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Description

FIELD OF THE INVENTION AND RELATED ART

[0001] The present invention relates to an electrophotographic photosensitive member (hereinafter simply referred
to as "photosensitive member") including a specific protective layer and also relates to an electrophotographic appa-
ratus and a process cartridge respectively including the photosensitive member.
[0002] Photosensitive members used in an electrophotographic process are generally required to have a given (pho-
to-)sensitivity, electrical characteristics and optical characteristics suitable for the electrophotographic process applied.
[0003] Particularly, in the case where a photosensitive member is used repetitively, on the photosensitive member,
electrically and/or mechanically external force is directly exerted in respective steps, such as a charging step, an
imagewise exposure step, a developing step with a toner, a transfer step onto a paper, and a cleaning step. Accordingly,
the photosensitive member is required to have a durability with respect to such external forces.
[0004] More specifically, the photosensitive member is required to have resistances to abrasion or marring of its
surface due to friction at the time of the transfer or cleaning and resistance to deterioration thereof and in electrical
characteristics due to ozone generated at the time of corona charging. Further, the photosensitive member is accom-
panied with a problem such that toner particles are attached to its surface due to repetition of the development with a
toner and the cleaning of the toner, thus being required to provide a good cleaning characteristic.
[0005] In order to satisfy the above-mentioned requirements, there has been proposed a surface protective layer
formed on a photosensitive layer and principally containing a resin in, e.g., Japanese Laid-Open Patent Applications
(JP-A) 56-42863 and 53-103741. In the protective layer, a curable resin is used as a main component so as to improve
a hardness and abrasion (or wear) resistance thereof.
[0006] Further, in order to obtain excellent images, the protective layer is also required to have an appropriate elec-
trical resistance or resistivity in itself in addition to a high hardness and an excellent abrasion resistance. In the case
where the protective layer has a too high (electrical) resistance, the protective layer is liable to cause an increase in
residual potential, i.e., a charge accumulation within the protective layer. As a result, an electric potential is not stabilized
at the time of repetitive use of the photosensitive member, thus resulting in an unstable image quality. In the case
where the resistance of the protective layer is too low, an electrostatic latent image flows or moves in a planar direction
within the protective layer, thus leading to an occurrence of image blur. In order to solve these problems, there has
been proposed a method wherein metal oxide particles are added as electroconductive fine particles in a protective
layer to appropriately control an electrical resistance of the resultant layer in, e.g., JP-A 57-30843. On the other hand,
it has been generally known that an appropriate resistivity of the protective layer for the photosensitive member is in
the range of 1010 - 1015 ohm. cm.
[0007] However, with respect to a conventional protective layer having a resistivity (electrical resistance) within the
above range, the resistance is liable to be largely changed depending on a change in environmental condition. Partic-
ularly, in a high-humidity environment, a lowering in resistivity of the protective layer is readily caused, thus resulting
in image blur leading to lowered image quality as described above.
[0008] Thus, in the circumstances, there still has not been provided a satisfactory protective layer for the photosen-
sitive layer.
[0009] There have been proposed a curable acrylic resin for use in a protective layer of a photosensitive member
in, e.g., JP-A 61-5253 and 1-178972. However, in such a protective layer, an electrical resistance thereof is liable to
be largely affected by a change in environmental conditions since the acrylic resin has a polar group, such as carbonyl
group susceptible to humidity. Particularly, in a high humidity environment, a lowering in resistance of the protective
layer is readily caused, thus resulting in an occurrence of image flow.
[0010] Further, there has also been proposed a protective layer containing colloidal silica in, e.g., JP-A 60-57847.
However, the protective layer has a polar group, such as hydroxyl group, so that the protective layer is readily affected
by humidity similarly as in the case of the acrylic resin described above, thus leading to a problem of image flow.
[0011] In EP-A-0501517, an electrographic apparatus is disclosed comprising an electrographic photosensitive
member comprising a support, a photosensitive layer and a protective layer.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide a photosensitive member excellent in a stability against a
change in environmental conditions, providing a high durability and low transfer memory and photo-memory, and free
from an accumulation of residual potential in a repetitive electrographic (image forming) process.
[0013] Embodiments of the present invention provide an electrophotographic apparatus and process cartridge each
including the photosensitive layer described above.
[0014] According to the present invention, there is provided an electrophotographic photosensitive member, com-
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prising: at least a support, a photosensitive layer disposed on the support, and a protective layer disposed on the
photosensitive layer, characterized in that the protective layer comprises a cured product obtained from a condensation
product between a silyl acrylate compound and colloidal silica.
[0015] According to an embodiment of the present invention, there is also provided an electrophotographic apparatus,
comprising: the electrophotographic photosensitive member described above, charging means for charging said pho-
tosensitive member, imagewise exposure means for exposing imagewise the charged photosensitive member to form
an electrostatic latent image on the photosensitive member, and developing means for developing the latent image
with a toner.
[0016] According to another embodiment the present invention, there is provided a process cartridge, comprising:
the electrophotographic photosensitive member described above and charging means for charging the photosensitive
member.
[0017] These and other objects, features and advantages of the present invention will become more apparent upon
a consideration of the following description of the preferred embodiments of the present invention taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 is a schematic sectional view of an embodiment of an electrophotographic apparatus using the pho-
tosensitive member according to the present invention.
[0019] Figures 2 - 4 are schematic sectional views each illustrating another embodiment of the electrophotographic
apparatus of the present invention, respectively.

DETAILED DESCRIPTION OF THE DRAWINGS

[0020] The photosensitive member according to the present invention including at least a support, a photosensitive
layer disposed on the support and a protective layer disposed on the photosensitive layer is characterized by including
a cured product constituting the protective layer. The cured product is obtained from a condensation product between
a silyl acrylate compound and colloidal silica.
[0021] In the present invention, the silyl acrylate compound may have at least one alkoxysilyl group and at least one
double bond in its molecular structure.
[0022] The alkoxysilyl group of the silyl acrylate compound may preferably contain 1 - 3 alkoxy group, more preferably
two or three alkoxy groups connected with silicon (Si) atom. The silyl acrylate compound may preferably have an
weight-average molecular weight of 200 - 500.
[0023] The silyl acrylate compound may preferably be represented by the following formula (1):

wherein R1 denotes an alkyl group; R2 denotes an alkyl group, an alkoxy group or an aryl group; R3, R4, R5 and R6

independently denote hydrogen atom, an alkyl group, an alkoxy group or an aryl group; R7 denotes an alkylene group;
m is an integer of 0 - 2 and n is an integer of 1 - 3 satisfying 0 < m+n % 3; and p and q independently denotes an
integer of at least 0.
[0024] Each of the above groups for R1 to R7 including an alkyl group, an alkoxy group, an aryl group and an alkylene
group may be substituted by a substituent. More specifically, examples of such a substituent may preferably include:
an alkyl group, such as methyl, ethyl, propyl or butyl; an alkoxy group, such as methoxy, ethoxy, propoxy or butoxy;
and a halogen atom, such as fluorine, chlorine or bromine.
[0025] Specific examples of the alkyl group for R1-R6 may preferably include methyl, ethyl, propyl and butyl. Specific
examples of the alkoxy group for R2-R6 may preferably include methoxy, ethoxy, propoxy and butoxy. Further, the aryl
group for R2 - R6 may preferably be phenyl or naphthyl. The alkylene group for R7 may preferably be methylene,
ethylene or trimethylene.
[0026] Preferred examples of the silyl acrylate compound used in the present invention are shown below but the silyl
acrylate compound usable in the present invention is not restricted to the following compounds.
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Ex.Comp.No.

[0027]
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[0028] The colloidal silica used in the present invention comprises an aqueous dispersion liquid of silica (SiO2) par-
ticles having hydroxyl groups at their surfaces due to hydration as is well known in the art. Such silica particles may
preferably have an average particle size of 1nm - 1 µm.
[0029] In the present invention, the condensation product between the silyl acrylate compound and colloidal silica
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may be produced at room temperature or under heating through a condensation reaction after hydrolysis of the silyl
acrylate compound in the presence of the (hydrous) colloidal silica and a water-miscible (soluble) alcohol or after the
addition of the (hydrous) colloidal silica to a hydrolyzed product of the silyl acrylate compound. At that time, the silyl
acrylate compound and the colloidal silica may preferably used in a ratio (silyl acrylate:colloidal silica) of 1:5 to 1:20
by weight.
[0030] The above-prepared condensation product may generally be a photocurable (light-curable) monomer con-
taining an acrylic monomer portion modified by a water-repellent siloxane structure and hydrophobic silica. Accordingly,
the cured product, obtained by curing such a photocurable monomer (condensation product), constituting the protective
layer of the photosensitive member according to the present invention has an improved water-repellency and is little
affected by humidity based on the condensation structure between the hydroxyl group located at the colloidal silica
surface and the alkoxy silane portion. Further, the resultant protective layer is very effective in improving a transfer
memory characteristic (i.e., a lowering in transfer memory specifically described hereinafter) of the photosensitive
member of the present invention.
[0031] Incidentally, there has been known that a hydrolysis product between colloidal silica and a silyl acrylate can
be used as a component of a coating composition (U.S. Patent No. 4455205). On the other hand, in the present
invention, the cured product obtained from the above-described condensation product between the silyl acrylate com-
pound and colloidal silica is used for constituting a protective layer of a photosensitive member, whereby the resultant
photosensitive member is improved in transfer memory characteristic as described above.
[0032] When the condensation product described above is cured, a photopolymerization initiator may generally be
used in an appropriate amount, preferably 0.1 - 40 wt. %, particularly 0.5 - 20 wt. %, based on the entire condensation
product.
[0033] Preferred examples of the photopolymerization initiator may include those shown below.
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In the present invention, it is preferred that a polyfunctional acrylic monomer is cured together with the condensation
product in view of a densed structure of a resultant film (cured product) in a mixing ratio (silyl acrylate: polyfunctional
acrylic monomer) of 1:0.1 - 1:9 by mole.
[0034] Specific but noh-exhaustive examples of the polyfunctional acrylic monomer may include those shown below.

Monomer No.

[0035]
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<3> CH2=CHCOO-(CH2)4-OCOCH=CH2

<5> CH2=CHCOO(CH2)6OCOCH=CH2

<6> CH2=CHCO(OCH2CH2)2OCOCH=CH2

<9> CH2=CHCO (OCH2CH2) 4OCOCH=CH2
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[0036] In the photosensitive member of the present invention, the protective layer may preferably have a volume
resistivity of 1010 - 1015 ohm.cm. In order to control the volume resistance of the protective layer so as to provide a
value within the above range, electroconductive particles may be added in an appropriate amount, preferably 10 - 70
wt. %, per the protective layer.
[0037] Examples of the electroconductive particles may include particles of metal oxides, such as zinc oxide, titanium
oxide, tin oxide, antimony oxide, bismuth oxide, tin-doped indium oxide, antimony-doped tin oxide, and zirconium oxide.
[0038] These metal oxide particles may be used singly or in combination of two or more species.
[0039] The electroconductive particles may have an average particle size of at most 0.3 µm, preferably at most 0.1
µm. The particle size of the electroconductive particles may preferably be as small as possible but may generally be
10 nm or above.
[0040] The protective layer used in the present invention may further contain various coupling agents and antioxidants
in order to further improve, e.g., a dispersibility, an adhesiveness and an environmental resistance.
[0041] The protective layer may preferably have a thickness of 0.1 - 10 µm, particularly 0.5 - 7 µm.
[0042] The photosensitive layer of the photosensitive member of the present invention may have a single layer struc-
ture and a lamination layer structure of two or more layers. In the present invention, the photosensitive layer may
preferably have a lamination structure including a lower charge generation layer (disposed on the support) and an
upper charge transport layer (disposed on the charge generation layer) since such a lamination structure is effective
in improving a (photo-)sensitivity and memory characteristics, such as a photomemory, of the resultant photosensitive
member. Further, the photosensitive layer may have a lamination structure including a lower charge transport layer
and an upper charge generation layer.
[0043] The charge generation layer may be formed by applying a dispersion of a charge generation material in a
binder resin together with an appropriate solvent, followed by drying.
[0044] The thus-formed charge generation layer may preferably have a thickness of at most 5 µm, particularly 0.05
- 2 µm.
[0045] Examples of the charge generation material for the charge generation layer may include: azo pigments, qui-
none pigments, such as pyrenequinone an anthoanthrone; quinocyanine pigments; perylene pigments; indigo pig-
ments, such as indigo and thioindigo; azulenium salt pigments; and phthalocyanine pigments, such as copper phthalo-
cyanine and titanyl phthalocyanine. Examples of the binder resin for the charge generation layer may include polyvinyl
butyral, polystyrene, polyvinyl acetate, acrylic resin, cellulose acetate and ethyl cellulose.
[0046] The charge generation material may preferably be contained in the charge generation layer in an amount of
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20 - 80 wt. %, more preferably 30 - 70 wt. %.
[0047] The charge transport layer may be formed by applying a dispersion of a charge transport material in a binder
resin together with an appropriate solvent, followed by drying.
[0048] The thus-formed charge transport layer may preferably have a thickness of at most 5 - 40 µm, particularly 5
- 30 µm.
[0049] Examples of the charge transport material for the charge transport layer may include: polycyclic aromatic
compounds having a cyclic structure, such as biphenylene, anthracene or phenanthrene, in a main or side chain;
nitrogen-containing cyclic compounds, such as indoles, carbazoles, oxadiazoles and pyrazolines; hydrazone com-
pounds; styryl compounds; and triarylamine compounds. Examples of the binder resin for the charge transport layer
may include polyester, polycarbonate, polystyrene, and polymethacrylate.
[0050] The charge transport material may preferably be contained in the charge transport layer in an amount of 20
- 80 wt. %, more preferably 30 - 70 wt. %.
[0051] The charge transport layer may be formed by using a coating liquid comprising a solution of a polysilane
preferably represented by the formula (2) shown below in an appropriate solvent (e.g., dichloromethane, chloroform).

[0052] In the formula (2), R8, R9 and R10 independently denote an alkyl group or an aryl group each optionally having
a substituent; each X independently denotes an alkyl group optionally having a substituent, an alkoxy group optionally
having a substituent, an aryl group optionally having a substituent, or a halogen atom; and r, s and t independently
denote an integer of at least 0 satisfying r+s+t > 10.
[0053] Specific examples of the alkyl group for R8, R9, R10 and X may preferably include methyl, ethyl and propyl.
Specific examples of the aryl group for R8, R9, R10 and X may preferably include phenyl and naphthyl. Further, the
alkoxy group for X may preferably be methoxy, ethoxy, and propoxy. Further, the halogen atom for X may preferably
be fluorine, chlorine or bromine.
[0054] Examples of the substituent for R8 - R10 and X may preferably include: an alkyl group, such as methyl, ethyl
or propyl; an alkoxy group, such as methoxy, ethoxy or propoxy and a halogen atom,. such as fluorine, chlorine or
bromine.
[0055] Specific some examples of the polysilane represented by the above formula (2) usable in the charge transport
layer are shown below.
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[0056] The polysilane of the formula (2) may generally be prepared through, e.g., Wurtz synthesis.
[0057] The polysilane has a high mobility, whereby it is effective for enhancing memory characteristics, such as a
photomemory characteristic.
[0058] In the present invention, the protective layer of the photosensitive member has a relatively higher density of
an acrylic portion, so that a somewhat insufficient cure can be caused therein in some cases if a charge transport layer
is constituted by an ordinary charge transport material and a binder resin. In this regard, the polysilane does not cause
migration of a low-molecular component leading to the insufficient cure state, so that the polysilane-based charge
transport layer is effective in combination with the protective layer containing colloidal silica modified so as to have a
high density of an acrylic portion at its surface as used in the present invention.
[0059] In the case where the photosensitive member of the present invention includes a photosensitive layer having
a single layer structure, the photosensitive layer may, e.g., be formed by dissolving or dispersing a charge generation
material (e.g., oxytitanium phthalocyanine or bisazo pigment), a charge transport material and a binder resin in an
appropriate solvent, applying the solution or dispersion by a known coating method, and drying the wet coating. The
thus-formed photosensitive layer having a single layer structure may preferably have a thickness of 5 - 40 µm, more
preferably 10 - 30 µm.
[0060] The support constituting the photosensitive member according to the present invention may include any elec-
troconductive material. Examples of the material for the support may include: a drum or sheet-shaped metal or alloy
comprising aluminum, aluminum alloy, copper, chromium, nickel, zinc and/or stainless steel; a laminated plastic film
covered with a metal foil of aluminum, copper, etc.; an plastic film covered with aluminum, indium oxide, tin oxide, etc.,
by vapor deposition; and metal, plastic film or paper each covered with an electroconductive layer formed by applying
a coating liquid comprising an electroconductive substance and an optional appropriate binder and/or solvent as de-
sired.
[0061] In the present invention, the support may preferably be in the form of a cylinder or drum, or a belt but may be
formed in any shape suitable for an electrophotographic apparatus used.
[0062] In the present invention, it is possible to dispose an undercoat (or primer) layer having a barrier function
controlling charge injection and an adhesive function at a boundary between the support and the photosensitive layer.
[0063] The undercoat layer principally comprises a binder resin and may optionally contain metal, alloy, their oxides,
salts and a surfactant. Examples of such binder resin for the undercoat layer may include polyester, polyurethane,
polyacrylate, polyethylene, polybutadiene, polycarbonate, polyamide, polypropylene, polyimide, phenolic resin, acrylic
resin, silicone resin, epoxy resin, urea resin, allyl resin, alkyd resin, polyamide-imide, polysulfone, polyarylether, poly-
acetal and butyral resin.
[0064] The undercoat layer used in the present invention may preferably have a thickness of 0.05 - 7 µm, particularly
0.1 - 2 µm.
[0065] In the present invention, the above-mentioned various layers constituting the photosensitive member may
generally be formed by vapor deposition or coating method. The coating method may preferably be used since the
method allows a desired layer thickness (from a thin film to a thick film) and various layer compositions. Examples of
such a coating method may include dipping, spray coating, beam coating, (wire) bar coating, and blade coating.
[0066] The photosensitive member according to the present invention can be applied to not only an ordinary elec-
trophotographic apparatus such as copying machine, but also a laser beam printer, a light-emitting diode (LED) printer,
a cathode-ray tube (CRT) printer, a liquid crystal printer, a facsimile machine, and other fields of applied electropho-
tography including, e.g., laser plate making.
[0067] The photosensitive member according to the present invention may be prepared, e.g., as follows.
[0068] Onto an aluminum cylinder, a solution of a material for an undercoat layer in an appropriate solvent is applied
to form an undercoat layer. On the undercoat layer, a charge generation layer and a charge transport layer are suc-
cessively formed in the above-described manner.
[0069] Then, a mixture of a silyl acrylate compound, colloidal silica and water-miscible solvent (e.g., butanol) is
heated and thereafter cooled to effect condensation reaction. The condensation product is further mixed with a poly-
functional acrylic monomer and electroconductive particles to prepare a coating liquid for a protective layer.
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[0070] The coating liquid is applied onto the above-formed charge transport layer, followed by curing of the coating
(e.g., by irradiation of light using a high-pressure mercury lamp) to prepare a photosensitive member according to the
present invention.
[0071] Hereinbelow, an electrophotographic apparatus using the photosensitive member according to the present
invention will be described.
[0072] Figure 1 shows a schematic structural view of an embodiment of the electrophotographic apparatus using
the photosensitive member of the invention. Referring to Figure 1, a drum-shaped photosensitive member (photosen-
sitive drum) 1 is rotated about an axis la at a prescribed peripheral speed in the direction of the arrow shown inside of
the photosensitive drum 1. The surface of the photosensitive drum 1 is uniformly charged by means of a charger
(charging means) 2 to have a prescribed positive or negative potential. Then, the photosensitive drum 1 is exposed to
light L (as by slit exposure or laser beam-scanning exposure) by using an imagewise-exposure means (not shown),
whereby an electrostatic latent image corresponding to an exposure image is successively formed on the surface of
the photosensitive drum 1. The electrostatic latent image is developed with a toner by a developing means 4 to form
a toner image. The toner image is successively transferred to a recording material 9 which is supplied from a supply
part (not shown) to a position between the photosensitive drum 1 and a transfer corona charger (transfer means) 5 in
synchronism with the rotating speed of the photosensitive drum 1, by means of the transfer means 5. The recording
material 9 with the transferred toner image thereon is separated from the photosensitive drum 1 to be conveyed to an
image-fixing device (image-fixing means) 8, followed by image fixation to print out the recording material 9 as a copy
product outside the electrophotographic apparatus. Residual toner particles remaining on the surface of the photosen-
sitive drum 1 after the transfer are removed by means of a cleaner (cleaning means) 6 to provide a cleaned surface,
and residual charge on the surface of the photosensitive drum 1 is erased by a pre-exposure means 7 to be subjected
to next image formation.
[0073] In an electrophotographic apparatus shown in Figure 2, at least three members comprising a photosensitive
member 1, a charging means 2 and a developing means 4 are integrally supported to form a process cartridge 20,
being attachable to or detachable from an apparatus body by using a guiding means 12 such as a rail within the
apparatus body. In this case, a cleaning means 6 may be disposed within the cartridge 20.
[0074] In Figures 3 and 4, a direct charging means 10 as a charging means is used for directly charging the photo-
sensitive drum (member) 1. Specifically, the direct charging means 10 supplied with a voltage is caused to be come
in contact with the photosensitive member 1 directly to effect direct charging of the photosensitive member 1. In elec-
trophotographic apparatus shown in Figures 3 and 4, toner images formed on the photosensitive member 1 are trans-
ferred to a recording member 9 by a direct charging member 23. Specifically, a voltage-applied direct charging member
23 is caused to be in contact with the recording member 9 directly, thus transferring the toner images formed on the
photosensitive member 1 onto the recording material 9.
[0075] In an electrophotographic apparatus shown in Figure 4, a first process cartridge comprising at least two mem-
bers of a photosensitive member 1 and a direct charging member 10 installed in a container 21 and a second process
cartridge comprising at least a developing means 7 installed in a container 22 are respectively disposed attachably to
or detachably from an apparatus body. In this case, a cleaning means 6 may be disposed within the first process
cartridge 21.
[0076] In a case where the electrophotographic apparatus is used as a copying machine or a printer, imagewise
exposure to light L may be performed by using reflection light or transmitted light from an original or by reading data
on the original, converting the data into a signal and then effecting a laser beam scanning, a drive of LED array or a
drive of a liquid crystal shutter array in accordance with the signal.
[0077] Hereinbelow, the present invention, will be explained more specifically with reference to examples. In the
following, "part(s)" means "weight part(s)".

Example 1

[0078] A solution of 10 parts of an alcohol-soluble nylon copolymer (weight-average molecular weight (Mw) = 28000)
and 30 parts of a methoxymethylated 6-nylon (Mw = 30000) in a mixture solvent of 260 parts of methanol and 40 parts
of butanol was applied onto an aluminum cylinder (outer diameter = 30 mm, length = 260 mm) by dipping, followed by
drying for 10 minutes at 90 °C to form a 1 µm-thick undercoat layer.
[0079] A coating liquid for a charge generation layer was prepared by dispersing a mixture of 4 parts of a bisazo
pigment of the formula:
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and 2 parts of a butyral resin (butyral degree = 65 mole %, Mw = 24000) in 100 parts of cyclohexanone by means of
a sand mill for 30 hours and by adding 100 parts of tetrahydrofuran (THF) to the above mixture. The thus prepared
coating liquid was applied onto the above prepared undercoat layer by dipping, followed by drying for 20 minutes at
80 °C to form a 0.3 µm-thick charge generation layer.
[0080] Onto the charge generation layer, a solution of 10 parts of a styryl compound of the formula:

and 10 parts of a polycarbonate resin (Mw = 40000) in a mixture solvent of 20 parts of dichloromethane and 60 parts
of chlorobenzene was applied by dipping, followed by drying for 60 minutes at 120 °C to form a 20 µm-thick charge
transport layer.
[0081] Then, a coating liquid for a protective layer was prepared as follows.
[0082] A mixture of 10 parts of a silyl acrylate compound (Ex. Comp. No. (1)), 100 parts of a colloidal silica ("Nalcoag
1034A", mfd. by Nalco Chemical Company) and 300 parts of t-butanol was heat-refluxed for 5 min. After cooling, 25
parts of a mixture liquid of 1,4-butanediol diacrylate/propylene oxide-modified trimethylolpropane triacrylate (1/1) was
added to the above-refluxed mixture, followed by distilling-off of the solvent under reduced pressure to obtain a clear
solution. In 100 parts of the solution (mixture), 2 parts of 2,2-diethoxyacetophenone and 50 parts of 10 wt. %-antimony-
containing tin oxide fine particles (average particle size = 0.02 µm) were added and mixed to prepare a coating liquid.
[0083] The thus prepared coating liquid was applied onto the charge transport layer by spray coating and dried,
followed by ultraviolet ray irradiation for 30 seconds with a high-pressure mercury lamp at a light intensity of 80 mW/
cm2 to form a 3 µm-thick protective layer, thus preparing a photosensitive member according to the present invention.
[0084] The thus prepared photosensitive member was installed in a copying machine ("NP-3825", mfd. by Canon K.
K.) remodeled so as to evaluate electrophotographic characteristics, thus measuring several electrophotographic prop-
erties including dark part potential VD (V), sensitivity E∆500 (lux.sec) and residual potential Vr (V) in a normal temper-
ature/normal humidity environment (23 °C/50 %RH: abbreviated s "N/N condition").
[0085] In this regard, a larger "dark part potential" represents a better chargeability. Further, "sensitivity" is evaluated
as a quantity of light (E∆500; lux.sec) required for decreasing (or attenuating) a surface potential of -700 V to a surface
potential of -200 V.
[0086] The results are shown in Table 1 appearing hereinafter.
[0087] Then, the copying machine including the photosensitive member was subjected to image formation at an
initial stage under environmental conditions including N/N condition (23 °C/50 %RH), low-temperature/low-humidity
environment (10°C/15 %RH) (abbreviated as "L/L" condition), and high-temperature/high-humidity environment (35
°C/85 %RH) (abbreviated as "H/H condition") to evaluate image forming properties by eyes. Further, the copying ma-
chine was subjected to successive image formation of 100,000 sheets (a durability test) under N/N condition. The
results are shown in Table 2 appearing hereinafter.
[0088] Separately, a photosensitive member was prepared in the same manner as in the above-prepared photosen-
sitive member and was subjected to successive image formation of 100,000 sheets under N/N condition to measure
dark part potentials (VD) and light port potentials (VL) at an initial stage (initial VD = -1010 V, initial VL = -200 V) and
after the copying of 105 sheets thus evaluating differences therebetween respectively, as a fluctuation in dark part
potential (∆VD) and a fluctuation in light port potential (∆VL). The results are also shown in Tables 1 and 2.
[0089] As apparent from the results shown in Tables 1 and 2 (appearing hereinafter), good images free from image
irregularity and black spots were obtained. Further, the potential fluctuations ∆VD and ∆VL were decreased and stable
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images were retained even after the copying of 105 sheets.
[0090] Further, with respect to the photosensitive member prepared in this example, a photomemory characteristic
and a transfer memory characteristic were evaluated in the following manners, respectively.
[0091] Measurement of a photomemory was performed under N/N condition as follows.
[0092] A part of the photosensitive member surface was covered with a masking (light-intercepting) member and
the photosensitive member was exposed to (irradiated by) a white fluorescent lamp (illuminance = 2000 lux) for 15
min. Thereafter, the photosensitive member was left standing for 10 min., followed by measurement of a voltage at the
irradiated portion and a voltage at the covered (unexposed) portion.
[0093] A photomemory (V) was evaluated as a difference between the voltages at the irradiated and covered portions.
[0094] Measurement of a transfer memory was performed under N/N condition as follows.
[0095] With respect to the photosensitive member, a primary-charge voltage Vd1 under no transfer current application
and a primary-charge voltage Vd2 under application of a transfer current were measured to determine a difference
therebetween (as absolute value) as a transfer memory (V).
[0096] The results are also shown in Table 1.

Examples 2 - 5

[0097] Four photosensitive members were prepared and evaluated in the same manner as in Example 1 except for
using silyl acrylate compounds (Ex. Comp. Nos. (3), (5), (10) and (23) for Examples 2 - 5, respectively) instead of the
silyl acrylate compound (Ex. Comp. No. (1)), respectively.
[0098] The results are shown in Tables 1 and 2.

Comparative Example 1

[0099] A photosensitive member was prepared and evaluated in the same manner as in Example 1 except that the
protective layer was not formed.
[0100] The results are shown in Tables 1 and 2.
[0101] The photosensitive member showed good electrophotographic properties at an initial stage but lowered its
chargeability, thus failing to provide good image due to an occurrence of black spots at the time of the copying of about
5x104 sheets.

Comparative Example 2

[0102] A photosensitive member was prepared and evaluated in the same manner as in Example 1 except that a 3
µm-thick protective layer was formed in the following manner.
[0103] A coating liquid for the protective layer was prepared by mixing a mixture of 10 parts of an acrylic monomer
(CH2=CH-COO-CH2-CH3), 100 parts of a colloidal silica ("Nalcoag 1034A", the same as in Example 1), 2 parts of
2,2-diethoxyacetophenone, 100 parts of 0.02 µm-dia. antimony-containing tin oxide fine particles (the same as in Ex-
ample 1) and 300 parts of t-butanol in a sand mill for 48 hours.
[0104] The results are shown in Tables 1 and 2.
[0105] The photosensitive member caused image flow in H/H condition and, in the successive image forming test
(durability test), provided a larger ∆VL (light part potential charge) and caused fogs.

Table 1:

Electrophotographic properties

Ex. No. VD
(-V)

E∆500
(lux.sec)

Vr
(-V)

∆VD
(V)

∆VL
(V)

Photo- memory
(V)

Transfer memory
(V)

Ex. 1 1010 1.8 20 0 10 10 10
2 1020 1.8 20 10 15 20 5
3 1020 1.9 15 10 10 10 10
4 1020 1.8 25 0 10 20 15
5 1015 1.8 15 5 20 15 15

Comp. Ex. 1 980 1.6 10 * * 15 10
2 1020 1.9 30 20 100 50 60

*: charging failure occurred.
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Example 6

[0106] A coating liquid for an electroconductive layer was prepared as follows.
[0107] A mixture of 50 parts of electroconductive titanium oxide powder coated with 10 wt. %-antimony oxide-con-
taining tin oxide (average primary particle size (of the powder) = 0.3 µm, coating amount = 35 wt. %), 25 parts of a
phenolic resin, 20 parts of methyl cellosolve, 20 parts of methanol and 0.002 part of a silicone oil (polydimethylsiloxane-
polyoxyalkylene copolymer, M = 3000) was dispersed in a sand mill using 1 mmø-glass beads.
[0108] The thus prepared coating liquid was applied onto an aluminum cylinder (outer diameter = 30 mm, length =
260 mm) by dipping, followed by drying for 30 min. at 140 °C to form a 20 µm-thick electroconductive layer.
[0109] On the electroconductive layer, a 1 µm-thick undercoat layer was formed in the same manner as in Example 1.
[0110] Then, a coating liquid for a charge generation layer was prepared by dispersing a mixture of 4 parts of a
bisazo pigment of the formula:

and 2 parts of polyvinylbenzal (benzal degree = 80 mole %, Mw = 12000) in 30 parts of cyclohexanone in a sand mill
using 1 mmø-glass beads for 25 hours and by adding 60 parts of methylethylketone to the above mixture. The thus
prepared coating liquid was applied onto the above prepared undercoat layer by dipping, followed by drying for 10
minutes at 80 °C to form a 0.3 µm-thick charge generation layer.
[0111] On the charge generation layer, a 20 µm-thick charge transport layer was prepared in the same manner as
in Example 1.
[0112] Thereafter, on the charge transport layer, a protective layer was formed in the same manner as in Example
1 except that the thickness (3 µm) of the protective layer was changed to 5 µm, thus preparing a photosensitive member
according to the present invention.
[0113] The thus prepared photosensitive member was installed in a laser beam printer ("Laser Shot 4 plus", mfd. by
Hewlett-Packard Company) remodeled so as to evaluate electrophotographic characteristics and evaluated in the
same manner as in Example 1.
[0114] The results are shown in Tables 3 and 4 appearing hereinafter.
[0115] As a result, the photosensitive member provided stable images free from image flow and image irregularity
even in H/H condition and was excellent in potential stability due to decreased fluctuations in potentials in the successive
image forming test.

Table 2:

Image forming properties

Ex. No. (N/N) (L/L) (H/H)

Initial 105 sheets Initial Initial

Ex. 1 Good Good Good Good
2 " " " "
3 " " " "
4 " " " "
5 " " " "

Comp. Ex. 1 Good " Good Image flow
2 " Fog " "
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Examples 7 - 10

[0116] Four photosensitive members were prepared and evaluated in the same manner as in Example 6 except for
using silyl acrylate compounds (Ex. Comp. Nos. (4), (7), (11) and (22) for Examples 7 - 10, respectively) instead of the
silyl acrylate compound (Ex. Comp. No. (1)), respectively.
[0117] The results are shown in Tables 3 and 4.

Example 11

[0118] On an aluminum cylinder (outer diameter = 30 mm, length = 260 mm), a 1 µm-thick undercoat layer was
formed in the same manner as in Example 1.
[0119] Then, on the undercoat layer, a 18 µm-thick charge transport layer was formed in the same manner as in
Example 1.
[0120] A 0.4 µm-thick charge generation layer was formed on the charge transport layer in the same manner as in
Example 1.
[0121] Thereafter, on the charge generation layer, a 3 µm-thick protective layer was formed in the same manner as
in Example 1, thus preparing a photosensitive member according to the present invention.
[0122] The thus prepared photosensitive member was evaluated in the same manner as in Example 1 by using a
copying machine ("NP-3825", mfd. by Canon K.K.) remodeled so as to positively charge the photosensitive member.
[0123] The results are shown in Tables 5 and 6 appearing hereinafter.
[0124] As a result, the photosensitive member provided stable images free from image irregularity an black spots
and decreased potential fluctuations(∆VD and ∆VL) and retained the stable images even when subjected to the copying
of 105 sheets.

Example 12

[0125] A photosensitive member was prepared and evaluated in the same manner as in Example 11 except that the
silyl acrylate compound for forming the coating liquid for the protective layer was changed to a silyl acrylate compound
(Ex. Comp. No. (6)).
[0126] The results are shown in Tables 5 and 6.

Table 3:

Electrophotographic properties

Ex. No. VD
(-V)

E∆500
(lux.sec)

Vr
(-V)

∆VD
(V)

∆VL
(V)

Photo- memory
(V)

Transfer memory
(V)

Ex. 6 850 1.6 25 10 0 15 10
7 860 1.7 30 0 -10 10 15
8 860 1.8 20 0 -10 20 10
9 850 1.7 25 5 -15 20 20

10 850 1.6 25 10 -10 10 15

Table 4:

Image forming properties

Ex. No. (N/N) (L/L) (H/H)

Initial 105 sheets Initial Initial

Ex. 6 Good Good Good Good
7 " " " "
8 " " " "
9 " " " "

10 " " " "



EP 0 798 599 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

27

Example 13

[0127] A photosensitive member was prepared and evaluated in the same manner as in Example 11 except that the
silyl acrylate compound was changed to a silyl acrylate compound (Ex. Comp. No. (16)) and the (electroconductive)
fine particles were changed to zinc oxide fine particles (average particle size of 0.1 µm) each for forming the coating
liquid for the protective layer.
[0128] The results are shown in Tables 5 and 6.

Example 14

[0129] A photosensitive member was prepared and evaluated in the same manner as in Example 11 except that the
silyl acrylate compound was changed to a silyl acrylate compound (Ex. Comp. No. (17)) and the (electroconductive)
fine particles were changed to titanium oxide fine particles (average particle size of 0.1 µm) each for forming the coating
liquid for the protective layer.
[0130] The results are shown in Tables 5 and 6.

Example 15

[0131] A photosensitive member was prepared and evaluated in the same manner as in Example 11 except that the
silyl acrylate compound was changed to a silyl acrylate compound (Ex. Comp. No. (21)) and the (electroconductive)
fine particles were changed to tin oxide fine particles (average particle size of 0.2 µm) each for forming the coating
liquid for the protective layer.
[0132] The results are shown in Tables 5 and 6.

Comparative Example 3

[0133] A photosensitive member was prepared and evaluated in the same manner as in Example 11 except that the
protective layer was not formed.
[0134] The results are shown in Tables 5 and 6.
[0135] The photosensitive member showed good electrophotographic properties at an initial stage but caused an
occurrence of abrasion of the charge generation layer at the time of the copying of 400 sheets, thus failing to retain
good images.

Table 5:

Electrophotographic properties

Ex. No. VD
(-V)

E∆500
(lux.sec)

Vr
(-V)

∆VD
(V)

∆VL
(V)

Photo- memory
(V)

Transfer memory
(V)

Ex. 11 1010 1.9 15 0 20 20 30
12 1015 1.8 20 0 15 30 20
13 1020 1.9 20 10 15 30 20
14 1020 1.9 20 10 10 20 30

5 1020 1.8 15 10 20 20 25

Comp. Ex. 3 970 1.6 15 * * 30 30

*: charging failure occurred.

Table 6:

Image forming properties

Ex. No. (N/N) (L/L) (H/H)

Initial 105 sheets Initial Initial

Ex. 11 Good Good Good Good
12 " " " "
13 " " " "
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Example 16

[0136] On an aluminum cylinder (outer diameter = 30 mm, length = 260 mm), a 1 µm-thick undercoat layer was
formed in the same manner as in Example 1.
[0137] A coating liquid for a charge generation layer was prepared by mixing 4 parts of oxytitanium phthalocyanine
(showing four main peaks at bragg angles (2θ ± 0.2 degree) of 9.0 degrees, 14.2 degrees, 23.9 degrees and 27.1
degrees in X-ray diffraction pattern based on CuKα characteristic X-ray), 2 parts of a polyvinyl butyral ("S-LEC BM2",
mfd. by Sekisui Kagaku Kogyo K.K.) and 60 parts of cyclohexanone in a sand mill using 1 mmø-glass beads for 4
hours and by adding 100 parts of ethyl acetate to the mixture.
[0138] The thus prepared coating liquid was applied onto the undercoat layer by dipping to form a 0.3 µm-thick charge
generation layer.
[0139] A coating liquid for a charge transport layer was prepared by dissolving 10 parts of a polysilane (viscosity-
average molecular weight = 13000) of the formula:

in a mixture solvent of 30 parts of toluene and 30 parts of THF and was applied onto the charge generation layer
followed by drying for 1 hour at 120 °C to form a 10 µm-thick charge transport layer.
[0140] On the charge transport layer, a 3 µm-thick protective layer was formed in the same manner as in Example
1, thus preparing a photosensitive member according to the present invention.
[0141] The thus prepared photosensitive member was installed in a digital copying machine ("GP-55", mfd. by Canon
K.K.) remodeled so as to evaluate electrophotographic characteristics and was evaluated in the same manner as in
Example 1 except for evaluating a sensitivity in the following manner.
[0142] In this example, "sensitivity" was evaluated as a light energy (E∆400; µJ/cm2) required for decreasing (or
attenuating) a surface potential of -500 V to a surface potential of -100 V.
[0143] The results are shown in Tables 7 and 8 appearing hereinafter.
[0144] As a result, the photosensitive member provided stable images free from image irregularity an black spots
and decreased potential fluctuations(∆VD and ∆VL) and retained the stable images even when subjected to the copying
of 105 sheets.

Examples 17 - 20

[0145] Four photosensitive members were prepared and evaluated in the same manner as in Example 16 except
for using silyl acrylate compounds (Ex. Comp. Nos. (3), (5), (10) and (23) for Examples 17 - 20, respectively) instead
of the silyl acrylate compound (Ex. Comp. No. (1)), respectively.
[0146] The results are shown in Tables 7 and 8.

Table 6: (continued)

Image forming properties

Ex. No. (N/N) (L/L) (H/H)

Initial 105 sheets Initial Initial

14 " " " "
15 " " " "

Comp. Ex. 13 Good - Good Image flow

-: Image defect occurred at the time of the copying of 400 sheets.
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Comparative Example 4

[0147] A photosensitive member was prepared and evaluated in the same manner as in Example 16 except that the
protective layer was not formed.
[0148] The results are shown in Tables 7 and 8.
[0149] The photosensitive member showed good electrophotographic properties at an initial stage but lowered its
chargeability, thus failing to provide good image due to an occurrence of black spots at the time of the copying of about
2000 sheets.

Example 21

[0150] On an aluminum cylinder (outer diameter = 30 mm, length = 260 mm), a 20 µm-thick electroconductive layer
was formed in the same manner as in Example 6 and thereon a 1 µm-thick undercoat layer was formed in the same
manner as in Example 16.
[0151] On the undercoat layer, a 0.3 µm-thick charge generation layer was formed in the same manner as in Example
16.
[0152] A coating liquid for a charge transport layer was prepared by dissolving 10 parts of a polysilane (viscosity-
average molecular weight = 12500) of the formula:

Table 7:

Electrophotographic properties

Ex. No. VD
(-V)

E∆400
(µJ/cm2)

Vr
(-V)

∆VD
(V)

∆VL
(V)

Photo- memory
(V)

Transfer memory
(V)

Ex. 16 650 1.3 20 0 10 30 10
17 620 1.4 20 10 15 20 10
18 550 1.6 15 0 10 20 20
19 570 1.5 15 0 10 25 10
20 580 1.4 15 5 20 20 15

Comp. Ex. 4 450 1.1 10 * * 25 20

*: charging failure occurred.

Table 8:

Image forming properties

Ex. No. (N/N) (L/L) (H/H)

Initial 105 sheets Initial Initial

Ex. 16 Good Good Good Good
17 " " " "
18 " " " "
19 " " " "
20 " " " "

Comp. Ex. 4 Good - Good Good
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in a mixture solvent of 30 parts of toluene and 30 parts of THF and was applied onto the charge generation layer
followed by drying for 1 hour at 120 °C to form a 12 µm-thick charge transport layer.
[0153] On the charge transport layer, a 5 µm-thick protective layer was formed in the same manner as in Example
16 except for changing the layer thickness, thus preparing a photosensitive member according to the present invention.
[0154] The thus prepared photosensitive member was evaluated in the same manner as in Example 16.
[0155] The results are shown in Tables 9 and 10 appearing hereinafter.
[0156] As a result, the photosensitive member provided stable images free from image irregularity an black spots
even in H/H condition and decreased potential fluctuations(∆VD and ∆VL), thus being excellent in potential stability.

Example 22

[0157] A photosensitive member was prepared and evaluated in the same manner as in Example 21 except that the
silyl acrylate compound was changed to a silyl acrylate compound (Ex. Comp. No. (4)) and the (electroconductive)
fine particles were changed to tin-doped indium oxide fine particles (average particle size of 0.1 µm) each for forming
the coating liquid for the protective layer.
[0158] The results are shown in Tables 9 and 10.

Example 23

[0159] A photosensitive member was prepared and evaluated in the same manner as in Example 21 except that the
silyl acrylate compound was changed to a silyl acrylate compound (Ex. Comp. No. (7)) and the (electroconductive)
fine particles were changed to tin oxide fine particles (average particle size of 0.3 µm) each for forming the coating
liquid for the protective layer.
[0160] The results are shown in Tables 9 and 10.

Example 24

[0161] A photosensitive member was prepared and evaluated in the same manner as in Example 21 except that the
silyl acrylate compound was changed to a silyl acrylate compound (Ex. Comp. No. (11)) and the (electroconductive)
fine particles were changed to antimony oxide fine particles (average particle size of 0.1 µm) each for forming the
coating liquid for the protective layer.
[0162] The results are shown in Tables 9 and 10.

Example 25

[0163] A photosensitive member was prepared and evaluated in the same manner as in Example 21 except that the
silyl acrylate compound was changed to a silyl acrylate compound (Ex. Comp. No. (27)) and the (electroconductive)
fine particles were changed to zirconium oxide fine particles (average particle size of 0.2 µm) each for forming the
coating liquid for the protective layer.
[0164] The results are shown in Tables 9 and 10.

Table 9:

Electrophotographic properties

Ex. No. VD
(-V)

E∆400
(µJ/cm2)

Vr
(-V)

∆VD
(V)

∆VL
(V)

Photo- memory
(V)

Transfer memory
(V)

Ex. 21 650 1.1 25 10 0 20 10
22 650 1.2 30 0 0 25 10
23 620 1.1 20 0 0 20 20
24 630 1.2 25 5 0 20 10
25 640 1.3 25 10 0 20 15
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Claims

1. An electrophotographic photosensitive member, comprising: at least a support, a photosensitive layer disposed
on the support, and a protective layer disposed on the photosensitive layer,

characterized in that said protective layer comprises a cured product obtained from a condensation product
between a silyl acrylate compound and colloidal silica.

2. A member according to Claim 1, wherein said silyl acrylate compound has at least one alkoxysilyl group and at
least one double bond.

3. A member according to Claim 1, wherein said silyl acrylate compound is represented by the following formula (1):

wherein R1 denotes an alkyl group; R2 denotes an alkyl group, an alkoxy group or an aryl group; R3, R4, R5 and
R6 independently denote hydrogen atom, an alkyl group, an alkoxy group or an aryl group; R7 denotes an alkylene
group; m is an integer of 0 - 2 and n is an integer of 1 - 3 satisfying 0 < m+n % 3; and p and q independently
denotes an integer of at least 0.

4. A member according to Claim 1, wherein said cured product is obtained from said condensation product and a
polyfunctional acrylic monomer.

5. A member according to Claim 1, wherein said protective layer comprises electroconductive particles.

6. A member according to Claim 5, wherein said electroconductive particles comprise a metal oxide.

7. A member according to claim 1 wherein said photosensitive layer comprises a charge generation layerl disposed
on the support and a charge transport layer disposed on the charge generation layer, the charge transport layer
comprising a polysilane.

8. A member according to Claim 7, wherein said silyl acrylate compound has at least one alkoxysilyl group and at
least one double bond.

9. A member according to Claim 7, wherein said silyl acrylate compound is represented by the formula (1) shown
below and said polysilane is represented by the formula (2) shown below:

Table 10:

Image forming properties

Ex. No. (N/N) (L/L) (H/H)

Initial 105 sheets Initial Initial

Ex. 21 Good Good Good Good
22 " " " "
23 " " " "
24 " " " "
25 " " " "



EP 0 798 599 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

32

wherein R1 denotes an alkyl group; R2 denotes an alkyl group, an alkoxy group or an aryl group; R3, R4, R5 and
R6 independently denote hydrogen atom, an alkyl group, an alkoxy group or an aryl group; R7 denotes an alkylene
group; m is an integer of 0 - 2 and n is an integer of 1 - 3 satisfying 0 < m+n % 3; and p and q independently
denotes an integer of at least 0; and

wherein R8, R9 and R10 independently denote an alkyl group or an aryl group each optionally having a substituent;
each X independently denotes an alkyl group optionally having a substituent, an alkoxy group optionally having a
substituent, an aryl group optionally having a substituent, or a halogen atom; and r, s and t independently denote
an integer of at least 0 satisfying r+s+t > 10.

10. A member according to Claim 7, wherein said cured product is obtained from said condensation product and a
polyfunctional acrylic monomer.

11. A member according to Claim 7, wherein said protective layer comprises electroconductive particles.

12. A member according to Claim 11, wherein said electroconductive particles comprise a metal oxide.

13. An electrophotographic apparatus, comprising: an electrophotographic photosensitive member according to Claim
1 or 7, charging means for charging said photosensitive member, imagewise exposure means for exposing im-
agewise the charged photosensitive member to form an electrostatic latent image on said photosensitive member,
and developing means for developing the latent image with a toner.

14. A process cartridge, comprising: an electrophotographic photosensitive member according to Claim 1 or 7 and
charging means for charging said photosensitive member.

15. A process cartridge according to Claim 14, which comprises developing means for developing an electrostatic
image formed on said photosensitive member.

Patentansprüche

1. Elektrophotographisches lichtempfindliches Element, das die nachstehenden Bestandteile umfaßt: mindestens
einen Träger, eine auf dem Träger angeordnete lichtempfindliche Schicht, und eine auf der lichtempfindlichen
Schicht angeordnete Schutzschicht,
dadurch gekennzeichnet, daß
die Schutzschicht ein gehärtetes Produkt umfaßt, das aus einem Kondensationsprodukt zwischen einer Silylacry-
latverbindung und kolloidalem Siliciumdioxid erhalten wurde.

2. Element nach Anspruch 1,
dadurch gekennzeichnet, daß
die Silylacrylatverbindung mindestens eine Alkoxysilylgruppe und mindestens eine Doppelbindung aufweist.
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3. Element nach Anspruch 1,
dadurch gekennzeichnet, daß
die Silylacrylatverbindung durch die nachstehende Formel (1) wiedergegeben wird:

worin R1 eine Alkylgruppe bezeichnet; R2 eine Alkylgruppe, eine Alkoxygruppe oder eine Arylgruppe bezeichnet;
R3, R4, R5 und R6 unabhängig ein Wasserstoffatom, eine Alkylgruppe, eine Alkoxygruppe oder eine Arylgruppe
bezeichnen; R7 eine Alkylengruppe bezeichnet; m eine ganze Zahl von 0 bis 2 und n eine ganze Zahl von 1 bis 3
ist, die der Beziehung 0 < m+n % 3 genügen; und p und q unabhängig eine ganze Zahl von mindestens 0 bezeich-
net.

4. Element nach Anspruch 1,
dadurch gekennzeichnet, daß
das gehärtete Produkt aus dem Kondensationsprodukt und einem polyfunktionellen Acrylmonomer erhalten wird.

5. Element nach Anspruch 1,
dadurch gekennzeichnet, daß
die Schutzschicht elektrisch leitende Teilchen umfaßt.

6. Element nach Anspruch 5,
dadurch gekennzeichnet, daß
die elektrisch leitenden Teilchen ein Metalloxid umfassen.

7. Element nach Anspruch 1,
dadurch gekennzeichnet, daß
die lichtempfindliche Schicht eine auf dem Träger angeordnete Ladungserzeugungsschicht und eine auf der La-
dungserzeugungsschicht angeordnete Ladungstransportschicht umfaßt, wobei die Ladungstransportschicht ein
Polysilan umfaßt.

8. Element nach Anspruch 7,
dadurch gekennzeichnet, daß
die Silylacrylatverbindung mindestens eine Alkoxysilylgruppe und mindestens eine Doppelbindung aufweist.

9. Element nach Anspruch 7,
dadurch gekennzeichnet, daß
die Silylacrylatverbindung durch die nachstehend gezeigte Formel (1) wiedergegeben wird und das Polysilan durch
die nachstehend gezeigte Formel (2) wiedergegeben wird:

worin R1 eine Alkylgruppe bezeichnet; R2 eine Alkylgruppe, eine Alkoxygruppe oder eine Arylgruppe bezeichnet;
R3, R4, R5 und R6 unabhängig ein Wasserstoffatom, eine Alkylgruppe, eine Alkoxygruppe oder eine Arylgruppe
bezeichnen; R7 eine Alkylengruppe bezeichnet; m eine ganze Zahl von 0 bis 2 und n eine ganze Zahl von 1 bis 3
ist, die der Beziehung 0 < m+n % 3 genügen; und p und q unabhängig eine ganze Zahl von mindestens 0 bezeich-
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net; und

worin R8, R9 und R10 unabhängig eine Alkylgruppe oder eine Arylgruppe bezeichnen, die jeweils wahlweise mit
einem Substituenten versehen sind; jedes X unabhängig eine Alkylgruppe, die wahlweise mit einem Substituenten
versehen ist, eine Alkoxygruppe, die wahlweise mit einem Substituenten versehen ist, eine Arylgruppe, die wahl-
weise mit einem Substituenten versehen ist, oder ein Halogenatom bezeichnet; und r, s und t bezeichnen unab-
hängig eine ganze Zahl von mindestens 0, die der nachstehenden Beziehung genügen: r+s+t > 10.

10. Element nach Anspruch 7,
dadurch gekennzeichnet, daß
das gehärtete Produkt aus dem Kondensationsprodukt und einem polyfunktionellen Acrylmonomer erhalten wird.

11. Element nach Anspruch 7,
dadurch gekennzeichnet, daß
die Schutzschicht elektrisch leitende Teilchen umfaßt.

12. Element nach Anspruch 11,
dadurch gekennzeichnet, daß
die elektrisch leitenden Teilchen ein Metalloxid umfassen.

13. Elektrophotographisches Gerät, das die nachstehenden Bestandteile umfaßt: ein elektrophotographisches licht-
empfindliches Element nach Anspruch 1 oder Anspruch 7, eine Ladeeinrichtung zum Laden des lichtempfindlichen
Elements, eine Belichtungseinrichtung zur bildweisen Belichtung des geladenen lichtempfindlichen Elements, um
auf dem lichtempfindlichen Element ein latentes elektrostatisches Bild zu erzeugen, und eine Entwicklungsein-
richtung zur Entwicklung des latenten Bildes mit einem Toner.

14. Prozesskassette, die die nachstehenden Bestandteile umfaßt: ein elektrophotographisches lichtempfindliches Ele-
ment nach Anspruch 1 oder Anspruch 7 und eine Ladeeinrichtung zum Laden des lichtempfindlichen Elements.

15. Prozesskassette nach Anspruch 14, die eine Entwicklungseinrichtung zum Entwickeln eines auf dem lichtemp-
findlichen Element erzeugten elektrostatischen Bildes umfaßt.

Revendications

1. Elément photosensible électrophotographique, comprenant : au moins un support, une couche photosensible dis-
posée sur le support, et une couche protectrice disposée sur la couche photosensible,

caractérisé en ce que ladite couche protectrice comprend un produit durci obtenu à partir d'un produit de
condensation entre un silyl-acrylate et de la silice colloïdale.

2. Elément suivant la revendication 1, dans lequel le silyl-acrylate a au moins un groupe alkoxysilyle et au moins une
double liaison.

3. Elément suivant la revendication 1, dans lequel le silyl-acrylate est représenté par la formule (1) suivante :
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dans laquelle R1 représente un groupe alkyle ; R2 représente un groupe alkyle, un groupe alkoxy ou un groupe
aryle ; R3, R4, R5 et R6 représentent, indépendamment, un atome d'hydrogène, un groupe alkyle, un groupe alkoxy
ou un groupe aryle ; R7 représente un groupe alkylène ; m représente un nombre entier de 0 à 2 et n représente
un nombre entier de 1 à 3 satisfaisant la relation 0 < m+n ≤ 3 ; et p et q représentent, indépendamment, un nombre
entier d'au moins 0.

4. Elément suivant la revendication 1, dans lequel le produit durci est obtenu à partir du produit de condensation et
d'un monomère acrylique polyfonctionnel.

5. Elément suivant la revendication 1, dans lequel la couche protectrice comprend des particules électroconductrices.

6. Elément suivant la revendication 5, dans lequel les particules électroconductrices comprennent un oxyde métal-
lique.

7. Elément suivant la revendication 1, dans lequel la couche photosensible comprend une couche de production de
charges disposée sur le support, et une couche de transport de charges disposée sur la couche de production de
charges, la couche de transport de charges comprenant un polysilane.

8. Elément suivant la revendication 7, dans lequel le silyl-acrylate a au moins un groupe alkoxysilyle et au moins une
double liaison.

9. Elément suivant la revendication 7, dans lequel le silyl-acrylate est représenté par la formule (1) illustrée ci-dessous
et le polysilane est représenté par la formule (2) illustrée ci-dessous .

dans laquelle R1 représente un groupe alkyle ; R2 représente un groupe alkyle, un groupe alkoxy ou un groupe
aryle ; R3, R4, R5 et R6 représentent, indépendamment, un atome d'hydrogène, un groupe alkyle, un groupe alkoxy
ou un groupe aryle ; R7 représente un groupe alkylène, m représente un nombre entier de 0 à 2 et n représente
un nombre entier de 1 à 3 satisfaisant la relation 0 < m+n ≤ 3 ; et p et q représentent, indépendamment, un nombre
entier d'au moins 0 ; et

dans laquelle R8, R9 et R10 représentent, indépendamment, un groupe alkyle ou un groupe aryle portant chacun
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facultativement un substituant ; chaque groupe X représente, indépendamment, un groupe alkyle portant faculta-
tivement un substituant, un groupe alkoxy portant facultativement un substituant, un groupe aryle portant faculta-
tivement un substituant, ou un atome d'halogène ; et r, s et t représentent, indépendamment, un nombre entier
d'au moins 0 satisfaisant la relation r+s+t > 10.

10. Elément suivant la revendication 7, dans lequel le produit durci est obtenu à partir du produit de condensation et
d'un monomère acrylique polyfonctionnel.

11. Elément suivant la revendication 7, dans lequel la couche protectrice comprend des particules électroconductrices.

12. Elément suivant la revendication 11, dans lequel les particules électroconductrices comprennent un oxyde métal-
lique.

13. Appareil électrophotographique, comprenant : un élément photosensible électrophotographique suivant la reven-
dication 1 ou 7, un moyen de charge pour charger ledit élément photosensible, un moyen d'exposition à des fins
de formation d'images pour exposer à des fins de formation d'images l'élément photosensible chargé afin de former
une image latente électrostatique sur ledit élément photosensible, et un moyen de développement pour développer
l'image latente au moyen d'un toner.

14. Cartouche de traitement, comprenant : un élément photosensible électrophotographique suivant la revendication
1 ou 7 et un moyen de charge pour charger ledit élément photosensible.

15. Cartouche de traitement suivant la revendication 14, qui comprend un moyen de développement pour développer
une image électrostatique formée sur ledit élément photosensible.
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