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(57) Abstract: Provided are an electrophotographic photo-
sensitive member in which a variation in the light-area po-
tential is suppressed even when the electrophotographic pho-
tosensitive member is repeatedly used for a long time in a
high-temperature, high-humidity environment, a method of
producing the electrophotographic photosensitive  member,
and a process cartridge and an electrophotographic apparatus
that include the electrophotographic photosensitive member.
The electrophotographic photosensitive member includes a
support, an undercoat layer, and a photosensitive layer,
wherein the undercoat layer contains a urethane resin and
zinc oxide particles whose surfaces have been treated with a
particular amount of an aminosilane compound.
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DESCRI PTI ON

ELECTROPHOTOGRAPHI C PHOTOSENSI Tl VE MEMBER, METHOD
OF PRODUCI NG ELECTROPHOTOGRAPHI C PHOTOSENSI Tl VE
VEMBER, PROCESS CARTRI DGE, AND ELECTROPHOTOGRAPHI C
APPARATUS

Techni cal Field

[ 0001] The present invention relates to an

el ectrophot ographi ¢ photosensitive nenber, a nmethod of
produci ng an el ectrophotographic photosensitive nenber, a
process cartridge, and an el ectrophotographic apparatus.
Background Art

[ 0002] An el ectrophot ographi ¢ photosensitive nenber
(organi c el ectrophotographic photosensitive nenber)

i ncludi ng an undercoat |ayer containing netal oxide
particles and a photosensitive |ayer formed on the undercoat
| ayer and containing a charge-generating substance and a
charge-transporting substance is used in electrophotographic
appar at uses .

[ 0003] For exanple, titanium oxide particles, tin oxide
particles, and zinc oxide particles are used as the netal
oxide particles. In particular, it is known that the

resi stance of zinc oxide particles easily changes dependi ng

on the degree of oxygen deficiency and that the |arger the
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oxygen deficiency, the lower the resistance of the zinc

oxi de particles.

[ 0004] These nmetal oxide particles are subjected to a
surface treatnent with a silane coupling agent in order to
suppress the generation of black spot-like inmage defects
caused by charge injection from a support to the

phot osensitive |ayer side. However, when the undercoat

| ayer contains such surface-treated netal oxide particles,
the resistance of the undercoat layer is increased and a
variation in the electric potential (such as a variation in
the light-area potential) in repeated use tends to be

signi ficant

[ 0005] As for a technology for suppressing a variation in
the light-area potential, PTL 1 discloses a technology in
which zinc oxide particles provided with an acceptor
compound (organi c conmpound) are incorporated in an undercoat
| ayer of an el ectrophotographic photosensitive nenber. PTL
2 discloses a technology in which a plurality of undercoat

| ayers each contain a silane coupling agent, and one of the
undercoat |ayers disposed on the photosensitive |ayer side
has a higher concentration of the silane coupling agent.
Citation List

Patent Literature

[ 0006] PTL 1 Japanese Patent Laid-open No. 2006-30700

PTL 2 Japanese Patent Laid-Open No. 2008-065171
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Summary of Invention
Techni cal Pr obl em
[ 0007] However, in a high-humdity environment, noisture

in the atnosphere etc. easily adhere to the surfaces of zinc
oxi de particles and oxygen deficiency is inactivated,
resulting in an increase in the resistance of the zinc oxide
particl es. Furthernore, wth the recent realization of a

hi gh process speed of el ectrophotographic apparatuses, a

potential variation in long-term repeated use tends to occur

in a high-humidity environnent. As a result of exam nations
conducted by the inventors of the present invention, it was
found that, in particular, a potential wvariation in |ong-

term repeated use tends to significantly occur in a high-
tenperature, hi gh-hum"dity environment (for exanple, a high-
tenmperature, high-hunmidity environment at 30°C/ 85%RH or
nore) . Wen the potential wvariation is large in long-term
repeated use, developability of a toner changes and thus the
i mge density tends to change. The undercoat |ayers
described in PTL 1 and PTL 2 have a problem in that a
potential variation tends to occur in long-term repeated use
in a high-tenperature, high-humdity environnent.

[ 0008] The present invention provides an

el ectrophot ographic photosensitive nenber in which a
variation in the light-area potential is suppressed even

when the el ectrophotographic photosensitive nenber is
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repeatedly used for a long tine in a high-tenperature, hi gh-
hum dity environnment, a nethod of producing the

el ectrophot ographi ¢ photosensitive nenber, and a process
cartridge and an el ectrophotographic apparatus that include
the el ectrophot ographic photosensitive nenber.

Sol ution to Problem

[ 0009] According to a first aspect of the present

i nvention, an electrophotographic photosensitive nenber

i ncl udes a support; an undercoat |ayer forned on the
support; and a photosensitive layer formed on the undercoat
| ayer, wherein the undercoat |ayer contains a urethane resin,
and zinc oxide particles whose surfaces have been treated
with a conpound represented by the following fornula (2),
when a ratio of the nmass of the conpound represented by the
formula (20 relative to the mass of the zinc oxi d_e particles
is Anmass% and a specific surface area of the zinc oxide
particles is B nm?/g, the anmobunt of surface treatnent which
is defined as A/B satisfies the followng formula (1), and

the value of B is from 14 to 25.

0.010 < /B £ 0.050 --- (1)
[ 0010]
[Chem 1]

OR1

|
R5— HN— R4—Si|— RS (2
OR2
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[0011] In the formula (2), R' and R2 each independently
represent an alkyl group having 1 to 3 carbon atons, RS
represents an alkyl group having 1 to 3 carbon atons or an
al koxy group having 1 to 3 carbon atoms, R* represents a
bi val ent group represented by the following fornmula (R4-1),
(R4-2) or (R4-3) , and R® represents a hydrogen atom a

phenyl group, or an alkyl group having 1 to 3 carbon atons.

[ 0012]
[Chem 2]
—Cholm (R4-1)
- {CHy}—NH-R 8— (R4-2)
—{CH,}—NH—R®~NH—R’— (R4-3)
[0013] In the formulas (R4-1), (R4-2) and (R4-3) , m is an

i nteger nunber selected from 1 to 3, and R® and R’ each

i ndependently represent an alkylene group having 1 to 4
carbon atons.

[ 0014] According to a second aspect of the present

i nvention, a method of producing the electrophotographic
photosensitive nenber includes the steps of formng a coat
for the undercoat Ilayer by using an undercoat |ayer coating
solution; and formng the undercoat |ayer by heat-drying of
the coat, wherein the undercoat |ayer coating solution
contains a conpound having one or nore isocyanate groups, a

polyol resin, and the zinc oxide particles whose surfaces
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have been treated with the conpound represented by the
formula (2).

[ 0015] According to a third aspect of the present
invention, a process cartridge is detachably attachable to a
mai n body of an el ectrophot ographic apparatus, wherein the
process cartridge integrally supports the

el ectrophot ographi ¢ photosensitive nenber, and at |east one
device selected fromthe group consisting of a charging
device, a developing device, a transferring device, and a

cl eani ng devi ce.

[ 0016] According to a fourth aspect of the present

i nvention, an electrophotographic apparatus includes the

el ectrophot ographi ¢ photosensitive nenber, a charging device,

an exposure device, a developing device, and a transferring

devi ce .
Advant ageous Effects of Invention
[0017] According to the first aspect of the present

invention, it is possible to provide an el ectrophotographic
phot osensitive menber in which a variation in the light-area
potential is effectively suppressed even when the

el ectrophot ographi ¢ photosensitive nenber is repeatedly used
for along time in a high-tenperature, high-humdity
environnent. According to the second aspect of the present
invention, a nethod of producing the above

el ectrophot ogr aphi ¢ photosensitive nenber can be provided.



WO 2013/081170 PCT/JP2012/081430

According to the third and fourth aspects of the present
invention, a process cartridge and an el ectrophotographic
apparatus that include the el ectrophotographic

phot osensitive nenber can be provided.

Brief Description of Draw ngs

[ 0018] Fig. 1 is aview illustrating an exanple of a
schematic structure of an el ectrophotographic apparatus
including a process cartridge having an el ectrophotographic
phot osensitive mnmenber according to an enbodi ment of the
present invention.

Fig. 2 is a cross-sectional view illustrating a |ayer
structure of an el ectrophotographic photosensitive nmenber
according to an enbodinment of the present invention.

| Fig. 3 is a graph showing a relationship between the
amount of surface treatnment and the anount of noisture
contained (water content) in zinc oxide particles in the
cases where zinc oxide particles having a BET value of 19
mé/g were surface-treated with N2- (aminoethyl) -3-
am nopropyl tri net hoxysi | ane (denoted by amnosilane in Fig.
3) and vinyltrinmethoxysilane (denoted by vinylsilane in Fig.
3).
Descri ption of Enbodi nents
[0019] An el ectrophot ographic photosensitive nenber
according to an enbodiment of the present invention includes

a support, an undercoat |ayer formed on the support, and a
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phot osensitive Ilayer forned on the undercoat |ayer, wherein
the undercoat |layer contains a urethane resin, and zinc
oxi de particles whose surfaces have been treated with a
compound represented by the following forrmula (2), when a
ratio (mass% of the mass of the conpound represented by the
formula (2) relative to the mass of the zinc oxide particles
is A, and a specific surface area (m2/g) of the zinc oxide
particles is B, the amunt of surface treatnment which is
defined as A/IB satisfies the following formula (1), and the
value of B is from 14 to 25.
0.010 < /B < 0.050 --- (1)
[ 0020] When the value of B is less than 14, the resistance
of the undercoat |ayer tends to be |lowered, and the I|ight-
area potential in repeated use tends to vary. Wen the
valued of B is larger than 25 film defects such as cracks
are easily generated in the undercoat |ayer.
[ 0021]
[Chem 1]

OR!?
R5—HN—R4—SiI— R3 (2)

OR?
[ 0022] In the formula (2), R' and R2 each independently
represent an alkyl group having 1 to 3 carbon atons, R3
represents an alkyl group having 1 to 3 carbon atons or an

al koxy group having 1 to 3 carbon atons, R?* represents a
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bi val ent group represented by the following formula (R4-1) ,
(R4-2) or (R4-3) , and R® represents a hydrogen atom a
phenyl group, or an alkyl group having 1 to 3 carbon atons.
[0023]

[Chem 2]
—({CH,}— (R4-1)
—{CH,)—NH- R6— (R4-2)

—{CHy)— NH—R6-NH— R7-  (R4-3)

[0024] In the fornulas (R4-1) , (R4-2) and (R4-3) , m is an
i nteger nunber selected from 1 to 3, and R® and R’ each

i ndependently represent an alkylene group having 1 to 4
carbon atomns .

[0025] In the present invention, a variation in the light-
area potential in repeated use of an el ectrophotographic
photosensitive menber in a high-tenperature, hi gh-humidity
environment is effectively suppressed by incorporating zinc
oxide particles whose surfaces have been treated with a
compound represented by the formula (2) so as to satisfy the
formula (1) in an undercoat |ayer of the electrophotographic
phot osensitive menber. The inventors of the present
invention believe the reason for this is as follows.

[0026] Zinc oxide particles carry electrons on the basis
of oxygen deficiency of the zinc oxide particles. In a

hi gh-t enper at ur e, hi gh-hum dity environnent, a |arge anount
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of noisture is contained in the atnosphere. Thus, when zinc
oxide particles are exposed to a high-humdity environnent
once, oxygen deficiency of the zinc oxide particles are |ost
by adsorption of moisture and the like, thereby decreasing
the electron-carrying property. Specifically, the
resistance of the zinc oxide particles increases. On the

ot her hand, when the anmpbunt of surface treatnent with a
silane coupling agent is excessively large, oxygen
deficiency of zinc oxide particles is lost by a reaction
with the silane coupling agent, thereby decreasing the

el ectron-carrying property. Consequently, the resistance of
the zinc oxide particles increases. Accordingly, it is

i mportant that the amount of surface treatnment with a silane
coupling agent be optimzed so that the anmount of noisture

adsorbed to zinc oxide particles is reduced to stabilize

(decrease) the resistance of the zinc oxide particles. Thus,
a variation in the light-area potential in repeated use can
be suppressed. In addition, a variation in the light-area

potential in a high-tenperature, high-humidity environnment
can al so be suppressed.

[0027] In the present invention, it was found that when
the anmpbunt of surface treatnent with a silane coupling agent
is as follows, the anpbunt of noisture contained in zinc

oxi de particles can be reduced, and the effect of

suppressing a variation in the light-area potential in a
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hi gh-tenperature, high-humdity environnment can be achieved
As shown in Fig. 3, in the case of a common silane coupling
agent (such as a vinylsilane) , with an increase in the
amount of surface treatnment, the amount of noisture
contained in (anpbunt of water adsorbed to) zinc oxide
particles nonotonically decreases. In contrast, a compound
having a structure represented by the fornmula (2) according
to an enbodi ment of the present invention is an am nosilane
coupling agent, and an anino group of this am nosilane
coupling agent has hygroscopicity . Accordingly, wth an
increase in the ambunt of surface treatnent, the anount of
noi sture contained in the zinc oxide particles does not
nonotoni cal ly decrease but increases from a certain anount
of surface treatnment. That is, the line show ng the
relationship between the anmpbunt of surface treatnment and the
amount of noisture shows a curve protruding downward.

[ 0028] In the case shown in Fig. 3 where a surface
treatment is conducted with the amnosilane (conpound
represented by the forrmula (2)), the anpbunt of noisture
contained in the surface-treated zinc oxide particles is
small in a region of the bottom of the curve, and thus an
increase in the resistance of the zinc oxide particles due
to adsorption of noisture can be suppressed. As a result, a
variation in the light-area potential in repeated use in a

hi gh-tenmperature, high-humdity environment can be
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suppr essed. The range represented by the above formula (1)
is a range showing the region of the bottom of the curve in
Fig. 3. It is believed that the advantages of the present
invention can be achieved by incorporating the zinc oxide
particles whose surfaces have been treated with the conpound
represented by the fornmula (2) so as to satisfy the fornula
(1) .

[ 0029] In the present invention, the amunt of surface
treatment with the conpound represented by the formula (2
satisfies the above formula (1). More preferably, the

amount of surface treatnent satisfies the followng formula

(3 . In this case, a higher effect of suppressing a
variation in the light-area potential in repeated use is
obt ai ned.

0.025 < /B £ 0.050 - -- (3

[ 0030] Specific exanples of the conmpound represented by
the formula (2 will be described below, but the present
invention is not limted thereto.

[ 0031] Exanpl es of the conpound represented by the fornula

(2) where R3 is an alkoxy group having 1 to 3 carbon atons

i nclude the conpounds represented by (X-1) to (X-6) in Table
1.

[0032] Exanpl es of the conpound represented by the formula
(2) where R3 is an alkyl group having 1 to 3 carbon atons

i nclude the conpounds represented by (X-7) to (X-12) in
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Table 1.
[0033]
[Table 1]
E:;rggarz Name of compound
(X-1) N-2-(Aminoethyi)-3-aminopropyltrimethoxysilane
(X-2) 3-Aminopropyltriethoxysilane
(X-3) (Phenylaminomethyi)trimethoxysilane
(X-4) N-2-(Aminoethyl)-3-aminoisobutyltrimethoxysilane
(X-5) N-Ethylaminoisobutyltriethoxysilane
(X-6) N-Methylaminopropyltrimethoxysilane
(X-7) N-2-(Aminoethyl)-3-aminopropylmethyldimethoxysilane
(X-8) 3-Aminopropylmethyldiethoxysilane
(X-9) (Phenylaminomethyl)methyldimethoxysilane
(X-10) N-2-(Aminoethyl)-3-aminoisobutylmethyldimethoxysilane
~(X-11) N-Ethylaminoisobutylmethyldiethoxysilane
(X-12) N-Methylaminopropylmethyldimethoxysilane

[0034] Anbng these conpounds, bifunctional conpounds

(bi functional aminosilane coupling agents) in which R is an
al kyl group having 1 to 3 carbon atons are nore preferable
from the standpoint of the effect of suppressing a variation
in the light-area potential in repeated use.

[0035] The ratio of the content of the surface-treated
zinc oxide particles to the content of the urethane resin is
preferably 2:1 to 4:1 (mass ratio). Wwen the nass ratio is
2:1 to 4:1, a variation in the light-area potential in
repeated use is sufficiently suppressed, and furthernore,
the formation of cracks in the undercoat |ayer can also be
sufficiently suppressed.

[0036] As for a method of producing zinc oxide particles,
various known production processes can be enployed as |ong

as zinc oxide particles having a specific surface area of 14
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or nore and 25 or less can be produced. For exanple, zinc
oxide particles produced by the French process or the
Anmerican process may be used. The French process is a
production nethod in which netallic zinc is heated to form
zinc vapor, and the zinc vapor is oxidized and is then
cooled. The Anerican process is a production nethod in
which zinc ores are heated with a reducing agent to reduce
and volatilize the zinc ores, and the resulting netal vapor
is then oxidized with air. Alternatively, it is also
possible to use zinc oxide particles produced by a wet
process that includes calcining zinc hydroxide or basic zinc
carbonate obtained by a reaction between a soluble zinc
(such as zinc chloride or zinc sulfate) and an al kaline
solution (such as an aqueous sodium hydroxide solution) in
the form of a precipitate.

[0037] In the present invention, the specific surface area
of zinc oxide particles can be neasured by the follow ng

nmet hod. The specific surface area (BET value) of zinc oxide
particles can be neasured using, for exanple, TriStar 3000
manuf actured by Shimadzu Corporation. Specifically, 200 mg
of zinc oxide particles are put in a glass cell for

measur enment . A pretreatnent is conducted by drying this
cell at 150°C for 30 mnutes in a vacuum and the cell is
then attached to the apparatus to neasure the specific

surface area.
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[ 0038] The urethane resin contained in the undercoat |ayer
is a cured product of an isocyanate (a conpound having an

i socyanate group) and a polyol resin.

[ 0039] Exanpl es of the isocyanate include 2,4-tolylene

dii socyanate, 2,6-tolylene diisocyanate, diphenyl methane-
4,4'-diisocyanate, hexanethylene diisocyanate, adducts type
of hexanethyl ene diisocyanate and trinethyl ol propane, bi ur et
type of hexamethyl ene diisocyanate, and isocyanurate type of
hexanet hyl ene dii socyanate. The isocyanate is preferably a
bl ocked (stabilized) isocyanate. Exanpl es of the bl ocked

i socyanate include conmpounds produced by blocking any of the

above isocyanates wth an oxine. Exanples of the oxine

include, but are not |limted to, acetal doxine,

nmet hyl et hyl ket oxi ne, and cycl ohexanone oxi ne.

[ 0040] Exanpl es of the polyol resin include polyvinyl
acetal resins and pol yphenol resins. In particular,

pol yvinyl acetal resins are preferable.

[0041] Next, the structure of an el ectrophotographic

phot osensitive nenber wll be described. For exanple, as
illustrated in Fig. 2, an electrophotographic photosensitive
nmenber includes a support 101, an undercoat [|ayer 102
provided on the support 101, and a photosensitive [|ayer 103
provided on the undercoat |ayer 102.

[ 0042] Exanpl es of the photosensitive Ilayer include a

singl e-1ayer photosensitive l|ayer that contains a charge-
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transporting substance and a charge-generating substance
therein, and a lamnated (function-separated) photosensitive
| ayer that separately includes a charge generation |ayer
containing a charge-generating substance and a charge
transport |layer containing a charge-transporting substance.
In the present invention, such a |amnated photosensitive

| ayer is desirable. Anpbng |am nated photosensitive |ayers,
a photosensitive layer in which a charge generation |ayer
and a charge transport |ayer are stacked from the support
side in that order is desirable.

[ 0043] Any support having conductivity (conductive
support) may be used. For exanple, a support conposed of a
metal (or an alloy) such as alum num an alum num alloy, or
stainless steel can be used. Exanples of the shape of the
support include a cylindrical shape and a belt shape. The
shape of the support is preferably a cylindrical shape. In
order to inprove durability of the electrophotographic

phot osensitive nenber, a protective |layer may be fornmed on

t he photosensitive nenber.

Support
[ 0044] The support is a support having conductivity
(conductive support) . Exanples of the material of the

support include netals and alloys such as al um num
stainl ess steel, copper, nickel, and zinc. In the case

where the support is conposed of alum num or an al um num
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alloy, an ED tube, an EI tube, or a support obtained by

subj ecting one of these tubes to cutting, electrolytic
conposite polishing (electrolysis perforned using an

el ectrode and an electrolyte solution, each of which has an
el ectrolytic action, and polishing with grinding stones
having a polishing action) ,o or a wet or dry honing treatnent
may al so be used. Exanples of the support further include
netal supports and resin supports that have a thin film
conposed of a conductive material such as alum num an

alum num alloy, or an indium oxide-tin oxide alloy thereon.

[ 0045] In order to suppress interference fringes forned by
scattering of a l|laser beam and the like, a cutting treatnent,
a surface-roughening treatnent, an alumite treatnent , or t he
like may be performed on the surface of the support.

[ 0046] Furthernore, a conductive |ayer nmay be provided
between the support and the undercoat l|ayer in order to, for
exanpl e, suppress interference fringes formed by scattering
of a laser beam and to cover scratches on the support.

[ 0047] The conductive layer can be fornmed by dispersing
conductive particles such as carbon black, netal particles,
or metal oxide particles and a binder resin in a solvent to
prepare a conductive |ayer coating solution, applying the
conductive layer coating solution onto a support, and drying
the resulting coat by heating (thermally curing the

resulting coat) .
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[ 0048] Exanpl es of the binder resin used in the conductive
| ayer include polyester resins, polycarbonate resins,

pol yvinyl butyral resins, acrylic resins, silicone resins,
epoxy resins, nelam ne resins, urethane resins, phenolic
resins, and alkyd resins.

[ 0049] Exanpl es of the solvent used in the conductive

| ayer coating solution include ether solvents, alcohol
solvents, ketone solvents, and aromatic hydrocarbon solvents.
The thickness of the conductive layer is preferably 5 um or
nore and 40 pm or less, and nore preferably 10 um or nore
and 30 um or |ess.

Under coat | ayer

[ 0050] An undercoat |ayer is provided between a support or
a conductive layer and a photosensitive |ayer (charge
generation |ayer)

[ 0051] The undercoat |ayer can be formed by heat-drying a
coat of an undercoat |ayer coating solution containing a

pol yol resin, an isocyanate, and zinc oxide particles whose
surfaces have been treated with a conpound represented by
the formula (2 . Zinc oxide particles whose surfaces have
been treated with the conpound represented by the fornula

(2 so as to satisfy the fornmula (1) are used as the
surface-treated zinc oxide particles.

[ 0052] The undercoat |ayer coating solution can be

prepared by conducting a dispersion treatnent of a polyol
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resin, an isocyanate, zinc oxide particles, a conmpound
represented by the formula (2), and a solvent so as to
satisfy the formula (1).

[ 0053] Exanpl es of the dispersion method include nmethods
using a honogeni zer, an ultrasonic dispersion device, a ball
mll, a sand mll, a roll mll, a vibration mll, an
attritor, or a liquid-collision-type high-speed dispersion
devi ce .

[ 0054] The undercoat |ayer may further contain additives.
For exanple, the undercoat |ayer may contain known
substances such as a netal powder, e.g., an alum num powder,
a conductive substance, e.g., carbon black, an electron-
transporting substance, a condensed polycyclic compound, an
el ectron-transporting pigment, a netal chelate conpound, and
an organonetal lic conpound. Exanpl es of the preferred

el ectron-transporting substance include benzophenone
conpounds having a hydroxy group and anthraqui none conpounds
havi ng a hydroxy group.

[ 0055] Exanpl es of the solvent used in the undercoat |[ayer
coating solution include organic solvents such as alcohols,
sul f oxi des, ketones, ethers, esters, aliphatic hal ogenated
hydrocarbons, and aromatic conpounds. Alcohol solvents and
ketone solvents are preferably wused in the present invention.
[ 0056] In order to, for exanple, adjust the surface

roughness of the undercoat |ayer and to suppress the
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formation of cracks in the undercoat |ayer, organic resin
particles and a leveling agent may further be incorporated
in the undercoat |layer. Exanples of the organic resin
particles include hydrophobic organic resin particles such
as silicone particles and hydrophilic organic resin
particles such as cross-linked poly (nmethyl nmethacrylate)
(PMVA) particles. Cross-linked poly (methyl nethacryl ate)
particles, which are hydrophilic organic resin particles,
are preferably used in the present invention. In this case,
a variation in the light-area potential in repeated use can
be nore effectively suppressed.

[ 0057] The surface roughness of the undercoat |ayer can be
adjusted by incorporating the organic resin particles in the
undercoat layer. Regarding the preferable surface roughness
of the undercoat |I|ayer, a surface roughness Rz of the
undercoat layer is in the range of 0.6 pum or nore and 2.0 um
or less, and a surface roughness RSm of the undercoat |ayer
is preferably in the range of 0.010 mm or nore and 0.024 mm
or less. In particular, when the surface roughness RSm is
within this range, a surface roughness wth a very snall
pitch is formed. Consequently, adhesion with a charge
generation l|ayer formed on the undercoat |ayer is inproved,
and a variation in the light-area potential in a high-

hum dity environment can be further inproved. Herein, the

surface roughness Rz (um) represents an average height (ten-
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poi nt nean roughness) of five highest peaks and five | owest
valleys in each reference l|length of a roughness curve
obtained by neasuring the surface roughness of an undercoat

| ayer. The surface roﬁghness RSm (m) represents an average
value of the interval of one period from a peak to a valley
adj acent thereto (nmean interval between a projection and a
depression) , the interval being determined from intersection
points at which a roughness curve obtained by neasuring the
surface roughness intersects with a nean line. Note that Rz
and RSm are determ ned by the nethods of neasurenent
specified in JI'S B0601.2001 (I1SO 4287:1997) .

[ 0058] From the standpoint of further suppressing a change
in the light-area potential, in the case where the
conductive layer is provided, the thickness of the undercoat
layer is preferably 0.5 um or nore and 10 um or less, and
nore preferably 2 pum or nore and 8 p-m or |ess. In the case
where the conductive layer is not provided, the thickness of
the undercoat |layer is preferably 10 pm or nore and 40 um or
less, and nore preferably 15 pm or nore and 25 wa or |ess.
Phot osensitive | ayer

[ 0059] A photosensitive layer (including a charge
generation |ayer and a charge transport layer) is forned on
t he undercoat |ayer.

[ 0060] Exanpl es of the charge-generating substance used in

the present invention include azo pignments, phthal ocyani ne
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pi gnments, indigo pignents, perylene pignents, polycyclic

gui none pignments, squarylium dyes, thiapyrilium salts,

tri phenyl net hane dyes, quinacridone pignments, azulenium salt
pi gnments, cyanine dyes, anthanthrone pignents, pyranthrone

pi gnments, xanthene dyes, quinoneimne dyes, and styryl dyes.
These charge-generating substances may be used alone or in
conbi nati on of two or nore substances. From the standpoi nt
of the sensitivity, anong these charge-generating substances,
oxytitani um phthal ocyani ne, chlorogallium phthal ocyanine,

and hydroxygal | ium phthal ocyanine are preferable.

Furt hernore, anong hydroxygal lium phthal ocyanines, a

hydr oxygal | i um pht hal ocyanine crystal having a crystal form
with strong peaks at Bragg angles 20 of 7.4° £ 0.3° and
28.2° + 0.3° in a CuKa characteristic X-ray diffraction are
preferable .

[ 0061] In the enbodi nents of the present invention, the
nmeasurenent of the X-ray diffraction is conducted using a
CuKa line under the follow ng conditions:

Measuring device: Fully automatic X-ray dif fractometer MXP18,
manuf actured by Mac Science Co., Ltd.

X-ray tube: Cu

Tube voltage: 50 kV

Tube current: 300 mA

Scanni ng nmethod: 2@ © scan

Scanni ng speed: 2 deg./mn
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Sanpling interval: 0.020 deg.
Start angle (20): 5 deg.
Stop angle (20): 40 deg.
Di vergence slit: 0.5 deg.
Scattering slit: 0.5 deg.
Receiving slit: 0.3 deg.
A bent nonochromator was used.
[ 0062] In the case of a lamnated photosensitive

exanpl es of the binder resin used

| ayer include polycarbonate

butyral resins, polyvinyl

acet al

vinyl acetate resins, and urea

butyral resins are preferable.

used alone or as a mxture or

[ 0063] The charge generation

di spersing a charge-generating

in a solvent to prepare a charge generation

solution, applying the coating solution,

resulting coat. Alternatively,

may be an evaporated film of a charge-generating
[ 0064] Exanpl es of the dispersion
usi ng a honogeni zer, an ultrasonic

mll, a sand mll, a roll
[ 0065] The ratio of the charge-generating

binder resin in the charge generation

mil,

resins, polyester

These bi nder

a copol yner.

di spersion

an attritor.

PCT/JP2012/081430

| ayer,

in the charge generation
resins,
resins,

t hese resins,

resins may be

can be formed by

substance and a binder resin

coating

and drying the

the charge generation |ayer
subst ance.
i ncl ude net hods

device, a ball

substance to the

is preferably
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0.3 parts by mass or nore and 10 parts by mass or |ess of

t he charge-generating substance relative to 1 part by nmass
of the binder resin.

[0066] Exanpl es of the solvent used in the charge
generation |ayer coating solution include alcohol solvents,
sul foxi de solvents, ketone solvents, ether solvents, ester
solvents, and aromatic hydrocarbon solvents. The thickness
of the charge generation layer is preferably 0.01 um or nore
and 5 wn or less, and nore preferably 0.1 pym or nore and 2
pm or |ess.

[0067] A sensitizer, an antioxidant, an ultraviolet
absorber, a plasticizer, and the like may be optionally
added to the charge generation |ayer.

[0068] In an el ectrophot ographic photosensitive menber
including a |am nated photosensitive layer, a charge
transport layer is forned on the charge generation |[ayer.
[0069] Exanpl es of the charge—tr‘ansporting substance used
in the present invention include triarylamne conpounds,
hydrazone conpounds, styryl conpounds, stilbene conpounds,
and but adi ene conpounds. These charge-transporting
substances nmay be used alone or in conbinations of two or
nore substances. Among these charge-transporting substances,
triarylam ne conpounds are preferable from the standpoint of
the charge nobility.

[0070] In the case of a |aninated photosensitive |ayer,
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exanpl es of the binder resin used in the charge transport

| ayer include acrylic resins, acrylonitrile resins, allyl
resins, alkyd resins, epoxy resins, silicone resins,

phenolic resins, phenoxy resins, polyacrylamde resins,

pol yam de-im de resins, polyam de resins, polyallyl ether
resins, polyarylate resins, polyimde resins, polyurethane
resins, polyester resins, polyethylene resins, polycarbonate
resins, polysulfone resins, polyphenylene oxide resins,

pol ybut adi ene resins, polypropylene resins, and nethacrylic
resins. Anong these binder resins, polyarylate resins and
pol ycarbonate resins are prefverabl e. These binder resins
may be used alone or as a mixture or a copolynmner.

[0071] The ratio of the charge-transporting substance to
the binder resin in the charge transport |layer is preferably
0.3 parts by mass or nore and 10 parts by mass or |ess of
the charge-transporting substance relative to 1 part by mass
of the binder resin. From the standpoint of suppressing
cracks in the charge transport layer, the drying tenperature
is preferably 60°C or higher and 150°C or lower, and nore
preferably 80°C or higher and 120°C or lower. The drying
time is preferably 10 mnutes or nore and 60 minutes or |ess.
[0072] The charge transport |ayer can be forned by

di ssolving a charge-transporting substance and a bi nder
resin in a solvent to prepare a charge transport |ayer

coating solution, applying the coating solution, and drying
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the resulting coat.

[0073] Exanpl es of the solvent used in the charge
transport |ayer coating solution include alcohol solvents,
sul foxi de solvents, ketone solvents, ether solvents, ester
solvents, and aromatic hydrocarbon solvents.

[0074] In the case where the charge transport layer is a
single layer, the thickness of the charge transport Ilayer is
preferably 5 jyum or nore and 40 pum or less, and rroré
preferably 8 pum or nore and 30 um or |ess. In the case where
the charge transport |layer has a lamnated structure, a
charge transport |layer on the support side is preferably 5
um or nore and 30 um or less, and a charge transport |ayer
on the surface side is preferably 1 pm or nore and 10 um or
| ess.

[0075] An antioxidant, an ultraviolet absorber, a

pl asticizer, and the like may be optionally added to the
charge transport |[ayer.

[0076] In the present invention, a protective layer may be
provided on the charge transport |ayer for the purpose of,
for exanple, inproving durability and cleanability .

[0077] The protective layer can be formed by dissolving a
resin in an organic solvent to prepare a protective |ayer
coating solution, applying the coating solution, and drying
the resulting coat. Exanples of the resin used in the

protective layer include polyvinyl butyral resins, polyester
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resins, polycarbonate resins, polyanide resins, polyinide
resins, polyarylate resins, polyurethane resins, styrene-

but adi ene copol yners, styrene-acrylic acid copolyners, and
styrene-acrylonitrile copolyners .

[0078] In order to provide a charge-transporting

capability to the protective layer, the protective |ayer may
be formed by curing a nonomer material having a charge-
transporting capability or a polynmer-type charge-
transporting substance by using a cross-linking reaction.

In particular, it is desirable to form a layer cured by

pol ynmerization or cross-linking of a charge-transporting
conpound having a chain-polynerizable functional group.
Exanpl es of the chain-polynerizable functional group include
an acrylic group, a nmethacrylic group, an alkoxysilyl group,

and an epoxy group. Exanples of the curing reaction include

radi cal polynerization, ionic polynerization, thernal
pol yrmeri zati on, photopol yneri zati on, radi ati on
pol ynmeri zation (el ectron-beam polynerization) , plasna-

enhanced CvD, and photo-assisted CVD.

[ 0079] Furthernmore, conductive particles, an ultraviolet
absorber, a wear-resistance inprover, and the l|like may be
optionally added to the protective layer. As for the
conductive particles, netal oxide particles such as tin
oxide particles are preferable. Exanpl es of the wear-

resi stance inprover include fluorine-atomcontaining resin
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particles such polytetraf |uoroethylene particles, alumna
particles, and silica particles.

[ 0080] The thickness of the protective layer is preferably
0.5 um or nmore and 20 pym or less, and nore preferably 1 um
or nore and 10 wn or |ess.

[ 0081] In applying the coating solutions for formng the
respective |layers, for exanple, an application method such
as a dip application nethod (dip coating nethod) , a spray
coating nmethod, a spinner coating nethod, a roller coating
nmet hod, a Meyer bar coating nethod, or a blade coating

nmet hod can be enpl oyed.

El ect r ophot ogr aphi c appar at us

[ 0082] Fig. 1 illustrates an exanple of a schematic
structure of an el ectrophotographic apparatus including a
process cartridge having an el ectrophotographic

phot osensitive menber according to an enbodi ment of the
present invention.

[ 0083] In Fig. 1, a cylindrical electrophotographic
photosensitive menber 1 is rotated around a shaft 2 in the
direction indicated by the arrow at a predeterm ned

peri pheral speed. Wile the el ectrophotographic
photosensitive nenber 1 is rotated, the surface of the

el ectrophot ographic photosensitive nenber 1 is uniformy
charged to a certain negative potential by a charging device

(primary charging device: for exanple, a charging roller) 3.
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Next, the surface receives exposure light (inmage exposure
light) 4, the intensity of which is nodulated in accordance
with a tine-series electrical digital inmage signal of a
target image information, the exposure |ight 4 being output
from an exposure device (not shown) of a slit exposure, a
| aser beam scanning exposure, or the Ilike. Thus, an
electrostatic latent image corresponding to a target inmage
is sequentially fornmed on the surface of the

el ectrophot ographi ¢ photosensitive nmenber 1.

[ 0084] The electrostatic latent inmage forned on the
surface of the electrophotographic photosensitive nenber 1
is developed with a toner contained in a developer in a
devel oping device 5 by reversal developnent and becomes a
toner inmage. Next, the toner image forned and carried on
the surface of the electrophotographic photosensitive menber
1 is sequentially transferred to a transfer material (such
as paper) P by a transfer bias from a transferring device
(such as a transfer roller) 6. In this process, the
transfer material P is taken out from a transfer material
feeding device (not shown) in synchronization wth the
rotation of the electrophotographic photosensitive menber 1
and fed into a portion (contact portion) between the

el ectrophot ographic photosensitive mnenber 1 and the
transferring device 6. A bias voltage having a reverse

polarity to the charge polarity of the toner is applied from
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a bias power supply (not shown) to the transferring device 6.
[ 0085] The transfer material P to which the toner inmage
has been transferred is separated from the surface of the

el ectrophot ographic photosensitive nenber 1 and conveyed to
a fixing device 8 where the transfer material P is subjected
to a fixing process of the toner imge. Thus, the transfer
material P is conveyed as an image-forned product (print or
copy) to the outside of the apparatus.

[ 0086] The devel oper remaining after transfer (remaining
untransf erred toner) on the surface of the

el ectrophot ographic photosensitive nenber 1, from which the
toner inmage has been transferred, is renmoved by a cleaning
device (such as a cleaning blade) 7 so that the surface is
cl eaned. Subsequently, the surface of the

el ectrophot ographic photosensitive nenber 1 is subjected to
a charge elimnating treatnent by pre-exposure light (not
shown) from a pre-exposure device (not shown) , and is then
repeatedly wused for inmage formation. Note that, in the case
where the charging device 3 is a contact charging device
using a charging roller or the like as illustrated in Fig. 1,
pre-exposure is not necessarily perforned.

[ 0087] In the present invention, a plurality of conponents
sel ected from conmponents such as the el ectrophotographic

phot osensitive nmenber 1, the charging device 3, the

devel oping device 5, the transferring device 6, the cleaning
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device 7, etc. may be installed in a container and
integrally supported to form a process cartridge. This
process cartridge may be configured so as to be detachably
nmounted to the main body of an el ectrophotographic apparatus,
such as a copying machine or a |aser beam printer. In Fig.
1, the el ectrophotographic photosensitive nenber 1, the
charging device 3, the developing device 5, and the cleaning
device 7 are integrally supported to form a cartridge, and
the cartridge functions as a process cartridge 9 that is
detachably nmounted to the main body of the

el ectrophot ographic apparatus using a guiding device 10,

such as a rail of the main body of the electrographic

appar at us .

[ 0088] In the case where the el ectrophotographic apparatus
is a copying machine or a printer, the exposure light 4 is
reflected light or transmitted light from an original.

Alternatively, the exposure light 4 is light radiated by,

for exanple, scanning of a |laser beam in accordance with a
signal obtained by reading an original by a sensor, driving
of an LED array, or driving of a liquid-crystal shutter
array.

Exanpl es

[ 0089] The present invention wll now be described in nore
detail by way of specific Exanples, but the present

invention is not limted thereto. Note that the term "part"
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in Exanples represents "part by nass".

Exanple 1

[ 0090] An al um num cylinder having a dianeter of 30 nm and
a length of 357.5 nm was used as a support.

[ 0091] Next, 100 parts of zinc oxide particles (specific
surface area: 14 n?/g, powder resistance: 4.7 x 10% Q -cm
were mxed with 500 parts of toluene under stirring.
Subsequently, 0.2 parts of the exenplary conpound
represented by (X-1) in Table 1 (compound nanme: N 2-

(Am noet hyl) -3-am nopropyl tri methoxysil ane, trade nane:
KBM603, manufactured by Shin-Etsu Chemical Co., Ltd.) was
added thereto, and the resulting mxture was stirred for 6
hours. Subsequently, toluene was distilled off under a
reduced pressure, and the resulting product was dried by
heating at 130°C for 6 hours. Thus, surface-treated zinc
oxide particles were obtained. The ratio of the mass of the
exenpl ary conmpound represented by (X-I) to the nmass of the
zinc oxide particles is 0.20% by mass. Accordingly, the
anount of surface treatnment (A/'B) of the zinc oxide
particles is AAB = 0.20/14 = 0.014.

[ 0092] Next, 15 parts of a polyvinyl acetal resin (trade
name: BM 1, manufactured by Sekisui Chemical Co., Ltd.)
serving as a polyol resin and 15 parts of a bl ocked

i socyanate (trade nanme: Sum dur 3175, nmanufactured by Sum ka

Bayer Urethane Co., Ltd.) were dissolved in a mxed solution
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of 73.5 parts of nethyl ethyl Kketone and 73.5 parts of 1-
butanol . Next, 81 parts of the surface-treated zinc oxide
particles and 0.8 parts of 1,2-dihydroxyanthraqui none

(manufactured by Tokyo Chenical Industry Co., Ltd.) were
added to the resulting liquid, and the liquid was dispersed
with a sand mill device using glass beads having a dianeter
of 0.8 mm in an atnosphere at 23°C = 3°C for three hours.
After the dispersion treatnent, 0.01 parts of silicone oil

(trade name: SH28PA, manufactured by Dow Corning Toray Co.,
Ltd.) and 5.6 parts of cross-linked poly (nethyl
nmet hacryl at e) (PMWR) particles (trade name: TECHPOLYMER SSX-

102, manufactured by Sekisui Plastics Co., Ltd, average
primary particle dianeter: 2.5 um) serving as organic resin
particles were added thereto and the resulting mxture was
stirred. Thus, an undercoat |layer coating solution was
pr epar ed. The content of the PMVA particles relative to the
solid content of the undercoat |ayer coating solution is 5%
by nass.

[ 0093] This undercoat |ayer coating solution was applied
onto the support by dipping. The resulting coat was dried
at 160°C for 40 minutes to form an undercoat |ayer having a
t hi ckness of 20 um. The surface roughness of this undercoat
| ayer was neasured under the conditions below According to
the results, Rz was 1.1 um and RSm was 0.016 mm as shown in

Table 3.
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Measur enent conditions for surface roughness of
under coat | ayer

[ 0094] The neasurenent of Rz and Rsm of the surface
roughness was conducted using a surface roughness neasuring
devi ce SE-3400 manufactured by Kosaka Laboratory Ltd. The
nmeasurenent was conducted by scanning the surface of the
prepared undercoat layer in a central portion of the

alum num cylinder in the longitudinal (long axis) direction
in accordance with JI'S B0601: 2001 (1SO 4287:1997).

[ 0095] Next, 4 parts of a hydroxygallium phthal ocyani ne
crystal (charge-generating substance) having a crystal form
with strong peaks at Bragg angles 20 + 0.2° of 7.4° and
28.1° in a CuKa characteristic X-ray diffraction and a 0.04
parts of a conpound represented by a structural fornula (4
bel ow were added to a solution prepared by dissolving 2
parts of a polyvinyl butyral resin (trade nane: S-LEC BX-1,
manuf actured by Sekisui Chemcal Co., Ltd.) in 100 parts of
cycl ohexanone . The resulting mxture was dispersed with a
sand m |l device using glass beads having a dianeter of 1 mm
in an atnosphere at 23°C £ 3°C for one hour. After the

di spersion treatnent, 100 parts of ethyl acetate was added
thereto. Thus, a charge generation |ayer coating solution
was prepared. This charge generation |ayer coating solution
was applied onto the undercoat |ayer by dipping, and the

resulting coat was dried at 90°C for 10 mnutes to form a
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charge generation |ayer having a thickness of 0.20 umn.

[ 0096]
[Chem 3]
CH,
OH OH OH OH
CH, CH, CH,
(A)

N N N N

Il Il I [

N N N N

O,N t NO, O,N° i 'NO, O,N i NO, t ‘NO,

[0097] Next, 50 parts of an am ne conpound (charge-

transporting substance) represented by a structural formula
(B) below, 50 parts of an am ne conpound (charge-
transporting substance) represented by a structural formula
(o9 below, and 100 parts of a polycarbonate resin (trade
name: lupilon Zz400, manufactured by Mtsubishi Gas Cheni cal
Conmpany, 1Inc.) were dissolved in a mxed solvent of 650
parts of chlorobenzene and 150 parts of dinmethoxynet hane.
Thus, a charge transport |layer coating solution was prepared..
After this charge transport |layer coating solution becane
uniform the coating solution was left to stand for one day.
The charge transport Ilayer coating solution was then applied
onto the charge generation |ayer by dipping, and the
resulting coat was dried at 110°C for 30 m nutes. Thus, a

charge transport |ayer having a thickness of 21 pm was
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f or ned.
[ 0098]

[Chem 4]

H3CQ N ) -on
—“ (B) NH— § )N (C)
< & a

H3C

[ 0099] Next, 45 parts of a conpound represented by a
structural formula (p below and 55 parts ot n-propanol were
charged in an ultrahigh-pressure dispersion device, and
subjected to a dispersion treatnent. Thus, a protective

| ayer coating solution (second charge transport |ayer
coating solution) was prepared.

[ 0100]

[Chem 5]
o)
CHZCHZCHZ—O—(":—CH=CH2
H;C

H3C—©—r\g (D)

CHZCHZCHZ—O_ﬁ—CH=CH2
o)

[0101] This protective |ayer coating solution was applied
onto the charge transport |ayer by dipping, and the

resulting coat was dried at 50°C for five mnutes. After
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the drying, the coat was irradiated with an electron beam in
a nitrogen atnosphere at an accelerating voltage of 70 kV
and at an absorbed dose of 8,000 Gy for 1.6 seconds while
rotating the support. Subsequently, heat treatnment was
conducted in a nitrogen atnosphere for three mnutes under
the condition that the tenperature of the coat was 130°C
The oxygen concentration from the irradiation of the

el ectron beam to the three-mnute heat treatnment was 20 ppm.
Next, heat treatnent was conducted in air for 30 m nutes
under the condition that the tenperature of the coat was
100°C. Thus, a protective layer having a thickness of 5 urn
was forned.

[0102] Thus, an el ectrophotographic photosensitive nenber
in which the undercoat I|ayer, the charge generation |ayer,
the charge transport layer, and the protective |ayer were
di sposed on the support in that order was produced.
Exanples 2 to 29

[0103] El ect rophot ographi ¢ photosensitive nenbers were
produced as in Exanple 1 except that the ratio of the mass
of the conpound having the structure represented by the
formula (2 and the specific surface area of the zinc oxide
particles in Exanple 1 were changed as shown in Table 3.
For reference, Table 2 shows the specific surface area and
t he powder resistance of various zinc oxide particles used

in Exanples and Conparative Exanpl es.
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[ 0104]
[ Table 2]
- Powder
Spaegfalc(;té;fa)ce resistance
9 (Q-cm)

14 47 x 107

15 2.0 x 10’

16 47 x 107

17 52 x 10°

18 4.0 x 10°

19 4.7 x 10°

20 2.3x 10’

21 2.5x 107

22 2.3x 10" -

23 3.0x 10"

24 2.1 x 107

25 2.2 x10°
Exanples 30 to 33
[ 0105] El ect rophot ographi ¢ photosensitive nenbers were

produced as in Exanple 13 except that the average primary
particle diameter of the PMVA particles used for ﬁreparation
of the undercoat |ayer coating solution in Exanple 13 was
changed as shown in Table 4.

Exanples 34 and 35

[ 0106] El ect rophot ographi ¢ photosensitive nenbers were
produced as in Exanple 1 except that the ratio of the mass
of the conmpound having the structure represented by the
formula (2), the specific surface area of the zinc oxide
particles, and the content of the PMVA particles in Exanple
1 were changed as shown in Table 4.

Exanples 36 and 37

[0107] El ect rophot ographi ¢ photosensitive nenbers were
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produced as in Exanple 13 except that the organic resin
particles were changed from the PMVA particles in Exanple 13
to silicone resin particles (trade nane: TOSPEARL 145,

manuf actured by Monentive Performance Mterials Inc.,
average primary particle diameter: 4.5 um) and the content
of the resin particles was changed as shown in Table 4.
Exanpl e 38

[0108] An el ectrophot ographic photosensitive nenber was
produced' as in Exanple 13 except that the organic resin
particles were changed from the PWVMA particles in Exanple 13
to silicone resin particles (trade nane: TOSPEARL 120,

manuf actured by Monentive Performance Materials Inc.,
average primary particle dianmeter: 2.0 pm) and the content
of the resin particles was changed as shown in Table 4.
Exanpl es 39 and 40

[0109] El ectrophot ographic photosensitive nenbers were
produced as in Exanple 12 except that the organic resin
particles were changed from the PWMVA particles in Exanple 12
to silicone resin particles (trade name: TOSPEARL 145,

manuf actured by Monmentive Performance Materials Inc.,
average primary particle dianmeter: 4.5 upm) and the content
of the resin particles was changed as shown in Table 4.
Exanples 41 and 42

[0110] El ectrophot ographic photosensitive nenbers were

produced as in Exanple 12 except that the organic resin
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particles were changed from the PMMA particles in Exanple 12
to silicone resin particles (trade name: TOSPEARL 120,

manuf actured by Monentive Performance Mterials Inc.,
average prinmary particle dianeter: 2.0 un) and the content
of the resin particles was changed as shown in Table 4.
Exanples 43 to 64

[0111] El ectrophot ographic photosensitive nmenbers were
produced as in Exanple 1 except that the exenplary conpound
represented by (x-7) in Table 1 (compound name: N-2-

(Ami noet hyl ) - 3-am nopr opyl net hyl di net hoxysi | ane, trade nane:
KBM602, manufactured by Shin-Etsu Chemical Co., Ltd.) was
used as the compound having the structure represented by the
formula (2), the content of the compound, and the specific
surface area of the zinc oxide particles were changed as
shown in Table 4.

Exanpl e 65

[0112] An el ect rophot ographic photosensitive mnenber was
produced as in Exanple 53 except that 0.8 parts of 2,3, 4-
tri hydroxybenzophenone  (manufactured by Tokyo Chemi cal
Industry Co., Ltd.) was used instead of 1, 2-

di hydr oxyant hraqui none in Exanple 53.

Exanple 66

[0113] An el ectrophot ographic photosensitive nenber was
produced as in Exanple 51 except that the charge transport

| ayer coating solution and the protective |ayer coating
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solution in Exanple 51 were changed as follows to form a
charge transport |layer and a protective |ayer.

[0114] First, 30 parts of the conpound represented by the
above structural fornmula (B) (charge-transporting substance) ,
60 parts of the conpound represented by the above structural
formula (o (charge-transporting substance) , 10 parts of a
conmpound represented by a structural formula (g , 100 parts
of a polycarbonate resin (trade name: lupilon Z400,

manuf actured by M tsubishi Engineering-Plastics Corporation,
bi sphenol -Z pol ycarbonate), and 0.02 parts of a

pol ycarbonate (viscosity-average nolecular weight M:
20,000) having a structural wunit represented by a structural
formula (F) below were dissolved in a mxed solvent of 600
parts of chlorobenzene and 200 parts of dinmethoxynethane
Thus, a charge transport | ayer coating solution was prepared.
This charge transport |ayer coating solution was applied
onto the above-described charge generation |ayer by dipping
to form a coat, and the coat was dried at 100°C for 30

m nut es. Thus, a charge transport I|ayer having a thickness
of 21 pm was forned.

[0115]

[Chem 6]
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[0116] Next, a protective layer coating solution (surface

| ayer coating solution) was applied onto the charge

transport layer by the follow ng procedure.

[0117] First, 1.5 parts of a fluorine-atom containing

resin (trade name: GF-300, nmanufactured by Toagosei Co.,

Ltd. ) was dissolved in a mxed solvent of 45 parts of
1,1,2,2,3,3,4-heptaf |uorocycl opent ane (trade nane: Zeorora-H,
manuf actured by Zeon Corporation) and 45 parts of 1-propanol.
Subsequently, 30 parts of a fluorinated ethylene resin

powder (trade nane: Lubron L-2, manufactured by Daikin
Industries, Ltd. ) was added thereto, and the resulting

liquid was passed through a high-pressure dispersion device
(trade nane: Mcrof |uidizer M110EH, manufactured by

Mcrof luidics Corporation, USA) . Thus, a dispersion liquid
was obtained. Subsequently, 70 parts of a hole-transporting
conpound represented by the formula (b, 30 parts of
1,1,2,2,3,3,4-heptaf |uorocycl opentane, and 30 parts of 1-

propanol were added to the dispersion liquid. The resulting
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liquid was filtered through a polyflon filter (trade nane:
PF- 040, manufactured by Advantec Toyo Kaisha, Ltd.). Thus,
a protective layer coating solution was prepared.

[0118] Thi‘s protective |ayer coating solution was applied
onto the charge transport |ayer by dipping, and the
resulting coat was dried at 50°C for five mnutes. After
the drying, the coat was irradiated with an electron beam in
a nitrogen atnosphere at an accelerating voltage of 70 kV
and at an absorbed dose of 8,000 Gy for 1.6 seconds while
rotating the support. Subsequently, heat treatnent was
conducted in a nitrogen atnosphere for three mnutes under
the condition that the tenperature of the coat was 130°C.
The oxygen concentration fromthe irradiation of the
electron beam to the three-mnute heat treatnment was 20 ppm
Next, heat treatnent was conducted in air for 30 mnutes
under the condition that the tenperature of the coat was
100°C. Thus, a protective l|ayer having a thickness of 5 um
was forned.

Conparative Exanple 1

[0119] An el ectrophot ographic photosensitive nenber was
produced as in Exanple 41 except that zinc oxide particles
having a specific surface area of 13 m?/g, a powder
resistance of 1.5 x 105 Q-cm and a purity of 98.9% were
used as the zinc oxide particles.

Conparative Exanples 2 to 12
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[0120] El ect rophot ographi ¢ photosensitive nenbers were
produced as in Conparative Exanple 1 except that the content
of the am nosilane conpound having the structure represented
by the fornmula (2 and the specific surface area of the zinc
oxide particles in Conparative Exanple 1 were changed as
shown in Table 5.

Conparative Exanple 13

[0121] An el ectrophot ographi ¢ photosensitive nenber was
produced as in Conparative Exanple 1 except that the organic
resin particles were changed from the silicone resin
particles in Conparative Exanple 1 to PMVA particles having
an average primary particle dianmeter of 2.7 pm, and the
amount of the silicone resin, the content of the am nosilane
compound having the structure represented by the formula (2),
and the specific surface area of the zinc oxide particles in
Conparative Exanple 1 were changed as shown in Table 5.

Eval uation of variation in light-area potential in
repeated use

[0122] An el ectrophot ographic copying nachi ne manufact ured
by CANON KABUSHI KI KAISHA (trade name: GP405, the

el ectrophot ographi ¢ copyi ng nmachine being nodified so that
the process speed was 300 mmisec, and including a charging
device in which a direct-current voltage superinposed wth
an alternating-current voltage was applied to a roller-

shaped contact charging nenber (charging roller) ) was used
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as an evaluation apparatus. Each of the el ectrophotographic
phot osensitive nenbers of Exanples 1 to 66 and Conparative
Examples 1 to 13 was attached to a drum cartridge of this
eval uation apparatus, and evaluated as described bel ow.
[0123] The evaluation apparatus was placed in a high-
tenperature, high-humidity environnent of 30°C 85%R:H.
Regarding the charging conditions, the alternating-current
component applied to the charging roller had a peak-to-peak
voltage of 1,500 V and a frequency of 1,500 Hz, and the
direct-current conponent was -850 Vv. The exposure
conditions were adjusted so that an initial |light-area

pot enti al (via) before repeated use in the case of
irradiation of |aser exposure light was -200 V.

[0124] A surface potential of the electrophotographic
photosensitive nenber was neasured as follows. The

devel opnent cartridge was detached from the evaluation
apparatus, and a potential probe (trade nane: nodel 6000B-8,
manufactured by TREK Inc.) was fixed to the cartridge. The
surface potential was neasured using a surface potential
meter (nmodel 344, manufactured by TREK Inc.). The potenti al
nmeasurenment device includes a potential measuring probe
arranged at a developnment position of the devel oprment
cartridge. The potential nmeasuring probe was positioned at
the center in the axial direction of the electrophotographic

phot osensitive nenber, and the gap from the surface of the
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el ectrophot ographic  photosensitive nenber was set to 3 nm
[0125] Next, the evaluation wll be described. Note that,
in each of the electrophotographic photosensitive nenbers,
the evaluation was performed under the charging conditions
and exposure conditions that were initially set.

[0126] Each of the produced el ectrophotographic
photosensitive nenbers was left to stand in an environnent
at a tenperature of 30°C and at a humidity of 85%RH for 72
hours. The devel opnent cartridge including the

el ectrophot ographic photosensitive nmenber therein was
attached to the evaluation apparatus, and the photosensitive
menber was repeatedly used by passing 50,000 sheets. After
the passing of the sheets, the evaluation apparatus was |left
to stand for five mnutes. The devel opment cartridge was
then attached to the potential neasurenent device and the

light-area potential (Mb) after the repeated use was

nmeasur ed. The anount of variation in the light-area
potentialb in the repeated use (Avi = |VIb] - |Via]|) was
cal cul at ed. In the above formula, Via represents the
initial light-area potential before the repeated use, and

I(Vib | and |Via| respectively represent the absolute values
VIib and Via. The evaluation results are shown in Tables 3

to 5.



WO 2013/081170

PCT/JP2012/081430

47
[0127]
[ Tabl e 3]
Organic resin Amoofunt
BET |Aminosilane particles .
(Value | exemplary CX?,EZ ;1 t A/B (Average o:g:inn' c (lﬁ)ll-ll) (R;) FmsrrT)
of B) | compound primary particle particles M
diameter) (mass%)
Example 1 14 (X-1) 020 [0.014 [PMMA(25um){ 5% 17 1.1 10.016
Example 2 14 (X-1) 0.70 | 0.050 |PMMA(2.5um)| 5% 14 1.1 10.016
Example 3 15 (X-1) 0.50 |0.033 [PMMAQ25um)| 5% 14 1.1 {0.016
Example 4 15 (X-1) 0.75 10.050 IPMMA(25um)| 5% 13 1.1 10.016
Example 5 16 (X-1) 040 |0.025 | PMMAQ25um)| 5% 14 1.1 10.016
Example 6 16 (X-1) 0.75 [ 0.047 | PMMA (2.5 um 5% 13 1.1 |0.016
Example 7 16 (X-1) 080 [0.050 |PMMA(25um)| 5% 13 1.1 10.016
Example 8 17 (X-1) 020 |0.012 | PMMA(25um)!| 5% 17 1.1 10.016
Example 9 17 (X-1) 0.80 |0.047 | PMMA (2.5 um 5% 13 1.1 10.016
Example 10| 18 (X-1) 0.75 10.042 |IPMMA(25um)| 5% 13 1.1 |0.016
Example 11| 18 (X-1) 0.90 [0.050 |PMMA(25um)| 5% 13 1.1 10.016
Example 12 ] 19 (X-1) 020 {0011 |PMMA(25um)! 5% 16 1.1 10.016
Example 13| 19 (X-1) 0.75 |0.039 [PMMA(25um)| 5% 13 1.1 10.016
Example 14 | 20 (X-1) 0.50 |0.025 |PMMA(25um)| 5% 13 1.1 10.016
Example 15| 20 (X-1) 0.75 10.038 |PMMA(25um)| 5% 13 1.1 |0.016
Example 16 [ 20 (X-1) 1.00 | 0.050 |PMMA(25um)| 5% 14 1.1 10.016
Example 17 | 21 (X-1) 020 |0.010 |PMMA(25pum)] 5% 16 1.1 |0.016
Example 18 | 21 (X-1) 0.70 |0.033 | PMMA(25um)| 5% 13 1.1 10.016
Example 19| 21 (X-1) 0.80 |0.038 |PMMA(25um)| 5% 13 1.1 [0.016
Example 20 | 22 (X-1) 0.75 |]0.034 |PMMA(25um)| 5% 13 1.1 10.016
Example 21 [ 22 (X-1) 1.10 [ 0.050 |PMMA (2.5um)| 5% 14 1.1 10.016
Example 22 | 23 (X-1) 030 |0.013 | PMMA(25um)] 5% 17 1.1 10.015
Example 23 | 23 (X-1) 0.8 0.035 | PMMA(25um)| 5% 13 1.1 10.015
Example 24 | 24 (X-1) 0.6 0.025 |PMMA(2.5um)| 5% 13 1.1 [0.015
Example 25| 24 (X-1) 0.75 ]0.031 |PMMA(25um)| 5% 13 1.1 [0.015
Example 26 { 24 (X-1) 1.2 0.050 |PMMA (25 um)| 5% 14 1.1 10.015
Example 27| 25 (X-1) 0.3 0.012 |PMMA(25um)| 5% 17 1.1 |0.015
Example 28 | 25 {(X-1) 0.9 0.036 |PMMA(25um)| 5% 13 1.1 {0.015
Example 29| 25 (X-1) 1.2 0.048 |PMMA(2.5um)| 5% 14 1.1 |0.015
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[ 0128]
[ Tabl e 4]

Amount

BET | Aminosilane Organic resin particles of .
(Value | exemplary Co?:/(: )n tA A/B (Avgrage. primary o:g:innl c (lﬁ)ll-ll) (5:1) (F:fo;
of B) { compound particle diameter) particles

(mass%)
Example 30| 19 (X-1) 0.75 |0.039 PMMA (3.0 um) 5% 13 | 1.3 |0.016
Example 31] 19 X1 0.75 ]0.039 PMMA (3.5 um) 5% 13 | 1.5 10.018
Example 32| 19 X-1) 0.75 |0.039 PMMA (4.0 um) 5% 15 | 1.7 {0.020
Example 33| 19 X-1) 0.75 ]0.039 PMMA (1.0 um) 5% 13 | 0.9 {0.015
Example 34| 19 (X-1) 1.2 0.048 PMMA (2.5 um) 6% 13 | 1.2 10.017
Example 35| 19 X-1) 1.2 0.048 PMMA (2.5 um) 4% 13 1 [0.015
Example 36| 19 (X-1) 0.75 10.039 | Silicone resin (4.5 um) 3% 20 | 1.2 10028
Example 37| 19 (X-1) 0.75 | 0.039 | Silicone resin (4.5 um) | 4% 22 | 1.3 [0.028
Example 38} 19 (X-1) 0.75 10.039 | Siliconeresin 2.0um)| 4% 20 | 1.2 10025
Example 39| 19 (X-1) 0.20 [ 0.011 | Silicone resin (4.5 um) 3% 22 | 1.2 [0.028
Example 40] 19 X-1) 0.20 | 0.011 | Silicone resin (4.5 um) 4% 23 1.3 10.028
Example 41| 19 (X-1) 0.20 | 0.011 | Silicone resin (2.0 um) 3% 21 1.1 ]0.025
Example 42 18 (X-1) 0.20 0.011 | Silicone resin (2.0 ym) 4% 22 1.2 {0.025
Example 43| 16 X7 0.40 |0.025 PMMA (2.5 um) 5% 9 1.1 10.016
Example 44| 16 (X-7) 0.75 |0.047 PMMA (2.5 um) 5% 8 1.1 {0.016
Example 45| 16 (X-7) 0.80 | 0.050 PMMA (2.5 um) 5% 8 1.1 10.016
Example 46| 17 (X-7) 0.20 }0.012 PMMA (2.5 um) 5% 12 | 1.1 10.016
Example 47| 17 (X-7) 0.80 [0.047 PMMA (2.5 um) 5% 8 1.1 [0.016
Example 48| 18 X7 0.75 |0.042 PMMA (2.5 um) 5% 8 1.1 1 0.016
Example 49| 18 (X-7) 0.90 |0.050 PMMA (2.5 um) 5% 8 1.1 10.016
Example 50| 19 X7 0.20 |0.011 PMMA (2.5 um) 5% 11 1.1 [ 0.016
Example 51| 19 (X-7) 0.75 10.039 PMMA (2.5 um) 5% 8 1.1 10.016
Example 52| 20 X7 0.50 {0.025 PMMA (2.5 um) 5% 8 1.1 10.016
Example 53] 20 X-7) 0.75 ]0.038 PMMA (2.5 um) 5% 8 1.1 10.016
Example 54| 20 (X-7) 1.00 10.050 PMMA (2.5 um) 5% 9 1.1 ]0.016
Example 55| 21 X-7) 0.20 [0.010 PMMA (2.5 um) 5% 11 1.1 | 0.016
Example 56| 21 (X-7) 0.70 10.033 PMMA (2.5 um) 5% 8 1.1 10.016
Example 57| 21 (X-7) 0.80 |0.038 PMMA (2.5 um) 5% 8 1.1 [0.016
Example 58] 22 X-7) 0.75 ]0.034 PMMA (2.5 um) 5% 8 1.1 10.016
Example 59| 22 X-7) 1.10 | 0.050 PMMA (2.5 um) 5% 9 1.1 [ 0.016
Example 60) 23 X7 0.30 ]0.013 PMMA (2.5 um) 5% 12 | 1.1 | 0.015
Example 61| 23 (X-7) 0.8 0.035 PMMA (2.5 um) 5% 8 1.1 10.015
Example 62| 24 (X-7) 0.6 0.025 PMMA (2.5 um) 5% 8 1.1 10.015
Example 63| 24 (X-7) 0.75 [0.031 PMMA (2.5 um) 5% 8 1.1 10.015
Example 64| 24 (X-7) 1.2 0.050 PMMA (2.5 um) 5% 9 1.1 | 0.015
Example 5] 20 (X-7) 0.75 ]0.039 PMMA (2.5 um) 5% 8 1.1 |/ 0.016
Example 66| 19 X-7 0.75 10.039 PMMA (2.5 um) 5% 8 1.1 ] 0.016
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[0129]
[Table 5]
Organip resin Amount of
BET |Aminositane | o o (F,i\a\,rgrc;(; organic | Avi | Rz |Rsm
ool comen’ 2T | e | | o [
gone, | e

csgﬁzti\{e 13 | x1) 0.20 [0.015 Sig?gzrr:)Si" 3% | 32 | 1.1 0025
Cé)gﬁqa;;?eﬁ;e 13 | (1 0.60 |0.046 S"i(‘;‘_’gir’:)sm 3% | 30 | 1.1 [0.025
ng‘:;f;i‘ée 14 | (%1 | 010 |0.007 Si"ggi_::)sm 3% | 28 | 1.1 |0.025
Cé’gf:;f:ize 14 | (x1) | 075 |0054 Si"ggl:;m 3% | 28 | 1.1 |0.025
Cé’)gﬁf;f;i‘ée 15 |  (x-1) | 080 |0.053 Si"(‘;‘_’gi::)sm 3% | 30 | 1.1 |0.025
céagprf;aeti\ée 20 (X-1) 0.10 | 0.005 S"g’gi:f” 3% | 28 | 1.1 [0.025
Cg)g‘:;f‘;“;e 21 | (x1) 110 |0.052 S"g’gi::)si" 3% | 27 | 11 0025
Cg)’(’;‘:‘;f“:‘é‘a 25 | (x-1) | 020 |o0.008 S"ggig)sm 3% | 28 | 11 [0.025
Cpera| 25 | (1) | 130 | 0062 S‘"(‘;‘_’gi;ffi" 3% | 31 | 1.1 |0.025
%‘)’ggﬂ:t;": 26 | (X-1) 0.30 |0.012 S"i(‘;‘_’girr:)sm 3% | 28 | 1.1 ]0.025
%i‘:ﬁij:“}’f 26 | (X-1) | 075 |0.029 Si"(‘;‘_’gi:f)sm 3% | 30 | 1.1 |0.025
%‘)’(‘;‘g’:‘)‘:‘;"; 26 | (X-1) | 120 |0.046 Si"(‘;‘_’girr:)sm 3% | 31 | 1.1 ]0.025
%‘)’(’;‘:ﬂ:‘;"; 19 (X-1) 1.50 |0.066 PMm‘)‘z‘? 5% 28 | 1.1 10.015
[0130] In Tables 3 to 5, the term "BET" represents the

specific surface area of

B) .

The term

"cont ent

A (N

of the mass of the conpound

(2)

"Avi (H/H)" represents

area potenti al

represents

zinc oxide particles

t he

(the val ue of

ratio A (nmass%

represented by the above formula

t he anpunt

to the mass of the zinc oxide particles.

of variation

The synbol

in the repeated use of the photosensitive

in the light-
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menber in the high-tenperature, high-humdity environnent.
[0131] These results show that even when an

el ectrophot ographi ¢ photosensitive nenber is repeatedly used
for a long tinme in a high-tenperature, high-humdity
environment, a variation in the light-area potential can be
suppressed by incorporating zinc oxide particles whose
surfaces have been treated with a conpound represented by
the formula (2) so as to satisfy the fornmula (1) in an

undercoat |ayer of the el ectrophotographic photosensitive

menber .

[0132] While the present invention has been described wth
reference to exenplary enbodinents, it is to be understood
that the invention is not limted to the disclosed exenplary

enbodi nents. The scope of the following clains is to be
accorded the broadest interpretation so as to enconpass all
such nodifications and equivalent structures and functions.
[ 0133] This application cl ains the benefit of Japanese
Patent Application No. 2011-262121, filed Novenber 30, 2011
and No. 2012-254809 filed Novenmber 21, 2012, which are

hereby incorporated by reference herein in their entirety.
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CLAI M5

[11 An el ectrophotographic photosensitive nenber,
conprising :

a support;

an undercoat |ayer formed on the support; and

a photosensitive layer formed on the undercoat | ayer,

wherein the undercoat |ayer conprises:

a urethane resin, and
zinc oxide particles whose surfaces have been

treated with a conmpound represented by the following fornula
(2) ,

when a ratio of the mass of the compound represented by
the formula (2 relative to the mass of the zinc oxide
particles is A mass% and a specific surface area of the
zinc oxide particles is B nf/g,

the anount of surface treatnment which is defined as A/ B
satisfies the following formula (1), and the value of B is
from 14 to 25,

0.010 < A/B < 0.050 --- (1), and
[Chem 1]

OR1
R5—HN—R4-SiI— R3 (2)
bre

wherein, in the formula (2 ,

R! and R2 each independently represent an alkyl group
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having 1 to 3 carbon atons,

R3 represents an alkyl group having 1 to 3 carbon atons
or an al koxy group having 1 to 3 carbon atons,

R4 represents a bivalent group represented by the
following formula (R4-1), (R4-2) or (R4-3), and

R> represents a hydrogen atom a phenyl group, or an

al kyl group having 1 to 3 carbon atons, and

|

—{CHy)}— (R4-1)
—{CHy}—NH—R5— (R4-2)

—{CH,)—NH—R*—NH—R’— (R4-3)

wherein, in the formulas (R4-1) , (R4-2) and (R4-3) ,

[Chem 2

m is an integer nunber selected from 1 to 3, and

R6 and R’ each independently represent an alkylene group
having 1 to 4 carbon atons.
[21  An el ectrophotographic photosensitive nenber according
to claim 1,

wherein the anmount of surface treatnment satisfies the
following formula (3):

0.025 < A/B < 0.050 --- (3
[3] An electrophotographic photosensitive nmenber according
to claim 1 or 2,

wherein, in the fornmula (2 ,

R3 is an alkyl group having 1 to 3 carbon atons.
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[4) An el ectrophotographic photosensitive nmenber according
to any one of clains 1 to 3,
wherein the undercoat |ayer further conprises particles
of cross-linked poly (nmethyl methacryl ate)
[5] An el ectrophotographic photosensitive nenber according
to any one of clainms 1 to 4,
wherein the undercoat |ayer further conprises at |east
one selected fromthe group consisting of a benzophenone
compound having a hydroxy group, and an anthraqui none
conpound having a hydroxy group.
[6] A method of producing the el ectrophotographic
phot osensitive menber according to any one of clainms 1 to 5,
wherein the method conprises the follow ng steps of:
formng a coat for the undercoat |ayer by using an
undercoat |ayer coating solution; and
form ng the undercoat |ayer by heat-drying of the coat,
and
wherein the undercoat |ayer coating solution conprises:
a conpound having one or nore isocyanate groups,
a polyol resin, and
the zinc oxide particles whose surfaces have been
treated with the conpound represented by the fornula (2) .
[71 A process cartridge detachably attachable to a main
body of an el ectrophotographic apparatus, wherein the

process cartridge integrally supports:
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t he el ectrophot ographic photosensitive menber according
to any one of clains 1 to 5, and

at least one device selected from the group consisting
of a charging device, a developing device, a transferring
device, and a cleaning device.
[8] An el ectrophotographic apparatus conprising:

t he el ectrophot ographic photosensitive nenber according
to any one of clains to 1 to 5;

a chargi ng device;

an exposure device;

a devel opi ng device; and

a transferring device.
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