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(57) ABSTRACT

A developing device includes a storing unit that stores an
electrostatic charge image developing toner, and a developer
holding member that is provided to have a gap with an image
holding member and holds the toner on a surface, wherein
the developing device develops an electrostatic charge
image formed on a surface of the image holding member by
the toner on the developer holding member through a
non-contact development to form a toner image, and
wherein the toner has a sea and island structure of a sea
portion containing a binder resin and an island portion
containing a release agent, a maximum frequent value in
distribution of the eccentricity B of the island portion is from
0.75 to 0.95, and a skewness in the distribution of the
eccentricity B is from -1.10 to -0.50, and the eccentricity B
is defined in the specification.
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DEVELOPING DEVICE, IMAGE FORMING
APPARATUS, AND PROCESS CARTRIDGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2015-110340 filed May 29, 2015.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a developing

device, an image forming apparatus, and a process cartridge.
[0004] 2. Related Art

[0005] A method of visualizing image information, such
as an electrophotographic method has been used in various
fields. In the electrophotographic method, an electrostatic
charge image is formed as image information, on a surface
of an image holding member by performing charging and
forming the electrostatic charge image. Developing is per-
formed by using a developer containing a toner so as to form
a toner image on the surface of the image holding member.
The toner image is transferred to a recording medium, and
then the toner image is fixed on the recording medium. Thus,
the image information is visualized as an image. It is
examined that a non-contact development is employed as a
method of developing the toner image on the surface of the
image holding member by using a developer.

SUMMARY

[0006] According to an aspect of the invention, there is
provided a developing device including:

[0007] a storing unit that stores an electrostatic charge
image developing toner; and

[0008] a developer holding member that is provided so as
to have a gap with an image holding member and holds the
electrostatic charge image developing toner on a surface,
[0009] wherein the developing device develops an elec-
trostatic charge image formed on a surface of the image
holding member by using the electrostatic charge image
developing toner on the developer holding member through
a non-contact development, so as to form a toner image, and
[0010] wherein the toner contains a binder resin, a colo-
rant, and a release agent and has a sea and island structure
of a sea portion containing the binder resin and an island
portion containing the release agent,

[0011] a maximum frequent value in distribution of the
following eccentricity B of the island portion containing the
release agent is in a range of from 0.75 to 0.95, and
[0012] a skewness in the distribution of the following
eccentricity B is in a range of from -1.10 to -0.50,

[0013] the eccentricity B being represented by the follow-
ing expression (1):

Eccentricity B=2d/D (€8]

[0014] wherein D indicates an equivalent circle diameter
(um) of the toner in an observation of a cross-section of the
toner, and d indicates a distance (um) from the centroid of
the toner to the centroid of the island portion containing the
release agent in the observation of a cross-section of the
toner.

Dec. 1, 2016

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Exemplary embodiments of the present invention
will be described in detail based on the following figures,
wherein:

[0016] FIG. 1 is a schematic configuration diagram illus-
trating an example of an image forming apparatus according
to this exemplary embodiment;

[0017] FIG. 2 is a schematic configuration diagram illus-
trating an example of a process cartridge according to this
exemplary embodiment;

[0018] FIG. 3 is a schematic diagram illustrating an
example of a developing device used in a non-contact
development according to this exemplary embodiment;
[0019] FIG. 4 is a schematic diagram illustrating a power
feeding addition method; and

[0020] FIG. 5 is a diagram illustrating an example of a
distribution of eccentricity B of a release agent domain in a
toner according to this exemplary embodiment.

DETAILED DESCRIPTION

[0021] Hereinafter, an exemplary embodiment which is an
example of the invention will be described in detail.
[0022] A developing device according to this exemplary
embodiment includes a developer holding member which
stores an electrostatic charge image developing toner and
develops an electrostatic charge image formed on a surface
of an image holding member by using the electrostatic
charge image developing toner through a non-contact devel-
opment, so as to form a toner image.

[0023] The developer holding member is provided to have
a gap with the image holding member and holds the elec-
trostatic charge image developing toner on a surface thereof.
[0024] The electrostatic charge image developing toner
contains a binder resin, a colorant, and at least one of release
agent selected from a group consisting of a hydrocarbon wax
and a natural wax. The electrostatic charge image develop-
ing toner has a sea and island structure of a sea portion
containing the binder resin and an island portion containing
the release agent. In the toner, the maximum frequent value
in distribution of eccentricity B at the island portion con-
taining the release agent, which is represented by the fol-
lowing expression (1) is in a range of from 0.75 to 0.95, and
skewness in the distribution of the eccentricity B is in a
range of from -1.10 to -0.50.

eccentricity B=2d/D

[0025] wherein, D indicates an equivalent circle diameter
(um) of the toner in an observation of a cross-section of the
toner, and d indicates a distance (um) from the centroid of
the toner to the centroid of the island portion containing the
release agent, in the observation of a cross-section of the
toner.

[0026] With the above configuration, the developing
device according to this exemplary embodiment prevents
occurrence of image disarray and has excellent reproduc-
ibility in image density. The reasons thereof are not clear, but
presumed as follows.

[0027] In image formation using a non-contact develop-
ment, a developer holding member in a developing device is
provided so as to have a gap with an image holding member
such that the developer holding member directly does not
contact with the image holding member. A developer con-
taining a toner is held on a surface of the developer holding

Expression (1):
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member and a developer layer is formed by using the
developer. The toner flies from this developer layer toward
the image holding member side by an electrostatic force, and
is transferred.

[0028] Inthe non-contact development, since a developing
electric field is changed largely and a change of a charging
amount of a toner has an influence on developing, stability
of charging for a toner is required.

[0029] The toner (toner particles) is charged to have the
same polarity and thus has a property of repulsion against
each other. For this reason, the toner particles at a time of
flying from the developer holding member toward the image
holding member are repulsed against each other, or toner
particles flying toward the image holding member receive a
repulsive force from toner particles which have been trans-
ferred to the image holding member in advance, and thereby
flying and scattering of toner particles may occur and as a
result, image disarray may occur with respect to an image to
be formed.

[0030] The eccentricity B of the island portion containing
the release agent (also referred to as a “release agent
domain” below) is a figure indicating a distance of the
centroid of the release agent domain from the centroid of the
toner. An increase of a value of the eccentricity B indicates
that the release agent domain exists closer to the surface of
the toner. A decrease of a value of the eccentricity B
indicates that the release agent domain exists closer to the
center of the toner. The maximum frequent value in the
distribution of the eccentricity B indicates a portion at which
the largest amount of the release agent domain exists in a
radial direction of the toner. The skewness of the distribution
of the eccentricity B indicates bilateral symmetry of the
distribution. Specifically, the skewness of the distribution of
the eccentricity B indicates a degree of unevenness from the
maximum frequent value in the distribution. That is, the
skewness of the distribution of the eccentricity B indicates
a degree of the distribution of the release agent domain from
the portion at which the largest amount of the release agent
domain exists in the radial direction of the toner.

[0031] That is, the maximum frequent value in the distri-
bution of the eccentricity B of the release agent domain
being in a range of from 0.75 to 0.95 means that the largest
amount of the release agent domain exists at a surface layer
portion of the toner. The skewness of the distribution of the
eccentricity B of the release agent domain being in a range
of from -1.10 to —0.50 means that the release agent domain
is distributed inwardly from the surface layer portion of the
toner and is with a gradient (see FIG. 5).

[0032] In this manner, a toner in which the maximum
frequent value and the skewness of the distribution of the
eccentricity B of the release agent domain respectively
satisfy the above-described ranges is a toner in which the
largest amount of the release agent domain exists at the
surface layer portion and the release agent domain is dis-
tributed from the inside of the toner toward the surface layer
portion with a gradient. In the toner in this exemplary
embodiment, which contains at least one of a hydrocarbon
wax and a natural wax as the release agent, a substance
which has a polarity smaller than that of the binder resin and
is more neutral than the binder resin exists on a surface and
thus a repulsive force between toner particles is reduced. As
a result, it is presumed that flying and scattering of toner
particles is prevented and occurrence of image disarray is
prevented.
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[0033] In a toner in which the release agent is unevenly
exists only at the surface portion, a difference in easiness of
charging between the inside and surface portion of a toner
particle occurs, a charging amount is not stable, and thus
developing characteristics in non-contact development are
not stable. As a result, the toner of a required amount is not
developed on the electrostatic charge image of the image
holding member, and density thereof may be lower than that
of an image to be formed. Thus, reproducibility in image
density is required.

[0034] On the contrary, the toner used in this exemplary
embodiment is a toner in which the largest amount of the
release agent domain exists at the surface layer portion and
the release agent domain is distributed from the inside of the
toner toward the surface layer portion so as to have a
gradient, and a difference in a charging property between the
surface portion and the inside of a toner particle is reduced.
Thus, a charging amount is stable. As a result, it is presumed
that excellent developing characteristics even in the non-
contact development are shown and reproducibility in image
density is excellent.

[0035] In one toner of the related art, the release agent is
positioned so as to be in the vicinity of a surface by using a
difference in hydrophilic-hydrophobic properties between a
binder resin and a release agent which are dissolved in a
solvent. In the other toner of the related art, a release agent
is positioned so as to be in the vicinity of a surface by using
kneading and pulverizing method with an uneven distribu-
tion control resin, and the uneven distribution control resin
has both of a portion close to a polarity of a binder resin and
a portion close to a polarity of the release agent. However,
all of the toners control a position of a release agent in a
toner by using a physical property of a material and do not
cause distribution of the release agent domain of a toner to
have a gradient.

[0036] The developing device according to this exemplary
embodiment will be described below in detail.

[0037] Electrostatic Charge Image Developing Toner
[0038] First, a toner used in the developing device accord-
ing to this exemplary embodiment will be described in
detail.

[0039] The toner in this exemplary embodiment has the
sea and island structure in which the sea portion containing
a binder resin and the island portion containing at least one
of a release agent selected from a group consisting of a
hydrocarbon wax and a natural wax are provided. That is,
the toner has the sea and island structure in which the release
agent exists in a continuous phase of the binder resin so as
to have an island shape. Preferably, the release agent domain
may not exist at the center portion (centroid portion) of the
toner in observation of a cross-section of the toner, from a
viewpoint of prevention of separation deficiency and pre-
vention of uneven gloss.

[0040] In the toner having the sea and island structure, the
maximum frequent value in distribution of eccentricity B of
the release agent domain (island portion containing the
release agent) is in a range of from 0.75 to 0.95, and, from
a viewpoint of prevention of the occurrence of image
disarray, is preferably from 0.80 to 0.95, more preferably
from 0.80 to 0.90, most preferably from 0.85 to 0.90.
[0041] Skewness in the distribution of the eccentricity B
of the release agent domain (island portion containing the
release agent) is in a range of from -1.10 to -0.50, prefer-
ably in a range of from -1.00 to -0.60, and more preferably
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in a range of from -0.95 to -0.65, from a viewpoint of
improvement of reproducibility in image density.

[0042] Kurtosis in the distribution of the eccentricity B of
the release agent domain (island portion containing the
release agent) is preferably in a range of from -0.20 to
+1.50, more preferably in a range of from -0.15 to +1.40,
further preferably from —0.10 to +1.40, most preferably from
-0.10 to +1.30, from a viewpoint of improvement of repro-
ducibility in image density and prevention of occurrence of
image disarray.

[0043] The kurtosis is an index indicating a sharp point of
a vertex (that is, the maximum frequent value in the distri-
bution) in the distribution of the eccentricity B. The kurtosis
being in the above range indicates a state where an apex
portion (maximum frequent value) is not excessively sharp
in the distribution of the eccentricity B and the distribution
having a sharp and yet appropriately curved apex portion is
made. For this reason, a state where the release agent exists
on the surface and also exists appropriately in an inward
direction in the toner particle occurs, and thus reproducibil-
ity in image density is much more improved and the occur-
rence of an image disarray is much more prevented.
[0044] A confirming method of the sea and island structure
of the toner will be described.

[0045] The sea and island structure of the toner is con-
firmed, for example, by a method of observing a cross-
section of the toner (toner particle) using a transmission
electron microscope, or a method of dyeing a cross-section
of the toner particle with ruthenium tetroxide and observing
the dyed cross-section using a scanning electron micro-
scope. The method of observation using a scanning electron
microscope is preferable in that the release agent domain in
the cross-section of the toner may be observed more clearly.
As the scanning electron microscope, a model which has
been known well to those skilled in the related art may be
used. For example, SU8020 manufactured by Hitachi High-
Technologies Corporation, JSM-7500F manufactured by
JEOL Ltd., and the like are included.

[0046] Specifically, an observing method is performed as
follows. First, a toner (toner particle) to be measured is
embedded in an epoxy resin, and then the epoxy resin is
cured. This cured substance is cut into a thin section with a
microtome including a diamond blade to thereby obtain an
observation sample in which a cross-section of the toner is
exposed. Dyeing with ruthenium tetroxide is performed on
the thin observation sample and the cross-section of the
toner is observed by using a scanning electron microscope.
Using this observing method, a sea and island structure in
which a release agent having a brightness difference (con-
trast) caused by a dyeing degree with respect to a continuous
phase of a binder resin exists so as to have an island shape
in the cross-section of the toner is observed.

[0047] Next, a measuring method of the eccentricity B of
the release agent domain will be described.

[0048] The eccentricity B of the release agent domain is
measured as follows. First, an image is recorded at magni-
fication which allows a cross-section of one toner (toner
particle) to come in sight, by using the confirming method
of the sea and island structure. Image analysis for the
recorded image is performed under a condition of 0.010000
um/pixel by using image analysis software (WINROOF
manufactured by MITANI Corporation). A shape of the
cross-section of the toner is extracted by this image analysis
by using a brightness difference (contrast) between the
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epoxy resin used in embedding and the binder resin of the
toner. A projected area is obtained based on the extracted
shape of the cross-section of the toner. An equivalent circle
diameter is obtained from the projected area. The equivalent
circle diameter is calculated by an expression of 2v(pro-
jected area/m). The obtained equivalent circle diameter is set
as an equivalent circle diameter D of the toner in observation
of the cross-section of the toner.

[0049] A centroid position is obtained based on the
extracted shape of the cross-section of the toner. Subse-
quently, a shape of the release agent domain is extracted by
using a brightness difference (contrast) between the binder
resin and the release agent, and a centroid position of the
release agent domain is obtained. FEach of the centroid
positions is obtained as follows. x coordinates of the cen-
troids are values obtained by dividing summation of x,
coordinate values by n, and y coordinates of the centroids
are values obtained by dividing summation of 'y, coordinate
values by n, when the number of pixels in an area of the
extracted toner or the extracted release agent domain is set
as n, Xy coordinates of each pixel are set as x, and y, (i=1, 2,

., n). A distance between the centroid position of the
cross-section of the toner and the centroid position of the
release agent domain is obtained. The obtained distance is
set as a distance d from the centroid of the toner to the
centroid of the island portion containing the release agent in
observation of the cross-section of the toner.

[0050] At last, the eccentricity B of the release agent
domain is obtained based on each of the equivalent circle
diameter D and the distance d by using Expression (1)
(eccentricity B=2d/D). Similarly, the above-described
operation is performed on each of plural release agent
domains in the cross-section of one toner (toner particle) and
thereby the eccentricity B of the release agent domain is
obtained.

[0051] Next, a calculating method of the maximum fre-
quent value in distribution of the eccentricity B of the release
agent domain will be described.

[0052] First, the eccentricity B of the release agent domain
for 200 toners (toner particles) is measured as described
above. Data of the obtained eccentricity B of each of the
release agent domains is subjected to statistical analysis
processing in a data sections from 0 in increment of 0.01,
and thereby the distribution of the eccentricity B is obtained.
The maximum frequent value in the obtained distribution,
that is, a value of a data section which appears most in the
distribution of the eccentricity B of the release agent domain
is obtained. The value of this data section is set as the
maximum frequent value in the distribution of the eccen-
tricity B of the release agent domain.

[0053] Next, a calculating method of the skewness in the
distribution of the eccentricity B of the release agent domain
will be described.

[0054] First, the distribution of the eccentricity B of the
release agent domain is obtained as described above. The
skewness in the distribution of the eccentricity B is obtained
based on the following expression. In the following expres-
sion, the skewness is set as Sk, the number of pieces of data
of the eccentricity B of the release agent domain is set as n,
values of data of the eccentricity B of the respective release
agent domains are set as x, (i=1, 2, . . ., n), an average value
of all pieces of data of the eccentricity B of the release agent
domain is set as x (x with a bar above), and a standard
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deviation of all pieces of data of the eccentricity B of the
release agent domain is set as s.

ko n - X -xY
_(n—l)(n—Z)Z( s )
i=1

[0055] Next, a calculating method of the kurtosis in the
distribution of the eccentricity B of the release agent domain
will be described.

[0056] First, the distribution of the eccentricity B of the
release agent domain is obtained as described above. The
kurtosis in the obtained distribution of the eccentricity B is
obtained based on the following expression. In the following
expression, the kurtosis is set as Ku, the number of pieces of
data of the eccentricity B of the release agent domain is set
as n, values of data of the eccentricity B of the respective
release agent domains are set as x,(i=1, 2, . . ., n), an average
value of all pieces of data of the eccentricity B of the release
agent domain is set as X (x with a bar above), and a standard
deviation of all pieces of data of the eccentricity B of the
release agent domain is set as s.

Ko nn+1) - x-x\ 3(n—1)?
YT D2 -3) £ ( s ] T -2n-3)
[0057] Regarding a method for satistying distribution

characteristics of the eccentricity B of the release agent
domain in a toner, it will be described in a method of
preparing the toner.

[0058] Components of the toner in this exemplary embodi-
ment will be described below.

[0059] The toner in this exemplary embodiment contains
a binder resin, a colorant, and a release agent. As the release
agent, at least one selected from a group consisting of a
hydrocarbon wax and a natural wax is contained. Specifi-
cally, the toner contains toner particles including the binder
resin, the colorant, and the release agent. The toner may
contain an external additive adhering to a surface of the
toner particle.

[0060] Release Agent

[0061] As the release agent, at least one selected from a
group consisting of a hydrocarbon wax (waxes having
hydrocarbon as a skeleton) and a natural wax (wax derived
from plants) is contained.

[0062] Examples of the hydrocarbon wax include a par-
affin wax, an olefin wax, and the like.

[0063] Examples of the natural wax include a carnauba
wax, a rice wax, a candelilla wax, and the like.

[0064] Among these substances, as the release agent, the
hydrocarbon wax is preferable. The hydrocarbon wax is
appropriate because the release agent domain is easily
formed and rapid bleeding to the surface of the toner (toner
particle) easily occurs in fixing. Among hydrocarbon waxes,
a paraffin wax or an olefin wax is preferable.

[0065] A melting temperature of the release agent is
preferably in a range of from 50° C. to 110° C., and more
preferably in a range of from 60° C. to 100° C.

[0066] The melting temperature is obtained from a DSC
curve obtained by differential scanning calorimetry (DSC).
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More specifically, the melting temperature is obtained from
“Melting Peak Temperature” described in the method of
obtaining a melting temperature in JIS K 7121-1987 “Test-
ing Methods for Transition Temperatures of Plastics”.
[0067] The content of the release agent is, for example,
preferably in a range of from 1% by weight to 20% by
weight, and more preferably in a range of from 5% by
weight to 15% by weight for the entire toner particles.
[0068] Binder Resin

[0069] Examples of the binder resin include vinyl resins
formed of homopolymers of monomers such as styrenes (for
example, styrene, parachlorostyrene, and a-methylstyrene),
(meth)acrylates (for example, methyl acrylate, ethyl acry-
late, n-propyl acrylate, n-butyl acrylate, lauryl acrylate,
2-ethylhexyl acrylate, methyl methacrylate, ethyl methacry-
late, n-propyl methacrylate, laurylmethacrylate, and 2-eth-
ylhexyl methacrylate), ethylenically unsaturated nitriles (for
example, acrylonitrile and methacrylonitrile), vinyl ethers
(for example, vinyl methyl ether and vinyl isobutyl ether),
vinyl ketones (for example, vinyl methyl ketone, vinyl ethyl
ketone, and vinyl isopropenyl ketone), and olefins (for
example, ethylene, propylene, and butadiene), or copoly-
mers obtained by combining two or more types of these
monomers.

[0070] Examples of the binder resin also include a non-
vinyl resin such as an epoxy resin, a polyester resin, a
polyurethane resin, a polyamide resin, a cellulose resin, a
polyether resin, and modified rosin, mixtures thereof with
the above-described vinyl resin, or graft polymer obtained
by polymerizing a vinyl monomer with the coexistence of
such non-vinyl resins.

[0071] These binder resins may be used singly or in
combination of two or more kinds thereof.

[0072] As the binder resin, a polyester resin is appropriate.
[0073] As the polyester resin, for example, a well-known
polyester resin is included.

[0074] Examples of the polyester resin include condensa-
tion polymers of polyvalent carboxylic acids and polyols. A
commercially available product or a synthesized product
may be used as the polyester resin.

[0075] Examples of the polyvalent carboxylic acid include
aliphatic dicarboxylic acids (for example, oxalic acid,
malonic acid, maleic acid, fumaric acid, citraconic acid,
itaconic acid, glutaconic acid, succinic acid, alkenyl succinic
acid, adipic acid, and sebacic acid), alicyclic dicarboxylic
acids (for example, cyclohexanedicarboxylic acid), aromatic
dicarboxylic acids (for example, terephthalic acid,
isophthalic acid, phthalic acid, and naphthalenedicarboxylic
acid), anhydrides thereof, or lower alkyl esters (having, for
example, from 1 to 5 carbon atoms) thereof. Among these
substances, for example, aromatic dicarboxylic acids are
preferably used as the polyvalent carboxylic acid.

[0076] As the polyvalent carboxylic acid, a tri- or higher-
valent carboxylic acid employing a crosslinked structure or
a branched structure may be used in combination with a
dicarboxylic acid. Examples of the tri- or higher-valent
carboxylic acid include trimellitic acid, pyromellitic acid,
anhydrides thereof, or lower alkyl esters (having, for
example, from 1 to 5 carbon atoms) thereof.

[0077] The polyvalent carboxylic acids may be used sin-
gly or in combination of two or more types thereof.
[0078] Examples of the polyol include aliphatic diols (for
example, ethylene glycol, diethylene glycol, triethylene gly-
col, propylene glycol, butanediol, hexanediol, and neopentyl
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glycol), alicyclic diols (for example, cyclohexanediol,
cyclohexanedimethanol, and hydrogenated bisphenol A),
and aromatic diols (for example, ethylene oxide adduct of
bisphenol A and propylene oxide adduct of bisphenol A).
Among these, for example, aromatic diols and alicyclic diols
are preferably used, and aromatic diols are more preferably
used as the polyol.

[0079] As the polyol, a tri- or higher-valent polyol
employing a crosslinked structure or a branched structure
may be used in combination together with diol. Examples of
the tri- or higher-valent polyol include glycerin, trimethyl-
olpropane, and pentaerythritol.

[0080] The polyol may be used singly or in combination of
two or more types thereof.

[0081] The glass transition temperature (Tg) of the poly-
ester resin is preferably from 50° C. to 80° C., and more
preferably from 50° C. to 65° C.

[0082] The glass transition temperature is obtained by a
DSC curve which is obtained by a differential scanning
calorimetry (DSC), and more specifically, is obtained by
“Extrapolating Glass Transition Starting Temperature” dis-
closed in a method for obtaining the glass transition tem-
perature of “Testing Methods for Transition Temperatures of
Plastics” in JIS K-7121-1987.

[0083] The weight-average molecular weight (Mw) of the
polyester resin is preferably in a range of from 5,000 to
1,000,000, and more preferably in a range of from 7,000 to
500,000.

[0084] The number-average molecular weight (Mn) of the
polyester resin is preferably in a range of from 2,000 to
100,000.

[0085] A molecular weight distribution Mw/Mn of the
polyester resin is preferably in a range of from 1.5 to 100,
and more preferably in a range of from 2 to 60.

[0086] The weight-average molecular weight and the
number-average molecular weight are measured by using
gel permeation chromatography (GPC). Molecular weight
measurement by using GPC is performed by using *HLC-
8120GPC (GPC manufactured by TOSOH Corporation) as
a measurement device, by using TSKGEL.L SUPERHM-M
(15 cm) (column manufactured by TOSOH Corporation),
and by using a THF solvent. The weight-average molecular
weight and the number-average molecular weight are cal-
culated by using a molecular weight calibration curve which
is created based on this measurement result by using a
monodisperse polystyrene standard sample.

[0087] The polyester resin is obtained by a known pre-
paring method. Specific examples thereof include a method
of performing a reaction at a polymerization temperature set
to be in a range of from 180° C. to 230° C., if necessary,
under reduced pressure in the reaction system, while remov-
ing water or an alcohol generated during condensation.
[0088] When monomers of the raw materials are not
dissolved or compatibilized under a reaction temperature, a
high-boiling-point solvent may be added as a solubilizing
agent to dissolve the monomers. In this case, a polyconden-
sation reaction is performed while distilling away the solu-
bilizing agent. When a monomer having poor compatibility
is present in a copolymerization reaction, the monomer
having poor compatibility and an acid or an alcohol to be
polycondensed with the monomer may be previously con-
densed and then polycondensed with the major component.
[0089] The content of the binder resin is, for example,
preferably in a range of from 40% by weight to 95% by
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weight, more preferably in a range of from 50% by weight
to 90% by weight, and further preferably in a range of from
60% by weight to 85% by weight for the entire toner

particles.
[0090] Colorant
[0091] Examples of the colorant include various pigments

such as carbon black, chrome yellow, Hansa yellow, benzi-
dine yellow, threne yellow, quinoline yellow, pigment yel-
low, permanent orange GTR, pyrazolone orange, vulcan
orange, watchung red, 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, meth-
ylene blue chloride, phthalocyanine blue, pigment blue,
phthalocyanine green, and malachite green oxalate, and
various dyes such as acridine dyes, xanthene dyes, azo dyes,
benzoquinone dyes, azine dyes, anthraquinone dyes, thioin-
digo dyes, dioxadine dyes, thiazine dyes, azomethine dyes,
indigo dyes, phthalocyanine dyes, aniline black dyes,
polymethine dyes, triphenylmethane dyes, diphenylmethane
dyes, and thiazole dyes.

[0092] The colorant may be used singly or in combination
of two or more types thereof.

[0093] If necessary, the colorant may be surface-treated or
used in combination with a dispersing agent. Plural kinds of
colorants may be used in combination.

[0094] The content of the colorant is, for example, pref-
erably in a range of from 1% by weight to 30% by weight,
and more preferably in a range of from 3% by weight to 15%
by weight relative to the entire toner particles.

[0095] Other Additives

[0096] Examples of other additives include known addi-
tives such as a magnetic material, a charge-controlling
agent, and inorganic powder. The toner particles contain
these additives as internal additives.

[0097] Characteristics of Toner Particles

[0098] The toner particles may be toner particles having a
single-layer structure, or be toner particles having a so-
called core/shell structure composed of a core (core particle)
and a coating layer (shell layer) coated on the core.

[0099] Here, toner particles having a core/shell structure is
preferably composed of, for example, a core containing a
binder resin, and other additives such as a colorant and a
release agent and a coating layer containing a binder resin.
[0100] The volume average particle diameter (D50v) of
the toner particles is preferably in a range of from 2 pm to
10 pm, and more preferably in a range of from 4 um to 8 pm.
[0101] Various average particle diameters and various
particle size distribution indices of the toner particles are
measured by using a COULTER MULTISIZER 1I (manu-
factured by Beckman Coulter, Inc.) and ISOTON-II (manu-
factured by Beckman Coulter, Inc.) as an electrolyte.
[0102] In the measurement, from 0.5 mg to 50 mg of a
measurement sample is added to 2 ml of a 5% aqueous
solution of surfactant (preferably sodium alkylbenzene sul-
fonate) as a dispersing agent. The obtained material is added
to from 100 ml to 150 ml of the electrolyte.

[0103] The electrolyte in which the sample is suspended is
subjected to a dispersion treatment using an ultrasonic
disperser for 1 minute, and a particle size distribution of
particles having a particle diameter of from 2 um to 60 pm
is measured by a COULTER MULTISIZER II using an
aperture having an aperture diameter of 100 um. 50,000
particles are sampled.



US 2016/0349666 Al

[0104] Cumulative distributions by volume and by num-
ber are drawn from the side of the smallest diameter with
respect to particle size ranges (channels) separated based on
the measured particle size distribution. The particle diameter
when the cumulative percentage becomes 16% is defined as
that corresponding to a volume average particle diameter
D16v and a number average particle diameter D16p, while
the particle diameter when the cumulative percentage
becomes 50% is defined as that corresponding to a volume
average particle diameter D50v and a number average
particle diameter D50p. Furthermore, the particle diameter
when the cumulative percentage becomes 84% is defined as
that corresponding to a volume average particle diameter
D84v and a number average particle diameter D84p.
[0105] Using these, a volume average particle size distri-
bution index (GSDv) is calculated as (D84v/D16v)"2, while
a number average particle size distribution index (GSDp) is
calculated as (D84p/D16p)'>.

[0106] The shape factor SF1 of the toner particles is
preferably from 110 to 150, and more preferably from 120
to 140.

[0107] The shape factor SF1 is obtained through the
following expression.

SF1=(ML%/A)x(7t/4)x100 Expression:

In the foregoing expression, ML represents an absolute
maximum length of a toner, and A represents a projected
area of a toner.

[0108] Specifically, the shape factor SF1 is numerically
converted mainly by analyzing a microscopic image or a
scanning electron microscopic (SEM) image by using of an
image analyzer, and is calculated as follows. That is, an
optical microscopic image of particles scattered on a surface
of a glass slide is input to an image analyzer LUZEX
through a video camera to obtain maximum lengths and
projected areas of 100 particles, values of SF1 are calculated
through the foregoing expression, and an average value
thereof is obtained.

[0109] External Additive

[0110] Examples of the external additive include inorganic
particles. Examples of the inorganic particles include SiO,,
TiO,, Al,0,, CuO, ZnO, Sn0,, CeO,, Fe,0,, MgO, BaO,
Ca0, K,0, Na,O, ZrO,, Ca0.Si0,, K,0.(Ti0,),, Al,O;.
2810,, CaCO;, MgCO;, BaSO,, and MgSO,.

[0111] Surfaces of the inorganic particles as an external
additive are preferably subjected to a hydrophobizing treat-
ment with a hydrophobizing agent. The treatment with a
hydrophobizing agent is performed by, for example, dipping
the inorganic particles in a hydrophobizing agent. The
hydrophobizing agent is not particularly limited and
examples thereof include a silane coupling agent, silicone
oil, a titanate coupling agent, and an aluminum coupling
agent. These may be used singly or in combination of two or
more kinds thereof.

[0112] Generally, the amount of the hydrophobizing agent
is, for example, from 1 part by weight to 10 parts by weight
with respect to 100 parts by weight of the inorganic particles.
[0113] Examples of the external additive also include resin
particles (resin particles such as polystyrene, polymethyl
methacrylate (PMMA), and melamine resin particles) and a
cleaning aid (for example, metal salt of higher fatty acid
represented by zinc stearate, and fluorine polymer particles).
[0114] The amount of the external additive externally
added is, for example, preferably in a range of from 0.01%

Dec. 1, 2016

by weight to 5% by weight, and more preferably in a range
of from 0.01% by weight to 2.0% by weight relative to the
toner particles.

[0115] Method of Preparing Toner

[0116] Next, a method of preparing the toner will be
described.

[0117] The toner is obtained by externally adding an

external additive to toner particles after preparing the toner
particles.

[0118] The toner particles may be prepared using any of a
dry preparing method (for example, kneading and pulveriz-
ing method) and a wet preparing method (for example,
aggregation and coalescence method, suspension and
polymerization method, and dissolution and suspension
method). The toner particle preparing method is not particu-
larly limited to these preparing methods, and a known
preparing method is employed.

[0119] Among these methods, the toner particles may
preferably be obtained by the aggregation and coalescence
method.

[0120] For preparing the toner (toner particle) which sat-
isfies the above-described distribution characteristics of the
eccentricity B of the release agent domain as described
above, the toner particle may preferably be prepared by an
aggregation and coalescence method described below.

[0121] Specifically, the toner particle is preferably pre-
pared by processes as follows: a process of preparing each
dispersion (dispersion preparation process); a process (first
aggregated particle forming process); a process (second
aggregated particle forming process); and a process (coales-
cence process). In the first aggregated particle forming
process, particles are aggregated in a dispersion obtained by
mixing a first resin particle dispersion and a colorant particle
dispersion, and thereby first aggregated particles are formed.
The first resin particle dispersion is obtained by dispersing
first resin particles corresponding to the binder resin, and the
colorant particle dispersion is obtained by dispersing par-
ticles of the colorant (also referred to as “colorant particles”
below). In the second aggregated particle forming process,
a dispersion mixture in which second resin particles corre-
sponding to the binder resin and particles of the release agent
(also referred to as “release agent particles” below) are
dispersed is prepared. After a first aggregated particle dis-
persion in which the first aggregated particles are dispersed
is prepared, the dispersion mixture is sequentially added to
the first aggregated particle dispersion while the concentra-
tion of the release agent particles in the dispersion mixture
gradually increases. Thus, the second resin particles and the
release agent particles are aggregated on a surface of the first
aggregated particles, and thereby second aggregated par-
ticles are formed. In the coalescence process, a second
aggregated particle dispersion in which the second aggre-
gated particles are dispersed is heated to coalesce the second
aggregated particles, and thereby toner particles are formed.

[0122] The method of preparing the toner particle is not
limited to the above descriptions. For example, particles are
aggregated in a dispersion mixture obtained by mixing the
resin particle dispersion and the colorant particle dispersion.
Then, a release agent particle dispersion is added to the
dispersion mixture in the process of aggregation while
increasing an addition speed gradually or while increasing
the concentration of the release agent particles increases.
Thus, aggregation of particles proceeds more, and thereby
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aggregated particles are formed. The toner particles may be
formed by coalescing the aggregated particles.

[0123] The processes will be described below in detail.
[0124] Preparation Process of Dispersion
[0125] First, respective dispersions are prepared by using

an aggregation and coalescence method. Specifically, a first
resin particle dispersion in which first resin particles corre-
sponding to the binder resin are dispersed, a colorant particle
dispersion in which colorant particles are dispersed, a sec-
ond resin particle dispersion in which second resin particles
corresponding to the binder resin are dispersed, and a release
agent particle dispersion in which release agent particles are
dispersed are prepared.

[0126] In the dispersion preparation process, descriptions
will be made, referring the first resin particles and the second
resin particles to as “resin particles” collectively.

[0127] The resin particle dispersion is prepared by, for
example, dispersing resin particles in a dispersion medium
using a surfactant.

[0128] Examples of the dispersion medium used for the
resin particle dispersion include aqueous mediums.

[0129] Examples of the aqueous mediums include water
such as distilled water and ion exchange water, and alcohols.
These may be used singly or in combination of two or more
kinds thereof.

[0130] Examples of the surfactant include anionic surfac-
tants such as a sulfuric ester salt, a sulfonate, a phosphate
ester, and a soap; cationic surfactants such as an amine salt
and a quaternary ammonium salt; and nonionic surfactants
such as polyethylene glycol, an ethylene oxide adduct of
alkyl phenol, and polyol. Among these, anionic surfactants
and cationic surfactants are particularly preferably used.
Nonionic surfactants may be used in combination with
anionic surfactants or cationic surfactants.

[0131] The surfactants may be used singly or in combi-
nation of two or more kinds thereof.

[0132] Regarding the resin particle dispersion, as a
method of dispersing the resin particles in the dispersion
medium, a common dispersing method using, for example,
a rotary shearing-type homogenizer, or a ball mill, a sand
mill, or a DYNO mill having media is exemplified. Depend-
ing on the kind of the resin particles, resin particles may be
dispersed in the resin particle dispersion according to, for
example, a phase inversion emulsification method.

[0133] The phase inversion emulsification method
includes: dissolving a resin to be dispersed in a hydrophobic
organic solvent in which the resin is soluble; conducting
neutralization by adding a base to an organic continuous
phase (O phase); and converting the resin (so-called phase
inversion) from W/O to O/W by putting an aqueous medium
(W phase) to form a discontinuous phase, thereby dispersing
the resin as particles in the aqueous medium.

[0134] A volume average particle diameter of the resin
particles dispersed in the resin particle dispersion is, for
example, preferably from 0.01 pm to 1 um, more preferably
from 0.08 um to 0.8 pm, and even more preferably from 0.1
um to 0.6 pm.

[0135] Regarding the volume average particle diameter of
the resin particles, a cumulative distribution by volume is
drawn from the side of the smallest diameter with respect to
particle size ranges (channels) separated using the particle
size distribution obtained by the measurement with a laser
diffraction-type particle size distribution measuring device
(for example, LA-700 manufactured by Horiba, [.td.), and a
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particle diameter when the cumulative percentage becomes
50% with respect to the entire particles is measured as a
volume average particle diameter D50v. The volume aver-
age particle diameter of the particles in other dispersions is
also measured in the same manner.

[0136] The content of the resin particles contained in the
resin particle dispersion is, for example, preferably from 5%
by weight to 50% by weight, and more preferably from 10%
by weight to 40% by weight.

[0137] For example, the colorant particle dispersion and
the release agent particle dispersion are also prepared in the
same manner as in the case of the resin particle dispersion.
That is, the particles in the resin particle dispersion are the
same as the colorant particles dispersed in the colorant
particle dispersion and the release agent particles dispersed
in the release agent particle dispersion, in terms of the
volume average particle diameter, the dispersion medium,
the dispersing method, and the content of the particles.
[0138] First Aggregated Particle Forming Process

[0139] Next, the first resin particle dispersion and the
colorant particle dispersion are mixed together.

[0140] The first resin particles and the colorant particles
are heterogeneously aggregated in the dispersion mixture,
and thereby first aggregated particles including first resin
particles and colorant particles are formed.

[0141] Specifically, for example, an aggregating agent is
added to the dispersion mixture and a pH of the dispersion
mixture is adjusted to be acidic (for example, the pH is from
2 to 5). If necessary, a dispersion stabilizer is added. Then,
the dispersion mixture is heated at the glass transition
temperature of the first resin particles (specifically, for
example, from a temperature 30° C. lower than the glass
transition temperature of the first resin particles to a tem-
perature 10° C. lower than the glass transition temperature
thereof) to aggregate the particles dispersed in the dispersion
mixture, and thereby the first aggregated particles are
formed.

[0142] In the first aggregated particle forming process, for
example, the aggregating agent may be added at room
temperature (for example, 25° C.) under stirring of the
dispersion mixture using a rotary shearing-type homog-
enizer, the pH of the dispersion mixture may be adjusted to
be acidic (for example, the pH is from 2 to 5), a dispersion
stabilizer may be added if necessary, and then the heating
may be performed.

[0143] Examples of the aggregating agent include a sur-
factant having an opposite polarity to the polarity of the
surfactant used as the dispersing agent to be added to the
mixed dispersion, an inorganic metal salt, and a bi- or
higher-valent metal complex. Particularly, when a metal
complex is used as the aggregating agent, the amount of the
surfactant used is reduced and charging characteristics are
improved.

[0144] If necessary, an additive may be used which forms
a complex or a similar bond with the metal ions of the
aggregating agent. A chelating agent is preferably used as
the additive.

[0145] Examples of the inorganic metal salt include a
metal salt such as calcium chloride, calcium nitrate, barium
chloride, magnesium chloride, zinc chloride, aluminum
chloride, and aluminum sulfate, and inorganic metal salt
polymer such as polyaluminum chloride, polyaluminum
hydroxide, and calcium polysulfide.
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[0146] A water-soluble chelating agent may be used as the
chelating agent. Examples of the chelating agent include
oxycarboxylic acids such as tartaric acid, citric acid, and
gluconic acid, iminodiacetic acid (IDA), nitrilotriacetic acid
(NTA), and ethylenediaminetetraacetic acid (EDTA).
[0147] An addition amount of the chelating agent is, for
example, preferably in a range of from 0.01 parts by weight
to 5.0 parts by weight, and more preferably in a range of
from 0.1 parts by weight to less than 3.0 parts by weight
relative to 100 parts by weight of the first resin particles.
[0148] Second Aggregated Particle Forming Process
[0149] Next, after the first aggregated particle dispersion
in which the first aggregated particles are dispersed is
obtained, a dispersion mixture in which the second resin
particles and the release agent particles are dispersed is
sequentially added to the first aggregated particle dispersion
while increasing the concentration of the release agent
particles in the dispersion mixture gradually.

[0150] The second resin particles may be the same type as
or a different type or from the first resin particles.

[0151] The second resin particles and the release agent
particles are aggregated on surfaces of the first aggregated
particles in a dispersion in which the first aggregated par-
ticles, the second resin particles, and the release agent
particles are dispersed. Specifically, for example, in the first
aggregated particle forming process, when a particle diam-
eter of the first aggregated particle reaches a desired particle
diameter, a dispersion mixture in which the second resin
particles and the release agent particles are dispersed is
added to the first aggregated particle dispersion while
increasing the concentration of the release agent particles
gradually. The dispersion is heated at a temperature which is
equal to or less than the glass transition temperature of the
second resin particles.

[0152] For example, the pH of the dispersion is substan-
tially in a range of from 6.5 to 8.5, and thus the progress of
the aggregation is stopped.

[0153] Aggregated particles in which the second resin
particles and the release agent particles are attached to the
surfaces of the first aggregated particles are formed through
this process. That is, second aggregated particles in which
aggregates of the second resin particles and the release agent
particles are attached to the surfaces of the first aggregated
particles are formed. At this time, since the dispersion
mixture in which the second resin particles and the release
agent particles are dispersed is sequentially added to the first
aggregated particle dispersion while increasing the concen-
tration of the release agent particles in the dispersion mix-
ture gradually, the concentration (abundance ratio) of the
release agent particles becomes gradually larger toward the
radially outside direction of the particles, and the aggregates
of the second resin particles and the release agent particles
are attached to the surface of the first aggregated particle.
[0154] As a method of adding the dispersion mixture, a
power feeding addition method may preferably be used. The
dispersion mixture may be added to the first aggregated
particle dispersion, with a gradual increase of the concen-
tration of the release agent particles in the dispersion mix-
ture, by using the power feeding addition method.

[0155] The method of adding the dispersion mixture using
the power feeding addition method will be described with
reference to the drawing.

[0156] FIG. 4 illustrates an apparatus used in the power
feeding addition method. In FIG. 4, the reference numeral
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311 indicates the first aggregated particle dispersion, the
reference numeral 312 indicates the second resin particle
dispersion, the reference numeral 313 indicates the release
agent particle dispersion.

[0157] The apparatus illustrated in FIG. 4 includes a first
storage tank 321, a second storage tank 322, and a third
storage tank 323. In the first storage tank 321, the first
aggregated particle dispersion in which the first aggregated
particles are dispersed is stored. In the second storage tank
322, the second resin particle dispersion in which the second
resin particles are dispersed is stored. In the third storage
tank 323, the release agent particle dispersion in which the
release agent particles are dispersed is stored.

[0158] The first storage tank 321 and the second storage
tank 322 are linked to each other by using a first liquid
transport tube 331. A first liquid transport pump 341 is
provided in the middle of a path of the first liquid transport
tube 331. Driving of the first liquid transport pump 341
causes the dispersion stored in the second storage tank 322
to be transported to the dispersion stored in the first storage
tank 321 through the first liquid transport tube 331.

[0159] A first stirring apparatus 351 is disposed in the first
storage tank 321. When driving of the first stirring apparatus
351 causes the dispersion stored in the second storage tank
322 to be transported to the dispersion stored in the first
storage tank 321, the dispersions in the first storage tank 321
are stirred and mixed.

[0160] The second storage tank 322 and the third storage
tank 323 are linked to each other by using a second liquid
transport tube 332. A second liquid transport pump 342 is
provided in the middle of a path of the second liquid
transport tube 332. Driving of the second liquid transport
pump 342 causes the dispersion stored in the third storage
tank 323 to be transported to the dispersion stored in the
second storage tank 322 through the second liquid transport
tube 332.

[0161] A second stirring apparatus 352 is disposed in the
second storage tank 322. When driving of the second stirring
apparatus 352 causes the dispersion stored in the third
storage tank 323 to be transported to the dispersion stored in
the second storage tank 322, the dispersions in the second
storage tank 322 are stirred and mixed.

[0162] In the apparatus illustrated in FIG. 4, first, the first
aggregated particle forming process is performed and
thereby a first aggregated particle dispersion is prepared, in
the first storage tank 321. The first aggregated particle
dispersion is stored in the first storage tank 321. The first
aggregated particle forming process may be performed and
thereby the first aggregated particle dispersion may be
prepared in another tank, and then, the first aggregated
particle dispersion may be stored in the first storage tank
321.

[0163] In this state, the first liquid transport pump 341 and
the second liquid transport pump 342 are driven. This
driving causes the second resin particle dispersion stored in
the second storage tank 322 to be transported to the first
aggregated particle dispersion stored in the first storage tank
321. Driving of the first stirring apparatus 351 causes the
dispersions in the first storage tank 321 to be stirred and
mixed.

[0164] The release agent particle dispersion stored in the
third storage tank 323 is transported to the second resin
particle dispersion stored in the second storage tank 322.
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Driving of the second stirring apparatus 352 causes the
dispersions in the second storage tank 322 to be stirred and
mixed.

[0165] At this time, the release agent particle dispersion is
sequentially transported to the second resin particle disper-
sion stored in the second storage tank 322, and thus the
concentration of the release agent particles becomes higher
gradually. For this reason, the dispersion mixture in which
second resin particles and the release agent particles are
dispersed is stored in the second storage tank 322, and this
dispersion mixture is transported to the first aggregated
particle dispersion stored in the first storage tank 321. The
dispersion mixture is continuously transported with an
increase of the concentration of the release agent particle
dispersion in the dispersion mixture.

[0166] In this manner, the dispersion mixture in which the
second resin particles and the release agent particles are
dispersed may be added to the first aggregated particle
dispersion with a gradual increase of the concentration of the
release agent particles, by using the power feeding addition
method.

[0167] In the power feeding addition method, the distri-
bution characteristics of the release agent domain of the
toner are adjusted by adjusting liquid transport starting time
and a liquid transport speed for each of the dispersions
which are respectively stored in the second storage tank 322
and the third storage tank 323. In the power feeding addition
method, also by adjusting the liquid transport speed in the
process of transporting of the dispersions respectively stored
in the second storage tank 322 and the third storage tank 323,
the distribution characteristics of the release agent domain of
the toner are adjusted.

[0168] Specifically, for example, the maximum frequent
value in the distribution of the eccentricity B of the release
agent domain is adjusted depending on a period of time
when transporting of the release agent particle dispersion to
the second storage tank 322 from the third storage tank 323
is ended. More specifically, for example, if transporting of
the release agent particle dispersion to the second storage
tank 322 from the third storage tank 323 is ended before
liquid transporting to the first storage tank 321 from the
second storage tank 322 is ended, the concentration of the
release agent particles in the dispersion mixture of the
second storage tank 322 does not increase from that point of
time. Thus, the maximum frequent value in the distribution
of the eccentricity B of the release agent domain becomes
smaller.

[0169] Forexample, the skewness in the distribution of the
eccentricity B of the release agent domain is adjusted
depending on a period of time when the dispersions are
respectively transported from the second storage tank 322
and the third storage tank 323, and a liquid transport speed
at which the dispersion is transported to the first storage tank
321 from the second storage tank 322. More specifically, for
example, if a liquid transport starting time of the release
agent particle dispersion from the third storage tank 323 and
a liquid transport starting time of the dispersion from the
second storage tank 322 are early, and the liquid transport
speed of the dispersion from the second storage tank 322 is
lowered, a state where the release agent particles are dis-
posed from a further inner side of the formed aggregated
particle to a further outer side thereof is realized. Thus, the
skewness in the distribution of the eccentricity B of the
release agent domain becomes greater.
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[0170] For example, the kurtosis in the distribution of the
eccentricity B of the release agent domain is adjusted by
changing the liquid transport speed of the release agent
particle dispersion from the third storage tank 323 in the
process of liquid transport. More specifically, for example,
if only the liquid transport speed of the release agent particle
dispersion from the third storage tank 323 becomes faster in
the process of liquid transport, the concentration of the
release agent particles in the dispersion of the second storage
tank 322 becomes higher from that time. For this reason,
there arises a state where many of the release agent particles
are disposed in a certain area (certain deep portion) in a
radial direction of the aggregated particle in the formed
aggregated particle. Thus, the kurtosis in the distribution of
the eccentricity B of the release agent domain becomes
greater.

[0171] The above-described power feeding addition
method is not limited to the above method. For example,
various methods may be employed. Examples of the various
methods include a method in which, a storage tank storing
the second resin particle dispersion and a storage tank
storing a dispersion mixture in which the second resin
particles and the release agent particles are dispersed are
separately provided and the respective dispersions are trans-
ported to the first storage tank 321 from the respective
storage tanks while changing the liquid transport speed, a
method in which a storage tank storing the release agent
particle dispersion and a storage tank storing a dispersion
mixture in which the second resin particles and the release
agent particles are dispersed are separately provided, and the
respective dispersions are transported to the first storage
tank 321 from the respective storage tanks while changing
the liquid transport speed, and the like.

[0172] As described above, the second aggregated par-
ticles in which the second resin particles and the release
agent particles are attached to the surfaces of the first
aggregated particles and aggregated are obtained.

[0173]

[0174] Next, the second aggregated particle dispersion in
which the second aggregated particles are dispersed is
heated at, for example, a temperature that is equal to or
higher than the glass transition temperature of the first and
second resin particles (for example, a temperature that is
higher than the glass transition temperature of the first and
second resin particles by 10° C. to 30° C.) to coalesce the
second aggregated particles and form toner particles.

[0175] The toner particles are obtained through the above-
described processes.

[0176] Furthermore, the toner particles may be prepared as
follows. That is, after the aggregated particle dispersion in
which the second aggregated particles are dispersed is
obtained, toner particles may be prepared through the pro-
cesses of:

[0177] further mixing the second aggregated particle dis-
persion with a third resin particle dispersion in which third
resin particles corresponding to the binder resin are dis-
persed to perform aggregation so that the third resin particles
further adhere to the surfaces of the second aggregated
particles, thereby forming third aggregated particles; and
coalescing the third aggregated particles by heating the third
aggregated particle dispersion in which the third aggregated
particles are dispersed, and thereby forming toner particles
having a core/shell structure.

Coalescence Process
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[0178] With respect to the toner particles prepared accord-
ing to the processes, the maximum frequent value in the
distribution of the eccentricity B of the release agent domain
is less than 1.00.

[0179] After the coalescence process is ended, toner par-
ticles formed in a solution are subjected to a well-known
washing process, a well-known solid-liquid separation pro-
cess, a well-known drying process, and thereby dried toner
particles are obtained.

[0180] Regarding the washing process, replacing washing
using ion exchanged water may preferably be sufficiently
performed for charging property. The solid-liquid separation
process is not particularly limited, but suction filtration,
pressure filtration, or the like may preferably be performed
for productivity. The drying process is not particularly
limited, but freeze drying, flash jet drying, fluidized drying,
vibrating fluidized drying, and the like may preferably be
performed for productivity.

[0181] The toner in this exemplary embodiment is pre-
pared, for example, by adding an external additive to the
obtained toner particles in a dried state, and performing
mixing. The mixing may be performed, for example, by
using a V blender, a HENSCHEL mixer, a Lodige mixer, or
the like. Furthermore, if necessary, coarse toner particles
may be removed using a vibration sieving machine, a wind
classifier, or the like.

[0182]

[0183] An electrostatic charge image developer according
to this exemplary embodiment contains at least the toner in
this exemplary embodiment.

[0184] The electrostatic charge image developer accord-
ing to this exemplary embodiment may be a single-compo-
nent developer which contains only the toner in this exem-
plary embodiment, or be a two-component developer
obtained by mixing the toner with a carrier.

[0185] The carrier is not particularly limited, and known
carriers are exemplified. Examples of the carrier include a
coated carrier in which surface of core formed of a magnetic
powder is coated with a coating resin; a magnetic powder
dispersion-type carrier in which a magnetic powder is dis-
persed and blended in a matrix resin; and a resin impreg-
nation-type carrier in which a porous magnetic powder is
impregnated with a resin.

[0186] The magnetic powder dispersion-type carrier and
the resin impregnation-type carrier may be carriers in which
constituent particles of the carrier are cores and coated with
a coating resin.

[0187] Examples of the magnetic powder include mag-
netic metals such as iron, nickel, and cobalt, and magnetic
oxides such as ferrite and magnetite.

[0188] Examples of the coating resin and the matrix resin
include polyethylene, polypropylene, polystyrene, polyvinyl
acetate, polyvinyl alcohol, polyvinyl butyral, polyvinyl
chloride, polyvinyl ether, polyvinyl ketone, a vinyl chloride-
vinyl acetate copolymer, a styrene-acrylic acid copolymer, a
straight silicone resin configured to include an organosilox-
ane bond or a modified product thereof, a fluororesin,
polyester, polycarbonate, a phenol resin, and an epoxy resin.

[0189] The coating resin and the matrix resin may contain
other additives such as conductive particles.

[0190] Examples of the conductive particles include par-
ticles of metal such as gold, silver, and copper, and particles
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of carbon black, titanium oxide, zinc oxide, tin oxide,
barium sulfate, aluminum borate, potassium titanate, and the
like.

[0191] Here, a coating method using a coating layer form-
ing solution in which a coating resin, and if necessary,
various additives are dissolved in an appropriate solvent is
used to coat the surface of a core with the coating resin. The
solvent is not particularly limited, and may be selected in
consideration of the coating resin to be used, coating suit-
ability, and the like.

[0192] Specific examples of the resin coating method
include a dipping method of dipping cores in a coating layer
forming solution, a spraying method of spraying a coating
layer forming solution to surfaces of cores, a fluid bed
method of spraying a coating layer forming solution in a
state in which cores are allowed to float by flowing air, and
a kneader-coater method in which cores of a carrier and a
coating layer forming solution are mixed with each other in
a kneader-coater and the solvent is removed.

[0193] The mixing ratio (weight ratio) between the toner
and the carrier in the two-component developer is preferably
from 1:100 to 30:100, and more preferably from 3:100 to
20:100 (toner:carrier).

[0194] Configuration of Developing Device

[0195] Next, a configuration of the developing device
according to this exemplary embodiment, which stores the
above-described toner and includes the developer holding
member will be described in detail.

[0196] The developer holding member (for example,
developer holding roller) in this exemplary embodiment is
provided to have a gap with the image holding member (for
example, photoreceptor roller). The developer holding mem-
ber holds the toner on a surface thereof and develops an
electrostatic charge image formed on a surface of the image
holding member by using the toner through a non-contact
development, so as to form a toner image.

[0197] Here, the non-contact development represents a
developing method in which a developer layer is formed on
the surface of the developer holding member which holds a
developer containing the toner, and the developer layer and
the image holding member do not contact with each other.
In such a developing method, the thickness of the developer
layer formed on the developer holding member may be in a
range of from 20 pm to 500 pm, for example, and the gap
between the image holding member and the developer
holding member is greater than the thickness of the devel-
oper layer. Specifically, a so-called jumping developing
method is exemplified. In the jumping developing method,
the toner flies to the image holding member side and is
transferred by an electrostatic force from the developer layer
which does not directly contact with the image holding
member.

[0198] In the non-contact development method, the devel-
oper layer is formed by a method in which a magnetic blade
using a magnetic force or a regulating member for regulating
the thickness of the developer layer is pressed on the surface
of the developer holding member. In addition, a method in
which a urethane blade, a phosphor bronze plate, or the like
is brought into contact with the surface of the developer
holding member and the developer layer is regulated is also
exemplified. Pressure of the regulating member is appropri-
ately in a range of from 1 gf/mm to 15 gf/mm, and more
preferably in a range of from 3 gf/mm to 10 gf/mm, for
example.
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[0199] In the non-contact development method, when a
developing bias is applied in developing, any of a method of
applying only a DC component, and a method of applying
an AC bias may be used.

[0200] An example of the non-contact development type
developing device will be described below with reference to
FIG. 3.

[0201] FIG. 3 is a schematic diagram illustrating a devel-
oping unit including the non-contact development type
developing device according to this exemplary embodiment.
The reference numeral 11 indicates a photoreceptor (an
example of the image holding member), the reference
numeral 12 indicates a developing roller (an example of the
developer holding member), and the reference numeral 13
indicates a two-component developer containing the toner.
The reference numeral 14 indicates a developer layer regu-
lating member, the reference numeral 15 indicates a devel-
oping area, the reference numeral 16 indicates a developer
layer, and the reference numeral 17 indicates a power source
for forming an alternating electric field.

[0202] The two-component developer containing the
above-described toner is held on the developing roller 12 in
which a magnetic member 12B (for example, magnet) is
included, by a magnetic force, and is transported to the
developing area by moving of the developing sleeve 12A. In
this transportation, the thickness of the developer layer 16 is
regulated by the developer layer regulating member 14 such
that the developer layer 16 does not contact with the
photoreceptor 11 in the developing area 15.

[0203] The minimum gap (Dsd) in the developing area 15
is adjusted to be greater than the thickness B (preferably
from 20 pm to 500 pm) of the developer layer 16 transported
to the area. For example, the minimum gap (Dsd) is adjusted
to be in a range of from 100 um to 1000 pm. The power
source 17 for forming an alternating electric field preferably
has an alternating current of a frequency from 1 kHz to 10
kHz, and a voltage from 1 kVp-p to 3 kVp-p. The power
source 17 may have a configuration in which a direct current
is added to the alternating current in series. A DC voltage is
preferably in a range of from 300 V to 800 V.

[0204] In the developer layer 16 transported to the devel-
oping area 15, the toner in the two-component developer 13
flies to the photoreceptor 11 side by an electrostatic force of
the alternating electric field and the like, and thus the toner
is transferred.

[0205] As the developer holding member used in this
exemplary embodiment, as illustrated in FIG. 3, a develop-
ing machine in which the magnetic member 12B such as a
magnet is mounted in a holding member is used. As the
sleeve 12A constituting the surface of the developer holding
member, a member which is form of aluminium, or alu-
minium having an oxidation-treated surface, stainless steel,
or the like may be used.

[0206] Image Forming Apparatus/Image Forming Method
[0207] The image forming apparatus and the image form-
ing method according to this exemplary embodiment will be
described.

[0208] The image forming apparatus according to this
exemplary embodiment includes an image holding member,
a charging unit that charges a surface of the image holding
member, an electrostatic charge image forming unit, a
developing unit, a transfer unit, and a fixing unit. The
electrostatic charge image forming unit forms an electro-
static charge image on the charged surface of the image
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holding member. The image forming apparatus further
includes. The developing unit includes the developing
device according to this exemplary embodiment and devel-
ops the electrostatic charge image formed on the surface of
the image holding member so as to form a toner image. The
transfer unit transfers the toner image formed on the surface
of the image holding member onto a surface of a recording
medium. The fixing unit fixes the toner image transferred
onto the surface of the recording medium.

[0209] In the image forming apparatus according to this
exemplary embodiment, an image forming method (image
forming method according to this exemplary embodiment) is
performed. The image forming method includes a charging
process for charging a surface of the image holding member;
an electrostatic charge image forming process for forming
an electrostatic charge image on the charged surface of the
image holding member; a developing process for developing
the electrostatic charge image formed on the surface of the
image holding member by the developing device according
to this exemplary embodiment so as to form a toner image;
a transfer process for transferring the toner image formed on
the surface of the image holding member onto the surface of
a recording medium; and a fixing process for fixing the toner
image transferred onto the surface of the recording medium.
[0210] As the image forming apparatus according to this
exemplary embodiment, the well-known image forming
apparatus is used. Examples of the well-known image form-
ing apparatus include a direct transfer type apparatus that
directly transfers a toner image formed on a surface of an
image holding member to a recording medium; an interme-
diate transfer type apparatus that primarily transfers a toner
image formed on a surface of an image holding member to
a surface of an intermediate transfer member, and second-
arily transfers the toner image which has been transferred
onto the surface of the intermediate transfer member to a
surface of a recording medium; an apparatus including a
cleaning unit that cleans the surface of the image holding
member after transferring of the toner image, and before
charging; and an apparatus including an erasing unit that
performs erasing by irradiating a surface of an image hold-
ing member with erasing light after transferring of a toner
image and before charging.

[0211] In a case of the intermediate transfer type appara-
tus, for example, a configuration is applied for the transfer
unit, in which an intermediate transfer member to the surface
of which the toner image is transferred, a primary transfer
unit that primarily transfers the toner image formed on the
surface of the image holding member onto a surface of the
intermediate transfer member, and a secondary transfer unit
that secondarily transfers the toner image which has been
transferred onto the surface of the intermediate transfer
member onto the surface of the recording medium are
included.

[0212] In the image forming apparatus according to this
exemplary embodiment, for example, a part at which the
developing unit is included may be a cartridge structure
(process cartridge) which is detachable from the image
forming apparatus. The process cartridge includes the devel-
oping device according to this exemplary embodiment.
[0213] An example of the image forming apparatus
according to this exemplary embodiment will be described
below. However, it is not limited thereto. Main components
illustrated in the drawings will be described and descriptions
of other components will be omitted.
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[0214] FIG. 1 is a schematic configuration diagram illus-
trating the image forming apparatus according to this exem-
plary embodiment.

[0215] The image forming apparatus illustrated in FIG. 1
includes first to fourth electrophotographic image forming
units 10Y, 10M, 10C, and 10K (image forming units) that
respectively print yellow (Y), magenta (M), cyan (C), and
black (K) images based on color-separated image data.
These image forming units (which may be simply referred to
as “units” below) 10Y, 10M, 10C, and 10K are arranged side
by side at predetermined intervals in a horizontal direction.
These units 10Y, 10M, 10C, and 10K may be process
cartridges that are detachable from the image forming appa-
ratus.

[0216] An intermediate transfer belt 20 as an intermediate
transfer member is installed above the units 10Y, 10M, 10C,
and 10K in the drawing so as to extend through the units.
The intermediate transfer belt 20 is wound on a driving roller
22 and a support roller 24 contacting the inner surface of the
intermediate transfer belt 20, which are separated from each
other on the left and right sides in the drawing, and the
intermediate transfer belt 20 travels in a direction toward the
fourth unit 10K from the first unit 10Y. A force is applied to
the support roller 24 in a direction in which it departs from
the driving roller 22 by a spring or the like (not illustrated),
and a tension is applied to the intermediate transfer belt 20
wound on both of the rollers. In addition, an intermediate
transfer member cleaning device 30 is provided on a surface
of the intermediate transtfer belt 20 on the photoreceptor side
so as to face the driving roller 22.

[0217] The developers including toners of four colors are
respectively stored in developing devices (one example of
developing units) 4Y, 4M, 4C, and 4K of the units 10Y, 10M,
10C, and 10K. Further, a yellow toner, a magenta toner, a
cyan toner, and a black toner contained in toner cartridges
8Y, 8M, 8C, and 8K are respectively supplied to the devel-
oping devices 4Y, 4M, 4C, and 4K.

[0218] The first to fourth units 10Y, 10M, 10C, and 10K
have the same configuration. Thus, only the first unit 10Y
that is disposed on the upstream side in a traveling direction
of the intermediate transfer belt and forms a yellow image
will be representatively described here. The same parts as in
the first unit 10Y will be denoted by the reference numerals
with magenta (M), cyan (C), and black (K) added instead of
yellow (Y), and descriptions of the second to fourth units
10M, 10C, and 10K will be omitted.

[0219] The first unit 10Y includes a photoreceptor 1Y as
the image holding member. Around the photoreceptor 1Y, a
charging roller (an example of the charging unit) 2Y, an
exposure device (an example of the electrostatic charge
image forming unit) 3, a developing device (an example of
the developing unit) 4Y, a primary transfer roller (an
example of the primary transfer unit) 5Y, and a photorecep-
tor cleaning device (an example of the cleaning unit) 6Y are
arranged in sequence. The charging roller 2Y charges a
surface of the photoreceptor 1Y to a predetermined poten-
tial. The exposure device 3 exposes the charged surface with
laser beams 3Y based on a color-separated image signal to
form an electrostatic charge image. The developing device
4Y supplies a charged toner to the electrostatic charge image
to develop the electrostatic charge image. The primary
transfer roller 5Y transfers the developed toner image onto
the intermediate transfer belt 20. The photoreceptor cleaning
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device 6Y removes the toner remaining on the surface of the
photoreceptor 1Y after primary transfer.

[0220] The primary transfer roller 5Y is provided inside
the intermediate transfer belt 20 to be provided at a position
facing the photoreceptor 1Y. Bias supplies (not illustrated)
that apply a primary transfer bias are respectively connected
to the primary transfer devices 5Y, 5M, 5C, and 5K. Each of
the bias supplies changes a transfer bias that is applied to
each of the primary transfer rollers, under a control by a
control unit (not illustrated).

[0221] An example of an operation of forming a yellow
image by the first unit 10Y will be described below.
[0222] First, before the operation, the surface of the pho-
toreceptor 1Y is charged by the charging roller 2Y so as to
have a potential from -600 V to =800 V.

[0223] The photoreceptor 1Y is formed by laminating a
photosensitive layer on a conductive (for example, volume
resistivity at 20° C.: 1x107° Qcm or less) substrate. The
photoreceptor 1Y has properties in which resistance is
normally high (resistance of a general resin), but the specific
resistance of a portion irradiated with the laser beams
changes when the laser beams 3Y are applied. Thus, the laser
beams 3Y is output to the charged surface of the photore-
ceptor 1Y through the exposure device 3 in accordance with
image data for yellow transmitted from the control unit (not
illustrated). The photosensitive layer on the surface of the
photoreceptor 1Y is irradiated with the laser beams 3Y, and
thereby an electrostatic charge image of a yellow image
pattern is formed on the surface of the photoreceptor 1Y.

[0224] The electrostatic charge image is an image which is
formed on the surface of the photoreceptor 1Y by charging,
and is a so-called negative latent image, which is formed by
applying the laser beams 3Y to the photosensitive layer so
that the specific resistance of the irradiated part is decreased
to cause charges on the surface of the photoreceptor 1Y to
flow while charges stay on a part to which the laser beams
3Y are not applied.

[0225] The electrostatic charge image formed on the pho-
toreceptor 1Y is rotated up to a predetermined developing
position with the travelling of the photoreceptor 1Y. The
electrostatic charge image on the photoreceptor 1Y is visu-
alized (developed) as a toner image at this developing
position by the developing device 4Y.

[0226] The above-described developing device according
to this exemplary embodiment is applied to the developing
device 4Y.

[0227] The developing device 4Y stores, for example, an
electrostatic charge image developer containing at least a
yellow toner and a carrier. A latent image on the surface of
the photoreceptor 1Y, which is erased, is developed by using
this yellow toner. The photoreceptor 1Y on which a yellow
toner image is formed continuously travels at a predeter-
mined speed and the toner image developed on the photo-
receptor 1Y is transported to a predetermined primary trans-
fer position.

[0228] When the yellow toner image on the photoreceptor
1Y is transported to the primary transfer position, a primary
transfer bias is applied to the primary transfer roller 5Y and
an electrostatic force toward the primary transfer roller 5Y
from the photoreceptor 1Y acts on the toner image, and
thereby the toner image on the photoreceptor 1Y is trans-
ferred onto the intermediate transfer belt 20. The transfer
bias applied at this time has the opposite polarity (+) to the
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polarity (-) of the toner, and, for example, is controlled so
as to be +10 pA in the first unit 10Y by the controller (not
illustrated).

[0229] The residual substances remaining on the photore-
ceptor by are removed by the photoreceptor cleaning device
6Y, and a toner of the residual substances is collected.
[0230] The primary transfer biases which are applied to
the primary transfer rollers 5M, 5C, and 5K of the second
unit 10M and the subsequent units are also controlled
similarly to a case of the first unit.

[0231] In this manner, the intermediate transfer belt 20
onto which the yellow toner image is transferred in the first
unit 10Y is sequentially transported through the second to
fourth units 10M, 10C, and 10K, and the toner images of
respective colors are multiply-transferred in a superimposed
manner.

[0232] The four color toner images which have been
multiply-transferred onto the intermediate transfer belt 20
through the first to fourth units reach a secondary transfer
part that is made of the intermediate transfer belt 20, the
support roller 24 contacting the inner surface of the inter-
mediate transfer belt, and a secondary transfer roller (an
example of the secondary transfer unit) 26 disposed on the
image holding surface side of the intermediate transfer belt
20.

[0233] A recording sheet (an example of the recording
medium) P is fed to a gap between the secondary transfer
roller 26 and the intermediate transfer belt 20, which contact
with each other, through a supply mechanism at a predeter-
mined timing, and a secondary transfer bias is applied to the
support roller 24. The transfer bias applied at this time has
the same polarity (-) as the polarity (-) of the toner. An
electrostatic force toward the recording sheet P from the
intermediate transfer belt 20 acts on the toner image, and
thereby the toner image of four colors on the intermediate
transfer belt 20 is transferred onto the recording sheet P. In
this case, the secondary transfer bias is determined depend-
ing on the resistance detected by a resistance detector (not
illustrated) that detects the resistance at the secondary trans-
fer position, and is voltage-controlled.

[0234] Then, the recording sheet P is fed to a nip portion
of a pair of fixing rollers in the fixing device (an example of
the fixing unit) 28 such that the toner image is fixed onto the
recording sheet P, and thereby a fixed image is formed.
[0235] Examples of the recording sheet P onto which the
toner image is transferred include plain paper used in an
electrophotographic copying machine, a printer, and the like.
The recording medium includes an OHP sheet and the like
in addition to the recording sheet P.

[0236] In order to improve smoothness of an image sur-
face after fixing, the surface of the recording sheet P is
preferably also smooth. For example, coated paper obtained
by coating a surface of plain paper with a resin and the like,
or art paper for printing is appropriately used.

[0237] The recording sheet P on which fixing of the color
image is completed is discharged toward a discharge unit,
and a series of the color image forming operations is ended.
[0238] Process Cartridge

[0239] A process cartridge according to this exemplary
embodiment will be described.

[0240] The process cartridge according to this exemplary
embodiment is a process cartridge which includes the devel-
oping device according to this exemplary embodiment, and
the developing unit that develops an electrostatic charge
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image formed on the surface of the image holding member
by using the electrostatic charge image developer so as to
form a toner image, and is detachable from the image
forming apparatus.

[0241] The configuration of the process cartridge accord-
ing to this exemplary embodiment is not limited thereto. The
process cartridge may include the developing device, and if
necessary, for example, at least one selected from other units
such as the image holding member, the charging unit, the
electrostatic charge image forming unit, and the transfer
unit.

[0242] An example of the process cartridge according to
this exemplary embodiment will be described below, but it
is not limited thereto. Main components illustrated in the
drawing will be described, and descriptions of other com-
ponents will be omitted.

[0243] FIG. 2 is a schematic configuration diagram illus-
trating the process cartridge according to this exemplary
embodiment.

[0244] A process cartridge 200 illustrated in FIG. 2 is
formed as a cartridge having a configuration in which a
photoreceptor (an example of the image holding member)
107, a charging roller (an example of the charging unit) 108,
a developing device (an example of the developing unit) 111,
and a photoreceptor cleaning device (an example of the
cleaning unit) 113, which are provided around the photore-
ceptor 107, are integrally combined and held by using, for
example, a housing 117 which includes a mounting rail 116
and an opening 118 for exposure.

[0245] In FIG. 2, the reference numeral 109 indicates an
exposure device (an example of the electrostatic charge
image forming unit), the reference numeral 112 indicates a
transfer device (an example of the transfer unit), the refer-
ence numeral 115 indicates a fixing device (an example of
the fixing unit), and the reference numeral 300 indicates a
recording sheet (an example of the recording medium).

EXAMPLES

[0246] This exemplary embodiment will be described
more specifically in detail by using examples and compara-
tive examples. However, this exemplary embodiment is not
limited these examples. A “part” means a “part by weight”
unless otherwise indicated.

Example 1

Preparation of Resin Particle Dispersion

[0247] Preparation of Resin Particle Dispersion (1)
[0248] 30 parts by mol of terephthalic acid, 70 parts by
mol of fumaric acid, 5 parts by mol of an ethylene oxide
adduct of bisphenol A, and 95 parts by mol of a propylene
oxide adduct of bisphenol A are put into a 5S-liter flask
provided with a stirrer, a nitrogen inlet tube, a thermometer,
and a rectifying column. The temperature of the flask is
increased up to 210° C. over one hour, and 1 part of titanium
tetraethoxide relative to 100 parts of the materials is put into
the flask. The temperature is increased up to 230° C. over 0.5
hours while generated water is distilled away. After a
dehydration condensation reaction is continued at that tem-
perature for one hour, the reactant is cooled. In this manner,
Polyester resin (1) having a weight-average molecular
weight of 18,500, an acid value of 14 mgKOH/g, and a glass
transition temperature of 59° C. is synthesized.
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[0249] 40 parts of ethyl acetate and 25 parts of 2-butanol
are put into a container provided with a temperature adjust-
ing unit and a nitrogen substituting unit to obtain a mixed
solvent. Then, 100 parts of Polyester resin (1) are slowly put
into the mixed solvent to thereby be dissolved. 10% by
weight of an ammonia aqueous solution (having an amount
corresponding to three times an acid value of the resin in a
molar ratio) is put into the obtained mixture, followed by
stirring for 30 minutes.

[0250] Then, substitution with dry nitrogen is performed
in the container, and the temperature is held at 40° C. 400
parts of ion-exchanged water are dropped into the liquid
mixture at a speed of 2 parts/minute while stirring to prepare
an emulsion. After dropping is ended, the temperature of the
emulsion is returned to the room temperature (20° C. to 25°
C.), and bubbling is performed for 48 hours by using dry
nitrogen while stirring such that ethyl acetate and 2-butanol
are reduced to be equal to or less than 1,000 ppm. Thus, a
resin particle dispersion in which resin particles having a
volume average particle diameter of 200 nm are dispersed is
obtained. lon-exchanged water is added to the resin particle
dispersion so as to adjust a solid content to be 20% by
weight, and the obtained dispersion is used as Resin particle
dispersion (1).

[0251] Preparation of Colorant Particle Dispersion
[0252] Preparation of Colorant Particle Dispersion (1)
[0253] 70 parts of a cyan pigment:C.I. Pigment Blue 15:3

(copper phthalocyanine, product manufactured by DIC Cor-
poration, product name: FASTOGEN BLUE [LA5380), 5
parts of anionic surfactant NEOGENRK, product manufac-
tured by DKS Co., Ltd.,), and 200 parts of ion-exchanged
water are mixed with each other, and are dispersed by using
a homogenizer (ULTRA-TURRAX T50, product manufac-
tured by IKA Corporation) for 10 minutes. lon-exchanged
water is added so as to cause a solid content in the dispersion
to be 20% by weight, and thereby Colorant particle disper-
sion (1) in which colorant particles having a volume average
particle diameter of 190 nm are dispersed is obtained.

[0254] Preparation of Release Agent Particle Dispersion
[0255] Preparation of Release Agent Particle Dispersion
)

[0256] 100 parts of a paraffin wax (HNP-9, product manu-

factured by NIPPON SEIRO Co., Ltd.), 1 part of an anionic
surfactant (NEOGEN RK, product manufactured by DKS
Co., Ltd.), 350 parts of ion-exchanged water are mixed with
each other, heated up to 100°, and dispersed by using a
homogenizer (ULTRA-TURRAX T50, product manufac-
tured by IKA Corporation). Then, dispersing is performed
by using a Manton-Gaulin high-pressure homogenizer
(product manufactured by Gaulin Corporation), to thereby
obtain Release agent particle dispersion (1) (solid content of
20% by weight) in which release agent particles having a
volume average particle diameter of 200 nm are dispersed.

[0257] Preparation of Developer (1)
[0258] Preparation of Toner Particle (1)
[0259] An apparatus (see FIG. 4) having the following

configuration is prepared: a round stainless steel flask and a
container A are connected to each other by using a tube
pump A; driving of the tube pump A causes a liquid stored
in the container A is transported to the flask; the container A
and a container B are connected to each other by using a tube
pump B; driving of the tube pump B causes a liquid stored
in the container B to be transported to the container A. The
following operations are performed by using this apparatus.
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[0260] 500 parts of Resin particle dispersion (1), 40 parts
of Colorant particle dispersion (1), and 2 parts of an anionic
surfactant (TAYCAPOWER) are put into a round stainless
steel flask, and 0.1 N nitric acid is added to the liquid so as
to adjust the pH of the liquid to 3.5. Then, 30 parts of a nitric
acid aqueous solution in which a concentration of polyalu-
minum chloride is 10% by weight are added thereto. Sub-
sequently, the obtained mixture is dispersed at 30° C. by
using a homogenizer (ULTRA-TURRAX TS50, product
manufactured by IKA Corporation), and then, the tempera-
ture of the obtained dispersion is increased at a pace of 1°
C./30 minutes in an oil bath for heating to thereby increase
a particle diameter of aggregated particles.

[0261] 150 parts of Resin particle dispersion (1) are put
into the container A which is a bottle made of a polyester,
and 25 parts of Release agent particle dispersion (1) are put
into the container B which is a bottle made of a polyester.
Then, a liquid transport speed of the tube pump A is set to
0.70 parts/1 minute, and a liquid transport speed of the tube
pump B is set to 0.14 parts/1 minute. The tube pumps A and
B are driven from a point of time when the temperature of
the inside of the round stainless steel flask in the process of
forming of the aggregated particle reaches 37.0° C., and thus
transporting of the respective dispersions is started. Accord-
ingly, a dispersion mixture in which resin particles and
release agent particles are dispersed is transported from the
container A to the round stainless steel flask which is in the
process of forming of the aggregated particle, with a gradual
increase of the concentration of the release agent particles.
[0262] The content of the flask is held for 30 minutes from
a point of time when the temperature of the inside of the
flask is 48° C. after transporting of the dispersions to the
flask is ended, and thereby second aggregated particles are
formed.

[0263] Then, 50 parts of Resin particle dispersion (1) are
added slowly and the obtained mixture is held for 1 hour. 0.1
N sodium hydroxide aqueous solution is added thereto to
thereby adjust the pH of the mixture to 8.5. Then, heating is
performed up to 85° C. with continuous stirring, and the
resultant is held for 5 hours. Then, the resultant is cooled to
20° C. at a speed of 20° C./minute, is filtered, is sufficiently
washed by using ion-exchanged water, and then is dried.
Thus, Toner particles (1) having a volume average particle
diameter of 6.0 um are obtained.

[0264] Preparation of Toner (1)

[0265] 100 parts of Toner particles (1), 0.7 parts of dim-
ethyl silicone oil-treated silica particles (RY200, product
manufactured by NIPPON AEROSIL CO., LTD.) are mixed
with each other by using a HENSCHEL mixer (peripheral
speed of 30 m/s, 3 minutes), and thereby Toner (1) is
obtained.

[0266]

[0267] Among 100 parts of ferrite particles (average par-
ticle diameter of 50 pum), 14 parts of toluene, 3 parts of a
styrene/methyl methacrylate copolymer (copolymerization
ratio: 15/85), and 0.2 parts of carbon black, the components
except for the ferrite particles are dispersed in a sand mill to
thereby prepare a dispersion. This dispersion and the ferrite
particles are put into a vacuum degassing kneader. Decom-
pression and drying is performed with stirring to thereby
obtain a carrier.

[0268] 8 parts of Toner (1) are mixed with 100 parts of the
carrier, and thereby Developer (1) is obtained.

Preparation of Developer (1)
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Comparative Example 1

Preparation of Comparative Developer (1)/Toner of
which the Release Agent Unevenly Exists Only in
the Inside

[0269] Toner Particles (Cl) are obtained in the same
manner as the preparation of Toner Particles (1) in Example
1 except that the liquid transport speed of the tube pump A
is set to 0.84 parts/1 minute, the liquid transport speed of the
tube pump B is set to 0.17 parts/l1 minute, and the tube
pumps A and B are driven from a point of time when the
temperature of the inside of the flask reaches 33.0° C. Toner
Particles (C1) which are obtained has a volume average
particle diameter of 6.0 pm. In the same manner as in
Example 1, Toner (C1) is prepared by using Toner particles
(C1), and Comparative Developer (1) is obtained by using
Toner (C1).

Comparative Example 2

Preparation of Comparative Developer (2)/Toner of
which the Release Agent Unevenly Exists Only at
the Surface Portion

[0270] Toner Particles (C2) are obtained in the same
manner as the preparation of Toner Particles (1) in Example
1 except that the liquid transport speed of the tube pump A
is set to 0.89 parts/1 minute, the liquid transport speed of the
tube pump B is set to 0.19 parts/l1 minute, and the tube
pumps A and B are driven from a point of time when the
temperature of the inside of the flask reaches 42.0° C. Toner
Particles (C2) which are obtained has a volume average
particle diameter of 5.5 pm. In the same manner as in
Example 1, Toner (C2) is prepared by using Toner particles
(C2), and Comparative Developer (2) is obtained by using
Toner (C2).

[0271] Various Measurements

[0272] Regarding the toner of the developer obtained in
each of the examples, the maximum frequent value, the
skewness, and the kurtosis in the distribution of the eccen-
tricity B of the release agent domain are measured by using
the above-described method. The results are shown in Table
1.

[0273] Evaluation

[0274] Evaluation is performed as follows by using the
developer obtained in each of the examples. The results are
shown in Table 1.

[0275] Evaluation of Reproducibility in Image Density,
and Image Disarray

[0276] As an image forming apparatus for forming an
evaluation image, a modified apparatus of product name:
D136, product manufactured by Fuji Xerox Co., Ltd. (image
forming apparatus including the non-contact developing
machine illustrated in FIG. 3) is prepared. A developer is put
into the developing machine and a replenishing toner (the
same toner as a toner contained in the developer) is put into
a toner cartridge. An image having an image density of 1%
is printed on P paper (manufactured by Fuji Xerox Co., td.)
to thereby provide 10,000 pieces of P paper having a printed
image.

[0277] The image density of the last printed image is
measured by a density measuring apparatus (manufactured
by X-Rite Corporation, product name: X-RITE938).
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[0278] Regarding the last printed image, a degree of
occurrence of image disarray due to flying and scattering of
the toner is evaluated based on the following standards.
[0279] A: image including five one-dot lines which are
formed, at a resolution of 600 dot per inch (dpi), to be 10 mm
in length and to be parallel with each other with a one-dot
gap therebetween may be resolved well.

[0280] B: image including five one-dot lines which are
formed, at a resolution of 600 dot per inch (dpi), to be 10 mm
in length and to be parallel with each other with a two-dot
gap therebetween may be resolved.

[0281] C: image including five one-dot lines which are
formed, at a resolution of 600 dot per inch (dpi), to be 10 mm
in length and to be parallel with each other with a two-dot
gap therebetween may not be resolved.

TABLE 1

Distribution of eccentricity
B of release agent domain

Maximum Evaluation
frequent  Skew- Kurto- Image Image
Developer value ness sis density disarray
Example 1 Developer 0.88 -0.80 0.60 1.45 A
L)
Compar-  Compar- 0.74 -0.52 0.63 1.45 B
ative ative
Example 1 developer
L)
Compar-  Compar- 0.99 -0.47 0.59 1.30 C
ative ative
Example 2 developer
@
[0282] It is confirmed based on the result that reproduc-

ibility in image density is excellent and occurrence of image
disarray is prevented in these examples in comparison to the
comparative examples.
[0283] 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
embodiments were chosen and described in order to best
explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
the various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention
be defined by the following claims and their equivalents.
What is claimed is:
1. A developing device comprising:
a storing unit that stores an electrostatic charge image
developing toner; and
a developer holding member that is provided so as to have
a gap with an image holding member and holds the
electrostatic charge image developing toner on a sur-
face,
wherein the developing device develops an electrostatic
charge image formed on a surface of the image holding
member by using the electrostatic charge image devel-
oping toner on the developer holding member through
a non-contact development, so as to form a toner
image, and
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wherein the toner contains a binder resin, a colorant, and
a release agent and has a sea and island structure of a
sea portion containing the binder resin and an island
portion containing the release agent,

a maximum frequent value in distribution of the following
eccentricity B of the island portion containing the
release agent is in a range of from 0.75 to 0.95, and

a skewness in the distribution of the following eccentric-
ity B is in a range of from -1.10 to -0.50,

the eccentricity B being represented by the following
expression (1):

Eccentricity B=2d/D (€8]

wherein D indicates an equivalent circle diameter (um) of
the toner in an observation of a cross-section of the
toner, and d indicates a distance (um) from the centroid
of the toner to the centroid of the island portion
containing the release agent in the observation of a
cross-section of the toner.

2. The developing device according to claim 1,

wherein the release agent is at least one selected from the
group consisting of a paraffin wax and an olefin wax.

3. The developing device according to claim 1,

wherein a kurtosis of the distribution of the eccentricity B
in the toner is in a range of from -0.20 to +1.50.

4. The developing device according to claim 1,

wherein the maximum frequent value in the distribution
of the eccentricity B in the toner is in a range of from
0.80 to 0.90.

5. The developing device according to claim 1,

wherein a kurtosis of the distribution of the eccentricity B
in the toner is in a range of from -0.10 to +1.40.

6. An image forming apparatus comprising:

an image holding member;

a charging unit that charges a surface of the image holding
member;
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an electrostatic charge image forming unit that forms an
electrostatic charge image on a charged surface of the
image holding member;

a developing unit that includes the developing device
according to claim 1, and develops the electrostatic
charge image formed on the surface of the image
holding member so as to form a toner image;

a transfer unit that transfers the toner image formed on the
surface of the image holding member onto a surface of
a recording medium; and

a fixing unit that fixes the toner image transferred onto the
surface of the recording medium.

7. The image forming apparatus according to claim 6,

wherein the release agent is at least one selected from the
group consisting of a paraffin wax and an olefin wax.

8. The image forming apparatus according to claim 6,

wherein a kurtosis of the distribution of the eccentricity B
in the toner is in a range of from -0.20 to +1.50.

9. The image forming apparatus according to claim 6,

wherein the maximum frequent value in the distribution
of the eccentricity B in the toner is in a range of from
0.80 to 0.90.

10. The image forming apparatus according to claim 6,

wherein a kurtosis of the distribution of the eccentricity B
in the toner is in a range of from -0.10 to +1.40.

11. A process cartridge that is detachable from an image

forming apparatus, the cartridge comprising:

an image holding member; and

a developing unit that includes the developing device
according to claim 1, and develops an electrostatic
charge image formed on a surface of the image holding
member so as to form a toner image.

#* #* #* #* #*



