;e3ewXc w> > ? <M:P b 6¢c TXc 9 Cctober, 2002 ééaggﬂgggzggg | NVENTI ON
Modi fi ed photocatal yst sol 5 BACKGROUND OF THE d of the

I nvention The present invention relates to a nodified photo 10 15 20 25
catal yst sol. Mre particularly, the present invention iis concerned with a
nodi fi ed photocatal yst sol conprising a |liquid nmedium having di spersed
therein particles of a nodified photocatal ygt, wherein the nodified

phot ocat al yst particles are prepared by subjecting particles of a
photocatal yst to a nodification treatnent with at |east one nodifier
conpound sel ected fromthe groupT - OF AHEoLN nt conpounds each

i ndependently conprising at | east one structural unit selected fromthe
group consi sting of a nonooxydi organosil ane unit, a -di oxyorganosilane unit

and a difluoronethylene unit, an erei he nodi fied photocatal yst
particles have a specific volu %ﬁggﬁdpRBP%8F8tﬁg§ﬁ%t§?£ The present
invention is also concerned with a nodi fied photocatal yst conposition
conprising the abovenenti oned nodified photocatal yst sol and a functional

subst ance, \Wen a film containip 'féﬁ o} fﬂ t is forned on the
surface o? a substrate by us e above-nenti oned

nodi fi ed photocapalyst of0tner 1HRdLEl g4 phoiocatalyst conposition, not only
can the nDdified“%%ﬁfﬁééfé?VSTﬂ%EfsrTbngIy i mobi ['i zed on the surface of
the substrate under. npglgrgtEs&RAN L QN1 on WA TWOkE s BY fa BIddNE 124 pwekbDg oOf

the activity of the nodified photocatal yst, but also any of the tilmforned

and the substratgatQygsedsuit h Ndwee fpde aha 0ty dai presahedibyehbgomcti on
of the nodified photocatal yst. Further, the above-nentioned filmexhibits

excel |l ent 10 propertoasewhtl wesheatmbaifiadsprRoescytalpgtalddl taompstiagi-ni ng
resi stance, hardness and the |ike. Therefore, the above-nentioned nodified
phot ocat abyst solingnd Addifidedeghomobavahyséiispapssdt flnereaire mattrieielsy
useful for, e.g., preventing dirt fromadhering to the sur 15 faces of
vari ous substrat €5, aam@dpfdednphagoraygilngt . wherein the modified pho-

tocatalyst particles are prepared by subjecting parti-
cles of a photocatalyst to a modification treatment
with at least one modifier compound selected from the

15 group consisting of different compounds each indepen-
dently comprising at least one structural unit selected
from the group consisting of a monooxydiorganosilane

~ unit, a dioxyorganosilane unit and a difluoromethylene

unit, and wherein the modified photocatalyst particles

20 have a specific volume mean particle diameter. The
present invention is also concerned with a modified
photocatalyst composition comprising the above-
mentioned modified photocatalyst sol and a functional
substance. When a film containing a modified photo-

25 catalyst is formed on the surface of a substrate by us-

DU
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fromoccurring on the surfaces of various substgg%ggggéggygggsent i nvention
is also concerned with a filmformed using the = d nodified
photo catal yst sol or nodified photocatal yst conposition, a 20 functional
conposite conprising the filmand a substra to covered with the film and a
shaped article produced by shaping the above-nentioned nodified

phot ocat al yst conposition. 25 Prior Art 9, Cct ober, 2002 3 When specific
types of substances are irradiated with |ight having energy which is |arger

than the ener gy gap.(band %g%? bet ween t he conductlon band and #he val ence
band of these s aboveg mentdongdmodified BhOEgREtREXEFt 80T o 1 ght)

0088 St R AL Y SR SRR LB o
e 3 o R R P P

val ence band. By redUC|n agtivit of the Iectr nerated in
the conduction ban and/ or u5| ng I%%e g%? (ﬁ’ﬁl e'lr\E/lI 8tlt98ﬂgl

t d th b f d.
g 1ol oty s s 8 st g son b o
excitation |ighty,dfeyesashddreis o %ﬁd i il 3l - arﬁ;h%ﬁfeftﬁ'éefltlﬂefotrmed

above-nenti oned substances - are ca otocatal'ysts

representative exadiPtife OduSdiia A Ot Yt o fHd aNi1Ma@%l deti selkgown. 20
As exanpl es of chem cal reactions catal yzed by the photocatal ysts, there

can be nentionedrDxtaiedd ey dEEO NROS dnt OFF MRS i 1.e@ phditioRldsaQiygani C
substances. Therefore) when the photocatal ysts are i mmbilized on the
surfaces of varibustlsedsttlad eshovd -menpssed| £11In0 h iddtse exaeildentor gani c
subst ances whi ch have adhered to 9 Cctober, 2002 4 the surfaces of the
substrat @8 to unperperbkesiawivie desperposet tommspartdrgivt, iduradiidtitgn. On t he
other hand, it is known that, when photo catalysts are irradiated with

| i ght, the hydrophtiningyresbstanee supdrdnessfandetipghdtidkeat alperefose,

i ncreased. Therefore, when photocatal ysts are inmobilized on the surface of

various substratB8® fPoye- B%%E%%P%dt%Oﬂﬁﬁ%%ﬁs%h??RFQER%MﬁﬂuqQ¥nQHP of the

f f th b di at 10 | t di
have been made 1HPCAPRPY Pﬁét L e S E L R

phot ocat al ysts tgoyar Loys, gsggémiggsdi‘éttego&'s&ﬁ?xowew it

clean-up, fields I'n 'S necessary to preven rom a
the surf%%e of V§5b8530§u9§E&8E§Ssubstrates, and preventing fogging

from occurring on the surfaces of various substrates.
The present invention is also concerned with a
~ £film formed using the above-mentioned modified photo-
catalyst sol or modified photocatalyst composition, a
20 functional composite comprising the film and a substra-
te covered with the film, and a shaped article produced
by shaping the above-mentioned modified photocatalyst

composition.

25 Prior Art



15 and fields in which it is necessary to pr eveg ggagl nggbgg[n occurring on
the surfaces of various substrates. For enablin ions, the

met hod for inmobi |ining photocatal ysts on the surface of various sub
strates has a great inportance. 20 Wth respect to the nmethod for

i mmobi i zing a pho tocatal yst on the surface of a substrate) various
proposal s have been nmade. For exanple, Unexgm ned Japanese fatent
Application Laid-Open Specification No. 60044053 di scl oses a nethod for

i rmobi i zing a photocata 25 |yst, on the surface of a substrate .iQ g/nich a
thin 9 October, 20099 fIRGAIH G PRAD S AURSLANCS0ATEd 1oR2PAB EHr f ace

f bstrate b ing. & th t h which h b d,
one whi ch has bobhont 1T (T IR GHHOCH S Heh i cRptita s thdy SEAgeous

i t hod f ' bi-l jzi t ta |yst f

!sﬁbgt ;nastt e? i nomwﬁﬁcgﬁélg%iQa?‘gﬂq%%ﬁ?%%ﬁi%%e ag?r)lxh%‘?oci;%glb?/aglt% i%fgdgcggt? ed on
th f f h t | yist. - i Qs fil
thereon, 10 In (Vo aBsyeRmh ronai re FEE S OrBoh 1 2 g S oS0t Al yst

Rt e

i rmobi liz on the“surtace o hout suffering a | owering of

the activity of %Hgnpgoggggiﬁ}e’gﬁgi%g?g?%éaggiggttgnyh@fbgm ddg M+ orned and

the substrate covered wth 't e Not deteriorated by the

action of the phehosal ahystankus! Nehe L95nbr 6a008Y NGaddes aspl duestizndii e d
of the above-mentioned nethod, it is desired: 20 that the imobilization

can be perfornmed(greebenedendaten§oodi thensleteropxanpl €he ataXeratd® band,
tenperature to about 100 C), and that the filmformed exhibits excellent

proper ties w thspespatt ahoelleanspar endya Holabilref yrespectiveglPb gen-
resi stance, hardness and the-like. 9 Cctober, 2002 6 For inmmobilizing a
phot ocat abyst byere&eidngn tvhei condupttibhodbahdvendohhenvaberde yodren By
proposed. For exanple, Unexani ned Japanese Patent ApEI i ca
using the reducing activity of the electron generated
in the conduction band and/or using the oxidizing ac-
tivity of the hole generated in the valence band, vari-
ous chemical reactions can be performed.

15 That is, when the above-mentioned substances are
irradiated with excitation light, they can function as
catalysts. Therefore, the above-mentlioned substances

- are called “"photocatalysts.” As a most representative
example of such photocatalysts, titanium oxide is known.

20 As examples of chemical reactions catalyzed by the
photocatalysts, there can be mentioned oxidative decom-
position reactions 0f various organic substances.
Therefore, when the photocatalysts are immobilized on

the surfaces of various substrates, it is possible to

25 cause various organic substances which have adhered to



5 10 15 tion Laid-Open Specification No. 60-118%32 gigcl oggaea met hod in
whi ch a sol containing a photocatal yst precurs an
organotitanate) is coated on the surface of a substrate) and the resultant
filmis caltined to thereby convert the photocatal yst precursor into a

phot ocat al yst while i mmbilizing the fornmed photocatal yst on the surface of
the substrate. However, this nethod includes a step for form ng crystal Une
m cxoparticles of a photocatal yst, wherein this step requires cal cination
at high tenperatures. Therefore, this nethod has a di sadvantage in that,
when t he substr dthe mayrfades gf Sunvef sedsdiradesi toi sndeffbcokidadbiperder mt he
i mmobi li zation of the photocatal yst. As a nethod which uses a sol

contai ni ng a ph&anpes Aol gathy Vistghtadg naldiigtionence, does not require a
step for formng crystalline mcroparticles of a photocatal yst) ,

Unexani ned Japanese B4t dite Afflacddnen Hadi dsoseAWBpERRL: cHPRBNPIRLC6- 278241
di scl oses a nethod for immbilizing a photocatalﬁst on the surface of a

substrate, in Wit skt @redis test wirthy i gRitumthei 88 drerRéaEeH BN t he

surf ace of a substrate. However i nc ti tani um oxi de sol cannot exhibit
ot mioiming Propdit S HHRSS ob e MRStoSHea TP Lodsr SPETE8AGR i ons. T hi s

nmet hod al so requires gcal cination .at, high.tenperatures. . .Fyrther, t film
Obtaf ned by ¢ hi STERFEGTT s BT (R SRR Bk eioR LAghs OBt AP om t he
substrate, so th Lt 1S i sible to.al .5 ]ow.th hat talyst to
exhibit its effec ra%c% h%f g;ptjé)ﬁf%csé sol%bﬁtﬁreatseusdstlrtatl%. %ﬂ%ssg,% r“?‘efc ﬁo § have
been proposed i i i ﬁéﬁg' teri qﬁ#gég i h cat al yst
is coated on thgcﬁgéggcgh%ﬁﬁ%ag st%g%%ayﬁgitg¥3np e,cggg% gpglgh%nexanined
Japanese Patent &ppiteatbpniighd- Pesuspednf ication Nos. 7-171408 and

9- 100437 discloses a nethod in which a photocalyst is incorporated into a
resin coapi ng materi aincpotdnfi pgards Stddids e tee e fox aeplp-Wwhich
is unlikely to be deconposed by the ac 15 tion of a photocatal yst, such as
a fluoro resin oing sheiaboeereentioned pheparsidd arff giuticeeaialststs to
containing coating material is coated on the surface of - a substrate.
However, in the vasiaugoftiehdsnatechads tsediield hesenwitodwsn tdie

di spersion of the photocata 20 |yst is poor and, therefore, the coating
materi al s be conBl@APtEPrufbPydsFint ¥eichfbl bhiRRIRIRARY dobddavemtby t hese
met hods, it is necessary for the coating materials to contain a |arge
amount of a resi HTENITPR 89heEine Ko| BRYeSWREAGR F AT HH PHhadgates,
a-problem.in 25 that _th hot ocatal yst s enbedded in the film and,. 9
Grober - 13002 5 MBAcE1e0ainan BRAED 1tal S PQPattor \adtaT it B net hod
for solving thes ohl .Une .hed e _Paten pl.L j

Lai o pen peci L5 aseRer1g83h dor e P iEpARes o Ml R,

combi nation of Sga.r @sih1qa3t 'sﬁ@hﬂ%&ﬁﬁi@ﬁt%gsph%gcﬂé Y3 e AT IS
having a controlled wettabil'ity with respect to the solvent contained in
the resin coatingigahey iphlotoddthhiysteEbROEhet BEr££86 No£0RhFNGueBS i al 1S
first coated on the surface of a substrate and, then, before the 10 curing
of the coating maftefdtals inasC@preled impbbetahoge nentioned photocat al yst
particles are coated on the coating nmaterial. However, this nethod is

di sadvanteagenus i n t hatithotrespleyti $ot hbeopethddofioruttressbhizitbgta gitso a
honogeneous and transparent filmcannot be ob 15 tained. The

above- nenti oned patcatftaljodumentthel serdiesge of a substrate, various pro-

posals have been made. For example, Unexamined Japane-
se Patent Application Laid-Open Specification No. 60-
044053 discloses a method for immobilizing a photocata-

25 lyst on the surface of a substrate, in which a thin



closes a nmethod intended to sinplify the operati speci ly a et hod
in which a mxture of a resin coating materi al égghgﬁ£¥%é§¥§2§st particles
having a controlled wettability with respect to the solvent con 20 taned in
the resin coating material is coated on the surface of a substrate.
However, the photocatal yst cannot be prevented from bei ng enbedded in the
film by using photocatal yst particles having a controlled wettability with
respect to the solvent, and nost of the 25 photocatal yst particles are
conpl etely enbedded in_the 9 Qctobgr, 202 9 filmand, hence, cannot
exhibit a satisf%&%%w?fa%t?@????aﬁﬁhg?tr&Frﬁﬂ?ﬂﬁprﬂﬁ;Sﬂﬁ PHHAIEN SV Anhi ch
is for immobilizi a Fotocatal st on the surface of a sub strate by
coating and whiéﬂﬂg§?¥£ 2 eRY 9RY Fe¥ﬁ%gabove 5 mentioned requirements [err]

to . SUMVARY OF THE I ION In this sifuation, .the present jnventor has
made extensive and in(l[)\%/n \0o s‘f‘%llil%ésvﬁ’sl?%&é RA S YRR rRE R S5 v ASpi ng a

method for immbiljgng.a phopogalalysl an.the, suciace of @ subslraay

wherein the met hOg SAt1 afi ve-nenti oned requir

AS 2 Teqult, | AabascunexRectedhynBeral eund bty WD, 2 Tl faltal Nl ng

a nodified photoca s 15 forne € surface o strate either

" ; i i {ocat . Tl quid. medi n
y using a nodi fyed:pgg Fﬁé §P¥§Ec§3lbf‘39”9ﬁ §’c£’9té‘t airﬂ%ﬁl% a W éelng

di spersed therein"particles of a no i ed photo catalyst, erein't

nodi fied photocat@abyStoR@hih¢hgSadpRoRbERBEEPsPY18UBbE£EL A NG PRd i Kles Of a
phot ocatal yst 20 to a nodification treatnent " with at | east one nodifier

conpound sel ect edateobrt Resgbetpatentbsthagedy doihesephotospoangst each
i ndependently conprising at |east one structural unit selected fromthe
group consi sti ng-obnaatmiagx¥dilor gheeeobhane unit) a di oxyorganosil ane 25
unit and a difluoronethylene-unit, and wherein the 9 COctober, 2002 10
nodi fi ed1phot ocat al ysfinpahei ebevehmestaoppdcméibodofonmeimmapipbzingla
di ameter, or by using a nodified photo catalyst conposition conprising the
above- nmenti oned pbatPicadagistobat slopdiingol iandsareanérednal substance, 5
all of the above-nentioned requirenents Oto are
® that the photocatalyst be strongly immobilized
on the surface of the substrate without suffering a
lowering of the activity of the photocatalyst, and
15 @ that any of the film formed and the substrate
covered with the film formed be not deteriorated by the
action of the photocatalyst.
~ Further, for broadening the application field of
the above-mentioned method, it is desired:
20 ® that the immobilization can be performed under
moderate conditions (for example, at room temperature
to about 100 °C), and
@ that the film formed exhibits excellent proper-

ties with respect to transparency, durability, staining

25 resistance, hardness and the like.



satisfied and the nodi fied photocatal yst is not eaQ gengdEhBithe filmand,
hence, can exert a satisfactory effect at the s@p ilm It has
al so been found that each of a filmformed 10 using the above-nentioned
modi fi ed photocatal yst sol or nodified phogocatal yst conposition, a
functional conposite conprising the filmand a substrate covered with the
film and a shaped article produced by shapi ng the above-nenti oned nodified
phot ocat al yst conposFPFoﬁ‘,‘““‘éﬂlJijszjd}ﬂ% Rt’r@(’r?@gﬁaf]iyéd: PHoCeE&L Ay sY2Ebnt ai ned
therein to exert a satjsfactory effect at a surface of each of the film
the functional 2BfpH&t dﬁnBaY%ec%?ﬁﬁﬁﬁﬁEHQ¥¥ﬂegeqntﬂﬂﬂﬂﬂﬁfdeffectiver

preventing dirt from,adhering.to the surface thereof and effectively
preventing fogging 2 °Fr8ﬁ?88%ﬁriﬁ@ﬁfﬁp{Qéglﬂﬁﬁﬁﬂﬁ§qlﬂﬁﬁﬁﬂx.ABB &836n t hese

novel F1ndinos, «4BR RLSEL kKGR Do, ST £PTRLELAL q AcsoLdingl v, 1
prot ocat a1 V2t St 3525, 1 s PROeERlAly Sl SRIRILILRR o =
substance, vher eho e (D LuadpUoLcatalusts epla o, LI 80 cpe

a nodi fied phot | yst. d on r ?&%} SUbstyrn, by using
the nodi f ied %%g#%%%féﬁ??tég%?&ggqﬁﬁd?§?gﬁﬁ%h% ocaﬁ%ﬁ?ét coﬁf@gﬁﬁion, t he
modi fied phot ocalidlaits ahdi@nyt LORTEY -t RO L 2682 0Mm {HE SEdacR Of the
substrate under noderato conditions without suffering a | owering of the ac
10 tivity of thantedid igbieeitegdstl watilel imhéba0ies ok ecdrRfa e -
present invention to provide a film a functional conposite conprising the
fil mandoa substhoatas eClopetr edh Whieh silt€atel 6f @hd sushapete ar Hoskeereach of
whi ch can effectively prevent 15 dirt from adhering to the surface thereof
and effec tivel ythgreveetthdbggiaigdesom stepr foy dormhegsgryshadéing heicesf . -
The foregoing and ot her objects, features and ad vantages of the present
invention wll Barg@gar entoff rmpphedochéaflgbtowwhgrednathbs seerrigti on and
appended clainms taken in connection wth the acconpanya~ng draw ngs. BRI EF
DESCRI PTI ON OF THEISFRNnati9Re adr BdiShRg§emperatigesy jTherediozgh showi ng

t he spectral ener di s
P E%é?% method has a disadvantage in that, when the sub-

15 strate has a large surface area, 1t is difficult to
perform the immobilization of the photocatalyst.
As a method which uses a sol containing a photo-
- catalyst (and which, hence, does not require a step for
forming crystalline microparticles of a photocatalyst), Un-
20 examined Japanese Patent Application Laid-Open Specifi-
cation No. 6-278241 discloses a method for immobilizing
a photocatalyst on the surface of a substrate, in which
a water-peptized sol of titanium oxide is coated on the
surface of a substrate. However, since a titanium ox-

25 ide sol cannot exhibit a film-forming property under



9 COctober, 2002 12 tribution of light emtted f%%msm NU fl uo
rescent |anp (manufactured and sold by TOSH BA ] ECHNOLOGY CO.
LTD., Japan); Fig. 2 is a graph showi ng the data obtained by 5 nmeasuring,
by neans of an energy-di spersive X-ray spec troneter, the distribution of
the titaniumatons in a cross-section of a coating which has been formed on
the surf ace of an OHP (overhead projector)7filmby using the nodified

phot ocat al yst conposition produced in Ex 10 anple 17; and Fig. 3 is a graph

show ng the dat i.ned asuri . Db f.an -di spersive
X-ray spec trong’togé,E ecé’l%)sétj‘r%?ll?ﬁ]tsl 'onné}‘éjlfS %‘}?ﬁ%ﬁsggisﬁmrgggr%g%ngéf&ﬂg
cross-section of_.a cqati i en f n u an
OHP {over head pr’c(%j%enct(:%1 %r )hq%hlvw%e%@el%mgreeﬂ'e %gﬁ ﬁlegd '%ﬁ%t%]g% a(%;%/%cﬁecg
conposition pro .t |, TALLED I H ENTI ON
20 According toq%%lgtqlplrsgsen haolrgrzvlgntlb%oin, éﬁere |e§%§&?v:% é)ggg rr3§| F?ljg%ly
photocat al yst sQe £ oiil SIHWY A d il L4 hav ng dipeesiedet RErgin
particles of a rrpdfffleéﬂ%otosgla%a yégt’ltéjt e particles oﬁa ﬁogl fei ed
photocat ajyst beidig @i MR &L Dy Subi & it Paridcleagft atphatosatal yst
to 9 Cctober, 2002 13 a nodification treatnent with at | east one nodifier
conpound sel ect exhdd i the: HgrEors] sting of different conpounds each

i ndependently conprising at |east one structural unit selected fromthe
group consi sting 5 0OfAlsdDneoRyEt O rgaro Shd emeprspdsade dne sevichd abyekonnul a
(1), a dioxyorganosilane unit represented by formula (2), and a

di f1 uor onet hyl ensoani g rreptexsktal ecomyafmingua api@Yocaital R RASicoptefl)
wherein each of RL and R2 independently represents a hydrogen atom a
strai ght chai n oenbtlecéedf@le G3D al kybstratp,; &FoTce@20pdycl eath afkyl
group or a C6-C20 aryl group-which is unsubstituted or substituted with at
| east onéOsubst | YReRinire@cdepaneden Pakent olpPEbeat ka0 dist-Opem Seegial kyl

group, a Cl-C20 al kox Xgrou and_a_hal ogen ato 20 .
fication Nos. 7-171408 and 9-100437 discloses a method

in which a photocalyst is incorporated into a resin
coating material containing, as a film-forming element,
a resin which is unlikely to be decomposed by the ac-
15 tion of a photocatalyst, such as a fluoro resin or a
silicone resin, and the resultant photocalyst-
containing coating material is coated on the surface of
~ a substrate. However, in the resin coating materials
used in these methods, the dispersion of the photocata-
20 lyst is poor and, therefore, the coating materials be-
come white turbid. Further, for obtaining a good film
by these methods, it is necessary for the coating mate-
rials to contain a large amount of a resin, and this
use of a large amount of a resin poses a- problem in

25 that the photocatalyst is embedded in the film and,



R? Si-0 (2) O25 wherein RL is as defined for f&rﬁghglél)gggad 9 Cctober,
202 - r 14 -(CF2) (3), the nodified photocat al c havi ng a
volume 5 nean particle diameter of 800 nmor |ess. For easy understanding
of the present invention, the essential features and various pref erred
enbodi ments of the present invention are enunerated below. 10 1. A

nodi fi ed photocatal yst sol conprising a |iggid nmedi um having di spersed
therein particles of a nodified photocatal yst, the particles of a nodified

protocatal yst beln 45 BLEPS S0 SUY el ng partiehes, ol g photocatal v
rom e group consl st 19 ot o SR SRS 235 8he Brapnga

g 0P con 20 51 st ele SIPOOC LIS ol iy SERLEREELd i or il
or oty ene, U514y 1655 SEILER O 1 P (iR Bty of

Y 0sh ghon =LA ERR A SR AL St 0

cyclo 5 al'kyl group or a aryl "group 'S un Ituted or

substituted wt hhé&iﬁgaétc&@@réﬂﬁéd iv&é‘@&'&bﬁﬁﬁptvﬁqﬂ RAIDERe §60YRe
consisting of a Cl1-C20 al kyl group, a Cl-C20 al koxy group and a hal ogen

at ngnz 103R1 Si - Gb1{nt Ocdhtdbeé®i th Rind seédidleddathd @fatherrul.a £4), and
( ) (3, this method, the resin coating material is f£irst coated
on the surface of a substrate and, then, before the
10 curing of thé coating material is completed, the above-
mentioned photocatalyst particles are coated on the
coating material. However, this method is disadvanta-
geous in that not only is the operation cumbersome, but
also a homogeneous and transparent film cannot be ob-
15 tained. The above-mentioned patent document also dis-
closes a method intended to simplify the operation,
specifically a method in which a mixture of a resin
~ coating material and photocatalyst particles having a
controlled wettability with respect to the scolvent con-
20 tained in the resin coating material is coated on the
surface of a substrate. However, the photocatalyst
cannot be prevented from being embedded in the film by
using photocatalyst particles having a controlled wet-

tability with respect to the solvent, and most of the

25 photocatalyst particles are completely embedded in the



the nodified photocatal yst particles having a vgl particle

di aneter of 800 nmor |less. 2. The nodified phot u??ﬁgﬁgg’[ggg? according to
item 1l above, wherein the photocatal yst particles prior to the nodification
treatment have a volune nean particle 25 dianmeter of 200 nmor |ess. 9
Oct ober, 2002 16 3. The nodified photocatal yst sol according to item1 or 2
above, wherein the nodified photocatal yst parti cles have a vol une nean
particle dianmeter of 200 nmor 5 |l ess to the exclusion of noieties of the

particles which ietie re derived fromthe nodifier _conpound. 4., The
nodi fi ed phot ocaftq;"yﬁn ol?‘eé‘é’@or Fangato e&‘ﬁ;}bgﬁeaoﬁafcgéﬁecggfg RIS A

whi ch, after allowed o 10 stand.at. 30 C for_ 100 ga%gs rrﬁi.g%ai. nsfarvol une
mean particle di anet er'st e RSO 8FSoR60lEPH FEP¥BaVPECRI 48 Y5800 nm
or less. 5. The nmodified photocatal yst sol .accordin y 15_ope,.of itens
1 to 4 above, V\/nier elbnllt]hzei%rgocﬁ fp?’eogc%coar%aéé’tf’ntd °ﬁ’a§%ae %é%%at% ing)%gagrggap. 6.

jhe moditl ed PhaLac tchagoiur%%%gi‘gﬁ 0 AW 101! 8FF che! Qugyabove,

wherein the noditier co oné reactive group selected
fromthe group qousisd ) %%}Qy oup, man acryl oyl group, a

met hacryl%yl group, jgc;nd%gilﬁg%% rde g)ogg,@g' ket o group, a carboxyl
group, a hydrazine group, an isocyanate group, an isothiocyanate group, a
hydr oxyl group, 25 an ami no group, a cyclic carbonate group and an ester

9 Cctobhr, 2002 17 group. 7. Theumpdrki e¢ phet eqekRIrysky sol according to
item 6 above, wherein the nodifier conpound has at Teast one 5 reactive
group selected from the €0 Const S8 Nad - dneditazinie ndoauhagnfadeket o
group. 8. The nodified photocatal yst sol according to any one of itens 1 to
7 above, wherei nexbensidefamd toteddipsuididieserftlerulsidw ddwardr dsol ubl e
in water. 9. The nodified photocatal yst sol according to any one of itens Z
to 8 aboV@, where¢hophednddnéikedchHor pbumebibizins ahdteamtagwstsion con
atom havi ng bonded 15 thereto at |east one hydrogen atom 10. The nodified
phot ocat al yst sofFP@cEBFprfg ¢6 #tewbotratpovRersiierit b diFiicstiesn
treatment is conducted in the presence of _a dehydrogenatjon-cgondensati on
cata20 |yst whi cRlhaStdth§drbgenareBhliebrdchrREti BomeRts VPt fowHth respect to

the hydrogen atom bonged o Lhe, si || con, atom of the i L] &L, Gomau

when a film containing a modified photocatalyst is

15 formed on the surface of a substrate either by using a
modified photocatalyst sol comprising a liquld medium
having dispersed therein particles of a modified photo-

- catalyst, wherein the modified photocatalyst particles
are prepared by subjecting particles of a photocatalyst

20 to a modification treatment with at least one modifier
compound selected from the group consisting of differ-
ent compounds each independently comprising at least
one structural unit selected from the group consisting
of a monooxydiorganosilane unit, a dioxyorganosilane

25 unit and a difluoromethylene unit, and wherein the



11. The nodified photocatal yst sol according to %§ 1 gfve, wherein

t he dehydrogenati on-condensati on 9 Cctober, conpri ses at
| east one metal of the platinumgroup or a conpound t hereof. 12. The
nodi fi ed photocatal yst sol according to any 5 one of itenms 9 to 11 above,
wherein the nodifier compound is a silicon conpound havi ng an aver age
structural conposition represented by the fgllowng formula (4): 10
HpRqQ XSSi (4 _p_qg-r_s)/ 2 (4) wherein: each R independently represents a
straight chain or branched Cl1-C30 al kyl group, 15 a C5-C20 c¥cloalkyl gr oup
or a C6-C20 ary/MfHefArduRRat e i RS tRatiisd e heyBsei FBEEHTHt HOARME east
one substituent selected from- the group consisting of a _Cl-C20 al ky

group, a Cl1-C20 “%ﬁ%x@/a’@ e dhPme §RE ogth O é’rﬁlnﬁo%e&‘@ﬁlélieﬁdgﬁgﬁaent |y
represents a gro haV|ng at | east one functlon i, mparting up Iected
fromthe group Y?BgF?Wpoﬁﬁt%ﬁnl%ﬂﬁﬁr ﬁﬁ@ﬂ.cmngﬁﬁng | ect ed

f th 25 st t ch C30 al kyl

o' Gt ober . 2002 AL DI EEeRATYE | S e &?éﬁl&%ﬁnc ugfej 8?9? ot oup
whi ch i bst 1 bsti t ut ed, t t

se: gct Iezl ?lerjn fhle gr ggp&r% UEO%‘;;‘ srbj?‘ﬁ‘bl%\n?eé; ’ﬁq‘ﬁ%aes el“k?ﬁe %Egu;{@l a CZp

al koxy group andﬂé“fbé%?&&”a%oﬁeegﬁg%f?rom%ﬁ gocle&%[l%ﬂ‘ﬁs AQURR-2) at

| east one hydrophilic group se e group consisting of a 10

carboxyl group agdadegaif Icfi'?rfﬁ.m An@hosahad e &[rpt@c@ftdaas%aclltsftal&%'bggf

sul fonic acid group and a t thereof, ‘and a pol yoxyal kyl ene group;

| east one reactlggfgégugtsghgcgggfgéef59n1ﬁ@efgnpup consi sting of an epoxy
group, an aaryloyl group, a methacryloyl group, an acid anhydride group, a
keto group, a hydrazi n¢ BaSURLs@NbEEHCHEMNE ELIH O Whchbi SOIHIIGC Yaktld
group, a hy20 droxyl group, an am no group, a cyclic carbonate group and an
ester groap; andud)lngt theaabooaemsrhsohéedi mgdf Dad, preatcdcatd Indepesademtd y
represents a hydrol yzabl e group selected fromthe group con 25 sisting of a
Cl- C2p al koxy grwmagifaefdyphokypratalyst composition, a functional compo-

site comprising the f£ilm and a substrate covered with
the f£film, and a shaped article produced by shaping the
above-mentioned modified photocatalyst composition, en-
15 ables the modified photocatalyst contained therein to
exert a satisfactory effect at a surface of each of the
film, the functional composite and the shaped article,
~ thereby effectively preventing dirt from adhering to
the surface thereof and effectively preventing fogging
20 from occuring on the surface thereof.
Based on these novel findings, the present inven-
tion has been completed.
Accordingly, it is a primary object of the present
invention to provide a modified photocatalyst sol and a

25 modified photocatalyst composition comprising the modi-



9 COctober, 2002 20 group, a hydroxyi m no group, FPOIBBEY. 0P an am no
group, an anido group, a Cl-C20 acyl oxy group, &Tamnoxy group and a

hal,ogen atom and 5 p, g, r and s satisfy the follow ng relatlonsh|ps 0 <
p<4 0<qgq<4 O0sr <4 100ss <2, and (p+q +r +s) < 4. 13.
The nodi fied photocatal yst sol according to item 12 above, wherein the
silicon conpound is represented 15 by the fiagllowing forrmula (5):

(RIHSI O a(R12Si 0) b( R1QS10) c(R13Si 01~2)d (5) wherein: 20 Rl is as defined
for fornul a (1)f§8g S%gac%%t%ﬁ&s@e%oﬁognéogny gc%#&naf éﬁﬁgfgﬁﬁgs an

integer of 1 or C Il ndaepenaen represents an i nt eger

of 0 or nore, ?hgrein A %bdléb§¥E%B%5C8%QE§§gl ﬁgeéﬁantﬁe @m££§%|n when

satisfy the foll'owing re ation shi 000, and

(a+b+c)z 2R§BQ 3%%{%% gt&ﬁs@%ﬁ]gﬂnﬂa‘{}g Egr H?b?n&ébe' $natg¥elic

silicone conpou e conpoun ormula (5) Is a
straight chain ghlehCangq g A FRdikhed Bﬁeteeat:ahygi ggnposi tion
conprising 10 the e otocata yst so any one of 1tens 1 to 13

above and; at | eggfrnfele d‘ryrtqié %faﬁdéb%fa%c%ub}éra{aebgmdlsihgdtab%@@ﬂt al yst
conposi tion according to item 14 above, wherein the functional substance is

a 15 resin. 16. fhka PEddat 0 1alors moaaFpesi phooaatalgsngcbapbt em 15
above, wherein the resin is at |east one resin selected fromthe group

consi sting of a sSididone:ikd niedifiadhbivotfdaarad yseSican bé. sthengdgi imed

phot ocat al yst conposition according to item 15 above, wherein the nodified
phot ocat al yst saedotiislidesd nenli thedspritdor atfaltyst ssdistofatiet emdérapodera2s and
the resin is capable of reacting with the reactive 9 COctober, 2002 22
group of the nodi¢ icehdhivterat el jhoutobuffeintha mewiepiag p’ﬁottb@aﬁw‘yst
conposi tion according to item 14 above, wherein the nodified photocatal yst
5 sol isl@he nodi¥viey ppbt beatBedsiied|phatqqatilysthove, and the functi onal
substance is at | east_one coqgound sel ected fromthe rogp conslstlng of a

pol ycar bonyl conpound!‘antf 2% F%ﬁ?d?%%??&e%ﬁ) puRFes VERE1BditPi ed

phot ocat al yst conposi tion ordin 14 above, wherei.n .the
functi onal subst%.%%lé gbi?rna ?3 cﬁﬁwqoﬁg%%nfomﬁ1151n fi&d

phot ocat al yst COPPB%'SA&“ aSﬁBEQkagﬁléon&é&%l ¢ apove heng n, the
functional substance I's a co avin surface energy Iarger t han t hat
of each nDd'f'Edsﬂgﬁéﬁcéiﬂhﬁig,p@EEhCBf which can effectively prevent
15 dirt from adhering to the surface thereof and effec-
tively prevent fogging from occuring on the surface
thereof.
~ The foregoing and other objects, features and ad-
vantages of the present invention will be apparent from

20 the following detailed description and appended claims

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

25 Fig. 1 is a graph showing the spectral energy dis-



21. The nodified photocatal yst conposition accor&lb&oﬁgrt Qoiotzem 14 above,
wherein the functional substance is a coating conposttroh conprising a
resin having a surface energy larger than that of each nodified

phot ocat al yst particle. 25 22. A nodified photocatal yst conposition

conpri sing 9 COctober, 2002 23 nodified photocatal yst particles having a
vol ume nean particle dianeter of 800 nmor fegss and at |east one functional
substance, wherein the nodified photocata |yst particles are obtained by

i he |i qui di f h dji fied ph

o tems 1o 19 ERREroR oo L LARE (ot RE i B oD Soneabes Plopf1ud™Y One
di to it 22 ip the f t] I b i

Conpound. havi ng PSeTH BcLatR el DY TEPORITh Y HRL D o ach HiEd FIGHTING

phot ocat al yst paﬁﬁég&ﬁgﬂﬁf}w%@@?ﬂ' {"#,I?d p?%ﬁ(l)nc%t al yst conposition

according to item above, e’ fun onal substance is a 15

coating conposition cpgﬁri §i n a%yéﬁg‘%)tgr{}?éé%%?g ggfé’rcfaac%e.o%'l%&%d aLger t han

that of each nodified ot oca A nodifie

phot ocat agyst/reﬁéggﬁggﬁggggg’pﬁg gsj, Zg)nt%g?rg{@i&%ﬂérﬁ&d%-%ybﬁpec_

pol ymeri zing at ound sel ected fromthe group consi'sting of a

vinyl “conpound agdomeR¥dr, Ok¥gaRh §+8hbabLok OGPONE 1t dliDIASACa P the
nodi fi ed photocatal yst sol of any one of itens 1 to 13 above. 25 9

Cctober, 2002 24c26ssAskiRebhoBel aCeBROShE CwE ORI h&s Neeeh StSidBich A a
filmformed on the substrate, the filmconprising the nodified

phot ocat al yst sokugfaaey o#n@anobHPt ¢6%ethéad lpraheyeor p Lilm Aoyhaqpacy article
produced by shaping the nodified photocatal yst conposition of any one of
itens 14 to 18 aldbeemoBAfigd Ahbiochitahgbtcooppssiticomurodicwd alrsxstrate
and a filmfornmed on the substrate, the filmconprising the nodified

phot ocat al0yst comp®diet ildn @ndany one of itens 14 to 19 above. 15 29. A
shaped article produced by shaping the nodified photocatal yst conposition
of item 20 above, whi ER9is 3adiSsdt 95pPE ﬁ)ﬂ?wlnesbgetd%at%t%ﬁ%%@i‘bmi on of
the nodified photocatal yst. 20 30. A functional cqQnposite conprising a
substrate and a MSARFINREd B5h MRESs 9bs PRatBeTPRa g??ﬁ?%bﬁ%r)l('s?% THEE-

nodi fi ed photocatal yst, co sitjon._aqf item2 21.above and bein

ani sotropic with eo\élrbeetcetr '{T%(}i%edicﬁq:s%bluﬁ&f)f‘oﬁgogﬁ?h%lﬁ%i\‘/?ﬁ"e?ig%‘ﬁ%t%%a? al yst .
25 9 Cctobcer, %glqg ! S e rticl rad d S i

nodi fi ed photocata ys%sscegc]ntpiods%} tqf%% 0 %ltléltlral% S’Bﬁggoggg ngnAPs’g%‘g?. %ﬁa he
CONPOS| { & COMPT | Sl s RS L AIANL R helld BrbeBREroNeL i BybgLiabe, the
filmconprising the nodified photocatalyst conposition of item 22 above.
33. A shaped artiwle ms@otcas dhoshaRing stheomdishicednppebasabal yst x-
conposition of item 23 above, which is 10 anisotropic wth respect to the
di stribution of tdmple 18.

~

DETAILED DESCRIPTION OF THE INVENTION

20 According to the present invention, there is
provided a modified photocatalyst sol comprising a lig-
uid medium having dispersed therein particles of a
modified photocatalyst,
the particles of a modified photocatalyst being

25 prepared by subjecting particles of a photocatalyst to



nodi fi ed photocatal yst. 34. A functional conposit oppri si 8 a substrate
and a filmforned on the substrate, the fil mcoﬁp&é&gg-&-ég—% nodi fi ed
phot ocat al yst conposition of item 23 or 24 above and being anisotropic with
respect to the dis tribution of the nodified photocatal yst. 35. A shaped
article produced by shaping the nodified 20 photocatal yst/resin conposite
conposition of item 25 above. 36. A functional conposite conprising a
substrate and a filmformed on the substrate, the filmconprising the 25
modi fi ed photocatal yst/resin conposite conposition of 9 Cctober, 2002 26
item 25 above. Hereehbeletiemetmateent invightabriaastdese Meddfitgrdetail. 5
The particles of a nodified photocatalyst in the nodified photocatal yst sol
of the present iFRBRPIRG $8ECPHtedatEd be HTAR iGRPFating &f edfier-
photocatal yst to a nodification treatpent with at |east one nodifier

conpound nent i on@Yt bEPBAPURES | FAEH I PR Hk R 1IN @dy heast

"nodi fication (of ar%i cles o& a ﬁgoto atal%ﬁ%% rrea}g(?s] "i mmobi | i zati,on of
the bel ow nenti on®d EETPEERF2HNR hbdPETeTLR b FHRRs GoRsdé BP9
particles_of a photocat al XSt" [t _is _consi deregl t hat thetcafp ve-ment iloned

i mrobi 1§ z& 15 ti0h Bf "PRRCHIAT PTEPLRBHPBURIIBh: tHEP R IHEE &Y FHIMEl es of
a photocatal yst |$,achi f { rnption).
Coul onb force or'(?:%émgcg?(ggyg%ﬂ%ﬁﬁagfg%%:Igéﬁﬁfleeén%ézd rcrog"difolqgna l||%lon is
achi eved by cherm g3l BRAGANG1 el 8-bALEAPELHONREL VEEH: {0 (Bloy G i ef
conpound and t he phot ocat al yst advant ageously be cones strong, so that the
nodi fi er conmpoungygan¢Bg.strongly inmmobilized on the surface of the

phot ocat al yst particles. Therefore, it is preferred that the nodification
is achi eved by chem cal bonding. 25 Exanpl es of photocatal ysts used in the
present in 9 COctober, 2002 27 vention include Ti 02, ZnO, SrTi03, CdS,
GaP, InPjoGaAs, BaTi 03 , BaTi 04 , Belg®®id)2No03 , Nob205 , FezP3 , Taz05
, K3Ta3Si 23, W3, SnOz, Bi 203, Bi V04, N10, CuzO SiC, Si02, MS2, |nPb,
Ru02 and Ce02. 5 Further exanpl es of photocatal ysts include |lanel |ar

oxi des containing at |east one elenent selected fromthe group consisting
of Ti, Nb, Ta and V (wvberefior eexhnplfeR1UaeRaRf ntoddppndesel Patemt

Application Lai dOpen Specification Nos. 62-74452, 2-172535, 7-24329, 8
resents a hydrogen atom, a straight chain or

branched Cj;-C3g alkyl group, a Cg-Cpg cyclo-
15 alkyl group or a Cg-Cpg aryl group which is
unsubstituted or substituted with at least
one substituent selected from the group con-
- sisting of a C;-Cyp alkyl group, a C1-Cgyg
alkoxy group and a halogen atom,

20

R1
?i*—O
0

l

(2)

25 wherein Rl is as defined for formula (1), and



10 89799) 8-89800, 8-89804, 8-198061, 9-248465) 94 10- 244165) .
Still further exanples cf photocatal ysts includ t s obtai ned by
a method in which at |east one nmenber selected fromthe group consisting of
metals 15 of Pt, Rh, Ru, Nb, Cu, Sn, NI and Fe and oxi des thereof is added
to or imobilized on the above-nentioned gho tocatal ysts; and
phot ocat al ysts obtai ned by coating the aboEﬁfnentioned phot ocat al ysts with
porous cal ci um phosphate or the |like (see Unexam ned Japanese Patent 20
Appl i cation Laid-Open Specification No. 10-244166). O these catalysts,
Ti.02 (titaniumoxide) is preferred because it has no toxicity and
excel l ent chem cal stability. Thfre ?re known 3 types of tit gs um oxi de
crystals, i.e., anatase-type, rlu tr2 Type and 25 brookite-tyg '*In the
present invention, any of these 9 Cctober, 2002 28 3 types of titanium
oxi de crystals can be used. It is preferred that the crystal particle

di aneter of the photocatal yst (prinagﬁ particle dianeter) is from1l to 200

nm nore advant ag€oPQ4HEREEmPRotecst adys ts PrEtiRd o5 BEEARII AVERETEh, the
formin which the photocatal yst to be subjected to the nodification
treatment®is pr S\ﬁagbéqr&qfﬁ'@a%ﬂqtﬁﬁoﬁaﬁgof om Pﬁe&ﬁﬁﬁi'fi ed phot ocat al yst
sol to exhibit good dispersion stability, good filmformng properties and
various 10 functions. In the present invention, for the bel ow nmentioned
reason, it is preferr t j.ec he
nodi fication treatnegﬁgi%g% t5?%e?%§%%§?%§2¥§at%gmgg?§g8# ?hgg%EE?%Tn1of a

sol . In general,¢dd dN&mash Hef Pl U YMSouR0OWIeE T2l amBbiged of

m croparticles,single crystal particles (pri mart' "particles) are strongly
aggregated to f QidRELCON W tprafdt Gliffentiys GdUShlGeade@abeloGs of the
sur face properties of the primary particles. It is very difficult to

di saggregate the secondary particles back 20 into primary particles. By
contrast, in the case of a photocatal yst sol, photocatal yst particles are
not dis solved but presentifiied fhartocdteseystto siolle qompreasyngare fighedf or m
so that the surface properties of the pri mart' particles can be

ef fectively utilmedtumThavaiordl spbrsedothdraih preottdedted st asoloddbied ned

from a photocata 9 Cctober, 2002 29
photocatalyst,

the particles of a modified photocatalyst being

15 prepared by subjecting particles of a photocatalyst to
a modification treatment with at least one modifier

compound selected from the group consisting of differ-

~ ent compounds each of which independently comprises at

least one structural unit selected from the group con-

20 sisting of a monooxydiorganosilane unit represented by
formula (1), a dioxyorganosilane unit represented by

formula (2), and a difluoromethylene unit represented

by formula (3):

25 -(R1R25i0) - (1)



| yst sol exhibits not only good dispersion stabili nd good filmformng
properties but,al so various funcLions. In the plé{éé@%!)u&g%l used in the
present invention, the photocatal yst particles may be either in 5 the f arm
of primary particles or in the formof a mx ture of primary particles and
secondary particles. In general, in the photocatal yst sol used in the
present invention) the photocatal yst parti c&gs are present in the formof a
m xture of primary particles and secon 10 dary particles. In the present
invention, fromthe viewpoint of effectively utilizing the surface
properties of the nodified photocatal yst, it is preferred that the photo
catal yst particles prior to the nodification treatnent 15 have a vol une
mean particle di amet ewhefei@Oearh oot |R5sand R Hadenegsien tily aepi-on, from

t he viewpoi nt of producing a transparent filmfromthe nodified photo
catalyst sol, it is vER§eRESf@rREECegRR A pHdbIYERIGhY APaddy Ofcl es pri or

to the nodification tyeat ngné ?ay 20 ﬁéi\(/fl ume_mean a_rHii cle dianmeter of
200 nmor |ess. i sPhRPe " pfertrrad ¢ tHPhotdcar ar3st“Ysarticl es prior

to th i fi ti t { t h I ticl e di [ f 1t
100 nm mBre aqvant ageoRttyS5oLs 56 Rnte S Earh St bt e el ow by
t aki titani 9 Cct oher 002 30 i | f

phot ocatal yst sol | As"BRUBRAEESrOR TREahf Bk TeELAT (HTe can be
nentioned a titanium %Edgu ¥gﬁ.9§8ht. ggll%\g;:%g H&rﬁm{ﬂé%%ﬁ Htitles are

peptized in a dispersion nedium consis essent| water (herein
the term "dispersion gediidg eensig L@goe§§gyiigféuppfaW@gem"oneans a

di spersi on medi um cont ai ni ng about 80 ~ or nore of water). f%e preparation
of such a hydrosol isakRewy, o@BdpSHaR 8 h¥dsgeR! a€ém, be easily produced
(see, for exanple, Unex 10 ani ned Japanese Patent Application Laid-Open
Specificagion Nos. 63-17221, 7-819, 9-165218 and 11-43327). For exanpl e,
an aqueous solution of titaniumsulf ate or titaniumtetrachloride is

subj ected to hydrolysis under He®'ing o thereby formnetatitanic acid. The
obtained 15 netatitanic acid i #t@-attzed wi th aqueous ammoni a to thereby
deposit titanium oxide hydrate,| and thd ob tained titani um oxif@)hydrate is
subjected to filtra tion, mashinéJand ehydration to thereby obtain an ag
gregate of titanium oxide particlbs. The obtained ag 20 gregate is peptized
by the action of nitric acid, hy drochtoric acid or ammonia, and, then,
subjected to a hydrothermal treatnent or the like to thereby obtain a
titani um oxi de hydrosol . Further exanples of titaniun1oxid? gydrosols

i ncl ude those hydr osol"8<distid ded By a8 Ssidefodorn TRRMER3t ftdni 3R oxi de
particles are peptized 9 Cctober, 2002 31 in water by the action of an
acid or an alkali, and those hydrosols obtained by a nethod.in which
titani um oxide particles are diqucsgd_in wat er under a strong3aghearing
force and in which any of an acid and an alka 5 1i is not used and, if
desired, a dispersant, such as

the modified photocatalyst particles having a volume

20 mean particle diameter of 800 nm or less.

2. The modified photocatalyst sol according to item 1
above, wherein the photocatalyst particles prior to the
modification treatment have a volume mean particle

25 diameter of 200 nm or less.



sodi um pol yacryl ate, is used. Also, by the net h%gm Unexam ned
Japanese Patent Application Lai dOpen Specifi cat 16, there can
be easily obtained a sol of anatase-type titaniumoxide in which 10 the
particles have their surface nodified wwth a peroxo group and exhi bit
excel l ent dispersion stability even in an aqueous sol ution having a pH
around neutrality. The above-described titan um oxide hydrosols are
comercially available as titania sols. (Exanples of 15 conmercially

avai lable titania sols include "STS-02", manufactured and sold by Ishihara
Sangyo Kai sha, Ltd. ) Japan, and "TO 240", nanufactured and sold by TANAKA

TENSHA CO., LTD. %an ) Each of the abov sc bed titanium o hydr o
20 sol's has a séllds EﬁnW@ﬂﬁf3@d5@h9t8fa&éﬁ§ﬁg I%%%Of Te? er ab y d’~ by

ht I f 30 t | h
A relatively | ofrsdBs S (TSRS B TRa1534e B hﬁgogﬁ*g‘gf?eseﬁ%‘f’?%iim. on,
t he hyd I h th 2 0.5
cps. Tt s pref i neee & bl E%@f%f?cﬁg?@?ﬁ 3&6&%%2‘3? A9 ER%0% s 1y
in the range of i gsmtth 00, 688100 Aot Ry oI 120V BB %ﬁ@oﬁﬁlﬂéiéggscr’s to 1

cps. In additio or producing titanium 5 oxide sols, also

known are et hogs, {91 s OLEL 00, Y81 do PR P1eN 1¥RCROE Aol eeabalinal sol .

for exanple, a cerlun1OX|de sol (see Unexam ned Japanese Patent Appllcatlon
Lai d- Open Specification No. 8-59235) and a sol of a |anellar oxide
containing at |east one elenent se 10 | ected fromthe group consisting of

Ti, No, Ta and \j(seernd Gho@¥£{8d ephdetdanad sapaneserBanenttoAppli ca tion
Lai d- Open Specification Idos. 9-25123, 9-67124, 9 227122, 9-227123 and

10- 259023) . The ahover nEdbémenedtphdt abetva@) waiicol safdresr B3 Jmwefdertioed si nce
t he nodified photocatal yst sol of the present invention can be obtai ned

si nply byosubj ecstagdt aesaophot foat ab9sdap®l snaintaimslid ivealtuns meddat nent
wi th the above-nentioned nodifier conpound. The at |east one nodifier
conpound used i npahtiglepdésmateirnoénthenmedifiee it Iqaim et Gdild -
consisting of different conpounds each independently conprising at | east
one structural ufBitesSsate8P8dPfy 8% tBESgroup consisting of a
nonooxydi or ganosi |l ane unit represented by forrmula (1), a dioxyorganosil ane
unit represented by 25 formula (2), and a difluoronethyl ene unit

represent ed 9 gFtOb@EE %%%%f%%d photocatalyst sol according to any

15 one of items 1 to 4 above, wherein the modifier com-

pound has a sensitizing group.

~ 6. The modified photocatalyst sol according to any
one of items 1 to 5 above, wherein the modifier com-
20 pound has at least one reactive group selected from the
group consisting of an epoxy group, an acryloyl group,
a methacryloyl group, an acid anhydride group, a keto
group, a carboxyl group, a hydrazine group, an isocya-
nate group, an isothiocyanate group, a hydroxyl group,

25 an amino group, a cyclic carbonate group and an ester



by formula (3): -(RR2Si0)- (1) 5 wherein each (ng]toggg @dg ependent |y
represents a hydrogen atom a straight chain or =30 al kyl

group, a C5-C20 cycl oal kyl group or a C6-C20 aryl group which is
unsubstituted or substituted with at | east 10 one substituent selected from
the group consisting of a Cl1-C20 al kyl group, a Cl-C20 al koxy group and a
hal ogen atom) RL Si-O 15 ~ (2) O' wherein Ry is as defined for formul a
(1), and 20 -(CF2) (3). In the case of the use of a nodifier conmpound which
conprises at |east one structural unit selected fromthe group consisting
of a monooxydi or §&ABBi'l ane 25 unit represented by fornula (1) and a

di oxyor ganosi | ane 9 Cctober, 2002 34 unit represented by formula (2), the
obt ai ned nodi fi ed photocatal yst exhibits various activities when irradi ated

bt ai ned modified phe | . s sotivities when irradi

or ‘exarpl o, at (he saPFangesiPUCBpPROIERAEE oL &Rl iy, AN Bl
hot ta |yst i.fi t @k yst Bty t

Pnventon and at PRGN RES o o AERaa 4 PERERRN KA &t LR e

modi fi ed phot ocat-alvsh vGORRORI 5@ et elin @Bl SRAL gi:@\‘iﬁ%én%‘isfiﬂg% hef .2 when

10 the nodified photocatalyst has the nonooxydi or ganosi | ane uni

represented by fermlai6l AMHPadde Hkoxygreaposilane unit represented by
formula (2), Rl and R2 groups in these units will be replaced by hydroxyl

groups by the action of the nodified photocatalyst. As 15 a result of the
repl acenent of R1L and R2 groups by hy droxyl groups, the surf ace of the
above-nenti oned fa. m and stvaisd e pholtechnalgasesohydeophdingi ty.ay so, the
- formed hydroxyl groups undergo dehydration-condensation reaction with
each other, so thate tdfe istanisacle tof 7 ldbo@ ,abbesedpnthensddiflierapamshaped
article is caused to have very high hardness. When a nodifier conpound

whi ch comd® i ses PTG uios resdel tewlad fid@bler Oy sodbde BP WatfBila (3) is
used, a filmand a shaped article each having not only a photo 25 catal yst
activity but also very high hydrophobicity can 9 CQctober, 2002 35 be

obtained fromthe nodified photocatal yst sol. or nodi fi ed phot ocat al yst
conposi tion of. the pﬂ&gﬁd?ga#ﬁied phgéocatalyst soq accorglng %o an¥

one of items 1 to 8 above, whereiln the modifier com-~
pound contains at least one silicon atom having bonded

15 thereto at least one hydrogen atom.

10. The modified photocatalyst sol according to item 9
~ above, wherein the modification treatment is conducted
in the presence of a dehydrogenation-condensation cata-
20 lyst which has dehydrogenation-condensation activity
with respect to the hydrogen atom bonded to the silicon

atom of the modifier compound.

11. The modified photocatalyst sol according to item

25 10 above, wherein the dehydrogenation-condensation



vention. In the present invention, it is prefer ria %Hgg tggga nmodi fi er
conpound has a sensitizing group. The term sensi nmeans a group
derived fromany of various netal conplexes and organi c dyes wherein the
met al conpl exes and organi c dyes exhibit an absorption in the visible Iight
region and/or the in 10 frared light region (hereinafter, such netal

conpl exes and organic dyes are referred to ag "sensitizing dyes"). Wen a
nodi fi er conpound having a sensitizing group is used, the nodified

phot ocat al yst sol of the present invention can exhihit a catalyst activity
Pd & phot e 18 FRERHYEE EoMis L Horta3th Gk THHAL Riars o PHACKRED w t b
ultraviolet light but also when ir iated with visible |ight and/or
infrared |ight. EXAMI %% %fc%‘%%‘i"ﬁ g’fdrF'F'gr%‘g/fes i ncl ude xant hene dye, oxonol
dye, cyani ne dye, nerocyani ne dye, rhodacyani ne 20 dye, styryl dye,

hem cyani ne dye, phthal ocyani ne dye (including netal conpl exes thereof),

hyrin d i nel udj . f tri I h dye,
oty e dyae ot ghontha, BEAEELEE IR 86 dog, JIRIRINSRENARG Ve
r ut heni osm i Len; h N ri i i ase
o e e e e

1- 220380 and Japgpgsa bt §nkifPpbh CebhPsuRd | Ravifg xR atdan Rukld-cation
(kohyo) No. 5-504023), and netal conplexes, such as of Ruthenium Red and

the like. 5 O thaﬁalseaﬁ{gbg;wgndy@ﬁre@éﬁ{earsﬁ_@m@ £ SOSEr H¥P SF Mniuala have
characteristics that an absorption is exhibited in the wavel ength range of

400 nmor nore agd)that the energy |level (the oxidation-reduction poten
tial of the excited state) of the | owest unoccupied no 10 | ecul ar orbital

i s higher than the energy | evel of the conduction band of the
phot ocat al yst. The abovenenti oned characteristics of preferred sensitizing
dyes canlBe confirnmed by, fofpRa@urbd®lO¢hep npastseient bf)the |ight
absorption spectrumin the infrared, visible 15 and ultraviolet regions,

t he neasurenent of the oxida tion-reduction potential by an el ectrochem cal
met hod (see, for exan&le, T. Tani, Photogr. Sci. Eng., 14, 72 (1970); R W
Herriman et al.) ibid¥Pefeingss (1973): P. B. Glman Jr., ibid., 18, 475
(1974)), the calculation 20_0 he nerﬁﬁ I Xel bg usi ng the nol ecul ar
orbital method (see, for eX&THl & 1R9°F§ egf A TEPRRDYOGT . 2 Sci . Eng., 11
129 (1967); D. M Stu%ﬁ&%i%%tabhhihbbg-br%ﬁchga6cglg§§)élk?idgro ;49
(1974); R G Selby et al.,” J. Opt. Soc. Am, 33,71 .970)), and a net hod
in whichizs 25 wet-type @iz cyehaa1&eh! grdupr eduged ushjdatpe pho 9

Cct ober, 2002

group which is unsubstituted or substituted
with at least one substituent selected from

~ the group consisting of a C1-Cyg alkyl group,
a C1-Cyqg alkoxy group and a halogen atom,

20 each Q independently represents a group

having at least one function-imparting group
selected from the group consisting of:

1) at least one hydrophobic group se-

lected from the group consisting of a

25 straight chain or branched C;-C3p alkyl



37 tocatalyst and a sensitizing dye, and the sob:écggg! igog'éradi ated with
| i ght and observed with respect to the presence an

el ectronotive force and to the eff iciency . 5 Exanples of pref erred
sensitizing dyes having the above-nentioned characteristics include
conpounds havi ng a 9-phenyl xanthene skel et on, ruthenium conpl exes
containing a 2,2'-bipyridine derivative as;g |igand, conpounds having a
peryl ene skel eton, phthal ocyanine 10 type netal conpl exes and porphyrin

type nmetal conplexes. Wth_respect.to.the h f.or__obt aini t he nodi
fier conpound having a seﬁ_g?‘tl}i)_zi‘—i’\gcﬁ"r%ll% %pgcﬁquﬂ(g]r oqrﬁ%ups?_r@t zi ng dye,
can be obtai ned 15 by reaBb 4g0 s rbh TSI CBHEBunE R e o
menti oned reactive group with ensjtizing dye which is reactive with the
reactive group. - In the 8Fe§gﬁ?§+ﬂ$tﬁéifﬁéhi Ui e @t i hat the -
Group consi sting of an epSky BrBhpseSRotedyrEgR oW nethacr yi oyl
group, amny acid anhydride grQuphgackehoc L@gﬁ,afkfgrgg%ﬁ%,gg n, a hydrazine
group, an isocyanate group, an |sothiocgan e group, a hydroxyl group, an
am no group, a cyclic carQ?Bahgkaﬁyggeeﬁpaaﬁdaa £81 8G9 &k, ary Oct ober,
2002 38 A nodified photocafal yst sol which is obtained by using a nodifier

conmpound havi ng the abOVEaWEELt?ﬂEﬂlﬁ@ﬁ@&lHﬁlggﬁa@phaS cross-1inking
abilities and hence can forma ftilmhaving excellent durability and the 5

like. It is especially prefjeatedehbat ohBenf@dbpheli€ogpoupdsdas at | east
one reactive group selected fromthe group consisting of a hydrazine group
and a keto group, whereinlebeeciydi-amni BRegyoUppi 8onepsesegtetl by fornmula |0
(6) -NR1I2NH2 (6) wherein R12 represents a hydrogen atomor a Cl-C20 15

al kyl gricup. The reason fearbbxylpgebepennd assbitatBereafienasuch a

nodi fier conpound is used) the nodified photocatal yst sol of the present

i nvention not only exhi bi thasphatgogdonpwardnpesad tir thegeabi |2ty and good
storage sta20 bility, but is also susceptive to a hydrazone (sem car
bazone) cross-1inking readlderignheehd grosef ardf 8r SedEnthera¥i | m having
excel l ent properties with respect to wa resi stance, staining resistance,

i
hardness and the |ike. ZSE?ﬁl@h€°6?€§8ﬁ§iﬁﬁ98ﬁtPEH?th is preferred that

the 9 Cctober, 202 3) at least one reactive group selected

15 from the group consisting of an epoxy
group, an acryloyl group, a methacryloyl
group, an acid anhydride group, a keto
group, a hydrazine group, an isocyanate
group, an isothiocyanate group, a hy-

20 droxyl group, an amino group, a cyclic
carbonate group and an ester group; and
4) at least one sensitizing group,
each X independently represents a hydro-

lyzable group selected from the group con-

25 sisting of a C1-Cyg alkoxy group, a hydroxyl



39 nodifier conpound is self-enulsifiable or soluble in water. Such a
nodi fi er conpound can be obtai ned by introducin Q group into a
nodi fi er conpound. Exanples of hydrophilic grou%%ip%éﬂﬁggzghggrboxyl group
5 and a salt thereof, a phosphate group and a salt thereof, a sulfonic acid
group and a salt thereof, and a pol yoxyal kyl ene group. Wien a nodifier
conpound having a hydrophilic group is usedgo the obtai ned nodified

phot ocat al yst has very good dispersion stability in walO ter, so that there
can be easily obtained a nodifi hot ocat al st sol %% drosol of t he

present invention coAtarnind R%@F??&ﬁmbﬂ8t85 PRryst ?Yc?%% aving a
volume nean particleagdi greher oPby OoaﬂnhﬂigbegﬁlFIE_ar ge&2§r5@9 exanpl es

of groups having the above 15 nenti oned rop ncl'ude a group

formia (7): - Oeaueiss 0 8u gl by 9%5?85&?2?%9 ?Bor csents an

integer of from1l tos38Q0 and R represents a hydrogen atomor a straight
chain or branched Cl1-C30 al kyl group; 25 a group having a sulfonic acid

group orsa salt 9 Cctobgr, g2002a48 therestsrywWhhehrbs16@pRgseated by the
followi ng fornmula (8): GﬂOGﬂGﬂGﬂ'(8)FQO}QGﬂ(GQGQMn&BBVmHeinn
represents an integenasdfiohsnipt:to 100; R8 represents a straight chain or
10 branched Cl1-CgO al kyl group; and B repre Bents a hydrogen atom an
al kali netal atom or an upsybgt Kt 4t,ed or substituted amoni umion
represented by the followng forrmula: 15 ~ HNRORLR11 wherein each of R9, Rl
and R11 i ndependently repPesent s &.hydrogen atomor a straight w chain or
branched Cl1-C20 al kyl group unsub 20 stituted or substituted with a
hydr oxyl group; and a gro@pshaviKkng.a carboxyl acid group or a salt thereof,
whi ch |§0represented by the fgl&og|n% formul a 25

= B nd

(p+ g +1r + s8) < 4.

13. The modified photocatalyst sol according to item
12 above, wherein the silicon compound is represented

15 by the following formula (5):
(R1HS10) 5 (R15S10)(R1QS10)o(RY35101,/2)g  (5)

wherein:
20 Rl is as defined for formula (1) and Q is as de-
fined for formula (4),
a represents an integer of 1 or more,
each of b and ¢ independently represents an inte-
ger of 0 or more,

25 d is 0 or 2,



9 COctobgr, 2002 41 N2 H\COOB ( 9 ) SGBMereirb% i ndent |y
represents a hydrogen atom an alkali netal ato ituted or
substituted amoniumion 10 represented by the followi ng fornula: HNRORLR11
wherein each of RO , Rl and R11 i ndependently 15 represents a hydrogen atom
or a straight chain or branched Cl-C20 al kyl group unsubstituted or
substituted with a hydroxyl °~ group. Exanplzs of nodifier conpounds used
for preparing 20 the nodified photocatal yst sol of the present invention
wherein the nodifier conmpounds conpry se at .l eas n [ ral
represented by for mul*a e(rge)ir};mé}]l'/o r%)nodr rﬁJlsﬁlt Yatﬁg\%e%PgéPﬁgég geélgp%%:%ﬁ
conpound havingsﬁ%]gactive group which 25 bonds chemcally with particles
of a photocatal ys % * 9 Cctober, 2002 42 such as an Si-H group, a
hydrol ysabl e silyl grpup (.. g., an al ysilyl group, a hydroxysilyl
P%i’ry‘? ‘brg%)'upf qa"?rog@)ét (%Pyd)s{i |

group, a hal agen ated yl group, an am noxysilyl

group and the like), W%ﬁ%%ﬁ%ﬁlrjga +ar{)[ aceloacet yl, 5 495U, @y, hhgrln._group

or an acid anhydride gr spect to the siTicon conpoun avi ng an

Si-H group and theusal beOoRosRIPLUNS)) NAYI A G Tl 14SRINEL cPnlphundr, OHRA
expl anations will be nmade below); and a silicon conpound having a

hydrophilic grouphdf® ahishzexbhéi &smpodera adf | fordmtiltzd (AN tisClaestaignphot o

catal yst, such as a pol yoxyal kyl ene group. As exanples of such silicon

conpounds, therechabnbsilesbhenednpeusd! i con conpound having at | east one

silicon 15 atomdirectly bonded to a hydrogen atom (hereinafter referred to

as a "silicon conpound containing an Si-H group”), wherein the silicon

conpound has an average structural conposition represented by the foll ow ng
formula (4): 204HpRAQnXSSEDEd phgtecalalysid)conmysitnioreaeimpRising

i ndependently represents a 25 straight chain or branched Cl-C30 al kyl

group) 10 the modified photocatalyst sol of any one of items 1 to

13 above and at least one functional substance.

15. The modified photocatalyst composition according
to item 14 above, wherein the functional substance is a

15 resin.

16. The modified photocatalyst composition according
~ to item 15 above, wherein the resin is at least one
resin selected from the group consisting of a silicone

20 resin and a fluoro resin.

17. The modified photocatalyst composition according
to item 15 above, wherein the modified photocatalyst
sol is the modified photocatalyst sol of item 6 above,

25 and the resin is capable of reacting with the reactive



9 COctobgr. 202 43 a C5-C2p cycl oal kyl group or _a CB-CZE 5555 group which
is unsubstituted or substituted with at |east o sel ected from

t he group consisting of a Cl-C2p al kyl group, 5 a Cl1-C2p al koxy group and a
hal ogen atom each Q i ndependently represents a group having at |east one
function-inparting group selected fromthe group consisting of: 1) at |east
one hydr ophobic group selO lected fromthe %éoup consi sting of a straight
chain or branched Cl-C3p al kyl group, a C5-C2p cycl oal kyl group and a

C6- C2p aryl group which is unsubstituted or substituted with at | east one
sub 15 stituent a@euectodd theomadid igrompoteradiadwisitgsef -a C1- C2p al kyl
group, a ClC2p al koxy group and a hal ogen atom and a Cl-C3p fluoroal kyl
group; w 2) at |least one hydrophilic group se 20 lected fromthe group
consi sting of a carboxyl group and a salt thereof, a phosphate group and a
salt thereof, alful fdtiec Madifigbmhofesadadyst crapestitigrgageording

pol yoxyal kyl ene group; 25 3) at |east one reactive_gro%SPselected 9

Oct ober) 2002 44F AdiE® et FRANS c ofg=& i dhsr matidaety PEPGaFatanYatr yi oyl
, th | .oyl , acjd hydr.i , ket
Pyar azi neb or oap S 1a Joi Rie e i tesd sl Sl d%RodnStBungar oxyl
, - | ] b t 1 t : d 4
ot T bast one serid i e Het R EL AR et et 1 ran et rrBEhgar 010
| yzabl e group Segéiééﬁkérf¥%$h@hgr§§%h o Sd 0, fofﬂé35&§§%a%b%ﬂgx group,

a hydroxyl group, a oxXyl m no gr oup, an €enoxy group, an~am no group, an

am do group, a %rﬁ?@uﬁ&%&éya%&i%}f%ﬁﬂé‘%ﬁl&m& and a hal ogen 15

atonm) and p, g, r and s satisfy the owng relationships: ~ 0 <p <4, 0
<g<4 200sr <4, 0ss <2, and (p+qg+r +5s) <4; areaction
product obtained by reacting the abovenentioned silicon conpound contai ni ng
an Si-H gooup 2519 t hTiRe Vinod1 £ Séd | SIGE0 COTGPDEEIE d iy @sianiioad dyeoraengol 9
Oct ober, 2002 45 lowing fornula (5 ): CHZ=CH (R R Si O e-{R1R1S1) - CH=CH2
(5") 5 wherein: to item 14 above, wherein the functional substance is a

coating resin composition.

20. The modified photocatalyst composition according
15 to item 14 above, wherein the functional substance is a
compound having a surface energy larger than that of

each modified photocatalyst particle.

21. The modified photocatalyst composition according
20 to item 14 above, wherein the functional substance is a

coating composition comprising a resin having a surface

energy larger than that of each modified photocatalyst

particle.

25 22. A modified photocatalyst composition comprising



each Rl independently represents a straight chaigiotoBegnabd2 Cl- C30 al kyl
group, a C5-C20 cycl oal kyl group or a C6-C20 aryl group ich is
unsubstituted or substituted 10 with at |east one substituent selected from
the group consisting of a Cl-C20 al kyl group, a Cl-C20 al koxy group and a
hal ogen atom and a represents an integer of from1l to 10, U00; and 15 a
silicon conpound having a hydrol ysabl e silyk3group, which has an average
structural conposition represented by the following formula (10): Rgx'

chai n o br anchelo et 99 "BfeSh O5 SEESt AECRERRE AN BPVERERES nBal! (51 000
aryl 25 group m'g&?f%élunam&&#tgg 6’6951’1&956#%@ and LCURNERT 232 46
with at | east one substituent selected fromthe group consisting of a

Cl- C20 al kyl Cl- X
al Ky QFOEan%lG%aE2g§6§% %%?3;g%€%@g€O€hQQhﬁﬁﬁﬁéﬁ(ﬂﬂoﬁﬁﬁala

i ndependently represents a p selected fromthe group

consisting of a 45€2Qa2kkeX¥sInPEPobRaINEE ONY! r&hGiihg AheENOYLIH G, @
Cl- C20 acyl oxy group, an am noxy group and a Cl-C20 oxine group, and 10 g

and s satgsfy thaitel kewmn@neehatiieNe8pREtofatallyst ol o Sy bne ¥Fd 0 <
(g + s) s 4. 15 Exanples of nodifier conpounds used for preparing the

nodi fi ed phot ocatizleyst 1salo QB8 wbevaresent invention wherein the nodifier
conpounds conprise at |east one - structural unit represented by formula
(3) above in x elude Cl-CgO fluoroal kyl conpounds and fl uoroal kyl ene 20
conpounds each having a nunber average nol ecul ar wei ght of from 100 to
1, 000, 000 wher ei 23sacHhef moldd £iedopbatokgtatyapoaompositdidn taraatdiiene
conpounds has: a reactive group which fornms a chem cal bonding with
particles of a phet dd@mlAgstaboygchwhergansSithe 2gngtbopal aswhstancaals @
silyl group (e. g., an al koxysilyl 9 Cctober, 2002 47 group, a

hydr oxysii%| gr o§PMeeWEl Mfeidided SUFFRCEr SBST I LaE8eHxFRAT yFRYE R, an

am noxysilyl grou nd the |like), .an epgxy.group, an acetoacetyl group, a
thiol group andeﬁ%éhﬂqfé%ﬁﬁﬁﬁ%é&g?§F8§63Y%F ga5QH§gF0philic group which
exhibit high affinity to particles of a photocatal yst, such as a

pol yoxyal kyl ene group. As specific exanples of such nodifier conpounds,

there can be ”E“tié)“edfne}:%éc?dé_ﬁ Lo Oloky '};}9 nd ohBBE £EE0h edabyr d 6y
following formula (11): ( 21)9%(3 W%% %5 V\ﬁlgreln:
to item 22 above, wherein the functional substance is a
15 coating composition comprising a resin having a surface
energy larger than that of each modified photocatalyst

particle.

25. A modified photocatalyst/resin composite composi-

20 tion which is produced by polymerizing at least one
compound selected from the group consisting of a vinyl
compound and a hydrolyzable silane compound in the
presence of the modified photocatalyst sol of any one
of items 1 to 13 above.

25



g represents an integer of fromO to 29; Y'reprgiigﬁg%ﬁﬂjggggnic gr oup
having a - val ence of w and a nol ecul ar wei ght o 50,000; 20 w
represents an integer of from1l to 20; each V independently represents a
f.unc tional group selected fromthe group consisting of an epoxy group, a
hydr oxyl group, an acetoacetyl group, a thiol group, an acid an 25 hydride
group, a carboxyl group, a sulfonic 9 Cct@ber, 2002 48 acid group, a

pol yoxyal kyl ene group and a group represented by the follow ng fornul a:
-SiWKRy 5 wherein: each W.independentl epresents.a functional, group

sel ected fromt ﬁg ‘gr u%uBSHgPEE' nﬁoff}?c’éi%i-%pﬁ %0xy ios‘b?%%a,teg aﬁl;%dr oxyl
group, a Cl-C20_acyl.ox roup, a.hal ggen,atom ydt oge . - C20
oxi me group, an% §%§‘éF%U6% an &ﬁfnggéséF%g%'aﬁ%Qa%EQﬁiggﬁégg%ﬁﬁggéuﬁach R
i ndependently repr t trai hai [ n d 1 a oup, a
C5- C20 cycl oal ky %§£¥%§i§%§}q§§ﬁ¥¥85§r%Pﬂgggugﬁghﬁgg Pg ﬁ%gﬁ%s%r¥%t%% or
substituted mﬁtg_% at | east one substituent selected fromthe group
consisting of a 8 0 al kyl group, a d-C20 al koxy group and a hal ogen

atom ang, x represents an integer of from25 1 to 3 and y represents an

i nt eger 9 COctober, 2002 49 of fromO to 2, wherein x +y =3, and a

fluoroolefin polyier f eRRRNAT 1M o @%ohqbbawb?gsﬁagmybathé%édﬁfféd A3 |~5
11 CF2 i j (12) A2 A Y-Mv 10 wherein: each Al to AS independently

represents an atghstWctOups s atagiad filemothangr o o@nsitehisng4otoals
fluorine atom a hydrogen atom a 15 chlorine atom a Cl1-Cg al kyl group and
a hal ogenat ed Cladvea] Kyl group; mrepresents an integer of from™ 10 to
1,000,000; ,. n represents an integer of from20 0 to 1,000,000; Y
represents an organic group having a valency of w and a nol ecul ar wei ght of
from14 to 50,000; wrepresents an integer of from25 1 to 20; and 9
COct ober ,1®002 28. A functional composite comprising a substrate and
a film formed on the substrate, the f£ilm comprising the
modified photocatalyst composition of any one of items

1l4 to 19 above.

15 29. A shaped article produced by shaping the modified
photocatalyst composition of item 20 above, which is
anisotropic with respect to the distribution of the

- modified photocatalyst.

20 30. A functional composite comprising a substrate and
a film formed on the substrate, the film comprising the
modified photocatalyst composition of item 20 or 21
above and being anisotropic with respect to the dis-
tribution of the modified photocatalyst.-

25



50 Vis as defined for fornmula (11) above. As sgecif IS exaggles of such
fl uoroal kyl conpounds and f | uorool efin polyner ﬁ) e nentioned
flyo 5 roal kyl silanes (such as 2-perfluorooctylethyltrinme thoxysilane),
Nafion resins, and copolynmers of a fluoroolefin (such as
chlorotrifluoroethylene and tetraf |uoroethylene) with a nononer (such as a
vinyl ether, a vinyl ester, an allyl conpo%gd or the Iike) 10 having a
functional group, such as an epoxy group, a hydroxyl. group, a carboxyl
group, an acetoacetyl group, a thiol group, a cyclic acid anhydride group,
a sul fonic aci lgrodpsbapgdparyssjal RyPéneedroyipsharintheihe #0HF iedanpl e
of the nodifier conpounds 15 used for preparing the nodified photocatal yst
sol of the pres®RCYOPPERLYSEH ﬂﬁ@P@ﬁhtﬁﬁE ABALERBr 22 oRPRYRdSs conpri se at

| east one structural unit represented by - formula (1} and/or fornmula (2)
and at least one struc ~.". tural unit represented by fornula (3), there
can be 20 nentiqned a silicon conpound haV|ngma fI oroal k rou and a

reactive group ﬁﬁ%chAf3Pﬁ§t&08ﬁénF85P°5658|ﬁ R tH %%r?|%¥%§
hot tal yst Si-H , dr ol
S et

acetoxysilyl graou SI| roup_and.the r,. 2002 51
like), an epoxy &aﬁﬁ}eaﬂPga é??q 69@8831519H|8F 6%%@ 9% a%%VaC|d
anhydri de group. The nDdlfled photocatalyst sol of the present in vention
can be obtained by a nethod conprising: 5 mxing, in water and/or an

organi ¢ solvent,3z{A) ﬂthéHE&”%r@%%ﬁboB%@dBEQEOB§t§h¥§ln§‘Eﬁe(ﬁ%difE%d

abovenenti oned nodi fier conmpound, wherein the ratio of the weight (in terns

of the weight ofpHdieo&td Gies 1€ WUnpIsh tAlon( DE tieehhe3wabebb, OlniBh, 14 . €.
(A)/(B) weight ratio, 7.0 1s fromO0.001 to 10, 000, preferably from0.1 to

1,000, thereby ohibsdtigpic ndtHInspait keepheg diBerabuaibadom xhere at a
tenperature of fromO to 200 C, preferably from10 to 80 C) or sub
jecting the obtanoétftedtphetdaatadgetun) distillation 15 so as to change
the ratio of the solvent in the m xture. Exanples of solvents usable in the
above-nenti oned nodification of the photocatal yst include hydrophilic

sol vents, such as dioxane, tetrahydrofuran, dimethy |acetam de, acetone,
methyl ethyl ketdhe, btEREHORR)Y AMRASLte ROPPIASINGs sl FEPSELARAORDAN

met hanol ; and hydr
ya gilm formed on the substrate, the f£ilm comprising the

15 modified photocatalyst composition of item 23 or 24
above and being anisotropic with respect to the dis-

tribution of the modified photocatalyst.

35. A shaped article produced by shaping the modified
20 photocatalyst/resin composite composition of item 25

above.

36. A functional composite comprising a substrate and
a film formed on the substrate, the film comprising the

25 modified photocatalyst/resin composite composition of



phobi ¢ sol vents, such as tol uene, xylene and heﬁ?ﬂf' he :Lied
phot ocat al yst sol of the present in vention can=a r ed by a

nmet hod conprising subjecting a photocatal yst powder to a nodification 25
treatment with the above-nenti oned nodifier conmpound in 9 Cctober, 2002
52 the presence of water and/or an organic solvent and, then, dispersing
the resultant product in water and/or an organic solvent. However, in this
method, it is ex trenely difficult to conduct the nodification treatnent 5
under conditions wherein_the photocatalyst is in the formof primary
particles. FurtH&e™ 4% aRA9fre nean particle diameter of the resultant
nodi fi ed photocatal yst particles cannot be rendered snmall, so that the
ffinal sol becones unstable. 10 In the present invention, it is preferred
t hat the photocatal ys _t e nodified with the nodifier conqpound by fhe
above- nenti oned neth q%ié%iﬁﬁﬁbéﬁFh@%?ﬁe§§lq@XﬁP&?ﬁPnégpﬁgf§EéP%%Y§%
particles which lqve A vol unme nean particle dianmeter of 200 nmor |ess,
nore advanta 15 geousty from1l to 100 nm For exanple, when titani um oxide
is used a phot oca . aocat al I i ot Qc | yst
particleg§mhich haveHgﬁ%ﬁkgﬂgﬁgpggJ%fJﬁg%ﬁggﬁgﬁagﬁggﬁggﬁggxg?e?ﬁcg%@be
obt ai ned by 7r {fg%hi i i i i Al kged.in 20

t he presence of qﬁ{/ﬂ}r ocC o%%%%%i#lﬁrﬁﬂ ;B(% g%é;}tn%’oni a ﬂofin?%?t:liéﬁe?kgnd
the resul tant proeiigdrd® SPLE€EEEck 10y pdyiotdierdtla tgraldRrta1yRer ebn the
time for hydrothermal treatment is appropriately controlled. The shorter
the time for theahysdof hestBbnt teadtdit wieh 25t siedderoddamoddlfuse mean
particle dianmeter of the resul 9 COctober, 2002 53 tant particles of the
phot ocat al yst. |¢combeupd asentiona@nbeédow. it is preferred that during the
above-nentioned nodi fication treatnent of the photocatal yst, the occurrence
of aggreg@ati on of theld Phetprasahysinpamticl estithietgmm t e diddickitdani on i s
smal | (nore advantageously there is no occurrence of aggregation). Such a
modi fi cation trebt®fepartiplee aEhpepbdtogatalngt) agnears nodiMatdrl igdmound,

t he abovenentioned silicon conpound containing an Si-H group. 10 That is,
in the present ihkientPEnthetPpéoyreeREierednat 1925 hothd iRRAIHAT Ml yst

ticles of the nodif ied photocatal yst so|.h i eties derived f,romth
oci {1 er - compourBORRA ARy EPBoRERBACOWNT CROSFbO LY T § PR T BT or

of 200 nm or 163t t&ERIE RS BRorBay her AR HSar el EoBRS B G T
cles canybe oonf LgaRdoRy ARSRLNAEL0 BbnBoSAIPLE PR cuPBLSd SF BB

nodi fi ed photocatalys sol een diluted so as to]have a
nodi fied photocatak¥Sbf a photocatalyst is achieved by van der Waals

force (physical adsorption), Coulomb force or chemical
- bonding. Especially when the modification is achieved
by chemical bonding, the interaction between the modi-
20 fier compound and the photocatalyst advantageously be-
comes strong, so that the modifier compound can be
strongly immobilized on the surface of the photocata-
lyst particles. Therefore, it is preferred that the
modification is achieved by chemical bonding.

25 Examples of photocatalysts used in the present in-



20 content of 0.01 ~ by weight or |less) by nean ft tr LSSion el ectron
m croscope (TEM. Further, a nodified photocat aéyé&ggﬂlm mai nt ai ns
such a nor phol ogy of the nodified photocatal yst particles for a | ong
period of time i,s extrenely preferred, because the 25 nechani cal
characteristics and the like of a filmob 9 Cctober, 2002 54 tained from
such a sol are very stable (in this respect,;for exanple, it is preferred
that, after the nodified photocatalyst sol Is allowed to stand at 30 C for
100 days, the volume nmean particle dianmeter of the nodified 5 photocatalyst
particles i s muivndiimed 1aclede T#lar FR9s) STREOan @eamSe® . of "PheCadaIfi er
compound useful for preparing such a nodified photocatal yst sol, there can
be mentioned thd e- g@ﬁipone%a'%l}i%eoﬁzﬁ?)%o&?doeorf' starpidsg an Si-H
group. 9 Cctoher, 2002 55 In the present invention, the binding between
the phot ocat al ystsT2nd1tPe HOdi f PRP2 ¢ dpSundBE¥R bd b ePr nedCbyS1Pe

fol |l ow ng methoﬂE Fox exgnple whe he above-nentioned nodification
treatment is co ed O 5RURg TH Q#H group- containing silicon compound
of for mula (4) abov t he nodi f.ier Q r.oger S rat ed
fromthe %n xture of %h‘%%ﬁhe& c?é‘aatmglfsst O‘;ﬁ%c’ll#g%r’%g%tgﬁgrg 23%%%%% &gé;]hg an
increase in the .Gl j t f 1 o] (whi ch
is 10 caused by %%%ﬁg%ogf{%%ngnfﬁ)g%ﬁ{%ra%&o%ﬁ&%339(%8%5@%%?%%& al yst)
is observed. Furghgn.thd dh$ C&ﬁ?sié”ﬂﬁ'{q tdye iyl t q Uma0xhdeyi $sHsedegs the
phot ocat al yst, an decrease in anount of tThe Ti-OH group, which occurs
during the aboveex®ibioneshdmahinsdtjgnidfatmmdnt iapplicaksenvedian terns
of a decrease in absorbance at 3630 to 3640 cm1l in the IR spectrum Thus,
when the Si-H gropenCcoOpéed fidgt Soil N6, I POIBY, 125 17esd 59s 7t-ha3pvdi 8k er
conpound in the present invention, it can be easily confirnmed that the
nodi fi ed180 phot8gagal y8+8sad0 0f 81888 £s&t980Blentd- P2 84$5n0tl0a%96apl

m xture of the photocatal yst and the Si-H group containing conpound, but
conprises a reacéh8nlpradd4téSbf the photocatal yst and the nodifier
conpound, which are bonded to each other through an interaction, such 25 as
a chenical bondi ng. FBEiihi BurehkeprexamrlesLhfPitfe@catalysts include

photocatalysts obtained by a method in which at least

one member selected from the group consisting of metals
15 of Pt, Rh, Ru, Nb, Cu, Sn, Ni and Fe and oxides thereof

is added to or immobilized on the above-mentioned pho-

tocatalysts; and photocatalysts obtained by coating the

above-mentioned photocatalysts with porous calcium

phosphate or the like (see Unexamined Japanese Patent
20 Application Laid-Open Specification No. 10-244166).

Of these catalysts, TiO, (titanium oxide) is
preferred because it has no toxicity and excellent
chemical stability. There are known 3 types of titani-
um oxide crystals, i.e., anatase-type, rutile-type and

25 brookite-type. In the present invention, any of these



9 Cctober, 2002 56 Si-H group-containing silico 0 und he nodifier
conpound is very advantageous. By virtue of the%&%@n t he

phot ocat al yst and the Si-H groupcontaining silicon conpound, the nodified
phot ocat al yst 5 sol exhibits excellent di sggr sion stability, chem cal
stability and durability. As an exanple of “the Si-H group-containing
silicon conpound of fornula (4) above, there can be nentioned an Si-H

gr oup- cont ai ni N}y sypesovf cobhipemian hawidey aryshall0 camadpe ssedct ur al
conposition represented by the following forrmula (5):

(R HSI O a(R12Si 0) b( R €5L9) pXf 3Tl Nat (Hle rpstarleipartRElesdagmeliedr ned
for formula (1) and Qis as defined for formula (4), a represents an
integer of 1 orofivtke pheohocitdlyist Cprivkyemiuriticle dieeedrrs aa 20
integer of O or nore, dis O or 2) wherein a, b and ¢ satisfy the foll ow ng
rel ati onshi p: (Brempl+te) 280 109moomorengdvantpgeeusiyviaen & £ops58 8.~ 2 and
dis 0, 9 COctober, 2002 57 the conpound of formula (5) is a cyclic

si | i coneSconmpound, ahB #RenpEesand inveneipolhe dorbArumaich) the a
straight chain silicone conpound, 5 As another exanple of the Si-H

gr oup- cont ai ni nBPEPresadYesnbouRe SrPisFhed at¢ 4fhe MRHEICATIHE nen ti nned

a conpound conprising: recurri ng_uniti, each i ndependently re rE%ent ed by
formula (4') befFbGAtRRAt1ds, BEAVIARE 4R BsToGheh HRATEY FOMith8 group A

Corm nal. oroup. ROR HGAIEROrO-PRELYPY: EOh EPRkbroIheaab AR et
through an oxygeR g4qMeyl> gbda) f?imjfogm?hﬂlzgrgﬁe%fégi%ﬁd (vhirioys €ach R3
pendently represénts ‘a“hyZ5-drogen ato a hydrocarbon group sel ected
from 19 functions. In the present invention, for the below-
mentioned reason, it is preferred that the photocata-
lyst to be subjected to the modification treatment is
not in the form of a powder but in the form of a sol.
In general, in the case of a photocatalyst powder com-
15 prised of microparticles, single crystal particles (pri-
mary particles) are strongly aggregated to form secon-
dary particles, thus causing a great loss of the sur-
face properties of the primary particles. It is very
difficult to disaggregate the secondary particles back
20 into primary particles. By contrast, in the case of a
photocatalyst sol, photocatalyst particles are not dis-
solved but present in a form close to the primary par-
ticle form, so that the surface properties of the pri-

mary particles can be effectively utilized. Therefore,

25 a modified photocatalyst sol obtained from a photocata-



9 Cctober, 2002 58 the group consisting of a stgahgh gpqéa gr branched

Cl- C30 al kyl group, a C5-CZp cycl oal kyl group, g%%gT%EUJaryg—group which is
unsubstituted or substituted with a Cl-C2o0 al kyl 5 group, a Cl-C2o al koxy
group or a halogen atom or a group having at |east one functioninparting
group selected fromthe group con sisting of: 1) at |east one hydrophobic
group selected 10 fromthe group consisting;ef a straight chain or branched
Cl- C30 al kyl group, a C5-C20 cycloal kyl group and a C6-CZO aryl group which
i'S unsubstituted, or subftituted with at | east one substituent sgggcted from

the group consistYhb 98! oPXRIRHECAPLIWAY Wb IIFDELSESE SR8y 1§¥oup and
G oup. ool ect od {75 FREE G bl EOHERY (PR bl im =6 S5 0oa kP e ol t
(hereor, s phosohale.oroip a8 5alueiRol.ps il o Guachiogigue and o
oroup. a et hacr SR esREEefoEhE bRG Gha B ERP AR Al MpP DL RN
a keto greup. carREX¥hrAr gLp ﬁ%ﬂ%&&ﬂé&u& AD {ROBARALE O QYR an

i sot hi ocyanate group, a hy an am no group, a cyclic carbonate

group and an 5 eshep QEO’F!EiLmQPQ far 81 cl E854nHNSe SEHNBALY 219 1H14P, gpd each
A independently represents a group selected fromthe group consisting of

- Si RARSR6 (each gfanBé}alRS1ﬁn@h86ph6€l@@&ﬂ&l§?§tyséﬁpa@darnzr_ﬁ tHe prhudmagen
atom or a hydrocarbon group selected fromthe group consisting of a

strai ght chain oankeangbad €heCpRotb&italyotippait {BrEF ey Praaddal igr oup, a
C6- C20 aryl group which is unsubstituted or substituted with a Cl-C20 al 15
kyl group, a Cl-€Re #&lokoxpfgmompxtnra bfl pgemaayopdrticlydragensatom a
straight chain or branched Cl-C3o0 al kyl group, a C5-C20 cycl oal kyl group,
and a C6-1Q20 arylagyowarihicdkesi.s unsubstituted or substituted with a Cl-C2o0
al kyl 20 group, a Cl-C20 al koxy group or a hal ogen atom w th the proviso
that the conpound comipritdengrerenteddverhgonni f5oBf thermpwrqiny AHbove and

recurring units of fornmula (4 ") above has at |east one Si-H group. 25 9
Qct ober, 2002 effectively utilizing the surface properties of the

modified photocatalyst, it is preferred that the photo-
catalyst particles prior to the modification treatment
15 have a volume mean particle diameter of 400 nm or less.
In the present invention, from the wviewpoint of
producing a transparent f£ilm from the modified photo-
~ catalyst sol, it is very preferred that the photocata-
lyst particles prior to the modification treatment have
20 a volume mean particle diameter of 200 nm or less. It
is more preferred that the photocatalyst particles
prior to the modification treatment have a volume mean
particle diameter of 1 to 100 nm, more advantageously 3
to 20 nm.

25 An explanation is made below by taking a titanium



60 The above-nenti oned conpound conprising the re O ing2 i{s of formula
(4') above and term nal group Acontaining recurﬁlﬁ%LEbﬁﬁs—g@E%ornula (4" )
above, wherein each terminal group Ais bonded to the silicon 5 atom of the
recurring unit through an oxygen atonm) can be obtai ned by, for exanple, the
following nethod. In a solvent (such as dioxane), trichlorosilane and/or
organotrichl orosil ane (and, optionally, diqﬁganodichlorosilane) and wat er
are reacted with each other to effect 10 a hydrol ysis pol ycondensati on.
Then, the resultant re action mxture is further reacted with an al cohol
and/ or a silyl at®Hflaagmt aepressamrd ehpf ¢ Pos oCaER1YELSSRARSRSS (A8) 15
wherein each of R4, R5 and R6 independently represents a hydrogen atom a
strai ght chain GX¥RIR R citidanignkaxigeo§9l a thsres §ady Oro mMaPkIPRER oup,
or a C6-C20 aryl group which is 20 unsubstituted or substituted with a
Cl-Czo al Kyl groubttanism @pidn BSsF Qitdup 16r WBIER SgEAPABOAAR bar-

t hal t h | , to thereb bt ai n,
o oo conpr: st Pele LM YR Wb S syt mbd isdsafe | e
i it f . ber, 2002 | 4 " b . a1 If i d,
T net o Shaen B abh oo Wit (R e e The Sl bedEs oy
t he bl d ib i i i £ i - \ - i ni
T oo o it B¥AE PEL LG A S0, CORFHY Uk widdkd Meatls T AAIRaEa0ha 1 T

whi oh 15 necessagal g BghE 1 h0E, PESOEHE! Y S Wt NN, ReLac 1 yhiy under

noder at e condi tions. e ot ydrolyza group in tornmula (4)

al so 10 can be Ubfé%éﬁétl@n”@ﬂi §¥ch he PhE QAT &l & Stnot! drdfudro sCayse
side reactions to thereby lower the stability of the resultant nodified

phot ocat al yst solrosber ekfir Be &hsidypPpedé@ided (Hwd, tHer admand1Of Unex-
hydrol yzabl e group X is as small as possible. It is preferred that the Si-H

15 groupioont ai nemgnedl Japanesgppatdn of AP Nt 6l det) La&Dd @G ars Spesitfdrtai-al | y
no hydrol yzable group X. Further, the Si-H group-containing silicon com -
pound of fornul atién dbevep3whirehlhaZ-819% unetles21spandi hly-433p) ( Fercan
be advant ageously used for inR0 parting various functions to the nodified
phot ocat al yst example, an aqueous solution of titanium sulfate or ti-
tanium tetrachloride is subjected to hydrolysis under
heating to thereby form metatitanic acid. The obtained
15 metatitanic acid is neutralized with aqueous ammonia to
thereby deposit titanium oxide hydrate, and the ob-
tained titanium oxide hydrate is subjected to filtra-
~ tion, washing and dehydration to thereby obtain an ag-
gregate of titanium oxide particles. The obtalned ag-
20 gregate is peptized by the action of nitric acid, hy-
drochloric acid or ammonla, and, then, subjected to a
hydrothermal treatment or the like to thereby obtain a
titanium oxide hydrosol. Further examples of titanium

oxide hydrosols include those hydrosols obtained by a

25 method in which titanium oxide particles are peptized



sol of the present invention. It is preferred tlggctthﬁ fugﬁggon-i nparting
group (Q is a group represented by the foll ow . -Y-(2O)W 9
Cctob, ~r, 2002 62 wherein: Y represents a Wval ent organic group hav ing a
mol ecul ar weight of from14 to 50,000, 5 Z represents at | east one group
selected fromthe group consisting of the abovenentioned function-inparting
groups 1) to 4), and Wis an integer of frogyl to 20. 10 For exanple, when
the Si-H group-containing sili con conpound of fornula (4) above has, as
the function inparti

, | .hyd hi | .
deffined in for aw?n‘xgﬁgr ou\r;g}(%Q\)mccqa#q%e ][aégtnag:& Pg(r)n%t’{hé"ll%ggrd?ggﬁg)
i sti f b | t th f, .ph hat e, d
salt thereof, a SrTomrathsaly kA Pt rathaddR HieR, b faRtE e @
pol'yoxyal kyl ene %P&Q"%éngﬁicgfg osal %iysi%enfs%nd be, Vele Sy d %Q%ﬁﬁd In

wat er, and, hencé, Suc I-="H group aini'ng sitTicon com20 pound can

be advant ageous! y,ugerh { O o£a51 dfa O A A9 Ayl e hoLAGALA! ¥8kasol

(hydrosol) of the prese Invention, in ume nmean partic

di ameter gf the {pdifigde PHOLOCAIR! VHE {id 6% iy AROT sh@fSa525
Pr ef erredgexarrpl es of the above-nenti on(g% hyéélé'o 9 tc?ber, 5002 63 philic

group include a Qeayemyﬁébywﬁflaf@ypié PSS eNhAad oY phOok Al Aethdaapeye; a
sulfonic acid group or a salt thereof, which is repreSented by formula (8)

above; and a carpe¥¥h §hoUReRamenS@l fapdies £0fpa € MdsL iz dt@Resened by
formula (9) above. Further, when the Si-H group-containing silicon conpound

of formula (4) abper Bpecigschbeof UNG! i DO-6TPBE | i tige1 i (KD ,eaxiCl C30

fl uoroal kyl group (hydrophobic group) (i.e., the Si-H group-containing
silicon 10 conpouhdawhedhahaslaofivanakysie ot gee osi. t anibumirmxtidee pme whdrhed by
formula (1) and/or a dioxyorganosilane unit represented by fornmula (2), and
a di fl uod@net hyl 6he particépeebaviectheyrfsuniiice (MYJifiek wiklf dacPegexegy of
t he photocatal yst becones very small, and, hence, such 15 an Si-H

gr oup- cont ai ni ngg§PPiPcéﬁdc8?ﬂf}>éBﬁH eaRchecABVARSPRERHRR | St Al F0 e VER ai ni ng
a nodified photogatal yst sol which not onl%ahas t he bel ow described sel f

stratifying or séPfafr RG4EPHT FPLPELPY PARIRA fsPHpround neutrality.

The above-described titanium oxlde hydrosols are
commercially available as titania sols. (Examples of
15 commercially available titania sols include “"STS-02",
manufactured and sold by Ishihara Sangyo Kaisha, Ltd.,
Japan, and “"T0-240", manufactured and sold by TANAKA
~ TENSHA CO., LTD., Japan.)
Each of the above-described titanium oxide hydro-
20 sols has a solids content of 50 % by weight or less,
preferably 30 % by weight or less, more preferably 0.1
to 30 % by welght. Such a hydrosol has a relatively
low viscosity (as measured at 20 °C). In the present
invention, the hydrosol may have a viscosity in the

25 range of from 2,000 cps to 0.5 cps. It is preferred



ability to distribute anisotropically the nodifje 0 2 atal yst), but
al so can be used for formng a coating having & er repellency.
When the Si-H group-containing silicon conmpound of fornula (4) above has,
as the function-inparting group (Q, at |east one reactive group 3)
deffined in fornmula 25 (4) above which is selected fromthe group

consi sting 9 Cctober, 2002 6A of an epoxy-group, an acryloyl group, a

met hacryl oyl group, an acid anhydride group, a keto group, a carboxyl

group, a hydrazine group, an isocyanate group, an isothiacyanate group, a
hydroxyl . grouptbad ARenbYGresel Aasy@ vaseqrbbkale GReuPRFR %h FTer
group, the nodi fied photoCatal yst exhibits cross-linking ability, so that
the sol cont ai nitn@%8u&®sa trodi SR Bﬁ%Fb@éW&P§§EG€Hﬁlﬁesaavﬁﬂfa ously used
for formng a coating having an excellent durability) 10 It is especially
preferred that t9%& -above mentioned reactive group is a group which has a
nonoval ent group contai ni t.he drazine grqup_.represented by fornula (6)
above and/or a nonovéPbﬁFggﬁﬁﬁﬁlg%ﬂnéﬁenFﬁ&gggﬁeFBrgpﬁﬁggc*ﬂ% ¥ S5 or
this is that, when .15 such a reactive aroup i ed, t LfLe ot ocat a
| yst sol ©of the Og(rled;eenStOLlesﬂvean]tﬁooﬁéneoxvﬁr} %}rtes%r%t%oc%%l %nggggﬁﬁgjﬁ{lbcg?g ility
even at lowte t SO: t Qrage bi.L 1 angd is
capabl e of for%saa&%h%y négé{serﬁrgagqgéaézt%rqév)sscc%gg%fl ?%Easg%}%h igs ad 20

vant ageous for qhlai g Ntk fa & ] nesg@wjr{&a\fxardewga?an glel @'atteamggiies,

such as water resistance, stalning resistance an ardness. \Wen e Si-H

gr oup- cont ai ni n%é&ié&%f@lﬁi’%&@ds?éciﬁdﬂﬂﬂi%r{4@0.3@0\5‘92@%5)1 af8 hhgol
, a

function-inparting group 25 | east one sensitizing group 4) deffined

in for 9 COctohef,a 204%e BhaFUbR1L{4) cabvmidd atdddtednehetienanal yst of
the nodified photocatal yst sol of the present invention can be excited to
exert a tatal ytiTeatcdd vitymothangoptpetecd ¥oning cohVEr,siNm aat ewidt Y t hr ough
not only the ir 5 radiation of the ultraviolet rays but also the irradia
tion of the visibfeerafjsr apdanple heUnexaminetl régpaneqe thagent Applica-
function-inparting group (Q, at |east one of the groups exenplified above
can be used. Partien larfyOranehRrachiieation dios. phoadicat aly$t71i2¢.uled for
10 producing the_nodified photocatalyst, and the hydro philic group 2)
defined in fornu?57%ﬁ?'a365%7éﬁa anRg 5929t her function-inparting groups

2), 3) and 4)_d¢ffine§ in_formnula g4& agpve are used .in combination, the
resul tant modified photdcaPar§sressd ﬂ%.|9EP¥Qﬁﬁ§$i§Fﬁfﬁéiﬁxﬂﬁﬁ ng groups
Si -1 or od%: cont S BrBeL e BanCEonBBuATRLE e S R S (B P Ehe o R RlE o
function-inparti Bgedel¥P16Pbntliod caft B! bbtained simply by subjecting
these photocatalyst sols to a modification treatment
- with the above-mentioned modifier compound.
The at least one modifier compound used in the
20 present invention is selected from the group consisting
of different compounds each independently comprising at
least one structural unit selected f£rom the group con-
sisting of a monooxydiorganosilane unit represented by

formula (1), a dioxyorganosilane unit represented by

25 formula (2), and a difluoromethylene unit represented



con conpound having an average structural conposition 20 r sented by
formula (4a) below), there can be nen tinned: ( whi ch an Si-H
group- cont ai ning silicon conpound havi ng an average structural conposi Lion
represented by fornula (14) below and a carbon-to 25 carbon unsaturated
bond- cont ai ni ng conpound are sub 9 COctober, 202 66 ~ected to
hydrosilylation reaction, wherein the carbon - carbon unsaturated
bond- cont ai ni ng conpound has at | east one function-inparting group sel ected
fromthe group consisting of groups 1) to 4) defined in formula 5 (4); and
(b) a method in Wi EATAERLE (B gr oup- cont ai ni ng conpound havi ng an aver age
structural conposition rep resented by forrmula (14) below and a

car bon-carbon unsat urat ed bond-cont ai ni ng conmpound are subjected to a 10
hydrosil yl ati on reacti-on, wherein the c§rpon-carbon unsat ur at ed
bond- cont ai ni ng conpound has a r eacfRVR Ydup 3) defined in fothula (4), to
t hereby obtain an Si-H group-containing conpound having a reactive group,
and, then, the reactive group of the Si-H group-containing 15 conmpound is

reacted with a functiop-inparting co und _haying.a reactive group, the
Efrngli (?a) bgi?g: gﬂB&€E§§sefﬁg4gﬁi§§r38Q~§¥(kg%ﬁp %ﬂﬁéﬁéﬂ%ﬂ*éagh ?f Fh

an is as define or a , an r s satisfy the
following re 25 Iatioﬁéﬁ?%§§ a”gbgg%é%gr?9§®C2§6gt%?£§¥f<g§ggh)gfq <4, 0<
r <4, 0ss <2, angranchedt &;tchytalkys éroﬁggoﬁh%;-f@j ¥cild4) being:

H p+r~RqXs510~4_p_q_r_5~/2 (14) "10 wherein: eac and” X'is as defined
for formula (4) abovealaRd Brop oraldcg-83hi abylt Lol hovEndis

relationships: 15 0 <p <4 0<qgq<4 0<7r <4 0ss<2, and
unsubstituted or substituted with at least
10 one substituent selected from the group con-

sisting of a C;-Cypo alkyl group, a Cj-Cyg

alkoxy group and a halogen atom,

R1
Si—O
15 | (2)
| 7

wherein Rl is as defined for formula (1), and

20 -(CFjy)- (3).

In the case of the use of a modifier compound
which comprises at least one structural unit selected
from the group consisting of a monooxydiorganosilane

25 unit represented by formula (1) and a dioxyorganosilane



(p+qg+r +s) <4. 20 First, an explanation ia QEE& belgﬁggﬁth respect to
t he above-nenti oned nethod (a) for producing an c nt ai ni ng
siljcon conpound having a functioninparting group. 25 Wth respect to the
car bon- carbon unsat ur at ed 9 COctober) 202 sa bond-cont ai ni ng conpound

whi ch can be used, in nethod (a) above, for introducing into the Si-H group
cont ai ni ng conmpound of formula (14) a functign-inparting group which is a
hydr ophobi ¢ group sel ected fromthe group 5 consisting of a straight chain
or branched Cl-C3o al kyl group, a CS-C2o cycloal kyl group, or a C6-C20 aryl
group which is uHstbsTERERRN A ADSEIXM I (4 )k -h thecobEadngl rofi§iedp, a
Cl- C20 al koxy group or a hal ogen atom exanples of such carbon-carbon

unsat urat ed bondPROtEAt AL heEvhhbth VIR QURIeTistitdes ¥her AETpfdpyl ene,
1- but ene, 1-hexene, _1-o0ctene,  isobutene, 2-nethyl-1butene, 2-hexene,

cycl ohexene and BEGfdrHbhetscitatimm ebieht, s spahy vazdepst 8S-al |yl

ropi onate, allyl|.2-ethyl hexanoate and all benzoate; all et her.s, such
D5 R A i ot IS ITAEhEY . CaR ToF e DR bf ey fon S Sre iyt DEnERETAP Py

| oh h | 1yl 2-ethyl h h d allyl I h
(ret iy acts fo estbrd, FEUBHTALhet ot oThet ryaah v SoBiRY ehelhFasesi ate.
but yl th : I
Dty (et acr v ke, s2 cLIhBRA oL ERONBSLULR &, GHENTM B0 ene
such as vinyl acgtabentVifybnPioR! afB3Le el A 86 Ao Wrilgedsteriat e and
et yl yl et

vi nyl benzo ate;” viny ers, such as net Vi n er, ethyl vinyl

ether, butyl vingheelhebn 1§0BUEMLaVERYh ShBCHodbe Ao Gyt ity nyl
et her; styrene; 9 COctober, 2002 70 ether, a vinyl ester, a (nméth)acrylic

ester, a styrenecdppb¥athvg, oeathel pdepentenhiynheym Ng rakrtheast wABg
hydrophilic group selected fromthe group consisting of a carboxyl group

and a salib t her eahe mophdsphapbogbodpahyandhassahé mdwes@ofdicargaidsdr ¢ aci d
group and a salt thereof, a pol yoxyal kyl ene group and a cyclic acid an
hydri de. Pref erledeexaifl sepreseatbdnbyafbomuyasal uran@iobhories cbit=ai-ni ng
compounds havi ng the above-nentioned 10 hydrophilic group include an allyl
et her cont ai ni ngoagpalogd:iparhyndie rgpoepenthilchyi Sormptaseht eRbyarth &% ol

| owi ng formula (16): CH2=CHCH20( CH2CH20) nR~ (16) 15 wherein mrepresents an
i nt eger of from greyps in these units will be replaced by hydroxyl

groups by the action of the modified photocatalyst. As

15 a result of the replacement of Rl and R2 groups by hy-

droxyl groups, the surface of the above-mentioned £ilm
and shaped article increases hydrophilicity. Also, the
- formed hydroxyl groups undergo dehydration-condensation
reaction with each other, so that the surface of the
20 above-mentioned film and shaped article is caused to
have very high hardness.
When a modifier compound which comprises a difluo-
romethylene unit represented by formula (3) is used, a
film and a shaped article each having not only a photo-

25 catalyst activity but also very high hydrophobicity can



1000 and R7 represents a hydrogen atomor a ., strxajght chain or branched
Cl-Cg0 al kyl group; 20 an allyl ether contai ni ng—éﬁg@%@gci d group or a
salt thereof, which is represented by the following formula (17):
CH20CH2CH=CH2 2 a ~ ~ 17 R OCH2CHO( CH2CH20) nS03B ( ) 9 Cctober, 2002 69
(meth)acrylonitrile; and crotonic esters. Anong these, fromthe viewpoint

of reactivity, the olefins having an ol ef ian%c | i nkage at the term nal

t hereof , 5-norbornene, allyl esters and allyl ethers are preferred. 5 Wth
respect to the carbon-carbon unsaturated bond-containi ng conpound which can
be used for int P& @RtidgGedhEsomhéhs mpdpshgdcBheaPARRGLESAPORALHf for
rnula ( 14 ) a C--C3o0 flugroal kyl group as a functioninparting group,

exampl es of sucRoSHHER PhPCFAFRITEE PGmPQFéGiBBanCBH?aPﬁPﬁﬁngdﬁ)‘ounds
include an olefin, an-allyl ether) an allyl ester, a vinyl ether and a
(meth)acrylic ed&&tiqch i ndependently having a perfl uoroal kyl group
represented by the fallowng formula (15). 15 -(CFz) CFg %1521 - _Wherein g
is an integer of from™ & PFesshtninyepddpBet tolfhBreirHERY cErBbAe
unsat ur ated bond-ocd)iﬁ ai ni ng _conpouynd whi ch C%g 8e used for intro ducing a
hydrophi 13 ¢ gr odP rt’s s 8o ?‘&?pac&r‘?f’grl rig €ofp8URA represented by

formula (14), exam pi,le1r§e gee ua@e%%ﬁl%%r;}ﬁ%re?’%gugnsg\teg;lgt gdgggggiggﬁ‘%d;i ng

25 conpounds i ncl ude an In, an-a ry a vinyl 002

71 wherein nre i o] t 0;..Re e a
strai ght chain %ﬁgﬁg%c edﬁé?%oﬁaﬁia;]] @ggng&%;x%g;ngng roclie: r%éggelra\ gsa

hydrogen atom aphdtdh | tHetfd Al UBR1aR LRSI Drigili®d a9k S WRAE b HT £
anmoni um i on represented by the follow ng fornula:™ 10 HNRORLR11 wherein

each of R, R abigdismdapeitentlssyieprnagit ey iltnd=p@enratam oh-a
straight chain or branched Cl1-C20 al kyl group unsub 15 stituted or

substituted w t hfvatydr Dxght greyinin abreineif@eRerch hediagachmsybikes
anhydri de. and organic dyes are referred to as “"sensitizing dyes").
When a modifier compound having a sensitizing group is
used, the modified photocatalyst sol of the present in-
vention can exhilbit a catalyst activity and a photoe-
i5 lectric conversion function not only when irradiated
with ultraviolet light but also when irradiated with
visible light and/or infrared light.
~ Examples of sensitizing dyes include xanthene dye,
oxonol dye, cyanine dye, merocyanine dye, rhodacyanine
20 dye, styryl dye, hemicyanine dye, phthalocyanine dye
(including metal complexes thereof), porphyrin dye (in-
cluding metal complexes thereof), triphenylmethane dye,
perylene dye, coronene dye, azo dye, nitrophenol dye,

complexes of ruthenium, osmium, iron and zinc (de-

25 scribed in Unexamined Japanese Patent Application Laid-



- Exanpl es of carbon-carbon unsaturated bond ,,6§32§§ﬂ§igg¥gggpounds used
for introducing a reactive 20 group into the ab L ilicon
compound con taining an Si-H group represented by fornmula (14) in el ude
olefins, allyl ethers, allyl esters, vinyl ethers, vinyl esters,
(meth)acrylic esters and styrene derivatives, each of which has at | east
one reactive group 25 selected fromthe gropp consi sting of an epoxy group,
a 9 Cctober. 2002 72 (nmeth)acryl oyl group,” an acid anhydri de group, a
ket o group, a carboxyl group, a hydrazine group, an isocyanate group, an

i sot hi ocyanat e @reup SredifdicatjilongNoup 1 -220880nendr dapanaseyBatenttabonat e
group and an ester 5 group. Preferred specific exanples of carbon-carbon un
sat ur at ed bond- @drtEtiony pIGRIo RS Xemiingd iome Pabddcakdani dkeldyeeadiei ve
group include allyl glycidyl ether, glycidyl (nethg crylate, allyl
(nmeth)acryl at e, 434043 )1.0 anxch&etadi fomplegeshalsael, agi AF RPﬁﬁﬁh;/%r yl at e,
vinyl crotonate, ethylene glycol di(neth)acrylate, malefic anhydride)

5- nor bor nene- 2, R&f EDERA i kdhhydri de, 5Shexen-2-one, allyl isocyanate,

al lyl al cohol, ethylene glycol nonoallyl ether, allylamne, al

|
i sothiocya 15 nate, &8 W SENFALIF I AFER) aPRPESHERGAPES HE,XS%md
4-al lyl t hyl - 2- -1, 3-di | . Ex [ f bon- b t t ed
bond - cont ai ni 5 SoMEUII AE PIRGAT TR OIE ha 8 S s FEPPERG TGPobp | nto
th b - ti d..Sd i 0 i ni Si - H
e sbove o a4 £, SR 080 U 0% SO U,

vi nyl ethers, vimA%eLsﬂ réne:.ﬁ%ftfg@é)f. y“rpe %Eﬁ&iw'l%%%ﬁ?ﬁdg%mu ves,

each of which has the above- tToned sensitizing group. conmpound

can be easily obf gl 16de by 3% £ SAEIA Ot £t SR HONHARAE M SRAGHRDEEA mo-

bond- cont ai ni ng 9 COctober, 202 73 conpound havi ng the above-nenti oned
reactiveigroup Wiédufasenshitai ngs dyeghidy thhdss 1RAIHaMILeINSE the
abovenenti oned reactive group. For exanple, when the reactive group of the
car 5 bon-car boncomdad tii G eslaidNGIE Cetnd aphiv e ampeatnd Mhesabbested fromthe
group consi sting of an epoxy group, a (cyclic) acid anhydride group, an

i socyanat e gr oupnremhiogedhchaeyamberel girioep, ot pyef¢creadrdrorsitta zgmgudyean
ester group, a keto group and a (meth)acryl oyl group, a 10 sensitizing dye
i s used which hagSaatbe¢eagnfsrmed ub. t fonadxgnpie, stredeasyregenthefgr oup

consi sting of an am no roug, a car boxyl group, a hydroxyl group, a_hy
drazi ne group an8Pg t#8RR)akFoFByionrsbpcteymtir Bithetnfeaned wydsithe

reacti ve_group of the_.15 carbon-carbon unsaturated bond-contai ni ng compound
is lg P an& ul%rav olet reglons, the measurement oglthe o] da-rrp

tion-reduction potential by an electrochemical method
(see, for example, T. Tani, Photogr. Sci. Eng., 14, 72
- (1970):; R. W. Berriman et al., ibid., 17. 235 (1973); P.
B. Gilman Jr., ibid., 18, 475 (1974)), the calculation
20 of the energy level by using the molecular orbital
method (see, for example, T. Tani et al., Photogr. Sci.
" Eng., 11, 129 (1967); D. M. Sturmer et al., ibid., 17.
146 (1973); ibid., 18, 49 (1974): R. G. Selby et al., J.
Opt. Soc. Am., 33, 1 (1970)), and a method in which a

25 wet-type Gratzel solar cell is produced using the pho-



sel ected fromthe group consisting of an anmino gg HerS &gyl group, a
hydr oxyl group, a hydrazine group and a (neth)a . a sensitizing
dye:- i s used which has at | east one functional group selected fromthe 20
group consi sting of an epoxy group, a (cyclic) acid an hydri de group, an

i socyanate group, an isothiocyanate group, a cyclic carbonate group, an
ester group, a keto group and a (neth)acryl.qyl group. The reaction of the
car bon-carbon unsaturated 25 bond-containiﬁﬁyconpound havi ng t he
above-nentioned re 9 CQctober, 2002 74 active group with a sensitizing dye
whi ch is reacti Vveositeld viste aalfove sepstitdaédgr 8xet i erdgtbeapseiarfdaldt d¢ under
condi tions wherein the reaction tenperature, reaction pressure, reaction
sol vent and t he innedligtedapgitd 3 ightapakdy obspsveddwigbpeadPagt ok ttHee t ype
of the reac tive group in the carbon-carbon unsaturated bondcontai ni ng
conpound and t h®TRAFSACE O ALSEREE GfalRngrdastrAMPRéveehSTER zaRY Re.
Further, fromthe viewpoint of the stability of the sensitizing dye, it is
10 preferred tkmﬁh%fﬁfgiﬁ%ﬂﬁqah is effected at a tenpera ture of 300 C or

| ess, nore advantageqQusly fromO to 150 C. In nethod (a), 1he,
hydr osi | y ati on reac@?@ﬁ&ﬂ§stﬂ@eﬁrFﬁ@rgﬁgvéﬁﬂéﬁFF6ﬁ38 é&%ﬁohg%bF%dﬂua

Compound. cont ai G Sg A4t G AR K eorhSOurd e R oI Brage BEFuct ur a
iti - of 14 b f : ti

he car bon car por el DR BB o CRambaaarucin CRERS6PE | M on

conpound cont al gk Ak Sig t Of 4R Plagh dAICIANEE A0 BEOR 91680400 C 11

t
t he absence or presence Og an organi olvent and prefer ab

presence of a caé@hﬁy@hdma@ﬁ@é Y8l FePledd & HMIH R, WdhlaQBchBAShEON, 25

plati num group netal -containing catalysts, i.e., com 9 Cctober, 2002 75
pounds oforut hentyipe méed Wamppdtaslidha RsPnyRin ydelMe®alPlcahpNorear e

suitable. O these, platinum conpounds and pal | adi um conpounds are
preferred. Exanples dfishclespedt nton tospaatidsl ifod wibe aphanignte(hoédiehl o 5
ride, hydrogen tetrachloroplatinate (11), platinum(l1V) chloride, hydrogen
hexachl or opl at i néier (¢afpoamdronavin & ex asdn o 0lpd latg ety 1@ ivedt £soimum
hexachl oroplatinate ( 1V ) (_platinum( Il ) hydroxide , platinum(IV)

di oxi de, diChIorﬁﬁﬂﬁléyél@@e@Y%diEh9¥9 bﬁéﬂ¢rﬁ#ﬁ?¥9q15r limitation.

apl ati numvi nyl si | oxane conplex, 10 a g!atinun}phosphine conplex, a

pl ati num ol efin ggﬁppgﬁmple, such a modifier compound can be obtained

15 by reacting a modifier compound having the below-
mentioned reactive group with a sensitizing dye which
is reactive with the reactive group.

~ In the present invention, it 1s preferred that the
modifier compound has at least one reactive group se-

20 lected from the group consisting of an epoxy group, an
acryloyl group, a methacryloyl group, an acid anhydride
group, a keto group, a carboxyl group, a hydrazine
group, an isocyanate group, an isothiocyanate group, a

hydroxyl group, an amino group, a cyclic_carbonate

25 group and an ester group.



and netallic platinum wherein netallic platinu%gkiléﬁéﬁhgghgfr wi t hout a
carrier or in such a formas car ried on a carriefe um na,
silica, activated carbon or the |ike. Exanples of palladi um conpounds 15
used as catalysts for the hydrosilylation reaction in elude palladium(II)
chloride and palladium (11) oxide. Exanples of organic solvents usable for
the hydro silylation reaction include aronmatic hydrocarbons, such as
tol uene and xyl ene; aliphatic hydrocarbons,3§uch as 20 hexane, cycl ohexane
and heptane; esters, such as ethyl acetate and n-butyl acetate; ketones,
such as acetone, nethyineiifle&gitoneaichipaithysloll siliahyliskebtnéneédt ber s,
such as tetrahydrofuran and di oxane; am des, such as di nethyl acet am de and
di met hyl f or mam des i@l agesd tHihes poupamd suchings tdtd @bofver-mentdonglene
chl oride and car 9 Cctober, 2002 76 bon tetrachl oride; dinethyl sulfoxide
and ni tr obenzeneredgietee sorvent Bas arrdes tukiokingliabidudlies end heporbi na
Lion. Next, an explanation is nade below wth respect to 5 nethod (b)
menti oned above @@nofiernfat fiklmehaviivg fexcabler thidwyrapisiiltivc @ndc dgound
containing an Si-H group which conpound has a function-inparting group. As
exanpl es bf car bbhk®ar bon unsaturated bond contai ni ng conpounds having a
reactive group, which_are 10 used in nethod (%a; there can be nentioned the
sane conpounds as destki bedesBecdalhy corpRtresh Wath tha myiEder cR™vet hod
(b), the hydrosilyla ign regc&ion be tween the above-nenti gne
car bon- car bon ungé?ﬂ at88 Bonucesht AR FgPSohhd U Wit '?ﬁ?ﬁﬁthF@hEPFVe
group 15 and the Qve-nentioned si.licon.co nd_.cont ai ni j - roup
588K7 odf a8 4RE, Proe PIRERERBE Se T AL Ll e

. u A
(whi ch conpound Aas“Bn“aVers 0 represente

hyar o5, | y1 &1 on PeReRroR n"OTARA  Fay 03B RECErE: R 1o hathod o by

ef fectingqt he abeyg nmentioned hydrosilylation reaction, there can be ob
tained a silicon conpound containing an Si-H group and a reactive group
wherein the silicon conpound has an average structural conposition
represented by the fol

-NR12NH, (6)

wherein R12 represents a hydrogen atom or a C3-Cpy
15 alkyl group.
The reason for this preference is because, when such a
modifier compound is used, the modified photocatalyst
~ sol of the present invention not only exhibits both
good low-temperature curability and good storage sta-
20 bility, but is also susceptive to a hydrazone (semicar-
bazone) cross-linking reaction, which is useful for
forming a f£ilm having excellent properties with respect
to water resistance, staining resistance, hardness and
the like.

25 In the present invention, it is preferred that the



25 lowing formula (18): 9 QOct ober, 2002 77 Hpqugé 'fvﬁ&ﬁizg_r_8?~2 ( 18
UTﬂUégﬁ%ﬁTT_EaC

) ‘'wherein: 5 each of Rand X is as defined for f h 3

i ndependently represents a nonoval ent group having at |east one reactive
group selected fromthe group consisting of 10 an epoxy group, an acryl oyl
group, a mnethacryloyl group, an acid anhydride group, a keto group, a
hydr azi ne group) an isocyapate group, an isg@hiocyanate group, a hydroxyl
group, an am no group, a cyclic car 15 bonate group and an ester group, and
p, g, r and s satisfy the followng relationships: - 0 < p <4, 0 < g < 4,
20 0 s r < 4, 0w&EKexr campbup da self -emil sd¢f4abFar bhesolithlaethod (b),
wWth respect to the function-inparting group-containing conpound to be
reacted 25 wit hwaHewsi | Suech eompddfideromrapbniing aan e FPrdipedmy im

Oct ober, 2002 78 a reactive group (which conpound has an average struc
tural conpositi dFTBpHEEM i dnoTlok e gRory) JintPop BREAHLET GRBROVAR-
reactive group of the silicon conmpound containing an Si-H group_and a

reacti ve group iE&WES L Wirhihe AP cdnsisideng 6RTRAXEPoITO¥P oup,

an acid anhydride group,. an isocyanate group, an isothiqcyanate group, a

cyclic ca?bonat &Rff dupbdhh EER0%r APBeE RS grouwp ard & Ereth) acryl oyl
group, a functioni npartin roup- cont aj ni ng conpound i s used which has 10
at | east one fun@?%‘ﬁ%’%' g‘?o%‘blgcg?je%t%ﬁiq rQﬁgﬁ‘{%g’rﬁfﬁuﬁa&;nigﬁﬁﬁé'oﬁn n
am no group, a carboxyl_grou a hydroxyl _group, a.hydrazine qr nd a
(et Scry oyl o g Yorre ePyeRerShamy WREh BraBadteb iy eogpdhattrdthe

S11.con compounds 0Nk %hphPGuRT Bb- ELOGEUPs AR, thel SiAClnKD Gie0iR 1k

selected fromth roup” consi st1ng n am no group, a carboxyl group, a

hydroxyl group, gndygdeazhigsrQHP 8Ly agé88 M Aoy O MR 1§ fwNGhl-on

i mparting group-containing compound 1S used which has at | east "one

functiongab grouptgel esbeenhtoththe 8aRUPe 2028011 tdithed AMARRTELAIN OUp,
an acid anhydride group, an isocyanate group, an isothiocyanate group, a

cyclic carbonat epgoeupatalyest 8619 (Ryfrosokpt 6f grisIpraikrr (IdientA®y - | oyl
group. The above-nentioned function inparting group is the sane as
function-inparti agngadupngSmQdifitdr phbho¢dyaapovepdrteiprleseitavigiqara aver age
struc

volume mean particle diameter of 800 nm or less.

Preferred examples of groups having the above-
15 mentioned hydrophilic groups include a group having a
polyoxyethylene group, which is represented by the fol-

lowing formula (7):

w2 -CH,CH,CH,0(CH,CH,0) R’ (7)
20
wherein m represents an integer of from 1 to

1000 and R’ represents a hydrogen atom or a

straight chain or branched C;-C3g alkyl
group;

25 a group having a sulfonic acid group or a salt



9 Cctober, 2002 79 tural conposition). The react# . th; thg@'éicon conpound
containing an Si-H group and a reactive group (wht has an
average structural conposition represented by formula 5 (18)) with a
function-inparting group-containing compound which is reactive with the
silicon conmpound is effected under conditions wherein the reaction
tenperature, reaction pressure, reaction solvent and the |like are
appropriately sel ected, depending on the tﬁ%% of 10 the reactive group in
the silicon compound and the type of the functional group in the
function-i npart ithgrgiodupwhdchaillsi mgpcespotiad. bFuth@efoliowimg hitommehgpoi nt
of the stability of the Si-H group, it is preferred that the reaction is
effected at a td®perature of 15 300 C or |ess, nore advantageously fromO
to 150 C. In the present invention, as exanples of methods for obtaining
the nodified photocatal yst sol containing photocatal yst particles nodified
with a nodi fier compound having the above-nentioned function-inparting 20

group, there can be nentig :\\l) a ne i i a photocatal yst sol is
subjected to a nodificatipn trea m§$ﬁ€¥ﬂ§“2@¢?@%n conmpound cont ai ni ng

an Si-H gtoup and a fRAcYi on- i np1QBH.GHEUESHHTWNESPound h48lan aver age
structural conposition 25\represented by fornula (4a) above) in the above

9 Cctober, 202 80 nenti oneg—ranner; and (I1) a nmethod in which a

phot ocat al yst sol is subjected to a nodification treatnment with the silicon
conmpound containing an Si-H group and a reactive group 5 (which conpound

has an average struc éyeqpqpqﬁgE%%%nQ%p%%sgg&ggggy?EoEgy%al(g§) above),

and the resultant noditication product 1s subj 0 areaction with the
above- nentioned functyan-i ' up- LALN nd which is
reactive with the reé%??Véﬁg?%égggng?ngn%?ﬁ%gb?fI?hgﬁgegg the reaction of
the nodifo cation prastmicHehat0ai@lalskyls eromdi khadBwrbprehe silicon
conpound containing an Si-H group and a reactive group) with the
function-inparting greapeOd aiyimgyed @ind anhiadkals meaati ¥eomi th the
reactive 15 group can be effected under the same conditions as tho se for
the reaction of the sotiaonumcsuhpouind: teaghtcad Fubg tadrtuSiedHagmonpuand a
reactive group with a function - inparting group-containing conpound whi ch
is reactive with the Feacre¢neesgigd dfy tihe fidlilesnngofpamndawherein 20 t he
reaction is conducted in nethod (b). It is preferred that the nodification
treatnent of the particles of a photocatalyst with a silicon com pound
containing an Si-H group (which conpound h an average structural
conposit?gn represented by fornul a HNRRMOR !

wherein each of R®’, R!° and R!! independently
~ represents a hydrogen atom or a straight

- chain or branched C;-Cyg alkyl group unsub-
20 stituted or substituted with a hydroxyl
group; and
a group having a carboxyl acid group or a salt
thereof, which is represented by the following formula
(9):

25



25 (4) above) is conducted at a tenperature of fg @gtebee, 2092°ct ober) 2002

81 100 C under conditions wherein a conpound whiC unctrons as a

dehydr ogenati on- condensation catalyst for an Si-H group is inmobilized on
the surface of the particles of the photocatalyst. 5 In the case of the use
of the above-nentioned com pound {catal yst conpound) which functions as a
dehydr ogenati on-condensati on catalyst for gq Si-H group, the nodification
treatment of the particles of a photocatalyst with a silicon conpound
containing an Si-H group 10 may be conducted either by a nmethod in which
the cata |yst compound is previously j,ymobilized on the surf ace of the
phot ocat al yst particles by using photdfeduction nethod or the like, or by a
met hod in which the nodification treafyrtent is conducted in the presence of
the 15 catal yst conmpound which is not eviously imobilized on the surface
of the photocatal yst particles. {4 g-tfje 7ﬁTTﬁCHduring the nodification
reaction, the catalyst - conZi;;g;Li innnbt?/zég on the ggrface of the
photo catal yst particles by physfcal cadsorpfion,COR® ore u% 20 tion or the
i ke and. then, the photocat pattic Hare nodified with the silicon
conpound~cont ai ning an Si-H grddip. The terﬁ\"conpound whi ch functions as a
dehydroge nation-condensation catal yst for @)®&B-H group" neans a 25
conmpound whi ch accel erates the dehydrogenati on 9 Cctobgr, 2002 sa
condensation reactiogn@led Shoh 8 QHBePbBBeﬁ@l?CS:EFEeEé!HE99&“' cont ai ni ng
group which is present on the surface of the particles of the photocatal yst
or with water or thenkidkegenhatem) axaapkasiofmedali ¥€oydrogen S contai ni ng
groups include a hydroxyl group (a Ti-OH group when the photocatal yst is
titani um oxide), a tlunshbgtatptednoamsndbsgitcupedndmaonaubokyh group. Wien

t he conpound whi ch functions as a dehydrogenati oncondensati on catal yst for
an Si-Hlgroup is | muepresedted by tthe Swilflawdngf folmmuparticles of the

phot ocat al yst, the nodification of the particles of the photocatal yst

sel ectively occurs under noderate conditions. Exanples of conpounds which
function as dehydroge nation-condensation cafalysts for an Si-H group
include 3.5 nmetal s belonging to the pl dN®&ENYroup (i.e., ruthenium

rhodi um palladium osmium iridiumand platinum and conmpounds thereof,
and netal s and conpounds of silver, - iron, copper, cobalt, nickel, tin and

the like. O these, preferred are | s of th hati pum gr oup. and 20
conpounds t her eof, es"b ecrleéini year%’t arﬁei%? 'pFat i (ﬁlégndnﬂ) %?T’%% nco‘ﬁ‘pounds.

15 represents a hydrogen atom or a straight
chain or branched C;-Csp alkyl group unsub-
stituted or substituted with a hydroxyl
N group.
Examples of modifier compounds used for preparing
20 the modified photocatalyst sol of the present invention
wherein the modifier compounds comprise at least one
structural unit represented by formula (1) and/or for-
mula (2) above include:
a silicon compound having a reactivé group which

25 bonds chemically with particles of a photocatalyst,



9 Cctober, 2002 83 Hereinbel ow, an expl anation ig O@ébed Bbgespect to the
nmet hod for immobilizing a dehydrogenati on con densati on catalyst on the

phot ocat al yst, taking as an exanple the case where platinumis inmobilized
on the 5 photocatalyst in a sol thereof by photoreduction method. First, a
pl ati num solution is added to a photo catalyst sol in an anmpbunt of 0.001 to
5 ~ by weight, in terns of a solids contenty,of the platinumsolution, to
obtain a m xture. Wth respect to the platinumsolu 10 Li on it is
preferred that the pH of the platinumsolu tion is adjuste

approxi matel y t f¥afs 28 tslira §F°PRe BhBYSE%%XF?E%es%H%% QIF%%P t4%e Tchange
in zeta potential of the ocat al yst sol can uppressed as. nuch as
possi bl e, so as%%oﬁ&yé Y ﬁEHBBVSBepgfiBHXXFEiKi ggoﬁﬂot%c‘}ﬂ]ﬁ% sol .

The above-descri BC %n ati.num sol ution ution co | Si

pl ati num conmpouf Yslolg\’fé’t’ﬁp @a%gggxgﬁgbp’gt BhERP ¢ oo Ja‘éo’fi%cil ude
platinum (1) cll %e qlrdoq:%n tﬁ chl orogl ati n te (I‘Li)1 a&%é&%

(I'V) chloride, S S ER orop i'na

yar ox Srefp'pf‘él. st %L?‘?M?i 38 Bfoed 9—@5%?‘58 X ?s)pif?f'??lﬁﬂ’ré' )
|1 )
nd & pl Bt num 017 Z%ﬁétibﬂaﬁ%%e R %%5%@9"39 e gpag

include water, eifidtngle PNORAIPO|conpRRORERANg @ %Q%ly%ﬁ%ﬁ.@hé’ﬁiﬂ uran and
toluene. Wth respect to the concentration of ‘the platinhum conpound in the

pl ati num sol uti afroug, Iékﬂméﬁéﬁﬁ@ﬂ;Ehgh_m@ﬁm%@@p%@ubﬁﬁ teag 1s from0.001
to 80 ~ by weight. T en, the mixture of the photocatalyst sol and the

pl ati num solution is a rgﬂdncaired:dm;iolmm hiaglinghavhydrapwateteggblip such t hat
an electron and a hole are, re spectively, generated in the conduction band
and the 10 val ernweldianekiotblte hplult edftialiyt toMpaotistliesr iofiga phots-
preferred that the light contains the ultraviolet rays. Exanples of I|ight
sources include @@talYstwiDreh asrfp P BT dIKyd.ene 0aOu® -l anp, a mercury

| anp and a fluorescent lanp. 15 There is no particular |imtation with
respect to the met hod®f oP*3Meles @it Suctadiidticon AATREVELS e FBATRNEANt he
above-nmentioned m xture,is glaced in a trans- parent container, the |ight
i s caused to be 2BsBPBELCRR the wal I's of the container. Therefore, it is

preferred 20 to ir radcjlagfliggnlé&%o&n qluag\,rin%n a%pelnl yle} %fnet gglgognt ai ner.

15 atom directly bonded to a hydrogen atom (hereinafter
referred to as a "silicon compound containing an Si-H
group”), wherein the silicon compound has an average

- structural composition represented by the following
formula (4):

20

wherein:

each R independently represents a

25 straight chain or branched C;-C3g alkyl group,



It is preferred that the distance between the | ig@ctoherCe

Bezcoopyl ! he
container is in the range of fromseveral to sever entineters.

When the dis 25 tance is too snall,

there is a danger that the surf ace

Cct ober, 2002 85 of the above-described m xture is dried by the heat
emtted fromthe |light source. On the other hand, when the distance is too
| arge, the illumnnation intensity beconmes dissadvantageously |ow. The

irradiation tinme 5 varies depending on the illumnation intensity of the
i ght source. Generally, en the irradiation is per formed for several

seconds to several t@n§56$9ﬁiﬁMFzg?&%VgtgﬁﬁﬂPi%rfgiéﬁﬁékqrﬁﬁ%ﬁlized on the
phot ocat al yst particl es.

present invention, tBECHBAVRIER pRoPBERPEFYE

10 In.the nodified ﬁhotbcatal st sol of

t he

9

ted oF sHERSEttYredat er and/ or

ic solvent, with high stability. In the podified photocatalyst sol
of The present | nventEbR, SEhdeRGA PPEdSBROTALAERF St B R CHE® have a 15

vol ume nean particl eqgi,

di aneter herein is not

oto

particlesg isol ated féogﬁ??é& kaE&gngpggfSggahyﬁaléﬁéﬂ %Hémis me

Wi th respect to the no

particles dispersed

asur ed
in the

f I . _a&h ticl
TReaPo AR FREpBE & SL R0 e T o SOt bcat al yat

nodi fi ed phot ocat al yst sogacwh%n%bgg gggghg%988§8£8§gﬁﬁ%y§}%f@ﬁﬁ!cles have

a volume nmean particle dianeter

ret nm t persi

on

stability of the nmdihihagoPhat Acaia! ¥ile $AhRECATRRPRLPIng! §raddi tion, not
only the-nodified pho 25 tocatal yst sol Qer se but also even a no

phot o 9 Cctober, 2@Q2A 24 RN ttHeDFRO%D! cORsERRRAGSHRY the nodified
photocata |yst sol and a resin cannot be used as a coating conpo sition.
f orl)aey eWayd ankuhiydebphobipr g¥edpnsetn t he

di spersion stability of the nodified photocatal yst sol and an eff
exertiort®f various functiletsged fotvrmashehgroupmcbasishdngboki &y,

the present invention,

nodi fied catal yst sol,
particles have a vol une
advant ageously 200

15

20

25

it

is preferred that the nodifled photocat

dified

i ci ent
of the
al yst

In

e Pt obi@ ergibameckedof14600nmbYL| ess, nore

group, a Cg-Cpp cycloalkyl group and a
Ce-Cop aryl group which is unsubstituted
or substituted with at least one sub-
stituent selected from the group con-
sisting of a C;-Cyp alkyl group, a Cj-
Cop alkoxy group and a halogen atom, and
a C1-C3g fluoroalkyl group;

2} at least one hydrophilic group se-
lected from the group consisting of a
carboxyl group and a salt thereof, a
phosphate group and a salt thereof, a
sulfonic acid group and a salt thereof,
and a polyoxyalkylene group;

3) at least one reactive group selected



nmor less, still nore advantageously from1 to g@f a pecial ly
advant ageously from5 to 80 nm As descri bed abc?v-'e,—té%ggp%sent

i nvention, the volunme nean particle diameter is nmeasured with respect 15 to
the nodified photocatal yst particles (which may con tain the secondary
particles) dispersed in the nodified photocatal yst sol. On the other hand,
conventionally, - in many cases, the value referred to sinply as a "par
ticle dianmeter” with respect to titaniumdioxide and 20 the like is not a
particle dianmeter neasured with re spect to the secondary particles forned
by coagul ation of the prifHey phetoroes, consissing s tancle@ogivamet er
nmeasured only with respect to the primary particles. The nodified
phot ocat al yst sol of the BFe8BntannaobYlev | BFoyR. & thasHytio¥ilng t he
above-described nodi -~ 9 October, 2002 87 f ied_photocatal yst particles
di spersed in a liquid me EFQRP | ANt AEiApaRRY S8 Phd R ald/ St %bl of the
present invention, the content of the nodified photocatal yst particles is
preferably 0.01 to 70 ~ b§T@EPghi, PHEFa2EDHr SFRYRpIFR 01.%‘{3’(? € by weight,
based on _the weight of the_nodified, h%?cat al Xﬁt sol. Wth respect to the
type of fhe liquid nedi umgrf’HBreaf‘slga r2aYarehs $1MRatd o~ and water
and/ or an organi c sol vent .na e used. Exanples of organicg slo.l 10 vents
vl 420 TS

SAPEYSPI8RP SHic d?oXehe,  tSXFarYdr of ur an,

i ncl ude a hydrophilic organi

di et hyl acet am de, aceton I ope, I ?a__q; IRY ,
but yl cel | osol ve, et hanol %ﬁ&%{%gng%?}ﬂgnégé ﬁgd?%% obtc otrg'gaén:r?&c sol vent,
such as toluene, xylene ach '&%Xﬁ'%%stlén\é\hgﬁf@i@lﬂi’iﬂ&a&%dﬁ} hydr osol (that

is, a sol in which the photocatalyst particles are peptized in a dispersion
medi um consi sting essenti alddn & 1WRPenGREEELNrEPBet&f 3 Gh SIPRISHON Nedi um
consisting essen tially of water” neans a di Spersion medi um contai ni ng 20
about 8Qo- or nore ofLyitAle) Jgdduplsed dotedoltramntng §heupodoh+ ed

phot ocat al yst, an aqueous sol of the nodified photocatal yst can be

obtai ned. Fromthe tHusstinamiafed d&gudous addloxyf grhepnodi kyédoxnbt ocat al yst,
it is possible to obtain a nodified photocatal yst organosol 25 (that is, a
sol in which the nodigia phothaohtedyigtino groepoben, eR0R2 group,

an amino group, an amido group, a C1-Cpp acy-
loxy group, an aminoxy group and a halogen
15 atom, and
P, d, r and s satisfy the following re-
lationships:
- 0 < p < 4,
“ 0 < g« 4,
20 C =1 < 4,
0 = s < 2, and
(p+ g+ + 8) < 4;
a reaction product obtained by reacting the above-
mentioned silicon compound containing an Si-H group

25 with a vinyl silicone compound represented by the fol-



88 particles are stably dispersed in a dispersi gnolgigi,gin 560 | sed
essentially of an organic solvent (herein the t medi um
consisting essentially of an organic solvent" neans a di spersion nmedi um
containing 5 about 80 ~ or nore of the organic solvent)) by substi tuting
t he di spersion nedium of the aqueous sol with an organic sol vent. Exanples
of nmethod for substituting the dispersion nrdiumof the aqueous sol of the
nodi fi ed photocatal yst 10 with an organic solvent include: (i) a nmethod in
whi ch an organic solvent is added to the aqueous sol of the nodified

phot ocat al yst ahewingeformadar (Ps)renoved by heating under reduced or at
nospheric pressure, Z5 (ii) a nethod in which water in the aqueous sol of
the nodified photocatal yst is renoved by heating under reduced or

at nospheric pressure, followed by addition - of ,an organic solyent, and
(iii) a method in which theCHotfit R RoRéPdentRIR/SL) 268pe i cl eSi h the
aqueous sol of the nodified photocata |yst sol are extracted with an
organi ¢ sol vent. Exanpl es of organic solvents used for substituting water
contained in the aquegus sol include aronmatic hy drocarbons, such as

tol uene and xyl ene; gﬁ?&ﬁ&P§, such 25 as et hanol and n-butanol; pol yhydric

al cohol s, such as 9 Cctabher, 2002.89 eth ne col pr opyl ene
gl ycol ; glycol deri vative§2C & é§d53?9$%%+f §%%%é¥*%1%£%%ellosolve,

butyl cel | osol ve acet ati&.aiRfiRP¥HANS Py &2antBRAELhYLSEL Qﬁkyﬁnﬁr@tﬁﬁpw ene
gl ycol nonopropyl ether; aliphatic hydro 5 carbofs, "such as hexane,

cycl ohexane and hept AT -]S, ¢ ny%lo%lqdylasglghgybraaetgtezgndrpibutyI
acet ate; ketones, such as acetone, nethyl ethyl ketone and nethyl isobutyl

ketone; ethers, such asdehimaling Wrnond wWitesase; sassdesutsdach as
di met hyl acet am de and di neth 10 yl formam de; am nes, such as- di butyl am ne

and trietdha nol am ne;wital iates,esdtc loms seitsariafoent) sedebykednéroml o ride and
carbon tetrachl oride; dinmethyl sul phoxide; ni trobenzene; acids; bases; and
a mxture of at |easttheuEeAun rOBAELE A iBéd -6rgadi-&¥doP¥EHPs. Anpng

t hese, 15 when nethod (i) above is used for the solvent substitu tion,
preferred are hydropht |FL©2@amtE0sh| /s andy &y had oggny PEEM 08BFve,

propyl ene gl ycol nonoethyl ether, dioxane, tetrahydrofuran,

di net hyl acet ani de, net hyl @tFERT&EMe,2etiifeasE §ifyEsrPmakdtet hanol , and

when 20 nmet hod (iii) fgoggoisaggployed for the sol vent substi

15 a silicon compound having a hydrolysable silyl
group, which has an average structural composition rep-

resented by the following formula (10):

RX' 8104 ¢ a)/2 (10)
20
wherein:
each R independently represents a
straight chain or branched C;-C3g alkyl group,
a Cg-Cpp cycloalkyl group or a Cg-Cyg aryl

25 group which is unsubstituted or substituted



tution, preferred are hydrophobic organic sol veg getdel, 39020! uene,

Xyl ene, hexane and ethyl acetate. The nodified photocatalyst sol of the
present in vention as such nay be used as a nodified photocata 25

| yst-contai ning coating conposition. Alternatively, it 9 Cctober, 202 90
may be used in the bel owdescribed photocatal yst conpo sition conprising
the nodified photocatal yst sol and at |easfgone functional substance. In

t he phot: ocatal yst conposition of the present 5 invention, it is preferred
that the ratio of the weight (C) of the above-described nodified

phot ocat al yst sol towike &kjkPRst199e cFubHel fuail iselgctethSreice (each of
the weights (C) and isinter of the_wei ght_ of |i.ds i.e., (O/(D
wei ght ratio, is in %ﬁ% FERYR %?“€§S¥{Qﬁn?fcﬁxéﬂ1Q2%_ Ko %% ant ageous| y
fromO.001 to 10. Herej nbgl oW, gn ex Ianati[g‘? ist_é$de Wi tth respect to the
phot ocat al yst conposft Fon-28nptFe¥hgIt AR Bt # 1B 9HER & yst sol and
the functional substance, 15 taki as ap exanple the yse of a resin as the
func tional substance. W?ﬁc?e)épeg’?ge?%“‘?%éﬁéﬁ?ﬁfss@d‘ s & K¢ unct i onal

substance in the photocatal yst conposition, o he pr.e sent invention) any
synt het i % resin and ﬁ?%ﬁ?ﬁiﬁl gEgBPeg?%eﬁ%?léb S ~ehae. Trete 9% no

particular limtatiogiwlgr g§pgcbﬁtgaéhglf(9§w Sfolpe 4 a8fdroad the resin
in the f [

may be in the formof pelléts or ormof a sol ution or “dispersion

thereof in a solvent grblipl, Saf0shoRiehehi8d Lhat -¢he A&l dky Sgidug he form of
a coating 25 resin ccg)rrpogi tion. toger, 2%1)25@1 &Wﬂth %Z%pec% to the
coating resin conposiani @minbR§r grogpnanfaat c¢utsy bximd ajt®mp, and any
conventional coating resin conposition my be used as the functional
substance. Exanpl es @hgcoating resin conpositions in 5 elude an oil paint,
a lacquer, a solvent type synthetic resin paint (containing a synthetic
resin, suech as an acrylicqgr esdns aatep@yythesfallewning etdibaeisesi n, a f

| uoro resin, a silicone-acrylic resin, an al kyd resin, an am noal kyd resin,
a vinyl resin, an unsdtigrsated 10 pol yester resin and a chlorinated rubber),
an aqueous synthetic resin paint (such as an enul sion type paint and an
aqueous resin type paint),0 & Sorf- <ol vent type synthetic resin paint (such
as a powder paint), an inorganic paint, and an electrical insulating paint.
15 Among these coating redd if Gorfpdsi @Gns, preferred

0 < (g + s) = 4.

15 Examples of modifier compounds used for preparing
the modified photocatalyst sol of the present invention
wherein the modifier compounds comprise at least one

~ structural unit represented by formula (3) above in-
i clude C;-~C3p fluoroalkyl compounds and fluoroalkylene

20 compounds each having a number average molecular weight
of from 100 to 1,000,000 wherein each of the fluoroal-
kyl compounds and fluoroalkylene compounds has:

a reactive group which forms a chemical bonding
with particles of a photocatalyst, such as an Si-H

25 group, a hydrolysable silyl group (e.g., an alkoxysilyl



are conpositions containing a silicone resin, a fd)d%%%f @mand a

conbi nation thereof, each of which is un - |ike osed by the
action of the photocata |yst. 20 Exanples of silicone resins include

al koxysi | anes, organoal koxysil anes, hydrolysis reaction products thereof
(pol ysi | oxanes), and m xtures thereof with colloidal silica; resins, such
as an acrylic-silicone resin, an epoxy-silhﬁpne resin or a

uret hane-silicone 25 resin, wherein the resin contains 1 to 80 ~ by wei ght
9 COctober, 2002 92 of silicone; and resin conpositions conprising 1 to 80 ~
by wei ght of an9@PRExys& h¥Asox¥AléygaabarRexgshringenated dtblYisiE A@act i on
product thereof (polysiloxane) and/or colloidal silica, and the bal ance of
a res 5 in ot hePNt REFtQXISLLYINETPERI n2NTRELAREVEL hEAt 9HMER 319 i'd¥he resins
can be in any formof "a solution thereof in a solvent, a dispersjon thereof
in a solvent, ofi¥edowd®r ePRE¥eEFOVRPur fReACCLRECELEY T cBRRIP st NS ¥Ry contain
various additives, such as a craqgss-linking 10 agent, a catal yst and the

li ke. Exanpl es GFCHPkGRsAPaReddapdngfiginGasksxysi Panes i ncl ude

t etraal koxysi |l anes, such _as tetranmethoxysil ape, tefraethoxysilane
tetra-n-ﬁropoxysiIan@;%?gFPEBFB&FOBEQV?iVhﬁ& aﬁﬁhfé}gabhgﬁu? %t 15
trial koxysi | anes uch as thyltrinethqoxysilane, nethylirjethoxysilane,
ety £ 11 et howy DTG L8 19 € PETSRAEAThe FugPofsl £ PRV Fevg T MHEs
n-propyl trietho k#pne, i -propyl trimethoxysilane, i-propyltriethoxysilane,
n-butyltrinetho§§5| ane, 20 n-butyltriethoxysilane,

n-pentyl trimethoxysi lang, ity lebdaiR RS Ih@Re modifier compounds,
n- heptyl tri nmet hoxysi | ane,” n-octyltrifmethoxysilane, vinyltrinethoxysilane,

vinyltriethoxysidrdye caclvheseddirdgad hoxysil ane,

cycl ohexyl tri et hoxysil ane, phenyltrinmethoxysilane, 25

phenyl t riet hoxysi | anes SBhdH o110 @dnipouiil epreislaned bydthst 6beIow2002 93
3-chl oropropyltriethoxysilane, 3,3,3-trifluoropropyltrinmethoxysilane,
3,3, 3-trifluoroprropytermetdoidyis) 4 ane, 3-am nopropyl trimet hoxysilane, 5
3-am nopropyl tri et hoxysi |l ane, 2-hydroxyethyltrimethoxysil ane,

2- hydroxyet hyl tri et hoxysi | ane, 2-hydroxypropyltri nethoxysil ane,

2- hydr oxypropyl tri et hoxysil ane, 10 3-hydroxypropyltrinethoxysil ane,

3- hydroxypropyl tri et hoxysi |l ane, 3C¥af €8pt opr-dpiivt ri met hoxssi) ane,
3-nercaptopropyl triethoxysilane, 3-isocyanatopropyltrinmethoxysilane, 15
3-isocyanat opropyl tri et hoxysil ane, 3-gl yci doxypropyltrimethoxysil ane,
3-gl yci dpoxypropyl triethoxysil ane,

2-(3,4-e§%xycycloheny?%?% trimet hoxysil ane,

2- (3, 4-epoxycycl ohexyl) et hyl L£l el Wy S1 1 NG teger of from 0 to 29;

Y represents an organic group having a

- valence of w and a molecular weight of from
i 14 to 50,000;
20 w represents an integer of from 1 to 20;
each V independently represents a func-
tional group selected from the group consist-
ing of an epoxy group, a hydroxyl group, an
acetoacetyl group, a thiol group, an acid an-

25 hydride group, a carboxyl group, a sulfonic



20 3- (et h)acryl oxypropyl tri nmet hoxysi | ane, 9 October, 2002
3- (et h) acryl oxypropyl triethoxysilane, 3-urei dopropyltrr et hoxysil ane and

3-urei dopropyl triethoxysil ane; dial koxysil anes, such as

di met hyl di met hoxysi | ane, di net hyl di et hoxysi | ane, 25 di et hyl di met hoxysi | ane,
di et hyl di et hoxysi | ane, 9 Cctober, 202 di-n-propyl di met hoxysi | ane,

di -i - propyl di met hoxysi | ane, di-n-butyl di metggpoxysil ane,

di - n- pent yl di et hoxysi | ane, 94 di - n-propyl di et hoxysi |l ane,

di -i-propyl di et hoxysi_l ane, di-n-butyldieth il ane

G - bentyl di ot hoxysPFAReT=Eua, - A REAYPAVALENLRDE: fhnp and a

di - n- hexyl di et hoxysi | ane) di-n-he |.di et hoxysi | ane
di-n-heptyldiethoxysﬁ% Hé,r&PFﬁggg%épdbﬁe%HSX%?##%“%?Q formula:
di - n-octyl di et hoxysi |l ane, dicycl ohexyl di net hoxysi | ane,

di cycl ohexyl di et hoxysi | ane, di phenyl di net hoxysi |l ane and

di phenyl di et hoxysi | ane; and 10 nnnoalkox&gé{gnes, such as
trimet hyl met hoxysil ane and tri net hyl et ho x"&ne; and the |ike. Anong
these, preferred are trial koxysilanes, such as nethyltrinethoxysilane and
met hyl tri et hoxysi |l ane; and di al koxysi | anes, such as

di rnet hyl di net hoxysi | ane gnd@iipet hyl di 15 et hoxysil ane. The
above-nmenti oned al koxysi |l anes and organoal koxysi | anes may be used
individually or in com binatioesachhanihlepBrdenty§i seppasthos product
(pol ysi | oxane) of the al koxysilane and/ or organoal k 20 oxysilane is used as
t he coating resin conposita auctiionaleiggbupayelageetvfeonl ahewei ght (My) of
the partial polycondensation product obtained by the hydrolysis reaction is
preferably in the range ofgHaudmcG its¢ing0o608, Cnofeoprékexdbly from 800 to
50, -000. 25 Exanples of the above-nentioned fluoro resins in 9 Cctober,
202 95 ¥Pude PTFE; pol y( HGRPE dén & VOresnildeFoUPesn§1-§aoh as an
acrylic-fluoro resin, an epoxy-fluoro resin, and a urethane-fluoro resin,
wherein the resin contai n@WIFBEHRBY RebGleIsr ALEBri AelYcopol yners of a
fluoro 5 olefin and a CarQﬁﬁieﬁ{Qﬁﬁansa urated conmpound such as a vinyl
ether, a vinyl ester) an a conpodn@; dnd 28 Fne gc??Pate ester ; and
the like. The abovenentioqgg(thgro resi ns naXrbe iLn ané forg1of a solution
thereof in a solvent, a dispersion ¥rereofd Fa PFYsSFVERt 2"86r a powder

thereof. Further, the fluqf i contain various additives, such as
a cross |linking agent, a cé?é%@%?igﬁﬁngﬁe | i ke. When the nodified

phot ocat gkyst particles of the 4mdi fi aq geheheeatalyskpsekedte those which
have been 15 prepared by subjecting particles of a photocatalyst to a

modi fication treatment w té sttt ethaionmpaundaddbedd ltgs caly | east one
reactive group selected fromthe group consisting of an epoxy group, an
acryl oyl group, a alkyl group, a C5-Cyo cycloalkyl
~ group or a Cg-Cyp aryl group which
is unsubstituted or substituted with
20 at least one substituent selected
from the group consisting of a Cjy-
Cop alkyl group, a Ci-Cpg alkoxy
group and a halogen atom; and

X represents an integer of from

25 1l to 3 and y represents an integer



met hacryl oyl group, an acid anhydride group, a lgeDetdBes) 2002 a car boxyl
group, a hydrazine group, an isocya nate group) an isothiocyanate group, a
hydr oxyl group, an am no group, a cyclic carbonate group and an ester
group, it is preferred to mx the nodified photocata |yst sol with a
compound or resin which has a function25 al group capable of reacting with
the reantive group of 9 Cctober, 2002 96 the nodified photocatal yst sol,
to thereby forma nodi f |ed photosensiti véat al yst conposition. In the
nodi f | ed photocatal yst conposition thus produced, the reac tive group of
the nodi fied photocat al ysbfsbromsOotoa25 shenaihyx paytdy3reacted with the
functional group of the above-nentioned conpound or resin (during the
storage of the mxture ata#@ C or low for 8 hours, the ratio of the
reaction of the reactive group with the functional group is 50 ~ or |ess).
However, the 10 greateflparvodefihe pedimtiregdephoserbedl ystthonfokiaion as
prepared above remains in the formof a mxture of the nodified

phot ocat al yst séndaf@rimidaatdve-:ment i oned conpound or resin. Anong the
above-nentioned nodified photocatal yst 15 conpositions) a nodified

phot ocat & yst sol which has at |east one reactive group selected fromthe

group con silting of a hydrazi pe grouea|nd ketngr up and a nodi fied
phot ocat al yst conposition whi has at’| gagt’|one|funcyional substance
sel ected fromthe group con CHL+ReC f

e conpgggﬂ and a

oty
pol ycar bonyl conpound, are prgferred. Fh ég§on for this pref ce is

because such nodified photocatgl yst c S tAonsy_ nly exhibit both good
| ow-t enperature curability and 'good storage* stabi i ty, Tout are

al so-susceptive to 25 a hydrazone cross-linking reaction or a sem carbazone
9 Cctober, 2002 97 cross-linking reaction, which is useful for formng a
fil mhawigg excel | ent propg{ddess WM th. respect to water resistance,

stai ning resistance, hardness and the |ike. Exanples of the above-nentioned

pol yhydrazi ne com 5 pounds i ncldiis pel yBY AP azi dgSendealtiiSeHegar bazi des and
pol yhydr azi des of carbonic acid. O these pol yhydrazi ne conpounds,

preferred are adi podi hydr azskntamnh tdimpay sproupasiedecdedderi vat i ve
proposed in International Patent Application Publica
from the group consisting of a
fluorine atom, a hydrogen atom, a
15 chlorine atom, a C;-Cg alkyl group
and a halogenated Cj-Cg alkyl group:
m represents an integer of from
- 10 to 1,000,000;
- n represents an integer of from
20 0 to 1,000,000;
Y represents an organic group
having a valency of w and a molecu-
lar weight of from 14 to 50,000;

w represents an integer of from

25 1 to 20; and



10 tion No. WD96/01252. Exanpl es of the above- nBr@ctolkelr,2002ar bonyl com
pounds i nclude a copol yner havi ng carbonyl groups, a carbonyl
group- cont ai ni ng pol yuret hane obtained by us ing as a raw naterial a
monohydri c or pol yhydric alco 15 hol having a carbonyl group, such as
hydr oxyacet one (see Unexam ned Japanese Patent Application Laid-Open
Specification No. 2-238015), a polyvinyl akgohol) ace toacetate and a
hydr oxyal kyl cellul ose acet oacetate. These conpounds can be used
individually or in conmbina 20 tion. O _these pol ycarbonyl conpounds,
preferred is a carbonyl group-tott éthidf bl FORAER is obtained by
copolynerizing (a) a carbﬁr¥L groug-containing eth ylenically unsaturated
nmononer and (b) an ethyle I 90 *unsat ur at ed nononer copol yneri zabl e
wi th nononer (a). Cct obe

) 2002 98 Mor referred is.a.copolynmer. which
i s obtained by copol ﬁe??%?ﬁéiﬁ.ﬁx?%pgﬁs~p§f£%§Ig%?“%??aﬁgﬁb qmﬁé%PthII
99.9 to 70 ~ by i ght of ener _(h) copolyneri I 1 th nono a. 5
Exanpl es of car%%ﬁy EBPESBEEO%PaPﬁ§Xée£§hyI% T ea Qgﬂﬁgapﬁggp%g%ﬁﬁ%bners
(a) include dia '3 i ageto }gﬁé ein, vinyl
met hyl két one, ggé?ggégggébggh ?uﬁgt%gc?yﬁgfg?&gggé%%g2§C) %?ﬁ%ﬁiacrylate
and fornyl styre &am n : bgndSEGLd I\H féhg%l or in
combi nati on. Exgﬁgfgggggnegﬁyﬁgﬁgggl %sgﬁgétﬁ?ategpn%ﬂ%%ers 5% _
copol yneri zabl erMibRobRREAR (Akh B! BHEcBBtAEEYhbEoEEhY Bdne 2ai@t hacrylic
ester, an ethylenically unsaturated nonomer having a carboxyl group, an
et hyl eni cal | y urRetfaFatudraletthyTRhEKiRAVENEOABMEDOKFuE 0&lp, a av IIYIONEr i C
acryl am de derivative, a nononeric methacrylam de derivative and a vi nyl
cyani de deri vat etherExanpliss lofegteat, hpacalllyt esthiposnd net utlee ahiled Kyl
(nmeth)acrylate having a Cl1-Cl18 al kyl group, a hy 20 droxyal kyl
(et h) adiyl at e baviing @ CLnCE3 dnadr @rpalpkylsughoap, an ¢poxy) axgep hyd ene
(meth)acryl ate having a (poly)oxyethyl ene group conprising 1 to 100
et hyl ene oxi de BYNGEEXY1 HRPWH v )20 AFeFYle SEO0Ret ARagE§Tatee REYi GHOWP .
(pol y) oxypropyl ene _group conprising 1 to 100 pro _25 pyl ene oxide unit(s),
and a (poly)oxyé& ITYPR: tH T LIF0ELigo 2RPYHEL AT a8FYPRE e2h8¥i g a

I t hyl : i Si 1 tq_100 hyl id it :
Speci 110" exanpl 427 (et R | €7 & Rty Uy RO CEPERE ol kyl gt oup)
i ncl ud t hyl th a D et t I =
Ezgtﬁ):cggla?e,(geetﬁéﬁiefi Pfﬁ%fﬁ)g%%§&g$b?&ﬁ%béyﬁ%@%Fgﬁg§§¥kpounds

15 used for preparing the modified photocatalyst sol of

the present invention wherein the modifier compounds
comprise at least one structural unit represented by
- formula (1) and/or formula (2) and at least one struc-

tural unit represented by formula (3), there can be

20 mentioned a silicon compound having a fluoroalkyl group
and a reactive group which forms a chemical bonding
with particles of a photocatalyst, such as an Si-H
group, a hydrolysable silyl group (e.g., an alkoxysilyl
group, a hydroxysilyl group, a halogenatéd silyl group,

25 an acetoxysilyl group, an aminoxysilyl group and the



T

(meth)acryl ate and dodecyl (neth)acryl ate. Spec'gfotb' &ﬁéﬁ%@é of

hydr oxyal kyl (nmeth)acryl ates include 2-hydroxye yl ate,

2- hydr oxypropyl 10 (neth)acrylate and 2- hydroxycycl ohexyl (rmeth)acryl ate.
Speci fic exanpl es of (poly)oxyethylene (neth)acryl ates include ethyl ene
gl ycol (neth)acrylate, ethylene glycol (meth)acrylate nononethyl ether,
dieth ylene glycol (neth)acrylate, diethylgge glycol 15 (neth)acrylate
nononet hyl ether, tetraethylene glycol (neth)acrylate and

met hoxyt et raet hyl ene gl ycol (neth)acrylate. Specific exanples of
(poIy)oxypropylé%%elne?%)%@?%Yaﬁ%%uPnc@%d@c%ﬁQﬁﬁﬂﬁﬁkaqyﬁﬂﬂﬂ ¥ ridlacryl at e,
20 propyl ene glgcol {neth%achIate nmononet hyl ether, di propyl ene gl ycol
(et h) acryl at e, SGPPP 0Py | 8ReGHY cOPRYHEL RS a8¥ ¥Rt e nononet hyl ~ et her

t et | | - t | at d tet | | |

(et el oo Sy naoal ALY ShSeg it A Tes e ias e misaprc fny ! ene
9 Cctober, 2002 | .di th t i | ud t hyl | ycol
di(ne?hsgcrylat%?Rg%gbﬁ§$8n§g§%§tgFgggkﬁgt%)gif??%fgﬂﬁﬁ%1¥§ﬁ¥hethyIene

L omoer abh vty 2or Y g0 gD b s X R P Odn "L Rvenitorial 2075
th ; ld ; A ; . . . ‘ ey d
o ot ont o nc iR abEvBChdne TBhER: BnBEblarBiiat lwfPl Hn £lollE e 2

der i vatives i nchid96iBEhaa1YkaE denpbuliR! ¥hokedd (HETIAR VA le and

N- but oxynet hyl (nmeth)acrylam de. Specitic exanples vi nyl cyan

derivatives in gkudat(mehhraenyl 8fi thel GeiSRECHEI EREXSIPIES Mntent)
et hyl eni cal |y unsaturated nononers having an epoxy group include glycidyl

15 (neth)acryl abé, (2,)3tepakycyelighexylr (Bgthilasryl ghp/ ey welght otaciqlyl
ether. Further exanples of nonomers (b) include olefins, such as ethyl ene,
propyl ea® and i $sbfitrpime®e00di ¢nedp,900h aseliaradignetromad obl €di nsqosuch as
vinyl chloride
thereby obtaining a mixture; and
keeping the obtained mixture at a temperature of
from 0 to 200 °C, preferably from 10 to 80 °C, or sub-
jecting the obtained mixture to (vacuum) distillation
15 so as to change the ratio of the solvent in the mixture.
Examples of solvents usable in the above-mentioned
modification of the photocatalyst include hydrophilic
~ solvents, such as dioxane, tetrahydrofuran, dimethy-
lacetamide, acetone, methyl ethyl ketone, ethylene gly-
20 col, butyl cellosolve, ethanol and methanol; and hydro-
phobic solvents, such as toluene, xylene and hexane.
The modified photocatalyst sol of the present in-
vention can also be obtained by a method comprising

subjecting a photocatalyst powder to a modification

25 treatment with the above-mentioned modifier compound in



20 and vinylidene chloride; vinyl esters of a cerdetohéds 2008, such as
vinyl acetate, vinyl propionate, vinyl nbutyrat€ vinyl benzoate, vinyl
p-t-butyl benzoate, vinyl pivalate, vinyl 2-ethyl hexanoate, vinyl esters of
Versatic Acids and vinyl laurate; isopropenyl esters of 25 a carboxylic
acid, such as isopropenyl acetate and iso 9 Cctober, 2002 1ol propenyl
propi onate; vinyl ethers, such as ethyl vigyl ether, isobutyl vinyl ether
and cycl ohexyl vinyl ether; aromatic vinyl conpounds, such as styrene and
vinyl toluene; allyl esters, such as alhyl acetate and allyl 5 benzoate;
al lyl ethers, sth$h RELSANSA f WALt RA/a1d an 9pgapAengrlaehrsr and.,
Y-(neth)acrylo&&gropyltrinethoxysilane, )

4- (et h) acr yl oy ASREESING (Rt IRTD 15 dneduct in water and/or

4- th | oyl -1,2,2,6, 6- t t hyl pi i di ne, f t hyl
(et hy abryl at o Shat ks SOTARRy b FoHEYRTacay) Sbes’ BEERPRorbpr by et hyl

th | at e, vi i d y i hyl ol tri(meth | , d
STyl (et hy acr TS HEEELEBTE o cuddnr ol SRR G0 FhoRENRRL S "
combi nat Lon. It} g0 prefeds edothat, Lhe polycanhanyl, campaund iy 1poproduced
by suspeRsi on pol yrerizatt on,  enll st on: polym erizatiof or “solution

ol yrmer i zati on. e Se DL BEGT SLEEANE! TG ROLYCARRO0Y) LGoTpOMNd TS in

the form ™ of a latex obtalne y enul st on polyneri zati on. IS case, it

is preferred that-aiceaul$hhtErNa¥i Pl ardba T €ALE indd iV (ROIpHIRIZRRLI i ty)
is used in the enul sion polynerization to produce a | atex, "because the

nodi fi ed phot ocayatyphre08pesi EaAN0ET bé NEe DI &SN sthAVENtd Pt Nafti €hecont ai NS
the thus produced | atex has excellent water resistance. 25 The production
of the above-nepihanedopobyeamnbenyhsta®1&ct ober, 2002 102 conpound is
performed in the presence of a radical polynerization catalyst. The

above- da®cri bed radi Tal thel presertt invertiah ysit i s pmeftearredorthait! thel ubl e
persul fate, peroxide, azobis conpound or the |like, which 5 is capabl e of
deconposi ng to Pbetirgatadivesl tbybhempihfied witla thel unddif iagemompoynds t o
cause radical addition polynerization of an ethylenically unsaturated
mononer . Exanpl &% GheréngarmSQW}ﬁﬁﬁﬂzaﬁtbﬂdc&%a@yBQ%tQ¢ﬂﬂ4kﬂ§tpéFdssiun1
persul fate, sodi um persul fate, amoni um per 10 sul fate, hydrogen peroxi de,
t-butyl hydr opeFERtGEPIPIHREPIEOFELBAYHENDBETF LSS Whigh RhaAYEFHHN BRI tril e,
2,2' -azobi s(2-am di ngpropane) hydrochl ori and

2, 2" azobi s( 2, 4- dr st By éFeFégﬁ%FF%Fg)QnggglP9,°¥h%e?%dfg%.epﬁ)%ﬁ%ﬁ%_zation
catal yst s useddiay amunt 3l 1oof BAM Ordw {Beabyon Y ROl R33R0 On Lhe

wei ght of the ethylenrcally unsaturated nononer. ual 'y, 1t’is preferred

that the pol ymerj,zadd s isetPRAUG 6 otBERkal1y8LMaPERELEcRESEFI &AL 65 tO
90 C. However, depend ing on the properties {such as the vapor pressure at

20 the pol ymeri zan i dieiP Prftdct aQfy stth@afRReNBE, whien PRAY&ESh@Atd Oon may
be conduct ed under high pressure. Wien it is desired to increase the

pol ymeri zat i on reatesl I0rvdliumies ndesi ped-tieleoddusetbbecpnl pyeeobrainedh @t a | ow
tenperature, i.e., 70 Cor less, it is preferred that

3 a method in which titanium oxide hydrate is peptized in

"

20 the presence of hydrochloric acid, nitric acid, ammonia
or the like, and the resultant product is subjected to
a hydrothermal treatment wherein the time for hy-
drothermal treatment is appropriately controlled. The
shorter the time for the hydrothermal treatment, the

25 smaller the volume mean particle diameter of the resul-



25 a reduci ng agent, such as sodium bisul fate, GOctober, 2002 ober, 2002

|l os chloride, an ascorbate or Rongalit is used in conbination wth the

radi cal polynerization catalyst. Further, if desired, a chain transfer
agent, such as dodecyl mer captan, can be used for controlling the nol ecul ar
5 wei ght of the polycarbonyl compound. It is preferred that during or after
the polyneri zation for preparing the above:pentioned pol ycarbonyl

conmpound, the polycarbonyl compound is nndi??gd wi th the above-nentioned at
| east one conpound selected from 10 the group consisting of an

al koxysi | ane, artasrigarodiiclesy i &g rhdbedadialyisg-.condensati on product

(pol ysi | oxane) of an al koxysi |l ane and/ or organoal koxysi | ane and a col | oi dal
silica, wherein the dohgdenheresentodinvenddoonon igf lishergdeyzadbshgt conpound
is used in an 15 ampunt sufficient for nodifying 0.1 to 80 ~ by weight of

t he pol ycar bony| YEhbUHe aRfyemgieiiqnnd ki fdisatdione Fnesdimenédo€ar bonyl
compound in the nodified pho tocatalyst conposition of the present
invention is ad Y2tRRRREATH ¥Hat B9 i9GFHFRANE Sfc A9F9atdLPhefable 20
ity can be obtained fromithe nodified photocatal yst conposition. The

nodi i ed %hotocéﬁgﬁg@ﬁaYﬁﬁﬁﬁﬁnQ?Eﬁﬁ?ﬁe%nﬂP%HQPs MadtditGadn OfarShe
obt ai ned by, for_ex e._a thod in jch the nodified photocatal yst sol
25 of the presen?m"i‘mhf'?lﬁ %g‘f"ff”f%e% -G i g urrensg Bher, 202

| OA tional subst .., th ove- ti.on resin and a nethod in
wonch Tha! L our e RBgEe oy ¢ NSO IR0 PR BE e BRE BalSBEON 10

(e 0., the ethyheniolgh! yy unsehyr aled DNATRLe fES GLIBRCL ADOUBASRT .

exanpl e 5 of nononers used for obtaining the above d co polyner

having a carbonyheft 9yReaa88 9&ok NEoRPHESH SESh £ POl Y B | ZAlH YR .2

hydrol yzabl e silane (e.g., the above-described at | east one conpound

sel ectedipromthe growRa€oNs| sinNEn&f pRds&h KOoxyedd Bth , ait arggrealekexysi 10
| ane, and a hydrol ysi s-condensati on product of an al k oxysilane and/ or an
or ganoal koxysi | apRati shpembatfkeddi phdbecaterest epaft1dibe $rosl fired modi -

phot ocat al yst sol of the present invention. Wth respect to the nodified
phot ocat al yst solfied photocatalyst sol have moieties derived from the

modifier compound and have portions which are exclusive
of the modifier compound-derived moieties and which
15 have a volume mean particle diameter of 200 nm or less.
(Such a morphology of the modified photocatalyst parti-
cles can be confirmed by observation of a sample pre-
pared from a modified photocatalyst sol (which sol has
- been diluted so as to have a modified photocatalyst
20 content of 0.01 % by weight or less) by means of a
transmission electron microscope (TEM). Further, a
modified photocatalyst sol which maintains such a mor-
phology of the modified photocatalyst particles for a
long periocd of time is extremely preferréd, because the

25 mechanical characteristics and the like of a film ob-



15 used for obtaining the nodified photocat al ysly B%SBBE} ﬁbB? of the

present invention, it is preferred that the nodi | yst so
contains a group (such as a (nmeth)acryl oyl group) having a reactivity with
an eth ylenically unsaturated nononer and/or a group (such as 20 a

hydr oxysilyl group) having a reactivity with a hydro |yzable silane
conpound. By the use of such a nodified photocatal yst sol, it becones
possible to obtain the nodified photocatal p4t conposition in the formof a
nodi fi ed photocatal yst/resin conposite conmposition in 25 which the nodified

photocatal yst apdiLB8 £eshnsfbf a 20YChPOWery092adPo ?tﬂpmé G-affelt ot her

t hrough a chem cal bonding. In the present iInvention, is preferred that

a conpound havi fgraegHhpaes Q@e&gyFkafgﬁfeah@rﬂafhaéf@éreﬁ@_mffiie@d
phot ocat al yst particle in the nodified 5 photocatal yst sol is used as the

above- menti onedphyRéchitangstsebst ascai1dhedanedi §tedd papt sgat@l sest 100
conposition containing such a |large surface energy conpound exhibits a
self-stratifyi ngags,sehk- goadak mgapr ppetliylvi dbanesPecodf tthd odified
distribution of the nodified photo 10 catalyst (i.e.) the ability to

di stri bute ani sphotpicatalllyytt parghetiesatal yisihtateedi aaf8@0 , nsush a
nodi fi ed phot ocatal yst conposition is frequently referred to as a
"self-stratifyi Agser) .sel f-gradating type photocatal yst conposition". By
virtue of this self-stratifying 15 or self-gradating property, the
self-stratifying or 3l angexampilieg ofyphephotddienl gempevnpossefwh ah be
used for formng on a substrate a filmor producing a shaped article (such
as a structural PFgPEringhistieh & a9ddsiedpp OﬁPFHtﬁ2¥E§CF°£0 there can

di stribution of the 20 nodified photocatal yst. Mre specifically, during
the formation o AEHHIAREGERNS Ghoyermemtdrnefagddigpr EP%?O‘énér%%ﬁ'ent is
automatically faqr in th gﬁlfstratifying or self-gradating type

phot ocat’al yst co 'r’tqcﬁ{l%% Ct to the concentration of the nodi 25
fied photocatal yst particles, wherein the concentration 9 Cctober, 2002
106 of the nodified photocatal yst particles in the resultant filmor shaped
article increases fromthe inner portion thereof (in the case of the film
the "inner portion" nmeans the surface contacting the substrate, 5 and in
the case of the shaped article, the "inner por tion" neans the central
portion thereof) toward the exposed surface thereof. The property to cause
such a phenonenon is hereinafter, frequently referred to as
"self-stratifying or self-gradating property”. Wth 10 respect to the film
or shaped article obtained fromthe self-stratifying or self-gradating type
nodi fi ed photocatal yst conposition, the anmount of the nodified

phot ocat al yst particles at the exposed surface thereof is from5 to 100 ~
by weight, preferably from50 to 100 ~ 15 by wei ght, based on the total

wei ght of the nodified photocatal yst particles, and the anount of the
nodi fi ed photocatal yst particles in the inner portion thereof ~ is 0 to 50
~ by weight, preferably 0 to 10 ~ by wei ght,

Ser =4



based on the total weight of the nodified phot o@Owxitgber28002 ti cl es.
Further, the concentration ratio of the nodified photocatal yst particles at
t he exposed surface to the nodified photocatal yst particles at the inner
portion is 1.5 or nore. For achieving the above-nentioned self-stratifying
25 or self-gradating property, it is inportant that the 9 Cctober, 2002
10~ vol une nean particle dianeter of thelngyfied phot ocat al yst particles
be 800 nmor |ess. Wien the volume nmean avérage particle dianeter is nore
than 800 nm the self-stratifying or self-gradating property of the 5

nmodi fi ed photocat al yép bk brzeseapt dmventden.|hhe helrndirng hetuedy it or
sel f-gradating type nodified photocatal yst conposition of the present
invention, it iBhpteratpdysthandt feeyvBPAAEinFafOPRPERE| @AR | RPre®@}- of t he
nmodi fi ed photocatal yst particles_is 200 nmor |ess, 10 nore advantageously
from1l nmto 10§iFAEdsPY [thepfeld@wiagt BgEBasy ¥ RS 0 WBhheW t h
respect to the self-stratifying or. self gradatin tX e nodified

phot ocat al yst cBPBKQWWQQ¥¥SPe@h@°€ﬂ§§€ﬁﬁlpﬁv§ﬁﬁﬁgﬂ? Eti?scﬁﬁﬂg?ﬁ%?e%ﬁihai

the |l ow 15 surf  ace ne:siy of the nodified photggat al gst due.to tpe

above- ment i oned 188 ~H, S8R PP 1PN §15AE0D CORROPAL t BF sT%hi ch
cause the nodified _phaot.ocatal yst qf the present inventio 0 exhibit the
sel Tostrati Tyl nioad S f Fhtedend ng: dpahey eerreBiEis "PraFosRE Fenc 20
tional substance u ' | f-.stratifylng @r I ' y

nodi fi ed phot ocasaligég}é%ottr?pr%s%“gr@c?f %h’cfé:)(lﬁ%eggnttﬁ?néré%%?g%%%ggaé %gdhave a
surface ener gy lfods Ak NemnrRRC P Uil 115¢:RARLOGA! BhustoRahbl C! e,
preferably by 2 dyne/cmor nore.” 25 T_he_ above-nentioned surf ace energy of
each of the 9 ddPdrtRI@ dfdmd fdredRh¢netakakksys@ndwhienf ygcti onal
substance can be neasured, for exanple, by the follow ng nethod. The
surface 1gnergy icauiRas Wedthsivithdiddrofortehajoad fakli cehgsundueb a8Rea
structural part), which are, respec 5 tively, produced fromthe nodified
phot ocat al yst sghanscdtel famnrtiontseanbsmt anfartbpeci fncehliy, caee pni zed

wat er was dripped onto the surface of the filmor the shaped article. Then,

t he contact anglvwhgi8)tiné tieambun erxide|isd iveed @s Hdesphbdoeadhlyylsée . fil m or
t he shaped

an decrease in amount of the Ti-OH group, which occurs
during the above-mentioned modification treatment, is
15 observed in terms of a decrease in absorbance at 3630
to 3640 cm * in the IR spectrum.
Thus, when the Si-H group-containing silicon com-
~ pound is used as the modifier compound in the present
(; invention, it can be easily confirmed that the modified
20 photocatalyst sol of the present invention is not a
simple mixture of the photocatalyst and the Si-H group-
containing compound, but comprises a reaction product
of the photocatalyst and the modifier compound, which
are bonded to each other through an intefaction, such

25 as a chemical bonding. For this reason, the use of the



10 article, is neasured at 20 C, and the surfacey gioperChdd?® fil mor the
shaped article is calculated fromthe contact armgfe usrnyg-the fol |l ow ng
Sel.l and Neu mann's enpirical formula: 15 ( 0 . 015 'ys - 21 x ys x yl + yl
cos a = yl x(0.015x ysxyl-1) wherein ys represents the surface energy 20
(dyne/cm) of the filmor shaped article (whi ch is used for neasuring the
contact angle of water) and yl represents tRe surface energy of water,
i.e., 72.8 dyne/cm (20 C). 25 Wth respect to the functional substance
(having a 9 Cctober, 2002 109 high surface energy) used in the
sel f-stratifyi ngiol §8PPPgranieliRgngypélheen f ceEPQRd et B MOEdHFdsi ti on
of the present invention, there is no particular |limtation, and various
nononers, synt hEPTEOHBY| 4§, VRAYuRdVaBtrEePRs - aRY tHE YO dhepPindad, as
|l ong as the func tional substance has a high surface epergy satisfying the
above-nentioneleQqBFFgﬁEHt?hﬂePQPHSFFEP}YgBCﬁHQ Fﬁﬁc??b%agr%%ﬁﬁtance is
referred to as a _"high,surface ener substapce". The, high surface energy
subst ance 10 nmayCB&2dnds S &8°ﬁthﬁPPEnaur BFemB§i§+?én€?°Fﬁﬁﬁ'%%igl
noi st ur e _.absor pt.ign i,qht irradiation.or the.like, af. the formation of
afilmoP a shasgg 3?#9%?&? FFCF%QSngSFFBSrFﬁaP Fﬁ%bh%§%YSu$?%:gﬁg%ergy
sub stance used_i . - I self-stratifying or 15
E%b&ﬂ‘i&&?%\@ gﬁ'i%ta'bg'iﬁg

sel f-gradating pre no toca Fyst conposition of the present

invention is a conpogigt i,@n ¢ '%Pecg@ gﬁgPéiagcgﬁggggggn%Q§H§§§p§if§ag§)

deconposition by the action the no e cat al yst erel nafter

referred 10 as 'JoRRRAIP S - rkQEP Q8N abbvedN¢nWRbCBan28e iRt { SR sWI at ed
into afilmor a shaped article, is ca pable of providing a structure

wherein the coneentgia H igroul- dditdirdegorRasabhe copgbananhavnsgeasesvfrom
the inner portion toward the exposed surface. Exanples of such conpositions
i ncl ude 1 si |l i cemge s irwonpasl tdompods tdoth aeblreseatedsby theposilown.
These conpositions can 9 Cctober, 2002 110 be used independently or in
conbi nat i on. ing formula (5):

(RTHS10),(R',810),(R'QS10) (R 3810, ,,)4 (5)

15 wherein:
R' is as defined for formula (1) and Q is
as defined for formula (4),
- a represents an integer of 1 or more,
each of b and ¢ independently represents an
20 integer of 0 or more,
d is 0 or 2,
wherein a, b and ¢ satisfy the following
relationship:
(a + b +c¢) s 10,000, and

25 wherein when (a + b + ¢) =z 2 and d is O,



As exanpl es of the above-nentioned silicone res9rOetsle)5i2002s and fl uoro
resin conpositions, there can be nentioned a conposition conprising a
fluoro resin 5 and/or an acrylic resin and 0.1 to 50 ~ by wei ght of an

al koxysi | ane, an organoal koxysi | ane and/ or a hydrol ysi s-condensati on
product (polysiloxane) of an al koxysilane and/ or organoal koxysi |l ane, such
as the conposition proposed in Unexam ned glapanese Patent Application 10
Lai d- Open Specification No. 10-72569. These resin com positions nmay contain
an additive, such as_a crosslink i_ng agent, catal yst and the, |ike.
Further, with resped® &GOMREUR rﬁﬁo?oFﬁﬁggeﬂg)s?FaFi?%Fﬂbco?lgéTf-gradating

type nodified photocata 15 |yst .co sition, there is ngo particul ar
lintation. For exaffi"® “CPH€ EEPf-gB al’ 9iﬁg38r5sekgggF8§8?Fﬂ ?€ pe
modi fi ed photocatal yst_cqnpgsiti.on_may be either.in_a.pellet formor in the
form of a solution ﬁ%@?ﬁgf'3%)a13i§p5¥§ﬁ&ﬁ%thﬁgﬁP PALECSBPVERT. 1t is nost
preferred 20 that tgflﬁﬁif-stratifying or self-gradating type nodi f ied
111 0n
It

phot ocat al yst conpo isin the formof a coating conposition
contai niyg a resin. is preferred that, in the self-stratifying or
sel f-gradating type nodified photocatal yst conposition 25 of the present

i nvention, the ratioydfaddieleie@iindlia) of THECiaber 52082 cbhZat 81AF Of the
wei ght of the solids content) of (C) the nodified photocatalyst to the

wei ght of (D) dheibbed SHfAaR B qud, thete da@ el Reh-Wei ght
ratio, is fromO0.0001 to Z0, nore advantageously fromO0.001 to 5 1. Even if
the content of thenea®dafdistbdqitol aesipdsing S neetwerSiiR unsa st,hakchhe

(C)/ (D) weight ratiois from0.0001 to 0.2, the filmor shaped article
formed from t heiadependemntipnecbmroxbiteatl phodiaoatla yst' )cdiosi;t kod can
exhibit satisfactory properties with respect 10 to the photocatal yst

acti vi tyoand/ or reqternyug opid- t$ ci @gclorhasidrd phots miinalwesounr Aadieaded wit h
light. The filmobtained fromthe self-stratifying or self-gradating type
nmodi fi ed phot oc@®alyipdepepdartlvirerEe LR RUrOTMERi (f t He beBEMf | ed
phot ocat al yst par 15 ticles exhibit_a concentration_gradient in _which the

concentration ofPERELPaPEFRI BETTRFLFER rdtE RORIFES TR e RiddrPlce (in

contact with the subs%r?ge) to __ward éhg E%tsi e filmsurface. Such a film
exhibits good afh8%i 8f FBSaTRTRETTA? 2 %h HRERUTRST i IR EHh 29 r ovi de a
functional conposite which exhibits extrenely excellent durability and

phot ocat al yst activity. In the present invention, nodified photocatal yst

15 (4") (4"7)
~ -3 - ) :
TSOT R®
~ 0 Z
Si—OT i |A
20 | R® )
wherein:

each R3 independently represehts a hy-

25 drogen atom; a hydrocarbon group selected from



particles having a volunme nmean particle dianeterggégﬁg&#gghﬁiéless, whi ch
are obtained by renoving the liquid 25 nmediumfr d

phot ocat al yst sol, may be 9 Cctober, 2002 112 m xed with the

above-nenti oned high surface energy conpound to thereby obtain a nodified
phot ocat al yst conposition having a self-stratifying or self-gradating
property with respect to the distribution of the nodi 5 f ied photocatal yst
particles. Such a conposition can be easil §randl ed mainly in a pellet form
and is very suitable for obtaining a shaped article having a structure
wherein the nodified phet gratp gehspatingl e§ exhabhtightcoheénteati on
gradient in which the concentra 10 tion of the nodified photocatal yst
particles increases fiomnched CieC,;palkydn axfouhe siaped, actedal t oward t he
surface portion of the shaped article. An explanation is nmade bel ow with
respect to the nethod kydr guiotgi nian§aChi lamyor stapeditarah dise unsain-t he 15
above-nenti oned nodi fi ed photocatal yst sol, the nodi fied photocatal yst
conposi tion conpri si ngtitatresdidn egbshiditacadamish @olC;afish @lfkydct i onal
substance, or the - self-stratifying or self-gradating type nodified photo
cat al yst Tonposi ti on CHANH siFirtReo bk e BN dvatd FLAgeRt ekt ai ned
fromthe nodified photocatal yst sol) and a_conpound gavin a surface energy
| arger than that of tkﬁ?rﬁxﬂ%&qgj ot &talyast ege %&ﬁﬁ&@?'mhen each of

t he above-nenti oned sol_ an conpositionﬁj%énggyide in the formof a
coating conposition, tHPXIEPThE CHHES F s RS % EdPo P8 a
substrate and dried ar‘%ﬁst{ﬂﬁ%’ g. 9 Cctober, 2002 113 if desired, subjected
to heat treatnment or the Tl % ' thereby obtain a functional conposite

whi ch exhi bits desired; properdies phehjddAtifRd giddp Iddllctewherein the
desired properties include hydrophilicity or hydro 5 phobicity,

photocatghyst actiVvityrass endhtag) esdddiGs GGy &3S0 HiNHtorhakxanmpl es of
met hods for applying the coating conposition onto a substrate include a

spray coating nethod, @grfibeanmewsadi gd;gtamylagfeh{),paaég 0”8&!99@, a brush
coating nethod, a dip coating 10 nmethod, a spin coating nethod, a screen

printing nethod, a casalkglngtbesl,amd G ayHag ,patHLi §gopt MRdeiands a

fl exographic printing nmethod. Further, when the formof the nodified

phot ocat al yst conposi t tesups httwdehger rukst ftetedtvi st mf dreasd one

sel f-gradating type thereof%=| is a pellet, the pellet is subjected to
extrusi on nol ding, injBEPEFBALRBREI FRLePFRESEFRIN diiy BFOUheEN S Bt her eby
obtain a shaped = article which exhibits desired properties when irradi ated
with 1ighP, wherein thefdastrethopPdpdit IESUPRcRUbe~ 2D RMOFFhISFPERPty or

hydr ophobi city, photocatalyst activ ity and a photaoel ectric conversion
function. \Wen the fil Prf‘ar Xsﬁﬁggae%rﬂ%‘f‘e %’B‘?a‘?n%d’cf%o PRECALHY i ed

phot ocat al yst sol or t§§oﬁgdi fi ed photocatal yst conposition of the present
invention (including 25t "self-stratifying or self-gradating type
thereof) is 2) at least one hydrophilic group selected

from the group consisting of a carboxyl group
20 and a salt thereof, a phosphate group and a

salt thereof, a sulfonic acid group and a salt

thereof, and a polyoxyalkylene group;

3) at least one reactive group selected from

the group consisting of an epoxy group, an ac-

25 ryloyl group, a methacryloyl group, an acid



9 COctober, 2002 114 irradiated with |ight havi e ) is |larger
than the band gap energy of the photocatal yst 2%#@%1; Gﬁin (wherein
in.the case where the nodified photocatal yst contains a sensitizing dye,
t he above 5 nentioned |ight rnay be absorbed by the sensitizing dye), the
filmor shaped article exhibits desired properties, such as hydrophilicity
or hydrophobicity, photocatalyst activity and a photoel ectric conversion
function. In the filmor shaped article obt%ined fromthe 10 nodified
phot ocat al yst sol or the nodified photocatal yst conposition of the present
invention (including dnfigydelde Yrcdild f W mator g%%hb:gbégﬁbk?ﬁl b¥eept hereof ),
nodi fi er conpound-derived noieties are present on the surface of the
nmodi fi ed photocat al yst marrdLles gy, e akd iisbclyaaatedgkbap, cangpound- deri ved
noi eties conprise a structural unit having a nol ecul ar skel eton which is
not deconposed by the gytiiaaaiaiatsd @ehupyi tay hipdiogkr1sgiyabyrah unit is
represented by at | east one of the above-nentioned formulae (1) to (3)), so
that a resin 20 whi chamisncontaipet (@sld didadeonartea gebupc atndabnmat eri al )
inthe filmor shaped article is not degraded by the photocatal yst
activitys Further, whesnter ngabdp erargbnpound having the structural unit
represented by the above-nentioned for25 nmula (3) is used, a filmor
structural material havialg least @neOsiarseit1z20QR gro®ipa wady hi gh
hydr ophobi city can be obtained fromthe nodified photocatal yst sol or the
nmodi fi ed phot ocat al yst conp@@h tA chndepridafitdy tIePTeSentst BagicPyPng or
sel f-gradating type thereof). 5 In the present invention, as examples of
| i ght havi ng energy whetécted|freerthgravre danfd sfdmpdewdr gpidf Rtthe
phot ocat al yst and |ight which can bhe absogbed by a_ sensitizing dye, there
can be mentioned |ighte®BRaPhiell i Rt RRAgBnetrdeR IRk dIeRHIRRTGfnent
(such ag,10 sunli ght i ,black |ight n i ght itted froma
s FRYARRT  BHin o o r e

xenon | anp or a mercury Tanp”or r,o1 esrre additives

general ly added to cogaeg%lgn%ecg%ﬁggc&p%r%%%e@%d{#%g}i ke may be 15

chosen according to various purpoSes and adde

phot ocat al yst sol or Eﬁgﬁgnggf#?g?ggg&ogakglyg&kgﬁpggéhgiog of 4 he present

i nvention (including e sel ratifyl ngor sél'fZgradating ty¥fe nodified
phot ocat al yst conposi £y,80ba1k@MRk68p Of a LA add128rbhyegni 8¢l e a
pigment, a filler, a dispersant . a Tight Sta8i iser- a wetting agent, a

t hi ckener, a rheol ogygastbekhtigeagent suBst ohhtdDam £ fIGNC, 3l -
plasticizer, a filmformng auxiliary , a rust preventive ‘agent, a dye, a
preservats ve and the kiyRegrBueh addittyealkary2grbepusedai hdiwgemal |y or in
conbi nati on. 9 Cctober, 202 116 Each of a shaped article fornmed fromthe
modi fi ed phot ocat al ysft&8Y) .of PﬁérﬁﬁépfPé@mphét%€%§b$@§tcﬁﬁﬁﬁxp%ition of
the present invention (including the self stratifying or self-gradating
type nodified phot ocab&anches: CoofpodidiydnProa®d & fan€rd Gi¥AILo@dmposite
obtained by formng a_ filmon a substrate wherein the filmconprises the
modi fi ed phot ocat al ys&¥2ol9T8MPrh@TRodi FsethopRddc HERPsRLGRpdSi B on

(including the selfstratifyin r self-qgradating type_thereof can ex 10
hibit desired pr opertisé%),Stéﬁé]‘%egs OﬁyGPBSH?EP%FByW6¥8h§ grégwo%%??y,

phot ocatgl yst activity _and a _photoel ect.ric conversion function._, Therefore,

i n anot hj?adr aspect of tgneug)r'esaen f?ﬁ?/eaﬁtlfoécr{ Yivete Car & fpr)lra \?l{:’&éldagorélhaped
article formed fromthe nmodjifired Rhetocakal ¥ahtSeheOkohpoliRg 8B4 fi ed

phot ocat al yst conposition (including the self-stratifying or self-gradating
type nodified photo cahwalgisig aemesiduredhy andta bgngbimaah ¢onposite ob
tained by formng a filmon a substrate wherein the film conprises the

modi fi ed phot ocat al ystats®le Gind heeftrindi uned spb@t geatahysi 4conposi ti on
(including the self .
above has at least one Si-H group.

25



stratifying or self-gradating type nodified photocata lys nposi tion).
When t he above-nenti oned shaped article or fum:gjéﬁﬂﬂﬂﬁ;éﬁiiéte provi ded
in the present invention ex 25 hibits a photocatal yst activity, such as the
activity 9 COctober, 2002 117 to deconpose organi ¢ substances, such a
shaped article or functional conposite exhibits various functions, such as
an anti bacterial function, a staining resis tance function, a snell
preventive function and an NOx5 deconposi n0f unction. Therefore, such a
shaped article or functional conposite can be used in various fields, such
as environmental clefRsURpovOLnENBIBhE E6RBSUAP MmpPie idlgratRheuwat er
or the Iike. Wien the above-nentioned shaped article or func 10 tional
conposi te providedgi inihe BECEERHUIAYEATORLBRE andhedastiil Yridug at, when
its surface is irradiated with light, water exhibits a contact angle

agai nst the suréonegaighing0retukessg( Bheker akl ¥oQuda {£ss) a0, C 1.¢e.,
the surface exhibits hydrophilicity, such 15 a shaped article or functional
conposite (a hydhepbihi eashapedmanaicheocop Rydsopbhdéd fd |ihe adidlicon
substrate covered with a hydrophilic film can be utilized in, for exanple,
t he techmi ques Aapmpeévehie mgchagdngg uhiamtbeoughi ay axny@enn atai, orara

gl ass, the techniques for 20 preventing dirt fromadhering to a building
exterior, the abei sbariiaedediyni doas examplie,| ithe. LTheeeing enetied shdped
article or functional conposite can be advanta geously used in various
appl i cation fiekRdsolygat dsughniasddiogaasd,. drdchlorosilarpsand/goRffe, a
cover, an 25 insulator, a building material, an building exterior, 9

Oct ober, 2002 188rstpEhianesilame i(Gnd. a cptdgpadlyl Abapernodhchrike®® 1 or
and a coating for vehicles, an exter~, or for. machi nes and other articles,

vari ous di spl ay SdpFarat Watiegh @4ty SRRl thr 88PReAERAF BYUPPRRME,
renory il a. ot PO R AP AN | | RS ofi s e BEA e oned
shaped article Q£ygfgklé§§¥¥§$(%Eﬁ%ﬁ%%ﬁ%ﬂﬂé@gé%%ﬁ Mgahhggggﬁggaﬁ%lnventlon

has a characteristic th enits’s ace 1s 1rradia h light,
water exhibits gpacd ANG @93 SedtNeepresented by formula (13):

z-siR*R°R® (13)
15
wherein each of R4, R’ and R6 independently
represents a hydrogen atom, a straight chain
- or branched C,-C,, alkyl group, a Cg-C,, cyclo-
alkyl group, or a Cg-C,, aryl group which is
20 unsubstituted or substituted with a C,-C,, al-

kyl group, a C;-C,, alkoxy group or a halogen
atom; and Z represents a halogen atom or a hy-
droxyl group,

to thereby obtain a compound comprising fhe recurring

25 units of formula (4') above and the recurring units of



surface of 70 or nore (preferably 90 or nore) at EO C! i.ﬁli t he surface
exhi bits hydrophobicity, such a shaped article onposite (a
hydr ophobi ¢ shaped article or hydrophobic film and a substrate 15 covered
wi th a hydrophobic film can be utilized in, f or exanple, the techniques
for inmparting water repellent properties, the techniques for preventing ad
hesi on of aqueous dirt, the techniques for preventing , dirt adhesion by
washing with a flow of water, and the 20 teahni ques for preventing adhesion
of ice and snow. Therefore, the shaped article or functional conposite can

be advant ageousky gﬁgg iq.vgrggg§ application fields, such as a w ndow
gl ass, a wi ndshi-el , a éirr r, a Féns) a goggle, a cover, an insulator, a

buil ding ma 25 teriale ﬁegﬁ}rh i Ng @XHhethgh - 1ApRHEL AL NGrd i)b €640 e &in- 9.

Cct ober, 2002 119 structural nenber, an exterior and a coating for vehi
cles, an exteri ohollcd et AN dpRkigkadbbinpbifia ¥ LAYSHHbD! aY

appar atuses, lighting equipnent, resi dential equipnent, tableware,

kitchenware, hougehelidhed @yRGId410yARRLANGRACtAoh00fi Ng material, an
antenna, an electricity transm ssion cable, equipnent for sliding on ice

and snow,s and the |ike tfeeritle ggbeyecoBrbiangd §NaReon acbmsbend®rof unc
tional conposite provided in the present invention ex 10 hibits a

phot oel ectri c catansi=on 4 utdv), theclsianskhapag ast eckanotibnatt goom
conposite can convert, for exanple, solar energy into electric power.

Ther ef ore, suchwhistiapied mydd sdaryortd mectiifgnahec phpascheadtgatbeitsed in
various application fields, such as an optical 15 sem conductor el ectrode
used for a wet - thigh stdlecttistl tyrundes Inidderafer choadltwbtb.r edpedte to a
menber provided in the present invention which nmenber has a characteristic
that its wettabiqthsr viiand r dupfializabdet @rosn Xhdn2dognaaged4byalsght
irradiation (change from hydrophobic to hydrophilic or change from
hydrophi 19 c to IFAR} dpphdbHE)zZed ueh medidibdihec e caday YadvaRtigEsddfy used

o exampl o a0 Sl LSSl RN BLAE 3% rerd T2 ne? 202120 HEST

of the resultant modified photocatalyst sol. Therefore,
it is preferred that the amount of hydrolyzable group X
is as small as possible. It is preferred that the Si-H
15 group-containing silicon compound of formula (4) con-
tains substantially no hydrolyzable group X.
Further, the Si-H group-containing silicon com-
~ pound of formula (4) above, which has a function-
imparting group (Q), can be advantageously used for im-
20 parting various functions to the modified photocatalyst
sol of the present invention. It is preferred that the
function-imparting group (Q) is a group represented by

the following formula:

25 -Y-(2),



The present invention will be described in nore detai| w reference to
the foll owi ng Exanpl es, Refer ence Exanples and ! anpl es) which
should 5 not be construed as limting the scope of the present invention.
In the Exanpl es, Reference Exanpl es and Cornpara tive Exanples, various
properties were neasured and 10 evaluated as follows. (1) Measurenent of
the volune nean particle dianmeter: An appropriate anmbunt of a solvent was
added to a sanple sol or conposition contaié® ng particles so that the
sanple was diluted to have a solids content of from15 1 to 20 ~ by wei ght.
Wth respect to the resultant di luted sanple, the volunme nmean particle

di aneter of the particles contained therein was neasured by neans of a

wet -type particle siggeaRahyzer (Mcrotrac UPA-9230, manufactured and sol d
by N kkiso Co., Ltd.,.Japan). 20 (2) Measurenent of the weight average

nol ecul ar wei ght: The wei ghtep¥etafesal RCYhLREN Ve BN YR SgrBRas HLA by gel
permeati on chromatography (GPC), utilizing a 25 calibration curve obtained
with respect to standagdadmole8u@stoReigh2002 %(2dmnmeshyd 50)oemhe sanpl es.
The GPC was conducted under the follow ng condi tions. Apparatus:
chromat ogr aph nodel HLC 8@2@ebCed8énts( aBnubastubrd ghcups o€l dytddsoh
Corporation, Japan); Columms : TSKgel GLOOOHXL, TSKgel GO000HXL and TSKgel
A000HXL (each of whifglem $heagubapt coediandngobd bize Tasohe Cor porati on,
Japan), connected in series; Data processor: data processor nodel CR-4A
(manul0 factured andmeaitdopedShiunedioncimparitingngrdapan)) ¥ uéht :
chloroform Flowrate: 1.0 m/mn; Method for preparing a sanple for GPC. A
sanpl e conpound to bénghal yzed by GPC was di s15 sol ved in an appropri ate
amount of chloroformso that the concentration of the sanple compound in
the resul taut solution fé& ASwePhilRteges sfgdrem &r &M 8%5 to 2 ~ by wei ght,
t hereby obtaining a sanple solution. The obtained sanpl e sol ution was

subj ect to GPC. 20 (3) Infrared absorption (IR} spectrum IR spectrum was

obt ai ned by neans of ﬁégré§g% #%ng.Qﬁiﬁifg'éﬁgﬁgl 53%%56%%99n£ﬁ8ngifflured

and sol d by Japan Specttoscopl
con compound of formula (4) above has, as the function-

imparting group (Q), at least one hydrophilic group 2)
defined in formula (4) above which is selected from the

15 group consisting of a carboxyl group and a salt thereof,
a phosphate group and a salt thereof, a sulfonic acid
group and a salt thereof, and a polyoxyalkylene group,
the photocatalyst can be very stably dispersed in water,
and, hence, such an Si-H group-contalning silicon com-

20 pound can be advantageously used for easily obtaining a
modified photocatalyst sol (hydrosol) of the present
invention, in which the volume mean particle diameter
of the modified photocatalyst particles is 800 nm or

less.

25 Preferred examples of the above-mentioned hydro-



9 Cctober, 2002 122 (4) Measurenent of the vi scg'ﬁi\qngegg@(osity was
rmeasured using a Brookfield visconeter equi pped No. 2) under
conditions wherein the revolution speed of the rotor was 60 rpm5 and the
tenperature was 20 C. (5) Measurenent of the surface energy of a filmor
shaped article: The contact angle (6) of water against the surface 10 of a
filmor shaped article was neasured by the nethod described in item(7)

bel ow. From the obtai ned contact angle, thé3surface energy of the filmor
shaped article was cal cul ated, using the follow ng Sell and Neumann's
enpirical formibaiil%s ¢@%ud include 8l1BoYFoxydthyXeds Yr¥liptr¥preydne-0. 015x
Ysxyl -1) wherein ys represents the surface energy (dyne/c of the filmor
shaped article, ean®y2Eortuleqrigsemoyet; ha suLkasecensngygebupasera i.e.,
72.8 dyne/cm (20 C). (6) Measurenent of the distribution of a nodified pho
tocatal yst in aseqat ivh@r=dF Awmadh iied rebebeeatallybly €ormasat (8N was cast
on a 9 Cctober, 2002 123 filmfor an overhead projector (hereinafter
referred to as "a@dRd;i lald scavdyihareup dat angatlki ekeessfof wRcums The
OHP filmhaving fornmed thereon a coating was dried at roomtenperature for
2 days artd, themepdsentjest tvyd floarnhdat (dnykabgvat. 50 C for 3 days, to
thereby obtain a snmooth coating on the surface of the OHP film The OHP
film(carrying the cdatnthgr.wateantiddd&d -Hnganupporptrésingbpiuicey Quet ol
812 set (manufactured and sold by NISSHIN EM CO., LTD, Japan). The OHP film
10 enbedded in tIRRPHG Glesiermipla dk) Bhyeehdasw gy the oacitagntand epoxy
resin), and the resultant crosssections of the OHP filmand coating were
anal yzed by neandgnpsrtimerarqsp di®persiGie Cxo rijuepratkvhearequy Xhysyro-
spectroneter nodel DX-4, manufactured _and sold by N hon 15 Philips

Cor por at i on, Ja&grlﬂt.’lq'r%r‘b‘?%)cr"mﬁi'oﬁ% Hid GFPP-CETHRIIEE SEySEOPn the

Cpectrorttery oS THEOHEA: 1 L g ot ARy e e 6 LFos TP Phe

ChoSs oot hon ClabhEnd Bt Mnele () NRALETP T Syl ask, eqole of

\é\?gﬁg was pl aced-Opré Hen 84 fo@CoMuta fid M UndRREE A dF drled 1RAEn8! | Oved to
unit represented by formula (3)), the surface energy of
the photocatalyst becomes very small, and, hence, such

15 an Si-H group-containing silicon compound can be advan-
tageously used for obtaining a modified photocatalyst
sol which not only has the below-described self-
stratifying or self-gradating property (which is the
ability to distribute anisotropically the modified pho-

20 tocatalyst), but also can be used for forming a coating
having a very high water repellency.

When the Si-H group-containing silicon compound of

formula (4) above has, as the function-imparting group

(Q), at least one reactive group 3) defiﬂed in formula

25 (4) above which is selected from the group consisting



25 at 20 C for 1 minute. Then, the contact @ 002 9 Cctober, 2002
i 24 water drop against the surface of the filmor shaped article was

nmeasured by nmeans of Contact Angle Meter nodel CA- X150, manufactured and
sol d by KYOM | NTERFACE SCI ENCE CO., LTD, Japan. 5 The smaller the contact

- angl e of water against the surface of the filmor shaped article, the nore
hydro philic the surface of the filmor shaped article. (8) How the
hydrophilicity or hydrophobicity of thé40 surface of a filmor shaped
article is changed by ul traviolet light irradiation: tﬁggrﬁyﬁnce of a film
or shaped article was irra diated with gyt maeidl-ef T“Fg (hereinafter
referred to gwgomgﬁ%@ﬂa&‘m L20S BLB bl ack I_dﬁ%l;lltp (ppedkac 15 tured
and sol d by TOSH BA LI GHTI NG&B&JWY@G%W_ ., “Japan) for 1 day or
3 days, and &qugonhactchﬁg?‘é BT Wat er agai nst the@zégg@&e;ﬁug.h@nfi | m or
shaped ar ticle was neasur eg‘ %atzgﬁengtbod.dééc?‘?% initem(7) above. The
obt ai ned coniR&dylamgiodPwas Sipared to that 20 obtai pedaRihorgr@ R he W
irradiation. Wth respect tol,tcpﬂep UV, inrgrdereizaty % C%Phe i nt ensi ty of UV was
adjusted to 1i§aﬁlmim<,JYaé’sa%%ur ed by neans o%@&@t eheMpd@l - UVR- 2

(manuf actured and sol d b% T%—"%l\b,gghp 4. an ,- which was used in
conbi nati on 25 wirthiteEREPGY del UD- 36 (nnnufﬁcﬁﬂre@ A isd.d Sy 9
COct ober. 2002 125 TCPCC]\IC_)\%1 lET@thapanFFoﬁ)ﬁf his a phot odet ect or for
detecting | i gt edadbegOSAR&va engt h of from 31gitf?eéognam05t%b§s%w t he
hydrophilicity or hydr o&flotg&{ﬁa)uﬂmg sacdyuf F8of a film or shageg article
i s changed by shat |¥ht°9Fradi ati on: The fsurftaé:,_e“iqi‘g a fddaviss Bf ﬁie%l
article was irra djat egv%@l{zglg@conmél‘gms?%r % Hours, and the contact angle 10
of wat er agai negnt A8 8Urface of the film or shaped ar ticle was nmeasured by
t he met hod des%rnl %e{%éﬂehtteﬂu@apllity.
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above. The obtained contact angle was conpared gfgtsaingéphged prior to
the irradiation. The sunlight irradiation was c sun 15 |ight
transmtted through a glass plate so that the in tensities of UV and
visible light contained in the sun light were adjusted to 0.3 nWonR2 and 3
MmNV cne, respec tively, wherein the intensity of UV was neasured by neans of
t he above-nenti oned UV Radi oneter Mddel UVR-2 20 used in conbination with

t he above-nenti oned photode tector Mddel Ugs36, and the intensity of
visible |ight was nmeasured by nmeans of the above-nentioned UV Radi oneter

Model UVR-2 [ [ [ it 4 { d d
solg by TCPC&E%&IIL,Q K‘Ql‘g??gggbggﬁgﬁ) Ho%}f%%&?éh%@%ﬁ%%%&?gc or o?r?o er_:ct ?ﬂg
l'i ght 9 Cctobel g2 i ; 10
o Byt be =aZ P8 bk ehd st el aRdphaghnt ! VA0S, 490 i (10)
article is changedibydl ':t'bae§e@§ata' %!&t}é('l&*ﬂilc' gbtiGophabpi ag ghepst no UV.

The surface of a filmor shaped article™was irra diated wth 1 ght

contai ni ng al Nogll @ rld¥ i JMoH MR el 89 1k, ORh2BuFh20SH by Ndhe ir-
fluorescence lanp (manu f actured and sold by TOSH BA LI GHTI I\?& AND

TECHNOLOGY 10 CRadilatRon bapahe d1@ratdohed! $ayeTBEtSRABSHN Ghe CNEF &Y ia-
distribution of this light is showmm in Fig. 1. Fig. 1 shows that this |ight
contai ns visi bl eilonght e g A by elagRgbidgbrf the 386raved9Papen but
contains alnost no W(i.e., light having a wavel ength of |ess than 380 15
nm.) Subsequently, @Ase thentinctdngl-dmphrivdhgr gagapn$) { het suedsiaceneof t he
filmor shaped article was neasured by the nethod described in item(7)
above. The ob t @fhddvecanams argmp Mdslecompaved ceo beatiseft ai Fedkipri- or to
the irradiation. 20 Wth respect to the irradiation with |light con taining
al nost no W t héddmiensihgp ¢f hwdrasgad |9fgiet rbercgatedysh tReubeghfonas
adjusted to 0.3 nWcne, as neasured by neans of _the above-nentioned W

Radi onet¥? MdelPARRANZ dehg ekt ehmhetagatRlyse - aBsde tPs HEAFPoned
Det ect Mbdel UD-40). 9 Cctob 2Q02 127 (1 | uat i f th
pho_tegcg{al yste a&%’&%ﬁ/ %&%?%ié)go&;ﬁirf : 1y, fox, )aog\a %i%lolf‘ﬁgg?ggh%gd‘)f
article: A 5"l%&é“%éﬁﬁxﬁ¥éﬁﬁ¥40éﬁﬁﬁﬁéé¥lé§ &?ﬁﬂ%&'%ﬂ? QHugnd 4) de-

fined in formula (4) above are used in combination, the

resultant modified photocatalyst sol having function-
15 imparting groups becomes advantageously stable.

As examples of the method for producing the Si-H
group-containing silicon compound of formula (4) above,
which has a function-imparting group (Q) (i.e., a sili-
con compound having an average structural composition

20 represented by formula (4a) below), there can be men-
tioned:

(a) a method in which an Si-H group-containing
silicon compound having an average structural composi-
tion represented by formula (14) below aﬁd a carbon-to-

25 carbon unsaturated bond-containing compound are sub-



5 was coated on the surface of a filmor shapedoQOdteber, 2002 he resul t ant
coating was irradiated with UV emt ted fromthe above-nentioned FL20S BLH
black light for 5 days. Wth respect to the UV irradiation, the intensity
10 of WV was adjusted to 1 mWcnR, as neasured by neans of the

above- nentioned W Radi oneter Mddel WR-2 used in conbination wth the
above-nenti oned Detector Mdel UD 36. The face of the filmor shaped
article after 15 the W/ irradiation was visually observed with respect to
the degree of fading of the blue color of nethylene blue (in other words,
the degree of dédeskpésitei BHdsPsiByRAtded BraetBpnt hbhereivnthe ¢xepon

phot ocat al yst). The_ photocatal yst activity exhibited at the sur 20 face of

the filmor shapE&TRPRI SPEAATaLES PRNCy COBLSda1BH FABPOREF cRaprat
deconposition of nethyl ene blue, by the following 3 criterig: pO

ot hyl ene. bl Ue_ FE3BSRE S UHOOTITRATE 18T BeiY ZBLAPLEE REPRyHAfe bl ue
slightly remains; 25 and ., 9 .Cctoher, 2002 .128 .  al ng dec Qsition of
et byl ene. bl e SEO0D CEPRIFTIE0 T SoSTIEL ) &5 $anfoF bEPS SCEOBRSRS (1 m
A nodi fi g’d phot Qést_al conposition was spraycoated on a glass plate in a
t hi ckness’ of 30 . e coated glass plate was dried at roomtenperature

for 1 week, thereby f(?]lr)n‘iangneathtordaqﬁp%;h?‘frghf and s{ghqgoéFgé'ng{)g?%m% urface of

the glass plate. The | m was peeled 0 rom and put into

a wre mesh bag c(o\rf}%% | A8 VY T BRI YRS el BS RoRbeg) £ 18R rbRE W re

mesh bag containi the filmwas 1 mMmersed in acetone at roomtenperature
for 24 hours) Thed&itad iWp ftm@Ldf (14e v@idhtand o Rerbohtcw@soaalaul at ed
by the following fornula: Retention ratio of the weight - 100 X of the film
Wei ght of the fiddawafdiasa i wored Séeit 4 1h BEt €oiep MGid) kireofsublie cltieldmtpr mor to

i mersion in acetone The higher the retention ratio of the weight of the
film theohi gherhytdweo siol weant i ¢ stesdanien pfwhdme fr [the 2arbos -Catrbloar un2002

saturated bond-containing compound has a reactive group
3) defined in formula (4), to thereby obtain an Si-H
group-containing compound having a reactive group, and,
then, the reactive group of the Si-H group-containing

15 compound is reacted with a function-imparting compound
having a reactive group,

the formula (4a) being:

H R 0, X S10 (4. poq-r-5)/2 (4a)
20
wherein:
each of R, Q and X is as defined for
formula (4) above, and
pP. g, r and s satisfy the foliowing re-

25 lationships:



129 Reference Exanple 1 (Synthesis of water-sol Wetdbert20ozmound (1)
contai ning an Si-H groupa 500 g of dioxane and 500 g of RF9901 (trade name
of .a net hyl hydr ogensi | oxane-di net hyl si | oxane copolynmer; 5 Si-H group
content: 7.14 mmol /g which is a value de scribed in the catal og, weight
average nol ecul ar wei ght: 3,900) (manufactured and sold by Shin-Etsu

Chem cal Co., Ltd., Japan) were charged intQ a reactor equi pped with a
reflux condenser, a thermometer and a 10 std%rer, and the resultant mxture
in the reactor was heated to 80 C while stirring. 1,370 g of Uniox MJS-8
(trade nane of a poly oxyethyleneocaklyl<nefrhyl ether; weight average nol ecu
| ar wei ght: 800 which is a value described in the cata 15 | 0Q)
(rmanufactured and sold by N ppon @K & fat¢s Co., Ltd., Japan) and 5 g of a
5 ~ by wei ght isopropanol so lution of hydrogen hexachl oropl ati nate(lV)
hexahydrate were di ssolved in 2,320<grof #4ioxane. The resultant solution
was charged into the above-nentioned reactor 20 over approximately one hour
at 80 Cwhile stirring, and the résdgl saft2maddire in the reactor was
stirxed at 80 C for 2 hours and, then, cooled to roomtenperature, thereby
obtainind a solution of silicon céBpduBd*(X)*codhtaihi mMpn Si-H group
(hereinafter referred to sim?25 ply as "conpound (1)"). 9 Cct ober, 2002
130 When 100 g of wat éfe=£8Imyd@ed iid ®edngf the above obtai ned sol ution of
conmpound (1), the resultant aque ous m xture was honbgeneous and
transparent. On the other hand, 8 g of butyl cellosolve was 5 added to and
mxed with 4 g of the solution of conPound (1), and, gge?, 8mM of alN
aqueous sodi um hydr oxi de sofupioRate? Qddedi-theret o, %t hat hydr ogen gas
was generated, and the volune of the generated hydrogen gas was 37 nml as
nmeasured at 23 C. The Si-H group content 10 of conpound (1), as cal cul ated
fromthegol unme of thepanansated hydrogen gas, was 0.36 mmol per g of the
so lution of conpound (1) (approxinmately 3.5 nmol per g of KF9901). 15

Ref erence Exanple 2 [ Synthesi¢h off H ldme0x a@peuadriipaceptarpirnglan Si-H
group. which is self-enmulsifiable in water] 170 g of di oxane and 100 g of
HVE- 301- 100GM {trade (4) above, and

P, g, r and s satisfy the following rela-
tionships:
15 0 < p < 4,
0 < g« 4,
0 <r <4,
~ 0 =s < 2, and
(p+ g+ + 5s) < 4.
20
First, an explanation is made below with respect
to the above-mentioned method (a) for producing an Si-H
group-containing silicon compound having a function-
imparting group.

25 With respect to the carbon-carbon unsaturated



name of a nethyl hydrogensi| oxane-di met hyl si | oxarg gdtoberP200®’: Si-H group

content: 4.523 mmol /g, weight aver age nol ecul ar weight. 5, )

(manuf actured and sold by CHH SSO Cor poration, Japan) were charged into a
reactor equipped with a reflux condenser, a thernoneter and a stirrer, and
the resultant m xture in the reactor was 25 heated to 80 C while stirring.
9 Cctober, 2002 131 50 g of Uniox MJS-8 ( %ch is the sane as in Ref erence
Exanpl e 1 above), 25 g of 5-norbornene-2, di carboxylic anhydride and 1.07
g of a 5 ~ by weight isopropanol solution of hydrogen hexachl oropl atinate 5
(1'V) hexahydr at eondreoditsiningdcompoifdgwbiclli oxmnee Thed r ebulnaitodol uti on
was charged into the abovenenti oned reactor over approximately one hour at
80 C while stirfpngabane.t err éstireducinuxinte thethb-Hegrdop oeptainrred
at 80 C for 3 hours and, then, cooled 10 to roomtenperature, thereby
obt ai ni ng a sol &PBoRoBPOYNA| eSnfeshpdandl¢2) acturatPhglapasiing WHRLEP
(herein after referred to sinply as_ "conpound ;2)"). Wien 100 g of water
was added to 4 ¥rhdrhi A& FpBYEr8BRaPAEd IEBIEt BEACEECRoRPBNNERE 29T O Re

resul tant aque 15 ous m xture was a di spersion which was slightly white
turbid. 6n the SORELSKARG, o § 6LTRIORE €bRABsBFvBTraRShedaldethet 815K ni xed
wth 2.119 g of the solution of compound {2), and, then, 8 Ml of a 1 N
aqueous sodi um BFOP® dPokisde2s RTINS HRIBY (Herfets Cso0 3Rt FHAMHbgen
gas was generated, and the %g ure of the %enerategegy drogen _gas wag 31.0

m as measured ¥IFR @S PRSUSSIATYLEGp OLoREbRE IRt ESBOGRAZ( Sy Cas

cal cul ated fromthe vol unme of, the generated hydrogen s, was 0. 588 muol 25
bor 6 of “the. ol SFEHE camsaihae (S1 b R e ) PP aS Qe 23021 32
2.58 ol per g 4 VG- k190 M R die ! w30R 1Ak e BeGaA- 6 (trade name
of an ammonia 5 peptized sol of anatase-type titani um oxide; volunme mean
particl g ¢li amet forffa iRdild JRpoinaanzadide) dileEis@l,. skdnnis pr83ytentent: 6

~ by weight, average crys tallite dianmeter: 10 nmwhich is a val ue
described in thea gaitadmg) I(+Hexdact wr-ettame ,SdlsdoutehAKl 2CHENhGAE 1 -
butene, 2-hexene, cyclohexene and 5-norbornene; allyl
esters, such as allyl acetate, allyl propionate, allyl
2-ethylhexanocate and allyl benzoate; allyl ethers, such
i5 as allyl methyl ether, allyl ethyl ether, allyl n-hexyl
ether, allyl cyclohexyl ether, allyl 2-ethylhexyl ether
and allyl phenyl ether; (meth)acrylic esters, such as
- - methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, cyclohexyl
20 (meth)acrylate and phenyl (meth)acrylate; carboxylic
acid vinyl esters, such as vinyl acetate, vinyl propi-
onate, vinyl lactate, vinyl stearate and wvinyl benzo-
ate; vinyl ethers, such as methyl vinyl ether, ethyl

vinyl ether, butyl vinyl ether, isobutyl_vinyl ether

25 and cyclohexyl vinyl ether; styrene;



10 CO., LTD., Japan) was charged into a reactor 9unctsleér,' 20022 refl ux
condenser, a thernoneter and a stirrer. Subsequently, IZ.5 g of the
solution of conpound (1) obtained in Reference Exanple 1 was charged into
the reactor over approximtely 30 mnutes at 30 C while 15 stirring, and
the resultant m xture in the reactor was stirred for 3 hours at 30 Cto
effect a reaction of Tinoc A-6 with conpoufi@ (1) and nodify the Ti O~ parti
cles of Tinoc A-6 to thereby obtain a sol containing particles of nodified
titani um oxide £bgeei ngfyeny20.56887 r&%rﬁ@t@?a&':f@ﬁié'@é’té'} s paRidelees™ )
wel | disper sed therein, wherein the volume nmean particle dianeter of the

nmodi fied Ti 02 paeti¢hesviasedBnNThabpehdént ¢ heachd ost Ofedd o AHg-Wi th
conmpound (1), hydrogen gas was generated. The vol unge of the generated

hydrogen 25 gasawaphl2bchhraspneasgeeddatrdld the gPolltObesistHP ok33 The
obt ai ned sol was applied onto a KRS-5 plate to thereby forma filmon the
pl ate, and.the thkBowgs dioeg ahd58 SafortReheufsS. aThRoseisatd agdouwry film
was taken as a sanple, and subjected to IR spectronetry. 5 The IR spectrum
obt ai ned sby t heasgeat sattt theskofedat halfohtcabshdpyroup asnd, £3xkto 3, 640
cm 1l ascribed to a hydroxyl group directly bonded to a Ti atom (hereinafter
referred to as 'thiexr@digr aupblyosfralk@iepar grolipsand i apclie bach &appear ed,
wherein the above-nentioned 10 absorption had been observed in the IR
spectrum of T102ygrigke.to the nodification of the TiQz particles. Wen the
obt ai ned sol was allowed to stand still at 30 C for 100 days, the vol une
mean particle diane PE&eferTele ekaBPLPEJOTI 02TBaPr FAFRSN RRSEEAFAted sl |
15 as 23 nm The obtai ned sol was spray-coated on_a gl ass 8| ate in_a

thi ckness of 2 EARIFARREINE GOIPOUBHS Bayd89dPed 28 VEoBAT ELMET at ur e
for one ek, thereby.farmng a tran rent a mooth filmon the surface
of the gl assqﬁﬁd%&éhl%%c %ﬂ‘ué’cé‘ngﬁ%?ﬁeapi Fﬁ’lq\x;s e%&/“ﬁfrugf) g%%@%%a% ni ng
how t he hydrophil |-Gi v.dro i Ci . he il c changed by
WV irradiation (Asdplg(%#e%ha?ﬁ é)}{e tthe g\/a%é% otrjl‘g\/\/aéSa p%&%“\r/t\ngta hgygg%‘éc?g?o t he
change in the comy anghs. of egr against the film25 surface). The
surface of the fi I‘%ﬁvgas al so ev(\z,aiﬁj)at ed 9 Cctober, 2002 134 with respect
to the photocatal yst activity. The re sults are shown in Table 1. Exanple 2
5 200 g of Nanotitania NIB-1 (trade nane of a hydro chloric acid-peptized
sol of brookite-type titani um ox ic@lg#cx@hzlﬂ(&:mgop,g{"ti cl e di anaker of
particles disper

15

wherein m represents an integer of from 1 to
1000 and R’ represents a hydrogen atom or a
~ straight chain or branched C;-C3g alkyl
group;
20 an allyl ether containing a sulfonic acid group or a
salt thereof, which is represented by the following

formula (17):

CI)HQOCHQCH=CH2

25 R OCHyCHO(CH,CH,0)nS03B (17)



sed in the sol: 8 nm Ti02 content: 15 ~ by wei g§tgctdBep red and sold
by Showa Denko K. K., Japan) was 10 charged int ogb 9ct m?lpped wth a
refl ux condenser, a thernmonmeter and a stirrer. Subsequently) 70.2 g of the
sol ution of conmpound (1) obtained in Refergpce Exanple 1 was charged into
the reactor over approximately 30 mnutes at 30 C while stirring, and the

resultant 15 mxture.in the reactor was stirred for. 10 hoyurs at, 30 Cto
effect a reactiSHeBP)Rﬁﬁ8£??£B¥%i%ﬁE93.vﬁY?FQRﬂﬁxﬁﬁﬁFRﬁj g Ho RSP 1 he

T P R R SE S  he SUB e
L8 8RR Hs L AT P Rl

QT T T e R S L, e
the absofbt 1 on ascri eyt BoRORT CFP gt Blpf 0t OURAT L ST Ee U HIGhot L ani a

NTE. 1 di sappear efndiiaticihe BBAKBURNLhOBAd,aho00PiLOR HAd gy obser ved

in5 the IR spectrumo for to the no iIcatron o e T102

particles. When 4 ptiaisaednok0ms bBhHOWBH:hon#haNdoRbokha Ae 3G for 100

“days, the volunme nean particle diarne ter o e nodifired Ti02 particles

was still as s nn i t aj |, [ arent and
smoot h fiIn1magq¢%¥%gd§§n%%ﬁ@n§ﬁ$?%ggg£{§i g?ggg&b%%tg ?RBSS 8gtantially

the same manner @gpdrtimprgtcupl. ekampivs baceueh thevbhlsuvesn evaddwi-ed by
exam ni ng how t he hyl1l5 drophilicity or hydrophobicity of the filmsurface

was chamged by WAted asbrad-cantalid rsurdoageunds theltiikmanaslef sw, eamml uat ed
Wi th respect to the photocatal yst activity. The results are shown in Table
1. 20 Exanpl e 3 a2y} efheaiQ 240 altivddestare of vanydl ethegnatadeat ype
titani um oxi de (wherein the surface of each Ti02 particle dispersed in the
sol is nodified MeFh REBKLLYEATRY),, aAhuARdePeRdgaLiycPavanandt BPT of
particles 25 dispersed in the sol: 15 nm Ti02 content: 2.4 ~ b 9

Oct ober, 2002 136THRFRRLITY RERNRRCRTET A% SVa thy TANARKLTENESFMES
LTD., Japan) was fgﬁrged into a reactor equipped with a reflux condenser, a
t her mronet er and & frrer. Subsequently, 23.4 g of the solution of conpound
(1) ob 5,tained in Reference Exanple 1 was charged into the re actor over
approxinﬁ ely 30 mnutes at 30 C while

-(CFZ)gCF3 (15)
~ wherein g is an integer of from 0 to 29.

20 With respect to the carbon-carbon unsaturated
bond-containing compound which can be used for intro-
ducing a hydrophilic group into the Si-H group-
containing compound represented by formula (14), exam-
ples of such carbon-carbon unsaturated bond-containing

25 compounds include an olefin, an allyl ether, a vinyl



stirring, and the resultant m xture in the reaﬁgggﬁggégngggzd for 10 hours
at 30 Cto effect a reaction of TO 240 wth co nodi fy the

Ti 02 particles 10 of TO- 240 to thereby obtain a sol containing nodified

Ti Oz particles well dispersed therein, wherein the volume nmean particle
dianmeter of the nodified Ti 02 particles was 17 nm During the reaction of
TO 240 wth conpound (1), hydrogen gas was generated. The volune 15 of the
generated hydrogen gas was 67.5 ml as neasured at 23 C. \Wen the obtained
sol was allowed to stand still at 30 C for 100 days, the vol unme mean
particle diame ter of the nodified TiOz particles was still as small 20 as
17 nm Using the obtained sol, a transparent and snooth filmwas fornmed on
the surface of a glass plate in sub stantially the same manner as in
Example 1. The sur faece of the filmwas eval uated by exam ning how t he hy
25 drophilicity or hyteaeiabncirepresentie anl imsegéacefwdsom D €zt ober, 2002
137 changed by WV irradiation. The surface of the filmwas al so eval uat ed
with respect to the pldto®it abpsesantsvaisyraigiet ratsadn mre shown in Tabl e
1. 5 Exanple 4 316 g of Jupiter E6-APS (trade name of _a sol of anatase-type
titani umxi de (mher@Fﬁ“FW@dsthébé éﬂkﬁécﬁr?PQZ paft PcFePHfspersed in the
sol is nodified wwth an apatite); volune nean particle dianeter of par 10
ticles dispersed in @S2 MELagenTadeM oA ALkads metapyafi@nght )

(manuf actured and sol d by Showa Denko K. K pan char dinto a
reactor equi pped wit % FeMFRRSIderesr © aspﬁé ﬁ%ﬁﬁ?graﬂﬂa UBtirrer

Subse quently, 78 g aof the solutio np 1 taln d 15 in

Ref erence Exanple 1 ﬁagl 1ﬁ%b%Ph§%F %@BgP&&ég gﬁﬂPg§|nately 30
mnutes at 30 C while stlrrlng, and the resultant mxture in the reactor
was stirred - for 10 hours at 30 Cto effect a reaction of Jupiter F6-APS
with co und (1) and nodify the Ti02 pﬁﬁéﬁ b ga 20 of Jupiter F6-APS to

t hereby obtain a sol containing nodifie particles well dispersed

therein, wherein the volunme nean particle dianeter of the nodified Ti02
particles was 61 nm During the reaction of Jupiter F6-APS with conpound

(1), hydrogen gas wasyereimt&gkn 29r e wd? W of*lt beagsaedat €dy hydr ogen
gas was 85.7 m as
represents a hydrogen atom or a straight

chain or branched C;-Cpg alkyl group unsub-
15 stituted or substituted with a hydroxyl
group; and
5-norbornene-2, 3-dicarboxylic anhydride.
~ Examples of carbon-carbon unsaturated bond-
- containing compounds used for introducing a reactive
20 group into the above-mentioned silicon compound con-
taining an Si-H group represented by formula (14) in-
clude olefins, allyl ethers, allyl esters, vinyl ethers,
vinyl esters, (meth)acrylic esters and styrene deriva-
tives, each of which has at least one reactive group

25 selected from the group consisting of an epoxy group, a



9 Cctober, 2002 138 neasured at 23 C. An IR spmi ned in
substantially the sane manner as in Exanple 1. T spectrum
showed that the absorption ascribed to a Ti-OH group of Ti02 particles in

Jupi ter F6-APS di sappeared, wherein the above-nenti oned absorption had been
observed in the IR spectrumof T102 prior to the nodification of the Ti02

particles. Wien the obtained sol was allowe 2to stand still 10 at 30 C for
100 days, the volune nean particle dianme tef“of the nodified T102 particles
was still as small as 80 nm Using the obtained sol, a transparent and

snoot h fil mwas (frerthedharyldEl surdugee af avigl ashydrdtde gmospb &S5kstantially
the sanme manner as in Exanple 1. The surface of the filmwas eval uated by
exam ni ng how t lerdup droptarbhexyly arotydrafiystiagiing gicoulpe BN dsogvhace was
- changed by W irradi-ation. The surface of the filmwas al so eval uated
with respect to ndee hoewratan yssotieayPmtia [grompe Bedyidroxaile IERBBA i n
Table 1. Exanple 5 100 g of STS-02 (trade name of a hydrochloric

aci d- pepti zed st G3MERRAt FBERUP y R ~EYE G LPAKHARREe BEIOWP2 BN 3Re &5 tEarti cl e
di aneter of particles dispersed in the 9 Cctober) 2002 139 sol: 18 nm

Ti Oz cont®nt: 309R°¥R- weight, average crys tallite diameter: 7 nmwhich is
a val ue described in the catal og, vjscosity: 175 cps manuf act ured and

sol d by Ishihara SangyotRerEsd, Specitioy Plaﬁfdoﬁ“)g“r “W&a%'?}oé’r WRer e
charged into a reagt or eguégggd vvi{_jh,a refl ux condenser., a her nonet er and
a stirrer, and the PE&EF% APRPEFERY { AR S P h et #1550 ¢

St 12 USSR Lboc Pl Sho b oty SRS

obt ai ned i n Referénce was~ ¢ I nto eactor over

approximatel y 3003 BukSS RhoBll) Folbilee SLALLI NI 41 1AM Lok syxt ur e

in the reacfor S” st r urs at 5 ect” a reaction “of

STS-02 wiph conpgundr(lhiandyiPghinalAe T Gnpar thddiPfadiy 2% 0%,@Rd, then,

cooled to roomtenpera 15 tufre, to thereby obtain a sol containing nodified

Ti Oz particles wekbtdhaper,se@dniyhenei §1yvber i (méi1g) a@tyIere, maleic an-
hydride, 5-norbornene-2,3-dicarboxylic anhydride, 5-
hexen-2-one, allyl isocyanate, allyl alcohol, ethylene
glycol monoallyl ether, allylamine, allyl isothiocya-

15 nate, allylsemicarbazide, (meth)acrylonohydrazide, and
4-allyloxymethyl-2-oxo-1,3-dioxolane.

Examples of carbon-carbon unsaturated bond-
- containing compounds used for introducing a sensitizing
group into the above-mentioned silicon compound con-

20 taining an Si-H group represented by formula (14) in-
clude olefins, allyl ethers, allyl esters, vinyl ethers,
vinyl esters, (meth)acrylic esters and styrene deriva-
tives, each of which has the above-mentioned sensitiz-

ing group. Such a compound can be easil§ obtained by

25 reacting a carbon-carbon unsaturated bond-containing



mean particle diameter of the nodified Ti02 partg gRepeas269pznm During the
reaction of STS-02 with conmpound (1), hydrogen ggzis—mn_Jwa‘nFr—ated. The
vol.une of the 20 generated hydrogen gas was 200 ml as neasured at 24 C. An
| R spectrum was obtained in substantially the same manner as in Exanple 1.
The obtained IR spectrum showed that the absorption ascribed to a Ti-OH
group of TiQZ particles in STS-02 di sappeared, wherein the 25

above-nmenti oned absorption had been observed in the IR 9 Cctol ~er~ 2002
140 spectrumof Ti 02 prior to the nodification of the Ti02 particles. 48 g
of butyl cell osePv@onas faydaa ¢heq apoge-meataboed- sbaaihed gopuntwitom
tenperature (23 C) over ap 5 proximately 10 m nutes while stirring, and the
resul tant m xt&r €eRgs- Kanecdye v ishadsr Fepetivadeitheheeabpressure
using an evaporator so as to renove the water in the m xture. Subsequently,
an appropriate Heptdnsd FFAAtivE 1993Pre was added to the mixture so that
the 10 solids content of the resultant m xture hecanme 6 ~ by weight, to
thereby obtain an or §&¥oSa Y Ror i"ieRy ther yeacdivesgroBr (a8  5hai SpEF si on
medi um havi ng | I disgper sed therein nodjfied TiQ2 particles, .wherein the
vol ume nmean par 3 EH %t”é}s%?uﬁ%‘il&ﬂ“ﬁ'é:@“ﬁaé’? Sr FPW8§H§51%5353 nm

When 10 g of the oht aj or,ganosol was di.l ut.ed with_10 of toluene and
allowed to stanéesctqﬁa# ntglgon}o t%ﬁﬁ)%pr aCtOlPrsé‘sfuc&tngG °r?or?Ph§P%€‘P{e96Pb‘8no§ol was
stable and ,. t 0€C £, of gar.egati t di .20 f
ied Ti02 parti cﬂg{ﬁl&?&t %C%fh%gﬁiﬁ%ﬁl © L%Ila(ﬂ1 ‘t %él g%toac‘yr%é% S %r?o o] ,aga

transparent and iw{bé}éﬂgy@:‘%ﬁlg{;%%%ﬂ% %r%]sz%%%t%f o a'ts%gp%gt_e in

substantially the same manner e surface o Il mwas

eval uated by 25 @@ngrbhg, oW d e dysliopiid I£1 (e Q) ddneRhoki Gy, af 9
Oct ober, 2002 141 thn% flimﬁgm surf ac%ymg change(él eby )UV i r%?dli l;ft“}'ti cl)ltrlljy The

surface p§ the fddmeiaszahgodpyal slal€sd WHICH esecit ikddie gaoteeri-al yst
activity. The results are shown in Table 1. 5 Exanple 6
tional group selected from the group consisting of an
amino group, a carboxyl group, a hydroxyl group, a hy-
drazine group and a (meth)acryloyl group.
On the other hand, when the reactive group of the
15 carbon-carbon unsaturated bond-containing compound is
selected from the group consisting of an amino group, a
carboxyl group, a hydroxyl group, a hydrazine group and
- a (meth)acryloyl group, a sensitizing dye is used which
has at least one functional group selected from the
20 group consisting of an epoxy group, a (cyclic) acid an-
hydride group, an isocyanate group, an isothiocyanate
group, a cyclic carbonate group, an ester group, a keto
group and a (meth)acryloyl group.
The reaction of the carbon-carbon unsaturated

25 bond-containing compound having the above-mentioned re-



300 g of Tinoc A-6 (which is the same as in ExamgpbetéhergooRarged into a
reactor equipped wwth a re flux condenser, a t hefmoneter and a stirrer.
Subse 10 quently, 8.8 g of the solution of conpound (2) obtained in

Ref erence Exanple 2 was charged into the reactor over approximately 30
mnutes at 30 Cwhile stirring, and the resultant m xture in the reactor
was stirred for 24 hours at 30 Cto effect.ﬁ reaction of Tinoc A-6 15 with
conmpound (2) and nodify the Ti Oz particles d# Tinoc A-6 to thereby obtain a
sol containing nodified TiOz particles well dispersed therein, wherein the
> vol une nean padtigdie doametditiof seasitdizingd dyeoFhpaht L8 E8aGREVEI8 nm
During the reaction of Tinoc A-6 20 with conmpound (2), hydrogen gas was
generated. The vbHhethst %QR¥§ﬂﬂﬁﬂﬁﬁﬂﬂfdh%@P@&éﬁeg§§°%@s1933ﬁge§§eﬂe%%‘ured
at 23 C . An IR spectrumwas obtained in substantially the sane manner as
in Exanple 1. THEOHAMNSI DR heasimmtPs a86kdd oPhdemPREAEBESr pf o7
ascribed to a Ti-OH group of 9 Cctober, 2002 142 Ti 02 particles in Tinoc
A-6 disappeared,t¥ﬁﬂﬁhﬁ?§gqﬁ?%ﬂﬁﬁRﬁqﬁﬁﬁi%ﬁ%&f“&b@@@p@?@nlﬁ§8 BE&EN2BBSRT ved

inthe IR t f 11Oz ' to, th difi ' ft Ti Oz ticles.
Fur Chor, & ho | R RDREES i 20 85 Gt (ASRAP B A% e GY0F £%ath8 SRRON | de

groups (derived nggnor oy nene- 2. 3-di carhoxylic hydr.i de d for
produci ng conpou%%&? Ol\llérlelpcﬂle%vceacr Oyn rqaﬁgqoébélrﬁs%g%u%gggg’l gﬁ.ESV\hen t he
obt ai ned sol was

t] f 0 " I
mean particle di%?rﬂgjcﬁ%ﬁgréé O%‘?rﬁ}?ﬂgnéfm%ﬁl#ig{c? %’3’(?% pogttljnc ggﬁﬁéogltglil ?/oagrre
smal | as 78 nm Usipg hhetﬁ’@ti@éx‘f@.gtfﬂng Add .an%%ftﬁak,ﬁﬁ_goﬁﬂméhv{é&m was

formed an the surf ace of a glass plate in sub stantially the sanme nmanner

as in Exanpl e 1.pdhgtserlbné aseawiiite df |fRase sl AR de ,examigi ng how
the hy drophilicity or hydrophobicity of the filmsurface was changed by W

irradiation. Thepserégecedothabethe | reaesial sis evptdaiat ay tah vetpeeat to the
phot ocat al yst activ ity. The results are shown in Table 2. 20 Exanple 7 300
g of Tinoc A-6 (Whrehofs300e® Gaoe hsss n roraen gl wariagwmsasihyarfgecth iontto a
reactor equipped with a reflux condenser, a thernoneter and a stirrer.
Subse 25 quentlyl589°@.g of the solution of conmpound (2) ob 9 Cctober,
2002 143 tained in Reference Exanple 2 was_charged into the reactor over

approxi matel y 30 ni nufBsM&ERad €ahni te RYSFesibly kil ath & aasddiona®e i xt ur e

in the reactor vv%s stirLed or 24 hours at 30 Cto effect a reactjon of
ween the above-mentioned carbon-carbon unsaturated

15 bond~containing compound and the above-mentioned sili-
con compound containing an Si-H group (which compound
has an average structural composition represented by

- formula (14)) can be effected by contacting the carbon-
carbon unsaturated bond-containing compound with the

20 silicon compound containing an Si-H group at a tempera-
ture of from 0 to 200 °C, in the absence or presence of
an organic solvent and preferably in the presence of a
catalyst.

As catalysts for the hydrosilylatioﬁ reaction,

25 platinum group metal-containing catalysts, i.e., com-



5 Tinoc A-6 with conpound (2) and nodify the Ti gz EErEi cigaaof Ti noc A-6
to.thereby obtain a sol containing nodified Ti |1 di spersed
therein, wherein the volune nean particle dianeter of the nodified Ti OZ
particles was 190 nm During the reaction of Tinoc A-6 10 with conpound
(2), hydrogen gas was generated. The vol un& of the generated hydrogen gas
was 72 m as neas ured at 23 C . An IR spectrumwas obtained in

substanti al |y (iR fiAfitleriitl  (REUIRNE ba1TaR10R, 2b8RALH R epegts um 15

showed that thé absorption ascribed to a Ti- group of Ti02 particles in

Tinoc A-6 di sappea©th1BIHEE tirdd & ARAM-TENHEORREs @S £t {0 Rash-been
observed in the IR spectrumof Ti02 prior to the nodification of the Ti02

particles. Furtdindd hend RERecd v oy idﬁ@%z@f@&r&@.”&d&ﬂﬂésc acid

anhydride groups (derived from 5-nor bornene-2, 3-di carboxyl i ¢ anhydri de

used for producdfgsEONPELAEL il )coMicurtd Lavra dde 3 IEtAIGuaPEnINgcheact i on.

When the obtained sol was allowed to stand still at 30 C for 100 days, the
vol ume ngan partidée Ryaregedd tetradhldwopmetifie 13 paikiteches wae) still
as smal | 9 Cctober, 2002 J. 4 4 as 198 nm Using the obtained sol, a

transparent andcilshopiliefi hydregend dieredcloinidiel siirfetee (afV)g gmassiphate in
sub stantially the sane manner as in Exanple 1. The sur 5 face of the film
was eval uat ed byeraahinropglabinate OIVYHr gpdtdssidny herxdordioopipdbiténayeof t he
filmsurface was changed by WV irradiation. The surface of the fil mwas

al so eval uated WEVh.r pdpsénumo(ihe hyndrochdeal petinast (V) gipxidehdiohtargldis are
shown in Table 2. 10 Reference Exanple 3 [E)reparati on of a sol containing
fl ake- shaped Tivelgpentadigngb]platdngn gﬁ), batinpmgel Mgkl fxanet SOMRAESx| de
pow der; average crystallite diapneter: 20 nmwhich is a 15 val ue descri bed

in the &8tal og)2( REAGLIEMGPRASBRENE oFAMPYe¥ shd nRtat Byt a&dins KamPL g,

J d 7.2 f i t i xed, t th i tar. Th
P eaul tant ' xPOReT RIS SBFPBANT 0" BeEBYR BEE B ALY i IR Bre, and
subj ected o cal,gLpali08 by BER|P0A3La20, B00,C [0, 30, m myLes usigg an

el ectric furnace, 1o j‘nereby gecorrpose e car onatséu%ar%. e resultant

cal ci nation prodygls was o lansherr edubf 280 96AvAg, | 014 8R! tAlsARdg then,
agai n cal ci ned at 800 Caf or 40 Eours to thereﬁy obtain cesiumtitanate (
CsXTi ~2_X/ 4~~a karbon or the like. Examples of palladium compounds
15 used as catalysts for the hydrosilylation reaction in-
clude palladium (II) chloride and palladium (II) oxide.
Examples of organic solvents usable for the hydro-
- silylation reaction include aromatic hydrocarbons, such
as toluene and xylene; aliphatic hydrocarbons, such as
20 hexane, cyclohexane and heptane; esters, such as ethyl
acetate and n-butyl acetate; ketones, such as acetone,
methyl ethyl ketone and methyl isobutyl ketone; ethers,
such as tetrahydrofuran and dioxane; amides, such as

dimethylacetamide and dimethylformamide; -halogen com-

25 pounds, such as chloroform, methylene chloride and car-



25 (x = 0.68) (orthorhonbic crystalline powder). 9 Cctober, 2002 145 300
g of a 1 N aqueous hydrochloric acid sol uti on w@Oekgabers 2002 of the

obt ai ned cesiumtitanate, and the resultant m xture was stirred at room
tenperature f or 3 days. The resultant reaction mxture was fil 5 tered
(through a 5Cfilter paper) to thereby obtain a residue. The obtained

resi due was washed with ion exchanged water, and the washed resi due was
dried at 100 C for 3 hours to thereby obtaime 5.1 g of titanic acid
(HXT1~2_x/4~~4'nH20) (x = 0.68) (crystalline powder), 10 in which cesium
ions in the aboye-o ' iqum tai. t te cepl i ons.
£ Known  naboRT yerReap T ot aime ALy UTEGxi 88 B8 heclel R, | 005
g of a 0.1 nol/ e l Lt i f ra i ydr oxi de. added
P05 g of the obreY e K B e e e s
shaken at |50 rpypdyy nmeans of a shaker, to thereby ob tain a sol containing
T102 particles (in the formof = fine flakes), wherein the vol une nean

particle dianmeter of yei& Tiad? HY1lEn@teSnaS hhBeNBe18Q FXEAPLEsSeSPO of

the sol obtained in Reference Exanple 3 (containing flake-shaped Ti 02

particlesy was gRat3Rd (U) nchtiHIDaRA RREGNY L @hEehbdXogongenser, a
25 thernoneter and a stirrer. Subsequently, 5.8 g of the 9 Cctober, 2002

146 sol uti on of gwgIonty (d)s obtEdmetbrpbuiel &yited nfEixanmahesi-wagretpr ged
into the reactor over approximately 30 mnutes at 30 C while stirring, and
the resultant mwiiole compdend deed ;v A tsitarriegpairdringOglroups at 30 C 5 to
effect a reaction of the sol with conpound (1) and nodify the fl ake-shaped
Ti Oz particles of thAsdcxampldrerahcatiiaicaree weatyratad hoddfied Ti 02
particles well dispersed therein, wherein the volunme nean parti cle

di amet er of the eeRidivtngicompernds|kaving a 20aAH1VEQ IDQPngWRAELr 8Bt i on
of the sol with conpound (1), hy drogen gas was generated. The vol une of

t he genet@ted hm%wga%t%% %.113?7 ‘%‘I‘elé% R RG PEndLopgdCthgy EAMENe

obt ai ned sol was allowed to stand sti|l at 30 C for 1QQ days, .the_vol.une
mean particle di GHEPYERERr 231 ARG FRYVYi 0 PUFeHER &ﬁs?hsf"lefc%ogs

smal | as 143 nm(a). In method (b), the hydrosilylation reaction be-

tween the above-mentioned carbon-carbon unsaturated
bond-containing compound containing a reactive group

15 and the above-mentioned silicon compound containing an
Si-H group (which compound has an average structural
composition represented by formula (14)) can be effect-

- ed under the same conditions as those for the hydrosi-
lylation reaction in method (a).

20 According to method (b), by effecting the above-
mentioned hydrosilylation reaction, there can be ob-
tained a silicon compound containing an Si-H group and
a reactive group wherein the silicon compound has an
average structural composition representéd by the fol-

25 lowing formula (18):



Usi ng the obtained sol, a transparent and smooth filmwas forned on the
surface of a glass plate in sub stantially the 9:0ctehenc2002 i n Exanple 1
The sur 20 f ace of the filmwas eval uated by exam ni ng how t he hy
drophilicity or hydrophobicity of the filmsurface was changed by UV
irradiation. The surface of the filmwas al so evaluated with respect to the
phot ocat al yst activity. The results are shown in Table 2. 25 9 Cct ober,
2002 147 Reference Exanple 4 (Synthesis of 7dn Si-H group containing silicon
conmpound (3) which is self enmulsiffable in water and has a | adder shaped
skel eton] 1,400 g of dioxane, 25.9 g of trichlorosilane and 5 51.6 g of
methyl trichlorosilane were charged into a re actor equipped with a ref |ux
condenser, a thernoneter a tof I , followed by stirgi at room
tenperature f or approxi m?g?%giﬂxﬁiﬁ{ﬁf'é’é‘?’rﬂ”t he resul ta%t@gm xture was
dropwi se added a m xed solvent of 14.5 g of water 10 and 58 g of di oxane
over approximately 30 mnutes while stirring and nmai ntaining the
tenperature at 25 towBB8r&inftoll owed by further stirring at 25 to 30 C for
approximately 30 m nutes and, then, at 60 C for 3 hours, to thereby effect
a pol ycopdensati on reacti eachf othr dbhdsk! ageas dbeinesufdantoreaction
m xture was cooled to 25 to 30 C, followed by addition of 65.5 g of
trimethyl chlo rosil amelaTg4tthe resultant was added a m xed sol vent _w of
5.4 g of water and 22 g of di oxane over approxi 20 nmately 30 m nutes while
stirring and maintai ni ng theht ohpend¢pemdant PP tep3baitd @ Imomed by furt her
stir ring at 25 to 30 C for approximately 2 hours, to thereby performa
further pol ycondensatigdgnitegeopenhavhagr asuleast peacreaativ®ture was taken
out of 25 the reactor and the solvent was distilled off at ap 9 Cctober,
2002 148 proxi mat el y BOUWR FedEcteddiEen $PesgarEP £ABFEBYIBE PAi ning an
Si-H group-containin%ggilicon conpound havin 3 | adder shaped skel eton and
I 1%# r

a wei ghtt%verage nmo FPLXYWSTGNP - 013 263T 8rAtPref referred to as a 5
"| adder type silicon ¢ ound") .. The obtai ned .l adder .type silicon conpound
was subjected to IR §5§§chﬁ§f%9:gFﬁuPHeaPRa§6ngP§¥95¥ PhPE°E8rmpound,
absorptions at 1,130 ¢ a 05 ) i.C re asgri o the | adder
st eeped skel et on) vveraer%%tsoe;%e#p '1% gl.rp_é?%gaz\(g‘\‘?‘et ﬁl@dd%ﬁ nggytgi licon
conpound obt ai ned abqyg dap-Hips Arny ad dth & G 2fa tiligHoupe! Iaoggl_ve, and,

then, 8 mMl of a 1 N aqueous sodi um hydroxi dé solution was added thereto, so
that hydrogen gas wasi@eher aj@shp anth tde neolgremmf o kg cgaerekcaired hydrogen

gas was 46.2 15 ml as neasured at 24 C. The Si-H group content of the
15 bonate group and an ester group, and
P. g, r and s satisfy the following re-
lationships:
- 0 < p < 4,
0 < g« 4,
20 0 sr < 4,
0 <s < 2, and
(p+g+1 + 8) < 4.
Further, in method (b), with respect to the func-

tion-imparting group-containing compound-to be reacted

25 with the silicon compound containing an Si-H group and



above-nenti oned | adder type silicon conpound, as calcu lated fromthe

vol une of the generated hydrogen gas, " was 4.52 Qetoberr2@03f the
above-nentioned | adder type silicon conpound. 20 Subsequently, 10 g of the
above-nmenti oned | adder type silicon conpound and 20 g of tetrahydrofuran
were charged into a reactor equipped with a reflux condenser, a thernoneter
and a stirrer, and the resultant m xture was stirred while maintaining the
tenperature at 30 C. 25 To the resultant niygture was added 0.2 g of a 2.2 ~
by 9 Cctober, 202 149 wei ght xylene solution of a

bt ai zzgﬂ by f <ol VARG 1S 5E0ER it Aamiind deea o (v e o
j ; C9H19
CrpoHD( o0Ho0N T ShaRb P e 5o LM AT oo CFEETE e ot

KOGYO K. K., Jap, 1139 when gﬁgfragaﬁfw 9%%%%e@ﬂfﬁcéﬁeéé}@ma&ure

over approxi mate hours while strrrin mai nt ai ning t nmper at ur e

at 30 G, fol'OV@SnbxiMﬁbhsg_ §ilH dPofip "Endla 3PebctPle 3gROMS Sis tdier eby

obtaining a solution of an Si-H group-containing silicon conmpound (3) which

is self-gnulsifiabtgql prisat %ﬁeaagoﬁﬁsc@néﬁgéfﬁgs&ﬁ?%ﬂn%?éggl gf@wp,

an
(hereinafter referred to sinply as "conpound ~.~ g of butyl

cell osol ve was addadahayardael yedupl,t Anliddcphnkbe §PbUHI 0An of seemound
(3), and, then, 8 m of a 1 N aqueous sodi um hydroxi de was added thereto,

so that hydrogesygaateagrgaper at e¢clasdchbhBonat8ngréhipt hengesesat gtbup,
hydr ogen gas was 43.4 m as neasured at 25 22 C. The Si-H group content of
conpound {3), as kalto g¥olpt ahdr o 20@2h}86rglbmledrbnpm aheunotiom- of t he
gener ated hydrogen gas, was 0.961 nmol per g of the solution of conpound
(3) (approxi nat émpaztdshagmegioupecoptefindngpoamgopsyl) Lss5ureflevbhck Exanpl e 5
[ Synthesis of an Si-H group containing silicon conmpound (4) which is self
emul si f 1&bl e inaﬁaﬂéﬁsgn@nWa§U@C¢é@@ég QﬁaﬁédSgkéggﬁénFrQEStbeoﬂr@P@xane
and 25.9 g of nethyltrichlorosi |ane were charged into_a reactor equi pped
with a reflux 16°8SIddANG 0% ath&MHHReGEPIBNd 32 CEFPPXEL, SEBHPond by

stirring at room tenperature for roxi mately 10 m nyte To the resultant
m xture was droghqggga&ﬁﬁﬁnh ﬁﬁ%@%ﬁgﬁﬁ9§n9r8P%49?dgao mﬁ%PéPcﬁﬁ Olg_g g of
di oxane over ap QK?gatg y % %] %e ﬁﬁil gl ng, apd; pRi 3g%t i ni ng
t he tenperatureggi _tOBS(g§l ,B%OF oﬁ% byﬁ?gét%er g?lrr%ng Qf 0 30 C
for approxi mat elgp 3 1 1L o Aburld @on 13l A gCahOk 13 @Ry bat Bereby ef
fact a pol ycondensation reaction. The resul tant reaction m xture was
cool ed 1165 25 t0 Qbtive group is selected from the group consisting of
an amino group, a carboxyl group, a hydroxyl group, a
hydrazine group and a (meth)acryloyl group, a function-
~ imparting group-containing compound is used which has
at least one functional group selected from the group
20 consisting of an epoxy group, an acid anhydride group,
an lisocyanate group, an isothiocyanate group, a cyclic
carbonate group, an ester group, a keto group and a
(meth)acry-loyl group. The above-mentioned function-

imparting group is the same as function—imparting group

25 Q in formula (4) above (representing an average struc-



20 30 C, followed by addition of 25.1 g of dinmethylchlo rosilane. To the
resul tant mxture was added a m xed sol vent of QiéﬁighsiLaﬁﬂar and 6.24 g
of di oxane over approxinmately 30 m nutes while stirring and naintai ning the
tenperature at 25 to 30 C, followed by further 25 stirring at 25 to 30 C
f.or approximtely 2 hours, to 9 Cctober, 2002 151 thereby performa
further pol ycondensation reaction. The resultant reaction m xture was taken
out of the reactor and the solvent was distglled off at ap proximtely 60 C
under reduced pressure, thereby ob 5 taining an Si-H group-containing

silicon conpoun I | shaped skel eton and a meight aver age
nol ecul ar meigh?uggx b?@BQf%g?gﬁaéfter referred to as a "l adder type

Si i con compound') . Fhe SOLELRGH G- Hhar OLPrEAN Aldih ddAal AampPaNNd, as

subjected to IR 10 spectronetry. pectr this co

sorptions at 1, $30uC@rduandnd. Q59e58f%vemgfﬁ@pa(ﬁhféhcﬁé ﬂé’ﬁéﬁaahadder

shaped skeleton wer € observed. 0.44 | adder type silicon conmpound

ob tained abOVea%%a@'eS%QE‘A%Qu&:BlSCQmﬁst?HiUﬁ PELIOSONVER By Sdkhullahen) 8
m of a 1 N aqueous sodi um hydroxide solu tion was added thereto, so that

hydrogensgas wagiggnekidhed, randtiba-¥RbuiRiNg §heugeser a4 egh iy dsgen gas
was = 40.9 m as neasured at 22 C. The Si-H group content of the

above- nment i onedpbatide whiiype is$i reaenigenpoundthass 20ie6h cobrapeand rixm t he

vol une of the generated hydrogen gas, was 3.75 mmol per g of the

above- nent i oned elffeddred ymeesi lcoadd tdonpowhdre Snbskegueattyiod Otgmmdrd-he
above-nentioned | adder type silicon conpound and 15 g of di oxane were
charged 25 i nt o tainesacte@dctdgm predswireh zepofliar sohventeandathe A idst ober,
2002 152 thernmonmeter and a stirrer, and then, the tenperature was el evated
to 80 C while s ié\i@roﬂiér@tedYs@Ieétepéﬁd@btiapﬁééiby gns§bevivpe % of

Uni ox MJS-8 (mhlch is the sane as used_ in Reference Exanple 1) and 0.1 g of
aby>s bﬂihelght they gredisaniole SHanR 3R dhenydidgen ﬁ@%EEHPGrénﬁIEP?rﬁXRﬂI\O

hexahydrate in 2 di oxane was added m xture ov
ooy iat oy okiF riath e R ey A the. ERBETS AR BRFE Per stirring

at 80 Cfor 2 ha H&(%)s%pse uent coollng FOr on1t§n110 erat ure thereby

obtaining a soI ro&b @ghtalnlng S11TEon c&hﬁﬁﬁﬁ?%} whi ch

i's selfenuIS|f|qg§et iy g%gﬁ¥lf€?jéfiifi ggd%gg ?peq Fgoggg@egggaelnafter

referred to sinply as "conpoun ol ve was added to
and nixed 15 wi t¢hdt 4end @éaé’tlf‘foﬁQ.éltémd%fedcﬁ'fpﬁu'%@mb@kat%&@ ofhen, 8 ni

of a 1 N aqueous sodi um hydroxi de was added thereto, so that hydrogen gas
was genermted, a0wbthe or less, more advantageously from 0 to 150 °C.
In the present invention, as examples of methods
for obtaining the modified photocatalyst sol containing
~ photocatalyst particles modified with a modifier com-
pound having the above-mentioned function-imparting
20 group, there can be mentioned:
(I) a method in which a photocatalyst sol is subjected
to a modification treatment with the silicon compound
containing an Si-H group and a function-imparting group

(which compound has an average structural composition

25 represented by formula (4a) above) in the above-



vol une of the generated hydrogen gas was 28.0 ml as ~~ri % neasured at 22
C. The Si-H group content of the solu20 tion co® @ctphgrc3@02und (4), as
cal cul ated fromthe volunme of the generated hydrogen gas, was 0.795 mol
per' g of the solution (4) (approximately 2.98 mmol per g of conpound (4)).
25 Exanmple 9 9 COctober, 2002 153 500 g of Tinvc A-6 (which is the sanme as
used in Exanple 1) was charged into a reactor equi pped with a ref | ux
condenser, a thernmoneter and a stirrer. Subd® quently, 15 g of the solution
of conpound (3) obtained 5 in Reference Exanple 4 was charged into the

reactor over apge@tiied Ynadthdd;NWn@s at 30 C while stirring, and the
resultant mxture in the reactor was stirred for 24 hours at 30 Cto effect

a reaction of Ti(ug A mWttbc ampeieh( 3) pabdotadillystheoT102 pasidctes of
Ti 10 noc A-6 to thereby obtain a sol containing nodified Ti02 particles

wel | di spersed tdierel na whEr®idntiivh weldatmemawipdr thel eidiaont eomof the
nodi fied TiOz particles was 53 nm During the reaction of Tinoc A-6 with
conmpound (3), hydnogercgasawasngenersit-el.grbuwp Bndvel weacafivehgrgeper at ed
hydrogen gas was 40 ml as neas ured at 23 C . Using the obtained sol) a
filmwas % ornmed (whidlte congamendrerae ramasaviarageamiimicturaid colwpobatied fil m
was y subjected to spectronetry in substantially the same 20 manner as in
Exanpl e 1. The I"Rppeeented dhy afomdilsy (1 stbeotalomendy tdisoweduilhantt he
absorption ascribed to the Ti-OH group of Ti02 particles in Tinoc A-6 disap
pear ed, wherei n il Ebegblomprotiet dus cryhiastethd beededsddionedith the IR
spectrumof TiOz pr~.or to the nodi 25 fication of the Ti02 particles. 9
(ct ober, 2002 15HWSHRPOYRZ B HPRRA KHIC kR AMRARI 1% IRt COPIEREANARI30 C

for 100 days, the volu mean particle dianme ter _of the nodified T102
particles was stfPTPREPEE BRI BRI TR NG (HE FAEHEE $5°UPa

t ranspar egt and srmotfnf[iné{?m' S {Pf dvoen ttgue sru%&%_ecnofofatgllealsn%dglfgt_e in
sub stantrally the sane manne %\s n anpl 9. e sur
cation product (photocatalyst sol modified with the
silicon compound containing an Si-H group and a reac-
tive group) with the functilon-imparting group-
containing compound which 1s reactive with the reactive
15 group can be effected under the same conditions as tho-
se for the reaction of the silicon compound containing
an Si-H group and a reactive group with a function-
~ imparting group-containing compound which is reactive
with the reactive group of the silicon compound wherein
20 the reaction is conducted in method (b).
It is preferred that the modification treatment of
the particles of a photocatalyst with a silicon com-
pound containing an Si-H group (which compound has an

average structural composition represented by formula

25 (4) above) is conducted at a temperature of from 0 to



face of the fil mwas eval uated by exam ning how the hy drophilicity or

hydr ophobicity of the filmsurface was 10 chang&c@&k&é&h&&ﬂ& ation. The
surface of the filmwas al so evaluated with respect to the photocatal yst
activity. The results are shown in Table 2. Exanple 10 15 500 g of Tinoc
A-6 (which is the sane as used in Exanple 1) was charged into a reactor
equi pped with a reflux condenser, a thernonmeter and a stirrer. Subse
quently) 10.8 g of the solution of conpoundd¥4) obtained in Reference
Exanple 5 was charged into the re 20 actor over approxinmately 30 minutes at

30 C while stirniongr canddele dotidltlidils RMinklrdna anchHgome@c‘bmcwa@uﬁl rred
for 8 hours at 30 Cto effect a reaction of Tinoc A-6 with conmpound (4) and

nodi fy the Ti 02 taanld e Qe nbidi¥gelrt iloh -IddIieB% a@bAl BaBaSPbt COME adMi NY
25 nodified Ti02 particles well dispersed therein, wherein 9 Cctober,

2002 155 the volsime npauppart 16l 1l IAmRIE lorOfe Heh @ uredbé i 68 Th@2Zppatrii cles
was 29 nm During the reaction of Tinoc A-6 with conpound (4), hydrogen gas
was generated. Hizs/ adfumheofpidigarndnaited hydrogen gas was 100 ml as 5
neasured at 2 3 C . Using the obtained sol, a filmwas forned in the sane
manner assin Exanpl e I tded dase foff gk fudemofasheubpevtedenbispedtcanet ry
in substantially the same manner as in Exanple 1. The IR spectrum obtai ned
by 10 the spect rromnd y( etk t heamphundbsdristh dwngddonbedst 6 GhbydroOH
group of Ti02 particles in Tinoc A-6 disappeared, wherein the

above- ment i oned YA vrPNRRN SRtGon Radats i fath@n Rispeereum. okh&i 02
prior to the nodi f ication of the Ti02 particles. 15 Wen the obtai ned sol
was all owed to JPhHEk¢3tion:toenment gotlb%l)%arttif?ée\?olo@né RBRAOCF&ERI Cl e
diane ter of the rmdlfled Ti 02 gartlcles was still, as snall as 30 nm

Usi ng the obt ai n]e‘éfs%o‘f B 3 rShbhaP R ntOmR R g H g inY r‘?mnwas% “Hoff8HPon t he
f | t b. st lly th EX le 1.
The surt Qe of (Y rrf rpondegten cablhe R PY & e iR HOn Ry e SBRAT oty
or hydr ophobi ci ti’ 9{ é&ﬁ;}éﬁ fé"é@% 1%‘ EQSijiﬂ/zeW | ”t‘;i]‘x | 3R The
al s0

surface of the fil [ h respect {0 the phot 5cat al yst

activ. 9 Cotobegy @QQZPAé@obwa:JQ@ bﬁfk‘iéfeér@y Shomty ighokafletn’t 16%anpl e

-

method or the like, or by a method in which the modifi-
cation treatment is conducted in the presence of the
15 catalyst compound which is not previously immobilized
on the surface of the photocatalyst particles. 1In the
latter, during the modification reaction, the catalyst
~ compound is immobilized on the surface of the photo-
catalyst particles by physical adsorption, photoreduc-
20 tion or the like and, then, the photocatalyst particles
are modified with the silicon compound containing an
Si-H group.
The term "compound which functions as a dehydroge-
nation-condensation catalyst for an Si-H group” means a

25 compound which accelerates the dehydrogenation-



50 g of Tinoc A-6 (which is the sane as used in 5 Exanple 1% was charged
into a reactor equipped with a refl ux condenser ,2 and a
stirrer. Subse quently, 6 g of AciplexTM SS950 (trade nanme of a 5 ~ by
wei.ght et hanol /water (weight ratio of ethanol to water - 1:1) solution of a
fluoro resin having a sulfonic 10 acid group, manufactured and sold by
Asahi Kasei Kogyo Kabushi ki Kai sha, Japan) was charged into the reactor
over approximately 30 mnutes at 30 C whilesgtirring, and the resultant

m xture in the reactor was stirred for 8 hours at 30 C to cause adsorption
of Acipl exTM_ 15c@8d&Eis anidin moeadt toransf nodi $i-H hoolip 02 gharn elces.vef Ti
noc A-6 to thereby obtain a sol containing nodified Ti Oz particles well

di spersed t her eimydmbgernt ol beimbag drouyp wiel glaris qimeestirdneinerthef stire

nodified Ti OZ particles i".. was 15 0 nm. 20 Wen the obtained sol was
al l owed to standfacé¢| of athgOp@rtibcld9ofialize phetonatalydtume withi cl e di ane
ter of the nodified Ti02 particles was still as small as 147 nm Using the

obt ai ned sol, a ¥2E®Eparehhe ahtks nodter o fexammkes fof meat ot tiyeregenace of
a glass plate in sub 9 October, 2002 157 stantially the same manner as in
Exanpl e 15 The stPREEENSRIt BECEPH niNRLLES ot LAY TEOHYL eS@%ﬂHmi(rﬂg HowH he
hydrophilicity or h droghobi citg of the filmsurface was changed by W
irradi ation. The9E@FPatBeBf thRePRPFATRERLESEI 1% BYEAVHRPXFIH  dspect to

t he photocatalys%1 activ ity. The rfsults are aﬁgown in Tabl e 3. Exapple 12
150 g of the or ghhd8 IQBBPﬁi' ng8 P BERafHPeP 52hEs? 1874 tEAGY g"oF"

Bi strator-L NSC 20QA (trad f i | < based
Si 11 cone- acryl i ¢ RBaPRECABanELrehl FatcEbRBE s St E g i atyon-

: & o e . Hat _
caralyst),  manuf aoraraseRAGRoERRangRy sREnba g Rk (8 S B BN D
appr oxi mgiel y 1001 RHEESudEab@OBE! eHREHALYIE1MRI b SheT bhdgocd FRIEDY,

£
obtai ning a nodi fi ed photocatal yst conposition. The obt ai ned nodi fied

phot ocat al yst cowp@shbld@®ica®idn Wa&StABI pYre9aled 6P enhdl psstptatLlydt a
t hi ckness of 30 20 ~.un. The coated gl ass plate was dried at room

tenperalLure for aeleekiveng blemrsatinf@rCmbaeratdagsndibeseby form ng a
transparent and snooth filmon the surface of the glass plate. The surface
of the filmwas eval uBxeshplyesexdncompguhdw whéchyfuophibncas yderydroge-
hydr ophobicity 25 of the filmsurface was changed by UV irradiation. The
9 October, 2002 nation-condensation catalysts for an Si-H group include
15 metals belonging to the platinum group (i.e., ruthenium,
rhodium, palladium, osmium, iridium and platinum) and
compounds thereof, and metals and compounds of silver,
~ iron, copper, cobalt, nickel, tin and the like. Of
these, preferred are metals of the platinum group and

20 compounds thereof, especially metallic platinum and

platinum compounds.



158 surface of the filmwas also evaluated with respect to the

phot ocat al yst activity. The results are shown i 9 nparative
Exanple 1 A transparent and snmooth filmwas formed on the surface of a
glass plate in substantially the same man ner as in Exanple 12, except that
Hi strator-L NSC-200A (which is the same as used in Exanple 12) al one was 10
used instead of the nodified photocatal ystggonposition obtained in Exanple
12. The surface of the filmwas eval uated by examni ning how t he
hydrophilicity or hydrophobicity of the filmsurface was changed by W
irradiation. The surdedeintdidhe dn |dRyBenod soh ev@lmadieetrith Welshbet@spect to
t he photocatal yst activity. The re suits are shown in Table 3. °

Conpar ati ve Exanp echik Tet3dd Foof iRedoidiiriex b a3 dehwyddegeaatioh aonaque 20
ous acrylic-silicone enmulsion (solids content: 46 ~ by weight, pH 8.8),
manuf act ur ed andeaodat inn Asattd 1l s en Kagy pikatinesttalliyskkai thkingapangnwas
added, as a filnformng auxiliary, 22.8 g of CS-12 (trade nane of
2,2,4-trinet hyl -ex8npbnt ttnediade ntnor s ghla tdratre, 1 sreimmo®3. fizetduoed thad sol d
by CHI SSO Cor poration, Japan} over 20 9 CQctober, 2002 159 minutes at room
t enper at F e whi IBhgto¢atagysToln e sel stiiemant Mk nhodorgidiec tdonamethod.
filmformng auxiliary 22.8 % of an aqueous sol ution of butyl cell osolve
(50 % by wei ght) wasFa#dtd aveirabhnwnngedutien rbymidatheia & ahft®-whil e
stirring, followed b]\-/ further stirring at roomtenperature for 3 hours,

t her eby obt ai ni nePEALEEE yFPL- 17 | 2R oRBOWREI F dh- QN M iy B MAYISTEri A
auxiliary, wherein the solids_content of the enul sjon was 6 ~ by weight.

38.
10 A transpar ent “&F8S sfbo? hSH9F vwaen FeR ettt obhe R AT SV R ad® plate
i bstanti al | i Ex | 2 t . that th
abover ment | oned’ SRETLEof AREHERY M RE et hs s Pad RaroSaear yst
it bt ai i : h f fid.
oval vat by exaiting hout PeCRsradnEnit! HOE Rk ihg it MM B (1

surface was changgenbxsUé{aitjageghatboappm-ﬁs&éﬁfetﬁé $4ife fdd Mmas & so
eval uat ed with respect To the photocat aiLyst activity. The re sults are

shown in Table 3¢nd0pksaBBhealdsEos81060t RBRaEOthODERANGS 1M FaE freh-Was
added to 100 g of the acrylic-silicone emulsion containing filmform ng

auxiliary, whichtwas elit gheeghblioceBaPgEat k¥& 2on Ex@nPhEpPes ®¥®ras much
approximately 10 m nutes at roomtem
as possible, so as to maintain a monodispersion of the
15 photocatalyst sol.
The above-described platinum solution means a soO-
lution comprising a platinum compound and a solvent.
- Examples of platinum compounds include platinum (II)
chloride, hydrogen tetrachloroplatinate (II), platinum
20 (IV) chloride, hydrogen hexachloroplatinate (IV), ammo-
nium hexachloroplatinate (IV), potassium hexachloro-
platinate (IV), platinum (II) hydroxide, platinum (IV)
dioxide, dichloro(dicyclopentadienyl) platinum (II), a

platinum-vinylsiloxane complex, a platinum-phosphine

25 complex, and a platinum-olefin complex. Examples of



9 Cctober, 2002 189 As can be seen fromFig. 3, 9 OdtbBek] 2O0OROr med on the
surface of the OHP film Ti02 particles were nof present at the inside film
surf ace (in contact with the OHP filmas a substrate), and the filmforned
on the 5 surface of the CHP filmhad a distribution of TiOQZ par ticles
wherein the concentration of Ti02 particles increases fromthe inside film
surface (in contact with the OHP film towdrd the outside filmsurface
(opposite to the inside filmsurface in contact with the OHP 10 film .
Further, the surface %f the.filmformed on the surface of the OHP fil m was
eval uat ed wi th PELSERTS: 3TEARIERYEEEET apPRRnal | BTo8HiHhe SOSPTRRTH was
good ). 15 Exanpl,e_19 19 of ,the sql obtaiLned.in Exanpl s.aqdded - to
100 g of the aq 8&§n§Cr;?Ffﬁgﬂgfggﬁrgﬁu?g?oﬁof%%%?anﬁﬁﬂglé§?¥?ﬁ¥?ggning
auxiliary ) obtained i ra 20t 2 proxipately 10

m nut es at roon?h%nﬁgpgfﬁggg?i§ncgfm%¥geg§$?¥é§%g?8¥§é?§§y£§bt§?ning a

modi {1 ed_phot 0C g8l Sl RATLHON 1. UsknrLhErpBhatRed BRAI Ebfdentra-

phot ocat al yst conposi tion, a snoofth firlmwas Torned on the surface of an

OHP 25 fid min SURS! anf ifgldny ot.fb%ls%eaaa@nsg @sibAcExanple 18. 9 Cctober,
2002 160 perature while stirring, thereby obtaining a nodified

phot ocat al yst conposirdn.tHe iMiGk il @3t ahkegnaRdichirad yitokegahakyshe
conposition, a transparent and snooth filmwas formed on the 5 surface of a
gl ass plate in gaksiiaiin aldlatdie samrraaiaeedagith Exanphe hayid§easurface
of the fil mwas eval uated by exam ni ng how the hydrophilicity or

hydr ophobi city ofaddieerddtiinsigH atatwvan ehaagednbwndVal hbaedaatki, one- The
surface of the filmwas al so evaluated 10 with respect to the photocatal yst
activity. The r emdtbvalye dowratedidn ¢hg. cCodpeatdonyeabBdaaplietBeA film
was fornmed on the surface of a glass plate 15 in substantially the sane
manner as0in Exafplende kand ey theatrhe toglatedysitnedhy edisitdrirdgg100ty of
STS-02 (which is the sane as used in Exanple 5) with 50 g of ~ water was
used i nstead of t+hPFPERITY Pk o diiypgdtt contains the ultraviolet

rays. Examples of light sources include an ultraviolet

lamp, a BLB lamp, a xenon lamp, a mercury lamp and a
fluorescent lamp.

15 There is no particular limitation with respect to
the method for the light irradiation. However, even
when the above-mentioned mixture is placed in a trans-

~ parent container, the light is caused to be absorbed in
the walls of the container. Therefore, it 1is preferred

20 to irradiate the light through an opening of the con-
tainer.

It is preferred that the distance between the
light source and the container is in the range of from
several to several tens of centimeters. When the dis-

25 tance is too small, there is a danger that the surface



sol obtained in Exmaple 1. However, since the f@g&goﬁgrfﬂbﬁhwas cracked,

it was inpossible to evaluate the surface of th ni ng howthe
hydrophilicity or hydrophobicity of the filmsurface was changed by WV
irradiation, and it was also inpossible to evaluate the surface of the film
Wi th respect to the photocatal yst 25 activity. 9 Cctober, 2002 161 To 68
g of the obtained sol was added 100 g of BP tyl cellosol ve over
approximately 10 ninmutes at roomtenperature while stirring, and then,

water was dis tilled off under reduced pressure by neans of an evapo 5
rator, thereby 6Bt &1 A§CYR-6L§IRGE6F. MUERETEr 15t§§%§r?¥c?‘%% ReR% he

obt ai ned organosol vvas not stably dispersed in the |iquid nedi Lé nd

preci pitated. TRELtited frofadhe 6§§|tb§8uifﬁeobt(a‘?n g a@ﬁ an
excel l ent dispersibi]it 10 Conpar ati ve (tr ad
name of an anat %€ (5 ancEadiSy r?n%xi&égﬁomﬂgfa i&&?‘é@@g{:?ﬂ}sf’ap?‘??’ety

diameter: 7 nm iC |sav ue .described.in th manfac 15 tured
and sol d by Ish%"&‘%aﬁdf@ ZORISONS Y, lj"a’pan h%n{jr é wer e

charged into a reactor ui pped with.a reflu denser her {E?t er an
3" ond CRENE aeﬁ% i AR L %zd St hit
?3‘?‘}‘: 'rrees“ ?P. ”t 'g_ﬁé? %X ;eBaX r, gehhéao#@dia {‘or?flscg{a&ound (1)
ge

obtai ned in Refer was c I'nto the reac ove

approxi mately 30:Juuy %latse'iﬁéﬁl"‘@éc%ﬂs' 'id Rveddd tREs’ 6Ll ARted1 X ture
in the reactor was stirred at 50 C for 3 hours, and then, cooled to room

tenperature. ?I@Eiﬂ&ﬁeﬁs 1 4w ¢ hean AUl ftd dreadlel PRooxhheywer e
precipitated an 9 COctober, 2002 162 separated fromthe |liquid phase,

wherein the vol Lﬁ@rﬂﬂa]fbspartl cle diameter of the particles was 3 Eun or
nore. To the resultant m xture was added 200 g of butyl 5 cell osolve, and
t hen, wat@r was di stiind echeofiiodinfiesd rphatiteat 4ivess wod by rRangrekean
evaporator, thereby ob taining an organosol. However, the particles in the
obt ai ned or ganosthversiont Bhalbnydilfsperpreataocrtdiest due disperesd and
precipitated. That is, it was inpos 10 sible to obtain an organosol having
an excel |l ent di sW?a‘é‘F§| prdi oy amheFednie, slvers iids diighe stabidifya film

on a glass plate usi ng this organosol
n the modified photocatalyst sol of the present

invention, the modified photocatalyst particles have a
15 volume mean particle diameter of 800 nm or less. The
volume mean particle diameter herein is not measured
with respect to the modified photocatalyst particles
- isolated from the modified photocatalyst sol, but is
measured with respect to the modified photocatalyst
20 particles dispersed in the modified photocatalyst sol.
When the modified photocatalyst particles have a
volume mean particle diameter of more than 800 nm, the
dispersion stability of the modified photocatalyst sol
becomes poor. In addition, not only the modified pho-

25 tocatalyst sol per se but also even a modified photo-



Conparative Exanple 5 15 100 g of STS-02 (tradewi&ogé. aZBb(i,rochl oric

aci d-peptized sol of an anatase-type titaniumo . an particle
dianeter: 18 nm T102 content: 30 ~ by weight, average crystallite
dianeter: 7 nmwhi t , L.~.s' ch is a value described in the catal og)
(manuf actured 20 and sold by Ishihara Sangyo Kai sha, Ltd., Japan) and 100 g
of water were charged into a reactor equipgifed with a reflux condenser, a
thernoneter and a stirrer. Subsequently, a solution obtained by dissolving
7.5 g of nethyltrinethoxysilane in 7.5 g of di oxane was 25 charged into the
react or over approRilystelpm®osiitignesompgietngbthe rOdPL1ied phoByratanhil e
stirring, and the resultant m xture in the reactor was further stirred at
30.C for 3 hourd¥sd ePfle@ndy & &gciinogasnosTBeORs At &S net AR EHD et RS si | ane
and nodify the Ti Oz particles to thereby obtain a sol 5 containing
particles of mo@H€® titani um oxide (here inafter referred to as "nodified
Ti 02 particles")) wherein the volune nean particle dianeter of the T102
particles was 900 nm? Ut PREeeHbtivicad o8, 19T AehGE P PoPmEdTFReFhe 10
same manner as i.n Exanpl and the forned fil S,.subject ed

e 1, nk i %ﬁ ,
spectrometry i n SRFVEMEHH 1P (e @ ersAngr S§80t 1E¥aﬁ%l g meftfied
spect rum obt ai ne t he .spectranmetry sho that the_absorption _ascribed
to the Ti-OH guﬁﬁggéc '?ﬁ?%iuﬁq qugq gﬁie §03ﬁ3r§%°§n§%|V%ﬁ%°%ﬁd not
di sappear, wherei e (0}V) | Qred orpt | had . ophse din the
IR sggc trun1of§#?5%hﬁFﬁgr 63?%%;§%515ﬁ§a"5%%%§ gt%gl$?g§'p§$t%¥ es. This
nmeans that the Tis i r i o - i S} ably
| ar ge anount . aBOZ%(ﬁ%%i% %a%ﬁg'driggli,s éﬁ fe?;g%r%gsltpg?ng 8oﬁgtglile
surface of a gl ased!giétddh {antd A1 ddNda8am RRIuRe’ masni paExanpl e 1.

However, only a filmwhich is ite turbid and has a large surf ace
roughnessowas olivéd nethmebedien 4d® abtcy nNest dodidree ddkahdagesuexiydgosol
was 9 Cctoberz2002 164 allowed to stand still at 30 C for 2 nobnths, the

sol was gell ed. rihesefDees, | $tBE Mmoo ssivdrtdgeasdiyudEtrent he tsunbacemof t he
film 5 Conparative Exanple 6 200 g of Tinoc A-6 (which is the sane as used
in and especially advantageously from 5 to 80 nm.
As described above, in the present invention, the
volume mean particle diameter is measured with respect
15 to the modified photocatalyst particles (which may con-
tain the secondary particles) dispersed in the modified
photocatalyst sol. On the other hand, conventionally,
~ in many cases, the value referred to simply as a “par-
ticle diameter” with respect to titanium dioxide and
20 the like is not a particle diameter measured with re-
spect to the secondary particles formed by coagulation
of the primary particles, but is a particle diameter
measured only with respect to the primary particles.

The modified photocatalyst sol of the present in-

25 vention is a sol comprising the above-described modi-



Exanpl e 1) was charged into a reactor equi pped \L/g H}:t%grgf gm condenser, a

thernoneter and a stirrer. Subse quently, a sol by di ssol vi ng
3 g of methl0 yltrinmethoxysilane in 3 g of dioxane was charged into the
reactor over approximately 30 mnutes at 30 C while stirring, and the
resultant mxture in the reac for was stirred for 3 hours at 30 Cto effect
a reac tion of Tinoc A-6 with nethyltrinet®bxysilane and nodi 15 fy the

Ti .02 particles of Tinoc A-6 to thereby obtain a sol containing nodified

Ti 02 particles, wherein the volume nean particle dianeter of the nodified
Ti 02 par ticlesfihad phyitpratalysingarhécdeisaiddsgessed anfal bigasd fegned in
the ..,. , 20 sanme manner as in Exanple 1, and the fornmed filmwas

subj ected to spddumeneirythe medtfhedi pheyocababave sRmh e inTeseavple 1.
The I R spectrum obtai ned by the spectronetry showed that the absorption
ascribed to theinveglignoupheneomtentpft ithieeyodiftpfophatecababyet 25 snal |
but did not disappear) wherein the above 9 Cctober, 2002 165 nenti oned
absor pti on had Bé&tisHEsr v&d prsferetly Hpéd tteaflof j‘PVCEebEFBr TOT® he

nodi fication of the T102 partitles. This neans that the Ti- rou
remai ned 3 n Ti nBESASE 3 Y2 CcdndiPddPabi PH éﬁﬂg‘@h&mﬁﬁﬁe%o%@ﬁetﬁﬁl%‘g’f ai ned

m)dlfledtltanlu |des to stand still at 30 C for one
week, the sol d%fﬁ.\ggepg]]pé:oqatchssq (c){sm ble to evaluate the
surface of thefllm |ve e 7 f ST ich is the
sane as used in Ex arr%&% ar gednp}ﬁ?% %flgtglaegtl%rqugéiﬁf“%% g‘yl\(\{l]\nth aref
| ax condenser r%gm[; %Hﬂ r n

Acci pl eX-88950T&1‘%\ﬁC is tthe sf?r:e%éjs jghu%%% %1}% Wa%e )ag%zts)rc Iélrged
into the react or,,Quaf; AU QMIRLEY RO Jedut e%x%hﬁ@sco%hbk&aﬁiérééﬂg and
the resultant m xture in the reactor was stirred at 30 C fox 8 hours to

cause ads®r pti oRy&xft Aci it BV SSRRE- sih SIS A2r eith SR 1R nithe sticB2apar ti cl es
of STS-02 20 to thereby obtain a sol containing nodified Ti02 parti cles,

wherei n the vol weoxaee, pogttalwixhauede, @imdtrey addanadieli @cepanki, cl es
was 3 Eun or nore. Since the obtained nodified titanium oxide sol gradually
precipitated w tiethyk, ethyase torpns se ihel ¢ we 251 wpry by ooatl dedid osollve ,
ethanol and methanol; and a hydrophobic organic solvent,
such as toluene, xylene and hexane.
15 When a photocatalyst hydrosol (that is, a sol in
which the photocatalyst particles are peptized in a
dispersion medium consisting essentially of water
~ {herein the term "“dispersion medium consisting essen-
tially of water” means a dispersion medium containing
20 about 80 % or more of water)) is used for obtaining the
modified photocatalyst, an aqueous sol of the modified
photocatalyst can be obtained. From the thus obtained
agqueous sol of the modified photocatalyst, it is pos-

sible to obtain a modified photocatalyst organosol

25 (that is, a sol in which the modified photocatalyst



9 Gctober, 2002 166 Table 1 (The hydrophilicity @iodih &&g&_&%ity of the
filmsurface before and after the UV irradiati of—and ocat al yst
activity) 5 Evaluation itenmkExanpl eExanpl eExanpl eExanpl eExanpl e12345Cont act
angl e ofwater 3~ 20~ 4 6 33(before the ir-radiation)Contact angle

of r09511403(one day afterthe irradiation)Contact angle ofwater 0 0. Q0 0O(3
days afterthe irradi ati on)Photocatal ystact8®it (The hydrophilicity or face
before and after 10 tocatal yst activity) Table 2 hydrophobility of the W
irradiation, the filmsurand the pho Eval uati on

i t enExanpl eExanymasBxaris e Baap ebdans s R8EEICdm actiispgicelon medium

of 9818341732(before the ir-radi ati on)Contact angle ofwater 0 43 4 0 O(one
day afterthe irreeieEised Grrertliang ©fhfamatar@adeoEod veays (Aereinhehe

i rradiation)Photocatalystactivity 9 COctober. 2002 | s~ Table 3 (The
hydrophilicity oi?err%b?%‘TﬂQW RFdiHe 9on5hstiimh@s setded 1an@fafler the
W irradiation, and the photocatal yst activity) 5 Evaluation it

enExanpl eExanpl eCo%ata- TRRE B- MedDT 1 ARt qfe ISBiaTh IcOBERABLBI2Cont ac

t angl e of 6~84958995(before the ir-radi ation)Contact an%l of wat er ?5 96 96
5 about 80 % or more of the organic solvent)) by substi-

tuting the dispersion medlum of the aqueous sol with an
organic solvent.

Examples of method for substituting the dispersion
medium of the agqueous sol of the modified photocatalyst

10 with an orgaﬁic solvent include:

(i) a method in which an organic solvent is added
to the aqueocus sol of the modified photocatalyst and,
then, water is removed by heating under reduced or at-
mospheric pressure,

15 (1ii) a method in which water in the aqueous sol of
the modified photocatalyst is removed by heating under
reduced or atmospheric pressure, followed by addition

- of an organic solvent, and

(iii) a method in which the modified photocatalyst

20 particles in the agueous sol of the modified photocata-
lyst sol are extracted with an organic solvent.

Examples of organic solvents used for substituting
water contained in the aqueous sol include aromatic hy-
drocarbons, such as toluene and xXylene; alcohols, such

25 as ethanol and n-butanol; polyhydric alcochols, such as



89 84(one day afterthe irradiation)Contact angl @ﬁ%_fb?rr 2002 days

af t er 65694898t he i rradi ati on) Phot ocat al yst ~OXX~ t ober, 2002
168 Reference Exanple 6 [Synthesis of an Si-H group containing silicon
conmpound {5) having a keto group] 500 g of di oxane and 500 g of KF9901
(which is the 5 sane as used in Reference Exanple 1) were charged into a
reactor equi pped with a reflux condenser, &thernome ter and a stirrer, and
the resultant mxture in the re actor was heated to 60 C while stirring.
16.3 g of a 0.25 % by wei ght di oxane solution of 10

di chl oro(di cycl epentladice iy lataniumpr{dpylenas gllyavgedgilptolt herdieaect or, and
then, a solution obtained by dissolving 250 g of Uniox MJS-8 (which is the
sanme as used i n tRefeser enceh EBaipltyDelilnRBFeg @fthyiloedieswdyechangetl-i nto
the reactor over approximately 30 mnutes at 60 C 15 while stirring. The
resul tant m xtureellmtdiee emtEten syl #F1ye01Cmboreldbydi rtihes.
Subsequently, a sol ution obtained by dissolving 100 g of 5-hexen-2-one " in
100 g of di oxaneaRhsPRIRY RNE | YCehanenepaany ¥ ertheypr elilphediy BgdrPnut es
at 60 Cwhile stirring, and 20 the resultant m xture in the reactor was
stirred fr one FHRORS . 691GH AHALEFALOLIF HiHEXRSolad Hepdangn Sis-H
group-containing silicon conpound (5) having a_ke to group (hereinafter
referred to sinpf§Fas SETPRBURLRS) . agetatemnghdyr PIgY g ase tRditer Xfas added
to 4 g of the ob 9 Cctober, 2002 169 taitned sol ution of conpound glfl) t he
resul tant aqueouS®HTXt uF R3S 2TF ERT si Bt it s KaGoqs 1IdPwmet 8 Y ur
bid. On the othe anf_i 816 of butyl cellosalve 5.added. to and m xed
with 0.89 g of thE oMt %t%’??cO‘Fr%Y‘b%’Eu%d 157" aa%\é%?es‘irr?é’ﬁ’%dré’ T3 AR\
agueous sodi um hé(g&ﬁ?ﬁhg? ?ﬂi&ééonsﬁ@ﬁ di&ﬂPéﬁf%Qetﬁﬁ&é]aaln&]yﬂ{#%Q gas
was generated, and the volune of the generate ydrogen gas was .2 m as
nmeasured; gt 23 G1#H8mahifk; amines, such as dibutylamine and trietha-
nolamine; halides, such as chloroform, methylene chlo-
ride and carbon tetrachloride; dimethyl sulphoxide; ni-
trobenzene; acids: bases; and a mixture of at least two
of the above-described organic solvents. Among these,
15 when method (i) above is used for the solvent substitu-
tion, preferred are hydrophilic organic solvents, such
as butylcellosolve, propylene glycol monoethyl ether,
~ dioxane, tetrahydrofuran, dimethylacetamide, methyl
ethyl ketone, ethylene glycol and ethanol, and when
20 method (ili) above is employed for the solvent substi-
tution, preferred are hydrophobic organic solvents,
such as toluene, xylene, hexane and ethyl acetate.
The modified photocatalyst sol of the present in-

vention as such may be used as a modified photocata-

25 lyst-containing coating composition. Alternatively, it



10 group content of conpound (5), as cal cul at ed d Qugoyeas, Yegse of the
generat ed hydrogen gas, was 1.2 mmol per g of tHe sotuttonm of conpound (5)

(approximately 4.1 mmol per g of KF9901). 15 Reference Exanple 7 [Synthesis
of "an Si-H groupcontaining silicon conpound (6) having a mnethacryl oyl

group] = 100 g of dioxane and 100 g of KF9901 (which is the sane as used in
Ref erence Exanple 1) were charged into 20 *? reactor equi pped with a refl ux
condenser, a thernmone ter and a stirrer, and the resultant mxture in the

(i oxane. sof ut | oRgt o BRGY Al e PERBRC AP eRy Pyl BRPRaREHF 1 RSl ged
2002 170 i ng 50 4 POR AP (e bedre PRobERethet RE Yot SN e
appr o mal el y onSaaus e e SHEEPPPRET Slbseauently. a sol uti on
et hoxyhydl oqui none. (Bol e PP Sat s iR b LAP 838 0" of "t Brane fas

charged iqto the JRactQn f ox apprrddmiely t83 M Rdt eatdb 6@ En¥hiid £gnt

stirring, and the resultant mxture in the reactor was further stirred for
7_0 one hour at @) Grf RS eoriEdEIMbea aRkUEiea dhodbelitallyst sol
group-contai ning silicon conpound (6) having a nethacryl oyl group
(hereinafter refterted voigitmplly) agF "eFemd icok1) subkaeant@l (gach sat er
was added to 4 g of the ob 15 tained solution of conpound (6)) the

resul t ant aqueoushen wéiglet vaSC p ahd plr)siien inhitelrmsas £slthghtdeyt givihi 68 t ur bi d.
On the other hand, 8 g of butyl cellosolve was added to and m xed with 1.25
g of the sol uti ospbidsbnPD. oundC)H)D) avred ghttherati® ,nlisofina theNraggeows

sodi um hy droxide solution was added thereto, so that hydrogen gas was
gener at el) and tFeowy o udR0bf te el Germarg afviapdragsovsgas fnem £2001ntoas
nmeasured at 23 C. The Si-H group content of conpound (6), as calcul ated
fromthe 25 vol uk®: of the generated hydrogen gas, was 1.3 mml per 9

Oct ober, 2002 mL g o,f the solution of conpound (1) proxi mately 4.6 nmol
bor g of KPoo0T). CHeERABBELOVo088 reiRiA I Ghcts 1A R (R At i on o
an enul sion of i Licone-nodifi ol yrrer_.havin ket o of

met hacrylic aci 31,:83%8o?ﬁcc’ilgg%%{:%ﬁgsgc(%%paorﬁidleo,n %ﬁf%‘gp roijlré{ ﬁ%%) mal -

met hacryl at e, 40f9e8fp93£¥53§3%§5¥|§$f’a GO e GV ey | s uRthagky ! at e,

300 g of water and 20" g o ~ by wel ght aqueous sol ution of Latemnul

S-180A (tbade nagRx@hgaHEDRHhUBkERAbie Ofhd $4k fOBUCCHAY on i eSi fame-ng, in a
nol ecul e thereof, a double bond copol ynerizable with an ethylenically

unsatu 10 rated mmbaaer zubegAHEact ured and sold by Kao Corp.) Ja pan) were
charged into a reactor equipped with a stirrer, a reflux condenser and a
t hermonet er and proviWwdedh welsipeiowo tdr oppi pgsinnasédl akethesfehst f@raldr opw se
feeding (hereinafter referred to as "droppi ng vessel s").
~ substance in the photocatalyst composition of the pre-
sent invention, any synthetic resin and any natural
20 resin may be used. There is no particular limitation
with respect to the form of the resin, and the resin
may be in the form of pellets or in the form of a solu-
tion or dispersion thereof in a solvent. It is most

preferred that the resin is in the form 6f a coating

25 resin composition.



15 The internal tenperature of the reactor was ?W@oﬁrt 9@ C.
Subsequently, 0.5 g of ammoni um persul fate was e reactor,
and-the resultant m xture in the reactor was stirred at 78 C for one hour,
t hereby obtaining a seed | atex. The seed |atex had a pH value 20 of 1.8. To
the obtained seed latex in the reactor was added a solution containing 3 g
of nmethacrylic acid, 12 g of diacetone acr%/lr am de, 165 g of nethyl

nmet hacryl ate, 160 g of butyl acrylate, 60 g of cycl ohexyl nethacryl 25 ate,
330 g of water, 20 g of a 20 ~ by weight aqueous 9 Cctober, 2002 173

sol ution of Latenul YS-UWBFeSRFFY 1@ Fho QResdR SQMPREEt18Rd anot her

solution containing 2.5 of ~rnet hacryl o r | trimet hoxysil ane, 25 of
di net hyl di net h&}v‘%‘ﬂ drfe @%&%W%ﬁ%ﬁé@ﬁ&%m&% sPPEn ?nge%é?'é%gt he
two sol utions were ,separately char into the reactor through respective
dr oppi ng vessel scoaﬁtlé% Cfecf\i'é{ G?“W@%ﬁgi\ﬁﬁ‘l M&¥s P H58G. At tté? ?chg?‘gﬁb se
addition of the t solutions, the internal.t u eact or was
el evated to 10 85 ,ta;}lnch't hg"é‘{‘;‘ﬁ?%ﬁtg o?o?kénsgggg}é é\/(glpgéss%?f?{e%ajf%o_r 6

hours an the”’cﬁfl&’é eafol}t%‘)jhlgopoa@]nfﬁe,”%er@cgu%r LQ LRLRly g?%r%' \%zﬁtﬁg@féi on

m xture. “The pH Vval ue reaction mxture in the rea S neasured

and found to be 2, L. ]éaﬁ@5(0~or&yai\§§]ingjs1:a t%ﬁ}él‘ecgﬁsc\}a i3 saluhi q@ ugs

charged into the reactor so as to ue of 't he reaction

mxture to 8. Thefwifi® F&&GLT Ah NMpoxy USRS Iddehadel Bequah g wire
mesh (100-nmesh siz€é) to renpbve aggregates fromthe reaction m xture,

t hereby 20 obt ai i W@rdNre&si siH s LT ity 10fc thasaggegaikyaveesas, smal |
as 0.02 ~ by weight, in terns of the weight percentage of the dried

aggr egat es, basedn camihealloydl rewighta ofidyle wanioneran usedtubatedbt ai ned
enul sion had a solids content of 25 44.0 ~ by weight, and the vol unme nean
particl eldi anet epoly§s et obesin 20 d Zhlrineteghrmidieas) i mn kgueoulsi on
was 128 pm Reference Exanple 9 (Preparation of an aqueous solution of a
sem car bazi de~ deynthetie)rssPmaint (swEt cpaird andl 2y tomehpadaki ne
monohy drate were charged into a reactor equipped with a reflux condenser,
a thernoneter an@n@ &Rj AEBECRS FOOhR tErRRIRAINTE) , R ATVt 429D§ of

Duranat e 24A (trade nane of ) )
synthetic resin paint (such as a powder paint), an

inorganic paint, and an electrical insulating paint.

15 Among these coating resin compositions, preferred
are compositions containing a silicone resin, a fluoro
resin and a combination thereof, each of which is un-

- likely to be decomposed by the action of the photocata-
lyst.

20 Examples of silicone resins include alkoxysilanes,
organoalkoxysilanes, hydrolysis reaction products
thereof (polysiloxanes), and mixtures thereof with col-
loidal silica; resins, such as an acrylic-silicone
resin, an epoxy-silicone resin or a urethane-silicone

25 resin, wherein the resin contains 1 to 80 % by weight



10 a biuret type polyisocyanate; NCO content: 239 Dét -66‘2)

(manuf actured and sold by Asahi Kasei Kogyo Kab . Japan) in 168
g of tetrahydrofuran was charged into the above-nentioned reactor over
approxi mately one hour at 40 C while stirring, and the resul 15 taut

m xture in the reactor was stirred at 40 C for 3 hours, thereby obtaining a
reaction mixture. Tetrahydrofuran, hydrazite, water and the like were
renoved fromthe obtained reaction m xture by dis tillation under reduced
pressure, and an appropriate 20 anmount of water was added to the resultant
mxture, to theP&bypidBcans afrdysesds §6mapﬁéﬁlef18acg@ﬁ¥é§%%zi de°
derivative (SO|IdS content, of the solution: 30 ~ ght). 25 Exanple 14

9 Cctober, 20028P75 0 wpigh T|°r#o@nAaérk(°\?6mS&|1raP§ tﬁB gaﬁén%lb%ﬂs’rn
Ex le 1 d t t th fl d ,
Examle 1) vas dhaged ity "rg?ﬁ%éaséaée%ﬂ o B odlctr tRasStr) L LR prox”

d (5 b5t I d t th
2ctor over - Appr SRR %0 R G ns :%%%”w%n%e“@a BRTRASE RE' R 061 °
re Itant m xt ur, ctor I o effect
a ?gactl on 01)‘( EIJ'l %OL&KE%F corrspi\cl)iﬁln )Iregn 'gg?yg?%géﬁ%‘g@par & 10 cles
o1 hoe A& 8 Lo dherabe ﬁﬁr{g L0l AN Y B: B0l lned gh@%oﬁaﬁégée

wel | dispersed therein erein t e volune an parti cl i amet er

modi fied Ti 02 payd il 65 wessdife N1 d:BHé d GGG OB %f sbhPRAtA §rwi th

conpound (5), hydrogen gas was generated. The 15 volume of the generated

hydrogen gas wasy ddr a@hé&?@&ﬁ”e@‘u%tth%§ €he 8R1hBoRBeEEEURY obt ai ned
in substantially the - same nanner as in Exanple 1. The obtained 1R

spect rum showed ddvetaimevabsonPtadds tisedd badhdro & H «@dsg-Qupkahg20 T102
particles in Tinoc A-6 disappeared, wherein the above-nenti oned absorption
had beenl@bservemgemti he ¢dkaspest ramd ofhdiXGkerior to the nodification of
the Ti 02 particles. Wien the obtained sol was allowed to stand still 25 at
30 C for 100 days, thexample® okamliperysiclanel amnl oryadoadbexysidones

include tetraalkoxysilanes, such as tetramethoxysilane,
tetraethoxysilane, tetra-n-propoxysilane,
tetra-i-propoxysilane and tetra-n-butoxysilane;

15 trialkoxysilanes, such as methyltrimethoxysilane,
methyltriethoxysllane, ethyltrimethoxysilane,
ethyltriethoxysilane, n-propyltrimethoxysilane,

- n-propyltriethoxysilane, i-propyltrimethoxysilane,
i-propyltriethoxysilane, n-butyltrimethoxysilane,

20 n-butyltriethoxysilane, n-pentyltrimethoxysilane,
n-hexyltrimethoxysilane, n-heptyltrimethoxysilane,
n-~octyltrimethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, cyclohexyltrimethoxysilane,
cyclohexyltriethoxysilane, phenyltrimethoxysilane,

25 phenyltriethoxysilane, 3-chloropropyltrimethoxysilane,



176 ter of the nodified T102 particles was still as small as 23 nm On the
ot her hand, 11.3 g of the aqueous sol ution of a @®@etobera2002 derivative
(obtained in Reference 5 Exanple 9) was added to 200 g of the enmulsion of a
silicon-nodified polyner having a keto group (obtained in Reference Exanple
8) over approximately 20 m nutes at roomtenperature while stirring,

t hereby obtaining a mxture. 10 To the obtghined m xture was added 230 g of

t he above-nenti oned sol over approximately 30 m nutes at roomtenperature
while stirring, and the resultant mx ture was stirred at roomtenperature

for 3 hours, th _g:%%g%ﬁl j mpecTol ot ocat al yst conposition. 15

Usi ng t he obtai %(ra nodi iggi%ﬁ%?ocata S?tqag]%ﬁposi tion, a transparent and

smooth filmwas § of @Qﬂ@l%@ggﬁﬁﬁm& ?33 1ghate in substantially the
- ry h

same manner as in Exanple 12. e surface of the filmwas evaluated with

respect to the phof ofalAl #islo ARGl oty M r 20 HdIE BM@hwat i on was good (~). The
retention ratio of the weight of the filmafter imersion in acetone was 97

~, whi ch shows t%iﬁ@gdﬂ(}m{mﬂ@&&xﬁii@{g, sol vent resistance. 25

Exanpl e 15 9 CQctober, 2002 177 100 g of STS-02 (which is the sane as used
in Ex anpde 5) anchrbhh@pdpylttietseysimdged into a first reactor equipped
wth a reflux condenser, a thernoneter and a stirrer. Subsequently, 26 g of

t he sol ution of Z-lcydpaxynst{p) t ot ey s &2ef er ence Exanpl e 7 was char ged
into the first reactor over approximately 30 mnutes at 30 C while
stirring, and thz-bedodxyethyltrietioxysil@endi rst reactor was stirred at 30
Cfor 7 hours to effect a reaction of STS-02 with conpound (6) 10 and

modi fy the Ti Oz parYdroxgpodpBlsrirethoxysbtany. ob tain a sol containing
nodified Ti 02 particles well dispersed therein, wherein the volunme nean
particl e di anet ef - RBYIFreRyREePYleBalgtooxpattaR¢es was 38 nm During the

reaction_ of STS-02 with conpound é;lg)t hgdro en gas 15 was generated. The
vol une of%t he geRePRtEGXAREPRYLEhEGHStRREYo4hbaRg  as nmeasured at 24 C. An IR

bt ai ' b [ h in Ex le 1. Th
bt ai ned | R specsFURIERBHEHSPRGE -t AEPBLOF BETON ascr i bed to a Ti-OH group
of 20 Ti 02 partigles, 10, ST5:05,k5aRREREEYs: WIGL S N Lhe

3-mercaptopropyltriethoxysilane,

3-isocyanatopropyltrimethoxysilane,

15 3-isocyanatopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane,

~ 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltriethoxysilane,

20 3-(meth)acryloxypropyltrimethoxysilane,
3-(meth)acryloxypropyltriethoxysilane,
3-ureidopropyltrimethoxysilane and
3-ureidopropyltriethoxysilane; dialkoxysilanes, such as
dimethyldimethoxysilane, dimethyldiethox¥silane,

25 diethyldimethoxysilane, diethyldiethoxysilane,



above- nenti oned absorption had been observed in the IR spectrum of Ti 02
prior to the nodification of the TiQz particle59 obers 2

above-nentioned sol, 353 g of water 25 and 2 g of Adeca Rea soap SE-1025N
(trade nane of a 9 COctober, 2002 178 25 a aqueous solution of a surf
actant; manufactured and sold by ASAH DENKA KOGYO K. K., Japan) were
charged into a second reactor equi pped w~.9h a stirrer, a reflux condenser,
a dropping vessel and a thernmoneter. The 5 internal tenperature of the
second reactor was elevated to 80 C. Subsequently, a solution containing 6
g of methacryli Giag Gr&lyGitie it s Bdnd at@.-n @repeflanethykyselaasr yl at e,
1.2 g of acrylam de, 80 g of water, 2.7 g of Adeca Rea soap SE-1025N, 1.4 ¢
of sodium p 10 sdiy+enesedyndahet wdity i Barge ofdiamvpriopyigeesubkat elans,
dropwi se added through the dropping vessel to the secand reactor at 80 C
over 2 hours whide-stihuty dimeictyd hamedidi-on aftylldd estloxysdhanehe
resultant mxture in the second reactor was stirred at 80 C for 15 2 hours
and, then, cool eiil tn-pentyldhpetadxysl lén@s & -apendy ldieghoxysdlaneon was
charged into the second reactor so as to adjust the pH value of the m xture
in the seBond redttorhewyBdiméthoxysiiame, ndktnrhexydifithoxyed leheough a
wire mesh (100-nesh size) so as to 20 renove aggregates fromthe m xture,

t her eby obt ai ni ngiannbeptytdipabhorasilyne . cdhpodianton die thesysidgne.

phot ocat al yst-acrylic conposite enul sion). The nodified photocatal yst
conposi ti on had @lsBrPatyéannahhogysiiane . Gi-RefGhildigiPPHEJ6Ere mean
particle dianmeter 25 of particles in the conposition wa

| 95 .
Oct ober) 2002 179 CEFAGReRELEbREFReEY AbdRRE eddbF¥E }gf%e%égﬁap%n, a
t t and th til f d h face of 1, late i
Substant 1 al 1y s e BARBYATRERS Y8 TERe ofn (s BNAPE A n e AR B, |
5 ted wi h t i T ti
Was good tBor or entiehiaaRERGS, 1hAaLlE AR QBB NSLAEN Mo MBS WIS DT
an Si-H group, Wigheithyithhogehihhkabhial PndO1yRe er lAm g0 t@sdi, 0xane and

50 g of HV5-301-100GM (which 1S the same as used In Reference Exanple 2)

wer e charged i nt gr@fb&%horar%qw&aagﬂo&iytshlanégtI HYck OA¢l ansEry 1 r i net er
and a stirrer, and the resultant m xture 15 in the reactor was heated to 80

C whil e stirringox9silleeotand meamng.lt23 edhokybilane MInd {ihidxkysithe sanme
as used in Reference Exanple 1) and 0.53 g of a 5 ~ by wei ght isopropanol
sol ution of hydr dgaeshexsamabhlagyr advettihydidd freVhokgxahgoe aded weirrethybdlved in
62.5 20 g of dioxane . The resultant solution was charged into the reac
15 ethoxysilane. The above-mentioned alkoxysilanes and
organoalkoxysilanes may be used individually or in com-
bination.
~ When the hydrolysis reaction product
(polysiloxane) of the alkoxysilane and/or organoalk-
20 oxysilane is used as the coating resin compositions,
the weight average molecular weight (Mw) of the partial
polycondensation product obtained by the hydrolysis re-
action is preferably in the range of from 400 to

100,000, more preferably from 800 to 50,000.

25 Examples of the above-mentioned fluoro resins in-



for containing the above-nmenti oned m xture over ap proxi mately one hour at
80 C while stirring, and the resultant m xture i9Qdtobera@002was stirred
at 80 C 25 for 2 hours and, then, cooled to room tenperature, 9 Cctober,
2002 180 thereby obtaining a solution of $Blicon conpound (7) containing an
Si-H group (hereinafter, referred to simply as "conpound (7)"). Wen 100 g
of water was added to 4 g of the above 5 obtained solution of conmpound (7),
the resul tant agqledeuBTHE xtpoky (vatnyhidére frunxifdes) dirsgsdmssi,osushi 8d i s
slightly white turbid. On the other hand, 8 g of butyl cellosolve was added
to and mi xed wi 8h aceglicofludrospesinonanfepery Al poumdaesin, and, at hen, 8
m of a 1 N aqueous sodi um hy droxi de solution was added thereto, so that
hydr ogen gas wagrgéhénatﬁhuoﬂhereélnnEWbﬁerneEﬁﬁmﬂ%ﬁkﬁiQQRﬂﬁiy§nlg§9 was
45.2 M as neasured at 21 C. The Si-H group content of conpound (7), as
cal cul ated fromBPh& 03 veidght of fheogener aterolyRLYE gasfluga®-0. 825 mmol
per -g of the solution of conmpound (7) (approximately 3.1 mmol_ per of
HVB- 301- POOGV) . ORefdpeAnd ExGAFPEN1TArBynt Hes?EURATtMH @mw%uﬁuz‘fg
containing silicon conmpound 58% which is self enulsif_iable in water and

f

has a fl uoroal k#® GrU&BYlSGt AeVAPYLleeRlPT ketDrl b SURPUSA -HRBL301
100GM (whi ch t d Ref h d t
a reacgorlgqu:zﬁegmﬁigﬁgg éFigxa%grcgngéﬁggPeggﬂggerHﬁ%ﬁ%@%ﬁﬁﬁdagggt|Lpes
dth | ber ...2002 lal. L t t t heat ed
10760 C whi e sPRATRDSTEARRRe 1B51h8 ke BRVLR Ay PORE G 5t I Uei on
f dichl di | t | [ h d t t
obta n o m xtur L1l GetRe T B oy b MRS R O e M T e
same a5 ysed | 0 BLRLANCE EXATR D (1S HESSUHNALLD, 260 B! BUL_ethy

ket one. e resul tant’ solutlo was charged into the reac or contalnlng t he
above- nenti oned HX¥e RN&aidP various additives, such as a cross-

linking agent, a catalyst and the like.
When the modified photocatalyst particles of the
modified photocatalyst sol are those which have been
15 prepared by subjecting particles of a photocatalyst to
a modification treatment with a modifier compound which
has at least one reactive group selected from the group
- consisting of an epoxy group, an acryloyl group, a
methacryloyl group, an acid anhydride group, a keto
20 group, a carboxyl group, a hydrazine group, an isocya-
nate group, an isothiocyanate group, a hydroxyl group,
an amino group, a cyclic carbonate group and an ester
group, it is preferred to mix the modified photocata-
lyst sol with a compound or resin which hgs a function-

25 al group capable of reacting with the reaﬁtive group of



10 proximately 30 mnutes at 60 C while stirri ng! oan!dltheghsgul tant m xture
in the reactor was stirred at 60 C for 30 m nut 0 m xture. 10 g
of perfluoroctylethylene and 1.1 g of a 0.25 ~ by wei ght di oxane sol ution
of dichloro(dicyclo 15 pentadienyl)platinumll) were dissolved in 10 g of
met hyl ethyl ketone, and the resultant solution was added to the

above-obt ai ned m xture over approximately Pne hour at 60 C while stirring,
and the resultant mxture in the reactor was stirred at 60 C for 8 hours 20
and, then, cooled to roomtenperature, thereby obtain ing a solution of an
Si - H gr oup- cont &ihs m@@ﬂh&@omh@dm%@dds(c&soﬂawtﬁgtéerpbﬁr Barmyd eRrdkp
(hereinafter referred to sinply as "conpound (8)"). Wen 100 %of wat er was
added to 4 g of fifd MwtoERdhtigien&d tedvgti GRMPOSEGAPBuNdIY 8ihe mpdi-

resul tant aque 9 COctober, 2002 |sz ous mxture was in the formof a

di spersi on whi cHfied hefindatadiste comagisd tion hesoPREAURSRd, tBE FeRChut v
cell osol ve was added to and m xed with 1.094 of the solution of com5
pound (8), and, tH&h IBPHR HF télel nediddesuP @by sdr 8RiLd&SsBFERT on was

added thereto, so that hydro gqés was_ gener at ed. Th vol yne of thf
gener at ed® hydr o 3"5 ddieyfups éon‘?‘ egéPupl gt oup

hydr ogen gas. et g %%%v%%iﬁ SO S Tk ot (& %%ﬁ%fan off P05
(approxi mately 3, 31 of H L— 100 nce Ie 12
(Measur enent of ?%% ?hgc%l rregyM%&g GM%W Egﬁa rofn%h@or gani c
sol vent type acrt’ibcofoﬂﬁé nﬁeé’&@i@ﬁ & %r?&eﬁé&é@ﬂ?e 'baz'&poh%ﬂ @pgani ¢

sol vent - di ssol ved acrylic coating agent I ds content:” 50 ~ by wei ght)

(manuf act ur ed anﬂuﬁ@kﬂox@&l%&ﬁé\%ﬁ?&d\%@ 1@&)LTDHowé@B§n)tM@S cast on a
0

glass plate in a thickness um The gl ass plate having cast thereon
Pl a-ace ygs dri egdrahtepopatE€npLer ehélod Of i gd Gyt od 0l d 19mad daynpdeat idhyi ng

at 50 C for 3 days, thereby formng a transparent and snooth filmon the
surface of the ghaspr@paptdteaboveOré&maherin 2002 form of a mixture of
the modified photocatalyst sol and the above-mentioned
compound or resin,
Among the above-mentioned modified photocatalyst
15 compositions, a modified photocatalyst sol which has at
least one reactive group seiected from the group con-
sisting of a hydrazine group and a keto group and a
- modified photocatalyst composition which has at least
one functional substance selected from the group con-
20 sisting of a polyhydrazine compound and a polycarbonyl
compound, are preferred. The reason for this preferen-
ce is because such modified photocatalyst compositions
not only exhibit both good low-temperature curability

and good storage stability, but are also susceptive to

25 a hydrazone cross-linking reaction or a semicarbazone



183 The contact angle of water against the surf of .,the fl was 84 as
measured at 20 C. The surface energy of the fiﬁgiaggﬂggﬁé&ggg}cn1at 20 C,
as calculat ed fromthe contact angle using the Sell and Neumann's 5
enpirical fornula. Reference Exanple 13 (Measurenent of the surface energy
of an aqueous acrylic-silicone resin enulsion) Using the aqueous
acrylic-silicone emulsion (con 10 taining @7filmform ng assistant)
prepared in Conpara tive Exanple 2, a transparent and snooth film was
formed on the surface of a glass plate in substantially the same nmanner as
in Reference Examplse-12.nkKihg certcddionanghd chf iwatesefagaifnst foheingardace of
15 the filmwas 89 as neasured at 20 C. The surface en ergy of the film
was 3Z.5 dyn/ cmfdilnphagings exgeddlent axopearhiteise wddht Zespaagl sousabert he
Sell and Neumann's - enpirical fornmula. 20 Exanple 17 400 g of Tinoc A-6
(which is the sdafsigtanse istandng ceBlsgmmcey. dagdpesshandolthei bhkef
conmpound (7) obtained in Reference Exanple 10 were charged into a reactor
equi pped with a ref| BXaBHE$E the ahorveomenddonsda p@lahyfrpzdne 0GR~
approximately 30 mnutes at room_ 9 October, 2002 184 tenperature (30 O
whil e sti?ring, RARPGhN e RR1RBAEAZdes + ROIYSLIHGRATRES ILES 7R at 30

Cfor 3 hours to effect a reaction of Tinoc A-6 with conpound (7) and
modi fy the Ti02 %ﬁi¥q¥ﬁ¥%?%é%ﬁi CEBPHS 13fv%by ob 5 tain a so

t ai ni dified Ti ticl |1 di dith in, _wh inth
contal i ng modi {10 Ty0% Bard el S5 el e Ssrasd bt vy the
genersted. Tho viFTREALHERE Q12 Mad SRR sdrllcar b AL RATA1ET
reasured at 16 Gordiod i SORCH UR:1RE: O A BECe ) AYBRIANIGH Igphligasare

manner as in Exanple 1. The obtai ne spectrum showed that the absorption
ascribedipo a Tit{bhoeupwdde foDZ2sparticles in Tinoc A-6 di sappeared,
wherein the 15 above-nenti oned absorption had been observed in the IR
spectrum of Ti OZ pri OExamplée sDOtHé Catbdwd-mdn € vhed Qo pydiveings. cde g of
butyl cellosolve was added to 100 g of the obtained sol aver approxi mately
10 m nutes at ropou2@st dnpiudée uaecdR8l Ghemhihdeing i carmgnyndyrddpsn, anat er
was renoved fromthe resultant m xture under reduced pres sure by neans of
an evaporator. SgbsbquEAt BypuRncappabpinat poanwoethafie hehbtdinsd [kysdlsvre was
added to the m xture so that the solids content of the m xture be 25 cane
5.8 ~ by weight, iPHefEbF EBValALRGiah 8rFanedpiric gorckehgrydTisoRlrgs
containing particles well dispersed therein, wherein the vol une nean
parti cl e1di anet ePodf PEKENFart FEFRSPFAsID8URmM SHHR 3Bt RYFEFHEI! was
spray-coated on %sggaﬁﬁexamined Japanese Patent Application Laid-Open

Specification No. 2-238015), a poly(vinyl alcohol) ace-
~ toacetate and a hydroxyalkyl cellulose acetoacetate.

These compounds can be used individually or in combina-

20 tion.

Of these polycarbonyl compounds, preferred is a
carbonyl group-containing copolymer which is obtained
by copolymerizing (a) a carbonyl group-containing eth-
vlenically unsaturated monomer and (b) ah ethylenically

25 unsaturated monomer copolymerizable with monomer (a).



5 plate in a thickness of 2 pm The coated gl as® pectbBeragot2 ed at 50 C
for one week, thereby formng a transparent and snoofh frTmon the surface
of the glass plate. The contact angle of water against the surf ace of 10
the filmwas 95.6 as neasured at 20 C. The surface energy of the filmwas
26.5 dyn/cmat 20 C, as calcu | ated fromt?g contact angle using the Sell
and Neu mann's enpirical f_orrnula. 20 g of”the organosol was added to

Pl a-ace (which 15 is the sanme as used in Reference Exanple 12) over

[ ly 10 m il L b
bl aining & wodRERE] HRSESEA aRTer: CORGa TR FORoRThe WBATEPEd OF C-
hot tal yst i t] t 2 , il i t hi f 20
o The. cast ed SRBTTETAGHE Brid o0 donth SRSEr Tt brenPhings foL VFEY, Cued

by heat drying 0 f 3 P er f i.n L.l t he

surface of the %tap%f iﬁ%mﬁrﬂ%e bg'ia)é'tseﬁgtlg‘&t iogq)'Jrjl){“c())fn %H%agi‘[’zmggpgﬁgm%%kg%g?%ss 25
section of the fvj-l‘{gq fnggr{mlortat)he surface of the OHP 9 Cctober, 2002 186
filmwas measured y neans of' an energy-di spersive X ray spectroneter. The

result ofg the measur giMylles YEOWAIHONF10 grdupeon@liRengeenliom ELg. 2,
inthe filmformed on 5 the surf ace of the OHP film T102 particles were

not present at tie (lisde-ddddnidtdnzes ((d) coMi1dde WikkeltBaeOHB-fil mas a
substrate), and the filmformed on the surface of the OHP filmhad a

di stribution of dyXamipde, tdLdEs:otemed thddiey lconicknt aatdoaeiaf, Yiaglparticles
inl0 creases fromthe inside filmsurface (in contact with the OHP film
toward the out simetiyl nkestoriac eadappos: texyatiyile mathadeyilialte,sacktace in
contact with the OHP film . Further, the surface of the filmforned on the
15 surf ace of taee@yéthyd wasrelateaarnd Toxny kstgpeete .t oThheephomocat al yst
activity. The evaluation was good ). Exanple 18 20 300 g of Tinoc A-6

(whi ch i¥0the sapeurdsusad Pe EeGplrdiyidwrl b & drofcontd nédiigni.on of
conpound (8) obtained in Reference Exanple 11 were charged into a reactor
equi pped with a ref| URXBRHRFSRT o BhY Mt HRfkt B runift Wraded monogges (b)

appr oxi matel y 30,110yt es. 86 1 90, 25, | SIRSKEL U &) (A% Rl S aLd 1. and

ter, a methacrylic ester, an ethylenically unsaturated
monomer having a carboxyl group, an ethylenically un-

15 saturated monomer having an epoxy group, a monomeric
acrylamide derivative, a monomeric methacrylamide de-
rivative and a vinyl cyanide derivative.

~ Examples of (meth)acrylic esters include an alkyl
(meth)acrylate having a C,-C,4 alkyl group, a hy-

20 droxyalkyl (meth)acrylate having a C;-C;3 hydroxyalkyl
group, a {(poly)oxyethylene (meth)acrylate having a
(poly)oxyethylene group comprising 1 to 100 ethylene
oxide unit(s), a (poly)oxypropylene (meth)acrylate hav-
ing a (poly)oxypropylene group comprising 1 to 100 pro-

25 pylene oxide unit(s), and a (poly)oxyethylene



9 Cctober, 2002 187 m xture in the reactor was & pcteesl2002C for 5 hours
to effect a reaction of Tinoc A-6 with corrpound_('m—'m‘l_ry the Ti 02
particles of Tinoc A-6 to thereby ob twin a sol containing nodified T102
particles well dis 5 persed therein, wherein the volune nean particle diane
ter of the nodified Ti02 particles was 30 nm During the reaction of Tinoc
A-6 wth conpound (8), hydrogen gas was ge%gerat ed. The volune of the
generated hydrogen gas was 140 ml as neasured at 16 C. 10 An IR spectrum
was obtained in szbstanti al |y the same nmanner Ss in EXfe | e 1. The obtai ned

| R spect rum shofed™eRsY aCRY a8 eriiBa &séPPBbEHO¥EE EhYF: GO G Ti 02
ticl in Ti A-6 di [ h boye: ti d ab ti
Pad been obser vERFA™End IR 14 0s BECTLARPOP B2 BEELS) Lo t he modi T oat i on
of the Ti02 particles, 19%&% of but_l%l o IIos% e was. added to 100 g of the
obt ai ned sol over ap%P&?i eleffa%’ Snﬁ?eé“‘ﬁt :{Sgﬁyféﬁpsr U e 125 whi | e

ti i d, then, h t 20 df t | tant m xt
nder reduced pPotsFas b REArE: Ob hrl vt MUY, (BELE) SSEoaPAPng o
m xture. Subsequgn ly,(nper{hes%]&g{ 'taete Q%gl"sﬁg}tl 3@32&%#%“8305&'6 was added

to the obtai ned m Xture so e’scr)]li co € résultant mixture

becanme 25 7.1 ~ j , tai ni com 9 Cctober,
2002 188 pri si nge_l%l&tyiéﬂé}e]] I(oso_r@teyc(lgéagdedi E%g?@%%ﬁ{%ngﬁ?ﬁk% con taining
particles well dirgReReA-JM¥Cidha WdMEhe rdihdlakedigtganosol, a _
transparent and snooth filmwas fornmed on the surface of a glass plate 5 in

substantial ly the sampatiITel SSanpgldX VPG dkbxyhhRytolihaeh)asgyabés wat er
agai nst the surface of the f ilmwas 106 . 0 as neasured at 20 C . The

surf ace ener gy iofclude f2 4y dwexdot iy Xydeam JaicrzQA aCe , a2 -bgldeuvkgbedpylom t he
contact angle using the Sell and Neu 10 mann's enpirical fornula. 20 g of

t he orgal®sol wanettectwld0d gndf2 PMlipiacegy drdlichlexyd t(hhethamergdatsed in
Ref erence Exanple 12) over approximately 10 minutes at roomtenperature (23
O while stirring, tHPetfiobteranmes afbdirdlad oxyefhyilensat al yst
conposition. The nodified photocatal yst conposition was carted on an OHP

filmin a thicknE®tlageypateshtnehidec i ang mlues lddmeghapcrysare .
emperature 1o 2 gyl ol OPd, BILDERL 00, o0 G sl SR
di stribution of §ié§8i&T&é&f”?mé?h?a8£§fﬁke, diethylene glycol
15 (meth)acrylate monomethyl ether, tetraethylene glycol
(meth)acrylate and methoxytetraethylene glycol
(meth)acrylate.
~ Specific examples of (poly)oxypropylene
(meth)acrylates include propylene glycol {(meth)acrylate,
20 propylene glycol {(meth)acrylate monomethyl ether, di-
propylene glycol (meth)acrylate, dipropylene glycol
(meth)acrylate monomethyl ether, tetrapropylene glycol
(meth)acrylate and tetrapropylene glycol (meth)acrylate
monomethyl ether.

25 Specific examples of (poly)oxyethylene



section of the filmformed on the surface of theg Q?@of)u'”ﬁp@ measur ed by

nmeans of an energy-di spersive X ray spectroneter. of the
measurenent is 25 shown in Fig. 3. Q 9 Cctober, 2002 190 The distribution
of titaniumatons in a crosssection of the filmformed on the surface of
the OHP fil mwas neasured by nmeans of an energy-di spersive Xray
spectroneter. The result of the measur emed®%%howed 5 that the film forned
on the surface of the OHP filmhad a distribution of Ti02 particles wherein
the concentra tign of Ti 02 particles _increases fromthe_inside filmsurface

(in contact witKit{Fe P aEYIlRtesoddycd Wise e5t¥drBe FLYAPSuUrface (opposite to
the inside filmsurf 10 i.n contgct with the CHP fil urther, the
surface of the ﬂﬁ(m%q:g’re)r?é’tfy&r?tt%e dgl?rtﬁ’é’(}@“@f ggpfg"%-@iﬁq}’ﬁpgﬁgrg%%ﬁat ed
wWith respect tot otocatal yst actiwvity. The.eval uation was good ). 15
Conpar ati ve Exarﬁﬂri %hqﬁeﬁ%‘y%eé‘-eaéyﬁﬁﬁi &M“S@Hé"ﬂ#@% used i n Reference
Exanpl e 12), a snmooth, fil.p.was formed aon t urftace.of an P filmin
substantially the sa%%mﬁﬁﬁkg?%é?@ﬁ?%%ﬁ%&gﬁgpiefggai%§e9%??gﬁ%agea

hot ocat st act .\ ryv e rfa h d_filkm
!O. e., thgé gval ugﬁnodrﬁé\l/\]fas if N4 %oe%p]géroaﬂlveqqc@%n%ﬁgggdg gctég?g_ge??liooe 191
KS-247 (trade ”%@tﬁc?%hffﬁ %l%,o'igcﬂiaé ARE ,VFE%m'a&Hé”hHE{‘d‘?thQ?LgiXO' ume

mean particl e dianeter parti cles persed i n the organoso nm whi ch

is a value described, i Rder & Pbr MLl AT @ha %Qott%g@g Q@ g whi ch

is a value described in the catal og, solids con tent: 15 ~ by weight)
(manufactured and sol ghdyi fAY@dHfRs oA RRHoneas cSRha¥niaat-gdannaa

gl ass~plate in a thickness of 0.5 um The coated glass plate was dried at
50 C for one weekeriwvettbys fDiclude a(rie th) aorlwnilie s w-maedyallt he gl ass

pl ate. The contact angle of water against the surf ace of the filmwas 69.8
as neasured at 20m&thYherylambde amériybwtfoxtyme thlm(wesh@drydyamicdm.at 20
C, as calcufated fromthe enpirical forrmula of Sell-Neumann. 15 8 g of the
above- nenti oned KS- 249pe@it beldexhnpla900f WinyH £vaed dewldiect vied ivike dane as
used in Reference Exanple 12) over approximately 10 m nutes at room
temperature (23 @ﬂuQﬁiK@e§¥??9¥ﬁb9n%§§%b%y obt ai ni ng a conposition. Using

t he obt ai ned conposit snoot h fo filmwas forned on the surface of an

OHP filmin sub stant lf‘gg?%/?’rﬂee%%f% PRanPrer® EY Y ey #negturated

monomers having an epoxy group include glycidyl
i5 (meth)acrylate, 2,3-epoxycyclohexyl (meth)acrylate and
allyl glycidyl ether.
Further examples of monomers (b) include olefins,
~ such as ethylene, propylene and isobutylene; dienes,
such as butadiene; haloolefins, such as vinyl chloride
20 and vinylidene chloride; vinyl esters of a carboxylic
acid, such as vinyl acetate, vinyl propionate, vinyl n-
butyrate, vinyl benzoate, vinyl p-t-butylbenzoate, vi-
nyl pivalate, vinyl 2-ethylhexanocate, vinyl esters of
Versatic Acids and vinyl laurate; isopropenyl esters of

25 a carboxylic acild, such as isopropenyl acetate and iso-



The distribution of titaniumatons in a cross sechcesbes, 2002f1 | m fornmed on
the surface of the OHP fil mwas neasured by neansS of an energy-di spersive X
25 ray spectroneter. The results of the neasurenent 9 Cctober, 2002 192
showed that the titanium atons exhibited a randomdis tribution and that
the Ti02 particles.did not exhibit a distribution in which the
concentration of the Ti02 particles i ncread®ds fromthe inside filmsurface
toward 5 the outside filmsurface (renote fromthe CHP film. Further, the
surface of the forned filmwas evalu ated with respect to the photocatal yst
activity. The ePHAPSIYon RESPIBHTE: vdnyl: ?th&rs"'os)’."hlésoﬁﬁﬁﬁf ar et
Exanple 10 30 g of ST-OL (which is the sane as used in m par ati ve Exanpl e
4) and 120 g of &%&%Fené hatged i Ta %&Y&i@&ﬁfﬁ pggnﬁft‘ﬁt%e‘?’efl ux

condenser, a thernoneter and a stirrer, and the resultant m.xture.in 15 the

reactor was heat® P50 G 1 LRIV svg S 38 &CY5eRS REY VYUY Y medi um
of the mxture, the particles were not dispersed.but precipitated,.sp that
no sol was forned %‘%b ’eﬁe]rﬁsjr y%Stlesz%’ gs“bcriptaﬁe kK iagr?%gft%cgﬁéo%}lﬁygo (7)
obt ai ned in Refer e anp| 0 s_charged jnt e t e
appr oxi mat el y S%e%{]zﬁou?‘gés(’ ar%)lfébﬂ@%ﬁeﬁse' Zﬁlf%ﬁ]r iarTc’g,acha‘.tL teﬁzgflegﬁfltg%n m?n' xture
in the reac for t a C for f i on of
ST L wi th compoii T AU ey (hatiee v odpEhpd hr fub Bt
thereby obtain asypgidi ed phot®) acty (&4 42 2002 ¢l93 et erstL-di spersi on.
During the reaction of ST-OL with conpound (7), hydrogen gas was generat ed.
The vol une of theigereaaied bydnoaeyeddpldetoxif 112 a5, (EAYddmathi®-C. The
obt ai ned nodi fi ed photocatal yst dispersion 5 was an unstabl e di spersion
wherei n the di speiseépndsha@l epoffLheromethiyrd(mdich poatwlatst, parifilabes-was
unabl e to be maintained and the particles precipitated with the | apse of

ti me. Theonodi f i pdophdt tmath) gstytlaspersenil umsomt gueldnetthywinder r educed
pressure at 50 Cto renove the liquid nediumfromthe nodified

phot ocat al yst di §épetBiaarviateebyinplpynrabldopawderind thy Injdizopadet i t ani um
oxi de. The obtai ned powder of a nodified titanium oxide was treated by a

pel | eti zi ng machthé (MeEh)3ervhappeodafnglayis(mabpl acroiatas r Apege

absorption spectronet Y vvhereiDn L ,
compounds can be used individually or in combination.

It is preferred that the polycarbonyl compound is

15 produced by suspension polymerization, emulsion polym-
erization or solution polymerization. It is more
preferred that the polycarbonyl compound is in the form
of a latex obtained by emulsion polymerization. In
this case, it is preferred that an emulsifier having a

20 reactivity (polymerizability) is used in the emulsion
polymerization to produce a latex, because the modified
photocatalyst composition of the present invention
which contains the thus produced latex has excellent
water resistance.

25 The production of the above-mentioned polycarbonyl



the powder was conpressed under a pressure of 750 kg/cn¥) thereby obtaining
a pellet of a nodified ti tanium oxide. The conBaQctebdt,c2002wat er agai nst
the surface of the obtained pellet was 93.0 as neasured at 20 20 C. The
surface energy of the pellet was 28.4 dyn/cmat 20 C, as calculated from
the empirical for nula of Sell-Neumann. 1.2 g of the above-obtai ned powder
of a nodified titanium oxide was added to 100 g of Pla=ace (which is 25 the
same as used in Reference Exanple 12) at fddmtem 9 Qctober, 2002 194
perature (23 C) while stirring, thereby obtaining a conposition. Using the

obt ai ned conposition, film d on the surf ace of _an . OHP filmin
substantial |y t HPREH rﬂ%&so ({]re dh LTLPFeNFRe %I & FF‘@&PF n of

g_l'lt:)a][u Ium at ons |n cr%iss/Z sectl o tn 3%? S ggrggea% he SH%‘;%?% oI t he
ilmwas med¥ ener I S y spec er.
lhsaagz:ﬂ E:I?SOI rf‘goejt%n an t éaQ:a gﬁm glerrahgltweat%%ohlﬁ%ao % gg?'?églkbl ted
were in contact wiif,the Lﬁé’{é)gﬁ?e Oladdi Oordiddifia Tt ehes mﬁ e sMikace of

the forned fil mwas eval h res phot ocatal'yst ‘activity.

The 15 eval uati ong Was, AOPE &4 - fecom %ﬂé e t[%)foﬁ‘?faer & X @G at4n

[ Synthesis of Si-H group - containi i con conpound (9) having a cycl iC

actd anhydride ospupy 20: 6% ol aghoxang, Al 4004 A% i hohs the

sane as used in Reference Exanple were charged into a reactor equi pped
with a reflux coaawﬁefiz@ti&eré@r@&eétwﬁeﬂ@élﬁ ainsaait-dtha akhbant

m xture in the reactor was heated to 80 G while stirring. 25 50 g of Uni ox
MJS-8 (which is Ekempaee af ts@itcal poDyhEtDhet] o 0k 196 tRefimredee
Example 1), 28 g of a 5-norbornene-2,3 dicarboxylic anhydrite, and 1.1 g of
a 5 ~ by wei ght psbpsspamopessih lfaba, ofodisgn opens nsfatch! amoplretum pare( | V)
hexahydrate were di ssolved in 100 g of dioxane. 5 The resultant sol ution
was char @d i nt osuhEahpovhydregeénneereride or tobetyhwdnananatideond -hour at
80 C whale stirring, and the resultant m xture in the reac for was stirred
at 80 Cfor 2 hoBPgYénE?rt’ﬁ%h?né‘%'F%d 2,2" -azobisisobutylonitrile,

2,2'-azobis(2-amidinopropane) hydrochloride and 2,2'-
azobis(2,4-dimethylvalero-nitrile). Usually, the radi-
cal polymerlzation catalyst is used in an amount of

15 from 0.1 to 1 % by weight, based on the weight of the
ethylenically unsaturated monomer. Usually, it is
preferred that the polymerization 1s conducted under
atmospheric pressure at 65 to 90 °C. However, depend-
ing on the properties (such as the vapor pressure at

20 the polymerization temperature) of the monomer, the
polymerization may be conducted under high pressure.
When it is desired to increase the polymerization rate
or it is desired to conduct the polymerization at a low
temperature, i.e

., 70 °C or less, it is preferred that

25 a reducing agent, such as sodium blsulfite, ferrous



to roomtenperature, thereby obtaining a solution of 10 Si-H

group-cont ai ning silicon conpound (9) having a ©yOetobefic2002nhydri de group
(hereinafter referred to sinply as "conpound (9)"). 8 g of butyl cellosolve
was' added to and mixed with 1.4 g of the solution of conmpound (9)) and,
then, 15 8 mM of a 1 N aqueous sodi um hydroxi de sol uti on was added t hereto,
so that hydrogen gas was generated, and tti; vol une of the generated
hydrogen gas was 35.8 nl as - neasured at £ C The Si-H group content of
conmpound (9), as calculated fromthe volune of the generated hy 20 drogen

, .02 I f th |yt f d (9 | I
A5 mol per g BTREGUY) SIRArEPEREE R ARSI oA heers BT O oL
ol per g e 5TS
Cotober . 3000 1580 0 a1 T ORI Lo AT TR AU CFRBY R Rod e

Ref erence Exanpl;g %s‘}ﬁ%d;h? Q:%%iinntt‘}a?lsrgeegzc%%;reé&g?isﬂeﬁda\é’i BBadcy ehétx

condenser, a thernonmeter and a stirrer.

2, 4-di ni trophenyydrazi g Mas et e ddt A4y ¢hel fbhaBydref uran. The

resultant solution was charged into the above-nenti oned reactor over

appr oxi ely 3Qdi asr Al G v dd st Iddddburnd the resultant m xture
in the p?actor vvasdsiﬁrred atcbzoygylo fn(?ﬁ 3 r?gﬂjrs, t hereby obtaining a

sol ution of Si-H grour contpiddired thea RARRURE GERerhankengodymeri -
sensitizing group (hereinafter referred to sinply as "conpound (10)"). 15
Exanpl e 20 [ Prepataionted prémdtinedihainead-alemiicedd pylybarusaynf Si-H
gr oup- cont ai ni ng conpound (9) having a cyclic acid anhydride group] 200 g
of STS-02 (whi chcongpdimed saviee gso sk bonyX conpeurtd ianchclF igdotviwhat er were
charged into a reactor 20 equi pped with a reflux condenser, a thernoneter
and a stirrer, athe tdeoveswentivned @turkeast tire regnomdves lesgedd from30 C
while stirring. Subsequently, 30 g of the solution of conpound (9) obtained
in Referkhce Ex @MplEraup @Qnehak g 9fhtan thekewstt anovan £39earr1Es
mately 30 mnutes at 30 Cwhile stirring, and the re 9 Cctaober, 2002 197
sul tant ni xture PR ThtaPRact Py R Teenden 3Rt o0 product (polysi-

loxane) of an alkoxysilane and/or organoalkoxysilane

and a colloidal silica, wherein the compound for modi-
fication of the polycarbonyl compound is used in an
15 amount sufficient for modifying 0.1 to 80 % by weight
of the polycarbonyl compound. The use of the thus ob-
tained modified carbonyl compound in the modified pho-
tocatalyst composition of the present invention is ad-
vantageous in that a f£ilm having excellent weatherabil-
20 ity can be obtained from the modified photocatalyst
composition.
The modified photocatalyst composition of the pre-
sent invention can be obtained by, for example:
a method in which the modified photocatalyst sol

25 of the present invention with the above-described func-



3 hours to effect a reaction of STS-02 with conpound (9) and nodify the

Ti 02 particles of STS-02 to thereby obtain a sob Octbber 2Q02o0di fi ed Ti 02
particles well 5 dispersed therein, wherein the volunme nean particle

di aneter of the nodified T102 particles was 29 nm During the reaction of
STS-02 with conpound (9), hydro gen gas was generated. The volunme of the
generated hy. drogen gas was 112 nl as nﬁﬁgured at 20 C. 10 An IR spectrum
was obtained in substantially the sanme nm r as in Exanple 1. The obtai ned
| R spectrum showed that the absorption ascribed to a Ti-OH group of TiO02

par 1 e 10, STH Rl SRS (el RS aherRe e ehet g PLD, e

been observed i € SmhIsr € cation of
the Tl Oz ticles. I 100. TS- i i d
n Ex 20 bapl e 5y and SBRYRE Ao 40 roB ralE i hE ey L 08 SO e O
ith fl . i h t

M xture in the rasia il o R A hoRoRelr (Bl o, EOEngIBEREEL AT
g of the sol uti qnyofy qm%&é@h&mr@fg%%cg&ﬁ%egge g EéZﬁnag}eéﬁ%%é was

charged into the reactor over approxli t ober, 198 mat

m nut es & 30 CyhifdhSitdrd Idba S td}ﬁcari%i%l& gt a%?&teuﬁ%sicﬁib@ﬁ ggactor
was stirred at 30 C for 3 hours to effect a reaction of STS-02 with

conmpound (10) angsh @k + Yndhehd 1 7 dnel efrfp )SEaaddrt @nkhebab¥ngaobt ain a
sol containing orange, nodified Ti Oz particles well dispersed therein,

wherein the vol unkomessl aretiz £t forfli @ed efydrfo IyrabredisfilledeTi(@2 gpar thel es
was 36 nm During the reaction of STS-02 with conpound (10), hy drogen gas
was gener at ed. Tdieoveltdescofbédeagehsrst arhel @dmpsrunge sejas twds £100 wheas
nmeasured at 20 C. An IR spectrumwas obtained in substantially the sane
manner as in Exagmpdep 1comies bbrai olecan RYpeGtsidmrshowad oganoadéoxlysdr pt i on
ascribed to a Ti-OH group of Ti02 particles in STS-02 di sappeared, wherein
the 15 ab®ve- nent#dfed2d®sdrpYdBol Hiks heaierpadihang inedusd oK sPeéttkom of
T102 prior to the nodification of the Ti Oz particles. Using the obtained
sol, a transpar ePXYFo+aRGeFR AN ST RFIINIR KT Fioafsd drF e LoFimedcdnof a

Surtace of the fFTR RESCEVGFLAY el By eHCE o MO L TSN TS GPBy or
%glrjlo{ogoglrgl tsﬁoaér%%g?{éwgbggggﬁ.e was changed by sunlight irradiation. The
With respect to the modified photocatalyst sol
15 used for obtaining the modified photocatalyst composi-
tion of the present invention, it is preferred that the
modified photocatalyst sol contains a group (such as a
- (meth)acryloyl group) having a reactivity with an eth-
vlenically unsaturated monomer and/or a group (such as
20 a hydroxysilyl group) having a reactivity with a hydro-
lyzable silane compound. By the use of such a modified
photocatalyst sol, it becomes possible to obtain the
modified photocatalyst composition in the form of a

modified photocatalyst/resin composite cémposition in

25 which the modified photocatalyst and the resin are



9 COctober, 202 199 Exanple 22 100 g of the sol obtained in Exanple 20 was
charged into a reactor equipped with a reflux cé@otober, 2002 nonet er and
a stirrer. 5 0.07 g of 2,4-dinitrophenyl hydrazi ne was di ssolved in 7 g of
tetrahydrofuran. The resultant solution was charged into the
above-nenti oned reactor over approximately 30 mnutes at 20 C while
stirring, and the re sultant mxture in thggeactor was stirred at 20 C for
10 3 hours, thereby obtaining a sol contai'ning orange, nodified Ti02
particles well dispersed therein, wherein the volune nean particle dianeter

f th dified i [ [ t Qi I,
{ransparent (or SRGCI i 18 ShSNTITT TN WAL (orHEd TSA L R CarPace of a
gl ass plate in substapt |§{€lb)y}n_t&eer§@r% ec{%lgﬁhti QFEEEEFE‘%r;d Thersyrface
y |

of the filmwas evaluate exam ni ng how ificity or
hydr ophobi city afohfiSuhd ! HAFLIE 3& s YBEaEHANAEL DY Rl dRGn lrt'h%d,' gki on. The

results are 20 shown I n Table 4. Reference Conparative Exanple 1 Using the

sol obtained in EXGNPhEdLPic@ PRSNSHALa PPt pu-simIQ Rof ith® weiiffaeaed on
the surface of a 25 glass plate in substantially the same manner as in Ex

9 Cctobers 2002 pROtesptaldst Thel susfaged ods thee fdldnesare revaned etnby
exam ni ng how the hydrophilicity or hydrophobicity of the filmsurface was
changed by sunligbbnalr adbatante. Thehg emddilfs et @hshonwatanyfabkbembosh- Tabl e
4 How t he hydrophilicity or hydrophobicity of the filmsurface was changed
by sunlight irratiiahi oontaisimgxanphea?2lafFyanmhet &3Hefneargncen@empar at i ve
Exanpl e 1Contact angle of wateragainst filmsurface 767 77a g0.7(prior to

sunl i ght ir-radi exhdhitsntaseliingtrvabifvangroya$ebl -driddatsing aepegty 39. 1
76.2(after 3 hours of sun-light irradiation) 10
with respect to the distribution of the modified photo-

10 catalyst (i.e., the abillity to distribute anisotropi-
cally the photocatalyst). Hereinafter, such a modified
photocatalyst composition is frequently referred to as
a “"self-stratifying or self-gradating type photocata-
lyst composition”. By virtue of this self-stratifying

15 or self-gradating property, the self-stratifying or
self-gradating type photocatalyst composition can be
used for forming on a substrate a film or producing a
shaped article (such as a structural part), which is
anisotropic with respect to the distribution of the

20 modified photocatalyst. More specifically, during the
formation of the above-mentioned f£ilm or shaped article,
a gradient is automatically formed in the self-
stratifying or self-gradating type photocatalyst compo-
sition with respect to the concentration of the modi-

25 fied photocatalyst particles, wherein the concentration



Ref erence Exanple 16 [ Synthesis of Si-H groupco%&ﬁq’gn conmpound
(11) having a sensitizing group] 10 g of 4-amn nd 1,400 g of
di oxane 15 were charged into a reactor equipped with a reflux condenser, a
thernoneter and a stirrer. 2.4 g of allyl isocyanate was dissolved in 22.6
g of dioxane. The resultant solution was charged into the above-nenti oned
react or over approximtely 30 9 COctober,1og#02 201 mnutes at 30 C while
stirring, and the resultant m xture in the reactor was stirred at 30 C for
5 hours. 500 g of KF9901 (which is the sane as used in Reference Exanple 1)
was charged i nt ot hend ared Df ie@nshd hecd@siyts tH ge@iti dlest ume the teeul.eact or
was heated to 80 C while stirring. 1,370 g of Uniox MJS-8 (which is the
sanme as used in Reterehte dxasiphped)artnictfe dmfrenses- fimomwihghtinneo
propanol solution of hydrogen hexachl oropl atinate(lV) 10 hexahydrate were
di ssolved in 1, 3gérygioh thexaof. (Ihethesuddtanit ddleutfiidm wadhecHdnged i nto

t he above-nenti oned reactor over approximately one hour at 80 C while
stirring, and theortsohf aneansxtheesunfade cadraringashs isubstratteg0 C for
2 hours and, then, cooled to room 15 tenperature, thereby obtaining a

sol ution &f Si- Hag@omp tbat apapngfsthe c@mmkelrl)ﬂﬁawweé? POFSI
tizing group (hereinafter referred to sinp %/ 'com pound (11% . Waen 100
g of water was aH#eR t®eang Ehet GanhpalePom Waﬁ%%@l HIBHF ot h€ofFound

(11), the resultant aque Qus m xture_was honogeneous and trans arent and

had fl uor escencePO8Rdt RETERREr LRERBCL 8 FHSF DEPRRT t¥etP0SANFE FHS alded t o
and mxed with 4 of the solution conpound 25 1) n, 8 m of
a 1 N aqueous soBﬂﬁﬂPWBPBxgaehergiﬁff‘BﬁgP érizly %‘?é\?\i&% 2¥dded
thereto, so that., h [0 s enera n t he vqu of

generated hydr ogeﬁ gas%\%a?Qggyﬁ rm%% r%iéla(g? iz%g(?rol% r%, H grlgﬁp
content gfy conpoudpllt toa%h%aks&lnaggdsﬁag%tthyo*gr@bpélﬁ@@ o fEnsient ed

hydr ogen gas, nmol per of the s tion conmpound (11

(approxi mately BSélmltraQ&fgi% 6%9%1)5 gEXaaPi &g 2131;1;9 wOfi g phdes A-6
(which is the sane as used in Exanple 1) was charged into a reactor

equi pped with a eaftlalyseordapseritiant henhaoaRbEht a0 Bhétmbdefied photo-
Subsequently, 12.5 g of the solution of conpound (11) obtained in Reference

Exanpl e 16 was chatgdystniparttieles 3% abboexpweedapprdacentibye@d i\ nut es
at 30 Cwhile stirring, and the resultant mxture in the reactor was
stirred at 30 C ffaonB Shdwr S a0 *effvecteighteaprebarably TravcSA-Bowdh *
conmpound (11) and nodify the Ti02 particles of Tinoc A-6 to thereby obtain
a sol cortt%i ni ng P20 Weimhtes hased wadithieegotrd2wpashtcpEstiel podisirt sed
therein, wherein the volunme nean particle d| arreter of the nodified T102

particles was 23 BTSSRI HY $he €5n GRITERGCAROB N PR EBRPBRAHE+A) )

e o 12 RSk 5 I Dt DTS S 1R e o

- is 0 to 50 % by weight, preferably 0 to 10 % by weight,
based on the total welght of the modified photocatalyst
20 particles. Further, the concentration ratio of the
modified photocatalyst particles at the exposed surface
to the modified photocatalyst particles at the inner
portion is 1.5 or more.
For achieving the above-mentioned sélf—stratifying

25 or self-gradating property, it is important that the



203 An IR spectrum was obtained in substantiall )gahecgi,@gezwer as in

Exanpl e 1. The obtained IR spectrum showed't hat ascribed to
a Ti-OH group of TiQZ particles in Tinoc A-6 disappeared, wherein the 5
above- nenti oned absorption had been observed in the IR spectrum of Ti 02
prior to the nodification of the TiOz particles. Using the obtained sol, a
transparent (yellow or green) and snooth fid7m was forned on the surface of
a 10 glass plate in substantially the same nanner as in Exanple 1. The
surface of the filmwas eval uated by exam ni ng how the hydrophilicity or
hydr ophobi ci ty ¢flume fdam Pparftded endd agtedirge @ thyhehaodifaglaphehoof | i ght
containing alnost no ultraviolet light. The results 15 are shown in Table
5. Reference Cofdiddfiste mfriles2 be RO e eckesSo t WeeR i FB6 6 HERe on t he
surface of F~ a glass plate which filmwas obtained in Exanple 1, the 20
surf ace of the WamakRradrRAtEeEIsy dé‘e@?ﬁ'qﬂrngl%&ﬁrt@néhﬁ?gg%hmi' cFe§ or
hydr ophobi city of the filmsurface was changed by the irradiation of |ight
contai ning al  n& i WAt i eor it - Ida et (REOREE ISR tPR Tabl e 5.

25 9 Cctober, 2002 204 arative Exanple 11 Tinoc A-6 (which .is the
sane as used in“l‘:‘%%zrﬁﬂeed 113%) ca";ﬁ]éiﬁtcc?aq PLPRLY VT Jo%re TH B¢ hi ckness
of 0.5 pm The co d.glass.plate was i ed at, room.tenper t.ur r one
week, thereby fo%%%bsgr%%frﬁlp% et Sa%#%ao(?%t#rﬁ Mg ﬁsfgrefiaggogg t he
gl ass plate. The c S i.ni ng.h t he
hydr ophi I'i city o?%%%h%%’?é:%@%‘#ﬂ%% ??%%%%%c?n&%&ﬁggé B the
rradiation of |$g0eEeBhctgkagM MO ERS o UbAFEM L Shididitl oENene
results are shown in Table 5. Table 5 How the hydrophilicity or

hydrophobi city ohodfi€iéd! Phdbossd Beet VESr£an8801 HY2dd1&nt fdradiedlsi, on Of
i ght con taining alnost no ultraviolet light |Item Exanple 23Reference

Conpar at L ge Exanpbee 28atpatagéves Exampdr 11lf@ntacioangh e Hfi MahrRgadast
filmsurface 25.7 37.0
vantageously from 5 nm to 50 nm.

With respect to the self-stratifying or self-
gradating type modified photocatalyst composition of
the present invention, it is considered that the low

15 surface energy of the modified photocatalyst due to the
above-mentioned structural units (1) to (3) is one of
the factors which cause the modified photocatalyst of

~ the present invention to exhibit the self-stratifying
or self-gradating property. This means that the func-

20 tional substance used in the self-stratifying or self-
gradating type modified photocatalyst composition of
the present invention needs to have a surface energy
larger than that of each modified photocatalyst parti-

cle, preferably by 2 dyne/cm or more.

25 The above-mentioned surface energy of each of the



15. 7(prior to light irra-diation)Contact angle & Q@tiobezg2002 fil msurface
102 . 9 38 . 3 16 . 2( after 24 hours oflight irradration) 9 Cctober,
20G2 205 | NDUSTRI AL APPLI CABI LI TY Wien a filmcontaining a nodified

phot ocatal yst is forned on the surface of a substrate by using the nodi

fl ed photocatal yst sol of the present invention or the 5 nodified

phot ocat al yst conposition of the present i®8vention conprising the nodified
phot ocat al yst sol and a functional substance, not only can the nodified
phot ocat al yst be strongly immobilized on the surf ace of the substrate
under noderate dHiftieshPhatarafalygtt andhdhe foncdhenpig SEPSLRBCECERYI ty
of the nodified photocatal yst, but also any of the filmfornmed and the
substrate covey&f \/Ui“it%ﬁ‘ﬂf'é{f 97 H¥@MRIE -dderihsr A0dd Oy nehBeXBPron T¥e t he
nodi fi ed photocatal yst. Further, the above-nmentinned filmexhihits .

excel | ent propert¥e2SH tGeBhed MRS e AFdR Sddvs Qar SHPPRLy 278t a0 ni ng
resi stance, hard ness, and the |ike. Therefore, the_agbove-nentioned nodified
phot ocat al yst so?f%d(%‘%?f?séc?% WA é’cafcto)rfpé’g’ﬁc?‘oﬁra?r'er@fpregﬁely

ful for, e.g. ti dirt f dher.i t h f f
f 53232()? ggf’is*f+€%§i?:%%€%¢%%éﬁ:%gﬁ?e?g&che 4%’%#80&@5%&?&%5%%?&2 L
and the shaped a%#‘?c?}g o#&lﬁgf%r}ge:isje%‘ﬁb%tn%ne@aeﬁ o(r%ggrrtfg‘gliégﬂ? %é ﬁ%g?ﬁ?gg&)
h I . e . of
urtace of each Btethe png SERAREEIng B ol MO E L &5nd the

shaped article, %‘ﬁ%ﬁg?yagﬂgf i vefltgéngr YRNtIRG aitr taptgﬁ_gm(ggihgg! gget@a{ he

surface thereof fectively preventing fogging fromoccurring on the
surface thereof.ter9 £elabeve 2802n&0dutitsdH 4. tife Ndind ied pPHetoeateal yst
sol conprising a liquid nmedium having dispersed therein particles of a
nodi fi ed1® phot osatatyst, isamdaparédches2ofe @, naed fired photasatealersty bei ng
prepared by subjecting particles of a photocatalyst to a nodification
treatment with atfl thet fohm apdihe eshapefoamtichke ets etk ¥cwin tdre fprasup
consisting of differ 10 ent conpounds each of which independently conprises
at | east one str@b?upaptéﬁFta§gﬁécvéﬁn§rbh?tﬁ@lb@v%mﬂ } stnhi&i- a
monooxydi or ganosi | ane unit represented by formula (1), a di oxyorganosil ane
unit represent ed™BPof §r KIPATLSRL SAB™ALAF f | uor onet hyl ene unit represented
15 by formula (3): -(RR2Si0)- (1)

15
(0.015 ys - 2)x 4/Jysx y1 + y1
cos 0 =
le(0.0leq/ysxyl - 1)
wherein ys represents the surface energy
20 (dyne/cm) of the film or shaped article (whi-

ch is used for measuring the contact angle of
water) and yl represents the surface energy of

water, i.e., 72.8 dyne/cm (20 °C}.

25 With respect to the functional substance (having a



wherein each of Rl and R2 independently rep20 re3@dtoberh2@0®en atom a
strai ght chain or branched Cl-C30 al kyl group, a C5-C2p cycl oal kyl group or
a C6-C20 aryl group which is unsubstituted or substituted with at |east one
substituent selected fromthe group con25 listing of a Cl-C20 al kyl group,
a Cl-C20 9 COctober, 202 208 al koxy group and a hal ogen atom -s~ o | b
(2) wherein RL is as defined for fornula 129, and -(CF2) 10 (3), said
nodi fi ed photocatal yst particles having a vol une nean particle di aneter of
800 nmor less. 2. The nodified photocatal yst sol according to claim15 1,
wherei n sai d phbilgbasarfacepanergyesupefioint sheapglivetrathiybrg taat nent
have a volunme nean particle dianmeter of 200 nmor less. 3. The nodified
phot ocat al yst séklicesedatdngotiEpai wrddfiedr photpnatainstarempRwh §iay
photocat al yst particles have a volune nean particle dianeter_of 200 nm or
| ess to the excPdsitd¢ Pressnst ie¥estiphe BAPLRCLESNANPBRLHBRERT eklle
derived fromthe nodifier conpound. 25 4. The nodifi ed photocatal yst sol
accordi ng to anyati®necedeVariols POYOBRESef SEPARRELIE FOSENS whpRHITSS t er
allowed to stand at, 30 C for 10Q days, maintains a volume nean particle
di anet er Sof sai IS B SRSt ddEPaFFSt PFartrl) e85atOBB02ANFRE ¥ 5 5.
The nodi fied phqtocat.al yst .,sol accordi 0o any. one of claing,1l.tpo 4,
wherei n sai d modifaRst &5ﬁ&eh§ Saas§ﬁ§%tFff*&carSBﬁFQXOSnEl%%%l%%dified
phot ocat al yst s ac j | f.clai.ns rej i d
(€¥ﬁ]é§84¥'H%&€1&ﬂ$ﬁ Qggggréﬁe%t. &e£?i§?fggf?6%?¥§glgroup

nodi fier conpoun as at | east one re i've group selecte

consisting of ar gROXy, 12;53110 D UOWe FULRY 3 R Ba@g}(hflykugfé’é@ an

aci d anhydride group, a group, a carboxyl group, ydrazi ne group,

an isocyahat & grgiibrgRrs N0y, anahe Hi?HpsuﬁfHMQVfoé!i‘gﬁr&&‘tpsteﬁ{b@m no
group, a cyclic carbonate group and an esfter group. 20 7.” The nodified

phot ocatia) yst sqlapcs®rdli dithdtandediviibh WieIRirabial Gymagiviing!, aeapowgd has
at | east one reactive group selected fromthe group consisting of a
hydrazi ne group magids Buketabgrqitilon25 18.ghfthel rrdi ffatadnplet atat aliyxst asol

according to any 9 COctober, 2002 210 one of clains 1 to 7, wherein said

nodi fi er conpounter stisel fommilt i icblae Dl ehapedatagrticde.The nodifi ed

phot ocat al yst sol according to any 5 one of clainms 1 to 8, wherezn said
nmodi fi er conpound It 1s preferred that the high surface energy sub-
stance used in the above-mentioned self-stratifying or

15 self-gradating type modified photocatalyst composition
of the present invention is a composition which con-
tains a component insusceptive to decomposition by the
action of the modified photocatalyst (hereinafter
referred to as “indecomposable component”), and which,

20 when formulated into a film or a shaped article, is ca-
pable of providing a structure wherein the concentra-
tion of the indecomposable component increases from the
inner portion toward the exposed surface. Examples of

such compositions include a silicone resin composition

25 and a fluoro resin composition. These compositions can



contains at |east one silicon atom having bondeg bpgrs toggbgleast one

hydr ogen atom 10. The nodified photocatal yst s } claim10 9,
wherein said nodification treatnent is conducted in the presence of a
dehydr ogenati on- condensati on cat al yst which has

dehydr ogenati on-condensation activity with respect to said hydrogen atom
bonded to the silicon atomof the nndifiei &onpound. 15 11. The nodified
phot ocat al yst sol according to claim 10, m%erein sai d

dehydr ogenati on- condensati on catal yst - conprises at | east one netal of the

pl ati num group = eof ., 20 T di fi ed photocat al yst
sol according tggaﬁﬁegnggggggﬁg?%gfg ?% ﬁﬁ,c%ékﬁgéﬁ?éﬁ;(j nodi fi er conpound

is a silicon conpoungd.hayi e c e egresent ed
by the follow ng for%ﬁl§¥%ﬁ€}g§58¥ Eﬁ%ﬁ?éﬁiﬁfﬁégﬁ%?éﬁﬁré%%iédd&" ©

HpRgQr XSSi 0~4_p ) aWhCEe1fro CRACHI R ESREHENEENL Y (HRIFELI]M S a 5
straight chain ggmgfgﬁéﬁggécﬁﬁgsggg ﬁ§|§§€%ﬁl, a CS-C20 cicloalkyl group or

a C6-C20 aryl gpaUReWRibhelS aUBSHBSE E #68cGhpSLDSh§ Lot £0LNd headin east one
substituent selected fromthe group consisting of a Cl-C20 al kyl group, 10

a Cl- C20 gl koxy s8i59eR andadrijalegessahoghaecach & ivdepepgendightt e esents a
group having at |east one function-inparting group selected fromthe group
consi sting of: Ah)kakylsaasheqnanhydyanbabkexgeouansedhd)ect @dnfdmsit-he group
consisting of a straight chain or branched Cl-C30 al kyl group, a C5-C20
cycl oal kyl groupisnrtandenGat@2n aryldugtodpodMisthokanahsabsant atleekyyi-
substituted with at | east one sub 20 stituent selected fromthe group
consi sting of al@peC2hddkylonpampelkexgsC2pnal keryhgasuphandomp el bigdh
atom and a C1-C30 fluoroal kyl group; 2) at |east one hydrophilic group
se25 | ected fromaarespdhup dhexasdingg dhrpanesg atepér APpdB22DHIM car boxyl
group and a salt thereof, a phosphate group_and a salt_ thereof, a sulfonic
acid groth and &l 10ReRSRFCLF@ A OBoNPox A YPESe gFRRFR BESHN HOM-east
one reactive group selected fromthe group consisting. of an epox roup, an
2 ¢ arURels

acryl oyl group, REFHELIRRST yIBYICYTRR 38n 23968 ¢ ¢ fny FPle 2§r Bup?
group, a hydraziﬂtla géé}%)%baagr%%gaﬁ)&%r}ai?%dil(%h%r (r]%r})(,e an i sot hi ocyanate group,

a hydroxyl group, an C c carbondate group and an ester

group; and 4) at |east, N6, sensidy Z:ie%q)e%rtog% tHaC R Xl BEERARASRIEY

. O
represents a hydrol5 lyzabl'e group sel’'ected fromthe group consisting of a

Cl- C20 al koxy Or&tPat fePiclh 0xXY | s & Ol a da thH PPHd T 19 @dP phaloeReXY
group, an am no group, an am do group, a Cl-C20 acy '~ |oxy group, an

ani noxy gsoup andy@thebegesi£0o@} Othedid) nd],pdrAkthinrs alingfryttiba.
following relationships: 0 <p <4, 0<qg<4, 250 s r <4,
For example, the self-stratifying or self-gradating ty-
pe modified photocatalyst composition may be either in
a pellet form or in the form of a solution thereof or a
dispersion thereof in a solvent. It is most preferred
20 that the self-stratifying or self-gradating type modi-
fied photocatalyst composition is in the form of a
coating composition containing a resin.
It is preferred that, in the self-stratifying or

self-gradating type modified photocatalyst composition

25 of the present invention, the ratio of the weight (in



9 Cctober. 2002 213 0 s s <2, and (p+qg+r +3).<4 1 e nodified
phot ocat al yst sol according to claim5 12, wher } n conpound is
represented by the followng forrmula (5):

(RIHSi O a(R zSi O b(R Q@i O C(R13Si 01~2)d (5) 10 wherein: Rl is as defined
for formula (1) and Qis as defined for fornula ( 4 ) , a represents an
integer of 1 or nore, each of b and c indgggndently represents an intelb5
ger of O or nore, dis O or 2 wherein a, and c satisfy the foll ow ng
relation ship: B ~'" (a + b + c) s 10,000, and 20 wherein when (a + b + ¢)

z 2 and d is O, C d.af r mgl 5). . | ilEcpRey c ound,
and when d is ZFEFﬁg ggﬁg§§n3%6€%$ogﬁuﬁgg(éfh?ggagéﬁégﬁaﬁt$%h ?n)5| I cone
conmpound. 25 14 i | | ysit Lt} ORe C i &§ :

ot ober. 2002 219 RE B e Rt aral ver Taroer “Sny TOnE SPATR: 1 to

13 and at | east sQpeaEWNGHeRRl ices 19, The)edi i odighot ogaial yst
conposition according 5 to cl'aim 14, wherein said functional substance is a

resin. 16. The grdiefiogd oR@toac Al E! mEPQivbin@agaea8Ldi Agom0ochal md S,
wherein said resin is at |least one resin 10 selected fromthe group

consistimg of aisilEeeneireshe addtank! ver eneesbdirlda phheromeidignt

phot ocat al yst conposition according to claim15, wherein said nodified

phot ocat al yst sals verds dsmraa Inogh firect phet cat)gl(pst) selight ehaiom §s and said
resin is capable of reacting with said reactive group of said nodified

phot ocat al yst sdlrom ©.0081 The 0nRi fited ot ecatshlypstl eonpoldet fommadcor di ng
20 to claim 14, wherein said nodified photocatal yst sol is the nodified
phot ocat al yst sdiragf tdleaighoye awehtinked meetlifoeal phohocatedyiss apmpeast one
conpound sel ected fromthe group consisting of a polycarbonyl conmpound and
a pol yhydr azi ne sdériipgurRn Bxhibblogapksiactygy ProPegtivhe Wik reegect

phot ocat al yst conposition according to claim 14, wherein_said functional

substandd i s a dGatiify-PRATICRBAPERT 12O VIS R RN RE FO§ PYEFOopRdtLdEatHl yst
it di t |.aj 4, wh i id i bst i
combound havi ng O SOFTRRRRRLILEY el it VB ddimisar i -
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conposi tion conmprd £t Ngr2as €848 PRYL Hodi F1E4 Ff ENEHM YA WndRar slat  of

each nodi fi ed photocat al yst
has a structure wherein the modified photocatalyst par-

15 ticles exhibit a concentration gradient in which the
concentration of the particles increases from the in-
side film surface (in contact with the substrate) to-

- ward the outside f£ilm surface. Such a f1lm exhibits
good adhesion to a substrate, so that the film can

20 provide a functional composite which exhibits extremely
excellent durability and photocatalyst activity.

In the present invention, modified photocatalyst
particles having a volume mean particle diameter of 800
nm or less, which are obtained by removiﬁg the liquid

25 medium from the modified photocatalyst sol, may be



particle. 15 22. A nodified photocat al yst corrposé té og !go:%d @é ng nodified
phot ocat al yst particles having a vol une nean par+ % of 800 nm or
| ess and at | east one functional substance, wherein said nodified photocata
20 lyst particles are obtained by renoving the liquid nme diumfromthe
nodi fi ed photocatal yst sol of any one of clains 1 to 13. 23. The nodified
phot ocat al yst conposition according 25 tojgl,ai m22, wherein said functional
substance is a 9 Cctober. 202 216 conpound having a surface energy

| arger than that of each nodified photocatal yst particle. . 24. The

modi fied phot ocgi ey ly CORIR! HdHdy AGIAIRIS ® niYnCarFhéd. eMBeE$i Bomai d
functional substance is a coating conposition coniprising a resin having a

surf ace energy daugered hateddiyf eL3ch wREifdid phekecatahyst panpocl e.
10 25. A nodified photocatal yst/resin conposite conposition which is

produced by pol ydmeti g Nehwtnd easde 10N GGG S Vre¢lead -Hirammt hgggr oup
consisting of a vinyl conpound and a hydrol yzabl e silane conpound in the

presence of the pishéted phed ocadpd sttt alhedfdiatrivm ibh of e¢hai medi-to 13.
26. A functional conposite conprising a substrate and a filmfornmed on said

substrate; said fiédn sloopsdestaydhepamididlies pBathcat abysbssbiowfcamy one
of clainmse 1 20 to 13. 27. A shaped article produced by shaping the nodified
phot ocat al yst cdmposasibn bindbgyd omeinofy clraiarpedlato fim 28d28s Rery
functional conposite conprising a substrate and 9 Cctober, 202 217 a
filmfornmed on saittsbbetfar eobtaining | an oaped FAnig alite haydingi @dstruc-

phot ocat al yst conposition of any one of clainms 14 to 19. 5 29. A shaped
article producedtByesyHapragnt Hee npedif el e eea i Yt dRidsileiSof%of cl ai m
20, which is anisotropic with respect to the distribution of the nodified
phot ocat al yst. 18188t A FOREeRbRAFieBNPEREIEN tokpriiisiaRy e (9eRtE2and a
filmforped on said suhstrate, .said.filmconprjsing the nodif.ied

bhot ocat BPyst cofbBes Dfofngr merifhescbuft SeTtalist har il robieasesn
respect to the distribulion of the difLe hot ocat al vst .. .15 31. haped
article pr oducedlfgéms%glﬁi ﬁlgm?ﬁep%&g??eﬁjf pﬁ%?o%%t?%‘?aé/s?ytclocrrlpeo%ot"‘fagr?p\ (:1): ®claim

22. .- 32 A fuBatieaRal pcoMpasibe eAEPLASHDY 2-pubplrate and 20 a fifm

formed on said substrate, said f conprising the nodified photocatal yst
conposition of claim23. e231afashaRedsandlic! Be PERARCE RyspdAPItRY thize

nodi fi ed photocatal yst conposition of claim23,~which is aniso 25 tropic
W th respect to meehdidsttorbabitatinehgt RefaDei birefhaped article from the
15 above-mentioned modified photocatalyst sol, the modi-
fied photocatalyst composition comprising the modified
photocatalyst sol and a functional substance, or the
~ self-stratifying or self-gradating type modified photo-
catalyst composition comprising the modified photocata-
20 lyst (obtained from the modified photocatalyst sol) and
a compound having a surface energy larger than that of
the modified photocatalyst. For example, when each of
the above-mentioned sol and compositions is provided in

the form of a coating composition, the cbating composi-

25 tion is applied onto a substrate and dried and, then,
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a substrate and a filmforned on said substrate, Egﬁﬁlmﬁéghprising 5 the
nodi fi ed photocatal yst conposition of claim23 or 24 and bei ng ani sotropic
with respect to the distribuLion of the nodified photocatal yst. 35. A
shaped article produced by shaping the nodified 10 photocatal yst/resin
conposite conposition of claim?25. 36. A f;ggtional conposite conprising a
substrate and a filmfornmed on said substr: e, said filmconprising the

nodi fi ed photocatal yst/resin conposite conposition 15 of claim25. .AA
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thereby obtaln a functional composite which exhibits

desired properties when irradiated with light, wherein
the desired properties include hydrophilicity or hydro-
5 phobicity, photocatalyst activity and a photoelectric
conversion function. Examples of methods for applying
the coating composition onto a substrate include a
spray coating method, a flow coating method, a roll
coating method, a brush coating method, a dip coating
10 method, a spin coating method, a screen printing method,
a casting method, a gravure printing method and a
flexographic printing method.
Further, when the form of the modified photocata-
lyst composition (including the self-stratifying or
15 self-gradating type thereof) is a pellet, the pellet is
subjected to extrusion molding, injection molding,
press molding or the like to thereby obtain a shaped
article which exhibits desired properties when irradi-
ated with light, wherein the desired properties include
20 hydrophilicity or hydrophobicity, photocatalyst activ-
ity and a photoelectric conversion function.
When the film or shaped article obtained from the
modified photocatalyst sol or the modified photocata-
lyst composition of the present inventién (including

25 the self-stratifying or self-gradating type thereof) is



AL A CARA LAyl LAl LAY A F .AS . Af .AfhY .A3 . AUe& AFE Ay . ANY . A
CA&Sl L Ay{l A A2 .AfE .AAY .A .AF .A .AS I .%&M‘? er, 20 A.AY
A@ . AU CAFU2 LA L AA LAY LAY .A%AY .AF.Af .AJA.A.A.A.AY.A.Ah

114

irradiated with light having energy which is larger
than the band gap energy of the photocatalyst contained
therein (wherein, in the case where the modified photo-
catalyst contains a sensitizing dye, the above-

5 mentlioned light may be absorbed by the sensitizing dye),
the film or shaped article exhibits desired properties,
such as hydrophilicity or hydrophobicity, photocatalyst
activity and a photoelectric conversion function.

In the film or shaped article obtained from the
10 modified photocatalyst sol or the modified photocata-
lyst composition of the present invention (including
the self-stratifying or self-gradating type thereof),
modifier compound-derived moieties are present on the
surface of the modified photocatalyst particles, where-
15 in the modifier compound-derived moieties comprise a
structural unit having a molecular skeleton which is
not decomposed by the photocatalyst activity (which
structural unit is represented by at least one of the
above-mentioned formulae (1) to (3)), so that a resin
20 which is contained (as a binder or a structural mate-
rial) in the film or shaped article is not degraded by
the photocatalyst activity.
Further, when a modifier compound having the
structural unit represented by the above;mentioned for-

25 mula (3) is used, a film or structural material having
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a very high hydrophobicity can be obtained from the
modified photocatalyst sol or the modified photocata-
lyst composition (including the self-stratifying or
self-gradating type thereof).

In the present invention, as examples of light
having energy which 1s larger than the band gap energy
of the photocatalyst and light which can be absorbed by
a sensitizing dye, there can be mentioned light ob-
tained in the general residential environment (such as
sunlight and.room light), black light, and light emit-
ted from a Xxenon lamp or a mercury: lamp or the
like.

Further, if desired, additives generally added to
conventional coating compositions and the like may be
chosen according to various purposes and added to the
modified photocatalyst sol or the modified photocata-
lyst composition of the present invention (including
the self-stratifying or self-gradating type modified
photocatalyst composition). Examples of these addi-
tives include a pigment, a filler, a dispersant , a light
stabilizer, a wetting agent, a thickener, a rheology-
controlling agent, an antifoaming agent, a plasticizer,
a film-forming auxiliary ., & rust preventive agent, a
dye, a preservative and the like. Such additives can

be used individually or in combination.

Af 3
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Each of a shaped article formed from the modified
photocatalyst sol or the modified photocatalyst compo-
sition of the present invention (including the self-
stratifying or self-gradating type modified photocata-
lyst composition), and a functional composite obtained
by forming a film on a substrate wherein the film com-
prises the modified photocatalyst sol or the modified
photocatalyst composition (including the self-
stratifying or self-gradating type thereof), can ex-
hibit desired properties, such as hydrophilicity or hy-
drophobicity, photocatalyst activity and a photoelec-
tric conversion function. Therefore, in another aspect
of the present invention, there are provided a shaped
article formed from the modified photocatalyst sol or
the modified photocatalyst composition (including the
self-stratifying or self-gradating type modified photo-
catalyst composition), and a functional composite ob-
tained by forming a film on a substrate wherein the
film comprises the modified photocatalyst sol or the
modified photocatalyst composition (including the self-
stratifying or self-gradating type modified photocata-
lyst composition).

When the above-mentioned shaped article or func-
tional composite provided in the present-invention ex-

hibits a photocatalyst activity, such as the activity
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ABDFbyj | } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
ca] ca] ca] c*a] c"aj€r] £3] &R ] &t cRA G0 ef @] cRuldtd oy, 13Z{staining resis-

2e| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
ca] c: a] ca] ca] catenteafanteadna] aalbmelLreih@e  &unction and an NOx-

5 decomposing function. Therefore, such a shaped article
or functional composite can be used in various fields,
such as environmental c¢lean-up, for example, clean-up
of the atmosphere, water or the like.

When the above-mentioned shaped article or func-

10 tional composite provided in the present invention has
a characteristic that, when its surface is irradiated
with light, water exhilbits a contact angle against the
surface of 60° or less (preferably 10° or less) at
20 °C, i.e., the surface exhibits hydrophilicity, such

15 a shaped article or functional composite (a hydrophilic
shaped article or hydrophilic film, and a substrate
covered with a hydrophilic film) can be utilized in,
for example, the techniques for preventing fogging from
occurring on a mirror or a glass, the techniques for

20 preventing dirt from adhering to a building exterior,
the antistatic techniques or the like. Therefore, the
shaped article or functional composite can be advanta-
geously used in various application fields, such as a
window glass, a mirror, a lens, a goggle,.a cover, an

25 insulator, a building material, an buildihg exterior,
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fields, such as a window glass, a windshield, a mirror,
a lens, a goggle, a cover, an insulator, a building ma-

25 terial, a building exterior, a building interior, a
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Further, with respect to a member provided in the
present invention which member has a characteristic
that its wettability with respect to water can be
20 changed by light irradiation (change from hydrophobic
to hydrophilic or change from hydrophilic to hydropho-

bic), such a member can be very advantageously used in,

for example, an offset printing plate.

25
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(2) Measurement of the weight average molecular

weight:
The weight average molecular weight was measured
by gel permeation chromatography (GPC), ﬁtilizing a

25 calibration curve obtained with respect to standard di-
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15 solved in an appropriate amount of chloroform so that
the concentration of the sample compound in the resul-
tant solution fell within the range of from 0.5 to 2 %

~ by weight, thereby obtaining a sample solution. The

obtained sample solution was subjected to GPC.

20
(3) Infrared absorption (IR) spectrum:

IR spectrum was obtained by means of infrared

spectrometer model FT/IR-5300 (manufactured and sold by
Japan Spectroscopic Co., Ltd., Japan).

25
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(7) Measurement of the contact angle of water against
the surface of a f£ilm or shaped article:
A drop of deionized water was placed on the sur-
face of a film or shaped article and allbwed to stand

25 at 20 °C for 1 minute. Then, the contact angle of the
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UV Radiometer Model UVR-2 (manufactured and sold by

TOPCON CO., LTD., Japan), which was used- in combination

25 with Detector Model UD-36 (manufactured and sold by
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10°10 10 6s10% & ()-,210% & ()-L0z10% & ()-1.10% & ()-y,"10% & ()-Rbd ; r

i K-KI 10% & ()- yl0% & ()- f10% & ()- s10% & ()-Y
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LOQIiK-K(@10% & ()-& 10% & ()-%40% & ()-,#110% & ()- s1l0% & ()- s"10% & () -
surface of a £ilm or shaped article is changed by sun-

light irradiation:
The surface of a film or shaped article was irra-
diated with sunlight for 3 hours, and the contact angle
10 of water against the surface of the film or shaped ar-
ticle was measured by the method described in item (7)
above. The obtained contact angle was compared to that
obtained prior to the irradiation.
The sunlight irradiation was conducted using sun-
15 light transmitted through a glass plate so that the in-
tensities of UV and visible light contained in the sun-
light were adjusted to 0.3 mW/cm? and 3 mW/cm?, respec-
~ tively, wherein the intensity of UV was measured by
means of the above-mentioned UV Radiometer Model UVR-2
20 used in combination with the above-mentioned photode-
tector Model UD-36, and the intensity of wvisible light
was measured by means of the above-mentioned UV Radi-
ometer Model UVR-2 used in combination with Detector
Model UD-40 (manufactured and sold by TO?CON CO., LTD

LI 4

25 Japan), which is a photodetector for detecting light
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$T109%B& ()-F " 109%B& ()-2z9L! 10%& ()-10%& ()-ysl0%& () - @O0%& () -
Li K9* 109%%&' () - I{ 1009w thies T ph)i-IA0%y& o) hydsophodsc&s 0B -
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'10% & () - surface of a film or shaped article is changed by irra-
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10% & () -5 &le%dgia(Qlo%W)Ef&' J(J)QWQQI%@KJ)RQ/&]&M GP&IVK3. s10% & () - |
The surface of a £ilm or shaped article was irra-
diated with light containing almost no UV, which was
emitted from an FL20S°*N-SDL NU fluorescence lamp (manu-
factured and so0ld by TOSHIBA LIGHTING AND TECHNOLOGY

10 CO., LTD., Jépan), for 24 hours. (The spectral energy
distribution of this light is shown in Fig. 1. Fig. 1
shows that this light contains visible light having a
wavelength of from 380 to 390 nm but contains almost no
UV (i.e., light having a wavelength of less than 380

15 nm).) Subsequently, the contact angle of water against
the surface of the film or shaped article was measured
by the method described i1n item (7) above. The ob-

~ tained contact angle was compared to that obtained pri-
or to the irradiation.

20 With respect to the irradiation with light con-
taining almost no UV, the intensity of visible light
contained in the light was adjusted to 0.3 mwW/cm?, as
measured by means of the above-mentioned UV Radiometer

Model UVR-2 used in combination with the above-

25 mentioned Detector Model UD-40).
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&}g"o/f/c;&l(%) Fgf( 8201%2(8? (Sﬁ@éeré’él?ﬁ@éd% Ko N s S THIBK W) with UV emit-

ted from the above-mentioned FL20S BLB black light for
5 days.
With respect to the UV irradiation, the intensity
10 of UV was adjusted to 1 mW/cmz, as measured by means of
the above-mentioned UV Radiometer Model UVR-2 used in
combination with the above-mentioned Detector Model UD-
36.
The surface of the f£ilm or shaped article after
15 the UV irradiation was visually observed with respect
to the degree of fading of the blue color of methylene
blue (in other words, the degree of decomposition of
~ methylene blue by the action of the photocatalyst).
The photocatalyst activity exhibited at the sur-
20 face of the film or shaped article was evaluated, based
on the degree of decomposition of methylene blue, by
the following 3 criteria:
© : methylene blue is completely decomposed;
/A : blue color of methylene blue sligﬁtly remains;

25 and
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the surface of the glass plate.

10 The film was peeled off from the glass plate, and
put into a wire mesh bag (wherein the wire mesh was of
200-mesh size), and the wire mesh bag containing the
£film was immersed in acetone at room temperature for 24
hours.

15 The retention ratio of the weight of the film was
calculated by the following formula:

Weight of the film
after immersion in

Retention ratio acetone

of the weight = 100 «x

of the film Weight of the f£ilm
20 prior to immersion

in acetone

The higher the retention ratio of the weight of

the film, the higher the solvent resistance of the film.

25
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10 10 10@210&&(gcr1@2 Oﬁ&éﬁe)ggggﬂa,kagéé&'a erage molecular
weilght: 3,900) (manufactured and sold by Shin-Etsu

Chemical Co., Ltd., Japan) were charged into a reactor
equipped with a reflux condenser, a thermometer and a

10 stirrer, and the resultant mixture in the reactor was
heated to B0 °C while stirring.

1,370 g of Uniox MUS-8 (trade name of a poly-
oxyethylene allyl methyl ether; welght average molecu-
lar weight: 800 which is a value described in the cata-

15 log) (manufactured and sold by Nippon 0il & Fats Co.,
Ltd., Japan) and 5 g of a 5 % by weight isopropanol so-
Jution of hydrogen hexachloroplatinate(IV) hexahydrate
were dissolved in 2,310 g of dioxane. The resultant
solution was charged into the above-mentioned reactor

20 over approximately one hour at 80 °C while stirring,
and the resultant mixture in the reactor was stirred at
80 °*C for 2 hours and, then, cooled to room temperature,
thereby obtaining a solution of silicon compound (1)
containing an Si~H group (hereinafter referred to sim-

25 ply as "compound (1)").
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5 added to and mixed with 4 g of the solution of compound
(1), and, then, 8 ml of a 1 N aqueous sodium hydroxide
solution was added thereto, so that hydrogen gas was
generated, and the volume of the generated hydrogen gas
was 37 ml as measured at 23 °C. The Si-H group content

10 of compound (1), as calculated from the volume of the
generated hydrogen gas, was 0.36 mmol per g of the so-

lution of compound (1) (approximately 3.5 mmol per g of

KF9901).

15 Reference Example 2 [Synthesis of silicon compound (2)
containing an Si-H group, which is self-emulsifiable in
water]

170 g of dioxane and 100 g of HMS-301-100GM (trade
name of a methylhydrogensiloxane-dimethylsiloxane co-

20 polymer; Si-H group content: 4.523 mmol/g, weight aver-
age molecular weight: 5,400) (manufactured and sold by
CHISSO Corporation, Japan) were charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and the resultant mixture in the reactor was

25 heated to 80 °C while stirring.
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isopropanol solution of hydrogen hexachloroplatinate
(IV) hexahydrate were dissolved in 170 g of dioxane.
The resultant solutlon was charged into the above-
mentioned reactor over approximately one hour at 80 °C
while stirring, and the resultant mixture in the reac-
tor was stirred at 80 °C for 3 hours and, then, cooled
to room temperature, thereby obtaining a solution of
silicon compound (2) containing an Si-H group (herein-
after referred to simply as "compound (2)").

When 100 g of water was added to 4 g of the above-
obtained solution of compound (2), the resultant ague-
ous mixture was a dispersion which was slightly white
turbid.

On the other hand, 8 g of butyl cellosolve was
added to and mixed with 2.119 g of the solution of com-
pound (2), and, then, 8 ml of a 1 N agqueous sodium hy-
droxide solution was added thereto, so that hydrogen
gas was denerated, and the volume of the generated hy-
drogen gas was 31.0 ml as measured at 22 °C. The Si-H
group content of compound (2), as calculated from the
volume cof the generated hydrogen gas, was 0.588 mmol

per g of the solution of compound (2) (approximately
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torast 1038 & () - @&l Lor' S habhuaigpe Citantum oxtas! volune
mean particle dilameter of particles dispersed in the
sol: 13 nm, TiO, content: 6 ¥ by weight, average crys-
tallite diameter: 10 nm which is a value described in
the catalog) (manufactured and sold by TAKI CHEMICAL

10 CO., LTD., Jépan) was charged into a reactor equipped
with a reflux condenser, a thermometer and a stirrer.
Subsequently, 12.5 g of the solution of compound (1)
obtained in Reference Example 1 was charged into the
reactor over approxlmately 30 minutes at 30 °C while

15 stirring, and the resultant mixture in the reactor was
stirred for 3 hours at 30 °C to effect a reaction of
Tinoc A-6 with compound (1) and modify the TiO, parti-
cles of Tinoc A-6 to thereby obtain a sol containing
particles of modified titanium oxide (hereinafter

20 referred to as "modified TiO, particles”) well disper-
sed therein, wherein the volume mean particle diameter
of the modified TiO, particles was 20 nm. During the
reaction of Tinoc A-6 with compound (1), hydrogen gas

was generated. The volume of the generated hydrogen

25 gas was 125 ml as measured at 23 °C.
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taken as a sample, and subjected to IR spectrometry.
5 The IR spectrum obtained by the spectrometry showed
that the absorption at 3,630 to 3,640 cm™! ascribed to
a hydroxyl group directly bonded to a Ti atom (herein-
after referred to as "Ti-OH group") of TiO, particles
in Tinoc A-6 disappeared, wherein the above-mentioned
10 absorption had been observed in the IR spectrum of TiO,
prior to the modification of the TiO, particles.

When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-
ter of the modified TiO, particles was still as small

15 as 23 nm.

The obtained sol was spray-coated on a glass plate
in a thickness of 2 um. The coated glass plate was
dried at room temperature for one week, thereby forming
a transparent and smooth film on the surface of the

20 glass plate. The surface of the film was evaluated by
examining how the hydrophilicity or hydrophobicity of
the film surface was changed by UV irradiation (spe-
cifically, the evaluation was made with respect to the

change in the contact angle of water against the film

25 surface). The surface of the film was also evaluated
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5 200 g of Nanotitania NTB-1 (trade name of a hydro-
chloric acid-peptized sol of brookite-type titanium ox-
ide; volume mean particle diameter of particles disper-
sed in the sol: 8 nm, TiO, content: 15 % by weight)
(manufactured and sold by Showa Denko K.K., Japan) was

10 charged into a reactor equipped with a reflux condenser,
a thermometer and a stirrer. Subsequently, 70.2 g of
the solution of compound (1) obtained in Reference Ex-
ample 1 was charged into the reactor over approximately
30 minutes at 30 °C while stirring, and the resultant

15 mixture in the reactor was stirred for 10 hours at
30 °C to effect a reaction of Nanotitania NTB-1 with
compound (1) and modify the Ti0, particles of Nanoti-
tania NTB-1 to thereby obtain a sol containing modified
T10, particles well dispersed therein, wherein the

20 volume mean particle diameter of the modified TiO, par-
ticles was 15 nm. During the reaction of Nanotitania
NTB-1 with compound (1), hydrogen gas was dgenerated.

The volume of the generated hydrogen gas was 274 ml as

measured at 23 °C.

25 An IR spectrum was obtained in substantially the
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Ti0, particles in Nanotitania NTB-1 disappeared, where-

1 S10% 0&' ()- 10% o0& ()- xmbCl {10% & ()- 10'o 10' Qﬁ_ggt?l})gr. 2002

in the above-mentioned absorption had been observed in
5 the IR spectrum of TiO, prior to the modification of
the TiO, particles.

When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-
ter of the modified TiO, particles was still as small

io as 21 nm.

Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-
face of the film was evaluated by examining how the hy-

15 drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-

~ ity. The results are shown in Table 1.

20 Example 3
420 g of TO-240 (trade name of a sol of anatase-
type titanium oxide (wherein the surface of each TiO,
particle dispersed in the sol is modified with peroxo
groups); volume mean particle diameter of particles

25 dispersed in the sol: 15 nm, TiO, content: 2.4 % by
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reflux condenser, a thermometer and a stirrer. Subse-

quently, 23.4 g of the solution of compound (1) ob-

5 tained in Reference Example 1 was charged into the re-
actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was
stirred for 10 hours at 30 °C to effect a reaction of
TO-240 with compound (1) and modify the TiO, particles

10 of TO-240 to thereby obtain a sol containing modified
Ti0, particles well dispersed therein, wherein the
volume mean particle diameter of the modified TiO, par-
ticles was 17 nm. During the reaction of TO0-240 with
compound (1), hydrogen gas was generated. The volume

15 of the generated hydrogen gas was 67.5 ml as measured
at 23 °C,.

When the obtained sol was allowed to stand still

~ at 30 °C for 100 days, the volume mean particle diame-
ter of the modified TiO, particles was still as small

20 as 17 nm.

Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-
face of the film was evaluated by examining how the hy-

25 drophilicity or hydrophobicity of the film surface was
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ity. The results are shown in Table 1.

5 Example 4
316 g of Jupiter F6-APS (trade name of a sol of
anatase-type titanium oxide (wherein the surface of
each Ti0, particle dispersed in the sol is modified
with an apatite); volume mean particle diameter of par-
10 ticles dispersed in the sol: 36 nm, TiO, content:
23.7 % by weight) (manufactured and sold by Showa Denko
K.K., Japan) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
quently, 78 g of the solution of compound (1) obtained
15 in Reference Example 1 was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reactor was stirred
for 10 hours at 30 °C to effect a reaction of Jupiter
F6-APS with compound (1) and modify the TiO, particles
20 of Jupiter F6-APS to thereby obtain a sol containing
modified TiO, particles well dispersed therein, wherein
the volume mean particle diameter of the modified TiO,
particles was 61 nm. During the reaction of Jupiter
F6-APS with compound (1), hydrogen gas was generated.

25 The volume of the generated hydrogen gas was 85.7 ml as



L

@10%&: () - | XZ10% / & () - 10% () -"8xY7bOls, " 100 () v YAOUE! (). | Sy’ 94.0% c} c&
()-TLI"109%& ()-m LI "109R& ()-m!l 109RR& () - 8h @_@Eeggwébg@ 10 10

106" 109& ()- 34109 ()- @109 ()-! 0109 ()-RzX9j _@10% & () -

1 &3" 109%&' ()--1v&3" 10%wW&' ()--!#G' 10%JU& ()-m ! G' 10%BB& ()-m 10% & () -
V}[<1@10t & 10% & ()-! , @10% ()-f!$ ., @

109& ()-f!' #10% r& ()-c3940% & () - LSH#10% £36) - $m\V LZ10% & ()-1s10% & () - &10
% & ()-3 10% & ()-s 10% & ()-Y10% & ()- 10t 10t$.d}[9nN/! [110%: & ()-g!

| 1 109%& () -

| 1109 () - gélo%n&a(;)lradla% %8 €p-t!9, 10%°P& () -tduV710% o& ()-10% o0& ()-10%
"0& ()-F10% o0& ()- 10cc 10cc

10cc! 1 110%c& () - g*, ANRIRXSpWEé&EBM0MHan&ohYal f&d 10O {Harf i fall IKO U@L’ () - ! &
L109%' ()-fs10% o0& ()-!Y 10% o' o& ()-"L_" xV4uVv7!!10%o0& ()-'! 110% 8
8& ()-'!k!10%o0&afne- manbe¥k'ai) in) Exaeip¥eolo& The 'dbitdird dR spectrum
o0& ()-""()*:=YexY: 1109 ()- 10%& ()-10% ()-10%& ()-F 109 ()- 1000 1000
1000Q dExY:! 10%Rofped that the absorption ascribed to a T1-OH group of
5 TiO, particles in Jupiter F6-APS disappeared, wherein
the above-mentioned absorption had been observed in the
IR spectrum of TiO, prior to the modification of the
Ti0, particles.
When the obtained sol was allowed to stand still
10 at 30 °C for 100 days, the volume mean particle diame-
ter of the modified Ti0, particles was still as small
as 80 nm.
Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
15 stantially the same manner as in Example 1. The sur-
face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was

also evaluated with respect to the photocatalyst activ-

20 ity. The results are shown in Table 1.

Example 5
100 g of STS5-02 (trade name of a hydrochloric
acid-peptized sol of anatase-type titanium oxide; volu-

25 me mean particle diameter of particles dispersed in the
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10 10
tallite diameter: 7 nm which is a value described in

the cafalog, viscosity: 175 cps) (manufactured and sold
by Ishihara Sangyo Kaisha, Ltd., Japan) and 50 g of wa-
5 ter were charged into a reactor equipped with a reflux
condenser, a thermometer and a stirrer, and the resul-
tant mixture in the reactor was heated to 50 °C while
stirring. Subsequently, 31 g of the solution of com-
pound (1) obtained in Reference Example 1 was charged
10 into the reactor over approximately 30 minutes at 50 °C
while stirring, and the resultant mixture in the reac-
tor was stirred for 3 hours at 50 °C to effect a reac-
tion of STS-02 with compound (1) and modify the TiO,
particles of STS-02 and, then, cooled to room tempera-
15 ture, to thereby obtain a sol containing modified TiO,
particles well dispersed therein, wherein the volume
mean particle diameter of the modified TiO, particles
~ was 49 nm. During the reaction of STS-02 with compound
(1), hydrogen gas was generated. The volume of the
20 generated hydrogen gas was 200 ml as measured at 24 °C.
An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of
T10, particles in STS-02 disappeared, wherein the

25 above-mentioned absorption had been observed in the IR
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48 g of butyl cellosolve was added to 44 g of the
above-obtained sol at room temperature (23 °C) over ap-
5 proximately 10 minutes while stirring, and the resul-
tant mixture was subjected to evaporation under reduced
pressure using an evaporator so as to remove the water
in the mixture. Subsequently, an appropriate amount of
butyl cellosolve was added to the mixture so that the
10 solids content of the resultant mixture became 6 % by
weight, to thereby obtain an organosol comprising butyl
cellosolve (as a dispersion medium) having well disper-
sed therein modified TiO, particles, wherein the volume
mean particle diameter of the modified TiO, particles
15 was 53 nm.

When 10 g of the obtained organosol was diluted
with 10 g of toluene and allowed to stand still at room
temperature for 6 months, the organosol was stable and

.. there was no occurrence of an aggregation of the modi-
20 fied Ti0, particles.

On the other hand, using the obtained organosol, a
transparent and smooth film was formed on the surface
of a glass plate in substantially the same manner as in
Example 1. The surface of the film was evaluated by

25 examining how the hydrophilicity or hydrophobicity of



T——

Oy109%&' ()- .s10%& ()-W\1idBnbCl!l “t10%[& ()-1 9 o) 200%: () - F

109& ()-F 109 ()-109% ()-$_pa?nbCl! 9@ 10988& (%ﬂl_ OQ@F LO%VE ()-Yz109%& ()- G
109 ()-3"109%& ()-!13"109%& ()- @faBnbCl! "0

109& ()-. 109& ()-, 109& ()-*109& ()-! y(10%& ()-

8109/ ()-bCl | Fs10% & ()-3Y10% & ()- 10 10,1086 10% ()-FF4 109% ()- @
109& ()-$dBbC ! 1vm'10%: & ()- 3 F10% & (

, 310% & () - L10% &' ) 9510% & ()-10% & ()-2: FLU}~?bCl

, 2310% & #1009 X & #10%

10% & ()1 i 10% 10 i ]Sﬁﬁafﬁof%xs() el 5‘1 ifodbrgglation. me
10: : ! #&3° I10‘V ﬁk | FOd.Q09833& #y10%.& ( Y. 0%.& ().:!
10% 111& ()- o %@:ﬁ@ (vglasGa?lE?o 66’23 r§4 1til'1 respQ:t 1?0

18‘0’2\%& %)ng$20 hglog@%ffj%?té%%%‘{h@%i’omﬁg Qasultg are shown in

10° L610% & () - Fﬂﬁ/ () -y2ML0% & ()-y0gl0% & ()-!, M 10%XSXS& () - ; dEVK@ 10
109 & ()- 10% & 7 Ssi0oke ()-Y “GLO% & ()- Y10% & ()-310% & ()-i RMIBVK@
& 8$10% «

Example 6

300 g of Tinoc A-6 (which 1s the same as in Exam-
ple 1) was charged into a reactor equipped with a re-
flux condenser, a thermometer and a stirrer. Subse-

10 quently, 8.8 g of the solution of compound (2) obtained
in Reference Example 2 was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reactor was stirred
for 24 hours at 30 °C to effect a reaction of Tinoc A-6

15 with compound (2) and modify the Ti0, particles of Ti-

noc A-6 to thereby obtain a sol containing modified
TiO, particles well dispersed therein, wherein the

volume mean particle diameter of the modified TiO, par-

s ) ticles was 48 nm. During the reaction of Tinoc A-6
20 with compound (2), hydrogen gas was generated. The
volume of the generated hydrogen gas was 93 ml as meas-
ured at 23 °C.
An TR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum

25 showed that the absorption ascribed to a Ti-OH group of
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above-mentioned absorption had been observed in the IR

spectrum of TiO, prior to the modification of the TiO,
particles. Further, the IR spectrum also confirmed
5 that the cyclic acid anhydride groups (derived from 5-
norbornene-2, 3-dicarboxylic anhydride used for produc-
ing compound (2)) were cleaved by ring-opening reaction.
When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-

10 ter of the modified TiO, particles was still as small

as 78 nm.

Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-

i5 face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-
W ity. The results are shown in Table 2.
20
Example 7
300 g of Tinoc A-6 (which is the same as in Exam-
ple 1) was charged into a reactor equipped with a re-
flux condenser, a thermometer and a stirrer. Subse-

25 quently, 19.7 g of the solution of compound (2) ob-



3"MLO%VE ()- S 109V ()- 10%h& ()-LG 10%& ()- 900bbshéd,-2002"?bCl &
3810%V& ()- 1109 ()- @ 109 ()-! T+&10%A& ()-)S
1090V& ()-!F $! 109 ()-5@BCTWbC &Y 10% & ()- fF10% & ()-

10% & ()-10% & ()- 10M 10M 10MBL1O%VE ()-8<] dEbCI && 10% & ()- 10% & ()-Y

L0% & ()-F 10% & ()-, 10% &' ()-3 9910% & ()g,5 $'?b0 &
Y+10% & ()-1\"' $100& ()-!{L#@10%& ()- ~10%& ()- 9 10% & ()-|
| 10% & () - S4hij k{xmbCl &109%& ()- 10t 10t 10t6!10% & ()-210% & () -

/flogﬁd&f()'59'neé@ﬁéﬁ(iﬁ{ﬁékgkenégEﬁyg&pf%]éw@%é)dhé§ggé&ﬂﬁkbytﬁg%¥et)'
actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was
stirred for 24 hours at 30 °C to effect a reaction of

5 Tinoc A-6 with compound (2) and modify the TiO, parti-
cles of Tinoc A-6 to thereby obtain a sol containing
modified TiO, particles well dispersed therein, wherein
the volume mean particle diameter of the modified TiO,
particles was 190 nm. During the reaction of Tinoc A-6

10 wlth compound (2), hydrogen gas was generated. The
volume of the generated hydrogen gas was 72 ml as meas-
ured at 23 °C,

An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum

15 showed that the absorption ascribed to a Ti-OH group of
Ti0, particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR
spectrum of TiO, prior to the modification of the TiO,

" particles. Further, the IR spectrum also confirmed that

20 the cyclic acid anhydride groups (derived from 5-nor-
bornene-2, 3-dicarboxylic anhydride used for producing
compound (2)) were cleaved by a ring-opening reaction.

When the obtained sol was allowed to stand still
at 30 °C for 100 days, the volume mean particle diame-

25 ter of the modified TiO, particles was still as small
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Using the obtained sol, a transparent and smooth

£film wés formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-

5 face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-
ity. The results are shown in Table 2.

10

Reference Example 3 [preparation of a sol containing

flake-shaped TiO, particles]
10 g of ST-21 (trade name of titanium oxide pow-
der; average crystallite diameter: 20 nm which is a
15 value described in the catalog) (manufactured and sold
by Ishihara Sangyoc Kaisha Ltd., Japan) and 7.2 g of ce-
sium carbonate were mixed together in a mortar. The
resultant mixture was transferred to a covered platinum
. crucible, and subjected to calcination by heating at
20 800 °C for 30 minutes using an electric furnace, to
thereby decompose the carbonate salt. The resultant
calcination product was transferred to and ground in a
mortar, and, then, again calcined at 800 °C for 40
hours to thereby obtain cesium titanate (CsxTi(LxM)O4)

25 (x = 0.68) (orthorhombic crystalline powder).
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for 3 days. The resultant reaction mixture was fil-
tered (through a 5C filter paper) to thereby obtain a
residue. The obtained residue was washed with ion-
exchanged water, and the washed residue was dried at
100 °C for 3 hours to thereby obtain 5.1 g of titanic
acid (H,Ti, ,/4)04°'NH,0) (x = 0.68) (crystalline powder),
in which cesium lons in the above-obtained cesium ti-

tanate were replaced by hydrogen ions. It i1s known

that crystals of titanic acid have a lamellar structure.

1,000 g of 2a 0.1 mol/l agueous solutlion of tetra-
butylammonium hydroxide was added to 5 g of the ob-
tained titanic acid, and the resultant mixture was
shaken at 150 rpm by means of a shaker, to thereby ob-

tain a sol containing Ti0, particles (in the form of
fine flakes), wherein the volume mean particle diameter

of the TiO, particles was 110 nm.

Example 8

500 g of the sol obtained in Reference Example 3
(containing flake-shaped TiO, particles) was charged
into a reactor equipped with a reflux coﬁdenser, a

thermometer and a stirrer. Subsequently, 5.8 g of the



& glo%&' ()- Y9Oou&' ()-9y##10%& () - 10%&f()-sT&&éﬁ@S&%ﬁ%ﬁ!ﬁEﬁ??!i 10 10
10L6" 109%&' ()- y2109%&' ()- Of 109%&' ()- .109%& ()- , St = (((dEYNC 10!
| Z10%&' ()-1 109%& ()- 10% ()-F S10%& ()- 109% ()-F10%& ()-(#)X)))))dEYNC
101 109 () - , 109& ()- L 109 ()-& '109%& ()- 109%& ()-F
109 ()-))**V****dEYNC 10!i ~,L!'10%& ()- "~ *&10%&' ()-y3(10%& ()- S&L0%& () -
$ 109 ()-L"109%& ()-**++7+8+9+: +J+} 0a4 1@4&0%&T()- 10 10 10 '3 10%
& ()-103 109%&' () -
solution of compound (1) obtained in Reference Example
1 was charged intc the reactor over approximately 30
minutes at 30 °C while stirring, and the resultant mix-
ture in the reactor was stirred for 10 hours at 30 °C
5 to effect a reaction of the sol with compound (1) and
modify the flake-shaped Ti0, particles of the sol to
thereby obtain a sol containing modified TiO, particles
well dispersed therein, wherein the volume mean parti-
cle diameter of the modified Ti0O, particles was 120 nm.

10 During the reactlion of the sol with compound (1), hy-
drogen gas was generated. The volume of the generated
hydrogen gas was 13.7 ml as measured at 23 °C.

When the obtained sol was allowed to stand still

at 30 °C for 100 days. the volume mean particle diame-

15 ter of the modified TiO, particles was still as small

as 143 nm.

Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
Qy stantially the same manner as in Example 1. The sur-

20 face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activ-

ity. The results are shown in Table 2.

25
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emulsifiable in water and has a ladder shaped skeleton]
1,400 g of dioxane, 25.9 g of trichlorosilane and
5 51.6 g of methyltrichlorosilane were charged into a re-
actor equipped with a reflux condenser, a thermometer
and a stirrer, followed by stirring at room temperature
for approximately 10 minutes. To the resultant mixture
was dropwise added a mixed solvent of 14.5 g of water
10 and 58 g of aioxane over approximately 30 minutes while
stirring and maintaining the temperature at 25 to 30 °C,
followed by further stirring at 25 to 30 °C for ap-~
proximately 30 minutes and, then, at 60 °C for 3 hours,
to thereby effect a polycondensation reaction of the
15 silanes.
The resultant reactlon mixture was cooled to 25 to
30 °C, followed by addition of 65.5 g of trimethylchlo-
rosilane. To the resultant was added a mixed solvent
v of 5.4 g of water and 22 g of dioxane over approxi-

20 mately 30 minutes while stirring and maintaining the
temperature at 25 to 30 °C, followed by further stir-
ring at 25 to 30 °C for approximately 2 hours, to
thereby perform a further polycondensation reaction.

The resultant reaction mixture was taken out of

25 the reactor and the solvent was distilled off at ap-
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tain ng an Si-H group-containing silicon compound hav-

ing a ladder shaped skeleton and a weight average mo-
lecular weight of 3,900 (hereilnafter referred to as a
"ladder type silicon compound"). The obtained ladder
type silicon compound was subjected to IR spectrometry.
In the IR spectrum of this compound, absorptions at
1,130 cm~1 and 1,050 cm-1l, which are ascribed to the
ladder sheped skeleton, were observed.

0.4 g of the ladder type silicon compound obtained
above was dissolved in 8 g of butyl cellosolve, and,
then, 8 ml of a 1 N agqueous sodium hydroxide solution
was added thereto, so that hydrogen gas was generated,
and the volume of the generated hydrogen gas was 46.2
ml as measured at 24 °C. The Si-H group content of the
above-mentioned ladder type silicon compound, as calcu-
lated from the volume of the generated hydrogen gas,
was 4.52 mmol per g of the above-mentioned ladder type
silicon compound.

Subsequently, 10 g of the above-mentioned ladder

type silicon compound and 20 g of tetrahydrofuran were

)_
()-
dYNC

charged into a reactor equipped with a reflux condenser,

a thermometer and a stirrer, and the resultant mixture
was stirred while maintaining the tempeféture at 30 °C.

To the resultant mixture was added 0.2 g of a 2.2 % by
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divinyltetramethyldisiloxane complex, and, then, a so-
lution obtained by dissolving 1.5 g of Adeca Rea Soap
SE-10N (trade name of a compound represented by the

5 following formula (19):

CH,OCH,CH==CHj
CoH1o OCH,CHO(CH,CH,0):,SOsNH,  (19),

10

manufactured and sold by ASAHI DENKA KOGYO X.K., Japan)
in 13.5 g of tetrahydrofuran was added to the mixture
over approximately 2 hours while stirring and maintain-

ing the temperature at 30 °C, followed by further stir-

15 ring at 30 °C for 3 hours, thereby obtaining a solution
of an Si-H group-containing silicon compound (3) which
is self-emulsifiable in water and has a ladder shaped

~ skeleton (hereilnafter referred to simply as "compound
L (3)").
20 8 g of butyl cellosolve was added to and mixed

with 1.75 of the solution of compound (3), and, then, 8
ml of a 1 N aqueous sodium hydroxide was added thereto,
so that hydrogen gas was generated, and the volume of
the generated hydrogen gas was 43.4 ml aé measured at

25 22 °C. The Si-H group content of compound (3), as cal-
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(approximately 4.35 mmol per g of compound (3)).

5 Reference Example 5 [Synthesis of an Si-H group-

containing silicon compound (4) which is self-
emulsifiable in water and has a ladder shaped skeleton]
445 g of dioxane and 25.9 g of methyltrichlorosi-
lane were charged into a reactor equipped with a reflux
10 condenser, a thermometer and a stirrer, followed by
stirring at room temperature for approximately 10 min-
utes. To the resultant mixture was dropwise added a
mixed solvent of 4.7 g of water and 18.8 g of dioxane
over approximately 30 minutes while stirring and main-
15 taining the temperature at 25 to 30 °C, followed by
further stirring at 25 to 30 °C for approximately 30
minutes and, then, at 60 °C for 3 hours, to thereby ef-
fect a polycondensation reaction.
i_ The resultant reaction mixture was cooled to 25 to
20 30 °C, followed by addition of 25.1 g of dimethylchlo-
rosilane. To the resultant mixture was added a mixed
solvent of 1.56 g of water and 6.24 g of dioxane over
approximately 30 minutes while stirring and maintaining
the temperature at 25 to 30 °C, followed by further

25 stirring at 25 to 30 °C for approximately 2 hours, to
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The resultant reaction mixture was taken out of
the reéctor and the solvent was distilled off at ap-
proximately 60 °C under reduced pressure, thereby ob-

5 taining an Si-H group-containing silicon compound hav-
ing a ladder shaped skeleton and a weight average mo-
lecular weight of 3,100 (hereinafter referred to as a
"ladder type silicon compound"). The obtained Si-H
group-containing silicon compound was subjected to IR

10 spectrometry. In the IR spectrum of this compound, ab-
sorptions at 1,130 cm~l and 1,050 cm~l, which are as-
cribed to the ladder shaped skeleton, were observed.

0.44 g of the ladder type silicon compound ob-
tained above was dissolved in 8 g of butyl cellosolve,

15 and, then, 8 ml of a 1 N aqueous sodium hydroxide solu-
tion was added thereto, so that hydrogen gas was gener-
ated, and the volume of the generated hydrogen gas was
40.9 ml as measured at 22 °C. The Si~H group content

o of the above-mentioned ladder type silicon compound, as
20 calculated from the volume of the generated hydrogen

gas, was 3.75 mmol per g of the above-mentioned ladder
type silicon compound.

Subsequently, 10 g of the above-mentioned ladder
type silicon compound and 15 g of dioxane were charged

25 into a reactor equipped with a reflux condenser, a
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was elevated to 80 °C while stirring. Then, a solution
obtained by dissolving 3 g of Uniox MUS-8 (which is the
same as used in Reference Example 1) and 0.1 g of a 5 %
5 by weight isopropanol solution of hydrogen hexachloro-
platinate(IV) hexahydrate in 2.25 g of dioxane was
added to the mixture over approximately one hour at
80 °C while stirring, followed by further stirring at
80 °C for 2 hours and subsequent cooling to room tem-

10 perature, thereby obtaining a solution of an Si-H
group-containing silicon compound (4) which is self-
emulsifiable in water and has a ladder shaped skeleton
(hereinafter referred to simply as "compound (4)").

8 g of butyl cellosolve was added to and mixed

15 with 1.42 g of the solution of compound (4), and, then,
8 ml of a 1 N aqueous sodium hydroxide was added
thereto, so that hydrogen gas was generated, and the
volume of the generated hydrogen gas was 28.0 ml as

o measured at 22 °C. The Si-H group content of the solu-

20 tion containing compound (4), as calculated from the
volume of the generated hydrogen gas, was 0.795 mmol

per g of the solution (4) (approximately 2.98 mmol per

g of compound (4)).

25 Example 9
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Example 1) was charged into a reactor equipped with a

reflux‘condenser, a thermometer and a stirrer. Subse-
quently, 15 g of the solution of compound (3) obtained
5 in Reference Example 4 was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reactor was stirred
for 24 hours at 30 °C to effect a reaction of Tinoc A-6
with compound (3) and modify the Ti0, particles of Ti-
10 noc A-6 to thereby obtain a sol containing modified
TiO, particles well dispersed therein, wherein the
volume mean particle diameter of the modified TiO, par-
ticles was 53 nm. During the reaction of Tinoc A-6
with compound (3), hydrogen gas was generated. The
15 volume of the generated hydrogen gas was 40 ml as meas-
ured at 23 °C.
Using the obtained scl, a £ilm was formed in the
same manner as in Example 1, and the formed film was
. subjected to spectrometry in substantially the same
20 manner as in Example 1. The IR spectrum obtained by
the spectrometry showed that the absorption ascribed to
the Ti-OH group of TiO, particles in Tinoc A-6 disap-
peared, wherein the above-mentioned absorption had been
observed in the IR spectrum of TiO, priof to the modi-

25 fication of the TiO, particles.
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at 30 °C for 100 days, the volume mean particle diame-
ter of the modified Ti0, particles was still as small
as 63 nm.

5 Using the obtained sol, a transparent and smooth
film was formed on the surface of a glass plate in sub-
stantially the same manner as in Example 1. The sur-
face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was

10 changed by UV 1rradiation. The surface of the f£ilm was
also evaluated with respect to the photocatalyst activ-

ity. The results are shown in Table 2.

Example 10

15 500 g of Tinoc A-6 (which i1s the same as used in
Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
quently, 10.8 g of the solution of compound (4) ob-

Q; tained in Reference Example 5 was charged into the re-
20 actor over approximately 30 minutes at 30 °C while

stirring, and the resultant mixture in the reactor was
stirred for 8 hours at 30 °C to effect a reaction of
Tinoc A-6 with compound (4) and modify the TiO, parti-
cles of Tinoc A-6 to thereby obtain a soi containing

25 modified TiO, particles well dispersed therein, wherein
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particles was 29 nm. During the reaction of Tinoc A-6

with compound (4), hydrogen gas was generated. The

volume of the generated hydrogen gas was 100 ml as

5 measured at 23 °C.

Using the obtalned sol, a film was formed in the
same manner as in Example 1, and the formed film was
subjected to spectrometry in substantially the same
manner as in Example 1. The IR spectrum obtained by

10 the spectrometry showed that the absorption ascribed to
the Ti-OH group of TiO, particles in Tinoc A-6 disap-
peared, wherein the above-mentioned absorption had been
observed in the IR spectrum of TiO, prior to the modi-
fication of the TiO, particles.

15 When the obtained sol was allowed to stand still

at 30 °C for 100 days, the volume mean particle diame-

ter of the modified TiO, particles was still as small

~ as 30 nm.
o Using the obtained sol, a transparent and smooth
20 film was formed on the surface of a glass plate in sub-

stantially the same manner as in Example 1. The sur-

face of the film was evaluated by examining how the hy-
drophilicity or hydrophobicity of the film surface was
changed by UV irradiation. The surface of the film was

25 also evaluated with respect to the photocatalyst activ-
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Example 11

50 g of Tinoc A-6 (which is the same as used in
5 Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-

quently, 6 g of Aciplex™-SS950 (trade name of a 5 % by

weight ethanol/water (weight ratioc of ethanol to water

= 1:1) solution of a fluoro resin having a sulfonic

10 acid group, manufactured and sold by Asahi Kasei Kogyo
Kabushiki Kaisha, Japan) was charged into the reactor
over approximately 30 minutes at 30 °C while stirring,
and the resultant mixture in the reactor was stirred

for 8 hours at 30 °C to cause adsorption of AciplexTM-

15 S5950 on Tinoc A-6 and modify the TiO, particles of Ti-

noc A-6 to thereby obtain a sol containing modified
TiO, particles well dispersed therein, wherein the mean

volume particle diameter of the modified Ti0, particles

ﬁ, was 150 nm.

20 When the obtained sol was allowed to stand still
at 30 °C for 100 days, the mean volume particle diame-
ter of the modified TiO, particles was still as small
as 147 nm.

Using the obtained sol, a transpareﬁt and smooth

25 film was formed on the surface of a glass plate in sub-
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F

face of the film was evaluated by examining how the hy-
drophiiicity or hydrophobicity of the f£ilm surface was
changed by UV irradiation. The surface of the film was
5 also evaluated with respect to the photocatalyst activ-

ity. The results are shown in Table 3.

Example 12

150 g of the organosol obtained in Example 5 was

10 added to 100 g of Bistrator-IL NSC-200A (trade name of
an organic solvent-based silicone-acrylic coating agent
(solids content: 20 % by weight) (undercoating agent
for a conventional coating agent containing a photo-
catalyst), manufactured and sold by Nippon Soda Co.,

15 Ltd., Japan) over approximately 10 minutes at room tem-
perature while stirring, thereby obtaining a modified
photocatalyst composition.

The obtained modified photocatalyst composition
Lw‘ was spray-coated on a glass plate in a thickness of 30

20 pum. The coated glass plate was dried at room tempera-
ture for a week, and then, at 50 °C for 5 days, thereby
forming a transparent and smooth film on the surface of
the glass plate. The surface of the f£ilm was evaluated
by examining how the hydrophilicity or hydrophobicity

25 of the film surface was changed by UV irradiation. The
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10 Table 3.

5 Comparative Example 1

A transparent and smooth film was formed on the
surface of a glass plate in substantially the same man-
ner as in Example 12, except that Bilstrator-L NSC-200A
(which is the same as used in Example 12) alone was

10 used instead of the modified photocatalyst composition
obtained in Example 12. The surface of the film was
evaluated by examining how the hydrophilicity or hydro-
phobicity of the film surface was changed by UV irra-
diation. The surface of the film was also evaluated

15 with respect to the photocatalyst activity. The re-

sults are shown in Table 3.

Comparative Example 2

To 250 g of Polydurex G633 (trade name of an ague-
20 ous acrylic-silicone emulsion (solids content: 46 % by
weight, pH: 8.8), manufactured and sold by Asahi Kasei
Kogyo Kabushiki Kaisha, Japan) was added, as a film-
forming auxiliary, 22.8 g of CS-12 (trade name of
2,2,4-trimethyl-1,3-pentanediol monoisobutyrate, manu-

25 factured and sold by CHISSO Corporation, Japan) over 20
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sultant mixture, also as a film-forming auxiliary
22.8 % of an aqueous solution of butyl cellosolve (50 %
by weight) was added over 20 minutes at room tempera-

5 ture while stirring, followed by further stirring at
room temperature for 3 hours, thereby obtaining an
acrylic-silicone emulsion containing film-forming
auxiliary, wherein the solids content of the emulsion
was 38.6 % by weight.

10 A transﬁarent and smooth film was formed on the
surface of a glass plate in substantially the same man-
ner as in Example 12, except that the above-mentioned
emulsion was used instead of the modified photocatalyst
composition obtained in Example 12. The surface of the

15 film was evaluated by examining how the hydrophilicity
or hydrophobicity of the f£ilm surface was changed by UV
irradiation. The surface of the film was also evaluat-

ed with respect to the photocatalyst activity. The re-
sults are shown in Table 3.

20

Example 13

75 g of the sol obtained in Example 6 was added to
100 g of the acrylic-silicone emulsion containing film-
forming auxiliary, which was obtained in Comparative

25 Example 2, over approximately 10 minutes at room tem-



*2 100 & ()-'k) "10%& ()- & “10% & ()- YY%@l0% & ()-sy# 10%.& ()-
110% & ()-/e dE:/ 10t 10t96!10%&'()-Y410%&'()-§_Mr 0% & () -
.10% & ()-, 10% & ()- #uS4/

10&9!10%&'()-g!h&9!10%&'()-gZ"lO%&'()-!Z"nggv&f()-FlO%&'()-YYlO%&'()-
10t } w34/

LI{Y. #109%&' () -z!' fh#10% {& ()-!fh#10%CC& () -!twf h#10%& () -! Xf h#10%&' () -!
j 10%& () - & ()9<sbC 1Ad atl®é seRdddriom Fih0o& ,( inFIbeKEd)ml fA0%&R On 10]
10[ 10[Y.#10% & ()-z6bdEbC 1!I{Y.#10l 310%& ()- S10%& () -

S10%& () -t 10%& €he | sudOHads (9F 3thil HP (H+1xdBhO,]1pa¥t#tDes | ddO& Ot
T109& () - 109 ()- 109& ()-93"10%&k ()- 10%& ()-0_oaBbC

11{Y. #1s, ! 109& presanbgat) the\f {robde (Hilm -sioofRiqe -(in contact with the
%W0%& ()- @ 10%& ()-=tdYNC 1!{Y.#1 10 10 10&6Z10%& () -
34510%&}()-@pslgﬂgj@;lmoqgwaqubstrate), and the film formed on the

5 surface of the OHP film had a distribution of TiO, par-
ticles wherein the concentration of TiO, particles in-
creases from the inside film surface (in contact with
the OHP film) toward the outside film surface (opposite
to the ilnside f£ilm surface in contact with the OHP

10 £ilm).
Further, the surface of the film formed on the
surface of the OHP film was evaluated with respect to

the photocatalyst activity. The evaluation was good

(O).
15
Example 19
19 g of the sol obtained in Example 18 was added
~ to 100 g of the agqueous acrylic-silicon emulsion (con-
taining a film-forming auxiliary ) obtained in Compara-
20 tive Example 2 over approximately 10 minutes at room

temperature (23 °C) while stirring, thereby obtaining a
modified photocatalyst composition.

Using the obtained modified photocatalyst composi-
tion, a smooth film was formed on the surface of an OHP

25 film in substantially the same manner as in Example 18.
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perature while stirring, thereby obtaining a modified
photocgtalyst composition.
Using the obtained modified photocatalyst composi-

tion, a transparent and smooth film was formed on the

5 surface of a glass plate in substantially the same man-
ner as in Example 12. The surface of the film was
evaluated by examining how the hydrophilicity or hydro-
phobicity of the f£ilm surface was changed by UV irra-
diation. The surface of the film was also evaluated

10 with respect to the photocatalyst activity. The re-

sults are shown in Table 3.

Comparative Example 3

A film was formed on the surface of a glass plate
15 in substantially the same manner as in Example 1, ex-
cept that a sol obtained by diluting 100 g of STS-02
(which is the same as used in Example 5) with 50 g of
water was used instead of the modified photocatalyst
sol obtained in Exmaple 1. However, since the formed
20 film was cracked, it was 1impossible to evaluate the
surface of the film by examining how the hydrophilicity
or hydrophobicity of the film surface was changed by UV
irradiation, and it was also impossible to evaluate the

surface of the film with respect to the photocatalyst

25 activity.
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tyl cellosclve over approximately 10 nimutes at room
temperature while stirring, and then, water was dis-
tilled off under reduced pressure by means of an evapo-
5 rator, thereby obtaining an organosol. However, the
particles in the obtained organosol was not stably dis-
persed in the liquid medium, and precipitated. That is,
it was impossible to obtain an organosol having an ex-

cellent dispersibility.
10

Comparative Example 4

30 g of ST-01 (trade name of an anatase-type ti-
tanium oxide powder; average crystallite diameter: 7 nm
which is a value described in the catalog) (manufac-

15 tured and sold by Ishihara Sangyo Kaisha, Ltd., Japan)
and 120 g of water were charged into a reactor equipped
with a reflux condenser, a thermometer and a stirrer,
and the resultant mixture in the reactor was heated to
50 °C while stirring. Subsequently, 31 g of the solu-

20 tion of compound (1) obtained in Reference Example 1
was charged into the reactor over approximately 30
minutes at 50 °C while stirring, and the resultant mix-
ture in the reactor was stirred at 50 °C for 3 hours,
and then, cooled to room temperature. The particles in

25 the resultant reaction mixture were precipitated and
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mean particle diameter of the particles was 3 um or
more.
To the resultant mixture was added 200 g of butyl
5 cellosolve, and then, water was distilled off under re-
duced pressure by means of an evaporator, thereby ob-
taining an organosol. However, the particles in the
obtained organosol was not stably dispersed in the lig-
uid medium, and precipitated. That is, it was impos-
10 sible to obtain an organosol having an excellent dis-
persibility. Therefore, it was impossible to form a

film on a glass plate using this organosol.

Comparative Example 5

15 100 g of 8TS-02 (trade name of a hydrochloric
acld-peptized sol of an anatase-type titanium oxide;
volume mean particle diameter: 18 nm, TiO; content:

30 % by welght, average crystallite diameter: 7 nm whi-

N ch is a value described in the catalog) (manufactured
20 and sold by Ishihara Sangyo Kaisha, Ltd., Japan) and
100 g of water were charged into a reactor equipped

with a reflux condenser, a thermometer and a stirrer.

Subsequently, a solution obtained by dissolving 7.5 ¢

of methyltrimethoxysilane in 7.5 g of dioxane was

25 charged into the reactor over approximately 30 minutes
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the reactor was further stirred at 30 °C for 3 hours to

effect a reaction of STS-02 with methyltrimethoxysilane
and modify the TiO, particles to thereby obtain a sol
5 containing particles of modified titanium oxide (here-
inafter referred to as "modified TiO, particles”),
wherein the volume mean particle diameter of the TiO,
particles was 900 nm.
Using the obtalned sol, a film was formed in the
10 same manner as in Example 1, and the formed film was
subjected to spectrometry in substantially the same
manner as in Example 1. The IR spectrum obtained by
the spectrometry showed that the absorption ascribed to

the Ti-OH group of Ti0, particles in STS-02 became

15 small but did not disappear, wherein the above-
mentioned absorption had been observed in the IR spec-
trum of TiQO, prior to the modification of the TiO, par-
ticles. This means that the Ti-OH group still remained

L in STS-02 in a considerably large amount.

20 Using the obtained sol, a film was formed on the
surface of a glass plate in substantially the same man-
ner as in Example 1. However, only a f£ilm which is
white turbid and has a large surface roughness was ob-

tained.

25 When the obtained modified titanium oxide sol was



OY10%&' ()- .10%& ()-*@10%& ()-!P*@ 109& ()-! 9%$@.0%w&. () -1 g 0%&' ()-ybC
10" 3 109%&' ()-10%& ()-310%& ()- 10 10 10&6" 109%& (%@99—' DudEbC 10°
109&' ()- 109%&' ()- 109%& ()-"109%& ()-1 10%& ()-s9!10%& ()- MIEbC 10°

*109& ()-f( 109 ()- & 109k ()- FUdO9%&' ()-&f #m' 109& ()- !10%& ()-* ?@\IE:/
10 10s96" 10%&' ()- 310%&' ()-3 f210%& ()- 010%& () -

.g10%&' ()-L,"109%&' ()-ABRVXY:/ 10F L10%& ();f,! S109%&' ()-f10%& ()-3

109& ()-109&' ()-F109%& ()- 10V-gdE:/ 10F v 6210%&' ()- sFLO0%& () -

T10%& ()-&"10%& ()-Y s109%& ()- @"109%& ()-)a>aB:/ 10

|+10%&f()'!ys)#lg%§§§éé)folgggﬁﬁ(gfill at 30 °C for 2 months, the sol

was gelled. Therefore, it was impossible to evaluate

the surface of the film.

5 Comparative Example 6

200 g of Tinoc A-6 (which is the same as used in
Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
guently, a solution obtalned by dissolving 3 g of meth-

10 yvltrimethoxysilane in 3 g of dioxane was charged into
the reactor over approximately 30 minutes at 30 °C
while stirring, and the resultant mixture in the reac-
tor was stirred for 3 hours at 30 °C to effect a reac-
tion of Tinoc A-6 with methyltrimethoxysilane and modi-

15 fy the TiO, particles of Tinoc A-6 to thereby obtain a
sol containing modified TiO, particles, wherein the
volume mean particle diameter of the modified TiO, par-
ticles was 1 pm.

. Using the obtained sol, a f£ilm was formed in the

20 same manner as in Example 1, and the formed film was
subjected to spectrometry in substantially the same
manner as in Example 1. The IR spectrum obtained by
the spectrometry showed that the absorption ascribed to
the Ti-OH group the TiO, particles of Tihoc A-6 became

25 small but did not disappear, wherein the above-



1T -

OMLOYR () - L# 109 ()- "109%& ()->x<uvwdE:/ 10 10§M&()-

2210% ()- 1s109%& ()- ,/109%& ()-sL-3" 10%& () - wehwra & ()-

10%1& ()- @! 10% ()-F 10% & ()- 10% ()- 10% ()- 10F~dE:/ 10&

0z 10%& ()-LSt! 1098 ()- "109% ()- @ 109%& ()-1 s10%& ()- 10%& ()-"X(dE:/ 10&
110% ()- @ 10% ()-s -#10%&' ()- | +10% ()-y) "10%& ()- ' z10% ()-(bC 10
s10% & ()-310% & ()-10% & ()- 10 10 1069 14%& ()- 310%& ()->edEbC 10
710% & ()- L10% & ()- |10% & ()- Y 10% & ()- s10% & ()-!10% & () - =r dEbC
10F+s10% & ()-f)#10% & ()- ' 10% & ()- 9%40% & ()-#! 10% & () -

110% & () - V567dhidnti¥ned absorption had been observed in the IR spec-

10t 6! 10% & ()- @4 10% & ()-4, 210% & () -, 010% & () -/ 10% & ()--"10% & () - 78HL
' _2uS1/ trum of TiO, prior to the modification of the TiO, par-

ticles. This means that the Ti-OH group remained in
Tinoc A-6 in a considerably large amount.

5 When the obtained modified titanium oxide sol was
allowed to stand still at 30 °C for one week, the sol

was gelled. Therefore, it was impossible to evaluate

the surface of the film.

10 Comparative Example 7

100 g of STS-02 (which is the same as used in Ex-
ample 5) was charged into a reactor equipped with a re-
flux condenser, a thermometer and a stirrer. Subse-
quently, 6 g of Acciplex-SS950TM (which is the same as

15 used in Example 11) was charged into the reactor over
approximately 30 minutes at 30 °C while stirring, and
the resultant mixture in the reactor was stirred at
30 °C for 8 hours to cause adsorption of AciplexTM-

ad S5950 on STS-02 and modify the TiO, particles of STS-02
20 to thereby obtain a sol containing modified TiO, parti-
cles, wherein the volume mean particle diameter of the
modified TiO, particles was 3 um or more.
Since the obtained modified titanium oxide sol
gradually precipitated with time, 1t was_impossible to

25 spray-coat the sol.
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Referepce Example 6 [Syntheslis of an Si-H group-
containing silicon compound (5) having a keto group]
500 g of dioxane and 500 g of KF9901 (which is the
5 same as used in Reference Example 1) were charged into
a reactor equipped with a reflux condenser, a thermome-
ter and a stirrer, and the resultant mixture in the re-
actor was heated to 60 °C while stirring,
16.3 g of a 0.25 % by weight dioxane solution of
10 dichloro(dicyclopentadienyl)platinum (II) was charged
into the reactor, and then, a solution obtained by dis-
solving 250 g of Uniox MUS-8 {which is the same as used
in Reference Example 1) in 250 g of dioxane was charged
into the reactor over approximately 30 minutes at 60 *C
15 while stirring. The resultant mixture in the reactor
was stirred at 60 °C for 30 minutes. Subsequently, a
solution obtained by dissolving 100 g of 5-hexen-2-one
in 100 g of dioxane was charged into the reactor for
approximately 30 minutes at 60 °C while stirring, and
20 the resultant mixture in the reactor was stirred for
one hour at 60 °C, thereby obtaining a solution of an
Si-H group-containing silicon compound (5) having a ke-
to group (hereinafter referred to simply as "compound
(5)").

25 When 100 g of water was added to 4 g of the ob-
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mixture was a dispersion which was slightly white tur-
bid.
On the other hand, 8 g of butyl cellosolve was
5 added to and mixed with 0.89 g of the solution of com-
pound (5), and, then, 8 ml of a 1 N aqueous sodium hy-
droxide solution was added thereto, so that hydrogen
gas was generated, and the volume of the generated hy-
drogen gas was 27.2 ml as measured at 23 °C. The Si-H
10 group content of compound (5), as calculated from the
volume of the generated hydrogen gas, was 1.2 mmol per

g of the solution of compound (5) (approximately 4.1

mmol per g of KF9901).

is5 Reference Example 7 [Synthesis of an Si-H group-

containing silicon compound (6) having a methacryloyl
group]

100 g of dioxane and 100 g of KF9901 (which is the
same as used in Reference Example 1) were charged into

20 a reactor equipped with a reflux condenser, a thermome-

ter and a stirrer, and the resultant mixture in the re-
actor was heated to 60 °C while stirring.

5 gof a 0.25 ¥ by weight dioxane solution of di-
chloro(dicyclopentadienyl)platinum(II) was charged into

25 the reactor, and then, a solution obtained by dissolv-
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Reference Example 1) in 50 g of dioxane was charged in-
to the reactor over approximately one hour at 60 °C
while stirring. Subsequently, a solution obtained by
5 dissolving 20 g of allyl methacrylate and 0.01 g of 4-
methoxyhydroquinone (polymerization lnhibitor) in 20 g
of dioxane was charged into the reactor for approxi-
mately 30 minutes at 60 °C while stirring, and the re-
sultant mixture in the reactor was further stirred for
10 one hour at 60 °C, thereby obtaining a solution of an
Si-H group-containing silicon compound (6) having a
methacryloyl group (hereinafter referred to simply as
“compound (6)7).
When 100 g of water was added to 4 g of the ob-
15 tained solution of compound (6), the resultant agueous
mixture was a dispersion which was slightly white tur-
bid.
On the other hand, 8 g of butyl cellosolve was
added to and mixed with 1.25 g of the solution of com-
20 pound (6), and, then, 8 ml of a 1 N agqueous sodium hy-
droxide solution was added thereto, so that hydrogen
gas was dgenerated, and the volume of the generated hy-
drogen gas was 42.0 ml as measured at 23 °C. The Si-H
group content of compound (6), as calculéted from the

25 volume of the generated hydrogen gas, was 1.3 mmol per
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silicone-modified polymer having a keto group]
8 g of methacrylic acid, 3 g of diacetone ac-
rylamide, 34 g of methyl methacrylate, 40 g of butyl
5 acrylate, 15 g of cyclohexyl methacrylate, 300 g of

water and 20 g of a 20 ¥ by weight aqueous solution of
Latemul S-180A (trade name of ammonium salt of a sulfo-
succinic diester having, in a molecule thereof, a dou-
ble bond copolymerizable with an ethylenically unsatu-

10 rated monomer) (manufactured and sold by Kao Corp., Ja-
pan) were charged into a reactor equipped with a stir-
rer, a reflux condenser and a thermometer and provided
with two dropping funnel-like vessels for dropwise
feeding (hereinafter referred to as "dropping vessels”).

i5 The internal temperature of the reactor was elevated to
78 °C. Subsequently, 0.5 g of ammonium persulfate was
charged into the reactor, and the resultant mixture in
the reactor was stirred at 78 °C for one hour, thereby
obtaining a seed latex. The seed latex had a pH value

20 of 1.8.

To the obtained seed latex 1in the reactor was

added a solution containing 3 g of methacrylic acid, 12
g of diacetone acrylamide, 165 g of methyl methacrylate,
160 g of butyl acrylate, 60 g of cyclohekyl methacryl-

25 ate, 330 g of water, 20 g of a 20 % by weight aqueous
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methacryloxypropyltrimethoxysilane, 25 g of dimethyldi-

methoxysilane and 25 g of methyltrimethoxysilane,

(8,

wherein the two solutions were separately charged into
the reactor through respective dropping vessels at
80 °C over 3 hours while stirring.

After the dropwise addition of the two solutions,
the internal temperature of the reactor was elevated to
10 85 °C, and tﬁe contents of the reactor were stirred for

6 hours and, then, cooled to room temperature, to
thereby obtain a reaction mixture. The pH value of the
reaction mixture in the reactor was measured and found
to be 2.1.
15 A 25 % by weight agqueous ammonia solution was
charged into the reactor so as to adjust the pH value
of the reaction mixture to 8. Then, the reaction mix-
ture was filtered through a wire mesh (100-mesh size)
to remove aggregates from the reaction mixture, thereby
20 obtaining an emulsion. The amount of the aggregates
was as small as 0.02 % by weight, in terms of the
weight percentage of the dried aggregates, based on the
total weight of the monomers used.
The obtained emulsion had a solids content of

25 44.0 % by welight, and the volume mean particle diameter
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Reference Example 9 (Preparation of an aqueous solution

of a semicarbazide derivative)

230 g of isopropanol and 20 g of hydrazine monohy-
drate were charged into a reactor equipped with a re-
flux condenser, a thermometer and a stirrer at room
temperature.

A solution of 42 g of Duranate 24A (trade name of
a biuret type polyisocyanate; NCO content: 23.3 % by
weight) (manufactured and sold by Asahl Kasel Kogyo Ka-

bushiki Kaisha, Japan) in 168 g of tetrahydrofuran was

charged into the above-mentioned reactor over approxi-

mately one hour at 40 °C while stirring, and the resul-
tant mixture in the reactor was stirred at 40 °C for 3
hours, thereby obtaining a reaction mixture.
Tetrahydrofuran, hydrazine, water and the like
were removed from the obtained reaction mixture by dis-
tillation under reduced pressure, and an appropriate
amount of water was added to the resultant mixture, to
thereby obtain an aqueous solution of a semicarbazide
derivative (solids content of the solution: 30 % by

weight).

Example 14

10 10
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Examplg 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
gquently, 15.3 g of the solution of compound (5) ob-

5 tained in Reference Example 6 was charged into the re-
actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was
stirred at 30 °C for 5 hours to effect a reaction of
Tinoc A-6 with compound (5) and modify the TiO, parti-

10 cles of Tinoc A-6 to thereby obtain a sol containing
modified TiO, particles well dispersed therein, wherein
the volume mean particle diameter of the modified TiO,
particles was 18 nm. During the reaction of Tinoc A-6
with compound (5), hydrogen gas was generated. The

15 volume of the generated hydrogen gas was 122 ml as
measured at 23 °C.

An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of

20 T10, particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR
spectrum of TiO, prior to the modification of the TiO,
particles.

When the obtained sol was allowed té stand still

25 at 30 °C for 100 days, the volume mean particle diame-
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as 23»nm.
On the other hand, 11.3 g of the aqueous solution
of a semicarbazide derivative (obtained in Reference
5 Example 9) was added to 200 g of the emulsion of a
silicon-modified polymer having a keto group (obtained
in Reference Example 8) over approximately 20 minutes
at room temperature while stirring, thereby obtaining a
mixture.
10 To the obtained mixture was added 230 g of the
above-mentioned sol over approximately 30 minutes at
room temperature while stirring, and the resultant mix-
ture was stirred at room temperature for 3 hours,
thereby obtaining a modified photocatalyst composition.
15 Using the obtained modified photocatalyst composi-
tion, a transparent and smooth film was formed on the
surface of a glass plate in substantially the same man-
ner as in Example 12. The surface of the film was
evaluated with respect to the photocatalyst activity.
20 The evaluation was good (©). The retention ratio of
the weight of the film after immersion in acetone was

97 %, which shows that the film had an excellent sol-

vent resistance.

25 Example 15




g10% & ()-2zI 10% ()-|K}}}*~b~~}"?YNC 10" - 10U () oy 43 L0%b: T @ #10% () -
Y109 ()- ! AL#T109R2& ()-1  S100& () - ~~~— 789: Ju'r—%%g—&{-e% - 10 10

10s6" 109& ()- 4s109& ()-! O109%& ()- O109%& ()-JN+ddEj @ 10L! 109%& () -

s109%& ()- 109%&' ()-  109& ()- 910% ()-10%&' ()-d<wOdEj @ 10Y

109& ()- "109%& ()-F 109 ()-Y 3109 ()-F SF109% ()-3 " 10%& ()- O+ aBj @
109, "109& ()- * 109& ()-! X@#109%& ()- ' @O%& () -

3940098 ()- S#3"10%&' ()-8j dYNC 10 10 10 10 6IX70%& ()- 410%& ()- @t 10%& () -
“0109& ()- .109%& ()-OhdEYNC 10 yMLO%& ()-

100 g of STS-02 (which is the same as used in Ex-
ample 5) and 50 g of water were charged into a first
reactor equipped with a reflux condenser, a thermometer
and a stirrer. Subsequently, 26 g of the solution of

5 compound (6) obtained in Reference Example 7 was
charged into the first reactor over approximately 30
minutes at 30 °C while stirring, and the resultant mix-
ture in the first reactor was stirred at 30 °C for 7
hours to effect a reaction of STS-02 with compound (6)

10 and modify the TiO, particles of STS-02, to thereby ob-
tain a sol containing modified TiO, particles well dis-
persed therein, wherein the volume mean particle diame-
ter of the modified TiO, particles was 38 nm. During
the reaction of STS-02 with compound (6), hydrogen gas

15 was generated. The volume of the generated hydrogen
gas was 240 ml as measured at 24 °C.

An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of

20 Ti0, particles in STS-02 disappeared, wherein the
above-mentioned absorption had been observed in the IR
spectrum of TiO, prior to the modification of the TiO,
particles.

100 g of the above-mentioned sol, 353 g of water

25 and 2 g of Adeca Rea soap SE-1025N (trade name of a
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to a second reactor equipped with a stirrer, a reflux
condenser, a dropping vessel and a thermometer. The

5 internal temperature of the second reactor was elevated
to 80 °C. Subsequently, a solution containing 6 g of
methacrylic acid, 61 g of butyl acrylate, 70 g of meth-
vl methacrylate, 1.2 g of acrylamide, 80 g of water,
2.7 g of Adeca Rea scap SE-1025N, 1.4 g of sodium p-

10 styrenesulfoﬂate and 0.5 g of ammonium persulfate was
dropwise added through the dropping vessel to the sec-
ond reactor at 80 °C over 2 hours while stirring.

After the addition of the solution, the resultant
mixture in the second reactor was stirred at 80 °C for

15 2 hours and, then, cooled to room temperature. A 25 %
aqueous ammonlia solution was charged into the second
reactor so as to adjust the pH value of the mixture in
the second reactor to 8. The resultant mixture was
filtered through a wire mesh (100-mesh size) so as to

20 remove aggregates from the mixture, thereby obtaining a
modified photocatalyst composition (a modified photo-
catalyst-acrylic composite emulsion). The modified
photocatalyst composition had a solids content of

23.4 % by weight, and the volume mean pafticle diameter

25 of particles in the composition was 95 nm.
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surface of a glass plate in substantially the same man-

ner as in Example 12. The surface of the film was
5 evaluated with respect to the photocatalyst activity.

The evaluation was good (©).

Reference Example 10 [Synthesis of silicon compound (7)

containing an Si-H group, which is self-emulsifiable in
10 water]

50 g of dioxane and 50 g of HMS-301-100GM (which
is the same as used in Reference Example 2) were
charged into a reactor equipped with a reflux condenser,
a thermometer and a stirrer, and the resultant mixture

15 in the reactor was heated to 80 °C while stirring.

On the other hand, 25 g of Uniox MUS-8 (which is
the same as used in Reference Example 1) and 0.53 g of
a 5 % by weight isopropanol solution of hydrogen hexa-
chloroplatinate(IV) hexahydrate were dissolved in 62.5

20 g of dioxane.

The resultant solution was charged into the reac-
tor containing the above-mentioned mixture over ap-
proximately one hour at 80 °C while stirring, and the
resultant mixture in the reactor was stirred at 80 °C

25 for 2 hours and, then, cooled to room temperature,
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containing an Si-H group (hereinafter referred to sim-
ply as "compound (7)").
When 100 g of water was added to 4 g of the above-
5 obtained solution of compound (7), the resultant aque-
ous mixture was in the form of a dispersion which is
slightly white turbid.
On the other hand, 8 g of butyl cellosolve was
added to and mixed with 2.23 g of the solution of com-
10 pound (7), and, then, 8 ml of a 1 N aqueous sodium hy-
droxide solution was added thereto, so that hydrogen
gas was generated. The volume of the generated hydro-
gen gas was 45.2 ml as measured at 21 °C. The Si-H
group content of compound (7), as calculated from the
15 volume of the generated hydrogen gas, was 0.825 mmol

per g of the solution of compound (7) (approximately

3.1 mmol per g of HMS-301-100GM).

Reference Example 11 (Synthesis of an Si-H group-

20 contalning silicon compound (8) which is self-
emulsifiable in water and has a fluoroalkyl group)
50 g of methyl ethyl ketone and 50 g of HMS-301-
100GM (which i1s the same as used in Reference Example
2) were charged into a reactor equipped with a reflux

25 condenser, a thermometer and a stirrer, and the resul-
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solution of dichloro(dicyclopentadienyl)platinum(II)

was charged into the reactor to obtain a mixture.

5 On the other hand, 25 g of Uniox MUS-8 (which is
the same as used 1n Reference Example 1) was dissolved
in 25 g of methyl ethyl ketone.

The resultant solution was charged into the reac-
tor containing the above-mentioned mixture over ap-

10 proximately 30 minutes at 60 °C while stirring, and the
resultant mixture in the reactor was stirred at 60 °C
for 30 minutes to obtain a mixture.

10 g of perfluoroctylethylene and 1.1 g of a
0.25 % by welght dioxane solution of dichloro(dicyclo-

15 pentadienyl)platinum(II) were dissolved in 10 g of
methyl ethyl ketone, and the resultant solution was
added to the above-obtained mixture over approximately
one hour at 60 °C whilile stirring, and the resultant
mixture in the reactor was stirred at 60 °C for 8 hours

20 and, then, cocled to room temperature, thereby obtain-
ing a solution of an Si-H group-containing silicon com-
pound (8) having a fluoroalkyl group (hereinafter
referred to simply as "compound (8)").

When 100 g of water was added to 4 é of the above-

25 obtained solution of compound (8), the resultant aque-
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ous mixture was in the form of a dispersion which is

slightly white turbid.
Oh the other hand, 8 g of butyl cellosolve was
added to and mixed with 1.094 g of the solution of com-
5 pound (8), and, then, 8 ml of a 1 N aqueous sodium hy-
droxide solution was added thereto, so that hydrogen
gas was denerated. The volume of the generated hydro-
gen gas was 25.5 ml as measured at 17 °C. The Si-H
group content of compound (8), as calculated from the
10 volume of the generated hydrogen gas, was 0.962 mmol
per g of the solution of compound (8) (approximately

3.31 mmol per g of HMS-301-100GM).

Reference Example 12 {Measurement of the surface energy

15 of a £film prepared from an organic solvent type acrylic

coating agent)

Pla-ace (trade name of an organic solvent-dis-
solved acrylic coating agent; solids content: 50 % by
welght) (manufactured and sold by MUSASHI PAINT CO.,

20 LTD., Japan) was cast on a glass plate in a thickness
of 20 pm. The glass plate having cast thereon Pla-ace
was dried at room temperature for 2 days, followed by
heat drying at 50 °C for 3 days, thereby forming a

transparent and smooth film on the surface of the glass

25 plate.
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ergy of the film was 35.5 dyn/cm at 20 °C, as calculat-

ed from the contact angle using the Sell and Neumann's

5 empirical formula.

Reference Example 13 (Measurement of the surface energy

of an aqueous acrylic-silicone resin emulsion)
Using the aqueous acrylic-silicone emulsion (con-
10 taining a film-forming assistant) prepared in Compara-
tive Example 2, a transparent and smooth film was
formed on the surface of a glass plate in substantially
the same manner as in Reference Example 12.
The contact angle of water against the surface of
15 the film was 89° as measured at 20 °C. The surface en-
ergy of the film was 31.5 dyn/cm at 20 °C, as calculat-

ed from the contact angle using the Sell and Neumann's

~ emplrical formula.

20 Example 17

400 g of Tinoc A-6 (which is the same as used in
Example 1) and 10.3 g of the solution of compound (7)
obtained in Reference Example 10 were charged into a
reactor equipped with a reflux condenser, a thermometer

25 and a stirrer over approximately 30 minutes at room
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mixture in the reactor was stirred at 30 °C for 3 hours

to efféct a reaction of Tinoc A-6 with compound (7) and
modify the TiO, particles of Tinoc A-6 to thereby ob-

5 tain a sol containing modified TiO, particles well dis-
persed therein, wherein the volume mean particle diame-
ter of the modified TiO, particles was 17 nm. During
the reaction of Tinoc A-6 with compound (7), hydrogen
gas was generated. The volume of the generated hydro-

10 gen gas was 80 ml as measured at 16 °C.

An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of
TiO, particles in Tinoc A-6 disappeared, wherein the

15 above-mentioned absorption had been observed in the IR

spectrum of TiO, prior to the modification of the TiO,

particles.
100 g of butyl cellosolve was added to 100 g of

the obtained sol over approximately 10 minutes at room
20 temperature (23 °C) while stirring and, then, water was

removed from the resultant mixture under reduced pres-

sure by means of an evaporator. Subsequently, an ap-

propriate amount of butyl cellosolve was added to the

mixture so that the solids content of the mixture be-

25 came 5.8 % by weight, thereby obtaining an organosol
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The obtained organosol was spray-coated on a glass
5 plate in a thickness of 2 pm. The coated glass plate
was dried at 50 °C for one week, thereby forming a
transparent and smooth f£film on the surface of the glass
plate.
The contact angle of water against the surface of
10 the film was 95.6° as measured at 20 °C. The surface
energy of the film was 26.5 dyn/cm at 20 °C, as calcu-
lated from the contact angle using the Sell and Neu-
mann'’'s empirical formula.
20 g of the organosol was added to Pla-ace (which
15 is the same as used in Reference Example 12) over ap-
proximately 10 minutes at room temperature while stir-
ring, thereby obtalning a modified photocatalyst compo-
sition.
The modified photocatalyst composition was casted
20 on an OHP film in a thickness of 20 pm. The casted OHP
£film was dried at room temperature for 2 days, followed
by heat drying at 50 °C for 3 days, thereby forming a
smooth f£ilm on the surface of the OHP film.

The distribution of titanium atoms in a cross-

25 section of the film formed on the surface of the OHP
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ray spectrometer. The result of the measurement is

shown in Fig. 2.
As can be seen from Fig. 2, in the film formed on
5 the surface of the OHP film, TiO, particles were not
present at the inside film surface (in contact with the
OHP f£ilm as a substrate), and the film formed on the
surface of the OHP film had a distribution of TiO, par-
ticles wherein the concentration of TiO, particles in-
10 creases from-the inside f£ilm surface (in contact with
the OHP film) toward the outside f£film surface (opposite
to the inside film surface in contact with the OHP
£ilm).
Further, the surface of the film formed on the
15 surface of the OHP film was evaluated with respect to

the photocatalyst activity. The evaluation was good

(0).

Example 18

20 300 g of Tinoc A-6 (which is the same as used in
Example 1) and 15.5 g of the solution of compound (8)
obtained in Reference Example 11 were charged into a
reactor equipped with a reflux condenser, a thermometer
and a stirrer over approximately 30 minutes at room

25 temperature (30 °C) while stirring, and the resultant
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modify the Ti0, particles of Tinoc A-6 to thereby ob-
tain a sol containing modified Ti0, particles well dis-

5 persed therein, wherein the volume mean particle diame-
ter of the modified TiO, particles was 30 nm. During
the reaction of Tinoc A-6 with compound (8), hydrogen
gas was generated. The volume of the generated hydro-
gen gas was 140 ml as measured at 16 °C.

16 An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtalned IR spectrum
showed that the absorption ascribed to a Ti-OH group of
TiO, particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR

15 spectrum of TiO, prior to the modification of the TiO,

particles.

100 g of butyl cellosolve was added to 100 g of
the obtained sol over approximately 10 minutes at room
temperature (23 °C) while stirring and, then, the water

20 was removed from the resultant mixture under reduced
pressure by means of an evaporator, thereby obtaining a
mixture. Subsequently, an appropriate amount of butyl
cellosolve was added to the obtained mixture so that
the solids content of the resultant mixture became

25 7.1 % by weight, thereby obtaining an organosol com-
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taining particles well dispersed therein.

Uging the obtained organosol, a transparent and

smooth film was formed on the surface of a glass plate
5 in substantially the same manner as in Example 17.

The contact angle of water against the surface of
the f£ilm was 106.0° as measured at 20 °C. The surface
energy of the film was 19.2 dyn/cm at 20 °C, as calcu-
lated from the contact angle using the Sell and Neu-

10 mann's empirical formula.

20 g of the organosol was added to 100 g of
Pla-ace (which is the same as used in Reference Example
12) over approximately 10 minutes at room temperature
(23 °C) while stirring, thereby obtaining a modified

15 photocatalyst composition.

The modified photocatalyst composition was casted
on an OHP film in a thickness of 20 pm. The casted OHP
film was dried at room temperature for 2 days, followed
by heat drying at 50 °C for 3 days, thereby forming a

20 smooth film on the surface of the OHP film.

The distribution of titanium atoms in a cross-
section of the f£ilm formed on the surface of the OHP
film was measured by means of an energy-dispersive X-

ray spectrometer. The result of the measurement is

25 shown in Fig. 3.
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Further, the surface of the film formed on the

surface of the OHP f£i1lm was evaluated with respect to

the photocatalyst activity. The evaluation was good

(0©).
15
Comparative Example 8
Using Pla-ace (which is the same as used in Refer-
- ence Example 12), a smooth film was formed on the sur-
iwi face of an OHP film in substantially the same manner as
20 in Example 18.

However, no photocatalyst activity was observed at

the surface of the formed film, i.e., the evaluation

was “"X",

25 Comparative Example 9
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the £ilm was 69.8° as measured at 20 °C. The surface

energy of the film was 48.0 dyn/cm at 20 °C, as calcu-
lated from the empilrical formula of Sell-Neumann.
15 8 g of the above-mentioned KS-247 was added to 100
g of Pla-ace (which is the same as used in Reference
Example 12) over approximately 10 minutes at room tem-
~ perature (23 °C) while stirring, thereby obtaining a
ij! composition. Using the obtained composition, a smooth
20 film was formed on the surface of an OHP film in sub-
stantially the same manner as in Example 18.
The distribution of titanium atoms in a cross-
section of the film formed on the surface of the OHP
£film was measured by means of an energy-dispersive X-

25 ray spectrometer. The results of the measurement
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showed that the titanium atoms exhibited a random dis-
tribution and that the Ti0, particles did not exhibit a
distribution in which the concentration of the TiO,
particles increases from the inside film surface toward

5 the outside film surface (remote from the OHP film).

Further, the surface of the formed film was evalu-
ated with respect to the photocatalyst activity. The

evaluation was poor (i.e., "X" or "A").

10 Comparative Example 10

30 g of ST-01 (which is the same as used in Com-
parative Example 4) and 120 g of toluene were charged
into a reactor equipped with a reflux condenser, a
thermometer and a stirrer, and the resultant mixture in
15 the reactor was heated to 50 °C while stirring. How-
ever, in the liquid medium of the mixture, the parti-

cles were not dispersed but precipitated, so that no

~ sol was formed.
Qf Subsequently, 12.9 g of the solution of compound
20 {7) obtained in Reference Example 10 was charged into

the reactor over approximately 30 minutes at 50 °C
while stirring, and the resultant mixture in the reac-
tor was stirred at 50 °C for 3 hours to effect a reac-
tion of ST-01 with compound (7) and modi¥y the TiO,

25 particles of ST-01 to thereby obtain a modified photo-
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catalyst dispersion. During the reaction of ST-01 with
compound (7), hydrogen gas was generated. The volume
of the-generated hydrogen gas was 70 ml as measured at
19 °C. The obtained modified photocatalyst dispersion
5 was an unstable dispersion wherein the dispersion state
of the modified photocatalyst particles was unable to
be maintained and the particles precipitated with the
lapse of time.
The modified photocatalyst dispersion was placed
10 under reduced pressure at 50 °C to remove the liquid
medium from the modified photocatalyst dispersion,
thereby obtaining a powder of a modified titanium oxide.
The obtained powder of a modified titanium oxide was
treated by a pelletizing machine for use in producing a
15 sample for infrared absorption spectrometry, wherein
the powder was compressed under a pressure of 750
kg/cm?, thereby obtaining a pellet of a modified ti-
- tanium oxide. The contact angle of water against the
Q; surface of the obtained pellet was 93.0° as measured at
20 20 °C. The surface energy of the pellet was 28.4
dyn/cm at 20 °C, as calculated from the empirical for-
mula of Sell-Neumann.
1.2 g of the above-obtained powder of a modified

titanium oxide was added to 100 g of Pla~ace (which is

25 the same as used in Reference Example 12) at room tem-
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on the surface of an OHP film in substantially the same

5 manner as in Example 17.
The distribution of titanium atoms in a cross-
section of the film formed on the surface of the OHP
film was measured by means of an energy-dispersive X-
ray spectrometer. The results of the measurement
10 showed that fhe titanium atoms exhibited a random dis-
tribution and that a considerable amount of TiO, parti-
cles were in contact with the surface of the OHP film.
Further, the surface of the formed film was evalu-
ated with respect to the photocatalyst activity. The

15 evaluation was poor (i.e., X" or "A").

Reference Example 14 [Synthesis of Si-H group-

containing silicon compound (9) having a cyclic acid

‘j anhydride group]

20 ~168 g of dioxane and 100 g of KF9901 (which is the
same as used in Reference Example 1) were charged into
a reactor equipped with a reflux condenser, a thermome-
ter and a stirrer, and the resultant mixture in the re-
actor was heated to 80 °C while stirring.

25 50 g of Unlox MUS-8 (which is the same as used in
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Reference Example 1), 28 g of a 5-norbornene-2,3-
dicarboxylic anhydrite, and 1.1 g of a 5 % by weight
isoprobanol solution of hydrogen hexachloroplati-
nate(IV) hexahydrate were dissolved in 100 g of dioxane.
5 The resultant solution was charged into the above-
mentioned reactor over approximately one hour at 80 °C
while stirring, and the resultant mixture in the reac-
tor was stirred at 80 °C for 2 hours and, then, cooled
to room temperature, thereby obtaining a solution of
10 Si-H group-containing silicon compound (9) having a cy-
clic acid anhydride group (hereinafter referred to sim-
ply as "compound (9)").
8 g of butyl cellosolve was added to and mixed
with 1.4 g of the solution of compound (9), and, then,
15 8 ml of a 1 N aqueous sodium hydroxide solution was
added thereto, so that hydrogen gas was generated, and

the volume of the generated hydrogen gas was 35.8 ml as

- measured at 21 °C. The Si-H group content of compound
o (9), as calculated from the volume of the generated hy-
20 drogen gas, was 1.02 mmol per g of the solution of com-

pound (9) (approximately 4.5 mmol per g of KF9901).

Reference Example 15 [Synthesis of Si-H group-

containing silicon compound (10) having a sensitizing

25 group]
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Reference Example 14 was charged into a reactor

equippéd with a reflux condenser, a thermometer and a

stirrer.

5 0.23 g of 2,4-dinitrophenylhydrazine was dissolved
in 22.7 g of tetrahydrofuran. The resultant solution
was charged into the above-mentioned reactor over ap-
proximately 30 minutes at 20 °C while stirring, and the
resultant mixture in the reactor was stirred at 20 °C

10 for 3 hours, thereby obtaining a solution of Si-H
group-containing silicon compound (10) having a sensi-

tizing group (hereinafter referred to simply as "com-

pound (10)").

15 Example 20 [Preparation of a modified photocatalyst sol
by the use of Si-H group-containing compound (9) having
a cyclic acid anhydride group]
200 g of STS-02 (which is the same as used in Ex-
bad ample 5) and 100 g of water were charged into a reactor
20 equipped with a reflux condenser, a thermometer and a
stirrer, and the resultant mixture in the reactor was
heated to 30 °C while stirring. Subsequently, 30 g of
the solution of compound (9) obtained in Reference Ex-
ample 14 was charged into the reactor over approxi-

25 mately 30 minutes at 30 °C while stirring, and the re-
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5 dispersed therein, wherein the volume mean particle
diameter of the modified TiO, particles was 29 nm.
During the reaction of STS-02 with compound (9), hydro-
gen gas was generated. The volume of the generated hy-
drogen gas was 112 ml as measured at 20 °C.

10 An IR spectrum was obtained in substantially the
same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of
Ti0, particles in ST$-02 disappeared, wherein the
above-mentioned absorption had been observed in the IR

15 spectrum of TiO, prior to the modification of the T10,

particles.

- Example 21

‘a& 100 g of STS-02 (which is the same as used in Ex-
20 ample 5) and 50 g of water were charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and the resultant mixture in the reactor was
heated to 30 °C while stirring. Subsequently, 26 g of
the solution of compound (10) obtained in Reference Ex-

25 ample 15 was charged into the reactor over approxi-
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mately 30 minutes at 30 °C while stirring, and the re-

sultant mixture in the reactor was stirred at 30 °C for

3 houré to effect a reaction of STS-02 with compound

(10) and modify the TiO, particles of STS-02 to thereby

5 obtain a sol containing orange, modified TiO, particles

well dispersed therein, wherein the volume mean parti-

cle diameter of the modified TiO, particles was 36 nm.

During the reaction of STS-02 with compound (10), hy-

drogen gas was generated. The volume of the generated

10 hydrogen gas was 110 ml as measured at 20 °C.

An IR spectrum was obtained in substantially the

same manner as in Example 1. The obtained IR spectrum

showed that the absorption ascribed to a Ti-OH group of

TiO, particles in STS-02 disappeared,

wherein the

15 above-mentioned absorption had been observed in the IR

spectrum of Ti0, prior to the modification of the TiO,

particles.

IWA
.

Using the obtained sol, a transparent (orange) and

smooth film was formed on the surface of a glass plate

20 in substantially the same manner as in Example 1. The

surface of the film was evaluated by examining how the

hydrophilicity or hydrophobicity of the £ilm surface

was changed by sunlight irradiation.
shown in Table 4.

25

The results are
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chargea into a reactor equipped with a reflux condenser,

a thermometer and a stirrer.

5 0.07 g of 2,4-dinitrophenylhydrazine was dissolved
in 7 g of tetrahydrofuran. The resultant solution was
charged into the above-mentioned reactor over approxi-
mately 30 minutes at 20 °C while stirring, and the re-
sultant mixture in the reactor was stirred at 20 °C for

10 3 hours, thereby obtaining a sol containing orange,
modified TiO, particles well dispersed therein, wherein
the volume mean particle diameter of the modified TiO,
particles was 33 nm.

Using the obtained sol, a transparent (orange) and

15 smooth film was formed on the surface of a glass plate
in substantially the same manner as in Example 1. The
surface of the film was evaluated by examining how the

~ hydrophilicity or hydrophobicity of the film surface

€';

was changed by sunlight irradiation. The results are

20 shown in Table 4.

Reference Comparative Example 1

Using the sol obtained in Example 20, a transpar-
ent and smooth film was formed on the surface of a

25 glass plate in substantially the same manner as in Ex-
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How the hydrophililcity or hydrophobicity of the film

surface was changed by sunlight irradiation

Reference
Item Example 21 Example 22 | Comparative
Example 1

Contact angle of water
against film surface 76.7° 77.0° 80.7°
(prior to sunlight ir-
radiation)
Contact angle of water
against film surface o o o
(after 3 hours of sun- 26.9 39.1 76.2
light irradiation)

10

Reference Example 16 [Synthesis of Si-H group-
. containing silicon compound (11) having a sensitizing
@mg group]
10 g of 4-aminofluorescein and 1,400 g of dioxane
15 were charged into a reactor equipped with a reflux con-

denser, a thermometer and a stirrer.
2.4 g of allyl isocyanate was dissolved in 22.6 g
of dioxane. The resultant solution was charged into

the above-mentioned reactor over approximately 30
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&109898& () - - Vd [Va9199R0%E ieRohe (5eaCtATr 0o dne) Fesul-

JT1090& ()- ,!1098 3& ():- f( 109RYB& ()-. ' 109BYB& .().- bA410398 <
\ 10904 (§ > LZ" 10%8% (‘5‘9‘5‘1{%’ i‘btﬁ?xﬁx@?%%@?ﬁdﬁ%ﬂ%@t@d Lok Aleattat

| 1098& ()-1039810398XYYZ[[[|[: A410398 . 1098& ()- UH#L098& ()- #109@Y& () -
#1099& ()- "10% & TT=V*910%@& ()-V[\\\\\\\JvU410 Y 10% ( & ()- 10% ( & ()-

Fatoo (& (- 10%( {10 Sudh (Tart Hop g ohitfieh (9 el ekl atbdio
in Reference Example 1) and 5 g of a 5 % by weight iso-
propanol solution of hydrogen hexachloroplatinate(IV)

10 hexahydrate were dissolved in 1,370 g of dioxane. The
resultant solution was charged into the above-mentioned
reactor over approximately one hour at 80 °C while
stirring, and the resultant mixture in the reactor was
stirred at 80 °C for 2 hours and, then, cooled to room

15 temperature, thereby obtaining a solution of Si-H
group-containing silicon compound (11) having a sensi-
tizing group (hereinafter referred to simply as "com-

~ pound (11)").

il When 100 g of water was added to 4 g of the above-

20 obtained solution of compound (11), the resultant aque-
ous mixture was homogeneous and transparent and had
fluorescence.

On the other hand, 8 g of butyl cellosolve was
added to and mixed with 4 g of the solution of compound

25 (11), and, then, 8 ml of a 1 N aqueous sodium hydroxide
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lution of compound (11) (approximately 3.1 mmol per g
of KF9901).

Example 23
10 200 g of Tinoc A-6 (which is the same as used in
Example 1) was charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subse-
gquently, 12.5 g of the solution of compound (11) ob-
tained in Reference Example 16 was charged into the re-
15 actor over approximately 30 minutes at 30 °C while
stirring, and the resultant mixture in the reactor was
stirred at 30 °C for 3 hours to effect a reaction of
Tinoc A-6 with compound (11) and modify the TiO, parti-
ﬁ) cles of Tinoc A-6 to thereby obtain a sol containing
20 fluorescent, modified TiO, particles well dispersed
therein, wherein the volume mean particle diameter of
the modified T10, particles was 23 nm. During the re-
action of Tinoc A-6 with compound (11), hydrogen gas
was generated. The volume of the generated hydrogen

25 gas was 120 ml as measured at 23 °C.
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same manner as in Example 1. The obtained IR spectrum

showed that the absorption ascribed to a Ti-OH group of

Ti0, particles in Tinoc A-6 disappeared, wherein the
5 above-mentioned absorption had been observed in the IR
spectrum of TiO, prior to the modification of the TiO,
particles.
Using the obtained sol, a transparent (yellow or
green) and smooth film was formed on the surface of a
10 glass plate in substantially the same manner as in Ex-
ample 1. The surface of the film was evaluated by ex-
amining how the hydrophilicity or hydrophobicity of the
film surface was changed by the irradiation of light

containing almost no ultraviolet light. The results

15 are shown in Table 5.

Reference Comparative Example 2

With respect to the film formed on the surface of

L a glass plate which film was obtained in Example 1, the

20 surface of the f£ilm was evaluated by examining how the
hydrophilicity or hydrophobicity of the film surface
was changed by the irradiation of light containing al-

most no ultraviolet light. The results are shown in
Table 5.

25
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inoc A-6 (which is the same as used in Example 1)
was spray-coated on a glass plate in a thickness of 0.5
pm. The coated glass plate was dried at room tempera-
5 ture for one week, thereby forming a transparent and
smooth film on the surface of the glass plate. The
surface of the film was evaluated by examining how the
hydrophilicity or hydrophobicity of the £ilm surface
was changed by the irradiation of light containing al-
10 most no ultréviolet light. The results are shown in

Table 5.

Table 5
How the hydrophilicity or hydrophobicity of the film
15 surface was changed by the irradiation of light con-

taining almost no ultraviolet light

Reference Comparative
Item Example 23 | Comparative | Example 11
- Example 2
Contact angle of water
, against film surface o R o
S (prior to light irra- 25.7 37.0 15.7

diation)
Contact angle of water

against f£ilm surface R . ,
(after 24 hours of 102.5 38.3 16.2

light irradiation)
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10 lowering of the activity of the modified photocatalyst,
but also any of the film formed and the substrate cov-
ered with the film are not deteriorated by the action
of the modified photocatalyst. Further, the above-men-
tioned f£ilm exhibits excellent properties with respect
15 to transparency, durability, staining resistance, hard-
ness and the like. Therefore, the above-mentioned
modified photocatalyst sol and modified photocatalyst
~ composition are extremely useful for, e.g., preventing
dirt from adhering to the surfaces of varilous sub-
20 strates, and preventing fogging from occurring on the
surfaces of various substrates.
Further, each of the functional composite and the
shaped article of the present invention enables the

modified photocatalyst contained therein-to exert a

25 satisfactory effect at a surface of each of the func-
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ring on the surface thereof.
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CLAIMS

1. A modified photocatalyst sol comprising a liquid
medium having dispersed therein particles of a modified
photocatalyst,

'said particles of a modified photocatalyst being
prepared by subjecting particles of a photocatalyst to
a modification treatment with at least one modifier
compound selected from the group consisting of differ-
ent compoundé each of which independently comprises at
least one structural unit selected from the group con-
sisting of a monooxydliorganosilane unit represented by
formula (1), a dioxyorganosilane unit represented by

formula (2), and a difluoromethylene unit represented

by formula (3):
-(R1R251i0) - (1)

wherein each of Rl and R2 independently rep-
resents a hydrogen atom, a straight chain or
branched Cj;-C3g alkyl group, a Cg-Cyg cyclo-
alkyl group or a Cg-Cyg aryl group which is
unsubstituted or substituted with at least
one substituent selected from the group con-

sisting of a C1-Cyg alkyl group, a Cy1-Cjpq

h
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alkoxy group and a halogen atom,

—

R1
~—Si—0~——
I (2)
0
5 ] !
wherein R! is as defined for formula (1), and
-(CFy)- (3).
10
said modified photocatalyst particles having a volume
mean particle diameter of 800 nm or less.
2. The modified photocatalyst sol according to claim
15 1, wherein said photocatalyst particles prior to said
modification treatment have a volume mean particle
diameter of 200 nm or less.
QJ 3. The modified photocatalyst sol according to claim
20 1 or 2, wherein said modified photocatalyst particles

have a volume mean particle diameter of 200 nm or less
to the exclusion of moieties of the particles which

moieties are derived from the modifier compound.

25 4. The modified photocatalyst sol according to any

h
h
h
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diameter of said modified photocatalyst particles at

800 nm or less.

5. The modified photocatalyst sol according to any

one of claims 1 to 4, whereln sald modifier compound

has a sensitizing group.

10 6. The modified photocatalyst sol according to any
one of claims 1 to 5, wherein said modifier compound
has at least one reactive group selected from the group
consisting of an epoxy group, an acryloyl group, a
methacryloyl group, an acid anhydride group, a keto

15 group, a carboxyl group, a hydrazine group, an isocya-
nate group, an isothiocyanate group, a hydroxyl group,

an amino group, a cyclic carbonate group and an ester

group.

20 7. The modified photocatalyst sol according to claim
6, wherein said modifier compound has at least one re-
active group selected from the group consisting of a

hydrazine group and a keto group.

25 8. The modified photocatalyst sol according to any



10% & ()-5i K| [: NA41010 4109R& ()- 210% & () L0%es m' 10% & () -
£ 10% & ()- 9' SH10% & ()-$vU410 t 10%#& () - tl@%@—qﬁ?_m
10%#& ()-10'10' 10' 9°6 10% & ()-$Zg|[:vU410 F Z10%t& ()- ! 10%#&' ()- 3

f10%t& ()- F 10%t& ()- ° 10%& ()- 3 10%t& ()- @\FGaEvU410 F ~&c10%t& () -

~&c10%#& ()- ~&c10%#t& () - | 3940%#& ()- hs!9l10%#& () -

109%#& ()-GR hr~_?vU410 ~&Cc10%#& () - ~&cAY6& ()- ~&c10%#t& () -
~&Cc10%#& () - ~&010%#&'() ~&c10%#& ()- | HVU410 #3ac ~&c10%t& () -

~ 0, ! - -~ 0, ! 0, ! 0, ! -
&c10%+& () %ﬁ}Q/ & ims f@904ﬁ&w ere&%B% §54mogc%9é%&bg%pound is

self-emulsifiable or soluble in water.

9. The modified photocatalyst sol according to any
5 one of claims 1 to 8, wherein said modifier compound
contains at least one silicon atom having bonded there-

to at least one hydrogen atom.

10. The modified photocatalyst sol according to claim
10 9, wherein said modification treatment is conducted in
the presence of a dehydrogenation-condensation catalyst
which has dehydrogenation-condensation activity with
respect to said hydrogen atom bonded to the silicon

atom of the modifler compound.

15
11. The modified photocatalyst sol according to claim
10, wherein said dehydrogenation-condensation catalyst
- comprises at least one metal of the platinum group or a
iw compound thereof.
20

12. The modified photocatalyst sol according to any
one of claims 9 to 11, wherein said modifier compound
is a silicon compound having an average structural com-

position represented by the following formula (4):

25
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wherein:

each R independently represents a

5 straight chain or branched Cq-C3g alkyl group,
a Cg-Cyqg cycloalkyl group or a Cg-Cyg aryl
group which is unsubstituted or substituted
with at least one substituent selected from
the group consisting of a C;-Cyg alkyl group,
10 a C1-Cyp alkoxy group and a halogen atom,

each Q independently represents a group
having at least one function-imparting group
selected from the group consisting of:

1) at least one hydrophobic group se-

15 lected from the group consisting of a

straight chain or branched C;-C3g alkyl

group, a Cg-Cyp cycloalkyl group and a
Cg-Cpp aryl group which is unsubstituted
or substituted with at least one sub-

20 stituent selected from the group con-
sisting of a C1-Cyg alkyl group, a Cq-
Cop alkoxy group and a halogen atom, and
a C1-C3g fluoroalkyl group:
2) at least one hydrophilic group se-

25 lected from the group consisting of a
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carboxyl group and a salt thereof, a
phosphate group and a salt thereof, a
sulfonic acid group and a salt thereof,
and a polyoxyalkylene group:
5 3) at least one reactive group selected
from the group consisting of an epoxy
group, an acryloyl group, a methacryloyl
group, an acid anhydride group, a keto
group, a hydrazine group, an isocyanate
10 group, an isothiocyanate group, a hy-
droxyl group, an amino group, a cyclic
carbonate group and an ester group:; and
4) at least one sensitizing group,
each X independently represents a hydro-
15 lyzable group selected from the group con-
sisting of a C1-Cyg alkoxy group, a hydroxyl
group, a hydroxyimino group, an enoxy dgroup,
an amino group, an amido group, a C1-Cpp acy-
loxy group, an aminoxy group and a halogen
20 atom, and
p, d, r and s satisfy the following re-
lationships:
0 <p < 4,
0 < gq< 4,

25 0 s r < 4,
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10 wherein:
Rl is as defined for formula (1) and Q is as de-
fined for formula (4),
a represents an integer of 1 or more,
each of b and c independently represents an inte-
15 ger of 0 or more,
d is 0 or 2,
wherein a, b and c¢ satisfy the following relation-
ship:
(a + b+ c¢c) s 10,000, and
20 wherein when (a + b + ¢) = 2 and 4 is 0, the com-
pound of formula (5) is a cyclic silicone compound, and
when d is 2, the compound of formula (5) is a straight

chain silicone compound.

25 14. A modified photocatalyst composition comprising
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resin.

16. The modified photocatalyst composition according
to claim 15, wherein said resin is at least one resin
10 selected from the group consisting of a silicone resin

and a fluoro resin.

17. The modified photocatalyst composition according

to claim 15, wherein said modified photocatalyst sol is
15 the modified photocatalyst sol of claim 6, and said

resin is capable of reacting with said reactive group

of said modified photocatalyst sol.

s 18. The modified photocatalyst composition according

20 to claim 14, wherein said modified photocatalyst sol is
the modified photocatalyst sol of claim 7, and said
functional substance is at least one compound selected
from the group consisting of a polycarbonyl compound
and a polyhydrazine compound.

25
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rorsthus to claim 14, wherein said functional substance is a
coating composition comprising a resin having a surface
energy larger than that of each modified photocatalyst
particle.

15
22. A modified photocatalyst composition comprising
modified photocatalyst particles having a volume mean
particle diameter of 800 nm or less and at least one
functional substance, wherein said modified photocata-

20 lyst particles are obtained by removing the liquid me-

dium from the modified photocatalyst sol of any one of

claims 1 to 13.

23. The modified photocatalyst composition according

25 to claim 22, wherein said functional substance is a
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10 25. A modified photocatalyst/resin composite composi-
tion which is produced by polymerizing at least one
compound selected from the group consisting of a vinyl
compound and a hydrolyzable silane compound in the
presence of the modified photocatalyst sol of any one

15 of claims 1 to 13.

26. A functional composite comprising a substrate and
a f£film formed on said substrate, said film comprising
the modified photocatalyst sol of any one of claims 1

20 to 13.

27. A shaped article produced by shaping the modified

photocatalyst composition of any one of claims 14 to 18.

25 28. A functional composite comprising a substrate and
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a film formed on said substrate, said film comprising

the modified photocatalyst composition of any one of

claims 14 to 19.

29. A shaped article produced by shaping the modified
photocatalyst composition of claim 20, which is aniso-

tropic with respect to the distribution of the modified

photocatalyst.

30. A functional composite comprisling a substrate and
a £i1lm formed on said substrate, said fillm comprising
the modified photocatalyst composition of claim 20 or
21 and being anisotropic with respect to the distribu-

tion of the modified photocatalyst.

31. A shaped article produced by shaping the modified

photocatalyst composition of claim 22.

32. A functional composite comprising a substrate and
a film formed on said substrate, sald £film comprising

the modified photocatalyst composition of claim 22.

33. A shaped article produced by shaping the modified
photocatalyst composition of claim 23, which is aniso-

tropic with respect to the distribution of the modified
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photocatalyst.

34. A functional composite comprising a substrate and
a £ilm formed on saild substrate, sald film comprising
the modified photocatalyst composition of claim 23 or
24 and being anisotropic with respect to the distribu-

tion of the modified photocatalyst.

35. A shaped article produced by shaping the modified

photocatalyst/resin composite composition of claim 25.

36. A functional composite comprising a substrate and
a film formed on sald substrate, sald £ilm comprising

the modified photocatalyst/resin composite composition

of claim 25.



