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1 SPECIFICATION PHOTOCATALYST, METHOD FOR PRODUCING
SAME, LIQUID DISPERSION CONTAINING PHOTOCATALYST AND
PHOTOCATALYST COATING COMPQOSITION 5 TECHNICAL FIELD
[0001] The present invention relates to a photocatalyst which is excellent
in the photodegradation activity of an organic substance, 10 a
photocatalyst liquid dispersion and a photocatalyst coating composition
containing such a photocatalyst; BRE & fetfdd-for producing a
photocatalyst comprising a photocatalytically active base and a silicon
oxide film covering the base by using a silicate. 15 BACKGROUND ART

[00021 A metal pxidesemigondygior shich@sditarinmrdioxidey zincioxiderr s Ton
and the like exhibits a property of absorbing light having an energy

CODRRSPANTing #Oite DENBIQEHT |ARECETitYBArs: BNCH St DXie ZOMPOSITION
semiconductor has been paid attention to because of its high
responsiveness due to holes and electrons generated by excitation

TW?QA y I%gﬂﬂéi'rﬁadiation so that there has been attempted to use such a
semiconductor as a "photocatalyst” for its application to the remediation
of the @nyironment such as the purification of 25 water, the prevention of
pollution, sterilization, deodorization, the purification of atmosphere and
théHikep Of kaoWn! phetocatalysts, @ tomnercial photoeatdlystipads ghich is

product of 2 Ni%pon Aerosil Co., Ltd.) or ST-01 (a product of Ishihara
exg; t in the photodegradation activity of an organic substance,

a photocatalyst liquid dispersion and a photocatalyst coating
composition containing such a photocatalyst, and a method for
producing a photocatalyst comprising a photocatalytically active

base and a silicon oxide film covering the base by using a silicate.

BACKGROUND ART

[0002]

Ametal oxide semiconductor such as titanium dioxide, zinc oxide
and the like exhibits a property of absorbing light having an energy
corresponding to its band gap. In recent years, such a metal oxide
semiconductor has been paid attention to because of its high
responsiveness due to heles and electrons generated by excitation
caused by light irradiation sc that there has been attempted to
use such a semiconductor as a “photocatalyst” for its application
to the remediation of the envircnment such as the purification of
water, the prevention of pollution, sterilization, decdorization,
the purification of atmosphere and the like. Of known

photocatalysts, a commercial photocatalyst P25 (a product of
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Kaisha, Ltd.) that is titanium oxide has been widely used. However, the
photodegradation activity is not sufficient in these photocatalysts. In
particular, in order to utilize photocatalytic 5 functions in an environment
with the weak ultraviolet intensity such as indoors, a catalyst further
excellent in the photodegradation activity has been demanded to be

N tewelopkdr {60031 -As a tethniguefosimproving thecqhotadedrattatiohara Sangyo
activity, 1.0 there have been widely known a technique for improving the

K3hgpé roffite phblstathly Stirepresanted iralpartiercdiametet vafigd - However,
ickne surface,area, a pore diameter and the like, and a technigue
R ko Faher b S e

pheesPiepased-a photocatialyst-camposited-kaiwith:a,compound BaMINgcatalytic
other functions, while there has been known a photocatalyst composited

fwithtsilicess alumaune oxitkep zireoriiumt dioxides sitieakalurhing zeolitetanchtensity
the like. [0004] As a photocatalyst containing silicon oxide, there have

Shesn 220 Hiktissetr a photocataiyst patticié withtitanitnt tloxide Ebdted
i ilica. fil r. 1o Paten cument 1) an photonic
e oLt o o sl T Foacid TOBFAING S cfor 8 PALr-cPed-
Doaument 2). Of these two patents, in Patent Document 1, there have
been disclosed that by compositing with a 25 porous silica film, when a
phofocatilystwasaddédto thworgai fibee, resintordhe fikdbyimiximgoi vity,
the Iik%, an egect which hardlﬁdeteriorates an organic fiber, resin or the

ik Tolifi e 3° provided hid The PhotodiEgratatibi-altiity WhS Sfhiaiddts Share

ofo that photocatalyst represented by a particle diameter, a film
thickness, a surface area, a pore diameter and the like, and a
technique for adding a co-catalyst, a sensitizer and the like.
Further, there has alsc been proposed a photccatalyst composited
with.a compound having other functions, while there has been known
a pnotocatalyst composited with silica, aluminum oxide, zirconium
dioxide, silica-alumina, zeolite and the liks.

[0004]

As a photocatalyst containing silicon oxide, there have been
discleosed a photocatalyst particle with titanium dioxide coated
with a porous silica film (iefer to Patent Document 1) and a
photeonic semiconductor with a silica-based film loaded thereinto
(refer to Patent Document 25. Of these two patents, in Patent
Document 1, there have been disclosed that by compositing with a
porous silica f£ilm, when a photocatalyst was added to the organic

fiber, resin or the like by mixing or the like, an effect which

hardly deteriorates an organic fiber, resin or the like could be
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of uncoated photocatalyst. In Patent Document 2, there have been

disclosed that a silica-based film was formed by supplying an

organohydrogen polysiloxane to a photacatalyst in gas phase and 5 the

fungicidal activity in light irradiation conditions was enhanced higher than

the original activity of the photocatalyst even though the photocatalyst
prwaseoatecdd0005] pAs aquiedustitn-methed: for woating asphotocatalystt to that

with a silicon 10 oxide film, there have been disclosed a method for
o f coatiig trrdphbreatmyst iy atneutfd GFyaARIMBEIIANEY Lising thete have been

_alkoxysilane. (refer to Patent Document,3), a methad for coating it b :

03 ety ez o4 SHEAED e ade RGN B PRieb1ying an

orBesument 4) amethadfor coating {tdn anacidic,or basic 45 wateralcohiokse and
mixed medium by using alkoxysilane (refer to Patent Document 5) and a

+ himethodfior coating dtthywsimpltaneadslyadiings d silicateandachninerals was
acid to a titania liquid dispersion, and maintaining the pH at 7 to 11 (refer

enfrPaReht DEBDATent B3 [0006] 20 e had Beeh Knvwita Way ghotocatalyst

improving the photodegradatjon activity by making.a composite of silicon
SVEKidé Wt%gg p%]o?oga a y%fal}hagiré’ %as‘gaesenﬁ(?\%{\?vﬁdén anatase

titg@%@-}silica composite subjected to a heating treatment of a

co-precipitate generated by a hydrothermal reaction of an aqueous

selation 25dentainmg:atsutphdterof- titaniurg. amdhalkoxypdihgsTheté hassilicon

been disclosed that the anatase titanium-silica composite exhibited the
oxpR6todédadalibR ERtvRY Svéttice aS 4L AR s BmiRstciap” coating the

ph@€§8g@§b§é§Ti%1Smﬁ%ﬂ@ﬁﬁﬁe%Egg%%BeR%dium by using alkoxysilane
(refer to Patent Document 3), a method for coating it by partially
neutralizing a silicate to weak basic region{refer to Patent
Document 4), a method for coating it in an acidic or basic
water—alcohol mixed medium by using alkoxysilane (refer to Patent
Document 5) and a method for coating it by simultaneously adding
a silicate and a mineral acid to a titania liquid dispersion, and
maintaining the pH at 7 to 11 (refer to Patent Document 6).

[0606]

There has been known a way of improving the photodegradaticn
activity by making a composite of silicon oxide with a
photocatalyst. There has been known an anatase titanium-silica
composite subjected to & heating treatment of a conrecipitate
generated by a hydrothermal reaction of an agueous solution
containing & sulphate of titanium and alkoxysilane.

There has been disclosed that the anatase titanium-silica

composite exhibited the photodegradation activity over twice as
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7 and Non-patent Document 1). Patent Document 1: Japanese Patent
Laid-open No. 1998-276706 Patent Document 2: Japanese Patent
Laid-open No. 1987-260717 5 Patent Decument 3: Japanese Patent
Laid-open No. 2000-240719 Patent Document 4: US Patent No. 2885366
Patent Document 5: Japanese Patent Laid-open No. 1999-180115 Patent
h Dgcurment Govi@ 19931022386 Patent PaocLitent 7 (JapaneseoPaterdnt Document
Laid-open No. 2004-161592 10 Non-Patent Document 1: M. Hirano, et
7 RENAT WARPIS00% 26T e372513732 DISCLOSURE OF THE

INVENTION, [0007] 15 All Photocatalysts coated andiar composited witg_» ¢
known silicon” oxide ave'onlypfﬁe pﬁotoaaegracfatlon activf%y equaltoor .

less than: that of a-cammerciabpheigeatalysti: BR® and/ar sf106 . 1987-260717
titanium oxide, so that a desired highly active photocatalyst has not been

achigved!: Foprexaraple, i PatgrtiBoctnierits, thére hvasdyeen 2. 2000-240719
disclosed that the activit%/] became twice and more , but it was lower than

thgf‘&fe&ﬁé cBﬂﬁi‘?@r‘%@r p bt&:qatgl%ﬁﬂ’é'_s 4e a_r%g@ﬁ’%? Q:or_nparison by an
additional test, A, ohiect of Hh?%ﬁ‘?déggt ByeRUgn Ea{gﬁr%‘ 880, 1909-180115
ate which ha

photocatalyst of a structure c with a silicon oxide fi s the
25rphotedegradatien actvityisuperios to tratof the commercial

photocatalyst that is titanium oxide. [0008] 5 In order to solve the above

preéBlemis] thw grasent inventore daveconduetet dreéxtensive sfady afd4-161592

as a result, have found that when .
Non-Patent Document 1: M. Hirano, et al., Chem. Mater: 2004, 16,

3725-3732

DISCLOSURE OF THE INVENTION

[0007]

All photocatalysts coated and/or composited with known silicon
oxide have only the photodegradation activity equal to or less than
that of a commercial photocatalyst, P25 and/or ST-01 of titanium
oxide, so that a desired highly active photocatalysﬁ has not been
achleved. For example, in Patent Document 6, there has been
disclosed that the activity became twice and more , but it was lower
than that of the commercial photocatalyst P25 as a result of
comparison by an additional test.

An object of the present invention is to provide a photocatalyst
of & structure coated with a silicon oxide film which has the
photodegradation activity superior to that of the commercial
photocatalyst that is titanium oxide.

[0008]
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a commercial photocatalyst, P25 and/or ST-01 of titanium oxide, is

present in an acidic aqueous solution, and an aqueous solution 5 of

sodium silicate is introduced in order to maintain the pH at 5 or below, a

surface of the photocatalyst becomes a condensation catalyst of the

silicate compound so that silicon oxide is quickly generated only on the

surface dethe photdoatat lyst 2beyehave fawnds thabwherethent inventors have
thus-obtained silicon oxide coated photocatalyst is 10 introduced into a

COgBtiDrRor AetRfienRBIIE iff GaRErar4S atedt target of theve Found that when
a %%8%%%99%“%’%88%‘@ and irfadiafed "&'}F:a'}%'}" dhe photodegradation,, . ; e,
activity of the photocatalyst Is superior to that of the commercial

1 photesatalystnP2h and/ar STz81 obtitandumu exidg, ThHS, the pesedtis solution
invention has been completed. 15 [0009] That is, according to the present

ofingetion tierélis provided iwithr acphotocatalystrelmmptisingaintain the pH at
photocatalytically active base, and a silicon oxide film covering the base

° BhdSGbSENtRAIT Hab AT o pbhss, Riterairthe Ricdi Rletaonténtormgneation
caROtocatalyst. 20 is ot less.than. 1, pRLPYEL NeL More than 4,000 pRm; ¢ quickly

Further, according to the present invention, there is provided with a
gemethogfarqrodusing lacphotacatal st comppsing ec photogatalyticadly have found
active base, and a silicon oxide film covering the base and substantially .
thrdving oo pores: indudihgahasllGaihgc2s stepsiArand 68) (pyacstepalyst is

._of mixing at least any o et of an_.aqueous medi containing the base
i A Tt e B8 Mot cORGG B a A And e b, - @ oS¢

t 2230 anAgueeUs medivmconiaining, the-base :and an aqueRus.Mediyen 1ight,
containing a silicate, and then covering the

the photodegradation activity of the photocatalyst is superior to

that of the commercial photocatalyst, P25 and/cr 8T-01 éf titanium

oxide. Thus, the present invention has been completed.

(0009}

That is, according to the present invention, there is provided
with a photocatalyst comprising a photocatalytiéally active base,
and a silicon oxide film covering the base and substantially having
no pores, wherein the alkali metal content of the photocatalyst
is not less than 1 ppm but not-more than 1,000 ppm.

Further, according to the present invention, there is provided
with a method for producing a photocatalyst comprising a
photocatalytically active base, and a silicon oxide film covering
theiqase and substantially having no pores, including the following
steps {A} and {(B):

(A) a step of mixing at least any one set of an aguecus medium

containing the base and a silicate, an agueous medium containing
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base with the silicon oxide film; and (B) a step of separating the silicon
oxide film and the 5 photocatalyst having the base covered with the silicon
oxide film from the aqueous medium, in which the pH of the mixed
solution containing both the base and the silicate in step (A) is maintained
at 5 or below. As described above, the photocatalyst according to the

a Presents 1Q invention-has a-struglureinslyding & photacatalyically: agtive the base
base and a silicon oxide film covering the base. Herein, the

atiphetocatalyticedlyractiverbase! trefersitg an sintdatede phatatatalystcbhering the
shape of the photocatalyst is not particularly limited, while a photocatalyst

PP the'ddpetSfpattidles & nivid A5 Sfief, &EBFating film and the like can

be tsed, '%@éﬁf’ pecification, @it%trgaqg‘% ;ﬁaqogg%atgl}}?ggs psed Fndl the

concépt including any of an unco otocatalyst and a “photocatalyst

pbastueture coated with a siiconsaxide fikm < Specificallycademofthexide film
"photocatalyst” includes any of 20 titanium oxide that is a commercial

£ phiotodatalystueis protocatalyst with the titanium oxide coated with a
silicon oxide film. Furthermare, a photocatalyst having a silicon oxide film

is propetyCalled®a Pllicon DRiud ¢cSaddThdtodatalyser [ootblgs POt h the base
= A6COIing 10 tergsent invention, it is papeitie Lo proyide: aslicon gige.

coated photocatalyst having the photodegradation activity which is

remarkabkly highet than that etihecoromesciall i sphetocatalyst of titamiia present
oxide. Further, according to the present invention, it is possible to provide
iavpethbefohsitnply @hgucture including a photocatalytically active

base and a silicon oxide film covering the base. Herein, the
“photocatalytically active base” refers tTo an uncoated
photocatalyst. The shape of the photocatalyst is not particularly
limited, while a photocatalyst in the shape of particles, a mold,
a fiber, a coating film and the like can be used.

In this specification, a term of the “photocatalyst” is used as
a concept including any éf an uncoated photocatalyst and a
photocatalyst of a structure coated with a silicon oxide film.
Specifically, a term of the “photocatalyst” includes any of
titanium oxide that is a commercial photocatalyst and a
photocatalyst with the titanium oxide coated with a silicon oxide
£ilm. Furthermore, a photocatalyst haviﬁg a silicon oxide film
is properly called a “silicoh oxide coated photocatalyst.”

[0010]

According to the present invention, it is possible to provide
a silicon oxide coated photocatalyst having the photodegradation

activity which is remarkably higher than that of the commercial
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economically producing such a silicon oxide coated photocatalyst. [0011]
5 Since the photocatalyst coated with a silicon oxide film of the present
invention has high photodegradation activity, it can be used for a
photocatalyst coating, a photocatalyst coating film, a photocatalyst mold,
a photocatalyst-containing resin mold and the like which are excellent in

pihe phetedegradation activity:asol0 gemparaditodhe conventional to the present
photocatalysts. And, it is possible to enlarge the applications of the

1 phetocatalystievehdorzoplate iwhere suffivisdephotoderatiafion aetimitl v and
cannot be expected with the conventional photocatalysts because of poor

YRRt Rity,Y SUERSE S Prarse: o bailfing Giter Wal v Gidgediredo tocatalyst.,
sunlight, 15 indoors or the like. Further, when it is applied to purifying _
facilities, sSince it has high photodegradation activity, enhanced

precessing Bapghitity-er-eempaet devices cande realized: BRIER de film of the
DESCRIPTION OF THE DRAWINGS 20 [0012] The aforementioned
L bbjis-and oHiEr obijedts scdrabtaristiés druladiaptagessioedomeé furthgr can be

u clef?r %{ the ?kgﬁro riate embodiments, to be described below and the y £11
foiowing dfawing %‘688%&%0“?%@?& 5 0BTSFRigE T (KT bo (o Eing film,
a lustrate-gach g log differential pore volume distripution eunve(&.solidy 514 ang
line) of a photocatalyst having a 8 silicon oxide film and a log differential
tiperé vakime distrikition: coeve (a:dotied tine) pha photepadalystiwitheutt ivity as
having a silicon oxide film corresponding to a base of the photocatalyst.
compared to the conventional photocatalysts. And, it is possible
to enlarge the applications of the photocatalyst even to a place
where sufficient photodegradation activity cannot be expected with
the conventiocnal photocatalysts because of poor light intensity,
such as a plane of building outer wall avoiding direct sunlight,
indoors or the like. Further, when it is applied to purifying

facilities, since it has high photodegradation activity, enhanced

processing capability or compact devices can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

The aforementioned objects and other cbijects, characteristics
and advantages become further clear by the appropriate embodiments
tec be described below and fhe following drawings accompanied
thereto.

f0013]

Figs. 1 {A) to {D} illustrate each a log differential pore volume

distribution curve {a solid line) of a photocatalyst having a
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Figs. 2 (A) to (C) illustrate each a log differential pore volume 5

distribution curve (a solid line) of a photocatalyst having a silicon oxide

film and a log differential pore volume distribution curve (a dotted line) of

a photocatalyst without having a silicon oxide film corresponding to a

base of the photocatalyst. Fig. 3 (A) illustrates the time course of
sacataldehyde 0 conseniyation inagass whilg Fig, 3 (B) Wusyalesthe st ribut ion

time course of carbon dioxide concentration in a gas. BEST MODE FOR
CCARRYENGOUAAT HEANVENTON:¢0014) 15 Ve slicoh@xidégeated & silicon

photocatalyst according to the present invention includes a

optetechtaliicany arfve bade Grdda sillkdRconde g cobefing fiepass -
and. s Q?t?”f{ '

y.having no pares, and the alkali metal content f.t? :
a8 g B e A e o B SRR P I pore volume

dThe silisenxide-ceated photegatalyst rafersde aphatecafalyst hayinthaving a
surface of the photocatalytically active base coated with a film made of

ssilicomwoxide. dcdordingly,dhe sitigonidkide eoated L photoeatalystndods ot ibution
include a photocatalyst fixed to silicon oxide to be produced by forming a

R SocAtafEIatet 1 THE 05 e dra G IoR G0, e G ABL TS & 5i1icon
olpeludeg composite formed: by ombinina.silicon exide anda, .. v a1yst.,

photocatalyst in the same vesSel. The type of coating a base with a

siliear ox@le fim is nok O+ padicularlydinited; andipeludes any of aitvpe pfie

coating a part of the base and a type of coating the whole base. But, from
Cangewpbirt ot ackieving: fueth highérishotod&gradblion activieg thee time course

\@/hole urface, of thg\i base is preferably coated with a film made
O Carpor S.

1oxide concentration in a ga
BEST MODE FOR CARRYING CUT THE INVENTION

[0014]

The silicon oxide coated photocatalyst according to the present
invention includes a photocatalytically active base, and a silicon
oxide film covering the base and substantially having no pores,
and the alkall metal content of the photocatalyst,is not less than
I ppm but not more than 1,000 ppmn.

The silicon oxide ccated photocatalyst refers to a photocatalyst
having a surface of the photocatalytically active base coated with
a filmmade of silicon oxide. Accordingly, the silicon oxide coated
photocatalyst does not include a photocatalyst fixed to silicon
oxide to be produced by forming a photocatalyst later in the
pregence of silicon oxide, and does not include a composite formed

by combining silicon oxide and a photocatalyst in the same vessel.

The type of coating a bhase with a silicon oxide film 1s not
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5 of silicon oxide all at once. [0015] A metal-compound photonic
semiconductor can be used as the photocatalytically active base
(hereinafter, properly referred to as a "bgse"). Examples of the
metal-compound photonic 10 semiconductor include titanium oxide, zinc
oxide, tungsten oxide, strontium titanate and the like. Among them,

pQE@EEQ?ﬁEEﬁTE%%@? ‘A’H!?hl&%&Xﬁ&@%“&@a&b%%%&%a@w&%@% a part
stability as well, and which is harmless. Examples of titanium oxide
oihctude mmsamarphousttype, arfanatasertypereerutitestypehadwookiteitypef rom a

15 and the like. Of these, an anatase type, a rutile type or a mixture

viratesf Stcélferitah #e pREtEaTAyEE Ablity R fUirte? Ipreferabld: g4 vity, the

[l amount of an rphous type may also be, contained therein. .
v %] 24 %Caebgsf:,?ﬁér)& c?asnealzg %I)L/?s%eed: gbbm'"é{[aﬁgg%%guﬁ& %plﬁo?onilfcl 1m made

o~semiconductorwith.ong or morg transition metals added thereto, a
metal-compound semiconductor with one or more of typical elements in

grdup14,lgroup 15 and/or group 16, a photonic semiconductor including
two or more metal compounds, and a mixture of two or more 25

métalieSmpotiEBetitordtietcts  FuRErisre us aiase?d paiitle st 2o the
pkhoec@g%gc'agfﬁgy{glg%%%%@'%es%@'gg”ﬂ%}% J%Eﬁfgﬁab'ﬁgggggrﬁgf eferred to

“examp Iber, a coating film and the like i art of the
agetakeompoynd phetopic semicondyetonsuface exposedithereen can

also be used. Further, a base preferably contains a metal-compound

s photonicisermiconduciordrmving arspetific sdrface area of hdtledsingsten oxide,
strontium titanate and the like. Among them, preferred is titanium
oxide which is excellent in a photocatalytic ability and stability
as well, and which 1s harmless. Examnples of titanium oxide include
an amorphous type, an anatase type, a rutile type, a brookite type
and the like. Of these, an anatase type, a rutile type or a mixture
thereof excellent in the photocatalytic ability is further
preferable, and a small amount of an amorphous type may also be
contained therein.

[0016]

As a base, there can also be used a metal-compound photonic
semiconductor with one or more transition metals added thereto,
a metal-compound semiconductor with one or more of typical elements
in group 14; group 15 and/or group 16, a photeonic semiconductor
including two or more metal compounds, and a mixture of two or more
metal-compound semiconduétors.

Furthermore, as a base, a particle of the metal-compound

photonic semiconductor is preferably used. For example, a mold,
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5 than 30 m2/g. Meanwhile, except a case in which a base can be clearly
recognized as a patrticle, the specific surface area of the base fixed to a
mold, a fiber, a coating films and the ‘like, cannot be provided by the
general BET method as a method for measuring a 10 specific surface
area. In such a case, based on a primary particle diameter obtained by an

=Xray diffragtion apalysisandthe, galcylation,accgrding fo shellers, .y,
equation, or the observation of a primary particle using an“electron
mmicroscope;dhe dspiace rareas isncaloulated: through spberieabosed thereon can
conversion. Further, the 15 specific surface area can be obtained by
AgFeURstiHG Bte "Waight sffontitive faerderisiyadt ierystaliorns byefimding ompound

ou t(gleiccrysteaz!rl iform érom the giffraction_anal sis_qf X-ra e}gr)r electron beam 3
Pand the vollime oBtained fom e aBove &ptetical cSiversion. 00y °20m0t tess

t}{hmeatye@e%invention, examples of the alkali metal include lithium,
sodium, potassium, rubidium, cesium and francium. These alkali metals
majeberebntamedesingly ontweeemaone kindsithereed smay he contained.r 1y
At least any one of these sodium and potassium is preferable and sodium
TRONBIE prdferlé 25016} the BikaliTHEGEEdmeRtRithephdtceatasthe base
séanbe. gu%ntii}lgti\zely c_jelmg%/,zed byausin an A’gogﬂq Adsorption 11. ..~ he

el . thé like cannct
Spectrophotometer (AA), an Tnductively Called Plasma AtSmic —— ©

pEmissien SPecrasCoRHECR), aikK-raydrlderescencespaetiometerneasuring a

(XRF) and the like. The alkali metal content in the photocatalyst according
speethef ic surface area. In such a case, based on a primary particle
diameter obtained by an X-ray diffraction analysis and the |
calculation according to Sheller's eguation, or the cbservation
of a primary particle using an electron microscope, the “surface
area” is calculated through spherical conversion. Further, the
specific surface area can be obtained by calculating the “weight”
from the true density of the crystal form by finding out the crystal
ferm from the diffraction analysis of X-ray or electron beam and
the volume obtained from the above spherical conversion.

[0017]

In the present inventioh, examples of the alkali metal include
lithium, sodium, potassium, rubidium, cesium and francium. These
alkali metals may be contained singly, or two or more kinds thereof
may be contained. At least any one of these sodium and potassium
is preferable and sodium is more preferable.

[0018]

The alkali metal content in the photocatalyst can be

quantitatively analyzed by using an Atomic Adsorption
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5 present invention is preferably not less than 1 ppm and more preferably
not less than 1.0 ppm. When it is not less than 1 ppm, an effect on the
improvement of the photodegradation agtjvity is achieved. When it is not
less than 10 ppm, an effect on the improvement of the photodegradation
activity becomes remarkable. 10 The reason why the photodegradation

sgebvbisinereased by (aantaining apigseribaciameuntaidhe alkalkmerl onic
Is not definitely clear, but it is considered so because the absorption rate

Enf thel decdinpositios target isTeHhanced. ®n:thg ofierchand;¢heapfeectroneter
limit of the alkali metal content 15 is preferably not more than 1, 000 ppm

(2RE meredpreférabl/Sot more than 500 ppm. By having the content of not

may éhg?klaQ%on%&%’le%g{]e%ta %ﬁicgﬂeoﬁoéggzﬁg%g’es%“%0588%%%% to the

Furthermore, by having content of not pm, generatio

p ok sintering of the photpsatalyst in- arcalcination teatmentat 8 2pm and more
temperature range of exceeding 800 degree centigrade can be

psappresséd. [0019] <'Substantially maving ridhporest nisansothat tseretdren 1 pom,
substantially no pores present in a silicon oxide film when pore. 25 size

P . . ,
ARihbGion 6 PhOCRARFEIR detive ba%e 56T 38 S0 TAR raehafmt 1vity is
e prpdyction of e sligon xide Goated, photaatalyst is.comnargd i), ¢

that of a silicon oxide coated 12 photocatalyst preparea by using t
ippetocatalytically activebase dr thearangecef 20:-10: 500 Angstromss [0@20]r kable.

Specifically, pore size distribution of a photocatalytically
The reason why the photodegradation activity is increased by
containing a prescribed amount of the alkali metal is not
definitely clear, but it is considered so because the absorption
rate of the decomposition target is enhanced.

Onn the other hand, the upper limit of the alkali metal content
is preferably not more than 1,000 ppm and more preferably not more
than 500 ppm. By having the content of not more than l,COO ppm,
elution of a silicon oxide film can be suppressed. Furthermore,
by having the content of not more than 500 ppm, generation of
sintering of the photocatalyst in a calcination treatment at a
temperature range of exceeding 800 degree centigrade can be
suppressed.

[0019]

“Substantially having no pores” means thét there are
substantially no pores present in a silicon oxide film when pore.
size distribution of a photocatalytically active base used as a
raw material in the production of the silicon oxide cocated

photocatalyst is compared with that of a silicon oxide coated
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5 active base and that of a silicon oxide coated photocatalyst are found
out by the measurement of pore size distribution such as a nitrogen
adsorption method or the like, and compared to each other, whereby it is
possible to determine whether there are substantially any pores present
in a silicon oxide film or not. 10 To more specifically describe a way of

pHiBding:the pese size Listibuion ageQrding totbe piragenadsauplionact ive base
method, it is possible to determine whether there are any pores present in

ira silieomoxige fillh adcardingo the: folfowdmg methods (1) to (4) Herein,
an example of using a photocatalyst particle as a base will 15 be
de5BfBdd below. (1) a photocatalyst particle is dried at 200 degree

. | A o isotber i h : g
&egﬂrﬁ%;iffﬁﬁ??%?ﬁ” l@@é\é Qgé%rpél%?ol%%ﬁgl% _fdeasong%%B%of%?f§tlcally

2)"an N2 adsorption isotherm of the silicon oxide coate

a20iphotpeatalystin thesdesarption pracess is:merswredr () haotocatalyst are
aforementioned two N2 adsorption isotherms are interpreted by the BJH

f¢BadetiJoyher-Hatenda)smethothtb obtaino sdog Hifferéhtidlgore pimeuch as a
distribution curve in the range of 20 to 500 Angstroms; 25 (4) b

" ORAATAG 76 105 ifer Bl B8 VOllime HETbGoh - EURBE WHER B OFheT
wiiBagoian ILWhich the og differentil pare, wolue ofibe SIGON AR anc a1y

coated photocatalyst is not less than 13 0.1 mg/g greater than the log

armifferental pore yehume of thes photosatalystparticlenit is-detetmined that
there are substantially no pores in a silicon oxide film. On the other hand, _
wHeh thefe iss® fegibn i whichthedsd dfffeteitial pote Yorfaey the pore size

distribution according to the nitrogen adsorption method, it is
possible to determine whether there are any pores present in a
silicon oxide film according to the following methods (1) to {(4).
Herein, an example of using a photocatalyst particle as a base will
be described below.

(1) a photocatalyst particle is dried at 200 degree centigrade
and then an N, adsorption isotherm in the desorption process is
measured;

(2) an N, adsorption isotherm of the silicon oxilde coated
photcocatalyst in the desorption process is measured;

(3) the aforementioned two N, adsorption isotherms are
interpreted by the BJH (Barrett-Joyner-Halenda) method to obtain
a2 log differential pore volume distribution curve'in the range of
20 to 500 Angstroms;

{4) by comparing two log differential pore volume distribution
Curﬁes, when there is no region in which the log differential pore

volume of the silicon oxide coated photocatalyst is not less than
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5 of the silicon oxide coated photocatalyst is not less than 0.1 mg/g
greater than the log differential pore volume of the photocatalyst patrticle,
it is determined that there are pores present in a silicon oxide film.
Moreover, having a range of not less than 0.1 ml/g is because a
measurement error of about 0.1 ml/g wide of the log 10 differential pore
0 vPlume yalyie inthe measurement ofporesdistribytion by dbe aitiedaine of the
adsorption method occurs in many cases. When two log differential pore
pivetume distrutigreeurves are iconiparéd e thel rangecdf20 t0B0E are
Angstroms, existence of pores 15 in a silicon oxide film can be
SEpBSRMEAR dEtEt el Fulthemidrel 98 Meredsretérable At g lpgher hand,

wishifereptial, pore volume distributign,cyrves are compay e?@gé@(?f BN volune
région In which the16¢ titferantial pore volume of thé silicon oxide ‘

o €aatedphotocatalyst isnet lessihan: 4 nalc greater thas theddlaghan 0.1 my/g
differential pore volume of the photocatalyst particle in the range of 10 to

§11eB0R: Argstronm$.d 0024 ] ciléraimanhién thererarerpdrasspresditénithetocatalyst
silicon oxide film, it is difficult to improve the photodegradation activity.

PTRe1SE foaddnis it CRARRE IEAR bt ERSapFoRRd REATHhe & & 911icon

- oQifI}éSi%'l%r.eﬂeﬁH%é?%@%t %ﬂﬂJXr‘F&CHrSEQﬁE% silicop gxide, flm-due 1oy 3 11 /g

existence of the pores for reducing light intensity 14 of ultraviolet rays

i seaching the phatocatalwically active base apdureducing:the amoud off the log
holes and electrons generated by the excitation of the photocatalyst.

dFifktherrin vase o tite arhemaniouhtof silicémexideasetfor bbatiig, HAise

supposed that the , , L
distribution by the nitrogen adsorption method occurs 1n many

cases.

When two log differential pore volume distribution curves are
compared in the randge of 20 to 500 Angstroms, existence of pores
in a silicon oxide film can be substantially determined.

Furthermore, it is more preferable that two log differential
pore volume distribution curves are compared and there is no region
in which the log differential pore volume of the silicon oxide
coated photocatalyst is not less than 0.1 ml/g greater than the
log differential pore veolume of the photocatalyst particle in the
range of 10 to 1,000 Angstroms.

[0021]

Herein, when there are pores present in the silicon oxide film,
it is difficult to improve the photodegradation activity. The
reason is not definitely clear, but it is supposedly because the
diffusion or reflection of light easily occurs in the silicon oxide

film due to existence of the pores for reducing light intensity
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5 thickness of the silicon oxide film having pores is increased more than
that of the silicon oxide film having no pores as much as the volume of
pores and as a result, the physical distange between the
photocatalytically active base and organic substance of a decomposition
target becomes large so that sufficient 10 photodegradation activity is not

oachieyed.{0022) Theameunt-of siliconeagded tnte the silieer OXide sctive base
coated photocatalyst per a surface area 1 m2 thereof according to the

apresentitvintont isa ¥ahiendalodlatedl fomethe ameurtofisiicoarsrated by the
contained in the silicon oxide coated photocatalyst and the surface area

S 5F the Siltésh SMids 2BafPorsiBEakaKst The HinbifRf of SlicoRisaddd the same
alfia the siticon oxide coated photogatalyst per.a, syrface areal M2 o 4 that the
2.0lmg, preférably ot

thereof is not less than 0.10 mg but not more than

tlessithas .32 rogdut N0t seoresthanel Himg, ZR-anchmere oreferably-pebised more
less than 0.16 mg but not more than 1.0 mg. When such an amount is

theys than'n.20 rAgeaf ‘etfeepbncthiédien fiovenientiofthaagtivity byethenuch as the
sﬂigon oxpe film is not, sufficient so_that an effect on the improvement of

Vthe "PhotodB§ratatidhhéiify falt OntheFSthar fand WREATRE J3tveen the
p%%£@é§@eﬂsc%-91rgga@@i@rgp9§@@ %t%!ae@@asrgf&u%l%@&ﬁ%e of a

silicon oxide coated photocatalyst is too lowered so that the
dphototlegidadationtactiyity. iokargheinproved. o [002331 Thesurface:

areas of the base and the silicon oxide coated photocatalyst can be
PR ARSI By Usirra BET Method- Speéific sufaeBfea measuring

insfmezr}t by nitrogen adsorption and '

The amount of silicon loaded into the silicon oxide coated
photocatalyst per a surface area 1 m® thereof according to the
present invention is a_value calculated from tThe amount of silicon
contained in the silicon oxide coated photocatalyst and the surface
area of the silicon oxide coated photccatalyst. The amount of
silicon loaded into the silicon oxide coated photocatalyst per a
surface area 1 m® thereof is not less than 0.10 mg but not more than
2.0 mg, preferably not less than 0.12 mg but not more than 1.5 mng,
aﬁd more preferably not less than 0.16 mg but not more than 1.0
mg. When such an amount is less than 0.10 mg, an effect on the
improvement of the activity by the silicon oxide film is not
sufficient so that an effectAon the improvement of the
photodegradation activity is small. ©n the other hand, when the
amount exceeds 2.0 mg, the proportion of the base occupied in the
silicon oxide coated photcocatalyst is too lowered so that the

photodegradation activity is hardly improved.
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5 desorption after a heating treatment at 150 degree centigrade for 15

minutes in a dry gas flow of not more than -195.8 degree centigrade of a

dew point. [0029] The method for produgcing the silicon oxide coated
photocatalyst 10 of the present invention is characterized by maintaining

the pH of the mixed solution containing both the base and the silicate at 5

or beloye when the base present in an aqueous medium is coated with a

silicon oxide film by using a silicate. [0025] 15 A conventional method for
praducing afehotocatalyst offa tSiricturescoated with acdilicorpoxide fitha ccated
has the following assignments: (A) a raw material of the silicon oxide film

PRORpETSNG; S(B) ShicesIcoReISE Gefehied 38nwbyr produckat idimest 1

20 production and/or an prganic medium is employed, a highly expensive
= R bE bt TSNy LSE exUSER & nevtied (C) Betausa ofd o7 21

alreatmentin gas phageyt isdifficult o, coptre! the amguatefleadedntigrade for
silicon at will, making it difficult to produce the photocatalyst by controlling
1 thenamouat of loaded r35 silisort stably; { D) sincediquid vaste-ddritaminegree ™
dangerous substances such as alcohol and the like is generated, its
CAsposarkEcohtes 16 S¢brRplicated ; and (E) since a silicate compound is
coitue 2@ the pH range in which it is quickly gelated, a silicon oxide film
having pores is formed. [0026]

The method for producing the silicon oxide coated photocatalyst
of the present invention is characterized by maintaining the pH
of the mixed solution containing both the base and the silicate
at 5 or below when the base present in an aqueous medium is coated
with a silicon oxide film by using a silicate.

[0025]

A conventional method for producing a photocatalyst of a
structure coated with a silicon oxide film has the following
assignments:

(A} a raw material of the silicon oxide film is expensive;

(B} since alcohol is generated as a by-product at the time of
production and/or an organic medium is employed, a highly expenéive
explosion-proof facility used exclusively is needed;

(C) because of a treatment in gas phase, it is difficult to
control fhe amount of loaded silicon at will, making it difficult
to produce the photocatalyst by controlling the amcunt of loaded
siliceon stably;

(D} since liquid waste containing dangerous substances such as

alcochol and the like is generated, its dispcsal becomes
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5 For example, in the production methods of Patent Documents 1, 4 and
6 as described in Background Art items, (A), (B) and (D) are problems, in
the production method of Patent Documgnt 2, (A) and (C) are problems,
in the production method of Patent Document 3, (A), (B), (D) and/or (E)
are problems, and in the production method 10 of Patent Document 5, (E)
i@ Proflemy [00Z7];0n the other hand, in the production method
according to the present invention, since a silicate is used as a raw
mateyiak inoteonlys 4 cheapsavomatesial dan beqdised as a rawpHatetiabef in which
the 15 silicon oxide film but also alcohol is never generated as a .
1 pytpretict ot v ambadigiodactiohl FaRrMermdre IwhBn \Hater i FoHI§ ey formed.
as{adba%jeous medium, since an organic medium, alcohol or the like is
not employed, a highly expensive explosion-proof facility used exclusively

is @8@%@%%?”@_@%%%&%@91%%W@éﬁ%@d@&@@%@f{@d@é&ﬁ\ents 1,
same time. Meanwhile, since a treatment in liquid phase is enabled, the

4 aamountt efsloseied:silicon isrdlativelyr easity daritralteeat, wilk )FurthBer,and (D) are
when the base is coated with a silicon oxide film, since the pH of the

PRAReFESIutibh dotaiRie Bicth tRE BASEAH the 75 shiate S BFBSIoty, a'h) 2nd

(é?!gé'%‘ ‘éao{‘é%' Sk S!ﬂ'ﬁa%%%omPB&G%t%%@gb?né% oly, pé%s‘%f%@élgts'!ﬂ%%“ument 3,
oxide substantially aving no "pores can be formed on the surface of the

(hase(dy, [0028LExamples:of the aguenus medigayin the @bovesduct ion method
production method include water or a mixed solution containing water as
oA riaihe componentand an ofganitsolvart capable of being dissolved in

[0027]

On the other hand, in the production method according to the
present invention, since a silicate is used as a raw material, not
only a cheap raw material can be used as a raw material of the
silicon oxide film but also alcochol is never generated as a
py-product at a time of production. Furthermore, when water is
only used as an aqueous medium, since an corganic medium, alcohol
or the like is not employed, a highly expensive explosion-proof
facility used exclusively is not necessary and disposal of liguid
waste is not complicated at the same time.

Meanwhile, since a treatment in ligquid phase is enabled, the
amount of locaded silicon is relatively'easily controlled at will.
Furthef, when the base is coated with a silicon oxide film, since
the pH of the mixed solution containing both the base and the
silicate is 5 or below, a solution containing a silicate compound
can be stably present and silicon oxide substantially having no

pores can be formed on the surface of the base.
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5 water such as aliphatic alcohols, aliphatic esters and the like. Concrete
examples of the agueous medium include water, and a mixed solution of
water and methyl alcohol, water and ethyl alcohol, water and isopropanol,
and the like. Of these, water is preferable. Further, these water and mixed
solutions can be used singly or in 10 combination of two or more kinds. In
the ggyggus medium, in order to enhance the dispersibility or solubility of
the base, an organic solvent capable of being dissolved in water such as
aliphatig laleohals - akiphaiicestersiantli the like, arsurfdetant suchdasstion method
aliphatic amines, aliphatic polyethers, gelatins and the like can 15 also be
Lhgrvstemixetie J0020] 2AT Bt ate ddlPsf £eiERdridantfrah a5 2 maln
- oligomer theregf is used and it may also _be usecg)inecorgb'nationrgét%vség&ved in

r%rk?ﬁl&s.ag ditin Saffs'dnd psdf)asg?ur%ﬁ sgft§ are prefera e fr
wYiewpaint-20 that they can e indusirially availablewhile ap@agueossd the like.

solution of sodium silicate (JIS K1408 "water glass") is more preferable
Csinceea dissolving step tan-ee amitted.J0080] Whenal balse présent ineh 2 mixed
agueous medium is coated with a silicon 25 oxide film by using a silicate

5 ¢He: hdaBoE gt BaSe BAd Sifitartl&reltRked VA the Riixat- §dlation €O~
wé%%%bé%%”%‘%}élg ggm%p,e%{ﬂ%a% & coating method.inclydesa step of . o ap e

mixing at least ny one seto an agueous medium contalnlng a
rhaseand a silisate; (i} anaquecusmediin coptainingra siicate=and tngly or in

base, and (iii) an aqueous medium containing a base and an agueous
conddiumt tontaifinga silicate,nd arstep of byifig the mired SORADHIR 1n order
to enhance the dispersibility or solubility of the base, an organic
solvent capable of being dissolved in water such as aliphatic
alcohols, aliphatic esters and the like, a surfactant such as
aliphatic amines, aliphatic polyethers, gelatins and the like can
also be further mixed,

[0029]

As a silicate, a salt of a silicic acid and/or an cligomer thereof
is used and it may also be used in combination of two or more kinds.
Sodium salts and potassium salts are preferable from the viewpoint
that they can be industrially available, while an aqueous solution
of sodium silicate (JIS K1408 “water glass”) is more preferable
since a dissolving step can be omitted.

[0630]

When a base present in an agueous medium is coated with a silicon
oxide film by using a silicate, the aqueous medium, base and
silicate are mixed, and the mixed solution is subseguently aged.

Specifically, a coating method includes a step of mixing at least
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5 a step of aging, coating of the base with a silicon oxide film is slowly
progressed. At this time, it is necessary to maintain the pH of the aqueous
medium containing both the base and the silicate at 5 or below, and the
pH is further preferably in acidic regions of not more than 10 4. When the
pH is maintained at 5 or below in the absence of a base, a condensate of

arsiicate compound isshardly precipiiatec stagly from agilicisgeidiad 2 silicate,
silicate ion and/or an oligomer thereof. On the other hand, when the pH is

( aintainedwta:or befdwrinths prdsence of & bhseathe sifacelsite and (11i)
base functions as 15 a condensation catalyst of a silicate compound and a

AT ROATde TS UKV Generafe oy R tAE SuFAcE BF fhe’ Bass o+ v
~amely; fhe.acidicrange of pty; S.orbelgw enables fo.make aAsQluben ution. In

containinga silicate compound stable and is a rangé capable of forming

a Silicop @ddedn the feren efiadilm orcthe surfacesafithea 20ihases 003%]din £ilm is
the basic range of pH 11 or more, when a solution containing a silicic

s betdh v silicatesaw afdd/or an oligomer thereof is aged similarly to the
acidic range of pH 5 or helow, a condensate of 25 a s,ilic%tﬁ compoy

nd. is
hatrdily Pregipitdtsd. Howevet CSiics 3 dilicon Skide-fiit'is fornted froni - 2 41eCHS
. ORv.a part of the silicate in, use,Jt {s.nqQt preferable. Eyrthermaressingesy pelow,

the pH range of 6 19 to 11 easily generates a condensate of a silicate
aicampeupd, thatfis; afine sitiedr oxtdeyparticie add/orget ithessiticonaxidere than

film becomes porous or silicon oxide is partially formed on the surface of
4theBQ@@s§ﬁﬁmﬂﬁb@%n%ﬁéﬂﬁé&@?d at 5 Or below in the absence of a

base, a condensate of a silicate compound is hardly precipitated
singly from a silicic acid, a silicate ion and/or an oligomer
therecf. On the other hand, when the pH is maintained at 5 or below
in the presence of a base, the surface of the base functions as
a condensation catalyst of a silicate compound and a silicon oxide
film is quickly generated only on the surface of the base. Namely,
the acidic range of pH 5 or below enables to make a solution
containing a silicate compound stable and is a range capable of
forming silicon oxide in the form of a film on the surface of the
base.

[0031]

In the basic range of pH 11 or more, when a solution containing
a silicic acid, a silicate ion and/or an oligomer thereof is aged
similarly to the acidic range of pH 5 or below, a ccndensate of
a silicate compound is hardly precipitated. However, since a
silicon oxide film is formed from only a part of the silicate in

use, it is not preferable. Furthermore, since the pH range of 6
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5 When an organic medium such as alcohol or the like is present in an
agueous medium, since the pH cannot be accurately measured with
water pH electrodes, it can be measurqu)y using pH electrodes for an
agueous solution containing an organic medium. Separately, it is also
possible to measure the pH by substituting the organic 10 medium with

cguager glihe same yolume J0D32] e method formaintaining. e plAlna, that

the mixed solution containing both the base and the silicate at 5 or below, _

s when thenbase, silicate, @oueous sotvent arexmixeskane agedha methodon oxide
in 15 which the pH of the aqueous medium is always measured and

£ properc adistat by adding & adidehdox bdse hfaypbe gbad i MoherBEG on the
is convenient if the total weight of the basic con(w}ponen contajned in the

S\fiicafefused in'the PREGuctdni8 AeutriliZet AR thieat “44d i an
amHOL SHH'%%;IQ&@%@HBEI? Q Relowds piesant12Q in the.aqyeus s present

medium in advance. [0033] Any acid can be used for an acid, but a

imiaaral @cishis prapedyinysedi Acidstimaydie usedhsingheorinccombimationeasured
of two or more kinds. A base (chemistry) is not particularly needed to use

w DElsafrarately ivhds e apsve ﬁ&mﬁsg&wﬁﬁﬁméﬁﬁﬁ%&% electrodes

weight of the basic ¢ onent contained in the silicate. is _ne ttalizeds% d.. rel
£ rer% anracid gn‘?rﬁ%? éluﬁi%fle{r]ﬁ forthd pH 20" B 5'or %g%]%/vufvpsl présent Yo

1 {n the aqueous medium ip adyanse JHoweyer Whenaibasedehemistedsorganic
used, any base can be used. Of such bases, alkali metal hydroxides such
mad potasgiurh hydtexide, Sodium shydroxidéwamel.the like are properly used.

(0032]

As a method for maintaining the pH of the mixed solution
containing both the base and the silicate at 5 or below, when the
base, silicate, agqueous solvent are mixed and aged, a method in
which the pH of the agueous medium is always measured and properly
adijusted by adding an acid and a base may be good. However( it
is convenient if the total weight of the basic compeonent contained
in the silicate used in the production is neutralized and then an
acid in an amount sufficient for the pH of 5 or below is present
in the agueous medium in advance.

[0033]

Any acid can be used for an acid, but a mineral acid is properly
used. Acids may be used singly or in combinétion of two or more
kinds. A base (chemistry) is not particularly needed to use
separately when the above method is employed such that the total

weight of the basic component contained in the silicate is

neutralized and then an acid in an amount sufficient for the pH
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5 [0034] The reaction conditions such as the reaction temperature,
reaction time and the like while aging the mixed solution and coating the
base with a silicon oxide film are not partigularly restricted as far as
generation of the desired silicon oxide coated 10 photocatalyst is not
adversely affected. The reaction temperature is preferably not less than

o £0;dggree cantigrade but pot moxe, than,, 200 degree; centigrade,apdmore cwever,

preferably not less than 20 degree centigrade but not more than 80
wiegree tentigradeahen ityis less thandl0 degrebeatigrader & becerhes 0f such
difficult 15 to progress condensation of a silicate compound, whereby )
byaRération efld s loXie i is penfatkibiSderRyad dhgtrey droxide, sodium

deteriorated productivity of the silicon oxide,coated photocatalyst might

D Eraugh dbout 1 S SasbLC T 16 KErhSGrat 1B higher han 200
degraesqentigrade, a 20 condensate of a silicate compound, that is, a fine
silicon oxide particle and/or gel is easily generated so that the silicon
oxitlee filne betdmes ponotis dOrsificem okideds padiallyformediohthperature,
surface of the base in some cases. [0035] 25 The time to age is

T BReterabily hofIBsS A L6 nintifes Bt Hot AMbRStha a0 RsitsSany t1on and
c%%f%? efefably not less than 1haur byt %%ér%%feéb%,ﬁgﬁh%% When; cutariy

ss than 10 minutes, coating 21 with t icon oxi m is not fully

r PEagressedisa dhas an effect onthedmprevementefithe photodegradatione coated
activity due to a coating film might not be sufficiently achieved in some
pbases:aWhendt takes iohgelthansin hblrs; thelphdibsataicallpacivererature

ig preferably not less than 10 degree centigrade but not more than
200 degree centigrade and more preferably not less than 20 degree
centigrade but not more than 80 degree centigrade.

When it is less than 10 degree centigrade, it becomes difficult
to progress condensation of a silicate compound, whereby
generation of a silicon.oxide film is remarkably delayed and the
deteriorated productivity of the silicon oxide cecated
photocatalyst might be brought about in some cases.

If the temperature is higher than 200 degree centigrade, a
condensate of a silicate compound, that is, a fine silicon oxide
particle and/or gel is easily generated so that the silicon oxide
film becomes porous or silicon oxide is partially forméd on the
surface of the base in some cases.

[0035]

The time to age is preferably not less than 10 minutes but not
more than 500 hours, and more preferably not less than 1 hour but

not more than 100 hours. When it is less than 10 minutes, coating



10

15

20

25

5 base is sufficiently coated with the silicon oxide film and also enhances
the photodegradation activity, but the productivity of the silicon oxide
coated photocatalyst might be deteriorated in some cases. [0036) 10
Meanwhile, the concentration of the photocatalytically active base
contained in the mixed solution is preferably not less than 1 weight % but

wg%m&ﬁ% than, 30 weight % and more prefetably,Aat lessdhan owaight %nat an

ut not more than 30 weight %. When itis less than 1 weight %, the
e productivity 1of ¢he siliconoxide coated d5photecatalysidmighibeaccivity due to
worsened. When it is higher than 50 weight %, coating of the base with
attweosiliéeny okikrfilmiig Hotumiformiys prddressad b thatdre éffecion faee cases.

improvement of the photodegradation activity might not be sufficientl .
R ot e E3iS B CFE colCBHEN A EOP S LY 2ctive
pixed 20solutioniis preferablynot less than,0,09 WeighHBYIROLMOLE and also

than 5 weight % and more preferably not less than 0.1 weight % but not
emoie dhan 3hweeightcioo déhen the siieom cancentrationis lesse tham@@Stivity of

weight %, condensation of a silicate compound is delayed so that coating ,

t hRtheiddsecnitls Bislifcorratiae it ahigheRet25 be Bliffitieritn d8kferiorated in
cases. When the silicon concentration is higher than 5 weight %, coating

S 6f the agewith a silicon oxide film might not be uniformly progressed in
somgeases. 22 [0037] In the production method of the present invention,

the proportion of the amount of the photocatalytically active base and the

siligaterugedlis preferablymoetdess: tham0.01 mgmmRibutnobtalytically active

base contained in the mixed solution is preferably not less than
1 weight % but not more than 50 weight % and more preferably not
less than 5 weight % but not more than 30 weight %. When it is
less than 1 weight %, the productivity of the silicon oxide coated
photocatalyst might be worsened. When it is higher than 50 weight %,
coating of the base with the silicon oxide film is not uniformly
progressed so that an effect on the improvement of the
photodegradation activity might not be sufficiently achieved in
some cases. Thé concentration of silicon contained in the mixed
solution is preferably not less than 0.05 weight % but not more
than 5 weight % and more preferably not less than 0.1 weight % but
not more than 3 weight %. When the silicon concentration is less
than 0.05 weight %, condensation of a silicate compound is delayed
so that coating of the base with a silicon oxide film might not
be sufficient in some cases. When the silicon concentration is
higher than 5 weight %, coating of the base with a silicon oxide

film might not be uniformly progressed in some cases.
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5 more than 0.50 mg/m2 as a silicon atom per a surface area 1 m2 of the
above base. When this proportion is used for the production, in a step of
forming a silicon oxide film on the surface; of the base, namely, a step of
mixing and aging at least any one set of an aqueous medium containing
the above base and a silicate, an 10 aqueous medium containing a
silicatezand the base, and an aqueous medium containing the base and
an aqueous medium containing a silicate, the desired silicon oxide film

caR’be-fopmelsH thel surfacs b theBade andthe aniount veaslicic the
acid, a silicate .ion, and/or an oli orgert ereof which is/are not condense

d
PORHRE TECaUrAcs OF the Bade Sid TemAined Ghfeatted it be Subprédded2se and
1@ small sg that asilicon oxidedfilm.having pores.mightibe haydly; farmed nue not

in some cases. In the range of not less than 0.50 mg/m2 but not more
mehan Sikmglm2) theypropertion becbimesgeeater, theramosnt fofdhearea 1 m? of
unreacted product is increased for forming a silicon oxide 20 film having

CRBraS iy oReSCased bl gehefalitiPBrFores RakigetSBy chRdehBatiGT sRuct Lon,

. Ihe unreacted. product can be avoided by reducing. the treatment time. R
'“X%O%38ﬁrcipco%d{:re%%n§tﬁgd?ors 6roﬁﬁ%fﬁg%tﬁé%jﬁig§ﬁ%§l(id)encéta ed %%I%ace of the

bpbejocatalystof @eﬁﬁée@iﬁnﬁ&ti%in&!{@%gﬁ%fxﬁnI@J%a tPrRAUCton set of
method including (step a) a step of mixing at least any one set of an

alagagoas wiediamicontaininggea baseg andaa silicate, am 28 aqueaussilicate, an
medium containing a silicate and a base, and an aqueous medium

> BORTAtinG 4 bede G &ikods Peditim Comaming'a Smieate, (@p) aaueous
ndSIER Péggi&gﬁbenfaixggeswsog andicaafing, f1e,8ase it 3.S1EN 21 ning a
oxide film, (step CJ) a’step of separating

silicate, the desired silicon oxide film can be formed on the
surface of the base, and the amount of a silicic acid, a silicate
ion, and/or an oligomer therecf which is/are not condensed on the
surface of the base and remained unreacted can be suppressed to
small so that a silicon oxide film having pores might be hardly
fermed in some cases. In the range of not less than 0.50 mg/mzbut
not more than 5.0 mg/m°, the proportion becomes greater, the amount
of the unreacted product is increased for forming a silicon oxide
film having pores in some cases, but generation of pores caused
by condensation of the unreacteciproduct.can be avoided by reducing
the treatment time.

[0038]

A concrete method for producing the silicon oxide coated
photocatalyst of the present invention includes, for example, a

production method including {(step a) a step of mixing at least any

one set of an aqueous medium containing a base and a silicate, an
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5 a silicon oxide coated photocatalyst from an aqueous medium and

washing without neutralizing the mixed solution, and (step d) a step of

drying and/or calcining the silicon oxide.coated photocatalyst, in which, in

steps (a) and (b) , the pH of the aqueous medium containing both the

base and the silicate is maintained at 10 5 or below. [0039] When
ageRarting.the silicon,axide, eqated photocatalystiiam the,aqUequst an aqueous

medium, neutralization causes problems such that an efficiency of the
meedustiondnihe wikali metad portiondinamwashing b stegbecomestaining a

worsened and a silicon compound remained as dissolved in the aqueous

- siiddiafds condensd and berted sethat aldorold 5ahca Ay sty coating

The silicate salution is_ dealkalized.in nganc ggg the dealk

lized .
CREIRRPES brePared e Sropartion of the ‘&motnt of %eS%IeZg of separating
a Photocatalytically activg hage.and- 20:the silicaterysed isimade smallefedium and

whereby the above problems can also be avoided or minimized.
witaweverwhenthe siicom oxidei cgatdtephdteeatalyst istseparateddromtep d) a
the aqueous medium without being neutralized, the above problems can
s BeraveTdetr 561Gt idnprétérabiel Bédduse theredddiforrmethditiscoated

implified. 25 [0040] A method for separating the silicon oxide a&%the S OLEOUS
p%ﬁ% o%aa%ﬁ/,ts[%rbrﬁ t Vénn%&%eﬂ %&U%I%%pig nec?t p%%éul%fy’lirﬁitecﬁ% nown quect

n2di methads.forn example:a patunahfilterdngimethod.a iregueedpressuneained at
filtering method, a pressure filtering method, a centrifugal separation

Smethbeé bothe like can be properly used. A method of washing the silicon
ox?goc?)ogajted photocatalyst is

When separating the silicon oxide coated.photocétalyst from the
aqueous medium, neutralization causes problems such that an
efficiency of the reduction in the alkali metal portion in a washing
step becomes worsened and a silicon compound remained as dissolved
in the agueocus medium is condensed and gelated so that a porous
silica fiilm is formed. The silicate solution is dealkélized in
advance and the dealkalized solution 1s prepared, and the
proportion of the amount of the photocatalytically active base and
the silicate used is made smaller, whereby the above problems can
also be avoided or minimized. However, when the silicon oxide
coated photocatalyst is separated from the agqueous medium without
being neutralized, the above problems can be avoided. So, it is
preferable because the production method is simplified.

[0040]

A method for separating the silicon oxide coated photocatalyst

from the mixed solution is not particularly limited, bult known
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5 not particularly limited. However, for example, repetition of re-dispersing
in pure water and filtering desalination washing by ion exchange
treatment can be properly used. Further; gdepending on the applications of
the silicon oxide coated photocatalyst, a washing step can also be
omitted. 10 A drying method of the silicon oxide coated photocatalyst is

80k pasticutarly limited., Howgver ferexanple:air drgnenatacaam rying,
heat drying, spray drying or the like can be properly used. Furthermore,
rddpending wrstherappficatiens. obthessiicon, 0xide toatet phétbéatalyistda method,
drying step can also be omitted. 15 100411 A calcining method of the L d
2 sflfeBh oXide BafstFHGtOCAAIYAE i ot Partictifarty fimiteer How&et for Y 1o

example e “8%%%%?&‘%@ dE%'&‘”é’l% AU galgining, NIOQEN CAIEININGLOR a1 yst is
the'like can be properly used. Usually, calcination can be carried out at a

n 26 temperatune ofi potiless than. 20k degres-centigrade<butriot marepthaincion of
1,200 degree centigrade, but preferably at a temperature of not less than '

r40d tegres tentigrade bt notirore diah £0D0%etfee céntigladeidien washing

mare preferably at a temperature of not less thangoo d grgheucetqyglga}dgepen ding

PR ABLHGIRNAR 866 YEBREL-cERfighsiE "Whgh 25 B Balcihitg

o ef@ﬁ%@&p@ﬂ%éﬁ%m@ 200 degree gentigrade. ;a; desied siiconodde ta1yst, a

IIm is not generated on the surface of the base so that sufficient
wphetpdegrmdationactivity is net achievesti 25 When the calcining
temperature is higher than 1,200 degree centigrade, sintering of the

silibomosia coatée Brofosalyst L isrodgredsil sehacsifieleneatalyst is not
oRO AN ARYEL'S Nl REVEYS A IR SPELEMAGINE, vacuun
drying, heat drying, spray drying or the like can be properly used.
Furthermore, depending on the applications of the silicon oxide
coated photocatalyst, a drying step can also be omitted.

[0041]

A calcining method of the silicon oxide coated photocatalyst is
not particularly limited. However, for example, reduced-pressure
calcining, air calcining, nitrogen calcining or the like can be
properly used. Usually, calcination can be carried out at a
temperature of not less than 200 degree centigrade but not more
than 1,200 degree centigrade, but preferably at a temperature of
not less than 400 degree centigrade but not moie than 1,000 degree
centigrade and more preferably at a temperature of not less than
400 degree centigrade but not more than 800 degree centigrade. When
the calcining temperature is less than 200 degree centigrade, a

desired silicon oxide film is not generated on the surface of the

base so that sufficient photodegradation activity is not achieved.
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5 silicon oxide coated photocatalyst, a calcining step can also be omitted.
[0042] Furthermore, the photocatalyst according to the present invention
can also be used in the form of a liquid dispersion and 10 a coating
composition as needed. Further, it can also be used as a raw material in
a known photocatalyst improvement method in order to achieve high

wAstvation, epdewment of Misile light-tesponge o sembination withandegree

antibacterial metal compound, endowment of the dispersibility by surface
cenodifipation, sappressiongpfd5 déterierationcot acphictecatab/stcoptairiingatalyst
_material caused by making a composite with a compound that is inert as

15 prGtBEaERRE T thatikes ASlthe abveprovEHReN Rt o], Hhdre? 1Y 18 not
2DRYEPESD knpuin, [orexawPle & MieH1ad for AUeMPLg g ACNAIONGT ¢ e
ell se by lo in a

endowment of Visi ght réspo ding a plat compound,
s methed 20.fonimpravingiaptibiesisdnulvading a sitvercompopngebacan also be
copper compound, a method for providing the dispersibility into an '
opigaris! .medium by carrying out a surface treatment by an organosilicon
com oggd for modifying the photocatalyst surface to be organophilic
medium; And a method for making a composite with 25 hydroxyl apatite.

The photocatalyst liquid digpersion.according to the present, invention. s+

contains the photocatalyst according to'the present 26 invention, aliquid
i megitnand-agispersionestabdizernTha digais-dispersionean alsoilgpersion and
used for porcelain, glass, film, wallpaper, building material, curtain,
aclsthingnablenars atid te fike Raciost and eart afse/be tisedasiad fanwbe used as

material of a . :
a raw material in a known pheotocatalyst improvement method in order

to achieve high activation, endowment of visible light response,
combination with an antibacterial metal compound, endowment of the
dispersibility by surface modification, suppressiocn of
detericration of a photccatalyst-containing material caused by
makiﬂgeacomposite with a compound that is inert as a photocatalyst,
or the like. As the above improvement method, there have been known,
for example, a method for attempting high activation or endowment
of visible light response by lcading a platinum compound, a method
for improving antibicsis by loading & silver compound or a copper
compound, a method for providing the dispersibility into an organic
medium by carrying out a surface treatment by an organosilicon
compound for modifying the photocatalyst surface to be
organophilic medium, and a method for making a composite with
hydroxyl apatite.

The photocatalyst liquid dispersion according to the present

invention contains the photocatalyst according to the present
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5 photocatalyst-containing material, a photocatalyst coating composition
and the like. [0043] Examples of the liquid medium include water,
alcohols such as methyl alcohol, ethyl algohol and the like, aromatics
such as 10 benzene, toluene, xylene and the like, esters such as ethyl
acetate and the like, ketones such as acetone and the like. It can be

iprepetlydised depending eniitsrapplicationsplutfiam theanawpeist of The 1igquid
environmental harmony, water is more preferably used. [0044] 15 As the

d Higpersionstabilizer am ivhie sstffdctant arwetingnageht othickemingva L Lpaper,

ent, an acid, a base ( chemlstré) and the like can be pr Iggrly us

b e PRSI aEA By 16 Coed SRR O Ripdse ke a5
; thereof may be gontalned: As,Sugh 8 sudfactapt o, preferaphy.used are

ionic surfactants such as 20 carboxylic acid salts, sulfonic acid salts,

plsulfuric:acit estercsalts iphosphatie acithesteasalts; atkylamingssaltspat ing
quaternary ammonium salts and the like from the viewpoint of the
Coligpeesibiligi: [6045] 2% Thékdoncentration of the silicon oxide coated
ph o&?ge;yyst contained in the photocatalyst liquid dispersion is not
particularly limited, but it is preferably not less than 2 weight % 27 but not

maergdhan 20 weight % ﬁmamar%rﬂ%abmqtd@%s than. 5 Weight #6. byt such as
not more than 30 weight %. When it is not more than 2 Welght %, the

mebheantrationiaf the silicoh oxidetodtednphatoeathiyst contaimed: incthesuch as
liquid dispersion is lowered so that

benzene, toluene, xylene and the like, esters such as ethyl acetate

and the like, ketones such as acetone and the like. It can be

properly used depending on its applications, but from the viewpoint

of environmental harmony, water 1s more preferably used.

[0044]

As the dispersion stabilizer, an ionic surfactant, a wetting
agént, a thickening agent, an acid, a base (chemistry) and the l1ike
can be properly used. One of these dispersion stabilizers may be
contained or two or more kinds thereof may be contained. As such
a surfactant, more preferably used are ionic surfactants such as
carboxylic acid salts, sulfonic acid salts, sulfuric acid ester
salts, phosphoric acid ester salts, alkylamine salits, quaternary
ammonium salts and the like from the viewpoint of the
dispersibility. |

[0045]

The concentration of the silicon oxide coated photocatalyst

contained in the photocatalyst ligquid dispersion is not

particularly limited, but it is preferably not less than 2 weight %
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5 the -economical efficiency becomes worsened in some cases. When it is
not less than 50 weight %, the dispersibility of the silicon oxide coated
photocatalyst contained in the liquid dispersion becomes deteriorated in
some cases. [0046] 10 The concentration of the dispersion stabilizer
contained in the photocatalyst liquid dispersion is not particularly limited,

Hldt Ahe tatalk-amennt okihe dispersion stabilizeris preferablymoy less thasss than
1 weight % but not more than 1,000 weight % and more preferably not

5 |l@ssitiian 2 Weight 96 but net miere than-20Qiveight %D bakedicnted more than
silicon oxide coated photocatalyst, When it is not more than 1 weight %,

2 disperdion of te &ilicom oRiie coated photb&atafstoy te aiparsioated
o B@Q@ﬂ%}?%‘}gr‘%% ylly. progregsed.in.spma cases i s notiessthal so that

,000 we , an effective component exhibiting a photocatalytic action
+ might-20,be reducedrinisome eases wheadhediguishdispersiamisactuallys.  When
used. [0047] At the time of dispersion of the photocatalyst according to
ithé spresent irverition; aShachirg o Be used Bire pastiduidrytimitédt g silicen
but a wet dispersion machine such as a ball mill 3rind r, a_.bead, mill

Oﬁﬁﬂ&eﬁ%ﬁﬁﬁﬁ{a&%&%Eadﬁ/n%rf:g%@%ﬁl% sufe WaE a%&r%}‘lz‘i“r?g dispersion
1 2PRaratus;and the like can be properly. used. At the time 28 of dispersion,

these wet dispersion machines may be used singly or a plurality of

majchines) may be successively used. Furthermore, before dispersion is

carried out with a wet grinding machine, coarse grinding may be carried _
OUFB?Lﬁmﬁfﬁ%ﬁﬁﬂﬁﬁfﬁéémﬁé%Gaﬁpersion—Stabi izer contained in the

photocatalyst liguid dispersion is not particularly limited, but
the total amount of the dispersion stabilizer is preferably not
less than 1 weight % but not more than 1,000 weight % and more
preferably not less than 2 weight % but not more than 200 weight %
based on the silicon oxide coated photocatalyst. When it is not
more than 1 weight %, dispersion of the silicon oxide coated
photocatalyst by the dispersion stabilizer might not be fully
progressed in some cases. If it is not less than 1,000 weight %,
an effective component exhibiting a photocatalytic action might
be .reduced in some cases when the liquid dispersion is actually
used.

[0047]

At the time of dispersion of the photocatalyst according to the
present invention, a machine to be used is not particularly limited,
but a wet dispersion machine such as a ball mill grinder, a bead
mill grinder, an ultrasonic wave grinder, a high pressure wet

atomizing apparatus and the like can be properly used. At the time
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5 as a dry grinding machine or the like. [00481 The photocatalyst coating
composition of the present invention contains the photocatalyst according
to the present invention, a liquid mediugyand a binder. The photocatalyst
coating composition 10 can also be used for the production steps of
processed products such as porcelain, flat glass, film, wallpaper, building

omaleriale cuirtain, clothing, fablewargand the like: @ glass, vatersvalh épd singly
inner wall of a building, or road surface, soundproof wall, tunnel wall,

omark; Huraihationahdthelike; sniadditien 1o dee 35 Aferbinestished furthermore,
articles and the like in ready to use state, When such articles are used b

06 58, BB TP be Birkety L4t br Hiay becdied B GHE Brmbre™ e
el RssIa Dy limed aafsoainn Hn i ACeL I IRIOWachine such

adhesiveness or protect a base. 20 [00491 Examplés of the liqui

amediumynelude water, micahols:suech asemethytalcohol, ethyl alcohol and
the like, aromatics such as benzene, toluene, xylene and the like, esters
sudiW8d‘ethyl acetate and the like, ketones such as acetone and the like.

Depending %n 25the a rglications, the |E_%§|)Jid o egi%msfca}aqlgepprgggrlyé i nvent ion
used &irgly &Qﬁtc%ﬂbg afi6h ot 890 SPIRGIE'KINGE: Aéwever:from the
cYIBWpoINt QkénﬁﬂaHB%%%%%?HE°Q£5$%Qfﬁgmdyeéﬁéﬂp9@§3ﬂ§ invention, a
preferably 29 used. [0050] Examples of the binder include colloidal silica,
1siljearemesin;alkoxysilaneand pariak hydeolysates thereofoa silicgncomposition
compound
can also be used for the production steps of processed products
such as porcelain, flat glass, film, wallpaper, building material,
curtain, clothing, tableware and the like, oxr glass, outer wall
and inner wall of a building, or recad surface, soundproof wall,
tunnel wall, mark, illumination and the like, in addition to the
aforementioned articles and the like in ready to use state. When
such articles are used by cecating, articles may be directly coated
or may be coated on one or more intermediate layers to be formed
as a ceating film in order to improve adhesiveness or protect a
base.

[0049]

Examples of the liguid medium include water, alcohols such as
methyl alcohol, ethyl alcohol and the like, arcomatics such as
benzene, toluene, xylene and the 1ike, esters such as ethyl acetate
and the like, ketones such as acetone and the like. Depending on
the applications, the liguid mediums can be properly used singly

or in combination of two or more kinds. However, from the viewpoint

of environmental harmony, as a liguid medium, water is preferably
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5 such as organoalkoxysilane that is alkoxysilane partially substituted by
a hydrocarbon group, a titanium compound such as orthotitanate,
titanium peroxide, titanium alkoxide, acetyl acetonate of titanium, sol of
titanium oxide and the like, and an organic polymer such as acryl,
urethane, fluoric resin and the like. 10 They may be used singly or in
u&ambination of two or more kinds. Furthermore, a block polymer, a
gradient polymer or the like having two or more partial structures in a
moaoléédlé can also be used. Of these, a titanium compound, a silicon
compound or a fluoric resin is preferable because of its low degradability.

In pARTERIF S15H franitRFCoMpotirdeaRt tHe sii@on ColhFsund htd cone resin,
af%eégfgs?iiéwge H&ﬁfea%ﬁze.i'g%eﬁga%‘&%%%%9“ﬁ bgaung treatment alter, -ompound

coati rom the viewpaoint of environmental harmony, in'particular, more
sprefered arg galicidabsilica, nithotitanate itHaniupbRerOXIden ang ftartinm y
oxide sal consisting of solely an inorganic substance. 20 [0051] A
s pheduiction srethpd of thel phorcataly st eoating combositibinaceorgingte such as
the present invention is not particularly limited,, and,ar%/ r%i hod may be
is

oo s . y
°bod s 1aras ftis & WertredtnRnt etita exhiiting dispersignor - =c°=¥?
= gunding.effect. Eurther; there.can also.25 be ysed.a methgd Of MiXing; e and an

constituent components at a time, followed by dispersion and grinding
otreatimenbon garsying ot Aispersian antegringing stap:by step.oA method the like.
of mixing a binder 30 to the above photocatalyst liquid dispersion can .
ThRp Betisadk: [0052] Alsesbymateridl isesied withePhototatalysfrore kinds.

F523{ing, composition, fgllowed by drying and/or cRICINIng, WhErbY,2, 1ike having
two or more partial structures in a molecule can alsc be used. Of
these, a titanium compound, a silicon compound or a fluoric resin
is preferable because of its low degradability. In particular,
the titanium compound and the silicon compound are preferable since
there are little restrictions on a heating treatment after coating.
From the viewpoint of environmental harmony, in particular, more
preferred are colloidal silica, orthotitanate, titanium peroxide
and titanium oxide sol consisting of solely an inorganic substance.

[0051]

A production method of the photocatalyst ceating composition
according to the present invention is not particularly limited,
and any method may be good as far as it is a wet treatment method
exhibiting dispersion or grinding effect. Further, there can also
be used a method of mixing constituent components at a time,
followed by dispersion and grinding treatment or carrying out

dispersion and grinding step by step. A method of mixing a binder
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5 composite consisting of the photocatalyst according to the present
invention and the base material can be formed. A material, shape,
surface structure and the like of the basg,material are not particularly
limited. However, when a binder made ofoonly an inorganic substance is
used, since a method for improving the 10 strength of the film by heating

vds preferable, 2 hase material, consisting af an inorganic subgtange Havillg used.
high heat resistance is suitable. As an inorganic substance having high
heat tesigtance, properly used are glass, metal, ceramic and the like. 15
EXAMPLES [0053] The present invention is now illustrated in detail ‘
below with referehéa to Exaffpids Howévert e prastROAVEAIGH isGRtt1nd

restricted to the amples. Furthermore, any of an uncoated 20
ot P DSy B A B B B a2 e ¥hereby

cfilpds;heteinafter refarred e as,a \photecatalyst,s Atfirst anievaluatione present
method used in Examples is described. (i) Alkali metal content The
i sedium cantent was: nheasuredtas-thelalkati roetaf comtent. A 2Bterial, shape,

Examples and Comparative Examples to be described below, an alkali
spidtarsthel st sBdiumng ndt8ubdtantially efideds Bulit i< befow 8¢ not

limit.of detection. 31. The sodium content was quantitatively analyzed by .. .,
P bt 41 Btortc BUSGHSton SEECTRStor S (F SOb0. Fhahy Lo TRz

i HHefdetectionwas d-opn. Aseerdingly,csodiunr-eannpthe- delgeted’ing the
refers to the case where sodium is not contained or its 5 content is less

stham@ippnef the film by heating is preferable, a base material

censisting of an inorganic substance having high heat resistance

is suitable. As an inorganic substance having high heat resistance,

properly used are glass, metal, ceramic and the like.

EXAMPLES

[0053]

The present invention is now illustrated in detail below with
reference to Examples. However, the present invention is not
restricted to these Examples. Furthermore, any of an uncoated
photocatalyst and a photocatalyst of a structure coated with a
silicon oxide film is hereinafter referred to as a “photocatalyst.”

At first, an evaluation method used in Examples is described.

(1) Alkali metal content

The so&ium.content was measured as the alkali metal content. In
Examples and Comparative Examples to be described below, an alkali
metal other than sodium is not substantially included, but it 1is

below the iimit of detection.
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(ii) Silicon content The silicon content was quantitatively analyzed by
using an X-Ray fluorescence spectrometry (LAB CENTER XRE-1700,
Shimadzu Corp.). 10 (iii) Specific surfacgalarea The specific surface area
was measured by using a BET method specific surface area measuring
instrument. Example 1 To a glass flask were added 200 g of water and

66,9, Oédé‘ aaqg;@qﬁt&%owygn&&gwgmw %!Ha%“?egj% using an

titanium e shape of particles (ST-01, Is hara angyo Kaisha,

a Lithi anatase-typecadserptive watercantest: 9 (weight 94, specifich sutfade) . The
area by BET method specific surface area measuring instrument: 300

im@/g) Whs spersedtherain té givaian AASEIANGH. 2D Yo a sedkefverannot be
~added 100 g of water and 10.7 g of a a ueous solutlon of %Odlu

d%ji‘l%gﬁ_ee 02 Thitent™36 1 \Felght 96" 8 gontent” 1737 Welgﬁ?mt%j@ed or its
C&S}é@ﬁt\/\_@teﬁgl@gs N, L% aﬂc}n{he resulting material was stirred to give

a B solution. The A solution was maintained at 35 degree centigrade and
stirred.) Tisdreie-was @bnadded dropwise the B solution at a rate of 2
ml/min, to obtain a mixed solution C. The pH of the mixed solution C at

thigHifnesvias B, WHIBSRE nwéd%Bﬁﬁ%ht@%ﬁ%&n%ﬁéaé%%by using an
dggree 32 centigrade, it was continuously stirred.f h € ahimad
ﬁggd so‘llu(%resgenc fl|f§é?eg hder a reduce drBedC% Xondl 'f%%" shimadzy

mixX ilon"C was pressure e obtained
cfilter medium was re-dispersed in 500 ml of water and filtered under a
reduced pressure repeatedly four times for washing and then 5 allowed to

stahidiat)robpetenfperatine ferc2: days.alhe obtained solid

The specific surface area was measured by using a BET method
specific surface area measuring instrument.

Example 1

To a glass flask were added 200 ¢ of water and 66.9 g of an agueous
solution of 1N hydrechloric acid. 24.5 g of titanium dioxide in
the shape of particles (ST-01, Ishihara Sangyc Kaisha, Ltd.,
anatase type, adsorptive water content: 9 weight %, specific
surface area by BET method specific surface area measuring
instrument: 300 m"/g) was dispersed therein to give an A solution.
To a beaker were added 100 g of water and 10.7 g of an aqueous
solution of sodium silicate {8i0, content: 36.1 weight %, Na0
content: 17.7 weight %, JIS K1408 “Water glass No. 17), and the
resulting material was stirred to give a B solution. Tﬁe}ksolution
was maintained at 35 degree centigrade and stirred. Thereto was
added dropwise the B solution at a rate of 2 ml/min, to obtain a
mixed solution C. The pH of the mixed solution C at this time was

2.3. While the mixed solution C was maintained at 35 degree
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content was pulverized by using a mortar and then subjected to a
calcination treatment at 600 degree centigrade for 3 hours to obtain a
photocatalyst 1. The sodium content of the photocatalyst 1 was 87 ppm.
10 Furthermore, the silicon content of the photocatalyst 1 was 6.9 weight
%, while the specific surface area was 212.8 m2/g. Accordingly, the

camount of silicon Joaded intq the.photpcatalystd perassusface are@d Mzhe mixed
thereof was 0.33 mg. [0054) 15 Example 2 A photocatalyst 2 was

sobtained: ifCthe=sanfié hianret asrinExample dlycextept trt thie amdUrg opbtained

titanium dioxide was 82.1 g and the pH of the mixed solution C was 4.0. 4 und
£ Thb oG EBNTEH GFAE LSROIGESES: 3 WaE 56 bif he EfiGon: o ed under

a CQnien (\év(??%ZA W‘?J%Et %Oeégaa@g&*ﬂfﬁcs?g&ﬂic-%@e%@a»v@énk%%f‘and then

m2/g. Acco Fneg?ys,t e amount of silicon loaded into the photocatalyst 2

aPehAsyface Laed 3 m2dhereetwas 0::8-g:J0055)s Example:32G Ained solid
photocatalyst 3 was obtained in the same manner as in Example 1,
certeptithat theoamoant slitaniun dioxide was3g:g giadd ihepiFepiireted to a

mixed solution C was 2.8. The sodium content of the 33 photocatalyst 3
e 8B P thid SMESIESntéht \%(ég %%ﬁﬁht%f‘%ﬁrﬁg‘ée ey mours to

spe%ﬁic

osydace Qr%glggé.c%a%ggzgg.lAccordingly, the amount of silicon loaded
into the photocatalyst 3 per a surface area 1 m2 thereof was 0.24 mg. 5

[0656d sodium content of the photocatalyst 1 was 87 ppm.
Furthermore, the silicon content of the photocatalyst 1 was 6.9
weight %, while the specific surface area was 212.8 m’/g.
Accordingly, the amount of silicon loaded into the photocatalyst

1 per a surface area 1 m?

thereof was 0.33 mg.

[0C54]

Example 2

A photocatalyst 2 was obtained in the same manner as in Example
1, except that the amount of titanium dioxide was 82.1 g and the
wH of the mixed solution C was 4.0. The sodium content of the
photocatalyst 2 was 56 ppm, the silicon content was 2.4 weight &,
and the specific surface area was 133.8 m’/g. Accordingly, the
amount of silicon loaded into the photocatalyst 2 per a surface

area 1 m*

thereof was (.18 mg.

[0055]

Example 3

A photocatalyst 3 was obtained in the same manner as in Example

1, except that the amount of titanium dioxide was 38.9 g and the

pH of the mixed solution C was 2.8. The sodium content of the
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Example 4 A photocatalyst 4 was obtained in the same manner as in

Example i, except that the amount of titanium dioxide was 12.2 g and the

pH of the mixed solution C was 2.5. The,sodium content of the 10

photocatalyst 4 was 160 ppm, the silicon content was 9.6 weight %, and

the specific surface area was 244.2 m2/g. Accordingly, the amount of
pricandeaded intg the photogatalyst deperia sudace areank mathereef weight %,

was 0.39 mg. [0057] 15 Example 5 A photocatalyst 5 was obtained in the
arsamiemawee a8 ic Exampledl  exeeptthat 705.§ of P26 (Nipponiéiosily, the

Co., Ltd., a mixture having a ratio of anatase to rutile of 8:2, purity:

anggi5dh, Shedifid Sitfack dreaby BEP méthod peeifid 'sutats ateg®r & surface

are N . .
aqueous solution o sodium sificate\Wwas used in the amount of 6.5 g, and

the it efithe mixed solution C was 2.6. The sodium content of the

photocatalyst 5 was 34 ppm, the silicon content was 1.4 weight %, and
thB:spegific stirface area was 61.1 m2/g. Accordingly, the 25 amount of
silicon loaded into the photocatalyst 5 per a surface area 1 m2 thereof

whs 25 figs [0581 34 ERTPRY 6 BRIt 8T8 dBiked Tn the TP e
1 S - L, "E], lSl’l:]L'.' (s I% Lt‘zuus 1Qf g’:i;]' TI_L . “ne

'K%&%b%%ﬁ Ké%%{?%natas%)%%fgaﬁs}‘b%ti\%%v}ger c%%t%n?g‘yz, g and th
pispetifictsuriaceafea Sy BEL method spesific surfacecsarearmeasiring: of the

instrument: 137 m2/qg)
photocatalyst 4 was 160 ppm, the silicon content was 9.6 weight %,

mgaiurlinrpg g ér%ség) ent; 58£%/g%was used as titanium dioxide, an

and the specific surface area was 244.2 m®/g. Accordingly, the
amount of silicon loaded into the photocatalyst 4 per a surface
area 1 m® thereof was 0.39 mg.

[0057]

Example 5

A photocatalyst 5 was obtained in the same manner as in Example
1, except that 70.5 g of P25 (Nippon Aerosil Co., Ltd., a mixture
having a ratio of anatase to rutile of 8:2, purity: 99.5%, specific
surface area by BET method specific surfaée area measuring
instrument: 50 nﬁ/g) was used as titanium dioxide, an aqueous
sclution of sodium silicate was used in the amount of 6.5 g, and
the pH of the mixed solution C was 2.6. The sodium content of the
photocatalyst 5 was 34 ppm, the silicon content was 1.4 welght 3%,
and the specifié surface area was 61.1 m®/g. Accordingly, the
amount of silicon loaded into the photocatalyst 5 per a surface
area 1 m® thereof was 0.22 mg.

(60581
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was used as titanium dioxide, the pH of the mixed solution C was 3.8,

and the mixed solution C was stirred for 16 hours and aged. The sodium

content of the photocatalyst 6 was 12 ppm, the silicon content was 2.2

weight %, and the specific surface area was 127.8 10 m2/g. Accordingly,

the amount of silicon loaded into the photocatalyst 6 per a surface area 1
m%gggﬁggy‘é/vqﬁ 0.18 mg. [0059] Example 7 A photocatalyst 7 was

obtained in the same manner as in Example 15 6, except that 25.0 a of

AMT 11100HJayca Corpofation; andtase type, nadserptiveswvatercontest: in Exanple
11%, specific surface area by BET method specific surface area

L meaGRRG indtrimeit: 206 gl was Used Est fitanifRoxiad wit the Kaisha,
Hof the mixed f i sk o, 4 cory fhes:c surface area
aRatoaéeet@E);gy, Viag ci%lc?grngg Was al%‘ejp %oso’géunrg C og‘%en% Q‘ff f

ive w p
photocata m, the silicon 20 content was 5.5 weight %, and

pihespesiicawfage area: Was 207a2 M2/a Arcardinglithenameuntef: : 137 m?/q)
silicon loaded into the photocatalyst 7 per a surface area 1 m2 thereof

was\Ws27img: [0060} Exantjile 8izE:A photogatalyst Bhwagibbtaihed iitheon C was
same manner as in Example 1, except that the mixed solution C was '

3stirred Tét 16 Rolirs"&itH 3yed” TRE Sodiiin conter St the phbfocktayst §24 a9ed-
Ti@s MRPRM. 116 20, SGor SENIANL AR L WRIBNE AN e, 5RECH e 511 4c0n

surface area was 246.2 m2/g. Accordingly, thé amount of silicon loaded
citta ther photocatalyst 8yper a sudaee area dpm2 theeof was@.23anga was 127.8

L0061] 5 Example 9 o _
m“/g. Accordingly, the amount of silicon loaded into the
photocatalyst & per a surface area 1 m” thereof was 0.18 mg.

F0059]

Example 7

A photocatalyst 7 was obtained in the same manner as in Example
6, except that 25.0 g of AMT-100 (Tayca Corporation, anatase type,
adsorptive water content: 11%, specific surface area by BET method
specific surface area measuring instrument: 290 mz/g) was used as
titanium dioxide, and the pH of the mixed scolution C was 2.4. The
sodium content of the photocatalyst 7 was 17 ppm, the silicon
content was 5.5 weight %, and the specific surface area was 207.Z2
m/qg. Accordingly, the amount of silicon loaded into the
photocatalyst 7 per a surface area 1 m® thereof was 0.27 mg.

[0060]

Example 8

A photocatalyst 8 was obtained in the same manner as in Example

1, except that the mixed solution C was stirred for 16 hours and

aged. The sodium content of the photocatalyst 8 was 180 ppm, the
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A photocatalyst 9 was obtained in the same manner as in Example 8,
except that the resulting filter medium was re-dispersed in 500 ml of
water and filtered under a reduced pressyre repeatedly 7 times for
washing. The sodium content of the photocatalyst 9 was 120 10 ppm, the
silicon content was 5.7 weight %, and the specific surface area was 231.4
s M2/goAccardinghys the amount e siigen 40adeg-intondhe phetocatalystF ace area
per a surface area 1 m2 thereof was 0.25 mg. [0062] Example 10 15 A
wpholddatdlyst A0. wadscitaihisthinthetsemenmannep dssh Exampleo8led into the
except that the resulting filter medium was re-dispersed in 500 ml of
PR A hiteted UndRr arediced Pressiife one Tm&R6 SdlshifitS The > 19
socﬂi@mﬁ?ntent of the photocatalyst 10 was 210 ppm, the silicon content
was 5.7 weight %, and the specific surface area 20 was 231.4 m2/g.
Acegqedingly, the amount of silicon loaded into the photocatalyst 10 per a
surface area 1 m2 thereof was 0.24 mg. [0063] Example 11 A
phdteeEtalySELE Wasobtaimad Wb el safelmahher aaif Frample 25 in Example
except that the resulting solid content.was subjected to a calcination \
5 restmet at 400 dutree-cuhtiotate 10r s RouRe Tha" shtiureomaRtsred 10 500
= ihe photocatalys! 1 was 93 PRMm.the slican-36; conientwas 8.9 ueight v 7 times
and the specific surface area was 255.5 m2/g. Accordingly, the amount of
f siticen toadedl.intarthe  phdtocatalystiknpercd sutfaceareavt a2 thereob was 120
was 0.27 mg. [0064] 5 Example 12

ppm, the silicon content was 5.7 weight %, and the specific surface
area was 231.4 m*/g. Accordingly, the amount of silicon loaded into

2 thereof was 0.25 mg.

the photocatalyst 9 per a surface area 1 m

[0062]

Example 10

A photocatalyst 10 was obtained in the same manner as in Example
8, except that the resulting filter medium was re-dispersed in 500
ml of water and filtered under a reduced pressure one time for
washing. The sodium content of the photocatalyst 10 was 210 ppm,
the silicon content was 5.7 weight %, and the specific surface area
was 231.4 n®/g. Accordingly, the amount of silicon loaded into the

2 thereof was 0.24 mg.

photocatalyst 1C per a surface area 1 m
[0063]
Example 11
A photocatalyst 11 was obtained in the same manner as in Example
1, except that the resulting sclid content was subjected to a

calcination treatment at 400 degree centigrade for 3 hours. The

sodium content of the photocatalyst 11 was 93 ppm, the silicon
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A photocatalyst 12 was obtained in the same manner as in Example 1,
except that the resulting solid content was subjected to a calcination
treatment at 800 degree centigrade for 3 hours. The sodium content of
the photocatalyst 12 was 98 ppm, the silicon 10 content was 6.9 weight %,
and the specific surface area was 150.7 mz2/g. Accordingly, the amount of

csilicondoaded into thei phetoratalyst 12 pespsuiface areadam? theseolvas 255.5
was 0.46 mg. [0065] Example 13 15 A photocatalyst 13 was obtained in

mthe sanie nramenadin Exampleclirexcept thal frecresbitingesblitdontdrite
was subjected to a_calcination treatment at 900 degree centigrade for 3

PHELPS et 8liunt cBftent of the fistocatarst 13 was 86 Fpm a8 027 ©9-

silif:5)516g?ntent was 6.9 weight %, and the specific surface area was 108.2

20 m2/g. Accordingly, the amount of silicon loaded into the photocatalyst
13:pemnasurface area 1 m2 thereof was 0.64 mg. [0066] Example 14 A
photocatalyst 14 was obtained in the same manner as in Example 25 1, :
exbeph thaths pstiting Soliccomteat was subjebtedtone Balkeiatichs in Example
treatment at 1,000 degree centigrade for.3 hours. The sodium c%n,teggcof

L th& PhicRcataiidt 14 Was 85 pm the Siicbh 37 Rbhtknt Wis 6.9 Weight © t© 2
cJo-and thespecific surface areawas 553 Jn2/g. Accordinglycthe amoynt s . the

of silicon loaded into the photocatalyst 14 per a surface area 1 m2 thereof

savBsn 26dng e f006Y] Sthxamplettratalyst 12 was 98 ppm, the silicon
content was 6.9 weight %, and the specific surface area was 150.7
m®/g. Accordingly, the amount of silicon lcaded into the
photocatalyst 12 per a surface area 1 m’ thereof was 0.46 mg.

[0065]

Example 13

A photocatalyst 13 was obtained in the same manner as in Example
1, except that the resulting solid content was subjected to a
calcination treatment at 900 degree centigrade for 3 hours. The
sodium content of the photocatalyst 13 was 96 ppm, the silicon
content was 6.9 weight %, and the specific surface area was 108.72
m*/g. Accordingly, the amount of silicon loaded into the

* thereof was 0.64 mg.

photocatalyst 13 per & surface area 1 m
[0066]
Example 14
A photocatalyst 14 was obtained in the same manner as in Example
1, except that the resulting solid content was subjected to a

calcination treatment at 1,000 degree centigrade for 3 hours. The

sodium content of the photeccatalyst 14 was 92 ppm, the silicon
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A photocatalyst 15. was obtained in the same manner as in Example 8,
except that an aqueous solution of 1N nitric acid was used instead of an
aqueous solution of IN hydrochloric acid, and the pH of the mixed solution
C was 3.2. The sodium content of the 10 photocatalyst 15 was 480 ppm,
the silicon content was 6.7 weight %, and the specific surface area was

=4 m2/g sAccardingly,thesamoynt of silicon loaded iB{0thece area was 55.3
photocatalyst 15 per a surface area 1 m2 thereof was 0.32 mg. [0068] 15

mExamplect® Adghoidcatalyst 16 masabtainesin the sahearadnénas it he
Example 8, except that 81.7 g of an aqueous solution of 1N nitric acid

PR tRBE 1stead bf BED § of dA Hfteos $Blutiof of I HyafoctiGrc! - 2~ ™9~
aﬂ%ggq 3.3 g of an aqueous solution of sodium silicate having 20 a
different composition (Si02 content: 29.1 weight %, Na20 content: 9.5
weight:%9 J1S K1408 "Water glass No. 3") was used. The sodium content
of the photocatalyst 16 was 150 ppm, the silicon content was 3.4 weight
% papddhe speeifig surfadtearea nsi2E0i5im 2ide Actordinghn alfeas in Example
amount of silicon loaded into the photocatalyst 25 16 per a surface area 1

8 mEHiErRb! WA b. TEnRIf608Y] CBMbataive Exdiipiit 38 Tiénitn' 2 1sed

. diaxide, (ST-01, Ishih Sar isha, Lt by ' W fant. 94 « y
I ST O IR SR ST e h AN ST oo o
o fegree gertigrade 1o givera (pheiecatalyst 1ThEhessedium eenteathef ihe the

photocatalyst 17 was 5 1,400 ppm and the specific surface area was ,
pRaugmzgyst 15 was 480 ppm, the silicon content was 6.7 weight %,

~and the specific surface area was 207.4 m’/g. Accordingly, the

amount of silicon loaded into the photocatalyst 15 per a surface
area 1 m° therecf was 0.32 mg.

(00681

Example 16

A photocatalyst 16 was obtained in the same manner as in Example
8, except that 81.7 g of an agueous sclution of iN nitric acid was
used instead of 66.9 g of an agueous solution of iIN hydrochloric_
acid and 13.3 g of an aquecus solution of sodium silicate having
a different composition (Si0; content: 29.1 weight %, Nay0 content:
9.5 weight %, JIS K1408 “Water glass No. 3”) was used. The sodium
content of the photocatalyst 16 was 150 ppm, the silicoﬁ content
was 3.4 weight %, and the specific surface area was 210.5 m’/q.
Accordingly, the amount of silicon loaded into the photocatalyst

? thereof was 0.16 mg.

16 per a surface area 1 m
(0069}

Comparative Example 1
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[0070] Comparative Example 2 A photocatalyst 18 was obtained in the
same manner as in Comparative Example 1, except that titanium dioxide
was calcined 10 at 600 degree centigragle instead of 200 degree
centigrade. The specific surface area of the photocatalyst 18 was 53.5
m2/g. [0071] Comparative Example 3 A photocatalyst 19 was obtained in

the same; manper,as in.15 Somparative Example; 1 excent thatditaniymy . |

dioxide was calcined at 1,000 degree centigrade instead of 200 degree
aceptigrate: Thet speecifie surface @rea-nfithe photgeatadlyst-l S was=0:# area : 300

m2/g. [0072] Comparative Example 4 20 Titanium dioxide (P25, Nippon
m’Aerosil Co. dEthe dukity:299. 5% sfeciRUsHRIEERe8EH0. BIRORYY wias Jive

dried in an_air at 200 degree centigrade to give a photocatalyst 20. Th
17
PLAbRiFR Bt o% hie %%&O%S%N% 20° &?u%‘ %o?get Steld ee/dJFS %tal%St wes
1 spesifigsyriage area of the photocatalyst 20 was 50.2m12/0. 25[0R78) .
Comparative Example 5 A photocatalyst 21 was obtained in the same
marnriercas in 39 Comparative Example 4, except that titanium dioxide
was calcined at 500 degree centigrade instead of 200 degree centigrade.

THe Bpacifit stiffafer afgal6f the photocatalyst 21 was 48.7 m2/g. [0074]

ES%°§EE%%%§%%§§E@mf§ was obtained in the same manner as in

Comparative Example 1, except that titanium dioxide was calcined
at 600 degree centigrade instead of 200 degree centigrade. The
specific surface area of the photocatalyst 18 was 53.5 m’/g.

[0071]

Comparative Example 3

A photocatalyst 19 was obtained in the same manner as in
Comparative Example 1, except that titanium dioxide was calcined
at 1,000 degree centigrade instead of 200 degree centigrade. The
specific surface area of the photocatalyst 19 was 0.7 n’/g.

(0072}

Comparative Example 4

Titanium dioxide (P25, Nippon Aerosil Cé., Ltd., purity: 99.5%,
specific surface area: 50.8 mz/g} was dried in an air at 200 degree
centigrade to give a photocatalyst 20. The sodium content of the
photocatalyst 20 could not be detected. The specific éurface area
of the photocatalyst 20 was 50.2 m°/g.

{00731

Comparative Example 5

A photocatalyst 21 was obtained in the same manner as in
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A photocatalyst 22 was obtained in the same manner as in Comparative
Example 4, except that titanium dioxide was calcined at 1,000 degree
centigrade instead of 200 degree centigragde. The specific surface area of
the photocatalyst 22 was 1.1 m2/g. 10 [0075] Comparative Example 7
Titanium dioxide (PC-102, Titan Kogyo Kabushiki Kaisha, adsorptive

cWate! conjeat: é{gﬁ%@&W&S%{ rea- oy BETrmethod specifigsuri@secalcined
area measuring instrument: 137 m2/g) was dried in 15 an air at 200
adegee cenjigrade tongive Bophotoeatalyst 23 Thé (sotiumeontentiof¢ghede .  The
photocatalyst 23 was 28 ppm and the specific surface area was 136.3
ﬁ%ﬁ@@?é]ﬂ(ffﬂfﬁﬁa@ﬁ\%* EXAnTHIE 800 Rt diskide YANFE 166, 7 ™ /9.
ﬁ@? poratlon adsorptive water content: 11%, specific surface area
ethod specific surface area measuring instrument: 290 m2/g)

W&@&ﬁk@&ﬂg@ﬂ,@lr At 200, 1degree centigrade to give a photocatalyst 24.
The sodium content of the photocatalyst 24 was 46 ppm and the specific

surfagéharen: 25a13s 2202 m2ky. J00ZAnComparative Exaraple@40r|ims in
accordance with Examples in Japanese Patent Laid-open No.
Cooproabr?, B0 ishihars Safgyo Kashd 1181 Sdeofbtve Wateyas calcined

0
ST Y Sl s e PO s g e
sphotoeatalyst 2bawas 1:200 ppmicthe silicon-eontentwas 58 was 1.1 m’/g.

{0075] ‘

Comparative Example 7

Titanium dioxide (PC-102, Titan Kogyo Kabushiki Kaisha,
adsorptive water content: 5%, specific surface area by BET method
apecific surface area measuring instrument: 137 n?/g) was dried in
an air at 200 degree centigrade tc give a photocatalyst 23. The
sodium content of the photocatalyst 23 was 28 ppm and the specific
surface area was 136.3 m%/qg.

[C076]

Comparative Example 8

Titanium dioxide (AMT-100, Tayca Corporation, adscrptive water
content: 11%, specific surface area by BET method specific surface
area measuring instrument: 290 H@/g) was dried in an air at 200
degree centigrade to give a photocatalyst 24. The sodium content
of the photocatalyst 24 was 46 ppm and the specific surface area
was 220.2 m?/g.

[0077]

Comparative Example 9
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weight %, and the specific surface area was 187.3 m2/g. Accordingly, the
amount of silicon loaded into the photocatalyst 25 per a surface area 1
m2 thereof was 0.31 mg. [0078] 10 Comparative Example 10 In
accordance with Examples in Japanese Patent Laid-open No.
1987-260717, P25 (Nippon Aerosil Co., Ltd., purity: 99.5%, specific

surtaceareaca:8dn2/o) Nas:usedh as titanium digxide ta> ObIAIN 8.5 1 d-open No.
photocatalyst 26. The sodium content of the photocatalyst 15 26 could not
1 Yeldeteeted! Medmihilé] tHeisilicon Tantent 6fahie hpholooatalyst 26 wasi ve water

2.2 weight %, and the specific surface area was 38.7 m2/g. Accordingly,
SRR Atount StiEdh 1BadeBSbhE EHEtE‘EEt%I)?sIE%‘pQqu dtirfste Hren used as

+ e mRsthereqfwas; 0.56 mg.. [0979] 5%&5&%%9?&%?@5@% IBodium content

accordance with Examples as described in Japanese i -open
o INeh20044164592atheseompogition ratipoobtitaniumdossilicewastotket was 5.8
85:15 (Ti:Si) to obtain a photocatalyst 27. The sodium content of the
veshbtdcatalgs thiwasReaggrctive sifison 28 eontert WAS 20midight %;cordingly,

and the specific surface area was 164.9 mz2/g. Accordingly, the amount of
O Gt 17t R BOGOHE 7 PP & LR e i ERdof Sur face

arWas 9.1, mg, 41 [0080] Comparafive Example 12 The photocatalyst 27

was subjected to a calcination treatment at 600 degree centigrade for 3
hdui§ 1@ bbtain a photocatalyst 28. 5 The sodium content of the
P ara e 7o ranp E g o SHeon
ple
In accordance with Examples in Japanese Patent Laid-open No.
1887~-260717, P25 (Nippon Aerosil Co., Ltd., purity: 99.5%,
specific surface area: 50.8§ mz/g) was used as titanium dioxide to
cbtain a photocatalyst 26. The sodium content of the photocatalyst
26 could not be detected. Meanwhile, the silicon content of the
photocatalyst 26 was 2.2 weight %, and the specific surface area
was 38.7 m°/g. Accordingly, the amount of silicon loaded into the
photocatalyst 26 per a surface area 1 m®> thereof was 0.56 my.
[0079)]
Comparative Example 11
In éccordance with Examples as described in Japanese Patent
Laid-open No. 2004-161592, the composition ratic of titanium to
silicon was to be 85:15 (Ti:81) to obtain a photocatalyst 27. The
sodium content of the photccatalyst 27 was 22 ppm, the silicon
content was 2.9 weight %, and the specific surface area was 164.9

m’/g. Accordingly, the amount of silicon loaded into the

photocatalyst 27 per a surface area 1 m® thereof was 0.17 mg.
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content was 3.0 weight %, and the specific surface area was 76.0 m2/g.-
Accordingly, the amount of silicon loaded into the photocatalyst 28 per a
surface area 1 m2 thereof was 0.39 mg., [0081] 10 Comparative Example
13 To a glass flask were added 250 g of water and 0.05 g of an aqueous
solution of 0.1N sodium hydroxide. 24.5 g of titanium dioxide (ST-01,
Ishi%?i@oiangyo Kaisha, Ltd., adsorptive water content: 9 weight %,

cific surface area: 300 m2/g) was dispersed therein 15 to give an A
sotutiena Fa @ beakerwere«added 100 g of water and 10.7 g of an
agueous solution of sodium silicate (Si02 content: 36.1 weight %, Na20
cofitent pLit. 7oneight 96 018 K 1408 "Whtke glasd No. A L theésgitihgeatment
material was stirred to give a B solution. The A solg)tion was nﬁi)r]gtgigeg

abt B8 HEGrRE R Mitads BRdSstrfdy. 20 TheretbWaS SutBddRpwise SLyst 28.
‘Iﬁesglgggghgt&@épéz% 20@'_/@?{@' ﬁﬂ@pé%g@aw §%|LWQQ C2‘5TP§'HP,H1%6 silicon
the mixed solution C at this time was 11.5. ile the mixed solution C
cwasdnaintained ai 35 degree: centigtadecit syasciohtinususly stiereslfor 3was 76.0
days. Then, the mixed solution C was filtered under a reduced pressure.
1 The-25 bbeinsd fiérmetliitn WagtBldisfersda iS00 Fadwrhtdrgsy the
filtered under atregajced pressure £epeateg:I%/ go%r tr;lme.s fggr Waghi‘pgsaﬂd
PHER AW fo- stand ™t rogm%lelrrnpaé(r:aetu?e or 2 days.tlthe Z5 obtained’
sol't%ggqtjent was pulverized by using a mortar and then subjected to a
calcination treatment at 600 degree centigrade for 3 hours to obtain a
phatacatatyst 28: ThessadiemIcdntent of the photocatalyst 29 was 14,000
ppm, the silicon content was 3.4 5 weight %, and the specific surface area
W&gOIZGQﬂWgﬁ%&:%BrUﬁ]@W?dded 250 g of water and 0.05 g of an agqueous

solution of 0.1N sodium hydroxide. 24.5 g of titanium dioxide

39 nyg.

(8T-01, Ishihara Sangyo Kaisha, Ltd., adsorptive water content:
9 weight %, specific surface area: 300 mz/g) was dispersed therein
to give an A sclution. To a beaker were added 100 g of water and
10.7 g of an aqueous solution of sodium silicate (5i10; content: 36.1
weight %, Nas0 content: 17.7 weight %, JIS K1408 “Water glaés No.
1”7}, and the resulting material was stirred to give a B solution.
The A solution was maintained at 35 degree centigrade and stirred.
Thereto was added dropwise the B solution at a rate of 2 ml/min.
to obtain a mixed solution C. The pH of the mixed solution C at
this time was 11.5. While the mixed solution C was maintained at
35 degree centigrade, it was continuously stirred for 3 days. Then,
the mixed solution C was filtered under a reduced pressure. The
obtained filter medium was re-dispersed in 500 ml of water and
filtered under a reduced pressure repeatedly four times for washing

and then allowed to stand at room temperature for 2 days. The
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the amount of silicon loaded into the photocatalyst 29 per a surface area
1 m2 thereof was 0.27 mg. [0082] Comparative Example 14 10 To a
glass flask was introduced 1.00 g of watgy. 10.0 g of titanium dioxide
(P-25, Nippon Aerosil Co., Ltd., purity: 99.5%, specific surface area by
BET method specific surface area measuring instrument: 50.8 m2/g) was

odispersed therein togive ap Ay selution,, An agueeus salution Of dN-car and then
sodium hydroxide was added dropwise 15 thereto so that the pH was

sadjustad:td 10.5 While the résulting esalutiortwas Hediedaiptoe/belegiesrade for

centigrade of the liquid temperature and maintained at 75 degree
3 cBRiigrade® 1258-¢ bF ah BlnESGS kILGBH of Sodiuth gilRati@iogontent of the

.29.1 wel %, Na20 . 9.5 weight %, JIS K1408 "W,
SGERET A5 IR, N0 s Shmal f IS KA e 3.

ass No. 3") was ad ereto rred to give Ion. €
wihe Bsalution was:heated updo-90-degree centigrade apd maintainegkato raingly,
90 degree centigrade, an aqueous solution of 1N sulfuric acid was added
t deopwisetheréte at horate lof Ziadimimt to tgive @ C soltion With 2theer a surface
dropwise addition of the aqueous solution of sulfuric acid, 25 the pH of the
2hfiked sBiutionSh&s SIowiy decreasd o lower value from 10.5 and the
finaly Zojf the C solution became 5. Then, while the C solution was
maintained at 90 degree centigrade, it was 43 continuously stirred for 1

hourapd agedy Nexk dhe aged L solution was filtered under a reduced

pressure. The obtained filter medium was re-dispersed in 250 ml of water

anddiketdd aAdE! aveduced niresdureaé pétiedly four times fof washing,titanium
4204 fhen iied 2t 120 5 degjee centgrade fo 3 hours, The obrajned solid ¢,
surface area by BET method specific surface area measuring
instrument: 50.8 mz/g) was dispersed therein to give an A solution.
An agqueous scolution of 4N scodium hydroxide was added dropwise
thereto so that the pH was adiusted to 10.5. While the resulting
sclution was heéted up to 75 degree centigrade of the liquid
temperature and maintained at 75 degree centigrade, 14.8 g of an
aqueocus solution of sodium silicate {5i0, content: 29.1 weight %,
Na,O content: 9.5 weight %, JI8 K1408 “Watei glass No. 3”) was added
thereto and stirred to give & B sclution. While the B solution
was heated up to 90 degree centigrade and maintained at 9C degree
centigrade, an aqueous solution of 1IN sulfuric acid was added
dropwise ﬁhereto at a rate of 2 ml/min. to give a C sclution. ‘With
the dropwise addition of the agqueocus solution of sulfuric acid,
the pHE of the mixed solution was slowly decreased to lower value

from 10.5 and the final pH of the C solution became 5. Then, while

the C solution was maintained at 90 degree centigrade, 1t was
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pulverized by using a mortar and then subjected to a calcination
treatment at 600 degree centigrade for 3 hours to obtain a photocatalyst
30. The sodium content of the photocatalg/st 30 was 2,500 ppm, the
silicon content was 13.0 weight %, and the specific 10 surface area was
68.4 m2/g. Accordingly, the amount of silicon loaded into the

hotocatalyst 30 per a surface.area 1 m2 thereof 1.90 )¢ solutio
BRI Eemhpie-t5 15 b & 5268 ok et miadured 1606 0 © >t 1o

as introduced 100 g of

wanater.q4.2 g.of titanium, diexide £3T-0% dshibara Sangyeikaishadlih ) ter medium

adsorptive water content: 9 weight %, specific surface area by BET
wamethed spepific ssurfdce afdn measiiring imstriamentt 3009w2/g) wider & reduced
dispersed therein to give an A solution. To a beaker were added 43

of
PSS AT 2OV56 g6t ah BRNE0GS BBRItToR Of SHRlm SicHtE (5 drled at 120
daé%agteentczegg ivél‘i?%ri] ﬁ%}%fo@a Oﬁ%r&t?g[.:.9'%W§i%%’iﬁ§ﬁ<%%q8iwégﬁftent was

SSNO. e resulting material was stirred to give a B solution.

plhenthe solption;was maiptained ahdb degree centigradei and stiredicination
Thereto was added dropwise the B solution at a rate of 25 2 m1/min. At

t this timee; Anaaguedlissolution ofdNtditricsatdd fes addeddfopwisebtain a
thereto in an appropriate amount such that the pH _of %hﬂe ixecd sol

£ soluti n. wa
PUBSTO G658 Tl pH PR bl SR 14 el 7 OB e = o0 30 422

e
SRS o 15 oo e, Tign e e i
s Stirred for L6-hours anskageck®Mext, the mixed solugion wes fitered undér silicon
a reduced pressure. The 5 obtained filter medium was re-dispersed in 250

1nidewaiertand he photocatalyst 30 per a surface area 1 m thereof
was 1.90 mg.

[0083]

Comparative Example 15

To a glass flask was introduced 100 g of water. 4.2 g of titanium
dioxide (ST-01, Ishihara Sangyo Kaisha, Ltd., adsorptive water
content: 9 weight %, specific surface area by BET method specific
surface area measuring instrument: 300 w?/q) was dispersed therein
to give an A solution. To a beaker were added 43 g of water and
5.6 g of an agqueous solution of sodium silicate {8i0, content: 29.1
weight %, Nas0 content: 9.5 weight %, JIS K1408 “Water glass No.
37y, and the resulting material was stirred to give a B solution.
Then, the A solution was maintained at 35 degree centigrade and
stirred. Thereto was added dropwise the B solution at a rate of
2 ml/min. At this time, an agueous solution of 1N nitric aclid was

added dropwise thereto in an appropriate amount such that the pH

of the mixed solution was from 6 to 8. The pH of the mixed solution
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filtered under a reduced pressure repeatedly four times for washing, and
then dried at 120 degree centigrade for 3 hours. The obtained solid
content was pulverized by using a mortay and then subjected to a
calcination treatment at 600 degree centigrade for 3 hours 10 to obtain a
photocatalyst 31. The sodium content of the photocatalyst 31 was 5,900

w P, thesiisonrcortenpwasd 2.8d weight %r angdhe specific strface aregpleted.
was 258.3 m2/g. Accordingly, the amount of silicon loaded into the

Tiphotocdtalyst 3h:pena seffase Lafeoh m2thareofWasi04F . 25 [oosy]se
Comparative Example 16 A photocatalyst 32 was Obtr?:j]ne% in the same

CHATTEESIN EXafipie 8L ERESPCthErthd pFFST tHermixed Soidtion Cvas ~ o=
%8 fhednixed sqlution Cwas peptralized.with ammonig watgr beforgit-e . The

was 20 filtered under a reduced pressure for adjusting the pH to 6.8, and

olthe resulting selid-cantantiwas ssibjectetd topoa calethation2 fiéatmentfatwater and
1,000 degree centigrade instead of 600 degree centigrade. The sodium

£ cbhfarr GMRB PhGICCEATSTBR RES T D00 Pte, ‘e SHidshigohtdit vagr washing,

6.5 weight %, and th ecjfic surface 25 area was 2.6 m2/g. Accordingly, .
a?ﬁe%rﬁ(%ﬁtr&fes?li&}ne@;%déic? S eth%eghoﬁgga&‘tafi/s kY pggr% élusﬁ?face%r%g) btained
sd1m2 thergafwas, 24. 1 mg, [008a]i45., Comparative Examplenly Adaixedibiscted

solution C was prepared and continuously stirred for 3 days in the same
£ dnannerasiindxample As £xeept:that titahiuni edioxidewvas-ngtrased. Asra 3 hours

result, the mixed solution C was 5 colorless and transparent, and
t%u@kﬁﬁ@dﬁd@d@ﬁéﬁqm%QﬁﬁySt 31. The sodium content of the

photocatalyst 31 was 5,900 ppm, the silicon content was 12.0
welght %, and the specific surface area was 258.3m*/g. Accordingly,
the amount of silicon loaded into the photocatalyst 31 per a surface

‘ thereof was 0.47 mg.

area 1 m

[0084]

Comparative Example 16

A photocatalyst 32 was obtained in the same manner as in Example
16, except that the pH of the mixed solution C was 2.6, the mixed
solution C was neutralized with ammonia water before itﬂwas
filtered under a reduced pressure for adjusting the pH to 6.8, and
the resulting solid content was subjected to a calcination
treatment at 1,000 degree centigrade instead of 600 degree
centigrade. The sodium content of the photocatalyst 32 was 1,900
ppm, the silicon content was 6.5 weight %, and the specific surface
area was 2.6 m‘/g. Accordingly, the amount of silicon loaded into

the photocatalyst 32 per a surface area 1 m* thereof was 24.7 mg.

10085]
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using a membrane filter and as a result, the solid content was not
obtained at all. [0086] <Evaluation of Photocatalysts 1 to 32 in Examples
1to 16, 10 Comparative Examples 1 to,16> (1. Evaluation of Methylene
Blue Photodegradation Activity) The photocatalysts 1 to 32 in Examples 1
to 16 and Comparative Examples 1 to 16 were suspended in each an

aqueeps reethyleng bldg, 1solution. Thereafter, the resulting solution was
irradiated with 15 light and the concentration of methylene blue in the

solutiorwas s quarititativélyvarrmlypzed by spestidmatryt wherely thest irred for 3
hotodegradation activity was tested. The test operation method in detall

435 §s tOlIoWE [G6FA 36 Bfeharationof BRBIOCStalyst SHSpRASIBAES glépnium
d%&%%e%smsw%?%@?e 2?'3“@”:%%"&'31%3 Cgﬂce”tfaﬂoﬁi‘ o f%%}%‘% was
a

. . e 1xXe oLl
mol/L was weighed and introdticed into a 100-c¢ pof&l/eﬁﬁy ene jar wit
cdeflondregistered: trademarorstiy ban previeyslyrrangedtherainside: 1 v ration
Then, the resulting material was 25 stirred by using a magnetic stirrer and
usmgRofiephivtecatalyst wasddded thereto, The: hateraliwasvidlently was not
Bc,tir_red f8r 5 minutes and then continuously stirred by adjusting the stirring
© s%raéhﬁﬁw 48 “siith'that the solution was not flown and splashed. [0088]
(Pf@l%i@?ry Adsorption Treatment) For 60 minutes, starting from a
moment when the addition of 5 photocatalyst was finished, stirring was
cotfimaeédavithont of Photocatalysts 1 to 32 in Examples 1 to 16,

Comparative Examples 1 to 16>

(1. Evaluation of Methylene Blue Photodegradation Activity)

The photocatalysts 1 to 32 in Examples 1 to 16 and Comparative
Examples 1 to 16 were suspended in each an agqueous methylene blue
solution. Thereafter, the resulting solution was irradiated with
light and the concentration of methylene blue in the solution was
guantitatively analyzed by spectrometry, whereby the
photodegradation activity was tested. The test operation method
in detail is as follows.

[6087]

(Preparation of Photocatalyst Suspension)

45 g of an agqueous methylene blue solution having a concentration
of 40 x 10™® mol/L was weighed and introduced into a 100-cc
polyethylene jar with a Teflon (registered tﬁademark) stir bar
previously arranged thereinside. Then, the resulting material was
stirred by using a magnetic stirrer and 10 mg of the photocatalyst
was added thereto. The material was viclently stirred for 5 minutes

and then continuocusly stirred by adijusting the stirring strength
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irradiation with light. After 60 minutes passed, 3.0 cc of the suspension
was collected to give a sample before irradiation with light. [0089] 10
(Photodegradation Treatment) 3.5 cc of t?e suspension subjected to the
preliminary adsorption treatment was selected and introduced to a quartz
standard spectroscopic cell (Tosoh Quartz Co. , Ltd. , outer size: 12.5 x

12.5 x4 ,.Optical path width: 10 , jcal. path ; mm, 15
S%ﬁj mac(ah:aASft. g%%?w?tﬁc%ugéﬁgn ‘(Srgeais?éjrg;%[rlggé?négr%?st?lrgbﬂagrgar&eg\/iously
arramged thereinside and the resulting material was stirred using a
magnetic stirrer. Then, it was irradiated with light from external/transverse
diréétion. ofrthesspechdscopic el for Sahimtds. Irradiation with light was

carried out by using 20 a light source apparatus, SX-UI151XQ (Ushio Inc,,.
5B, BkeRoR 4P o b & P Sodl BT S dUBFD AP vegsa ion of

oflled sty water. Ehe inadialed ight InROSTHNAs 50 IWNEMZ: chout
using an ultraviolet intensity meter, UVD-365 PD (Ushio Inc., test -
i wayelengths-365inm).JAfterdrradietion rtheosuspension ipdhe28, 3.0 cc of the
spectroscopic cell was collected to give a sample after irradiation with _
sligine[0090] 472 $Quahlitive Afalysis st Metiede Bred)oss aligiastia t ion with
10-cc syringe was equipped with a membrane filter (Toyo Roshi Kaisha,
lEEH?:CDISMIC-L?» HP). Sample suspensions before and after irradiation
wit{ldi@@gyvere respectively introduced 5 thereto for removing the
photocatalyst by extrusion using a piston.
(Photodegradation Treatment)

3.5 cc of the suspension subjected to the preliminary adsorption
treatment was selected and introduced to a quartz standard
spectroscopic cell (Tosch Quartz Co., Ltd., outer size: 12.5x 12.5
x 45 mm, optical path width: 10 mm, optical path length: 10 mm,
volume: 4.5 cc) with a Teflon (regist@red trademark) stir bar
previously arranged thereinside and the resulting material was
stirred using a magnetic stirrer. Then, it was irradiated with
light from external/transverse direction of the spectroscopic cell
for 5 minutes. Irradiation with light was carried out by using
a light source apparatus, SX-UI151XQ (Ushio Inc., 150 W, a xenon
short-arc lamp) as a light source in a quartz filter vessel filled
with pure water. The irradiated light intensity was 5.0 mi / cm?
using an ultraviolet intensity meter, UVD-365 PD (Ushio Inc., test
wavelength: 365 nm}. After irradiation, the suspension in the
spectroscopic cell was collected to give a sample after irradiation
with light.

[0080]
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At that time, the first half amount of the filtrate was discarded, while the
rest half amount of the filtrate was collected in a semi-micro type dispocell
(made of polystyrene, optical path width; 4 mm, optical path length: 10
mm, volume: 1.5 cc) for 10 analysis of visible light. Then, the absorbance
in a wavelength of 680 nm was measured by using a UV-visible

spesirometer(UNV-2500, Shimadzy Garpyferealcyating the

concentration of methylene blue. The photodegradation activity was ‘
evaluated-pyl a satla:of the: 5 gohoertratiorcofumethytene blue afterbrane filter
irradiation with light to the concentration of methylene blue before

(Tieagidtion withelighka THe @moVaARs oPnigtylerg@ B s spens tons before
arg hogofpit?g rad at;roandgctjcv I eru* &e%lTnh (R_VJY%I'IHZ T@Q Iw_gel I%L%rr%érﬁét g&%’l@eint roduced

h rates’of ethyl
sorption rates of methylené blue were calculate

¢ icopeeniratien.ofmethylene 20-hlvehefore iadiationwith: ightron the.g a piston.
basis of the concentration of introduced methylene blue (concentration of
Amethylene blie baforé the pHotddatalyst wasddtiee) dhd blsy- dlustratédis carded,

in Table 1. [0091] 25 (2. Determination of Existence of Pores de iYed I[_rog1 .
W@ﬁ‘c%ntbﬁ(id@?ﬁﬂWl@leﬁ@ﬁ@?ﬁeﬁ{%fWe%}gﬁ&ﬁbﬂﬁlgn)q@iiro%%ne o

adsorption isotherms of ph ,%0f§taj sts 1 toA7, 20, 23,48 to 26j9§tdj 2910 patn
s lln[ﬁ%é: égsg%%%n%%gggsgs unde‘r}ﬁlﬁqu% nitro%eny(77)k) were measured

w DY usingi AT O SQRBA(a1 predust olQuantachmome, Coo Lithg:As .5 cc) for
pre-treatment of each photocatalyst, vacuum degassing was 5 carried out
ant 106 tegrde centigrhdel Nekt, medbgreméritdesiigorbance in a wavelength

of 680 nm was measured by using a UV-visible spectrometer (UV-2500,
Shimadzu Corp.} for calculating the concentration of methylene
blue.

The photodegradation activity was evaluated by a ratio of the
concentration of methylene blue after irradiation with light to
the concentration of methylene blue before irradiation with light.
The removal rates of methylene blue as photodegradation activity
were shown in Table 1. Furthermore, the adsorption rates of
methylene blue were calculated from the concentration of methylene
blue before irradiation with light on the basis of the
concentration of introduced methylene blue (concentration of
methylene blue before the photocatalyst was added) and also
illustrated in Table 1;

[0081] |

(2. Determination of Existence of Pores derived from Silicon
Oxide Film by Measurement of Pore Size Distribution;

Nitrogen adsorption isotherms of photocatalysts 1 to 17, 20, 23
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of each photocatalyst were interpreted by the BET method and log
differential pore volume distribution curves were obtained. Then, existence
of pores derived from silicon oxide films i@ photocatalysts 1 to 16, 25, 26,
29 to 32 were determined. 10 Specificaﬁy, log differential pore volume
distribution curves of a photocatalyst used as a raw material and a
tcg%c’%b%@hé%t chﬁ paged, by ysing the.aforementigned photecatalystas @ nitrogen
ase (base catalyst) and coated with a silicon oxide film were compared
( forgeteamnining sexistence wipores;detved fom the siteonioxidefiludbtachrome
In the range of 20 to 500 Angstroms of the photocatalysts 1 to 16, 25, 26
Caand 29:td- 32, existence of pores derived from the silicon oxide film was

shown in Table 1. 49 [0092] [Table 1] Amount of Silicon_ Amount qof .
PHotoPdificdrt %%H@ﬁ’éod?gm‘%&&gbrﬁ 15 Rehidial Bxide” introe uc§8 gassing was

c£optent Raie %%telfﬂﬁ"c?@&’%%t todhe pasgsliconyppm) ReGp)-derived results
(mg/m2) (mg/m ) pore Example 11 0.24 0.33 87 40.8 56.1 No Example

o 2007 PHBE 616:51 O Neckxample-3 3@ 1650.24 85r21.BIBR . Hiiored and log
Example 4 4 0.48 0.39 160 45.5 46.7 No Example 55 0.29 0.22 34 8.8,

d D2 Kot Examphe 6% U2b 018 4959 3552t Ny EXARHSE 7E6 28057 ed -

quéggfsggistence of pores derived from silicon oxide films in

photocatalysts 1 to 16, 25, 26, 29 to 32 were determined.
Specifically, log differential pore volume distribution curves of
a photocatalyst used as a raw material and a photocatalyst prepared
by using the aforementioned photocatalyst as a base (base catalyst)
and coated with a silicon oxide film were compared for determining
existence of pores derived form the silicon oxide film.

Tn the range of 20 to 500 Angstroms of the photocatalysts 1 to
16, 25, 26 and 29 to 32, existence of pores derived from the silicon

oxide film was shown in Table 1.



Example 8 8 0.24 0.23 180 43.2 57.9 No Example 9 9 0.24 0.25 120 40.6
53.8 No Example 10 10 0.24 0.24 210 44.9 51.9 No Example 11 11 0.24
0.27 93 31.7 51.0 No Example 12 12 0,24 0.46 98 45.0 54.1 No Example
1313 0.24 0.64 96 35.0 48.0 No Example 14 14 0.24 1.25 92 16.4 43.2
No Example 15 15 0.24 0.32 480 39.4 59.9 No Example 16 16 0.24 0.16
150 29.5 55.9 No Comparative 17 - 0.00 1400 0.5 11.8 - Example 1
Comparative 18 - 0.00 1400 2.3 15.9 - Example 2 Comparative 19 - 0.00
14003%.2.1 - Example 3 Comparative 20 - 0.00 not 0.5 45.0 - Example 4

detected Comparative 21 - 0.00 not 1.2 46.0 - Example 5 detected
(\n%; et22 - 0.00.not1.i4.8.- Example 6. detected Comparative 23 -

Amount_o ) silicon
0.00 28 0.0 5.0 - ExqMipiecs COMPEFAtivE 241000 46.0.0,6:3 - Example § oxiae
Comparati veaégysg. %zl@%ﬂ BA3LBNo {Egﬁgfnble 9;;¢)bmparat|§g"26 - e
0.56 not 17.5 31.5 NO(nq/ae) trug /) i pore
Example 1 1 0.24 0.33 87 40.8 56.1 No
Erample 2 2 0.07 .18 56 5.6 51.9 ¥o
Example 3 3 .15 0.24 85 21.2 2.5 No
Example 4 4 0.48 0.39 160 45,5 46.7 No
Example 5 5 0.29 0.22 34 8.8 69.2 Yo
Example 6 a 0.20 .18 12 9.3 56.1 No
Example 7 7 0.28 .27 17 30.7 54.5 No
Example 8 8 0.24 0.23 180 43.2 57.9 No
Example 9 9 0.24 0.25 120 40.6 53.8 Ne
Examnple 10 10 0,24 0.24 210 44.% 51.9 N
Example 11 11 0.24 8.27 93 31.7 51,0 No
Example 12 12 0.24 G.4¢6 98 45.0 54.1 Ko
Example 13 13 0.24 0.64 96 35.0 48.0 No
Example 14 14 0.24 1.25 92 16.4 43.2 No
Example 15 13 0.24 0.32 480 3%.4 59.9 No
Example 16 146 0.24 0.1l6 150 29.5 55.9 No
Comparative 17 - 0.00 1400 0.5 1i.8 -
Example 1
Comparative 18 - 0.06 1400 2.3 15.9 -
Example 2
Comparative is - 0.00 1400 3.3 2.1 -
BExample 3
Comparative 20 - 0.00 net 0.3 45.0 -
Example 14 detected
Comparative 21 ~ 0.00 net 1.2 46.0 -
Example 5 detected
Comparative 22 - 0.00 net i.1 4.8 -
Example 6 detected
Comparative 23 - 5.00 28 G.0 5.0 -
Example 7
Comparative 24 - 0.00 46 0.0 6.3 -
Rxample 8
Comparative 25 - 0.31 1200 57.8 31.0 No
Example 9
Comparative 26 - 0.56 not 17.5 31.5 No
Example 10 detected
Comparative 27 - 0.17 22 3.8 11.1 -
Example 11
Comparative 28 - 0,39 25 7 30.3 -
Example 12
Comparative 29 0.24 0.27 14000 47 .3 36.2 Yes
Example 13
Comparative 30 3.99 1.90 2500 11.0 22.0 Yes
Example 14
Comparative 21 0.59 G.47 5500 56.8 38.7 Yes
Example 15
Comparative | 32 0.24 24.7 1800 1.8 4.3 o
Example 16 '

* “Amount of silicon introduced to the base” indicates a value obtained by
dividing the weight (mg) of silicon atcm contained in silicate {an aqueous
solution of sodium silicate) in use by the whole surface area (n?) of the base

{carbon dioxide particles) in use.
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Example 10 detected Comparative 27 - 0.17 22 3.8 11.1 - Example 11

Comparative 28 - 0.39 25 7 30.3 - Example 12 Comparative 29 0.24 0.27

14000 47.1 36.2 Yes Example 13 Comparative 30 3.99 1.90 2500 11.0

22.0 Yes Example 14 Comparative 31 0.59 0.47 5900 56.8 38.7 Yes

Example 15 Comparative 32 0.24 24.7 1900 1.8 4.3 No Example 16 *

"Amd0aBef silicon introduced to the base" indicates a value obtained by 5

dividing the weight (mg) of silicon atom contained in silicate (an aqueous

solttigf of'sddiunt Rilicate) d usé byttheawhdle shitfacéldréaymd)iof theore volume

base_.(carbon dioxide particles).in use, 50 [0093] Figs. 1 (A) to (D )
A o P er T bOfb dOlGe Bt EREelFoS 14 Liig having 2
sline)-ef:a photacatalyst bauing 8. gilieopoxide, film.and 4 log difgrentials c ri pution

pore volume distribution 5 curve (a dotted line) of a photocatalyst without
chaving @ sificon cokitléfitr edfresponding ta-a base of tha photbeatalyst.a silicon

Furthermore, Figs. 2 (A) to (C) illustrate each a log differential pore
OYdRine" disTHTRBR LT H 86lid-fne) dtasshatécataRysphaingarsikost -

oxidle.flm.and.a log differental 49 pore valyme digtbution cunve (a, o

In

dotted line) of a EE)hotocgttseﬂys

- differential pore volume distributicn curve {a solid line) of a

photocatalyst having a silicon oxide film and a log differential
pore volume distribution curve (a dotted line} of a photocatalyst
without having a silicon oxide film corresponding to a base of the
photocatalyst.

[0094]

{3. Evaluation of Photodegradation Activity of Acetaldehyde).

The photocatalyst 1, 17 or 21 was fixed on a glass plate, and
then irradiated with light in the presence of an acetaldehyde gas
and the concentration of acetaldehyde in the gas was gquantitatively
analyzed by gas chromatography, whereby the photodegradation
activity was tested. The test operation method in detail is as
follows.

[0095]

(Preparation of Photocatalyst Sample Plates)

5.0 g of the photocatalyst 1 was introduced to a 100-ml
polyethylene jar. Thereinto were added 50.0 g of a glass bead
naving a diameter of 1 mm, 44.0 g of ethanol, 0.5 g of 1IN
hydrochleoric acid and 0.5 g of é surfactant (Triton X-100, a

registered trademark owned by Union Carbide Corporation), and the
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without having a silicon oxide film corresponding to a base of the
photocatalyst. [0094] (3. Evaluation of Photodegradation Activity of
Acetaldehyde) 15 The photocatalyst 1, 17 or 21 was fixed on a glass
plate, and then irradiated with light in the presence of an acetaldehyde
gas and the concentration of acetaldehyde in the gas was quantitatively

ko é?‘ Q S‘ iytz J? egb3§11%\1 Se %@EQW %}ggra&b hﬁ’t'g r.esbé/atfg Cp .hOt%%g rgggti% Efﬁ'ﬁ’g% ial was
d. etho :

was test e test operation met in detall Is as 20 follows. [0095]
piPreparatiopof Photacatalyst SampleRlates) £:0; g=0f thephotecatalystide of 300
was introduced to a 100-ml polyethylene jar. Thereinto were added 50.0 g
mbf aglass beadv2y hawingea disndter bed ma; 440 gBiethansth0Bgbf the jar

1N hydrochloric acid and 0.5 g of a surfactant (Triton X-100, a_registered .
“ichark owhét B Uhfidn Carbide Corbbrition), B the 5 Sfusuitig =11 ™1

pduaielialas.aly sealed. Thepealed materal was UL & oi@iniRsen ing cable

all mill pot’having an internal volume of 300 ml and the empty space

£ vasfilledwithy clothes:suahsthat thejar twas putintthecenterzafdhe ball0 rpm for
mill pot. Then, the ball mill 5 pot was tightly sealed, and then put on the

1 haioratlisturnrig-tablé Mer ars/inepoit-a disparsiorr réatmERtaf A rat@ of the glass

m for 18 hours. After the treatment, the jar was taken out an%ct)h%btaj_n an

b%%%zwﬁéaa Wécsefﬁ%aeﬁ’ Bt %3/ usifief & nSa/Iorﬁ m&sh SRéét to obtain an
«&ihanol liquid digparsion.ofthe photocaialys ét%@%gqg%@ﬂ 10 dippingyuent 1y,
and pulling-up of the photocatalyst 1 in a slide glass (2.

dipping and pulling-up of the photocatalyst 1 in a slide glass (2.6
cm x 7.6 cm, thickness: 1 mm) which was previously weighed in/from
the ethanol liguid dispersion were carried out. Two-thirds of the
slide glass was dipped at a rate of 0.4 cm per second every 90
seconds 12 times.

Thereafter, the slide glass was dried at room temperature. Then,
one plane of the slide glass of 2.6 cm x 7.6 cm (one surface of
the slide glass) was excluded, while the photocatalyst 1 attached
on the other plane was rubbed against by a glass plate and
completely removed.

Further, the slide glass was subiected to a calcination
treatment at 400 degree centigrade for 3 hours using an electric
furnace in an air atmosphere to prepare a photocatalyst sample
plate A.

The weights before and after fixation of the photocatalyst and
the length of the photocatalyst 1-fixed portion were measured. As

a result, the coat weight of the photocatalyst 1 was 6.1 mg, the

coat area was 11.7 cm®, and the coat weight per an area was 5.2 g/mz.
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cm x 7.6 cm, thickness: 1 mm) which was previously weighed in/from the

ethanol liquid dispersion were carried out. Two-thirds of the slide glass

was dipped at a rate of 0.4 cm per second every 90 seconds 12 times. 15
Thereafter, the slide glass was dried at room temperature. Then, one

plane of the slide glass of 2.6 cm x 7.6 cm (one surface of the slide glass)
waspexeiyded, while the photocatalyst 1 attached on the other plane was

rubbed against by a glass plate and completely removed. 20 Further, the

slide Rftessowas suljetbtethiera ealchidtiorP treginiertiad 400 déyrelae same manner

centigrade. for 3 hours using an electric furnace in an air atmosphere to
o OBt SANTE Db T BT GETe So aitoras used
1 fixatiopyofthephotogatalystand (25 the length Qfﬁ%%m%t%?éa'yﬁtﬂﬂiﬁadup were
portion were measured. As a reSult, the coat weight of the photocatalyst 1

caasied mgHheneoatarea washkl . #€m?, anditbeccoat sveightfperanfatea- ion of
was 5.2 g/m2. 52 [0096] A photocatalyst sample plate B was prepared in

the BAmBEIRasery &b deseribéd abeve dxcept that thid phctoehtalyst7l 7-fixed
was.used instead of the photocatalyst 1, and dipping and pulling-up we
pg}%{:lon uﬁ.%)y % 3/ url% géegi)((:aat%?] gfeg%;el*rlpc o%e the

arried Out 6né'time: e'weigﬁts before and after f
pRbetacatalystandthe, length of the photecatalyst 1i-fixed ;portionavess”, and the

measured. As a result, the coat weight of the photocatalyst 17 was 5.9
cmyg; the toatareawas:12.8:em@azand the coat weight per an area was 5.0
g/m2. 10 [0097]

(0097

A photocatalyst sample plate C was prepared in the same manner
as above, except that the photocatalyst 21 was used instead of the
photocatalyst 1, and dipping and pulling-up were carried out three
times. The weights before and after fixation of the photocatalyst
and the length of the photocatalyst 21-fixed portion were measured,
As a result, the coat weight of the photocatalyst 21 was 6.1 mg,
the coat area was. 12.5 cm®, and the coat weight per an area was 4.9
g/m*.

[0098]

{Photcdegradaticn Test of Acetaldehyde)

The photocatalyst sample plates A, B and C as prepared in the
above (Preparation of Photocatalyst Sample Plates) were irradiated
with ultraviolet rays<155;41mN/cmziJ1arxair atmosphere for 3 hours.
A black light blue lamp (Sankyo Denki Co., Ltd., FPL27BLB) of 27
W was used as a light source and UVA-365 (a product of Custom Co.,

Ltd.) was used for the measurement of UV intensity.

Three 1-liter Tedlar (a registered trademark owned by Du Pont
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A photocatalyst sample plate C was prepared in the same manner as

above, except that the photocatalyst 21 was used instead of the

photocatalyst 1, and dipping and pullingsup were carried out three times.

The weights before and after fixation of the photocatalyst 15 and the

length of the photocatalyst 21-fixed portion were measured. As a result,
k4Re caatweight of the phefacalalyst gl was 611 Mge the cpatarea was i con

12.5 cm2, and the coat weight per an area was 4.9 g /m2 . [0098] 20
p{PRhatoglegradationdT eshof-AdetaldehydepnTheé photecatalyspsampplesplate8ne side

A, B and C as prepared in the above (Preparation of Photocatalyst

o B dhpleTPRied) werehradmied sHitt TRERIGIEET 8y 1S 2 nWHem Ty drpbushiki

air atmosphere for 3 hours, A black light blue lamp (Sankya Denkj Co.,

T BTR 71 29 26 WFhids S 00 M Tt ot JUR e (= ©

spkgduct of CustomCo. » L1d.) was Hset-fes theomeastuement ©f A/ yere put into
intensity. Three 1-liter Tedlar (a registered trademark owned by Du Pont

ed&sh Kabushikikaisha) bdgs éqeippedavitinoneWath-of idsilicorpe was attached
packing-attached connector and a mini cock were prepared. One side of

EthEPredaR L fe§iStéraa RademarkdiunEd by B Pdnt KaBRH - Raidky tHantly
It open, photocatalyst sa lat C 5 subjected o . ..
R A I et vt BeTore Wers DIt dadh oT e Bape g @ 1=
&b sqware-mim doble-sided taperwas atlashed 10 the epnteref theibagihe cock
Then, the resulting material was tightly sealed using a heat sealer.
wBubsegaent\y redvaculen pdmipowas asddofor extrabtingt &ir inside frorp e
mini_cock, and then the cock 10 was closed and allowed to stand
ové?r%(éﬁt]in a dark room.

Then, a mixed gas of oxygen 20% and nitrogen 80% was mixed with

a wet mixed gas dipped in an ion exchange water at 15 degree

centigrade and a mixed gas of 1% acetaldehyde and nitrogen to
prepare a gas of the.acetaldehyde concentration of 101 ppm. 600
ml of the gas was collected and intrecduced into a bag containing
the photocatalyst sample plate thereinside, and then the bag was
allowed to stand in a dark room for 20 hours. Thereafter, the
acetaldehyde concentration and the carbon dioxide concentration
of the gas inside the bag were measured. Gas chromatography
{(Shimadzu Corp., GC-14) équipped with a metanizer was used for the
measurement of the concentration. After analysis, the

photocatalyst sample plate introduced to the bag was irradiated

with light by using a fullwhite fluorescent lamp (& product of

" Matsushita Electric Works, Ltd., 10 W, FL10ON) and the gas inside

the bag was analyzed every two hours of the light irradiation. At

this time, a plane to which the photocatalyst of the photocatalyst
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[0099) Then, a mixed gas of oxygen. 20% and nitrogen 80% was mixed
with a wet mixed gas dipped in an ion exchange water at 15 degree
centigrade and a mixed gas of 1% acetalgehyde and nitrogen to 15
prepare a gas of the acetaldehyde concentration of 101 ppm. 600 mL of
the gas was collected and introduced into a bag containing the

sRhgtocaialyst.sgmpleiplate fhereinsidenand; ther the-bag-wasr allewed @t 1amp.
stand in a dark room for 20 hours. Thereafter, the acetaldehyde

Ticencéntratiorard the carbon:dioxitleaconeerdration20.of dke gasiihsidle measured

the bag were measured. Gas chromatography (Shimadzu Corp., GC-14)
abqhippediith B hctanizer Wid el o the médsiirBment of the

copcentration, After analysis, the .photocatalyst sam Ie?PEJate infrodyced
o Mg wa At s Tt By G 2t ate loressht oy ie

cOreduct of 25 Matsyshita Electric Works, litde 10, FLION) ndithe gasq. 3 (B)
inside the bag was analyzed every two hours of the light irradiation. At

1 his titne; eplaneacwhichotherplvototatalystof thecphictecatatystiBaration in the
sample plate was fixed was distanced 4 cm from the fluorescent lamp.

9%¥he UlFaviblet ftfteR&-of a piece of film as a filter measured at the same
plaf@l%tpe bag was 11 pm/cm2. Fig. 3 (A) illustrates the time course of
acetaldehyde 5 concentration in the gas inside the bag. Meanwhile, Fig. 3
(B)::HHistrages| the time course of carbon dioxide concentration in the gas
inside the bag. [0100] Example 17 10 In accordance with Example 1 in
Jaﬁané§§p@ﬁ§ﬂ¢&wgggggﬂﬁmple 1 in Japanese Patent No. 2938376, a

yellow viscous liguid containing titanium was prepared. The pH
of the prepared solution was 6.3.

This sol soclution was partly collected, dried, solidified and
subsequently calcined at 600 degree centigrade. From the weight
measurement of the residue in the sol solution, i1t was found that
the above yellow viscous liquid contained 2.1 weight % of titanium
in terms of titanium dioxide.

Next, to a 100-mL polyethylene jar were introduced 50 g of a glass
bead having a diameter of 1 mm, 14.7 g of the above yellow viscous
liquid, 9.30 g of the photocatalyst 17 and 35.0 g of méthanol, and
the resulting material was tightly sealed. The sealed material
was put in a stainless ball mill pot having an internal volume of
300 ml and thelempty space was filled with clothes Sﬁch that the
jar was put in the center of the ball mill pot. Then, the ball
mill pot was tightly sealed, and then put on the ball mill turning
table for carrving out a dispersion treatment at a rate of 60 rpm

for 18 hours. After the treatment, the jar was taken out and the
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yellow viscous liquid containing titanium was prepared. The pH of the
prepared solution was 6.3. This sot solution was partly collected, dried,
solidified and subsequently calcined at 600 degree centigrade. From the
weight 15 measurement of the residue in the sol solution, it was found
that the above yellow viscous liquid contained 2. 1 weight % of titanium in

glerms ghtiianum dioxide,Nexh (@ %@%—&beow%fw%eﬂ@ WMCheat to obtain
introduced 50 g of a glass bead having a diameter of 1 mm, 14.7 g of the

a abbyé yellew Miscolsq2@diguick 0:80ng vfithehphatbcatalyst 47 and 35/0 g
of methanol, and the resulting material was tightly sealed. The sealed

mateREF WaPutin o' Stainl&ss BNl Filft polRavifg ah iMsalVoliRRId Detween
tv?gosrﬂlﬁ%‘]ed thfa%@f%%/eﬁt%acg Yﬁ%so%'_"?q with C'Otgﬁzg&é&h that the las W@ﬁich were

put in the cehter o all'm Ken, theé b mfﬁspo’[ was tightl
pBeales, and then putan the bal il tuping.table forearingaut a ight yellow

dispersion treatment at a rate of 60 rpm for 18 hours. After the treatment,
1 the forl was ¢akerm outanoithe? 55t flass beat avasifitedvoll/Byasimgrds . Herein,
nylon mesh sheet to obtain_a light yellow liquid_containing the

EiphctoEdtalyat 17 Stibsebuentlfy i st that mkthaiolwas ifteffosBa 14 <n/sec/
aJ?StW%%”dEW%EkH Qéé}gi%(% 8 9'21‘.%7&&”31 thickness: Lppl Whigh 1o cvpent,
v ed, da nd p

were 5 preViously wel |pSp|ng a U ling-up i the light yellow liquid
were caried;outs2Q Emes:ia tetabaverydd 0-segonds ddearein, s thesdippings on the
rate was 0. 8 cm/sec, the pulling-up rate was 0. 14 cm/sec, and the
s Wigphee fength Wabd 6resi R P8 lcriaafténthe Treasmeént efifo slideed out.
es were se d and attached substances on the 10 sur

| ¢ .
T iAol Veie hicvibssd hite WBSH 6 ~ore feated GE 20b degree

centigrade for 3 hours to prepare photocatalyst sample plates D
and E. Coating films of the photocatalyst sample plates D and E
had the intensity such that they were rubbed with fingers but not
peeled off. Further, the film was formed on the surface, whereby
the weights of two slide glasses were increased 1.1 mg and 1.0 mg
respectively.

Next, 0.16 g of cencentrated nitric acid was diluted with watex
to prepare 90.0 g of the.total weight of an aguecus solution of
nitric acid. Thereafter, a mixed solution cf 1.0 g of an agquaous
solution of sodium silicate (510; content: 292.1 weight %, Na0
content: 9.5 weight %, JIS K1408 “Water glass No. 37) and 9.0 g
of water was prepared. 39.7 g of an aqueous solution of nitric
acid was stirred and 0.3 g of the mixed sclution was added dropwise
thereto to prepare an acidic solution containing sodium silicate.
The photocatalyst sample plate F was dipped in the acidic solution

for 1 hour. It was washed by running water, and then subjected
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Then, the resulting slide glasses were heated at 200 degree centigrade
for 3 hours to prepare photocatalyst sample plates D and E. Coating films
of the photocatalyst sample plates D and £ had the intensity such that
they were rubbed with fingers but not 15 peeled off. Further, the film was
formed on the surface, whereby the weights of two slide glasses were

tincreaserclAang andik:0amgarespeactivelyy Nexd @46 goficoncentratesk 3 hours
nitric acid was diluted with water to prepare 90.0 g of the total weight of
tankdcitiedls soloticrt 6f PoaditrRtaciarPRéraalter s Mixed sohatiorner £0lg of the

p%%%n agueous solution of sodium sﬂmgtgg (SiQ2 caontent: 29.1 weight %

Botitent: 9.5 Weight d6; ISk 1408 “Watsr iasSNoT 5y aiidrg.0g gt 1° e
rWALRIWVAS Prerargde32. 1.9, of QB@%@@P&?C’M@Q-N niric  REId Was ot reatment

stirred and 0.3 g of the mixed solution was added dropwise 25 thereto to
dprepare areacidicsolutiogeontaining sedivimtsilicaie. dihe phdtocatalysteeled of £
sample plate E was dipped in the acidic solution for 1 hour. It was
LxashBE byFuAnmgivater faritehtsubfedted BB tota dhlchatibpon oxide was
ng%tam%rét at Oé) %e ree ¢ nggrf IITor g.h%rs to prepare a photocatalyst
sampfe plate F. A coa?ing% m of thé %oltgca alyst sample plate F had the
intensity;such that it was rubbed with fingers but not peeled away.
Further, the treatment 5 did not cause a change in the weight, but the film
wasHpeeled off cfor ahalsisngiie as @result, 3 weight % of silicon oxide
was_contained, based on the film weight. [0101] <Evaluation of Example

174 5 (EaRdtorPSt Bhototdgradiiion Aetivity of KdthyehetisitB pkene Blue of

Photocatalyst Film Sample Plate)

The photodegradation activities of methylene blue of the
photocatalyst sample plates D and F were evaluated in the following
manﬁer. First, from the photocatalyst sample plates D and F, test
pieces of 0.8 cm % 7.2 cm x 1 mm were cuft. Then, tce the same quartz
standard spectroscopic cell having a stir bar therein as that used
in (1. Evaluation of Photodegradation Activity of Methylene Blue)
of {Evaluation of Photocatalysts 1 to 32 in Examples 1 to 16 and
Comparative Examples 1 to 16] was introduced 3 ml of an agqueous
methylene blue solution of 40 x 10°°mol/L, and the above test pieces
were fixed in a state that they were dipped 2.5 cm from one edge
coated with a photocatalytic film. At this time, a plans opposite
to a plane with the photocatalyst of the test piece fixed thereto
was adhered to the inside of the guartz sténdard spectroscopic cell.
The resulting material was stirred in a dark room for 1 hour and
then a solution inside the spectroscopic cell was collected for

quantitatively analyzing methylene blue using a spectrophotometer.
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Photocatalyst Film Sample Plate) The photodegradation activities of
methylene blue of the photocatalyst sample plates D and F were
evaluated in the following manner. First,from the photocatalyst sample
plates D and F, test 15 pieces of 0.8 cm x 7.2 cm x 1 mm were cut. Then,
to the same quartz standard spectroscopic cell having a stir bar therein
Trasthat used; dn (1.;Byalyation-et Rheotedegradatien Activity ekMeathylere 11 again
Blue) of [Evaluation of Photocatalysts 1 to 32 in Examples 1 to 16 and

arComparative Examples 1to 6] wasdntrediced 3 il of ansapepysPorection of

methylene blue solution of 40 x 10-6 mol/L, and the above test pieces

tRereHiebin SRt that they wereSdippee 25 &Rtieh e édge toatey 5 that
Wi hotocatalytic film. At this time ite : i
bt B et S e e e B e e apenyLene
r1he nuarz standand speetrescapic.eelk 2baliRaskasultingomateriah Wasampies 1 to
stirred in a dark room for 1 hour and then a solution inside the
1 &spectioScopie calt was dotlestedidor fuantitaliVelyahaliing methyiene the
blue using a spectrophotometer. 57 Then, the solution was re urned to

e dpacroitopic cell AbH ity irfdthafedviit fight figs the Spectroscopic
cExfetpalliansyerse direction of. the spectroseopic cell, Thesamenyiene blue in
irradiation apparatus as that "used in (1. Evaluation of Photodegradation
cictivityhof Methdene b Bluehok[Evaluation of Photecatalysts hta-82iit, the
Examples 1to 16 and Comparative Examples 1 to 16] was used. After
denemmadintiontor 30 krinutés e soltioh kit tHe spactreséopiteegp cut from
was collected for guantitatively analyzing methylene blue in. the.same o
RRT e BUErE e MNP AS & el e Sokiton ilhs??-

2l . ere .
ar?ner as or al IOI’]? 1 (Efecomp08|

e S atresu ion
rSfmethylene Hlue of the test pieces cut from

[01C2}

Example 18

In this Example, a photocatalyst liquid dispersion was prepared.

To a 200-ml glass jar were added 10.0 g of the photocatalyst 1
prepared according to the method as described in Example 1, 100
g of a zirconium oxide bead having a diameter of 3 mm, 85.0 g of
water and 5.0 g of Poise 521 (a product of Kao Corporation, special
carboxylic acid type polymer surfactant, solid content
concentration: not less than 39% but not more than 43i%) as a
dispersion stabilizer. Then, the glass jar was tightly sealed and
pulverized for 3 hours using a vibration mill machine (5400 double
type, a product of Red Devil Company). After pulverization was
completed,.the bead is filtered out to obtain a photocatalyst
liguid dispersion 1. Even if the photocatalyst liquid dispersion

1 was kept in a dark room for 30 days, the solid content was not
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the photocatalyst sample plates D and F were 15.3% and 29.1%
respectively. [0102] Example 18 15 In this Example, a photocatalyst liquid
dispersion was prepared. To a 200-ml glass jar were added 10.0 g of the
photocatalyst 1 prepared according to the method as described in
Example 1, 100 g of a zirconium oxide bead having a diameter of 3 mm,

» 880 g of waterand 5.0-0:9fRQisp 22k A producpfKag CorpeRLioN, stability.

special 20 carboxylic acid type polymer surfactant, solid content
coheémtedtion: not less than 39% but not more than 41%) as a dispersion
stabilizer. Then, the glass jar was tightly sealed and pulverized for 3
hobF&isinGg alvibration mill machine (5400 double type, a product of Red

D%igj%%@eeg@% fS£pa;gg&ﬁaﬂ%lggs@&%%ma'%ds ﬂe;j%@s%&fi'ﬁreghe same

out to obtain a photocata quid dispersion 1. Even if the photocatalyst
miguigdispersion hwaskept in a:dark roenrfor 30:days; e selid weptentuas 87.5
was not 58 precipitated so that there was no problem of dispersion
g stasilityn [ 040BY Examipleci A phdtocasalystliguid Bispergibnt2wagiotocatalyst
obtained in the same 5 manner as in Example 18, except that the weight

L bftaterwas 875 Yandthis wieiht bF Poise 5217 Wa2!9'. Evelitthe e 50134
CBH‘B(%%@@%%‘ liquid dispersion 2. was ket in.a datk.room, for %d%véom%m of
solid content was not precipitated so that there was no problem o

d dispersionstahility.; 1Q {0104]

[0104]

Example 290

A photocatalyst liquid dispersion 3 was obtained in the same
manner as in Example 18, except that the weight of the photocatalyst
1 wag 30.0 g, the weight of water was 55.0 g, and the welght of
Poise 521 was 15.0 g. Even if the photccatalyst liquid dispersion
3 was kept in a dark room for 30 days, the solid content was not
precipitated so that there was no problem of dispers;on stability.

[0105]

Example 21

A photocatalyst liguid dispersion 4 was obtained in the same
manner as in Example 18, except that BYK-154 (a product of BYK Japan
Kabushiki Kaisha, ammonium salt of an acrylic type copolymer, solid
content concentration: 42%) was used in the amount of 5.0 g instead
of Poise 521 as a dispersion stabilizer. Even if the photocatalyst
liquid dispersion 4 was kept in a dark room for 30 days, the solicd
content was not precipitated so that there was no problem of

dispersion stability.
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Example 20 A photocatalyst liquid dispersion 3 was obtained in the same
manner as in Example 18, except that the weight of the photocatalyst 1
was 30.0 g, the weight of water was 55.0.g, and the weight of 15 Poise
521 was 15.0 Q. Even if the photocatalyst liquid dispersion 3 was kept in
a dark room for. 30 days, the solid content was not precipitated so that
therewas no problem of dispersion stability. [0105] Example 21 20 A
photocatalyst liquid dispersion 4 was obtained in the same manner as in
Example A8t éxeeithatrB¥K1E54 (a product of BYK Japan Kabushiki
Kaisha, ammonium salt of an acrylic type copolymer, solid content

coRcEhtPatisii B2d4)ad 1Sed th thesRMbENPSE 5 0 Fihstdueh b PoisE” the same

521 as a dispersion stabilizer. Even if the phqtocatalyst 25 liquid o

 bereiin A b ket Fea Safk PO B0y, (e Soe® SSHhent A ter s

ndotprednitatedso that ihere, was pe preblempfpdispersien Stability :59i spersion
[0106] Comparative Example 18 A photocatalyst liquid dispersion 5 was

s'obtained in the same phahneras inyExampieal8) excepetiat @diSpersigren the
stabilizer was 5 not used and the weight of water was 90.0 g. There was

PR SPER TSt ab P SRGBEARI St MR dRdpersiori samikes 18 even for

1 photocatalyst Jiguid.di sion. 5 was in &, dark room even for 1 day,
il s et AR i s R e
[0107]
Example 22

{Preparation of Photocatalyst Coating Composition 1)

In accordance wifh Example 1 in Japanese Patent No. 2938376, a
vellow viscous liguid containing titanium (sol sclution) was
prepared. The pH of the prepared solution was 6.3. This sol
solution was partly collected, dried, solidified and subsequently
calcined at 600 degree centigrade. From the measurement of the
residue weight in the calcined sol solution, it was found that the
yvellow viscous liguid contained 2.1 weight % of titanium in terms
of titanium dioxide.

Next, to a 100-mL polvethylene jar were introduced 50 g of a glass
bead having a diameter of 1 mm, 14.7 g of the above sol solutiocn,
0.30 g of the photocatalyst 1 and 35.0 g of methancl, and the
pélyethylene jar was Tightly seaied, The sealed jar was put in
a stainless ball mill pot having an internal volume of 300 ml and
the empty space was filled with clothes such that the jar was put
in the center of the ball mill pot. Then, the ball mill pot was

tightly sealed, and then put on the ball mill turning table for
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(Preparation of Photocatalyst Coating Composition 1) In accordance with
Example 1 in Japanese Patent No. 2938376, a yellow viscous liquid
containing titanium (sol solution) was prepared. The pH of the prepared
solution was 6.3. This so! 15 solution was partly collected, dried, solidified
and subsequently calcined at 600 degree centigrade. From the

cMeasyrement gf the, residug weight in the calcineg sl SQlUBeN. LWAS: 18 nhours.

found that the yellow viscous liquid contained 2.1 weight o of titanium in
Atergs wfditanisat dioxide. 20Next; torasl @Grrinpelyethydene jar weress bead was
introduced 50 g of a glass bead having a diameter of 1 mm, 14.7 g of the
I hbboe ¢8| solutian, 16,800 ofilvd photecataiise ¢ ard 3510 g b methamppcatalyst
and the po%eth%/len,e jar was tightly sealed. The sealed jar was putin a
[

CReaineds BRMHIR pot RAvihg an internal volume of 300 ml and 25 the
emply spage was filledwith claghes such that the: jar was,put inithe.ceplarn ow and

of the ball mill pot. Then, the ball mill pot was tightly sealed, and then put
moeddhe ballmitktueaing éable fer 6@ iegrrying ©fit ardispérsiondreatingnt at aand 0.6
rate of 60 rpm for 18 hours. After the treatment, the jar was taken out and
Wil hlass bedd Wak Lfife R ditasy tsmY By BA Meshsheebtbobidif sl in terns
otocatalyst coating composition 1. 5 The phot lyst coatin o
Ogck)lcrﬁgoasrftjl‘c‘)}l:]mlo\fv%g ﬁght i/glgov{floa%%e%urda yl,L (grﬁdoc%g%ﬁ%esf .%éwglcé% 9o L2

wihgpRoocaialystlandi 06 weight %:of titanivmderived fram 4oe yelowee
viscous liquid in terms of titanium oxide. The concentration of the solid
cephtentavds-1.2 weight % as a residue after the calcination at 600 degree
1O[coe1n5ig£ade.
{Coating of Photocatalyst Coating Composition 1 on Slide Glass)
Methanol was interposed between two slide glasses (2.6 cmx 7.6
cm, thickness: 1 mm) which were previously weighed. Dipping and
pulling-up of a pair of slide glasses were carried in/from the
photocatalyst coating composition 1. Dipping and pulling-up were
carried out 20 times in total every 170 seconds.
Herein, the dipping rate was 0.8 cm/sec, the pulling-up rate was
0.14 cm/sec, and the dipping length was 4.6 cm in 7.6 cm.
Thereafter, two slide glasses were separated and coating
residues attached on the planes in which methanol was intexposed
were wiped out. Then, the slide glasses were heated at 200 degree
centigrade for 3 hours to prepare a photocatalyst film sample plate
1. A coating film of the photocatalyst film sample plate 1 had
the intensity such that it was rubbed with fingers but not peele@

off. Further, the film was formed on the surface, whereby the

weights of two slide glasses were increased 1.0 mg and 1.2 mg
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[0108] (Coating of Photocatalyst Coating Composition 1 on Slide Glass)
Methanol was interposed between two slide glasses (2.6 cm x 7.6 cm,
thickness: 1 mm) which were previouslyweighed. Dipping and 15
pulling-up of a pair of slide glasses were carried in/from the photocatalyst
coating composition 1. Dipping and pulling-up were carried out 20 times
r#xiotal:evesy 470 seconds. Herein, the dipping rate was 0. 8 cm/sec, the
pulling-up rate was 0.14 cm/sec, and the dipping length was 4.6 cm in 7.6
cml 200Phereafter, two slide glasses were separated and coating
residues attached on the planes in which methanol was interposed were

wiped DUt IHEN! i s §RSEES ferd hahtdt At oDt degtee Cotigrdgdyde of

Pﬂq;t%ggggllgsocrep@rﬁna ggl%%gtaélx%te‘gml ample plate 1. A coating film
of the photocatalyst film sample plate 1 had 25 the intensity such that it

washs hiteshwitle ingarsthuimatpecled affckurthemthesfilhy was:fermeachcatalyst
on the surface, whereby the weights of two slide glasses were increased

3 lorrpamd 2. 2hatEl regpectivelyt (GT0g]utEvalddtioncdfotodegradation test
Piﬁt?fe adation fé%ivit of Acetaldehyde of Photocatalyst Film Sample. fest
MBHIRY) B ThEPHL éﬁzgaaﬁgﬁtécﬁ%f%%falaghﬁbeo? %t&%%%’é’t%\%%%on €s
mdlmsample plate 1,was saried.out. The photodggradationdest yuethod of « pe
acetaldehyde was the same as the photocomposition test method of
iatetaldehydecas: describad aliove:Furthermpse, thesinittaligencentratien the time

of acetaldehyde was 98 ppm, while the time 10 for light irradiation was 24
LPburs THe resififal e6achtigtion<4 hours. The residual concentration

of acetaldehyde after 24 hours was 68 ppm. A coating containing
the silicon oxide film coated photocatalyst acceording to the
present invention was prepared. Even when a photocatalyst film
was prepared using the prepared coating, it could be confirmed that
the photodegradation activity was exhibited.

[0110]

Example 23

A photocatalyst coating composition 2 was obtained in the same
manner as in Example 22, except that water was used instead of
methanol. The photocatalyst coating composition 2 was light
yellow and muddy, and contained 0.6 weight % of the photocatalyst
1 and 0.6 weight % of titanium derived from the yellow viscous
iiguid in térms of titanium oxide. The concentration of the solid
content was 1.2 weight % as a residue after the calcination at 600
degree centigrade.

{0111}

(Coating of Photocatalyst Coating Composition 2 on Slide Glass)
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of acetaldehyde after 24 hours was 68 ppm. A coating containing the
silicon oxide film coated photocatalyst according to the present invention
was prepared. Even when a photocatalyst film was prepared using the
prepared coating, it could be confirmed that 15 the photodegradation
activity was exhibited. [0110] Example 23 A photocatalyst coating

CompQsitian.2 was altaingd indhe same -manney, asia Fxampledee same manner

except that water was used’instead of 20 methanol. The photocatalyst

a €oating composition, 2 wasdight yelew.ancemuddy, and coptainetl 06cween slide
weight % of the photocatalyst 1 and 0.6 weight % of titanium derived from

g s peliownviscous diguie i tarmbs of Braitimtexidd. aThe CofeéhtatibR grrosition

the solid content was 1.2 weight % as a residue after the calcination.at,
2@ﬁf2§¥%bﬁﬁ§&§ﬁéﬁﬁiﬁﬁﬁfﬁo&a%ﬁ%b8? 8&%%ﬁ$%§€§§ﬁﬁf%l0“]* and

d&%‘i@ﬁfi{gfqa %19?1%'!9?-9}!@%%)1%2 A photocatalyst.samplecplate 2was A coating

prepared in the same manner as in Example 22, except that water was
f interposedibetwaen stide aglassessastebd of methafolshe phetotatadystity such
coating composition 2 was used instead of the photocatalyst coatin

£ RBInpbsitiGIT1 rERG SHIPpiY drd FEHRgRFwers cRffetFouCeery %blrth@rf the
inutes. A coating film of the photocatalyst sample plate 2 . :
f%@ngﬁ/ssé%r?ﬁ% &]eb%gg%tvcft%eﬁn%ng%%é)x&%gel&égqﬁ%@se gy FHo siide

at it was 1 ger t Further,

g ihe: dim was-formed;on thesurfacewhereby;the weights-efdweishidey .
glasses were increased 1.5 mg and 1.3 mg respectively. 10 [0112]

[0112]

{CoatingofI%mmocatalystCoatingcxmmositionizonSiliconWafer
Surface}

A silicon wafer (2.6 cm x 7.0 cm, thickness: 0.5 mm) was dipped
in a resister stripper {a product of Kanto Chemical Co., Inc.,
SH-303). The wafer was subjected to washing with pure water,
irradiation with ultrasonic wave while it was dipped in pure water
and washing with pure water, and then spin-dried by rotating at
a rate of 2,000 rpm in an air for washing the surface. The washed
silicon wafer was horizontally placed and 0.50 ml of the
photocatalyst coating composition 2 was added dropwise to a surface
facing upward of 2.6 cm x 7.0 cm. The silicon wafer was allowed
to stand until it was dried. Thereafter, the silicon wafer was
heated at 600 degree centigrade for 3 heours to prepare a
photocatalyst film sample plate 3. A film of the photocatalyst
film sample plate 3 had the intensity such that it was rubbed with

fingers but not peeled off. Further, the film was formed on the

surface, whereby the weight of the silicon wafer was increased 5.8
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(Coating of Photocatalyst Coating Composition 2 on Silicon Wafer
Surface) A silicon wafer (2.6 cm x 7.0 cm, thickness: 0.5 mm) was dipped
in a resister stripper (a product of Kanto,Ghemical Co., Inc., 15 SH-303). -
The wafer was subjected to washing with pure water, irradiation with
ultrasonic wave while it was dipped in pure water and washing with pure
ater, and then spin-dried by rotating at a rate of 2,000 rpm in an air for
washing the surface. The washed silicon wafer was horizontally placed
and0.5@ ml of the 20 photocatalyst coating composition 2 was added
dropwise to a surface facing upward of 2.6 cm x 7.0 cm. The silicon wafer
waszallawed 44 stand until it was dried. Thereafter, the silicon wafer was

heated at 600 degree centigrade for 3 hours to prepare a photocataly nsid
irs SAI IS 5 & A1 6 pROICCAA St 25 Nt o e L 4 Rad = =
wiheiniensity guch that it wasyubped withy, fingarsdupnot pegledoflii spersion 1
Further, the film was formed on the surface, whereby the weight of the
psitican safernwas ingréasad 5.8 83 Tmg. [0118h<Exaniple24vic act0O-miguid
polyethylene jar with a stir bar arranged thereinside 5 were introduced 6.0

CYIOTIRE phetocetay$ttyuia dhsersion! P orepara i Exdmpld 187 1% g2 er 29
i ﬁ:ép;ea%e li%wl\t}sg%lési!g uéd gcngpl%lt?% grtl.tar,uy @. zo?jL \58 %'3‘2%68%98%@ qfa@S stirred

same manner as In X and 29. ater.

upolvethyleng jas was stirred-dising,a magnetie stisrestersl Rour feroltaiteaalyst
photocatalyst 10 coating composition 3. The photocatalyst coating .
ceempogition@osition 3. The photocatalyst coating composition 3

was light vellow and muddy, and contained 0.6 weight % of the
photocatalyst, 0.6 weight % of titanium derived from the yellow
viscous liquid in terms of titanium oxide and 0.3 weight % of the
dispersing agent. The concentration of the solid content was 1.2
weight % as a residue after the calcination at 600 degree
centigrade.

[0114]

{Coating of Photocatalyst Ceoating Compo$ition 3 on Siide Glass}

A photocatalyst film sample plate 4 was prepared in the same
manner as in Example 22, except that the photocatalyst coalting
composition 3 was used instead of the photocatalyst coating
composition 1. A coating film of the photocatalyst film sample
plate 4 had the intensity such that it was rubbed with fingers but
not peeled off. Further, the film was formed on the surface,

whereby the weights of two slide glasses were increased 0.2 mg and

1.0 mg respectively.



was light yellow and muddy, and contained 0.6 weight % of the
photocatalyst, 0.6 weight % of titanig derived from the yellow viscous
liquid in terms of titanium oxide and 0.3 weight % of the dispersing agent.
The concentration of the solid content was 1.2 15 weight as a residue

-1 Aftersthe calcination at 600 degree centigrade. [0114] (Coating of
Photocatalyst Coating Composition 3 on Slide Glass) A photocatalyst film
sample plate 4 was prepared in the same 20 manner as in Example 22,

1. except that thephetecatalyst ceatingi eamposition Iwas usedanstead of 1y
the phatocatalyst cpating composition, 1. A coating film of the

= BhtoCAATSt AIfT Sarfiple HAfER had 1S intendly SHeh iHatt wasrBbed"

hawithdingersdut erzot peeledaff. Fusther, the filhvwas derined drithe in the
surface, 25 whereby the weights of two slide glasses were increased O

meamsd“zfﬁe&h T m%gregégﬁivg@?%4 G%EAﬁ\ﬁ%Lﬂ%gﬁ&oéﬁa@éte co%&rcrjsefngogg 20

tophbiotatalyticallycastive basedand: a siicom nxidefilnr cowering: thecbase, on

aving no pores derived from a silicon gxide film.in the measyrement of
megg%géize istribution C|:nlf?1€edlr21niaé of 20 to 500 Angstroms according to%m@
cethelnitrogen adsomptiehnmethed, andkealdinedat Aot lesstiiam 400 degréée

phseae};tgg%%ggt&erﬁig the.alkalimetal gontent of the phatocatalygtds.not, . p
less than | ppm but not more than 1,000 ppm. 2. The photocatalyst as set
1, fovth inwtaim 1, wherein

2. The photocatalyst as set forth in claim 1, wherein
the amount of silicon loaded into the photocatalyst per a
surface area 1 m° therecf was not less than 0.10 mg but

not more than 2.0 mg.

3. The photocatalyst as set forth in claim 1, wherein
the alkali metal content of the photocatalyst is not less

than 10 ppm but not more than 1,000 ppm.

4. The photocatalyst as set forth in claim 1, wherein
said base 1s anatase type titanium oxide, rutile type
titanium oxide or titanium oxide containing a mixture
therect.

5. The photocatalyst as set fortn in claim 2, wherein
sald base 1s anatase type titanium oxide, rutile type
titanium oxide or titanium oxide containing a mixture

thereof.

o, The photocatalyst as set forth in claims 1, 2, 4 or

5, wherein said alkali metal is sodium and/or potassium.



the amount of silicon loaded into the photocatalyst per a surface area 1
m2 thereof was not less than 0.10 but not more than 2.0 mg. 3. The
photocatalyst as set forth in claim 1, Wherein the alkali metal content of
the photocatalyst is not less than 10 ppm but not more than 1,000 ppm. 4.

7. The photocatalyst as-set forthyin claim Iswheteinysaid base isjanatase-« : n
type titanium oxide, rutile type titanium oxide or titanium oxide containing
sadnikiti€ theréofP5IFHE pRotocatalyst as set forth in claim 2, wherein
said base is anatase type titanium oxide, rutile type titanium oxide or
titanium oxide containing a mixture thereof. 6. The photocatalyst as set

I

% - forthlin Tlaihs A° 224 Bt Y8 'wifeteifi Said dikali metal i§ sadilinrandfdi® = s1in

sapotassiym. 65 4. Fhephetecatalyst as set forth in claim 1, wherein said
base is a particle. 8. The photocatalyst as set forth in claim 2, wherein
said base is a patrticle. 9. The photocatalyst as set forth in claim 4,

9. whereig saitbhaseis=a particles 10 <fhe photocatalystas set farth inelaiin
5, wherein said base js.a particle. The photocatalys't as set forth in claim

said pase ig. ArTICIE,. .
6, whérein ‘said' base is'a particle. 12. A method for producing the
photocatalyst as set
10. The photocatalyst as set forth in claim 5, whersin
said base 1s a particle.

11, The photocatalyst as set forth in claim 6, wherein

csalid base 13 a particle.

i12. A method for producing the photocatalyst as set
forth in claim 1, including the Zfollowing steps (A) Lo
(Cy, in which the pH of the mixed sclution containing
both szid base and silicate in step (&) is meintained at
5 or below:

(A) a step of mixing at least any one set of an
agueous medium containing said base and a silicate, an
agqueous medium containing & silicate and said base, and
an agueous medium containing said base and an agueous
medium containing a silicate, and then covering sald base
with said silicon oxide film;

(B) a step of separating saild silicon oxide film
and said photocatalyst having the base covered with the
gilicon coxide fiim from saild aguecus medium; and

) a step of calcining said photocatalyst
separated from sald agueous medium at not less than 400
degree centigrade and then gaining sald photocatalyst
having nc pores derived from a silicon oxide film in the

measurement of pore size distributicn in the range of 20



forth in claim 1, including the following steps (A) to (C), in which the pH
of the mixed solution containing bath said base and silicate in step (A) is
maintained at 5 or below: (A) a step of mixing at least any one set of an
agueous medium containing said base and a silicate, an aqueous
tomedium gontaining a silicate andrsaidhase; aad an@agqesus medisim: ion
containing said base and an aqueous medium containing a silicate, and
e fHaA roveTifg Saf Base® with $aid Silicoh bkidk fifth; (ﬁ)lé%é’tebsof““ LeEs
theeparafing saigksilicon exde fitth sand saitlphetecatalyst having the base
covered with the silicon oxide film from said aqueous medium; and (C) a
step of calcining said photocatalyst separated from said aqueous medium
13at ngtlesstharm400 degreercentigraderand themgaiming sdidst as set
: Qr%(%toc%taé)gst %_havjr}g no pores derived from a silicon oxide film in the
“meastirement ot poré size distribution in the range of 20 65a to 500
Angstromsaecording io the aitregen adspiiption method, ardthecalkall vst
metal content of which is not less_than m but not more than 1,000. .
e (BTG TR for ot R ey b aey orhiR Sl ©°
calziinstep (C), after drying said photocatalyst separated from said
agueous medium, said photocatalyst is calcined. 14. The method for

producing a photocatalyst as set
14, The method for producing a photocatalyst as set

forth in claim 1%, in which the alkali metal content of
said photocatalyst 1s not less than 10 ppm but not more

tharn 1,000 ppm.



forth in claim 12, in which the alkali metal content of said photocatalyst is
not less than 10 ppm but not more than 1,000 ppm. 66 15. The method
for producing a photocatalyst as set forth in claims 12 or 13, in which said
step (C) is a step of calcining said photocatalyst at not more than 1,200
15degreiescentigradel 1&cthe methiod:-forproducinga-photocatalyst asssetset
forth in claim 12, in wqti h said base is, anatase type _titanium oxi(.;i rutile
foﬁ/%% titAniun l(‘)E>i<i%“d[(1a~sor ftanidmm of;(?lde &gntgl%f“n%% mixtare thereo .%f?. The
stmethofl farsdroduding a photocatatyst astset yforth mtclaims 12 ol inhan
LW ' hdséaid gilicgt@enig a ?aaggf sodium and/or potassium. 67 18. A
o photoca%‘?ys? liquid d’lgpersmh comprising the photocatalyst as set forth in
claim 1, a liquid medium and a dispersion stabilizer. 19. The
hotocatalyst, .Jiguid dispersi rth in im in sai
1 sPhotpgatalyst, liguid dis %8&5‘%% hin claim 18 wherein said ...
6Ilquiél med%mtlé water. §O. he photocatalyst I%l%gdbgisperg% as set for%ﬁ3
fomtclaibn 18; Wwhierein Said dispetsior stafsilizér issreionié sarfastane 2EvAS
- 1 Phatocatalyst coating. campositian.comprising;the photocatalyst asisef sy,

forth in claim 1, a liquid medium "and a binder. 22. The photocatalyst
OXESRINYPEdTAPOSition asBetforthe thereof.

17. The msthod for producing a photocatalyst as set
forth in claims 12 or 16, in which said siiicate is a

salt of sodium and/or potassium.



in claim 21, containing a compound of titanium or silicon as said binder.
23. The photocatalyst coating comp ;ition as set forth in claim 22,
wherein said compound containing titanium contains titanium peroxide.
24. The photocatalyst coating composition as se forth in claim 21,

1 gcontaining water-and/oralcohol as;said gliquid medivm. comprising  the
photocatalyst as set forth in claim 1, a liguid medium

and & dispersion stabillizer.

19. The photeocatalyst liguid dispersion as set forth in

claim 18, wherein said liguid medium is water.

20. The photocatalyst liguid dispersion as set forth in
claim 18, wherein said dispersion stabilizer 1s an ilonic

surfactant.

21. A photocatalyst coating composition comprising the
L Y F L
photocatalyst as set forth in claim 1, a Lligqulid medium

and a binder.

22. The phectocatalyst coating composition as set forth
in claim 21, containing a compound of titanium or silicon

as sald binder.

23. The photocatalyst coating compesition as set forth
in c¢laim 22, wherein said compound containing titanium

contains titanium peroxide.

24, The rphotocatalyst coating composition as set forth
in c¢laim 21, containing water and/or alcochol as sald

liguid medium.



