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DESCRIPTION

METHOD FOR MANUFACTURING HYDROGEL PARTICLES

TECHNICAL FIELD
[0001]
The present invention relates to a method for rfzaturing hydrogel particles and

a method for manufacturing a cosmetic product.

BACKGROUND ART
[0002]

It has been known that hydrogel particles, in Whiispersed particles including
various types of functional materials are distrdaljtare contained in cosmetic products,
drugs, and quasi drugs, for example.

[0003]

Patent Document 1, for example, discloses a methiogroducing such hydrogel
particles in which a dispersion, containing an cdmponent dispersed in an aqueous
component solution of dissolved gel agent formingoa-crosslinked hydrogel, is prepared
and sprayed into a gas phase to form droplets,hadrie then cooled and allowed to solidify.
[0004]

Patent Document 2 discloses a method in which &4 @mulsion produced from
an internal oil phase and an aqueous phase camaihydrophilic polymer gel agent is
dispersed in an external oil phase to prepare &W@/emulsion, and the O/W/O emulsion is
cooled to solidify the aqueous phase thereof. redbmcument 3 discloses a method in

which a water-containing liquid containing a higbncentration of polysaccharide such as
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agar is heated, and then the resultant liquid adecbwith shear force being applied thereto to
obtain a polysaccharide-containing composition ingnd low viscosity in a liquid state.
[0005]

Furthermore, Patent Document 4 discloses a mdtrathanufacturing a thickener,
in which a hydrophilic compound having a gellingpahility is dissolved in water or an
agueous component to prepare an agueous solutiereft to stand still to be cooled to form

a gel, and then the gel is pulverized.

CITATION LIST
[0006]
PATENT DOCUMENT

PATENT DOCUMENT 1: Japanese Unexamined Patentifatidn No. 2007-
160277

PATENT DOCUMENT 2: Japanese Unexamined Patenti€atin No. 2001-
97818

PATENT DOCUMENT 3: Japanese Unexamined Patenti€atidn No. 2003-
128588

PATENT DOCUMENT 4: Japanese Unexamined Patenti€atidn No. 2001-

342451

SUMMARY OF THE INVENTION
[0007]

The present invention provides a method for martufing hydrogel particles,
including a step of cooling an aqueous solutionwinich a gel agent forming a non-

crosslinked hydrogel is dissolved, down to a teapse lower than a gel point of the

2 K17-279



10

15

20

25

aqueous solution. In the step of cooling, a codatistance of the aqueous solution is
stirred at least at the gel point, and after thiepgint has been reached, a stirring energy of
400 kWS/nT or higher is applied to the cooled substance ef dljueous solution with

stirring at a required stirring power per unit volel of 0.8 kW/m or higher.

DESCRIPTION OF EMBODIMENTS
[0008]

Embodiments will be described below in detail.
[0009]

A method for manufacturing hydrogel particles adomy to an embodiment
includes a step of cooling an aqueous solutionhiitkva gel agent forming a non-crosslinked
hydrogel is dissolved (hereinafter, also called|-@gent aqueous solution”) down to a
temperature lower than the gel point of this gedrdagaqueous solution. In this step of
cooling, a cooled substance of the gel-agent agusolution is stirred at least at the gel point,
and after the gel point has been reached, a sgtiemergy of 400 KVE/nt or higher is applied
to the cooled substance of the gel-agent aquedusosowith stirring at a required stirring
power per unit volume of 0.8 kW#or higher (hereinafter, also called “high-speédist”).
[0010]

In the method for manufacturing hydrogel parti@desording to the embodiment, in
a process of cooling the gel-agent aqueous soltaitime temperature lower than the gel point
thereof, the cooled substance of the gel-agentaaueolution is stirred at least at the gel
point, and after the gel point has been reachedstitring energy of 400 K&/nt or higher is
applied to the cooled substance of the gel-agarg¢@gs solution with the high-speed stirring,
whereby the non-crosslinked hydrogel obtained bstoen of the gel-agent aqueous solution
can be obtained as a flowable gel in which findiplas aggregate. Thus, hydrogel particles
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can be manufactured by a simple method of stirringurthermore, by controlling this
stirring energy, particle sizes of obtained hydiqmaticles can be easily controlled.
[0011]

Herein, the “hydrogel particle(s)” in the presampiplication refers to one or more
particles of non-crosslinked hydrogel. The “noonsslinked hydrogel” refers to a gel made
from a gel agent and water, which is a gel resglfrom thermal reversibility of sol-gel as
can be observed when the gel agent is agar, fanghea The “gel agent” refers to a water-
soluble organic compound, which is an agent forscauan agueous solution in which this
agent is dissolved to transition from sol to geatsagel point (congealing point).

[0012]

Examples of the gel agent that forms the non-tirdex hydrogel include water-
soluble polymers such as agar, carrageenan, ggllem xanthan gum, and high methoxyl
pectin. As the gel agent, one, two, or more o$¢hare suitably used. Among these, agar is
more suitably used. The “agar” in the presentiappbn refers to hemicellulose containing
galactan including 1,3-bond and 1,4-bond of gaketo
[0013]

From the viewpoint of providing a good feel in wgleen the hydrogel particles thus
obtained are used for a cosmetic product, for exanpe jelly strength of the gel agent is
suitably 19.6 kPa (200 g/&nor higher and more suitably 50.0 kPa (510 gjcar higher.
Furthermore, from the same viewpoint, the jellesgth is suitably 147 kPa (1500 gRyror
lower andmore suitably 127 kPa (1300 g/@nor lower. The jelly strength of the gel agent
is suitably in the range of 19.6 kPa to 147 kP& @@nf to 1500 g/crf) andmore suitably in
the range of 50.0 kPa to 127 kPa (510 §/tm1300 g/crf). The jelly strength of the gel
agent can be determined by the Nikkansui methogbecifically, the jelly strength of the gel

agent can be determined by preparing a 1.5 mass#oag solution of the gel agent, leaving
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this aqueous solution to stand still for solidifioa at 20C for 15 hours to form a non-
crosslinked hydrogel, applying a load to this hyggrlowith a Nikkansui-type jelly strength
meter (manufactured by Kiya Corporation), and meaguthe maximum mass (g) per surface
area of 1 criwhen the non-crosslinked hydrogel can withstarel ldad at 26C for 20
seconds.

[0014]

From the viewpoint of manufacturing feasibilithetcontent of the gel agent in the
gel-agent aqueous solution is suitably 0.10 mass%igher, more suitably 0.30 mass% or
higher, still more suitably 0.40 mass% or higlardyet more suitably 0.50 mass% or higher.
Furthermore, from the viewpoint of providing a gdeel in use when the obtained hydrogel
particles are used for a cosmetic product, for goanthe content of the gel agent is suitably
8.0 mass% or lower, more suitably 7.0 mass% or lpwdl more suitably 6.0 mass% or
lower, yet more suitably 5.0 mass% or lowardeven still more suitably 3.0 mass% or lower.
From all these viewpoints, the content of the ggrd in the gel-agent aqueous solution is
suitably in the range of 0.10 mass% to 8.0 massbébe rauitably in the range of 0.30 mass%
to 7.0 mass%, still more suitably in the range .dbD0mass% to 6.0 mass%, yet more suitably
in the range of 0.50 mass% to 5.0 masafid even still more suitably in the range of 0.50
mass% to 3.0 mass%.

[0015]

From the viewpoint of solidification ability at o temperature, the gel point
(congealing point) of the gel-agent aqueous satuisosuitably 30C or higher. From the
viewpoint of its solubility during manufacturindie gel point is suitably 3C or lowerand
more suitably 48C or lower. From all these viewpoints, the gelnpoof the gel-agent
aqueous solution is suitably in the range ofG® 50C and more suitably in the range of

30°C to 45C. The gel point of the gel-agent aqueous soluteombe determined by putting
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about 10 ml of the gel-agent aqueous solution mtmedium-sized test tube (having a
diameter of 1.5 cnx 16 cm), inserting a thermometer thereinto, letitrggand to cool, tilting
the test tube, and reading the temperature wherstf@ace of the solution has become
immobilized.

[0016]

The gel-agent aqueous solution may be a dispersiatnich dispersed particles are
distributed. Specifically, the obtained hydrogaltirles may have a particle body of a non-
crosslinked hydrogel in which dispersed particlesdistributed. Examples of the dispersed
particles include oil components, water-insolublemplexes containing catechins, and
powder for cosmetic products.

[0017]

Such an oil component is disclosed in detail iteRaDocument 1. The dispersed
particles of the oil component contain at least oha solid fat or a liquid oil. Herein, the
“solid fat” in the present application refers to@hand fat having a melting point of 35 or
higher, and the “liquid oil” refers to an oil anat having a melting point lower than&a
[0018]

Examples of the solid fat include solid ceramideslid sphingolipids, solid
paraffins, solid higher alcohols, vaselines, selitones, solid oils, and solid perfumes.
[0019]

Examples of the solid ceramides include N-(2-hygi¥8-hexadesiloxypropyl)-N-
hydroxyethyl hexadecanamide. Examples of the sobghingolipids include
phytosphingosine. Examples of the solid paraffimeclude paraffin waxes and
microcrystalline waxes listed in JIS K 2235 andesan. Examples of the solid higher
alcohols include cetyl alcohol, stearyl alcoholadridyl alcohol, and behenyl alcohol.
Examples of the solid silicones include alkyl-maetif silicones and polymeric silicone alkyl

6 K17-279



10

15

20

25

co-modified acrylic resin. Examples of the solits anclude hardened oils and higher fatty
acids. Examples of the hardened oils include tyeinated oil, the feedstock oil of which is
coconut oil, palm oil, or beef tallow. Examplestbe higher fatty acids include palmitic
acid, behenic acid, and stearic acid. Exampleth®fsolid perfumes include menthol and
cedrol.
[0020]

From the viewpoint of achieving the effect of gwid fat, the content of the solid
fat in the dispersed particles of the oil componensuitably 1.0 mass% or higher, more
suitably 6.0 mass% or higher, still more suitablyrhiass% or higher, and yet more suitably
19 mass% or higher, and is also suitably 80 mass%weer, more suitably 70 mass% or
lower, and still more suitably 50 mass% or loweFhe content of the solid fat in the
dispersed particles of the oil component is sujtablthe range of 1.0 mass% to 80 mass%,
more suitably in the range of 6.0 mass% to 80 massifomore suitably in the range of 10
mass% to 70 mass%, and yet more suitably in thgerah19 mass% to 50 mass%.

[0021]

Examples of the liquid oils include liquid skingpecting agents, liquid oils, and
liquid perfumes.
[0022]

Examples of the liquid skin protecting agents ue: liquid fats such as liquid
paraffin, liquid ester oils such as methoxy octyinamate, liquid higher alcohols, liquid
squalane and liquid glycerides; liquid ceramideschsuas cetyloxypropylglyceryl
methoxypropyl myristamide; and liquid sphingolipidach as 1-(2-hydroxyethylamino)-3-
isostearyloxy-2-propanol. Examples of the liquitls dnclude: liquid hydrocarbon oils,
liquid vegetable oils, liquid fatty acids; liquidi®and fats including liquid ethylene glycol di-

fatty acid esters (the number of carbon atoms @ ftity acid is 12 or larger and 36 or
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smaller) and liquid dialkyl ethers (the number afton atoms is 12 or larger and 36 or
smaller); and liquid silicones.
[0023]

From the viewpoint of achieving the effect of tlggiid oil, the content of the liquid
oil in the dispersed particles of the oil componentuitably 10 mass% or higher, more
suitably 20 mass% or higher, still more suitablyn38ss% or highegndyet more suitably 50
mass% or higher. Furthermore, from the viewpofntroviding a good feel in use when the
obtained hydrogel particles are used for a cosnptiduct, for example, the content of the
liquid oil is suitably 99 mass% or lower, more abiy 94 mass% or lower, still more suitably
90 mass% or lowemndyet more suitably 81 mass% or lower. From alkéhgiewpoints,
the content of the liquid oil in the dispersed jgéat of the oil component is suitably in the
range of 55 mass% to 99 mass%, more suitably imathge of 20 mass% to 94 mass%, still
more suitably in the range of 30 mass% to 90 massfityet more suitably in the range of 50
mass% to 81 mass%.

[0024]

As the solid fat and the liquid oil contained metdispersed particles of the oil
component, one, two, or more of these are suitaddyl.
[0025]

The form of the dispersed particles of the oil poment is not limited to a
particular one, and may be a W/O emulsion, for eplam Examples of substances that the
dispersed particles of the oil component may cantétner than the solid fat and the liquid oil
include: inorganic ultraviolet absorbents such igsnium oxide and zinc oxide; organic
ultraviolet absorbents such as bis-ethylhexyloxyyghenethoxyphenyl triazine, ethylhexyl
triazone, diethylamino  hydroxybenzoyl hexyl benepat dimethoxybenzylidene

dioxoimidazolidine octyl propionate, and t-butyl thexybenzoyl methane; and fat-soluble
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vitamins such as vitamin A, vitamin D, vitamin Bdavitamin K.
[0026]

Water-insoluble complexes containing catechinsdsselosed in detail in Japanese
Unexamined Patent Publications Nos. 2010-131479281d-136983. Dispersed particles
of the water-insoluble complexes containing cateshnclude catechins and polymers that
form the water-insoluble complexes with the cateshi
[0027]

The catechins are non-polymer catechins, for el@mand examples thereof
include non-epicatechins such as catechin, gabobat, catechin gallate, and gallocatechin
gallate; and epicatechins such as epicatechin,akbpigtechin, epicatechin gallate, and
epigallocatechin gallate. As the catechins, ame, br more of these are suitably used.
[0028]

Examples of the polymers forming water-insolublemplexes with catechins
include polyvinylpyrrolidone (PVP), polyvinyl alcoh(PVA), hydroxyethyl cellulose (HEC),
methylcellulose (MC), hydroxypropyl cellulose (HRChydroxypropyl methylcellulose
(HPMC), polyethylene glycol (PEG), polyglycerol tiatacid esters, polyoxyethylene alkyl
ethers, polyoxyethylene sorbitan alkyl esters (poyethylene sorbitan fatty acid esters),
gelatin, and casein sodium. As the polymer, owe, br more of these are suitably used.
Polyvinylpyrrolidone (PVP), hydroxyethyl cellulosgHEC), methylcellulose (MC),
hydroxypropyl cellulose (HPC), or polyethylene gc(PEG) is more suitably used.
Polyvinylpyrrolidone (PVP) is particularly suitablsed.

[0029]

Examples of the dispersed patrticles of powdersdsmetic products include: metal

soap powders such as zinc stearate, aluminum teaedcium stearate, and zinc myristate;

resin powders such as nylon powder, polymethyl awiflate powder, acrylonitrile-
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methacrylic acid copolymer powder, vinylidene cidermethacrylic acid copolymer powder,
polystyrene powder, organopolysiloxane elastomerdaw, and polymethylsilsesquioxane
powder; inorganic powders such as titanium oxidich titanium oxide, iron blue,
ultramarine, red iron oxide, yellow iron oxide, ¢dhairon oxide, zinc oxide, aluminum oxide,
silicon dioxide, magnesium oxide, zirconium oxidegggnesium carbonate, calcium carbonate,
chromium oxide, chromium hydroxide, carbon bladkyranum silicate, magnesium silicate,
magnesium aluminum silicate, mica, synthetic msyathetic sericite, sericite, talc, kaolin,
silicon carbide, barium sulfate, bentonite, smecté&nd boron nitride; photoluminescent
powders such as bismuth oxychloride, mica titaniwon oxide coated mica, iron oxide mica
titanium, organic pigment treated mica titaniumgd aiuminum powder; organic powders
such as wool powder, silk powder, and microcrystaltellulose; dye powders such as silica,
organic tar-based pigments, and organic dye lagm@nts; and composite powders such as
particulate titanium oxide-coated mica titaniumrtigalate zinc oxide-coated mica titanium,
barium sulfate-coated mica titanium, titanium oxataining silicon dioxide, and zinc
oxide-containing silicon dioxide. As the power faysmetic products, one, two, or more of
these are suitably used.

[0030]

When the gel-agent aqueous solution is a dispgrsiothe dispersion, one type of
dispersed particles of the above-described exanmpégsbe distributed, or two or more types
of dispersed particles thereof may be distributed.

[0031]

From the viewpoint of achieving the effect of tispersed particles, the content of
the dispersed particles in the gel-agent agueoligi®o that is a dispersion is suitably 1
mass% or higher, more suitably 2 mass% or highat still more suitably 3 mass% or higher.

Furthermore, from the viewpoint of providing a gdeel in use when the obtained hydrogel
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particles are used for a cosmetic product, for gtanthe content of the dispersed particles is
suitably 60 mass% or lower, more suitably 55 mass%ower, and still more suitably 50
mass% or lower. From all these viewpoints, the@atnof the dispersed particles is suitably
in the range of 1 mass% to 60 mass%, more suitalye range of 2 mass% to 55 mass%,
and still more suitably in the range of 3 mass%Ganass%.

[0032]

Examples of the particle shape of each disperaetitie include a spherical shape,
a plate-like shape, and a needle-like shape.

[0033]

From the viewpoint of safety, the volume-mean ipkrtsize of the dispersed
particles is suitably 0.0100m or larger, more suitably 0.1Q@m or larger, and still more
suitably 1.00um or larger. Furthermore, from the viewpoint obyiding a good feel in use
when the obtained hydrogel particles are used foosanetic product, for example, and also
from the viewpoint of manufacturing feasibility etivolume-mean particle size is suitably 100
pm or smaller, more suitably 500n or smaller, and still more suitably 2Quth or smaller.
From all these viewpoints, the volume-mean parsite of the dispersed particles is suitably
in the range of 0.010@m to 100um, more suitably in the range of 0.1@® to 50.0um, and
still more suitably in the range of 1.Q@n to 20.0um. The volume-mean patrticle size of the
dispersed patrticles can be determined by measutdmasad on a laser diffraction/scattering
method with a laser diffraction/scattering partisige distribution analyzer (e.g., LA-920
manufactured by HORIBA, Ltd.).

[0034]

When the gel-agent aqueous solution is a dispersio the gel-agent aqueous

solution that is a dispersion, at least one ofspetisant for distributing the dispersed particles

or an emulsifier (hereinafter, also called “disp@ts etc.”) is suitably contained.
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[0035]

Examples of the dispersant, etc. include polymeulsifying and dispersing agents,
anionic surfactants, cationic surfactants, nonismi¢actants, and amphoteric surfactants.
[0036]

Examples of the polymer emulsifying and dispersiggnts include a copolymer of
acrylic acid and alkyl methacrylate, a complex ihiath an amphoteric polymer compound
and a higher fatty acid are synthesized togetheleasribed in Japanese Unexamined Patent
Publication No. H7-100356, water-soluble amphighpiolymer electrolytes as respectively
described in Japanese Unexamined Patent Publisatims. H8-252447 and H9-141079,
water-soluble crosslinked amphiphilic polymer elelttes as respectively described in
Japanese Unexamined Patent Publications Nos. H38D4dnd H9-141081, an acrylate-based
copolymer as described in Japanese Unexamined tP&alication No. H10-53625,
polysaccharide derivatives as respectively desdribpeJapanese Patent No. 3329689 and
Japanese Unexamined Patent Publications Nos. HA@833and H11-106401, synthetic
polymer compounds such as polyvinyl pyrrolidonelypoyl alcohol and their derivatives,
polyacrylamides and ethylene oxide adducts of gtiy¢nol formaldehyde condensates, and
natural polymer compounds such as Guayagamu, kanarya tragacanth gum, gum arabic,
arabinogalactan, and casein.

[0037]

Examples of the anionic surfactants include sodaunyl sulfate, sodium stearate,
and sodium polyoxyethylene lauryl ether phosphatexamples of the cationic surfactants
include lauryl trimethyl ammonium chloride, steagyhine acetate, and stearyl amine acid.
Examples of the nonionic surfactants include sarbifatty acid esters, polyoxyethylene
sorbitan fatty acid esters, and polyoxyethyleneisalr fatty acid esters. Examples of the

amphoteric surfactants include alkyldimethylamiget& acid betaine and lecithin.
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[0038]

As the dispersant, etc. one type or two or mgpesyof these are suitably used.
[0039]

From the viewpoint of dispersion and emulsion #itgp the content of the
dispersant, etc. in the gel-agent aqueous solthigins a dispersion is suitably 0.01 mass% or
higher, more suitably 0.05 mass% or higher, antl rstire suitably 0.1 mass% or higher.
Furthermore, from the viewpoint of safety, the emtof the dispersant, etc. is suitably 5
mass% or lower, more suitably 3 mass% or lower, sifidnore suitably 1 mass% or lower.
From all these viewpoints, the content of the disast, etc. is suitably in the range of 0.01
mass% to 5 mass%, more suitably in the range & hass% to 3 mass%, and still more
suitably in the range of 0.1 mass% to 1 mass%.

[0040]

The gel-agent aqueous solution may contain one, tw more antiseptic agents
selected from the group consisting of methyl padatyyybenzoate, isopropyl methyl phenol,
ethanol, phenoxyethanol, dehydroacetic acid and slaéreof, for example. The gel-agent
aqueous solution may also contain water-solubkminns such as vitamin B and vitamin C.
In addition to these, the gel-agent aqueous solutiay further contain one, two, or more
selected from the group consisting of moisturizargjperspirants, antimicrobial agents, and
germicides.

[0041]

In the step of cooling, from the viewpoint of diksng the gel agent quickly, the
temperature of the gel-agent aqueous solution eédbeing cooled is suitably equal to or
higher than the dissolution temperature of theaggint and also equal to or lower than the
boiling point of water. For example, when the ggént is agar, the temperature of the gel-

agent aqueous solution before being cooled istdyi#t°C or higher and more suitably €D

18 K17-279



10

15

20

25

or higher, and is also suitably @ or lower. When the gel agent is agar, the teatpes
of the gel-agent aqueous solution before beingerb@d suitably in the range of G to
100°C and more suitably in the range of°80to 100C. Herein, to promote dissolution of
the gel agent, the temperature of the gel-agent@ggisolution may be raised to 1G0or
higher under increased pressure.

[0042]

From the viewpoint of increasing the productivitlye average cooling speed in the
step of cooling is suitably ®C/min or higher, more suitably GG/min or higher, and still
more suitably 0.8C/min or higher. From the viewpoint of obtaininge hydrogel particles,
the average cooling speed is suitabiZ/nin or lower, more suitably°€/min or lower, and
still more suitably 3C/min or lower. The average cooling speed in tieg ®f cooling is
suitably in the range of O®C/min to 5C/min, more suitably in the range of 83min to
4°C/min, and still more suitably in the range of°@8Anin to 3C/min. This average cooling
speed is a value obtained when the temperaturerelifte between the cooling-start
temperature and the temperature at the time whgindpeed stirring described later has just
been completed is divided by an elapsed time frioencboling-start time to this high-speed
stirring completion time. The cooling speed after gel point has been reached may be the
same as, or may be higher than, or may be lowerttiecooling speed before the gel point is
reached. In this cooling process, a period of twteen the cooling speed is 0 and a
predetermined temperature (e.g., the gel point)astained may be set.

[0043]

In the method for manufacturing hydrogel partidesording to the embodiment, in
the step of cooling, the cooled substance of thagent aqueous solution is stirred at least at
the gel point. At this time, after the gel poirgshbeen reached, a stirring energy of 400

KWIS/n? or higher is applied to the cooled substance efgbl-agent aqueous solution by
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high-speed stirring. Examples of a stirrer used tfus high-speed stirring include a
disperser, a homogenizer, a grinder, a cutter mtlall mill, and a jet mill.
[0044]

This high-speed stirring is suitably performedoaler the gel-agent aqueous
solution before the gel point is reached. Thusg, ligh-speed stirring of the gel-agent
agueous solution or the cooled substance therestdiiiably performed continuously over a
period from before the temperature of the gel-agepieous solution or the cooled substance
thereof reaches the gel point to after the geltduas been reached.

[0045]

This high-speed stirring is suitably performed letthe temperature of the cooled
substance of the gel-agent aqueous solution istaiaéd at a certain temperature or within a
certain temperature range equal to or lower thangdl point. In this case, the high-speed
stirring may be performed in a process of cooliagawer the temperature of the cooled
substance of the gel-agent aqueous solution frengéh point to the certain temperature or to
within the certain temperature range.

[0046]

From the viewpoint of stability of the obtaineddnygel particles, the temperature
difference between the temperature of the coolbdtance of the gel-agent agueous solution
during high-speed stirring and the gel point igahly C°C or larger, more suitably O or
larger, and still more suitably PG or larger. Furthermore, from the viewpoint of
operability, the temperature difference is suitadtyaller than 203, more suitably 183C
or smaller, and still more suitably 12® or smaller. The temperature difference between
the temperature of the cooled substance of thegmit aqueous solution during high-speed
stirring and the gel point is suitably equal tdayger than 8C and smaller than 200, more

suitably in the range of 1°C to 18.0C, and still more suitably in the range of °C5to
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12.°C. From the viewpoint of increasing the yield ahd controllability of particle sizes
of the obtained hydrogel particles, the temperadlifference between the temperature of the
cooled substance of the gel-agent aqueous soldtioimg high-speed stirring and the gel
point is yet more suitably 72Q or smaller and even still more suitably’®€®r smaller.

[0047]

At the gel point, gelation of the gel-agent aquesalution starts. Whereas, at the
gel point or in a temperature range lower thangdlepoint by several degrees, in the cooled
substance of the gel-agent aqueous solution, aaggit aqueous solution and a non-
crosslinked hydrogel obtained by gelation of thetuson coexist. It is thought that, when
this cooled substance of the gel-agent aqueouti@ois stirred at high speed at the gel point
or in the temperature range lower than the geltpmmnseveral degrees, gelation of the gel-
agent aqueous solution is suppressed, whereby fiormaf an aggregated gel is suppressed,
and also substances obtained by gelation of theggit aqueous solution are kept from
sticking to an inner wall, for example, of a stigitank and being scattered and lost, and
consequently the yield of the hydrogel particles b& increased. It is also thought that,
because the distributed state of nuclei formingehaj the gel-agent aqueous solution is
changed by high-speed stirring, there is a stramgetation between the stirring energy of the
high-speed stirring and the particle size of thelrbgel particles, and consequently the
controllability of particle sizes of the hydrogedrticles can be increased.

[0048]

The required stirring power per unit volume whka tooled substance of the gel-
agent aqueous solution is stirred at high speeat #fie gel point has been reached is 0.8
kW/m® or higher. From the viewpoint of obtaining fingdnogel particles, the required
stirring power per unit volume is suitably 1.0 kW/or higher, more suitably 1.1 kWnor
higher, and still more suitably 1.2 kWinor higher. Furthermore, from the viewpoint of
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reduction of load on the stirrer and operabilitgrdof, the required stirring power per unit
volume is suitably 15 kW/mor lower, more suitably 10 kW/Aror lower, and still more
suitably 7.0 kW/m or lower. This required stirring power per uniflvme is suitably in the
range of 1.0 kW/rhto 15 kW/nf, more suitably in the range of 1.1 kWi 10 kW/nd, and
still more suitably in the range of 1.2 kWiio 7.0 kW/ni.

[0049]

The stirring energy to be applied to the coolebstance of the gel-agent aqueous
solution by high-speed stirring after the gel pdias been reached is 400 BMT or higher.
From the viewpoint of obtaining fine hydrogel peleis, the stirring energy is suitably 600
KWIS/n? or higher, more suitably 800 K&/nt or higher, still more suitably 1000 K&/nt* or
higher, yet more suitably 1500 K8t or higher, and even still more suitably 2000 B
or higher. From the viewpoint of increasing e#iocy, the stirring energy is suitably 15000
KWIS/nT or lower, more suitably 12000 K&/nt or lower, still more suitably 10000 K&/nt
or lower, yet more suitably 8000 K& or lower, even still more suitably 6000 K& or
lower, and most suitably 4000 K&¥h? or lower. This stirring energy is suitably in the
range of 600 kVIB/nT to 10000 kWE/n, more suitably in the range of 800 &M to 8000
KWIS/n?, still more suitably in the range of 1000 &AW to 6000 kWs/n?, and yet more
suitably in the range of 1500 K&/nt to 4000 k\WE/nT.

[0050]

From the viewpoint of obtaining a particle sizé&aole to provide a good feel when
being used for cosmetic products, for example, gtirsing energy to be applied to the cooled
substance of the gel-agent aqueous solution bydpgked stirring after the gel point has been
reached is suitably 4000 K&nT or higher, more suitably 5000 K& or higher, still more

suitably 6000 kVB/nt or higher, and yet more suitably 7000 & or higher, and is also
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suitably 13000 kVi/nT or lower, more suitably 11000 K&/nT or lower, still more suitably
10000 KWS/nt or lower, and yet more suitably 9000 Mt or lower.  This stirring energy
is suitably in the range of 4000 K8¢ht to 13000 kWEB/nT, more suitably in the range of
5000 kWE/nT to 11000 kWE/nT, still more suitably in the range of 6000 &M to 10000
kWS/nt, and yet more suitably in the range of 7000EM# to 9000 kWs/n,

[0051]

The “stirring energy” in the present applicatiendietermined based on the specific
equation described in Japanese Unexamined Patealic&®ion No. 2007-161683. For
example, when a homomixer or a disperser is usedstirring energy is calculated by the
following Equation ().

[0052]

Stirring Energy (KViB/nt)
= [Required Stirring Power P (kW)] / [Process Lidisi Volume V (rﬁ)] x Stirring Time (S)
()

In this Equation (1), the required stirring powe(k®V) can be measured by a publicly known
method using a dynamometer, for example. Altevest the required stirring power can be
calculated by the following Experimental Equation 1

[0053]

Required Stirring Power P (kW) = Np n* x d® x p/1000  (Experimental
Equation 1)

where Np is power number (e.g., Np=1.5 in a homxemhaving a stirring tank
capacity smaller than 10 L, and Np=1.3 in a hom@mbaving a stirring tank capacity of 10
L or larger. Np=0.8 in a disperser.);

n is the number of revolutions for stirring (-/s);

d is the diameter of the impeller (m); and
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p is the density (kg/f) of the process liquid.
[0054]

If the high-speed stirring is performed also oa ¢iel-agent aqueous solution before
the gel point is reached, the required stirring @oper unit volume may be the same as, or
may be lower than, or may be higher than the requstirring power per unit volume after the
gel point has been reached. The stirring energbetcapplied to the gel-agent aqueous
solution before the gel point is reached may bestimae as, or may be lower than, or may be
higher than the stirring energy to be applied ®¢holed substance of the gel-agent aqueous
solution after the gel point has been reached.

[0055]

It is suitable that the high-speed stirring bergjeal to stirring at a required stirring
power per unit volume lower than 0.8 kW/ihereinafter, also called “low-speed stirring”) to
be completed or be stopped to be completed. Afehigh-speed stirring is completed, the
cooled substance of the gel-agent aqueous soluaynbe stirred at low speed for aging or be
left to stand still for aging. This aging is sbity performed while the temperature of the
cooled substance of the gel-agent aqueous soli§obeing maintained at a certain
temperature or within a certain temperature ramgelkto or lower than the gel point.

[0056]

From the viewpoint of stability of the obtaineddnggel particles, the temperature
difference between the aging temperature for thegagnd the gel point is suitably© or
larger, more suitably 1°C or larger, and still more suitably 1 or larger. Furthermore,
from the same viewpoint, the temperature differeisceuitably smaller than 200, more
suitably 18.0C or smaller, still more suitably 12@© or smaller, yet more suitably 7@ or
smaller, and even still more suitably 30or smaller. From the viewpoint of stability biet

obtained hydrogel particles, the temperature difiee between the aging temperature for the
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aging and the temperature of the cooled substahtgeayel-agent aqueous solution during
high-speed stirring is suitably 10@ or smaller, more suitably 50 or smaller, and still
more suitably 3.9C or smaller. The aging temperature may be theesasrthe temperature
of the cooled substance of the gel-agent aqueolgicso at the high-speed stirring
completion time.

[0057]

From the viewpoint of stability of the hydrogelrpieles, the aging time for the
aging is suitably 10 minutes or longer, more sijte8D minutes or longer, and still more
suitably 60 minutes or longer. Furthermore, frdra viewpoint of productivity, the aging
time is suitably 300 minutes or shorter, more &yt 80 minutes or shorter, and still more
suitably 120 minutes or shorter. After the higleesyp stirring is completed, or after the aging
is completed, the cooled substance of the gel-aappreous solution may be further cooled.
[0058]

From the viewpoint of stability of the obtaineddnygel particles, the temperature
of the hydrogel particles obtained in this steg@dling is suitably equal to or lower than the
gel point, more suitably a temperature lower tham gel point by 1.8C or more, and still
more suitably a temperature lower than the geltgoynl.5C or more. When the gel agent
is agar, from the viewpoint of solidification abjliat room temperature, the temperature of
the hydrogel particles obtained in the step of iogplis suitably 5.0C or higher, more
suitably 8.0C or higher, and still more suitably 10® or higher. Furthermore, from the
same viewpoint, this temperature is suitably 35.6r lower, more suitably 34’6 or lower,
and still more suitably 34°C or lower. When the gel agent is agar, the teatpes of the
hydrogel particles obtained in the step of coolmguitably in the range of 50 to 35.5C,
more suitably in the range of 8@to 34.8C, and still more suitably in the range of TCGo

34.0°C.
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[0059]

From the viewpoint of providing a good feel in usben the obtained hydrogel
particles are used for a cosmetic product, for gtanthe volume-mean particle size of the
hydrogel particles obtained in the step of coolsguitably 0.10um or larger, more suitably
10.0um or larger, and still more suitably 2Quén or larger, and is also suitably 1000® or
smaller, more suitably 100@m or smaller, and still more suitably 6Qé or smaller. The
volume-mean particle size of the hydrogel partiggesuitably in the range of 0.1Q0n to
10000um, more suitably in the range of 1Quéh to 1000um, and still more suitably in the
range of 20.Qum to 600um. The volume-mean particle size of the hydrogatiples is
determined by measurement based on a laser difindstattering method using a laser
diffraction/scattering particle size distributiomadyzer (e.g., LA-920 manufactured by
HORIBA, Ltd.) or a screening method. The lasefrddtion/scattering method is suitably
used for measurement of particles having a pars@e of 1000um or smaller, and the
screening method is suitably used for measureménpadicles having a particle size
exceeding 100Qm.

[0060]

The yield of the hydrogel particles obtained ie tep of cooling is suitably 70
mass% or higher, more suitably 80 mass% or higgued, still more suitably 90 mass% or
higher. This yield of the hydrogel particles igetenined as a percentage of the mass of the
collected hydrogel particles with respect to thessnaf the prepared gel-agent aqueous
solution.

[0061]

In the method for manufacturing hydrogel partidesording to the embodiment, in

the step of cooling, it is suitable that the getatgaqueous solution and the cooled substance

thereof be cooled in a single stirring tank, ansbakhe cooled substance of the gel-agent
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aqueous solution be stirred at high speed therelinis stirring tank is suitably provided with
a cooling mechanism such as a heat exchanger. thattéhe gel-agent aqueous solution and
the cooled substance may also be cooled or sttréthh speed while tanks for storing these
solutions are changed.

[0062]

The obtained hydrogel particles can, without bgingcessed, be blended with a
cosmetic component into a liquid phase to manufacwcosmetic product.
[0063]

In this case, the cosmetic component may be patanstirring tank in which the
hydrogel particles have been manufactured, or th&imed hydrogel particles and the
cosmetic component may be put into a stirring tdiflerent from the stirring tank in which
the hydrogel particles have been manufactured. mFtiee viewpoint of manufacturing
hydrogel particles having a suitable particle sitds suitable that the obtained hydrogel
particles and the cosmetic component be put instireing tank different from the stirring
tank in which the hydrogel particles have been rfectured.

[0064]

Examples of the cosmetic component include: pbbiemodified silicones;
cosmetic oils; humectants; intercellular lipids ls@s ceramides; ultraviolet absorbents such
as titanium oxide, zinc oxide, and extracts of aigrand plants; vitamins such as fat-soluble
vitamins and water-soluble vitamins; chelating agepH adjusting agents; antiseptic agents;
dyes; perfumes; medicinal components such as whgeranalgesics, antipruritic agents,
disinfectants, astringents, emollients, and horrh@gents; emulsifying agents; cleaning
agents; and antioxidants. As the cosmetic compormre, two, or more of these are
suitably used.

[0065]
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Examples of a liquid that forms the liquid phaselude water, liquid oils such as
silicone oil, and organic solvents. As the ligudg, two, or more of these are suitably used.
From the viewpoint of providing a good feel in wsken the obtained hydrogel particles are
used for the cosmetic product, for example, thaidigphase is suitably water, an aqueous
solution, or an aqueous phase of a water dispersion
[0066]

When a cosmetic product, for example, is manufadiuthe obtained hydrogel
particles may be put into a liquid phase and aks@rhoushed by a crushing method to obtain
finer particles. Examples of a liquid that fornie tliquid phase include water, liquid oils
such as silicone oil, and organic solvents. As liheid, one, two, or more of these are
suitably used. From the viewpoint of providing aod feel in use when the obtained
hydrogel particles are used for the cosmetic prodac example, the liquid phase is suitably
water, an aqueous solution, or an aqueous phasafer dispersion.

[0067]

Examples of the crushing method include a methbghassing a liquid phase
containing the hydrogel particles through a siewehsas a wire mesh to crush the particles
and a method of shearing a liquid phase contaitiieghydrogel particles with a dispersing
machine such as a line mixer, a disperser, a honimgye a milder, and a homomixer to crush
the particles.

[0068]

From the viewpoint of crushing the hydrogel paescinexpensively and simply,
among these methods, the method of passing a Ighade containing the hydrogel particles
through a sieve is suitable. Specifically, with @pparatus including a pipe and a sieve
provided halfway through the pipe, a liquid phasataining the hydrogel particles may be

caused to flow through the pipe, and the liquidggheontaining the hydrogel particles may be
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passed through the sieve to further crush the Iggdiparticles.
[0069]

In the case of crushing the hydrogel particle$ waitsieve, the aperture of the sieve
is appropriately selected based on the particle sizthe hydrogel particles. From the
viewpoint of providing a good feel in use when ti#ained hydrogel particles are used for a
cosmetic product, for example, the aperture of digwe is suitably Jum or larger, more
suitably 10um or larger, and still more suitably H@n or larger, and is also suitably 100
or smaller, more suitably 8Q@m or smaller, still more suitably 6Q0m or smaller, yet more
suitably 500um or smaller, and even still more suitably 400 or smaller. The aperture of
the sieve is suitably in the range ofih to 1000um, more suitably in the range of lién to
800 um, still more suitably in the range of Hith to 600um, yet more suitably in the range of
50 pm to 500um, and even still more suitably in the range ofif®to 400um.

[0070]

From the viewpoint of reducing variations in pa#isize of the hydrogel particles,
the liquid phase containing the hydrogel partidkessuitably passed through the sieve a
plurality of times. In this case, the liquid phasmntaining the hydrogel particles may be
circulated to be passed through a single sieve murality of identical sieves a plurality of
times. Alternatively, the liquid phase containititge hydrogel particles may be passed
through a plurality of sieves that are arrangeskiries either continuously or at intervals.
[0071]

When the liquid phase containing the hydrogel ipas is passed through a
plurality of sieves, from the viewpoint of providira good feel in use when the obtained
hydrogel particles are used for a cosmetic prodoctexample, the number of the sieves is
suitably two or greater and more suitably thregreater. Furthermore, from the viewpoint

of productivity and cost efficiency, the numbertlé sieves is suitably ten or less and more
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suitably five or less. From all these viewpoiritee number of the sieves is suitably in the
range of two to ten and more suitably in the raofj¢hree to five. The sieves may have
either the same aperture or mutually different eypes. Alternatively, some of the sieves
may have the same aperture and the other sievebavaydifferent apertures.

[0072]

When the sieves include sieves having mutuallfediht apertures, the sieves are
suitably arranged in the descending order of thp@rtures such that one of the sieves having
the largest aperture is arranged most upstreamyobther one of the sieves. In this case, in
each adjacent pair of sieves having mutually diffiémapertures among the sieves arranged in
the descending order of their apertures such tmatsieve having the largest aperture is
arranged most upstream, the ratio of the apertiitbeodownstream sieve of the pair to the
aperture of the upstream sieve thereof is suitatyor higher, more suitably 10% or higher,
and still more suitably 20% or higher, and is asdably 100% or lower, more suitably 90%
or lower, and still more suitably 80% or lower frothe viewpoint of manufacturing
feasibility. In each adjacent pair of sieves hgvinutually different apertures among the
sieves arranged in the descending order of thertaq@s such that the sieve having the
largest aperture is arranged most upstream, tieeaathe aperture of the downstream sieve
of the pair to the aperture of the upstream sibeeebf is suitably in the range of 1% to 100%,
more suitably in the range of 10% to 90%, and stdre suitably in the range of 20% to 80%.
Furthermore, among the sieves arranged in the ddsgeorder of their apertures such that
the sieve having the largest aperture is arrangest opstream, the ratio of the aperture of the
most downstream sieve to the aperture of the nostream sieve is suitably 0.1% or higher,
more suitably 1% or higher, and still more suitaif#g or higher, and is also suitably 100% or
lower, more suitably 90% or lower, and still moretably 80% or lower from the viewpoint

of manufacturing feasibility. Among the sievesaaged in the descending order of their
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apertures such that the sieve having the largestwap is arranged most upstream, the ratio
of the aperture of the most downstream sieve toagierture of the most upstream sieve is
suitably in the range of 0.1% to 100%, more sujtablthe range of 1% to 90%, and still
more suitably in the range of 5% to 80%.

[0073]

Into the liquid phase, a cosmetic component mayuiein advance together with
the hydrogel particles before crushing. When thentetic component is added to the liquid
phase in advance in this manner, a cosmetic praducbe manufactured while the hydrogel
particles are crushed into further finer particleExamples of the cosmetic component
include: polyether-modified silicones; cosmeticspihumectants; intercellular lipids such as
ceramides; ultraviolet absorbents such as titarodide, zinc oxide, and extracts of animals
and plants; vitamins such as fat-soluble vitamimsl avater-soluble vitamins; chelating
agents; pH adjusting agents; antiseptic agents; gggrfumes; medicinal components such as
whitening, analgesics, antipruritic agents, disitdats, astringents, emollients, and hormonal
agents; emulsifying agents; cleaning agents; atidxadgants. As the cosmetic component,
one, two, or more of these are suitably used.

[0074]

Regarding the embodiment described above, thewolly configurations are
further disclosed herein.
[0075]

<1> A method for manufacturing hydrogel particls®e method comprising a step
of cooling an aqueous solution, in which a gel agerming a non-crosslinked hydrogel is
dissolved, down to a temperature lower than a geltpf the aqueous solution. In the step
of cooling, a cooled substance of the aqueousienlig stirred at least at the gel point, and

after the gel point has been reached, a stirrirgggnof 400 kWE/nt or higher is applied to
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the cooled substance of the aqueous solution witing at a required stirring power per unit
volume of 0.8 kW/m or higher.
[0076]

<2> The method of <1>, wherein stirring the aquecolution or the cooled
substance thereof is continuously performed oveeréod from before the temperature of the
agueous solution or the cooled substance therashes the gel point to after the gel point
has been reached.
[0077]

<3> The method of <1> or <2>, wherein the stirriisg performed while the
temperature of the cooled substance of the aqueoligion is maintained at a certain
temperature or within a certain temperature ramgelkto or lower than the gel point.
[0078]

<4> The method of any one of <1> to <3>, whereitemperature difference
between the temperature of the cooled substantieecfiqueous solution during the stirring
and the gel point is suitably’O or larger, more suitably O or larger, and still more
suitably 1.8C or larger, and is also suitably smaller than 2D,0more suitably 18 or
smaller, still more suitably 122G or smaller, yet more suitably 7@ or smaller, and even
still more suitably 3.8C or smaller.
[0079]

<5> The method of any one of <1> to <3>, whereitemperature difference
between the temperature of the cooled substantieecfiqueous solution during the stirring
and the gel point is°C or larger.
[0080]

<6> The method of any one of <1> to <3>, whereitemperature difference

between the temperature of the cooled substantieecfiqueous solution during the stirring
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and the gel point is 1°CQ or larger.
[0081]

<7> The method of any one of <1> to <3>, whereitemperature difference
between the temperature of the cooled substantieecfiqueous solution during the stirring
and the gel point is 1°6 or larger.
[0082]

<8> The method of any one of <1> to <7>, whereitemperature difference
between the temperature of the cooled substantieecdiqueous solution during the stirring
and the gel point is 200G or smaller.
[0083]

<9> The method of any one of <1> to <7>, whereitemperature difference
between the temperature of the cooled substantieeciiqueous solution during the stirring
and the gel point is 18Q or smaller.
[0084]

<10> The method of any one of <1> to <7>, wher@itemperature difference
between the temperature of the cooled substantieecdiqueous solution during the stirring
and the gel point is 122G or smaller.
[0085]

<11> The method of any one of <1> to <7>, wheraitemperature difference
between the temperature of the cooled substantieecfiqueous solution during the stirring
and the gel point is 7°C or smaller.
[0086]

<12> The method of any one of <1> to <7>, wher@itemperature difference
between the temperature of the cooled substantieeciiqueous solution during the stirring

and the gel point is 32 or smaller.
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[0087]

<13> The method of any one of <1> to <12>, wheth& required stirring power
per unit volume is suitably 1.0 kW/hor higher, more suitably 1.1 kW#nor higher, and still
more suitably 1.2 kW/fhor higher, and is also suitably 15 kW/or lower, more suitably 10
kw/m? or lower, and still more suitably 7.0 kWirar lower.
[0088]

<14> The method of any one of <1> to <13>, whetk@&stirring energy is suitably
600 kWS/n? or higher, more suitably 800 K®/nt or higher, still more suitably 1000
KWIS/nt or higher, yet more suitably 1500 KSKAT or higher, and even still more suitably
2000 KWS/nT or higher, and is also suitably 15000 kW or lower, more suitably 12000
KWIS/nT or lower, still more suitably 10000 k&/n? or lower, yet more suitably 8000
KWIS/nT or lower, even still more suitably 6000 kAT or lower, and most suitably 4000
kWS/nT or lower.
[0089]

<15> The method of any one of <1> to <14>, whetk@stirring energy is suitably
4000 kWS/nt or higher, more suitably 5000 K&nt or higher, still more suitably 6000
KWIS/n? or higher, and yet more suitably 7000 & or higher, and is also suitably 13000
KWIS/nT or lower, more suitably 11000 K&/nt or lower, still more suitably 10000 Kg&/nt
or lower, and yet more suitably 9000 M or lower.
[0090]

<16> The method of any one of <1> to <15>, whetémm stirring is changed to
stirring at a required stirring power per unit volel lower than 0.8 kW/fito be completed or
is stopped to be completed.
[0091]

<17> The method of <16>, wherein after the stgris completed, the cooled
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substance of the aqueous solution is stirred atjaired stirring power per unit volume lower
than 0.8 kW/m for aging or is left to stand still for aging.
[0092]

<18> The method of <17>, wherein the aging isqgrenkd while the temperature of
the cooled substance of the aqueous solution rgyheiaintained at a certain temperature or
within a certain temperature range equal to or favan the gel point.
[0093]

<19> The method of <17> or <18>, wherein a temjpeeadifference between an
aging temperature for the aging and the gel pamguitably OC or larger, more suitably
1.0°C or larger, and still more suitably 1 or larger, and is also suitably smaller than
20.C°C, more suitably 183 or smaller, still more suitably 120 or smaller, yet more
suitably 7.0C or smaller, and even still more suitably°®®r smaller.
[0094]

<20> The method of any one of <17> to <19>, wirethe temperature difference
between the aging temperature of the aging antethperature of the cooled substance of the
agueous solution during the stirring is suitably0tG or smaller, more suitably 30 or
smaller, and still more suitably 3® or smaller.
[0095]

<21> The method of any one of <17> to <20>, wheeai aging temperature of the
aging is the same as the temperature of the csollestance of the aqueous solution when the
stirring has just been completed.
[0096]

<22> The method of any one of <17> to <21>, whresei aging time for the aging
is suitably 10 minutes or longer, more suitablyr8idutes or longer, and still more suitably

60 minutes or longer, and is also suitably 300 teiswr shorter, more suitably 180 minutes
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or shorter, and still more suitably 120 minutesiuorter.
[0097]

<23> The method of any one of <1> to <22>, wheeetamperature of the aqueous
solution before being cooled in the step of coolimgqual to or higher than a dissolution
temperature of the gel agent and also equal toveer than a boiling point of water.
[0098]

<24> The method of any one of <1> to <23>, whesgiraverage cooling speed in
the step of cooling is suitably 0@/min or higher, more suitably 0G/min or higher, and
still more suitably 0.8C/min or higher, and is also suitably@&@min or lower, more suitably
4°C/min or lower, and still more suitably@/min or lower.
[0099]

<25> The method of any one of <1> to <24>, wheraitemperature of the
hydrogel particles obtained in the step of coolisiguitably equal to or lower than the gel
point, more suitably a temperature lower than tlepgint by 1.0C or more, and still more
suitably a temperature lower than the gel point B5C or more.
[0100]

<26> The method of any one of <1> to <25>, wheeeiwrolume-mean particle size
of the hydrogel particles obtained in the stepailing is suitably 0.10@um or larger, more
suitably 10.0um or larger, and still more suitably 20udn or larger, and is also suitably
10000um or smaller, more suitably 10Q0n or smaller, and still more suitably 6Qén or
smaller.
[0101]

<27> The method of any one of <1> to <26>, whetém yield of the hydrogel
particles obtained in the step of cooling is suytalD mass% or higher, more suitably 80

mass% or higher, and still more suitably 90 mass¥igher.
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[0102]

<28> The method of any one of <1> to <27>, whethi gel agent contains one,
two, or more selected from the group consistinggdr, carrageenan, gellan gum, xanthan
gum, and high methoxyl pectin.
[0103]

<29> The method of <28>, wherein the gel ageags.
[0104]

<30> The method of <29>, wherein the temperatfithe aqueous solution before
being cooled in the step of cooling is suitably@%or higher and more suitably €D or
higher, and is also suitably 1D or lower.
[0105]

<31> The method of <29> or <30>, wherein the terajppge of the aqueous
solution before being cooled in the step of coolmguitably in the range of 76 to 100C
and more suitably in the range of’80to 100C.
[0106]

<32> The method of any one of <29> to <31>, wheraitemperature of the
hydrogel particles obtained in the step of cooisguitably 5.0C or higher, more suitably
8.0°C or higher, and still more suitably 10@or higher, and is also suitably 38%5or lower,
more suitably 34.8C or lower, and still more suitably 34@ or lower.
[0107]

<33> The method of any one of <1> to <32>, wheeetontent of the gel agent in
the aqueous solution is suitably 0.10 mass% orenjgmore suitably 0.30 mass% or higher,
still more suitably 0.40 mass% or higher, and yetersuitably 0.50 mass% or higher, and is
also suitably 8.0 mass% or lower, more suitablyra®s% or lower, still more suitably 6.0

mass% or lower, yet more suitably 5.0 mass% or ipwed even still more suitably 3.0
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mass% or lower.
[0108]

<34> The method of any one of <1> to <33>, whetb&gel point of the aqueous
solution is suitably 3T or higher, and is also suitably®&or lower and more suitably 46
or lower.
[0109]

<35> The method of any one of <1> to <34>, whetbm agueous solution is a
dispersion in which dispersed particles are distad.
[0110]

<36> The method of <35>, wherein the dispersedighes are one, two, or more
selected from the group consisting of oil composemiater-insoluble complexes containing
catechins, and powders for cosmetic products.
[0111]

<37> The method of <35> or <36>, wherein the conté the dispersed particles in
the aqueous solution is suitably 1 mass% or higherge suitably 2 mass% or higher, and still
more suitably 3 mass% or higher, and is also syité® mass% or lower, more suitably 55
mass% or lower, and still more suitably 50 mass%6wer.
[0112]

<38> The method of any one of <35> to <37>, whetké content of the dispersed
particles in the aqueous solution is suitably ia tange of 1 mass% to 60 mass%, more
suitably in the range of 2 mass% to 55 mass%, @lhdsre suitably in the range of 3 mass%
to 50 mass%.
[0113]

<39> The method of any one of <35> to <38>, wherdie aqueous solution

contains at least one of a dispersant or an eraulsif
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[0114]

<40> The method of <39>, wherein the at leastafre dispersant or an emulsifier
is one, two, or more selected from the group ctingi®f polymer emulsifying and dispersing
agents, anionic surfactants, cationic surfactamsnionic surfactants, and amphoteric
surfactants.
[0115]

<41> The method of <39> or <40>, wherein the contd the at least one of a
dispersant or an emulsifier in the aqueous solusosuitably 0.01 mass% or higher, more
suitably 0.05 mass% or higher, and still more $ljted.1 mass% or higher, and is also
suitably 5 mass% or lower, more suitably 3 mass%wer, and still more suitably 1 mass%
or lower.
[0116]

<42> The method of any one of <1> to <41>, wheigitthe step of cooling, the
agueous solution and the cooled substance of theoag solution are cooled in a single
stirring tank, and also the cooled substance o&thweous solution is stirred therein.
[0117]

<43> A method for manufacturing a cosmetic prodweherein the hydrogel
particles obtained through the method of any onelof to <42> are blended with a cosmetic
component into a liquid phase.
[0118]

<44> The method of <43>, wherein the obtained bgdr particles and the
cosmetic component are put into a stirring tank ihaifferent from a stirring tank in which
the hydrogel particles have been manufactured.
[0119]

<45> A method for manufacturing a cosmetic prodweherein the hydrogel
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particles obtained by the method of any one of tdx42> are put into a liquid phase, and
are also crushed by a crushing method.
[0120]

<46> The method of <45>, wherein the crushing leé tiydrogel particles is
performed by passing the liquid phase containiegydrogel particles through a sieve.
[0121]

<47> The method of <46>, wherein the liquid phasataining the hydrogel
particles is passed through the sieve a plurafitimees.
[0122]

<48> The method of <47>, wherein the liquid phasataining the hydrogel
particles is passed through a plurality of sievss &re arranged in series.
[0123]

<49> The method of <48>, wherein the number of sleves is suitably two or
greater and more suitably three or greater, aradisis suitably ten or less and more suitably
five or less.
[0124]

<50> The method of <48> or <49>, wherein the nundi¢he sieves is suitably in
the range of two to ten, and more suitably in tege of three to five.
[0125]

<51> The method of any one of <48> to <50>, whetle sieves include sieves
having mutually different apertures.
[0126]

<52> The method of <51>, wherein the sieves ai@nged in the descending order
of their apertures such that one of the sievesnigathie largest aperture is arranged most

upstream of any other one of the sieves.
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[0127]

<53> The method of <562>, wherein in each adjapeaittof sieves having mutually
different apertures among the sieves arrangedeirdéscending order of their apertures such
that the sieve having the largest aperture is ge@most upstream, the ratio of the aperture
of the downstream sieve of the pair to the apertdirthe upstream sieve thereof is suitably
1% or higher, more suitably 10% or higher, and stbre suitably 20% or higher, and is also
suitably 100% or lower, more suitably 90% or loward still more suitably 80% or lower.
[0128]

<54> The method of any one of <52> to <53>, wheeshong the sieves arranged
in the descending order of their apertures suchttie sieve having the largest aperture is
arranged most upstream, the ratio of the apertfutteeanost downstream sieve to the aperture
of the most upstream sieve is suitably 0.1% or drigmore suitably 1% or higher, and still
more suitably 5% or higher, and is also suitabl@%0or lower, more suitably 90% or lower,
and still more suitably 80% or lower.
[0129]

<55> The method of any one of <46> to <54>, witetke aperture of each sieve is
suitably 1um or larger, more suitably 3@m or larger, and still more suitably pn or larger,

and is also suitably 100@m or smaller, more suitably 8@0n or smaller, still more suitably

600 um or smaller, yet more suitably 5Q@n or smaller, and even still more suitably 400
or smaller.
[0130]

<56> The method of any one of <45> to <55>, wheiato the liquid phase, a
cosmetic component is put in advance together thgrhydrogel particles before the crushing.
[0131]

<57> The method of any one of <43> to <56>, whemiliquid that forms the
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liquid phase is one, two, or more selected fromgiteip consisting of water, liquid oils, and
organic solvents.
[0132]

<58> The method of <57>, wherein the liquid tharnis the liquid phase is water,
an aqueous solution, or a water dispersion.
[0133]

<59> The method of <43>, <44>, or <56>, wherem ¢bsmetic component is one,
two, or more selected from the group consistingalfether-modified silicones, cosmetic oils,
humectants, intercellular lipids, ultraviolet adsemts, vitamins, chelating agents, pH
adjusting agents, antiseptic agents, dyes, perfumedical components, emulsifying agents,
cleaning agents, and antioxidants.
[0134]

<60> Use of the hydrogel particles obtained by riiethod of any one of <1> to

<44>, in the method of any one of <43> to <59>.

Examples
[0135]

Production tests with hydrogel particles of Exaespll to 18 and Comparative
Examples 1 to 3 were conducted. Configurationsheke examples are illustrated also in
Tables 1to 7.

[0136]

(Example 1)

lon-exchanged water was put in a blending tand, agar (UP-16 manufactured by
Ina Food Industry Co., Ltd., jelly strength: &®D g/cnf) as a gel agent and silica

(SUNSPHERE H-121 manufactured by AGC Si-Tech Cad.)Lwere put therein. This
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mixture was heated at 90 to prepare 2300 g of gel-agent aqueous solutiomhich the
agar was dissolved. The gel point was 35.5 The composition of the mixture was set
such that the content of agar was 1.2 mass%, theemoof silica was 6.7 mass%, and the
remainder was the ion-exchanged water.

[0137]

With a disperser (T. K. Robomix manufactured byINMIX Corporation), the gel-
agent aqueous solution in the blending tank was$edofstom 90.0C to 33.3C while being
stirred by rotating the impeller at a rotationaés@ of 3900 rpm. In other words, the gel-
agent aqueous solution or the cooled substancedahemas stirred continuously over a period
from before the temperature of the gel-agent aggisolution or the cooled substance thereof
reached the gel point to after the gel point hadnbeeached. At this time, the required
stirring power per unit volume was 6.6 KWHm
[0138]

While the temperature of the cooled substancehefgel-agent aqueous solution
was being maintained at 33G3 10 minutes later after the gel point had beeched, that is,
when the stirring energy applied to the cooled w&ra® of the gel-agent aqueous solution by
the stirring had reached 4000 KA after the gel point had been reached, the cooled
substance of the gel-agent aqueous solution olotdméhe blending tank was sampled as
Example 1-1. The volume-mean particle size of bgdt particles of the cooled substance
of the gel-agent aqueous solution thus sampledxasnfle 1-1 was measured by a laser
diffraction/scattering method with a laser diffiact /scattering particle size distribution
analyzer (LA-960S manufactured by HORIBA, Ltd.),dawas determined to be 4§8n.

For Example 1-1, the average cooling speed duripgred from the cooling start time to the
time when the stirring had been completed for #ra@ing was 2.7C/min.

[0139]
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20 minutes later after the gel point had beenhedcthat is, when the stirring
energy applied to the cooled substance of the geaaqueous solution by the stirring had
reached 8000 k\@/nT after the gel point had been reached, the coalbdtance of the gel-
agent aqueous solution obtained in the blending teas sampled as Example 1-2. The
volume-mean particle size of the hydrogel partitteseof was measured in the same manner
as in Example 1-1, and was determined to be 264 The average cooling speed for
Example 1-2 was 1°€/min.

[0140]

30 minutes later after the gel point had beenhedgcthat is, when the stirring
energy applied to the cooled substance of the geaaqueous solution by the stirring had
reached 12000 kW/nT after the gel point had been reached, the coalbstance of the gel-
agent aqueous solution obtained in the blending teas sampled as Example 1-3. The
volume-mean particle size of the hydrogel partitteseof was measured in the same manner
as in Example 1-1, and was determined to be M0 The average cooling speed for
Example 1-3 was 1°€/min.

[0141]

The temperature was 33@ at sampling of each of Examples 1-1 to 1-3, ihaat
the stirring completion time thereof. Thus, aftbe gel point had been reached, the
temperature of the cooled substance of the geltaggreous solution during the stirring was
33.3 to 35.8C, and accordingly the temperature difference betwthis temperature and the
gel point was 0 to 2°Z.

[0142]
(Examples 2 to 5 and Comparative Examples 1 and 2)
Operation that is the same as in Example 1-1 wa®pned except that the stirring

was stopped 1.13 minutes later after the gel gwantbeen reached, that is, when the stirring
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energy applied to the cooled substance of the geaaqueous solution by the stirring had
reached 450 K\B/nT after the gel point had been reached. Hydrogeighes of the cooled
substance of the gel-agent aqueous solution olotaimethe blending tank were used as
Example 2. The volume-mean particle size of thdrbgel particles of Example 2 was
measured to be 660m. The average cooling speed for Example 2 wa¥Caxin. The
yield of the hydrogel particles of Example 2 was rd@@ss%. The yield of the hydrogel
particles was determined as a percentage, to thes mfathe prepared gel-agent aqueous
solution, of the mass of hydrogel particles thateneollected by passing the cooled substance
of the gel-agent aqueous solution in the blendamd through a sievep200: manufactured by
Tokyo Screen Co., Ltd., having an aperture of 56 and a wire diameter of 1.6 mm) (the
same applies to the following).

[0143]

Operation that is the same as in Example 2 wa®npeed except that the stirring
was stopped 2.0 minutes later after the gel paaat been reached, that is, when the stirring
energy applied to the cooled substance of the gmitaaqueous solution by the stirring had
reached 800 kVE/n? after the gel point had been reached. Hydrogeiges of the cooled
substance of the gel-agent aqueous solution olotaimethe blending tank were used as
Example 3. The volume-mean particle size of thdrbgel particles of Example 3 was
measured to be 510m. The average cooling speed for Example 3 wa¥C&1@n. The
yield of the hydrogel particles of Example 3 wasnaéss%.

[0144]

Operation that is the same as in Example 2 wa®mpeed except that the stirring
2.5 was stopped minutes later after the gel paaat been reached, that is, when the stirring
energy applied to the cooled substance of the gmitaaqueous solution by the stirring had

reached 1000 \B/n? after the gel point had been reached. Hydrogeides of the cooled
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substance of the gel-agent aqueous solution olotaimethe blending tank were used as
Example 4. The volume-mean particle size of thdrbgel particles of Example 4 was
measured to be 490m. The average cooling speed for Example 4 wa¥C&@in. The
yield of the hydrogel particles of Example 4 wasn$8ss%.

[0145]

Operation that is the same as in Example 2 wa®npeed except that the stirring
was stopped 4.3 minutes later after the gel padt leen reached, that is, when the stirring
energy applied to the cooled substance of the geaaqueous solution by the stirring had
reached 1700 kVB/nt after the gel point had been reached. Hydrogeiges of the cooled
substance of the gel-agent aqueous solution olotaimethe blending tank were used as
Example 5. The volume-mean particle size of thdrbgel particles of Example 5 was
measured to be 480m. The average cooling speed for Example 5 wa¥C&@in. The
yield of the hydrogel particles of Example 5 wasn$8ss%.

[0146]

Operation that is the same as in Example 2 wa®npeed except that the stirring
was stopped 0.38 minute later after the gel pcaat been reached, that is, when the stirring
energy applied to the cooled substance of the geaaqueous solution by the stirring had
reached 150 k\B/nt after the gel point had been reached. The camledtance of the gel-
agent aqueous solution obtained in the blending teas used as Comparative Example 1.
Comparative Example 1 could not be obtained in foren of hydrogel particles. The
average cooling speed for Comparative Example 12v8€/min.

[0147]

Operation that is the same as in Example 11 wesrpged except that the stirring

was stopped 0.76 minute later after the gel pcaat been reached, that is, when the stirring

energy applied to the cooled substance of the geaaqueous solution by the stirring had
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reached 300 k\B/nT after the gel point had been reached. The caledtance of the gel-
agent aqueous solution obtained in the blending was used as Comparative Example 2.
Comparative Example 2 could not be obtained in foren of hydrogel particles. The
average cooling speed for Comparative Example 22v8€/min.

[0148]

(Examples 6 to 8)

Operation that is the same as in Example 1-1 veafomned except that the gel-
agent aqueous solution was cooled to 3D.and the stirring was stopped when the stirring
energy applied to the cooled substance of the geaaqueous solution by the stirring had
reached 4000 K\B/nT after the gel point had been reached. Hydrogeighes of the cooled
substance of the gel-agent aqueous solution olotaimethe blending tank were used as
Example 6. The volume-mean particle size of thdrbgel particles of Example 6 was
measured to be 37ydm. The average cooling speed for Example 6 wa¥C2#in. The
yield of the hydrogel particles of Example 6 wasnT@ss%.

[0149]

Operation that is the same as in Example 6 wa®meed except that the stirring
was stopped when the stirring energy applied tactiided substance of the gel-agent aqueous
solution by the stirring had reached 8000 RNV after the gel point had been reached.
Hydrogel particles of the cooled substance of thleagent aqueous solution obtained in the
blending tank were used as Example 7. The volureanrparticle size of the hydrogel
particles of Example 7 was measured to be 18 The average cooling speed for
Example 7 was 1°C/min. The yield of the hydrogel particles of Exalen7 was 70 mass%.
[0150]

Operation that is the same as in Example 6 wa®meed except that the stirring

was stopped when the stirring energy applied tatiided substance of the gel-agent aqueous
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solution by the stirring had reached 12000 & after the gel point had been reached.
Hydrogel particles of the cooled substance of thieagent aqueous solution obtained in the
blending tank were used as Example 8. The volureanrparticle size of the hydrogel
particles of Example 8 was measured to be 18 The average cooling speed for
Example 8 was 1°€/min. The yield of the hydrogel particles of Exaen8 was 70 mass%.
[0151]

Because the temperature at the stirring compldtina in each of Examples 6 to 8
was 30.2C, the temperature of the cooled substance ofeéhagent aqueous solution during
the stirring was 30.2 to 356 after the gel point had been reached. Thustetmperature
difference between this temperature and the geitpeas 0 to 5.3C.

[0152]

(Examples 9 to 11)

Operation that is the same as in Example 6 wésipeed except that the gel-agent
agueous solution was cooled to &0 Hydrogel particles of the cooled substancehef t
gel-agent aqueous solution obtained in the blendamk were used as Example 9. The
volume-mean particle size of the hydrogel partidéExample 9 was measured to be 35.0
um. The average cooling speed for Example 9 wakCaxin. The yield of the hydrogel
particles of Example 9 was 10 mass%.

[0153]

Operation that is the same as in Example 9 wa®mpeed except that the stirring
was stopped when the stirring energy applied tactwed substance of the gel-agent aqueous
solution by the stirring had reached 8000 & after the gel point had been reached.
Hydrogel particles of the cooled substance of thleagent aqueous solution obtained in the
blending tank were used as Example 10. The volomean particle size of the hydrogel

particles of Example 10 was measured to be 300 The average cooling speed for
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Example 10 was 2:€/min. The yield of the hydrogel particles of Exaen 10 was 10
mass%.
[0154]

Operation that is the same as in Example 9 wa®npeed except that the stirring
was stopped when the stirring energy applied tectwted substance of the gel-agent aqueous
solution by the stirring had reached 12000 &W after the gel point had been reached.
Hydrogel particles of the cooled substance of thleagent aqueous solution obtained in the
blending tank were used as Example 11. The volomean particle size of the hydrogel
particles of Example 11 was measured to be 2Br0 The average cooling speed for
Example 11 was 1°&/min. The yield of the hydrogel particles of Exaen 11 was 10
mass%.

[0155]

Because the temperature at the stirring completia in each of Examples 9 to 11
was 15.0C, the temperature of the cooled substance ofeéhagent aqueous solution during
the stirring was 15.0 to 356 after the gel point had been reached. Thustetimperature

difference between this temperature and the geitpeas 0 to 20.%C.
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[0156]

[Table 1]
Example
1-1 1-2 1-3
Required Stirring Power
Stirring Time below Gel Point
(min) 10 20 30
Stirring Energy (KWs/n) 4000 | 8000/ 1200
Volume-MeanParticle Size o
Hydrogel Particlesym) 488 | 264 77.0
Average Cooling Speed@/min) | 2.7 1.8 1.4
Temperature Range during Stirriné)’?'5 35|'5 35|'5
(°C) 33.3 | 33.3| 33.3
Temperature Difference between 0 0 0
Temperature during Stirring angd | | |
Gel Point (°C) 2.2 2.2 2.2
Temperature at Stirring
Completion Time (°C) 333 | 333 333
Temperature at Particle-Size
Measurement Time (°C) 333 | 333 333
4t
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[Table 2]
Comparative
Example Example
2 3 4 5 1-1 1-2 1-3 1 2
Required Stirring Power X R
(kW/ms) 6.6 | 6.6| 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Stirring T'm(em?r?)low GelPoir 1113/ 20| 25| 43| 10| 20 30 038 ofe
Stirring Energy (kWs/nt) 450 | 800 | 1000| 1700 | 4000 | 8000(12000 150 | 300
Volume-Mean Particle Size of| g5, | 51| 490 | 480| 488| 264 770 -| -
Hydrogel Particlesym)
Average Cooling Speed@/min) | 3.0| 3.2| 3.0 30| 27 18 14 27 27
Temperature Range during Stirri |.5 3?.5 35|.5 3?.5 3?.5 35|.5 3?.5 35.5 35|.5
(°C) 33.3|33.3| 33.3| 33.3| 33.3| 33.3| 33.3| 33.3|33.3
Temperature Difference betweeno | 0 0 0 0 0 0 0 0
Temperature during Stirring and | | | | | | | | | |
Gel Point (°C) 22|22 22| 22| 22| 22| 22| 22|22
Temperature at SUMNG | 35 513331 333 | 333 333 333 338 3353 333
Completion Time (°C)
Temperature at Particle-Size | o, 41 35 51 333|333 334 333 338 -
Measurement Time (°C)
Yield of Hydrogel Particles 20| 50! 99 99 i ) i ) ]
(mass%)
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[0158]

[Table 3]
Example
6 7 8
Required Stirring Power
Stirring Time t_)elow Gel Point 10 20 30
(min)
Stirring Energy (kWs/nT) 4000 | 8000/ 1200
Volume-Mean Particle Size ¢
Hydrogel Particlesym) 3701 19.0) 190
Average Cooling Speed@/min) | 2.4 1.7 1.3
Temperature Range during Stirring’?'5 35|'5 35|'5
(°C) 30.2 | 30.2 | 30.2
Temperature Difference betwe 0 0 0
Temperature during Stirring and | | |
Gel Point (°C) 5.3 5.3 5.3
Temperature at Stirring
Completion Time (°C) 3021 302} 302
Temperature at Parti«-Size
Measurement Time (°C) 302} 302} 302
Yield of HydrogelParticles 20 70 70
(mass%)
47
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[0159]

[Table 4]

Example
9 10 11

6.6 6.6 6.6

Required Stirring Power
(KW/md)

Stirring Time below Gel Point

(min) 10 20 30

Stirring Energy (kWs/nt) 4000 | 8000| 1200p

Volume-Mean Particle Size ¢

Hydrogel Particlesym) 3501 300 250

Average Cooling Speed@/min) | 3.0 2.0 15

n5’5'5 35.5| 355
|

Temperature Range during Stirri

(°C) 15.0 | 15.0 | 15.0
Temperature Difference between 0 0 0
Temperature during Stirring and | | |

Gel Point (°C) 20.5| 20.5| 20.5

Temperature at Stirring
Completion Time (°C)
Temperature at Particle-Size
Measurement Time (°C)
Yield of Hydrogel Particle
(mass%)

15.0 | 15.0] 15.0

15.0 | 15.0] 15.0

10 10 10

[0160]

According to Tables 1 to 4, it was observed that particle size of the hydrogel
particles tended to depend on the stirring eneagy also it was found that this tendency
increased as the temperature difference betweetethperature during the stirring and the
gel point decreased. Furthermore, from Compardfxemples 1 and 2, it was found that
the form of hydrogel particles could not be obtdiménen the stirring energy was low.

[0161]

(Example 12)

Operation that is the same as in Example 6 wdsnpeed except that the gel-agent
aqueous solution was cooled to 2Z5 Hydrogel particles of the cooled substancehef t

gel-agent aqueous solution obtained in the blentiimdx were used as Example 12. The
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volume-mean particle size of the hydrogel partidég&xample 12 was measured to be 35.0
um. The average cooling speed for Example 12 W& 2nin.  The yield of the hydrogel
particles of Example 12 was 40 mass%. Becauseethperature at the stirring completion
time in Example 12 was 226, the temperature of the cooled substance of éhagent
aqueous solution during the stirring was 22.5 t&35 after the gel point had been reached.

Thus, the temperature difference between this temtyppe and the gel point was 0 to T&0

[0162]
[Table 5]
Example
6 12 9
Required Stirring Power
(kw/m?) o0 | 66 68
Stirring Time below Gel Point 10 10 10
(min)

Stirring Energy (kWs/nT) 4000/ 4000| 4000
Volume-Mean Patrticle Size of
Hydrogel Particlesym) 37.0/35.01 35.0
Average Cooling Speed@/min) | 2.4 | 2.7| 3.0
nﬁS'E 35.£| 35.F
|

Temperature Range during Stirri

(°C) 30.2| 22.5| 15.0
Temperature Difference between 0 0
Temperature during Stirring and | | |

Gel Point (°C) 5.3 113.0| 20.5
Temperature at Stirrin
Completion Time (°C) 3021225/ 150
Temperature at Particle-Size
Measurement Time (°C) 3021225/ 150
Yield of Hydrogel Particles
(mass%)

70 | 40| 10

[0163]

According to Table 5, based on a comparison antnple 6, Example 12, and
Example 9 in which the temperatures during theistjrwere different from each other, it was
found that the yield of hydrogel particles increhss the temperature difference between the

temperature during the stirring and the gel poetdrdased. This can be seen in comparison
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between Example 7 and Example 10 and comparisavebatExample 8 and Example 11 in
Tables 3 and 4.
[0164]

(Examples 13 and 14)

Operation that is the same as in Example 1-1 wa®mned except that the stirring
was stopped when the stirring energy applied tactwed substance of the gel-agent aqueous
solution by the stirring had reached 4000 iV after the gel point had been reached, and
also except that, after this stopping, the cooldast&ance of the gel-agent aqueous solution
was cooled until the temperature thereof reache@@5 Hydrogel particles of the cooled
substance of the gel-agent aqueous solution olotaimethe blending tank were used as
Example 13. The volume-mean patrticle size of thdrdgel particles of Example 13 was
measured to be 485m. The average cooling speed for Example 13 w&&Canin. The
yield of the hydrogel particles of Example 13 w@s®ass%. Because the temperature at the
stirring completion time in Example 13 was 3€3the temperature of the cooled substance
of the gel-agent aqueous solution during the sgirivas 33.3 to 35°F after the gel point had
been reached. Thus, the temperature differenaeeket this temperature and the gel point
was 0 to 2.2C.

[0165]

Operation that is the same as in Example 13 wa®rpged except that the gel-
agent aqueous solution was cooled to 3D.2 Hydrogel particles of the cooled substance of
the gel-agent aqueous solution obtained in thedotgntank were used as Example 14. The
volume-mean particle size of the hydrogel partidé&xample 14 was measured to be 37.0
pm. The average cooling speed for Example 14 w&C2anin. The yield of the hydrogel
particles of Example 14 was 70 mass%. Becaustethperature at the stirring completion

time in Example 14 was 30@Q, the temperature of the cooled substance of diagent
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aqueous solution during the stirring was 30.2 t&35 after the gel point had been reached.
Thus, the temperature difference between this testype and the gel point was 0 to %3

[0166]

[Table 6]

Example
13 | 111 ] 9 14 6

66| 66| 6.6] 6.6/ 6.9

Required Stirring Power
(kw/m®)
Stirring Tlm(emti)r(]a)low Gel Point 10 10 10 10 10
Stirring Energy (kWs/nt) 4000(| 4000( 4000( 4000| 4000
Volume-Mean Particle Size of
Hydrogel Particlesym) 485 | 488| 35.0 37.0| 37.0
Average Cooling Speed@/min) | 2.7 | 2.7 | 3.0 24| 2.4
35.5|35.£| 35.5| 35.F

Temperature Range during Stirrin35|'E

(°C) 33.3| 33.3| 15.0| 30.2| 30.2
Temperature Difference between 0 0 0 0

Temperature during Stirring and | | | | |
Gel Point (°C) 22| 22 |205| 53| 5.3

Temperature at Stirrin
Completion Time (°C) 33.3|33.3| 15.0| 30.2| 30.2
Temperature at Particle-Size
Measurement Time (°C)
Yield of Hydrogel Particles
(mass%)

15.0| 33.3| 15.0| 15.0| 30.2

99 - 10| 70| 70

[0167]

According to Table 6, based on a comparison betviie@mple 13 and Example 1-
1 and a comparison between Example 14 and Examgievés found that the particle size of
hydrogel particles did not substantially changena¥eooling was performed after the stirring.
By contrast, it was found that, in Example 9 in evhicooling was performed to the same
temperature as in Example 13 while the stirring Waimg continued, the particle size of the
hydrogel particles was smaller than that in Exanmi@eand the yield of the hydrogel particles
was also lower.

[0168]
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(Examples 15 to 18 and Comparative Example 3)

Operation that is the same as in Example 1-1 wafopmed except that the
required stirring power per unit volume was 1.0 kW/and the stirring was stopped 67
minutes later after the gel point had been reacthed is, when the stirring energy applied to
the cooled substance of the gel-agent aqueousimolby the stirring had reached 4000
kWIS/nT after the gel point had been reached. Hydrogeigies of the cooled substance of
the gel-agent aqueous solution obtained in thediohgntank were used as Example 15. The
volume-mean particle size of the hydrogel partidégExample 15 was measured to be 30.0
pm. The average cooling speed for Example 15 wBEOnin. The yield of the hydrogel
particles of Example 15 was 30 mass%.

[0169]

Operation that is the same as in Example 15 wdsrpeed except that the required
stirring power per unit volume was 1.2 kW/and the stirring was stopped 56 minutes later
after the gel point had been reached, that is, wherstirring energy applied to the cooled
substance of the gel-agent aqueous solution bgtthiéng had reached 4000 K8t after
the gel point had been reached. Hydrogel partiolabe cooled substance of the gel-agent
aqueous solution obtained in the blending tank weexl as Example 16. The volume-mean
particle size of the hydrogel particles of Examp was measured to be 35uth. The
average cooling speed for Example 16 waS@1Bin. The yield of the hydrogel particles of
Example 16 was 66 mass%.

[0170]

Operation that is the same as in Example 15 wdsrpeed except that the required
stirring power per unit volume was 1.5 kW/and the stirring was stopped 44 minutes later
after the gel point had been reached, that is, wherstirring energy applied to the cooled

substance of the gel-agent aqueous solution bgtthing had reached 4000 K8t after
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the gel point had been reached. Hydrogel partiolabe cooled substance of the gel-agent
aqueous solution obtained in the blending tank weezl as Example 17. The volume-mean
particle size of the hydrogel particles of Examfle was measured to be 45ufn. The
average cooling speed for Example 17 waSQ/in. The yield of the hydrogel particles of
Example 17 was 80 mass%.

[0171]

Operation that is the same as in Example 15 wdemeed except that the required
stirring power per unit volume was 1.9 kW/iand the stirring was stopped 35 minutes later
after the gel point had been reached, that is, wherstirring energy applied to the cooled
substance of the gel-agent aqueous solution bytttving had reached 4000 K&t after
the gel point had been reached. Hydrogel particfeébe cooled substance of the gel-agent
agueous solution obtained in the blending tank weesl as Example 18. The volume-mean
particle size of the hydrogel particles of Exampi& was measured to be 65ufh. The
average cooling speed for Example 18 wa8Q/rhin. The yield of the hydrogel particles of
Example 18 was 92 mass%.

[0172]

Operation that is the same as in Example 15 wdempeed except that the required
stirring power per unit volume was 0.5 kW/iand the stirring was stopped 133 minutes later
after the gel point had been reached, that is, wherstirring energy applied to the cooled
substance of the gel-agent aqueous solution bytttving had reached 4000 K&t after
the gel point had been reached. The cooled sutestahthe gel-agent agueous solution
obtained in the blending tank was used as Compar&txample 3. Comparative Example 3
could not be obtained in the form of hydrogel wdes8. The average cooling speed for
Comparative Example 3 was 0GImin.

[0173]
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[Table 7]

Comparative
Example Example
15 16 17 18 | 1-1 3
Required Stirring Power
(kw/m?) 1.0 12| 15| 19 6.6 0.5
Stirring Tlm(emti)r(]a)low Gel Point 67 | 56| 44| 35 10 133
Stirring Energy (kWs/nt) 4000| 4000 4000| 4000{ 4000| 4000
Volume-Mean Particle Size of
Hydrogel Particlesym) 30.0| 35.0| 45.0| 65.0| 488 -
Average Cooling Speed@/min) | 0.7 | 0.8| 1.0 1.1 2.7 0.4
Temperature Range during Stirrin§5|'E 35|'E 35|'E 35|'E 35|'E 35|'E
(°C) 33.3|33.3| 33.3| 33.3 33.3| 333
Temperature Difference betwe | 0 0 0 0 0 0
Temperature during Stirring and | | | | | |
Gel Point (°C) 22| 22|22 22| 22 2.2
Temperature at Stirrin
Completion Time (°C) 33.3| 33.3|33.3| 33.3| 33.3 33.3
Temperature at Pgrtlcli—&ze 33.3| 33.3| 33.3| 33.3| 33.3 i
Measurement Time (°C)
Yield of Hydrogel Particles 30| 66| 80| 92 i i
(mass%)

[0174]

According to Table 7, it was observed that theiglarsize of the hydrogel particles
tended to depend on the required stirring power yo@t volume.

Comparative Example 3, it was found that the fofmmyalrogel particles could not obtained

when the required stirring power per unit volumesuaw.

INDUSTRIAL APPLICABILITY

[0175]

The present invention is useful in the techni@tf of a method for manufacturing

hydrogel particles and a method for manufacturicgsmetic product.

54

Furthermore, from
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CLAIMS

1. A method for manufacturing hydrogel particlde method comprising a
step of cooling an aqueous solution, in which aaggnt forming a non-crosslinked hydrogel
is dissolved, down to a temperature lower thanlgg@t of the aqueous solution, wherein

in the step of cooling, a cooled substance ofailpgeous solution is stirred at least
at the gel point, and after the gel point has beached, a stirring energy of 400 M7 or
higher is applied to the cooled substance of theeags solution with stirring at a required

stirring power per unit volume of 0.8 kWror higher.

2. The method of claim 1, wherein

stirring the aqueous solution or the cooled sutlzgaof the agueous solution is
continuously performed over a period from befoteraperature of the aqueous solution or a
temperature of the cooled substance of the aqusmluton reaches the gel point to after the

gel point has been reached.

3. The method of claim 1 or 2, wherein
an average cooling speed in the step of coolifigl&C/min or higher and &/min

or lower.

4, The method of any one of claims 1 to 3, wherein
a temperature difference between the temperatutbeocooled substance of the

agueous solution during the stirring and the géhtpe smaller than 2.

5. The method of any one of claims 1 to 4, wherein
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the stirring is changed to stirring at a requiséiding power per unit volume lower

than 0.8 kW/mto be completed or is stopped to be completed.

6. The method of claim 5, wherein
5 after the stirring is completed, the cooled substaof the aqueous solution is
stirred at a required stirring power per unit volutower than 0.8 kW/fhfor aging or is left

to stand still for aging.

7. The method of claim 6, wherein
10 an aging time for the aging is 10 minutes or longe
8. The method of claim 6 or 7, wherein

a temperature difference between an aging temperatf the aging and the gel
point is smaller than 2C.
15
9. The method of any one of claims 6 to 8, wherein
a temperature difference between an aging temperadf the aging and the
temperature of the cooled substance of the aqueduson during the stirring is 1G or
smaller.
20
10. The method of any one of claims 1 to 9, whrerei

a volume-mean particle size of the hydrogel pkegidgs 0.100um or larger and

10000um or smaller.

25 11. A method for manufacturing a cosmetic prodwdierein the hydrogel
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particles obtained through the method of any onelaims 1 to 10 are blended with a

cosmetic component into a liquid phase.
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