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1 SPECI FI CATI ON PHOTOCATALYST, METHOD FOR PRODUCI NG
'SAME, LI QUI D DI SPERSI ON CONTAI NI NG PHOTOCATALYST AND
. PHOTOCATALYST COATI NG COWCSI TION 5 TECHNI CAL FI ELD
[0001] The present invention relates to a
phot ocat al yst which is excellent in the
phot odegradati on activity of an organi c substance, 10
a photocatal yst liquid dpgperscanrand a photocatal yst
coating conposition containing such a photocatal yst,
and a nethod for producing a photocatal yst conprising
a photocatalytically active base and a silicon oxide
feHonomwveNTivieg , t NETHase FOR BRODYCANS! EAMB} eLIQUSD DISPERSION
BACKGROUND ART [0002] A netal oxide sem conductor
CONTATHING| PROTOOATAIDKS T ANZ | FIROTDGAIRAL YA QAR INGKOMPOSITION
exhibits a property of absorbing Iight having an
energy corresponding to its band gap. In recent
ears, such a netal oxide 20 sem conductor has been
THHIMNL tlt eldh t o because of its high responsiveness
due to holes and el ectrons generated by excitation
cdﬁggﬁiby light irradiation so that there has been
at enpt ed uch a sem conduct o

&5&5@113 11?1%1%8 P Palar FeatPoft PaCPREtalyst which is
eXr ee t Lo Of g a]g%%%%ng‘égh aSC%J]:]VJ?;S% I%e n Oﬁqaqlc substance,

C&%IO reven

a?k%ﬂé aztadtl'y%'% qﬁ{glq.%.r 'd{% ag‘g’lont gﬁdpﬁokgbﬁgk"{a?ﬁlg{st coatlng

nDSp er e“and ocat a yst
rtacﬁi o%%t 391%@1 %%tchP%SF&@teeg%qysef 2ndNapPRERhod for

Aer05| a product “of Ishihara
pRAPYihg a photocatalyst comprising a photocatalytically active

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

BACKGROUND ART

[0002]

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

photocatalysts, a commercial photocatalyst P25 {(a product of
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Kai sha, Ltd.) that is titanium oxide has been w dely
used. However, the photodegradation activity is not
sufficient in these photocata ysts. In particular, in
order to utilize photocatalytic 5 functions in an
environment with the weak ultraviolet intensity such

pbl‘? éll_[és fc%at alﬂf:%I fg[‘rt Q%r Egoﬁf&ﬁ ) c;f]eibshlhara Sangyo

ot odegra dat i on act|V|ty has enan ed to

Kéifgﬁil oned:.) {9903k Ase i &k %%%%éé’%ee%?é{éﬂg u%@@ However,

p otodegradatlon activity, here have been w dely

t K8 OYho Bod &GHaH teorf Ofcd Py | lrkg rtcrte SRR 1 i tihe these
photocatal yst represented by a particle dianmeter,

photdtatsl gkiessinpBifane Hrea, odidoe @tﬁl‘@i@{bh@l‘&@catalytlc
the like, and a technique for adding a co-catalyst, a

feeositnzeln and dinet tdorkesnt Rurdthethe theike Jlasalisdchedntensity

. proposed a photocatal yst conposited 15 with a conpound

shelvi ag otderrd uretcansl yawhi e ithrer eesras leedn dlondve  a
phot ocat al yst conposited with silica, alum num oxide,
plokeded imaldl oxi ake 1sity dealhaimalenraslad Eame deyeloped.
l'ike. £OOO4] As a photocatal yst containing silicon
ox} @% Yt here have been 20 disclosed a photocatalyst
particle with titaniumdi oxide coated with a porou

SIS o FTTHITER Shok GTRADHO DOARERO ERegHg g tion activity,
Bt drit DPLParty BaCE *0betheTEIS) Of TSy T he shape
B o TR R A L BB R Hamter. @ £im
thicBhedbien, & pholacatalysla Yas AdfRhd L E\%cgft@l%n%ake, and a

fiber, resin or t € by ‘mxi ng or
t@élﬁl@ﬁcﬁué{\hf&f‘ ad@r sl yo del-erdoraf8s, an sQiersemﬂlCzé‘x' B&la the like.

resin or the like could be 3 prOV|ded and the
Fphohetegriadas inis adlsvbb¥nWasopaubdad elotdrdthalyst composited
with a compound having other functicns, while there has been known
a photocatalyst‘composited with silica, aluminum oxide, zirconium
dioxide, silica-alumina, zeolite and the like.

[0004]

As a photocatalyst containing silicon oxide, there havé been
disclosed a photocatalyst particle with titanium dioxide coated
with a porous silica film (fefer to Patent Document 1) and a
photonic semiconductor with a silica-based film loaded thereinto

(refer to Patent Document 2). Of these two patents, in Patent

Document 1, there have been disclosed that by compositing with a

porous silica film, when a photocatalyst was added to the organic

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

hardly deteriorates an organic fiber, resin or the like could be
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of uncoated photocatal yst. In Patent Docunent 2, there
have been disclosed that a silica-based filmwas
formed by supplying an organchydrogen pol ysil oxane to
a photocatal yst in gas phase and 5 the fungi ci dal
activity in light irradiation conditions was enhanced

. ! . L ity of o

o R 20Re, 080 chRcr TRt Putdrafi i e Qoedf BROLREF Y TR to that

o PRAAUEIIN piBLIA LAty sE0A 11 2 SOREALRAIYSY WAL & have been
silicon 10 oxXi e‘Fl m there have been discl osed a

ai@i gk d ofh moad | g {he phatocainal Yals I @& Wy &upplying an
organi ¢ nmedi um by usi ng al koxysilane (refer to Patent

oo raen HdBEh e contd thddodit 98Fd4 ald Yyas phase and
neutralizing a silicate to weak basic region(refer to

tiRat g i dotainentt 4yit@ vethofhd dirreeditdtign tcdmidiations was
acidic or basic 15 water-al cohol m xed medi um by usi ng

erhdoxgdihiagtee  rgfiar tloe Ratianina Dactimienitt 16)ofanthe photocatalyst
met hod for coating it by sinmultaneously adding a

&gl | Careghantthea phmercdtakysk twas adatad.a | i quid
di spersion, and maintaining the pHat 7 to 11 (refer
t ol Bftnt Docunent 6). [0006] 20 There has been known

a way of inproving the photodegradation activity.%% .
etk AP TBripdt RELBPOSIIT CORL ORIGEPUPERCALaLYStWith 2 silicon

A OZF{‘C?%EJ{@:@",L?@%%JU%%%Q@%{G% nomegjdaa?dg%ar{%g%% coating the

p%@gﬁ?%ﬁag]; SQ{ &, co-prect .tac‘# am’gcerft%c?ja}%gtbb}y L?szlglg alkoxysilane

reaction o gqueous sol ution

MY u i tanj i.t.ani ;
GRS DRcecsuhtalonl b} Ay oA B PSBY parciaiy

ndb 2 LR Sd 1d Ci 1 Lonpostd eyexhiided tdigion (refer to Patent
phot odegr adati on activity over twice as 4 igh as a

Deommetitci Al , phaiotaddl ot Sa®ind rief ein tan Rateiic or basic
Docunent '

water-alcohol mixed medium by using alkoxysilane (refer to Patent

Document 5) and a method for coating it by éimultaneously adding

a silicate and a mineral acid to a titania liquid dispersion, and

maintaining the pH at 7 to 11 (refer to Patent Document 6).

[0006]

There -has been known a way of improving the photodegradation
activity by making a composite of silicon oxide with a
photocatalyst. There has been known an anatase titanium-silica
composite subjected to a heating treatment of a co;precipitate
generated by a hydrothermal reaction of an aqueous solution
containing a sulfate ofltitanium and alkoxytitanium.

There has been disclosed that the anatase titanium-silica

composite exhibited the photodegradation activity over twice as
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7 and Non-patent Docunent 1). Patent Docunent 1:
Japanese Patent Lai d-open No. 1998-276706 Patent
Docunent 2: Japanese Patent Laj d-open No. 1987- 260717
5 Patent Docunent 3: Japanese Patent Lai d-open No.:
2000- 240719 Patent Docunent 4: US Patent No. 2885366

h 6% 8 R 2 BBt e VAT iy [bod 000356 FatRy Document

Lai d No. 2004-161592
%1; &L’ag %]r?%oa@cgérrlgﬁpr% e'ﬂf\/l Ia—l|: raggenet al ., Chem -
Ve a1, 2%;%%%%@'?%% URE i & o 998-276706

INVENTI O\l [OOO phot ocat al ysts coat ed and
conpasd et \mot:hm%ﬁ@% @ab‘aﬁ@@e Pyt &8t RRUR-pleh fibe 1987—260717
phot odegradati on activity equal to or |ess than that
of pat craMBS @irdd n Pl aeplaalasst P tandir-opkrDNnf 2000-240719
titanium oxide, so that a desired highly active
prttooat dbysimdras notuh et erac hcev ek s g6 exanmpl e, in
Pat ent Docunent 6, there has been 20 disclosed that
t hatatt \agunpecarfe tldeaeard Raoreet, Iaitd-idpamadid.ole©9-180115
than that of the conmerci al photocatal yst P25 as a :
r éafantofDogmdl i o thyl 93 /8@d38enal test. An obj ect
of_the present invention is to provide a photocatal yst
ofPaaF%&fr (RAGHREHoat ed AW RS Faticddn Iexicerrn ﬁ%qmﬁ@r@?‘l 161592
all\]s, Eyb 25 hotode radation activity_ superior to th
of" It OrEMeNhnbt HeHar3Re- t9aeti s theanMamer: %004, 1,
3.9#)_% 0008] 5 In-order to solve the above probl ens,
e present inventors have conducted an extensive
study and as a result, have found that when

DISCLOSURE OF THE INVENTION
[0C07]

All photocatalysts coated and/or composited with known silicon

oxide have only the photodegradation activity equal to or less than

that of a commercial photocatalyét, P25 and/or ST-01 of titanium
oxide, so that a desired highly active photocatalyst has not been
achieved. For example, in Patent Document 6, there has been

disclosed that the activity became twice and more , but it ;fwas lower

than that of the commercial photocatalyst P25 as a result of

comparison by an additional test.

An object of the present invention is to provide a photocatalyst

of a structure coated with a silicon oxide f£ilm which has the

photodégradation activity superior to that of the commercial

photocatalyst that is titanium oxide.

[0008]
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caialy s p

a commerci al photocatal yst, P25 and/or ST-01 of
titaniumoxide, 1is present in an acidic aqueous
.solution, and an aqueous sol ugion 5 of sodiumsilicate
is introduced in order to maintain the pHat 5 or

bel ow, a surface of the photocatal yst becones a

c q:'?ldSPalé,} N s0¢8L aék}@éb@{re%&ioﬁi érﬁé:,attﬁegﬁ%@éwﬁ\q i$@entors have

that silicon oxide Is quic generate nly on the

cordiAGR ah bheePiiviOGRhY shd ddey rBavet] onige Adidld that when
when the thus-obtained silicon oxide coated

a pRehecatially $hotech® 2l peEpdeeedahayerassobut bentotanium oxide,
net hyl ene blue in general as a test target of the

ispbetedegyr adaih aiviatitd ¥htipoasdsolnddbal echdvainh akiugbtis solution
t he photodegradati on activity of the photocatal yst is

ofsgeetivor id idehat ief inheodonwdr chabrghot boanakyseinPRBe pH at
and/or ST-01 of titanium oxide. Thus, the present .

> paveatpen dssitfeare ednphetretltdSfO00Y] bRTwmessa condensation
accordin% to the present invention, .there is provided

ot e Aldiipat ecoppPPEnf (s @ thiast 8thi apytawile ys quickly
active base, and a silicon _oxide film covering

h
IPETE LTHOR LB RRE P A A& PR NehBP pbPe’ta ikt ei Rigkpave found
e BT S iaSe e SR B e el ratyer 1o
in%%%%fu?e% '%gat ?esgflﬁé%idf]%ee%):ygghet Eg{%sjrf?(%é’noevﬂadle%s a test

of pro ng a pHotoca [ conprising
cogionntshatbpatbionet iy o et sibeptuaile. viahe

tk@?ﬁ%toh@%lr‘é@iaﬂgo_ he-f 05 OPIdI9 £ heSpBL €RSaf A yandi d Blperior to
(A) a step of mxing at | east any one set of” an

thRAUBgUShaRWMHEr GaNt ghot H8atheybaseEnena/skl $Ta BofRitanium
aqueous nediumcontaining 6 a silicate and the base,

oxdntt .an HEausousharedicseneonhaenitignt hesbasen abdpapted.
aqueous nedi um containing a silicate, and then
cd&a9ig t he .

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

Further, according to the present invention, there is provided

with a method for producing a photocatalyst comprising a

photocatalytically active base, and a silicon oxide. film covering

the base and substantially having no pores, including the following
steps (A) and_ (B):
(A) a step of mixing at least any one set of an aqueous medium

containing the base and a silicate, an aqueous medium containing
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base with the silicon oxide film and (B) a step of
separating the silicon oxide filmand the 5
phot ocat al yst havi ng the base govered with the silicon
oxide film fromthe aqueous nmedium in which the pH
of the m xed solution cont ai ni ng both the base and
th j cat ep (A). 4 s.maintaine
T Bee EBevE i eneh dpRale iy Fe Rl o Bhe Al e pase

aﬁﬁ%{srgggt al%;!/lfSI Iﬂé’ ﬂl%%rﬁbiﬁugl%[@a%@daﬂ@ PHef coverlng the

icallTy active e and a silicon oxid

bé’sé %?QNeEhé‘gsH‘Pc&@S@xnh@rﬂﬂm tdey

"photocatal ytically active base" refers to an uncoated
phot pcat & #Stor Thep shape@frides phiolacalalaeste iiln reld the
particularly limted, while a photocatalyst in the
pRbBpea bl par thohiasy talef‘fblaée dbverdd herch aheoai il ngofiidxide £ilm
and the like can be used. In this specification, a
fremntbé asdecdphatedatm) yst” is used as a concept
~including any of an uncoated photocatal yst and a
phot odatch ydte o afsthaotised codived oni chngashfingopoth the base
oxide film SpeC|f|caIIy, a termof the
anghbhocat higste imcsteles(Bhylovfmapintainad @h oxide kY-
is a commercial photocatal yst and a photocatal yst

wi Bh deReiRathPBRVEx H@ec@a@@bCW%W%F ﬁclqowﬁn&xiia the present

film , Furthernore, a photoc st havi a silicon

1gkeRbleR| RS| 3 BrEpetIye chit IS o TR Y Sty active
hot ocat a [O 5 Accordl res
oS eRiRon, o HPen poebihl EkD Grbui e e tadin gRrRin, the
0N S
G085, AP LY L L ér?% e
pﬁ@ﬂHEéEé@&s@ pﬁ%k°§ﬁ£§é%ﬁ?tﬁ@ ﬁﬁééﬁ%&%ﬁf&é@%ﬁsEéttﬂﬁﬁtlcularly
according to the present invention, it 1s possible to
1PhevEde whied hogdnfebcsivih¥tand the shape of particles, a mold,
a fiber, a coating film and the like can be used.
In this specification, a term of the “photocatalyst” is used as
a concept including any of an uncoated photocatalyst and a
photocatalyst of a structure coated with a silicon oxidé film.

Specifically, a term of the “photocatalyst” includes_any of

titanium oxide that is a commercial photocatalyst and a

'photocatalyst with the titanium oxide coated with a silicon oxide

film. Furthermore, a photocatalyst having a silicon oxide film
is properly called a “silicoﬁ oxide coated photocatalyst.”
[0010] ‘
According to the present invention, it is possible to provide
a silicon oxide coated photocatalyst having the photodeg;adation

activity which is remarkably higher than that of the commercial



10

15

20

25

econom cal |y producing such a silicon oxide coated
phot ocatal yst. [0011] 5 Since the photocatal yst
- coated with a silicon oxide fiJmof the. present
i nvention has hi gh photodegradation activity, it can
used for a photocatal yst coating, a phot ocat al yst

be
A e e T
saPLghigne grcell sol.lm e, Bholodear adation a6t Wbk, and

cohpared t e conventi ona p ocatal'ysts

_e@BQom Eaif%{iﬂ;lﬁdﬁl% tsﬂcﬁnétasr gﬁctcj?'le EHE'%@%‘%@&]%hQJtocatalyst

he phot oc st even to a place ere i cient

pheg@gegradation activity cannot be expected with the
conventlonal phot ocat al ysts because of poor |ight
| Ng £AGE thhe phYEBCcatadyBtad®add Ruithdhngi @ oMalde £ilm of the
avoi ding direct sunlight, 15 indoors or the like.

pfelséher inwbetioh hss appdh eshdwodeytddatnien faaiivitdygs,it can be
since it has high photodegradation activity, enhanced

upedcessi agriapabatalysorceonpart adelicEsatai s coating fllm,
realized. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 [ 0012]

a TReohPBR bABYS E oneld obk aeh et et ot Y- whijt@disng resin mold and
characteristics and advantages becone further clear

the thke apprdpraa @%@@%ﬁpsth?op%t%@%m%@%|%ﬁ/‘vwlty as
and t he fO||0MAn%vdraMAn gs acconpani ed thereto.

)

C?‘@B%Td%sthelce ef%lee?l.ml%%%&ael% aPfdy 1% possible

-tg:%% g%gé'g%% volunef%gg§%é e p Ogg?ggé%ﬁséi?%gn 4 2 place

AP S98, FhELET R REh SetuiTs ALY LoBoctea wicn
tﬂ?véﬁxgv@%‘ﬂéﬁ&f’;tfh%&ecerlng{?sc%rerc%%ggngfn@o&@ i dSeintensity,

ot ocat
such as a plane of building outer wall avoiding direct sunlight,

indoors or the like. Further, when it is applied to purifying
facilities, since it has high photodegradation activity, enhanced

processing capability or compact devices can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[00127F

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

[0013]

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

distribution curve (a solid line) of a photocatalyst having a
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Figs. 2 (A to (C illustrate each a log differentia
pore volune 5 distribution curve (a solid line) of a
.photocat al yst having a silicof oxide filmand a | og
differential pore volunme distribution curve (a dotted
line) of a photocatal yst without having a silicon

sk denfdd rﬁ&@lﬁgﬁgﬂﬁgé ?%)gt gfff@m:f)gl e volume distribution

phot ocata yst strates e time course

cﬁﬁcv@c‘?& %&@JMQ:L%% ycarCEIH AN A1V & 9AThoMH hngh@ a silicon
3 (B) illustrates the time course “of carbon dioxid '

o&oBeent Lat EOPrkBpanddsg BES] HALE &m@%ﬁ%i\&ﬁmﬁﬁ
I NVENTI ON [ 0014] 15 The silicon oxi de coated
pheigsatal xpttaccordi ngstmideaphesedl di Avednioinl pore volume
i ncl udes a photocatalytically active base, and a
dsbkiré¢bntioni derfrel facoveidnhitde dAase pictocatalyst having a
substantially having no pores, and the al kali netal

-S@émcentoxﬁdeIﬁalph@ndcaﬂabySiffsrwmnlabgsnkhanlumep©nstr1but1on

but not nore than 1,000 ppm .20 The silicon oxide

cusHeelr photteehtlangst of ef ephotrarat ittt srttaiopdt hakapgng silicon
a.surface of the photocatal ytically active base coated

Oexnlfiﬁ L31P| FAT RATRCBELIRE| Feoh RAFALT A%%%ram%*@@sfat%kést

I con, ox] de, coat ed hotocatal st does not inc
et Sont arhl FRR e L Pe RS i oy te B st Oy de

a .phot ocat a at e t 2 ese ce o
B b BeP R o B T o ) AEsAD5BEEE 1T fdlge course
o?ycS{QHBh”aFQx%q% Egﬂcg?&?&tf‘&? £, Phojogat al VSt ' ” the ’
sanme vessel. e fypé of coating a base with a

silicon oxide filmis not 9 wparticularly limted; and
includes any of a type of ‘coating a part of the base
BaRY BObYPEORf CARAVING tDe whel eybaseroBut, froma

vi ewpoi nt of achi eving nuch hi gher phot odegradati on

acfooity, the whole surface of the base is preferably

coated with a film nmade

The silicon oxide coated photocatalyst according to the present

invention includes a photocatalytically active base, and a silicon
oxide film covering the base and substantially having no pores,
and the alkali metal content of the photocatalyst‘_is not less than
1 ppm but not more than 1,000 ppm.

The silicon oxide coated photocatalyst refers to a photocatalyst

having a surface of the photocatalytically active base coated with

a filmmade of silicon oxide. Accordingly, the silicon oxide coated
photocatalyst does not include a photocatalyst fixed to silicon
oxide to be produced by forming a photocatalyst later in the

presence of silicon oxide, and does not include a composite formed
by combining silicon oxide and a photocatalyst in the same vessel.

The type of coating a base with a silicon oxide film is not



10

15

20

.25

5 of silicon oxide all at once. [0015] A

nmet al - conpound phot oni ¢ sem conductor can be used as
the photocatalytically activegbase (hereinafter,
properly referred to as a "base"). Exanples of the
nmet al - conmpound phot oni ¢ 10 sen1conductor i ncl ude

pta!rtcﬁght’ﬂ gdfl%rﬁl%?cﬁ]c a%)g 1nclu %gst %O%X!adte Sotfrg 5{19% a part

t'ana em Treferr

o Eﬂ@' H%eoéhge PFQ Lg Ségfjrlllc?nﬁhé %@oﬁ@ eﬁé;t algid © from a

ability and stab as we and rmess.
vEXapBias of atdﬁl%*}llﬁ'@ ﬁﬁbﬂ%i&%f‘%ot@&le@%ﬁ%lﬂg%ﬁ éé”@fv:Lty, the

an anatase type, a rutile type, a brookite type 15 and

whbgel kefabk biiesBe BAsANDE ASLatYPEL1 R doHtd® FMPE HOIfilm made
a mxture thereof excellent in the photocatal ytic
oa@bkskiltiyohsoktigkhatl ptebecabl e, and a small anmount of

an anor phous type nay al so be contained therein.

[ 0026815120 As a base, there can also be used a

nmet al - conpound, photonic sem conductor with one or
nohemetahscompounet phstantedsemecaid)cter can be used as the
met al - conpound_seri conductor with one or nore of
Phyﬁpéataébféwéﬁtléy 3t grobpsed (hepoipriseandropegloupeferred to

a phot oni c_semi conductor including two or nore
aﬁe?albééﬁpbundgxaﬁﬁéeﬁ #f xb e enafal veempoyRst epafonic
ound se onductors rthernore, as a bas

- F
SR EPRREPESBr R ra et a&‘&ﬁﬁbﬁﬁageph@t%loéﬂdef fungSten oxide,

oS ERIALEL BLnd, BES] LTS O TR A T o
oQEdUlﬂmdlé‘FEtl@ =¢aapeund 1FH‘Qggﬂég%%‘?@uf?ﬁg%fb%%iéﬂﬁ%tability

expose ereon can al'so

abreier aklyy §ROERI NS ha rfekak- C‘E‘EE%Q’L&B@@S of titanium oxide include

an amorphous type, an anatase type, a rutile type, a brookite type
and the like. Of these, an anatase type, a rutile type or a mixture
thereof excellent in the photocatalytic ability is further
preferable, and a small amount of an amorphous type may also be
contained therein. |

[0016]

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

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

" photonic semiconductor is preferably used. For example, a mold,
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phot oni ¢ sem conductor having a specific surface area
of not less 5 than 30 n2/g. Meanwhil e, except a case
i n which. a base can be clearly;grecognized as a

particle, the specific surface area of the base fixed
to a nold, a fiber, a coating filmand the |ike cannot

b%lber oyi %%%t?%go'%ﬁlﬂeg rak 2 Lﬁ‘ét hed 18, Baff Cﬂgdthe

measur i ng a SspeciTic surtace area

m%@éﬁwc@ﬁ%%@nﬁm?ﬁoPéﬁfgﬁ%mﬂﬁﬁ%gﬁgﬁgﬁgE?E@gg é%%&%%%?%herebn.canl

by an X-ray diffraction ana

adeopdined.0 Rhellsr § waat r%'?fer%@)l&hgo%ﬁﬁé/adtfnggal compound

of a primary particl’e using an el ectFfon -m croscope

phbeohsur fe@econf@at of h&dd iyl Al eUGHr BRRET KAl of not less
conversion. Further, the 15 specific surface area can

tbenoBOamﬁﬂ@ by calculatlng the "weight" fromthe true

density of the crystal form by finding out the crystal
f oMarhwbmleheedicéptagt conecanal yBishod Masaycam be clearly
el ectron beam and the volunme obtained fromthe above
rgﬁﬁéﬂﬂéﬁﬂ 86nePsiroAclpOOtAE spociAitheupfasendrea of the base
Lnvention, exanples of the alkali metal include
fixedi b asE‘BFLGm apsi R8sy um cpabidbufilBeandnthaadl ike cannot be
al kali _netals may be contai ned

Pgﬁﬁgﬁﬁfﬁ”@r LRE arhbal RPFUGCTHALSP 2 Rgtied for measuring a
9 £§£ne {u | east any one .of these sodi um and
é ?ass?u * %C%P&e@rab¥8 P SoR T RS SFGHen a primary particle
b 0p18] T | k t
AR EL A0 o TRelOBYOkn The 2l KAl kIR AL PO Sl ol AE tne
céﬂcﬁQQHESn Q%%EPPE%EPE& sl EEOthéﬁggigﬁ (A pp@n observation

I nduct i vely asna OﬁlC i Ssi

oﬁp@%fﬂﬁ@@@)’péﬂ@@le Qﬂsl)I(lgr 2% Ell%%E%§%eﬂ98r§988béon§ﬁ§r“surface
(XRF) and the lik

area” is calculated through spherical conversion. Further, the

. 8pecific surface area can be obtained by calculating the “weight”

from the true density of the crystal form by finding out the crystal
form from the dlffractlon analysis of X-ray or electron beam and
the volume obtained from the above spherical conversion.

[0017)]

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

[0018]

The alkali metal content in the photocatalyst can be

quantitatively analyzed by using an Atomic Adsorption
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The al kali nmetal content in the photocatal yst
according to the. 5 present invention is preferably
not less than 1 ppmand nore preferably not |ess than
10 ppm Wen it is not less than 1 ppm an effect on
the i nprovenent of the phot odegr adat i on activity IS

sg‘éétﬁéfﬁﬁotéﬁ'ﬂg{‘eit (A) o :%%lfrﬁi %o d”e1139 RuciH I Al %fat Atomic

I nprovene edgra activi

EH?SQE&% Eﬁggff@gégp}{ 1prdpe. r&?%@r‘r% dftl;beresce ce. Spectrometer

phot odegradation activify 1s incre a|n|n

(RRPY esgcli bed appunt of the alkali netal is not
definitely clear, but it is considered so because the

absies ptiledn i h@&%loﬁohﬁénéeﬁﬁﬂﬂﬁ§bthBCEQEQ§Et|§ccord1ng to the
enhanced. On the other hand, the upper limt of the
pakkaht ﬂnv@ﬂztt@mtmtprelﬁeralﬁmrrai@rmsy 1Hein MDAt R more
1,000 ppm and nore preferably not nore than 500 ppm
pB@fhaabhg ndie legrd emtznoft Onppmoorihdrhan 1s000tppess than 1 ppm,
elution of .a silicon oxide film can be suppressed.
apue £ freeworre, thepyimpawivegentic ofohhernphot odreyranr s athartivity is
500 ppm generation of sintering of the photocatalyst
arhiqvedl ci Waen okt tieataentest thao temmstatadr @ff@ege on the
of exceedi ng_800 degree centlgrade can be suppressed.

lfﬁl@?@‘i@ﬁimemslfb%t% Péllolt?dﬁ&%aﬁ‘@ RBNpRF BLVL s diRC AR remarkable.
here are substantially no pores present in a.sili.con
Ty e F P i ﬁl%&%&%%aﬁa%% o or atncreased by

=Pt REPE A AR 'fo?%ﬁ? o o0 de gk dir e 39 Bt
apfghoeet ol yRle LS seammar s wohglagégdoto%éeﬁsceorth%x'a%%orpmn

coat ed otocatalys ‘prepare

r@b@tagat@éyaé@&hﬁasﬁ@téﬂetﬁg& id érn%r{c%zﬁe of 20 to
500 Angstrons.

On the other hand the upper limit of the alkali metal content
is preferably not more than 1,000 ppm and more preferably not more
than 500 ppm. By having the content of not more than 1,000 ppm,
elution of a silicon oxide film can be suppressed. Furthermore,
by having the content of ﬁot more than 500 ppm, generation of
sintering of the photocatalyst in a calcination tieatment at a

temperature range of exceeding 8Q00 degree centigrade can be

suppressed.

[0019]

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

photocatalyst is compared with that of a silicon oxide coated




10

15

20

25

Specifically, pore size distribution of a
phot ocatal ytically 5 active base and that of a
silicon oxide coated photocatghbyst are found out by
t he measurenent of pore size distribution such as a
ni trogen adsorption nmethod or the |ike, and conpared
& L, reby jdts i ' .erghne, .
A9 8800 LD IEEORY oo ROV A0 GRUBETI O dve base
iR Shdi £OMOXL e d il O Nl gs 0.0, more specifically
descri be a way of finding t%e pore size distribution
acceszih ng to the nitrogen adsorption nethod, it is
possible to determ ne whether there are any pores
presemifidhEly Sigd€onsi0xd dei i 4 e ding phdeeatalytically
followi ng nethods (1) to (4). Herein, an exanple of
ausing lsaphatrot athalty sif pastilékenasxadbaseatidd Iphciwdaralyst are
descri bed below. (1) a photocatal yst particle is dried :
faun@ooutddyr ddec eviisgratdentand pher ahzéddbsksoripiiion such as a
isothermin the desorption process is neasured; (2)
nEpr pFendsisoppitden set hedmothehkikt | hodrcoxpaked sat @2ch other,
20 photocatal yst in the desorptionﬁgrocess i's .
whRERRY dd; 13 PP ssHE 18 be datrimmedvhabh AR thegerpre sibstantially
i sotherns are inxeégreted by the BJH
ANBRPETE - DT E Ht hd) L Hethaer e obitld ®r &9%og
differential pore valu di stribution curve i.n the - .
b G e P G G 75 1 By orde Age Rere size
1 tfe ' volume distrihution urye s
o P T AR AN 0 U L Gat e o e s
9% £1. O YNt - N1 Shikd GOL O s coal ! nt
pis not |ess tééﬁl%ﬁ% CL%EH%?Sg%gg%ter ?ﬁgﬁQ?ﬁg%?ggl e
sl { d e entil fﬁQheaM@bHH@ngftéh@qe FALRGANS ¥8thods (1) to (4).
particle, it is determned that there are
Hesmdﬁm,a?tni ?hmpn@ d00ESs ngNa pHddd Ak 196tdgaft1 81e @ bhsase will
ot her hand,
be described below.

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

(2) an N; adsorption isotherm of the silicon oxide coated
photocatalyst in the desorption process is measured;

(3) the aforementioned two N, adsorption isotherms are

‘interpreted by the BJH (Barrett-Joyner-Halenda) method to obtain

a log differential pore volume distribution curve.in the range of
20 to 500 Angstroms;:

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

volume of the silicon oxide coated photocatalyst is not less than




10

15

20

25

- O¥hge 2bl iy dfereremEi dapbre oranee of

when there is a region in which the log differentia
pore volune 5 of the silicon oxide coated

phot ocatal yst is not less thafRs0.1 ng/g greater than
the log differential pore volune of the photocatal yst
particle, it is determ ned that t here are por es

opieﬁgﬁéf d%f%f'iﬁ%ﬁa ﬁ% ﬁ If%e [{&0ve oégﬂgdﬁﬁﬁ% of the

rang €ss ecau

rpﬂggégét?g?y@t %%Pﬁl@ieab ;9. %?{Efr&% “31:}1%]c ttﬁleerleo%re

10 differenti pore Vo ue 1 n the nmeasurenent

s@bs o€ 8l 5§ ridphbi-ea by 4 Q@l&‘bbh%&%@@%‘iﬁxpt i ARt B hand,
occurs in many cases. Wen two log differential pore

wN&h Uthe 6 Sitd lablite!cﬁfbrplirnV%&1@hethéoﬂ@@r&ﬂffékérb@léﬁﬁgﬁre volume
of 20 to 500 Angstrons, existence of pores 15 in a

ofitlHeconldxotdeodidenceait depsubstanilgst Y sdpberidgedhan 0.1 mg/g
Furthernore, it is nore preferable that two | og

gu¢dter é:ﬂttamathepbmcg did fisreerdiistir pbue il ung véstlae ehotocatalyst
conpared and there is no region in which the |og

partiekentital s glete whinaret bat tifiee i &l e orexi presenhtioda silicon

photocatal yst is not less than 0.1 nttglgésﬁter HH? 0.1 m1/
t ess an ml/g

ocatatyst particle in the range of 10 t?
5%%‘%?% reﬂﬁ’étteﬁarr%@rt ﬁﬁ@Pé Qr b pb %smde of the log

on oxi is difficult to

aP sentt the Sili
PrpPEva-t %%t ot o+ B it 1 weaﬁvg%ertte pore
di%t%dlt"fus. o e SR TRe T ot SRS GRERE fp many

chbessilicon OXIde filntdue to existence of the pores
for reducing light intensity 14 of ultraviolet rays

r et RGvd he phatracatahybiicablk f6ihNe PBSerididion curves are

reduci ng the anmount of holes and el ectrons generated
cdypdhed axaHeatiogofod e pRobocatAlYstomFUrdhBftende of pores

case of the sane ‘
in a silicon oxide film can be substantially determined.
Furthermore, it is more preferable that two log differential
pore volume distribution curves are compared and there is no region
in which the log differential pore leumé of the silicon oxide
coated photocatalyst is not less than 0.1 ml/g greater than the
log differential pore volume of the photocatalyst particle in the
range of 10 to 1,000 Angstromé.
[0021]

Herein, when there are pores present in the silicon oxide film,

it is difficult to improve the photodegradation activity. The

reason is not definitely clear, but it is supposedly because the

diffusion or reflection of light easily occurs in the silicon oxide

film due to existence of the pores for reducing light intensity




10

15

20

25

amount of silicon oxide used for coating, it is
supposed that the 5 thickness of the silicon oxide
filmhaving pores is increasedidqrore than that of the
silicon oxide filmhaving no pores as nuch as the

vol une of pores and as a result, the physical distance

._ O&GUMﬁiMetp%%CQEéldﬁtiinﬁalthg. ?ﬁ&%gggggf?tggg%}%sactive base

organi ¢ substancé of a deconposition rge

© ahnar gedseihathsubiicehenbs #081BBoLAdegt adatiQp &%%%Ae%éfd by the

is not achieved. [0022] The anmount of silicon
exetigatiensilfi che pxodeceeat¢dt. Phohpertal VSt PEe f the same
surface area 1 n2 thereof according to the present
amevait Ponsibicon abuiie alseid dgbedecbsioimd he RuUBLipBhsed that the
silicon 15 contained in the silicon oxide coated
thhekoeasady stheasd litkensoxf de ef 1 lar havohgtherss liisCOAcreased more
oxi de coat ed photocatal yst. The amount of silicon
thaadebat mb thee séiLicosnoskieef idonhediphohocatmdy sts pach as the
a surfgce area 1 n2 thereof is not |less than 0.10 ng ‘
VBGETROPE RIS RRA 22D BaFulin et be aBiys ol déssankanbetween the
ut.not _nore than 1.5 ng, 20 and nore
PgPéégggs‘?ﬁhS?&%s@cwm Pade R REIFIRLC nvrlestange © a

PP et PR oUBees of St SorhiA Yy By ent

. pﬁbtb@@@rgéiiﬁfoy gg{i@lggt is?xl‘f%%iegci:ﬁ%f%g.et hat an

ef fect “on the I nprovene 0 gradati on

actowppy is small. On the other hand, when the 25

anount exceeds 2.0 ng, the proportion of the base .

OCThipi @blohit tHe s511E&OMm OXiLle Gpal ?iiteowlc.}ﬁﬁatna!c%ﬁﬁtde' Toated
ation yis

too | owered so that the photodegra act1 vi

phatdtytahpsovedr 45suf PR3] adhe sy 202 ra3be33ebrliffy to the

base and the silicon oxide coated photocatalyst can
Phesapasurethtyorudisng e BT cavthedtspegidm &he amount of silicon

contained:ﬂ1thesiliconoxidecoatedphotocatalystandthesmrface
area of the‘silicon oxide coated photocatalyst. The amount of
silicon loaded into the silicon oxide coated photocatalyst per a
surface area 1 m® thereof is not less than 0.10 mg but not more than
2.0 mg, preferably not less than 0.12 mg but not more than 1.5 mg;
and more preferably not less than 0.16 mg but not more than 1.0
mg. -When such an amount is less than 0.10 mg, an effect on the
improvement of theractivity by the éilicon oxide film 'is not
sufficient so that an effectlon the improvement of the
photodegradation activity is small. 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

photodegradation activity is hardly improved.
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surface area neasuring instrunment by nitrogen _
adsorption and 5 desorption after a heating treatnent

at 150 degree centigrade for k5 minutes in a dry gas
flow of not nore than -195.8 degree centigrade of a

dew point. [0024] The nethod for producing the

sikbggg oxi de coated photocatal yst 10 of the present

i nven |%n is characterized by naintaining the pH of

t hen gl xgdes0l Ul fon C?Pt@%ﬁ'ﬁg %oééﬁtiﬁ%kgﬁ%ﬁégﬁjaiﬁae coated
silicate af 5 of bel ow when the basé present in an

pREBYBEHSa TPEE Uk SHE0RL 86yt By 3,81 hé COMROXI fe fid M1 fic
using a silicate. [0025] 15 A conventional nethod for

spreduei Agead POQLAERHG! Y8t Phimant ShY Uet tFSg&Rad @b Mt ibn and
a silicon oxide filmhas the follow ng assignnents:

deAprattaw abter iaheaf inket sehtgont axt dsdf idefirk® centigrade for
expensive; (B) since alcohol is generated as a
1bympnotest iatat deyt gae 61ow20f pnoduedientiamd/ 61258 degree ™
organic nediumis enployed, a highly expensive
cerploseda- pf oaf deucpbiny. used exclusively is needed;
(C) because of a treatnent in gas phase, it is
di tPPehit to control the anpunt of |oaded silicon at
will, making it difficult to produce the
phEltl%é%ﬁ%%ﬁgFOByp%@fwwg ithG shelan®d mtidy crahadphomcatalyst
iljcon stably, (D),since liquid wasfe containjng , .
oF uhbE: BrSs St ARCRETShoh® Aot a5 Gt CaabY HEm 1 iining the i
e [ ' sal _becomes 16 . c licated ; and _...
ofEPEE thEdeq (51 HLIPR EonpatRtRy St i e Thatnsly B siticate

agﬁ%ﬁhg\%ﬂgﬂi fhen! tnd %%M;ngle%e%%l e, a%tféédscglgd‘fﬁ.fndfs coated
g pores is for .
with a silicon oxide film by using a silicate.

[0025]

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

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

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

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

silicon stably;

(D) since liquid waste containing dangerous substances such as

alcohol and the like is generated, its disposal becomes
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[0026] 5 For exanple, in the production nethods of

Pat ent Docunents 1, 4 and 6 as described in.
Background Art items, (A), (B)gand (D) are problens,
in the production nethod of Patent Docunent 2, (A) and
(C) are problens, in the production nethod of Patent

Cgﬁgyggg%ﬁe proﬁu (B), (D) and/or (E) are probl emns,

ction nethod 10 of Patent Document 5,

(EIE Sihdy gbgﬁdeLQQ?J Ipng?xtdt tﬂ? c%zﬁ_eéd Ii%n?h #’f{e%?ﬁge in which

productlon met accor presen
isiNCenackihl Gai grig lé3§§l§§oﬁ Jﬁ%ﬁﬁ?ﬁl‘ ﬁévnﬁf&;or@@l JYS formed.
a cheap raw fmaterial can be used as a raw materi al
t heodessilicon oxide filmbut also al cohol is never
generated as a by-product at a tine of production.
Furd hesxammel e Whiah 84Rd @rddsictabhny més@edascanp@OueO USocuments 1,
medi um since an organic nedium alcohol or the |ike
disnadt asnpkeyedped hi FlokgxpensAve exphosi@)-pr@ofand (D) are
facility used exclusively is not necessary and
paphpesal bf theurpdrl wastethodof fenphtchtednant the (A) and
same tine. Meanwhile, since a treatnent in liquid
(Bhadee | RE Gnkdined, 11 Hdie awedictopnl Batbadspf i Rokents Document 3,
relativel eaS|Iy controlled at will. Further, when
(Bhe Bhse (P4 2oMSH Wit AL8 RHaHRE oRPAeLA ithf PEPRe@tion method
h H of the m sol utjon contalnlng bot h the ‘base
Efa PR ginrRlr S, T TEE 4F hargabL el a0l Ut on
COE fing a S|I|cate conmpound can be stably present
con oxide substantially having no pores can

bens, Oﬁlﬁ@do %hﬁaﬁ&'rfﬂ{’eﬂ% ghes b n@tf%e ;rr,get}{o(%p%%gocrtdlnﬁ to the

Exanples o e aqueous nedi‘umi OVE Pproauctio

pPBE8RE 1 dnah s V‘@tl%rceo& & ek s¢ Htsbgnaé:%nt_f@hr}ha(‘@erlal not

water as a nmain
only a cheap raw material can be used as a raw material of the

silicon oxide film but also alcohol is never generéted as a
by-product at a time of production. Furthermore, when water is
only used as an agueous medium, since an organic medium, alcohol
or the like is not employed, a highly expensive explosion-proof
facility used exclusively is not necessary and disposal of liquid
waste is not complicated at the same time.

.Meanwhile, since a treatment in liguid phase is enabled, the

amount of loaded silicon is relatively.easily controlled at will.

~Further, when the base is coated with a silicon oxide film, since

the pH of the mixed solution containing both the base and the
silicate is 5 or below, a solution containing a silicate compound
can be stably present and silicon oxide substantially having no

pores can be formed on the surface of the base.
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conponent and an organi c sol vent capabl e of being
di ssolved in 5 water such as aliphatic al cohol s,
aliphatic esters and the like.;; Concrete exanpl es of
t he aqueous nedi um i ncl ude water, and a m xed
solutlon of water and net hyl aIcohoI wat er and et hyl
E@@Qé wat er and isopropanol, and the like. O
ter is preferable. Further t hese wat er and

%‘r}ggmn%?éé'téfﬁ C%Q%J%%u%s%%dal I B?hanb&xge e%roductlon methéd

on 0 nor-e
15@9\5&@ whPePrOer 5 %&@@h@@f‘tﬁ{@ﬁ géﬁtpzf{ﬁirpq | b e 0T main
solubility of the ase, an organic vent capabl

.c%8ﬂegts§ﬁ’&v§ﬁi éf‘gé(@i@rséwgh@sc%ékpi@téf béuﬁ:ﬁhﬂs%olved in

aliphatic esters and the |like, a surfactant s

watéphatil sNNephaaliiPBaldchcnelyatiRghsrigebaténs g the like.
the like can 15 also be further m xed. [0029] As a

Csntiead esxamEid off t Re Hdudius avidd uangheluad wltigomand a mixed
thereof 1is used and it may al so be used in

scbubioat odnwatet wandrmerohi el ka hoshol Sodhten said sstand alcohol,
potassiumsalts are preferable fromthe viewoint 20

waher arkkysennopanehdasid the Wi kevaidfabhesewdteemps preferable.
aqueous solution of sodiumsilicate (JI'S K1408 "wat er

F @JF%%%E) #%e%ﬁ»@t@rreﬁ@ﬁaméedsmle@thows—“s@ Wenysselepingly or in

n, be omtt 0030] \When_ a base present in an

S EOaE TR o8 JHER R a on T b SRS S MAGLIRY 0 order

%.ﬁq%ia'gtc% B c?-é‘:ateam&e:tt‘f?%%%"a SHEGHEY 6t F%e%:sj an organic
séi@?ﬁ%ugg}ggg%gggfl be s '%%CS‘J[ e%%tfrigvga %]g/ olhet Sg ]T:Lphatlc
ai&%h@ﬂs?qgf%ﬁ?@g'é‘&&f’é‘t%cﬁ”%al%e Qn&ﬁfactant such as

[icate an aqueous medi um cont ‘ai ni ng
aBiphsai e afthes b%ﬁ%ph@ﬁl@c(bbl}etﬁ@r@%@é’}.@t:ﬂ?@'a@m the like can

contai ning a base and an aqueous nedi um
also be further mixed.
- [0029]

As asilicate, asaltofasilicicacidand/or an oligomer'thereof
is used and it may also be used in combination of two or more kinds.
Sodium salts and potassium salts are preferable from the viewpoint
that they can be industrially available, while an aqueous solution
of sodium silicate {(JIS K1408 “water glass") is more preferable
since a dlSSOlVlng step can be omitted.

[0030]

When a base present in an agueous medium is coated with a silicon
oxide film by using a silicate, the aqueous medium, base and _

silicate are mixed, and the mixed solution is subsequently aged.

Specifically, a coating method includes a step of mixing at least
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containing a silicate, and a step of aging the m xed
solution. In 5 a step of aging, coating of the base
with a silicon oxide filmis 18lowy progressed. At
this tinme, it is necessary to naintain the pH of the
aqueous nedi um containing both the base and the

aﬁ&'dn‘@é@t A 91 Plarb8L ¥y s %ﬁlﬂl?r?cﬁhltéﬁﬂz'{% ahk%{se and a silicate,

preferably in acidi ¢ regions of not nore than
(Wenrt BeupbulsSmeai ih aldiad iatiRy ar s@@h@ﬁ‘terhﬁd"ﬁ @Q§@n%ﬁld (11_1)
of a base, a condensate of a silicate conmpound is
ahasghyops etedidmt @shtsimidy 4 nomBa sid i 4l Gacidhs dedium
silicate ion and/or an oligoner thereof. On the other
chanainivhera shéipkHties andrd aiteedodt ading tied awxednsehecion. In
presence of a base, the surface of the base functions.
aastem of @@n@ejnsaoabmnga@ﬁli;&se pfsen valitth easeltoopouidie £ilm is
and a silicon oxide filmis quickly generated only on
sipidlgupregeestedhe base. Nanely, the acidic range of
pH 5 or. bel ow enabl es to make a solution containing a
sﬂPﬂi i @éﬁ‘ﬁ@uhﬁ st ApcessRay soama bnbele dfwopE of the aqueous
siljcon in the formof a filmon the

medl P oot hats 3 thhsare [T PN RS Pt e&gé oF below,
1 I t t,

R 8T Er R oRCaR gy b L i b PRgaer “opkfed s §0F more than

4?‘9%‘1’1 ensa% 2{5}![ Yi gll'}lec atf aglgoe Og H %.nog:lh%ela%\gence of a

a con |ca e COﬂ'pOUﬂ

bQé@C'é”56Hd%¥sé%@N%$e5 s§i98§t@ cé?#bﬁﬂa P%'ﬁg}JlJ'ﬁfé%lpltated

f or med fromonly a part of the silTcate 1n use,
s Doy L prefeh adl ei1 furd merm)rea S Ncad e it SR098 efn @1lgomer
19 to 11 easily generates a condensate of a silicate _
ticonpofindontited other RahdNesdd keenpOXisdRapathité® at 5 or below

and/or gel, the silicon oxide film becones porous or
isithegrroxenes | of partdsd | ywHorsmedf are tde the base functions as
a condensation catalyst of a silicate compound and a silicon oxide

film is quickly generated only on the surface of the base. Namely,

the acidic range of pH 5 or below enables to make a solution

containing a eilicate compound stable and is a range capable of
forming silicon oxide in the form of a film on the surface of the
base. |

[0031]

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

use, it is not preferable. Furthermore, since the pH range of 6
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surface of the base so that it is not preferable, 5
When an organi ¢ nmedi um such as al cohol or the like is
present in an aqueous medi um;gsince the pH cannot be
~accurately nmeasured wth water pH el ectrodes, it can
be neasured by using pH el ectrodes for an aqueous

tgoiftéao&ﬁggeg}eryatnc%sa% %591%%' Csar{%dlo%m SU:bS %elcyndénpci]ﬁd that

s also 5 “measyre the pH

frggn fnelglffg&ﬁr%ﬂ&Q g{%ﬂc% 5&?@@% Vo't‘i‘lrées:tllcon oxide

0032 a met ntaining t
£ e SQhas i @ro&@rﬁla' & No-beth:1he P@%m%ltllgﬁ formed on the

silicate at or bel ow, when the base, silicate,

S@HELOHSo SOt NENbaS¢ esdVl sl and agesot pidtdiathlien 15
whi ch the pH of the aqueous nediumis al ways neasured

anmghern onerd ygaraid) usdddehnbsvatidiarg aaBoasldoantha hidse is present
may be good. However, it is convenient if the total
imeayquiouhendshising cimpenehie pntanned beé reddierately measured
silicate used in the production is neutralized and
witkwadier pbielé et sodemoint csnflfe vieesuredrhy théngHpfelpctrodes

or belowis present 20 in the aqueous nedium.in
L@ aih a8 epg3sy L uign geird adar sk anserdmic Brdagid, Saparately,
a mneral acid iis properly wused. Acids may, be used
1%|%ﬁﬂ%ﬁﬁﬂ'ﬁoﬁsé€%ﬁlEatm%%s%¥et%%?dﬁiﬁﬁkéubﬁ Helat10g Heyp oxganic
) is not rticularly needed to use 25
mé@bﬁ?a {§ Vﬁ%ﬁrt%% %v%am%tﬁ%ﬁuT% enpl oyed such t hat
EO % wei ght of the basic conponent contained in
cate is neutralized and then an acid in an

anpung Iﬁé"élﬁé%'%‘f r& nﬁglﬁ]d%z&e% 5of)rt .elnﬂ\%éc? solution -

present In the agueous ne vance. wever
cM@Qlﬁlﬁé%ﬂﬁr@fg $h¥) ahd Hﬁ@d&‘,lﬁ{‘é’a’p@%% @aBrbﬁel‘éﬁd when the

such "bases, al kali netal hydroxi des such as

b@@éﬁs§illﬂtb@t’§[ 0%@@@0u§0§1¢>yﬁént are mixed and aged, a method in
which the pH of fhe agqueous medium is always measured and properly
adjusted by adding an acid and a base may be good. = However, it
is convenient if the total weight of the basic component contained
in the silicate used in the production is neutralized and then an
acid in an amount sufficient for. the pH of 5 or below is present
in the aqueous medium in advance.

100331

Any acid can be used for an acid, but a mineral acid is properly
used. Acids may be used singly or in comb‘inétion of two or more
kinds. A base (chemistry) is not particularly needed to use

separately when the above method is employed such that the total

weight of the basic component contained in the silicate is

‘neutralized and then an acid in an amount sufficient for the pH




10

15

20

25

hydroxi de and the |ike are properly used. 5 [0034] The
reaction conditions such as the reaction tenperature,
reaction tinme and the |ike whijye aging the m xed
solution and coating the base with a silicon oxide
filmare not particularly restricted as far as

reactil on

wﬁgﬁpsrﬁggée cﬁémP%@%g{aP%yuQQ&ZO % 65&3‘3&5 ‘ Of such

centi grade but no han egree centlgra

bahdsmy e oreferabl iy cﬁochi é§ sh%nag%o‘%%%rsﬁ%m hgggoz«:lde,- sodium

f d | ‘ -
B orecat Ay S PEERETE g ARl Eu%‘?%éadva However,

centi grade but not re 80 degree centigr
hV@@Bthel§nae§§etbﬂﬁe1Qrgeﬁf§ﬁe§§@tﬁ§6@de it becomes
difficult 15 to progress condensation of a silicate
corposay, whereby generation of a silicon oxide film
is remarkably del ayed and the deteriorated
prodactextt yoof comei sldnsosueiige woatwthction temperature,
phot ocat al yst m ght be brought about in sone cases. If
rehettienpeineuardi shhi hke vhabhe 200inegriee wemnd ggalde;ion and
a 20 condensate of a silicate conpound, that is, a
cpphéngi theohassi deth par sitliecmneitbie gel lm saléeasmw particularly
%enerated so that the silicon oxide film becones

THEFEUSTER &1 FREGH GRPEEatd Opapt it §eF bF Rt @ idi qpoxide coated

pﬁ%‘é%é%%ﬁi?ﬁ% 5?%?3%?# YiohoF 58 1t %‘féfe%gz:%%]wéécgﬂﬁn W ierature
1T RGeh Bt sl HPs TR 1a°Hoar <<V 74 151 gkd Hore than

DM B 1580 coomes

céﬂpﬁgafsagnbu@fnwemw@t ﬁsﬂfg«g C&é ehfc_a/r&w@ to a
coating filmm ght not e su ICI y achieved I n
SONEeRaS€Ss less than 10 degree centlgrade, it becomes difficult

to progress condensation of a silicate compound, whereby

generation of a silicon oxide film is remarkably delayed and the

deteriorated productivity of the silicon oxide coated

.photocatalyst might be brought about in some cases.

If the temperature is higher than 200 degree centigrade, a

condensate of a silicate compound, that is, a fine silicon oxide

- particle and/or gel is easily generated so that the silicon oxide

film becomes porous or silicon oxide is partially forméd on the
surface of the base in some cases.

[0035]

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

not more than 100 hours. When it is less than 10 minutes, coating
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When it takes | onger than 500 hours, the
phot ocatal ytically active 5 base is sufficiently
coated with the silicon'oxide2 ilmand al so enhances
t he photodegradati on activity, "but the productivity of
the silicon oxide coated photocatal yst m ght be
deterjorated in sone cases, [0036 10 Meanwhil e %
W&BHcEH?rﬁﬂbﬁO%foi‘h‘ée photBckt gt i Lty pafaqliﬁe%%ssg hat an
ined.in.the m xed _so tlon | refera not
%é}egmﬂpeyoweﬁ& hohte diiet B 5ars %%ﬁ‘améy due to

Egtgésf.@{ﬂﬁltr%o%%w Se th gé_gnkggt {Pl.l?\%’ls% tll% cases.
WhEﬁ PE%% ts' Yblf‘lrg ﬁtt e@%eS%blljl&l?P \y}w epﬁgffi‘&@g‘ﬁ&f\ﬁtlca‘lly active

otocata yst € Wor sene

b%@énléosﬂﬁfﬁgﬁenﬁ%gQﬂﬁﬁkﬂgwﬂE t%%eb§§§1$bﬁho£f§e film and also

['icon oxide fi is not uniformy progressed so
ehRahcan @Eéeﬁﬁo@@dé?ﬁaﬂﬁ@i@ﬂe@@%ﬁvfﬂ 1Nt the productivity of
phot odegr adati on activity m ght not %e sufficiently
tBehseVedohNox S@HECE6A6€S . pHbEo SONECEM ¥ ati it Ofe SdddROidrated in
contained in the m xed 20 solution is preferably not
sbmescthan. 0. 05 wei ght % but not nore { than 5 wei ght
% and nore preferably not |less than 0.1 wei ght % but
nof CEBPE than 3 weight % Wen the silicon
concentration is less than 0.05 weight %
cotigenvhiien ie £aiqandard iconpduibei Bhelepageal ysirally active
that coatlng of the base with a silicon oxide film

ﬁ?@h?o%ﬁl@% beR site st S.Or%%téﬁ@ éés%éef%%]ﬁli’h‘éOt less than
ncentration |

t ht % |
ToBSLERD BrOTna badionh (o S FEOHbxt dia rTpHe i Hferably not

f or p 0037} .
ntﬁéaﬁ?édﬁéwﬁ}a"%@’?resseﬁ’ IR PRRERT i o, e 1t s

18%9P@ﬁ£ qu% ﬁ% e%?ﬁﬁ%@%r%hu%%%vRQ9tquﬂﬁ!%Hﬁg@lEYOx1de coated

active ase

photocatalyst might be worsened. When it is higher than 50 weight %,

coating of the base with the silicon oxide film is not uniformly
progressed so that an effect on the improvement of the
photodegradation activity might not be sufficiently achieved in

some cases.- The concentration of silicon contained in the mized

solution is preferably not less than 0.05 weight % but not more_

“than 5 weight % and more preferably not less than 0.1 weight % but

not more than 3 weight %. When the silicon concentration is less
than 0.05 weight %, conéensation of a silicate compound is delayed
so that coating of the base with a silicon oxide film might not
be sufficient in some cases. When the silicon concentration is
higher than 5 weight %, coating of the base with a silicon oxide

film might not be uniformly progressed in some cases.
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the silicate used is preferably not |ess than 0.01
mg/ n2 but not 5 nore than 0.50 ng/n2 as a silicon atom
per a surface area 1 n2 of the above base. Wen this

. proportion is used for the production, in a step of
forming a silicon oxide filmon the surface of the
basggznpnel y, . a step of mxing and aging at |east any
one set of an aqueous nedi um contai.ni ng the above
base @l @Bl dicadie mthdd AUUeRUS FRAMMIGRUAIYAI tRe
silicate and the base, and an aqueous mnedi um

. propb i M@ it bie haseuan @ fathageaus Jrdiwn GoNt@aRitAgedase and

silicate, the desired silicon oxide filmcan be forned

tlom $hkicsiy faeal dfs tthe fease] yandtt hesametah 0f 02 mg/m® but not
silicic acid, a silicate ion, and/or an oligoner

meperigufn Whisth rigsiér @s nat s thittenseoperhe Bhrfackaceea 1 m° of
of the base and renmi ned unreacted can be suppressed

the akawg Pase -t hEken s coreroxitdenf isnrhadi Agr pdregroduction,

_ngght be hardly formed in some cases. In the range of _
1 TR YhaP o my/ vl A gigdendrid® ih B swpfase of the

t he propartion beco sﬁgreater, t he, amount_ of the
K&B9e8ForIiBY it hgl 82 sF | 3ppne set of

ST HP AR SIS picnc, o
L T I —
nd OdH NG 48 R R0 A da%éiéga%t %g;r@e%u@?rfegﬁqg@'é’o%{taqfning a

the present 1nvention inclu exanp

s DIOEIES ) ihdTRI00-d DG udi g (SLER 113 HBP 1 fMd¥ on the |

at | east any one set of an aqueous nedi um contai ni ng

swur e chdha BhkeCasRd @fe ZonoBUSFUS BRULHAE acid, a silicate
containing a silicate and a base, and an aqueous

- lorediand/contai 0l hgome basiee eadlf arhiafueeys reedbtintondensed on the

containing a silicate, (step b) a step of aging the
Sty Saee sl UthieorPaanl agohtiampined unreacted can be suppressed to

small so that a silicon oxide film having pores might be hardly

- formed in some cases. In the range of not less than 0.50 mg/'m2 but

not more than 5.0 mg/m*, the proportion becomes greater, the amount
of the unreacted product is increased for forming a silicon oxide
film having pores in some cases, but generation of pores céused
by condensation of the unreacted product can be avoided by reducing
the treatment time.

[0038]

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

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

one set of an aqueous medium containing a base-and a silicate, an
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the base wth a silicon oxide film (step c) a step of
separating 5 a silicon oxide coated photocatal yst from
an aqueous nedi um and washing,w thout neutralizing
the m xed sol ution, and (step d) a step of drying
and/ or cal ci ni ng the silicon oxide coated

hot t al whi ch te d
ABREORE BARLaUCORE At ohi'sh I ARy DATH tha e A a7 aqueous
%ae silic ? is maintained,at 10 5 or OMIéI 93 k A
T7HeR™ s8pa %’c?h@gt%eb%?? i T ki T é‘becif%‘t R

 SLESRARE (SOUERHS AL N RBLCUESS o a7 contins

thg%%é(gjltl{@ ali 1 QEB' 8148 A 1 Sh('s'%gaﬁlg yShepe be parating
wor sened and a Si | con conpouna renal as di SSO ve
al BiiD8oRAYRPYS ABLELN 1% afih el Ateh s haldium and

a porous silica filmis fornmed.” The silicate solution

whBhdegl ¥athded hout Aslvencey atkb tecdeaddald Zfd and (step d) a

solution is prepared, and the proportion of the anmount

- soépt be phoingatallybdt Cedlyimiaig ehdaskel iadsh dideeoated

silicate used is nmade snaller, whereby the above
pbobbtenslyah,iaiwhibh,dvoédegsohinbndnﬂzbdtthWéwéNﬂmﬁaqueOUS
when the silicon oxide coated photocatalyst is
ngdpar st @t 4 ¥oing hwtdgtbeusa sedindntbiet kédicabei hy maintained at
neutrallzed t he above probl ens can be avoided. So, it
|§r %?é@@rable because the production nethod is
nE fled 25 [0040] A nethod for separating the
[9@8%! oxi de coated photocatalyst fromthe m xed

S°9f1ﬁ%%§s” g %Pé’ CJZM{?%'{%P fc??%?%’%ﬁghﬁ%%&ﬁgst from the
EdHgedipnpsaur e LLLLELI 10, ARUOd 8 DISSSHLE cucn that an

erin a cen rl?uga sep Ion ne

ef?fchéﬁgy(@thg ll%foﬂftﬁ:&'&ﬁ U58Gke alkali metal portion in a washing

step becomes worsened and a silicon compound remained as dissolved
in the agqueocus medium is condensed and gelated so that a porous
silica.film is formed. The silicate solution is dealkalized in
advance and the dealkalized solution is prepared, and the

proportion of the amount of the photocatalytically active base and

~the silicate used is made smaller, whereby the above problems can

also be avoided or minimized. However, when the silicon oxide
coated photocatalyst is separated from the aqueous medium without
being neutralized, the above problems can be avoided. So, it is
preferable because the production method is simplified.

[0040]

A method for separating the siliéon oxide coated photocatalyst

from the mixed solution is not parti_cularly limited, but known
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A net hod of washing the silicon oxide coated

phot ocatal yst is. 5 not particularly limted.

However, for exanple, repetitign of re-dispersing in
pur e wat er and filtering desalination washing. by ion
exchange treatnent can be properly used. Further,

mgﬁaPe%;B%of82a%%$y§?p"Ca%gﬁ%f ﬁh%%éﬁl%%am%f”dgé;
rQHhEEg Bﬁ%goca?a¥ egfﬁﬁ @e@ﬂo& €,S Lé%ggfgxf¥E¥Frlng méthod,

coat e artlc
aF@@ﬁﬂfifuégi ﬁionah%t%%ﬁieg t¥&c dQ%Ybﬁg r8§@£ly used.
drying, spray drying or the like can proper| y used

FUAtﬁSEH@ﬁemfdﬁﬂﬁﬂgkﬁgh@ﬂs&h%c%%pbkgﬁk'Qaﬁtgﬁ ﬁﬁ@tocatalyst is.

silicon oxide coatéed photocatalyst, a drying step can

natspabeieqibted. 11hi {8841 Héwedake] NEDY ERIMOTe Pfrdherition of
silicon oxide coated photocatalyst is not

rpadibpuathy hnphed. wilbsevend fortexanmpl pdesalination washing.

reduced- pressure calcining, air calcining, nitrogen

byal@i sixeganget heed ikentc aanblee grrapperllyuesdd. Fusahklky,depending
calcination can be carried out at a 20 tenperature of

oRoth¢eappl heat OO dufgride cddtlicgradeibet caatedopeotepapalyst, a
1,200 degree centigrade, but preferably at a

Wﬁﬁﬁbﬁﬂaﬁgﬁﬁ 6RT ﬁb?OI@%sothPGQOO degree centigrade

é ot, nore thgn 1, 000 degree centlgrade and nore
f Yaﬂmq/msﬁ 8% BFat bt £COR Giod BCRTpAANORRtalyst is not

d h 800 )
ngnr EEageY Whantad' A0kalRr ni HoR akamr i O &5 Ay ging, vacuum

B LT S v -
FEB@Be§HEEbC'9 %%HEQB d@ﬂr étéﬁgléﬁgthﬁg 58 PRL silicon oxide

achi eved en t e calcini tenperature 1s higher
cbaeadlpi%@@oeg%@?stcegtagwﬁ s§é?t 85hNG186 bheomitted.
silicon oxi de coated phot ocaf al i's progressed so
thaoosgwfficient photodegradatlon activity is not

A calcining method of the silicon oxide coated photocatalyst is

not particularly limited. However, for example, reduced-pressure
calcining, air calcining, nitrogen calcining or the like can be

properly used. Usually, calcination can be carried out at a

temperature of not less than 200 degree centigrade but not more

than 1,200 degree centigrade, but preferably at a temperature of
not less than 400 degree centigrade but not mofe than 1,000 degree
centigrade and more preferably at a temperature of not less than
400 degree centigraderbut not more than 800 degree centigrade. When
the calecining temperature is less than 200 degree centigrade, a
desired silicon oxide film is not generated on the surface of the

base so that sufficient photodegradation activity is not achieved.
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achi eved. Furthernore, depending on the applications
of the 5 silicon oxide coated photocatal yst, a
calcining step can also be opitted. [0042]

Furt hernore, the photocatal yst according to the
present .invention can also be used in the formof a

ReBch BIPEHOr D FRN 3T UGS oo S L 200 degres
cgﬁEﬁ%Qhel”sfnkgPM ¥ tﬁ% V3 oﬂ LY @atetrgsg%}i%dcocatalyst

in o | ev I'vation, endomne

lg'éi”c%ﬁeéé&i‘tsor %ﬁﬁenscﬂ%fléfé&?& gﬁn 1 r%laf‘ﬁ'}on activity is not

I bacterial netal conpou

adhspekgl bi bhiyhdymsHe f agsp %C@A 190 SHPPIESSIAL F the
15 deterioration of a photocat yst - cont ai ni ng

sirat ebhabx Cadisash iyt pHIHOG ta 19@AN0sl E81Wihiing SoapatHid also be
that is inert as a photocatalyst, or the like. As the -
ocmbovedi nprovenent net hod, there have been known, for

exanpl e, a nethod for attenpting high activation or

endBWAght of visible light response by |oading a

pl ati num conpound, a method 20 for inproving

antRBFersoLs, |1as@||mg>tap@uaﬂe,rstcmmmrw ta> ddyspgrresent
conpound, a nmethod for providing the dispersibility
l{lﬁﬁataﬁno?@arﬁlc% wedraatibin cdre yioda et aalswi%élsperswn and
treatnEnt an organosilicon conpound for nodify

t%%a E{a%ttl @Pa&%e%dbe ftddtfophiit eaﬁea?—a% e used as

f or maki n wth 25

3 ggr%ﬁ P BRSr LB SRRRa i sh; Uty SRey Blstifbyin order
tgoaéﬁ@%5%(§¥yﬁ adﬂl%%%&% n %8&5%&@% tQ% Qfgiﬁféuéyaﬁ% response,

accordin |nven i on,

CHEQ!LHQ?:%Q At §H%{r§ﬂl%c§g%if 1 48ka1l endowment of the

di spersion can al so be use or porcela
dibbﬁtsﬁ\ﬁil?@fe}ﬁy stid i nebdet &Fd@lon C%J@%ssmn of

cl ot hi ng, | eware and the |like as

deterioration of a photocatalyst-containing material caused by
making a composite with a compound that is inert as a photocatalyst,
or the li];e. As the above improvement method, there have been known,
for example, a method for attempting hi'gh activation or endowment
of visible light response by loading a platinum compound, a method
for iinﬁroving antibiosis by loading a silver compound or a copper
compound, a method for Iﬁroviding the dispersibility into an organic
medium by carrying out a surface treatment by an organosilicon
compound for modifying the photocatalysﬁ surface to be
organophilic medium, and a method for making a composite with
hydroxyl apatite.

The photocatalyst liquid dispersion according to the present

invention contains the photocatalyst according to the present
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it is, and can also be used as a raw material of a 5
phot ocat al yst -contai ning material, a photocatal yst
coating conposition and the ligke. [0043] Exanples of
the liquid nediuminclude water, alcohols such as

met hyl al cohol, ethyl alcohol and the Iike, aromatics
; 1 ; : I : {4 A
1P Eonl o e e b B SRR T 18k G The 1iuid

d$468ra880ACEIP A8 s8Nk L1 d EB?pé%%e? 'rp,egl %QP?fiI’m,u%«%qlpaper,

depending on its applications, romthe viewpoln

bellemMyraarepi al , han MPiyn, Wal &fhirsy Mre, IRy 8kl the like as:
used. [0044] 15 As the dispersion stabilizer, an

itonse snafeshadlso pyehisédths agety ndhttddickermag
agent, an acid, a base (chemistry) and the |like can
phetpcapel iyt usedta Ontn@fmdthesta 1] spestsitrasiaabidt 2efasing
may be contained or two or nore kinds thereof may be
ceoptalhédn #sdsted liksurfactant, nore preferably used
are ionic surfactants such as 20 carboxylic acid
sal®943kul fonic acid salts, sulfuric acid ester
salts, phosphoric acid ester salts, alkylamne salts,

QUEXRIFRLRY Ofarfitshilifsal MedanB EREINARE"A ¥R tkcohols’ such as
nEbREEne Faefoh ortihk SrFTioh G ddicddi aTomatics such as
-IELRE2 R 01 0% LIS PLOLEERLELIRS, LU sconace

t 2 ' % 21 t t
ROtk ok b it S e S, Hhst Wis AW T can ve

pf@b@@%%%s@& dagléréﬁ?ﬁ%o&?%gs C%g: Wc@litio%’sﬁv%fptf'ﬁtgrd Sh8%% ewpoint -

nor e an 2 centratio
oSl bhe¢0RoMédea Lo BRbny, water is more preferably used.
f0044]

As the dispersion stabilizer, an ionic surfactant, a wetting
agent, a thickening agent, an acid, a base (chemistry) and the like

can be properly used. One of these dispersion stabilizers may be

‘contained or two or more kinds thereof may be contained. As such

a surfactant, more preferably used are ionic surfactants such as
carboxylic acid salts; sulfonic acid salts, sulfuric acid ester
salts, phosphoric acid ester salts, alkylamine salts, guaternary
ammonium salts and the like from the viewpoint of the
dispersibility.

[0045]

The concentration of the silicon oxide coated photocatalyst

contained in the photocatalyst liquid dispersion is not

particularly limited, but it is preferably not less than 2 weight %
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phot ocat al yst contained in the liquid dispersion is
| onered so that 5 the econom cal efficiency becones
worsened in sonme cases. Wen it is not |ess than 50
wei ght % the dispersibility of the silicon oxide
coated photocatal yst contained in the liquid

b‘]‘_ts%%%y on%ebI?co det r| mg#lgcgé[i’ogq somsE % no()c4(‘1]ess than

d d
SRRADAIoP AP mall %@%%tz RN TR o s
Zd%;éfr.’ﬁﬁ@'@” SLEbLLL 288 Lt 151l Al ot iAot ed

wei ght % but’ not nore than 1, 000 wei % and nore

pﬁb@&@é@@%%’s@%ﬂt%%%e@"ﬁﬂ t%eV\@i@\E'id %l%ﬁgb‘ér%(?bnnpé Q&Jé%@d so that

200 wei g % 15 based on the 'silicon oxide coated
tRBOLOSALRL ¥51 . e BRI dihc ShEWime STOFR- it el gt f4ses. When
di spersion of the silicon oxide coated photocatal yst
ibyid hetdispershon 1 aiilghzes, nﬂl'gi‘ltjlﬁpbrb&bfllﬂﬂtw of the silicon
progressed in sone cases. If it is not |less than 1,000
oxkflghto&dted aphef dext a Vescorponentede xin hiltd nigicauid dispersion
phot ocatal yti ¢ action nmight 20 be-reduced in sone
beaswes wiererherdtedi th dtopersdsws.i s actual ly used.
[0047% At the tinme of dispersion of the photocatal yst
act®?¥Phg to the present invention, a nachine to be
used is not particularly limted, 25 but, a wet

di E%%qun&ﬁnﬁéf@ﬁalﬁél gﬁcﬁh%élépsaﬁlwwﬁak@rlﬂn%ﬁe? coptpdggd in the
d

ofbkbeflRVEE 1 S RS Re AElndery: By Ol, Lipitea, but

tﬂéo{)g{!ﬂ/ é{'{ﬁggnt%ft{]ﬁet&{@ 810(%{ gﬂ & Sﬂeor.n 1§ }erseeferably not

di spersi on nmachrnes S|n

l@ggr@héltlyl %ef@??'ﬂeﬁu{r%op%éf@% Vleldloddjout %t % and more

Furt her nore ore dlsper3| on 1s carrie

'pM@fegébD?"rﬂ:ﬁ: MRGR RBan 2 weight % but not more than 200 weight %

based on the silicon oxide coated photocatalyst. When it is not
more than 1 weright %, dispersion of the silicon oxide coated
photocatalyst by the dispersion stabilizer might not be fully
progressed in some cases. if it is not less than 1,000 weight %,

an effective component exhibiting a photocatalytic action might

~ be reduced in some cases when the liquid dispersion is actually

used.
{0047

At the time of dispersion of the photocatalyst according to the

present invention, a machine to be used is not particularly limited,

but a wet dispersion machine such as a ball mill grindex, a bead
mill grinder, an ultrasonic wave grinder, a high pressure wet

atomizing apparatus and the iike can be properly used. At the time
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coarse grinding may be carried out by using a grinding:
machi ne such 5 as a dry grinding nmachine or the |ike.

[ 0048] The photocatal yst coatigg conposition of the
present invention contains the photocatal yst

according to the present invention, a quuid medi um
_ . h .
Lo gpdsBigh oseggf’g et TP ETRE Uheld sinaly

Eré’%cd:l%ll gzﬁa&‘}’{&@é ‘fb!ag b&'sq}m%s?s?i%e o) 'u%ledg Furthermore,

wal I"'paper, ng nateri curtail n,
bb&bkeVal § @Bglbﬂe:LE' 5§rr9éd%@#§3wlt9ryt£rwé/’@|drlrﬁﬁ%g machine,
i nner wal F a building, or road surface, soundproof

coakke gﬁiﬂdﬂﬁig vl be ARG dd bufiabsRgan G rtike ihigkfachine such
in addition to the 15 aforenentioned articles and the

~ abi kedirp geadylihg msehshater dMeniilssich articles are

used by coating, articles may be directly coated or
may0bé8¢oat ed on one or nore internediate | ayers to be

formed as a coating filmin order to inprove

adBbsi volessa il yrotosett iag bemees 20l OO hExpnpsest ginvention
the |iquid nmediuminclude water, al cohols such as
CRBERYPSaFRehohot eeaial vt slesiordA@a ke Fhkreprasomatingention, a
such as . benzene, toluene, xylene and the |like, esters

L3gBAR d%e%%tﬁy|anéicét%ﬂt%d%ndef%@thp@éat@éty(ﬁﬁegO@’aﬂc%g gomposition

d th De 25 t
Bfpr o5, Ponesneor | Hor et é’rﬂa%teo%s G 5P aReg Product s
sé%ﬂ%hypo%relgi%gnPin@tﬁ%% of t r klng&hldln%ﬂﬁterlal

Fom't e vi ewnoint T o enV|r St ar no

PRk R Lot 8 U S 2 e, e o

agtl i6Aersihl¢oRe EeBlifiding, or road surface, soundproof wall,
tunnel wall, mark, illumination and the like, in addition to the
aforementioned articles and the like in ready to use state. When
such articles are used by coating, articles may be directly coated
or may be coated on one or more intermediate layers torbe formed
as a coating film in order to improve adhesiveness or protect a
base.

- [0049]

Examples of the liguid medium include ﬁéter, alcohols sﬁch as

methyl alcohol, ethyl alcochol and the like, aromatics such as

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

and the like, ketones such as acetone and the like. Depending on
the applications, the liquid mediums can be properly used singly
or in combination of two or more kinds. However, from the viewpoint

of environmental harmony, as a liquid medium, water is preferably
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al koxysi | ane and partial hydrolysates thereof, a-
silicon conmpound 5 such as organoal koxysilane that is
al koxysilane partially substifauted by a hydrocarbon
group, a titanium conpound such as orthotitanate,
titani um peroxide, titanium al koxi de, acetyl
u?%gtonate of titanium sol of titanium oxide and the
I'’ke, and an organic polynmer such as acryl, urethane,
flygpkgiresin and the like. 10 They may be used singly
or in conbination of two or nore kinds. Furthernore,

a pkamk1pelyMehe @Lrﬁ&dhﬁaiuﬁéléﬂﬁroi‘&fallt Qflliég,e SH@LlYLicBgle resin,

two or nore partial structures in a nolecule can also
abeousedlabk ahfgffst it hi/aRbLURsGeRBOIe@F Sid E€QAcon compound
conpound or a fluoric resin is preferable because of

sutd hewodeghadaRbkiytylahs pRati €8l alkodPsihenéipantlanly

- conpound and the silicon conpound are preferable since

stiheteé tarted byt hehydsbracbbongronpa aedf tagi tneatmpotnd such as
‘after coating. Fromthe viewpoint of environnmental
OR&h@ebAyanphepatitenion, papesider et étariiumr@lkekide darcetyl
silica, orthotitapate, titanium peroxide and titanium
aggraeassl ofonsiatiny olseiferytanimmoryite andifdeapdke, and an
20 [0051]. A production nethod of the photocatal yst

OERAPT AP A

Ftﬁﬁtéh@ﬂnio@% di %ﬁ%%é&u@é ,raiaﬂg%%g%g% %‘Iﬁw}%r%?e{he like Having

ere can &l so

tﬁ.gné]rirﬁc%eé]tpa %ﬁnggkﬁcegxr@sti moflglcluqyegaﬁyal?o be used. Of

di spersion-and grinding tréeatnent of carrying ou

tHeSBOr 81 ON AL RPN S! 8PsBY 1 8bRP-orfb BN &f Fluoric resin
m xing a binder 30 'to the above photocatal yst |iquid

idi ppersirapleaBeahgeberused. 1010083 adabaser Pt ethaparticular,
is coated with the photocatal yst coating

the titanium compound and the silicon compound are preferable since

there are little restrictions on a heating treatment after coating.
From the viewpoint of environmental harmony, in particular, more

preferred are colloidal silica, orthotitanate, titanium peroxide

and titanium oxide sol consisting of solely an inorganic substance.

[0051]

A production method of the photocatalyst coating composition

according to the present invention is not particularly limited,

and any method may be good as far as it is a wet treatment method

- exhibiting dispersion or grinding effect. Further, there can also

be used a method of mixing constituent components at a time,
followed by dispersion and grinding treatment or carrying out

dispersion and grinding step by step. A method of mixing a binder

S ACTYildi REeEBaRRe Prisddri resin and the like.
R Bl P00 YA g0 00 5. e
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conposition, followed by drying and/or cal cining,

whereby a 5 conposite consisting of the photocatal yst
according to the present invegtion and the base

material can be fornmed. A material, shape, surface
structure and the i ke of the base material are not
tBaHllngjag{fgy ﬁ&%égga%%m%mff&uiwffs aerbéinodnercar}lad%ﬁ%f be used.
onl'y "an |no?gan|c Su ?ance I'ST USed, si'nce a nmethod™
foqobggfoving the 10 strength of the film by heating

Is preferable, a base material consisting of an

-1 NArgaRk cnstdsl ANCces havd gy hi gh, heat ﬂH%%d@d%%?%ﬁ? ®oating

suitable. As an inorganic substance having high heat

cbRpbsLanes, f@lp@ﬁéﬁms@ﬂy%% MBSy TElAIni kel HGeby a

and the like. 15 EXA 53] The present
compeBsitercdrsinirid besiiabadtobatal gk LetcoMid o the present
reference to Exanpl es. However, the present invention
ingenofonrasd ihet bdstand thesiea Exampbestofugd hehmatesr Baly, shape,
of an uncoated 20 photocatal yst and a phot ocat al yst

' spffacst stichotereoat@dtive t hilee sof i thon egedendtidmals are not

hereinafter referred to as a "photocatal yst." At
PRFESFUlanlevhindtedn oot usathem Dhimsless Magle of only an
.described. (i) Alkali netal content The sodi um .
1EBREBAL CANPHEARER et diStthe HHKER i@ MAEIOT diffedfiPYaying the

5 Ex | es. and arative, Examples to descri bed .
Sﬁéﬁ%ﬂ?ﬂgﬁaﬁﬂ@ £ 0 oow hed Find ﬁ%%%&ﬁ%i% fotoase material
Lally included,, but. it_is elow the . limzt aof .
cBHPELEORL AL Yorl ARGHORG Pdbipet ahe BEVIMG M HRAy Fesistance
: analy Y ASiRg; i ion . y
LS RAE A S0 O G0 SuBRTRY Bliving high heat esistance,
pebpdei gctison yes ct}la@w) ACCOT di DYl M: & SQH WRLaNNQE . be
detected" refers to the case where sodiumis not
contained or its
EXAMPLES
f0053]
The present invention is now illustrated in detail below with
reference to Examples. However, the present invention is not

restricted to these Examples. Furthermore, any of an uncoated

photocatalyst and a photocatalyst of a structure coated with a

silicon oxide film is hereinafter referred to as a “photocatalyst.”

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

(i) Alkali metal contenf

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

below the limit of detection.
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5 content is less than 1 ppm (ii) Silicon content The
sili.con content was quantitatively anal yzed by using
an X-Ray fluorescence spectrojetry (LAB CENTER

XRE- 1700, Shimadzu Corp.). 10 (iii) Specific surface
area The specific surface area was neasured by using a

; %P?ﬁ%gﬁ?umseggﬁ%ﬂ 145 Qg BLES RS Qeé}jglyafo%dedﬁlf;zdbmg an
o RSP B oot POy AEEh Dzt Rode: H bR el - e
1§H3Eeogde§EE£EBﬁswg§T O%PmISthQB teﬁ?&§gﬁn cannot be

anat ase t ) ptlve wat er

dé@b@h%dgbréﬁgﬁéfﬂ&1&&#%a§%§wﬁé§@ @&dﬁﬁgnﬁpthdcontalned or its
specific surface area nmeasuring 1nstrunent: 300 nR/Q)

coasedtsper sedst BRERI 1 bpmYi ve an A solution. 20 To a
beaker were added 100 g of water and 10.7 g of an
aqueoussisotuhi ednoénsodium silicate (Si02 content:
36.1 weight Na20 content: 17.7 weight JI'S K1408
"Waher spl assnNoontiént wad thentiesulteng areigriead masising an
stirred to give a B solution. The A solution -was
XnBiakt dlnedeareBsedepgecbrosatiryr AURB a@ENBER rfREL 1700, Shimadzu
Thereto was 25 added dropwi se the B solution at a rate
Cerr2)m /min, to obtain a mixed solution C. The pH of
t he, m xed solution Cat this tine was 2.3. Wile the
n1§é61§o$8??bﬁl€:ﬁh%fﬁﬁ?nﬁﬁﬁﬁed at 35 degree 32

i grade, it was_continuously stirred, for
Thehe SERESHF ke P EER AT BROE MRS frnpered Thdta g 4 BET method
Le The obtalned te nedlun1mas
Sﬁggggggegégggg éﬁﬁa url?%rlgﬁ r?m??ered under a
regluced, pressure repeatedly four times for washing and
t hen '

To a glass flask were added 200 g of water and 66.9 g of an aqueous
solution of 1IN hydrochloric acid. 24.5 g of titanium dioxide in
the shape of particles (ST-01, Ishihara Sangyo Kaisha, Ltd.,

anatase type, adsorptive water content: 9 weight %, specific

- surface area by BET method specific surface area measuring

instrument: 300 m’/g) was dispersed therein to give an A solution.
To a beaker were added 100 g of water and 10.7 g of an aqueous

solution of sodium silicate (SiO, content: 36.1 weight %, Nay0

content: 17.7 welght %, JIS K1408 “Water glass No. 1”), and the
resulting material was stirred to give a B solution. Th'e A solution
was maintained at 35 degreé centigrade and stirred. Thereto was
added dropwise the B solution at a rate of 2 ml/min, to obtain a
mixed solution C. The pH of the mixed solution C at this time was

2.3. While the mixed solution C was maintained at 35 degree
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5 allowed to stand at roomtenperature for 2 days. The
obt ai ned solid content was pulverized by using a
nortar and then subjected to &, cal cination treatnent
at 600 degree centigrade for 3 hours to obtain a

phot ocat al yst 1. The sodi um content of the

CEH?EQEQ&QbeJ W \é@osntiﬁ7 Cﬁr%léfgg{: Furt h 5 aéztshe Then hifhe mixed

on C

‘sﬁﬁbkfoﬁh@ §Q§CE£i€e§5&f@ﬁ?e?rfarﬁﬁﬁf ﬁééﬁﬂﬁé The obtalned

Accordi ngly, e anount i'con 0 the

f@h@é@@@cﬁﬂ%ﬁ&as%@f&lﬁﬂéﬁﬁﬁ RIEAL %ngangra‘?ﬂi‘ fYBfered under
0.33 ng. [0054] 15 Exanple 2 A photocat al yst was

‘aObtaihned pﬂeﬁgﬁréaﬂ@p@@ﬂ@&lya§oﬁf‘é@ﬁﬁﬁﬂfbr:%aéﬁ& tand then

that the anount of titaniumdioxide was 82.1 g and the

apHopédtthe sahxachis dlodh Banfe ¥aiSu e GorThaasedi UMeCcopt ted solid

of the photocatalyst 2 was 56 ppm the silicon
copherht wawm ol vie mit giitb 2 Qisaindy ttheogpeei Ené shiefavdijected to a
area was 133.8 nR/g. Accordingly, the anount of
cgirivehitnatedatimentt oo pHOt deated yont2i perde Bur fAadwurs to
area 1 n2 thereof was ‘0.18 ng. [0055] ‘Exanple 3 25 A
Obﬁé%ﬁcétEPQEQC%tﬁb§sébialned in the sane manner as in
except that the anmount of_ titanium dioxide

n@sS@ngﬁran%O% RNt pof oFhe el ot Bl st ilovas \idls PPM-
dj tent of the 33 t qcat al yst 3
F@ﬁ%ﬁﬁﬂ@f%@ T SORLERR  let ot B (Rt e e was 6.9

f d
L B S R e 18 B T

Aécéf&iﬁ&fy,agﬁ@'gméﬁ%é'H?*?ﬂlf@%% Qogéeaginto the photocatalyst
1 per é surface area 1 m? thereof was 0.33 mg.
(0054] |

Example 2

A photocatalyst 2 was obtained in the same manner as in Example

1, except that the amount of titanium dioxide was 82.1 g and the

pH of the mixed solution C was 4.0. The sodium content of the

photocatalyst 2 was 56 ppm, the silicon content was 2.4 weight %,-

.and the specific surface area was 133.8 HF/g. Accordingly, the

amount of silicon loaded into the photocataiyst 2 per a surface
area 1 m® thereof was 0.18 mg.

[0055]

Example 3

A photocatalyst 3 was obtained in the same manner as in Example
1, except that the amount of titanium dioxide was 38.9 g and the

PH of the mixed solution C was 2.8. The sodium content of the
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5 [0056] Exanple 4 A photocatalyst 4 was obtained in
the sane manner as in Exanple 1, except that the
amount of titani um di oxi de wagz12.2 g and the pH of
the m xed solution C was 2.5. The sodi um content of
the 10 photocatal yst 4 was 160 ppm the silicon

pHAU &N, 493 @ngﬁbgh%corﬁ% tl'l%oalpg‘&hfcéﬁt%{ W% weight %,

area was anount

S | i t lynsty 42per
o ieRied i S s WAEL S,

~ anAIOCHE & YBicon VBsa Rt aiied e ¢ t%%@%a'l@’@@eg 9@1:' E surface

Exanple 1, except that 70.5 g of P25 (Ni ppon Aerosil
arex ,1 mﬁdthe&emfme@eo_bavhgg aratio of anatase to
rutile of 8:2, purity: 99.5% specific surface area
byl (BEK Jnet hod speci fic surface area neasuring 20
instrunment: 50 nR/g) was used as titani um di oxide, an
-adlxeoysle sol ution of sodiumsilicate was used in the
amount of 6.5 g, and the pH of the m xed solution C
wds PRoG ocTRe lysdi drmasprbeatingt thethgpenecneangstassin Example
mas 34 ppm the silicon content was 1.4 weight % and
1t wEcgpicithat ddper &@@uaﬁeafmhgt@mqmn@l@m%d@ﬁdulﬁ’gﬁy9 and the
E_{5he 2§5§nnunt of silicon | oaded into the hotocatalx
Sirtsft SO AeR™ ' dcher- éof Wé@ godpupgcontent of the

;ﬁkgp58tal ﬁgﬁ%g f@gpﬁﬁp é%g?% 1 on 6@%%t?ﬁ%?fgéggelght %,

.ang:l thheP% e p% Té tﬁ& AYQ /! abldv%hl ?% K%' %h?gl Cazggé?acglengly, the

type, ive water content: §pec
anftfiffft of silicon loaded into the photocatalyst 4 per a surface

area 1 m? thereof was 0.39 mg.

[0057]

Example 5

A photocatalyst 5 was obtained in the same manner as in Example
1, except that 70.5 g of P25 (Nippon Aerosil Co., Ltd., a mixture
having a ratio of anatase to rutile of 8: 2, purity: 99.5%, specific
surface area by BET method spec1f1c surface area measuring
instrument: 50 Hf/g) was used as titanium dioxide, an aqueous
solution of sodium silicate was used in the amount of 6.5 g, and
the pH of the mixed solution ¢ waé 2.6. The sodium content of the
photocatalyst 5 was 34 ppm, the silicon content was 1.4 weight %,
and the specifid surface area was 61.1 n@/g. Accordingly, the
amount of silicon loaded into the photocataiyst.S per a sﬁrface
area 1 m®* thereof was 0.22 mng.

[0058]
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5 by BET nmethod specific surface area neasuring
“instrunment: 137 nR/g) was used as titanium dioxide,

the pH of the m xed solution Gmwas 3.8, and the m xed
“solution C was stirred for 16 hours and aged. The
sodi um content of the photocatal yst 6 was 12 ppm the

Si %g%glec%ntent'mas 2.2 weight % and the specific

sur area was 127.8 10 nR/g. Accordingly, the
anmgu ild ed ] h t | yst 6 _pet
o R Y R
1ExamRle 7 tAaPNOb oG aLal¥Sbely ¥as hNRgod SRR Kaish
nanner%as in Exanplé 15 6,1ggcég?E?ﬁa$g%%$Ok%§% _ 1 Kaisha,
aANEak@Ot§§QYQﬁkﬁﬁgﬂﬁhﬁiM%%eraﬂéhééﬁttﬁﬂ%’sp%@%@ﬁ%tkﬁﬁface area
water content: 110; specific surface area by BET
biyeBDthe t$pChbE €1 1k ISRGEF RfecarERAGH NG igNShEHABAbAL : 137 m®/g)
290 nR/g) was used as titaniumdioxjide, and the pH of

wabeusexeds sol tdn i Gvaside 4. tHheH sadiche aoRtansodhition C was

the photocatal yst 7 was 17 ppm the silicon 20 content -

3wds BnE weeghtxed soiditien Specid istisurckaceral 6ahwass and aged.
207.2 nR/g. Accordingly, the anount of silicon | oaded

Thit soghem omtotacdl o phpspcatslystce vred21ppR, the silicon
thereof was 0,27 ng. [0060] Exanple 8 25 A

CBR&EHEAY AR Y52 @ﬂﬂ«gﬂofgt’aaﬁéd’chﬁ Re e siadfaee agepnwas 127.8

g?anpggc 1,dexce t that the m xed solution C was
Mt 9t r ST U hourdartitoufe Pt THel icsth madsist dmit ofthe

hot t. 8 80 t 5 il
SHBEPRICASGRLSLISL D v, 100 PR 19,98, SILIFRRe 0 16 mg.

aregosyas 246. 2 n2/g. Accordingly, the anpunt of
silicon’| oaded into the photocatalyst 8 per a surface
argaahpt® thereof was 0.23 ng. [0061]

yiy ?hotocatalyst 7 was obtained in the same manner as in Example
6, except that 25.0 g of AMT-100 (Tayca Corporation, anatase type,
adsorptive water content: 11%, specific surface area by BET method
specific surface area measuring instrument: 290 m?/g) was used as

titanium dioxide, and the pH of the mixed solution C was 2.4. The

‘sodium content of the photocatalyst 7 was 17 ppm, the silicon

content was 5.5 weight %, and the specific surface area was 207.2

nF/g. Accordingly, the amount of silicon loaded into the

photocatalyst 7 per a surface area 1 m? thereof was 0.27 mg.

{0060]

Example 8

A photocatalyst 8 was obtained in the same manner as in Example A
1, except that the mixed solution C was stirred for 16 hours and

aged. The sodium content of the photocatalyst 8 was 180 ppm, the
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5 Exanple 9 A photocatal yst 9 was obtained in the sane

‘manner as in Exanple 8, except that the resulting

filter mediumwas re-dispersedsin 500 m of water and
filtered under a reduced pressure repeatedly 7 tines
for washi ng. The sodi um content of the photocatal yst 9

céﬁocégtgﬂ w596555|%g9g¢€gna22t wﬁg% %ﬁﬁéM¥fg“ (ﬁEace area

e speC| i c surface

wé@QQJQ'?QP tﬂ%c%ggg%gl?f Shd éﬁ%ﬁnfoﬁgqgh fgo lggaed.lnto the |

photocatalyst 9 pe ace area ereo
pHoZ8chBal E@0§2$85X§”§ﬁ§f§@e1§r£hpr¥DQQE§E$§tw&g Wﬁ§3 mg.
obtained in the sanme manner as in Exanple 8, except

thavoshe resulting filter medi umwas re-dispersed in

500 m of water and filtered under a reduced pressure
onBxémpkef®r washing. The sodi um content of the .
photocatal yst 10 was 210 ppm the silicon content was :
5. X miedigintattsyl veaid Ot hes speici fried dur fheesameaadBewass in Example
231. 4 n2/ Accordingly, the amount of silicon | oaded

8 e¥rante t%ﬁﬁotb@alteaﬁlylstlrﬂg) fpértex meiwcersar ea-digpersed in 500
{ her eof was 24 [0063] Exanple 11 A

éaﬁb‘{ Be’é%l%}‘sﬁ fiitﬁégddm%médfﬁ@\qu%pgfaﬁ@uhﬁrx@@reaé@dulﬁ 7 times
fEx ng 25 1T except that the resulti solid content

RAs" ﬁ%}%‘ét ed o IOITA FrRETHN OF etah%ﬁ}ot&tcad;@dyst was 120

rade for. 3 ho

e R L
L Y215 A A8 SEE A 5 s
tEEL gggo%$€%f¥%ﬁ'6 éyg%ﬁﬂﬂﬂﬁﬁzé%%J%SE # %héﬁé%f was 0.25 mg.
[0062]
Example 10

A photocatalyst 10 was obtained in the same manner as in Example

8, except that the resulting filter medium was re-dispersed in 500

ml of water and filtered under a reduced pressure one time for
washing. The sodium content of the photocétalyst 10 was 210 ppm,
the silicon content was 5.7 weight %, and the specific surféce area
was 231.4 m?/qg. Accordingly, the amount of silicon loaded into the
photocatalyst 10 per a surface area 1 m® thereof was 0.24 mg.

[0063]

Example 11

A photocatalyst 11 was obtained in the sameznannér‘as in Example
1, except that the resulﬁing solid content was subjected to a
calcination_treatment at 400 degree centigrade for 3 hours. The

sodium content of the photocatalyst 11 was 93 ppm, the silicon
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5 Exanple 12 A photocatal yst 12 was obtained in the
same manner as in Exanple 1, except that the
resulting solid content was suhj ected to a
calcination treatnent at 800 degree centigrade for 3
hours The sodiumcontent of the photocatalyst 12 was

spec:| |wc£sq§r ?algégggggg(/v;%%ﬁ%% ﬁfgcﬁ{ég%l n;%lrég]%as 255.5

mﬁt > anRR-Qhoskl i ¢8R %ﬁégﬁﬁ b%tglﬁﬁﬁonpﬁegegat§h¥§tthe
per a surfacé area 1 n? thereof was 0.46 ng.

| prﬁ@@@@ateaxmllel Red% @m@@aa@égxsﬂ n;léstwa%ee@t ahned. 27 mg..

in the sane manner as in Exanple 1, except that the
repudddng solid content was subjected to a,
calcination treatnent at 900 degree centigrade for 3
hd&xsupIkhel2 sodi um content of the photocatal yst 13 was
96 ppm the silicon content was 6.9 weight and the
srié@hbltocgmﬁﬂa@e B emanvebt208e8 12 hePsgme Awooradi Bgl iy Example
the anount of silicon |oaded into the photocatal yst 13
Lperxeeriurtihite Wreaaswit itereofidesertgd mps Jw066Ited to a
Exanpl e. 14 A photocatal yst 14 was obtained in _the sane

CorieR T it st 280D degrest cenhiorpder &l ¥ ihgprs.  The
s lid content s sub ected to a calcinatjon

W et £ %@%’%ﬂh@%‘hd@ S Phals. Shfe stlicon
hot t .14
T A S A iR Rl e e 150.7

%ﬁ?%ﬁﬁoﬁ%%ﬁo%%%mmm%%w%%f%%%m
psFd A B fa 1o NPt Ner&efri@as e M2 +hQQ8Lk was 0.46 mg.

[0065]

Example 13

A photocatalyst 13 was obtained in the same manner as in Example
1, except that the résulting solid content was subjected to a
calcination treatment at 900 degree centigrade for 3 hours. The-
sodium content of the photocatalyst 13 was 96 ppm, the silicon
content waé 6.9 weight %, and the specific surface area was 108.2
n@/g. Accordingly, the amount of silicon loaded into the

2 thereof was 0.64 mg.

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

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

sodium content of the photocatalyst 14 was 92 ppm, the silicon
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5 Exanple 15 A photocatal yst 15. was obtained in the
sane manner as in Exanple 8, except that an aqueous
solution of 1IN nitric acid wasyused instead of an
aqueous sol ution of i N hydrochloric acid and the pH
of the m xed solution C was 3.2. The sodiun1content of

the 10 ph I 5 0 h

c%ﬁ?em“P WZE Zgata e o ahhe %E"éb%%?f?%r {7 asga vas 553
A I

Sﬁf é.lﬁtor% gﬁbu%ln%fys 1%0T5q8ﬂﬁgdognt? the

otocat a er a sur
p%@@cé—ti‘%é@q@gew %%5@ ar[élaOGLS]m {%e’f-éeﬁ?plugslﬁ é\S mg .
phot ocat al yst 16 was obtalined In the same nanner as In
Expopée) 8, except that 81.7 g of an aqueous sol ution
of INnitric acid was wused instead of 66.9 g of an
agureatisi salti on of i N hydrochloric acid and 13.3 ¢
of an aqueous solution of sodiumsilicate having 20 a
di & fpgroenicacatyesi tbany Sb82iaeat entthe?fatewRdrglidr ¥ in Example
Na20 content: 9.5 weight % JIS K1408 "Water gl ass
8 Noex &Pt widsatusad. adieosodiaimt icontehtldofnitheic acid was used
photocatal yst 16 was 150 ppm the silicon content was
1138*1@@@%tam/@qaﬁ@utsh@oép‘ecom|cef oY hyce oshdarwasaeig.&1d the pH
Accordi ngly, the amount of silicon | oaded into

- 0# h%h%ﬁ&l’é%%t%qﬂ;ﬂﬁlm?S: M Het- % sitiacodiEn qorﬁ'ﬁmt of the

t her eof was 0069] . Conmparative Exanp
Pkr?‘f%ﬁﬁﬂﬁ&mfoﬁd@a?#%fpmv s%h%ér%lgzswgyenkspgws %tg weight %,

oSO VBT SCOTLENL 2 Vol O 0, ORI BHLIREL,, e
- afi&RhL Q{@%Q.L]tjﬁze&{ % ade Il%tcgcﬁ%% éﬁét%Zatgmﬁfs%oﬁ Yy a surface

cont ent hotoc
area 1 m® thereof was 0.32 mng .

[0068]"

Example 16

A.photocatalySt 16 was obtained in the same manner as in Example
8, except that 81.7 g of an aqueous solution of 1N nitric acid was
used instead of 66.9 g of an aqueous solution of 1IN hydroéhloric 
acid and 13.3 g of an aqueous solution of sodium silicate having
a different composition (Si0; content: 29.1 weight %, Na0 content:

9.5 weight %, JIS K1408 “Water glass No. 3”) was used. The sodium

~ content of the photocatalyst 16 was 150 ppm, the silicon content

was 3.4 weight %, and the specific surface area was 210.5 mz/g.
Accordingly, the amount of silicon loaded into the photocatalyst
16 per a surface area 1 m® thereof was 0.16 mg.

[0069]

Comparative Example 1
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5 1,400 ppm and the specific surface area was 214.3
nm2/g. [0070] Conparative Exanple 2 A photocatal yst 18
was obtained in.the same manneg as in Conparative
Exanpl e 1, except that tltanlun1d|OX|de was cal ci ned
10 at 600 degree centigrade instead of 200 degree

rot G 4 aﬁ%é%ﬁf%fa iy b o tﬁ%%}ﬁ vbtd-s
1 |
a %&g véip &%l%te%tysb gtg\,\ﬁ% p ts%: EXCE FhFﬁ ﬁg@rea .

as In aratlve

Z/tedn: fegréégaﬁw'&e Fluat gage nefh oaet reO02 geg&ege to give a

i nstea degree entlgra

pﬁ%@@&it&l & face @56388é1uﬁec@@9é9§Qh@E%%tpﬂgt$@§tglf5t 17 was
n2/g. [0072] Conparative Exanple 4 20 Titanium

1 A @xi Sl (228, t N PPSEc ABT OSdhr e Atsh  whlrity.3 ¥8/8%

speci fic surface area: 50.8 nR/g) was dried in an air
at[@D00egree centigrade to give a photocatal yst 20.

The sodi um content of the photocatalyst 20 could not
beCateract etive TheamgpleciX i ¢ surface area of the

phot ocat al yst 20 was 50.2 nR/g. 25 [0073] Conparative
Exéarphet &t phiot o ch afasstotdtiained obn diledsane taansan@s in
_manner as in 39 Conparative Exanple 4, except that
C?W@%?ﬁ%ﬁf%h%%l@\ds excePredhajgt tshendpgr@boxide was calcined

€@¢grade i nstead of 200 degree centigrade. The
atc,p f@%%%?f%%%tla%%fﬂ%fl%@%o%c%@%%qr% %‘é%t%&ﬁie

ség%£k1c suré&ce area of the photocatalyst 18 was 53.5 m®/g.

[0071]

Comparative Example 3

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

[0072] |

Comparative Example 4

Titanium dioxide (P25, Nippon Aerosil Ce., Ltd., purityg 99.5%,

specific surface area: 50.8 m?/g) was dried in an air at 200 degree

- centigrade to give a photocatalyst 20. The sodium content of the

photocatalyst 20 could not be detected. The specific eurface area
of the photocatalyst 20 was 50.2 m®/g.

[0073]

Comparative Example 5

A photocatalyst 21 was obtained in the same manner as in
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5 Conparative Exanple 6 A photocatal yst 22 was
obtained in the sanme manner as in Conparative Exanple
4, except that titanium dioxidg was calcined at 1,000
degree centigrade instead of 200 degree centi grade.
The specific surface area of the phot ocat al yst 22 was

0 arat npl.e 7 Titanium .
Q§%9%r&§q(5cgiéapz%.%an SRR e g0 Re caleined
%%ga&%% pLEAL ; né%aépe%' g §%§£8&ec&€f‘glbéfde. The
Speci |c Str ra8&=are! Su .
I Lq) r a 2
g%éﬁéé%igkfféﬁédggsg ¥aTnd LA 10100001 R 2007 n/.
sodig@rygont ent of the photocatal yst 23 was 28 ppm and
the specific surface area was 136.3 n2/g. [0076]
CotpabatbyevEXarRhg18 €0 Ti t ani um di oxi de ( AMT- 100,
Tayca Corporation, adsorptive water content: 11%
specihbtosuthagetapeawvhy BETafmENOUnSPRE Shfe SHEfBEL as in
area neasuring instrument: 290 nR/g) was dried in an
Campaaiati®e Edegpee ¢tendixgemideciar giiverd yphdtiogatial yss calcined
24. The sodium content of the photocatal yst 24 was 46
a&pﬂn’ 88 deerepevintigmuld dostardaot 250 hake R 2engigrade. The
077 Conparative Exanple 9 40 |In accordance with
éﬁﬁhéssuﬁfééﬁaﬁé§é Pat 6he pPhPtocepealNet a©8Wa26b7iwn/g
ST 01 Ishlhara Sangyo Kai sha, Ltd., adsorptive water
conf@del o MEIght % specific surface area: 300 n2/Q)

g sed S tani gloxide to obtain a
PBRZCATSE BESTRAG Lo um cont ent

Titanium ledee (PC~102, Titan Kngo Kabushiki Kaisha,
adsorptive water content: 5%, specific surface area by BET method'
specific sﬁrface area measuring instrument: 137 m’/g) was dried in
an air at 200 degree centigrade to give a photocatalyst 23. The

sodium content of the photocatalyst 23 was 28 ppm and the speéific

~ surface area was 136.3 m?/g.

[0076]

Comparative Example 8

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

[0077]

Comparative Example 9
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andd

- photocatalyst 26 per a surface area 1 m

5 of the photocatalyst 25 was 1,200 ppm the silicon
content was 5.8 weight % and the specific surface
area was 187.3 nR/g. Accordinghy, the anmount of
silicon | oaded into the photocatal yst 25 per a surface
area 1 n2 thereof was 0.31 ng. [0078] 10 Conparative

Patent Lal d_;l opem}pwez%d% E%%S%R,P\éggane%%g ppen No.

16075244707, @@’r—btly 1% 9% gﬁﬁgi‘édﬁéls%&é E.ﬁﬁeba%oesaorptlve water

50.8 n2/ g) was used as tit

caiodocatBhesigh206s, TEe8 P8l 4N oL &Nty Qf; it I@@O m? / was used as
phot ocat al yst 15 26 coul d not be detected. nvan

titeenisin idiox icent erdbiefid Rephohotoeal pbiy sty 26TH\@530%1%m content
wei ght % and the specific surface area was 38

ofithg. pActocdtagyyt 2heraantynt 0obps, |tlh<é081ILQaGﬁde>r[ﬁéht was 5.8
t he phot ocat al yst 26 per a surface area 1 nR thereof

Wered 1D 356200 the] H099) £ 20 sCafparat fve wesal®T 3 i /¢ 0 Accordingly,
accordance with Exanpl es as described in Japanese
lpa?@ﬁtthCaﬁ gidpeanNeadmbinte18e2phohecebabppst t2150per a surface
ratio hltanlumto silicon was to be 85:15 (Ti:Si)

hSTERSt Bedt 8k ¥4t g7, The sodi um content of

t(l;te)on’%c]t ocat al yst 27 was 22. ppm the silicon 25
t was 2. vve| ght % and the specific surface

Accordi ngly, the amount of
tJl@%% %tljr phot ocat al yst 27 per a

f h 0080
M g et Wil v
19ubioemiad t @28 GaiGhRat 'A%%ots&%atcgem ﬁt?t 60Q ?Fggsa.sﬁ,

centi grade for 3 hours to obtain o(:a
specific surface area: 50.8 m /g) was used as tltanium dioxide to

obtain a photocatalyst 26. The sodium content of the photocatalyst

26 could not be detected. Meanwhile, the silicon content of the -

photocatalyst 26 was 2.2 weight %, and the specific surface area
was 38.7 m?/g. -Accordingly, the amount of silicon loaded into the
* thereof was 0.56 oG .

[0079]

Comparative Example 11

In accordance with Examples as described in Japanese Patent
Laid-open No. 2004-161592, the composition ratio of titanium to
silicon was to be 85:15 (Ti:Si) to obtain a photocatalyst 27. The
sodium content of the photocatalyst 27 was 22 ppm, the silicon
content was 2.9 weight %, and the specific surface area was 164.9

2 :
m°/g. Accordingly, the amount of silicon loaded into the

photocatalyst 27 per a surface area 1 m? thereof was 0.17 mg.
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5 The sodi um content of the photocatalyst 28 was 25

ppm the silicon content was 3.0 weight % and the

specific surface area was 76.(%1 n2/ g. Accordingly, the

amount of silicon |oaded into the photocatal yst 28

per a surface area 1 n2 thereof was 0.39 ng. [0081]

10 Conparative Exanple 13 To a glass flask were added

25@088 } water and 0.05 g of an aqueous solution of

0. IN sodi um hydroxide. 24.5 g of titanium di oxide _

(SéQ@H?I?EﬁY% ALVt Kai sha, Ltd., adsorptive water

content,: . 9 ight_ %., specific surface area: 300 nP/

et i St e B s ee e Rosh) ChT ORI % Preatnent

€ r 4

B R, PO St st L bR arES it 8 BlagfBeatatyst 28.

: ' 9 e b % K1l 14

e R By e AT g iy PR G2 siticon
cohtEReOws 9 Bl Y8y FhiSOl UlHdRN theTBBeBi $9LULLORaWBSarea was 76.0

mai nt ai ned at 35 degree centigrade and stirred. 20
mTher etm-awsd iadfied diepwngfirithe B s5alivdnon caldedl rHafte ahe

2 mM/mn. to obtain a m xed solution C. The pH of the
phokedatal yst oh8 Goat atbisfiteramas IS thWrdos tas 0.39 mg.

m xed solution C was mai ntai ned at 35 degree

cenfPgrhde, it was continuously stirred for 3 days.

Then, the m xed solution C was filtered under a

r edoepdrprbve Ukxanghe % obtained filter medi um was

re-di spersed in 500 nl of water and  filtered under a

r edocdedl predd@sk vepeadfid 2pB of ivide s apdithdhi AL an aqueous

Al LoneP a3 Gbrailhin BonreeLant orts vhes pif vt 2 ByAioxide
B el rahE R e S50 HBsY Bo<RBALT or K 1 GFIoG Rotie Yarer content:
oSLelf 3, U0 ess1el V54125 IO, SR AOTLGN) cBboEBes enecesn
t¥Wagivedan A solution. To a beaker were added 100 g of water and
10.7 g of an aqueous solution of sodium silicate (8i0; content: 36.1

weight %, NaO content: 17.7 weight %, JIS K1408 “Water glass No.

1”), and the resulting material was stirred to give a B solution.

The A solution was maintained at 35 degree centigrade and stirred.

Thereto was added dropwise the B solution at a rate of 2 ml/min.
to obtain a mixed solution C. The pH of the mixed solution C at
this time was 11.5. While the mixed solution C was maintained at
35 degree centigrade, it was continuously stirred for 3 days. Then,
the mixed solution C was filtered under a reduced pressure. The
obtained filter medium was re-dispersed in 500 ml of water an_d
filtered under a reduced pressure repeatedly four times for washing

and then allowed to stand at room temperature for 2 days. The
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5 weight % and the specific surface area was 126.1
nm2/ g. Accordingly, the anount of silicon |oaded into
t he photocatal yst 29 per a suphace -area 1 n2 thereof
was 0.27 ng. [0082] Conparative Exanple 14 10 To a
gl ass flask was introduced 100 g of water. 10.0 g of

obhkenkam e g5 (R, 5 WARERARE0RlL O Kiflyor anc chen

pur i Speci ce“area
s8RgeLtLg SYIf 268 ANSR | BRASHL Lnstr or2d- Sent ;

nQ?g)_ was di sper ged tIl1er 2?%%%}9%?%\/e%sgag%ﬁeggpﬁ?go%ntlﬂwmde for
3aHUEPYSE S Aitd BN epfph%lﬂo%%@'ali?‘slﬂygggx' fhcVasqfdtedbntent of the
‘dropwi se 15 thereto so that the pH was adjusted to
phOtbcathivecthe wesuld | o@n o utdn yes; hgatedddhtt Qas 3.4

75 degree centigrade of the liquid tenperature and
wehght & neddathe/Spdegree Gefddy adea wds 826 . 0fm . Accordingly,
aqueous solution of sodiumsilicate (Si02 content: .

~ the amoweitghf 241iddalDosdad dmnito Shé piwritgliia t%] vt K4@8 surface

"Wt er glass No. 3") was added 20 thereto and stirred

arpaglve” £ rssifutiaon. 0.\ ng.t he B sol ution was heat ed

up to 90 degree centigrade and nai ntai ned at 90 degree
ceht?®#hde, an aqueous sol ution of iN sulfuric acid
mqs added . dropwi se thereto at a rate of 2 m/mn. to
gi Ve STt h PR t4f the dropwi se addition of the
aguequs, solution of sulfuric acid, 25 the pH he . .
A ot ket s RBhr o heed il Yovrbahr Lat 8ot titaniun
0 d.:he final pH,of the C.solution b 5. s
B 20 e, BRreREn s it i M B 90 D% speci fic
ol ; i S ir r:
sdeBice SE0L 0 ay Aoy ARc GO LINMALY ST 180 g
ihtE@nas unders ﬁz}g%d%%%ddféﬁéJ?é’éc?thE?%i%bEé“dgﬁ% Bh!A €b1ution.

medi um was re-dispersed in 250 m of water 7
A hges@es WWSIBEL Borf eSICAH sdiRSS WRIYEBeR! elly oMY dropwise

times for washing, and then dried at 120

thereto so that the pH was adjusted to 10.5. While the resulting
solution was heéted up to 75 degree cenfigrade 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 %,
Na;O content: 9.5 weight %, JIS Kl408 “Water glass No. 3”) was added
thereto and sti;red to give a B solution. While the B solution
was heated up to 90 degree centigrade and maintained at 90 degree
centigrade, an aqueous solution of 1IN sulfuric acid was added
dropwise ﬁhereto at a rate of 2 ml/min. to give a C solution. .With
the dropwise addition of the aqueous solution of sulfuric acid,
the pH of the mixed solution was slowly decreésed to lower value

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

the C solution was maintained at 90 degree centigrade, it was
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5 degree centigrade for 3 hours. The obtained solid -

content was pulverized by using a nortar and then

subjected to a calcination treatnment at 600 degree

centigrade for 3 hours to obtain a photocatal yst 30.

The sodi um content of the photocatal yst 30 was 2,500
the silicon content. was 13,0 wei ght %

Cglg‘[epwlf‘%ﬂm sddes £ h Ne nd t I%% C solution
FrECel oF dahARs BY 29REF g NoALe o it A,
Wi T SLAPSEE SR UERPEREFISE - v P05g nga Pitter mediun

w%\ggﬁ%lrﬁjg%%%%%%ﬁl aﬁizé%o%%?L%?%%F%gagg? ?%?%g%? u\%@éf( a reduced

oA Pty AR RIS gL e s o 12

adsorp conten I gl peci
dﬁg{“é@‘:@eﬁff r DYe BEJr Met0d, Speotiid CopSAHAAE A RA content was

asuring 1hstrunent: 300 nk/g) was dispersed therein

| p&?v@j:i!@eérbg SO iPhortarasbeakaenwensjadded 438 g eflcination

water and 20 5.6 g of an aqueous sol ution of sodi um
tsbht@ahe 45 080 COBGENd | caPt dgraed ghdér 98 MNa2fs comtetain a
9.5 weight % JI'S K1408 "Water glass No. 3"), and the
phesutatalysat 80 alTheasodiimredntenyio® theBphokotabalyst 30 was
Then, the A solution was nmaintai ned at 35 degree o
2¢B00impradehand ilstbnreshtditeneto Iaé wetledt dr.opwdsehe specific
the B solution at a rate of 256 2 m/mn. At this tine

‘sanfageeeueassrat fbnt o' /IN nikadar ddial wad heagiegnt of silicon

dropwi se thereto in an appropriate anmount_ such tha& 2 th £
lepadegHingd the PRXEFEd Witton Wded oM i858 arfhe ply -NEEC0

of hg m xed solution 44 was 7.0 when the dropw se
“3ddi't PBn™8f the B sol ution was conpleted. Then, while

thﬁ 'Eid sol ution was mai ntai ned at 35 degree
ce 9&% de, it was continuously stirred for 16 hours

angoﬂgggatmét Example 15

To a glass flask was introduced 100 g of water. 4.2 g of titanium
dioxide (ST-01, Ishihara Sangyo Kaisha, Ltd;, adsorptive water
content: 9 weight %, specific surface area by BET method specific
surface area measuring instrument: 300 m?/g) was dispersed therein
to give an A solution. To a beaker were added 43 g of water and
5.6 g of an agueous solution of sodium silicate _(SiOz content: 29.1
weight %, Na,0 content: 9.5 weight %, JIS K1408 “Water glass No.
3”), and the resulting material was stirred to give a B solution.
Then, the A solution was maintained at 35 degree centigrade and
stirred. Thereto was added dropwise the B solution at a rate of
2 ml/min. At this time, an agueous solution of 1IN nitric acid was
added dropwise thereto in an appropriate amount such that the pH

of the mixed solution was from 6 to 8. The pH of the mixed solution
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the m xed solution was filtered under a reduced
pressure. The 5 obtained filter nmediumwas -

re-di spersed in 250 m of watgy and filtered under a
reduced pressure repeatedly four tinmes for washing,
and then dried at 120 degree centigrade for 3 hourS'

wggei qp%ﬂ%geﬂh %1‘%' gilggné%ﬁ]iifl\{\&% o%ui:xgré %_dl.u? Qg c%mpleted

nort ar en s b ect 0O a cCal ClI na 1 on

'I‘l%n609hijf I e Cd%‘f&ié r&jjﬁ;ﬂcﬂ{n ?iua{p%acim%’laQtheQi %kwl.t 633'5” d%gree

phof ocatal yst 31.” The sodium cont ent

c@ﬁ@i?ﬁé&é" Y&t wd RS 1 AuS0R 1P i £Res Fol LORLRBILM aged. Next,
2.0 weight % and the specific surface area was

tRE8nBx 68/ go1 ELGH G| 41 td A arpEK éﬁréaddéHMpﬂeyaayé The
into the photocatal yst 31 per a surface area n2

obheired fbBBtér ddedipm Mg 0084]1 sdeorngeat aitr \260E>ﬁam¢lfe whEer and
A photocatal yst 32 was obtained in the sane manner as

fi ht Exadpinglerl$ reshiocept ptdasutbegpdadgfedilyefonixedmes for washlng,
solution C was 2.6, the mxed solution C was

apduihen idra@dnpt hl Amdsniceenatat ibehdeefox Invaouze. The obtained
filtered under a reduced pressure for adjusting the pH

S%lfé WA VEfePHO¥RFEFAY RYlUinD Rt BAE taEs2RY i @éllb:lected

calcination treatnent at 1,000 degree centjgrade

t‘? N3t ES1C b 0" degfd@eeritt gﬁ%@egﬁ?@ SERUHATEON i 3 hours

f h 3 0 h
e o B Vs & TR P oy md e SPEOT [PGFaeE 8
th t of I
p?%ﬁ%g%@é%fg@ ?ﬁ ﬁ%éfocé? st1§§ESeﬁEg%%hroaczlaLé%'112'0
w@ggltl@ e9f qvas. )g(égz E?ﬁtl = adas »&%ﬁ%ga 'rﬁﬁgg Accordingly,

1€ 17 A'm was prepared and

- tK8 %trrldﬂi#ﬁu§f ¥% i8tildgnetod @£ d 3 ntdaySe ighdc@ 238 HBPDYe 38 surface

in Exanple 1, except that titanium
area 1 m? thereof was 0.47 mg.

[0084]
Comparative Example 16
A photocatalyst 32 was obtained in the same manner as in Example

16, except that -the pH of the mixed solution C was 2.6, the mixed

solution C was neutralized with ammonia water before it was

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

the resulting solid content was subjected to a calcination

treatment at 1,000 degree centigrade instead of 600 degree

centigrade. The sodium content of the photocatalyst 32 was 1,900

ppm, the silicon content was 6.5 weight %, and the specific surface

area was 2.6 m*/g. Accordingly, the amount of silicon loaded into
the photocatalyst 32 per a surface area 1 m® thereof was 24.7 mg.

[0085]
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di oxi de. was not used. As a result, the nmixed sol ution
C was 5 colorless and transparent, and subjected to
suction filtration- using a mggbrane filter and as a
result, the solid content was not obtained at al
[0086] <Eval uation of Photocatalysts 1 to 32 in

(R ERacite g LPIRr S LZGPEE? ohear adat iooﬁ6>
A
ot ol solhE PHOLOREY %ﬁy‘% ta%f‘gcag?éngaﬁgixdsefd%ed for 3
d@ﬁihlﬁntﬁﬁqﬁﬁﬂ§Iﬂ§ﬂﬁaieﬂ§ %ﬁ{ |Ut|o ﬁégﬁ?’ ah €l tanium |

resulting solution was irra |a e

d ot ddhewgoneentiadd on 0f Jretdwylene &y ?nfﬁ%dt I%%lutlon C -was

'solution was quantitatively anal'yzed by spectronmetry,

cavher biyys tdred ﬁﬁﬂﬁéﬁﬁﬁﬁﬁﬂkﬂdﬂﬁ1éﬂHjé@ﬂéﬁ‘Mﬁ5§d§¥f%% flﬁ%ratlon

test operation nethod in detail s as foll
u2ng Pr mpabathent bi t Ehotrot atsabysd s\ Suspens §81165c<9n’@ént was not
an aqueous net hyl ene bl ue sol ution having a
olfonigeef raft iao. - of 40 x 10-6 nol /L was wei ghed and
introduced into a 100-cc polyethylene jar with a
'R$QQ§5(reg|stered trademark) stir bar previously
r%gﬁgsd therei nside. Then, the resulting material was

‘Fﬁﬂ‘%&cﬂ%lﬁﬁﬁ9qﬁiﬂiﬁﬁt§ gt iter 82 andExBmpgesf 1 to 16,

ARG EI BT & ¥ nitdutes and then conti nuousty

R oy A A S

(PRl pRLRBEY+A9$RERE i on, TY£at el %%%ples 1 to 16 and Comparative
Examples 1 to 16 were suspended in each an agueous methylene blue
solution. Thereafterf the resulting solution was irradiated with
light and the concentration of methylene blue in the solution was
quantitatively analyzed by spectrometry, whereby the
photodegradation activity was tested. The test operation method
in detail is as follows.

[0087] |

(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
poelyethylene jar with a Teflon (registered tfademark) stir bar
previously arranged thereinside. Then, the resulting material was
stirred by using a.magnetic'stirrer and 10 mg of the photocatalyst
was added thereto. The material was violently stirred for 5 minutes

and then continuously stirred by adjusting the stirring strength
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For 60 m nutes, starting froma nonment when the
addition of 5 photocatal yst was finished, stirring
was continued w t hout |rrad|%t|on with Ilght After
60 m nutes passed, 3.0 cc of t'Re suspensi on was
coIIected to give a sanple before irradiation wth
ht. [0089] 10 (Photodegradation Treatnment) 3.5 cc
SBF t HBAE UEPRNEP LT 5OB] s el of 1aven mned | TR mIied-
gﬁ@gélon treatment was sel ected and introduced to a
Lt andard spectroscopic cell (Tosoh Quartz Co.
out er 45 mm optica

5
pa{fﬁrwﬂh da 5y 'Z&a%m%%%%zw gth: 10 nm 15
Vo%gge604m§h8€%smn%tagtTefl re%ﬁﬁéﬁgﬁ%ﬁ qﬁ%@éﬁhltlon of
e and

bar ~previols arTan Herernsid
t t
S Vi e e et

1@%5@EQ@Loﬂt{r§E‘§V§£§§td' rﬁ@&épns@fmfmésoeﬁagmom Q cc of the
for 5 mnuteS. Irradiation wth Iight was

| sﬁ.)@?éh@ﬂoﬂtﬁaﬁ)bdl&é&e%pt@ %i@@ta $OWpae BBPakat Usradiation with

U 151XQ (Ushio Inc a xenon short-arc

1ignp) as a light source in a quartz filter vesse

filled with pure water. The irradi ated |ight

infensety was 5.0 nWcn2 wusing an ultraviol et

intensity meter, UVD-365 PD (Ushio Inc., test
vavehehgdagr3ést hog . Téaementr adi ati on, the suspension

in_the 25 spectroscopic cell was col l ected to give a

sabpP €apf dihg FRARFAFLOA Sukiiariadyhe thepge] imynary adsorption

% Quantitative Anal ysis of Mthylene Blue) An
t ?ﬁtla?%twesm%%cg%%@% %%r%%feﬁepcbefoov@twaar%n%fr%rd

sfggﬁ%?ésgéégégcse&jﬁgI]_‘Bgfabrggualrtl'zt gb’.,% &A Cou er glze 12.5 x12.5
x 45 mm, optical path width: 10 nmm, optical path length: 10 mm,

volume: 4.5 cc) with a Teflon (regisﬁered trademark) stir bar

‘previously arranged thereinside and the resulting material was

stirred using a magnetic stirrer. Then, it was irradiated with
light from external/transverse direction of the_spectroscopic::ell
for 5 minutes. Irradiation with light was carried out by using
a light source apparatus, SX-UI151XQ (Ushio Inc., 150 W, a xenon
short-arc lamp) as a light source in a quartz filter vessel filled

with pure water. The irradiated light intensity was 5.0 mW/cm2

“using an ultraviolet intensity meter, UVD-365 PD (Ushio Inc., test

wavelength: 365 nm). lAfter irradiation, the suspension in the
spectroscopic cell was collected to give a sample after irradiation
with light.

{0090]
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and after irradiation with |ight were respectively
introduced 5 thereto for renoving the photocatal yst by
extrusion using a piston. At,that time, the first
hal f amount of the filtrate was discarded, while the
rest half anmount of the filtrate was collected in a

sem -m cro t.§e di spocel |l (nmd f pol.ystyrene,
op%l&%f?tb%al‘# i R Fr- Y S-Sy 8'&’9?@ S5athrY%ngt h: 10 nm
5 1.5 10 | ysi f visible light, .
T S BRSPS 1 1A VA BAGENPEEP B A glrane Fiites
b , o ¢ ] a
R B 5T gt LU S PR S ARG oms pefore

afgt f{gfeiﬁpé&fatﬁgﬁ &i%“(¥%§Héuﬁgfé”}é%§éd€ﬂﬁél Sntroduced

eval uated by a ratio of the ~ 15 concentration o

tH@E@ib@ﬂﬁ:PEMSV@ﬁ&QﬂM!?ﬁ@Qb@&&Q MRy LkgRhsioh usheg a piston.

concentration of frethyl ene blue before irradiation

Awidtat itdite, thbefiesowall fr ahesnefofmeiRykenerbtuevas discarded,
phot odegradati on activity were shown in Table 1.

wkill & hehaorest t hel Adsesyptt onf ridtee st ioft ramwt wdseneilleggeed in a
were cal cul ated fromthe concentrati on of nethyl ene 20

sghiembefor eyperatbpecehl winddd i ghtpaly stherdresi opdficeRepath
concentration of introduced nethyl ene bl ue .

wigbhtehtrat i optbEal npatly| kst uet betor erqlime: 1.5 cc) for
phot ocat al yst was added) and also illustrated jn

arabyeiq . of gooaibleslyght .peflBpR nAhe oRPoP IR ehit & gpvelength

Po6r es derived fromSilicon Oxide Film bg Measur enent
obt B

PHPR &GS BEHSIEHRY ISP INE tHoder dSorpeFbRometer (UV=2500,

| sot f phot talysts, 1 tqg 17, 20, 23 48 taq 26
SO 98" GO I n P heC HLSHIBLITh D EFCIMTAL 1an ity TethyLene
phjLrogen (77K) were neasured by using AUTOSORB (a

product of Quantachrone Co., Ltd.).

- The photodegradation activity was evaluated by a ratio of the’

concentration of methylene blue after irradiation with light to

the concentration of methylene blue before irradiation with light.

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

[0091] |

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

Nitrogen adsorption isotherms of photocatalysts 1 to 17, 20, 23
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15

As, pre-treatnent of each photocatal yst, vacuum
degassing was 5 carried out at 100 degree centi grade.
‘Next, measurement results of gach photocatal yst were
interpreted by the BET nethod and log differentia

por e volune di stribution curves were obtained. Then,

i ste res erlved fragmsilicon oxide fi,lns
topéét ot tg? |[s)*%llftlot 55, efs)r%onzgr%e@ @er llquld Hitrogen

d. 10 S i f f
%ﬁ%f&%@ﬁ%&@ R ctF oaa 7 O30 oD LA T B Byeggachrome

C \% terlal and a photocat al yst prepared by usi ng
c%He orenentloned phot ocat al yst as a base (base

C@xtsaéy reaaj% e%%a %d.e‘é('ctnh ﬁo%'olc'a“tg'igg{' d@at:h‘(.]e“ Vé‘éSSlng was

conpadar or eterm ni ng Xl stence bor es

Cefqulr@ci Qﬁlts' tl §08 Qéhggefééﬁ%lg} add, tl}fe;(@”%a%ﬁ;r%%eh@ results
0 Angstrons of thé photocata ysts 1to 16, 25,

of_arasiacae ghot3tatedivateReec0i npergectleai wpdHd antt ﬁ%thod and log
silicon oxide f|In1mas shown 1n Table 1. 3 49 [0092]

- dilfTadten tlia Apuny vefl ubid idien riBaetion silrivesn wAreusbtafined.

Sodi um Adsor pti on Renoval oxide introduced | oaded

cliteant eRaitss cRatee dff @m&e@aﬁakyyﬁdsfkpmoalﬂmcbheobage Zilms in

(ppn) (R (8) derived (ng/ne) (nmg/m) pore Exanple 1
phiothoat 0L BEB7L 40 & 66.25,N8 6,Exdnice 32 wegeodegeraingd.

6.6 51.9 No Exanple 3 3 0.15 0.24 85 21.2 52,5 No
S@@rﬂ@@% doggdpt Berewpial ppup vplNge distribution curves of

a photocatalyst used as a raw material and a photocatalyst prepared
by using the aforementioned photocatalyst as a base (base catalyst)
and coated with a silicon oxide film were compared for determining
existence of pores derived form the silicon oxide film.

In the range of 20 to 500 Angstroms of the photocatalysts 1 to

le, 25, 26 and 29 to 32, existence of pores derived from the silicon

'oxide film was shown in Table 1.




Exanple 5 5 0.29 0.22 34 8.8 69.2 No Exanple 6 6 0. 20
0.18 12 9.3 56.1 No Exanple 7 7 0.28 0.27 17 30.7
54.5 No Exanple 8 8 0.24 0.23 100 43.2 57.9 No

anple 9 9 0.24 0.25 120 40.6 53.8 No Exanple 10 10
0.24 0.24 210 44.9 51.9 No Exanple 11 11 0.24 0.27 93
31.7 51.0 No Exanple 12 12 0.24 0.46 98 45.0 54.1 No
Exanmpl e 13 13 0.24 0.64 96 35.0 48.0 No Exanple 14 14
o'%ﬁoé 25 92 16.4 43.2 No Exanple 15 15 0.24 0.32 480

39No Example 16 16 024 0.16 150 29.5 55.9 Mo

Cormggoqgl ‘if - 0.00 1400 0.5 11.8 - Exanple 1
oW aYa) nn ’) ’3 1E Q v anml 2
LUdeldllvc 18 Mﬁmw$f¢ oI apr-E— Silicon |
Conpar at|fi P\égto-lg FsificBd 14 qaeougt g Zsodium EX aﬂiﬁ&»rﬁtlgn Removal oxide
Conpar at|i 42120 -lg(‘)g;g’{g@%cts;ﬁ ii 45<;°@:;mt Exzpl-e 4 f(*ate Cfill{n- 5
) m erive |
det ect ed Conpar pia, M8 21 |-m@=00 nBFV 1.2 #6.0 Exdible 3 por |
Egpaplecit ed 1Conpar gt.eye 22 -0 8. 00 ot IT7I[A.8 - EXaApl € g o
e8¢t ed Lonparpi-fye 23 |9-8. 00 |28 0.0 B5:6 - f |Ekdnpl g
ZEG 21.2 52. No
z%mﬁ@mparaatlve 240’15 0. 00 |46350. 0 6153 Exatpl e 8467 Yo
Example 5 5 0.29 0.22 8.8 69.2 No
Example 6 6 0.20 0.18 12 9.3 56.1 No |
Example 7 7 0.28 0.27 17 30.7 54.5 No §
Example 8 8 0.24 0.23 180 43.2 57.9 No §
Example 9 9 G6.24 0.25 120 40.6 53.8 No §
Example 10 10 0.24 0.24 210 44.9 51.9 No j
Eszample 11 11 0.24 0.27 93 31.7 51.0 No
Example 12 12 0.24 0.46 o8 45.0 54.1 HNo
Example 13 13 0.24 0.64 96 35.0 48.0 No
Example 14 14 0.24 1.25 92 16.4 43.2 No
Example 15 15 0.24 0.32 480 3%.4 59.5 No
Example 16 16 0.24 0.16 150 28.5 55.9 No
Comparative 17 - 0.00 14900 0.5 11.8 -
Example 1
Comparative 18 - 0.00 1400 2.3 15.9 -
Example 2 :
Comparative 19 - 0.00 1400 3.3 2.1 -
Example 3
Comparative 20 - 0.00 not 0.5 45.0 -
Example 4 detected
Comparative 21 - G.00 not 1.2 46.0 -
Example 5 detected
Comparative 22 - .0.00 not 1.1 4.8 -
Example 6 detected
Comparative 23 - ' 0.00 28 0.0 5.0 -
Example 7 : '
Comparative 24 - 0.00 46 G.C 6.3 -
Example 8
Comparative 25 - 0.31 1200 57.8 31.0 No
Example 9 )
Comparative 26 - 0.56 not 17.5 31.5 No
Example 10 detected
Comparative 27 - 0.17 22 . 3.8 11.1 -
Example 11 .
Comparative 28 - 0.39 25 7 30.3 -
Exarmple 12 .
Comparative 29 0.24 8.27 14000C 47.1 36.2 Yes
Example 13
Comparative 30 3.99 1.90 2500 11.0 22.90 Yes
Example 14
Comparative 31 0.59 0.47 5900 56.8 38.7 Yes
Example 15 )
Comparative | 32 0.24 24.7 1900 1.8 4.3 No
Example 16 ’

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

{carbon dioxide particles) in use.
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Conparative 25 - 0.31 1200 57.8 31.0 No Exanple 9
Conparative 26 - 0.56 not 17.5 31.5 No Exanple 10

detected Conparative 27 - 0.17522 3.8 11.1 - Exanple

11 Conparative 28 - 0.39 25 7 30.3 Exanple 12

Conparative 29 0.24 0.27 14000 47.1 36.2 Yes Exanple

13 (Gewparati ve 30 3.99 1.90 2500 11.0 22.0 Yes

Exanpl e 14 Conparative 31 0.59 0.47 5900 56.8 38.7 Yes
EX@EEEQ ﬂﬁquﬂgﬁgﬁL%Y§?§§¥?tg%ﬁ&§r%]_ Ogi%férén_ggpporevolume

Exanpl e 16 Ircon Tntroduced to 't

disseibuRdbgatasva \al 4e19Bt akped By 45 H5¥EP599 %Q? having a
wei ght (ng) of silicon atom containe Fn sifica an
sagieonsox i Utillanaall $Ad AN $irk-eat €211 fbMS§oYinkN&ist ribution
whol e surface area (n2) of the base (carbon dioxide

Cparei ¢hedjtied Usime)50f hOPRStofaESLydt (ArHomt Bhving a silicon
illustrate each a log differential pore vol une
ogi-der Lhimi oprcaspenfangokbdal basy of ahphohotatat ybyst .
,having a silicon oxide filmand a log differentia

poF BriBetmerd: sFEgbut 200Ab tar (@) (altettestd ewdh of kog

tocatal yst without having a silicon oxide film
R {

PEEPbMAT nGOES Hobuwe eisthébphbeocansyysfa solid line) of a

' pﬁg£the£g?§§t ﬁggfth‘(ﬁg to (C) illustrate each a lo

oca a silicon oxide film and a log differential
pore volume distribution curve (a dotted line) of a photocatalyst
without having a silicon oxide film corresponding to a base of the
photocatalyst. |
. [0094]

(3. Evaluation of Photodegradation Activity of Acetaldehyde)

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

[0095] -

(Preparation of Photocatalyst Sample Plates)

5.0 g of the photocatalyst 1 was introduced ﬁo a 100-ml

polyethylene jar. Thereinto were added 50.0 g of a glass bead

having a diameter of 1 mm, 44.0 g of ethanol, 0.5 g of 1IN

hydrochloric acid and 0.5 g of a surfactant (Triton X-100, a

registered trademark owned by Union Carbide Corporation), aﬁd the
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differential pore volune distribution curve (a solid

line) of a photocatal yst having a silicon oxide film

and a log differential 10 pore volune distribution

curve (a dotted line) of a phéﬁocatalyst wi t hout

having a silicon oxide filmcorresponding to a base of

t he. photocatal yst. [0094A (3. Eval uation of ) _
rpRgt baeg ety bal AkeF vitghbly At iBdenylity sepdlethaaterial was

hot ocatal yst 1, 17 or 21 was fixed on a glass plate,

PR} Fer Telpd@iss 881k ThitikMt havitwe apr i8sREBa0f Vatime of 300

t al dehyd d th trafi _
mgg§?§r§§%§ﬁg)'aiﬁﬁgﬂbggmﬁgﬁﬁgégﬂwﬁgglgggféesaﬁ%ggfggt the jar
Rt O G R o SRR R0 FAT B e O 1 Bt mitn

ylty _ n
L 5oy LR iy chRRLe SFPERRALAT AREl curning cabie

£Bhotogatalyst,d &ﬂé%éﬁéfgggﬁe@réé&ﬁbﬂﬁxﬁﬁma rate of 60 rpm for

pol yet hyl ene jar. ereinto were added 50.0 g of a

18lssrdeadrtdp MY ithe @@t 8E fr ¥aBMakdn Gt @hd the glass
et hanol, 0.5 g of 1N hydrochloric acid and 0.5 g of a

beudf ags ant 1 {dréd opuiX-3P0us Bng r&gh gl ek 4 agedmr ko obtain an
owned by Union Carbide Corporation), and the 51 . '

etlkgubl i higgued et ghewmicont icgghtrhy peatedatdhessehnl edBubsequently,
material was put in a stainless ball mll pot having

dapping emthputdiogeupfoBahe phobndataby ehpt ynspadd dpaglass (2.6
filled with clothes such that the jar was put in the

cBehtlerd 61 tHel lgressd |1 mpot vhiplewas peeFansaiy| vebolpd in/from

- was tightlé_sealedL and then put on the ball ml]l i

LRE i Cabravidof i ERPFHI AR HAS §2dTdper bn tHeathdRfs of the
t .arate of 60 rpmfor 18 hours frer the :

sP1a8 nlRes "¢AR SRRt akeRe DO hrftr | HeR gPegsecond every 90

seconds 12 times.

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

Further, the slide glass wés subjected to a calcination
treatment at 400 degree centigrade for 3 hours using an electric
furnace in an air atmosphere to prepare a photocatalyst sample

plate A.

The weights before and after fixation of the photbcatalyst and

the length of the photocatalyst 1-fixed portion were measured. As

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

coat area was 11.7 cm?, and the coat weight per an area was 5.2 g/m’.
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bead was filtered out by using a nylon nesh sheet to

obtain an ethanol |iquid dispersion of the

photocatal yst 1. Subsequently,s;,10 di ppi ng and

pul I'ing-up of the photocatalyst 1 in a slide glass (2.

6 cn1x 7.6 cm thickness: 1 mm which was previously
%]in/fron1 the ethanol |iquid dispersion were

ca rred out. Two-thirds of the slide glass was dipped

atﬁéaﬁ@ﬁ@c%ap s‘l"%t ern%%}%gﬁéie?gee‘}/% ﬁjs e%éarsegj‘r:?ggﬁh%zsame manner

aé?@%&@ﬁﬁ@ﬁaEHB@e T880ept OPE, P! @1’?? &g%ﬁﬁﬂdﬂﬁ gl|7a§§ds used

6 cm X 6 cm one surface o ass)

- imBsegychedede WhAbtechhs: photocalaliysip ﬂlﬁ(}ﬁta?r?ch%gillq'?lg up were

the ot her plane was rubbed agalnst by a glass plate
candiedooptebakytirgvvethe 20yt Heperéhe Shd dertl @SS xation of
-was subjected to a calcination treatnent at 400
thegpeetoeatagyadeahar tBe hpemgtisoNgtled Ehecddditalyst 17-fixed
furnace in an air atnosphere to prepare a
pphbtonaﬂarysmeaanpéé phate Fesdbe, mEh@Mcsaibemegéutarm(f the
after fixation of the photocatal yst and 25 the Ienggh
phrtemetphpsbed? avgsts 19 Mged soradadn amsee wasad e 8demas and the
a result, the coat weight of the photocatal yst 1 was

. cgaf WgidhhePeEoal area Mﬁ% 110 79 € and the coat

E@@é fer an area was 5.2 g/ nR. 52 [ 0096] A
ph 4 al yst sanple plate B was prepared in the same

gﬁ%t Ca‘ifgffs d ﬁsf;i"- 0es 3%2‘é?ht§x§:‘,g%s graetﬂgere% in the same manner

ag%&?@t @xt)ﬁ%g) th%@%ﬂ%.%ﬂm%c%%l%% brﬂgwggdlvgeefcflgstead of the

carried ou o6re” an

plﬁbt‘@&h@ﬁl?gt fh%nﬂhai%’ﬁfﬁ la%ﬁf andihhey Eewngf@ r'i@@ out three
phot ocat al yst™ 17-fi xe rtlo wer e “neasur ed

tigsyl t THehBeEgat sVIEd Bhie %fnd bR€er fixation of the photocatalyst
and the iength of the photocatalyst 21-fixed portion were measured.
As a result, the coat weight of the photocatalyst 21 was 6.1 mg,
the coat area was 12.5 cm?, and the coat weight per an area was 4.9
g/m?.

[0098]

(Photodegradation Test of Acetaldehyde)

The photocatalyst sample plates A, B and C as prepared in the
above (Preparation of Photocatalyst Sample Plates) were irradiated
with ultraviolet rays of 5:4 mW/cm? in an a.ir atmosphere for 3 hours.
A black light blue lamp (Sankyo Denki Co., Ltd., FPL27BLB) of 27
W was used as a light source and UVA-365 (a product of Custom Co.,

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

Three l-liter Tedlar (a registered trademark owned by Du Pont
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phot ocatal yst 17 was 5.9 ng, the coat area was 11.8
cn2, and the coat weight per an area was 5.0 g/ nR2. 10
[0097] A photocatal yst sanple.plate C was prepared in
the same manner as above, excCept that the

phot ocat al yst 21 was used instead of the

h I , d di ppi d I'lina- : o
KEHPERE QR LT e 2 (ARl LPRRS Vil b rore Cand fdFon
fixati f th hot tal yst 15 and the | th of th .
P ST WA S T O BROBGTHA GV NRE & dalar St “bAg of - One side
0%_51%”;%&1{%6{ QL YT cEBRRAZL OSHLA UM ff PAR Kabushiki

e coat “area was e coat

i 4, 9
KIB DRI A R R oo e o e s plates A to C

SPHPE OESd oy BEr SR LorDhak @Sy Py r &7 OLCras s SNHF £GelrB put into
the above (Preparation of Photocatal yst ™ Sanpl e

edtlatES  heebLgs | radi at 8tsqd fd-ith doawl el-et deaysa®é veid attached:

mMVcnR in an air atnosphere for 3 hours. A black

- to itghet chhter| afmheSankyoThenki the.reddldingFh2€BLE) wis tightly

27 25 Wwas used as a |light source and UVA-365 (a :
sex belliots igfg Gubkem ©oaler Lt dubssagiensdd,f arvétieum pump was used
measurenent of UV intensity. Three 1-liter Tedlar (a
fergrstereding adanmime ioknetrday tihe Romi $®ckiKalbushitkien the cock
Kai sha) silicon bags equi pped with one each of a B
Warackl PRE At e el @ithé@ ditantl avarindighdodie wedark room.
prﬁggﬁif. One side of the Tedlar (a registered
tr k owned by Du Pont Kabushi ki Kai sha) bag was

c open, phot.ocat al yst sanph .plates Ato C §° . .
SUB] B SEBCT AU PO SR AUBI 2T RGeS ag L e it o xed with
étg rf?:wieél q%?% {diﬁg?ecch iq{ &rp%ogma%%{ch%%dgea w%t%q:u%rte'l@ndegree
oubl e-si de ape ‘was attache :
centigrade and a mixed gas of 1% acetaldehyde and nitrogen to
prepare a gas of the-acetaldehyde concentration of 101 ppm. 600
mL, of the gas was collected and introduced into a bag containing
the photocatalyst sample plate thereinside, and then the bag was
allowed to stand in a dark room for 20 hours. Thereafter, the
aCetaldehyde concentration and the carbon dioxide concentration
of the gas inside the bag were measured. Gas chromatography_
(Shimadzu Corp., GC-14} equipped with a metanizer was used for the
measurement of the concentration. After analysis, the

photocatalyst sample plate introduced to the bag was irradiated

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

Matsushita Electric Works, Ltd., 10 W, FL1ON) and the gas inside

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

‘this time, a plane to which the photocatalyst of the photocatalyst
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to the center of the bag. Then, the resulting materia
was tightly sealed using a heat seal er. Subsequently,

. a vacuum punp was used for extracting air inside from

the m ni cock, and then the cock 10 was cl osed and
allowed to stand overnight in a dark room [00991

R R R -
SHB g1 Sl dearse, ot Lorade and o otgd, 995 B0 A% e
+8Ehe! dehuce,conosnt il on, ofp JOK ARDa00 L of Lhe
{esghosos) ol ysicsamle BlotATEIY d aadhigh e

- chadestrdbesgaitefne thes Acsidd m%f.on@@&tﬂnﬁltﬂl@l angd. 3 (B)

‘the carbon di oxi de concentration 20 of the gas inside

ilbasbagtuerthdreanur 86r £8% CHAOFBA QTN cbShEAREZYIon in the
- Corp., GC-14) equipped with, a netanizer was used for

gbheingedsuteaenigof the concentration. After anal ysis,

the photocatal yst sanple plate introduced to the bag

wab01¢@hdiated with light by using a fullwhite

fluorescent lanmp (a product of 25 Matsushita Electric

WERamrledl? 10 W FL10ON) and the gas inside the bag

was anal yzed every two hours of the light irradiation.

At IR 13fCRdFREe ¥ifhahganslent i theaprseoRatany o of2938376, a

t?g hot ocat al yst 54 sanple, plate was fixed was '
YR SPUNEEEACAUR nt FHOHT t FRPE 3 Hov s delftan i WasTpg epared.  The pH

I violet intensity of a piece of filmas a filter

O#eéé%r%ﬂep%fe?h%o A HI LR %’g‘t he bag was 11 pnlcn®.

Fi g, : Jdllystra ' of et al yde- .

5 B2t SRS Btk Pal RS R e F e ana

5 Qeqéel(lgiy ééiéﬁﬁ{é’@ta&s éo%edgﬁg@ecegﬁﬁfgf’gdg?‘r bﬁgfbm the weight
di oxi de concentration in the
measurement of the residue in the sol solution, it was found that
the above yellow viscous liquid contained 2.1 weight % of titanium
in terms of titanium dioxide.
Next, toa 100-mL polyethylene jar were introduced 50 g of a glass

bead having a diameter of 1 mm, 14.7 g of the above yéllow viscous

liquid, 0.30 g of the photocatalyst 17 and 35.0 g of méthanol, and

the resulting material was tightly sealed. The sealed material -

was put in a stainless ball mill pot having an internal volume of
300 ml and the empty space was filled with clothes such that the

jar was put in the center of the ball mill pot. Then, the ball

_ mill pot was tightly sealed, and then put on the ball mill turning

table for carrying out a dispersion treatment at a rate of 60 rpm

for 18 hours. After the treatment, the jar was taken out and the
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gas inside the bag. [0100] Exanple 17 10 In
accordance with Exanple 1 in Japanese Patent No.
2938376, a yellow viscous liquid containing titanium
was prepared. The pH of the prepared sol ution was
6.3. This sol solution was partly collected, dried,

olidified and._ subsequent]y calcined at 600 degree .
alent %ﬁ%@&ai&&#ﬁ@%}%h& 413 GVaRentesh Phect to obtain
the sol.solution,.it s f.ound that

= oEhot Ve P £ @f?_?f_aa?ﬂaf?ﬂc%%t_ S S G ob ot
Lot R 1 & e BT A Bai8y UE¥ i Efosed between

@b a§§id@ ﬁaé@é’é N g d%,@ﬂ};t “g.r6 ch,m,l %gﬂ%ﬂngi?gst %epfmrﬁ)h%hich were -

above yelTow viscous 20 liquid, 0.
pPEel 8eal @l ¥l gidd angh Biot Oy Gardd I PANelyp and {8 1ight vellow
resulting material was tightly seal ed. f%e seal ed. ‘

10t ed ivitire BASrPEd dut 20St Bhdd e8St bS] Riddy PPb SRURE. Herein,
an internal volune of 300 ml and the enpty space was

the ldigginigt hate eidzes. 8 utly ddmt thbulidmoras pdteiwnd held cm/sec,

center of the ball mll pot. Then, the ball 25 ml]l
apdtthwaslipipghtl yesghhedas ahd thennpit 6 omr t hafbakl the [reatment,
turnin table for carrying out a dispersion treatnent
tye alidt eI bisHos rpdre feepadathedirand Aftterchdre substances on the

treatnment, the jar was taken out and the 55 gl ass
ShehRCSRsit i TRt dothanyl usihgl et ssporedesrshedged eut.

ohf.ai n light yellow]]gquid containing the

p%%%rat%%&ge "zf./tlgtﬁb tJVAS55F Ftadeatpd at 200 degree

osed between two slid | asse

T8 B0 "B Lo BE Chon et F At POl i e Gple plates D
g e Fake S EhRlpPPEatile 08 Paklib Braep 0 na
h&Y & Ye HH 3888 ucHEERLE: they were rubbed with fingers but not
peeled off. Further, the film was formed on the surface, whereby
the weights of two slide glassés were increased 1.1 mg and 1.0 mg

respectively.

Next, 0.16 g of concentrated nitric acid was diluted with water

to- prepare 90.0 g of the total weight of an agueous solution of -

nitric acid. Thereafter, a mixed solution of 1.0 g of an agueous
solution of sodium silicate (Si0, content: 29.1 weight %, Nay0
content: 9.5 weight %, JIS K1408 “Water glass No. 3”) and 9.0 g

of water was prepared. 39.7 g of an aqueous solution of nitric

- acid was stirred and 0.3 g of the mixed solution was added dropwise

thereto to prepare an acidic solution containing sodium silicate.
The photocatalyst sample plate E was dipped in the acidic solution

for 1 hour. It was washed by running water, and then subjected
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the dipping rate was 0. 8 cnisec, the pulling-up rate
was 0. 14 cnisec, and the dipping length was 4.6 cm
in 7.6 cm After the treatnentsg; two slide gl asses.
wer e separated and attached substances on the 10
surfaces i n which nethanol mas i nt erposed were w ped .
u r | asses were, heat ed
D06 Georen"an Farablfsrek 8@@ %eprssawage £¢ 3 hours.

t@hﬁkeﬁél?:@lé/séhoc@d@i n‘%llé& &3 lea 8 antzi, aﬁc'llnrejsfgim of the

ot ocatal yst sa e plates

phﬁ:ﬁ:@&%lttﬂy§@05a§n at bmgiev\’?rEaﬁugﬁédlf%éﬁsiﬂ?g&éh bt’ﬂ"iat it was
not 15 peel ed of Further, the filmwas formned

mhbﬁaCﬁltMEiﬁ@Qrstm{: Vﬁi’(ﬁ*ﬁe%l@‘d WSl @‘@rﬁh@%se'@he treatment
were increased 1.1 ng and 1.0 ng resSpectively. Next,
dddlgoy ciusermeitaraiednnthei Cebght, wvast didaitradnmibB peeled off
water to prepare 90.0 g of the total weight of an
feguenasysbbueindnaefa 20snityi 8 weight Thev€adtbtcom oxide was
m xed solution of 1.0 g of an aqueous sol ution of
C@B&ﬁaﬁﬁgrlb@aeé ¢8i ORecohlenveigot 1 wei ght % Na20
353 9 5 weight % JIS K1408 "Water glass No. 3")
of water was prepared. 39.7 g of an aqueous
acid was stirred and 0.3 g of the

n of nitric
§g&a£B?E%?Bn0§a§X%ﬁﬂ%% Hfdpwi se 25 thereto to
8 S aRs B8 ot o trpg' ALEANE A9 00 U SLLLERLE: Biue of
pﬂgtghgtgggg%hgglm %Q%é% gg%tli was washed by running

wat er en sunj o a calcination

tregd %té&eépgdgﬁ%ﬁeag@m ?E qﬁa%oa | ng e]; 9t the

prepare a photocatal yst sa

| phbtbbetaphet %ﬁ@é’%@a%@m %n@l P?“'w%r'e:a Q@Qlﬁg‘é‘eﬁ@r?ﬁ‘ﬁétﬁ’ollow1ng

such that it was rubbed wth fingers but not peeled

manayr . Fuitder,, fi-bg tﬂi@qﬂ’fﬁﬁifﬂca&aqu@tnghmié@lésﬁlﬁt@@@ﬂgﬁd F, test
in the weight, but the filmwas peeled off for

Panakysifs Oafidcms* & .2esml £ 1 Bmwed ghtc0 .0f TRED| con toxl de€me quartz

was
standard spectroscoplc cell having a stir bar therein as that used

in (1. Evaluation of Photodegradation Activity of Methylene Blue)

of [Evaluvation of Photocatalysts 1 to 32 in Examples 1 to 16 and
Comparative Examples 1 to 16] was introduced 3 ml of an agqueous

methylene blue solution of 40 x 107° mol/L, and the above test pileces

were fixed in a state that they were dipped 2.5 cm from oneAedge
coated with a photocatalytic film. At this time, a plane opposite
to a plane with the photocatalyst of the test piece fixed thereto
was adhered to the inside of the quartz st;andard spectroscopic cell,
The resulting material was stirred 1n a dark room for 1 hour and
then a solution inside the spectroscopic cell was collected for

quantitatively analyzing methylene blue using a spectrophotometer.
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cont ai ned, based on the filmweight. [0101]
<Eval uation of Exanple 17> 10 (Eval uati on of
Phot odegradation Activity of Msthyl ene Bl ue of
Phot ocat al yst Fil m Sanpl-e Pl ate) The phot odegradati on
activities of nethylene blue of the photocatalyst
sanpl lates, D and F were evaluated in the foll own .
TR EnerE Fr e S TOT o T He At Shat Al TAT STl R HiCkss 511 again
d; 5 pieces.of 0.8 cmx 7.2 emx 1 . :
B B ed P SER, B o el T Tl gt ton of
I ] i rt el S . use (L.
O TR BT Bh ot Sigr ohlat | S et VT oM 28 that
ubdn Of. [FHAlbatino¢f phBebaecatakyet Snlalfi 2y bf Methylene
Exanples 1 to 16 and Conparative Exan'plnes lto ¥L6]
BY@S) | Of I s edaBidth Of b BSMeOMBy20s NEthy | Bne blf@mples 1 to
solution of 40 x 10-6 nol/L, and ¥he above test pieces
18ediedfCaadatat avstBtenghad 1 hey V6T ewsd ppasi 2. Dfger the
fromone edge coated with a photocatalytic film At
ithagdisthen fopl3dneioppesi tehe taplartplcandnsiitih tiwe spectroscopic
phot ocat al yst of the test piece fixed thereto was
cebheta] aod leeg sich§pdeqwdnt heagluwe ty astednttdmg methylene blue in
spectroscopic cell. 25 The resulting material was
the ey NANRCHaRK POEMS ofha hewadbmdion hefs sdlafliidn the
i nside the spectroscaopic cell was collected for '

d%@ﬁ??%hﬂ%‘élﬁﬁw P71 Rt et AYE e odet ig i tfptapieces cut from
spectrophotopeter. 57 Then, the solution was return o
tRg E%@%@é#ﬁﬁ:ﬁ%@%@zPhlaab%fr‘ B SRt s At WA 20- 18

' external /transverse direction of the
r%%%%‘%?%%%%nﬁlc cell. The sane irradiati on apparatus as
theg{gsised in (1. Evaluation of Photodegradation

Ac V|t§ of Methylene 5 Blue) of [Evaluation of

Photogstal ygts 1 to 32 in Exanples 1 to 16 and

Conparative Exanples 1 to 16] was used. After the

In this Example, a photocatalyst ligquid dispersion was prepared.

To a 200-ml glass -jar were added 10.0 g of the photocatalyst 1

prepared according to the method as described in Example 1, 100

g of a zirconium oxide bead having a diameter of 3 mm, 85.0 g of
watei and 5.0 g of Poise 521 (a product of Kao Corporation, special
carboxylic acid type polymer surfactant, solid content
concentration: not less than 39% bﬁt not more than 41%) és a
dispersion stabilizer. Then, the glass jar was tightly sealed and
pulverized for 3 hours using a vibration mill machine (.5400 double
type, a product of Red Devil Company). After pulverization was

completed, the bead is filtered out to obtain a photocatalyst

- liguid dispersion 1. Even if the photocatalyst liquid dispersion

1 was kept in a dark room for 30 days, the solid content was not
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irradiation for 30 mnutes, the solution inside the
spectroscopic cell was collected for quantitatively
anal yzi ng nethyl ene blue in the same nanner as before
the irradiation. As a result, the 10 deconposition
rati os of nmethyl ene blue of the test pieces cut from

t he, phot oc taI t. s | e plates re 15. 3% a
pﬁ@%g EaEETth Foor, BNod o h it o 8181 FRETREGR Shability.
E a photocatal yst |iquid dispersion was ,
pareh To a 200-m glass jar were added 10.0 g of
Qﬁg p$alyst 1 prepared according to the nethod
ﬁes rlbed in Exanple 1 100 g of a zirconium oxide

beg { NG th
o R B P T i g SRRl # the sane

m§ﬁﬁ§taés 20 EeArPOW e aghdot YRR PANUTRE UL 36t Aiter was 87.5

solid content concentration: not |ess than 39% but not

g thne44id &5 risd spersaon St ghi lavaer i fTHed pHdiwcatalyst
glass jar was tightly sealed and pulverized for 3

lhquid disspeyrsiori Br absokept |in radhirRer4&d @b rdd0bdeys, the solid
type, a product of Red Devil Conpany). After ‘
cputerti wasi oot wase@bp Tonpedt &d, thde teatk ivead irld grexblem of
out to obtain a photocatalyst |iquid dispersion 1.
dEﬁEﬁrﬁioﬂh%t®hblbtﬂtalyst liquid dispersion 1 was
Et |n a dark roomfor 30 days, the solid content was
preC|p|tated so that there was no probl em of

%gersi @tablllty [0103] Exanple 19 A
% l'iquid dispersion 2 was obtained in the

Ex | 18 h
\?\ggg gﬂnneesil a},\,ajsn @ Jgse%?ﬁé%%cﬁgu% Lh {0 oi%at gel-dseln the same
mafirhe A %n%&mﬁ"ee%', fegé&ippﬁggcé{ealv¥§&ht of the photocatalyst

1 was 30.0 g, the weight of water was 55.0 g, and the weight of
Poise 521 was 15.0 g. Even if the photocatalyst liquid disperéion
3 was kept in é dark room for 30 days, the solid content was not
precipitated so that there was no problem of dispersion stability.

[0105]

Example 21

A photocatalyst liguid dispersion 4 was obtained in the same

manner as in Example 18, except that BYK-154 {a product of BYK Japan

Kabushiki Kaisha, ammonium salt of an acrylic type copolymer, solid

content concentration: 42%) was used in the amount of 5.0 g instead
of Poise 521 as a dispersion stabilizer. Even if the photocatalyst
liquid dispersion 4 was kept in a dark room for 30 days, the solid

content was not precipitated so that there was no problem of

dispersion stability.
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l'iquid dispersion 2 was kept in a dark roomfor 30
~days;, the solid content was not precipitated so that
there was no probl em of dispggsion stability. 10 .
[0104] Exanple 20 A photocatalyst liquid dispersion 3
was obtained in the sane manner as in Exanple 18,

ex eft that the weight of the photocatalyst 1 was

30! 9 61 the wei ght of water was 55.0 g, and the wei ght
of .15 Poise 521 was 15.0 g. Even if the photocatal yst

| | GOMRP TR Shes sty Lle slas kept .in a dark room for 30

LR Sl LB ALAR LN e o
nERSP! 25 2% A0 Auponacalal i LLauid ol SPerSian 4 488 soox e
n K@Qltsr?%Ygﬁcl%‘hé @eﬁégﬁﬁrgfteg%g @B?Bt% Kaﬂi'épé Khs no di spersion

ai sha, ‘anmoni um an acryli ¢ type copolyner,

s88b1 Uit $ON eftie CORNCEAEL BE1 oY AIQ: s 48 5idh 1 when the

amount of 5.0 g instead of Poise 521 as a dispersion

phdebtdtZeyst Bviefuid dtiléﬁe@@@bﬁcgt@sy%’épgﬁﬁiél@lia_d:k' room even for

di spersion 4 was kept in a dark roomfor 30 days, the
lsddyd tloondehtd wasntheit presi qiripileatt 130 driwati gientedwas
no problem of dispersion stability. 59 [0106]
Cohfpd &k i ve Exanpl e 18 A photocatal yst |iquid
di spersion 5 was obtained in the sanme manner as in
Examgpiela &2 except that a dispersion stabilizer was 5
not _used and the weight of water was 90.0 g. There was
no{ R epErast e thiretgeatr i Sivattdesm Aopposiitdend 1)
diﬁgersion 5. Wien th

e
accordance with Example 1 in Japanese Patent No. 2938376, a
vellow viscous liquid containing titanium (sol solution) was

prepared. The pH of the prepared solution was 6.3. This sol

solution was partly collected, dried, solidified and subsequently

calcined at 600 degree centigrade. From the measurement of the

residue weight in the calcined sol solution, it was found that the
yellow viscous liquid contained 2.1 weight % of titanium in terms
of titanium dioxidé.

Next, to a 100-mL polyethylene jar were introduced 50 g of a glass
bead having a diameter of 1 mm, 14.7 g of the above sol solution,
0.30 g of the photocatalyst 1 and 35.0 g of methanol, and the

polyethylene jar was tightly sealed. The sealed jar was put in

a stainless ball mill pot having an internal volume of 300 ml and

the empty space was filled with clothes such that the jar was put
in the center of the ball mill pot. Then, the ball mill pot was

tightly sealed, and then put on the ball mill turning table for
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phot ocat al yst 'liquid dispersion 5 was kept in a dark
roomeven for 1 day, the solid content was conpletely
precipitated. [0107] 10 Exanmple 22 (Preparation of
Phot ocat al yst Coati ng CbnpOS|PPon 1) In accordance
with Exanple 1 in Japanese Patent No. 2938376, a
yel l ow viscous liquid containing titani um (So

CIBT VRPN i sLi spreasaradt T TREng 6t 3 e tsr eb&legpm for 18 hours.

olution was 6.3. This sol 15 solution was pa
g%?¥é3¥é§fQﬂﬁm§?tr36P?dDFFé@a%ﬁﬁ”§Hb§§ﬁuéﬁﬁl§he glass bead was

ci ned at 600 degree cen de. Fromt
fh@%@ﬁ?@ e 7 o SalahentE R e d 1oL aie aaRatgeatalyst
c %utlon m@i nd that the ye||OMIVISCOUS liquid
%% %%?ﬁ§¥§?ﬁ} ?@h * % of tltanlum|r1terns

| .
Jtlar%ﬁ@ e m‘?c)’r(llb%‘ﬁé O%%get)&lncﬁto OSl Qbead %i\qest rly r%eyellow and

' 7 he 0 d 0.6
"I T &‘p%oet%?aﬁa%f% or's g b g g et e
walght |'%eof Ft‘%dt)é@hrﬂﬁ‘d 88Li V8 MR EhQ%Mo‘%ﬁ@L%ougfﬁquld in terms

sealed jar was put in a stainless ball m

 ohavi thgh i ik eenal The ldeme <ot r30Q off oﬂl’lﬁhei%dlflei eant:ynt was 1.2

space was filled with clothes such that the jar was
welght i b 4ddea cent bduofafther beld caldipationThen,6dthelegree

ball mll pot was tightly sealed, and then put, on
ceheipaddlem |1 turning table for 60 carrying out a

di spersion treatnent at a rate of 60 rpmfor 18 hours.

Aft@k0%he treatnent, the jar was taken out and the

gl ass bead was filtered out by using a nylon nes

shéeta i rofaPRohophbe bEat QWlH%GQWPﬁQl éﬁﬁo%loﬂ dhide Glass)

1. 5 The photocat al oating co ti.on
y SFF RPN Wﬁﬁjaafferéﬂae@oha%fawm Plﬁh‘i‘ FACEH @g*g cr x 7.6
ﬁhOtofc ﬁ%ggt %IM&dW%lCh were previously weighed. Dipping and-

pulling~up of a pair of slide glasses were carried in/from the
photocatalyst coating composition 1. Dipping and pulling-up were
carried out 20 times in total every 170 seconds..

' Herein, the dipping rate was 0.8 cm/sec, the pulling-up rate was
0.14 cm/sec, and the dipping length was 4.6 cm in 7.6 cm.

Thereafter, two slide glasses were separated and coating

fesidues attached on the planes in which methanol was interposed
were wiped out. Then, the slide glasses were heated at 200 degree
centigrade for 3 hours to prepare a photocatalyst film sample plate
1. A coating film of the photocatalyst film sample plate 1 had
the intensity such that it was rubbed with fingers but not peelgq

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

'weights of two slide glasses were increased 1.0 mg and 1.2 mg
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wei ght % of titaniumderived fromthe yell ow viscous
l[iquid in terns of titanium oxide. The concentration
of the solid content was 1.2 |ght % as a residue
after the calcination at 600 gegree 10 centi grade.
[0108] (Coating of Photocatal yst Coati ng Conposition
on Slide G ass) Methanol was interposed between two
r?FPﬁ%th% ¥es (2.6 cmx 7.6 cm thickness: 1 mm) which

glgggV|ously wei ghed. Dipping and 15 pulling-up of
Lalr f slide glasses were carried in/fron1the

ph??Q&fﬁQ{%éﬂ S@aﬁﬂégbéé cfltlon t1v1 g%a cetaldehyde of

wer e carrle S |n ever

Pﬁ390§§€?99§t ﬁixﬁ'@ax\r;%i@ %#ﬁé ng, rate was 0. 8 cmsec

the pulling-up rate cni sec, and the dipping
| etigé oo db B LB i’ + Bs £ £ 20 HhAr 3 es}k%r of ¥ %Ho‘%%catalyst

gl asses were separated and coati ng ues attached

fobmt Bempl angsatd wWhigh dmthanplonwas ITHErRRIHe MR tion test '
wi ped out. Then, the slide glasses were heated at 200

meegoaeot cardi Pgladdde dedwad hBer saine PEEPRE Glbtocomposition test
photocatal yst filmsanple plate - 1. A coating filmof
meheophof ozatbh Yd¢hfdd msaqgder et eadotad Zanthermore, the
intensity such that it was rubbed with fingers but not
iptelel coidentratimr oft hestiallmehyslef prsedsoppthevhile the time
surface, whereby the weights of two slide glasses
fQer b1 gk r BASRAL AL Dorryramd 4. Iouws 61 Thesirediduad] woncentration
0109% (%Evaluatlon of Phot odegradati on Activity of
CACET At HERS A D 2 E o e RORIEPs AR Phh B@lﬁm eﬂm%ﬁf@ng agntaining
de of the

d |
%o? Jg‘%‘gﬁ‘; e ?.fhﬁ%t eStfeeoCL S A s ialipg o the
pE@§eQPO£R9§H{f9§t §g1§§ggared. Even when a photocatalyst film

was prepared using the prepared coating, it couldkxaconfirméd'that
the photodegradation activity was exhibited.

-[0110]

Example 23

A photocatalyst coating composition 2 was obtained in the same
manner as in Example 22, éxcept_that water was used instead of.
methanol. The photocatalyst coating composition 2 was light
yellow and muddy, and contained 0.6 weight % of the photocatalyst

1 and 0.6 weight % of titanium derived from the yellow viscous

- liquid in terms of titanium oxide. The concentration of the solid

content was 1.2 weight % as a residue after the calcination at 600
degree centigrade.
[0111]

(Coating of Photocatalyst Coating Composition 2 on Slide Glass)
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met hod of acet al dehyde was the sane as the
phot oconposition test nethod of acetal dehyde as
descri bed above. Furthernore, the initial
concentration of acetal dehyde®tas 98 ppm while the
time 10 for light irradiation was 24 hours. The
residual concentration of acetal dehyde after 24 hours
wek 8 topsmatad vssasrngleopl at ai Agras Baepiriedohn okdigesame manner
fil mcoated photocatal yst according to the present
3§ niie AP Mg 2pr ep&FRY. tERENVRRER ‘aaﬁhwb%ra%%?%tb%“ﬁﬁn slide
was prepared using the prepared coatin it coul

ILIFTT A LSk O Bhe Nttt bRR GG éﬁ 9?%91%5‘30@081“0“
hi bi t ed, 0 : hot t al vst ti

2 b OSER: b S sa S obi g PEACoue E AV Sh A ShamBPTRe o fon 1, and

h%?ﬂg%gv%gp%ﬁ Ce g%%gg%§¥ate£le S eveinﬁkﬁﬁgngéas?QAcoatlng

coatl ng Cco

y t Jaight h
et 3 ?Wcé@%ﬂy a%ﬁaﬁi’é“ B DRl linbleity suc
tﬁ&f'v@qﬁ&¥QﬁbE@% M%khofiﬂ©§£QQ§rtHkﬁy?@eugdtSEEB ofurther, the
titani um oxi de. The concentration of the solid

fEDRteRd Fdsndd dnvehghbu¥brased wasrddy ahéekeifiets of two slide
cal cination at 600 25 degree centigrade. [0111] '

glévats ngeod Dhotecaddl yst k@Padndgl Omppstddmrcidi wely .
Slide dass) 62 A photocatal yst sanple plate 2 was
prepai2d in the same manner as in Exanple 22, except
that water was interposed between slide glasses
i néCeading ofebhatinutatahes hRorddaval gegosidatdmg on Silicon Wafer
conposition 2 was used instead of the photocatal yst
SebhEFAY conposition 1, and 5 di pping and pul i ng- up
mere carried out every mnutes. A coating . fi

10
PhictSEaratest (afpte pllalecd Haf THRETHE dnst fngl ®has dipped

1§ughre51ster stripper (a product of Kanto Chemical Co., Inc.,
SH-303). The wafer.was subjected to washing with pure water,
irradiation with ultrasonic wave while it was dipped in pure water
and_washing with pure water, and theﬁ spin-dried by rotating at
a rate of 2,000 rpm in an air for washing the surface. The washed
silicon wafer was horizontally placed and 0.50 ml of the
photocatalystcoatingcomposition!?wasaddajdropwisétxuasurface

facing upward of 2.6 cm x 7.0 cm. The silicon wafer was allowed

‘to stand until it was dried. Thereafter, the silicon wafer was

heated at 600 degree centigrade fof 3 hours to prepafe a

photocatalyst film sample plate 3. A film of the photocatalyst
film sample plate 3 had the intensity such that it was rubbed with
fingers but not peeled off. Further, the film was formed on the

surface, whereby the weight of the silicon wafer was increased 5.8




10

15

20

25

that it was rubbed with fingers but not peeled off.
Further, the filmwas fornmed on the surface, whereby
the weights of two slide glasses were increased 1.5.
nmg and 1.3 ng respectively. 16° [0112] (Coating of
Phot ocat al yst Coating Conposition 2 on Silicon Wafer
Surface) A silicon wafer (2.6 cmx 7.0 cm thickness:
mg:5 nm was dipped in a resister stripper (a product
of Kanto Chemical Co., Inc., 15 SH 303). The wafer
was05lb] ected to washing with pure water, irradiation
wWth ultrasonic wave while it was dipped in pure water
'an%x%%%%?nﬁ4MAth pure water, and then spin-dried by

hESa f@%ﬁ@ p?ﬁy%%%éfﬁsae £00, 11 080,211 0L Y83 cisi e
L
%rlggg Z cgg %Snconpo f.on?ﬁ%gié%iﬁﬁﬁfﬁﬂwﬁiﬂ%ﬁ§s10“ 1
pEQPQré&riﬁcﬁxaégfén?§UDT@r t% o@‘@g?ﬁ%t Tow) FBcoe 1iquid

I con wafer owed st an It was

cgﬁtﬁgnlﬁ@eﬁfﬁgﬁfﬂm (ha sbhl1€9BnYal SLpyBSa fieahedsahe manner as
degree centigrade for 3 hours to prepare a

lﬂr&i@%ﬁﬂeahyséncﬂ |2|9m3;5?r63‘.| Qapkat eTBe polyéthpiehdgar was stirred
photocatal yst 25 filmsanple plate 3 had the

ukhhgnsi hygisechct i rié r wasr rubbed: wid hobtfd ngex pHmtocatalyst
not peeled off. Further, the filmwas fornmed on the
ceatingecompesebyonhd. meT@@tpm¢t¢¢E£§ﬁY$momow%ﬁng gErposition 3
increased 5.8 63 ng. (0113] Exanple 24 To a 100-ni
WB@I yeghy| eablper amtrhu@d:sx i ancrbacrorai?am@téd)t%e‘f%i%ﬁ de of the
were introduced 6.0 of the photocatal yst |iqui
PHP§9€P§Pb1ﬁS‘1r Br 6p‘a%ah1: n® Exanpt eangim 1‘19171@6%ff¥% the yellow

el | ow vjscous, |iquid
v%scous liqud in t rms of titanium oxide and 0.3 weight % of the

dispersing agent. The concentration of the solid content was 1.2
welght % as a residue after the calcination at 600 degree
centigrade. ‘

[0114]

(Coating of Photocatalyst Coating Composition 3 on Slide Glass)

A photocatalyst film sample plate 4 was prepared in the same
manner as in Example 22, except that the photocatalyst coating
composition 3 was used instead of the photocatalyst coating

composition 1. A coating film of the photocatalyst film sample

plate 4 had the intensity such that it was rubbed with fingers but

not peeled off. Further, the film was formed on the surface,
whereby the weights of two slide glasses were increased 0.9 mg and

1.0 mg respectively.
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contai ning titanium (sot solution) prepared in the
sanme manner as in Exanple 17 and 29.3 g of water.

The. polyethylene jar was stirred using a nagnetic
stirrer for 1 hour to obtain a photocatal yst 10
coating conposition 3. The photocatal yst coating
Cggﬂ@gsition 3 was light yell ow and nuddy, and

ined 0.6 weight %of the photocatalyst, 0.6

wei ght % of titaniumderived fromthe yellow viscous
liquid in terns of titanium oxide and 0.3 wei ght % of

1thg pgbﬁggéééfg ?988$Prhgf@§ogc 8{8& &Eﬁ%g% rEi éé&ve base,

content reS|

| i t vin
SALANER B 000 SR80 AR B LB fboyogginity i

n§|p52e§1aﬁﬁére@npﬁﬁéOgﬂkéiysﬁeééin&éﬁﬂ@ﬁ@ ffa%ﬁé4pﬁﬁﬁbcatalyst
prepared in the sane 20 nmanner as in
iexgept 1&bat thhe phppacehal yst ﬁ@@é'ﬂﬂanCPn@@@lﬁpr@n 3
was used instead of the photocatal yst coating
conposition 1. A coating filmof the photocatal yst
filmsanple plate 4 had the intensity such that it
2 waBhe upbedowh tal F$nges ssdutfontdt ipeelladmolf . wharéherthe alkali
the filmwas formed on the surface, 25 whereby the
m@\?é@érﬁ@imntmf shiedehgtasaealyet eld mertedsed thén iy apy but not
ng respectively. 64 CLAIM5S 1. A photocatal yst
m%%%p?b%ﬂnb 40BhBPBeat al ytical Iy active base, and a
silicon oxide filmcovering the base and substantially
having 5 no pores wherein the aIkaIi netal cont ent

of hotoc t__is .nag SS th pn1b
3 P R EA R T 2 S d piiet g Wg& RPgtods firngin there
+ [ | ka netal tent of. t he
a ﬁoto E%?s gﬁﬁ%f&?%sg % iic Ode%nn}lﬁb%n {he Measurement
of pore size distribution in the range of 20 to 500 Angstroms

according to the nitrogen adsorption method.

4. The photocatalyst as set forth in any one of claims 1 to 3,
wherein the amount of silicon loaded into the photocatalyst per

a surface area 1 m® thereof was not-less than 0.10 mg but not more

“than 2.0 mg.

5. The photocatalyst as set forth in any one of claims 1 to 4,
wherein said base is anatase type titanium oxide, rutile type

titanium oxide or titanium oxide containing a mixture thereof.

©. The photocatalyst as set forth in any one of claims 1 to 5,

wherein said alkali metal is sodium and/or. potassium.
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10 nore than 1,000 ppm 3. The photocatal yst as set
forth-in claiml or 2, wherein there are no pores
derived froma silicon oxide filmin the neasurenent
of pore size distribution in te range of 20 to 500
Angstronms 15 according to the nitrogen adsorption
nmet hod. 4. The photocatal yst as set forth in any one
of claimse 1 to 3, wherein the anount of silicon
| oaded into the photocatal yst per a surface area 1 nR
7t hEreoPhobecavr L Y823 heat O Qg buinhotensde clpgms 1 to 6,
than 2.0 ng. 5. The photocatal yst as set forth in any
WBRES bF §Fggn§a§etbs4§ PaRet@l - sai d base is anatase
type titaniumoxide, rutile type titanium oxide or
titani um oxi de containing a m xture thereof. 25 6.

The ph | forth i f clains 1
0 RO ERATERR Rar Baii T TR TS Nt rpidrarY @

pRBLASSLUTY 001 Ty AT RLRLAGE! BhUSL A9 98 DAELA Flin covering

any one ereln sal ase |

- tRBMYdH gnaSbs rnzeitmgyl f;gffégp%gwgs? RhotpealAL HEtFol Lowing

conprising a photocat l'y active. base, and a

sB&pkCcan) _%)hidd‘%‘BLi, liA Geveh fige Jiherbase ndrdd solution containing
substantially having no pores, including the follow ng

b&stBPsa {dbadedak B)s .1 iidatehighsidie (AH Of mbhetatlixed at 5 or below:
sol ution containing both said base and silicate in

st ép) (A)stiep Al ntiaiingdaat 16aet de) ame ket( Af ansd@pewis medium
m xing at | east any one set of an aqueous nedi um .
cephtannhggsshd dbdrasendnd =i bkitatat en anuequeonsdiwdiamtaining
eontaining a silicate and said base, and an aqueous, .
angdilbArtoneaiinFagdshide, bakd andadncaytemrdiwediumaining said
containing a silicate, and then covering said base .
bwstahar%iaa AGPEROH TS iga gpp’gﬂalgh@g_ a silfcate, and then covering

said base with said silicon oxide film; and
- {B) a step of sepa-rating said silicon oxide film and said
photocatalyst having the base covered with the silicb.n oxide film

from said agqueous medium.
9. The method for producing a photocatalyst as set forth in claim
8, in which the alkali metal content of said photocatalyst obtained

in step (B) is not less than 1 ppm but not more than 1,000 ppm.

10. The method for producing a photocatalyst as set forth in claim

8, in which the alkali metal content of said photocatalyst obtained

in step (B) is not less than 10 ppm but not more than 1,000 ppm.

il1. The method for producing a photocatalyst as set forth in claim
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15 (B) a step of separating said silicon oxide film
and said photocatal yst having the base covered wth
the silicon oxide film from said aqueous nedium 9.
The method for producing a ph8focatal yst as set forth
inclaim 20 8, in which the alkali netal content of
sai d photocatal yst obtained in step (B) is not | ess
8 t hEwr theyp admpr irdinaiCe Bhaner, 000dppmg argl/opealcining said
met hod for producing a photocatal yst as set forth in
PhrbpertBlysth sanateiamk fgqquaﬁalﬁieﬁape%ﬁtwum afdiqr said step
ghotocatalyst obtained 25 in step (B) is not |ess than ‘
ppm but not nore than 1,000 ppm 11. The nethod
for produci ng a photocatal yst as set forth in claim 66
8, further conmprising (C) a step of drying and/or

%S'UZ'@& helion s BroaRr g pROPRF AL ERYLE 4R 88 Sorh in clain
1975 RT 9FNCH NGy 2 PPOLPCALALYPTo AR BB SO d Bri@icealyst

netal content o
oﬁagiﬁéatﬁ{ Ktlp 0B} 8l nodil lestomdl ben i b@sSmbhanHan 1,000
ppm but not nore than 1, ppm 10 13. The net hod
pb@l producing a photocatalyst as set forth in claim
11, in which the alkali nmetal content of said
photocatalyst obtained in step (C is not |ess than
10 ppm but not nore than 1, 000 PPM 15 14. The net hod
18or prloelueithgdaf ghotrocatdhygsd pasteetthdysh dasmnsanyfordmein claim
of clainms 11 to 13, in which said step (C) is a step
1pf &al ehhihgthsastkphbtoesa bl gettent mk Sa&ﬁ;nﬂ%ﬁPQRHﬁlYSt
degree centigrade but not nore than 1,200 degre

obbatNgflade Step (B) iFhaoketewd ther PP GIRICPRE rspt more than 1,000

phot ocatal yst as set forth in any one of clains 8 to
PRB; in which said base is anatase type titanium

14. The method for producing a photocatalyst as set forth in any

one of claims 11 to 13, in which said step (C) is a step of calcining

said photocatalyst at not less than 200 degree centigrade but not

more than 1,200 degree centigrade.

15. The method for producing a photocatalyst as set forth in any
one of claims 8 to 14, in which said base is anatase type titanium
oxide, rutile type titanium oxide or titanium oxide containing a

mixture thereof.

16. The method for producing a photocatalyst as set forth in any -

one of claims 8 to 15, in which said silicate is a salt of sodium

and/or potassium.
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oxide, rutile type titaniumoxide or titanium oxide
containing a mxture thereof. 25 16. The nethod for
produci ng a photocatal yst as set forth in any. one of

. clainms 8 to 15, in which said®ilicate is a salt of

'sodium and/or potassium 67 17. A photocatal yst
'iquid dispersion conprising the photocatal yst as set
forth in claiml, a liquid mediumand a dispersion
stabilizer. 5 18. The photocatal yst |iquid dispersion
1ds set BRAtICI R by Sl ndaguid HeRg s ion RSt ditm
is, water., 19. The photocatal yst |iquid djspersion as
PAGEOFBI T hFh 2F anfA 70T aD Ptk hi R o oL it and a
stabilizer isgaﬁ.ionic surfactant. 20. A photocat al yst
Oett1On tomprising the photocatal yst as
set forth inclaiml1, a liquid nmediumand a binder.
15 21. The photocatal yst coating conposition as set
or t hyi =Y , n{ ai_nj . n fo.tl L LY :
15¢ i d %o%o@a%%&y%% ifé@i@%ié%p%m%# Qs et F%gt@}'l UR claim 17,

or silicon as sai i nde he phot ocat a

 whOALI RO £OAPDSIL] QMnAgi §Rt 4 Qpdded n claim 21, wherein

sai d conmpound containing titani umcontains titanium
20 peroxide. 23. The photocatal yst coating conposition
as set forth in claim 20, containing water and/or ,
1al cohmte ascaaichddlgudtd] frgdidai &Sersion as set forth in clam 17,

wherein said dispersion stabilizer is an ionic surfactant.

20. A photocatalyst coating composition comprising the

photocatalyst as set forth in claim 1, a liquid medium and a binder.

21. The photocatalyst coating composition as set forth in claim

20, containing a compound of titanium or silicon as said binder.

22. The photocatalyst coating composition as set forth in claim
21, wherein said compound containing titanium contains titanium

percoxide.

23. The photocatalyst coating composition as set forth in claim

20, containing water and/or alcohol as said liquid medium.



