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FIELD OF THE INVENTION AND RELATED ART 

THIS SHEET HAS_ BEEN 
REPLACED 

The present invention relates to an electrophotographic photosensitive member, particularly to an 
electrophotographic photosensitive member (hereinbelow, simply referred to as "photosensitive member") 

5 having a specific intermediate layer. 
The present invention also relates to an electrophotographic 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 layers including: 
(i) a resin film free from a conductive filler, 
(ii) a resin film containing a conductive filler, and 

20 (iii) a laminated film comprising a layer 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 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 (iii) have the advantage of having an 
appropriate conductivity by dispersing a conductive filler therein. Such layers of (ii) and (iii), however, 
change their electrical characteristics such as resistivity and permittivity (or dielectric constant) if the 

30 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 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-

35 151843 (for metal oxide), 1-118848 (for metal nitride), etc. 
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 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 to 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 

50 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 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 
55 is lowered, there occurs a local change in a resistivity, whereby potential properties and image forming 

properties of a photosensitive member having the intermediate layer are presumably changed under the 
influence of environmental conditions. 
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SUMMARY OF THE INVENTION 

-·THIS SHEET HAS BEEN 
REPLACED 

An object of the present invention is to provide an electrophotographic photosensitive member having 
stable potential properties and good image forming properties under overall environmental conditions 

5 including low-temperature and low-humidity condition to high-temperature and high-humidity condition. 
Another object of the present 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 barium 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: 

15 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 electrostatic 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 invention 

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 kgicm2 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 1J.m. 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 tiller 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 content of the intermediate 
layer may preferably be 1.0 - 90 wt. %, more preferab.ly 5.0 - 80 wt. %. 
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The coating layer may further contain fluorine or antimony. In this instance, such a coating layer 

comprises a solid solution comprising a crystal lattice of tin oxide at which a prescribed amount of a fluorine 

atom or antimony atom is incorporated into the crystal lattice. By incorporating such a fluorine atom or an 

antimony atom into the coating layer, it is possible to decrease a resistivity of the coating layer. The coating 

5 layer may preferably comprise 0.01 • 30 wt. %, more preferably 0.1 - 10 wt. %, of fluorine or antimony. 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 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 th~ 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 improve a dispersibility of the filler used in the present invention, the surface of the present 

20 invention may be treated with a treating agent including: 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 um, more preferably 0.5 - 10 u.m. 

The intermediate layer may preferably have a volume resistivity of at most 1013 ohm.cm, particularly at 

most 1012 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., 

30 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 photosensitive layer used in the present invention will be explained. 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 (herein, 

referred to as "CTL "). 
In case where the photosensitive layer is.constituted by the 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 

40 carrier) 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. 

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 

triphenylmethane 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. 

50 Examples ·of the electron-transporting substance may include: 2,4,7-trinitrofluorenone, . 2,4,5,7-

tetranitrofluorenone, chloranil 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, pyrazol~. pyrazolines, thiadiazoles 

and tri8Z91e; hydrazone compounds such as p-dlethylamionobenzaldehyde-N,N-diphenylhydrazone and 

55 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. 
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In formulating the photosensitive layer, when the photosensitive layer is composed of a single layer, the 

CGS and the CTS may preferably be contained in the photosensitive layer in amounts of 10 - 70 wt. %, 

respectively, particularly 20 - 70 wt. %, respectively. When the photosensitive layer has a laminated 

structure, the CGS may preferably be contained in the CGL in an amount of 10 - 100 wt. %, particularly 40 

5 - 100 wt. %, and the CTS may preferably be contained in the CTL in an amount of 20 - 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 1 O - 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 1 O - 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 including 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 cellulose, 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, 

etc., 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 um. 

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, polyethylene, polystyrene, polybutadiene, polycarbonate, polyamide, 

35 polypropylene, 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 material$ including: metal or metal alloy, such as aluminum, aluminum alloy, copper, titanium, or 

40 stainless steel; a polymeric material 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 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. 
Hereinbelow, an electrophotographic apparatus according to the present invention will be explained with 

50 reference to the sole figure. 
Figure 1 sho\vs 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 o.e., photosensitive member) 1 is rotated about an axis 1 a 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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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 synchronism with the rotating speed of the photosensitive drum 1, by means of 

5 the transfer charger 5. The recording material P with the toner image thereon is separated from the 
-photosensitive drum 1 to be conveyed to a fixing device 8, followed by image fixing to print out the 
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 electrophotographic 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 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. 

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 layer 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 u.m, 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 to 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 u.m) by dipping, followed by drying for 30 minutes at 140 °C to form an 
intermediate layer having a thickness of 17 u.m. The intermediate layer showed a surface roughness 
(Rmax) of 0.5 u.m. 

Herein, Rmax is obtained according 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 60 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 
u.m. 

Then, a mixture of 4 parts of an oxytitanium-phthalocyanine 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 mixti.Jre was applied onto the above-prepared barrier -
layer by dipping, followed by drying for 10 minutes 8t 80 °C to form a CGL having a thickness of 0.2 u.m. 

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

50 

55 
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50 parts of a polycarbonate resin (lnpilon 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, 

5 whereby an electrophotographic photosensitive member according to the present invention was prepared. 
The thus prepared photosensitive member was assembled in an electrophotographic copying machine 

using a normal development system and was subjected to 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 "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 evaluate electrophotographic 
characteristics, dark part potentials (V0) at an initial stage and after copying of 10000 sheets and light part 
potentials (Vi.) 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. 

20 

25 

30 

Table 1 

Ltlh condition HtHh condition 

Initial After 104 sheets Initial After 104 sheets 

Vo (-V) 700 700 700 680 
VL (-V) 210 215 210 205 

As shown in Table 1, the photosensitive member according to the present invention provided potential 
stabilities (i.e., substantially provided no changes in V0 and VL) under the Ltlh condition and the HtHh 
condition, thus retaining large differences between Vo and VL at the initial stage and after the copying of 
10000 sheets. As a result, a sufficient 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 Example 1 
except that the aluminum cylinder was changed to one having an outer diameter of 30 mm and a length of 

35 260 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 .6 ·sec/cycle. Under environmental 
conditions including Ltlh 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 potentials (V0) at an initial stage and after copying of 5000 sheets and light part 
potentials (VL) 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. 

45 Table2 

Ltlh condition HtHh condition 

Initial After 5000 sheets Initial After 5000 sheets 
50 

Vo (-V) 700 695 700 690 
VL (-V) 210 210 210 215 

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 Vo and 

VL 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. 
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Four 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 

. 5 those comprising the following ingredients, respectively. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Coating Liquid (Example 3) 

Coated powder comprising barium sulfate fine particles having a coating 

layer of tin oxide containing fluorine (particle size: 0.27 1Lm, coating ratio: 

50 wt.%, fluorine content: 9 wt.%, volume resistivity: 40 ohm.cm) 

Phenolic resin (the same as in Example 1) 
2~methoxy-1-propanol 

Coating Liquid (Example 4) 

150 parts 

70 parts 
100 parts 

Coated. powder comprising barium sulfate fine particles having a coating layer of tin oxide 

containing antimony (Pastran IV, mfd. by Mitsui Kinzoku Kogyo K.K.; particle size: 0.25 

1Lm, coating· ratio: 50 wt. %, antimony content: 9 wt. %, volume resistivity: 30 ohm.cm) 

Phenolic resin (the same as in Example 1) 

100 parts 

2-methoxy-1-propanol 

Coating Liquid (Example 5) 

Coated powder (the same as in Example) 
Polyester polyurethane (Nipporan, mfd. by Nippon Polyurethane K.K.) 
2-methoxy-1-propanol · 

8 

120 parts 
70 parts 

100 parts 

70 parts 
80 parts 
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Coating Liquid (Example 6) 

Coated powder (the same as in 

Example 3) 100 parts 

Polyamide acid resin of the formula 

below (weight-average molecular weight: 

8500): 50 parts 

HOOC . COOH 

o-Q-NHC·o-O-OcoNH--
n 

N,N-dimetbylacetamide 170 parts· 

25 . 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 3 below. 

30 

35 

40 

45 

50 
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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 V0 and 

50 VL at the initial stage and after the copying of 1000 sheets. As a result, a sufficient contrast and a stable 

image quality were obtained. 

Comparative Examples 1 and 2 

55 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. 
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Coating Liquid (Comparative Example 1) 

Coated powder comprising titanium oxide fine particles having a coating layer of tin 
oxide containing antimony (ECTT-1, mfd. by Titan Kogyo K.K.; particle size: 0.25 um) 
Phenolic resin (the same as in Example 1) 
Methyl cellosolve 
Methanol 

Coating Liquid (Comparative Example 2) 

Powder comprising tin oxide fine particles containing antimony 
(T-1, mfd. by Mitsubishi Material K.K.; particle size: 0.20 um) 
Polyester polyurethane (the same as in Example 5) 
2-methoxy-1-propanol 

100 parts 

70 parts 
80 parts 

150 parts 

75 parts 
60 parts 
15 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. 
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As apparent from the above results, the two photosensitive members provided large differences 
between Vo and VL under Ltlh and HtHh conditions at the initial stage, thus providing a sufficient contrast. 

50 However, after the copying of 10000 sheets, the two photosensitive m embers showed a remarkable 
decrease in Vo under Ltlh and HtHh conditions and also showed a considerable increase in VL under Ltlh 
condition, thus failing to provide a sufficient contrast and a stable image quality. 

55 

Examples 7 - 10 

Four photosensitive members were prepared in the same manner as in Examples 3 - 6, 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 
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The thus prepared photosensitive members were subjected to a durability test in the same manner as 

in Example 2 to evaluate a potential stability. 
The results are shown in Table 5 below. 
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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 V0 and 

VL at the initial stage and after the copying of 5000 sheets. As a result, a sufficient contrast and a stable 

55 image quality were obtained. Further, resultant images were free from black spots or fogs. 
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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 each of the 

5 aluminum cylinder was changed to one having an outer diameter of 30 mm and a length of 260 mm. 
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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. 

I ->. 0 0 - I:' co 
>..:I 

...... ..... 
0 ·o. 
0 

~ 
an s. 
I 

an 0 - 0\ \0 

~ >Q 
an Ill 

8 >. I 0 an - 0 0\ 
N ..... 

~ >..:i 

~ s. 
I 0 tn - en 0 

>° 
\0 I:' 

I >. tn tn - N 0 

i-=I 
N N 

0 :::i; 
0 
0 
an -

~ ~ 
;- 0 0 - co I:' 

.aJ 
~ '° \0 

~ 
>c 

~ >. 0 0 
0 en - N ..... 

~ 

>..:i 
~ ..... 
.aJ -..... =r an 0 ~ - en 0 

'° I' 

>.Q 

~ 

B. Ii (¥) qt 

As apparent from the above results, the .two photosensitive members provided large differences 

between Vo and VL under Ltlh and HtHh conditions at the initial stage, thus providing a sufficient contrast. 

14 



... -...... 

EP 0 596 504 A1 

THIS SHEET HAS BEEN 
REPLACED 

However, after the copying of 5000 sheets, the two photosensitive m embers showed a remarkable 
decrease in Vo under HtHh condition. 

Further, under HtHh condition, the two photosensitive members provided the recording material with 
undesirable black spots all through the durability test (i.e., from the initial stage to after the copying of 5000 

5 sheets). 

Example 11 

An intermediate layer (having a thickness of 5 u.m (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. 

15 

20 

Then, 5 parts of a bisazo pigment represented by the following formula: 

CI 

~NOC O HO 

N=t-0-~=~N= 

. Cl 

ON.H~ 

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 u.m. 

30 Subsequently, 50 parts of a styryl compound represented by the following formula: 

35 

and 

c~ 
Cffr{YN-0-CH=C · 

, 

50 parts of a polycarbonate resin (lnpilon 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 /J.m, 

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

50 

55 

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. 

Table7 

Ltlh condition HtHh condition 

Initial After 104- sheets Initial After 104 sheets 

Vo (-V) 700 690 700 685 
VL (-V) 200 195 200 205 

15 
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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 between Vo and 
VL 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 ~e 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. 

10 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. 

Tables 
15 

Ltlh condition HtHh condition 

lnitiel After 104' sheets Initial After 104' sheets 

20 
Vo (-V). 705 700 700 690 
VL (-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 V0 and 

25 VL 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 photosensitiv.e member can provide stable 

30 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 
35 photosensitive layer disposed on the support in this order: the intermediate . layer comprising: a coated 

powder comprising a coating layer and barium sulfate firie 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 including low-temperature and low-humidity condition to high-temperature and . high-humidity 

40 condition. · 

Cl alms 11111111111111 11111 1111111 1111 
* C L M S * 

1. An electrophotographic photosensitive member, comprising: a support, and an intermediate layer and a 
45 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. 

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

55 

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. 

16 
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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 intermediate layer contain a binder resin which is selected 
5 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. 

10 

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 comprises a barrier layer disposed between the 
intermediate layer and the photosensitive layer. 

10. An electrophotographic ·apparatus, comprising: an electrophotographic 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. 
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