2-4, are listed in Table 32.
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[0483] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0484] Specifically, all the electrophotosensitive materials of Examples 6-4 to 6-6 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-6) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0485] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 6-7, 6-8

[0486] Electrophotosensitive materials of Examples 6-7, 6-8 were fabricated the same way as in Examples 6-1, 6-2
except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a um
surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 6-9, 6-10

[0487] Electrophotosensitive materials of Examples 6-9, 6-10 were fabricated the same way as in Examples 6-1, 6-2
except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a um
surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 6-11, 6-12

[0488] Electrophotosensitive materials of Examples 6-11, 6-12 were fabricated the same way as in Examples 6-1,
6-2 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a um
surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 6-13, 6-14

[0489] Electrophotosensitive materials of Examples 6-13, 6-14 were fabricated the same way as in Examples 6-1,
6-2 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a um
surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 6-15, 6-16

[0490] Electrophotosensitive materials of Examples 6-15, 6-16 were fabricated the same way as in Examples 6-1,
6-2 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a um
surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

[0491] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-5 to 2-9, are listed in Table 33.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same

[0492]
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results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0493] Specifically, all the electrophotosensitive materials of Examples 6-7 to 6-16 suffered no cracks nor delamina-
tion after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine com-
pound of the formula (1-6) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0494] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0495] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 6-1 to 6-16 but no surface protective layer, as well as on those of Examples 6-1 to 6-16, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0496] It was discovered from the results as well as the results of the analogous study on Comparative Examples
2-1 to 2-9 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0497] The electrophotosensitive materials of Examples 6-1 to 6-16 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-6) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 6-17
Forming Multi-Layer Photosensitive Layer

[0498] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0499] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0500] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-6-2), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0501] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0502] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 6-17.

Examples 6-18, 6-19

[0503] Electrophotosensitive materials of Examples 6-18, 6-19 were fabricated the same way as in Example 6-17
except that each of the examples used 1 part by weight of diphenylamine compound of the formula of a number listed
in the following Table 34 as the positive-hole transport material.

[0504] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-10, 2-11, are listed in Table 34.
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[0505] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost part of the electrophotosensitive material.

[0506] Specifically, all the electrophotosensitive materials of Examples 6-17 to 6-19 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-6) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0507] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 6-20 to 6-22

[0508] Electrophotosensitive materials of Examples 6-20 to 6-22 were fabricated the same way as in Examples 6-17
to 6-19 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-
carbon composite film, over the surface of the multi-layer photosensitive layer.

[0509] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-12, 2-13, are listed in Table 35.
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[0510] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0511] Specifically, all the electrophotosensitive materials of Examples 6-20 to 6-22 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-6) contributed the improvement of the physical stability of the inorganic surface protective
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layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0512] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 6-23, 6-24

[0513] Electrophotosensitive materials of Examples 6-23, 6-24 were fabricated the same way as in Examples 6-17,
6-18 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a
um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 6-25, 6-26

[0514] Electrophotosensitive materials of Examples 6-25, 6-26 were fabricated the same way as in Examples 6-17,
6-18 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a
um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 6-27, 6-28

[0515] Electrophotosensitive materials of Examples 6-27, 6-28 were fabricated the same way as in Examples 6-17,
6-18 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a
um surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 6-29, 6-30

[0516] Electrophotosensitive materials of Examples 6-29, 6-30 were fabricated the same way as in Examples 6-17,
6-18 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a
um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 6-31, 6-32

[0517] Electrophotosensitive materials of Examples 6-31, 6-32 were fabricated the same way as in Examples 6-17,
6-18 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a
um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0518] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-14 to 2-18, are listed in Table 36.
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[0519] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-
tosensitive layer as the base.

[0520] Specifically, all the electrophotosensitive materials of Examples 6-23 to 6-32 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-6) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
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ucts.

[0521] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0522] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 6-17 to 6-32 but no surface protective layer, as well as on those of Examples 6-17 to 6-32, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0523] It was discovered from the results as well as the results of the analogous study on Comparative Examples
2-10 to 2-18 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0524] Similarly to the examples with the single-layer photosensitive layer, the electrophotosensitive materials of
Examples 6-17 to 6-32 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the for-
mula (1-6) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 7-1
Forming Single-Layer Photosensitive Layer

[0525] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-typemetal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-7-12); 80 parts by
weight of 2,6-dimethyl-2',6'-t-butylbenzoquinone as the electron transport material represented by the formula (ET-1);
and 100 parts by weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin
in 800 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.
[0526] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0527] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5.mover the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 7-1.

Examples 7-2, 7-3

[0528] Electrophotosensitive materials of Examples 7-2, 7-3 were fabricated the same way as in Example 7-1 except
that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number listed in
the following Table 37 as the positive-hole transport material.

[0529] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, alongwith the afore-
mentioned results of Comparative Examples 2-1, 2-2, are listed in Table 37.

177



EP 1176 469 A1

- - - X O 9z¢°1 08T 08L 1-14 €-1LH DTS-® [Z-T XD
- - X \% O 111 vaT v18 1-13 1-IH JTs-e [1-2°%XE°D
O O O O O A XM 1Al z6L I-1d | ¢Z-L~1 | OTs-® €-L°¥d
O O O O O 0L8°0 621 €08 1-3d | #¥T1-L~-T | DTs-® Z-L°Xd
O O O @) O 008°0 0zt L18 1-3d | 21-L-T | OTS-® | 1-L°XZ
soTdoo satdoo satdoo saTdoo satdoo | (,uwd/pen) (A) A (A)OA HI
000‘00T 00008 000°0€ 000‘0Z 000‘0T ety e s WLI Hed 1dS
3sal A3rTTIqeang ATH
LE STqel
o 3 e S 8 8 3 S 2 B

55

It was found from the table that all the electrophotosensitive materials of Examples 7-1 to 7-3 suffered no

cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the

[0530]
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diphenylamine compound of the formula (1-7) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0531] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 7-4 to 7-6

[0532] Electrophotosensitive materials of Examples 7-4 to 7-6 were fabricated the same way as in Examples 7-1 to
7-3 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to
form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-carbon
composite film, over the surface of the single-layer photosensitive layer.

[05633] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-3, 2-4, are listed in Table 38.
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[0534] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0535] Specifically, all the electrophotosensitive materials of Examples 7-4 to 7-6 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-7) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0536] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 7-7, 7-8

[0537] Electrophotosensitive materials of Examples 7-7, 7-8 were fabricated the same way as in Examples 7-1, 7-3
except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a um
surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 7-9, 7-10

[0538] Electrophotosensitive materials of Examples 7-9, 7-10 were fabricated the same way as in Examples 7-1, 7-3
except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a um
surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 6-11, 6-12

[0539] Electrophotosensitive materials of Examples 7-11, 7-12 were fabricated the same way as in Examples 7-1,
7-3 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a um
surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 7-13, 7-14

[0540] Electrophotosensitive materials of Examples 7-13, 7-14 were fabricated the same way as in Examples 7-1,
7-3 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a um
surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 7-15, 7-16

[0541] Electrophotosensitive materials of Examples 7-15, 7-16 were fabricated the same way as in Examples 7-1,
7-3 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a um
surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

[0542] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-5 to 2-9, are listed in Table 39.
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[0543] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0544] Specifically, all the electrophotosensitive materials of Examples 7-7 to 7-16 suffered no cracks nor delamina-
tion after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine com-
pound of the formula (1-7) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0545] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0546] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 7-1 to 7-16 but no surface protective layer, as well as on those of Examples 7-1 to 7-16, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability ' of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0547] It was discovered from the results as well as the results of the analogous study on Comparative Examples
2-1 to 2-9 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0548] The electrophotosensitive materials of Examples 7-1 to 7-16 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-7) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 1-17
Forming Multi-Layer Photosensitive Layer

[0549] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0550] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0551] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-7-12), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0552] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0553] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 7-17.

Examples 7-18, 7-19

[0554] Electrophotosensitive materials of Examples 7-18, 7-19 were fabricated the same way as in Example 7-17
except that each of the examples used 0.8 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 40 as the positive-hole transport material.

[0555] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
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aforementioned results of Comparative Examples 2-10, 2-11, are listed in Table 40.
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[0556] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost part of the electrophotosensitive material.

[0557] Specifically, all the electrophotosensitive materials of Examples 7-17 to 7-19 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-7) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0558] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 7-20 to 7-22

[0559] Electrophotosensitive materials of Examples 7-20 to 7-22 were fabricated the same way as in Examples 7-17
to 7-19 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-
carbon composite film, over the surface of the multi-layer photosensitive layer.

[0560] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-12, 2-13, are listed in Table 41.
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[0561] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0562] Specifically, all the electrophotosensitive materials of Examples 7-20 to 7-22 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-7) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
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ucts.

[0563] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 7-23, 7-24

[0564] Electrophotosensitive materials of Examples 7-23, 7-24 were fabricated the same way as in Examples 7-17,
7-19 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a
um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 7-25, 7-26

[0565] Electrophotosensitive materials of Examples 7-25, 7-26 were fabricated the same way as in Examples 7-17,
7-19 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a
um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 7-27, 7-28

[0566] Electrophotosensitive materials of Examples 7-27, 7-28 were fabricated the same way as in Examples 7-17,
7-19 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a
um surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 7-29, 7-30

[0567] Electrophotosensitive materials of Examples 7-29, 7-30 were fabricated the same way as in Examples 7-17,
7-19 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a
um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 7-31, 7-32

[0568] Electrophotosensitive materials of Examples 7-31, 7-32 were fabricated the same way as in Examples 7-17,
7-18 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a
um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0569] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-14 to 2-18, are listed in Table 42.
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[0570] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-
tosensitive layer as the base.

[0571] Specifically, all the electrophotosensitive materials of Examples 7-23 to 7-32 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-7) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
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ucts.

[0572] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0573] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 7-17 to 7-32 but no surface protective layer, as well as on those of Examples 7-17 to 7-32, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0574] It was discovered from the results as well as the results of the analogous study on Comparative Examples
2-10 to 2-18 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0575] The electrophotosensitive materials of Examples 7-17 to 7-32 wherein the multi-layer photosensitive layers
contain the diphenylamine compound of the formula (1-7) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer similarly to the examples with the single-layer photosensitive layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 8-1
Forming Single-Layer Photosensitive Layer

[0576] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 80 parts by weight of diphe-
nylamine compound as the positive-hole transport material represented by the formula (1-8-2); 40 parts by weight of
2,6-dimethyl-2',6'-t-butylbenzoquinone as the electron transport material represented by the formula (ET-1); and 100
parts by weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin in 800 parts
by weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.

[0577] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0578] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5.mover the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 8-1.
Examples 8-2 to 8-4

[0579] Electrophotosensitive materials of Examples 8-2 to 8-4 were fabricated the same way as in Example 8-1
except that each of the examples used 80 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 43 as the positive-hole transport material.

Comparative Example 8-1

[0580] An electrophotosensitive material of Comparative Example 8-1 was fabricated the same way as in Example
8-1, except that 100 parts by weight of polyvinylcarbazole (number-average molecular weight Mn=9,500) was used
instead of 80 parts by weight of diphenylamine compound as the positive-hole transport material and 100 parts by
weight of Z-type polycarbonate as the binder resin, the polyvinylcarbazole serving not only as the positive-hole transport
material but also as the binder resin and having the repeated unit represented by the formula (HT-1).

Comparative Example 8-2

[0581] An electrophotosensitive material of Comparative Example 8-2 was fabricated the same way as in Example
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8-1, except that 100 parts by weight of diethylaminobenzaldehyde diphenylhydrazone represented by the formula (HT-
3) was used as the positive-hole transport material.

[0582] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The
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results are listed in Table 43.
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It was found from the table that the electrophotosensitive material of Comparative Example 8-1 and that of

[0583]
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Comparative Example 8-2 suffered the delamination of the surface protective layer after the continuous production of
30,000 copies and of 20,000 copies, respectively. This indicates that the compounds used in these comparative ex-
amples were not effective to improve the physical stability of the inorganic surface protective layer.

[0584] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0585] In contrast, all the electrophotosensitive materials of Examples 8-1 to 8-4 suffered no cracks nor delamination
of the surface protective layer after the continuous production of 100,000 copies. It was thus confirmed that the use of
the diphenylamine compound of the formula (1-8) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0586] It was also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 8-5 to 8-8, Comparative Examples 8-3, 8-4

[0587] Electrophotosensitive materials of Examples 8-5 to 8-8 and Comparative Examples 8-3, 8-4 were fabricated
the same way as in Examples 8-1 to 8-4 and Comparative Examples 8-1, 8-2 except that the same procedure as in
Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to form a um surface protective layer of amor-
phous carbon (C) having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

[0588] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The
results are listed in Table 44.

192



EP 1176 469 A1

- - X \% O 8121 L9T 608 1-12 £~1H o-®  [p-8°xFA°D
- - X Y% O 0GT°T LST 88L 1-14 1-LH o-® | €£-8°XH"D
O O O O O 80L°0 8cT 718 1-12 | 01-8-1 o-® 8-8°Xd
O O O O O 9TL"0 6€T 88L 1-13 9-8-1 o-® L-8°Xd
O O O O O 8990 62T z8L 1-14 v-8-1 o-® 9-8°XJ
O O ©) O O 089°0 0€T S8L 1-1d z-8-1 o-® G-8°Xd
soetdoo soTdoo sotdodo saTdoo sartdoo | (Lwo/per)
' ' . R " (A)an (a)on WL
000'00T 000’05 000°‘0€ 000°0Z 000°0T ety e as WL H-d 1ds
3se1 A3rTTqeand dTH
vy 9Tqel

20

25

30

35

40

45

50

55

193



10

15

20

25

30

35

40

45

50

55

EP 1176 469 A1

[0589] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0590] Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 8-3, 8-4
already sustained cracks spread over the surface protective layer after the continuous production of 20,000 copies
and suffered the delamination of the surface protective layer after the continuous production of 30,000 copies. These
indicate that the compounds used in these comparative examples are not effective to improve the physical stability of
the inorganic surface protective layer.

[0591] Additionally, the electrophotosensitive materials of these comparative examples were found to be seriously
decreased in photosensitivity when formed with the surface protective layer, because they presented high residual
potentials after light exposure and large half-life exposures.

[0592] In contrast, all the electrophotosensitive materials of Examples 8-5 to 8-8 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-8) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0593] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 8-9, 8-10, Comparative Example 8-5

[0594] Electrophotosensitive materials of Examples 8-9, 8-10 and Comparative Example 8-5 were fabricated the
same way as in Examples 8-1, 8-2 and Comparative Example 8-2 except that the same procedure as in Examples
1-25, 1-26 and Comparative Example 1-5 was taken to form a um surface protective layer of amorphous silicon-nitrogen
(SiN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 8-11, 8-12, Comparative Example 8-6

[0595] Electrophotosensitive materials of Examples 8-11, 8-12 and Comparative Example 8-6 were fabricated the
same way as in Examples 8-1, 8-2 and Comparative Example 8-2 except that the same procedure as in Examples
1-27, 1-28 and Comparative Example 1-6 was taken to form a um surface protective layer of amorphous carbon-
nitrogen (CN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface
of the single-layer photosensitive layer.

Examples 8-13, 8-14, Comparative Example 8-7

[0596] Electrophotosensitive materials of Examples 8-13, 8-14 and Comparative Example 8-7 were fabricated the
same way as in Examples 8-1, 8-2 and Comparative Example 8-2 except that the same procedure as in Examples
1-29, 1-30 and Comparative Example 1-7 was taken to form a um surface protective layer of amorphous carbon-boron
(CB) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 8-15, 8-16, Comparative Example 8-8

[0597] Electrophotosensitive materials of Examples 8-15, 8-16 and Comparative Example 8-8 were fabricated the
same way as in Examples 8-1, 8-2 and Comparative Example 8-2 except that the same procedure as in Examples
1-31, 1-32 and Comparative Example 1-8 was taken to form a um surface protective layer of amorphous carbon-fluorine
(CF) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 8-17, 8-18, Comparative Example 8-9

[0598] Electrophotosensitive materials of Examples 8-17, 8-18 and Comparative Example 8-9 were fabricated the
same way as in Examples 8-1, 8-2 and Comparative Example 8-2 except that the same procedure as in Examples
1-33, 1-34 and Comparative Example 1-9 was taken to form a um surface protective layer of amorphous boron-nitrogen
(BN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

[0599] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
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same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The

results are listed in Table 45.
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[0600] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0601] Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 8-7, 8-8
already sustained cracks spread over the surface protective layer after the continuous production of 20,000 copies
and that those of Comparative Examples 8-5, 8-6, 8-9 suffered the delamination of the surface protective layer after
the continuous production of 30,000 copies. Particularly in the electrophotosensitive material of Comparative Example
8-8, cracks spread over the surface protective layer were already observed after the continuous production of 10,000
copies. These indicate that the compounds used in these comparative examples are not effective to improve the phys-
ical stability of the inorganic surface protective layer.

[0602] Additionally, the electrophotosensitive materials of these comparative examples were found to be seriously
decreased in photosensitivity when formed with the surface protective layer, because they presented high residual
potentials after light exposure and large half-life exposures.

[0603] Incontrast, all the electrophotosensitive materials of Examples 8-9 to 8-18 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-8) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0604] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0605] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 8-1 to 8-18 but no surface protective layer, as well as on those of Examples 8-1 to 8-18, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0606] Similarly, the durability test | was conducted on the electrophotosensitive materials having the same photo-
sensitive layers as Comparative Examples 8-1 to 8-9 but no surface protective layer. The electrophotosensitive mate-
rials having the same photosensitive layers as Comparative Examples 8-1, 8-3 provided images which were decreased
in image density to suffer white spots in solid black image areas after the production of about 20,000 copies. The other
electrophotosensitive materials provided such images after the production of 30,000 to 50,000 copies. By comparing
these results with the results of the durability test | on the corresponding comparative examples, it is found that the
surface protective layers over the photosensitive layers of the comparative examples contribute no increase in the
durability or rather reduce the durability.

[0607] In other words, it is clarified that forming the surface protective layer on the organic photosensitive layer does
not always result in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole
transport material is not selected, the resultant electrophotosensitive material is rather decreased in durability.
[0608] The electrophotosensitive materials of Examples 8-1 to 8-18 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-8) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 8-19
Forming Multi-Layer Photosensitive Layer

[0609] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0610] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0611] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-8-2), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0612] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
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was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0613] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 8-19.

Examples 8-20 to 8-22

[0614] Electrophotosensitive materials of Examples 8-20 to 8-22 were fabricated the same way as in Example 8-19
except that each of the examples used 0.8 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 46 as the positive-hole transport material.

[0615] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-10, 2-11, are listed in Table 46.
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[0616] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost part of the electrophotosensitive material.

[0617] Specifically, all the electrophotosensitive materials of Examples 8-19 to 8-22 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
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compound of the formula (1-8) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0618] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 8-23 to 8-26

[0619] Electrophotosensitive materials of Examples 8-23 to 8-26 were fabricated the same way as in Examples 8-19
to 8-22 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-
carbon composite film, over the surface of the multi-layer photosensitive layer.

[0620] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-12, 2-13, are listed in Table 47.
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[0621] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0622] Specifically, all the electrophotosensitive materials of Examples 8-23 to 8-26 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-8) contributed the improvement of the physical stability of the inorganic surface protective
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layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0623] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 8-27, 8-28

[0624] Electrophotosensitive materials of Examples 8-27, 8-28 were fabricated the same way as in Examples 8-19,
8-20 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a
um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 8-29, 8-30

[0625] Electrophotosensitive materials of Examples 8-29, 8-30 were fabricated the same way as in Examples 8-19,
8-20 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a
um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 8-31, 8-32

[0626] Electrophotosensitive materials of Examples 8-31, 8-32 were fabricated the same way as in Examples 8-19,
8-20 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a
um surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 8-33, 8-34

[0627] Electrophotosensitive materials of Examples 8-33, 8-34 were fabricated the same way as in Examples 8-19,
8-20 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a
um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 8-35, 8-36

[0628] Electrophotosensitive materials of Examples 8-35, 8-36 were fabricated the same way as in Examples 8-19,
8-20 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a
um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0629] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-14 to 2-18, are listed in Table 48.
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[0630] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-
tosensitive layer as the base.

[0631] Specifically, all the electrophotosensitive materials of Examples 8-27 to 8-36 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-8) contributed the improvement of the physical stability of the inorganic surface protective
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layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0632] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0633] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 8-19 to 8-36 but no surface protective layer, as well as on those of Examples 8-19 to 8-36, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0634] It was discovered from the results as well as the results of the analogous study on Comparative Examples
2-10 to 2-18 that forming the surface protective layer on the organic photosensitive layer does not always result in the
improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material is not
selected, the resultant electrophotosensitive material is rather decreased in durability.

[0635] The electrophotosensitive materials of Examples 8-19 to 8-36 wherein the multi-layer photosensitive layers
contain the diphenylamine compound of the formula (1-8) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer similarly to the examples with the single-layer photosensitive layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 9-1
Forming Single-Layer Photosensitive Layer

[0636] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-9-3); 80 parts by weight
of 2,6-dimethyl-2',6'-t-butylbenzoquinone as the electron transport material represented by the formula (ET-1); and
100 parts by weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin in 800
parts by weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.

[0637] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0638] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5.mover the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 9-1.
Examples 9-2 to 9-6

[0639] Electrophotosensitive materials of Examples 9-2 to 9-6 were fabricated the same way as in Example 9-1
except that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 49 as the positive-hole transport material.

Comparative Example 9-1

[0640] An electrophotosensitive material of Comparative Example 9-1 was fabricated the same way as in Example
9-1, except that 100 parts by weight of diethylaminobenzaldehyde diphenylhydrazone represented by the formula (HT-
3) was used as the positive-hole transport material.

Comparative Example 9-2

[0641] An electrophotosensitive material of Comparative Example 9-2 was fabricated the same way as in Example
9-1, except that 100 parts by weight of tris(3-methylphenyl)amine represented by a formula (HT-4) was used as the
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[0642] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The

results are listed in Table 49.
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It was found from the table that both the electrophotosensitive materials of Comparative Examples 9-1, 9-2

[0643]
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suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. This indicates
that the compounds used in these comparative examples are not effective to improve the physical stability of the
inorganic surface protective layer.

[0644] It was also found that the electrophotosensitive materials of these comparative examples were significantly
decreased in photosensitivity when formed with the surface protective layer, because they presented large residual
potentials after light exposure and large half-life exposures.

[0645] In contrast, all the electrophotosensitive materials of Examples 9-1 to 9-6 suffered no cracks nor delamination
of the surface protective layer after the continuous production of 100,000 copies. It was thus confirmed that the use of
the diphenylamine compound of the formula (1-9) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0646] It was also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 9-7 to 9-12, Comparative Examples 9-3, 9-4

[0647] Electrophotosensitive materials of Examples 9-7 to 9-12 and Comparative Examples 9-3, 9-4 were fabricated
the same way as in Examples 9-1 to 9-6 and Comparative Examples 9-1, 9-2 except that the same procedure as in
Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to form a um surface protective layer of amor-
phous carbon (C) having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

[0648] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The
results are listed in Table 50.
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It was confirmed from the table that if the type of the surface protective layer is changed, the same results as

the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0649]
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[0650] Specifically, it was found that the electrophotosensitive material of Comparative Example 9-3 sustained cracks
spread over the surface protective layer after the continuous production of 20,000 copies and suffered the delamination
of the surface protective layer after the continuous production of 30,000 copies. On the other hand, the electrophoto-
sensitive material of Comparative Example 9-4 was found to suffer the delamination of the surface protective layer
after the continuous production of 30,000 copies. These indicate that the compounds used in these comparative ex-
amples are not effective to improve the physical stability of the inorganic surface protective layer.

[0651] Additionally, the electrophotosensitive materials of these comparative examples were found to be seriously
decreased in photosensitivity when formed with the surface protective layer, because they presented high residual
potentials after light exposure and large half-life exposures.

[0652] Incontrast, all the electrophotosensitive materials of Examples 9-7 to 9-12 suffered no cracks nor delamination
after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine compound
of the formula (1-9) contributed the improvement of the physical stability of the inorganic surface protective layer,
resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art products.
[0653] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 9-13 to 9-15, Comparative Example 9-5

[0654] Electrophotosensitive materials of Examples 9-13 to 9-15 and Comparative Example 9-5 were fabricated the
same way as in Examples 9-2, 9-4, 9-6 and Comparative Example 9-2 except that the same procedure as in Examples
1-25, 1-26 and Comparative Example 1-5 was taken to form a um surface protective layer of amorphous silicon-nitrogen
(SiN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
single-layer photosensitive layer.

Examples 9-16 to 9-18, Comparative Example 9-6

[0655] Electrophotosensitive materials of Examples 9-16, 9-17, 9-18 and Comparative Example 9-6 were fabricated
the same way as in Examples 9-2, 9-4, 9-6 and Comparative Example 9-2 except that the same procedure as in
Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a um surface protective layer of amorphous
carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over
the surface of the single-layer photosensitive layer.

Examples 9-19 to 9-21, Comparative Example 9-7

[0656] Electrophotosensitive materials of Examples 9-19, 9-20, 9-21 and Comparative Example 9-7 were fabricated
the same way as in Examples 9-2, 9-4, 9-6 and Comparative Example 9-2 except that the same procedure as in
Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a um surface protective layer of amorphous
carbon-boron (CB) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the
surface of the single-layer photosensitive layer.

Examples 9-22 to 9-24, Comparative Example 9-8

[0657] Electrophotosensitive materials of Examples 9-22, 9-23, 9-24 and Comparative Example 9-8 were fabricated
the same way as in Examples 9-2, 9-4, 9-6 and Comparative Example 9-2 except that the same procedure as in
Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a um surface protective layer of amorphous
carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the
surface of the single-layer photosensitive layer.

Examples 9-25 to 9-27, Comparative Example 9-9

[0658] Electrophotosensitive materials of Examples 9-25, 9-26, 9-27 and Comparative Example 9-9 were fabricated
the same way as in Examples 9-2, 9-4, 9-6 and Comparative Example 9-2 except that the same procedure as in
Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a um surface protective layer of amorphous
boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the
surface of the single-layer photosensitive layer.

[0659] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test | and durability test | as the above and were evaluated for the characteristics thereof. The
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results are listed in Table 51.
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[0660] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0661] Specifically, it was found that a electrophotosensitive material group of Comparative Examples 9-5, 9-7, 9-8
and that of Comparative Examples 9-6, 9-9 suffered the delamination of the surface protective layer after the continuous
production of 20,000 copies and of 30,000 copies, respectively. Particularly in the electrophotosensitive material of
Comparative Example 9-8, cracks spread over the surface protective layer were observed after the continuous pro-
duction of 10,000 copies. These indicate that the compounds used in these comparative examples are not effective to
improve the physical stability of the inorganic surface protective layer.

[0662] Additionally, the electrophotosensitive materials of these comparative examples were found to be seriously
decreased in photosensitivity when formed with the surface protective layer, because they presented high residual
potentials after light exposure and large half-life exposures.

[0663] In contrast, all the electrophotosensitive materials of Examples 9-13 to 9-27 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-9) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0664] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0665] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 9-1 to 9-27 but no surface protective layer, as well as on those of Examples 9-1 to 9-27, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0666] Similarly, the durability test | was conducted on the electrophotosensitive materials having the same photo-
sensitive layers as Comparative Examples 9-1 to 9-9 but no surface protective layer. The electrophotosensitive mate-
rials having the same photosensitive layers as Comparative Examples 9-1, 9-3 provided images which were decreased
in image density to suffer white spots in solid black image areas after the production of about 20,000 copies. The other
electrophotosensitive materials provided such images after the production of 30,000 to 50,000 copies. By comparing
these results with the results of the durability test | on the corresponding comparative examples, it is found that the
surface protective layers over the photosensitive layers of the comparative examples contribute no increase in the
durability or rather reduce the durability.

[0667] In other words, it is clarified that forming the surface protective layer on the organic photosensitive layer does
not always result in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole
transport material is not selected, the resultant electrophotosensitive material is rather decreased in durability.
[0668] The electrophotosensitive materials of Examples 9-1 to 9-27 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-9) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 9-28
Forming Multi-Layer Photosensitive Layer

[0669] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0670] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0671] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-9-3), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0672] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
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was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0673] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 9-28.

Examples 9-29 to 9-33

[0674] Electrophotosensitive materials of Examples 9-29 to 9-33 were fabricated the same way as in Example 9-28
except that each of the examples used 0.8 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 52 as the positive-hole transport material.

Comparative Example 9-10

[0675] An electrophotosensitive material of Comparative Example 9-10 was fabricated the same way as in Example
9-28 except that 0.8 parts by weight of diethylaminobenzaldehyde diphenylhydrazone represented by the formula (HT-
3) was used as the positive-hole transport material.

Comparative Example 9-11

[0676] An electrophotosensitive material of Comparative Example 9-11 was fabricated the same way as in Example
9-28 except that 0.8 parts by weight of tris(3-methylphenyl)amine represented by the formula (HT-4) was used as the
positive-hole transport material.

[0677] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test Il and durability test Il as the above and were evaluated for the characteristics thereof. The
results are listed in Table 52.
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[0678] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost part of the electrophotosensitive material.

[0679] Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 9-10, 9-11
suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. This indicates
that the compounds used in these comparative examples are not effective to improve the physical stability of the
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inorganic surface protective layer.

[0680] Additionally, the electrophotosensitive materials of these comparative examples were found to be seriously
decreased in photosensitivity when formed with the surface protective layer, because they presented high residual
potentials after light exposure and large half-life exposures.

[0681] In contrast, all the electrophotosensitive materials of Examples 9-23 to 9-33 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-9) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0682] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 9-34 to 9-39, Comparative Examples 9-12, 9-13

[0683] Electrophotosensitive materials of these examples and comparative examples were fabricated the same way
as in Examples 9-28 to 9-33 and Comparative Examples 9-10, 9-11 except that the same procedure as in Examples
1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to form a um surface protective layer of amorphous carbon
(C) having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the multi-layer pho-
tosensitive layer.

[0684] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test Il and durability test Il as the above and were evaluated for the characteristics thereof. The
results are listed in Table 53.
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[0685] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0686] Specifically, it was found that both the electrophotosensitive materials of Comparative Examples 9-12, 9-13
suffered cracks spread over the surface protective layer after the continuous production of 10,000 copies and the
delamination of the surface protective layer after the continuous production of 20,000 copies. This indicates that the
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compounds used in these comparative examples are not effective to improve the physical stability of the inorganic
surface protective layer.

[0687] Additionally, the electrophotosensitive materials of these comparative examples were found to be seriously
decreased in photosensitivity when formed with the surface protective layer, because they presented high residual
potentials after light exposure and large half-life exposures.

[0688] In contrast, all the electrophotosensitive materials of Examples 9-34 to 9-39 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-9) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0689] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 9-40 to 9-42, Comparative Example 9-14

[0690] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 9-29, 9-31, 9-33 and Comparative Example 9-11 except that the same procedure as in Examples 1-25,
1-26 and Comparative Example 1-5 was taken to form a um surface protective layer of amorphous silicon-nitrogen
(SiN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

Examples 9-43 to 9-45, Comparative Example 9-15

[0691] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 9-29, 9-31, 9-33 and Comparative Example 9-11 except that the same procedure as in Examples 1-27,
1-28 and Comparative Example 1-6 was taken to form a um surface protective layer of amorphous carbon-nitrogen
(CN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

Examples 9-46 to 9-48, Comparative Example 9-16

[0692] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 9-29, 9-31, 9-33 and Comparative Example 9-11 except that the same procedure as in Examples 1-29,
1-30 and Comparative Example 1-7 was taken to form a um surface protective layer of amorphous carbon-boron (CB)
composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the multi-
layer photosensitive layer.

Examples 9-49 to 9-51, Comparative Example 9-17

[0693] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 9-29, 9-31, 9-33 and Comparative Example 9-11 except that the same procedure as in Examples 1-31,
1-32 and Comparative Example 1-8 was taken to form a um surface protective layer of amorphous carbon-fluorine
(CF) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

Examples 9-52 to 9-54, Comparative Example 9-18

[0694] Electrophotosensitive materials of these examples and comparative example were fabricated the same way
as in Examples 9-29, 9-31, 9-33 and Comparative Example 9-11 except that the same procedure as in Examples 1-33,
1-34 and Comparative Example 1-9 was taken to form a um surface protective layer of amorphous boron-nitrogen
(BN) composite film having a thickness of 0.5.m, instead of the silicon-carbon composite film, over the surface of the
multi-layer photosensitive layer.

[0695] The electrophotosensitive materials of the above examples and comparative examples were subjected to the
same photosensitivity test Il and durability test Il as the above and were evaluated for the characteristics thereof. The
results are listed in Table 54.

215



EP 1176 469 A1

- - X O 768°0 €11~ 06L- v-1H Ng-® 81~6°X"d"D
O O O O T19°0 . LL- 608- 62-6-T Ng-® 76—6°Xd
O O O O T89°0 oL- Z8L- 2T-6-1 Nd-e €5-6°" X4
O O O O 989°0 1L~ €6L- 0T-6-1 Ng-® 26-6°xd
- - X \V4 266°0 PET- L08- p-1H dD-® | LT~6°X" D
O O O O LGS0 6L~ 06L- 62-6-T1 J0-e 16-6°Xd
O O O O 999°0 08- 108- 2z-6-1 d0-® 06-6"Xd
O O O @) 0L9°0 98- 608- 0T-6-1 gD-e 6V—6 XA
- - X AV 896°0 GET- G08-— v-1H g0-2 |91~6°Xd'D
O O O O 2290 08- 608- 62-6-1 go-®e 8¥-6"xd
O O O @) 629°0 8L~ 108- zZZ-6-1 go0-e LV—6 XX
O O O O LES"O 98- 908-— 0T-6-T1 go-e 9% -6 " Xd
- - X \V4 X AR AT 96L— v-IH ND-® |ST-6°XTA°D
O O O O £€28°0 96— 18- 62-6-1 NO-® Sv-6 X4
O O O O GE€8°0 S6- 86L- z2Z-6-1 ND-® -6 xXd
O O O O 6%8°0 901~ v08- 0T-6-T1 NO-® £¥-6°x49
- - X O 160°1 PP1- G6L- -IH NTIS-® |PI~6°XH°D
O O O O Z6L'0 Z01- P18- 62-6-T NTS-® Zh-6°xd
O O O O €18°0 001- 108- 22-6-T NTS-® 17-6°%Xd
O O O @) L2870 201- 608- 0T-6-1 NIS-®e 0v-6°Xd
omom%w oOooH momca.% ~o%m mow%% .ooom mom%% w ooﬁ (uo/eM)Efta ) (a)aa | (a)oA L 1as
1sag X3T1T1qeIng 2TH a4 ds H~d
pS FTAVL
© e £ 8 8 8 8 S Q 3

It was confirmed from the table that if the type of the surface protective layer is further changed, the same

results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-

tosensitive layer as the base.

[0696]
[0697]

55

Specifically, it was found that all the electrophotosensitive materials of Comparative Examples 9-14 to 9-18

suffered the delamination of the surface protective layer after the continuous production of 20,000 copies. Particularly
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in the electrophotosensitive materials of Comparative Examples 9-15 to 9-17, cracks spread over the surface protective
layer were already observed after the continuous production of 10,000 copies. These indicate that the compounds
used in these comparative examples are not effective to improve the physical stability of the inorganic surface protective
layer.

[0698] Additionally, the electrophotosensitive materials of these comparative examples were found to be seriously
decreased in photosensitivity when formed with the surface protective layer, because they presented high residual
potentials after light exposure and large half-life exposures.

[0699] In contrast, all the electrophotosensitive materials of Examples 9-40 to 9-54 suffered no cracks nor delami-
nation after the continuous production of 100,000 copies. It was thus confirmed that the use of the diphenylamine
compound of the formula (1-9) contributed the improvement of the physical stability of the inorganic surface protective
layer, resulting in the electrophotosensitive materials further improved in durability as compared with the prior-art prod-
ucts.

[0700] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0701] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 9-28 to 9-54 but no surface protective layer, as well as on those of Examples 9-28 to 9-54, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0702] Similarly, the durability test Il was conducted on the electrophotosensitive materials having the same photo-
sensitive layers as Comparative Examples 9-10 to 9-18 but no surface protective layer. The electrophotosensitive
materials having the same photosensitive layers as Comparative Examples 9-10, 9-12 provided images which were
decreased in image density to suffer white spots in solid black image areas after the production of about 20,000 copies.
The other electrophotosensitive materials provided such images after the production of 30,000 to 50,000 copies. By
comparing these results with the results of the durability test | on the corresponding comparative examples, it is found
that the surface protective layers over the photosensitive layers of the comparative examples contribute no increase
in the durability or rather reduce the durability.

[0703] In other words, it is clarified that forming the surface protective layer on the organic photosensitive layer does
not always result in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole
transport material is not selected, the resultant electrophotosensitive material is rather decreased in durability.
[0704] Similarly to the examples with the single-layer photosensitive layer, the electrophotosensitive materials of
Examples 9-28 to 9-54 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the for-
mula (1-9) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 10-1
Forming Single-Layer Photosensitive Layer

[0705] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-10-1); 80 parts by
weight of 2,6-dimethyl-2',6'-t-butylbenzoquinone as the electron transport material represented by the formula (ET-1);
and 100 parts by weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin
in 800 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.
[0706] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer
[0707] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a

surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5.mover the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 10-1.
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Examples 10-2 to 10-4

[0708] Electrophotosensitive materials of Examples 10-2 to 10-4 were fabricated the same way as in Example 10-1
except that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 55 as the positive-hole transport material.

[0709] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results are listed in Table 55.
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[0710] It was found from the table that all the electrophotosensitive materials of Examples 10-1 to 10-4 suffered no
cracks nor delamination of the surface protective layer after the continuous production of 100,000 copies. It was thus
confirmed that the use of the diphenylamine compound of the formula (1-10) contributed the improvement of the physical
stability of the inorganic surface protective layer, resulting in the electrophotosensitive materials further improved in
durability as compared with the prior-art products.

[0711] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 10-5 to 10-8

[0712] Electrophotosensitive materials of Examples 10-5 to 10-8 were fabricated the same way as in Examples 10-1
to 10-4 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-
carbon composite film, over the surface of the single-layer photosensitive layer.

[0713] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-3, 2-4, are listed in Table 56.
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It was confirmed from the table that if the type of the surface protective layer is changed, the same results as

the above are obtained according to the compositions of the single-layer photosensitive layer as the base.

[0714]
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[0715] Specifically, it was found that all the electrophotosensitive materials of Examples 10-5 to 10-8 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-10) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0716] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 10-9 to 10-12

[0717] Electrophotosensitive materials of Examples 10-9 to 10-12 were fabricated the same way as in Examples
10-1 to 10-4 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to
form a um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 10-13 to 10-16

[0718] Electrophotosensitive materials of Examples 10-13 to 10-16 were fabricated the same way as in Examples
10-1 to 10-4 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to
form a um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 10-17 to 10-20

[0719] Electrophotosensitive materials of Examples 10-17 to 10-20 were fabricated the same way as in Examples
10-1 to 10-4 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to
form a um surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 10-21 to 10-24

[0720] Electrophotosensitive materials of Examples 10-21 to 10-24 were fabricated the same way as in Examples
10-1 to 10-4 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to
form a um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 10-25 to 10-28

[0721] Electrophotosensitive materials of Examples 10-25 to 10-28 were fabricated the same way as in Examples
10-1 to 10-4 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to
form a um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m,
instead of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

[0722] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-5 to 2-9, are listed in Table 57.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same

[0723]
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results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0724] Specifically, it was found that all the electrophotosensitive materials of Examples 10-9 to 10-28 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-10) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0725] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0726] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 10-1 to 10-28 but no surface protective layer, as well as on those of Examples 10-1 to 10-28, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas .
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0727] By comparing these results with the results of the aforesaid analogous study on Comparative Examples 2-1
to 2-9, itis clarified that forming the surface protective layer on the organic photosensitive layer does not always result
in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material
is not selected, the resultant electrophotosensitive material is rather decreased in durability.

[0728] The electrophotosensitive materials of Examples 10-1 to 10-28 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-10) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 10-29
Forming Multi-Layer Photosensitive Layer

[0729] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0730] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0731] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-10-1), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0732] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0733] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 10-29.

Examples 10-30 to 10-32

[0734] Electrophotosensitive materials of Examples 10-30 to 10-32 were fabricated the same way as in Example
10-29 except that each of the examples used 0.8 parts by weight of diphenylamine compound of the formula of a
number listed in the following Table 58 as the positive-hole transport material.

[0735] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-10, 2-11, are listed in Table 58.
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[0736] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost part of the electrophotosensitive material.

[0737] Specifically, it was found that all the electrophotosensitive materials of Examples 10-29 to 10-32 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-10) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
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the prior-art products.

[0738] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 10-33 to 10-36

[0739] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 10-29 to
10-32 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to
form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-carbon
composite film, over the surface of the multi-layer photosensitive layer.

[0740] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-12, 2-13, are listed in Table 59.
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[0741] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0742] Specifically, it was found that all the electrophotosensitive materials of Examples 10-33 to 10-36 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-10) contributed the improvement of the physical stability of the inorganic
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surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0743] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 10-37 to 10-40

[0744] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 10-29 to
10-32 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a
um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 10-41 to 10-44

[0745] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 10-29 to
10-32 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a
um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 10-45 to 10-48

[0746] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 10-29 to
10-32 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a
um surface protectivelayerofamorphouscarbon-boron (CB)composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 10-49 to 10-52

[0747] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 10-29 to
10-32 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a
um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 10-53 to 10-56

[0748] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 10-29 to
10-32 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a
um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0749] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-14 to 2-18, are listed in Table 60.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same

results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-

tosensitive layer as the base.

[0750]

55

Specifically, it was found that all the electrophotosensitive materials of Examples 10-37 to 10-56 suffered no

cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-10) contributed the improvement of the physical stability of the inorganic

[0751]
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surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0752] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0753] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 10-29 to 10-56 but no surface protective layer, as well as on those of Examples 10-29 to 10-56, and
produced images were evaluated. The former electrophotosensitive materials provided images which were decreased
in image density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image
areas . However, the latter electrophotosensitive materials provided no defective images after the production of 100,000
copies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the
surface protective layer.

[0754] By comparing these results with the results of the aforesaid analogous study on Comparative Examples 2-10
to 2-18, itis clarified that forming the surface protective layer on the organic photosensitive layer does not always result
in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material
is not selected, the resultant electrophotosensitive material is rather decreased in durability.

[0755] Similarly to the examples with the single-layer photosensitive layer, the electrophotosensitive materials of
Examples 10-29 to 10-56 wherein the multi-layer photosensitive layers contain the diphenylamine compound of the
formula (1-10) accomplish a notable increase in the durability by virtue of the formation of the surface protective layer.

SINGLE-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 11-1
Forming Single-Layer Photosensitive Layer

[0756] The ball mill was operated for 50 hours for dispersing by mixing 5 parts by weight of crystalline X-type metal-
free phthalocyanine as the charge generating material represented by the formula (CG-1); 100 parts by weight of
diphenylamine compound as the positive-hole transport material represented by the formula (1-11-3); 80 parts by
weight of 2,6-dimethyl-2',6'-t-butylbenzoquinone as the electron transport material represented by the formula (ET-1);
and 100 parts by weight of Z-type polycarbonate (weight-average molecular weight Mw=20,000) as the binder resin
in 800 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for single-layer photosensitive layer.
[0757] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 100°C for 30 minutes. Thus was obtained a single-layer photosensitive layer having a thickness
of 25 um.

Forming Surface Protective Layer

[0758] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5.mover the surface
of the single-layer photosensitive layer. Thus was fabricated an electrophotosensitive material of Example 11-1.

Examples 11-2, 11-3

[0759] Electrophotosensitive materials of Examples 11-2, 11-3 were fabricated the same way as in Example 11-1
except that each of the examples used 100 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 61 as the positive-hole transport material.

[0760] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-1, 2-2, are listed in Table 61.
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It was found from the table that all the electrophotosensitive materials of Examples 11-1 to 11-3 suffered no

[0761]
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cracks nor delamination of the surface protective layer after the continuous production of 100,000 copies. It was thus
confirmed that the use of the diphenylamine compound of the formula (1-11) contributed the improvement of the physical
stability of the inorganic surface protective layer, resulting in the electrophotosensitive materials further improved in
durability as compared with the prior-art products.

[0762] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 11-4 to 11-6

[0763] Electrophotosensitive materials of Examples 11-4 to 11-6 were fabricated the same way as in Examples 11-1
to 11-3 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken
to form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-
carbon composite film, over the surface of the single-layer photosensitive layer.

[0764] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-3, 2-4, are listed in Table 62.
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[0765] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
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[0766] Specifically, it was found that all the electrophotosensitive materials of Examples 11-4 to 11-6 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-11) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0767] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 11-7, 11-8

[0768] Electrophotosensitive materials of Examples 11-7, 11-8 were fabricated the same way as in Examples 11-1,
11-2 except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a
um surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 11-9, 11-10

[0769] Electrophotosensitive materials of Examples 11-9, 11-10 were fabricated the same way as in Examples 11-1,
11-2 except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a
um surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead
of the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 11-11, 11-12

[0770] Electrophotosensitive materials of Examples 11-11, 11-12 were fabricated the same way as in Examples 11-1,
11-2 except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a
um surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 11-13, 11-14

[0771] Electrophotosensitive materials of Examples 11-13, 11-14 were fabricated the same way as in Examples 11-1,
11-2 except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a
um surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

Examples 11-15, 11-16

[0772] Electrophotosensitive materials of Examples 11-15, 11-16 were fabricated the same way as in Examples 11-1,
11-2 except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a
um surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of
the silicon-carbon composite film, over the surface of the single-layer photosensitive layer.

[0773] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
| and durability test | as the above and were evaluated for the characteristics thereof. The results, alongwith the afore-
mentioned results of Comparative Examples 2-5 to 2-9, are listed in Table 63.
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It was confirmed from the table that if the type of the surface protective layer is further changed, the same
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results as the above are obtained according to the compositions of the single-layer photosensitive layer as the base.
[0775] Specifically, it was found that all the electrophotosensitive materials of Examples 11-7 to 11-16 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-11) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0776] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0777] The durability test | was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 11-1 to 11-16 but no surface protective layer, as well as on those of Examples 11-1 to 11-16, and produced
images were evaluated. The former electrophotosensitive materials provided images which were decreased in image
density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image areas.
However, the latter electrophotosensitive materials provided no defective images after the production of 100,000 cop-
ies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the surface
protective layer.

[0778] By comparing these results with the results of the aforesaid analogous study on Comparative Examples 2-1
to 2-9, itis clarified that forming the surface protective layer on the organic photosensitive layer does not always result
in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material
is not selected, the resultant electrophotosensitive material is rather decreased in durability.

[0779] The electrophotosensitive materials of Examples 11-1 to 11-16 wherein the single-layer photosensitive layers
contain the diphenylamine compound of the formula (1-11) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer.

MULTI-LAYER ELECTROPHOTOSENSITIVE MATERIAL
Example 11-17
Forming Multi-Layer Photosensitive Layer

[0780] The ball mill was operated for dispersing by mixing 2.5 parts by weight of crystalline X-type metal-free phthalo-
cyanine as the charge generating material represented by the formula (CG-1), and 1 part by weight of polyvinylbutyral
as the binder resin in 15 parts by weight of tetrahydrofuran, thereby to prepare a coating solution for charge generating
layer of the multi-layer photosensitive layer.

[0781] Subsequently, the resultant coating solution was dip coated on the aluminum tube as the conductive substrate
and then was air dried at 110°C for 30 minutes. Thus was formed a charge generating layer having a thickness of 0.5 um.
[0782] The ball mill was operated for dispersing by mixing 0.8 parts by weight of diphenylamine compound as the
positive-hole transport material represented by the formula (1-11-3), and 1 part by weight of Z-type polycarbonate
(weight-average molecular weight Mw=20,000) as the binder resin in 10 parts by weight of tetrahydrofuran, thereby to
prepare a coating solution for charge transport layer of the multi-layer photosensitive layer.

[0783] Subsequently, the resultant coating solution was dip coated on the above charge generating layer and then
was air dried at 110°C for 30 minutes, thereby to form a charge transport layer having a thickness of 20 um. Thus was
formed a negative-charge multi-layer photosensitive layer.

Forming Surface Protective Layer

[0784] The plasma CVD process was performed under the same conditions as in Example 1-1, thereby forming a
surface protective layer of amorphous silicon-carbon (SiC) composite film having a thickness of 0.5um. Thus was
fabricated an electrophotosensitive material of Example 11-17.

Examples 11-18, 11-19

[0785] Electrophotosensitive materials of Examples 11-18, 11-19 were fabricated the same way as in Example 11-17
except that each of the examples used 0.8 parts by weight of diphenylamine compound of the formula of a number
listed in the following Table 64 as the positive-hole transport material.

[0786] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof . The results, along with the
aforementioned results of Comparative Examples 2-10, 2-11, are listed in Table 64.

236



10

15

20

25

30

35

40

45

50

55

EP 1176 469 A1

Sy
S o
> -A{O1010] 1|
o &
<30
—_ O
)
wom
Vo ¢
&2 jololo] 1|
>o O
Pn ©
.:
.,.qog
ao 9
8 S alojolo]x|x
50 9
a«
)
s 2
S -
2 ‘8lojolololo
o
S o
NA
£
O |||
3 IS SN YN (Y NS PO PN
= R jJolv|lo|alo
o 2| e e ] e} .
-« ~ |elo|o|o|~
© =
jca]
m
-
s _
5 |mlojm [0
a Al I~~~ |90
; R
S lelolalo)e
P lo|lal-|o|-
v 7 |ojr~|o|co |
St
~ e
)
o 1"|'°|’|—fm
=R
Ry R ELE:
bl R P
[CRRORNGRESRNS]
(o] A lH | AlA
By njunjninln
0 RN
SlCo|C|oC|ad
~lolalol~
|||~
NN
et = | NN
Nl et | o] o
o e e s w
XX XIEAlR
BIBIREBO|O

[0787] It was confirmed from the table that if the single-layer photosensitive layer is replaced by the multi-layer
photosensitive layer, the same results as the above are obtained according to the compositions of the charge-transport
layer defining the outermost part of the electrophotosensitive material.

[0788] Specifically, it was found that all the electrophotosensitive materials of Examples 11-17 to 11-19 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-11) contributed the improvement of the physical stability of the inorganic
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surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0789] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 11-20 to 11-22

[0790] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 11-17 to
11-19 except that the same procedure as in Examples 1-13 to 1-24 and Comparative Examples 1-3, 1-4 was taken to
form a um surface protective layer of amorphous carbon (C) having a thickness of 0.5.m, instead of the silicon-carbon
composite film, over the surface of the multi-layer photosensitive layer.

[0791] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, alongwith the
aforementioned results of Comparative Examples 2-12, 2-13, are listed in Table 65.
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[0792] It was confirmed from the table that if the type of the surface protective layer is changed, the same results as
the above are obtained according to the compositions of the charge transport layer of the multi-layer photosensitive
layer as the base.

[0793] Specifically, it was found that all the electrophotosensitive materials of Examples 11-20 to 11-22 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
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diphenylamine compound of the formula (1-11) contributed the improvement of the physical stability of the inorganic
surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0794] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

Examples 11-23, 11-24

[0795] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 11-17, 11-18
except that the same procedure as in Examples 1-25, 1-26 and Comparative Example 1-5 was taken to form a um
surface protective layer of amorphous silicon-nitrogen (SiN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 11-25, 11-26

[0796] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 11-17, 11-18
except that the same procedure as in Examples 1-27, 1-28 and Comparative Example 1-6 was taken to form a um
surface protective layer of amorphous carbon-nitrogen (CN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 11-27, 11-28

[0797] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 11-17, 11-18
except that the same procedure as in Examples 1-29, 1-30 and Comparative Example 1-7 was taken to form a um
surface protective layer of amorphous carbon-boron (CB) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 11-29, 11-30

[0798] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 11-17, 11-18
except that the same procedure as in Examples 1-31, 1-32 and Comparative Example 1-8 was taken to form a um
surface protective layer of amorphous carbon-fluorine (CF) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

Examples 11-31, 11-32

[0799] Electrophotosensitive materials of these examples were fabricated the same way as in Examples 11-17, 11-18
except that the same procedure as in Examples 1-33, 1-34 and Comparative Example 1-9 was taken to form a um
surface protective layer of amorphous boron-nitrogen (BN) composite film having a thickness of 0.5.m, instead of the
silicon-carbon composite film, over the surface of the multi-layer photosensitive layer.

[0800] The electrophotosensitive materials of the above examples were subjected to the same photosensitivity test
Il and durability test Il as the above and were evaluated for the characteristics thereof. The results, along with the
aforementioned results of Comparative Examples 2-14 to 2-18, are listed in Table 66.
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[0801] It was confirmed from the table that if the type of the surface protective layer is further changed, the same
results as the above are obtained according to the compositions of the charge transport layer of the multi-layer pho-
tosensitive layer as the base.

[0802] Specifically, it was found that all the electrophotosensitive materials of Examples 11-23 to 11-32 suffered no
cracks nor delamination after the continuous production of 100,000 copies. It was thus confirmed that the use of the
diphenylamine compound of the formula (1-11) contributed the improvement of the physical stability of the inorganic
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surface protective layer, resulting in the electrophotosensitive materials further improved in durability as compared with
the prior-art products.

[0803] Itwas also found that all the electrophotosensitive materials of these examples did not suffer serious decrease
in photosensitivity when formed with the surface protective layer and accomplished high photosensitivity, because they
had small residual potentials after light exposure and small half-life exposures.

[0804] The durability test Il was conducted on electrophotosensitive materials having the same photosensitive layers
as Examples 11-17 to 11-32 but no surface protective layer, as well as on those of Examples 11-17 to 11-32, and
produced images were evaluated. The former electrophotosensitive materials provided images which were decreased
in image density after the production of 20,000 to 80,000 copies, so that white spots were observed in solid black image
areas . However, the latter electrophotosensitive materials provided no defective images after the production of 100,000
copies. It was thus confirmed that the durability of the electrophotosensitive materials was improved by forming the
surface protective layer.

[0805] By comparing these results with the results of the aforesaid analogous study on Comparative Examples 2-10
to 2-18, itis clarified that forming the surface protective layer on the organic photosensitive layer does not always result
in the improvement of the durability of the electrophotosensitive material. If a suitable positive-hole transport material
is not selected, the resultant electrophotosensitive material is rather decreased in durability.

[0806] The electrophotosensitive materials of Examples 11-17 to 11-32 wherein the multi-layer photosensitive layers
contain the diphenylamine compound of the formula (1-11) accomplish a notable increase in the durability by virtue of
the formation of the surface protective layer similarly to the examples with the single-layer photosensitive layer.

Claims

1. An electrophotosensitive material comprising an organic photosensitive layer and an inorganic surface protective
layer laid over a conductive substrate in this order, wherein at least an outermost part of the organic photosensitive
layer that contacts the surface protective layer contains a diphenylamine compound represented by a formula (1):

R")q

AN

(R

wherein 'A’ denotes a group having at least one of aromatic groups, heterocyclic groups, double bond groups and
conjugated double bond groups combined with two phenyl groups in the formula in a manner to jointly form a n-
electron conjugated system, provided that when 'A' is the only one phenyl group that is directly combined with
nitrogen atom in the formula, this phenyl group further possesses a group including one or more aromatic groups,
heterocyclic groups, double bond groups or conjugated double bond groups which form the n-electron conjugated
system jointly with these groups, or that when 'A’ possesses a double bond group directly combined with nitirogen
atom in the formula and one phenyl group attached to its end, this phenyl group further possesses a group including
one or more aromatic groups, heterocyclic groups, double bond groups or conjugated double bond groups which
form the m-electron conjugated system jointly with these groups; R! and R? are the same or different and each
denote a hydrogen atom, alkyl group, alkoxy group, aralkyl group, aromatic group or halogen atom; R! or R2 may
form a condensed ring jointly with the phenyl group; and 'a' and 'b' are the same or different and each denote an
integer of 0 to 5.

2. An electrophotosensitive material according to Claim 1, wherein 'A'" in the formula (1) is a group represented by a
formula (A1):
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—A'—(R%), (A1)

in which Ar! denotes an aromatic group, heterocyclic group or group represented by a formula (A1a):
— Ar’_CH=CH—Ar— CH=E— (A1a)

in which formula (A1a), Ar2 and Ar3 are the same or different and each denote an aromatic group, and 'E' denotes
a nitrogen atom or a group represented by a formula (A1b):

=CH—Ar*— (A1b)

in which formula (A1b), Ar4 denotes an aromatic group; R3 denotes a hydrogen atom, aromatic group, heterocyclic
group or group represented by a formula (A1c) :

Ar°
/

——N\ (A1c)
“A D
Ar
provided that when Ar’! is an aromatic group derived from a benzene ring, R3 is not a hydrogen atom; 'c' is an
integer of 1 or 2; Ar5 and Ar® in the formula (A1c) are the same or different and each denote an aromatic group.

An electrophotosensitive material according to Claim 1, wherein 'A" in the formula (1) is a group represented by a
formula (A2):

— N=CH—R* (A2)

in which R4 denotes an aromatic group having 7 to 16 carbon atoms, heterocyclic group or group represented by
a formula (A2a):

Ar®
7 _ /
—(Ar')q—CH=GC
N9
Ar

(A2a)

in which formula (A2a), Ar” denotes an aromatic group or two or more aromatic groups forming a n-electron con-
jugated system, Ar® and Ar® are the same or different and each denote an aromatic group, and 'd' denotes an
integer of 0 or 1.

An electrophotosensitive material according to any preceding claim, wherein the surface protective layer is a layer
formed by a vapor deposition method.

An electrophotosensitive material according to any preceding claim, wherein the surface protective layer comprises
at least one element selected from metallic elements and carbon or an inorganic compound containing any one

of these elements.

An electrophotosensitive material according to any preceding claim, wherein the organic photosensitive layer is a
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single-layer photosensitive layer comprising a binder resin containing therein a charge generating material and a
diphenylamine compound as a positive-hole transport material represented by the formula (1).

An electrophotosensitive material according to any of claims 1 to 5, wherein the organic photosensitive layer is a
multi-layer photosensitive layer comprising a charge generating layer and a charge transport layer laminated in
this order, the charge generating layer containing a charge generating material, the charge transport layer com-
prising a binder resin containing therein a diphenylamine compound as a positive-hole transport material repre-
sented by the formula (1).
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