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Description

Background

1. Technical Field

[0001] Thepresent disclosure relates to anelectrostatic charge imagedeveloper, a process cartridge, an image forming
apparatus, and an image forming method.

2. Related Art

[0002] JP-A‑2019‑168533 discloses an electrostatic charge image developing toner having a surface property index
value of 2.0 or more to 2.8 or less.
[0003] JP-A‑2011‑186005 discloses an electrostatic charge image developing carrier including a carrier body having a
corematerial andacoating resin layer, and spherical silicaparticles havinga volumeaverageparticle diameter of 50nmor
more and 300 nm or less and adhering to a surface of the carrier body at a ratio of 0.001 parts bymass or more and 0.100
parts by mass or less with respect to 10 parts by mass of the carrier body.
[0004] JP-A‑2008‑304745disclosesanelectrostatic charge imagedeveloper containinga carrier havinga resin coating
layer onacorematerial anda toner. The carrier contains 7 to 35mass%of silica or carbonblack in the resin coating layer. A
weight average molecular weight of a resin to be coated is 300,000 to 600,000. The toner contains external additive fine
particles having a number average particle diameter of 70 to 300 nm.

Summary

[0005] An object of the present disclosure is to provide an electrostatic charge image developer including a toner
containing toner particles and an external additive, and a carrier having magnetic particles and a resin layer. The
electrostatic charge image developer prevents occurrence of fogging as compared with an electrostatic charge image
developer in which a surface property index value of the toner particles is 2.0 or more, or an electrostatic charge image
developer in which a ratio B/A of a surface area B of the carrier to a planar view area A of the carrier which are obtained by
three-dimensional analysis of a surface of the carrier is less than 1.020 or more than 1.100.

<1> According to a first aspect of the present disclosure, and in accordance with claim 1, there is provided an
electrostatic charge image developer containing:

a toner containing a toner particle and an external additive; and
a carrier containing a magnetic particle and a resin layer covering the magnetic particle, which is a particle of a
magnetic oxide wherein the particle of the magnetic oxide is selected from ferrite and magnetite,
the toner particle has a surface property index value of 1.0 or more and less than 2.0; and the toner contains a
binder resin and the binder resin is a polyester resin including a crystalline polyester resin which is used in the
range in which a content thereof is 2 mass% or more and 40 mass% or less with respect to a total amount of the
binder resin,
the resin layer contains an acrylic resin having an alicyclic,
the carrier hasa surfacehavinga ratioB/Aof a surfaceareaB toaplane viewareaAof 1.020ormoreand1.100or
less, the plane view areaA and the surface areaB being obtained by three-dimensional analysis of the surface of
the carrier.

<2> In the electrostatic charge image developer according to <1>,
the surface property index value may be 1.2 or more and 1.8 or less.
<3> In the electrostatic charge image developer according to <1> or <2>,
the ratio B/A may be 1.040 or more and 1.080 or less.
<4> In the electrostatic charge image developer according to any one of <1> to <3>, in which
the resin layermay contain inorganic particles having an average particle diameter of 5 nmormore and 90 nmor less.
<5> In the electrostatic charge image developer according to <4>,
the average particle diameter of the inorganic particles may be 5 nm or more and 70 nm or less.
<6> In the electrostatic charge image developer according to any one of <1> to <5>,
the resin layer has an average thickness of 0.6 µm or more and 1.4 µm or less.
<7> In the electrostatic charge image developer according to <6>,
the average thickness of the resin layer may be 0.8 µm or more and 1.2 µm or less.
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<8> In the electrostatic charge image developer according to any one of <1> to <7>,
the tonermay have a storage elastic modulusG’ of 6.0× 108 Pa ormore and 1.5× 109 Pa or less at a temperature of
30°C in dynamic viscoelasticity measurement.
<9> In the electrostatic charge image developer according to <8>,
the storage elastic modulus G’ may be 8.0 × 108 Pa or more and 1.2 × 109 Pa or less.
<10> In the electrostatic charge image developer according to any one of <1> to <9>,
the resin layer contains silica particles, and has a silicon element concentration ofmore than 2 atomic%and less than
20 atomic% at the surface of the carrier, the silicon element concentration being determined by X-ray photoelectron
spectroscopy.
<11> In the electrostatic charge image developer according to any one of <1> to <10>,
the resin layer may contain a resin having a weight average molecular weight of less than 300,000.
<12> According to a second aspect of the present disclosure, and in accordance with claim 12, there is provided a
process cartridge configured to be attached to and detached froman image forming apparatus, the process cartridge
including:
a developingunit that accommodates the electrostatic charge imagedeveloper according to anyoneof claims1 to 11,
and is configured to develop an electrostatic charge image as a toner image by the electrostatic charge image
developer, the electrostatic charge image being formed on a surface of an image carrier.
<13>According toa thirdaspect of thepresent disclosure, and inaccordancewith claim13, there isprovidedan image
forming apparatus, including:

an image carrier;
a charging unit configured to charge a surface of the image carrier;
an electrostatic charge image forming unit configured to form an electrostatic charge image on the surface of the
image carrier charged;
a developing unit that accommodates the electrostatic charge image developer according to any one of claims 1
to 11, and is configured to develop the electrostatic charge image as a toner image by the electrostatic charge
image developer;
a transfer unit configured to transfer the toner image formed on the surface of the image carrier to a surface of a
recording medium; and
a fixing unit configured to fix the toner image transferred to the surface of the recording medium.

<14> According to a fourth aspect of the present disclosure, and in accordance with claim 14, there is provided an
image forming method, including:

charging a surface of an image carrier;
forming an electrostatic charge image on the surface of the image carrier charged;
developing the electrostatic charge image as a toner image by the electrostatic charge image developer
according to any one of claims 1 to 11;
transferring the toner image formed on the surface of the image carrier to a surface of a recording medium; and
fixing the toner image transferred to the surface of the recording medium.

[0006] According to the aspect of <1>, the electrostatic charge image developer prevents occurrence of fogging as
compared with the electrostatic charge image developer in which the surface property index value of the toner particles is
2.0ormore, or anelectrostatic charge imagedeveloper inwhich the ratioB/Aof thesurfaceareaB to theplanar viewareaA
which are obtained by three-dimensionally analysis of the surface of the carrier is less than 1.020 or more than 1.100.
[0007] According to the embodiment of <2>, the electrostatic charge image developer prevents the occurrence of
fogging as compared with the electrostatic charge image developer in which the surface property index value of the toner
particles is less than 2.2 or more than 2.6.
[0008] According to the embodiment of <3>, the electrostatic charge image developer prevents the occurrence of
foggingascomparedwith theelectrostatic charge imagedeveloper inwhich the ratioB/Aof thesurfaceareaB to theplanar
view area A is less than 1.040 or more than 1.080 in which the planar view area A and the surface area B are obtained by
three-dimensional analysis of the surface of the carrier.
[0009] According to the embodiment of <4>, the electrostatic charge image developer prevents the occurrence of
fogging as comparedwith the electrostatic charge imagedeveloper inwhich theaverage particle diameter of the inorganic
particles contained in the resin layer of the carrier is less than 5 nm or more than 90 nm.
[0010] According to the embodiment of <5>, the electrostatic charge image developer prevents the occurrence of
fogging as comparedwith the electrostatic charge imagedeveloper inwhich theaverage particle diameter of the inorganic
particles contained in the resin layer of the carrier is less than 5 nm or more than 70 nm.
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[0011] According to the aspect of <6>, the electrostatic charge image developer prevents the occurrence of fogging as
compared with the electrostatic charge image developer in which the average thickness of the resin layer of the carrier is
less than 0.6 µm or more than 1.4 µm.
[0012] According to the embodiment of <7>, the electrostatic charge image developer prevents the occurrence of
fogging as comparedwith the electrostatic charge image developer inwhich the average thickness of the resin layer of the
carrier is less than 0.8 µm or more than 1.2 µm.
[0013] According to the embodiment of <8>, the electrostatic charge image developer prevents the occurrence of
fogging as compared with the electrostatic charge image developer in which the storage elastic modulusG’ of the toner is
less than 6.0 × 108 Pa or more than 1.5 × 109 Pa.
[0014] According to the embodiment of <9>, the electrostatic charge image developer prevents the occurrence of
fogging as compared with the electrostatic charge image developer in which the storage elastic modulusG’ of the toner is
less than 8.0 × 108 Pa or more than 1.2 × 109 Pa.
[0015] According to the aspect of <10>, the electrostatic charge image developer prevents the occurrence of fogging as
comparedwith theelectrostatic charge imagedeveloper inwhich thesiliconelement concentrationon thecarrier surface is
2 atomic% or less or 20 atomic% or more.
[0016] According to the embodiment of <11>, there is provided an electrostatic charge image developer that prevents
the occurrence of fogging as compared with the electrostatic charge image developer in which the weight average
molecular weight of the resin contained in the resin layer of the carrier is 300,000 or more.
[0017] According to the aspect of <12>, the process cartridge prevents occurrence of fogging as compared with a
process cartridge that accommodates the electrostatic charge image developer in which the surface property index value
of the tonerparticles is2.0ormore,or anelectrostatic charge imagedeveloper inwhich the ratioB/Aof thesurfaceareaB to
the planar view area Awhich are obtained by three-dimensional analysis of the surface of the carrier is less than 1.020 or
more than 1.100.
[0018] According to the aspect of <13>, the image forming apparatus prevents occurrence of fogging as comparedwith
an image forming apparatus that accommodates the electrostatic charge image developer in which the surface property
indexvalueof tonerparticles is2.0ormore, or theelectrostatic charge imagedeveloper inwhich the ratioB/Aof thesurface
area B to the planar view area Awhich are obtained by three-dimensional analysis of the surface of the carrier is less than
1.020 or more than 1.100.
[0019] According to the aspect of <14>, the image formingmethod prevents occurrence of fogging as comparedwith an
image forming method of accommodating the electrostatic charge image developer in which the surface property index
value of toner particles is 2.0 ormore, or the electrostatic charge imagedeveloper inwhich the ratio B/Aof the surfacearea
B to the planar viewareaAwhich are obtained by three-dimensional analysis of the surface of the carrier is less than 1.020
or more than 1.100.

Brief Description of the Drawings

[0020] Exemplary embodiment(s) of the present invention will be described in detail based on the following figures,
wherein:

Fig. 1 is a schematic configuration diagram illustrating an example of an image forming apparatus according to the
present exemplary embodiment; and
Fig. 2 is a schematic configuration diagram illustrating an example of a process cartridge attached to and detached
from the image forming apparatus according to the present exemplary embodiment.

Detailed Description

[0021] Hereinafter, anexemplaryembodiment according to thepresent disclosurewill bedescribed.Thesedescriptions
and Examples illustrate the exemplary embodiment, and do not limit the scope of the exemplary embodiment.
[0022] In the present disclosure, a numerical range indicated by "to" indicatesa range including numerical valuesbefore
and after "to" as a minimum value and a maximum value, respectively.
[0023] In numerical ranges described in stages in the present disclosure, an upper limit or a lower limit described in one
numerical rangemay be replaced with an upper limit or a lower limit of a numerical range described in other stages. In the
numerical ranges described in the present disclosure, the upper limit or the lower limit of the numerical range may be
replaced with values illustrated in Examples.
[0024] In thepresent disclosure, the term "step" indicatesnot only an independent step, andevenwhenastep cannot be
clearly distinguished from other steps, this step is included in the term "step" as long as an intended purpose of the step is
achieved.
[0025] When an exemplary embodiment is described in the present disclosure with reference to the drawings, a
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configuration of the exemplary embodiment is not limited to a configuration illustrated in thedrawings.Sizes ofmembers in
each drawing are conceptual, and a relative size relation between the members is not limited thereto.
[0026] In the present disclosure, each component may include plural corresponding substances. In the present
disclosure, in a case of referring to an amount of each component in a composition, when there are plural substances
corresponding to each component in the composition, unless otherwise specified, the amount of each component in a
composition refers to a total amount of the plural substances present in the composition.
[0027] In the present disclosure, plural kinds of particles corresponding to each component may be selected. When
there are plural kinds of particles corresponding to each component in the composition, unless otherwise specified, a
particle diameter of each componentmeans a value for amixture of the plural kinds of particles present in the composition.
[0028] In the present disclosure, the term "(meth)acryl" means at least one of acryl andmethacryl, and the term "(meth)
acrylate" means at least one of acrylate and methacrylate.
[0029] In the present disclosure, the term "electrostatic charge image developing toner" is also referred to as a "toner".
The term "electrostatic charge image developing carrier" is also referred to as a "carrier". The term "electrostatic charge
image developer" is also referred to as a "developer".

<Electrostatic Charge Image Developer>

[0030] A developer according to the present exemplary embodiment is a two-component developer including a toner
and a carrier.
[0031] In the present exemplary embodiment, a mixing ratio (mass ratio) of the toner and the carrier is preferably toner:
carrier = 1: 100 to 30: 100, more preferably 3: 100 to 20: 100, and still more preferably 5: 100 to 15: 100.
[0032] The toner according to thepresent exemplary embodiment includesa toner particle andanexternal additive, and
the surface property index value of the toner particle is 1.0 or more and less than 2.0.
[0033] In the present exemplary embodiment, the surface property index value of the toner particle is an index for
evaluating ruggedness of a toner particle surface. As the surface property index value approaches 1.0, the toner particle
surface tends tobesmooth.As thesurfaceproperty indexvaluemovesaway from1.0, the tonerparticle surface tends tobe
rough. The surface property index value of the toner particle is calculated from the following Equations 1 and 2.

Equation 1: Surface property index value of the toner particle = specific surface area measured value of the toner
particle/specific surface area calculation value of the toner particle
Equation 2: Specific surface area calculation value of the toner particle = sum of surface areas calculated from
equivalent circlediametersof 4500 tonerparticles in flowparticle imageanalysis/(densityof the tonerparticle×sumof
volumes calculated from equivalent circle diameters of the 4500 toner particles in flow particle image analysis)

[0034] The specific surface areameasured value of the toner particle is obtained from a nitrogen adsorption amount by
BET one-point method (equilibrium relative pressure: 0.3).
[0035] A flow particle image analysis apparatus FPIA‑3000 manufactured by Sysmex Corporation is used for the flow
particle image analysis performed to determine the specific surface area calculation value of the toner particle. The
FPIA‑3000 captures the toner particle, performs two-dimensional image processing, and calculates the equivalent circle
diameter from a projection area. Assuming that the toner particle is a true sphere, a surface area and a volume of the true
sphere are calculated from the equivalent circle diameter. A sum of the surface areas and a sum of the volumes are
calculated from equivalent circle diameters of 4,500 toner particles.
[0036] Density of the toner particle is measured bymeasuring true density in accordance with 8.2.2 of JIS K0061: 2001
using a Gulysack type specific gravity bottle.
[0037] The toner particle to be subjected to the measurement is the particle obtained by removing the external additive
from the toner. Removal of the external additive from a surface of the toner is performed by repeating ultrasonic treatment
in water containing a surfactant and washing with water.
[0038] Thecarrier in the present exemplary embodiment is a resin-coated carrier includingmagnetic particle anda resin
layer covering the magnetic particle. In the carrier according to the present exemplary embodiment, a ratio B/A of the
surfaceareaBof the carrier to the planar viewareaAof the carrier is 1.020 ormore and1.100or less. Theplanar viewarea
A and the surface area B are obtained by three-dimensional analysis of the surface of the carrier.
[0039] In the present exemplary embodiment, the ratio B/A is an index for evaluating ruggedness of the carrier surface.
The ratio B/A is determined by the following method.
[0040] As an apparatus for three-dimensional analysis of the carrier surface, a scanning electronmicroscope including
four secondary electron detectors (for example, electron beam three-dimensional roughness analysis apparatus
ERA‑8900FE, manufactured by Elionix Inc.) is used, and analysis is performed as follows.
[0041] The surface of one carrier particle is enlarged 5,000 times. A distance between twomeasurement points is set to
0.06 µm. The measurement point is set to 400 points in a long side direction and 300 points in a short side direction. A
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region of 24 µm × 18 µm is measured to obtain three-dimensional image data.
[0042] For the three-dimensional image data, a limit wavelength of a spline filter (a frequency selection filter using a
spline function) is set to 12 µm to remove wavelengths having a period of 12 µm or more. Accordingly, a waviness
component of the carrier surface is removed and a roughness component is extracted to obtain a roughness curve.
[0043] Furthermore, a cutoff value of aGaussian high-pass filter (a frequency selection filter using aGaussian function)
is set to 2.0 µm to remove wavelengths having a period of 2.0 µm or more. Accordingly, wavelengths corresponding to
convex portions of the magnetic particle exposed on the carrier surface are removed from the roughness curve after the
spline filtering to obtain a roughness curve from which a wavelength component having a period of 2.0 µm or more is
removed.
[0044] From three-dimensional roughness curve data after the filtering, the surface area B (µm2) of a region, which is a
central portionof 12µm×12µm, (theplanviewareaA=144µm2) isobtained, soas to obtain the ratioB/A.The ratioB/A is
calculated for each of 100 carriers and arithmetically averaged.
[0045] Theelectrostatic charge imagedeveloper according to thepresent exemplary embodiment prevents occurrence
of fogging. The "fogging" is a phenomenon inwhich toner scatters and anunintendedminute dot-like image appears onan
image forming surfaceof a recordingmedium.The following ispresumedasamechanism for preventing theoccurrenceof
fogging in the present exemplary embodiment.
[0046] The toner is triboelectrically charged by being stirred together with the carrier in a developing device. When a
charge amount of the toner is insufficient, the toner does not adhere to an image carrier during development and scatters.
As a result, the fogging occurs. One of ways for preventing the occurrence of the fogging is to prevent toner aggregation in
the developing device to allow the individual toner to be stirred and sufficiently triboelectrically charge the individual toner.
[0047] In the developer according to the present exemplary embodiment, the surface property index value of the toner
particle is less than 2.0, and the ratio B/A of the carrier surface is 1.020 or more. That is, in the developer according to the
present exemplaryembodiment, aheightdifferenceof the ruggednessof a tonerparticle surface is relatively small, and the
number of the ruggedness of the carrier surface is relatively large or the height difference of the ruggedness of the carrier
surface is relatively large. When the developer according to the present exemplary embodiment having such surface
characteristics is stirred in the developing device, it is presumed that a distribution of the external additive is less biased at
the tonerparticle surface, and theexternal additiveeasilymovesbetween the toner particle surfaceand the convexportion
of the carrier surface. Accordingly, a sufficient amount of the external additive is uniformly distributed at the toner particle
surface.Therefore, the toneraggregation isunlikely tooccur in thedevelopingdevice, and it is presumed that the individual
toners are well stirred.
[0048] When thesurfaceproperty index value of the toner particle is 2.0ormore, it is presumed that the height difference
of the ruggedness of the toner particle surface is excessively large, the external additive is easily biased to the concave
portion of the toner particle surface, and the amount of the external additive of the convex portion of the toner particle
surface is reduced. Then, it is presumed that the toner is aggregated via the convex portion at the toner particle surface
having a small amount of the external additive, the individual toners are not stirred, the toner having an insufficient charge
amount is generated, and the fogging is generated.
[0049] When the ratio B/A of the carrier surface is less than 1.020, it is presumed that the carrier surface is excessively
flat, a contact surface of the carrierwith the toner becomes large, and as a result, a transfer amount of the external additive
from the toner to the carrier becomes large. Then, it is presumed that the toner inwhich the amount of the external additive
is reduced aggregates, the individual toners are not stirred, the toner having the insufficient charge amount is generated,
and the fogging occurs.
[0050] On the other hand, when the ratio B/A of the carrier surface is more than 1.100, it is presumed that the number of
ruggednessat the carrier surface is excessively largeor theheight differenceof the ruggednessat the carrier surface is too
large, the amount of the external additive entering the concave portion at the carrier surface increases, and the amount of
the external additive returning from the carrier to the toner decreases. Then, it is presumed that the toner in which the
amount of the external additive is reducedaggregates, the individual toners arenot stirred, the toner having the insufficient
charge amount is generated, and the fogging occurs.
[0051] From the viewpoint of preventing the above-described phenomenon, in the developer according to the present
exemplaryembodiment, thesurfaceproperty indexvalueof the tonerparticle is less than2.0, and the ratioB/Aof thecarrier
surface is 1.020 or more and 1.100 or less.
[0052] For the above reasons, the ratio B/A of the carrier surface is preferably 1.030 or more and 1.090 or less, more
preferably 1.040 or more and 1.080 or less, and still more preferably 1.040 or more and 1.070 or less.
[0053] For the above reasons, the surface property index value of the toner particle is preferably 1.9 or less, more
preferably 1.8 or less, and still more preferably 1.7 or less.
[0054] Since it is difficult tomanufacture the toner particle having thesurfaceproperty index valueof less than1.0, froma
viewpoint of ease of manufacture, the surface property index value of the toner particle is 1.0 or more, preferably 1.1 or
more, more preferably 1.2 or more, and still more preferably 1.3 or more.
[0055] The surface property index value of the toner particle can be controlled, for example, by adjusting a temperature
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or pH at the time of fusing and coalescing aggregated particles including the resin particles when the toner particle are
produced by an aggregation and coalescence method.
[0056] The ratio B/A of the carrier surface can be controlled by manufacturing conditions for forming the resin layer.
Details will be described later.
[0057] The toner and the carrier according to the present exemplary embodiment will be described in detail.

<Toner>

[0058] The toner preferably has a storage elastic modulus G’ of 6.0 × 108 Pa or more and 1.5 × 109 Pa or less at a
temperature of 30°C in dynamic viscoelasticity measurement.
[0059] The storage elastic modulus G’ means an elastic response component of an elastic modulus in a relationship a
stress generated with respect to strain when deformed. The toner tends to be harder as a value of the storage elastic
modulus G’ is larger.
[0060] The temperature of 30°C is a temperature atwhich phase separation betweenanamorphouspolyester resin and
a crystalline polyester resin is maintained when the crystalline polyester resin is used. The temperature at which the
hardness of the toner is evaluated in the present exemplary embodiment is specified to be 30°C.
[0061] When the storage elasticmodulusG’ of the toner at the temperature of 30°C is 6.0× 108Pa ormore, the external
additive is less likely to be embedded in the toner particle, and aggregation of the toner in which the external additive is
reduced canbeprevented. Therefore, the individual toners are not stirred, and toner having the insufficient chargeamount
is less likely to be generated, and the fogging is less likely to occur.
[0062] When the storage elastic modulusG’ of the toner at the temperature of 30°C is 1.5× 109 Pa or less, the external
additive is less likely to be detached from the toner particle and the external additive is held at the toner particle surface, so
that the aggregation of the toner in which the external additive is reduced can be prevented. Therefore, the individual
toners are not stirred, and toner having the insufficient charge amount is less likely to be generated, and the fogging is less
likely to occur.
[0063] From the above viewpoint, the storage elastic modulus G’ of the toner at the temperature of 30°C is more
preferably7.0×108Paormoreand1.4×109Paor less, andstillmorepreferably8.0×108Paormoreand1.2×109Paor
less.
[0064] The storage elastic modulus G’ of the toner can be controlled by an amount ratio between the amorphous resin
and the crystalline resin contained in the toner. The storage elastic modulus G’ of the toner tends to decrease as the
amount of the crystalline resin increases.
[0065] The storage elastic modulus G’ of the toner is determined by performing the dynamic viscoelasticity measure-
ment as follows.
[0066] Sample: Using a press molding machine, 0.25 g of toner is tablet-molded into a disk having a diameter of 8 mm
and a thickness of 4 mm in an environment of 25°C ± 3°C.

Measurement apparatus: Rheometer ARES, TA Instruments
Measurement jig: 8 mm parallel plate
Frequency: 1 Hz
Angular frequency: 6.28 rad/sec
Strain: 0.03% to 20% (automatic control)
Heat history: A sample is adhered to a parallel platewhose temperature is adjusted to 130°C, cooled to a temperature
of 30°C at a cooling rate of 1°C/min, held at a temperature of 30°C for 30 minutes, and then measured at the
temperature of 30°C.

[Toner particle]

[0067] The toner particle contains, for example, a binder resin, and if necessary, a colorant, amold releasing agent, and
other additives.

-Binder Resin-

[0068] The binder resin is a polyester resin including a crystalline polyester resin in combination with an amorphous
polyester resin. The crystalline polyester resin is used in a range in which a content thereof is 2 mass% or more and 40
mass% or less (preferably 2 mass% or more and 20 mass% or less) with respect to a total amount of the binder resin.
[0069] "Crystalline" of a resin means that the resin has a clear endothermic peak rather than a stepwise endothermic
amount change indifferential scanningcalorimetry (DSC), andspecificallymeans that ahalfwidthof theendothermicpeak
when measured at a heating rate of 10 (°C/min) is within 10°C.
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[0070] On the other hand, "amorphous" of a resin means that a half width exceeds 10°C, a stepwise change in an
endothermic amount is exhibited, or a clear endothermic peak is not observed.

·Amorphous Polyester Resin

[0071] Examples of the amorphous polyester resin include a condensed polymer of polycarboxylic acid and polyhydric
alcohol. As the amorphous polyester resin, a commercially available product may be used, or a synthetic resin may be
used.
[0072] Examplesof thepolycarboxylic acid includealiphatic dicarboxylic acids (suchasoxalic acid,malonicacid,maleic
acid, fumaric acid, citraconic acid, itaconic acid, glutaconic acid, succinic acid, alkenyl succinic acid, adipic acid, and
sebacic acid), alicyclic dicarboxylic acids (such as cyclohexanedicarboxylic acid), aromatic dicarboxylic acids (such as
terephthalic acid, isophthalic acid, phthalic acid, and naphthalenedicarboxylic acid), anhydrides thereof, and lower (for
example, having 1 or more and 5 or less carbon atoms) alkyl esters thereof. Among these, the polycarboxylic acid is
preferably, for example, an aromatic dicarboxylic acid.
[0073] As the polycarboxylic acid, a trivalent or higher carboxylic acid having a crosslinked structure or a branched
structuremaybe used in combinationwith the dicarboxylic acid. Examples of the trivalent or higher carboxylic acid include
trimellitic acid, pyromellitic acid, anhydrides thereof, and lower (for example, having 1 ormore and 5 or less carbon atoms)
alkyl esters thereof.
[0074] The polycarboxylic acid may be used alone or in combination of two or more kinds thereof.
[0075] Examples of the polyhydric alcohol include aliphatic diols (such as ethylene glycol, diethylene glycol, triethylene
glycol, propylene glycol, butanediol, hexanediol, and neopentyl glycol), alicyclic diols (such as cyclohexanediol, cyclo-
hexanedimethanol, and hydrogenated bisphenol A), and aromatic diols (such as an ethylene oxide adduct of bisphenol A
and a propylene oxide adduct of bisphenol A). Among these, the polyhydric alcohol is preferably, for example, an aromatic
diol or an alicyclic diol, and more preferably an aromatic diol.
[0076] As the polyhydric alcohol, a trihydric or higher polyhydric alcohol having a crosslinked structure or a branched
structuremay be used in combination with the diol. Examples of the trihydric or higher polyhydric alcohol include glycerin,
trimethylolpropane, and pentaerythritol.
[0077] The polyhydric alcohol may be used alone or in combination of two or more kinds thereof.
[0078] A glass transition temperature (Tg) of the amorphous polyester resin is preferably 50°C or higher and 80°C or
lower, and more preferably 50°C or higher and 65°C or lower.
[0079] The glass transition temperature is obtained from a DSC curve obtained by the differential scanning calorimetry
(DSC), and ismore specifically obtained by an "extrapolated glass transition onset temperature" described in amethod for
obtaining the glass transition temperature of JIS K 7121:1987 "Method for measuring transition temperature of plastics".
[0080] A weight average molecular weight (Mw) of the amorphous polyester resin is preferably 5,000 or more and
1,000,000 or less, and more preferably 7,000 or more and 500,000 or less.
[0081] A number average molecular weight (Mn) of the amorphous polyester resin is preferably 2,000 or more and
100,000 or less.
[0082] Amolecularweight distributionMw/Mnof theamorphouspolyester resin ispreferably1.5ormoreand100or less,
and more preferably 2 or more and 60 or less.
[0083] The weight average molecular weight and the number average molecular weight are measured by gel
permeation chromatography (GPC). Molecular weight measurement by GPC is performed by using a
GPC·HLC‑8120GPC manufactured by Tosoh Corporation as a measurement apparatus, using a column TSKgel
SuperHM-M (15 cm) manufactured by Tosoh Corporation, and using a THF solvent. The weight average molecular
weight and the number average molecular weight are calculated from measurement results using a molecular weight
calibration curve prepared using a monodispersed polystyrene standard sample.
[0084] The amorphous polyester resin is obtained by a known production method. Specifically, for example, the
amorphous polyester resin is obtained by a method in which a polymerization temperature is set to 180°C or higher and
230°C or lower, the pressure inside a reaction system is reduced as necessary, and reaction is performedwhile removing
water or alcohols generated during condensation.
[0085] When a rawmaterial monomer is not dissolved or compatible at a reaction temperature, a solvent having a high
boiling point may be added as a dissolution aid to dissolve the monomer. In this case, a polycondensation reaction is
carried out while distilling off the dissolution aid.When there is amonomer having poor compatibility in a copolymerization
reaction, the monomer having the poor compatibility may be previously condensed with an acid or alcohol to be
polycondensed with the monomer, and then the obtained product may be polycondensed with a main component.

·Crystalline Polyester Resin

[0086] Examples of the crystalline polyester resin include a polycondensate of a polycarboxylic acid and a polyhydric
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alcohol. As the crystallinepolyester resin, a commercially available productmaybeused, or a synthetic resinmaybeused.
[0087] Here, in order to easily form a crystal structure, the crystalline polyester resin is preferably a polycondensate
using a linear aliphatic polymerizable monomer rather than a polymerizable monomer having an aromatic ring.
[0088] Examples of the polycarboxylic acid include aliphatic dicarboxylic acids (such as oxalic acid, succinic acid,
glutaric acid, adipic acid, suberic acid, azelaic acid, sebacic acid, 1,9-nonandicarboxylic acid, 1,10-decandicarboxylic
acid, 1,12-dodecanediocarboxylic acid, 1,14-tetradecanedicarboxylic acid, and 1,18-octadecanedicarboxylic acid),
aromatic dicarboxylic acids (such as dibasic acids such as phthalic acid, isophthalic acid, terephthalic acid, and
naphthalene‑2,6-dicarboxylic acid), anhydrides thereof, and lower (for example, having 1 or more and 5 or less carbon
atoms) alkyl esters thereof.
[0089] As the polycarboxylic acid, a trivalent or higher carboxylic acid having a crosslinked structure or a branched
structuremaybe used in combinationwith the dicarboxylic acid. Examples of the trivalent carboxylic acid include aromatic
carboxylic acids (such as 1,2,3-benzenetricarboxylic acid, 1,2,4-benzenetricarboxylic acid, and 1,2,4-naphthalenetri-
carboxylic acid), anhydrides thereof, and lower (for example, having 1 or more and 5 or less carbon atoms) alkyl esters
thereof.
[0090] As the polycarboxylic acid, a dicarboxylic acid having a sulfonic acid group and a dicarboxylic acid having an
ethylenic double bond may be used in combination with these dicarboxylic acids.
[0091] The polycarboxylic acid may be used alone or in combination of two or more kinds thereof.
[0092] Examplesof thepolyhydric alcohol includealiphatic diols (suchas linear aliphaticdiols having7ormoreand20or
less carbon atoms in the main chain part). Examples of the aliphatic diol include ethylene glycol, 1,3-propanediol, 1,4-
butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol, 1,9-nonanediol, 1,10-decanediol, 1,11-
undecanediol, 1,12-dodecanediol, 1,13-tridecandiol, 1,14-tetradecanediol, 1,18-octadecanediol, and 1,20-eicosanediol.
Among these, the aliphatic diol is preferably 1,8-octanediol, 1,9-nonanediol, or 1,10-decanediol.
[0093] As the polyhydric alcohol, a trihydric or higher alcohol having a crosslinked structure or a branched structuremay
be used in combination with the diol. Examples of the trihydric or higher alcohol include glycerin, trimethylolethane,
trimethylolpropane, and pentaerythritol.
[0094] The polyhydric alcohol may be used alone or in combination of two or more kinds thereof.
[0095] Here, the polyhydric alcohol preferably has an aliphatic diol content of 80mol%ormore, and preferably 90mol%
or more.
[0096] A melting temperature of the crystalline polyester resin is preferably 50°C or higher and 100°C or lower, more
preferably 55°C or higher and 90°C or lower, and still more preferably 60°C or higher and 85°C or lower.
[0097] The melting temperature is obtained from a DSC curve obtained by the differential scanning calorimetry (DSC)
according to the "melting peak temperature" described in a method for obtaining the melting temperature of JIS K7121:
1987 "Method for measuring transition temperature of plastics".
[0098] Aweight averagemolecular weight (Mw) of the crystalline polyester resin is preferably 6,000 ormore and 35,000
or less.
[0099] The crystalline polyester resin can be obtained by, for example, a known production method same as the
amorphous polyester resin.
[0100] Acontent of thebinder resin is preferably40mass%ormoreand95mass%or less,morepreferably 50mass%or
more and 90 mass% or less, and still more preferably 60 mass% or more and 85 mass% or less with respect to a total
amount of the toner particle.

-Colorant-

[0101] Examples of the colorant include pigments such as Carbon Black, Chrome Yellow, Hansa Yellow, Benzidine
Yellow, Threne Yellow, Quinoline Yellow, Pigment Yellow, Permanent Orange GTR, Pyrazolone Orange, Vulcan Orange,
WatchungRed, Permanent Red, Brilliant Carmine 3B, Brilliant Carmine 6B, DuPont Oil Red, Pyrazolone Red, Lithol Red,
Rhodamine B Lake, Lake Red C, Pigment Red, Rose Bengal, Aniline Blue, Ultramarine Blue, Calco Oil Blue, Methylene
Blue Chloride, Phthalocyanine Blue, Pigment Blue, Phthalocyanine Green, and Malachite Green Oxalate; and acridine
dyes, xanthene dyes, azo dyes, benzoquinone dyes, azine dyes, anthraquinone dyes, thioindigo dyes, dioxazine dyes,
thiazine dyes, azomethine dyes, indigo dyes, phthalocyanine dyes, aniline black dyes, polymethine dyes, triphenyl-
methane dyes, diphenylmethane dyes, and thiazole dyes.
[0102] The colorant may be used alone or in combination of two or more kinds thereof.
[0103] As thecolorant, a surface-treatedcolorantmaybeusedasnecessary, or thecolorantmaybeused incombination
with a dispersant. Plural kinds of colorants may be used in combination.
[0104] A content of the colorant is preferably 1mass% ormore and 30mass%or less, andmore preferably 3mass%or
more and 15 mass% or less, with respect to the total amount of the toner particle.
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-Mold Releasing Agent-

[0105] Examples of the mold releasing agent include hydrocarbon wax, natural wax such as carnauba wax, rice wax,
and candelilla wax, synthetic or mineral/petroleum wax such as montan wax, and ester wax such as fatty acid ester and
montanic acid ester. The mold releasing agent is not limited thereto.
[0106] The melting temperature of the mold releasing agent is preferably 50°C or higher and 110°C or lower, and more
preferably 60°C or higher and 100°C or lower.
[0107] The melting temperature is obtained from a DSC curve obtained by the differential scanning calorimetry (DSC)
according to the "melting peak temperature" described in a method for obtaining the melting temperature of JIS K7121:
1987 "Method for measuring transition temperature of plastics".
[0108] Acontentof themold releasingagent ispreferably1mass%ormoreand20mass%or less,andmorepreferably5
mass% or more and 15 mass% or less, with respect to the total amount of the toner particle.

-Other Additives-

[0109] Examplesof theother additives includeknownadditives suchasamagnetic body, anelectrostatic charge control
agent, and an inorganic powder. These additives are contained in the toner particle as internal additives.

-Properties of Toner particle-

[0110] The toner particlemaybe toner particle havinga single layer structure, ormaybe toner particle havinga so-called
core-shell structure made of a core portion (core particles) and a coating layer (shell layer) coating the core portion.
[0111] The tonerparticlehavingacore-shell structuremaybemadeof, for example, acoreportionmadeof abinder resin
and, if necessary, otheradditives suchasacolorant andamold releasingagent, andacoating layermadeof abinder resin.
[0112] Avolumeaverage particle diameter (D50v) of the toner particle is preferably 2µmormoreand10µmor less, and
more preferably 4 µm or more and 8 µm or less.
[0113] The volume average particle diameter (D50v) of the toner particle is measured using Coulter Multisizer II
(manufactured by Beckman Coulter, Inc.) and the electrolytic solution is ISOTON-II (manufactured by Beckman Coulter,
Inc.).
[0114] Duringmeasurement, 0.5mgormore and 50mgor less of ameasurement sample is added to 2ml of a 5mass%
aqueous solution of a surfactant (preferably sodium alkylbenzene sulfonate) as the dispersant. The obtained mixture is
added to 100 ml or more and 150 ml or less of the electrolytic solution.
[0115] Theelectrolytic solution inwhich the sample is suspended is subjected to a dispersion treatment for 1minutewith
an ultrasonic disperser, and the Coulter Multisizer II is used to measure a particle size distribution of particles having a
particle diameter within the range of 2µmormore and 60µmor less using an aperture having an aperture diameter of 100
µm. The number of the particles sampled is 50,000. A divided particle size range (channel) is set and a volume-based
particle size distribution is obtained. Then, a cumulative distribution is drawn from a small particle diameter side and a
particle diameter corresponding to thecumulativepercentageof 50%with respect to all theparticles is the volumeaverage
particle diameter D50v.
[0116] Anaverage circularity of the toner particle is preferably 0.94 ormoreand1.00or less, andmorepreferably 0.95or
more and 0.98 or less.
[0117] The average circularity of the toner particle is obtained by (circle equivalent perimeter)/(perimeter)[(perimeter of
a circle having the same projection area as a particle image)/(perimeter of the projected particle image)]. Specifically, the
average circularity is a value measured by the following method.
[0118] First, the toner particles to be measured are sucked and collected to form a flat flow, and flash light is emitted
instantly to capture a particle image as a still image. The average circularity is obtained by the flow-type particle image
analysis apparatus (FPIA‑3000 manufactured by Sysmex Corporation) that analyzes the particle image. The number of
samples for obtaining the average circularity is 4,500.
[0119] When the toner contains the external additive, the toner to be measured is dispersed in water containing the
surfactant, and then an ultrasonic treatment is performed to obtain toner particle from which the external additive is
removed.

[External Additive]

[0120] Examples of the external additive include inorganic particles. Examples of the inorganic particles include SiO2,
TiO2, Al2O3, CuO, ZnO, SnO2, CeO2, Fe2O3, MgO, BaO, CaO, K2O, Na2O, ZrO2, CaO·SiO2, K2O·(TiO2)n, Al2O3·2SiO2,
CaCO3, MgCO3, BaSO4, and MgSO4.
[0121] The surfaces of the inorganic particles as the external additive are preferably subjected to a hydrophobic
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treatment. The hydrophobic treatment is performed by, for example, immersing the inorganic particles in a hydrophobic
treatment agent. The hydrophobic treatment agent is not particularly limited. Examples thereof include a silane coupling
agent, a silicone oil, a titanate coupling agent, and an aluminumcoupling agent. The hydrophobic treatment agentmay be
used alone or in combination of two or more kinds thereof.
[0122] An amount of the hydrophobic treatment agent is generally, for example, 1 part bymass or more and 10 parts by
mass or less with respect to 100 parts by mass of the inorganic particles.
[0123] Examples of the external additive also include resin particles (resin particles such as polystyrene, polymethyl-
methacrylate, andmelamine resin), and cleaning activators (for example, metal salts of higher fatty acids represented by
zinc stearate, and particles of a fluoropolymer).
[0124] Anamountof theexternal additiveexternally added is, forexample, preferably0.01mass%ormoreand5mass%
or less, and more preferably 0.01 mass% or more and 2.0 mass% or less, with respect to the toner particle.

[Method for Producing Toner]

[0125] The toner is obtained by preparing toner particle and then externally adding an external additive to the toner
particle.
[0126] The toner particles may be produced by either a dry production method (for example, a kneading pulverization
method) or awet productionmethod (for example, an aggregation and coalescencemethod, a suspension polymerization
method, and a dissolution suspension method). These production methods are not particularly limited, and known
production methods are adopted. Among these, it is preferable to obtain the toner particles by the aggregation and
coalescence method.
[0127] Specifically, for example, when the toner particles are produced by an aggregation and coalescence method,
the toner particles are produced through a step of preparing a resin particle dispersion liquid inwhich resin particles to be a
binder resinaredispersed (resin particle dispersion liquid preparation step), a stepof aggregating the resin particles (other
particles if necessary) in the resin particle dispersion liquid (in a dispersion liquid after mixing with another particle
dispersion liquid if necessary) to form aggregated particles (aggregated particle forming step), and a step of heating an
aggregated particle dispersion liquid in which the aggregated particles are dispersed and fusing and coalescing the
aggregated particles to form the toner particles (fusion and coalescence step).
[0128] Details of each step will be described below.
[0129] In the following description, a method for obtaining toner particles containing a colorant and a mold releasing
agent will be described, but the colorant and the mold releasing agent are used as necessary. Of course, other additives
other than the colorant and the mold releasing agent may be used.

-Resin Particle Dispersion Liquid Preparation Step-

[0130] Along with the resin particle dispersion liquid in which the resin particles to be the binder resin are dispersed, for
example, a colorant particle dispersion liquid in which colorant particles are dispersed and amold releasing agent particle
dispersion liquid in which mold releasing agent particles are dispersed are prepared.
[0131] The resin particle dispersion liquid is prepared by, for example, dispersing the resin particles in a dispersion
medium with a surfactant.
[0132] Examples of the dispersion medium used in the resin particle dispersion liquid include an aqueous medium.
Examples of the aqueous medium include water such as distilled water and ion-exchanged water, and alcohols. These
media may be used alone or in combination of two or more kinds thereof.
[0133] Examples of the surfactant include a sulfate-based, sulfonate-based, phosphate-based, soap-based or other
anionic surfactant, an amine salt type or quaternary ammonium salt type cationic surfactant, and a polyethylene glycol-
based, alkylphenol ethylene oxide adduct-based, or polyhydric alcohol-based nonionic surfactant. Among these, the
anionic surfactant and the cationic surfactant are particularly mentioned. The nonionic surfactant may be used in
combination with the anionic surfactant or the cationic surfactant.
[0134] The surfactant may be used alone or in combination of two or more kinds thereof.
[0135] Examples of a method for dispersing the resin particles in the dispersion medium in the resin particle dispersion
liquid includegeneral dispersionmethodssuchasa rotaryshearhomogenizer, aballmill havingamedium,asandmill, and
a dynomill. Depending on a kind of the resin particles, the resin particlesmay be dispersed in the dispersionmedium by a
phase inversion emulsificationmethod. In the phase inversion emulsificationmethod, a resin to be dispersed is dissolved
in a hydrophobic organic solvent in which the resin is soluble, and a base is added to an organic continuous phase (O
phase) to neutralize the resin, and then anaqueousmedium (Wphase) is charged to performphase inversion fromW/O to
O/W, and the resin is dispersed in the aqueous medium in the form of particles.
[0136] A volume average particle diameter of the resin particles dispersed in the resin particle dispersion liquid is, for
example, preferably 0.01µmormore and1µmor less,more preferably 0.08µmormore and0.8µmor less, and still more
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preferably 0.1 µm or more and 0.6 µm or less.
[0137] The volume average particle diameter D50v of the resin particles is calculated measured by the volume-based
particle size distribution obtained bymeasurement with a laser diffraction type particle size distribution measuring device
(for example, LA‑700 manufactured by HORIBA, Ltd.). A divided particle size range is set and the volume-based particle
size distribution is obtained. Then, a cumulative distribution is drawn from a small particle diameter side and as a volume
average particle diameter D50v, which is a particle diameter corresponding to the cumulative percentage of 50% with
respect to all the particles is the volume average particle diameter D50v. The volume average particle diameters of the
particles in other dispersion liquid are measured in the same manner.
[0138] Acontent of the resin particles contained in the resin particle dispersion liquid is preferably 5mass%ormore and
50 mass% or less, and more preferably 10 mass% or more and 40 mass% or less.
[0139] Similar to the resin particle dispersion liquid, for example, the colorant particle dispersion liquid and the mold
releasing agent particle dispersion liquid are also prepared. That is, the volume average particle diameter, dispersion
medium, dispersionmethod, and content of particles of the particles in the resin particle dispersion liquid are the same for
thecolorant particlesdispersed in thecolorant particledispersion liquidand themold releasingagentparticlesdispersed in
the mold releasing agent particle dispersion liquid.

-Aggregated Particle Forming Step-

[0140] Next, the resin particle dispersion liquid, the colorant particle dispersion liquid, and the mold releasing agent
particle dispersion liquid are mixed. Then, the aggregated particles containing the resin particles, the colorant particles,
and the mold releasing agent particles having a diameter close to the diameter of the target toner particle is formed by
hetero-aggregating the resinparticles, the colorant particles, and the releaseagent particles in themixeddispersion liquid.
[0141] Specifically, for example, the aggregated particles are formed by adding an aggregating agent to the mixed
dispersion liquid, adjusting the pH of the mixed dispersion liquid to acidic (for example, a pH of 2 or more and 5 or less),
adding a dispersion stabilizer as necessary, then heating the mixed dispersion liquid to a temperature close to the glass
transition temperature (specifically, for example, the glass transition temperature of the resin particles ‑30°Cor higher and
the glass transition temperature ‑10°Cor lower) of the resin particles, and aggregating the particles dispersed in themixed
dispersion liquid.
[0142] In the aggregated particle forming step, for example, the aggregating agent may be added at room temperature
(for example, 25°C) while stirring the mixed dispersion liquid with a rotary shearing homogenizer, the pH of the mixed
dispersionmay be adjusted to be acidic (for example, pH 2 ormore and 5 or less), a dispersion stabilizermay be added as
necessary, and then heating may be performed.
[0143] Examples of the aggregating agent include a surfactant having a polarity opposite to that of the surfactant
contained in the mixed dispersion liquid, an inorganic metal salt, and a divalent or higher metal complex. When the metal
complex is used as the aggregating agent, an amount of the surfactant used is reduced and chargeability is improved.
[0144] If necessary, an additive that forms a complex or a similar bond with metal ions of the aggregating agent may be
used together with the aggregating agent. The additive is preferably a chelating agent.
[0145] Examples of the inorganic metal salt include metal salts such as calcium chloride, calcium nitrate, barium
chloride, magnesium chloride, zinc chloride, aluminum chloride, and aluminum sulfate, and inorganicmetal salt polymers
such as polyaluminum chloride, polyaluminum hydroxide, and calcium polysulfide.
[0146] As the chelating agent, a water-soluble chelating agent may be used. Examples of the chelating agent include
oxycarboxylic acids such as tartaric acid, citric acid, and gluconic acid, and aminocarboxylic acids such as iminodiacetic
acid (IDA), nitrilotriacetic acid (NTA), and ethylenediaminetetraacetic acid (EDTA).
[0147] Anaddition amount of the chelating agent is preferably 0.01 parts bymass ormore and5.0 parts bymass or less,
and more preferably 0.1 parts by mass or more and less than 3.0 parts by mass, with respect to 100 parts by mass of the
resin particles.

-Fusion and Coalescence Step-

[0148] Next, the aggregated particle dispersion liquid in which the aggregated particles are dispersed is heated to, for
example, a temperature equal to or higher than the glass transition temperature of the resin particles (for example, a
temperature higher than the glass transition temperature of the resin particles by 10°C to 30°C), so that the aggregated
particles are fused and coalesced to form the toner particles.
[0149] The toner particles are obtained through the above steps.
[0150] The tonerparticlesmaybeproduced throughastepofobtaining theaggregatedparticledispersion liquid inwhich
the aggregated particles are dispersed, then further mixing the aggregated particle dispersion liquid and the resin particle
dispersion liquid in which the resin particles are dispersed, and performing aggregation to further adhere and aggregate
the resin particles to surfaces of the aggregated particles to form second aggregated particles, and a step of heating a
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second agglomerated particle dispersion liquid in which the second aggregated particles are dispersed to fuse and
coalesce the second aggregated particles to form the toner particles having a core-shell structure.
[0151] After the fusion and coalescence step is completed, the toner particles formed in the solution are subjected to a
washing step, a solid-liquid separation step, and a drying step, which are known, to obtain dried toner particles. In the
washing step, from the viewpoint of chargeability, displacement washing with ion-exchanged water may be sufficiently
performed. In the solid-liquid separation step, from the viewpoint of productivity, suction filtration, pressure filtration, and
the likemay be performed. In the drying step, from the viewpoint of productivity, freeze-drying, air-flowdrying, fluid-drying,
vibration-type fluid-drying, and the like may be performed.
[0152] The toner is producedby adding theexternal additive to the toner particles in a dry state andmixing thematerials.
The mixing may be carried out by, for example, a V blender, a Henschel mixer, a Loedige mixer, or the like. Further, if
necessary, coarse particles in the tonermay be removed by using a vibration sievingmachine, a wind sievingmachine, or
the like.

<Carrier>

[0153] The carrier includes magnetic particle and a resin layer covering the magnetic particle.

[Magnetic Particle]

[0154] The magnetic particle is a particle of a magnetic oxide selected from ferrite and magnetite. Other magnetic
particles include a resin-impregnatedmagnetic particle obtained by impregnating a porousmagnetic powder with a resin;
and amagnetic powder-dispersed resin particle in which a magnetic powder is dispersed and blended in a resin. A ferrite
particle is preferred as the magnetic particle in the present exemplary embodiment.
[0155] Avolumeaverageparticlediameterof themagneticparticle ispreferably15µmormoreand100µmor less,more
preferably 20 µm or more and 80 µm or less, and still more preferably 30 µm or more and 60 µm or less.
[0156] Here, the volume average particle diameter means a particle diameter D50v corresponding to the cumulative
percentage of 50% in a volume-based particle size distribution from the side of the small diameter.
[0157] The arithmetic average height Ra (JIS B0601: 2001) of the roughness curve of themagnetic particle is obtained
by observing the magnetic particle at an appropriate magnification (for example, a magnification of 1000 times) using a
surface shape measurement apparatus (for example, "Ultra Depth Color 3D shape measurement microscope VK‑9700"
manufactured byKEYENCECORPORATION), obtaining a roughness curve at a cutoff value of 0.08mm, andextracting a
reference length of 10µm from the roughness curve in a direction of an average line thereof. The arithmetic average value
ofRaof 100magnetic particles is preferably 0.1µmormore and1µmor less, andmore preferably 0.2µmormore and0.8
µm or less.
[0158] As for a magnetic force of themagnetic particle, saturationmagnetization in amagnetic field of 3,000Oersted is
preferably 50 emu/g or more, and more preferably 60 emu/g or more. The saturation magnetization is measured using a
vibration sample type magnetic measurement apparatus VSMP10‑15 (manufactured by Toei Industry Co., Ltd.). A
measurement sample is packed in a cell having an inner diameter of 7mm and a height of 5mm and set in the apparatus.
Themeasurement is performedby applying an appliedmagnetic field and sweeping up to 3000Oersted.Next, the applied
magnetic field is reduced to create a hysteresis curve on recording paper. The saturation magnetization, residual
magnetization, and a holding force are obtained from data of the curve.
[0159] A volume resistivity of the magnetic particle is preferably 1 × 105 Ω·cm or more and 1 × 109 Ω·cm or less, and
more preferably 1 × 107 Ω·cm or more and 1 × 109 Ω·cm or less.
[0160] Thevolume resistivity (Ω·cm)of themagneticparticle ismeasuredas follows.A layer is formedbyflatlyplacingan
object to bemeasured on a surface of a circular jig onwhich a 20 cm2 electrode plate is arranged so as to have a thickness
of 1 mm or more and 3 mm or less. Another 20 cm2 electrode plate is placed thereon to sandwich the layer. In order to
eliminate voidsbetween theobject tobemeasured, the thickness (cm)of the layer ismeasuredafter applyinga loadof 4 kg
on the electrode plate arranged on the layer. Both electrodes above and below the layer are connected to an electrometer
andahighvoltagepowergenerator.Ahighvoltage isapplied tobothelectrodesso that anelectric field is 103.8V/cm,anda
current value (A) flowing at this time is read. A measurement environment is under a temperature of 20°C and a relative
humidity of 50%. An equation for calculating the volume resistivity (Ω·cm) of the object to be measured is as illustrated in
the equation below.

[0161] In the above equation, R represents the volume resistivity (Ω·cm) of the object to bemeasured, E represents the
applied voltage (V), I represents the current value (A), I0 represents a current value (A) under anapplied voltageof 0V, and
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L represents the thickness (cm) of the layer. The coefficient 20 represents the area (cm2) of the electrode plate.

[Resin Layer]

[0162] Examples of a resin include: a styrene-acrylic acid copolymer; polyolefin-based resins such as polyethylene and
polypropylene; polyvinyl-based or polyvinylidene-based resins such as polystyrene, an acrylic resin, polyacrylonitrile,
polyvinyl acetate, polyvinyl alcohol, polyvinyl butyral, polyvinyl chloride, polyvinylcarbazole, polyvinyl ether, and poly-
vinylketone; a vinyl chloride-vinyl acetate copolymer; straight silicone resins consisting of an organosiloxane bond or a
modified product thereof; fluororesins such as polytetrafluoroethylene, polyvinyl fluoride, polyvinylidene fluoride, and
polychlorotrifluoroethylene; polyester, polyurethane; polycarbonate; amino resins such as urea and formaldehyde resins;
and epoxy resins.
[0163] The resin layer contains an acrylic resin having an alicyclic. A polymerization component of the acrylic resin
having the alicyclic is preferably a lower alkyl ester of (meth)acrylic acid (for example, (meth)acrylic acid alkyl ester having
an alkyl group having 1 ormore and 9or less carbonatoms), and specific examples thereof includemethyl (meth)acrylate,
ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, hexyl (meth)acrylate, cyclohexyl (meth)acrylate, and 2-
ethylhexyl (meth)acrylate. These monomers may be used alone or in combination of two or more kinds thereof.
[0164] The acrylic resin having the alicyclic preferably contains cyclohexyl (meth)acrylate as the polymerization
component. A content of a monomer unit derived from the cyclohexyl (meth)acrylate contained in the acrylic resin having
the alicyclic is preferably 75mass%ormore and 100mass%or less, more preferably 85mass% ormore and 100mass%
or less, and still more preferably 95mass%ormore and 100mass%or less, with respect to a totalmass of the acrylic resin
having the alicyclic.
[0165] The weight average molecular weight of the resin contained in the resin layer is preferably less than 300,000.
When the weight averagemolecular weight of the resin contained in the resin layer is less than 300,000, a strength of the
resin layer is higher than thatwhen theweight averagemolecularweight of the resin is 300,000ormore, and the resin layer
is less likely to be peeled offwhen image formation is repeated. As a result, it is presumed that the stirring of the toner in the
developing device is improved, the toner is sufficiently triboelectrically charged, and the occurrence of fogging is
prevented.
[0166] From a viewpoint of increasing the strength of the resin layer and preventing the resin layer from peeling off, the
weight average molecular weight of the resin contained in the resin layer is preferably 50,000 or more and less than
300,000, more preferably 100,000 ormore and 250,000 or less, and still more preferably 100,000 ormore and 200,000 or
less.
[0167] From the viewpoint described above, theweight averagemolecularweight of the acrylic resin having the alicyclic
contained in the resin layer is preferably 50,000 or more and less than 300,000, more preferably 100,000 or more and
250,000 or less, and still more preferably 100,000 or more and 200,000 or less.
[0168] When the resin layer containsplural kindsof resins, theweight averagemolecularweight of the resin contained in
the resin layer is aweightedaverageobtainedbyweighting theweight averagemolecularweight of each resinbyacontent
ratio (on a mass basis) of each resin.
[0169] The weight average molecular weight of the resin contained in the resin layer is measured by gel permeation
chromatography (GPC). In themolecularweightmeasurement by theGPC,GPC·HLC‑8120GPCmanufacturedbyTosoh
Corporation is used as a measurement apparatus, column TSKgel Super HM-M (15 cm) manufactured by Tosoh
Corporation is used, and tetrahydrofuran is used as a solvent. The weight average molecular weight is calculated from
ameasurement result using a molecular weight calibration curve prepared using a monodispersed polystyrene standard
sample.
[0170] The resin layer contains silica particles as inorganic particles. In the present exemplary embodiment, the carbon
black is not treated as an inorganic particle in the resin layer of the carrier.
[0171] When the inorganic particles are contained in the resin layer, a form in which fine ruggedness is appropriately
present in the carrier surface is formed. Most of the ruggedness are covered with the resin, but some inorganic particles
may be exposed. Since the exposed inorganic particles are not charged by contact with the toner unlike the resin,
excessive charging of the carrier surface can be reduced. Further, when the resin layer of the carrier is abraded by
repeating the image formation, the ruggedness is selectively abraded, andapart of the inorganic particles in the resin layer
is newly exposed. When a part of the inorganic particles continues to be appropriately exposed at the carrier surface, the
chargeability of thecarrier surface is lowered, andan increase in the toner charging isprevented.Asa result, transferability
of a toner image is likely to be satisfactorily maintained.
[0172] Examples of inorganic particles include metal oxide particles such as silica, titanium oxide, zinc oxide, and tin
oxide, metal compound particles such as barium sulfate, aluminum borate, and potassium titanate, and metal particles
such as gold, silver, and copper. In accordance with claim 1, the inorganic particles are silica particles.
[0173] Surfaces of the inorganic particlesmay be subjected to the hydrophobic treatment. Examples of the hydrophobic
treatment agent include known organic silicon compounds having an alkyl group (for example, a methyl group, an ethyl
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group, a propyl group, and a butyl group), and specific examples thereof include an alkoxysilane compound, a siloxane
compound, andasilazane compound.Among these, the hydrophobic treatment agent is preferably a silazane compound,
and preferably hexamethyldisilazane. The hydrophobic treatment agent may be used alone or in combination of two or
more kinds thereof.
[0174] Examples of amethod for hydrophobizing the inorganic particleswith the hydrophobic treatment agent include a
method in which supercritical carbon dioxide is used and the hydrophobic treatment agent is dissolved in the supercritical
carbon dioxide to be attached to the surfaces of the inorganic particles, a method in which a solution containing a
hydrophobic treatment agent and a solvent for dissolving the hydrophobic treatment agent is applied (for example,
sprayedor coated) to thesurfacesof the inorganicparticles in theatmosphere toattach thehydrophobic treatment agent to
the surfaces of the inorganic particles, and a method in which a solution containing a hydrophobic treatment agent and a
solvent for dissolving the hydrophobic treatment agent is added to and held in an inorganic particle dispersion liquid in the
air, and then a mixed solution of the inorganic particle dispersion liquid and the solution is dried.
[0175] Anaverage particle diameter of the inorganic particles contained in the resin layer is preferably 5 nmormore and
90nmor less.When theaverageparticlediameterof the inorganicparticles in the resin layer is5nmormore,afillereffect to
increase the strength of the resin layer is easily obtained, and the resin layer is less likely to be peeled off when the image
formation is repeated.When the average particle diameter of the inorganic particles in the resin layer is 90 nm or less, the
inorganicparticlesare less likely tobedetached from theconvexportionof the resin layer, and the resin layer is less likely to
be peeled offwhen the image formation is repeated. In either case, as a result, it is presumed that the stirring of the toner in
the developing device is improved, the toner is sufficiently triboelectrically charged, and the occurrence of fogging is
prevented.
[0176] From the viewpoint described above, the average particle diameter of the inorganic particles in the resin layer is
more preferably 5 nm or more and 70 or less, still more preferably 5 nm or more and 50 nm or less, and yet still more
preferably 8 nm or more and 50 nm or less.
[0177] The average particle diameter of the inorganic particles contained in the resin layer can be controlled by a size of
the inorganic particles used for forming the resin layer.
[0178] An average thickness of the resin layer is 0.6 µm or more and 1.4 µm or less.
[0179] When theaverage thicknessof the resin layer is 0.6µmormore, the resin layer is less likely to bepeeledoffwhen
the image formation is repeated.When theaverage thicknessof the resin layer is 1.4µmor less, the toner external additive
is less likely to adhere to or be embedded in the resin layer after the toner external additive is transferred to the resin layer,
and the transfer amountof theexternal additive from the toner to thecarrierdoesnotbecomeexcessive. Ineither case,asa
result, it is presumed that the stirring of the toner in the developing device is improved, the toner is sufficiently
triboelectrically charged, and the occurrence of fogging is prevented.
[0180] From the viewpoint described above, the average thickness of the resin layer is more preferably 0.8µmormore
and 1.2 µm or less, and still more preferably 0.8 µm or more and 1.1 µm or less.
[0181] The average thickness of the resin layer can be controlled by an amount of the resin used for forming the resin
layer, and the average thickness of the resin layer increases as the amount of the resin with respect to the amount of the
magnetic particle increases.
[0182] In the present exemplary embodiment, the average particle diameter of the inorganic particles contained in the
resin layer and the average thickness of the resin layer are determined by the following methods.
[0183] Thecarrier is embedded inanepoxy resin andcutwithamicrotome toprepareacarrier cross section.A scanning
electron microscope (SEM) image obtained by capturing the carrier cross section with the SEM is taken into an image
processing analysis apparatus for image analysis. 100 inorganic particles (primary particles) in the resin layer are
randomly selected, and an equivalent circular diameter (nm) of each particle is calculated and arithmetically averaged to
obtain the average particle diameter (nm) of the inorganic particles. The thickness (µm) of the resin layer is measured by
randomly selecting 10 points per particle of the carrier, and 100 particles of the carrier are further selected to measure
thicknesses thereof, and all the thicknesses are arithmetically averaged to obtain the average thickness (µm) of the resin
layer.
[0184] The resin layerof thecarrier contains thesilicaparticles, andasiliconelement concentrationat thecarrier surface
determined by an X-ray photoelectron spectroscopy is more than 2 atomic% and less than 20 atomic%.
[0185] When the silicon element concentration is more than 2 atomic%, it means that the silica particles are appro-
priately distributed at the resin layer surface. Therefore, the chargeability of the carrier surface is appropriately lowered.
[0186] When the silicon element concentration is less than 20 atomic%, it means that an amount of silica particles
distributed at the resin layer surface is not too large. Therefore, the chargeability of the carrier surface is not excessively
lowered.
[0187] In either case, as a result, it is presumed that the toner is appropriately triboelectrically charged and the
occurrence of fogging is prevented.
[0188] From the viewpoint described above, the silicon element concentration is more preferably more than 5 atomic%
and less than 20 atomic%, and still more preferably more than 6 atomic% and less than 19 atomic%.
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[0189] The silicon element concentration at the carrier surface can be controlled by the amount of the silica particles
used for forming the resin layer, and the silicon element concentration at the carrier surface increases as the amount of the
silica particles with respect to the amount of the resin increases.
[0190] The silicon element concentration (atomic%) of the carrier surface is determined based on a peak intensity of
each element by analyzing the carrier as a sample by the X-ray photoelectron spectroscopy (XPS) under the following
conditions.

·XPS device: Versa Probe II manufactured by ULVAC-PHI, Inc.
·Etching gun: argon gun
·Acceleration voltage: 5 kV
·Emission current: 20 mA
·Spatter area: 2 mm × 2 mm
·Sputter rate: 3 nm/min (in terms of SiO2)

[0191] A content of the inorganic particles contained in the resin layer is preferably 10mass%ormore and 60mass%or
less,morepreferably15mass%ormoreand55mass%or less, andstillmorepreferably20mass%ormoreand50mass%
or less with respect to a total mass of the resin layer.
[0192] Acontent of the silica particles contained in the resin layer is preferably 10mass%ormoreand60mass%or less,
more preferably 15mass% ormore and 55mass% or less, and still more preferably 20mass% ormore and 50mass% or
less with respect to a total mass of the resin layer.
[0193] The resin layer may contain conductive particles for a purpose of controlling charging and resistance. Examples
of the conductive particles include carbonblack and conductive particles among theabove-mentioned inorganic particles.
[0194] Examples of a method for forming the resin layer on surfaces of the magnetic particle include a wet production
method and a dry productionmethod. Thewet productionmethod is a productionmethod using a solvent that dissolves or
disperses the resin constituting the resin layer. On the other hand, the dry production method is a production method that
does not use the above solvent.
[0195] Examples of the wet production method include an immersion method in which the magnetic particles are
immersed ina resin liquid for forming the resin layer tobecoated, aspraymethod inwhicha resin liquid for forming the resin
layer is sprayedon thesurfacesof themagnetic particles, afluidizedbedmethod inwhicha resin liquid for forming the resin
layer is sprayedwhile themagnetic particlesare in astateof beingfluidized in afluidizedbed, andakneader coatermethod
in which the magnetic particles and a resin liquid for forming the resin layer are mixed in a kneader coater to remove a
solvent. These production methods may be repeated or combined.
[0196] The resin liquid for forming the resin layer used in the wet production method is prepared by dissolving or
dispersing a resin, inorganic particles, and other components in a solvent. The solvent is not particularly limited. For
example, aromatic hydrocarbons such as toluene and xylene, ketones such as acetone and methyl ethyl ketone, and
ethers such as tetrahydrofuran and dioxane may be used.
[0197] Examples of the dry production method include a method of forming the resin layer by heating a mixture of the
magnetic particles anda resin for forming the resin layer in adry state.Specifically, for example, themagnetic particles and
the resin for forming the resin layer are mixed in a gas phase and heated and melted to form the resin layer.
[0198] The ratio B/A can be controlled by production conditions.
[0199] For example, in a production method in which the kneader coater method is repeated plural times (for example,
twice) to form the resin layer stepwise, in a final kneader coater step, the ratio B/A is controlled by adjusting a mixing time
between particles to be coated and a resin liquid for forming the resin layer. The longer themixing time in the final kneader
coater step, the smaller the ratio B/A tends to be.
[0200] Alternatively, for example, in a production method in which a liquid composition containing inorganic particles (a
resinmay ormay not be contained) is applied, by a spraymethod, to the resin-coated carrier surfacemanufactured by the
kneader coater method, the ratio B/A is controlled by adjusting the particle diameter and the content of the inorganic
particles contained in the liquid composition or an amount of the liquid composition applied to the resin-coated carrier.
[0201] An exposed area ratio of the magnetic particle at the carrier surface is preferably 5% or more and 30% or less,
more preferably 7% or more and 25% or less, and still more preferably 10% or more and 25% or less. The exposed area
ratio of themagnetic particle in the carrier can be controlled by the amount of the resin used for forming the resin layer, and
the exposed area ratio becomes smaller as the amount of the resin relative to the amount of the magnetic particle
increases.
[0202] Theexposed area ratio of themagnetic particle at the carrier surface is a value obtained by the followingmethod.
[0203] A target carrier and magnetic particle obtained by removing the resin layer from the target carrier are prepared.
Examples of amethod for removing the resin layer from the carrier include amethod of dissolving a resin component with
an organic solvent to remove the resin layer and amethod of removing the resin component by heating at about 800°C to
remove the resin layer. The carrier and the magnetic particle are used as measurement samples, and Fe concentrations
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(atomic%) at surfaces of the samples are quantified by XPS, and (Fe concentration of the carrier)/(Fe concentration of the
magnetic particle) × 100 is calculated and used as the exposed area ratio (%) of the magnetic particle.
[0204] Avolumeaverageparticlediameterof thecarrier ispreferably10µmormoreand120µmor less,morepreferably
20 µm or more and 100 µm or less, and still more preferably 30 µm or more and 80 µm or less.
[0205] Here, the volume average particle diameter means a particle diameter D50v corresponding to the cumulative
percentage of 50% in a volume-based particle size distribution from the side of the small diameter.

<Image Forming Apparatus and Image Forming Method>

[0206] An image forming apparatus according to the present exemplary embodiment includes: an image carrier; a
charging unit that charges a surface of the image carrier; an electrostatic charge image forming unit that forms an
electrostatic charge image on the surface of the charged image carrier; a developing unit that accommodates an
electrostatic charge image developer and develops, by the electrostatic charge image developer, an electrostatic charge
image formed on the surface of the image carrier as a toner image; a transfer unit that transfers the toner image formed on
the surfaceof the imagecarrier to asurfaceof a recordingmedium;andafixingunit that fixes the toner image transferred to
the surface of the recording medium. As the electrostatic charge image developer, the electrostatic charge image
developer according to the present exemplary embodiment is applied.
[0207] In the image forming apparatus according to the present exemplary embodiment, an image forming method
(image formingmethod according to the present exemplary embodiment) including a charging step of charging a surface
of an image carrier, an electrostatic charge image forming step of forming an electrostatic charge image on the charged
surfaceof the image carrier, a developing step of developing, by theelectrostatic charge imagedeveloper according to the
present exemplary embodiment, the electrostatic charge image formed on the surface of the image carrier as a toner
image, a transfer step of transferring the toner image formed on the surface of the image carrier to a surface of a recording
medium, and a fixing step of fixing the toner image transferred to the surface of the recording medium is performed.
[0208] Aknown image forming apparatus such as a direct transfer type apparatus that directly transfers the toner image
formed on the surface of the image carrier to the recordingmedium, an intermediate transfer type apparatus that primarily
transfers the toner image formed on the surface of the image carrier to a surface of an intermediate transfer member, and
secondarily transfers the toner image transferred to the surface of the intermediate transfer member to the surface of the
recordingmedium, an apparatus providedwith a cleaning unit that cleans the surfaceof the image carrier after the transfer
of the toner image and before charging, and an apparatus provided with a discharging unit that discharges the surface of
the imagecarrier by irradiationwithdischarging light after the transfer of the toner imageandbefore thecharging, isapplied
to the image forming apparatus according to the present exemplary embodiment.
[0209] When the image forming apparatus according to the present exemplary embodiment is an intermediate transfer
type apparatus, the transfer unit includes, for example, an intermediate transfer member on which a toner image is
transferred onto a surface thereof, a primary transfer unit that primarily transfers the toner image formed on the surface of
the image carrier onto the surface of the intermediate transfer member, and a secondary transfer unit that secondarily
transfers the toner image transferred on the surface of the intermediate transfermember onto the surface of the recording
medium.
[0210] In the image forming apparatus according to the present exemplary embodiment, for example, a part including
the developing unit may have a cartridge structure (process cartridge) attached to and detached from the image forming
apparatus. As the process cartridge, for example, a process cartridge that accommodates the electrostatic charge image
developer according to the present exemplary embodiment and provided with a developing unit is preferably used.
[0211] Hereinafter, an example of the image forming apparatus according to the present exemplary embodiment will be
described,whereas the image formingapparatus is not limited thereto. In the followingdescription,mainparts illustrated in
the drawings will be described, and description of other parts will be omitted.
[0212] Fig. 1 is a schematic configuration diagram illustrating the image forming apparatus according to the present
exemplary embodiment.
[0213] The image forming apparatus illustrated in Fig. 1 includes first to fourth electrophotographic image forming units
10Y, 10M,10C,and10K (image formingunits) that output imagesof respective colorsof yellow (Y),magenta (M), cyan (C),
and black (K) based on image data subjected to color separation. The image forming units (hereinafter may be simply
referred to as "unit") 10Y, 10M, 10C, and 10K are arranged side by side at a predetermined distance from each other in a
horizontal direction. The units 10Y, 10M, 10C, and 10Kmay be process cartridges that are attached to and detached from
the image forming apparatus.
[0214] Above the units 10Y, 10M, 10C, and 10K, an intermediate transfer belt (an example of the intermediate transfer
member) 20extends through respectiveunits. The intermediate transfer belt 20 is providedbybeingwoundaroundadrive
roller 22andasupport roller 24,and travels inadirection from thefirst unit 10Y to the fourthunit 10K.A force isapplied to the
support roller 24 in a direction away from the drive roller 22 by a spring or the like (not shown). Tension is applied to the
intermediate transfer belt 20 wound around the drive roller 22 and the support roller 24. An intermediate transfer member
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cleaning device 30 is provided on a side surface of an image carrier of the intermediate transfer belt 20 so as to face the
drive roller 22.
[0215] Yellow, magenta, cyan, and black toners contained in toner cartridges 8Y, 8M, 8C, and 8K are supplied to
developing devices 4Y, 4M, 4C, and 4K (an example of the developing unit) of the units 10Y, 10M, 10C, and 10K,
respectively.
[0216] Since the first to fourth units 10Y, 10M, 10C, and 10K have the same configuration and operation, here, the first
unit 10Y,which is arranged on an upstreamside in a travelling direction of the intermediate transfer belt and forms a yellow
image, will be described as a representative. 1M, 1C, and 1K in the second to fourth units 10M, 10C, and 10K are
photoconductors corresponding to a photoconductor 1Y in the first unit 10Y. 2M, 2C and 2K are charging rollers
corresponding to a charging roller 2Y. 3M, 3C, and 3K are laser beams corresponding to a laser beam 3Y. 6M, 6C,
and 6K are photoconductor cleaning devices corresponding to a photoconductor cleaning device 6Y.
[0217] The first unit 10Y includes the photoconductor 1Y that acts as an image carrier. Around the photoconductor 1Y,
the following members are arranged in order: the charging roller (an example of the charging unit) 2Y that charges a
surfaceof thephotoconductor 1Y toapredeterminedpotential; anexposuredevice (anexampleof theelectrostatic charge
image forming unit) 3 that exposes the charged surfacewith the laser beam3Ybasedonacolor-separated image signal to
form an electrostatic charge image; the developing device (an example of the developing unit) 4Y that supplies a charged
toner to the electrostatic charge image to develop the electrostatic charge image; a primary transfer roller 5Y (an example
of the primary transfer unit) that transfers the developed toner image onto the intermediate transfer belt 20; and the
photoconductor cleaning device (an example of the cleaning unit) 6Y that removes the toner remaining on the surface of
the photoconductor 1Y after the primary transfer.
[0218] The primary transfer roller 5Y is arranged on an inner side of the intermediate transfer belt 20 and is provided at a
position facing thephotoconductor 1Y.Abias power supply (not shown) that applies aprimary transfer bias is connected to
each of the primary transfer rollers 5Y, 5M, 5C, and 5K of respective units. Each bias power supply changes a value of the
transfer bias applied to each primary transfer roller under the control of a controller (not shown).
[0219] Hereinafter, an operation of forming a yellow image in the first unit 10Y will be described.
[0220] First, prior to the operation, the surface of the photoconductor 1Y is charged to a potential of ‑600 V to ‑800 V by
using the charging roller 2Y.
[0221] The photoconductor 1Y is formed by laminating a photoconductive layer on a conductive substrate (for example,
having a volume resistivity of 1 × 10‑6 Ω·cm or less at 20°C). The photoconductive layer usually has high resistance
(resistance of general resin), but has a property that when irradiated with a laser beam, a specific resistance of the portion
irradiated with the laser beam changes. Therefore, the charged surface of the photoconductor 1Y is irradiated with the
laser beam 3Y from the exposure device 3 in accordance with yellow image data sent from the controller (not shown).
Accordingly, an electrostatic charge image having a yellow image pattern is formed on the surface of the photoconductor
1Y.
[0222] Theelectrostatic charge image is an image formed on the surface of the photoconductor 1Yby charging, and is a
so-called negative latent image formed by lowering the specific resistance of the portion of the photoconductive layer
irradiated with the laser beam 3Y to flow charges charged on the surface of the photoconductor 1Y and by, on the other
hand, leaving charges of a portion not irradiated with the laser beam 3Y.
[0223] The electrostatic charge image formed on the photoreceptor 1Y rotates to a predetermined developing position
as thephotoreceptor1Y travels. Then,at thedevelopingposition, theelectrostatic charge imageon thephotoconductor1Y
is developed and visualized as a toner image by the developing device 4Y.
[0224] In the developing device 4Y, for example, an electrostatic charge image developer containing at least a yellow
toner and a carrier is accommodated. The yellow toner is triboelectrically charged by being stirred inside the developing
device 4Y, and has charges of the same polarity (negative polarity) as the charges charged on the photoconductor 1Yand
is held on a developer roller (an example of a developer holder). Then, when the surface of the photoconductor 1Ypasses
through the developing device 4Y, the yellow toner electrostatically adheres to a discharged latent image portion on the
surfaceof thephotoconductor1Y,and the latent image isdevelopedby theyellow toner.Thephotoreceptor1Yonwhich the
yellow toner image is formed continuously travels at a predetermined speed, and the toner image developed on the
photoconductor 1Y is conveyed to a predetermined primary transfer position.
[0225] When the yellow toner image on the photoconductor 1Y is conveyed to the primary transfer position, a primary
transfer bias is applied to the primary transfer roller 5Y, an electrostatic force from the photoconductor 1Y to the primary
transfer roller 5Y acts on the toner image, and the toner image on the photoconductor 1Y is transferred onto the
intermediate transfer belt 20. The transfer bias applied at this time has a polarity (+) opposite to the polarity (‑) of the
toner, and is controlled to, for example, +10 µA by the controller (not shown) in the first unit 10Y.
[0226] On the other hand, the toner remaining on the photoconductor 1Y is removed and collected by the photo-
conductor cleaning device 6Y.
[0227] The primary transfer biases applied to the primary transfer rollers 5M, 5C, and 5K of the second unit 10Mand the
subsequent units are also controlled in the same manner as in the first unit.

18

EP 4 092 487 B1

5

10

15

20

25

30

35

40

45

50

55



[0228] In this way, the intermediate transfer belt 20 to which the yellow toner image is transferred by the first unit 10Y is
sequentially conveyed through thesecond to fourthunits 10M,10C,and10K,and toner imagesof the respective colorsare
superimposed and transferred in a multiple manner.
[0229] The intermediate transfer belt 20 onto which the toner images of four colors are transferred in amultiple manner
through the first to fourth units arrives at a secondary transfer unit including the intermediate transfer belt 20, the support
roller 24 in contact with an inner surface of the intermediate transfer belt, and a secondary transfer roller (an example of a
secondary transfer unit) 26 arranged on an image holding surface side of the intermediate transfer belt 20. On the other
hand, a recording paper (an example of the recordingmedium) P is fed through a supplymechanism into a gapwhere the
secondary transfer roller 26 and the intermediate transfer belt 20 are in contact with each other at a predetermined timing,
and a secondary transfer bias is applied to the support roller 24. The transfer bias applied at this timehas the samepolarity
(‑) as the polarity (‑) of the toner. An electrostatic force from the intermediate transfer belt 20 to the recording paper P acts
on the toner image, and the toner image on the intermediate transfer belt 20 is transferred onto the recording paper P. The
secondary transfer bias at this time is determined according to the resistance detected by a resistance detection unit (not
shown) that detects the resistance of the secondary transfer unit, and is subjected to voltage control.
[0230] Thereafter, the recording paper P is sent to a pressure contact portion (nip portion) of a pair of fixing rollers in a
fixing device 28 (an example of the fixing unit), and the toner image is fixed onto the recording paper P, thereby forming a
fixed image.
[0231] Examples of the recording paper P onto which the toner image is transferred include plain paper used in
electrophotographic copiers and printers. As the recordingmedium, in addition to the recording paper P, anOHP sheet or
the like may be used.
[0232] Inorder to further improve thesmoothnessof the imagesurfaceafter fixing, thesurfaceof the recordingpaperP is
also preferably smooth. For example, coated paper obtained by coating the surface of the plain paper with a resin or the
like, or art paper for printing is preferably used.
[0233] The recording paper P, on which the fixing of the color image is completed, is conveyed out toward a discharge
unit, and a series of color image forming operations is completed.

<Process Cartridge>

[0234] The process cartridge according to the present exemplary embodiment includes a developing unit that
accommodates the electrostatic charge image developer according to the present exemplary embodiment and develops,
by the electrostatic charge image developer, the electrostatic charge image formed on the surface of the image carrier as
the toner image, and is attached to and detached from the image forming apparatus.
[0235] The process cartridge according to the present exemplary embodiment is not limited to the above configuration
and may be configured to include a developing unit and, if necessary, at least one selected from other units such as an
image carrier, a charging unit, an electrostatic charge image forming unit, and a transfer unit.
[0236] Hereinafter, an example of the process cartridge according to the present exemplary embodiment will be
illustrated, whereas the process cartridge is not limited thereto. In the following description, main parts illustrated in the
drawings will be described, and description of other parts will be omitted.
[0237] Fig. 2 is a schematic configuration diagram illustrating the process cartridge according to the present exemplary
embodiment.
[0238] A process cartridge 200 illustrated in Fig. 2 is formed as a cartridge by, for example, integrally combining and
holdingaphotoconductor 107 (anexample of the imagecarrier), a charging roller 108 (anexample of the chargingunit), an
image developing device 111 (an example of the developing unit), and a photoconductor cleaning device 113 (an example
of a cleaning unit) provided around the photoconductor 107 by a housing 117 provided with a mounting rail 116 and an
opening 118 for exposure.
[0239] In Fig. 2, 109 denotes an exposure device (an example of the electrostatic charge image forming unit), 112
denotes a transfer device (an example of the transfer unit), 115 denotes a fixing device (an example of the fixing unit), and
300 denotes recording paper (an example of the recording medium).

[Examples]

[0240] Hereinafter, the exemplary embodiment according to the invention will be described in detail with reference to
Examples, whereas the exemplary embodiment according to the invention is not limited to these Examples.
[0241] In the following description, all "parts" and "%" are based on mass unless otherwise specified.
[0242] Synthesis, treatment, production, and the like are performed at a room temperature (25 °C ± 3 °C), unless
otherwise specified.

<Preparation of Toner>
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[Preparation of Amorphous Polyester Resin Dispersion Liquid (1)]

[0243]

·Terephthalic acid: 96 parts
·Ethylene glycol: 37 parts
·Neopentyl glycol: 65 parts
·1,9-nonanediol: 32 parts

[0244] The above materials are charged into a flask and raised to a temperature of 200°C over 1 hour, and after
confirming that the inside of the reaction system is uniformly stirred, 1.2 parts of dibutyltin oxide is added. The temperature
is raised to 240°C over 6 hours while water to be produced is distilled off, and stirring is continued at 240°C for 4 hours to
obtain an amorphous polyester resin (1) (weight average molecular weight 13,000, glass transition temperature 62°C).
[0245] The amorphous polyester resin (1) is transferred to an emulsification disperser (CAVITRON CD1010 manu-
factured by Eurotech Co., Ltd.) at a rate of 100 g per minute while the amorphous polyester resin is in a molten state.
Separately, dilute ammonia water having a concentration of 0.37% obtained by diluting reagent ammonia water with ion
exchange water is put into a tank and transferred to the emulsification disperser at the same time as the amorphous
polyester resin at a rate of 0.1 liter per minute while being heated to 120°C in a heat exchanger. The emulsification
disperser is operated under conditions of a rotation speed of 60 Hz and a pressure of 5 kg/cm2 of a rotor to obtain an
amorphouspolyester resindispersion liquid (1) havinga volumeaverageparticle diameter of 160nmandasolid content of
20%.

[Preparation of Crystalline Polyester Resin Dispersion Liquid (1)]

[0246]

·Dimethyl sebacate: 97 parts
·Dimethyl isophthalate sodium 5-sulfonate: 3 parts
·Ethylene glycol: 100 parts
·Dibutyltin oxide (catalyst): 0.3 parts

[0247] The abovematerials are put into a heated and dried three-necked flask, air in the three-necked flask is replaced
withnitrogengas tomakean inert atmosphere, andstirringand refluxingareperformedat180 °C for5hoursbymechanical
stirring.Subsequently, the temperature is gradually increased to240 °Cunder reducedpressure, themixture is stirred for 2
hours, and when the mixture is in a viscous state, the mixture is air-cooled to stop the reaction, thereby obtaining a
crystalline polyester resin (1) (weight average molecular weight: 9700, melting temperature: 84°C).
[0248] 90 parts of the crystalline polyester resin (1), 1.8 parts of an anionic surfactant (NEOGENRK, manufactured by
Dai-ichi Kogyo Seiyaku Co., Ltd.), and 210 parts of ion exchange water are mixed, heated to 100°C, dispersed using a
homogenizer (ULTRA-TURRAXT50,manufactured by IKA), and then subjected to a dispersion treatment for 1 hour using
a pressure discharge typeGaulin homogenizer to obtain a resin particle dispersion liquid in which resin particles having a
volume average particle diameter of 180 nm are dispersed. Ion exchange water is added to the resin particle dispersion
liquid to adjust a solid content to 20%, thereby obtaining the crystalline polyester resin dispersion (1).

[Preparation of Colorant Dispersion Liquid (C1)]

[0249]

·Cyan pigment (Pigment Blue 15:3, manufactured by Dainichiseika Color & Chemicals Mfg. Co., Ltd.): 50 parts
·Anionic surfactant (NEOGEN RK manufactured by Daiichi Kogyo Seiyaku Co., Ltd.): 5 parts
·Ion-exchanged water: 195 parts

[0250] The above materials are mixed and subjected to a dispersion treatment for 60 minutes using a high-pressure
impact type disperser (ULTIMAIZERHJP30006manufactured bySuginoMachine Limited) to obtain a colorant dispersion
liquid (C1) having a solid content of 20%.

[Preparation of Mold Releasing Agent Dispersion Liquid (W1)]

[0251]
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·Paraffin wax (HNP‑9 manufactured by Nippon Seiro Co., Ltd., melting point: 75°C): 100 parts
·Anionic surfactant (NEOGEN RK manufactured by Daiichi Kogyo Seiyaku Co., Ltd.): 1 part
·Ion-exchanged water: 350 parts

[0252] The above materials are mixed and heated to 100°C, dispersed using the homogenizer (ULTRA-TURRAX T50
manufactured by IKA Co., Ltd.), and then subjected to a dispersion treatment with a pressure discharge type Gaulin
homogenizer to obtain a mold releasing agent dispersion liquid in which mold releasing agent particles having a volume
average particle diameter of 200 nm are dispersed. The ion-exchange water is added to the mold releasing agent
dispersion liquid to prepare a solid content of 20%, thereby obtaining a mold releasing agent dispersion liquid (W1).

[Preparation of Cyan Toner Particles (1)]

[0253]

·Ion-exchanged water: 200 parts
·Amorphous polyester resin dispersion liquid (1): 150 parts
·Crystalline polyester resin dispersion liquid (1): 20 parts
·Mold releasing agent dispersion liquid (W1): 10 parts
·Colorant dispersion liquid (C1): 15 parts
·Anionic surfactant (Tayca Power): 2.8 parts

[0254] Theabovematerialsareput intoa roundstainlesssteel flask,0.1Nnitricacid isadded toadjust pH to3.5, and then
an aqueous solution of polyaluminum chloride in which 2 parts of polyaluminum chloride (30% powdery product
manufactured by Oji Paper Co., Ltd.) is dissolved in 30 parts of ion-exchange water is added. The mixture is dispersed
at 30°Cusing thehomogenizer (ULTRA-TURRAXT50manufacturedby IKACo., Ltd.), the heated to 45°C in anoil bath for
heating, and held until the volume average particle diameter becomes 4.9 µm.
[0255] Next, 60 parts of the amorphous polyester resin dispersion liquid (1) are added and held for 30 minutes. Next,
when the volume average particle diameter is 5.2 µm, 60 parts of the amorphous polyester resin dispersion liquid (1) are
added and held for 30 minutes.
[0256] Next, 20 parts of 10% nitrilotriacetic acid (NTA) metal salt aqueous solution (CHELEST 70 manufactured by
ChelestCorporation) is added, anda1Nsodiumhydroxideaqueoussolution isadded toadjust thepH to8.8.Next, 1part of
anionic surfactant (Tayca Power) is charged and heated to 96°Cwhile stirring is continued, and held for 6 hours. Next, the
mixture is cooled to 20°C at a rate of 20 °C/min. Next, the solution is filtered, sufficiently washed with the ion-exchanged
water, and dried to obtain cyan toner particles (1) having a volume average particle diameter of 5.7 µm.

[Preparation of Cyan Toner Particles (2) to (11)]

[0257] Cyan toner particles (2) to (11) are prepared in the samemanner as in the preparation of the cyan toner particles
(1), except that a pH and a temperature in a fusion and coalescence step or a usage amount of the crystalline polyester
resin dispersion liquid (1) is changed as illustrated in Table 1.

[Preparation of Cyan Toners (1) to (11)]

[0258] 100 parts of any of the cyan toner particles (1) to (11) and 1.5 parts of hydrophobic silica particles (RY50
manufacturedbyNipponAerosilCo., Ltd.) arecharged intoasamplemill andmixedata rotationspeedof10,000 rpm for30
seconds. Next, the mixture is sieved with a vibrating sieve having an opening of 45 µm to obtain cyan toners (1) to (11).

Table 1

Cyan
toner

Cyan toner
particles

Usage amount of crystalline polyester resin
dispersion liquid (1)

Fusion and coalescence step

pH Temperature

Part by mass - °C

(2) (2) 20 8.6 98

(3) (3) 20 8.7 97

(1) (1) 20 8.8 96

(4) (4) 20 9.0 95
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(continued)

Cyan
toner

Cyan toner
particles

Usage amount of crystalline polyester resin
dispersion liquid (1)

Fusion and coalescence step

pH Temperature

Part by mass - °C

(5) (5) 20 9.2 94

(6) (6) 20 9.4 92

(7) (7) 20 9.6 90

(8) (8) 10 8.8 96

(9) (9) 15 8.8 96

(10) (10) 23 8.8 96

(11) (11) 25 8.8 96

[Preparation of Ferrite Particles]

[0259] 1318 parts of Fe2O3, 587 parts ofMn(OH)2, and 96 parts of Mg(OH)2 aremixed and calcined at a temperature of
900°C for 4 hours. A calcined product, 6.6 parts of polyvinyl alcohol, 0.5 parts of polycarboxylic acid as a dispersant, and
zirconia beads having amedium diameter of 1mmare charged into water, pulverized, andmixed in a sandmill to obtain a
dispersion liquid. A volume average particle diameter of particles in the dispersion liquid is 1.5 µm.
[0260] The dispersion liquid is used as a raw material and granulated and dried with a spray dryer to obtain granules
havingavolumeaverageparticlediameterof 37µm.Next, underanoxygen-nitrogenmixedatmospherehavinganoxygen
partial pressure of 1%, main firing is performed using an electric furnace at a temperature of 1450°C for 4 hours, and then
heating isperformed inair at a temperatureof 900°C for 3hours toobtain firedparticles. Thefiredparticlesare crushedand
classified to obtain ferrite particles (1) having a volume average particle diameter of 35 µm. An arithmetic average height
Ra (JIS B0601: 2001) of a roughness curve of the ferrite particles (1) is 0.6 µm.

<Preparation of Silica Particles to be Added to Carrier Resin Layer>

[Silica Particles (1)]

[0261] Commercially available hydrophilic silica particles (fumed silica particles, without surface treatment, volume
average particle diameter: 40 nm) are prepared as silica particles (1).

[Silica Particles (2)]

[0262] 890 parts of methanol and 210 parts of 9.8% ammonia water are charged into a 1.5 L glass reaction vessel
equipped with a stirrer, a dropping nozzle, and a thermometer and mixed to obtain an alkaline catalyst solution. After the
alkaline catalyst solution is adjusted to 45°C, 550 parts of tetramethoxysilane and 140 parts of 7.6% ammonia water are
simultaneously added dropwise over 450 minutes while stirring to obtain a silica particle dispersion liquid (A). The silica
particles in the silica particle dispersion liquid (A) have a volume average particle diameter of 4 nm and a volume particle
size distribution index of 1.2 (volume particle size distribution index is (D84v/D16v)1/2 which is square root of a ratio of a
particle diameterD84vat 84%accumulation to aparticle diameterD16vat 16%accumulation from thesmall diameter side
in the volume-based particle size distribution).
[0263] 300 parts of the silica particle dispersion liquid (A) are charged into an autoclave equipped with a stirrer, and the
stirrer is rotated at a rotation speed of 100 rpm.While the stirrer is continuously rotated, liquefied carbon dioxide is injected
into the autoclave from a carbon dioxide cylinder via a pump, a pressure inside the autoclave is raised by the pump while
the temperature is raised by a heater, and the inside of the autoclave is brought into a supercritical state of 150°C and 15
MPa. A pressure valve is operated to circulate supercritical carbon dioxide while keeping the inside of the autoclave at 15
MPa, andmethanol andwater are removed from thesilicaparticle dispersion liquid (A).Whenanamount of carbondioxide
supplied into the autoclave reaches 900 parts, supply of carbon dioxide is stopped to obtain a powder of silica particles.
[0264] In a state in which the inside of the autoclave is maintained at 150°C and 15 MPa by the heater and the pump to
maintain the supercritical state of carbon dioxide, 50 parts of hexamethyldisilazane with respect to 100 parts of silica
particles is injected into the autoclave by an entrainer pump while the stirrer of the autoclave is continuously rotated, the
temperature inside the autoclave is raised to 180°C, and a reaction is carried out for 20 minutes. Next, the supercritical
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carbondioxide is circulatedagain in theautoclave, andexcesshexamethyldisilazane is removed.Next, stirring is stopped,
the pressure valve is opened to release the pressure in the autoclave to atmospheric pressure, and the temperature is
lowered to room temperature (25°C). In this way, silica particles (2) surface-treated with the hexamethyldisilazane are
obtained. The silica particles (2) have a volume average particle diameter of 4 nm.

[Silica Particles (3)]

[0265] In the samemanner as the preparation of the silica particles (2), amounts of the tetramethoxysilane and the7.6%
ammonia water dropped when the silica particle dispersion liquid (A) is prepared are increased to change the volume
average particle diameter of the silica particles in the silica particle dispersion liquid to 7 nm, thereby obtaining silica
particles (3) surface-treated with the hexamethyldisilazane. The silica particles (3) have a volume average particle
diameter of 7 nm.

[Silica Particles (4)]

[0266] Commercially available hydrophobic silica particles (fumed silica particles surface-treated with hexamethyldi-
silazane, volume average particle diameter: 12 nm) are prepared as silica particles (4).

[Silica Particles (5)]

[0267] Commercially available hydrophilic silica particles (fumed silica particles, without surface treatment, volume
average particle diameter: 62 nm) are prepared as silica particles (5).

[Silica Particles (6)]

[0268] Commercially available hydrophobic silica particles (fumed silica particles surface-treated with hexamethyldi-
silazane, volume average particle diameter: 88 nm) are prepared as silica particles (6).

[Silica Particles (7)]

[0269] Commercially available hydrophobic silica particles (fumed silica particles surface-treated with hexamethyldi-
silazane, volume average particle diameter: 93 nm) are prepared as silica particles (7).

[Inorganic Particles (8)]

[0270] Commercially available calcium carbonate particles (volume average particle diameter: 20 nm) are prepared as
inorganic particles (8).

[Inorganic Particles (9)]

[0271] Commercially available barium carbonate particles (volume average particle diameter: 40 nm) are prepared as
inorganic particles (9).

[Inorganic Particles (10)]

[0272] Commercially available barium sulfate particles (BARIFINE BF‑40, volume average particle diameter: 10 nm)
are prepared as inorganic particles (10).

[Inorganic Particles (11)]

[0273] Commercially available barium sulfate particles (BARIFINE BF‑20, volume average particle diameter: 30 nm)
are prepared as inorganic particles (11).

[Inorganic Particles (12)]

[0274] Commercially available barium sulfate particles (BARIFINE BF‑21, volume average particle diameter: 50 nm)
are prepared as inorganic particles (12).
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[Inorganic Particles (13)]

[0275] Commercially available barium sulfate particles (BARIFINE BF‑10, volume average particle diameter: 60 nm)
are prepared as inorganic particles (13).

<Preparation of Coating Agent for Forming Resin Layer of Carrier>

[Coating Agent (1)]

[0276]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 6.6 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 9.9 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Silica particles (1): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0277] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (1) having a solid content of 11%. The
weight average molecular weight of the resin constituting the coating agent (1) is 150,000.

[Coating Agents (2) to (7)]

[0278] Coating agents (2) to (7) are obtained in the samemanner as in preparation of the coating agent (1), except that
the silica particles (1) are changed to any of the silica particles (2) to (7).

[Coating Agents (8) to (11)]

[0279] Coating agents (8) to (11) are obtained in the samemanner as in the preparation of the coating agent (1), except
that the addition amount of the silica particles (1) is changed as follows.

·Coating agent (8): 10 parts of silica particles (1)
·Coating agent (9): 12 parts of silica particles (1)
·Coating agent (10): 30 parts of silica particles (1)
·Coating agent (11): 40 parts of silica particles (1)

[Coating Agent (12‑1)]

[0280]

·Cyclohexyl methacrylate resin (weight average molecular weight: 50,000): 20 parts
·Polyisocyanate (Coronate L manufactured by Tosoh Corporation): 4 parts
·Carbon black (Cabot Corporation, VXC72): 1 part
·Toluene: 425 parts
·Methanol: 50 parts

[0281] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 1,200 rpm for 30 minutes to obtain a coating agent (12‑1) having a solid content of 5%.

[Coating Agent (12‑2)]

[0282]

·Silica particles (4): 8 parts
·Toluene: 92 parts
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[0283] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 1,200 rpm for 30 minutes to obtain a coating agent (12‑2) having a solid content of 8%.

[Coating Agent (13)]

[0284]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 3.3 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 13.2 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Silica particles (1): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0285] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30minutes, to obtain a coating agent (13) having a solid content of 11%. The
weight average molecular weight of the resin constituting the coating agent (13) is 85,000.

[Coating Agent (14)]

[0286]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 9.9 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 6.6 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Silica particles (1): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0287] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30minutes, to obtain a coating agent (14) having a solid content of 11%. The
weight average molecular weight of the resin constituting the coating agent (14) is 210,000.

[Coating Agent (15)]

[0288]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 16.5 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Silica particles (1): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0289] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (15) having a solid content of 11%.

[Coating Agent (16)]

[0290]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 6.6 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 9.9 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Inorganic Particles (8): 20 parts
·Toluene: 250 parts
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·Isopropyl alcohol: 50 parts

[0291] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (16) having a solid content of 11%.

[Coating Agent (17)]

[0292]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 6.6 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 9.9 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Inorganic Particles (9): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0293] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (17) having a solid content of 11%.

[Coating Agent (18)]

[0294]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 6.6 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 9.9 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Inorganic Particles (10): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0295] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (18) having a solid content of 11%.

[Coating Agent (19)]

[0296]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 6.6 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 9.9 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Inorganic Particles (11): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0297] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (19) having a solid content of 11%.

[Coating Agent (20)]

[0298]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 6.6 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 9.9 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
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·Inorganic Particles (12): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0299] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (20) having a solid content of 11%.

[Coating Agent (21)]

[0300]

·Cyclohexyl methacrylate resin (weight average molecular weight: 350,000): 6.6 parts
·Perfluoropropylethyl methacrylate/methyl methacrylate copolymer (polymerization ratio by mass: 30: 70, weight
average molecular weight Mw = 19000): 9.9 parts
·Carbon black (Cabot Corporation, VXC72): 0.5 parts
·Inorganic Particles (13): 20 parts
·Toluene: 250 parts
·Isopropyl alcohol: 50 parts

[0301] Theabovematerials andglass beads (diameter: 1mm, the sameamount as toluene) are charged into a sandmill
and stirred at a rotation speed of 190 rpm for 30 minutes, to obtain a coating agent (21) having a solid content of 11%.

<Preparation of Resin-coated Carrier>

[Carrier (1)]

[0302] 1000 parts of the ferrite particles (1) and 125 parts of the coating agent (1) are charged into a kneader andmixed
at a room temperature (25°C) for 20 minutes. Then, the mixture is heated to 70°C and reduced in pressure to be dried.
[0303] A dried product is cooled to the room temperature (25°C), 125 parts of the coating agent (1) are additionally
charged, and themixture ismixed at the room temperature (25°C) for 20minutes. Then, themixture is heated to 70°C and
reduced in pressure to be dried.
[0304] Next, adriedproduct is takenout fromthekneader, andcoarsepowder is sievedwithameshhavinganopeningof
75 µm and removed to obtain the carrier (1).

[Carriers (2) to (7)]

[0305] Carriers (2) to (7) are obtained in the samemanner as in the preparation of the carrier (1), except that themixing
time after the additional coating agent (1) is charged is changed as illustrated in Table 3.

[Carrier (8) to (13)]

[0306] Carriers (8) to (13) areobtained in the samemanneras in thepreparationof the carrier (1), except that the coating
agent (1) is changed to any one of the coating agents (2) to (7).

[Carrier (14) to (19)]

[0307] Carriers (14) to (19) are obtained in the same manner as in the preparation of the carrier (1), except that the
amount of the additionally charged coating agent (1) is changed as illustrated in Table 3.

[Carrier (20) to (23)]

[0308] Carriers (20) to (23) are obtained in the same manner as in the preparation of the carrier (1), except that the
coating agent (1) is changed to any one of the coating agents (8) to (11).

[Carrier (24)]

[0309] 100 parts of the ferrite particles (1) and 40 parts of the coating agent (12‑1) are placed in a vacuum degassing
kneader, heating and decompression are conducted with stirring, and themixture is stirred and dried in an atmosphere of
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90°C/‑720 mmHg for 30 minutes. 10 parts of the coating agent (12‑2) are applied to the taken-out carrier by a spray
method, dried, and then allowed to stand at 150°C for 1 hour in an electric furnace to be fired. The coarse powder is
removed by sieving with a mesh having an opening of 75 µm to obtain the carrier (24).

[Carrier (25) to (33)]

[0310] Carriers (25) to (33) are obtained in the same manner as in the preparation of the carrier (1), except that the
coating agent (1) is changed to any one of the coating agents (13) to (21).

<Preparation of Developer>

[0311] As illustrated in Tables 2 and 3, any one of the cyan toners (1) to (11) and any one of the carriers (1) to (33) are
combined, put into aVblender at amixing ratio of toner: carrier = 10: 100 (mass ratio), and stirred for 20minutes to obtain a
cyan developer.

<Surface Property Index Value of Toner Particles>

[0312] Thespecific surfaceareameasured value of the toner particles is obtained fromanitrogen adsorption amount by
BET one-point method (equilibrium relative pressure: 0.3).
[0313] The toner particles are taken into the flow particle image analysis apparatus (FPIA‑3000 manufactured by
Sysmex Corporation), the toner particles are captured, subjected to the two-dimensional image processing, and the
equivalent circle diameter is calculated from the projection area. A sum of the surface areas and a sumof the volumes are
calculated from equivalent circle diameters of 4,500 toner particles.
[0314] Density of the toner particles ismeasured bymeasuring true density in accordancewith 8.2.2 of JISK0061: 2001
using a Gulysack type specific gravity bottle.

<Dynamic Viscoelasticity Measurement of Toner>

[0315] Using a press molding machine, 0.25 g of toner is tablet-molded into a disk having a diameter of 8 mm and a
thickness of 4 mm in an environment of 25°C± 3°C. The disk-shaped sample is placed on a parallel plate of a rheometer
("ARES" manufactured by TA Instruments Inc.). The sample is adhered to a parallel plate at a temperature of 130°C,
cooled to a temperature of 30°C at a cooling rate of 1°C/min, held at a temperature of 30 °C for 30 minutes, and then
measured at the temperature of 30°C.Measurement conditions include a frequency of 1 Hz, an angular frequency of 6.28
rad/sec, and a strain of 0.03 to 20% (automatic control).

<Surface Analysis of Carrier>

[0316] As an apparatus for three-dimensional analysis of the surface of the carrier, an electron beam three-dimensional
roughness analysis apparatus ERA‑8900FEmanufactured by Elionix Co., Ltd. is used. The surface analysis of the carrier
by ERA‑8900FE is specifically performed as follows.
[0317] Thesurfaceofonecarrierparticle ismagnified5,000 times,and three-dimensionalmeasurement isperformedby
taking 400measurement points in a long side direction and 300 points in a short side direction to obtain three-dimensional
image data in a region of 24µm× 18µm. For the three-dimensional image data, the limit wavelength of the spline filter is
set to 12µmto removewavelengths havinga period of 12µmormore, and the cutoff value of theGaussian high-pass filter
is set to 2.0 µm to remove wavelengths having a period of 2.0 µm or more, so as to obtain three-dimensional roughness
curve data. From three-dimensional roughness curve data, the surface area B (µm2) of a central portion 12 µm× 12 µm
region (the plan viewareaA=144µm2) is obtained, so as to obtain the ratio B/A. The ratio B/A is calculated for each of 100
carriers and the arithmetic average value is obtained.

<Measurement of Average Particle Diameter of Silica Particles in Resin Layer>

[0318] The carrier is embedded in an epoxy resin and cut with a microtome to prepare a carrier cross section. An SEM
image obtained by capturing the carrier cross section with a scanning transmission electron microscope (S‑4100,
manufactured by Hitachi, Ltd.) is taken into an image processing analysis apparatus (Nireco, Luzex AP), and image
analysis is performed. 100 silica particles (primary particles) in the resin layer are randomly selected, and an equivalent
circular diameter (nm) of each particle is calculated and arithmetically averaged to obtain the average particle diameter
(nm) of the silica particles.
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<Measurement of Average Thickness of Resin Layer>

[0319] The SEM image is taken into the image processing analysis apparatus (Nireco, Luzex AP) to perform the image
analysis. The thickness (µm) of the resin layer ismeasured by randomly selecting 10 points per particle of the carrier, and
100 particles of the carrier are further selected to measure thicknesses thereof, and all the thicknesses are arithmetically
averaged to obtain the average thickness (µm) of the resin layer.

<Measurement of Silicon Element Concentration>

[0320] The carrier is used as a sample and analyzed by X-ray photoelectron spectroscopy (XPS) under the following
conditions, and the silicon element concentration (atomic%) is obtained from a peak intensity of each element.

·XPS apparatus: VersaProbeII manufactured by ULVAC-PHI
·Etching gun: argon gun, acceleration voltage: 5 kV
·Emission current: 20 mA
·Sputtering region: 2 mm × 2 mm
·Sputtering rate: 3 nm/min (in terms of SiO2)

<Evaluation of Fogging>

[0321] Amodifiedmachine of an image forming apparatusDocuPrint Color 3540 (manufactured byFuji XeroxCo., Ltd.)
is prepared, and a developer is put into a developing device. A toner of the same kind as the toner used for preparing the
developer is put into the toner cartridge (for example, when the developer in the developing device is a developer in which
the cyan toner (1) and the carrier (1) are combined, the cyan toner (1) is put into the toner cartridge).
[0322] The image forming apparatus is left in an environment at a temperature of 25°Canda relative humidity of 55% for
24 hours. Under an environment of the temperature of 25°C and the relative humidity of 55%, 50,000 sheets of cyan test
images having an image density of 5% are output on A3 size paper. Next, 10 cyan test images with the image density of
40% are output on the entire surface of the A3 size paper, and the presence or absence of fogging is observed with naked
eyes and a loupe with a magnification of 5 times, and classified as follows.
A: Fogging is not observed in all 10 sheets.
B: Fogging is slightly observed in one sheet by a loupe, but does not cause a problem.
C: Fogging is slightly observed in plural sheets by a loupe, but is slight, which is practically acceptable.
D: Fogging is observed in plural sheets by the naked eyes, but is slight, and is practically acceptable.
E: Fogging is observed in all 10 sheets by the naked eyes, which is not suitable for practical use.
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[0323] The foregoing description of the exemplary embodiments of the present invention has been provided for the
purposes of illustration and description. It is not intended to be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations will be apparent to practitioners skilled in the art. The embodi-
ments were chosen and described in order to best explain the principles of the invention and its practical applications,
thereby enabling others skilled in the art to understand the invention for various embodiments and with the various
modifications as are suited to the particular use contemplated. It is intended that the scope of the invention be defined by
the following claims.

Claims

1. An electrostatic charge image developer comprising:

a toner containing a toner particle and an external additive; and
a carrier containing a magnetic particle which is a particle of a magnetic oxide wherein the particle of a magnetic
oxide is selected from ferrite and magnetite, and a resin layer covering the magnetic particle and the resin layer
has an average thickness of 0.6µmormore and1.4µmor less as determined in accordancewith thedescription,
wherein
the toner particle has a surface property index value of 1.0 or more and less than 2.0 and is measured in
accordance with the description; and
the toner contains a binder resin and the binder resin is a polyester resin including a crystalline polyester resin in
combination with an amorphous polyester resin and the crystalline polyester resin is used in a range in which a
content thereof is 2 mass% or more and 40 mass% or less with respect to a total amount of the binder resin;
the carrier hasa surfacehavinga ratioB/Aof a surfaceareaB toaplane viewareaAof 1.020ormoreand1.100or
less, the plane view areaA and the surface areaB being obtained by three-dimensional analysis of the surface of
the carrier and in accordance with the description;
the resin layer contains an acrylic resin having an alicyclic;
and the resin layer comprises silicaparticles, andhasasiliconelement concentrationofmore than2atomic%and
less than 20 atomic% at the surface of the carrier, the silicon element concentration being determined by X-ray
photoelectron spectroscopy and in accordance with the description.

2. The electrostatic charge image developer according to claim 1, wherein
the surface property index value is 1.2 or more and 1.8 or less.

3. The electrostatic charge image developer according to claim 1 or 2, wherein
the ratio B/A is 1.040 or more and 1.080 or less.

4. The electrostatic charge image developer according to any one of claims 1 to 3, wherein
the silica particles having an average particle diameter of 5 nm or more and 90 nm or less, and wherein the average
particle diameter is measured in accordance with the description.

5. The electrostatic charge image developer according to claim 4, wherein
the average particle diameter of the silica particles is 5 nm or more and 70 nm or less.

6. The electrostatic charge image developer according to any one of claims 1 to 5, wherein
the average thickness of the resin layer is 0.8 µm or more and 1.2 µm or less.

7. The electrostatic charge image developer according to any one of claims 1 to 6, wherein
the toner has a storageelasticmodulusG’ of 6.0×108Paormore and1.5×109Paor less at a temperature of 30°C in
dynamic viscoelasticity measurement and is measured in accordance with the description.

8. The electrostatic charge image developer according to claim 7, wherein
the storage elastic modulus G’ is 8.0 × 108 Pa or more and 1.2 × 109 Pa or less.

9. The electrostatic charge image developer according to any one of claims 1 to 8, wherein
the resin layer comprises a resin having a weight average molecular weight of less than 300,000 and is measured in
accordance with the description.
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10. The electrostatic charge image developer according to any one of claims 1 to 9, wherein the particle of a magnetic
oxide is ferrite.

11. The electrostatic charge image developer according to any one of claims 1 to 10, wherein the toner further contains a
colorant, a mold releasing agent, and other additives.

12. A process cartridge configured to be attached to and detached from an image forming apparatus, the process
cartridge comprising:
a developingunit that accommodates the electrostatic charge imagedeveloper according to anyoneof claims1 to 11,
and is configured to develop an electrostatic charge image as a toner image by the electrostatic charge image
developer, the electrostatic charge image being formed on a surface of an image carrier.

13. An image forming apparatus, comprising:

an image carrier;
a charging unit configured to charge a surface of the image carrier;
an electrostatic charge image forming unit configured to form an electrostatic charge image on the surface of the
image carrier charged;
a developing unit that accommodates the electrostatic charge image developer according to any one of claims 1
to 11, and is configured to develop the electrostatic charge image as a toner image by the electrostatic charge
image developer;
a transfer unit configured to transfer the toner image formed on the surface of the image carrier to a surface of a
recording medium; and
a fixing unit configured to fix the toner image transferred to the surface of the recording medium.

14. An image forming method, comprising:

charging a surface of an image carrier;
forming an electrostatic charge image on the surface of the image carrier charged;
developing the electrostatic charge image as a toner image by the electrostatic charge image developer
according to any one of claims 1 to 11;
transferring the toner image formed on the surface of the image carrier to a surface of a recording medium; and
fixing the toner image transferred to the surface of the recording medium.

Patentansprüche

1. Entwickler für elektrostatisches Ladungsbild, umfassend:

einen Toner, der ein Tonerpartikel und ein externes Additiv enthält; und
einen Träger, der ein magnetisches Partikel enthält, das ein Partikel eines magnetischen Oxids ist, wobei das
Partikel eines magnetischen Oxids aus Ferrit undMagnetit ausgewählt wird, eine Harzschicht das magnetische
Partikel abdeckt unddieHarzschicht einedurchschnittlicheDickevon0,6µmodermehrund1,4µmoderweniger
aufweist, wie in Übereinstimmung mit der Beschreibung bestimmt, wobei
das Tonerpartikel einenOberflächeneigenschafts-Indexwert von 1,0 odermehr undweniger als 2,0 aufweist und
in Übereinstimmung mit der Beschreibung gemessen wird; und
der Toner ein Bindemittel enthält und das Bindemittel ein Polyesterharz ist, das ein kristallines Polyesterharz in
Kombination mit einem amorphen Polyesterharz enthält, und das kristalline Polyesterharz in einem Bereich
verwendet wird, in dem ein Gehalt davon 2 Massen-% oder mehr und 40 Massen-% oder weniger in Bezug auf
eine Gesamtmenge des Bindemittels beträgt;
der Träger eineOberflächemit einemVerhältnis B/A einesOberflächenbereichs B zu einemDraufsichtbereich A
von 1,020 oder mehr und 1,100 oder weniger aufweist, wobei der Draufsichtbereich A und der Oberflächen-
bereich B durch dreidimensionale Analyse der Oberfläche des Trägers und in Übereinstimmung mit der
Beschreibung erhalten werden;
die Harzschicht ein Acrylharz mit Alicyclen enthält;
und die Harzschicht Siliciumdioxidpartikel umfasst und eine Siliciumelementkonzentration vonmehr als 2 Atom-
% und weniger als 20 Atom-% an der Oberfläche des Trägers aufweist, wobei die Siliciumelementkonzentration
durch Röntgen-Photoelektronenspektroskopie und in Übereinstimmung mit der Beschreibung bestimmt wird.

35

EP 4 092 487 B1

5

10

15

20

25

30

35

40

45

50

55



2. Entwickler für elektrostatisches Ladungsbild nach Anspruch 1, wobei
der Oberflächeneigenschafts-Indexwert 1,2 oder mehr und 1,8 oder weniger beträgt.

3. Entwickler für elektrostatisches Ladungsbild nach Anspruch 1 oder 2, wobei
das Verhältnis B/A 1,040 oder mehr und 1,080 oder weniger beträgt.

4. Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis 3, wobei
die Siliciumdioxidpartikel einen durchschnittlichenPartikeldurchmesser von 5 nmodermehr und 90 nmoderweniger
aufweisen, wobei der durchschnittliche Partikeldurchmesser in Übereinstimmung mit der Beschreibung gemessen
wird.

5. Entwickler für elektrostatisches Ladungsbild nach Anspruch 4, wobei
der durchschnittlichePartikeldurchmesser derSiliciumdioxidpartikel 5nmodermehrund70nmoderweniger beträgt.

6. Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis 5, wobei
die durchschnittliche Dicke der Harzschicht 0,8 µm oder mehr und 1,2 µm oder weniger beträgt.

7. Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis 6, wobei
der Toner ein Speicherelastizitätsmodul G’ von 6,0 x 108 Pa oder mehr und 1,5 x 109 Pa oder weniger bei einer
Temperatur von 30°C bei Messung von dynamischer Viskoelastizität aufweist und in Übereinstimmung mit der
Beschreibung gemessen wird.

8. Entwickler für elektrostatisches Ladungsbild nach Anspruch 7, wobei
der Speicherelastizitätsmodul G’ 8,0 x 108 Pa oder mehr und 1,2 x 109 Pa oder weniger beträgt.

9. Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis 8, wobei
die Harzschicht ein Harz mit einem gewichtsmittleren Molekulargewicht von weniger als 300.000 umfasst und in
Übereinstimmung mit der Beschreibung gemessen wird.

10. Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis 9, wobei das Partikel eines magnet-
ischen Oxids Ferrit ist.

11. Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis 10, wobei der Toner ferner ein
Färbemittel, ein Formtrennmittel und andere Additive enthält.

12. Prozesskartusche, die so konfiguriert ist, dass sie an einer Bilderzeugungsvorrichtung angebracht und von diesem
gelöst werden kann, wobei die Prozesskartusche umfasst:
eine Entwicklungseinheit, die den Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis 11
aufnimmt und so konfiguriert ist, dass sie ein elektrostatisches Ladungsbild als ein Tonerbild durch den Entwickler für
elektrostatisches Ladungsbild entwickelt, wobei das elektrostatische Ladungsbild auf einer Oberfläche eines Bild-
trägers erzeugt wird.

13. Bilderzeugungsvorrichtung, umfassend:

einen Bildträger;
eine Ladeeinheit, die so konfiguriert ist, dass sie eine Oberfläche des Bildträgers lädt;
eine Bilderzeugungseinheit für elektrostatisches Ladungsbild, die so konfiguriert ist, dass sie ein elektrostati-
sches Ladungsbild auf der Oberfläche des geladenen Bildträgers erzeugt;
eine Entwicklungseinheit, die den Entwickler für elektrostatisches Ladungsbild nach einem der Ansprüche 1 bis
11 aufnimmt und so konfiguriert ist, dass sie das elektrostatische Ladungsbild als ein Tonerbild durch den
Entwickler für elektrostatisches Ladungsbild entwickelt;
eine Übertragungseinheit, die so konfiguriert ist, dass sie das auf der Oberfläche des Bildträgers erzeugte
Tonerbild auf eine Oberfläche eines Aufzeichnungsmediums überträgt; und
eine Fixiereinheit, die so konfiguriert ist, dass sie das auf die Oberfläche des Aufzeichnungsmediums übertra-
gene Tonerbild fixiert.

14. Bilderzeugungsverfahren, umfassend:
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Laden einer Oberfläche eines Bildträgers;
Erzeugen eines elektrostatischen Ladungsbildes auf der Oberfläche des geladenen Bildträgers;
Entwickeln des elektrostatischen Ladungsbildes als ein Tonerbild durch den Entwickler für elektrostatisches
Ladungsbild nach einem der Ansprüche 1 bis 11;
Übertragen des auf der Oberfläche des Bildträgers erzeugten Tonerbildes auf eine Oberfläche eines Auf-
zeichnungsmediums; und
Fixieren des auf die Oberfläche des Aufzeichnungsmediums übertragenen Tonerbildes.

Revendications

1. Révélateur d’images à charge électrostatique comprenant :

un toner contenant une particule de toner et un additif externe ; et
un support contenant une particule magnétique qui est une particule d’un oxyde magnétique dans lequel la
particule d’un oxydemagnétique est sélectionnée parmi ferrite et magnétite, et une couche de résine recouvrant
la particule magnétique et la couche de résine a une épaisseur moyenne de 0,6 µmou plus et 1,4 µmoumoins,
déterminée conformément à la description, dans lequel
la particule de toner a une valeur d’indice de propriété de surface de 1,0 ou plus et inférieure à 2,0 et estmesurée
conformément à la description ; et
le toner contient une résine liant et la résine liant est une résine polyester incluant une résine polyester cristalline
en combinaison avec une résine polyester amorphe, et la résine polyester cristalline est utilisée dans une plage
où sa teneur est de 2 % en masse ou plus et de 40 % en masse ou moins par rapport à une quantité totale de la
résine liant ;
le support a une surfaceayant un rapport B/A entre une surfaceBet une surface vueenplanAde1,020ouplus et
1,100 ou moins, la surface vue en plan A et la surface B étant obtenues par une analyse tridimensionnelle de la
surface du support et conformément à la description ;
la couche de résine contient une résine acrylique ayant un alicyclique ;
et la couchede résinecomprenddesparticulesdesilice, et auneconcentrationenélément siliciumdeplusde2%
atomique et de moins de 20 % atomique à la surface du support, la concentration en élément silicium étant
déterminée par spectroscopie de photoélectrons à rayons X et conformément à la description.

2. Révélateur d’images à charge électrostatique selon la revendication 1, dans lequel
la valeur d’indice de propriété de surface est de 1,2 ou plus et de 1,8 ou moins.

3. Révélateur d’images à charge électrostatique selon la revendication 1 ou la revendication 2, dans lequel
le rapport B/A est de 1,040 ou plus et de 1,080 ou moins.

4. Révélateur d’images à charge électrostatique selon l’une quelconque des revendications 1 à 3, dans lequel
les particules de silice ayant un diamètremoyen de particules de 5 nmou plus et de 90 nmoumoins, et dans lequel le
diamètre moyen de particules est mesuré conformément à la description.

5. Révélateur d’images à charge électrostatique selon la revendication 4, dans lequel
le diamètre moyen des particules de silice est de 5 nm ou plus et de 70 nm ou moins.

6. Révélateur d’images à charge électrostatique selon l’une quelconque des revendications 1 à 5, dans lequel
l’épaisseur moyenne de la couche de résine est de 0,8 µm ou plus et de 1,2 µm ou moins.

7. Révélateur d’images à charge électrostatique selon l’une quelconque des revendications 1 à 6, dans lequel
le toner aunmoduled’élasticité destockageG’ de6,0×108Paoupluset de1,5×109Paoumoinsàune température
de 30 °C dans une mesure dynamique de viscoélasticité et est mesuré conformément à la description.

8. Révélateur d’images à charge électrostatique selon la revendication 7, dans lequel
le module d’élasticité de stockage G’ est de 8,0 x 108 Pa ou plus et de 1,2 x 109 Pa ou moins.

9. Révélateur d’images à charge électrostatique selon l’une quelconque des revendications 1 à 8, dans lequel
la couche de résine comprend une résine ayant un poids moléculaire moyen en poids inférieur à 300 000 et est
mesurée conformément à la description.
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10. Révélateur d’images à charge électrostatique selon l’une quelconque des revendications 1 à 9, dans lequel la
particule d’un oxyde magnétique est de ferrite.

11. Révélateur d’images à charge électrostatique selon l’une quelconque des revendications 1 à 10, dans lequel le toner
contient en outre un colorant, un agent de démoulage et d’autres additifs.

12. Cartouche de traitement configurée pour être fixée et détachée d’un appareil de formation d’images, la cartouche de
traitement comprenant :
une unité de développement qui contient le révélateur d’images à charge électrostatique selon l’une quelconque des
revendications1à11, et est configuréepourdévelopperune imageàchargeélectrostatiqueen tant qu’imagede toner
par le révélateur d’images à charge électrostatique, l’image à charge électrostatique étant formée sur une surface
d’un support d’images.

13. Appareil de formation d’images, comprenant :

un support d’images ;
une unité de charge configurée pour charger une surface du support d’images ;
une unité de formation d’images à charge électrostatique configurée pour former une image à charge électro-
statique sur la surface du support d’images chargé ;
une unité de développement qui contient le révélateur d’images à charge électrostatique selon l’une quelconque
des revendications 1à11, et est configurée pour développer l’imageàchargeélectrostatiqueen tant qu’imagede
toner par le révélateur d’images à charge électrostatique ;
une unité de transfert configurée pour transférer l’image de toner formée sur la surface du support d’images vers
une surface d’un support d’enregistrement ; et
une unité de fixation configurée pour fixer l’image de toner transférée à la surface du support d’enregistrement.

14. Procédé de formation d’images, comprenant :

charger une surface d’un support d’images ;
former une image à charge électrostatique sur la surface du support d’images chargé ;
développer l’image à charge électrostatique en tant qu’image de toner par le révélateur d’images à charge
électrostatique selon l’une quelconque des revendications 1 à 11 ;
transférer l’image de toner formée sur la surface du support d’images vers une surface d’un support d’enregis-
trement ; et
fixer l’image de toner transférée à la surface du support d’enregistrement.
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