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FIELD OF THE INVENTION AND RELATED ART

The present invention relates to an electrophotographic photosensitive member (hereinafter, simply
referred fo as "photosensitive member™), particularly fo a photosensitive member having a specific
protective layer.

The present invention also relates to an electrophotographic apparatus and a device unit respectively
using the photosensitive member.

Heretofore, there have been known photosensitive members to be applied to an electrophotographic
process generally including the steps of; charging-exposure-development-transfer-cleaning-charge erasure.
More specifically, an electrostatic latent image formed through the steps of charging and exposure. is
visualized into a toner image by a devsloping fine particles called "toner" in the step of development. The
foner image was transferred to a transfer-receiving material such as paper by transfer means. At this time,
all the toner particles is not tfransferred but a part of the toner particles stays at the swface of the
photosensitive member. '

If a large amount of such residual toner particles stays at the surface of a photosensitive member, a
resultant image to be formed on a transfer-receiving material has considerably decreased toner particles in
a moltled or spotted form, thus failing to provide uniformity of the image. Moreover, the photosensitive
member encountsrs a problem of toner sticking to the surface of the photosensitive member or occurrence
of filming phenomenon,

In order to solve the problems, the photosensitive member is required o have an improved releasability
at the surface thereof. '

The photosensitive member is also required to have a durability against external forces such as an
electrical force and a mechanical force because the external forces are directly imposed on the photosen-
sitive member in the above-mentioned electrophotographic process. More specifically, the photosensitive
member is required to have resistances to abrasion and mar due to friction and a resistance to deterioration
on a surface layer dus to adhesion of active substances, such as ozone and NOx, generated at the time of
charging.

In order to satisfy the above characteristics, various protective layers for a photosensitive member,
particularly those comprising a resin as a main component, have been studied and proposed. Among them,
many protective layers formed by adding metal or metal oxide to a resin to control an electrical resistance
of the protective layer have been proposed. However, a photosensitive member using such a protective
layer has encountered a problem of remarkable decrease in photosensitivity because absorpfion of light in
the protective layer is caused to occur and an amount of light arriving at the photosensitive layer is
decreased.

Accordingly, there has been proposed a method of preventing a decrease in photosensitivity by
dispersing metal oxide having an average particle size of at most 0.3 pm as slectroconductive particles
within a protective layer to improve a transparency to visible light as disclosed in, e.g., Japanese Laid-Open
Patent Application (JP-A) No. 30846/1982. .

Such a dispersion of metal oxide in a protective layer for a photosensitive member generally is
performed in order to control an electrical resistance of the protective layer alone to suppress an increase in
a residual potential within the photosensitive member. There has been known that a protective layer for a
photosensitive member may suitably have an electrical resistivity in a range of 10" - 10'® ohm.cm.
However, in the above resistivity range, an electrical resistance of the protective layer is liable to vary
dspending upon a degree of ion conduction, thus largely changing a value of the electricat resistance
depsnding upon environmental conditions such as temperature and humidity. Particularly, when metal oxide
particles have been dispersed in a protective layer, it has besn heretofore difficult to keep a resistivity of the
protective layer being within the above resistivity range during 2 repetitive electrophotographic process
under various environmental conditions because the metal oxide particles generally have a large water
absorption properties at the surface thereof. Further, under a high humidity condition, active substances
such as ozone and NOx generated by charging repstitively attach to the surface of a photosensitive
member to cause decreases in a resistivity at the surface of the photosensitive member and a releasability
of toner particles, thus resulfing in occurrence of image flow and an insufficient uniformity of an image.

In order to remedy the above drawbacks, there have been proposed various protective layers including:
one containing an additive such as fluorine-containing silane coupling agent, titanate coupling agent or
CyF1sNCO as disclosed in JP-A 306857/1989; one containing metal or metal oxide fine particles having
improved dispersibility and resistance to humidity by effecting water-repelfent treatment to the fine particles
together with a binder resin as disclosed in JP-A 295066/1987; and one fine particles surface-treated with
an agent, such as titanate coupling agent, fluorine-containing silane coupling agent or acetoalkoxyaluminum
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speci ficall ﬁ{'oteéi’i% layer, resistances to abrasion and mar due to friction and a resistance to active substances such
§ as ozone and NOx, thus failing to satisfy electrophotographic characteristics meeting a recent requirement
of improved image quality as yet. :

With recent requiremsents of improved durability and high image quality, a photosensitive member has
encountered a new problem of "pause memory characteristic® being one of deterioration phenomena. More
specifically, pause memory characteristic means a phenomenon that a chargeability at a part of a

10 photosensitive member immediately under a corona charger is decreased when the rotation of the
photosensitive member is paused in repetitive copying, whereby the part of the photosensitive member has
a decreased image density in a normal development system and has an increased image density in a
reversal development system. Such a phenomenon (i.e., pause memory characteristic) is fiable to occur
after repetitive use for a long term, thus being a more species problem with an elongated life of a
15 photosensitive member.

Moreover, in a reversal development system meeting a recent digital copying system, a so-called
“transfer memory"™ by which a chargeability is changed depending upon the presence or absence of
transfer current because primary charging and transfer charging are performed by using polarities opposite
to each other is caused 1o occur, thus resulting in an unevenness in image density.

20
SUMMARY OF THE INVENTION

The present invention has been accomplished in order fo meet the above requirements.

An object of the present invention is to provide an electrophotographic photosensitive member having a

25 surface with advantages including a high releasability and excellent resistances to abrasion and mar and
also capable of keeping high image quality.

Another object of the present invention is to provide a photosensitive member free from a decrease in a
surface resistance (resistivity) due to adhesion of active substances generated by repefitive use and
capable of retaining high image quality even under a high humidity condition.

30 Another object of the present invention is to provide a photosensitive member showing stable
slectrophotographic characteristics wherein accumulation of residual potential and a decrease in photosen-
sitivity are not readily caused to occur sven when used repetitively.

Another object of the present invention is to provide a photosensitive member having a decreased
transfer memory even in a reversal development system.

35 Another object of the present invention is to provide an electrophotographic photosensitive member
having an improved pause memory characteristic.

Another object of the present invention is to provide an electrophotographic apparatus and a device unit
respectively including the electrophotographic photosensitive member.

According to the present invention, there is provided an electrophotographic photosensitive mermber,

40 comprising: an slectroconductive support, and a photosensitive layer and a protective layer disposed on the
slectroconductive support in this order, whersin said protective layer comprises electroconductive particles,
fluorine-containing resin particles and a binder resin.

According to the present invention, there is also provided an electrophotographic apparatus and a
device unit including the above-mentioned electrophotographic photosensitive member.

45 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

Figure 1 is a schematic structural view of an elecirophotographic apparatus using an slectrophotog-
raphic photosensitive member according to the present invention.
Figure 2 is a block diagram of a facsimile machine using an electrophotographic apparatus according to
the present invention as a printer, .
§6
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The electrophotographic photosensitive member according to the present invention is characterized by
a protective layer comprising electroconductive particles, fluorine-containing resin particles and a binder

5 resin,

The electroconductive particles used in the present invention may include those comprising metal,
metal oxide and carbon black. Examples of metal may include: aluminum, zin¢, copper, chromium, nickel,
stainless steel, silver, etc.; and plastic particles the surface of which is covered with vapor-deposited these
metals. Examples of metal oxide may include: zinc oxide, titanium oxide, tin oxide, antimony oxide, indium

70 oxide, bismuth oxide, indium oxide doped with tin, tin oxide doped with antimony, and zirconium oxide
doped with antimony. THese materials may be used singly or in combination of two or more species. When
two or more species of these materials are used, they may be simply mixed or be formed into a solid
solution or a fused mixture.

The electroconductive particles used in the present invention may preferably have an average particle

15 size of at most 0.3 um, more preferably at most 0.1 pm, in view of prevention of a decrease in
phofosensitivity.

In the above materials for the electroconductive particles, metal oxide as described above may
particularly be preferred in view of transparency efc.

The fluorine-containing resin particles used in the present invention may include those comprising

20 polymers, such as, tetrafluoroethylene resin, chiorotrifluorosthylene resin, hexafluorinated ethylens pro-
pylene resin, vinyf fluoride resin, vinylidene fluoride resin, dichlorodifluorosthylene resin, and copolymers of
thess polymers. These materials may be used singly or in combination of two or more species. In these
materials, tetrafluoroethylene resin and vinylidene fluoride resin may preferably be used.

The fluorine-containing resin particles can appropriately be selected from the above materials having

25 varfous molecular weights and particle sizes. The fluorine-containing resin particles generally have a weight
average molecular weight (Mw) of 3,000 - 10,000,000 and aiso have an average particle size of 0.01 - 2 um.

The binder resin used in the protective layer may include various resins such as polycarbonate resin,
polyester resin, polyarylate resin, polystyrene resin, polyethylene resin, polypropylene resin, polyursthane
resin, acrylic resin, epoxy resin, silicone resin, cellulose resin, vinyl chloride resin, phosphazene resin,

30 melamin resin, and vinyl chloride-vinyl acetate copolymer. These binder resins may be used singly or in
cornbination of two or more species.

In the above binder resins, curable resins {i.e., thermosetting resin or polymers obtained through
thermal- or photo-polymerization}) may desirably be used in view of properties of the protective layer, such
as, surface hardness, resistance to abrasion {or wear), dispersibility of fine particles, and stability of

35 dispersion. More specifically, in a preferred smbodiment, electroconductive particies and fluorine-containing
resin particles are dispersed in a solufion of a curable (or polymerizable) monomer or oligomer capable of
being thermal- or photo-cured {or polymerized) in an appropriate solvent to form a coating liquid for a
protective layer. The coating liquid is applied onto a photosensitive layer, followed by curing (or polymeriza-
tion) by heating or light irradiation to form the protective layer. The thus formed protective layer may

40 preferably be used in the present invention in view of dispersibility, hardness, resistance to abrasion, etc.

Generally, thermal- or photo-curable (or polymerizable) monomers or oligomers may, e.g., have at least
one functional group as a terminal group causing polymerization reaction by using thermal energy or light
energy. In the above, relatively high molecular weight compounds having 2 - 20 recurring structural units
may be referred to as "cligomer™ and compounds having relatively low molecular weight smaller than those

45 of such oligomers may be referred to as "monomer™.

Examples of the above-mentioned functional group causing polymerization reaction may include:
groups having a double bond of C=C, such as acryloyl group, methacryloyl group and vinyl group; silanol
group; groups causing ring-opening polymerization, such as cyclic ether group; and two or mors species of
compounds, such as phenol and formaldehyde, causing polymerization reaction therebetween.

50 The protective layer may preferably have a resistivity of 10'® - 10'S ohm.cm. The resistivity of the
protective tayer varies depending upon electroconductive particles content. In view of the above preferred
resistivity of the protective layer, the protective layer may preferably contain 10 - 80 wt. %, more prefarably
20 - 70 wi. % of the electroconductive particles.

The protective layer may preferably contain 5 - 70 wt. %, mors preferably 10 - 60 wt. % of the fluorine-

55 containing resin particles. Above 70 wt. %, the protective layer is liable to have a lowered mechanical
strength. Below 5 wt. %, the protective layer fails to have sufficient properties such as releasability,
resistance to abrasion, and resistance to marring.

The protective layer may preferably have a thickness of 0.2 - 10 um, more preferably 0.5 - 6 um.
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pling agent such as silane coupling agent or titanate-type coupling
agent; a surfactant; a silicone oil; and a graft polymer having a water-repellent group. Among the above
compounds, compounds containing fluorine atom may particularly be preferred in view of an improvement
in a compatibility with the above-mentionad fluorine-containing resin particles.

Preferred examples of such compounds are enumerated below but are not restricted to the following
compounds.

Sifane coupling agent

vinyl chlorasilane,

vinyl tristhoxysilane,

vinyl-tris{8-methoxyethoxy)silans,
8-(3,4-epoxycyclohexyl)sthyltrimethoxysilane,
~-glycidoxypropyltriethoxysilane,
N-g-(amonosthyl)-y-amonopropyimethyldimethoxysilane,
N,N-bis(g-hydroxyethyl)-y-aminopropyltriethoxysilane,
~~chloropropyltrimsthoxysilane, and
~v-methacryloxypropyltriethoxysilane.

Fluorine-containing silane coupling agent

CF3CHzCH2 Si{OCHa)s,

CaFa CH2CH2Si{OCHa)s,
CsF1aCH2CH2 Si{OCHg)s,

CsF17CH2 CH2Si{OCH3z)a,

CsF17 CH2CH2 Si{OCH2 CH2 OCHa )z,
C1oF21Si{OCH3)a,

Cs F13aCONHSI(OCHs)g,
CsF17CONHSI{OCH3)s,

CyF15 CONHCH, CH2CH, Si{OCHs)s,
C7F15 CONHCH, CHz CH, Si(OC2Hs )s,
C7Fss COOCH; CH; CH2 Si{OCH3)a,
C7 F1s COSCH2CH2 CH28i{0CH3)s,

Cs F17S02NHCH, CH, CH2 Si{OC2 Hs ),

CgF17S0,NCH,CH,CH,S1 (OCH;) 5
CH,CH,CHj

Cs F17CH2CH2 SCH2 CH2 SI(OCH3z)a,
C1oF21 CH2 CH28CH GH2 Si{OCHs)s,

CF 1 5SCONHCH,CH,NCH,CH,CH,S1 (0CH4) 5, and
COCF g

CF1 5SO,NHCH,CH,NCH,CH,CH,S1 (OCH3 ) 3.
50,CgF17
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wherein, denotes -CH2CH, CF3, and m and n are a positive integer.

Fluorine-containing surfactant

15 X-802NRCH2COOH, .
X-802NRCH2CHz O(CH2CH20),H (n = 5, 10, 15),
X-802N(CH2CH2CH, OH),,

X-RO(CH2CH20),, (n = 5, 10, 15),
X-(RO), (n = 5-20),
20 X-(ROY,R (n = 5 - 20),

x-soznncnzcx/crxz .
\
o

25

X-COOH, X-CHzCH2COOH,

X-ORCOOH,

X-ORCH2COOH, X-SO3H,
30 X-ORS0OzH,

X-CHzCHOH,
X-CH,OCH,CHCH, ,
35 \/
: 0
X-CHCH,OCH,CHCH, , and
N/ _
“ 0
X-CO,CH,CHCH,
\/
O -
45

In the above, R denotes alkyl group, aryl group or aralkyl group; and X denotes a fluorocarbon group
such as -CF3, -C4Hy or -CsHi7.

50

55
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Fluorine-containing graft polymer ” ""

CHj
~{CHy~CH g CHy =Gy
Ry R,

o
I

Ry: -CO-CHy-CHy —{CHy )}t CF3

0 CH

|
R2 H -CO"CHZ-(I:H—CHZ-OOC"CHZ-S —(C-CHZ-}k— H

OH COOCH

In the above, m, n ] and k each is an integer.

The above compounds {j.e., coupling agent, surfactant, etc.) can be contained in the protective layer by
treating the surface of eleciroconductive particles with at least one compound described above or by simply
adding at least one compound described above to a coating liquid for the protsctive layer. In the present
invention, the former (i.e., surface treatment) may preferably be applied.

A method for performing surface treatment of electroconductive particles may be as follows.

Electroconductive particles and a surface treatment agent (i.e., the above-mentioned compounds) are
mixed and dispersed in an appropriate solvent by an ordinary dispersion means such as a ball mill or a
sand mill, whereby the surface treatment agent is attached or adsorbed to the surface of the electroconduc-
five particles. Then, the solvent is removed from the dispersion to hold or fix the agent to the surface of the
electroconductive particles, followed by heat treatment as desired. Further, a catalyst for accelerating the
surface treatment may be added to the dispersion. It is possible to effect pulverization or milling after the
surface freatment.

A surface treatment agent content of electroconductive particles varies depending upon a particle size
of the electroconductive particles. The content may preferably be 1 - 65 wt. %, more preferably 10 - 50 wt.
% per a total amount of the electroconductive particles.

When the above-mentioned compounds (i.e., coupling agent, surfactant etc.) are used simply by
adding, the compounds may preferably be contained in the protective layer in an amount of 1 - 100 wt. %,
particularly 5 - 50 wt. % per a total amount of the electroconductive particles.

In the present invention, the protective layer may further contain additives, such as radical scavenger
and antioxidant, in order to improve dispersibility, binding properties, weathering resistance stc.

The photosensitive layer of the photosensitive member according to the present invention may have a
layer structure including: a so-called “single layer-type™ structure comprising a single layer containing a
charge-generating material (CGM) and a charge-transporting material (CTM); or a so-called "function
separation-type™ structure comprising a charge generafing layer (CGL) containing a CGM and a charge
transport layerl (CTL) containing a CTM. The photosensitive layer may preferably have a function
separation-type tayer structure.

Such a function separation-type layer structure can be formed by disposing a CGL and CTL on an
electroconductive support in this order or in reverse order.

The CGL can be formed by dispersing a CGM in a binder together with an appropriate solvent to form a
coating liquid, applying the coating liquid onto an electroconductive support or a CTL, and by drying the
coating. At this time, examples of such a CGM may include: azo pigments such as monoazo pigment,
bisazo pigment and trisazo pigment; quinone pigments such as pyrenequinone and anthraquinone;
quinonecyanine pigments; perylene pigments; indigo pigments such as indigo and thisindigo; azulenium
salt pigments; and phthalocyanine pigments. The binder may include polyvinyl butyral, polyvinyl benzal,
polyarylate, polycarbonate, polyester, polystyrene, polyvinyl acetate, acrylic resin, polyurethane, polyvinyl
pyrrolidone, ethyl cellulose, and cellulose acstate butyrate.

The CGL may preferably have a thickness of at most 5 itm, more preferably 0.05 ~ 3 im.

! THIS SHEET HAS BEEN
REPLACED




by adding metal or netal oxide to a resin to control an eI ectri cal
resi stance of the protective |ayer have been proposed. HaSB.eenReplaced
phot osensi tive nmenmber using such a protective layer has I
probl em of remarkabl e decrease i nEPloc06es®hAiti vity becau of
light irfthe protective layer is caused to occur and an amount of
arriving at the phot osenS| tive layer is decreased. ACCOI’dI ng
there has beeTH helis: %aamedﬂafg?rea\?efhgmﬁ oct! e Gk pseet ﬁfta%a " u;d

0
phOt OsenSI case, PQXC st:gggae Fog]rﬁdmg% gﬂ%eﬁgélﬁ%ch@gél?gmqg; com;%\ﬁ%ﬂp% gx Eysabiphe(r:nl:leneg:SI z€

10

15

20

25

30

35

40

50

55

anthracene, pyrene, and phenanthrene; heterocyclic compounds such as indole, carbazole, oxadiazole, and
pyrazoline; hydrazone compounds; styryl-type compounds. Further, the binder for the CTM may include:
polyester, polycarbonate, acrylic resin, polyarylate, acrylonitrile-styrene copolymer, polymethacrylate, poly-
styrens, polyvinyl carbazole, and polyvinyl anthracene.

The CTL may preferably have a thickness of 5 - 40 m, more preferably 10 - 30 Lm.

The single layer-type layer structure of the photosensitive layer may include the above-mentioned
materials for the CGM and CTM. it is also possible to contain a charge transfer complex comprising
polyvinyl carbazole and frinitrofiuorene. The photosensitive layer having a single layer-type layer structure
may preferably have a thickness of 5 - 40 wm, more preferably 10 - 30 m.

In the present invention, it is possible to dispose an intermediate layer between the photosensitive layer
and the protective layer in order to improve adhesive properties, coating properties, etc. Materials for use in
the intermediate layer may include: casein, polyvinyl alcohol, nitrocellulose, ethylene-acrylic acid
copolymer, alcohol-soluble polyamide, polyurethane, gelatin, and aluminum oxide.

The intermediate layer may preferably have a thickness of 0.1 - 10 wm, more preferably 0.3 - 2 um.

The electroconductive support constituting the photosensitive member according to the present inven-
tion may include any electroconductive material. More specifically, examples of the slectroconductive
material may include: metal or afloy, such as aluminum, aluminum alloy, copper, cromium, nickel, zinc, or
stainless steel; a laminated plastic film covered with a metal foil of aluminum, copper, efc.; 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 electrocon-
ductive substance and an optional appropriate binder and/or solvent as desired.

Examples of such an electroconductive substance may include: metal powder, metal foil and metal
short fiber each comprising aluminum, copper, nickel or silver; electroconductive metal oxide such as
antimony oxide, indium oxide or tin oxide; an electroconductive polymer such as polypyrrole, polyaniline, or
polyslectrolyte; a powder material comprising carbon fiber, carbon black, or graphite; organic or inorganic
electrolyts; eleciroconductive powder coated with the above electroconductive substances.

The electroconductive support may preferably be in the form of a cylinder or drum, a sheet, or a belt.

in the present invention, it is possible to dispose an undercoat layer having a barrder function and an
adhesive function between the electroconductive support and the photosensitive layer. Materials for the
undercoat layer may be those for the intermediate layer described above.

The undercoat layer used in the present invention may be a single layer containing or not containing
electroconductive materials such as metal, metal oxide and carbon black, in a thickness of 0.1 - 5 um,
particularly 0.5 - 3 wm. The undercoat layer may also be a laminated layer comprising a first undercoat
layer containing the electroconductive materials and a second undercoat layer not containing the elec-
troconductive materials disposed on the slectroconductive support in this order. In this instance, the first
undercoat layer may preferably have a thickness of 0.1 - 50 um, particularly 0.5 - 40 um.

In the present invention, the above-mentioned various layers may generally be formed by dispersing
materials to be used in respective layers in an appropriate solvent, applying the resultant coating liquid onto
the electroconductive support by means of a known coating method such as dipping, spinner coating, roller
coating, wire bar coating, spray coating or been coating, and drying the coating.

The photosensitive member according to the present invention can be applied to not only an ordinary
electrophotographic apparatus such as copying machine, a laser beam printer, a light-emitting diode (LED)
printer, a cathode-ray tube (CRT) printer, a liquid crystal shutter-type printer, but also other fields of applied
electrophotography including, e.g., display, recording, printing, facsimile and faser plate making.

Figure 1 shows a schematic structural view of an electrophotographic apparatus using an electrophotog-
raphic photosensitive member of the invention. Referring to Figure 1, a photosensitive drum (i.e., photosen-
sitive member) 1 as an image-carrying member is rotated about an axis 1a at a prescribed peripheral speed
in the direction of the arrow shown inside of the photosensitive drum 1. The surface of the photosensitive
drum is uniformly charged by means of a charger 2 to have a prescribed positive or negative potential. At
an exposure part 3, the photosensitive drum 1 is exposed to light-image L (as by slit exposure or laser
beam-scanning exposure) by using an image exposure means (not shown), whereby an slectrostatic latent
image corresponding to an exposure image is successively formed on the surface of the photosensitive
drum 1. The electrostatic latent image is developed by a developing means 4 to form a toner image. The
toner image is successively transferred to a transfer material P which is supplied from a supply part {not
shown) to a position betwsen the photosensitive drum 1 and a transfer charger 5 in synchronism with the
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apparatus. Residual toner particids on the surface of the photosensitive drum 1 after the transfer are
5 removed by means of a cleaner 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 prepare for the next cycle. As the charger 2
for charging the photosensitive drum 1 uniformly, a corona charger is widely used in general. As the
transfer charger 5, such a corona charger is also widely used in general.
According to the present invention, in the electrophotographic apparatus, it is possible to provide a
1o device unit which includes plural means inclusive of or selected from the photosensitive member 1
(photosensitive drum), the charger 2, the developing means 4, the cleaner 6, etc. so as to be attached or
removed as desired. The device unit may, for example, be composed of the photosensitive member and at
least one device of the charger, the developing means and the cleaner to prepare a single unit capable of
being attached to or removed from the body of the electrophotographic apparatus by using a guiding
75 means such as a rail in the body.
In case where the electrophotographic apparatus is used as a copying machine or a printer, exposure
light-image L may be effected by using reflection light or transmitted light from an original or by reading a
data on the original by a sensor, converting the data into a signal and then effecting a laser beam scanning,
drive of LED array or drive of a liquid crystal shutter array in accordance with the signal.
20 In case where the electrophotographic apparatus according to the present invention is used as a printer
of a facsimile machine, exposure light-image L is given by exposure for printing received data. Figure 2
shows a block diagram of an embodiment for explaining this cass. Referring to Figure 2, a controller 11
controls an image-reading part 10 and a printer 19. The whole controller 11 is controlled by a CPU {central
processing unit} 17. Read data from the image-reading part is transmitted to a partner station through a
25 transmitting circuit 13, and on the other hand, the received data from the pariner station is sent to the
printer 18 through a receiving circuit 12. An image memory 16 memorizes prescribed image data. A printer
controlier 18 controls the printer 19, and a reference numeral 14 denotes a telsphone handset.
The image received through a circuit 15 (the image data sent through the circuit from a connected
remote terminal) is demodulated by means of the recsiving circuit 12 and successively stored in an image
S0 memory 16 after a restoring-signal processing of the image data. When image for at least one page is
stored in the image memory 16, image recording of the page is effected. The CPU 17 reads out the image
data for one page from the image memory 16 and sends the image data for one page subjected to the
restoting-signal processing to the printer controller 18. The printer controller 18 recsives the image data for
one page from the CPU 17 and controls the printer 19 in order to effect image-data recording. Further, the
85 CPU 17 is caused to receive image for a subsequent page during the recording by the printer 19. As
described above, the receiving and recording of the image are performed.
Hereinbelow, the present invention, will be explained more specifically with reference to examples. In
the following examples, "part(s)” means "weight part(s)".

40 Example 1

A solution of 10 parts of an alcohol-soluble polyamide resin ("Amilan CM-8000", manufactured by
Toray K.K.) and 30 parts of a methoxymethylated 6-nylon resin ("Toresin EF-30T", mid. by Teikoku Kagaku
K.K.) in a mixture solvent of 150 parts of methanol and 150 parts of butanol was applied onto an aluminum
45 cylinder by dipping, followed by drying for 10 minutes at 90 °C to form a 1 um-thick undercoat layer.
A coating liquid for a charge generating layer (CGL) was prepared by dispersing a mixture of 4 parts of
a bisazo pigment of the formula:

50
HNOCHNOC O
Cl

H . HO  CONHCONH ~§(:)>
@ N=N N=N a
iwics

56
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and 2 parts of a butyral resin ("S-LEC BL-S", mfd. by Seldsui Kagaku K.K.} in 100 parts of cyclohexanone
by means of a sand mill for 48 hours and by adding 100 parts of tétrahydrofuran (THF) to the above
mixture. The thus prepared coating liquid was applied onto the above prepared undercoat layer by dipping,
followed by drying for 15 minutes at 80 °C to form a 0.15 wm-thick CGL.

5 Onto the CGL, a solution of 10 parts of a triarylamine compound of the formula:
CHs CHs

° () /@_CH’
OaO= 5

15

and 10 parts of a polycarbonate resin ("lupiron Z-200", mfd. by Mitsubishi Gas Kagaku K.K) in a mixture

solvent of 20 parts of dichloromethane and 50 parts of monochlorobenzene was applied by dipping,

followed by drying for 80 minutes at 120 °C to form a 20 ptm-thick charge transport layer (CTL). Thus, a
20 photosensitive layer was disposed on the slectroconductive support.

Then, a dispersion for a protective layer was prepared as follows.

100 parts of antimony-containing tin oxide fine particles ("T-1", mfd. by Mitsubishi Material K.K.;
average particle size of 0.02 wm), 30 parts of (3,3,3-trifluoropropyijtrimethoxysilane (mfd. by Shinetsu
Kagaku K.K.), and 300 parts of a mixture solvent of sthanol/water {95/5) were subjected to milling for 1 hour

25 by a milling device. After the milling, the mixture was filtered and then the filtrate was washed with ethanol,
followed by drying and heat treatment for 1 hour at 120 °C to effect surface treatment of the fine particles.
Then, 25 parts of an acrylic polymerizable monomer, to be used as a binder resin, of the formula:

30 CH,OR 1 CH-0R 1 h)
Rlocnz-cl:-cnzo-cnz-c-buzogl (Ry = -C-CH=CH,),
) CH,0R; CH,0R,

0.1 part of 2-methylthioxanthone as a photopolymerization initiator, 35 parts of the above-prepared surface-
treated antimony-containing tin oxide fine particles, and 300 parts of tolusne were mixed by a sand mill for
96 hours. To the mixture, 25 pats of tetrafluoroethylene resin particles ("Lublon L-2", mfd. by Daikin Kogyo
40 KK) was added, followed by stirring for 8 hours by the sand mill to form a dispersion for a protective layer.
The thus prepared dispersion was applied onto the photosensitive layer by spray coating and dried,
followed by ultraviolet ray irradiation for 15 seconds by means of a high-pressure mercury lamp at a light
intensity of 800 mW/cm?2,
Thus, a § um-thick protective layer was disposed on the photosensitive layer, whereby a photosensitive
45 member of the present invention was prepared.

Example 2
A photosensitive member was prepared in the same manner as in Example 1 except that 45 parts of
50 tetrafluoroethylens resin particles and 45 parts of surface-treated antimony-containing tin oxide fine particles
were used in the step of forming the dispersion for a protective layer.

Example 3

55 A photosensitive member was prepared in the same manner as in Example 1 except for using an
acrylic polymerizable monomer of the formula:
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(m+n = 4)

10 instead of the acrylic polymerizable monomer used in Example 1.
Example 4

A photosensitive member was prepared in the same manner as in Example 1 except that a dispersion
15 for a protective fayer was prepared in the following manner.

100 paris of antimony-containing tin oxide fine particles ("T-1", mfd. by Mitsubishi Material K.K.;
average particle size of 0.02 um), 30 parts of fluorine-modified silicone oil ("FL-100", mfd. by Shinetsu
Kagaku K.K.), and 300 parts of toluene were subjected to milling for 1 hour by a milling device. After the
milling, the mixture was filtered and then the filtrate was washed with toluene, followed by drying and heat

20 treatment for 10 minutes at 300 °C to effect surface treatment of the fine particles. Then, 25 parts of an
acrylic polymerizable monomer, to be used as a binder resin, of the formula:

CI*IZOR]L 0
25 |
CH3CH2-CHZ-C—CHZOR1 {(Ry = -C-CH=CH2) ’
CHZOR 1
30
0.1 part of 2-methylthioxanthone as a photopolymerization initiator, 50 parts of the above-prepared surface-
treated antimony-containing tin oxide fine particles, and 300 paris of toluene were mixed by a sand mill for
96 hours. To the mixture, 35 paris of tetrafluoroethylene resin particles ("Lublon L-2", mfd. by Daikin Kogyo
K.K.) was added, followed by stirring for 4 hours by the sand mill.
35

Example 5

A photosensitive member was prepared in the same manner as in Example 1 except that
tetrafluorosthylene resin particles were changed to chiorotrifluorosthylene resin particles ("Diflon™, mid. by
40 Daikin Kogyo K.K.).

Example 6

A photosensitive member was prepared in the same manner as in Example 1 except that the antimony-

45 containing tin oxide fine particles were changed to electroconductive particles comprising barium sulfate

fine particles coated with oxygen-short tin oxide, i.e., tin oxide containing oxygen fess than stoichiometry
("Pastran IV/P-1", mfd. by Mitsui Kinzoku Kogyo K.K.; average particle size of 0.1 imj}.

Example 7
50
A photosensitive member was prepared in the same manner as in Example 1 except that a CGL and a
CTL were formed in reverse order.

Example 8
65
A photosensitive member was prepared in the same manner as in Example 1 except that an
intermediate layer was further disposed between a photosensitive layer and a protective layer in the
following manner.
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i

A photosensitive member was prepared in the same manner as in Example 1 except for omitting the
surface treatment of the electroconductive particles.

10 Comparative Example 1

A comparative photosensitive member was prepared in the same manner as in Example 1 except that
the protective layer was not used.

15 Comparative Example 2

A comparative photosensitive member was prepared in the same manner as in Example 1 except that
the tetrafiuoroethylene resin particles used in the protective layer were not used.

20 Comparative Example 3

A comparative photosensitive member was prepared in the same manner as in Example 7 except that
the protective layer was not used.

Each of the thus prepared photosensitive members was assembled in an electrophotographic copying

25 machine performing an image formation process including the steps of: charging-exposure-development-
transfer-cloaning at a cycle speed of 1.5 sec/cycle, and was subjected to image formation at an initial stage
under environmental conditions including normal-temperature (20 °C) and normal-humidity (50 %RH)
condition (hereafter, abbreviated as "N/N"), low-temperature (10 °C) and low-humidity (15 %RH) condition
{hereinafter, abbreviated as "L/L™), and high-temperature (35 °C) and high-humidity (85 %RH) condition

30 (hereinafter, abbreviated as "H/H") in order to evaluate image forming properties. Further, each of the
photosensitive members was subjected to successive image formation of 50,000 sheets (a durability test)
under N/N. The results are shown in Table 1 appearing hereinafter.

After the image formation of 50,000 sheets, each of the photosensitive members was subjected to
observation of an abrasion degres, i.e., a thickness (itm) of a part of the photosensitive member which had

35 been removed therefrom by abrasion. The results are also shown in Table 1.

In the initial stage of the above image formation under N/N, each of the photosensitive members was
subjected to measurement of electrophotographic properties including initial dark part potential Vpapi (V),
sensitivity (lux.sec) and residual potential Vg (V).

In the above, "initial dark part potential” means a surface potential (V) of a photosensitive member at

40 the time of charging by using corona discharger (-5 KV or +5 KV (only for the photosensitive member -
prepared in Example 7)). A larger absolute value of an initial dark part potential shows a better chargeability
in Table 1. Further, "sensitivity" means an exposure quantity (E;; lux.sec) required for decreasing a
surface potential of 700 V (absolute value) to a surface potential of 200 V (absolute value). The results are
also shown in Table 1.

45 Separately, each of the photosensitive members was assembled in a modified copying machine of a
copying machine ("NP-3825", mfd. by Canon K.K.) in order to evaluate "pause memory characteristic”.
More specifically, a photosensitive member was caused to have a dark part potential (Vpp) of -650 V and a
fight part potential (Vi) of ~150 V at an initial stage, respectively. Then, the copying machine was subjected
to successive copying test of 10,000 sheets. After the copying test, a dark part potential {Vo1) and a light

50 part potential (Vi) were measured to obtain a variation (%) in the potentials Vpg and Vs and a variation {%)
in the potentials Vs and V4, respectively. For example, a variation of 2 % means a change in potential of
13 V {i.e., 650 x 2/100). Then, the photosensitive member was left standing for 24 hours within the copying
machine. After 24 hours, potentials at a position immediately under the charger and another position (i.e., a
position different from the position immediately under the charger) wers measured to obtain a difference

55 (AV (V), absolute valus) therebetween. The results are shown in Table 1.

b THIS SHEET HAS BEEN

REPLACED




treatnment to the fine particles together with a binder r%hsii r]}l as di scl osed
in JP-A 295066/ 1987; and-one containing netal oxide s Sheet EﬂﬁlRﬂplmd

particles surface-treated with an agent; such as titanate iﬂ“ﬂ‘ ﬁmli
fluorine-containing silane coupli ngEr@8os0MrAtacet oal koxyal
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In order to evaluate "transfer memory”, eight photosensitive members for Examples 10 - 17 were
prepared in the same manner as in Examples 1 - 8, respectively, except that a CGL was prepared in the
5 following manner,
A coating liquid for a CGL was prepared by dispersing a mixture of 4.5 parts of oxytitaniumph-
thalocyanine and 2 parts of a butyral resin ("S-LEC BL-S", mfd. by Sekisui Kagaku K.K.} in 100 parts of
cyclohexanone by means of a sand mill for 36 hours and by adding 100 parts of THF to the above mixture.

The thus prepared coating fiquid was applied onto an undercoat layer by dipping, followed by drying for 15
10 minutes at 80 °C to form a 0.15 m-thick CGL.

Examples 10 - 17

Example 18

A photosensitive member was prepared and evaluated in the same manner as in Example 10 excebt for
76 omitting the surface treatment of the electroconductive particles.

Example 19

A photosensitive member was prepared and evaluated in the same manner as in Example 15 except for
20 omitting the surface treatment of the electroconductive particles.

Comparative Example 4

A comparative photosensitive member was prepared and evaluated in the same manner as in Example
25 10 except that the protective layer was not used.

Comparative Example 5

A comparative photosensitive member was prapared in the same manner as in Example 10 except that
30 the tetrafluoroethylene resin particles used in the protective layer were not used.

Comparative Example 6

A comparative photosensitive member was prepared in the same manner as in Example 15 except that
35 the protective layer was not used.
Each of the above-prepared photosensitive members was assembled in a modified machine of a laser
beam printer (frade name: LBP-SX, mfd. by Canon K.K) as an electrophotographic printer equipped with a
semiconductor laser and using a reversal development system, and subjected to measurement of a voltage
{Va1) of a primary charging under no transfer current application and a voltage (Va2) of the primary charging
40 under fransfer current application to evaluate a transfer memory ([Vas| - [Vuz| (V); absolute value). The results
are shown in Table 2 below. '

o

50

55
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In the above Table 1, each evaluation results of the durability test denotes the following state.
5 "Good": Good images substantially free from image defects were obtained.

"Transfer failure™ Toner images were not sufficiently transferred to a transfer-receiving material to form
mottled or spotted images.

"Image flow": iImage flow was observed.

14 THIS SHEET HAS BEEN
REPLACED




bi nder resin such as polyurethane and are provided on a corRgi&}

substrate. The oxide was subjected to a treatnent |npart|ng

thereto, preferably by using a silicone water repelling age

309 relates to an el ectrophot ogr aphEP 08961034 Atensi ti ve nenmb

el ectroconducti ve support along with a photosensitive |layer and a
productive | ayer dlsgosed thereon in this order, wherein said protective

| ayer “Poor i lrr;agre ;@ sity™ The resultFa%tanéages had poor Image densngont ains a powder of
| oxi '
get)?ndgr ?g S Pﬁ'\ﬁ‘ eanqs?tl member was n]otZ seubj(&]:tedoto?’meLseucnarnLarrx]t1 o? robservatxon (l!)eca &' Re eGlI. n
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Table 2
Ex. Transfer memory
10 {(IVa1l - Vg2l) (V)
10 5
1 0
12 10
1 13 5
14 5
) 15 5
20 16 10
17 5
18 20
19 25
25
Comp.Ex. | 4 55
5 45
6 65

% As shown in Table 1, the photosensitive members prepared in Examples 1 - 8 according to the present

invention provided good electrophotographic properties, image-forming properties under any environmental
conditions {i.e., N/N, UL, H/H). The photosensitive member prepared in Example 8 according to the present
invention also provide good electrophotographic properties at the initial stage, but provided slightly poor
images at and after about 35,000 shests of copying dus to a decreased chargeability and image flow after
50,000 sheets. However, such properties of the photosensitive member prepared in Example 9 were still
acceptable level for practical use.

With respect to the comparative photosensitive members prepared in Comparative Examples 1 - 3,
each evaluation result was as follows.

35

{Comparative Example 1)

The comparative photosensitive member showed good electrophotographic properties at the initial
stage but failed to provided good images after about 10,000 sheets of copying due to a decreased
chargeability.

{Comparative Example 2)

The comparative photosensitive member failed to provide images over a wide area from the initial stage
s0 and provided image blur under H/H. Further, after 50,000 sheets of copying, image flow was observed.

{Comparative Example 3)

Image blur was caused to occur under H/H and good images were not obtained after about 10,000
shests of copying due to a remarkable decrease in photosensitivity caused by abrasion of the CGL.

In addition, the comparative photosensitive members prepared in Comparative Examples 1 - 3 showed
considerable poor pauss memory characteristic when compared with those prepared in Examples 1 - 9
according to the present invention.

&6

19 | 11t SHEET HAS BEEN
! 1LPLACED

caty e



desirably a hardenabl e resin. EP- A-57 532 rel ates t0 an ryjs Sheet Has Been Replaced
el ect rophot ogr aphi ¢ phot osensitive nenber conprising an ele

support, a photo- sensitive layer and a protective |ayer, V\ﬂ'ﬂﬁm m[ |
protective layer conprises at |easkP8@06@24A1 cul ate metal o _ _

mean particle size below 0.3 [err]n1dispersedbin an oaggnbc resin ] bi nder
material. Further, .an_internediate |ayer ma e provide et ween t he

pr ot ect i ve, | Ao gy fo;ﬂj%fgﬁ%f%ﬁé% i Gevoss dorai Bl o0 ety g
conpri ses %@mﬁggflﬁéc RE9PT, §7og FNe" rFRgMED; Wien (P, PR PETPREY M EeypPer
resistivity greater than the protective |ayer. EP- A-5 10 644 descri bes an

el ectroghogQ@pgbei ¢ photosensitive menmber conprising an el ectroconductive
support an%ga—p'ﬁ'ot osensitive |layer being disposed thereon and containing a

specific OXyN\ L@daicbléﬁd?_kﬂ Q@b@gr_)ﬁad"bﬂewere]-mn%d% &k Bﬁlﬂﬂm%ﬁ%eaplh‘\ecorder in the same
phot osensi hiné BB EBEMpIS e,@g&‘q.;aﬁﬁgifomhg bied¥d bighhBH of RmuRNd Cl eaning neans to

be integrally supported and to forma device unit.

10
QHNOCHNOC OH HO  CONHCONH @
N a '

Exp
withy

o =N—@-E=N—@—N=N @
| ©

was used instead of the bisazo pigment for use in the CGL prepared in Example 1.
20 Then, a dispersion for a protective layer was prepared as follows.
25 parts of an acrylic polymerizable monomer, to be used as a binder resin, of the formula:

0
® R\NJLN/ R
o N”\o |
R : R : — CH2CH-OCOCH = CH:

)
30

2.0 parts of 2-methylthioxanthone as a photopolymerization initiator, 45 parts of antimony-containing tin
oxide fine particles ("T-1", mfd. by Mitsubishi Material K.K.; average particle size of 0.02 m), and 300
parts of toluene were mixed by a sand mill for 72 hours. To the mixture, 25 pats of tetrafliuoroethylene resin
35 particles ("Lublon L-2", mfd. by Daikin Kogyo K.K.} and 20 parts of fluorine-containing silane coupling agent
(Cs Fe CH2CH2 Si{OCH;)s) were added, followed by stirring for 4 hours by the sand mill to form a dispersion
for a protective layer.
The thus prepared dispersion was applied onto the photosensitive layer by spray coating and dried,
followed by ultraviolet ray irradiation for 20 seconds by means of a high-pressure mercury lamp at a light
40 intensity of 800 mW/cm2.
Thus, a 8 um-thick protective layer was disposed on the photosensitive layer, whereby a photosensitive
member of the present invention was prepared.

Example 21
45
A photosensitive member was prepared in the same manner as in Example 20 except that 45 parts of
tetrafluoroethylene resin particles and 35 parts of fluorine-containing silane coupling agent were used in the
step of forming a dispersion for a protective layer.

50 Example 22

A photosensitive member was prepared in the same manner as in Example 20 except that an
intermediate layer was further disposed between a photosensitive layer and a protective layer in the
following manner.

85 A solution of a silicone resin ("AY42-441", mid. by Toray Silicone K.K.) in ligroin was applied onto the
photosensitive layer by spray coating so as to provide a 0.2 um-thick (after drying) intermediate layer,
followed by drying to obtain the intermediate layer.
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These convent i R rﬁ@c!tosgnrs?;[leer%gmt\aé? was B?epareb in t%ggamee fhanner as ln éxample 20 except that a fluorine-

containing silane coupling agent (CFsCH2CH2 S{OCH3)a) was used instead of the one used in Example 20.
5
Example 24

A photosensitive member was prepared in the same manner as in Example 20 except that 20 parts of
the fluorine-containing silane coupling agent was changed to 10 parts of a fluorine-containing graft polymer
10 of the formula:

CH5
!
5 *Cﬂz'?ﬁh—f‘fﬂz'cﬁ
Ry R,
o
% Ry: -CO-CHy-CHy—(CHy)5CF;
. 0 CHg

25 Rz : -CO-CHZ—(I:H-CHZ-OOC-CHZ-S *?—Cﬂz')'g- H

oH COOCH4

(Weight-average molecular weight (Mw) of 25,000; fluorine content of 22 %).
30
Example 25

A photosensitive member was prepared in the same manner as in Example 20 except that a fluorine-
modified silicone oil ("FL-100", mfd. by Shinetsu Kagaku K.K.) was used instead of the fluorine-containing
85 silane coupling agent.

Example 26

A photosensitive member was prepared in the same manner as in Example 20 except that a fluorine-
40 containing surfactant {C4+FsS0;NCH3zCH,COOH) was used instead of the fluorine-containing silane coupling
agent.

Example 27

45 A photosensitive member was prepared in the same manner as in Example 20 except that the
tetrafluoroethylene resin particles were changed to chiorotrifluoroethylene resin particles ("Diflon”, mfd. by
Daikin Kogyo K.K.).

Example 28
50
A photosensitive member was prepared in the same manner as in Example 20 except that 20 parts of
the fluorine-containing silane coupling agent was changed to 10 parts of a fluorine~containing silane
coupling agent (C¢FaCH2CH.Si(OCHs)s and 10 parts of a fluorine-containing surfactant
(C+F3SO2NCH3CH,COOH). -
55
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15
instead of the acrylic polymerizable monomer and a fluorine-containing silane coupling agent
{CeF17CH2CH. SCH, CH. Si(OCHs)s) instead of the fluorine-containing silane coupling agent used in Exam-
ple 20, respectively.

20 Example 30

A photosensitive member was prepared in the same manner as in Example 20 except that a CGL and a
CTL were formed in reverse order.

25 Example 31
A photosensitive member was prepared in the same manner as in Example 20 except that the
antimony-containing tin oxide fine particles were changed to electroconductive particles comprising barium
sulfate fine particles coated with oxygen-short tin oxide, i.e., tin oxide containing oxygen less than
30 stoichiometry ("Pastran 1V/P-1", mfd. by Mitsui Kinzoku Kogyo K.K.; average particle size of 0.1 im).
Example 32

A photosensitive member was prepared in the same manner as in Example 20 except that fluorine-
3s containing silane coupling agent was not used.

Comparative Example 8

A comparative photosensitive member was prepared in the same manner as in Example 20 except that
40 the tetrafluoroathylene resin particles used in the protective layer were not used.

Comparative Example 9

A comparative photosensitive member was prepared in the same manner as in Example 20 except that
45 the tetrafluoroethylene resin particles and the fluorine-containing silane coupling agent used in the
protective layer were not used.

Comparative Example 10

50 A comparative photosensitive member was prepared in the same manner as in Example 30 except that
the protective layer was not used.
Each of the thus prepared photosensitive members was evaluated in the same manner as in Example 1.
The results are shown in Table 3 appearing hereinafter.

s5 Examples 33 - 39

Seven photosensitive members for Examples 33 - 39 were prepared in the same manner as in
Examples 20 - 26, respectively, except that a CGL was prepared in the same manner as in Example 10.

18
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A photosensitive member was prepared in the same manner as in Example 33 except that a fluorine-
containing silane coupling agent was not used.

Example 41

A photosensitive member was prepared in the same manner as in Example 39 except that the fluorine-
containing surfactant was not used.

Comparative Example 11

A comparative photosensitive member was prepared and evaluated in the same manner as in Example
33 except that the protective layer was not used.

Comparative Example 12

A comparative photosensitive member was prepared in the same manner as in Example 33 except that
the tetrafluoroethylene resin particles used in the protective layer were not used.

Comparative Example 13

A comparative photosensitive member was prepared in the same manner as in Example 33 except that
the fluorine-containing silane coupling agent and the tetrafiuoroethylene resin particles were not used.

Each of the above prepared photosensitive members were evaluated in the same manner as in
Example 10. The results are shown in Table 4 appearing hereinafter.
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unevenness in inmage density. SUMVARY OF THE | NVENTI| ON—————The
present invention has been acconplished in order to neet \D3Y,CBeen hwd
requirenents. An obj ect of the present invention

an el ectrophot ographi ¢ phot osensi ti F® €080F4 Alhavi ng a surfa ﬁmm mn]
advantages including a high releasability and excellent res

abrasion and mar and al so capabl e of keeping high image quality.

Anot her object of the present inventiopis-to

n
N

125

20,5
24,5

1o

16.8
23.8

15

4.0
5.2

20

25

failure | blur

30

flow

35

Transfer| Image | Transfer| Image
failure

L]

Good

-25
~-35
+20

2.1
2.0
2.3

-1120
-1040
+920

. 8
9
10

60

&

Table 3 (cont.)

In the above Table 3, each evaluation results of the durability test denotes the following state.
85 "Good™: Good images substantially free from image defects were obtained.
"Transfer failure”: Toner images were not sufficiently transferred to a transfer-receiving material to form

mottled or spotted images.
) T THIS SHEET HAS BEEN ‘
‘- REPLACED B
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"Image flow": Image fiow was observed.



provi de a photosensitive nenber free froma decrease in a surfac
resi stance (resistivity) due to adhesion of active substancelsusgg

repetitive use and capable of retaining high inmge quality ey :
hi gh hum dity conditi on. EP 0 606 074 Al W/

at ed by
"Poor image density™ The resultant images had poor image density.

_. //y /I{?iiced
"lmage blur”: Image blur was observed.

"-": The photosensitive member was not subjected to measurement or observation because the CGL
was considerably abraded.

5
Table 4
Ex. Transfer memory
10 (Varl - Wgl) (V)
33 5
34 5
35 10
1 36 5
37 5
38 10
20 39 )
40 20
4 25
25 Comp. Ex. | 11 50
12 45
13 70

As shown in Table 3, the photosensitive members prepared in Examples 20 - 31 according to the
s0 present invention provided good electrophotographic properties, image-forming properties under any
environmental conditions (i.e., N/N, LL, HH). The photosensitive member prepared in Example 32
according to the present invention also provide good electrophotographic properties at the initial stage, but
provided image flow after 50,000 shests of copying. However, such properties of the photosensitive
member prepared in Example 32 were still acceptable level for practical use.
a5 With respect to the comparative photosensitive members prepared in Comparative Examples 7 - 10,
sach evaluation result was as follows.

{Comparative Example 7)

40 The comparative photosensitive member showed good electrophotographic properties at the initial
stage but failed to provided good images after about 10,000 sheets of copying due to a decreased
chargeability.

{Comparative Examples 8 and 9)

The comparative photosensitive members failed to provide images over a wide area from the initial
stage and provided image blur under H/H. Further, after 50,000 sheets of copying, image flow was
observed.

50 (Comparative Example 10)

Image blur was caused to occur under H/H and good images were not obtained after about 10,000
sheets of copying dus to a remarkable decrease in photosensitivity caused by abrasion of the CGL.
In addition, the comparative photosensitive members prepared in Comparative Examples 7 - 10 showed
55 considerable poor pause memory characteristic when compared with those prepared in Examples 20 - 32
according to the present invention.
As shown in Table 4, the photosensitive members prepared in Examples 33 - 39 according to the
present invention provided good transfer memory when compared with those prepared in Comparative
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Anot her obj ect of the present invention is to provi : nsitive
menber showi ng stable el ectrophotographic characteri s#ﬂ.csvx/nerel n
accurrul ati on of residual potential and a decrease in 1 e __Fﬁ_ﬁ%l‘ép]&dédare
not readily caused to occur even WD ST AZpetitivel yiEEl BRI I g( -

Anot her -obj ect of the present invention is to provide 1] ve
menber havi régam%bgqs:[ sed transfer nenory even in a reversal dev ment
system ot her object of the present inventionis to provide
an el ectrop@g% ggr@phi c photosensitive nenber having an inproved pause
menory char tic.

5 An undercoat layer, a CGL and a CTL were formed on an aluminum cylinder in the order in the same
manner as in Example 1 except that the following bisazo pigment of the formula:

e

was used instead of the bisazo pigment for use in the CGL and the following triarylamine compound of the

10

15

formula:
20
cs—(O) :
N—~0)~O)—ou
c&—@/
25 -
was used instead of the one for use in the CTL prepared in Example 1, respectively.
Then, a dispersion for a protective layer was prepared as follows.
25 parts of an acrylic polymerizable monomer, to be used as a binder resin, of the formula:
30
0 CHs O-CH: CH:CHs
Il | 7 /
CH2=CH—COCH.—C—CH
35 AN VAN
CHs O-CH: CH:O_(I'Z —CH=CH:

O

40 0.1 paris of 2-methylthioxanthone as a photopolymerization initiator, 50 parts of antimony-containing tin
oxide fine particles ("T-1", mfd. by Mitsubishi Material K.K.; average pariicle size of 0.02 im), and 300
parts of toluene were mixed by a sand mill for 96 hours. To the mixture, 35 pats of tetrafluoroethylene resin
particles ("Lublon L-2", mfd. by Daikin Kogyo K.K.) and was added, followed by stirring for 4 hours by the
sand mill to form a dispersion for a protective layer.

45 The thus prepared dispersion was applied onto the photosensitive layer by spray coating and dried,
followed by ultraviolet ray irradiation for 10 seconds by means of a high-pressure mercury lamp at a light
intensity of 800 mW/cm?2,

Thus, a 4 um-thick protective layer was disposed on the photosensitive tayer, whereby a photosensitive
member of the present invention was prepared.

50
Example 43

A photosensitive member was prepared in the same manner as in Example 20 except that the acrylic
polymerizable monomer was changed to an acrylic polymerizable monomer of the formula:
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Anot her object of the present invention is to provide an

el ect rophot ogr aphi ¢ apparatus and a device wunit respectlvel he

el ectrophot ographi ¢ photosensitive nenber. Accordlng %

present invention, there is prOV|d530&n6064kttrophotogrfm&mwﬂ tlve

nmenber, - conprising: an el ectroconductive support, a phot

having an inmage-formng region disposed on the electroc

and a protective layer covering the imge-gornmng regio n t e

phot osensitive | ayer, wherein said protectfve |ayer conprises

el ectroconductive particles, fluorine- CriGHa0x esi n particles, a

bi nder rgesin and at |east one species|of a konpound selected fromthe

group consisting of a coupllng agent,|a suactant, a SI|ICOR 0|Id andta
raft pol yner having a water- peIIe t_group. ccording to

?he prgsext i nventi on, t her e© 3C%2 ?#’ 286442 el ect r ophot ogr aphi ¢

apparatus and a deV|ce uni t

i ncl udi ng ﬁ'OC-CH-CH
10 i 2

o)

15 Example 44

A photosensitive member was prepared in the same manner as in Example 43 except that the surface
treatment of the fine particles was performed in the following manner.
100 parts of antimony-containing tin oxide fine particles ("T-1", mfd. by Mitsubishi Material K.K.:
20 average parlicle size of 0.02 um), 10 parts of y-methacryloxypropyl-trimethoxysilane ("KBM-503", mfd. by
Shinetsu Kagaku K.K.), 1 part of acetic acid, and 1000 parts of water were subjected to milling for 60 hours
by a milling device. After the milling, the mixture was filtered and then the filtrate was dried for 5 hours at
120 °C to effect surface treatment of the fine particles.

25 Example 45

A photosensitive member was prepared in the same manner as in Example 43 except for further adding
2.5 parts of y-methacryloxypropyltrimethoxysilane ("KBM-503", mfd. by Shinetsu Kagaku Kogyo KK.) to a
dispersion for a protective layer.
80
Example 46

A photosensitive member was prepared in the same manner as in Example 43 except that the
tetrafluoroethylene resin particles were changed to chlorotrifluoroethylene resin particles ("Diflon", mfd. by
35 Daikin Kogyo K.K.).
Example 47

A photosensitive member was prepared in the same manner as in Example 42 except that a CGL and a
40 CTL were formed in reverse order.

Example 48
An undercoat layer and a CGL were formed on an afuminum cylinder in the same manner as in

45 Example 10.
Onto the CGL, a solution of 10 parts of a triarylamine compound of the formula:

0 2@\ cﬁa @CH“
R AAAN

55
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- 10 - above- nenti oned el ect rophot ographi c photosen5|t nenber
These and ot her objects, features and advantages of the

wi ||l becone nore apparent upon a consideration of the foII

description of the preferred enbodi ER0tE6OF4 Ahe "

and 10 parts of a polycarbonate resin ("lupiron Z-200", mfd. by Mitsubishi Gas Kagaku K.K.} in a mixture
solvent of 20 parts of dichloromethane and 60 parts of monochlorobenzene was applied by dipping,
followed by drying for 80 minutes at 120 °C to form a 15 wme-thick CTL. Thus, a photosensitive layer was
disposed on the electroconductive support.

§ Then, a dispersion for a protective layer was prepared as follows.

30 parts of a heat-curable acrylic resin ("DIANAL HR-620", mfd. by Mitsubishi Rayon KK.) as a binder
resin, 50 parts of antimony-containing tin oxide fine particles ("T-1", mfd. by Mitsubishi Material KK
average particle size of 0.02 m), 150 parts methylsthylketone, and 150 parts of ethyl cellosolve acetate
were subjected to milling for 48 hours by a milling device. To the mixture, 30 pats of tetrafluoroethylene

12 resin particles ("Lublon L-2", mfd. by Daikin Kogyo KK.) was added, followed by stirring for 10 hours by
the sand mill to form a dispersion for a protective layer.

The thus prepared dispersion was applied onto the photosensitive layer by spray coating and dried for
4 hours at 140 °C. _

Thus, a 6 um-thick protective layer was disposed on the photosensitive layer, whereby a photosensitive

15 member of the present invention was prepared.

Comparative Example 14

A comparative pflotosensitive member was prepared in the same manner as in Example 43 except that
20 the proteciive layer was not used.

Comparative Example 15

A comparative photosensitive member was prepared in the same manner as in Example 43 except that
25 the tefrafiuoroethylene resin particles used in the protective layer were not used.

Comparative Example 16

A comparative photosensitive member was prepared in the same manner as in Exarple 48 except that
30 the tetrafluoroethylene resin particles used in the protective layer were not used.

Comparative Example 17

A comparative photosensitive member was prepared in the same manner as in Example 47 except that
35 the protective layer was not used.

Comparative Example 18

A comparative photosensitive member was prepared in the same manner as in Example 42 except that
40 the antimony-containing the oxide fine particles used in the protective layer were not used.
Each of the thus prepared photosensitive members was evaluated in the same marnner as in Example 1
except that 50,000 sheets of copying was changed to 30,000 sheets of copying. The results are shown in
Table 5 appearing hereinafter.

45 Examples 49 - 54

Six photosensiﬁve members for Examples 49 - 54 were prepared in the same manner as in Example 42
- 47, respectively, except that a CGL was prepared in the same manner as in Example 42.

so Comparative Example 19

A comparative photosensitive member was prepared in the same manner as in Example 49 except that
the protective layer was not used.

s5 Comparative Example 20

A comparative photosensitive member was prepared in the same manner as in Example 49 except that
the tetrafluoroethylens resin particles used in the protective layer were not used.
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present invention taken in conjunction with the acconpanying drawngs———
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a sghepgp
structural view of an el ectrophotographi c apparatus using T i?%eenkeph"ed
el ect r ophot ogr aphi ¢ phot osensi t i veER8/886P748tor di ng to thew IHH ' umm"!

I nvention. Figure 2 is a block diagramof a facsi Lli

ggl ggpflnnfhec&agagv%@gnqgrﬁphl c apparatus according to the present invention

A comparative photosensitive member was prepared in the same manner as in Example 50 except that
the tetrafluoroethylene resin particles used in the protective layer were not used.

Comparative Example 22

A comparative photosensitive member was prepared in the same manner as in Example 54 except that

the protective layer was not used.

10 Each of the above prepared photosensitive members were evaluated in the same manner as in

Example 10. The results are shown in Table 6 appearing hereinafter.
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In the above Table 5, each evaluation results of the durability test denotes the following state.

"Good": Good images substantially free from image defects were obtained.

“Transfer failure™: Toner images were not sufficiently transferred to a transfer-receiving material to form

mottled or spotted images.
"Image flow": Image flow was observed.
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"image blur™: Image biur was observed.
"-" The photosensitive member was not subjected to measurement or observation because the CGL
was considerably abraded or the residual potential was too large.

Table 6
Ex. Transfer memory
(Vaal - Vaal) (V)
49 25
50 25
51 20
52 20
53 25
54 25
Comp.Ex. | 19 60
20 50
21 45
22 65

As shown in Table 5, the photosensitive members prepared in Examples 42 - 48 according to the
present invention provided good slectrophotographic properties, image-forming properties under any
environmental conditions {i.e., /N, UL, H/H).

With respect to the comparative photosensitive members prepared in Comparative Examples 14 - 18,
each evaluation result was as follows.

(Comparative Example 14)

The comparative photosensitive member showed good electrophotographic properties at the initial
stage but failed to provided good images after about 10,000 sheets of copying due to a decreased
chargeability.

(Comparative Examples 15 and 16)

The comparative photosensitive members failed to provide images over a wide area from the initial
stage and provided image blur under H/H. Further, after 50,000 sheets of copying, image flow was
observed.

(Comparative Example 17)

Image blur was caused to occur under H/H and good images were not obtained after about 8,000
sheets of copying due to a remarkable decrease in photosensitivity caused by abrasion of the CGL.

(Comparative Example 18)

The comparative photosensitive member showed a considerable high residual potential and accordingly
did not deserve evaluation of image forming properties, an abration degree, and pause memory characx-
teristics.

As described hereinabove, according to the present invention, there is provided a photosensitive
member having good elctrophotographic properties substantially free from a decrease in photosensitivity
and an increase in residual potential.

The photosensitive member stably provides high quality images even when used repstitively becauss
the photosensitive member has a protective layer excellent in a surface releasability, a resistance to
abrasion and an environmental stability.
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al comparative p members prepared inr(l:olron%grative Examples 14 - 18
showed considerable poor pause memory characteristic when compared with those prepared in Examples
42 - 48 according to the present invention.

As shown in Table 6, the photosensitive members prepared in Examples 49 - 54 according to the
present invention provided good transfer memory when compared with those prepared in Comparative
Examples 19 - 22,

An electrophotographic photosensitive member is constituted by disposing a protective layer and a
photosensitive layer on an electroconductive support in this order. The protective layer is characterized by
containing an electroconductive particles, fluorine-containing resin particles and a binder resin. The
photosensitive layer is suitable for providing an electrophotographic apparatus showing excellent elec-
trophotographic characteristics such as a high photosensitivity and a low residual potential and also
providing good image forming properties under any environmental condition, improved pause memory
characteristics and a decreased transfer memory.

Claims

1. An electrophotographic photosensitive member, comprising: an electroconductive support, and a
photosensitive layer and a protective layer disposed on the electroconductive support in this order,
wherein said protective layer comprises electroconductive particles, fluorine-containing resin particles
and a binder resin.

2. A photosensitive member according to Claim 1, wherein said electroconductive particles comprise
metal oxide.

3. A photosensitive member according to Claim 1, wherein said electroconductive particles have an
average particle size of at most 0.3 um.

4. A photosensitive member according to Claim 3, wherein said electroconductive particles have an
average particle size of at most 0.1 um.

5. A photosensitive member according to Claim 1, wherein said fluorine-containing resin particles
comprise tetrafluoroethylene resin or vinylidene fluoride resin.

6. A photosensitive member according to Claim 1, wherein said binder resin comprises a curable resin.

7. A photosensitive member according to Claim 1, wherein said protective layer further comprises at least
one species of a compound selected from the group consisting of a coupling agent, a surfactant, a
silicone oil, and a graft polymer having a water-repelient group.

8. A photosensitive member according to Claim 7, wherein said compound contains fluorine atom.

9. A photosensitive member according to Claim 7 or 8, wherein said electroconductive particles have
been subjected to surface treatment.

10. A photosensitive member according to Claim 1, wherein said photosensitive layer comprises a charge
generation layer and a charge transport layer.

11. A photosensitive member according to Claim 1, further comprising an intermediate layer disposed
between said electroconductive support and said photosensitive layer.

12. An slectrophotographic apparatus, comprising: an slectrophotographic photosensitive member accord-
ing to Claim 1, means for forming an electrostatic latent image, means for developing the formed
slectrostatic latent image and means for transferring the developed image to a transfer-recsiving
material.
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The photosensitive member &lso provides improvements in pause memory characteristics and a
transfer memory.

In addition, the cemparative photosensitive members prepared in Comparative Examples 14 - 18
showed considerable poor pause memory characteristic when compared with those prepared in Examples

5 42 - 48 according to the present invention.

As shown in Table 6, the photosensitive members prepared in Examples 49 - 54 according to the
present invention provided good transfer memory when compared with those prepared in Comparative
Examples 18 - 22,

An electrophotographic photosensitive member is constituted by disposing a protective layer and a

10 photosensitive layer on an electroconductive support in this order. The protective layer is characterized by
containing an electroconductive particles, fluorine-containing resin particles and a binder resin. The
photosensitive layer is suitable for providing an electrophotographic apparatus showing excellent elec-
trophotographic characteristics such as a high photosensitivity and a low residual potential and also
providing good image forming properties under any environmental condition, improved pause memory

16 characteristics and a decreased transfer memory.

Clalms

1. An electrophotographlc photosensitive member, comprising: an slectroconductive support, and a
20 photosensitive layer and a protective layer disposed on the electroconductive support in this order,
whersin said protective layer comprises electroconductive particles, fluorine-containing resin particles

and a binder resin.

2. A photosensitive member according to Claim 1, wherein said slectroconductive particles comprise
25 metal oxide.

3. A photosensitive member according to Claim 1, wherem said electroconductive particles have an
average particle size of at most 0.3 pm.

30 4. A photosensitive member according to Claim 3, wherein said electroconductive particles have an
average particle size of at most 0.1 um.

5. A photosensitive member according to Claim 1, wherein said fluorine-containing resin particles
comprise tetrafluoroethylene resin or vinylidene fluoride resin.

35
6. A photosensitive member according to Claim 1, wherein said binder resin comprises a curable resin.
7. A photosensitive member according to Claim 1, whersin said protective layer further comprises at least
one species of a compound selected from the group consisting of a coupling agent, a surfactant, a
40 silicone oil, and a graft polymer having a water-repellent group.
8. A photosensitive member according to Claim 7, wherein said compound contains fluorine atom.
9. A photosensitive member according to Claim 7 or 8, wherein said electroconductive particles have
45 been subjected to surface treatment.
10. A photosensitive member according to Claim 1, wherein saild photosensitive laysr comprises a charge
generation layer and a charge transport layer.
so 11. A photosensitive member according to Claim 1, further comprising an intermediate fayer disposed
betwsen said slectroconductive support and said photosensitive layer.
12. An electrophotographic apparatus, comprising: an electrophotographic photosensitive member accord-
ing to Claim 1, means for forming an electrostatic latent image, means for developing the formed
55 electrostatic latent image and means for transferring the developed image to a transfer-receiving

material.
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- 12 - resin, and copolymers of these polymers. These M Sikd BhsBLPYpR&q

used singly or in conbination of two or nore species. In thqf I
tetrafl uoroethyl ene resin and vinylidene fluoride resin my 1!
used. ' The fluorine-cont aFR0®88 PE&AL particles can |

be selected fromthe above naterials having various nolecul ar weights and
particle S{& Qsdevic;r nrﬁt, HclH&Md 9§ -elgé?ﬁﬁh%lo@aﬂ% prh%ﬁ%lserr}si wg‘rrr'gelm lereasccogcgr%et% acllalirx 1h§%¥ %t
least one means selected from a charging means, a developing means, and a cleaning means;

wherein said photosensitive member, and said at least one means selected from the charging
means, the developing means, and the cleaning means are integrally supported to form a single unit,

s which can be connected to or released from an apparatus body as desired.
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a wei ght average nol ecul ar wei ght (Mwv) of 3,000 -

0.01 - 2 [err]m The {H
may incl ude _vari ous resins sui i
resin, polyester reﬁprﬂs%(ﬂ-@é’yl ate resin, p

pol ypr opyl ene resin,

silicone resin,
phosphazene resin,
vinyl acetate copol yner. These bi nder re%éns |y be
conmbi nation of two or nore speci es.

an average particle size of
used in the protective |ayer
pol ycar bonat e
resin, spol yet hyl ene resin,
acrylic resin, epoxy resin,
chl oride resin,

6

10, 000, 98spadiHasHeaReplaved

I

pol yur et hane resin,
cel lul ose resin, vinyl:
mel am n resin, and vinyl chloride-
used singly or in

la
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In the above binder resins, curable

pol'ymers obtai ned through thermal-

be used in view of properties of the
har dness, * resi stance to abrasion (o
-13- <

resins (i.e., thernosetting resin.or

or photo-pol yneri zati
protective |ayer, sU
r wear), dispersibilit
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ELECTROPHOTOGRAPHIC PHOTOSENSITIVE MEMBER,

ELECTROPHOTOGRAPHIC APPARATUS USING SAME

AND DEVICE UNIT USING SAME

FIELD OF THE INVENTION

AND RELATED ART

The present invention relates to an

electrophotographic photosensitive member

{hereinafter, simply referred to as "photosensitive

member"), particularly to a photosensitive member

having a specific protective layer.

The present invention also relates to an

electrophotographic apparatus and a device unit

respectively using the

photosensitive member.

Heretofore, there have been known

photosensitive members

to be applied to an

electrophotographic process generally including the

steps 0of: charging-exposure-development-transfer-

cleaning-charge erasure. More specifically, an

electrostatic latent image formed through the steps of

charging and exposure is visualized into a toner image

by a developing fine particles called "toner" in the

step of develcp@ent. The toner image was transferred

to a transfer-receiving material such as paper by

transfer means. At this time,

all the toner particles

is not transferred but a part of the toner particles

stays at the surface of the photosensitive member.

If -a large amount of such residual toner
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fine particles,

and stability of dispersion. More specifi Cgdyymdn

preferred enbodi nent, electroconductive particles and fluo Z

resin particles are dispersed in a solution of a curable (pr
pol yneri zabl e) nononer or oligoner capable of being ther -
phot o-cured (or polynerized) in an apprej@- ate solvent to

liquid for a protective layer. The coating liquid is applji i _
phot osensitive |layer, followed by curing (or polynerizatign) by heating or
irradiation to formthe protective |layer. The thus formed-pretect.lre

i ght

NTTSHRET

0 3 AN 99T,

particles stays at the surface of a photosensitive
member, a resultant image to be formed on a transfer-
receiving material has considerably decreased toner
particles in a mottled or spotted form, thus failing
to provide uniformity of the image. Moreover, the
photosensitive member encounters a problem of toner
sticking to the surfa;e of the photosegsitive member
or occurrence of filming phénomenon.

In ordef to solve the problems, the
photosensitive member is required to have an improved
releasability at the surface thereof.

The photosensitive member is also required to
have a durability against external forces such as an
electrical force and a mechanical force because the
external forces are directly imposed on the
photosensitive member in the above-mentioned
electrophotographic process. More specifically, the
photosensitive member is required to have resistances
to abrasion and mar due to friction and a resistance
to deterioration on a surface layer due to adhesion of
active substances, such as ozone and NOx, gene:atgd at
the time of charging.

In order fo satisfy the above
characteristics, various protective layers for a
photosensitive member, particularly those comprising a
resin as a main component, have been studied and

proposed. Among them, many protective layers formed

This Sheet Has Been Replaced
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| ayer may preferably be used in the present invention in view
di spersibility,
General ly, thermal - or photo-curable (or polynerlzable) NoONONET SOt

ol i goners nay,
group causing
energy. In the
- 20 recurring

hardness, resistance to abrasion, etc. REPLACENH%H‘SHEET

e.g., have at least one functional group as [ e[ g
polynerlzatlon reaction byFu5|ng thermal enefqgy qupg HP97

above, relatively high ecul ar wei ght conppunds..having 2
structural units may be referred to as "oligpner"” and J

conpounds having rel atively | ow nol ecul ar wei ght smaller thamthose—ef

such ol igoners

BRYad@E L 20 or metal oxide to a resin to control
an electrical resistance of the protective layer have
been proposed. However, a photosensitive member using
such a protective layer has encountered a problem of
remarkable decrease in photosensitivity because
absorption of light in the protective layer is caused
to occu; and an amount of light arriving at the
photosensitive layer is decreased.

Accordingly, there has been proposed a method
of preventing a decrease in photosensitivity by
dispersing metal oxide having .an average particle size
of at most 0.3 ym as electroconductive particles
within a protective layer to improve a transparency to

visible light as disclosed in, e.g., Japanese Laid-

Open Patent Application (JP-A) No. 30846/1982.

Such a dispersion of metal oxide in a
protective layer for a photosensitive member generally
is performed in order to control an electrical
resistance of the protective layer alone to suppress an
increase in a residual potential within the
photosensitive member. There has been known that.a
protective layer for a photosensitive member may
suitably have an electrical resistivity in a range of
10IO - 1015 chm.cm. However, in the above resistivity
range, an electrical resistance of the protective layer
is liable to vary depending upon a degree of ion

conduction, thus largely changing a value of the
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to as "nononer". Exanpl es of the above-nentioned fungctional group

causi ng pol ynerization reaction may include: groups having amt’% ﬁm‘mﬁ§ﬁﬁ_§}7

of C=C, such as acryl oyl - 1
met hacryl oyl group and vinyl group; silanol

-4~
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electrical resistance depending upon environmental
conditions such as temperature and humidity.
Particularly, when metal oxide particles have been
dispersed in a protective layer, it has been heretofore
difficult to keep a resistivity of the protective layer
being within the above resistivity range during a
repetitive electrophotographic process under various
environmental conditions because the metal oxide
particles generally have a large water absoxrption
properties at the surface thereof. Further, under a
high numidity condition, active substances such as
ozone and NOx generated by charging repetitively attach
to the surface of a photosensitive member to cause
decreases in a resistivity at the surface of the’
photosensitive member and a releasability of toner
particles, thus resulting in occurrence of image flow
and an insufficient uniformity of an image.

In order to remedy the above drawbacks, there
have been proposed various protective layers
including: one coqtaining an additive such as
fluorine-containing silane coupling agent, titanate
coupling agent or CoF;gNCO as disclosed in JP-A
306857/1989: one containing metal or metal oxide fine
particles having improved dispersibility and
resistance to humidity by effecting water-repellent
treatment to the fine particles together with a binder

resin as disclosed in JP-A 295066/1987; and one
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group; groups causing ring-opening polynerization, such as cy

group; and two or nore species of conmpounds, such as phenol an

f or mal dehyde, causing polynerization reaction therebetween.

protective | ayer may preferably have a resistivity of 10[err]
ohmcm The resistivity of the protective |ayer varies depend
el ectroconductive particles content. In view-of the above pr¢g

ferred

orahl Vi

resistivity of the protective layer, the protective |ayer nay
contain 10 - 80 w. % nore preferably 20 - 70 wt. % of the
el ectroconductive particles.

fine particles surface-treated with an agent,
as titanate coupling agent, fluorine-containin

silane coupling agent or acetoalkoxyaluminum

M1 CI CTer

RERLAGEMENT SHEET

| Qe b7
idgupon |

such

g

diisopropylate, together with a binder resin as

disclosed in JP-A 50167/1990 corresponding to U.S.

Patent No. 5,008,172,

These protective layers, however, are

S

still

insufficient in releasability of a binder resin per se

used for a protective layer, resistances to abrasion

and mar due to friction and a resistance to active

substances such as ozone and NOx, thus failing

to

satisfy electrophotographic characteristics meeting a

recent requirement of improved image quality as yet.

With recent requirements of improved

durability and high image quality, a photosensitive

member has encountered a new problem of "pause

memory

characteristic" being one of deterioration phenomena.

More specifically, pause memory characteristic

phenomenon that a chargeability at a part of a

means a

photosensitive member immediately under a corona

charger is decreased when the rotation of the

photosensitive member.is paused in repetitive copying,

whereby the part of the photosensitive member has a

decreased image density in a normal development system

and has an increased image density in a reversal

development system. Such a phenomenon (i.e., pause

memory characteristic) is liable to occur after
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The protective |layer may preferably contain 5 - 70 wt. %
% of the fluorine-containing resin particles. 13 0ANILE
thé protective layer is liable to have a | owered nechanical |stirength. ]
% the protective layer fails to have sufficient
such as releasability, resistance to abrasion, and resistande{ to marring.

The protective | ayer may preferably have-a t hi ckness of 0.2 - TUTerTinr—
nore preferably 0.5 - 6 [err]m In t he

i nvention, the protective |ayer further contains

10 - 60 w.

Bel ow 5 wt.

pr esent

or g |

r dp8rJAN $997

repetitive use for a long term, thus being a more
species problem with an elongated life of a
photosensitive member.

Moreover, in a reversal development system
meeting a recent digital copying system, a so-called
"transfer memory" by which a charéeébility is changed
depending upon the presence or absence of transfer
current because primary charging and transfer charging
are performed by using polarities opposite to each
other is caused to occur, thus resulting in an

unevenness in image density.

SUMMARY OF THE INVENTION

The present invention has been accomplished
in order to meet the above requirements.

An object of the present invention is to
provide an electrophotographic photosensitive member:
having a surface with advantages including a high
releasability and excellent resistances to abrasion
and mar and also capable of keeping high image
gquality.

Another object of the present invention is to
provide a photosensitive member free from a decrease
in a surface resistance (resistivity) due to adhesion
of active substances generated by repetitive use and
capable of retaining high image quality even under a

high humidity condition.
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one or two or

coupling agent; a surfactant; a silicone oil; and a graft pqg

fluorine

more conpounds including: a coupling agent SLR@P&ﬁCﬁE@§§E§Hg§?

coupling agent or titanate-type

yner

havi ng™
wat er -repel | ent group. Anbng the above corrpounds, conpounds conﬁaidmgww

-7-

g

-

Another object of the present invention is to
provide a photosensitive member showing stable
electrophotographic characteristics wherein
accumulation of residual potential and a decrease in
photosensitivity are not readily caused to occur even
when used repetitively.

Another object of the present invention is to
provide a photosensitive member having a decreased
transfer memory even in a reversal development system.

Another object of the present invention is
to provide an electrophotographic photosensitive
member having an improved pause memory characteristic.

Another object of the present invention is to
provide an electrophotographic apparatus and a device
unit respectively including the electrophotographic
photosensitive member.

According to the present invention, there is
provided an electrophotographic photosensitive member,
comprising: an electroconductive support, and a
photosensitive layer and a protective layer d;sposed
on the electroconductive support in this order, .
wherein said protective layer comprises
electroconductive particles, fluorine-containing resin
particles and a binder resin.

According to the present invention,
there is also provided an electrophotographic

apparatus and a device unit including the
e
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BT e

REPLACED

:



atommay particularly be preferred in view of an inprovenen RWL}ECE}%W SIEEET

conpatibility with the above- nentioned fluorine-containing}rgst

parti cl es. Preferred exanpl es of such conpounds a er

bel ow but are not restricted to the follow ng conpounds. i?ﬁz%gggéqgﬁf
agent vi nyl chl orosil ane, V|n%; triethoxysil ane,

vinyl-tris([err]-nethoxyethoxy)sil ane,
[err]-(3,4-epoxycycl ohexyl)ethyl trinethoxysilane,
[err]-glycidoxypropyltriethoxysilane,

above-mentioned electrophotographic photosensitive

member.

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 fgken in conjunction with the
accompanying drawings.

2

BRIEF DESCRIPTION OF THE DRAWINGS

. Figure 1 is a schematic structural view of an
electrophotographic apparatus using an
electrophotographic photosensitive member according to
the present invention.

Figure 2 is a block diagram of a facsimile
machine using an electrophotographic apparatus

according to the present invention as a printer.

DETAILED DESCRIPTION OF THE INVENTION

The electrophotographic photosensitive
member according to the present invention is
characterized by a protective layer comprising
electroconductive particles, fluorine-containing resin
particles and a binder resin. -
The electroconductive particles used in the
present invention may include those comprising metal,

metal oxide and carbon black. Examples of metal may

This Sheet Has Been Replaced
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N-[err]-(anonoet hyl)-[err]-anmonopropyl met hyl di met hoxy- sil ane,.

N, N-bi s([err]-hydroxyethyl)-[err]-am nopropyltriethoxy- silaﬁﬂg

[err]-chl oropropyltrimethoxysilane, and
[err]-nmethacryl oxypropyl triethoxysilane. Fluorine-containingisi
coupl i ng agent CFlerr]CH err]CHerr]Si(OCH err])[err],
C[err]F[err]CH[err]CH[err]Si(OCH[err])[errLg_
Cerr]Flerr]CH err]CH err]Si (CCH err])[err],
Cerr]Flerr]CHerr]CH err]Si (CCH err])[err],

PLACEMENT SHEET

| ane
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Cerr]Flerr]CHerr]CHerr]Si (OCH err]CH err]OCH err])[err],

include: aluminum, zinc, copper, chromium, nickel,

stainless steel, silver, etc.; and plastic particles

the surface of which is covered with vapor-deposited

these metals. Examples of metal oxide may include:

zinc oxide, titanium oxide, tin oxide, antimony oxide,

indium oxide, bismuth oxide, indium oxide doped with

tin, tin oxide doped with antimony, and zirconium

oxide doped with antimony. THese materials may be

used singly or in combination of two or more species.

When two or more species of these materials are used,

they may be simply mixed or be formed into a solid

solution or a fused mixture.

The electroconductive particles used in
present invention may preferably have an average
particle size of at most 0.3 pm, more preferably
most 0.1 pm, in view of prevention of a decrease
photosensitivity.

In the above materials for the

the

at

in

electroconductive particles, metal oxide as described

above may particularly be preferred in view of
transparency etc. -

The fluorine-containing resin particles

used

in the present invention may include those comprising

polymers, such as, tetrafluoroethylene resin,
chlorotrifluorcethylene resin, hexafluorinated

ethylene propylene resin, vinyl fluoride resin,

vinylidene fluoride resin, dichlorodifluoroethylene

This Sheet Has Been Replaced
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Cerr]Flerr]Si(CCH err])[err],
Cerr]Flerr] CONHSI (OCH err])[err],
Cefr]F[err]CONHCH err] CH err]CH err] Si (OCH err])[err],
Cerr]Flerr] CONHCH err]CH err]CH err] Si (OC[err]Rerr])[err],
C[err]F[err]COOCH[err]CH[err]CH[err]Si(O%T;err])[err],

Cerr]Flerr] CONHSI (OCH[ err]

resin, and copolymers of these polymers. These
materials may be used singly or in combination of two
or more species. In these materials,
tetrafluoroethylene resin and vinylidene fluoride
resin may preferably be used.

The fluorine~containing resin particles can
appropriately be selected from the above materials
having various molecular weights and barticle sizes.
The fluorine-containing resin particles generally have
a weight average molecular weight (Mw) of 3,000 -
10,000,000 and also have an average particle size of -
0.01 - 2 pm.

The binder resin used in the protective layer
may include various resins such as polycarbonate
resin, polyester resin, polyarylate resin, polystyrene
resin, polyethylene resin, polypropylene resin,
polyurethane resin, acrylic resin, epoxy resin,
silicone resin, cellulose resin, wvinyl chloride resin,
phosphazene resin, melamin resin, and vinyl chloride-

- vinyl acetate cqpolymer. These binder resins may be
used singly or in combination of two or more species.

In the above binder resins, curable resins
{i.e., thermosetting resin or polymers obtained
through thermal- or photo-polymerization) may
desirably be used in view of properties of the
protective layer, such as, surface hardness,

resistance to abrasion (or wear), dispersibility of

This Sheet Has Been Replaced
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C[érr]F[err]CCSCH[err]CH[err]CH[err]Si(OCH[err])[err],

Cerr]Flerr]SOerr]NHCH err]CH err]CH err] Si (O err]H err])[er

Cerr]Flerr]SOerr]NCH err]CH err]CH err]Si (OCH err])[err]

CH2CH2CH3 Cerr]Flerr]CHerr]CH err]SCH err]CH err] Si (OCH

Clerr]F[err]CH err]CH err]SCH err]CH err]Si (OCH err])[err],

C[err]F[err]CCNHCH[err]CH[err]NCH[err]CH[er LCH[err]Sl(CCH[err

[err]

Cerr]Flerr]SOerr]NHCH err]CH err]NCH err]CH err]CH err] Si (

[err] Fluorine-nodified silicone oil [err]

fine particles, and stability of dispersion.

specifically, in a preferred embodiment,

RFPLACEMENT SHEET
prr])[err],
O3JANEW7

Y{err],

[}

H[err])[ery].

More

electroconductive particles and fluorine-containing

resin particles are dispersed in a solution of a

curable (or polymerizable) monomer or oligomer capable

of being thermal- or photo-cured (or polymerized)} in

an appropriate solvent to form a cocating liquid for a

protective layer. The coating liquid is applied onto

a photosensitive layer, followed by curing (or

polymerization) by heating or light irradiation to

form the protective layer. The thus formed protective

layer may preferably be used in the present invention

in view of dispersibility, hardness, resistance to

abrasion, etc.

Generally, thermal- or photo-curable {or

polymerizable) monomers or oligomers may, e.g.,

have

at least one functional group as a terminal group

causing polymerization reaction by using thermal

energy or light energy. . In the above, relatively high

molecular weight compounds having 2 - 20 recurring

structural units may be referred to as "oligomer™ and

compounds having relatively'low molecular weight

smaller than those of such oligomers may be referred

to as "monomer".

Examples of the above-mentioned functional

group causing polymerization reaction may include:

groups having a double bond of C=C, such as acryloyl
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i nt eger .

wherein, R denotes -CHerr]CHerr]CF[err], and mand n are a pﬁéﬁiﬁgéjﬁg Siikiy
Fl uori ne-cont ai ni ng surfactant X- SO er r] NRCHje Tﬁff}ﬁi«léiiéf
X-SOerr]NRCH err]CH err]Q(CH err]CH err]O[err]H (n 5, 10, 1\ {)3 R
X-SAerr] N(CH err]CH err]CH err] OH) 2, X—RQCH[err]CH[err] O™ CJI‘N‘U"“
5, 10, 15), '

v g
KR

-12-

group, methacryloyl group and vinyl group; silanol
group; groups causing ring-opening polymerization,
such as cyclic ether group; and two or more species of
compounds, such as phenol and formaldehyde, causing
polymerization reaction therebetween.

The protective layer may preferably have a

010 - 1015 ohm.cm. The resistivity of

resistivity of 1
the protective layer varies depending upon
electroconductive garticles content. In view of the
above preferred résistivity of the protective layer,
the protective layer may preferably contain 10 - 80
wt. %, more preferably 20 - 70 wt. % of the
electroconductive particles.

The protective layer may preferably contain 5
- 70 wt. %, more preferably 10 - 60 wt. % of the
fluorine-containing resin particles. Above 70 wt. %,
the protective layer is liable to have a lowered
mechanical strength. Below 5 .wt. %, the protective
layer fails to have sufficient properties such as
releasability, resistance to abrasion, and resistance
to marring.

The protective }ayer may preferably have a
thickness of 0.2 - 10 pm, more preferably 0.5 - 6 um.

In a preferred embodiment of the present
invention, the protective layer may further contain
one or two or more compounds including: a coupling

agent such as silane coupling agent or titanate-type
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I X- (RO 20 e
X-(RO[err]R (n =5 - 20), [err] X- COOH, X(CI—|[29£$]”C%—|[e§p RACEMENT SHER
X- ORCOCH, -ORCH err] COOH, X-SO err]H, X-ORS( err] H, ' ) '
X-CH err]CH err]OH, [err] | i 0 3 JAN 1997
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coupling agent; a surfactant; a silicone oil; and a
graft polymer having a water-repellent group. Among
the above compounds, compounds containing fluorine
atom may particularly be preferred in view of an
improvement in a compatibility with the abhove-
mentioned fluorine-containing resin particle;.
Preferred examples of such compounds are

enumerated below but are not restricted to the
following compounds.
Silane coupling agent

vinyl chlorosilane,

vinyl triethoxysilane,

vinyl—tris(B-methoxyethoxy)éilane,

B-(3, 4-epoxycyclohexyl)ethyltrimethoxysilane,

7 ~-glycidoxypropyltriethoxysilane,

N-B-(amonoethyl) - -amonopropylmethyldimethoxy-
silane,

N,N-bis(8-hydroxyethyl)-r~-aminopropyltriethoxy-
silane,

7-chloropropyltrimethoxysilane, and

7 -methacryloxypropyltriethoxysilane.

Fluorine-containing silane coupling agent

CF3CH2CH231(OCH3)3,
C4F9CH2CHZSi(OCH3)3,
C6F13CH2CHZSi(OCH3)3,
C8F17CH2CH23i(OCH3)3,

CgF17CH,CH,S1(OCHCH,0CH ) 3,

This Sheet Has Been Replaced
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[err] [err]
ar al kyl group;
-Clrerr] Flerr]

AL 11N 0L

In the above, R denotes al kyl group,
and X denotes a fluorocarbon group such as -
or -Clerr]F[err]- Fluorine-containing graft ¢

-14-

C10F2151(0CHg) 3,

CgF 3CONHS1 (OCH3) 5,

CgF7CONHS1 (OCH3) 5,

C7F 1 5CONHCH, CH,CH,S1 (OCH3 ) 3,

CF 1 5CONHCH,CH,CH,S1 (0C,Hs ) 3.

CF 1 5CO0CH,CH,CH,S1(OCHg) 5.

CF1 5COSCH,CH,CH,S1 (OCH3) 5,

CgF1 7SO, NHCH,CH,CH,S1 (0C,Hs ) 3,

CgF 1 7S0,NCH,CH,CH,S1 (OCH;) 5

éHZCﬁZCH3

CgF17CH,CH,SCH,CH,S1 (OCH3 ) 3,

C10F41CH,CH,SCH,CH,S1(OCH;) 3,

CF 1 SCONHCH,CH,NCH,CH,CH,S1 (OCH3) 3, and
COC4F ;s

CF 1 580, NECH,CH,NCH, CH,CH,S1 (OCH3 ) 3 -
é02C8F17

Fluorine-modified silicone oijl

CH3 CH3 CH3
CH3-51—0 Sl-O )——-Sl CHj
H CH3 m R n CHy

REPLACRMENT SHERT

olfyrer Fer
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wherein, denotes -CHZCHZCF3, and m and n are a .

positive integer.

Fluorine-containing surfactant

X-S0,NRCH,COOH,
X-SO,NRCH,CH,0(CH,CH.0), B (n = 5, 10, 15),
X-S0,N(CH,CH,CH,0H) 5,

X-RO(CH,CH,0), (n = 5, 10, 15),

_
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The above conpounds (i.e., coupling agent, surfactant, etc. anv%&CENEmE‘SHEET

confained in the protective layer by treating the surf ace of [ 1

el ectroconductive particles with at |east one conpound descrlbeﬁ é??ﬁﬁﬁ ﬁ@?
I

by sinply adding at | east one conpound dfgcribed

i

R
§

H

:

7

.

X-(RO), (n =5 - 20),
X-(RO),R (n = 5 - 20},
X-SO,NRCH,CHCH,

\/
X-COOH, X-CH,CH,COOH,
X-ORCOOH,
X-ORCH,COOH, X~SO3H,
X-ORSO5H,
X-CH,CH,OH, ,
 X- CHZOCHzfﬁsz ,

X~CH,CH,O0CH,CHCH, , and
N/
0
X~CO,CH,CHCH,
\/
0

In the above, R denotes alkyl group, aryl
group or aralkyl group; and X denotes a fluorocarbon
group such as -CF3, -C4H9 or -CgH;7.
Fluorine-containing graft polymer

CH4
‘fCHZ'TH}ﬁ‘fCHz‘f*ﬁ‘
0
I
R;: -CO-CH5-CH, —QCHZ')I CFg
0 CHgy
Ry: —CO—CHZ-TH—CH2-00C~CH2—S—QT-CH2+E—H

o COOCHj
-_
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above to a coating liquid for the protective layer. 1In the

pr esent

I nvention, the forner (i.e., surface treatnent) may preferably be applied.

A nmethod for performng surface treatnent of el ectroconducti A ] _
may be as foll ows. El ect roconductive particles and e? Egﬁﬁﬁ’SHBET
treatnment agent (i.e., the above- nentloned gonpounds) are m jed and
di spersed in an appropriate solvent by rdi nary di spersi of &hd JAN P97
as a ball mll or a sand mll, whereby the surface treatnent {agent is
attached or adsorbed to the surface of the electroconductivejparticles.
Then, the solvent is In the above, m, n, 1 and k each is an
integer.

The above compounds (i.e., coupling agent,
surfactant, etc.) can be contained in the protective
layer by treating the surface of electroconductive
particles with at least one compound described above
or by simply adding at least one compound described
above to a coating liquid for the ﬁfotective layer.
In the present inyention, the former (i.e., surface
treatment) may preferably be applied.

A method for performing surface treatment of
electroconductive particles may be as follows.

Electroconductive particles and a surface
treatment agent (i.e., the above-mentioned compounds)
are mixed and dispersed in an appropriate solvent by
an ordinary dispersion means such as a ball mill or a
sand mill, whereby the surface treatment agent is
attached .or adsorbed to the surface of the
electroconductive particles. Then, the solvent is
removed from the dispersion to hold or fix the agent
to the surface of the electroconductive particles,
followed by heat treatment as desired. Further, a
catalyst for accelerating the surface treatment may be
added to the dispersion. It is possible to effect
pulverization or milling after the surface treatment.

A surface treatment agent content of

electroconductive particles varies depending upon a
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renoved fromthe dispersion to hold or fix the agent to the surface of the

el ectroconductive particles, followed by heat treatnent as
Further, a catalyst for accelerating the surface treatnent

DL ECEMENT SHEET

to the dispersion. It is possible to effect pulverization o
t he surface treatnent. A surface t{eatnent agent cont
el ectroconductive particles varies dependiﬁb'ﬁpon a

| ling after

particle size of the.electroconductive particles. The
content may preferably be 1 - 65 wt. %, more
preferably 10 - 50 wt. % per a total amount of the
electroconductive particles.

When the above-mentioned compounds (i.e.,
cpupling agent, surfactant etc.) are used simply by
adding, the compounds may preferably be contagned in
the protective-layer in an amount of 1 - 100 wt. %,
particularly 5 - 50 wt. % per a total amount of the
electroconductive particles.

In the present invention, -the protective
layer may further contain additives, such as radical
scavenger and antioxidant, in order to improve
dispersibility, binding properties, weathering
resistance etc.

The photosensitive layer of the
photosensitive member according to the present
invention may have a layer structure including: a so-
called "single layer-type"” structure comprising a
single layer containing a charge-generating material
(CGM) and a charge~transporting material (CTM); or a
so-ca;led "function separation-type" structure
comprising a charge generating fayer (CGL) containing
a CGM and a charge transport layerl (CTL) containing a
CTM. The photosensitive layer may preferably have a
function separation-type layer structure.

Such a function separation-type layer
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-19- particle size of the electroconductive particles. Th
preferably be 1 - 65 wt. % nore preferably 10 - 50 wt. % pe
anount of the electroconductive particles. When th
above-nenti oned conmpounds (i.e., coupling agent, surfactant
sinply by adding, the conpounds may prefs&g&ﬂy be contai ned

protective layer in an anmount of 1 - 100 % particularl

per a total amount of the

structure can be formed by disposing a CGL and CTL on
an electroconductive support in this order or in
reverse order.

The CGL can be formed by dispersing a CGM in
a binder together with an appropriate solvent to form
a coating liquid, applying the coating liquid onto an
electroconductive support or a CTL, and by drying the
coating. At this time, examples of such a CGM may
include: azo pigments such as monoazo pigment, bisazo
pigment and trisaio pigment; quinone pigments such as
pyrenequinone and anthraquinone; quinonecyanine
pigments; perylene pigments; indigo pigments such as
indigo and thioindigo; azulenium salt pigments; and
phthalocyanine pigments. The binder may include
polyvinyl butyral, -polyvinyl benzal, polyarylate,
polycarbonate} polyester, polystyrene, polyvinyl
acetate, acrylic resin, polyurethane, polyvinyl
pyrrolidone, ethyl cellulose, and cellulose acetate
butyrate.

The CGL may preferably have a thickness of at
most 5 pm, more preferably 0.05 - 3 pm. R

The CTL can be formed in the same manner as
in the case of the CGL except that a CTM is used
instead of the CGM and a coating liquid is applied
onto an electroconductive support or the CGL. In this
case, examples of such a CTM may include: polycyclic

aromatic compounds such as biphenylene, anthracene,
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el ectroconductive particles. In the present |nventIBF.LA@EEﬁ%Hb§HEET

protective layer may further contain additives, such as radi

and® ant i oxi dant,

weat hering resistance etc. The photosensitive | ayér {of0 3R&N 1967
phot osensi tive nenber according to the present invention may have a | ayer
structure including: a so- called "singlel%yer-type" structure conprisinig

in order to inprove dispersibility, binding Ffo erties,

a single layer containing a charge-generating material (CGW-.and a
charge-transporting material (CITM; or a

pyrene, and phenanthrene; heterocyclic compounds such
as indole, carbazole, oxadiazole, and pyrazoline;
hydrazone compounds; styryl-type compounds. Further,
the binder for the CTM may include: polyester,
polycarbonate, acrylic resin, polyarylate,
acrylonitrile-styrene copolymer, polymethacryléte,
polystyrene, polyvinyl carbazole, and polyvinyl
anthracene.

The CTL may preferably have a thickness of 5
- 40 pm, more preferably 10 - 30 pm.

The single.layer-type layer structure of the
photosensitive layer may include the above-mentioned
materials for the CGM and CTM. It is also possible to
contain a charge transfer complex comprising polyvinyl
carbazole énd frinitrofluorene. The photosensitive
layer having a single layer~type layer structure may
preferably have a thickness of 5 - 40 pm, more
preferably 10 - 30 um.

In the present invention, it is possible to
dispose an intermediate layer between the
photosensitive layer and the protective layer in order
to improve adhesive properties, coating properties,
etc. Materials for use in the intermediate layer may
include: casein, polyvinyl alcohol, nitrocellulose,
ethylene-acrylic acid copolymer, alcohol-soluble
polyamide, polyurethane, gelatin, and aluminum oxide.

The intermediate layer may preferably have a

- This Sheet i
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so-called "function separation-type" structure conprising a charge
generating |layer (CE) containing a CGM and a charge transportpl | _—
(CTL) containing a CIM The photosensitive |ayer may preferabl3Fa§&gmHEVFSHEE]
function separation-type |ayer structure. Such a fung¢tfon

separation-type | ayer -20- -20 0 3 JAN 1997

&

thickness of 0.1 - 10 pm, more preferably 0.3 - 2 pm.

The electroconductive support constituting
the photosensitive member according to the present
invention may include any electroconductive material.
More specifically, examples of the electroconductive
material may include: metal or alloy, such as
aluminum, aluminﬁh alloy, copper, cromium, nickel,
zinc, or stainless steel; a laminated plastic film
covered with a metal foil of aluminum, copper, etc.;
an plastic film éovered with aluminum, indium oxide,
tin .oxide, etc. by vapor @eposition: and metal,
prlastic film or paper each covered with an
electroconductive layer formed by applying a coating
liquid comprising an electroconductive sdbstance and
an optional appropriate binder and/or solvent as
desired.

Examples of such an electroconductive
substance may include: metal powder, metal foil and
metal short fiber each comprising aluminum, copper,
nickel or silver; electroconductive metal oxide such
as antimony éxide, indium oxide or tin oxide; an
electroconductive polymer such as polypyrrole,
polyaniline, or polyelectrolyte; a powder material
comprising carbon fiber, carbon black, or graphite;
organic or inorganic electrolyte; electroconductive
powder coated with the above electroconductive

substances.

—
This Sheet Hag Been Replaced

AT

THIS SHEET HAS BEEN
REPLACED




structure can be forned by disposing a CGL and CTL on an el ecf} @EVy HEEf
C : -

support in this order or in reverse order. The CG
by «di spersing a CGMin a binder together with an appropriate
form a coating liquid, applying the coating liquid onto an

el ectroconductive support or a CTL, and by drying the coating. this
time, exanples of such a CGM nay i ncl t= azo pignents such gs nobnoazo

pi gnent, bisazo pignent and trisazo pignment; quinone pignent
pyr enequi none and ant hragui none; qui honecyani ne

S VEY JAR 1997
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The electroconductive support may preferably

be in the form of a cylinder or drum, a sheet, or
belt.

In the present invention, it is possible

a

to

dispose an undercoat layer having a barrier function

and an adhesive function between the electroconductive

support and the photosensitive layer. Materials for

the undercoat layer may be those for the intermediate

layer described above.
The undercoat layer used in the present

invention may be a single layer containing or not

containing electroconductive materials such as metal,

metal oxide and carbon black, in a thickness of 0.1 -

5 pm, particularly 0.5 - 3 mm. The undercoat layer

may also be a laminated layer comprising a first

undercoat layer containing the electroconductive

materials and a second undercoat layer not containing

the electroconductive materials disposed on the

electroconductive support in this order. 1In this

instance, the first undercoat layer may preferably

have a thickness of 0.1 - 50 pm, particularly 0.5

um.

- 40

In the present invention, the above-mentioned

various layers may generally be formed by dispersing

materials to be used in respective layers in an

appropriate solvent, applying the resultant coating

liquid ontc the electroconductive support by means of
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pi gnents; perylene pignments; indigo pignents such as indigo »
t hi oj ndi go; azulenium salt pignments; and phthal ocyani ne pi gm%!si;AMNT SHEET
bi nder may include polyvinyl butyral, polyvinyl benzal, polyaryl ate,
pol ycarbonate, polyester, polystyrene, polyvinyl acetate, acfylig 3 gaANTY97
pol yur et hane, pol yvinyl pyrrolidone, etbyﬁ_cellulose, and 03 ul ose

acetate butyrate. The CG. nmay preferably have a thi ckrress—of-~at
nost 5 [err]m nore preferably 0.05 - 3 [err]m Thd_CTL can be
formed in the same manner as in the case of the CA except that a CIMT3

used a known coating method such as dipping, spinner

coating, roller coating, wire bar coating, spray
coating or been coating, and drying the coating.

The photosensitive member according to the
present invention can be applied fo not only an
ordinary electfophotographic apparatus such as copying
machine, a laser beam printer, a light-emitting diode
(LED) printer, a cathode-ray tube {CRT) printer, a
liquid crystal shuytter-type printer, but also other
fields of appliea electrophotography including, e.g.,
display, recording, printing, facsimile and laser
plétg making.

Figure 1 shows a schematic structural view of
an electrophotographic apparatus using an
electrophotographic photosensitive member of the
invention. Referring to Figure 1, a photosensitive
drum (i.e., photosensitive member) 1 as an image-
carrying member is rotated about an axis la at a
prescribed peripheral speed in the direction of the
arrow shgwn inside of the photosensitive drum 1. The
surface of the photosensitive drum is uniformly.
charged by means of a charger 2 to have a prescribed
positive or negative potential. At an exposure part
3, the photqsensitive drum 1 is exposed to light-image
L. {as by slit exposure or laser beam-scanning
exposure) by using an image exposure means (not

shown), whereby an electrostatic latent image
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I nstead of the CGM and a coating liquid is applied onto an
el ectroconducti ve support or the CG. In this case, exanples
may i nclude: polycyclic aromatic conpounds such as bi phenyl ere,
ant hr acene, - 21 - pyr ene,
phenant hrene; heterocyclic conpounds such
' . ~-23-

corresponding to an exposure image is successively
formed on the surface of the photosensitive drum 1.
The electrostatic latent image is developed by a
developing means 4 to form a toner image. The toner
image is successively transferred to a transfer
material P which is supplied from a supply part (not
shown} to a position between the photoé;nsitive drum 1
and a transfer charger 5 in synchronism with the
rotating speed of the photosensitive drum 1, by means
of the transfer charger 5. The transfer material P
with the toner image thereon is separated from the
photosensitive drum 1 to be conveyed to a fixing
device 8, followed by image fixing to print out the
transfer material P as a copy outside the
electrophotographic apparatus. Residual toner
particles on the surface of the photosensitive drum 1
after the transfer are removed by means of a cleaner 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 prepare for the next cycle.
As the charger 2 for charging the photosensitive drum
1 uniformly, a corona charger is widely used in
general. As the transfer charger 5, such a corona
charger is also widely used in general.

According to the present invention, in the
electrophotographic apparatus, it is possible to

provide a device unit which includes plural means
_— T
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as i ndole, carbazole, oxadiazole,
styryl -type conpounds. Further,
pol yester, polycarbonate, acrylic resin,
acrylonitrile-styrene copol yner, polynetha
car bazol e, and pol yvinyl anthracene.

a thickness of 5 - 40 [err]m nore prefer
The single layer-type |layer structure of t
i ncl ude the above-nentioned nmaterials for

and pyra

zoline; hydrazone gREROtHES:
the binder for the CTM nmay ij WENTSHEET
pol yaryl at e,
crylate, polystyrene
The CTL may pte e?gtpy R§97
zﬁﬁy 10 - 30 [err]m
he photosensitive Jayer may
the CGM and CTM It T57arso

possible to inclusive of or selected from the photosensitive

member 1 (photosensitive drum), the charger 2, the

developing means 4, the cleaner 6, etc. so as to be

attached or removed as desired. The device unit may,
for example, be composed of the photosensitive member
and at least one device of the charger, the developing
means and the cleaner to prepare a single unit capable
of being attached to or removed from the body of the
electrophotographic apparatus by using a guiding means
such as a rail in the body.

In case where the electrophotographic
apparatus is used as-a.copying machine or a printer,
exposure light-image L may be effected by using
reflection light or transmitted light from an original
or by reading a data on the original by a sensor,
converting the data into a signal and then effecting a
laser beam scanning, drive of LED array or drive of a
liquid crystal shutter array in accordance with the
signal.

In case where the electrophotographic
apparatus according to the present invention is_used
as a printer of a facsimile machine, exposure light-
image L is given by exposure for printing received
data. Figure 2 shows a block diagram of an embodiment
for explaining this case. Reférring to Figure 2, a

controller 11 controls an image-reading part 10 and a

The whole controller 11 is controlled by
_ T T

printer 19.
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contain a charge transfer conplex conprising polyvinyl carb

7ol e and

trinitrofluorene. The photosensitive |ayer having a single
| ayer structure may preferably have a thickness of 5 - 40 [
preferably 10 - 30 [err]m In the present inventio
possible to dispose an internedi ate | ayer between the phot
| ayer and the protective |ayer in orderzsto inprove adhesive
coating properties, etc. Materials for use in the internedi

REPEACEMENT SHEET
s alnéljl 36@ 097
opert ies.,
1Pe Iayer nay

-

C
q

o

i ncl ude:

casein, polyvinyl alcohol, nitrocellul ose, ethylené—aetytec—acrd

copol yner,

al cohol - sol ubl e
a CPU (central processing unit) 17. Read data from

the image-reading part is transmitted to a partner
station through a transmitting circuit 13, and on the
other hand, the received data from the partner station
is sent to the printer 19 through a receiving circuit
12. An image memory 16 memorizes prescribed image
data. A printer controller 18 controls the printer
19, and a reference numeral 14 denotes a telephone
handset. .

The imége received through a circuit 15 (the
image data sent through the circuit from a connected
remote terminal) is demodulated by means of the
receiving circuit 12 and successively stored in an
image memory 16 after a restoring-signal processing of
the image data. When image for at least one page is
stored in the image memory 16, image recording of the
page is effected. The CPU 17 reads out the image data
for one page froﬁ the image memory 16 and sends the
image data for one page subjected to the restorihg-
signal processing to the printer controller 18. The
printer controller 18 receives the image data for one
page from the CPU 17 and controls the, printer 19 in
order to effect image—-data recording. Further, the
CPU 17 is caused to receive image for a subsequent |
page during the recording by the printer 19. As
described above, the receiving and recording of the

image are performed. -
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pol yam de, pol yurethane, gelatin, and al um num oxi de.
I nternmedi ate | ayer may preferably have a

- 22 - thickness of 0.1 - 10 [err]m nore preferably 0.3 -
The el ectroconductive support constituting the photosensitiveg A

RERLACEMENT SHEET
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according to the present

-26-

Hereinbelow, the present invention, will be
explained more specifically with reference to
examples. In the following examples, "part(s)" means
"weight part(s)".

Example 1

A solution of 10 parts of an alcohol-soluble
polyamide ;esin (*Amilan CM-8000", manufactured by
Toray K.K.) and 30 parts of a methoxymethylated 6-
nylon resin ("Toresin EF-30T“, mfd. by Teikoku Kagaku
K.K.) in a mixture solvent of 150 parts of methanol
and 150 parts of butanol was applied onto an aluminum
cylinder by dipping, followed by drying for 10 minutes
at 90 °C to form a 1 um-thick undercoat layer.

A coating liquid for a charge generating
layer {(CGL)} was prepared by dispersing a mixture of 4

parts of a bisazo pigment of the formula:

<:2—HNGQHKE OCH . HO OmmKDNH—§:>
@ML@ .

and 2 parts.of a butyral resin ("S-LEC BL-$“, mfd. by
Sekisui Kagaku K.K.) in 100'§arts of cyclohexanone by
means of a sand mill for 48 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
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I nvention may include any el ectroconductive material. Mre SWEE;
exanpl es of the el ectroconductive material may include: netal ] QE 4T’§HEET

such as alum num alum num all oy, copper, cromum nickel, 2inc,

stainless steel; a lam nated plastic film covered with a netel f g N 1997

al um num copper, etc.; an plastic filmcosered with alum num |nd|um

oxide, tin oxide, etc. by vapor deposition; and netal, plastji ¢c—+m-ox

paper each covered with an electroconductive |ayer formed by japplying a
coating liquid conprising an el ectroconductive substance and —an OprTOmTet~=a—

appropriate bi ndarydnd/ €6rsobVRiHutss at 80 °C to form a 0.15 um-thick
CGL.
Onto the CGL, a solution of 10 parts of a

triarylamine compound of the formula:
Ck CHs
‘.' 4::}—CH5
OOy~
\@_CH,

*

and 10 parts of a polycarbonate resin ("Iupiron Z-
200", mfd. by Mitsubishi Gas Kagaku K.K.} in a mixture
solvent of 20 parts of dichloromethane and 50 parts of
monochlorobenzene was applied by dipping, folléwed by
drying for 60 minutes at 120 °C to form a 20 pm-thick
charge transport layer (CTL). Thus, a photosensitive
layer was disposed on the electroconductive support.

Then, a dispersion for a protective layer was
prepared as follows.

100 parts of antimony—-containing tin oxide
fine particles ("T-1", mfd. by Mitsubishi Material
K.K.; average particle size of 0.02 pm), 30 parts of
(3,3,3-trifluoropropyl)trimethoxysilane (mfd. by
Shinetsu Kagaku K.K.), and 300 parts of a mixture
solvent of ethanol/water (95/5) were subjected to
milling for 1 hour by a milling device. After the
milling, the mixture was filtered and then the

filtrate was washed with ethanol, followed by drying
-—
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desi r ed. Exanpl es of such an el ectroconductive subghabr , =
I ncl ude: netal powder, netal foil and netal short fiber each c%&ﬁEQEE%%§L§HEET
al um num copper, nickel or silver; electroconductive netal as
antinony oxi de, indiumoxide or tin oxide; an electroconductive PabyAdrig
such as pol ypyrrole, polyaniline, or palyelectrolyte; a powd rfﬂﬁlﬁi%%;ﬁﬁ*
conprising carbon fiber, carbon bIackf%ﬁF graphite: organic | NOT gar J

r R
el ectrol yte; el ectroconductive powder coated with the above — /
el ectroconductive substances. )

and heat treatment for 1 hour at 120 °C to effect
surface treatment of the fine particles. Then, 25
parts of an acrylic polymerizable monomer, to be used

as a binder resin, of the formula:

CH,OR; CH,OR; 0
R10CH2—-C]I—-CH20—CH2~C-CH20R1 (R; = -C-CH=CHy),
CH,OR, CH,OR;

0.1 part of 2-methylthioxanthone as a
photopolymerizatio? initiator, 35 parts of the above-
prepared surface-freated antimony-containing tin oxide
fine particles, and 300'parts.of toluene were mixed by
a sand mill for 96 hours. To the mixture, 25 pats of
tetrafluoroethylene resin particles'(“Lublon L-2-,
mfd. by Daikin Kogyo K.K.) was added, followed by
stirring for 8 hours by the sand mill to form a
dispersion for a protective layer.

The thus prepared dispersion was applied onto
the photasensitive layer by spray coating and dried,
followed by ultraviolet ray irradiation for 15 seconds
by means of a high-pressure mercury lamp at a light
intensify of 800 mW/cmz‘

Thus, a 5 pm-thick protective layer was
disposed on the photosensitive layer, whereby a
photosensitive member of the present invention was

prepared.

Example 2

A photosensitive member was prepared in the
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The el ectroconductive support may preferably be jn the

formof a cylinder or drum a sheet, or a belt. I n Eﬁ@ﬁﬁﬁﬁﬂ_SﬂEﬁT

i nvénti on,
functi on

it

is possible to dispose an undercoat |ayer havin B4

0 3 JAN 1997
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same manner as in Example 1 except that 45 parts of
tetrafluorocethylene resin particles and 45 parts of
surface-treated antimony-containing tin oxide fine
particles were used in the step of forming the

dispersion for a protective layer.

- Example 3

-

A photosensitive member was prepared in the
same manner as in Example 1 except for using an
acrylic polymeriqule monomer of the formula:

CH3

i |
CH2=CH—C—(OCH2CH2«)E© -@o—(cxzcnzo%c-cn-cnz

{m+n = 4)
instead of the écrylic polymerizable monomer used in
Example 1.

Example 4

A photosensitive member was prepared in the
same manner as in Example 1 except that a dispersion
for a protective layer was prepared in the following
manner.

100 parts of antimony-containing tin oxide
fine particles ("T-1", mfd. by Mitsubishi Material
K.K.; average particle size of 0.02 mum), 30 parts of

fluorine-modified silicone o0il ("FL-100", mfd. by

- Shinetsu Kagaku K.K.), and 300 parts of toluene were

subjected to milling for 1 hour by a milling device.

After the milling, the mixture was filtered and then
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and an adhesive function between the el ectroconductive support and the

photosensitive layer. Materials for the undercoat |ayer may o ﬁgqﬁgr
the internediate |ayer described above. The underc SYer¢ kv
in the present invention nmay be a single | ayer containing ort npt

cont ai ni ng el ectroconductive materials sucg as metal, netal pxj de JdAN Ty,
carbon black, in a thickness of 0.1 - 5 [ PF]n1 particularlyjOf5 - 3

[err]m The undercoat |ayer may also be a | am nated | ayer copprisinga

first undercoat |ayer containing the electroconductive matefials and a

second under coat th@y£{1P£ité WHAIWHsHRA with toluene, followed by
drying and heat treatment for 10 minutes at 300 9C to
effect surface treatment of the fine particles. Then,
25 parts of an acrylic polymerizable monomer, to be

used as a binder resin, of the formula:

?HZORl o}
CH3CH2~CHZ-?-cxzoR1 (Ry = -C-CH=CH,),
CH,OR,

0.1 part of 2Z2-methylthioxanthone as a
photopolymerization initiator, 50 parts of the above-
prepared surface-treated antimony-containing tin oxide
fine particles, and 300 parts of toluene were mixed by
a sand mill for 96 hours. - To the mixture, 35 parts of
tétrafluoroethylene resin particles ("Lublon L-27,
mfd. by Daikin Kogyo K.K.)} was added, followed by
stirring for 4 hours by the sand mill.
Example 5

A photosensitive member was prepared in the
same manner as in Example 1 except that
tetrafluoroethylene resin particles were changed to
chlorotrifluoroethylene resin particles ("Diflon",
mfd. by Daikin Kogyo K.K.).
Example 6

A photosensitive member was prepared in the
same manner as in Example 1 except that the antimony-
containing tin oxide fine particles were changed to

electroconductive particles comprising barium sulfate
.
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the el ectroconductive materials di sposed on the electrocon

uctive sunport .

in this order. In this instance, the first undercoat | ayer
have a thickness of 0.1 - 50 [err]m particularly.0.5 - 40

In the present invention, the above-nentioned various |ayej
be formed by dispersing materials to be-<Bled in respective
appropriate solvent, applying the resultant coating Iliquid

el ectroconductive support by nmeans of

‘[JIII

Ly IR

t o the

fine particles coated with oxygen-short tin oxide,

i.e., tin oxide containing oxygen less than

stoichiometry ("Pastran IV/P-1", mfd. by Mitsui

Kinzoku Kogyo K.K.; average particle size of 0.1 pm).

Example 7

A photosensitive member was prepdred in the

same manner as in Example 1 except that a CGL and a

CTL were formed in reverse order.

Example 8

2

A photosensitive member was prepared in the

same manner as in Example 1 except that an

intermediate layer was further disposed between a

photosensitive layer and a protective layer in the

following manner.

B solution of a silicone resin ("AY42-441",

mfd. by Toray Silicone K.K.) in ligroin was applied

onto the photosensitive layer by spray coating so as

to provide a 0.2 pm-thick (after drying) intermediate

layer, fcllowed by drying to obtain the intermediate

layer.

Example 9

A photosensitive member was prepared in the

same manner as in Example 1 except for omitting the

surface treatment of the electroconductive particles.

Comparative Example 1

A comparative photosensitive member was

prepared in the same manner as in Example 1 except
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-24 - a known coating nethod such as dipping, spinner hgﬁ{ymﬁmﬂﬁﬁiSHEET
coating, wire bar coating, spray coating or been coating, e
coat i ng. The photosensitive nmenber according to th p ﬁﬂﬁ‘ﬁQ;
i hvention can be applied to not only an ordinary el ectrophptpg 3%

apparatus such as copyi ng

(2]

-32~

that the protective layer was not used.

Comparative Example 2

A comparative photosensitive member was
prepared in the same manner as in Example 1 except
that the tetrafluorocethylene resin particles used in
the protective layer were not used.

Comparati;e Example 3

A comparative photosensitive member was
prepared in the same manner as in Example 7 except
that the protective layer was not used.

Each of the thus prepared photosensitive
members was assembled in an electrophotographic
copying machine performing an image formation process
including the steps of: charging-exposure-development-
transfer-cleaning at a cycle speed of 1.5 sec/cycle,
and was subjected to image formation at an initial
stage under environmental conditions including normal-
temperature (20 °C) and normal-humidity (50 %RH)
condition (hereafter, abbreviated as "N/N"), low-
temperature (10 ©C) and low-humidity (15 %RH)
condition (hereinafter, abbreviated as *"L/L"), and
high-temperature (35 °C) and high-humidity (85 $RH)
condition (hereinafter, abbreviated as "H/H") in order
to evaluate image forming properties. Further, each
0f the photosensitive members was subjected to
successive image formation of 50,000 sheets (a

durability test) under N/N. The results are shown in

This Sheet Has Been Replaced
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machi ne, a |laser beamprinter, a light-enmitting diode (LE - T
cat hode-ray tube (CRT) printer, a liquid crystal shutter-tﬂﬂaﬁﬁxﬁaagwf Ll

al.so other fi
recording, pri

shows a schematic structural view of an el ectrophotographi¢ apparatus
using an el ectrophotographic photosennggye menber of the {i hventToOT"
Referring to Figure 1, a photosensitive

1 as an i nage-

r
el ds of applied el ectrophotography including, lelg., disllay,
nting, facsimle and | aser plate naking. 0 30 37 1

rum (i.e., photosénsitive nenber)
carrying nmenber is rotated about an axis la at—a

Table 1 appearing hereinafter.

After the image formation of 50,000 sheets,
each of the photosensitive members was subjected to
observation of an abrasion degree, i.e., a thickness
(pm) of a part of the photosensitive member which had
been removed therefrom by abrasion. The results are
also shown in Table 1.

In the initial stage of the above image
formation under N/N, each of the photosensitive
members was subjected to measurement of
electrorhotographic properties including initial dark
part potential Vpppg (V). sensitivity (lux.sec) and
residual potential Vg (V).

In the above, "initial dark part potential™®
means a surface potential (V) of a photosensitive
member at the time of charging by using corona
discharger (-5 KV or +5 KV {only for the
photosensitive member prepared in Example 7}). A
larger absolute value of an initial dark part
potential shows a better chargeability in Table 1.
Further, "sensitivity" means an exposure quantity
(E2/7; lux.sec) required fof decreasing a surface
potential of 700 V {(absolute value) to a surface
potential of 200 V (absoiute value). The results are
also shown in Table 1.

Separately, each of the photosensitive

members was assembled in a modified copying machine of

This Sheet Has Been Replaced .
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prescribed peripheral speed in the direction of the arrow shown ingide.of

t he photosensitive drum1. The surface of the photosensitivejﬁg
uniformy charged by neans of a charger 2 to have a prescri bgd:-
or negative potential. At an exposure part 3, the photosensitiye

dr
exposed to light-image L (as by slit exposure or |aser beam §c N #
exposure) by using an i nage exposure nmedfs (not shown), wherdby an

ENT SHEET)

;}%leb?

¢

el ectrostatic |atent inmage

L evserartrs

a copying machine ("NP-3825", mfd. by Canon K.K.) in
order to evaluate "pause memory characteristic". More
specifically, a photosensitive member was caused to
have a dark part potential (Vpg) of -650 V and a light
part potential (Vpg) of -150 V at an initial stage,
respectively. Then, the copying machine was subjected
' to successive copying test of 10,000 sheets. After

the copying test, a dark part potential (Vp1) and a
light part potentigl (Vy,1) were measured to obtain a
variation (%) in the potentials Vpg and Vpy and a
variation (%) in the potentials Vg and Vi,
respectively. For example, a variation of 2 % means a
change in poteﬁtial of 13 Vv (i.e., 650 x 2/100).
Then, the photosensitive member was left standing for
24 hours within the copying machine. After 24 hours;
potentials at a position immediately under the charger
and another position (i.e., a position different from
the position immediately under the charger) were
measured to obtain a difference (AV (V), absolute

J value) therebetween. The results are shown in Table
1.

Examples 10 - 17

In order to evaluate "transfer memory", eight
photosensitive members for Examples 10 - 17 were
prepared in the same manner as in Examples 1 - 8,
respectively, except that a CGL was prepared in the

following manner.
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b i

- 25- corresponding to an exposure image i s successively
surface of the photosensitive druml. The electrostatic
devel oped by a developing neans 4 to forma toner inmage.
I s successively transferred to a transfer material P whi{
froma supply part (not shown) to a position between the|phofod
drum1 and a transfer charger 5 in synchronismwth the

10

15

20

25

-35-

A coating liquid for a CGL was prepared by

dispersing a mixture of 4.5 parts of
oxytitaniumphthalocyanine and 2 parts of a butyral
resin ("S-LEC BL-S", mfd. by Sekisui Kagaku K.K.) in
100 parts of cyclohexanone by means of a sand mill for
36 hours and by adding 100 parts of THF to the above
mixture. The thus prepared coating liquid was applied

onto an undercoat layer by dipping, followed by drying

for 15 minutes at 80 °C to form a 0.15 pm-thick CGL.

Example 18

A photosensitive member was prepared and
evaluated in the same manner as in Example 10 except
for omitting the surface treatment of the

electroconductive particles.

Example 19

A photosensitive member was prepared and
evaluated in the same manner as in Example 15 except
for omitting the surface treatment of the
electroconductive particles.

Comparative Example 4

A comparative photosensitive member was
prepared and evaluated in the same manner as in
Example 10 except that the protective layer was not

used.

Comparative Example 5

A comparative photosensitive member was

prepared in the same manner as in Example 10 except
This Sheet Has Been Replaced
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rotating speed of the photosensitive drum1l1, by neané of the transfer

charger 5. The transfer material P wth the toner inage the

separated fromthe photosensitive drum1l to be conveyed to
device 8, followed by inage fixing to print out the transfef
a copy outside the el ectrophotographic apparatus. Residual

particles on the surface of the photosensitive druml| after
are renoved by nmeans of a cleaner 6 tC)Fnt%ﬁﬂe a cl eaned suf

O

residual charge on the surface of the photosensitive drum liis..erased-by

a pre-exposure neans 7 to prepare for the next cycle.

1 ACEMENT SHEET

oheb ¥ uEN e

the transfer
face, and

that the tetrafluoroethylene resin particles used in

the protective layer were not used.

Comparative Example 6

A comparative photosensitive member was

prepared in the same manner as in Example 15 except

that the protective layer was not used.

Each of the above-prepared photosensitive

members was assembled in a modified machine of a laser

beam printer (trade name: LBP-SX, mfd. by Canon K.K.)

as an electrophotographic printer equipped with a

semiconductor laser and using a reversal development

system, and subjected to measurement of a voltage

(Vgy) of a primary charging under no transfer

current

application and a voltage (Vgp) of the primary

charging under transfer current application to

evaluate a tramsfar memory ([Vgil - Vgl (V):

absolute vuiue). The results are shown in Table 2

below.
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- 26- I nclusive of or selected fromthe photosensitive nenber 1

(phot osensitive drunm), the charger 2, the devel oping neans 4,_1he cleanefw—
6, etc. so as to be attached or renoved as desired. The dev RE?EKCEN&&H?SHEET
for exanple, be conposed of the photosensitive nmenber and af keast—one
device of the charger, the devel oping neans and the cl eaner jt r 8}%\{3 927
single unit capable of being attached to or renoved fromthg ogvg %e
el ectr ophot ographi ¢ apparatus by using a3gu di ng neans suchijad_a.raLl.in
t he body.

In the above Table 1, each evaluation results
of the durability test denctes the following state.

"Good": Good images substantially free from image
defects were obtained.

"Transfer failure®": Toner images were not
sufficiently transferred to a transfer-receiving
material to form mottled or spotted images.

"Image flow": Image flow was observed.

"Poor image density”: The resultant images had
poor image density.

*Image blur®: Image blur was observed.

*-*. The photosensitive member was not subjected
to measurement or observation because the CGL was

considerably abraded.

_—
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In case where the el ectrophotographic apparatus is used COPY-HRe

machi ne or a printer, exBosurg IPght-i ngge L may be effem&@gmﬁmgﬁfﬁm‘
reflection light or transmtted light froman original o y feading a
data on the original by a sensor, converting the data injo 953 gggls,?gy\d
then effecting a |aser beam scanning, drive of LED arrayjof drive o
liquid crystal shutter array in accordance with the signalt
case where the el ectrophotographic apparat3gs according tp the present
invention is used as a printer of a facsim|le machine, exXposuretight=

Table 2

Ex. Transfer memory ({Vgil - IVgal) (V)
10 5
11 - 0
12 10
13 ‘ 5
14 5
15 5
16 10
17 ) 5
18 20
19 25
Comp.
Ex. 4 55

5 45

§ 65
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image L is given by exposure for printing received data. Figure 2 shows a
bl ock di agram of an enbodi ment for explaining this case. Refépf : ’

Figure 2, a controller 11 controls an image-reading part 10 Eﬁ" VEEJ%FW&{EET
19. The whole controller 11 is controlled by 7

0 3 JAN 1997

-40-

As shown in Table 1, the photosensitive
members prepared in Examples 1 - 8 according to the
present invention provided good electrophotographic
properties, image-forming properties under any
environmental conditions (i.e., N/N, L/L, H/H). The
photosensitive member prepared in Example 9 according
to the present invention alsoc provide good
electrophotographic properties at the initial stage,
but providedtslightly poor images at and after about
35,000 sheets of copying due to a decreased

. chargeability and image flow after 50,000 sheets.
However, such properties of the photosensitive member
prepared in Example 9 were still acceptable level for
practical use.

With respect to the comparative
photosensitive members prepared in Comparative
Examples 1 - 3, each evaluation result was as follows.
(Comparative Example 1)

The comparative photosensitive member showed
good electrophotographic properties at the initial
stage but failed to provided good images after about
10,000 sheets of copying due to a decreased
chargeability.

(Comparative Example 2)

The comparative photosensitive member failed

to provide images over a wide area from the initial

stage and provided image blur under H/H. Further,
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a CPU (central processing unit) 17. Read data from the inmage-
Is transmtted to a partner station through a transmtting ci

R@PLAC N AHEET

on the other hand, the received data fromthe partner statio O
the printer 19 through a receiving circuit 12. An inage nenor 1qD JAN 199/ J
menori zes prescribed inage data. A printer controller 18 contjfrdls phe

printer 19, and a reference nuneral 14 depotes a tel ephone '

The i mage received through a circuit 15 (the inmage data sent } hrough the

circuit froma connected renote termnal) is denodul ated. by neems—of—tte

after 50,000 sheets of copying, image flow was
observed.
{Comparative Example 3)

Image blur was caused to occur under H/H and
good images were not obtained after about 10,000
sheets of copying due to a remarkable decrease in
photosensitivity caused by abrasion of the CGL.

In addition, the comparative photosensitive’
members prepared in Comparative Examples 1 - 3 showed
considerable poor pause memory characteristic when
compared with those prepared in Examples 1 - 9
according to the present invention.

As shown in Table 2, the photosensitive
members prepared in Examples 10 - 19 according to the
present invention provided good transfer memory when
compared with those p;epared in Comparative Examples 4
- 6.

Example 20

An undercoat layer, a CGL and a CTL were
formed on an aluminum cyliﬁder in tpe order in the
same manner as in Example 1 except that the following

bisazo pigment of the formula:

@Hwocmxoc OH HO conncom@
a
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receiving circuit 12 and successively stored in an inage neanry .16 after a

restoring-signal processing of the imge data. Wen inage f

page is stored in the image nenory 16, image recording of tlh

effected. The CPU 17 reads out the image data for one page

menory 16 and sends the inage data for one page subjected t

restoring- signal processing to the prin&gl controller 18.
ne

REPEACERENT SHERT

O S AN B
THe printer
CPU 17 and

controller 18 receives the inage data for page fromthe
controls the printer 19 in order to effect inmage-data recor

"
eH-ng- Eurt.her.,

the CPU 17 is caused to receive inmage for a subsequent

was used instead of the bisazo pigment for use in the
CGL prepared in Example 1.

Then, a dispersion for a protective layer was
prepared as follows.

25 parts df an acrylic polymerizable monomer,

to be used as a binder resin, of the formula:

0
oZ N o
II'Z R: - CHzCHzOCOCH = CH: ,

2.0 parts of 2-methylthioxanthone as a
photopolymerization initiator, 45 parts of antimony-
containing tin oxide fine particles (*T-1", mfd. by
Mitsubishi Material K.K.; average particle size of
0.02 pm), and 300 parts of toluene were mixed by a
sand mill for 72 hours. To the mixture, 25 pats of
tetrafluorocethylene resin particles ("Lublon L-2",
mfd. by Daikin Kogyo K.K.) and 20 parts of fluorine-
containing silane coupling agent (C4FqCH,CH,Si(0CH3) 3)
ware added, followed by stirring for 4 hours by the
sand mill to form a dispersion for a protective layer.
The thus prepared dispersion was applied onto
.the photosensitive layer by spray coating and dried,
followed by ultraviolet ray irradiation for 20 seconds

by means of a high-pressure mercury lamp at a light

intensity of 800 mW/cm2 .
This Sheet Has Been Replaced
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page during the recording by the printer 19. As described ab

receiving and recording of the inage are perforned.
-28" - Her ei nbel ow, the present invention,
nore specifically with reference to

~43~

Wil |
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Thus, a 6 nm-thick protective layer was

disposed on the photosensitive layer, whereby a

photosensitive member of the present invention was

prepared.

Example 21

A photosensitive member was prepared in the

same manner as in Example 20 except that 45 parts of

tetrafluoroethylene resin particles and 35 parts of

fluorine-containing silane coupling agent were used in

the step of forming a dispersion for a protective

layer.

Example 22

A photosensitive member was prepared in the

same manner as in Example 20 except that an

intermediate layer was further disposed between a

photosensitive layer and a protective layer in the

following manner.

A solution of a silicone resin ("AY42-441",

mfd. by Toray Silicone K.K.} in ligroin was applied

onto the photosensitive layer by spray coating so as

to provide a 0.2 um-thick (after drying) intermediate

layer, followed by drying to obtain the intermediate

layer.

Example 23

A photosensitive member was prepared in the

same manner as in Example 20 except that a fluorine-

containing silane coupling agent (CF3CH2CHZSi(OCH3)3)
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exanples. In the foll ow ng exanples, "part(s)" neans "weight

Exanple 1

A solution of 10 parts of an alcohol-solutggmiﬁgﬁygﬁnaSHﬁgr

resin ( "Amlan CM 8000", registered trade mark, manufac- turledq by Toray
K.K.) and 30 parts of a nethoxynethylated 6- nylon resin ("Tqr¢sithd JAN 1997

EF- 30T", registered trade mark,nfd. by Tei koku Kagaku K K. ) ifnja m xture
sol vent of 150 parts of nethanol and 150 parts of butanol wa$ applied orto
an alum num cylinder by dipping, foll owed*by drying for 10 minutes__at 90
[err]Cto forma 1 [err]mthick undercoat |ayer. A coating liquid

for a charge generating

was used instead of the one used in Example 20.
Example 24

A photosensitive member was prepared in the
same manner as in Example 20 except that 20 parts of
the fluorine-containing silaﬁé coupling agent was
changed to 10 parts of a fluorine-containing graft

polymer of the formula:

s
-{CHZ—THig—{?HZ—C%7—
Ry R;

)

]

Ry: -CO-CHy-CHy—tCHy}CFgy
o CH3
R,: ;LO-CHz-CH-CHZ-ooc-CH2~s—fé-cxzeg-H
éH _ COOCH3
{Weight-average molecular weight (Mw) of 25,000;
fluorine content of 22 %).
Example 25
A photosensitive member was prepared in the
same manner as in Example 20 except that a fluorine-
modified silicone oil ("FL-100", mfd. by Shinetsu
Kagaku K.K.) was used instead of the fluorine-
containing silane coupling agent.
Example 26
A photosensitive member was prepared in the
same manner as in Example 20 except that a fluorine-

containing surfactant (C4FgSO,NCH3CH,COOH) was used

This Sheet Has Been Replaced
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| ayer (CGL) was prepared by dispersing a mixture of 4 parts @F?gg@ﬁyﬁ@ﬁfQHEET

pi gnent of the formula: [err] and 2 parts of a butyrfa
(",S-LEC BL-S",
parts of cycl ohexanone by neans of a sand m |1 for 48 hours Jand
100 parts of tetrahydrofuran (THF) to the above m xture. The ithus

Corrr

regi stered trade mark, ndf. by Sekisui .Kagaku K'K‘%§\§¥§%%§

prepared coating liquid was applied onto th%5 above prepared junder coat

| ayer by dipping, followed by

instead of the fluorine-containing silane coupling
agent.
Example 27

A photosensitive member was prepared in the
same manner as in Example 20 except that the
tetrafluorocethylene resin particles were changed to
chlorotrifluoroethylene resin particles ("Diflon*,
mfd. by Daikin Kogyo K.K.).
Example 28

A photosensitive member was prepared in the
same manner as in Example 20 except that 20 parts of
the fluorine-containing silane coupling agent was
changed to 10 parts of a fluorine-containing silane
coupling agent (C4FgCH,CH,Si(OCH3)3 and 10 parts of a
fluorine-containing surfactant (C4FqSO,NCH3CH,COOH).
Example 29

A photosensitive member was prepared in the
same manner as in Example 20 except for using an

acrylic polymerizable monomer of the formula:

] [ i
CH2=CH—C—(-OCH2CH2~)H©-C-©—O—GCHZCHZO-)—C ~CH=CH,
CH3

{m+n = 4)
instead of the acrylic polymerizable monomer and a
fluorine-containing silane coupling agent
(CgF17CH,CH,SCH,CH)S1(0CHy) 3) instead of the fluorine-

containing silane coupling agent used in Example 20,
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- 29 - drying for 15 minutes at 80 [err]Cto forma 0.15 [err
Ca.. Onto the CE, a solution of 10 parts of a t
conmpound of the formul a: ) . RE?Z&EE&

-46-

respectively.
Example 30

A photosensitive member was prepared in the
same manner as in Example 20 except that a CGL and a
CTL were formed in reverse order.
Example 31

A photosengitive member was prepared in the
same manner as in Example 20 except that the antimony-
containing tin oxide fine particles were changed to
electroconductive particles comprising barium sulfate
fine particles coated with oxygen-short tin oxide,
i.e., tin oxide containing oxygen less than
stoichiometry ("Pastran IV/P-1", mfd. by Mitsui
Kinzoku Kogyo K.K.; average particle size of 0.1 pm).
Example 32

A photosensitive member was prepared in the
same manner as in Example 20 except that fluorine-

containing silane coupling agent was not used.

Comparative Example 8
A comparative photosensitive member was
prepared in the same manner as in Example 20 except

that the tetraﬁluoroethylene resin particles used in

the protective layer were not used.

Cqmgarative Example 9
A comparative photosensitive member was

prepared in the same manner as in Example 20 except

+hat the tetrafluoroethylene resin particles and the
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[efr] and 10 parts of a polycarbonate resin ("lupiron ’ "
regi stered trade mark, nfd. by Mtsubishi Gas Kagaki K K') in JM@WTSHEET

sol-vent of 20 parts of dichloronmethane and 50 parts of nonochf of obenzene
was applied by dipping, followed by drying for 60 minutes at {120 P& JAK WY
forma 20 [err]mthick charge transport |ayer (CTL). Thus, a

phot osensi tive

Then, a dispersion for a protective IayerW&%?

| ayer was di sposed on the el ectroconductive squOrt.

fluorine-containing silane coupling agent used in the
protective layer were not used.

Comparative Example 10

A comparative photosensitive member was
prepared in the same manner as in Example 30 except
that the protective layer was not used.

Each of the thus prepared photosensitive
members was evaluated in the same manner as in EXamplé
1. The results are shown in Table 3 appearing
hereinafter.

Examples 33 - 39

Seven photosensitive members for Examples 33
~ 39 were prepared in the same manner as in Examples
20 - 26, respectively, except that a CGL was prepared
in the same manner as in Example 10.

Example 40

A photosensitive member was prepared in the
same manner as in Example 33 except that a fluorine-
containing silane coupling agent was not used.
Example 41

A photosensitive member was prepared in the
same manner as in Example 39 except that the fluorine-
containing surfactant was not used.

Comparative Example 11

A comparative photosensitive member was
prepared and evaluated in the same manner as in Example

33 except that the protective layer was not used.
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prepared as follows. 100 parts of antinony-conta
fine particles ("T-1", nfd. by Mtsubishi Mterial K K. ;
si,ze of 0.02 [err]m, 30 parts of
(3,3,3-trifluoropropyl)trimethoxysilane (nfd. by ° ShinetsulK
and 300 parts of a m xture sol vent of ethanol/water (95/5) S
to mlling for 1 hour by a mlling device. After the nlﬂllng the

m xture was filtered and then the fi FdBate was washed wit h.et-hanet—"
foll owed by drying

Comparative Example 12

A comparative photosensitive member was
prepared in the same manner as in Example 33 except
that the tetrafluoroethylene resin particles used in
the protective layer were not used.

Comparative Example 13

A comparative photosensitive member was
prepared in the same manner as in Ekampie 33 except
that the fluorine-containing silane coupling agent ang
the tetrafluorocethylene resin particles were not used.

Each of the above prepared photosensitive
members were evaluated in the same manner as in
Example 10. The results are shown in Table 4

appearing hereinafter.
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0.1 part of 2-nethylthi oxanthone as a photopol ynerization

ot
L J B |

parts of the above- prepared surface-treated anti nony-contsa

hours. To the mixture, 25 pats of tetra$®uoroethyl ene resin
("Lublon L-2", registered trade mark, ndf. by Daikin Kogyo
added, followed by stirring for 8 hours by the sand ml| td
di spersion for a protective |ayer. The thus prepar

was applied onto the photosensitive |ayer by spray coating
followed by ultraviolet ray irradiation for 15 seconds

95
125

20.5
24.5

16.8
23.8

4.0
5.2

Transfer| Image
failure | blur

flow

Transfer}] Image

failure
u
Good

-2
-35
+20

2.1
2.0
2.3

-1120
~-1040
+920

9
10

Comp.
Ex. 8

Table 3 (cont.)
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fine particles, and 300 parts of toluene were m xed by a sdn

and—dried;
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by neans of a high-pressure nercury lanp at a light I ntensit

mVcnferr]. Thus, a 5 [err]mthick protective | dy
di sposed on the photosensitive |ayer, whereby a phot osensji
t he present invention was pr epar ed. Exampl e 2

phot osensitive nmenber was prepared in the
-51-

In the above Table 3, each evaluation results
of the durability test denotes the following state.
“Good": Good images substantially free from image
defects were obtained.

5 *Transfer failure": Toner images were not
sufficiently transferred to a transfer-receiving
material to form mottled or spotted images.

"Image flow”: Image flow was observed.
"Poor image density”: The resultant images had
10 poor image density.
"Image blur": Image blur was observed.
"~*: The photosensitive member was not subjected
to measurement or observation because the CGL was
considerably abraded.

15

20

25
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- 31 -

anti nrony-containing tin oxide fine
di spersion for a protective |ayer.

formng the

same manner as in Exanple 1 except that 45 parts
tetrafl uoroethylene resin particles and 45 parts of

phot osensitive nmenber was prepared in the sanme manner

except for

using an acrylic polynerizabl g,nononer of the for

Exampl e 3

as in

f

surface-
particles were used in tkgfggégﬂggmn‘sHEET

Blafb BN 197
| a:

|

HRAWIE

Table 4
Ex. Transfer memory (|Vgqil - 1Vazl) (V)
33 5
34 5
35 10
36 5
37 5
38 10
39 5
40 20
41 25
Comp .
Ex. 11 50
12 45
13 70
This Sheet Has Been Replaced
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[err] I nstead of the acrylic polynerizable nonomer used in Exarrpl e

1. Exanple 4 A phot osensi tive nenber was prepared lﬂﬁigﬁf

manner as in Exanple 1 except that a dispersion for a proteck e

prepared in the followi ng nanner. 100 parts of

anti nony-contai ning tin oxide 0 3 JAN 1997
-53-

As shown in Table 3, the photosensitive
members prepared in Examples 20 - 31 according to the
present invention provided good electrophotographic
properties, image-forming properties under any
environmental conditions (i.e., N/N, L/L, H/H}. The
photosensitive member prepared in Example 32 according
to the present invention also provide good
electrophotographic properties at the initiai stage,
but provided image flow after 50,000 sheets of
copying. However, such properties of the
photosensitive member prepared in Example 32 were
still acceptable level for practical use.

With rgspect to the comparative
photosensitive members prepared in Comparative
Examples 7 - 10, each evaluation result was as
follows.

(Comparative Example 7)

The comparative photosensitive member showed
good electrophotographic properties at the initial
stage but failed to provided good images after about
10,000 sheets of copying due to a decreased
chargeability.

{Comparative Examples 8 and 9)

The comparative photosensitive members failed
to provide images over a wide area from the initial
stage and provided image blur under H/H. Further,

after 50,000 sheets of copying, image flow was
-
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fine particles ("T-1", nfd. by Mtsubishi Mterial k.K.; averﬁge particle
size of 0.02 [err]m, 30 parts of fluorine-nodified silicone ?@PL

("FL-100",

devi ce.

-32-

F
regi stered trade mark, nfd. by Shinetsu Kagaku K. K. ) angkg%g!SHEE‘
parts of toluene were subjected to mlling for 1 hour by a mjllfi ‘
After the mlling, the mxture was filtered and then Q?3JAN1997

-54-

observed.
{Comparative Example 10)

Image blur was caused to occur under H/H and
good images were not obtained after about 10,000
sheets of copying due to a remarkable decrease in
photosensitivity caused by abrasion of the CGL.

In addition, the comparative photosensitive
members prepared in Comparative Examples 7 - 10 showed
considerable poor pause memory characteristic when
compared with those prepared in Examples 20 -~ 32
according to the present invention.

As shown in Table 4, the photosensitive
members prepared in Examples 33 - 39 according to the
present invention provided good transfer memory when
compared with those prepared in Comparative Examples
11 - 13.

Example 42

An undercoat layer, a CGL and a CTL were
formed on an aluminum cylinder in the order in the
same manner as in Example 1 except that the following

bisazo pigment of the formula:

HNOC

CONH
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the filtrate was washed with toluene, followed by drying anRERRACEMENT SHEET
treatnent for 10 mnutes at 300 [err]C to effect surface tdedtment of the

fine particles. Then, 25 parts of an acrylic polynerizable

used as a binder resin, of the formul a: [err] 0.1 part
2-met hyl t hi oxant hone as a photopol ynerization initiator, 5( —t-Fre——I

above- prepared surface-treated antinony-cont®faing tin oxi

PWUAN wope

de

was used instead of the bisazo pigment for use in the

CGL and the following triarylamine compound of the

formula:
WO\
CHa

was used instead of the one for use in the CTL

prepared in Example 1, respectively.

Then, a dispersion for a protective layer was

prepared as follows.

25 parts of an acrylic polymeriz

able monomer,

to be used as a binder resin, of the formula:

0 CH; O-CH; CH.CHs
i P/ N/
CH:;=CH—COCH.:—C—CH C
| AN / N\
CHs; O-CH CH=CH:

2 CHzOﬁ

0.1 parts of 2-methylthioxanthone as a
photopolymerization initiator, 50 parts o

containing tin oxide fine particles ("T-1

f antimony-

*, mfd. by

Mitsubishi Material K.K.; average particle size of

0.02 pm), and 300 parts of toluene were mixed by a

sand mill for 96 hours. To the mixture,
tetrafluoroethylene resin particles ("Lub

mfd. by Daikin Kogyoc K.K.) and was added,
—_

This Sheet Has B

NG

35 pats of
lon L-2",

followed by
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fine particles,

hours. To the
("Lubl on L-2",
foll owed by s
phot osensi tive
except that

chlorotrifl uor
nfd. by Daikin

and 300 parts of toluene were m xed by a san

regi stered trade mark, nfd. by Dai kin Kogyo K K saaded,
tirring for 4 hours by the sand mll. Exanple § 7

menber was prepared in the same manner as in E)aébpgéy‘wg
tetrafl uoroethyl ene resin pajgd cl es were changeq tio

oethylene resin particles ("Diflon", registered trade mark,

m xture, 35 parts of tetrafluoroethylene resi REELACEM@%W'SHLET

Kogyo K K.). Exampl e 6
stirring for 4 hours.by the sand mill to form a
dispersion for a protective layer.

The thus prepared dispersion was applied onto
the photosensitive layer by spray coating and dried,
followed by ultraviolet ray irradiation for 10 seconds
by means of a high-pressure mercury lamp at a light
intensity of 800 mW/cmZ,

Thus, a 4 pm-thick protective layer was
disposed on the photosensitive layer, whereby a
photosensitive member of the present invention was
prepared.

Example 43

A photosensitive member was prepared in the
same manner as in Example 20 except that the acrylic
polymerizable monomer was changed to an acrylic
pclymerizable monomer of the forﬁula:

o
CH,0C-CH=CH,
0
CH3CH,-C~CH,0C-CH=CH,
CH,0C-CH=CH,

ll

Example 44

A photosensitive member was prepared in the
same manner as in Example 43 except that the surface
treatment of the fine particles was performed in the

following manner. -
heet Has Been Replaced
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A photosensitive nenber was prepared in the sane manner as pa—bBeappte~t

except that the antinony- containing tin oxide fine particlHﬂﬂﬂduaﬁaENq'SHEET

chahged to el ectroconductive particles conprising bariumsu|fRate
-33 - fine particles coated with oxygen-short tin oxide, 03 JAN 1997
-57-

100 parts of antimony-containing tin oxide
fine particles ("T-1", mfd. by Mitsubishi Material
K.K.; average particle size of 0.02 mpm), 10 parts of
7 -methacryloxypropyl-trimethoxysilane {"KBM-503", mfd.
by Shinetsu Kagaku K.K.), 1 part of acetic acid, and
1000 parts of water were subjected to milling for 60
hours by a milling devgce. After the milling, the
mixture Qas filtered and then the filtrate was dried
for 5 hours at 120 ©°C to effect surface treatment of
the fine particles.

Example 45

A photosensitive member was prepared in the
same manner as in Example 43 except for further adding
2.5 parts of r—methacryloxypropyltrimethoxysiléne
(*KBM-503", mfd. by Shinetsu Kagaku Kogyo K.K.) to a
dispersion for a protective layer.

Example 46

A photosensitive member was prepared in the
same manner as in Example 43 except that the
tetrafluorcethylene resin particles were changed to
chlorotrifluorcethylene resin particles ("Diflon"(
mfd. by DPaikin Kogyo K.K.).

Example 47

A photosensitive member was prepared in the
same manner as in Example 42 except that a CGL and a
CTL were formed in reverse order.

Example 48 e
Sheet Has Been Replaced
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i.e., tin oxide containing oxygen |ess than stoichionmetry ("RFashf &
| V/p-1", registered trade mark, nfd. by Mtsui Kinzoku Kogyo EEJJRIQﬁE$L§HEET

particle size of 0.1 pm). Exanple 7 A phot osensiti einepber was
prepared in the same manner as in Exanple 1 except that a CGi an§ & JANTSY7
were formed in reverse order. Exanple 8 A photosenﬁiﬁive_nenber

was prepared in the same manner as in E §gple 1 except that an
internediate |layer was further disposed between a photosensitive |ayer and

a protective layer in the
An undercoat layer and a CGL were formed on
an aluminum cylinder in the same manner as in Example
10.
Onto the CGL, a solution of 10 parts of a

triarylamine compound of the formula:

CHs ~ CHs
CHs CHs
35Oy
©d O

and 10 parts of a polycarbonate resin ("Iupiron Z-
200", mfd. by Mitsubishi Gas Kagaku K.K.) in a mixture
solvent of 20 parts of dichloromethane and 60 parts of
monochlorobenzene was applied-by dipping, followed by
drying for 60 minutes at 120 OC to form a 15 pm-thick
CTL. Thus, a photosensitive layer was disposed on the
electroconductive support.

Then, a dispersion for a protective layer was
prepared as follows.

30 parts of a heat-curable acrylic resin
("DIANAL HR-620", mfd. by Mitsubishi Rayon K.K.)} as a
binder resin, 50 parts of antimony-containing tin
oxide fine particles ("T-1", mfd. by Mitsubishi
Material K.K.; average particle size of 0.02 nm), 150
parts methylethylketone, and 150 parts of ethyl
cellosolve acetate were subjected to milling for 48

hours by a milling device. To the mixture, 30 pats of

This Sheet Has Been Replaced
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fol |l owi ng manner.

applied onto the photosen5|t|ve | ayer by spray coating so ap provi de &g
0.2 [err]mthick (after drying) internediate ~|adyer,.foll ojed msdﬁ@dlﬁ@]tc
obtain the internedi ate | ayer . Conparative Exanple 1

photosensitive nenber was prepared in the s manner as n Exanple T

except for omtting the surface treatment of’the el ectroconductive

particles. Conpar ati ve Exanple 2

A solution of a silicone resin[gahVds T
regi stered trade mark, nfd. by Toray Silicone-K K ) in Iigr:m3 W SHEET

tetrafluoroethylene resin particles ("Lublon

L-2",

mfd. by Daikin Kogyo K.K.) was added, followed by

stirring for 10 hours by the sand mill to fo

dispersion for a protective layer.

rm a

The thus prepared dispersion was applied onto

the photosensitive layer by spray coating an
for 4 hours at 140 ©c.

Thus, a 6 pm-thick protective layer

d dried

was

disposed on the photosensitive layer, whereby a

photosensitive member of the present invention was

prepared.

Comparative Example 14

A comparative photosensitive member
prepared in the same manner as in Example 43
that the protective layer was not used.

Comparative Example 15

A comparative photosensitive member
prepared in the same manner as in Example 43
that the tetrafluoroethylene resin particles
the protective layer were not used.

Comparative Example 16

A comparative photosensitive member
prepared in the same manner as in Example 48
that the tetrafluorcethylene resin particles
the protective layer were not used.

Comparative Example 17

A comparative photosensitive member
AR S

Sheet Has Been Replaced
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o

A conpar ative photosensitive nenber was prepared in the s
Exanpl e 1 except
protective |ayer was not used. Conparative Exanple 3
conpar ati ve photosensitive nenber was ()3JAN‘99

-60-

- 34 - REP}:E“ y @
|
_

prepared in the same manner as in Example 47 except
that the protective layer was not used.

Comparative Example 18

A comparative photosensitive member was
prepa;ed in the same manner as in Example 42 except
that the antimony-containing the oxide fine particles
used in the protective layer were not used. )

Each of the thus prepared photosensitive
members was evaluated in the same manner as in Example
1 except that 50,000 sheets of copying was changed to
30,000 sheets of copying. The results are shown in

Table 5 appearing hereinafter.

Examples 49 - 54

. Six photosensitive members for Examples 49 -
54 were prepared in the same manner as in Example 42 -
47, respectively, except that a CGL was prepared in the
same manner as in Example 42.

Comparative Example 19

A comparative photosensitive member was
prepared in the same manner as in Example 49 except
that the protective layer was not used.

Comparative Example 20

A comparative photosensitive member was
prepared in the same manner as in Example 49 except
that the tetrafluoroethylene resin particles used in
the protective layer were not used.

Comparative Example 21
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prepared in the sane manner as in Exanple 1 except that the
tetrafl uoroethylene resin particles used in the protective

used. Conparative Exanple 4 A conpar ati ve. phot osehn
was prepared in the same manner as in Exanple 7 except tha
protective | ayer was not used. Each of the thus pr
photosensitive nenbers was assenbl ed i nngygn el ectrophot ograp

Srehid b ¥ A2 . g'l HEET

Nns MY
STy

o ﬁgp JAN 97

hic._copving, ...
steps of:

machi ne performng an image formati on process including the

char gi ng- exposur e-devel opnent- transfer-cleaning at a cycl ei.s

sec/cycl e,

cnaand. .of. 1.5
™=

A comparative photosensitive member was

prepared in the same manner as in Example 50 except

that the tetrafluorocethylene resin particles used in

the protective layer were not used.

Comparative Example 22

A comparative photosensitive member was

prepared in the same manner as in Example 54 except

that the protective layer was not used.

Each of the above prepared photosensitive

members were evaluated in the same manner as in

Example 10. The results are shown in Table 6

appearing hereinafter.

_—
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and was subjected to inmage formation at an initial stage un

envi ronnental conditions including normal - tenperature (20

normal -humidity (50 %RH) condition (hereafter, abbreviated fa
tenperature (10 [err]C and lowhumdity (15 9%RH conditio
abbreviated as "L/L"), and high-tenperatu&{35 [err]C) an
in

eval uate image form ng properties. Further, each of the ph

(85 %H) condition (hereinafter, abbreviated as "H H")

NN g

(fheréin

ter,

¥s TR VAN |

menbers was subjected to successive imge formation of 50,000 sheets (a

durability test) under NNN. The results are shown in
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of 50,000 sheets, each of the photosensitive nenbers was su
observation of an abrasion degree, i.e., a thickness ([err]p}of a part of
t he photosensitive nenber which had

Tabl e 1 appearing hereinafter. After the ?Mﬁﬁm

IRT SHEET

0 3 JAN 1997

-63-

In the above Table 5, each evaluation results
of the durability test denotes the following state.

"Good": Good images substantially free from image
defects were obtained.

*Transfer failure": Toner images were not
sufficiently transferred to a transfer-receiving
material to form mottled or spotted images.

"Image flow": 1Image flow was observed.

"Poor image density": The resultant images had
poor image density.

"Image blur': Image blur was observed.

"-": The photosensitive member was not subjected
to measurement or observation because the CGL was
considerably abraded or the residual potential was too

large.
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been renoved therefrom by abrasion. The results are also showa.in.Jable 1.

In the initial stage of the above image formation under NN,
phet osensitive nenbers was subjected to nmeasurenent of

ACEMENT SHEET

el ectr ophot ographi c properties including initial dark part p .
Vlerr] (V), sensitivity (lux.sec) and |dual potential V[erfr]] ( JAN 9%/
In the above, "initial dark part potentla nmeans a surface potiential (V)

of a photosensitive nenber at the tinme of charging by using dorona
di scharger (-5 KV or +5 KV (only for the

Table 6
Ex. Transfer memory (1Vgq1! - 1Vgzi) (V)
49 25
50 25
51 20
52 20
53 25
54 ' 25
Comp.
Ex. 19 60
20 50
21 45
22 65
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phot osensitive nmenber prepared in Exanple 7)). A |arger abso
an initial dark part potential shows a better chargeability ijn

Furiher, "sensitivity" nmeans an exposure quantity (Eferr]; | x{sery JAN 1997

REELAGMI‘H? SHEET

njlable 1.

required for decreasing a surface potential of 700 V (absol utjejval ue) t

surface
in Tabl e

potential of 200 V (absolute valuye). The results are &#9e~sheMﬁ
1
assenbled in a nodified copying machi ne of

Separately, each of "the photosensitive menbers was

As shown in Table 5, the photosensitive
members prepared in Examples 42 - 48 according to the
present invention provided good electrophotographic
properties, image-forming properties under any
environmental conditions (i.é., N/N, L/L, H/H).

With respect to the comparative
photosensitive members prepared in Comparative
Examples 14 - 18, each evaluation result was as
follows.

(Comparative Example 14)

The comparative photosensitive member showed
good electrophotographic properties at the initial
stage but failed to provided good images after about
10,000 sheets of copying due to a decreased
chargeability.

{Comparative Examples 15 and 16)

The comparative photosensitive members failed
to provide images over a wide area from the initial
stage and provided image blur under H/H. Further,
after 50,000 shgets of copying, image flow was
observed.

{Comparative Example 17)

Image blur was caused to occur under H/H and
good images were not obtained after about 8,000
sheets of copying due to a remarkable decrease in
photosensitivity caused by abrasion of the CGL.

(Comparative Example 18)

This Sheet Has Been Replaced
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a copyi ng machine ("NP-3825", nfd. by Canon K. K.) Jﬁﬁ?ﬁAﬂEﬂ&%ﬁ‘SﬂﬁET
eval uate "pause nenory characteristic". Mre specifically, a [
phot osensitive nmenber was caused to have a dark part potenti
-650 V and a light part potential (V[err]) of -150 V at an i
respectively. Then, the copying machi ne was subjected to sugc
copying test of 10,000 sheets. After -66-

02 S loe?

e

The comparative photosensitive member showed
a considerable high residual potential and accordingly
did not deserve evaluation of image forming
properties, an abration degree, and pause memory
characxteristics.

As described hereinabove, according to the
present invention, there is provided a photoseﬁ;itive
member having good elctrophotographic properties
substanfially free from a decrease in photosensitivity
and an increase in residual potential.

The photosens;tive member stably provides
high quality images even when used repetitively
because fhe photosensitive member has a protective
layer excellent in a surface releésability, a
resistance to abrasion and an environmental
stability.

The photosensitive member also provides
improvements in pause memory characteristics and a
transfer memory.

In addition, the comparative photosensitive
members prepared in Comparative Examples 14 - 18
showed considerable poor pause memory characteristic
when compared with those prepared in Examples 42 -~ 48
according to the present invention.

As shown in Table 6, the photosensitive
members prepared in Examples 49 - 54 according to the

present invention provided good transfer memory when

—_—
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o

t he copying test,

potential (V[err]) were neasured to obtain a variation (% in ‘:%~%37é7§?SQ§E
potentials V[err] and V[err] and a variation (% in the potentiafs— Yoty
and V[err], respectively. For exanple, a variation of 2 % neang §

I n potential of

was left standing for 24 hours within thé;copylng machi ne. After

potentials at a
position (i.e.,

a dark part potential (V[err]) and a Ilight p

13 V (i.e., 650 x 2/100) Then, the photosensiti

position i medi ately under the charger and anof her
a position different from the position i med atekg=xader

the charger) WeggmpHPas'thSth ! onolt 4 fbdhslid 'l RU5RaLbBLLLVE hp180S0l Ut e
19 - 22.

An electrophotographic photosensitive member
is constituted by disposing a protective layer and a
photosensitive layer on an electroconductive support
in this order. The protective layer is characterized
by containing an electroconductive particles,
fluorine-containing resin particles and a binder
resin. The photosensitive layer is suitable for
providing an electrophotographic apparatus showing
excellent electrophotographic characteristics such as
a high photosensitivity and a low residual potential
and also providing good image forming properties under
any environmental condition, improved pause memory

characteristics and a decreased transfer memory.

'\
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val ue tthebe%Meen*~1hg_L§§ults are shown in Table 1. Exanpl BRI s7r T f e b
der e "l L ACEMENT Siie

In order t
Exanpl es 9
respective

transfer menory", eight phot osensitive 1 %

l"] ared in the sane manner as in Exanplles 1.- 8,
CGL was prepared in the follow ng NarMErJAN 199/

-68-

WHAT IS CLAIMED IS:

1. An electrophotographic photosensitive member,
comprising: an electroconductive support, and a
photosensitive layer and a protective layer disposed
on the electroconductive support in this order,
wherein said protective layer comprises
electroconductive particles, fluorine-containing resin

particles and a binder resin.

2. A photosensitive member according to Claim 1,
wherein said electroconductive particles comprise

metal oxide.

3. a photosensitive member according to Claim 1,
wherein said electroconductive particles have an

average particle size of at most 0.3 um.

4. A photosensitive member according to Claim 3,
wherein said electroconductive particles have an

average particle size of at most 0.1 um.

5. A photosensitive member according to Claim 1,
wherein said fluorine-containing resin particles
comprise tetrafluoroethylene resin or vinylidene

fluoride resin.

6. A photosensitive member according to Claim 1,
—_—
- This Sheet Has Been
[T T ] —
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A coattnhgliquid for a CG was prepared RPdA .
a mxture of 4.5 parts titani unpht hal ocyanine and 2 p ELPE ERH{SHEET
but yr al resima‘- g B‘!Eﬁmtregi stered trade mark, nfd. by} Sgkisui Kagaku
L anone by means of a sand nill jof O3sJANUWE/
and by adding 100 parts of THF to the above. mixture. The thuk_prepared
f

coating liquid was applied onto an underc8it |ayer by dippihg,
drying for 15 minutes at 80 [err]Cto forma 0.15 [err] mt hi-ek-Cd i}

K.K) in 100

ol I owed By

Conpar ati ve Exanple 5

wherein said binder resin comprises a curable resin.

7. A photosensitive member according to Claim 1,
wherein said protective layer further comprises at
least one species of a compound selected from the
group consisting.of a coupling agent, a surfactant, a
silicone oil: and a graft polymer having a water-

repellent group.

8. A photosensitive member according to Claim 7,

wherein said compound contains fluorine atom.

g. A photosensitive member according to Claim 7
or 8, wherein said electroconductive particles have

been subjected to surface treatment.

10. A photosensitive member according to Claim 1,
wherein said photosensitive layer comprises a charge

generation layer and a charge transport layer.

11. A photosensitive member according to Claim 1,
further comprising an intermediate layer disposed
between said electroconductive support and said

photosensitive layer.

12. BAn electrophotographic apparatus, comprising:

an electrophotographic photosensitive member according

This Sheet Has Been Replaced
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A photosen5|tlye_nenbeF~was—pr€pared and evaluated in the s
I n Exanple 9 excep

el etct roconduct i
phot osensitive ne
Exanpl e 14 except for omtting the surface treatnent of the
el ectroconductive particles. Cbnparative“EQanple 7 '
conpar ati ve photosensitive nenber was prepared and eval uatgd in the sane

m!! g the surface treatnment of t RBPLACEMENT SHFET

aratlve Exanpl e 6
nprepared and evaluated in the sa mﬁ”fmﬁswb?'
-

to Claim 1, means for forming an electrostatic latent
image, means for developing the formed electrastatic
latent image and means for transferring the developed

image to a transfer-receiving material.

13. A device unit, including: an
electrophotographic photosensitive member according to
Claim 1 and at least one means selected from a
charging means, a developing means, and a cleaning
means;

wherein said photosensitive member, and said
at least one means selected from the charging means,
the developing means, and the cleaning means are
integrally supported to form a single unit, which can
be connected to or released from an apparatus body as

desired.

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED
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Exanpl e 9 except that the protective |ayer was not used. Conparative

Exanpl e 8 A conparative photosensitive nenber “ﬁSREPBAﬁﬂﬁﬁﬁﬁ‘SHBET.

the sane manner as in Exanple 9 except
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ELECTROPHOTOGRAPHIC . PHOTOSENSITIVE MEMBER,
ELECTOPHOTOGRAPHIC APPARATUS USING SAME AND
DEVICE UNIT USING SAME

ABSTRACT OF THE DISCLOSURE

An electrophotographic photosensitive member
is constituted by disposing a protective layer and a
photosensitive layer on an electroconductive support
in this order. Tﬁe protective layer is characterized
by containing an electroconductive particles,
fluorine-containing resin particles and a binder
resin. The photosensitive layer is suitable for
providing an electrophotographic apparatus showing
excellent electrophotographic characteristics such as
a high photosensitivity and a low residual potential
and alsc providing good image forming properties under
any environmental condition, improved pause memory

characteristics and a decreased transfer memory.

FIG. 1

\
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(V[;err]) of a primary chargi ng under no transfer current application and a

voltage (Merr]) of the primary charging under transfer cugrrent
application to evaluate a transfer nenory (|V[err]| - |V[¢REHEWQE§§%WNSHEET
_d_

absol uyte value). The results are shown in Table 2 bel ow.
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ELECTROPHOTOGRAPHIC PHOTOSENSITIVE MEMBER,
ELECTROPHOTOGRAPHIC APPARATUS USING SAME

AND DEVICE UNIT USING SAME

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to an
electrophotographic photosensitive member
{hereinafter, simply referred to as "photosensitive
member"}, particularly to a photosensitive member
having a specific protective layer.

The present invention also relates to an
electrophotographic apparatus and a device unit
respectively using the photosensifive member.

Heretofore, there have been known
photosensitive members to be applied to an
electrophotographic process generally including the
steps 0f: charging-exposure-~development-transfer-
cleaning-charge erasure. More specifically, an
electrostatic latent image formed through the steps of
chaééfﬁg and exposure is visualized into a toner ;mage
by a developing fine particles called "toner" in ?he
step of develop@ent. The toner image was transferred
to a transfer-receiving material such as paper by
transfer means. At this time, all the. toner particles
is not transferred but a part of the toner particles
stays at the surface of the photosensiti&e member.

If ‘a large amount of such residual toner



[err] ) - 40- In the above Tabl e
1, each evaluation results ]
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particles stays at the surface of a photosensitive
member, a resulfant image to be formed on a transfer-
receiving material has considerably decreased toner
particles in a mottled or spotted form, thus failing
to provide uniformity of the image. Morecover, the
photosensitive member encounters a problem of toner
sticking to the surfaée of the photoseqsitive member
or occurrence of filming phenomenon.

In ordef to solve the problems, the
photosensitive member is required to have an improved
releasability at the surface thereof.

The photosensitive member is also required to
have a durability against external forces such as an
electrical force and a mechanical force becaﬁse the
external forces are directly imposed on the
photosensitive member in the above-mentioned
electrophotographic process. More specifically, the
photosensitive member is required to have resistgnces
to abrasion and mar due to friction and a resistance
to‘deferioration on a surface layer due to adhesion of
active substances, such as ozone and NOx, gene:atgd at
the time of charging.

In order fo satisfy the above
characteristics, various protective layers for a
photosensitive member, particularly those comprising a
resin as a main component, have been studied and

proposed. Among them, many protective layers formed



of the durability test denotes the foll ow ng state. "Good": Good
I mges substantially free frominmge defects were obtained. [ il
failure": Toner images were not sufficiently transferred tjo%a s
transfer-receiving material to formnottled or spotted i mges. "I mage
flow': Image flow was observed. "Poor inmage density": |[THe 183HR ant

I mges had poor inage density. "I'mage blur": | mge bl y4r jwas observed.
"-" . The photosensitive nenber was not subjected to neasurlement oOr
observati on because the CA was

by adding metal or metal oxide to a resin to control
an electrical resistance of the protective layer have
been proposed. However, a photosensitive member using
such a protective layer has encountered a problem of
remarkable decrease in photosensitivity because
absorption of light in the protective layer is caused
to occu; and an amount of light arriving at the
photosensitive layer is decreased.

Accordinqu, there has been proposed a method
of preventing a dec:ease in photosensitivity by
dispérsing.metal oxide having .an average particle size
of at most 0.3 pm as electroconductive particles
within a protective layer to improve a transparency to
visible light as disclosed in, e.g., Japanese Laid-
Open Patent Application (JP-A) No. 30846/1982.

Such a dispersion of metal oxide in a
protective laygr for a photosensitive member generally
is performed in order to control an electrical
resistance of the protective layer alone to suppress an
increéée in a residual potential within the
photosensitive member. There has been known that_a
protective layer for a photosensitive member may
suitably have an electrical resistivity in a range of
1010 - 1015 ohm.cm. However, in the abowve resistivity
range, an electrical resistance of the protective layer
is liable to vary depending upon a degrée of ion

conduction, thus largely changing a value of the



consi derably abr aded.

Table 2
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electrical resistance depending upon environmental
conditions such as temperature and humidity.
Particularly, when metal oxide particles have been

dispersed in a protective layer, it has been heretofore

difficult to keep a resistivity of the protective layer
being within the above resistivity range during a
repetitive electrophotographic process under wvarious
environmental conditions because the metal oxide
particles generally have a large water absorption
properties at the surface thereof. Further, under a
high humidity condition, active substances such as
ozone and NOx generated by charging repetitively attach
to the surface of a photosensitive member to cause
decreases in a resistivity at the surface of the
photosensitive member and a releasability of toner
particles, thus resulting in occurrence of image flow
and an insufficient uniformity of an image.

In order to remedy the above drawbacks, there
have been proposed various protective layers
incluaing: one containing an additive such as
fluorine-containing silane coupling agent, titénate
coupling agent or C4F;gNCO as disclosed in JP-A
306857/1989; one containing metal or metal oxide fine
particles having improved dispersibility and
resistance to humidity by effecting water-repellent
treatment to the fine particles together with a binder

resin as disclosed in JP-A 295066/1987; and-one containing
metal oxide
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fine particles surface~-treated with an agent, such
as titanate coupling agent, fluorine-containing
silane coupling agent or acetoalkaxyaluminum
diisopropylate, together with a binder resin as

disclosed in JP-A 50167/1990 corresponding to U.S.
Patent No. 5,008,172.

The IBM Technical Disclosure Bulletin, vol. 19, No. 1, June
1976, discloses a coating for a photoconducter drum se=al on a
high-speed electrophotographic printer, which coating
consists essentially of an electrically conductive pigmént

dispersed in a resin and may optionally contain TEFLON powder
as a lubricant.

JP-A-63 221 355 proposes, for obtaining high-quality imaqges

from an electrophotographic photosensitive member without
causing scratches and image flow for prolonged and repeated
use, to incorporate fluororesin powder and a graft

fluoropolymer in the surface layer of a photosensitive layer
formed on a conductive substrate.

JP-A-6 392 958 describes an electrophotographic phote-
sensitive member, where the photoconductive layer and the
protective layer are formed by dispersing a specific metal
oxide such as a mixture composed of SnO: and Sb,0; into a
binder resin such as polyurethane and are provided on a
conductive substrate. The oxide was subjected to a treatment
imparting hydrophobicity thereto, preferably by using a
silicone water repelling agent.

USA~4 409 309 relates to an electrophotographic photo-
sensitive member comprising an electroconductive support
along with a photosensitive layer and a productive layer

disposed thereon in this order, wherein said protective layer




-42 - As shown in Table 1, the photosensitive RERGACEMENT SHEET
prepared in Exanples 1 - 8 according to the present invengi¢n provided
good el ectrophotographic properties, imge-form ng propertiés1qp§¢p~@gy
environnental conditions (i.e., NN, L/L, HH). The photosefsitive nember
prepared in Conparative Exanple 1
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contains a powder of metal oxide having a mean particle size

of 0.3 pm or less dispersed in a binder resin which is
desirably a hardenable resin.

EP-A-57 532 relates to an electrophotographic photosensitive
member comprising an electroconductive support, 2 photo-
sensitive layer and a protective layer, where the protective
layer comprises at least one particulate metal oxide having a

mean particle size below 0.3 pm dispersed in an organic res:in

binder material. Further, an intermediate layer may be
provided between the protective layer and the photosensitive
layer, which intermediate layer comprises an organic or

inorganic material having a dark electrical resistivity
greater than the protective layer.

EP-A-5 10 644 describes an electrophotographic photosensitive
member comprising an electroconductive support and a
photosensitiﬁe layer being disposed thereon and containing a
specific oxytitanium phthalocyanine. This electrophotographic
photosensitive member is combined with charging means and

cleaning means to be integrally supportéd and to form a
device unit.

In EP-A-606 004 (a document pursuant to Art. 54(3) (4) EPC),
an elecérophotographic photosensitive member is described
comprising an OPC photosensitive body coated with an electric
charge supply layer which is prepared by dispersing titanium
dioxide in polycarbonate serving as binder. Furthermore, PTFE
particles having a particle diameter of about 0.5 um are also

dispersed in the binder in order to reduce the surface energy
of the photosensitive drum.




al so provi des good el ectrophotographic properties at the imtt
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but provided slightly poor inages at and after about 35,0 @Eyhggﬁi
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copyi ng due to a decreased chargeability and i mage flow afitdf 5 ggQ%§§T§?E:

sheets. However, such properties of the photosensitive ne r %
Conparative Exanple 1 were still acceptable level for practiical use.
Wth respect to the conparative photosensitive nenbers pre ed-th

Conparative Exanples 2 - 4 each evaluation result was as foll ows.

Conpar ati ve Exanple 2,
(Comp P 1%uase,conventional protective layers, however, are still

insufficient in releasability of a binder resin per se
used for a protective layer, resistances to abrasion
and mar due to friction and a resistance to active
substances such as ozone and NOx, thus failing to
satisfy electrophotographic characteristics meeting a
recent requirement of improved image quality as yet.
With recent requirements of improved
durability.and high image quality, a photosensitive
member has encountered a new problem of "pause memory
characteristic“ being one of deterioration phenomena.
More specifically, pause memory characteristic means a
phenomenon that a chargeability at a part of a
photosensitive member immediately under a corona
charger is decreased when the rotation of the
photosensitive member is paused in repetitive copying,
whereby the part of the photosensitive member has a
decreased image density in a normal development system
and has an increased image density in a reversal
development system. Such a phenomenon (i.e., pause

memory characteristic) is liable to occur after




The conparative photosensitive member showed good el ectrophotographic

properties at the initial stage but failed to provided go
about 10,000 sheets of copying due to a decreased charge

The conparati ve photoseps
failed to provide inmages over a wde area fromthe initifl

(Conpar ati ve Exanpl e 3)
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repetitive use for a long term, thus being a more

serious pProblem with an elongated life of a

photosensitive member.

Moreover, in a reversal development system

meeting a recent digital copying system, a so-called

"transfer memory" by which a chargeability is changed

depending upon the presence or absence of transfer

current because primary charging and transfer charging

are performed by using polarities opposite to each

other is caused to occur, thus resulting in an

unevenness in image density.

SUMMARY OF THE INVENTION

The present invention has been accomplished

in order to meet the above requirements.

An object of the present invention is to

provide an electrophotographic photosensitive member:

having a surface with advantages including a high

releasability and excellent resistances to abrasion

and mar and also capable of keeping high image

quality.

Another object of the present invention is to

provide a photosensitive member free from a decrease

in a surface resistance (resistivity) due to adhesion

of active substances generated by repetitive use and

capable of retaining high image quality even under a

high humidity condition.
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Another object of the present invention is to
provide a photosensitive member showing stable
electrophotographic characteristics wherein
accumulation of residual potential and a decrease in
photosensitivity are not readily caused to occur even
when used repetitively.

Another object of the present invention is to
provide a photosensitive member having a decreased
transfer memory even in a reversal development system.

Another object of the present invention is
to provide an electrophotographic photosensitive
member having an improved pause memory characteristic.

Another object of the present invention is to

. provide an electrophotographic apparatus and a device

unit respectively including the electrophotographic

photosensitive member.

According to the presem invention, there ' is provided an
electrophotographic photosensitive member, comprising: an electroconductive
sﬁpport, a photosensitive layer having an i_mage-fonning region disposed on the
electfoconductive support, and a protective layer covering the image-forming
region on the photosensitive layer, wherein said protective layer comprises
electroconductive particles, fluoririe-containing resin particles, a binder resin
and at least one species of a compound selected from the group consisting of a
coupling agent, a surfactant, a silicon oil, and a graft polymer having a water-

repellent group.

According to the present invention,
there is also provided an electrophotographic

apparatus and a device unit including the




menbers prepared in Conparative Exanples 2 - 4 showed consider
pause nmenory characteristic when conpared with those prep '
1 - 8 according to the present invention. As sh
t he photosensitive nenbers prepared in Exanples 9 - 16 ac
i nvention provided good transfer nenory when conpafe W

pr esent
prepared in Conparative Exanples 5 --910 £xanple 17

-

above-mentioned electrophotographic photosensitive
member.

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 £;ken in conjunction with the
accompanying drawings.

2

BRIEF DESCRIPTION OF THE DRAWINGS

. Figure 1 is a schematic structural view of an
electrophotographic apparatus using an

electrophotographic photosensitive member according to

the present invention.

Figure 2 is a block diagram of a facsimile
machine using an electrophotographic apparatus

according to the present invention as a printer.

DETAILED DESCRIPTION OF THE INVENTION
T The electrophotographic photosensitive

member according to the present invention is
characterized by a grotective layer comprising
electroconductive particles, fluorine-containing resin
particles and a binder resin. -

The electroconductive particles used in the
present invention may include those compfising metal,

metal oxide and carbon black. Examples of metal may




- 44 - was used instead of the bisazo pignent for use in the CCG
prepared in Exanple 1. Then, a dispersion for a pi =
was prepared as foll ows. 25 parts of an acrylic g] Vi ol
nononer, to be used as a binder resin, of the formul a: [err]
18 SEP 1999
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include: aluminum, zinc, copper, chromium, nickel,
stainless steel, silver, etc.; and plastic particles
the surface of which is covered with vapor-deposifed
these metals. Examples of metal oxide may include:
zinc oxide, titanium oxide, tin oxide, antimony oxide,
indium oxide, bismuth oxide, indium oxide doped with
tin;-tin oxide doped with antimony, and zirconium
oxide doped with antimony. THese materials may be
used singly or in ,combination of two or more species.
Whgn two or more.species of these materials are used,
they may be simply mixed or be formed into a solid
solution or a fused mixture.

The electroconductive particles ﬁsed in the
present invention may preferably have an average
particle size.of at most 0.3 pm, more preferably at
most 0.1 pm, in view of prevention of a decrease in
photosensitivity.

In the above materials for the

electroconductive particles, metal oxide as described

. above may particularly be preferred in view of

transparency etc. .

The fluorine-containing resin particles used
in the present invention may include those comprising
poelymers, such as, tetrafluoroethylene resin,
chlorotrifluoroethylene resin, hexafluorinated
ethylene propylene resin, vinyl fluoride resin,

vinylidene fluoride resin, dichlorodifluorocethylene



2.0 parts of 2-nethylthi oxanthone as a photopol ynerization |n|t|ator

parts of antinony- containing tin oxide fine particles ("T
Mt subi.shi Material K K ; average particle size of 0.02 [e
parts of toluene were m xed by a sand mlIl for 72 hours. Tp
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resin, and copolymers of these polymers. These

materials may be used singly or in combination of two

or more species. In these materials,

tetrafluorcethylene resin and vinylidene fluoride

resin may preferably be used.

The fluorine-containing

resin particles can

appropriately be selected from the above materials

having various molecular weights

‘and barticle sizes.

The fluorine-containing resin particles generally have

a weight average molecular weight (Mw) of 3,000 -

10,000,000 and also have an average particle size of -

0.01 - 2 pm.

The binder resin used in the protective layer

may include various resins such as polycarbonate

resin, polyester resin, polyarylate resin, polystyrene

resin, polyethylene resin, polypropylene resin,

polyurethane resin, acrylic resin, epoxy resin,

silicone resin, cellulose resin,

phosphazene resin, melamin resin,

vinyl chloride resin,

and vinyl chloride-

. vinyl acetate copolymer. These binder resins may be

used singly or in combination of

two or more species.

In the above binder resins, curable resins

(i.e., thermosetting resin or polymers obtained

through thermal- or photo-polymerization) may

desirably be used in view of properties of the

protective layer, such as, surface hardness,

resistance to abrasion (or wear),

dispersibility of



- 45 - Thus, a 6 [err]mthick protective |ayer was disposed on
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t he photosensitive | ayer, whereby a photosensitive nenb ET
i nventi on was prepared. Exanple 18 A phot os i 3
prepared in the sanme manner as in Exanple 17 except that} 4 parts of
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fine particles, and stability of dispersion. More
specifically, in a preferred embodiment,
electroconductive particles and fluorine-containing
resin particles are dispersed in a solution of a
curable (or polymerizable) monomer or cligomer capable
of being thermal- or photo~cured (or polymerized)} in
an appropriate solvent to form a coating liquid for a
protective layer. The coating ligquid is applieg onto
a photosensitive layer, followed by curing (or
polgmerization) ﬁy heating or light irradiation to
form the protective layer. The thus formed protective
layer may preferably be used in the present invention
in view of dispersibility, hardness, resistance to
abrasion, etc.

Generally, thermal- or photo-curable {or
polymerizable)} monomers or oligomers may, e.g., have
at least one functional group as a terminal group
causing polymerization reaction by using thermal
enerqg or light energy. . In the above, relatively high

ce molesular weight compounds having 2 - 20 recurring
structural units may be referred to as "oligomer” and
compounds having relatively‘low molecular weight
smaller than those of such oligomers may be referred
to as "monomer".

Examples of the above-mentioned functional
group cadsing polymerization reaction may include:

groups having a double bond of C=C, such as acryloyl



tetrafluoroethylene resin particles and 35 parts of fluord-ne-
silane coupling agent were used in the step of formng a REP'%; Lian
protective |ayer. Exanple 19 A phot osensi ti ve|ngpBé :

prepared in the sanme manner as in Exanple 17 except that I nt er medi atje
| ayer was further disposed between a photosensitive |aye anafﬁsgpd@%%tiv

| ayer in the follow ng nanner. - 14 A solution of a}slLlicone resin
("AY42-441",

group, methacryloyl group and vinyl group; silanol
group; groups causing ring-opening polymerization,
such as cyclic ether group; and two or more species .of
compounds, such as phenol and formaldehyde, causing
polymerization reaction therebetween.

The protective layer may preferably have a
resistivity of 1010 - 1015 ohm.cm. The resistivity of
the protective layer varies depending upon
electroconductive particles content. In view of the
above preferred resistivity of the protective layer,
thelprotective layer may preferably contain 10 - 80
wt. %, more preferably 20 - 70 wt. $ of the
electroconductive particles.

The protective layer may preferably contain 5
- 70 wt. %, more preferably 10 - 60 wt. % of the
fluorine-containing resin particles. Above 70 wt. %,
the protective layer is liable to have a lowered
mechanical strength. Below 5 wt. %, the protective
layer fails to have sufficient properties such as
rele;sahility, resistance to abrasion, and resistance
to marring.

The protective layer may preferably have a
thickness of 0.2 - 10 pum, more preferably 0.5 - 6 pm.

In the presént
invention, the protective layer further contains
one or two or more compounds including: a coupling

agent such as silane coupling agent or titanate-type
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except that 20 parts of the fluorine-containing silane coug“
changed to 10 parts of a fluorine-containing graft
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coupling agent; a surfactant; a silicone cil; and a
graft polymer having a water-repellent group. Among
the above compounds, compounds containing fluorine
atom may particularly be preferred in view of an
improvement in a compatibility with the above-
mentioned fluorine;cantaining resin particleg.
Preferred examples of such compounds are
enumerated below but are not restricted to the
foilowing compounds.
Silane cougling.agent
;vinyl chlorosilane,
vinyl triethoxysilane,
vinyl—tris(B-methoxyethoxy)éilane;
B~{3,4-epoxycyclohexyl )ethyltrimethoxysilane,
 7'-glycidoxypropyltriethoxysilane,
N-B-(amoncethyl )~ -amonopropylmethyldimethoxy-
silane,
N,N-bis(g8-hydroxyethyl )-r-aminopropyltriethoxy-
sil§ng,
fiéhloropropyltriméthoxysilane, and
7r-methacryloxypropyltriethoxysilane.

Fluorine-containing silane coupling agent
CF3CH2Csti (OCH3 } 3

C4FgCH,CH,S1(OCH3) 3,
CgFy3CH,CH,S1(OCH3) 3,
CgF7CH2CH,S1 (OCH3 ) 3,
CgF17CH,CH,S1 (OCH,CH,0CHS) 5,



e ———

pol ymer of the fornul a: [err]
(Wi ght - average nol ecul ar wei ght (My) of 25, 000;

9 . Exanpl e 22 , ; fl uori ne RE@EE E% E{EE:M :

18 SEP 1999

- 16 -

C10F2151 (OCH3) 3,

CgF 1 3CONHS 1 (OCH3) 5,

CgF | 7CONHS1 (OCH5) 5.

CF ; SCONHCH ,CH,CH,S1 (OCH3 ) 5.

CF | SCONHCHCH,CH,S1(0C,Hg ) 3/

CF 1 SCOOCH,CH,CH,S1 (0CH3) 3,

CF 1 5COSCH,CH,CH,S1 (OCH3) 5.

CgF; 7SO0, NHCH,CH,CH,51 (0C,Hs ) 3.

CgF 1 7S0,NCH,CH,CH,S1(0CH3) 5

LHZCH2CH3

| CgF 1 CH,CH,SCH,CH,S1 (OCH3) 3.

CyoF21CH,CH,SCH,CH,S1 (0CH ) 5.

CF 1 sCONHCH,CH,NCH,CH,CH,S1(0CH3) 3, and.
COCF;

CF 1 550, NHCH,CH,NCH,CH,CH,S1 (0CH3 ) 3.
| 80,CgFyq

Fluorine-modified silicone oil

CH3
] CH3-81-0 81—0 S:.— }- Sl—CK3
: CH3 n CH3

wherein, R denotes -CHzCH2CFs, and m and n are a

positive integer.

Fluorine-containing surfactant
X-SO,NRCH,COOH,
X-SO,NRCH,CH,O(CHoCH,0) (K (n = 5, 10, 15),
X~SO,N(CH,CH,CH;0H) 5,

X-RO(CH;CH50), (n =5, 10, 15),



- 47 - instead of the fluorine-containing silane coupling agent.

Exanpl e 24 A phot osensi tive nenber was prepared i - 1
manner as in Exanple 17 except that the REPL 'ﬁ;@ﬁff&%g
1 A
1 18 SEP 1999

X-(RO), (n = 5 - 20).
X-(RO)R (n = 5 - 20),
X~SO,NRCH,CHCH,
\/
0
X-COOH, X-CH,CH,COOH,
X-ORCOOH,
X-ORCH,COOH, X~SO3H,
X-ORSO3H,
X-CH,CH,0H,
X-CH,OCH,CHCH, |,
\/
0
X-C32C320CH2CHCHZ . and
\/
0]
X~-CO,CH,CHCH,,
\/
o L]
In the above, R -denotes alkyl group, aryl

group or aralkyl group; and X denotes a f luorocarbon

group such as -CF3, -C4Fg or -C8F17.

Flquine-contain'ing graft polymer

CH3
'fCHz‘?H*E‘fCHz'f*E'
Ry Ry

(o]
i
Ry: ~CO-CHy~CH, «CHy 3T CF3
. (o]
CH
. ] >

Ry: —CO-CHZ—TH-CHZ-OOC-CHZ—S—%?—CH2+E-H

OH COOCH,



tetrafl uoroethylene resin particles were changed to
chlorotrifluoroethylene resin particles ("Diflon", registere Pkﬁﬁﬁhﬁ%ﬂhSHEpT
nfd. by Dai kin Kogyo K. K. ). Exanple 25 A phot osens 1 r
was prepared in the sanme manner as in Exanple 17 except that
the fluorine-containing silane coupling agent was changed to
fluorine-containing silane coupling age®t -

(derr]Flerr]CH err]CH err]Si(OCCH err])[err] and 10 parts of j@a

Ve TTemmoet

8 gg $§P 3{"’%

2N~

fluorine-containing surfactant (Cerr]F[err] SO err] NCH err] CHerTi€esH)

Exanpl e 26

A phot osensitive nenber was prepared in the
In the above, m, n, 1 and k each is an

integer.

The above compounds (i.e., coupling agent,
surfactant, etc.) can be contained in the protective
layer by treating the surface of electroconductive
particles with at least one compound described above
or by simply adding at least one compound described
above to a coating ligquid for the ﬁfotective layer.
In the present inyention; the former (i.e., surface
treatment) may pieferably be applied.

. A method for performing surface treatment of
electroconductive particles may be as follows.

Electroconductive particles and a surface
treatment agent (i.e., the above-mentioned compounds)
are mixed and dispersed in an appropriate solvent by
an ordinary dispersion means such as a ball mill or a
sand mill, whereby the surface treatment agent is
attached -or adsorbed to the surface of the
elgc;roconductive particles. Then, the solvent is -
remo;éd from ;he dispersion to hold or fix the agent
to the surface of the electroconductive particlgsc
ﬁollowed by heat treatment as dgsired. Further, a
catalyst for accelerating the surface treatment may be
added to the dispersion. It is possible to effect
pulverization or milling after the surface treatment.

A surface treatment agent content of

electroconductive particles varies depending upon a



same manner as in Exanple 17 except for using an acrylic polynerizable

nononmer of the fornula: [err] I nstead of the acryli (RE@%@@;@T%@ET

nononer and a fluorine-containing silane coupling agent
(derr]Flerr]CH err]CH err]SCH err]CH err]Si (OCH err])[err]

f1l uori ne- cont ai ning silane coupling agent used in Exanpliej17,8 SEP 1999
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Ast ead of the

o R e el e
- 1~ 8 orgrge s 1.

particle size of the electroconductive particles. The

content may preferably be 1 - 65 wt. %, more

preferably 10 - 50 wt. % per a total amcunt of the

electroconductive particles.

When the above-mentioned compounds (i.e.,

cpuﬁling agent, surfactant etc.) are used simply by

adding, the compounds may preferably be contained in

the érotective'layér in an amount of 1 - 100 wt. %,

particularly 5 - 50 wt. % per a total amount of the

electroconductive particles.

In the present invention, -the protective

layer may further contain additives, such as radical

scavenger and antioxidant, in order to improve
dispersibility, binding properties, weathering
resistance etc.

The photosensitive layer of the

photosensitive member according to the present

invention may have a layer structure including: a so-

called "single layer-type" structure comprising a

sinéle layer containing a charge-generating material

{CGM) and a charge-transporting material (CTM); or a

so~called "function separation-type" structure

comprising a charge generating iéyer {CGL) containing

a CGM and a charge transport layerl (CTL) containing a

CTM. The photosensitive layer may preferably have a

function separation-type layer structﬁre.

Such a function separation-type layer



- 48 - respectively. Exanple 27 A phot osensi t} nenber was

prepared in the sane manner as in Exanple 17 except that & 1
were formed in reverse order. Exanple 28 A phOtoggﬁéﬁggggiﬁaﬁfﬁ%iT
was prepared in the 3P}
Prep 18 SEP 1999
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structure can be formed by disposing a CGL and CTL on
an electroconductive support in this order or in
reverse order.

The CGL can be formed by dispersing a CGM in
a binder together with an appropriate solvent to form
a coating liquid, applying the coating liquid onto an
electroconductive support or a CTL, and by drying the
coating. At this time, examples of such a CGM may
include: azo pigments such as monoazo pigment, bisazo
pigment and trisaﬁo pigment; quinone pigments such as
pyrenequinone and anthraquinone; quinonecyanine
pigments; perylene pigments; indigo pigments such as
indigo and thioindigo; azulenium salt pigments; and
phthalocyanine pigments. The binder may include
polyvinyl butyral, -polyvinyl benzal, polyarylate,
polycarbonate, polyester, polystyrene, polyvinyl
acetate, acrylic resin, polyurethane, polyvinyl
pyrrolidone, ethyl cellulose, and cellulose acetate
butyrate.

S The CGL may preferably have a thickness of at

most 5 pm, more preferably 0.05 - 3 pm. .

The CTL can be formed in the same manner as
in the case of the CGL except that a CTM is used
instead of the CGM and a coating liquid is applied
onto an electroconductive support or the CGL. In this
case, examples of such a CTM may include: polycyclic

aromatic compounds such as biphenylene, anthracene,



same nanner as in Exanple 17 except that the antinony- containing tin

oxide fine particles were changed to electroconductive (
conprising bariumsulfate fine particles coated with oxygE§L§§§

oxide, i.

4 1
ikl

tin oxide containing oxygen | ess than stoijchi ofet Fy¥="

("Pastran IVYP—l", nfd. by Mtsui Kinzoku Kogyo K. K.; averlagegigeq 199he
size of 0.1 [err]m. Conparative Exarpke 10 A jpHot osensi tive
menber was prepared in the same nanner as in Exanple 17 jeXeept—tiat

fluorine-
Exanpl e 11

cont ai ni ng silane coupling agent was not used.} Conparative

op v

EET

pyrene, and phenanthrene; heterocyclic compounds such
as indole, carbazole, oxadiazole, and pyrazoline;
hydrazone compounds; styryl-type compounds. Further,
the binder for the CTM may include: pelyester,
polycarbonaﬁe, acrylic resin, paolyarylate,
acrylonitrile-styrene copolymer, polymethacryléte,
polystyrene, polyvinyl carbazole, and polyvinyl
anthracene.

The CTL may preferably have a thickness of 5
- 40 pm, more preferably 10 - 30 pm. )

' The single.layer-type layer structure of the -
photosensitive layer may include the above-mentioned
materials for the CGM and CTM. It is also possible to
contain a charge transfer complex comprising polyvinyl
carbazole and érinitrofluorene. The photosensitive
layer having a single layer-type layer structure may
preferably have a thickness of 5 - 40 pm, more
preferably 10 - 30 pm.

. In the present invention, it is possible to
diséése an intermediate layer between the
photosensitive layer and the protective layer in order
to improve adhesive properties, coating properties,
etc. Materials for uSe in the intermediate layer.may
include: casein, polyvinyl alcohol, nitrocellulose,
ethylene-acrylic acid copolymer, alcohol-soluble
polyamide, polyurethane, gelatin, and.aluminum oxide.

The intermediate layer may preferably have a



A conpar ati ve photosensitive nenber was prepared in the

Exanpl e 17 except that the tetrafluoroethylene resin p

the protective |ayer were not used. Conpar ati ve Exanpl

conpar ati ve photosensitive nenber was prepared in the

Exanpl e 17 except that the tetrafluoroethylene resin p
- 22 -
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thickness of 0.1 - 10 um, more preferably 0.3 - 2 um.

The electroconductive support constituting
the photosensitive member according to the present
invention may include any electroconductive material.
More specifically, examples of the electroconductive
material may include: metal or alloy, such as
aluminum, aluminQA alloy, copper, cromium, nickel,
zinc, or stainless steel; a laminated plastic film
covered with a metal foil of aluminum, copper, etc.;
an plastic film éovered with aluminum, indium oxide,
tin.oiide, etc. by wvapor #eposition: and metal,
plastic film or paper each covgred with an
electroconductive layer forme& by applying a cqating
liquid comprising an electroconductive sﬁbstance and
an optional appropriate binder and/or solvent as
desired.

Examples of such an electroconductive
substance may include: metal powder, metal foil and
metal short fiber each comprising aluminum, copper,

oo nickelbér silver; electroconductive metal oxide such
as antimony éxide, indium oxide or tin oxide; an
electroconductive polymer such as polypyrrole,
polyaniline, or polyelectrolyte; a powder material
comprising carbon fiber, carbon black, or graphite;
organic or inorganic electrolyte; electroconductive

powder coated with the above electroconductive

substances.



49 f1 uorine-containing silane coupling agent used in th¢g I

| ayer were not used. Conparative Exanple 13 A corn RaﬁtﬁgﬁﬁﬂFSHEET
phot osensitive nmenber was prepared in the same manner as i anple 17
except that the protective |layer was not used. E Rﬁﬁﬁ%@émﬁﬁﬁgEr
prepared photosensitive nenbers was evaluated in the sane ner as in
Exanpl e The results are shown in TaBBe-3 appearing -

The electroconductive support may preferably
be in the form of 3 cylinder or drum, a sheet, or a
belt.

In the present invention, it is possible to
dispose an undercoat layer having a barrier function
and an adhesive function between.the electroconductive
';upport and the photosensitive layer. Materials for
the undercocat layer may be those for the intermediate
layer described ahove. '

The undercoat layer used in the present
iﬁvenfion may‘be a single layer containing or not
containing electroconduétiye materials sﬁch as metal,
metal oxide and carbon black, in a thickness of 0.1 -
5 pm, particularly 0.5 - 3 pm. The undercoat layer
may also be a laminated layer comprising a first
underceoat layer containing the electrocénducti&e
materials and a second undercoat layer not containing
the electroconductive materials disposed on the
electgogpnductive support in this order. In this
instancé; the first undercoat layer may preferably
have a thickness of 0.1 - 50 pm, particularly 0.5 - 40
pm.

In the present invention, the above—mentidned
various layers may generally be formed by dispersing
materials to be used in respective layers in an
appropriate solvent, applying the resultaht coating

liquid onto the electroconductive support by means of

Ay 7 e v g



hereinafter. Exanples 29 - 35 Seven photosen5|t|ve nenbers for

Exanples 29 - 35 were prepared in the sane manner as in EX
respectively, except that a CA& was prepared in the sane n
Exanple 9. Conparative Exanple 14 A phot osensiti
prepared in the sanme manner as in Exanple 29 except that 4
containing silane coupling agent was noB4used. Conparative

A phot osensitive nenber was prepared in.the

a known coating methad such as dipping, spinner
coating, roller coating, wire bar coating, spray
coating or been coating, and drying the coating.

The photosensitive member according to the
present invention can be applied to not only an
ordinary electfophotographic apparatus such as copying
machine, a laser beam printer, a light-emitting diode
(LED) printer, a cathode-ray tube (CRT) printer, a
liquid crystal shyutter-type printer, but also other
fields of appliea electrophotography including, e.g.,
dispfay, recording, printing, facsimile and laser
plate making.

Figure 1 shows a schematic structural view of
an electrophotographic apparatus using an
electrophotographic photosensitive member of the
invention. Referring to Figure 1, a photosensitive
drum (i.e;, photosensitive member) 1 as an image-
carrying member is rotated about an axis la at a
presgribed peripheral speed in the direction of the
arrow %hgwn inside of the photosensitive drum 1. The
surface of the photosensitive drum is uniformly.
charged by means of a charger 2 to have a prescribed
positive or negative potential. At an exposure part
3, the photqsensitive drum 1 is exposed to light-image
L {as by slit exposu;e or laser beam-scanning
exposure) by using An image exposure means (not

shown), whereby an electrostatic latent image
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same manner as in Exanple 35 except that the fluorine- fr

surfactant was not used. Conpar ati ve Exanple 16 REP.@&HME%%@E&@? 1
SanRE 3

phot osensitive nmenber was prepared and eval uated in the
Exanpl e 29 except that the protective |layer was not usged 18 SEP 1999
-50- . .
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corresponding to an exposure image is successively
formed on the surface of the photosensitive drum.l.
The electrostatic latent image is developed by a
developing means 4 to form a toner image. The toner
image is suécessively transferred to a transfer
material P which is supplied from a supply part (not
shown) to a position between the photogénsitive drum 1
and a transfer charger 5 in synchronism with the
rotating speed of the photosensitive drum 1, by means
of the transfer.charger $. The transfer material P
with the toner image thereon is separated from the
photosensitive drum 1 to be conveyed to a fixing
device 8, followed by image fixing to print out the
transfer material P as a copy outside the
electrophotographic apparatus. Residual toner
particles on the surface of the photosensitive drum 1
after the transfer are removed by means of a cleaner 6
to provide a cleaned surface, and residual charge on
the surface of the photosensitive drum 1 is erased by
a_preiéxposure means 7 to prepare for the next cycle.
As the charger 2 for charging the photosensitive drum
1 uniformly, a corona charger is widely used in
general. As the transfer charger 5, such a corona
charger is also widely used in general.

According to the present inven;ion, ia the
electrophotographic apparatus, it is possible to

provide a device unit which includes plural means



Conpar ati ve Exanple 17 A conparative photosensitive nenber was
prepared in the sanme manner as in Exanple 29 except that ghe
tetrafl uoroethylene resin particles used in the protecti vigHts

used. Conparative Exanple 18 A conparati ve phot
was prepared in the same manner as in Exanpl e29 except t
fl uori ne-contai ning silane coupling ageRé and the tetrafl
resin particles were not used. Each of the above

phot osensitive

inclusive of or selected from the photosensitive
member 1 (photosensitive drum), the charger 2, the
developing means 4, the cleaner 6, etc. so as to be
attached or removed as desired. The device unit may,
for example, be composed of the photocsensitive member
and at least one device of the charger, the developing
means and fhe cleaner to prepare a single unit capable
of being attached tc or removed from the body of the
electrophotographic apparatus by using a guiding means
such as a rail in the body.

In case where the electrophotographic
apparatus is used as -a copying machine or a printer,
exposure light-image L may_be effected by u;ing
reflection light or transmitted light'from an original
or by reading a data on the original by a sensor,
converting the data into a signal and then effecting a
laser beam scanning, drive of LED array or drive of a
liquid crystal shutter array in accordance with the
signal.

In case where the electrophotographic
apparatus according to the present invention is,u;ed
as a pr;nter of a facsimile machine, exposure light-
image L is given by exposure for printing received
data. Figure 2 shows a block diagram of an embodiment
for explaining this'case. Referring to Figure 2, a
controller 11 controls an image-reading part 10 and a

printer 19. The whole controller 11 is controlled hy



menbers were evaluated in the same nmanner as in
are shown in Table 4 appearing hereinafter.

[err]
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a CPU (central processing unit) 17. Read data from
the image-reading part is transmitted to a partner
station through a transmitting circuit 13, and on the
other hand, the received data from the partner station
is sent to the printer 19 through a receiving circuit
12. An image memory 16 memorizes prescribéd image
data. A printer controller 18 controls the printer
19, and a reference numeral 14 denotes a telephone
handset. | .
The imége received through a circuit 15 (the
image Aata sent through the circuit from a connected
remote terminal) is demodulated by means of the

receiving circuit 12 and successively stored in an

image memory 16 éfter a restoring-signal processing of

. the image data. When image for at least one page is

stored in the image memory 16, image recording of the
page is effected. The CPU 17 reads out‘the image data
for one page from the image memory 16 and sends the
image da?a for one page subjected to the restoring-
signal p?ocessing to the printer controller 18. The
printer controller 18 receives the image data for.one
page from the CPU 17 and controls the, printer 19 in
order to effect image-data recording. Further, the
CPU 17 is caused to receive image for a subsequent
page during the recording by the printer 19. Aas
described above, the receiving and recording of the

image are performed.
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Hereinbelow, the present invention, will be
explained more specifically with reference to
examples. In the following examples, "part(s)" means
"weight part(s)})".

Example 1

A solution of 10 parts of an alcohol-scluble
polyamide resin ("Amilan CM-8000", registered trade mark manufac=
tured by Toray K.K.) and 30 parts of a methoxymethylated 6- nylon

resin ("Toresin EF-30T", registered trade mark, mfd. by Teikoku
Kagaku K.K.) in a mixture solvent of 150 parts .of methandl

and 150 parts of butanol was applied onto an aluminum
cylinder by dipping, followed by drying for 10 minutes
at 90 °C to form a 1 pm-thick undercoat layer.

A coating liquid for a charge generating
layer (CGL) was prepared by dispersing a mixture of 4

parts of a bisazo pigment of the formula:

HNOCHNOC OH

- HO cowxooun@
a . @ N=N N=N a
- Geee-

and 2 parts of a butyral resin (“S-LEC BL-S*, registered trade
mark, mdf. by Sekisui Kagaku K.K.) in 100 parts of cyclohexanone by
means of a sand mill for 48 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



- 53- In the above Table 3, each eval uation results_ of the

durability test denotes the follow ng state. " Good": e
substantially free frominage defects were obtained. RﬁTkﬁéﬁkﬁ%H’SHEET
failure”: Toner images were not sufficiently transferre 0 a
transfer-receiving material to formnottled or spotted ifmages. ~nd MEOE
flow': Inmage fl ow was observed. - 29 - 18 SEP 1996

drying for 15 minutes at 80 ©C to form a 0.15 pm-thick
CGL.
Onto the CGL, a solution of 10 parts of a

triarylamine compound of the formula:
CHy CHs
‘.’ K::}—CH:
OO
Koge

and 10 parts of a polycarbonate resin ("Iupiron Z-
200", registered trade mark, mfd. by Mitsubishi Gas Kagaki K.X.) in
a mixture solvent of 20 parts of dichloromethane and 50 parts of
monochlorobenzene was applied by dipping, followed by
drying for 60 minutes at 120 °C to form a 20 pm-thick
charge transport layer (CTL). Thus, a photosensitive
layer was disposed on the electroconductive support.

Then, a dispersion for a protective layer was

prepared as follows.

-

100 parts of antimony-containing tin oxide
fine particles ("T-1", mfd. by Mitsubishi Material
K.K.: average particle size of 0.02 pm), 30 parts of
(3,3,3-trifluoropropyl}trimethoxysilane (mfd. by
Shinetsu Kagaku K.K.), and 300 parts of a mixture
solvent of ethanol/water (95/5) were subjected to
milling for 1 hour by a milling device. After the
milling, the mixture was filtered and then the

filtrate was washed with ethanol, followed by drying



o —

"Poor image density": The resultant images had poor inage density.
"I'mage blur": Inmage blur was observed. "-" . The phot wiL)

was not subjected to neasurenent or observation because t
consi derably abraded. - 544

18 SEP 1999
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and heat treatment for 1 hour at 120 °C to effect
surface treatment of the fine particles. Then, 25

parts of an acrylic polymerizable monomer, to be used

as a binder resin, of the formula:

CH,OR; CH,0R; 0
R 1OCH2-C—CH20—CH2-C‘Z-CH20R1 (Ry = -C-CH=CHp),
CH,OR, CH,ORy

0.1 part of 2-methylthioxanthone as a

photopolymerization initiator, 35 parts of the above-
prepared surface~treated antimony-containing tin oxide
fine éarticles, and 300 parts of toluene were mixed by
a.sand mill for 96 hours. To the mixture, 25 pats of
. tetrafluoroethylene resin particles-(“Lublon L-2", registered
trade mark, mdf. by Daikin Kogyo K.K.)} was added, followed by
stirring for 8 hours by the sand mill to form a

dispersion for a protective layer.

The thus prepared dispersion-was applied onto
the photosensitive layer by spray coating and dried,
followe¢ by ultréviolet ray irradiation for 15 seconds
by meagg of a high-pressure mercury lamp at a light
intensity of 800 mW/cmz.

Thus, a 5 pm-thick protective layer was
disposed on the photosensitive layer, whereby a
photosensitive member of the present invention was
prepared.

Example 2

A photosensitive member was prepared in the
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same manner as in Example 1 except that 45 parts of
tetrafluorcethylene resin particles and 45 parts of
surface-treated antimony-containing tin oxide fine
particles were used in the step of forming the
dispersion for a protective layer.
Example 3

A photosensitive member was prepared in the
same manner as in Example 1 except for using an

acrylic polymerizable monomer of the formula:

| o CH3 0
CHZ=CH-‘cl:—{OCHZCHZ+F@-<I:-©-o-(CHZCHzoaﬁ—ll:—crt:caz_
b,

(m+n = 4)

instead of the écrylic polymerizable monomer used in
Example 1.
Example 4

A photosensitive member was prepared in the
same manner as in Example 1 except that a dispersion
for;a protective layer was prepared in the following
manner.

100 parts of antimony-containing tin oxide
fine particles ("T-1", mfd. by Mitsubishi Material
K.K.; average particle size of 0.02 pm), 30 parts of
fluorine-modified silicone oil ("FL-100", registered trade
mark, mfd. by Shinetsu Kagaku K.K.}, and 300 parts of toluene were
subjected to milling for 1 hour by a milling device.

After the milling, the mixture was filtered and then
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the filtrate was washed with toluene, followed by
drying and heat treatment for 10 minutes at 300 9C to
effect surface treatment of the fine particles. Then,

25 parts of an acrylic polymerizable monomer, to be

used as a binder resin, of the formula:

(IZHZOR 1 0
CH3CH2—CH2—C‘:-CH20R1 (R; = -C-CH=CH,),
CH,OR;

0.1 part of 2-methylthioxanthone as a
photopolymerization initiator, 50 parts of the above-
prepared surface-treated antimony-containing tin oxide
fine particles, and 300 parts of toluene were mixed by

a sand mill for 96 hours.:- To the mixture, 35 parts of

tetrafluoroethylene resin particles ("Lublon L-2", registered

trade mark, mfd. by Daikin Kogyo K.K.) was added, followed by
stirring for 4 hours by the sand mill.

Example 5

A photosensitive member was prepared in the
same manner as in Example 1 except that
tetrafluoroethylene resin particles were changed to
chlorotrifluorcethylene resin particles ("Diflon*,
registered trade mark, mfd. by Daikin Kogyo K.K.).

Example 6

A photosensitive member was prepared in the
same manner as in Example 1 except that the antimony-
containing tin oxide fine particles were changed to

electroconductive particles comprising barium sulfate

LET



As shown in Table 3, the photosensitive nenbers prepared in Exanples 17 -

28 according to the present invention provided good el ed

©

properties, image-formng properties under any enV|ronnE*lgEE Bl

(i.e., NN L/L, HH). The photosensitive nmenber preparqd i nf
Exanpl e 10
properties at the initial stage, but-p¥dvided image fl oy

af ter
sheets of copying. However, such properties of the phot

al so provide good ¢l ct‘lr&ﬁli@t@@@ap i
50, 000

prepared in Conparative Exanple 10 were still acceptabl ¢ ]level for

practical use.

fine particles coated with oxygen-short tin oxide,

i.e., tin oxide containing oxygen less than

stoichiometry ("Pastran IV/p-I", registered trade mark, mfd.

by Mitsui Kinzoku Kogyo K.K.; average particle size of 0.1 um).
Example 7

A photosensitive member was prepared in the

same manner as in Example 1 except that a CGL and a

CTL were formed in reverse order.
Example 8

A photosensitive member was prepared in the
same ﬁanner as in Example 1 except that an
intermediate layer was further disposad between a
photosensitivé layer and a protective layer in the

following manner.

A solution of a silicone resin ("AY42-441",

fegistered trade mark, mfd. by Toray Silicone.K.K.}-in ligroin was

applied onto the photosensitive 1ayef by spray coating so as
to provide a 0.2 mwm-thick (after drying) intermediate

layer, .followed by drying to obtain the intermediate

layer;

Comparative Example 1

A photosensitive member was prepared in the
same manner as in Example 1 except for omitting the
surface treatment of_the electroconductive particles.
Comparative Example 2

A comparative photosensitive member was

prepared in the same manner as in Example 1 except
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Wth respect to the conparative photosensitive nenbers prepared—

Conparative Exanples 11 - 13 each evaluation result was LA &$§SEEEE
(Conpar ative Exanpl e 10) The conparative phot oslenSTgaERY aid
showed good- el ectrophotographic properties at the initial st@gesgmqqgg
failed to provided good i mages after about 10,000 sheets jof}{ copyi ng due §o
a decreased chargeability. (Conparatidfe -Exanples 11 and pzx e

The conparative photosensitive nmenbers failed i

that the protective layer was not used.

Comparative Example 3

A comparative photosensitive member was
prepared in the same manner as in Example 1 except
that the tetrafluoroethylene resin particles used in
the protective layer were not used.

Comparative Example 4

A comparative photosensitive member was
prepared in the same manner as in Example 7 except
that the protective layer was not used.

Each of the thus prepared photosensitive
members was assembled in an electrophotographic
copying machine performing an image formation process
including the steps of: charging-exposure-development-
transfer-cleaning at a cycle speed of 1.5 sec/cycle,
and was subjected to image formation at an initial
stage under environmental conditions including normal-
temperature (20 °C) and normal-humidity (50 $%RH)
condit?on (hereafter, abbreviated as "N/N"), low-
temper.ature (10 °C) and low-humidity (15 %RH)
condition (hereinafter, abbreviated as "L/L"), and
high-temperature (35 9c) and high-humidity (85 $%RH)
condition (hereinafter, abbreviated as "H/H") in order
to evaluate image forming properties. Further, each
of the photosensitive members was subjected to

successive image formation of 50,000 sheets (a

durability test) under N/N. The results are shown in



to provide inmages over a wwde area fromthe initia

st age—ard—provi ded
i mage blur under HH Further, after 50,000 sheets of c 'hﬂﬁﬁbgﬁgﬁ
was -56 - observed. ( ACE eoheE
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Table 1 appearing hereinafter.

After the image formation of 50,000 sheets,
each of the photosensitive members was subjected to

observation of an abrasion degree, i.e., a thickness

(um) of a part of the photosensitive member which had

been removed therefrom by abrasion. The results are

alsoc shown in Table 1.

In the initial stage of the above image
formation under N/N, each of the photosensitive
members was subjected to measurement of
electfophotographic properties including initial dark
part potential Vpppx (V), sensitivity (lux.sec) and
residual potential Vg (V).

In the above, "initial dark part potential”

- means a surface potential (V) of a photosens;tive

member at the time of charging by using corona
discharger (-5 KV or +5 KV (only for the
photosensitive member prepared in Example 7)). A
larger.gbsolute value of an initial dark part
poten£;a1 shows a better chargeability in Table 1.
Further, "sensitivity" means an exposure quantity
(E3s7: lux.sec) required for decreasing a surface
potential of 700 V (absolute wvalue) to a surface
potential of 200 V {absolute wvalue). The results are
.also shown ih Table 1.

Separately, each of the photosensitive

members was assembled in a modified copying machine of




| mage bl ur was caused to occur under HH and good inagessE
after about 10,000 sheets of copying due to a r emar kabl ¢RE
phot osensitivity caused by abrasion of the CG.
conparati ve photosensitive nenbers prepared in Conparatijv
13 showed considerabl e poor pause nenory characteristic
with those prepared in Exanples 17 --286 according to the¢

i nventi on.

prepared in Exanples 29 - 35 according to the present invention provi

good transfer

conpared

et

As shown in Table 4, the photosensi{ive nenbers

menory when

a copying machine ("NP-3825", mfd. by Canon K.K.) in
order to evaluate “pause memory characteristic". More
specifically, a photosensitive member was caused to
have a dark part potential (Vpg) of -650 V and a light
part potential (VLO) of -150 V at an initial stage,
respectively. Then, the copying machine was subjected
to successive copying test of 10,000 sheets. After
the copying test, a dark part potential (Vp;) and a
light part potential (VLI) were measured to obtain a
variation (%) in the potentials Vpo and le and a
variation (%) in the potentials Vig and Vi,
respectively. For example, a variation of 2 % means a
change in potential of 13.V (i.e., 650 x 2/100).

Then, the photosensitive member was left standing for
24 hours within the copying machine. After 24 hours,
potentials at a position immediately under the charger
and another position (i.e., a position different from
the position immediately under the charger) were
measured to obtain a difference (AV (V), absolute

value) therebetween. The results are shown in Table

1.

Examples 9 - 16

In order to evaluate "transfer memory", eight

photosensitive members for Examples 9 - 16 were
prepared in the same manner as in Examples 1 - 8,

respectively, except that a CGL was prepared in the

following manner.
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conpared with those prepared in Conparative Exanples 16
An undercoat |layer, a CG and a CTL were forned on an

in the order in the sane nmanner as in Exanple 1 except
bi sazo pigment of the fornula: [err] ' '

- 37 -
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b

A coating liquid for a CGL was prepared by

dispersing a mixture of 4.5 parts of

oxytitaniumphthalocyanine and 2 parts of a butyral -

resin ("S-LEC BL-S", registered trade mark, mfd. by Sekisui

Kagaku K.K.} in 100 parts of cyclohexanone by'means

of a sand mill for

36 hours and by adding 100 parts of THF to the above

mixture. The thus prepared coating liquid was applied

onto an undercoat layer by dipping, followed by drying

for 15 minutes at 80 °C to form a 0.15 pm-thick CGL.

Comparative Example 5

A photosensitive member was prepared and

evaluated in the same manner as in Example 9 except

for omitting the surface treatment of the
. electroconductive particles.

Comparative Example 6

A photosensitive member was prepared and

evaluated in the same manner as in Example 14 except

for omitting the surface treatment of the
electroconductive particles.

Comparative Example /

A comparative photosensitive member was

prepared and evaluated in the same manner

as in

Example 9 except that the protective layer was not

used.

Comparative Example 8

A comparative photosensitive member was

prepared in the same manner as in Example

9 except
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Angr

- 57 - was used instead of the bisazo pignment for use in the
the following triarylam ne conpound of the formnula: Rﬁﬁﬂﬁﬁ
used instead of the one for use in the CTL -

STRT

- 38 -

18 SEP 1999

that the tetrafluoroethylene resin particles used in
the protective layer were not used.

Comparative Example 9

A comparative photosensitive member was
prepared in the same manner as in Example 14 except
that the protective layer was not used.

Each of the above-prepared photosensitive
members was assembled in a modified machine of a laser
beam printer (trade name: LBP-SX, mfd. by Canon K.K.)
as an electrophotographic printer equipped with a
semiconductor laser and using a reversal development
system, and subjected to measurement of a voltage
(Vg1) of a primary charging under no transfer current
application and a voltage (Vqa) of the primary
charging under transfer current application to
evaluate a transfer memory ((Vg;| - Vgl (V);

absolute value). The results are shown in Table 2

below.
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containing tin oxide fine particles ("T-1", nfd. by M tsubi gk
K. K.; average particle size of 0.02 [err]n), and 300 parts
m xed by a sand m Il for 96 hours. To the mi xture, 35 pats ¢

tetrafl uoroethyl ene resin particles ("Lublon L-2", regi stefe
nfd. by Daikin Kogyo K K. ) and was added, fol | owed by
-58- - 40 -

- |

In the above Table 1, each evaluation results

of the durability test denctes the following state.

"Good": Good images substantially free from image

defects were obtained.

*Transfer failure": Toner images were not
sufficiently transferred to a transfer-receiving
material to form mottled or spotted images.

"Image flow": 1Image flow was observed.

"Poor image density": The resultant images had
poor image density.

*Image blur": Image blur was observed.

n_n.

to measurement or observation because the CGL was

considerably abraded.

: The photosensitive member was not subjected



stirring for 4 hours by the sand mll to forma dispersion for a
protective |ayer. The thus prepared dispersion was applied onto

t he photosensitive |ayer by spray coating and dried, foll@ewed-by
ultraviolet ray irradiation for 10 seconds by neans of a Emﬁﬁ @&Egﬁﬁé @f
mercury lanp at a light intensity of 800 mWcnierr]. THUS:,
pmthick protective |ayer was di sposed4dn-the phot osensit] Ve { Ve

whereby a photosensitive nenber of the present invention jwgs gzﬁ%are

Table 2

Ex. Transfer memory (|Vg;{ - [Vazl) (V)
9 5
10 0
1" 10
12 3
13 3
14 5
5 10
M- 5

A Cmp.a.._

/| Ex. 20
- & 25
74 55
8 45
9 1 65




Exanpl e 37

manner as in Exanple 17 except that the acrylic pol ynet [we Vs
changed to an acrylic polynerizable nmononer of the for%ggﬁ&ﬁ@ﬁ@ﬁ@ﬁ

18 8EP ...

[err]

PR

A phot osensitive nenber was prepar In the sane

]

Exanpl e 38

- 42 -
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As shown in Table 1, the photosensitive
members prepared in Examples 1 - 8 according to the
present invention provided good electrophotographic’
properties, image-forming properties under any
environmental conditions (i.e.,.N/N, L/L, E/H). The
photosensitive member prepared ind Comparative Example 1

. also provide$ good
electrophotographic properties at the initial stage,
but provided slightly poor images at and after about
35,000 sheets of copying due to a decreased
chargeability and image flow after 50,000 sheets.

However, such properties of the photosensitive member
prepared in Comparative Example 1 were still acceptable level

for practical use.

With respect to.the comparative

photosensitivg members prepared in Comparative

Examples 2 - 4 each evaluation result was as follows.

(Comparative Example 2.}

The comparative photosensztxve member showed
good electrophotographic propertxes at the initial
stage but failed to provided good images after about
10,000 sheets of copying due to a decreased
chargeability.

(Comparative Example 3)

The comparative photosensitive member failed

to provide images over a wide area from the initial

stage and provided image blur under H/H. Further,



A phot osensitive nenber was prepared in the

except that the surface treatnent of the fine particl
fol | owi ng manner.

100 parts of antinony-containing tin oxide

t he

sanme manner_as in Exanple 37

- 43 -
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%HEET

after 50,000 sheets of copying, image flow was

observed.
{Comparative Example #)

Image blur was caused to oc¢cur under H/H and
good images were not obtained after about 10,000
sheets of copying due to a remarkable decrease in
photosensitivity caused by abrasion of the CGL.

In addition, the comparative photaosensitive
members prepared in Comparative Examples 2 -4 showed
considerable poor pause memory characteristic when
compared with thése prepared in Examples 1 - 8
according to the present invention.

As shown in Table 2, the photosensitive
members prepared in Examples 9 - 16 according to the
present invention provided gocd transfer memory when
compared with those prepared in Comparative Examples 5
- 9.

Example _17



fine particles ( T-1", nfd. by Mtsubishi Material K K
size of 0.02 [J[err]n), 10 parts of

[err]-methacryl oxypropyl-trimethoxysilane ("KBM 503", reg

aver age par

VL

mark, nfd. by Shinetsu Kagaku K. K. ), 1 part of acetic acid}f an

5 hours at 120 [err]C to effect surface treatnent of

T600 p
of water were subjected to mlling for 60 hours by a mll|ng ggEpceyy Af
the milling, the mixture was filtered4dnd then the filtfale was dried

the t+rnre paltiblco.

Exanple 39 A phot osensitive nenber was preparéd in the

sane

manner as in Exanple 37 except for further adding

was used instead of the bisazo pigment for use in the

CGL prepared in Example 1.

Then, a dispersion for a protective layer was

prepared as follows.

25 parts of an acrylic polymerizable monomer,

to be used as a binder resin, of the formula:

1 R
oéJ\N’&*o
lR R:-— CH:CH:OCOCH = CH:

}

2.0 parts of 2-methylthioxanthone as a
photopolymerization initiator, 45 parts of antimony-
containing tin oxide fine particles ("T-1", mfd. by
Mitsubishi Material K.K.; average particle size of
0.02 pm), and 300 parts of toluene were mixed by a
sand mill for 72 hours. To the mixture, 25 pats of

tetrafluoroethylene resin particles ("Lublon L-2%,



o3
i

2.5 parts of [err]-nethacryl oxypropyltrinethoxysil ane

in Exanpl e 36 except that a CG& and a

Thus, a 6 pm-thick protective layer was

disposed on the photosensitive layer, whereby a

photosensitive member of the present invention was

prepared.

Example 18

A photosensitive member was prepared in the

same manner as in Example 17 except that 45 parts of

tetrafluorcethylene resin particles and 35 parts of

fluorine-containing silane coupling agent were used in

the step of forming a dispersion for a protective

layer.

Example 19

A photosensitive member was prepared'in the

same manner as in Example 17 except that an

}j intermediate layer was further disposed between a

.Y “"v',“;'
[ AN TER N

v nd

photosensitive layer and a protective layer in the

following manner.

X

A solution of a silicone resin ("AY427441“,

("KBM 503", nfd. by
Shi net su Kagaku Kogyo K K.) to a di spersion for a protectryse =

Exanpl e 40 A phot osensitive nenber was prepared
manner as in Exanple 37 except that the tetrafl uoroet hyl
particles were changed to chl orotrifluoroethyl ene resin
("D flon", regi stered trade mark, nfd45by Dai ki n Kogyo
41 "~ A photosensitive nenber was prepared in the

o7

T
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CTL were formed in reverse order. Exanpl e 42

- 60 -
cyl i nder

in the sane manner as in Exanple 10.

An undercoat |ayer and a CGE. were fornge

- 46 - 18 SEP wyy

was used instead of the one used in Example 20.

Example 21

A photosensitive member was prepared in the
same manner as in Example 17 except that 20 parts of
the fluorine-containing silane coupling agent was

changed to 10 parts of a fluorine-containing graft

polymer of the formula:

CHg
—{CHz-CH-)-:.;—{-(l:I-Iz-C')-—;—
bk,

0

Ry: -CO-CH,-CH,—{CHy}5~CF3
0 CHg
Ry: -CO-CH,-CH-CH5-00C-CHy~-S —C~-CHy}3-H
_<I>g COOCH,
(Weight-average molecular weight (Mw) of 25,000:
fluorine content of 22 %).

Example .22



for mul a:

nonochl or obenzene was applied by dipping, followed by dryi
mnutes at 120 [err]C to forma 15 [er4mt hi ck

Onto the CA, a solution of 10 parts of a triarylamne compound of the

[err] and 10 parts of a polycarbonate rgsin_("Lup
regi stered trade mark, nfd. by M tsubishi Gas Kagaku ' 3

m xture solvent of 20 parts of dichloronmethane and 60 part

iron Z-

918" €8 1999

instead of the fluorine-containing silane coupling

agent.
Example 24

A photosensitive member was prepared in the
same manner as in Example 17 except that the
tetrafluoroethylene resin particles were changed to
chlorotrifluoroethylene resin particles ("Diflon”,
registered trade mark, mfd. by Daikin Kogyo K.K.).
Example 25

A photosensitive member was prepared in the
same manner as in Example i7 except that 20 parts of
the fluorine-containing silane coupling agent was
changed to 10 parts of a fluorine-containing silane
coupling agent (C4FqCH,CH,Si(OCH3)3 and 10 parts of a
fiuorine~containing surfactant (C4F9802NCH3CHZCOOH).
Example 26 |

A photosensitive member was prepared in the
same manner as in Example 17 except for using an

acrylic polymerizable monomer of the formula:

] ¥ i
CHZ=CH-C—(OCHZCH2+E{C:>~?{C:>PO—%CHZCHZO}E-C-CH:CHZ
CH4

(m+n = 4)

instead of the acrylic polymerizable monomer and a

fluorine-containing silane coupling agent

(CSFI'ICHzCHzSCHzC}{zSi(0CH3)3) instead of the fluorine-

containing silane coupling agent used in Example 17,



CTL. Thus, a photosensitive |ayer was di sposed on the

as follows. 30 parts of a heat-curable acrylic |
HR- 620" registered trade mark, nfd. by Mtsubishi Rayon

prepared

el ect roconducti ve
support. Then, a dispersion for a protective Iayer was

resin, 50 parts of antinDny-containing tin oxi de fine pgrt

|cles ( ]-"
nfd. by M tsubi shi Material K K. ; avédfage particle size]of Q !
150 parts mnet hyl et hyl ket one, and 150 parts of ethyl ce¢l lfosol ve ac e
were subjected to mlling for 48 hours by a mlling deviceé~—+to-t-he
m xture, 30 pats of
respectively.
Example 27

A photosensitive.mqpber was prepared in the
same manner as in Example 17 except that a CGL and a
CTL were formed in reverse order.

Example 28

A photosensitive member was prepared in the

same manner as in Example 17 except that the antimony-

containing tin oxide fine particles were changed to

electroconductive particles comprising barium sulfate

fine particles coated with oxygen-short tin oxide,
i.e., tin oxide containing oxygen less than

stoichiometry ("Pastran IV/P-1", mfd. by Mitsui

Kinzoku Kogyo K.K.; average particle.size of 0.1 pm).

Comparative .Example 10

A photosensitive member was prepared in the
same manner as in Example 17 except that fluorine-
containing silane coupling agent was not used.
Comparative Example !l

A comparative photosensitive member was
prepared in the same manner as in Example 17 except
that the tetrafluoroethylene resin particles used in
the protective layer were not used.

Comparative Example 12

A comparative photosensitive member was

prepared in the same manner as in Example 17 except

that the tetrafluorocethylene resin particles and the



- 61- tetrafl uoroet hyl ene resin particles ("Lublon L-2", nfd. by

Dai kin Kogyo K K. ) was added, followed by stirring for

sand mll to forma dispersion for a protective |ayer.
prepared di spersion was applied onto

- 49 -
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fluorine-containing silane coupling agent used in the

protective layer were not used.

Comparative Example 13.

A comparative photosensitive member was

prepared in the same manner as in Example 17 except

that the protective layer was not used.

Each of the thus prepared photosensitive

members was evaluated in the same manner as in Example

1. The results are shown in Table 3 appearing

hereinafter.

Examples 29 - 35

Seven photosensitive members for Examples 29

- 3% were prepared in the same manner as in Examples

17 - 23 'respectively, except that a CGL was prepared

in the same manner as in Example 9.

Comparative .Example 14

A photosensitive member was prepared in the

same manner as in Example 29 except that a fluorine-

containing silane coupling agent was not used.

Comparative Example 15

A photosensitive member was prepared in the

same manner as in Example 35 except that the fluorine-

containing surfactant was not used.

Comparative Example 16

A comparative photosensitive member was

prepared and evaluated in the same manner as in Example

29 except that the protective layer was not used.
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t he photosensitive |ayer by spray coating and dried

t he photosensitive | ayer, whereby a photosensitive nenber
i nvention was prepared. Conparative Exanple 19

phot osensitive nmenber was prepared in the sanme manner as
except that the protective |ayer was-n®® used.
A conparative photosensitive nenber was

Comparative Example 17

A comparative photosensitive member

prepared in the same manner as in Example 29

that the tetrafluorocethylene resin particles
the protective layef were not used.

Comparative Example 18

A comparative photosensitive member
prepared in the same manner as in Example 29
that the fluorine-containing silane coupling

- the tetrafluorcethylene resin particles were

Conparativ

for 4 hours at 140
[err] C Thus, a 6 [err]mthick protective |ayer w 3

was
except

used in

was
except
agent and

not used.

Each of the above prepared photosensitive

members were evaluated in the same manner as

in

Example 9. The results are shown in Table 4

appearing hereinafter.
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prepared in the sane manner as in Exanple 42 exgep

tetrafl uoroethyl ene resin particles use%:in
5

Conpar ati ve Exanple 21
Conpar ati ve Exanple 22

prepared in the sane manner as in Exanple 37 except

tetrafl uoroethylene resin particles used in
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used.
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- 62 - prepared in the sane manner as in Exanple 41 except that the
protective |ayer was not used. Conparative Exanple 23 _ A
conparati ve photosensitive nenber was prepared in the saji
Exanpl e 36 except that the antinony-containing tin oxide

used in the protective |ayer were not _uigd._ 18 SEP 1999

SHEET

froses e vt -

b

95
125

20.5
24.5

16
23.8

4.0

Good

failure | blur

flow
(1}

Transfer Image | Transfer| Image

failure
Good

-25
-35
+20

24
2.0
2.3

+920

12| -1040

. 11j-1120
13

Table 3 (cont.)

Comp
Ex
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Each of the thus prepared phot osensitive nembers was eval uated_jn the sane
manner as in Exanple 1 except that 50,000 sheets of copyin O&H

30, 000 sheets of copying. The results are shown in Table 5 -
hereinafter. Exanples 43 - 48 Si x photosensitive mbers for
Exanpl es 43 - 48 were prepared in the same nmanner as in Exdnpl el 8SEP 1999,
respectively, except that a CG was pregmred in the sane nper_as in
Exanpl e 36. Conparative Exanple 24 A conparative phot psensitive
menber was

In the above Table 3, each evaluaticn results
of the durability test denotes the following state.

*Good": Good images substantially free from image
defects were obtained.

"Transfer failure": Toner images were not
sufficiently transferred to a transfer-receiving
material to form mottled or spotted images.

"Image flow": Image flow was Observed.

"Poor image density": The resultant images had
poor image density.

"Image blur": Image blur was observed.

"-*: The photosensitive member was not subjected
to measurement or obsaervation because the CGL was

considerably abraded.



prepared in the sane manner as in Exanpl e43, except that the protective
| ayer was not used. Conpar ati ve Exanple 25 A Cofpirad

phot osensitive nmenber was prepared in the sane manner as
except that the tetrafluoroethylene resin particles used i
protective | ayer were not used. Cbnp%;ftive Exanpl e 26
Table 4
Ex. Transfer memory ({Vgi!l - tVgal) (V)
29 5
30 5
31 10
K74 5
3B 5
A 10
3% ’ 5
.-Comp. -L
EX. 14, ';0_
. 15 25
16 - 50
17 45
18 70
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same manner as in Exanple 44 except that the tetrafl uoroethylre
particles used in the protective layer were not used. Congarnatjy

27

manner as in Exanple 48 except that the protective |ayer
Each of the above prepared photosensiti®® -

A conparative photosensitive nmenber was prepar

As shown in Table 3, the photosensitive
members prepared in Examples 17 - 28 according to the
present invention provided good electrophotographic
properties, image-forming properties under any
environmental conditions (i.e.,, N/N, L/L, H/H). The
photosensitive member prepared in Com;‘Jarative Example 10

"also provide good
electrophotographic properties at the initial stage,
but provided image flow after 50,000 sheets of
copyipg. However, such properties of the
photosensitive member prepared in:Comparative Example 10 were
still acceptable level for practical use.

With respect to the comparative
photosensitive members prepared in Comparative
Examples 1l - 13 each evaluation result was as
follows.

(Comparative Example I0)

The comparative photosensitive member showed
good—glectrophotographic properties at the initial
stage but failed to provided goocd images after about
10,000 sheets of copying due to a decreased
chargeability.

(Comparative Examples 11 and 12)

The comparative photosensitive members failed
to provide images over a wide area from the initial
stage and provided image blur under H/H. Further,

after 50,000 sheets of copying, image flow was



nmenbers were evaluated in the sane manner as in

Example 9, The results
are shown in Table 6 appearing hereinafter.

REPLACEMENT SHEET
RER AL SHEE

- 56 -

observed.

{(Comparative Example 13)

Image blur was caused to occur under H/H andg
good images were not cobtained after about 10,000
sheets of copying due to a remarkable decrease in
photosensitivity caused by abrasion of the CGL.

In addition, the comparative photosensitive
members prepared in Comparative Examples 10 - 13 showed
considerable poor pause memory character?stic when
compared with those prepared in Examples 17 - 28
according to the present invention.

As shown in Table -4, the photosensitive
members prepared in Examples 29 - 35 according to the
present invention provided gcod transier memory when

cqmparqd with those prepared in Comparative Examples
16 - 18.

Example 36
An undercoat layer, a CGL and a CTL were

formed on an aluminum cylinder in the order in the

same manner as in Example 1 except that the following

bisazo pigment of the formula:

Cl

N S O W P
© ©)



[err] - 65 - f.he above
Tabl e 5,

each evaluation results of the durability test de EME%M%@HFE@

foll owi ng state.
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was used instead of the bisazo pigment for use in the

CGL and the following triarylamine compound of the

formula:

C!is-—@\

M=V CRoR

was used instead of the one for use in the CTL
prepared in Example 1, respectively.

Then, a dispersion for a protective layer was
prepared as follows.

25 parts of an acrylic polymerizable monomer,

to be used as a binder resin, of the formula:

Q CH: O-CH: CH:CH;
i N/

L 7
CH,=CH—COCH,—C—CH

C

VARE

CH: O-CH: CH:O("‘:-CH=CH2
o}

0.1 parts of 2-methylthioxanthone as a
photopolymerization initiator, 50 parts of antimony-
containing tin oxide fine particles ("T-1", mfd. by
Mitsubishi Material K.K.; average particle size of
0.02 pym), and 300 parts of toluene were mixed by a
sand mill for 96 hours. To the mixture, 35 pats of

tetrafluoroethylene resin particles ("Lublon L-2%,

registered trade mark, mfd. by Daikin Kogyo K.K.} and was added,
followed by



"Good": Good inmages substantially free frominage defects w
"Transfer failure": Toner imges were not sufficiently t r ansike

transfer-receiving material to formnottled or spotted i mggs fuagc
flow': Image flow was observed. "Poor inmage density": mgaﬁﬁﬁﬁgﬂtﬁ
| mages had poor inage density. "I mage blur": Inmage bl ur Was obser

The photosensitive nenber was not s8sbjfected to neasurenent

observati on because the CG. was considerably abraded or thg reS|duaI
potential was too T

stirring for 4 hours by the sand mill to form a
dispersion for a protective laver.

The thus prepared dispersion was applied onto
the photosensitive layer by spray coating and dried,
followed by ultravioclet ray irradiation for 10 seconds
by means of a high-pressure mercury lamp at a light
intensity of 800 mW/cmz.

Thus, a 4 pm-thick protective layer was
disposed on the photosensitive layer, whereby a
photosensitive member of the present invention was
prepared.

Example 37

A photosensitive member was preparéd in the
same manner as in Example 17 except that the acrylic
polymerizable monomer was changed to an acrylic
polymerizable monomer of the formula:

Q
CH,0C-CH=CH,
- I
CH3CH,-C-CH,0C-CH=CH,
CH,0C~-CH=CH,

{

0
. Example 38
A photosensitive member was prepared in the
same manner as in Example 37 ' except that the surface

treatment of the fine particles was performed in the

following manner.
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100 parts of antimony-containing tin oxide
fine particles ("T-1", mfd. by Mitsubishi Material
K.K.; average particle size 0of 0.02 pm), 10 parts of
7 -methacryloxypropyl-trimethoxysilane {“XKBM-503*,registered
trade mark, mfd. by Shinetsu Kagaku K.K.), 1 part of acetic acid, and
1000 parts of water were subjected to milling for 60
hours by @ milling device. After the milling, the
mixture was filtered and then the filtrate was dried
for 5 hours at 120 °C to effect surface treatment of
the fine particles.
Example 39

. A photosensitive member was prepared in the

same manner as in Example 37 except for further adding
2.5 parts of 7-methacryloxypropyltrimethoxysilane
(*"KBM-503", mfd. by Shinetsu Kagaku Kogyo K.K.)} to a
dispersion for a protective layer.
Example 40

A photosensitive member was prepared in the

same .manner as in Example 37 except that the

»

tetrafluoroethylene resin particles were changed to
chlorotrifluorcethylene resin particles ("Diflon”,

registered trade mark, mfd. by Daikin Kogyo K.K.).

Example :41

A photosensitive member was prepared in the
same manner as in Example 36 except that a CGL and a
CTL were formed in reverse order.

Example 42
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An undercoat layer and a CGL were formed oh
an aluminum cylinder in the same manner as in Example
10.

'Onto the CGL, a solution of 10 parts of a

triarylamine compound of the formula:

2@\ Cts_ Cha /@ |
©” X9

50}

and 10 parts of a polycarbonate resin ("Iupiron Z-

200~ , registered trade ma}k, mfd. by Mitsubishi Gas Kagaku K.K.) in a
mixture solvent of 20 parts of dichloromethane and 60 parts of
monochlorobenzene was applied by dipping, followed by
drying for 60 minutes at 120 o¢ to form a 15 um-thick
CTL. Thus, a photosensitive layer was disposed on the
electroconductive support.
Then, a dispersion for a protective layer was

prepaged as follbws.

| 30 parts of a heat-curable acrylic resin
("DIANAL HR-620",.registered trade mark, mfd. by Mitsubishi Rayon
K.K.) as a binder resin, 50 parts of antimony-containing tin
oxide fine particles ("T-1", mfd. by Mitsubishi
Material K.K.; average particle size of 0.02 pm), 150
parts methylethylketone, and 150 parts of ethyl
cellosolve acetate were subjected to milling for 48

hours by a milling device. To the mixture, 30 pats of



- 67 - As shown in Table 5, the photosensitive_ nenbers

prepared in Exanples 36 - 42 according to the present iny¢

good el ectrophotographi c properties, imge-form ng propef
environmental conditions (i.e., NN, L/L, HH).

the conparative photosensitive nenbers prepared in Conpa
- 61 -

tetrafluoroethylene resin particles ("Lublon

L-Z",

mfd. by Daikin Kogyo K.K.) was added, followed by

stirring for 10 hours by the sand mill to form a

dispersion for a protective layer.

The thus prepared dispersion was applied onto

the photosensitive layer by spray coating and dried

for 4 hours at 140 °c.

Thus, a 6 pw-thick protective layer

was

disposed on the photosensitive layer, whereby a

photosensitive member of the present invention was

prepared.
Comparative Example .19

A comparative photosensitive member
prepared in the same manner as in Example 37
that the protective layer was not used.
Comparative Example 20

A comparative photosensitive member
prepared in the same manner as in Example 37
tha@ithe tetrafluoroethylene resin particles
the protective layer were not used.

Comparative Example 21

A comparative photosensitive membgg
prepared in the same manner as in Example .42
that the tetrafluoroethylene resin particles
the protective layer were not used.

Comparative Example 22

A comparative photosensitive member

was

except

was
except

used in

was
except

used in

was



Exanmpl es 19 - 23 each evaluation result was as follows. (

Exanpl e 19) The conparative photosensitive nmenber giligh ' BWF§ EE?
el ectrophot ographi c properties at the initial Py

stage but faifefd to prov
good i mages after about 10,000 sheets of copying due to a d re&ib@EP;%g
chargeability. (Conparative Exanples 20 and 21) hg conparatiVve
phot osensitive nmenbers failed to prevege-i mages over a wide are

initial stage and provi ded i mage bl ur under H H Further,

prepared in the same manner as in Example 41 except
that the protective layer was not used.

Comparative Example 23

A comparative photosensitive member was

prepared in the same manner as in Example35 except
that the antimony-containing tin oxide fine particles
used in the protective layer were not used.

Each of the thus prepared photosensitive
nembers was evaluated in the same manner as in Example
1 except that 50,000 sheets of copying was changed to
30,000 sheets of copying. The results are shown in
Table 5 appearing hereinafter.
Examples 43 - 48

Six photosensitive members for Examples 43 -
48 were prepared in the same manner as in Example 36 -
41, respectively, except that a CGL was prepared in the -
same manner as in Example 36.
Comparative Example 24

- A comparative photosensitive member was

prep%red in the same manner as in Example 43,

aexcept

that the protective layer was not used.

Comparative Example 25

A comparative photosensitive member was
prepared in the same manner as in Example 43 except
that the tetrafluorcethylene resin particles used in

the protective layer were not used.

Comparative Example .24



after 50,000 sheets of copying, inmage flow was obser ved. (Conparative

Exanpl e 22) | mage bl ur was caused to occur undef—HH.and goad
i mages were not obtained after about 8,000 sheets of copYRRP AU ki LT
remar kabl e decrease in phot osensi tivity caused by abrasi ¢ngrethlin
(Conpar ati ve Exanple 23)

- 63 - 18 SEP 1999

A comparative photosensitive member was
prepared in the same manner as in Example 44 except
that the tetrafluoroethylene resin particles used iﬁ
the protective layer were not used.

Comparative Example 77

A comparative photosensitive membgr_was
prepared in the same manner as in Example 48 except
that the protective layer was not used.

Each of the above prepared photosensitive
members were evaluated in the same manner as in
Example g, The results are shown in Table 6

appearing hereinafter.




- 68- The conparative photosensitive nenber sho
consi derabl e high residual potential and accordingly did
eval uation of image form ng properties, an abration degred
menory characxteristics. As descri bed herei naboye
the present invention, there is provided a photosensitive

good el ctrophot ographic properties substtantially free fra
phot osensitivity
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and an increase in residual potential. The phot osensitive nenber
stably provides high quality inmages even when used repeti tfipve

t he photosensitive nmenber has a protective |ayer excell ent{#i
releasability, a resistance to abrasion and an environnmengal
The photosensitive nenber al so provides | nprovenents in
characteristics and a transfer nenory.es - I n addft] en,

conpar ati ve photosensitive menbers prepared in Conparati
23

In the above Table 5, each evaluation results
of the durability test denotes the following state.

"Good": Good images substantially free fronm imﬁge
defects were obtained.

"Transfer failure": Toner images were not
sufficiently transferred to a transfer-receiving
material to form mottled or spotted images.

"Image flow": Image flow was observed.

"Poor image density": The resultant images had
poor image density.

"Image blur": Image blur was observed.

“-": The photosensitive member was not subjected

to measurement or observation because the CGL was

considerably abraded or the residual potential was too

large.



showed consi derabl e poor pause nmenory characteristic when

those prepared in Exanples 36 - 42
As shown in Table 6, the photosensitive menber s prepared

conpared with

according to the present invention.

429according to the present invention provided good transf
- 66 - 18 SEP 1999

Table 6

Ex. Transfer memory (1vail - [Vgal) (V)
43 25
44" 25
45" ~ 20
46 | 20
47 25
48 25

Comp.

Ex. 24 60
25 50
© 26 45
27 65




Tt

conpared with those prepared in Conparative Exanples 19 - 2)
el ect rophot ogr aphi ¢ phot osensi tive nenber Is constituted (E$QQWR§HE

protective |ayer and a phot osensitive |l ayer on an el ectrpcionductive

support in this order. The protective layer is characterj zed| 8 $yP 1999 |.
contai ning an el ectroconductive particles, fl uori ne-contlaijni ng i |
particles and a bi nder resin. The photgsensitive |ayer is‘§Urragﬁ%JQ§N£MTSHEE

provi di ng an el ectrophot ographi ¢ appar atus show ng exceljl ent
el ectr ophot ographi ¢ characteristics such as

As shown in Table 5, the photosensitive
members prepared in Examples 36 - 42  according to the
present invention provided good electrophotographic
properties, image~forming properties under any
environmental conditions (i.e., N/N, L/L, H/H).

With respect to the comparative'
photosensigive_members prepared in Comparative
Examples 19 - 23 each evaluation result was as
follows.

(Comparative Example }9)

The comparative photosensitive member showed
good electrophotographic properties at the initial
stage but failed to provided good images after about
10,000 sheets of copying due to a decreased

chargeability.

(Comparative Examples 20 and 21)

The comparative photosensitive members failed
to provide images over a wide area from the initial
stage gnd provided image blur under H/H. Further,
after 50,000 sheets of copying, image flow was

observed.

{Comparative Example 22)

Image blur was caused to occur under H/H and
good images were not obtained after about 8,000
sheets of copying due to a remarkable decrease in
photosensitivity caused by abrasion of the CGL.

(Comparative Example 23°)



a high photosensitivity and a | ow residual potenti al

good i mage form ng properties under any environnent al
pause menory

70 -

and

con
characteristics and a decreased transfer ne

The comparative photosensitive mehber showed
a considerable high residual potential and accordingly
did not deserve evaluaﬁion of image forming
properties, an abration degree, and pause memory
characxteristics.

As described hereinabove, according to the
present invention, there is provided a photosensitive
member having good elctrophotographic properties

substantially free from a decrease in photosensitivity
and an increase in residual potential.

The photosensitive member stably provides
high quality images even when used repetitively
because the photosensitive member has a protective
layer excellent in a surface releasability, a

resistance to abrasion and an environmental

stability.

The photosensitive member also provides
improyements in pause memory characteristics and a
transfer memory.

In addition, the comparative photosensitive
members prepared in Comparative Examples 19 - 23
showed considerable poor pause memory characteristic
when compared with those prepared in Examples 36 - 42
according to the present invention.

As shown in Table 6, the photosensitive
members prepared in Examples 43 - 48 according to the

present invention provided good transfer memory when




Cl ai nms 1.
conprising: an el ectroconductive support,
an image-formng region disposed on the el ectroconductive
protective | ayer covering the inmage-formng region on the

| ayer conprises el ectroconduc Igg?@ﬁﬁﬁw !

An el ectrophot ographi ¢ photosensitive nenper

a photosensitive RE}L?{CEWNT%HEET

q
o

.

*

{si.n_and_at

| ayer, wherein said protective
particles, fluorine- containing resin pagdicles, a binder
| east one species of a conpound sel ected from the group consisting of a

coupling agent, a surfactant, a silicone oil, and a graft

Som

inT

compared with those prepared in Comparative Examples

19 - 22.

An electrophotographic photosensitive member
is constituted by disposing a protective layer and a
photosensitive layer on an electroconductive support
In this order. The protective layer is characterized
by containing an electroconductive particles,
fluorine-containing resin particles and a binder
resin. The photosensitive layer is suitable for
providing an electrophotographic apparatus showing
exéellent electrophotographic characteristics such as
a high photosensitivity and a low residual potential
and also providing good image forming properties under
any environmental condition,.improved pause mMemory

characteristics and a decreased transfer memory.



pol ymer having a water-repellent group. 2. A photosepsitive nenber
according to Claiml, wherein said electroconductive parti SEETE
nmet al oxi de. 3. A photosensitive nenber according EgﬁgﬁﬂﬂﬁﬁﬂfsﬁEET
wherein said el ectroconductive particles have an average pagticle size of

at nost 0.3 [err]m 4. A photosensitive nmenber accgrdi ﬁgﬁtS(EPCWﬁ?m
3, Wwherein said electroconductive partigbeg have an

// o

UL

Claims

1. An electrophotographic photosensitive member,
comprising:
an electrocoﬁductive support, a pbotosensitive layer having
an image-forming region disposed on the electroconductive
support, and a protective layer covering the image-forming
region on the photosensitive layer, wherein said protective
layer comprises electroconductive particles, fluorine-
containing resin particles, a binder resin and at least one
species of a compound selecte& from the group consisting of a
coupling agent, a surfactant, a silicone oil, and a graft

polymer_havinq a water-repellent group.

2. A photosensitive member'accor&ing ta Claim 1,
". wherein sai&'electrocondnctive particles comprise

metal’o;ide.

3. A photosensitive member according to Claim 1,
wherein said electroconductive particles have an

average particle size of af most 0.3 pm.

4. A photosensitive member accarding to Claim 3,
wherein said electroconductive particles have an

avarage particle size of at most 0.1 nm.



average particle size of at nost 0.1 [err]m
photosensitive member according to Claim1l, wherein said

fluorine-containin cles conprise tetrafl uoroet

e

- 71 -

5. A photosensitive member according to Claim 1,
wherein said fluorine-containing resin particles
comprise tetraflucroethylene raesin or vinylidene

fluoride resin.

6. A photasensitive member according to Claim 1,

wherein said binder resin comprises a curable resin.

7. A photosensitive member according to Claim 1,

wherein said compound contains fluorine atom.

8. A photasensitive member according to Claim 1,
or 8, wherein said electroconductive particles have

been subjected to surface treatment.

9. A photosensitive member according to Claim 1,
wherein said photosensitive layer comprises a charge
generation layer and a charge transport layer.

l0. A photosensitive member according to Claim 1,
further comprising an intermediate layer disposed
between said electroconductive support and said
photosensitive layer.

11. An electrophotographic apparatus, comprising:

an electrophotographic photosensitive member according



6. A photosensitive nmenber according to daiml, wherein said binder T
resin conprises a curable resin. 7. A phot osensig Aefiitivi O

according t sai d conpound contains fluofRER, W*SHEET[

8. A phot oS@Rakdtut e pher _according to Claiml1, or 8,
el ectroconduamfmwgﬂm EM&ve been subjected to surfac r?%tgagt.
9. A photosensitlever ordiqg7%q_CIain|1, 1999

to Claim 1, means for forming an electrostatic latent

image. means for developing the formed electrustatic
latent image and means for transferring the develaped.

image to a transfer-receiving material.

12. A device unit, including: an
electrophotographic photosensitive member according ta
Claim 1 and at least one means selected from a
charging means, a developing means, and a cleaning
means;

wherein said photosensitive member, and said
at least one means szlected frqm the charging means,
the developing means, and the cleaning means are
integrally supported to form a2 single unit, which can
be comnected to or released from'an apparatus body as

désirsd.



wherein said photosensitive |ayer conprises a charge generation |ayer and
a charge transport | ayer. 10. A photosensitive nen '
Claim1, further conprising an internediate | ayer di spose
el ectroconductive support and said photosensitive |layer. { o
el ectr ophot ographi ¢ apparatus, conprising: an eIectrophotbo‘raji)léi§EF,19,99
phot osensitive nmenber accordi ng
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ELECTROPHOTOGRAPHIC PHOTOSENSITIVE MEMBER,
FLECTOPHOTOGRAPHIC APPARATUS USING SAME AND
DEVICE UNIT USING SAME

ABSTRACT OF THE DISCLOSURE

An electrophotographic photosensitive member
is constituted by disposing a protective layer and a
photosensitive layer on an electroconductive support
in this order. The proétective layer is characterized
by coﬁtaining'an electroconductive particles,
fluorine-containing resin particles and a binder
resin. The photosensitive layef is suitable far
pro%iding an elecfrophotographic apparatus showing
axcellent electrophotographic characteristics such as
a high photosensitivity and a low residual pétential
and also provi&ing good image forming properties under
any environmental condition, improved pause memory

characteristics and a decreased transfer memory.

FIG. 1
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for devel oping the forned electrostatic
transferring the devel oped
12. A device unit,

according to

i ncl udi ng: an

to Caim1, nmeans for formng an electrostatic | atent
| at ent i mage and
i mge to a transfer-receiving &l
el ect r ophot ogr aphi ¢ phof os

| mage nean

EET

ensitive ne

18 SEP 1999

er

FIG. 2

8
10
/
IMAGE - READING
PART /“ D~ 14
CONTROLLER _,
RECEIVING | |
, 16 CIRCUIT
IMAGE I5
MEMORY | /
TRANSMIT TING CIRCUIT
7 CIRCUIT |
+ ) .-"'_'. r 1
cPU i3
¥
, | | PRINTER | 18 ,
' CONTROLLER ~ '
¥
PRINTER - '°
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& An slectrophotographic photosensitive member is constituted by disposing a protective layer and a
*photosensitive layer on an electroconductive support in this order. The protective layer is characterized by
containing an slectroconductive parficles, fluorine-containing resin particles and a binder resin. The photosen-
sitive layer is suitable for providing an electrophotographic apparatus showing excsllent electrophotographic
characteristics such as a high photosensitivity and a low residual potential and also providing good image
forming properties under any environmental condition, improved pause memory characteristics and a decreased
transfer memory.
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