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(57) ABSTRACT

An aqueous dispersion of an embodiment includes visible-
light responsive photocatalytic composite microparticles
containing tungsten oxide and zirconium oxide, and an
aqueous dispersion medium in which the photocatalytic
composite microparticles are dispersed. In the photocatalytic
composite microparticles, a ratio of a mass of the zirconium
oxide to a mass of the tungsten oxide is in a range of from
0.05% to 200%, and a D50 particle size in particle size
distribution is in a range of from 20 nm to 10 pm. The
aqueous dispersion has pH in a range of from 1 to 9.
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AQUEOUS DISPERSION AND COATING
MATERIAL USING THE SAME, AND
PHOTOCATALYTIC FILM AND PRODUCT

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/200,352, filed Mar. 7, 2014, which in turn
is a continuation of International Application No. PCT/
JP2013/003468, filed May 31, 2013, which designated the
United States, and claims the benefit under 35 USC §
119(a)-(d) of Japanese Application No. 2012-126577, filed
Jun. 1, 2012, the entireties of which are incorporated herein
by reference.

FIELD OF THE INVENTION

[0002] Embodiments described herein relate generally to
an aqueous dispersion and a coating material using the same,
and a photocatalytic film and a product.

BACKGROUND OF THE INVENTION

[0003] A tungsten oxide thin film is widely used as a
dielectric material used in capacitors, filters, electronic
devices such as semiconductor chips, and the like, as an
optical element material used in optical communication
filters, isolators, and the like, as an electrochromic material
used in light control mirrors and the like, and as a gaschro-
mic material used in gas sensors and the like. It is also
known that tungsten oxide functions as a visible-light
responsive photocatalytic material, and it is a material
drawing great attention in view of industrial applicability.
Further, tungsten oxide microparticles have an excellent
function as a visible-light responsive photocatalyst, and a
film containing the tungsten oxide microparticles are draw-
ing attention.

[0004] A photocatalytic film using tungsten oxide is
formed by, for example, applying a dispersion containing
tungsten oxide microparticles on a surface of a base material
of a product to which photocatalytic performance is to be
imparted. It is known an aqueous dispersion which contains
tungsten oxide microparticles having an average primary
particle size (D50 particle size) in a range of from 1 to 400
nm and whose pH is in a range of from 1.5 to 6.5. According
to such an aqueous dispersion, dispersibility of the tungsten
oxide microparticles is enhanced and formability of a film
containing the tungsten oxide microparticles is improved.
Therefore, when the film which is formed by applying the
aqueous dispersion containing the tungsten oxide micropar-
ticles on the base material is used as a photocatalytic film,
visible-light responsive catalytic performance of the tung-
sten oxide microparticles can be exhibited.

[0005] A conventional photocatalytic film containing
tungsten oxide microparticles exhibits a 5% gas decompo-
sition rate or more under an environment where illuminance
of visible light is about 20001x. However, considering
practicality of the photocatalytic film, decomposition per-
formance for harmful gas such as acetaldehyde is not
sufficient, which has given rise to a demand for improve-
ment of the gas decomposition performance. Further, being
poor in gas adsorbing power, the conventional photocata-
Iytic film has a problem that its gas decomposition speed
becomes low under an environment with a low gas concen-
tration. Such circumstances have given rise to a demand for
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an increase of the gas decomposition performance by a
visible-light responsive photocatalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a chart illustrating changes of a gas
decomposition rate of photocatalytic films formed by using
aqueous dispersions of examples and a comparative
example.

DETAILED DESCRIPTION OF THE
INVENTION

[0007] According to one embodiment, there is provided an
aqueous dispersion of an embodiment including: visible-
light responsive photocatalytic composite microparticles
containing tungsten oxide and zirconium oxide; and an
aqueous dispersion medium in which the photocatalytic
composite microparticles are dispersed. In the photocatalytic
composite microparticles, a ratio of a mass of the zirconium
oxide to a mass of the tungsten oxide is in a range of from
0.05% to 200%, and a D50 particle size in particle size
distribution is in a range of from 20 nm to 10 pm. The
aqueous dispersion has pH in a range of from 1 to 9.
[0008] Hereinafter, an aqueous dispersion of an embodi-
ment and a coating material using the same, and a photo-
catalytic film and a product will be described. The aqueous
dispersion of the embodiment includes: visible-light respon-
sive photocatalytic composite microparticles containing
tungsten oxide and zirconium oxide; and an aqueous dis-
persion medium in which the photocatalytic composite
microparticles are dispersed. pH of the aqueous dispersion
of the embodiment is in a range of not less than 1 nor more
than 9. As the aqueous dispersion medium, at least one
selected from water and alcohol is exemplified.

[0009] In the photocatalytic composite microparticles of
the aqueous dispersion of the embodiment, a ratio of a mass
of the zirconium oxide to a mass of the tungsten oxide is in
a range of not less than 0.05% nor more than 200%, and a
D50 particle size in particle size distribution is in a range of
not less than 20 nm nor more than 10 um. In the photocata-
Iytic composite microparticles, the ratio of the mass of the
zirconium oxide to the mass of the tungsten oxide is more
preferably in a range of not less than 0.1% nor more than
150%.

[0010] In photocatalytic composite microparticles of an
aqueous dispersion of another embodiment, a ratio of atomi-
city of zirconium to atomicity of tungsten is in a range of not
less than 0.05% nor more than 400%, and a D50 particle size
in particle size distribution is in a range of not less than 20
nm nor more than 10 um. In the photocatalytic composite
microparticles, the ratio of the atomicity of the zirconium to
the atomicity of the tungsten is more preferably in a range
of not less than 0.1% nor more than 300%.

[0011] Tungsten oxide exhibits photocatalytic perfor-
mance such as gas decomposition under visible light irra-
diation. However, it has been found out that a gas decom-
position speed by tungsten oxide decreases as a gas
concentration reduces from an initial gas concentration. This
is thought to be because tungsten oxide has low decompo-
sition performance for an intermediate generated when gas
is decomposed, and tungsten oxide has low gas adsorption
power under an environment with a low gas concentration.
The present inventors have found out that, in order for
tungsten oxide to have improved decomposition perfor-
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mance for an intermediate and improved gas adsorption
power, it is effective that zirconium oxide higher in gas
adsorption power than tungsten oxide is compounded to
tungsten oxide.

[0012] The photocatalytic composite microparticles used
in the aqueous dispersion of the embodiment contains the
zirconium oxide whose mass ratio to the tungsten oxide is in
the range of from 0.05 to 200%. The mass ratio of the
zirconium oxide to the tungsten oxide is preferably in a
range of from 0.1 to 150%, and more preferably in a range
of from 10 to 100%. When the mass ratio of the zirconium
oxide to the tungsten oxide is less than 0.05%, gas adsorp-
tion performance of the zirconium oxide cannot be fully
exhibited, and hence it is not possible to improve photo-
catalytic performance of the tungsten oxide under an envi-
ronment with a low gas concentration and the like. When the
mass ratio of the zirconium oxide to the tungsten oxide is
over 200%, the content of the tungsten oxide relatively
reduces and accordingly performance (photocatalytic per-
formance) itself as the visible-light responsive photocata-
lytic composite microparticles deteriorates.

[0013] Further, in the photocatalytic composite micropar-
ticles used in the embodiment, the ratio of the atomicity of
the zirconium to the atomicity of the tungsten is preferably
in the range of from 0.05 to 400%. The ratio of the atomicity
of the zirconium to the atomicity of the tungsten is more
preferably in a range of from 0.1 to 300%, and still more
preferably in a range of from 10 to 200%. When the ratio of
the atomicity of the zirconium is less than 0.05%, it is not
possible to improve the photocatalytic performance of the
tungsten oxide under the environment with a low gas
concentration and the like since the gas adsorption perfor-
mance of the zirconium oxide cannot be sufficiently exhib-
ited. When the ratio of the atomicity of the zirconium is over
40%, the content of the tungsten oxide relatively reduces and
accordingly the performance (photocatalytic performance)
itself as the visible-light responsive photocatalytic compos-
ite microparticles deteriorates.

[0014] In the photocatalytic composite microparticles
used in the embodiment, a compounding method of the
tungsten oxide and the zirconium oxide is not particularly
limited. As the composite microparticles of the tungsten
oxide and the zirconium oxide, various kinds of composite
microparticles are usable such as mixed microparticles of
tungsten oxide microparticles and zirconium oxide
microparticles (method of mixing powders), and composite
microparticles in which the tungsten oxide carries the zir-
conium oxide or composite microparticles in which the
zirconium oxide carries the tungsten oxide (carrying
method). In using the carrying method as the compounding
method of the tungsten oxide and the zirconium oxide, an
immersion method using a metal solution, or the like may be
employed.

[0015] When the zirconium oxide microparticles are used
as a raw material of the photocatalytic composite micropar-
ticles, a shape of the zirconium oxide microparticles is not
particularly limited, but primary particles of the zirconium
oxide microparticles are preferably in a rod shape. Further,
zirconium oxide sol having particles in which the rod-
shaped primary particles are aggregated is more preferable.
The zirconium oxide preferably has a monoclinic crystal
structure. An existing form of the zirconium oxide in the
photocatalytic composite microparticles is not particularly
limited, and they can exist in various forms. The photocata-
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Iytic composite microparticles can contain an element sub-
stance of the zirconium oxide or the zirconium oxide form-
ing a complex compound with the tungsten oxide. The
zirconium oxide may form a complex compound with other
metal element.

[0016] The photocatalytic composite microparticles con-
tained in the aqueous dispersion of the embodiment has an
average particles size in a range of not less than 20 nm nor
more than 10 um. Here, the average particle size of the
microparticles (powder) in the specification of the present
application refers to the D50 particle size in the particle size
distribution. The aqueous dispersion of the embodiment is
prepared by mixing the photocatalytic composite micropar-
ticles with the aqueous dispersion medium and subjecting
the resultant to a dispersion process by an ultrasonic dis-
persion machine, a wet jet mill, a bead mill, or the like. In
such an aqueous dispersion, the photocatalytic composite
microparticles contain agglomerated particles in which the
primary particles are aggregated. When the D50 particle size
in a volume-based integrated diameter is in the range of not
less than 20 nm nor more than 10 pum as a result of measuring
the particle size distribution inclusive of the agglomerated
particles by a wet laser diffraction particle size distribution
analyzer, it is possible to obtain a good dispersion state and
uniform and stable film formability of the photocatalytic
composite microparticles. As a result, high photocatalytic
performance can be exhibited.

[0017] In order to form a stable aqueous dispersion and
obtain a uniform photocatalytic composite microparticle
film by using this aqueous dispersion, the smaller the D50
particle size of the composite microparticles is the more
preferable. When the D50 particle size of the composite
microparticles is over 10 pm, it is not possible to obtain a
sufficient property as the aqueous dispersion including the
photocatalytic composite microparticles. On the other hand,
when the D50 particle size of the composite microparticles
is smaller than 20 nm, handleability of the raw material
powder decreases because the particles are too small, lead-
ing to low practicality of the raw material powder and the
aqueous dispersion prepared by using this. The D50 particle
size of the photocatalytic composite microparticles is pref-
erably in a range of not less than 50 nm nor more than 1 pm,
and more preferably in a range of from 50 to 300 nm.
[0018] Inthe photocatalytic composite microparticles con-
tained in the aqueous dispersion, a D90 particle size in the
particle size distribution is preferably in a range of from 0.05
pm to 10 um. When the D90 particle size of the composite
microparticles is less than 0.05 um, dispersibility deterio-
rates because of too small a particle size of the whole
photocatalytic composite microparticles. This makes it dif-
ficult to obtain a uniform dispersion and a uniform coating
material. When the D90 particle size of the composite
microparticles is over 10 pm, film formability of the aqueous
dispersion deteriorates, which makes it difficult to form a
uniform and stable film. Accordingly, it may not be possible
for the photocatalytic performance to be fully exhibited.
[0019] In order to form a uniform and smooth film and a
high-strength film by the aqueous dispersion of the present
invention, it is preferable to make the D90 particle size as
small as possible by disintegrating the agglomerated par-
ticles. In order for the photocatalytic performance to be
exhibited after the photocatalytic composite microparticles
including the tungsten oxide according to the present inven-
tion is formed into a film, a condition is preferably set so that
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the dispersion process does not give an excessive strain to
the microparticles. In order to form a uniform and stable film
by using an aqueous dispersion and a coating material
having good dispersibility, it is preferable to apply the
aqueous dispersion or the coating material by a method such
as spin coating, dipping, or spraying.

[0020] The performance of the photocatalytic micropar-
ticles is generally higher as a specific surface area is larger
and the particle size is smaller. The tungsten oxide used in
the photocatalytic composite microparticles is preferably
tungsten oxide microparticles whose average primary par-
ticle size (D50 particle size) is in a range of from 1 to 400
nm. The BET specific surface area of the tungsten oxide
microparticles is preferably in a range of from 4.1 to 820
m?/g. When the average primary particle size of the tungsten
oxide microparticles is over 400 nm or when the BET
specific surface area thereof is less than 4.1 m?¥g, the
photocatalytic performance of the tungsten oxide micropar-
ticles deteriorates and it becomes difficult to form a uniform
and stable film. When the average primary particle size of
the tungsten oxide microparticles is too small, dispersibility
also deteriorates and it becomes difficult to prepare a uni-
form dispersion. The average primary particle size of the
tungsten oxide microparticles is more preferably in a range
of from 2.7 to 75 nm, and still more preferably in a range of
from 5.5 to 51 nm. The BET specific surface area of the
tungsten oxide microparticles is more preferably in a range
of from 11 to 300 m*/g, and still more preferably in a range
of from 16 to 150 m*/g.

[0021] Further, a crystal structure of the tungsten oxide
microparticles is preferably stable. An unstable crystal struc-
ture is liable to deteriorate a dispersion state since, when the
aqueous dispersion is stored for a long period, the crystal
structure of the tungsten oxide microparticles changes and
accordingly liquidity changes. Further, the tungsten oxide
microparticles may contain a minute amount of a metal
element and so on as impurities. The content of the metal
element as an impurity element is preferably 2 mass % or
less. The impurity metal elements include an element gen-
erally contained in a tungsten ore, a pollutant element which
is mixed when a tungsten compound or the like used as the
raw material is manufactured, and so on, and examples
thereof are Fe, Mo, Mn, Cu, Ti, Al, Ca, Ni, Cr, Mg, and the
like. This does not apply when these elements are used as
constituent elements of the composite material.

[0022] When the tungsten oxide microparticles and the
zirconium oxide microparticles are compounded, a ratio of
an average primary particles size of the zirconium oxide
microparticles (D50,,,,) to the average primary particle
size of the tungsten oxide microparticles (D50,,,,,) is pref-
erably in a range of from 0.05 to 20. When the ratio of the
average primary particle sizes (D50,,,,/D50y,,5) is smaller
than 0.05 or larger than 20, primary particles of the tungsten
oxide and the primary particles of the zirconium oxide
extremely differ in size, which is likely to deteriorate uni-
form dispersibility of the composite microparticles in the
aqueous dispersion medium. Accordingly, the effect of
improving the photocatalytic performance of the tungsten
oxide based on the gas adsorption power of the zirconium
oxide decreases. As previously described, the zirconium
oxide preferably has the rod-shaped primary particles. In this
case, the average primary particles size of the zirconium
oxide microparticles refers to an average major axis of the
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rod-shaped particles. The ratio of the average primary par-
ticle sizes (D50,,,,/D50,,55) is more preferably in a range
of from 0.1 to 5.

[0023] The aqueous dispersion of the embodiment has pH
in the range of from 1 to 9. Since, when pH of the aqueous
dispersion containing the visible-light responsive photocata-
Iytic composite microparticles falls in the range of from 1 to
9, a zeta potential of the aqueous dispersion becomes minus,
it is possible to realize an excellent dispersion state. Accord-
ing to such a dispersion and a coating material using the
same, the thin and uniform coating of the base material or
the like is possible. pH of the aqueous dispersion has a
correlation with a concentration of the photocatalytic com-
posite microparticles (particle concentration in the aqueous
dispersion), and when pH changes, the dispersion state
changes. When pH is in the range of from 1 to 9, a good
dispersion state can be obtained.

[0024] When pH of the aqueous dispersion is less than 1,
the zeta potential approaches zero, so that dispersibility of
the photocatalytic composite microparticles deteriorates.
When pH of the aqueous dispersion is more than 9, pH the
aqueous dispersion approaches an alkali side too much, so
that the tungsten oxide is easily dissolved. In order to adjust
pH of the aqueous dispersion, an acid or alkali aqueous
solution of hydrochloric acid, sulfuric acid, tetramethylam-
monium hydroxide (TMAH), ammonia, sodium hydroxide,
or the like may be added.

[0025] pH of the aqueous dispersion is preferably in a
range of from 2.5 to 7.5. By setting pH of the aqueous
dispersion in the range of from 2.5 to 7.5, the photocatalytic
performance (gas decomposition performance) can be more
effectively exhibited. When a surface state of the particles is
observed by FT-IR (Fourier transform infrared absorption
spectroscopy) after an aqueous dispersion whose pH is in the
range of from 2.5 to 7.5 is applied and dried, the absorption
of a hydroxyl group is seen near 3700 cm™'. By using such
a film as a photocatalytic film, it is possible to obtain
excellent decomposition performance for organic gas. When
an aqueous dispersion whose pH is adjusted to 8 is applied
and dried, the absorption of the hydroxyl group is reduced
and gas decomposition performance also deteriorates. When
pH of the aqueous dispersion is adjusted to 1.5, though the
hydroxyl group exists, the zeta potential approaches 0, so
that dispersibility slightly deteriorates and gas decomposi-
tion performance also slightly deteriorates.

[0026] Further, the aqueous dispersion preferably has a
color whose a* is 10 or less, b* is =5 or more, and L* is 50
or more when the color of the aqueous dispersion is
expressed by the L*a*b* color system. By applying a
dispersion having such a color tone on a base material to
form a film, it is possible to obtain good photocatalytic
performance, and in addition, color of the base material is
not impaired. Therefore, it is possible to obtain a coating
material and a film.

[0027] The concentration of the photocatalytic composite
microparticles (particle concentration) in the aqueous dis-
persion of the embodiment is preferably in a range of not
less than 0.001 mass % nor more than 50 mass %. When the
particle concentration is less than 0.001 mass %, the content
of the photocatalytic composite microparticles becomes
insufficient, and it may not be possible to obtain desired
performance. When the particle concentration is over 50
mass %, the photocatalytic composite microparticles exist in
close contact when they are formed into a film, and it is not
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possible to obtain a particle surface area large enough to
make their performance exhibited. Not only sufficient per-
formance cannot be exhibited but also cost of the dispersion
and the film increases since a more than necessary amount
of the photocatalytic composite microparticles are con-
tained.

[0028] The concentration of the photocatalytic composite
microparticles is more preferably in a range of from 0.01 to
20 mass %. According to the dispersion in which the
concentration of the photocatalytic composite microparticles
is 20 mass % or less, it is possible to easily realize a state in
which the photocatalytic composite microparticles are uni-
formly dispersed. In a high-concentration dispersion con-
taining the photocatalytic composite microparticles whose
concentration is over 20 mass %, the dispersion state of the
photocatalytic composite microparticles improves when the
dispersion is diluted to prepare a coating material. There-
fore, the use of the high-concentration dispersion containing
20 mass % photocatalytic composite microparticles or more
has an advantage that the coating material in which the
photocatalytic composite microparticles are uniformly dis-
persed can be efficiently prepared.

[0029] The photocatalytic composite microparticles con-
tained in the aqueous dispersion may contain not only the
tungsten oxide and the zirconium oxide but also a metal
element (hereinafter referred to as an additive metal ele-
ment) other than tungsten and zirconium. Examples of the
metal element contained in the photocatalyst are a transition
metal element except tungsten and zirconium, a zinc group
element such as zinc, and an earth metal element such as
aluminum. The transition metal elements are metals with
atomic numbers 21 to 29, 39 to 47, 57 to 79, and 89 to 109,
and among them, the metal elements except tungsten and
zirconium can be contained in the photocatalytic composite
microparticles. The zinc group elements are elements with
atomic numbers 30, 48, 80, and the earth metal elements are
elements with atomic numbers 13, 31, 49, 81. These metal
elements may be contained in the photocatalytic composite
microparticles. Adding these metal elements to the photo-
catalytic composite microparticles makes it possible to
improve performance of the photocatalytic composite
microparticles.

[0030] The content of the additive metal element in the
photocatalytic composite microparticles is preferably in a
range of from 0.001 to 50 mass % to the tungsten oxide.
When the content of the additive metal element is over 50
mass % to the tungsten oxide, a property based on the
tungsten oxide microparticles is liable to deteriorate. The
content of the additive metal element is more preferably 10
mass % or less to the tungsten oxide. A lower limit value of
the content of the additive metal element is not particularly
limited, but in order to make the effect of adding the metal
element more effectively exhibited, its content is preferably
0.001 mass % or more to the tungsten oxide. In order to
prevent dispersibility deterioration of the aqueous disper-
sion, the content and a form of the additive metal element are
preferably adjusted so as not to cause a great change in pH
and the zeta potential. In consideration of such points, the
content of the additive metal element is more preferably 2
mass % or less to the tungsten oxide.

[0031] The metal element (additive metal element) con-
tained in the photocatalyst is preferably at least one selected
from nickel (Ni), titanium (Ti), manganese (Mn), iron (Fe),
palladium (Pd), platinum (Pt), ruthenium (Ru), copper (Cu),

Oct. 11, 2018

silver (Ag), aluminum (Al), and cerium (Ce). By making
these metal elements contained in the photocatalyst in a
range of from 0.005 to 10 mass %, it is possible to more
effectively improve the photocatalytic performance of the
photocatalyst of the embodiment. The content of the above
metal element is more preferably in a range of from 0.005
to 2 mass % to the tungsten oxide.

[0032] In the photocatalytic composite microparticles of
the embodiment, the metal element can exist in various
forms. The photocatalytic composite microparticles can con-
tain the metal element as an element substance of the metal
element, a compound such as an oxide of the metal element,
a complex compound with tungsten oxide or zirconium
oxide, or the like. The metal element contained in the
photocatalytic composite microparticles themselves may
form a compound with another element. A typical form of
the metal element in the photocatalytic composite micropar-
ticles is an oxide of the metal element. The metal element is
mixed in the form of an element substance, a compound, a
complex compound, or the like with, for example, the
tungsten oxide powder or the zirconium oxide powder.
[0033] Further, a method of compounding the metal ele-
ment in the photocatalytic composite microparticles is not
particularly limited. As the compounding method of the
metal element, a mixing method of mixing powders, an
immersion method, a carrying method, or the like can be
employed. Typical compounding methods are described
below. An example of a method of compounding Ru is a
method of adding a ruthenium chloride solution to the
dispersion containing tungsten oxide and zirconium oxide.
An example of a method of compounding Pt is a method of
mixing a Pt powder to the dispersion containing tungsten
oxide and zirconium oxide. An example of a method of
compounding Cu is a method in which the tungsten oxide
microparticles and the zirconium oxide microparticles are
added and mixed in a water solution or an ethanol solution
of copper nitrate or copper sulfate, followed by drying at a
temperature of 70 to 80° C. and firing at a temperature of 500
to 550° C. (immersion method).

[0034] In the compounding method of the metal element,
the immersion method is also applicable to an iron com-
pounding method using an iron chloride solution, a silver
compounding method using a silver chloride solution, a
platinum compounding method using a chloroplatinic acid
solution, a palladium compounding method using a palla-
dium chloride solution, and the like. Further, tungsten oxide
and zirconium oxide may be compounded with the metal
element (oxide) by using oxide sol such as titanium oxide
sol, aluminum sol, or the like.

[0035] In the aqueous dispersion of the embodiment, the
aqueous dispersion medium is preferably water. However, as
a dispersion medium other than water, alcohol may be
contained in a range of less than 50 mass %. Methanol,
ethanol, 1-propanol, 2-propanol, or the like is used as the
alcohol. When the content of the alcohol is over 50 mass %,
the aggregation is facilitated. The content of the alcohol is
more preferably 20 mass % or less, and still more preferably
10 mass % or less. In the aqueous dispersion of the embodi-
ment, the photocatalytic composite microparticles may be
dispersed in the aqueous dispersion medium while being
mixed with, carried by, or immersed in a material having
adsorption performance such as activated carbon or zeolite.
[0036] The tungsten oxide microparticles (powder) used
in the aqueous dispersion of the embodiment are preferably
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prepared by the following methods, but the method is not
limited to these. The tungsten oxide microparticles are
preferably prepared by employing a sublimation process.
Combining a heat treatment process with the sublimation
process is also effective. According to tungsten trioxide
microparticles prepared by such a method, it is possible to
stably realize the aforesaid average primary particle size,
BET specific surface area, and crystal structure. Further, the
average primary particle size approximates a value con-
verted from the BET specific surface area, and it is possible
to stably obtain microparticles (fine powder) having a small
variation in particle size.

[0037] First, the sublimation process will be described.
The sublimation process is a process of obtaining the
tungsten trioxide microparticles by sublimating a metal
tungsten powder, a tungsten compound powder, or a tung-
sten compound solution in an oxygen atmosphere. The
sublimation is a phenomenon that a state change from a solid
phase to a vapor phase or from a vapor phase to a solid phase
occurs without going through a liquid phase. By oxidizing
the metal tungsten powder, the tungsten compound powder,
or the tungsten compound solution as the raw material while
sublimating it, it is possible to obtain a tungsten oxide
powder in a microparticle state.

[0038] As the raw material (tungsten raw material) of the
sublimation process, any of the metal tungsten powder, the
tungsten compound powder, and the tungsten compound
solution may be used. Examples of the tungsten compound
used as the raw material are tungsten oxide such as tungsten
trioxide (WO,), tungsten dioxide (WO,), and a low-grade
oxide, tungsten carbide, ammonium tungstate, calcium tung-
state, tungstic acid, and the like.

[0039] When the sublimation process of the tungsten raw
material as described above is performed in the oxygen
atmosphere, the metal tungsten powder or the tungsten
compound powder instantaneously changes from the solid
phase to the vapor phase, and when metal tungsten vapor in
the vapor phase is further oxidized, the tungsten oxide
microparticles are obtained. When a solution is used as well,
the tungsten raw material changes to the vapor phase
through a tungsten oxide or compound. By thus using an
oxidative reaction in the vapor phase, it is possible to obtain
the tungsten oxide microparticles. Further, it is possible to
control the crystal structure of the tungsten oxide micropar-
ticles.

[0040] As the raw material of the sublimation process, at
least one kind selected from a metal tungsten powder, a
tungsten oxide power, a tungsten carbide powder, and an
ammonium tungstate powder is preferably used because
impurities are not easily contained in the tungsten oxide
microparticles obtained after the sublimation in the oxygen
atmosphere. Not containing a harmful substance as a by-
product (substance other than tungsten oxide) formed by the
sublimation process, the metal tungsten powder and the
tungsten oxide powder are especially preferable as the raw
material of the sublimation process.

[0041] As the tungsten compound used as the raw mate-
rial, a compound containing tungsten (W) and oxygen (O) as
its constituent elements is preferable. When W and O are
contained as the constituent components, the raw material is
easily sublimated instantaneously when later-described
inductively coupled plasma processing or the like is
employed in the sublimation process. Examples of such a
tungsten compound are WO;, W,,Osg, W,0,5, WO,, and
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the like. Further, a solution, a salt, or the like of tungstic acid,
ammonium paratungstate, or ammonium metatungstate is
also effective.

[0042] When the tungsten oxide composite microparticles
are prepared, a transition metal element and other element
may be mixed in a form of metal, a compound containing an
oxide, a complex compound, or the like in addition to the
tungsten raw material. By processing the tungsten oxide
simultaneously with the other element, it is possible to
obtain complex compound microparticles such as a com-
posite oxide of the tungsten oxide and the other element. It
is also possible to obtain the tungsten oxide composite
microparticles by mixing or carrying the tungsten oxide
microparticles with/by element particles or compound par-
ticles of the other element. A compounding method of the
tungsten oxide and the other metal element is not particu-
larly limited, and various well-known methods can
employed.

[0043] The metal tungsten powder or the tungsten com-
pound powder as the tungsten raw material preferably has an
average particle size in a range of from 0.1 to 100 um. The
average particle size of the tungsten raw material is more
preferably in a range of from 0.3 pm to 10 pm, and more
preferably in a range of from 0.3 pm to 3 pm. The use of the
metal tungsten powder or the tungsten compound powder
having the average particle size within the aforesaid range
easily causes the sublimation. When the average particle size
of the tungsten raw material is less than 0.1 pm, advance
adjustment of the raw material powder is necessary or
handleability decreases because the raw material powder is
too fine. When the average particle size of the tungsten raw
material is over 100 um, a uniform sublimation reaction is
difficult to occur. Even when the average particle size is
large, a uniform sublimation reaction can be caused by the
processing with a large energy amount, but this is not
industrially preferable.

[0044] As amethod to sublimate the tungsten raw material
in the oxygen atmosphere in the sublimation process, usable
is at least one kind of processing selected from inductively
coupled plasma processing, arc discharge processing, laser
processing, electron beam processing, and gas burner pro-
cessing. Among them, the laser processing and the electron
beam processing perform the sublimation process by laser or
electron beam irradiation. The laser and the electron beam
has a small irradiation spot diameter, and therefore has a
merit that the particle size of the raw material powder and
stability of its supply amount need not be strictly controlled
though taking a long time to process a large amount of the
raw material at a time.

[0045] The inductively coupled plasma processing and the
arc discharge processing can cause the oxidative reaction of
a large amount of the raw material powder in the oxygen
atmosphere at a time though requiring adjustment of a
generation region of plasma and arc discharge. Further, it is
possible to control an amount of the raw material that can be
processed at a time. The gas burner processing has a
difficulty in processing a large amount of the raw material
powder and the raw material solution though requiring a
relatively low power expense. Therefore, the gas burner
processing is inferior in productivity. Incidentally, the gas
burner processing may be any provided that it has energy
large enough to cause the sublimation, and is not particularly
limited. A propane gas burner, an acetylene gas burner, and
the like are used.
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[0046] When the inductively coupled plasma processing is
employed for the sublimation process, generally used is a
method in which argon gas and oxygen gas are used to
generate plasma and the metal tungsten powder or the
tungsten compound powder is supplied into the plasma.
Examples of a method of supplying the tungsten raw mate-
rial into the plasma are a method of blowing the metal
tungsten powder or the tungsten compound powder together
with carrier gas, a method of blowing a dispersion in which
the metal tungsten powder or the tungsten compound pow-
der is dispersed in a predetermined liquid dispersion
medium, and so on.

[0047] Examples of the carrier gas used when the metal
tungsten powder or the tungsten compound powder is blown
into the plasma are air, oxygen, inert gas containing oxygen,
and so on. Among them, the air is preferably used because
of its low cost. Inert gas such as argon and helium may be
used as the carrier gas when a reaction field contains
sufficient oxygen such as when reaction gas containing
oxygen besides the carrier gas is supplied or when the
tungsten compound powder is tungsten trioxide. Oxygen,
inert gas containing oxygen, or the like is preferably used as
the reaction gas. When the inert gas containing oxygen is
used, it is preferable that an amount of oxygen is set so as
to enable the supply of a sufficient amount of oxygen
necessary for the oxidative reaction.

[0048] By employing the method of blowing the metal
tungsten powder or the tungsten compound powder together
with the carrier gas and by adjusting a gas flow rate, a
pressure of a reaction vessel, and so on, it becomes easy to
control the crystal structure of the tungsten trioxide
microparticles. Concretely, it is easy to obtain at least one
kind selected from a monoclinic crystal and a triclinic
crystal (monoclinic crystal, triclinic crystal, or mixed crystal
of monoclinic crystal and triclinic crystal) or to obtain the
tungsten trioxide microparticles having the crystal structure
in which a rhombic crystal is mixed in the above. The crystal
structure of the tungsten trioxide microparticles is more
preferably a mixed crystal of a monoclinic crystal and a
triclinic crystal or a mixed crystal of a monoclinic crystal, a
triclinic crystal, and a rhombic crystal.

[0049] An example of the dispersion medium used for
preparing the dispersion of the metal tungsten powder or the
tungsten compound powder is a liquid dispersion medium
having oxygen atoms in its molecules. The use of the
dispersion facilitates handling the raw material powder. As
the liquid dispersion medium having the oxygen atoms in its
molecules, one containing 20 vol % or more of at least one
kind selected from water and alcohol is used, for instance.
As the alcohol used as the liquid dispersion medium, at least
one kind selected from methanol, ethanol, 1-propanol, and
2-propanol is preferable, for instance. Water and alcohol are
easily volatilized by heat of the plasma and thus do not
obstruct the sublimation reaction and the oxidative reaction
of the raw material powder, and they contain oxygen in their
molecules and thus easily promote the oxidative reaction.
[0050] When the dispersion is prepared by dispersing the
metal tungsten powder or the tungsten compound powder in
the dispersion medium, the content of the metal tungsten
powder or the tungsten compound powder in the dispersion
is preferably in a range of from 10 to 95 mass %, and more
preferably in a range of from 40 to 80 mass %. By dispersing
the metal tungsten powder or the tungsten compound pow-
der with such a content range in the dispersion, it is possible
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to uniformly disperse the metal tungsten power or the
tungsten compound powder in the dispersion. The uniformly
dispersed state facilitates the uniform sublimation reaction
of the raw material powder. When the content in the dis-
persion is less than 10 mass %, efficient manufacture is not
enabled due to too small an amount of the raw material
powder. When the content is over 95 mass %, an amount of
the dispersion is small and hence the viscosity of the raw
material powder increases, so that the raw material powder
is likely to stick to the vessel, which decreases handleability.

[0051] By employing the method of blowing the metal
tungsten powder or the tungsten compound powder as the
dispersion into the plasma, it becomes easy to control the
crystal structure of the tungsten trioxide microparticles.
Concretely, it is easy to obtain the tungsten trioxide
microparticles having the crystal structure in which at least
one kind selected from the monoclinic crystal and the
triclinic crystal is mixed or the rhombic crystal is mixed with
this. Further, the use of a tungsten compound solution as the
raw material also enables a uniform sublimation reaction
and in addition improves controllability of the crystal struc-
ture of the tungsten trioxide microparticles. The aforesaid
method using the dispersion is also applicable to the arc
discharge processing.

[0052] When the sublimation process is carried out by the
irradiation of the laser or the electron beam, a pelletized
metal tungsten or tungsten compound is preferably used as
the raw material. Since the laser or the electron beam has a
small irradiation spot diameter, the supply becomes difficult
when the metal tungsten powder or the tungsten compound
powder is used, but the use of the pelletized metal tungsten
or tungsten compound enables efficient sublimation. The
laser may be any, provided that it has energy large enough
to sublimate the metal tungsten or the tungsten compound,
and is not particularly limited, but CO, laser is preferable
because of its high energy.

[0053] Moving at least one of an irradiation source of the
laser light or the electron beam and the pellet when the pellet
is irradiated with the laser or the electron beam makes it
possible to effectively sublimate the whole surface of the
pellet having a certain size. Consequently, it is possible to
easily obtain the tungsten trioxide powder having the crystal
structure in which at least one kind selected from the
monoclinic crystal and the triclinic crystal is mixed with the
rhombic crystal. The aforesaid pellet is also applicable to the
inductively coupled plasma processing and the arc discharge
processing.

[0054] The tungsten oxide microparticles used in the aque-
ous dispersion of this embodiment can be obtained only by
the sublimation process described above, but it is also
effective to apply a heat-treat process to the tungsten oxide
microparticles prepared by the sublimation process. The
heat treatment process is to heat-treat the tungsten trioxide
microparticles obtained in the sublimation process at a
predetermined temperature for a predetermined time in an
oxygen atmosphere. Even when the tungsten trioxide
microparticles cannot be sufficiently formed under the con-
trol condition and so on of the sublimation process, the heat
treatment can make a ratio of the tungsten trioxide micropar-
ticles in the tungsten oxide microparticles 99% or more,
practically 100%. Further, the heat treatment process can
adjust the crystal structure of the tungsten trioxide micropar-
ticles to a predetermined structure.
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[0055] An example of the oxygen atmosphere used in the
heat treatment process is air and oxygen-containing gas. The
oxygen-containing gas means inert gas containing oxygen.
The heat treatment temperature is preferably in a range of
from 200 to 1000° C., and more preferably 400 to 700° C.
The heat treatment time is preferably ten minutes to five
hours, and more preferably thirty minutes to two hours. By
setting the temperature and the time of the heat treatment
process to the aforesaid ranges, it is easy to form tungsten
trioxide from tungsten oxide other than tungsten trioxide.
Further, in order to obtain a powder having a small number
of defects and good crystallinity, it is preferable to slowly
increase and decrease the temperature at the time of the heat
treatment. Rapid heating and cooling at the time of the heat
treatment cause deterioration of crystallinity.

[0056] When the heat treatment temperature is lower than
200° C., it may not be possible to sufficiently obtain an
oxidizing effect for turning the powder which does not
change into tungsten trioxide in the sublimation process into
tungsten trioxide. When the heat treatment temperature is
higher than 1000° C., the tungsten oxide microparticles
rapidly grow and accordingly a specific surface area of the
obtained tungsten oxide microparticles is likely to decrease.
Further, the heat treatment process at and for the aforesaid
temperature and time makes it possible to adjust the crystal
structure and crystallinity of the tungsten trioxide micropar-
ticles.

[0057] The aqueous dispersion of this embodiment is
usable as a film forming material as it is. The aqueous
dispersion may be mixed with a binder component or the
like to fabricate a coating material, and the coating material
may be used as the film forming material. The coating
material contains not only the aqueous dispersion but also at
least one kind of a binder component selected from an
inorganic binder and an organic binder. The content of the
binder component is preferably in a range of from 5 to 95
mass %. When the content of the binder component is over
95 mass %, it may not be possible to obtain desired
photocatalytic performance. When the content of the binder
component is less than 5 mass %, sufficient bonding strength
cannot be obtained and a film property is liable to deterio-
rate. Applying such a coating material makes it possible to
adjust strength, hardness, adhesion to the base material, and
so on of the film to desired states.

[0058] As the inorganic binder, used are, for example,
alkyl silicate, silicon halide, a product obtained through
decomposition of a hydrolytic silicon compound such as a
partial hydrolysate of any of these, an organopolysiloxane
compound and its polycondensate, silica, colloidal silica,
water glass, a silicon compound, phosphate such as zinc
phosphate, metal oxide such as zinc oxide and zirconium
oxide, biphosphate, cement, gypsum, lime, enameling frit,
and so on. As the organic binder, used are, for example,
fluorine-based resin, silicone resin, acrylic resin, epoxy
resin, polyether resin, melamine resin, urethane resin, alkyd
resin, and so on.

[0059] Applying the aforesaid aqueous dispersion or coat-
ing material on the base material makes it possible to stably
and uniformly form a film containing the visible-light
responsive photocatalytic composite microparticles. As the
base material forming such a photocatalytic film, used are
glass, ceramics, plastic, resin such as acryl, paper, fiber
metal, wood, and so on. A film thickness is preferably in a
range of from 2 to 1000 nm. When the film thickness is less
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than 2 nm, it may not be possible to obtain a state where the
tungsten oxide microparticles and the zirconium oxide
microparticles uniformly exist. When the film thickness is
over 1000 nm, adhesion to the base material lowers. The film
thickness is more preferably in a range of from 2 to 400 nm.
[0060] The photocatalytic film of this embodiment exhib-
its photocatalytic performance under visible light irradia-
tion. Generally, the visible light is light whose wavelength is
in a 380 to 830 nm range, and is light radiated by using, as
a light source, an ordinary lighting such as a white fluores-
cent light, sunlight, white LED, an electric bulb, a halogen
lamp, and a xenon lamp, and a blue light-emitting diode, a
blue laser, and the like. The photocatalytic film of this
embodiment exhibits photocatalytic performance under an
ordinary indoor environment. The photocatalytic perfor-
mance is an action in which an electron-hole pair is excited
per photon as a result of light absorption, the excited
electron and hole activate a hydroxyl group and acid present
on a surface by redox, and organic gas or the like is
oxidatively decomposed by activated oxygen species gen-
erated by the activation, and is an action for exhibiting a

hydrophilic property, antibacterial/disinfection perfor-
mance, and the like.
[0061] The product of this embodiment includes the pho-

tocatalytic film formed by using the aforesaid aqueous
dispersion or coating material. Concretely, it is a product in
which the photocatalytic film is formed by applying the
aqueous dispersion or the coating material on the surface of
the base material forming the product. The film formed on
the surface of the base material may contain zeolite, acti-
vated carbon, porous ceramics, and like. The aforesaid
photocatalytic film and the product including the same have
characteristics of being excellent in decomposition perfor-
mance for organic gas such as acetaldehyde and formalde-
hyde under visible light irradiation, and exhibiting high
activity especially even under low illuminance. The film of
this embodiment exhibits a hydrophilic property in contact
angle measurement of water. Further, in evaluation of anti-
bacterial performance for staphylococcus aureus and colon
bacillus under visible light irradiation, the film exhibits a
high antibacterial action.

[0062] Concrete examples of the product including the
photocatalytic film of the embodiment are an air-condi-
tioner, an air cleaner, an electric fan, a refrigerator, a
microwave oven, a dish washer/drier, a rice cooker, a pot, a
pan lid, an IH heater, a washing machine, a cleaner, a
lighting fixture (lamp, fixture body, shade, and the like),
sanitary goods, a toilet stool, a washstand, a mirror, a
bathroom (wall, ceiling, floor, and the like), building mate-
rials (indoor wall, ceiling material, floor, outer wall, and the
like), interior products (curtain, carpet, table, chair, sofa,
shelf, bed, bedding, and the like), glass, a sash, a handrail,
a door, a knob, clothes, filters used in home electric appli-
ances, stationery, kitchen utensils, members used in an
indoor space of an automobile, and so on. Being provided
with the photocatalytic film of the embodiment, the product
can be given visible-light responsive photocatalytic perfor-
mance.

[0063] When a fiber is used as the base material, examples
of a fiber material are synthetic fibers such as polyester,
nylon, and acrylic, regenerated fibers such as rayon, natural
fibers such as cotton, wool, and silk, and a combined
filament yarn, union cloth, and a blend of these, and so on.
The fiber material may be in a loose form. The fiber may
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take any form such as woven fabric, knitted fabric, nonwo-
ven fabric, and the like, and may be those having ordinary
dyeing and printing. When the aqueous dispersion is used
for the fiber material, a method of co-using the photocata-
Iytic composite microparticles with a resin binder and fixing
the resultant to the fiber material is convenient.

[0064] As the resin binder, water-soluble, water-dispers-
ible, or solvent-soluble resin can be used. Concretely,
melamine resin, epoxy resin, urethane resin, acrylic resin,
fluorine resin, or the like is used, but these are not restrictive.
When the aqueous dispersion is used and the photocatalytic
composite microparticles are fixed to the fiber material, for
example, the aqueous dispersion is mixed with the water-
dispersible or water-soluble resin binder to prepare a resin
liquid, and the fiber material is immersed in the resin liquid
and thereafter is squeezed by a mangle roll to be dried. By
thickening the resin liquid, it is possible to coat one surface
of the fiber material with the resin liquid by a well-known
apparatus such as a knife coater. It is also possible to make
the visible-light responsive photocatalytic composite
microparticles adhere on one surface or both surfaces of the
fiber material by using a gravure roll.

[0065] When the aqueous dispersion is used and the
photocatalytic composite microparticles are made to adhere
on the fiber surface, if an adhesion amount is too small, it is
not possible to sufficiently exhibit photocatalytic perfor-
mance such as gas decomposition performance and antibac-
terial performance of tungsten oxide has. When the adhesion
amount is too large, though the performance that tungsten
oxide has is exhibited, feeling as the fiber material some-
times deteriorates. An appropriate adhesion amount is pref-
erably selected according to the material or an intended use.
Clothes and interior products using the fiber on whose
surface the photocatalytic composite microparticles con-
tained in the aqueous dispersion adhere exhibit excellent
odor eliminating effect and antibacterial effect under visible
light irradiation in an indoor environment.

[0066] Next, examples and evaluation results thereof will
be described. In the following examples, the inductively
coupled plasma processing is employed in the sublimation
process, but the present invention is not limited to this.

Example 1

[0067] First, a tungsten trioxide powder having a 0.5 um
average particle size was prepared as a raw material powder.
This raw material powder was sprayed together with carrier
gas (Ar) to RF plasma, and further as reaction gas, argon was
supplied at a 40 L/min flow rate and oxygen was supplied at
a 40 L/mn flow rate. In this manner, through the sublimation
process to cause the raw material powder to undergo an
oxidative reaction while sublimating the raw material pow-
der, a tungsten oxide powder was prepared. The tungsten
oxide powder was heat-treated in the atmosphere under a
condition of 900° C.x1.5 h. The tungsten oxide powder was
dispersed in water so that its concentration became 10 mass
%. In this manner, a first dispersion containing tungsten
oxide microparticles was prepared.

[0068] An average primary particle size (D50 particle
size) and a BET specific surface area of the obtained
tungsten oxide powder were measured. The average primary
particle size was measured by image analysis of a TEM
photograph. In the TEM observation, a transmission electron
microscope H-7100FA (trade name, manufactured by
Hitachi [.td.) was used, an enlarged photograph was sub-
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jected to the image analysis, 50 pieces of the particles or
more were extracted, a volume-based integrated diameter
was found, and the D50 particle size was calculated. For the
measurement of the BET specific surface area, a specific
surface area analyzer Macsorb 1201 (trade name, manufac-
tured by Mountech Co., Ltd.) was used. A pre-process was
carried out in nitrogen under a condition of 200°xtwenty
minutes. The average primary particle size (D50 particle
size) was 25 nm and the BET specific surface area was 35
m?/g.

[0069] Next, a zirconium oxide powder having rod-shaped
primary particles was prepared. A D50 particle size (average
major axis of the primary particles) in particle size distri-
bution of the zirconium oxide powder is 20 nm. A ratio of
the average major axis of the primary particles (average
primary particle size) of the zirconium oxide powder to the
average primary particle size of the tungsten oxide powder
is 0.8. The zirconium oxide powder was dispersed in water
so that its concentration became 20 mass %, whereby a
second dispersion was prepared.

[0070] The first dispersion and the second dispersion were
mixed so that a mass ratio of zirconium oxide to tungsten
oxide became 100%. A ratio of the atomicity of the zirco-
nium to the atomicity of the tungsten is 188%. The pH of a
mixed dispersion of the first dispersion and the second
dispersion was adjusted so as to fall in a range of from 5.5
to 6.5 by using water, sulfuric acid, and TMAH. For the
dispersion process, a bead mill was used. In this manner, the
intended aqueous dispersion was prepared. In the aqueous
dispersion, the particle concentration (concentration of a
mixture of the tungsten oxide microparticles and the zirco-
nium oxide microparticles) was 12 mass % and the pH value
was 5.

Example 2

[0071] By using a tungsten oxide powder prepared by the
same method as that of the example 1, a first dispersion was
prepared in the same manner as that of the example 1. When
an average primary particle size (D50 particle size) of the
tungsten oxide powder was measured in the same manner as
that of the example 1, the average primary particle size was
25 nm. After the tungsten oxide powder was dispersed in
water so that its concentration became 10 mass %, a ruthe-
nium chloride solution was mixed so that a ratio of ruthe-
nium to the tungsten oxide became 0.02 mass %. pH of this
mixed liquid was adjusted to 6 while ammonia was dropped
to this mixed liquid.

[0072] Next, a zirconium oxide powder having rod-shaped
primary particles was prepared. A D50 particle size (average
major axis of the primary particles) in particle size distri-
bution of the zirconium oxide powder is 20 nm. A ratio of
the average major axis of the primary particles (average
primary particle size) of the zirconium oxide powder to the
average primary particle size of the tungsten oxide powder
is 0.8. The zirconium oxide powder was dispersed in water
so that its concentration became 20 mass %, whereby a
second dispersion was prepared.

[0073] The second dispersion containing the zirconium
oxide microparticles was dropped to the first dispersion
containing the tungsten oxide microparticles and ruthenium
chloride, and pH was adjusted so as to fall in a range of from
5.5 to 6.5. In an aqueous dispersion, the mass ratio of
zirconium oxide to tungsten oxide is 50%, and the ratio of
the atomicity of the zirconium to the atomicity of the
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9
tungsten is 94%. In this manner, the intended aqueous rate was measured under the following conditions by using
dispersion was prepared. In the aqueous dispersion, the a flow-type apparatus similar to that used for nitrogen oxide
particle concentration was 12 mass % and the pH value was removal performance (decomposition ability) evaluation of
6. JIS-R-1701-1 (2004).
Example 3 [0079] A decomposition test of the acetaldehyde gas was
. . conducted as follows. An initial concentration of acetalde-
[0074] By using a tungsten oxide powder prf:pareq by the hyde is 10 ppm, a gas flow rate is 140 mI./min, and a sample
same method as that of the example 1, a first dispersion was tis 0.2 o For the adiustment of samples. thev are
prepared in the same manner as that of the example 1. When AMOUAL 15 1.2 8- J sampies, Tey
an average primary particle size (D50 particle size) of the gpphed on SXI.O om glass plates to b? dried. A pre-process
tungsten oxide powder was measured in the same manner as is twe.lve-hour 1rrad1at}0n with black light. As a light source,
that of the example 1, the average primary particle size was a Whlte ﬂ}lore?scent light (FL20SS-W/8 maanactured by
25 nm. After the tungsten oxide powder was dispersed in Toshiba Lighting & Technology Corporat%on) 15 used,.and
water so that its concentration became 10 mass %, Pt wavelengths less than 380 nm is cut by using an qltrawoleF
particles were mixed so that a ratio of platinum to tungsten cut filter (CLAREX N'.169 me.mufa.ctured by Nitto ‘h,lShl
oxide became 2 mass %. Kggyo Cg., LFd.). .Illgmlnance is adjusted to 2591x. First,
[0075] Next, a zirconium oxide powder having rod-shaped Wlthout. light 1rradlat10n, the end and st.ablhz.atlon of gas
primary particles was prepared. A D50 particle size (average gdsm.‘pt.lon are waited for: Aﬁer the §tablllzat10n, the light
major axis of the primary particles) in particle size distri- 1rrad1at10n1§ §taned. The light 1rrad1at%on%s performed under
bution of the zirconium oxide powder is 20 nm. A ratio of suph a condition, and a gas concentratlor} is measured fifteen
the average major axis of the primary particles (average minutes later to find the gas decomposition rate. However,
primary particle size) of the zirconium oxide powder to the when the gas ‘concentration does not b.ecome stable even
average primary particle size of the tungsten oxide powder after. fifteen minutes pass, .the concentration measurement is
is 0.8. The zirconium oxide powder was dispersed in water continued until it is stabilized.
so that its concentration became 20 mass %, whereby a [0080] The gas decomposition rate (%) is defined as a
second dispersion was prepared. value calculated based on [expression: (A-B)/Ax100] from
[0076] The first dispersion containing the tungsten oxide a gas concentration A and a gas concentration B, where A is
microparticles and the Pt microparticles and the second  a gas concentration before the light irradiation and B is a gas
dispersion containing the zirconium oxide microparticles concentration when fifteen minutes or more pass from the
were mixed so that a mass ratio of zirconium oxide to light irradiation and the gas concentration is stabilized. As a
tungsten oxide became 10%. A ratio of the atomicity of the gas analysis device, a multi-gas monitor 1412 manufactured
zirconium to the atomicity of the tungsten is 18.8%. The pHl by INOVA was used. The measurement results are presented
of' a mixed dispersion of the first dispersion and the second in Table 3. Further, changes of the gas decomposition rate
dispersion was adjusted so as to fall in a range of from 5.5 with the elapsed time of the light irradiation are presented in
to 6.5 by using water, sulfuric acid, and TMAH. For the FIG. 1. Incidentally, properties of raw material powders used
dispersion process, a bead mill was used. In this manner, the to prepare the aqueous dispersions are presented in Table 1,
intended aqueous dispersion was prepared. In the aqueous and properties of the aqueous dispersions are presented in
dispersion, the particle concentration was 12 mass % and the Table 2.
pH value was 7.
TABLE 1
Comparative Example 1
Raw material powder
[0077] As an aqueous dispersion of a comparative
example 1, an aqueous dispersion in which only the tungsten WO, powder ZrO, powder Particle
oxide powder was dispersed in the example 1 was prepared. D50 particle D50 particle size ratio
. . . size [nm] size [nm] (Z10,/WO3)
[0078] By using the aqueous dispersions of the above-
described examples 1 to 3 and comparative example 1, Example 1 25 20 0.8
photocatalytic films were formed on glass surfaces. Photo- Example 2 25 20 0.8
. . Example 3 25 20 0.8
catalytic performance of the photocatalytic films under Comparative o - o
visible light irradiation was evaluated. The photocatalytic Example 1
performance was evaluated by measuring a decomposition
rate of acetaldehyde gas. Concretely, the gas decomposition
TABLE 2
Aqueous dispersion
Additive
ZrO,/WO;  Zt/W particle addition
mass atomicity  concentration additive addition ratio*
ratio [%] ratio [mass %] pH element form [mass %]
Example 1 100 188 12 5 — — —
Example 2 50 94 12 6 Ru RuCl; 0.02
Example 3 10 18.8 12 7 Pt Pt 2

particles
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Aqueous dispersion

Additive
ZrO,/WO;  Zit/W particle addition
mass atomicity  concentration additive addition ratio*

ratio [%] ratio [mass %] pH element form [mass %]
Comparative — — 10 6 — — —
Example 1
*mass ratio of additive element to WO;3

TABLE 3 rials, household electric appliances, and so on. Further, the

Gas decomposition rate [%]

Example 1 243
Example 2 27.8
Example 3 24.7
Comparative 14.1
Example 1

[0081] It was confirmed that photocatalytic films formed
by using the aqueous dispersions of the examples 1 to 3 were
high in decomposition speed of acetaldehyde and high in gas
decomposition rate. This is because zirconium oxide adsorbs
the gas, so that photocatalytic performance of tungsten oxide
was fully exhibited even under an environment with a low
gas concentration. Further, it is seen that photocatalytic
performance is further improved since decomposition per-
formance of an intermediate generated at the time of the
decomposition of the gas also improves.

[0082] Further, the aqueous dispersions of the examples 1
to 3 and the comparative example 1 were each mixed in an
acrylic resin-based resin liquid, and a plain weave fabric
made of polyester with a 150 g/m* areal weight was
immersed in this mixed liquid (coating material), whereby
polyester fibers on which the photocatalytic composite
microparticles adhered were fabricated. 5x10 cm samples
were cut out from the respective fibers, and their photocata-
Iytic performance under visible light irradiation was evalu-
ated by the same method as the previously described
method. As a result, it was confirmed that the polyester fibers
on which the photocatalytic composite microparticles of the
examples 1 to 3 adhered were higher in the decomposition
rate of the acetaldehyde gas than the fiber immersed in the
coating material using the aqueous dispersion prepared in
the comparative example 1. Further, when ten samples
fabricated in the same manner were prepared and their
variation in performance was evaluated, it was confirmed
that, since the dispersions of the examples 1 to 3 had
excellent dispersibility, an adhesion amount of their photo-
catalytic composite microparticles to the fibers was stable.
Further, it was confirmed that the polyester fibers kept
uniform feeling.

[0083] According to the photocatalytic films using the
aqueous dispersions of the examples, it is possible to stably
exhibit decomposition performance of organic gas such as
acetaldehyde gas under visible light irradiation. Therefore,
they are suitably used for members used in indoor space of
an automobile, building materials used in factories, shops,
schools, public facilities, hospitals, welfare facilities,
accommodation facilities, houses, and so on, interior mate-

gas decomposition speed of the photocatalytic films do not
decrease even when the gas concentration decreases, and
high gas decomposition performance is maintained. There-
fore, it is possible to obtain high odor eliminating and
deodorizing effects. Such a photocatalytic film and a product
using the same can have various applications by utilizing the
properties that the photocatalytic composite microparticles
have.
[0084] Several embodiments of the present invention are
described, but it should be noted that these embodiments are
only exemplary presentations and are not intended to limit
the scope of the invention. These novel embodiments can be
implemented in other various forms, and various omissions,
substitutions, and changes can be made therein without
departing from the spirit of the invention. These embodi-
ments and their modifications are included in the scope and
spirit of the invention and are also included in the scope of
the inventions described in the claims and their equivalen-
cies.
1. A method for manufacturing a photocatalytic film,
comprising:
preparing an aqueous dispersion including a visible-light
responsive photocatalytic composite microparticles
containing tungsten oxide microparticles and zirco-
nium oxide microparticles, and an aqueous dispersion
medium in which the photocatalytic composite
microparticles are dispersed; and
applying the aqueous dispersion on a base material to
form a photocatalytic film having a film thickness in a
range of 2 to 1000 nm,
wherein the photocatalytic composite microparticles are
dispersed in the aqueous dispersion medium in a range
of 0.001 to 50 mass %;
wherein a D50 particle size in a particle size distribution
of the photocatalytic composite microparticles is in a
range of 20 nm to 10 pm;
wherein the zirconium oxide microparticles have rod-
shaped primary particles, and a ratio of an average
major axis of the rod-shaped primary particles to an
average primary particle size of the tungsten oxide
microparticles is in a range of 0.05 to 20; and
wherein a pH of the aqueous dispersion is in a range of 1
to 9.
2. The method according to claim 1,
wherein the photocatalytic composite microparticles con-
tain at least one metal element selected from the group
consisting of nickel, titanium, manganese, iron, palla-
dium, platinum, ruthenium, copper, silver, aluminum,
and cerium; and
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wherein the photocatalytic composite microparticles con-
tain the zirconium oxide microparticles in a range of 10
to 200 mass % with respect to the tungsten oxide
microparticles, the metal element in a range of 0.005 to
2 mass % with respect to the tungsten oxide micropar-
ticles, and the balance being the tungsten oxide
microparticles.

3. The method according to claim 1,

wherein the D50 particle size of the photocatalytic com-
posite microparticles is in a range of 50 nm to 1 um; and

wherein the pH of the aqueous dispersion is in a range of
5t0 7.5.

4. The method according to claim 1,

wherein a D90 particle size in a particle size distribution
of the photocatalytic composite microparticles is in a
range of 0.05 to 10 pm.

5. The method according to claim 1,

wherein the aqueous dispersion contains at least one
selected from the group consisting of activated carbon,
zeolite, and porous ceramics.

6. The method according to claim 1,

wherein the base material is made of glass, ceramics,
resin, metal, paper, fiber, or wood.

7. The method according to claim 1,

wherein the photocatalytic film is formed on a surface of
a building material, an interior material, a home electric
appliance, or a filter used in a home electric appliance.

8. A method for manufacturing a photocatalytic film,

comprising:

preparing a coating material comprising: an aqueous
dispersion including a visible-light responsive photo-
catalytic composite microparticles containing tungsten
oxide microparticles and zirconium oxide micropar-
ticles, and an aqueous dispersion medium in which the
photocatalytic composite microparticles are dispersed;
and a binder component comprising at least one
selected from the group consisting of an inorganic
binder and an organic binder; and

applying the coating material on a base material to form
a photocatalytic film having a film thickness in a range
of 2 to 1000 nm,

wherein the photocatalytic composite microparticles are
dispersed in the aqueous dispersion medium in a range
of 0.001 to 50 mass %;

wherein a D50 particle size in a particle size distribution
of the photocatalytic composite microparticles is in a
range of 20 nm to 10 pm;

wherein the zirconium oxide microparticles have rod-
shaped primary particles, and a ratio of an average
major axis of the rod-shaped primary particles to an
average primary particle size of the tungsten oxide
microparticles is in a range of 0.05 to 20; and
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wherein a pH of the aqueous dispersion is in a range of 1
to 9.

9. The method according to claim 8,

wherein the photocatalytic composite microparticles con-
tain at least one metal element selected from the group
consisting of nickel, titanium, manganese, iron, palla-
dium, platinum, ruthenium, copper, silver, aluminum,
and cerium; and

wherein the photocatalytic composite microparticles con-
tain the zirconium oxide microparticles in a range of 10
to 200 mass % with respect to the tungsten oxide
microparticles, the metal element in a range of 0.005 to
2 mass % with respect to the tungsten oxide micropar-
ticles, and the balance being the tungsten oxide
microparticles.

10. The method according to claim 8,

wherein the D50 particle size of the photocatalytic com-
posite microparticles is in a range of 50 nm to 1 um; and

wherein the pH of the aqueous dispersion is in a range of
5t07.5.

11. The method according to claim 8,

wherein a D90 particle size in a particle size distribution
of the photocatalytic composite microparticles is in a
range of 0.05 to 10 pm.

12. The method according to claim 8,

wherein the coating material contains at least one selected
from the group consisting of activated carbon, zeolite,
and porous ceramics.

13. The method according to claim 8,

wherein the base material is made of glass, ceramics,
resin, metal, paper, fiber, or wood.

14. The method according to claim 8,

wherein a content of the binder component in the coating
material is in a range of from 5 to 95 mass %.

15. The method according to claim 8,

wherein the inorganic binder comprises at least one
selected from the group consisting of a product
obtained through decomposition of a hydrolytic silicon
compound, an organopolysiloxane compound, a poly-
condensate of the organopolysiloxane compound,
silica, water glass, phosphate, metal oxide, cement,
gypsum, lime, and frit.

16. The method according to claim 8,

wherein the organic binder comprises at least one selected
from the group consisting of fluorine-based resin, sili-
cone resin, acrylic resin, epoxy resin, polyether resin,
melamine resin, urethane resin, and alkyd resin.

17. The method according to claim 8,

wherein the photocatalytic film is formed on a surface of
a building material, an interior material, a home electric
appliance, or a filter used in a home electric appliance.
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