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(&) Electrophotographic photosensitive mem_ber and electrophotographic apparatus using the same.

@ An electrophotographic photosens:twe member, comprising: a support, and an intermediate layer and a
photosensitive layer disposed on the support in this order; the intermediate layer comprising: a coated powder
comprising a coating layer and barium sulfate fine particles coated with the coating layer; and the coating layer
comprising tin oxide. The above intermediate layer is usable for constituting an electrophotographic apparatus
providing stable potential properties and good image quality under overall environmental conditions mcludmg

low-temperature and low-humidity condition to high-temperature and high-humidity condition.
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el ect r isC MaviRgs sdebific ReMitRAlatolIfSr. Heret of ore, there have been
proposed The present invention also relates to an electrophotographlc apparatus ‘using the photosensitive
member.

A photosensitive member is generally constituted by a support and photosensitive layer (or a

photoconductive layer) formed on the support The photosensitive member may further contain an intermedi-

10 ate layer disposed between the photosensitive layer and the support since the intermediate layer is
effective for covering defects of the support, protecting the photosensitive layer from an electrical
breakdown, and improving various properties such as coating properties of the photosensitive layer,
adhesive properties between the photosensitive layer and the support, charging characteristic, and charge-
- injecting properties from the support to the photosensitive layer. Accordingly, the intermediate layer for use

15 in the photosensitive member is required to have various functions such as coating properties, adhesive
properties, mechanical strength, appropriate conductivity and electrical barrier properties.

Heretofore, there have been proposed intermediate fayers including:

(i) a resin film free from a conductive filler, _
" (i} a resin film confaining a conductive filler, and
20 (iii) a laminated film comprising a layer of the above resin film (|) laminated on a layer of the above film
i)
~ However, the layer of the above resin film (i) has a high resistivity because the layer does not contain a
conductive filler, and is required to have a large thickness in order to remedy defects on a support.
Therefore, the layer of (i) has the disadvantage of an increased residual potential with repetitive use, thus
25 requiring a considerably small thickness by minimizing the defects on the support in order to put the layer
of (i) to practical use.

On the other hand, the layers of the above resin film s(ii) and (jii) have the advantage of having an
appropriate conductivity by dispersing a conductive filler therein. Such layers of (i) and (jii), however,
change their electrical characteristics such as resistivity and permittivity (or dislectric constant) if the

s0 conductive filler has poor dispersibility, thus adversely affecting potential properties and image forming
properties. In this instance, the layers of (ii) and (iii) also have a poor surface smoothness to cause coating
defects and further invite decreases in adhesive properties and mechanical strength.

There have been proposed some conductive fillors for use in an intermediate layer, such as metal
metal oxide and metal nitride, in Japanese Laid-Open Patent Applications Nos. 58-181054 (for metal), 54-

35 151843 (for metal oxide), 1-118848 (for metal nitride), etc
: However, when such conventional conductive fillers were used as those for use in mtermedlate layers,
the intermediate layers encountered a difficulty in preparing a photosensitive member providing always
stable potential properties and image forming properties under overall environmental conditions including
low-temperature and low-humidity condition to high-temperature and high-humidity condition because such
40 intermediate layers had large environment-dependences of potential properties such as temperature-
dependence and humidity-dependence. For instance, under low-temperature and low-humidity condition
inviting an increase in a volume resistivity of an intermediate layer, charges were accumulated in the
intermediate layer fo increase a residual potential and a light part potential when a photosensitive member
having the intermediate layer was repetitively used. On the other hand, when a photosensitive member
45 having an intermediate layer was repetitively used under high-temperature and high-humidity condition
inviting a decrease in a volume resistivity of the intermediate layer, an electrical barrier function of the
intermediate layer was lowered to accelerate a carrier injection from a support to the intermediate layer,
thus resulting in a decrease in'a dark part potential of a photosensitive member having the intermediate
layer to cause a decrease in an image density. When such photosensitive member was used for a printer
so utilizing an electrophotographic system performing reversal development, there were llable to cause
undesirable black spots and fogs with respect to a resulting image.

The reason why electrophotographic properties of a photosensitive member are changed dependlng
upon environmental conditions as described above may be attributable to a poor dispersibility of a

. conductive filler used. In other words, when a dispersibility of a conductive filler within an intermediate layer

§6 is lowered, there occurs a local change in a resistivity, whereby potential properties and image forming

properties of a photosensitive member having the mtermedlate layer are presumably changed under the
influence of environmental conditions.
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hand, the | aygbtherOdbjsct16f MBQ¥dent invention is to provide an electrophotographic apparatus using the
photosensitive member. _
According to the present invention, there is provided an electrophotographic photosensitive member,
comprising: a support, and an intermediate layer and a photosensitive layer disposed on the support in this
10 order;
the intermediate layer comprising: a coated powder comprising a coating layer and barlum sulfate fine
particles coated with the coating layer; and
the coating layer comprising tin oxide.
According to the present invention, there is also provided an electrophotographic apparatus, comprising:
16 an electrophotographic photosensitive member according to Claim 1, charging means for charging the
photosensitive member, image exposure means for performing image exposure to the charged photosen-
sitive member to form an elecirostatic latent image on the photosensitive member, and developing means
for developing the latent image with a toner.
These and other objects, features and advantages of the present invention will become more apparent
20 upon a consideration of the following description of the preferred embodiments of the present mventlon
taken in conjunction with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

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

DETAILED DESCRIPTION OF THE INVENTION

30 The electrophotographic photosensitive member according to the present invention comprises a
support, and an intermediate layer and a photosensitive layer disposed on the support in this order. The
intermediate layer of the photosensitive member of the present invention is characterized by containing a
binder resin and a coated powder as a filler comprising a conductive coating layer comprising tin oxide and
barium sulfate fine particles coated with the coating layer.

35  The barium sulfate fine particles are excellent in dispersibility and have a refractive index substantially
equal to a refractive index of the binder resin used, thus not hindering light transmission properties of the
intermediate layer.

In the present invention, by coating barium sulfate fine particles with a conductive coating layer, a
resultant coated powder has an appropriate resistivity (or specific resistance). The coated powder may

40 preferably have a resistivity (herein, referred to as "powder resistivity™) of 0.1 ohm .cm to 1000 ohm.cm,
particularly 1 ohm.cm to 1000 ohm.cm.

Herein, a resistivity of a coated powder (i.e., powder resistivity) can be measured by a resistance
measuring apparatus (Loresta AP, manufactured by Mitsubishi Yuka K.K.). More specifically, a coin-like
sample is prepared by compressing a powder under a pressure of 500 kg/cm? and is mounted or disposed

. 45 on a prescribed position of the apparatus.

The coating layer of the filler used in the present invention may preferably have a coating ratio of 10-
80 wt. %, more preferably 30 - 60 wt. %. Herein, the term "coating ratio” means a ratio of a total weight of
a coating layer comprising tio oxide used in a coated powder to a total weight of the coated powder
comprising the coating layer and barium sulfate fine particles (i.e., a weight percentage of the total coating

50 layer contained in the total coated powder).

The coated powder may preferably have an average particle size of 0.05 - 1.0 um, more preferably
-0.07 - 0.7 um. Herein, the average particle size of the filler (coated powder) means a value of that
measured according to a centrifugal sedimentation method. _

In general, as an average particle size of a filler is decreased, the filler is liable to cause reag-

55 glomeration or reaggregation because it becomes difficult to disperse the filler. The filler used in the
present invention is improved in dispersibility. In the present invention, a filler cont nt of the intermediate

Iayer may preferably be 1.0 - 80 wt. %, more preferably 5.0 - 80 wt. %.
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order to decrease a resistivity of the coating layer, it is also possible to decrease an oxygen content of tin

oxide used in the coating layer by a reduction process.

Examples of the binder resin used for the intermediate layer may include polymers or resins such as
phenolic resin, polyurethane resin, polyamide, polyimide, polyamide-imide, polyamide acid resin, polyvinyl

10 acetal, epoxy resin, acrylic resin, melamine resin and polyester. The above binder resins may be used
singly or in combination of two or more species. The binder resin used in the intermediate layer has the
advantages of improving a dispersibility of the filler and having a good solvent resistance after film '
formation in addition to good adhesive properties to the support. Among the above-mentioned resins,
phenolic resin, polyurethane resin and polyamide acid resin may particularly be preferred.

15 The intermediate layer constituting the photosensitive member of the present invention may preferably
be prepared by applying a solution or a dispersion comprising a coated powder, a binder resin and an
appropriate solvent onto a support by known coating methods such as dipping and bar coating, followed by
drying.

in order to lmprove a dispersibility of the filler used in the present invention, the surface of the present

20 invention may be treated with a treating agent mcludmg a coupling agent such.as a silane coupling agent
or titanium coupling agent, and a silicone oil.

The intermediate layer may preferably have a thickness of 0.1 - 30 wm, more preferably 0 5-10 um.
The intermediate layer may preferably have a volume resistivity of at most 10’ ohm.cm, particularly at
most 10'2 ohm.cm. _

25 A volume resistivity of an intermediate layer can be measured as follows.

A sample of an intermediate layer is applied onto an aluminum plate. On the coated aluminum plate, a
thin film of gold is formed. A value.of a current carried between the aluminum plate (as an electrode) and
the gold thin film (as an electrode) is measured by using a pA meter to obtain a volume resistivity. '

The intermediate layer may further contain another filler in addition to the above-mentioned filler (i.e.,

s0 coated powder). Examples of such another filler may include zinc oxide, titanium oxide, etc. The .
intermediate layer may also contain a leveling agent so as to enhance a surface smoothness of the
intermediate layer. _

Then, a layer structure of the photosensmve layer used in the present invention will be explamed The
photosensitive layer may be constituted by a single layer and may also have a laminated structure including

35 at least a charge generation layer (herein, referred to as "CGL") and a charge transport layer (hersin,
referred to as "CTL").

in case where the photosensitive Iayer is constituted by the single layer, a charge-generating substance
(herein, referred to as "CGS") and a charge-transportmg substance (herein, referred to as "CTS") are
contained in a single layer wherein generation and transport (or migration) of a photocarrier (or charge

40 carrier) are performed.

In case where the photosensitive layer has the laminated layer, a CGL contammg a CGS and a CTL
containing a CTS may be disposed on a support in this order or in reverse order. _

Examples of the CGS may include: azo pigments such as those of monoazo-type, bisazo-type and
trisazo-type; metallo- or nonmelatto-phthalocyanine. pigments; indigo pigments such as indigo and thioin-

45 digo; quinone pigments such as anthraquinone and pyrenequinone; perylene pigments such as perylene
-acid anhydride and perylene acid imide; squalium pigment; pyrylium salts or thiopyrylium salts; and
triphenylimethane dyes. in addition, it is possible to use inorganic materials, such as selenium, selenium-
tellurium and amorphous silicon, as the CGS.

The CTS includes an electron-transporting substance and a hole-transporting substance.

80 Examples of the electron-transporting substance may include: 2,4,7-trinitrofluorenone, . 2.4,5,7-
tetranitrofluorenone, chioranil or tetracyanoquinone-dimethane. Examples of the hole-transporting substance
may include: polycyclic aromatic compounds such as pyrene and anthracene; heterocyclic compounds
such as carbazoles, indoles, imidazole, oxazoles, thiazoles, oxadiazoles, pyrazoles, pyrazolines, thiadiazoles
and triazole; hydrazone compounds such as p-diethylamionobenzaldehyde-N,N-diphenylhydrazone and

s6 N,N-diphenylhydrazino-3-methylidene-9-ethylcarbazole; styryl-type compounds such as a-phenyl-4'-N N-

- diaminostilbene and 5-{4-(di-p-tolylamino)-benzylidene]-5H-dibenzo-[a,d}-dicycloheptene; benzidines; and
triarylamines.

This Sheet Has Been

o I llll



nmetal , netal hideqand t cIe nitride, in Japanese Lai d-Qpen Patent L
ﬁpgllégzél ?PS Wﬁ for nmetal ), 54-151843 (f F’Fl;'vlgt o ,&J)&A%%EET_\
- or , etc. Howe\ ek

IIH " | EPD 596 504 A1 ﬁﬁ%ﬁﬁ;ﬁ‘ﬂ‘

conventi onal - ers were used as those forjuse Atet-mediat e
layers, the internediate |ayers encountered a difficulty in preparing a
phot osensi t i kR thePHRIOEEHSIRG I8jel\@lich thé pidtoBensitieaier i lcomposgbefiaisingle dayer, the

| mage 20 fOG$TamOthe 0TS aridyipRserabliy contaibbdiinl thee photosensitiesnibysl incamuaints iob11s- 70 wt. %,

i ncl udi ng lespaciveipppariuleye 26 R 70| vatved, uesipelitively. Gtived i the pimtdsensitivey tayercis ex ainated
and hi gh- hstiittore] te CGS Ghay ip@ferdblyaicomaigaddithp IGGE imancimeting of 0,108 wh 36l padiculpsly 40
envi r onwent 1abepedand e OTS poy erdfaratly e oprtained dn tho @ iR Sainamount of 20 - 80 wt. %,

t enper at ur partidalipyade7@et. &d hum di t y- dependence. For instance, under

| ow t enper at Arthickaess of thexphetoserkitive lages wdiich iscaempespd of fgjngimiayen Map aeterably bg 5,000 ne
resi stivi tsicrons, more preferably 10 - 60 microns. When the photosensitive layer has a laminated structure, a

thickness of the CGL may preferably be 0.001 - 5 microns, more preferably 0.05 - 2 microns, and a

10 thickness of the CTL may preferably be 1 - 40 microns, more preferably 10 - 30 microns.

The photosensitive member according to the present invention may be prepared by disposing a
material for constituting the photosensitive layer on a support by a vapor-deposition or by applying a
coating liquid containing such a material, an appropriate binder and/or an appropriate solvent onto a support
and drying the resultant coating. _

15 Examples of such a binder for use in the photosensitive member inciuding those having the above-
mentioned single layer and laminated structure may preferably include: polyvinyl acetal, polycarbonate, .
polystyrene, polyester, polyvinyl acetate, polymethacrylate, acrylic resin, and cellulosic resin.

Some materials for constituting the photosensitive layer affect injection of free carriers from the
intermediate layer to the photosensitive layer, thus decreasing a chargeability of a resultant photosensitive

20 member to adversely affect image properties. In this instance, it is possible to dispose a barrier layer (e.g.,
an appropriate resin film) having a barrier function between the intermediate layer and the photosensitive
layer, as desired, thus effectively suppressing the injection of free carriers.

Examples of materials for use in the barrier layer may include: water-soluble resins such as polyvinyl
alcohol, polyvinyl methyl ether, polyacrylic acid and its derivatives, methyl celiulose, ethyl cellulose,

25 polyglutamic acid, casein, and starch; and resins or polymers such as polyamide, polyimide, polyamide-
imide, polyamide acid resin, melamine resin, epoxy resin, polyurethane, and polyglutamate. In view of
coating properties, adhesive properties, solvent resistance, electrical barrier function, electrical resistance,

. efc., polyamide may preferably be used as the barrier layer material. Such polyamide may preferably
_ include copolymer nylon having a low crystallizability or non-crystallizability so as to allow application in a

30 solution state.

The barrier layer may preferably have a thickness of 0.1 - 2 1m.

in the photosensitive member according to the present invention, it is possible to dispose a protective
layer on the photosensitive layer. The protective layer may principally comprise resins or polymers such as
polyester, polyurethane, polyarylate, polysthylene, polystyrene, polybutadiene, polycarbonate, polyamide,

35 polypropylens, polyimide, polyamide-imide, polysulfone, polyarylether, polyacetal, nylon, phenolic resin,
acrylic resin, silicone resin, epoxy resin, urea resin, allyl resin, alkyd resin, and butyral resin.

The protective layer may preferably have a thickness of 0.05 - 15 um, more preferably 1 - 10 um.

The support for use in the photosensitive member of the present invention may be prepared by using
various materials including: metal or metal alloy, such as aluminum, aluminum alloy, copper, titanium, or

40 stainless steel; a polymeric material such as polyethylene terephthalats, phenolic resin, polypropyiene, or
polystyrene; and hard or rigid paper. The support may preferably be in the form of a cylinder or drum, a
belt, or a sheet. When the materials for the support have a high volume resistivity, the support is required to
be subjected to conductive treatment. The conductive treatment can be performed by forming a conductive
film layer on the support or by dispersing a conductive substance within the support.

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

Hersinbelow, an electrophotographic apparatus according to the present invention will be explained with

50 reference to the sole figure. . '

Figure 1 shows a schematic structural view of an embodiment of an electrophotographic apparatus
using an electrophotographic photosensitive member of the present invention. Referring to Figure 1, a
photosensitive drum (i.e., photosensitive member) 1 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

- 55 photosensitive drum is uniformly charged by means of a charger 2 to have a prescribed positive or negative
" potential. The photosensitive drum 1 is subjected to image exposure with light L (e.g., slit exposure or laser
beam-scanning exposure) at a prescribed exposure part 3 by using an image exposure means (not shown),
whereby an electrostatic latent image corresponding to an exposure image is successively formed on the.
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recording 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-

10 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 electrophotographlc apparatus, it is possible to provide a
device unit which includes plural means inclusive of or selected from the photosensitive member (photosen-

15 sitive drum), the charger, the developing means, the cleaner, etc. so as to be attached or removed as
desired. The device unit may, for example, be composed of the photosensitivé member and the cleaner 6
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. At this time, the device unit can be
accompanied with the charger and/or the developing means to prepare a single unit.

20 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,

a drive of LED array or a drive of a liquid crystal shutter array in accordance with the signal.
Hereinbelow, the present invention will be explained in more specifically with reference to examples. In

25 the following examples, "part(s)" means "weight part(s)”.

Example 1

A coating liquid for an intermediate layeér was prepared in the following manner.

30 A mixture of 120 parts of a coated powder comprising barium sulfate fine particles having a coating
layer of tin oxide (particle size of 0.22 um, coating ratio of 50 wt. %, powder resistivity of 700 ohm.cm}), 70
parts of a resol-type phenolic resin (trade name: Plyophen J-325, manufactured by Dainippon Ink &
Chemicals, Inc.; solid content of 70 %), and 100 parts of 2-methoxy-1-propanol was dispersed for about 20
hours in a ball mill fo prepare a coating liquid. - :

35 The coating liquid was applied onto an aluminum cylinder (outer diameter of 30 mm, length of 360 mm;
surface roughness (Rmax) of 5 um) by dipping, followed by drying for 30 minutes at 140 °C to form an
intermediate layer having a thickness of 17 um. The intermediate layer showed a surface roughness
(Rmax) of 0.5 um.

Herein, Rmax is obtained accordmg to Japan Industrial Standard (JIS) 80601 .

40 _A solution of 10 parts of a copolymer nylon resin (Amilan CM 8000, mfd. by Toray K.K.) in a mixture

- solvent of 80 parts of methanol and 40 parts of butanol was applied onto the above-prepared intermediate
layer by dipping, followed by drying of 10 minutes at 90 °C to form a barrier layer having a thickness of 0.5
um.

Then, a mixture of 4 parts of an oxytitamum-phthalocyamne pigment, 2 parts of a polyvinyl butyral resin

45 (BX-1, mfd. by Sekisui Kagaku Kogyo K.K.; butyral degree of 80 %) and 34 parts of cyclohexanone was
dispersed for 8 hours by a sand mill. The resultant mixiure was applied onto the above-prepared barrier -
layer by dipping, followed by drying for 10 minutes at 80 °C to form a CGL having a thickness of 0.2 um.

Subsequently, 50 parts of a friarylamine compound represented by the following formula: '

VAN

50
HaC CHa,
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wor ds, whesp partsl bfasolydriitinkts tesinQihpildd ZR200; aiid] bg MitsubishiiCab Bagald K.K) weradissoived in 400
i nter madl opafts loReriochiGrobenzens @l prepdie b oating liuid. Thé oaating Kjoidnvgs applied onto the above-
resi stivi tyrepadacCGlbly gipdisgnaridadriesh ifop (1 ehioni- &ts12011d to foerg@ G maving) a thicknessut 120 iues
of a phet ogersby tn electmphoivgraptiaptiotagentitive mentber aveeidieg t thegpyesent inventipn wasummepiatey.
changed undeiThe thas pregaredaphoteseositive membenwas rassembied iirdant @lesirgphotographic copying machine

using a hormal development system and was subjected fo an image formation process including the steps

of: charging-exposure-development-transfer-cleaning at a cycle speed of 0.8 sec/cycle. Under environmen-

tal conditions including low-temperature (15 °C) and low-humidity (15 %RH) condition (hereinbelow, simply

10 referred to as "LiLh condition™) and high-temperature (30 °C) and high-humidity (85 %RH) condition-

' (hereinbelow, simply referred to as "HtHh condition™), the above copying machine was subjected to.
successive image formation of 10000 sheets (a durability test). In order to evaluate electrophotographic
characteristics, dark part potentials (Vp) at an initial stage and after copying of 10000 sheets and light part.
potentials (V) at an initial stage and after copying of 10000 sheets were measured under LtLh and HtHh

15 conditions, respectively. The results are shown in Table 1 below.

Table 1

20 LtLh condition HtHh condition
Initial | After 10* sheets | Initial | After 10* sheets
Vo (-V) 700 700 700 680
VL (V) 210 215 210 205
25 .

As shown in Table 1, the photosensitive member according to the present invention provided potential
stabilities (i.e., substantially provided no changes in Vp and V,) under the LtLh condition and the HtHh
condition, thus retaining large differences between Vp and V, at the initial stage and after the copying of
10000 sheets. As a resuit, a sufficient contrast and a stable image quality were obtained.

30

Example 2

A photosensitive member of the present invention was prepared in the same manner as in Example 1

exceopt that the aluminum cylinder was changed to one having an outer diameter of 30 mm and a length of
85 260 mm. '

The thus prepared photosensitive member was assembled in an electrophotographic copying machine
using a reversal development system and was subjected to an image formation process including the steps
of: charging-exposure-development-transfer-cleaning at a cycle speed of 8 -sec/cycle. Under environmental
conditions including LiLh condition and HtHh condition, the above copying machine was subjected to

40 successive image formation of 5000 sheets (a durability test). In order to evaluate electrophotographic
characteristics, dark part potentiais (Vp) at an initial stage and after copying of 5000 sheets and light part
potentials (Vy) at an initial stage and after copying of 5000 sheets were measured under LtLh and HtHh
conditions, respectively. The results are shown in Table 2 below. .

5 ' Table 2
LtLh condition HtHh condition
Initial After 5000 sheets Initial After 5000 sheets
5 Vo(v) | 700 65 | 700 690
Vi (V) 210 _ 210 210 - 218

As shown in Table 2, the photosensitive member according to the present invention provided potential

55 stabilities under the LtLh condition and the HtHh condition, thus retaining large differences between Vp and

V, at the initial stage and. after the copying of 5000 sheets. As a result, a sufficient contrast and a stable
image quality were obtained. Further, resultant images were free from back spots or fogs.



5 SUMVARY OF THE | NVENTI ON An object of the present invention.is-to
provide an el ectrophotographi ¢ photosensitive nenber avHIS HEERAS BEEN
potential properties and good i %86 ] propertieqd undeREAGEY |
environmental 10 conditions i nclﬁd? g % enperature and | ow humdity
condition to high-tenperature and high-humdity condition. Another object

of the pg ka.gvention is to provide an el ectrophotographic apparatus
usi ng theﬁ@u;'pﬁot osensitive nmenber. According to the present invention,

there is prrgyi pithsétRiti) MShb&$ O HROIréHeht FveRtivnl g€ Pfaphred tn MeNdade, manaaas Bi NQ:
a SUPPOT Exaniitth Sdept MabhEREHIAY Muldidrake iRlBnediale NdyeOsrepasadtin Bfamipiylewasthagesed on
the suppeiote domphidiigneDilowiny Ghgrediehts@espettislyTedi at e | ayer conprising: a coated
powder conprising a coating |layer and barium sul fate

Coating Liquid (Example 3) '

0 Coated powder comprising barium sulfate fine particles having a coating 150 parts

layer of tin oxide containing fluorine (particle size: 0.27 um, coating ratio:
50 wt. %, fluorine content: 9 wt. %, volume resistivity: 40 ochm.cm)

Phenolic resin (the same as in Example 1) 70 parts
s 2-methoxy-1-propanol 100 parts
Coating Liquid (Example 4)

20

Coated powder comprising barium sulfate fine particles having a coating layer of tin oxide 100 parts
containing antimony (Pastran IV, mfd. by Mitsui Kinzoku Kogyo K.K.; particle size: 0.25
um, coating ratio: 50 wt. %, antimony content: 9 wt. %, volume resistivity: 30 chm.cm)
Phenolic resin (the same as in Example 1) 70 parts

2 2-methoxy-1-propanol . 80 parts

Coating Liquid (Example 5)

30

Coated powder (the same as in Example) 120 parts
Polyester polyursthane (Nipporan, mfd. by Nippon Polyurethane K.K.) 70 parts
35 2-methoxy-1-propanol 100 parts
40
45
50 .
- This Sheet Has Been R
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fine particles coated with the coating layer; and the coating |ayer
conprising tin oxide. 25 According to the prdsoffs dHBEeHALREEN

there is also provided an el ectrop | £, apparat ug, conﬂgpLA¢gb an
el ect r ophot ogr aphi ¢ phot osensi ti vehﬁsa-%éeg&#e&)er accor drnmg—to-—tarmri;

chargi ng neans for charging the photosensitive menber, inmage exposure neans
for perfor@og{ﬂF L,@gﬁgmg,ure to the charged phot osenS|t|ve menber to form
an electro |nage on the photosensitive nmenber, and

devel opi ng nmeans for developing the |atent image with a toner. These and
other objects, featur€&oahed powderaddheofsame g eigent invention will become

nmor e appgirent upon a consideration of the follow ng
Example 3) 100 parts

Polyamide acid resin of the formula

10 below (weight-average molecular weight:

8500): . 50 parts
i | " HOOG | COOH
. ) n
20
N,N-dimethylacetamide 170 parts
25 . The thus prepared photosensitive members were subjected to a durability test in the same manner as '
in Example 1 to svaluate a potential stability.
The results are shown in Table 3 below.
30
35
40
45
50 . - ThHIShcet Has Been Repl
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10 deécrrption of the preferred enbodi nents of the present_invention taken
in conjunction with the acconpanying draw ng. BRI EF DESCR| RHISSEET HRE BEEN

DRAW NG 15 Figure 1 is ebﬁggggﬁté$ structural V-eMIOHMﬁMACED
a

enbodi nent of el ectrophot ographic

using an el ect rOpnO[OgrdeIL

phot osensitive nmenber according to the present invention.

as a
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25
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DESCRI PTI ON OF THE | NVENTI'ON The el ectrophot ographic phOtOSﬂﬂﬁitl
~according to the present i nvertgr—ephprSes—a—sStppont, and
| ayer and a photosensitive | gyer {dj,spgseyl on the supgort in- ﬂuﬂ
The internedi ate | ayer of thg phdt#sedsi{iyyecmeyber df the pf
I nventson is characterized by cont'iang & 2n&r&resin and a coated pomder
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As shown in Table 3, the photosensitive members according to the present invention provided potential
stabilities under the LtLh condition and the HtHh condition, thus retaining large differences between Vp and

V_ at the initial stage and after the copymg of 1000 shests. As a result, a sufficient contrast and a stable
image quality were obtained.

Comparative Examples 1 and 2

Two photosensitive members of the present invention were prepared in the same manner as in
Example 1 except that the coating liquid for the intermediate layer prepared in Example 1 was changed to
those comprising the following ingredients, respectively.

10




-7- fillér conprising a conductive coating |ayer conprisingoti oXIT e —and
bariumsulfate fine particles coated with the coating | ayef -m{%%ﬁf@g‘%m

sulfate fine particles are 5 excell Lo di spersibility akd—ha

refractive index substantially equaﬁ]bgbé;s&e$fact i ve i ndex of the binder

resin used, thus not hindering |ight transm ssion properties of the

i nt er medi abgaﬁhiyi&l;id (cbmgérﬁﬁe Bkdpy | nvention, by coating barium10 sulfate

fine parti ' ' oating layer, a resultant coated powder

has an appropriate resistivity (or specific resistance). The coated powder

may pref eraiié: reve—areststryvrty—tihrererm—referred—to—as—powdqt '

resi stivg ty'])Caged gowdersomprising tipnium oxide fine daticlesfiaving,# ¢qating l2yey ;é"’i oHn¥PPt%H

1000 ohm cm g’@? %?W'""lghaf"é’%q%ﬁ éx'gx"‘faj by T AN KRB K-fo Biticte size: 0.25 um)
henoli ple 1) _

c resin {the same as in 75 parts
Methyl cellosoive 60 parts

Methanol _ 15 parts

10

Coating Liquid (Comparative Example 2)

i Powder comprising tin oxide fine particles containing antimony 100 parts

(T-1, mfd. by Mitsubishi Material K.K.; particie size: 0.20 um)
Polyester polyurethane (the same as in Example 5) ' 70 parts
2-methoxy-1-propanol 80 parts

20 . .
The thus prepared photosensitive members were subjected to a durability test in the same manner as
in Example 1 to evaluate a potential stability.
The results are shown in Table 4 below.

25
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(i.e., powder resistivity) can be nmeasured by a resistance ' TN Ta N
apparatus (Loresta AP, manufactured by M tsubishi Yuka K K.f THM)SI@EEZOHAS BELN

specifically, a coin-like sanpl eni__ﬁ %égggg by conpressi ngla_poREELACQERIer
a pressure of 500 kg/cnR and is ufl | sposed on a prescribed
position of the apparatus. The coating |layer of the filler used in the 25

present invention may preferably have a coating ratio of I0- 80 Wi. % nore

preferably 30 - 60 wt. % Herein_the term "coating ratio" Iﬁggﬁb&;ﬁs[;@gnmplm‘ed_
a total weight of a coating llayer] co I $ing tid oxide us
powder to a total weight of the |coatle@ b Pwncﬁ?prising th
and bagiumsulfate fine particlds (il @. a et rcent ag
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As apparent from the above results, the two photosensitive members provided large differences

between Vp and Vi under LtLh and HtHh conditions at the initial stage, thus providing a sufficient contrast.

s0 However, after the copying of 10000 sheets, the two photosensitive m embers showed a remarkable

decrease in Vp under LiLh and HtHh conditions and also showed a considerable increase in V, under LtLh
condition, thus failing to provide a sufficient contrast and a stable image quality.

Examples 7 - 10
85 :

Four photosensitive members were prepared in the same manner as in Examples 3 - 8, respectively
(e.g., Example 7 corresponds to Example 3), except that each of the aluminum cylinder was changed to one
having an outer diameter of 30 mm and a length of 260 mm.

12



5 the total coating |ayer contained in the total coated powder). The
coated powder may preferably have an average particle size pf~—8—65 1.0
[err]m nore preferably 0.07 - 0.7 [err]m Herein, the aver26§5¥@ETHASBEEN
particle size of the filler (coated®ERh®dREsds Aktans a val ue t haRERAER ed
~according to a centrifugal sedinentation nethod. In general, as an average
particle size of a filler is decreased, the fill I S Ilable to cause 15

r eaggl omer at !TB?\ “H; prepaied photosansifiye mpmbersverg ?“bﬁg%'ﬁ@sd“{ﬂbf"?fl ot iy the 8Amg; ra3naeras

the filler™

92 ey resent invention is inproved in
di spersi bilit eref'ﬂ‘fstaﬁes"%"f"égg?ﬁ'e ;E%’épt ion, a filler cont entrrpof t he

internmedi ate |ayer may preferably be 1.0 - 90 wt. % 20 nore preferably

) o . X . - )
5.0 - 80 wt. % The coating |ayer may furfher contain fluorife Or. 0t 08 aced
In this instance, such a s
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As shown in Table 5, the photosensitive member according to the present invention provided potential
stabilities under the LtLh condition and the HtHh condition, thus retaining large differences between Vp and
V. at the initial stage and after the copying of 5000 shesets. As a result, a sufficient contrast and a stable

6 image quality were obtained. Further, resultant images were free from black spots or fogs.
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coating l'ayer conprises a solid solution conprising a crys ice of
tin oxide at which a prescribed anmount of a fluorine atom,o?mé’{?rﬁﬂﬁﬁ)“rig'ASaBBEN
is incorporated into the crystal |attice. By incorporatind_suchREPEACHR i ne
atom or an antinony atom - 9- iﬁ?Bspﬁé%ﬁ_ting | ayer, it is possible to
decrease a resistivity of the coating layer. The coating | ayer may

preferablc)émc,‘(‘)r vEE:%a%%s Jan'-430 w. % nore preferably 0.1 - 10 wt. %. of
fluori neﬁﬁpﬁgﬂr—ﬂvﬁf—g#ﬂ. order to decrease a resistivity of the coating
Layer, it iRy 3n5Bsenivg ntbhbers YeRGFdpead f 1l 'saié Wilibr GORLCBRbartive Eldingh1dRq ¥S ed
Aol e k<ot it ik

used f@r sl Rfhum cylinder was changed to one having an outer diameter of 30 mm and a length of 260 mm.

The thus prepared photosensitive members were subjected to a durability test in the same manner as
in Example 1 to evaluate a potential stability.
The results are shown in Table 6 below.
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As apparent from the above results, the two photoéensitive members provided large differences
between Vp and V, under LtLh and HtHh conditions at the initi_al stage, thus providing a sufficient contrast.

14



10 i nt er nediTais@hdceliR BesiReplaced| ude pol yners or resins such henol i c

resin, pol yu-re mﬂ !“ﬂﬂ!!mm I yani de, polyim de, polyan de-Ji TiESHERPI e
epoxy resin, acrylic resin, mlan1mgqﬁgﬁbn
der re&PA598AP4Al 15 used si ngly or—mn

acid resin, po

and pol yester.

conbi nati on of two or nore speC|es The binder resin used in the

I nt er medi at.e Iay as the a \Lan mproving a di spersibilit e

filler anﬁ'%waﬁ' 85{"‘&% {0 i P s@g e pﬁﬁ?ss? o I oFBY Rl franatic

Shove.pant pordi AR : ﬁr’ | ity §°"'°°§%m"’g?f"é%;!" Vet also

aci d res‘ilnn pgar?'!k E?ts g pereL? dé?ﬁ The |nterrre atearFé

constituting the photosen5|t|ve nenber of the present |nvent|on may 25

pref er abl yegpBri¢pared by applying a solution or a dispersion conprising a

coat ed powder, a binder resin and an appropriate solvent onto a support by

known An intermediate layer (having a thickness of 5 um (after drying) was prepared by applying a coating
10 liquid identical to the coating liquid use din Example 1 onto an aluminum cylinder identical to the cylinder

used in Example 1 by dipping, followed by drying for 30 minutes at 140 °C.
Then, 5 parts of a bisazo pigment represented by the following formula:

1

Cl . ' . C
(0

dﬂmoc H -? ~ _HO ONH

was dispersed in 90 parts of tetrahydrofuran (THF) for 20 hours by a sand mill. To the dispersion, a solution
25 of 2.5 parts of a polyvinyl butyral resin (BLS, mfd. by Sekisui Kagaku Kogyo K.K.; butyral degree of 80 %)
in 20 parts of THF was added, followed by stirring for 2 hours. The resultant mixture was diluted with a
mixture solvent of 100 parts of cyclohexanone and 100 parts of THF to prepare a coating liquid. The coating
liquid was applied onto the above-prepared intermediate layer by wire bar coating, followed by drying to
form a CGL having a thickness of 0.2 um.
30 Subsequently, 50 parts of a styryl compound represented by the following formula:

. o .CE—QN { V—cH=c
O

15

and .
50 parts of a polycarbonate resin (Inpilon Z-200, mfd. by Mitsubishi Gas Kagaku K.K.) were dissolved in 400
parts of monochlorobenzene to prepare a coating liquid. The coating liquid was applied onto the above-
prepared CGL by dipping and dried for 1 hour at 120 °C to form a CTL having a thickness of 20 um,
45 whereby a photosensitive member was prepared of the present invention.
: The thus prepared photosensitive members were subjected to a durability test in the same manner as
in Example 1 to evaluate a potential stability.
The results are shown in Table 7 below.

50 _ : Table 7
LtLh condition - HtHh condition
Initial After 10* sheets Initial After 1_0‘ sheets
8 Votv) | 700 | 690 700 685
VL (V) 200 . 195 1 200 205

15



-10-" coating methods such as dlpplng and bar coating, followed by drying.

I n order to ibility of the filler used int present
i nventi on, t he resent i nvention may be trleBHESKSHEBIHAS BERN
treating age coupl ﬂ@@géﬁu\éuch as a sil ane [coupl RBRLATENt

or titanium coupl | ng agent and a silicone oil. The I nternmedi ate [ayer nuy .

preferably ess of e er.a

Ferr]m 2 ﬁ’@?"éd?%f‘ﬁ“ i f"vwamr %ré'@f’ ; P o

at nost Etg?:? PL 3 aé cosDatns d
mtl e copymg 1000 s sult a ICI oonlA ast and a stable

resisti VII é’ge% ah%elr
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Example 12

A photosensitive member was prepared in the same manner as in Example 11 except for using a
coating liquid identical to the one for use in the intermediate layer prepared in Example 3.

The thus prepared photosensitive members were subjected to a durability test in the same manner as
in Example 1 to evaluate a potential stability.

The results are shown in Table 8 below.

Table 8
LtLh condition HtHh condition
Initial After 10* sheets Initial After 10* sheets
Vo (V). | 705 700 700 690
Vi (V) 210 205 210 210

As shown in Table 8, the photosensitive member according to the present invention provided potential
stabilities under the LtLh condition and the HtHh condition, thus retaining large differences between Vp and
V, at the Initial stage and after the copying of 1000 sheets. As a result, a sufficient contrast and a stable
image quality were obtained.

As described hereinabove, according to the present invention, there is provided an electrophotographic
photosensitive member characterized by a specific intermediate layer comprising barium sulfate fine
particles coated with a coating layer comprising tin oxide. The photosensitive member can provide stable
potential properties (potential stability) and good image forming properties (high quality images) under
overall environmental conditions from low-temperature and low-humidity condition.

Accordingly, the photosensitive member is usable for constituting an electrophotographic apparatus

" capable of forming good and stable images even under any environmental condition.

An electrophotographic photosensitive member, comprising: a support, and an intermediate layer and a
photosensitive layer disposed on the support in this order; the intermediate layer comprising: a coated
powder comprising a coating layer and barium sulfate fine particles coated with the coating layer; and the
coating layer comprising tin oxide. The above intermediate layer is usable for constituting an electrophotog-
raphic apparatus providing stable potential properties and good image quality under overall environmental
conditions mcludmg low-temperature and low-humidity condltlon to hlgh—temperature and high-humidity

condition. . _
| ) R
. L3 *

1. An electrophotographlc photosensitive member, comprising: a support, and an mtermeduate layer and a
photosensitive layer disposed on the support in this order;
the intermediate layer comprising: a coated powder comprising a coating layer and banum sulfate
fine particles coated with the coating layer; and
the coating layer comprising tin oxide.
2. A member according to Claim 1, wherein the coating layer has a coating ratio of 10 - 80 wt. %.
3. A member according to claim 2, wherein the coating layer has a coating ratio of 30 - 60 wt. %.
4. A member acqor_ding to Claim 1, wherein the coafing layer comprises fiuorine or a_ntimony.

5. A member according to Claim 4, wherein the coating layer comprises 0.01 to 30 wt. % of fluorine or
antimony.

16



15 T1ayer can be neasured as follows. A sanple of an internediate |ayer is

applied onto an alum num plate. On the coated al um num pl at €], RIS SUAET AL
of gold is formed. A value of a current carried between the jal um @Eﬂmﬁi

(as an electrode) 20 and the gol dePlo 596/804/A1( as an el ectr odey—TSsheaStied
by using a pA neter to obtain a volune resistivity. The internedi ate | ayer
‘may further contain another filler in addition to the above-nenti oned
filler (i.&. A roesmberaccpdingda Plaimes hpreinsthey goatingclayep Sorpisesh@t tof 1q Wiefe efeflporine or

i ncl ude zi ncaggiome, titanium oxide, etc. The intermediate |ayer may al so

contain a | evel ng agent so_as to enhance a surface snoot hness of the
i nt er medi ateh pg to Llaim, R}éﬂh"@t"rﬂl‘?dt“a‘f'@"'a‘? layprconipin  Hides £9sin; which is selected
5 from the group cons:stmg of phenolic resin, polyurethane resin, polyamide, polyimide, polyamide-imide,

polyamide acid resin, polyvinyl acetal, epoxy resin, acrylic resin, melamine r_esm -and polyester.
8. A member according to Claim 7, wherein the binder resin is selected from the group consisting of
phenolic resin, polyurethane resin and polyamide acid resin.
10
9. A member according to Claim 1, which further comprises a barrier layer disposed between the
intermedi_ate layer and the photosensitive layer.
10. An electrophotographic 'apparatus. comprising: an electroph_dtographic photosensitive member accord-
15 ing to Claim 1, charging means for charging the photosensitive member, image exposure means for

performing image exposure to the charged photosensitive member to form an electrostatic latent image
on the photosensitive member, and developing means for developing the latent image with a toner.

20
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| ayer used in the present invention will be explained. Th 1ot c..a. e

| ayer may be constituted by a 5 single |ayer and nmay al SE! li'R:g: | HA? REER g
structure including at |least a charge generation |ayer (herein, Ded tg
as "CG.") and a charge transport | agPi0 §98&0&8Al, referred to as "CTL"). In
case where the photosensitive layer is 10 constituted by the single | ayer,
a charge-generating substance (herein, referred to as "CG5") and a charge-
transporting substance (herein, referred to as "CTS") are contained in a

singl e | ayer wherein generation and transport (or mgration) of a

photocarrier (or charge 15 carrier) are perforned. '”Ih‘fsas%&tﬁé}%re ced
phot osensitive | ayer has the lam nated | ayer, a CG co and a
CTL containing a CTS may be di sposed on a support int Im '

reverse order. 20 _ Exanpl es of the CGS may in

18



such as thosé of hﬁnoazo-type, bi sazo-type and trisazo-type;~Re
nohmel at t o- pht hal ocyani ne pi gnents; indigo pi gments such as REH[.
t hi oi.ndi go; qui none pignments such as ant hraqui none and 25 p 9

squal i um pignent; pyryliumsalts or thiopyryliumsalts; and
SHEET -12- triphenyl net hane dyes. In addition, it is possilléd
inorganic materials, such as sel enium ser&nium telluriu
silicon, as the CGS. The CTS includes an el ectron-transportn
and a hol e-transporting substance. Exanples of the electron-transporti ng

ELECTROPHOTOGRAPHIC PHOTOSENSITIVE MEMBER

AND ELECTROPHOTOGRAPHIC APPARATUS USING THE SAME

FIELD OF THE INVEﬁTION AND RELATED ART

5 The present invention relates to an
electrophotographic photosensitive member,
particulafly to an electrophotographic photosensitive
‘member (hereinbelow, simply referred to as
"photosensitive member") having a specific

10 intermediate layer. |

The present invention also relates to an
elect:ophotographic apparatus using_the
photosensitive member.
A photosensitive member is'generally

13 constituted by a support and photosensitive leyer (or
a photoconductive layer)} formed on the support. The
photosensitive member may further contain an
intermediate layer disposed between the photosensitive
layer and the support since the intermediate layer is

20 effective éé: covering defects of the support,
protecting the photosensitive layer ffom an electrical
breakdown,_and improving various properties such as
coating properties of the photosensitive layer,
adhesive properties between the photosensitive layer

235  and the support, charging characteristic, and charée-
injecting properties from the support to the

photosensitive layer. Accordingly, the intermediate




-
0

substance may include: 2,4,7-trinitrofluorenone,
'2,4,5,7-tetrani trofluorenone, chloranil or tetracyanoquin
Exanpl es of the hole- 10 transporting substance nmay inclu potyctycte
aromati c conpounds such as pyrene .and ant hracene; heteroc ig§§§€§0%€€s
such as carbazol es, indoles, imdazole, oxazoles, thiazol adrdz S,
pyrazol es, pyrazollnes thladlazoles and trlazole 15 hyd zone_canpnunds
such as p-di et hyl am onobenz- al dehyde- N, N—d?ﬁhenylhydraz‘ne and N, N-

di phenyl hydr azi no- 3- nethylldene 9- et hyl car bazol e; styryl -type——conpottds
such as [err]-phenyl-4'-N, N diamnostilbene and 5-[4-(di-p-tolylam no)-

20 benzylidene] 13 e@ 287 kAl ;:ﬂ'hc fbehe gpsvgzvaeaéhﬁ eRets 28Guired

triarylam nes. or mul at i ng I ayer

phot osensi ti ve |%\beha‘v§ %ﬁ%@dfaﬁcﬁah&gkﬁcha&%r coh'itSnSGEraBérwesCT S may
preferably be contained

adhesive properties, mechanical strength, appropriate

[ACRMENTSHEET

mm'om

conductivity and electrical barrier properties.
5 Heretofore, there have been proposed
intermediate layers including:
(i) a resin film free from a conductive filler,
(ii) a resin film containing a conductive filler,

and

10 (iii) a lahinated film comprising a lajer of the
above resin film (i) laminated on a layer of the above
film (ii). -

However, the layer of the above resin. film
(i) has a high resistivity because the layer does not

15 contain a conductive filler, and is required to have a
large thickness in order to remedy defects on a
support. Therefore, the layer of (i) has
the disadvantage of an increased residual potentiél
with repetitive use, thus requiriné a considerably

20 small thickness by minimizing the defects on the
support in order to put the layer ¢of (i) to practical
use.

On the other hand, the layers of the above
resin film s(ii) and (iii) have the advantage of

25 having an appropriate conductivity by dispersing a
conductive filler therein. Such layers of (ii) and

(iii), however, change their electrical



25 in the photosen5|t|ve | ayer in anpunts of 10 - 70 W REBLA&E@#E&.1 . f
; -hals

particularly 20 - 70 wt. % respectively. Wien the phot opefiSTTT L |
e

a -13- lamnated structure, the CGS may preferably bejcbn N t
CG in an anmount of 10 - 100 wt. % particularly 40 - 10p § 2@}9?@185'6(

CTS may preferably be contained in the CTL4qin an anount e Ta RN '(%
particularly 30 - 70 wt. % A thickness of "t he phot osengfi ti ve Iayer “whith §
is conposed of a single |ayer may preferably be 5 - 100 Ferons,Tmre
preferably 10 - 60 m crons. Wen the photosensitive layer has a Ian1na&“a“

structure, a 1lOchbiraktesiseicshguthl agbyepistarablyy and Ped@ittivitycrons,
nore preferably 0.05 - 2 mcrons, and a

(or dielectric constapt) if the conductive filler has

poor dispersibility, thus adversely affecting
potential properties and image forming properties. In

5 this instance, the layers of (ii) and (iii) also have
a poor surface smoofhnesé to cause coating defects and
further invite decreases in adhesive properties and

. mechanical strength.
There have been proposed some conductive

10 fillers for use in an intermediate layer, such as
metal, metal oxide and metal nitride, in Japanese
Laid-Open Patent Applications Nos. 58-181054 (for
metal), 54-151843 (for metal oxide), 1-~-118848 (for
metal nitride), etc.

15 However, when such conventional conductive
fillers were used as those for use in intermediate
layers, the intermediate layers encountered a
difficulty in preparing a photosensitive member
providing always stable potential properties and image

20 forming properties under overall environmental
conditions including low-temperature and low-humidity
condition to high-temperature and high-humidity
condition because such intermediate layers had large
environment-deéendences of potential broperties such

25 as temperature-dependence and humidity-dependence.

For instance, under low-temperature and low-humidity

condition inviting an increase in a volume resistivity



thickness of the CTL nmay preferably be 1 - 40 mcrons, nDr&&EIAfEmﬂﬁWVSHFET
' iti “7ﬁﬂ‘ﬁ7ﬂnﬂﬂﬂﬁ

30 microns. The photosensitive nmenber accordi'ng to the 15 |prfesS

may be prepared by disposing a material for constituting tfhd E?
| ayer on a support by a vapor-deposition or by applying a »atlnéﬂﬁfﬁﬁ
containing such a material, an appropriate binder and/or 1n pp+opiate
solvent onto 20 a support and drying the re4ultant coating. Exanples of

such a binder for use in the photosensitive nenber

'e

the above-nentioned single Iayer and | am nat ed structure may preferably

i ncl ude: pol yvin I acet al , car bonat t
pol yvi nyl acet at %BI&HEFH%EF ?E 1a%§$3|$§a$ ¥avX%§3§%g€§L¥§§£8r

10

15

20

25

OSt+C resin.

the intermediate layer to increase a residual
potential and a light part potential when 2
photosensitive member having the intermediate layer
was repetitively used. On the other hand, when a
photosensxt1ve member having an intermediate layer was
repetitively used under high-temperature and high-
humidity condition inviting a decrease in a volume
resistivity of the intermediate layer, an electrical
barrier function of the intermediate layer was lowered
to accelerate a carrier injection from a support to
the intermediate layer, thus resulting in a decrease
in a dark part potential of a photosensitive member
having the intermediate layer to cause a decrease in
an image density. When such photosensitive member ﬁas
used for a printer utilizing an electrophotographic
system performing reversal development, there were
liable to cause undesirable black spots and fogs with
respect to a resulting image.

The reason why electrophotographic properties
of.a photosensitive member are changed depending upon
environmental condltlons as described above may be
attributable to a poor dispersibility of a conductlve
filler used. In other words, when a dispersibility of
a conductive filler within an intermediate layer ié
lowered, there occurs a local change in a resistivity,

whereby potential properties and image forming

i ncl udi g Those—havi-ag



-14- Some materials for constituting the photosensitive
I njection of free carriers fromthe internedi ate |ayer t
phot osensitive |ayer, thus decreasing a chargeability of
phot osensitive nmenber to adversely affect image propertifeg.
I nstance, it is possible to dispose a barrier |ayer (e.
resin film having a barrier function bet n the inter
t he photosensitive |ayer, as 10 desired, thus effective suppressing the
injection of free carriers. Exanples of materials for use in the parTrer
| ayer may include: water-soluble resins such as polyvinyl alcohol,

pol yvi nyl net hylpedpertieel yfick \phetdSensi € vé dnéhisetchavahgvele nEthyI
cel lul ose, ethyl cellul ose, polyglutamc acid, casein, and starch; and

intermediate layer are presumably changed under the

influence of environmental conditions.

5 SUMMARY OF THE INVENTION

An object of the present invent;on is to
provide an electrophofographic photosensitive member
having stable potential properties and good image
forming pro§erties under overall environmental

10 conditions including low-temperature and low-humidity
condition to high-temperature and high-humidity
condition.

Another object of the presenﬁ invention is to

- provide an electrophotographic apparatus using the
15 photosensitive member.

According to the present invention, there is
provided an electrophotographic photosensitive member,
comprising: a support, and an intermediate layer and a
photosensitive layer disposed on the support in this

20 order;

the intermediate layer comprising: a coated
powder comprising a coating layer and barium sulfate
fine particles coated with the coating layer:; and

the coating layer comprising tin oxide.

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

Comprising: an elgctrophotographic'photosensitive



resins or polynmers such as pol yam de, polyi m de, polyam de
acid resin, nelamne resin, epoxy resin, polyurethane,: andREﬂb@@
In view 20 of coating properties, adhesive properties, sql '
el ectrical barrier function, electrical resistance, etc., %gﬂide n%y
preferably be used as the barrier |ayer material. Such pollydni4<t DRy 1996
preferably include copolynmer nylon having gdow 25 crystalfl ikzabjlity or
non-crystallizability so as to allow application in a sol yition state. Thée
barrier layer may preferably have a -15- thickness of 0% 2-lerrlmin
t he photosensitive nenber according to the present invention, it is
possi bl e to di spe=wber according to Claim 1, charging means for

charging the photosensitive member, image exposure
means for performing image exposure to the charged
photosensitive member to form én electrostatic latent
5 image on the photosensitive member, and developing
means for developing the latent image with a toner.
These and other objects, featuies and
advantages of the present invenfion will become more
apparent upon a consideration of the following
10 description of fhe preferred embodiments of the
present invention taken in conjunction with the

accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING
15 Figure 1 is a schematic structural view of an
embodiment of electrophotographic apparatus using an

electrophotographi¢c photosensitive member according to

the present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

The electrophotographic photosensitive member
acco;ding to the present invention comprises a
support, and an intermediate layer and a
‘photosensitive layer disposed on the support in this
25 order. The intermediate layer of the photosensitivé

member of the present invention is characterized by

containing a binder resin and a coated powder as a



protective | ayer on the photosensitive |layer. The 5 protecfive |layer may
pri ncipal ly conprise resins or polyners such as pol yester, RED meSHEE
T

3

"pol yaryl ate, pol yethyl ene, polystyrene, polybutadi ene, poljyCa-Bus
pol yam de, pol ypropyl ene, polyim de, polyam de-im de, polysulfone,

“pol yaryl ether, 10 polyacetal, nylon, phenolic resin, acrylilc 28DEC 1996
silicone resin, epoxy resin, urea resin, afkyl resin, alkydi{resin, and
butyral resin. The protective |layer may preferably have ajthi ckness o005
- 15 pm nore preferably 1.- 10 [err]m 15 The tsuppart for use
in the photosensitive nenber of the present invention may be prepared by
usi ng various mhtétPE SOMRELSEREgR GenductivaecartaRgoyaYeGch as al uni num

al um num al | oy, copper, titanium .or stainless steel. a_polyneric¢ terial
20 such 6 pol yEPRBFARLnECEABMPRARS! BRIoRBRGRR, SFOLARS. TORSHPBBTLERES or
pol ystyrene; angog%gg ggtﬁ'ghg coatirng layer.

The barium sulfate fine particles are

5 excellent in dispersibility and have a refractive
index substantially equal to a refractive index of the
binder resin used, thus not hindering light
transmission properties of the intermediate layver.

In the present inventionr, by coating barium

10' -sulfate fine particles with a conductive coating
iayer, a resultant coated powder has an appropriate
resistivity (or specific resistance).  The coated
powder may preferably have a resistivity (herein,
referred to as "powder resistivity") of 0.1 ohm.cm to

15 1000 ohm.cm, particularly 1 ohg.cm to 1000 ohm.cnm.

Herein, a resistivity of a coated powder
(i.e., powder resistivity) can be measured by a
resistance measuring appératus (Loresta AP,
manufactured ﬁy Mitsubishi Yuka K.K.). More

20 specifically, a coin-like sample is prepared by

compressing a powder under a pressure of 500 kg/cm2
and is mounted or disposed on a prescribed position of
the apparatus. o

The coating layer of the filler used in the
25 present invention may preferably have a coating ra£io

. 0f 10~ 80 wt. %, more preferably 30 - 60 wt. %.

Herein, the term "coating ratio" means a ratio of a



paper. The support may preferably be in the formof a cylin

belt, or a sheet. Wien the materials for the support have gf HEA gHEET
resistivity; the support is required to be subjected to condyctrve
treatnment. The conductive treatnent can be perfornmed by formjn

conductive filmlayer on the -16- support or by dispersin %@@rﬁu&g{%ve
substance within the support. The photosen§éLive menber acgore-hg-la.the |
present invention can be applied to not only an 5 ordinary

el ectr ophot ographi ¢ copyi ng machi ne but also a | aser beam printeri—s

cat hode-ray tube (CRT) printer, a light-emtting diode (LED) printer, a
l'iquid crystal ptotaErwebghticof nal codbingntayapdcompeising tio oxide

used in a coated powder to a total weight of the:
coaﬁed powder comprising the coating layer and barium
sulfate fine particles (i.e., a weight percentage of

5 the total coating layer contained in the total coated
powder).

The coated powder may preferably have an
average particle size of 0.05 - 1.0 pm, more
preferably 0.07 - 0.7 um. Hefein, the average

10 particle size of the filler (coated powder) means a
value of that measured according to a centrifugal
sedimentation method.

Ih general, as an average particle size of a
filler is decreased, the filler is liable to cause

15 reagglomeration or reaggregation because it becomes
difficult to disperse the filler. The filler used in
the present invention is improved in dispersibility.
In the present iﬁvention, a filler content of the
interrediate layer may preferably be 1.0 - 90 wt. %,

20 more preferably 5.0 ~ 80 wt. %.

The coating layer may further contain
fluorine or antimony. In this instance, such a
coating layer comprises a solid solution comprisigg'a
crystal lattice of tin oxide at which a prescribed

33 amount of a fluorine atom or antimony atom is

incorporated into the crystal lattice. By

incorporating such a fluorine atom or an antimony atom



fields of applied el ectrophotography including, e.g., 10 RBM@EW@}IEET
maki ng. Herei nbel ow, an el ectrophot ographi c apparatus adc ' o
present invention will be explained with reference to the S%ﬁ 3@9@
Figure 1 shows a schematic structural view of 15 an enfjo
el ectr ophot ogr aphi ¢ apparatus using an el ectrophot ograph phatosensiti
menber of the present invention. Referringgto Figure 1, {a photosen3|t|ve
drum (i.e., photosensitive nenber) 1 is rotated about amaxrs—t+e-at—a
prescri bed peripheral 20 speed in the direction of the arrow shown inside
of the photosensitive drum1l. The surface of the photosensitive drumis
uni formy chargedtbytheassating ragegprif 19 peseiblpr escdebedapasative or
negative potential. The photosensitive druml is subjected to 25 inmage
exposure with | rgaistigity. ofsthe eoat$ngeleyeraseThbeeua$¢agnlageexposure)
at a prescribed exposure

may preferably comprise 0 01 - 30 wt. %, more

preferably 0.1 - 10 wt. %, of fluorine or antimony.

5 In order to decrease a resistivity of the coating
layer, it is also possible to decrease an oxygen
-content of tin oxide used in the coating layer by a
reduction process.

Examples of the binder resin used for the

10 intermediate layer may include polymers or- resins such
as phenolic ‘resin, polyurethane resin, polyamide,
polyimide, polyamide~imide, polyamide acid resin,
polyvinyl acetal, epoxy resin, acrylic resin, melamine
resin and polyester. The above binder resins may be

15 used singly or in combination of two or more species.
The binder resin used in the intermediate layer has |
the advantages of improving a dispersibility of the
filler and having a'good solvent resistance after film
formafioo in addition to good adhesive properties to

20 the support.” Among the above-mentioned resins,
phenclic resin, polyurethane resin and polyamide acid
resin may particularly be preferred.

The intermediate layer.constituting the

| photosensitive member of the present invention may

& preferably be prepared by applying a solution or a

dispersion comprising a coated poﬁder, a binder resin

and an appropriate solvent onto a support'by known



part 3 by using an i mage exposure means (not shown), REPLACKEOD SHEET

el ectrostatic |atent inmage correspondi ng to an exposure | nage=-s
successively fornmed on the peripheral surface of the phdtdgs ﬁi %3?]@ ur
i 4

-
b

The electrostatic |atent inmage is devel oped by a 5 develio
with a toner to forma toner inmage. The toner inmage is
transferred to a recording material P whigho+s supplied

(not shown) to a position between the photosensitive dru
charger 5 in 10 synchronismwth the rotating speed of the photosensitive
drum 1, by neans of the transfer charger 5. The recording material P with

the toner imageSPREiBgnmethadsasuchdasr a4rphegpABLoRRASFPRYART,

followed by drying.

roma supply pért

In order to improve a dispersibility of the
filler used in the presént invention, the surface of
5 the present invention may be treated with a treating
agent including: a'coupling agent such as a silane
céupling agent or titanium coﬁpling agent, and a
silicone oil.
The intermediate layer may preferably have a
10 thickness of 0.1 - 30 pm, more preferably 0.5 - 10 pm.
The intermediate layer may preferably have a volume
resistivity of at most 1013 ohm.cm, particularly at
most 1012 ohm.cm.
.A volume resistivity.of an intermediate
15 layer can be measured as follows.
A s;mple of an intermediate layer is applied
onto an aluminum plate. On the coated aluminum plate,
a thin film of gold is férmed. A value of a current
carried between the aluminum plate (as an electrode)
20 and the goldxthip film (as an electrode) is measured
by using a pA meter fo obtain a volume resistivity.
The intermediate layer may further confaih
another filler in addition to the above-mentioned
filler (i.e., coated powder). Examples of such
3 another filler may include zinc oxide, titanium oxide,
etc. The intermediate layer may also contain a

leveling agent so as to enhance a surface smoothness



£4

drum1l to be conveyed to a fixing device 8, followed 15 byREF
print out the recording material P as a copy outside the *
el ectrophot.ographi ¢ apparatus. Residual toner particles o gzgﬁ@gé
t he photosensitive drum 1l after the transfer are renpbved pyi ~of
! ge.an the
osure nmeans 7 td

cleaner 6 to provide a cleaned surface, 20 and residual
surface of the photosensitive drum1l is erased by a pre-gxp
prepare for the next cycle. As the chargerll> for chargi ng™=F
phot osensitive drum1 uniformly, a corona charger is w.dely used in

general . As the 25 transfer charger 5, such a corona charger is also wdely
used in generalo.f %%%Origxit%e%itaq:% ra%seern.t I nvention, in the - 18- -

Then, a layer structure of the photosensitive
layer used in the present invention_will be explained.
The photosensitivé layer may be constituted by a

5 single layer and may also have a laminated structure
including at léast a charge generation layer (herein,
referred to as "CGL") and a charge transport layer
(herein, referred to as "CTL").

In case where the photosensitive layer is

10 constituted by fhe single layer, a charge-generating
substance (herein, referred to as "CGS") and a charge-
transporting substance (herein, referred to as "CTS")
are contained in a single layer wherein generation and
transport (or migration) of a photocarrier (or charge

15 carriér) are performed.

In case where the photosensitive layer has
the laminated layer, a CGL containing a CGS and a CTL
containing a CTS may be disposed on a support in this
order or in reverse order.

20 Exa&ples of the CGS may include: azo pigments
such as those of monoazo-type, bisazo-type and

- trisazo-type; metallo- or nonmelatto-phthalocyanine
pigments; indigo pigments such as indigo and
thioindigo; quinone pigments such as anthraquinoné and

25 pPyrenequinone; perylene pigments such as perylene acid

anhydride and perylene acid imide; squalium pigment;

pyrylium salts or thiopyrylium salts; and



el ectrophot ographi ¢ apparatus, it i.s possible to provide
whi ch includes plural neans inclusive of or selected fromn
phot osensitive nenber (photosensitive drun), the charger,

devel opi ng neans, the cleaner, etc. so as to be attached pr

desired. The device unit may, for exanple, be conposed of
phot osensitive nenber and the cleaner 6 to, prepare a sing

ACEMENT ' SHEET

he 5

r 2DEG 186
e

e unit capabl e of

bei ng attached to or renoved fromthe bo&f 3 the 10 el ebirophotographic

apparatus by using a guiding nmeans such as a rail in the body. At this
time, the device unit can be acconpanied with the charger and/or the
devel opi ng MeangriohPh LR thane | dYllE. Uil -addi €A5E, W Ss Idssible to

el ectrophot ographi'c 15 apparatus is used as a copying nachine of a printer,

exposure |ight -hs@0tndri@yid mftd S0, yudiside s€idfin ONsdiciittuny
transmtted light froman original or by reading a data on the original by

a sensor, tellurium and amorphous silicon, as the CGS.

The CTS includes an electron-transporting

5 substance and a hole-transporting substance.

Examples of the electron-~transporting

substance may include: 2,4,7-trinitrofluorenone,

2,4,5,7-tetranitrofluorenone, chlofanil or

tetracyanoquinoner-dimethane. Examples of the hole-

10 transporting substance may include: polycyclic

aromatic compounds such as pyrene and anthracene;

heterocyclic compounds such as carbazoles, indoles,

imidazole, oxazoles, thiazoles, oxadiazoles,

pyrazoles, pyrazolines, thiadiazoles and triazole;

15 hydrazone compounds such as p-diethylamionocbenz-

aldehyde~N,N-diphenylhydrazone and N,N-

diphenylhydrazino-3-methy1idene-9-ethy1cérbazole;

styryl-type compounds such as a-phenyl-4'-N,N-

diaminostilbene and 5-[4-(di-p-tolylamino)-

20 benzylidene]:SH-dibenzo-[a,d]-dicycloheptene;

benzidines; and triarylamines.

In formulating the photosensitive layer, when

the photosensitive layer is composed of a single-

layer, the CGS and the CTS may preferably be contained

[\
N

%, respectively, particularly 20 - 70 wt. %,

in the photosensitive layer in amounts of 10 - 70 wt.

respectively. When the photosensitive layer has a




converting the data into a signal and then effecting a 20 | a$RRED N

scanning, a drive of LED array or a drive of a liquid crysta .ﬁfﬁﬁﬁ%ﬂ}SHEET
in accordance with the signal. Hereinbelow, the present inveht]on will be
explained in nore specifically with reference to 25 exanples.| 28 DFe 1994

foll owi ng exanples, "part(s)" means "wei ght part(s)". -19
coating liquid for an internedi ate | ayer was prepared in th

- [Exanple 1 A
fol 'owrnyg

manner. A m xture of 120 parts of a coatedydswder 5 conpri

lng bari-um

sulfate fine particles having a coating layer of tin oxide (
of 0.22 pm

particle size

laminated structure, the CGS may preferably be

contained in the CGL in an amount of 10 - 100 wt. %,

particularly 40 - 100 wt. %, and the CTS may

preferably be contained in the CTL in an amount of 20

5 = 80 wt. %, particularly 30 - 70 wt. %.

A thickness of the photosensitive layer which

is composed of a single layer may preferably

be 5 -

100 microns, more preferably 10 - 60 microns. When

the photosensitive layer has a laminated structure, a

10 thickness of the CGL may preferably be 0.001

-5

microns, more preferably 0.05 - 2 microns, and a

thickness of the CTL may preferably be 1 - 40 microns,

more preferably 10 - 30 microns.

The photosensitive member according

to the

15 present invention may be prepared by disposing a

material for constituting the photosensitive

layer on

a support by a vapor-deposition or by applying a

coating liquid containing such a material, an

appropriate binder and/or an appropriate solvent onto

20 2 support and drying the resultant coating.

Examples of such a binder for use in the

photosensitive member including those having

the

above-mentioned single layer and laminated structure

may preferably include: polyvinyl acetal,
25

polycarbonate, polystyrene, polyester, polyvinyl

acetate, polymethacrylate, acrylic resin, and

cellulosic resin.



LACEMENT SHEET

act ur ed by

coating ratio of 50 wt. % powder resistivity of 700 ohm
resol -type phenolic resin (trade nane: Plyophen J-325,
Dai ni ppon 10 Ink & Chenicals, Inc.; solid content of 70 % 62 8RECMWFparft
of 2-nmet hoxy- 1-propanol was di spersed for about 20 hours i a ball mll to
prepare a coating liquid. The coating quuif4mas appl i ed jonto an alum narn
cylinder (outer dianeter of 30 nm |ength ot*15 360 nmi-surface roughness
(Rmax) of 5 [err]m by dipping, followed by drying for 30 m nutes at 140
[err]Cto forman internediate | ayer having a thickness of 17 [err]m The

i nternediate |ayer showedsgméUnse&s: 48 GRGLSSohSEB At OhgOthelrrIm 20
Herein, Rmax is obtained according to Japan |Industri al %tandard (J1s)

BO601. A sol uti ophotodénpitiveOlagef cpPiaderinyeéonionsed fAgk! aaredMB8900,
nfd. by Toray KK ) in a mxture solvent of 60 parts of nethanol and 40
parts from the intermediate layer to the photosensitive

layer, thus decreasing a chargeability of a resultant

5 photosensitive member to adversely affect image
properties. 1In this instance, it is possible to
dispose a barrier layer (e.g., an appropriate resin
film) having a barrier function between the
-intermediate layer and the photosensitive layer, as

10 desired, thus effectively suppressing the injection of
free carriers.

Examples of materials for use in the barrier
layer may include: water-scluble resins such as
polyvinyl alcohol, polyvinyl methyl ether, polyacrylic

15 acid and its derivatiées, methyl cellulose, ethyl
cellulose, polyglutamic acid, casein, and starch; and
resins or polymers such as polyamide, polyimide,
polyamide-imide, polyamide acid resin, melamine resin,
epoxy resin, polyurethéne, and polyglutamate. In view

20 of coating properties, adhesive properties, solvent
resistance, electrical barrier function, electrical
resistance, etc., polyamide may preferably be used as
the barrier layer material. Such polyamide may
preferably include dbpolymer nylon having a low

25 crystallizability or non-crystallizability so as té
allow application in a solution stéte.

The barrier layer may preferably have a



-

25 of butanol was applied onto the above-prepared internediate |ayer by
di pping, followed by drying of 10 minutes at 90 [err]Ct g
|'ayer havi.ng a -20- thickness of 0.5 [err]m Then, a ] Agﬁhﬁﬁiidﬁﬁﬁ§r
of an oxytitanium phthal ocyanine pignment, 2 parts of a pojyvinyl butyr
resin (BX-1, nfd. by Sekisui Kagaku Kogyo K. K. ; 5 butyrhl dgggggco@ggo /6
and 34 parts of cycl ohexanone was di spersed ggr 8 hours pyla sand m
resultant m xture was applied onto the above prepared bafr
di pping, followed by drying for 10 mnutes at 80 [err]Cto forma CGE

having a thickness of 10 0.2 [err]m Subsequently, 50 parts of a
triaryl am ne thickness of 0.1 - 2 pm.

In the photosensitive member according to the

present invention, it is possible to dispose a
protective layer on the photosensitive layer. The

5 protective layer may principally'comprise resins or
polymers such as polyester, polyurethane, polyarylate,
polyethylene, polystyrene, polybutadiene,
polycaruonate, polyamide, polypropylene, polyimide,
éolyamide-imide, polysulfone, polyarylether,

10 poiyacetal, nylon, phenolic. resin, acrylic resin,
silicone resin, epoxy resin, urea resin, allyllresin,
alkyd resin, and butyral reéin.

The protective'layer may preferably have a
thickness of 0.05 - 15 upm, more preferably 1 - 10 pm.

15. _The support for use in the photosensitive
member of the present invention may be prepared by
using various materiais including: metal or metal
allqy, such as aluminum, aluminum alloy, copper,
titanium, or stainless steel; a polymeric material

20 such as polyethylene terephthalate, phenolic resin,
polypropylene, or polystyrene; and hard or rigid
paper. The support may preferably'be in the form of a
Cylinder or drum, a belt, or a sheet. When the
materials for the support have a high volume

35 resistivity, the sﬁpport is required to be subjected

to conductive treafment. The conductive treatment c#n

be performed by forming a conductive film layer on the




conpound represented by the following fornula: [err] and 5@@%@{!%@

INT RHERT
pol ycarbonate ‘resin (Inpilon Z-200, nfd. by M tsubishi s {Raya 31."

e

wer e di ssolved in 400 parts of nonochl orobenzene to prepar§
liquid. The coating liquid was applied onto the above-pijepa
di pping and dried for 1 hour at 120 [err]C to forma CTL|h&4dng a thickn

1%

of 20 [err]m whereby an el ectrophot ographi elphot osensit ve menber
according to the present invention was prepared. The thu l .
phot osensiti ve nmenber was assenbled in an el ectrophot ographi c copying

machi ne using a nQﬁﬂB$r963§|89”89&p3¥§£§31gngo SctiPkeshBdthlce qi%ﬁin
the suppqrt..

The photosensitive member according to the
present invention can be applied to not only an

5 ordinary electrophotographic copying machine but also
a2 laser beam printer, a cathode~ray tube (CRT)
printer, a light-emitting diode (LED) printer, a
liquid crystal printer, a facsimile machine, and other
fields of applied electrophotography including, e.q.,

10 laser plate making.

Hereinbelow, an electrophotographic apparatus
according to the present invention will be explained
with reference to the sole figure.

Figure 1 shows a schematic structural view of

15 an embodiment of an electrophotographic apparatus
using an electrophotographic photosensitive member of
the present.invention. Referring to Figure 1, a
photosensiti§e drum (i.e., photosensitive member) 1 is
rotated about aﬁ axis la at a prescribe& peripheral

20 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 negatiYe'
potential. The photosensitive drum 1 is subjected to

25 image exposure with light L (e.g., slit exposure or.
laser beam-scanning exposure)} at a prescribed exposure

part 3 by using an image exposure means (not shown),

U7




—————————————

an image formation process including the steps of:
char gi ng- exposur e- devel opnent -transfer-cl eaning at a cy
. sec/cycle. Under environmental conditions including |ov
[err]C) and low 5 humidity (15 %RH) condition (hereinH
referred to as "LtLh condition") and high-tenperature (
hi gh-hum dity (85 %H) condition (hereinbelow, sinply r

- te

er at ur

eferred to as

condition"), the above copyi ng nachi ne mas'%abjected t

successive 10

i mage formation of 10000 sheets (a durability test).
el ectr ophot ographi ¢ characteristics,

In order to evaluate
dark part potentials (VD) at an

initial stage anghabbsy gﬂp%iggtP % 00Q fgﬁgﬁéO?ﬂ§ggggbkﬁ8§66n@9ﬁ§“Eéa'S

(VL) at an initial stage an copyl ng

eets were

neasur ed under Lahheﬁﬁésﬁ%éhiﬁaeé igOgﬁccéséﬁeeiyveb¥meahsnreﬁélts are

shown in Table 1 bel ow. Tabl e

peripheral surface of the photosensitive drum 1.

The

electrostatic latent image is developed by a

developing means 4 with a toner to form a toner image.

The toner image is successively transferred to a

recording material P which is supplied from a supply

part .(not shown)} to a position between the

photosensitive drum 1 and a transfer charger 5 in

10

synchronism with the rotating speed of the

photosensitive drum 1, by means of the transfer

charger 5.

The recording material P with the toner

image thereon is éeparated from the photosensitive

drum 1 to be conveyed to a fixing device 8, followed

15

by image fixing to print out the recording material.P

as a copy outside the electrophotbgraphic 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,

20

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.

25  transfer charger 5,

widely used in general.

According to the present invention,

As the

‘such a corona charger is also

in the



20 Lt Lh condition H Hh condition Initipal

Initial Af er 10 sheets 10 sheets VD (:V)
700 680 VL (-V) 210 215 210

in Table 1, the photosensitive nenber according to the prg
provi ded -22- potential stabilities (i.e., substanti al

changes in VD and VL) under the LtLh conditihgn and the Ht
retaining | arge differences between VD and VL at the init;

after the copying of 10000 sheets. As a result, a suffict

a stable inmage quality were obtained.

10

15

20

. 25

electrophotographic apparatus, it is possible to

provide a device unit which includes plural means

- inclusive of or selected from the photosensitive

member (photosensitive drum), the charger, the
developing means, the cleaner, etc. so as to be
attached or removed as desired. The device unit may,

for example, be composed of the photosensitive member

- and the cleaner 6 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. At this time, the device
unit can be accompanied with the charger and/or the
developing means to prepare a single unit.

In case where the electrophotographic
apparatus is used as a copying machine or a printer,
exposuré 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 2
laser beam scanning, a drive of LED array or a drive
of a liquid crystal shutter array in accordance with
the signal.

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

"weight part(s)".



-

Exanpl e 2 A photosensitive menber of the present invention was prepared.in
the same manner as in 10 Exanple 1 except that the alun1nun1a¥,,&ﬁ
changed to one having an outer dianeter of 30 mm and a | engff#oiii]

The thus prepared photosensitive nenber was assenbled in an

el ectr ophot ographi ¢ copyi ng machine 15 wusing a reversal deye {§m@g §¢
and was subjected to an inage formation process including the steps of
char gi ng- exposur e- devel opnent -transfer-cl eaning at a cycl e ppeed—ot—6
sec/cycl e. Under environnmental conditions including LtLh condition and Ht Hh

20 condition, t \w copyi ng nmachi ne was subjected to SUCCESSTVE rrage
formati on of 500 S (a durability test). In order to evaluate

el ectrophot ographi ¢ char agt efd#ting, 1 dpiia pes: a0t entéahed{dteriayeat an
initial stage and after copying

was prepared in the followzng manner.

A mixture of 120 parts of a coated powder
5 comprising barium sulfate fine particles having a
coating layer of tin oxide (particle size of 0.22 pm,
coating ratid of 50 wt. %, powder resisti§ityiof 700
ohm.cm), 70 parts of a resol-type phenolic resin
(trade name: Plyophen J-325, manufactured by Dainippon
10_ Ink & Chemicals, Inc.; solid confent of 70 %), and 100
parts of 2-methoxy~l~propanol was dispersed for about
20 hours in a ball mill to prepare a coating liquid.
The ceoating ligquid was applied onto an
aluminum cylinder (outer diameter.of 30 mm, length of
15 360 mm; surface roughness (Rmax) of 5 um) by dipping,
followed by drying for 30 minutes at 140 °C to form an
_intermediate layer having a thickness of 17 pm. The
intermediate layer showed a sﬁrface roughness (Rmax)
of 0.5 pm.
20 Herein, Rmax is obtained according to Japan
Industrial Standard (JIS) B0601.
A solution of 10 parts of a copolymer nylon
resin (Amilan CM 8000, mifd. py Toray K.K.) in a
mixture solvent of 60 parts of methanol and 40 parts
25 of butanol was applied onto the above-prepared
intermediate layer by dipping, followed by drying of

10 minutes at 90 °C to form a barrier layer having a



25 of 5000 sheets and light part potentials (V[err]) at
and after copying of 5000 sheets were neasured under LtL

condi tions, -respectively. -23- .The result.s are shown |
Table 2 LtLh condition Ht Hh condition 5

Initial After 5000 sheets 500Q sheets VD (-V)
700 690 VL (-V) 210 210 -20- 210

As shown in Table 2, the photosensitive nenber according to the present
i nvention provided potential stabilities under the LtLh° -t

Ht Hh conditiothé %Es%eBQi%t@gphgrge di fferences

Then, a mixture cf 4 parts of an oxytitanium-~

phthalocyanine pigﬁent, 2 parts of a polyvinyl butyral
resin (BX~1, mfd. by Sekisui Kagaku Kogyo K.K.;

5 butyfal degree of 80 %) and 34 parts of cyclohexanone
was dispersed for 8 hours by a sand ﬁill. The
resultant mixture was applied onto the above-prepared
barrier layer by dipping, followed by drying for 10
minutes at 80 9C to form a CGL having a thickness of

10 0.2.pum.

" Subsequently, 50 parts of a triarylamine

compound represented by the following formular

HisC CHs

S ON
g

50 parts of a polycarbonate resin (Inpilon Z-200, mfd.

—
w

, and

by Mitsubishi Gas Kagaku K.K.) were dissolved in 400

parts of monochlorobenzene to prepare a coating

(1Y)
(%)

liquid. The coating liquid was applied onto the
above-prepared CGL by dipping and dried for 1 hour at
120 °C to form a CTL having a thickness of 20 pm,

whereby an electrophotographic photosensitive member

according to the present invention was prepared.

n

=~ The thus prepared photosensitive member was
assembled in an electroéhotographic copying machine

using a normal development system and was subjected to



between VD and VL at the initial stage and after the 15 cog¥g
sheets. As a result, a sufficient contrast and a stable ing
obtained. Further, resultant images were free from back spot
Examples 3 - 6 20 Four phot osensi.tjve nenbers of
i nvention were prepared in the sanme manner gg’ln Exanpl e 1 ¢x
coating liquid for the internediate |ayer prepared.in Exanpfe 1 was change
to those conprising the foll ow ng ingredients, 25 respect twely Coating
Liquid (Exanple 3),

GarigRd AR 0RO PRIdHSY R idiing $HE fotapd ldE

particles having a coating

10

15

(W)
n

charging~exposure~development-transfer-cleaning at a
cycle speed of 0.8 sec/cycle. Under environmental
conditions including low-temperature (15 O¢c) and low-
ﬁumidity (15 %RH)} condition (hereinbelow, simply
referred to as "Ltlh condition") and high-temperature
(30 °C) and high-humidity (85 %RH) condition |
(hereinbelow, simply referred to as "HtHh condition"),
the above copying machine was subjected to successive
image formation of 10000 sheets (a durability test).
In order to evaluateIelectrophotographic
characteristics, dark part potentials (Vp) at an
initial stage and after copying of 10000 sheets and
light part potentials (V) at an initial stage and
after copying of 10000 sheets were measured under LtLh“
and HtHh conditioné, respectively. The results are

shown in Table 1 below.

Table 1

LtLh condition HtHh condition
Initial After Initial Afser
10° sheets heets
Vp (-V) 700 700 700 680
Vg, (-V) 210 215 210 205

As shown in Table 1, the photosensitive

member according to the present invention'provided



| ayer of tin oxide containing fluorine (particle size: 0.27 REP&@ KQ{HETSHEBT
ratio: 50 wt. % fluorine content: 9 wt. % 5 volune resis |ty 40

i
ohm cm) 150 parts Phenolic resin (the sane asji t 9@3
70 parts 2-net hoxy-1-propanol 100 parts :oatlng L|qU|d

(Exanmple 4) 10 Coat ed powder conprisin@dari um sulfatg Frmre—pattete
havi ng a coating layer of tin oxide containing antinony (PaEtran IV, nfd.
by Mtsui Kinzoku Kogyo K. K. ; particle size: 0.25 [err]m coating .

50 wt. 9% antinony content_: . .%. volunme resistivity: 30

ohm ¢,
100 parts Phenol|@qm§§§4ﬁﬁlﬁ$39%ﬁ%§%$ﬁr{#Bénnﬂ%?qﬁtantiallY provided no
70 parts 2- nethox%ﬁgéggpanown and V) under the Léiﬁ)condztlon and the

HtHh condition, thus retaining large differences
between Vp and Vi at the initial stage and after the

copying of 10000 sheets. As a result, a sufficient

wn

contrast and a stable image quality were obtained.
Example 2
A photosensitive member of the present
invention was prepared in the same manner as in
10 Example 1 except that the aluminum cylinder was
changed to one having an outer diameter of 30 mm and a
length of 260 mm.
The thus prepéred photosensitive member was
assembled in an electrophotographic copying machine
15 using a reversal development system and was subjected to
an image formation process including the steps of:
charging-exposure-develépment;transfer—cleaning at a
cycle speed of 6 sec/cycle. Under environmental
conditions including LtLh condition and HtHRh
20 condition, the above copying machine was subjected to
successive image formation of 5000 sheets (a
durability test). In order to evaluate
electrophotographic characteristics, dark part
potentials (Vp) at an initial stage and after copying
25 of 5000 sheets and light part potentials (Vy) at an
initial stage and after. copying of 5000 sheets were

measured under LtLh and HtHh conditions, respectively.



»

20 Coating Liquid (Exanple 5) Coated powder (the sane asigrv g}% T
120 parts Pol yester pol yurethane (N pporan, nfd. by N ppon i -
K K.) 70 parts 2- nethoEi %§§P0|
100 parts Coating Liguid (Exanple 6) -25- Coated powder{ (4t §ﬂ§é
Exanpl e 3) 100 parts Pol yarfi de aci d resi
of the formula bel ow (wei ght-average nol ecul ar weight: -5 8500): -
[err] 10 NN- di et hyl acet am de -23- 170 parts
The results are shown in Table 2 below.
Table 2
) LtLh condition HtHh condition
5 Initial After : Initial After
5000 sheets 5000 sheets
vp (-V) 700 695 700 690
vy (-V) 210 210 210 - 215
10 As shown in Table 2, the photosensitive

member according to the present invention provided
potential stabilities under the LtLh condition and the
HtHh condition, thus retaining large differences

between Vp and Vv at the initial stage and after the

Py
wn

copying of 5000 sheets. As a result, a sufficient
contrast and a stable image quality were obtained.
Further, resultant images were free from back spots or
fogs.

Examples 3 - 6

20 Féﬁr photosensitive members of the present
invention were prepared in the same manner as in
Example 1 except that the coating liquid for the
intermediate layer prepared in Example 1 was changed

to those comprising the following ingredients,

i~
wn

respectively. )
Coating Liquid (Example 3)

Coated powder comprising barium




The thus prepared photosensitive nenbers were subjected to a [HuEs
test in the sane manner as in Exanple 1 to evaluate a-potentil#

The results are shown in Table 3 below 15 20 25 - 26-

shown in Table 3,

I nventi on provided

-
- g~

sulfate fine particles having a coating

. layer of tin oxide containing fluorine

10

-
(¥1]

)
(¥}

(particle size: 0.27 pm, coating ratio:
50 wt. %, fluorine content: 9 wt. %,
volume resistivity: 40 ohm.cm)}

Phenolic resin (the same as in
Example 1)

2-methoxy-l-propanol
Coating Liguid (Example 4

Coated powder comprising barium
sulfate fine particles having a coating

layer of tin oxide containing antimony

{Pastran 1V, mfd. by Mitsui Kinzoku Kogyo

[er 'i

t he photosensitive nmenbers according to thg

ACKVENT, SHERT |

S2TETAS

T 2EBEC 189

150

70
100

K.K.; particle size: 0.25 um, coating ratio:

50 wt. %, antimony content: ¢ wt. %,
volume resistivity: 30 ohm.cm)

Phenolic resin (the same as in
Example 1)

2-methoxy-l-propanol
Coating Liquid (Example 5)

Coated powder (the same as in
Example)

Polyester polyurethane
(Nipporan, mfd. by Nippon Polyurethane
K.K.)

2-methoxy-l-propanol

Coating Liquid (Example 6)

100

70

80

120

70
100

parts

parts

parts

parts

parts

parts

parts

parts

parts



potential stabilities under the LtLh condition and the Ht Hh |gg6
retaining large differences 5 between V[err] and V[err] at tff
stage and after the copyi ng of 1000 sheets. As a result, a {

%'Dﬁ@?#@%

and 2 Two photosen5|t|ve menbers of the present 10 inventi¢njwere prepared

internediate | ayer prepared in Exanple 1 wasy£hanged to thosg,
the follow ng ingredients, respectively. 15 Coating Liquid (Cbnparatlve

‘Exanpl e 1) Coated powder conprising titanium oxide fine particles having a
coating layer of tin oxide containing antinony (ECTT-1, nfd. by Titan Kogyo

K K ; particle 20 sigsatéd 25obd@éf] Mhe same as in 150
parts

Example 3) : - 100 parts
Polyvamide ‘acid resin of the formula

below (weight-average molecular weight:

5 8500): ' 50 parts
: HOOC COOH
O—-@—NHCOMC ONH
L .
10 N,N-dimethylacetamide 170 parts

The thus prepared photosensitive_membérs were
subjected to a durability test in the same manner as
in Example 1 to evaluate a potential stability.

The results are shown in Table 3 below.

20

25



-

Phenolic resin (the sane as in Exanple 1)
75 parts Methyl cellosolve

oxi de fine particles containing antinony (T-1, nfd.
Material K K ; particle size: 0.20 [err

parts'Ponester pol yur et hane (the sane as in Exanple 5)
70 parts 5 2- met hoxy- 1- pr opanol

prepared photosensitive nmenbers were subjected to a durability test
sane nanner as
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in Exanple 1 to evaluate a potential stability. The results arepFsh
Table 4 below. 10 15 20 25 -29- [err] -30- As apparent frixf

results,
V[err]

the two photosensitive nmenbers provided |arge dlffere
and Vlerr] under LtLh and HtHh conditions at

10

—
n

[ 3%
(9 1]

2@ DEC 9%

-27~

As shown in Table 3, the photosensitive
members according to the'present invention provided
potential stabilities under the LtLh condition and the
HtHh condition, thus retaining large differences
between Vb and Vp at the initial stage and after the
copying of 1000 sheets. As a result, a sufficient
contrast and a stable image quality were sbtained.
Comparative Examples 1 and 2

Two photosensitive members of the present
invention were prepared in the same manner as in
Example 1 except that the coating liquid for the
intermediate layer prepared in Example 1 was changed
to those comprising the following ingredients,

respectively.

Coating Liquid (Comparative Example 1)

Coated powder comprising titanium oxide
fiﬁe particles having a coating layer of |
tin oxide containing antimony (ECTT-1,
mfd. by Titan Kogyc K.K.; particle .
size: 0.25. um) : 150 parts

Phenolic resin (the same as in

Example 1) 75 parts
Methyl cellosolve 60 parts
Methanol 15 parts

Coating Liguid (Comparative Example 2)
- Powder comprising tin oxide fine

particles containing antimony (T-1, mfd.



the initial stage, thus providing a sufficient 5 contrast.
t he copying of 10000 sheets, the two photosensitive m enbgr
remar kabl e decrease in V[err] under LtLh and HtHh conditig
showed a consi derable increase in VL under LtLh condition,
provide a sufficient 10 contrast and a stable inmge quali

10 Four photosensitive nenbers were prepared,in the sanme

] e .

ty _anmpl es 7

REPLACENENT SHEET

g

nnner as in

Exanples 3 - 6, respectively (e.g., Exanple %écorresponds

v B Es A Y

except 15 that each of the alum num cylinder was changed t

[y I_/\Q.Ilplb N A

0 one having an

outer diameter of 30 nmand a |l ength of 260 mm The thus prepared

phot osensi tive nmepperstuBbeshifigeéetal okagdur apaktiyibest
manner as 20 in Exanple 2 to evaluate a potential stabilit
are shown in Tabl eisebelod0 pm)
Polyester polyurethane (the same
as in Example 5)

5 2~methoxy-1l-propanol

in the same
y. The results
100 parts

70 parts

80 parts

The thus prepared photosensitive members were
subjected to a durability test in the same manner as
in Example 1 to evaluate a potential stability.

The results are shown in Table 4 below.

10

15

20

25




-31- [err] -32- As shown in Table 5, the photosensitive] A {
to the present invention provided potential stabilities ung
condition and the H Hh condition, thus retaining |arge diffje
between VD and VL at the initial stage and after the copyi
sheets. As a result, a sufficient contrast_agd a stable i ¢
obtai ned. Further, resultant imges were free from bl ack sy
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I n the sane manner as in Conparative Exanples 1 and 2, ref'"";'
Conpar ative Exanple 3 corresponds to Conparative Exanple ;
each of the 15 al um num cylinder was changed to one havi

SHEER|

menbers were subjected to a durability test in the sane n@ . 2 -
Exanple 1 to evaluate a potential stability3020 1 The results are
shown in Table 6 bel ow. 25 -3 3- [err] : _ it

As apparent from the above results, the two
photosensitive members provided large differences
between Vp and V; under LtLh and HtHh conditions at

the initial stage, thus providing a sufficient

(¥ )

contrast. However, after the copying of 10000 sheets,
the two photosensitive m embers showed a remarkable
decreaée in VD-under LtLh and HtHh conditions and also
showed a considerable increase in V; under LtLh
condition, thus failing to provide a sufficient
10 contrast and.a stable image quality.
Examples 7 - 10
Four photosensitive members were preparéd in
the same manner as in Examples.3 - 6, respectively
(e.g., Example 7 corresponds to Example 3), except
13 that each of the aluminum cylinder was changed to one
having an outef diameter of 30 mm and a length of 260
mm.
The thus prepared photosensitive members were

subjected to a durability test in the same manner as

I~
<3

in Example 2 to evaluate a potential stability.

The results are shown in Table 5 below.

[3V ]
<



-34- As apparent fromthe above results, the two photosensitive menber s
provided large differences between V[err] and V[err] under Ja-Lh.
conditions at the initial stage, thus providing a suffici el

However, after the copying of 5000 sheets, the two photose s*”*f

showed a remarkabl e decrease in VD under Hthh condition. Fgr

Ht Hh condition, the two photosensitive n%pbers provi ded th¢
material 10 with undesirabl e bl ack spot s Al through the dfir ahi
(i.e., fromthe initial stage to after the copying of 5000isheets)
11 An internediate | ayer (having a thickness of 15 5 [ er nehaclcattcesm
drying) was prepared by applying a coating
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liquid identical to the coating liquid use din Exanple 1;eg ;jv-?ﬂf-~'~
cylinder -identical to the cylinder used in Exanple 1 ToLmAIS

by drying for 30 mnutes at 140 [err]C. 20

bi sazo pignment represented by the follow ng fornul a: !
90 parts of tetrahydrofuran (THF) for -35- 20 hours by 3
the dispersion, a solution of 2.5 parts of a ponV|nyI :
nfd. by Sekisui Kagaku Kogyo K K. ; butyral_gggree of 80 9%
THF was added, followed 5 by stirring for 2 "hours. The Lpsultant nlxture
was diluted with a m xture solvent of 100 parts of

As shown in Table 5, the photosensitive_
member according to the present invention provided
potential stabilities under the LtLh condition and the
HtHh condition, thus retaining large differences

5 between Vp and Vi at the initial stage and after the
copying of 5000 sheets. As a result, a sufficient
_contrast and a stable image quality were obtained.
further, resultani images were free from black spots
or fogs.

10 Comparative Examples 3 and 4

Two photosensitive members were prepared in
the same manner as in Comparative Examples 1 and 2,
respectively (e.g., Comparative Example 3 corresponds
to Comparative Example 1), except that gach of the

15 aluminum cylinder was changed to one having an outer
diameter of 3C¢ mm and a length of 260 mm.

The thus prepared photosensitive members were

. subjected to a durability test in the same manner as
in Example.l to evaluate a potential stability.

20 - ' The results are shown in Table 6 below.

25



T

cycl ohexanone and 100 parts of THF to prepare a coating |iqypg
|l iquid was applied onto the above-prepared internedi ate | aygf
10 coating, followed by drying to forma CA having a thi¢
pm Subsequently, 50 parts of a styryl conpound represent ed b.
followi ng formula: 15 . [ e~3]3-and 50 parts of '
resin (Inpilon Z-200, nfd. by Mtsubishi Gas Kagaku K K.) w
400 20 parts of nonochl orobenzene to prepare a coating |i @l :
coating liquid was applied onto the above-prepared CA by dippi ng and dried —
for 1 hour at 120 [err]Cto forma CTL having a thickness™8f 20 [err]m

wher eby a photosensitive nenber was prepared of the 25 present invention.
The thus prepared photosensitive nenbers were
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subjected to a durability test in the sane manner as - 36peed
to evaluate a potential stability. The results are shown i nj;
Table 7 5 . Lt Lh condition Ht Hh condition I
Initial Af er 10 sheets 10 ‘sheets VD (-V) 70
700 685 VL (-V) 200 195 200 209 1
Table 7, the photosensitive menber accordi ng3¢o the present{ ifavention
provi ded potential stabilities under the LtLh condltlon andg the HtHh
~condition, thus retalnlng | arge di fferences . -

As apparent from the above results, the two
photosensitive membefs provided large differences |
between Vp aﬁd Vy under LtLh and HtHh conditions at
the initial stage, thus providing a sufficient

5 contrast. However, after the copying of 5000 éheets,
the two photosensitive m embers showed a remarkable
decrease in Vp under HtHh condition.

Further, under.HtHh condition, the two
photosensitive members provided the recording material

10 with undesirable black spots all through the
durability test (i.e., from the initial stage to after
the copying of 5000 sheets).

Example 11 |

An intermediate layer (having a fhickness of

15 S mm (after drying) waé prepared by applying a coating
liquid identical to the coating liquid use din Example
1 onto an aluminum cylinder identical fo the cylinder
used in Example 1 by dipping, followed by drying for
30 minutes at 140 ©c.

20 Then, 5 parts of a bisazo pigment represented

| by the following formula:

Cl | ' Cl

@éﬂwocz oH 0 HO_. ON’-H@
N=N—©—N=N—©—'N=
25

was dispersed in 90 parts of tetrahydrofuran (THF) for
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15 between V[err] and V[err] at the initial stage and afh"w}
1000 sheets. As a result, a sufficient contrast and a stabf'€
wer e obt ai ned. Exanpl e 12 A phot osensi tive nmember was prepg
sanme manner as in Exanple 11 except for using a coating |i4qu :
the one for use in the internediate | ayer prepared in Exa}-He 3. The thusg
prepared photosensitive nmenbers were subjectéd~to a durabigl ity Test e
same nmanner as 25 in Exanple 1 to evaluate a potential stlability. The
results are shown in Table 8 bel ow. -37- Table 8 LtLQ_condltlon

Ht Hh condition 20 hours by a sand mill. To the dispersion, a

solution of 2.5 parts of a polyvinyl butyral resin
(BLS, mfd. by Sekisui Kagaku Kogyo K.K.; butyral
degree of 80 %) in 20 parts of THF was added followed
5 by stlrrlng for 2 hours. The resultant mixture was
diluted with a mixture solvent of 100 parts of
cyclohexanone and 100 parts of THF to prepare a
coating liquid. The coating liquid was apolied onto
the above-prepared intermediate layer b} wire bar
10 coaﬁing, followed by drying to form a CGL having a
thickness of 0.2 pm.
| Subsequently, 50 parts of a styryl compound

represented by the following formula:

s CH;
Y CH ©

50 parts of a polycarbonate resin (Inpilon Z-200, mfd.

, and

by Mitsubishi Gas Kagaku K.K.) were dissolved in 400
20 parts of monochlorobenzene to prepare a coaiing

liquid. The coating liquid was applied onto the

.above-prepared CGL by dipping and dried for 1 hourlat

120 °C to form a CTL having a thickness of 20 pm,

whereby a photosensitive member was prepared of the
25 present invention.

The thus prepared-photosensitive members were

subjected to a durability test in the same manner as
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Initial Af er Initial After 10[err] sheets s :
5. Verr] (-V) 705 700 700 690 V[ KEEHL AN
205 210 210 As shown in Table 8, the phot osgngji~t+® Be]

according to the present invention provided 10 potential lagébgﬁgggﬁgg
the LtLh condition and the HtHh condition, thus retainingl g

between VD and VL at the initial stage and afggL the copyﬂnu\ni 1000
sheets. As a result, a sufficient contrast and a stable |'=ge quallty wer e
obt ai ned. 15 As descri bed herei nabove, accordi ‘ = o) I
I nvention, there i's provided an el ectrophot ographic photosen5|t|ve nenber
characterized by aiBpBxafibtei httonedabhatéagepotenpiadi sgabatitm sulfate
fine particles coated with a 20 coating |ayer conprising tin oxide. The
phot osensi tive menber can p?BeuEesgltalerposbnwnann Table 7 below.

Table 7
5 LtLh condition HtHh condition
Initial After Initial After -
10° sheets 10" sheets
Vp (-V) 700 690 700 685
vy (-V) 200 195 200 205

10
. As shown in Table 7, the photosensitive
member according to the present invention provided
potential 'stabilities under the LtLh condition and the
HtHh condition, thus retaining large differences
15 between Vp and V; at the initial stage and after the
copying of 1000 sheets. As a result, a sufficient
contrast and a stable image quality.were obtained.
Example 12
A photosensitive member was prepared in the
20 same manner as in Example 11 except for using a
coating liquid identical to the one for use in the
intermediate layer prepared in Examp;e 3.
The thus prepared photosensitive mgmbers.ygre
subjected to a durability test in the same manner as
25 - in Example 1 to evaluate a potential stability.

The results are shown in Table 8 below.



»

properties (potential stability) and good image form ng prhipesd
qual ity imges) under overall environnental conditions frofffids
and low 25 humidity condition. Accordingly, the photosenfiffi ve menber
usabl e for constituting an el ectrophotographic -38- app t29 PEbaRe
form ng good and stable images even under any environnentg jcondition. An
el ectrophot ographi ¢ photosensitive nenmber, cogprLising: a supf :
intermedi ate | ayer and a 5 photosensitive | ayer di sposed dn pp
"this order; the internediate | ayer conprising: a coated powder conprising a.
coating |layer and bariumsulfate fine particles coated with the coating

| ayer; and the ' Table 8
LtLh condition HtBh condition
Initial After Initial After
10" sheets 10° sheets
5 Vp (V) 705 700 700 690
vy (-V) 210 205 210 210

As shown in Table 8, the photosensitive
member according to the present invention provided

10 potential stabilities under the LtLh condition and the
HtHh condition, thus refaining large differences
between Vp and V; at the initial stage and after the
copying of 1000 sheets. As a result, a sufficient
contrast and a stable image quality were obtained.

15 As described hereihabove, according to the
present invention, there is provided an
electrophotographic photosensitive member
characterized by a specific intermediate layer
comprising barium sulfate fine particles coated with a

20 coating layer comprising tin oxide. The
photosensitive member can provide stable potential
properties (potential stability) and good image
forming properties (high quality images) under overall
environmental conditions from low-témperature and-low-

25 humidity condition.

Accordingly, the photosensitive member is

usable for constituting an electrophotographic



coating layer conprising tin oxide. The above 10 i nternedigke

usabl e for constituting an el ectrophotographic apparatus pngﬁgny
potential properties and good inmage quality under overall g Nk
conditions including | ow tenperature and | ow hum dity cond
15 tenperature and high-humdity condition. 20 25 What
An el ectrophot ographi ¢ photosensitive menbeLggom prising: |
an internediate |ayer and a photo- sensitive [ayer disposed
in this order; wherein the internediate | ayer conprises a deatad.QOuw
havi ng a re5|st|V|ty of 0.1 to 1,000 ohm cm conpri sing barium sul fate
apparatus capable of forming good and stable images

even under any environmental condition.

An electrophotographic photoéensitive member,

comprising: a support, and an infermediate layer and a

5 photosensitive layer disposed on the support in this
order; the intermediate layer comprising: a coated
powder comprising a coating layer énd barium sulfate
fine particles coated with the coating layer; and the
coating layer comprising tin oxide. The above

10 . intermediate layer is usable for constituting an
electrophotographic apparatus providing stable
potential properties and good image quality under
overall envi;onmental conditions including low-
temperature and low-humidity condition to high-

15 temperature and high-humidity condition.

20

25




fine particles coated with a coating |n tlnﬁj*”“.
reduced oxygen content. 2. A nenber 4@;‘ " aiilﬁll IRBES
coating layer has a coating ratio of medrol

claim2, wherein the coating |ayer has a coatlng ratlo of
menber according to claim1l, wherein the coating |ayer ca
or antinmony. 5. A nenber according to claim4, wherein tH
conprises 0.01 to 30 wt. % of fluorine or arBProny. 6. Al | -
to claim5, wherein the coating |layer conprises 0.1 to 10 W=y e

fluorine or antinony. 7. A nmenber according to claim [ ngg, 'Ah"r’% :
: : : : : . : < EFH#

interme- diate |ayer contains a blnder resin which isfsele ARE
group consi sting 1 +8S:pol yur et hane resi h—petyari-de,

pol yi m de, polyanide am de idre acetal egdxy

resin, acrylic resin IaﬁP §5¥5§Fﬂpgﬂg°85P9§§Fengtxsen¥ltlve memnb

comprising: a support, and an intermediate layer and a

photosensitive layer disposed on the support in this
5 order;

‘the intermediate layer comprising: a coated
powder comprisiné a coating layer and barium sulfate
fine particles coated with the coating layer; and

the coating 1ayér comprising tin oxide.

10
2. A member according to Claim 1, wherein the

coating layer has a coating ratio of 10 - 80 wt. %.

3. A member according to claim 2, wherein the

15 coating layer has a coating ratio of 30 - 60 wt. %.

4, A member according to Claim 1, wherein the

coating layer comprises fluorine or antimony.

20 5. A member according to Claim 4, wherein the

coating layer comprises 0.0l to 30 wt. % of fluorine

or antimony.

6. A member according to Claim 5, wherein the

25 coating layer comprises 0.1 to 10 wt. % of fluorine or

antimony.

Th1s Sheet Has Been Rep
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At A

acid resin. 9. A nmenifer “actorlingy to cla

conprising an el ectrophot ographi c photosensitive nenber acgofr

1 and at |east one nmeans selected froma chygger, a devel opi jig neans and
cleaner. 11. An el ectrophotographi c appar at us, conpr|5|ngcﬂan
el ectrophot ographi ¢ phot osensitive nmember, charging MEaNS fufe. ai.ng the jf
phot osensitive nmenber, image expo- sure neans for perforJm ng |nage exp0§dTE“
to the charged phot cysensmt imembesla@cord ing rhcaCld@discty osiferein dtrent | nage
on the photosensitive nmenber, and devel opi ng neans for developlng t he

latent i mage wi timtermeddetshdayieF GRS 2 BIGARR FRsishivhiMbteSensitive

nmenber conpri ses a su ort, nd an i nternediate
photosensrPlve t%d rom e gr oup codgiséing o phenéazc resin,

polyurethane resin, polyamide, polyimide, polyamide—
5 imide, polyamide acid resin, polyvinyl acetal, epoxy

resin, acrylic resin, melamine resin and polyester.

8. A member according to Claim 7, wherein the
binder resin is selected from the group consisting of
10 phenolic resin, polyurethane resin and polyamide acid

resin.

‘9. A member according to Claim 1, which further N

comprises a barrier layer disposed between the

15 intermediate layer and the photosensitive layer.

10. An electrophotographic apparatus, comprising:
an electrophotographic photosensitive member according
to Claim 1, charging means for charging the

20 photosensitive member, image exposure means for
performing image exposure to the charged
photosensitive member to form an electrostatic latent
image on the photosensitive member, and developinq_

means for developing the létént image with a toner.

25

This Sheet Has Been Re placed
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di sposed on the support in this order; wherein the |nterm{ﬂﬂqj(§@£; | SHEET

ohmcm and, wherein e coated powder {s co 36
particles coated with a coat.ing | ayer CoOmTprrsee—ed
reduced oxygen content. 12. An el ectrophotographi c phot osgn&i
a support, and an internedigie. |l ayer and a photo- sensitive

| ayer is conprised of a coated powder A SuEET B gkat.va pf—0:. ;

com prising:

tin

o B berge e

| ayer di sposed on the support in this gideri wherein t he Mrt-ermred-ate-t-ayer

conprises a coated powder conpris- in

sulfate fine particles coated

with a coating |ayer Hifde PHOTOBENSITEURCREMBERIEN content.

13. A nenber accor q.:ﬂr:g: ﬁBI%RAW(,e'ﬁ FRAYIEd M a5 @ coating

ratio of 10-80 wt

10

15

25

An electrophotographic photosensitive member,
comprising: a support, and an intermediate layer and a
photosensitive layer disposed on the support in this
order; the intermediate layer comprising: a coated
powder comprising é coating layer and barium sulfate
fine particles coated with the cocating layer; and the
coating layer comprising tin oxide. The above
intermediate layer is usable for constituting an
electrophotograéhic apparatus providing stable
potential properties and Qood image quality under
overall environmental conditions including low-
tempe;ature and low-humidity condition to highf

temperature and high-humidity condition.

(FIG 1)

is Sheet Has Been Replaced

i i




14. A nenber according to claim13, wherein the coating |la QR
-ratio of 30-60 wt. % 15. A nenber='according to claim 12, rein the
coating | ayer conprises fluorine or antinony. 16. A nenber ja pqu‘%
claim 15, wherein the coating | ayer conprises-0.10 to 30 . Y% of fluorine
or antinmony. 17. A nmenber according to claim16, wherein tle
comprises 0.1 to 10 wt. %of fluorine or fanmtinony. 18. A ngnber according
to claim12, wherein the inter- nmediate |ayer contains a binder resin which

is selected fromthe group consisting of phenolic resin, polyurethane
resin, polyam de, polyimde, polyam dei mde, polyamde acid resin,

pol yvinyl acetal, epoxy resin, acrylic resin, melamne resin and pol yester.
19. A menber according to claim 18, wherein the binder resin is selected
fromthe group consisting of phenolic resin, polyurethane resin and

pol yam de acid resin. 20. A nmenber according to claim 12, which further

a 2 L
b




conpris- ing fine

a developlng neans and a cleaner
el ect r ophot ogr aphi c phot osensitive nmegler com pri 5| n: a supﬂg{éwa ‘
t p

I nternmedi ate Iayer p 1 0- nS|t|ve | ayer di spogef Qrﬁ
this order; vvherel m te |ayer COI“?I‘ISQS 2 ¢oat ed powde
r FlcF 8 SIFLNYG JROERTRIT £9Thg et al

< conprises a barrier Iayer n the internediate | ayer and the
phot osensi.tive | ayer. 21. Elﬂﬁ r|S|ng an el ect r gphotegrabhi c
phot osensi-tive menber acco : ' EEH &

froma charger,

and at

SHAPRIC, PROLR

oxige having a dgrisinged suppert, anck ent intermediate’layenrandrapphetes
22, wherein sai dsepsitiveldyés dispossd enabersupputti thistordertfWwhetednt to
‘provide said coakgd jAfWmediate layer comprises a coated powder having a

resistivity 0f 0.1 to 1,000 ohm.cm comprising barium sulfate

fine particles coated with a coating layer comprising tin

oxide having a reduced oxygen content.

2. A member according to claim 1, wherein the coating
layer has a coating ratio of 10-80 wt. %.

3. A member according to claim 2, wherein the coating
layer has a coating ratio of 30-60 wt. %.

4. A member according to claim 1, wherein the coating
layer comprises fluorine or antimony.

5. A member according to claim 4, wherein the coating
layer comprises 0.01 to 30 wt. % of fluorine or antimony.

6. A member according to claim 5, wherein the coating

‘layer comprises. 0.1 to 10 wt. % of fluorine or antimony.

7. A member according to claim 1, wherein the interme-
diate layer contains a binder resin which is selected from the
group consisting of phenolic resin, polyurethane resin,
polyamide, polyimide, polyamide-imide, polyamide acid
resin, polyvinyl acetal, epoxy resin, acrylic resin, melamine
resin and polyester. _

8. A member according to claim 7, wherein the :binder
resin is selected from the group consisting of phenolic resin,
polyurethane resin and polyamide acid resin.

9. A member according to claim 1, which further com-
prises a barrier layer disposed between the intermediate

10. A device unit comprising an electrophotographic
photosensitive member according to claim 1 and at least one
means selected from a charger, a developing means and a
cleaner.

11. An electrophotographic apparatus, comprising: an
electrophotographic photosensitive member, charging
means for charging the photosensitive member, image expo-
sure means for performing image exposure to the charged
photosensitive member to form an electrostatic latent image
on the photosensitive member, and developing means for
developing the latent image with a toner wherein the elec-

.trophotographic photosensitive member comprises a sup-

port, and an intermediate layer and a photosensitive layer

disposed on the support in this order; wherein the interme-

oyt

aim
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der witna resistivity of 0.1 to 1. HIRKHIMIININ

A nenber according to claim 24, wherein the coating |alyef S‘m
ratio of 30-60 wt. % 26. A nenber according to claimp2 erein the} .
coating layer conprises fluorine or ant@sony. 27. A mefrbbs—aecording to

claim 26, wherei ndjafe Iﬁwé’@m isedniefT aacwated npoider! Aamiy . awh
RDHY - 29. A

t he coating |ayer eS l[ 9 Gébw f ahlues I thé”Bda _
b di ng & mﬁ’ L @'E t
bi nder resin whi OV %éPé&@ngggrﬁ%é‘ égrrg% ?@aﬁs%égﬁhé@aﬁ;%i% ic resin,
pol yur et hane r esi Withod cpahingel Y55 CPMPT 80121 g aegueede acid
resin, polyvinyl exyggeh comerly resin, acrylic resin, nmelamne resin and

pol yester. 30. A nem,eAmgmgmtbgrgpnidrpﬂ_atosdm_im@ mhémberrotgn-resin i s
sel ected from the;geoln £Qiport,"end arP PR &diabs Tdyer and a photo-
sensitive layer disposed on the support in this order; wherein
the intermediate layer comprises a coated powder compris-
ing barium sulfate fine particles coated with a coating layer
comprising tin oxide having a reduced oxygen content.

13. A member according to claim 12, wherein the coating
layer has a coating ratio of 10-80 wt. %.

. 14. A member according to claim 13, wherein the coating
layer has a coating ratio of 30—-60 wt. %.

15. A member according to claim 12, wherein the coating
layer comprises fluorine or antimony.

16. A member according to claim 15, wherein the coating
layer comprises 0.10 to 30 wt. % of fluorine or antimony.
. 17. A member according to claim 16, wherein the coating
layer comprises 0.1 to 10 wt. % of fluorine or antimony.

18. A member according to claim 12, wherein the inter-
mediate layer contains a binder resin which is selected from
the group consisting of phenolic resin, polyurethane resin,
polyamide, polyimide, polyamideimide, polyamide acid
resin, polyvinyl acetal, epoxy resin, acrylic resin, melamine
resin and polyester.

19. A member according to claim 18, wherein the binder
resin is selected from the group consisting of phenolic resin,
polyurethane resin and polyamide acid resin.

20. A member according to claim 12, which further
comprises a barrier layer disposed between the 1ntermed1ate
layer and the photosensitive layer

21. A ‘device unit comprising an electrophotographic
photosensitive member according to claim 12 and at least
one means selected from a charger a developing means and
a cleaner.

22. An electrophotographic photosensitive member com-
prising: a support, and an intermediate layer and a photo-
sensitive layer disposed on the support in this order; wherein

- the intermediate layer comprises a coated powder compris-
ing fine particles coated with a coating layer comprising
metal oxide having a decreased oxygen content.

25.




; poI yuret hane- resi n and pol yam de atﬂgl““ﬂ““‘]l“‘““!} S
\ (1

claim 22, which further conprises

akriler

i nter _megjl ate layer and the phot psensylt ive | ayer. 32. Adevborgﬂn 997

22 and at |east one neans sel ect ed-#dem a charger,

cleaner. 33. An orp ERASHArAII 121 AT WhefeiA QAR i »
S nSI “ ve n&régr%%&g(w ». me ol"grage exposure

el ect r ophot ogra&in
Qhﬁ'# eft-rostatic latent image

phot osensitive

to the charged (ﬂﬁmmﬁbrasmslmvﬁﬁ!n@)%ﬂ léOflo

ing to cl_alm

on t he phot osen5|24vA fembér according Itomlagnrﬁ%,nwh‘émmcﬁmett@nimg t he | atent

i mage with at
conprises a su

di sposed on the

H%]ﬁeé%hﬁ%éﬁh G’TB—SDOW apg. ﬁofggt 026“5' ti
slg e AcCorting. 10,glaiD 24~ whersiriketoanf
layer has a coating ratio of 30-60 wt. %

26. A member according to claim 22, wherein the coating
layer comprises fluorine or antimony.
27. A member according to claim 26, wherein the coating

28. A member according to claim 27, wherein the coating
layer comprises 0.1 to 10 wt. % of fluorine or antimony.

29. A member according to claim 22, wherein the inter-
mediate layer contains a binder resin which is selected from
the group consisting of phenolic resin, polyurethane resin,
polyamide, polyimide, polyamideimide, polyamide acid
resin, polyvinyl acetal, epoxy resin, acrylic resin, melamine
resin and polyester.

30. A member according to claim 29, wherein the binder
resin is selected from the group consisting of phenolic resin,
polyurethane resin and polyamide acid resin.

31. A member according to claim 22, which further
comprises a barrier layer disposed between the intermediate
layer and the photosensitive layer.

32. A device unit comprising an electrophotographic
photosensitive member according to claim 22 and at least
one means selected from a charger, a developing means and
a cleaner. _

33. An electrophotographic apparatus comprising: an
electrophotographic photosensitive member, charging
means for charging the photosensitive member, image expo-
sure means for performing image exposure to the charged
photosensitive member to form an electrostatic latent image

on the photosensitive member and developing means for
developing the latent image with a toner, wherein the
electrophotographic photosensitive member comprises a
support, an intermediatc layer and a photosensitive layer

~ disposed on the support in this order; wherein the interme-

diate layer is comprised of a coated powder comprising
barium sulfate fine particles coated with a coating layer
comprised of tin oxide having a reduced oxygen content.

ve nenber
| ayer



ne

“di ate | ayer i’s .conprised of a coallmumlwlllwujm ng{ WEPMCEMENT'SHEETi

particles coated with a coating | ayerc conpm tin 1d§ Bgnl {gg

reduced oxygen content. -42- 34. An el ectrophot ogr gpHi c! ap a Z

conprising an el ec- trophot ogr aphi ¢ phojgosensitive menbe

for charging the pho osenfltlve menber, 1 mage exposurg neans for perforip

i mage exposure to @EQgéﬁblC appeeatus goanp

el ectrostatic | atmphotmgg hﬂ: phetqﬁemsammémber ing@ mhadsVﬁiropl ng

means for devel ophat g bﬁﬁeﬁsfﬁﬁé’ tnbef 1trﬁ’ gg
to

el ectr opho- t ogr ggh €r§$’ﬁve E8 ‘11%&5 sf&?srs&

I nternmedi ate | ay Eﬁ‘pport I n
this order: wher Eivé femberiordarm an| elgstrastatio s mmexmageapmdheed powder

conprising fine paotosdmsitive member and developing means for develop-
ing the latent image with 2 toner, wherein the electropho-
tographic photosensitive member comprises a support, an
intermediate layer and a photosensitive layer disposed on the
support in this order; wherein the intermediate layer is
comprised of a coated powder comprising fine particles
coated with a coating layer comprising metal oxide having
a decreased oxygen content.

{'1




coat ed wwth a coatlng | ayer conpr|5|ng netal oxi de having a
oxygen content. .
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. ABSTRACT
ELECTROPHOTOGRAPHIC PHOTOSENSITIVE MEMBER

S ey i C PHOTOSENSTITIVE MEMBER

AND ELECTROPHOTOGRAPHIC APPARATUS USING THE SAME

An electrophotographic photosensitive member,
comprising: a support, and an intermediate layer and a
photosensitive layer disposed on the support in this
order; the intermediate layer comprising: a coated
powder comprising a coating layer and barium sulfate
fine particles coated with the coating layer; and the
coating layer comprising tiﬁ oxide. The above
intermediate layer is usable for constitutiné an
electrophbtograpnic appératus providing stable
potential properties and good image gquality under
overall environmental condit iéns including low-
temperature and low-humidity condition to high-

temperature and high-humidity condition.

(FIG 1)



