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& Image forming method. v

@ An electrophotographic toner showing a good fixability onto recording paper is constituted by at least a
binder resin and a colorant, the binder resin comprising a resin component having a polar group, the binder
resin having a molecular weight distribution according to gel permeation chromatography including a peak in a
molecular weight region of 5x10° - 5x10*. The toner is used to develop an electrostatic image formed on a
electrophotographic photosensitive member including at least an electroconductive support, a charge generation
layer and a charge transport layer, and the resultant toner image i$ transferred onto a recording medium without

. difficulties such as occurrence of cracks on the photosensitive member or inferior transferability by using a

photosensitive member having a surface layer containing a transition metal atom at 0.1 - 10 ppm. The surface of
the photosensitive member may preferably show a fluorine atom/carbon atom (F/C) ratio or/and a silicon
atom/carbon atom (Si/C) ratio, respectively, of 0.03 - 1.0 as measured by X-ray photoelectron spectroscopy.
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The insulating layer disposed on a type of photosensitive member is provided of various purposes,
such as protection of the photoconductor layer, an improvement in mechanical strength of the photosen-
sitve member, an improvement in dark attenuation characteristic, and application to a specific elec-

15 trophotographic process.

Typical examples of such a photosensitive member having an insulating layer and an electrophotog-
raphic process using such a photosensitive member having an insulating layer are described in, e.g. US.
Patent No. 2,860,048, and Japanese Patent Publication (JP-B) 41-16429, JP-B 38-15446, JP-B 46-371 3, JP-
B 42-23910, JP-B 43-24748, JP-B 42-19747, and JP-B 36-4121.

20 An electrophotographic photosensitive member is required to exhibit prescribed sensitivity, slectric
characteristic and further optical characteristic depending on the slectrophotographic process to which the
photosensitive member is applied. Moreover, the photosensitive member is required to exhibit a durability
as an important property. It is difficult to obtain stably clear images under various environmental conditions
by using a photosensitive member which exhibits a remarkably lower surface potential under a high-

25 humidity condition even if it exhibits excellent electrophotographic characteristics. In an slectrophotographic
process including a transfer step, the photosensitive member is generally used repetitively, so that the
surface substance is liable to be damaged dus to breakage of chemical bond, and the surface resistivity is
liable to be lowered due to attack of ionized oxygen, ozone, moisture, etc., thus being liable to cause a
lowering in static charge retention power of the photosensitive member and a deterioration of image

30 sharpness particularly in a high-humidity environment. It is also possible that substances attached to the
photosensitive member, such as paper dust, lower the charge-retention power of the photosensitive
member, thus causing image flow.

The surface of a photosensitive member is generally covered with a resin, so that the properties of the
resin are important, and a resin having excellent durability has been desired. For this purpose, there has

35 been proposed to use a polycarbonate resin having a skeleton of bisphenol A (hereinafter referred to as
bisphenol A-type polycarbonate) as a binder resin constituting the surface layer.

Polycarbonate resin as an engineering plastic, however, generally has a large surface free energy, so
that a toner is liable to attach to the surface thereof. For this reason, when a photosensitive member
comprising polycarbonate resin on the surface is used for formation of a wholly black image (referred to as

40 a solid black image), a large number of white spots are liable to occur as image defects. ' :

Further, a photosensitive member may be formed by applying a solution of a binder resin and a charg
transport agent in a solvent onto a substrate, followed by drying, to form a film on the substrate. A film
formed in this manner retains a residual strain stress in its internal structure. Polycarbonate resin has such a
tendency strongly and is liable to cause a solvent crack in the resultant coating film when used as the

45 binder resin. In case where the thus formed photosensitive member is loaded in an electrophotographic
apparatus, the photosensitive member is liable to cause cracks leading to defective images, when it is
touched with human hands, or oils or low-molecular weight organic compounds used in the apparatus.

Further, if the photosensitive member has a large friction coefficient, a large degree of wearing is
caused thereby in case where the photosensitive member surface is cleaned by, e.g., urethane rubber

50 blade, so that it is difficult to obtain a large number of sheets in a continuous operation in some cases.

A typical toner used in electrophotographic is a pulverization toner which may be prepared through a
process wherein a colorant of a dye or pigment is melt-kneaded with a thermoplastic resin for uniform
dispersion, and the mixture is finely pulverized and classified to recover a toner having a prescribed particle
size. '

55 Another type of toner is a polymerization toner obtained by suspension polymerization or emuision
polymerization. A polymerization toner according to suspension polymerization may be produced through a
process wherein a monomer composition including a polymerizable monomer, a colorant, a polymerization
initiator and, optionally, a crosslinking agent, a charge controlier, and other additives in a solution or
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In recent years, an electrophotographic toner having a low-temperature fixability is required for the
70 purpose of energy economization. For this requirement, a toner binder resin showing a good wettability with
and a good fixability onto paper is selected in recent years. Further, a toner is also designed to show melt
viscosity characteristics including a low viscosity at a low temperature.
When such a toner is used, however, a low-temperature fixation may be achieved, but such a toner
shows an increased tendency of attachment onto the photosensitive member, thus being liable to result in
15 difficulties, such as cleaning failure, worse transfer characteristic, and further toner sticking onto the
photosensitive member, leading to deterioration in image quality.

characteristics. In an el ectrophotographic process i nCH Iﬁjﬂ]mfii“d

SUMMARY OF THE INVENTION

20 An object of the present invention is to provide an image forming method having solved the above-
mentioned problems.
A more spaecific object of the present invention is to provude an image forming method whereby high-
quality images are obtained stably while suppressing the deterioration of the photosensitive member.
Another object of the present invention is to provide an image forming method using a toner having
25 excellont fixability, and a photosensitive member excellent in transfer performance and cleaning perfor-
mances.
According to the present mventlon. there is provided an image forming method, comprising:
forming an electrostatic image on an electrophotographic photosensitive member, the electrophotog-
raphic photosensitive member comprising at least an electroconductive support, a charge generation layer
30 and a charge transparent layer, the electrophotographic photosensitive member having a surface layer
containing a transition metal atom at 0.1 - 10 ppm,
developing the electrostatic image to form a toner image on the electrophotographic photosensitive
member {on a weight basis),
transferring the toner image onto a transfer-receiving medium, and
35 removing a residual toner from the slectrophotographic photosensitive member:
wherein the toner comprises at least a binder resin and a colorant, the binder resin comprising a resin
component having a polar group, the binder resin having a molecular weight distribution according to gel
permeation chromatography including a peak in a molecular weight region of 5x10° - 5x10*.
These and other objects, features and advantages of the present invention will become more apparent
40 upon a consideration of the following description of the preferred embodiments of the present invention
taken in conjunction with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

45 The sole figure in the drawing is a schematic illustration of an image forming apparatus for practicing an
embodlment of the image forming method according to the present mvenﬂon

DETAILED DESCRIPTION OF THE INVENTION

50 As result of our study, it has been found effectlve to use a toner binder resin (toner-constituting resin)
having a molecular weight distribution (as measured by GPC (gel permeation chromatography)) including a
main peak in a molecular weight region of 5x103 - 5x10°, the binder resin comprising at least one resin
component having a polar group. As a result, the toner containing such a resin having a polar group having
good affinity with paper provides a large attachment with paper.

"85 On the other hand, such a resin component having a polar group is liable to attach to a photosensitive
member surface, and a low-molecular weight fraction of the resin component having a polar group and wax
attached to the photosensltlve member surface are liable to cause cracks ln ‘the photosensitive member

surface.
T
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It is sufficient that the photosensmve member contains a fransition metal atom in its outermost layer,
and the form of presence and addition thereof need not be restricted particularly. The content of the
transition metal atom in the surface layer may be measured by atomic absorption spectrometry.

. In the present invention, the toner exhibits excellent low-temperature fixability because the toner binder
resin has a molecular weight distribution according to GPC mcludmg a main peak in a molecular weight
15 region of 5x103 - 5x10%.

If the main peak in the GPC molecular weight distribution of a toner is below 5x1083, the toner is liable to
have an inferior anti-blocking characteristic. On the other hand, in case where no peak is present in the
molecular weight range of 5x10° - 5x10* but a main peak is present at a molecular weight exceeding 5x10*,
the low-temperature fixability becomes inferior. A particularly good fixability is exhibited if a resin compo-

20 nent having a molecular weight of at most 105 occupies at least 50 %.

In the present invention, the molecular weight distribution of the toner binder resin may be measured by
GPC using THF (tetrahydrofuran) as the solvent as follows.

In the GPC apparatus, a column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent
is caused to flow through the column at that temperature at a rate of 1 ml/min., and about 100 Wi of a GPC

25 sample solution is injected. The identification of sample molecular weight and its molecular weight
distribution is performed based on a calibration curve obtained by using several monodisperse polystyrene
samples and ploited on a logarithmic scale of molecular weight versus count number. The standard
polystyrene samples for preparation of a calibration curve may be those having molecular weights in the
range of about 102 to 107 avallable from, e.g., Toso K.K. or Showa Denko KK. It is appropriate to use at

30 least 10 standard polystyrene samples. The detector may be an Rl (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column as a combination of several commercially available
polystyrene gel columns. A preferred example thereof may be a combination of Shodex KF-801, 802, 803,
804, 805, 806, 807 and 800P; or a combination of TSK gel G1000H (Hixe), G2000H (Hxi), G3000H (Hxy), -
G4000H (Hxi), G5000H (Hxp), GBO0OH (Hxq), G7000H (Hx ) and TSK guardcolumn available from Toso KK.

35 A GPC sample is prepared as follows. A resinous sample is placed in THF and left standing for several
hours (e.g., 5 - 6 hours). Then, the mixture is sufficiently shaked until a lump of the resinous sample
disappears and then further left standing for more than 12 hours (e.g., 24 hours) at room temperature. In
this instance, a total time of from the mixing of the sample with THF to the completion of the standing in
THF is taken for at least 24 hours (e.g., 24 - 30 hours). Thereafter, the mixture is caused to pass through a

40 sample treating filter having a pore size of 0.45 - 0.5 micron (e.g., "Maishoridisk H-25-5", available from
Toso K.K.; and "Ekikurodisk 25CR", available from German Science Japan KK.) to recover the filtrate as a
GPC sample. The sample concentration is adjusted to provide a resin concentration within the range of 0.5 -
5 mg/ml.

The resin component having a polar group in the toner used in the present mventlon may include, for

45 example: polymers of a nitrogen-containing monomer, such as dimethylaminoethylmethacrylate, and
diethylaminoethyl -methacrylate, and copolymers of such a nitrogen-containing monomer and another
monomer, such as styrene or an unsaturated carboxylic acid ester; polymers or copolymers with another
monomer, such as a styrene-type monomer, of polar monomers inclusive of nitrile monomers such as
acrylonitrile, halogenide monomers such as vinyl chloride, unsaturated carboxylic acids such as acrylic acid

so and methacrylic acid, unsaturated dibasic acids, unsaturated dibasic acid anhydrides and nitro-substituted
monomers; polyester resins; and epoxy resins. Examples of the polar group may include: carboxyl group,
acid anhydride group, amino group, substituted amino group, nitrile group, nitro group, and epoxy group.

The resin component having a polar group may be incorporated in the toner particles in the following
manner.

85 In the case of a polymerization toner produced directly by suspension polymenzatuon or emulsion
polymerization, a polymer or copolymer having a polar group, such as carboxyl group, acid -anhydride

' group, amino group, substituted-amino group, nitrile group or nitro group, may be dissolved in a poly-
merizable monomer, such as styrene monomer, which is subjected to polymerization to form toner particles

3 b THIR SHEET




Further, a photosensitive menber may be f or nmed byfh“ rklyHan eeaRsmcartlon

of a Binder resin and a
charge transport agent in a sol V@HO&R$78A25ubstrate

drying, to forma filmon the substrate. forrre

retains a re5| dual strain ~stress in its i _nter_nal struc_ture.

PoI ycar bfﬂ'??l“ %I’eﬁ'" agmponent hauing 3 Rolan, groMe- Alteinatiyely| it is-alse passible ig,foam tagpalyause
%{Eﬁz °gﬁp? an F%§dr“t“él’ﬁt°féq '?z?gZﬂbM RREMNaYea ¢ polar groyp ang e

bi nd %"'3} P fanqmer & the m 1"?'1 K?é"%%‘@?ef
| Iogdgé r?]artlces contalm e:’gls,rll aﬁ)wrr(:) } |H$3pz§?r[9 QL rod egoﬁ .Ve . 10' S
menber” i g ﬁﬁa G Sior s Gonlaa iy %ﬁ’?f ""yv“m;f;n%’:;‘;g, s g 1
is t OUCha SIW: 9{5 Hicfad c§nta|nmg the resin component (i.e. polymer or copolymer)

having a polar group.

The polymerization toner and the pulverization toner may comprise a binder resin produced from a

10 polymerizable monomer, examples of which may include: styrene and its derivatives such as styrene, o-
methylstyrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, and p-ethylstyrens; acrylic acid es-
ters such as methyl acrylate, ethyl acrylate, n-butyl acrylate, isobutyl acrylate, n-propyl acrylate, n-octyl
acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl acrylate, and phenyl ac-
rylate; methacrylic acid esters such as methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, n-

76 butyl methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl
methacrylate, stearyl methacrylate and phenyl methacrylate. These monomers may be used singly or in
mixture of two or more species. These monomers may be used singly or in mixture of two or more species

¢ for producing the binder resin. Among the above monomers, styrene or its derivatives may preferably be
used singly or in mixture with another monomer so as to provide a toner showing good developing

20 characteristic and durability.

The polymerization toner used in the present invention may be produced in the following manner. Into a
polymerizable monomer, a release agent, a colorant, a charge control agent, a polymerization initiator and
ancother optional additive are added and uniformly dissolved or dispersed by a dispersing means, such as a
homogenizer or an ultrasonic dispersing device, to form a polymerizable monomer composition, which is

25 then dispersed and formed into particles in a dispersion medium containing a dispersion stabilizer or an
emulsifier by means of a stirrer, homomixer or homogenizer. Thereafter, the stirring may be continued in
such a degree as to retain the particles of the polymerizable monomer composition thus formed and
prevent the sedimentation of the particles. The polymerization may be performed at a temperature of at
least 40 °C, generally 50 - 90 °C. The temperature can be raised at a later stage of the polymerization. It is

so0 also possible to subject a part of the aqueous system to distillation in a later stage of or after the
polymerization in order to remove the yet-unpolymerized part of the polymerizable monomer and a by-
product which can cause an odor in the toner fixation step. After the reaction, the produced toner particles
are washed, filtered out, and dried. In the suspension polymerization, it is generally preferred to use 300 -
3000 wt. parts of water as the dispersion medium per 100 wt. parts of the monomer mixture.

35 Examples of the polymerization initiator usable in the present invention may include: azo- or diazo-type
polymerization initiators, such as 2,2'-azobis-(2,4-dimethylvaleronitrile), 2,2'-azobisisobutylonitrile, 1,1'-
azobis(cyclohexane-2-carbonitrile), 2,2'-azobis-4-methoxy-2,4-dimethylvalercnitrile, azobisisobutyronitrile;
and peroxide-type polymerization initiators such as benzoyl peroxide, methyl ethyl ketone peroxide,
diisopropyl peroxycarbonate, cumene hydroperoxide, 2,4-dichlorobenzoy! peroxide, and lauroyl peroxide.

40 The polymerization initiator may generally be used in the range of about 0.5 - 20 wt. % based on the weight
of the polymerisable monomer. The polymerization initiators may be used singly or in mixture.

~ In order to control the molecular weight of the resultant binder resin, it is also possible to add a
crosslinking agent or a chain transfer agent in a proportion of preferably 0.001 - 15 wt. %.

In production of the polymerization toner by polymerization in an aqueous medium, it is preferred to

45 use an inorganic orfand an organic dispersion stabilizer in the dispersion medium. Examples of the
inorganic dispersion stabilizer may include: _
tricalcium phosphate, magnesium phosphate, aluminum phosphate, zinc phosphate, calcium carbonate,
magnesium carbonate, calcium hydroxide, magnesium hydroxide, aluminum hydroxide, calcium
metasilicate, calcium sulfate, barium sulfate, bentonite, silica, and alumina. Examples of the organic

50 dispersion stabilizer may include: polyvinyl alcohol, gelatin, methyl cellulose, methy! hydroxypropyl cel-

" lulose, ethyl cellulose, carboxymethyl cellulose sodium salt, polyacrylic acid. and its salt and starch. These
dispersion stabilizers may preferably be used in an amount of 0.2 - 20 wt. parts per 100 wt. parts of the
polymerizable monomer mixture.

In the case of using an inorganic dispersion stabilizer, a commercially available product can be used as

55 it is, but it is also possible to form the stabilizer in situ in the dispersion medium so as to obtain fine
particles thereof. In the case of tricalcium phosphate, for example, it is adequate to blend an aqueous’
sodium phosphate solution and an aqueous calcium chioride solution under an intensive stirring to produce
tricalcium phosphate particles in the aqueous medium.
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Blue 5, C.I. Mordant Blue 7, C.l. Direct Green 8, C.I. Basic Green 4, and C.. Basic Green 6; and pigments,
such as Chrome Yellow, Cadmium Yellow, Mineral Fast Yellow, Navel Yellow, Naphthol Yellow S, Hansa

10 Yellow G, Permanent Yellow NCG, Tartrazine Lake, Molybdenum Orange, Permanent Orange GTR,
Benzidine Orange G, Cadmium Red, Permanent Red 4R, Watching Red Ca salt, Brilliant Carmine 3B, Fast
Violet B, Methyl Violet Lake, Uliramarine, Cobalt Blue, Alkali Blue Lake, Victoria Blue Lake, quinacridone,
Rhodamine Lake, Phthalocyanine Blue, Fast Sky Blue, Pigment Green B, Malachite Green Lake, and Final

. Yellow Green G.

15 Regarding the colorant to be used for toner production directly by polymerization, it is necessary to pay
attention to the polymerization-inhibiting function and transferability to the aqueous phase of the colorant.
Accordingly, it is preferred to use the above-mentioned colorant after surface modification. For example, it
is appropriate to hydrophobise the colorant so as not to inhibit the polymerization. Particularly, many dyes
and carbon black can inhibit the polymerization, so that attention should be paid. As a preferred method of

20 surface-freating a dye, a monomer may be polymerized in advance in the presence of the dye. The
resultant colored polymer may be added to the polymerizable monomer mixture. Carbon black can be
treated in the same manner as the dye and can also be treated with a substance capable of reacting with
the surface-functional group of the carbon black, such as polyorganoslloxane

In the case of a magnetic toner, the toner particles are caused to contain magnetic powder. The

25 magnetic powder comprises a substance magnetizable when placed in a magnetic field. Examples of such
a substance may include: ferromagnetic metals, such as iron, cobalt and nickel, and compounds, such as
magnetite and ferrite. In the case of toner production by polymerization, it is necessary to pay attention to
the polymerization-inhibiting function and transferability to the aqueous phase of the magnetic material.
Accordingly, it is preferred to subject the magnetic material to surface modification, e.g., a hydrophobicity

30 imparting treatment with a substance not exhibiting a polymerization-inhibiting function.

In order to improve the releasability at the time of hot roller fixation, it is possible to incorporate a wax
inclusive of a waxy hydrocarbon compound as a release agent. Examples of such waxes may include:
paraffins, polyolefin waxes, and modified products thereof inclusive of oxidized products and grafted
products, higher fatty acids and metal salts, amide wax, and natural or synthetic ester waxes. It is preferred

35 to use a wax having a softening point of 40 - 130 °C, more preferably 50 - 120 °C, as measured by the ring
and ball method (JIS K-2531). A softening point of below 40 °C is liable to provide a toner having inferior
anti-blocking characteristic and shape-retaining characteristic. In excess of 130 °C, the resultant toner is
provided with only a low releasability. The waxes may be added singly or in combination in a proportion of
0.1 - 50 wt. %.

40 . In the present invention, it is preferred to incorporate a charge control agent in the toner-producing
materials so as to control the chargeability of the resultant toner. It is preferred to use a charge control
agent substantially free from Polymerization-inhibiting property or transferability to aqueous phase. Exam-
ples of preferred positive charge control agents may include: nigrosine dyes, triphenylimethane dyes,
quaternary ammonium salts, guanidine derivatives, imidazole derivatives, and amine and polyamine com-

45 pounds. Examples of the negative charge control agents may include: metal-containing salicyclic acid-

. based compounds, metal-containing monoazo dyes, urea derivatives, styrene-acrylic acid copolymer and
- styrene-methacrylic acid copolymer.

The charge control agent may preferably be contained in a proportion of 0.1 - 10 wt. %.

The polymerization toner used in the present invention may be prepared by melt-kneadmg resin

50 components (inclusive of a binder resin comprising a resin component having a polar group), a colorant,
and optional components, such as a charge control agent and a release agent, cooling the kneaded product,
pulverizing the cooled kneaded product, and classifying the pulverized product.

Additives optionally added to a toner for imparting various characteristics may preferably have a particle
size which is at most 1/10 of the volume-average particle size of the toner particles in view of the long term

55 successive image formation performances of the toner when such additives are internally or externally
added to the toner particles. Herein, the particle size of an additive refers to an average particle size when
the surface states of toner particles are observed through an electron microscope. Examples of the optional
additives added to a toner for imparting various characteristics may include the following:
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Anot her type of toner is a polymerization toner obtained by suspension
pbl ynmeri zation or emnulsion polynerization. A polynerization toner

accordi ng to suspensi on pol yneri ZBR 0682 83%/A®»e produced through a process
wherein a nmononmer conposition including a polynerizable nononer, a
colorant, a oI merization initiator and, optionally, crossllnklng
agent, a chdf (FPRaging agents, suchasiBstal oxides inlysive of ﬁl'l%?ns%dataltmmm oxide and
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there arisg Charge-controlling partlcles mclusnve of: particles of metal oxides, such as tin oxide, tltamum oxide,

10 zinc oxide, silicon oxide, and aluminum oxide, and carbon black.

These additives may be added in a proportion of 0.1 - 10 wt. parts, preferably 0.1 - 5 wt. parts, per 100
wt. parts of the toner particles. These additives may be used singly or in combination of plural species.

"Next, the electrophotographic photosensitive member used in the present invention will be described.

In the present invention, the surface layer of the photosensitive member refers to a layer disposed close

16 to the surface than a charge generation layer.

The photosensitive member may preferably have a layer structure including a charge generation layer
and a charge transport layer disposed on an electroconductive substrate. In the present invention, the
charge transport layer can be further covered with a protectwe layer to form the surface layer in
combination.

20 In order to more effectively accomplish the object of the present invention, it is preferred that the
charge transport layer, the protective layer or both of them comprises a polycarbonate resin. In the present
invention, it is further preferred that the polycarbonate resin is one synthesized from an asymmetrical diol.

The polycarbonate resin used as a binder resin of the charge transport layer and/or the protective layer
may preferably be one that is soluble in an aromatic hydrocarbon solvent and/or a halogenated aromatic

25 hydrocarbon solvent and has a low crystallinity. More specifically, such a polycarbonate resin may be
produced by an ordinary polycarbonate synthesis process, such as the phosgene process using 1)
bisphenol A and one or more asymmefrical diol compounds, or 2) one or more asymmetrical diol
compounds. It is also possible to obtain a desired polycarbonate resin by using a diol compound having a
substituent group including 3 or more carbon atoms in its side chain.

30 Representative examples of the asymmetrical diol compound may include the following, but they are
not exhaustive.
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advant ages such that the colorant is not exposed to the surface of toner
particles and the toner can have a uniformtriboelectric chargeability.
In the polynerization toner produeR P&3238NA2e is even a possibility of
omtting the classification step, so that it is also excepted to effect
econoni zati on of energy consunption, shortening of production time and
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wettability wwth and a good fixability onto paper is 5 selected in recent

years.” Further, a toner is also designed to show nelt viscosity
characteristics i ncl udi ng aEP®632i38Z2i ty at a | ow tenperature.
When such a toner is used, however, a [ow tenperature fixation nmay be
achi eved, but-such a toner 1 shows an increased tendency of attachnent
onto the phot osensi tive member, thus being Iiable to result in
difficulties, such as cIe ngfal re, rsetran characteristic,
and further toner sticki n nto t if —@m e QHnber, leading to
deterijoration in 15 image quality. "0 THE | NVENTI ON
An object of the present inventionis to ovi de an inmage form ng
nmet hod havi ng solved the 20 above-nentione obl ens. A
nore specific object of the present in on is to provide an inmage
form ng net hod :
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whereby high-quality imges are obtained stably while suppressing the
deterioration of the photosensitive 25 nenber. Anot her
obj ect of the present invention iSEP® 632337p20vide an image form ng net hod
using a toner having - excellent fixability, and a
phot osensi ti ve nenber excellent in transfer perfornmance and cl eani ng
per f or mances. _ According to the e&ssent I nvention, thereis 5
provi ded an i mage form ng net hod, conprising: y*7 form ng an
el ectrostatic inage on an(14) el eHOré hotgsensi tive menber,
t he . el ect rophot ogr aphi ¢ phot osensi ¥+fe nmgnbeéeConpri'si ng
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at | east an el ectroconductive support, a charge 10 generation |layer and a

chargé€ transparent |ayer, the el ect rophot ogr aphi ¢ phot osensitive
menber having a surface | ayd&P @833¥7Ahg a transition netal atom at
0.1 - 10 ppm devel oping the electrostatic inage to forma

15 toner i'mage on the el ectrophotographic photosensitive menber (on a
“wei ght basi s), ' : transferrlng the toner inage onto a transfer-
receiving nedium and CHs G#yoving a residual toner fromthe 20

el ectrophot ographi ¢ photosensitive er; wherein the toner

conprises at |east a binder re and(g{colorant the binder resin
conpr|5|ng a resi nponent havy a;pol group, the binder resin
havi ng a nol ecul ar wei &gﬁfdl st r HEy /@\ OR5 gel perneation
chromat ography including a peak in a dnle-" ar wei ght region of
5x10[err] - 5x10[err]. TheseC&hd ot her objects, features and
' 0 '
| 1) HO-@__Q_O_ OH
| - ~ /N
15 ' 0
CS
~o

20

CH,

(22) HO ~©— (_::_Q_ OH
((I:Hz)z |
COOCH,

30 - ' H
o ?—@— oH
CH,;

(24) HO —{ )¢ ~H—om

0 @ This Sheet Has Been

. C !Iﬂ!llHlll!HllHlHﬂl
e (25) . HO D éQC; OH.

50

55

N :

192



- 8- advant ages of the present invention will beconme nore

appar eént upon a consideration of the follow ng description of the
preferred enbodi nents of the EMP 882837 A2venti on taken in conjunction
with the 5 acconpanying draw ng. BRI EF DESCRI PTI ON OF THE

DRAW NG The sole figure in the drawing is a schematic

il lustration of animage%rmngapar s for JQ practicing an

enbodi mrent of the inmge )i ng BTUQC Mo t he present

i nventi on. DETAI LED DESCRI PTI THE | RVENTI ON _ As
result of our study, it has been found :
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In the above-mentioned system using diol compounds including bisphenol A and asymmetrical diol for
35 producing a polycarbonate copolymer, the asymmetrical diol compound may preferably constitute at least
20 wt. %, more preferably at least 50 wt. %, of the diol compounds. If the proportion of the asymmetrical
diol compound is below 20 wt. %, the resultant polycarbonate resin is caused to have a low solubility in a
hydrocarbon solvent or a halogenated aromatic hydrocarbon solvent, and the coating solution is liable to
have a low stability with time. The polycarbonate resin may preferably have a solubility at 25 °C of at least
40 1 g/100 g-solution, more preferably at least 5 g/100 g-solution, in such a solvent. If the solubility is below 1
g/100 g-solution, a coating liquid prepared therefrom, e.g., for preparing a charge transport layer, cannot
- readily provide a charge transport layer having a required thickness because of too low a viscosity thereof.
The polycarbonate resin may exhibit a large effect, particularly when used as a binder resin for the
charge generation layer or the charge transport layer.
45 Examples of the aromatic hydrocarbon solvent may include: benzene, toluene and xylene, and
examples of the halogenated hydrocarbon solvent may include: monochlorobenzene and dichlorobenzene.
The electroconductive substrate constituting the electrophotographic photosensitve member may
comprise a metal, such as aluminum or stainless steel; or paper or plastic provided with an eleciroconduc-
tive coating layer. The electroconductive substrate may be in the form of a cylinder or a sheet. Such an
50 electroconductive substrate can be provided wuth an undercoating layer (adhesive layer) having a barrier
function and a primer function.
More specifically, an undercoating layer may be provided for the purpose of providing, e.g., an
improved adhesion of a photosensitive layer thereon, an improved coatability, a protection of the substrate,
a coverage of local defects on the substrate, an improved charge injection from the substrate, and a
55 protection of the photosensitive layer from electrical damage. The undercoating layer may comprise a
material, such as polyvinyl alcohol, poly-N-vinylimidazole, polyethylene oxide, ethyiceliulose, methylicel-
lulose, ethylene-acrylic acid copolymer, casein, polyamide, copolymer nylon, glue; and gelatin. These
materials may he dissolved in a solvent respectively suited therefor and applied onto the substrate in a
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15 effective to use a toner binder resin (toner- : mglgﬁegtt Lo, sin)
havi ng a nol ecul ar wei ght distribution (as measured @% ePaced

per meat i on chr omat ogr aphy) ER h€32387#A2 a nmi n peak i m

wei ght regi on of 5x10[err] - 5x10[err], the binder resin at

| east ong fes “&'3%" RN t haV| ng a pol ar group As a result t he toner

cont ai ni n@ Sﬁ |on-a§ gEx 0S sﬁ% e b r a %)gen%\r/alngngslg(s)tgn%e%]:lg Ianlt \M th
ed

paper tra s&: 2] c ar e en |on bstan include; ju
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attach t&r@mequmonnﬁ r%ht‘n eepl SH i ‘ES!B ’g'ﬁ 3 %&MZ gl’ indigo
wei ght f GahdnsO Ruidcridoné pf htt, 4sPARGHE 'aInn g q"ﬁmg tﬁrqes, and amorphous silicon as
disclosed in JP-A 54-143645. Examples of the charge transport substance may include pyrenes, N-
ethylcarbazole, N-isopropylcarbazole, N-methyl-N-phenylhydrazino-3-methylidene-8-ethylcarbazole, N,N-
- diphenylhydrazino-3-methylidene-9-ethylcarbazole, N.N-diphenylhydrazino-3-methylidene-10-ethyl-
10 phenothiazine, N,N-diphenylhydrazino-3-methylidene-10-ethylphenoxazine; hydrazones, such as p-dich-
: loroamino-benzaldehyde-N,N-diphenylhydrazone, p-diethylamino-benzaldehyde-N-a-naphthyl-N-phenyl-
hydrazoe, p-pyrrolidinobenzaldshyde-N,N-diphenylhydrazone, 1,3,3-trimethylindolenine-w-aldehyde-N, N-
diphenylhydrazone, and p-disthylbenzaldehyde-3-methylbenzothiazolinone-2-hydrazone;  2,5-bis(p-
diethylaminophenyl)-1,3,4-oxadiazole; pyrazolines, such as 1-phenyl-3-(p-diethylaminostyryl)-5-(p-
15 diethylaminophenyl)-pyrazoiine, 1-[quinolyl{2)]3-(p-diethylaminostyryl)-5-(p-diethylaminophenyi)pyrazoline,
1-{pyridyl(2)}-3-(p-diethylaminostyryl  )-5-(p-dethylaminophenyl)-pyrazoline, 1-[6-methoxypyridyl(2)]-3-(p-
diethylamino-styryl)-5-(p-diethylaminophenyl)pyrazoline, 1-[pyridyl(3)}-3-(p-diethylaminostyryl)-5-(p-diethyl-
aminophenyl)pyrazoline, 1-[pyridyl(2)]-3-(p-diethyl-ainostyryl)-5-(p-diethylaminophenyl)pyrazoline, A-[pyridyi-
(2)1-3-(@-diethylaminostyryl)-4-methyl-5-(p-diethylaminophenyl)pyrazoline, 1-[pyridyl(2)]-3-(a-methyl-p-
20 diethylaminostyryl)-5-(p-diethylaminophenyl)-pyrazoline, 1-phenyl-3-(p-diethylaminostyry!)-4-methyl-5-(p-
diethylaminophenyl)Opyrazoline, 1-phenyl-3-(a-benzyl-p-diethylaminostyryl)-5-(p-diethylaminophenyl)-
pyrazoline, and spiropyrazoline; oxazole compounds, such as 2-(p-diethylaminostyryl)-6-disthylaminoben-
zoxazole, 2-(p-disthylaminophenyl)-4-(p-dimethylaminophenyl)-5-(2-chlorophenyl)oxazole; thiazole com-
pounds, such as 2-(p-diethylaminostyryl)-8-diethylaminobenzothiazole; triarylImethane compounds, scuh as
25 bis(4-diethylamino-2-methylphenyl)phenyl-methane; and polyarylalkanes, such as 1,1-bis(4-N,N-
diethylamino-2-methyiphenyl)heptane, and 1,1,2,2-tetrakis(4-N,N-dimethylamino-2-methylphenyl)ethane.

The charge generation layer may for example be formed by dissolving or dispersing a charge-
generating substance as described above together with 0.3 - 4 times thereof in amount of a binder resin in
a solvent under sufficient action of a homogenizer, an ultrasonic disperser, a ball mill, a vibrating ball mill, a

30 sand mill, an attritor or a roll mill, to form a coating liquid, followed by application and drying of the coating
liquid. The charge generation layer may preferably be formed in a thickness of 0.1 - 1 um.

In case where the above-mentioned polycarbonate resin is used in the charge generation layer, a
coating liquid may be prepared by dissolving a charge generation substance and the polycarbonate resin
may be both dissolved in a solvent comprising one or more of, e.g., aromatic hydrocarbon solvents and

35 halogenated aromatic hydrocarbon solvents, or by dispersing a charge generation substance in a solution of
the polycarbonate resin in such a solvent. The charge generation layer may be formed by applying and
drying the coating liquid. The charge generation substance may be contained in a proportion of at least 30
wt. %, preferably at lsast 80 wt. %, in the charge generation layer. Particularly preferred examples of the
solvent may include toluene, xylene and monochlorobenzene. The coating liquid may be applied, e.g., by

40 dip coating, spray coating, spinner coating or curtain flow coating.

.In case where the above-mentioned polycarbonate resin is used in the charge transport layer, a coating
liquid may be prepared by dissolving a charge transport substance and the polycarbonate resin in a solvent
as described above for the polycarbonate resin preferably selected from the aromatic hydrocarbon solvents
and halogenated aromatic hydrocarbon solvents, and the resultant coating liquid may be applied to form a

45 charge transport layer. The charge transport substance and the polycarbonate resin may preferably be

' mixed in a weight ratio in the range of 2:1 - 1:2, Particularly preferred examples of the solvent may include
toluene, xylene and monochlorobenzene. '

The coating liquid may be applied, e.g., by dip coating, spray coating, spinner coating, or curtain flow
coating. For the production of electrophotographic photosensitive members accurately and in a large scale,
50 the dip coating is most suited, and the pot life of the coating liquid in the dip coating can be remarkably
improved by use of the above-mentioned polycarbonate resin so that the productivity according to the
.process including the dip coating can be remarkably improved. The coating layer thus formed may be dried
under air blowing or in a still form at a temperature of 10 - 200 °C, preferably 20 - 150 °C, for a period of 5
min. to 5 hours, preferably 10 min. to 2 hours, thereby forming a charge transport layer in a thickness of,

55 6.g.,5-20um. .

' Because of the use of a low-molecular weight toner binder resin comprising a resin component having a
polar group, the toner is provided with an excellent fixability but, on the other hand, is liable to attach onto
the photosensitive member, thus resulting in difficulties of a lower transferability, occurrence of cleaning
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-group and wax attached to the photosensitive nmenber surface are liable
tb caudse cracks in the phot osensi ti ve nenber surface.
However, as a result of our study FBO€33337Agressing the deterioration of
t he photosensitive rrerrber to stably provide high-quality inmages, it
has ureag\é (a)"_fpl{nd t ve or S ch purpose to prow de t he .
el ect roph Ol%r f‘p eferr in ace l a layer of
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menber .10 Bdmber to provide anliRGedsbPifdnkibraifly Bﬁﬁ@bnéitamm Sa8irRhBiabity BGhe toner. On
the other hand, the retention of a certain proportion of carbon atom may be set to avoid too low a surface
energy of the photosensitive member. Thus, by retaining a specified ratio of F/C or/and Si/C, the
photosensitive member is provided with a good transferability and is allowed to avoid cleaning failure even
if used in combination with the above-mentioned toner showing a strong attachment or adhesion force.
5 If the ratio F/C or Si/C is below 0.03, the photosensitive member retains a high surface energy, thus
resulting in an inferior transferability of the toner. On the other hand, if the ratio F/C or Si/C exceeds 1.00,
the photosensitive member shows a lower friction coefficient with the cleaning member, thus being liable to
cause a cleaning failure due to passing-by of the residual toner.
In a still further preferred embodiment of the present invention, the surface layer of the photosensitive
20 member may preferably show a ratio of fluorine atom or/and silicon atom to oxygen atom (F/O or/and Si/0),
respectively, of at least 0.03 as measured by XPS. By specifying the amount of oxygen with respect to F
or/and Si in the above-described manner, it becomes possible to preferably control the attachment force of
the toner comprising a resin component having a polar group onto the photosensitive member.
The photosensitive member surface may be imparted with fluorine atom by inclusion of a fluorine-
25 containing compound, particularly a fluorine-containing organic compound, examples of which may include:
polymers or copolymers of tetrafluoro-ethylene, trifluorochloroethylene, hexafluoro-propylene, vinyi fluoride,
vinylidene fluoride and difluorodichlorosthylene. It is also possible to use a fluorinated carbon. These
fluorine-containing compounds or substances may be used singly or in combination of two or more species.
_ In the present invention, it is also possible to use one or more species of block polymers or graft
30 polymers containing a fluorine-containing segment synthesized from a fluorine containing monomer alone or
in combination with another polymerizable monomer; fluorine-containing surfactants; or fluorine-containing
macromolecules, singly or in mixture with a fluorine-containing resin as described above.
It is particularly preferred to use a fluorine-containing graft-polymer including fluorine-containing
segments continuously present therein in order to provide a good dispersion of the fluorine containing resin
35 and facilitate the control of the F/C ratio in the surface layer.
Preferred examples of the fluorine-containing monomer are enumerated hersinbelow but they are not
exhaustive.
- (1) CHz =CHF
(2) CHz =CF,
40 (3) CHF =CF: _ .
(4) CF2=CF, _ ' * This Sheet Has Been Replaced

(5) CF2 =CFCl §
(6) CF2 =CFCF3

(7) GF, =CF-Rf

- 45 (8) CF2 =CF-O-Rf
(9) CH = CH-Rf
(10) CHz =CH-O-Rf -
(1)

%0 CH,=C— C-ORf
| 1
R; O

55 (12)
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selected fromiron (Fe), nickel (N) and chromum (Cr).

1Y is’'sufficient that the photosensitive menber contains a transition

~metal atomin its 25 outernost EPHRI233ZA2 t he form of presence and -

addi tion t hereof need not be restricted particularly. The cont ent
of the transition metal atomin the surface

- 10- | ayer nmay be neasured by atomc absorptl on spectronetry.

In the present invention, the t@Ri=CxRi®O-N-RE excel lent | owtenperature
fixability because the toner 5 binlder kedin has a nol ecul ar wei ght

di strigbution according to GPC ifgl ®i My a main peak in a nol ecul ar
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wei ght region of 5x10[err] - 5x10[err]. If the main peak in
the GPC nol ecul ar wei ght di st&ﬁftg on_qf a toner is below 5x10[err],
the toner is 10 liable to have an 2i33f Ant i - bl ocki ng :
characteristic. On the other hand, in case where no
t he nol ecul ar wei ght range of 5x10[ err] - 5x10[ er r] but a nai PR ﬁcéds
present at a nol ecul ar wei ght exc€¥Far=CF 5x10[err], t'ﬂesi’rhe
fixability 15 becones inferior. A partli cullar| y good fi xabl
exhibited if a resin component havi n§=%& noCeul ar
10[ err]soccupies at |east 50 % \ I n the present | nvent| on,
t he nol ecul ar wei ght distribution of the toner binder resin may be
measured by GPC using THF (tetrahydrofuran) as the solvent as foll ovvs.
In the GPC alppisr atiovs forraulaep Rumibnotes aShyalkigbri #6r6, halogen &tom aor iyl GrHITRE Iderbtos 40
[err] C, t édydredeydiomi balagen &dmiFaikyl group, sikdxy @roup bisnittideligrauph viith tiid movisb a0l glaralit of
col umm 7at Relsan be hé samengy differetr ledembtesiar iateger of 1 14 mi dendtes an idtegdr ofIOLE salidiang I | |
of a GPC safj#he Ridsnetes analkykgroupjhaxingst leasflome substituent of fluorine atom.
he non-fluorine containing monomer may include, for example: low-molecular weight linear unsaturated
- hydrocarbons, vinyl chloride, organic acid vinyl esters, vinyl-aromatic compounds, esters of acrylic acids
and methacrylic acids, N-vinyl compounds, vinyl-silicon compounds, maleic anhydride, and esters of maleic
15 acid and fumaric acid. They may be used singly or in mixture of two or more species. It is preferred that

the fluorine-containing polymer or copolymer is mutually soluble with a principal resin constituting the

charge transport layer and/or the protective layer, or has an affinity with the principal resin because of a

structural similarity even if not satisfying a complete mutual soiubility.

The silicon-containing compound for imparting silicon atom to the photosensitive member surface may

20 be silicone compounds, which may include: monomethyisiloxane three-dimensionally crosslinked product,
dimethylsiloxane-monomethyisiloxane three-dimensionally crosslinked product, polydimethyisiloxane com-
pounds including those having an ultra-high molecular weight, block copolymer and graft polymer contain-
ing a polydimethylsiloxane segment, silicone surfactant, silicone macromonomer, and terminal-modified
polydimethylsiloxane compound. In the case of the three-dimensionally crosslinked product used in the

25 form of fine particles, the average particle size may preferably be_in the range of 0.01 - 5 um. The
polydimethylsiloxane may preferably have a molecular weight of 3,000 - 5x105. The silicon-containing
compound, if it is in the form of fine particles, may be dispersed together with a binder resin to form a
photosensitive layer composition. The dispersion may be performed by a sand mill, a ball mill, a roll mill, a
homogenizer, a nanomizer, a paint shaker and an ultrasonic disperser. At the time of dispersion, it is

30 preferred to co-use the above-mentioned graft-polymer or block polymer or surfactant. This is also
preferred so as to control the Si/C ratio.

The sole figure illustrates an outline of an image forming apparatus. suitable for practicing the image
forming method according to the present invention.

Referring to the figure, a photosensitive drum (i.e., electrophotographic photosensitive member) 101 as

35 an image-carrying member is rotated about an axis 101a at a prescribed peripheral speed in the direction of
the arrow shown inside of the photosensitive drum 101. The surface of the photosensitive drum is uniformly
charged by means of a charger 102 to have a prescribed positive or negative potential. The photosensitive
drum 101 is exposed to light-image L (as by slit exposure or laser beam-scanning exposurs) by using an
image exposure means (not shown), whereby an electrostatic image corresponding to an exposure image is

40 successively formed on the surface of the photosensitive drum 101. The electrostatic image is developed
by a developing means 104 to form a toner image on the photosensitive member surface. The toner image
is successively transferred to a transfer material P which is supplied from a supply part (not shown) to a
position between the photosensitive drum 101 and a transfer charger 105 in synchronism with the rotating
speed of the photosensitive drum 101, by means of the transfer charger 105. Alternatively, it is also

45 possible that the toner image on the photosensitive member is once transferred to an intermediate transfer
member and then transferred from the intermediate transfer member to the transfer material P.

The transfer material P with the toner image thereon is separated from the photosensitive drum 101 to
be conveyed to a fixing device 108, followed by image fixing to print out the transfer material P as a copy
out of the electrophotographic apparatus. Residual toner particles on the surface of the photosensitive drum

so 101 after the transfer are removed by means of a cleaner 108 to provide a cleaned surface, and residual
charge on the surface of the photosensitive drum 101 is erased by a pre-exposure means 107 to prepare
for the next cycle. As the charger 102 for chargmg the photosensitive drum 101 uniformly, a corona charger
or a contact charging means such a charging roller may be used. As the transfer charger 105, such a
corona charger or a contact charging means such as a charging roller may also be used.

55 In the present invention, a plurality among the above-mentioned structural elements inclusive of the
photosensitive member, charging means and the developing means can be integrally supported to form an
apparatus unit, which is detachably mountable to a main body of the image forming apparatus by using a
guide means such as a rail in the body.
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and evaluation methods are described.
[Production Example 1 for polymerization toner]
Into 710 g of deionized water, 450 g of 0.1M-Na; PO, aqueous solution was added, and the mixture was

warmed at 60 °C and stirred at 1200 rpm by a TK homomixer (mfd. by Tokushu Kika Kogyo K.K.). Further,
68 g of 1.0M-CaCl aqueous solution was added thereto to form an aqueous medium containing Cas(POs ).

Styrene 165 g
n-Butyl acrylate 35¢g
Phthalocyanine pigment 10g
Di-t-butylsalicylic acid metal compound 1g
Styrene-methacrylic acid copolymer (95:5 by mol, 10g
Mw (weight-average molecular weight = 5x10%))

Paraffin wax (m.p. (melting point) = 83 °C) 8g

The above ingredients were warmed at 60 °C ‘and stirred at 12000 rpm by a TK homomixer (mfd. by
Tokushu Kika Kogyo K.K.) to effect uniform dissolution and dispersion. Into the mixture, 8 g of 2,2-azobis-
{2,4-dimethylvaleronitrile) (polymerization initiator) was dissolved to form a polymerizable monomer com-
position, which was then added to the above-prepared aqueous medium. The resultant mixture was then
stirred at 10000 rpm for 20 min. by a TK homomixer at 60 °C in a nitrogen gas atmosphere to disperse the
polymerizable monomer composition into particles. Then, the system was heated to 70 °C under stirring by
a paddle stirrer for 10 hours of reaction.

After the polymerization reaction, a part of the aqueous medium was distilled off under vacuum, and the
system was cooled, followed by addition of hydrochloric acid to dissolve the calcium phosphate, filtration,
washing with water and drying to recover toner particles having a weight-average particle size of ca. 8 um.

To 100 wt. parts of the thus obtained toner parucles. 0.8 wt. part of hydrophoblc silica was added to
obtain polymerization toner A.

[Production Example 2 for polymerization toner]

Polymerization toner B was prepared in the same manner as in Proddctlon Example 1 except that the
phthalocyanine pigment as the colorant was changed to carbon black and the amount of the polymerization
initiator was changed to 10 g.

[Production Example 3 for polymerization toner]

Polymerization toner C (comparative) was prepared in.the same manner as in Production Example 1
except that the styrene-methacrylic acid copolymer as a resin component having a polar group was
omitted.

[Production Examples 4 an 5 for polymerization toner]

Polymerization toner D (comparative) polymerization toner E (comparative) having main peaks at
different molecular weights in molecular weight distribution by changing the specnes and amount of the
polymerization initiator and the polymerization temperature.
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colum as a conbi nation of several commercially available polystyrene gel
colums. A preferred exanple ther be_a conbi nati on of Shodex
'KF-801, 802, 803, 804, 805, 806, %I?"gﬁé‘”ag%la or a conbination of TSK
gel GLOOOH (H err]), G2000H (Herr]), G3000H (Herr]), G4000H (Herr]),

G5000H ( Higédudton E%QQ,O,I—}O, M%ﬁ&)mnGWOOOH (Hlerr]) and TSK guardcol um

avail able from Toso K GPC sanmple is prepared as follows. A
resi nous sanple IS placed in THF and Ieft standing for several hours
(e g. 5-6 p |||c|| Hre—r—ct-tre =S ouffl\.n\,llt:” shaked—art+h a |U|Tp

f th TRspuly 'G?“!,'%F eoglymer(Mg = RR990K ur t her | ef t s| APRWURESE or  nore
of ihes ﬁih?gu Etvf "e-z)‘ | hpeytameiriie e srpemer e = 2900n 10 wiskle, o
7 Pid %‘-buty salicylic acid’ metal compound

. 4 wt.parts
total time of aratfin wax (m.p. = 83 °C) 8 wt.parts
Phthalocyanine pigment : 5 wt.paris

70
The above ingredients were preliminarily blended and then melt-kneaded on a roll mill set at 120 °C.
After cooling, the kneaded product was coarsely crushed, finely pulverized by a pulverizer using jet air
stream and then classified by a pneumatic classifier to obtain a toner having a weight-average particle size
of ca. 8 um. To 100 wt. parts of the toner, 0.8 wt. part of hydrophobic silica having a BET specific surface
15 area of 200 m?/g was externally added to obtain pulverization toner 1.
Some properties of the above-prepared toners A - E and toner 1 are summarized in Table 1 appearing
herginafter. :

[Production Examples 1 - 4 for photosensitive drum]
20

10 wt. parts of electroconductive titanium oxide (coated with tin oxide, average primary particle size =
0.4 um), 10 wt. parts of phenolic resin precursor (resol-type), 10 wt. parts of methanol and 10 wt. parts of
butanol were subjected to dispersion in a sand mill, and then the mixture was applied onto an aluminum
cylinder in an outer diameter of 80 mm and a length of 360 mm by dipping, followed by curing at 140 °C to

25 form a 20 um-thick electroconductive layer having a volume resistivity of 5x10° ohm.cm.

Then, 10 wt. parts of a methoxymethylated nylon (methoxymethylation degree = ca. 30 %) shown
below and 150 wt. parts of isopropanol were mixed and dissolved to each other to form a mixture solution,
which as then applied by dipping onto the above-prepared electroconductive layer to form a 1 um-thick
undercoating layer:

30

‘?\ 1)
il
- H—¢ CH. )5 ¢CH,9s C
40
wherein m and n are integers giving the indicated methoxymethylatlon degree
Then, 10 wt. parts of the followmg azo pigment:
o o
45 NHOC OH HO CONH
t N=N t
HN

50
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5 wt. parts of the following polycarbonate resin (bisphenol A-based, molecular weight = 3x104)

55

10
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-12- the mxing of the sanple with THF to the conpl etion of t he

standi'ng in THF is taken for at |east 24 hours (e.g., 24 - 30 hours).
Thereafter, the mxture is ERULEIR I3 A?ass through a sanple treating
filter having 5 a pore size of 0.45 - 0.5 micron (e.g., "Maishoridisk

H 25-5", available from Toso K K. ; and "Eki kur odi sk 25CR', avail able
from German Sci ence Japan K K.) to recover the filtrate as a GPC
sanpl e. The sanple concentratiChla is adjust&@ \o provide a resin 10
concentration within the ran f d.5 myg/m M - The resin
conpogent having a pol @ C- Qnﬁrc d in the present

I nvention may include, \ f or exﬁg{ e. polynmers ¢f a nitrogen-containing
nononer, such as di met hl am noet hy hacryl at e, 15 di et hyl am noet hyl
met hacryl ate, and copol yners of such ~a nitrogen-contatni ng nononer and
anot her nononer, such as styrene or an unsaturated carboxylic acid

estery polynmers or copolyners with anot her nononer,
wherein n is an integer providing the indicated molecular weight, and 700 wt. parts of cyclohexanone were
dispersed in a sand mill to form a dispersion liquid, which was then applied by dipping onto the above-
formed undercoating layer to form a 0.05 wm-thick charge generation layer.
Then, 10 wt. parts of the following triphenylamine compound
15 .

HsC

20 | '
| N—-@—CH
25 '
H,C

30
10 wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular weight = 2x10*),

_35 | {o—@—@@—o;ﬁ

wherein m denotes an integer providing the indicated molecular weight, 50 wt. parts of monochlorobenzene
and 15 wt. parts of dichloroethane were mixed under stirring to form a mixture liquid, which was then
applied by dipping onto the above-formed charge generation layer and dried under blowing with-hot air to
45 form a 20 um-thick charge transport layer.
Then, 1 wt. part of fluorinated carbon fine powder (Dav (average particle size)) = 0.23 um, mid. by
Central Glass K.K.), 8 wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular weight =
- 8x10%):

50
_______"__—_———f-——
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such as a styrene-type nononer, of polar 20 nononers inclusive of nitrile

nmonomers such as acrylonltrlle hal ogeni de nononers such as vi nyl
chloride, unsaturated carboxylic JEP 0632 33NA2s acrylic acid and
met hacrylic acid; unsaturated di basi ¢ aci ds, unsat ur at ed dibasic acid

oot ns, EXAIAr altey w;‘g@'-ﬁﬁx@) AR b S5 e e blﬁ%";y

anhydri de “g (YUB" (m§r?1°u'ar

substituted am no group, nitrile group, nitro group, and epoxy group.
The resjin conponent havin% a polar group may be incorporated in the
toner particles in tie

- CHzC

CPL(H{ \\
R T )

16 wherein | and | respectively denote an integer and n denotes an integer of 4 - 16, 120 wt. parts of
monochlorobenzene and 80 wt. parts of dichioromethane were subjected to mixing and dispersion in a sand
mili to form a mixture liquid. To the mixure liquid, 3 wt. parts of the following triphenylamine

O-CH,-CH, —€ CF: };CF,

- .
30

and a prescribed amount of FeCls were further added and dissolved therein. The resultant mixture liquid
was applied by spray coating onto the above-formed charge transport layer to form a 5 wm-thick protective
layer.
35 The above procedure was repeated four times while changing the prescribed amounts of the FeCls,
- thereby to obtain four photosensitive drums A - D having different Fe contents in the surface layers, i.e., A
(0.2 ppm), B (2.0 ppm), C (0.05 ppm) and D (15 ppm).

[Production Example 5 for photosensitive drum]

Photosensitive drum E was prepared in the same manner as in Production Example 1 except that the
Protective layer was prepared in the following manner.

1 wt. part of true-spherical three-dimensionally crosslinked polysiloxane particles (Dav = 0.29 um, mfd.

by Toshiba Silicone K.K.), 8 wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular

45 weight = 8x10%):

Thls Sheet Has Been Replac

- { _@_ _@_ } (W

-55

wherein m denotes an integer, 0.1 wt. part of the following polydimethylsiloxane: methacrylate-methyl
methacrylate block copolymer (molecular weight = 5x10*, Si content = 12 wt. %):

o1
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5 follow ng manner. In the case of a polynerization toner

produced directly by suspen5|on pol yneri zati on or emul si on

pol ymeri zation, a polyner or cop@Pﬂﬂﬂm\ﬁzn_g a pol ar group, such as
carboxyl group, acid anhydride 10 group, am no group, substituted-an no
group, nitrile group or nitro group, nmay be dissolved ina

pol ymeri zabl e nononer, such as styrene nonomer, which I's subjected to
pol ymeri zation /o for@Htoner les CH, contalnlng t he rasi n conponent
having a polarfgroup. 1 15 Altdrnafively, it is also possible yo forma

pol yngri zabl GdlerCe t} §Kh-ﬂCxture i zabl e
mononer havi ng\ a pol af, _group nother[__ nononer, such ag styrene
nononer, and pol yneri z€ the nonergcoﬁbﬁsitlon to Produ g toner
particles 20 contai hjng e resin conpope g ol.ar up as
produced by the pol yrrgri Zatl on. Qts mr}ﬁea% S)

pul vefei zati on toner, the pol yner or copol yner haV|ng a pol ar group
alone or in _
wherein i and j respectively denote an integer and n denotes an integer of 1 - 100, 120 wt. parts of
monochlorobenzene and 80 wi. parts of dichioromethane were mixed and dispersed to form a mixture. To
the mixture, 3 wt. parts of the following triphenylamine:
15

| O @ LT

and FeCls in an amount providing a surface layer Fe content of 1.0 ppm were added and dissolved therein
%0 to form a mixture liquid, which was then applied by spray coating onto the formerly prepared charge
transfport layer to form a 3 um-thick protective layer, thereby providing photosensitive drum E.

{Measurement df transition metal content)

35 The charge transport layer and the protective layer of a sample photosensitive drum was peeled off and
weighed. The peeled layers were burnt in a muffle furace, and the residue was wet-treated with a mixture
acid of sulfuric acid and nitric acid to form a measurement sample. The sample was subjected to
identification and quantitative analysis of a transition metal content by atomic absorption spectrometry.
Based on the measurement result, the content of the transition metal contained in the surface layer (i.e., the

40 charge transport layer and the protective layer in lamination i this cass).

The fransition metal contents in the surface layers of photosensitive drums A - E thus measured are
summarized in Table 1.

(XPS measurement of the outermost layer surface of a photosensitive member)
45 o '

XPS measurement of the outermost layer surface of a sample photosensitive drum was performed with
respect to a cut-out and flattened sample of the surface layer from the sample drum by using an X-ray
photoelectron spectroscopy ("ESCALAB, model 200-X", available from VG Co.). The measurement was
performed by using Mg-Ka ray (300 W) as the X-ray source for an analyzing area of 2 mm x 3 mm. This
s0 generally corresponds to the analysis of a depth of up to several angstroms from the surface.

Example 1

A commercially available full-color laser electrophotographic copying machine ("CLC-500", mfd. by

. 85 Ganon KK\ was remodeled by replacing the photosensitive drum with the photosensitive drum A prepared
in Production Example 1. The remodeled machine, after being loaded with a two-component type developer
comprising the above-prepared toner A and a magnetic ferrite carrier coated with styrene-acrylate

~ copolymer, was subjected to image formation, wherein the photosensitive drum A was irradiated with laser
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m xture w th another polynmer or copolyner is 25 blended with a col orant,

fol | oiwed by nelt-kneadi ng, pul verization and classification to produce
pol yrer particles containi ng EMO 68288hA2onponent (i.e
- 14- pol ymer or copolyrrer) havi ng a pol ar group. The

ul veri zation toner may conprise a binder

pol ymeri z?t | on tone image; e %ﬂ.‘ii gudﬁ%ﬂ%pstaﬂgmmwegdqyplopedwthmtv,wr

resin ? iE"P?B:ﬁ‘F"'QSt '
A 8"‘1’

e :g e ?;g%?%ev o a o gy T “"°’§* %m soshone
urther trai err ated iz
d h fegsnerated pape %\{‘g&qé °51tAé's °)
oyl e t@ e oo 0 el Ut e Froare o ilde B
acryl ate, n-ggly ftﬁﬁ&y iy m&?%gg orfthd yggg“e?ated paper were subjected to a fixability test by

passing through between a pair of fixing rollers including a teflon-coated upper roller and a silicone rubber-
coated lower roller in a temperature-adjustable external fixing device under the conditions of a nip of 4.5

710 mm, a linear pressure of 0.6 kg/cm, a process speed of 90 mm/sec and varying temperatures at an
increment of 5 °C in the range of 100 - 230 °C.

The fixability was tested by rubbing a fixed image with a lens cleaning paper ("DASPER" mfd. by Ozu
Paper Co. Ltd.) under a load of 50 g/cm? and evaluated in terms of a fixing initiation temperature which was
the lowest temperature providing a density lowering by the rubbing of below 10 %. During the fixing test,

75 the occurrence of offset was observed with eyes and evaluated in terms of a high temperature offset-free
point which was the highest temperature at which offset was not observed with eyes.

Separately, by using the remodeled machine, a continuous image formation test of reproducing a test
image including a solid part and a halftone part on 10,000 sheets. Then, the images were evaluated with
respect to roughening at halftone parts, thin-line reproducibility, and uniformity of solid image density. The

20 performances were evaluated in an overall manner by taking these items into consideration inclusively. The
results were evaluated at four ranks of excellent, good, fair and poor as shown in Table 1.

Examples 2 - 4 and Comparative Examples 1 - 5

25 The image forming test and fixing test were repeatedly performed in a similar manner as in'Example 1
by using toners and photosensitive drums shown in Table 1. The results are inclusively shown in Table 1.

30
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phenyl” acryl at e;
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-15- colorant, a charge control agent, a polynerization

initirator and another optional additive are added and uni formy

di ssol ved or dispersed by a di speEBiOfi$2 337 A2npans, such as a honogeni zer or
an ultrasonic- 5 dispersing device, to forma pol ymeri zabl e nmononer

conposition, which is then dispersed and fornmed into particles in a
di spersi on nedi um contai ning a di spersion stabilizer or an enulsifier
by neans of a yotesSidd 'enidiogrom xer or honogeni zer. Thereafter, the 10
stirring may bé‘tﬁﬂrrﬁuégg%ﬁ'gnch a degree as to retain the particles
of the pol ymer i @fdyied yrononer conposi tion thus formed and prevent the
sedi nefit ati on of the particles. The polynerization nmay be perfornmed

at a tenperature ofsx#i |Towér4D ksed]in EeampEé|Y HloneMWas1ld [err] C. The
tenperature can be raised at a | ater stage of '

pulverization toner and the other toners A - E were

0 polymerization toners.

%1: Preéence (yes) or absence (none) of a polar

5 resin'component in fhe toner.

%*2: Molecular weight at which the main peak in a
GPC chromatogram was present.

20 (Photosensitive drum)

#3: The transition metal content in the surface
layer of the photosensitive drum.
25
(Evaluation)

*4: Occurrence (yes) or non-occurrence (none) of
30 cracks on the photosensitive drum during the
continuous image forming test.

*5: Tgz: The fixing initiation temperature.
* *6: Toffset: The highest offset-free temperature.
%#7: Overall evaluation with respect to the
40 rougheninglat halftone parts, thin-line
reproducibility and uﬁiformity of solid part density.

+#71: Blocking occurred.

45 _ _
*72: Narrow fixable temperature range.
*#*73: Poor resolution.
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[Production Example 6 for polymerization toner] I

into 710 g of deionized water, 450 g of 0.1 M-Naé PO« aqueous solution was added, and the mixture was
55 warmed at 60 °C and stirred at 1200 rpm by a TK homomixer (mfd. by Tokushu Kika Koqu K.K)). Further,
68 g of 1.0M-CaCl: aqueous solution was added thereto to form an aqueous medium containing Cas{POs)2.

2R



the polynerization. It is also possible to subject a part of the
aqueous systemto distillation in a later stage of or after the

pol ymerization in order to IE€r832 3372y et - unpol yneri zed part of the
pol ynmeri zabl e 20 nononmer and a by-product which can cause an.odor in

the toner fixation step. After the reaction, the produced toner
particles are washed, S{VH,; ered out, and dried. Ilnigshe|suspension

pol ynerization, it ipppuylachferally preferred to usq 38 { 3000 wt. parts
of 25 water as the [dygqepghoticiy-impabd magastc mdidat . parjt $400f t he nonomer
m Xt ure. ' | Nighéme®ees of the polynerizatior| irgiator

-16- ¢ usabl e i nstyhne-BimetpahindstivEéthadylatsrgpdivit Udeto gazo- or

Paraffin wax (m.p. (melting point) = 83 °C) 8¢

The above ingredients were warmed at 80 °C and stirred at 12000 rpm by a TK homomixer {mfd. by

10 Tokushu Kika Kogyo K.K.) to effect uniform dissolution and dispersion. Into the mixture, 8 g of 2,2-azobis-
(2,4-dimethylvaleronitrile) (polymerization initiator) was dissolved to form a polymerisable monomer com-
position, which was then added to the above-prepared aqueous medium. The resultant mixture was then
stirred at 10000 rpm for 20 min. by a TK homomixer at 60 °C in a nitrogen gas atmosphere to disperse the
polymerizable monomer composition into particles. Then, the system was heated to 70 °C under stirring by

15 a paddle stirver for 10 hours of reaction. '

' After the polymerization reaction, a part of the aqueous medium was distilled off under vacuum, and the
system was cooled, followed by addition of hydrochloric acid to dissolve the calcium phosphate, filtration,
washing with water and drying to recover toner particles having a weight-average particle size of ca. 8 um.

To 100 wi. parts of the thus obtained toner particles, 0.8 wt. part of hydrophobic silica was added to

20 obtain polymerization toner F. '

- [Production Example 7 for polymerization toner]

Polymerization toner G was prepared in the same manner as in Production Examble 6 except that the
25 polar resin component was changed as shown in Table 4 appearing hereinafter.

[Production Example 2 for pulverization toner]

%0 Styrene-n-butyl acrylate copolymer (Mp = 20,000) 100 wt.paris

Styrene-methyl methacrylate-methacrylic acid copolymer (Mp = 20,000) 100 wt.parts
Di-tert-butylsalicylic acid metal compound ' 4 wt.parts
Paraffin wax (m.p. = 83 °C) 8 wt.paris
a5 Carbon black (hydrophobicity-imparted) 12 wt.paris

The above ingredients were preliminarily blended and then melt-kneaded on a roll mill set at 120 °C.
After cooling, the kneaded product was coarsely crushed, finely pulverized by a pulverizer using jet air
stream and then classified by a pneumatic classifier to obtain a toner having a weight-average particle size
40 of ca. 8 um. To 100 wi. parts of the toner, 0.8 wt. part of hydrophobic silica having a BET specific surface
area of 200 m?/g was externally added to obtain pulverization toner 1. _
Some properties of the above-prepared toners F, G and toner 2 are shown in Table 4 appearing
hereinafter. '

45 [Production Example 6 for photosensitive drum]

- 10 wt. parts of electroconductive titanium oxide particles (coated with tin oxide, average primary particle
size = 0.4 um), 10 wi. parts of phenolic resin precursor {resol-type), 10 wt. parts of methanol and 10 wt.
parts of butanol were subjected to dispersion in a sand mill, and then the mixture was applied onto an

50 aluminum cylinder in an outer diameter of 80 mm and a length of 360 mm by dipping, followed by curing at
140 °C to form a 20 wm-thick electroconductive layer having a volume resistivity of 5x10? ohm.cm.

Then, 10 wt. parts of a methoxymethylated nylon (methoxymethylation degree = ca. 30 %) shown
below and 150 wt. parts of isopropanol were mixed and dissolved to each other to form a mixture solution,
which as then applied by dipping onto the above-prepared electroconductive layer to form a 1 um-thick

s5 undercoating layer:
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di azo- type polynerization initiators, such as 2,2'-

azobi s- (2, 4- dlnethylvaleronltrlle) 2 2' - azobi si sobutylonitrile,

1, 1' - azobi s(cycl ohexane- 2- car%%ﬂ@???%fz 2,2' -azobi s- 4- net hoxy- 2, 4-
di et hyl val eronitrile, azob|S|sobutyron|tr|Ie and per oxi de-type

pol yneri zation initiators such as benzoyl peroxide, nethyl ethyl

ket one peroxi de, di i sopropyl ggxoxycarbonate, cu hydr oper oxi de,
10 2, 4-di chl orobenzgyl peroxide, | ayr oyl peroxide1 The

pol ynmeri zation initi Pfﬂﬁﬁﬂg 1F Q§EQEtﬁ? he range of about
0.5 - 20 wt. % based\on the wei f ¢ he pol'yh®rizapl e nononer. The

pol yneri zati on iitiators nay be ms cjcﬁﬁngKy-oc}g xture. 15
In order to control the nolecul ar wefght "of the resdl thnt bi nder .
resin, it is also possible to add a crosslinking agent or a chain
transfer agent in a proportion of preferably 0.001 - 15 wt. %

In prodaction of the polynerization toner by 20 polynerization in an

aqueous mwhéreipm dnd niare ipfegefsegivingcthe indicated anetterynmthylationrdggrae.c or / and an or gani c
di spersi on Then, 10 wt. parts of the following azo pigment:

1 : NHOC CONH

20

25 _ g 2

5 wt. parts of the following polycarbonate resin (bisphenol A-based, molecular weight = 3x10*)

30

—JD

—@—@—0

wherein n is an integer providing the indicated molecular weight, and 700 wt. parts of cyclohexanone were
40 dlspersed in a sand mill to form a dispersion liquid, which was then applied by dipping onto the above-
formed undercoatmg layer to form a 0.05 pm-thick charge generation layer.
Then, 10 wt. parts of the following triphenylamine compound

: _ ‘@‘@] . T

10 wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular weight = 2x10*),
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stabilizer in the dispersion nmedium Exanples of the I nor gani c

di spersion stabilizer may include;_ - trical ci um phosphate, magnesium
phogphat e, alum num 25 phosphat%"’ﬁ’?’rﬁf‘J ;ﬁ?osphat e, calcium carbonate,
magnesi um car bonat e, cal ci um hydr oxi de, nagnesi um hydr oxi de, al um num
hydr oxi de, cal ci um net asi | i cate,

-17- cal cium sul f barium sul fate, bentoRite, sil i ca, and

al um na. Exanples of th di spersjqn st bilizer may include:

pol yvi nyl al cohol, gel @mz t hyl hydroxypr opyl

cel l ulsose, 5 et hyI cel l\ul ose ar I cel I se sodiumsalt,
polyacrylic acid and its\salt and ch These () d| spersion stabl lizers

may preferably be used in an

10 wherein m denotes an integer providing the indicated molecular weight, 50 wt. parts of monochlorobenzene
and 15 wt. parts of dichloroethane were mixed under stirring to form a mixture liquid, which was then
applied by dipping onto the above-formed charge generation iayer and dried under blowing with hot air to
form a 20 wm-thick charge transport layer.

Then, 1 wt. part of fluorinated carbon fine powder (Dav (average particle size)) = 0.23 um, mfd. by

16 Central Glass K.K.), 6 wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular weight =
8x10")

" f%@—@-@o-@

wherein m denotes an integer, 0.1 wt. part of the following perfluoroalky! acrylate-methyl methacrylate block
copolymer (molecular weight = 3x10*)

W\
-1— CH.C CH.CH

_ \
. o\l )

30

i
O.— CH, O-CH.-CH; (CF; );-CF;

40

wherein i and j respectively denote an mteger and n denotes an integer of 4 - 16, 120 wt. paris of

monochlorobenzene and 80 wt. parts of dichloromethane were subjected to mixing and dispersion in a sand

mill to form a mixture liquid. To the mixture liquid, 3 wt. parts of the following triphenylamine
5 .

H:C

. ' | -This-Sheet Has Been Replaced 'f

§5 HC ,

THIS SHEET HAS BEEN
REPLACED

22




anounit of 0.2 - 20 wt. parts per 100 wt. parts of the pol ymeri zabl e

‘monomer mxture. 10 In the case of using an inorganic dispersion
stabilizer, a commercially avail abFRO$3833CA2can be ‘used as it is, but
it is also pOSSIb|e to formthe stablllzer in S|tu in the dispersion

,[rsldl:;lmcfaaﬁé %es tib alg ofq: ne eog{lt r%lg&a (Tg(a @eq erem 1I]he Sa eg%é-%ve

sodi um ph Qrg cg tm o 0 eabove- '3?0
under a ?"3{ g the rhcabd ﬁfé",?rf w'sg i e°n§%. i Fhhal e
n

1n 5t Uess!
di sper si o%%ngf?gg 8 on nf,fb db%{s  Of cs?t?i r?tezer (b af“so e% ':%)t F’? 510,86

0.001 - % of a surfactant in corrbi natlon t her eby prom)tl ng

t he pr escipldmtion EREhdieNoP hhotoBéhsitive drunsit abi | i zer . Exarrpl es of the surfactant
may include: 25 sodi um dodecyl benzenesul fonate, sodi um tet radecyl

sul f at ep s 0dihe rqeediire dicRryduction| Exarmple 6548 irépakted iy to the provision of the aluminum cylinder,
electroconductive layer, under coating layer and charge generation layer.
Then, 10 wt. parts of the following triphenylamine compound

15

Q HC_ CH, I
% | ;< Sheet Has Been Replaced

” i

/

40 wherein m denotes an integer providing the indicated molecular weight, 50 wt. parts of monochlorobenzene
and 15 wt. parts of dichlorosthane were mixed under stiring to form a mixture liquid, which was then
applied by dipping onto the above-formed charge generation layer and dried under blowing with hot air to
form a 20 um-thick charge transport layer.

Then, 3 wt. part of fluorinated carbon fine powder (Dav.) = 0.23 um, mfd. by Central Glass K.K.), 5 wt.

45 parts of the following polycarbonate resin (bisphenol Z-based, molecular weight = 8x10*):

o {O_Q@@_o_

wherem m denotes an integer, 0.3 wt. part of the following perfluoroalkyl acrylate-methyl methacrylate block
copolymer (A-B type copolymer, molecular weight = 3x10*)

. THIS SHEET HAS BEEN
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sul fate, sodium ol eate, sodium |l aurate, potassium

-18- stearate, and cal cium ol eat e. The col orant used
in the present invention MaEFOE 632188PADNes, exanpl es of which may

i ncl ude: carbon bl ack; dyes, such as C.I. Direct Red 1, C 1. 5 Direct
Red 4, CI. Acid Red 1, CI. Basic Red 1, CI. . Mordant Red 30, C. 1.
Direct Blue 1, C.I. Direct. Blue 2, Cl. Acid Blue 9, -C 1. Acid blue
15, C. 1. Basic Bl ueCH, C. I. i¢g Blue 5, C.I| N\ Mordant Blue 7, CI.
Direct G een 6, Cfl. Basilc Green nd C.1. Basic \10 Geen 6; and

pi gnents, such a HBie +UOH, —CH neral Fast Yell ow,

Navel ®Yel | ow, Napft hol S, Hansa(l:Yg_I(I)ow Per manent Yel | ow NCG

- l .
— CH, . O-CH.-CH. «CF; 3;-CF;

10

wherein | and j respectively denote an integer and n denotes an integer of 4 - 16, 110 wt. parts of
monochlorobenzene and 80 wt. parts of dichloromethane were subjected to mixing and dispersion in a sand
mill to form a mixture liquid. To the mixture liquid, 2.5 wt. parts of the following triphenylamine

15 ’

| 3G i

~and a prescribed amount of FeCls were further added and dissolved therein. The resultant mixture liquid
30 was applied by spray coating onto the above-formed charge transport layer to form a 6 wm-thick protective

layer, thereby providing a photosensitive drum G showing a surface layer Fe content of 0.2 ppm.

. The photosensitive drum G showed F atom content of 10.2 %, C atom content of 76.7 %, and F/C ratio

of 0.133. :

35 [Production Exahwple 8 for photosensitive drum]
The procedure of Production Exarnple 6 was repeated up to the provision of the aluminum cylinder,

electroconductive layer, under coating layer and charge generation layer.
Then, 3 wt. parts of the following triphenylamine compound

H.C

45 . ) ' o
50 _ .
H,C

55 .
7 wt. parts of the following triphenylamine
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Tartrazi ne Lake, Ml ybdenum Orange, Pernmanent O ange GIR, Benzi di ne
Orange G Cadm um Red, Per nanent Red 15 4R, Watching Red Ca salt,

Brilliant Carmine 3B, Fast ER @#32330M2 hy| Viol et Lake, U tranarine,
Cobal t Bl ue, Alkali Bl ue Lake Victoria Blue Lake, - qui nacri done,
Rhodam ne Lake, Phthal ocyani ne Bl ue, Fast Sky Bl ue, Pignment Geen B,

Mal achite Green Lake, 20 and Final Yellow Geen G
Regarding the colorant to bdldsed for toner - production directly by
pol yneri zation, it is necessar ay attention to t
pol ymerg zat i on-i nhi bi ting nsferabi | i tsemmqueeus\
phase of 25 the colorant. Ac is preferred toThisghets B
oyt i on. - Fo ﬂ ee eplaced:

above-nenti oned col orant after sur
i's appropriate to hydrophobise th

10

H,C -

15 10 wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular weight = 2x10*),
20 .
H

wherein m denotes an integer providing the indicated molecular weight, 50 wt. parts of monochlorobenzene
and 15 wt. parts of dichloroethane were mixed under stiring to form a mixture liquid, which was then
applied by dipping onto the above-formed charge generation layer and dried under blowing with hot air to
30 form a 20 wm-thick charge transport layer.
Then, 3 wt. parts of fluorinated carbon fine powder (Dav.) = 0.27 um, mfd. by Central Glass K.K.), 5.5
wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular weight = 8x10*):

wherein m denotes an integer, 0.3 wt. part of the following fluorine-substituted graft polymer (F content =
27 wt. %, molecular weight = 2.5x10*):

50

55
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-19- colorant so as not to inhibit the pol ynerization.

Particularly, many dyes and carbon bl ack can i nhibit t he
pol ymeri zation, so that attenti orER0&3 3BMA2 pai d. As a preferred
met hod of surface-treating a dye, a 5 nononer nmay be polynerized in
advance in the presence of the dye. The resultant col ored pol yner may
be added to the polynerizabl e nononmer m xture. Carbon bl ack can
be treated in the sane ner as the dye and an also be treated with
a substance capalfl e ] 0 reactlng surfade-functional group of
the  carbon 9 2 sych as pql | Xane: In the
case of a nmagnetilc tonerg _Iep to er p Ligl es fare caused to contain
magneti ¢ powder. e nagne t pawder cpnprisegla substance
magneti zabl e 15 when pugced in a magnetic ¢Lekl cf;aggﬁe;_@@~such a
substance may include: ferromagnetic netals, such as Pron, cobalt and
ni ckelip and conpounds, d?Hh as nagnetite and ferrlte. I n the case of
t oner
- H—?—OH
’ CHz""O"CO—CHz
° c 0
O CH,
20

wherein i, j, m and n respectively denote an integer, 120 wt. parts of monochlorobenzene and 80 wt. parts
of dichloromethane were subjected to mixing and dispersion in a sand mill. Further, 2.5 wt. parts of the
foliowing triphenylamine was added thereto and dissolved therein to form a mixture liquid:

25 :

Q HC CH,
30 if
—_—

35 . This Sheet Has Be

ac HHIIIHHIIIIIIHIH"I

40 To the mixture liquid, 2 wt. parts of the following triphenylamine

B8l

HC

50

55 : .
and a prescribed amount of FeCl; were further ad_ded and dissolved therein. The resultant mixture liquid
was applied by spray coating onto the above-formed charge transport layer to form a 4 wm-thick protective
layer, thereby providing a photosensitive drum F showing a surface layer Fe content of 0.2 ppm.
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production by polynerization, it is necessary to pay 20 attention to the

pol ymeri zat i on-i nhi bi ti ng function and transferability to the aqueous
phase of the magnetic materi aFP 0888 @B3UARgly, it is preferred to
subj ect the magnetlc material to surface nodi ficati on, e.g., a

hydr ophobi CI‘lthg fv@gruﬁ\rb‘a&l&)%& at r{\ tg}\t o sw%atgr{:\]%gnter}n?ﬂf %ﬁ%bl %E)?fq'atlo

pol ymeri zgt -|n| t1n
| mprove the re] easablllty at the

- 20- [ProdubtiBR EREmd S fopmologgns, W ]on it is possible to i ncor porate
a wax ificlusive of a waxy hydrocarbon conpound as a rel ease agent.

Exanpl es of phdefen¥iéaftum | was prEpardd/is thd E8me Riahidf bd MSProdattioN Brénidide WshiSthat Had
nmodi fi ed Protective layer was prepared in the following manner.
1 wt. part of true-spherical three-dimensionally crosslinked polysiloxaneparticles (Dav = 0.29 um, mfd.
by Toshiba Silicone K.K.), 6 wt. parts of the followmg polycarbonate resin (blsphenol Z-based, molscular
10 weight = 8x10*):

. {o—©—®—©—'o—§

20

wherein m denotes an mteger, 0.1 wt. part of the following polydimethylsiloxane methacrylate-methyl
methacrylate block copolymer (molecular woight = 5x10*, Si content = 12 wt. %):

| CH, \ / CH, \
: CH, '—('3 CH, _'.(I: . _

30 (’; =0 /i \ (1: =0 . /j

' ' 0 O

+£Si (CHa)2-0 )= Si (CHy)s
35

25

wherein | and | respectively denote an integer and n denotes an integer of 1 - 100, 120 wt. parts of
monochlorobenzene and 80 wt. parts of dichloromethane were mixed and dispersed to form a mixture. To
the mixture, 3 wt. parts of the following triphenylamine:

S 20 ‘@ m‘??’ii/?‘/iummﬁiif’

'

55 and a prescribed amount of FeCls were added dissolved therein to form a mixture liquid, which was then
applied by spray coating onto the formerly prepared charge transport layer to form a 3 Lm-thick protective
layer, thereby providing photosensitive drum | showing a surface layer Fe content of 0.2 ppm.

KX
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5 products thereof inclusive of oxidized products and grafted :
products, higher fatty acids and netal salts, am de wax, and natural
or synthetic ester waxes. It E P%?ﬁ‘@red to use a wax having a
sof t eni ng poi nt of 40 - 130 [err]C, nore preferably 50 - 120 [err]C,

TS B s S AR B R,

anti - bl ocking characteristic an shape-retaining characteristic. In

excess fodkdidn E®InpleG0 for photodehtivh R t ant toner is provided with only a | ow
15 rgleasability. The waxes may be added singly or in conbi nation in

a proport 18 pRicedirelof-Préddctidh -Exdfiple 8 was repeated up tolthe brofsid & IR AurhifGE BfithddR, |t

I s pref gléRdeontgtiive layer, Uha&H de@ing idyerdana thErgE géeitidnObyen §81) badalto L€ of BEdIction
produci egmpiepri als so as to control the chargeability 20 of the resultant
toner. |t Then, o ef parsetitht Mt tAphenylamidivamgeinéont r ol agent substantially

freesrom pol ynmeri zation-inhibiting property or transferability
t o aqueous phase. Exanples of preferred positive
HsC :
Q HC CHs
- 15 ' —_—
N This Sheet Has Been '

T

20

HsC

25 . .
10 wt. parts of the following polycarbonate resin (bisphenol Z-based, molecular weight = 2x10*),

m

- {O0EOoy

wherein m denotes an integer providing the indicated molecular weight, 50 wt. parts of monochlorobenzene
and 15 wt. parts of dichioroethane were mixed under stirring to form a mixture liquid, which was then
applied by dipping onto the above-formed charge generation layer and dried under blowing with hot air to
40 form a 20 nm-thick charge transport layer.
Then, 3 wt. parts of true-spherical three-dimensionally crosslinked polysiloxane particles (Dav = 0.29 -
um, mid. by Toshiba Silicone K.K.), 4 wt. parts of the following polycarbonate resin (bisphenol Z-based,
molecular weight = 8x10*): '

m

7

wherein m denotes an integer, 0.3 wt. part of the following polydimethyisiloxane methacrylate styrene block
ss copolymer (molecular weight = 6x10*, Si content = 14 wt. %).
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charge control agents may include: nigrosine dyes, 25 triphenyl nmethane

dyes, quaternary ammoni um salts, rf%uanidine derivatives, imdazole
derivatives, and ani ne and poEP&&%R&E3¢ARpounds. Exanpl es of the

-21- negative charge control agents nmay include: netal -

contai ning salicyclic acid-based conpounds, netal - contai ni ng nonoazo
dyes, urea derivatives, styrene- - acrylic acid copolyner and
styrene-nethacryllc aC|d 5 co The charge control
agent may pref ta| g%g ﬁﬁproportlon of 0.1 - 10 wt. %
The pol yneri zatilbn tone used i se nventi on may be prepared
by nelt-kneadi ng re3|q:f) C 0 j

o ~Si (CHa):-0 3 Si (CHy)s
/
10 _ :
wherein i and j respectively denote an integer and n denotes an integer, 120 wit. parts of monochloroben-
zene and 80 wt. parts of dichloromethane were subjected to mixing and dispersion in a sand mill to form a
mixture liquid. To the mixture liquid, 3 wt. parts of the following triphenylamine

T o i

H,C

and a prescribed amount of FeCls were further added and dissolved therein. The resultant mixture liquid
30 was applied by spray coating onto the above-formed charge transport layer to form a 3 um-thick protective
layer, thereby providing a photosensitive drum J showing a surface layer Fe content of 0.2 ppm.
As a result of the XPS measurement, the photosensitive drum K showed Si atom content of 15.1 %, C
atom content of 70.3 % and Si/C ratio of 0.215. :
The F/C ratio and F/O ratio or the Si/C ratio and Si/O ratio, respectively as measured by XPS, of the
35 outermost layers of the above-prepared photosensitive drum F - J are summarized in the following Tables 2

and 3.
Table 2
“ Photosensitive | F/C ratio | F/O ratio
drum
F 0.064 0.007
e 0.133 0.378
" H 0.150 0.574

Table 3
50 :
Photosensitive | Si/C ratio | Si/O ratio
drum
P 0.147 0.255
55 J 0.215 - 0.724
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10 conponents (inclusive of a binder resin conprising  aresin
nt having a polar group), a colorant, and optional conponents,

conpone
~such as
kneaded
classif
added t
have

parti cl
succes

additiv
Her ei n,
Si ze

an elec
toner 4

15

25

30

35

50

55

a charge control ageﬁﬁomlﬂsl ease agent, cooling the
product, pulverizing the cool ed kneaded product, and 15

y!ng }Ee pul veri zed product. _ Addi tives optionally

r for ' inparting various characteristics nay preferably

e.-eﬁ,oé (?;:): fahf avalg) 8 GY%S ?t%qr g'c cﬂp |'er ?‘k 19 ?Y C ng lme) was |

e

t Eé;}aopme‘ﬁf Q6P Bnder applicationdtizh Paﬁerﬁgtlné
imagd. The toi@ambdetd tNApHoREshsifVeadra Feab iﬁ'th&straﬁ?éfreb Ot aper of
64 g/m? (regarded as plain paper, A4-size) to form a yet-unfixed toner image. The drum surface after the
transfer was subjected to blade cleaning by using a urethane rubber blade.

The thus formed unfixed toner images on the regenerated paper were subjected to a fixability test by
passing through between a pair of fixing rollers including an teflon-coated upper roller and a silicone rubber-
coated lower roller in a temperature-adjustable external fixing device under the conditions of a nip of 4.5
mm, a linear.pressure of 0.6 kg/cm, a process speed of 90 mm/sec and varying temperatires at an
increment of 5 °C in the range of 100 - 230 °C.

The fixability was tested by rubbing a fixed image with a lens cleaning paper ("DASPER", mfd. by Ozu
Paper Co. Ltd.) under a load of 50 g/cm? and evaluated in terms of a fixing initiation temperature which was
the lowest temperature providing a density lowering by the rubbing of below 10 %. During the fixing test,
the occurrence of offset was observed with eyes and evaluated in terms of a high temperature offset-free
point which was the highest temperature at which offset was not observed with eyes.

Separately, by using the remodeled machine, a blank rotation of a developing sleeve as an accelerated
durability test was performed at a sleeve peripheral speed of 200 mm/sec for 180 min. without tranferring a
toner layer on the developing sleeve to the photosensitive drum, whereby the attachment force between the
toner and the photosensitive drum was evaluated by image ormation before and after the blank rotation
(durability test).

More specifically, a transfer rate was calculated as a ratio between the amount of a toner transferred to
a transfer paper and the amount of the toner on the photosensitive drum before the transfer, and the
transfer rates were obtained before and after the durability test. Further, a transfer maintenance ratio was
obtained as a ratio of the transfer rates after the before the durability test. The performance was evaluated
according to the following standard:

o: A transfer maintenance rate of above 90 % is retained as a ratio after and before the durability test.

A: A transfer maintenance rate of 80 - 90 % is given.

x: A transfer maintenance rate of below 80 % is given.

Incidentally, a toner shows a high transfer rate at an initial stage of contmuous image formation because
of an externally added flowability-improving agent, such as silica, but is liable to show a lower transfer rate
with the continuation of image formation because such an external additive is gradually embedded within
the toner particles, whereby an inherent attachment force acting between a toner and a photosensitive
member is emphatically exhibited.

The results of the evaluation are shown in Table 4 appearing hereinafter.

éjaoioéa .ai%gé}ér §f§°§§ virmﬁg Ji.a.it Roh Ytstato gh
wakl ok i o ihegré'g&ioaﬂ? uﬁ@% 3o %df
d p

Examples 6 - 9

The evaluation in Example 5§ was repeated by using toners and photosensitive drums shown in Table 4,
and the results thereof are also shown in Table 4 below.
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-22- fol | ow ng: 1) Flowability inparting agents, such as

netal * " oxides inclusive of silicon oxide, alum num oxide and
titani um oxi de, carbon bl ack, and ER @&3233tA2 carbon. These materials
may preferably be subjected to a hydr ophobi city-inparting treatnent.
2) Abrasives, inclusive of: netal oxides such as strontiumtitanate,
cerium oxi de, alum num oyrder egresttmroxtae and chrom um oxi de;
nitrides, such as 10 sillicon -ﬂ-itr' de; carbide, sudh as silicon carbide;
and metal salts, sudh as <§Lm sul fate, barijum sulfate and
cal ci ump carbonat e. CE? Hrigagt g gnel ugive of: powder of
fluorine- cont ai ning r &3 Bych as pol yvi nylji dene fluoride, 15 and
pol yt etraf | uor oet hyl ene; a@ |3 phagrc acra netal
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salts, such as zinc stearate, and cal cium stearate.

Charge-control ling particles, inclusive of: partlcles of netal oxi des,
such as tin oxide, titanium: EB)0 682 337 /A2 oxi de, sili eelamlaced
al um num oxi de,, 20 and carbon bl ack. These |

added in a proportion of 0.1 - 10 wt. parts, prefera

parts, QEQ_!I!DHE§_£EEI§§DQ__he toner particles. These ad |t|ves
may be used si ngl in conbination of 25 plural species. _

Next, the electr® hotﬁgnaph2cu§edtbaeﬁxémple 7 aloni@nkas dsed in the
presegt inventjon wll be - 23-

descri bed. pulverization toner and the other toners F and G were

polymerization toners.

" *2: Molecular weight at which the main peak in a

GPC chromatogram was present.

#3: Tpy: The fixing initiation temperature.
15 #*4: Toffset: The highest offset-free temperature.
#5: Overall evaluation with respect to the

roughening at halftone parts, thin-line
20

reproducibility and uniformity of solid part density,
of images formed after the durability test.

25 #6: Transfer rate before the blank rotation

{durability test). .

*7: Evaluation of the transfer maintenance rate
30

after the blank rotation (durability test).

An electrophotographic toner showing a good fixability onto recording paper is constituted by at least a

35 binder resin and a colorant, the binder resin comprising a resin component having a polar group, the binder
resin having a molscular weight distribution according to gel permeation chromatography including a peak

in a molecular weight region of 5x10° - 5x10*. The toner is used to develop an electrostatic image formed

on a electrophotographic photosensitive member including at least an electroconductive support, a charge
generation layer and a charge transport layer, and the resultant toner image is transferred onto a recording

40 medium without difficulties such as occurrence of cracks on the photosensitive member or inferior
transferability by using a photosensitive member having a surface layer containing a transition metal atom

at 0.1 - 10 ppm. The surface of the photosensitive member may preferably show a fluorine atom/carbon
atom (F/C) ratio or/and a silicon atom/carbon atom (Si/C) ratio, respectively, of 0.03 - 1.0 as measured by X-

ray photoelectron spectroscopy.

Claims : : ;
: : * - C L M S * :

1. An image forming method, comprising:
forming an electrostatic image on an’ electrophotographic photosensitive member, the elec-
50 trophotographic photosensitive member comprising at least an electroconductive support, a charge
' generation layer and a charge transparent layer, the electrophotographic photosensitive member having
a surface layer containing a transition metal atom at 0.1 - 10 ppm,
developing the electrostatic i image to form a toner image on the electrophotographlc photosensitive
member, '
55 transferring the toner image onto a transfer-receiving medium, and
removing a residual toner from the electrophotographic photosensitive member;
wherein the toner comprises at least a binder resin and a colorant, the binder resin comprising a
resm component having a polar group, the binder resin having a molecular weight distribution according

THIS SHEET HAS BEEN
REPLACED
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In the mr the surface | ayer of the photosensitive
menber ﬁmﬂm I“mmﬁu di sposed close to the surface than a charge
generatien c5t EP 91082 38608sensi ti ve nenber may

preferably have a Iayer structure including a charge generatron | ayer .

SUbstr at o 1 WPpEHRSEch chBkithoriind BaRFFe 8 :ea? he m‘w‘é’ v?%%%@%@r M85 Br1%an be
further O @ﬂ)rﬁ% *E'n o ra%o?a% ' %e ﬁy?rwﬁeper %uc o s nsu er

in conbi nat | Rénber includes an outermost dy sm 5
obj ect of the present invention, |t S re erre

transport g &Mﬁrlmaéé1%rrﬂﬁd)hﬁﬁ5d !&o}dﬁlﬁ% Ciim 2, wheraﬁttlke PJchEB&meCrQQP rhh§ Séenas n-
pol ycar bonat esizeé frétn an Ssyinhi8trical diol. Pr esent i nvention, it is further pref erred

that the pol ycarbonate resin is one synthesi zed from an _
asymret r i @aal Thai ifdage forfling method accordingCtoPOIkiHC 1 VAR the I diselrophbts@EbhRSphdtobdnitARY
10 member includes an outermost layer comprising a fluorine-containing substance, and the outermost
layer has a ratio of fluorine atom/carbon atom (F/C) of 0.03 - 1.00 as measured by X-ray photoelectron
spectroscopy. .

5. The image forming method according to Claim 1, wherein the electrophotographic photosensitive

15 member includes an outermost layer comprising a silicon-containing substance, and the outermost

layer has a ratio of silicon atom/carbon atom (S¥/C) of 0.03 - 1.00 as measured by X-ray photoelectron
spectroscopy.

6. The image forming method according to Claim 1, wherein the electrophotographic photosensitive

20 member includes an outermost layer comprising a fluorine-containing substance and a silicon-contain-

ing substance, and ‘the outermost layer has a ratio of fluorine atom/carbon atom (F/C) and a ratio of

silicon atom/carbon atom (Sl/C). respectively, of 0.03 - 1.00 as measured by X-ray photoelectron
spectroscopy.

25 7. The image forming method according to Claim 1, wherein the transition metal atom is a metal atom
selected from the group consisting of iron, nickel, and chromium.

8. The image forming method according to Claim 1, wherein the electrophotographic'photosensitive
member includes a surface layer which comprises a polycarbonate resin and contains iron atom.
30 .
' 8. The image forming method according to Claim 8, wherein the polycarbonate resin has been syn-
thesized from an asymmetrical diol.

10. The image forming method according to Claim 1, wherein the electrophotographic photosensitive
35 member includes a surface layer which comprises a polycarbonate resin and contains nickel atom.

11. The image forming method according to Claim 10, wherein the polycarbonate resin has been
synthesized from an asymmetrical diol.

40 12, The image forming method according to Claim 1; wherein the electrophotographic photoseﬁsitive
' member includes a surface layer which comprises a polycarbonate resin and contains chromium atom.

13. The image formlng method according to Clalm 12, wherem the polycarbonate resin has been
synthesized from an asymmetrical diol.

14. The image forming method according to Clam 1, wherein the electrophotographic photosensitive
member includes an outermost protective layer comprising a polycarbonate resin as a binder resin.

16. The image formihg method ‘according to Claim 14, wherein the protective layer contains a fluorine-
50 containing organic compound, a silicon-contain organic compound, or a mixture thereof.

16. The image forming method according to Claim 1, wherein the toner is a polymerization toner which has
been directly produced by polymerization of a monomer composition in an aqueous medium.’

§5 17. The image forming method according to Claim 1, wherein the toner is a pulverization toner.
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resin%f the charge transport |ayer and/or the protective | ayer may
preferably be one that is sol uble in an aromati c hydrocarbon sol vent
and/ or a hal ogenat ed ar.onati cERPABAI W8N sol vent and has a low 25
crystallinity. More specifically, such a polycarbonate resin may be
produced by an ordi nary pol ycarbonate synt hesi s process, such as the
phosgene process using _ - 24-

- 1) bisphenol A and one or nore asymmetrical diol conpounds, or 2) one
or nore asymetrical diol conpounds. It is also possible to obtain a
desi red pol ycarbonate resin by using a diol conpound having a 5
substituent group including 3 or nore carbon atons in its side chain.
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Represenfétive exanpl es of the asymmetri cal di ol conpoundqﬁng?%Efude
-.-tthe follow ng, but they are - - not exhaustive.

e e

1

IMAGE FORMING METHOD

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to an image
S forming method using an electrophotographic
photosensitive member and a toner.

Various forms of electrophotogfaphic
photosensitive members are used so as to obtain
desired characteristics depending on the

lb electrophotographic processes used. Typical
electrophotographic photosensitive members include one
having a photoconductor layer as an image bearing
layer on a substrate, and one having laminar layers as
an image bearing layer including a photoconductor

is layer and an insulating layer thereon disposed on a
substrate. The photosensitive member comprising a
photoconductor layer on a substrate may be used in an
electrophotographic process including a charging step,

an exposure step and a developing step, and optionally

[ ]
(&)

a transfer stép.

The insulating layer disposed on a type of
photosensitive member is provided of various purposes,
such as protection of the photoconductor layer, an
improvemént in mechanical strength of the
25 photosensitive member, an improvement in dark
attenuation characteristic, and application to a

specific electrophotographic process.

3 ooty
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Typical examples of such a photosensitive

member having an insulating layer and an
electrophotographic process'using such a
photosensitive member having an insulating layer are
described in, e.g., U.S. Patent Nq..2,860,048, and
Japanese Patent Publication (JP—B} 41-16429, JP-B 38-
15446, JP-B 46-3713, JP-B 42-23910, JP-B 43-24748, JP-
B 42-19747, and JP-B 36-4121. )

An electrophotographic photosensitive member
is required to exhibit prescribed sensitivity,
electric characteristic and further optical
characteristic depending on the electrophotographic
process to which the photosensitive member is applied.
Moreover, the photosensitive member is required to
exhibit a durability as an important property. It is

difficult to obtain stably clear images under various

environmental conditions by using a photosensitive

- member which exhibits a remarkably lower surface

potential under a high-humidity condition even if it

_ exhibits excellent electrophotographic

characteristics. In an electrophotograph;c process
including a transfer step, the photosensitive member
is generally used repetitively, so that the surface
substance is liable to be damaged due to breakage of
chemical bond, and the surface resistivity is liable
to be lowered due to attack of ionized oxygen, ozone,

moisture, etc., thus being liable to cause a lowering



[err]
-30-
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-28- [err] -29- [err]

|

in static charge retention power of the photosensitive
member and a deterioration of image sharpness
particularly in a high-humidity environment. It is
also possible that substances attached to the
photosensitive member, such as paper dust, lower the

charge-retention power of the photosensitive member,

_thus causing image flow.

The surface of a photosensitive member is
generally covered with a resin, so that the properties
of the resin are important, and a resin having
excellent durability has been desired. For this
purpose, there has been proposed to use a
polycarbonate resin having a skeleton of bisphenol A
(hereinafter referred to as bisphenol A-type
polycarbonate) as a binder resin constituting the
surface layer. | |

Polycarbonate resin as an engineering
plastic, however, generally has a large surface free
energy, so that a toner is liable to attach to the
surface thereof. For this reason, when a
photosensitive member comprising polycarbonate resin
on the surface is used for formation of a wholly black
image (referred to as a solid black image), a large
number of white spots are liable to occur as image
defects. -

Further, a photosensitive member may be

formed by applying a solution of a binder resin and a



In the above-nentioned system using diol conpounds i ncl

A and asymmetri cal di ol for produci ng a pol ycarbonate cpdt AGEMEMThGHEET
asynmmetrical diol compound nmay preferably constitute 5 at | T 20 W%
nore preferably at |east” 50 wt. % of the diol conpounds. I§(£§€
proportion of the asymmetrical diol conmpound is bel ow 20 : pﬁ@9‘
resul tant polycarbonate resin is caused t4-have a | ow (o] |17~ T8 MR VAR s -
hydr ocarbon sol vent or a hal ogenated 10 aromatic hydrocardon solvent and
t he coating solution is liable to have a |ow stability WTItTmE==Hrem=

I b f bly h b f
bt Y;S:Z;t °2a;?é§%e%oxw Pt 15 5 rerierh SFee ardisgrath |
t 5 f th I &/ 100 g-
golsgt |uo|nona co%ﬁ' %w?ﬁlq%hf? %'? 're t%%?@f% %nﬂ% &letﬁé Qﬁ#%%? epari ng a
char ge ”a”SpOAtfiﬁXef%;&é&‘”ﬂ Epdl Az&ner r&’gi’ﬁg'eaar&&c{m L4EASHPT t

| ayer having a reqguire
stress in its internal structure. Polycarbonate resin

5 has such a tendency strongly and is liable to caﬁse a
solvent crack in the resultant coating film when used
as the binder resin. In case where the thus formed
photosensitive member is loaded in an
electrophotographic apparatus, the photosensitive

10 member is liable to cause cracks leading to defective
images, when it is touched with human hands, or oils
or low-molecular weight organic compounds used in the
apparatus.

Further, if the photosensitive member has a
- 15 large friction coefficient, a large degree of wearing
is caused thereby in case where the photosensitive .
member surface is cleanéd by, e.g., urethane rubber
blade, so that it is difficult to obtain a large
number of sheets in a continuocus operation in some
20 cases.
A typical toner used in electrophotographic
is a pulverization toner which ﬁay be prepared through
a process wherein a colorant of é dye or pigment is
melt-kneaded with a thermoplastic resin for uniform
25 dispersion, and the mixture is finely pulverized and
classified to recover a toner having a prescribed

particle size.



t hi ckness because of too low a viscosity thereof. 20 The
pol ycarbonate resin may exhibit a | arge effect, par
as a binder resin for t he charge generation |layer o
transport | ayer. Exanpl es of the aro
solvent 25 may include: benzene, toluene and xylene, a
t he hal ogenat ed hydrocarbon sol vent may-gncl ude: no
di chl or obenzene. The el ectroc ,
constituting t he el ectrophot ographi ¢ phot osensitive jnenber may
conprise a netal, such as al um num or stainless steel; O paper. or
pl astic provided wth amo&hect typendfictouer is a polymerization

toner obtained by suspension polymerization or
emulsion polymerization, A'polymerization toner

according to suspgnsion polymerization may be produced

wn

through a process wherein a monomer composition
including a polymerizable monomer, a colorant, a
polymerization initiator and, optionally, a
crosslinking agent, a charge controller, and other.

additives in a solution or dispersion state is

[
<«

dispersed in a continuous medium, such as water,
containing a dispersing agent under the action of a
stirrer, simultaneously with polymerization, to obtain
toner particles having a prescribed size.

In the toner production process according to

n

polymerization, no pulverization step is involved, so

[

that the toner particles need not be fragile but can
contain a soft material. Further, there arise
advantages such that the colorant is not exposed to

the surface of toner particles and the toner can have

[
[~

a uniform triboelectric chargeability. 1In the
polymerization toner production, there is even a
possibility of omitting the classification step, so
that it is also excepted to effect economization of

energy consumption, shortening of production time and

¥
-

increase in toner yield, leading to a large cost
reduction.

In recent years, an electrophotographic toner



5 <coating layer. The electroconductive substrate may be ' he.form.
of a cylinder or a sheet. Such an el ectroconductive su sRERUACT MENT [BHEET
provided with an undercoating | ayer (adhesive |ayer) having a tarriet
function and a primer function. 10 More specificél yﬂdﬁﬁ c
undercoating | ayer may be provided for the purpose of prpvi 5, 5”@.,
an i nproved adhesion of a photosensiiéve |ayer thereon -1
i nproved coatability, a protection of the substrate, ajcoverage of
| ocal defects on the 15 substrate, an inproved charge injeCtromfronrthe
substrate, and a protection of the photosensitive | ayer from
el ectrical danagsringl e lowaiengaddatfidenyfixabilitynais coeqpuised afomt eri al |
such as pol yvi nyl al cohol, pol y-N-vi nyl i m dazol e, pol yet hyl ene oxi de,
20 et hyl cel | ul oshes prxtfpde adf resrgy eidonaemizatiohi ¢ For thigi d copol yner
casein, polyam de, copol yner nyl on, gl ue, and gelatin. These
material s may breqiisaslenty, a tondm hindtgraresivsphewing|y geeded therefor
and applied onto the substrate in a thickness of preferably 0.2
_ wettability with and a good fixability onto paper ' is
5 selected in recent years. Further, a toner is also
designed to show melt viscosity characteristics
including a low viscosity at a low temperature.
When such a toner is used, however, a low-
temperature fixation may be achieved, but such a toner
10 shows an increased tendency of attachment onto the
photosensitive member, thus being liable to result in
difficulties, such as cleaning failure, worse transfer
characteristic, and further toner sticking onto the
photosensitive member, leading to deterioration in
15 image quality.
SUMMARY OF THE INVENTION
An object of the present invention is to
provide an image forming method having solved the
20 above-mentioned problems.

A more specific object of the present
invention is to provide an image forming method
whereby high-guality images are obtained stably while
sﬁppressing the deterioration of fhe photosensitive
member.

Another objéct of tﬁe present invention is to

provide an image forming method using a toner having



25 2 pm In a function separation-type photosen5|t|ve

menber, a charge generation substance and a charge

transport substance may be used. Exanpl es of the charg !yﬁmacgﬂQQPSHEEr
substance may include: sel enium tellurium pyrilliumdyEs:

t hi opyryl|lium dyes, pht hal ocyani ne pi gnents, anthoanthr nents

5 benzpyrenequi none pignents, pyranthroné’plgnents trfi az&gdg

di azo pignments, azo pignents, indigo pi gnents, qui nacHi ' nents
asymmetric quinocyanines gui nocyani nes, and anor phou S|I|con as

i selosed I et Pans P S8 Y $5e 89198 hEFFTReH

excellent in transfer performance and cleaning
performances.
According to the present invention, there is
5 provided an image forming method, comprising:
forming an electrostatic image on an
electrophotographic photosensitive member, the
electrophotographic photosensitive member comprisipg
at least an electroconductive support, a charge
10 generation layer and a charge transparent layer, the
electrophotographic photosensitive membér having a
surface layer containing a transition metal atom at
0.1 - 10 ppm,
developing the electrostatic image to form a
15 toner image on the electrophotographic photosensitive
member:(on a weight basis),
transferring the toner image onto a transfer-
receiving medium, and
removing a residual toner from the
20 electrophotographic photosensitive member;
wherein the toner comprises at least a binder
resin and a colorant, the binder resin comprising a
resin componént having a polar group, the binder resin
having a molecular weight distribution according to
25 gel permeation chromatography including a peak in a
molecular weight region of 5x103 - 5x104.

These and other objects, features and




et hyl carbazol e, N-isopropyl carbazol e, N nethyl-N r*--
phe%ylhydrazino-3-nethy|idene-9-ethy|carbazo|e, N, N- ﬁEELACBMENT SHEET
di phenyl hydrazi no- 3- et hyl i dene- 9- et hyl carbazol e, N, N
di phenyl hydrazi no- 3- et hyl i dene- 10- et hyl phenot hi azi ne, 15 N, ¥g

N- di phenyl hydr azi no- 3- et hyl i dene- 10- et hyl - ~phenoxazi nef lyd J&H@ﬁﬁ%
such as p-di chl or oam no- benzal dehye@&~ N, N- di phenyl hydr agofes
p- di et hyl am no- benzal dehyde- N- a- napht hyl - N- phenyl hydr agoe, p-
pyrrolidi nobenzal dehyde- N, N—diphenyghygrazFRed 1,3,3- 20 g
trimet hyl i ndol epi ne- w al dehyde- N, N- di phenyl hydr azone an

p- di et hgl benzt tRaes RF 19 PERTeR b ATeRIeD will begeme mere

L o5 LI o s 56 B68 Fanfbetian 7
prracoline, TABIGLD e Sl ST AD LIS or ene

(p-di ethyl am nosdydyt ) rmvdde 5 WA108R "PNEN{drction with the

S accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

The sole figure in the drawing is a schematic
illustration of an image forming apparatus for
10 practicing an embodiment of the image forming method

according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

As result of our study, it has been found
15 effective to use a toner binder resin (toner-
constituting resin) having a molecular weight
distribution (as measured by GPC (gel permeation
chromatography)) including a main peak in a molecular
weight region of 5x103 - 5x105, the binder resin
20 comprising at least one resin component having a polar
gfoup. As a result, the toner containing such a resin
having a polar group having good affinity with paper
provides a large attachment with paper.
On the other hand, such a resin component
25 having a polar group is liable to attach to a
photosensitive member surface, and a low-molecular

weight fraction of the resin component having a polar



.
- 33- pyrazoline, 1-[6-nmethoxypyridyl (2)]-3-(p-diethylam no- Rt{. LEHERTY

styryl)-5-(p-di et hyl am nophenyl ) pyrazoline, 1- [T ——— e

[ pyridyl (3)]-3-(p-diethyl anmi nostyryl)-5-(p-diethyl -
am nophenyl ) pyrazoline, 1-[pyridyl(2)]-3-(p-diethyl- 10 DEC 996

ET

ai nostyryl)-5-(p- dlethylan1nophenyl)pyraﬁgl|ne 1-
[ pyridyl (2)]-3-(@di et hyl am nostyryl)-4 t hyl -5-(p-

di et hyl am nophenyl ) pyrazoline, 1-[pyridyl(2)]-3-(a-
met hyl - p- di et hyl am nostyryl)-5-(p-di et hyl am nophenyl)- pyrazoline,

1- phenyl - 3- ( pgiictiph Wnd@waes atitdche®t to the photosensitive member
met hyl - 5- (p- di et hyl am nophenyl ) Qpyr azol i ne, 1-phenyl -

3-(a-benzyl - psiirdlaty avenqdaply b dduse drRidwd am reyhenyl ) pyrazol i ne, and
spi ropyrazol i ne; oxazol e conpounds, such as 2-(p-diethylam nostyryl)-6-

di et hyl am nob@hodosensd tize( methbeirh \swrfiacenhenyl ) - 4-
(p- dlnethylan1nophenyl) 5- (2-chl or ophenyl ) oxazol €;
However, as a result of our study for
5 suppressing the deterioration of the photosensitive

member to stably provide high-quality images, it has
been also found effective for such purpose to provide
the electrophotographic photosensitive member with a
surface layer containing 0.1 - lo'ppm (by weight) of a

10 transition metal atom.

A transition metal atom content of below 0.1
ppmn is insufficient to.suppress the occurrence of
cracks in the photosensitive member due to the resin
component having a polar group in the toner. A

1S content of above 10 ppm provides no problem regarding
the crack-suppressing effect but is liable to cause
leakage of charge, thus being liable to deteriorate
the charging characteristic of the photosensitive
member.

20 The transition metal atom may preferably.be
selected from iron (Fe), nickel (Ni) and chromium
(Cr).

It is sufficient that the photosensitive
member contains a trénsition metal atom in its

25 outermost layer, and the form of presence and addition
thereof need not be restricted particularly. The

content of the transition metal atom in the surface



t hi azol e compounds, such as 2-(p-diethylam nostyryl)-

6- di et hyl am nobenzot hi azol e; triaryl net hane conpounds, sc 'ESPLACEME‘MT SHEET
bi s(4-di et hyl am no- 2- et hyl phenyl ) phenyl - et hane; and pol} - .
such as 1, 1-bis(4-N, N diethyl am no-2-net hyl phenyl ) hept an
t et raki s(4- N, N-di net hyl am no- 2- net hyl phenyl ) et hane.

generation | ayer may for exanple be for&Bd by dissol ving n
charge- generating substance as described above together pith 0.3 - 4
times thereof in amobunt of a binder resin in a solvent un0er—Suffe+ent

action of a honogenizer, an ultrasonic disperser, a ball mll, a vibrating
bal | layer may be measured by atomic abgorption p,j|| g sand nill,
an attritor or aroll mll, to form

spectrometry.

In the present invention, the toner exhibits

excellent low-temperature fixability because the toner

[}

binder resin has a molecular weight distribution
according to GPC including a main peak in a molecular
weight region of 5x103 - 5x104.

If the main peak in the GPC molecular weight
distribution of a toner is below 5x103, the toner is

liable to have an inferior anti-blocking

e
[}

characteristic. On the other hand, in case where no
peak is preseﬁt in the molecular weight range of 5x103
- 5x104 but a main peak is present at a molecular

weight exceeding 5x104, the low-temperature fixability

[}

becomes inferior. A particularly good fixability is

[

exhibited if a resin component having a molecular
weight of at most 103 occupies at least 50 %.

In the present invention, the molecular
weight distribution of the toner binder resin may be

measured by GPC using THF (tetrahydrofuran) as the

[
<

solvent as follows.

In the GPC apparatus, a column is stabilized
in a heat chamber at 40 ©C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that

temperature at'g rate of 1 ml/min., and about 100 pl

[ ¥ ]
w

of a GPC sample solution is injected. The

identification of sample molecular weight and its

Iy
-




a coating liquid, followed by application and dryi ng of t he coating

| i quid. The charge generation | ayer may preferably b -

t hickness of 0.1 - 1 pm 5 In case where the a J&F_‘;@hﬂﬁgﬁﬂEEY
pol ycarbonate resin is used in the charge generation er, a coating

liquid may be prepared by dissolving a char ge gener at} 1¢°pEC™E96 arjd
t he pol ycarbonate resin may be bot h dilSsol ved in a sd Vent conpri si ng

10 one or nore of, e.g., aromatic hydrocarbon sol vents d
aromati ¢ hydrocarbon sol vents, or by di spersing a chgrge generation

substance in a |_utj . . | rbqQna qi@ ' ol vent .
The chargg‘%g'eelrggrla ,gﬁﬁgg%ff’-%%ﬁé%ﬁgﬁng% %’%r;fg’p yldngli)az?rég| o%Sidryi ng
the coating |i qyidy Q{I‘?&PQ{‘&%&@%@ ' iHPSeace ey be contai ned
in a pr oportioﬁ:lao art east Oa\%ttd.é%byprues g’:égbly g? east 80 wt. % in

the charge  moiReRIsHdr¥e lpdiYstyteid le¥ RnAf Protd e dPlaes of
the solvent may include tol uene, xylene an 20 monochl orobenzene. The

coating |iquid1lsyedicafiy isthle of mdlGculdt dielghRalvieiGuss Riowatcoat i ng,
Spl nner coati ng -
S number. The standard polystyrene.samples for
preparation of a calibration curve may be those having
molecular weights in the range of about 102 to 107
available from, e.g., Toso K.K. or Showa Denko K.K.

It is appropriate to use at least 10 standard

[
<

polystyrene samples. The detector may be an RI
(refractive index) detector. For accurate
measurement, it is appropriate to constitute thé
column as a combination of several commercially

available polystyrene gel columns. A preferred

[
Ln

example thereof may be a combination of Shodex KF-801,
802, 803, 804, 805, 806, 807 and 800P; or a
combination of TSK gel G1000H (Hgy). G2000H (Hgy ).

- G3000H (Hyp )., G4000H (Hy;). G5000H (Hgy ), G6000H

(Hy;)., G7000H (Hgp) and TSK guardcolumn available from

<

Toso K.K.

[ d

A GPC sample is prepared as follows. A
resinous sample is placed in THF and left standing for
several hours (e.g., 5 - 6 hours). Then, the mixture

~is sufficiently shaked until a lump of the resinous

Ln

sample disappears and then further left standing for

[ 2]

more than 12 hours (e.g., 24 hours) at room

temperature. In this instance, a total time of from



or curtain flow coating. In case where theg
pol ycarbonate resin is used in the charge transport 25
liquid nmay be prepared by dissolving a charge transpo

t he pol ycarbonat e resin in a solvent as described aboye {0
- 35- pol ycarbonate resin preferably selected fromit e ar omat
hydr ocar bon sol vents and hal ogenat ed ar et c hydr oga

and the resultant coating liquid may be applied to fforma charge
transport layer. The 5 charge transport substance and tHe polycarbonate
resin may preferably be mxed in a wei ratio in the range of
2:1 - 1:2. Pathecmizing pfcither squplgnpish g‘ fiFt ¢ the completion of

the standing in THF is taken for at least 24 hours
(e.g., 24 - 30 hours). Thereafter, the mixture is
caused to pass through a sample treating filter having

5 a pore size of 0.45 - 0.5 micron (e.g., "Maishoridisk
H-25-5", available from Toso K.K.; and "Ekikurodisk
25CR", available from German Science Japan K.K.) to
recover the filtrate as a GPC sample. The sample
concentration is adjusted to provide a resin

10 concentration within the range of 0.5 - 5 mg/ml.

The resin component having a polar group in
the toner used in the present invention may include,
for example: polymers of a nitrogen-contaihing
monomer, such as dimethylaminoethylmethacrylate, and

15 diethylaminoethyl methacrylate, and copolymers of such
a nitrogen-containing monomer and another monomer,
such as styrene or an unsaturated carboxylic acid
ester; polymers or copolymers with another monomer,
such as a styrene-type monomer, of polar

20 monomers inclusive of nitrile monomers such as
acrylonitrile, halogenide monomers such as vinyl
chloride, unsaturated carboxylic acids such as acrylic
acid and methacrylic acid, unsaturated dibasic acids,
unsaturated dibasic acid anhydrides and nitro-

25 substituted monomers; polyester resins; and epoxy
resins. Examples of the polar group may include:

carboxyl group, acid anhydride group, amino group,

.
-



sol vent may include tol uene, xylene and nonochl oro- b REPEAGEMENT SHEET

The coating liquid may be applied, e.g., by di p coat ST EY )
coating, spinner coating, or curtain flow coating. r{ t he BEEQﬁﬁi' n
of el ect rophot ogr aphi ¢ photosensitive nmenbers accurage y10 a in a
| arge scale, the dip coating is nost suited, 15 and the}ppt_life af .t
coating liquid in the dip coati ng cat e remar kably § nproved by use of
t he above-nenti oned pol ycarbonate resin so that the =t
according to the process including the di p coating can be remarkably

| nproved. The ' I s forned. he dri der_air bl ow ng
or in a s%??%k?%P§%%tagxﬁénégggPﬂrgggflg%yg' ’[2&? ’group,
preferably 20 z,45@ or a period of 5 mn. to 5 " hours,
preferably 10 ﬁfn. PgﬁgrEEEPé t hereby form ng a charge transport

the use of a | ow nol ecul ar wei ght
be incorporated in the toner particles in the

layer in a thickness of rna fesif companeft] HaWiflg a polar group mBgcause of

5 following manner.

In the case of a polymerization toner
produced directly by suspension polymerization or
emuléion polymerization, a polymer or copolymer haying
a polar group, such as carboxyl group, acid anhydride

10 group, amino group, substituted-amino group, nitrile
group or nitro group, may be dissolved in a
polymerizable monomer, such as styrene monomer, which
is subjected to polymerization to form toner particles
containing the resin component having a polar group.

15 Alternatively, it is also possible to form a
polymerizable monomer composition as a mixture of a - .
polymerizable moncmer having a polar group and another
monomer, such as styrene monomer, aﬁd polymerize the
monomer composition to produce toner particles

20 containing the resin component having a polar group as
produced by the polymerization. |

In the case of a pulverization toner, the
polymer or copolymer having a polar group alone or in
mixture with another polymer or copolymer is

25 blended with a colorant, followed by melt-kneading,
pulverization and classification to produce polymer

particles containing the resin component (i.e.,

-



toner binder resin conprising a resin conponent having

- 36- a polar group, the toner is provided with an excell ent
fixability but, on the other hand, is liable to attach -Gt e

phot osensi tive menber, thus resulting in di fficul ties|oRERLACEMENT SHEET
transferability, occurrence of 5 cleaning failure and nel {- §TiTRTTTg— OO

t he phot osensi ti ve nenber. -14-For this reago ‘#ﬁ@%ﬂf
present invention, it is preferred in the present invegn i 0 ﬁpﬁe
surface | ayer of the photosensitive nmenber, e.g., thejckatge

transport | ayer and/or the protective |layer, contains a

f 1 uori ne- cont ai HAYMEFSFUIRPRALYRET b havingm polar cgreep {1rg—conpoTd:

The polymerization toner and the
pulverization toner may comprise a pinder resin
prqduced from a polymerizable monomer, examples of

5 which may include: styrene and its derivatives such as
styrene, o-methylstyrene, m-methylstyrene, p-
methylstyrene, p-methoxystyrene, and p-ethylstyrene;
acrylic acid esters such as methyl acrylate, ethyl
acrylate, n-butyl acrylate, isobutyl acrylate, n-

10 propyl acrylate, n-octyl acrylate, dodecyl acrylate,
2-ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl
acrylate, and phenyl acrylate; methacrylic acid esters
such as methyl methacrylate, ethyl methacrylate, n- |
propyl methacrylate, n-butyl methacrylate, isobutyl

15 methacrylate, n-octyl methacrylate, dodecyl |
methacfylate, 2-ethylhexyl methécrylate, stearyl
methacrylate and phenyl methacrylate. These monomers
may be used singly or in mixture of two or more
species. These monomers may be used singly or in

20 mixture of two or more species for producing the
binder resin. Among the above monomers, styrene or
its derivatives may preferably be used singly or in
mixture with another monomer so as to provide a toner
showing good developing characteristic and durability.

25 The polymerization toner used in the present
invention may be produced in the following manner.

Into a polymerizable monomer, a release agent, a



More specifically, it is preferred that the out ernost | ayer of the

el ect rophot ographi ¢ 15 photosensitive nenber contains a

f1 uori ne-contai ni ng conpound or/and a silicon-contai i REPOAGEMENT ISHEET
as to provide a ratio of fluorine atonfcarbon atom (§/ @ or7and}a
ratio of silicon atonicarbon atom (Si/C); -~ respectiveljy bafacbéﬁn%ribj r
of atonms, of 0.03 - 20 1.00 as neasured BLS%ray photoel ¢ctjron

spect roscopy ( XPS) . The inclusion of Fia '
atomis effective in |lowering the surface energy of fhe

phot osensitive nenber to provide an increased 25 transferapiliry ofthe
toner and | ower €819F2BEnnenfharge cppginol; pagnt.h@ PleMerdFAt Ot her

hand, the 1S1E05ESR Sha?aflthdy” el dar HadlesSE L U Hha

uniformly dissolved or dispersed by_a dispersing
means, such as a homogenizer or an ultrasonic |

5 dispersing device, to form a polymerizable monomer
composition, which is then dispersed and formed into
particles in a dispersion medium containing a
dispersion stabilizer or an emulsifier by means of a
stirrer, homomixer or homogenizer. Thereafter, the

10 stirring may be continued in such a degree as to
retain the particles of the polymerizable monomer
composition thus formed and prevent the sedimentation
of the particles. The polymerization may be performed
at a temperature of at least 40 ©C, generally 50 - 90

15 CC. The temperature can be raised at a later stage of
the pq}ymerization. It is also possible to subject a
paft of the aqueous system to distillation in a later
stage of or after the polymerization in order to
remove the yet-unpolymerized part of the polymerizabie

20 monomer and a by-product which can cause an odor in
the toner fixation step. After the reaction, the
produced toner partidles are washed, filtered out, and
dried. 1In the suspension polymerization, it is
generally preferred to use 300 - 3000 wt. parts of

25 water as the dispersion medium per 100 wt. parts of
the monomer mixture.

Examples of the polymerization initiator




- 37- be set to avoid too | ow a surface energy of the

photosensitive member. Thus, by retaining a specified ' —ELC
or/and Si/C, the photosensitive nenber is provi ded wi tHEELAj}EM!NT SHEET
transferability and is allowed to avoi d cl eani ng fai ljufeevermrif—u

I n conbi nation wi th the above-nentioned toner show n

attachnment or adhesion force. -16-1f the ratio _ 3iégﬁﬂbmﬁg
bel ow 0. 03, the phot osensitive nmenber retains a high]stwface—cnergy
10 thus resulting in an inferior transferability of the toner. On the

other hand, if the ratio F/Cor Si/C exceeds 1.00, t
menber shows ausabke in thérpresemt chenvéntiont mawt hthEdéFeﬁh‘PngOFrenber

t hus being liable to cause a cleaning failure due to pa55|ng by
of the residuafigzaetype POlymerlZathFnlai§P?FPrFurFHEP ﬁ?e?e?red

enbodi nent of t he present invention, the_s gcg | ayer of the
photosen5|tlveaﬁ%hﬁér(ﬁaﬁ 9%@?5?&%Y?1§ﬁﬁﬁﬁﬁriéﬁ o 6f% ~

azobxszsobutylonltrlle, 1,1'-azobis(cyclohexane-2-

5 carbonitrile), 2,2'-azobis-4-methoxy-2,4-
dimethylvaleronitrile, azobisisobutyronitrile; and
peroiide—type polymerization initiators such as
benzoyl peroxide, methyl ethyl ketone peroxide,
diisopropyl peroxycarbonate, cumene hydroperoxide,

10 '2,4-dichlorobenzoyl peroxide, and lauroyl peroxide.
The polymerization initiator may génerally be used in
the range of about 0.5 - 20 wt. % based on the weight
of the polymerizable monomer. The polymerization
initiators may be used singly or in mixture.

15 In order to control the molecular weight of
the resultant binder resin, it is also possible to add
a crosslinking agent or a chain transfer agent ina
proportion of preferably 0.001 - 15 wt. %.

In production of the polymerization toner by

20 polymerization in an agqueous pedium, it is preferred
to use an inorganic or/and an organic dispersion
stabilizer in the dispersion medium. Examples of the
inorganic dispersion stabilizer may include:
tricalcium phosphate, magnesium phosphate, aluminum

25 phosphate, zinc phosphate, calcium carbonate,

| magnesiuﬁ carbonate, calcium hydroxide, magnesium

hydroxide, aluminum hydroxide, calcium metasilicate,

2
<




fluorine atomor/and silicon atomto oxygen atom (F/O 20 or/and Si/O,

respectively, of at least 0.03 as nmeasur ed by XPS. Bf’??é 1 '
anmount of oxygen with respect to For/and Si in the gb ﬁﬁgﬁkhﬁdgﬁi}
manner, .it becones possible to preferably control the dttachnment forge
of the toner conprising a resin 25 conponent having a poliaj of gWEEAIF, ¢ e
phot osensi tive menber . -17Lhe phot osensi tijvg¢ nenber surfage
may be - 38- Irparted-wrt-h
fluorine atom by inclusion of a fl uori ne-cont ai ni ng ¢onpound,
particularly a fluorine- cont ai ni ng organi c conmpound, exanples of

whi ch may calotumdeul fekgrebardnmc spdifater, s bentoatitef, | saldca,
and alumina. Examples of the organic dispersion
stabilizer may include: polyvinyl alcohol, gelatin,
methyl cellulose, methyl hydroxypropyl cellulose,

S ethyl cellulose, carboxymethyl cellulose sodium salt,
polyacrylic acid and its salt and starch. These
dispersion stabilizers may preferably be used in an
amount of 0.2 - 20 wt. parts per 100 wt. parts of the
polymerizable monomer mixture.

10 In the case of using an inorganic dispersion
stabilizer, a commercially available product can be
used as it is, but it is also possible to form the
stabilizer in situ in the dispersion medium sb_as to
obtain fine particles thereof. In the case of

15 tricalcium phosphate, for example, it is adequate to
blend an aqueous sodium phosphate solution and an
aqueous calcium chloride.solution under an intensive
stirring to produce tricalcium phosphate particles in
the agqueous medium. . .

20 In order to effect fine dispersion of the
dispersion stabilizer, it is also effective to use
0.001 ~ 0.1 wt. % of a surfactant in combination,
thereby promoting the prescribed function of the
stabilizer. Examples of the surfactant may include:

25 sodium dodecylbenzenesulfonate, sodium tetradecyl
sulfate, sodium pentadecyl sulfate, sodium octyl

sulfate, sodium oleate, sodium laurate, potassium



5 ethylene, trifluorochloroethyl ene, hexafl uoro- propyl ene, vinyl

fluoride, vinylidene fluoride and di f I uor odi chl or oet hyl L 1S also -
possi ble to use a fluorinated carbon. These fl uorine- cgnREPUACEMENT SHEET
conmpounds or substances nmay be used singly or in 10 conbi ngti - E.
nore speci es. In the present invention, it isfalso passible ;0
to use one or nore species of block pol ydBrs or graft ofy DEC 1996 ;:
containing a fluorine-containing segnent synt hesi zed f§otna_fluorine :
cont ai ni ng nononer alone 15 or in conbination with anotheg polynerizable
nonomer ; fluorine-containing surfactants; or fluorine -

cont ai ni ng naEFBABREEY BRI SRAGLPTOPLPARixture with a .
par'ti cul ar 'y prof orreaThg GOACFeRsoUSer 4B Fhe. Z5RESRH ABVERLHEPpol yrer
including fluorine- containing_s nen%s ont i nuousl 8&g§ent therein
in or der ®#8 §?o§?8@na°§88d 8?858?%?03 0 Bfﬁé PFKO?P%& cont ai ni ng
resin and facplihaheph aGOaled!, 8hch"8s™cC1. pirect Rea 1, c.1.
5 Direct Red 4, C.I. Acid Red 1, C.I. Basic Red 1, C.I.
Mordant Red 30, C.I. Direct Blue 1, C.I. Direct Blue
2, C.I. Acid Blue 9, C.I. Acid blue 15, C.I. Basic
Blue 3, C.I. Basic Blue 5, C.I. Mordant Blue 7, C.I.
Direct Green 6, C.I. Basic Green 4, and C.I. Basic
10 Green 6; and pigments, such as Chrome Yellow, Cadmium
Yellow, Mineral Fast Yellow, Navel Yellow, Naphthol
Yellow S, Hansa Yellow G, Permanent Yellow NCG,
Tartrazine Lake, Molybdenum Orange, Permanent Orange
GTR, Benzidine Orange G, Cadmium Red, Permanent Red
15 4R, Watching Red Ca salt, Brilliant Carmine 3B, Fast
Violet B, Methyl Violet Lake, Ultramarine, Cobalt
Blue, Alkali Blue Lake, Victoria Blue Lake,
quinacridone, Rhodamine Lake, Phthalocyanine Blue,
Fast Sky Blue, Pigment Green B, Malachite Green Lake,
20 and Final Yellow Green G.
Regarding the colorant to be used for toner
production directly by polymerization, it is necessary
to pay attention to the polymerization-inhibiting
function and transferability to the aqueous phase of
25 the colorant. Accordingly, it is preferred to use the

above-mentioned colorant after surface modification.

For example, it is appropriate to hydrophobise the

<



ratio in the surface layer. 25 - Preferred exanpl es gof—ttro—
f1 uori ne- cont ai ni ng mononer are enunerated hereinbel ow BUREPLAGEMENE SHEEY
not exhausti ve. - 39- ) -
CH err]=CHF (2) CH err]=CF[err] (3) CHF=CF[err] (4)
CFlerr]=CF[err] (5) CF[err]=CFC1L (6) CFlerr] =CFCF[ err
CFlerr]=CFRf (8) Crlerr]=CF-O-Rf  (9)9. CH err]=CHRf

(5,9 DEC 1996

d

colorant so as not to inhibit the polymerization.
Particularly, many dyes and carbon black can inhibit
the polymerization, so that attention should be paid.

As a preferred method of surface-treating a dye, a

wn

monomer may be polymerized in advance in the presence
of the dye. The resultant colored polymer may be
added to the polymerizable monomer mixture. Carbon
black can be treated in the same manner as the dye and
can also be treated with a substance capable of

reacting with the surface-functional group of the

e
(=]

carbon black, such as polyorgancosiloxane.
In the case of a magnetic toner, the toner
particles are caused to contain magnetic powder. The

magnetic powder comprises a substance magnetizable

[
(4]

when placed in a magnetic field. Examples of such a
- substance may include: ferromagnetic metals, such as
iron, cobalt and nickel, and compounds, such as
magnetite and ferrite. In the case of toner
production by polymerization, it is necessary to pay
290 attention to the polymerization—inhibiting function
and transferability to the aqueous phase of the
magnetic material. Accqrdingiy, it is preferred to
subject the magnetic'material to surface modification,

e.g., a hydrophobicity imparting treatment with a

[ ]
(4]

substance not exhibiting a polymerization-inhibiting
function.

In order to improve the releasability at the



(o) (oyrrisareR (1L (Rerr]=C o CREFTACEMENT SHEET
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_20- |

time of hot roller fixation, it is possible to
incorporate a wax inclusive of a waxy hydrocarbon
compound as a release agent. Examples of such waxes

may include: paraffins, polyolefin waxes, and modified

n

products thereof inclusive of oxidized products and
grafted products, higher fatty acids and metal salts,
amide wax, and natural or synthetic ester waxes. It
is preferred to use a wax having a softening point of

40 - 130 °Cc, more preferably 50 - 120 Oc, as measured

<©

by the ring and ball method (JIS K-2531). A softening.

[

point of below 40 Oc is liable to provide a toner
having inferior anti-blocking characteristic and
shape-retaining characteristic. In excess of 130 Oc,

the resultant toner is provided with only a low

(8]

releasability. The waxes may be added singly or in

)

combination in a proportion of 0.1 - 50 wt. %.
In the present invention, it is preferred to
incorporate a charge control agent in the toner-

producing materials so as to control the chargeability

)
[+

of the resultant toner. It is preferred toc use a
charge control agent substantially free from
polymerization-inhibiting property or transferability
to aqueous phase. Examples of preferred positive

charge control agents may include: nigrosine dyes,

[
W

triphenylmethane dyes, quaternary ammonium salts,

guanidine derivatives, imidazole derivatives, and

-

amine and polyamine compounds. Examples of the



In the above fornul ae, Rl err] denotes a hydrogen atom hal ogen atom or
nmet hyl group; R err] denotes a 15 hydrogen atom halogen atom._al kyl

group, al koxy group or nitride group with the proviso t mmm SH!E,E,T
plurality of Rler] can be the sane or different; k denog e

of 1 - 4, mdenotes an integer of 1 -5 satlsfying k1lm ;an

denot es an al kyl group 20 having at | egst one substituentjo f‘!|Q|8EEL@%
atom The non-f | uorine conf&ini ng nononer may include, ..
for exanple: |ow nolecular weight |inear unsat ur at ed hyfir ocar bons,

vinyl chloride, organic acid vinyI esters, vinyl-aronmat

esters of c B30 PBL NGGEKkCnagl Sl ot Hkts -

conmpounds, viﬁé?g +%oﬁﬂ§gﬂp £8L 0 %C anﬁygrl and esters of

mal ei c acid a”éoﬁﬂﬂ?ﬁiﬁgaﬁhﬂchE?Yc”Etid-based compounds, metal-

containing monoazo dyes, urea derivatives, styrene-
acrylic acid copolymer and styrene-methacrylic acid
S copolymer.
The .charge control agent may preferably be
contained in a proportion of 0.1 - 10 wt. %.
The polymerization toner used in the present
invention may be pfepared by melt-kneading resin
10 components (inclusive of a binder resin comprising
a resin'component having a polar group), a colorant,
and optional components, such as a charge control
agent and a release agent, cooling the kneaded
product, pulverizing the cooled kneaded product, and
15 classifying the pulverized product.
Additives optionally added to a toner for
imparting various characteristics may preferably have
a particle size which is at most_l/lO of the volume-
average particle size of the toner particles in view
20 of the long term successive image formation
performances of the toner when such additives are
internally or externally added to the.toner particles.
Herein, the particle size of an additive refers.to an
average particle'size when the surface states of toner
25 particles are observed through an electron microscope.
Examples of the optional additives added to a toner

for imparting various characteristics may include the



-41- be used singly or in mxture of two or nore species. It is
preferred that the fluorine-containing polyner or copolynmer is nutually
soluble with a principal resin constituting the charge transporf.layer
and/or the protective layer, or has an affinity with the pringi
because of a structural simlarity even if not satisfying a co

mut ual sol ubility. The silicon-centaining conpound fo nparti ng
silicon atomto the photosensitive menber surface may be silicpng 10DEC 1996
conmpounds, which may include: nononethyl- siloxane three-di nensipnally
crosslinked product, dinethylsiloxane-nononethyl sil oxane thre "
di mensional |y cegssbwiikgd product, polydinethyl- siloxane co ds

i ncludi ng those having an ultra- high nol ecul ar wei ght, bl ock copol yner T
and graft polyner @&ont aFlbwgbalidlyydmpairdting |agents . sapauinias metal

oxides inclusive of silicon.oxide, 2luminum oxide and
titanium oxide, carbon black, and fluorinated carbon.

These materials may preferably be subjected to a

(4]

hydrophobicity-imparting treatment.
2) Abrasives, inclusive of: metal oxides such as
strontium titanate, cerium oxide, aluminum oxide,

magnesium oxide, and chromium oxide; nitrides, such as

[
(]

silicon nitride; carbide, such as silicon carbide; and
metal salts, such as calcium sulfate, barium sulfate
and calcium carbonate.

3) Lubricants, inclusi#e of: powder of fluorine-

containing resins, such as polyvinylidene fluoride,

wn

and polytetrafluoroethylene; and aliphatic acid metal

[

salts, such as zinc stearate, and calcium stearate.
4) Charge-controlling particles, inclusive of:
particles of metal oxides, such as tin oxide, titanium

oxide, zinc oxide, silicon oxide, and aluminum oxide,

[
[+]

and carbon black.

These additives may be added in a proportion
of 0.1 - 10 wt. parts, preferably 0.1 - 5 wt. parts,
per 100 wt. parts of the toner particles. These
additives may be used singly or in combination of
25 plural species.

Nexf, the electrophotographic photosensitive

member used in the present invention will be



silicone surfactant, silicone macrononomer, and term nal-nodified
pol ydi met hyl si | oxane conpound. In the case of the three-dinensionally

crosslinked product used in the formof fine particles, the
particle size may preferably be in the range of 0.01 - 5 [er WW@E"T SBEET
fl 3,000 - “f-

pol ydi net hyl si | oxane may preferably have a nol ecul ar wei ght

5x10[err]. The silicon-containing conpoufad- if it is in the ™ POEC 996
particles, may be dispersed together with a binder resin to m a

phot osensitive |l ayer conposition. The dispersion may be perf
-42- sand mll, a ball mlIl, aroll mll, a honogenizer,

nanom zer, a

pai nt shaker aadsepibé#iLasonic di sperser.
In the present invention, the surface layer
of the photosensitive member refers to a layer
disposed close to the surface than é charge generation

layer.

L

The photosensitive member may preferably have
a layer structure including a charge generation'layer
and a charge transport layer dispoSed on an

electroconductive substrate. In the present

(]

invention, the charge transport layer can be further

e

covered with a protective layer to form the surface
layer in combination.
In order to more effectively accomplish the

object of the present invention, it is preferred that

n

the charge transport layer, the protecti%e layer or

[N

both of them comprises a polycarbonate resin. In the
present invention, it is further prefg;red that the
polycarbonate resin is one synthesized from an

asymmetrical diol.

(<]

The polycarbonate resin used as a binder

&

resin of the charge transport layer and/or-the

protective layer may preferably be one that is soluble

e A L

in an aromatic hydrocarbon solvent and/or a
halogenated aromatic hydrocarbon solvent and has a low
2¢  crystallinity. More specifically, such a polycarbonate <

resin may be produced by an ordinary polycarbonate

synthesis process, such as the phosgene process using



At the tinme of dispersion, it is preferred to co-use the above-nentioned
graft-polynmer or block polynmer or surfactant. This is als el
as to control the Si/Cratio. The sole figure il RuREMACEMENR SHEET

outline of an inmage form ng apparatus suitable for practici
form ng nethod according to the present invention. '

the figure, a photosensitive drum (i.e., _elgectrophotographi
phot osensitive nmenber) 101 as an imnmge-carrying nenber isr
axis 10la at a prescribed peripheral speed in the direction

ng=ttre—-Tmage
c

RN G HEC H09e
ot

of the arrow

shown inside of the photosensitive drum 101. The surface of

+
110

phot osensi tive dnuimisghemnioflofAniandcbacged mpreasymietricdlargiel 102 to have

a prescribed positive or negative potential. The photosensi

tive drum 101

is exposed to Icogimoundsgeor 2ds amg oiri mopepesymmediricalerdipdam  scanni ng

exposure) by using an i nage exposure mnmeans

compounds. It is also possible to obtain a desired

polycarbénate resin by using a diol compound
S substituent group including 3 or more carbon

its side chain.

having a

atoms in

Representative examples of the asymmetrical

diol compouhd may include the following, but

not exhaustive.

[
[+

[
n

[
(Y]

they are




(not shown), whereby an electrostatic i mage corresponding to an exposure
image is successively fornmed on the surface of the photosensitive drum

101. The electrostatic imge is devel oped by a devel op
forma toner inmage on the photosensitive nenber surface

IS successively
transferred to a transfer material P which2$s supplied

part (not shown) to a position between t he phot osen
a transfer charger 105 in synchronismw th the rota
5 photosensitive drum 101, by neans of the transfer

Alternatively, it is also possible that the toner

phot osensitive nmenb is on
h'"® 7 ) CH o
CH,
s ) 1o —¢ ) cH —~ H—on

((lle)z
CH,

® B ) cH —y—ox
CH

10 ZN
CHs CH,

@  HO —@-/c \—Q— OH
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_ C{Iz /CHz
15 CH,
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transferred to an internedi ate transfer nenber and then transferred
fromthe internediate transfer nenber 10 to the transfer material P.

The transfer material P with the toner inmage thereon is separated from
t he photosensitive drum 101 to be conveyed to a fixing +66
fol |l oned by image fixing to print out the transfer matefi PL&C%EIH sﬂﬁﬂ
copy out of the el ectrophotographi c appar at us. Resi dual

particles on the surface of the’ phot os2#si tive drum 101} tqr bﬁe
transfer are renoved by neans of a cleaner 106 to provige a cq eane
surface, and residual charge on the surface of the photjos t~t~t

101 is erased by a pre-exposure means 107 to prepare f

cycle. As the charger 102 for charging the photosensi.tTVve

uniformy, a corona rger act ha g means such a
charging roller may used ﬁ%'@? l'pr:harger 105, such a
corona charger or a contact chargi means such as a charging roller
may : -

(%}

CH,
©®  HO > c::—o— OH
CH,
o
CH,
a0 HO— ) (::—O-— OH

((IZHz)z
CHs

CH,
5 HO—@—(C::H—@_ OH

|
CH.—CH ~CH,

CH,
|
N (12) HO —-@- (E_O— OH
((l:Hz)a
CHs

(13) —O— _O_

(CHz)s
CH;

e
[

[ ]
W



al so be used. -44-
In the present invention, a plurality anong t he above-nenti oned
structural elements inclusive of . t he photosensitive nmenber, charging
means and the devel opi ng nmeans can be integrally supported to form 5
an apparatus unit, which is detachably nmountable to a mai n body of the
i mge form ng apparatus by using a gui de neans such & e |
body. I n case where the el egnrophot ographi g
is used as a copying machine or a printer, 10 the exposurfe
L may be performed by illumnating the photosensitive
refl ected light fromor transmtted |ight through an jor§ gi nal,

C: H1

a o ) c::—@— OH

Gt ¢4

CH,
as)  HO—~{ ) c':—-@— OH

<)

. CH
10 a  HO— ) é—@— OH

ce - o’
15 (7D HO C OH
: /7 \

CH.

20

|
(18) HO c|:—©_ OH

CH,

OCH, CH,

|
(19) HO @ cl:—Q— OH

25 CH,



or with a scanning |aser beamor an inmage light from an LED array or a
liquid crystal shutter array driven 15 based on signals produced from

data read from an original. Her ei nbel ow, the present
invention will be descri bed based on Exanpl es which h houl d not
be construed to restrict the present invention in any| REPLASEMENT '
of all, production exanples of toners andpg. drunms and eyaf + :
are descri bed. [ Producti on Exanple 1 for polynerizatipn tgner
Into 710 g of deionized water, 450 g of 0.1M Na3Po4 haliedd DES 1998 0n
was added, and the m xture was 25 warned at 60 [err] C andj stirred at 120
rpmby a TK honmom xer (nt{. )‘{Tokushu Ki ka Kogyo K. K ). Further,
68 g of 1. M Cad [err] aqueous 3l uti%on was added thereto
CH Cl}_I3
20) - Ho-b—cl:—o- OH
CH,
@  Ho— Yy—c—{ H—oH
=/ '\
/0
C
X
0
Y ﬂ:H’
22) HO—@-(l:-@— OH
((I3Hz)z
COOC.Hs

[
(4]

H
@ B HY<H)— cl:—O— OH

oo o ¢~ Hy—ou

[ 2]
[+

ce Ce

(25) HO C OH

Ve S

[ )
N



- 45- to form an aqueous medi um containing Calerr] (B Llerr].
Styrene 165 g - B ' I

35 ¢g Pht hal ocyani ne pi gnent Loﬁgngmﬂy SHeeT
D -t-butylsalicylic acid netal conpound lg Sfyfene-net hacryljc
aci d copol yner 10 g (95:5 by nol, NM/(\engHiO

nol ecul ar wei ght = 5x10[err])) Paraf fi n wax

8 g 10 (mp. (nelting point) = 83 [ertl®) The abovef
ingredients were warned at 60 [err]C and stirred at

honmom xer (nfd. by Tokushu Ki ka Kogyo K. K.) to effect uniform

di ssol ution and dispersion. Into the mxture, 8 g of 2,2'- 15

added to the

azobi s(2, 4-di methylval eronitrile) (polynerization initiator) was
di ssolved to forma polﬁﬁgrizabhg:__<i§§ggqger o%h&ion, whi ch was then

n

27) HO -Q_ CH _Q_ OH

C2

ce ce
ce

CH,

@ w0y Hou

[
<

b
(8]

@ o) ¢~ > on

bJ
<

[ ]
(4]



above- prepared aqueous nedium The resultant m xture was then stirred

at 10000 rpmfor 20 min. by a TK 20 honom xer at 60 [err] Gf~a=Tiils €T
gas at nosphere to di sperse the pol ynerizabl e nonomer c nﬁﬁ%ﬁ&q iE#H¥
particles. Then, the systemwas heated to 70 [err] C under stirring by

a paddle stirrer for 10 hours of reaction. Afit gr ﬁheD\:_cms

pol yneri zation reaction, a part of 25 the aqueous nedi umwasl distill ed

of f under vacuum and t he systen1mas3@00led, f ol | owed adet-tom ol
hydrochl oric acid to dissolve the cal ci um phosphat e, 4
- 46- filtration, washing with water and drying to recbver t oner
particles having a vei Ojf- gyer 308, LohLh el Snsh?Systen L188 afokerTIm

20

compounds including bisphenol A and asymmetrical diol
for producing a polycarbonate copolymer, the
asymmetrical diol compound may preferably constitﬁte
at least 20 wt. %, more prefefably at least 50 wt. %,
of the diol compounds. If the proportion of the
asymﬁetrical diol compound is below 20 wt. %, the
resultant polycarbonate resin is caused to have a low
solubility.in a hydrocarbon solvent or a2 halogenated
aromatic hydrocarbon sdlvent, and the coating solution.
is liable to have a low stability with time. The
polycarbonate resin may preferably have a solubility
at 25 9C of at least 1 g/100 g-solution, ﬁore

preferably at least 5 g/100 g-solution, in such a

solvent. If the solubility is below 1 g/100 g-

solution, a coating liguid prepared therefrom, e.g.,
for preparing a charge transport layer, cannot readily
provide a charge.transport layer having a required
thickness because of too low a viscosity thereof.

The polycarbonate resin may exhibit a large
effect, particularly when used as a binder resin for
the charge generation layer or the charge transport
layer.

Examples of the aromatic hydrocarbon solvent
may include: benzene, toluene and leene, and examples
of the halogenated hydrocarbon solvent may include:

monochlorobenzene and dichlorobenzene.



To 100 wt. parts of the thus obtained toner 5 particles,

hydr ophobi ¢ silica was
[ Producti on Exanple 2

Pol ymeri zation toner B was prepared in the same nmanner
Production Exanple 1 except that the 10 phthal ocyanine p

col orant was changed t
pol ymeri zati on in
3 for polynerization t
(conparative) was

1 except that the

OREPLAGEMENT SHEET

23 1 TQDEG 9%

_uction Exanple

added to obtain polynerization
for polynerization toner]

0 carbon bl ack3&nd t he anount of
itiator was changed to 10 g. " [Pr

oner ] Pol ynmeri zation t

Bgreie ﬁaSﬁéﬁﬁyé?ﬂsacﬁagéﬁ5s?§n§°529998£i8§ Examml &

conponent hav!ggﬁi%ﬂe?gﬁgaéggggraphgg1%ngﬁgﬁnﬁétgggoggﬁgégn §§anples 4 an

5 for polyneri
(conparative)

|
at different nﬁ?@%ﬁ?%?
changi ng t he ngcbgﬁeﬁ

rizatron toner
rj I O n rat. eaks
YEahEfAL. PRuLRTEL FLGREHNA Bt KeA1RRULE0SERL, PPe
ngragPuBtiaf pthfidea with an electroconductive

s coating layer. The electroconductive substrate may be

in the form of a cylinder or a sheet. Such an

electroconductive substrate can be provided with an

undercoating layer (adhesive layer) having a barrigr

function

10

and a primer function.

More specifically, an undercoating layer may _

be provided for the purpose of providing, e.g., an

improved

adhesion of a photosensitive layer thereon,

an improved coatability, a protection of the

substrat
15 substrat

substrat

e, a coverage of local defects on the
e, an improved charge injection from the

e, and a protection of the photosensitive .

layer from electrical damage. The'undercoating layer

may comp
poly-N-v
20 ethylcel
acid cop

glue, an

rise a material, such as polyvinyl alcohol,
inylimidazole, polyethylene oxide,

lulose, methylcellulose, ethylene-acrylic
olymer, casein, polyamide, copolymer nylon,

d gelatin. These materials may be dissolved

in a solvent respectively suited theréfor and applied

onto the

25 2 pm.

member,

substrate in a thickness of preferably 0.2 -

In a function separation-type photosensitive

a charge generation substance and a charge



pol ymeri zation initiator and the polynerization t enper at p
(Production Exanple 1 for pul verization toner] Styref
acryl ate copol yrer 100 wt.p

-47- (Mp = 20, 000) Styrene-met hyl neth
met hacrylic acid copol yner 100 wt. parts (
D-tert-butylsalicylic acid met a4, conpound

wt. parts Paraffin wax (m p. :83TeH]Q

Pht hal ocyani ne pi gnent 5 wt.parts

ingredients were prelimnarily
transport substance may be used. Examples of the

charge generation substance may include: selenium-
tellurium, pyrillium dyes, thiopyryllium dyes,
phthalocyénine pigments, anthoanthrdne pigments,

S benzpyrenequinone pigments, pyranthrone pigments,
trisazo pigments, diazo pigments, azo pigments, indigo
pigments, quinacridone pigments, asymmetric
quinocyanines, quinocyanines, and amorphoué silicop as
disclosed in JP-A 54-143645. Examples of the charge

H transport substance may include pyrenes, N-
ethylcarbazole, N-isopropylcarbazole, N-methyl-N-
phenylhydrazino-3-methylidene-9-ethylcarbazole, N, N-
diphenylhydrazino-3-methylidene-9-ethylcarbazole, N,N-

diphenylhydrazino-3-methylidene-10-ethylphenothiazine,

[§]

N,N-diphenylhydrazino-3-methylidene-10-ethyl-

[ 2]

phenoxazine; hydrazones, such as p-dichloroamino- '
benzaldehyde-N,N-diphenylhydrazone, p-diethylamino-
benzaldéhyde-N-a-naphthyl-N-phenylhydrazoe, P~
pyrrolidinobenzaldehyde4N,N-diphenylhydrazone, 1,3,3-

20 trimethylindolenine-w-aldehyde~N,N-diphenylhydrazone,
ané p-diethylbéﬁzaldehyde-3-methylbenzothiazo1inone-z-
hydrazone; 2,5-bis(p-diethylaminophenyl)-1, 3, 4~ |
oxadiazole; pyrazolines, such as l-phenyl-3-(p-

diethylaminostyryl)—5-(p-diethylaminophenfl)-

[ 5]
n

pyrazoline, l-[quinolyl(2)]-3-(p-diethylaminostyryl)-
S~(p~diethylaminophenyl )pyrazoline, l-[pyridyl(2)]-3-

(p-diethylaminostyryl )-5-(p-dethylaminophenyl)-



10 bl ended and then nmelt-kneaded on a roll mll set at

After cooling, the kneaded product was coarsely crushed ﬂLﬁB&{};ﬁME'ﬂ Sﬂgg
pul veri zed by a pul veri zer using jet air streamand the

a 15 pneurmatic classifier to obtain a toner having a 18 eé;aa?%
particle size of ca. 8 [err]m To 100 wt. parts of the ar P

part of hydrophobic silica havi ng a3BET specific surfac gea nf 200
nerr] /g was external |y added to obtain pul verization foner

Some properties of the above-prepared Loners f A- E agd Fom

sumarized in_ Table 1 appea ereinafter, . roduction

Exanpl es 1 - HyFﬁ?obhﬂﬁgg n§PFg§§hﬂFﬂﬁyrldY1(2)] -3- (P‘diﬁLhilaﬁaﬁPs of

2 t th t d
T o AR S B U 3%
precursor (reESQiiagf}B)}QBEQp-a1 %Ey?am no noI ? g-(p-dlethyl-

aminophenyl )pyrazoline, 1—[pyr1dy1(2)]-3-(p—diethyl—

(4]

ainostyryl)-5-(p-diethylaminophenyl)pyrazoline, 1-
[Pyridyl(2)]-3-(@-diethylaminostyryl)-4-methyl-5-(p-
diethylaminophenyl)pyrazoline, 1-{pyridyl(2)]-3-(a-
methyl;p-diethylaminostyryl)-5—(p-diethylaminophen¥l)-

pyrazoline, l-phenyl-3-(p-diethylaminostyryl)-4-

[+

methyl-s-(p-diethyl;minbphenyl)Opyrazoline, l-phenyl-

[

3-(a-benzyl-p-diethylaminostyryl)-5-(p-
diethylaminophenyl)pyrazoline, and spiropyrazoline;
oxazole compounds, such as 2-(p-diethylaminostyryl)-6-

diethylaminobenzoxazole, 2-(p-diethylaminophenyl )-4-

o
wn

(p—-dimethylaminophenyl )-5-(2-chlorophenyl Joxazole:"
thiazole coﬁpounds, such aS'2-(pédiethylaminostyry1)-
6-diethylaminobenzothiazole; triarylmethane compounds,
scuh as bis(4-diethylamino-2-methylphenyl)phenyl-~

- methane; and polfarylalkanes, such as 1,1-bis(4-N,N-

(&)
<

diethylamino-2-methylphenyl )heptane, and 1,1,2, 2~
tetrakis(4-N,N-dimethylamino-2-methylphenyl )ethane.

The charge generation 1§yer may fdr example
be formed by dissolving or dispersing a charge-

generating substance as described above together with

[ ]
wn

0.3 - 4 times thereof in amount of a binder resin in a
solvent under sufficient action of a homogenizer, an

ultrasonic disperser, a ball mill, a vibrating ball



- 48- 10 wt. parts of butanol were subjected to dispersion in a

sand mll, and then the m xture was applied onto an al um num cyl i nder
in an outer diameter of 80 nmm and a length of 360 mm byr=dgprm .
fol l owed by curing at 140 [err]C to forma 20 pmthick REB&éEL“E"T SHEET
el ectroconductive | ayer having a volune resistivity of B5Xl0[err]

ohmcm Then, 10 wt. parts of .g met hoxynet hyl at oP9s
(et hoxynet hyl ati on degree = ca. 30 % sﬁg%n bel ow and 1 &E!ﬂ%grts

of isopropanol were mxed and 10 dissolved to each other t o fita

m xture sol ution, whi ch as then applied by dipping onto }t he above-

pr epar ed[ el ei:tmqqodactsiay;a WAYe, LA heEPitot L&' & Bl @11, to
ayer: err
a coating liquid, followed by application and drying of
the coating liquid. The charge generation layer may

preferably be formed in a thickness of 0.1 - 1 pm.

Ln

In case where the abbve-mentioned
polycarbonate resin is used in the charge generation
layer, a coating liquid may be preéared by dissolving a
charge generation substance and the polycarbonate )

resin may be both dissolved in a solvent comprising

[
[+

one or more of, e.g., aromatic hydrocarbon solvents
and halogenated aromatic hydrocarbon sclvents, or by
dispersing a charge generation substance in a solution
of the pdlycarbonate resin in such a solvent. The

charge generation layer may be formed by applying and

wn

drying the coating liquid. The charge generation

[

substance may be contained in a proportion of at least
30 wt. %, preferably at least 80 wt. %, in the charge
) generation layer. Particularly preferred examples of

the solvent may include toluene, xylene and

[+

monochlorobenzene. The coating liquid may be applied,

[}

e.g., by dip coating, spray coating, spinner coating
or curtain flow coating.
In case where the above-mentioned

polycarbonafe resin is used in the charge transport

tJ
wn

layer, a coating liquid may be prepared by dissolwving
a charge transport substance and the polycarbonate

resin in a solvent as described above for the



wherein mand n are integers giving the indicated 20 nethoxynethylation

degr ee. Then, 10 wt. parts of the foll ow ng azo | 5
[err] 5 w. parts of the follow ng polycar oﬂs@”fg“%}ﬁ SHEET

(bi sphenol A-based, ‘nol ecul ar weight = 3x10[err]) [err]
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-35-

polycarbonate resin preferably selected from the
aromatic hydrocarbon solvents and halogenated aromatic
hydrocarbon solvents, and the resultant coating liquid
may be aéplied to form a charge transport layer. The

charge transport substance and the polycarbonate resin

N

may preferably be mixed in a weight ratio in the range
of 2:1 - 1:2. Particﬁlarly preferred examples of the
solvent may include toluene, xylene and,monochloroT

benzene.

<

The coating liquid may be applied, e.g., by

[

dip coating, spray coating, spinner coating, or
curtain flow coating. For the production of
electrophotographic photosensitive members accurately

and in a large scale, the dip coating is most suited,

wn

and the pot life of the coating liquid in the dip

[

coating can be remarkably improved by use of the
above-mentioned polycarbonate resin so that the
productivity according to the process including the

dip coating can be remarkably improved. The coating

[
[+ )

layer thus formed may be dried under air blowing or in
a still form at a temperature of 10 - 200 °c,
preferably 20 - 150 °C, for a period of 5 min. to 5
hours, preferably 10 min. to 2 hours, tﬁereby forming

a charge transport layer in a thickness of, e.g., 5 -

[ )
N

20 pm.
Because of the use of a low-molecular weight

toner binder resin comprising a resin component having

.
-




wherein n is an integer providing the indicated mol ecul af RGOk %ME'&Tn§HEET

700 wt. parts of cyclohexanone 10 were dispersed in a san Il to forma
di spersi on |l iquid, which was  then applied by dipping o tn@ugcm
above-formed undercoating layer to forma 0.05 [err]m tjhifck charge
generation | ayer. Then, 10 wt. parts of the fol [jowmn

tri phenyl am ne conpound [err] -36- 25 10 wt. rts _of the
fol |l ow ng pol ycarbonate resin (bi sphenol Z-based, nolecul ar wei ght =
2x10[err]),

a polar group, the toner is provided with an excellent
fixability but, on the other hand, is liable to attach
onto the photosensitive member, thus resulting in

difficulties of a lower transferability, occurrence of

(& )]

cleaning failure and melt-sticking onto the
photosensitive member.

For this reason, in the present invention, it
is preferred in the present invention that the supface

iayer of the photosensitive member, e.g., the charge

[+

transport layer and/or the protective layer, contains

[N

a fluorine-~containing compound and/or a silicon-
containing compound.
More specifically, it is preferred that the
outermost layer of the electrophotographic
15 photosensitive member contains a fluorine-containing
compound or/and a silicon-containing compound so as
to provide a ratio of fluorine atom/carbon atom (F/C)
or/and a ratio of silicon atom/carbon atom (Si/C});
respectf&ely based on number of atoms, of 0.03 -
20 1.00 as measured by X-ray photoelectron spectroscopy
(XPS).
The inclusion of F atom or/and Si atom is
effective in lowering the surface energy of the
photosensitive member to provide an increased

transferability of the toner and lowered attachment

(]
wn

liability of the toner. On the other hand, the

retention of a certain proportion of carbon atom may

2
<



-50- [err] ' wherein m denotes an integer providin |ndi cat ed

nol ecul ar weight, 50 wt. parts of nonochl or obenzene and Eﬁﬂch

di chl oroet hane were m xed under stirring to forma m xt ur epg4

whi ch was t hen applied by di pping onto the above-forned fc ar%o
generation |ayer and dried under blowing with hot air t DEO
pmthick charge transport |ayer. Then, 1 mﬂ par fluorinated
carbon fine powder (Dav (average part?cle S|ze)) = 0.23f[err]m

by Central Gass KK ), 6 w. parts of the follow ng

be set to avoid too low a surface energy of the
photosensitive member. Thus, by retaining a specified
ratio of F/C orfand Si/C, the photosensitive member is

provided with a good transferability and is allowed to

(%}

avoid cleaning failure even if used in combination
with the above-mentioned toner showing a strong
attachment or adhesion force.

I1f the ratio F/C or Si/C is below 0.03, tpe

photosensitive member retains a high surface energy,

[+

thus resulting in an inferior transferability of the

b

toner. On the other hand, if the ratio F/C or Si/C
exceeds 1.00, the photosensitive member shows a lower
friction coefficient with the cleaning member, thus

being liable to cause a cleaning failure due to

wn

passing-by of the residual toner.

-

In a still further preferred embodiment of
the present invention, the surface layer of the
photosensitive member may preferably show a ratio of

fluorine atom or/and silicon atom to oxygen atom (F/O

[ 2]
[+}

or/and Si/0), respectively, of at least 0.03 as
measured by XPS. By specifying the amount of oxygen
with respect to F or/and Si in the above-described
manner, it becomes possible to preferably control the

attachment force of the toner comprising a resin

[
N

Component having a polar group onto the photosensitive
member.

The photosensitive member surface may be




15 pol ycarbonate resin (bisphenol Z-based, nolecul ar wei ght =

8x10[err]): [err] wherein mdenotes an integer, 0.1 wt. part of
t he fol | owi ng perfluoroal kyl acryl ate-methyl nethacryl af€apm—Htuc
copol ymer (rmol ecul ar wei ght = 3x10[err]) [err] REPLACEMENT SHEET
-51 )
-38- 10 DEC 1996

-
[+

(4]

pa

N

<

[ ]
i

imparted with fluorine atom by inclusion of a
fluorine-containing compound, particularly a fluorine-
containing organic compound, examples of which may
include:lpol}mers or copolymers of tetrafluoro-
ethylene, trifluorochloroethylene, hexafluoro-
propylene, vinyl fluoride, vinylidene fluoride and
difluorodichloroethylene. It is élso possible to use
a fluorinated carbon. These fluorine-~containing
compounds_or substances may be used singly or in
combination of two or more species.

'In the present invention, it is also possible
to use one or more species of block polymers or graft

polymers containing a fluorine-containing segment

" synthesized from a fluorine containing monomer alone

or in combination with another polymerizable monomer;
fluorine-containing surfactants; or fluorine-
containing macromolecules, singly or in mixture with a
fluorine-containing resin as described above.

It is particularly preferred to use a
fluorine-containing graft-polymer including'fluorine—
containing segments continuously present therein in
order to provide a good dispersion of thé fluorine
containing resin and facilitate the control of the F/C
ratio in the surface layer. |

Preferred examples of the fluorine-containing
monomer are enumerated hereinbelow but they are not

exhaustive.



wherein i and i respectively denote an integer and n denotes an integer. of
4 - 16, 120 wt. parts of nonochl orobenzene and 80 w. parts of
di chl oronet hane were subjected to m xing and di spersi on_j,D..a
forma mxture liquid. To the mixture liquid, 3 w. pajtge
followi ng triphenylamne [err] and a prescribee
FeCl[err] were further added and dissolv®atherein. The}rd

liquid was applied by spray coating onto the above-for
transport layer to forma 5 pmthick protective |ayer.

procedure was repeated four tines
(1) CHo=CHF

(2) CH,=CF,
(3) CHF=CF,
(4) CF2=CF2

L

(3) CF,=CFC1
(6) CF5=CFCF4
(7) CF5=CF-Rf
(8) CF,=CF-O-Rf
(9) CH,=CH-Rf
(10)  CH,=CH-O-Rf

pa
<

(11) CH2=?4-%—0Rf

Ry O

(12)  CHy=C— C—N-Rf

1 ]

Ry O H

[
wn

Fm
(13) CH2=cl:-f':—O
RO ( R2 )k
Fm
(14) CH2=c]:-(I:—!|¢
ROH (Rz)k
25 (15)



whi | e changi ng the prescri bed anmobunts of the FeC[err], thereby to obtain
four photosensitive druns A - D having different Fe contents in the
surface layers, i.e., A (0.2 ppm), B (2.0 ppm), C (0.05 ppm) and D (15
ppm . [Production Exanple 5 for photosensitive dru
Phot osensi tive drum E was prepared in the sane man erﬂépgj\gmo
Exanpl e 1 except that the Protective | ay#0-was pregar
manner . -52-
part of true-spherical three- di mensional ly crdss
particles (Dav = 0.29 [err]lm nfd. by Toshiba $
parts of the (4B} ow’%ﬂycar bonate resin (bi

0 o)

l

F,C— CF-CF5

pcone
phenaol Z-

5 (17) cI:H=cl:F
o=c\ /c=o
o

(18) (IZF=CF

=C é=0
\ /
0

[
<

In the above forﬁulae, R; denotes a hydrogen

atom, halogen atom or methyl group; R, denotes a

(4]

hydrogen atom, halogen atom, alkyl group, alkoxy

[

~~ group or nitride group with the proviso that a
plurality of R, can be the same or different; k
denotes an integer of 1 - 4, m denotes an integer of 1

- 5 satisfying klm = 5; and Rf denotes an alkyl group

[ ]
<«

having at least one substituent of fluorine atom.

The non-fluorine containing monomer may
include, for example: low-molecular weight linear
unsaturated hydrocarbons, wvinyl chloride, organic acid

vinyl esters, vinyl-aromatic compounds, esters of

[
wn

acrylic acids and methacrylic acids, N-vinyl
compounds, vinyl-silicon compounds, maleic anhydride,

and esters of maleic acid and fumaric acid. They may



5 based, nolecular weight = 8x10[err]): [err] wherein m
denotes an integer, 0.1 w. part of the fol |l ow ng porydLnnLhyLsLLgxanq
met hacryl at e- et hyl met hacryl ate bl ock copol ymer (no| eREPLACEMENT ISHEET

5 x 10[err], Si content =12 wt. %: 15 [err]

wherein i and i respectively denote an integer and n denqt

i nteger of 1 - 100, 120 wt. parts  of nonochl or obenzehe aﬁéfﬁgﬁﬂﬁpb
parts of dichl oromnethane -41- :

be used singly or in mixture of two or more species.
It is preferred that the fluorine-containing polymer
or copolymer is mutually soluble with a principal

resin constituting the charge transport layer and/or

(%))

the protective layer, or has an affinity with the

principal resin because of a structural similarity

'even if not satisfying a complete mutual solubility.
The silicon-containing compound for imparﬁing

silicon atom to the photosensitive member surface may

<

be silicone compounds, which may include: monomethyl- ‘

[

siloxane three-dimensionally crosslinked product,
dimethylsiloxane-monomethylsiloxane three-
.dimensionally crosslinked product, polydimethyl-
siloxane compounds including those having an ultra-

high molecular weight, block copolymer and graft

(WY
wn

polymer containing a polydimethylsiloxane segment,
silicone surfactant, silicone macromonomer, and
terminal-modified polydimethylsiloxane'compound. In

the case of the three-dimensionally crosslinked

[
[$-]

product used in the form of fine particles, the
average particle size may preferably be in the range
of 0.01 -.5 pym. The polydimethylsiloxane may
preferably have a molecular weiéht cf 3,000 - 5x106.

The silicon-containing compound, if it is in the form

tJ
(4]

of fine particles, may be dispersed together with a
binder resin to form a photosensitive layer

composition. The dispersion may be performed by a



were m xed and dispersed to forma mxture. To the 25 mxture, 3 w.

parts of the follow ng triphenyl am ne:

-53- [err] and FeC [err] in an anount peyi.di
surface | ayer Fe content of 1.0 ppm were added and dis OREBLCAUE
to 10 forma mxture liquid, which was then applied by spray]

|
r‘nafi

HEET

onto the fornerly prepared charge transfjggj

10 DEC %96

sand mill, a ball mill, a roll mill, a homogenizer,
nanomizer, a paint shaker and an ultrasonic disperser.
At the time of dispersion, it is preferred to co-use

the above-mentioned graft-polymer or block polymer or

surfactant. This is also preferred so as to control

on

the Si/C ratio.
The sole figure illustrates an outline of an
image forming apparatus suitable for practicing the

image forming method according to the present

[+

invention.

[

Referring to the figqure, a photosensitive
drum (i.e., electrophotographic photosensitive member)
101 as an image-carrying member is rotated about an

axis 10la at a prescribed peripheral speed in the

n

direction of the arrow shown inside of the

-

photosensitive drum 101. The surface of the

photosensitive drum is uniformly charged by means of a

charger 102 to have a prescribed positive or negative

potential. The photosensitive drum 101 is exposed to

[
<

light-image L (as by slit exposure or laser beam-
scanning exposure) by using an image exposure means
(not shown), whereby an electrostatic image
corresponding to an exposure image is successively

formed on the surface of the photosensitive drum 101.

(%)
i

The electrostatic image is developed by a developing
means 104 to form a toner image on the photosensitive

member surface. The toner image is successively




| ayer to forma 3 [er

phot osensitive drum E

The charge transport

phot osensitive drum was peel ed of f

burnt in a nuffle

r] mthick protectivellayer, t her eby proViding

<Measurenent of transition netal content>
| ayer and the protective | ayer &
and wei ghed. The de&EREAG

15

furnace, and the residue was wet-trjegied wth a

m xture acid of sulfuric acid and nitric acid to form 20 ja nmeq
sanpl e. The sanple was subjected to ntification arfd-Jquant

1ReC

—[UII

anal ysis of a transition netal

content by atom c absqr

spectronmetry. Based on the neasurenent result, the cqntent of the

L anspor | aycr ST e o b eendRel Hadifia R il 15 Torm e ase)

transport |ayer

The transiti onedBu & SPPBPIPard (it SSESACF to a position between

the photosensitive drum 101‘and a transfer charger 105

in synchronism with the rotating speed of the

(O

photosensitive drum 101, by means of the transfer

charger 105. Alternatively, it is also possible that
the toner image on the photosensitive member is once
transferred to an intermediate transfer member and

then transferred from the intermediate transfer member

[+]

to the transfer material P.

[

The transfer material P with the toner image
thereon is separated from the photosensitive drum 101
to be conveyed to a fixing device 108, followed by

image fixing to print out the transfer material P as a

[8)]

copy out of the electrophotographic apparatus.

(]

Residual toner particles on the surface of the
photosensitive drum 101 after the transfer are removed
by means of a cleaner 106 to provide a cleaned

surface, and residual charge on the surface of the

[R]
[+]

photosensitive drum 101 is erased by a pre-exposure
means 107 to prepare for the next cycle. As the
charger 102 for charging the photosensitive drum 101
uniformly, a corona charger or a contact charging

means such a charging roller may be used. As the

[ ]
tn

transfer charger 105, such a corona charger or a
contact charging means such as a charging roller may

also be used.



-54- | ayers of photosensitive druns A - E thus neasured are

summari zed in Table 1. <XPS neasurenent of the outernost_layer

surface of a phot osensitive nmenber> 5 XPS GeRsRIMCERERT SHEET
t he outernost |ayer surface of a sanpl e photosensiti ve}dfFsmweas

per f or med wWith respect to a cut-out and flattened sanpleqof the
surface |l ayer fromthe sanple drum by usggg an X-ray pho ol BDECHIS
spectroscopy ("ESCALAB, nodel 200-X", avai l abl e from VG ). The

measur enent was perforned, by using My-Ka ray (300 W ag the X-ray
source for an analyzing area of 2 mMmx 3 nm This gener &y

corresponds to the anakMStﬁe%réséﬁet fJnGént'PoixO a plupgYet ampgtroms from
the surface. 15 Exanple connerC|aIIy avai |l abl e

full-color | agne above—mentloned structural elements inclusive of
the photosensitive member, charging means and the

developing means can be integrally supported to form

wn

an apparatus unit, which is detachably mountable to a
main body of the image forming apparatus by using a
guide means such as a rail in the body.

In case where the electrophotographic

apparatus is used as a copying machine or a printer,

©

the exposure to image light L may be performed by

[

illuminating the photosensitive member with reflected
light from or transmitted light through an original,
or with a scanning laser beam or an image light from
an LED array or a liquid crystal shutter array driven

based on signals produced from data read from an

[
(8}

original.
Hereinbelow, the present invention will be
described based on Examples which however should not be

construed to restrict the present invention in any

[ &4
[+

way. First of all, production examples of toners and
drums and evaluation methods are described.
(Production Example 1 for polymerization toner]

Into 710 g of deionized water, 450 g of 0.1M-
Na3PO4 aqueous solution was added, and the mixture was

warmed at 60 ©C and stirred at 1200 rpm by a TK

[ )
un

homomixer (mfd. by Tokushu Kika Kogyo K.K.). Further,

68 g of 1.0M-CaC12 aqueous solution was. added thereto



el ect r ophot ogr aphi ¢ copyi ng machi ne ("CLC- 500", nfd

was renodel ed by replacing the phot osensi t I ve drum W t@ﬁ&mﬁ SREET

photosensitive drumA 20 prepared in Production Exanple
machi ne, after being |l oaded with a two-conponent type

. The renode ec
e{e PP
ferrlte carrler
d To T mage

conprising the above-prepared toner A and a magnet i d
coated with styrene-acryl ate copolygg; was subj ect g
formation, wherein 25 the photosensitin drum A was irr

diated with Iaseg

light to forma digital electrostatic inmage thereon,
el ectrostatic inage was devel oped with the

;jg\S/-eI oprent sc eme un%%e%ép%%ag@{ﬁl %ron (i?{el?i atn{qlfldﬁ|

Styrene

n-Butyl acrylate

Phthalocyanine pigment

5 Di-t-butylsalicylic acid metal compound

Styrene-methacrylic acid copolymer
(95:5 by mol, Mw (weight-average
molecular weight = 5x104))

Paraffin wax

10 (m.p. (melting point) = 83 °C)

and the

q reversm

165 g
35 g
10 g

lg
10 g

8 g

The above ingredients were warmed at 60 °C

15

20

25

and stirred at 12000 rpm by a TK homomixer (mfd. by
Tokushu Kika Kogyo K.K.) to effect uniform dissolution
and dispersion. Into the mixture, 8 g of 2,2'-~-
azobis(2,4~dimethylvaleronitrile) (polymerization
initiator) was dissolved to form a polymerizable
monomer composition, which was then added to the
above-~prepared aqueous medium. The resultant mixture
was then stirred at 10000 rpm for 20 min. by a TK
homomixer at 60 °C in a nitrogen gas atmosphere to
disperse the polymerizable monomer composition into
particles. Then, the system was heated to 70 ©C under
stirring by a paddle stirrer for 10 hours of reaction.

After the polymerization reaction, a part of
the aqueous mediﬁm was distilled off under vacuum, and
the system was cooled, followed by addition of

hydrochloric acid to dissolve the calcium phosphate,



bi as onto the devel oping sl eeve to forma toner inage. The toner

I mge on the photosensitive drum A was 5 further trals T g Ot-o—er
regener at ed paper of 64 g/nmerr] (classified unde éﬁ%ﬁﬁ_ BAVE SHEET
Ad-size) to forma yet-unfixed toner inmage. The dfu t he
transfer was subjected to bl ade cleaning by using a Pgﬁanygb er

bl ade. 10 The thus formed unfixed toner | ep e _
regener at ed paper were subjected to a fis@®Tlity test '

t hrough between a pair of fixing rollers i ncl udi a teflon-coated
upper roller and a silicone rubber-coated | ower rollTer Tn a

t enperat ure-a stable 15 external_ f.ixin deV| e, under jhe condltlons of a
ni p of 4%‘ atiqn., Mg >i'b‘l"é%s'ﬂ‘rifeh of? crr'ffyén% %%egﬁc speed of

8 i L S Vg PRERIR BT,

range of 100 - ert
rubbing a fix (f?%) |dT§g§ with a |l ens cleaning paper ("DASPER', nfd. by
Qzu Paper Co. under a | oad of 50 g/cn{err] and

To 100 wt. parts of the thus obtained toner
S particles, 0.8 wt. part of hydrophobic silica was
added to obtain polymerization toner A.
[Production Example 2 for polymerization toner]
Polymerization toner B was prepared in tpe
same manner as in Production Example 1 except that the
10 phthalocyanine pigment as the colorant was changed to
carbon black and the amount of the polymerization
initiator was changed to 10 gq.
[Production Example 3 for polymerization toner]

Polymerization toner C (comparative) was

(%) ]

prepared in the same manner as in Production Example 1

[

except that the styrene-methacrylic acid copolymer as

a resin component having a polar group was omitted.

[{Production Examples 4 5n 5 for polymerization toner]
Polymerization toner D (comparative)

polymerization toner E (comparative) having main peaks

[
(=]

at different molecular weights in molecular weight
distribution by changing the species and amount of the
polymerization initiator and the polymerization

temperature.

(]
wn

{Production Example 1 for pulvgrization toner]
Styrene-n-butyl acrylate

copolymer ‘ : 100 wt.parts



evaluated in terns of a fixing initiation tenperature whi ch was the

| onest tenperature providing a density | oweri ng by the rubbing of
below 10 % During the 25 fixing test, the occurrence of offset was
observed with eyes and evaluated in terms of a high tenperalurs

of fset-free point which was the highest tenperature at

- 56- whi ch of fset was not observed—#/th eyes. REPLAGE”EM §HEET
Separately, by using the renodel ed machi ne, a cont ijnyous |na
formati on test of reproducing a test i mage i ncl udi

QdTD jrc
e evaluatpd
eproduci bility,

a halftone part on ets. Then, the images
respect to roughenlné Bt = hgngaﬂ parts, thin-line

and uni formty of SgLyrene—gethyl methacrylate-

methacrylic acid copolymer 100 wt.parts
(Mp = 20,000)

(8]

Di-tert-butylsalicylic acid

metal compound 4 wt.parts
Paraffin wax (m.p. = 83 °¢c) - 8 wt.parts
Phthalocyanine pigment 5 wt.parts

The above ingredients were preliminarily

<

blended and then melt-kneaded on a roll mill set at

[

120 °c.
After cooling, the kneaded product was
coarsely. crushed, finely pulverized by a pulverizer

using jet air stream and then classified by a

[
(8]

pneumatic classifier to obtain ;.toner having a
weight-average particle size of ca. 8 pm. To 100 wt.
parts of the toner, 0.8 wt. part of hydrophobic silica
having a BET specific surfaée area of 200 mz/g was
externally added to obtain pulverization toner 1.

20 Some properties of the above-prepared toners
A - E and toner 1 are summarized in Table 1 appearing
hereinafter.

[Production Examples 1 - 4 for photosensitive drum]
10 wt. parts of electroconductive titanium

25 oxide (coéted with tin oxide, average primary particle

size = 0.4 pm), 10 wt. parté of phenolic resin

precursor (resol-type), 10 wt. parts of methanol and



density. The perfornmances were evaluated in an overal | manner by

taking these itens into 10 consideration inclusively. The rles ] _
eval uat ed at four ranks of excellent, good, fair and p o?&g£ECﬁmﬁﬁ-SHEET
shown in Table 1. Exanples 2 - 4 and Conparative Exanpljed 1 - 5

The inmage formng test and fixing test were 15 repeatedly |pgrfoOpEci
simlar manner as in Exanple 1 by using8+oners and photajensitive

druns shown in Table 1. The results are inclusively shqwi TTmTabte

1. -57- [err]

10 wt. parts of butanol were subjected to dispersion
in a sand mill, and then the mixture was applied onto
an aluminum cylinder in an oguter digmeter of 80 mm and
a length of 360 mm by dipping, folléwed by curing at

140 °C to form a 20 pm—-thick electroconductive layer

(Y]

having a volume resistivity of 5x109 ohm.cm.

Then, 10 wt. parts.of a methoxymethylated
nylon (methoxymethylationfdegree = ca. 30 %) showq_
below and 150 wt. parts of isopropanol were mixed and

10 dissolved to each other to form a mixture solution,
which as then applied by dipping onto the above-
prepared electroconductive layer to form a 1 pm-thick

undercoating layer:

[y
(©]

| .
/m \CH:‘O“"CI'L\

wherein m and n are integers giving the indicated

il
H_G'CHZ )5 C N !\—CHZ )5 C/
n

20 methoxymethylation degree.

Then, 10 wt. parts of the following azo

pigment:
0
Q—NHOC OH HO CONH@
Et N=N N=N Et

[ 8]
(4]

NH HN



d.in

- 58- Notes to Table 1 (Toner) *x

Exanpl e 3 al one was a pul veri zation toner and the §t REPLACEMENT SHEETE
wer e 5 pol ymeri zati on toners. *1: Presencel( p
(none) of a polar resin conponent in the toner.

Mol ecul ar wei ght at- which the main peak in a GPC clyr

present. 10 (Phot osensi tive drun -49- *3: The tfaksitiion netal
content in the surface | ayer of the photosensitivejdrum

(Eval uati on) *4: Qccurrence (yes) or non-occur -

cracks on the photosensitive drumduring the
S wt. parts of the following polycarbonate resin

(bisphenol A-based, molecular weight = 3x104)

(%]

wherein n is an integer providing the indicated
molecular weight, and 700 wt. parts of cyclohexanone
10 were dispersed in a sand mill to form a dispersion
liquid, whiqh was then applied by dipping onto the
above-formed undercoating layer to form a 0.05 pm-
thick charge generation 1ayér.
Then, 10 wt. parts of the following

15 triphenylamine compound

HsC

N N~ )—cH

25 10 wt. parts of the following polycarbonate resin

(bisphenol Z-based, molecular weight = 2x104),




continuous inmage formng test. *5: TFI: The fixing initiation

t enper at ure. *6: Toffset: The highest offset-free tenperature :
*7: Overall evaluation with respect to the 20 rougheni ng 4 ENENT SHEET
parts, thin-line reproducibility and uniformty of solii:i':&_?,}'t‘é 1S
density. *71: Bl ocking occurr ed. *72: Nargojv fixable

t enper at ure range. *73: Poor resot®®ton. 25 10DEC

-59- [ Producti on Exanple 6 for polynerization toner]

Into 710 g of deionized water, 450 g of 0.1M Na[ err] PJ grr| aqueous
solution was added, and the m xture was

m

{00—@)004@

(%]

wherein m denotes an integer providing the indicated
molecular weight, SO wt. parts of monochlorobenzene
and 15 wt. parts of dichlorcethane were mixed under
stirring to form a mixture liquid, which was then .
applied by dipping onto the above-formed charge
0 generationllayer and dried under blowing with hot air
to form a 20 pm-thick charge transport layer.

Then, 1 wt. part of fluérinated carbon fine
powder (Dav (average particle size)) = 0.23 pm, mfd.

by Central Glass K.K.), 6 wt. parts of the following

re
LA

polycarbonate resin (bisphenol Z-based, molecular

weight = 8x104):

bJ
[+]

wherein m denotes an integer, 0.1 wt. part of the

following perfluoroalkyl acrylate-methyl methacrylate

block copolymer (molecular weight = 3x104)
=N/, )
-— CH,C CHz(IJH -
C=0

c=o i\ /

O. - CH; . O" CHz- CHz ‘é CF: )E' CF;

[ 2]
wn




warnmed at 60 [err]C and stirred at 1200 rpm by a TK honom xer (nfd. by

Tokushu Ki ka Kogyo K. K. ). Further, 68 g of 1.0M Cad [

sol uti on was added thereto to forman aqueous nedlun1qoﬁﬁglﬂﬁﬁ§ﬁ” SHEET
Cal[err](Pderr])[err]. Styrene

165 g n-Butyl acrylate 4D OEC996
Hydr ophobi ci ty-inparted magnetic naterial_g,.140 g N gr05|ne dye
29 St yr ene- di et hyl am noet hyl met hacrjy| ‘ate—copotymer
10 g Paraffln wax 8g 15
(mp. (nelting point) = 83 [err]Q The above ™ TTgrear ent s
were warnmed at uﬁﬂalfﬁxf]lca.nd i m;ﬁédﬁﬁ%iyatd&w drpndnedgeT@n@o o xer
(nfd. by Tokushu Ki ka Kogyo K K.) to effect uniform dissolution

and di sper si on.démdtes len nintlegexr; d¥ 94 of 15,2'120 2. parts of

azobi s(2,4-dinmethylvaleronitrile) (polynerization initiator) was

di ssol ved to f cxonechicnobernzaxs and 80 o parto g dighldpromethianeas t hen
added to the above-prepared aqueous nedium The resultant m xture

were subjected to mixing and dispersion in a sand mill
5 to form a mixture liquid. To the mixture liquid, 3

wt. parts of the following triphenylamine

N—@—CH@

and a prescribed amount of FeCl3 were further added

HsC

[
[+]

and dissolved therein. The resultant mixture liquid

(4}

was applied by spray coating onto the above-formed

)

charge transport layer to form a 5 pm-thick protective
layer.
:* The above procedure was repeated four times

while changing the prescribed amounts of the FeClg,

[P
[

thgreby to obtain four photosensitive drums A - D
having different Fe contents in the surface layers,
-i.e., A (0.2 ppm), B (2.0 ppm), C (0.05 ppm) and D (15
ppm) .

[Production Example 5 for photosensitive drum]

wn

Photosensitive drum E was prepared in the

(]

same manner as in Production Example 1 except that the

Protective layer was prepared in the following manner.



was then stirred at 10000 rpmfor 20 mn. by a TK 25 ho

[err]C in a nitrogen gas atnosphere to di sperse t he PoREHACEWMENF SHEET
nmononer comnposition into particles. Then, the syste —7P
[err]C - 60- u I hddlzl NP
by a paddle stirrer for 10 hours of reacti on. nFﬁD/gfi{yrd' hp
pol yneri zation reaction, a part of t k& 2aqueous nedlu st \
of f under vacuum and 5 the systemwas cool ed, foll owed y addi ti on of
hydrochl oric acid to dissolve the caIC|un1phosphate =FrttratTom;
washing with water and drying to recover toner particles having a

wei ght - average particle d #. part of true-spherical three-
dimensionally crosslinked polysiloxane particles (Dav
= 0.29 pm, mfd. by Toshiba Silicone_K.K.). 6 wt. parts

of the fbllowing polycarbonate resin (bispheqol Z-

wn

based, molecular weight = 8x10%):

{O—Q@O—?-

O /m

wherein m denotes an integer, 0.1 wt. part of the -
following polydimethylsiloxane methacrylate-methyl
methacrylate block copolymer (molecular weight =

Sx104, Si content = 12 wt. %):

15 '
CH CHa o
no\ \ |
CH, ? CH. ?
S A My
O - CH, O «£Si (CH.).-0 ¥; Si (CHs

]

[\
(]

wherein i and j respectively denote an integer and n
denotes an integer of 1 - 100, 120 wt. parts of
monochlorobenzene and 80 wt. parts of dichloromethane
were mixed and dispersed to form a mixture. To the

25 mixture, 3 wt. parts of the following triphenylamine:



of ca. 8 [err]m

To -100 wt. parts of the thus obtained toner

particles, 0.8 w. part of hydrophobic silica was added to obtain
pol ymeri zation toner F. [ Producti on Exanmple 7 for pol
toner|] Pol ynmeri zation toner G was prepared ifg t Eﬁéé"’&l@awﬂ
manner as in Production Exanple 6 except that the pol 4r jresin
component was changed as shown in Table 4=33- appearing hdrdi NhODEC 1996
[ Producti on Exanple 2 for pulverization toner] St yréne- n- but yl
acrylate 20 copol yrer 100 .parts
(Mp = 20, 000) Styrene-net hyl net hacryl at e- nethacrylic
aci d copol yner 100 wt HeGrt s (Mp = 20,000) 25
Di-tert-butylsalicylic acid nmet al conpound 4
wt. parts Paraffin wa p. = 83 [err 8 Wm.parts
N—)—CH
H,C

and Feci3 in an amount providing a surface layer Fe

content of 1.0 ppm were added and dissolved therein to

P
[+

form a mixture liquid, which was then applied by spray -

coating onto the formerly prepared charge transfport

layer to form a 3 um-thick protective layer, thereby

providing photosensitive drum E.

<Measurement of transition metal content>

pa
wn

The charge transport layer and the protective

layer of a sample photosensitive drum was peeled off

and weighed.

The peeled layers were burnt in a muffle

furnace, and the residue was wet-treated with a

mixture acid of sulfuric acid and nitric acid to form

[
<

a2 measurement sample.

identification and quantitative analysis of a

transition metal content by atomic absorption

spectrometry.

The sample was subjected to

Based on the measurement result, the

content of the transition metal contained in the

(8]
wn

surface layer (i.e., the charge transport layer and

the protective layer in lamination i this case).

The transition metal contents in the surface

-



-61-
12 wt. parts

bl ended and then nelt-kneaded on a roll mll set at 5 1

After cooling,

Carbon bl ack (hydr ophobicity- | npar t ed)

The above ingredients were preli'ﬂ}ﬂ%ﬁ%ﬁ¥@fﬂT'SHE€T

t he kneaded product was coarsely crushgd finély

pul veri zed by a pul veri zer using jet air streamand theh AQPEHGT 1996 b
a pneumatic classifier to obtain a toner having a 10 I ght - aver age
particle size of ca. 8 [err]m To 100 w. -54~ parts of thg toner, 0.8 W.
part of hydrophobic silica havi ng a BET specific surflce_area.qf 200

n2/ g was

o~

externally added to obtain pulverization toner 1

Sonme properties of the above-prepared

[
[+

[
(8]

20

layers of photosensitive drums A - E thus measured are
summarized in Table 1.
<XPS measurement of the outermost layer surface of a
photosensitive member>

XPS measurement of the outermost layer
surface of a sample photosensitive drum was performed
with respect to a cut-out and flattened sample of the
surface layer from the sample drum by using an X-ray
photoelectron spectroscopy ("ESCALAB, model 200-X",
available from VG Co.). The measurement was performed
by using Mg-Ka ray (300 W) as the X-ray source for an
analyzing area of 2 mm x 3 mm. This generally
corresponds to the analysis of a depth of up to
several angstroms from the surface.
Example 1

A commercially available full-color laser
electrophotographic copying machine ("CLC-500", mfd.
by Canon K.K.) was remodeled by replacing the
photosensitive drum with the photbsensitive drum A
prepared in Production Example 1. The remodeled
machine, after being loaded with a two—coméonent type

developer comprising the above-preparéd toner A and a

.magnetic ferrite carrier coated with styrene-acrylate

copolymer, was subjected to image formation, wherein
the photosensitive drum A was irradiated with laser
light to form a digital electrostatic image thereon,"

and the electrostatic image was developed with the




15 toners F, G and toner 2 are shown in Table 4 appearin

herei nafter.

10 wt. parts of el ectroconductive titanium oxi de par

with tin oxide,
of phenol

met hanol and 10 wt. parts of butanol were suybjected to

sand mll, and

[ Producti on Exanple 6 for photosensitive Bﬁﬁh@prENT SHEET
i ¢l es (coated

6f116) D‘Eb. ﬂir t

average 20 primary particle size = 0.4 pm
c resin precursor (resol-type), 10 wt. parfs

then the m xture was - applied onto an pluni hum cylinder }

in an outer dianeter 25 of 80 nmmand a |l ength of 360 nm by di ppr ng,

f ol | owed
el ectroconduct i
- 62_

[y
(]

15

20

by curing at 140 [err]C to forma 20 pmthick
tQolephboRanitNdydeV Ve opet Uiy to the reversal

development scheme under application of_an alternating
bias onto the developing sleeve to form a toner image.
The toner image on the photosensitive drum A was
further transferred onto a regenerated paper of 64
g/m2 (classified under plain paper, Ad4-size) to form a
yet-unfixed toner image. The druﬁ surface after the
transfer was subjected to blade cleaning by using a
urethane rubber blade.

The thus formed unfixed toner images on the
regenerated paper were subjected to a fixability test
by passing through between a pair of fixing roliers
including a teflon-coated upper roller and a silicone
rubber-coated lower roller in a temperafure-adjustable
external fixing device under the conditions of a nip
of 4.5 mm, a linear pressure of 0.6 kg/cm, a process
speed of 90 mm/sec and varying temperatures at an
increment of 5 °C in the range of 100 - 230 °c.

The fixability was tested by rubbing a fized
image with a lens cleaning paper ("DASPER", mfd. by
Ozu Paper Cé. Ltd.) under a load of 50 g/Cm2 aﬁd
evaluated in te:ms of a fixing initiation temperature
which was the lowest temperature providing a density
lowering by the rubbing of below 10 %. During the
fixing test, the occurrence of offset was observed
with eyes and evaluated in terms of a high temperatqre

offset-free point which was the highest temperature at



5 x 10[err] ohmcm Then, 10 wt. parts of a neth
nyl on (et hoxynet hyl ati on degree = ca. 30 %9 shown _ ,
parts of isopropanol were mxed and 5 dissolved to each

m xture sol ution, whi ch as then applied by di pping opta -
prepared el ectroconductive layer to forma 1 pmthick
| ayer: [err] 15 wherein mand m%e integers gi
i ndi cat ed met hoxynet hyl ati on degr ee. Then
the follow ng azo pi gment : [

which offset was not observed with eyes.
Separately, by using the remodeled machine, a
continuous image formation test of reproducing a test

image iﬁcluding a solid part and a halftone part on

(8]

10,000 ;heéts. Then, the images were evaluated with
'respeét to roughening at halftone parts, thin-line
reproducibility, and uniformity of solid image
density. The performances were evaluated in an

overall manner by taking these items into

[
<

consideration inclusively. The results were evaluated
at four ranks of excellent, good, fair and poor as
shown in Table 1. '

Examples 2 - 4 and Comparative Examples 1 - 5

The image forming test and fixing test were

[y
Ln

repeatedly performed in a similar manner as in Example
1 by using toners and photosensitive drums shown in .
Table 1. The results are inclusively shown in Table

1.

b~
<

[}
LN
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CEMENS SHEET

cated

1
I

(bis

3x10[err])
wherein n is an integer providing the ifn

parts of the follow ng pol ycarbonate resin
5

nol ecul ar wei ght

25 5 wt
A- based,

[err]

10 DEC 1996

i

-57-

*sbed BuMOTTOF ay3 uo xeadde arqe3 @aoqe 9Y3 O3 SOION

Q.«unom SLL ovl suou SS2°0 | LyL'O st a 000'02 sok | v g
aood SLL opt sok| sgz'o | Lwl0 S0°0 o) 00002 sek | v 2
ZL¥ITET o8t Ll suou |  6Gz°0 | LELO z°0 ¥ 000°LS sah | & £
L L¥a00d 0st | oel - SSZT°0 | L¥L0 z'0 v 00S‘¥ sak | a 4
zo0d sLi oSt sk | GGz'0 | LbL°O 50°0 o} ooLoz| wsuou | o |*x3
. .%8
pooh SLL oyl suou | ¢sz'0 | L¥l0 0°2 g | o00‘0z| suou | ¥ -
JUSTT80%9 GLL ovL suou |  66z°0 | Lwico z'0 ' 00002 sak | | 3
poobh 6Ll | owt suou |  g52'0 | LbL'O 01 d | 006'6lL sk | g Z
JUSTTEOXD SLL ovl suou | 6GzZ'0 | LbL°O z°0 ¥ 00002 sok | ¥ Loxg
(Do) (D:) (wdd) * dwico
odo uo ursax
sotraroyxad 385330 14
Burinog |9t Tlex TlpTop| /TS | /% | qusjue zx M| 1, TN
Ly  obeur Rartrqextd | poexd | aeket asowreno | T | awen uysey e
uor3eny ey umaIp SATITSUISO0U] IouQy, otdurexy

¢l oTqel




nol ecul ar wei ght, and 700 wt. parts of cycl ohexanone wer e dispersed in

a sand mll to forma dispersion 10 |liquid, which was then applied by
di pping onto the above-formed undercoating layer to forma 0.05 [err]m
t hi ck charge generation | ayer. Then, 10 wt. parts of t?g
fol |l ow ng tri phenyl am ne conpound [err] 15 _ e
parts of the follow ng pol ycarbonate resin (bi sphenol  Z{ bRERACEMENRT SHEET
mol ecul ar wei ght = 2x10[err]), 25 [err] -58-

10 DEC 1996

Notes to Table 1

{Toner)
*%: Toner 1 used in Example 3 alone was a

pulverization toner and the other toners A - E were

(4}

polymerizétion toners.

*1: Presence (yes) or absence (none) of a polar
resin component in the toner.

#2: Molecular weight at which fhe main peak in a

GPC chromatogram was present.

o

{Photosensitive drum)

(Y

#3: The fransition metal content in the surface
layer of the photosensitive drum.
(Evaluation)
#4: Occurrence (yes) or non-occurrence (none) of
i5 cracks on the photosensitive drum during the
continuous image forming test.
*5: Try: The fixing initiation temperature.
#6: Toffset: The highest offset-free temperature.
*#7: Overall evaluation with respect to fhe
20 roughening at halftone parts, thin-line
reproducibility and uniformity of solid bart density.
#71: Blocking occurred.
#72: Narrow fixable temperature range.

#73: Poor resolution.

25



- 64- wherein m denotes an integer providing the indicateg™-

nol ecul ar weight, 50 wt. parts of nonochl or obenzene and 15 wﬁfP
di chl oroet hane were m xed under stirring to forma m xtur Wofsim
which was then 5 applied by dipping onto the above-forned chdrde
generation |layer and dried under blow ng wi_th hot air toffor
pmthick charge transport |ayer. "2 Then, 1 w. part] ofene
fluorinated carbon fine powder (Dav (average particle si
pm nfd. 10 by Central Jass KK ), 6 w. parts of the follo
pol ycarbonate rpglBaGRtIRAC B Yanf1 8280 tor "BbeGHbl zat ionRb@Rlr = 8x10[err

[err]
Into 710 g of deionized water, 450 g of 0.1M-

NajPO4 aqueous solution was added, and the mixture was

warmed at 60 9C and stirred at 1200 rpm by a TK

wm

homomixer (mfd. by Tokushu Kika Kogyo K.K.). Further,
68 g of 1.0M-CaCl, aqueous solution was added thereto

to form an aqueous medium containing Ca3(PO4)2.

Styrene 165 g

n-Butyl acrylate _ 35 g
19 Hydrophobicity-imparted magnetic material 140_g .

‘Nigrosine dye 2 qg

Styrene-dimethylaminocethyl

methacrylate copolymer 10 g
Paraffin wax 8 g
15 (m.p. (melting point) = 83 °c)

The above ingredients were warmed at 60 °C
and stirred at 12000 rpm by a TK homomixer (mfd. by
Tokuéhu Kika Kogyo K.K.) to effect uniform dissolution
and dispersion. Into the mixture, 8 g of 2,2'-

20 azobis(2,4~-dimethylvaleronitrile) (polymerization.
initiator) was dissolved to form a polyme;izable
monomer composition, which was then added to the
above-prepared aqueous medium. The resultant mixture
was then stirred at 10000 rpm for 20 min. by a TK

homomixer at 60 °C in a nitrbgen gas atmosphere to

[ B
(&)

disperse the polymerizable monomer composition into

particles. Then, the system was heated to 70 ©C



wherein mdenotes an integer, 0.1 w. part of the foll ow ng
perfl uoroal kyl acryl ate-nethyl nethacrylate 20 block copol

wei ght = 3x10[err]) [err] wherein i and i r¢
an integer and n denotes an integer of 4 - 16, 120 wt
- 65-

-60-

under stirring by a paddle stirrer for 10 hours of
reaction.

After the polymerization reaction, a part of
the-aqugous medium was distilled off under vacuum, and

the system was cooled, followed by addition of

R

hydrochloric acid to dissolve the calcium phosphate,

filtration, washing with water and drying to recover

“toner particles having a weight-average particle size
of ca. 8 pm.

18 To 100 wt. parts of the thus obtained toner
particles, 0.8 wt. part of hydrophobic silica was
added to cobtain polymerization toner F.

{Production Example 7 for polymerization toner]
Polymerization toner G was prepared in the

15 Same manner'as in Production Example 6 except that the
polar resin componenﬁ was changed as shown in Table 4
appearing hereinafter.

[Prodﬁction Example 2 for pulverization toner]
Styrene~n-butyl acrylate
20 copolymer 100 wt.parts
(Mp = 20,000)
Styrene-methyl methacrylate-
methacrylic acid copolymer 100 wt.parts
(Mp = 20,000) |
25 Di-tert-butylsalicylic acid
metal compound 4 wt.parts

Paraffin wax .(m.p. = 83 °C) 8 wt.parts



nonochl or obenzene and 80 w. parts of dichl oronet hane wer e subj ected

tﬁ m xi ng and di spersion in a sand m || to forma m xture_liquidede
the mxture liquid, 3 wt. parts of the follow ng triphe momfuTerSHﬁT
aﬂd a prescribed anount of FeC [err] were further added Mﬂ

therein. The resultant m xture liquid was applied by sp a C

onto the above-formed 15 charge transport-bayer to forma 5ip fh&bﬁﬁgﬁnb
protective | ayer, thereby providing a photosensitive driym{E_ -

showi ng a surface | ayer Fe content of 0.2 ppm As a result of

t he XPS neasurenent, the outernost |ayer of the phot osensitive~crommF

showed F 20 atom c6arben bilatk2(bwdsgphaohdedltdT atons), C atom
imparted) 12 wt.parts

The above ingredients were preliminarily

blended and then melt-kneaded on a roll mill set at
s 120 °c.

After cooling, the kneaded product was
coarsely crushed, finely pulverized by a pulverizer
using jet air stream and then classified by a
pneumatic classifier to obtain a toner having a

weight-average particle size of ca. 8 pm. To 100 wt.

[
<o

parts of the toner, 0.8 wt. part of hydrophobic silica
having a BET specific surface area of 200 mz/g was
externally added to obtain pulverization toner 1.

Some properties of the above-prepared

(&]

- toners F, G and toner 2 are shown in Table 4 appearing

[

hereinafter.
[Production Example 6 for photosensitive drum]
10 wt. parts of electroconductive titanium
oxide pafticles (coated with tin oxide, average
20 primary particle size = 0.4 pm), 10 wt. parts of
phenolic resin precursor (resdl-type), 1Q wt. parts of
methanol and 10 wt. parts of butanol were'subjected to
dispersion in a sand miil, and then the mixture was
applied onto an aluminum cylinder in an outer diameter
25 of 80 mm and a length of 360 mm by dipping, followed
by curing at 140 °C to form a 20 pm-thick

electroconductive laYer having a volume resistivitf of



content of 81.3 % (by nunber of atons), and F/C ratio- of 0.064 (based
on nunber of atons). [ Production Exanple 7 for photosensitive dru
The procedure of Production Exanple 6 was 25 repeated ug g9
of the al umi num cyl i nder, el ectroconductive |ayer, unidr REBLAGEHH'
and charge generation | ayer.

Then, 10 wt. parts of the foll ow ng trig?enylanine conp

5x10% ohm.cm.
Then, 10 wt. parts of a methoxymethylated

nylon (methoxymethylation degree = ca. 30 %) shown

below and 150 wt. parts of isopropanol were mixed and

dissolved to each other to form a mixture solution,

n

which as then applied by dipping onto the above-
prepared electroconductive layer to form a 1 pm-thick

undercoating layer:

[
[+]
o

[N
N

wherein m and n are integers giving the'indicated
methoxymethylation degree.

Then, 10 wt. parts of the following azo

pigment:
0,
Q—NHOC OH HO CONH@
20 Et N=N N =N Et
NH HN

Ce Ce o
25 S wt. parts of the following polycarbonate resin

(bisphenol A-based, molecular weight = 3x104)



10 wt. parts of the follow ng polycarbonate resin (bi sphenol Z-based,

mol ecul ar wei ght = 2x10[err]), [err] wherein m'd St

i nt eger providing the indicated nol ecul ar wei ght, 50 REBHRGENEﬂT SHEET
nonochl or obenzene and 15 wt. parts of dichloroethane r under’]
20 stirring to forma mxture [iquid, which was then p ?ﬁgﬁg

di ppi ng onto the above-fornmed charge 1leration |ayer an Bnder

bl owi ng with hot air to forma 20 [err|mthick charge t weed
Then, 3 wt. part of fluorinated carbon fine 25 powder (Dav. 0.23 pm

nfd. by Central dass K K ), 5 wt. parts of the foll ow kg

pol ycarbonate resin

—JD

o-@O{-@-o-!

wherein n is an integer providing-the indicated
molecular weight, and 700 wt; parts of cyclohexanone
were dispersed in a sand mill to form a dispersion
10 liquid, which was then applied by dipping onto the
above-formed'undercoating layer to form a 0.05 pm-
thick charge generation layer.
Thén; 10 wt. parts of the following

triphenylamine compound

HC

N— )—CH
20

H.C

10 wt. parts of the following polycarbonate resin

(bisphenol Z-based, molecular weight = 2x104),

<o@®00_§

m



(bi sphenol Z-based, nol ecul ar weight = 8x10[err]): !

-67- [err] wherein mdenotes an integer, 0.3 mﬂ of the
foll ow ng perfluoroal kyl acryl ate-nethyl nethacrylate bloﬂiaé;thjiﬁﬁr“gﬁgj~ﬁ
- B type copol yner, nol ecul ar wei ght = 3x10[err]) [err] r—ﬂé T 1}

Can | 10 DEC 1994

L_

wherein m denotes an integer providing the indicated
molecular weight, 50 wt. parts of monochlorobenzene
and 15 wt. parts of dichloroethane were mixed under

stirring to form a mixture liquid, which was then

h

applied by dipping onto the above-formed charge
generation layer and dried under blowing with hot air
to form a 26 pm~-thick charge transbort layer.

Then, 1 wt. part of fluorinated carbon fine

powder (Dav (average particle size)) = 0}23 pm, mfd.

[
(>

by Central Glass K.K.), 6 wt. parts of the following
polycarbonate resin {bisphenol Z-based, molecular

weight = 8x104):

[
(&)}

{0—0—@@—0—@ /L

wherein m denotes an integer, 0.1 wt. parf of the

following perfluorocalkyl acrylate-methyl methacrylate

[
<

block copolymer (molecular weight = 3x104)

i N\ \
-+~ CH;C CH.CH

C:"—'.O /i \ ¢=o /i

|
O -CHs O-CH,-CH, <€CF: >:-CF;

[ B ]

wherein i and j respectively denote an integer and o

denotes an integer of 4 -~ 16, 120 wt. parts of



15 wherein i and i respectively denote an integer and n . denotes an

i nteger of 4 - 16, 110 w. parts of nonochl or obenzene and ge=—wt....paLls........
of di chl or onet hane were subjected to mxing and di spersion}iRERASBREGT SHEET
mll to forma mxture liquid. To the mxture liquid, 2.5 ] 20wt oo
arts of the follow ng triphenylam ne [err]

E)68- and a pregcri bgd a?lmunt of FeCl3 were further addécpgﬁg 99

di ssol ved therein. The resultant mxture ~°~~1liquid was appligdihy _spray
coating onto the

monochlorobenzene and 80 wt. parts of dichloromethane
were subjected to mixing and dispersion in a sand mill

to form a mixture liquid. To the migture liquid, 3

wt. parts of the following triphenylamine

HC

_ N—@—CH@

H.C ’

[
[

and a prescribed amount of FeClj were further added
and dissolved therein. The resultant mixture liquid

was applied by spray coating onto the above-formed

[
i

layer, thereby providing a photosensitive drum F
showing a surface layer Fe content of 0.2 ppmn.

As a result of the XPS measurement, the

outermost layer of the photosensitive drum F showed F

()
[+

content of 81.3 $ (by number of atoms), and F/C ratio

of 0.064 (based on number of atoms).

[Production Example 7 for photosensitive drum]

The procedure of Production Example 6 was

25 repeated up to the provision of the aluminum cylinder,

electroconductive layer, under coating layer and

charge generation layer.

charge transport layer to form a 5 pm-thick protective

atom content of 5.2 % (by number of atoms), C atom



above-formed charge transport layer to forma 6 [err]m t hi ck

protective |layer, thereby providing a phot osensitive dru g@t@%*a'""~°-
surface | ayer Fe content of 0.2 ppm The phqt Wy CHtpd SHEET
drum G showed F atom content of 10.2 % C atomcontent off 16.7 % and

F/IC 10 ratio of 0.133. [ Production Exanple 8 for photogedsi{ g\ 1%96
druni The procedure of ProductLiggn Exanple 6 was repeate

up to the provision of the alum num cylinder, el ect r oconqucttTvetayer
under coating |ayer and 15 charge generation |ayer. Then, 3 A“J
wt. parts of the follow ng tri phenyl ani ne conpound [err}

Then, 10 wt. parts of the following

triphenylamine compound

HC

wn

H,C CHs

HC

)
[+

10 wt. parts of the following polycarbpnate resin

(bisphenol Z-based, molecular weight = 2x104),

[
(8]

{6—0@00@

m

7

wherein m denotes an integer providing the indicated
molecular weight, 50 wt. éarts of monochlorobenzene
and 15 wt. parts of dichloroethane were mixed under

20 stirring to form a mixture liquid, which was then
applied by dipping onto the above-formed -charge
generation layer and dried under blowing_with hot air
to form a 20 pm-thick_charge transport layer.

Then, 3 wt. part of fluorinated carbon fine

[}
(&) ]

powder (Dav.) = 0.23 pm, mfd. by Central Glass K.K.),
5 wt. parts of the following polycarbonate resin

(bisphenol Z-based, molecular weight = 8x104):



7 w. parts of t he foll owi ng triphenyl am ne
-69- [err] 10 wt. parts of the follow ng pol ycarbonate
resin (bi sphenol Z-based, nol ecul ar weight = 2x10[err]),

-67-

m

(Y]

wherein m denotes an integer, 0.3 wt. part of the
following perfluoroalkyl acrylate-methyl methgcrylate
block copolymer (A - B type copolymer, molecular

weight = 3x10%)

[
<

N
CHy—C— | cH.—CH
¢=0 L\ teo )i
O — CHs . O- CH,- CH, £ CF: - CF,

4

1s wherein i and j respectively denote an integer and n
denotes an integer of 4 - 16, 110 wt. parts of
monochlorobenzene and 80 wt. parts of dichloromethane
were subjected to mixing and dispersion in a sand mill
to form a mixture liquid. Té the mixture liquid, 2.5

20 wt. parts of the following triphenylamine

HC
H.C CH,

[ ]
N



wherein m denotes an integer providing the indicated wiol ecul ar weight
50 wt. parts of nonochl orobenzene 15 and 15 wt. parts of .4 areel hang.¢y

wer e m xed under stirring to forma mxture |iquid, whifc s-ihen
appl i ed by di pping onto the above-formed charge gener atli dn | ayer and
dried under blowing with hot air to forma 20 [err]mtH dk ¢ @GDES 1996
transport layer. 20 Then, 3 wt. parts of fluorinat arbon fine
powder (Dav.) = 0.27 [err]m nfd. by Cent4gd- d ass K K. ), 5.5 W. parts
of the follow ng pol ycarbonate resin (bi sphenol Z-base nol ecul.ar

wei ght = 8x10[err]): [err] "

and a prescribed amount of FeClj were further
added and dissolved therein. The resultant mixture
liquid was applied by spray'coating onto the

above-formed charge transport layer to form a 6§ pm-

n

thick protective layer, thereby providing a
photosensitive drum G showing a surface layer Fe
content of 0.2 ppm.

The photosensitive drum G showed F atom

content of 10.2 %, C atom content of 76.7 %, and F/C

<

ratio of 0.133.

(]

[Production Example 8 for photosensitive drum]
The procedure of Production Example 6 was
repeated up to the provision of the aluminum cylinder,

electroconductive layer, under coating layer and

[
n

charge_generation layer.
Then, 3 wt. parts of the following

triphenylamine compound

H.C

[ )
<

N—)—cH

H.C

ra
n

7 wt. parts of the following triphenylamine’



-70- wherein mdenotes an integer, 0.3 w. part of |ﬁ§%ﬂ X%qg

fluorine-substituted graft polynmer (F content = 27 wt}. H§€L&ﬁ§
wei ght = 2.5x10[err]): [err] 15 wher | 1, m and T
respectively denote an integer, 120 wt. parts of non oqqueeep96ard
80 wt. parts of di chl oronet hane were subjected to m xj ng and
-69 -
HC
Q I-LC CH,
5
HsC : ’

10 wt. parts of the following polycarbonate resin
(bisphenol Z-based, molecular weight = 2x104),

{-0wo-

pa
[+}

’

wherein m denotes an integer providing the indicated

molecular weight, 50 wt. parts of monochlorobenzene

-
(8,

and 19 wt. parts of dichloroethane were mixed under
stirring to form a mixture liquid, which was then
applied by dibping ontoc the above-formed charge
generation layer and dried under blowing with hot air

to form a 20 mm-thick charge transport layer.

Y
&>

Then, 3 wt. parts of fluorinated carbon fine
powder (Dav.) = 0.27 pm, mfd. by Central Giass K.K.),
5.5 wt. parts of the following polycarbonate resin

{bisphenol Z-based, molecular weight = 8x104):

[ ]
. en



di spersion in a sand mll. Further, 2.5 w. parts of the foll ow ng
tri phenyl am ne was added thereto and 20 dissolved therein to forma

m xture liquid: [err]

Fo t?e m xture liquid, 2 w. parts of the foll ow ng ir ﬂﬂ@@gﬁgﬁTﬁEEET
err
10 DEC 19
-70~

wherein m denotes an integer, 0.3 wt. part of the
following fluorine-substituted graft polymer (F

content = 27 wt. %, molecular weight = 2.5x104):

CH, \ /
CH. — ' CHr-CI:H

un

¢
ANRCY.
0 O-CH- CH; £ CF.)=CF;
CH, i
3 K -G O CH
N CH,—0- €O~ CH: =S ~- CH: ~C H
c=0 /.
O-CH,

n

.wherein i, i, m and n respectively denote an integer,

[

120 wt. parts of monochlorobenzene and 80 wt. parts of
dichloromethane were subjected to mixing and
dispersion in a sand mill. Further, 2.5 wt. parts of

the following triphenylamine was added thereto and

[ ]
<

dissolved therein to form a mixture liquid:

HsC
H.C CH,

[ B ]
(4}

H.C



10 and a prescribed amount of FeC [err] were further added
The resultant m xture liquid

di ssol ved therein.
coating onto the above-forned
[err]mthick protective

F 15 showi ng a surface |ayer

of 75.5 % and F/C rati o of 0.150. =71~ [Production
phot osensitive drun] 20 Phot osensitive drum | S prepared in__}
t he same manner as in Production Exanple 6 except thdr (he

Protective |aygr s prepared.in t
part of true-éﬁﬂé¥€%aﬁlfﬁPﬁﬁ-llqulg

| ayer,

Fe content of 0.2 ppm
phot osensitive drum H showed F atom

and

was el
charge transport |ayer ﬁ'ﬂb&ﬁﬁ%ﬁ%%

t her eby providing a phofosensitive driu

DECT9%6

93 C atom cont en

content of 11.3

e

di %%%%MRQ?F%& 8f okbe; ARELCTHERGsi | o>1<a\rlmwe'

particles (Dav,_25 = . nfd. by Toshiba Silicone KK ), 6 w. parts
of the follomd%ﬁlé%?ygéggéﬁgle resin (bisphenol Z- based, nol ecul ar
wei ght = 8x10[err]): :

H.C

H.C CH;
S
N
HsC )

(>

and a prescribed amount of FeCly were further added

-

and dissolved therein. The resultant mixture liquid
was applied by spray coating onto the above-formed
charge transport layer to form a 4 um-thick protective

layer, thereby providing a photosensitive drum F

-
wn

showing a surface layer Fe content of 0.2 ppm.

| The photosensitive drum H shgwed F atom
content of 11.3 %, C atom content of 75.5 %, and F/C
ratio of 0.150.

{Production Exampie 9 for photosensitive drum]

[ &)
[+

Photosensitive drum I was prepared in the
same manner as in Producfion Example 6 exceﬁt that the
Protective layer was prepared in the following manner.

1 wt. part of true-spherical three-

dimensionally crosslinked polysiloxane particles (Dawv

[ ]
\n

0.29 pm, mfd. by Toshiba Silicone K.K.), 6 wt. parts
of the following polycarbonate resin (bisphenol Z-

based, molecular weight = 8x104):



-72- [err] wherein m denotes an integer, 0.1 w. part of the
foll ow ng pol ydi net hyl si | oxane net hacryl at e- net hyl nmet hacryl ate bl ock
copol yner (nol ecul ar wei ght = 5x:10[err], Si content =p2—iwr——94-— 10

[err]

tn

10

REPLACEMENT SHEET

. 10 DEC 99

m

{-ogon

wherein m denotes an integer, 0.1 wt. part of the
following polydimethylsiloxane methacrylate-methyl
methacrylate block copolymer {(molecular weight =

5x10%4, Si content = 12 wt. %):

S
AN T

wherein i and j respectively denote an integer and n
denotes an integer of 1 - 100, 120 wt. parts of
monochlorobeniene and 80 wt. parts.of dichloromethané
were mixed and dispersed to form a mixture. To the

mixture, 3 wt. parts of the following triphenylamine:

N—@—CH@]

H,C



REPLAC FMFNT SHEET
wherein i and i respectively denote an integer and n demote
of 1 - 100, 120 wt. parts of nonochl orobenzene and 8p 4?3$E§Fﬁ§
di chl or onet hane were m xed and dispersed to forma n u#
m xture, 3 w. parts of the follow ng triphenyl am ne: et}
-73- and a prescribed anmount of FeC[err] were adEed dlssolved
therein to forma mxture |iquid, which waspg.hen y—spray
coating onto the formerly prepared charge transport layer to forma 3
pmthick protective | ayer, thereby providing photosensitive drum!|
show ng a surface |layer Fe content of 0.2 ppm

and a prescribed amount of FeCl3 were added dissolved
therein to form a mixture liquid, which was then
applied by spray coating onto the formerly prepared

charge transport layer to form a 3 pm-thick protective

wn

layer, thereby providing photosensitive drum I showing
a surface layer Fe content of 0.2 ppm.

As a result of the XPS measurement, the
photosensitive drum I showed Si atom content of 10.2

%, C atom content of 69.3 % and Si/Clratib of 0.147.

[+

[Production Example 10 for photosensitive drum]

[

The procedure of Production Example 9 was
repeated up to the provision of the aluminum cylinder,
electroconductive layer, under coating layer and

charge genefation layer (i.e., equal to that of

Lh

Production Example 6).

o

Then, 10 wt. parts of the following

triphenylamine compound

HC
20 H,C CHs

H.C

(&)
wn

10 wt. parts of the following polycarbonate resin

(bisphenol Z-based, molecular weight = 2x104),



As a result of the XPS measurenent, the phot osensitiv

Si atom content of 10.2 % C atom content of 69.3 %a dﬂﬁ?uﬂ@t‘l“ﬁﬂ ﬁ'gﬂ
0.147. 10 [Production Exanple 10 for photosensitive dru

The procedure of Production Exanple 9 was repeated upit tﬁgﬁg@w op
of the al um num cyli nder, el ectroconductive | ayer, unded coating |aye
and - charge generation |ayer (i.e., egyal to that of 5L '
Exanpl e 6). Then, 10 wt. parts of the follow ffg

tri phenyl am ne conpound [err] 10 wt. pars=ortne-

m

foll ow ng pol ycarbonate regin
O-< >—— ——< >—f()—
' H

wherein m denotes an integer providing the indicated

s molecular weight, 50 wt. parts of monochlorobenzene
and 15 wt. parts of dichloroethane were mixed under
stirring to form a mixture liquid,'which was then
applied by dipping'bnto the above-formed charge

generation layer and dried under blowing with hot air

[+

to form a 20 pm-thick charge transport layer.

3]

Then, 3 wt. parts of true-spherical three-
dimensionally crosslinked polysiloxane particles (Dav
= 0.29 pm, mfd. by Toshiba Silicone K.K.), 4 wt. parts
of the‘folléwing polycarbonate resin (bisphenol Z-

based, molecular weight = 8x104):

e
(8]

O /m

’

(8]
<

wherein m denotes an integer, 0.3 wt. part of the
fol;owing polydimethylsiloxane methacrylate styrene
block copolymer (molecular weight = 6;104, Si content

= 14 wt. %) .

CH. —CH \ —CH

@ )i \CHzco j

O £Si (CH)+-0 = Si (CHyJs

[
wn

/



(bi sphenol Z-based, nolecul ar weight = 2x10[err]),
-74- Jerr] - wherein mdenotes an integer providin
5 nolecular weight, 50 wt. parts of nonochl or obenzene

of dichl oroet hane were m xed under stirring to forma .
whi ch was t hen applied by di pping onto the above-forne har ge
generation |ayer and dried under blowng with hot air 10 fﬁﬁhﬂﬁﬁfﬁ’b
pmthick charge transport |ayer. -75-Then, 3 wt. par}sj of '
true-spherical three- di mensi onal | y crosslinked pol ysilpxane particles
( Dav

wherein i and j respectively denote an integer and n
denotes an integer, 120 wt. parts of monochlorobenzene
and 80 wt. parts of dichloromethane were subjected to

mixing and dispersion in a sand mill to form a mixture

(G}

liquid. To the mixture liquid, 3 wt. parts of the

following triphenylamine

HC

s
B+

HC ,
_and a prescribed émoﬁﬁt of FeClj were further added
and dissolved therein. The resultant mixture liquid
15 was applied by spray coating onto the above-formed
charge transport layér to form a 3 pm-thick protective
layer, thereby providing a photosensitive drum J
showing a surface layer Fe content of 0.2 ppm.
As a result of the XPS measurement, the
20 photosensitive drum K showed Si atom content of 15.1
%, C atom content of 70.3 % and S§i/C ratio of 0.215.
The F/C ratio and F/0 ratio or the Si/C ratio
and Si/0 ratio, respectively as measured by XPS, of

the outermost layers of the above-prepared

[ 3]
Ln

photosensitive drum F - J are summarized in the

following Tables 2 and 3.




0.29 pm nfd. by Toshiba Silicone KK ), 4 w. parts

pol ycarbonate resin (bi sphenol Z-

[err]
foll owi ng pol ydi net hyl si | oxane nethacryl ate styrene bl ock
(ol ecul ar wei ght = 6x10[err], Si content =14 w. %9. [Bri]
-75-
_.'76_
Table 2
Photosensitive F/C ratio F/0 ratio
drum
F 0.064 0.097
G 0.133 0.378
H 0.150 0.574
10
Table 3
Photosensitive Si/C ratio Si/0 ratio
drum
I 0.147 0.255
J 0.215 0.724
Example §

[ ]
<

based, nol ecul ar wei ght -
20 wherein mdenotes an integer, 0.3 wt. part offt RePLACEMENT SHEET

of the follow ng
8x10[ err]i

10 DEC 9%

A commercially available electrophotographic
copying machine ("NP-IZiS“, mfd. by Canon'K.K.) was

remodeled by replacing the photosensitive drum with

the photosensitive drum F prepared in Production

Example 6. The remodeled machine, after being loaded
with a two-component type developer comprising the

above-prepared polymerization toner F and a magnetic

ferrite carrier coated with styrene-acrylate




wherein i and i respectively denote an integer and n denotes_an
I nteger, 120 wt. parts of nonochl orobenzene and 80 wt. partsR§§
di chl oronet hane were subjected to m xi ng and di spersion infa
to forma mxture 5 liquid. To the mxture liquid, 3 w. par
followi ng triphenylam ne [err] and a prescribedja
FeC [err] were further added and di ssolved therein. The repuftant
mxture liquid 15 was applied by spray coaffng onto the above-
charge transport layer to forma 3 pmthick protective Ia fher eby

provi ding a photosensitive drumJ showi ng a surface Iayer Fe content —

of 0.2 ppm cop o]l.gmﬁov\g%a% élﬁ?gﬂéét&g he; ngi %?Hégl AL 08e140

phot osensi tive drum m cont
an analog electrostatic image formed on the

photosensitive drum F w#s developed with the two-
component type developer according to the normal

5 development scheme under apélication of an alternating
bias onto the developing sleeve to form a toner image.
The toner image on the photoéensifive drum F was
further transferred onto a regenerated paper of 64.
g/m2 (regarded as plain paper, A4-size) to form a

1c yet-unfixed toner image. The drum surface after the
transfer was subjected to blade cleaning by using_a
urethane rubber blade.

The thus formed unfixed toner images on the

regenerated paper were subjected to a fixability test

15 by passing through between a pair of fixing rollers
including an teflon-coated upper roller and a silicone
rubber-coated lower roller in a temperature-adjustable
external fixing device under the conditions of a nip
of 4.5 mm, a linear pressure of 0.6 kg/cm, a process

20 épeed of 90 mm/sec and varying temperatures at an
increment of 5 °C in the range of 100 - 230 °c.

The fixability was tested by rubbing a fixed

image with a lens cleaning péper ("DASPER", mfd. by
Ozu Paper Co. Ltd.) under a load of 50 ¢/cm® and

25 evaluated in terms of a fixing initiation temperature
which was the lowest temperature providing a density.

lowering by the rubbing of below 10 %. During the



%

C atomcontent of 70.3 %and Si/Cratio of 0.215. : The F/ C

ratio and F/Oratio or the Si/Cratio and Si/Oratio, r ﬁEFI_J,..V$I a3
measured by XPS, of the outernost |ayers of the above- . 'é‘cF*‘éi'é SHEET
phot osensitive drumF - J are summarized in the fol | owifnd Tabl es 2 anm
3. - 76- 1
Table 2 Phot osensi tive F/IC47H- o F/ O ratigo 0 OEC 1zbum
5 F 0. 064 0. 097 G
0.133 0. 378 ) -

&

[
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fixing test, the occurrence of offset was ébserved

with eyes and evaluated in terms 6f a high temperature
offset-free point which was 'the highest temperature at
which offset was not observed with eyes. |

Separately, by using the remodeled machine, a.
blank rotation of a developing sleeve as an
accelerated durability test was performed at a sleeve
peripheral speed of 200 mm/sec for 180 min. without
tranferring a toner layer on the developing sleeve to
the photosensitive drum, whereby the attachment force
between the toner and the photosensitive drum was
evaluated by image ormation before and after the blank
rotation (durability test).

More specifically, a transfer rate was
calculated as a ratio between the amount of a toner
transferred to a transfer paper and the amount of the '
toner on the photosensitive drum before the transfef,
and the transfer rates were obtained before and after
the durability test. Further, a transfer maintenance
ratio was obtained as a ratio of the transfer rates
after the before the durability test. The performance
was evaluated according to the following standard:

o: A transfer maintenance rate of above 90 % is
retained as a ratio after and before the durability
test.

A:- A transfer maintenance rate of 80 - 90 % is

given.




0. 150 0.574 10 Ta |B¥s‘34cm y ,
5 ENT sagﬂ» _

Phot osensi ti ve Si/Cratio Si/Oratio drum

0. 147 0. 255 J _ 0. 215

Exanple 5 20 A comercially avail able el ectrop

copyi ng machi ne ("NP-1215", nfd. by Canon K K ) was

repl aci ng the photosensitive drumwth t he phot osensiftive drum F
prepared in Production Exanpl e 6. The nodel ed nmachi Trer—efier.neing

| oaded 25 with a two-conponent type devel oper conprising the
above- prepared polynerization toner F and a magnetic

x: A transfer maintenance rate of below 80 % is
given.
Incidentally, a toner shows a high transfer
rate at an initial stage of continuéus image formation

because of an externally added flowability-improving

n

agent, such as silica, but is liable to sliow a lower
transfer rate with the continuation of image formation
‘because such an external additive is gradually
embedded within the toner particles, whereby an

inherent attachment force acting between a toner and a

fer
<

photosensitive member is emphatically exhibited.
The results of the evaluation are shown in
Table 4 appearing hereinafter.
Examples 6 - 9
15 The evaluation in Example S5 was repeated by
using toners and photosensitive drums shown in Table
4, and the results thereof are also shown in Table 4

below.
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ferrite carrier coated with styrene-acrylate

-77- copol yner, was subjected to inmage formation, whefe
anal og el ectrostatic i mage forned on the phot osensi tiv
devel oped with the two- conponent type devel oper accor @i pg
nor mal 5 devel opnent schene under applicatigg-of an alterfa i ig0 DEC 1996
bias onto the devel oping sleeve to forma toner inmage. he toner imge
on the photosensitive drumF was further transferred onjo a
regener at ed paper of 64 g/nerr] (regarded as plain pap@lmmidd:size) 10
forma 10 vyet-unfixed toner jinmge. The drum surface after the
transfer was subjjected to bl ade cl eaning by pusing a ur et hane rubber
bl ade. o |% §
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The thus fornmed unfixed toner inmages on the regener at ed a;ﬂgﬂﬁ(émfwr SHEET

subjected to a fixability test 15 by passing through between 3 palr of~=
fixing rollers i ncluding an teflon-coated upper roller andja pqﬁc[(;
rubber-coated lower roller in a tenperature-adjustable ext ¢r na %ﬁﬁ
devi ce under the conditions of a nip of 4.5 M a linear

0.6 kg/cm a process 20 speed of 90 nm sec and varying tenpgratures at an
increment of 5 [err]Cin the range of 100 - 230 [err]C The —
fixability was tested by rubbing a fixed -81- inmage with a | ens cleaning
paper ("DASPER', nfd. by Ozu Paper Co. Ltd.) under a |oad of 50
g/cnferr] and 25 evaluated in terns of a fixing initiation tenperature
which was the | owest tenperature froviding a density | owering by the
rubbi ng of bel r oo e 4

*1: Toner 2 used in Example 7 alone was a
pulverization toner and the other toners F and G were
polymerization toners.

5 #2: Molecular weight at which the main peak in a
GPC chromatogram was present.
#3: Tpy: The fixing initiation temperature.
#4: Toffset: The highest offset-free temperature.

%#5: Overall evaluation with respect to the

[y
[+

roughening at halftone parts, thin-line
reproducibility and uniformity of solid part density,
of images formed after the durability test.
*6: Trahsfer_rate before the blank rotation
{(durability test).
i35 *7: Evaluation of the transfer maintenahce rate
after the blank rotation (durability test).

An electrophotqgraphic toner showing a good
fixaﬁility onto recording paper is constituted by at
least a binder resin and a cdloranf, thé binder resin

20 comprising a resin component having a polar group, the
binder resin having a molecular weight'distribution .
according to gel permeation chromatography including a
peak in a molecular welght region of 5x103 - 5x104

The toner is used to develop an electrostatic image

25 formed on a electrophotographic photosensitive member



- 78- fixing test, the occurrence of offset was observed with eyes and:
evaluated in terns of a high tenperature offset-free point gwm '
hi ghest tenperature at which offset was not observed with yEﬂﬂA
Separately, by using the renodeled machine, a blank rotati gnjor a
devel opi ng sl eeve as an accelerated durghility test was pejff
sl eeve peripheral speed of 200 nm sec for 180 min. w thout §
toner | ayer on the devel oping sleeve to the photosensitiveld
the attachnent force between the toner and the photosensitigve drum was
eval uated by inmage ormation before and after the blank rot

(durability test,). Vor e specificall t.r.ansf er ra e was

cal cul ated as all)nftliugiﬁ‘@c \ﬁateﬂ'eﬁ?z: %&hgc&roﬁgﬁﬁti\ﬁ SFEFE 6d%t 0 a

transfer paper e . t r _o It rum

before the per Shrl® UHUHYs%h 18Fes QRY OUnllyd HYBIBUTL 18Get
and the resultant toner image is transferred onto a

recording medium without difficulties such as
occurrence of'cracks on the photosensitive member or
inferior transferability by using a photosensitive
member having a surface layer confaining a transition
metal atom at 0.1 - 10 ppm. The surface of the
photosensitive member may preferably show a fluorine
atom/carbon atom (F/C) ratio or/and a silicon
atom/carbon atom (Si/C) ratio, respectively, of 0.03 -

1.0 as measured by X~ray photoelectron spectroscopy.



and the t
Further, a
transfer r
eval uat ed

durabi ity
gi ven.

transfer mai ntenance rate of below 80 %is gi ven. l

i

e r
mai ntenance rate of above 90 %is retaiggd as a ratio after and{bgfore the

r i ntenance r.atio was obtained as a ratio of the -
i’] !'ﬂﬁ"gﬂ fore the durability test. The perfOf‘WgC[’!ﬂﬁﬂ.SHﬂ
C

r rates were obtained before and after the durability test.

—

ol | owi ng standard: o: A transf

t est. [err]: A transfer maintenance rate of 8§ | JODECY96

10

15

20

25

-79- ) A .

WHAT IS CLAIMED IS:

p—

1. An image forming method, comprising:

forming an electrostatic i@age on an
electrophotographic photosensitive member, the
electrophotographic photosensitive member comprising
at least an eiectroconductiQe support, a charge
generation layer and a charge tr;nsparent layer, the
electrophotographic photosensitive member having a
surface layer containing a transition metal atom at
0.1 - 10 ppm,

developing the electrostatic image to form a
toner image on the electrophotographic photosensitive
member,

tfansferring the toner image onto a transfér-
receiving medium, and

removing a residual toner from the
electrophotographic photosensitive member;

wherein the toner comprises at least a binder
resin and a colorant, the binder resin comprising a
resin component having a polar group, the binder resin
having a molecular weight distribution according to
.gel permeation chromatography including é peak in a

molecular weight region of 5x103 - 5x104.

2. The image'forming method according to Claim
1, wherein the electrophotographic photosensitive

member includes an outermost layer comprising a



I ncidentally, a toner shows a high transfer rate at an initi.
of continuous inmge formation 5 because of an externally¢agge
fl owability-improving agent, such as silica, but is |i\able-

| ower traﬂmmmﬂﬂlﬂllmnmbe continuation of inmage for\nei
because such a e is gradually embeddell

toner particles, whier by an® 10 ‘inherent attachnent force &
toner and a photosen5|t|ve menber is enphatically exhiRited.
The results of the evaluation are shown in Tabl e 4 appegr
herei nafter.

' Th |
was repeated by PolYggFﬁﬁnﬁﬁﬁef‘?Séﬁﬁ Gt HIBTEL %\?gsvlglr o Ipéqlloevr\}r% F?(]a‘rI[gLFeS

4, and the results thereof are also shown in Table 4 bel ow. 20

3. The image forming method according to Claim

2, wherein the polycarbonate resin has been

wn

synthesized from an asymmetrical diol.

4. The image forming method according to Claim
1, wherein the electrophotogréphic photosensitive

ﬁember includes an outermost layer comprising a

[
<

flubrine-containing substance, and the outermost
layer has a ratio of fluorine atom/carbon atom (F/C)
of 0.03 - 1.00 as measured by X-ray photoelectron

spectroscopy.

[
W

5. The image forming method according t¢ Claim
1, wherein the electrophotographic photosensitive
member includes an outermost layer comprising a
silicon-containing substance, and the outermost

layer has a ratio of silicon atom/carbon atom (Si/C)

[ 2]
[+]

of 0.03 - 1.00 as measured by X-ray photoelectron

spectroscopy.

6. The image forming method according to Claim

1, wherein the electrophotographic photosensitive

[ ¥}
(4]

" member includes an outermost layer comprising a
fluorine-containing substance and a silicon-containing

substance, and the outermosp layer has a ratio of



- 80- [err

t oners
chr omat ogr am

]

Notes to Tab.l_e4\*1f%'oner 2 used in Exanple 7 al on 4 @ DEC 1996
pulverlzat|onLE nd t he er toners F and G were p;l merization

U}

[ REPLA‘J‘M“‘” AL R 1
-81- Qt her

GPC

’!ﬂm’m’l ﬂl’ wei ght at Wh' ch the main peak

fluorine atom/carbon atom (F/C) and a ratio of silicon
atom/carbon atom (Si/C), respectively, of 0.03 - 1.00

as measured by X-ray photoelectron spéctroscopy.

S 7. The image forming method according to Claim
1, wherein the transition metal atom is a metal atom
selected from the group consisting of iron, nickel,
and chromium.

10 8. The image forming method according to Claim
1, whefein the'electrophotographic photosensitive
member includes a surface layer which comprises a
polycarbonate resin and contains iron atom.

15 9. The image forming method according to Claim
8, wherein the polycarbonate resin has been
synthesized from an asymmetrical diol.

10. The image forming method according to Claim

20 1, wherein tﬁe electrophotographic photosensitive
member includes a surface layer which comprises a
polycarbonate resin and contains nickel atom.

11. The image forming method according to Claim

25 10, wherein the polycarbonate resin has been
synthesized from an asymmetrical diol.

This Sheet Has Been Rep THIS SHEET HAS BEEN
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*3: TFl: The fixing initiation tenperature. *4:

Dt A I i
hi ghest of fset-free tenperature. *5: Overal |l evdl REPLAGEMENTNSHEET

respect to the—16—+oughening at hal ftone parts, thin-Iijng

arter o o FTINMTI © °6" Scansier™ ol oot tBEE 0"

rotation
mai nt enance rat e

durabitity test) *7: Eval uati on

after the blank rotation (durabilitly test).

An el ect rophot ographi ¢ toner showing a good fi xabi |'Sty=orto-Tecordrmy
- paper is constituted by at | east a binder resin and a colorant, the

bi nder resin 20

conprising a resin conponent having a polar group, the

bi nder resin having a ¥l e@@Herim@ye hforhivig inetiiath accordirg oraliipia gel
per nmeati on chromat ography including a peak in a nol ecul ar wei ght
region of 5x10[errl, -wheaerertle electrdphwtiagraphic \photoesenwiflwn an

el ectrostatic i mage 25 formed on a el ectrophotographi c photosensitive

member includes a surface layer Wthh comprises a

polycarbonate resin and contains chromium atom.

13. The image forming method according to Claim
12, wherein the polycarbonate resin has been

synthesized from an asymmetrical diol.

14. The image forming method according to Clam 1,
wherein the electrophotographic photosensitive member
includes an outermost profective layer comprising a

polycarbonate resin as a binder resin.

15. The image forming method according to Claim
14, wherein the protective layer contains a fluorine-
containing organic compound, a silicon-contain organic

compound, or a mixture thereof.

'16. The image forming method according to Claim
1, wherein the toner is a polymerization toner which
has been directly produced by polymerization of a

monomer composition in an aqueous medium.

17. The image forming method according to Claim

1, wherein the toner is a pulverization toner.

nmenber
S
10
15
20
25
This Sheet Has Been Rep
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82 I ncluding at | east an el ectroconductive support, a charge

generation |layer and a charge transport layer, and the fesul.l.aQlel 008l
image is transferred onto a recording nmedi um wi t hout dlf}lcultlesﬂsiﬁﬁfla‘
occurrence of cracks on the photosensitive menber or

transferability by using a photosensitige menber havin f&&‘gw
containing a transition netal atomat 0.1 - 10 ppm Th f

phot osensitive nenber nmay preferably show a fluorine atjon

(F/C) ratio or/and a silicon atonfcarbon atom (Si/C) rgtio, respectively,
of 0.03 - 1.0 as neasured by X-ray photoel ectron spectr i

ABSTRACT OF THE DISCLOSURE
An electrophotographic toner showing a good

fixability onto recording paper is constituted by at
least a binder resin and a colorant, the binder resin

S comprising a fesin component having a polar group, the
binder resin having a molecular weight distribution
according to gel permeation chromatography including a
peak in a molecular weight region of 52103 - 52104,
The toner is used to develop an electrostatic image

10 formed on a eiectrophotographic photosénsitive member
including at least an electroconductive support, a
charge 'generation layer and a charge transport layer,
and the resultant toner image is transferred onto a
recording medium without difficulties such as

15 occurrence of cracks on the photosensitive member or
inferior transferability by using a photosensitive .
member having a surface layer containing a transition
metal atom at 0.1 - 10 ppm. The surface of the
photosensitive member may preferably show a fluorine

20 atom/carbon atom (F/C) ratio or/and a silicon
atom/carbon atom (Si/C) ratio, respectively, of 0.03 -

1.0 as measured by X-ray photoelectron spectroscopy.

(Figure 1)

25 -
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-+ 83 VWHAT IS CLAI MED | S: 1. An image form ng nethod,
conpri si ng: formng an electrostatic inage on an

el ectrophot ographi ¢ phot osensitive nenber, the 5 el ectrophotographic
phot osensi tive menber conpri sing at | east an el ectroconductive

support, a charge generation |ayer and a charge transparent

el ect r ophot ogr aphi ¢ phot osensitive menber having a

containing a transition metal atomat 1& 0.1 - 10 pprh E_EPLACEMENT SHEET
devel oping the electrostatic inage to forma t oner

el ectr ophot ogr aphi ¢ phot osensitive - menber,
the toner inmage onto a transfer- 15 receiving nediu
renoving a residual toner fromthe

108

1

| ayer,

ijmage on tmne
| hﬂ 0 DECHYE"

t he

ihg




el ect rophot ographi ¢ phot osensitive nmenber; mherei%éeﬂggbgfer
conprises at | east a binder resin and a col orant, the binder -6
conprising a 20 resin conponent having a polar group, the pinder resin
havi ng & ol ecul ar wei ght distribution according to gel k@ ﬁﬁﬁaquh€i4gen&
chromat’ography including a peak in a nol ecul ar wei ght regl on of

5x10[err] - 5x10[err]. 25 2. ge I mge form ng nmethod accordi ng

to Caim 1, wherein the el ectrophotdgraphi ¢ photosensitive menber

i ncl udes an outernost |ayer conprising a pol ycar bonat e

resin as a binder resin conponent.

IMAGE FORMING METHOD
ABSTRACT

An electrophotographic toner showing a good fixability onto recording paper

is constituted by at least a binder resin and a colorant, the binder resin comprising a
resin component having a polar group, the binder resin having a molecular weight
distribution according to gel permeation chromatography including a peak in a
molecular weight regio_ﬁ of 5x10° - 5x10°. The toner is used to develop an electrostatic
image formed on a electrophotographic photosensitive member including at least an
electroconductive suppgrt,‘_ a charge generation layer and a charge transport layer, and

* the resultant toner image is transferred onto a recofding‘ medium withon_xt difﬁculﬁes
such as. occurence of cracks on the photosensitive tﬁember or inferior transferability
by using a photosens_itiv_e member having a surface layer containing a trahsition metal
atom at 0.1 - 10 ppm. The surface of the photosensitive rhember may preferably show
a flourine atom/carbon (F/C) ratio or/and a silicon atom/carbon atom (S/I) ratio,

respectively, of 0.03 -1.0 as measured by x-ray photoelectron spectroscopy.

(Figure 1) .
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37 fhe i rage forningﬁnethod according to Caim 2, mhereinﬁ%&saz'

pol ycar bon been 5 synthesized froman asynmmetri cal’Vdi ()7_6
4. The HTR!B'&B iﬂt d according to Claim 1, wherein the
el ect ropho nsitive menber includes an ou;gggai | ayer

conprising a 10 quorlne cont ai ni ng subagance, and the outer Corsg

| ayer has a ratio of fluorine atom carbofi“atom (F/ C) of 0.03 - 1. Od%ﬂé'éée
measured by X-ray photoel ectron spect roscopy. 15 5. The

i mge form ng method according to Claim 1, wherein the

CeCtrOPhot 001 3014 L Sl o R4IREEE/IChAETE BR-ESLSETBE LA
| ayer has a ratio q:L(ﬂS/o :gbc raaé)ﬂ c(%:p ati) C%é&é?%e&o 8% 8. @§ i 6)6) as

nmeasur ed by X—ray ctros
as measured by X-ray photoelectron spectroscopy.

7. The image forming method according to Claim
1, wherein the transition metal atom is a metal atom
selected from the group consisting of iron, nickel,

and chromium.

8; The image forming method according to Claim
1, wheiein the electrophotographic photosensitive
member includes'a surface layer which comprises a

polycarbonate resin and contains iron..

9. The image forming'methoi according to Claith
8, wherein the polycarbonate resin has been

oo synthesized from an asymmetrical diol.

10. The image forming method according to Claim
1, wherein the electrophotographic photosensitive
member includes a surface layer which comprises a

polycarbonate resin and contains nickel.

11. The image forming method according to Claim
- 10, wherein the polycarbonate resin has been

synthesized from an asymmetrical diol.

S
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8.. The inmage form ng nmethod according to Caim "1, wherein the

el ectrophot ographi ¢ photosensitive 25 nenber |ncludes an out er npst | ayer

conprising a fl uorine-contai ni ng substance and a silicon- Tl
sBe_

subst ance, | ayer has a ratio of Tmsmmafh
atom car_bo“ @l mﬂma rati o of sig dgcon atonl car SNAF
respective © as neasured by X-ray phot B ]

spectroscopy . The image form ng nmethod accor L 3
wherein the tranS|t|on nmet al is selected fron1the gr oup conS|st|ng of
i ron, nickel, and chrom um L

12. The image forming method according to Claim
1, wherein the electrophotographic photosensitive
member includes a surface layer whico_comprises a

polycarbonate resin and contains chromium,

13. The image forming method according to Claim
12, wherein the polycarbonate resin has been

synthesized from an asymmetrical diol.

14. The image forming method according to Clam 1,
wherein the electrophotographic photosensitive member
includes an outermost protective layer comprising a

polycarbonate resin as a binder resin.

15. The image forming'method according to Claim
i 14, wherein the protective layer contains a fluorine-
containing organic compound,-a silicon-contain organic

compound, or a mixture thereof.

16. The image forming method according fo Claim
1, wherein the toner is a polymerization toner which .
“has been directly produced by polymerization of a

‘monomer composition in an aqueous medium.

17. The image forming method according to Claim

1, wherein the toner is a pulverization to 'BEPLACEMENT SHE i
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8. The-image form ng nethod according to Caim 1, wherein the -
el ectrophot ogr aphi ¢ photosensitive menber i ncl udes a squ@%dﬁéer whi ch

comrlaseWwem n and contains iron. mage
form ng aim 8, wherein the pol ycarbonate resin has

been synt heﬁ‘mmr‘ mret rical diol. 10. The image formng -
nmet hod accor wai *1! wherein the el ectrophoto :
phot osensitive menber includes a surfce | ayer which Fyggmfﬂf Sl‘\ef,b
pol ycarbonate resin and contai ns nickel. 11. The image formng S

met hod according to Claim 10, wherein the pol ycarbonate .resin has been
synt hesi zed ffoﬂuorfnlm%&'/gé‘l:ngho'atom (F/C) and a ratio of silicon

aton/carbon atom (Sx./C), respectively, of 0 03 - 1 00

as measured by X-ray photoelectron spectroscopy. g -

7. The image forming methad a.ccording to Claim
1, wherein the transition metal . is

' selected from the group consisting of iron, nickel, o
and chromium.

8. The image forming method a.ccording to Claim T
1, wh.erein the electrophotographic photosensitive '
member includes a surta.ce layer wb.ich comprises a

. polycarbonate resin and contains iron. -

9. The image forming 'nethodl according to Claim
8, wherein the polycarbona_.te resin has been
synthesized from a.n asymmetrical di.ol.'

10. The image forming method according to Claim
1, wherein the electrophotographic photosensitive
member includes a surface layer which comprises a

poiycarbonate resin and contains nickel.

11. The image forming method according to Claim

10, wherein the polycarbonate resin has been

' synthesized from an asymmetrical diol. = — '
= ° i ’ . REPLACEMENT SH_EET-
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