US 20090011355A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2009/0011355 A1

SHIBAI

43) Pub. Date: Jan. 8, 2009

(54)

(76)

@
(22)
(30)

Jul. 6, 2007

TONER, METHOD OF MANUFACTURING
THE TONER, DEVELOPING DEVICE, AND
IMAGE FORMING APPARATUS

Inventor: Yasuhiro SHIBALI,

Yamatokoriyama-shi (JP)

Correspondence Address:

NIXON & VANDERHYE, PC

901 NORTH GLEBE ROAD, 11TH FLOOR
ARLINGTON, VA 22203 (US)

Appl. No.: 12/168,382
Filed: Jul. 7, 2008

Foreign Application Priority Data

(P) e P2007-178963

Apr. 22,2008 (JP) .o P2008-111874

Publication Classification

(51) Int.CL
G03G 9/087 (2006.01)
GO03G 9/08 (2006.01)
(52) US.Cl ccoooonn.. 430/109.1; 430/105; 430/110.3;
430/137.14
(57) ABSTRACT

There are provided a toner that allows prevention of environ-
mental contamination and is nevertheless free from toner
durability degradation, wherein a sufficiently wide color
reproduction range can be secured even when it is applied to
color toner, and variation in characteristics among toner par-
ticles can be suppressed, as well as a method of manufactur-
ing a toner, a developing device, and an image forming appa-
ratus. In the toner particle is formed the biomass resin-
containing domain.
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TONER, METHOD OF MANUFACTURING
THE TONER, DEVELOPING DEVICE, AND
IMAGE FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2007-178963, which was filed on Jul. 6,
2007, and No. 2008-111874, which was filed on Apr. 22,
2008, the contents of which are incorporated herein by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a toner, a method of
manufacturing the toner, a developing device, and an mage
forming apparatus.

[0004] 2. Description of the Related Art

[0005] In an image forming apparatus which employs an
electrophotographic system, image formation is accom-
plished by forming a toner image through development of an
electrostatic latent image formed on a photoreceptor with the
supply of toner and then fixing the toner image onto a record-
ing medium. A toner for use in such an image forming appa-
ratus is produced by blending, in a binder resin, raw materials
such as a colorant, release agent, and a charge control agent
and then granulating the mixture so as to obtain a predeter-
mined particle size.

[0006] Used toner is discarded by means of soil burial or
incineration. However, the disposal of used toner by incinera-
tion results in emission of carbon dioxide, which is one of
greenhouse gases, into the air. Furthermore, there is a possi-
bility that metal substances contained in a colorant, a charge
control agent, and so forth become the source of environmen-
tal pollutant. Thus, there have been proposed a large number
of'toners that can be discarded while preventing environmen-
tal contamination.

[0007] For example, in Japanese Unexamined Patent Pub-
lication JP-A 4-218063 (1992) is disclosed a toner containing
at least a binder resin, a colorant, a charge control agent, and
a biodegradable resin, and also a toner containing a photode-
composition agent. When the toner disclosed in JP-A
4-218063 (1992) is discarded by means of soil burial, by
virtue of the inclusion of a biodegradable resin, the toner can
be decomposed while preventing environmental contamina-
tion. However, the negative side is that the biodegradable
resin exhibits poor crushability and thus the microparticula-
tion therefor is hard to achieve. This makes it difficult to
produce a toner of small particle size required for forming a
high-quality, high-resolution image.

[0008] Inorderto solve such a problem, in Japanese Unex-
amined Patent Publication JP-A 2004-177554 is disclosed a
toner manufacturing method that involves a step of preparing
a coloring solution by dissolving or dispersing a biodegrad-
able resin and a colorant in an organic solvent and a step of
mixing the coloring solution and an aqueous medium to form
coloring resin fine particles. In the case of producing a toner
by the method disclosed in JP-A 2004-177554, even if the
biodegradable resin has poor crushability, fine particles can
be obtained with ease. This makes it possible to produce a
toner of small particle size.

[0009] FIG. 8 is a sectional view of a toner particle 51 of
related art. According to the toner disclosed in JP-A
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4-218063, the binder resin and the biodegradable resin are
mixed in a molten or softened state and thereafter the mixture
is cooled down. In this case, the biodegradable resin is crys-
tallized and is thus dispersed in a sea-island state within the
toner particle. That is, in the toner disclosed in JP-A
4-218063, as shown in FIG. 8, in the toner particle 51, namely
a sea component, biodegradable resin 52-made island com-
ponents of varying size are scattered in an unstable state
where their shapes cannot be identified on an individual basis.
[0010] Such a toner is susceptible to toner cracking which
occurs at the interface between the binder resin and the bio-
degradable resin. This makes it impossible for the biodegrad-
able resin to be contained in the toner particle at a high
percentage. Furthermore, the crystallized portions of the bio-
degradable resin vary in size from small to large and are thus
dispersed in an intricately shaped state, which results in a
decline in toner transparency. As a result, in the case of
applying such a toner to a color toner, the range of color
reproduction is narrowed. In addition, the biodegradable resin
is not uniformly dispersed and thus the toner becomes uneven
in composition, which gives rise to lack of uniformity in the
characteristics of the individual toner particles. This makes it
impossible to control toner properties such as charging char-
acteristics.

[0011] According to the toner manufacturing method dis-
closed in JP-A-2004-177554, the toner is obtained by melting
or softening the biodegradable resin in an organic solvent and
subjecting it to phase inversion emulsification in an aqueous
medium. Since such a toner contains the biodegradable resin
as a binder resin, it follows that crystallization takes place due
to the heat generated at the time of fixing to a recording
medium, which results in a decline in transparency. In the
case of applying such a toner to a color toner, the range of
color reproduction is narrowed. Furthermore, such a toner is
low in durability.

SUMMARY OF THE INVENTION

[0012] The invention has been devised to solve the above-
described problems, and accordingly its object is to provide a
toner that allows prevention of environmental contamination.
Moreover, it is an object of the invention to prevent environ-
mental contamination while ensuring sufficiently high toner
durability. Further, it is an object of the invention to provide a
toner that is usable as a color toner with a sufficiently wide
color reproduction range.

[0013] Inaddition, itis an object of the invention to provide
a toner for accomplishing the objects as described above, a
method of manufacturing the toner, a developer employing
the toner, a developing device for effecting development with
use of the developer, and an image forming apparatus pro-
vided with the developing device.

[0014] The invention provides a toner comprising a toner
particle containing at least a binder resin, a biomass resin-
containing domain being formed in the toner particle.
[0015] According to the invention, since biomass resin-
containing domain is formed and dispersed in the toner par-
ticle, it is possible to prevent that the biomass resin is dis-
persed in a sea-island state in the toner particle. Therefore, the
biomass resin can be contained in the toner particle at a high
percentage without impairing toner durability, and environ-
mental contamination can thus be prevented. Moreover, since
occurrence of white turbidity resulting from biomass resin
crystallization can be prevented, there arises no decline in
toner transparency. Accordingly, even in the case of color
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toner applications, a sufficiently wide color reproduction
range can be secured and variation in characteristics among
the toner particles can be suppressed.

[0016] Moreover, in the invention, it is preferable that the
biomass resin-containing domain is substantially spherical in
shape or takes the shape of a body of combined spheres.
[0017] According to the invention, the biomass resin-con-
taining domain is substantially spherical in shape or takes the
shape of a body of combined spheres. By making the shapes
of the biomass resin-containing domains substantially uni-
form, it is possible to reduce the difference in characteristic
among the toner particles.

[0018] Moreover, in the invention, it is preferable that the
biomass resin is a crystalline resin.

[0019] According to the invention, the biomass resin is a
crystalline resin. In general, the crystalline resin exhibits a
sharp melting property in contrast to an amorphous resin.
Therefore, the toner containing the crystalline resin is capable
of offering enhanced preservation stability, with a fixing tem-
perature kept as it is.

[0020] Moreover, in the invention, it is preferable that the
content of the biomass resin falls in a range of 20 parts by
weight or more and 60 parts by weight or less with respect to
100 parts by weight of the toner.

[0021] According to the invention, the content of the bio-
mass resin falls in a range of 20 parts by weight or more and
60 parts or less by weight with respect to 100 parts by weight
of the toner. This makes it possible to take full advantage of
the effect of preventing environmental contamination
brought about by the biomass resin. Further, by setting the
content of the biomass resin at or below 60 parts by weights,
sufficiently high toner durability can be attained.

[0022] Moreover, in the invention, it is preferable that no
colorant is contained in the biomass resin-containing domain.
[0023] According to the invention, no colorant is contained
in the biomass resin-containing domain. If a colorant is con-
tained in the biomass resin, with a filling effect brought about
by the colorant, the biomass resin will be reinforced, in con-
sequence whereof there results a rise in hardness and a rise in
softening temperature. The avoidance of inclusion of a colo-
rant in the biomass resin-containing domain makes it possible
to prevent the softening temperature of the biomass resin
fromrising, and thereby, in a case where the toner is fixed onto
a recording medium under the application of heat and pres-
sure, prevent toner fixability degradation.

[0024] Moreover, in the invention, it is preferable that a
domain diameter of the biomass resin-containing domain is 1
pum or less.

[0025] According to the invention, a domain diameter of
the biomass resin-containing domain is 1 um or less. By
setting the domain diameter at or below 1 um, it is possible to
prevent that the domain diameter becomes so large that the
toner particle is increased in particle size. Therefore, a toner
composed of the toner particles having a small particle size
can be produced. Further, by setting the domain diameter at or
below 1 pm, it is possible to produce a toner that is excellent
in transparency. In addition, since the rate at which the bio-
mass resin is exposed on the toner surface can be kept low, it
is possible to maintain high toner preservation stability, as
well as to prevent an increase in the rate at which the biomass
resin is brought into contact with a recording medium at the
time of fixing and thereby prevent toner fixability degrada-
tion.
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[0026] Moreover, in the invention, it is preferable that the
domain diameter of the biomass resin-containing domain
falls in a range of 0.5 pm or more and 1 um or less.

[0027] According to the invention, the domain diameter of
the biomass resin-containing domain falls in a range of 0.5
um or more and 1 pm or less. By setting the domain diameter
at or above 0.5 pm, it is possible to prevent that the domain
diameter becomes so small that the binder resin and the bio-
mass resin are compatible with each other, for example, under
application of heat in the process for forming the biomass
resin-containing domain. Therefore, a decrease in the glass
transition temperature (Tg) of the binder resin can be pre-
vented and toner preservation stability degradation can thus
be prevented.

[0028] Moreover, in the invention, it is preferable that the
binder resin is a polyester resin.

[0029] According to the invention, the binder resin is a
polyester resin. This makes it possible to produce a toner that
is excellent in both transparency and durability.

[0030] Moreover, in the invention, it is preferable that the
toner particle has its surface coated with a resin film.

[0031] According to the invention, the toner particle has its
surface coated with a resin film. This makes it possible to
improve the durability of the toner even further.

[0032] Moreover, in the invention, it is preferable that the
resin film is made of a styrene acrylic resin formed by an
emulsion polymerization method.

[0033] According to the invention, the resin film is made of
a styrene acrylic resin formed by an emulsion polymerization
method. The styrene acrylic resin formed by emulsion poly-
merization has resin particles of a small and uniform particle
size. It thus enables, when the toner particle surface is coated
with the resin film, formation of an even, lamellar resin mem-
brane. Moreover, the styrene acrylic resin is low in the content
of'a polar group such as an ester bond and is correspondingly
low in hygroscopicity. Therefore, its use helps improve the
charging stability of the toner even under a high-humidity
environment.

[0034] The invention further provides a method of manu-
facturing a toner comprising:

[0035] abinder resin particle dispersion process of dispers-
ing at least a binder resin in a fluid medium to obtain a binder
resin particle slurry;

[0036] a biomass resin particle dispersion process of dis-
persing at least a biomass resin in a fluid medium to obtain a
biomass resin particle slurry; and

[0037] an aggregating process of mixing the binder resin
particle slurry and the biomass resin particle slurry so as to
aggregate binder resin particles and biomass resin particles.

[0038] According to the invention, the binder resin particle
slurry and the biomass resin particle slurry are mixed together
s0 as to aggregate binder resin particles and biomass resin
particles. Therefore, the biomass resin can be dispersed in the
toner particle without causing compatibility between the
binder resin and the biomass resin. As a result, the biomass
resin can be contained in the toner particle at a high percent-
age without impairing toner durability, and environmental
contamination can thus be prevented. Note that the biomass
resin may possibly become clouded after undergoing a melt-
ing process and a cooling process. Since the biomass resin-
containing domain is formed by aggregating the binder resin
particles and the biomass resin particles, it is possible to
inhibit the biomass resin from melting, and thereby prevent
occurrence of such a white turbidity in the biomass resin. This
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helps prevent a decline in toner transparency. As a result, the
toner can be used effectively also as a raw material for a color
toner which is particularly required to exhibit toner transpar-
ency.

[0039] Moreover, in the invention, it is preferable that a
colorant is contained in the binder resin.

[0040] According to the invention, a colorant is contained
in the binder resin particle. This makes it possible to improve
the dispersion of the colorant in the toner particles, and
thereby attain enhanced coloration property and chromatic-
ness.

[0041] Moreover, in the invention, it is preferable that the
method of manufacturing a toner further comprises a colorant
particle dispersion process of dispersing at least a colorant in
a fluid medium to form a colorant particle slurry, and, in the
aggregating process, the binder resin particle slurry, the bio-
mass resin particle slurry, and the colorant particle slurry are
mixed together so as to aggregate the binder resin particles,
the biomass resin particles, and colorant particles.

[0042] According to the invention, the method of manufac-
turing a toner further comprises the colorant particle disper-
sion process of dispersing at least a colorant in a fluid medium
to form a colorant particle slurry. That is, in the aggregating
process, the binder resin particle slurry, the biomass resin
particle slurry, and the colorant particle slurry are mixed
together so as to aggregate the binder resin particles, the
biomass resin particles, and colorant particles. Therefore, the
toner particle can be shape-controlled with ease. Further,
since there is no step in which a colorant is melted in and
kneaded with a binder resin in advance, it is possible to
simplify the manufacturing process.

[0043] Moreover, in the invention, it is preferable that a
ratio of a particle size of the binder resin particle to a particle
size of the biomass resin particle falls in a range of /4 or above
and %2 or below.

[0044] According to the invention, a ratio of a particle size
of the binder resin particle to a particle size of the biomass
resin particle falls in a range of V4 or above and %4 or below. In
this case, it is possible to prevent that the particle size of the
binder resin particle which provides the effect of keeping
toner durability becomes unduly small, and thereby prevent a
decline in toner durability. It is also possible to prevent that
the domain diameter becomes so large that the biomass resin
domains dispersed in the toner particle are bonded to each
other upon contact, and thereby prevent a decline in toner
durability.

[0045] Moreover, by adjusting the particle size of the
binder resin particle to be Y4 or above with respect to the
particle size of the biomass resin particle, it is possible to
prevent the binder resin and the biomass resin from being
compatible with each other. Therefore, a decrease in the glass
transition temperature (Tg) of the binder resin can be pre-
vented and toner preservation stability degradation can thus
be prevented. On the other hand, by adjusting the particle size
ofthe binder resin particle to be /2 or below with respect to the
particle size of the biomass resin particle, the rate at which the
biomass resin is exposed on the toner surface during the
long-term running can be kept low. This makes it possible to
maintain high toner durability, as well as to prevent an
increase in the rate at which the biomass resin is brought into
contact with a recording medium at the time of fixing and
thereby prevent toner fixability degradation.

[0046] Moreover, in the invention, it is preferable that the
biomass resin particle dispersion process comprises:

[0047] afinely granulating step of forming a biomass resin
particle slurry under application of heat and pressure;
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[0048] a depressurizing step of performing pressure reduc-
tion on the biomass resin particle slurry in a heat and pressure
applied state; and

[0049] a cooling step of cooling down the biomass resin
particle slurry having undergone pressure reduction.

[0050] According to the invention, in the production of the
biomass resin particle slurry, at first, the biomass resin is
pulverized and dispersed in a fluid medium under heating and
pressurizing conditions to prepare a dispersion liquid. Next,
the dispersion liquid in a heat and pressure applied state is
subjected to pressure reduction and cooling, whereupon the
biomass resin particle slurry is formed. Since the biomass
resin is pulverized under heating and pressurizing conditions,
the pulverization of the biomass resin can be achieved effi-
ciently. Note that the biomass resin may possibly become
clouded if it is cooled down for a long time after the heating
process. In this regard, since the biomass resin-containing
dispersion liquid in a heat and pressure applied state is forc-
ibly depressurized and cooled down, it is possible to inhibit
the biomass resin from becoming clouded, and thereby pre-
vent a decline in toner transparency.

[0051] Moreover, in the invention, it is preferable that the
biomass resin particle dispersion process is conducted by a
high-pressure homogenizer method.

[0052] According to the invention, the biomass resin par-
ticle slurry is formed by a high-pressure homogenizer
method. In this case, the biomass resin can be pulverized
while attaining a small particle size and a narrow particle size
distribution range.

[0053] The invention further provides a toner which is pro-
duced by the method of manufacturing a toner as described
above.

[0054] According to the invention, the toner is obtained by
the above-described method of manufacturing a toner. In this
case, the biomass resin-containing domains, the particle sizes
of which fall within a predetermined range, are dispersed
substantially uniformly in the toner particle. Therefore, the
biomass resin can be contained in the toner particle at a high
percentage without impairing toner durability, and environ-
mental contamination can thus be prevented. Further, since
occurrence of white turbidity resulting from biomass resin
crystallization can be prevented, there arises no decline in
toner transparency. Accordingly, even in the case of color
toner applications, a sufficiently wide color reproduction
range can be secured and variation in characteristics among
the toner particles can be suppressed.

[0055] As a developer, a two-component developer which
contains the toner and carrier may be used.

[0056] The two-component developer contains the toner
and carrier. Accordingly, it is possible to obtain a two-com-
ponent developer which causes little environmental contami-
nation and is nevertheless free from toner durability degrada-
tion. Further, since the two-component developer contains
the toner which is highly transparent and is thus applicable to
a color toner, it is possible to obtain a two-component devel-
oper which enables formation of a high-quality image exhib-
iting high transparency.

[0057] The invention further provides a developing device
for performing development by using a developer containing
the toner.

[0058] According to the invention, the developing device
performs development with use of a developer containing the
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toner. Therefore, a high-quality toner image can be formed on
a photoreceptor drum while preventing environmental con-
tamination.

[0059] The invention further provides an image forming
apparatus having the developing device.

[0060] According to the invention, the image forming
apparatus is provided with the developing device. Therefore,
a high-quality image exhibiting high transparency can be
formed. Further, although the toner which is no longer nec-
essary for image formation is collected and discarded, the
waste toner-induced environmental contamination can be
prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] Other and further objects, features, and advantages
of the invention will be more explicit from the following
detailed description taken with reference to the drawings
wherein:

[0062] FIG. 1 is a view showing the section of a toner
particle in accordance with one embodiment of the invention;
[0063] FIGS. 2A through 2E are views showing the sec-
tional profile of a domain containing biomass resin;

[0064] FIG. 3 is a flowchart showing a first example of a
method of manufacturing a toner particle;

[0065] FIG. 4 is a flowchart showing a second example of a
method of manufacturing a toner particle;

[0066] FIG. 5 is a flowchart showing a third example of a
method of manufacturing a toner particle;

[0067] FIG. 6 is a sectional view showing the constitution
of an image forming apparatus in accordance with one
embodiment of the invention;

[0068] FIG.7 is a view showing the constitution of a devel-
oping device of the invention; and

[0069] FIG. 8 is a view showing the section of a toner
particle of related art.

DETAILED DESCRIPTION

[0070] Now referring to the drawings, preferred embodi-
ments of the invention are described below.

[0071] FIG. 1 is a view showing the section of a toner
particle 1 in accordance with one embodiment of the inven-
tion. FIGS. 2A through 2E are views showing the sectional
profile of a domain 2 containing biomass resin. The toner
embodying the invention includes a toner particle 1 contain-
ing at least a biomass resin and a binder resin. In the toner
particle 1 is formed the biomass resin-containing domain 2.

[0072] In this invention, it is preferable that the biomass
resin-containing domain 2 is substantially spherical in shape
or takes the shape of a body of combined spheres. Such a
configuration cannot be attained by the manufacturing
method as described above as the related art whereby the
binder resin and the biodegradable resin are caused to melt or
soften once to produce biodegradable resin-containing toner
particles, but can be attained by the manufacturing method of
the invention as will be described later.

[0073] Herein, “the substantially spherical shape and the
shape of a body of combined spheres” include, for example,
a spherical body having a circular sectional profile such as
shown in FIG. 2A, an ellipsoidal body having an elliptical
sectional profile such as shown in FIG. 2B, an ovoidal body
having an egg-shaped sectional profile such as shown in FI1G.
2C, a body of a combination of two spheres each having a
cocoon-like sectional profile such as shown in FIG. 2D, and a
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body of a combination of three spheres each having a sec-
tional profile such as shown in FIG. 2E. Moreover, while a
combination of a plurality of spheres is exemplified as a
combined body, it is also possible to adopt a combination of
ellipses or a combination of a sphere and an ellipse. Note that
the above-described shapes of the biomass resin-containing
domain 2 are conceptual and thus those close to these shapes,
for example, an off-center sphere and a nearly elliptical
sphere can be included. By making the shapes of the biomass
resin-containing domains 2 substantially uniform, it is pos-
sible to reduce the difference in characteristic among the
toner particles. Note also that the domain diameter of the
biomass resin-containing domain 2 which is substantially
spherical in shape or takes the shape of a body of combined
spheres is obtained by conversion calculation in terms of a
diameter of a circle having the same area as the sectional area
of the domain.

[0074] Intheinvention, the “biomass resin” refers to a resin
which contains, as a basic ingredient, a compound with a
skeleton constituted by carbon atoms obtained by plant’s
action to fix carbon dioxide in the air through photosynthesis.
Therefore, even if carbon dioxide is emitted as the result of
biomass resin combustion, an increase of carbon dioxide in
the air can substantially be prevented. It will thus be seen that
the toner containing the biomass resin can be discarded while
preventing environmental contamination.

[0075] The biomass resin is classified roughly into three
groups: a naturally produced resin which can be used as a
polymer in itself; a chemically synthesized resin obtained
through chemical polymerization of biomass-derived poly-
mer and monomer; and a microbiologically produced resin
obtained through polymerization in the body of a microor-
ganism. The examples of the naturally produced resin include
cellulose acetate, esterified starch, chitosan, fibroin, collagen,
gelatine, and natural rubber. The examples of the chemically
synthesized resin include a polylactic acid, polyglycol, poly-
methylene terephthalate, and polybutylene succinate. The
examples of the microbiologically produced resin include
polyhydroxy butyrate, polyhydroxy alkanoate, bacterial cel-
Iulose, and a polyglutamic acid. Since there is no particular
limitation to the selection of a biomass resin, it is possible to
use, for example, a polylactic acid, polymethylene terephtha-
late, polybutylene succinate, polyhydroxy butyrate, polyhy-
droxy alkanoate, and polyester synthesized with a succinic
acid, 1,3-propanediol, or an itaconic acid as a monomer. The
biomass resins may be used singularly or in combination of
two or more kinds.

[0076] The biomass resin is grouped into the following
categories: crystalline type and non-crystalline type.
Although both of them are usable, a crystalline resin is pref-
erable for use. In general, the crystalline resin exhibits a sharp
melting property in contrast to an amorphous resin. There-
fore, a toner containing the crystalline resin is capable of
offering enhanced preservation stability, with a fixing tem-
perature kept as it is. The examples of the crystalline resin
include a polylactic acid, polymethylene terephthalate, poly-
butylene succinate, polyhydroxy butyrate, and polyhydroxy
alkanoate. Moreover, some polyesters synthesized from a
monomer have a crystalline nature.

[0077] Thebiomass resin is also grouped into the following
categories: persistent type and biodegradable type. Both of
them are usable. The examples of a persistent biomass resin
include soybean polyol, which is polyol derived from soy-
bean oil, and polyester prepared from a fossil resource-de-
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rived terephthalic acid and 1,3-propanediol obtained by fer-
mentation process as raw materials. The examples of a
biomass resin exhibiting biodegradability include polybu-
tyric acids, aliphatic polyester, a copolymer of aromatic poly-
ester and aliphatic polyester, a copolymer of aliphatic poly-
ester and polyamide, a polylactic acid, and a copolymer of a
polylactic acid and aliphatic polyester. The specific examples
of a biodegradable resin include polybutyric acids such as
poly (3-hydroxybutyric acid), a copolymer of a 3-hydroxy-
butyric acid and a 3-hydroxyvaleric acid, and a copolymer of
a 3-hydroxybutyric acid and a 4-hydroxybutyric acid, ali-
phatic polyester compounds, namely ring opening polymers
such as lactide, glycolide, p-propiolactone, y-valerolactone,
and e-caprolactone, and polyester composed of an aliphatic
dibasic acid and aliphatic diol, such as polyester composed of
an adipic acid and 1,4-butanediol, polyester composed of a
succinic acid and 1,4-butanediol, and polyester composed of
a succinic acid and 1,6-hexanediol.

[0078] Moreover, as a copolymer of aliphatic polyester and
aromatic polyester, there may be cited aliphatic polyester
compounds as described above, or a resin which is obtained at
the time of their synthesis through reaction with an aromatic
dicarboxylic acid such as a terephthalic acid, an isophthalic
acid, and a naphthalene dicarboxylic acid or an aromatic
oxycarboxylic acid such as a p-hydroxy benzonic acid, a
p-hydroxyethyl benzonic acid, and a p-hydroxyphenyl acetic
acid in an amount of 1 to 50% by mass. Further, as a copoly-
mer of a polylactic acid and aliphatic polyester, there may be
cited a copolymer obtained by copolymerization between a
polylactic acid and aliphatic polyester obtained from polyhy-
dric alcohols such as ethylene glycol, 1,2-butylene glycol,
1,6-hexanediol, neopentyl glycol, cyclohexane dimethanol,
triethylene glycol, dipropylene glycol, dibutanediol, and
polytetramethylene glycol as well as polyvalent carboxylic
acids such as a succinic acid, a methylglutaric acid, an adipic
acid, an azelaic acid, a sebacic acid, a brassylic acid, a dode-
canedicarboxylic acid, a cyclohexanedicarboxylic acid,
maleic acid anhydride, and a fumaric acid. Among the resins
described above, it is desirable to use polybutyric acids, a
polylactic acid, and a copolymer of a polylactic acid and
aliphatic polyester as the biodegradable resin.

[0079] There is no particular limitation to the selection of
the binder resin so long as it can be granulated in a molten
state. The examples of the binder resin include polyvinyl
chloride, polyvinyl acetate, polyethylene, polypropylene,
polyester, polyamide, a styrenic polymer, a (meth)acrylic
resin, polyvinyl butyral, a silicone resin, polyurethane, an
epoxy resin, a phenol resin, a xylene resin, a rosin modified
resin, a terpene resin, an aliphatic hydrocarbon resin, an ali-
cyclic hydrocarbon resin, and an aromatic petroleum resin.
The synthetic resins may be used each alone, or two or more
kinds of them may be used in combination. Among them,
polyester, a styrenic polymer, a (meth)acrylic acid-based
polymer, polyurethane, an epoxy resin, or the like are prefer-
able for use from the standpoint of easiness in acquisition of
particles having high surface smoothness by means of aque-
ous system-based wet granulation.

[0080] As polyester, publicly known ones, for example, a
polycondensation product of a polybasic acid and a polyva-
lent alcohol can be used. As a polybasic acid, those known as
monomer for polyester can be used. The examples thereof
include aromatic carboxylic acids such as a terephthalic acid,
an isophthalic acid, a phthalic acid anhydride, a trimeliitic
acid anhydride, a pyromellitic acid, and a naphthalene dicar-
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boxylic acid, aliphatic carboxylic acids such as a maleic acid
anhydride, a fumaric acid, a succinic acid, alkenyl succinic
anhydride, and an adipic acid, and methyl esterified com-
pounds of those polybasic acids. The polybasic acids may be
used each alone, or two or more kinds of them may be used in
combination. As a polyvalent alcohol, those known as mono-
mer for polyester can be used, too. The examples thereof
include aliphatic polyvalent alcohols such as ethylene glycol,
propylene glycol, butane diol, hexane diol, neopentyl glycol,
and glycerin, alicyclic polyvalent alcohols such as cyclohex-
ane diol, cyclohexane dimethanol, and hydrogenated bisphe-
nol A, and aromatic diols such as an ethylene oxide adduct of
bisphenol A and a propylene oxide adduct of bisphenol A. The
polyvalent alcohols may be used each alone, or two or more
kinds of them may be used in combination. A polycondensa-
tion reaction between a polybasic acid and a polyvalent alco-
hol can be induced in a conventional manner. For example, a
polybasic acid and a polyvalent alcohol are brought into
contact with each other in the presence or absence of an
organic solvent and under the presence of a polycondensation
catalyst. The polycondensation reaction between a polybasic
acid and a polyvalent alcohol is terminated upon the acid
value, the softening temperature, and so forth of the resultant
polyester reaching predetermined values. In this way, poly-
ester can be obtained. In a case where a methyl esterified
compound of a polybasic acid is used as a part of the polyba-
sic acids, a de-methanol polycondensation reaction takes
place. In this polycondensation reaction, by changing the
blending ratio between a polybasic acid and a polyvalent
alcohol, the reaction rate, or other factors in an appropriate
manner, it is possible to control, for example, the content of
carboxylic groups at the terminal of polyester and thus allow
the resultant polyester to get denatured. Moreover, in a case of
using a trimellitic acid anhydride as a polybasic acid, a car-
boxyl group can be introduced easily into the main chain of
the polyester, and thereby modified polyester can be obtained.
Note that, by connecting a hydrophilic group such as a car-
boxyl group and a sulfonic acid group to the main chain
and/or the side chain of the polyester, it is possible to use
polyester which is self-dispersible in water.

[0081] As a styrenic polymer, a homopolymer of styrenic
monomer and a copolymer of styrenic monomer and mono-
mer which is copolymerizable with styrenic monomer may be
cited. The examples of styrenic monomer include styrene,
o-methylstyrene, ethylstyrene, p-methoxystyrene, p-phenyl-
styrene, 2,4-dimethylstyrene, p-n-octylstyrene, p-n-decylsty-
rene, and p-n-dodecylstyrene. The examples of monomer
copolymerizable with styrenic monomer include (meth)
acrylic acid esters such as methyl (meth)acrylate, ethyl
(meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate,
isobutyl (meth)acrylate, n-octyl (meth)acrylate, dodecyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, stearyl (meth)
acrylate, phenyl (meth)acrylate, and dimethyl aminoethyl
(meth)acrylate, (meth)acrylic-type monomers such as acry-
lonitrile, methacrylamide, glycidil methacrylate, N-methylol
acrylamide, N-methylol methacrylamide, and 2-hydroxy
ethyl acrylate, vinyl ethers such as vinyl methyl ether, vinyl
ethyl ether, and vinyl isobutyl ether, vinyl ketones such as
vinyl methyl ketone, vinyl hexyl ketone, and methyl isopro-
penyl ketone, and N-vinyl compounds such as N-vinylpyr-
rolidone, N-vinylcarbazole, and N-vinylindole. Styrenic
monomers and monomers copolymerizable with styrenic
monomer may be used each alone, or two or more kinds of
them may be used in combination.
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[0082] As a (meth)acrylic resin, a homopolymer of (meth)
acrylic acid esters and a copolymer of (meth)acrylic acid
esters and monomer which is copolymerizable with (meth)
acrylic acid esters may be cited. As (meth)acrylic acid esters,
the ones similar to those described just above can be used. As
monomer copolymerizable with (meth)acrylic acid esters,
(meth)acrylic-type monomers, vinyl ethers, vinyl ketones,
and N-vinyl compounds may be cited. As such a monomer,
the ones similar to those described just above can be used. As
a (meth)acrylic resin, it is also possible to use an acidic
group-containing acrylic resin. For example, an acidic group-
containing acrylic resin can be produced by polymerizing
acrylic resin monomer or acrylic resin monomer and vinylic
monomer, with use of acrylic resin monomer containing an
acidic group or a hydrophilic group and/or vinylic monomer
containing an acidic group or a hydrophilic group in combi-
nation. As acrylic resin monomer, publicly known ones can be
used, for example, an acrylic acid which may have a substitu-
ent, a methacrylic acid which may have a substituent, acrylic
acid ester which may have a substituent, and methacrylic acid
ester which may have a substituent. The acrylic resin mono-
mers may be used each alone, or two or more kinds of them
may be used in combination. Also as vinylic monomer, pub-
licly known ones can be used, for example, styrene, a.-meth-
ylstyrene, vinyl bromide, vinyl chloride, vinyl acetate, acry-
lonitrile, and methacrylonitrile. The vinylic monomers may
be used each alone, or two or more kinds of them may be used
in combination. Polymerization of a styrenic polymer and
(meth)acrylic resin is conducted by means of solution poly-
merization, suspension polymerization, emulsification poly-
merization, or otherwise with use of a commonly-used radical
initiator.

[0083] Although the selection of polyurethane is not par-
ticularly restricted, it is desirable to use polyurethane con-
taining an acidic group or a basic group, for example. Acidic
group- or basic group-containing polyurethane can be pro-
duced in accordance with a publicly known method. For
example, acidic group- or basic group-containing diol,
polyol, and polyisocyanate are subjected to addition polymer-
ization. As acidic group- or basic group-containing diol, for
example, a dimethylol propionic acid and N-methyl dietha-
nolamine may be cited. As polyol, for example, polyether
polyol such as polyethylene glycol, polyester polyol, acryl
polyol, and polybutadiene polyol may be cited. As polyiso-
cyanate, for example, tolylene diisocyanate, hexamethylene
diisocyanate, and isophorone diisocyanate may be cited. The
binder resins may be used each alone, or two or more kinds of
them may be used in combination. While the selection of
epoxy resin is not particularly restricted, it is desirable to use
an acidic group- or basic group-containing epoxy-based
resin. An acidic group- or basic group-containing epoxy resin
can be produced, for example, by addition or addition poly-
merization of a polyvalent carboxylic acid such as an adipic
acid and a trimellitic acid anhydride or amine such as dibutyl
amine and ethylene diamine to an epoxy resin used as a base.
[0084] Among those binder resins as described above,
polyester is preferable for use. Polyester is excellent in trans-
parency and lends itself to formation of a toner having high
durability. It is also possible to use polyester and an acrylic
resin in a grafted state. The binder resins may be used each
alone, or two or more kinds of them may be used in combi-
nation. Moreover, with respect to resins of identical type,
there are the ones that are different from each other in any one
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or all of molecular weight, monomer composition, and so
forth. Such resins of a plurality of kinds may also be used.

[0085] Inthe invention, a self-dispersible resin can be used
as the binder resin. The self-dispersible resin refers to a resin
which has a hydrophilic group in the molecule and thus exhib-
its dispersibility with respect to a liquid matter such as water.
As hydrophilic groups, for example, a —COO— group, a
—SO;— group, a —CO— group, a —OH group, a
—O08S0;— group, a —PO;H, group, a —PO,— group, and
salts thereof may be cited. Among them, an anionic hydro-
philic group such as a —COO— group and a —SO,— group
is particularly desirable. A self-dispersible resin containing
one kind or two or more kinds of such hydrophilic groups can
be dispersed in water without using a dispersing agent, or
with a dispersing agent in an extremely small amount. While
there is no particular limitation to the amount of the hydro-
philic group to be contained in the self-dispersible resin, the
content of the hydrophilic group should preferably fall in a
range of from 0.001 to 0.050 moles, and more preferably from
0.005 to 0.030 moles, with respect to 100 g of the self-
dispersible resin. For example, the self-dispersible resin can
be produced by bonding a compound containing a hydro-
philic group and an unsaturated double bond hereafter
referred to as “hydrophilic group-containing compound™) to a
resin. The bonding of the hydrophilic group-containing com-
pound to a resin can be implemented by means of graft poly-
merization, block polymerization, or otherwise. Note that the
self-dispersible resin can also be produced by polymerizing
the hydrophilic group-containing compound or the hydro-
philic group-containing compound and a compound which is
copolymerizable with the hydrophilic group-containing com-
pound.

[0086] The examples of the resin to which is bonded the
hydrophilic group-containing compound include styrenic
resins such as polystyrene, poly-a-methylstyrene, chlo-
ropolystyrene, a styrene-chlorostyrene copolymer, a styrene-
propylene copolymer, a styrene-butadiene copolymer, a sty-
rene-vinyl chloride copolymer, a styrene-vinyl acetate
copolymer, a styrene-maleic acid copolymer, a styrene-
acrylic acid ester copolymer, a styrene-methacrylic acid ester
copolymer, a styrene-acrylic acid ester-methacrylic acid ester
copolymer, a styrene-a.-chloroacrylate methyl copolymer, a
styrene-acrylonitrile-acrylic acid ester copolymer, and a sty-
rene-vinyl methyl ether copolymer; a (meth)acrylic resin;
polycarbonate; polyester; polyethylene; polypropylene;
polyvinyl chloride; an epoxy resin; an urethane-modified
epoxy resin; a silicone-modified epoxy resin; a rosin-modi-
fied maleic acid resin; an ionomer resin; polyurethane; a
silicone resin; a ketone resin; an ethylene-ethyl acrylate
copolymer; a xylene resin; polyvinyl butyral; a terpene resin;
a phenolic resin; an aliphatic hydrocarbon resin; and an ali-
cyclic hydrocarbon resin.

[0087] As the hydrophilic group-containing compound, for
example, an unsaturated carboxylic compound and an unsat-
urated sulfonic acid compound may be cited. The examples of
unsaturated carboxylic compounds include unsaturated car-
boxylic acids such as a (meth)acrylic acid, a crotonic acid,
and an isocrotonic acid; unsaturated dicarboxyllc acids such
as a maleic acid, a fumaric acid, a tetrahydro phthalic acid, an
itaconic acid, and a citraconic acid; acid anhydrides such as a
maleic acid anhydride and a citraconic acid anhydride; and
their related alkyl esters, dialkyl esters, alkali metal salts,
alkali earth metal salts, and ammonium salts. As unsaturated
sulfonic acid compounds, for example, styrenesulfonic acids,
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sulfoalkyl (meth)acrylates, and their related metal salts and
ammonium salts can be used. The hydrophilic group-contain-
ing compounds may be used each alone, or two or more kinds
of'them may be used in combination. Moreover, for example,
a sulfonic acid compound can be used as a monomer com-
pound other than the hydrophilic group-containing com-
pound. The examples of the sulfonic acid compound include
a sulfoisophthalic acid, a sulfoterephthalic acid, a sulfoph-
thalic acid, a sulfosuccinic acid, a sulfobenzonic acid, a sul-
fosalicylic acid, and their related metal salts and ammonium
salts.

[0088] The binder resin used for the invention may contain
one kind or two or more kinds of commonly-used additives
for use with a synthetic resin. The specific examples of the
synthetic resin additives include differently shaped (in par-
ticle form, fibrous form, scale form) inorganic fillers, colo-
rants, antioxidants, release agents, antistatic agents, charge
control agents, lubricants, heat stabilizers, flame retardants,
drip inhibitors, ultraviolet absorbers, light stabilizers, light
shielding agents, metal deactivators, anti-aging agents,
smoothing agents, plasticizers, impact strength improvers,
and compatibilizers.

[0089] The toner of the invention may contain, in addition
to the biomass resin and the binder resin, a colorant. There is
no particular limitation to the selection of the colorant. For
example, an organic dye, an organic pigment, an inorganic
dye, and an inorganic pigment can be used.

[0090] The examples of a black colorant include carbon
black, copper oxide, manganese dioxide, aniline black, acti-
vated carbon, non-magnetic ferrite, magnetic ferrite, and
magnetite.

[0091] The examples of a yellow colorant include yellow
lead, zinc yellow, cadmium yellow, yellow iron oxide, min-
eral fast yellow, nickel titanium yellow, navel yellow, naphtol
yellow-S, hanza yellow-G, hanza-yellow 10G, benzidine yel-
low-G, benzidine yellow-GR, quinoline yellow lake, perma-
nent yellow-NCG, tartrazine lake, C.1I. pigment yellow 12,
C.I. pigment yellow 13, C.I. pigment yellow 14, C.I. pigment
yellow 15, C.I. pigment yellow 17, C.1. pigment yellow 74,
C.I. pigment yellow 93, C.I. pigment yellow 94, C.I. pigment
yellow 138, C.1. pigment yellow 180, and C.I. pigment yellow
185.

[0092] The examples ofan orange colorant include red lead
yellow, molybdenum orange, permanent orange GTR, pyra-
zolone orange, vulcan orange, indanthrene brilliant orange
RK, benzidine orange G, indanthrene brilliant orange GK,
C.I. pigment orange 31, and C.I. pigment orange 43.

[0093] The examples of a red colorant include colcothar,
cadmium red, red lead oxide, mercury sulfide, cadmium,
permanent red 4R, lysol red, pyrazolone red, watching red,
calcium salt, lake red C, lake red D, brilliant carmine 6B,
eosin lake, rhodamine lake B, alizarin lake, brilliant carmine
3B, C.I. pigment red 2, C.I. pigment red 3, C.1. pigment red 5,
C.I. pigment red 6, C.I. pigment red 7, C.I. pigment red 15,
C.I. pigment red 16, C.I. pigment red 48:1, C.I. pigment red
53:1, C.I. pigment red 57:1, C.I. pigment red 122, C.I. pig-
mentred 123, C.1. pigment red 139, C.1. pigment red 144, C 1.
pigment red 149, C.1. pigment red 166, C.I. pigment red 177,
C.I. pigment red 178, and C.I. pigment red 222.

[0094] The examples of a purple colorant include manga-
nese purple, fast violet B, and methyl violet lake.

[0095] The examples of a blue colorant include Prussian
blue, cobalt blue, alkali blue lake, Victoria blue lake, phtha-
locyanine blue, non-metal phthalocyanine blue, phthalocya-
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nine blue-partial chlorination product, fast sky blue, indan-
threne blue BC, C.I. pigment blue 15, C.I. pigment blue 15:2,
C.I.pigmentblue 15:3, C.I. pigment blue 16, and C.I. pigment
blue 60.

[0096] The examples ofa green colorant include chromium
green, chromium oxide, pigment green B, malachite green
lake, final yellow green C, and C.I. pigment green 7.

[0097] The examples of a white colorant include various
compounds such as zinc oxide, titanium oxide, antimony
white, and zinc sulfide.

[0098] These colorants may be used each alone, or two or
more of the colorants of different colors may be used in
combination. Two or more kinds of the colorants of identical
color family may be used in combination.

[0099] The toner particle 1 having formed therein the bio-
mass resin-containing domain 2 is obtained, as will hereinaf-
ter be described in detail, by aggregating, for example, at least
a binder resin particle slurry produced by dispersing a binder
resin and a biomass resin particle slurry produced by dispers-
ing a biomass resin.

[0100] FIG. 3 is a flowchart showing a first example of a
method of manufacturing the toner particle 1.

[Binder Resin Particle Dispersion Process]|

[0101] Inabinder resin particle dispersion process of Step
al, at least a binder resin is dispersed in a fluid medium to
form a binder resin particle slurry. The binder resin particle
slurry may contain other toner components such as a release
agent and a charge control agent. The release agent is added to
impart releasability to toner at the time of fixing the toner onto
a recording medium. Therefore, as compared with a case
where no release agent is used, it is possible to achieve a rise
in high-temperature offset start temperature and thereby
attain improved high-temperature offset resistance. More-
over, the application of heat during toner fixing causes the
release agent to melt, which results in a drop in fixing start
temperature. This leads to enhanced low-temperature fixabil-
ity. There is no particular limitation to the selection of the
release agent. The examples thereof include petroleum waxes
such as a paraffin wax and derivatives thereof and a microc-
rystalline wax and derivatives thereof; hydrocarbon-based
synthetic waxes such as a Fischer-Tropsch wax and deriva-
tives thereof, a polyolefin wax and derivatives thereof, a low-
molecular weight polypropylene wax and derivatives thereof,
and a polyolefin-based polymer wax (low-molecular weight
polyethylene wax) and derivatives thereof; plant-derived
waxes such as a carnauba wax and derivatives thereof, a rice
wax and derivatives thereof, a candelilla wax and derivatives
thereof, and a haze wax; animal-derived waxes such as a bees
wax and a spermaceti wax; fatty synthetic waxes such as fatty
acid amide and phenol fatty acid ester; long-chain carboxylic
acids and derivatives thereof; long-chain alcohols and deriva-
tives thereof; silicone-based polymers; and higher fatty acids.
The derivatives include an oxidative product, a product
obtained by block-copolymerizing a vinylic monomer and a
wax, a product obtained by graft-modifying a vinylic mono-
mer and a wax, and the like. The release agents may be used
each alone, or two or more kinds of them may be used in
combination.

[0102] The charge control agent is added to impart desir-
able chargeability to the toner. There is no particular limita-
tion to the selection of the charge control agent, and therefore
both the ones for positive charge control and the ones for
negative charge control can be used. The examples of a posi-
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tive charge control agent include a basic dye, quaternary
ammonium salt, quaternary phosphonium salt, aminopyrine,
a pyrimidine compound, a multinuclear polyamino com-
pound, aminosilane, a nigrosine dye and derivatives thereof,
a triphenylmethane derivative, guanidine salt, and amidine
salt. The examples of a negative charge control agent include
an oil soluble dye such as oil black and spiron black, a met-
allized azo compound, an azo complex dye, naphthene acid
metallic salt, metallic complex and metallic salt of a salicylic
acid and derivatives thereof (metal: chrome, zinc, zirconium,
and the like), fatty acid soap, long-chain alkylcarboxylic acid
salt, and resin acid soap. The charge control agents may be
used each alone, or two or more kinds of them may be used in
combination on an as needed basis.

[0103] While there is no particular limitation to a method of
dispersing the binder resin particles in the fluid medium and
thus the dispersion can be conducted by a publicly known
method, itis preferable to adopt a high-pressure homogenizer
method comprising a finely granulating step of Step al-(a), a
depressurizing step of Step al-(b), and a cooling step of Step
al-(c). In this case, the binder resin can be pulverized while
attaining a small particle size and a narrow particle size dis-
tribution range. In this embodiment, the binder resin particle
dispersion process is carried out by means of high-pressure
homogenizer.

[0104] The high-pressure homogenizer is composed of a
tank, a pressurizing unit, a heater, a pulverizing nozzle, a
pressure reduction module, and a cooling device. The tank is
a container-like member having an inner space for storing
therein a dispersion liquid obtained by dispersing the binder
resin in a fluid medium. The pressurizing unit applies pres-
sure to the dispersion liquid of the binder resin. The heater
applies heat to the dispersion liquid of the binder resin under
the pressure applied by the pressurizing unit. The pulverizing
nozzle allows the dispersion liquid of the binder resin in a heat
and pressure applied state to pass flowingly through a channel
formed therein, so that the binder resin can be pulverized into
binder resin particles. In this way, the binder resin particle
slurry is formed. The pressure reduction module performs
depressurization on the binder resin particle slurry in a heat
and pressure applied state to prevent generation of bubbles
caused by bumping. The cooling device cools down the
binder resin particle slurry in a heated state. The high-pres-
sure homogenizer is commercially available. As the specific
example thereof, NANO3000 (trade name) manufactured by
Beryu Co., Ltd. may be cited.

[0105] (Finely Granulating Step)

[0106] In the finely granulating step of Step al-(a), the
binder resin is pulverized and dispersed in a fluid medium
thereby to obtain a binder resin particle slurry. At firsts the
dispersion liquid containing the binder resin is stored in the
tank provided in the high-pressure homogenizer. As the fluid
medium to be mixed with the binder resin, a hydrophilic
medium such as water and alcohol is preferable for use. A
dispersion stabilizer, a viscosity improver, a surfactant, or the
like agent may be added in an appropriate manner. The dis-
persion liquid containing the binder resin stored in the tank is
pressurized by the pressurizing unit and heated by the heater,
and then passes flowingly through the channel formed in the
pulverizing nozzle. In this way, the binder resin is coarsely
crushed. While there is no particular limitation to the condi-
tions to be fulfilled in pressurizing and heating the dispersion
liquid of the binder resin at this time, it is preferable that the
dispersion liquid of the binder resin receives application of
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pressure in a range of 15 MPa or more and 120 MPa or less
and application of heat in a range of 10° C. or higher and
lower than the glass transition temperature (Tg) of the hinder
resin. The dispersion liquid in which the binder resin is
coarsely crushed further passes flowingly through the chan-
nel formed in the pulverizing nozzle so as for the hinder resin
to be finely granulated. In this way, the binder resin particle
slurry is obtained. While there is no particular limitation to the
conditions to be fulfilled in pressurization and heating per-
formed at this time, it is preferable that pressure is applied in
a range of 50 MPa or more and 250 MPa or less and heat is
applied at or above 50° C. Under the pressurizing and heating
conditions as described just above, the binder resin can be
pulverized with efficiency.

[0107] (Depressurizing Step)

[0108] In the depressurizing step of Step al-(b), the binder
resin particle slurry in a heat and pressure applied state is
subjected to pressure reduction. The pressure reduction mod-
ule reduces the pressure to atmospheric pressure level or to
near-atmospheric pressure level so as to prevent the binder
resin particle slurry in a heat and pressure applied state from
undergoing generation of bubbles caused by bumping.
[0109] (Cooling Step)

[0110] In the cooling step of Step al-(¢), the binder resin
particle slurry in a heated state is cooled down. The binder
resin particle slurry in a heated state is cooled down to
approximately 20° C. to 40° C. in a relatively short period of
time by the cooling device.

[0111] In the manner thus far described, there is obtained
the binder resin particle slurry. In this manufacturing method,
by properly adjusting such conditions as the pressure and (or)
temperature to be applied at the time of causing the dispersion
liquid to pass flowingly through the pulverizing nozzle, the
concentration of solid content in the hinder resin particle
slurry, and the frequency of pulverization, it is possible to
control the particle size of the resultant binder resin particle.
It is preferable that the conditions are adjusted in such a
manner that the volumetric average particle size of the binder
resin particles is less than or equal to 1 um, and more prefer-
ably falls in a range of from 0.01 pmto 1 pm. If the volumetric
average particle size exceeds 1 um, the particle size distribu-
tion of the eventually obtained toner particles will become
broad, which results in occurrence of free particles. This leads
to poor toner performance capability and reliability degrada-
tion.

[0112] [Biomass Resin Particle Dispersion Process]
[0113] In a biomass resin particle dispersion process of
Step a2, abiomass resinis dispersed in a fluid medium to form
a biomass resin particle slurry, which is a slurry of biomass
resin particles. While there is no particular limitation to a
method of dispersing the biomass resin particles in the fluid
medium and thus the dispersion can be conducted by a pub-
licly known method, it is preferable to adopt a high-pressure
homogenizer method comprising a finely granulating step of
Step a2-(a), a depressurizing step of Step a2-(b), and a cool-
ing step of Step a2-(¢). In this case, the biomass resin can be
pulverized while attaining a small particle size and a narrow
particle size distribution range. In this embodiment, the bio-
mass resin particle dispersion process is carried out by means
of the high-pressure homogenizer used in the binder resin
particle dispersion process described previously.

[0114] (Finely Granulating Step)

[0115] In the finely granulating step of Step a2-(a), the
biomass resin is pulverized and dispersed in a fluid medium



US 2009/0011355 Al

thereby to obtain a biomass resin particle slurry. As the fluid
medium to be mixed with the biomass resin, just like the fluid
medium used in the binder resin particle dispersion process, a
hydrophilic medium such as water and alcohol is preferable
for use. A dispersion stabilizer, a viscosity improver, a sur-
factant, or the like agent may be added in an appropriate
manner. At this time, it is preferable to avoid the addition of a
colorant. If a colorant is contained in the biomass resin, with
a filling effect brought about by the colorant, the biomass
resin will be reinforced, in consequence whereof there results
a rise in hardness and a rise in softening temperature. The
avoidance of inclusion of a colorant in the biomass resin
particle slurry makes it possible to prevent the softening tem-
perature of the biomass resin from rising, and thereby, in a
case where toner is fixed onto a recording medium under the
application of heat and pressure, prevent toner fixability deg-
radation. Moreover, the dispersion liquid containing the bio-
mass resin passes flowingly through the pulverizing nozzle
under pressurizing and heating conditions just as is the case
with the binder resin particle dispersion process. In this way,
the biomass resin is pulverized and finely granulated thereby
to obtain the biomass resin particle slurry. Since the biomass
resin is pulverized under the pressurizing and heating condi-
tions, the pulverization of the biomass resin can be achieved
with efficiency.

[0116] (Depressurizing Step)

[0117] Inthe depressurizing step of Step a2-(b), the biom-
ass resin particle slurry in a heat and pressure applied state is
subjected to pressure reduction. The pressure reduction mod-
ule reduces the pressure to atmospheric pressure level or to
near-atmospheric pressure level so as to prevent the biomass
resin particle slurry in a heat and pressure applied state from
undergoing generation of bubbles caused by bumping.
[0118] (Cooling Step)

[0119] In the cooling step of Step a2-(c), the biomass resin
particle slurry in a heated state is cooled down. The biomass
resin particle slurry in a heated state is cooled down to
approximately 20° C. to 40° C. in a relatively short period of
time by the cooling device. In this way, since the biomass
resin particle slurry is forcibly cooled down in a relatively
short period of time, it is possible to suppress the progress of
crystallization in the biomass resin particles, and thereby
prevent a decline in toner transparency.

[0120] In the manner thus far described, there is obtained
the biomass resin particle slurry. In this manufacturing
method, by properly adjusting such conditions as the pressure
and (or) temperature to be applied at the time of causing the
dispersion liquid to pass flowingly through the pulverizing
nozzle, the concentration of solid content in the biomass resin
particle slurry, and the frequency of pulverization, it is pos-
sible to control the particle size of the resultant biomass resin
particle. In this invention, it is preferable that the conditions
are adjusted in such a manner that the volumetric average
particle size of the biomass resin particles preferably falls in
arange of 0.5 um or more and 1 um or less. By doing so, as
will hereinafter be described in detail, it is possible to control
the domain diameter of the biomass resin-containing domain
2 contained in the toner particle 1 to be 1 pm or less, and more
preferably fall in a range of 0.5 um or more and 1 um or less.
[0121] [Aggregating Process]

[0122] Inan aggregating process of Step a3, a flocculant is
added to a mixture slurry obtained by mixing the binder resin
particle slurry and the biomass resin particle slurry to form a
slurry of the toner particles 1 (hereafter referred to as “toner
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particle slurry”). In the aggregating process, with use of a
granulating apparatus provided with an agitation container
for storing therein the mixture slurry of the binder resin par-
ticle slurry and the biomass resin particle slurry and an agi-
tation section disposed within the agitation container for agi-
tating the slurry, the mixture slurry is agitated.

[0123] As the flocculant used to aggregate the binder resin
particles and the biomass resin particles, for example, a
monovalent salt, a bivalent salt, and a trivalent salt can be
used. The examples of monovalent salts include a cationic
dispersant such as alkyl trimethyl ammonium chloride and an
inorganic salt such as sodium chloride, potassium chloride,
and ammonium chloride. The examples of bivalent salts
include magnesium chloride, calcium chloride, zinc chloride,
copper chloride (IT), magnesium sulfate, and manganese sul-
fate. The examples of trivalent salts include aluminum chlo-
ride and ferric chloride (III) Among those flocculants as
exemplified above, alkyl trimethyl ammonium chloride is
preferable for use. The specific examples of alkyl trimethyl
ammonium chloride include stearyl trimethyl ammonium
chloride, tri(polyoxyethylene) stearyl ammonium chloride,
and lauryl trimethyl ammonium chloride. The flocculants
may be used each alone, or two or more kinds of them may be
used in combination. While the additive amount of the floc-
culant is not particularly restricted and can be selected in a
wide adequate range, it is preferable that the content of the
flocculant in the mixture slurry should preferably fall in a
range of 0.1% by weight or more and 5% by weight or less
with respect to the total amount of the mixture slurry.

[0124] In this embodiment, following the addition of the
flocculant to the mixture slurry, the mixture slurry is heated
while being agitated by the granulating apparatus. The tem-
perature at which the mixture slurry is heated is not particu-
larly restricted, and thus it is determined properly in accor-
dance with such conditions as the particle size of the toner
particle 1 to be obtained, the concentration of solid content in
the mixture slurry, and the kind of the flocculent to be used. It
is preferable that the temperature at which the mixture slurry
is heated falls in a range of 65° C. or higher and lower than 90°
C. If the heating temperature is lower than 65° C., there may
be a case where the biomass resin-containing domain 2 to be
formed {fails to be fusion-bonded to the binder resin particle,
which results in a decline in toner durability. On the other
hand, if the heating temperature is higher than or equal to 90°
C., there may be a case where the biomass resin-containing
domain 2 to be formed is compatible with the binder resin
particle, which results in a decline in toner durability. The
temperature at which the mixture slurry is heated may be
changed properly in accordance with the degree of progress
of the aggregating action.

[0125] Moreover, the length of time that the granulating
apparatus continues agitation, as well as the speed of agita-
tion, is not particularly restricted and thus they are determined
properly in accordance with such conditions as the particle
size of the toner particle 1 to be obtained, the concentration of
solid content in the mixture slurry, and the kind of the floc-
culant to be used. The length of time to be spent in the
agitation of the mixture slurry and the agitation speed may be
changed properly in accordance with the degree of progress
of the aggregating action.

[0126] In the manner thus far described, there is obtained
the slurry of the toner particles 1 in which are formed the
biomass resin-containing domains 2. Since the biomass resin-
containing domains 2, the particle sizes of which fall within a
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predetermined range, are dispersed substantially uniformly in
the toner particle 1, it is possible to prevent that the biomass
resin is dispersed in a sea-island state in the toner particle 1.
Therefore, the biomass resin can be contained in the toner
particle 1 at a high percentage without impairing toner dura-
bility, and environmental contamination can thus be pre-
vented. Moreover, since occurrence of white turbidity result-
ing from biomass resin crystallization can be prevented, there
arises no decline in toner transparency. Accordingly, even in
the case of color toner applications, a sufficiently wide color
reproduction range can be secured and variation in character-
istics among the toner particles can be suppressed.

[0127] Inthis manufacturing method, by properly adjusting
the heating temperature, the length of time to be spent in
agitation, the speed of agitation, etc. set for the mixture slurry,
it is possible to control the particle size of the toner particle 1
to be obtained, as well as to control the domain diameter of the
biomass resin-containing domain 2 formed in the toner par-
ticle 1. In this invention, the toner particles 1 are produced
while exercising granularity control in such a manner that the
volumetric average particle size thereof preferably falls in a
range of 4 um or more and 8 um or less. The toner particles 1
having a volumetric average particle size in a range of 4 jum or
more and 8 um or less, when used as toner, offer excellent
charging stability and thus lend themselves to stable produc-
tion of a high-quality image which is high in density, resolu-
tion, and image reproducibility and is free from image imper-
fection.

[0128] Moreover, the biomass resin-containing domain 2 is
produced under the control such that its domain diameter is
preferably 1 um or less, and more preferably falls in a range of
0.5 um or more and 1 pum or less. By virtue of such a domain
diameter control, it is possible to prevent that the domain
diameter becomes so small that the binder resin and the bio-
mass resin are compatible with each other under application
of heat in, for example, the aggregating process. Therefore,
the glass transition temperature (Tg) of the binder resin can be
prevented from decreasing and toner preservation stability
degradation can thus be prevented. It is also possible to pre-
vent that the domain diameter becomes so large that the toner
particle 1 is increased in particle size. Therefore, a toner
composed of the toner particles 1 having a small particle size
can be produced. Moreover, by setting the domain diameter at
orbelow 1 um, itis possible to produce atoner that is excellent
in transparency. Further, since the rate at which the biomass
resin is exposed on the surface of toner can be kept low, it is
possible to maintain high toner preservation stability, as well
as to prevent an increase in the rate at which the biomass resin
is brought into contact with a recording medium at the time of
fixing and thereby prevent toner fixability degradation.
[0129] [Cleaning Process]

[0130] Inacleaning process of Step ad, following the cool-
ing of the toner particle slurry, the toner particles 1 contained
in the toner particle slurry are washed. The cleaning of the
toner particles 1 is conducted to remove, for example, the
surfactant, the dispersant, the viscosity improver, and so forth
contained in the toner particle slurry, and impurities derived
from these agents. Regarding a method of cleaning, for
example, the toner particle slurry is agitated under the addi-
tion of water, and then a supernatant fluid separated therefrom
by means of centrifugal separation or otherwise is removed. It
is preferable that the cleaning of the toner particles 1 is carried
out repeatedly until the electrical conductivity of the super-
natant fluid, which is measured with use of an electrical
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conductivity meter or the like device, is lowered to 10 uS/cm
or less, and more preferably 5 uS/cm or less.

[0131] [Separation Process]

[0132] In a separation process of Step a5, from the fluid
medium mixture solution containing the toner particles 1
having undergone the cleaning process, the toner particles 1
are separated and collected. While there is no particular limi-
tation to how to separate the toner particles 1 from the fluid
medium, for example, filtration, suction filtration, and cen-
trifugal separation can be adopted.

[0133] [Drying Process]

[0134] In adrying process of Step a6, the toner particles 1
having undergone the cleaning process and the separation
process are dried. While there is no particular limitation to
how to dry the toner particles 1, for example, a freeze drying
method and a flash drying method can be adopted. Upon the
toner particles 1 being dried, the production of the toner
particles 1 is completed.

[0135] FIG. 4 is a flowchart showing a second example of
the method of manufacturing the toner particle 1.

[Coloring Resin Melt-Kneading Process]

[0136] Inacoloringresin melt-kneading process of Step s1,
there is formed a melt-kneaded product which is composed
of, as essential constituents, a binder resin and a colorant, and
also a release agent, a charge control agent, etc. The release
agent is added to impart releasability to toner at the time of
fixing the toner onto a recording medium. Therefore, as com-
pared with a case where no release agent is used, it is possible
to achieve a rise in high-temperature offset start temperature
and thereby attain improved high-temperature offset resis-
tance. Moreover, the application of heat during toner fixing
causes the release agent to melt, which results in a drop in
fixing start temperature. This leads to enhanced low-tempera-
ture fixability. There is no particular limitation to the selection
of'the release agent. The examples thereof include petroleum
waxes such as a paraffin wax and derivatives thereof and a
microcrystalline wax and derivatives thereof; hydrocarbon-
based synthetic waxes such as a Fischer-Tropsch wax and
derivatives thereof, a polyolefin wax and derivatives thereof,
a low-molecular weight polypropylene wax and derivatives
thereof, and a polyolefin-based polymer wax (low-molecular
weight polyethylene wax) and derivatives thereof; plant-de-
rived waxes such as a carnauba wax and derivatives thereof, a
rice wax and derivatives thereof, a candelilla wax and deriva-
tives thereof, and a haze wax; animal-derived waxes such as a
bees wax and a spermaceti wax; fatty synthetic waxes such as
fatty acid amide and phenol fatty acid ester; long-chain car-
boxylic acids and derivatives thereof; long-chain alcohols
and derivatives thereof; silicone-based polymers; and higher
fatty acids. The derivatives include an oxidative product, a
product obtained by block-copolymerizing a vinylic mono-
mer and a wax, a product obtained by graft-modifying a
vinylic monomer and a wax, and the like. The release agents
may be used each alone, or two or more kinds of them may be
used in combination.

[0137] The charge control agent is added to impart desir-
able chargeability to the toner. There is no particular limita-
tion to the selection of the charge control agent, and therefore
both the ones for positive charge control and the ones for
negative charge control can be used. The examples of a posi-
tive charge control agent include a basic aye, quaternary
ammonium salt, quaternary phosphonium salt, aminopyrine,
a pyrimidine compound, a multinuclear polyamino com-
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pound, aminosilane, a nigrosine dye and derivatives thereof,
a triphenylmethane derivative, guanidine salt, and amidine
salt. The examples of a negative charge control agent include
oil soluble dyes such as oil black and spiron black, metallized
azo compounds, azo complex dyes, naphthene acid metallic
salts, metallic complexes and metallic salts of a salicylic acid
and derivatives thereof (metal: chrome, zinc, zirconium, and
the like), fatty acid soaps, long-chain alkylcarboxylic acid
salts, and resin acid soaps. The charge control agents may be
used each alone, or two or more kinds of them may be used in
combination on an as needed basis.

[0138] For example, the melt-kneaded product can be pro-
duced by dry-mixing the binder resin and the colorant, and, if
necessary, the release agent, the charge control agent, and so
forth by a mixer, and then kneading the resultant powdery
mixture by a kneading machine. The kneading temperature is
set to be higher than or equal to the melting temperature of the
binder resin (normally set at a temperature ranging from 80°
C. to 200° C., and more preferably a temperature ranging
from 100° C. to 150° C.). As the mixer, publicly known ones
can be used. The examples thereof include Henschel type
mixing apparatuses such as HENSCHELMIXER (trade
name) manufactured by Mitsui Mining Co., Ltd., SUPER-
MIXER (trade name) manufactured by KAWATA MFG Co.,
Ltd., and MECHANOMILL (trade name) manufactured by
Okada Seiko Co., Ltd., ANGMILL (trade name) manufac-
tured by Hosokawa Micron Corporation, HYBRIDIZATION
SYSTEM (trade name) manufactured by Nara Machinery
Co., Ltd., and COSMOSYSTEM (trade name) manufactured
by Kawasaki Heavy Industries, Ltd.

[0139] As the kneading machine, publicly known ones can
be used. For example, it is possible to use typical kneading
machines such as a kneader, a twin-screw extruder, a two-roll
mill, a three-roll mill, and a laboplast mill. The specific
examples of typical kneading machines include single- or
twin-screw extruders such as TEM-100B (trade name) manu-
factured by Toshiba Machine Co., Ltd. and PCM-65/87 and
PCM-30 (trade names) manufactured by Ikegai, Ltd., and
kneaders of open roll type such as KNEADEX (trade name)
manufactured by Mitsui Mining Co., Ltd. The melt-kneading
process may be carried out by using a plurality of kneading
machines.

[0140] [Coloring Resin Particle Dispersion Process]
[0141] In a coloring resin particle dispersion process of
Step s2, the melt-kneaded product produced in the coloring
resin melt-kneading process is dispersed in a fluid medium to
form a coloring resin particle slurry, which is a slurry of
coloring resin particles. While there is no particular limitation
to how to disperse the coloring resin particles in the fluid
medium and thus the dispersion can be conducted by a pub-
licly known method, it is preferable to adopt a high-pressure
homogenizer method comprising a finely granulating step of
Step s2(a), a depressurizing step of Step s2-(), and a cooling
step of Step s2-(¢). In this case, the melt-kneaded product can
be pulverized while attaining a small particle size and a nar-
row particle size distribution range. In this embodiment, the
coloring resin particle dispersion process is carried out by
means of the high-pressure homogenizer used in the binder
resin particle dispersion process described previously.
[0142] (Finely Granulating Step)

[0143] In the finely granulating step of Step s2-(a), the
melt-kneaded product is pulverized and dispersed in a fluid
medium thereby to obtain a coloring resin particle slurry. At
first, the dispersion liquid containing the melt-kneaded prod-
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uct is stored in the tank provided in the high-pressure homog-
enizer. While there is no particular limitation to the fluid
medium to be mixed with the melt-kneaded product so long as
itis aliquid matter which enables the melt-kneaded product to
be dispersed uniformly without causing dissolution, it is
desirable to use a hydrophilic medium such as water and
alcohol from the standpoints of easiness in process manage-
ment, liquid waste disposal following the completion of all of
the process steps, and easiness in handling. It is more desir-
able to use a hydrophilic medium containing a dispersion
stabilizer. It is preferable that the dispersion stabilizer is
added to the hydrophilic medium prior to the addition of the
melt-kneaded product to the hydrophilic medium.

[0144] As the dispersion stabilizer, those used customarily
in the relevant field can be used. Among them, a hydrophilic
polymeric dispersion stabilizer is preferable for use. The
examples of hydrophilic polymeric dispersion stabilizers
include a (meth)acrylic polymer, a polyoxyethylene polymer,
acellulose polymer, a polyoxyalkylene alkylaryl ether sulfate
salt and a polyoxyalkylene alkyl ether sulfate salt.

[0145] The (meth)acrylic polymer includes one kind or two
kinds of hydrophilic monomers selected from among acrylic
monomers such as a (meth)acrylic acid, an a-cyanoacrylic
acid, an a-cyanomethacrylic acid, an itaconic acid, a crotonic
acid, a fumaric acid, a maleic acid, and a maleic acid anhy-
dride; hydroxyl group-containing acrylic monomers such as
p-hydroxyethyl acrylate, f-hydroxyethyl methacrylate,
p-hydroxypropyl acrylate, f-hydroxypropyl methacrylate,
y-hydroxypropyl acrylate, y-hydroxypropyl methacrylate,
3-chloro-2-hydroxypropyl acrylate, and 3-chloro-2-hydrox-
ypropyl methacrylate; ester monomers such as diethylene
glycol monoacrylic ester, diethylene glycol monomethacrylic
ester, glycerol monoacrylic ester, and glycerol
monomethacrylic ester; vinyl alcohol monomers such as
N-methylol acrylamide and N-methylol methacrylamide;
vinyl alkyl ether monomers such as vinyl methyl ether, vinyl
ethyl ether, and vinyl propy! ether; vinyl alkyl ester mono-
mers such as vinyl acetate, vinyl propionate, and vinyl
butyrate; aromatic vinylic monomers such as styrene, c.-me-
thylstyrene, and vinyl toluene; amide monomers such as acry-
lamide, methacrylamide, diacetone acrylamide, and methylol
compounds thereof; nitrile monomers such as acrylonitrile
and methacrylonitrile; acid chloride monomers such as acry-
loyl chloride and methacryloyl chloride; vinylic nitrogen-
containing heterocyclic monomers such as vinylpyridine,
vinylpyrrolidone, vinylimidazole, and ethyleneimine; and
crosslinkable monomers such as ethylene glycol dimethacry-
late, diethylene glycol dimethacrylate, allyl methacrylate,
and divinylbenzene.

[0146] Examples of the polyoxyethylene polymer include
polyoxyethylene, polyoxypropylene, polyoxyethylene alkyl
amine, polyoxypropylene alkyl amine, polyoxyethylene
alkyl amide, polyoxypropylene alkyl amide, polyoxyethyl-
ene nonyl phenyl ether, polyoxyethylene lauryl phenyl ether,
polyoxyethylene stearyl phenyl ester, and polyoxyethylene
nonyl phenyl ester.

[0147] Examples of the cellulose polymer include methyl
cellulose, hydroxyethyl cellulose, and hydroxypropyl cellu-
lose.

[0148] Examples of the polyoxyalkylene alkylaryl ether
sulfate salt include sodium polyoxyethylene lauryl phenyl
ether sulfate, potassium polyoxyethylene lauryl phenyl ether
sulfate, sodium polyoxyethylene nonyl phenyl ether sulfate,
sodium polyoxyethylene oleyl phenyl ether sulfate, sodium
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polyoxyethylene cetyl phenyl ether sulfate, ammonium poly-
oxyethylene lauryl phenyl ether sulfate, ammonium polyoxy-
ethylene nonyl phenyl ether sulfate, and ammonium polyoxy-
ethylene oleyl phenyl ether sulfate.

[0149] Examples of the polyoxyalkylene alkyl ether sulfate
salt include sodium polyoxyethylene lauryl ether sulfate,
potassium polyoxyethylene lauryl ether sulfate, sodium poly-
oxyethylene oleyl ether sulfate, sodium polyoxyethylene
cetyl ether sulfate, ammonium polyoxyethylene lauryl ether
sulfate, and ammonium polyoxyethylene oleyl ether sulfate.
The dispersion stabilizers may be used each alone, or two or
more kinds of them may be used in combination. While the
additive amount of the dispersion stabilizer is not particularly
restricted, its content should preferably fall in a range of
0.05% by weight or more and 10% by weight or less, and
more preferably 0.1% by weight or more and 3% by weight or
less, with respect to the amount of the coloring resin particle
slurry.

[0150] The dispersion liquid of the melt-kneaded product
may be added with, in addition to the dispersion stabilizer, a
viscosity improver, a surfactant, or the like agent A viscosity
improver is effective in, for example, further fine granulation
of the coloring resin particles. A surfactant allows, for
example, further enhancement of the dispersibility of the
coloring resin particles with respect to the hydrophilic
medium. As the viscosity improver, it is desirable to use a
polysaccharide thickener selected from among synthetic
polymeric polysaccharides and natural polymeric polysac-
charides. As the synthetic polymeric polysaccharide, publicly
known ones can be used. For example, cationic cellulose,
hydroxyethyl cellulose, starch, an ionized starch derivative,
and a block polymer of starch and synthetic macromolecule
may be cited. As the natural polymeric polysaccharide, for
example, a hyaluronic acid, carrageenan, locust bean gum,
xanthan gum, guar gum, and gellan gum may be cited. The
viscosity improvers may be used each alone, or two or more
kinds of them may be used in combination. While the additive
amount of the viscosity improver is not particularly restricted,
its content should preferably fall in a range of 0.01% by
weight or more and 2% by weight or less with respect to the
total amount of the coloring resin particle slurry.

[0151] As the surfactant, sulfosuccinate ester salt may be
cited, for example, disodium lauryl sulfosuccinate, polyoxy-
ethylene disodium lauryl sulfosuccinate, polyoxyethylene
alkyl (C12 to C14) disodium sulfosuccinate, polyoxyethyl-
ene lauroyl ethanolamide disodium sulfosuccinate, and
sodium dioctyl sulfosuccinate. The surfactants may be used
each alone, or two or more kinds of them may be used in
combination. While the additive amount of the surfactant is
not particularly restricted, its content should preferably fall in
a range of 0.05% by weight or more and 0.2% by weight or
less with respect to the total amount of the coloring resin
particle slurry.

[0152] The dispersion liquid of the melt-kneaded product
stored in the tank provided in the high-pressure homogenizer
is pressurized by the pressurizing unit and heated by the
heater, and then passes flowingly through the channel formed
in the pulverizing nozzle. In this way, the melt-kneaded prod-
uct is coarsely crushed. While there is no particular limitation
to the conditions to be fulfilled in pressurizing and heating the
dispersion liquid of the melt-kneaded product at this time, it is
preferable that the dispersion liquid of the melt-kneaded
product receives application of pressure in a range of 15 MPa
ormore and 120 MPa or less and application ot heatin a range
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of 10° C. or higher and lower than the glass transition tem-
perature (Tg) of the binder resin. The dispersion liquid in
which the melt-kneaded product is coarsely crushed further
passes flowingly through the channel formed in the pulveriz-
ing nozzle so as for the melt-kneaded product to be finely
granulated. In this way, the coloring resin particle slurry is
obtained. While there is no particular limitation to the condi-
tions to be fulfilled in pressurization and heating performed at
this time, it is preferable that pressure is applied in a range of
50 MPa or more and 250 MPa or less and heat is applied at or
above 50° C. Under the pressurizing and heating conditions
as described just above, the melt-kneaded product can be
pulverized with efficiency.

[0153] (Depressurizing Step)

[0154] In the depressurizing step of Step s2-(b), the color-
ing resin particle slurry in a heat and pressure applied state is
subjected to pressure reduction. The pressure reduction mod-
ule reduces the pressure to atmospheric pressure level or to
near-atmospheric pressure level so as to prevent the coloring
resin particle slurry in a heat and pressure applied state from
undergoing generation of bubbles caused by bumping.
[0155] (Cooling Step)

[0156] In the cooling step of Step s2-(c), the coloring resin
particle slurry in a heated state is cooled down. The coloring
resin particle slurry in a heated state is cooled down to
approximately 20° C. to 40° C. in a relatively short period of
time by the cooling device.

[0157] In the manner thus far described, there is obtained
the coloring resin particle slurry containing the binder resin
and the colorant as essential constituents. In this manufactur-
ing method, by properly adjusting such conditions as the
pressure and (or) temperature to be applied at the time of
causing the dispersion liquid to pass flowingly through the
pulverizing nozzle, the concentration of solid content in the
coloring resin particle slurry, and the frequency of pulveriza-
tion, it is possible to control the particle size of the resultant
coloring resin particle. In this invention, it is preferable that
the conditions are adjusted in such a manner that the volu-
metric average particle size of the coloring resin particles is
preferably controlled to fall in a range of 0.2 um or more and
0.5 um or less, so that it can be ¥4 or above and V2 or below
with respect to the volumetric average particle size of the
biomass resin particles constituting the biomass resin-con-
taining domains 2 that will be described later. By doing so, it
is possible to prevent that the particle size of the coloring resin
particle which provides the effect of keeping toner durability
becomes too small, and thereby prevent a decline in toner
durability. It is also possible to prevent that the domain diam-
eter becomes so large that the biomass resin-containing
domains 2 dispersed in the toner particle 1 are bonded to each
other upon contact, and thereby prevent a decline in toner
durability.

[0158] Moreover, by adjusting the volumetric average par-
ticle size of the coloring resin particles to be % or above with
respect to the volumetric average particle size of the biomass
resin particles, it is possible to prevent the binder resin and the
biomass resin from being compatible with each other. There-
fore, a decrease in the glass transition temperature (Tg) of the
binder resin contained in the coloring resin can be prevented
and toner preservation stability degradation can thus be pre-
vented. On the other hand, by adjusting the volumetric aver-
age particle size of the coloring resin particles to be 2 or
below with respect to the volumetric average particle size of
the biomass resin particles, the rate at which the biomass resin
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is exposed on the surface of toner during the long-term run-
ning can be kept low. This makes it possible to maintain high
toner durability, as well as to prevent an increase in the rate at
which the biomass resin is brought into contact with a record-
ing medium at the time of fixing and thereby prevent toner
fixability degradation.

[0159] [Biomass Resin Particle Dispersion Process]
[0160] The biomass resin particle dispersion process of
Step s3 inthe second example of the manufacturing method is
carried out similarly to the biomass resin particle dispersion
process of Step a2 in the first example of the manufacturing
method described previously. To be specific, the biomass
resin particle dispersion process of Step s3 includes a finely
granulating step of Step s3-(a), a depressurizing step of Step
$3-(b) and a cooling step of Step s3-(¢). The finely granulating
step of Step s3-(a) is similar to the finely granulating step of
Step a2-(a) in the first example of the manufacturing method
described previously. Accordingly, the description thereof
will be omitted. The depressurizing step of Step s3-(b) is
similar to the depressurizing step of Step a2-(b) in the first
example of the manufacturing method described previously.
Accordingly, the description thereof will be omitted. The
cooling step of Step s3(c) is similar to the cooling step of Step
a2-(c) in the first example of the manufacturing method
described previously. Accordingly, the description thereof
will be omitted.

[0161] [Aggregating Process]

[0162] Inan aggregating process of Step s4, a flocculant is
added to a mixture slurry obtained by mixing the coloring
resin particle slurry and the biomass resin particle slurry to
aggregate the coloring resin particles and the biomass resin
particles. In this way, a slurry of the toner particles 1 (here-
after referred to as “toner particle slurry”) is formed. In the
aggregating process, with use of a granulating apparatus pro-
vided with an agitation container for storing therein the mix-
ture slurry of the coloring resin particle slurry and the biomass
resin particle slurry and an agitation section disposed within
the agitation container for agitating the slurry, the mixture
slurry is agitated.

[0163] As the flocculant used to aggregate the coloring
resin particles and the biomass resin particles, for example, a
monovalent salt, a bivalent salt, and a trivalent salt can be
used. The examples of monovalent salts include a cationic
dispersant such as alkyl trimethyl ammonium chloride and an
inorganic salt such as sodium chloride, potassium chloride,
and ammonium chloride. The examples of bivalent salts
include magnesium chloride, calcium chloride, zinc chloride,
copper chloride (IT), magnesium sulfate, and manganese sul-
fate. The examples of trivalent salts include aluminum chlo-
ride and ferric chloride (III). Among those flocculants as
exemplified above, alkyl trimethyl ammonium chloride is
preferable for use. The specific examples of alkyl trimethyl
ammonium chloride include stearyl trimethyl ammonium
chloride, tri(polyoxyethylene) stearyl ammonium chloride,
and lauryl trimethyl ammonium chloride. The flocculants
may be used each alone, or two or more kinds of them may be
used in combination. While the additive amount of the floc-
culant is not particularly restricted and can be selected in a
wide adequate range, it is preferable that the content of the
flocculant in the mixture slurry should preferably fall in a
range of 0.1% by weight or more and 5% by weight or less
with respect to the total amount of the mixture slurry.

[0164] In this embodiment, following the addition of the
flocculant to the mixture slurry, the mixture slurry is heated
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while being agitated by the granulating apparatus. The tem-
perature at which the mixture slurry is heated is not particu-
larly restricted, and thus it is determined properly in accor-
dance with such conditions as the particle size of the toner
particle 1 to be obtained, the concentration of solid content in
the mixture slurry, and the kind of the flocculant to be used. It
is preferable that the temperature at which the mixture slurry
is heated falls in a range of 65° C. or higher and lower than 90°
C. If the heating temperature is lower than 65° C., there may
be a case where the biomass resin-containing domain 2 to be
formed fails to be fusion-bonded to the coloring resin particle,
which results in a decline in toner durability. On the other
hand, if the heating temperature is higher than or equal to 90°
C., there may be a case where the biomass resin-containing
domain 2 to be formed is compatible with the coloring resin
particle, which results in a decline in toner durability. The
temperature at which the mixture slurry is heated may be
changed properly in accordance with the degree of progress
of the aggregating action.

[0165] Moreover, the length of time that the granulating
apparatus continues agitation, as well as the speed of agita-
tion, is not particularly restricted and thus they are determined
properly in accordance with such conditions as the particle
size of the toner particle 1 to be obtained, the concentration of
solid content in the mixture slurry, and the kind of the floc-
culant to be used. The length of time to be spent in the
agitation of the mixture slurry and the agitation speed may be
changed properly in accordance with the degree of progress
of the aggregating action.

[0166] In the manner thus far described, there is obtained
the slurry of the toner particles 1 in which are formed the
biomass resin-containing domains 2. Since the biomass resin-
containing domains 2, the particle sizes of which fall within a
predetermined range, are dispersed substantially uniformly in
the toner particle 1, it is possible to prevent that the biomass
resin is dispersed in a sea-island state in the toner particle 1.
Therefore, the biomass resin can be contained in the toner
particle 1 at a high percentage without impairing toner dura-
bility, and environmental contamination can thus be pre-
vented. Moreover, since occurrence of white turbidity result-
ing from biomass resin crystallization can be prevented, there
arises no decline in toner transparency. Accordingly, even in
the case of color toner applications, a sufficiently wide color
reproduction range can be secured and variation in character-
istics among the toner particles can be suppressed.

[0167] Inthis manufacturing method, by properly adjusting
the heating temperature, the length of time to be spent in
agitation, the speed of agitation, etc. set for the mixture slurry,
it is possible to control the particle size of the toner particle 1
to be obtained, as well as to control the domain diameter of the
biomass resin-containing domain 2 formed in the toner par-
ticle 1. In this invention, the toner particles 1 are produced
while exercising granularity control in such a manner that the
volumetric average particle size thereof preferably falls in a
range of 4 um or more and 8 um or less. The toner particles 1
having a volumetric average particle size in a range of 4 jum or
more and 8 pum or less, when used as toner, offer excellent
preservation stability even under application of heat in the
developing tank or the like, and thus lend themselves to stable
production of a high-quality image which is high in density,
resolution, and mage reproducibility and is free from image
imperfection.

[0168] Moreover, the biomass resin-containing domain 2 is
produced under the control such that its domain diameter is
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preferably 1 um or less, and more preferably falls in a range of
0.5 um or more and 1 pum or less. By virtue of such a domain
diameter control, it is possible to prevent that the domain
diameter becomes so small that the binder resin and the bio-
mass resin are compatible with each other under application
of'heat in, for example, the aggregating process. Therefore, a
decrease in toner durability can be prevented. It is also pos-
sible to prevent that the domain diameter becomes so large
that the toner particle 1 is increased in particle size. Therefore,
a toner composed of the toner particles 1 having a small
particle size can be produced.

[0169] Further, by setting the domain diameter at or below
1 pm, it is possible to produce a toner that is excellent in
transparency. In addition, since the rate at which the biomass
resin is exposed on the toner surface can be kept low, it is
possible to maintain high toner preservation stability, as well
as to prevent an increase in the rate at which the biomass resin
is brought into contact with a recording medium at the time of
fixing and thereby prevent toner fixability degradation.
[0170] [Cleaning Process]

[0171] Inacleaning process of Step s5, following the cool-
ing of the toner particle slurry, the toner particles 1 contained
in the toner particle slurry are washed. The cleaning of the
toner particles 1 is conducted to remove, for example, the
surfactant, the dispersant, the viscosity improver, and so forth
contained in the toner particle slurry, and impurities derived
from these agents. Regarding a method of cleaning, for
example, the toner particle slurry is agitated under the addi-
tion of water, and then a supernatant fluid separated therefrom
by means of centrifugal separation or otherwise is removed. It
is preferable that the cleaning of the toner particles 1 is carried
out repeatedly until the electrical conductivity of the super-
natant fluid, which is measured with use of an electrical
conductivity meter or the like device, is lowered to 10 puS/cm
or less, and more preferably 5 uS/cm or less.

[0172] [Separation Process]

[0173] In a separation process of Step s6, from the fluid
medium mixture solution containing the toner particles 1
having undergone the cleaning process, the toner particles 1
are separated and collected. While there is no particular limi-
tation to how to separate the toner particles 1 from the fluid
medium, for example, filtration, suction filtration, and cen-
trifugal separation can be adopted.

[0174] [Drying Process]

[0175] In a drying process of Step s7, the toner particles 1
having undergone the cleaning process and the separation
process are dried. While there is no particular limitation to
how to dry the toner particles 1, for example, a freeze drying
method and a flash drying method can be adopted. Upon the
toner particles 1 being dried, the production of the toner
particles 1 is completed.

[0176] FIG.5 is a flowchart showing a third example of the
method of manufacturing the toner particle 1.

[Binder Resin Particle Dispersion Process]

[0177] The binder resin particle dispersion process of Step
b1 in the third example of the manufacturing method is car-
ried out similarly to the binder resin particle dispersion pro-
cess of Step al in the first example of the manufacturing
method described previously. To be specific, the binder resin
particle dispersion process of Step b1 includes a finely granu-
lating step of Step b1-(a), a depressurizing step of Step b1-(b)
and a cooling step of Step b1-(c). The finely granulating step
of Step b1-(a) is similar to the finely granulating step of Step

Jan. 8, 2009

al-(a) in the first example of the manufacturing method
described previously. Accordingly, the description thereof
will be omitted. The depressurizing step of Step b1-(b) is
similar to the depressurizing step of Step al-(b) in the first
example of the manufacturing method described previously.
Accordingly, the description thereof will be omitted. The
cooling step of Step bl-(c) is similar to the cooling step of
Step al-(c) in the first example of the manufacturing method
described previously. Accordingly, the description thereof
will be omitted.

[0178] [Biomass Resin Particle Dispersion Process]
[0179] The biomass resin particle dispersion process of
Step b2 in the third example of the manufacturing method is
carried out similarly to the biomass resin particle dispersion
process of Step a2 in the first example of the manufacturing
method and the biomass resin particle dispersion process of
Step s3 in the second example of the manufacturing method
described previously. To be specific, the biomass resin par-
ticle dispersion process of Step b2 includes a finely granulat-
ing step of Step b2(a), a depressurizing step of Step b2(d) and
a cooling step of Step b2(c). The finely granulating step of
Step b2-(a) is similar to the finely granulating step of Step
a2-(a) in the first example of the manufacturing method and
the finely granulating step of Step s3-(a) in the second
example of the manufacturing method described previously.
Accordingly, the description thereof will be omitted. The
depressurizing step of Step b2-(b) is similar to the depressur-
izing step of Step a2-(5) in the first example of the manufac-
turing method and the depressurizing step of Step s3-(5) inthe
second example of the manufacturing method described pre-
viously. Accordingly, the description thereof will be omitted.
The cooling step of Step b2-(c) is similar to the cooling step
of Step a2-(¢) in the first example of the manufacturing
method and the cooling step of Step s3-(¢) in the second
example of the manufacturing method described previously.
[0180] [Colorant Particle Dispersion Process|

[0181] Ina colorant particle dispersion process of Step b3,
a colorant is dispersed in a fluid medium to form a colorant
particle slurry, which is a slurry of colorant particles. As the
fluid medium, just like the fluid medium used in the binder
resin particle dispersion process, a hydrophilic medium such
as water and alcohol is preferable for use. A dispersion sta-
bilizer, a viscosity improver, a surfactant, or the like agent
may be added in an appropriate manner. It is preferable that
the colorant is used in a proportion falling in a range of 5 parts
by weight or more and 50 parts by weight or less, and more
preferably 20 parts by weight or more and 40 parts by weight
or less, with respect to 100 parts by weight of the fluid
medium. If the proportion of colorant usage is less than 5
parts by weight, the amount of the colorant with respect to the
fluid medium becomes so small that the dispersion uniformity
will be impaired. On the other hand, if the proportion of
colorant usage exceeds 50 parts by weight, the amount of the
colorant with respect to the fluid medium becomes so large
that the viscosity of the colorant particle slurry will be unduly
high. Also in this case, the dispersibility is decreased.

[0182] As the dispersion stabilizer, an inorganic or organic
dispersant can be used. As the inorganic dispersant, a hydro-
philic inorganic dispersant is preferable for use. By using the
hydrophilic inorganic dispersant, it is possible to make the
particle sizes of colorant fine particles in the fluid medium
uniform even further. The examples of the hydrophilic inor-
ganic dispersant include silica, alumina, titania, calcium car-
bonate, magnesium carbonate, tricalcium phosphate, clay
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stone, diatomaceous earth, and bentonite. Among them, cal-
cium carbonate is preferable for use.

[0183] In the above-described inorganic dispersant, it is
preferable that the number average particle size of its primary
particles should preferably fall in a range of 1 nm or more and
1000 nm or less, and more preferably 5 nm or more and 500
nm or less, and further preferably 10 nm or more and 300 nm
or less. If the number average particle size of the primary
particles of the inorganic dispersant is smaller than 1 nm, it
will be difficult to disperse the inorganic dispersant in the
fluid medium. On the other hand, if the number average
particle size of the primary particles of the inorganic dispers-
ant exceeds 1000 nm, the difference in particle size between
colorant coarse powder and the inorganic dispersant becomes
so small that the colorant coarse powder cannot be kept dis-
persed in the fluid medium with stability.

[0184] It is preferable that the inorganic dispersant is used
in a proportion falling in a range of 1 part by weight or more
and 300 parts by weight or less, and more preferably 4 parts
by weight or more and 100 parts by weight or less, with
respect to 100 parts by weight of the colorant. If the propor-
tion of inorganic dispersant usage is less than 1 part by
weight, it will be difficult to disperse the inorganic dispersant
in the fluid medium. On the other hand, If the proportion of
inorganic dispersant usage exceeds 300 parts by weight, the
viscosity of the colorant particle slurry becomes so high that
the dispersibility could be decreased.

[0185] Moreover, in addition to the inorganic dispersant, a
polymeric dispersant may be added to the fluid medium. As
the polymeric dispersant, for example, the one having a
hydrophilic nature is preferable for use. A polymeric dispers-
ant having a carboxyl group is more desirable, yet the one
having no lipophilic group, such as a hydroxypropoxyl group
or methoxyl group is particularly desirable. The examples of
such a polymeric dispersant include water-soluble cellulose
ether such as carboxymethyl cellulose and carboxyethyl cel-
Iulose. Among them, carboxymethyl cellulose is particularly
desirable. It is preferable that the polymeric dispersant is used
in a proportion falling in a range of 0.1 part by weight or more
and 5.0 parts by weight or less with respect to 100 parts by
weight of the colorant.

[0186] As the organic dispersant, an anionic dispersant is
preferable for use. The anionic dispersant excels in capability
of improving the in-water dispersibility of the colorant par-
ticles. The examples of the anionic dispersant include a sul-
fonic acid type anionic dispersant, a sulfate type anionic
dispersant, a polyoxyethylene ether type anionic dispersant, a
phosphate type anionic dispersant, and polyacrylate. As the
specific examples of the anionic dispersant, sodium dodecyl-
benzenesulfonate, sodium polyacrylate, and polyoxyethyl-
ene phenyl ether can preferably be used. The anionic dispers-
ants may be used each alone, or two or more kinds of them
may be used in combination.

[0187] Moreover, the organic dispersant is not limited to
the anionic dispersant but may be ofa cationic dispersant. The
preferred examples of the cationic dispersant include an alkyl
trimethyl ammonium type cationic dispersant, an alkylamide
amine type cationic dispersant, an alkyl dimethyl benzyl
ammonium type cationic dispersant, a cationized polysaccha-
ride type cationic dispersant, an alkylbetaine type cationic
dispersant, an alkylamide betaine type cationic dispersant, a
sulfobetaine type cationic dispersant, an amine oxide type
cationic dispersant, and metallic salt. The examples of metal-
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lic salt include chloride salt such as sodium, potassium, cal-
cium, and magnesium, and also sulfate salt.

[0188] Among them, the alkyl trimethyl ammonium type
cationic dispersant is particularly desirable. The specific
examples thereof include stearyl trimethyl ammonium chlo-
ride, tri(polyoxyethylene) stearyl ammonium chloride, and
lauryl trimethyl ammonium chloride. The cationic dispers-
ants may be used each alone, or two or more kinds of them
may be used in combination.

[0189] While the additive amount of the organic dispersant
is not particularly restricted and can be selected in a wide
adequate range, it should preferably fall in a range of 0.1 part
by weight or more and 5 parts by weight or less with respect
to 100 parts by weight of the colorant. If the additive amount
is less than 0.1 part by weight, a colorant dispersion effect
brought about by the dispersant will be insufficient, which
gives rise to a possibility of occurrence of coagulation. How-
ever, even if the organic dispersant is added in an amount of
greater than 5 parts by weight, the dispersion effect cannot be
enhanced any longer, and in fact the viscosity of the colorant
particle slurry becomes so high that the dispersibility of the
colorant is decreased. This gives rise to a possibility of occur-
rence of coagulation.

[0190] As the dispersion stabilizer, a commercial item can
also be used. The examples of commercially available dis-
persants include BYK-182, BYK-161, BYK-116, BYK-111,
and BYK-2000 (manufactured by BYK Japan K.K.), Sol-
sperse-2000 and Solsperse-38500 (manufactured by AVE-
CIA K. K.), EFKA-4046 and EFKA-4047 (manufactured by
EFKA CHEMICALS Co., Ltd.), and Surfynol GA (manufac-
tured by Air Products and Chemicals, Inc.). The commer-
cially available dispersants may be used each alone, or two or
more kinds of them may be used in combination.

[0191] It is preferable that such a commercially available
dispersant is used in a proportion falling in a range of 10 parts
by weigh or more and 100 parts by weight or less, and more
preferably 20 parts by weight or more and 50 parts by weight
or less, with respect to 100 parts by weight of the colorant. If
the proportion of commercial dispersant usage is less than 10
parts by weight, a colorant dispersion effect brought about by
the dispersant will be insufficient, which gives rise to a pos-
sibility of occurrence of coagulation. On the other hand, ifthe
proportion of commercial dispersant usage exceeds 100 parts
by weight, the viscosity of the colorant particle slurry
becomes so high that the dispersibility of the colorant is
decreased. This gives rise to a possibility of occurrence of
coagulation.

[0192] There is no particular limitation to how to mix the
fluid medium and the dispersion stabilizer and thus the mix-
ing can be conducted by a publicly known method. In the case
of mixing the inorganic dispersant and the fluid medium, by
means of a disperser with dispersion media such as a ball mill
and a sand mill, a high-pressure disperser, an ultrasonic dis-
perser, or otherwise, the inorganic dispersant can be dispersed
in water. In the case of mixing the organic dispersant and the
fluid medium, the addition and dispersion process may be
conducted by any given method so long as the dispersant can
be dispersed uniformly in the fluid medium. It is preferable
that the colorant particle dispersion process is carried out by
a high-pressure homogenizer method comprising a finely
granulating step, a depressurizing step, and a cooling step. In
this case, the colorant can be pulverized while attaining a
small particle size and a narrow particle size distribution
range. In this embodiment, the colorant particle dispersion
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process is carried out by means of the high-pressure homog-
enizer used in the binder resin particle dispersion process
described previously.

[0193] (Finely Granulating Step)

[0194] In the finely granulating step of Step b3-(a), the
colorant is pulverized and dispersed in a fluid medium
thereby to obtain a colorant particle slurry. As the fluid
medium to be mixed with the colorant, just like the fluid
medium used in the binder resin particle dispersion process, a
hydrophilic medium such as water and alcohol is preferable
for use. A dispersion stabilizer, a viscosity improver, a sur-
factant, or the like agent may be added in an appropriate
manner. Moreover, the dispersion liquid containing the colo-
rant passes flowingly through the pulverizing nozzle under
pressurizing and heating conditions just as is the case with the
binder resin particle dispersion process. In this way, the colo-
rant is pulverized and finely granulated thereby to obtain the
colorant particle slurry. Since the colorant is pulverized under
the pressurizing and heating conditions, the pulverization of
the colorant can be achieved with efficiency.

[0195] (Depressurizing Step)

[0196] In the depressurizing step of Step b3-(b), the colo-
rant particle slurry in a heat and pressure applied state is
subjected to pressure reduction. The pressure reduction mod-
ule reduces the pressure to atmospheric pressure level or to
near-atmospheric pressure level so as to prevent the colorant
particle slurry in a heat and pressure applied state from under-
going generation of bubbles caused by bumping.

[0197] (Cooling Step)

[0198] In the cooling step of Step b3-(¢), the colorant par-
ticle slurry in a heated state is cooled down. The colorant
particle slurry in a heated state is cooled down to approxi-
mately 20° C. to 40° C. in a relatively short period of time by
the cooling device.

[0199] In the manner thus far described, there is obtained
the colorant particle slurry. In this manufacturing method, by
properly adjusting such conditions as the pressure and (or)
temperature to be applied at the time of causing the dispersion
liquid to pass flowingly through the pulverizing nozzle, the
concentration of solid content in the colorant particle slurry,
and the frequency of pulverization, it is possible to control the
particle size of the resultant colorant particle. In this inven-
tion, it is preferable that the conditions are adjusted in such a
manner that the average particle size of the colorant particles
preferably falls in a range of 50 nm or more and 200 nm or
less. If the average particle size of the colorant particles is
smaller than 50 nm, much time will be needed to achieve fine
granulation by the high-pressure homogenizer, and there
arises a possibility of re-aggregation of the finely-granulated
colorant particles. On the other hand, if the average particle
size of the colorant particles exceeds 200 nm, there arises a
possibility of deterioration in the dispersibility of the colorant
in the toner particles. For example, the average particle size of
the colorant particles can be measured by using a microscope
based on the laser light scattering method (trade name: DLS-
700, manufactured by Otsuka Electronics Co., Ltd.)

[0200] [Aggregating Process]

[0201] Inan aggregating process of Step b4, a flocculant is
added to a mixture slurry obtained by mixing the binder resin
particle slurry, the biomass resin particle slurry, and the colo-
rant particle slurry to aggregate the binder resin particles, the
biomass resin particles, and the colorant particles. In this way,
a slurry ofthe toner particles 1 (hereafter referred to as “toner
particle slurry”) is formed. In the aggregating process, with
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use of a granulating apparatus provided with an agitation
container for storing therein the mixture slurry of the binder
resin particle slurry, the biomass resin particle slurry, and the
colorant particle slurry and an agitation section disposed
within the agitation container for agitating the slurry, the
mixture slurry is agitated.

[0202] As the flocculent used to aggregate the binder resin
particles, the biomass resin particles, and the colorant par-
ticles, for example, a monovalent salt, a bivalent salt, and a
trivalent salt can be used. The examples of monovalent salts
include a cationic dispersant such as alkyl trimethyl ammo-
nium chloride and an inorganic salt such as sodium chloride,
potassium chloride, and ammonium chloride. The examples
of bivalent salts include magnesium chloride, calcium chlo-
ride, zinc chloride, copper chloride (II), magnesium sulfate,
and manganese sulfate. The examples of trivalent salts
include aluminum chloride and ferric chloride (I11). Among
those flocculants as exemplified above, alkyl trimethyl
ammonium chloride is preferable for use. The specific
examples of alkyl trimethyl ammonium chloride include
stearyl trimethyl ammonium chloride, tri(polyoxyethylene)
stearyl ammonium chloride, and lauryl trimethyl ammonium
chloride. The flocculants may be used each alone, or two or
more kinds of them may be used in combination. While the
additive amount of the flocculant is not particularly restricted
and can be selected in a wide adequate range, it is preferable
that the content of the flocculant in the mixture slurry should
preferably fall in a range of 0.1% by weigh or higher and 5%
by weight or lower with respect to the total amount of the
mixture slurry.

[0203] In this embodiment, following the addition of the
flocculant to the mixture slurry, the mixture slurry is heated
while being agitated by the granulating apparatus. The tem-
perature at which the mixture slurry is heated is not particu-
larly restricted, and thus it is determined properly in accor-
dance with such conditions as the particle size of the toner
particle 1 to be obtained, the concentration of solid content in
the mixture slurry, and the kind of the flocculant to be used. It
is preferable that the temperature at which the mixture slurry
is heated falls in a range of 65° C. or higher and lower than 90°
C. If the heating temperature is lower than 65° C., there may
be a case where the biomass resin-containing domain 2 to be
formed falls to be fusion-bonded to the binder resin particle,
which results in a decline in toner durability. On the other
hand, if the heating temperature is higher than or equal to 90°
C., there may be a case where the biomass resin-containing
domain 2 to be formed is compatible with the binder resin
particle, which results in a decline in toner durability. The
temperature at which the mixture slurry is heated may be
changed properly in accordance with the degree of progress
of the aggregating action.

[0204] Moreover, the length of time that the granulating
apparatus continues agitation, as well as the speed of agita-
tion, is not particularly restricted and thus they are determined
properly in accordance with such conditions as the particle
size of the toner particle 1 to be obtained, the concentration of
solid content in the mixture slurry, and the kind of the floc-
culant to be used. The length of time to be spent in the
agitation of the mixture slurry and the agitation speed may be
changed properly in accordance with the degree of progress
of the aggregating action.

[0205] In the manner thus far described, there is obtained
the slurry of the toner particles 1 in which are formed a
plurality of biomass resin-containing domains 2. Since the
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biomass resin-containing domains 2, the particle sizes of
which fall within a predetermined range, are dispersed sub-
stantially uniformly in the toner particle 1, it is possible to
prevent that the biomass resin is dispersed in a sea-island state
in the toner particle 1. Therefore, the biomass resin can be
contained in the toner particle 1 at a high percentage without
impairing toner durability, and environmental contamination
can thus be prevented. Moreover, since occurrence of white
turbidity resulting from biomass resin crystallization can be
prevented, there arises no decline in toner transparency.
Accordingly, even in the case of color toner applications, a
sufficiently wide color reproduction range can be secured and
variation in characteristics among the toner particles can be
suppressed.

[0206] Inthis manufacturing method, by properly adjusting
the heating temperature, the length of time to be spent in
agitation, the speed of agitation, etc. set for the mixture slurry,
it is possible to control the particle size of the toner particle 1
to be obtained, as well as to control the domain diameter of the
biomass resin-containing domain 2 formed in the toner par-
ticle 1. In this invention, the toner particles 1 are produced
while exercising granularity control in such a manner that the
volumetric average particle size thereof preferably falls in a
range of 4 um or more and 8 um or less. The toner particles 1
having a volumetric average particle size in a range of 4 jum or
more and 8 um or less, when used as toner, offer excellent
preservation stability even under application of heat in the
developing tank or the like, and thus lend themselves to stable
production of a high-quality image which is high in density,
resolution, and image reproducibility and is free from image
imperfection.

[0207] Moreover, the biomass resin-containing domain 2 is
produced under the control such that its domain diameter is
preferably 1 um or less, and more preferably falls in a range of
0.5 um or more and 1 pum or less. By virtue of such a domain
diameter control, it is possible to prevent that the domain
diameter becomes so small that the binder resin and the bio-
mass resin are compatible with each other under application
of'heat in, for example, the aggregating process. Therefore, a
decrease in toner durability can be prevented. It is also pos-
sible to prevent that the domain diameter becomes so large
that the toner particle 1 is increased in particle size and that
the particle size distribution and the shape distribution
become broad. Therefore, a toner composed of the toner
particles 1 having a small particle size can be produced.
[0208] Further, by setting the domain diameter at or below
1 pm, it is possible to produce a toner that is excellent in
transparency. In addition, since the rate at which the biomass
resin is exposed on the toner surface can be kept low, it is
possible to maintain high toner preservation stability, as well
as to prevent an increase in the rate at which the biomass resin
is brought into contact with a recording medium at the time of
fixing and thereby prevent toner fixability degradation.

[0209] [Cleaning Process]

[0210] Inacleaning process of Step b5, following the cool-
ing of the toner particle slurry, the toner particles 1 contained
in the toner particle slurry are washed. The cleaning of the
toner particles 1 is conducted to remove, for example, the
surfactant, the dispersant, the viscosity improver, and so forth
contained in the toner particle slurry, and impurities derived
from these agents. Regarding a method of cleaning, for
example, the toner particle slurry is agitated under the addi-
tion of water, and then a supernatant fluid separated therefrom
by means of centrifugal separation or otherwise is removed. It
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is preferable that the cleaning of the toner particles 1 is carried
out repeatedly until the electrical conductivity of the super-
natant fluid, which is measured with use of an electrical
conductivity meter or the like device, is lowered to 10 uS/cm
or less, and more preferably 5 uS/cm or less.

[0211] [Separation Process]

[0212] In a separation process of Step b6, from the fluid
medium mixture solution containing the toner particles 1
having undergone the cleaning process, the toner particles 1
are separated and collected. While there is no particular limi-
tation to how to separate the toner particles 1 from the fluid
medium, for example, filtration, suction filtration, and cen-
trifugal separation can be adopted.

[0213] [Drying Process]

[0214] Ina drying process of Step b7, the toner particles 1
having undergone the cleaning process and the separation
process are dried. While there is no particular limitation to
how to dry the toner particles 1, for example, a freeze drying
method and a flash drying method can be adopted. Upon the
toner particles 1 being dried, the production of the toner
particles 1 is completed.

[0215] In the manner thus far described, it is possible to
produce the toner particles 1 in each of which are formed the
biomass resin-containing domains 2. At this time, it is pref-
erable that the content of the biomass resin is set to fall in a
range of from 20 to 60 parts by weight with respect to 100
parts by weight of the toner. By doing so, it is possible to take
full advantage of the effect of preventing environmental con-
tamination brought about by the biomass resin, as well as to
attain sufficiently high toner durability.

[0216] Moreover, it is preferable to apply a coat of resin
onto the surface of the toner. In this case, the durability of the
toner can be improved even further. As a resin material used
for forming the resin coat, for example, polyacrylate, poly-
methacrylate, polystyrene, and their derivatives, and a styrene
acrylic resin may be cited. The examples of a method to apply
the resin coat on the toner surface include a spray method of
forming the resin coat by squirting a solution in which is
dissolved or dispersed the aforementioned resin at the toner,
an immersion method of forming the resin coat by immersing
the toner in a solution in which is dissolved or dispersed the
aforementioned resin, a coacervation method of precipitating
fine particles obtained by the emulsion polymerization
method on the toner surface with a salting-out effect, and an
in-situ method of forming the resin coat by subjecting the
monomers constituting the aforementioned resin to, for
example, emulsion polymerization on the toner surface. In
particular, itis desirable to form the resin coat by precipitating
styrene acrylic resin-made fine particles obtained through
emulsion polymerization on the toner surface.

[0217] The styrene acrylic resin formed by emulsion poly-
merization has resin particles of a small and uniform particle
size. It thus enables, when coated on the toner surface, for-
mation of an even, lamellar resin membrane. Moreover, the
styrene acrylic resin is low in the content of a polar group such
as an ester bond and is correspondingly low in hygroscopicity.
Therefore, its use helps improve the charging stability of the
toner even under a high-humidity environment. In order to
form a coat of resin made of styrene acrylic resin by precipi-
tating emulsion-polymerized fine particles on the toner sur-
face, at first, the fine particles obtained by emulsion polymer-
ization are added to the dispersion liquid of the toner. Next, a
flocculent such as calcium chloride is added to the mixture
during agitation under application of heat thereby to precipi-
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tate the emulsion-polymerized fine particles on the toner sur-
face. In this way, the toner surface is covered with the styrene
acrylic resin.

[0218] The toner particles produced in the heretofore
described manner may be mixed with an external additive
which serves, for example, powder fluidity enhancement,
frictional chargeability enhancement, provision of heat resis-
tance, long-life nature improvement, cleaning characteristic
improvement, and photoreceptor-surface abrasion property
control. The examples of external additives include silica fine
particles, titanium oxide fine particles, and alumina fine par-
ticles. The external additives may be used each alone, or two
or more kinds of them may be used in combination. It is
preferable that the amount of the external additive to be added
falls in a range of 0.1 part by weight or more and 10 parts by
weight or less with respect to 100 parts by weight of the toner
particles in consideration of, for example, the amount of
charge necessary for the toner, the influence of abrasion upon
the photoreceptor that could be exerted by the addition of the
external additive, and the environmental characteristic of the
toner.

[0219] The thereby produced toner embodying the inven-
tion can be used for development of electrostatic charge
images during the course of image formation performed by
means of electrophotography or electrostatic recording, as
well as for development of magnetic latent images during the
course of image formation performed by means of magnetic
recording. Moreover, the toner can be used either as a one-
component developer or a two-component developer.

[0220] Inacase where the toner is used as a one-component
developer, itis electrically charged by friction in a developing
sleeve with use of a blade, whereupon the toner is adhered
onto the sleeve. Thereby, the toner is conveyed to effect image
formation. In this regard, since the one-component developer
of the invention contains highly durable toner in which the
degree of crystallization in the biomass resin-containing
domain 2 is kept low, it follows that problems such as fusion-
bonding of toner to the blade and so forth and the filming of
photoreceptor hardly occur.

[0221] Thetwo-component developer of the invention con-
tains the toner as set forth hereinabove and a carrier. Accord-
ingly, it is possible to obtain a two-component developer
which causes little environmental contamination and is nev-
ertheless free from toner durability degradation. Moreover,
since the two-component developer contains the toner which
is highly transparent and is thus applicable to a color toner, it
is possible to obtain a two-component developer which
enables formation of a high-quality image exhibiting high
transparency.

[0222] As the carrier, magnetic particles can be used. The
specific examples of magnetic particles include a metal mate-
rial such as iron, ferrite, and magnetite and an alloy of these
metals and another metal such as aluminum or lead. Among
them, ferrite is preferable for use. It is also possible to use, as
the carrier, a resin-coating type carrier obtained by applying a
coat of resin to magnetic particles or a dispersed-in-resin type
carrier obtained by dispersing magnetic particles in a resin.
While there is no particular limitation to the selection of resin
for coating magnetic particles, for example, an olefin resin, a
styrenic resin, a styrene/acrylic resin, a silicone resin, an ester
resin, and a fluorine-containing polymer resin may be cited.
While there is also no particular limitation to the selection of
resin for use in the dispersed-in-resin type carrier, for
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example, a styrene acrylic resin, a polyester resin, a fluori-
nated resin, and a phenol resin may be cited.

[0223] It is preferable to impart a spherical shape or a flat
shape to the carrier. Moreover, while the volumetric average
particle size of the carrier is not particularly restricted, in view
ot high-quality image formation, it should preferably fallin a
range of 10 pm or more and 100 um or less, and more pref-
erably 20 um or more and 50 um or less. Further, the resis-
tivity of the carrier should preferably stand at 10° Q-cm or
above, and more preferably 10" Q-cm or above. The resis-
tivity of the carrier refers to a value obtained as follows. That
is, the carrier is placed in a case having a cross-sectional area
0f 0.50 cm® and is subjected to tapping. After that, a load of 1
kg/cm? is applied to the particles packed in the case, and a
voltage is impressed so as for an electric field of 1000 V/em to
be generated between the load and a bottom electrode. By
reading an electric current value given at this time, the value
representing the resistivity can be obtained. Ifthe resistivity is
unduly low, in a case where a bias voltage as applied to a
developing sleeve, an electric charge will be injected into the
carrier, thus causing the carrier particles to adhere easily to
the photoreceptor. Furthermore, a breakdown of bias voltage
tends to take place.

[0224] It is preferable that the magnetization intensity
(maximum magnetization) of the carrier falls in a range of 10
emu/g or more and 60 emu/g or less, and more preferably 15
emu/g or more and 40 emu/g or less. Depending on the degree
of magnetic flux density in a developing roller, under normal
developing roller’s magnetic flux density conditions, if the
magnetization intensity is less than 10 emu g, no magnetic
constraint force will be exerted, which could be causative of
scattering of toner. On the other hand, if the magnetization
intensity exceeds 60 emu/g, in a case of non-contact devel-
opment in which the carrier is caused to rise in a spicate or
ear-like form too high, it will be difficult to keep out of contact
with an image carrier, whereas, in a case of contact develop-
ment, a brush mark will be apt to occur in a toner image.
[0225] While there is no particular limitation to the propor-
tions of toner and carrier to be used in the two-component
developer and they can be selected properly in accordance
with the kinds of the toner and the carrier, in a case of using
ferrite carrier as an example, it is preferable to use the toner in
such a manner that the content of the toner in the developer
falls in a range of 2% by weight or higher and 30% by weight
or lower, and more preferably 2% by weight or higher and
20% by weight or lower, with respect to the total amount of
the developer. Moreover, in the two-component developer,
the rate at which the carrier is covered by the toner should
preferably fall in a range of 40% or higher and 80% by weight
or lower.

[0226] FIG. 6 is a sectional view showing the constitution
of an image forming apparatus 100 in accordance with one
embodiment of the invention. The image forming apparatus
100 is provided with a developing device 14 for performing
development with use of the two-component developer as
described above. Therefore, a high-quality toner image can be
formed on a photoreceptor drum 11 by the developing device
14 while preventing environmental contamination. This
makes it possible to form a high-quality image exhibiting
high transparency.

[0227] The image forming apparatus 100, which is built as
a multifunction printer having a copier capability, a printer
capability, and a facsimile capability, acts to form a full-color
or monochromatic image on a recording medium in response
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to image data transmitted. That is, the image forming appa-
ratus 100 is provided with three printing modes: a copier
mode (duplicator mode), a printer mode, and a FAX mode. In
this construction, for example, in response to a manipulated
input given via an operating section (not shown) and receipt
of a print job from a personal computer, a portable terminal
unit, an information recording/storage medium, and an exter-
nal instrument using a memory device, a printing mode selec-
tion is made by a control section (not shown). The image
forming apparatus 100 includes a toner image forming sec-
tion 7, a transfer section 3, a fixing section 4, a recording
medium feeding section 5, and a discharging section 6. In
order to deal with image data on different colors: black (b);
cyan (¢); magenta (m); and yellow (y) included in color image
data on an individual basis, the members constituting the
toner image forming section 7 and part of the members
included in the transfer section 3 are each correspondingly
four in number. Herein, the four pieces of the constituent
members of similar kind are distinguishable according to the
alphabetical suffixes indicating their respective colors added
to the reference symbols, and collectively, they are repre-
sented only by the reference symbols.

[0228] The toner image forming section 7 includes the pho-
toreceptor drum 11, a charging section 12, an exposure unit
13, the developing device 14, and a cleaning unit 15. The
charging section 12, the developing device 14, and the clean-
ing unit 15 are arranged in the order named along a direction
in which the photoreceptor drum 11 is rotated. The charging
section 12 is arranged vertically below the developing device
14 and the cleaning unit 15.

[0229] The photoreceptor drum 11, which is so supported
that it can be driven to rotate about its axis by a driving portion
(not shown), is composed of a conductive substrate (not
shown) and a photosensitive layer (not shown) formed on the
surface of the conductive substrate. The conductive substrate
may be formed in various shapes, for example, a cylindrical
shape, a circular columnar shapes and a lamellar sheet shape.
Among them, a cylindrical shape is preferable. The conduc-
tive substrate is constructed of an electrically conductive
material. As the electrically conductive material, those used
customarily in the relevant field can be used. The examples
thereof include a metal material such as aluminum, copper,
brass, zinc, nickel, stainless steel, chrome, molybdenum,
vanadium, indium, titanium, gold, and platinum, an alloy of
two or more kinds of these metals, an electrically conductive
film obtained by forming, on a film-shaped base such as a
synthetic resin film, a metal film, or paper, an electrically
conductive layer made of one kind or two or more kinds of
materials selected from among aluminum, an aluminum
alloy, tin oxide, gold, indium oxide, and the like substances,
and a resin composition product containing electrically con-
ductive particles and/or electrically conductive polymer.
Note that, as the film-shaped base used for the electrically
conductive film, the synthetic resin film is preferable, and a
polyester film is particularly preferable. Moreover, it is pref-
erable that the electrically conductive layer of the electrically
conductive film is formed by means of vapor deposition,
coating, or otherwise.

[0230] For example, the photosensitive layer is formed by
stacking a charge generating layer containing a charge gen-
erating substance and a charge transporting layer containing a
charge transporting substance on top of each other. At this
time, it is preferable to interpose an undercoat layer between
the conductive substrate and the charge generating layer or
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the charge transporting layer. With the provision of the under-
coat layer, it is possible to gain several advantages that flaws
and asperities existing on the surface of the conductive sub-
strate can be covered so as for the surface of the photosensi-
tive layer to be smoothed, that a deterioration in chargeability
in the photosensitive layer resulting from repeated use can be
prevented, and that the charging characteristic of the photo-
sensitive layer under a low-temperature and (or) low-humid-
ity environment can be enhanced. It is also possible to employ
a highly-durable layered photoreceptor of a three-layer struc-
ture having a photoreceptor surface protective layer as its
uppermost layer.

[0231] The charge generating layer contains a charge gen-
erating substance which generates electric charges by light
irradiation as the main component, and may also contain
publicly known binding resin, plasticizer, and sensitizer on an
as needed basis. As the charge generating substance, those
used customarily in the relevant field can be used. The
examples thereof include a perylene-based pigment such as
perylene imide and perylenic acid anhydride, a polycyclic
quinone-based pigment such as quinacridone and
anthraquinone, a phthalocyanine-based pigment such as met-
allophthalocyanine, metal-free phthalocyanine, and haloge-
nated metal-free phthalocyanine, a squarylium dye, an azu-
lenium dye, a thiapyrylium dye, and an azo pigment having a
carbazole skeleton, a styryl stilbene skeleton, a triphenyl
amine skeleton, a dibenzothiophene skeleton, an oxadiazole
skeleton, a fluorenone skeleton, a bisstilbene skeleton, a
distyryl oxadiazole skeleton, or a distyryl carbazole skeleton.

[0232] Among them, a metal-free phthalocyanine pigment,
an oxotitanyl phthalocyanine pigment, a bis azo pigment
containing a fluorene ring and/or fluorenone ring, a bis azo
pigment composed of aromatic amine, and a tris azo pigment
offer high charge generating capability and thus lend them-
selves to formation of a photosensitive layer having high
sensitivity. The charge generating substances may be used
each alone, or two or more kinds of them may be used in
combination. While the content of the charge generating sub-
stance is not particularly restricted, it should preferably fall in
a range of 5 parts by weight or more and 500 parts by weight
or less, and more preferably 10 parts by weight or more and
200 parts by weight or less, with respect to 100 parts by
weight of a binder resin contained in the charge generating
layer. As the binder resin for use in the charge generating
layer, those used customarily in the relevant field can be used.
The examples thereof include a melamine resin, an epoxy
resin, a silicone resin, polyurethane, an acrylic resin, a vinyl
chloride-vinyl acetate copolymer resin, polycarbonate, a phe-
noxy resin, polyvinyl butyral, polyallylate, polyamide, and
polyester. The binder resins may be used each alone, or two or
more kinds of them may be used in combination on an as
needed basis.

[0233] The charge generating layer is formed as follows.
The charge generating substance and the binder resin, and
also, if necessary, a plasticizer, a sensitizer, or the like agent,
are each dissolved or dispersed in an adequate amount in a
suitable organic solvent capable of dissolving or dispersing
such components thereby to prepare a coating liquid for
charge generating layer. This coating liquid for charge gen-
erating layer is applied onto the surface of the conductive
substrate. Lastly, a drying process is performed thereon.
While the film thickness of the thereby obtained charge gen-
erating layer is not particularly restricted, it should preferably
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fall in a range 01 0.05 pm or more and 5 um or less, and more
preferably 0.1 um or more and 2.5 um or less.

[0234] The charge transporting layer, which is laminated
on the charge generating layer, contains, as essential constitu-
ents, a charge transporting substance having a capability of
receiving and transporting electric charges generated from
the charge generating substance and a binder resin for use in
the charge transporting layer, and may also contain publicly
known antioxidant, plasticizer, sensitizer, lubricant, and the
like agent on an as needed basis. As the charge transporting
substance, those used customarily in the relevant field can be
used. The examples thereof include an electron donative sub-
stance such as poly-N-vinyl carbazole and its derivatives,
poly-y-carbazolyl ethyl glutamate and its derivatives, a con-
densation product of pyrene-formaldehyde and its deriva-
tives, polyvinylpyrene, polyvinyl phenanthrene, an oxazole
derivative, an oxodiazole derivative, an imidazole derivative,
9-(p-diethyl aminostyryl) anthracene, 1,1-bis(4-dibenzy-
laminophenyl) propane, styryl anthracene, styryl pyrazoline,
a pyrazoline derivative, phenylhydrazones, a hydrazone
derivative, a triphenylamine compound, a tetraphenyl-
diamine compound, a triphenylmethane compound, a stil-
bene compound, and an azine compound having a 3-methyl-
2-benzothiazoline ring, and an electron accepting substance
such as a fluorenone derivative, a dibenzothiophene deriva-
tive, an indenothiophene derivative, a phenanthrenequinone
derivative, an indenopyridine derivative, a thioxanthone
derivative, a benzo[c]cinnoline derivative, a phenazine oxide
derivative, tetracyanoethylene, tetracyanoquinodimethane,
bromanil, chloranil, and benzoquinone.

[0235] The charge transporting substances may be used
each alone, or two or more kinds of them may be used in
combination. While the content of the charge transporting
substance is not particularly restricted, it should preferably
fall in a range of 10 parts by weight or more and 300 parts by
weight or less, and more preferably, 30 parts by weight or
more and 150 parts by weight or less with respect to 100 parts
by weight of the binder resin contained in the charge trans-
porting layer. As the binder resin used for the charge trans-
porting layer, those used customarily in the relevant field and
allowing uniform dispersion of the charge transporting sub-
stance can be used. The examples thereof include polycar-
bonate, polyallylate, polyvinyl butyral, polyamide, polyester,
polyketone, an epoxy resin, polyurethane, polyvinylketone,
polystyrene, polyacrylamide, a phenol resin, a phenoxy resin,
a polysulfone resin, and copolymer resins thereof. Among
them, in view of the film forming property and the abrasion
resistance and electrical characteristics of the charge trans-
porting layer to be obtained, for example, polycarbonate con-
taining bisphenol 7Z as a monomer component (hereafter
referred to as “bisphenol Z type polycarbonate”) and a mix-
ture of bisphenol Z type polycarbonate and other polycarbon-
ate are preferable for use. The binder resins may be used each
alone, or two or more kinds of them may be used in combi-
nation.

[0236] It is preferable that the charge transporting layer
contains an antioxidant together with the charge transporting
substance and the binder resin for use in the charge transport-
ing layer. As the antioxidant, those used customarily in the
relevant field can be used, too. The examples thereof include
Vitamin E, hydroquinone, hindered amine, hindered phenol,
paraphenylene diamine, arylalkane and derivatives thereof,
an organic sulfur compound, and an organic phosphorus com-
pound. The antioxidants may be used each alone, or two or
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more kinds of them may be used in combination. While the
content of the antioxidant is not particularly restricted, it
should preferably fall in a range of 0.01 by weight or higher
and 10% by weight or lower, and more preferably, 0.05% by
weight or higher and 5% by weight or lower, with respect to
the total amount of the ingredients constituting the charge
transporting layer. The charge transporting layer can be
formed as follows. The charge transporting substance and the
binder resin, and also, if necessary, an antioxidant, a plasti-
cizer, a sensitizer, or the like agent, are each dissolved or
dispersed in an adequate amount in a suitable organic solvent
capable of dissolving or dispersing such components thereby
to prepare a coating liquid for charge transporting layer. This
coating liquid for charge transporting layer is applied onto the
surface of the charge generating layer. Lastly, a drying pro-
cess is performed thereon.

[0237] While the film thickness of the thereby obtained
charge transporting layer is not particularly restricted, it
should preferably fall in a range of 10 um or more and 50 um
or less, and more preferably 15 pm or more and 40 pum or less.
Note that it is possible to form instead a photosensitive layer
consisting of a single layer containing both a charge generat-
ing substance and a charge transporting substance. In this
case, various conditions such as the kind and content of the
charge generating substance and the charge transporting sub-
stance, thekind of the binder resin, and other additives may be
identical with those adopted in the case of forming the charge
generating layer and the charge transporting layer separately.
[0238] While this embodiment employs a photoreceptor
drum having formed thereon an organic photosensitive layer
using the charge generating substance and the charge trans-
porting substance as described hereinabove, it is possible to
employ instead a photoreceptor drum on which is formed an
inorganic photosensitive layer using silicon or the like sub-
stance.

[0239] Thecharging section 12 is disposed face to face with
the photoreceptor drum 11 and is spaced away from the
surface of the photoreceptor drum 11 along the direction of
the length of the photoreceptor drum 11. By the charging
section 12, the surface of the photoreceptor drum 11 is
charged up to predetermined polarity and potential. As the
charging section 12, for example, a charging device of charg-
ing brush-type, a charging device of charger type, a charging
device of pin-array charger type, and an ion generating device
can be used. Although, in this embodiment, the charging
section 12 is spaced away from the surface of the photorecep-
tor drum 11, the invention is not limited thereto. For example,
in a case of using a charging roller as the charging section 12,
the charging roller may be so disposed that it and the photo-
receptor drum are kept in pressure-contact with each other. It
is also possible to use a charging device of contact charging
type such as a charging brush and a magnetic brush.

[0240] The exposure unit 13 is disposed in such a manner
that a light beam corresponding to information of each color
emitted therefrom is caused to pass through a region between
the charging section 12 and the developing device 14 and is
eventually shone on the surface of the photoreceptor drum 11.
In the exposure unit 13, image information is converted into
light beams corresponding to data of different colors: b, ¢, m,
and y, so that the surface of the photoreceptor drum 11 in a
state of being charged at a uniform potential by the charging
section 12 can be exposed by the light beam corresponding to
the information of each color. On the exposed surface is
formed an electrostatic latent image. As the exposure unit 13,
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for example, a laser scanning unit having a laser applying
portion and a plurality of reflection mirrors can be used. It is
also possible to use a unit constructed by combining properly
an LED (Light Emitting Diode) array, a liquid crystal shutter,
and a light source.

[0241] FIG. 7 is a view showing the structure of the devel-
oping device 14 embodying the invention. The developing
device 14 includes a developing tank 20 and a toner hopper
21. The developing tank 20, which is disposed face to face
with the surface of the photoreceptor drum 11, is a container-
like member for forming a toner image that is a visible image
by developing an electrostatic latent image formed on the
surface of the photoreceptor drum 11 with the supply of toner.
The developing tank 20 accommodates toner in its inner
space. Moreover, in the inner space of the developing tank 20
are accommodated a roller member such as a developing
roller 22, a feeding roller 23, and a stirring roller 24 or a screw
member in such a manner that they are rotatably supported.
The developing tank 20 has an opening formed on a surface
thereof that faces the photoreceptor drum 11. At a location
facing the photoreceptor drum 11 through the opening is
disposed the developing roller 22 in such a manner that it can
be rotatably driven.

[0242] The developing roller 22 is a roller-like member for
feeding toner to the electrostatic latent image formed on the
surface of the photoreceptor drum 11 in a region where it is
brought into pressure-contact with or closest proximity to the
photoreceptor drum 11. In order to effect toner supply, on the
surface of the developing roller 22 is impressed a potential of
a polarity reverse to the polarity of the charge that the toner
bears as a development bias voltage. In this way, the toner
present on the surface of the developing roller 22 can be
supplied to the electrostatic latent image smoothly. Moreover,
by making a change to the value of the development bias
voltage, it is possible to control the amount of toner to be
supplied to the electrostatic latent image (toner attachment
amount).

[0243] The feeding roller 23 is a roller-like member dis-
posed face to face with the developing roller 22 in such a
manner as to be rotatably driven, and feeds toner to a region
around the developing roller 22. The stirring roller 24 is a
roller-like member disposed face to face with the feeding
roller 23 in such a manner as to be rotatably driven, and feeds
the toner having been re-supplied from the toner hopper 21
into the developing tank 20 to a region around the feeding
roller 23. The toner hopper 21 is so disposed that a toner
replenishment port (not shown in the figure), which is created
in the lower part thereof as seen in a vertical direction, com-
municates with a toner receiving port (not shown) which is
created in the upper part of the developing tank 20 in the
vertical direction. In accordance with the condition of con-
sumption of toner stored in the developing tank 20, the toner
hopper 21 effects the replenishment of toner. Note that the
toner hopper 21 does not necessarily have to be provided. In
this case, toner may be replenished directly from a toner
cartridge corresponding to each color.

[0244] Following the completion of toner image transfer
printing onto the recording medium, the cleaning unit 15
removes the toner remaining on the surface of the photore-
ceptor drum 11 to clean the surface of the photoreceptor drum
11. As the cleaning unit 15, for example, a platy member such
as a cleaning blade is used. Note that, in the image forming
apparatus 100 of the invention, an organic photoreceptor
drum is mainly used for the photoreceptor drum 11. Since the
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surface of the organic photoreceptor drum is predominantly
composed of a resin component, the organic photoreceptor
drum is susceptible to the progress of surface deterioration
caused by the chemical action of ozone resulting from corona
discharge occurring in the charging apparatus. However, the
deteriorated surface portion is worn under the frictional rub-
bing effect brought about by the cleaning unit 15 and is thus
removed, though gradually, without fail. Accordingly, the
problem of surface deterioration caused by ozone or the like
phenomenon can be solved as a matter of fact, and the charged
potential in the charging operation can be maintained with
stability for a longer period of time. Although, in this embodi-
ment, the cleaning unit 15 is provided, the invention is not
limited thereto; that is, the cleaning unit 15 does not neces-
sarily have to be provided.

[0245] According to the toner image forming section 7, the
surface of the photoreceptor drum 11 in a state of being
uniformly charged by the charging section 12 is irradiated
with signal light based on image data emitted from the expo-
sure unit 13 thereby to form an electrostatic latent image
thereon. Then, toner is supplied thereto from the developing
device 14 to form a toner image. After this toner image is
transferred onto an intermediary transfer belt 25, the toner
remaining on the surface of the photoreceptor drum 11 is
removed by the cleaning unit 15. Such a series of toner image
forming operations is carried out repeatedly.

[0246] The transfer section 3, which is located above the
photoreceptor drum 11, includes the intermediary transfer
belt 25, a driving roller 26, a driven roller 27, an intermediary
transfer roller 28 (b, C, m, y), a transfer belt cleaning unit 29,
and a transfer roller 30. The intermediary transfer belt 25 is an
endless belt-shaped member stretched between the driving
roller 26 and the driven roller 27, which forms a loop-like
traveling path. The intermediary transfer belt 25 is driven to
turn in a direction indicated by an arrow B. At the time when
the intermediary transfer belt 25 passes through the photore-
ceptor drum 11 while making contact therewith, a transfer
bias voltage of a polarity reverse to the polarity of the charge
that the toner on the surface of the photoreceptor drum 11
bears is impressed by the intermediary transfer roller 28
arranged face to face with the photoreceptor drum 11, with the
intermediary transfer belt 25 lying therebetween. In this way,
the toner image formed on the surface of the photoreceptor
drum 11 is transferred onto the intermediary transfer belt 25.

[0247] In a case of forming a full-color image, the toner
images of different colors formed on the photoreceptor drums
11 are transferred and overlaid one after another onto the
intermediary transfer belt 25, whereupon a full-color toner
image is formed. The driving roller 26 is so disposed that it
can be driven to rotate about its axis by a driving portion (not
shown). In accompaniment with the rotational drive of the
driving roller 26, the intermediary transfer belt 25 is driven to
turn in the direction of the arrow B. The driven roller 27 is so
disposed that it can be driven to rotate dependently with the
rotational drive of the driving roller 26. The driven roller 27
imparts a tension of predetermined level to the intermediary
transfer belt 25 to prevent it from sagging down. The inter-
mediary transfer roller 28 is brought into pressure-contact
with the photoreceptor drum 11, with the intermediary trans-
fer belt 25 lying therebetween, and is so disposed that it can be
driven to rotate about its axis by a driving portion (not shown).
Being connected with a power source (not shown) for apply-
ing the transfer bias voltage as described above, the interme-
diary transfer roller 28 is capable of transferring the toner
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image borne on the surface of the photoreceptor drum 11 onto
the intermediary transfer belt 25.

[0248] The transfer belt cleaning unit 29 is disposed face to
face with the driven roller 27, with the intermediary transfer
belt 25 lying therebetween, so as to make contact with the
outer peripheral surface of the intermediary transfer belt 25.
Since the toner that is adhered to the intermediary transfer belt
25 upon contact with the photoreceptor drum 11 is causative
of a stain on the back side of the recording medium, the
transfer belt cleaning unit 29 removes and collects the toner
attached to the surface of the intermediary transfer belt 25.
The transfer roller 30 is brought into pressure-contact with
the driving roller 26, with the intermediary transfer belt 25
lying therebetween, and is so disposed that it can be driven to
rotate about its axis by a driving portion (not shown). At a
pressure-contact portion of the transfer roller 30 and the driv-
ing roller 26 (transfer nip portion), the toner image conveyed
thereto while being borne on the intermediary transfer belt 25
is transferred onto the recording medium supplied from the
recording medium feeding section 5 which will be described
later. The recording medium bearing the toner image is sup-
plied to the fixing section 4. According to the transfer section
3, the toner image, which has been transferred from the pho-
toreceptor drum 11 to the intermediary transfer belt 25 at a
pressure-contact portion of the photoreceptor drum 11 and
the intermediary transfer roller 28, is conveyed to the transfer
nip portion as the intermediary transfer belt 25 is driven to
turn in the direction of the arrow B. Atthe transfer nip portion,
the toner image is transferred onto the recording medium.

[0249] The fixing section 4 is disposed downstream of the
transfer section 3 along a direction in which the recording
medium is conveyed, and includes a fixing roller 31 and a
pressure roller 32. The fixing roller 31 is so disposed that it is
rotatably driven by a driving portion (not shown). By the
fixing roller 31, the toner constituting the yet-to-be-fixed
toner image borne on the recording medium is heat-fused and
is thus fixed onto the recording medium. The fixing roller 31
has a heating portion (not shown) disposed interiorly thereof.
The heating portion applies heat to the fixing roller 31 so as to
heat the surface of the heating roller 31 to a predetermined
temperature (heating temperature). As the heating portion, for
example, a heater, ahalogen lamp, or the like can be used. The
heating portion is controlled by a fixing condition control
portion which will be described later. The heating tempera-
ture control to be exercised by the fixing condition control
portion will hereinafter be described in detail.

[0250] In the vicinity of the surface of the fixing roller 31,
a temperature detection sensor is disposed and detects the
surface temperature of the fixing roller 31. The result of
detection produced by the temperature detection sensor is
written to a memory portion of a control unit which will be
described later. The pressurizing roller 32 is so disposed as to
be brought into pressure-contact with the fixing roller 31, and
is so supported that it can be driven to rotate dependently with
the rotational drive of the fixing roller 31. The pressure roller
32 assists in the fixing of the toner image onto the recording
medium by pressing the toner against the recording medium
at the time when the toner is melted and fixed onto the record-
ing medium by the fixing roller 31. A pressure-contact portion
of the fixing roller 31 and the pressure roller 32 is defined as
a fixing nip portion. According to the fixing section 4, the
recording medium on which is transferred the toner image by
the transfer section 3 is held between the fixing roller 31 and
the pressurizing roller 32 and passes through the fixing nip
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portion. At this time, the toner image is pressed against the
recording medium under the application of heat. In this way,
the toner image is fixed onto the recording medium, where-
upon image formation is achieved.

[0251] Therecording medium feeding section 5 includes an
automatic paper feed tray 35, a pickup roller 36, conveying
rollers 37, registrationrollers 38, and a manual paper feed tray
39. The automatic paper feed tray 35, which is disposed in the
lower part of the image forming apparatus 100 in the vertical
direction, is a box-like member for storing the recording
mediums. The examples of the recording medium include
plain paper, color copy paper, sheets for overhead projector,
and postcards. By the pickup roller 36, the recording medi-
ums stored in the automatic paper feed tray 35 are taken out
and fed to a paper conveyance path S1 one by one. The
conveying rollers 37 are a pair of roller members that are so
disposed as to make pressure-contact with each other, and
conveys the recording medium toward the registration rollers
38.

[0252] The registration rollers 38 are a pair of roller mem-
bers that are so disposed as to make pressure-contact with
each other. By the registration rollers 38, the recording
medium fed from the conveying rollers 37 is fed to the trans-
fer nip portion in synchronism with the conveyance of the
toner image borne on the intermediary transfer belt 25 to the
transfer nip portion. The manual paper feed tray 39 is a device
storing recording mediums which are different from the
recording mediums stored in the automatic paper feed tray 35
and may have any size and which are to be taken into the
image forming apparatus 100. The recording medium taken
in from the manual paper feed tray 39 is made to pass through
apaper conveyance path S2 by means ofthe conveying rollers
37 and fed to the registration rollers 38. According to the
recording medium feeding section 5, the recording mediums
fed from the automatic paper feed tray 35 or the manual paper
feed tray 39 one by one are supplied to the transfer nip portion
in synchronism with the conveyance of the toner image borne
on the intermediary transfer belt 25 to the transfer nip portion.
[0253] The discharging section 6 includes the conveying
rollers 37, discharging rollers 40, and a catch tray 41. The
conveying rollers 37, which are disposed downstream of the
fixing nip portion along a direction in which a paper sheet is
conveyed, conveys the recording medium onto which is fixed
the image by the fixing section 4 toward the discharging
rollers 40. By the discharging rollers 40, the recording
medium having the fixed image is discharged into the catch
tray 41 disposed on the top surface of the image forming
apparatus 100 in the vertical direction. The catch tray 41
accommodates the recording media having the fixed images.
[0254] The image forming apparatus 100 includes a control
unit (not shown). For example, the control unit is disposed in
the upper part of the interior space of the image forming
apparatus 100, and includes a memory portion, a computing
portion, and a control portion. The memory portion of the
control unit receives input of, for example, various setting
values provided via an operation panel (not shown) disposed
on the top surface of the image forming apparatus 100, the
results of detection produced by sensors (not shown) or the
like devices arranged at predetermined locations within the
image forming apparatus 100, and image data provided from
an external apparatus. Moreover, programs for exercising
control of various functional elements are written to the
memory portion. The “various functional elements” refer to,
for example, a recording medium identifying portion, an
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attachment amount control portion, and the fixing condition
control portion. As the memory portion, those used custom-
arily in the relevant field can be used. The examples thereof
include a read-only memory (ROM), a random-access
memory (RAM), and a hard disk drive (HDD).

[0255] As the external apparatus, electrical/electronic
apparatuses that allow formation or acquisition of image data
and are electrically connectable to the image forming appa-
ratus 100 can be used. The examples thereof include a com-
puter, a digital camera, a television set, a video recorder, a
DVD (Digital Versatile Disc) recorder, a HDDVD (High-
Definition Digital Versatile Disc), a Blu-ray Disc recorder, a
facsimile machine, and a portable terminal apparatus. The
computing portion retrieves various data written to the
memory portion (an image formation command, the result of
detection, image data, etc.) and the programs for the various
functional elements to carry out judgment operations. In
response to the result of judgment produced by the computing
portion, the control portion issues control signals to pertinent
devices thereby to exercise operational control. The control
portion, as well as the computing portion, includes a process-
ing circuit realized by using a microcomputer, a micropro-
cessor, or the like device having a central processing unit
(CPU). The control unit includes, in addition to the process-
ing circuit described just above, a main power supply for
supplying electric power not only to the control unit but also
to various devices incorporated in the image forming appa-
ratus 100.

[0256] By performing image formation with use of the
toner, the two-component developer, the developing device,
and the image forming apparatus according to the invention,
it is possible to form a high-quality image exhibiting high
transparency while preventing environmental contamination.

EXAMPLES

[0257] Hereinafter, the invention will be described in detail
by way of Example and Comparative example. Note that the
glass transition temperature (Tg) and the softening tempera-
ture (Tm) of the binder resin used as the raw material for the
toner and the melting temperature of the release agent were
measured as follows.

[0258] <Glass Transition Temperature of Binder Resin>
[0259] A sample of 1 g was prepared for use and, with use
of'a differential scanning calorimeter (trade name: DSC 220,
manufactured by Seiko Instruments Inc.) and in conformity
with Japan Industrial Standards (JIS) K1721-1987, the
sample was heated at a temperature elevation rate of 10°
C./min to measure a DSC curve. As the glass transition tem-
perature (Tg), there was obtained a temperature at the point of
intersection between a straight line of the base line extending
from the high temperature side to the low temperature side
with respect to the endothermic peak of the DSC curve cor-
responding to glass transition and a tangential line drawn at a
point where the gradient was at the maximum with respect to
the curve from the starting part of the peak to the vertex.
[0260] <Softening Temperature of Binder Resin>

[0261] Inarheological characteristics evaluation apparatus
(trade name: Flow Tester CFT-100C, manufactured by Shi-
madzu Corporation), a load of 10 kgf/cm? (9.8x10° Pa) was
applied to extrude a sample of 1 g from a die (1 mm in nozzle
bore diameter and 1 mm in length) while applying heat at a
temperature elevation rate of 6° C./min. A temperature at
which half of the sample was flown out of the die was
obtained as the softening temperature.
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[0262] <Melting Temperature of Release Agent>

[0263] With use of a differential scanning calorimeter
(trade name: DSC 220, manufactured by Seiko Instruments &
Electronics Ltd.), a sample of 1 g was heated from 20° C. to
200° C. at a temperature elevation rate of 10° C./min, and was
thereafter cooled rapidly from 200° C. down to 20° C. This
operation was repeated twice and a DSC curve was measured.
As the melting temperature of the release agent, there was
obtained a temperature at a vertex of the endothermic peak of
the DSC curve corresponding to fusion measured in the sec-
ond run.

Example 1
Production of Coloring Resin Particle Slurry

[0264] Polyester resin (glass transition temperature (Tg):
58° C., softening temperature (Tm): 110° C.) in an amount of
82 parts by weight, phthalocyanine blue (trade name: Copper
phthalocyanine 15:3, manufactured by Clariant Corporation)
in an amount of 8 parts by weight, a paraffin-based wax
(melting temperature: 85° C.) in an amount of 8 parts by
weight, and a charge control agent (trade name: TRH, manu-
factured by Hodogaya Chemical Co., Ltd.) in an amount of 2
parts by weight were mixed together by Henschel Mixer for
10 minutes. The mixture was melt-kneaded by a twin-screw
extrusion kneader (trade name: PCM 65, manufactured by
Ikegai, [.td.) the resultant melt-kneaded product of 100 g (in
an amount of 10 parts by weight), sodium polyacrylate (trade
name: D-H14-N L1-7403 KN, manufactured by Nippon
Nyukazai Co., Ltd.) of 3 g (in an amount of 0.3 parts by
weight), which was added as an anionic surfactant, and water
(temperature: 20° C., electrical conductivity: 0.5 uS/cm) of
897 g (in an amount of 89.7% by weight) were mixed
together. The resultant mixture was placed in a tank of a
high-pressure homogenizer (trade name: NANO3000, manu-
factured by Beryu Co., L.td.) and was coarsely crushed under
the conditions of 25° C. and 100 MPa. Subsequently, fine
granulation was performed thereon by 3-pass circulation
under the conditions of 150° C. and 160 MPa to form a
coloring resin particle slurry. The resultant coloring resin
particles had a volumetric average particle size of 0.35 pm
(coefficient of variation (CV value): 30).

[0265] [Production of Biomass Resin Particle Slurry]
[0266] L-lactide of3 kg, DL-lactide of 2 kg, octylic acid tin
of' 1.2 g were fed in a polymerization reaction container and
heated at 195° C. under a nitrogen atmosphere for 1 hour to
effect ring-opening polymerization. After that, 1,3 pro-
panediol of 100 g and terephthalic acid of 50 g were added
thereto and polymerization is further conducted for 2 hours to
obtain a polylactic acid copolymer (CE-1) which had, as a
molecular weight, a mass average molecular weight Mw of
10500 and a number average molecular weight Mn 03900, a
softening temperature of 135° C., and an acid value of 8.8.
This polylactic acid copolymer (CE-1) of 100 g (in an amount
of 10 parts by weight), sodium polyacrylate (trade name:
D-H14-N L[-7403 KN, manufactured by Nippon Nyukazai
Co., Ltd.) of 5 g (in an amount of 0.5 parts by weight), which
was added as an anionic surfactant, and water (temperature:
20° C., electrical conductivity: 0.5 uS/cm) of 895 g (in an
amount of 89.5% by weight) were mixed together. The result-
ant mixture was placed in a tank of a high-pressure homog-
enizer (trade name: NANO3000, manufactured by Beryu Co.,
Ltd.) and was coarsely crushed under the conditions 0f 25° C.
and 100 MPa. Subsequently, fine granulation was performed
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thereon under the conditions of 160° C. and 180 MPa to form
a biomass resin particle slurry. The resultant biomass resin
particles had a volumetric average particle size of 0.85 um
(coefficient of variation (CV value): 32).

[0267] [Production of Toner Particles]

[0268] The resultant coloring resin particle slurry in an
amount of 50 parts by weight, the resultant biomass resin
particle slurry in an amount of 50 parts by weight, and, as a
flocculant to be added thereto, sodium chloride (trade name:
first-grade sodium chloride, manufactured by Kishida
Chemical Co., [.td.) in an amount of 3.0 parts by weight were
subjected to an agitation process for 10 minutes in an emul-
sification machine of single motion type (trade name:
CLEARMIX, manufactured by M Technique Co., Ltd.) under
the conditions of an aggregating temperature of 80° C. and a
speed of rotor revolution of 8000 rpm. After that, agitation
was further carried out for 5 minutes at 85° C. In this way,
there was formed a particle aggregate slurry constituted by
the aggregation of fine resin particles. The resultant particle
aggregate slurry was subjected to a cleaning process, a sepa-
ration process, and a drying process to obtain toner particles
(aggregated particles) having a volumetric average particle
size of 5.8 pm (coefficient of variation (CV value): 22). This
toner powder in an amount of 200 parts by weight and hydro-
phobic silica fine particles (trade name: RX-200, manufac-
tured by Nippon Aerosil Co., Ltd.) in an amount of 2.5 parts
by weight were mixed together to form a toner of Example 1.

Example 2
Production of Coloring Resin Particle Slurry

[0269] Polyester resin (glass transition temperature (Tg):
58° C., softening temperature (Tm): 110° C.) in an amount of
86 parts by weight, phthalocyanine blue (trade name: Copper
phthalocyanine 15:3, manufactured by Clariant Corporation)
in an amount of 4 parts by weight, a paraffin-based wax
(melting temperature: 85° C.) in an amount of 8 parts by
weight, and a charge control agent (trade name: TRH, manu-
factured by Hodogaya Chemical Industries) in an amount of
2 parts by weight were mixed together by Henschel Mixer for
10 minutes. The mixture was melt-kneaded by a twin-screw
extrusion kneader (trade name: PCM 65, manufactured by
Tkegai, [.td.) the resultant melt-kneaded product of 100 g (in
an amount of 10 parts by weight), sodium polyacrylate (trade
name: D-H14-N 1.-7403 KN, manufactured by Nippon
Nyukazai Co., Ltd.) of 3 g (in an amount of 0.3 parts by
weight), which was added as an anionic surfactant, and water
(temperature: 20° C., electrical conductivity: 0.5 puS/cm) of
897 g (in an amount of 89.7% by weight) were mixed
together. The resultant mixture was placed in a tank of a
high-pressure homogenizer (trade name: NANO3000, manu-
factured by Beryu Co., Ltd.) and is coarsely crushed under the
conditions of 25° C. and 100 MPa. Subsequently, fine granu-
lation was performed thereon by 3-pass circulation under the
conditions of 160° C. and 160 MPa to form a coloring resin
particle slurry. The resultant coloring resin particles had a
volumetric average particle size of 0.52 pm (coefficient of
variation (CV value): 29).

[0270] [Production of Biomass Resin Particle Slurry]
[0271] Polylactic acid (CE-1) in an amount of 96 parts by
weight and phthalocyanine blue (trade name: Copper phtha-
locyanine 15:3, manufactured by Clariant Corporation) in an
amount of 4 parts by weight were mixed together by Henschel
Mixer for 10 minutes. The mixture was melt-kneaded by a
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twin-screw extrusion kneader (trade name: PCM 65, manu-
factured by Ikegai, [.td.) This kneaded product of 100 g (in an
amount of 10 parts by weight), sodium polyacrylate (trade
name: D-H14-N L1-7403 KN, manufactured by Nippon
Nyukazai Co., Ltd.) of 5 g (in an amount of 0.5 parts by
weight), which was added as an anionic surfactant, and water
(temperature: 20° C., electrical conductivity: 0.5 uS/cm) of
895 g (in an amount of 89.5% by weight) were mixed
together. The resultant mixture was placed in a tank of a
high-pressure homogenizer (trade name: NANO3000, manu-
factured by Beryu Co., L.td.) and was coarsely crushed under
the conditions of 25° C. and 100 MPa. Subsequently, fine
granulation was performed thereon under the conditions of
170° C. and 200 MPa to form a biomass resin particle slurry.
The resultant biomass resin particles had a volumetric aver-
age particle size of 0.75 um (coefficient of variation (CV
value): 35).

[0272] [Production of Toner Particles]

[0273] With use of the coloring resin particle slurry and the
biomass resin particle slurry thus obtained, toner particles
having a volumetric average particle size of 5.6 um (coeffi-
cient of variation (CV value): 23) were formed in the same
manner as adopted in Example 1. The toner particles in an
amount of 200 parts by weight and hydrophobic silica fine
particles (trade name: RX-200, manufactured by Nippon
Aerosil Co., Ltd.) in an amount of 2.5 parts by weight were
mixed together to form a toner of Example 2.

Example 3

[0274] Toner particles having a volumetric average particle
size of 5.4 um (coefficient of variation (CV value): 22) were
formed basically in the same manner as adopted in Example
1, except that, in the production process of the biomass resin
particle slurry, the finely granulating step was conducted
under a temperature condition of 180° C. and a pressure
condition of 250 MPa, so that a biomass resin particle slurry
having a volumetric average particle size of 0.60 pm (coeffi-
cient of variation (CV value): 40) could be formed. The toner
particles thus obtained in an amount of 200 parts by weight
and hydrophobic silica fine particles (trade name: RX-200,
manufactured by Nippon Aerosil Co., [.td.) in an amount of
2.5 parts by weight were mixed together to form a toner of
Example 3.

Example 4

[0275] Toner particles having a volumetric average particle
size of 6.4 um (coefficient of variation (CV value): 25) were
formed basically in the same manner as adopted in Example
1, except that, in the production process of the biomass resin
particle slurry, the finely granulating step was conducted
under a temperature condition of 160° C. and a pressure
condition of 160 MPa, so that a biomass resin article slurry
having a volumetric average particle size of 1.15 pm (coeffi-
cient of variation (CV value): 40) could be formed. The toner
particles thus obtained in an amount of 200 parts by weight
and hydrophobic silica fine particles (trade name: RX-200,
manufactured by Nippon Aerosil Co., [.td.) in an amount of
2.5 parts by weight were mixed together to form a toner of
Example 4.

Example 5

[0276] On the surface of the toner of Example 1, 0.1 pm-
sized styrene acrylic resin-made fine particles (glass transi-
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tion temperature (Tg): 64° C., softening temperature (Tm):
122° C.) obtained by emulsion polymerization were precipi-
tated on the toner surface thereby to form a resin film having
afilm thickness of 0.15 pm. In this way, toner particles having
a volumetric average particle size of 5.8 um (coefficient of
variation (CV value): 22) were obtained. The toner particles
in an amount of 200 parts by weight and hydrophobic silica
fine particles (trade name: RX-200, manufactured by Nippon
Aerosil Co., Ltd.) in an amount of 2.5 parts by weight were
mixed together to form a toner of Example 5.

Example 6

[0277] Toner particles having a volumetric average particle
size of 5.7 um (coefficient of variation (CV value): 20) were
formed basically in the same manner as adopted in Example
1, except that, in the production process of the coloring resin
particle slurry, the finely granulating step is conducted under
atemperature condition 0f 150° C. and a pressure condition of
200 MPa, so that a coloring resin particle slurry having a
volumetric average particle size of 0.24 pm (coefficient of
variation (CV value): 28) could be formed. The toner particles
thus obtained in an amount of 200 parts by weight and hydro-
phobic silica fine particles (trade name: RX-200, manufac-
tured by Nippon Aerosil Co., Ltd.) in an amount of 2.5 parts
by weight were mixed together to form a toner of Example 6.

Example 7

[0278] Toner particles having a volumetric average particle
size of 6.1 um (coefficient of variation (CV value): 21) were
formed basically in the same manner as adopted in Example
3, except that the coloring resin particle slurry such as formed
in Example 6 was used. The toner particles thus obtained in an
amount of 200 parts by weight and hydrophobic silica fine
particles (trade name: RX-200, manufactured by Nippon
Aerosil Co., Ltd.) in an amount of 2.5 parts by weight were
mixed together to form a toner of Example 7.

Example 8

[0279] Toner particles having a volumetric average particle
size of 6.5 um (coefficient of variation (CV value): 26) were
formed basically in the same manner as adopted in Example
1, except that, in the production process of the coloring resin
particle slurry, the finely granulating step was conducted
under a temperature condition of 150° C. and a pressure
condition of 140 MPa, so that a coloring resin particle slurry
having a volumetric average particle size of 0.40 um (coeffi-
cient of variation (CV value): 32) could be formed. The toner
particles thus obtained in an amount of 200 parts by weight
and hydrophobic silica fine particles (trade name: RX-200,
manufactured by Nippon Aerosil Co., [.td.) in an amount of
2.5 parts by weight were mixed together to form a toner of
Example 8.

Example 9

[0280] Toner particles having a volumetric average particle
size of 5.5 um (coefficient of variation (CV value): 22) were
formed basically in the same manner as adopted in Example
3, except that the coloring resin particle slurry such as formed
in Example 8 and the biomass resin particle slurry such as
formed in Example 2 were used. The toner particles thus
obtained in an amount of 200 parts by weight and hydropho-
bic silica fine particles (trade name: RX-200, manufactured
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by Nippon Aerosil Co., Ltd.) in an amount of 2.5 parts by
weight were mixed together to form a toner of Example 9.

Example 10

[0281] Toner particles having a volumetric average particle
size of 5.5 um (coefficient of variation (CV value): 22) were
formed basically in the same manner as adopted in Example
3, except that, in the production process of the coloring resin
particle slurry, the finely granulating step was conducted
under a temperature condition of 150° C. and a pressure
condition of 230 MPa, so that a coloring resin particle slurry
having a volumetric average particle size of 0.12 pm (coeffi-
cient of variation (CV value): 28) could be formed. The toner
particles thus obtained in an amount of 200 parts by weight
and hydrophobic silica fine particles (trade name: RX-200,
manufactured by Nippon Aerosil Co., [.td.) in an amount of
2.5 parts by weight were mixed together to form a toner of
Example 10.

Example 11

[0282] Toner particles having a volumetric average particle
size of 5.5 um (coefficient of variation (CV value): 22) were
formed basically in the same manner as adopted in Example
6, except that, in the production process of the biomass resin
particle slurry, the finely granulating step was conducted
under a temperature condition of 185° C. and a pressure
condition of 260 MPa, so that a biomass resin particle slurry
having a volumetric average particle size of 0.50 pm (coeffi-
cient of variation (CV value): 35) could be formed. The toner
particles thus obtained in an amount of 200 parts by weight
and hydrophobic silica fine particles (trade name: RX-200,
manufactured by Nippon Aerosil Co., [.td.) in an amount of
2.5 parts by weight were mixed together to form a toner of
Example 11.

Example 12

[0283] Toner particles having a volumetric average particle
size of 5.6 um (coefficient of variation (CV value): 22) were
formed basically in the same manner as adopted in Example
1, except that, in the production process of the toner particles,
the blending amount of the coloring resin particle slurry and
that of the biomass resin particle slurry were changed to 35
parts by weight and 65 parts by weight, respectively. The
toner particles thus obtained in an amount of 200 parts by
weight and hydrophobic silica fine particles (trade name:
RX-200, manufactured by Nippon Aerosil Co., [.td.) in an
amount of 2.5 parts by weight were mixed together to form a
toner of Example 12.

Example 13

[0284] There were prepared: the biomass resin particle
slurry having a volumetric average particle size of 0.75 um
(coefficient of variation (CV value): 38) obtained in the pro-
duction process thereof under the conditions that the tempera-
ture was set at 175° C. and the pressure was set at 190 MPa in
the finely granulating step (in an amount of 40 parts by
weight); the slurry of 0.25 um-sized styrene acrylic resin
(glass transition temperature (Tg): 58° C., softening tempera-
ture (Tm): 112° C.)-made resin particles obtained by emul-
sion polymerization (in an amount of 47 parts by weight); the
slurry of phthalocyanine blue (trade name: Copper phthalo-
cyanine 15:3 manufactured by Clariant Corporation) dis-
persed at 0.08 pm (in an amount of 5 parts by weight); and a
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paraffin-based wax (melting temperature: 85° C.) dispersed at
0.4 pm (in an amount of 8 parts by weight). As a flocculant,
sodium chloride (trade name: first-grade sodium chloride,
manufactured by Kishida Chemical Co., Ltd.) in an amount of
2.5 parts by weight was added thereto. Then, those constitu-
ent components were subjected to an agitation process for 10
minutes in an emulsification machine of single motion type
(trade name: CLEARMIX, manufactured by M Technique
Co., Ltd.) under the conditions of an aggregating temperature
ot 80° C. and a speed of rotor revolution of 8000 rpm. After
that, agitation was further carried out for 5 minutes at 85° C.
In this way, a particle aggregate slurry constituted by the
aggregation of fine resin particles was formed. The resultant
particle aggregate slurry was subjected to a cleaning process,
a separation process, and a drying process to obtain toner
particles (aggregated particles) having a volumetric average
particle size of 5.3 pm (coefficient of variation (CV value):
20). This toner powder in an amount of 200 parts by weight
and hydrophobic silica fine particles (trade name: PX-200,
manufactured by Nippon Aerosil Co., [.td.) in an amount of
2.5 parts by weight were mixed together to form a toner of
Example 13.

Example 14

[0285] There were prepared: the slurry of 0.25 pm-sized
styrene acrylic resin (glass transition temperature (Tg): 58°
C., softening temperature (Tm): 112° C.)-made resin par-
ticles obtained by emulsion polymerization in an amount of
87 parts by weight; the slurry of phthalocyanine blue (trade
name: Copper phthalocyanine 15:3, manufactured by Clari-
ant Corporation) dispersed at 0.08 pm in an amount of 5 parts
by weight; and a paraffin-based wax (melting temperature:
85°C.) dispersed at 0.4 um in an amount of 8 parts by weight.
As a flocculent, sodium chloride (trade name: first-grade
sodium chloride, manufactured by Kishida Chemical Co.,
Ltd.) in an amount of 2.5 parts by weight was added thereto.
Then, those constituent components were subjected to an
agitation process for 10 minutes in an emulsification machine
of single motion type (trade name: CLEARMIX, manufac-
tured by M Technique Co., [.td.) under the conditions of an
aggregating temperature of 80° C. and a speed of rotor revo-
Iution of 8000 rpm. After that, agitation was further carried
out for 5 minutes at 85° C. In this way, a particle aggregate
slurry constituted by the aggregation of fine resin particles
was formed. The resultant particle aggregate slurry was sub-
jected to a cleaning process, a separation process, and a dry-
ing process to obtain toner particles (aggregated particles)
having a volumetric average particle size of 5.5 pm (coeffi-
cient of variation (CV value): 88). This toner powder in an
amount of 200 parts by weight and hydrophobic silica fine
particles (trade name: RX-200, manufactured by Nippon
Aerosil Co., Ltd.) in an amount of 2.5 parts by weight were
mixed together to form a toner of Example 14.

Example 15

[0286] Toner particles having a volumetric average particle
size of 5.4 um (coefficient of variation (CV value): 18) were
formed basically in the same manner as adopted in Example
14, except that the phthalocyanine blue slurry was not used.
The toner particles thus obtained in an amount of 200 parts by
weight and hydrophobic silica fine particles (trade name:
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RX-200, manufactured by Nippon Aerosil Co., [.td.) in an
amount of 2.5 parts by weight were mixed together to form a
toner of Example 15.

Example 16

[0287] On the surface of the toner of Example 14, 0.1
um-sized styrene acrylic resin-made fine particles (glass tran-
sition temperature (Tg): 64° C., softening temperature (Tm):
122° C.) obtained by emulsion polymerization were precipi-
tated on the toner surface thereby to form a resin film having
afilm thickness 0of 0.15 pm. In this way, toner particles having
a volumetric average particle size of 5.6 um (coefficient of
variation (CV value): 20) were obtained. The toner particles
in an amount of 200 parts by weight and hydrophobic silica
fine particles (trade name: RX-200, manufactured by Nippon
Aerosil Co., Ltd.) in an amount of 2.5 parts by weight were
mixed together to form a toner of Example 16.

Comparative Example 1

[0288] In the manufacturing method according to Com-
parative example 1, toner particles were obtained from a
mixture prepared by melting and kneading polylactic acid
serving as the biomass resin, polyester resin serving as the
binder resin, and so forth. Therefore, the biomass resin was
dispersed in the toner particle in a state of being compatible
with the binder resin. The toner particle manufacturing
method of Comparative example would be set forth hereun-
der.

[0289] Polylactic acid (CE-1) in an amount of 40.5 parts by
weight, polyester resin (glass transition temperature (Tg): 60°
C., softening temperature (ITm): 110° C.) in an amount of 40.5
parts by weight, phthalocyanine blue (trade name: Copper
phthalocyanine 15:3, manufactured by Clariant Corporation)
in an amount of 4 parts by weight, a paraffin-based wax
(melting temperature: 85° C.) in an amount of 4 parts by
weight, and a charge control agent (trade name: TRH, manu-
factured by Hodogaya Chemical Industries) in an amount of
1 part by weight were mixed together by Henschel Mixer for
10 minutes. The mixture was melt-kneaded by a twin-screw
extrusion kneader (trade name: PCM 65, manufactured by
Ikegai, [.td.) the resultant melt-kneaded product of 100 g (in
an amount of 10 parts by weight), sodium polyacrylate (trade
name: D-H14-N L1-7403 KN, manufactured by Nippon
Nyukazai Co., Ltd.) of 5 g (in an amount of 0.5 parts by
weight), which was added as an anionic surfactant, and water
(temperature: 20° C., electrical conductivity: 0.5 uS/cm) of
895 g (in an amount of 89.5% by weight) were mixed
together. The resultant mixture was placed in a tank of a
high-pressure homogenizer (trade name: NANO3000, manu-
factured by Beryu Co., Ltd) and was coarsely crushed under
the conditions of 25° C. and 100 MPa. Subsequently, fine
granulation was performed thereon under the conditions of
160° C. and 185 MPa to form a resin particle slurry. The
resultant resin particles had a volumetric average particle size
01 0.82 um (coefficient of variation (CV value): 29).

[0290] Next, as a flocculant, sodium chloride (trade name:
first-grade sodium chloride, manufactured by Kishida
Chemical Co., [.td.) in an amount of 3.2 parts by weight was
added to the resultant resin particle slurry in an amount of 100
parts by weight. The mixture was subjected to an agitation
process for 10 minutes in an emulsification machine of single
motion type (trade name: CLEARMIX, manufactured by M
Technique Co., Ltd.) under the conditions of an aggregating
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temperature of 80° C. and a speed of rotor revolution of 8000
rpm. After that, agitation was further conducted for 5 minutes
at85° C. In this way, a particle aggregate slurry constituted by
the aggregation of resin particles was formed. The resultant
particle aggregate slurry was subjected to a cleaning process,
a separation process, and a drying process to obtain toner
particles having a volumetric average particle size of 5.8 um
(coefficient of variation (CV value): 22). The toner particles
in an amount of 200 parts by weight and hydrophobic silica
fine particles (trade name: RX-200, manufactured by Nippon
Aerosil Co., Ltd.) in an amount of 2.5 parts by weight were
mixed together to form a toner of Comparative example 1.

[0291] Evaluations were made as to the toners of Examples
and Comparative example in terms of domain diameter, volu-
metric average particle size, coefficient of variation, fixabil-
ity, durability, and transparency. The methods for evaluation
were as follows.

[0292]

[0293] The domain diameter of the biomass resin-contain-
ing domain contained in the toner particle was equivalent to
the diameter of the section of the domain in a circularly-
converted state. The dispersive condition of the biomass
resin-containing domains within the toner particle could be
recognized as follows. A solidified product was prepared by
embedding the toner particles in an epoxy resin which was
hardenable at an ordinary temperature. This solidified prod-
uct was cut into ultrathin slices having a thickness of approxi-
mately 100 um by means of a microtome having a diamond
cutting edge. Then, the section of the toner particle was
observed at a magnification of 20000 by a transmission type
electron microscope (TEM, trade name: H-8100, manufac-
tured by Hitachi, [.td.) The domain diameter of the biomass
resin-containing domain thereby recognized was equivalent
to the diameter of the section of the domain in a circularly-
converted state.

<Domain Diameter>

[0294] <Volumetric Average Particle Size and Coefficient
of Variation>
[0295] A sample of 20 mg and sodium alky] ether sulfuric

ester of 1 ml were added to an electrolysis solution (trade
name: ISOTON-IL, manufactured by Beckman Coulter, Inc.)
of' 50 ml. The resultant mixture was subjected to a dispersion
process for 3 minutes at an ultrasonic frequency of 20kHz by
means of a supersonic disperser (trade name: UH-50, manu-
factured by STM Corporation) thereby to prepare a specimen
for measurement. Then, under the condition that aperture
diameter: 20 um, the number of particles to be measured:
50,000 counts, measurement was made on the specimen for
measurement by means of a particle size distribution measur-
ing apparatus (trade name: Multisizer 3, manufactured by
Beckman Coulter, Inc.) to obtain a volumetric average par-
ticle size on the basis of the volumetric particle size distribu-
tion of the particles ofthe specimen. Moreover, the coefficient
of variation of the toner was obtained by calculation on the
basis of the volumetric average particle size and the standard
deviation thereof in accordance with the following formula.
Note that the volumetric average particle sizes and the coef-
ficients of variation as to the coloring resin particles and the
biomass resin particles described hereinabove were also mea-
sured in this manner.

Coefficient of variation CV (%)=(Standard deviation
in volumetric particle size distribution/Volumetric
average particle size)x100
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[0296] <Fixability>

[0297] The developer containing the toner of each of
Examples and Comparative example was charged into a
machine ARC-150 manufactured by Sharp Corporation serv-
ing as an image forming apparatus. In this state, the image
forming apparatus was operated with a process speed of 88
mm/sec to form unfixed images on recording paper sheets
(basis weight: 52 g/m?) through image output according to a
predetermined chart. The unfixed image formed on the
recording paper sheet was fixed into place while changing the
temperature by means of an oil-less fixing type external fixing
machine. Then, the presence or absence of offset on the
recording paper sheet on and after the second turn of the
fixing roller was evaluated by visual observation. The criteria
for evaluation were as follows.

[0298] Excellent: Very favorable level (there occurs no oft-
set in a temperature range of from 120° C. to 200° C. during
fixing)

[0299] Good: Favorable level (there occurs no offset in a

temperature range of from 130° C. to 190° C. during fixing)

[0300] Not Bad: Level of causing no problem in actual use
[0301] Poor: Impractical level

[0302] <Durability>

[0303] The developer containing the toner of each of

Examples and Comparative example was charged into the
machine ARC-150 manufactured by Sharp Corporation serv-
ing as an image forming apparatus. Under the environmental
conditions of an air temperature of 20° C. and a relative
humidity of 50%, the image forming apparatus was operated
with a process speed of 88 mm/sec to form images on A4-size
recording paper sheets (basis weight: 75 g/m?) through image
output according to a predetermined chart. At this time, image
formation was performed on 10,000 pieces of the recording
paper sheets, and the white paper portions were evaluated by
visual observation after printing 10,000 pieces of the record-
ing paper sheets. The criteria for evaluation were as follows.

[0304] Excellent: Very favorable level

[0305] Good: Favorable level

[0306] Not Bad: Level of causing no problem in actual use
[0307] Poor: Impractical level

[0308] Note that, regarding the toner of Example 14, the

toner particle size distribution was measured by means of
Coulter counter after printing 10,000 pieces of the recording
paper sheets. From the fact that there was little difference
between the particle size distribution as seen before the print-
ing operation and that as seen after the printing operation, it
was determined that the durability of the toner of Example 14
stood at the satisfactory level.

[0309] <Transparency>

[0310] The developer containing the toner of each of
Examples and Comparative example was charged into the
machine ARC-150 manufactured by Sharp Corporation serv-
ing as an image forming apparatus. In this state, the image
forming apparatus was operated with a process speed of 88
mm/sec. Under the development and fixing conditions where
chromaticity (hue degree) and chromaticness (color satura-
tion degree) were optimized, images were formed on OHP
sheets (manufactured by sharp document systems corpora-
tion: 17188 OHP) through image output according to a pre-
determined chart. Then, practical utility evaluation was made
by visual observation. The criteria for evaluation were as
follows.

[0311] Excellent: Very favorable level

[0312] Good: Favorable level

[0313] Not Bad: Level of causing no problem in actual use
[0314] Poor: Impractical level
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[0315] <Storage Stability>

[0316] The toner of each of Examples and Comparative
example 0of300 g was placed in a toner bottle for exclusive use
and left standing in a constant-temperature bath kept at 50° C.
for two days. After that, the toner was sifted through a 400-
mesh sieve to check the rate of aggregate existence. The
criteria for evaluation were as follows.

[0317] Excellent: Very favorable level

[0318] Good: Favorable level

[0319] Not Bad: Level of causing no problem in actual use
[0320] Poor: Impractical level

[0321] Note that comprehensive evaluation was performed

according to the following criteria:

[0322] Excellent: judged as being at the level of “Excel-
lent” or “Good” in every evaluative point;

[0323] Good: judged as being at the level of “Not Bad” in
either one or more than one evaluative point; and

[0324] Poor: judged as being at the level of “Poor” in either
one or more than one evaluative point.
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[0325] Listed in Table 1 were evaluation results as to the
domain diameter, the volumetric average particle size, the
coefficient of variation, the fixability, the durability, the trans-
parency, the storage stability, and the comprehensive evalua-
tion for the toner of each of Examples and Comparative
example.

[0326] From Table 1, it would be apparent that the toner of
the invention exhibited satisfactory fixability and is excellent
in durability, transparency, and storage stability. In particular,
the toners of Examples 1, 5 through 7, and 13 through 16,
wherein the domain diameter of the biomass resin-containing
domain fell in a range of 0.5 um or more and 1 um or less, the
ratio of the binder resin particle size to the biomass resin
particlessize (a/c) fell in a range of %4 or above and %2 or below,
and the content of the biomass resin was set at or below 60
parts by weight with respect to 100 parts by weight of the
toner, were judged as having high toner quality with all things
considered, and thus rated as “Excellent” in the comprehen-
sive evaluation.

TABLE 1
Volume
Resin particle Biomass resin particle Domain average
Particle Particle diameter particle
size (a) Coefficient size (¢) Coefficient (b) of toner
(pm) of variation (pm) of variation  (a)/(c) (pm) (a)/(b) (nm)
Ex. 1 0.35 30 0.85 32 0.41 0.94 0.37 5.8
Ex.2 0.52 29 0.75 35 0.69 0.86 0.6 5.6
Ex.3 0.35 30 0.60 40 0.58 0.45 0.76 54
Ex. 4 0.35 30 1.15 40 0.30 1.2 0.29 6.4
Ex.5 0.35 30 0.85 32 0.41 0.93 0.38 5.8
Ex. 6 0.24 28 0.85 32 0.28 0.90 0.27 5.7
Ex.7 0.24 28 0.60 40 0.40 0.55 0.44 6.1
Ex. 8 0.40 32 0.85 32 0.47 1.05 0.38 6.5
Ex.9 0.40 32 0.75 35 0.53 0.82 0.49 55
Ex. 10 0.12 28 0.60 40 0.20 0.55 0.22 55
Ex. 11 0.24 28 0.50 35 0.48 0.48 0.52 55
Ex. 12 0.35 30 0.85 32 0.41 0.98 0.36 5.6
Ex. 13 0.35 30 0.75 38 0.47 0.95 0.39 53
Ex. 14 0.25 20 0.75 22 0.33 0.85 0.29 55
Ex. 15 0.25 20 0.75 22 0.33 0.71 0.35 54
Ex. 16 0.25 20 0.75 22 0.33 0.88 0.28 5.6
Comp. — — — — — — — 5.8
Ex. 1
Resin
film on Compre-
Coefficient toner Trans- Storage hensive
of variation surface  Fixability — Durability parency stability ~ Evaluation
Ex. 1 22 Absent  Excellent Good Excellent Good Excellent
Ex.2 23 Absent Good Not Bad Good Good Good
Ex.3 22 Absent Good Not Bad Excellent Not Bad Good
Ex. 4 25 Absent Good Good Good Not Bad Good
Ex.5 22 Present Good Excellent Excellent Excellent Excellent
Ex. 6 20 Absent  Excellent Good Excellent Good Excellent
Ex.7 21 Absent  Excellent Good Excellent Good Excellent
Ex. 8 26 Absent  Excellent Good Good Not Bad Good
Ex.9 22 Absent Good Not Bad Excellent Good Good
Ex. 10 22 Absent  Excellent Good Excellent Not Bad Good
Ex. 11 22 Absent  Excellent Good Excellent Not Bad Good
Ex. 12 22 Absent  Excellent Not Bad Good Good Good
Ex. 13 20 Absent  Excellent Good Excellent Good Excellent
Ex. 14 18 Absent  Excellent Good Excellent Good Excellent
Ex. 15 18 Absent  Excellent Good Excellent Good Excellent
Ex. 16 20 Present Good Excellent Excellent Excellent Excellent
Comp. 22 Absent Not Bad Poor Not Bad Poor Poor

Ex. 1
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[0327] The invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended claims
rather than by the foregoing description and all changes
which come within the meaning and the range of equivalency
of the claims are therefore intended to be embraced therein.

What is claimed is:

1. A toner comprising a toner particle containing at least a
binder resin, a biomass resin-containing domain being
formed in the toner particle.

2. The toner of claim 1, wherein the biomass resin-contain-
ing domain is substantially spherical in shape or takes the
shape of a body of combined spheres.

3. The toner of claim 1, wherein the biomass resin is a
crystalline resin.

4. The toner of claim 1, wherein the content of the biomass
resin falls ina range of 20 parts by weight or more and 60 parts
by weight or less with respect to 100 parts by weight of the
toner.

5. The toner of claim 1, wherein no colorant is contained in
the biomass resin-containing domain.

6. The toner of claim 1, wherein a domain diameter of the
biomass resin-containing domain is 1 um or less.

7. The toner of claim 6, wherein the domain diameter of the
biomass resin-containing domain falls in a range of 0.5 pm or
more and 1 um or less.

8. The toner of claim 1, wherein the binder resin is a
polyester resin.

9. The toner of claim 1, wherein the toner particle has its
surface coated with a resin film.

10. The toner of claim 9, wherein the resin film is made of
a styrene acrylic resin formed by an emulsion polymerization
method.

11. A method of manufacturing a toner comprising:

a binder resin particle dispersion process of dispersing at
least a binder resin in a fluid medium to obtain a binder
resin particle slurry;

abiomass resin particle dispersion process of dispersing at
least a biomass resin in a fluid medium to obtain a
biomass resin particle slurry; and
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an aggregating process of mixing the binder resin particle
slurry and the biomass resin particle slurry so as to
aggregate binder resin particles and biomass resin par-
ticles.

12. The method of manufacturing a toner of claim 11,

wherein a colorant is contained in the binder resin.

13. The method of manufacturing a toner of claim 11,
further comprising a colorant particle dispersion process of
dispersing at least a colorant in a fluid medium to form a
colorant particle slurry,

wherein, in the aggregating process, the binder resin par-
ticle slurry, the biomass resin particle slurry, and the
colorant particle slurry are mixed together so as to aggre-
gate the binder resin particles, the biomass resin par-
ticles, and colorant particles.

14. The method of manufacturing a toner of claim 11,
wherein a ratio of a particle size of the binder resin particle to
a particle size of the biomass resin particle falls in a range of
V4 or above and % or below.

15. The method of manufacturing a toner of claim 11,
wherein the biomass resin particle dispersion process com-
prises:

afinely granulating step of forming a biomass resin particle
slurry under application of heat and pressure;

a depressurizing step of performing pressure reduction on
the biomass resin particle slurry in a heat and pressure
applied state; and

a cooling step of cooling down the biomass resin particle
slurry having undergone pressure reduction.

16. The method of manufacturing a toner of claim 11,
wherein the biomass resin particle dispersion process is con-
ducted by a high-pressure homogenizer method.

17. A toner which is produced by the method of manufac-
turing a toner of claim 11.

18. A developing device for performing development by
using a developer containing the toner of claim 1.

19. An image forming apparatus having the developing
device of claim 18.

20. A developing device for performing development by
using a developer containing the toner of claim 17.

21. An image forming apparatus having the developing
device of claim 20.



