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A plurality of toner particles each include a toner core, a
shell layer covering a surface of the toner core, and a
plurality of magnetic particles penetrating the shell layer.
Each of the magnetic particles has an embedded portion and
a protrusion portion. The embedded portions are embedded
in the surface of the toner core. The protrusion portions are
located further outward than the embedded portions in a
radial direction of the toner particle and protrude outward
from a surface of the shell layer in the radial direction of the
toner particle. An average Heywood diameter X of the
magnetic particles, a shell layer thickness Y, and an average
value Z of protrusion heights of the respective magnetic
particles satisfy relation (1) and relation (2) shown below.

0<Z=(X12) (1)

10 nm=¥=<50 nm 2)
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TONER, ONE-COMPONENT DEVELOPER,
AND TWO-COMPONENT DEVELOPER

INCORPORATION BY REFERENCE

[0001] The present application claims priority under 35
US.C. §119 to Japanese Patent Application No. 2016-
143446, filed on Jul. 21, 2016. The contents of this appli-
cation are incorporated herein by reference in their entirety.

BACKGROUND

[0002] The present disclosure relates to toners, one-com-
ponent developers, and two-component developers.

[0003] Some image forming apparatuses form an image on
a recording medium (for example, printing paper) by trans-
ferring a toner (unfixed toner) to the recording medium and
fixing the unfixed toner to the recording medium through
application of heat and pressure thereto using, for example,
a fixing roller. In order to form an image of high quality with
less energy for toner fixing, it is desired to improve fixability
of the toner to the recording medium. For example, a known
toner includes toner cores whose surfaces are each covered
with a urea resin film. The urea resin film is formed by
performing resinification of a concentrated urea resin pre-
cursor on the surfaces of the toner cores without causing
melting of the toner cores.

SUMMARY

[0004] A toner according to an aspect of the present
disclosure includes a plurality of the toner particles. Each of
the toner particles includes a toner core, a shell layer
covering a surface of the toner core, and a plurality of
magnetic particles penetrating the shell layer. Each of the
magnetic particles has an embedded portion and a protrusion
portion. The embedded portions are embedded in the surface
of' the toner core. The protrusion portions are located further
outward than the embedded portions in a radial direction of
the toner particle and protrude outward from a surface of the
shell layer in the radial direction of the toner particle. An
average Heywood diameter X of the magnetic particles, a
thickness Y of the shell layer, and an average value Z satisfy
relation (1) and relation (2) shown below.

0<Zs(X72) (1)
10 nm=¥=50 nm 2)
[0005] The average value Z in relation (1) is an average

value of lengths of the protrusion portions in the radial
direction of the toner particle.

[0006] A one-component developer according to another
aspect of the present disclosure includes the above-described
toner.

[0007] A two-component developer according to another
aspect of the present disclosure includes the above-described
toner and a carrier that positively charges the toner through
friction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a cross-sectional view illustrating a toner
particle included in a toner according to the present disclo-
sure.

[0009] FIG. 2 is a schematic diagram for illustrating an
average Heywood diameter X of the magnetic particles, a
shell layer thickness Y, and an average value Z.
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DETAILED DESCRIPTION

[0010] The following describes an embodiment of the
present disclosure (herein referred to as “the present
embodiment”). However, the present disclosure is not lim-
ited to the embodiment.

[0011] In the present description, the term “-based” may
be appended to the name of a chemical compound in order
to form a generic name encompassing both the chemical
compound itself and derivatives thereof. When the term
“-based” is appended to the name of a chemical compound
used in the name of a polymer, the term indicates that a
repeating unit of the polymer originates from the chemical
compound or a derivative thereof.

[0012] An average value used herein refers to a number
average value unless otherwise stated. Evaluation values
(for example, values indicating shape and physical proper-
ties) for a powder (specific examples include toner, toner
cores, toner particles, and toner mother particles described
later) are each a number average of values. A number
average value is obtained by adding up values measured
with respect to an appropriate number of measurement
targets and dividing the sum by the number. The particle
diameter of a powder is the diameter of a representative
circle of a primary particle measured using an electron
microscope, unless otherwise stated. The diameter of a
representative circle is the diameter of a circle having the
same area as a projection of the particle. The volume median
diameter Dy, is a volume-based median diameter measured
by a Coulter Counter method.

[0013] [Composition of Toner|

[0014] A toner according to the present embodiment
includes a plurality of toner particles. Such a toner may be
an electrostatic latent image developing toner that can be
suitably used for development of an electrostatic latent
image and can for example be used in image formation in an
electrophotographic apparatus. The following describes an
example of image forming methods that are performed by
electrophotographic apparatuses.

[0015] First, a charger and a light exposure device of an
electrophotographic apparatus forms an electrostatic latent
image on a photosensitive member based on image data.
Next, the electrostatic latent image that is formed is devel-
oped using a developer that contains a toner.

[0016] In the developing step, a development sleeve of a
development roller disposed in the vicinity of the photosen-
sitive member attracts the toner by magnetic force of a
magnet roll in the development roller. Thus, the toner is
carried on a surface of the development roller. The devel-
opment sleeve then rotates thereby to supply the toner
thereon to the photosensitive member. As a result, the toner
adheres to the electrostatic latent image formed on the
photosensitive member, forming a toner image on the pho-
tosensitive member.

[0017] Subsequently, in a transfer step, the toner image on
the photosensitive member is transferred onto an interme-
diate transfer member, and then further transferred onto a
recording medium. Next, a fixing device fixes the toner to
the recording medium by applying heat and pressure to the
toner. As a result, an image is formed on the recording
medium. A full-color image can for example be formed by
superimposing toner images of four different colors: black,
yellow, magenta, and cyan. The toner image transfer process
may be a direct transfer process that involves direct transfer
of a toner image on the photosensitive member to the
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recording medium without the use of the intermediate trans-
fer member. The toner fixing process is not limited to a nip
fixing in which fixing is performed through a nip between a
heating roller and a pressure roller, and may be a belt fixing
process in which fixing is performed using a belt.

[0018] The toner particles included in the toner according
to the present embodiment each include a toner core, a shell
layer covering a surface of the toner core, and a plurality of
magnetic particles penetrating the shell layer. Each of the
magnetic particles has an embedded portion and a protrusion
portion. The embedded portions are embedded in the surface
of' the toner core. The protrusion portions are located further
outward than the embedded portions in a radial direction of
the toner particle and protrude outward from a surface of the
shell layer in the radial direction of the toner particle. An
average Heywood diameter X of the magnetic particles, a
shell layer thickness Y, and an average value Z satisty
relation (1) and relation (2) shown below.

0<Z=(X/2) (6]
10 nm=¥=50 nm 2)
[0019] The average value Z in relation (1) is an average

value of lengths of protrusion portions in the radial direction
of the toner particle.

[0020] The “average Heywood diameter X of the magnetic
particles” refers to an average value of diameters of circles
having the same surface areas as projections of the magnetic
particles. The average Heywood diameter of the magnetic
particles is for example measured by a method described
below. An appropriate number of magnetic particles are
observed at a magnification of x50,000 using a scanning
electron microscope (SEM, for example, “JSM-880”, prod-
uct of JEOL Ltd.) and an image analyzer to measure
Heywood diameters thereof. A sum of the measured Hey-
wood diameters is divided by the number of the observed
magnetic particles. Through the above, the average Hey-
wood diameter (number average Heywood diameter) of the
magnetic particles is determined.

[0021] The average Heywood diameter X of the magnetic
particles can for example be adjusted by appropriately
changing growth conditions of metal particles in formation
of magnetic cores that are included in the magnetic particles.
Examples of growth conditions of metal particles include a
heating temperature of an aqueous metal solution, a rate of
bubbling of air through the aqueous metal solution, and a
period of time of bubbling of air through the aqueous metal
solution.

[0022] The “shell layer thickness Y™ means a dimension of
the shell layer in the radial direction of the toner particle and
is measured in accordance with a method described below.
First, a transmission electron microscope (TEM) image of
cross-sections of toner particles is captured. Next, the TEM
image of the cross-sections of the toner particles is analyzed
using image analysis software (for example, “WinROOF”,
product of Mitani Corporation). More specifically, on the
cross-section of one of the toner particles, two straight lines
are drawn to intersect at right angles at substantially the
center of the cross-section. On the two respective straight
lines, lengths (four lengths) that are each from an interface
between the toner core and the shell layer (equivalent to the
surface of the toner core) to the surface of the shell layer are
measured. An average value of the thus measured four
lengths is taken to be the thickness of the shell layer of the
toner particle. Such shell layer thickness measurement is
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performed for a plurality of toner particles to obtain an
average value of shell layer thicknesses for the toner par-
ticles (measurement targets). The average value of the shell
layer thicknesses obtained as described above is taken to be
the “shell layer thickness Y.

[0023] In a situation in which a boundary between a toner
core and a shell layer is unclear in the TEM image of the
cross-section of a toner particle, the TEM image of the
cross-section of the toner particle is preferably analyzed
using an electron energy loss spectrometer (EELS) (for
example, “GIF TRIDIEM (registered Japanese trademark)”,
product of Gatan, Inc.) and image analysis software (for
example, “WinROOF”, product of Mitani Corporation). The
use of an electron energy loss spectrometer and image
analysis software makes the boundary between the toner
core and the shell layer clear in the TEM image of the
cross-section of the toner particle, enabling determination of
the shell layer thickness Y.

[0024] The “average value Z of lengths of protrusion
portions of the respective magnetic particles in the radial
direction of the toner particle (also referred to below as an
average value Z of magnetic particle protrusion heights)” is
measured in accordance with a method described below.
First, a TEM image of cross-sections of toner particles is
captured. Next, the TEM image of the cross-sections of the
toner particles is analyzed using image analysis software
(for example, “WinROOF”, product of Mitani Corporation).
More specifically, a line length measurement function as a
manual measurement function of a measurement tool is
selected in the image analysis software. With the line length
measurement function as the manual measurement function
selected, several magnetic particles that are each partially
embedded in the surface of the toner core are randomly
selected in the TEM image of the cross-sections of the toner
particles. The protrusion heights of the respective magnetic
particles selected are measured, and a number average value
thereof is calculated. The number average value of the
protrusion heights of the magnetic particles obtained as
described above is taken to be the “average value Z of
magnetic particle protrusion heights”.

[0025] The following describes an example of the toner
particles according to the present embodiment with refer-
ence to FIGS. 1 and 2. FIG. 1 is a cross-sectional view
illustrating a toner particle 1 included in the toner according
to the present embodiment. FIG. 2 is a schematic diagram
for illustrating the average Heywood diameter X of the
magnetic particles, the shell layer thickness Y, and the
average value Z of magnetic particle protrusion heights.
[0026] Although a surface 11A of the toner core 11 and a
surface 12A of a shell layer 12 are depicted using straight
lines in FIG. 2, the surface of the toner core and the surface
of the shell layer in an actual toner particle have spherical
shapes (circular cross-sections). A direction Dr shown in
FIG. 2 refers to the radial direction of the toner particle 1.
[0027] The toner illustrated in FIG. 1 includes a plurality
of the toner particles 1. The toner particle 1 has the toner
core 11, the shell layer 12 covering the surface 11A of the
toner core 11, and a plurality of magnetic particles 13
penetrating the shell layer 12. An end section of each of the
magnetic particles 13 that is located on one end of the
magnetic particle 13 in the radial direction of the toner
particle 1 (more specifically, an inner portion of each of the
magnetic particles 13 in the radial direction of the toner core
1) is embedded in the surface 11A of the toner core 11.
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Another end section of each of the magnetic particles 13 that
is located on the other end of the magnetic particle 13 in the
radial direction of the toner particle 1 (more specifically, an
outer portion of each of the magnetic particles 13 in the
radial direction of the toner core 1) protrudes outward from
the surface 12A of the shell layer 12 in the radial direction
of the toner particle 1. In other words, each of the magnetic
particles 13 has an embedded portion 131 and a protrusion
portion 133. The embedded portions 131 are embedded in
the surface 11A of the toner core 11. The protrusion portions
133 are located further outward than the embedded portions
131 in the radial direction of the toner particle 1 and protrude
outward from the surface 12A of the shell layer 12 in the
radial direction of the toner particle 1. Each of the protrusion
portions 133 is equivalent to a shaded portion in FIG. 2. The
average Heywood diameter X of the magnetic particles, the
shell layer thickness Y, and the average value Z of magnetic
particle protrusion heights for example satisfy relation (1)
and relation (2) shown below. The average value 7Z of
magnetic particle protrusion heights is an average value of
lengths of the protrusion portions 133 in the radial direction
of the toner particle 1.

0<Z=(X/2) (6]
10 nm=¥=50 nm 2)
[0028] The toner according to the present embodiment has

excellent low-temperature fixability. The use of a developer
containing the toner according to the present embodiment in
image formation allows prevention of fogging. The use of a
developer containing the toner according to the present
embodiment also allows maintenance of high developing
properties even if image formation is performed in a low-
humidity environment. Furthermore, the use of a developer
containing the toner according to the present embodiment
allows formation of an image of high quality. The following
further describes the toner according to the present embodi-
ment with reference to FIG. 1.

[0029] The toner particle 1 according to the present
embodiment has the shell layer 12 covering the surface 11A
of the toner core 11. The shell layer thickness Y satisfies 10
nm=Y=50 nm. As a result of the shell layer thickness Y
being at least 10 nm, a resin component contained in the
toner core 11 is prevented from melting during toner fixing.
Examples of resin components that can be contained in the
toner core 11 include a binder resin and a wax. As a result
of the shell layer thickness Y being no greater than 50 nm,
a resin component contained in the shell layer 12 melts
during toner fixing, ensuring toner fixability. For the reasons
given above, the toner having a shell layer thickness Y of at
least 10 nm and no greater than 50 nm has improved
low-temperature fixability.

[0030] Furthermore, the magnetic particles 13 in the toner
according to the present embodiment penetrate the shell
layer 12. A portion of each of the magnetic particle 13 that
is located within the shell layer 12 can therefore be a starting
point of rupture of the shell layer 12 upon application of heat
and pressure to the toner during toner fixing.

[0031] Also for the reason given above, the toner therefore
has improved low-temperature fixability.

[0032] Furthermore, in the toner according to the present
embodiment, the magnetic particles 13 have the embedded
portions 131, preventing the magnetic particles 13 from
being detached from the surface 11A of the toner core 11.
Besides, the toner according to the present embodiment
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satisfies Z=(X/2). The magnetic particles 13 can therefore be
prevented from being detached from the surface 12A of the
shell layer 12. For the reasons given above, image formation
can be performed with the toner particles 1 each containing
the magnetic particles 13. Thus, the toner particles 1 are
susceptible to magnetic confinement by a magnetic roller,
preventing scattering of insufficiently charged toner (for
example, non-charged toner). As a result, occurrence of
fogging can be prevented.

[0033] The use of the toner according to the present
embodiment allows image formation to be performed with
the toner particles 1 each containing the magnetic particles
13. The toner according to the present embodiment satisfies
0<Z. During image formation, therefore, the magnetic par-
ticles 13 (more specifically, the protrusion portions 133 of
the magnetic particles 13) readily come in contact with the
surface of the photosensitive member, restricting contact
between the shell layer 12 and the surface of the photosen-
sitive member to a small area. Thus, a resin component
contained in the toner particles 1 can be prevented from
adhering to the surface of the photosensitive member.
Besides, even if the resin component contained in the toner
particles 1 adheres to the surface of the photosensitive
member, the resin component adhering to the surface of the
photosensitive member will be scraped off by the magnetic
particles 13 (more specifically, the protrusion portions 133
of the magnetic particles 13) that have come in contact with
the surface of the photosensitive member. Thus, contami-
nation of the surface of the photosensitive member with the
resin component (resin component contained in the toner
particles 1) can be prevented more reliably. As a result,
occurrence of fogging can be prevented.

[0034] Since the toner according to the present embodi-
ment satisfies 0<Z, electrical charge resulting from over-
charging of the toner can readily escape through the mag-
netic particles 13. Thus, excessive charging of the toner can
be prevented even if image formation is performed in an
environment in which excessive charging is likely. As a
result, the toner has improved charge stability, and thus
developing properties thereof can be kept high. Examples of
environments in which excessive charging is likely include
a low-humidity environment. That is, the toner according to
the present embodiment can maintain its high developing
properties even if image formation is performed in a low-
humidity environment. In other words, the toner according
to the present embodiment can for example form an image
with a high image density even if image formation is
performed in a low-humidity environment. Excessive charg-
ing as used herein refers to a phenomenon of a toner
excessively charged to positive polarity. The toner having
excellent charge stability refers to a toner having a sharp
charge distribution, being capable of maintaining charge
thereof at a desired amount when image formation with the
use of the toner is started, and being capable of maintaining
charge thereof at a desired amount when image formation
with the use of the toner is successively performed.

[0035] Since the toner according to the present embodi-
ment satisfies Z=(X/2), projections and recesses in the
surfaces of the toner particles 1 can be restricted to small
sizes. Thus, fluidity of the toner particles 1 can be kept high.
As a result, aggregation of the toner particles 1 can be
prevented, allowing formation of an image of high quality.
[0036] The toner particles 1 may each include magnetic
particles that are not embedded in the surface of the toner
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core thereof or may include magnetic particles that are
entirely located within the shell layer thereof. The toner may
further include toner particles each including a toner core
having a surface in which portions of the respective mag-
netic particles are embedded and including no shell layer.

[0037] Preferably, the magnetic particles have an average
Heywood diameter X of at least 100 nm and no greater than
300 nm. As a result of the magnetic particles having an
average Heywood diameter X of at least a 100 nm, the
magnetic particles 13 can have and maintain higher dispers-
ibility. Thus, the magnetic particles 13 readily adhere to the
surface 11A of the toner core 11 in a uniform manner in the
production of the toner particle 1. As a result, the toner tends
to have a sharp charge distribution, and excessive charging
is prevented more effectively. As a result of the magnetic
particles 13 readily adhering to the surface 11A of the toner
core 11 in a uniform manner, the portion of each of the
magnetic particles 13 that is located within the shell layer 12
readily becomes a starting point of rupture of the shell layer
12 during toner fixing. Thus, the toner has further improved
low-temperature fixability.

[0038] As a result of the magnetic particles having an
average Heywood diameter X of no greater than 300 nm, the
magnetic particles 13 can be more effectively prevented
from being detached from the surface 11A of the toner core
11. Thus, scattering of insufficiently charged toner (for
example, non-charged toner) during image formation can be
prevented more effectively. Accordingly, occurrence of fog-
ging can be prevented more effectively.

[0039] As a result of the magnetic particles having an
average Heywood diameter X of no greater than 300 nm,
sharp particle size distribution of the magnetic particles 13
can be maintained. The magnetic particles 13 therefore
readily adhere to the surface 11A of the toner core 11 in a
uniform manner. Thus, the same effect as the effect obtained
as a result of the magnetic particles having an average
Heywood diameter X of at least 100 nm can be obtained.
That is, the toner has further improved low-temperature
fixability.

[0040] Besides, as a result of the magnetic particles having
an average Heywood diameter X of no greater than 300 nm,
provision of a sufficient amount of magnetic particles 13 at
the surface 11A of the toner core 11 is ensured. The portion
of'each of the magnetic particles 13 that is located within the
shell layer 12 can function as a starting point of rupture of
the shell layer 12 during toner fixing. Accordingly, the shell
layer 12 is readily ruptured during toner fixing. Also for the
reason given above, the toner has further improved low-
temperature fixability.

[0041] Preferably, the magnetic particles 13 each have a
polyhedral shape. The magnetic particles 13 having a poly-
hedral shape have vertices and edges. The magnetic particles
13 come in contact with the surface of the photosensitive
member at the vertices and edges thereof during image
formation. A resin component adhering to the surface of the
photosensitive member is scraped off more easily when the
magnetic particles 13 are in contact with the surface of the
photosensitive member at the vertices and edges thereof than
when the magnetic particles 13 are in contact with the
surface of the photosensitive member at faces thereof.
Occurrence of fogging can be therefore prevented more
effectively in such a configuration than in a configuration in
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which the magnetic particles do not have vertices or edges,
that is, when the magnetic particles have for example a
spherical shape.

[0042] The magnetic particles 13 penetrate the shell layer
12. The vertices and edges of the magnetic particles 13
function as starting points of rupture of the shell layer 12
better than the faces of the magnetic particles 13 during
toner fixing. As described above, the shell layer 12 is readily
ruptured during toner fixing in a configuration in which the
magnetic particles 13 have a polyhedral shape. As a result,
the toner has further improved low-temperature fixability.
[0043] Besides, electric charge is readily released from the
vertices and edges of the magnetic particles 13. The toner
particles 1 containing the magnetic particles 13 having a
polyhedral shape can therefore prevent an excessive increase
in charge compared to the toner particles containing mag-
netic particles having a spherical shape.

[0044] The polyhedral shape is for example an octahedral
shape or a hexahedral shape. Specific examples of the
octahedral shape include an octahedral shape with eight
triangular faces. Specific examples of the hexahedral shape
include an hexahedral shape with six rectangular faces. The
vertices and edges of the polyhedron may be sharp. The
shape of the magnetic particles can for example be con-
firmed by observing the magnetic particles at a magnifica-
tion of x50,000 using a scanning electron microscope (SEM,
“JSM-880”, product of JEOL Ltd.).

[0045] Preferably, the magnetic particles 13 are contained
in an amount of at least 0.5 parts by mass and no greater than
3.0 parts by mass relative to 100.0 parts by mass of the toner
cores 11. The portion of each of the magnetic particles 13
that is located within the shell layer 12 can function as a
starting point of rupture of the shell layer 12 during toner
fixing. As a result of the magnetic particles 13 being
contained in an amount of at least 0.5 parts by mass relative
to 100.0 parts by mass of the toner cores 11, the shell layers
12 are readily ruptured during toner fixing. Thus, the toner
has further improved low-temperature fixability.

[0046] The magnetic particles 13 tend not to melt during
toner fixing. As a result of the magnetic particles 13 being
contained in an amount of no greater than 3.0 parts by mass
relative to 100.0 parts by mass of the toner cores 11, the
component that tends not to melt during toner fixing can be
restricted to a small amount. Also for the reason given
above, the toner has further improved low-temperature fix-
ability.

[0047] As a result of the magnetic particles 13 being
contained in an amount of at least 0.5 parts by mass relative
to 100.0 parts by mass of the toner cores 11, occurrence of
excessive charging can be prevented even in the case of
continuous printing. Thus, the image density of an image
that is formed can be kept high. As a result of the magnetic
particles 13 being contained in an amount of no greater than
3.0 parts by mass relative to 100.0 parts by mass of the toner
cores 11, charge of the toner can be maintained even in the
case of continuous printing.

[0048] Besides, as a result of the magnetic particles 13
being contained in an amount of at least 0.5 parts by mass
relative to 100.0 parts by mass of the toner cores 11, the
inner electrical resistance of the shell layers 12 is easily
adjusted to a desired level. Thus, the toner has sharper
charge distribution.

[0049] Preferably, the toner cores 11 do not contain mag-
netic particles as an internal additive. Even if the toner cores
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11 do not contain magnetic particles as an internal additive,
it is possible to obtain the effects of improving low-tem-
perature fixability, preventing occurrence of fogging, and
improving developing properties in image formation in a
low-humidity environment. Through the above, the toner
according to the present embodiment has been described
with reference to FIGS. 1 and 2. The following further
describes the composition of the toner in detail.

[0050] <Magnetic Particles>

[0051] Examples of metals that can be contained in the
magnetic particles include ferromagnetic metals, alloys of
ferromagnetic metals, metals obtained by doping iron oxide
with cobalt or nickel, alloys that are free from the ferro-
magnetic metal elements and can become ferromagnetic
through heat treatment, and chromium dioxide. Examples of
ferromagnetic metals include iron, cobalt, and nickel. Iron
may be used in the form of iron oxide (for example, triiron
tetraoxide or ferrite). Specifically, triiron tetraoxide is mag-
netite. Any one of the metals listed above may be used
independently, or any two or more of the metals listed above
may be used in combination for the magnetic particles. The
magnetic particles preferably contain magnetite in terms of
easily adjusting charge of the toner particles.

[0052] The surfaces of the magnetic particles are prefer-
ably treated with a surface treatment agent. For example, the
magnetic particles are preferably coated with a surface
treatment agent. As a result of the surfaces of the magnetic
particles being treated with a surface treatment agent, it is
thought that cationization and elution of some of the metal
contained in the magnetic particles in an aqueous medium
can be restricted in shell layer formation. This facilitates
attachment of a material of the shell layers to the surfaces of
the toner cores with portions of the respective magnetic
particles embedded therein and in-situ polymerization of the
material of the shell layers in the magnetic particles.
[0053] The magnetic particles whose surfaces are treated
with a surface treatment agent each have a magnetic core
and a coat layer. The coat layer is provided so as to cover the
magnetic core. The magnetic core contains a metal con-
tained in the magnetic particles. The coat layer contains the
surface treatment agent or a hydrolysate of the surface
treatment agent.

[0054] It is only necessary that at least part of the surface
of the magnetic core is provided with the coat layer. In order
to restrict cationization and elution of some of the metal
contained in the magnetic particles in an aqueous medium in
shell layer formation, it is preferable that the surface of the
magnetic core is substantially entirely provided with the coat
layer. A portion of the surface treatment agent contained in
the coat layer may be chemically bound to a chemical group
of the magnetic core (for example, a hydroxyl group) or to
free water contained in the magnetic core.

[0055] Examples of surface treatment agents that can be
contained in the coat layer include a silicon compound or a
phosphate compound. One surface treatment agent may be
used independently, or two or more surface treatment agents
may be used in combination.

[0056] Examples of silicon compounds that can be used
include alkyl trialkoxysilanes, dialkyldialkoxysilanes, tri-
alkylalkoxysilanes, aryltrialkoxysilanes, and silicic acid
compounds.

[0057] Examples of alkyl trialkoxysilanes that can be used
include n-octyltriethoxysilane, —methyltrimethoxysilane,
methyltriethoxysilane, n-propyltrimethoxysilane, n-propyl-
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triethoxysilane, hexyltrimethoxysilane,
lane, and decyltrimethoxysilane.

[0058] Examples of dialkyldialkoxysilanes that can be
used include dimethyldimethoxysilane, dimethyldiethoxysi-
lane, diethyldimethoxysilane, and diethyldiethoxysilane.
[0059] Examples of trialkylalkoxysilanes that can be used
include trimethylmethoxysilane, trimethylethoxysilane, tri-
ethylmethoxysilane, and triethylethoxysilane.

[0060] Examples of aryltrialkoxysilanes that can be used
include phenyltrimethoxysilane and phenyltriethoxysilane.
[0061] Examples of silicic acid compounds that can be
used include alkyl silicates. Specific examples thereof
include methyl silicate and ethyl silicate. In a configuration
in which an alkyl silicate is used as the surface treatment
agent, silica may be generated through hydrolysis of the
alkyl silicate on the surfaces of the magnetic particles.
Accordingly, the coat layer of each of the magnetic particle
may contain silica, which is a hydrolysate of the surface
treatment agent. The alkyl silicate is for example hydrolyzed
through heating.

[0062] Preferably, an alkyl trialkoxysilane or an alkyl
silicate is used as the surface treatment agent. The coat
layers of the magnetic particles containing an alky] trialkox-
ysilane as the surface treatment agent contain the alkyl
trialkoxysilane. The coat layers of the magnetic particles
containing an alkyl silicate as the surface treatment agent
contain silica, which is a hydrolysate of the alkyl silicate.
The use of an alkyl trialkoxysilane or an alkyl silicate as the
surface treatment agent facilitates adjustment of triboelectric
charge of the toner cores with portions of the respective
magnetic particles embedded in the surfaces thereof to a
desired level.

[0063] More preferably, n-octyltriethoxysilane is used as
the surface treatment agent. The coat layers of the magnetic
particles containing n-octyltriethoxysilane as the surface
treatment agent contain n-octyltriethoxysilane. The use of
n-octyltriethoxysilane as the surface treatment agent facili-
tates improvement in image density of an image that is
formed even in the case of continuous image formation.
[0064] Preferably, the surface treatment agent is contained
in an amount of at least 0.01 parts by mass and no greater
than 2.00 parts by mass relative to 100.00 parts by mass of
the magnetic cores. As a result of the surface treatment agent
being contained in an amount within the above-specified
range, it is thought that a powder composed of the magnetic
particles (referred to below as a magnetic powder) can be
negatively chargeable while being kept magnetic.

[0065] <Toner Cores>

[0066] The toner cores for example contain at least one of
a binder resin, a colorant, and a releasing agent. However,
non-essential components (for example, the binder resin, the
colorant, or the releasing agent) may be omitted in accor-
dance with intended use of the toner.

[0067] (Binder Resin)

[0068] No particular limitations are placed on the binder
resin so long as the binder resin can be used for preparation
of a toner. The binder resin is preferably a thermoplastic
resin in order to improve fixability of the toner. Examples of
preferable thermoplastic resins include styrene-based resins,
acrylic acid-based resins, styrene-acrylic acid-based resins,
polyethylene resins, polypropylene resins, vinyl chloride
resins, polyester resins, polyamide resins, urethane resins,
polyvinyl alcohol resins, vinyl ether resins, N-vinyl com-
pound resins, and styrene-butadiene resins.

hexyltriethoxysi-
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[0069] In a configuration in which a thermoplastic resin is
used for the binder resin, one thermoplastic resin may be
used independently, or two or more thermoplastic resins may
be used in combination. A cross-linking agent or a thermo-
setting resin may be added to the thermoplastic resin. By
partially introducing a cross-linking structure into the binder
resin, preservability, shape retention, and durability of the
toner are easily improved while also ensuring fixability of
the toner.

[0070] The use of a higher functional thermoplastic resin
as the binder resin facilitates formation of the shell layers on
the surfaces of the toner cores with portions of the respective
magnetic particles embedded therein. Preferably, the toner
cores contain a polyester resin as the binder resin in order to
improve colorant dispersibility in the binder resin and low-
temperature fixability of the toner.

[0071] The polyester resin can for example be obtained
through polycondensation or condensation copolymeriza-
tion of an alcohol and a carboxylic acid. Examples of
preferable alcohols that can be used in preparation of the
polyester resin include diols, bisphenols, and tri- or higher-
hydric alcohols.

[0072] Examples of diols that can be used include ethylene
glycol, diethylene glycol, triethylene glycol, 1,2-propane-
diol, 1,3-propanediol, 1.,4-butanediol, neopentyl glycol,
2-butene-1,4-diol, 1,5-pentanediol, 1,6-hexanediol, 1,4-cy-
clohexanedimethanol, dipropylene glycol, polyethylene gly-
col, polypropylene glycol, and polytetramethylene glycol.
[0073] Examples of bisphenols that can be used include
bisphenol A, hydrogenated bisphenol A, bisphenol A ethyl-
ene oxide adduct, and bisphenol A propylene oxide adduct.
[0074] Examples of tri- or higher-hydric alcohols that can
be used include sorbitol, 1,2,3,6-hexanetetrol, 1,4-sorbitan,
pentaerythritol, dipentaerythritol, tripentaerythritol, 1,2.4-
butanetriol, 1,2,5-pentanetriol, glycerol, diglycerol, 2-meth-
ylpropanetriol, 2-methyl-1,2,4-butanetriol, trimethylole-
thane, trimethylolpropane, and 1,3,5-
trihydroxymethylbenzene.

[0075] Examples of carboxylic acids that can be used in
synthesis of the polyester resin include di-, tri-, and higher-
basic carboxylic acids.

[0076] Examples of di-basic carboxylic acids that can be
used include maleic acid, fumaric acid, citraconic acid,
itaconic acid, glutaconic acid, phthalic acid, isophthalic acid,
terephthalic acid, cyclohexanedicarboxylic acid, adipic acid,
sebacic acid, azelaic acid, malonic acid, succinic acid, alkyl
succinic acid, and alkenyl succinic acid. Examples of alkyl
succinic acids include n-butylsuccinic acid, isobutylsuccinic
acid, n-octylsuccinic acid, n-dodecylsuccinic acid, and isod-
odecylsuccinic acid. Examples of alkenyl succinic acids
include n-butenylsuccinic acid, isobutenylsuccinic acid,
n-octenylsuccinic acid, n-dodecenylsuccinic acid, and isod-
odecenylsuccinic acid.

[0077] Examples of tri- or higher-basic carboxylic acids
that can be used include 1,2,4-benzenetricarboxylic acid
(trimellitic acid), 2,5,7-naphthalenetricarboxylic acid, 1,2,4-
naphthalenetricarboxylic acid, 1,2,4-butanetricarboxylic
acid, 1,2,5-hexanetricarboxylic acid, 1,3-dicarboxyl-2-
methyl-2-methylenecarboxypropane, 1,2.4-cyclohexanetri-
carboxylic acid, tetra(methylenecarboxyl)methane, 1,2,7,8-
octanetetracarboxylic acid, pyromellitic acid, and EMPOL
trimer acid.

[0078] One alcohol may be used independently, or two or
more alcohols may be used in combination. One carboxylic
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acid may be used independently, or two or more carboxylic
acids may be used in combination. Furthermore, an ester-
forming derivative of a carboxylic acid may be used.
Examples of ester-forming derivatives that can be used
include acid halide, acid anhydride, and lower alkyl ester.
The term “lower alkyl” refers to an alkyl group having a
carbon number of at least 1 and no greater than 6.

[0079] The polyester resin preferably has an acid value of
at least 5 mgKOH/g and no greater than 30 mgKOH/g. The
polyester resin preferably has a hydroxyl value of at least 15
mgKOH/g and no greater than 80 mgKOH/g, and more
preferably at least 20 mgKOH/g and no greater than 60
mgKOH/g. As a result of the polyester resin having a
hydroxyl value of at least 20 mgKOH/g, the shell layers are
easily formed on the surfaces of the toner cores with portions
of the respective magnetic particles embedded therein. As a
result of the polyester resin having a hydroxyl value of no
greater than 60 mgKOH/g, the shell layers can be restricted
to a specific thickness, and charge stability of the toner can
be kept high. The acid value and the hydroxyl value of the
polyester resin are for example measured by a method
prescribed by Japanese Industrial Standard (JIS) K0070-
1992 or a method conforming therewith.

[0080] The acid value and the hydroxyl value of the
polyester resin can for example be adjusted by appropriately
adjusting the respective amounts of the alcohol and the
carboxylic acid used in preparation of the polyester resin. An
increase in molecular weight of the polyester resin tends to
result in a decrease in the acid value and the hydroxyl value
of the polyester resin.

[0081] The binder resin preferably has a softening point of
at least 80° C. and no greater than 150° C. The binder resin
preferably has a glass transition point of at least 30° C. and
no greater than 60° C. As a result of the softening point and
the glass transition point of the binder resin being within the
above-specified ranges, preservability, shape retention, and
durability of the toner are easily improved while also
maintaining high fixability of the toner.

[0082] (Colorant)

[0083] The toner cores may contain a black colorant. The
black colorant is for example a black pigment or a black dye.
A specific example of the black pigment is carbon black. A
black colorant that is adjusted to a black color using a yellow
colorant, a magenta colorant, and a cyan colorant to be
described later can be used.

[0084] (Releasing Agent)

[0085] The releasing agent is for example used in order to
improve fixability of the toner or resistance of the toner to
being offset. In order to improve fixability or offset resis-
tance of the toner, the releasing agent is preferably contained
in an amount of at least 1 part by mass and no greater than
30 parts by mass relative to 100 parts by mass of the binder
resin, and more preferably at least 1 part by mass and no
greater than 15 parts by mass.

[0086] Examples of releasing agents that can be used
include aliphatic hydrocarbon waxes, oxides of aliphatic
hydrocarbon waxes, plant waxes, animal waxes, mineral
waxes, waxes having a fatty acid ester as a main component,
and waxes in which a fatty acid ester is partially or fully
deoxidized. Examples of aliphatic hydrocarbon waxes
include ester wax, polyethylene wax (for example, low
molecular weight polyethylene), polypropylene wax (for
example, low molecular weight polypropylene), polyolefin
copolymer, polyolefin wax, microcrystalline wax, paraffin
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wax, and Fischer-Tropsch wax. Examples of oxides of
aliphatic hydrocarbon waxes include polyethylene oxide
wax and block copolymer of polyethylene oxide. Examples
of plant waxes include candelilla wax, carnauba wax, Japan
wax, jojoba wax, and rice wax. Examples of animal waxes
include beeswax, lanolin, and spermaceti. Examples of
mineral waxes include ozokerite, ceresin, and petrolatum.
Examples of waxes having a fatty acid ester as a main
component include montanic acid ester wax and castor wax.
Examples of waxes in which a fatty acid ester is partially or
fully deoxidized include deoxidized carnauba wax. One
releasing agent may be used independently, or two or more
releasing agents may be used in combination.

[0087] <Shell Layers>

[0088] The shell layers preferably contain a thermosetting
resin. The thermosetting resin contained in the shell layers
are obtained through polymerization or copolymerization of
a monomer of a thermosetting resin. As a result of the shell
layers containing a thermosetting resin, the shell layers
usually tend not to be ruptured upon application of heat and
pressure to the toner during toner fixing. However, as
described above, it is thought that the portion of each of the
magnetic particles 13 that is located within the shell layers
functions as a starting point of rupture of the shell layers
upon application of heat and pressure to the toner according
to the present embodiment during toner fixing. Even if the
shell layers contain a thermosetting resin, therefore, the
toner can have improved low-temperature fixability.

[0089] The thermosetting resin contained in the shell
layers preferably has a cationic group. The thermosetting
resin having a cationic group can be obtained through
polymerization or copolymerization of a monomer having a
cationic group. It should be noted here that the toner cores
have a higher tendency to be anionic in an aqueous medium
in a situation in which an anionic resin (for example, a resin
having an ester bond or a hydroxyl group) is used as the
binder resin. Since the surfaces of the toner cores with
portions of the respective magnetic particles embedded
therein are negatively chargeable, the toner cores having
such surfaces are anionic in an aqueous medium. In a
situation in which the monomer of the thermosetting resin
has a cationic group, therefore, the cationic monomer of the
thermosetting resin can be easily attracted toward the sur-
faces of the anionic particles (particles including the toner
cores with portions of the respective magnetic particles
embedded in the surfaces thereof) when the shell layers are
formed using an aqueous medium. That is, the monomer of
the thermosetting resin that is positively charged in an
aqueous medium is readily electrically attracted toward the
particles (particles including the toner cores with portions of
the respective magnetic particles embedded in the surfaces
thereof) that are negatively charged in the aqueous medium.
Then, the shell layers are uniformly formed on the surfaces
of the toner cores with portions of the respective magnetic
particles embedded therein, through in-situ polymerization,
for example. As a result, as described above, the toner
particles can be uniformly charged, allowing the toner to
have sharp charge distribution. Furthermore, occurrence of
excessive charging can be inhibited even if images are
formed continuously using the toner, thereby inhibiting
reduction in image density of the images that are formed.
[0090] The cationic group of the thermosetting resin is for
example a nitrogen-containing group (specific examples
include —NH— and —N—). Examples of thermosetting
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resins having a cationic group include nitrogen-containing
thermosetting resins. Examples of nitrogen-containing ther-
mosetting resins include melamine resins, urea resins, and
glyoxal resins, among which melamine resins are preferable.
[0091] A melamine resin is a polycondensate of melamine
and formaldehyde. Therefore, melamine and formaldehyde
are monomers for formation of the melamine resin. A urea
resin is a polycondensate of urea and formaldehyde. There-
fore, urea and formaldehyde are monomers for formation of
the urea resin. A glyoxal resin is a polycondensate of
formaldehyde and a reaction product of glyoxal and urea.
Therefore, formaldehyde and a reaction product of glyoxal
and urea are monomers for formation of the glyoxal resin.
[0092] A prepolymer of the thermosetting resin may be
used to form the shell layers. For example, the melamine, the
urea, and the reaction product of glyoxal and urea may be
used in the form of a prepolymer (also referred to below as
an initial polymer). The term “prepolymer” used herein
refers to an intermediate product obtained by stopping
polymerization of a monomer at a stage before the degree of
polymerization reaches the degree of polymerization for a
polymer.

[0093] The monomer of the thermosetting resin may be
used in the form of a derivative to form the shell layers. For
example, the melamine, the urea, or the urea caused to react
with the glyoxal may be modified in a known manner. For
example, the monomer of the thermosetting resin may be
methylolated by formaldehyde prior to the reaction with the
thermoplastic resin.

[0094] The term “a thermosetting resin material” may be
used as a generic term for the above-mentioned monomer of
the thermosetting resin, the above-mentioned prepolymer of
the thermosetting resin, and the above-mentioned monomer
of the thermosetting resin in the form of a derivative. The
thermosetting resin material preferably has a cationic group,
and more preferably a nitrogen-containing group (for
example, —NH— or —N—). As a result of the thermoset-
ting resin material having a cationic group, the thermoset-
ting resin material that is positively charged in an aqueous
medium is readily electrically attracted toward the particles
(toner cores with portions of the respective magnetic par-
ticles embedded in the surfaces thereof) that are negatively
charged in the aqueous medium. This facilitates in-situ
polymerization of the thermosetting resin material on the
surfaces of the toner cores with portions of the respective
magnetic particles embedded therein.

[0095] Preferably, the thermosetting resin material has a
functional group that is reactive with a functional group of
the binder resin contained in the toner cores. For example,
in a situation in which the binder resin is a polyester resin,
the thermosetting resin material preferably has a hydroxyl
group that is reactive with a hydroxyl group and a carboxyl
group of the polyester resin.

[0096] <External Additive>

[0097] An external additive may be caused to adhere to the
surfaces of the toner particles depending on necessity
thereof. The term “toner mother particles” may be used to
refer to the particles (toner particles) prior to treatment with
the external additive.

[0098] Examples of external additives that can be used
include metal oxides (for example, alumina, titanium oxide,
magnesium oxide, zinc oxide, strontium titanate, and barium
titanate), silicon carbide, and silica. Specific examples of
silica include colloidal silica and hydrophobic silica. The
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external additive may be surface-treated with a surface
treatment agent (for example, aminosilane, silicone oil,
hexamethyldisilazane, a titanate coupling agent, or a silane
coupling agent) as necessary.

[0099] The external additive preferably has a particle
diameter of at least 0.01 um and no greater than 1.00 pm.
The external additive is preferably contained in an amount
of at least 0.5 parts by mass and no greater than 10 parts by
mass relative to 100 parts by mass of the toner mother
particles, and more preferably at least 1 part by mass and no
greater than 5 parts by mass.

[0100] [Composition of One-component Developer]|
[0101] A one-component developer according to the pres-
ent embodiment includes the toner according to the present
embodiment. Accordingly, the use of the one-component
developer according to the present embodiment in image
formation provides the effects of improving low-tempera-
ture fixability, preventing occurrence of fogging, and
improving developing properties in image formation in a
low-humidity environment.

[0102] Preferably, the one-component developer contains
inorganic fine particles as an external additive. The inor-
ganic fine particles are preferably contained in an amount of
at least 0.5 parts by mass and no greater than 2.0 parts by
mass relative to 100.0 parts by mass of the toner particles.
The inorganic fine particles may for example be hydropho-
bic silica. The hydrophobic silica is for example methoxy
silane.

[0103] [Composition of Two-Component Developer]|
[0104] A two-component developer according to the pres-
ent embodiment includes the toner according to the present
embodiment and a carrier for positively charging the toner
through friction. Accordingly, the use of the two-component
developer according to the present embodiment in image
formation provides the effects of improving low-tempera-
ture fixability, preventing occurrence of fogging, and
improving developing properties in image formation in a
low-humidity environment. The following describes the
carrier included in the two-component developer in further
detail.

[0105] (Carrier)

[0106] The carrier is for example a carrier including
carrier cores coated with a resin. The carrier cores are
formed of magnetic particles. For another example, the
carrier is a resin carrier including a resin and magnetic
particles dispersed in the resin.

[0107] Specific examples of the magnetic particles
include: particles of iron, oxidized iron, reduced iron, mag-
netite, copper, silicon steel, ferrite, nickel, or cobalt; par-
ticles of an alloy of any of the above materials with a metal
such as manganese, zinc, or aluminum; particles of iron-
nickel alloy; particles of iron-cobalt alloy; particles of a
ceramic; and particles of a high-dielectric substance.
Examples of ceramics that can be used for the particles
include titanium oxide, aluminum oxide, copper oxide,
magnesium oxide, lead oxide, zirconium oxide, silicon
carbide, magnesium titanate, barium titanate, lithium titan-
ate, lead titanate, lead zirconate, and lithium niobate.
Examples of high-dielectric substances that can be used for
the particles include ammonium dihydrogen phosphate,
potassium dihydrogen phosphate, and Rochelle salt.

[0108] Examples of resins that can be used to coat the
carrier cores or included in the resin carrier include acrylic
acid-based polymers, styrene-based polymers, styrene-
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acrylic acid-based copolymers, olefin polymers (for
example, polyethylene, chlorinated polyethylene, or poly-
propylene), polyvinyl chlorides, polyvinyl acetates, polycar-
bonates, cellulose resins, polyester resins, unsaturated poly-
ester resins, polyamide resins, urethane resins, epoxy resins,
silicone resins, fluororesins (for example, polytetrafiuoro-
ethylene, polychlorotrifluoroethylene, or polyvinylidene
fluoride), phenolic resins, xylene resins, diallyl phthalate
resins, polyacetal resins, and amino resins. Any one of the
resins listed above may be used independently, or any two
or more of the resins listed above may be used in combi-
nation.

[0109] The carrier preferably has a particle diameter of at
least 20 um and no greater than 120 pm, and more preferably
at least 25 pm and no greater than 80 um. The particle
diameter of the carrier is for example measured using an
electron microscope.

[0110] The toner is preferably contained in the two-com-
ponent developer in an amount of at least 3% by mass and
no greater than 20% by mass relative to mass of the
two-component developer, and more preferably at least 5%
by mass and no greater than 15% by mass.

[0111] [Example of Toner Production Method]

[0112] A method for producing the toner preferably
includes a process of embedding portions of the respective
magnetic particles in the surfaces of the toner cores and a
process of forming the shell layers on the surfaces of the
toner cores with the portions of the respective magnetic
particles embedded therein. The method for producing the
toner may include, as necessary, at least one of a magnetic
powder formation process, a toner core formation process, a
washing process, a drying process, and an external additive
addition process.

[0113] <Magnetic Powder Formation Process>
[0114] (Magnetic Core Formation Process)
[0115] In a magnetic core formation process, an aqueous

metal solution is heated under basic conditions. Air is
bubbled through the heated aqueous metal solution. Through
the above, the metal in the aqueous metal solution is
oxidized. The oxidized metal is pulverized. As a result,
magnetic cores are obtained.

[0116] Preferably, pH of the aqueous metal solution is
adjusted to at least 12.0 and no greater than 13.0 using a
basic substance for heating the aqueous metal solution. The
heating temperature of the aqueous metal solution is pref-
erably at least 70° C. and no greater than 100° C. The rate
of bubbling of air through the aqueous metal solution is
preferably at least 50 L/minute and no greater than 200
L/minute. The period of time of bubbling air through the
aqueous metal solution is preferably at least 30 minutes and
no greater than 600 minutes, and more preferably at least
200 minutes and no greater than 250 minutes. The oxidized
metal is for example pulverized using a pulverizer (for
example, “Hammer Mill (HM-5)”, product of Nara Machin-
ery Co., Ltd.).

[0117] The thus obtained magnetic cores may be subjected
to at least one of washing, filtration, and drying as necessary.
[0118] (Surface Treatment Process)

[0119] In a surface treatment process, the surfaces of the
magnetic cores are treated with a surface treatment agent.
Through the above, the magnetic particles are obtained. The
magnetic particles obtained through the surface treatment
process each have a magnetic core and a coat layer coating
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the magnetic core. The coat layer that is formed contains the
surface treatment agent or a hydrolysate of the surface
treatment agent.

[0120] In a situation in which the surface treatment agent
is an alkyl trialkoxysilane, a dialkyldialkoxysilane, a trialky-
lalkoxysilane, or an aryltrialkoxysilane, the treatment with
the surface treatment agent is performed by mixing the
surface treatment agent and the magnetic cores using, for
example, a mixer (more specifically, a wheel kneader). The
mixing time is preferably at least 5 minutes and no greater
than 5 hours, and more preferably at least 30 minutes and no
greater than 2 hours.

[0121] In a situation in which the surface treatment agent
is a silicic acid compound, the treatment with the surface
treatment agent is performed by immersing the magnetic
cores in the surface treatment agent (for example, a silicic
acid compound in a liquid form). Preferably, the immersing
time is for example at least 0.1 seconds and no greater than
30 minutes. The immersing temperature is for example at
least 0° C. and no greater than 50° C.

[0122] The magnetic cores immersed in the surface treat-
ment agent may be heated as necessary. The heating tem-
perature is preferably at least 100° C. and no greater than
300° C. The heating may be performed under reduced
pressure.

[0123] The magnetic powder may be formed without
performing such a surface treatment. That is, the magnetic
cores may be used as the magnetic particles.

[0124]

[0125] The toner cores are for example formed by an
aggregation method or a pulverization method. In a situation
in which the toner cores are formed by the aggregation
method, the toner core formation process for example
includes an aggregation process and a coalescence process.
The aggregation process involves causing fine particles
including toner core components to aggregate in an aqueous
medium to form aggregated particles. The coalescence pro-
cess involves causing the components included in the aggre-
gated particles to coalesce in the aqueous medium to form
toner cores. In a situation in which the toner cores are
formed by the aggregation method, it tends to be easier to
obtain toner cores that are uniform in terms of shape and
particle diameter.

[0126] In a situation in which the toner cores are formed
by the pulverization method, the toner core formation pro-
cess for example includes a mixing process, a kneading
process, a pulverizing process, and a classifying process.
The mixing process involves mixing a binder resin, a
colorant, and a releasing agent to yield a mixture. The
kneading process involves melting and kneading the resul-
tant mixture to yield a melt-knead. The pulverizing process
involves pulverizing the resultant melt-knead to yield a
pulverized product. The classifying process involves clas-
sifying the pulverized product to yield toner cores. It is
relatively easy to prepare the toner cores through the pul-
verization method. In the shell layer formation process
described further below, the toner cores tend to be
spheroidized due to slight softening of the toner cores
through heating and contraction of the slightly softened
toner cores by surface tension. It is therefore easy to increase
the average roundness of the toner particles even in a
situation in which the toner cores are formed by the pul-
verization method.

<Toner Core Formation Process>
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[0127] <Magnetic Particle Embedding Process>

[0128] Portions of the respective magnetic particles are
embedded in the surfaces of the toner cores. Preferably,
portions of the respective magnetic particles are mechani-
cally embedded in the surfaces of the toner cores. One
example of a method for embedding portions of the respec-
tive magnetic particles in the surfaces of the toner cores
include a method involving mixing the toner cores and the
magnetic particles using a mixer (for example, Hybridiza-
tion System (registered Japanese trademark)). Mixing of the
toner cores and the magnetic particles using the Hybridiza-
tion System generates impact force of collision between the
toner cores and the magnetic particles. As a result, portions
of the respective magnetic particles are embedded in the
surfaces of the toner cores.

[0129] Preferably, mixing conditions are set such that
portions of the respective magnetic particles are embedded
in the surfaces of the toner cores. For example, the speed of
rotation using the Hybridization System is preferably at least
2,000 rpm and no greater than 5,000 rpm, and the time of
mixing using the Hybridization System is preferably at least
2 minutes and no greater than 13 minutes. As a result of the
speed of rotation using the Hybridization System being at
least 2,000 rpm, impact force of collision between the toner
cores and the magnetic particles is easily generated, thereby
allowing portions of the respective magnetic particles to be
readily embedded in the surfaces of the toner cores. The
same effect is produced as a result of the time of mixing
using the Hybridization System being at least 2 minutes.
[0130] As a result of the speed of rotation using the
Hybridization System being no greater than 5,000 rpm,
impact force of collision between the toner cores and the
magnetic particles is restricted to a specific level, thereby
preventing the magnetic particles from being completely
embedded in the surfaces of the toner cores. The same effect
is produced as a result of the time of mixing using the
Hybridization System being no greater than 13 minutes.
[0131] Preferably, the magnetic particles are added in an
amount of at least 0.50 parts by mass and no greater than
3.00 parts by mass relative to 100.00 parts by mass of the
toner cores.

[0132] <Shell Layer Formation Process>

[0133] The shell layer formation process involves forming
the shell layers on the surfaces of the toner cores with
portions of the respective magnetic particles embedded
therein. Preferably, the toner cores with portions of the
respective magnetic particles embedded in the surfaces
thereof are dispersed in an liquid containing a material of the
shell layers, and polymerization or copolymerization of the
material of the shell layers is caused on the surfaces of the
toner cores.

[0134] Shell layer formation is preferably performed in an
aqueous medium. The use of an aqueous medium prevents
the binder resin from eluting in the solvent used for shell
layer formation. The use of an aqueous medium also pre-
vents a component of the toner cores (for example, a
releasing agent) from eluting in the solvent used for shell
layer formation. Furthermore, shell layer formation is pref-
erably performed in an aqueous medium containing a dis-
persant. Examples of dispersants that can be used include
sodium p-toluenesulfonate and sodium polyacrylate.
[0135] The aqueous medium is a medium in which water
is a main component. The aqueous medium may function as
a solution medium or a dispersion medium. Specific
examples of aqueous mediums that can be used include
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water and a liquid mixture of water and a polar medium.
Examples of polar mediums that can be contained in the
aqueous medium include methanol and ethanol. Water is
preferably contained in the aqueous medium in an amount of
at least 70% by mass relative to mass of the aqueous
medium, more preferably at least 80% by mass, still more
preferably at least 90% by mass, and most preferably 100%
by mass.

[0136] Examples of dispersing methods include a method
that involves using a device capable of vigorous stirring of
a dispersion to mechanically disperse in an aqueous medium
the toner cores with portions of the respective magnetic
particles embedded in the surfaces thereof. Examples of
devices capable of vigorous stirring of a dispersion that can
be used include a mixer (specific examples include “HIVIS
MIX (registered Japanese trademark)”, product of PRIMIX
Corporation).

[0137] The aqueous medium containing the material of the
thermosetting resin is preferably adjusted to approximately
pH 4 using an acidic substance prior to addition of the toner
cores with portions of the respective magnetic particles
embedded in the surfaces thereof to the aqueous medium.
Adjusting the aqueous medium to an acidic pH promotes a
polycondensation reaction of the material of the thermoset-
ting resin. It is preferable that the toner cores with portions
of the respective magnetic particles embedded in the sur-
faces thereof are anionic in the aqueous medium at pH 4. It
is therefore thought that ionization and elution in the aque-
ous medium at pH 4 of some of the metal contained in the
magnetic particles in such toner cores can be restricted. As
a result, shell layers tend to be readily formed in a uniform
manner on the surfaces of the toner cores with portions of
the respective magnetic particles embedded therein.

[0138] After adjustment of pH of the aqueous medium as
necessary, the material of the thermosetting resin and the
toner cores with portions of the respective magnetic particles
embedded in the surfaces thereof are mixed in the aqueous
medium. Through the above, an aqueous dispersion of the
toner cores with portions of the respective magnetic particles
embedded in the surfaces thereof is obtained. In the thus
obtained aqueous dispersion, a polymerization reaction of
the material of the thermosetting resin is promoted on the
surfaces of the toner cores with portions of the respective
magnetic particles embedded therein.

[0139] The temperature of the aqueous medium for shell
layer formation is preferably at least 40° C. and no greater
than 95° C., and more preferably at least 50° C. and no
greater than 80° C. As a result of the temperature of the
aqueous medium being in such a temperature range, shell
layer formation readily proceeds.

[0140] The temperature of shell layer formation on the
surfaces of the toner cores with portions of the respective
magnetic particles embedded therein is preferably at least
40° C. and no greater than 95° C., and more preferably at
least 50° C. and no greater than 80° C. Within such a
temperature range, shell layer formation favorably proceeds.
[0141] The shell layers are formed so as to cover the
surfaces of the respective toner cores with portions of the
magnetic particles embedded therein. Through the above, an
aqueous dispersion containing toner mother particles is
obtained. The aqueous dispersion containing the toner
mother particles is cooled to room temperature. Thereafter,
at least one process selected from a washing process, a
drying process, and an external additive addition process,
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which are described below, of the toner mother particles is
performed as necessary. As a result, a toner including toner
particles is obtained.

[0142] In a situation in which shell layers containing a
melamine resin is formed, it is preferable to use an aqueous
solution of a monomer of the melamine resin and polyacry-
lamide in ion exchanged water. The use of such an aqueous
solution for shell layer formation restricts the hardness of
resultant shell layers to a low level compared to the use of
an aqueous solution containing no polyacrylamide. As a
result, shell layers having a thickness of at least 10 nm and
no greater than 50 nm can be formed.

[0143] <Washing Process>

[0144] The toner mother particles are washed using water
as necessary. For example, the toner mother particles are
washed by a method involving collecting a wet cake of the
toner mother particles from the aqueous dispersion contain-
ing the toner mother particles through solid-liquid separation
(for example, filtration) and washing the collected wet cake
using water. For another example, the toner mother particles
are washed by a method involving causing sedimentation of
the toner mother particles in the dispersion, substituting a
supernatant with water, and re-dispersing the toner mother
particles in the water after the substitution.

[0145] <Drying Process>

[0146] The toner mother particles may be dried as neces-
sary. For example, the toner mother particles are dried by a
method involving using a dryer. Examples of driers that can
be used include a spray dryer, a fluidized bed dryer, a
vacuum freeze dryer, and a reduced pressure dryer. Use of a
spray dryer is preferable in terms of inhibiting aggregation
of the toner mother particles during drying. The spray dryer
can be used to cause an external additive, such as silica, to
adhere to the surfaces of the toner mother particles while
drying the toner mother particles by spraying a dispersion of
the external additive with the dispersion of the toner mother
particles.

[0147] <External Additive Addition Process>

[0148] An external additive may be caused to adhere to the
surfaces of the toner mother particles as necessary. An
example of a process for causing an external additive to
adhere to the surfaces of the toner mother particles involves
mixing the toner mother particles and the external additive
using a mixer (for example, an FM mixer or a Nauta mixer
(registered Japanese trademark)), wherein conditions are set
such that the external additive does not become embedded in
the surface of the toner mother particles.

[0149] The toner production method can be altered in
accordance with desired properties of the toner. Further-
more, non-essential procedures and processes may be omit-
ted. In a situation in which the external additive addition
process is omitted, the toner mother particles are equivalent
to the toner particles.

[0150] [Example of One-component Developer Produc-
tion Method]
[0151] Preferably, a production method of a one-compo-

nent developer includes a process of externally adding
inorganic particulates to the toner obtained as described
above.

[0152] [Example of Two-Component Developer Produc-
tion Method]
[0153] Preferably, a production method of a two-compo-

nent developer includes a process of mixing the toner
obtained as described above and a carrier.
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EXAMPLES

[0154] The following describes Examples of the present
disclosure. However, the present disclosure is in no way
limited to the Examples.

[0155] Two-component developers D-1 to D-12 shown in
Table 1 were produced in accordance with methods
described below.

TABLE 1

11
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aqueous solution to pH 9. The temperature of the thus
obtained aqueous solution was adjusted to 90° C. and air was
bubbled through the aqueous solution at a rate of 100
L/minute for 60 minutes. Through the above, the magnetic
powder was obtained. The thus obtained magnetic powder
was washed with water, filtered off, and dried. The dried
magnetic powder was pulverized using a pulverizer (“Ham-

Two-component Developer

Toner

Magnetic powder

Mixing
conditions Shell layer
X Speed Time Y Z

Type Type Type (nm) Shape  Content (rpm) (minute) Type (nm) (nm)
D-1 T1 A 190 Hexahedral 1.0 5000 5 S-1 10 20
D-2 T2 A 190 Hexahedral 1.0 2000 3 S-2 50 80
D3 T3 A 190 Hexahedral 1.0 5000 5 S-3 5 20
D4 T4 B 200  Octahedral 1.0 5000 5 S-1 10 20
D5 T3 C 220  Spherical 1.0 5000 5 S-1 10 20
D-6 T-6 D 100 Hexahedral 1.0 4000 3 S-1 10 10
D-7  T7 E 300 Hexahedral 1.0 5000 3 S-1 10 80
D-8 T8 A 190 Hexahedral 0.5 5000 5 S-1 10 20
D-9 T9 A 190 Hexahedral 3.0 5000 5 S-1 10 20
D-10 T-10 A 190 Hexahedral 1.0 5000 5 S-4 90 20
D-11 T-11 A 190 Hexahedral 1.0 2000 1 S-1 10 100
D-12 T-12 A 190 Hexahedral 1.0 5000 15 S-1 10 0
[0156] In Table 1, “X” indicates the average Heywood mer Mill (HM-5)”, product of Nara Machinery Co., Ltd.) to

diameter X of the magnetic particles included in the mag-
netic powder, “Y” indicates the shell layer thickness Y, and
“Z” indicates the average value Z of protrusion heights of
the magnetic particles included in the magnetic powder.

[0157] “Content” indicates the amount (unit: parts by
mass) of the magnetic powder contained relative to 100 parts
by mass of the toner cores.

[0158] “Mixing conditions™ indicate conditions of mixing
of the toner cores and the magnetic powder using Hybrid-
ization System. “Speed” under “Mixing conditions” indi-
cates a speed of rotation using Hybridization System, and
“Time” indicates a period of time of mixing.

[0159]

[0160] First, magnetic cores were formed. More specifi-
cally, 20 L of an aqueous ferrous sulfate solution having an
iron ion (Fe**) concentration of 1.5 mol/L and 10 L of a 20
mol/L. aqueous sodium hydroxide solution were mixed. The
liquid mixture was heated up to 90° C. to yield an aqueous
ferrous salt solution at pH 9 containing ferrous hydroxide
(Fe(OH),). The temperature of the thus obtained aqueous
solution was adjusted to 90° C. and air was bubbled through
the aqueous solution at a rate of 100 L/minute for 120
minutes. Through the above, the ferrous hydroxide was
oxidized to yield a magnetic powder (magnetite). The aque-
ous solution was adjusted to pH 8 through addition of an
aqueous sulfuric acid solution to the aqueous solution. As
describe above, an aqueous ferrous salt solution containing
the magnetic powder (magnetite) was obtained.

[0161] Next, a 20 mol/L. aqueous sodium hydroxide solu-
tion was added to the aqueous ferrous salt solution contain-
ing the magnetic powder (magnetite) thereby to adjust the

[Production of Magnetic Powder A]

yield magnetic cores for the magnetic powder A.

[0162] Next, the magnetic cores and 300 parts by mass of
ion exchanged water relative to 100 parts by mass of the
magnetic cores were mixed using a homo mixer (“Homo-
mixer MARK II Model 2.5”, product of PRIMIX Corpora-
tion). Thus, an aqueous dispersion containing the magnetic
cores was obtained. The aqueous dispersion was adjusted to
pH 4 through addition of hydrochloric acid to the aqueous
dispersion. To the aqueous dispersion, 2 parts by mass of
methoxy silane (coupling agent, “Z-6030”, product of Dow
Corning Toray Co., Ltd.) relative to 100 parts by mass of the
magnetic core contained in the aqueous dispersion was
added, followed by mixing. Thus, a coupling reaction of the
resultant mixture was caused. As a result, coat layers were
formed so as to cover the respective magnetic cores. The
coat layers contained methoxy silane serving as a surface
treatment agent. Next, the magnetic cores coated with the
coat layers were filtered off and dried. Through the above,
the magnetic powder A was obtained.

[0163] [Production of Magnetic Powder B]

[0164] The magnetic powder B was produced according to
the same method as the production of the magnetic powder
A in all aspects other than that magnetic cores for the
magnetic powder B were produced according to the method
described below.

[0165] That is, 20 L of an aqueous ferrous sulfate solution
having an iron ion (Fe**) concentration of 1.5 mol/L and 10
L of a 30 mol/L. aqueous sodium hydroxide solution were
mixed. The liquid mixture was heated up to 90° C. to yield
an aqueous ferrous salt solution at pH 12.5 containing
ferrous hydroxide (Fe(OH),). The temperature of the thus
obtained aqueous solution was adjusted to 90° C. and air was
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bubbled through the aqueous solution at a rate of 100
L/minute for 120 minutes. Through the above, the ferrous
hydroxide was oxidized to yield a magnetic powder (mag-
netite). The aqueous solution was adjusted to pH 8 through
addition of an aqueous sulfuric acid solution to the aqueous
solution. As describe above, an aqueous ferrous salt solution
containing the magnetic powder (magnetite) was obtained.
[0166] Next, a 30 mol/L. aqueous sodium hydroxide solu-
tion was added to the aqueous ferrous salt solution contain-
ing the magnetic powder (magnetite) thereby to adjust the
aqueous solution to pH 10. The temperature of the thus
obtained aqueous solution was adjusted to 90° C. and air was
bubbled through the aqueous solution at a rate of 100
L/minute for 60 minutes. Through the above, the magnetic
powder was obtained. The thus obtained magnetic powder
was washed with water, filtered off, and dried. The dried
magnetic powder was pulverized using a pulverizer (“Ham-
mer Mill (HM-5)”, product of Nara Machinery Co., L.td.) to
yield magnetic cores for the magnetic powder B.

[0167] [Production of Magnetic Powder C]

[0168] The magnetic powder C was produced according to
the same method as the production of the magnetic powder
A in all aspects other than that magnetic cores for the
magnetic powder C were produced according to the method
described below.

[0169] That is, 20 L of an aqueous ferrous sulfate solution
having an iron ion (Fe**) concentration of 1.5 mol/L and 10
L of a 10 mol/L. aqueous sodium hydroxide solution were
mixed. The liquid mixture was heated up to 100° C. to yield
an aqueous ferrous salt solution at pH 6.7 containing ferrous
hydroxide (Fe(OH),). The temperature of the thus obtained
aqueous solution was adjusted to 100° C. and air was
bubbled through the aqueous solution at a rate of 100
L/minute for 120 minutes. Through the above, the ferrous
hydroxide was oxidized to yield a magnetic powder (mag-
netite). The aqueous solution was adjusted to pH 6 through
addition of an aqueous sulfuric acid solution to the aqueous
solution. As describe above, an aqueous ferrous salt solution
containing the magnetic powder (magnetite) was obtained.
[0170] Next, a 10 mol/L. aqueous sodium hydroxide solu-
tion was added to the aqueous ferrous salt solution contain-
ing the magnetic powder (magnetite) thereby to adjust the
aqueous solution to pH 10. The temperature of the thus
obtained aqueous solution was adjusted to 90° C. and air was
bubbled through the aqueous solution at a rate of 100
L/minute for 60 minutes. Through the above, the magnetic
powder was obtained. The thus obtained magnetic powder
was washed with water, filtered off, and dried. The dried
magnetic powder was pulverized using a pulverizer (“Ham-
mer Mill (HM-5)”, product of Nara Machinery Co., L.td.) to
yield magnetic cores for the magnetic powder C.

[0171] [Production of Magnetic Powder D]

[0172] The magnetic powder D was produced according to
the same method as the production of the magnetic powder
A in all aspects other than that magnetic cores for the
magnetic powder D were produced according to the method
described below.

[0173] Thatis, 20 L of an aqueous ferrous sulfate solution
having an iron ion (Fe**) concentration of 1.5 mol/L and 10
L of a 15 mol/L. aqueous sodium hydroxide solution were
mixed. The liquid mixture was heated up to 80° C. to yield
an aqueous ferrous salt solution at pH 9 containing ferrous
hydroxide (Fe(OH),). The temperature of the thus obtained
aqueous solution was adjusted to 80° C. and air was bubbled
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through the aqueous solution at a rate of 100 L/minute for 30
minutes. Through the above, the ferrous hydroxide was
oxidized to yield a magnetic powder (magnetite). The aque-
ous solution was adjusted to pH 8 through addition of an
aqueous sulfuric acid solution to the aqueous solution. As
describe above, an aqueous ferrous salt solution containing
the magnetic powder (magnetite) was obtained.

[0174] Next, a 15 mol/L. aqueous sodium hydroxide solu-
tion was added to the aqueous ferrous salt solution contain-
ing the magnetic powder (magnetite) thereby to adjust the
aqueous solution to pH 9. The temperature of the thus
obtained aqueous solution was adjusted to 90° C. and air was
bubbled through the aqueous solution at a rate of 100
L/minute for 120 minutes. Through the above, the magnetic
powder was obtained. The thus obtained magnetic powder
was washed with water, filtered off, and dried. The dried
magnetic powder was pulverized using a pulverizer (“Ham-
mer Mill (HM-5)”, product of Nara Machinery Co., Ltd.) to
yield magnetic cores for the magnetic powder D.

[0175]

[0176] The magnetic powder E was produced according to
the same method as the production of the magnetic powder
A in all aspects other than that magnetic cores for the
magnetic powder E were produced according to the method
described below.

[0177] That is, 20 L of an aqueous ferrous sulfate solution
having an iron ion (Fe**) concentration of 1.5 mol/L and 10
L of a 20 mol/L. aqueous sodium hydroxide solution were
mixed. The liquid mixture was heated up to 100° C. to yield
an aqueous ferrous salt solution at pH 9 containing ferrous
hydroxide (Fe(OH),). The temperature of the thus obtained
aqueous solution was adjusted to 100° C. and air was
bubbled through the aqueous solution at a rate of 100
L/minute for 220 minutes. Through the above, the ferrous
hydroxide was oxidized to yield a magnetic powder (mag-
netite). The thus obtained magnetic powder was washed
with water, filtered off, and dried. The dried magnetic
powder was pulverized using a pulverizer (“Hammer Mill
(HM-5)”, product of Nara Machinery Co., [td.) to yield
magnetic cores for the magnetic powder E.

[0178] [Measurement of Physical Properties of Magnetic
Powders A to E]

[0179] With respect to each of the magnetic powders A to
E, the shape and the average Heywood diameter X of the
magnetic particles included in the magnetic powder was
measured according to the method described below. Table 1
shows the measurement results.

[0180] A measurement sample (magnetic powder) was
observed at a magnification of x50,000 using a scanning
electron microscope (SEM, “JSM-880”, product of JEOL
Ltd.). From among the magnetic particles included in the
measurement sample, 300 magnetic particles were randomly
selected, and an SEM image of each of the magnetic
particles was captured. The shape of the magnetic particle
was confirmed from the SEM image. Furthermore, with
respect to each of the 300 magnetic particles, the SEM
image of the magnetic particle was subjected to image
analysis using an image analyzer to measure a Heywood
diameter thereof. A sum of all the Heywood diameters
measured was divided by the number of magnetic particles
(300). Through the above, the average Heywood diameter
(number average Heywood diameter) X of the magnetic
particles was determined.

[Production of Magnetic Powder E]
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[0181] [Production of Toner T-1]
[0182] (Production of Toner Cores Tc)
[0183] First, a polyester resin was prepared. More specifi-

cally, 1,500 g of terephthalic acid, 1,500 g of isophthalic
acid, 1,200 g of bisphenol A ethylene oxide adduct, and 800
g of ethylene glycol were added to a four-necked flask
(capacity: 5 ). Next, a nitrogen atmosphere was maintained
in the flask, and the internal temperature of the flask was
raised up to 250° C. while the contents of the flask were
stirred. The flask contents were caused to react for 4 hours
at 250° C. under standard pressure.

[0184] Next, 0.8 g of antimony trioxide, 0.5 g of triphenyl
phosphate, and 0.1 g of tetrabutyl] titanate were added to the
flask. The internal pressure of the flask was reduced to 0.3
mmHg, and the internal temperature of the flask was raised
up to 280° C. Subsequently, the flask contents were caused
to react for 6 hours.

[0185] Next, 30.0 g of trimellitic acid (cross-linking agent)
was added to the flask. The internal pressure of the flask was
returned to standard pressure, and the internal temperature of
the flask was decreased to 230° C. Subsequently, the flask
contents were caused to react for 1 hour. After completion of
the reaction, a reaction product was taken out from the flask
and cooled. Through the above, the polyester resin was
obtained. The thus obtained polyester resin had a glass
transition point of 53.8° C., a softening point of 100.5° C.,
a number average molecular weight (Mn) of 1,460, a
molecular weight distribution (Mw/Mn) of 12.7, an acid
value of 16.8 mgKOH/g, and a hydroxyl value of 22.8
mgKOH/g.

[0186] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 90 parts by mass of the
polyester resin, 5 parts by mass of carbon black (“MA100”,
product of Mitsui Chemicals, Inc.), and 5 parts by mass of
carnauba wax (“Special Refined Carnauba Wax (Tokusei)
No. 17, product of S. Kato & Co.) were added, and then
mixed at a rotational speed of 2,400 rpm for 180 seconds.
The resultant mixture was melt-kneaded using a two-axis
extruder (“PCM-30”, product of Ikegai Corp.) (material
feeding speed: 5 kg/hour, shaft rotation speed: 150 rpm,
cylinder temperature: 150° C.). The resultant kneaded prod-
uct was cooled, and subsequently roughly pulverized using
a pulverizer (“Rotoplex (registered Japanese trademark)”,
product of Hosokawa Micron Corporation) and finely pul-
verized using an impact plate pulverizer (“Model-I Super
Sonic Jet Mill”, product of Nippon Pneumatic Mfg.). The
resultant finely pulverized product was classified using a
classifier (“Elbow Jet EJ-LABO”, product of Nittetsu Min-
ing Co., Ltd.). Through the above, the toner cores Tc having
a volume median diameter (D) of 8.0 m were obtained.

[0187] (Embedding of Magnetic Powder A in Surfaces of
Toner Cores Tc: Production of Particles TcA-1)

[0188] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 1.0 parts by mass of the magnetic powder
A were added, and the mixed for 5 minutes (rotational speed:
800 rpm). The resultant mixture was loaded into Hybridiza-
tion System (“NHS—O”, product of Nara Machinery Co.,
Ltd.) and mixed for 5 minutes (rotational speed: 5,000 rpm,
circulating gas flow temperature: 10° C.). As a result,
portions of the respective magnetic particles included in the
magnetic powder A were embedded in the surfaces of the
toner cores Tc. The thus obtained particles were sifted using
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a 200-mesh sieve (opening: 75 m). The particles TcA-1 that
passed through the sieve were used to produce the toner T-1.

[0189] (Shell Layer Formation)

[0190] Into a three-necked flask (capacity: 1 L) equipped
with a thermometer and a stirring impeller, 300 mL of ion
exchanged water was added. The internal temperature of the
flask was maintained at 30° C. using a water bath (“IWB-
2507 sold by AS ONE Corporation). The liquid in the flask
was adjusted to pH 4 through addition of dilute hydrochloric
acid to the flask. Into the flask, 1 mL of an aqueous methylol
melamine solution (a shell layer material, “MIRBANE (reg-
istered Japanese trademark) RESIN SM-607”, product of
Showa Denko K.K.) and 1 mL of an aqueous polyacrylam-
ide solution (a shell layer material, product of Wako Pure
Chemical Industries, Ltd., polyacrylamide concentration:
10% by mass) were added. The shell layer materials were
dissolved in 300 mL of ion exchanged water through stirring
of the flask contents. Through the above, a shell layer
material-containing aqueous solution S-1 was obtained.
[0191] To the shell layer material-containing aqueous
solution S-1, 300 g of the particles TcA-1 were added. The
flask contents were stirred at a rotational speed of 200 rpm
for 1 hour. To the flask, 500 mL of ion exchanged water and
3 mL of an aqueous sodium p-toluenesulfonate solution
(product of Tokyo Chemical Industry Co., L.td.) were further
added. The internal temperature of the flask was raised up to
70° C. at a rate of 1° C./minute while the flask contents were
stirred at a rotational speed of 100 rpm. The flask contents
were stirred at a rotational speed of 100 rpm for 2 hours
while the internal temperature of the flask was maintained at
70° C. The flask contents were adjusted to pH 7 through
addition of sodium hydroxide to the flask. Next, the flask
contents were cooled to room temperature. Through the
above, shell layers (melamine resin) covering surfaces of the
respective toner cores Tc were formed. As described above,
a dispersion of toner mother particles was obtained.

[0192] (Washing)

[0193] The dispersion of the toner mother particles
obtained as described above was filtered using a Buchner
funnel to obtain a wet cake of the toner mother particles. The
wet cake of the toner mother particles was dispersed in ion
exchanged water. Through the above, the toner mother
particles were washed. Washing of the toner mother particles
with ion exchanged water in the same manner was repeated
five times.

[0194] (Drying)

[0195] A wet cake of the washed toner mother particles
was dispersed in a 50% by mass aqueous ethanol solution.
The resultant slurry was supplied into a continuous type
surface modifier (“Coatmizer (registered Japanese trade-
mark)”, product of Freund Corporation) to dry the toner
mother particles in the slurry. The drying using Coatmizer
was carried out under conditions of a hot air temperature of
45° C. and a blower flow rate of 2 m*/minute.

[0196] (External Additive)

[0197] Into an FM mixer (“FM-10B”, product of Nippon
Coke & Engineering Co., Ltd., capacity: 10 L), 100.0 parts
by mass of the dried toner mother particles and 0.5 parts by
mass of positively chargeable silica particles (“AEROSIL
(registered Japanese trademark) REA90”, product of Nippon
Aerosil Co., Ltd.) were added, and then mixed for 5 minutes.
The mixing caused the external additive to adhere to the
surfaces of the toner mother particles. The thus obtained
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particles were sifted using a 200-mesh sieve. Through the
above, the toner T-1 was obtained.

[0198] [Production of Toner T-2]

[0199] The toner T-2 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder A in
Surfaces of Toner Cores Tc: Production of Particles TcA-2)
and the dispersion of the toner mother particles was prepared
according to the method described below (Shell Layer
Formation).

[0200] (Embedding of Magnetic Powder A in Surfaces of
Toner Cores Tc: Production of Particles TcA-2)

[0201] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 1.0 parts by mass of the magnetic powder
A were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., ['td.) and mixed for 3 minutes (rotational
speed: 2,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcA-2 that
passed through the sieve were used to produce the toner T-2.

[0202] (Shell Layer Formation)

[0203] Into a three-necked flask (capacity: 1 L) equipped
with a thermometer and a stirring impeller, 300 mL of ion
exchanged water was added. The internal temperature of the
flask was maintained at 30° C. using a water bath (“IWB-
2507 sold by AS ONE Corporation). The liquid in the flask
was adjusted to pH 4 through addition of dilute hydrochloric
acid to the flask. Into the flask, 5 mL of an aqueous methylol
urea solution (a shell layer material, “MX-280”, product of
Nippon Carbide Industries Co., Inc.) and 2 mI of an aqueous
polyacrylamide solution (a shell layer material, product of
Wako Pure Chemical Industries, Ltd., polyacrylamide con-
centration: 10% by mass) were further added. The shell layer
materials were dissolved in 300 mL of ion exchanged water
through stirring of the flask contents. Through the above, a
shell layer material-containing aqueous solution S-2 was
obtained.

[0204] To the shell layer material-containing aqueous
solution S-2, 300 g of the particles TcA-2 were added. The
flask contents were stirred at a rotational speed of 200 rpm
for 1 hour. To the flask, 500 mL of ion exchanged water and
3 mL of an aqueous sodium p-toluenesulfonate solution
(product of Tokyo Chemical Industry Co., L.td.) were further
added. The internal temperature of the flask was raised up to
70° C. at a rate of 1° C./minute while the flask contents were
stirred at a rotational speed of 100 rpm. The flask contents
were stirred at a rotational speed of 100 rpm for 2 hours
while the internal temperature of the flask was maintained at
70° C. The flask contents were adjusted to pH 7 through
addition of sodium hydroxide to the flask. Next, the flask
contents were cooled to room temperature. Through the
above, shell layers (melamine resin) covering surfaces of the
respective toner cores Tc were formed. As described above,
a dispersion of toner mother particles (a dispersion of toner
mother particles for the toner T-2) was obtained.
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[0205] [Production of Toner T-3]

[0206] The toner T-3 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that a dispersion of toner mother particles was prepared
according to the method described below (Shell Layer
Formation).

[0207] (Shell Layer Formation)

[0208] Into a three-necked flask (capacity: 1 L) equipped
with a thermometer and a stirring impeller, 300 mL of ion
exchanged water was added. The internal temperature of the
flask was maintained at 30° C. using a water bath (“IWB-
2507 sold by AS ONE Corporation). Next, the liquid in the
flask was adjusted to pH 4 through addition of dilute
hydrochloric acid to the flask. Into the flask, 0.5 mL of an
aqueous methylol melamine solution (a shell layer material,
“MIRBANE RESIN SM-607”, product of Showa Denko
K.K.) and 1 mL of an aqueous polyacrylamide solution (a
shell layer material, product of Wako Pure Chemical Indus-
tries, [td., polyacrylamide concentration: 10% by mass)
were further added. The shell layer materials were dissolved
in 300 mL of ion exchanged water through stirring of the
flask contents. Through the above, a shell layer material-
containing aqueous solution S-3 was obtained.

[0209] To the shell layer material-containing aqueous
solution S-3, 300 g of the particles TcA-1 were added. The
flask contents were stirred at a rotational speed of 200 rpm
for 1 hour. To the flask, 500 mL of ion exchanged water and
3 mL of an aqueous sodium p-toluenesulfonate solution
(product of Tokyo Chemical Industry Co., L.td.) were further
added. The internal temperature of the flask was raised up to
70° C. at a rate of 1° C./minute while the flask contents were
stirred at a rotational speed of 100 rpm. The flask contents
were stirred at a rotational speed of 100 rpm for 2 hours
while the internal temperature of the flask was maintained at
70° C. The flask contents were adjusted to pH 7 through
addition of sodium hydroxide to the flask. Next, the flask
contents were cooled to room temperature. Through the
above, shell layers (melamine resin) covering surfaces of the
respective toner cores Tc were formed. As described above,
a dispersion of toner mother particles (a dispersion of toner
mother particles for the toner T-3) was obtained.

[0210] [Production of Toner T-4]

[0211] The toner T-4 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder B were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder B in
Surfaces of Toner Cores Tc: Production of Particles TcB-1).
[0212] (Embedding of Magnetic Powder B in Surfaces of
Toner Cores Tc: Production of Particles TcB-1)

[0213] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 1.0 parts by mass of the magnetic powder
B were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., ['td.) and mixed for 5 minutes (rotational
speed: 5,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder B were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcB-1 that
passed through the sieve were used to produce the toner T-4.
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[0214] [Production of Toner T-5]

[0215] The toner T-5 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder C were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder C in
Surfaces of Toner Cores Tc: Production of Particles TeC-1).
[0216] (Embedding of Magnetic Powder C in Surfaces of
Toner Cores Tc: Production of Particles TcC-1)

[0217] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 1.0 parts by mass of the magnetic powder
C were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., ['td.) and mixed for 5 minutes (rotational
speed: 5,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder C were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcC-1 that
passed through the sieve were used to produce the toner T-5.
[0218] [Production of Toner T-6]

[0219] The toner T-6 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder D were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder D in
Surfaces of Toner Cores Tc: Production of Particles TcD-1).
[0220] (Embedding of Magnetic Powder D in Surfaces of
Toner Cores Tc: Production of Particles TeD-1)

[0221] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 1.0 parts by mass of the magnetic powder
D were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., ['td.) and mixed for 3 minutes (rotational
speed: 4,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder D were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcD-1 that
passed through the sieve were used to produce the toner T-6.
[0222] [Production of Toner T-7]

[0223] The toner T-7 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder E were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder E in
Surfaces of Toner Cores Tc: Production of Particles TcE-1).
[0224] (Embedding of Magnetic Powder E in Surfaces of
Toner Cores Tc: Production of Particles TcE-1)

[0225] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 1.0 parts by mass of the magnetic powder
E were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., ['td.) and mixed for 3 minutes (rotational
speed: 5,000 rpm, circulating gas flow temperature: 10° C.).
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As a result, portions of the respective magnetic particles
included in the magnetic powder E were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcE-1 that
passed through the sieve were used to produce the toner T-7.
[0226] [Production of Toner T-8]

[0227] The toner T-8 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder A in
Surfaces of Toner Cores Tc: Production of Particles TcA-3).
[0228] (Embedding of Magnetic Powder A in Surfaces of
Toner Cores Tc: Production of Particles TcA-3)

[0229] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 0.5 parts by mass of the magnetic powder
A were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., ['td.) and mixed for 5 minutes (rotational
speed: 5,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcA-3 that
passed through the sieve were used to produce the toner T-8.
[0230] [Production of Toner T-9]

[0231] The toner T-9 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder A in
Surfaces of Toner Cores Tc: Production of Particles TcA-4).
[0232] (Embedding of Magnetic Powder A in Surfaces of
Toner Cores Tc: Production of Particles TcA-4)

[0233] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 3.0 parts by mass of the magnetic powder
A were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., ['td.) and mixed for 5 minutes (rotational
speed: 5,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcA-4 that
passed through the sieve were used to produce the toner T-9.
[0234] [Production of Toner T-10]

[0235] The toner T-10 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that a dispersion of toner mother particles was prepared
according to the method described below (Shell Layer
Formation).

[0236] (Shell Layer Formation)

[0237] Into a three-necked flask (capacity: 1 L) equipped
with a thermometer and a stirring impeller, 300 mL of ion
exchanged water was added. The internal temperature of the
flask was maintained at 30° C. using a water bath (“IWB-
2507 sold by AS ONE Corporation). The liquid in the flask
was adjusted to pH 4 through addition of dilute hydrochloric
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acid to the flask. Into the flask, 10 mL of an aqueous
methylol urea solution (a shell layer material, “MX-280”,
product of Nippon Carbide Industries Co., Inc.) and 3 mL of
an aqueous polyacrylamide solution (a shell layer material,
product of Wako Pure Chemical Industries, Ltd., polyacry-
lamide concentration: 10% by mass) were further added.
The shell layer materials were dissolved in 300 mL of ion
exchanged water through stirring of the flask contents.
Through the above, a shell layer material-containing aque-
ous solution S-4 was obtained.

[0238] To the shell layer material-containing aqueous
solution S-4, 300 g of the particles TcA-1 were added. The
flask contents were stirred at a rotational speed of 200 rpm
for 1 hour. To the flask, 500 mL of ion exchanged water and
3 mL of an aqueous sodium p-toluenesulfonate solution
(product of Tokyo Chemical Industry Co., L.td.) were further
added. The internal temperature of the flask was raised up to
70° C. at a rate of 1° C./minute while the flask contents were
stirred at a rotational speed of 100 rpm. The flask contents
were stirred at a rotational speed of 100 rpm for 2 hours
while the internal temperature of the flask was maintained at
70° C. The flask contents were adjusted to pH 7 through
addition of sodium hydroxide to the flask. Next, the flask
contents were cooled to room temperature. Through the
above, shell layers (melamine resin) covering surfaces of the
respective toner cores Tc were formed. As described above,
a dispersion of toner mother particles (a dispersion of toner
mother particles for the toner T-10) was obtained.

[0239] [Production of Toner T-11]

[0240] The toner T-11 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder A in
Surfaces of Toner Cores Tc: Production of Particles TcA-5).
[0241] (Embedding of Magnetic Powder A in Surfaces of
Toner Cores Tc: Production of Particles TcA-5)

[0242] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
toner cores Tc and 1.0 parts by mass of the magnetic powder
A were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., Ltd.) and mixed for 1 minute (rotational
speed: 2,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcA-5 that
passed through the sieve were used to produce the toner
T-11.

[0243] [Production of Toner T-12]

[0244] The toner T-12 was produced according to the same
method as the production of the toner T-1 in all aspects other
than that portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc according to the method
described below (Embedding of Magnetic Powder A in
Surfaces of Toner Cores Tc: Production of Particles TcA-6).
[0245] (Embedding of Magnetic Powder A in Surfaces of
Toner Cores Tc: Production of Particles TcA-6)

[0246] Into an FM mixer (“FM-20B”, product of Nippon
Coke & Engineering Co., Ltd), 100.0 parts by mass of the
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toner cores Tc and 1.0 parts by mass of the magnetic powder
A were added, and then mixed for 5 minutes (rotational
speed: 800 rpm). The resultant mixture was loaded into
Hybridization System (“NHS—O”, product of Nara
Machinery Co., Ltd.) and mixed for 15 minutes (rotational
speed: 5,000 rpm, circulating gas flow temperature: 10° C.).
As a result, portions of the respective magnetic particles
included in the magnetic powder A were embedded in the
surfaces of the toner cores Tc. The thus obtained particles
were sifted using a 200-mesh sieve. The particles TcA-6 that
passed through the sieve were used to produce the toner
T-12.

[0247] [Measurement of Shell Layer Thickness Y]
[0248] With respect to each of the toners T-1 to T-12
obtained as described above, the shell layer thickness Y of
the toner particles included in the toner was measured
according to the method described below. Table 1 shows the
measurement results.

[0249] First, a TEM image of cross-sections of toner
particles included in the toner was captured. More specifi-
cally, the toner particles were dispersed in a cold-setting
epoxy resin and left to stand for 2 days at an ambient
temperature of 40° C. to yield a hardened material. The
hardened material was dyed using osmium tetroxide. Next,
a flake sample (200 nm in thickness) was cut from the dyed
hardened material using an ultramicrotome (“EM UC6”,
product of Leica Microsystems). The resultant flake sample
was observed using a transmission electron microscope
(TEM) (“JSM-6700F”, product of JEOL Ltd.) at magnifi-
cations of x3,000 and x10,000, and a TEM image of the
cross-sections of the toner particles was captured.

[0250] The TEM image of the cross-sections of the toner
particles was analyzed using image analysis software (“Win-
ROOF”, product of Mitani Corporation). More specifically,
on the cross-section of one of the toner particles, two straight
lines were drawn to intersect at right angles at substantially
the center of the cross-section. On the two respective straight
lines, lengths (four lengths) that were each from an interface
between the toner core and the shell layer (equivalent to the
surface of the toner core) to the surface of the shell layer
were measured. An arithmetic average value of the thus
measured four lengths was taken to be the thickness of the
shell layer of the toner particle (measurement target). Such
shell layer thickness measurement was performed for 20
toner particles to obtain an average value of shell layer
thickness for the 20 toner particles. The thus obtained
average value was taken to be the shell layer thickness Y of
the toner particles.

[0251] In a situation in which a boundary between the
toner core and the shell layer was unclear in the TEM image
of the cross-section of the toner particle, the TEM image of
the cross-section of the toner particle was analyzed using an
electron energy loss spectrometer (EELS) (“GIF TRIDIEM
(registered Japanese trademark)”, product of Gatan, Inc.)
and image analysis software (“WinROOF”, product of
Mitani Corporation).

[0252] First, a TEM image of cross-sections of toner
particles included in the toner was captured as described
above. Next, an image showing the distribution of nitrogen
was obtained through analysis of the TEM image using an
electron energy loss spectrometer (EELS) (“GIF TRI-
DIEM”, product of Gatan, Inc.) having an energy resolution
of' 1.0 eV and a beam diameter of 1.0 nm, and image analysis
software (“WinROOF”, product of Mitani Corporation).
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Nitrogen is an element that is characteristic of the shell layer
material. The image showing the distribution of nitrogen
therefore clarified the boundary between the toner core and
the shell layer.

[0253] [Measurement of Average Value 7Z of Magnetic
Particle Protrusion Heights]

[0254] With respect to each of the toners T-1 to T-12
obtained as described above, the average value Z of mag-
netic particle protrusion heights of the toner particles
included in the toner was determined according to the
method described below. Table 1 shows the measurement
results.

[0255] A TEM image of cross-sections of toner particles
included in the toner was captured according to the method
described in the section of [Measurement of Shell Layer
Thickness Y]. The captured TEM image of the cross-
sections of the toner particles was analyzed using image
analysis software (“WinROOF”, product of Mitani Corpo-
ration). More specifically, a line length measurement func-
tion as a manual measurement function of a measurement
tool was selected in the image analysis software. With the
line length measurement function as the manual measure-
ment function selected, five magnetic particles that were
each partially embedded in the surface of a toner core in the
TEM image of the cross-sections of the toner particles were
randomly selected. The protrusion heights of the respective
five magnetic particles selected were measured, and a num-
ber average value thereof was calculated. The number
average value of the protrusion heights of the magnetic
particles obtained as described above was taken to be the
“average value Z of magnetic particle protrusion heights”.

[0256] [Evaluation of Toner High-Temperature Preserv-
ability]
[0257] With respect to each of the toners T-1 to T-12

obtained as described above, high-temperature preservabil-
ity of the toner was evaluated according to the method
described below.

[0258] First, 3 g of a sample (toner) was placed in a
polyethylene container (capacity: 20 mL) and the container
was left to stand without a lid for 12 hours under environ-
mental conditions of 23° C. and 50% RH. Next, the con-
tainer was hermetically sealed with a lid and left to stand in
an oven at 60° C. for 3 hours. Next, the container was taken
out of the oven and cooled to room temperature (approxi-
mately 25° C.), and subsequently the toner was taken out of
the container. Thus, an evaluation toner (heated toner) was
obtained.

[0259] Subsequently, the evaluation toner was placed on a
200-mesh sieve of known mass. The mass of the toner on the
sieve (mass of toner before sifting) was calculated by
measuring the total mass of the sieve and the toner thereon.
Next, the sieve was placed in a powder tester (product of
Hosokawa Micron Corporation) and the evaluation toner
was sifted in accordance with a manual of the powder tester
by shaking the sieve for 30 seconds at a rheostat level of 5.
After the sifting, the mass of toner remaining on the sieve
(mass of toner after sifting) was calculated by measuring the
total mass of the sieve and the toner thereon. Based on the
mass of the toner before sifting and the mass of the toner
after shifting, a toner particle passage rate (unit: % by mass)
was determined in accordance with the following equation.

Tone particle passage rate=100—(100xMass of toner
after shifting/Mass of toner before shifting)
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[0260] A toner particle passage rate of 90% or greater was
evaluated as excellent. A toner particle passage rate of 80%
or greater and less than 90% was evaluated as good. Table
2 shows the evaluation results.

[0261] [Preparation of Two-Component Developer]
[0262] (Preparation of Developer D-1)
[0263] The toner T-1 and a Cu—Z7n ferrite carrier (product

of Powdertech Co., Ltd., volume resistivity: 107 Qcm,
saturation magnetization: 70 emu/g, average particle diam-
eter: 35 m) were added into a ball mill so as to give a toner
particle content of 10% by mass, and then mixed for 30
minutes. Through the above, the two-component developer
D-1 was obtained. The Cu—Zn ferrite carrier included
ferrite particles (carrier cores) and coat layers of a fluo-
roresin formed on surfaces of the ferrite particles. The
amount of the coat layers was 20 parts by mass relative to
100 parts by mass of the ferrite particles.

[0264] (Preparation of Two-component Developers D-2 to
D-12)
[0265] The two-component developers D-2 to D-12 were

respectively prepared according to the same method as the
preparation of the two-component developer D-1 in all
aspects other than that the toners T-2 to T-12 were used
instead of the toner T-1.

[0266] [Evaluation of Two-Component Developer]|
[0267] (Evaluation of Low-temperature Fixability)
[0268] With respect to each of the two-component devel-

opers D-1 to D-12 obtained as described above, an image
was formed using the two-component developer to evaluate
low-temperature fixability of the toner in the developer.
[0269] A printer (“FSC-5250DN”, product of KYOCERA
Document Solutions Inc.) modified in order to enable adjust-
ment of fixing temperature was used as an evaluation
apparatus to evaluate the low-temperature fixability. More
specifically, the two-component developer (unused) was
loaded into a developing device of the evaluation apparatus,
and toner for replenishment use (unused) was loaded into a
toner container of the evaluation apparatus. In each
Example, the same toner as the toner included in the
two-component developer being evaluated (two-component
developer loaded into the developing device of the evalua-
tion apparatus) was used as the toner for replenishment use.
[0270] Next, a sample image (unfixed image) was formed
on printing paper using the evaluation apparatus under
conditions of a linear velocity of 200 mm/second and a toner
load of 1.0 mg/cm?. The sample image that was formed was
fixed to the printing paper. Fixing was performed in a
temperature range of from 100° C. to 200° C. by increasing
the fixing temperature in increments of 5° C. Accordingly,
21 sheets of printing paper each having the sample image
fixed thereto were obtained.

[0271] Next, a fold-rubbing test was performed. More
specifically, with respect to each of the sheets of printing
paper having the sample image fixed thereto, the sheet of
printing paper was folded in half such that a surface on
which the sample image was formed was folded inwards. A
1 kg weight covered with cloth was rubbed back and forth
on the fold of the sheet of printing paper five times. Next, the
sheet of printing paper was opened up, and a fold portion, in
particular, a portion at which the sample image was formed
was observed to measure a length of toner peeling (referred
to below as peeling length) of the portion. An evaluation of
“Pass” was given when the peeling length was no greater
than 1 mm. The minimum fixable temperature was deter-
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mined to be the lowest temperature among the fixing tem-
peratures for formation of the sample images that were
evaluated as “Pass”. A minimum fixable temperature of no
greater than 140° C. was evaluated as excellent. A minimum
fixable temperature of greater than 140° C. and no greater
than 150° C. was evaluated as good. A minimum fixable
temperature of greater than 150° C. was evaluated as poor.
Table 2 shows the evaluation results.

[0272] (Evaluation of Image Density)

[0273] With respect to each of the two-component devel-
opers D-1 to D-12 obtained as described above, an image
was formed using the two-component developer to evaluate
image density.

[0274] A color printer (“TASKalfa 500ci”, product of
KYOCERA Document Solutions Inc.) was used to evaluate
image density. More specifically, the two-component devel-
oper (unused) was loaded into a developing device of the
color printer, and toner for replenishment use (unused) was
loaded into a toner container of the color printer. In the color
printer, a voltage difference (AV) between a development
sleeve and a magnet roll was set to 250 V, and an alternating
current voltage (Vpp) applied to the magnet roll was set to
2.0 kV. Under environmental conditions of 10° C. and 10%
RH, a sample image having a coverage of 4% was printed
on 1,000 successive sheets, and subsequently a sample
image (sample image for image density evaluation) having
a coverage of 100% was formed on a sheet of printing paper.
Thereafter, image density (ID) was measured. The above-
described printing and image formation were repeated until
the number of printed sheets on which the sample image
having a coverage of 4% was formed reached 5,000. That is,
image density (ID) was measured every time the sample
image having a coverage of 4% was printed on 1,000
successive sheets of printing paper.

[0275] Intheimage density (ID) measurement, a reflection
density (ID: image density) of a solid section (solid section
of the formed sample image) on the printed sheet of printing
paper was measured using a Macbeth reflection densitom-
eter (“RD914”, product of X-Rite Inc.). An image density
(ID) of 1.20 or greater as measured when the number of
sheets on which the sample image having a coverage of 4%
was printed reached 5,000 was evaluated as excellent. An
image density (ID) of less than 1.20 as measured when the
number of sheets on which the sample image having a
coverage of 4% was printed reached 5,000 was evaluated as
good. An image density (ID) of less than 1.20 as measured
when the number of sheets on which the sample image
having a coverage of 4% was printed reached 4,000 was
evaluated as poor. Table 2 shows the evaluation results.
[0276] (Evaluation of Fogging Density)

[0277] With respect to each of the two-component devel-
opers D-1 to D-12 obtained as described above, an image
was formed using the two-component developer to evaluate
fogging density.

[0278] A color printer (“TASKalfa 500ci”, product of
KYOCERA Document Solutions Inc.) was used to evaluate
fogging density. More specifically, the two-component
developer (unused) was loaded into a developing device of
the color printer, and toner for replenishment use (unused)
was loaded into a toner container of the color printer. In the
color printer, a voltage difference (AV) between a develop-
ment sleeve and a magnet roll was set to 250 V, and an
alternating current voltage (Vpp) applied to the magnet roll
was set to 2.0 kV. Under environmental conditions of 10° C.
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and 10% RH, a sample image having a coverage of 4% was
printed on 1,000 successive sheets, and subsequently a blank
sheet of printing paper was output from the color printer
without printing of the sample image. Thereafter, fogging
density (FD) was measured. The above-described printing
and blank sheet output were repeated until the number of
printed sheets on which the sample image having a coverage
of 4% was formed reached 5,000. That is, fogging density
(FD) was measured every time the sample image having a
coverage of 4% was printed on 1,000 successive sheets of
printing paper.

[0279] In the fogging density (FD) measurement, a reflec-
tion density of the output blank sheet of printing paper was
measured using a color reflection densitometer (“R7107,
product of Thara Electronic Industries Co., Ltd.). The fog-
ging density (FD) was calculated in accordance with an
equation shown below.

FD=(reflection density of output blank sheet of
printing paper)—(reflection density of unprinted
sheet of printing paper)

[0280] A fogging density (FD) of less than 0.010 as
measured when the number of sheets on which the sample
image having a coverage of 4% was printed reached 5,000
was evaluated as excellent. A fogging density (FD) of 0.010
or greater as measured when the number of sheets on which
the sample image having a coverage of 4% was printed
reached 5,000 was evaluated as good. A fogging density
(FD) of 0.010 or greater as measured when the number of
sheets on which the sample image having a coverage of 4%
was printed reached 4,000 was evaluated as poor. Table 2
shows the evaluation results.

[0281] (Evaluation of Toner Non-Filming Properties on
Surface of Photosensitive Member)

[0282] With respect to each of the two-component devel-
opers D-1 to D-12 obtained as described above, an image
was formed using the two-component developer to evaluate
toner non-filming properties on a surface of a photosensitive
member.

[0283] A color printer (“TASKalfa500ci”, product of
KYOCERA Document Solutions Inc.) was used to evaluate
toner non-filming properties on the surface of the photosen-
sitive member. More specifically, the two-component devel-
oper (unused) was loaded into a developing device of the
color printer, and toner for replenishment use (unused) was
loaded into a toner container of the color printer. In the color
printer, a voltage difference (AV) between a development
sleeve and a magnet roll was set to 250 V, and an alternating
current voltage (Vpp) applied to the magnet roll was set to
2.0 kV. Under environmental conditions of 32.5° C. and
80% RH, a sample image having a coverage of 4% was
printed on 5,000 successive sheets. Thereafter, a solid image
having a coverage of 100% was printed on an entire surface
of A4 size printing paper, and a halfione image having a
coverage of 50% was printed on an entire surface of A4 size
printing paper. Presence or absence of spots and image void
in the solid image and the halftone image obtained as
described above was confirmed through visual inspection.
Furthermore, presence or absence of the toner component
adhering to the surface of the photosensitive member was
confirmed after formation of the solid image and the half-
tone image. Table 2 shows the evaluation results.
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[0284] Excellent: No spots or image void was observed in
the solid image and the halftone image, and no toner
component adhering to the surface of the photosensitive
member was observed.

[0285] Good: No spots or image void was observed in the
solid image and the halftone image, but the toner component
adhering to the surface of the photosensitive member was
observed.

[0286] Poor: Some spots and image void were observed in
the solid image and the halftone image, and the toner
component adhering to the surface of the photosensitive
member was observed.
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middle line in each cell under the heading “ID”, the image
density (ID) measured when the number of sheets on which
the sample image having a coverage of 4% was printed
reached 4,000 is shown. In a bottom line in each cell under
the heading “ID”, the image density (ID) measured when the
number of sheets on which the sample image having a
coverage of 4% was printed reached 5,000 is shown.

[0291] In a top line in each cell under the heading “FD”,
the result of the fogging density evaluation is shown. In a
middle line in each cell under the heading “FD”, the fogging
density (FD) measured when the number of sheets on which
the sample image having a coverage of 4% was printed

TABLE 2
Low- Non- High-
Y  temperature filming  temperature
Developer 0 <Z =< (X/2) (nm) fixability D FD properties Preservability
Example 1 D-1 Satisfied 10 Excellent  Excellent Excellent Excellent  Excellent
Z =20 nm 140° C. 1.3 0.004 90%
X =190 nm 1.25 0.005
Example 2 D-2 Satisfied 50 Excellent  Excellent Excellent Excellent  Excellent
Z = 80 nm 140° C. 1.28 0.005 92%
X =190 nm 1.28 0.005
Example 3 D-3 Satisfied 5 Excellent Good Excellent Excellent Good
Z =20 nm 135° C. 1.22 0.005 80%
X =190 nm 1.18 0.004
Example 4 D-4  Satisfied 10 Excellent  Excellent Excellent Excellent  Excellent
Z =20 nm 140° C. 1.24 0.005 90%
X =200 nm 1.22 0.005
Example 5 D-5 Satisfied 10 Excellent  Excellent Excellent Good Excellent
Z =20 nm 140° C. 1.28 0.004 90%
X =220 nm 1.29 0.004
Example 6 D-6 Satisfied 10 Excellent  Excellent Excellent Good Excellent
Z =10 nm 140° C. 1.25 0.005 90%
X =100 nm 1.22 0.005
Satisfied 10 Good Good Excellent Good Excellent
Example 7 D-7 Z = 80 nm 145° C. 1.22 0.005 90%
X =300 nm 1.19 0.005
Satisfied 10 Excellent  Excellent Good Good Excellent
Example 8 D-8 Z =20 nm 140° C. 1.31 0.008 90%
X =190 nm 1.29 0.011
Example 9 D-9 Satisfied 10 Good Good Excellent Excellent  Excellent
Z =20 nm 150° C. 1.2 0.002 95%
X =190 nm 1.17 0.001
Comparative D-10  Satisfied 90 Poor Excellent Excellent Excellent  Excellent
Example 1 Z =20 nm 155° C. 1.26 0.004 98%
X =190 nm 1.26 0.005
Comparative D-11  Not satisfied 10 Excellent Poor Poor Poor Excellent
Example 2 Z =100 nm 140° C. 1.11 0.023 90%
X =190 nm 1.08 0.021
Comparative D-12  Not satisfied 10 Good Excellent Excellent Poor Excellent
Example 3 Z =0 nm 145° C. 1.21 0.005 90%
X =190 nm 1.22 0.005
[0287] In table 2, “Developer” indicates two-component reached 4,000 is shown. In a bottom line in each cell under

developer. In a top line in each cell under the heading
“0<Z=(X/2)”, whether or not the relation 0<Z=(X/2) is
satisfied is shown. In a middle line in each cell under the
heading “0<Z=(X/2)”, the average value Z of the magnetic
particle protrusion heights is shown. In a bottom line in each
cell under the heading “0<Z=(X/2)”, the average Heywood
diameter X of the magnetic particles is shown.

[0288] In each cell under the heading “Y”, the shell layer
thickness Y is shown.

[0289] In a lower line in each cell under the heading
“low-temperature fixability”, the minimum fixable tempera-
ture is shown.

[0290] In a top line in each cell under the heading “ID”,
the result of the image density evaluation is shown. In a

the heading “FD”, the fogging density (FD) measured when
the number of sheets on which the sample image having a
coverage of 4% was printed reached 5,000 is shown.

[0292] In each cell under the heading “Non-filming prop-
erties”, the result of evaluation of the toner non-filming
properties on the surface of the photosensitive member is
shown.

[0293] In a lower line in each cell under the heading
“high-temperature preservability”, the toner particle passage
rate is shown.

[0294] Each of the two-component developers D-1 to D-9
(the two-component developers according to Examples 1 to
9) included toner particles having the above-described basic
structure. More specifically, each of the toner particles had
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a toner core, a shell layer covering the surface of the toner
core, and a plurality of magnetic particles penetrating the
shell layer. Each of the magnetic particles had an embedded
portion and a protrusion portion. The embedded portions
were embedded in the surface of the toner core. The pro-
trusion portions were located further outward than the
embedded portions in the radial direction of the toner
particle and protruded outward from the surface of the shell
layer in the radial direction of the toner particle. The average
Heywood diameter X of the magnetic particles, the shell
layer thickness Y, and the average value Z of the magnetic
particle protrusion heights of the toner particle satisfied
relation (1) and relation (2) shown below.

0<Zs(X72) (1)
10 nm=¥=50 nm 2)
[0295] As shown in Table 2, the two-component develop-

ers D-1 to D-9 each showed the effects of improving toner
low-temperature fixability, preventing occurrence of fog-
ging, and improving developing properties in the case of
image formation in a low-humidity environment.

[0296] The two-component developer D-10 (the two-com-
ponent developer according to Comparative Example 1) was
inferior to the two-component developers D-1 to D-9 in the
low-temperature fixability evaluation. More specifically, the
minimum fixable temperature of the two-component devel-
oper D-10 was higher. It is thought that such a result was
obtained because the two-component developer D-10 had a
shell layer thickness Y of greater than 50 nm.

[0297] The two-component developer D-11 (the two-com-
ponent developer according to Comparative Example 2) was
inferior to the two-component developers D-1 to D-9 in the
image density (ID) evaluation, the fogging density (FD)
evaluation, and the non-filming property evaluation. More
specifically, the two-component developer D-11 resulted in
a decreased image density (ID) as measured when the
number of sheets on which the sample image having a
coverage of 4% was printed reached 4,000 in the image
density evaluation. The two-component developer D-11
resulted in a higher fogging density (FD) as measured when
the number of sheets on which the sample image having a
coverage of 4% was printed reached 4,000 in the fogging
density evaluation. In the non-filming property evaluation of
the two-component developer D-11, some spots and image
void were observed in the solid image and the halftone
image, and the toner component adhering to the surface of
the photosensitive member was observed. It is thought that
such a result was obtained because Z=<(X/2) was not satisfied
in the two-component developer D-11.

[0298] The two-component developer D-12 (the two-com-
ponent developer according to Comparative Example 3) was
inferior to the two-component developers D-1 to D-9 in the
non-filming property evaluation. More specifically, in the
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non-filming property evaluation of the two-component
developer D-12, some spots and image void were observed
in the solid image and the halftone image, and the toner
component adhering to the surface of the photosensitive
member was observed. It is thought that such a result was
obtained because 0<Z was not satisfied in the two-compo-
nent developer D-12.
What is claimed is:
1. A toner comprising a plurality of toner particles,
wherein
each of the toner particles includes a toner core, a shell
layer covering a surface of the toner core, and a
plurality of magnetic particles penetrating the shell
layer,
each of the magnetic particles has an embedded portion
and a protrusion portion,
the embedded portions are embedded in the surface of the
toner core,
the protrusion portions are located further outward than
the embedded portions in a radial direction of the toner
particle and protrude outward from a surface of the
shell layer in the radial direction of the toner particle,
an average Heywood diameter X of the magnetic par-
ticles, a thickness Y of the shell layer, and an average
value 7 satisfy relation (1) and relation (2) shown

below, and
0<Z=(X72) (1)
10 nm=¥=<50 nm 2)

the average value Z in relation (1) is an average value of
lengths of the protrusion portions in the radial direction
of the toner particle.

2. The toner according to claim 1, wherein

the average Heywood diameter X of the magnetic par-
ticles is at least 100 nm and no greater than 300 nm.

3. The toner according to claim 1, wherein

the magnetic particles each have a polyhedral shape, and

the magnetic particles are contained in an amount of at
least 0.5 parts by mass and no greater than 3.0 parts by
mass relative to 100.0 parts by mass of the toner cores.

4. The toner according to claim 1, wherein

the toner core does not contain magnetic particles as an
internal additive.

5. The toner according to claim 1, wherein

each of the magnetic particles has a magnetic core,

the magnetic core is formed from magnetite, and

the shell layer includes a melamine resin.

6. A one-component developer comprising the toner

according to claim 1.

7. A two-component developer comprising:

the toner according to claim 1; and

a carrier that positively charges the toner through friction.

#* #* #* #* #*



