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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an aqueous dispersion, a method for manufacturing the same, and an image
forming method.

2. Description of the Related Art

[0002] As image forming methods for forming an image on a recording medium, there are an electrophotographic
method, a sublimation-type thermal transfer method, a fusion-type thermal transfer method, an ink jet method, and the like.
[0003] The ink jet image forming method has advantages such as being able to be performed using an inexpensive
device and incurring low running costs because ink can be efficiently used.
[0004] As one of the ink jet image forming methods, there is an image forming method in which an ink jet ink that can
be cured by being irradiated with active energy rays such as ultraviolet rays is used.
[0005] Hereinafter, the ink jet ink that can be cured by being irradiated with active energy rays will be referred to as
"photocurable ink" in some cases. In addition to the ink jet ink, a composition that can be cured by being irradiated with
active energy rays is referred to as "photocurable composition" in some cases.
[0006] In recent years, from the viewpoint of reducing environmental load, improving workability, and the like, instead
of a solvent-based composition (for example, a solvent-based ink) containing an organic solvent as a solvent or a
dispersion medium, an aqueous composition (for example, an aqueous ink) containing water as a solvent or a dispersion
medium has been used in some cases.
[0007] As an aqueous photocurable composition, for example, the following composition is known.
[0008] For example, as an ink composition for an ink jet that retains the properties of being cured by ultraviolet irradiation
in the presence of water or a solvent and exhibits excellent jetting stability, an ink composition for an ink jet is known
which contains water, a coloring material, a resin emulsion formed of a compound having a radically polymerizable
group, an inorganic particle dispersion, and a photo-radical initiator (for example, see JP2013-199602A).
[0009] As an aqueous emulsion which can be cured by heat or light and can be suitably used in a coating agent and
the like, an aqueous emulsion is known which contains a vinyl-based polymer having a specific acryl functional group
on at least one terminal of the polymer (for example, see JP2000-136211A).
[0010] Furthermore, as photocurable compositions, not being limited to the aqueous compositions, for example, the
following compositions are known.
[0011] For example, as a color developing photosensitive composition which has excellent post-exposure color de-
veloping stability by the infrared laser exposure and exhibits high color developability even by being subjected to exposure
after the lapse of time, a color developing photosensitive composition is known which contains microgel containing a
polymer having a glass transition temperature of equal to or higher than 50°C in the interior thereof, a photoinitiator, and
an infrared absorbing dye, and a binder polymer (for example, see JP2011-213114A).
[0012] As an ink jet printing ink cured by irradiation, an ink jet ink is known which contains at least one irradiation
curable-type monomer, at least one inert thermoplastic resin, at least one radical photoinitiator, and at least one colorant
and has a viscosity less than 100 mPas at 25°C, in which the content of at least one inert resin with respect to the total
weight of the ink is 2% to 15% by weight, and the ink has a molecular weight of 1,500 to 70,000 (for example, see
JP2009-542833A).

SUMMARY OF THE INVENTION

[0013] In recent years, in a case where a cured film (for example, an image) is formed on a substrate (for example, a
recording medium) by using a photocurable composition (for example, a photocurable ink), further improvement of the
adhesiveness between the substrate and the cured film (hereinafter, simply referred to as "adhesiveness" as well) has
been required. This trend is particularly markedly seen in a case where a nonabsorbent substrate (for example, a
substrate made of plastic, a substrate made of a metal, and the like) is used. That is, there is a demand that a cured
film having excellent adhesiveness is formed on various nonabsorbent substrates.
[0014] For example, in the field of image formation by an ink jet method, there is a demand that an image (cured film)
having excellent adhesiveness is formed not only on paper which is an absorbent recording medium but also on a
nonabsorbent recording medium.
[0015] Regarding the point described above, the ink composition for an ink jet described in JP2013-199602A, the
aqueous emulsion described in JP2000-136211A, and the color developing photosensitive composition described in
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JP2011-213114A tend to have insufficient sensitivity to light, and accordingly, cured films (images) formed of these
compositions tend to have insufficient adhesiveness.
[0016] The components of the ink jet ink described in JP2009-542833A are considered as components that are not
easily dissolved or dispersed in water. Accordingly, the ink jet ink described in JP2009-542833A is considered difficult
to be prepared as an aqueous dispersion.
[0017] An embodiment of the present invention is based on the circumstances described above, and is for achieving
the following objects.
[0018] That is, an object of the embodiment of the present invention is to provide an aqueous dispersion, which makes
it possible to form a film exhibiting excellent adhesiveness with respect to a substrate, and a method for manufacturing
the aqueous dispersion.
[0019] The other object of the embodiment of the present invention is to provide an image forming method which
makes it possible to form an image exhibiting excellent adhesiveness with respect to a recording medium.
[0020] Specific means for achieving the aforementioned objects are as below.

<1> An aqueous dispersion, comprising:

a gel particle which has a polymerizable group, has a three-dimensional cross-linked structure including at least
one kind of bond selected from a urethane bond and a urea bond, and includes a photopolymerization initiator
in the interior of the gel particle;
a resin; and
water.

<2> The aqueous dispersion described in <1>, in which the photopolymerization initiator includes at least one of a
carbonyl compound or an acylphosphine oxide compound.
<3> The aqueous dispersion described in <1> or <2>, in which the gel particle has a hydrophilic group on a surface
of the gel particle.
<4> The aqueous dispersion described in any one of <1> to <3>, in which the gel particle includes a polymerizable
monomer in the interior of the gel particle.
<5> The aqueous dispersion described in any one of <1> to <4>, in which the gel particle includes a sensitizer in
the interior of the gel particle.
<6> The aqueous dispersion described in any one of <1> to <5>, in which the resin has at least one kind of structure
selected from the group consisting of a polyester structure, a polyurethane structure, a polyvinyl structure, and a
polyolefin structure.
<7> The aqueous dispersion described in any one of <1> to <6>, in which a content of the resin with respect to a
total amount of a solid content of the gel particle is 1% by mass to 110% by mass.
<8> The aqueous dispersion described in any one of <1> to <7>, in which a content of the resin with respect to a
total amount of a solid content of the gel particle is 5% by mass to 75% by mass.
<9> The aqueous dispersion described in any one of <1> to <8>, in which a total amount of a solid content of the
gel particle with respect to a total amount of the aqueous dispersion is 1% by mass to 50% by mass.
<10> A method for manufacturing the aqueous dispersion described in any one of <1> to <9>, the method comprising:

a preparation step of preparing a gel particle dispersion including the gel particle and water; and
a resin mixing step of mixing the gel particle dispersion with the resin to obtain an aqueous dispersion.

<11> The method for manufacturing the aqueous dispersion described in <10>, in which the preparation step includes:

an emulsification step of obtaining an emulsion by mixing and emulsifying any one oil-phase component selected
from an oil-phase component including a photopolymerization initiator, an isocyanate compound having three
or more functional groups, a polymerizable monomer, and an organic solvent, an oil-phase component including
a photopolymerization initiator, a polymerizable group-containing isocyanate compound having three or more
functional groups, and an organic solvent, and an oil-phase component including a photopolymerization initiator,
a polymerizable group-containing isocyanate compound having three or more functional groups, a polymerizable
monomer, and an organic solvent, with a water-phase component containing water; and
a gelification step of obtaining a gel particle dispersion including a gel particle and water by heating the emulsion.

<12> The method for manufacturing the aqueous dispersion described in <11>, in which the isocyanate compound
having three or more functional groups in the oil-phase component includes an isocyanate compound derived from
at least one kind of compound selected from isophorone diisocyanate, hexamethylene diisocyanate, trimethylhex-
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amethylene diisocyanate, 1,3-bis(isocyanatomethyl)cyclohexane, m-xylylene diisocyanate, and dicyclohexylmeth-
ane 4,4’-diisocyanate.
<13> An image forming method, comprising:

an application step of applying the aqueous dispersion described in any one of <1> to <9> onto a recording
medium; and
an irradiation step of irradiating the aqueous dispersion applied onto the recording medium with an active energy
ray.

[0021] According to an embodiment of the present invention, there are provided an aqueous dispersion, which makes
it possible to form a film exhibiting excellent adhesiveness with respect to a substrate, and a method for manufacturing
the aqueous dispersion.
[0022] Furthermore, according to the embodiment of the present invention, there is provided an image forming method
which makes it possible to form an image exhibiting excellent adhesiveness with respect to a recording medium.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] Hereinafter, specific embodiments of the present invention will be described in detail, but the present invention
is not limited to the following embodiments.
[0024] In the present specification, a range of numerical values described using "to" means a range including the
numerical values listed before and after "to" as a minimum value and a maximum value.
[0025] In the present specification, in a case where there are a plurality of substances corresponding to each component
in a composition, unless otherwise specified, the amount of each component in the composition means the total amount
of the plurality of substances present in the composition.
[0026] In the present specification, the term "step" means not only an independent step, but also a step that cannot
be clearly distinguished from other steps as long as the intended goal of the step is accomplished.
[0027] In the present specification, conceptually, "light" includes active energy rays such as γ-rays, β-rays, electron
beams, ultraviolet rays, visible rays, and infrared rays.
[0028] In the present specification, the ultraviolet rays are referred to as "UV (Ultra Violet) light" in some cases.
[0029] In the present specification, the light emitted from a Light Emitting Diode (LED) light source is referred to as
"LED light" in some cases.
[0030] In the present specification, "(meth)acrylic acid" conceptually includes both the acrylic acid and the methacrylic
acid, "(meth)acrylate" conceptually includes both the acrylate and the methacrylate, and "(meth)acryloyl group" concep-
tually includes both the acryloyl group and the methacryloyl group.

[Aqueous dispersion]

[0031] The aqueous dispersion of the present disclosure contains: gel particles, each of which has a polymerizable
group, has a three-dimensional cross-linked structure containing at least one selected from the group consisting of a
urethane bond and a urea bond, and contains a photopolymerization initiator in the interior of each of the gel particles;
a resin; and water.
[0032] In the aqueous dispersion of the present disclosure, the resin is present independently from the gel particles
(that is, the resin is present on the exterior of the gel particles).
[0033] According to the aqueous dispersion of the present disclosure, a film exhibiting excellent adhesiveness with
respect to a substrate can be formed.
[0034] It is unclear why the aqueous dispersion of the present disclosure brings about the aforementioned effect, but
the inventors of the present invention presume the reason as below.
[0035] In the aqueous dispersion of the present disclosure, the gel particles each have a polymerizable group and
contain a photopolymerization initiator in the interior of each of the gel particles. Accordingly, in the aqueous dispersion
of the present disclosure, the distance between the polymerizable group and the photopolymerization initiator is shorter
than in an aqueous dispersion of the related art (for example, an aqueous emulsion containing resin particles, which
each have a polymerizable group but do not contain a photopolymerization initiator in the interior of each of the gel
particles, and a photopolymerization initiator). It is considered that for this reason, in a case where a film is formed using
the aqueous dispersion of the present disclosure, and the formed film is cured by being irradiated with light, the curing
sensitivity (hereinafter, simply referred to as "sensitivity" as well) of the film is further improved than in a case where the
aqueous dispersion of the related art is used, and hence a film exhibiting excellent adhesiveness with respect to a
substrate is formed.
[0036] Furthermore, the aqueous dispersion of the present invention contains a resin separately from the gel particles
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(that is, the resin is present in the exterior of the gel particles). It is considered that in a case where a film is formed using
the aqueous dispersion of the present disclosure, and the formed film is cured by being irradiated with light, due to the
action of the resin, the cure shrinkage of the film is inhibited. It is considered that as a result, it is possible to inhibit the
adhesiveness between the film and a substrate from deteriorating due to the cure shrinkage of the film.
[0037] It is considered that according to the aqueous dispersion of the present disclosure, due to the action of the gel
particles and the resin described above, a film exhibiting excellent adhesiveness with respect to a resin can be formed.
[0038] Unlike the particles contained in the aqueous dispersion of the present disclosure, none of the particles contained
in the resin emulsion in the ink composition for an ink jet described in JP2013-199602A and the aqueous emulsion
described in JP2000-136211A have a three-dimensional cross-linked structure and are gel particles. Furthermore, the
microgel in the color developing photosensitive composition described in JP2011-213114A does not have a polymerizable
group.
[0039] It is considered that consequently, the cured films formed by the techniques described in all of the aforementioned
documents exhibit poorer adhesiveness with respect to a substrate, compared to the cured film formed using the aqueous
dispersion of the present disclosure.
[0040] It is considered that the components of the ink jet ink described in JP2009-542833A are components that are
not easily dissolved or dispersed in water. Accordingly, it is considered that it is difficult to prepare the ink jet ink described
in JP2009-542833A as an aqueous dispersion.
[0041] According to the aqueous dispersion of the present disclosure, a film having excellent hardness (for example,
pencil hardness) can be formed. As described above, because the gel particles each have a polymerizable group and
contain a photopolymerization initiator in the interior of each of the gel particles, the distance between the polymerizable
group and the photopolymerization initiator is short, and hence the curing sensitivity to light irradiation is improved. It is
considered that for this reason, the film having excellent hardness can be formed. Furthermore, it is considered that the
fact that the three-dimensional cross-linked structure of each of the gel particles contains at least one kind of bond
selected from the group consisting of a urethane bond and a urea bond also contributes to the improvement of the film
hardness.
[0042] Incidentally, an aqueous dispersion of particles is required to have redispersibility in some cases.
[0043] Herein, "redispersibility" means the properties in which in a case where an aqueous liquid (for example, water,
an aqueous solution, an aqueous dispersion, or the like) is supplied to a solidified product formed by the evaporation of
water from the aqueous dispersion, the particles in the solidified product are dispersed again in the aqueous liquid.
Examples of the solidified product include a solidified product of an aqueous dispersion formed on a coating head or an
ink jet head.
[0044] Because the aqueous dispersion of the present disclosure contains the gel particles, the aqueous dispersion
also has excellent redispersibility.
[0045] In a case where the aqueous dispersion of the present disclosure is used, for example, as an ink composition
for ink jet recording (hereinafter, simply referred to as "ink composition" as well), the aqueous dispersion exhibits excellent
jetting properties.
[0046] It is considered that this is because the aqueous dispersion of the present disclosure has excellent redispersibility
as described above. That is, even though water in the aqueous dispersion as an ink composition evaporates, and hence
the gel particles are fixed to the vicinity of a nozzle of an ink jet recording device, by supplying a new ink composition
(that is, the aqueous dispersion), the gel particles are easily dispersed again, and the occurrence of nozzle clogging can
be inhibited. It is considered that for this reason, the aqueous dispersion of the present disclosure also has excellent
jetting properties.
[0047] Furthermore, because the aqueous dispersion of the present disclosure contains the gel particles, the aqueous
dispersion also has excellent storage stability.
[0048] In addition, because the aqueous dispersion of the present disclosure contains a resin separately from the gel
particles (that is, because the aqueous dispersion contains the resin in the exterior of the gel particles), the aqueous
dispersion makes it possible to form a film having excellent surface conditions.
[0049] In the present specification, the state where the aqueous dispersion contains the resin in the exterior of the gel
particles means that the aqueous dispersion contains a resin which is not contained in the interior of each of the gel
particles. The same is true in case where the aqueous dispersion contains other components (a photopolymerization
initiator, a polymerizable monomer, and the like) in the exterior of the gel particles.
[0050] The fact that the gel particles in the aqueous dispersion of the present disclosure contain a photopolymerization
initiator in the interior thereof has an advantage that a photopolymerization initiator exhibiting low solubility in water (for
example, a photopolymerization initiator exhibiting solubility equal to or lower than 1.0% by mass in water at 25°C) or a
photopolymerization initiator having low dispersibility is readily used as a photopolymerization initiator.
[0051] In the aqueous dispersion of the present disclosure, the gel particles contain a photopolymerization initiator in
the interior thereof. As a result, a range of choice of the photopolymerization initiators to be used broadens, and hence
a range of choice of the light source to be used also broadens. Consequently, the curing sensitivity can be further
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improved compared to the related art.
[0052] For example, a carbonyl compound and an acylphosphine oxide compound (particularly, an acylphosphine
oxide compound) are photopolymerization initiators showing particularly excellent curing sensitivity to the irradiation of
active energy rays.
[0053] However, because the carbonyl compound and the acylphosphine oxide compound exhibit low solubility in
water, it is difficult to incorporate these compounds into an aqueous composition in the related art.
[0054] In the aqueous dispersion of the present disclosure, the gel particles contain a photopolymerization initiator in
the interior thereof. Accordingly, as the photopolymerization initiator, it is possible to select a photopolymerization initiator
such as a carbonyl compound and an acylphosphine oxide compound which exhibit excellent sensitivity to light but show
low solubility in water.
[0055] From the viewpoints described above, the photopolymerization initiator contained in the interior of the gel
particles preferably includes at least one of the carbonyl compound or the acylphosphine oxide compound, and more
preferably includes an acylphosphine oxide compound.
[0056] In a case where the photopolymerization initiator is an acylphosphine oxide compound, the sensitivity to light,
particularly, the sensitivity to LED light is improved.
[0057] The wavelength of the LED light is preferably 355 nm, 365 nm, 385 nm, 395 nm, or 405 nm.
[0058] The gel particles may contain components (a polymerizable monomer, a sensitizer, a resin, and the like) other
than the photopolymerization initiator in the interior of the gel particles.
[0059] In the aqueous dispersion of the present disclosure, a substance showing low solubility in water is contained
in the interior of the gel particles, and in this way, such a substance can be incorporated into the aqueous dispersion
which is an aqueous composition. This is one of the advantageous of the aqueous dispersion of the present disclosure.

<Internal containment>

[0060] In the present specification, for example, a description of "the photopolymerization initiator is contained in the
gel particles" means that the photopolymerization initiator is contained in the interior of the gel particles. Herein, "interior
of the gel particles" means a void of the three-dimensional cross-linked structure.
[0061] In the aqueous dispersion of the present disclosure, from the viewpoint of the curing sensitivity of a film, an
internal content rate (% by mass) of the photopolymerization initiator is preferably equal to or higher than 10% by mass,
more preferably equal to or higher than 50% by mass, even more preferably equal to or higher than 70% by mass, still
more preferably equal to or higher than 80% by mass, yet more preferably equal to or higher than 90% by mass, much
more preferably equal to or higher than 95% by mass, far more preferably equal to or higher than 97% by mass, and
particularly preferably equal to or higher than 99% by mass.
[0062] In a case where the aqueous dispersion contains two or more kinds of photopolymerization initiators, it is
preferable that the internal content rate of at least one kind of photopolymerization initiator is within the aforementioned
preferable range.
[0063] The internal content rate (% by mass) of the photopolymerization initiator means the amount of the photopol-
ymerization initiator contained in the interior of the gel particles with respect to the total amount of the photopolymerization
initiators in the prepared aqueous dispersion, and refers to a value obtained as below.

-Method for measuring internal content rate (% by mass) of photopolymerization initiator-

[0064] The operation described below is performed under the condition of a liquid temperature of 25°C.
[0065] In a case where the aqueous dispersion does not contain a pigment, the operation described below is performed
using the aqueous dispersion as it is. In a case where the aqueous dispersion contains a pigment, first, the pigment is
removed from the aqueous dispersion by centrifugation, and then the operation described below is performed on the
aqueous dispersion from which the pigment has been removed.
[0066] First, from the aqueous dispersion, two samples (hereinafter, referred to as "sample 1" and "sample 2") of the
same mass are collected.
[0067] Tetrahydrofuran (THF) having a mass 500 times the mass of the total solid content in the sample 1 is added
to and mixed with the sample 1, thereby preparing a diluted solution. The obtained diluted solution is subjected to
centrifugation under the condition of 80,000 rounds per minute (rpm; the same shall apply hereinafter) and 40 minutes.
The supernatant (hereinafter, referred to as "supernatant 1") generated by the centrifugation is collected. It is considered
that by this operation, all of the photopolymerization initiators contained in the sample 1 is extracted into the supernatant
1. The mass of the photopolymerization initiator contained in the collected supernatant 1 is measured by liquid chroma-
tography (for example, a liquid chromatography device manufactured by Waters Corporation). The obtained mass of
the photopolymerization initiator is taken as "total amount of photopolymerization initiator".
[0068] Furthermore, the sample 2 is subjected to centrifugation under the same conditions as in the centrifugation
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performed on the aforementioned diluted solution. The supernatant (hereinafter, referred to as "supernatant 2") generated
by the centrifugation is collected. It is considered that by this operation, the photopolymerization initiator that was not
contained in the interior of the gel particles in the sample 2 (that is, the free photopolymerization initiator) is extracted
into the supernatant 2. The mass of the photopolymerization initiator contained in the collected supernatant 2 is measured
by liquid chromatography (for example, a liquid chromatography device manufactured by Waters Corporation). The
obtained mass of the photopolymerization initiator is taken as "amount of the free photopolymerization initiator".
[0069] Based on "total amount of photopolymerization initiator" and "amount of free photopolymerization initiator"
described above, the internal content rate (% by mass) of the photopolymerization initiator is calculated according to
the equation shown below. 

[0070] In a case where the aqueous dispersion contains two or more kinds of photopolymerization initiators, by using
the total amount of the two or more kinds of photopolymerization initiators as "total amount of photopolymerization
initiators" and using the total amount of the two or more kinds of free photopolymerization initiators as "amount of free
photopolymerization initiators", the total internal content rate of the two or more kinds of photopolymerization initiators
may be determined. Alternatively, by using the amount of one kind of photopolymerization initiator as "total amount of
photopolymerization initiator" and using the amount of the other one kind of free photopolymerization initiator as "amount
of free photopolymerization initiator", the internal content rate of any one kind of photopolymerization initiator may be
determined.
[0071] Whether or not the components other than the photopolymerization initiator are contained in the interior of the
gel particles can be checked by the same method as the method for investigating whether or not the photopolymerization
initiator is contained in the interior of the gel particles.
[0072] Here, for a compound having a molecular weight equal to or greater than 1,000, by measuring the masses of
the compounds contained in the supernatant 1 and the supernatant 2 described above by gel permeation chromatography
(GPC) and taking the masses as "total amount of compound" and "amount of free compound" respectively, the internal
content rate (% by mass) of the compound is determined.
[0073] In the present specification, the mass of a compound is measured by a gel permeation chromatography (GPC),
by using HLC (registered trademark)-8020 GPC (manufactured by Tosoh Corporation) as a measurement device, three
columns of TSKgel (registered trademark) Super Multipore HZ-H (4.6 mm ID 3 15 cm, manufactured by Tosoh Corpo-
ration) as columns, and tetrahydrofuran (THF) as an eluent. Furthermore, GPC is performed using an RI detector under
the measurement conditions of a sample concentration of 0.45% by mass, a flow rate of 0.35 ml/min, a sample injection
amount of 10 mL, and a measurement temperature of 40°C.
[0074] A calibration curve is prepared from 8 samples of "Standard Sample TSK standard, polystyrene" manufactured
by Tosoh Corporation: "F-40", "F-20", "F-4", "F-1", "A-5000", "A-2500", "A-1000", and "n-propylbenzene".

<Three-dimensional cross-linked structure>

[0075] In the present specification, "three-dimensional cross-linked structure" refers to a three-dimensional network
structure formed by cross-linking. In the aqueous dispersion of the present disclosure, each of the gel particles are
formed in such a manner that the three-dimensional cross-linked structure is formed in each of the particles.
[0076] That is, in the present specification, "the particles each have a three-dimensional cross-linked structure" has
the same definition as "the particles are gel particles".
[0077] Whether the aqueous dispersion contains the gel particles having a three-dimensional cross-linked structure
is checked as below.
[0078] The operation described below is performed under the condition of a liquid temperature of 25°C.
[0079] In addition, in a case where the aqueous dispersion does not contain a pigment, the operation described below
is performed using the aqueous dispersion as it is. In a case where the aqueous dispersion contains a pigment, first,
the pigment is removed from the aqueous dispersion by centrifugation, and then the operation described below is
performed on the aqueous dispersion from which the pigment has been removed.
[0080] A sample is collected from the aqueous dispersion. Tetrahydrofuran (THF) having a mass 500 times the mass
of the total solid content in the sample is added to and mixed with the collected sample, thereby preparing a diluted
solution. The obtained diluted solution is subjected to centrifugation under the condition of 80,000 rpm and 40 minutes.
After the centrifugation, whether there are residues is checked by visual observation. In a case where there are residues,
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a redispersion liquid is prepared by redispersing the residues in water. For the obtained redispersion liquid, by using a
wet-type particle size distribution measurement apparatus (LA-910, manufactured by HORIBA, Ltd.), the particle size
distribution is measured by a light scattering method.
[0081] In a case where the particle size distribution can be checked by the operation described above, it is determined
that the aqueous dispersion contains gel particles having a three-dimensional cross-linked structure.

<Polymerizable group contained in gel particles>

[0082] In the present specification, "gel particles have a polymerizable group" means that the gel particles have at
least one of the polymerizable group contained in the three-dimensional cross-linked structure or the polymerizable
group not being contained in the three-dimensional cross-linked structure.
[0083] That is, in the gel particles, the polymerizable group may be present as a part of the three-dimensional cross-
linked structure or may be present as a portion other than the three-dimensional cross-linked structure.
[0084] "Polymerizable group is present as a portion other than the three-dimensional cross-linked structure" means
that a polymerizable monomer (that is, a monomer having a polymerizable group) is contained in the gel particles.
[0085] In any case, it is preferable that the polymerizable group is present on the surface portion (portion coming into
contact with water) of the gel particles.
[0086] Whether the "gel particles have a polymerizable group" can be checked, for example, by Fourier transform
infrared spectroscopy (FT-IR).
[0087] As the polymerizable group, a group containing an ethylenic double bond is preferable, and a group containing
at least one of the vinyl group or the 1-methylvinyl group is more preferable.
[0088] As the polymerizable group, from the viewpoint of the hardness of the film, the flexibility of the film, the fixing
properties (that is, the reactivity at the time of photocuring), and the like, a (meth)acryloyl group is particularly preferable.
[0089] From the viewpoint of the sensitivity and the hardness of the film, it is preferable that the gel particles contain
a monomer having a polymerizable group (polymerizable monomer) in the interior of the gel particles.
[0090] Preferable aspects of the monomer having a polymerizable group (polymerizable monomer) will be specifically
described later.
[0091] Furthermore, it is preferable that gel particles each have a hydrophilic group on the surface thereof.
[0092] In a case where the gel particles have a hydrophilic group on the surface thereof, the dispersibility of the gel
particles in the aqueous dispersion is further improved.
[0093] Furthermore, in a case where the gel particles each have a hydrophilic group on the surface thereof, the
hydrophilicity of the gel particles is improved, and the redispersibility thereof becomes excellent.
[0094] In the gel particles, the hydrophilic group may be present as a part of the three-dimensional cross-linked structure
or may be present as a portion other than the three-dimensional cross-linked structure.
[0095] Herein, "hydrophilic group is present as a part of the three-dimensional cross-linked structure" means that a
covalent bond is formed between the hydrophilic group and a portion of the three-dimensional cross-linked structure
other than the hydrophilic group.
[0096] In addition, "hydrophilic group is present as a portion other than the three-dimensional cross-linked structure"
means that the gel particles contain a compound having a hydrophilic group, separately from the three-dimensional
cross-linked structure.
[0097] Examples of the hydrophilic group present on the surface of each of the gel particles include a carboxyl group,
a salt of a carboxyl group, a phosphonic acid group, a salt of a phosphonic acid group, a phosphoric acid group, a salt
of a phosphoric acid group, a sulfo group, a salt of a sulfo group, a sulfuric acid group, a salt of a sulfuric acid group, a
group having a polyether structure, a group having a betaine structure, and the like.
[0098] The salt of a carboxyl group, the salt of a sulfo group, the salt of a sulfuric acid group, the salt of a phosphonic
acid group, and the salt of phosphoric acid group described above may be the salts formed by neutralization in the
process of manufacturing the gel particles. In a case where the gel particles each have a hydrophilic group on the surface
thereof, the gel particles may each have only one kind of hydrophilic group or two or more kinds of hydrophilic groups.
[0099] In the present specification, "hydrophilic group" is distinguished from an active hydrogen group (a hydroxyl
group, a primary amino group, a secondary amino group, and a mercapto group) which will be described later.
[0100] The hydrophilic group present on the surface of each of the gel particles is preferably at least one kind of
hydrophilic group selected from a group having a polyether structure, a carboxyl group, and a salt of a carboxyl group.
[0101] The group having a polyether structure is preferably a monovalent group including a polyalkylene oxy group,
and more preferably a group (WS) represented by Formula (WS).
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[0102] In Formula (WS), RW1 represents an alkylene group having 1 to 6 carbon atoms that may be branched, RW2

represents an alkyl group having 1 to 6 carbon atoms that may be branched, nw represents an integer of 2 to 200, and
* represents a binding position.
[0103] In Formula (WS), the number of carbon atoms in the alkylene group represented by RW1 having 1 to 6 carbon
atoms that may be branched is preferably 2 to 4, more preferably 2 or 3, and particularly preferably 2 (that is, RW1 is
particularly preferably an ethylene group).
[0104] In Formula (WS), the number of carbon atoms in the alkyl group represented by RW2 having 1 to 6 carbon
atoms that may be branched is preferably 1 to 4, and particularly preferably 1 (that is, RW2 is particularly preferably a
methyl group).
[0105] In Formula (WS), nw represents an integer of 2 to 200. nw is preferably an integer of 10 to 200, more preferably
an integer of 10 to 150, even more preferably an integer of 20 to 150, and particularly preferably an integer of 20 to 100.
[0106] It is preferable that the gel particles each contain a sensitizer in the interior thereof.
[0107] In a case where the aqueous dispersion of the present disclosure contains a sensitizer, the decomposition of
the photopolymerization initiator by the irradiation of active energy rays can be further accelerated. At this time, in a
case where the gel particles each contain the sensitizer in the interior thereof, the reactivity with the photopolymerization
initiator is further improved. As a result, the sensitivity and the hardness of the film are further improved.
[0108] The preferable range of the sensitizer will be described later.
[0109] As described above, the aqueous dispersion of the present disclosure contains a resin (hereinafter, referred
to as "external resin" as well) separately from the gel particles (that is, the aqueous dispersion contains a resin in the
exterior of the gel particles).
[0110] From the viewpoint of further improving the adhesiveness between the formed film and a substrate, the external
resin preferably has at least one kind of structure selected from the group consisting of a polyester structure, a poly-
urethane structure, a polyvinyl structure, and a polyolefin structure, and more preferably has at least one kind of structure
selected from the group consisting of a polyester structure, a polyurethane structure, and a polyolefin structure.
[0111] The content of the external resin with respect to the amount of the total solid content of the gel particles is
preferably 1% by mass to 110% by mass.
[0112] In a case where the content of the external resin with respect to the amount of the total solid content of the gel
particles is equal to or greater than 1% by mass, the effects resulting from the external resin (the effect of improving the
adhesiveness between the film and a substrate, the effect of improving the surface conditions of the film, and the like)
are more effectively exhibited.
[0113] In a case where the content of the external resin with respect to the amount of the total solid content in the gel
particles is equal to or smaller than 110% by mass, the effects resulting from the gel particles (the effect of improving
the hardness of the film, the effect of improving the redispersibility, and the like) are more effectively exhibited.
[0114] The content of the external resin with respect to the amount of the total solid content of the gel particles is
preferably 1% by mass to 100% by mass, more preferably equal to or greater than 1% by mass and less than 100% by
mass, even more preferably 5% by mass to 75% by mass, and particularly preferably 10% by mass to 50% by mass.
[0115] The amount of the total solid content of the gel particles with respect to the total amount of the aqueous
dispersion is preferably 1% by mass to 50% by mass, more preferably 3% by mass to 40% by mass, and even more
preferably 5% by mass to 30% by mass. In a case where the amount of the total solid content of the gel particles with
respect to the total amount of the aqueous dispersion is equal to or greater than 1% by mass, the cross-linking properties,
which will be described later, between the gel particles at the time of the irradiation of active energy rays are improved.
In a case where the amount of the total solid content of the gel particles with respect to the total amount of the aqueous
dispersion is equal to or smaller than 50% by mass, the dispersibility of the gel particles in the aqueous dispersion is
improved.
[0116] The amount of the total solid content of the gel particles means a value including the amount of solid components
such as the photopolymerization initiator present in the interior of the gel particles (a void of the three-dimensional cross-
linked structure).
[0117] The aqueous dispersion of the present disclosure can be suitably used as a liquid for forming a film (for example,
an image) on a substrate (for example, a recording medium).
[0118] Examples of such a liquid include an ink composition for forming an image on a substrate as a recording medium
(for example, an ink composition for ink jet recording), a coating solution for forming a coating film on a substrate (for
example, a photosensitive resin composition such as a coating agent, an adhesive, and a paint), and the like.
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[0119] It is particularly preferable that the aqueous dispersion of the present disclosure is used for ink jet recording
(that is, it is particularly preferable that the aqueous dispersion of the present disclosure is used as an ink composition
for ink jet recording).
[0120] The ink composition (preferably the ink composition for ink jet recording), which is one of the uses of the aqueous
dispersion of the present disclosure, may be an ink composition containing a coloring material or a transparent ink
composition (referred to as "clear ink" or the like in some cases) which does not contain a coloring material.
[0121] The same is true for a coating solution which is another use of the aqueous dispersion of the present disclosure.
[0122] The substrate for forming a film by using the aqueous dispersion of the present disclosure is not particularly
limited, and for example, a substrate known as a support or a recording material can be used.
[0123] Examples of the substrate include paper, paper on which plastic (for example, polyethylene, polypropylene,
polystyrene, or the like) is laminated, a metal plate (for example, a plate of a metal such as aluminum, zinc, or copper),
a plastic film (for example, films of a polyvinyl chloride (PVC) resin, cellulose diacetate, cellulose triacetate, cellulose
propionate, cellulose butyrate, cellulose acetate butyrate, cellulose nitrate, polyethylene terephthalate (PET), polyeth-
ylene (PE), polystyrene (PS), polypropylene (PP), polycarbonate (PC), polyvinyl acetal, an acrylic resin, and the like),
paper on which the aforementioned metal is laminated or vapor-deposited, a plastic film on which the aforementioned
metal is laminated or vapor-deposited, and the like.
[0124] The aqueous dispersion of the present disclosure is particularly suitable for uses in which a film is formed on
a nonabsorbent substrate, because the aqueous dispersion makes it possible to form a film exhibiting excellent adhe-
siveness with respect to a substrate.
[0125] As the nonabsorbent substrate, plastic substrates such as a polyvinyl chloride (PVC) substrate, a polystyrene
(PS) substrate, a polycarbonate (PC) substrate, a polyethylene terephthalate (PET) substrate, a polypropylene (PP)
substrate, and an acrylic resin substrate are preferable.
[0126] Hereinafter, a preferable range of the aqueous dispersion of the present disclosure will be more specifically
described.

<Gel particles>

[0127] The aqueous dispersion of the present disclosure contains gel particles which each have a polymerizable group
and a three-dimensional cross-linked structure having at least one kind of bond selected from a urethane bond and a
urea bond and contain a photopolymerization initiator in the interior thereof.
[0128] The gel particles are a dispersoid in the aqueous dispersion of the present disclosure.
[0129] The photopolymerization initiator contained in the interior of the gel particles includes a photopolymerization
initiator which is present in a void of the three-dimensional cross-linked structure of the gel particles without being bonded
to the three-dimensional cross-linked structure.
[0130] In the present specification, the photopolymerization initiator present in a void of the three-dimensional cross-
linked structure and the like are also regarded as "gel particle".
[0131] As described above, the aqueous dispersion of the present disclosure contains the aforementioned gel particles.
Accordingly, the aqueous dispersion has excellent dispersibility and exhibits excellent redispersibility in a case where
fixing occurs, and makes it possible to obtain a film having excellent film hardness (water resistance and solvent resist-
ance) by being cured with high sensitivity.
[0132] More specifically, because the gel particles each have a polymerizable group, the gel particles adjacent to each
other can be cross-linked, and hence a film can be formed.
[0133] Furthermore, because the gel particles each have a three-dimensional cross-linked structure containing at least
one kind of bond selected from a urethane bond and a urea bond, a film (for example, an image) having excellent
hardness is obtained. Furthermore, a film (for example, an image) having excellent mechanical strength is obtained.
[0134] In addition, because the gel particles contain a photopolymerization initiator in the interior thereof, the gel
particles are cured with high sensitivity and have high cross-linking properties.
[0135] The three-dimensional cross-linked structure of the gel particles contains at least one kind of bond selected
from a urethane bond and a urea bond. It is more preferable that the three-dimensional cross-linked structure contains
both the urethane bond and the urea bond.
[0136] The total amount (mmol/g) of the urethane bond and the urea bond contained in 1 g of the three-dimensional
cross-linked structure is preferably 1 mmol/g to 10 mmol/g, more preferably 1.5 mmol/g to 9 mmol/g, and particularly
preferably 2 mmol/g to 8 mmol/g.

((Structure (1))

[0137] The three-dimensional cross-linked structure of the gel particles preferably includes a structure (1) shown below.
[0138] The three-dimensional cross-linked structure may include a plurality of structures (1), and the plurality of struc-
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tures (1) may be the same as or different from each other.

[0139] In the structure (1), X represents a (p + m + n)-valent organic group formed by linking at least two groups
selected from the group consisting of a hydrocarbon group which may have a ring structure, -NH-, >N-, -C(=O)-, -O-,
and -S-.
[0140] In the structure (1), R1, R2, and R3 each independently represent a hydrocarbon group having 5 to 15 carbon
atoms that may have a ring structure.
[0141] In Structure (1), * represents a binding position, each of p, m, and n is equal to or greater than 0, and p + m +
n equals 3 or greater.
[0142] The total molecular weight of X, R1, R2, and R3 is preferably less than 2,000, more preferably less than 1,500,
and even more preferably less than 1,000. In a case where the total molecular weight of X, R1, R2, and R3 is less than
2,000, the internal content rate of the compound contained in the interior of the gel particles can be increased.
[0143] The hydrocarbon group in the organic group represented by X is preferably a linear or branched hydrocarbon
group having 1 to 15 carbon atoms, and more preferably a linear or branched hydrocarbon group having 1 to 10 carbon
atoms.
[0144] Examples of the ring structure that the hydrocarbon group in the organic group represented by X and the
hydrocarbon group represented by R1, R2, and R3 may have include an alicyclic ring structure and an aromatic ring
structure.
[0145] Examples of the alicyclic ring structure include a cyclohexane ring structure, a bicyclohexane ring structure, a
bicyclodecane ring structure, an isobornene ring structure, a dicyclopentane ring structure, an adamantane ring structure,
a tricyclodecane ring structure, and the like.
[0146] Examples of the aromatic ring structure include a benzene ring structure, a naphthalene ring structure, a biphenyl
ring structure, and the like.
[0147] In the structure (1), p is equal to or greater than 0. p is preferably 1 to 10, more preferably 1 to 8, even more
preferably 1 to 6, and particularly preferably 1 to 3.
[0148] In the structure (1), m is equal to or greater than 0. m is preferably 1 to 10, more preferably 1 to 8, even more
preferably 1 to 6, and particularly preferably 1 to 3.
[0149] In the structure (1), n is equal to or greater than 0. n is preferably 1 to 10, more preferably 1 to 8, even more
preferably 1 to 6, and particularly preferably 1 to 3.
[0150] In the structure (1), p + m + n is preferably an integer of 3 to 10, more preferably an integer of 3 to 8, and even
more preferably an integer of 3 to 6.
[0151] The (p + m + n)-valent organic group represented by X is preferably a group represented by any one of Formulae
(X-1) to (X-12).
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[0152] In Formulae (X-1) to (X-12), n represents an integer of 1 to 200. n preferably represents an integer of 1 to 50,
more preferably represents an integer of 1 to 15, and particularly preferably represents an integer of 1 to 8.
[0153] In Formulae (X-11) and (X-12), * represents a binding position.
[0154] In Formulae (X-1) to (X-10), Y represents (Y-1).

[0155] In (Y-1), *1represents a binding position in which (Y-1) is bonded to S or O in (X-1) to (X-10), and *2represents
a binding position in which (Y-1) is bonded to R1, R2, or R3 in the structure (1).
[0156] In the structure (1), R1, R2, and R3 each independently represent a hydrocarbon group having 5 to 15 carbon
atoms that may have a ring structure.
[0157] The hydrocarbon group represented by R1, R2, and R3 may have a substituent, and examples of the substituent
include hydrophilic groups described above.
[0158] R1, R2, and R3 preferably each independently represent a group represented by any one of (R-1) to (R-20). In
(R-1) to (R-20), * represents a binding position.
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[0159] The content rate of the structure (1) in the three-dimensional cross-linked structure with respect to the total
mass of the three-dimensional cross-linked structure is preferably 8% by mass to 100% by mass, more preferably 25%
by mass to 100% by mass, and even more preferably 50% by mass to 100% by mass.
[0160] It is preferable that the three-dimensional cross-linked structure includes, as the structure (1), at least one
structure among a structure (2), a structure (3), and a structure (4) shown below.

[0161] In the structure (2), R1, R2, and R3 each independently represent a hydrocarbon group having 5 to 15 carbon
atoms that may have a ring structure.
[0162] Each of the hydrocarbon groups represented by R1, R2, and R3 in the structure (2) has the same definition as
each of the hydrocarbon groups represented by R1, R2, and R3 in the structure (1), and the preferable range thereof is
also the same.
[0163] In the structure (2), * represents a binding position.
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[0164] In the structure (3), R1, R2, and R3 each independently represent a hydrocarbon group having 5 to 15 carbon
atoms that may have a ring structure.
[0165] Each of the hydrocarbon groups represented by R1, R2, and R3 in the structure (3) has the same definition as
each of the hydrocarbon groups represented by R1, R2, and R3 in the structure (1), and the preferable range thereof is
also the same.
[0166] In the structure (3), * represents a binding position.

[0167] In the structure (4), R1, R2, and R3 each independently represent a hydrocarbon group having 5 to 15 carbon
atoms that may have a ring structure.
[0168] Each of the hydrocarbon groups represented by R1, R2, and R3 in the structure (4) has the same definition as
each of the hydrocarbon groups represented by R1, R2, and R3 in the structure (1), and the preferable range thereof is
also the same.
[0169] In the structure (4), * represents a binding position.
[0170] Specific examples of the structure (1) to the structure (4) include structures shown in the following Table 1.

[0171] The three-dimensional cross-linked structure in the gel particles can be formed, for example, by a reaction
between an isocyanate compound having three or more functional groups or a difunctional isocyanate compound and
water or a compound having two or more active hydrogen groups.
[0172] Particularly, in a case where the raw material used at the time of manufacturing the gel particles includes at
least one kind of compound having three or more reactive groups (isocyanate groups or active hydrogen groups), a

[Table 1]

Structure (1)
Corresponding structure

X R1 R2 R3 p n m

X-1 R-1 R-1 R-1 1 1 1 Structure (2)

X-1 R-7 R-7 R-7 1 1 1 Structure (2)

X-11 R-1 R-1 R-1 1 1 1 Structure (3)

X-11 R-7 R-7 R-7 1 1 1 Structure (3)

X-12 R-7 R-7 R-7 1 1 1 Structure (4)
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three-dimensional cross-linking reaction more effectively proceeds, and hence a three-dimensional network structure is
more effectively formed.
[0173] The three-dimensional cross-linked structure in the gel particles is preferably a product formed by a reaction
between an isocyanate compound having three or more functional groups and water.

(Isocyanate compound having three or more functional groups)

[0174] The isocyanate compound having three or more functional groups is a compound having three or more isocy-
anate groups in a molecule. As this compound, it is possible to use a compound synthesized by a method which will be
described later and a known compound. Examples of the isocyanate compound having three or more functional groups
include an aromatic isocyanate compound having three or more functional groups, an aliphatic isocyanate compound
having three or more functional groups, and the like.
[0175] Examples of the compounds known as such a compound include the compounds described in "Polyurethane
Resin Handbook" (edited by Keiji Iwata, published from NIKKAN KOGYO SHIMBUN, LTD. (1987)).
[0176] As the isocyanate compound having three or more functional groups, a compound having three or more iso-
cyanate groups in a molecule, specifically, a compound represented by Formula (X) is preferable.

X1-(-NCO)n Formula (X)

[0177] In Formula (X), X1 represents an n-valent organic group.
[0178] In Formula (X), n is equal to or greater than 3. n is preferably 3 to 10, more preferably 3 to 8, and even more
preferably 3 to 6.
[0179] As the compound represented by Formula (X), a compound represented by Formula (11) is preferable.

[0180] X, R1, R2, R3, p, m, and n in Formula (11) have the same definition as X, R1, R2, R3, p, m, and n in the structure
(1) described above, and the preferable aspect thereof is also the same.
[0181] The isocyanate compound having three or more functional groups is preferably a compound derived from a
difunctional isocyanate compound (a compound having two isocyanate groups in a molecule). The isocyanate compound
having three or more functional groups is preferably an isocyanate compound derived from at least one kind of compound
selected from isophorone diisocyanate, hexamethylene diisocyanate, trimethylhexamethylene diisocyanate, 1,3-bis(iso-
cyanatomethyl)cyclohexane, m-xylylene diisocyanate, and dicyclohexylmethane 4,4’-diisocyanate.
[0182] Herein, "derived" means that the above compounds are used as raw materials, and hence the isocyanate
compound has a structure derived from the raw materials.
[0183] As the isocyanate compound having three or more functional groups, for example, an isocyanate compound
(adduct type) caused to have three or more functional groups as an adduct product (adduct) of a difunctional isocyanate
compound (a compound having two isocyanate groups in a molecule) and a compound having three or more active
hydrogen groups in a molecule such as polyol, polyamine, or polythiol having three or more functional groups, a trimer
of a difunctional isocyanate compound (a biuret type or an isocyanurate type), and a compound having three or more
isocyanate groups in a molecule such as a formalin condensate of benzene isocyanate are also preferable.
[0184] These isocyanate compounds having three or more functional groups are preferably a mixture containing a
plurality of compounds. It is preferable that a compound represented by Formula (11A) or Formula (11B) shown below
is a main component of this mixture, and other components may also be contained in the mixture.

-Adduct type-

[0185] The adduct-type isocyanate compound having three or more functional groups is preferably a compound rep-
resented by Formula (11A) or Formula (11B).
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[0186] In Formula (11A) and Formula (11B), X2 represents a (p + m + n)-valent organic group, each of p, m, and n is
0 or greater, and p + m + n equals 3 or greater.
[0187] In Formula (11A) and Formula (11B), X3 to X11 each independently represent O, S, or NH.
[0188] In Formula (11A) and Formula (11B), R1 to R6 each independently represent a divalent organic group.
[0189] In Formula (11A) and Formula (11B), Z represents a divalent organic group.
[0190] In Formula (11A) and Formula (11B), X2 is preferably a (p + m + n)-valent organic group formed by linking at
least two groups selected from the group consisting of a hydrocarbon group which may have a ring structure, -NH-, >N-,
-C(=O)-, -O-, and -S-.
[0191] In Formula (11A) and Formula (11B), p + m + n preferably equals 3 to 10, more preferably equals 3 to 8, and
even more preferably equals 3 to 6.
[0192] In Formula (11A) and Formula (11B), X3 to X11 each independently preferably represent O or S, and more
preferably represent O.
[0193] In Formula (11A) and Formula (11B), R1 to R6 each independently preferably represent a hydrocarbon group
having 5 to 15 carbon atoms that may have a ring structure.
[0194] In Formula (11A) and Formula (11B), the preferable aspect of each of R1 to R6 is the same as the preferable
aspect of R1 in the structure (1).
[0195] In a case where X2 in Formula (11A) and Formula (11B) is a hydrocarbon group that may have a ring structure,
examples of the ring structure include an alicyclic ring structure and an aromatic ring structure.
[0196] Examples of the alicyclic ring structure include a cyclohexane ring structure, a bicyclohexane ring structure, a
bicyclodecane ring structure, an isobornene ring structure, a dicyclopentane ring structure, an adamantane ring structure,
a tricyclodecane ring structure, and the like.
[0197] Examples of the aromatic ring structure include a benzene ring structure, a naphthalene ring structure, a biphenyl
ring structure, and the like.
[0198] In a case where each of R1 to R6 in Formula (11A) and Formula (11B) is a hydrocarbon group having 5 to 15



EP 3 345 966 A1

17

5

10

15

20

25

30

35

40

45

50

55

carbon atoms that may have a ring structure, examples of the ring structure include an alicyclic ring structure and an
aromatic ring structure.
[0199] Examples of the alicyclic ring structure include a cyclohexane ring structure, a bicyclohexane ring structure, a
bicyclodecane ring structure, an isobornene ring structure, a dicyclopentane ring structure, an adamantane ring structure,
a tricyclodecane ring structure, and the like.
[0200] Examples of the aromatic ring structure include a benzene ring structure, a naphthalene ring structure, a biphenyl
ring structure, and the like.
[0201] In Formula (11A) and Formula (11B), the (p + m + n)-valent organic group represented by X2 is preferably a
group represented by any one of (X2-1) to (X2-10).
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[0202] In Formula (X2-1) to Formula (X2-10), n represents an integer of 1 to 200. n preferably represents an integer
of 1 to 50, more preferably represents an integer of 1 to 15, and particularly preferably represents an integer of 1 to 8.
[0203] In Formula (X2-1) to Formula (X2-10), * represents a binding position.
[0204] In Formula (11B), the divalent organic group represented by Z is preferably a hydrocarbon group, a group
having a polyoxyalkylene structure, a group having a polycaprolactone structure, a group having a polycarbonate struc-
ture, or a group having a polyester structure.
[0205] The hydrocarbon group represented by Z may be a linear hydrocarbon group, a branched hydrocarbon group,
or a cyclic hydrocarbon group.
[0206] The number of carbon atoms in the hydrocarbon group represented by Z is preferably 2 to 30.
[0207] In Formula (11A) and Formula (11B), R1 to R6 each independently preferably represent a group (R-1) to a
group (R-20).
[0208] In Formula (11A) and Formula (11B), R1 to R6 each independently more preferably represent any of a group
(R-3) derived from isophorone diisocyanate (IPDI), a group (R-7) derived from hexamethylene diisocyanate (HDI), a
group (R-5) derived from trimethylhexamethylene diisocyanate (TMHDI), a group (R-9) derived from m-xylylene diiso-
cyanate (XDI), a group (R-1) derived from 1,3-bis(isocyanatomethyl)cyclohexane, and a group (R-2) derived from dicy-
clohexylmethane 4,4’-diisocyanate.
[0209] As the compound represented by General Formula (11A), a compound represented by Formula (11A-1) is
preferable.

[0210] In Formula (11A-1), R1, R2, and R3 have the same definition as R1, R2, and R3 in Formula (11A), and the
preferable aspect thereof is also the same.
[0211] The adduct-type isocyanate compound having three or more functional groups can be synthesized by reacting
a compound, which will be described later, having three or more active hydrogen groups in a molecule with a difunctional
isocyanate compound which will be described later. The active hydrogen group means a hydroxyl group, a primary
amino group, a secondary amino group, and a mercapto group.
[0212] The adduct-type isocyanate compound having three or more functional groups can be obtained, for example,
by heating (50°C to 100°C) a compound having three or more active hydrogen groups in a molecule and a difunctional
isocyanate compound in an organic solvent with stirring or by stirring the above compounds at a low temperature (0°C
to 70°C) while adding a catalyst such as stannous octanoate thereto (a synthesis scheme 1 shown below).
[0213] Generally, as the difunctional isocyanate compound reacted with the compound having three or more active
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hydrogen groups in a molecule, a difunctional isocyanate compound is used of which the number of moles (number of
molecules) is equal to or higher than 60% of the number of moles (the equivalent number of active hydrogen groups)
of the active hydrogen groups in the compound having three or more active hydrogen groups in a molecule. The number
of moles of the difunctional isocyanate compound is preferably 60% to 500%, more preferably 60% to 300%, and even
more preferably 80% to 200% of the number of moles of the active hydrogen groups.

[0214] Furthermore, the adduct-type isocyanate compound having three or more functional groups can also be ob-
tained, as shown in Synthesis scheme 2 described below, by synthesizing a prepolymer (PP) shown below which is an
adduct of a compound having two active hydrogen groups in a molecule and a difunctional isocyanate compound and
then reacting the prepolymer (PP) with a compound having three or more active hydrogen groups in a molecule.
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[0215] Examples of the difunctional isocyanate compound include a difunctional aromatic isocyanate compound, a
difunctional aliphatic isocyanate compound, and the like.
[0216] Specific examples of the difunctional isocyanate compound include isophorone diisocyanate (IPDI), m-phe-
nylene diisocyanate, p-phenylene diisocyanate, 2,6-tolylene diisocyanate, 2,4-tolylene diisocyanate (TDI), naphthalene-
1,4-diisocyanate, diphenylmethane-4,4’-diisocyanate (MDI), 3,3’-dimethoxy-biphenyl diisocyanate, 3,3’-dimethyldiphe-
nylmethane-4,4’-diisocyanate, m-xylylene diisocyanate (XDI), p-xylylene diisocyanate, 4-chloroxylylene-1,3-diisocy-
anate, 2-methylxylylene-1,3-diisocyanate, 4,4’-diphenylpropane diisocyanate, 4,4’-diphenylhexafluoropropane diisocy-
anate, trimethylene diisocyanate, hexamethylene diisocyanate (HDI), propylene-1,2-diisocyanate, butylene-1,2-diisocy-
anate, cyclohexylene-1,2-diisocyanate, cyclohexylene-1,3-diisocyanate, cyclohexylene-1,4-diisocyanate, dicyclohexyl-
methane-4,4’-diisocyanate, 1,4-bis(isocyanatomethyl)cyclohexane, 1,3-bis(isocyanatomethyl)cyclohexane (HXDI), nor-
bornene diisocyanate (NBDI), trimethylhexamethylene diisocyanate (TMHDI), lysine diisocyanate, 1,3-bis(2-isocyanato-
2-propyl)benzene, and the like.
[0217] Among these difunctional isocyanate compounds, compounds having structures represented by (1-1) to (1-24)
shown below are preferable.
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These are used singly or used as a mixture.

[0218] Among these difunctional isocyanate compounds, isophorone diisocyanate (IPDI), hexamethylene diisocyanate
(HDI), trimethylhexamethylene diisocyanate (TMHDI), 1,3-bis(isocyanatomethyl)cyclohexane (HXDI), m-xylylene diiso-
cyanate (XDI), and dicyclohexylmethane-4,4’-diisocyanate (HMDI) are particularly preferable.
[0219] As the difunctional isocyanate compound, difunctional isocyanate compounds derived from the above com-
pounds can also be used. Examples thereof include DURANATE (registered trademark) D101, D201, A101 (manufac-
tured by Asahi Kasei Corporation) and the like.
[0220] The compound having three or more active hydrogen groups in a molecule is a compound having three or more
groups, each of which is at least one kind of group selected from a hydroxyl group, a primary amino group, a secondary
amino group, and a mercapto group, in a molecule. Examples of the compound include compounds having structures
represented by (H-1) to (H-13) shown below. In the following structures, n represents an integer selected from 1 to 100.
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[0221] As the adduct-type isocyanate compound having three or more functional groups, it is preferable to use a
compound obtained by reacting a compound having two or more active hydrogen groups in a molecule with a difunctional
isocyanate compound according to the combination listed in Table 2 shown below.

[Table 2]

Structure of polyisocyanate Composition

Compound 
No.

Compound having two or 
more active hydrogen 

groups

Difunctional 
isocyanate compound

Compound having two 
or more active 

hydrogen groups 
(molar equivalent)

Difunctional 
isocyanate 

compound (molar 
equivalent)

NCO 101

 

2,4-Tolylene 
diisocyanate (TDI)

1 4

NCO 102
m-Xylylene 

diisocyanate (XDI)
1 4

NCO 103
Hexamethylene 

diisocyanate (HDI)
1 4



EP 3 345 966 A1

23

5

10

15

20

25

30

35

40

45

50

55

[0222] As the adduct-type isocyanate compound having three or more functional groups, among the compounds
shown in Table 2, NCO 102 to NCO 105, NCO 107, NCO 108, NCO 111, and NCO 113 are more preferable.
[0223] As the adduct-type isocyanate compound having three or more functional groups, commercially available prod-
ucts may also be used, and examples thereof include D-102, D-103, D-103H, D-103M2, P49-75S, D-110, D-120N, D-
140N, D-160N (manufactured by Mitsui Chemicals, Inc.), DESMODUR (registered trademark) L75, UL57SP (manufac-
tured by Sumika Bayer Urethane Co., Ltd.), CORONATE (registered trademark) HL, HX, L (manufactured by Nippon
Polyurethane Industry Co., Ltd.), P301-75E (manufactured by Asahi Kasei Corporation.), and the like.
[0224] Among these adduct-type isocyanate compounds having three or more functional groups, D-110, D-120N, D-
140N, and D-160N (manufactured by Mitsui Chemicals, Inc.) are more preferable.

-Isocyanurate type and biuret type-

[0225] As the isocyanurate-type isocyanate compound having three or more functional groups, a compound repre-
sented by Formula (11C) is preferable.
[0226] As the biuret-type isocyanate compound having three or more functional groups, a compound represented by
Formula (11D) is preferable.

(continued)

Structure of polyisocyanate Composition

Compound 
No.

Compound having two or 
more active hydrogen 

groups

Difunctional 
isocyanate compound

Compound having two 
or more active 

hydrogen groups 
(molar equivalent)

Difunctional 
isocyanate 

compound (molar 
equivalent)

NCO 104

Trimethylolpropane

1,3-Bis
(isocyanatomethyl)
cyclohexane (HXDI)

1 4

NCO 105
Isophorone 

diisocyanate (IPDI)
1 4

NCO 106

 

Hexamethylene 
diisocyanate (HDI)

1 4

NCO 107
Isophorone 

diisocyanate (IPDI)
1 4

1,3,5-Trihydroxybenzene

NCO 108

 

1,3-Bis
(isocyanatomethyl)
cyclohexane (HXDI)

1 5

NCO 109
Isophorone 

diisocyanate (IPDI)
1 5Pentaerythritol ethylene 

oxide

NCO 110

 

Hexamethylene 
diisocyanate (HDI)

1 7

NCO 111
Isophorone 

diisocyanate (IPDI)
1 7

Dipentaerythritol hexakis
(3-mercatoproionate)

NCO 112

 

Hexamethylene 
diisocyanate (HDI)

1 4

NCO 113
Isophorone 

diisocyanate (IPDI)
1 4

Triethanolamine
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[0227] In Formula (11C) and Formula (11D), R1, R2, and R3 each independently represent a divalent organic group.
[0228] In Formula (11C) and Formula (11D), R1, R2, and R3 each independently preferably represent an alkylene
group having 1 to 20 carbon atoms that may have a substituent, a cycloalkylene group having 1 to 20 carbon atoms that
may have a substituent, or an arylene group having I to 20 carbon atoms that may have a substituent.
[0229] In Formula (11C) and Formula (11D), R1, R2, and R3 each independently particularly preferably represent a
group selected from the groups represented by (R-1) to (R-20) described above.
[0230] In Formula (11C) and Formula (11D), R1 to R3 each independently more preferably represent any one of the
group (R-3) derived from isophorone diisocyanate (IPDI), the group (R-7) derived from hexamethylene diisocyanate
(HDI), the group (R-5) derived from trimethylhexamethylene diisocyanate (TMHDI), the group (R-9) derived from m-
xylylene diisocyanate (XDI), the group (R-1) derived from 1,3-bis(isocyanatomethyl)cyclohexane, and the group (R-2)
derived from dicyclohexylmethane 4,4’-diisocyanate.
[0231] As the isocyanurate-type isocyanate compound having three or more functional groups, commercially available
products may also be used. Examples thereof include D-127, D-170N, D-170HN, D-172N, D-177N (manufactured by
Mitsui Chemicals, Inc.), SUMIDUR N3300, DESMODUR (registered trademark) N3600, N3900, Z4470BA (manufactured
by Sumika Bayer Urethane Co., Ltd.), CORONATE (registered trademark) HX, HK (manufactured by Nippon Poly-
urethane Industry Co., Ltd.), DURANATE (registered trademark) TPA-100, TKA-100, TSA-100, TSS-100, TLA-100,
TSE-100 (manufactured by Asahi Kasei Corporation.), and the like.
[0232] As the biuret-type isocyanate compound having three or more functional groups, commercially available prod-
ucts may also be used. Examples thereof include D-165N, NP 1100 (manufactured by Mitsui Chemicals, Inc.), DESMO-
DUR (registered trademark) N3200 (Sumika Bayer Urethane Co., Ltd.), DURANATE (registered trademark) 24A-100
(manufactured by Asahi Kasei Corporation.), and the like.
[0233] Among these isocyanurate-type or biuret-type isocyanate compounds having three or more functional groups,
Duranate (registered trademark) 24A-100 (manufactured by Asahi Kasei Corporation.), D-127 (manufactured by Mitsui
Chemicals, Inc.), TKA-100, and TSE-100 (manufactured by Asahi Kasei Corporation.) are more preferable.
[0234] The content (unit: mmol/g) of the isocyanate group per 1 g of the isocyanate compound having three or more
functional groups is preferably 1 mmol/g to 10 mmol/g, more preferably 1.5 mmol/g to 8 mmol/g, and even more preferably
2 mmol/g to 6 mmol/g.
[0235] For obtaining the content of the isocyanate group, the isocyanate compound of interest is dissolved in dehydrated
toluene, an excess of di-n-butylamine solution is then added thereto so as to cause a reaction, and the rest of the di-n-
butylamine solution is subjected to back titration by using hydrochloric acid. From the titration amount at an inflection
point on the titration curve, the content of the isocyanate group can be calculated.
[0236] More specifically, the content of the isocyanate group can be calculated by the method described below.
[0237] By using a potentiometric titrator (AT-510, manufactured by KYOTO ELECTRONICS MANUFACTURING CO.,
LTD.) and a 1 mol/L aqueous hydrochloric acid solution, neutralization titration is performed at 25°C by the blank meas-
urement and the sample measurement described below. From the obtained titration amounts Z1 and Z2, the content of
the isocyanate group can be calculated from Equation (N).

[0238] In Equation (N), Z1 represents the titration amount of a blank, Z2 represents the titration amount of a sample,
W represents the solid content of the sample, and Y represents the mass of the sample.

-Blank measurement-

[0239] 10 mL of dehydrated toluene, 10.0 mL of a 2 mol/L di-n-butylamine solution, and 50 mL of isopropyl alcohol
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are put into a 100 mL beaker and mixed together, thereby preparing a mixed liquid. For the mixed liquid, neutralization
titration is performed using a 1 mol/L hydrochloric acid solution. The inflection point on the titration curve is taken as the
end point, and the titration amount Z1 (mL) to the end point is determined.

-Sample measurement-

[0240] A sample (an isocyanate compound) Yg with W% by mass of solid content is collected and put into a 100 mL
beaker, 20 mL of dehydrated toluene is added to the beaker, and the sample is dissolved, thereby preparing a solution.
10.0 mL of a 2 mol/L di-n-butylamine solution is added to and mixed with the solution, and then the solution is left to
stand for 20 minutes or longer. 50 mL of isopropyl alcohol is added to the solution having been left to stand, and then
neutralization titration is performed using a 1 mol/L hydrochloric acid solution. The inflection point on the titration curve
is taken as an end point, and the titration amount Z2 (mL) to the end point is determined.

(Water or compound having two or more active hydrogen groups)

[0241] The gel particles are preferably manufactured by reacting the aforementioned isocyanate compound having
three or more functional groups with water or a compound having two or more active hydrogen groups.
[0242] As a compound to be reacted with the isocyanate compound having three or more functional groups, generally,
water is used. By reacting the isocyanate compound having three or more functional groups with water, a three-dimen-
sional cross-linked structure having a urea bond is formed.
[0243] Examples of the compound to be reacted with the isocyanate compound having three or more functional groups
other than water include a compound having two or more active hydrogen groups. As the compound having two or more
active hydrogen groups, a polyfunctional alcohol, a polyfunctional phenol, a polyfunctional amine having a hydrogen
atom on a nitrogen atom, and a polyfunctional thiol can also be used.
[0244] By reacting the isocyanate compound having three or more functional groups with a polyfunctional alcohol or
a polyfunctional phenol, a three-dimensional cross-linked structure having a urethane bond is formed.
[0245] By reacting the isocyanate compound having three or more functional groups with a polyfunctional amine having
a hydrogen atom on a nitrogen atom, a three-dimensional cross-linked structure having a urea bond is formed.
[0246] Specific examples of the polyfunctional alcohol include propylene glycol, glycerin, trimethylolpropane, 4,4’,4"-
trihydroxytriphenylmethane, and the like.
[0247] Specific examples of the polyfunctional amine include diethylene triamine, tetraethylene pentamine, and the like.
[0248] Specific examples of the polyfunctional thiol include 1,3-propanedithiol, 1,2-ethanedithiol, and the like.
[0249] Specific examples of the polyfunctional phenol include bisphenol A and the like.
[0250] One kind of these compounds may be used singly, or two or more kinds thereof may be used in combination.
[0251] The compound having two or more active hydrogen groups also includes the aforementioned compound having
three or more active hydrogen groups in a molecule.

(Polymerizable group of gel particles)

[0252] The gel particles each have a polymerizable group.
[0253] The gel particles may each have a polymerizable group in a manner in which the polymerizable group is
introduced into the three-dimensional cross-linked structure, or may have a polymerizable group in a manner in which
the polymerizable monomer is incorporated into the interior of each of the gel particles (a void of the three-dimensional
cross-linked structure). Furthermore, both the aforementioned manners may be simultaneously adopted.
[0254] In a case where the polymerizable monomer is not contained in the interior of the gel particles, the gel particles
each have the polymerizable group in the three-dimensional cross-linked structure.
[0255] From the viewpoint of the sensitivity and the cross-linking properties, it is preferable that the gel particles each
have a polymerizable group on the surface of the gel particles or in the vicinity of the surface of the gel particles.
[0256] Because the gel particles each have a polymerizable group, the gel particles adjacent to each other are bonded
to each other by being irradiated with active energy rays, and hence a cross-linked structure can be formed. As a result,
it is possible to form an image having high cross-linking properties and excellent film hardness.
[0257] Examples of the method for introducing a polymerizable group into the gel particles include a method in which
at the time of forming a three-dimensional cross-linked structure having at least one kind of bond selected from a urethane
bond and a urea bond, the aforementioned isocyanate compound having three or more functional groups is reacted with
water or the aforementioned compound having two or more active hydrogen groups and a polymerizable compound as
a polymerizable group-introducing monomer, a method in which at the time of manufacturing the aforementioned iso-
cyanate compound having three or more functional groups, the aforementioned difunctional isocyanate compound is
reacted with a polymerizable compound as a polymerizable group-introducing monomer, and an isocyanate compound
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into which a polymerizable group is introduced in advance is reacted with water or the aforementioned compound having
two or more active hydrogen groups, and a method in which at the time of manufacturing the gel particles, the components
constituting the gel particles as well as a polymerizable compound as a polymerizable group-introducing monomer are
dissolved in an oil-phase component, a water-phase component is added to and mixed with the oil-phase component,
followed by emulsification.
[0258] Examples of the polymerizable compound used for introducing a polymerizable group into the gel particles
include a compound which has at least one active hydrogen group and has an ethylenically unsaturated bond on at least
one terminal thereof.
[0259] The compound which has at least one active hydrogen group and has an ethylenically unsaturated bond on at
least one terminal thereof can be represented by Structural Formula (a).

L1LcmZn (a)

[0260] In Structural Formula (a), L1 represents an (m + n)-valent linking group, m and n each independently represent
an integer selected from 1 to 100, Lc represents a monovalent ethylenically unsaturated group, and Z represents an
active hydrogen group.
[0261] L1 is preferably an aliphatic group having a valency of 2 or higher, an aromatic group having a valency of 2 or
higher, a heterocyclic group having a valency of 2 or higher, -O-, -S-, -NH-, -N<, -CO-, -SO-, -SO2-, or a combination of
these.
[0262] m and n each independently preferably represent 1 to 50, more preferably represent 2 to 20, even more
preferably represent 3 to 10, and particularly preferably represent 3 to 5.
[0263] Examples of the monovalent ethylenically unsaturated group represented by Lc include an allyl group, a vinyl
group, an acryloyl group, a methacryloyl group, and the like.
[0264] Z is preferably OH, SH, NH, or NH2, more preferably OH or NH2, and even more preferably OH.
[0265] Examples of the compound which has at least one active hydrogen group and has an ethylenically unsaturated
bond on at least one terminal thereof will be shown below, but the present invention is not limited to the structures. n in
the compounds (a-3) and (a-12) represents an integer selected from 1 to 90, for example.
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[0266] As the compound which has at least one active hydrogen group and has an ethylenically unsaturated bond on
at least one terminal thereof, commercially available products may also be used. Examples thereof include acrylates
such as hydroxyethyl acrylate (manufactured by OSAKA ORGANIC CHEMICAL INDUSTRY LTD), 4-hydroxybutyl acr-
ylate, 1,4-cyclohexanedimethanol monoacrylate (manufactured by Nippon Kasei Chemical Co., Ltd), BLEMMER (reg-
istered trademark) AE-90U (n = 2), AE-200 (n = 4.5), AE-400 (n = 10), AP-150 (n = 3), AP-400 (n = 6), AP-550 (n = 9),
AP-800 (n = 13) (manufactured by NOF CORPORATION), and DENACOL (registered trademark) ACRYLATE DA-212,
DA-250, DA-314, DA-721, DA-722, DA-911M, DA-920, DA-931 (manufactured by Nagase ChemteX Corporation), meth-
acrylates such as 2-hydroxyethyl methacrylate (manufactured by KYOEISHA CHEMICAL Co., LTD), and BLEMMER
(registered trademark) PE-90 (n = 2), PE-200 (n = 4.5), PE-350 (n = 8), PP-1000 (N = 4 to 6), PP-500 (n = 9), PP-800
(n = 13) (manufactured by NOF CORPORATION), acrylamide (manufactured by KJ Chemicals Corporation), A-TMM-
3L (manufactured by SHIN-NAKAMURA CHEMICAL CO., LTD.), SR-399E (manufactured by Sartomer Arkema Inc.),
and the like.
[0267] Among these compounds which have at least one active hydrogen group and have an ethylenically unsaturated
bond on at least one terminal thereof, hydroxyethyl acrylate (manufactured by OSAKA ORGANIC CHEMICAL INDUSTRY
LTD), AE-400 (n = 10), AP-400 (n = 6) (manufactured by NOF CORPORATION), DENACOL (registered trademark)
ACRYLATE DA-212 (manufactured by Nagase ChemteX Corporation), PP-500 (n = 9) (manufactured by NOF COR-
PORATION), A-TMM-3L (manufactured by SHIN-NAKAMURA CHEMICAL CO., LTD.), and SR-399E (manufactured
by Sartomer Arkema Inc.) are preferable.
[0268] The introduction of a polymerizable group into the gel particles can be performed, for example, in a manner
shown in a synthesis scheme 3 described below in which an isocyanate compound into which a polymerizable group is
introduced is prepared by reacting the isocyanate group of the isocyanate compound having three or more functional
groups with the active hydrogen group of the compound which has at least one active hydrogen group and has an
ethylenically unsaturated bond on at least one terminal thereof, and the prepared isocyanate compound into which a
polymerizable group is introduced is reacted with the aforementioned compound having two or more active hydrogen
groups.

[0269] As the isocyanate compound into which a polymerizable group is introduced, it is preferable to use a compound
obtained by reacting a compound (indicated as "Polymerizable group-introducing monomer" in Table 3) which has at
least one active hydrogen group and has one ethylenically unsaturated bond on at least one terminal thereof with an
isocyanate compound (indicated as "Polyisocyanate" in Table 3) having three or more functional groups according to
the combination shown in the following Table 3.
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[0270] One kind of monomer for introducing a polymerizable group may be used singly, or two or more kinds thereof
may be used in combination.
[0271] At the time of manufacturing the isocyanate compound into which a polymerizable group is introduced, the
polyisocyanate (that is, the isocyanate compound having three or more functional groups) and the polymerizable group-
introducing monomer are reacted with each other, such that the number of moles of the active hydrogen group of the
polymerizable group-introducing monomer preferably becomes 1% to 30% (more preferably becomes 2% to 25% and
even more preferably becomes 3% to 20%) of the number of moles of the isocyanate group of the polyisocyanate.
[0272] In the isocyanate compound into which a polymerizable group is introduced, the average number of functional
groups of the isocyanate group is equal to or smaller than 3 in some cases. However, even in these cases, as long as
the raw materials for forming a three-dimensional cross-linked structure includes at least one isocyanate compound
having three or more functional groups, the three-dimensional cross-linked structure can be formed.

(Photopolymerization initiator)

[0273] The gel particles each contain at least one kind of photopolymerization initiator in the interior thereof.
[0274] As described above, in a case where the gel particles each contain a photopolymerization initiator in the interior
thereof, the sensitivity to light is enhanced, and the hardness of the formed film is improved.
[0275] Furthermore, in a case where the gel particles each contain a photopolymerization initiator in the interior thereof,
it is possible to use a photopolymerization initiator which cannot be readily used in the related art because the photopo-
lymerization initiator has high sensitivity but exhibits low dispersibility or solubility in water. As a result, a range of choice
of the photopolymerization initiator to be used broadens, and hence a range of choice of the light source to be used also
broadens. Accordingly, the curing sensitivity can be further improved compared to the related art.
[0276] As the photopolymerization initiator contained in the interior of the gel particles (hereinafter, referred to as an
internal photopolymerization initiator as well), known photopolymerization initiators can be appropriately selected and
used.
[0277] The internal photopolymerization initiator is a compound generating a radical, which is a polymerization initiating
species, by absorbing light (that is, active energy rays).
[0278] Known compounds can be used as the internal photopolymerization initiator. Examples of preferable internal
photopolymerization initiators include (a) carbonyl compound such as aromatic ketones, (b) acylphosphine oxide com-

[Table 3]

Structure of polyisocyanate Composition

Compound 
No.

Polyisocyanate
Monomer for introducing 

polymerizable group

Amount of active hydrogen group in polymerizable 
group-introducing monomer with respect to NCO 

group of polyisocyanate (mol%)

NCO 201 NCO 104 Hydroxybutyl acrylate 15

NCO 202 NCO 104 BLEMMER AP-400 15

NCO 203 NCO 104 BLEMMER AE-400 15

NCO 204 NCO 104 BLEMMER PP-500 15

NCO 205 NCO 104 DA212 15

NCO 206 NCO 104 DA920 15

NCO 207
DURANATE 

24A-100
BLEMMER AP-400 15

NCO 208 D-127 BLEMMER AP-400 15

NCO 209
SUMIDUR 

N3300
BLEMMER AP-400 15

NCO 210
DURANATE 

TKA-100
BLEMMER AP-400 15

NCO 211
DURANATE 

TSE-100
BLEMMER AP-400 15
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pound, (c) aromatic onium salt compound, (d) organic peroxide, (e) thio compound, (f) hexaarylbiimidazole compound,
(g) ketoxime ester compound, (h) borate compound, (i) azinium compound, (j) metallocene compound, (k) active ester
compound, (1) compound having carbon halogen bond, (m) alkylamine compound, and the like.
[0279] As the internal photopolymerization initiator, one kind of the compounds (a) to (m) may be used singly, or two
or more kinds thereof may be used in combination.
[0280] Preferable examples of (a) carbonyl compound, (b) acylphosphine oxide compound, and (e) thio compound
include the compounds having a benzophenone skeleton or a thioxanthone skeleton described in "RADIATION CURING
IN POLYMER SCIENCE AND TECHNOLOGY", J. P. FOUASSIER, J. F. RABEK (1993), pp. 77∼117, and the like.
[0281] More preferable examples of the compounds include the α-thiobenzophenone compound described in
JP1972-6416B (JP-S47-6416B), the benzoin ether compound described in JP1972-3981B (JP-S47-3981B), the α-sub-
stituted benzoin compound described in JP1972-22326B (JP-S47-22326B), the benzoin derivative described in
JP1972-23664B (JP-S47-23664B), the aryolphosphonic acid ester described in JP1982-30704A (JP-S57-30704A), the
dialkoxybenzophenone described in JP1985-26483B (JP-S60-26483B), the benzoin ethers described in JP1985-26403B
(JP-S60-26403B) and JP1987-81345A (JP-S62-81345A), the α-aminobenzophenones described in JP1989-34242B
(JP-H01-34242B), US4,318,791A, and EP0284561A1, the p-di(dimethylaminobenzoyl)benzene described in
JP1990-211452A (JP-H02-211452A), the thio-substituted aromatic ketone described in JP1986-194062A (JP-
S61-194062A), the acylphosphine sulfide described in JP1990-9597B (JP-H02-9597B), the acylphosphine described
in JP1990-9596B (JP-H02-9596B), the thioxanthones described in JP1988-61950B (JP-S63-61950B), the coumarins
described in JP1984-42864B (JP-S59-42864B), and the like.
[0282] Furthermore, the polymerization initiators described in JP2008-105379A and JP2009-114290A are also pref-
erable.
[0283] Among these internal photopolymerization initiators, (a) carbonyl compound or (b) acylphosphine oxide com-
pound is more preferable. Specific examples thereof include bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide (for
example, IRGACURE (registered trademark) 819 manufactured by BASF SE), 2-(dimethylamine)-1-(4-morpholinophe-
nyl)-2-benzyl-1-butanone (for example, IRGACURE (registered trademark) 369 manufactured by BASF SE), 2-methyl-
1-(4-methylthiophenyl)-2-morpholinopropan-1-one (for example, IRGACURE (registered trademark) 907 manufactured
by BASF SE), 1-hydroxy-cyclohexyl-phenyl-ketone (for example, IRGACURE (registered trademark) 184 manufactured
by BASF SE), 2,4,6-trimethylbenzoyl-diphenyl-phosphine oxide (for example, DAROCUR (registered trademark) TPO,
LUCIRIN (registered trademark) TPO (all manufactured by BASF SE)), and the like.
[0284] Among these, from the viewpoint of improving sensitivity and from the viewpoint of suitability for LED light, as
the internal photopolymerization initiator, (b) acylphosphine oxide compound is preferable, and a monoacylphosphine
oxide compound (particularly preferably 2,4,6-trimethylbenzoyl-diphenyl-phosphine oxide) or a bisacylphoephine oxide
compound (particularly preferably bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide) is more preferable.
[0285] At the time of manufacturing the gel particles, the internal photopolymerization initiator is dissolved as an oil-
phase component together with the components constituting the gel particles, a water-phase component is added to
and mixed with the oil-phase component, followed by emulsification. In this way, the internal photopolymerization initiator
can be incorporated into the interior of the gel particles.
[0286] The content of the internal photopolymerization initiator with respect to the total solid content of the gel particles
is preferably 0.1% by mass to 25% by mass, more preferably 0.5% by mass to 20% by mass, and even more preferably
1% by mass to 15% by mass.

(Polymerizable monomer)

[0287] It is preferable that each of the gel particles further contains a polymerizable monomer.
[0288] In a case where each of the gel particles does not have a polymerizable group in the three-dimensional cross-
linked structure, each of the gel particles contains a polymerizable monomer in the interior thereof, and a polymerizable
group of the polymerizable monomer functions as a polymerizable group that the gel particles have.
[0289] The polymerizable monomer contained in the interior of each of the gel particles (hereinafter, referred to as an
internal polymerizable monomer as well) can be selected from polymerizable monomers having a radically polymerizable
ethylenically unsaturated bond.
[0290] Examples of the polymerizable monomer, which is used as an internal polymerizable monomer and has a
radically polymerizable ethylenically unsaturated bond, include radically polymerizable monomers such as a compound
having an ethylenically unsaturated group, acrylonitrile, styrene, and various ethylenically unsaturated polyesters, un-
saturated polyethers, unsaturated polyamides, and unsaturated urethanes.
[0291] As the internal polymerizable monomer, a compound having an ethylenically unsaturated group is preferable.
[0292] One kind of internal polymerizable monomer may be used singly, or two or more kinds thereof may be used in
combination.
[0293] Specific examples of the internal polymerizable monomer include acrylate monomers such as 2-hydroxyethyl
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acrylate, butoxyethyl acrylate, carbitol acrylate, cyclohexyl acrylate, tetrahydrofurfuryl acrylate, benzyl acrylate, tridecyl
acrylate, 2-phenoxyethyl acrylate, bis(4-acryloxypolyethoxyphenyl)propane, polyethylene glycol diacrylate, polypropyl-
ene glycol diacrylate, dipentaerythritol tetraacrylate, trimethylolpropane triacrylate (for example, A-TMPT manufactured
by SHIN-NAKAMURA CHEMICAL CO., LTD.), pentaerythritol triacrylate (for example, A-TMM-3L manufactured by
SHIN-NAKAMURA CHEMICAL CO., LTD.), ditrimethylolpropane tetraacrylate (for example, AD-TMP manufactured by
SHIN-NAKAMURA CHEMICAL CO., LTD.), dipentaerythritol pentaacrylate (for example, SR-399E manufactured by
Sartomer Arkema Inc.), dipentaerythritol hexaacrylate (for example, A-DPH manufactured by SHIN-NAKAMURA CHEM-
ICAL CO., LTD.), oligoester acrylate, N-methylol acrylamide, diacetone acrylamide, epoxy acrylate, isobornyl acrylate,
dicyclopentenyl acrylate, dicyclopentenyloxyethyl acrylate, dicyclopentanyl acrylate, neopentyl glycol propylene oxide
adduct diacrylate (NPGPODA), cyclic trimethylolpropane formal acrylate, tetrahydrofurfuryl acrylate, 2-(2-ethox-
yethoxy)ethyl acrylate, 2-(2-vinyloxyethoxy)ethyl acrylate, octyl acrylate, decyl acrylate, tridecyl acrylate, isodecyl acr-
ylate, lauryl acrylate, 3,3,5-trimethylcyclohexyl acrylate, and 4-t-butylcyclohexyl acrylate; methacrylate monomers such
as methyl methacrylate, n-butyl methacrylate, allyl methacrylate, glycidyl methacrylate, benzyl methacrylate, dimethyl-
aminomethyl methacrylate, polyethylene glycol dimethacrylate, polypropylene glycol dimethacrylate, and 2,2-bis(4-meth-
acryloxypolyethoxyphenyl)propane; allyl glycidyl ether, diallyl phthalate, triallyl trimellitate, N-vinyl caprolactam, and the
like.
[0294] Among these internal polymerizable monomers, as polyfunctional polymerizable monomers, trimethylolpropane
triacrylate, pentaerythritol triacrylate, ditrimethylolpropane tetraacrylate, dipentaerythritol pentaacrylate, dipentaerythritol
hexaacrylate, and neopentyl glycol propylene oxide adduct diacrylate are preferable, and dipentaerythritol pentaacrylate
is more preferable. As monofunctional polymerizable monomers, cyclic trimethylolpropane formal acrylate, isobornyl
acrylate, tetrahydrofurfuryl acrylate, 2-(2-ethoxyethoxy)ethyl acrylate, 2-phenoxyethyl acrylate, and N-vinyl caprolactam
are preferable.
[0295] From the viewpoint of the cross-linking properties and the film hardness, the internal polymerizable monomer
is preferably a polyfunctional polymerizable monomer, more preferably a polymerizable monomer having three or more
functional groups, and even more preferably a polymerizable monomer having four or more functional groups.
[0296] As the polyfunctional internal polymerizable monomer, a methacrylate monomer and an acrylate monomer are
preferable, and an acrylate monomer is more preferable.
[0297] The internal polymerizable monomer is even more preferably an acrylate monomer having three or more
functional groups, and particularly preferably an acrylate monomer having four or more functional groups.
[0298] In a case where the aforementioned monofunctional internal polymerizable monomer is used as the internal
polymerizable monomer, the adhesiveness of the film is improved. Furthermore, in a case where two or more kinds of
the aforementioned monofunctional internal polymerizable monomers are used in combination, the adhesiveness of the
film is further improved.
[0299] In a case where two or more kinds of monofunctional internal polymerizable monomers and a polyfunctional
internal polymerizable monomer are used in combination as the internal polymerizable monomer, in addition to the effect
of improving the adhesiveness of the film, the effect of further improving the hardness of the film is also obtained.
[0300] In addition to the internal polymerizable monomers exemplified above, it is possible to use the commercially
available products described in "Cross-linking Agent Handbook" edited by Shinzo Yamashita (1981, TAISEI-SHUPPAN
CO., LTD.); "UV·EB Curing Handbook (raw materials)" edited by Kiyomi Kato (1985, Kobunshi Kankokai); "Application
and Market of UV·EB Curing Technology" edited by RadTech Japan, p. 79, (1989, CMC); "Polyester Resin Handbook"
written by Eichiro Takiyama, (1988, NIKKAN KOGYO SHIMBUN, LTD.) or to use radically polymerizable or cross-linkable
monomers known in the related art.
[0301] As the internal polymerizable monomer, for example, the photocurable polymerizable monomers used in pho-
topolymerizable compositions described in JP1995-159983A (JP-H07-159983A), JP1995-31399B (JP-H07-31399B),
JP1996-224982A (JP-H08-224982A), JP1998-863A (JP-H10-863A), JP1997-134011A (JP-H09-134011A),
JP2004-514014A, and the like are known. These monomers can also be suitably used in the gel particles.
[0302] Furthermore, as the internal polymerizable monomer, commercially available products may also be used.
Examples thereof include ethoxylated or propoxylated acrylates such as AH-600, AT-600, UA-306H, UA-306T, UA-306I,
UA-510H, UF-8001G, DAUA-167 (manufactured by KYOEISHA CHEMICAL Co., LTD), SR444, SR454, SR492, SR499,
CD501, SR502, SR9020, CD9021, SR9035, and SR494 (manufactured by Sartomer Arkema Inc.), isocyanuric monomers
such as A-9300 and A-9300-1CL (manufactured by SHIN-NAKAMURA CHEMICAL CO., LTD.), and the like.
[0303] In addition, as the polymerizable monomer, it is possible to suitably use the commercially available products
such as neopentyl glycol propylene oxide adduct diacrylate (NPGPODA, Sartomer Arkema Inc.), SR399E (dipentaer-
ythritol pentaacrylate, Sartomer Arkema Inc.), ATMM-3L (pentaerythritol triacrylate, SHIN-NAKAMURA CHEMICAL CO.,
LTD.), A-DHP (dipentaerythritol hexaacrylate, SHIN-NAKAMURA CHEMICAL CO., LTD.), ARONIX (registered trade-
mark) M-156 (manufactured by TOAGOSEI CO., LTD.), V-CAP (manufactured by BASF-SE), VISCOAT #192 (manu-
factured by OSAKA ORGANIC CHEMICAL INDUSTRY LTD), SR-531, SR-285, and SR256 (manufactured by Sartomer
Arkema Inc).
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[0304] At the time of manufacturing the gel particles, the internal polymerizable monomer is dissolved as an oil-phase
component together with the components constituting the gel particles, and a water-phase component is added to and
mixed with the oil-phase component, followed by emulsification. In this way, the internal polymerizable monomer can
be incorporated into the interior of the gel particles.
[0305] The molecular weight of the internal polymerizable monomer is, in terms of a weight-average molecular weight,
preferably 100 to 100,000, more preferably 100 to 30,000, even more preferably 100 to 10,000, still more preferably 100
to 1,000, yet more preferably 100 to 900, much more preferably 100 to 800, and particularly preferably 150 to 750.
[0306] The weight-average molecular weight is measured by gel permeation chromatography (GPC).
[0307] The content of the internal polymerizable monomer in the total solid content of the gel particles is preferably
0.1% by mass to 75% by mass, more preferably 0.5% by mass to 60% by mass, and even more preferably 1% by mass
to 50% by mass. In a case where the content of the internal polymerizable monomer is within the above range, the cross-
linking properties and the hardness of the formed film are improved.

(Compound having hydrophilic group)

[0308] As described above, it is preferable that the gel particles each have a hydrophilic group on the surface thereof.
[0309] The introduction of a hydrophilic group into the surface of each of the gel particles can be performed by reacting
the aforementioned isocyanate compound having three or more functional groups with the aforementioned compound
having two or more active hydrogen groups and a compound having a hydrophilic group.
[0310] Furthermore, at the time of manufacturing the aforementioned isocyanate compound having three or more
functional groups, by reacting a difunctional isocyanate compound with a compound having a hydrophilic group, and
reacting an isocyanate compound, into which a hydrophilic group is introduced in advance, with the aforementioned
compound having two or more active hydrogen groups, a hydrophilic group can be introduced into the surface of each
of the gel particles.
[0311] Examples of the compound having a hydrophilic group that is used for introducing a hydrophilic group into the
surface of each of the gel particles include compounds having hydrophilic groups described above.
[0312] The preferable range of the hydrophilic group is as described above.
[0313] As the compound having a hydrophilic group, a compound having a polyether structure, a compound having
a carboxyl group, or a compound having a salt of a carboxyl group is particularly preferable.
[0314] Examples of the compound having a polyether structure include a compound having a polyoxyalkylene chain.
[0315] Specific examples thereof include polyethylene oxide, polypropylene oxide, polytetramethylene oxide, polysty-
rene oxide, polycyclohexylene oxide, a polyethylene oxide-polypropylene oxide block copolymer, a polyethylene oxide-
polypropylene oxide random copolymer, and the like.
[0316] Among these compounds having a polyoxyalkylene chain, polyethylene oxide, polypropylene oxide, and a
polyethylene oxide-polypropylene oxide block copolymer are preferable, and polyethylene oxide is more preferable.
[0317] Furthermore, as the compound having a polyether structure, a polyethylene oxide monoether compound (ex-
amples of the monoether include monomethyl ether, monoethyl ether, and the like) and a polyethylene oxide monoester
compound (examples of the monoester include a monoacetic acid ester, a mono(meth)acrylic acid ester, and the like)
are also preferable.
[0318] Specific examples of the compound having an ionic hydrophilic group such as a carboxyl group are as below.
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[0319] Examples of the compound having an ionic hydrophilic group such as a carboxyl group also include amino
acids such as α-amino acids (specifically, lysine, alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutam-
ic acid, glycine, histidine, isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine,
and valine).
[0320] The compound having an ionic hydrophilic group such as a carboxyl group may be used by being partially
neutralized using an inorganic base such as sodium hydroxide and an organic base such as triethylamine.

-Isocyanate compound into which hydrophilic group is introduced-

[0321] As described above, for introducing a hydrophilic group into the surface of each of the gel particles, an isocyanate
compound into which a hydrophilic group is introduced can also be used.
[0322] Examples of the isocyanate compound into which a hydrophilic group is introduced include a reaction product
between a compound having a hydrophilic group and a difunctional isocyanate compound (preferably, isophorone di-
isocyanate (IPDI), hexamethylene diisocyanate (HDI), trimethylhexamethylene diisocyanate (TMHDI), 1,3-bis(isocy-
anatomethyl)cyclohexane (HXDI), m-xylylene diisocyanate (XDI), or cyclohexylmethane-4,4’-diisocyanate (HMDI)).
[0323] In a case where the group having a polyether structure is introduced into the gel particles, as the isocyanate
compound into which the hydrophilic group (specifically, the group having a polyether structure) is introduced, it is
preferable to use an adduct of a compound having two or more active hydrogen groups, a difunctional isocyanate
compound, and a compound having a polyether structure.
[0324] The preferable aspects of the compound having two or more active hydrogen groups and the difunctional
isocyanate compound are as described above.
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[0325] As the compound having a polyether structure, a compound represented by Formula (WM) is preferable.

[0326] In Formula (WM), each of RW1, RW2, and nw has the same definition as RW1, RW2, and nw in Formula (WS)
described above, and the preferable aspect thereof is also the same.
[0327] As the adduct of the compound having two or more active hydrogen groups, the difunctional isocyanate com-
pound, and the compound having a polyether structure, an adduct (for example, TAKENEATE (registered trademark)
D-116N manufactured by Mitsui Chemicals, Inc.) of trimethylolpropane (TMP), m-xylylene diisocyanate (XDI), and pol-
yethylene glycol monomethyl ether (EO) is preferable.
[0328] In a case where a carboxyl group or a salt of a carboxyl group is introduced as a hydrophilic group into the
surface of each of the gel particles, as the isocyanate compound into which the hydrophilic group (specifically, a carboxyl
group or a salt of a carboxyl group) is introduced, it is preferable to use a reaction product (isocyanate compound
containing a carboxyl group or a salt of a carboxyl group) between 2,2-bis(hydroxymethyl)propionic acid (DMPA) or a
salt of 2,2-bis(hydroxymethyl)propionic acid (DMPA) and isophorone diisocyanate (IPDI).
[0329] As the salt of a carboxyl group, a sodium salt, a potassium salt, a triethylamine salt, or a dimethylethanolamine
salt is preferable, and a sodium salt or a triethylamine salt is more preferable.
[0330] The amount of the compound having a hydrophilic group added that is used for introducing a hydrophilic group
into the surface of each of the gel particles is preferably 0.1% by mass to 50% by mass, more preferably 1% by mass
to 45% by mass, and even more preferably 3% by mass to 40% by mass, with respect to the mass of the gel particles.

-Physical properties of gel particles-

[0331] From the viewpoint of the dispersibility, the volume average particle diameter of the gel particles is preferably
0.01 mm to 10.0 mm, more preferably 0.01 mm to 5 mm, and even more preferably 0.05 mm to 1 mm.
[0332] The volume average particle diameter of the gel particles can be measured by a light scattering method. In the
present specification, as the volume average particle diameter, a value measured using a wet-type particle size distribution
measurement apparatus LA-910, (manufactured by HORIBA, Ltd.) is used.
[0333] The preferable range of the amount of the total solid content of the gel particles in the aqueous dispersion is
as described above.
[0334] The amount of the total solid content of the gel particles with respect to the amount of the total solid content of
the aqueous dispersion is preferably equal to or greater than 50% by mass.

<Water>

[0335] The aqueous dispersion of the present disclosure contains water as a dispersion medium for the gel particles.
[0336] The content of water in the aqueous dispersion of the present disclosure is not particularly limited. However,
the content of water with respect to the total amount of the aqueous dispersion is preferably 10% by mass to 99% by
mass, more preferably 20% by mass to 95% by mass, even more preferably 30% by mass to 90% by mass, and
particularly preferably 50% by mass to 90% by mass.

<External resin>

[0337] As described above, the aqueous dispersion of the present disclosure contains an external resin (that is, a
resin that the aqueous dispersion contains in the exterior of the gel particles).
[0338] The preferable aspect of the external resin and the preferable content of the external resin are as described
above.
[0339] The structure of the external resin is not particularly limited, and any structure may be adopted. Examples of
the structure of the external resin include structures such as a chain-like structure, a branched structure, a starlike
structure, a cross-linked structure, and a network structure.
[0340] The aqueous dispersion may contain only one kind of external resin or two or more kinds of external resins.
[0341] The external resin is preferably a water-soluble resin or a water-dispersible resin, and more preferably a water-
dispersible resin.
[0342] Herein, "water-soluble" in the water-soluble resin refers to a property in which in a case where the resin is dried
for 2 hours at 105°C, the amount of the resin dissolving in 100 g of distilled water with a temperature of 25°C is greater



EP 3 345 966 A1

34

5

10

15

20

25

30

35

40

45

50

55

than 1g.
[0343] Furthermore, "water-dispersible" in the water-dispersible resin refers to a property in which the resin is water-
insoluble but is dispersed in water. Herein, "water-insoluble" refers to a property in which in a case where the resin is
dried for 2 hours at 105°C, the amount of the resin dissolving in 100 g of distilled water with a temperature of 25°C is
equal to or smaller than 1 g.
[0344] In a case where the external resin is a water-dispersible resin, the external resin (water-dispersible resin) can
also be a dispersoid in the aqueous dispersion.
[0345] The weight-average molecular weight of the external resin is not particularly limited. However, from the viewpoint
of achieving both the adhesiveness and the dispersion stability, the weight-average molecular weight of the external
resin is preferably equal to or greater than 700 and equal to or smaller than 200,000, more preferably equal to or greater
than 800 and equal to or smaller than 100,000, and even more preferably equal to or greater than 900 and equal to or
smaller than 50,000.
[0346] Herein, the weight-average molecular weight of the external resin is a value measured by gel permeation
chromatography (GPC).
[0347] In a case where the external resin is resin particles (for example, particles formed of a water-dispersible resin),
the volume average particle diameter of the resin particles in the aqueous dispersion is not particularly limited. However,
from the viewpoint of the dispersibility, the volume average particle diameter of the resin particles is preferably 10 nm
to 10,000 nm, more preferably 20 nm to 1,000 nm, and even more preferably 30 nm to 500 nm.
[0348] The external resin may be a resin having a polymerizable group or a resin not having a polymerizable group.
[0349] Examples of the polymerizable group in the resin having a polymerizable group include the same polymerizable
group as the polymerizable group in the gel particles.
[0350] In addition, the external resin is preferably a resin having a functional group selected from a carboxyl group, a
salt of a carboxyl group, a sulfo group, a salt of a sulfo group, a sulfuric acid group, a salt of a sulfuric acid group, a
phosphonic acid group, a salt of a phosphonic acid group, a phosphoric acid group, a salt of a phosphoric acid group,
an ammonium base, a hydroxyl group, a carboxylic acid amide group, and an alkyleneoxy group.
[0351] As a countercation of the aforementioned salt, an alkali metal cation such as sodium or potassium, an alkali
earth metal cation such as calcium or magnesium, an ammonium cation, or a phosphonium cation is preferable, and an
alkali metal cation is particularly preferable.
[0352] As an alkyl group contained in the ammonium group of the ammonium base, a methyl group or an ethyl group
is preferable.
[0353] As a counteranion of the ammonium base, a halogen anion such as chlorine or bromine, a sulfate anion, a
nitrate anion, a phosphate anion, a sulfonate anion, a carboxylate anion, or a carbonate anion is preferable, and a
halogen anion, a sulfonate anion, or a carboxylate anion is particularly preferable.
[0354] As a substituent on a nitrogen atom of the carboxylic acid amide group, an alkyl group having 8 or less carbon
atoms is preferable, and an alkyl group having 6 or less carbon atoms is particularly preferable.
[0355] The resin having an alkyleneoxy group preferably has an alkyleneoxy chain formed of repeating alkyleneoxy
groups. The number of alkyleneoxy groups contained in the alkyleneoxy chain is preferably 2 or greater, and particularly
preferably 4 or greater.
[0356] The aqueous dispersion of the present disclosure may contain, in addition to the aforementioned external resin,
a resin contained in the interior of the gel particles (hereinafter, referred to as "internal resin" as well).
[0357] The internal resin may be a resin of the same type as the external resin. For example, in the aqueous dispersion
of the present disclosure, a portion of a specific type of resin is contained in the interior of the gel particles as an internal
resin, and the rest of the specific type of resin may be present in the exterior of the gel particles as an external resin.
[0358] In a case where the aqueous dispersion of the present disclosure contains an internal resin, as the internal
resin, a water-insoluble resin can also be used.
[0359] Herein, "water-insoluble" in "water-insoluble resin" refers to a property in which in a case where the resin is
dried for 2 hours at 105°C, the amount of the resin dissolving in 100 g of distilled water with a temperature of 25°C is
equal to or smaller than 1 g.
[0360] As described above, in the aqueous dispersion of the present disclosure, by incorporating a water-insoluble
resin exhibiting low solubility in water into the interior of the gel particles, the aqueous dispersion which is an aqueous
composition can contain the water-insoluble resin.

<Sensitizer>

[0361] The aqueous dispersion of the present disclosure may contain a sensitizer.
[0362] In a case where the aqueous dispersion of the present disclosure contains a sensitizer, the decomposition of
the photopolymerization initiator by the irradiation of active energy rays can be further accelerated.
[0363] The sensitizer is a substance which becomes in an electron-excited state by absorbing specific active energy



EP 3 345 966 A1

35

5

10

15

20

25

30

35

40

45

50

55

rays. By coming into contact with the photopolymerization initiator, the sensitizer in the electron-excited state performs
an action such as electron transfer, energy transfer, or heating. As a result, the chemical change of the photopolymer-
ization initiator, that is, the decomposition, the generation of a radical,an acid, or a base, or the like is accelerated.
[0364] Examples of the sensitizer include benzophenone, thioxanthone, isopropylthioxanthone, anthraquinone, a 3-
acylcoumarin derivative, terphenyl, styryl ketone, 3-(aroylmethylene)thiazolyl, camphorquinone, eosin, rhodamine, eryth-
rosine, and the like.
[0365] Furthermore, as the sensitizer, the compound represented by General Formula (i) described in JP2010-24276A
or the compound represented by General Formula (I) described in JP1994-107718A (JP-H06-107718A) can also be
suitably used.
[0366] Among the above compounds, as the sensitizer, from the viewpoint of the suitability for LED light and the
reactivity with the photopolymerization initiator, at least one kind of compound selected from thioxanthone, isopropylth-
ioxanthone, and benzophenone is preferable, at least one kind of compound selected from thioxanthone and isopro-
pylthioxanthone is more preferable, and isopropylthioxanthone is even more preferable.
[0367] In a case where the aqueous dispersion of the present disclosure contains a sensitizer, the aqueous dispersion
may contain one kind of sensitizer singly or two or more kinds of sensitizers in combination.
[0368] In a case where the aqueous dispersion of the present disclosure contains a sensitizer, from the viewpoint of
further improving the reactivity with the photopolymerization initiator, it is preferable that the sensitizer is contained in
the interior of the gel particles.
[0369] In a case where the aqueous dispersion of the present disclosure contains a sensitizer, the content of the
sensitizer with respect to the total solid content of the gel particles is preferably 0.1% by mass to 25% by mass, more
preferably 0.5% by mass to 20% by mass, and even more preferably 1% by mass to 15% by mass.

<Colorant>

[0370] The aqueous dispersion of the present disclosure may contain at least one kind of colorant.
[0371] In a case where the aqueous dispersion contains a colorant, it is preferable that the aqueous dispersion contains
the colorant in the exterior of the gel particles.
[0372] The colorant is not particularly limited and can be used by being arbitrarily selected from known coloring materials
such as a pigment, a water-soluble dye, and a dispersed dye. It is more preferable that the aqueous dispersion contains
a pigment among the above colorants, because the pigment has high weather fastness and excellent color reproducibility.
[0373] The pigment is not particularly limited and can be appropriately selected according to the purpose. Examples
thereof include known organic pigments and inorganic pigments, resin particles stained with a dye, commercially available
pigment dispersions, and surface-treated pigments (for example, those obtained by dispersing a pigment in water, a
liquid compound, an insoluble resin, or the like as a dispersion medium and pigments of which the surface is treated
with a resin, a pigment derivative, or the like).
[0374] Examples of the organic pigments and inorganic pigments include a yellow pigment, a red pigment, a magenta
pigment, a blue pigment, a cyan pigment, a green pigment, an orange pigment, a purple pigment, a brown pigment, a
black pigment, a white pigment, and the like.
[0375] In a case where a pigment is used as a colorant, if necessary, a pigment dispersant may be used at the time
of preparing the pigment particles.
[0376] Regarding the coloring material such as a pigment and the pigment dispersant, paragraphs "0180" to "0200"
in JP2014-040529A can be referred to as appropriate.

<Other components>

[0377] If necessary, the aqueous dispersion of the present disclosure may contain other components in addition to
the components described above.
[0378] In a case where the aqueous dispersion contains other components, it is preferable that the aqueous dispersion
contains other components in the exterior of the gel particles. However, in this case, some of other components may
be contained in the interior of the gel particles.

(Surfactant)

[0379] The aqueous dispersion of the present disclosure may contain a surfactant.
[0380] In a case where the aqueous dispersion of the present disclosure contains a surfactant, the dispersibility of the
gel particles can be further improved.
[0381] Examples of the surfactant include a higher fatty acid salt, alkyl sulfate, alkyl ester sulfate, alkyl sulfonate,
alkylbenzene sulfonate, sulfosuccinate, naphthalene sulfonate, alkyl phosphate, polyoxyalkylene alkyl ether phosphate,
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polyoxyalkylene alkyl phenyl ether, polyoxyethylene polyoxypropylene glycol, glycerin ester, sorbitan ester, polyoxyeth-
ylene fatty acid amide, amine oxide, and the like.
[0382] Among these, as a surfactant, at least one kind of surfactant selected from alkyl sulfate, alkyl sulfonate, and
alkylbenzene sulfonate is preferable, and alkyl sulfate is particularly preferable.
[0383] From the viewpoint of the dispersibility of the gel particles, the surfactant is preferably alkyl sulfate having an
alkyl chain length of 8 to 18, more preferably at least one kind of surfactant selected from sodium dodecyl sulfate (SDS,
alkyl chain length: 12) and sodium cetyl sulfate (SCS, alkyl chain length: 16), and even more preferably sodium cetyl
sulfate (SCS).
[0384] The aqueous dispersion of the present disclosure may contain other surfactants in addition to the aforementioned
surfactant. Examples of other surfactants include those described in JP1987-173463A (JP-S62-173463A) and
JP1987-183457A (JP-S62-183457A). Examples of other surfactants include nonionic surfactants such as polyoxyeth-
ylene alkyl ethers, polyoxyethylene alkyl allyl ethers, acetylene glycols, polyoxyethylene/polyoxypropylene block copol-
ymers, and siloxanes.
[0385] As a surfactant, an organic fluoro compound may also be used.
[0386] The organic fluoro compound is preferably hydrophobic. Examples of the organic fluoro compound include a
fluorine-based surfactant, an oil-like fluorine-based compound (for example, fluorine oil), a solid-like fluorine compound
resin (for example tetrafluoroethylene resin), and those described in JP1982-9053B (JP-S57-9053B) (the eighth column
to the seventeenth column) and JP1987-135826A (JP-S62-135826A).
[0387] As the surfactant, a surfactant having a weight-average molecular weight less than 1,000 (particularly preferably
less than 700) is preferable.

(Polymerization inhibitor)

[0388] The aqueous dispersion of the present disclosure may contain a polymerization inhibitor.
[0389] In a case where the aqueous dispersion of the present disclosure contains a polymerization inhibitor, the storage
stability of the aqueous dispersion can be further improved.
[0390] Examples of the polymerization inhibitor include p-methoxyphenol, quinones (for example, hydroquinone, ben-
zoquinone, methoxybenzoquinone, and the like), phenothiazine, catechols, alkyl phenols (for example, dibutylhydroxy-
toluene (BHT) and the like), alkyl bisphenols, zinc dimethyldithiocarbamate, copper dimethyldithiocarbamate, copper
dibutyldithiocarbamate, copper salicylate, thiodipropionic acid esters, mercaptobenzimidazole, phosphites, 2,2,6,6-te-
tramethylpiperidin-1-oxyl (TEMPO), 2,2,6,6-tetramethyl-4-hydroxypiperidin-1-oxyl (TEMPOL), cupferron Al, a tris(N-ni-
troso-N-phenylhydroxylamine)aluminum salt, and the like.
[0391] Among these, at least one kind of compound selected from p-methoxyphenol, catechols, quinones, alkyl phe-
nols, TEMPO, TEMPOL, cupferron Al, and a tris(N-nitroso-N-phenylhydroxylamine)aluminum salt is preferable, and at
least one kind of compound selected from p-methoxyphenol, hydroquinone, benzoquinone, BHT, TEMPO, TEMPOL,
cupferron Al, and a tris(N-nitroso-N-phenylhydroxylamine)aluminum salt is more preferable.

(Ultraviolet absorber)

[0392] The aqueous dispersion of the present disclosure may contain an ultraviolet absorber.
[0393] In a case where the aqueous dispersion of the present disclosure contains an ultraviolet absorber, the weather
fastness of the film can be further improved.
[0394] Examples of the ultraviolet absorber include known ultraviolet absorbers such as a benzotriazole-based com-
pound, a benzophenone-based compound, a triazine-based compound, a benzoxazole-based compound, and the like.

(Organic solvent)

[0395] The aqueous dispersion of the present disclosure may contain an organic solvent.
[0396] In a case where the aqueous dispersion of the present disclosure contains an organic solvent, the adhesiveness
between the film and the substrate can be further improved.
[0397] In a case where the aqueous dispersion of the present disclosure contains an organic solvent, the content of
the organic solvent with respect to the total amount of the aqueous dispersion is preferably 0.1% by mass to 5% by mass.
[0398] Specific examples of the organic solvent are as below.

• Alcohols (for example, methanol, ethanol, propanol, isopropanol, butanol, isobutanol, sec-butanol, tert-butanol,
pentanol, hexanol, cyclohexanol, benzyl alcohol, and the like)

• Polyhydric alcohols (for example, ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, propylene
glycol, dipropylene glycol, polypropylene glycol, butylene glycol, hexanediol, pentanediol, glycerin, hexanetriol, thi-
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odiglycol, 2-methylpropanediol, and the like)
• Polyhydric alcohol ethers (for example, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene

glycol monobutyl ether, diethylene glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol
monobutyl ether, propylene glycol monomethyl ether, propylene glycol monobutyl ether, tripropylene glycol mono-
methyl ether, dipropylene glycol monomethyl ether, dipropylene glycol dimethyl ether, ethylene glycol monomethyl
ether acetate, triethylene glycol monomethyl ether, triethylene glycol monoethyl ether, triethylene glycol monobutyl
ether, ethylene glycol monophenyl ether, propylene glycol monophenyl ether, and the like)

• Amines (for example, ethanolamine, diethanolamine, triethanolamine, N-methyldiethanolamine, N-ethyldieth-
anolamine, morpholine, N-ethylmorpholine, ethylenediamine, diethylenediamine, triethylenetetramine, tetraethyl-
enepentamine, polyethyleneimine, pentamethyldiethylenetriamine, tetramethylpropylenediamine, and the like)

• Amides (for example, formamide, N,N-dimethylformamide, N,N-dimethylacetamide, and the like)
• Heterocyclic rings (for example, 2-pyrrolidone, N-methyl-2-pyrrolidone, cyclohexyl pyrrolidone, 2-oxazolidone, 1,3-

dimethyl-2-imidazolidinone, γ-butyrolactone, and the like)
• Sulfoxides (for example, dimethyl sulfoxide and the like)
• Sulfones (for example, sulfolane and the like)
• Others (urea, acetonitrile, acetone, and the like)

[0399] From the viewpoint of the physical properties of the film, the adhesiveness, and the control of jetting properties,
if necessary, the aqueous dispersion of the present disclosure may contain a photopolymerization initiator, a polymer-
izable monomer, and the like in the exterior of the gel particles.

(Photopolymerization initiator that can be contained in exterior of gel particles)

[0400] Examples of the photopolymerization initiator that can be contained in the exterior of the gel particles include
the same photopolymerization initiator as the aforementioned photopolymerization initiator (the photopolymerization
initiator contained in the interior of the gel particles). As the photopolymerization initiator that can be contained in the
exterior of the gel particles, a water-soluble or water-dispersible photopolymerization initiator is preferable. In this respect,
examples of preferable photopolymerization initiators include DAROCUR (registered trademark) 1173, IRGACURE
(registered trademark) 2959, IRGACURE (registered trademark) 754, DAROCUR (registered trademark) MBF, IRGA-
CURE (registered trademark) 819DW, IRGACURE (registered trademark) 500 (all manufactured by BASF SE) and the
like.
[0401] "Water-soluble" in the aforementioned photopolymerization initiator has the same definition as "water-soluble"
in the "water-soluble resin" described above, and "water-dispersible" in the aforementioned photopolymerization initiator
has the same definition as "water-dispersible" in "water-dispersible resin" described above.

(Polymerizable monomer that can be contained in exterior of gel particles)

[0402] Examples of the polymerizable monomer that can be contained in the exterior of the gel particles include
radically polymerizable compounds such as a compound having an ethylenically unsaturated group, acrylonitrile, styrene,
unsaturated polyester, unsaturated polyether, unsaturated polyamide, and unsaturated urethane.
[0403] Among these, as the aforementioned polymerizable monomer, a compound having an ethylenically unsaturated
group is preferable, and a compound having a (meth)acryloyl group is particularly preferable.
[0404] As the polymerizable monomer that can be contained in the exterior of the gel particles, a water-soluble or
water-dispersible polymerizable monomer is preferable.
[0405] "Water-soluble" in the aforementioned polymerizable monomer has the same definition as "water-soluble" in
"water-soluble resin" described above, and "water-dispersible" in the aforementioned polymerizable monomer has the
same definition as "water-dispersible" in "water-dispersible resin" described above.
[0406] From the viewpoint of the water solubility or the water dispersibility, as the aforementioned polymerizable
monomer, a compound having at least one kind of structure selected from the group consisting of an amide structure,
a polyethylene glycol structure, a polypropylene glycol structure, a carboxyl group, and a salt of a carboxyl group is
preferable.
[0407] From the viewpoint of the water solubility or the water dispersibility, as the polymerizable monomer that can
be contained in the exterior of the gel particles, at least one kind of compound selected from (meth)acrylic acid, sodium
(meth)acrylate, potassium (meth)acrylate, N,N-dimethylacrylamide, N,N-diethylacrylamide, morpholine acrylamide, N-
2-hydroxyethyl (meth)acrylamide, N-vinylpyrrolidone, N-vinylcaprolactam, 2-hydroxyethyl (meth)acrylate, 3-hydroxypro-
pyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, glycerin monomethacrylate, N-[tris(3-acryloylaminopropyloxymeth-
ylene)methyl]acrylamide, diethylene glycol bis(3-acryloylaminopropyl)ether, polyethylene glycol di(meth)acrylate, and
polypropylene glycol di(meth)acrylate is preferable, and at least one kind of compound selected from (meth)acrylic acid,
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N,N-dimethylacrylamide, N-2-hydroxyethyl (meth)acrylamide, 2-hydroxyethyl (meth)acrylate, glycerin monomethacr-
ylate, N-[tris(3-acryloylaminopropyloxymethylene)methyl]acrylamide, diethylene glycol bis(3-acryloylaminopropyl)ether,
polyethylene glycol di(meth)acrylate, and polypropylene glycol di(meth)acrylate is more preferable.
[0408] The weight-average molecular weight of the polymerizable monomer that can be contained in the exterior of
the gel particles is preferably less than 700.

<Preferable physical properties of aqueous dispersion>

[0409] In a case where the temperature of the aqueous dispersion of the present disclosure is within a range of 25°C
to 50°C, the viscosity of the aqueous dispersion is preferably 3 mPa·s to 15 mPa·s, and more preferably 3 mPa·s to 13
mPa·s. Particularly, in a case where the temperature of the aqueous dispersion of the present disclosure is 25°C, the
viscosity of the aqueous dispersion is preferably equal to or lower than 50 mPa·s. In a case where the viscosity of the
aqueous dispersion is within the above range, at the time of using the aqueous dispersion as an ink composition for ink
jet recording, high jetting stability can be realized.
[0410] The viscosity of the aqueous dispersion is a value measured using a viscometer (VISCOMETER TV-22, man-
ufactured by TOKI SANGYO CO., LTD).

[Method for manufacturing aqueous dispersion]

[0411] The method for manufacturing an aqueous dispersion of the present disclosure is not particularly limited, as
long as the aqueous dispersion of the present disclosure having the constitution described above can be manufactured.
[0412] As the method for manufacturing an aqueous dispersion of the present disclosure, from the viewpoint of easily
obtaining the aqueous dispersion of the present disclosure, a method for manufacturing an aqueous dispersion of the
present embodiment that will be described below is preferable.
[0413] The method for manufacturing an aqueous dispersion of the present embodiment (hereinafter, referred to as
"manufacturing method of the present embodiment" as well) includes a preparation step of preparing a gel particle
dispersion containing the aforementioned gel particles and water and a resin mixing step of mixing the gel particle
dispersion with an external resin so as to obtain the aqueous dispersion of the present disclosure.
[0414] If necessary, the manufacturing method of the present embodiment may include other steps.
[0415] According to the manufacturing method of the present embodiment, the aforementioned aqueous dispersion
of the present disclosure can be easily manufactured.
[0416] Hereinafter, each of the steps in the manufacturing method of the present embodiment will be specifically
described.
[0417] Specific examples of the components used in each step and preferable aspects thereof are the same as
described above in the section of the aqueous dispersion. Therefore, the description thereof will not be repeated.

(Preparation step)

[0418] The preparation step is a step of preparing a gel particle dispersion containing gel particles and water.
[0419] It is preferable that the gel particle dispersion substantially does not contain an external resin. The content of
the external resin in the gel particle dispersion is preferably less than 1% by mass, and particularly preferably 0% by
mass (that is, it is particularly preferable that the gel particle dispersion does not contain the external resin).
[0420] The preparation step is a step performed for the sake of convenience. That is, in the manufacturing method of
the present embodiment, at the time of manufacturing the aqueous dispersion of the present disclosure, a gel particle
dispersion prepared in advance may be used. Alternatively, at the time of manufacturing the aqueous dispersion of the
present disclosure, first, a gel particle dispersion may be manufactured, and then the manufactured gel particle dispersion
may be used.
[0421] In the gel particle dispersion, the internal content rate of the photopolymerization initiator contained in the interior
of the gel particles can be measured by the same method as the measurement method described in the section of
"Aqueous dispersion", except that the amount of tetrahydrofuran (THF) for preparing the diluted solution is changed
such that the mass of the THF becomes 100 times the mass of the total solid content of the gel particle dispersion. The
preferable range of the internal content rate of the photopolymerization initiator in the gel particle dispersion is the same
as the preferable range described in the section of "Aqueous dispersion".
[0422] Furthermore, whether the gel particle dispersion contains the gel particles having a three-dimensional cross-
linked structure is checked by the same method as the method for checking whether the aqueous dispersion contains
the gel particles having a three-dimensional cross-linked structure described in the section of "Aqueous dispersion",
except that the amount of tetrahydrofuran (THF) for preparing the diluted solution is changed such that the mass of the
THF becomes 100 times the mass of the total solid content of the gel particle dispersion.
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[0423] The preparation step preferably includes an emulsification step of obtaining an emulsion by mixing any oil-
phase component, which is selected from an oil-phase component containing a photopolymerization initiator, an isocy-
anate compound having three or more functional groups, a polymerizable monomer, and an organic solvent (hereinafter,
referred to as "oil-phase component A" as well), an oil-phase component containing a photopolymerization initiator, a
polymerizable group-containing isocyanate compound having three or more functional groups, and an organic solvent
(hereinafter, referred to as "oil-phase component B" as well), and an oil-phase component containing a photopolymer-
ization initiator, a polymerizable group-containing isocyanate compound having three or more functional groups, a po-
lymerizable monomer, and an organic solvent (hereinafter, referred to as "oil-phase component C" as well), with a water-
phase component containing water and emulsifying the mixture; and a gelification step of obtaining a gel particle dis-
persion containing gel particles and water by heating the emulsion.

-Emulsification step-

[0424] The emulsification step is a step of obtaining an emulsion by mixing any oil-phase component selected from
the oil-phase component A, oil-phase component B, and the oil-phase component C with a water-phase component
containing water, and emulsifying the mixture.
[0425] In the emulsification step, as an oil-phase component, any oil-phase component selected from the oil-phase
component A containing a photopolymerization initiator, an isocyanate compound having three or more functional groups,
a polymerizable monomer, and an organic solvent, the oil-phase component B containing a photopolymerization initiator,
a polymerizable group-containing isocyanate compound having three or more functional groups, and an organic solvent,
and the oil-phase component C containing a photopolymerization initiator, a polymerizable group-containing isocyanate
compound having three or more functional groups, a polymerizable monomer, and an organic solvent is used. In this
way, finally, it is possible to obtain gel particles that each contain at least a photopolymerization initiator in the interior
thereof and have a polymerizable group on the surface or in the vicinity of the surface of each of the gel particles.
[0426] It is considered that the polymerizable monomer contained in the oil-phase component A, the polymerizable
group-containing isocyanate compound having three or more functional groups contained in the oil-phase component
B, and the polymerizable monomer and the polymerizable group contained in the polymerizable group-containing iso-
cyanate compound having three or more functional groups that are contained in the oil-phase component C become
the polymerizable group present on the surface of each of the gel particles or present on the surface and in the vicinity
of the surface of each of the gel particles.
[0427] Examples of the organic solvent contained in the oil-phase component include ethyl acetate, methyl ethyl
ketone, and the like.
[0428] If necessary, the oil-phase component may contain other components in addition to the aforementioned com-
ponents.
[0429] Examples of other components include a compound having the aforementioned hydrophilic group.
[0430] In a case where the oil-phase component contains a compound having the aforementioned hydrophilic group,
gel particles having a hydrophilic group on the surface thereof can be obtained.
[0431] As the isocyanate compound having three or more functional groups, an isocyanate compound is preferable
which is derived from at least one kind of compound selected from isophorone diisocyanate, hexamethylene diisocyanate,
trimethylhexamethylene diisocyanate, 1,3-bis(isocyanatomethyl)cyclohexane, m-xylylene diisocyanate, and dicyclohex-
ylmethane 4,4’-diisocyanate.
[0432] If necessary, the water-phase component may contain other components in addition to water.
[0433] In a case where the oil-phase component contains, as the compound having a hydrophilic group, a compound
having at least one kind of hydrophilic group selected from a carboxyl group, a sulfo group, a sulfuric acid group, a
phosphonic acid group, and a phosphoric acid group, the water-phase component may contain a neutralizer.
[0434] In a case where the oil-phase component contains the compound having a hydrophilic group, and the water-
phase component contains a neutralizer, by mixing the oil-phase component with the water-phase component, the
hydrophilic group such as a carboxyl group is neutralized, and a salt of the carboxyl group and the like are formed. The
formed salts also function as a hydrophilic group of the gel particles. These salts are particularly effective for dispersing
the gel particles in water.
[0435] Examples of the neutralizer include sodium hydroxide and the like.
[0436] In the manufacturing method of the present embodiment, depending on the reaction with the isocyanate group,
as a raw material for forming the gel particles having a three-dimensional cross-linked structure containing at least one
bond selected from a urethane bond and a urea bond, in addition to water, the polyfunctional alcohol, the polyfunctional
phenol, the polyfunctional amine having a hydrogen atom on a nitrogen atom, the polyfunctional thiol, and the like
described above may be used.
[0437] Specifically, examples thereof include compounds such as a polyfunctional alcohol (for example, propylene
glycol, glycerin, trimethylolpropane, and the like), a polyfunctional amine (for example, bis(hexamethylene)triamine,
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ethylene diamine, diethylene triamine, and the like), a polyfunctional thiol (for example, pentaerythritol tetra(3-mercap-
topropionate) and the like). Among these, a polyfunctional alcohol is particularly preferable.
[0438] One kind of these compounds may be used singly, or two or more kinds thereof may be used in combination.
These compounds are added to the oil-phase component and/or the water-phase component according to the solubility
and the like of the compounds.
[0439] In the manufacturing method of the present embodiment, in addition to the aforementioned raw materials, a
surfactant is preferably used. Examples of the surfactant include the surfactants described above.
[0440] Generally, as a surfactant used for emulsification dispersion, a hydrophobic group-containing surfactant having
a relatively long chain is considered excellent. For example, as the surfactant, the surfactants described in "Surfactant
Handbook" (Ichiro Nishi et al., published from Sangyo Tosho Publishing Co., Ltd. (1980)), specifically, an alkali metal
salt such as alkyl sulfate, alkyl sulfonate, or alkyl benzene sulfonic acid is preferable, and an alkyl sulfuric acid ester salt
is more preferable.
[0441] From the viewpoint of the dispersion stability, the alkyl chain length of the alkyl sulfuric acid ester salt is preferably
equal to or greater than 12, and more preferably equal to or greater than 16.
[0442] The surfactant may be added any of the oil-phase component and the water-phase component. However,
because the surfactant exhibits low solubility in an organic solvent in general, the surfactant is added to the water-phase
component.
[0443] The amount of the surfactant with respect to the amount of the total solid content of the oil-phase component
is preferably 0.1% by mass to 5% by mass, and more preferably 0.5% by mass to 3% by mass.
[0444] The amount of the solid content (hereinafter, referred to as "amount of the total solid content" as well) obtained
by subtracting the amount of the organic solvent and the water from the amount of the oil-phase component and the
water-phase component in the emulsification step corresponds to the amount of the total solid content of the manufactured
gel particles.
[0445] The amount of the photopolymerization initiator in the oil-phase component is not particularly limited, and is
preferably 0.1% by mass to 25% by mass with respect to the amount of the total solid content, for example.
[0446] The amount of the isocyanate compound having three or more functional groups (or the polymerizable group-
containing isocyanate compound having three or more functional groups) in the oil-phase component is not particularly
limited, and is preferably 10% by mass to 70% by mass with respect to the amount of the total solid content, for example.
[0447] In a case where the oil-phase component contains a polymerizable monomer, the amount of the polymerizable
monomer in the oil-phase component is not particularly limited, and is preferably 0.1% by mass to 75% by mass with
respect to the amount of the total solid content, for example.
[0448] The amount of the organic solvent is not particularly limited, and is appropriately selected according to the type
and amount of the components contained in the oil-phase component and the like.
[0449] The amount of water is not particularly limited, and is appropriately selected according to the type and amount
of the components contained in the oil-phase component and the like.
[0450] In a case where the oil-phase component contains a compound having a hydrophilic group, the amount of the
compound having a hydrophilic group contained in the oil-phase component is not particularly limited, and is preferably
0.1% by mass to 40% by mass with respect to the amount of the total solid content, for example.
[0451] The components contained in the oil-phase component need to be simply mixed together. All of the components
may be mixed together at the same time, or the components may be mixed together by being divided into several groups.
[0452] The method for mixing the oil-phase component with the water-phase component is not particularly limited,
and examples thereof include mixing by stirring.
[0453] The method for emulsifying the mixture obtained by mixing is not particularly limited, and examples thereof
include emulsification by an emulsification device (for example, a disperser) such as a homogenizer.
[0454] The rotation speed of the disperser used for the emulsification is 5,000 rpm to 20,000 rpm for example, and
preferably 10,000 rpm to 15,000 rpm.
[0455] The rotation time during the emulsification is 1 minute to 120 minutes for example, preferably 3 minutes to 60
minutes, more preferably 3 minutes to 30 minutes, and even more preferably 5 minutes to 15 minutes.

-Gelification step-

[0456] The gelification step is a step of obtaining a gel particle dispersion containing gel particles and water by heating
the aforementioned emulsion.
[0457] In the gelification step, by heating the emulsion, the isocyanate compound having three or more functional
groups reacts with water, and hence the isocyanate groups are cross-liked to each other. In this way, it is possible to
obtain a gel particle dispersion containing gel particles which each have a three-dimensional cross-linked structure
containing at least one bond selected from a urethane bond and a urea bond, have a polymerizable group, and contain
at least a photopolymerization initiator in the interior thereof.
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[0458] The heating temperature (reaction temperature) of the emulsion in the gelification step is preferably 35°C to
70°C, and more preferably 40°C to 60°C.
[0459] The heating time (reaction time) in the gelification step is preferably 6 hours to 50 hours, more preferably 12
hours to 40 hours, and even more preferably 15 hours to 35 hours.
[0460] It is preferable that the gelification step includes a step of distilling away the organic solvent from the emulsion.

(Resin mixing step)

[0461] The resin mixing step is a step of mixing the aforementioned gel particle dispersion with an external resin so
as to obtain an aqueous dispersion.
[0462] In the resin mixing step, the gel particle dispersion may be mixed with the aqueous dispersion of the external
resin.
[0463] By the resin mixing step, the aqueous dispersion of the present disclosure containing the aforementioned gel
particles, the external resin contained in the exterior of the gel particles, and water is obtained.
[0464] The preferable range of the external resin in the resin mixing step is the same as the preferable range of the
external resin described in the section of "Aqueous dispersion".
[0465] In the resin mixing step, at least the gel particle dispersion and the resin are mixed together. However, in
addition to these, other components (for example, at least one component selected from the group consisting of a
colorant, a surfactant, an organic solvent, and water) may be further mixed together.
[0466] Those other components are as described above as other components that can be contained in the aqueous
dispersion.
[0467] If necessary, the manufacturing method of the present embodiment may include other steps in addition to the
emulsification step, the gelification step, and the resin mixing step.
[0468] Examples of those other steps include a step of adding other components described above.
[0469] Those other components to be added are as described above as other components that can be contained in
the aqueous dispersion.

[Image forming method]

[0470] The image forming method of the present embodiment includes an application step of applying the aqueous
dispersion of the present disclosure described above onto a recording medium, and an irradiation step of irradiating the
aqueous dispersion applied onto the recording medium with light (that is, active energy rays).
[0471] If necessary, the image forming method of the present embodiment may include other steps.
[0472] According to the image forming method of the present embodiment, an image exhibiting excellent adhesiveness
with respect to a recording medium can be formed on a recording medium. The image is excellent in hardness and
surface conditions.

(Application step)

[0473] The application step is a step of applying the aqueous dispersion of the present disclosure onto a recording
medium.
[0474] As the aspect in which the aqueous dispersion is applied onto a recording medium, an aspect is particularly
preferable in which the aqueous dispersion (that is, an ink composition for ink jet recording) is applied onto a recording
medium by an ink jet method by using the aqueous dispersion as an ink composition for ink jet recording.
[0475] As the recording medium, it is possible to use the substrate exemplified above as "substrate for forming a film
by using the aqueous dispersion".
[0476] The application of the aqueous dispersion by an ink jet method can be performed using a known ink jet recording
device.
[0477] The ink jet recording device is not particularly limited, and a known ink jet recording device that can achieve
intended resolution can be appropriately selected and used. That is, any of known ink jet recording devices including
commercially available products can jet the aqueous dispersion onto a recording medium in the image forming method.
[0478] Examples of the ink jet recording device include a device including an ink supply system, a temperature sensor,
and heating means.
[0479] The ink supply system includes, for example, a base tank containing the ink composition as the aqueous
dispersion of the present disclosure, supply piping, an ink supply tank disposed immediately before an ink jet head, a
filter, and a piezo-type ink jet head. The piezo-type ink jet head can be driven such that it can jet multi-sized dots preferably
having a size of 1 pl to 100 pl and more preferably having a size of 8 pl to 30 pl, preferably at a resolution of 320 dots
per inch (dpi) 3 320 dpi to 4,000 dpi 3 4,000 dots per inch (dpi), more preferably at a resolution of 400 dpi 3 400 dpi
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to 1,600 dpi 3 1,600 dpi, and even more preferably at a resolution of 720 dpi 3 720 dpi. dpi represents the number of
dots per 2.54 cm (1 inch).

(Irradiation step)

[0480] The irradiation step is a step of irradiating the aqueous dispersion applied onto the recording medium with
active energy rays.
[0481] By irradiating the aqueous dispersion applied onto the recording medium with active energy rays, the cross-
linking reaction between the gel particles in the aqueous dispersion proceeds, the image is fixed, and hence the film
hardness of the image and the like can be improved.
[0482] Examples of the active energy rays that can be used in the irradiation step include ultraviolet rays (UV light),
visible rays, electron beams, and the like. Among these, UV light is preferable.
[0483] The peak wavelength of the active energy rays (light) is preferably 200 nm to 405 nm, more preferably 220 nm
to 390 nm, and even more preferably 220 nm to 385 nm.
[0484] Furthermore, the peak wavelength is preferably 200 nm to 310 nm or 200 nm to 280 nm.
[0485] At the time of the irradiation of the active energy rays (light), the illuminance of the exposure surface is 10
mW/cm2 to 2,000 mW/cm2 for example, and preferably 20 mW/cm2 to 1,000 mW/cm2.
[0486] As the source for generating the active energy rays (light), a mercury lamp, a metal halide lamp, a UV fluorescent
lamp, a gas laser, a solid-state laser, and the like are widely known.
[0487] Furthermore, industrially and environmentally, it is extremely useful to substitute the aforementioned light sourc-
es with a semiconductor ultraviolet light-emitting devices.
[0488] Among the semiconductor ultraviolet light-emitting devices, a light emitting diode (LED) and a laser diode (LD)
are expected to be good light sources because they are compact, have long service life and high efficiency, and incur
low costs.
[0489] As the light source, a metal halide lamp, an ultra-high pressure mercury lamp, a high-pressure mercury lamp,
a medium-pressure mercury lamp, a low-pressure mercury lamp, LED, or a blue-violet laser is preferable.
[0490] In a case where a sensitizer and a photopolymerization initiator are used in combination, among the above
light sources, an ultra-high pressure mercury lamp that can radiate light having a wavelength of 365 nm, 405 nm, or 436
nm, a high-pressure mercury lamp that can radiate light having a wavelength of 365 nm, 405 nm, or 436 nm, or LED
that can radiate light having a wavelength of 355 nm, 365 nm, 385 nm, 395 nm, or 405 nm is more preferable, and LED
that can radiate light having wavelength of 355 nm, 365 nm, 385 nm, 395 nm, or 405 nm is most preferable.
[0491] In the irradiation step, the time for which the aqueous dispersion applied onto the recording medium is irradiated
with the active energy rays is 0.01 seconds to 120 seconds for example, and preferably 0.1 seconds to 90 seconds.
[0492] As the irradiation conditions and the basic irradiation method, the irradiation conditions and the irradiation
method disclosed in JP1985-132767A (JP-S60-132767A) can also be applied.
[0493] Specifically, as the irradiation method of the active energy rays, a method, in which a light source is provided
on both sides of a head unit including an ink jet device and the head unit as well as the light source are scanned by a
so-called shuttle method, or a method, in which the irradiation of the active energy rays is performed by a separate light
source that is not driven, is preferable.
[0494] It is preferable that the irradiation of the active energy rays is performed at a certain time interval (for example,
0.01 seconds to 120 seconds and preferably 0.01 seconds to 60 seconds) after the aqueous dispersion lands and is
dried by heating.

(Heating and drying step)

[0495] If necessary, the image forming method may additionally include a heating and drying step between the appli-
cation step and the irradiation step.
[0496] In the heating and drying step, it is preferable that water and an organic solvent, which is used in combination
if necessary, is evaporated from the aqueous dispersion jetted onto the recording medium by using heating means, such
that the image is fixed.
[0497] The heating means only needs to be able to dry water and the organic solvent which is used in combination if
necessary. The heating means is not particularly limited, and examples thereof include a heat drum, hot air, an infrared
lamp, a heating oven, heating by a heat plate, and the like.
[0498] The heating temperature is preferably equal to or higher than 40°C, more preferably about 40°C to 150°C, and
even more preferably about 40°C to 80°C.
[0499] The heating time can be appropriately set in consideration of the composition of the aqueous dispersion and
the printing rate.
[0500] If necessary, the aqueous dispersion fixed by heating is further optically fixed by being irradiated with the active
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energy rays in the irradiation step. As described above, in the irradiation step, it is preferable that the aqueous dispersion
is fixed by UV light.

Examples

[0501] Hereinafter, the present invention will be more specifically described based on examples, but the present
invention is not limited to the examples as long as the gist of the present invention is maintained.

<Synthesis of isocyanate compound (NCO 104)>

[0502] 10 g of trimethylolpropane (TMP), 57.91 g of 1,3-bis(isocyanatomethyl)cyclohexane (HXDI), and 126.11 g of
ethyl acetate (AcOEt) were put into a three-neck flask and heated to 50°C. Then, 0.194 g of NEOSTANN U-600 (man-
ufactured by NITTO KASEI CO., LTD., inorganic bismuth catalyst) was added thereto and reacted for 3 hours, thereby
obtaining NCO 104.
[0503] NCO 104 is an isocyanate compound having three or more functional groups that does not have a polymerizable
group.

<Synthesis of isocyanate compound (NCO 202)>

[0504] 10 g of trimethylolpropane (TMP), 57.91 g of 1,3-bis(isocyanatomethyl)cyclohexane (HXDI), and 169.62 g of
ethyl acetate (AcOEt) were put into a three-neck flask and heated to 50°C. Then, 0.261 g of NEOSTANN U-600 was
added thereto and reacted for 3 hours. After the reaction, 23.43 g of BLEMMER AP-400 (manufactured by NOF COR-
PORATION) and 0.04 g of dihydroxytoluene (BHT) were added thereto and reacted for 3 hours at 50°C, thereby obtaining
NCO 202.
[0505] NCO 202 is a polymerizable group-containing isocyanate compound having three or more functional groups.

<Synthesis of hydrophilic group-containing isocyanate compound A>

[0506] 45 g of 2,2-bis(hydroxymethyl)propionic acid (DMPA), 223.72 g of isophorone diisocyanate (IPDI), and 499.05
g of ethyl acetate (AcOEt) were put into a three-neck flask and heated to 50°C. Then, 0.7677 g of NEOSTANN U-600
was added thereto and reacted for 3 hours, thereby obtaining a hydrophilic group-containing isocyanate compound A
(isocyanate compound having a carboxyl group as a hydrophilic group).
[0507] The hydrophilic group-containing isocyanate compound A is an isocyanate compound having a carboxyl group
as a hydrophilic group.

<Preparation of aqueous dispersion of gel particles 1 (gel particle dispersion)>

(Emulsification step)

-Preparation of oil-phase component-

[0508] NCO 104 (isocyanate compound having three or more functional groups, solid content: 35% by mass) (19 g),
the hydrophilic group-containing isocyanate compound A (2.51 g), a 50% by mass ethyl acetate solution (manufactured
by Mitsui Chemicals, Inc., TAKENATE (registered trademark) D-116N) (3.5 g) of an adduct (an isocyanate compound
into which a hydrophilic group was introduced) of trimethylolpropane, xylylene diisocyanate, and polyethylene glycol
monomethyl ether (EO 90), dipentaerythritol pentaacrylate (SR-399E manufactured by Sartomer Arkema Inc.; a polym-
erizable monomer) (6.5 g), and IRGACURE (registered trademark) 819 (manufactured by BASF SE; a photopolymeri-
zation initiator) (1 g) were dissolved in ethyl acetate (18 g), thereby obtaining an oil-phase component.
[0509] The isocyanate compound into which the hydrophilic group in D-116N is introduced has, as a hydrophilic group,
a group represented by Formula (WS) described above in which RW1 represents an ethylene group, RW2 represents a
methyl group, and nw is 90.

-Preparation of water-phase component-

[0510] 0.4 g of sodium dodecyl sulfate (SDS; a surfactant) was dissolved in 50 g of distilled water, thereby obtaining
a water-phase component.
[0511] The oil-phase component was mixed with the water-phase component, the obtained mixture was emulsified
using a homogenizer for 10 minutes at 12,000 rpm, thereby obtaining an emulsion.
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(Gelification step)

[0512] The obtained emulsion was added to 15 g of distilled water and stirred for 30 minutes at room temperature and
then for 3 hours at 50°C, such that the ethyl acetate was distilled away.
[0513] Thereafter, the resultant was further stirred for 24 hours at 50°C and then diluted with distilled water such that
the concentration of the solid content (that is, the amount of the total solid content of the gel particles 1) became 30%
by mass, thereby obtaining an aqueous dispersion of the gel particles 1 (gel particle dispersion).

(Checking whether aqueous dispersion contains gel particles having polymerizable group)

[0514] By the method described below, whether the aqueous dispersion of the gel particles 1 contained gel particles
(that is, whether the gel particles 1 are actually gel particles) was checked. The operation described below was performed
under the condition of a liquid temperature of 25°C.
[0515] From the aqueous dispersion of the gel particles 1 obtained as above, a sample was collected. Tetrahydrofuran
(THF) having a mass 100 times the mass of the total solid content (gel particles 1) in the sample was added to and
mixed with the collected sample, thereby preparing a diluted solution of the aqueous dispersion of the gel particles 1.
The obtained diluted solution was subjected to centrifugation (80,000 rpm, 40 minutes). After centrifugation, whether or
not the there was a residue was checked by visual observation. In a case where a residue was checked, water was
added to the residue, and the resultant was stirred for 1 hour by using a stirrer. The residue was redispersed in water
in this way, thereby obtaining a redispersion liquid. For the obtained redispersion liquid, by using a wet-type particle size
distribution measurement apparatus (LA-910, manufactured by HORIBA, Ltd.), the particle size distribution was meas-
ured by a light scattering method. In a case where the particle size distribution was checked by the operation described
above, it was determined that the aqueous dispersion contained gel particles.
[0516] As a result, it was confirmed that the aqueous dispersion of the gel particles 1 contained gel particles (that is,
it was confirmed that the gel particles 1 were actually gel particles).
[0517] From the above result and the result of Fourier transform infrared spectroscopy (FT-IR), it was confirmed that
the aqueous dispersion of the gel particles 1 actually contained gel particles having a polymerizable group (that is, it
was confirmed that the gel particles 1 were actually gel particles having a polymerizable group).

(Measurement of volume average particle diameter of gel particles 1)

[0518] The volume average particle diameter of the gel particles 1 in the aqueous dispersion of the gel particles 1 was
measured using the aforementioned LA-910 by a light scattering method. As a result, the volume average particle
diameter of the gel particles 1 was 0.15 mm.

(Checking whether photopolymerization initiator is contained in interior of gel particles)

[0519] For the aqueous dispersion of the gel particles 1, the internal content rate (%) of the photopolymerization initiator
was measured. In this way, whether or not the photopolymerization initiator was actually contained in the gel particles
1 was checked. The details thereof are as described below. The operation described below was performed under the
condition of a liquid temperature of 25°C.
[0520] From the aqueous dispersion of the gel particles 1, two samples (hereinafter, referred to as "sample 1A" and
"sample 2A") of the same mass were collected.
[0521] Tetrahydrofuran (THF) having a mass 100 times the mass of the total solid content in the sample 1A was added
to the sample 1A, thereby preparing a diluted solution. The obtained diluted solution was subjected to centrifugation
under the condition of 80,000 rpm and 40 minutes. The supernatant (hereinafter, referred to as "supernatant 1A")
generated by the centrifugation was collected. The mass of the photopolymerization initiator contained in the collected
supernatant 1A was measured using a liquid chromatography device "Waters 2695" of WATERS. The obtained mass
of the photopolymerization initiator was taken as "total amount of photopolymerization initiator"
[0522] Furthermore, the sample 2A was subjected to centrifugation under the same condition as in the centrifugation
performed on the aforementioned diluted solution. The supernatant (hereinafter, referred to as "supernatant 2A") gen-
erated by the centrifugation was collected. The mass of the photopolymerization initiator contained in the collected
supernatant 2A was measured using the aforementioned liquid chromatography device. The obtained mass of the
photopolymerization initiator was taken as "amount of free photopolymerization initiator".
[0523] Based on "total amount of photopolymerization initiator" and "amount of free photopolymerization initiator", the
internal content rate (% by mass) of the photopolymerization initiator was determined according to the following equation.
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[0524] As a result, it was confirmed that the internal content rate of the photopolymerization initiator in the gel particles
1 was equal to or higher than 99%, and the photopolymerization initiator was contained in the interior of gel particles 1.

(Checking whether polymerizable monomer is contained in interior of gel particles)

[0525] For the aqueous dispersion of the gel particles 1, the internal content rate (%) of a polymerizable monomer
was measured. In this way, whether or not the polymerizable monomer was contained in the interior of the gel particles
was checked.
[0526] Whether or not the polymerizable monomer was contained in the interior of the gel particles was checked by
the same method as the method used for checking whether the photopolymerization initiator was contained in the interior
of the gel particles.
[0527] As a result, it was confirmed that the internal content rate was equal to or higher than 99% in the gel particles
1, and the polymerizable monomer was contained in the interior of the gel particles.

<Preparation of aqueous dispersion of gel particles 2 (gel particle dispersion)>

[0528] An aqueous dispersion of gel particles 2 was prepared by performing the same operation as in the preparation
of the aqueous dispersion of the gel particles 1, except that in preparing the oil-phase component in the process of
preparing the aqueous dispersion of the gel particles 1, 19 g of NCO 104 was changed to 38 g of NCO 202 (a polymerizable
group-containing isocyanate compound having three or more functional groups, solid content: 35% by mass), and SR-
399E (a polymerizable monomer) was not incorporated into the oil-phase component. The prepared aqueous dispersion
of the gel particles 2 was measured and checked in the same manner as the manner used for measuring and checking
the aqueous dispersion of the gel particles 1.
[0529] It was confirmed that just as the aqueous dispersion of the gel particles 1, the aqueous dispersion of the gel
particles 2 actually contained gel particles having a polymerizable group (that is, it was confirmed that the gel particles
2 were actually gel particles having a polymerizable group).
[0530] The volume average particle diameter of the gel particles 2 was 0.15 mm.
[0531] Furthermore, it was confirmed that the internal content rate of the photopolymerization initiator in the gel particles
2 was equal to or higher than 99%, and the photopolymerization initiator was contained in the interior of the gel particles 2.

<Preparation of aqueous dispersion of gel particles 3 (gel particle dispersion)>

[0532] An aqueous dispersion of gel particles 3 was prepared by performing the same operation as in the preparation
of the aqueous dispersion of the gel particles 1, except that in preparing the oil-phase component in the process of
preparing the aqueous dispersion of the gel particles 1, 2-isopropylthioxanthone (ITX; a sensitizer) (0.5 g) was further
incorporated into the oil-phase component. The prepared aqueous dispersion of the gel particles 3 was measured and
checked in the same manner as the manner used for measuring and checking the aqueous dispersion fo the gel particles 1.
[0533] It was confirmed that just as the aqueous dispersion of the gel particles 1, the aqueous dispersion of the gel
particles 3 also actually contained gel particles having a polymerizable group (that is, it was confirmed that the gel
particles 3 were actually gel particles having a polymerizable group).
[0534] The volume average particle diameter of the gel particles 3 was 0.15 mm.
[0535] It was confirmed that the internal content rate of the photopolymerization initiator in the gel particles 3 was
equal to or higher than 99%, and the photopolymerization initiator was contained in the interior of the gel particles 3.
[0536] It was confirmed that the internal content rate of the polymerizable monomer in the gel particles 3 was equal
to or higher than 99%, and the polymerizable monomer was contained in the interior of the gel particles 3.

(Checking whether sensitizer is contained in interior of gel particles)

[0537] For the dispersion liquid of the gel particles 3, the internal content rate (%) of a sensitizer was measured. In
this way, whether or not the sensitizer was contained in the interior of the gel particles 3 was checked.
[0538] Whether or not the sensitizer was contained in the interior of the gel particles 3 was checked by the same
method as the method used for checking whether the photopolymerization initiator was contained in the interior of the
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gel particles.
[0539] As a result, it was confirmed that the internal content rate of the sensitizer in the gel particles 3 was equal to
or higher than 99%, and the sensitizer was contained in the interior of the gel particles 3.

<Preparation of aqueous dispersion of gel particles 4 (gel particle dispersion)>

[0540] An aqueous dispersion of gel particles 4 was prepared by performing the same operation as in the preparation
of the aqueous dispersion of the gel particles 1, except that in preparing the oil-phase component in the process of
preparing the aqueous dispersion of the gel particles 1, the internal photopolymerization initiator was changed to IRGA-
CURE (registered trademark) 907 (manufactured by BASF SE; a photopolymerization initiator) of the same mass. The
prepared aqueous dispersion of the gel particles 4 was measured and checked in the same manner as the manner used
for measuring and checking the aqueous dispersion of the gel particles 1.
[0541] It was confirmed that just as the aqueous dispersion of the gel particles 1, the aqueous dispersion of the gel
particles 4 actually contained gel particles having a polymerizable group (that is, it was confirmed that the gel particles
4 were actually gel particles having a polymerizable group).
[0542] The volume average particle diameter of the gel particles 4 was 0.15 mm.
[0543] It was confirmed that the internal content rate of the photopolymerization initiator in the gel particles 4 was
equal to or higher than 99%, and the photopolymerization initiator was contained in the interior of the gel particles 4.
[0544] It was confirmed that the internal content rate of the polymerizable monomer in the gel particles 4 was equal
to or higher than 99%, and the polymerizable monomer was contained in the interior of the gel particles 4.
[0545] Table 4 shows the overview of the gel particles 1 to 4.

[0546] The internal photopolymerization initiators shown in Table 4 are as below.

IRG 819 ··· IRGACURE (registered trademark) 819 (an acylphosphine oxide compound; specifically, bis(2,4,6-
trimethylbenzoyl)-phenylphosphine oxide; manufactured by BASF SE)

IRG 907 ··· IRGACURE (registered trademark) 907 (a carbonyl compound; specifically, 2-methyl-1-(4-methylthi-
ophenyl)-2-morpholinopropan-1-one; manufactured by BASF SE)

[Example 1]

<Preparation of ink composition>

[0547] An ink composition of Example 1 that is an aqueous dispersion containing gel particles, a resin, and water was
prepared in the manner described below (resin mixing step).

[Table 4]

Internal photo 
polymerization 

initiator

Polymerizable group

Internal 
sensitizer

Particle 
diameter 

(mm)

Polymerizable group in three-
dimensional cross-linked 

structure

Internal 
polymerizable 

monomer

Gel 
particles 

1
IRG 819 Absent SR-399E Absent 0.15

Gel 
particles 

2
IRG 819 Present Absent Absent 0.15

Gel 
particles 

3
IRG 819 Absent SR-399E ITX 0.15

Gel 
particles 

4
IRG 907 Absent SR-399E Absent 0.15
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[0548] Specifically, by using the aqueous dispersion of the gel particles 1, the aqueous dispersion of a resin shown
in the following Table 5, and other components in the makeup described below, an ink composition having the following
makeup was prepared as an aqueous dispersion containing the gel particles 1, an external resin, and water.
[0549] In the following makeup, the amount (% by mass) of the total solid content of the gel particles 1 is the content
of the total solid content in the aqueous dispersion of the gel particles 1 (that is, the total solid content of the gel particles
1) with respect to the total amount of the ink composition.
[0550] In the following makeup and Table 5, the content of a resin (% by mass) is the total solid content (that is, the
resin) of the aqueous dispersion or the aqueous solution of the resin with respect to the total amount of the ink composition
that is shown in Table 5 (the same is true for Table 6 which will be described later).

-Makeup of ink composition-

[0551]

• Total solid content of gel particles 1 ··· 12% by mass
• Resin ··· content shown in Table 5 (% by mass)
• Pigment dispersion liquid (Pro-jet (registered trademark) Cyan APD1000 (FUJIFILM Imaging Colorants, Inc, pigment

concentration: 14% by mass) ··· 10% by mass
• Fluorine-based surfactant (manufactured by DuPont, Capstone FS-31, solid content: 25% by mass) ··· 0.3% by mass
• 2-Methylpropanediol ··· 4.3% by mass
• Water ··· balance that makes the total amount become 100% by mass.

<Evaluation>

[0552] By using the aforementioned ink composition, the following evaluation was performed.
[0553] The results are shown in Table 5.

(Adhesiveness of cured film)

[0554] The adhesiveness was evaluated using a sample for evaluation (PVC), a sample for evaluation (PS), a sample
for evaluation (PC), a sample for evaluation (PP), a sample for evaluation (G-modified PET), and a sample for evaluation
(Acryl) described below.
[0555] The sample for evaluation (PVC) was prepared in a manner in which a polyvinyl chloride (PVC) sheet as a
substrate was coated with the ink composition obtained as above at a thickness of 12 mm by using a No. 2 bar of K
HAND COATER manufactured by RK PrintCoat Instruments Ltd, and the obtained coating film was dried by being heated
for 3 minutes at 60°C.
[0556] The sample for evaluation (PS) was prepared in the same manner as in the preparation of the sample for
evaluation (PVC), except that the substrate was changed to a polystyrene (PS) sheet.
[0557] The sample for evaluation (PC) was prepared in the same manner as in the preparation of the sample for
evaluation (PVC), except that the substrate was changed to a polycarbonate (PC) sheet.
[0558] The sample for evaluation (PP) was prepared in the same manner as in the preparation of the sample for
evaluation (PVC), except that the substrate was changed to a polypropylene (PP) sheet.
[0559] The sample for evaluation (G-modified PET) was prepared in the same manner as in the preparation of the
sample for evaluation (PVC), except that the substrate was changed to a glycol-modified polyethylene terephthalate (G-
modified PET) sheet.
[0560] The sample for evaluation (Acryl) was prepared in the same manner as in the preparation of the sample for
evaluation (PVC), except that the substrate was changed to an acryl resin sheet.
[0561] As the PVC sheet, the PS sheet, the PC sheet, the PP sheet, the G-modified PET sheet, and the acryl resin
sheet, the following sheets were used.

• PVC sheet: "AVERY (registered trademark) 400 GLOSS WHITE PERMANENT" manufactured by AVERY DENNI-
SON CORPORATION.

• PS sheet: "falcon hi impact polystyrene" manufactured by Robert Home
• PC sheet: "PC 1600-2" manufactured by TAKIRON Co., LTD.
• PP sheet: "Correx" manufactured by Robert Home
• G-modified PET sheet: "VIVAK (registered trademark)" manufactured by Bayer AG
• Acryl resin sheet: "ACRYACE (registered trademark) UV" manufactured by JSP.
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[0562] During the evaluation of the adhesiveness, as an exposure device, an experimental UV miniconveyor device
CSOT (manufactured by Yuasa Power Supply Ltd.) was used which was equipped with an ozoneless metal halide lamp
MAN 250L and in which a conveyor speed was set to be 35 m/min and an exposure intensity was set to be 2.0 W/cm2.
[0563] By being irradiated with UV light (ultraviolet rays) by using the aforementioned exposure device, the coating
film of each of the samples for evaluation was cured and becomes a cured film.
[0564] The cured film was subjected to a crosshatch test based on ISO 2409 (cross-cut method), and evaluated
according to the evaluation standards described below.
[0565] During the crosshatch test, cuts were made at an interval of 1 mm, and in this way, 25 square lattices having
a size of 1 mm 3 1 mm were formed.
[0566] In the evaluation standards described below, 0 or 1 is an acceptable level for practical use.
[0567] In the evaluation standards described below, the proportion (%) of peeled lattices is a value obtained by the
following equation. The total number of lattices in the following equation is 25. 

-Evaluation standards of adhesiveness of cured film-

[0568]

0: The proportion (%) of peeled lattices was 0%.
1: The proportion (%) of peeled lattices was higher than 0% and equal to or lower than 5%.
2: The proportion (%) of peeled lattices was higher than 5% and equal to or lower than 15%.
3: The proportion (%) of peeled lattices was higher than 15% and equal to or lower than 35%.
4: The proportion (%) of peeled lattices was higher than 35% and equal to or lower than 65%.
5: The proportion (%) of peeled lattices was higher than 65%.

(Pencil hardness of cured film)

[0569] The pencil hardness of the cured film was evaluated using the aforementioned sample for evaluation (PVC).
[0570] In the same manner as in the preparation of the adhesiveness of the cured film, the coating film of the sample
for evaluation (PVC) was irradiated with UV light and cured, thereby preparing a cured film.
[0571] By using UNI (registered trademark) manufactured by MITSUBISHIPENCIL CO., LTD as a pencil, a pencil
hardness test was performed on the cured film based on JIS K5600-5-4 (1999).
[0572] In the test results, the acceptable range of the pencil hardness is equal to or higher than HB, and it is preferable
that the pencil hardness is equal to or higher than H. A printed material having a pencil hardness of equal to or lower
than B is not preferable, because such a printed material is likely to be scratched when it is handled.

(Jetting properties of ink composition)

[0573] The ink composition obtained as above was jetted from a head of an ink jet printer (SP-300V, manufactured
by Roland DG Corporation) for 30 minutes, and then the jetting was stopped.
[0574] Five minutes after the jetting was stopped, the ink composition was jetted again from the aforementioned head
onto the aforementioned polyvinyl chloride (PVC) sheet, thereby forming a 5 cm 3 5 cm solid image.
[0575] By visually observing the image, whether or not dead pixels occurred due to defective nozzles and the like was
checked, and the jetting properties of the ink composition were evaluated according to the evaluation standards described
below.

-Evaluation standards of jetting properties of ink composition-

[0576]

A: The dead pixels occurring due to defective nozzles and the like were not observed, and an excellent image was
obtained.
B: Although a small number of dead pixels occurring due to defective nozzles and the like were observed, the dead
pixels were unproblematic for practical use.
C: Dead pixels occurred due to defective nozzles and the like, and the image was in appropriate for practical use.
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D: The ink composition could not be jetted from the head.

<Redispersibility of ink composition>

[0577] By performing the following operation under yellow light, the redispersibility of the ink composition obtained as
above was evaluated.
[0578] By using a No. 2 bar of K HAND COATER manufactured by RK PrintCoat Instruments Ltd, an aluminum plate
was coated with the ink composition obtained as above at a thickness of 12 mm, thereby forming a coating film. The
obtained coating film was dried by being heated for 3 minutes at 60°C. The surface of the dried coating film was rubbed
sponge impregnated with water.
[0579] For each of the coating film not yet being rubbed with the sponge and the coating film having been rubbed with
the sponge, Fourier transform infrared spectroscopy (FT-IR) was performed. From the obtained results, a residual rate
of the gel particles was calculated based on the following equation. 

[0580] The peak resulting from the gel particles is a peak of 1,700 cm-1.
[0581] Based on the obtained residual rate of the gel particles, the redispersiblity of the ink composition was evaluated
according to the evaluation standards described below.

-Evaluation standards of redispersibility of ink composition-

[0582]

A: The residual rate of the gel particles was equal to or lower than 1%, and the redispersibility was excellent.
B: The residual rate of the gel particles was higher than 1% and equal to or lower than 5%, and the redispersibility
was within an acceptable range for practical use.
C: The residual rate of the gel particles was higher than 5% and equal to or lower than 10%, and the redispersibility
was outside an acceptable range for practical use.
D: The residual rate of the gel particles was higher than 10%, and the redispersibility was extremely poor.

<Storage stability of ink composition>

[0583] The ink composition obtained as above was sealed into a container and left to stand for 2 weeks at 60°C. Then,
the ink composition was evaluated in the same manner as in the evaluation of of jetting properties, and the storage
stability of the ink composition was evaluated according to the same evaluation standards as described above.

[Examples 2 to 48]

[0584] The same operation as in Example 1 was performed, except that in preparing the ink composition of Example
1, at least one of the type of the gel particles, the type of the aqueous dispersion of the resin, or the content of the resin
was changed as shown in Tables 5 and 6.
[0585] The results are shown in Tables 5 and 6.

[Comparative Example 1]

<Synthesis of amphiphatic urethane acrylate (a)>

[0586] A reaction container including a stirring device, a cooling pipe, a dropping funnel, and an air introduction pipe
was filled with 444.6 parts by mass of isophorone diisocyanate (IPDI) and 202.3 parts by mass of 1,12-dodecanediol.
While the components were being stirred, 0.26 parts by mass of stannous octanoate was added thereto, the internal
temperature of the reaction container was increased up to 90°C, and the components were reacted for 1.5 hours. After
the reaction, 700.0 parts by mass of methoxy PEG 1000 (methoxypolyethylene glycol, manufactured by TOHO Chemical
Industry Co., Ltd.) and 0.54 parts by mass of stannous octanoate were added thereto, and the components were further
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reacted for 1.5 hours.
[0587] Thereafter, the reaction container was filled with 1300.0 parts by mass of dipentaerythritol pentaacrylate
(SR399E), 1.32 parts by mass of methoquinone, and 1.06 parts by mass of stannous octanoate, and the components
were mixed together. The internal temperature of the reaction container was increased up to 85°C with air bubbling, and
the components were reacted for 3 hours and then cooled, thereby obtaining an amphiphatic urethane acrylate (a).

<Preparation of comparative aqueous emulsion 1>

[0588] A reaction container including a stirring device, a cooling pipe, a dropping funnel, and an air introduction pipe
was filled with 27.5 parts by mass of the amphiphatic urethane acrylate (a) obtained as above, 9.2 parts by mass of
VISCOAT #802 (a mixture of tripentaerythritol acrylate, mono- and dipentaerythritol acrylate, and polypentaerythritol
acrylate, a polymerizable monomer, manufactured by OSAKA ORGANIC CHEMICAL INDUSTRY LTD), 5 parts by mass
of DIANAL (registered trademark) BR-113 (resin), and 3.3 parts by mass of LUCIRIN (registered trademark) TPO (2,4,6-
trimethylbenzoyl-diphenyl-phosphine oxide, photoradical polymerization initiator, manufactured by BASF SE). While the
components were being stirred, the internal temperature of the container was increased up to 80°C and kept as it was
for 2 hours.
[0589] Thereafter, the internal temperature of the container was cooled to 50°C, and then while the components were
being stirred, 60 parts by mass of deionized water was added thereto. The solution was kept at 40°C for 1 hour. Sub-
sequently, the solution was diluted with deionized water such that the concentration of the nonvolatile fraction (the
amphiphatic urethane acrylate (a), the polymerizable monomer, BR-113, and the photoradical polymerization initiator)
became 20% by mass, thereby obtaining a comparative aqueous emulsion 1.

In the comparative aqueous emulsion 1, gel particles were not formed.

[0590] Thereafter, an ink composition of Comparative Example 1 was prepared in the same manner as in Example
1, except that in preparing the ink composition of Example 1, the aqueous dispersion of the gel particles 1 and the
aqueous dispersion of the resin were changed to the aforementioned comparative aqueous emulsion 1. At this time, the
content (% by mass) of the aforementioned nonvolatile fraction in the ink composition of Comparative Example 1 and
the total content (% by mass) of the total solid content of the gel particles 1 and the resin in the ink composition of
Example 1 (that is, 15% by mass) were made the same as each other.
[0591] By using the obtained ink composition of Comparative Example 1, the same evaluation as in Example 1 was
performed.
[0592] The results are shown in Table 6.

[Comparative Example 2]

<Preparation of urethane acrylate (b)>

[0593] A reaction container including a stirring device, a cooling pipe, a dropping funnel, and an air introduction pipe
was filled with 578.0 parts by mass of a trimer of hexamethylene diisocyanate (HDI) (CORONATE (registered trademark)
HXR, manufactured by Nippon Polyurethane Industry Co., Ltd.), 200.0 parts by mass of methoxy PEG400 (methoxy-
polyethylene glycol, manufactured by TOHO Chemical Industry Co., Ltd.), and 200.0 parts by mass of methoxy PEG1000.
While these components were being stirred, 0.39 parts by mass of stannous octanoate was added thereto, the internal
temperature of the reaction container was increased up to 75°C, and the components were reacted for 1.5 hours.
[0594] Then, the reaction container was filled with 1051.6 parts by mass of pentaerythritol triacrylate (A-TMM-3L,
manufactured by SHIN-NAKAMURA CHEMICAL CO., LTD.), 1.01 parts by mass of methoquinone, and 0.81 parts by
mass of stannous octanoate, and the component were mixed together. The internal temperature of the reaction container
was increased up to 80°C with air bubbling, and the components were reacted for 2 hours and then cooled, thereby
obtaining a urethane acrylate (b).
[0595] The urethane acrylate (b) is a urethane acrylate having an acryloyl group on one terminal and using trifunctional
isocyanate.

<Preparation of comparative aqueous emulsion 2>

[0596] A reaction container including a stirring device, a cooling pipe, a dropping funnel, and an air introduction pipe
was filled with 27.5 parts by mass of the urethane acrylate (b) obtained as above, 9.2 parts by mass of VISCOAT #802
(mixture of tripentaerythritol acrylate, mono- and dipentaerythritol acrylate, and polypentaerythritol acrylate, a polymer-
izable monomer, manufactured by OSAKA ORGANIC CHEMICAL INDUSTRY LTD), 5 parts by mass of BR-113 (a
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resin), and 3.3 parts by mass of LUCIRIN (registered trademark) TPO (a photoradical polymerization initiator). While
these components were being stirred, the internal temperature of the container was increased up to 80°C and kept as
it was for 2 hours.
[0597] Thereafter, the internal temperature of the container was cooled to 50°C, and then while the components were
being stirred, 60 parts by mass of deionized water was added thereto. The solution was kept at 40°C for 1 hour and then
diluted with deionized water such that the concentration of the nonvolatile fraction (the urethane acrylate (b), the polym-
erizable monomer, the resin, and the photoradical polymerization initiator) became 20% by mass, thereby obtaining a
comparative aqueous emulsion 2.

In the comparative aqueous emulsion 2, gel particles were not formed.

[0598] Then, an ink composition of Comparative Example 2 was prepared in the same manner as in Example 1, except
that in preparing the ink composition of Example 1, the aqueous dispersion of the gel particles 1 and the aqueous
dispersion of the resin were changed to the aforementioned comparative aqueous emulsion 2. At this time, the content
(% by mass) of the aforementioned nonvolatile fraction in the ink composition of Comparative Example 2 and the total
content (% by mass) of the total solid content of the gel particles 1 and the resin in the ink composition of Example 1
(that is, 15% by mass) were made the same as each other.
[0599] By using the obtained ink composition of Comparative Example 2, the same evaluation as in Example 1 was
performed.
[0600] The results are shown in Table 6.

[Comparative Example 3]

<Preparation of comparative microcapsule dispersion liquid>

[0601] 65 g of TAKENATE (registered trademark) D-110N (an adduct of trimethylolpropane (TMP) and xylylene di-
isocyanate (XDI), a 50% by mass ethyl acetate solution, a microcapsule wall material, manufactured by Mitsui Chemicals,
Inc.), 5 g of polymethyl methacrylate (PMMA, Mw: 75,000, Tg: 100°C, manufactured by Sigma-Aldrich Co. LLC.), 3 g of
an infrared absorbing dye (structure shown below), 2.5 g of a thermal radical generator (structure shown below), and
0.1 g of PIONIN A41C (a surfactant, manufactured by TAKEMOTO OIL & FAT Co., Ltd.) were dissolved in a mixed
solution of 30 g of methyl ethyl ketone and 60 g of ethyl acetate, thereby obtaining an oil-phase component.
[0602] As a water-phase component, 120 g of a 4% by mass aqueous solution of KURARAY POVAL (registered
trademark) PVA 205 (polyvinyl alcohol, manufactured by KURARAY CO., LTD.) was prepared.
[0603] The water-phase component was added to and mixed with the oil-phase component. The obtained mixture
was emulsified for 10 minutes at 10,000 rpm by using a homogenizer, thereby obtaining an emulsion.
[0604] By stirring the obtained emulsion for 3 hours at 40°C, methyl ethyl ketone and ethyl acetate were distilled away
from the emulsion, and then the resultant was diluted with deionized water such that the concentration of the solid content
became 20% by mass, thereby obtaining a comparative microcapsule dispersion liquid.
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[0605] Although gel particles were formed in the comparative microcapsule dispersion liquid, the gel particles did not
have a polymerizable group.
[0606] Then, an ink composition of Comparative Example 3 was prepared in the same manner as in Example 1, except
that in preparing the ink composition of Example 1, the aqueous dispersion of the gel particles 1 and the aqueous
dispersion of the resin were changed to the aforementioned comparative microcapsule dispersion liquid. At this time,
the content (% by mass) of the aforementioned solid content in the ink composition of Comparative Example 3 and the
total content (% by mass) of the total solid content of the gel particles 1 and the resin in the ink composition of Example
1 (that is, 15% by mass) were made the same as each other.
[0607] By using the obtained ink composition of Comparative Example 3, the same evaluation as in Example 1 was
performed.
[0608] The results are shown in Table 6.
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[0609] In Tables 5 and 6, "Type of aqueous dispersion of resin" is as below.

WBR-016U ··· "ACRIT WBR-016U" (an aqueous dispersion of polyurethane having a weight-average molecular
weight of 45,000) manufactured by TAISEI FINE CHEMICAL CO., LTD.
WBR-2018 ··· "ACRIT WBR-2018" (an aqueous dispersion of polyurethane having a weight-average molecular
weight of equal to or greater than 100,000) manufactured by TAISEI FINE CHEMICAL CO., LTD.
W-5030 ··· "TAKELAC W-5030" (an aqueous emulsion of polyurethane) manufactured by Mitsui Chemicals, Inc.
9102 ··· an aqueous dispersion of polyurethane manufactured by UBE INDUSTRIES, LTD.
8009 ··· an aqueous dispersion of polyurethane manufactured by UBE INDUSTRIES, LTD.
UCECOAT 7849 ··· "UCECOAT 7849" (an aqueous dispersion of polyurethane) manufactured by DAICELL-ALLNEX
LTD.
KA-5071S ··· "ELITEL KA-5071S" (an aqueous dispersion of polyester having a weight-average molecular weight
of 8,500) manufactured by UNITIKA LTD.
KA-0134S ··· "ELITEL KA-0134S" (an aqueous dispersion of polyester having a weight-average molecular weight
of 8,500) manufactured by UNITIKA LTD.
SA1010 ··· "AROBASE SA1010" (an aqueous dispersion of polyolefin) manufactured by UNITIKA LTD.
SB1030N ··· "AROBASE SB1030N" (an aqueous dispersion of polyolefin) manufactured by UNITIKA LTD.
SE1010 ··· "AROBASE SE1010" (an aqueous dispersion of polyolefin) manufactured by UNITIKA LTD.
DA1010 ··· "AROBASE DA1010" (an aqueous dispersion of polyolefin) manufactured by UNITIKA LTD.
SX1105A ··· "NIPOL SX1105A" (an aqueous dispersion of an SB copolymer (that is, a styrene·butadiene copolymer)
having a volume average particle diameter of 100 nm) manufactured by ZEON CORPORATION
SX1706A ··· "NIPOL SX1706A" (an aqueous dispersion of an acrylic polymer (specifically, an acrylic acid ester
copolymer) having a volume average particle diameter of 100 nm) manufactured by ZEON CORPORATION
SX1503A ··· "NIPOL SX1503A" (an aqueous dispersion of an NB copolymer (that is, an acrylonitrile·butadiene
copolymer) having a volume average particle diameter of 50 nm) manufactured by ZEON CORPORATION
Z-446 ··· "PLAS COAT Z-446" (an aqueous solution of polyester) manufactured by GOO CHEMICAL CO., LTD.
Z-561 ··· "PLAS COAT Z-561" (an aqueous solution of polyester) manufactured by GOO CHEMICAL CO., LTD.

[0610] As shown in Tables 5 and 6, according to the ink composition (aqueous dispersion) of each of the examples
that contained gel particles, which each had a three-dimensional cross-linked structure containing at least one kind of
bond selected from a urethane bond and a urea bond, had a polymerizable group, and contained a photopolymerization
initiator in the interior thereof, an external resin, and water, a film exhibiting excellent adhesiveness with respect to
various substrates could be formed. Furthermore, the film formed in each of the examples had high pencil hardness. In
addition, the ink composition (aqueous dispersion) of each of the examples was excellent in jetting properties, redis-
persibility, and storage stability.
[0611] In contrast, each of the films formed of the ink compositions of Comparative Examples 1 and 2 not containing
gel particles and the ink composition of Comparative Example 3 not containing gel particles having a polymerizable
group exhibited poor adhesiveness with respect to a substrate and had poor pencil hardness. Furthermore, all of the
ink compositions of Comparative Examples 1 to 3 were poor in terms of jetting properties, redispersibility, and storage
stability.

<Evaluation using LED>

[0612] The same operation as described above was performed, except that in evaluating each of the examples re-
garding pencil hardness and adhesiveness (the adhesiveness with respect to PS, PC, PET, G-modified PET, PP, and
Acryl) as described above, the exposure light source was changed to an experimental 385 nm UV-LED irradiator (man-
ufactured by CCS Inc.), and the exposure energy was changed to 300 mJ/cm2.
[0613] As a result, the same results as the results shown in Tables 5 and 6 were obtained.
[0614] The entire content of JP2015-171417 filed on August 31, 2015 is incorporated into the present specification by
reference.
[0615] All of the documents, the patent applications, and the technical standards described in the present specification
are incorporated into the present specification by reference, as if each of the documents, the patent applications, and
the technical standards is specifically and independently described by reference.

Claims

1. An aqueous dispersion, comprising:
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a gel particle which has a polymerizable group, has a three-dimensional cross-linked structure comprising at
least one kind of bond selected from a urethane bond and a urea bond, and comprises a photopolymerization
initiator in the interior of the gel particle;
a resin; and
water.

2. The aqueous dispersion according to claim 1,
wherein the photopolymerization initiator comprises at least one of a carbonyl compound or an acylphosphine oxide
compound.

3. The aqueous dispersion according to claim 1 or 2,
wherein the gel particle has a hydrophilic group on a surface of the gel particle.

4. The aqueous dispersion according to any one of claims 1 to 3,
wherein the gel particle comprises a polymerizable monomer in the interior of the gel particle.

5. The aqueous dispersion according to any one of claims 1 to 4,
wherein the gel particle comprises a sensitizer in the interior of the gel particle.

6. The aqueous dispersion according to any one of claims 1 to 5,
wherein the resin has at least one kind of structure selected from the group consisting of a polyester structure, a
polyurethane structure, and a polyolefin structure.

7. The aqueous dispersion according to any one of claims 1 to 6,
wherein a content of the resin with respect to a total amount of a solid content of the gel particle is 1% by mass to
110% by mass.

8. The aqueous dispersion according to any one of claims 1 to 7,
wherein a content of the resin with respect to a total amount of a solid content of the gel particle is 5% by mass to
75% by mass.

9. The aqueous dispersion according to any one of claims 1 to 8,
wherein a total amount of a solid content of the gel particle with respect to a total amount of the aqueous dispersion
is 1% by mass to 50% by mass.

10. A method for manufacturing the aqueous dispersion according to any one of claims 1 to 9, the method comprising:

a preparation step of preparing a gel particle dispersion comprising the gel particle and water; and
a resin mixing step of mixing the gel particle dispersion with the resin to obtain the aqueous dispersion.

11. The method for manufacturing the aqueous dispersion according to claim 10,
wherein the preparation step comprises:

an emulsification step of obtaining an emulsion by mixing and emulsifying any one oil-phase component selected
from an oil-phase component comprising the photopolymerization initiator, an isocyanate compound having
three or more functional groups, a polymerizable monomer, and an organic solvent, an oil-phase component
comprising the photopolymerization initiator, a polymerizable group-containing isocyanate compound having
three or more functional groups, and an organic solvent, and an oil-phase component comprising the photopo-
lymerization initiator, a polymerizable group-containing isocyanate compound having three or more functional
groups, a polymerizable monomer, and an organic solvent, with a water-phase component comprising water; and
a gelification step of obtaining a gel particle dispersion comprising a gel particle and water by heating the
emulsion.

12. The method for manufacturing the aqueous dispersion according to claim 11,
wherein the isocyanate compound having three or more functional groups in the oil-phase component is an isocyanate
compound derived from at least one kind of compound selected from isophorone diisocyanate, hexamethylene
diisocyanate, trimethylhexamethylene diisocyanate, 1,3-bis(isocyanatomethyl)cyclohexane, m-xylylene diisocy-
anate, and dicyclohexylmethane 4,4’-diisocyanate.



EP 3 345 966 A1

57

5

10

15

20

25

30

35

40

45

50

55

13. An image forming method, comprising:

an application step of applying the aqueous dispersion according to any one of claims 1 to 9 onto a recording
medium; and
an irradiation step of irradiating the aqueous dispersion applied onto the recording medium with an active energy
ray.
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