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DESCRIPTION
ELECTROPHOTOGRAPHIC PHOTOSENSITIVE MEMBER,
PROCESS CARTRIDGE, ELECTROPHOTOGRAPHIC
APPARATUS, AND METHOD OF MANUFACTURING
ELECTROPHOTOGRAPHIC PHOTOSENSITIVE MEMBER

Technical Field
[0001]The present invention relates to an electrophotographic
photosensitive member, a process cartridge, an
electrophotographic apparatus, and a method of
manufacturing an electrophotographic photosensitive
member.
Background Art
[0002]An organic electrophotographic photosensitive member
(hereinafter, referred to as "electrophotographic
photosensitive member™) containing an organic charge-
generating substance (organic photoconductive
.substance) is known as an electrophotographic
photosensitive member mounted.on én éléctrophotographic
apparatus. In an electrophotographic process, a
variety of members such as a developer, a charging
member, a cleaning blade, paper, and a transferring
member (hereinafter, also referred to as "contact
member or the like") have contact with the surface of
the electrophotographic photosensitive member.
Therefore, the electrophotographic photosensitive
member is required to reduce generation of image
deterioration due to contact stress with such contact
members or the like. In particular, in recent years,
the electrophotographic photosensitive'member is
required to have a sustained effect of reducing the
image deterioration due to contact stress with
improvement of durability of the electrophotographic
photosensitive member.
"[0003]For sustained reduction of contact stress, Patent

Literature 1 has proposed a method of forming a matrix-
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domain structure in the surface layer using a siloxane
resin obtained by integrating a siloxane structure into
a molecular chain. In particular, the literature shows
that use of a polyester resin integrated with a
specifié siloxane structure can achieve an excellent
balance between sustained reduction of contact stress
and potential stability (suppression of variation) in
repeated use of the electrophotographic photosensitive
member.

[0004]0n the other hand, there has been proposed a technology
for adding a siloxane-modified resin having a siloxane
structure in its molecular chain to a surface layer of
an electrophotographic photosensitive member. Patent
Literature 2 and Patent Literature 3 have each proposed
an electrophotographic photosensitive member containing
a polycarbonate resin integrated with a siloxane
structure having a specific structure and a polyester
resin integrated with a siloxane structure having a
specific structure, and effects such as improvements in
sliding property and durability of the surface of the
photosensitive member.

Citation List
Patent Literature .
[0005]PTL 1: International Patent WO 2010/008095A
[0006]PTL 2: Japanese Patent Application Laid-Open No. HO05-
’ 158249

[0007]PTL 3: Japanese Patent Application Laid-Open No. HO08-
234468
Summary of Invention
Technical Problem

[0008]The electrophotographic photosensitive member disclosed
in Patent Literature 1 has an excellent balance between
sustained reduction of contact stress and potential
stability in repeated use. However, the inventors of
the present invention have made studies, and as a

result, the inventors have found ‘that, in the case of



WO 2012/074082 PCT/JP2011/077885

using a charge-transporting substance having a specific
structure, the pbtential'stability in repeated use can
further be improved.

(0009]Patent Literature 2 has reported that a polycarbonate
resin having a siloxane structure in the side chain is
used to improve the sliding property of the surface of
an electrophotographic photosensitive member. However,
the electrophotographic photosensitive member of Patent
Literature 2 does not sufficiently achieve an excellent
balance between a sustained reduction of contact stress
and potential stability (suppression of variation) in
repeated use of the electrophotographic photosensitive
member. .

[0010]Patent.Literature 3 has reported that, in a
photosensitive member containing a resin integrated
with a siloxane structure, the sliding property and
abrasion resistance of the surface are improved.
However, the electrophotographic photosensitive member
of Patent Literature 3 does not sufficiently achieve an
excellent balance between a sustained reduction of
contact stress and potential stability (suppression of
variation) in repeated use of the electrophotographic
photosensitive member.

[0011]An object of the present invention is to provide an
electrophotographic photosensitive member containing a
specific charge-transporting substance, which has an
excellent balance between sustained reduction of
contact stress with a contact member or the like and
potential stability in repeated use. Another object of
the present invention is to provide a process cartridge
haVing the electrophotographic photosensitive member
and an electrophotographic apparatus having the
electrophotographic photosensitive member. A further
object of the present invention is to provide a method
of manufacturing the electrophotographic photosensitive

member.



WO 2012/074082 PCT/JP2011/077885

Solution to Problem

[0012]The above-mentioned objects are achieved by the
following present invention.

[0013]The present invention relates to an electrophotographic
photosensitive member, comprising: a conductive support,
a charge-generating layer which is provided on the
conductive support and comprises a charge-generating
substance, and a charge-transporting layer which is
provided on the charge-generating layer and is a
surface layer of the electrophotographic photosensitive
member; wherein the charge-transporting layer has a
matrix-domain structure having: a domain which
comprises a polyester resin A having a repeating
structural unit represented by the following formula
(A) and a repeating structural unit represented by the
following formula (B); and a matrix which comprises, at
least one resin selected from the group consisting of a
polycarbonate resin C having a repeating structural
unit represented by the following formula (C) and a
polyester resin D having a repeating structural unit
represented by the following formula (D), and at least
one charge-transporting substance selected from the
group consisting of a compound represented by the
following formula (1), a compound represented by the
following formula (1'), a compound represented by the
following formula (2), and a compound represented by
the folloWing formula (2'); wherein the content of a
siloxane moiety in the polyester resin A is not less
than 5.0% by mass and not more than 40% by mass

relative to the total mass of the polyester resin A.
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——C—X-C~ Y’ o1 (A)

[0014]In the formula (A), Y' represents a single bond, a
methylene group, an ethylidene group, a propylidene
group, a phenylethylidene group, a cyclohexylidene
group, or an oxygen atom; Xlrepresents a meta-phenylene
group, a para—phénylene group, or a bivalent group
having two para-phenylene groups bonded with an oxygen
atom; and W' represents an univalent group represented
by the following'formula (a), or an univalent group
represented by the following formula (b).

C|:H3 (b)
R43 s|—o O_Sl'
CH3 CHjs

[0015]In the formulae (a) and ’ 41represents a methyl
group or a phenyl group, R42 and R*? each independently
represents an alkyl group having 1 to 4 carbon atoms,
"n" represents the number of repetitions of a structure
within brackets, an average of "n" in the polyester
resin A ranges from 10 to 150; "m" and "k" each
independently represents the number of repetitions of a

structure within brackets, an average of "m+k"™ in the
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polyester resin A ranges from 10 to 150.

0
Ry .
E—x2-C—0

R51

R53

R52
Y2

R54

ol (8)

[0016]In the formula (B), R*! to R% each independently

represents a hydrogen atom,

represents a meta-phenylene group,

group,

groups bonded with an oxygen atom,

single bond,

propylidene group,

cyclohexylidene group,

__Z_OO Q

a methylene group,

a

or a methyl group, X2

a para-phenylene

or a bivalent group having two para-phenylene

and Y? represents a

n ethylidene group, a

a phenylethylidene group, a

or an oxygen atom.

(C)

[0017]In the formula (C), R®! to R* each independently

represents a hydrogen atom,
represents a single bond,
ethylidene group,
phenylethylidene group,

oxygen atom.

7
—C—X*C—

O
[}

R71

R73

or a methyl group,

a cyclohexylidene group,

R72

Y4 O

and Y3

a methylene group, an

a propylidene group, a

or an

(D)

R74 _

[0018]In the formula (D), R’' to R’ each independently

represents a hydrogen atom,
represents a meta-phenylene group,

group,

groups bonded with an oxygen atom,

or a

methyl group, X*

a para-phenylene

and a bivalent group having two para-phenylene

and Y* represents a
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single bond, a methylene group, an ethylidene group, a
propylidene group, a cyclohexylidene group, or an

oxygen atom.

R1
\N
\ (1) N (1)
Ar1/ A Ar1/ N—ar2
R2 . R?

[0019]1In the formulae (1) and (1'), Ar' represents a phenyl
group, or a phenyl group substituted with a methyl
group or an ethyl group, Ar? represents a phenyl group,
a phenyl group substituted with a methyl group, a
phenyl group substituted with an univalent group
represented by the formula “-CH=CH-Ta”, or a biphenyl
group substituted with an univalent group represented
by the formula “-CH=CH-Ta” (where, Ta represents an
univalent group derived from a benzene ring of a
triphenylamine by loss of one hydrogen atom, or derived
from a benzene ring of a triphenylamine substituted
with a methyl group or an ethyl group by loss of one
hydrogen atom), R! represents a phenyl group, a phenyl
group substituted with a methyl group, or a phenyl
group substituted with an univalent group represented
by the formula “—CH=C(Ar3)Ar4” (where, Ar® and Ar? each
independently represents a phenyl group or a phenyl
group substituted with a methyl group), and R?
represents a hydrogen atom, a phenyl group, or a phenyl
group substituted with a methyl group.
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//—Ar22

7N\ 4

Ar?’ A | |
\ )
é -
I.23 |‘26
Arzg;NNf=<Ar27 ()

Ar?® Ar?8

[(0020]In the formulae (2) and (27), Ar”, Ar”, Ar”, Ar%, ar?’,
and Ar?® each independently represents a phenyl group or
a tolyl group, Ar?® and Ar?® each independently
represents a phehyl group or a phenyl group substituted
with a methyl group.

[0021]The present invention also relates to a process
cartridge detachably attachable to a main body of an
electrophotographic apparatus, wherein the process
cartridge integrally supports: the electrophotographic
photosensitive member; and at least one device selected
from the group consisting of a charging device, a
developing device, a transferring device, and a
cleaning device. v

[0022]The present invention also relates to an
electrophotographic apparatus, comprising: the
electrophotographic photosensitive member; a charging
device; an exposing device; a developing device; and a
transferring device. |

[0023]The present invention also relates to a method of
manufacturing the electrophotographic photosensitive
member, wherein the method comprises a step of forming
the charge-transporting layer by applying a charge-
transporting-layer coating solution on the charge-

generating layer and drying the coating solution, and



WO 2012/074082 PCT/JP2011/077885

wherein the charge-transporting-layer coating solution
comprises: the polyester resin A, at least one resin
selected from the group consisting of the polycarbonate
resin C and the polyester resin D, and at least one
charge-transporting substance selected from the group
consisting of the compound represented by the formula
(1), the compound represented by the formula (1'), the
compound represented by the formula (2), and the
compound represented by the formula (2').
Advantageous Effects of Invention

[0024]According to the present invention, it is possible to
provide the electrophotographic photosensitive member
containing a specific charge-transporting substance,
which has an excellent balance between sustained
reduction of contact stress with a contact member or
the like and potential stability in repeated use.
Moreover, according to the present invention, it is
also possible to provide the process cartridge having
the electrophotographic photosensitive member and the
electrophotographic apparatus having the
electrophotographic photosénsitive member. Further,
according to the present invention, it is also possible
to provide the method of manufacturing the
electrophotographic photosensitive member.

[0025]Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawing.
Brief Description of Drawing

(0026] [FIGURE]FIGURE is a diagram that schematically shows
the construction of an electrophotographic apparatus
including a process cartridge having an
electrophotographic photosensitive member of the
present invention.
Description of Embodiments

[0027]Hereinafter, a polyester resin A is referred to as

component o. At least one resin selected form the
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group consisting of a polycarbonate resin C having a
repeating structural unit represented by the formula
(C) and a polyester resin D having a repeating
structural unit represented by the formula (D) is
referred to as component . At least one charge-
transporting substance selected from the group
consisting of a compound represented by the formula (1),
a compound represented by the formula (1'), a compound
represented by the formula (2), and a compound
represented by the formula (2') is referred to as
component vy.

[0028]As described above, an electrophotographic
photosensitive member of the present invention
includes: a conductive support, a charge-generating
layer which is provided on the conductive support and
comprises a charge-generating substance, and a charge-
transporting layer which is provided on the charge-
generating layer and is a surface layer of the
electrophotographic photosensitive member, in which the
charge-transporting layer has a matrix-domain structure
having: a matrix which includes a component B and a
component y; and a domain which includes a component o.

[0029]When the matrix-domain structure of the present
invention is compared to a "sea-island structure,"”" the
matrix corresponds to the sea, and the domain
corresponds to the island. The domain including the
component o has a granular (island-like) structure
formed in the matrix including the components B and vy.
The domain including the component o is present in the
matrix as an independent domain. Such matrix-domain
structure can be confirmed by observing the surface of
theAcharge—transporting layer or the cross-sectional
surface of the charge-transporting layer.

[0030]0bservation of a state of the matrix-domain structure
or determination of the domain structure can be

performed by using, for example, a commercially
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available laser microscope, a light microscope, an
electron microscope, or an atomic force microscope.
Observation of the state of the matrix-domain structure
or determination of the domain structure can be
performed by using any of the above-mentioned
microscopes at a predetermined magnification.

[0031]The number average particle size of the domain
including the component o in the present invention is
preferably not less than 100 nm and not more than 1,000
nm. Further, the particle size distribution of the
particle sizes of each domain is preferably narrow from
the viewpoint of sustained effect of reducing contact
stress. The number average particle size in the
present invention is determined by arbitrarily
selecting 100 of domains confirmed by observing the
cross-sectional surface obtained by vertically cutting
the charge-transporting layer of the present invention
by the above-mentioned microscope. Then, the maximum
diameters of the respective selected domains are
measured and averaged to calculate the number average
particle size of each domain. It should be noted that
if the cross—-sectional surface of the charge-

. transporting layer is observed by the microscope, image
information in a depth direction can be obtained to
provide a three-dimensional image of the charge-
transporting layer.

[0032]The matrix-domain structure of the charge-transporting
layer in the electrophotographic photosensitive member
of the present invention can be formed by using a
charge-transporting-layer coating solution which
contains the components o, B, and y. In addition, the
electrophotographic photosensitive member of the
present invention can be manufactured by applying the
charge-transporting-layer coating solution on the
charge-generating layer, and drying the coating

solution, thereby forming the charge-transporting layer.
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[0033]The matrix-domain structure of the present invention is
a structure in which the domain including the component
o 1s formed in the matrix including the components {
and y. It is considered that the effect of reducing
contact stress is sustainably exerted by forming the
domain including the component o not only on the
surface of the charge-transporting layer but also in
the charge-transporting layer. Specifically, this is
probably because the siloxane resin component having an
effect of reducing contact stress, which is reduced by
a friction of a member such as paper or a cleaning
blade, can be supplied from the domain in the charge-
transporting layer.

[0034]The inventors of the present invention have found that,
in the case where a charge-transporting substance
having a specific structure is used as the charge-
transporting substance, the potential stability in
repeated use may further be improved. Further, the
inventors have estimated the reason of further
enhancement of the potential stability in repeated use
in an electrophotographic photosensitive member
containing the specific charge-transporting substance
(the component y) of the present invention, as follows.

[0035]In the electrophotographic photosensitive member
including the charge-transporting layer having the
matrix-domain structure of the present invention} it is
important to reduce the charge-transporting substance
content in the domain of the formed matrix-domain
structure as much as possible for suppressing a
potential variation in repeated use. In the case where
compatibility between the charge-transporting substance
and a resin integrated with the siloxane structure
which forms the domain is high, the charge-transporting
substance content in the domain becomes high, resulting
in aggregation, and charges are captured in the charge-

transporting substance in the domain in repeated use of
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the photosensitive member, resulting in insufficient
potential stability.

[0036]In order to achieve an excellent balance between
potential stability in repeated use and sustained
reduction of contact stress in the electrophotographic
photosensitive member containing the charge-
transporting substance having a specific structure, it
is necessary to improve the property by a resin
integrated with the siloxane structure. The component
Y in the present invention is a charge-transporting
substance having high compatibility with the resin in
the charge-transporting layer, and aggregates of the
component y may be easy to form because the component vy
is contained in a .large amount in the domain including
the siloxane-containing resin.

[0037]In the present invention, excellent charge-transporting
ability can be maintained by forming a domain including
the component o of the present invention in the
electrophotographic photosensitive member including the
component y. This is probably because the content of
the component y in the domain is reduced by forming the
domain including the component o. This is probably
because a branched siloxane structure in the polyester
resin A which is the component o can suppress remaining
of the component y having a structure compatible with
the resin in the domain.

[0038]<Component y>
The component y of the present invention is at least
one charge-transporting substance selected from the
group consisting of a compound represented by the
following formula (1), a compound represented by the
following formula (1'), a compound represented by the
following formula (2), and a compound represented by

the following formula (2').
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R1
\N ,
/ \ (1) N (1)
Ar' A A 4 N—~ar2
R? r
. R?
[0039]In the formulae (1) and (1'): Art represents a phenyl

group or a phenyl group substituted with a methyl group
or an ethyl group. Ar? represents a phenyl group, a
phenyl group substituted with a methyl group, a phenyl
group substituted with an univalent group represented
by the formula “-CH=CH-Ta” (where, Ta represents an
univalent group derived from a benzene ring of a
triphenylamine by loss of one hydrogen atom, or derived
from a benzene ring of a triphenylamine substituted
with a methyl group or an ethyl group by loss of one
hydrogen atom), or a biphenyl group substituted with an
univalent group represented by the formula "-CH=CH-Ta".
R! represents a phenyl‘group, a phenyl group
substituted with a methyl group, or a phenyl group
substituted with an univalent group represented by the
formula “—CH=C(Ar3)Ar4” (where, Ard and Ar? each
independently represent a phenyl group or a phenyl
group substituted with a methyl group). R? represents a
hydrogen atom, a phenyl group, or a phenyl group
substituted with a methyl group.
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//—Ar22

A,

A=\
N ? | |
©NN @

25 28
Ar Ar

[0040]In the formula (2) and (2'), Arzl, Arzz, Ar24, ar?®, ar?,
and Ar®® each independently represents a phenyl group or
a tolyl group, Ar?® and Ar?® each independently
represents a phenyl group or a phenyl group substituted
with a methyl group.

[0041]Specific examples of the charge-transporting substance
which is the component v and has the structure
represented by the above-mentioned formula (1y, (1",

(2), or (2') are shown below.
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[0042]0f those, the component vy ié preferably a charge-
transporting substance having the structure represented
by the above-mentioned formula (1-2), (1-3), (1-4), (1-
5), (1-7), (1-8), (1-9), (2-1), or (2-5).

[0043]<Component o>
The component o of the present invention is a polyester
resin A having a repeating structural unit represented
by the following formula (A) and a repeating structural
unit represented by the following formula (B). The
content of a siloxane moiety in the polyester resin A
is not less than 5.0% by mass (5% by mass) and not more

than 40% by mass.
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0
——C—x"-C- Y! ot (A)

| §

[0044]In the formula (A): y?! represents a single bond, a

methylene group, an ethylidene group, a propylidene
group, a phenylethylidene group, a cyclohexylidene
group, Or an oxygen atom; Xlrepresents a meta-phenylene
group, a para-phenylene group, or a bivalent group
having two para-phenylene groups bonded with an oxygen
atom; and W! represents an univalent group represented
by the following formula (a), or an univalent group

represented by the following formula (b).

/ CH, CH,
( CH2) s'i—o Sli—R42 (@)
3 \ Fll‘“ !

R41
Lo} P
Si

' CHa ~ CHj (b)
43 I I
R ?—o o—? ,
CHs CHs

[0045]In the formulae (a) and . RY represents a methyl
group or a phenyl group:; R42 and R*? each independently

represents an alkyl group having 1 to 4 carbon atoms}_

"n" represents the number of repetitions of a structure
within brackets, an average of "n" in the polyester
resin A ranges from 10 to 150; "m" and "k" each
independently represents the number of repetitions of a
structure within brackets, an average of "m+k" in the

polyester resin A ranges from 10 to 150.
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[0046]In the formula (B): R°! to R® each independently
represents a hydrogen atom or a methyl group; X2
represents a meta-phenylene group, a para-phenylene
group, or a bivalent group having two para-phenylene
groups bonded with an oxygen atom; and Y? represents a
single bond, a methylene group, an ethylidene group, a
propylidene group, a phenylethylidene group, a
cyclohexylidene group, Or an oxygen atom.

[0047]Hereinafter, the polyester resin A which is the
component o and has a repeating structural unit
represented by the above-mentioned formula (A) and a
repeating structural unit represented by the above-
menticned formula (B) is described.

[0048]Specific examples of the repeating structural unit
represented by the above-mentioned formula (A) are

shown below.

° t ok
/c\ L A1) L C~o ¢ o+
' _- \N1 W1
f o 1
/C\ | (A-2) o) N
“°@ 55 [ttt
w! ] -
Lot - ot
/C\o o (a3 N /) Cw Q O
+ XCp o
_<\:> A\ /

—2@C~o%{> o
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(0049]0f those, the repeating structural unit represented by

I
b=0
Q=0

0=O
O=C>

=0

i
© ¢ oT (12

the above-mentioned formula (A) is preferably a
repeating structural unit represented by one of the
above-mentioned formulae (A-1) and (A-2).

[0050]W1 in the structural unit represented by one of the
above-mentioned formulae (A-1l) to (A-12) represents a
univalent group represented by the formula (a) or the
formula (b).

[0051]In the above-mentioned formulae (a) and (b), an average
of "n" in the polyester resin A is 10 or more to 150 or
less. In addition, from the viewpoint of the excellent
balance between sustained reduction of contact stress
and potential stability in repeated use, the average of
"n" is preferably 30 or mofe to 100 or less. With
regard to "m" and "k" in the formula (b), an average of
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"m+k" in the polyester resin A is 10 or more to 150 or
less. Moreover, from the viewpoint of the excellent
balance between sustained reduction of contact stress
and potential stability in repeated use, the average of
"m+k" is preferably 30 or more to 100 or less.

[0052]In the above-mentioned formula (a), it is preferred

"n" of the structure

that the number of repetitions
within the brackets fall within the range of £10% of
the value represented as the average of the number of
repetitions "n" because the effect of the present
invention can be obtained stably. In the above-
mentioned formula (b), it is preferred that "m+k", i.e.,
a sum of "m "and "k", which are the numbers of
repetitions of the structures within the brackets, fall
within the range of *10% of the value represented as
the average of the numbers of repetitions of "m+k"
because the effect of the present invention can be
obtained stably.

[0053]Specific examples of structures represented by the
above-mentioned formulae (a) and (b) are shown.
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[0054]0f those, the structure represented by the above-
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[0055]Next,

above-mentioned formula

(a-

PCT/JP2011/077885
24

1) or (a-3) is preferred.

the repeating structural unit represented by the

(B) is described. Specific

examples of the repeating structural unit represented

by the above-mentioned formula
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[0056]0f those,
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(B) are shown below.
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the repeating structural unit represented by
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the above-mentioned formula (B-1), (B-2), (B-6), (B-11),
or (B-12) is preferred.

[0057]In addition, the polyester resin A which is the above-
mentioned component o of the present invention contains
a siloxane moiety at a content of not less than 5.0% by
mass and not more than 40% by mass relative to the
total mass of the polyester resin A. If the content of
the siloxane moiety is less than 5.0% by mass (5% by
mass), a sustained effect of reducing contact stress isv
insufficient, and a domain is not formed effectively in
the matrix containing the component B or y. Meanwhile,
if the content of the siloxane moiety 1s more than 40%
by mass, the component y forms aggregates in the domain
including the component o, resulting in insufficient
potential stability in repeated use.

[0058]In the present invention, the siloxane moiety is a
moiety which includes silicon atoms present at the both
ends of the siloxane structure, groups bonded to the
silicon atoms, and oxygen atoms, silicon atoms, and
groups bonded to the atoms present between the silicon
atoms present at the both ends. Specifically, for
example, the siloxane moiety refers to the moiety
surrounded by the dashed line in the repeating

structural unit represented by the following formula

(A-S) .
GHs
HyC—Si
CH,
GHs (A-S)
CIJ O
CH3

[0059]That is, the structure shown belcow represents the
siloxane moiety in the above-mentioned formula (A-S).
In addition, structures of the siloxane moieties in the

formula (a) and (b) are also shown below.
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¢Ha GHs i
Si—04—Si—CHj : Siloxane moiety in formula (A-S)
| | :
CHs g CHs
CHs CHy |

%F'O %F'R42 : Siloxane moiety in formula (a)
R41 R41 H

; ?Fb ?H3 § Siloxane moiety in formula (b)
i R ?—O o- ? :

E H CH

: CHy | 3

[0060]The content of the siloxane moiety relative to the
total mass of the polyester resin A which is the
component o of the present invention can be analyzed by
a general analysis technology. An example of the
analysis technology is shown below.

[0061]First, the charge-transporting layer which is the
surface layer of the electrophotographic photosensitive
member is dissolved with a solvent. After that, a
variety of materials in the charge-transporting layer
which is the surface layer are fractionated using a
fractionation apparatus capable of separating and
collecting components, such as size exclusion
chromatography or high-performance liquid
chromatography. Structures of component materials in a
fractionated polyester resin A which is the component o
and contents of the materials can be determined by a
conversion method based on peak positions and peak area
ratios of hydrogen atoms (hydrogen atom which is
included in the resin) measured by 'H-NMR measurement.
The number of repetitions of the siloxane moiety and a
molar ratio are calculated from the results and

converted into content (mass ratio). Moreover, the
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fractionated polyester resin A which is the component o
is hydrolyzed in the presence of an alkali to decompose
the component into a carboxylic acid moiety and a
bisphenol moiety. Nuclear magnetic resonahce spectrum
analysis or mass spectrometry is performed for the
resultant bisphenol moiety to calculate the number of
repetitions of the siloxane moiety and a molar ratio,
which are converted into a content (mass ratio).

[0062]In the present invention, the mass ratio of the
siloxane moiety in the polyester resin A which is the
component o was measured by the above-mentioned
technology.

[0063]Further, the mass ratio of the siloxane moiety in the
polyester resin A which is the component a relates to
the amount of a raw material of a monomer unit
containing the siloxane moiety used in polymeriiation,
and hence the amount of the raw material used was
adjusted to achieve a desired mass ratio of the
siloxane moiety.

[0064]The polyester resin A which is used as the above-
mentioned component o in the present invention is the
repeating structural unit represented by the above-
mentioned formula (A)-the repeating structural unit
represented by the above-mentioned formula (B)
copolymer. In addition, the form of copolymerization
may be any form such as block copolymerization, random
copolymerization, or alternating copolymerization.

[0065]From the viewpoint of forming the domain structure in
the matrix including the above-mentioned components f
and vy, the weight-average molecular weight of the
polyester resin A which is used as the above-mentioned
component o in the present invention is preferably not
less than 30,000 and not more than 150,000, more
preferably not less than 40,000 and not more than
100, 000.

[0066]In the present invention, the weight-average molecular
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weight of the resin is a weight-average molecular
weight in terms of polystyrene measured accoqding to a
conventional method by a method described in Japanese
Patent Application Laid-Open No. 2007-79555.

[0067]The polyester resin A which is the above-mentioned
component o in the present invention can be synthesized
by, for example, a conventional phosgene method or
transesterification method.

[0068]The charge-transporting layer which is the surface
layer of the electrophotographic photosensitive member
of the present invention may contain a resin having a
siloxane structure in addition to the polyester resin A.
Specific examples thereof include a polycarbonate resin
having a siloxane structure, a polyester resin having a
siloxane struéture, and an acrylic resin having a
siloxane structure. In the case of using another resin
having a siloxane moiety, from the viewpoint of a
balance between sustained reduction of contact stress
and potential stability in repeated use, the content of
the component o in the charge-transporting layer is
preferably not less than 90% by mass and less than 100%
by mass relative to the total mass of resins each
having a siloxane moiety in the charge-transporting
layer.

[0069]The content of the siloxane moiety in the polyester
resin A of the present invention is preferably not less
than 1% by mass and not more than 20% by mass relative
to the total mass of whole resins in the charge-
transporting layer. If the content of the siloxane
moiety is not less than 1% by mass and not more than
20% by mass, the matrix-domain structure is formed
stably, resulting in achieving the balance between
sustained reduction of contact stress and potential
stability in repeated use at high levels. Further, the
content is more preferably not less than 2% by mass and

not more than 10% by mass, which can further enhance
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the sustained reduction of contact stress and potential
stability in repeated use.

[0070]Synthesis examples of the polyester resin A used as the
component o in the present invention are shown below.
The polyester resin A can be synthesized by synthesis
methods described in Japanese Patent Application Laid-
Open No. H05-043670 and Japanese Patent Application
Laid-Open No. H08-234468. Also in the present
invention, the polyester resins A shown in synthesis
examples of Table 1 were synthesized using raw
materials corresponding to the repeating structural
unit represented by the formula (A) and the repeating
structural unit represented by the formula (B) by the
same synthesis methods. Table 1 shows the weight-
average molecular weights of the synthesized polyester
resins A and the siloxane moiety contents in the
polyester resins A. Further, Table 1 shows Compafative
Synthesis Example 1 (Resin E(l)) of a polyester resin A
having a siloxane moiety content of 2% by mass and
Comparative Synthesis Example2 (Resin E(2)) of a
polyester resin A having a siloxane moiety content of

50% by mass.
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[0072]The term "Terephthalic acid/isophthalic acid ratio" in

Table 1 refers to ratios of a terephthalic acid

skeleton to an isophthalic acid skeleton in the

specific examples of the repeating structural unit

represented by the above-mentioned formula (A) " (A-1)

to (A-7)" and the specific examples of the repeating

structural unit represented by the above-mentioned

formula (B) "(B-1) to (B-9)."

[0073]In Synthesis Example (Resin A(l)), the maximum value

and the minimum value of the number of repetitions "n"

of the structure within brackets represented by the

above-mentioned formula (a) were 63 and 57,

respectively. In Synthesis Example (Resin A(18)), the

maximum value and the minimum value of the sum (m+k) of

the numbers of repetitions "m" and "k" of the

structures within brackets represented by the above-

mentioned formula (b) were 64 and 56, respectively.

[0074]<Component B>

The component B of the present invention is at least

one resin selected from the group consisting of a

polycarbonate resin C having a repeating structural

unit represented by the following formula (C) and a

polyester resin D having a repeating structural unit

represénted by the following formula (D).

i R61 R62 1 _
()
. 3 | (©)
—+—C-0 Y ot
i R63 v R64

[0075]In the formula (C), R® to R®% each independently
represents a hydrogen atom or a methyl group. Y°
represents a single bond, a methylene group, an
ethylidene group, a propylidene group, a
phenylethylidene group, a cyclohexylidene group,

oxygen atom.

or an
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R71 R72

R
—C—Xx*-C— v ot (©)

i R73 R74

[0076]In the formula (D), R’ to R’® each independently
represents a hydrogen atom, or a methyl group. X*
represents a meta-phenylene group, a para-phenylene
group, or a bivalent group having two para-phenylene
groups bonded with an oxygen atom. Y* represents a
single bond, a methylene group, an ethylidene group, a
propylidene group, a cyclohexylidene group, or an
oxygen atom. |

[0077]Specific examples of the repeating structural unit
represented by the ébove—mentioned'formula (C) are

shown below.

0 CH
i o cn | §
+C-0 ¢ o) +C-0 o)
i CHa . i
[ HiC CH; | - 7
0 CH .
I [ ° c2 |§ GHs
TC¢-° ¢ o1 +C—0 C o+
|
" . H i i CHj |
H3C CH3 B ]
0 H
i | L ca Q
H
H,C CH, - -

OOO co T

[0078]0f those, the repeating structural unit represented by

(C-6)

(C-7)

(C-8)

(C-9)
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(C_l)l (C—Z)I (C_3)r (C—7)r

[0079]Specific examples of the repeating structural unit

represented by the above-mentioned formula

shown below.
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CH,
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HsC CH;
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[0080]0Of those,

the above-mentioned formula

9) is preferred.

the repeating structural unit represented by

(D-3), (D-4), (D-8), or (D-

[0081]The charge-transporting layer which is the surface

layer of the electrophotographic photosensitive member

of the present invention contains the components o and
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B as resins, and an additional resin may be mixed
therein. Examples of the additional resin which may be
mixed include an acrylic resin, a polyester resin, and
a polycarbonate resin. In the case where the
additional resin is mixed, the ratio of the component B
(polycarbonate resin C or polyester resin D) to the
additional resin is preferably in a range in which the
content of the component B is not less than 90% by mass
and less than 100% by mass (mass ratio). In the
present invention, in the case where the additional
resin is mixed in addition to the component 3, from the
viewpoint of forming a uniform matrix with the charge-
transporting substance, the additional resin preferably
has no siloxane structure.

[0082]The charge-~transporting layer which is the surface
layer of the electrophotographic photosensitive member
of the present invention contains the component vy as
the charge-transporting substance, and may contain a
charge-transporting substance having another structure.
Examples of the charge-transporting substance having
another structure include a triarylamine compound and a
hydrazone compound. Of those, use of the triarylamine

_compouﬁd as the charge-transporting substance is
preferred in terms of potential stability in repeated
use. In the case where a charge-transporting substance
having another structure is mixed, the component y is
contained at a content of preferably 50% by mass or
more, more preferably 70% by mass or more in whole
charge-transporting substances in the charge-
transporting layer.

[00B3]Next, the construction of the electrophotographic
photosensitive member of the present invention is
described.

[0084]The electrophotographic photosensitive member of the
present invention has a conductive support, a charge-

generating layer which is provided on the conductive
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support and comprises a charge—generating substance,
and a charge—transpofting layer which is provided on
the charge-generating layer, comprises a charge-
transporting substance. Further, in the
electrophotographic photosensitive member, the charge-
transporting layer is a surface layer (outermost layer)
of the electrophotographic photosensitive member.

[0085]Further, the charge-transporting layer of the
electrophotographic photosensitive member of the
present invention includes the above-mentioned
components o, B, and vy.

[0086]Further, the charge-transporting layer may have a
laminate structure, and in such case, the layer is
formed so that at least the charge-transporting layer
provided on the outermost surface has the above-
mentioned matrix-domain structure.

[0087]In general, as the electrophotographic photosensitive
member, a cylindrical electrophotographic
photosensitive member produced by forming a
photosensitive layer (charge-generating layer or
charge-transporting layer) on a cylindrical conductive
support 1s widely used, but the member may have a
formed of belt or sheet. ‘

[0088] [Conductive Support]

The conductive support to be used in the
electrophotographic photosensitive member of the
present invention is preferably conductive (conductive
support) and is, for example, one made of aluminum, an
aluminum alloy, or stainless steel. In the case of
aluminum or an aluminum alloy, the conductive support
used may be an ED tube or an EI tube or one obtained by
subjecting the ED tube or the EI tube to cutting,
electrolytic composite polish, or a wet- or dry-honing
process. Further examples thereof include a conductive
support made of a metal or a resin having formed

thereon a thin film of a conductive material such as



WO 2012/074082 ! PCT/JP2011/077885
38

aluminum, an aluminum alloy, or an indium oxide-tin
oxide alloy. The surface of the support may be
subjected to, for example, cutting treatment,
roughening treatment, or alumite treatment.

[0089]In addition, a conductive support obtained by
impregnating conductive particles such as carbon black,
tin oxide particles, titanium oxide particles, or
silver particles in.a resin or the like, or a plastic
including a conductive binder resin may be used.

[0090] [Conductive layer]

In the electrophotographic photosensitive member of the
present invention, a conductive layer having conductive
particles and a resin may be provided on the support.
In a method of forming a conductive layer having
conductive particles and a resin on a support, powder
containing the conductive particles is contained in the
conductive layer. Examples of the conductive particles
include carbon black, acetylene black, metal powders
made of, for example, aluminum, nickel, iron, nichrome,
copper, zinc, and silver, and metal oxide powders made
of, for example, conductive tin oxide and ITO.

[0091]Examples of the resin to be used in the conductive
layer include a polyester resin, a polycarbonate resin,
a polyvinyl butyral resin, an acrylic resin, a silicone
resin, an epoxy resin, a melamine resin, a urethane
resin, a phenol resin, and an alkyd resin. Those
resins may be used each alone or in combination of two
or more kinds thereof.

[0092]Examples of a solvent used as a conductive-layer
coating solution include an ether-based solvent, an
alcohol-based solvent, a ketone-based solvent, and an
aromatic hydrocarbon solvent. The film thickness of
the conductive layer is preferably 0.2 pm or more to 40
pm or less, more preferably 1 pum or more to 35 um or
less, still more preferably 5 pym or more to 30 um or

less.
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[0093] [Intermediate layer]

The electrophotographic photosensitive member of the
present invention may include an intermediate layer
between the conductive support or the conductive layer
and the charge-generating layer.

[0094]The intermediate layer can be formed by applying an
intermediate-layer coating solution containing a resin
on the support or the conductive layer and drying or
hardening the coating solution.

[0095]Examples of the resin to be used in the intermediate
layer include polyacrylic acids, methylcellulose,
ethylcellulose, a polyamide resin, a polyimide resin, a
polyamideimide resin, a polyamide acid resin, a
melamine resin, an epoxy resin, and a polyurethane
resin. The resin to be used in the intermediate layer
is preferably a thermoplastic resin, and specifically,
a thermoplastic polyamide resin is preferred. Examples
of the polyamide resin include copolymer nylon with low
crystallinity or amorphous which can be applied in
solution state.

[0096]The film thickness of the intermediate layer is
preferably 0.05 um or more to 40 um or less, more
preferably 0.1 um or more to 20 um or less. The
intermediate layer may further contain a semiconductive
particle, an electron-transporting substance, or an
electron—-accepting substance.

[0097] [Charge—-generating layer]

In the electrophotographic photosensitive member of the
present invention, the charge-generating layer is
‘provided on the conductive support, conductive layer,
or intermediate layer.

[0098]Examples of the charge-generating substance to be used
in the electrophotographic photosensitive member of the
present invention include azo pigments, phthalocyanine
pigmenté, indigo pigments, and perylene pigments. Only

one kind of those charge-generating substances may be
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used, or two or more kinds thereof may be used.

Of

those, oxytitanium phthalocyanine, hydroxygallium

phthalocyanine, and chlorogallium phthalocyanine are

particularly preferred because of their high
sensitivity.
[0099]Examples of the resin to be used in the charge-

generating layer include a polycarbonate resin,

a

polyester resin, a butyral resin, a polyvinyl acetal

resin, an acrylic resin, a vinyl acetate resin,

and a

urea resin. Of those, a butyral resin is particularly

preferred. One kind of those resins may be used alone,

or two or more kinds thereof may be used as a mixture

or as a copolymer.

[0100]The charge-generating layer can be formed by applying a

charge~-generating-layer coating solution, which

is

prepared by dispersing a charge-generating substance

together with a resin and a solvent, and then drying

the coating solution. Further, the charge-generating

layer may also be a deposited film of a charge-
generating substance.

[0101]Examples of the dispersion method include those
homogenizer, an ultrasonic wave, a ball mill, a
mill, an attritor, or a roll mill.

[0102]A ratio between the charge-generating substance

resin is preferably 0.1 part by mass or more to

using a

sand

and the
10

parts by mass or less, particularly preferably 1 part

by mass or more to 3 parts by mass or less of the

charge-generating substance with respect to 1 part by

mass of the resin.

[0103]Examples of the solvent to be used in the charge-

generating-layer coating solution include an alcohol-

based solvent, a sulfoxide-based solvent, a ketone-

based solvent, an ether-based solvent, an ester-

solvent, and an aromatic hydrocarbon solvent.

based

[0104]The film thickness of the charge-generating layer is

preferably 0.01 pym or more to 5 um or less, more
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preferably 0.1 pym or more to 2 um or less. Further,
the charge-generating layer may be added with any of
various sensitizers, antioxidants, UV absorbents,
plasticizers, and the like if required. A charge-
transporting substance or a charge-accepting substance
may also be added to the charge-generating layer to
prevent the flow of charge from being disrupted in the
charge-generating layer.

[0105] [Charge-transporting layer]

In the electrophotographic photosensitive member of the
present invention, the charge-transporting layer is
provided on the charge-generating layer.

[(0106]The charge-transporting layer which is the surface
layer of the electrophotographic photosensitive member
of the present invention contains the component y as a
specific charge-transporting substance, and may also
contain a charge-transporting substance having another
structure as described above. The charge-transporting
substance which has another structure and may be mixed
is as described above.

[0107]The charge-transporting layer which is the surface
layer of the electrophotographic photosensitive member
of the present invention contains the components o and
B as resins, but as described above, another resin may
further be mixed. The resin which may be.mixed is as
described above. ,

[0108] The charge-transporting layer can be formed by applying
a charge-transporting-layer coating solution obtained
by dissolving a charge-transporting substance and the
above-mentioned resins into a solvent and then drying
the coating solution.

[0109]A ratio between the charge-transporting substance and
the resins is preferably 0.4 part by mass or more to 2
parts by mass or less, more preferably 0.5 part by mass
or more to 1.2 parts by mass or less of the charge-
transporting substance with respect to 1 part by mass
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of the resins.

[0110]Examples of the solvent to be used for the charge-
transporting-layer coating solution include ketone-
based solvents, ester-based solvents, ether-based
“solvents, and aromatic hydrocarbon solvents. Those
solvents may be used each alone or as a mixture of two
or more kinds therecf. Of those solvents, it is
preferred to use any of the ether-based solvents and
the aromatic hydrocarbon solvents from the viewpoint of
resin solubility.

[0111]The charge-transporting layer has a film thickness of
preferably 5 uym or more to 50 um or less, more
preferably 10 um or more to 35 um or less. In addition,
the charge-transporting layer may be added with an
antioxidant, a UV absorber, or a plasticizer if
required.

[0112]A variety of additives may be added to each layer of
the electrophotographic photosensitive member of the
present invention. Examples of the additives include:
a deterioration-preventing agent such as an antioxidant,
a UV absorber, or a light stabilizer; and fine
particles such as organic fine particles or inorganic
fine particles. Examples of the deterioration-
preventing agent include a hindered phenol-based
antioxidant, a hindered amine-based light stabilizer, a
sulfur atom-containing antioxidant, and a phosphorus
atom-containing antioxidant. Examples of the organic
fine particles include polymer resin particles such as
fluorine atom-containing resin particles, polystyrene
fine particles, and polyethylene resin particles.
Examples of the inorganic fine particles include metal
oxides such as silica and alumina.

[0113]For the application of each of the coating solutions
corresponding to the above-mentioned respective layers,
any of the application methods can be‘employed, such as

dip coating, spraying coating, spinner coating, roller
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coating, Mayer bar coating,.and blade coating.

[0114] [Electrophotographic apparatus]

FIGURE illustrates an example of the schematic
construction of an electrophotographic apparatus
including a process cartridge including the
electrophotographic photosensitive member of the
present invention.

[0115]In FIGURE, a cylindrical electrophotographic
photosensitive member 1 can be driven to rotate around
an axis 2 in the direction indicated by the arrow at a
predetermined peripheral speed. The surface of the
rotated electrophotographic photosensitive member 1 is
uniformly charged in negative at predetermined
potential by a charging device (primary charging
device: such as a charging roller) 3 during the process
of rotation. Subsequently, the surface of the
electrophotographic photosensitive member 1 receives
exposure light (image exposure light) 4 which is
emitted from an exposing device (not shown) such as a
slit exposure or a . laser-beam scanning exposure and
which is intensity-modulated according to a time-series
electric digital image signal of image information of
purpose. ‘In this way, electrostatic latent images
corresponding to the image information of purpose are
sequentially formed on the surface of the
electrophotographic photosensitive member 1.

[0116]The electrostatic latent images formed on the surface
of the electrophotographic photosensitive member 1 are
converted into toner images by reversal development
with toner included in a developer of a developing
device 5. Subsequently, the toner imagés being formed
and held on the surface of the electrophotographic
photosensitive member 1 are sequentially transferred to
a transfer material (such as paper) P by a transfer
bias from a transferring device (such as transfer
roller) 6. It should be noted that the transfer
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material P is taken from a transfer material supplying
device (not shown) in synchronization with the rotation
of the electrophotographic photosensitive member 1 and
fed to a portion (contact part) between the
electrophotographic photosensitive member 1 and the
transferring device 6. Further, bias voltage having a
polarity reverse to that of the electric charges the
.toner has is applied to the transferring device 6 from
a bias power source (not shown).

[0117]The transfer material P which has received the transfer
of the toner images is dissociated from the surface of
the electrophotographic photosensitive member 1 and
then introduced to a fixing device 8. The transfer
material P ié subjected to an image fixation of the
toner images and then printed as an image-formed
product (print or copy) out of the apparatus.

[0118]The surface of the electrophotographic photosensitive
member 1 after the transfer of the toner images is
cleaned by removal of the remaining developer
(remaining toner) after the transfer by a cleaning
device (such as cleaning blade) 7. Subsequently, the
surféce of the electrophotographic photosensitive
member 1 is subjected to a neutralization process with
pre-exposure light (not shown) from a pre-exposing
device (not shown) and then repeatedly used in image
formation. As shown in FIGURE, further, when the
charging device 3 is a contact-charging device using a
charging roller, the pre-exposure is not always
required.

[0119]In the present inverition, of the constituents including
the electrophotographic photosensitive member 1, the
charging device 3, the developing device 5, the
transferring device 6, and the cleaning device 7 as
described above, a plurality of them may be selected
and housed in a container and then integrally supported
as a process cartridge. In addition, the process
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cartridge may be designed so as to be detachably
mounted on the main body of an electrophotographic
apparatus such as a copying machine or a laser beam
printer. In FIGURE, the electrophotographic
photosensitive member 1, the charging device 3, the
developing device 5, and the cleaning device 7 are
integrally supported and placed in a cartridge, thereby
'forming a process cartridgé 9. The process cartridge 9
is detachably mounted on the main body of the
electrophotographic apparatus using a guiding device 10
such as a rail of the main body of the
electrophotographic apparatus.
Examples
[0120]Hereinafter, the present invention is described in more
detail with reference to examples and comparative
examples. However, the present invention is not
limited in any way to the following examples. In
addition, "part(s)" means "part(s) by mass" in the
examples.
Example 1
[0121]1An aluminum cylinder with a diameter of 30 mm and a
length of 260.5 mm was used as a conductive support.
Next, 10 parts of SnO,-coated barium sulfate
(conductive particle), 2 parts of titanium oxide
(pigment for controlling resistance), 6 parts of a
phenol resin (binder resin), and.0.001 part of silicone
0il (leveling agent) were used together with a mixed
solvent of 4 parts of methanol and 16 parts of
methoxypropanol, to thereby prepare a conductive-layer
coating solution. The conductive-layer coating
solution was applied on the above-mentioned aluminum
cylinder by dip coating and cured (thermally-cured) at
140°C for 30 minutes, to thereby form a conductive
layer with a film thickness of 15 um.
[0122]Next, 3 parts of N-methoxymethylated nylon and 3 parts

of copolymer nylon were dissolved in a mixed solvent of
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65 parts of methanol and 30 parts of n-butanocl, to
thereby prepare an intermediate-layer coating solution.
The intermediate-layer coating solution was applied on
the above-mentioned conductive layer by dip coating and
dried at 100°C for 10 minutes, to thereby form an
intermediate layer with a film thickness of 0.7 um.

[0123]Next, 10 parts of hydroxygallium phthalocyanine crystal
(charge-generating substance) having a crystal
structure showing intense peaks at Bragg angles
(26+0.2°) of 7.5°, 9.9°, 16.3°, 18.6°, 25.1°, and
28.3%in CuKo characteristic X-ray diffraction were
prepared. To the crystal were added 250 parts of
cyclohexanone and 5 parts of a polyvinyl butyral resin
(product name: S-LEC BX-1, manufactured by Sekisui
Chemical Co., Ltd.), and the resultant mixture was
dispersed by a sand mill apparatus using glass beads
with a diameter of 1 mm under a 23+3°C atmosphere for 1
hour. After the dispersion, 250 parts of ethyl acetate
were added to prepare a charge-generating-layer coating
solution. The charge-generating-layer coating solution
was applied on the above-mentioned intermediate layer
by dip coating and dried at 100°C for 10 minutes, to
thereby form a charge-generating layer with a film
thickness of 0.26 um.

[0124]Next, 10 parts of a charge-transporting substance
having the structure represented by the above-mentioned
formula (1-3) as the component y, 4 parts of the
polyester resin A(l) synthesized in Synthesis Example 1
as the component o, and 6 parts of a polycarbonate
resin C (weight-average molecular weight: 120,000)
including the repeating structure represented by the
formula (C-1) and the repeating structure represented
by the formula (C-7) described above at a ratio of 8:2
as the component B were dissolved in a mixed solvent of
20 parts of tetrahydrofuran and 60 parts of toluene, to

thereby prepare a charge-transporting-layer coating
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solution. The charge-transporting-layer coating
solution was applied on the above-mentioned charge-
generating layer by dip coating and dried at 110°C for
1 hour, to thereby form a charge-transporting layer
with a film thickness of 16 um. It was confirmed that
the resultant charge-transporting layer contained a
domain including the component o in a matrix including
the components  and vy.

[0125]Thus, an electrophotographic photosensitive member
including the charge-transporting layer as the surface
layer was prepared. Table 2 shows the components o, B,
and y in the resultant charge-transporting layer, the
content of the siloxane moiety in the polyester resin A
(siloxane content A), and the content of the siloxane
moiety in the polyester resin A relative to the total
mass of whole resins in the charge-transporting layer
(siloxane content B).

[0126]Next, evaluation is described.

[0127]Evaluation was performed for a variation (potential
variation) of bright section potentials in repeated use
of 2,000 sheets of paper, torque relative values in
early time and in repeated use of 2,000 sheets of paper,
and observation of the surface of the
electrophotographic photosensitive member in
measurement of the torques.

[0128]A laser beam printer LBP-2510 manufactured by Canon Inc.
(charging (primary charging): contact-charging mode,
process speed: 94.2 mm/s), modified so as to adjust a
charge potential (dark section potential) of the
electrophotographic photosensitive member, was used as
an evaluation apparatus. Further, a cleaning blade
made of polyurethane rubber was set so as to have a
contact angle of 25° and a contact pressure of 35 g/cm2
relative to the surface of the electrophotographic
photosensitive member. Evaluation was performed under

an environment of a temperature of 23°C and a relative
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humidity of 50%.

[0129]<Evaluation of potential variation>
The exposure amount (image exposure amount) of a 780-nm
laser light source used as an evaluation apparatus was
set so that the light intensity on the surface of the
electrophotographic photosensitive member was 0.3
pJ/cma Measurement of the potentials (dark section
potential and bright section potehtial) of the surface
of the electrophotographic photosensitive member was
performed at a position of a developing device after
replacing the developing device by a fixture fixed so
that a probe for potential measurement was located at a
position of 130 mm from the end of the
electrophotographic photosensitive member. The dark
section potential at an unexposed part of the
electrophotographic photosensitive member was set to -
450 v, laser light was irradiated, and the bright
section potential obtained by light attenuation from
the dark section potential was measured. Further, A4-
size plain paper was used to continuously output 2,000
images, and variations of the bright section potentials
before and after the output were evaluated. A test
chart having a printing ratio of 5% was used. The
results are shown in the column "Potential variation"
in Table 7.

[0130]<Evaluation of torque relative value>
A driving current (current A) of a rotary motor of the
electrophotographic photosensitive member was measured
under the same conditions as those in the evaluation of
the potential variation described above. This
evaluation was performed for evaluating an amount of
contact stress between the electrophotographic
photosensitive member and the cleaning blade. The
resultant current shows how large the amount of contact
stress between the electrophotographic photosensitive
member and the cleaning blade is.
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[0131]Moreover, an electrophotographic photosensitive member
for comparison of a torque relative value was produced
by the following method. The electrophotographic
photosensitive member was prepared in the same manner
as in Example 1 except that the polyester resin A(1l)
which is the component o used in the charge-
transporting layer of the electrophotographic
photosensitive member of Example 1 was replaced by the
component B in Table 2, and only the component B was
used as the resin. The resultant electrophotographic
photosensitive member was used as the
electrophotographic photosensitive member for
comparison.

[0132]The resultant electrophotographic photosensitive member
for comparison was used to measure a driving current
(current B) of a rotary motor of the
electrophotographic photosensitive member in the same
manner as in Example 1.

[0133]A ratio of the driving current (current A) of the
rotary motor of the electrophotographic photosensitive
member containing the component o according to the
present invention to the driving current (current B) of
the rotary motor of the electrophotographic
photosensitive member not containing the component o
was calculated. The resultant value of (current
A)/(current B) was compared as a torque relative value.
The torque relative value represents a degree of
reduction in the contact stress between the
electrophotographic photosensitive member and the
cleaning blade by use of the component o. As the
torque relative value becomes smaller, the degree of
reduction in the contact stress between the
electrophotographic photosensitive member and the
cleaning blade becomes larger. The results are shown
in the column "Initial torque relative value" in Table
7.
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[0134]Subsequently, Ad4-size plain paper was used to
continuously output 2,000 images. A test chart having
a printing ratio of 5% was used. After that,
measurement of torque relative values after repeated
use of 2,000 sheets was performed. The torque relative
value after repeated use of 2,000 sheets of the paper
was measured in the same manner as in the evaluation
for the initial torque relative value. In this process,
2,000 sheets of the paper were used in a repetitive
manner for the electrophotographic photosensitive
member for comparison, and the resultant driving
current of the rotary motor was used to calculate the
torque relative value after repeated use of 2,000
sheets of paper. The results are shown in the column
"Torque relative value after repeated use of 2,000
sheets of paper"” in Table 7.

[0135]<Evaluation of matrix-domain structure>
The cross-sectional surface of the charge-transporting
layer, obtained by cutting the charge-transporting
layer in a vertical direction with respect to the
electrophotographic photosensitive member produced by
the above-mentioned method, was observed using an
ultradeep profile measurement microscope VK-9500
(manufactured by KEYENCE CORPORATION). In this process,
an area of 100 pmx100 pm (10,000 pm®) in the surface of
the electrophotographic photosensitive member was
defined as a visual field and observed at an object
lens magnification of 50x to measure the maximum
diameter of 100 formed domains selected at random in

© the visual field. An average was calculated from the
maximum diameter and provided as a number average
particle size. Table 7 shows the results.
Examples 2 to 104

[0136]Electrophotographic photosensitive members were

produced in the same manner as in Example 1 except that

the components o, B, and y in the charge-transporting
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layers were replaced as shown in Tables 2 to 4, and
evaluated. It was confirmed that each of the resultant
charge-transporting layers contains a domain including
the component o in a matrix including the components £
and [y]. Tables 7 and 8 show the results.

[0137]It should be noted that the weight-average molecular
weight of the polycarbonate resin C used as the
component (3 were found to be as follows.

c-1)/(C-7)=8/2: 120,000

(

(C-2)/(C-4)=5/5: 130,000
(C-3)/(C-7)=8/2: 100,000
(C-5)/(C-8)=8/2: 120,000
(C-4)/(C-9)=5/5: 90,000
(C-4)/(C-5)=5/5: 150,000
(C-1)/(C-9)=5/5: 130,000

Examples 105 to 108

[0138]Electrophotographic photosensitive members were
produced in the same manner as in Example 1 except that
the components «, B, and y in the charge-transporting
layers were replaced as shown in Table 4, and evaluated.
It was confirmed that each of the resultant charge-
transporting layers contains a domain including the
component o in a matrix including the components B and
y. Table 8 shows the results. It should be noted that
a charge-transporting substance having the structure
represented by one of the following formulae (3-1) and
(3-2) was mixed as the charge-transporting substance
with a charge-transporting substance which is the
component y and has the structure represented by one of

the above-mentioned formulae (1) and (1').
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H3C

H3C‘% QCH3(3_1) Q @_CHa .

o &

HiC

[0139]

In addition, the weight-average molecular weight of the
polycarbonate resin C used as the component B was found
to be as follows.

(C-1)/(C-9)=5/5: 130,000.

Examples 109 to 194

[0140]Electrophotographic photosensitive members were
produced in the same manner as in Example 1 except that
the components o, B, and y in the charge-transporting
layers were replaced as shown in Tables 4 and 5, and
evaluated. It was confirmed that each of the resultant
charge-transporting layers contains a domain‘including
the component o in a matrix including the components f
and y. Table 8 shows the results.

[0141]In addition, the weight-average molecular weight of the
polyester resin D used as the component B were found to
be as follows.

D-3)/(D-4)=7/3: 150,000

{

(D-3)/(D-7)=7/3: 130,000
(D-9): 120,000
(D-4)/(D-5)=1/9: 100,000
(D-1)/(D-2)=5/5: 120,000
(D-8)/(D-10)=7/3: 110,000
(D-6)/(D-7)=5/5: 130,000.

[0142]Further, the repeating structural units represented by
the above-mentioned formulae (D-1), (D-2), (D-3), (D-4),
{(D-5), (D-6), and (D-7) each have a terephthalic acid
skeleton/isophthalic acid skeleton ratio of 1/1.
Comparative Examples 1 to 16
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[0143]Electrophotographic photosensitive members were
prepared in the same manner as in Example 1 except that
the polyester resin A(l) was replaced by a polyester
resin E(1) of Comparative Synthesis Example 1 shown in
Table 1, and modifications were made as shown in Table
6. Evaluation was performed in the same manner as in
Example 1, and Table 9 shows the results. The
resultant charge-transporting layers were found to have
no matrix-domain structure.

Comparative Example 17

[0144]An electrophotographic photosensitive member was
prepared in the same manner as in Example 1 except that
only the above-mentioned polyester resin E(1) was used
as the resin in the charge-transporting layer.
Evaluation was performed in the same manner as in
Example 1, and Table 9 shows the results. The |
resultant charge-transporting layer was found to have
no matrix-domain structure. It should be noted that
the electrophotographic photosensitive member for
comparison used in Example 1 was used as an
electrophotographic photosensitive member for
comparison of a torque relative value.

Comparative Examples 18 to 29

[0145]Electrophotographic photosensitive members were
prepared in the same manner as in Example 1 except that
the polyester resin A(l) was replaced by a polyester
resin E(2) of Comparative Synthesis Example 2 shown in
Table 1, and modifications were made as shown in Table
6. Evaluation was performed in the same manner as in
Example 1, and Table 9 shows the results. The
resultant charge-transporting layers were each found to
have a matrix-domain structure.

Comparative Example 30

[0146]An electrophotographic photosensitive member was

prepared in the same manner as in Example 1 except that

only the above-mentioned polyester resin E(2) was used
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as the resin in the charge-transporting layer.
Evaluation was performed in the same manner as in
Example 1, and Table 9 shows the results. The
resultant charge-transporting layer was found té have
no matrix-domain structure. It should be noted that
the electrophotographic photosensitive member for
comparison used in Example 1 was used as an
electrophotographic photosensitive member for
comparison of a torque relative value.
Comparative Examples 31 to 36
[0147]Electrophotographic photosensitive members were
prepared in the same manner as in Example 1 except that,
in Example 1, the polyester resin A(1) weré replaced to
a polyester resin (E(3): weight-average molecular
weight: 60,000) containing a repeating structural unit
represented by the following formula (E-3) which is a
structure described in Patent Literature 1 and a
repeating structural unit represented by the above-
mentioned formula (B-1l) and having a siloxane moiety
content of 30% by mass in the polyester resin, and
modifications were made as shown in Table 6. The
repeating structural units represented by the formula
(E—3)_and (B-1) each have a terephthalic acid
skeleton/isophthalic acid skeleton ratio of 1/1.
Evaluation was performed in the same manner as in
Example 1, and Table 9 shows the results. The
resultant charge-transporting layers were each found to
have a matrix-domain structure. It should be noted
that the electrophotographic photosensitive member for
comparison used in Example 188 was used as an
electrophotographic photosensitive member for
comparison of a torque relative value. It should be
noted that the numerical value representing the number
of repetitions of the siloxane moiety in the repeating
structural unit represented by the following formula

(E-3) shows the average of the numbers of repetitions.
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In this case, the average of the numbers of repetitions
of the siloxane moiety in the repeating structural unit
represented by the following formula (E-3) in the resin
E(3) is 40.

CH3 CH3 O I (E3)
CHy ) CH2

CH3 CH3 4
Comparat:.ve Example 37
[0148]An electrophotographic photosensitive member was

prepared in the same manner as in Example 63 except
that, Example 63, the polyester resin A(2) was replaced
to a polycarbonate resin (E(4): weight-average
molecular weight: 80,000) containing a repeating
structural unit represented by the following formula
(E-4) and a repeating structural unit represented by
the above-mentioned formula (C-2) and having a siloxane
moiety content of 30% by mass in the polycarbonate
resin. Table 9 shows the results. The resultant
charge~transporting layer was found to have no matrix-
domain structure. It should be noted that the
numerical value representing the number of repetitions
of the siloxane moiety in the repeating structural unit
represented by the following formula (E-4) shows the
average of the numbers of repetitions. In this case,
the average of the numbers of repetitions of the
siloxane moiety in the repeating structural unit
represented by the following formula (E-4) in the resin
is 20.

CHa C CH3
Ha —(CH2>— o—s. SI—O ‘(CH2)~CH3
CH3 Hs /20 CH3

CH, (E-4)

O=0

CH,3
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Comparative Examples 38 to 40
[0149]Electrophotographic photosensitive members were
produced in the same manner as in Example 114 except
that the polyester resin A(l) was replaced by the
above-mentioned polycarbonate resin E(4), and
modifications were made as shown in Table 6. Table 9
shows the results. The resultant charge-transporting
layers were found to have no matrix-domain structure.
Comparative Examples 41 to 44 '
[0150]Electrophotographic photosensitive members Were
prepared in the same manner as in Example 1 except that
the polyester resin A(l) was replaced by the above-
mentioned resin E(3), the charge-transporting substance
was replaced by the substance represented by the above-
mentioned formula (3-1), and modifications were madé as
shown in Table 6. Evaluation was performed in the same
manner as in Example 1, and Table 9 shows the results.
The resultantvcharge—transporting layers were each
found to have a matrix-domain structure. It should be
noted that the electrophotographic photosensitive
member for comparison used in Example 188 was used as
an electrophotographic photosensitive member for
comparison of a torque relative value.
Comparative Examples 45 and 46
[0151]Electrophotographic photosensitive members were
prepared in the same manner as in Example 1 except that
the polyester resin A(l) was replaced by the polyester
resin A(21), the charge-transporting substance was
replaced by the substance represented by the above-
mentioned formula (3-1), and modifications were made as
shown in Table 6. Evaluation was performed in the same
manner as in Example 1, and Table 9 shows the results.
The resultant charge-transporting layers were each
found to have a matrix-domain structure. It should be
noted that the electrophotographic photosensitive

member for comparison used in Example 144 was used as
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an electrophotographic photosensitive member for

comparison of a torque relative value.
[0152] [Table 2]

Component [y] : Siloxane Mixing ratio Siloxane
(Charge- Component content A Component of component content B
transporting [a] (% by. (8] [o] to (% by
substance) mass) component [B] mass)
Exalilple (1-3) Resin A(1) 20 (C7—)1=)8//(2c— /6 3
Exa;lple (1-3) Resin A(1) 20 (C7-)l=)8//(2C— 2/8 \
ExaI;lple (1-3) Resin A(1) 20 (C7-)l=)8//(2c— 5/5 "
Exar:ple (1-3) Resin A(2) 20 (C7-)l=)8//(2C— /6 -
Exarélple (1-3) Resin A(2) 20 (C7—)1=)8//(2c_ 2/8 p
Exargple (1-3) Resin A(2) 20 (C7—)1=)8//(2(:- 5/5 P
Exal;ple (1-3) Resin A(3) 20 (C7-)l=)8//(2c— /6 -
Exargple (1-3) Resin A(4) 20 (C7—)1=)8//(2c;- 16 .
ExaI;lple (1-3) Resin A(5) 20 (C7—)1=)8//(2c- /6 -
Exaf})ple (1-3) Resin A(6) 20 (C7—)1=)8//(2c— /6 .
Exaln':lele (1-3) Resin A(7) 20 (C7—)1=)8//(2c- /6 -
ExalII12ple (1-3) Resin A(8) 20 (C7-)l=)8//(2C— /6 .
Exalrr;ple (1-3) Resin A(9) 20 (C7—)1=)8//(2c- /6 ;
Exalnllple (1-3) Resin A(10) 20 (c7—)1=)8//(2c_ /6 -
ExaflSple (1-3) Resin A(11) 20 (C7-)l=)8//(2c- e -
ExalmGple (1-3) Resin A(12) 20 (C7—)1=)8//(2c- /6 -
Exa1m7ple (1-3) Resin A (13) 20 (C7-)1=)8//(20- 4/6 -
Exalnilgple (1-3) Resin A(14) 20 (C7—)1=)8//(2c— /6 -
Exa;ngple (1-3) Resin A(15) 20 (C7—)1=)8//(2c_ /6 -
EXZITBPle (1-3) Resin A(16) 20 (C7—)1=)8//(2c- e -
Exazmlple (1-3) Resin A(17) 20 (C7_)l=)8//(2C_ /6 -
Exazmzple (1-3) Resin A(18) 20 (C7—)]:—_)8//(2C— /6 .
Exazngple (1-3) Resin A(19) 5 (C7—)1=)8//(2C— /6 ;
Exaznzple (1-3) Resin A(19) 5 (C7—)1=)8//(2c- 2/8 ;
Exiﬂfle (1-3) Resin A(20) 10 (qﬂ{jé;g:_ e :
Exa2m6?le (1-3) Resin A(21) 30 (C7—)1=)8//(2c_ /6 =
Exigfle (1-3) Resin A(22) 40 (qﬁfléﬂgs' e -
Exiﬂ?le (1-3) Resin A(22) 40 (%?Bé;gy' s —
Exazmgple (1-3) Resin A(23) 20 (c7—)1=)8//(2c_ e ;
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Exa;%ple (1-3) Resin A(24) 20 (c7—)1=)8//(2c- /6 -
Exé;fle (1-3) Resin A(25) 20 (g;fiéag:— e -
Exa;lzple (1-3) Resin A(26) 20 (C7—)1=)8//(2C— /6 5
Exégfle (1-3) Resin A(27) 20 (%XBégg; e -
Exa;:lple (1-3) Resin A(28) 20 (C7—)1=)8//(2C— 4/6 .
Exa:;rgple (1-3) Resin A(29) 20 (C7—)1=)8//(2c_ 46 -
Exa:;rgple (1-3) Resin A(30) 20 (C7—)1=)8//(2c- 46 -
Exa;ple (1-3) Resin A(31) 20 (C7—)1=)8//(2c- e -
Exa:;nsple (1-3) Resin A(32) 20 (C7—)1=)8//(2C— 4/6 .
Exa?fngple (1-3) Resin A(33) 20 (C7—)1=)8//(2C— /6 ;
Exa;r(ljple (1-3) Resin A(34) 20 (C7—)1=)8//(2C— /6 ;
Exaﬁple (1-3) Resin Av(35) 20 (C7—)1=)8//(2C_ e -
Exa;nzple (1-3) Resin A(36) 20 (C7—)1=)8//(2c- 4 -
Exa;n3ple (1-3) Resin A(37) 20 (C7—)1=)8//(2c- /6 -
Ex%ﬁfle (1-3) Resin A(38) 20 (qﬁ{jé;g:_ 26 -
Exa{gple (1-3) Resin A(39) 20 (C7-)1=)8//(2C— /6 .

[0153]The term "Component [y]" in Tables 2 to 6 refers to the

above-mentioned component y in the charge—transportihg
layer. In the case of using a mixture of charge-
transporting substances, the term refers to the types
and mixing ratio of the component y and another charge-
transporting substance. The term "Component [a]" in
Tables 2 to 6 refers to the composition of the above-
mentioned component «. The term "Siloxane content A (%
by mass)" in Tables 2 to 6 refers to the content (% by
‘mass) of the siloxane moiety in the polyester resin A.
The term "Component [B]" in Tables 2 to 6 refers to the
composition of the above-mentioned component (. The
term "Mixing ratio of component [a] to component [R]"
in Tables 2 to 6 refers to the mixing ratio (component
o/component B) of the above-mentioned component o to
the above-mentioned component B in the charge-
transporting layer. The term "Siloxane content B (% by

”

mass) in Tables 2 to 6 refers to the content (% by

mass) of the siloxane moiety in the polyester resin A
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transporting layer.
[0154] [Table 3]
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Component [y] Siloxane Mixing ratio Siloxane
(Charge- Component content A Component of component content B
Fransporting [o] (% by [8) (@) to (% by
substance) mass) component [B] mass)
Exa;116ple (1-3) Resin A(40) .20 (C7—)1=)8//(2C— /6 -
Exa;r}]ple (1-3) Resin A(41) 20 (C7—)1=)8//(2C— 4/6 :
Exa;!;ple (1-3) Resin A(42) 25 (C7—)1=)8//(2c_ e .
Exiﬂfle (1-3) Resin A(43) o5 (98{3592?_ e -
Exasr%ple (1-3) Resin A(44) 25 (c7-')1=)8//(2c_ /6 -
Exa;rzllple (1-3) Resin A (45) 25 (C7—)1=)8//(2c- e P
Exasmzple (1-3) Resin A (46) 25 (C7—)1=)8//(2(j_ 26 "
Exa5m3ple (1-3) Resin A(47) 25 (C7—)1=)8//(2c_ /e p
Exasnilple (1-3) Resin A(48) 25 (C7—)1=)8//(2c_ e ”
Exasrl})ple (1-3) Resin A(49) 30 (C7-)1=)8//(2C— /6 "
Exa5m6ple (1-3) Resin A(50) 25 (C7—)1=)8//(2c- 16 0
Exa5m7ple (1-3) Resin A(51) 25 (C7—)1=)8//(2c- /6 0
Exa;rgple (1-3) Resin A(1) 20 (C4—)2=)5//(5c— 37 -
Exaslr;)ple (1-3) Resin A(1) 20 (C7—)3=)8//(2C- 3/7 .
Exaé%ple (1-3) Resin A(1) 20 (C6—)5=)8//(2C— 3/7 .
Exigfle (1-3) Resin A(1) 20 (iiijé;g:— " -
Exa6mzple (1-3) Resin A(2) 20 (C4—)2=)5//(5C— /8 ;
Exaér;ple (1-3) Resin A(2) 20 (C7—)3=)8//(2C— /6 .
Exaétzple (1-3) Resin A(2) 20 (C6—)5=)8//(ZC— 3/7 .
Exa6n;ple (1-3) Resin A(2) 20 (C8—)5=)8//(2c— 2/8 ;
Exa&Ple (1-3) Resin A(49) 30 (c4—)2=)5//(5c- e »
Exigfle (1-3) Resin A(49) 30 (%7zé;g>- /e P
Exa6rr18ple (1-3) Resin A(49) 30 (C6—)5=)8//(2C— 1/6 i
Exa6m9ple (1-3) Resin A(49) 30 (C8—)5=)8//(2C— 1/6 "
Exa;t(l)ple (1-3) Resin A(32) 20 (C4—)2=)5//(5c- 4/ -
Exa7mlple (1-3) Resin A(32) 20 (C7—)3=)8//(2C- /6 .
Exa;nzple (1-3) Resin A(32) 20 (C6—)5=)8//(Zc— /6 -
Exa;!;ple (1-3) Resin A(32) 20 (C8—)5=)8//(2c- /6 -
Exa;tzple (2-1) Resin A(19) 5 (09—)4=)5//(5C— 2/8 .
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Exa7mSple (2-1) Resin A(19) 5 (C9—)4=)5//(50— /6 5
Exa7mGple (2-1) Resin A(20) 10 (C9—)4=)5//(5€~ 1/6 Z
Exa7m7ple (2-1) Resin A(21) 30 (C9—)4=)5//(5C— /6 "
Exa;r;}ple (2-1) Resin A(22) 40 (Cg—)4=)5//(5c- 37 P
Exa7mgple (2-1) Resin A(22) 40 (c9—)4=)5//(5c- 5/ ”
Exasnz)ple (12—)1=)5//(51- Resin A(1) 20 (C7-)l=)8//(2C— /6 5
Exa;riple (15—)4=)5//(51— Resin A (1) 20 (C7—)1=)8//(2C— 4/6 ;
Exaénzple (17—)6=)5//(51- Resin A{(1) 20 (c7—)1=)8//(2c- o ;
Exa;n3ple (1-8) Resin A (1) 20 (C7—)1=)8//(2c- 0/ -
Exa;n4ple (16?)=é}é_ Resin A(1) 20 <c7-)1=)8//(2c_ e .
Exa;},ple (;?lgﬁ_ Resin A(1) 20 (C7-)l=)8//(2c— o -
Exa;nGple (2-1) Resin A(1) 20 (C7—)l=)8//(2C~ 4/6 -
Exa8m7ple (23—)2=)5//(52— Resin A(1) 20 (C7—)1=)é//(2(:- e -
Exaérilaple (1-11) Resin A(1l) 20 (C5—)4=)5//(5c— /6 -
Exasr;ple (ia?ié}é_ Resin A(2) 20 (C5-)4=)5//(Sc— 4/ -
Exagnz)ple (15)9)%};_ Resin A(23) 20 <C5-)4=)5//(5c— e -
Exa;riple (2-5) Resin A(19) 5 (C9-)4=)5//(5c- 2/8 )
Exagmzple (2-5) Resin A(20) 10 (C9—)4=)5//(5c- /6 p
Exa9m391e (2-5) Resin A(21) 30 (C9—)4=)5//(5¢_ e >
Exa;r;ple (2-5) Resin A’(22) 40 (C9—)4=)5//(5c_ 5/ ”
[0155] [Table 4]
Component [vy] Siloxane Mixing ratio Siloxane
(Charge- Component content A Component of component content B
transporting [o) (% by (B} (o] to (% by
SrEyTe mass) component_[p] mass)
Exa;‘;ple (15)22%‘ Resin A(32) 20 (cs-)4=)5//(5c- e -
Exa9m6ple (ia?ié}é_ Resin A(39) 20 (CS—)4=)5//(5c— e -
Exa9m7p1e (15)9)=é}é_ Resin A(49) 30 (c5—)4=)5//(5c_ e -
Exa;zlgple (23—)2=)5//(52— Resin A(27) 20 (CS—)4=)5//(5c- /6 -
Exagnslaple (2-1) Resin A(2) 20 (C5—)4=)5//(5c— /6 -
Exi"é‘ﬁle (2-1) Resin A(23) 20 (Cs_)4=)5//(5c_ 4/6 8
Exirglfle (2-1) Resin A(32) 20 (cs—)4=)5//(5c_ a/6 8
Exirggle (2-1) Resin A(39) 20 (C5-)4=)5//(5c— /6 -
Exixggle (2-1) Resin A (49) 30 (C5-)4=)5//(5C— 46 "
Exixgile (2-1) Resin A(1) 20 (C9—)l=)5//(sc— /6 -
Exirggle (11-)3=)8//(23_ Resin A(1) 20 (09_)1:5//(5C_ 4/6 8
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Exiggle (12—)3=)8//(23_ Resin A (1) 20 (C9-)1=)5//(5c— /6 -
Exir(;lr’/)le (11)1?8;2(3_ Resin A(1) 20 (09-)1=)5//(SC— /6 ;
Exilggle (12_)8:8//(23_ Resin A(1) 20 (C9-)1=)5//(SC— /6 .
e (12_)1:5//(51_ Resin A(1) 20 o3 =)7//(313- e -
EX?Tgle (15_>4=)5//(51_ Resin A(1) 20 (D4_)3=)7//(3D- 4/6 8
Exi?l)le (17_)6!5//(51_ Resin A(1) 20 (D4—)3=)7//(3D— /6 :
Exi?gle (1-8) Resin A (1) 20 (D4—)3=)7//(3D— 4/6 8
e (%ﬁé%_ Resin A(l) 20 (D4_)3=)7//(3D_ 4/6 8
e ‘ﬂfiéﬁ' Resin A(1) 20 (D4_)3=)7//(3D_ a/6 8
EX?‘;‘E“ (2-1) Resin A (1) 20 (D4_)3=)7//(3D_ 4/6 8
EXTT}gle (12—)1:)5//(51- Resin A(1) 20 (D7—)3=)7//(3D- 16 -
ExiTl;le (15_)4:5//(51_ Resin A(1) 20 (D7—)3=)7//(3D— /6 -
EXiTgle (17_)6=)5//(5l_ Resin A(1) 20 (D7—)3=)7//(3D— /6 .
EX?TSI‘? (1-8) Resin A(1) 20 (D7_)3=)7//(3D_ 4/6 8
e | ordss Resin A(1) 20 e 4/6 8
Exiglljle (E?Lg;%_ Resin A(1) 20 (D7_)3=)7//(3D_ 1/6 8
Exirzngle (2-1) Resin A (1) 20 (D7—)3=)7//(3D_ a/6 ;
EX?‘;“;“ (2-1) Resin A(2) 20 (D7_)3=)7//(3D_ 4/6 8
Ex?;ﬁle (2-1) Resin A(3) 20 (D7_)3=)7//(3D_ 4/6 8
Exall?gle (2-1) Resin A(4) 20 (D7-)3=)7//(3D— 4/6 8
Exi‘?é’le (2-1) Resin A(5) 20 (D7—)3=)7//(3D- 4/6 8
EXTZ‘?“’ (2-1) Resin A(6) 20 (D7_)3=)7//(3D— 4/6 8
Exirzngle (2-1) Resin A(7) 20 (D7_)3=)7//(3D_ 4/6 8
EX?;“‘;“ (2-1) Resin A(8) 20 (D7—)3=)7//(3D_ 4/6 8
Exirggle (2-1) Resin A(9) 20 (D7—)3=)7//(3D- /6 ;
Exiglrfle (2-1) Resin A(10) 20 (D7_)3=)7//(3D_ 4/6 8
Exi’g“é’le (2-1) Resin A(11) 20 (D7_)3=)7//(3D_ 4/6 8
e (2-1) Resin A(12) 20 (D7_)3=)7//(3D_ 4/6 8
Exigile (2-1) Resin A(13) 20 (D7_)3=)7//(3D_ 4/6 8
e (2-1) Resin A(14) 20 (Dv_)3=)7//(3D_ 4/6 8
Exiggle (2-1) Resin A(15) 20 (D7_)3=)7//(3Dn 4/6 8
Ex‘i?éle (2-1) Resin A(17) 20 (137—)3=)7//(3D— e -
Exiglgle (2-1) Resin A(18) 20 (D7—)3=)7//(3D— 6 -
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Exirzgle (2-4) Resin A(1) 20 (D4—)3=)7//(3D— /6 5
Ex?rzgile (2-5) Resin A(1) 20 (D4—)3=)7//(3D— 1/6 -
Exirzgle (2-5) Resin A(2) 20 (D4')3=)7//(3D— /6 .
Exirzgle (2-6) Resin A (1) 20 (D4-)3=)7//(3D— /6 .
[0156] [Table 5]
Component [v] Siloxane Mixing ratio Siloxane
(Charge- Component content A Component of component content B
transporting [a] (% by (Bl [a] to (% by
sepstence) mass) component [B] mass)
Exirzile (2-1) Resin A(19) 5 (D7—)3=)7//(3D— /6 )
Exi";‘é’le (2-1) Resin A(20) 10 (D7_)3=)7//(3D— 4/6 4
Exirzzle (2-1) Resin A(21) 30 (D7—)3=)7//(3D— 16 P
Exi"g‘i’le (2-1) Resin A(22) 40 (D7-)3=)7//(3D— e P
Exingle (2-1) Resin A(23) 20 (D’l_)3=)7//(3D_ 4/6 8
Exi‘}gle (2-1) Resin A(24) 20 (-D7_)3=)7//(3D_ 4/6 8
Exi?gle (2-1) Resin A(25) 20 (D7_)3=)7//(3D_ 4/6 8
Exirglile (2-1) Resin A(26) 20 (D7_)3=)7//(3D_ 4/6 8
Exi’é‘é’le (2-1) Resin A(27) 20 (D7_)3=)7//(3D_ 4/6 8
e (2-1) Resin A(28) 20 (D7_)3=)7//(3D_ 4/6 8
Exir;i)le (2-1) Resin A(29) 20 (D7—)3=)7//(3D— | /6 -
Ex?rggle (2-1) Resin A(30) 20 (D7—)3=)7//(3D— /6 -
Exirgggle (2-1) Resin A(31) 20 (D7*)3=)7//(3D— /6 -
Exi‘??le (2-1) Resin A(32) 20 (D7_)3=)7//(3D_ 4/6 8
Exirggle (2-1) Resin A(33) 20 (D7-)3=)7//(3D— /6 .
Exirggle (2-1) Resin A(34) 20 (D7—)3=)7//(3D— /6 -
Exixggle (2-1) Resin A(35) 20 (D7_)3=)7//(3D_ 4/6 8
Exf?ile (2-1) Resin A(36) 20 (D7_)3=)7//(3D— 4/6 8
EXiIggle - Resin AGT) >0 (D7_)3=)7//(3D_ 4/6 8
BN (2-1) Resin A(38) 20 (D7_)3=)7//(3D_ 4/6 8
Exirgfjle (2-1) Resin A (39) 20 (D7-)3=)7//(3D— /6 .
EXTZ‘E“ (2-1) Resin A(40) 20 (D7_)3=)7//(3D_ 4/6 8
Exiréq;le (2-1) Resin A(41) 20 (D7—)3=)7//(3D_ /6 .
Exirgsle (2-1) Resin A(42) 25 (D7_)3=)7//(3D_ 4/6 10
Exirggle (2-1) Resin A(43) 25 (D7—)3=)7//(3D— /6 P
Exirg};le (2-1) Resin A(44) 25 (D7—)3=)7//(3D— e P
Exir;\gle (2-1) Resin A(45) 25 (137—)3=)7//(3D— 4/6 P
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Example (2-1) Resin A(46) 25 (D7_)3=)7//(3D‘ 4/6 10
Brample (2-1) Resin A(47) 25 (D7’)3=)7//(3D‘ 4/6 10
Example (2-1) Resin A(48) 25 (D7’)3=)7//(3D‘ 4/6 10
Example (2-1) Resin A(49) 30 (D7_)3=)7//(3D_ 4/6 12
Example (2-1) Resin A(50) 25 (D7’)3=)7//(3D' 4/6 10
Example (2-1) Resin A(51) 25 (o317 4/6 10
Exig‘sle (2-1) Resin A(2) 20 (D-9) 4/6 8
Ex‘i‘g‘gle (2-1) Resin A(19) 5 (D-9) 4/6 2
Exigﬂgle (2-1) Resin A(22) 40 (D-9) 4/6 16
Exi’;‘gle (2-1) Resin A(23) 20 (D-9) 4/6 8
Exatple (2-1) Resin A(32) 20 (p-9) 4/6 8
Exiggle (2-1) Resin A(39) 20 (D-9) a/6 8
Erample (2-1) Resin A(49) 30 (D-9) 4/6 12
Example (2-1) Resin (1) 20 A 4/6 8
Example (2-1) Resin (1) 20 (]32')25//(5]3_ 4/6 8
Example (2-1) Resin (1) 20 S 4/6 8
Example (2-1) Resin (1) 20 (ore)/ o 4/6 8
Erample (2-1) Resin (1) 20 (D-1) 3/7 6
Exig‘gle (1-3) Resin (1) 20 (D-1) 3/7 6
Exal";‘gle (E?lgﬁ‘ Resin (1) 20 (D-1) 3/7 6
Exig‘ﬁle (2-5) Resin A(21) 30 (D-1) 3/7 9
Ex?’;‘gle (2-5) Resin A(2) 20 (D-9) “4/6 8
Example (2-5) Resin A(19) 5 (D-9) 4/6 2
Exi“;‘ile (2-5) Resin A(22) 40 (D-9) 4/6 16
[0157] [Table 6]
Charge-' . Siloxane Component Mixinq ratio Siloxane
transporting Resin E content A (8] of resin E to content B
substance (% by mass) component [B] (% by mass)
ngg;;izi‘l’e (1-3) Resin E(1) 2 (07_)1:8//(2C’ 3/7 0.6
Covomie 3 | s | resin B 2 oess 4/6 0.8
Cgiiiéiiige (15_)4=)5//(51_ Resin E(1) 2 (C7—)1=)8//(2c_ 4/6 0.8
Cﬁi‘iiéiiif (17_)6=)5//(51_ Resin E(1) 2 (C7_)1=)8//(2c_ 4/6 0.8
Cg’}‘(‘g;;izi‘ge (2-1) Resin E(1) 2 (Cg—)4=)5//(5c_ 4/6 0.8
Cgf{‘gz;izi‘ée (1-3) Resin E(1) 2 (C4')2=)5//(5c' 3/7 0.6
ngz;;izi‘;e (1-3) Resin E(1) 2 (07’)328/ /(2C- 3/7 0.6
cgg;;izi‘a’e (1-3) Resin E(1) 2 (C6')5=)8/ s 3/7 0.6
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Cﬁiiiéiiige (1-3) Resin E(1) 2 (c8—)5=)8//(2c— 3/7 0.6
CEO}Sa;;naprlaet i 1Voe ( 11—) 3=)8//(2 3- Resin E(1) P ( C9—)l=)5//(5c - 4/6 0.8
P (1-3) Resin E(1) 2 (e (e 5/5 1
CEc;r[;Ijt(\aprlaetilVZe (2-1) Resin E(1) 2 (Cg—)i) 5/ /(SC_ 5/5 1
cEin;L;naprlaet P (15_)4=)5//(51_ Resin E(1) 2 (D4_)3=) 7//(3D_ 4/6 0.8
cEi(n;Tprlaet i1V4e (17—)25//(51_ Resin E(1) 2 ([2_)3:)7/ /(3D_ 4/6 0.8
caogfprlaetige (E?):é/(%_ Resin E(1) 2 ‘134’)327/ e 4/6 0.8
e e (2-1) Resin E(1) 2 (-3 /10~ e s
c;f;‘;naprfetil"f (1-3) Resin E(1) 2 _ _ 5
cEiiTprlaetiﬁae (1-3) Resin E(2) 50 (C7_)1=)8//(2C' 3/7 15
CEo)ngrlaet ilv9e ( 12—)1=)5//(5 1- Resin E(2) 50 ( C7—)l=)8//(2 c- 3/7 15
CEo;g;aprlaet i2v0e ( 15—)4=)5//(5 1- Resin E(2) 50 ( C7—)l=)8//(2 C- 3/7 15
ch}zr;;::prlaet i2vle ( 17—)6=)5//(5 1- Resin E(2) 50 (AC7-)1=)8//(2 c- 3/7 15
Py (2-1) Resin E(2) 50 e 3/7 15
P (2-1) Resin E(2) 50 AN 3/7 15
P (1-3) Resin E(2) 50 RGNS 1/9 5
CEogg;aprlaet i2v5 e ( 12—) 1=)5//(51 - Resin E(2) 50 ( C7-)l=)8//(2 Cc- 1/9 5
cEi";‘;aprfet izvse (15_)425//(51° Resin E(2) 50 (C7—)1=)8//(2 - e .
C;{n;p:prlaet i2V7e ( 17_) 6=) 5//(51 h Resin E(2) 50 ( (37-)1=)8//(2 c- 1/9 R
cEin;TprlaetiZVBe (2-1) Resin E(2) 50 (c9—)4=)5/ P 1/9 5
cEzn;TprlaetiZV; (2-1) Resin E(2) 50 (D4_)3=)7/ P 1/9 5
CE(ch;Iinaprlaeti;Oe (1-3) Resin E(2) 50 - - 50
CE(;maI:naprthi;le (1-3) Resin E(3) 30 (D-1) 3/7 9
CEima;::prlaet i3vze ( 12_)l=)5//(51 h Resin E(3) 3 0 (D-1) 3/7 )
chﬁfprlaeti;; (15_)4=) 5//(51_ Resin E(3) 30 (D-1) 3/7 9
chngrlaeti;z;e (17-)6=)5//(5l— Resin E(3) 30 (D-1) 3/7 9
CE(;IK;Tprlaeti;Se (2-1) Resin E(3) 30 (D-1) 3/7 9
CEin‘lai\aprlaeti;ee (2-5) Resin E(3) 30 (D-1) 3/7 9
Cnamle 37 (1-3) Resin E(4) 30 RGNS 3/7 5
CEo;r;pmaprlaet i3v9e (2-1) Resin E(4) 30 ( D4—) 3=)7//(3D— 4/6 12
CEo}g;;aprlaet i4vle (3-1) Resin E(3) 30 ( C7—) 1=)8//(2 c- 3/7 5
CEo}irznaprlaet i4vze (3-1) Resin E(3) 30 { C7—)3=)8//(2 c- 3/9 5
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Comparative _ . (c-2)/(c-
Example 43 (3-1) Resin E(3) 30 4)=5/5 3/7
Comparative B , (D-3)/(D-
Example 44 (3-1) Resin E(3) 30 4)=17/3 3/7
Comparative _ Resin . (C-3)/(C-
Example 45 (3-1) A(21) 30 7)=8/2 3/1
Comparative B Resin (D-3)/ (D~
Example 46 (3-1) A(21) 30 4)=7/3 3/7

[0158]The term "Charge-transporting substance” in Table 6
refers to the charge-transporting substance in the
charge-transporting layer of the present invention. 1In
the case of using a mixture of charge-transporting
substances, the term refers to the types and mixing
ratio of the charge-transporting substances. The term
"Resin E" in Table 6 refers to the resin E having the
siloxane moiety. The term "Siloxane content A (% by
mass)" in Table 6 refers to the content (% by mass) of
the siloxane moiety in the "Resin E" or "Resin A." The
term "Component [B]" in Table 6 refers to the
composition of the above-mentioned component J. The
term "Mixing ratio of resin E to component [B]" in
Table 6 refers to the mixing ratio (resin E or resin
A/component B) of the polycarbonate resin E or the
resin A to the above-mentioned component B in the
charge-transporting layer. The term "Siloxane content
B (% by mass)" in Table 6 refers to the content (% by
mass) of the siloxane moiety in the "Resin E"(relative
to the total mass of whole resins in the charge-
transporting layer.

[0159]Tables 7 to 9 below show the results of evaluation in
Examples 1 to 194 and Comparative Examples 1 to 46.

[0160] [Table 7] |

Potential s Torque relative value .
: . Initial torque Particle
variation relative value after repeated use of size (nm)
(V) 2,000 sheets of paper
Example 1 5 0.63 0.67 ' 450
Example 2 5 0.71 0.75 330
Example 3 5 0.61 0.65 580
Example 4 5 0.64 0.68 440
Example 5 5 0.72 0.76 320
Example 6 5 0.62 0.66 570
Example 7 5 0.65 0.69 460
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Example 8 5 0.65 0.69 460
Example 9 5 0.65 0.69 460
Example 10 5 0.66 0.70 460
Example 11 5 0.65 0.69 460
Example 12 5 0.65 0.69 460
Example 13 5 0.65 0.69 460
Example 14 5 0.66 0.70 460
Example 15 5 0.65 0.69 460
Example 16 5 0.65 0.69 460
Example 17 5 0.65 0.69 450
Example 18 5 0.64 0.68 460
Example 19 5 0.67 0.71 460
Example 20 5 0.64 0.68 460
Example 21 5 0.65 0.69 460
Example 22 5 0.64 0.68 460
Example 23 5 0.74 0.78 280
Example 24 5 0.77 0.81 180
Example 25 5 0.68 0.72 330
Example 26 5 0.63 0.67 500
Example 27 8 0.62 0.66 550
Example 28 13 0.61 0.65 750
Example 29 5 0.65 0.69 460
Example 30 5 0.65 0.69 460
Example 31 5 0.65 0.69 470
Example 32 5 0.65 0.69 460
Example 33 5 0.65 0.69 460
Example 34 5 0.65 0.69 460
Example 35 5 0.65 0.69 450
Example 36 5 0.65 0.69 460
Example 37 5 0.65 0.69 460
Example 38 5 0.65 0.69 460
Example 39 5 0.65 0.69 460
Example 40 5 0.65 0.69 460
Example 41 5 0.65 0.69 460
Example 42 5 0.65 0.69 460
Example 43 5 0.65 0.69 470
Example 44 5 0.65 0.69 460
Example 45 5 0.65 0.69 460
Example 46 5 0.65 0.69 460
Example 47 5 0.65 0.69 460
Example 48 5 0.64 0.68 480
Example 49 5 0.64 0.68 480
Example 50 5 0.64 0.68 480
Example 51 5 0.64 0.68 490
Example 52 5 0.65 0.69 480
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Example 53 5 0.64 0.68 480
Example 54 5 0.64 0.68 480
Example 55 5 0.62 0.66 520
Example 56 5 0.65 0.69 480
Example 57 5 0.64 0.68 480
Example 58 5 0.67 0.71 440
Example 59 5 0.67 0.71 440
Example 60 5 0.67 0.71 430
Example 61 5 0.67 0.71 440
Example 62 5 0.70 0.74 420
Example 63 5 0.65 0.69 440
Example 64 5 0.68 0.72 420
Example 65 5 0.70 0.74 350
Example 66 5 0.62 0.66 490
Example 67 5 0.62 0.66 500
Example 68 5 0.62 0.66 450
Example 69 5 0.62 0.66 480
Example 70 5 0.65 0.69 460
Example 71 5 0.65 0.69 460
Example 72 5 0.65 0.69 420
Example 73 5 0.65 0.69 430
Example 74 5 0.78 0.82 210
Example 75 5 0.75 0.79 300
Example 76 8 0.71 0.75 380
Example 77 13 0.63 0.67 620
Example 78 15 0.63 0.67 600
Example 79 18 0.61 0.65 800
Example 80 5 0.65 0.69 460
Example 81 5 0.65 0.69 460
Example 82 5 0.65 0.69 460
Example 83 5 0.65 0.69 470
Example 84 5 0.65 0.69 460
Example 85 5 0.65 0.69 460
Example 86 10 0.65 0.69 470
Example 87 5 0.65 0.69 460
Example 88 5 0.65 0.69 460
Example 89 5 0.65 0.69 460
Example 90 5 0.65 0.69 420
Example 91 5 0.78 0.82 210
Example 92 8 0.71 0.75 380
Example 93 12 0.63 0.67 620
Example 94 16 0.62 0.65 800

[0161] [Table 8]
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Potential o Torque relative value Particle

variation igi:i?‘l’etgggﬁz after repeated use of size

(V) 2,000 sheets of paper (nm)

Example 95 5 0.65 0.69 420
Example 96 5 0.65 0.69 410
Example 97 5 0.63 0.67 420
Example 98 10 0.65 0.69 420
Example 99 10 0.65 0.69 410
Example 100 10 0.65 0.69 420
Example 101 10 0.65 0.69 430
Example 102 10 0.65 0.69 430
Example 103 10 0.63 0.67 420
Example 104 10 0.65 0.69 500
Example 105 5 0.65 0.69 520
Example 106 5 0.65 0.69 510
Example 107 5 0.65 0.69 550
Example 108 5 0.65 0.69 500
Example 109 5 0.65 0.69 460
Example 110 5 0.65 0.68 460
Example 111 5 0.65 0.68 460
Example 112 5 0.65 0.68 460
Example 113 5 0.65 0.68 460
Example 114 5 0.65 0.68 460
Example 115 8 0.65 0.68 450
Example 116 5 0.65 0.68 460
Example 117 5 0.65 0.68 460
Example 118 5 0.65 0.68 470
Example 119 5 0.65 0.68 460
Example 120 5 0.65 0.68 460
Example 121 5 0.65 0.68 460
Example 122 10 0.65 0.68 460
Example 123 10 0.65 0.68 460
Example 124 10 0.65 0.68 460
Example 125 10 0.65 0.68 460
Example 126 10 0.65 0.68 460
Example 127 10 0.65 0.68 460
Example 128 10 0.65 0.68 460
Example 129 10 0.65 0.68 460
Example 130 10 0.65 0.68 450
Example 131 10 0.65 0.68 460
Example 132 10 0.65 0.68 460
Example 133 10 0.65 0.68 460
Example 134 10 0.65 0.68 470
Example 135 10 0.65 0.68 460
Example 136 10 0.65 0.68 460
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Example 137 10 0.65 0.68 460
Example 138 10 0.65 0.68 460
Example 139 10 0.65 0.68 460
Example 140 10 0.65 0.70 460
Example 141 8 0.65 0.68 450
Example 142 8 0.65 0.68 440
Example 143 10 0.65 0.70 450
Example 144 5 0.75 0.78 280
Example 145 8 0.72 0.75 380
Example 146 15 0.64 0.67 500
Example 147 20 0.61 0.64 560
Example 148 10 0.65 0.68 450
Example 149 10 0.65 0.68 460
Example 150 10 0.65 0.68 460
Example 151 10 0.65 0.68 460
Example 152 10 0.65 0.68 460
Example 153 10 0.65 0.68 460
Example 154 10 0.65 0.68 460
Example 155 10 0.65 0.68 460
Example 156 10 0.65 0.68 470
Example 157 10 0.65 0.68 460
Example 158 10 0.65 0.68 460
Example 159 10 0.65 0.68 460
Example 160 10 - 0.65 0.68 460
Example 161 10 0.65 0.68 460
Example 162 10 0.65 0.68 460
Example 163 10 0.65 0.68 460
Example 164 10 0.65 0.68 460
Example 165 10 0.65 0.68 460
Example 166 10 0.65 0.68 460
Example 167 12 0.64 0.67 480
Example 168 12 0.64 0.67 480
Example 169 12 0.64 0.67 480
Example 170 12 0.64 0.67 480
Example 171 12 0.64 0.67 480
Example 172 12 0.64 0.67 480
Example 173 12 0.64 0.67 480
Example 174 14 0.63 0.66 500
Example 175 12 0.64 0.67 480
Example 176 12 0.64 0.67 480
Example 177 10 0.67 0.70 460
Example 178 5 0.72 0.75 250
Example 179 18 0.62 0.65 600
Example 180 8 0.65 0.68 430
Example 181 8 0.65 0.68 430
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Example 182 8 0.65 0.68 430
Example 183 12 0.64 0.67 430
Example 184 11 0.65 0.68 470
Example 185 12 0.65 0.68 450
Example 186 12 0.64 0.67 430
Example 187 12 0.64 0.67 450
Example 188 12 0.65 0.68 440
Example 189 8 0.65 0.68 440
Example 190 8 0.65 0.68 440
Example 191 11 0.65 0.68 440
Example 192 9 0.67 0.70 460
Example 193 5 0.72 0.75 250
Example 194 16 0.62 0.66 600
[0162] [Table 9]
Torque relative Particle
Potential Initial torque value after repeated size
variation (V) relative value use of 2,000 sheets (nm)
of paper
Comparative 3
Example 1 5 0.93 0.98
Comparative _
Example 2 7 0.92 0.95
Comparative _
Example 3 7 0.93 0.95
Comparative _
Example 4 7 0.91 0.95
Comparative _
Example 5 7 0.92 0.95
Comparative _
Example 6 5 0.93 0.95
Comparative _
Example 7 5 0.93 0.98
Comparative B
Example 8 5 0.93 0.97
Comparative
Example 9 5 0f93 0.95
Comparative .
Example 10 7 0.91 0.94
Comparative
Example 11 7 0.88 0.95 -
Comparative
Example 12 7 0.89 0.95 -
Comparative
Example 13 7 0.92 0.94
Comparative
Example 14 8 0.93 0.95 -
Comparative
Example 15 7 0.91 0.95
Comparative .
Example 16 8 0.92 0.95 -
Comparative
Example 17 15 0.87 0.93 -
Comparative
Example 18 150 0.65 0.70 1,000
Comparative
Example 19 140 0.64 0.73 1,000
Comparative
Example 20 170 0.68 0.74 1,000
Comparative
Example 21 150 0.65 0.68 1,050
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gz?ﬁ;i:t;;e 150 0.68 . 0.73 950
§§?§3i2t2§e 180 0.63 0.67 1,250
gziﬁ;iztéze 80 0.67 0.78 750
gzzﬁ;iztége 75 0.69 0.79 750
gzﬁﬁgit;‘e’e 20 0.67 0.78 750
giﬁﬁgfztige 80 0.67 0.80 780
gzﬁﬁ:i:t;ge 80 0.68 0.78 730
Exampie 25 100 0.67 0.78 500
giiﬁ;i:tége 200 0.60 0.65 -
ggzﬁ;i:tiye 60 0.68 0.73 400
g:?ﬁ;i:tige 60 0.69 0.73 400
gzgigfztige 70 0.68 0.76 400
gzzﬁgfitéze 60 0.70 0.78 350
giﬁﬁgfztige 60 0.68 0.78 400
Example 36 58 0.69 0.78 200
§§§§2f2t336 95 0.77 0.93 _
Eiﬁigfztége 110 0.75 0.98 -
gifﬁgfitége 85 0.80 0.96 -
Example 40 8 0.0 0.96 }
gi?ﬁ:ithTe 43 0.68 0.75 400
g:ﬁi:iztige 40 0.69 0.75 350
gzzﬁgi:tzge 43 0.68 0.75 400
g§2§g§:tzze 40 0.65 0.73 450
Eiiﬁ;iZtZEe 40 0.69 0.74 270
giiﬁ:i:tize 38 0.65 0.72 350

[0163]A comparison between Examples and Comparative Examples
1 to 16 reveals that, in the case where the content of
siloxane relative to the polyester resin having the
siloxane moiety in the charge-transporting layer is low,
no matrix-domain structure is found and the effect of
reducing contact stress is insufficient. This is shown
by the fact that the effect of reducing the torque was
not obtained at the initial time and after repeated use
of 2,000 sheets of the paper. Further, Comparative>

Examples 17 shows that, in the case where the content
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of siloxane relative to the polyester resin having the
siloxane moiety is low, the effect of reducing contact
stress is insufficient even if the content of the
siloxane-containing resin in the charge-transporting
layer is increased.

[0164]A comparison between Examples and Comparative Examples
18 to 29 reveals that, in the case where the content of
siloxane relative to the polyester resin having the
siloxane moiety in the charge~transporting layer is
high, potential stability in repeated use is
insufficient. Inrthis case, although the matrix-domain
structure due to the polyester resin contaihing the
siloxane moiety is formed, thevpolyester resin and the
charge-transporting layer have excessive amounts of the
siloxane structure, and hence compatibility with the
charge-transporting substance is insufficient.
‘Therefore, the effect for potential stability in
repeated use is insufficient. Further, Comparative
Example 30 shows that the potential stability in
repeated use is insufficient. The results of
Comparative Example 30 show that a large potential
variation is caused even though the matrix-domain
structure is not formed. That is, in Comparative
Examples 18 to 30, the resultant member contains the
charge-transporting substance and the resin containing
~excessive amounts of the siloxane structure, and hence
compatibility with the charge-transporting substance
may be insufficient.

[0165]A comparison between Examples and Comparative Examples
31 to 36 reveals that, the charge-transporting
substances shown in the present invention have
insufficient potential stability in some cases even if
the matrix-domain structure is formed with the resin
having the siloxane structure. A comparison between
Examples and Comparative Examples 31 to 36 reveals that

the potential stability in repeated use can be improved
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by using the polyester resin of the present invention.
The comparison further shows that an excellent balance
between sufficient effect for the potential stability
and sustained reduction of contact stress can be
achieved in Examples. 1In Comparative Examples 31 to 36,
the potential stability may be insufficient because the
component y having high compatibility with the resin in
the charge-transporting layer contains a large amount
of the charge-transporting substance in the domain
including the siloxane-containing resin, resulting in
formation of aggregates of the charge-transporting
substance in the domain. However, in Examples,
compatibility between the components o and the
components y of the present invention is low, and hence
the content of the charge-transporting substance in the
domain may be reduced. Thus, it is estimated that the
content of the charge-transporting substance in the
domain, which is a factor for the potential variation,
is reduced, to thereby provide an excellent effect for
the potential stability. The fact that the potential
stability in repeated use is improved by the
compatibility between the components o and vy is
suggested by the results of Comparative Examples 41 to
46. A comparison between Comparative Examples 31 to 36
and Examples reveals that a significant effect of
suppressing the potential variation can be obtained in
the case of forming the charge-transporting layer
containing the components o and y of the present
invention.

[0166]A comparison between Examples and Comparative Examples
37 to 40 reveals that the resin described in Patent
Literature 2 does not form a matrix-domain structure
even when used together with the polyester resin C or
the polyester resin D and does not provide a sufficient
effect of reducing contact stress, resulting in a large

potential wvariation.
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[0167]While the present invention has been described with
reference to exemplary embodiments, it is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures. and functions.

[0168]This application claims the benefit of Japanese Patent
Application No. 2010-269732, filed December 2, 2010,

which is hereby incorporated by reference herein in its
entirety.
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CLAIMS
An electrophotographic photosensitive member,
comprising:
a conductive support, _
a charge—generating layer which is provided on the
conductive support and comprises a charge-generating
substance, and
a charge-transporting layer which is provided on the
charge—generating layer and is a surface layer of the
electrophotographic photosensitive member;
wherein the charge-transporting layer has a matrix-
domain structure having:
a domain which comprises a polyester resin A having a
repeating structural unit represented by the following
formula (A) and a repeating structural unit represented
by the following formula (B); and
a matrix which comprises,
at least one resin selected from the group consisting
of a polycarbonate resin C having a repeating
structural unit represented by the following formula
(C) and a polyester resin D having a repeating
structural unit represented by the following formula
(D), and
at least one charge-transporting substance selected
from the group consisting of a compound represented by
the following formula (1), a compound represented by
the following formula (1’), a compound represented by
the following formula (2), and a compound represented

by the following formula (2');

wherein the content of a siloxane moiety in the
polyester resin A is not less than 5.0% by mass and not
more than 40% by mass relative to the total mass of the

polyester resin A;



WO 2012/074082 PCT/JP2011/077885
76

8.7
——C—X-C-0 4 ot (A)

wherein, in the formula (A),

Y! represents a single bond, a methylene group, an
ethylidene group, a propylidene group, a
phenylethylidene group, a cyclohexylidene group, or an
oxygen atom;

X! represents a meta-phenylene group, a para-phenylene
group, or a bivalent group having two para-phenylene
groups bonded with an oxygen atom, and v

W represents an univalent group represented by the
following formula (a), or an univalent group

represented by the following formula (b);

T~
O
T
X)
~1
w
]
w
2
@)
S—]
o
2
|
A
0
O

FI{41
—QCH2>\ /CH3
3 Si
C|)H3 (|3H3 (b)
R43 Sli—O O—Slal R43
CHj " CHs )

wherein, in the formulae (a) and (b),

R*! represents a methyl group, or a phenyl group,

R*? and R*® each independently represents an alkyl group
having 1 to 4 carbon atoms,

n” represents the number of repetitions of a structure

within brackets, an average of “n” in the polyester
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resin A ranges from 10 to 150;
“*m” and “k” each independently represents the number of
repetitions of a structure within brackets, an average

of “m+k” in the polyester resin A ranges from 10 to

150;
[ RS R52
R0
~+C—X?-C—0 G ot ®)
B R53 RS54

wherein, in the formula (B),

R°* to R each independently represents a hydrogen atom,
or a methyl group,

X2 represents a meta-phenylene group, a para-phenylene
group, or a bivalent group having two para-phenylene
groups bonded with an oxygen atom, and

Y? represents a single bond, a methylene group, an
ethylidene group, a propylidene group, a
phenylethylidene group, a cyclohexylidene group, or an

oxygen atom;

R61 R62
0]
] 3 (C)
—T—C—0 Y o1
| R63 | 64 |

wherein, in the formula (C),

R®! to R®* each independently represents a hydrogen atom,
or a methyl group, and

Y3 represents a single bond, a methylene group, an
ethylidene group, a propylidene group, a
phenylethylidene group, a cyclohexylidene group, or an

oxygen atom;
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[ R71 R72

P,
~+C—x*-C— & ob- O
i R73 _74

wherein, in the formula (D),

R™ to R’ each independently represents a hydrogen atom,
or a methyl group,

X! represents a meta-phenylene group, a para-phenylene
group, or a bivalent group having two para-phenylene
groups bonded with an oxygen atom, and

Y? represents a single bond, a methylene group, an
ethylidene group, a propylidene group, a

cyclohexylidene group, or an oxygen atom;

wherein, in the formulae (1) and (1"},

Ar? represents a phenyl group, or . a phenyl group
substituted with a methyl group or an ethyl group,

Ar? represents a phenyl group, a phenyl group
substituted with a methyl group, a phenyl group
substituted with an univalent group represented by the
formula “—CH=CH—Ta”, or a biphenyl group substitﬁted
with an univalent group represented by the formula “-
CH=CH-Ta” {(where, Ta represents an univalent group
derived from a benzene ring of a triphenylamine by loss
of one hydrogen atom, or derived from a benzene ring of
a triphenylamine substituted with a methyl group or an
ethyl group by loss of one hydrogen atom),

R' represents a phenyl group, a phenyl group
substituted with a methyl group, or a phenyl group
substituted with an univalent group represented by the
formula “—CH=C(Ar3)Ar4” (where, ard® and art each»
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independently represents a phenyl group or a phenyl
group substituted with a methyl group), and

R? represents a hydrogen atom, a phenyl group, or a
phenyl group substituted with a methyl group;

A A2
/
\ / \

A% A%

4 27

A B NN A ()
Ars®

A
Ar25

wherein, in the formulae (2) and (27),

Army Ar”, Ar“, Ar%, Ar”, and Ar?® each independently
represents a phenyl group or a tolyl group,

Ar?® and Ar?® each independently represents a phenyl
group or a phenyl group substituted with a methyl group.
The electrophotographic photosensitive member according
to claim 1,

wherein the content of the siloxane moiety in the
charge-transporting layer is not less than 1% by mass
and not more than 20% by mass relative to the total
mass of whole resin in the charge-transporting layer.

A process cartridge detachably attachable to a main
body of an electrophotographic apparatus, wherein the
process cartridge integrally supports:

the electrophotographic photosensitive member according
to claim 1 or 2; and

at least one device selected from the group consisting
of a charging device, a developing device, a
transferring device, and a cleaning device.

An electrophotographic apparatus, comprising: the
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electrophotographic photosensitive member according to
claim 1 or 2; a charging device; an exposing device; a
developing device; and a transferring device.

A method of manufacturing the electrophotographic
photosensitive member according to claim 1 or 2,
wherein the method comprises a step of forming the
charge-transporting layer by applying a charge-
transporting-layer coating solution on the charge-
generating layer and drying the coating solution, and
wherein the charge-transporting-layer coating solution
comprises:

the polyester resin A,

at least one resin selected from the group consisting
of the polycarbonate resin C and the polyester resin D,
and

at least one charge-transporting substance selected
from the group consisting of the compound represented
by the formula (1), the compound represented by the
formula (1’), the compound represented by the formula
(2), and the compound represented by tﬁe formula (27).
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