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1 SPECI FI CATI ON | NORGANI C SI NTERED MATERI AL

CONTAI NI NG PHOTOCATALYST COVERED W TH SI LI CON OXI DE
FILM5 TECHNI CAL FI ELD [0001] The present invention
relates to an inorganic sintefed material having
photocatal ytic activity. 10 BACKGROUND ART [0002]

As for an inorganic sintered material such as pottery
havi ng photocatal ytic activity, a ceram c sintered
material fired at a 15 high tenperature or the I|ike,
t he hydrophilic propertypp@nti®iesh and
deconposition activity against harnful substances
have been in demand. As a substance having
photocatal ytic activity, when titaniumoxide is

appl i eq cﬁ@hk?%ﬁwf%ﬁ%ﬂ'&g%hhﬁﬁﬁgﬁbﬁ%hgﬁlké pREESEM AT, vST

on a surface of pottery before t glaze is fired an
bonded, 20 titani ' k.S t |t rom
anat ase type tOQ%Lﬂlﬁﬁ§ ﬁ?gg Sggg%gﬁn?g?ég g?LQhe same
time because the firing is carried out at a

tenperature of higher than 600 degree centigrade. So,

ecific surface area becones |ow so that the
TE%E@%%@thké#ﬁc functi on cannot be exhi bited.

FE@6$ nore, high tenperature 25 firing is needed for
t ﬁ%rovenent of adhesi veness even in case of the

ceram c sintered terial fired at .a high
t ﬂ%é¥%ﬁﬁﬁﬂ§ Epgpng?on_réﬁates to an inorg%nic sintered material

having photocatalytic activity.

BACKGROUND ART

[00027

As for an inorganic sintered material such as pottery having
photocatalytic activity, a ceramic sintered material fired at a
high temperature or the like, the hydreophilic property, antibiocsis
and decomposition activity against harmful substances have been
in demand. As a substance having photocatalytic activity, when
titanium oxide is applied to pottery, and if titanium oxide is
present on a surface of pottery before the glaze is fired and bended,
titanium oxide is phase transited from anatase type to rutile type
and sintered at the same time because the firing is carried out
at a temperature of higher than 600 degree centigrade. So, the
specific surface area becomes low so that the photocatalvytic
function cannot be exhibited. Furthermore, high temperature
firing is needed for the improvement of adhesiveness even in case

of the ceramic sintered material fired at a high temperature, for
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exanple, a ceramc filter or a honeyconb-like ceramc
carrier. However, simlarly to the case in which
titaniumoxide is applied to pottery, the

photocatal ytic function cannaf be exhibited in this
case either. 5 Accordingly, pottery having

phot ocatal ytic activity is produced through a
conplicated and troubl esone step in which the pottery

eXéI% Qggﬁ%gkﬁgﬂlgngl {éf}dor %(gr@b(ﬁl@)\/q % Weﬁ:‘&m@c carrier.

aving otocat ytl activity such
iu t f| e
HOV %nga Jﬁfi 1 5ﬁk?g' &gg%ggg&ﬁlf%%g%g%??g?éjéikéﬁs applied

10 for to f he r.f ace tt
ol PRI A ST R ST o o e
Flgust al so be solved. In order to solve t he
Caﬁ?o?é fittoned problens, for exanple, a raw nmaterial

contalnln titani_ um aoxi de ticle and_si
BaraHt By ne gy Ty BhokesanaTar s e Ty is produced
surface, and_the resultl material is
thggBeBadefitTy {77 bed at% ‘ifg%é%%@aw?ee BreFhdt [Edsht faF Pottery
~ 700 degree centigrade and a tenperature of not nore
lsm%e & anglybhsidi Gt ERBBraR RS Mot anat dyd-ance having
ype to rutile type for formng a photocatal yst thin
ph@FPﬁﬁEéhY‘éPﬁlﬁ@thﬁh?és%u‘f@p%stﬂ%ﬂ% c%ldj@ O&artﬂemléke and
and silica on the glaze layer, thus aimng
flrﬁﬁr@V|@mﬁ%ﬁPQﬁﬁiiHﬁbﬂébépyﬁytﬁbaacﬁ@Q|@%QKQ%HQQHtlgrade again
Docunent 1). However, just by physically containing
forirarium oxi aéewrtﬁacqeeOénEOEWWa Aitth¢ gaggppdsed @ problem
that great inprovenment cannot be achi eved because
ofphadeacheahserton with he viaami avoxinds partsicbe ¢adved. In
just partly be suppressed. 25 There have been
ordescltosedlvhatha sitienebabedediprnt srfor fad Brenple, a raw
suppl yi ng organohydrogen pol ysil oxane to a
maphot etatahysinimg tthigca@ ium oxide particle and silica is coated

on the glaze layer of a sanitary ware surface, and the resulting
material is subseguently fired at a temperature of not less than
700 degree centigrade and a temperature of not more than a phase
transition temperature from anatase type to rutile type for forming
a photocatalyst thin film containing anatase type titanium oxide
particle and silica on the glaze layer, thus aiming at improving
the photocatalytic activity {(Patent Document 1). However, just
by physically containing titanium oxide particle and silica, it
issupposedthatgreatimprovementCannotbeachievedbecausephase
transiticn of the titanium oxide particle can just partly be
suppressed.

There have been disclosed that a silica-based film is formed by

supplying organchydrogen polysiloxane to a photocatalyst in the
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gas phase and that the bactericidal activity under
light irradiation conditions is enhanced hi gher than
the original activity of the photocatal yst even
t hough the photocatal yst is goated (Patent Docunent
2). 5 There has been disclosed a titani um oxide
phot ocat al yst selectively renoving a basic gas such
as amoni a gas, am ne-based gas or the |ike (Patent
t e a Yol inithe,
ga5’° ﬁ%‘éﬁt T o B P g™ 148
artl havi n to V. d
g3 .ng P ayrbr ﬁ@%’ra%%%éeﬁ gty ¥Bhe original
e_core, The coati.n & sele t|veI
SRt AR ER R i S R ATy suﬁﬁ%toaatalyst is
te of tléanlun1OX|de core, whereby the

CO%E%?.EEaF%§Er ?%ﬂ%?n%n such that the ability to
IR S J.raﬁ'%ga%mﬂ%f%%dt PLETRLa st

descri bed in Patent Docunents 2 and
Sebﬁ%?ﬁ&%&ﬁﬂﬁ%%ﬁf“&hap@?ﬁﬁFﬁﬁﬁ%é“gngSo?ﬁ%ﬂ?%a gas, amine-based
substances is_ not sufficient either, and in_the
g2 prdt bhatalss { PaBSRF il IaR Pat enf e PO 33ySFrRs described

adsorptive capability over harnfulzgas ot her than
inphBpclgagneat i paufd | CPENCOMAILG icdnsiadered Fedguserticle
the 20 structure of the photocatal yst obtai ned by the
haménfod dese? F Hedl 1¢ npFat €xity Dothireritodd;irgr leyer of hydrated
nmechani cal strength or durability of the coating
sil agerswfrcydtiatedrsihiceh¢ sorgsuffticceat inpatayrgr selectively

Docunent 1: Japanese Patent Laid-open No. 1999-157966
adPatent tDecmeht 2as Japanese Pat@mntllal dugpdnedo to the active

1987-260717 25 Patent Docunent 3: Japanese Patent _
sitai df operaiNoim 20021 59865 #hePeSELOSURB DR ITHE ayer functions

I NVENTI ON
such that the agbility to eliminate the basic gas from the whole
photocatalyst is enhanced.

However, in the photocatalysts described in Patent Documents 2
and 3, photodecomposition performance over organic substances is
not sufficient either, and in the photocatalyst described in Patent
Document 3, the adsorptive capability over harmful gas other than
basic gas is insufficient. This is considered because the
structure of the photocatalyst obtained by the method described
in Patent Document 3, or the mechanical strength or durability of
the coating layer of hydrated silica is insufficient.

Patent Document 1l: Japanese Patent Laid-open No. 19%8-15796¢6

Patent Document 2: Japanese Patent Laid-open No. 1987-260717

Patent Document 3: Japanese Patent Laid-open No. 2002-159865
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[0003] Under the circunstances,
present invention is to provide an inorganic
sintered material having photocatalytic 5 activity
that is pottery or a ceranicéPintered mat eri al
obtained by firing at a high tenperature, and a
sinple nmethod for producing an inorganic sintered
mat eri al having photocatal ytic activity, and nore

ecifically, in od for producing an
DT $%9%%%$GDF§?%¢gpggﬁﬁgﬁériaI havi ng photocatal ytic
activity, to sinplify the 10 step by perform ng the
bHHHW%b of the photocatalyst at the time of firing
and bondi ng of the glaze, instead of the coq$licated

9 . .
Aerle t ro\folrdS6HBSSEERCET 31 rihig End Tbbhai Mg 1Hd thvention 13

an object of the

gl aze, and then bonding the photocatalyst to the .
to suFPaEee of pot R eF kg at Mt 000413 L eF5 Aln gdep pgotocatalytic
sol ve the aforenenti oned probl ens, the present

aci hvbhY o thalie PEONEEct 88 anCekPBhs| e ISRy "angraglaobtalined
result, have found that an inorganic sintered

by nfditrericak ti 8 Iprdviteswesn turs . aud faasdmpilenngthod for producing
phot ocat al yst conposed of a base having . o

an photroeatial yiihtened ingtey iaddhav supstarocaltby vheFedliggl ty, and
silicon 20 oxide filmcovering the base wherein the .

moceonseatibical kal i imetiad snetisod rf athé noghyge nef afotnpeggnic
than 1 ppm but not nore than 1, 000 ppm whereby | ow

sispeced immisurifaceaaieg prophesies 1 yahsiakton ity rueidigplify the
caused by the use of a photocatal yst of titanium

stexiite pat o oang behs upprassed Andtdigh tphettedasal pti the tinme
activity can be maintained. 25 Thus, the present

of ifMveintd emchasnbery conpleeyedzeThatstiessd adcohdiqmptlocated and
the present invention, the following 5 inorganic

tr&upt 88 8@e MAIRQY b&l £{8i0Ptainednding the glaze, and then bonding

the photocatalyst to the surface of pottery again.

[GO04]

In order to solve the aforementioned problems, the present
inventors have conducted an extensive study and as a result, have
found that an inorganic sintered material is provided on its
surface with a photocatalyst composed of a base having
photocatalytic activity and a substantially pore-free silicon

oxide film covering the base wherein the content of alkali metals

is in the range of not less than 1 ppm but not more than 1,000 ppm,

whereby low specific surface area or
caused by the use of a photocatalyst
be suppressed and high photocatalytic
Thus, the present invention has been

That is, according to the present

phase transition to rutile
of titanium oxide only can
activity can be maintained.
completed.

invention, the following
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(1) an inorganic sintered material conprising a
phot ocat al yst, wherein the photocatal yst conpri sing:
a base having photocatalytic activity; and 5 a
silicon oxide filmcovering the base, wherein the
filmis substantially pore-free, and wherein the
phot ocat al yst has a al kali netal content of not I|ess
than 1 ppm but not nore than 1,000 ppm Furthernore,
inBEGOLAL NG, L0 Lhe Present) | yentdned he following 10

produci hg an inorganic S|ntered mat eri al

g@ pro{hg%%?nlg g & HEtho%té% a&rggﬁﬁkfglﬁgtt?ﬁ%tocatalyst,

ocataly CRont a|n|ng surface
ts su ere the hot acat al yst conpri sing a
wnpbEiR ey n@%%%?%%%f%?@t?ég Tty nd a 8ilicon
oxide filmcov the base, rein the filmis 15
dubstantiatty Pﬁb ‘F‘?’%%ly%raéitﬁ tlﬁéf néﬂff‘od

conprising the foll omnn st eps (A%ﬁ- (B) (

Fi RFAYCAE PeHSt Shiore St fAt GrSe R@&&& oﬁée Bhin

medi um conta|n|n%¥the base and a silicate, an
sulgbebus2 fedi ks toht@tni#f a silicate and the base,

and an aqueous nedlun1conta|n|nE t he base 20 and an

Waeeols Phatesataliehgia i i kat & nedid COREPRG ¢heot less

base wth the silicon oxide film (B) separating the
thahot oerm dpystneonposedtan thd & [9F&bn oxide film and

the base covered with the silicon oxide filmfromthe .

afeeolusrmed umcrdidy agt m dresepdl EnneRgliehe the following

resulted material; 25 and (C) attaching the .
nephot odatrapystucoverad inotrhasard Sildghmekicdeas arfg prpvided.

to a surface of unglazed pottery and subsequently

fi2)] ng ndehod for producing pottery having a
photocatalyst-containing surface layer on its surface, wherein the
photocatalyst comprising a base having photeocatalytic activity and
a silicon oxide film covering the base, wherein the film is
substantially pore-free,
wherein the method comprising the following steps (A}, (B} and (C):

(A) mixing at least any one combination of an aqueous medium
containing the base and a silicate, an aqueous medium containing
a silicate and the base, and an aqueous medium containing the base
and an aqueous medium containing a silicate, and coating the base
with the silicon oxide f£ilm;
(B} separating the photocatalyst composed of the silicon oxide

film and the base covered with the silicon oxide film from the
aqueous medium, and drying and/or calcining the resulted material;

and

(C) attaching the photocatalyst covered with said silicon oxide
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resulting material at a tenperature of not |ess than
600 degree centigrade but not nore than 1,500 degree
centigrade; and wherein the pH of a mi xed sol ution
contai ning both the base and 5 a silicate in step
(A) is mintained at 5 or less; and (3) a nethod for
produci ng pottery having a photocatal yst-containing
surface layer on its surface, wherein the
. phot ocat al yst coppri sin base havin hot ocat al yti c.
1 BE R B GORRACE 00 IO ORPEL FFE VR T e Babef ing the
wherein the filmis 10 substantially pore-fre
reSiher B T HEUhot CorrIEe iy e °FoPPowiRgos(hpg 600 dearee
(A, (B) and (C) or (A, (B) and éD) : %é—\%,m’xi ng at
celgadita iy Hnd YoMt ifatiton of 4N 4GHESEs Chadigrfder and
contaj ning the base and a silicate, an, agueous nedi um
wegted hithg PESCA &inixed 60and 1PReCBAsRINERY Rpfh the base and
aqueous nedi um cont ai ni ng the base and an aqueous
a ﬁfr-’gtﬂ%mﬁ%o?m Atfimgfe sid iedte2iagd edati R tRESHaded
with the silicon oxide film (B) separating the
pholt ot aredihest ﬁﬂﬁnﬁﬁﬂﬁﬁqymgt@@t§ﬁFchﬁVé%Bdé filmand
t he base covered with the silicon oxide filmfromthe
pheo aguelost medi tamn ‘arag sdryhng lavdropn ddlcParhgcehetherein the
resulting material; and (C) attaching the
phptot ocalt vl ty sbmpoveried aobsedaidisl bhooncekipdetifidapivity and
to a surface of the ceramc sintered material and
a subseguentide fiIn ngptdeimedile bagerpteeiralinatha £ilm is
tenperature of not |less than 25 600 degree centi grade
sulbdit amiota YOY epd hant dsH00 degree centigrade; or 7 (D)
m xi ng the photocatal yst covered with said silicon
wh@®Xé T the method comprising the following steps (A), {B) and (C)

or (A), (B) and (D):

(A) mixing at least any one combination of an aqueous medium
containing the base and a silicate, an aqueous medium containing
a silicate and the base, and an aqueous medium containing the base
and an aqueous medium contalining a silicate, and ccating the base
with the silicon oxide film;

(B) separating the photocatalyst composed of the silicon oxide
film and the base covered with the silicon oxide film from the
agueous medium, and drying and/or calcining the resulting
material; and

(C} attaching the photocatalyst covered with said silicon oxide
film to a surface of the ceramic sintered material and subsequently
firing the resulting material at a temperature of not less than
600 degree centigrade but not more than 1,500 degree centigrade;

or
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filmwith the raw material of said ceramc sintered
material, nolding the resulted m xture, and
subsequently firing the resulting material at a
tenperature of not |ess than poo degree 5 centi grade
but not nore than 1,500 degree centigrade; and
wherein the pH of a m xed sol ution containing both
the base and a silicate in step (A) is maintained at

5 | ess. [Q005]. .According to the present . L .
LR T S S ovigs o afoPddiren oxide
.Sintered material havjn otocatal yti.c functio i

1 D R RaShs e GBS 1 DI P GL A o HEE Py agerial,
conpared with _that exhibited in the use of ..

mOLHbESC ARl §RELBFCT i T RAT TR 0xi e W%ﬁqueﬁ&ﬁtyh%rlﬁﬁp& the
according to the present invention, it is possible

regdlpioyi Heter et md # o SProidtict ity %n Ttorlgami ¢han 600 degree
sintered material 15 excellent in photocatal ytic

cenkipypey Reohvierlt €Ty iR ecofOhidadnap ceprigrade; and
DESCRI PTI ON OF THE DRAW NGS [0006] 20 The

whafeieneht i Bhedl objebted avell wtier ©hjledisng both the base and

characteristics and advantages becone further clear
a pylipetappropiémt A kenbodiarEnisingd e descrdiclséd bel ow

and the foll ow ng draw ngs acconpanied thereto. Fig.

1[980al graph showing a log differential pore vol une

25 distribution curve (a solid line) of a

photocatay yisi theapd exeingg indiehterent ial i pores add i c provide

distribution curve (a dotted line) of a 8
anphotogat at ysintghed ocat et st HB)img tdiautcdaaneilng ia function

silicon oxide filmcorresponding to a base of the
whpbotiocatrahyskaBly high photocatalytic activity as compared with
that exhibited in the use of a photocatalyst of titanium oxide only.
Furthermore, according to the present invention, it is possible
to provide a method for producing an inorganic sintered material

excellent in photocatalytic activity conveniently and

economically.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

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

Fiq. 1 is a graph showing a log differential pore volume
distribution curve (& solid line) of a photocatalyst 3 and a log

differential pore volume distribution curve (a dotted line) of a
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Fig. 2 is a graph showing a log differential pore
volume distribution curve (a solid line) of a
photocatalyst 9 and a log 5 differential pore vol une
di stribution curve (a dotted Jine) of a photocatal yst
(phot ocatal yst 19) wi thout having a silicon oxide
filmcorresponding to a base of the photocatal yst 9.
Fig. 3 is a graph shomﬁng alog differential pore

on L DB e 9 Sl S 8 51sicon onice

vol une distribution c rve t i_ne
£L R T TR S YA TPHGE et %taf %% 2 °ﬁ8ﬁ€)ﬂﬁ§% Phoa
SI|ICO OXIde f|| correspo di n ase of the
(R Ve BEST OB ROH CARRIERG GHT TRES volume
INVENTION 15 [0007] The i norganic sintered teria
di g T HHE- It <BHIYS ivesCitdAl iLénNEA ©OF n%r%%asjﬁaﬁ e%& tnd @ log
mat eri al containing a photocatal yst conposed of
di bR Havd hP Provedaes! QFFEIéEPHPPyC%\S@a x dotted line) of a
subst anti al | pore-free silicon oxide filmcovering
ph@u@cabia@eysfvmé@@pqaﬁ@w&r% ) 20 TP UAl ﬂ@él"tl“ﬁetaaﬁélb?on oxide
t he photocatalyst is in the range of 1 to 1, 000 ppm
£1lmerei redrerd proper 13 beisfplaf rékemhedoratadvat ©-
"silicon oxide coated photocatalyst”). The inorganic
st ered srat exdaaih ofiawigigpredent diffenenshaispore volume
obt ai ned by conbi ni ng one or nore kinds of inorganic
digionpoundsn asirv2s (a palhdcbhponerft aapdoheatiagvat & and a lOg
hi gh tenperature and hardening. Its conposition is
di Ve iousidependi vyplomet Hestorbiuhavhopuoferawdtted line) of a
materials, and is not particularly limted. The
phali st a i ougson{@fot ddeet aClomposid)i on tdoes hetvinged tolbeon oxide
uniformeither, and may be the inside and surface,
filhecappesrp@atinand |ovwersgpartt ther phandomcalyst 37.

BEST MODE FOR CARRYING OUT THE INVENTION

[6007]

The inorganic sintered material of the present invention is an
inorganic sintered material containing a photocatalyst composed
of a base having photocatalytic activity and a substantially
pore-free silicon oxide film covering the base, wherein the content
of alkali metals of the photocatalyst is in the range of 1 to 1,000
ppm (hereinafter properly simply referred to as a “silicon oxide
coated photocatalyst”).

The inorganic sintered material of the present invention is
obtained by combining one or more kinds of incrganic compounds as
a main component and heating at a high temperature and hardening.

Its composition is various depending on the combination of raw
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di stribution of the conposition. The shape is not
particularly 5 limted, but exanples thereof include
tile, brick, tableware and the Iike, which are daily
seen. An inorganic conpound tp be a raw nmateri al
(hereinafter properly sinply referred to as a "raw
material of inorganic sintered material") is not
particul arly limted as far as it is an inorganic 10

mac?ay fnd g%&'ﬂ%g@%;%ag%& ularﬁynﬁgm??%@at%ﬂ%edgg%r9£atlon of

an artl ICla esl ze

th%rfq“wsosw”%oan ol Tl e %?:w o ISR B33y e
am n| m ox# zirconi um d| | or d| eri t% d
mfﬁ: ?ui’“% SUFFTCon oA BiRRET titgfafEr - ©or random

apatite andthe,15I| Her ei n, e ,
dl%fh‘?%ao%y o Rff PRI g e afﬁ}%r%\ﬁaeoﬁédm% particularly

_inorgani c conmpound and appl gl aze after firi

llrﬁﬁﬁe%r ry e%%@lree%ﬂ}@ﬁrﬁﬁfrrgflégilgﬁ 5%%&%9%&3&@%%“ and

"pottery,” while those obtained by firing w thout

thasinbca yhask are %%%%Yﬁfeedl as a "ceramic 20
sintered material. C[10008] The silicon OXI de coat ed
phid tideacanyist compeird £6 R phbtvemiaryst (Mg Hyp der properly
surface of the base having photocatal ytic function

sippVer edfenred o fa$ m nmbde dfa sy iadop foxinggganic sintered
Accordingly, the silicon oxide 25 coated

maphoiatét alysbtdoes: hotldmnel ddeisephot Geat af yidt 1pordégorganic
to silicon oxide that is produced by formng a

cophotogatat siidatenetdl. i it hayppeseriveaf ogil ptoplay, or may
oxi de or a conposite formed by conmbining silicon

be oxi detiiftikvialplot prEied ystc iconploansapeclv essebltalhside, metal
type of covering the base with the silicon oxide film

hydsorbdtle, inorganic salt or the like. Examples thereof include

silica, aluminium oxide, zirconium dioxide, cordierite, mullite,
silicon carbide, aluminum titanate, smectite, apatite and the
like.

Herein, those obtained by molding using the aforementioned
inorganic compound and applying a glaze after firing, and firing

rr

the resulting material are described as “pottery,” while those
cbtained by firing without using a glaze are described as a “ceramic
sintered material.”

[0008]

The silicon oxide coated photocatalyst refers to a photocatalyst
having a surface of the base having photocatalytic function covered
with a film made of silicon oxide. Accordingly, the silicon oxide

coated photocatalyst does not include a photccatalyst bonded to

silicon oxide that i1s produced by feorming a photocatalyst later
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particularly limted, and includes any of coating a
part of the 5 base and coating the whol e base. But,
fromthe viewpoi nt that the photodeconposition
activity is obtained, the mh?be surface of the base
is preferably coated with a filmnmade of silicon
oxide all at once. Herein, the silicon oxide film
may be either a non-calcined film 10 or a filmafter
. | cining. In the.present. invention refecred .i.s a .
in HEPREA T PP IR DF SrFORGI6AT 86 AITRPRAE AP Rt A Gorbining
. base havij tocatalytic activi.ty (hereinafter
st pPe TR O2, Ptk OF arE e Say A7 bygaaptvethel.
nmetal -co und photonic . sem conduct or. can be used, .
EXHSIEE OF e Tt PGP Bhbt Bri b e ox1d6 Tilm is not
senm conductor include titani umoxide, zinc oxide,
Paf st Tt bt del Lot it i Ui I a0y &fd CPRE1PEKE, Part of the
Anong them preferred is titanium oxide which is,
ba%%é%F1éﬁﬁtﬂﬁgpﬁ%?dﬂéfg?%PP@'a6?PViﬁ%ogh8h§t%&ﬁW9Q%ﬁt that the
as well, and which is harm ess. Exanples of titanium
PhokP e el cramprtphaty t§petaxnat uiigxriel e ahatme of the
type titaniumoxide, rutile 20 type titani umoxide,
ba g obkiktes tg/pe v 1@ WA o%itde sardd fhe@adekef sl icResexide all
anatase type titaniumoxide, rutile type titani um
at oXi@e- or a mxture thereof excellent in the
photocatal ytic activity is nore preferable, and a
siraf ¢ L ranbbat s b 1 eemophickst t ipaatyi parm e rogirden @l cined film
al'so be contained therein. 25 Furthernpre, as a base,
or aa parim cliecaaf ddiecivetrad - compduned prpisendgniieavention, preferred
sem conductor is. preferably used. Further, however,
isaa 1dalavetad - Tianpownds Phictonick isemadarductdrcining.
preferably contains a base having a specific surface
akea bhspriedferablphmoicadadyttibanc30v iRy glhermiraifter properly
preferably in the range of not |ess than 120 n2/g but
simely ¥ @rred to as a “base”), a metal-compound photonic

semiconductor can be used. Examples of the metal-compound photonic
gsemiconductor include titanium oxide, zinc oxide, tungsten c¢xide,
strontium titanate and the like. Among them, preferred is Citanium
oxide which is excellent in photocatalytic activity and stability
ag well, and which is harmless. Examples of titanium oxide include
amorphous type titanium oxide, anatase type titanium oxide, rutile
type titanium oxide, brookite type titanium oxide and the like.
Of these, anatase type titanium oxide, rutile type titanium oxide
or a mixture thereof excellent in the photocatalytic activity is
more preferable, and a small amount of amorphous type titanium
oxide may alsoc be contained therein.
Furthermore, as a base, a particle of the metal-compound

photonic semiconductor is preferably used. Further, however, a
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than 400 n2/g and nost preferably in the range of not
| ess than 120 5 n2/g but not nore than 300 n2/g. Wen
the specific surface area of the base is within the
above range, excellent catal IIC activity can be

mai nt ai ned. Meanwhi | e, when a base can be clearly

recogni zed as a particle, the specific surface area
of the base can be calculated by the 10 general BET

ther cases,  based o Ly, Part
me n%%@ Bt S TR o e et P P B h i g o base

th di pg t Shel
nagiael SReGy e he DR ACron T oF A BArary” *ﬁ,iﬁ%%iﬁgaﬂ 30 /g,
mog%:g&%%] llteyﬁ?L%S mcr Osco%n@bﬁ\?&szg %gge[%{) fnth but not more

, IS calculated fromthe true density of

th%lﬁe@g@r%f%@%%étb@rﬁww %Fh?h@@%tfav%rﬂa%%s than 120
, fromthe diffraction analysis of X-ray or electron

m’ 5o &A@t FE Tl BAE éﬁpai“r/éﬁ f PR FEcabB¢e 1§ pRepREARCE area
conversi on, whereby the specific surface area of the

of pasebean Isevlbbi bi e 2boge Wi hexpaseent aptalytic activity
particle, its primary particle dianmeter is

campried grabliaired he range of not |ess than 1 nm but not
nmore than 50 nm and nore preferably in the range of
nétatdsisla hahe? ardrr canobe mrea tiivane80gnik eWreh at herticle,
primary particle dianmeter of the base is within this

the amge; i excetd sitce atmdytdic taut ibaisey ceanbbeca2bulated by the
mai ntai ned. [0009] 12 1In the present invention,

gemxamp| BT ofe ttthrel .al Kal pthetratasas) ddesdd tdi wnprsodirynparticle
pot assi um rubidium cesium franciumand the |ike.

diomet&i nobtofitdeserat kal iX-metalds fapche ocontailpeds end the
two

calculation according to the Sheller’s equation or the cbhservation

of a primary particle using an electren microscope, the “surface
area” is calculated through spherical conversion and the “weight”
is calculated from the true density of the crystal phase by finding
out the crystal phase from the diffraction analysis of X—ray or
electfon beam and the volume obtained from the above spherical
conversion, whereby the specific surface area of the base can be
obtained.

When the base is a particle, its primary particle diameter is
preferably in the range of not less than 1 nm but not more than
50 nm and more preferably in the range of not less than 2 nm but
not more than 30 nm. When the primary particle diameter of the
base is within this range, excellent catalytic activity can be
maintained.

[COCST
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or nore kinds thereof may be contained. O these,
preferred is 5 sodium and/or potassium and nore
preferred is sodium [0010] The content of alkal
metal s in the photocatal yst Egn be quantitatively
anal yzed by using an Atom c sorption

Spect rophot oneter (AA), an Inductively Coupled Plasma
At omi ¢ 10 Em ssion Spectroscopy (ICP), an X-ray

Fl.uorescence Spectroneter XRF) an e ljke-. Th .
oG COR ool RBEAPE i H ARE PLcbAS Duf el dbgAdg inelude
.photocatal yst is preferably not, | ess than 1 m and

LR ETor 8P A1 YPHOIS T B (TN O p i Wil L A1 LGy and The
less than 1 ppm an effect on the inprovenment of the

LikRot odeRofpdi T o as® a2t Faht yqte lac Hidgy &F. C\ﬂﬁ‘@ﬁli“legf or two
is not less than 10 ppm_an effect on the ,

orj BpEBvERRRt BreERl PRt daecoiipcsintgon &dt itfesy, preferred is
becomes remarkable. The reason why the ,

sophBfodee 6npoaTtd vl Wit | 414 yree Rufdreeased sy sodium.
containing a prescribed anount of the al kali netal
i $0RbY] al ways definitely clear, but it is considered
so because 20 the adsorption rate of the
désenpost¢itoreof arlgerl i sueanded.then phohecethdl shamgn be
the upper limt of the content of alkali nmetals is

qupnef eatblylnotnabyecd Han 13000 ppMtaroce Agisefrertalohy
not nmore than 500 ppm and further preferably not

Spaot ecthanci2@0: ppMAA By dvavimipcttine lgofioemtl eof Pletsmap A omic
than 1,000 ppm elution of a silicon oxide 25 film

EmCanibe Sppptessedoy FUTTher nor e-1tay hawiong sideeceoipent: rometer
of not nore than 500 ppm generation of sintering of

(XRhe photoecatlallyst 1I3e ichnaecaal of nat kohi trreeat Ivenitn atheasilicon
tenperature range of exceeding 800 degree centigrade

oxtap beasapprressedtang by shaviengrabeycont endsofthaotl ppm and

nore than 200 ppm it is possible to nmake it
mo@ef hreabtabDy fat hBEss than 10 ppm. When it is not less than
1 ppm, an effect on the improvement of the photcodecomposition
activity is achieved. When it is not less than 10 ppm, an effect
onn the improvement of the photodecomposition activity beccomes
remarkable. The reason why the photodecomposition activity is
increased by containing a prescribed amount of the alkali metal
is not always definitely clear, but it is consilidered so because
the adsorption rate of the decomposition target is enhanced. On
the other hand, the upper limit of the content of alkall metals
is preferably not more than 1,000 ppm, more preferably not more
than 500 ppm and further preferably not more than 200 ppm. By having
the content of not more than 1,000 ppm, elution of a silicon oxide

film can be suppressed. Furthermore, by having the content of not

more than 500 ppm, generation cf sintering of the photocatalyst
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progress sintering of the photocatalyst. 5
Furthernore, the content of alkali netals contained
inthe silicon oxide filmis preferably not |ess
than 1 ppm but not nore tha 3500 ppm and nore
preferably from1l to 200 ppm The term "substantially
pore-free" nmeans that there are substantially no
pores present in a silicon oxide filmwhen the 10
. Z tribution of base :
Bl doat e R aﬁsé&e@%ra?ﬂa%e?rgﬁeﬁ. A iR RgLng 800
roductlon of  the sjlicon oxide f|In1 coa
dSEHOY ocat =t Yy 53804;?%6&%%9%% ‘i"hﬁt“ ofVa %Y]r Eddie content of
oxi de film, coated.phptocata ared by _usi
o R b R S T i o SO AFELE HLPPYRL o PRLE RGO Brfgefurther
of 20 to, 500 Angstrons. 15 SpeC|f|caIIy the pore
pr%‘?%‘aesﬁl%ﬁtr%]ﬂ%no%fthae FaSE F3idg Sthot ocat al yti ¢
act|V|t and that of a silicon oxide film coated
niast de TR ot By e AEasdPereRtabRefnen the
re size distribution such as a nitrogen adsorption
Slﬁ%‘%%&%rdet e 1M k&, Papterdohpat®d 156 Se&BAN ot HE but not more
whereby it is possible to determ ne whether 20 there
thap é%%b@%rﬁméwcyrearar%r@éﬂm dgeit 1i rca 280! pesn
oxide fi.lm or not. To nore specifically describe a
Welye dfe iy “cﬁqueﬁaﬁelﬁd{lef sioze - Ldiest'r mgarpohhatcbharagare
to the nitrogen adsorption nethod, it is possible to
s ulpiest &k A el et Herr dsharme sgng anmy ap@riée}cgﬂeeerhﬂei fii am2ghen the
silicon oxide filmaccording to the foll ow ng nethods
poxd)sioe (Wstrierteian o sexarspl daofingsiphgtacatalytic activity
phot ocat al yst particle as a base will 14 be
usglbser ebeaw bed tow 1 g11)inat phgiopatal st ofarbecdielicon oxide film
dried at 200 degree centigrade and then an N2
coatsD phtcitor aitsdtiser irs | qontrhe cdesarpt tlomt prioeesslicon oxide £film

coated photocatalyst prepared by using the base having
photocatalytic activity in the range of Z2C to 500 Angstroms.

Specifically, the pore size distribution of a base having
photocatalytic activity and that c¢f a silicon oxide film coated
photocatalyst are found out by the measurement of the pore size
distribution such as a nitrogen adscrption 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.

To more specifically describe a way of finding 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 f£ilm according to the following metheds (1) to (4}.

Herein, an example of using a photocatalyst particle as a base will
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measured; 5 (2) an N2 adsorption isothermof a

silicon oxide filmcoated photocatalyst in the

desorption process is neasured; (3) the

af orenenti oned two N2 adsorption isotherns are

interpreted by the BJH (Barr #t-Joyner-FbIenda)

nmethod to obtain log differential pore vol une

di stribution curves in the range of 10 20 to 500

stroms; an 4) by conparing two log differentia

besagacgb?%ﬁebﬁfgéribution curves, when there is no ,

region in which the log differenti.al r vol une of

P H b Cotrae SEoRREH BHot L MRS e 20 hofediags Bentigrade

than 0.1 ml/g greater than the | og differential pore ,
angoliER ofF Vhé D ot B SRS Mpar't FEFedepprpgon process 1s

determ ned that there are substantially no pores
mepPesR@At in a silicon oxide film On the other hand,

when there is a region in which the [og differentia

pbf ke %ol Nme cofo nrtd O8) [HS@6hesRi 86 @oatl dCPRoPBEat af Y5t coated

is not less than 0.1 m /g greater than the | og
phdipteteny$al iporlee vk s tofon e QB FhotsoFarglysd

particle, it is determined that there are pores

pft ésehiie | pf areidnicomenkitde Nl adsphptdent abpyhetrms are

have a range of not less than 0.1 nm/g is because a
inheasueeadnity driroBJbf (BboutttoJevnet gHad dedaf mdihddgoe obtain

differential pore volune value in the neasurenent of
lopoRef Sezentdist mdnd ivonung thetmibnogen adsoeptirothe2Fange of

met hod occurs in many cases. Wien two | og
20dté6f o @ntnabt pone; vaddime di stribution curves are 15

conpared in the range of 20 to 500 Angstrons,

ext sttencenpk rpomeswoi To@ diffccemtdxildeofe v ioare béstribution

substantially determ ned. Furthernore, it is nore
cuptet erablre thkat twond agodichf enemti@l the log differential pore

volume of the silicon oxide coated photocatalyst is not less than
0.1 mi/g greater than the log differential pore volume of the
photocatalyst particle, it is determined that there are
substantially no pores present in a silicon oxide film. ©On the
other hand, when there is a 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 velume of the
photocatalyst particle, it is determined that there are pores
present in a_silicon oxide film. Incidentally, to have 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 differential pore volume value in the
measurement of pore size distribution by the nitrogen adsorption
method occurs in many cases.

When two log differential pore volume distribution curves are
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pore volunme distribution curves are conpared and
there is no region 5 in which the |og differentia
pore vol une of the silicon oxide coated photocatal yst
is not less than 0.1 nm/g grﬁﬁter than the |og
differential pore volune of e phot ocat al yst
particle in the range of 10 to 1,000 Angstrons.
[0011] 10 Herein, when there are pores present in

CO@%%I%%LE%?&%%%@{% © éﬁbgc%%v%?@dﬁ%ﬁ%ai%ﬁ?a Ve ot pores
i RS lT 1 $081 Gt FENT Gl OB Srhegne TBaaw ¢ %8651?3336

the silicon oxide filmdue to % xi stence of the

P PG Ty 13 TghtS P ISiEFRTHYYOE GPEFalis) é?gragéferemal

reachi ng the base having photocatalytic activity,
Poé%d”ﬂéﬁﬁt@h§t¥h%uéh%%ﬁ%”ﬁ?sh%¥%§x%ﬁ@re€%@%@ﬁ%ﬁge 1s no region

gener at ed the excitation of the _photocatal yst
inpertRRrth 1l s terdumo i6t VSileoR fokP@e sitdicon oxide
used for coating, it is supposed that the thickness

cogted hphah G alon X dies 119 1m I A a20 Opdr 88 /gsgreater than the

increased nore than that of the silicon oxide film ‘
logali g rang ipdr o rasvealiche st tthe pbbupeabslpor emmnd:le in the

as a result, the physical distance between the base
ratewi v photocat@ §tieydctamg.ty and the organic

substance of a deconposition target becones |arge so

tha1lkufficient photodeconposition activity is not

achi eved. 25 [0012] The anobunt of silicon supported

dife tdven afvbieenent rened: idriecoprdéentoxindeheoat Btkon oxide film,

phot ocat al yst per a surface area 1 n2 thereof is a
it vied uk £ daldul aedmbroret hise apionintdeaforgiddidaimon activity. The

contained in the silicon oxide coated photocatal yst
reafch tikensurdlace sadedinf c&be cidarGoiut it is supposedly because
the diffusicon or reflection of light easily occurs in the silicon
oxide film due to existence of the pores for reducing light
intensity of ultraviolet rays reaching the base having
photocatalytic activity, and reducing the amount of holes and
electrons generated by the excitation of the photocatalyst.
Further, when the same amcunt of silicon oxide is used for coating,
it is supposed that the thickness of the silicon oxide film having
pores 1s increased more than that of the silicon oxide film having
no pores as rmuch as the volume of pocres and as a result, the physical
distance between the base having photccatalytic activity and the
organic substance of a decomposition target becomes large so that
sufficient phbtodecomposition activity is not achieved.

[G012]

The amouni cf silicon supported cn the aforementioned silicon
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oxi de coat ed photocatal yst. The amount of silicon
supported on 5 the silicon oxi de coated photocat al yst
per a surface area 1 n2 thereof is in the range of
not | ess than 0.10 ng but nog nore than 2.0 ng,
preferably in the range of n P less than 0.12 ng but
not nore than 1.5 ny, nore preferably in the range
of not less than 0.16 ng but not nore than 1.25 ny,

or B LT BLEL 2L, 1.0, 10,180, ol 8 o a v
I th 0.10 . ffect t . L
L Skt e ST S e o

silicon oxide filmis snall t he. ot her han

ox{flg GABHAE BXeE¥HR 2P ingind htélep POt 61 haheBiticon

base occupied in the silicon oxi de coated

oxpfBt Geat af yRIO T AT etk 1 ovkted E3 that fiéicon supported on
phot ocatal ytic function is hardly inproved. The 5

thanBihtCoP PHERERT F5E MO T ¥t METaBove T aRGeaTea 1 m
whereby an effect on the inprovenent of the

thpheebcat dlythe BREITIAY oy tRes &han ord okpPdevtingl more than
becones remar kabl e. The surface areas of the base and

2. 9heg sipierrdxi e rcodcedange phonotatasysihagny -g& mg but not
nmeasured by using a BET nethod specific surface area

moneasbanng. ¥ sy r unent e e tatolgeniradser peings afddnot less than
desorption after a heating treatnent at 150 degree

0. tenhg gradendiomorks timanufle85i mga dny gastHdowmsfiegaldw in the
poi nt of not nore than -195.8 degree centigrade. 25

rah@613F fdbe hetdhodhdor0 prdducing: tthe immorgahiea 1.25 mg.  When
sintered material of the 17 present invention is

thehanaet erizedby umainntailli ng,t he pHoft tdre tha Xegrovement of
sol ution containing both the base and a silicate at 5

ther phesscavhent 1 hexaf oreneriby orted didse:gpr esente ifilanis small.
aqueous nmediumis

On the other hand, when the amount exceeds 2.0 mg, the proportion

of the base occupied in the silicon oxide coated photocatalyst is
too lowered so that the photocatalytic function is hardly improved.
The amount of loaded silicon is within the above range, whereby
an effect on the improvement of the photocatalytic activity by tﬁe
silicon oxide film becomes remarkable.

The surface areas of the base and the silicon oxide cocated
photocatalyst can be measured by using a BET method specific
surface area measuring instrument by nitrogen adsorption and
desorption after a heating treatment at 150 degree centigrade for
15 minutes in a dry gas flow of a dew point of not more than -195.8
degree centigrade[

[0013]

The methed for producing the inorganic sintered material of the
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covered with a silicon oxide film 5 Exanples of the
aqueous nediumin the above production nethod

i nclude water or a m xed sol ution containing water as
a main conponent and an orggﬁic sol vent capabl e of
bei ng dissolved in water su as al i phatic al cohols,
aliphatic ethers and the |ike. Concrete exanpl es of
t he aqueous medi um i nclude water, and a m xed 10

solution of water and nethyl. al cqohol, .water .and_eth

Pr &Rt hor v SHat O L AN S T diaiG TR aD G bH of the
.these, water is preferable.  Further, these water an

M RS G RBIG GRAESADbRY R §Pﬁ§‘?§ﬁ%rﬁ%a ot by or less
of two or nore kinds, In the aqueous nedium in order

whe enfahcer $HE o Pt H31% IR s BT Breetst lgdium 1s
phot ocat al yst, 15 an organi ¢ sol vent capabl e of being

CORFE8D| Yo i h et EFOBUCh s L@l phatic al cohol s,
al i phatic ethers and the |i ke, and a surfactant. such
alsxamp bhatdic M resiecasi pRALIE pol et e garavichdon method
and the |[|ike can also be further m xed. As a

inglbileareten salad bixed sidiwi wncidtandioe &8tk gémgr main
thereof 20 is used and it may al so be used in

comonbénat ot ©f QerEC riprlevHithdespabdediodmbsdngs daggolved in
potassium salts are preferable fromthe viewoint

wathat stdieye cand iphatidust coablly , easiPabvaididistes aawd the like.
an aqueous solution of sodiumsilicate (JI'S K1408

Colipatee qdaagslss b$ fhe tdprecipr ebeiabl eslinbewater, and a mixed
di ssolving step can be omtted. 25 [0014] When a base

sopuesent of nwane aqued use rredi UM éshalgatwed awl timda esihlyilcencohol ,
18 oxide filmby using a silicate, the aqueous

watediany ibasecantdo] sidnidcate larke .mofedhe and wbhernixedeferable.
solution is subsequently aged. Specifically, a

Fuebnat i normeid ok tidclaidesinkexi Bg lat-ibrasén dmy el singly or in

combination of two or more kinds. In the aqueous medium, in order
to enhance the dispersibility or solubility of the pheotocatalyst,
an organic solvent capable of being dissolved in water such as

aliphatic alcohols, aliphatic ethers and the like, and a surfactant
such as aliﬁ)hatic amines, aliphatic polyethers, gelatins and the
like can alsc be further mixed.

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

[0014]

When a base present in an agqueous medium is coated with a silicon
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conmbi nation of (i) an aqueous nedi um containing a
base and a 5 silicate, (ii) an aqueous nedi um
containing a silicate and a base, and (iii) an
aqueous nedi um contai ning a gse and an aqueous
medi um containing a silicat and agi ng the m xed
solution. In aging, coating of a silicon oxide film
to the base is slowy progressed At this time, it is
oxggessary, Lo nai I ntain. f us

BIGT D QoRY Al MG Dot Y ﬂ”%a%eh@anal%e%“eo.IWEF&gfﬂe ppsg and
. | d. bl
51 P one bt LRSI s A S rfﬁ%@%ﬁ'ﬁ”sg%%sequently aged.
SRR %E#Fiﬁﬁ%ﬁéﬁ%ﬁ” S ?Pélg%a?%fﬁgbg% leadt any one

reC| i tated S|ngly froma SI|ICIC acid, a siljcate

Coﬁ“%h“% a4P0r%an ol | YorAFISHET BT E GRTERS 1GENhEr bﬁéﬁdand a
_when the,pH is mintained at 5 or less in the

siptedehcel Idf anpadecOth@Stirmaeanbf 1t hed Fasé f GAEE| Uifs & base,
as a condensation catalyst of a silicate conpound so

angdhdtlld shlqeerr orede W Fm iR TRl B2 e recated Bgps medium
on the surface of the base. Nanely, the acidic

coplgibhsgot pH bfas orandesygisnatiie g xpgkéoduggon. In aging,
sol ution containing a silicate conpound stable and

copeiry @b aasidegironorapabiielroftd dhm hgseils cdwwdy geogressed.
inthe formof a filmon the surface of the base. In
the esi ¢ inegi ohslofetthe splyof o Ida ort awor hewpémfa the aqueous
solution containing a silicic acid, a silicate ion

medigh orordrs iollingpirer n28h¢ hmm)famdsthgmmqnﬁeaartﬁtw less, and
the acidic regions of the pHof 5 or less, a

th@omﬂensam@r®fpfe£ﬁﬁam%ﬂeanxﬂqmﬁmninegﬂmasdbﬁ not more than 4.
precipitated. 19 However, since a silicon oxide film

Whes floe et fa omionlay redpartt Sobr taessinitdat ebiseruseof a base,
it is not preferable. Furthernore, since the pH

a d@ﬁ@ﬁhiﬁ@@cﬂbalﬂikﬂﬁi&@(@ﬁ@ﬁnﬁkbﬁsahanmﬁemmﬂdipﬁ%aaed singly
fr§$ ;C:£ficic acid, a silicate ion and/or an oligomer thereof.
On the other hand, when the pH is maintained at 5 or less in the
presence of a base, the surface of the base functions as a
condensation catalyst of a silicate compound so that a silicon
oxide film is quickly generated only on the surface of the base.
Namely, the acidic regions of pH of 5 or less enable to make a
solution containing a silicate compound stable and refer to a
region capable of forming silicon oxide in the form of a film on
tﬁe surface of the base.

In the basic regions of the pH of 11 or more, when a solution
containing a silicic acid, a silicate ion and/or an oligomer

thereof is aged similarly to the acidic regions of the pH of 5 or

less, a condensate of a silicate compound is hardly precipitated.
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conpound, that is, a fine silicon oxide particle

and/or gel, the 5 silicon oxide filmbeconmes porous

or silicon oxide is partly formed on the surface of

t he base; therefore, it is no% preferable. Wen an

organi ¢ medi um such as al cohd? or the like is present

i n an aqueous nedi um since the pH cannot be

accurately nmeasured wth water pH el ectrodes, it can

be nmeasured by [ el ectrodes .10 faqr _an a
HORBTRE; o R eaeAG RO Yot e (RETSapar GR STGLY (4 Part of

is al so possible to neasure the pH by substltutln
th%rﬁeﬂo\fgaaw &1 HERi i WOt RO HAR R SAmELYoREs Since the

[0015] As a nethod for maintaining the pH of the
oHpygedesef ubibn b ontal Msi Botad t%@%‘&@élséﬁﬁ fhea silicate

silicate at 5 or |less, when the base, silicate,
compaebds Betvert. & é LRexed Aranagsddc Pwet o jamd/or gel, the

whi ch the pH of the aqueous nediumis al ways measured
siah@opropeld §iladjamsmed byradaingsaniaer@ame ashasely formed

may be used. However, it is convenient if the total
onweighsubfacheobashe kt@ﬁﬁ@ortémrecﬁﬂneai Aeéd 120 ol preferable.

silicate used for the production is neutralized and

t#leen @ aciahin rediamognthsabf ttenel for tthite JgKeofisbpresent

or less is present in the aqueous nediumin advance.
in[@016jueAny raciidinGasibecsused PBrcamaciidy dogturately measured

m neral acid such as 25 hydrochloric acid, nitric
wiakiwhtesubflusiocaoidb or ithesh itdkemeanubed pryopeihy nisedectrodes

Acids may be used singly or in conbination of two 20
foﬁﬁnﬂﬁﬁ&e&bﬁd§@l$@ﬂﬂgcbhe&&nlhwdaﬂﬁhkpﬁﬁﬁzﬁéﬂﬂumndSeparately,

nitric acid are preferable. Wen sulfuric acid is
itusedhlddgosulibue contemurenmian®t bp $hiestituting the organic

phot ocatal yst in large quantities so that the
me@ds@rPpitPNwater of the same volume.

[0015]

As a method for maintaining the pH of the mixed solution
containing both the base and the silicate at 5 or less, when the
base, silicate, aqueous solvent are mixed and aged, a method in
which the pH of the agueous medium is always measured and properly
adjusted by adding an acid and a base may be used. However, it
is convenient 1f thes total weight of the basic component contained
in the silicate used for the production is neutralized and then
an acid in an amount sufficient for the pH of 5 or less is present
in the agueous medium in advance.

[0016]

Any acid can be used for an acid, but a mineral acid such as
hydrochloric acid, nitric acid, sulfuric acid or the like can be

properly used. Acids may be used singly or in combination of two
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efficiency is deteriorated over tine in sonme cases.
The sulfur 5 content in the photocatal yst is
preferably not nore than 0.5 weight % and nore
preferably not nore than 0.4 ¥E|ght % based on the
total weight of the photocata yst. A base (alkali) is
not particularly needed to use separately when the
af orenenti oned nmethod is enployed such that the total
Si.C comp gﬁiocontalne

Oré?*%%%fg%ﬁs ﬁgﬁFﬁélﬁfgﬁ an% Aen an adia %ngﬁtgﬁ%f:FCldare
o AT RS TS TR vt

alkall) is used, any base can be used. O _su

inpblae PRAFKE A el 21 i Bk e i Sas p&@ﬁgsFﬁﬁ1adsorPtlon
hydr oxi de, sodi um hydroxide and the 15 |ike can be

LRty s et SERF 1 HE % Edlfutino s g &@é&sandThe sulfur
the base is coated with a silicon oxide film

t he
coRaet | oh BENRT G SUGH tad 1 i GT4GHIgn 1OT Tore than 0.5

tenperature, reaction time and the |like are not
we bglrt i o @ngk mprer BseEpERRYY AT HOTHs tgenel af i vhl DIL tthePased on
desired silicon oxide coated 20 photocatal yst is not
thadversel ye bitlecred-nThe Yeuctticoy ttenperature s
preferably in the range of not |ess than 10 degree
ceheigr alda but inorothbretihahapOp ndegeset ¢ aive] Yprieately when
and nore preferably in the range of not |less than 20
thelegfeeroentigratienditodhdts aopéoyhdns8oh dery égie total weight
centigrade. 25 Wien it is |less than 10 degree
of ceim i lgpade, ciontpdhecomesodid frissllin the pridgreds is neutralized
condensation of a silicate conmpound, whereby 21
angetteratinoac Ofl ian sinl koonnoxswet falant foretrbe kablty be 5 or less
del ayed and the deteriorated productivity of the
is gid=cart axi deecoqtesus phaticeat al ystamight Hbeebeoughiten a base
about in sone cases. If the
{alkali) is used, any base can be used. Of such bases, alkalil metal

hydroxides such as potassium hydroxide, sodium hydroxide and the
like can be properly used.

When the mixed solution is aged and the base is coated with a
silicon oxide film, the reaction conditions such as the reaction
temperature, reaction time and the like are not parficularly
restricted as far as generation of the desired silicen oxide coated
photocatalyst is not adversely affected. The reaction temperature
is preferably in the range of not less than 10 degree centigrade
but not more than 200 degree centigrade and more preferably in the
range of 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
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tenperature i s higher than 200 degree centigrade, a
condensate of 5 a silicate conpound, that is, a fine
silicon oxide particle and/or gel is easily
generated so that the silicog oxi de fil m becones
porous or silicon oxide is p }tly fornmed on the
surface of the base in sone cases. [0017] 10 The
time to age is preferably from 10 mnutes to 500

hours, and _nore preferably from 1 hour to,100 hours.

SORRLH 1 1S 'BREA PR60H utBst® dOA Tk AopHetd and the
silicon oxide filmis not f%JIy, Qr o ressgd SO %hgt

de g BpF et g YHE HIprol dfeft o itHeon oxide coate
phot odeconposition activity due to a coating film

Phai ¢t E bt S han i s Y GBIty Samtevéd SPRCs6AESEasest the
Wien it takes |onger than 500 hours, the base having

teqpptvcataliyy héohancthan 440 slsofiesi eRbT{Iredat &d opindRnsate ot
the silicon oxide filmand al so enhances the ‘

a spHotasdec onposinilertfamdsion, Tr sthe cprodueds wary igfle and/or
the silicon oxide coated photocatal yst m ght be

gedet eréas at edyénre some casaediat 10 GoL8oRearwdRl €] lRheecomes
concentration of the base having photocatal ytic

poacts \dt gi¢ontaiaweidia nstperndl xdbwelduvinome surface of the base
preferably in the range of not less than 1 weight %

in bswmeotavmr e than 50 wei ght % and nore preferably in
the range of not |ess than 5 weight % but not nore 25
thati 80 weight % Wien it is less than 1 weight %
the productivity of the silicon oxide coated
phot ociataaltystgl ghtpbef swrisenddoMiénm22utées tie 500 heours and
hi gher than 50 wei ght % coating of the silicon oxide

mofé | preforibey basen ils moir uwd flarirhouprsagr eseed isoishakss than
an effect on the inprovenent of the

10 phot Qe oNpest tn@nviaat ivkd ysimighin netidee film is not fully
progressed so that an effect on the improvement of the
photodecomposition activity due tec a coating film might not be
sufficiently achieved in some cases. When it takes longer than
500 hours, the base having photocatalytic function is sufficiently
coated with the silicon oxide film and also enhances the
photodecomposition function, but the productivity of the silicon
oxide coated phptocatalyst might be deteriorated in some cases.

[0018]

Meanwhile, the concentration of the base having photeccatalytic
activity contained in the mixed solution is preferably in the range
of not less than 1 weight % but not more than 50 weight % and more
preferably in the range of not less than 5 weight % bul not more
than 30 weight $. When it is less than 1 weight %, the productivity

of the silicon oxide coated photocatalyst might be worsened. When



10

15

20

25

sufficiently achieved in sone cases. The
concentration of silicon 5 contained in the m xed
solution is preferably in the range of not |ess than
0. 05 wei ght % but not nore thgn 5 weight % and nore
preferably in the range of n | ess than 0.1 weight %
but not nore  than 3 weight % Wen the silicon
concentration is | ess than 0.05 meight %
cond t|o sil.icateg compoun ela d SO
Lty ﬁﬁt q? 5an Wels‘%‘%ﬂac cén 2%9 “gfufm %/Jﬁei fjpgxide film
ht not be S fflc nt some es.
toHAPCBASE oticaiis AP A shPGrar SEREn 57 %?ah&in&ffect on the
coatin S|I|con oxide filmto the base mi ght not
lmﬁéoﬁﬁi“'r%BFn? progrReEede T iRemE LU &C 00 s Rt be
t he production nethod of the silicaon oxi de coated
Suﬁﬁéﬁé@ﬁf—éVy%‘fhlcﬂ‘VEt%é“p?%‘%%rﬂaﬁeﬁverﬁﬁeoﬁonFﬁétfatlon of silicon
proportion of the anount of the base having
CoﬁﬁéﬂaéﬁthmjﬂﬁtnﬁéﬁﬁvﬁP}uﬁhant%ﬁeRﬁQﬁQﬁ%ﬁ%Y &§eHh?srange of not
preferably in the range of not |ess than 0.01 ng/n®
Llepgt thon Onbeevehdht 0% SOURDEAR B $8iah cocdtddih perrg more
surface area 1 n2 of 20 the above base. Wen the
prsifeirgbhyoki ddiecsaned phordcdralsyshansd . brigdubédipug not more
proportion within the above range, in a step of
thior riweg dotsil-i doreroxihge sl aporceteegurftdes 66 thes than 0.05
base, nanely, a step of m xing and agi ng at | east
weagytohe sstdefsan agueows shBdicame conpaitni ngs tdelayed so that
above base and a silicate, an aqueous nedi um 25
coetnhgi of mgsal s¢bi catieicand Linhiec asebaaadiiaghtagoeous sufficient
medi um containing the base and an aqueous nedi um
incenthai napagsa sShecatiee 281idde desiagdadiildrcars dxigher than b
filmcan be forned on the surface of the base. At
wetihatsapectatrbngaosi & i £0hi oo dex fdd nfiihavitng tper ésmse might not
m ght be hardly forned in sone cases since the
beamufbraf yapsbhtes€edcid, some cases.

[0019]

In the preoduction methed of the silicon oxide coated
photocatalyst of the present invention, the proportion of the
amount of the base having phctocatalytic activiﬁy and the silicate
used is preferably in the range of not less than 0.01 mg/nﬁ but not
more than 0.50 mg/m? as a silicon atom per a surface area 1 m? of
the above baée. When the silicon cxide ccated photocatalyst is
produced in a proportion within the above range, in a step of
forming a silicon oxide film on the surface of the base, nanmely,
a step of mixing and aging at least any one set of an aqueous medium
containing the above base and a silicate, an agqueous medium
containing a silicate and the base, and an agqueous medium

containing the base and an aqueous medium containing a silicate,
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a silicate ion, and/or an oligonmer thereof which is
not condensed 5 on the surface of the base and

remai ned unreacted can be suppressed to small. In
the range of not |ess than 0,50 ng/ n2 but not nore
than 5.0 ng/nR2, as the propo? i on becones greater,
the anount of the unreacted product is increased for
formng a silicon oxide film having pores in sone

cases, but generation of pores caused by the 10

UheyCggrass 61 EORAHSHAT orr 6t CoRe TP adited  pr sa it fags oF the
be avoided by reducing the treatnent tine 0020 A

baggncriét ENfefREE FéWepr%d%%%%%oQH@“égbﬁéﬁﬁhpﬁgﬁgg borfs might
silicon oxide coated photocatal yst includes, for_,h

be dwaifplve f OATBF ot YT CREEROL A5° '8 dlPHE - (3t &p Sl tcic acid,
m xi ng at | east any one conbi nation of an aqueous

a grddicerheconna ANAGOE Pasd lamrex §Pereat ¢/hEm dqueshscondensed
medium containing a silicate and a base, and an

or zheeoustasdiimberhaihicng randhRed andean tafuedyde suppressed
medi um containing a silicate, (step b) aging the

to mineldh solTut ithve amdigeoati Rgtt hesaf Bheneht 1 OAEH haket not more
with a 20 silicon oxide film (step c) separating a

tha |5 comofi’deasoahedor piot brat abseames @me@ﬁeafquégﬁs amount of
medi um and washi ng wi thout neutralizing the m xed

thes anutelaon e dapdodstep sdindryangd did/ 6prmead ¢i Al hgcehexide film
silicon oxide coated photocatal yst, in which, in

hasiepodmds andsphk, cthes phhwf deneraqueoust nediegmcaused by the
contai ning both 25 the base and the silicate is

pr&@a i edalddn et lesss theO2ile2dtedmrodeparati hg avolded
the silicon oxide coated photocatal yst fromthe

by Qe dTeeh 41N rénetitdrad itziatd .on causes probl ens such
that an efficiency of the reduction in the alkal
med@lo portion at a washing

A concrete method for producing the aforementioned silicon oxide

. coated photocatalyst includes, for example, a production method

including (step a) mixing at least any one combination of an agusous
medium containing a base and a silicate, an agueous medium
containing a silicate and a base, and an aqueous medium containing
a base and an aqueous medium containing a silicate, (step b) aging
the mixed solution and coating the aforementicned base with a
silicon oxide film, (step c¢) separating a silicon oxide coated
photocatalyst from an aqueous medium and washing without
neutralizing the mixed solution, and (step d) 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 5 or less.

(00217
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step beconmes worsened, and a silicon conpound
remai ned as dissolved 5 in the aqueous nediumis
condensed and gel ated so that a porous silica film
is formed. The silicate solution is dealkalized in
advance, the deal kal i zed sol &¢ion i s prepared and
used for the production and the proportion of the
anmount of the base having photocatalytic function
and the silicate used is nade snaller. 10 Thus ihe
Abave SHretedrEdche 81dd B svbfasd e hPRPhPcatelyst from the
However, when the sjlicon oxide coated_photocatal yst
aqpeoyapaeal e, fRom el ZHglRib IS HER BRARLIERGUEIES r§at an
neutralized, it is preferable because the above ,
=fpiobkens ddannbe calvsitded Bndhehel ki bHBetRéP L HYYaF s washing
sinplified. 15 [0022] A nethod for separating the .
steplHecomaoxivdes enad edinghatodatcainy sempe i ehe Legers dissolved
solution is not particularly limted, but known
inmehbhodgpedos exanph els acoradenwtd fara adlagefetkodHag a porous
reduced-pressure filtering nethod, a pressure
silitbefiig et hodpe@0 dlventiifega sdpdrian ¢ deedddlized in
or the Iike can be suitably used. A nethod of
adwashengthaedsi ] kebizoXi el coatred photageateal pod used for the
not particularly limted. However, for exanple,
prbapetibhoanaf the ep dbispet sbmge f ntipurenonatteofamhe base having
filtering or desalination washing by ion exchange
phbteabgeny: canfhecsubt abhy tisedsi Furdteenisasherns 26ide smaller.
inpurities such as neutralizing salts or the |ike
ThAS¢ Ui dbbieth®blsnld €00 O deecnatiekddpbotmedalzyst. However,
are small, a washing step can 25 also be omtted. A
whBBt 8 Of1 droH RgibBecshté@amedde Loatietls separated from the
phot ocatal yst is not particularly limted. However,

aqhehu8Xaml & wakhodtYbdithg V@G ized, it is preferable because
the above problems can be avoided and the preduction method 1is
simplified.

[(0022]

A method for separating the siiicon oxide coated photocatalyst
from the mixed solution is not particularly limited, but known
methods, for example, a natural filtering method, a
reduced-pressure filtering method, a pressure filtering method,
a centrifugal separation method or the like can be suitably used.

A method of washing the silicon oxide coated photocatalyst is
not particularly limited. However, for example, repetition of
re-dispersing in pure water and filtering or desalination washing
by ion exchange treatment can be suitably used. Further, when
impurities such as neutralizing salts or the like occupied in the

silicon oxide coated photocatalyst are small, a washing step can
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drying, heat drying, spray drying or the |ike can be
sui tably used. 5 Furthernore, depending on the
applications of the silicon oxide coated
phot ocat al yst, a drying step_can also be onmtted.
[0023] A nethod of calcining®the silicon oxide
coat ed photocatalyst is not particularly limted.
However, for exanple, vacuum cal cining, 10 air
cal cining, nitrogen calcining or the |ike can be
alggihamPylilis®d. Usually, calcination can be carried
out at a tenperature of not I|ess than 200 1,200 )
degréaceent ir%%@a ChEtS igrierar Bl §e &0k e BApErat e byst 1s not
of not |ess than 400 degree centigrade but not nore
parhaprlapb) Hegrierd celtdgrdde and P8 Ppfef 8rabFyYafdg vacuum
tenperature 15 of not | ess than 400 degree centigrade
drping ndecardsyihan SORWEgYeed Cefitegh btk Cahen FH&ably used.
calcining tenperature is |ess than 200 degree o
Fucem g acle, depoad oineh filamagio la cgdgionsd osi Ithgofilicon oxide
oxide is not formed on a surface of the base and its
costedchur o betamest urstdhi ey e lvemmerdeoe &el emidfed.
water is present in the vicinity of the 20 silicon
okd@®E3] wher eby the adsorptive capability for gas is
not fully exhibited and sufficient
phatcadecosposi ¥ donirac tihei $ 1 i somoetxidebtabhed widthermtalyst is
When the cal cining tenperature is higher than 1,200
notleged ganiHlgr ade; t sdnt apivageof fdreecsibhpteon waduwen calcining,
coated photocatalyst is progressed so that
ai sWlicGiremy, phot edeennpasiitiion oc25maclivetaar benatitably used.
achi eved. The content of water contained in the
UsShllgon-oxi fies €0at esh 2o phot-0cat ahystat & prefpetrabbye of not
not nore than 7 weight % further preferably not
1e8Brentham® wer @t 494 r @nd-dmsty RS enal Yyriedl rabre at a
than 4 weight % Wen the water content is higher
teﬁﬁ@PaEuE@i&Ptngﬁ less than 400 degree centigrade but not more

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 calcined film of a desired silicon oxide is not formed
on a surface of the base and its structure becomes unstable.
Furthermore, a lot of water is present in the vicinity of the
silicon oxide, whereby the adsorptive capability for gas is not
fully exhibited and sufficient photodecomposition activity is not
obtained either. When the calcining temperature is higher than
1,200 degree centigrade, sintering of the silicon oxide coated
photocatalyst is progressed so that sufficient photodecomposition
activity is not achieved.

The content of water contained in the silicon oxide ccated
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a lot of water is present in the vicinity of silicon
oxi de, whereby 5 the adsorptive capability for gas is
not fully exhibited and sufficient

phot odeconposition activity s not obtained either.
[0024] The thus- obt ai ned silgéon oxi de coat ed

phot ocat al yst can adsorb any of acid gas such as
acetic acid or the like, basic gas such 10 as

amoni a or the like, or. non-polar S such _as. tol uepe
PR GHOqRTE {3 Tkel® AR IS 150 HokoBLEn LA Pn8Eodataf yt FEEEher

performance. As described above, a nethod for

PIOFRRING ThEOSP HEBR X" coat 20 ghot o eSS 19 not more

the present invention includes reducing the pHfor | .

thaybtlarRi At a® subBeanEhaaF SFoFelEfRe T I%il&}ﬁ‘ﬁro%ilﬁ% 7 welght %,
film 15 At the sanme tine, it is necessary to

a Imtopériataeiechrehentdic EREratGont of c4 $i1ieat @xitke whereby
concentration of a base, an acidic solution in use,

thanmeomnd tionsmleh dy £ galasionilsg noémperaupshibifeg and
the formation of a film a calcination tinme and the

suff kelent QORY] o @0 prioduc Econ vitvhdd obtpebtaiped either.
containing a silicon oxide coated photocatal yst is
notOpErticularly limted as far as the photocatalyst
can be present on a surface of the pottery such that
iThe ahuexhbbitinbighi photrocat deytdateatphetbbygabyglyst can adsorb
irradiation with |light. However, for exanple, when

any tof sa@rddice by tdie el dionmang 25 mmaheer i kpot besyc gas such
havi ng photocatal ytic function can be effectively

as pamauced. o 2 & h & laykan matcer-are migeed ssiweh ashabluene or the
pottery is nolded in a desired shape and subjected to

1iRefidsd {4 rdng atx@ temerial wretefcanetl vitdss petrfiarmé00e .
degree centigrade but not nore than 1, 000 degree

As described above, a method for producing the silicon oxide
coated photocatalyst of the present invention includes reducing
the pH for obtaining a substantially pore-free silicon oxide film.
At the same time, it is necessary to properly select the
concentration of a silicate, the concentration of a base, an acidic
solution in use, and conditions such as a calcining temperature
after the formation of a film, a calcination time and the like.

[0025]

The production method of pottery containing a silicon oxide
coated photocatalyst is not particularly limited as far as the
photocatalyst can be present on a surface of the pottery such that
it can exhibit nigh photocatalytic activity by irradiation with
light. However, for example, when it is produced by the following

manner, pottery having photocatalytic function can be effectively

produced.
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centigrade. 5 Wiile the silicon oxide coated
phot ocatal yst is attached to a surface of the
ungl azed pottery after the first firing, pottery is
produced in the follow ng nethod. (1) Pottery having
photocatal ytic activity is oBfained by nixing a
gl aze and silicon oxide coated photocatal yst powder,
coating with 10 the m xture and firing the resulting
material at a tenperature of not |ess than 6%9 degree .
cEltY GRadea Rt A6t MiBPe THAntha5EO tdegers molded In a desired
centigrade. It is desirable to performthe firing
shape exrpt stbigbbyd Be @ fiamsefarire of anberpesatipgPt not less
700 degree centigrade but not nore than 1,400 degree
theen6d @rdaer end-drurtdverdepriafieraldl yoae 4185 tefHlr dedree
of not |ess than 800 degree centigrade but not nore
cethagrddl800 degree centigrade for a better effect of
the glaze. Meanwhile, (2) as a separate production
met hvel, t ipottidriypdravixigiephottedt phytdca bt vV tis cdidgded to a
obt ai ned by performng the firing at a tenperature
supfanetof esise tinanl 6064 degreer centtiegr ade Butrshotfir20g, pottery
nore than 1, 500 degree centigrade after a gl aze
issplutiioadi sn coat eth 1 B tdemetdraced at room
tenperature or at a | ow tenperature of not nore than
200) degree yoentigr ateroandat heisiddidon tgxi slebteated by mixing
phot ocatal yst is further coated with an aqueous
a Ji=shersbon,1ion akige dderesi phodbcoxd Oescpatedr, coating with
phot ocat al yst is coated or spray 25 coated with both
th@ @ AZerang Ak iaqugodse di SPETSi 0N matelrhe1satea tidierature of
Also, in this case, it is desirable to performthe

nobi 109 tRRe88 adseierablh @lde berperatuvie ohanot, 500 degree
| ess than 700 degree centigrade but not nore than

ceﬁtﬁggagggrQ%§§niééﬂfﬁkﬂf§$@ burtben preterablymodd preferably
tenperature of not |ess than 800 degree centigrade
athttQﬁﬁerature of not less than 700 degree centigrade but not
more than 1,400 degree centigrade and further preferably at a
temperature of not less than 800 degree centigrade but not more
than 1,300 degree centigrade for a better effect of the glaze.
Meanwhile, (2) as a separate production method, pottery having
photocatalytic activity can be obtained by performing the firing
at a temperature of not less than 600 degree centigrade but not
more than 1,500 degree centigrade after a glaze solution is coated,
and then dried at room temperature or at a low temperature of not
more than 200 degree centigrade, and the silicon oxide coated
photocatalyst is further coated with an aqueous dispersion, or
after the silicon oxide coated photocatalyst is coated or spray

coated with both a glaze and an agueous dispersion at the same time.

Also, in this case, it is desirable to perform the firing more
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nore than 1,300 degree centigrade. 5 Furthernore, (3)
as a separate production nethod, pottery having
photocatal ytic activity can be obtai ned by perform ng
the firing at a tenperature §f not | ess than 600
degree centi grade but not n%re than 1,500 degree
centigrade after a glaze solution is coated, the
resulting material is fired at a tenperature of not
| ess .t.han 10 600 degree centi.gr,ad r h .
orafin Hoghes oM grads, CoaN they bigh e ARgEt Mhcigrae
silicon oxide coa hot ocat al .y.st powder, _ar
ou G KBE ahd I T ST GOt ARF AR S60 FREEARE Preferably
case, it s desirable to rformthe firin re
at Gt SIS HE &1t @ﬁ&eﬁsﬁ&r i Q%F%etﬁg%{%ﬁade but mnot
degree centigrade but not nore than 1,400 15 degree
MOt ayt &d@%ﬂ&%ﬁ%@@%ﬂ@?@@&bl y at a tenperature of
not |ess than 800 degree centigrade but not nore
tTHEH-NE 300 Sde §f £éS & SRPPGRAG T TG dert BRFHOdi palfe Ty having
af orenmenti oned production nethod of pottery having o
phatreaidlior odtdeicoated photentstd tv, pprefpgmppy the firing
possible to properly omt a step of calcining in the
at af orasmetdtoned cfpredudtisen tierthédCofleghee sipikdprade but not
oxi de coated photocatal yst since the firing is
mopeithenmeds 3 ceorenpesiat \weadd afnder| egd aghapr bOoion is coated,
degree centigrade but not nore than 1,500 degree
the emtsugrtade. mAs=aimet hodf ofet eat Pngeaped Xtwre odf ngt less than
gl aze and the aforenentioned 25 photocatal yst
60 (poisderse aegltazeasiel it onobrmahe tdiaspér sidéndefrehecentigrade,
af orenenti oned photocatal yst, a nethod which is
andyerienald ylagedad assichiasn bruste paianeidnghotppatalyst powder
coating, transcription, spray coating and the |like
ar€afhubehatsed faat aophtisagl fo@026kting. Also, in this case, it

is desirable to perform the firing more preferably at a temperature
of not more than 700 degree centigrade but not more than 1,400
degree centigrade and further preferably at a temperature of not
less than 800 degree centigrade but not more than 1,300 degree
centigrade.

Tncidentally, in the aforementioned preduction method of
pottery having the silicon oxide coated photocatalyst, it is
possible to properly omit a step of calcining in the aforementioned
production method of the silicon oxide ceoated photocatalyst since
the firing is performed at a temperature of not less than 600 degree
centigrade but not more than 1,500 degree centigrade.

As a method of coating a mixture of a glaze and the aforementioned
photocatalyst powder, a glaze solution or the dispersion of the

aforementioned photocatalyst, a method which is generally used
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Herein, the glaze is a blend consisting of a skeletal
conponent 5 (silicic acid, alum na portion) such as
feldspar, clay, silica and the |ike, a conmponent
(al kali portion) for adjusting the tenperature of
mel ting such as sodi um pota§ um calciumand the
i ke, and a conponent (netals) for applying a col or
such as iron, copper, nanganese, cobalt and the
like. The glaze is applied tqg 10 the surface of the ,
sughgtared poPeeryand Jr%cro@%ntgifnérﬁﬁ%ﬂ%w%f spray coating
fired, whereby feldspar and the like in the glaze is
and| phedlaket met R st F9%iSREH 69 f orming a gl assy,
pottery is given with luster for increasing a
be@¥tPful appearance and at the same tine the strong
internedi ate | ayer capable of conbining a glaze and a
baseeins Wwdglprevientss thab8rcPeaks ¥ o9 861 # disAisiqg it Femponent
pottery. The gl aze such as a transparent glaze, a .
(syéwéwaoﬁ@magmzé@ rav bl enchghadeldgregl-agdeny, silica and
gl aze, a talc glaze or the like can be used as an
thaquéses @i spepeient ofabkalelsine 5ol dagomdgresting the
concentration in the range of not |ess than 40 wei ght
te¥pbuttnoe o2 Qetiriegt haah 95s weidghim, %poFaet hehnoeael cithe and the
silicon oxide coated photocatalyst can be mxed in
likhe s#ange cofupookernitessethan) 0@l apmivghtg % butongtuch as iron,
nore than 30 weight % preferably in the range of
copptr| essnddmans £, Omohwel tghinPothiet 1TnGenorehd ham20 is applied to
wei ght % and nore preferably in the range of not
rhbessrihen & theeughlaYeduiohoir2mZmbriet hatn 10 veinghterial is
% based on the dispersion of the glaze. Wen the
f1agayunth&fe b P& Sidsibaenandi tles ddateednphiot edat-al ystelsted at the
excessively 30 l|arge, a beautiful appearance of the
ciRetderyi suld ace iFsrdanagedylashi | @owteryl isigiven with luster
excessively small, an effect on the photocatal ytic
fobUngti-eRs cARNOthdLuEXhL Pid8fkarance and at the same time the

strong intermediate layer capable of combining a glaze and a base
body prevents water leak for solidifying the pottery.

The glaze such as a transparent glaze, a yellow-brown glaze, an
ancient glaze, a celadon glaze, a talc glaze or the like can be
used as an aqueous dispersion of a desired solid content
concentration in the range of not less than 40 weight % but not
more than 95 weight %. Furthermore, the silicon oxide coated
photocatalyst can be mixed in the range of not less than 0.01

0

weight % but not more than 30 weight %, preferably in the range
of not less than 0.05 weight % but no more than 20 weight % and
more preferably in the range of not less than 0.1 weight % but not

more than 10 weight %, based on the dispersion of the glaze. When

the amount of the silicon oxide coated photocatalyst is excessively
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[0027] 5 The thus-obtained pottery contains a
silicon oxide coated photocatalyst, and has

phot ocatal ytic functions. Regarding the shape to be
used as pottery, any shape o% plate-like tile,
cylinder-Iike tableware and fie l'ike can be used as
far as such a shape can exhibit the photocatal ytic
function effectively by 10 irradiation with Iight.

And, ttery i ng phot ocat al yt i tivit b
Lafiged, ¥ 5 eanplte T A 51 Pl HRCRTT AT it Goop 2na9°4

tiles such as newly fornmed tiles f reventio f .
WhEbRtAnAt i ioh SEEPFEs VB Y tHE Hika! %ﬁg@%o?%fﬂ}ﬁ RRgeocatalytic
filters or wall materials inside a tank for the
fupgkhos ecamdf B¢ ePF1 it or pasteurization of tap
wat er, drinking water and the |ike or deconposition
of O%¢ glani ¢ matters such as wastewater due to the
industry, life and agriculture; as building interior
nBrerils dhira trd mAposey sfordeddsr itz ildrOnagxdfigecoated
wal | materials of highway for the purpose of .
phokpdatibysof NG land BOKEGeRTHe WG TREtdRgsas Regarding the
t abl eware for household use, sanitary ware, tiles for
shfpooto atesedl s apolmetoor any ehavayiafg phiagle-1ike tile,
hydrophilic property and antibiosis. [0028] The
cybinderct 1 oke nedihbelvafe tdred cdrant iksiqireoed Usgdegisalfar as such
fired at 25 a high tenperature which has a surface
a2 bayee camtakiningt atlsé | pleorm od dey tdeatied (photocdttalcysvely by
is not particularly limted as far as 31 the
irphot schdvmal wsth cangte. present on a surface of the
ceramic sintered material such that the
phet poabat sy 1eaniex hbtdtodd ighiert i phettdedttal yeincbe used, for
activity by irradiation with |ight. However, for
example, as roofing materials or outdoor tiles such as newly formed

tiles for prevention of contamination, tiles or the like; as
pottery made filters or wall materials inside a tank for the purpose
of sterilization or pasteurization of tap water, drinking water
and the like or decomposition of organic matters such as wastewater
due to the industry, life and agriculture; as building interior
materials for the purpose of deodorizaticn; as side wall materials
of highway for the purpose of oxidation of NOg and SOy in the alr;
and as tableware for household use, sanitary ware, tiles for flcor
materials or indoor tiles having high hydrophilic property and
antibiosis.

[0028]

The production method of the ceramic sintered material fired at
a high temperature which has a surface layer containing a silicon

oxide coated photocatalyst is not particularly limited as far as
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exanple, when it is produced in the foll ow ng manner,
a ceramc 5 sintered materi al having photocatal ytic
function can be effectively produced. In order to
attach the silicon oxide coa% d photocatal yst to the
surface of the ceramc sintered material, the
followng nmethod is wused. 10 (1) A ceramc sintered
material nolded in a desired shape is dried at a
tenperature of fromroomtenperature ta 200 egree .
Chg Y gt aries LY T4t (e 1Ol AT & CERPrat re B RREaTLC
_less than 600 degree centigrade but not nore th%n . g
5119t s degrde Tertict SHET Bbi HfehoCoaiith 4 s e G DLt higher
oxi de coated photocatal yst powder are m xed thereto,

PhaBe GHeR Eoat @ d sl Hit Yadqile 668281 8pePsi Bhih dnidhthe However, for
resulting material is fired at a tenperature of not _
exdqmppke t HALB00- degrieeedend gradée Botl LRy FoReNtRgn & ceramic

1,500 degree centigrade to obtain a ceramc sintered
simeateed ahataying fphotrot st bpdad-adottily fynfities gpnabe
high tenperature. It is desirable to performthe
efféciinge hprerphefetably 20 at a tenperature of not
| ess than 600 degree centigrade but not nore than
114 @@ deegr ee toentli ghads Jdmdnf axidercqatefidephbt gcatahyst to Lhe
tenperature of not |less than 700 degree centi grade
subfidcaatf mbreecetrhanc ls BO0: dedmee ceentli, gr adef dorowing method 1is
better effect of the binder. [0029] 25 Any one or
us@®re kinds of the binders including an organi c binder
such as nethyl cellul ose, polyethyl ene oxide,
(1pd yetrbylieneigtyeel ,ma32ripdl yweildgt ah cohekirednyihape is dried
acetate, xanthan gum sodium acrylate or the |iKke,
at and capei-aengans € Hiddebosucd@srwater tgl a88,degree centigrade
colloidal silica, alumna sol, zirconia sol
an8l FLEOREr I £5+83 Ofit therdnigkeraire of not less than 600 degree

centigrade but not more than 1,300 degree centigrade. A binder
and a silicon oxide cocated photocatalyst powder are mixed thereto,
and coated as an agueous dispersicn, and the resulting material
is fired at a temperature of not less than 600 degree centigrade
but not more than 1,500 degree centigrade to obtain a ceramic
sintered material having photocatalytic activity fired at a high
temperature. It is desirable to perform the firing more preferably
at a temperature of not less than 600 degree centigrade but not
more than 1,400 degree centigrade and further preferably at a
temperature of not less than 700 degree centigrade but not more
than 1,300 degree centigrade for a better effect of the binder.

f0029]

Any one or more kinds of the binders including an crganic binder

such as methyl cellulose, polyethylene oxide, polyethylene glycol,
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be used as an aqueous dispersion of a desired solid
content 5 concentration in the range of about 1 to 20
wei ght % Furthernore, the aforenentioned silicon
oxi de coat ed photocatal yst can be m xed in the range
of 0.01 to 40 weight % preféfably in the range of
0.05 to 35 weight % and nore preferably in the range
of 0.1 to 30 weight % based on the dispersion. Wien
t he ampunt of the silicon 10 oxi de coated
PO bKBEBE AR S0 lirs VéxddsaFTkt y©1 atd  TheBnot otaraafsy late or
is easily el ed away fromthe surface of the _ceramc
the; h%%@eoandﬁa%r)erlunéargawﬁﬂ SLIRAEA FHCH PN weIApsS, colloidal
small, an effect on the photocatalytic function
s1¢annota bE Exhiskily edirAsnacnephod fldiconeoaerag pRethe like can
af orenmenti oned di spersion of the photocatal yst
bepoadéras 180 aa gt Plot Whikdr 3 s0yetfersaldop 1gsed seuchkl gentent
brush painting, dip coating, transcription, spray
cogoanthgtienmlirerheoariary ctbaboebal itﬁg%weti@élt bt k&uggpernore,
be used. [0030] (2) As a separate production nethod,
thetee tdrerderamdc s si. hten etk i RO caat ed irdlotics aireddisdedan be mixed
the aforenentioned silicon oxide coated phot ocat al yst
incaheberamyxedt Wi thl tthe fGwaratteritsl ofefidrebly in the range of
af orenenti oned ceramc sintered material in the
0. apount3 ofveiahtl @sandthane G e et ghity %mbuhenoéngeret 0.1 to 30
than 50 weight % preferably in the anount of not
wel 888 ¢ hans@d3onetightd Ybdaits inet. ndiien tthanadbunei ghttide silicon
25 and nore preferably in the anbunt of not |ess than
ox0d8 eitght plo+ bukt ADY s AlrLekbans 80 Weilghtyc% fiok photocatalyst
nol ding, and the resulting 33 material can be
isSubsenvepts Yedri gy at ran tiepesat ire: off fdh@mdeo@mic sintered
tenperature to 200 degree centigrade, and then fired

maBbrdall epPeratsien of t NDd d:a8Ssd han AOhadegree effect on the
centi grade but not nore

photocatalytic function cannot be exhibited. As a method for
coating the aforementicned dispersion of the photocatalyst powder,
a method which is generally used such as brush painting, dip coating,
transcription, spray coating, roller coating, bar coating or the
like can be used.

[0030]

(2} As a separate production method, when the ceramic sintered
material is produced, the aforementioned silicon oxide coated
photocatalyst can be mixed with the raw material of the
aforementioned ceramic sintered material in the amcunt of not less
than 0.1 weight % but not more than 50 weight %, preferably in the

=) Q

amount of not less than 0.3 weight % but not more than 40 weight %

and more preferably in the amount of not less than 0.5 weight %

but not more than 30 weight % for molding, and the resulting
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than 1,500 degree centigrade. In this case, it is
desirable to 5 performthe firing nore preferably at
a tenperature of not less than 500 degree centigrade
but not nore than 1,400 degree centigrade and
further preferably not |ess fhan 600 degree
centigrade but not nore than 1,300 degree centi grade.
Incidentally, in the aforenentioned nmethod for
producing the 10 ceram c sintered nmateri al
meehtat ity Ah & USIEREUER LN 45 egat bP pRBtIGAt ey &, from room
it is possible to properly omt a step of ,
Lot B HEES orP | 4P & Il IS iRt Bi7él® produétreBn TreERoat @
of the silicon oxide coated photocatal yst since the
tepeFalgres Perfor mebatthan tdih&eatgee c6thgrafasgut not more
than 600 degree centigrade but not nore 15 than .
than 5DOb G gtedr eermenyriatadd-0031] thfike ceRgs- dbt aAPnggsirable to
ceram c sintered material contains the silicon oxide
pexbatred-phof ocatalnyste minf dadlphetiocatampeirgture of not less
functions. Regarding the shape to be used as the
thaer 28 s mereth 20y rateriw nanyogigapeasf 1,400 degree
.plate-like, cylinder-Iike, honeyconb-Iike, nesh-Iike
cemnigtdie |ake Tartirer ysed asflar rag dyclh &hehapélcdagree
exhi bit photocatal ytic function effectively by
centt@uchddt i lont width thamghtthar] Q03X]0 The reer aminc igirater ed
mat eri al having photocatal ytic activity 25 can be
usedh, ddrora Eannire, tras sdletindre iapeld astesdstioh asodiicing the
conditioner, refrigerator, humdifier, dehumdifier,
ceBhi PUE i efeBdnaand dhe-dritkenidusttheolskiadtens ckarde coated
t he purpose of air purification; as ceram c sintered
phovtestal ydt ) ter sid Qfoddiespurpose ferist eniiki aakiep of
pasteuri zation of tap water, drinking water and
calcination in the aforementioned production method of the silicon

oxide cocated photocatalyst since the firing is performed at a
temperature of not less than 600 degree centig:ade but not more
than 1,500 degree centigrade.

[0031]

The thus-obtained ceramic sintered material contains the
silicon oxide coated photocatalyst, and has photocatalytic
functions. Regarding the shape to be used as the ceramic sintered
material, any shape of plate-like, cylinder-like, honeycomb-like,
mesh-1like and the like can be used as far as such a shape can exhibit
photocatalytic function effectively by irradiation with light.

[0032]

The ceramic sintered material having photocatalytic activity
can be used, for example, as electric appliances such as air

conditioner, refrigerator, humidifier, dehumidifier, air purifier
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the |ike, or deconposition of organic matters such as
wastewater 5 due to the industry, life or
agriculture; as outdoor tiles, tiles for pavenent,
road tiles, ceramc tiles and ceram c siding
materials for the purpose of Sprevention of
contam nation; and as ceramc tiles for floor
mat eri al s havi ng hi gh hydrophilic property and
anti biosis. 10 [0033] The silicon oxide coated . _
angHdtoddtal ydest P e Ghrafe £ abl Yiprederee oh &l sapfadécation;
of the inorganic sintered material. The surface
asnearivheds herefed retieeslab Bl hns Widthithca PUEPERReSS
of 2 pmfrom the outernost surface of the. inorganic
sternléretimater ipdstoWrdrats arhe fphapodalk af y sirdrging water and
present in this part, the photocatal ytic function
theahibe, exhidudeeghosiie quapt Pscapie preferabiychwiapshiwvastewater
a thickness of 1 pm then the photocatal ytic
dut unctiion icanshe v, exhi bi¢redoniitchn Wivgle ;ebfi cileheyr dsiles, tiles
conpared to the anount of the photocatal yst in use.
fotfpthemphof ocatal ysteds s adtdmir butlamreect lwara2Q c2 spming
fromthe outernost surface of the inorganic sintered
matatealal fortihe [dightoskand] preeachésnsof tdhatt arhigmation; and as
phot ocat al ytic functi on cannot be exhibited.
ce EXAMPLES e 250 0084) r The epresentavhventicanhyérawgw. 1ic property
illustrated in detail belowwith 35 reference to
an&xanpkescand. Conpar ati ve Exanpl es. However, the
present invention is not restricted to these Exanpl es
andpoz&pnparative Exanples. In order to confirmthe
i nfluence of the cal cining tenperature,

The silicon oxide coated photocatalyst can be preferably present
on a surface of the inorganic sintered material. The surface
mentioned herein refers to a part within a thickness of 2 pm from
the ocutermost surface of the incrganic sintered material. When
the photocatalyst is present in this part, the photocatalytic
function can be exhibited. The part is more preferably within a
thickness of 1 pm, then the photocatalytic function can be
exhibited with high efficiency as compared to the amount of the
photocatalyst in use. Lf the photocatalyst is within but more than
2 pym from the outermost surface of the inorganic sintered material,
the light hardly reaches sc that the photocatalytic function cannot

be exhibited.

‘EXAMPLES

[0034]

The present invention is now illustrated in detail below with
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5 the foll ow ng photocatal ysts were prepared.
I ncidental ly, the photocatal ysts illustrated bel ow
have a structure such that raw material titanium
dioxide is covered wwith a calcined filmof silicon
oxi de, excluding a photocataPyst 43. Nanely, a
silicon oxide precursor filmis forned on a surface
of 10 the raw material titanium di oxide and then the
resulting material is calcined for fornin% a
refarenrRdt? i TrBE L eT 130 BHE L Ve SF5Ie 1E5To HoypygL. the
flask were added 200 g of water and 66.9 g _of an
PrageRbusn Vst WRT ol dtot N'Hidiisdmcotice thGsg ErargLigsopnd
titani umdi oxide (ST-01, 15 Ishihara Sangyo Kai sha,
Coppgrat Has orpiivecsat er content: 9 weight % specific
surface area by BET nmethod specific surface area
neaswdergtoi e f e ithe 3001l wPned adaShi spetgeng temperature,
therein to give an A solution. To a beaker were
thadfel! 10Dy ©fowatara byrksl0V<Z &g reeRgaEs- glass No. 1
(Si02 content: 35 to 38 weight % JIS K1408), and the
r el démge R0y metler i @dio was: tstliverted itid ugitve tg@dBhoelow have a
solution. Waile the A solution was maintained at 35
st degteee centli ghaderandustériad titheiBrsdliokida iswvered with
added dropwi se thereto at a rate of 2 mM/mn. to
a obtaimed flXxedotr sol Ltdan idehe epdd lofditniye amphedocatalyst 43.
solution Cat this time was 2.3. Wile the m xed
Na®ol ¥} | Hns1C wasn maiintcaipreduato35rdegr ee tenéd@rade, s2vface of
it was continuously stirred for 3 days. Then, the
th8l X6 rBeledtiiaant i Eanasmf dldeidd atndehea tleducethlting material
pressure. The obtained filter cake 36 was
isl €a Ut sped Sedlr i fio BODndrLa of 2 Waitrerd aid of idft eriad dendexide .
reduced pressure repeatedly four tines for washing,
angatpen allowed to stand at roomtenperature for 2
days. The obtained solid was pulverized by using a

s tag1 a0 rtihen subh ecied 2100 g caleRALAONE66.9 g of an aqueous
solution of 1IN hydrochloric acid. 24.5 gof t-itanium dioxide (ST-01,
Ishihara Sangyo Kail sha,' Ltd., 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 water glass
No. 1 (8i0; content: 35 to 38 weight %, JIS K1408), and the resulting
material was stirred to give a B solution. While the A solution
was maintained at 35 degree centigrade and stirred, thé B solution
was added dropwise thereto at a rate of 2 ml/min. to obtain a mixed
solution C. The pH of the mixed scolution C at this time was 2.3.
While the mixed sclution 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 cobtained filter cake
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5 treatnment at 200, 400, 600, 800, 1,000 and 1,200
degree centigrade respectively for 3 hours
(photocatalysts 1 to 6). After the calcination at
600 degree centigrade for 3 hours, the pore size
di stribution was neasured andfits results are shown
in Fig. 1. The sodiumcontent of the photocatal yst 3
was quantitatively analyzed 10 by using an atom c
adsor ption spectrophotoneter (Z-5000, Htachi Ltd.)
Wa%n]@e'aglsdoqlé%qﬂ tin R 86dPhnTeRt et st E gspmnder a reduced
Furthernore, the silicon content and sul fur content
profstte phetveedly yEIUS tigks TramastdtioveydahBpyzagloved to
by using an X-ray fluorescence spectronetry (LAB .
st QENTER YRR 1700 e SHi wed A9 1Cor playsand Tas @btadikd, solkd was
the silicon content was 6.9 wei ght % and the sul fur
pulont emd ias usLr@6 awepghe r9%andhehspevilfiectsig flace gpégination
was neasured by using a BET nmethod specific surface
tredeeemeasulDAg 4 D&t radend 0andl a%0 G andesuP €0 dagnmescentigrade
212.8 nR/g. Accordingly, the anmount of silicon
respppottety ofot he photocathaltystatd lpert sa Isuof &¢e aréaei the
n2 thereof 20 was 0.33 ng. As a result of the XRD
caEbsit eendt @0 dfgtde cophdtpeatealfyst 8 hobash bhhd pore size
only the crystal structure of anatase. The
di pheiweat & yels Bewasrsaidly iasataseltande shoke Ma8ig. 1. The
barely seen. Exanple 2 A calcination treatnment was
soSORAuUGSaG At oF €RkGHY NG LeMperatures @E5rofit20Q,ved@0analyzed
600, 800, 1,000 and 1,200 degree centi grade
by NESREStHY altbrfier 23shePt Sof Phisd @ERs @ isdise tled q ZLBDOION Hitachi
the same manner 37 as in Exanple 1, except that 75.0

Ltd. ofarPPas(NARRON et Rsidollm cokltdni @a Mot yp@. havirB8ermore,
a ratio of anatase to rutile of 8:2, purity: 99.5%

theRecifds suntage anearBEI eEROd SReG phersEE{ALE:t 3 were

area measuring instrunment: 50 nR/g) was used as
quﬁﬁ%?@é@f%ely analyzed by using an X-ray fluorescence
spectrometry (LAB CENTER XRE-1700, Shimadzu Corp.) and as a result,
the silicon content was 6.9 weight % and the sulfur content was
0.06 weight %. The specific surface area was measured by using
a BET method specific surface area measuring instrument and as a
result, it was 212.8 Hﬁ/g. Accordingly, the amount of silicon
supported on the photocatalyst 3 per a surface area 1 m” thereof
was 0.33 mg. As a result of the XRD measurement, all of the
photocatalysts 1 to 5 had only the crystal structure of anatase.
The photocatalyst 6 was mainly anatase, and rutile was barely seen.

Example 2

B calcination treatment was conducted at a calcining temperature

of 200, 400, 600, 800, 1,000 and 1,200 degree centigrade

respectively for 3 hours (photocatalysts 7 to 12} in the same manner
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5 dioxide, 6.5 g of an aqueous solution of sodium
silicate was used, and the pH of the m xed sol ution
Cwas 2.6. After the calcination at 600 degree
centigrade for 3 hours, the pore size distribution
was nmeasured and its results3are shown in Fig. 2. The
sodi um content of the photocatal yst 9 was 34 ppm
the silicon content was 1.4 10 weight % the sulfur
content was not detected and the specific surface
as ateaEx@sp B4 11, n@fappAcdartdiHgldy g tafe PRdoubtippbn Aerosil Co.,
silicon supported on the photocatal yst 9 per a
Ltous f-agexanea Hawihd herepfo oaan@ta2ene rAsidereS W :t2, purity:
of the XRD neasurenent, all of the photocatal ysts 7
99t 9% 1ls ek £f imiginranratase, bgnder uhétieodagpdrarfaley siyface area
seen. The photocatal yst 12 was nmi nly anatase, but
med Her LG ensit Yumdit £ Wa 1€ /Was wiaRCgasedsasitanpared to
t he photocatalyst 11. [0035] Conparative Exanple 1 A
dl@QﬂH@rQ3%l t bt an wudicaxi de1(tsbhhar ac8angyei Kaisha,was used,
Ltd gT 01) was subjected to a cal cination
an&ﬁﬁ§§@§P5f|ﬂhénﬁg§§ﬂ%oq@ﬁﬂ@h cata200,6.400f - HO0GhB0A L cination
1,000 and 1, 200 degree centigrade respectively for 3

ath sadphat ocatalysis ¥t 8 A8hrsThensgthiimsicenteBt ribution
t he photocatal'yst 15 was quantltatlvely analyzed

Rt S t het o e
ey S SRR T o e

ofsggén€%898£§@£l¥@§ %QQ3PH§BmﬁE%ﬁbr§¥¥ﬂdbn @%n%@%t was 1.4

sur enent the otocatalysts 13 to 15 had t

wel tal gﬁyg}%&fﬁ%}(’ ut @én@r\%{lésﬁ%’c gﬁbege%cf ré%d the spec1f1c

ocat he crystal

SU% gggtg£gaoLas éilf {QPS6hKH£QQH%b§§IV%hgxgﬁghﬁt of silicon

supported on the photocatalyst 9 per a surface area 1 m® thereof
was 0.22 mg. As a result of the XRD measurement, all of the
photocatalysts 7 to 11 were mainly anatase, and rutile was barely
seen. The phoﬁécatalyst 12 was mainly anatase, but the intensity
of rutile was increased as compared to the photocatalyst 11.

[0035]

Comparative Example 1

A commercial titanium dioxide {Ishihara Sangyo Kaisha, Ltd.,
ST-01) was subjected to a calcination treatment in the same manner
at 200, 400, 600, 800, 1,000 and 1,200 degree centigrade
respectively for 3 hours (photocatalysts 13 to 18). The sodium
content of the photocatalyst 15 was quantitatively analyzed by
using an atomic adsorption spectrophotometer (Z-5000, Hitachi
Ltd.) and as a result, the sodium content was 1,400 ppm. As a result

of the XRD measurement, the photocatalysts 13 to 15 had the crystal
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5 A commercial titanium dioxide (N ppon Aerosil Co.,
Ltd., 225) was subjected to a calcination treatnent
at 200, 400, 600, 800, 1,000 and 1,200 degree
centigrade respectively for 3 hours (photocatal ysts
19 to 24). The sodi um contenBof the photocatal yst
21 could not be detected. According to this, it was
confirmed that 10 the photocatalysts 7 to 12
contained sodiumin its calcined silicon oxide film ,
stmpet s ¥ ian A aTac ehsreaswale SN ot ap ke L st 3 Yed@ 8 mainly
of the XRD neasurenent, the photocatal ysts 19 to 21
ha@nﬁhﬁyciMﬁtalmﬁtfﬂ§@M¥ﬂ ot mydtidee of anat ase, whereas
t he photocatal yst 22 mainly had the crystal
st¢@tdlure of rutile, and the photocatal ysts 23 and
15 24 had only the crystal structure of rutile.
[ O08Y] ral] Brval rsniypie 6f Phot odeconpositi on Activity]
Phot ocatal ysts 1 to 6, 9, 11, 13 to 19, 21 and 23
wereomsusperded itiamiam dguedds Mipydereetbasel Co., Ltd., P25}
solution. Thereafter, the resulting 20 solution was
was I @ @ttesd wi ¢ ha | ¢ght i mandi drh e reeroentr atti 6 0ef 400, 600, 800,
met hyl ene blue in the solution was quantitatively
1, an@l yzed byoo spegtsoneinyhgmher elysddhe ively for 3 hours
phot odeconposition activity was tested. The test
(pOPesad t ONy ses had: b e adet aThe ispdasinf @bhiowst of the photocatalyst
(Preparation of Photocatal yst Suspension) 25 45 g of
21 &b AqUasuSHaRIdN ene blue-selHd ep fiavs Ng tawas confirmed that
concentration of 40 x 10-6 nol/L was wei ghed and

thé HHRdRGed 11te 3 dD2cco A Re] ¥etihyheneikarcmdihat silicon
Téflon (registered trademark) stirring bar

OXPH@Vflollilﬁ'l Y Tékr §?Q§§fige§1ﬁiﬂl§iéj%re-£hﬁﬁs the €yl tinga result
materi al was irred by using a magnetic stirrer and

o f 1oh T8 rOf mégguggﬁéﬁgat@é’%ﬁotW@%t@@?@@st heret 01 fhenly had the
resulting mxture was violently stirred

crystal structure of anatase, whereas the photocatalyst 22 mainly
had the crystal structure of rutile, and the photocatalysts 23 and
24 had only the crystal structure of rutile.

[0037]

[Evaluation of Photodecomposition Activity]

Photocatalysts 1 tQ 6, 9, 11, 13 to 19, 21 and 23 were suspended
in an aqueocus methylene blue soclution. Thereafter, the resuiting
solution was irradiated with light and the concentration of
methylene blue in the solution was quantitatively analyzed by
spectrometry, whereby the photodecomposition activity was tested.
The test operation method in detail is as follows.

(Preparation of Photocatalyst Suspension)

45 g of an aqueous methylene blue solution having a concentration

of 40 x 107® mol/L was weighed and introduced into a 100-cc
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5 for 5 mnutes and then continuously stirred by
adjusting the stirring strength to the extent that
the solution was not flown and splashed [0038]
(Prelimnary Adsorption Treatnment) 10 Starting froma
moment when the addition of. phot ocatal yst was
finished, stirring was conti nued for 60 m nutes
without irradiation with light. After 60 m nutes
passed, 3.0 cc of the suspension was collected to,
po yyvehalempre wetreTf ol Gie9ds tRirer tragparyk stirring bar
[0039] (Photodeconposition Treatment) 3.5 cc of the |
preuspensi onranver threrpietids nafyeadsdepteonlting material was
treatment was collected and introduced to a quartz

- st bt eedldrydus spect meseetiic eelkreTovvh LOuaetef Cae phpgocatalyst

outer size: 12.5 x 12.5 20 x 45 mm optical path
was eded IChamtoopt e et Hiengrixti@enmrps véobhpetly stirred
4.5 cc) with a Teflon (registered trademark) stirring
fobar mpmneviousld Eraranged itheneilysisté rraddbyhecdjusting the
resulting material was stirred using a nagnetic
st Btitmerstidrerth itto was: igxtaditatiddtwitthke sbilghtofir gas not flown
external /transverse direction of the spectroscopic
an€etp125d40r 5 minutes. Irradiation with [ight was
carried out by using a light source apparatus,
St dp1XQ (Ushio Inc., 150 W a xenon 40 short-arc
| anp) as a light source over a quartz filter vesse

fiblethmMdh, P Matiein Tihe tdahadi ated |i ght
intensity was 5.0 nWcn2 wusing an ultraviol et

| gt epsidy fRLEen rd¥end36anbl (Mshh@iditon dfegthotocatalyst was

wavel engt h: 365 nn). After irradiation, the
£inYUSREAS| 9N i Midd&sas continued for 60 minutes without
irradiation with light. After 6@ minutes passed,r3.0 cc of the
suspension was collected to give a sample before irradiation with
light.

[0039]

(Photodecomposition Treatment)

3.5 ¢cc of the suspension after the preliminary adsorption
treatment was collected and introduced te a guartz standard
spectroscopic cell (Tosoh Quartz Co., Ltd., ocuter size: 12.5><12.5
x 45 mm, optical path width: 10 mm, optical path length: 10 mm,
volume: 4.5 c¢) with a Teflon (registered trademark) stirring 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
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5 spectroscopic cell was collected to give a sanple
after irradiation wth light. [0040] (Quantitative
Anal ysis of Methylene Blue) An all-plastic 10-cc
syringe was equi pped with a nenbrane filter 10 (Toyo
Roshi Kaisha, Ltd., DISMC 130HP) . Sanple
suspensi ons before and after irradiation with |ight
were respectively introduced thereto for renoving
t he photocatal yst by extrusion using a piston. At
shohttard aeme) hes i Fsyhhalouraeouirr! fquhe: 7 fEdFarersmse!l filled
di scarded, while the rest half amount of the
with| pune evatesr col Treetioord diaerb lsafit- AnGes Stfyevas 5.0 miW/cn’
di sposabl e cell (rmade of polystyrene, optical path
usWwhgtdn vdtmayiopetcalt ettty ergeh, WONMS VOl (Pehiq Hc., test
cc) for analysis of visible light. Then, the
waabsenfance3éh anwavel Bngt hi rofdiB80 cmm was seapenedobyin the
using a UV-visible spectronmeter (UV-2500, Shinmadzu
sp&ot poycdetc callaulat icnd 1he eclone entead isanpdf atdwylienediation
20 bl ue. The phot odeconposition activity was
wiemval ugked fromthe concentration of nethylene blue
after irradiation with Iight, based on the
copgemf ration of nmethylene blue before irradiation
wth [ight, and shown in Table 1-1 as the

degeapesi 44 Ore £ wiis 25 neidiylene bhiwe) [0041] 41
[ Tabl e 1-1] Table 1-1. Deconposition Rate of

P%%EMH&%@a@EE%:l@Eéé”§yﬂﬂ%géﬂﬂﬁ§%@hﬂ@@e@&&ﬂﬂ?@&hémﬁﬁhne filter
(Toyo Roshi Kaisha, Ltd., BISMIC-13 HP). Sample suspensions before
and after irradiation with light were respectively introduced
thereto for removing the photocatalyst by extrusion using a piston.
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 disposable cell (made of polystyrene, optical path
width: 4 mm, optical path length: 10 mm, volume: 1.5 cc} for
analysis of visible light. Then, the absorbance 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 photodecomposition activity was evaluated from the
concentration of methylene blue after irradiation with light,
based on the concentration of methylene blue before irradiation
with light, and shown in Table 1-1 as the decomposition rate of

methylene blue.

[0041]
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Phot ocat al yst (degree 1% centigrade) 1 200 44.9 2
400 51.0 3 600 56.1 4 800 54.1 5 1000 43.2 6 1200
32.3 9 600 69.2 11 1000 48.5 13 200 9.0 14 400
9.1 15 600 15.9 16 800 15.7 17 1000 4.2 18 1200
1.0 19 200 45.0 21 600 46.61 23 1000 4.8 [0042] 5
In addition to the above photocatal ysts, the
foll owi ng photocatal ysts were prepared. The results
are shown in Table 1-2 below [0043] (Photocatal yst
2Byalabe Al phbt ocat al yst 25 was obtained in the same

manner as in Exanple
Table 1-1. Decomposition Rate of Methylene Blue

Calcining

temperature Decomposition rate
Photocatalyst

{degree (%)

centigrade}
1 200 44.9
2 400 51.0
3 500 56.1
4 800 54.1
5 1000 43.2
6 1200 32.3
9 600 £69.2
11 1C00 48.5
13 200 3.0
14 400 9.1
15 600 115.9
16 800 15.7
17 1000 4.2

| 18 1200 1.0
19 200 |1 45.0
21 500 46.0
23 1000 4.8
[0042]

In addition to the above photocatalysts, the following
photocatalysts were prepared. The results are shown in Table 1-2
below.

[0043]

(Photocatalyst 25)

A photocatalyst 25 was obtained in the same manner as in Example
1, except that the amount of titanium dioxide was 82.1 g, the pH
of the mixed solution C was 4.0 and the resulting sclid content
was calcined at 600 degree centigrade for 3 hours. The sodium

content of the photocatalyst 25 was 56 ppm, the silicon content
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1, except that the ampunt of titani um di oxi de was
82.1 g, the pH of the m xed solution C was 4.0 and
the.resulting solid content was cal cined at 600
degree centigrade for 3 hours. The sodi um content of
t he photocatal yst 25 was 56 gpm the silicon content
42 was 2.4 weight % and the specific surface area
was 133.8 nR/g. Accordingly, the anount of silicon
supported on the photocatalyst 25 per a surface area
wad AR4theigbf Wasald lghepprd00i4] s\B fEPRoaEat albgst 33-8 m°/g.
26) A photocatal yst 26 was obtained in the sane
Acoandénghg, itthd hewoupreparsitlorometbod rokdphotidrardbystatalyst
3, except that the ampunt of titanium dioxide was
253Bc9 g andfibe prbofl tife thexed fsohat Doh8Onwas 2. 8.
The sodi um content of the photocatal yst 26 was 85
ppov4the 10 silicon content was 4.6 weight % and the
specific surface area was 194.9 nR/g. Accordingly,
t henapovuataofsisizécon supported on the photocatal yst
26 per a surface area 1 nR2 thereof was 0.24 ny.
[ﬂoﬁﬁaﬁé&ﬁ‘@eﬁpﬁﬁﬁ ab § Ska 2 b tlh e phot acat alayet mdAnwasas in the
obtained in the sane manner as in the preparation

propLbadioh photogatalyrst cdatexgept 3t hatcépe @muthedtimount of
titanium di oxide was 12.2 g and the pH of the m xed

ti%QhQEﬁqyi5%ﬂﬁE5wa%-58.@“%eﬁQﬂE%@‘ﬁ@n&@ﬁﬁmﬁﬁikB@ solution C was
phot ocat al yst 27 was 160 ppm the silicon content

o.pas 9,6 weight %nangd terspephbiccstsfase 26 em2®s ppm, the

was 244.2 nR/g. Accordingly, the anmount™ of silicon

.siﬁygggigggtggt L he @h@tﬁgfﬁﬁ%Y§aé%%iQ§kz%ﬁ%ﬂﬂ@&?sﬁ&%@ce area

ereof was 0.39 ng. 00
was 194.9 m?/g. Accordingly, the amount of silicon supported on

- the photocatalyst 26 per a surface area 1 m? thereof was 0.24 mg.

{0045}

(Photocatalyst 27)

A photocatalyst 27 was cbtained in the same manner as in the
preparation method of photocatalyst 3, except that the amount of
titanium dioxide was 12.2 g and the pH of the mixed solution C was
2.5. The scodium content of the photocatalyst 27 was 160 ppm, the
silicon content was 9.6 weight %, and the specific surface area
was 244.2 m*/g. Accordingly, the amount of silicon supported on
the photocatalyst 27 per a surface area 1 n’ thereof was 0.39 mg.

[0046]

(Photocatalyst 28)

A photocatalyst 28 was obtained in the same manner as in the
preparation method of photocatalyst 3, except that 70.5 g of PC-102

(Titan Kogyo Kabushiki Kaisha, anatase type, adsorptive water
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(Phot ocat al yst 28) A photocatal yst 28 was obtained in
the sanme manner as in the 25 preparation nethod of .
phot ocat al yst 3, except that 70.5 g of PC-102 (Titan
Kogyo Kabushi ki Kai sha, anatase type, adsorptive
water 43 content: 5% specif#fc surface area by BET
nmet hod specific surface area neasuring instrunent:
137 nR2/g) was used as titaniumdioxide, the pH of
the m xed solution C was 3.8, and the m xed sol ution
cortetias St FPEFIESE 16T Frtf S 18idPagelT MHd kbgPrgmitic surface
content of the 5 photocatal yst 28 was 12 ppm. the o
ared [neger réowt enetwasert 2 el @Efgb/qwaSt HESSUHT (il tédntBnd tox1de,
was 0.19 weight % and the specific surface area was .
thd 2 &Mty mAsesr dPAgLyont Revarobirit, ohsithiecgpxed solution C
supported on the photocatal yst 28 per a surface area
wad TRttt ebfr vies I0Wss mpd e047]) The cPHévbcapalkgst of the
29) A photocatal yst 29 was obtained in the same .
phaterereralasst 29 kes b? eparathons hetdwd contphét veatal 4 seight %,
28, except that 25.0 g of AMI-100 (Tayca
th€arpdat tonteahatzas € . L.ypes i dus 6r priv e hwaseecitontsenttace area
119% specific surface area by BET nethod specific
wasurdace nfFgar eacneasimghyg, i tis¢ ramentt, 0@ inlgy wapported on
used as titanium di oxide, and the pH of the m xed
th&dhiticam:GMas: 28 pethe sodiawe corderit m®ofhdhesf was 0.18 mg.
phot ocatal yst 29 was 17 ppm the silicon content was
Sioawei ght % the sul fur content was 0.07 weight %
and the specific surface area was 207.2 n2/g.

Aceosdi it ¥ vdthee@mount of silicon 20 supported on
t he photocatal yst 29 per a surface area 1 nR thereof

WaS, i 2l a1 § 9048 was obtained in the same manner as in the
preparation method of photocatalyst 28, 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 m?/g) was used as titanium dioxide,
and the pH of the mixed solution C was 2.4. The sodium content
of the photocatalyst 29 was 17 ppm, the silicon content was 5.5
weight %, the sulfur content was 0.07 weight %, and the specific
surface area was 207.2 m®/g. Accordingly, the amount of silicon

2 thereof

supported on the photocatalyst 29 per a surface area 1 m
was 0.27 mg.

[0048]

{Photocatalyst 30)

A photocatalyst 30 was obtained in thé same manner as in the

preparation method of photocatalyst 28, except that 25.0 g of

TKP-101 (Tayca Corporation, anatase type, adsorptive water



(Phot ocat al yst 30) A photocatal yst 30 was obtained in
the sane manner as in the 25 preparation nethod of
phot ocat al yst 28, except that 25.0 g of TKP-101
(Tayca Corporation, anatase type, adsorptive water 44
content: 11% specific surfat® area by BET method
specific surface area neasuring instrunment: 300
n2/ g) was used as titaniumdi oxide, and the pH of
the m xed solution C was 2.1. The sodi um content  of
cot henphdtlde asae 95£ L S U2 BO2EHM PX RETIIE Thefh seGmiddc surface
was 6.7 5 weight % the sulfyr content was 0.38 ,
areveinghts i ngndns heuspeti f340 1s(9f aBs aped awmd ifgy ipm dioxide,
n2/g. Accordingly, the anmpbunt of silicon supported
anonthdeophof doat atiestd 3P lperica SurBgce - areaThepgodium content
thereof was 0.34 ng. [0049] 10 (Photocatal yst 31) A
of phiet ostad lab ysita BAs a0 ot Hedrm tthe saméceangentgst was 6.7
in the preparation nethod of photocatal yst 3, except
wetdiat ¢ hecid xed fusoloohitentCwwaslss reaidyttort, 1&nkblihs specific
and aged. The sodium content of the photocatal yst 31
suBsc4d80rppmad e sid oy . comtentdivasl 5. THES aweiught of silicon
and the specific surface area was 246.2 nR/g.
suheELf 8 Nl he bhetamaunt yet 30Ipeom suppectedroen t e thereof
phot ocat al yst 30 per a surface area 1 nR2 thereof was
wa®- @33Mng[ 0050] (Photocatal yst 32) 20 A :
phot ocat al yst 32 was obtained in the sane nmanner as
i npthe; preparation nethod of photocatal yst 31,
except that the resulting filter cake was

repghspesrsed i $00 m of water and filtered under

A photocatalyst 31 was ébtained in the same manner as in the
preparation method of photocatalyst 3, except that the mixed
solution C was stirred for 16 hours and aged. The sodium content
of the photocatalyst 31 was 180 ppm, the silicon content was 5.7
weight %, and the specific surface area was 246.2 m?/g. Accordingly,
the amount of silicon supported on the photocatalyst 30 per a
surface area 1 m’ thereof was (.23 ng.

[005C]

(Photocatalyst 32)

A photocatalyst 32 was obtained in the same manner as in the
preparation method of photocatalyst 31, except that the resulting
filter cake was re-dispersed in 500 ml of water and filtered under
a reduced pressure repeatedly 7 times for washing. The sodium
content of the photocatalyst 32 was 120 ppm, the silicon content
was 5.7 weight %, and the specific surface arca was 231.4 n’/qg.

Accordingly, the amount of silicon supported on the photocatalyst
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a reduced pressure repeatedly 7 tinmes for washing.
The sodium content of the photocatal yst 32 was 120
ppm the silicon content 25 was 5.7 weight % and the
specific surface area was 231.4 n2/g. Accordingly,
t he anount of silicon supported on the photocatal yst
45 31 per a surface area 1 nR2 thereof was 0.25 ng.
[ 0051] (Photocatal yst 33) A photocatal yst 33 was
obtained in the sanme mgnner as in the 5 preparation
31 metthod ofrfstust coarally st BheresEents thet® tHe resul ting
filter cake was re-dispersed in 500 mM of water and
fidd%rled under a reduced pressure one time for
washi ng. The sodi um content of the photocatal yst 33
wath Ak epphysthe3si | i con content was 5.7 weight and
the specific surface area was 231.4 n2/g.
Acantatingital vEE t33e warowitt aohesli ihcohesapportegnen as in the
the photocatal yst 32 per a surface area 1 nR thereof
pr &8s O 2 mgt hod052] phd Rivot toclat=al ¥at S4gept that the resulting
phot ocat al yst 34 was obtained in the sanme manner as
filteExange @aslbeddi gxeepid tihat 00 hel pesubkténgrebliidtered under
content was subjected to a calcination treatnent at
a P09 degrea cantd grade ey fdrhewssinghe Thedsumium content of
content of the photocatal yst 34 was 96 ppm the
thS| bhSOR 2 CON EN13 Was H.8 0Mgirght tard sihecspeebhient was 5.7
surface area was 108.2 nR/g. Accordingly, the anount

we PinSisl | SOR SHPPOLL 6l O irhe c20a photecat &l ysth®24. pREcardingly,
surface area 1 n2 thereof was 0.64 ny. [0053]

thé P&Q&Q&@tﬁ yssflfé:)n supported on the photocatalyst 32 per a
surface area 1 m® thercof was 0.24 ng.

[0052]

(Photocatalyst 34)

A photocatalyst 34 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 34 was 96 ppm, the silicon
content was 6.9 weight %, and the specific surface area was 108.2

m?/g. Accordingly, the amount of silicon supported on the

photocatalyst 34 per a surface area 1 m® thereof was (.64 mg.

[0053]

(Photocatalyst 35)

A photocatalyst 35 was obtained in the same manner as in the
preparation method of photocatalyst 31, except that an aqueous
solution of 1IN nitric acid was used in the same amount instead of

an aqueous solution of 1N hydrochloric acid and the pH of the mixed
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A phot ocatal yst 35 was obtained in the same manner as
in the preparation nmethod of photocatal yst 31,
except that an aqueous 25 solution of IN nitric acid
was used in the sanme anount instead of an aqueous
solution of 1IN hydrochloric 4id and the pH of the
m xed 46 solution C was 3.2. The sodi um content of
t he photocatal yst 35 was 480 ppm the silicon
content was 6.7 weight %  .and the specifi surface
S0 E obmets D07 it 210 & FEASHAn G Stihe bt SP oSS talyst 35
silicon supported on the photocatal yst 35 per .
wag H0apBMaridie £1iAd CPReF@BECnE WagsCo/ 3R iRt F@o%%ﬁ? the specific
(Photocatal yst 36) A photocatal yst 36 was obtained in .
sugfecs aneqaniier Yds 4 A Be PREPEbEtdoh ferhegognt of silicon
phot ocat al yst 31, except that 81.7 g of an 10 5
suppeoRd Woltite phosPCRNEAYEE] 85 G gy 1i§66 #h%Eehd Lhereof
of 66.9 g of an aqueous solution of IN hydrochloric
wazmch d3aniy13.3 g of an aqueous solution of sodium
silicate having a different conposition (Si02
comieht: 29.1 weight % Na20 content: 9.5 weight %
JI'S K1408 "Water glass No. 3") was used. The sodi um
comtentcafalter pht ocat al yst 15 36 was 150 ppm the
silicon content was 3.4 weight % and the specific
salrfiacieo@rted wets 24 0vhs nittgrinAct drdithgl pamehwaansynes in the
of silicon supported on the photocatal yst 36 per a
préyafacecanea Hodridb f iphereoftwdysd. 36, ngxc¢B058jat 200.7 g of an
(Phot ocatal yst 37) A photocatal yst 37 was obtained in
aqhbeusasEl wenhero@siN mitthe ¢ prepawasi osedethoceaf of 66.9 g of
phot ocat al yst 36, except that the water. gl ass
an agueous solution of 1IN hydrochloric acid and 13.3 g of an aqueous

solution of sodium silicate having a different composition (8i0;
content: 29.]:weight.%, Na,0O content: 9.5 weight %, JIS K1408 “Water
glass No. 3”) was used. The sodium content of the photocatalyst
36 was 150 ppm, the silicon content was 3.4 welght %, and the
specific surface area was 210.5 m?/g. Accordingly, the amount of
silicon supported on the photocatalyst 36 per a surface area 1 m?
thereof was 0.16 mg.

rooss]

(Photocatalyst 37)

A photocatalyst 37 was cbtained in the same manner as in the
preparationnethod<1Ephotocatalyst.36,exceptthat1juawaterglass
No. 1 was changed to a potassium silicate solution (Wako Pure
Chemical Industries, Ltd., Si0, content: 28 weight %) and the amount
of the potassium silicate solution was 13.8 g. The sodium content

and the potassium content of the photocatalyst 37 were
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No. 1 was changed to a potassiumsilicate sol ution
(Wako Pure Chem cal Industries, Ltd. , Si02 content:
28 weight %9 and the anmobunt 25 of the potassium
silicate solution was 13.8 g. _The sodi um content and
t he potassium content of the4photocatal yst 37 were 47
guantitatively anal yzed by using an atom c adsorption
spectrophot oneter (Z-5000, Hitachi Ltd.) and as a
result, the sodiumcontent was 74 ppm and the |
quppt Asstinetonteat YRS 90 PHMY FUATERTDAES ARs 1on
silicon content of the photocatal yst 37 was 5
spgoanephatonet gr anat Y2E, byl txttng X-2gyl as a result, the
fluorescence spectronetry (LAB CENTER XRE-1700, _
soShimadezut Got pwds ahél piem ;an@stha | Po s i3 G sgént'ést 20 ppm.
was 4.9 weight % while the specific surface area
Fuwabke measar edhdys al BEIh neehioen s peki fic phnticasdadved 37 was
measuring instrunment and as a result, it was 193.9
quaBtgtaAccerdi aghyyzehebt Ouamuntn of- =iy i idow rapssorceed
on the photocatal yst 37 per a surface area 1 nR
sptherenttwas| IRRSERYER Wi 1010 , st zemall st Colypt. i) onades a result,
the photocatal yst 37 was neasured and its results
thar ei sheswn dontémgt waks AP aeiedul &, whilwastiordiamgdc surface
that the photocatal yst 9 contained 15 sodiumin its
areal ghpetsdiadnoxi HET friid tha@hd piche fphotocAbat ystea Jkasuring
contai ned potassiumin its calcined silicon oxide
inkikkihePhobREai @l ¥ SkSs 38 t o dawene3peepared ixcardemgly, the
to confirmthe sodiumcontent or the difference due
ambOneXbBtence-af NYRS tder b¥edhe fgroddie iydtcon et de surface
filmin the range of 20 to 500 Angstronms. 20 [0056]
arEBhotgratalwsts 38k bU2§Q&gfdQW@EpWEEhSEE@p@iéﬁtintion of the
Exanpl e 1 of Exanpl es in Patent

photocatalyst 37 was measured and its results are shown in Fig.
3.

As a result, it was confirmed that the photocatalyst 9 contained
sodium in its calcined silicon oxide film and the photocatalyst
37 contained potassium in its calcined silicon oxide film.

Photocatalysts 38 to 42 were prepared in order to confirm the
sodium content or the difference due to existence of pores derived
from the silicon oxide film in the range of 20 to 500 Angstroms.

[0056]

(Photocatalysﬁ 38)

In accordance with Preparation Example 1 of Examples in Patent
Document 2 (Japanese Patent Laid-open No. 1987-260717), ST-01
(Ishihara Sangyo Kaisha, Ltd., adsorptive water content: 9 weight %,
specific surface area: 300 m?/g) was used as titanium dioxide to

obtain a photocatalyst 38. The sodium content of the photocatalyst
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Docunent 2 (Japanese Patent Lai d-open No.
1987-260717), ST-01 (Ishihara Sangyo Kai sha, Ltd.,
adsorptive water content: 9 weight % 25 specific
surface area: 300 nR/g) was used as titani um di oxide
to obtain a photocatal yst 38 The sodium content of
t he photocatal yst 48 38 was 1,200 ppm the silicon
content was 5.8 weight % and the specific surface
area was 187.3 nR/g. Accordingly, the anount of .
38 sias cor? KUt L édorm itHEOPhELECaNA 5P 385peRight 5, and the
surface area 1 n2 thereof was 0.31 ng. 5 [0057]
spePHt D cateflanst a39p Vas abtbriande - wi AFrPreiriati gre amount of
Exanple 1 of Exanples in Patent Docunent 2 (Japanese 5
s 1 Pat@ents Urgiaktope wnNohe 1987: Qa0 st PAS pPerNpppehiace area 1 m
Aerosil Co., Ltd., purity: 99.5% specific surface
thareal ws 50.38L mRf.g) was used as titaniumdioxide to
obtai n a photocatal yst 39. The sodi um content of the
ploaiocat al yst 39 coul d not be detected. Meanwhil e,
the silicon content of the photocatal yst 39 was 2.2
wetigtto Y4t eingk it I )speci fic surface area was 38.7
n2/g. Accordingly, the anount of silicon supported
o t:he photrecatial yisbrdba 39 pet Fxasiplfeatec Arkxerdple in Patent
thereof was 0.56 ng. [0058] (Photocatalyst 40) To a
Do@hdsst 1 askapweres adaack50.:9 dfopwat elo.ands0-050910f , P25
an aqueous solution of 0.1N sodium hydroxide. 24.5 ¢
(N{?p&ﬁtﬁﬁﬂé&ﬂﬁkﬂ%hd%tdgo 69F10F;: dshiharspangyosurface area:
ai sha, Ltd., adsorptive water content: 9 weight %
50 SPeFi/icwaurfigee a8 aat-3Q0mRigkiwast diapersed photocatalyst
therein to give an A solution. To a beaker were
39 added. 1004 6,:0f ¥Rt &f- and the photocatalyst 39 could not be

detected. Meanwhile, the silicon content of the photocatalyst 39
was 2.2 weight %, and the specific surface area was 38.7 mé/q.
Accordingly, the amount of silicon supported on the photocatalyst
39-per a surface area 1 m® thereof was 0.56 mg.

[0058]

(Photocatalyst 40)

Tozaglassflaskwereadded250(;ofwaterand0.0Bgwﬂfanaqueous
solution of 0.1N sodium hydroxide. 24.5 g of titanium dioxide
(ST-01, Ishihara Sangyo Kaisha, Ltd., adscrptive water content:
9 weight %, specific surface area: BOOIf/g) was dispersed therein
to give an A solution. To a beaker were added 100 g of water and
10.7 g of an agqueous solution of sodium silicate (S10; content: 36.1
weight %, Nay0 content: 17.7 weight %, JIS3 K1408 “Water glass No.
17y, and the resulting material was stirred to give a B solution.

While the A solution was maintained at 35 degree centigrade and
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10.7 g of an aqueous solution of sodiumsilicate
(Si02 content: 36.1 weight % Na20 content: 17.7
wei ght % JI'S K1408 "Water glass No. 25 1"), and the
resulting material was stirred to give a B solution.
Wiile the A solution was mai #Pai ned at 35 degree
centigrade and 49 stirred, the B solution was added
dropwi se thereto at a rate of 2 m/mn. to obtain a
m xed solution C. The pH of the m xed sol ution

stihredt | MeewassaIusiowiwd e a¢ed @(Jé%P‘“élo‘%%ttih@ﬁfeéo\/\éé; a rate of
mai ntai ned at 35 degree centigrade, it was

2 omimubasiistasin preddbeodugags.C5 TeRH ¢héhginered solution
solution Cwas filtered under a reduced pressure.

C Therdbt aiimedvdsd [itle -cdkel Was heemtkeperaded ijop 00 himaintained
of water and filtered under a reduced pressure

atr 8pedtedty dauridiares fidgr waashionginuandly hell siedvier 3 days.
to stand at roomtenperature for 2 days. The

Theht at nedniscld dolas ipul Cewdz eth Inyengsi ngdarnpriegucait pressure.
then subjected 10 to a calcination treatnment at 600

Thdegheeinent f grase date Jrdwures-ditspealedi hnad00 ml of water and
phot ocat al yst 40. The sodi um content of the

riphet-egatrdarst “4iwes] pd=880rppmpddtediy { con tdortseivr washing,
was 3.4 weight and the specific surface area was

and26nhdinnBi gowdacondiNghy, at t heoranpempeoftsid ifeon 2 days. The
supported on the photocatal yst 40 per a 15 surface

ob@%@ﬁe@ 881 1 hereobunasrfz2d e usin@0sHo(FPhotagat lady stubjected

41) To a glass flask was introduced 100 g of water.

tolg ga@c@ﬁa%h&ﬁ”tﬂ@étﬁé@%'Q@ 665 28: g NP Aefosid for 3 hours
Ltd., purity: 99.5% specific 20 surface area

tob}sb%EInfTﬁt ngtéegghiygtsm@f acenhar eadBastdtiht of the
i nstrunent: nm2/g) was di spersed therein to give

ph@f Aasl %koﬁo wé@ 2gugoUsSpeRl uthons of i AM setiiHAt was 3.4
hygrOX|ég was added dropwi se

weight %, and the specific surface arca was 126.1 m?/g. Accordingly,
the amount of silicon supported on the photocatalyst 40 per a
surface area 1 m° thereof was 0.27 mg.

[0059]

(Photocatalyst 41}

To a glass flask was introduced 100 g of water. 10.0 gof titanium
dioxide (P-25, Nippon Aerosil Co., Ltd., purity: 99.5%, specific
surface area by BET method specific surface area measuring
instrument: 50.8 m?/g) was dispersed.therein to give an A solution.
An aqueous solution of 4N sodium hydroxide was added dropwise
thereto so that the pH was adjusted to 10.5. While the resulting
solution was heated up te 75 degree centigrade of the liquid

temperature and maintained at 75 degree centigrade, 14.8 g of an

aqueous solution of sodium silicate (Si0; content: 29.1 weight %,
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thereto so that the pH was adjusted to 10.5. Wile
the resulting solution was heated up to 75 degree
centigrade of the liquid 25 tenperature and

mai ntai ned at 75 degree cent% rade, 14.8 g of an
aqueous sol ution of sodiumsiticate (S 02 content:
29.1 weight % 50 Na20 content: 9.5 weight JI'S K1408
"Water glass No. 3") was added thereto and the

resulting material was stir Q. gi.ve a B sol ution.
NoxEPBLPRE: B <brGErbh ad Tkt L ug%ttg'%%l%sesg%lé)é 3Phwas added

centigrade and maintained at. 90 degree nti.grad '
thake wydB0USn S GRGEI Gri 61 T RS Y RGCHT Or e BRI (s © So1uEion-

added dropwi se thereto at a rate of % m /mn. t%. 4 d

Whityetie & st Wi H3HE UrBpwics € Yad§it £6n “6f HEHe2e® an
aqueous solution of hydrochloric acid, the pH_of .the

ma ket ed| 4t | Ph JREres| Gyl Headeased AW eORE goigitdon of IN
regions from10.5 and the final pH of the C solutiagn ,

hyBeeanko5ic ivdn, wahiddcqhdrepyopat s Sesator rate of 2 ml/min.
mai nt ai ned at 90 degree centigrade, it was

tocohtd rudusiofustian.-ed Witdr thehdupPfove afidhig 1 Nextt, Hgeaquecus
aged C solution was filtered under a reduced ,

sopressuref Mhérobtbdned 4¢1d ertlcaks! wis the- diigser $odution was
in 250 m of water and filtered under a reduced _

s1prkgsincersepshtteditye foldici esidoy WashiAgp and theeninal pH
dried at 120 degree centigrade 15 for 3 hours. The

ofobhai Dego ot i oh Wascaud ver | Z8uehby Wsley ety tsaxl utdg was
then subjected to a calcination treatnment at 600

madegE eecdcent PQraderforcdnhogrsid o idbtvean centinuously stirred
phot ocat al yst 41. The sodium content of the

fophpteeat abysigidfy waseRt 50thgpredt hesclidtiiconweonf ehtered under
was 13.0 weight and the specific surface area was

a B8dded® /e 2 ACCOTHENGbYa ide fMiMment cakesii s con-dispersed in
supported on the photocatal yst 41 per a surface area

o258 AR thefeof- was 1i19@ afkd BA6R] a reduced pressure repeatedly

four times for washing, and then dried at 120 degree centigrade
for 3 hours. The obtained solid was pulverized by using a mortar
and then subjected to a calcination treatment at 600 degree

centigrade for 3 hours to obtain a photocatalyst 41. The sodium
content of the photocatalyst 39 was 2,500 ppm, the silicon content
was 13.0 weight %, and the specifié surface area was 68.4 mz/g.
Accordingly, the amount of silicon supported on the photocatalyst

2 thereof was 1.90 mg.

41 per a surface area 1 m
[(0060]
(Photocatalyst 42)

To a glass flask was introduced 100 g of water. 4.2 g of titanium

dioxide (ST-01, TIshihara Sangyo Kaisha, Ltd., adsorptive water

content: 9 weight %, specific surface area by BET method specific
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(Phot ocat al yst 42) To a glass flask was introduced
100 g of water. 4.2 g of titanium 25 dioxide (ST-01,
I shi hara Sangyo Kai sha, Ltd., adsorptive water
content: 9 weight specific surface area by BET net hod
specific 51 surface area nmedsuring instrunment: 300
n2/ g) was dispersed therein to give an A solution
To a beaker were added 43 g of water and 5-6 g of an
aqueous solution,of,sodiun1si|ig§6e2(8i02 content: h .

suphage ARSIAgREE 8K T NA2 O et WiRt 9280 iy Ght W35 S 9EpAfgthereln
"Water glass No. 5 3") , and the resulting terial

Lo vakvatdt fedaitgiore aTB doPuRkoh. veimhafo8hiY e %t ﬁ% Kater and
sol ution was nai ntai ned at 35 degree penti%rade and

5.8td pled; acheoBSsaP ULt opn wiis Saddel drldiin e (PhEr s tgpt: 29-1
arate of 2 mM/mn. At this time, an aqueous

wesohut$ oNad tNnhentkicSaei delwals %dd@é3éﬁ&§ﬁi§@atef glass No.
thereto in an appropriate anmount such that the 10 pH

37pf drive thiexedssokinponamasidl ora stérgedThe pHyofe heolution.
m xed solution was 7.0 when the dropw se addition of

Théhe Bhsiad thicoh wasut compiast edinThensdwht |3 ey neiexegntigrade
solution was maintained at 35 degree centigrade, it

andast Tontd nugusiny sstliutried fres d6dhdutsodwrse tiNesato at a rate
the m xed solution was filtered under a reduced

of Pr esisutier. 18LTheiebt ahdedif iaduenueakelwason of 1IN nitric acid
re-di spersed in 250 nL of water and filtered under a

wak educed pressure thepeatedt yarf approbres thoamaashingsh that the
and then dried at 120 degree centigrade for 3 hours.

pHTHe okt ahneds $olathwas:pul e zed by .usimhg @HMoIft ahe mixed
and then subjected to a calcination treatnment at 600

soO8gL 8. et ar adenf Ohe e 5sd &d2Q tabhabl @he B solution was
phot ocat al yst 42. The sodi um content of the

coRPPLegat al ¥gtn, 4nhvas Srd00i RRMsdihe: iwid heen neanttented at 35
was 12.0 weight % and the specific surface area was

dedP8e 388 Oyr ARCONd RakYeohhendd®snt Hirred for 16 hours for .
Next, the mixed solution was filtered under a reduced pressure.
The obtained filter cake was re-dispersed in 250 mbL of water and
filtered under a reduced pressure repeatedly four times for washing,
and then dried at 120 degree centigrade for 3 hours. The obtained
solid was pulverized by using a mortar and then subjected to a
calcination treatment at 600 degree centigrade for 3 hours to
obtain a photocatalyst 42. The sodium content of the photocatalyst
42 was 5,900 ppm, the silicon content was 12.0 weight %, and the
specific surface area was 258.3 m?/g. Accordingly, the amount of
silicon supported on the photocatalyst 41 per a surface area 1 m?
thereof was 0.47 mg.

[0061]

(Photocatalyst 43)
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silicon supported on the photocatal yst 41 per a
surface area 1 n2 thereof was 0.47 ng. 25 [0061]
(Phot ocatal yst 43) 52 Wth reference to Exanple 1 in
Pat ent Docunent 3 to confirn%%he di fference froma
silica hydrate coating film "an aqueous sol ution of
titanyl sulfate was subjected to pyrohydrolysis to
prepare a netatitanic acid slurry having a crystal
particle dianmeter of 6 m, oOm the .
bt Bl | R e T aosf}a?wf? ?oénévg%t%t Hlacraayt Sipgentiom the
was heated to 40 degree centi grade, %%g_S m of Lut]
dighaeense Foludi Dhlbfe dodirantsrPRtHte OFoB  gigug s serutton
terms of SI02(SiR/Ti2  weight ratio = 0.1) was
of gt ut %U%%%%?a%?sr%HQﬂ?ﬁRﬁd:ﬂ?IHWEQQ¥9r°1NFF§rtPhgrePare @
addi tion, the pH was adjusted to 4.0 with sodi um,
mehyHE bR He, 2400 t PeUSEY RIOH Ws GRSl med tac 1gp diameter of 6
degree centigrade and stirred for 30 m nutes. ,
nnThet 8afterof t Hee shefa il vl ¢ iadist ed Wi viddWed/ L dRgterms of
t he obtained cake was dried at 110 degree centigrade
Tippr Wi Hvodrest drid dhelegpigiey eécnzédradieng2adsanpl eChi paueous
to obtain a photocatal yst 43. The sodi um content of .
softheiphot Deatdlysts i3 amds: of520900Hpnd 1 tbrers |4 & 02 (S102/T10;
content was 5.1 weight % the sulfur content was
wellgFB8 wet ght= %. landatheddpeacilf iac constaoe apbdq gweer 10 minutes.
140.0 nR/g. Accordingly, the amount of silicon
AfsEppord eddonibhe yhopBcatabiistst4d quet . @ wsunhf aceéliwm éydroxide,
1 n2 thereof was 0.36 ngy. [Determ nation of Existence
thef sPonesoderavedaf noai Sedl i gom Odere@Fidimamde and stirred
Measurenent of Pore Size Distribution] N trogen
foadsorpt hone d sotthermm fiferphatecal akygt sa25f 1 breb3:d mnd washed,
the desorption process under liquid nitrogen (77K) -
anWekBenBBSHi 8ddbyYake was dried at 110 degree centigrade for 12

hours and then pulverized using a sample mill te obtain a
photocatalyst 43. The sodium content of the photocatalyst 43 was
210 ppm, the silicon content was 5.1 weight %, the sulfur content
was 0.73 weight %, and the specific surface area was 140.0 m?/qg.
Accordingly, the amount of silicon supported on the photocatalyst
43 per a surface area 1 n? thereof was 0.36 mg.

TDetermination of Existence of Pores derived from Silicon Oxide
Film by Measurement of Pore Size Distribution]

Nitrogen adsorption isotherms of photocatalysts 25 to 43 in the
desorption process under liquid nitrogen (77K) were measured by
using AUTOSORB (a product of Quantachrome Co., Ltd.).

As pre-treatment of each photocatalyst, vacuum degassing was
carried out at 100 degree centigrade. Next, measurement results

of each photocatalyst were interpreted by the BJH method and log
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usi ng AUTOSORB (a product of Quantachrome Co., Ltd.).
As pre-treatnent of each photocatal yst, vacuum
‘degassing was 25 carried out at 100 degree
centigrade. Next, neasurenent results of each
phot ocatal yst were interpret@ by the BJH nethod and
log 53 differential pore volune distribution curves
wer e obtained. Next, existence of pores derived from
silicon oxide filns of photocatalysts 25 to 43 was.
difEeErnt hed. PSpecy Pl e | §LS TP Wi 3 & EiltGSalsg6r @otained.
vol unme distribution curves of a photocatal yst 5 used |,
adent r ak hatencal o%@#%tﬁﬁ%@il@@m Frieg&cdd ogyde films of
using the aforenentioned photocatal yst as a base
ph¢basetsavarysty andidoves ettewnined si|9aeoH foaddy, 1og
filmwere conpared for determ ning exi stence of
dipbeesndeslvedréropdthe &istedmiokddecyivan afn a paotocatalyst
range of 20 to 500 Angstrons, existence of pores
usddraved ra0 fatommitdle asid ecphobricdealybim pfepdiecd by using the
phot ocatal ysts 25 to 43 is shown in Table 1-2. Oher
afphyseoal opedperdies: tand gghet or beaky thase detenpesi tdwh covered
activity of the photocatal ysts 25 to 43 are al so
wighoswsiin dablogitie2f i b4 w:00a2m{akal €ot-@¢teAnbDunty efxistence
Amount of Pores silicon sodi um Adsorption
ofPpetegatiakvstdsapper tied Deconposbtidm dem.ved from
i ntroduced content rate No. silicon Rate (% silicon
In the range of 20 to 500 Angstroms, existence of pores derived

from the silicon oxide film of the photocatalysts 25 to 43 is shown
in Table 1-2. Other physical properties and photocatalytic
decomposition activity of the photocatalysts 25 to 43 are also

shown 1in Table 1-2.
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to base (ppm k$) (MVM2) (ng/ md3 oxide film 25 0.07
0.18 56 6.6 51.9 No 26 0.15 0.24 85 21.2. 52.5 No
27 0.48 0.39 160 45,5 46.7 No 28 0.20 0.18. 12'..
9.3 56.1 NO 29 0.28 0.27 17 30.7 54.5 No 30 0.28.
0.34 50 22.5 59.4 N0 31 0.24%.23 180 43.2 57.9 Noy
32 0.24. 0.25 120 40.6 :'.53.8 No 33 0.24 0.24 210
44.9 51.9 No 34 0.24. 0..64 96 35.0 48.0 No 35 0.24
0.32 480 39.4 59.9- No 36 0.24 0.16 150 29.5 55.9 No
3196924 0.25 74 23.6 49.2 No 38 - 0.31 1200 57.8
31.0 No 39 - 0.56 not detected 17.5 31.5 No 40 0.24
(Z2bi2000247.1 36.2. Yes 41 3.99 1.90 2500 11.0

22.0 Yes 42 0.59 0.47 5900 56.8 38.7 Yes 43 0.50

0.36 210 @want2:2 No FOOGS] 5 [D'f erential
Ther mogr avioet ri ¢ Aﬂﬁ”" si glsodim or depast-otiexaf ne the |
Phot% étal - o por - T . ecomposl 191’1 R &4 L]
Ohtrentiicef clonntenti de | coat ed rate () i 18 o
"phot ocat akoysts th fer enri=al t herogravi petric axide Eilr
|_anal ysi s ff(qflﬁﬂnrrm ||Q TG8120,—Rig s-performedt
$n an aif°gas flow 1£Wl th a ¥l ow raté&f 50 ni¥hin, |5
| ‘the tenpefature was’el evatdd from | 7 i
27 0.4 .39 160 45,5
128 -ngo 0.18 iz 9.3
| 29 .23 g.27 - A7 30,7
-39 C9.28 G.34 cs0 22.5
| 5 0428 .23 180 - | az.2
|32 0.24: 0.25 . 120 10.6 -
33 0.24 0.24 210 H.9
38 0,24 0.64 56 35,0
. 35 0.24 0.32 480 39.4
| 36 0.24 0.18 150 1 29.5
37 0.24 0.25 |4 - 23.6
38 - 0.31 © - rgoe 578
[ 39 = 0.56 | ot detected | 17.5
10 0.2 9.27 _ I 14000 7.1 |ty
a .99 .90 Czsge | 1.0 L Lres
4z | 0.58 lo.a7 .| s | 58u8 res
g3 | g.50 0.3¢ ... i 35 Cbwe o
[0063]

iDifferential Thermogravimetric Analysis]

In order to examine the water content of the silicon oxide coated
photocatalyst, the differential thermogravimetric analysis
(Thermo Plus TG8120, Rigaku) was performed. 1In an air gas flow
with a flow rate of 50 ml/min, the temperature was clevated from
room temperature to 600 degree centigrade at a rate of 10 degree
centigrade/min so that the weight loss rate at that time was
measured.

In order to eliminate the influence of moisture absorpticn as
much as possible after each sample was dried or calcined, the water

content was measured after each sample was dried cor calcined and
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10 roomtenperature to 600 degree centigrade at a
rate of 10 degree centigrade/mn so that the weight
loss rate at that tinme was neasured. In order to
elimnate the influence of npisture absorption as
much as possible after each éanple was dried or
cal cined, the water 15 content was neasured after
each sanple was dried or calcined and 55 cool ed for
1 hour. Water contents of the photocatal ysts 3,..9
coghgdaBOhr & it i%tnearbpsnf?@fts[e%eﬁﬁle ﬁ%m%ﬁlﬁa—%ﬁjﬂs 1303
Weight loss rate é@@ Phot ocatal yst 1 4.9
anphdfoeatafyern 3i0. 3% Phot otatal yst 9 0.6
Phot ocatal yst 43 8.9 5 [0065] Exanple 3 0.5 g of
t heOphdt ocat al yst 3 was nixed to 100 g (solid
content: 70% of a dispersion of atalc glaze. 0.1 g
of Tehéerés@liting mxture 10 was coated on a surface
of an unglazed tile in a size of 5 cmin width, 5 cm

mm i thickness usiing a brush, and
the resulting meteal 19%s dried at room
tenperature, and tden(kjred at 1,000 degree
centigradefor—H-hour—to—obtarn—a-ghotocatal yst tile

PHotocatalyst 1 4.9
Photocatalyst 3 0.9
Photocatalyst 8 0.6
Photocatalyst 43 g.9%
[0065]
Example 3

0.5 g of the photocatalyst 3 was mixed to 100 g (solid content:
70%) of a dispersion of a talc glaze. 0.1 g of the resulting mixture
was coated on a surface of an unglazed tile in a size of 5 cm in
width, 5 cm in length and 5 mm in thickness using a brush, and the
resulting material was dried at room temperature, and then fired
at 1,000 degree centigrade for 1 hour to obtain a photocatalyst
tile 1.

Comparative Example 3

A photocatalyst tile 2 was cbtained in the same manner as in
Example 3 by using:titaniUHldioxide (Ishihara Sangyo Kaisha, Ltd.,
ST-01) instead of the photocatalyst 3.

[0066]

[Evaluation of Methylene Blue Decomposition Activity]

In order to confirm photocatalytic function of the thus-prepared
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15 Conparative Exanple 3 A photocatal yst tile 2 was

obtained in the sanme manner as in Exanple 3 by using

titani um di oxi de (Ishi hara Sangyo Kai sha, Ltd.

ST-01) instead of the photocg%alyst 3. [0066] 20

[ Eval uati on of Met hyl ene Bl ué”Deconposition Activity]

In order to confirm photocatal ytic function of the

thus-prepared 56 tiles, the deconposition activity

.of methylene blue was tested. T afzéﬁﬁentkﬂned tested
Lippdt ocat Al GSPTRPIF LA it D Wt & pIeddy A Ca P PE 1S testec:
_dish having a dianmeter of 9 cm 15 nl_ of aqueous .
Thee hyFehent bPRd soPe ¢ Gt Hakd nd 14 Sortc &RCr &t "R SoPLa6cd 1n a

x 10-6 nol/L was put 5 thereinto, and the resulting
Pefnt efi 3 Haslng |0Wedmes &t #Ad %afTa Ledik 4 ac8erss Bgthylene

m nutes. Thereafter, 3 m of the solution was,
blgel pettetomntn ¥ Hed abserbaite Wieeheds diled BY uditly'Ta was put

spectrophotoneter for calculating the concentration
thefeipthyl en@ ti uee el oo imataiat omsniadd ieghtto Thend at a

solution after the 10 neasurenent of the absorbance
dawksppate back GhimwintesRet fhedeshtand 3ikF adfi dthopolution was

with light was carried out by using a black |ight
col Bankyd Denkih€oabsttlance7Wys asasUdqghtoyvsowried. aThe

irradiated light intensity was 1. O mWcn2 using an
spattraphotetetat efisi tos Inetlert,i ngUVDe 365RBe{ tUshi tort el methylene

test wavelength: 365 nm. After irradiation 15 was
blcarbeedroui rnedhathen blkack 1ight. f dih24dourion 3 fider the

of the solution was collected and the absorbance was
nefBasuhedt hyr usiengbsarspectrephetenetek froro the Petri dish and

cal cul ating the concentration of methylene blue
irafhi@hth b adi abi DDgME thad | ghtridheoyphatyodedenpasidlizark 1ight

activity was evaluated fromthe concentration of
(SHE%QM'@@@kP“Q@., Ltd., 27W) as a light source. The irradiated

light intensity was 1.0 mW/cm® using an ultraviolet intensity meter,

~ UVD-365PD (Ushio Inc., test wavelength: 365 nm). After irradiation

was carried out with the black light for 24 hours, 3 ml of the
solution was collected and the absorbance was measured by using
a spectrophotometer for calculating the concentration of methylene
blue after irradiation with light. The photodecomposition
activity was evaluated from the concentratiocn bf methylene blue
after irradiation with light, based on the concentration of
methylene blue before irradiation with light, and shown in Table
2 as decomposition rate of methylens blue.

[0G67]

[Table 2]

Table 2. Decompcsition activity of methylene blue
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20 after irradiation with Iight, based on the
concentration of nethylene blue before irradiation
with light, and shown in Table 2 as deconposition
rate of methyl ene bl ue. [006g](1 [ Tabl e 2] 25 Table 2.
Deconposition activity of nethyl ene blue 57
Phot ocat al yst Deconposition rate Tile (%9 1 12.2 2
0.4 [0068] Exanple 4 0.5 g of the photocatal yst 3
was T xedto 10 g (Soifid content: 5 709 of a
PIREepEPeYdn of alPA®OFHELE. "5 g of the resulting
Tiexture was codted on a surface| of a glaze finished
tHHe+n—a-stzejof 5—cmin—wdth; 5 cmin |length and
15 nmin thickned3-dsing a brush,{ and the resulting
. mat eri al was driuegl at roomtenperature, and then
fired at 1,000, 717100 and 1,200 degree centigrade for
1 hour to 10 obtain photocatalyst tiles 3, 4 and 5.
Exanpl e 5 Photocatalyst tiles 6, 7 and 8 were
obt@pthkd by firing at a tenperature of 1,000, 1,100
and 1, 200 degree centigrade for 1 hour in the sane
naxmerlastin Exanpl e 4, except that the photocatal yst
15 3 was changed to the photocatal yst 9. Exanple 6 A
phof ar atfat st dt ecPt svags OB aRACYL DA fior LA @t (splid content:
t enper at ure
70%) of a dispersion of a talc glaze. 0.5 g of the resulting mixture

was coated on a surface of a glaze finished tile in a size of 5
cm in width, 5 cm in length and 5 mm in thickness using a brush,
and the resulting material was dried at room temperature, and then
fired at 1,000, 1,100 and 1,200 degree centigrade for 1 hour to
obtain photocatalyst tiles 3, 4 and 5.

Example 5

Photocatalyst tiles 6, 7 and 8 were obtained by firing at a
temperature of 1,000, 1,100 and 1,200 degree centigrade for 1 hour
in the same manner as in Egample 4, except that the photeccatalyst
3 was changed to the photocatalyst 9.

Example 6

A photocatalyst tile 9 was cbtained by firing at a temperature
of 1,000 degree centigrade in the same manner as in Example 4 using
the photocatalyst 36 instead of the photocatalyst 3.

[0069]

Comparative Example 4

A photocatalyst tile 10 was obtained by firing at a temperature

of 1,000 degree centigrade for 1 hour in the same manner as in
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of 1, 000 degree centigrade in the same manner as in
Exanpl e 4 using the photocatalyst 36 instead of the
phot ocat al yst 3. 20 [0069] Conparative Exanple 4 A
phot ocatal yst tile 10 was obtgined by firing at a
tenperature of 1,000 degree Centigrade for 1 hour in
the sane manner as in 58 Exanple 4 using titanium

di oxi de (Ishi hara Sangyo Kai sha, Ltd. ST-01)

LN of .t he Foto t % t| anpl.
EX%@B%otocaFapgsFE e gﬁﬁgl% tgﬁﬂggﬁ%y #%%1 ggl%h%’ Ltd.,
t erat % 00, de i grade for 1 hour
ST'ﬁEFhé ng ﬁﬁdnﬁﬁn Peagh %OC%&%ﬁ% n§ A" using titanium
di.oxi de g gn Ae%os%b ., Ltd., P25) instead of
t He"BR6EbEXEal§RTPEE Tonpar ati ve Exanple 6 A
photocatalyst tile_ 12 was obtai ned ﬁ¥ f]an at a .
Derer Bt e T Of 1E, L D00 TSY-8e EErtY driddat fic théemperature
same _manner as in Exanple_ 4 using the photocatal yst
of4é PRSt dgdree Fﬁ@tb%%%ai%y%t %Uf%w@b% jsang gggner as in
the sodiumcontent in the photocatalyst is |arge,
Exgppier fngs Lgast Brayres sed=drd t(NdPrppeafanee! e hadd- £25)
The test on evaluation of hydrophilic property to be
ingesedi bédtbel piwotoas 2 hott be- 15 perfornmed. [0070]
Exanple 7 0.5 g of the photocatal yst 3 was mxed to
oCsmpgaghtpeehfkampet | @l ose, 2 g of Snowtex O (Nissan
Chem cal Industries, Ltd. , Si02: 20 20 weight %
aRd9T. St of y wattér e( $olvak obheaned TPWirigpay dftemperature
of 1,000 degree centigrade in the same manner as in Example 4 using
the photocatalyst 40 instead of the photeccatalyst 3. However,
since the sodium content in the photocatalyst is large, sintering
was progressed and the appearance was bad. The test on evaluation
of hydrophilic property tec be described below ccould not be
performed.
100707}
Example 7
0.5 g of the photocatalyst 3 was mixed to 0.5 g of methyl
cellulose, 2 g of Snowtex O (Nissan Chemical Industries, Ltd., Si0;:
20 weight %) and 97.5 g of water (solid content: 70%). 0.2 g of
the resulting mixture was coated on a surface of an alumina plate
in a size of 5 cm in width, 5 ¢m in length and 5 mm in thickness
using a brush, and the resulting material was dried at 120 degree
centigrade for 3 hours, and then fired at 800, 200 and 1, 000 degree

centigrade for 2 hours to obtain photocatalyst alumina plates 1,

2 and 3.
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the resulting m xture was coated on a surface of an
alumna plate in a size of 5 cmin wdth, 5 cmin
length and 5 mmin thickness using a brush, and the
resulting material was dried 120 degree
centigrade for 3 hours, and t en fired at 800, 900
and 1, 000 degree 25 centigrade for 2 hours to obtain
photocatalyst alumna plates 1, 2 and 3. 59 Exanple
ﬁ.?to atal yst alum na plate 4 was obtai ned by
fPFF §+at “a tenperature of 800 degree centigrade in
same manner as_in using the
pﬁopaeaﬁaﬁ{j@w% Rheflbaa of Sthel pfiot d E%Tgﬁs‘% by f3ring at a
Conpar ati ve Exanple 7 A photocatal yst um na plate 5
tefs rolt:arned bYLt Fj?gﬁ@eaFeBtlEEﬁ‘B%rh? uﬁb o?rar%%dﬂamer as in
degree centigrade for 2 hours in the sanme nmanner
ExpRPERadplel 7 ddien§Rer PaATaAvaE ox? dé HeSK ﬁér%h%aﬁﬂ@%&catalyst
Kai sha, 10 Ltd., ST- OI) i nstead of the photocatal yst
3.3. Conparative Exanple A phot ocat al yst al um na
plate 6 was obtained by firing at a tenperature of
8@0m@@gﬁéév@eﬁﬁﬁﬁpéﬂe7ln the same nmanner as in
Exanpl e 7 using the photocatal yst 40 instead of the
pRobboarakyset ysi5aBunine7n]atf Ehavaatoompigfed by firing at a
Hydrophilic Property] In order to confirmthe
tepipetracatral yi 80 If dagteercaftidrmdeliot ot avakysin tthlcegame manner
and photocatal yst alum na plates prepared as 20
asdaescrixbeg labdvesievakiaknonmoflihyddephl $h chpropangye Kaisha,
was carried
Ltd., ST-01} instead of the phctocatalyst 3.

Comparative Example 8

A photocatalyst alumina plate 6 was cbtained by firing at a
temperature of 800 degree centigrade in the same manner as in
Example 7 using the photocatalyst 40 instead of the photocatalyst
3.

[0071]

[Evaluation of Hydrophilic Property]

In order to confirm the photcocatalytic function of the
photocatalyst tiles and photocatalyst alumina plates prepared as
descfibed above, evaluaticn of hydrophilic property was carried
cut by measuring the contact angle of water. Photocatalyst tiles
3 to 12 and photocatalyst alumina plates 1 to 6 were irradiated
with light using a black light (Sankyc Denki Co., Ltd., 27W) as
a light source. The irradiated light intensity was 1.0 mW/cm® using
an ultraviolet intensity meter, UVD-365PD (Ushio Inc., test

wavelength: 365 nm). Irradiation with the black light was
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out by neasuring the contact angle of water.

Phot ocatal yst tiles 3 to 12 and photocat al yst
alumna plates 1 to 6 were irradiated wth |ight
using a black light (Sankyo nki Co., Ltd., 27W as
a light source. The irradiated light intensity was
1.0 mMWVWcnRusing 25 an ultraviolet intensity neter,
UVD- 365PD (Ushio Inc., test wavel ength: 365 nn).

peF%Egﬁggtfgglf@ E% E@e lﬁ&%é%& ﬁ@%sggggPQ8r§5¥'H%%surlng the

hoUf s.° a wat &r nmeasuri n

P TR R e 2x;“ee SLPTE ST 1B 8 A8 on ¢ ime

e sho Tabl es [0072] Tab

wa?asﬁaméne nf%%tr%ﬁﬁ%"eso %@c%fr {igch Sﬁlrorgld.lé&.oa?les g oand 4.

Phot ocatal yst Tinme for irradiation with
gﬂ?ZZhour) tile 024 48 3 46 50 4 47 101 5 48
13 8 .6 45 50 747 11 1 8 49 14 7 9 48 9 2 10 44
42T38le131 45 44 43 [Table 4] Table 4. Contact angle

of water upon irradiation with |

ht
PhoP beat-al Y& “aF e e PF it PB%HW%J%%@W waEP)llght )

Photocatalyst

tile :; ;
— 143 -  §_
4 | 47 10 11
5 48 13 8
5 45 5 0
7 47 111

g 49 14

g |48 |9

10 Taa a2

11 45 44

[Table 4]

Table 4. Contact angle of water upcn irradiation with light (°)

Photocatalvst Time for irradiation with light (hour)
alumina plate Q 24 483

1 42 2 0

o 43 4 G

3 44 6 2

4 45 10 il

5 42 40 38

3) 44 37 33
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alumna plate 0 24 48 1 42 2 0 2 43 40 3 44 6 2
4 45 10 4 5 42 40 38 6 44 37 33 10 61 CLAIMS: 1.
An inorganic sintered material conprising a
phot ocatal yst, wherein the photocatal yst conprising:
5 a base having photocatal yti'C activity; and a
silicon oxide fil mcovering the base, wherein the
filmis substantially pore-free, and wherein the
CL?E@ ocatal yst has a alkali netal content of not |ess
"1l ppm but not nore than 1,000 ppm 10 2. The
inorganic sintered material according to claim1,
mhFrein said silicon oxide filmis a cal cined
silicon oxide fil 3. The inorganic .si.ntered
L. B e PaFYARES B Mg T8 TA 2 Wielei 1 195 Ssaliprocatalyss
silicon oxide filmis a calcined filmobtained by
whegpdinti§ PROSPFRconY dki deat ' & Y enper ature of not
| ess than 200 degree centigrade,but not re than
2, bogedegr éBIcehPrgrabrl vil C THet T Horgarfi ¥ si nt er ed
material according to any one of claims 20 1 to 3, _. :
AheieiROBaPYLar KAl IR nePuPr tont et &S Hot" e HalF 10'™ 8

ppm but not nore than 1,000 ppm
substantially pore-free, and

wherein the photocatalyst has a alkali metal content of not less

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

2. The inorganic sintered material according to claim 1, wherein

said silicon oxide film is a calcined silicon oxide film.

3. The inorganic sintered material according to claim 2, wherein
said silicon oxide film is a calcined film obtained by calcining
a silicon oxide at a temperature of not less than 200 degree

centigrade but not more than 1,200 degree centigrade.

4. The inorganic sintered material according to any one of claims
1 to 3, wherein said alkali metal content is not less than 10 ppm

but not more than 1,000 ppm.

5. The inorganic sintered material according to any one of ciaims
1 to 4, wherein said silicon oxide film does not have pores in the
measurement of pore size distribution in the range of 20 to 500

Angstroms according to the nitrogen adsorption method.
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5. The inorganic sintered material according to any

one of clainms 1 to 4, wherein said silicon oxide
filmdoes not have pores in the 25 measurenent of

pore size distribution in th% range of 20 to 500
Angstrons according to the nl?rogen adsorption

nmet hod. 62 6. The inorganic sintered materi al

according to any one of claims 1 to 5, wherein said

base is anatase type titaniumoxide or rutile type
titaniumoxide, or a mxture thereof. 5 7. The

inorganic sintered material according, to any_one of .

6. ¢1'af B OTOAT % 5 1Y RS AP B A KGO METH TPeaRYdimot claims
and/ or potassium _ 8. The inorganic sintered nmateri al ,

1 e dor INAGELD MY G Sof ScRaR MBSL0-¥PG & PalwHBr &f ife or rutile
said base is a particle. 9. The inorganic sintered

typat et Fall e coFifg ¥ any i oft@Es 1 to 8,
wherei n the anount of silicon supported on said
phot ocat al yst per a surface area of 1 n2 is not |ess
than 0.10 ng 15 but not nore than 2.0 ng. 10. The _

7. | Bloe g g agiimt eried ematerp bf L et ot HiNGliry Ekaphy one of claims
wherein the amount of silicon supported on said _

1 phofpcebatyst peidasbiafaceetalr e ofodiur ansl/wet Pebeesium.
than 0.16 ng but not nore than 1.25 ng. 20 11. The
inorganic sintered material according to claim 10,
wherein said base has a specific surface area of not

8.l ess trhanya20: rRigcretd maoér Mol eaddranii40p teRAgy @5 of claims
12. The inorganic sintered material according to any

1 epe7pfukéaei® sdidobdds iMves edarisiaile phot ocat al yst
has a sul fur content of 0.5 63

9. The inorganic sintered material according to any one of claims
1 to 8, wherein the amount of silicoen supported on said

photocatalyst per a surface area of 1 m? is not less than 0.10 mg

but not more than 2.0 mg.

10. The inorganic sintered material according to claim 9, wherein
the amount of silicon supported on said photocatalyst per a surface
area of 1 m? is not more than 0.16 mg but not more than 1.25 mg.
11. The inorganic sintered material according te claim 10, wherein
said base has a specific surface area of not less than 120 m/g but

not more than 400 m?/g.

12. The inorganic sintered material according to any one of claims

1 to 11, wherein said photocatalyst has a sulfur content of 0.5
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wei ght % or | ess based on the total weight of the
phot ocatal yst. 13. The inorganic sintered materi al
according to any one of clainms 1 to 12, wherein the
alkali nmetal is contained in_said silicon oxide 5
film 14. The inorganic sint&ed materi al accor di ng
to claim 13, wherein the anount of the alkali netal
contained in said silicon oxide film is not |ess

t han but not re _than 200 ppm base n the
woigihi ¢ 88" &8 GHESK o (Bob Beal Al SLr Tt ot ke SRBLoCatalyst.
inorganic sintered material according to any one of
claims 1 to 14, wherein said inorganic sintered
material is pottery or a ceramc sintered material. ,
1315?1166.1n/s3rﬁ@m&d8%6¥%%d%ﬁ}1errglado%é%dﬁa@ifn’-gaély one of claims

phot ocat al yst -contai ni ng surface layer on its

1 tgudRaceiexmigt 6nf 1l bRGtGdat AIPet 2¢ 8RPris PRg Cas bakern oxide
“having photocatalytic activity and a silicon oxide
fitnk m covering the base, wherein the filmis 20
substantially pore-free, wherein the nethod
conprising the follow ng steps (A, (B) and (C (A
m xing at | east any one conbi nati on of an aqueous .
14 pethaimnocganaicns hgt ¢ hed heserdrd acspritag o ghaim 13, wherein
aqueous nediumcontaining a silicate and the base,
thamghamtagiedus agdilinmebal aiari gl e ibasel P5idagoanoxide film
aqueous nedi um containing a silicate, and coating the
ishase lewist hhihel gign bon oxt decfe [oiman6400 (B)n bepadadinge total
t he photocatal yst conposed of the silicon oxide film
weangtdtt bé basepboversgdawyth. the silicon oxide filmfrom
the aqueous nedium and drying and/or calcining the
resulted material;

15. The inorganic sintered material according to any one of claims
1 to 14, wherein said inorganic sintered material is pottery or

a ceramic sintered material.

16. A method for producing pottery having a
chotocatalyst-containing surface layer on its surface, wherein the
photocatalyst comprising a base having photocatalytic activity and
a silicon oxide film covering the base, wherein the film is
substantially pore—-free,
wherein the method comprising the following steps (A), (B) and (C):
(A} mixing at least any one combination of an aqueous medium
containing the base and a silicate, an aqueous medium containing
a silicate and the base, and an aqueous medium containing the base
and an aqueous medium containing a silicate, and coating the base

with the silicen oxide f£ilm;
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and 5 (C) attaching the photocatal yst covered with
said silicon oxide filmto a surface of unglazed
pottery and subsequently firing the resulting
material at a tenperature of not |ess than 600 degree
centigrade but not nore t han ¢4, 500 degree centi grade;
and wherein the pH of a m xed sol ution containing
both the base and 10 a silicate in step (A) is
mai ntained at 5 or less. 17. The nethod for goducin .
pOBY eP§PAET O g e BREFSFAT26Y S FUKEIT & ig %t%ﬂp“&?o“ oxide
.attaching sai d photocatal yst in sajd step (E%%is a
fidmepngf thabPprAg GOYFE2E CbHE af MF ngl ST phott didfy fgrom the
on a surface 15 of the ungl azed pottery after the ,
achiepst m¢dimgy. 218 CTHENFrerRd @1t or L piotuEithg pottbrsd material;
according to claim 16, wherein th attaching said
anphot ocatal yst in said step (C) is coating a gl aze
and a di spersion containing a photocatal yst covered _
WI(Ch sl ati2nsithieconoox¢adea ¥y $tmcioneorderior st dt plicon oxide
sane tinme on a surface of the unglazed pottery after
fiflhetdiz stuffiadeng.f 1BglThed etihotf emdpeodaeingntly firing the
pottery according to claim 16, wherein attaching
re3aild iphomacatrakystti n saidesdepr€ Qf imoapptyd ngian 600 degree
glaze 25 on a surface of the ungl azed pottery after
cehite gfriatiet bhicr nag andef thanglt H@0 reésyt¢d ngemeteradd; atnd
a tenperature of not |less than 65 600 degree :
GeBtkghadBe byl d10ta ABKedt hahudi 30Q-wdegries reebbicgr flde, base and
and then coating a glaze containing a photocatal yst
a GovekedWihhstspi dasi Lkcaniaxhdecdidms3 her eosss 5 20.
A nmet hod for producing pottery having a
phot ocat al yst -cont ai ning surface layer on its
surface, wherein the photocatalyst conprising a base

1 7havih B ehRhRt0eat }l e idgt vt tr@B@cording to claim 16, in which
said step of attaching said photocatalyst in said step (C) is a
step of coating a glaze containing said photocatalyst on a surface

of the unglazed pottery after the first firing.

18. The method for producing pottery according to c¢laim 16, wherein
th attaching said photocatalyst in said step (C) is coéting a glaze
and a dispersion containing a photocatalyst covered with said

silicon oxide film in order or at the same time on a surface of

the unglazed pottery after the first firing.

19. The method for producing pottery according to claim 16, wherein
attaching said photocatalyst in said step (C) is applying a glaze
on a surface of the unglazed pottery after the first firing and

firing the resulting material at a temperature of not less than
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a silicon oxide filmcovering the base, wherein the
filmis substantially pore-free, 10 wherein the

nmet hod conprising the followi ng steps (A , (B) and
(© or (A, (B and (D) : ( m xing at | east any

one conbi nati on of an aqueou ’medi um contai ning the
base and a silicate, an aqueous nediumcontaining a
silicate and the base, and an aqueous nedi um

ontai ning the base 15 and an aqueous LU .

o oNE AT A e el P T E et dih Coat hgarng: BUdciG e Gs Lezade,
silicon oxide film (B) separating the photocatal yst ,
angloiPBEeB v L Phe? I 13 01T B dE - oh gnPgﬂag%"eaﬁbé% dovered with

covered with the silicon oxide filmfromthe aqueous
sagediFdmt CRRd oL FEn§ i aRdF BRI €@ ci ni ng the resul ting 20
material; and (C) attaching the photocatal yst covered
with said silicon oxide filmto a surface of the
ceram c sintered material and subsequently firing
20thé& peshbti fgrnaredpalingt patterpehat e ©f not | ess
than 600 degree centigrade but not nore than 1,500
phoggrecadgati-gradeining orr{@De ArXEAPt hes surface, wherein the
phot ocat al yst covered with said silicon oxide 66
phbitbmewet i st heomami et e pi kel sohayaind eramad sslivitier edtivity and
material, nolding the resulted m xture, and
a sdbseqguenkliyef Eiimgcbherinesuhei ngsemter¢adimttiee film is
tenperature of not |ess than 600 degree centigrade
subugtanot ammryepbharfte600 degree centigrade; and 5
wherein the pH of a m xed sol ution containing both
whiche i hasee andhal sblbeatengntisé e (AWwing saens aimed (80 and (C)
5 or less. 21. The nethod for producing a ceramc
ocrsi(aher ed)ymatarical :accordi ng

(A} mixing at least any one combination of an agueous medium
containing the base and a silicate, an agquecus medium containing
a silicate and the base, and an agqueous medium containing the base
and an agueous medium containing a silicate, and coating the base
with the silicon oxide film;

(B) separating the photocatalyst composed of the silicon oxide
film and the base covered with the silicon oxide film from the
aqueous medium, and drying and/or calcining the resulting
material; and

(C) attaching the photocatalyst covered with said silicon cxide
film to a surface of the ceramic sintered material and subsequently
firing the resulting material at a temperature of not less than
600 degree centigrade but not meore than 1,500 degree centigrade;
or

(D) mixing the photocatalyst covered with said silicon oxide
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to claim 20, wherein attaching said photocatal yst in
said step (C 10 is coating a dispersion containing
a bi nder and the photocatal yst covered with said
silicon oxide filmon a surface of the ceramc
sintered nmaterial . 66

£1im with the raw material of said ceramic sintered material,
molding the resulted mixture, and subsequently firing the
resulting material at a temperature of not less than 600 degree
centigrade but not more than 1,500 degree centigrade; and
wherein the pH of a mixed sclution containing both the base and

a silicate in step (A) 1s maintained at 5 or less.

- 21. The method for producing a ceramic sintered material according

to claim 20, wherein attaching said photocatalyst in said step (C)
is coating a dispersion containing a binder and the photocatalyst
covered with said silicon oxide film on a surface of the ceramic

sintered material.



