1 DESCRI PTION COWPCOSI TI ON FOR FORM NG PHOTOCATALYST FI LM AND SUBSTRATE
.PROVI DED W TH PHOTOCATALYST FILM 5 TECHNI CAL FlI ELD The present invention
relates to a conposition for formng a photocatalyst film which is
capable of formng a photocatalyst filmon the surface of various
substrates, a photocatalyst filmfornmed of such a conposition, and a 10
substrate provided with a photocatal yst fjilm which has such a

phot ocat al yst film BACKGROUND ART It islknomm t hat when a photocatal yst is
excited by light, an organic stain or the |ike deposited on the 15 surface
of the photocatal yst will be deconposed and consequently, a hydrophilic
surface will be realized. As a nethedcrarefronm ng a photocatal yst film
pyrol ysis has heretofore been known which 1S one type of dry system

met hod (e. g. CORPASITIBN2BBR) FOREGe PHOTOCATALIVRThGU 1vgs 236D arkarrabl em
that it is inferior to a wet systemnethod in durability of the
hydrophilic property. FurktkevIDED melTwdriorofATRLYVGT aFphmt ocat al yst film
by using a coating conposition conprising a photocatalyst and silica, is
al so known (EEGHNIGpan&S&LPatent 2756474). 25 However, the film enploying
silica by the above nethod was inferior in the durability of the

hydrophilic profiset prasentad rveprtdsire metlizdtes e st ajammhetionipos i hgr

forming a photocatalyst film, which is capable of forming

a photocatalyst film on the surface of various substrates,
a photocatalyst film formed of such a composition, and a

10 substrate provided with a photocatalyst f£ilm, which has
such a photocatalyst film.

BACKGROUND ART

It is known that when a photocatalyst 1s excited by
light, an organic stain or the like deposited on the
15 surface of the photocatalyst will be decomposed and
consequently, a hydrophilic surface will be realized. As
a method for forming a photocatalyst f£ilm, pyrolysis has
heretofore been known which is one type of dry system
method (e.g. JP-A-11-512337). However, such a method has
20 had a problem that it is inferior to a wet system method
in durability of the hydrophilic property.
Further, a method for forming a photocatalyst film
by using a coating composition comprising a photocatalyst
and silica, is also known (e.g. Japanese Patent 2756474).
25 However, the film employing silica by the above method
was inferior in the durability of the hydrophilic

property and had a problem that the stain-decomposing




2 f'unction was | ow. The present invention is to solve the above probl ens
.and has an object to provide a conposition for formng a photocatal yst
film which is capable of formng a 5 photocatalyst filmwhich is capable
of inparting an excellent hydrophilic property to the surface of a
substrate and which is particularly excellent in the stain deconposing
function, a photocatalyst filmformed by such a conposition, and a
substrate provided with such 10 a photocatalyst film Further, it has an
object to pravcdeca @8RPASKtion for form ng a photocatalyst film which
I's capable of form ng a photocatalyst film excellent in the durability of
the hydrophilic phepgirieserand riles@ ioxcald et Jd1ddhe rbrasian gashsdance of
the 15 surface, a photocatalyst filmformed of such a conposition, and a
substrate prautddadswahho®byjeltatophebetdiahy sbmbiolsit iBhSESSWRErdn gl HE

| NVENTI ON The present invention provides a conposition for 20 formng a
phot ocat al ysphbtbontehivel €ident waliky cenpebadse ploteealialgyts C

sem conductor microparticles, the following silica precursor and a nmedi um
Silica precupbotpcAtsaillisti €idoi dhéohpaendapabpe sifndmpi@® ipar tash by mass of
silicic acid and fromO0.001 to 1 25 part by nmass of an alkali netal ion.
Furt her, theepredértti hydmbpbnlpropirdpsray to the surface of a

substrate and which is particularly excellent in the
stain decomposing function, a photocatalyst film formed
by such a composition, and a substrate provided with such

16 a photocatalyst film. Further, it has an object to
provide a composition for forming a photocatalyst film,
which is capable of forming a photocatalyst film
excellent in the durability of the hydrophilic property
and also excellent in the abrasion resistance of the

15 surface, a photocatalyst film formed of such a
composition, and a substrate provided with such a
photocatalyst £ilm.

DISCLOSURE OF THE INVENTION

The present invention provides a composition for
20 forming a photocatalyst film, which essentially comprises
photocatalytic semiconductor microparticles, the
following silica precursor and a medium:
Silica precursor: A silicic acid compound comprising
100 parts by mass of silicic acid and from 0.001 to 1
25 part by mass of an alkali metal ion.
Further, the present invention provides a

photocatalyst film formed of the composition for forming




phot ocatal yst filmformed of the conmposition for formng 3 a photocatal yst
film on the surface of a substrate, and a substrate provided with a
phot ocatal yst film which has such a photocatal yst film BRI EF DESCRI PTI ON
OF THE DRAW NGS 5Fig. 1: Schematic cross-sectional view show ng one
enbodi ment of the substrate provided with a photocatalyst filmof the
present invention. Meanings of referencesnunerals 10: Substrate provided
wi th a photocatal yst filml 020: Substrate 30: Photocatal yst film MODE FOR
CARRYI NG OUT s THECKWYENEh Nl 7 ithe Rresed Jduiventd oF o hephatacat alpd ic
sem conductor nicroparticles are a material having a is nature such that
when irradi aheduWst-h altleg bl o ieBd waR He Re B tHorager JdrarF e GRErAY has
di fference between the valency el ectron band and the conduction el ectron
band of thegsphket acghaltysttall sits fGapabl e of form ng conductive electrons
and el ectron holes by excitation of electrons 20 in the valency el ectron
band. Such pheteFabalsyRICTISSIMOFO MHEC DRAWINGOparticles may preferably be,
for exanple, anatase type titaniumoxide, rutile type titaniumoxide, tin
oxi de, zimc oxi d&id.ungst sphemaaxcderosteerict ioxndeyview shoantigumris t anat e.
25 In the present invention, the average particle size

embodiment of the substrate provided with a photocatalyst

film of the present invention.

Meanings of reference numerals

10: Substrate provided with a photocatalyst film
10 20: Substrate
30: Photocatalyst film

MODE FOR CARRYING OUT THE INVENTION

In the pregsent invention, the photocatalytic

semiconductor microparticles are a material having a

15 nature such that when irradiated with light having an
energy larger than the energy difference between the
valency electron band and the conduction electron band of
the photocatalyst, it is capable of forming conductive
electrons and electron holes by excitation of electrons

20 in the valency electron kand. Such photocatalytic
semiconductor microparticles may preferably be, for
example, anatase type titanium oxide, rutile type
titanium oxide, tin oxide, zinc oxide, tungsten trioxide,
ferric oxide, or strontium titanate.

25 In the present invention, the average particle size

of the photocatalytic semiconductor microparticles is one

obtained by measuring agglcomerated particle sizes of




of 't he photocatal ytic sem conductor microparticles is one obtained by
_measuring aggl onerated particle sizes of 4 mcroparticles in the
conposition by utilizing light scattering by means of a Mcrotrac UPA
particle size distribution neter (manufactured by HONEYWELL Co.), and it
Is preferably from5 to 90 nm particularly preferably 5 from40 to 70 nm
I f the average particle size is too small, mcroparticles of the

phot ocat al yst tend to be enbedded in the formed photocatal yst film

whereby  var 9usophiegls «af ihh%hléh%bﬁl?%tsﬁ!ti%h enehctiq sharndl v i fdgvel op. On
the other hand, it the average particle size 10°is too large, the

nechani cal skeaR@kRiok Hemephat egakhahist otira® Utar ey dfienwedi Aends to be
i nadequate, or the transparency nay not be secured. The silica precursor

in the preseatskRYBALIiON Metdr JhhGifec@eireaC O NG veenlaidy Ng famem 0. 001
to 1 part by 15 nass, preferably from0.001 to 0.2 part by nass, nore
preferably fremi@. @& fle@a®llS fpant 5by onBeSs nmof pamrtdkkalair 1 ymetralfdramlyper

100 parts by nass of silicic acid. The concentration of the al kali netal
ion is one measur éd hy 7a8nnhCP efi skséonvepagerpaetiylbysireanssotos. g.
SPS4000 20 manufactured by Sei ko Instrunents Inc. The alkali netal ionis
not parti cul amayll i mitedpaatdcdes bypeéheayphbeocanmpleped tend wo &e nor e
types may be enployed. The alkali nmetal ion is preferably sodiumion or
l'i t hi um i on. embeddkedr int kdesifoiroied pbiogocatrpdwsd ifs lmeamhefrebya
various effects of the photocatalyst tend to hardly
develop. On the cther hand, if the average particle size
10 is too large, the mechanical strength of the
phetocatalyst film thereby formed, tends to be inadequate,
or the transparerncy may not be secured.
The silica precursor in the present invention is a
gsilicic acid compound containing from 0.001 to 1 part by
15 mass, preferably from 0.001 to 0.2 part by mass, more
preferably from 0.001 to 0.15 part by mass, of an alkali
metal ion, per 100 parts by mass of silicic acid. The
concentration of the alkali metal ion is one measured by
an ICP emissicon spectrometry by means of e.g. SP34000
20 manufactured by Seiko Instruments Inc. The alkali metal
ion is not particularly limited, and one type may be
employed or two or more types may be employed. The
alkali metal ion is preferably sodium ion or lithium ion.
Further, the silicic acid compound is meant for a

25 compound to form a silica film upon application of post

treatment as described hereinafter.

The silica precursor is preferably a product




25 "conpound to forma silica fil mupon application of post treatnent as
described hereinafter. The silica precursor is preferably a product 5
obtained by renoving a part of the alkali nmetal ion from an alkali netal
salt of silicic acid. For exanple, such a product can be obtained by a
met hod of reducing the alkali netal ion froman alkali netal salt of
silicic 5 acid by neans of a cation exchange resin. The anmount of the

al kali metal ion to be reduced, can be adjusted by controlling the anount

of the catioRR%GhaAROeY S LALE J438d o4 f&%ecoclﬁt;é]clti Hé%lcti% Qract

met hod, etc. As the cafion exchange resin, a strongly acidi cation

exchange resin GRRQIH k@) 218 Weakdiy jaaidiacicat PRR exshange LEshn
(RCOCH type) may, for exanple, be wused. However, fromthe viewpoint of the

reaction rate@, pridduict REef & @htla nde e siteRedl b radidive iGRf itz exchange
resin. 15 In the conposition for formng a photocatalyst. fil'm of the

present inveaflikani wlkeagoneenttratd oh el xane aldealll sat®t dJf isan s gor ef erably
from1l to 80 ppm particularly preferably from1l to 40 ppm nore

preferably fremndlbomd@nspRf adsatdlotulcddcedndyy FessnhaseHeoAmblatr of
conposition for 20 form ng a photocatalyst. If the concentration of the

al kal i net al thenalkalldo medtalll ,iohhe ostabirdduy ednd calnve behywdijapiidd G&ypr operty
of the conposition tend to deteriorate, and if it is too large, the
stability of colm¢rolling the amount of the cation exchange resin to be
used, the contact time, the contact methed, etc.
As the cation exchange resgin, a strongly acidic

1¢ cation exchange resin (RSO3;H type) or a weakly acidic
cation exchange resin (RCOOH type) may, for example, be
used. However, from the viewpecint of the reaction rate,
it is preferred to use the gtrongly acidic cation
exchange resin.

15 In the composition for forming a photocatalyst film
of the present invention, the concentration of the alkali
metal ion is preferably from 1 to 80 ppm, particularly
preferably from 1 to 40 ppm, more preferably from 1 to 20
ppm, as calculated by mass based on the composition for

20 forming a photocatalyst. If the concentration of the
alkali metal ion is too small, the stability and the
hydrophilic property of the composition tend to
deteriorate, and if it 1s too large, the stability of the
composition tends to remarkably deteriorate.

25 The alkali metal salt of gilicic acid may be at

least one member selected from the group consisting of

gsodium silicate, lithium silicate and potassium silicate




corfposition tends to remarkably deteriorate. 25 The alkali netal salt of
silicic acid may be at | east one nenber selected fromthe group consisting
of sodiumsilicate, lithiumsilicate and potassiumsilicate 6 and is
particularly preferably sodiumsilicate and/or lithiumsilicate. As sodium
silicate, materials differing in the conpositional ratio O Si02/ Na20 are
known, and any 5 material may be used mﬁ%hout any particular limtation.
Anong them a material having a small content ratio of Na20 is preferred.

As commer ci ahhy @‘éabla%le|1@u§9‘i“lg”br%'fleh_’%%tl‘} s%@q'uwﬂs%'ﬂfc%%tee Mgt/ Jr (ol ar
ratio of Si 02/ Na2G 2 sodium silicate No. is a 10 tradenane

manuf act ur ed1bynNuppen1&bewecal I ndustrial Co., Ltd., the sanme applies to
No. 2 to No. 4), sodium silicate No. 2 (the sanme nolar ratio: 2.4 to 2.7),

sodi um silicat eaNosodlifihei9are U afadedtiiads JiF fed ihd)in Hhe SOMi UM
silicate No. 4 (the sanme nolar ratio: 3.7 to 3.9) 15 may be nenti oned.

Particul arl ycprpbeteednas sadivmofsisliineale,Nars aiowd, #hdaviyg a smal |
content ratio of Na20 As lithiumsilicate, materials differing in the

conposi tionaharatialohag B2/ Lis2d atiehbnewanyaparadyu@rmatieriitalt iy, be used
w t hout any particular limtation. Anmong them a material having a small
content ratiamohyg the2®,i s paeckeirdédhaddngormemaildl loynaeait! aaltd d idtthi um
Na 0 is preferred. As commercially available sodium
silicate, sodium silicate No. 1 (molar ratio of
Si0;/Na0: 2.0 to 2.3; sodium silicate No. 1 is a
10 tradename, manufactured by Nippon Chemical Industrial Co.,
Ltd., the same applies to No. 2 to No. 4), sodium
silicate No. 2 (the same molar ratioc: 2.4 to 2.7), sodium
silicate No. 3 (the same molar ratioc: 3.0 to 3.3), or
sodium silicate No. 4 (the same molar ratio: 3.7 to 3.9)
15 may be mentioned. Particularly preferred is sodium
silicate No. 3 or No. 4 having a small content ratio of
Na;0.
As lithium silicate, materials differing in the
compositional ratio of $i0,/Li0 are known, and any
20 material may be used without any particular limitation.
Among them, a material having a small content ratio of
Li;0 is preferred. As commercially available lithium
silicate, lithium silicate 35 (molar ratio of S5i0;/Li,0:
3.5; lithium silicate 35 is a tradename, manufactured by
25 Nippon Chemical Industrial Co., Ltd., the same applies to

45 and 75), lithium silicate 45 {the same molar ratio:

4.5) or lithium silicate 75 (the same molar ratio: 7.5)




sil'icate, lithiumsilicate 35 (molar ratio O Si02/Li 20 3.5; lithium
silicate 35 is a tradenane, manufactured by 25 Ni ppon Chem cal |ndustri al
Co., Ltd., the sane applies to 45 and 75), lithiumsilicate 45 (the sane
molar ratio: 4.5) or lithiumsilicate 75 (the sane nolar ratio: 7.5) 7

may be nentioned. Particularly preferred is lithium silicate 75 having a
smal |l content ratio of Li20. The conposition for formng a photocatal yst
filmof the present invention preferably contains a surfactant 5 which has

mai nly two fyRct ,ANRentRBnbl StpdHPELioRriy bPorSPFUEC I WE Ry Of the
conposition to"the substrate, and the second function i1s to 1ncrease the

hydrophi l'i c sphopgtty78f nhhenphat agatal vehckarerakqimed by ,4sing the
conposition. The type of the Surfactant is not 10 particularly limted, but

a noni oni ¢ surfaghaniconposhriaier adly Rmmioed PhyRdda Myawnai intm Qff t he

di spersion stability. Particularly preferred is a conmpound wherein the

hydrophilic paet peBsestaipobneiyval kybeaeadng thetahydr ephebiraerndd on is a
fluorinated organic group (for 15 exanple, a conmpound (hereinafter referred

to as suwfaghash Qhsrepiesented Bynctions. The first function is to
C8Fl 7CH2CH2CH( CH3) 0( CH2CH20) . (CH2CH(CH3) 0) yH (x:y=70: 30, x+y=5.72, average
nol ecul ar wekgbtire8@@rrab@l ity ocompeurdmpberieinnt ke e epbdturateortion is
a 20 pol yoxyal kyl ene and t he hydrophobic portion is a nmethyl pol ysil oxane
(for exanpl eandlLth@" setpadeffametion is to increase the hydrophilic
property of the photocatalyst laver formed by using the
composition. The type of the surfactant is not
10 particularly limited, but a nonionic surfactant is
preferably employed from the viewpecint of the dispersion
stability. Particularly preferred is a compound wherein
the hydrophilic portion is a polyoxyalkylene and the
hydrophobic portion is a fluorinated organic group (for
15 example, a compound (hereinafter referred to as
surfactant Q) represented by
CgF17CH;CH,CH (CH3 ) O {CHCH0)  (CHCH(CH3)O) H (x:y=70:30,
x+y=5.72, average molecular weight: 800)). Or, a
compound wherein the hydrophilic portion is a
20 polyoxyalkylene and the hydrophobic pertion is a
methylpolysiloxane (for example, “L-777, tradename,
manufactured by NIPPON UNICAR CO., LTD.) is preferred.
In the composition for forming a photocatalyst film
of the present invention, the silica precursocr is
25 preferably contained in an amount of from 25 to 900 parts

by mass, particularly preferably from 50 to 400 parts by

mass, per 100 parts by mass of the photocatalytic




manuf actured by NIPPON UNICAR CO., LTD.) is preferred. In the conposition
for formng a photocatalyst film of the present invention, the silica
precursor is 25 preferably contained in an anount of from25 to 900 parts
by mass, particularly preferably from50 to 400 parts by nass, per 100
parts by mass of the photocatalytic 8 sem conductor mcroparticles.
Further, in a case where it contains a gurfactant, it is preferred that
the surfactant is contained in an amount of fromO0.1 to 10 parts by nass

per 100 partgeRycBR&ScPb ! RQCEBBE\QE%MUcFéréﬁ@a_Lcomugtegsgl Ghaparticles.
If the concentration of the silica precursor is too large, the durability

of the hydrophiLbatRiABERt ¥ulkakhgntl eskl tEngraRatoeat ahust thidd mwi Il be
low, and if it is too snmall, no adequate hydrophilic property will be 10

inparted to therhesdhti ig phatacaktal Yot ahi bRbuhdr bkekrom b .tth@ opneporti on
of the surfactant is too |large, the outer appearance of the resulting

phot ocat al yspartk! By hapdspbe beoi pRatEkedy ARdst Be QﬁéaphbtbbaQBl§QQC
hydrophilic property will be low, and if It is too snal 15 the coating

property of tbeieoapastbronivirbbapetclbes.i nproved, and the hydrophilic.
property of the photocatalyst filmwll be [ow. The conposition for
form ng a phot ocattalthet chncenafrattibe pfesdrt siindest peectorica iss adwedi um
The nmediumis 20 not particularly limted, a nediumcontaining water is
large, the durability of the hydrophilic property of the
resulting photocatalyst film will be low, and if it is
too small, no adegquate hydrophilic property will be
10 imparted to the resulting photocatalyst film. Further,
if the proportion of the surfactant is too large, the
outer appearance of the resulting photocatalyst film
tends to be impaired, and the durability of the
hydrophilic property will be low, and if it is too small,
15 the coating property of the composition will not be
improved, and the hydrophilic property of the
photocatalyst film will be low.
The composition for forming a photocatalyst film of
the present invention contains a medium. The medium is
20 not particularly limited, a medium containing water 1is
preferred, and it may contain a sclvent. Such a solving
ig primarily used for dilution, and the composition is
preferably in the form of a solution. Aas such a solvent,
a polar solvent such as a lower alcohol, a nitrogen-

25 contalining solvent or a sulfur-containing solvent, is

preferred, and particularly preferred is a lower alcohol.

Two or more solvents may be used. As the medium,




preferred, and it may contain a solvent. Such a solving is primarily used
for dilution, and the conmposition is preferably in the formof a solution.
As such a solvent, a polar solvent such as a |ower alcohol, a nitrogen 2S
contai ning solvent or a sulfur-containing solvent, is preferred, and
particularly preferred is a |lower alcohol. Two or nore solvents may be
used. As the nedium 9 particularly prefgerred Is water. The total anopunt
of the photocatal ytic sem conductor mcroparticles and the silica

precursor i nﬁ)tat}eticqlqrg}qéj éﬁggﬁﬁ%g@& photocatal yst filmof the 5

present inverition may b pending upon the coating method and

the desired thi Ckigss Ofa 1 Nono OO AR Yo ddd 4R a SHE e Asd i @onATRUSE 1S
preferably fromO0.5 to 50 parts by mass, particularly preferably fromO0.5

to 15 parts by PR SPRAE aldy diefaraly fromddy0. & tithd parts by mess,
per 100 parts by fmass of the conposition for form ng a photocatal yst film

in view of thgfaltildd e AN iGRMOPH tba g fcomom e c1f fici ency,

etc. The conposition for form ng a photocatalyst filmof 15 the present
i nvent i ons My, Gl Nyt s} mddiddareninehaidpiadir@nalpaddiié ve may,
for exanple, be a coloring dye, a pignment, an ultraviolet absorber, an
anti oxi dant @atfifendiydRald itHesiadiherd thaie e phot agad al ytic
sem conductor microparticles in the present invention
photocatalyst film. Such a total amount is preferably
from 0.5 to 50 parts by mass, particularly preferably
from 0.5 to 15 parts by mass, especially preferably from
10 0.5 to 5 parts by mass, per 100 parts by mass of the
composition for forming a photocatalyst film, in view of
the stability of the composition, the economical
efficiency, etc.
The composition for forming a photocatalyst film of
15 the present invention may contain a functional additive.
The functional additive may, for example, be a coloring
dye, a pigment, an ultraviolet absorber, an antioxidant
or oxide microparticles other than the photocatalytic
semiconductor microparticles in the present invention
20 (such as phosphorus pentoxide or magnesium oxide; the
average particle size is preferably at most 200 nm).
By using the composition for forming a photocatalyst
film of the present invention, a substrate provided with
a photocatalyst film is prepared by coating the

25 compesition on the surface of the substrate to form a

photocatalyst film. In the photocatalyst film, the

silica precursor has already been converted to silica,




20 "(such as phosphorus pent oxi de or nmagnesi um oxi de; the average particle
size is preferably at nost 200 nm). By using the conposition for formng a
photocatal yst filmof the present invention, a substrate provided with a
photocatal yst filmis prepared by coating the 25 conposition on the surface
of the substrate to forma photocatalyst film In the photocatal yst film
the silica precursor has already been c98verted to silica, 10 but
partially, silanol groups may remain. The silica precursor is considered to

have silanol 1, gr RS iial 1hhe GaRRUNGr Jur® RV & chasid ucture represented by
SO, (OH t FWhg%éiﬁaéa%ﬂ of s and%F f? an rnteger of at 5 least O,

provided s+t=4) (go\idedhd Bfteddt SHCh & SITUIIE) @D 1IXP8 BLAM whi ch
does not constitute a hydroxyl group, is chemcally bonded to anot her

silicon atogougRd iff @RS ¥R U, 1 G NI SRS A s tdd e Mdp R erftdqred by
a dehydration condensation reaction. 10 In the present invention, by neans

of a known wek, ssysteny .t heh&esmoséddionf of £ N nos aaphplosgtal ystafil m
can be coated on the surface of a substrate to forma substrate 10

provi ded s t heasphaot,ogaialiyeid feitms )wherrehided pibRitoGat ahuyest i1 m 30 is
formed on a substrate 20, as 15 shown in Fig. 1. As the wet system nethod,
a coating nethodtsueh an spivaenceabmghilkhusheeoaitngommitalte goat i ng,
spin coating, dip coating, coating by various printing systenms, curtain
fl ow coat i nghydirexgdainegpor is chemically bonded to another silicon
atom), and from such a silica precursor, silica will be
formed by a dehydration condensation reaction.
10 In the present invention, by means of a known wet
system, the composition for forming a photocatalyst film
can be coated on the surface of a substrate to form a
substrate 10 provided with a photocatalyst film, wherein
a photocatalyst film 30 is formed on a substrate 20, as
15 shown in Fig. 1. As the wet system method, a coating
method such as spray ccating, brush coating, manual
coating, spin cecating, dip coating, coating by various
printing systemsg, curtain flow coating, die coating or
flow coating, may, for example, be preferably mentioned.
20 After coating the composition for forming a
photocatalyst film, it is preferred to apply post
treatment for the purpose of removing the medium or
increasing the hardness of the photocatalyst film. Such
post treatment may, for example, be drying or heating at

25 room temperature, or irradiation or heating with

electromagnetic waves such as ultraviolet rays or

electron rays. The heating is preferably carried out




fl dw coating, may, for exanple, be preferably nentioned. 20 After coating
.the conposition for formng a photocatalyst film it is preferred to apply
post treatnment for the purpose of renoving the mediumor increasing the
har dness of the photocatalyst film Such post treatnent may, for exanple,
be drying or heating at 25 roomtenperature, or irradiation or heating with
el ectromagnetic waves such as ultravioletqrays or electron rays. The
heating is preferably carried out 11 mntﬁln a range of from50 to 700" C,

particul arly fir@mnlQ0 r 1S3 Grdirsd nambdeg, G%a@tqlétlﬂ%rlf@r% 10

consideration the durability of the substrate. specially 'n a case where

the substrated %Ema@e QEraf§ofﬁmse%bakoh%!hﬂﬁesowtﬁﬁéhgr esir$f ance such as an
organic resin, or | ow nol ecui ar wei ght compound in-the substrate is

likely to di fcfou&ad@ﬂatm‘ori hehes Ehstdtatie dyy oheaid nfibdtirdise preferred to
carry out irradiation wwth electromagnetic waves such as ultraviolet rays

or 10 el ectr Grpeayis1l1as isUch qaest WHeaad My .sUbsdl Priesenddd nverg i on, the

t hi ckness of the resulting photocatalyst filmcan be controlled by

adj usti ngs t heatenderdt tatviony dfow heeacompasidtiand arucH argnang argliotocat al yst

film the type of the solvent, 15 the coating conditions, the post

treat nent comdistinon®r aetleow Walkradspeosteitghtt erduwidhess tdfe t he

photocatalyst film if it is too thick, there will be a drawback t hat
substrate is likely to diffuse out of the substrate by
heating, it is preferred to carry out irradiation with
electromagnetic waves such as ultraviolet rays or

i0 electron rays, as such post treatment.

In the present invention, the thickness of the
resulting photocatalyst film can be controlled by
adjusting the concentration of the composition for
forming a photocatalyst film, the type of the solvent,

15 the coating conditions, the post treatment conditions,
etc. With respect to the thickness of the photocatalyst
film, if it is too thick, there will be a drawback that
the film is likely to have cracks or interference fringes,
or i1f scratches are formed, such scratches are highly

20 visible, and if it is too thin, the desired
photocatalytic performance may not sufficiently be
obtained. Taking into consideration the economical
efficiency as well, the thickness of the photocatalyst
film is preferably from 10 to 300 nm, particularly

25 preferably from 10 to 150 nm.

The substrate to be used in the present invention is

not particularly limited. The shape of the substrate is




the filmis likely to have cracks or interference fringes, or if scratches
.are fornmed, such scratches are highly 20 visible, and if it is too thin,
the desired photocatalytic: performance nmay not sufficiently be obtained.
Taking into consideration the economcal efficiency as well, the thickness
of the photocatalyst filmis preferably from10 to 300 nm particularly 25
preferably from 10 to 150 nm The substgﬁae to be used in the present
invention is not particularly limted e shape of the substrate is 12

not limted goralihatell abeaaRdafBy1 Bake s@ACHEYARELR QVelrvhRe @S
surface or a part thereof. As the substrate to0 be used in the present

invention, atkéaggparenturgHbstpatg phre. Ghedbadss QAsthQrgﬁﬁéEréQé'n s
preferred. 5 As such glass, soda linme glass to be used mainly for a plate

gl ass or gl ass heruadgompbthespreB¥nbeimRehireBad. a Asahikpaglave- mentioned
organic resin, a resin such as polycarbonate, an acrylic resin,

pol yet hyl enesub@@i:a@éoayl eng.oglpekyethuhene gharnephickahat s mfefxqredlo
exanpl e, be nentioned. Further, in order to increase the strength of the

organi ¢ resi s aushl gtase, habdacdamenglasry thebapplicad ntad nilhe faur face of
the resin. Further, in a case where a transparent substrate of e.g. glass
or organi c pksta, glasased glathefsubatitatmepbiflke,vimayblbe hEnitighied.
transmttance (JI'S R3106 (1998)) of the substrate provided with a
phot ocat al ys&sf they abgvpretetabhgdaprganic resin, a resin such as
polycarbonate, an acrylic resin, polyethylene,
pelypropylene or polyethylene terephthalate, may, for
10 example, be mentioned. Further, in order to increase the
strength of the organic resin, a silicone hard coating
may be applied to the surface of the resin. Further, in
a case where a transparent substrate of e.g. glass or
organic resin, 1is used as the substrate, the wvisible
15 light transmittance (JIS R3106 (1998)) of the substrate
provided with a photocatalyst film, is preferably at
least 70% from the viewpoint of the see-through property.
Pretreatment may be applied to the substrate. As
such pretreatment, discharge treatment sﬁch as plasma
20 treatment, corona treatment, UV treatment or ozone
treatment, chemical treatment employing an acid or alkali,
or physical treatment employing an abrasive, may, for
example, be mentioned. By such pretreatment, wettability
of the composition to the substrate may be improved, the
25 composition can be uniformly coated, or the adhesion of

the formed photocatalyst film to the substrate may be

improved. Especially in a case where the substrate is an




| edst 70% fromthe viewpoint of the see-through property. Pretreatnent may
‘be applied to the substrate. As such pretreatnent, discharge treatnent

such as plasnma 20 treatnent, corona treatnment, UV treatnent or ozone

treatment, chem cal treatnment enploying an acid or alkali, or physical

treatment enpl oyi ng an abrasive, may, for exanple, be nentioned. By such

pretreatnment, wettability of the conpos{fjion to the substrate may be

i nproved, the 25 conposition can be uniformy coated, or the adhesion of

the formed phetaeatakistinfi il e Hhe raubeld ale B Oeud Miaved. Especially
Iin a case where the substrate is an 13 organic resin, it is preferred to

carry out sughetRe8ih@akMentt 1& LSubdsudl byrpachigularbyrettectl vaathat
the pretreatnent is carried out by ultraviolet ray irradiation by neans of

a | ow pressugBenphetipalcarpt i@ 2ake ivgedutobymditiiaeatdlen afaypl asti cs.
Further, such pretreatnent and the above-nentioned post treatnent are

i nfluential subkstaatiiah pyoweanshef penbar pareeuefe e desulldmg fid m and
accordingly it is necessary to optimze the respective treating
conditions. be keedefamphedilfy cpadiort ofapieeit iy .means of irradiation wth
ultraviolet rays, it is possible not only to accelerate the dehydration
pol ycondensat i on Freadtergn sterh goed myadimeertthercluritng adfotdrendnt mondsdit al so
to inprove the adhesion between the substrate surface and the 15
conposi ti on. phistis triemtaerds @rshand e tadile siudrs teaittiled 1y over the
performance of the resulting film, and accordingly it is
necessary to optimize the respective treating conditions.
10 For example, by post treatment by means of irradiation
with ultraviclet rays, it is possible not only to
accelerate the dehydration polycondensation reaction to
accelerate the curing of the film, but also to improve
the adhesion between the substrate surface and the
15 compesition. Thus, in a case where the adhesion to the
substrate can be improved by such post treatment, no
pretreatment will be required. Excegsive pretreatment
may rather deteriorate the substrate and may bring about
deterioration cof the performance.
20 The substrate provided with a photocatalyst film of
the present invention is excellent in the hydrophilic
property of the surface and also excellent in
transparency, and thus is preferably employed as a
component for transportation equipments or as a component
25 for buildings. As the component for transportation

equipments, a body, a window glass, a mirror, a cover

plate or the like for various display devices, for an




substrate can be inproved by such post treatnment, no pretreatnent will be
required. Excessive pretreatnent nmay rather deteriorate the substrate and
may bring about deterioration of the performance. 20 The substrate
provided with a photocatal yst filmof the present invention is excellent
in the hydrophilic property of the surface and al so excellent in
transparency, and thus is preferably enpl pyed as a conponent for
transportation equi pnments or as a conponent 25 for buildings. As the

conponent fop1ktRRIROLEALT QR RAYHIRNES, A LAY o2 Y¥doy glass, a mirror,
a cover plate or the like for various display devices, for an 14 electric

car, an autopbik@ftd $AVD Forbedamdl, Abe Adntidded MYs fAE example, be
menti oned. As the conponent for buildings, an outer wall, a seal ant

portion, a woRgewedlaFer ®uiddshigect Uhe osuEt a%1a ,brd dge 1mnd W iom, may,
for exanple, be nmentioned. Further, as other applications, cover glass for

i1lum nationa @isewdglaBisel dirna walductelre s Re REMdieRed.orfThenrsidstrat e
provided with a photocatalyst filmof the present invention is excellent
in the hydrophil,i €orlexampper,t peotnantd oief.aceuatlethusshashar anti-foggi ng
property whereby water drops deposited on the surface wll spread
wettingly soapbbatichltd osusr, f aogew bilaset fe iflaggdciathwit her scamdy gani c
stain will be deconposed at the surface. Further, by irradiation of |ight
on t he shielding wall, etc. may be mentioned.
The substrate provided with a photocatalyst film of
the present invention is excellent in the hydrophilic
10 property of its surface and thus has an anti-fogging
property whereby water drops deposited on the surface
will spread wettingly so that the surface will not be
fogged. Further, an organic stain will be decomposed at
the surface., Further, by irradiation of light on the
15 surface, the performance in the decomposition of the
organic stain will be further improved. Still further,
when raindrops by raining will flow down on the surface,
the stain will simultaneocusly flow down (i.e. a self-
cleaning effect). The substrate provided with a
20 photocatalyst film of the present invention is expected
to have effects for e.g. securing the visibility,
maintenance of the beautiful appearance or reduction of
mailntenance costs.
The photocatalyst film formed of the composition for

25 forming a photocatalyst film of the present invention is

superior in the maintenance of the hydrophilic property

or in the performance for decomposition of a stain, to a




15 'surface, the performance in the deconposition of the organic stain wll
be further inproved. Still further, when raindrops by raining will flow
down on the surface, the stain will simultaneously flow down (i.e. a self-
cl eaning effect). The substrate provided with a 20 photocatal yst fil m of
the present invention is expected to have effects for e.g. securing the
visibility, maintenance of the beautifuiSappearance or reduction of

mai nt enance costs. The photocatal yst filnmformed of the conposition for 25

formng a phetaeatal ¥shf if!o{ﬂn%fd P e IR Mo I SIEYH Ui 1%y 1$KPEI I Or i n the

mai nt enance of the hydrophilic property or in the performance for

deconpositio Stal &th$; i ' f 1l C sition
enpl oying a E)pr(rafga%gt q'%lg\r}?%%a stt r S&%&% rrrég)[ﬁéeése?nttéea{j% %%p@%)-ﬁlp?ﬂ(?%?) r

(wherei n each,gler18N&4H SR ia&tae%erisofar@tidt%%r Qf fat 1A% it ager of
at least 1, provided that p+q+r=4) (provided that in such a structure, an

oxygen atom gtheh ihhtaRdrhe thkdr Qelstgnoupr ovs dedenireal lpkdhanded to anot her
silicon atom) obtained by hydrolysis of Si(OR)4 (R alkyl group) as a
conventi onal (pldeiyisid anet The ssiehstr atre-yatamia]ednniddygerphoiacatdlast film
of 10 the present invention may have another film between the substrate
and t he phot etatraltyst hvidrexyAs gsealp arnet keremifddlhy awralddltio karattesr | ayer
(a layer for the purpose of preventing diffusion of alkali netal to the
phot ocat al ystsilicon atom) obtained by hydrolysis of Si(OR)s; (R: alkyl
group) as a conventional alkoxysilane.
The substrate provided with a photocatalyst film of
10 the present invention may have another film between the
substrate and the photocatalyst film. As such another
film, an alkali barrier layer (a layer for the purpose of
preventing diffusion of alkali metal to the photocatalyst
film in a case where the substrate is an alkali metal-
15 containing glass) may, for example, be mentioned.
EXAMPLES
The present invention will be described in further
detail with reference to Examples (Examples 1 to 7 and 10
to 12} and Comparative Examples (Examples 8 and 9).
20 Samples were evaluated by the following methods. The

evaluation results are shown in Table 1.

Hydrophilic property

Immediately after the preparation of a sample, the
contact angle of water at the initial stage before
25 irradiation of light, was measured.

Durability of the hydrophilic property

A sample was maintained in an environment where no




fi'min a case where the substrate is an alkali netal 15 containing glass)
may, for example, be nentioned. EXAMPLES The present invention wll be
described in further detail with reference to Exanples (Exanples 1 to 7
and 10 to 12) and Conparative Exanples (Exanples 8 and 9). 20 Sanples were
eval uated by the foll ow ng nethods. The evaluation results are shown in
Table 1. Hydrophilic property Imedi ately, after the preparation of a
sanple, the contact angle of water at the initial stage before 25

Fradiation ofohiolhe WasaMRERMICd o DURBDLLEY 0bn! NAnBUILORY I3 cRi0PCr Y

A sanple was nalntalne in an envi ronnent where no

irradiated, tge B%ﬁ%ﬁlﬁﬁhog‘f' %H%d's% ?EL% a%%'i:eub% %%p%roéﬁtt'a%'& of the
sanpl e, mhereupon the contact angle of water was measured. The contact

angle is prgﬁg&ébbf k@RS tyadOmealRhedRr etiet abbyr At "R8§140is from5 the
-viewpoint of durability of the hydrophilic property. Stain deconposition

performance Ll eirea6h¢ W@Sm6%90§b@edm89eapﬁéﬁ@féblﬂﬂgglﬁé@EY10@ftf%omtS
preparation, to obtain a stained surface he contact angl e of
wat er wass abeuk ¥Rewpeintherl@usubfiacey blfackel hghropbenter peayeheggt h: 365
nm was irradiated for 6 hours with an intensity of 0.5 MW CM2, whereupon
t he contact gnghe dbcwabesivasnnpasdbethande

Oleic acid was deposited on a sample immediately
after its preparation, to obtain a stained surface, of
which the contact angle of water was about 70°. On the

10 surface, black light {(center wavelength: 365 nm) was
irradiated for 6 hours with an intensity of 0.5 mW/cm?,
whereupon the contact angle of water was measured. A
contact angle of at most 10°, more preferably at most 6°,
is preferred from the viewpoint of the antifouling

15 property.

Film strength

A sample was subjected to a Taber abrasion test
{number of abrasion times: 100 times, locad: 4.9 N).
Before and after the abrasion test, the haze value was
20 measured (measuring instrument: direct reading haze
computer, manufactured by Suga Shikenki K.K.), and the
change was obtained. A change of at most 3%, is
preferred from the viewpoint of abrasion resistance.

Antifouling property

25 A sample immediately after its preparation, was

exposed outdoors for 1 month, whereupon the fouling

degree was visually observed (little fouling observed: O,




coritact angle of at nost 10', nore preferably at nost 6', is preferred
fromthe viewoint of the antifouling 15 property. Filmstrength A sanple
was subjected to a Taber abrasion test (nunber of abrasion tinmes: 100
times, load: 4.9 N). Before and after the abrasion test, the haze val ue
was 20 neasured (neasuring instrunent: direct reading haze conputer
manuf act ured by Suga Shi kenki K K.), an he change was obtai ned. A change
of at nmost 3% is preferred fromthe viewpoint of abrasion resistance.

Ant i f oul t ; | e lat '

exposed out doureiEof P ARt RASWREF SoRo s ft oty vt babr SRl Al ULty

observed (Iléggérgg Ilgg observed: 0 17 slight fouling was observed: A
ou

subst anti al Ing observed: X). Anti-fogging property A breath was bl own
to a sanpl e pprediEahghhgabi8pekts S preparation, whereby the presence or
absence of fUgg—ﬁg—*va§——é§‘ﬁTTV"observed (no fogging observed: 0, fogging
observed: X) EXAMPbEechtBodasl bTewal 22s ablsatd 1l Qtnian % t10Q, Bt dihiiaddiess:

10 3.5 mm) was prepared, and its surface was polished with cerium oxide,
t hen washed prepadhkstibhl edheatel, and giiceénce or absence of fogging

was visually observed (no fogging observed: O, fogging
observed: X).
EXAMPLE 1
Soda lime glass plate (100 mm X 100 mm, thickness:
10 3.5 mm} was prepared, and its surface was polished with
cerium oxide, then washed with distilled water and dried
to obtain a pre-treated glass plate.
To 37.5 g of water, 12.5 g of sodium silicate No. 4
{tradename, manufactured by Nippon Chemical Industrial
15 Co., Ltd., 8Si0;: 23.35 mass%, Na;0: 6.29 mass%, molar
ratic of $i0;/Na;0: 3.83) was added, and further, 30 g of
strongly acidic cation exchange resin (“*SK1BH”, tradename,
manufactured by Mitsubishi Chemical Corporation) was
added, followed by stirring at room temperature for 10
20 minutes to prepare a deionized sodium silicate solution
{sodium ion was 0.1l2 part by mass, per 100 parts by mass
of silicic acid).
Further, to 32.1 g of 2-propancl, 9 g of an agueocus
dispersion {solid concentration: 10 mass%) of anatase
25 type titanium oxide microparticles (average particle
size: 56 nm, hereinafter referred to as photocatalyst A)

and 8.9 g of the deionized sodium silicate solution, were




to'obtain a pre-treated glass plate. To 37.5 g of water, 12.5 g of sodium
.silicate No. 4 (tradenane, manufactured by N ppon Chem cal Industrial 15
Co., Ltd., Si02: 23.35 nass% Na20: 6.29 mass% nolar ratio of Si02/ Na2O
3.83) was added, and further, 30 g of strongly acidic cation exchange
resin ("SKIBH', tradenane, nmanufactured by M tsubishi Chem cal

Corporation) was added, foll owed by sti{éing at roomtenperature for 10 20
m nutes to prepare a deionized sodiumsilicate solution (sodiumion was

0.12 part byapmes, Bew QPR S DY urESStLft Sifieic @Gifhendil ther, to
32.1 g of 2-propanol, 9 g of an aqueous dispersion (solid concentration:

10 mass% of nanaFaseurdd LyP&TPFOANIUTCRR @@ N grepar tifd exdayesage
particle size: 56 nm hereinafter referred to as photocatalyst A) and 8.9

g of the dei enhzedtsadiuud $id i10at @ps0Haldedn oV 18 quaddethoand fugther, a
surfactant "L-77" (tradenane, manufactured by N PPON UNI CAR CO, LTD.) was

added so thabtktinwevkdibg 10GuppMibased iam tike |dcideth @it ti@ obtain
coating liquid 1 (sodiumion concentration: 12 5 ppn). 2 nL of the obtained
coating |3% qupgml .was dropped on the surface of the above-nentioned
pretreated glass plate and coated by a spin coating nethod, followed by
baking in an at fospgheri chat migpheresl atoa2001C FigruieD Imwad edrdppdd abtain a
sanpl e having a photocatal yst film having a
the surface of the above-mentioned pretreated glass plate
and coated by a spin coating method, followed by baking
in an atmospheric atmosphere at 200°C for 60 minutes to
10 obtain a sample having a photocatalyst film having a
thickness of 80 nm.
EXAMPLE 2
To 36.07 g of water, 13.93 g of lithium silicate 75
{tradename, manufactured by Nippon Chemical Industrial
15 Co., Ltd., 5i0;: 21.54 mass%, LisO: 1.43 mass$%, molar
ratio of S$i0;/Lix0: 7.49) was added, and further, 30 g of
“"SK1BH” was added, followed by stirring at room
temperature for 10 minutes to prepare a deionized lithium
silicate solution (lithium ion was 0.13 part by mass, per
20 100 parts by mass of silicic acid).
Further, tco 32.1 g of 2-propancl, 9 g of
photocatalyst A and 8.9 g of the deiocnized lithium
silicate solution were added, and further, “L-77" was
added so that it would be 100 ppm based on the liguid
25 amount, to obtain coating liquid 2 (lithium ion

concentration: 13 ppm). Using the obtained ceating

liguid 2, a sample having a photocatalyst film having a




t hi'ckness of 80 nm EXAMPLE 2 To 36.07 g of water, 13.93 g of lithium
_Silicate 75 (tradenane, manufactured by N ppon Chem cal Industrial 15
Co., Ltd., Si02: 21.54 nmass% Li20: 1.43 mass% nolar ratio O Si 02/ Li 20
7.49) was added, and further, 30 g of 'SKIBH' was added, followed by
stirring at room tenperature for 10 mnutes to prepare a deionized lithium
silicate solution (lithiumion was 0.13 rt by mass, per 20 100 parts by
mass of silicic acid). Further, to 32.1 g of 2-propanol, 9 g of

phot ocat al yst rAandsE @10 53 1€ wiedomz8thdd L WhHe HdnL AHmt uid ofh wer e
added, and further, "L-77" was added so that it would be 100 ppm based on

the liquid 2@,@5{?1@,110 obtain coating liquid 2 (lithiumion
concentration: 13 ppin) . Using the obtained coating liquid 2, a sanple
havi ng a phokrgeatralpyst fil mhaving a 19 thickness of 83 nm was obtai ned
in the sane manner as in Exanple 1. EXAMPLE 3 To 32.1 g of 2-propanol,

10.5 g phot ocat alyst32A 1anfl o5 HB-hirghrfl t e deipiizethb st LRSI Al Sade
solution as in Exanple 1, were added, and further, "L-77" was added so

that it woul é¢.Be 0O Pphdbakddndrddheddigu ¢ idnaute dod utaldmias caat i ng
liquid 3 (sodiumion concentration: 7 ppn). Using the obtained coating
liquid 3, a Tampipdehdvi ngere added, and further, “L-77" was added so
that it would be 100 ppm based on the liguid amount, to
obtain coating liguid 3 (sodium ion concentration: 7 ppm).
Using the obtained coating liquid 3, a sample having a
10 photocatalyst film having a thickness of 82 nm, was
obtained in the same manner as in Example 1.
EXAMPLE 4
To 32.1 g of Z2-propancl, 4.5 g photocatalyst A and
15.6 g of the deionized sodium silicate solution as in
15 Example 1, were added, and further, “L-77” was added so
that it would be 100 ppm based on the liguid amount, to
obtain coating liquid 4 (sodium ion concentration: 23
ppm). Using the obtained coating liquid 4, a sample
having a photocatalyst film having a thickness of 83 nm,
20 was obtained in the same manner as in Example 1.
EXAMPLE b5
2 sample was obtained in the same manner as in
Example 1 except that in Example 1, surfactant Q was
employed instead of “L-77".
25 EXAMPLE 6

In Example 1, instead of baking in an atmospheric

atmosphere at 200°C for 60 minutes, baking was carried




10 "phot ocatal yst fil mhaving a thickness of 82 nm was obtained in the
_sanme manner as in Exanple 1. EXAWPLE 4 To 32.1 g of 2-propanol, 4.5 g

phot ocatal yst A and 15.6 g of the deionized sodiumsilicate solution as in
15 Exanple 1, were added, and further, "L-77" was added so that it would be
100 ppm based on the liquid amount, to obtain coating liquid 4 (sodiumion
concentration: 23 ppm. Using the obtaiyied coating liquid 4, a sanple
havi ng a photocatal yst film having a thfﬂﬁness of 83 nm 20 was obtained in

the same manper a5 | EéﬁHBJiﬁehc E%%}E@Fﬁe?e a%aaebeﬁ Surf&%ﬂﬁgtég the

same nmanner as in except I'n Exa act ant

enpl oyed |nsggagbgglﬂta7zam 2a EXAMPLE 6 In Exanple 1, instead of baklng in
an atnospheric atnosphere at 200' C for 60 minutes, baking was carried 20
out in an ataRspbegi ¢ at nosphere at 300'C for 30 mnutes to obtain a
sanple. EXAMPLE 7 In Exanple 1, instead of baking in an atnospheric 5

at nosphere at 20@nCekamnpd@ M, Nuheseadakifn@amasgCam’ ized a teidtsgherér
at nospheri c atnosphere at 650'C for 5 mnutes to obtain a sanple. EXAMPLE
8 (Conmparati ¥emE¥pABYE) at 200°C for 60 minutes, baking was carried
out in an atmospheric atmosphere at 650°C for 5 minutes
to obtain a sample.
EXAMPLE 8 (Comparative Example)
To 90 g of ethanol, 5 g of tetramethoxysilane was
10 added, followed by stirring for 10 minutes. Then, 5 g of
an agueous nitric acid solution (1 mass%) was gradually
added to obtain a hydrolyzed product B of
tetramethoxysilane.
To 32.1 g of 2-propanol, 9 g photocatalyst A and 8.9
15 g of the above hydrolyzed product B were added, and
further, "L-77" was added so that it would be 100 ppm
based on the liguid amount, to obtain coating liguid 8
(sodium ion concentration: 0 ppm).
Using the cobtained coating liquid 8, a sample having
20 a photocatalyst film having a thickness of 80 nm, was
obtained in the same manner as in Example 1.
EXAMPLE 9 (Comparative Example)
To 32.1 g of 2-propanol, 9 g photocatalyst A and 8.9
g of sodium silicate No. 4 (godium ion was 26.9 parts by
25 mass per 100 parts by mass of silicic acid) were added,

whereby precipitate was formed, and it was impossible to

ocbtain a coating liguid.




To'90 g of ethanol, 5 g of tetranethoxysilane was 10 added, followed by
stirring for 10 mnutes. Then, 5 g of an aqueous nitric acid solution (1
mass% was gradually added to obtain a hydrolyzed product B of

tetramet hoxysilane. To 32.1 g of 2-propanol, 9 g photocatal yst A and 8.9

15 g of the above hydrolyzed product B were added, and further, "L-77" was
added so that it would be 100 ppm based,pn the |liquid amount, to obtain
coating liquid 8 (sodiumion concentration: O ppn). Using the obtained
coating |iquigsta®pra 9@anpl e having 20 a photocatalyst filmhaving a

t hi ckness of 80 nm was obtained in the sane manner as in Exanple 1.

EXAMPLE 9 ( Conparatdane,&xaimle T s3%h biatdf 2-qr epanel 108 fimphot ocat al yst
A and 8.9 g of sodiumsilicate No. 4 (sodiumion was 26.9 parts by 25

mass per 100 tpdkcksely MBS @in)S plrictiidedc wd)chwer & iaddeche WaarEloquians pitate
was fornmed, and it was inpossible to obtain a coating liquid. 21 EXAMPLE
10 A pol ycar hasape apesiad , plagide iEE00ar® x ob@A ngmsurtfacek ness wasH:dn)
provided with a silicone hard coating, was prepared, and its hard coating
surface was wishedistiiltlleddiwsttield eddvaten ardechen dbitedrt @ obtain a
pretreated polycarbonate plate. 2 nL of coating liquid 1 obtained in
Exanpl e 1 wapretreated polycarbonate plate.
2 mL of coating ligquid 1 obtained in Example 1 was
dropped on the surface of the pretreated polycarbonate
prlate and coated by a spin coating method. Then,
10 ultravieolet rays were irradiated for 5 minutes by means
of a low pressure UV irradiation apparatus (PL7-200,
manufactured by Sen Engineering K.K.) with a distance
between the lamp and the resin plate being 2 cm, to
obtain a sample having a photocatalyst film having a
15 thickness of 80 nm. Here, the ultraviolet rays are meant
for high energy ultravieclet rays (hereinafter referred to
as UV-C) having main wavelengths of 253.7 nm and 184.9 nm,
by a low pressure mercury lamp.
EXAMPLE 11
20 A sample was obtained in the same manner as in
Example 10 except that in Example 10, after washing and
drying the polycarbonate resin plate provided with a
silicone hard coating, UV-C was irradiated for 2 minutes
by means of the above-mentioned low pressure UV
25 l1rradiation apparatus to obtain the pretreated

polycarbonate plate.

EXAMPLE 12




dropped on the surface of the pretreated pol ycarbonate plate and coated by
~a spin coating nmethod. Then, 10 ultraviolet rays were irradiated for 5

m nutes by neans of a |low pressure UV irradiation apparatus (PL7-200,
manuf actured by Sen Engineering K. K. ) with a distance between the |anp and
the resin plate being 2 cm to obtain a sanple having a photocatal yst film
having a 15 thickness of 80 nm Here, thg,ultraviolet rays are nmeant for
hi gh energy ultraviolet rays (hereinafter referred to as UV-C) having main
wavel engt hs of 233 Zxampard 1184.1948ad R 3 rrQMl iRIESSUI R4 )5 | anp.
EXAMPLE 11 20 A sanple was obtained in the same manner as in Exanple 10
except that phanbkxappl altlavabllet waski rerand rrdiafed Ferpel wGaiRerat e
resin plate provided with a silicone hard coating, WC was irradiated for
2 mnutes byynmpaassobft hemabavehaeiticonasthpl qWOBFESIYTr takdV £2% thureddibat | on
apparatus to obtain the pretreated polycarbonate plate. EXAMPLE 12 22 In
Exanpl e 10, EmsteadHatsi cpadi atidng WAEHF ar d5 siandiee Hetulelenatihel dampays wer e
irradiated for 5 mnutes by neans of a netal halide |anmp (M3-L31,

manuf act v edahy tBE¥EERARH €8sCa. plbte. bedngh 18 dist arcebietineen sklvglleanp 5
and the above resin plate being 10 cm to obtain a sanple having a

phot ocat al yshatiihm haphegogathilgkteds lof h@0imm a thickness of 80 nm.

Here, the metal halide lamp is meant for a lamp having a
high output of ultraviolet rays having longer wavelength
than the low pressure mercury lamp at a level of from 300

10 to 450 nm.

Table 1
Ex. | Hydro- Durability | Stain Film Anti- Anti-
philic of hydro- |decomposi- |strength | fouling | fogging
property |philic tion property | property
property perform-
ance
1 3° 8° 5° 2.1 O O
2 4° 6° 4° 2.1 O O
3 4° 12° a° 2.8 O @]
4 3° 7° 5° 1.8 O QO
5 1° 6° 5° 2.1 C O
6 57 11° 5° 1.2 C O
7 5° 10° 5° 0.8 O O
8 3° 23° 46° 4. 6 JaAN o
10 3° 6° 5° 2.2 O @]
11 4° 8° 5° 2.0 @ @
12 a° 7° 4° 2.4 @) O

INDUSTRIAL APPLICABILITY

According to the present invention, a composition

15 for forming a photocatalyst film can be obtained which 1is




Here, the netal halide lanp is nmeant for a |lanp having a high output of
.ultraviolet rays having | onger wavel ength than the | ow pressure nercury
|lanp at a level of from300 10 to 450 nm Table 1 Durability Stain Hydro-
of hydro- deconposi- FilmAnti- Anti- Ex.philic philic tion strengthfouling
f oggi ng propertypropertyperform propertyproperty ance 138502. 100 240642.
100 34012302. 800 430751.800 51652. 100 54

capable of imparting an excellent hydrophilic property to
the surface of a substrate. Further, by means of the
composition for forming a photocatalyst film of the
present invention, a photocatalyst film excellent in a

5 hydrophilic property can be formed at a low temperature,
and the surface of a substrate provided with such a
photocatalyst film will be excellent in the hydrophilic
property. Further, the photocatalyst film formed by
means of the composition for forming a photocatalyst film

10 of the present invention, is particularly excellent in
the stain decomposition performance, and the durability
of the hydrophilic property is long. Accordingly, the
surface can be maintained to be always clean.

The surface of a substrate formed by means of the

15 composition for forming a photocatalyst film of the
present invention and having an excellent hydrophilic
property imparted, is excellent in the droplet falling
property, the antifogging property, the antifouling
property and the abrasion resistance. Namely, the

20 hydrophilic property is imparted to the surface of the
substrate, whereby waterdrops deposited on the surface of
the substrate will spread wettingly, and the surface will
not be fogged. Further, by irradiation of light such as
sunlight, decomposition of a stain (particularly

25 decomposition of an organic stain) will be accelerated.
Further, when e.g. by raining, water falls down on the

surface of an article, an inorganic stain will also
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I NDUSTRI AL APPLI CABI LI TY According to the present invention, a conposition
15 for form ng a photocatalyst filmcan be obtained which is 23 capabl e of
imparting an excellent hydrophilic property to the surface of a substrate.
Further, by neans of the conposition for form ng a photocatal yst film of
the present invention, a photocatalyst {jilmexcellent in a 5 hydrophilic
property can be fornmed at a | ow tenperature, and the surface of a
substrate pravidedaweblis3ychiaal BBRhOGatkakysh ehinlimWiddrea jexcel lent in the
hydrophilic property. Further, the photocatalyst filmfornmed by neans of
the conposition for formng a photocatalyst film 10 of the present
invention, is particularly excellent in the stain deconposition
performance, and the durability of the hydrophilic property is |ong.
Accordingly, the surface can be maintained to be always clean. The surface
of a substrate forned by neans of the 15 conposition for formng a

phot ocatal yst filmof the present invention and having an excell ent
hydrophilic property inparted, is excellent in the droplet falling




property, the antifogging property, the antifouling property and the
_abrasion resistance. Nanely, the 20 hydrophilic property is inparted to the
surface of the substrate, whereby waterdrops deposited on the surface of
the substrate will spread wettingly, and the surface will not be fogged.
Further, by irradiation of |light such as sunlight, deconposition of a
stain (particularly 25 deconposition of afn organic stain) wll be
accelerated. Further, when e.g. by raining, water falls down on the
surface of an article, an inorganic stgarmai.ll also 24 sinultaneously fal
down (self cleaning effect). 25 CLAINMS I. A conposition for formng a

phot ocat al yst . fi laMcompaisGht i@%s ey EHdrmiGRIMRY iRt Rhatacaial sating,
sem conductor mcroparticles, the followng silica precursor and a 5

medi um SiligaipheedksatiaAly kbtibe iaeisd phofpeard 1§@IRN issidonRR Heart s by
mass of silicic acid and fromO0.001 to 1 part by mass of an al kali netal
ion. 2. The poApepkiitarlker, fhentfadlawihat edatialy phrekiulr@olO saererding to
Claim 1, wherein the average particle size of the photocatalytic
sem condugt omedtiamoparticles is from5 to 90 nm 3. The conposition for
formng a photocatalyst film according to Caim1 or 2, wherein the
concentration of Silica precursor: A silicic acid compound comprising
100 parts by mass of silicic acid and from 0.001 to 1
part by mass of an alkali metal ion.
2. The composition for forming a photocatalyst film
10 according to Claim 1, wherein the average particle size
of the photocatalytic semiconductor microparticles is
from 5 to 90 nm.
3. The composition for forming a photocatalyst film
according teo Claim 1 or 2, wherein the concentration of
15 the alkali metal ion in the composition for forming a
photocatalyst is from 1 to 80 ppm as calculated by mass
based on the composition for forming a photocatalyst.
4. The composition for forming a photocatalyst film
according to Claim 1, 2 or 3, wherein the silica
20 precursor is formed by removing a part of the alkali
metal ion from an alkali metal salt of silicic acid.
5. The compeosition for forming a photocatalyst film
according to Claim 1, 2 or 3, wherein the silica
precurscr is formed by removing a part of the alkali
25 metal ion from an alkali metal salt of silicic acid by

means of a cation exchange resin.

6. The composition for forming a photocatalyst £ilm




15°the alkali nmetal ion in the conposition for formng a photocatal yst is
from1l to 80 ppmas cal cul ated by mass based on the conposition for
form ng a photocatal yst. 4. The conposition for form ng a photocatal yst
film according to Caiml, 2 or 3, wherein the silica 20 precursor is
formed by renoving a part of the alkali netal ion froman alkali netal
salt of silicic acid. 5. The conpositiopsfor formng a photocatalyst film
according to Claiml, 2 or 3, wherein the silica precursor is forned by

renoving a pakkoefiihfetral kakim 35ometal wheRehhofhanaakkalil mektkal ssalt of
silicic acid by neans of a cation exchange resin. 6. The conposition for

form ng a phgtogatakyst atilimidbsoacanr dingckecChaidiod anthiuwherein the

al kali metal salt of silicic acid is sodiumsilicate and/or |ithium
silicate. 7.sThecaesposition for formng a photocatalyst. film5 according
to any one of Clains | to 6, wherein the silica precursor is contained in
an anount of 7fr omh25 coamp8RqQ t ipar forbyf oradsigper ph@ ceaittad vaye rfesise of t he

photocatal ytic sem conductor mcroparticles. 8. The conposition for
form ng @& phatooatiahystof Bhin dOeaccocdengst @ apy tonehetreCnaitie (ifldca,
wherein the total anount of the photocatal ytic sem conduct or
m croparti cl psecamdotrhessicbintaipedcinsen agotinsme@. 5rom 36 par ©90by mass
per 100 parts by mass of the conposition for formng a
parts by mass per 100 parts by mass of the photocatalytic
semiconductor microparticles.
8. The composition for forming a photocatalyst film
10 according to any one of Claims 1 to 7, wherein the total
amount of the photocatalytic semiconductor microparticles
and the silica precursor is from 0.5 to 50 parts by mass
per 100 parts by mass of the composition for forming a
photocatalyst £ilm.
15 9. A photocatalyst film formed of the composition for
forming a photocatalyst film as defined in any one of
Claims 1 to 8, on the surface of a substrate.
10. A photocatalyst film formed by applying pretreatment
to the surface of a substrate, coating the composition
20 for forming a photocatalyst film as defined in any one of
Claims 1 to 8 on said surface and then applying post
Lreatment.
11. The photocatalyst film according to Claim 10,
wherein the post treatment is irradiation of
25 electromagnetic waves.

12. The photocatalyst film according to Claim 9, 10 or

11, wherein the thickness of the photocatalyst f£ilm is




phétocatal yst film 15 9. A photocatalyst filmforned of the conposition
,for formng a photocatalyst filmas defined in any one of Clains | to 8,
on the surface of a substrate. 10. A photocatalyst filmformed by applying
pretreatnment to the surface of a substrate, coating the conposition 20 for
formng a photocatalyst filmas defined in any one of Clains | to 8 on
said surface and then applying post treagnent. 11. The photocatalyst film
according to Claim10, wherein the post treatnment is irradiation of 25

el ect r omagnetsygmNVaves.o BdHo Hye photocatal yst filmaccording to daim9, 10
or 11, wherein the thickness of the photocatalyst filmis 27 from10 to
300 nm 13. Assubstaigisfiayigled; wdd i ol qad@dystatydtm ftthch has the
phot ocatal yst filmas defined in any one of Cains 9 to 12, on the surface
of a substraiwdich hs He PHsidaie 1prayvifdach wWd Rer iphat deataly sdnd idm
according to Caim13, wherein the substrate is nade of glass or an

organi ¢ resi wlalims Bhaesulst rat aHer evirdedavdih za phaitacateal yst film
according to Claim13 or 14, wherein the visible light 10 transmttance of
t he substsat @ 4pr atiedethvg tirhe tae photoickidlwisth fa Iphdtoattd bast TP

according to Claim 13, wherein the substrate is made of
glass or an organic resin.

15. The substrate provided with a photocatalyst film
according to Claim 13 or 14, wherein the visible light

10 transmittance of the substrate provided with a

photocatalyst film is at least 70%.




