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Description
Background
1. Technical Field

[0001] The presentinvention relates to a dispersant attached polytetrafluoroethylene particle, a composition, a layered
material, an electrophotographic photoreceptor, a process cartridge, and an image forming apparatus.

2. Related Art

[0002] Polytetrafluoroethylene particles are widely utilized, for example, as a lubricant.

[0003] Forexample,inJP-A-2009-104145 (the term"JP-A" as used herein means an "unexamined published Japanese
patent application"), an electrophotographic photoreceptor containing fluorine atom-containing resin particles in the
photosensitive layer thereof is disclosed. Further, in JP-A-2009-104145 polytetrafluoroethylene particles are disclosed
as the fluorine atom-containing resin particles.

[0004] On the other hand, in JP-A-2017-90566, an electrophotographic photoreceptor provided with a photosensitive
layer containing a surfactant and a binder resin, wherein an amount of the surfactant is from 0.10 parts by weight to 3.00
parts by weight with respect to 100.00 parts by weight of the binder resin, a hydrophobic group of the surfactant is a
perfluoroalkyl group, and the surfactant has a nonionic property is disclosed.

Summary

[0005] Polytetrafluoroethylene particles are used together with a dispersant having a fluorine atom (hereinafter, also
referred to as "fluorine-containing dispersant") by mixing with a component, for example, a dispersion medium or powder.
However, when change in the state of the component mixed (for example, evaporation of the dispersion medium or
melting of the powder) occurs, dispersibility of the polytetrafluoroethylene particles tends to decrease.

[0006] Therefore, the invention provides a dispersant attached polytetrafluoroethylene particle having high maintain-
ability of dispersion state, even when the state of the component mixed changes, in comparison with the case where a
content of perfluorooctanoic acid (hereinafter, also referred to as "PFOA") with respect to polytetrafluoroethylene particle
(hereinafter, also referred to as "PTFE particle") exceeds 25 ppb.

<1>

According to an aspect of the present disclosure, there is provided a dispersant attached polytetrafluoroethylene
particle on whose surface a dispersant having a fluorine atom is attached, wherein a content of perfluorooctanoic
acid is from O ppb to 25 ppb with respect to the polytetrafluoroethylene particle.

<2>

The dispersant attached polytetrafluoroethylene particle as recited in <1>, which has an average particle diameter
of from 0.2 um to 4.5 um.

<3>

The dispersant attached polytetrafluoroethylene particle as recited in <1> or <2>, wherein the dispersant having a
fluorine atom is a polymer obtained by homopolymerization or copolymerization of a polymerizable compound having
a fluorinated alkyl group.

<4>

The dispersant attached polytetrafluoroethylene particle as recited in <3>, wherein the polymer obtained by homopo-
lymerization or copolymerization of a polymerizable compound having a fluorinated alkyl group is a fluorinated alkyl
group-containing polymer having a structural unit represented by formula (FA) shown below or a fluorinated alkyl
group-containing polymer having a structural unit represented by formula (FA) shown below and a structural unit
represented by formula (FB) shown below:
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wherein, in the formulae (FA) and (FB), each of RF1, RF2, RF3 and RF4 independently represents a hydrogen atom
or an alkyl group; XF1 represents an alkylene chain, a halogen-substituted alkylene chain, -S-, -O-, -NH- or a single
bond; YF1 represents an alkylene chain, a halogen-substituted alkylene chain, -CgHo¢,_4(OH))- or a single bond;
QF' represents -O- or -NH-; each of fl, fm and fn independently represents an integer of 1 or more; each of fp, fq,
fr and fs independently represents 0 or an integer of 1 or more; ft represents an integer of 1 to 7; and fx represents
an integer of 1 or more.

<5>

The dispersant attached polytetrafluoroethylene particle as recited in any one of <1> to <4>, wherein a content of
the dispersant having a fluorine atom is from 0.5% by weight to 10% by weight with respect to the polytetrafluor-
oethylene particle.

<6>

The dispersant attached polytetrafluoroethylene particle as recited in <5>, wherein the content of the dispersant
having a fluorine atom is from 1% by weight to 7% by weight with respect to the polytetrafluoroethylene particle.
<7>

According to an aspect of the present disclosure, there is provided a composition containing a polytetrafluoroethylene
particle and a dispersant having a fluorine atom, wherein a content of perfluorooctanoic acid is from 0 ppb to 25
ppb with respect to the polytetrafluoroethylene particle.

<8>

The composition as recited in <7>, wherein an average particle diameter of the polytetrafluoroethylene particle is
from 0.2 pum to 4.5 pm.

<9>

The composition as recited in <7> or <8>, that is in a liquid state or in a solid state.

<10>

According to an aspect of the present disclosure, there is provided a layered material containing a polytetrafluor-
oethylene particle and a dispersant having a fluorine atom, wherein a content of perfluorooctanoic acid is from 0
ppb to 25 ppb with respect to the polytetrafluoroethylene particle.

<11>

The layered material as recited in <10>, wherein an average particle diameter of the polytetrafluoroethylene particle
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is from 0.2 pum to 4.5 pm.

<12>

An electrophotographic photoreceptor comprising a conductive substrate and a photosensitive layer provided on
the conductive substrate, wherein an outermost surface layer is a layer comprising the layered material as recited
in <10> or <11>.

<13>

A process cartridge comprising the electrophotographic photoreceptor as recited in <12>, wherein the process
cartridge is detachably attached to an image forming apparatus.

<14>

An image forming apparatus comprising the electrophotographic photoreceptor as recited in <12>, a charging unit
that charges a surface of the electrophotographic photoreceptor, an electrostatic latent image forming unit that forms
an electrostatic latent image on the surface of a charged electrophotographic photoreceptor, a developing unit that
develops the electrostatic latent image formed on the surface of the electrophotographic photoreceptor using a
developer containing a toner to form a toner image, and a transfer unit that transfers the toner image to a surface
of a recording medium.

[0007] According to the invention of <1>, <2>, <3>, <4>, <5> or <6>, there is provided a dispersant attached PTFE
particle having high maintainability of dispersion state, even when the state of the component mixed changes, in com-
parison with the case where a content of PFOA with respect to the PTFE particle exceeds 25 ppb.

[0008] According to the invention of <7>, <8> or <9>, there is provided a composition having high maintainability of
dispersion state of PTFE particle, even when the state of the component mixed with PTFE particle changes, in comparison
with the case where a content of PFOA with respect to the PTFE particle exceeds 25 ppb.

[0009] According to the invention of <10>, <11>, <12>, <13> or <14>, there is provided a layered material having a
high dispersion state of PTFE particle, in comparison with the case where a content of PFOA with respect to the PTFE
particle exceeds 25 ppb, an electrophotographic photoreceptor having an outermost surface made by the layered material,
a process cartridge equipped with the electrophotographic photoreceptor or an image forming apparatus equipped with
the electrophotographic photoreceptor.

Brief Description of the Drawings

[0010] Exemplary embodiments of the present invention will be described in detail based on the following figures,
wherein:

FIG. 1is aschematic cross-sectional view illustrating one example of the layer construction of an electrophotographic
photoreceptor according to the exemplary embodiment;

FIG. 2 is a schematic construction view illustrating one example of an image forming apparatus according to the
exemplary embodiment; and

FIG. 3 is a schematic construction view illustrating another example of an image forming apparatus according to
the exemplary embodiment.

[Description of Reference Numerals and Signs]

[0011] 1: Undercoat layer, 2: Charge generation layer, 3: Charge transport layer, 4: Conductive substrate, 7a, 7:
Electrophotographic photoreceptor, 8: Charging device, 9: Exposing device, 11 Developing device, 13: Cleaning device,
14: Lubricant, 40: Transfer device, 50: Intermediate transfer member, 100: Image forming apparatus, 120: Image forming
apparatus, 131: Cleaning blade, 132: Fibrous member (roll shape), 133: Fibrous member (flat brush shape), 300: Process
cartridge

Detailed Description

[0012] Hereinafter, an exemplary embodiment which is one example of the invention will be described.

(Dispersant attached polytetrafluoroethylene particle)

[0013] The dispersant attached polytetrafluoroethylene particle (dispersant attached PTFE particle) according to the
exemplary embodiment is a PTFE particle on whose surface a dispersant having a fluorine atom (fluorine-containing

dispersant) is attached.
[0014] In addition, in the dispersant attached PTFE particle according to the exemplary embodiment, a content of
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perfluorooctanoic acid (PFOA)is from 0 ppb to 25 ppb with respect to the polytetrafluoroethylene particle (PTFE particle).
[0015] The dispersant attached PTFE particle according to the exemplary embodiment has high maintainability of
dispersion state, even when the state of the component mixed changes by taking the configuration described above.
The reason for this is presumed to be as follows.

[0016] PTFE particles are ordinarily used together with a fluorine-containing dispersant by mixing with a component,
for example, a dispersion medium or powder. However, when change in the state of the component mixed (for example,
evaporation of the dispersion medium or melting of the powder) occurs, dispersibility of the polytetrafluoroethylene
particles tends to decrease.

[0017] Specifically, for example, in the case of forming a layered material containing PTFE particles utilizing a liquid
state composition (for example, a coating solution for forming a layer) containing a resin and a dispersion medium
together with the PTFE particles and the fluorine-containing dispersant, drying of the dispersion medium is performed
in the course of forming the layered material. Then, in the process of drying (that is, evaporating) the dispersion medium,
dispersibility of the PTFE particles decreases to cause aggregation of the PTFE particles sometimes.

[0018] Further, for example, in the case of forming a layered material containing PTFE particles utilizing a solid state
composition (for example, a powder coating) containing resin particles together with the PTFE particles and the fluorine-
containing dispersant, melting of the resin occurs in the course of forming the layered material. Then, in the process of
melting the resin, dispersibility of the PTFE particles decreases to cause aggregation of the PTFE particles sometimes.
[0019] As aresult, a layered material having low dispersion state of the PTFE particles is formed. The reason for this
is as follows.

[0020] Since PFOA is used or generated as a byproduct in the course of production of PTFE particles, the PTFE
particles often contains the PFOA.

[0021] In the case where the PFOA is present, although PTFE particles are maintained in a high dispersibility state
by a fluorine-containing dispersant in the state of composition, when the state of the component mixed changes, attach-
ment state of the fluorine-containing dispersant to the PTFE particles is changed. Specifically, it is thought that due to
the PFOA a part of the fluorine-containing dispersant is left from the PTFE particles. Accordingly, the dispersibility of
the PTFE particles decreases to cause aggregation of the PTFE particles.

[0022] Therefore, in the dispersant attached PTFE particle according to the exemplary embodiment, the PFOA content
is from O ppb to 25 ppb with respect to the PTFE particle. In other words, the PTFE particle does not contain the PFOA
or even if the PTFE particle contains the PFOA, the PFOA content is suppressed. Thus, the change in the attachment
state of the fluorine-containing dispersant to the PTFE particles which is caused by the PFOA and is generated when
the state of the component mixed changes is suppressed.

[0023] From the above, itis presumed that the dispersant attached PTFE particle according to the exemplary embod-
iment has high maintainability of dispersion state, even when the state of the component mixed changes.

[0024] Hereinafter, the dispersant attached PTFE particle according to the exemplary embodiment will be described
in detail.

[0025] The PFOA content is from O ppb to 25 ppb with respect to the PTFE particle, and from the standpoint of
increasing maintainability of dispersion state, it is preferably from 0 ppb to 20 ppb, and more preferably from O ppb to
15 ppb. The "ppb" is weight basis.

[0026] The method for decreasing the PFOA content includes a method of thoroughly washing the PTFE particle with
pure water, alkaline water, an alcohol (for example, methanol, ethanol or isopropanol), a ketone (for example, acetone,
methyl ethyl ketone or methyl isobutyl ketone), an ester (for example, ethyl acetate), or other common organic solvents
(for example, toluene or tetrahydrofuran). Although the washing may be performed at room temperature, the PFOA
content may be efficiently decreased by performing the washing under heating.

[0027] The PFOA contentis a value measured by the method shown below.

-Pretreatment of sample-

[0028] In the case of a layered material containing the dispersant attached PTFE particles, the layered material is
immersed in a solvent (forexample, tetrahydrofuran) to dissolve PTFE particles and substances other than those insoluble
in the solvent in the solvent and then, the solution is dropwise added to pure water, and the deposit is separated by
filtration. The solution containing PFOA thus-obtained is collected. Further, the insoluble substance obtained by filtration
is dissolved in the solvent and then, the solution is dropwise added to pure water, and the deposit is separated by
filtration. The operation of collecting the solution containing PFOA thus-obtained is repeated five times, and the aqueous
solutions collected by the whole operations are referred to as an aqueous solution subjected to pretreatment.

[0029] In the case of a composition containing the dispersant attached PTFE particles, the same procedure as in the
case of a layered material is performed to the composition to obtain an aqueous solution subjected to pretreatment is
obtained.

[0030] In the case of the dispersant attached PTFE particles, the same procedure as in the case of a layered material
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is performed to the dispersant attached PTFE particles to obtain an aqueous solution subjected to pretreatment is
obtained.

-Measurement-

[0031] As to the aqueous solution subjected to pretreatment obtained by the means described above, preparation of
sample solution and measurement are carried out in accordance with the method shown in "Analysis of perfluorooc-
tanesulfonic acid and (PFOS) perfluorooctanoic acid (PFOA) in environmental water, sediment and creature, Research
Institute for Environmental Science and Public Health of Iwate Prefecture”

[0032] The average particle diameter of the PTFE particles (average particle diameter of the dispersant attached PTFE
particles) is not particularly limited, and is preferably from 0.2 um to 4.5 pum, and more preferably from 0.2 pm to 4 pm.
The PTFE particles having the average particle diameter of 0.2 um to 4.5 um tend to contain much PFOA. Therefore,
the PTFE particles having the average particle diameter of 0.2 um to 4.5 wm especially tends to deteriorate the dispersion
state when the state of the component mixed changes. However, by controlling the PFOA content within the range
described above, even as to the PTFE particles having the average particle diameter of 0.2 um to 4.5 um, the main-
tainability of dispersion state is increased, when the state of the component mixed changes.

[0033] The average particle diameter of the PTFE particles is a value measured by the method shown below.
[0034] The maximum diameter of the fluorine resin particle (secondary particle formed by aggregation of primary
particles) is measured by observing with a scanning electron microscope (SEM), for example, at a magnification of 5,000
times or higher. The measurement is carried out on 50 particles and an average value is regarded as the average particle
diameter of the PTFE particles. As the SEM, JSM-6700F manufactured by JEOL is used, and secondary electron image
at an acceleration voltage of 5 kV is observed.

[0035] The fluorine-containing dispersant includes a polymer obtained by homopolymerization or copolymerization of
a polymerizable compound having a fluorinated alkyl group (hereinafter, also referred to as "fluorinated alkyl group-
containing polymer").

[0036] The fluorine-containing dispersant specifically includes, for example, a homopolymer of a (meth)acrylate having
a fluorinated alkyl group and a random or block copolymer between a (meth)acrylate having a fluorinated alkyl group
and a monomer having no fluorine atom. The (meth)acrylate means both acrylate and methacrylate.

[0037] The (meth)acrylate having a fluorinated alkyl group include, for example, 2,2,2-trifluoroethyl (meth)acrylate and
2,2,3,3,3-pentafluoropropyl (meth)acrylate.

[0038] The monomer having no fluorine atom includes, for example, (meth)acrylate, isobutyl (meth)acrylate, tert-butyl
(meth)acrylate, isooctyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, isobornyl (meth)acrylate, cyclohexyl
(meth)acrylate, 2-methoxyethyl (meth)acrylate, methoxytriethylene glycol (meth)acrylate, 2-ethoxyethyl (meth)acrylate,
tetrahydrofurfuryl (meth)acrylate, benzyl (meth)acrylate, ethylcarbitol (meth)acrylate, phenoxyethyl (meth)acrylate, 2-
hydroxy (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 4-hydroxybutyl (meth)acrylate, methoxypolyethylene glycol
(meth)acrylate, phenoxypolyethylene glycol (meth)acrylate, hydroxyethyl o-phenylphenol (meth)acrylate and o-phenyl-
phenol glycidyl ether (meth)acrylate.

[0039] In addition, the fluorine-containing dispersant specifically includes, for example, block or branch polymers
disclosed, for example, in U.S. Patent 5,637,142 and Japanese Patent No. 4,251,662. Moreover, the fluorine-containing
dispersant specifically includes fluorine-based surfactants.

[0040] Among these, as the fluorine-containing dispersant, a fluorinated alkyl group-containing polymer having a
structural unit represented by formula (FA) shown below is preferred, and a fluorinated alkyl group-containing polymer
having a structural unit represented by formula (FA) shown below and a structural unit represented by formula (FB)
shown below is more preferred.

[0041] The fluorinated alkyl group-containing polymer having a structural unit represented by formula (FA) shown
below and a structural unit represented by formula (FB) shown below is described below.
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[0042] In formulae (FA) and (FB), each of RF!, RF2, RF3 and RF4 independently represents a hydrogen atom or an
alkyl group.
[0043] XF!represents an alkylene chain, a halogen-substituted alkylene chain, -S-, -O-, -NH- or a single bond.
[0044] YF1represents an alkylene chain, a halogen-substituted alkylene chain, -C¢ Hog,_1(OH))- or a single bond.
[0045] QF1 represents -O- or -NH-.
[0046] Each of fl, fm and fn independently represents an integer of 1 or more.
[0047] Each of fp, fq, fr and fs independently represents 0 or an integer of 1 or more.
[0048] ft represents an integer of 1to 7.
[0049] fx represents an integer of 1 or more.
[0050] The group represented by each of RF!, RF2, RF3 and RF4 in formulae (FA) and (FB) is preferably a hydrogen

atom, a methyl group, an ethyl group or a propyl group, more preferably a hydrogen atom or a methyl group, and still
more preferably a methyl group.

[0051] The alkylene chain (unsubstituted alkylene chain or halogen-substituted alkylene chain) represented by each
of XF1 and YF1in formulae (FA) and (FB) is preferably a straight-chain or branched alkyl chain having from 1to 10 carbon
atoms.

[0052] fx in -CgHor_4(OH))-represented by YF1 is preferably an integer of 1 to 10.

[0053] Each of fp, fq, fr and fs independently represents preferably 0 or an integer of 1 to 10.

[0054] fn is, for example, preferably from 1 to 60.

[0055] Here, in the fluorine-containing dispersant, a ratio of the structural unit represented by formula (FA) and the

structural unit represented by formula (FB), in other words, fl:fm is preferably in the range from 1:9 to 9:1, and more
preferably in the range from 3:7 to 7:3.

[0056] Further, the fluorine-containing dispersant may further contain a structural unit represented by formula (FC) in
addition to the structural unit represented by formula (FA) and the structural unit represented by formula (FB). The
content ratio of the structural unit represented by formula (FC) with respect to the total of the structural unit represented
by formula (FA) and the structural unit represented by formula (FB), that is, fl+fm, is preferably in the range from 10:0
to 7:3, and more preferably in the range from 9:1 to 7:3, in a ratio (fl+fm:fz).
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[0057] In formula (FC), each of RF5 and RF6 independently represents a hydrogen atom or an alkyl group.

[0058] fz represents an integer of 1 or more.

[0059] The group represented by each of RF5 and RF8 in formula (FC) is preferably a hydrogen atom, a methyl group,
an ethyl group or a propyl group, more preferably a hydrogen atom or a methyl group, and still more preferably a methyl
group.

[0060] Commercially available products of the fluorine-containing dispersant include, for example, GF300 and GF400
(manufactured by Toagosei Co., Ltd.), Surflon series (AGC Seimi Chemical Co., Ltd.), Futargent series (manufactured
by NEOS Co., Ltd.), PF series (manufactured by Kitamura Chemicals Co., Ltd.), Megafac series (manufactured by DIC
Corp.) and FC series (manufactured by 3M Co.).

[0061] The weight average molecular weight of the fluorine-containing dispersant is, for example, preferably from
2,000 to 250,000, more preferably from 3,000 to 150,000, and still more preferably from 50,000 to 100,000.

[0062] The weight average molecular weight of the fluorine-containing dispersant is a value measured by gel perme-
ation chromatography (GPC). The measurement of molecular weight by GPC is performed, for example, using as a
measurement apparatus, HLC-8120GPC manufactured by Tosoh Corp., as columns, TSKgel GMHHR-M + TSKgel
GMHHR-M (7.8 mm 1.D. 30 cm) manufactured by Tosoh Corp., and as a solvent, chloroform. The weight average
molecular weight (Mw) is calculated from the measurement result by using a molecular weight calibration curve prepared
using a monodisperse polystyrene standard sample.

[0063] The content of the fluorine-containing dispersant is, for example, preferably from 0.5% by weight to 10% by
weight, and more preferably from 1% by weight to 7% by weight with respect to the PTFE particle.

[0064] The fluorine-containing dispersants may be used one kind alone or two or more kinds in combination.

[0065] A method forproducing the dispersant attached PTFE particle according to the exemplary embodimentincludes,
for example,

(1) Method in which PTFE particles and a fluorine-containing dispersant are blended into a dispersing medium to
prepare a dispersion liquid of PTFE particles, and then the dispersion medium is removed from the dispersion liquid;
(2) Method in which PTFE particles and a fluorine-containing dispersant are mixed using a dry powder mixing
machine to attach the fluorine-containing dispersant to the PTFE patrticles;

(3) Method in which a fluorine-containing dispersant dissolved in a solvent is dropwise added to PTFE particles with
stirring, and then the solvent is removed.

(Composition)

[0066] The composition according to the exemplary embodiment contains PTFE particles and a fluorine-containing
dispersant. In addition, in the composition according to the exemplary embodiment, the PEOA content is from O ppb to
25 ppb with respect to the PTFE particles.

[0067] In other words, the composition according to the exemplary embodiment contains the dispersant attached
PTFE particles according to the exemplary embodiment. Therefore, the composition according to the exemplary em-
bodiment is a composition having high maintainability of dispersion state of the PTFE particles, even when the state of
the component mixed with the PTFE particles changes.

[0068] However, the composition according to the exemplary embodiment may be a composition prepared by mixing
the dispersant attached PTFE particle previously prepared with other components (for example, a dispersion medium
or aresin particle other than the PTFE particle) or a composition in which PTFE particles, a fluorine-containing dispersant
and other components (for example, a dispersion medium or a resin particle other than the PTFE particle) are mixed.
[0069] The composition according to the exemplary embodiment may be any of a liquid state composition and a solid
state composition.

[0070] The liquid state composition includes, for example, a PTFE particle dispersion liquid containing PTFE particles,
a fluorine-containing dispersant and a dispersion medium, and a coating solution for forming a layered material in which
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a resin is blended into the PTFE particle dispersion liquid.
[0071] The solid state composition includes, for example, a composition containing the dispersant attached PTFE
particle, resin particles (for example, toner particles or powder coating particles).

(Layered material)

[0072] Thelayered material according to the exemplary embodiment contains PTFE particles and a fluorine-containing
dispersant. In addition, in the layered material according to the exemplary embodiment, the PEOA content is from 0 ppb
to 25 ppb with respect to the PTFE particles.

[0073] In other words, the layered material according to the exemplary embodiment contains the dispersant attached
PTFE particles. Specifically, the layered material according to the exemplary embodiment is a layer formed by the
composition according to the exemplary embodiment.

[0074] Therefore, the layered material according to the exemplary embodiment is a layered material having high
maintainability of dispersion state of the PTFE particles. Further, the layered material according to the exemplary em-
bodiment is a layered material excellent in surface properties, for example, lubricity or hydrophobicity (water repellency)
(in particular, a layered material having a small irregularity in the surface properties).

[0075] The layered material according to the exemplary embodiment includes, for example, an outermost surface
layer of an electrophotographic photoreceptor, a toner image, a powder coating layer and a sliding layer.

[0076] In the layered material according to the exemplary embodiment, form the standpoint of exerting the surface
properties described above, the content of the PTFE particle is preferably from 0.1% by weight to 40% by weight, and
more preferably from 1% by weight to 30% by weight.

(Electrophotographic photoreceptor)

[0077] The electrophotographic photoreceptor (hereinafter, also referred to as a "photoreceptor") according to the
exemplary embodiment has a conductive substrate and a photosensitive layer provided on the conductive substrate, in
which an outermost surface layer is a layer formed by the layered material according to the exemplary embodiment.
[0078] The outermost surface layer formed by the layered material is a charge transport layer of a lamination type
photosensitive layer, a single layer type photosensitive layer, a surface protective layer or the like.

[0079] Since the photoreceptor according to the exemplary embodiment has the layer formed by the layered material
according to the exemplary embodiment as the outermost surface layer, it has high abrasion resistance. In particular,
a photoreceptor tends to generate image defects (specifically, streak-like image unevenness), when dispersibility of
PTFE particles contained in the outermost surface layer is low. However, in the photoreceptor according to the exemplary
embodiment, the image defects described above is suppressed, because the PTFE particles are contained in the state
of high dispersibility in the outermost surface layer.

[0080] Hereinafter, the electrophotographic photoreceptor according to the exemplary embodiment will be described
with reference to the drawing.

[0081] The electrophotographic photoreceptor 7 shown in FIG. 1 includes, for example, a photoreceptor 7 having a
construction in which an undercoat layer 1, a charge generation layer 2 and a charge transport layer 3 are laminated in
this order on a conductive substrate 4. The charge generation layer 2 and the charge transport layer 3 constitute a
photosensitive layer 5.

[0082] Further, the electrophotographic photoreceptor 7 may have a layer configuration in which the undercoat layer
1 is omitted.

[0083] Moreover, the electrophotographic photoreceptor 7 may be a photoreceptor having a single layer type photo-
sensitive layer in which the functions of the charge generation layer 2 and the charge transport layer 3 are integrated.
In the case of the photoreceptor having a single layer type photosensitive layer, the single layer type photosensitive
layer constitutes the outermost surface layer.

[0084] Furthermore, the electrophotographic photoreceptor 7 may be a photoreceptor having a surface protective
layer on the charge transport layer 3 or the single layer type photosensitive layer. In the case of the photoreceptor having
a surface protective layer, the surface protective layer constitutes the outermost surface layer.

[0085] Hereinafter, the respective layers of the electrophotographic photoreceptor according to the exemplary em-
bodiment will be described in detail. In the description, reference numerals will be omitted.

(Conductive substrate)
[0086] The conductive substrate includes, for example, a metal plate, a metal drum and a metal belt containing a metal

(aluminum, copper, zinc, chromium, nickel, molybdenum, vanadium, indium, gold, platinum or the like) or an alloy
(stainless steel or the like). Further, the conductive substrate includes, for example, paper, a resin film and a belt on
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which a conductive compound (for example, a conductive polymer or indium oxide), a metal (for example, aluminum,
palladium or gold) or an alloy is coated, deposited or laminated. Here, the "conductivity" means that the volume resistivity
is less than 1013 Qcm.

[0087] Fora purpose of preventing interference fringe generated at the time of irradiation with laser light, it is preferred
that the surface of the conductive substrate is roughened such that the center line average roughness Ra is in the range
from 0.04 um to 0.5 um in the case where the electrophotographic photoreceptor is used for a laser printer. Further, in
the case where non-interference light is used for a light source, roughening of the surface for preventing interference
fringe is not particularly necessary, but roughening of the surface is suitable for elongation of life because generation of
defects due to unevenness of the surface of the conductive substrate is prevented.

[0088] Theroughening method includes, for example, wet honing of suspending a polishing agent in water and blowing
the suspension to a conductive substrate, centerless grinding of pressure-contacting a conductive substrate to a rotating
grindstone and continuously performing a grinding process, and an anodic oxidation treatment.

[0089] The roughening method also includes a method of dispersing conductive or semi-conductive powder in a resin,
forming a layer on a surface of the conductive substrate, and performing roughening using particles dispersed in the
layer without roughening the surface of the conductive substrate.

[0090] The roughening treatment using anodic oxidation is a treatment of forming an oxide film on a surface of the
conductive substrate using a metal (for example, made of aluminum) conductive substrate as an anode to be anodized
in an electrolyte solution. The electrolyte solution includes, for example, a sulfuric acid solution and an oxalic acid solution.
However, a porous anodic oxide film formed by the anodic oxidation is chemically active as it is and easily contaminated,
and resistance fluctuation thereof due to the environment is large. Therefore, it is preferred that a sealing treatment of
sealing the micropores of the oxide film through volume expansion using a hydration reaction in pressurized steam or
boiled water (metal salt of nickel or the like may be added) and changing the oxide film into a more stable hydrated oxide
is performed with respect to the porous anodic oxide film.

[0091] The film thickness of the anodic oxide film is, for example, preferably from 0.3 um to 15 pm. When the film
thickness is in the range described above, there is a tendency that a barrier property against injection is exhibited and
an increase in residual potential due to repeated use is prevented.

[0092] The conductive substrate may be subjected to a treatment with an acidic treatment solution or a boehmite
treatment.

[0093] The treatment with an acidic treatment solution is performed as follows. First, an acidic treatment solution
containing phosphoric acid, chromic acid and hydrofluoric acid is prepared. The mixing ratio of phosphoric acid, chromic
acid and hydrofluoric acid in the acidic treatment solution is phosphoric acid of 10% by weight to 11% by weight, chromic
acid of 3% by weight to 5% by weight and hydrofluoric acid of 0.5% by weight to 2% by weight. Further, the concentration
ofthe entire acids is suitably in the range from 13.5% by weight to 18% by weight. The treatment temperature is preferably
from 42°C to 48°C. The film thickness of the coating film is preferably from 0.3 um to 15 pm.

[0094] The boehmite treatmentis performed by immersing the conductive substrate in pure water at temperature from
90°C to 100°C for 5 minutes to 60 minutes or by bringing the conductive substrate into contact with heated steam at
temperature from 90°C to 120°C for 5 minutes to 60 minutes. The film thickness of the coating film is preferably from
0.1 wm to 5 pm. The film may further be subjected to an anodic oxide treatment using an electrolyte solution with low
coating film solubility, for example, adipic acid, boric acid, borate, phosphate, phthalate, maleate, benzoate, tartrate or
citrate.

(Undercoat layer)

[0095] The undercoat layer is, for example, a layer containing inorganic particles and a binder resin.

[0096] The inorganic particles include, for example, inorganic particles having a powder resistance (volume resistivity)
of 102 Qcm to 1011 Qcm.

[0097] Among these, as the inorganic particles having the resistance value described above, metal oxide particles,
for example, tin oxide particles, titanium oxide particles, zinc oxide particles or zirconium oxide particles are preferred
and zinc oxide particles are particularly preferred.

[0098] The specific surface area of the inorganic particles using a BET method is, for example, suitably 10 m2/g or more.
[0099] The volume average particle diameter of the inorganic particles is, for example, suitably from 50 nm to 2,000
nm (preferably from 60 nm to 1,000 nm).

[0100] The content of the inorganic particles is, for example, preferably from 10% by weight to 80% by weight, and
more preferably from 40% by weight to 80% by weight with respect to the binder resin.

[0101] The inorganic particles may be subjected to a surface treatment. The inorganic particles may be used in
combination of two or more kinds of particles which are subjected to different surface treatments or particles whose
particle diameters are different from each other.

[0102] The surface treatment agent includes, for example, a silane coupling agent, a titanate coupling agent, an
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aluminum coupling agent and a surfactant. In particular, a silane coupling agent is preferred and a silane coupling agent
having an amino group is more preferred.

[0103] The silane coupling agent having an amino group includes, for example, 3-aminopropyltriethoxysilane, N-
2-(aminoethyl)-3-aminopropyltrimethoxysilane, N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane and N,N-bis(2-
hydroxyethyl)-3-aminopropyltriethoxysilane, but the silane coupling agent having an amino group is not limited thereto.
[0104] The silane coupling agent may be used in combination of two or more kinds thereof. For example, a silane
coupling agent having an amino group and another silane coupling agent may be combined with each other. The another
silane coupling agent includes, for example, vinyltrimethoxysilane, 3-methacryloxypropyl-tris(2-methoxyethoxy)silane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, vinyltriacetoxysilane, 3-mercaptopro-
pyltrimethoxysilane, 3-aminopropyltriethoxysilane, N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, N-2-(aminoethyl)-
3-aminopropylmethyldimethoxysilane, N,N-bis(2-hydroxyethyl)-3-aminopropyltriethoxysilane and 3-chloropropyltri-
methoxysilane, but the another silane coupling agent is not limited thereto.

[0105] As asurface treatment method with a surface treatment agent, any method may be used as long as the method
is a known method, and any of a dry method and a wet method may be used.

[0106] A treatment amount of the surface treatment agent is preferably from 0.5% by weight to 10% by weight with
respect to inorganic particles.

[0107] From the standpoint of long term stability of electrical characteristics and improvement in carrier blocking
property, it is preferred that an undercoat layer contain an electron accepting compound (acceptor compound) together
with the inorganic particles.

[0108] The electron accepting compound includes, for example, an electron transport substance, for example, a
quinone compound, for example, chloranil or bromanil; a tetracyanoquinodimethane compound; a fluorenone compound,
for example, 2,4,7-trinitrofluorenone or 2,4,5,7-tetranitro-9-fluorenone; an oxadiazole compound, for example, 2-(4-
biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole, 2,5-bis(4-naphthyl)-1,3,4-oxadiazole or 2,5-bis(4-diethylaminophe-
nyl)-1,3,4-oxadiazole; a xanthone compound; a thiophene compound; a diphenoquinone compound, for example,
3,3’,5,5-tetra-tert-butyldiphenoquinone.

[0109] In particular, a compound having an anthraquinone structure is preferred as the electron accepting compound.
As the compound having an anthraquinone structure, for example, a hydroxyanthraquinone compound, an aminoan-
thraquinone compound or an aminohydroxyanthraquinone compound is preferred, and specifically, anthraquinone, ali-
zarin, quinizarin, anthrarufin or purpurine is preferred.

[0110] The electron accepting compound may be contained in the undercoat layer in the state of being dispersed in
the undercoat layer together with the inorganic particles or in the state of being attached to the surface of inorganic
particles.

[0111] A method of attaching the electron accepting compound onto the surface of inorganic particles includes, for
example, a dry method and a wet method.

[0112] The dry method is a method of directly dropping an electron accepting compound or dropping the electron
accepting compound dissolved in an organic solvent while inorganic particles are stirred using a mixer or the like having
large shearing force, spraying the electron accepting compound together with dry air or nitrogen gas, and attaching the
electron accepting compound to a surface of the inorganic particles. The dropping or spraying the electron accepting
compound is suitably performed at a temperature lower than or equal to the boiling point of a solvent. The electron
accepting compound may further be baked at a temperature of 100°C or higher after being dropped or sprayed. The
baking is not particularly limited as long as the baking is performed under a condition of a temperature and a time period
which are the same as those of the condition for which the electrophotographic characteristics may be obtained.
[0113] The wet method is a method of dispersing inorganic particles in a solvent using stirring, an ultrasonic wave, a
sand mill, an attritor or a ball mill, adding an electron accepting compound thereto, stirring the mixture or dispersing the
compound in the mixture, removing a solvent, and attaching the electron accepting compound to a surface of the inorganic
particles. In the solvent removing method, for example, the solvent is removed by filtration or distillation. After the solvent
is removed, the resultant may further be baked at a temperature of 100°C or higher. The baking is not particularly limited
as long as the baking is performed under a condition of a temperature and a time period which are the same as those
of the condition for which the electrophotographic characteristics may be obtained. In the wet method, the moisture
contained in the inorganic particles may be removed before the electron accepting compound is added, and examples
thereof include a method of removing the moisture while performing stirring and heating in the solvent and a method of
removing the moisture while performing azeotrope with the solvent.

[0114] The attachment of the electron accepting compound may be performed before or after performing the surface
treatment for the inorganic particles with the surface treatment agent, or the attachment of the electron accepting com-
pound and the surface treatment with the surface treatment agent may be performed at the same time.

[0115] The content of the electron accepting compound is, for example, suitably from 0.01% by weight to 20% by
weight, and preferably from 0.01% by weight to 10% by weight with respect to the inorganic particles.

[0116] The binder resin used for the undercoat layer includes, for example, known polymer compounds, for example,
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an acetal resin (for example, polyvinyl butyral), a polyvinyl alcohol resin, a polyvinyl acetal resin, a casein resin, a
polyamide resin, a cellulose resin, gelatin, a polyurethane resin, a polyester resin, an unsaturated polyester resin, a
methacrylic resin, an acrylic resin, a polyvinyl chloride resin, a polyvinyl acetate resin, a vinyl chloride-vinyl acetate-
maleic anhydride resin, a silicone resin, a silicone-alkyd resin, a urea resin, a phenol resin, a phenol-formaldehyde resin,
a melamine resin, a urethane resin, an alkyd resin or an epoxy resin, and known materials, for example, a zirconium
chelate compound, a titanium chelate compound, an aluminum chelate compound, a titanium alkoxide compound, an
organic titanium compound or a silane coupling agent.

[0117] The binder resin used for the undercoat layer also includes, for example, a charge transporting resin having a
charge transporting group and a conductive resin (for example, polyaniline).

[0118] Among these, as the binder resin used for the undercoat layer, a resin which is insoluble in a coating solvent
ofthe upperlayeris preferable, and a thermosetting resin, forexample, a urea resin, a phenolresin, a phenol-formaldehyde
resin, a melamine resin, a urethane resin, an unsaturated polyester resin, an alkyd resin or an epoxy resin; and a resin
obtained by a reaction between a curing agent and at least one resin selected from the group consisting of a polyamide
resin, a polyester resin, a polyether resin, a methacrylic resin, an acrylic resin, a polyvinyl alcohol resin and a polyvinyl
acetal resin are particularly preferable.

[0119] In the case where these binder resins are used in a combination of two or more kinds thereof, the mixing ratio
thereof is set as needed.

[0120] The undercoat layer may contain various additives for improvement in electrical characteristics, environmental
stability and image quality.

[0121] The additive includes known materials, for example, a polycyclic condensed or azo electron transport pigment,
a zirconium chelate compound, a titanium chelate compound, an aluminum chelate compound, a titanium alkoxide
compound, an organic titanium compound or a silane coupling agent. The silane coupling agent is used in the surface
treatment of the inorganic particles as described above, but may also be added to the undercoat layer as an additive.
[0122] The silane coupling agent as the additive includes, for example, vinyltrimethoxysilane, 3-methacryloxypropyl-
tris(2-methoxyethoxy)silane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, vinyl-
triacetoxysilane, 3-mercaptopropyltrimethoxysilane, 3-aminopropyltriethoxysilane, N-2-(aminoethyl)-3-aminopropyltri-
methoxysilane, N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane, N,N-bis(2-hydroxyethyl)-3-aminopropyltri-
ethoxysilane and 3-chloropropyltrimethoxysilane.

[0123] The zirconium chelate compound includes, for example, zirconium butoxide, zirconium ethyl acetoacetate,
zirconium triethanolamine, acetylacetonate zirconium butoxide, ethyl acetoacetate zirconium butoxide, zirconium ace-
tate, zirconium oxalate, zirconium lactate, zirconium phosphonate, zirconium octanoate, zirconium naphthenate, zirco-
nium laurate, zirconium stearate, zirconium isostearate, methacrylate zirconium butoxide, stearate zirconium butoxide
and isostearate zirconium butoxide.

[0124] Thetitanium chelate compound includes, for example, tetraisopropyl titanate, tetra-n-butyl titanate, butyl titanate
dimer, tetra(2-ethylhexyl)titanate, titanium acetylacetonate, polytitanium acetylacetonate, titanium octylene glycolate,
titanium lactate ammonium salt, titanium lactate, titanium lactate ethyl ester, titanium triethanolaminate and polyhydroxy
titanium stearate.

[0125] The aluminum chelate compound includes, for example, aluminum isopropylate, monobutoxy aluminum diiso-
propylate, aluminum butyrate, diethyl acetoacetate aluminum diisopropylate and aluminum tris(ethylacetoacetate).
[0126] These additives may be used alone, in combination of plural compounds, or as a polycondensate.

[0127] The Vickers hardness of the undercoat layer is suitably 35 or more.

[0128] Surface roughness (ten-point average roughness) of the undercoat layer is suitably adjusted to be from 1/(4n)
(n is a refractive index of the upper layer) to (1/2) of the laser wavelength A for exposure used, in order to prevent a
moire image.

[0129] Resin particles or the like may be added to the undercoat layer for adjustment of surface roughness. The resin
particles include, for example, silicone resin particles and cross-linked polymethyl methacrylate resin particles. Further,
the surface of the undercoat layer may be polished for adjustment of the surface roughness. The polishing method
includes, for example, buff polishing, sand blast treatment, wet honing and grinding treatment.

[0130] Formation of the undercoat layer is not particularly limited and a well-known formation method is used. For
example, the undercoat layer is formed by forming a coated film with a coating solution for forming an undercoat layer
which is obtained by adding the components described above to the solvent, drying the coated film, and, if desired,
heating the dried film.

[0131] The solvent for preparing the coating solution for forming an undercoat layer includes known organic solvents,
for example, an alcohol solvent, an aromatic hydrocarbon solvent, a halogenated hydrocarbon solvent, a ketone solvent,
a ketone alcohol solvent, an ether solvent and an ester solvent.

[0132] The solvent specifically includes ordinary organic solvents, for example, methanol, ethanol, n-propanal, iso-
propanol, n-butanol, benzyl alcohol, methyl cellosolve, ethyl cellosolve, acetone, methyl ethyl ketone, cyclohexanone,
methyl acetate, ethyl acetate, n-butyl acetate, dioxane, tetrahydrofuran, methylene chloride, chloroform, chlorobenzene
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and toluene.

[0133] A method of dispersing inorganic particles at the time of preparing a coating solution for forming an undercoat
layer includes known methods, for example, a roll mill, a ball mill, a vibration ball mill, an attritor, a sand mill, a colloid
mill and a paint shaker.

[0134] A method of coating the coating solution for forming an undercoat layer on the conductive substrate includes
ordinary methods, for example, a blade coating method, a wire bar coating method, a spray coating method, a dip coating
method, a bead coating method, an air knife coating method or a curtain coating method.

[0135] The film thickness of the undercoat layer is set, for example, to preferably 15 um or more and more preferably
in the range from 20 pm to 50 pm.

(Intermediate layer)

[0136] The illustration is omitted, but an intermediate layer may be further provided between the undercoat layer and
the photosensitive layer.

[0137] The intermediate layer is, for example, a layer containing a resin. The resin used for the intermediate layer
includes a polymer compound, for example, an acetal resin (for example, polyvinyl butyral), a polyvinyl alcohol resin, a
polyvinyl acetal resin, a casein resin, a polyamide resin, a cellulose resin, gelatin, a polyurethane resin, a polyester resin,
a methacrylic resin, an acrylic resin, a polyvinyl chloride resin, a polyvinyl acetate resin, a vinyl chloride-vinyl acetate-
maleic anhydride resin, a silicone resin, a silicone-alkyd resin, a phenol-formaldehyde resin and a melamine resin.
[0138] The intermediate layer may be a layer containing an organic metal compound. The organic metal compound
used for the intermediate layer includes, for example, an organic metal compound containing a metal atom, for example,
zirconium, titanium, aluminum, manganese or silicon.

[0139] The compounds used for the intermediate layer may be used alone, in combination of plural compounds, or
as a polycondensate.

[0140] Among these, the intermediate layer is preferably a layer containing an organic metal compound containing a
zirconium atom or a silicon atom.

[0141] Formation of the intermediate layer is not particularly limited and a well-known formation method is used. For
example, the intermediate layer is formed by forming a coated film with a coating solution for forming an intermediate
layer which is obtained by adding the components described above to a solvent, drying the coated film, and, if desired,
heating the dried film.

[0142] A coating method of forming the intermediate layer includes ordinary methods, for example, a dip coating
method, an extrusion coating method, a wire bar coating method, a spray coating method, a blade coating method, a
knife coating method or a curtain coating method.

[0143] The film thickness of the intermediate layer is, for example, preferably set in the range from 0.1 pm to 3 um.
Further, the intermediate layer may be used as the undercoat layer.

(Charge generation layer)

[0144] The charge generation layer is, for example, a layer containing a charge generation material and a binder resin.
The charge generation layer may be a vapor-deposited layer of the charge generation material. The vapor-deposited
layer of the charge generation material is preferable in the case of using incoherent light source, for example, a light
emitting diode (LED) or an organic electro-luminescence (EL) image array.

[0145] The charge generation material includes, for example, an azo pigment, for example, bisazo or trisazo; a con-
densed ring aromatic pigment, for example, dibromoanthanthrone; a perylene pigment; a pyrrolopyrrole pigment; a
phthalocyanine pigment; zinc oxide; and trigonal selenium.

[0146] Among these, a metal phthalocyanine pigment or a metal-free phthalocyanine pigment is preferably used as
the charge generation material, in order to respond to laser exposure of a near-infrared region. Specifically, for example,
hydroxygallium phthalocyanine disclosed, for example, in JP-A-5-263007 and JP-A-5-279591; chlorogallium phthalocy-
anine disclosed, for example, in JP-A-5-98181; dichlorotin phthalocyanine disclosed, for example, in JP-A-5-140472
and JP-A-5-140473; and titanyl phthalocyanine disclosed, for example, in JP-A-4-189873 are more preferred. On the
other hand, a condensed ring aromatic pigment, for example, dibromoanthanthrone; a thioindigo pigment; a porphyrazine
compound; zinc oxide; trigonal selenium; and a bisazo pigment disclosed in JP-A-2004-78147 and JP-A-2005-181992
are preferred as the charge generation material, in order to respond to laser exposure of a near-ultraviolet region.
[0147] The charge generation materials described above may be used even in the case of using the incoherent light
source, for example, an LED or an organic EL image array having a light-emitting center wavelength from 450 nm to
780 nm. However, in the case where the photosensitive layer is used as a thin film having a thickness of 20 um or less
from the standpoint of resolution, the field intensity in the photosensitive layer increases, and decrease in charging due
to charge injection from the substrate and image defects which are so-called black spots easily occur. This phenomenon
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significantly occurs when a charge generation material which is a p-type semiconductor, for example, trigonal selenium
or phthalocyanine pigment and easily generates dark current is used.

[0148] In contrast, in the case of using an n-type semiconductor, for example, a condensed ring aromatic pigment, a
perylene pigment or an azo pigment is used as the charge generation material, the dark current is hardly generated,
and the image defects called black spots may be prevented even in the case of using a thin film. As the n-type charge
generation material, for example, Compounds (CG-1) to (CG-27) disclosed in paragraphs [0288] to [0291] of JP-A-
2012-155282 are used, but the n-type charge generation material is not limited thereto.

[0149] The determination of the n-type is performed by polarity of flowing photocurrent, using an ordinarily used time-
of-flight method, and a material which easily causes electrons to flow as a carrier than holes is determined as the n-type.
[0150] The binder resin used in the charge generation layer is selected from a wide range of insulation resins, and
the binder resin may be selected from organic photoconductive polymers, for example, poly-N-vinylcarbazole, polyvinyl
anthracene, polyvinyl pyrene and polysilane.

[0151] Thebinderresinincludes, forexample, a polyvinyl butyral resin, a polyarylate resin (for example, polycondensate
of a bisphenol and an aromatic divalent carboxylic acid), a polycarbonate resin, a polyester resin, a phenoxy resin, a
vinyl chloride-vinyl acetate copolymer, a polyamide resin, an acrylic resin, a polyacrylamide resin, a polyvinyl pyridine
resin, a cellulose resin, a urethane resin, an epoxy resin, casein, a polyvinyl alcohol resin and a polyvinyl pyrrolidone
resin. Herein, an "insulation property" indicates that volume resistivity is 1013 Qcm or more.

[0152] These binder resins are used alone or in combination of two or more thereof.

[0153] A blending ratio of the charge generation material and the binder resin is preferably in the range from 10:1 to
1:10 in terms of a weight ratio.

[0154] The charge generation layer may contain other well-known additives.

[0155] Formation of the charge generation layer is not particularly limited, and a well-known formation method is used.
For example, the charge generation layer is formed by forming a coated film of a coating solution for forming a charge
generation layer obtained by adding the components described above to a solvent, drying the coated film, and, if desired,
heating the coated film. The formation of the charge generation layer may be performed by vapor deposition of the
charge generation material. The formation of the charge generation layer by the vapor deposition is particularly preferable
in the case of using a condensed ring aromatic pigment or a perylene pigment as the charge generation material.
[0156] The solvent used for preparing the coating solution for forming a charge generation layer includes, for example,
methanol, ethanol, n-propanol, n-butanol, benzyl alcohol, methyl cellosolve, ethyl cellosolve, acetone, methyl ethyl
ketone, cyclohexanone, methyl acetate, n-butyl acetate, dioxane, tetrahydrofuran, methylene chloride, chloroform, chlo-
robenzene and toluene. These solvents are used alone or in combination of two or more thereof.

[0157] Asa method of dispersing particles (for example, charge generation material) in the coating solution for forming
a charge generation layer, a media dispersion instrument, for example, a ball mill, a vibration ball mill, an attritor, a sand
mill or a horizontal sand mill, or a media-less dispersion instrument, for example, a stirrer, an ultrasonic wave dispersion
instrument, a roll mill or a high-pressure homogenizer is used. The high-pressure homogenizer includes, for example,
a collision type of dispersing a dispersion liquid by causing liquid-liquid collision or liquid-wall collision in a high pressure
state, and a flow-through method of dispersing a dispersion liquid by causing the dispersion to flow through a minute
flow path in a high pressure state.

[0158] When performing the dispersion, an average particle diameter of the charge generation materials in the coating
solution for forming a charge generation layer is effectively 0.5 um or less, preferably 0.3 wm or less, and more preferably
0.15 pm or less.

[0159] A method of coating the coating solution for forming a charge generation layer on the undercoat layer (or on
the intermediate layer) includes ordinary methods, for example, a blade coating method, a wire bar coating method, a
spray coating method, a dip coating method, a bead coating method, an air knife coating method or a curtain coating
method.

[0160] A film thickness of the charge generation layer is set, for example, preferably in the range from 0.1 um to 5.0
wm, and more preferably in the range from 0.2 pm to 2.0 pm.

(Charge transport layer)

[0161] The charge transport layer is a layer containing a charge transport material and a binder resin. The charge
transport layer may be a layer containing a polymer charge transport material.

[0162] The charge transport material includes an electron transport compound, for example, a quinone compound,
for example, p-benzoquinone, chloranil, bromanil or anthraquinone; a tetracyanoquinodimethane compound; a flu-
orenone compound, for example, 2,4,7-trinitroflurenone; a xanthone compound; a benzophenone compound; a cyanovi-
nyl compound; and an ethylenic compound. The charge transport material also includes a hole transport compound, for
example, a triarylamine compound, a benzidine compound, an arylalkane compound, an aryl-substituted ethylene com-
pound, a stilbene compound, an anthracene compound, or a hydrazone compound. These charge transport materials
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may be used alone or in combination of two or more thereof, and the charge transport material is not limited thereto.
[0163] From the standpoint of charge mobility, the charge transport material is preferably a triarylamine derivative
represented by structural formula (a-1) shown below or a benzidine derivative represented by structural formula (a-2)
shown below.

ArT!

N

/N—ArT‘3 (a-1)
ArT2

[0164] In structural formula (a-1), each of ArT1, ArT2 and ArT3 independently represents a substituted or unsubstituted
aryl group, -C¢H,4-C(RT4)=C(RT3)(RT8) or -C4H,-CH=CH-CH=C(RT7)(RT8). Each of RT4, RT5, RT6, RT7 and RT8 inde-
pendently represents a hydrogen atom, a substituted or unsubstituted alkyl group or a substituted or unsubstituted aryl
group.

[0165] The substituent of the respective groups described above includes, for example, a halogen atom, an alkyl group
having from 1 to 5 carbon atoms and an alkoxy group having from 1 to 5 carbon atoms. The substituent of the respective
groups described above also includes, a substituted amino group substituted with an alkyl group having from 1 to 3
carbon atoms.

RTH’I (RTKW

RTO1 rTo2 ¢
ZH g

\ l // .
RN (R™12)r5

[0166] In structural formula (a-2), each of RT®1 and R T92 independently represents a hydrogen atom, a halogen atom,
an alkyl group having from 1 to 5 carbon atoms or an alkoxy group having from 1 to 5 carbon atoms. Each of RT101,
RT102 RT111 and RT112 independently represents a halogen atom, an alkyl group having from 1 to 5 carbon atoms, an
alkoxy group having from 1 to 5 carbon atoms, an amino group substituted with an alkyl group having from 1 to 2 carbon
atoms, a substituted or unsubstituted aryl group, -C(RT12)=C(RT13)(RT14) or -CH=CH-CH=C(RT15)(RT16). Each of RT12,
RT13, RT14, RT15 and RT16 independently represents a hydrogen atom, a substituted or unsubstituted alkyl group or a
substituted or unsubstituted aryl group. Each of Tmi, Tm,, Tn4 and Tn2 independently represents an integer from 0 to 2.
[0167] The substituent of the respective groups described above includes, for example, a halogen atom, an alkyl group
having from 1 to 5 carbon atoms and an alkoxy group having from 1 to 5 carbon atoms. The substituent of the respective
groups described above also includes, a substituted amino group substituted with an alkyl group having from 1 to 3
carbon atoms.

[0168] Among the triarylamine derivative represented by structural formula (a-1) and benzidine derivative represented
by structural formula (a-2), a triarylamine derivative having "-CgH,-CH=CH-CH=C(RT7)(RT8)" and a benzidine derivative
having "-CH=CH-CH=C(RT15)(RT'6)" are preferred from the standpoint of charge mobility.

[0169] As the polymer charge transport material, known materials having a charge transporting property, for example,
poly-N-vinyl carbazole or polysilane are used. In particular, polyester type polymer charge transport materials disclosed,
for example, in JP-A-8-176293 and JP-A-8-208820 are particularly preferred. The polymer charge transport material
may be used alone or in combination with a binder resin.

[0170] The binder resin used in the charge transport layer includes, for example, a polycarbonate resin, a polyester
resin, a polyarylate resin, a methacrylic resin, an acrylic resin, a polyvinyl chloride resin, a polyvinylidene chloride resin,
apolystyreneresin, a polyvinyl acetate resin, a styrenebutadiene copolymer, a vinylidene chloride-acrylonitrile copolymer,
a vinyl chloride-vinyl acetate copolymer, a vinyl chloride-vinyl acetate-maleic anhydride copolymer, a silicone resin, a
silicone-alkyd resin, a phenol-formaldehyde resin, a styrene-alkyd resin, a poly-N-vinylcarbazole and a polysilane. Among
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these, a polycarbonate resin or a polyarylate resin is preferable as the binder resin. These binder resins may be used
alone or in combination of two or more thereof.

[0171] A blending ratio of the charge transport material and the binder resin is preferably in the range from 10:1 to 1:5
in terms of a weight ratio.

[0172] The charge transport layer may contain other well-known additives.

[0173] Formation of the charge transport layer is not particularly limited, and a well-known forming method is used.
For example, the charge transport layer is formed by forming a coated film of a coating solution for forming a charge
transport layer obtained by adding the components described above to a solvent, drying the coated film, and, if desired,
heating the coated film.

[0174] The solvent for preparing the coating solution for forming a charge transport layer includes ordinary organic
solvents, for example, an aromatic hydrocarbon, for example, benzene, toluene, xylene or chlorobenzene; a ketone, for
example, acetone or 2-butanone; a halogenated aliphatic hydrocarbon, for example, methylene chloride, chloroform or
ethylene chloride; or a cyclic or straight-chain ether, for example, tetrahydrofuran or ethyl ether. These solvents are used
alone or in combination of two or more thereof.

[0175] A method of coating the coating solution for forming a charge transport layer on the charge generation layer
includes ordinary methods, for example, a blade coating method, a wire bar coating method, a spray coating method,
a dip coating method, a bead coating method, an air knife coating method or a curtain coating method.

[0176] A film thickness of the charge transport layer is set, for example, preferably in the range from 5 pm to 50 um,
and more preferably in the range from 10 pm to 30 um.

(Protective layer)

[0177] The protective layer is provided on the photosensitive layer, if desired. For example, the protective layer is
provided for the purpose of preventing the photosensitive layer during charge from being chemically changed or further
improving the mechanical strength of the photosensitive layer.

[0178] For this reason, the protective layer suitably employs a layer composed of a cured film (a crosslinked film).
These layers include, for example, layers described 1) or 2) shown below.

1) Alayer which is composed of a cured film of a composition containing a reactive group-containing charge transport
material having a reactive group and a charge transport skeleton in the same molecule (that is, a layer containing
a polymer or a crosslinked product of the reactive group-containing charge transport material)

2) A layer which is composed of a cured film of a composition containing a non-reactive charge transport material
and a reactive group-containing non-charge transport material having a reactive group without a charge transport
skeleton (that is, a layer containing a non-reactive charge transport material and a polymer or crosslinked product
of the reactive group-containing non-charge transport material)

[0179] The reactive group of the reactive group-containing charge transport material includes well-known reactive
groups, for example, a chain polymerizable group, an epoxy group, -OH, -OR [wherein, R represents an alkyl group],
-NH,, -SH, -COOH, -SiRQ1; , (OR®2), [wherein, RQ! represents a hydrogen atom, an alkyl group or a substituted or
unsubstituted aryl group. RQ2 represents a hydrogen atom, an alkyl group or a trialkylsilyl group. Qn represents integer
from 1 to 3].

[0180] The chain polymerizable group is not particularly limited as long as it is a functional group capable of radical
polymerization, and includes, for example, a functional group having a group containing at least carbon double bond.
Specifically, the chain polymerizable group includes, for example, a group containing at least one selected from a vinyl
group, a vinyl ether group, a vinyl thioether group, a styryl group (vinyl phenyl group), an acryloyl group, a methacryloyl
group, and derives thereof. Among them, in view of excellent reactivity, the chain polymerization group is preferably a
group containing at least one selected from a vinyl group, a styryl group (vinyl phenyl group), an acryloyl group, a
methacryloyl group, and the derives thereof.

[0181] The charge transport skeleton of the reactive group-containing charge transport material is not particularly
limited as long as itis a known structure in the electrophotographic photoreceptor. The charge transport skeleton includes
a skeleton derived from a nitrogen-containing hole transport compound, for example, a triarylamine compound, a ben-
zidine compound or a hydrazine compound, and having a structure conjugated with a nitrogen atom. Among these, a
triarylamine skeleton is preferred.

[0182] The reactive group-containing charge transport material having the reactive group and the charge transport
skeleton, the non-reactive charge transport material, and the reactive group-containing non-charge transport material
may be selected from well-known materials.

[0183] The protective layer may contain other well-known additives.

[0184] Formation of the protective layer is not particularly limited, and a well-known formation method is used. For
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example, the protective layer is formed by forming a coated film of a coating solution for forming a protective layer
obtained by adding the components described above to a solvent, drying the coated film, and, if desired, heating the
coated film.

[0185] The solvent for preparing the coating solution for forming a protective layer includes, for example, an aromatic
solvent, for example, toluene or xylene; a ketone solvent, for example, methyl ethyl ketone, methyl isobutyl ketone or
cyclohexanone; an ester solvent, forexample, ethyl acetate orbutyl acetate; an ether solvent, forexample, tetrahydrofuran
or dioxane; a cellosolve solvent, for example, ethylene glycol monomethyl ether; and an alcohol solvent, for example,
isopropyl alcohol or butanol. These solvents may be used alone or in combination of two or more thereof. The coating
solution for forming a protective layer may be a solventless coating solution.

[0186] A method of coating the coating solution for forming a protective layer on the photosensitive layer (for example,
the charge transport layer) includes ordinary methods, for example, a dip coating method, an extrusion coating method,
a wire-bar coating method, a spray coating method, a blade coating method, a knife coating method or a curtain coating
method.

[0187] A film thickness of the protective layer is set, for example, preferably in the range from 1 um to 20 pm, and
more preferably in the range from 2 pm to 10 pm.

(Single layer type photosensitive layer)

[0188] The single layer-type photosensitive layer (a charge generation/charge transport layer) is a layer containing,
for example, a charge generation material and a charge transport material, and a binder resin and other well-known
additives, if desired. These materials are the same as those described as to the charge generation layer and the charge
transport layer.

[0189] Inthe single layer-type photosensitive layer, the content of the charge generation material is suitably from 0.1%
by weight to 10% by weight, and preferably from 0.8% by weight to 5% by weight with respect to the total solid content.
In addition, in the single layer-type photosensitive layer, the content of the charge transport material is suitably from 5%
by weight to 50% by weight with respect to the total solid content.

[0190] The method of forming the single layer-type photosensitive layer is the same as the method of forming the
charge generation layer or the charge transport layer.

[0191] A film thickness of the single layer-type photosensitive layer is, for example, suitably from 5 pm to 50 um, and
preferably from 10 wm to 40 pm.

[Image forming apparatus (and process cartridge)]

[0192] The image forming apparatus according to the exemplary embodiment includes an electrophotographic pho-
toreceptor, a charging unit which charges a surface of the electrophotographic photoreceptor, an electrostatic latent
image forming unit which forms an electrostatic latent image on the charged surface of the electrophotographic pho-
toreceptor, a developing unit which forms a toner image by developing the electrostatic latent image formed on the
surface of the electrophotographic photoreceptor by using a developer containing a toner, and a transfer unit which
transfers the toner image to a surface of a recording medium. In addition, as the electrophotographic photoreceptor, the
electrophotographic photoreceptor according to the exemplary embodiment is employed.

[0193] The image forming apparatus according to the exemplary embodiment is applicable to well-known image
forming apparatuses, for example, an apparatus including a fixing unit which fixes a toner image transferred on a surface
of a recording medium; a direct-transfer type apparatus which directly transfers the toner image formed on the surface
of the electrophotographic photoreceptor to a recording medium; an intermediate transfer type apparatus which primarily
transfers the toner image formed on the surface of the electrophotographic photoreceptor to a surface of an intermediate
transfer member, and secondarily transfers the toner image transferred to the surface of the intermediate transfer member
to a surface of a recording medium; an apparatus including a cleaning unit which cleans the surface of the electropho-
tographic photoreceptor before being charged and after transferring the toner image; an apparatus including an erasing
unit which erases charges by irradiating the surface of the electrophotographic photoreceptor with erasing light before
being charged and after transferring the toner image; and an apparatus including an electrophotographic photoreceptor
heating member which increases a temperature of the electrophotographic photoreceptor so as to decrease a relative
temperature.

[0194] In the case where the intermediate transfer type apparatus is used, the transfer unit is configured to include
an intermediate transfer member to a surface of which the toner image is transferred, a primary transfer unit which
primarily transfers the toner image formed on the surface of the electrophotographic photoreceptor to the surface of the
intermediate transfer member, and a secondary transfer unit which secondarily transfers the toner image formed on the
surface of the intermediate transfer member to the surface of the recording medium.

[0195] The image forming apparatus according to the exemplary embodiment may be any of a dry development type
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image forming apparatus and a wet development type (development type using a liquid developer) image forming
apparatus.

[0196] In the image forming apparatus according to the exemplary embodiment, for example, a unit including the
electrophotographic photoreceptor may be a cartridge structure (process cartridge) detachably attached to the image
forming apparatus. As the process cartridge, for example, a process cartridge including the electrophotographic pho-
toreceptor according to the exemplary embodiment is preferably used. In addition to the electrophotographic photore-
ceptor, at least one selected from the group consisting of a charging unit, an electrostatic latent image forming unit, a
developing unit and a transfer unit may be included in the process cartridge.

[0197] Hereinafter, an example of the image forming apparatus of the exemplary embodiment will be described, but,
the invention is not limited thereto. The main components illustrated in the drawing are described, and the descriptions
of other components are omitted.

[0198] FIG. 2 is a schematic construction view illustrating one example of the image forming apparatus according to
the exemplary embodiment.

[0199] As shown in FIG. 2, an image forming apparatus 100 according to the exemplary embodiment includes a
process cartridge 300 which includes an electrophotographic photoreceptor 7, an exposing device 9 (an example of an
electrostatic latent image forming unit), a transfer device 40 (primary transfer device), and an intermediate transfer
member 50. In the image forming apparatus 100, the exposing device 9 is located at a position such that the exposing
device 9 applies light to the electrophotographic photoreceptor 7 through an opening in the process cartridge 300. The
transfer device 40 is located at a position such that the transfer device 40 opposes the electrophotographic photoreceptor
7 with the intermediate transfer member 50 therebetween. The intermediate transfer member 50 is arranged so that a
part of the intermediate transfer member 50 contacts the electrophotographic photoreceptor 7. Although not illustrated
in the drawing, a secondary transfer device which transfers the toner image on the intermediate transfer member 50
onto a recording medium (for example, paper sheet) is also provided. The intermediate transfer member 50, the transfer
device 40 (primary transfer device) and the secondary transfer device (not illustrated in the drawing) correspond to an
example of the transfer unit.

[0200] The process cartridge 300 illustrated in FIG. 2 integrally supports the electrophotographic photoreceptor 7, a
charging device 8 (an example of a charging unit), a developing device 11 (an example of a developing unit) and a
cleaning device 13 (an example of a cleaning unit) in the housing. The cleaning device 13 includes a cleaning blade
131 (an example of a cleaning member), and the cleaning blade 131 is arranged to make contact with a surface of the
electrophotographic photoreceptor 7. The cleaning member may be a conductive or insulating fibrous member instead
of the cleaning blade 131. The conductive or insulating fibrous member may be used alone or in combination with the
cleaning blade 131.

[0201] FIG. 2 illustrates an example of the image forming apparatus which includes a fibrous member 132 (roll shape)
which supplies a lubricant 14 onto the surface of the electrophotographic photoreceptor 7, and a fibrous member 133
(flat brush shape) which assists cleaning. These members are arranged, if desired.

[0202] Individual components of the image forming apparatus according to the exemplary embodiment will be described
below.

-Charging device-

[0203] As the charging device 8, a contact-type charger using, for example, a conductive or semi-conductive charging
roller, a charging brush, a charging film, a charging rubber blade or a charging tube is used. Further, a charger which
is known per se, for example, a non-contact-type roller charger or a scorotron charger or a corotron charger using corona
discharge is also used.

-Exposing device-

[0204] The exposing device 9 includes, for example, an optical device which exposes intended-imagewise the surface
of the electrophotographic photoreceptor 7 with light from a semiconductor laser, an LED or a liquid crystal shutter. The
wavelength of the light source is to be within the region of the spectral sensitivity of the electrophotographic photoreceptor.
The mainstream semiconductor laser is a near infrared laser having an oscillation wavelength around 780 nm. However,
the wavelength of the laser is not limited to this, and a laser having an oscillation wavelength on the order of 600 nm or
a blue laser having an oscillation wavelength from 400 nm to 450 nm may also be used. Further, a surface-emission
type laser light source capable of outputting a multibeam is effective for forming color images.

-Developing device-

[0205] The developing device 11 includes, for example, an ordinary developing device which conducts development
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by using a developer in a contact or non-contact manner. The developing device 11 is not particularly limited as long as
it has the function described above, and is selected according to the purpose. The developing device includes, for
example, a known developing device which has a function of causing a one-component developer or a two-component
developer to attach to the electrophotographic photoreceptor 7 by using a brush, a roller or the like. Among them, the
developing device using a development roller retaining the developer on the surface thereof is preferred.

[0206] The developer used in the developing device 11 may be a one-component developer containing a toner alone
or may be a two-component developer containing a toner and a carrier. The developer may be magnetic or non-magnetic.
Well-known developers may be used as the developer.

-Cleaning device-

[0207] A cleaning blade type device including the cleaning blade 131 is used as the cleaning device 13.
[0208] A fur brush cleaning type or a type of performing development and cleaning simultaneously may be employed
other than the cleaning blade type.

-Transfer device-

[0209] The transfer device 40 includes a contact-type transfer charger using a belt, a roller, a film, a rubber blade or
the like, and a transfer charger which is known per se, for example, a scorotron transfer charger or a corotron transfer
charger using corona discharge.

-Intermediate transfer member-

[0210] As the intermediate transfer member 50, a belt-shaped member (intermediate transfer belt) containing a poly-
imide, a polyamideimide, a polycarbonate, a polyarylate, a polyester, rubber or the like which is imparted with a semi-
conductive property. As the intermediate transfer member, a drum-shaped member may be used other than the belt-
shaped member.

[0211] FIG. 3 is a schematic construction view illustrating another example of the image forming apparatus of the
exemplary embodiment.

[0212] An image forming apparatus 120 illustrated in FIG. 3 is a multi-color image forming apparatus of a tandem-
type equipped with four process cartridges 300. In the image forming apparatus 120, four process cartridges 300 are
arranged side-by-side on the intermediate transfer member 50. One electrophotographic receptor is used for one color.
The image forming apparatus 120 has the same structure as the image forming apparatus 100 except for that the image
forming apparatus 120 is of a tandem type.

(Other applications of dispersant attached PTFE particle)

[0213] The dispersant attached PTFE particle according to the exemplary embodiment is used as an external additive
for toner or an external additive for a powder coating.

[0214] For example, in the case of applying the dispersant attached PTFE particle to the external additive for toner,
for example, an electrostatic charge image developing toner containing a toner particle and the dispersant attached
PTFE particle as the external additive is used as the toner. The toner particle contains a resin (binder resin). The toner
particle may contain other additives, for example, a coloring agent or a release agent, if desired.

[0215] In the case of applying the dispersant attached PTFE particle to the external additive for a powder coating, for
example, a powder coating contains a powder particle and the dispersant attached PTFE particle as the external additive
is used as the powder coating. The powder particle contains a thermosetting resin and a heat curing agent. The powder
particle may contain other additives, for example, a coloring agent, if desired.

[0216] The foregoing description of the embodiments of the present invention has been provided for the purposes of
illustration and description. It is not intended to be exhaustive or to limit the invention to the precise forms disclosed.
Obviously, many modifications and variations will be apparent to practitioners skilled in the art. The embodiments were
chosen and described in order to best explain the principles of the invention and its practical applications, thereby
enabling others skilled in the art to understand the invention for various embodiments and with the various modifications
as are suited to the particular use contemplated. It is intended that the scope of the invention defined by the following
claims and their equivalents.

Examples

[0217] Hereinafter, the invention will be described with reference to the examples, but the invention should not be
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construed as being limited thereto. All "part” and "%" therein are weigh basis unless otherwise specified.
<Example 1>
-Production of PTFE particles A-

[0218] Commercially available PTFE particles having an average particle diameter of 3.5 um (primary particle diameter
of 0.2 um) are washed and then treated with a fluorine-containing dispersant in the following manner to produce PTFE
particles, which are designated as PTFE particles A.

[0219] 400 parts by weight of tetrahydrofuran and 15 parts by weight of PTFE particles are charged into a high-pressure
homogenizer (trade name: LA-33S manufactured by Nanomizer Inc.), a pressure of the high-pressure homogenizer is
setat 500 kg/cm? and the mixture described above is passed through the high-pressure homogenizer 4 times to conduct
a washing treatment. The dispersion liquid is treated with a centrifuge and then the transparent liquid of the upper layer
is removed. Subsequently, tetrahydrofuran is added thereto so that the amount of tetrahydrofuran is 415 parts by weight,
and the mixture is again subjected to the dispersion treatment with the high-pressure homogenizer, the dispersion liquid
is treated with a centrifuge, and the transparent liquid of the upper layer is removed. After repeating these procedures
further 3 times, 1.5 parts by weight of GF400 (manufactured by Toagosei Co., Ltd., a surfactant composed of at least a
methacrylate having a fluorinated alkyl group as a polymerization component) is added thereto as the fluorine-containing
dispersant, then tetrahydrofuran is added thereto so that the amount of tetrahydrofuran is 415 parts by weight, and the
mixture is again subjected to the dispersion treatment with the high-pressure homogenizer, and then the solvent is
distilled off under a reduced pressure. After drying, the resulting particles are pulverized in a mortar. The resulting
particles are designated as PTFE particles A.

-Measurement of PFOA content in PTFE particles A-

[0220] The PFOA content in PTFE particles A is measured according to the method described hereinbefore and as
a result, it is found to be 5 ppb.

-Production of PTFE composition L-A-
[0221] 45 parts of a benzidine compound represented by formula (CT-1) shown below and 55 parts of a polymer
compound (viscosity average molecular weight of 40,000) having a repeating unit represented by formula (B-1) shown

below are dissolved in 350 parts by weight of toluene and 150 parts of tetrahydrofuran, 10 parts of PTFE particles A is
added thereto, and treated 5 times with a high-pressure homogenizer to produce PTFE composition L-A.

{CT-1)

(B-1)

-Evaluation of PTFE composition L-A-

[0222] The dispersion state of PTFE in PTFE composition L-A obtained is evaluated using a laser diffraction particle
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size distribution measuring device (Mastersizer 3000 manufactured by Malvern Instruments Ltd.) and as a result, it is
found that the average particle size is 0.22 um.

-Production and evaluation of PTFE layered material F-A]-

[0223] PTFE composition L-A is coated on a glass substrate using a gap coater and heated at 130°C for 45 minutes
to prepare PTFE layered material F-A having a film thickness of 5 um. The average particle diameter of the PTFE
particles in the layered material obtained is 0.23 pm.

-Production of electrophotographic photoreceptor A-
[0224] Photoreceptor A is produced in the manner described below.
Formation of undercoat layer

[0225] 100 parts of zinc oxide (manufactured by TAYCA Corp., average particle diameter of 70 nm and specific surface
area of 15 m2/g) is stirred and mixed with 500 parts of tetrahydrofuran, 1.3 parts of a silane coupling agent (KBM503
manufactured by Shin-Etsu Chemical Co., Ltd.) is added thereto, and stirred for 2 hours. Then, tetrahydrofuran is distilled
off under a reduced pressure, and baking is performed at 120°C for 3 hours to obtain a silane coupling agent surface
treated-zinc oxide.

[0226] 110 parts of the zinc oxide subjected to the surface treatment and 500 parts of tetrahydrofuran are stirred and
mixed, a solution obtained by dissolving 0.6 parts of alizarin in 50 parts of tetrahydrofuran is added thereto, and stirred
at 50°C for 5 hours. Then, zinc oxide having alizarin applied thereto is separated by filtration under a reduced pressure,
and dried at 60°C under a reduced pressure to obtain alizarin-applied zinc oxide.

[0227] 60 parts of the alizarin-added zinc oxide, 13.5 parts of a curing agent (blocked isocyanate, Sumidur 3175
manufactured by Sumitomo Bayer Urethane Co., Ltd.), 15 parts of a butyral resin (S-LEC BM-1 manufactured by Sekisui
Chemical Co., Ltd.) and 85 parts of methyl ethyl ketone are mixed to obtain a mixed solution. 38 parts of the mixed
solution and 25 parts of methyl ethyl ketone are mixed and dispersed for 2 hours by a sand mill using glass beads having
a diameter of 1 mmcp to obtain a dispersion liquid.

[0228] To the dispersion liquid obtained are added 0.005 parts of dioctyl tin dilaurate as a catalyst and 45 parts of
silicone resin particles (Tospearl 145 manufactured by Momentive Performance Materials Japan Inc.) to obtain a coating
solution for an undercoat layer. The coating solution for an undercoat layer is applied to an aluminum substrate having
a diameter of 47 mm, a length of 357 mm and a wall thickness of 1 mm by a dip coating method, and dried and cured
at 170°C for 30 minutes to obtain an undercoat layer having a thickness of 25 pm.

Formation of charge generation layer

[0229] 1 part of hydroxy gallium phthalocyanine having strong diffraction peaks at Bragg angles (26 = 0.2°) of 7.5°,
9.9°,12.5°,16.3°, 18.6°, 25.1° and 28.3° in X-ray diffraction spectrum is mixed with 1 part of polyvinyl butyral (S-LEC
BM-S manufactured by Sekisui Chemical Co., Ltd.) and 80 parts of n-butyl acetate, and the mixture is subjected to
dispersion treatment for 1 hour with glass beads by a paint shaker to prepare a coating solution for a charge generation
layer. The coating solution for a charge generation layer is subjected to dip coating on the undercoat layer formed on
the conductive substrate and dried by heating at 100°C for 10 minutes to form a charge generation layer having a film
thickness of 0.15 um.

Formation of charge transport layer

[0230] PTFE Composition L-A described above is coated on the charge generation layer described above by a dip
coating method and heated at 130°C for 45 minutes to form a charge transport layer having a film thickness of 13 pm.
[0231] Through the procedures described above, each photoreceptor is produced.

-Evaluation of electrophotographic photoreceptor A-

[0232] Using the photoreceptor obtained, the evaluations described below are performed.

Visual evaluation

[0233] The surface of the photoreceptor (surface of the charge transport layer) obtained is visually observed. The
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evaluation criteria are as follows.

A: Streak is not observed.

B: Slight streak-like defects are observed.

C: Clear streak-like defects are observed.
Evaluation of image quality
[0234] The photoreceptor obtained is loaded in an image forming apparatus (ApeosPort C4300 manufactured by Fuji
Xerox Co., Ltd.). Using the apparatus, a 5% half-tone image is output on 100 sheets of A4 paper. The image defects
are evaluated by observing the images on the first sheet and the 100t sheet. The evaluation criteria are as follows.

A: Image defects are not observed.

B: slight image defects are observed by a magnifying glass. (level without any problem)

C: Image defects are visually observed.

D: Clear streak-like image defects are observed.
<Example 2>
-Production of PTFE particles B-
[0235] Commercially available PTFE particles having an average particle diameter of 4.5 um (primary particle diameter
of 0.2 wm) are washed and then treated with a fluorine-containing dispersant in the same manner as in Example 1 to
produce PTFE particles, which are designated as PTFE particles B.
-Measurement of PFOA content in PTFE particles B-

[0236] The PFOA contentin PTFE particles B is measured according to the method described hereinbefore same as
in PTFE particles A and as a result, it is found to be 0 ppb.

-Production of PTFE Composition L-B-

[0237] PTFE composition L-B is produced in the same procedures as in Example 1 except for changing PTFE particles
A to PTFE particles B.

-Evaluation of PTFE composition L-B-

[0238] The evaluation same as in Example 1 is performed except for changing PTFE composition L-A to PTFE com-
position L-B. The results obtained are shown in Table 1.

-Production and evaluation of PTFE layered material F-B]-

[0239] The production and the evaluation of PTFE layered material F-B are performed in the same procedures as in
Example 1 except for changing PTFE composition L-A to PTFE composition L-B. The results obtained are shown in
Table 1.

-Production of electrophotographic photoreceptor B-

[0240] Electrophotographic photoreceptor B is produced in the same procedures as in Example 1 except for changing
PTFE composition L-A to PTFE composition L-B.

-Evaluation of electrophotographic photoreceptor B-

[0241] As to the electrophotographic photoreceptor B obtained, the same evaluation as in Example 1 are performed.
The results obtained are shown in Table 1.
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<Example 3>

[0242] In the production of PTFE particles A of Example 1, the PTFE particles are washed so that the total amount of
PFOA is 25 ppb and then treated with the fluorine-containing dispersant to produce PTFE particles, which are designated
as PTFE particles C.

[0243] Subsequently, production and evaluation of PTFE composition L-C, production and evaluation of PTFE layered
material F-C, and production and evaluation of electrophotographic photoreceptor C are performed in the same manner
as in Example 1 except for using PTFE particles C in place of PTFE particles A. The results obtained are shown in Table 1.

<Comparative Example 1>

[0244] In the production of PTFE particles A of Example 1, the PTFE particles are washed so that the total amount of
PFOA is 30 ppb and then treated with the fluorine-containing dispersant to produce PTFE particles, which are designated
as PTFE particles E.

[0245] Subsequently, production and evaluation of PTFE composition L-E, production and evaluation of PTFE layered
material F-E, and production and evaluation of electrophotographic photoreceptor E are performed in the same manner
as in Example 1 except for using PTFE particles E in place of PTFE particles A. The results obtained are shownin Table 1.

<Example 4>
(Production and evaluation of powder coating)

[0246] A powder coating is produced in the following manner by using PTFE particles A in Example 1 as an external
additive.

-Preparation of polyester resin and curing agent composite dispersion liquid (E1)-

[0247] A mixed solvent of 180 parts of ethyl acetate and 80 parts of isopropyl alcohol is charged into a 3 liter-reaction
vessel with a jacket (BJ-30N manufactured by Tokyo Rikakikai Co, Ltd.) which is provided with a condenser, a thermom-
eter, a water dropping device and an anchor blade, while maintaining the reaction vessel in a water circulation type
thermostatic bath at 40°C, and then, the composition described below is charged thereinto.

* Polyester resin (PES1) [polycondensate of terephthalic acid/ethylene glycol/neopentyl glycol/trimethylol propane
(molar ratio = 100/60/38/2 (mol %), glass transition temperature = 62°C, acid value (Av) = 12 mgKOH/g, hydroxyl
value (OHv) = 55 mgKOH/g, weight average molecular weight (Mw) = 12,000, number average molecular weight
(Mn) = 4,000]: 240 parts

* Blocked isocyanate curing agent (VESTAGON B 1530 manufactured by Evonik Industries AG): 60 parts

¢ Benzoin: 1.5 parts

e Acrylic Oligomer (ACRONAL 4F manufactured by BASF SE): 3 parts

[0248] After charging the composition, the mixture is stirred at 150 rpm using a three-one motor to be dissolved,
thereby preparing an oil phase. A mixed liquid of 1 part of a 10% by weight aqueous ammonia solution and 47 parts of
a 5% by weight aqueous sodium hydroxide solution is dropwise added over 5 minutes to the oil phase while being stirred,
mixed for 10 minutes, and then, 900 parts of ion exchange water is further dropwise added thereto at a rate of 5 parts
per a minute to perform a phase inversion, thereby obtaining an emulsion liquid.

[0249] Immediately, 800 parts of the emulsion liquid obtained and 700 parts of ion exchange water are put into a 2
liter-eggplant type flask, and set in an evaporator provided with a vacuum control unit (manufactured by Tokyo Rikakikai
Co, Ltd.) through a trap bulb. The eggplant type flask is heated in a hot water bath at 60°C while being rotated, and a
solvent is removed by reducing the pressure to 7 kPa while being careful of bumping. When the recovered amount of
the solvent becomes 1100 parts, the pressure returns to the normal pressure (1 atom), and the eggplant type flask is
cooled with water, thereby obtaining a dispersion liquid. There is no solvent odor in the dispersion liquid obtained. The
volume average particle diameter of resin particles in the dispersion liquid is 145 nm. After that, an anionic surfactant
(Dowfax 2A1 manufactured by The Dow Chemical Company, amount of effective component: 45% by weight) is added
and mixed so that the amount of effective component thereof becomes 2% by weight with respect to the resin component
in the dispersion liquid, and ion exchange water is added thereto to adjust so that a solid content concentration becomes
25% by weight. The resulting dispersion liquid is designated as Polyester resin and curing agent composite dispersion
liquid (E1).
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-Preparation of white pigment dispersion liquid (W1)
[0250]

e Titanium oxide (A-220 manufactured by Ishihara Sangyo Kaisha, Ltd.): 100 parts

e Anionic surfactant (Neogen RK manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.): 15 parts
* lon exchange water: 400 parts

¢ 0.3 mol/l Nitric acid; 4 parts

[0251] The components described above are mixed and dissolved, and then dispersed using a high pressure impact
dispersing machine, Altimizer (HJP 30006 manufactured by Sugino Machine Ltd.) for 3 hours to prepare a white pigment
dispersion liquid having titanium oxide dispersed therein. As a result of measurement using a laser diffraction particle
size distribution measuring device, a volume average particle diameter of titanium oxide in the dispersion liquid is 0.28
pm and a solid content ratio of the white pigment dispersion liquid is 25%.

-Production of white powder particles (PC1)-
[0252]

¢ Polyester resin and curing agent composite dispersion liquid (E1): 180 parts (solid content of 45 parts)
¢  White pigment dispersion liquid (W1): 160 parts (solid content of 40 parts)
* lon exchange water: 200 parts

[0253] The components described above are mixed and dissolved in a stainless steel round flask by using a homog-
enizer (Ultra-Turrax T50 manufactured by IKA Works, Inc.). Then, the pH is adjusted to 3.5 using a 1.0% by weight
aqueous nitric acid solution. 0.50 parts of a 10% by weight aqueous polyaluminum chloride solution is added thereto,
and a dispersing operation is continuously performed by using Ultra-Turrax.

[0254] A stirrer and a mantle heater are disposed, the temperature is increased up to 50°C while adjusting the number
of rotations of the stirrer so that slurry is sufficiently stirred, the slurry is held at 50°C for 15 minutes, and then the particle
diameter of aggregated particles is measured by using TA-Il type Coulter Counter (manufactured by Beckman Coulter,
Inc., aperture diameter: 50 um), and when the volume average particle diameter becomes 5.5 um, 60 parts of Polyester
resin and curing agent composite dispersion liquid (E1) is slowly charged into the flask as a shell (charge of shell).
[0255] The flask is held for 30 minutes after the charge of shell and then, pH is set to 7.0 using a 5% aqueous sodium
hydroxide solution. After that, the temperature is increased up to 85°C and is held for 2 hours.

[0256] After the completion of the reaction, the solution in the flask is cooled and filtered to obtain a solid content.
Then, the solid content is washed with ion exchange water, and subjected to solid liquid separation by Nutsche type
suction filtration to obtain a solid content again.

[0257] Subsequently, the solid content is dispersed again in 3 liters of ion exchange water at 40°C, and is stirred and
washed at 300 rpm for 15 minutes. The washing operation is repeated 5 times, the solid content obtained by performing
solid liquid separation by Nutsche type suction filtration is subjected to vacuum drying for 12 hours to obtain White
powder particles (PC1) of a core shell type.

[0258] As a result of measurement of a particle diameter of White powder particles (PC1), the volume average particle
diameter D50v is 6.8 um, the volume particle diameter distribution index GSDv is 1.24, and the average circularity is 0.97.

-Production of white powder coating-

[0259] 100 parts of White powder particles (PC1), 0.6 parts of silica particles (Aerosil RX200 manufactured by Nippon
Aerosil Co., Ltd.) as an external additive and 3 parts of the dispersant attached PTFE particles of each of the examples
as an external additive are mixed by using a Henschel mixer at a peripheral speed of 32 m/s for 10 minutes, and then
coarse particles are removed by using a sieve having a mesh size of 45 um to obtain a white powder coating.

-Evaluation-

[0260] Using the white powder coating obtained, the evaluation described below are performed.

[0261] The powder coating is put into a corona gun XR4-110C manufactured by Asahi Sunac Corp.

[0262] The corona gun XR4-110C manufactured by Asahi Sunac Corp. is vertically and horizontally slid with respect
to a square test panel (an object to be coated) of 30 cm X 30 cm of a mirror finished aluminum plate by a distance of
30 cm from the panel front surface (a distance between the panel and a discharge port of the corona gun) to discharge
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EP 3 582 012 A1

the powder coating material and to be electrostatically attached to the panel, thereby forming an attached layer. The
applied voltage of the corona gun is set to 80 kV, the input air pressure is set to 0.55 MPa, the discharge amount is set
to 200 g/minute, and the attachment amount of the powder coating attached to the panel is set to 50 g/m?2, 90 g/m2, 180
g/m2 or 220 g/m2 to perform the coatings of four times.

[0263] Subsequently,each panelis putintoahightemperature chamber setto 180°C and heated (baked) for 30 minutes.
[0264] The coating film obtained is evaluated by palpation and visual observation. The evaluation criteria are as shown
below.

A: No problem is recognized by the palpation and the visual observation.

B: Slight unevenness is recognized by the visual observation, (level without any problem)

C: Protrusion is recognized by the palpation, (level without any problem)

D: Unevenness is recognized by the visual observation and Protrusion is recognized by the palpation.
<Examples 5 and 6, and Comparative Example 2>
(Production and evaluation of powder coating)
[0265] The powder coatings are produced and evaluated in the same manner as in Example 4, except for using PTFE

particles B to E in Examples 2 and 3 and Comparative Example 1.
[0266] The examples described above are shown as a list in Table 1 and Table 2.
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TABLE 2
Evaluation
Example 4 PTFE particle A A
Example 5 PTFE particle B A
Example 6 PTFE particle C B
Comparative Example 2 | PTFE particle E D

[0267] From the results shown above, it can be seen that in the examples, the satisfactory results are obtained in both
the evaluation of photoreceptor and the evaluation of powder coating in comparison with in the comparative examples.
[0268] Therefore, it can be understood that the PTFE particle dispersion liquid (and the dispersant attached PTFE
particle) according to the exemplary embodiment have high maintainability of dispersion state, even when the state of
the component mixed changes.

Claims

1. A dispersant attached polytetrafluoroethylene particle on whose surface a dispersant having a fluorine atom is
attached, wherein a content of perfluorooctanoic acid is from 0 ppb to 25 ppb with respect to the polytetrafluoroeth-
ylene particle.

2. The dispersant attached polytetrafluoroethylene particle as claimed in Claim 1, which has an average particle di-
ameter of from 0.2 pm to 4.5 pm.

3. The dispersant attached polytetrafluoroethylene particle as claimed in Claim 1 or 2, wherein the dispersant having
a fluorine atom is a polymer obtained by homopolymerization or copolymerization of a polymerizable compound
having a fluorinated alkyl group.

4. The dispersant attached polytetrafluoroethylene particle as claimed in Claim 3, wherein the polymer obtained by
homopolymerization or copolymerization of a polymerizable compound having a fluorinated alkyl group is a fluori-
nated alkyl group-containing polymer having a structural unitrepresented by the following formula (FA) or a fluorinated
alkyl group-containing polymer having a structural unit represented by the following formula (FA) and a structural
unit represented by the following formula (FB):
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wherein, in the formulae (FA) and (FB), each of RF1, RF2, RF3 and RF4 independently represents a hydrogen atom
or an alkyl group; XF1 represents an alkylene chain, a halogen-substituted alkylene chain, -S-, -O-, -NH- or a single
bond; YF1 represents an alkylene chain, a halogen-substituted alkylene chain, -CgHo¢,_1(OH))- or a single bond;
QF' represents -O- or -NH-; each of fl, fm and fn independently represents an integer of 1 or more; each of fp, fq,
fr and fs independently represents 0 or an integer of 1 or more; ft represents an integer of 1 to 7; and fx represents
an integer of 1 or more.

The dispersant attached polytetrafluoroethylene particle as claimed in any one of Claims 1 to 4, wherein a content
of the dispersant having a fluorine atom is from 0.5% by weight to 10% by weight with respect to the polytetrafluor-

oethylene particle.

The dispersant attached polytetrafluoroethylene particle as claimed in Claim 5, wherein the content of the dispersant
having a fluorine atom is from 1% by weight to 7% by weight with respect to the polytetrafluoroethylene particle.

A composition comprising a polytetrafluoroethylene particle and a dispersant having a fluorine atom, wherein a
content of perfluorooctanoic acid is from 0 ppb to 25 ppb with respect to the polytetrafluoroethylene particle.

The composition as claimed in Claim 7, wherein an average particle diameter of the polytetrafluoroethylene particle
is from 0.2 pum to 4.5 pm.

The composition as claimed in Claim 7 or 8, which is in a liquid state or in a solid state.

A layered material comprising a polytetrafluoroethylene particle and a dispersant having a fluorine atom, wherein
a content of perfluorooctanoic acid is from 0 ppb to 25 ppb with respect to the polytetrafluoroethylene particle.

The layered material as claimed in Claim 10, wherein an average particle diameter of the polytetrafluoroethylene
particle is from 0.2 um to 4.5 um.
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An electrophotographic photoreceptor comprising a conductive substrate and a photosensitive layer, wherein an
outermost surface layer of the electrophotographic photoreceptor is a layer comprising the layered material as
claimed in Claim 10 or 11.

A process cartridge comprising the electrophotographic photoreceptor as claimed in Claim 12, wherein the process
cartridge is detachably attached to an image forming apparatus.

An image forming apparatus comprising the electrophotographic photoreceptor as claimed in Claim 12, a charging
unit that charges a surface of the electrophotographic photoreceptor, an electrostatic latent image forming unit that
forms an electrostatic latent image on the charged surface of the electrophotographic photoreceptor, a developing
unit that develops the electrostatic latent image formed on the surface of the electrophotographic photoreceptor
using a developer containing a toner to form a toner image, and a transfer unit that transfers the toner image to a
surface of a recording medium.
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