;e3e@| pX6TX<1l TI TLE OF THE | NVENTI ON Phot ocat al yst conpositi on BACKGROUND
OF THE INVENTION 5 Field of the Invention The present invention relates to
a phot ocat al yst conposition. Mre particularly, the present invention is
concerned with a photocatal yst conposition which conprises (A nodified
phot ocat al yst particles, the 10 nodified p?otocatalyst particles (A) being
prepared by subjecting particles of a photdcatalyst to a nodification
treatment with at |east one nodifier conpound selected fromthe group

consi sting of different conpounds;§3¢chofrphi G/ Hpeepgndently conprises at

| east one 15 structural unit sel onsisting of a
triorganosilane unit, a ”UnOOXﬁHBQBQQQQi&E%”%oHEB%i%&@na di oxyor ganosi | ane
unit; and (B) a binder conponent conprising a phenyl group-containing
silicone, optionally containing an al kyl group. Photocatal ysts, such 20 as
titani um oxi de, are known to cause various sub stances to undergo

deconposition by |ight energypapgdcabsfpkaeWenko rhekgass t he hydrophilicity
of a surface by |ight energy. Therefore, "the photocatalysts have been

applied g0 the figld of enyi tppaRRLah cl ean-up) 25 fields in which it is
necessary to preven iT rom Z adhering to the surfaces of various
substrates, and fielfgeiprobiégd ihvefitiefiessdhyYek0tpr avehbtbeadangsftr om
occurring on the surfaces of various substrates. Wien a filmcontaining a
modi fi ed phot ocabapysitisen{ onuetke opabt idelstI§ acehef pAesahst tatrenhyousi ng
t he photocatal yst conposition of the present invention, not only can the
nodi fi ed phot ocatatystebredtwanpl g phvubickitadgsan composirtiane wifidbhe
substrate without suffering a lowering of the activity of the nodified
phot ocat al yst, bunpaisesl10Aanyodfiftikd phbmotatmdysingatritd cdglsst rdtee cover ed
with the filmis not deteriorated by the action of the nodi fied

phot ocatfl yst. woadihted phetabetelysmt pemsdciesm(dihibsiing @redaras by
properties with respect to durability, staining resistance) hardness and
the like. 15 Thewefeebinghpaubdedesenti ondbofrers@dvaty S0 GoMMeSifitGem is
extrenely useful for) e.g., preventing dirt fromadhering to the surfaces
of various substiaﬂe§¥eagﬂebgeV6ﬁPiﬁ@ L6§§itn§er BRCEGELEET ISP GhSe-
surfaces of various substrates. 20 The present invention is also concerned
with a film for#eated REOrnEhgpaFevRe FOPSHEY 1HR0 P &ldhrIe it PTRMIHE a
functional conposite conprising_the filmand a substrate covered with the
film and a shaﬁ@ﬁha?Fi§E13P0889§83896§ﬁ&§iﬁ&mpﬁésﬁﬁoﬁﬁiﬂéﬁ?ﬁbﬁgﬁaphoto 25

t al iti Pri, Art i.fict f t
71 adh abgd w i heFFBREURAi HBBnEPay HARCAERE. RFgS e P TG CPay Gap
band bet n_th ‘ tion, d and th I f 1.
Substances, | . eCEPFPRRPALSHIR ELE, ot MCBRERVA PARA O vy

wavel engt h snalgeaiégggﬁé?égggagggtnng%nr%i@pgghg légfgﬁ%jggﬁ?éﬁgh{ﬁ t hese

substances, the’lTg causes an éxcita Itation) of
the el ectrons 'Bo&BEi¥§h§”86pB%991 group-containing silicone, option-

ally containing an alkyl group. Photocatalysts, such
20 as titanium oxide, are known to cause various sub-
stances to undergo decomposition by light energy and
also known to increase the hydrophilicity of a surface
by light energy. Therefore, the photocatalysts have
been applied to the field of envircnmental clean-up,

25 fields in which it 1s necessary to prevent dirt from



so that an electron and a hole are, respectively, generated in the
conduction band and the val ence band. By using the reducing activity of the
el ectron generated in the conduction band and/or using the oxidizing ac 15
tivity of the hole generated in the val ence band, various chem cal
reactions can be perfornmed. That is, when Ehe above-nmenti oned substances
are irradiated with excitation light) they“can function as catal ysts.
Therefore, the above-nentioned substances 20 are called "photocatal ysts."
As a nost repre LVe.ex I h_ph I Lt.ani xide is
known. As exanp?gggg?hghgﬁiga ?83%??§%s°§a§§?§§ég égggﬁggg%%fogg¥glysts,
there can be nept| d.;ax| Lve,deco Ll actl o] A ani c
SUbSt ances. 25 TSt aFol-D) "HAGH he onaPossraryste Bre Paob i red ar s
the surfaces of UBLERUAGSURSLLB! BakrhbelSoROSAERLES! A BRESALKAIT Olifich! 0ANI ©
subst ances mhlcﬁ ave aghere to the surfaces o tﬁe substrates to undergo
oxi dative deconposkinOBoR¥abhdhly b hBHhaikaNpndtbRaklGyakNel Fithed lod S
known t hat, when photo catalystS are irra |aFe with Iight, the
hydrophikicity ghet BergHEEaGESa0EubE-RRAL 8448l YS! $hkS phBeRaTRdyst
Theref ore, when photocatal ysts are inmobilized on"the surfaces of various
substrates, it eémgagiit@bﬁ be kRelBreseaseihienkydnophbl enty @ant ke
surfaces of the substrates by light irradiation. In recent years, studies
have been made heaiteali phb8capRbigati BB gtrbRglgbewaoBRNt iz@dednprteRerti es
of photocatal ysts to various fields) such as the field of 15 environnental
cl ean-up, fiel dsurbavki 6l thel subeeeasar yithopteyadfetdihy fr Avwadiierg ng to
the surfaces of various substrates, and fields in which it is necessary to
prevent foggi ngofroheoacuiving ofi the svdfidded photariadaldysithsbuat eslso-or
enabl i ng such applications, the 20 nmethod for imobilizing photocatal ysts
on the $0rfacesany véritbesfilibsframesd hag ahgr eabsitmrpdet aovered mithespect
to the method for inmobilizing a photocatal yst on the surface of a
substrate, varithe Pidpoial sohadetbrédnrmhdd. bFothexanspion Ufetdne medlips
Japanese Patent Application Laid-Open Specification No. 5 Sho 60-044053
di scl oses a net fidgdf photprabrlysitng Bupkebcathe yabova-naptsanedcéidh a
substrate, in which a thin filmof a photocatalyst is forned on the surface
of a substrate B¥ripétEecPFRGLLENE PERBSE LAEShdShWARERCRAY & Ch T dRidposed,
one which has been attracting attention as bei ng especial |l y advantageous is
a nethod for inhbBi| PEPAGLAIPREESELRAFFst PERINRESSBPAatE ol i substrate, in
whi ch a_conposition containing a photocatal yst is coat%ﬂ on the sur, 10 face
of a subStrate TBSFREPEBy FOPHPRCRAGREBALAPYS PROSREREAING  (CCMPERdreon. | n
t he above-nentipned pethod for_inmmobilizing a photocatal yst. by coating, it
i's required: C)fﬁgP %ﬁeeﬁgBFBEQFaPﬁﬁfugefQ?roﬁgﬁy'iHﬁﬁHF%%%@@yférb t he
surface of the Eubstrgge mIthgut ﬁufferingeg I merin% of the §%%ivity of

|

t he photocatalysf?maﬁ orehdt 8n§ St SPREFPPCf or REACRRd SURE 3 Srat e

covered with th§6&L%$E§8£%§ﬂpb%oﬁgkgﬂg%EEhoBébﬁgrQXg;%ﬁ ! QR Jhe

phot ocat al yst . Ao i ZI ot ocat al'yst coating, various

met hods have copyepti g%;g BeepRapEQposed. For exanpl e, Unexam ned Japanese
Pat ent Applicat?on % ?g- eH %pegi%?éation No. Sho 60-118236 discloses a

method 5 which a sobnhgopt-aklhRIiAvERRE8RALR 22sbYebnBeeauES@ithlf @ exanple
an organotitanate) is
film formed using the above-mentioned photocatalyst
composition, a functional composite comprising the f£ilm
and a substrate covered with the film, and a shaped ar-

ticle produced by shaping the above-mentioned photo-

25 catalyst compeosition.



6 coated on the surface of a substrate, and the resultant filmis cal cined
to effect gelation of the photocatal yst precursor, thereby converting the
phot ocat al yst precursor into a photocatalyst while immobilizing the 5
formed photocatal yst on the surface of the substrate. However, this nethod
includes a step for formng crystal mcroparticles of a photocatal yst on
the surface of the substrate, wherein this3step requires cal cination at

hi gh tenperatures. Therefore) this nethod has a 10 di sadvantage in that,
when the substrate has a large surface area, it is difficult to performthe
i rmobi | i zation of the photocatal yst. As a net hod which uses a sol
containing a phgtocatglést (and whi ch, hence, does not require a step for
15 formng crys % particles of a photocatalyst)) Unexam ned Japanese

Pat ent licati Laj d- Speci ficati No, Hei 6-278241 . d
e AnLe \on Likgs BB SHRE. EYBRY' 8%, MingengBsr Al bt g v
hot tal yst . f f bst g i.ch t.er- tized
g R e X

. L ani . i Ol mf . ‘
oder at eScondi t L50%, JER, 4 "AEENaATAl 58 hen S L b R paaRE
tenperatures. FU%&QﬁEe Bﬁﬁgf b%mtﬁ@s%' g%%s%%g@ést,h'is. det Hh‘}‘}dd%ab{éé t £eand
easily broken and cones off Tromthe substrdte, so that 1t iIs

inpossi ble to ahlgwet hexBRQL ghahX§ht50h%§@ﬂ§ta ﬁ%ﬁﬂéﬁqﬁ?igméfféﬁurface

@9 i
of the substrate. Al so, netho% havé been propose&vt aresinb

coating materiathgAnhaiyAiyBaeRgRROLBEREAYIAINY ARALER %ﬁd‘?oéﬂlfcfiace of a
substrate. For exanple, each of Unexam ned Japanese Patent plication

Lai d- Open Speci theaki 863bMesncEs, #hd71408+( AHIREP NG tah WxBitRat s No.
5,547,823) and Hei 9-100437 di scloses a nethod 10 in which a photocal yst is
i ncor poLat ed i n{phatbestita®abnngoffattel &l eeAHaadiiig)thas véalfddda fisdmd ng

el enent, a resin which is unlikely to be deconposed by the action of a

phot ocat al yst, sdchhas anfklecervbasandon acdid iaxene rmeagagtiaredyt hegen-

resul tant photocatal yst 15 -containing coating material is coated on the
surface of a substtatieinHohevepnducttibe basidn arehttiheg vediesrdealmanbed B

t hese net hods, the dispersion of the photocatal yst is poor and, therefore,

t he coati ng natesinpsthecoveduahinge achibiidy B tiier elfegtxain genexptedood 20
filmby these methods, it is necessary for the coating materials to contain
a large anount ®h theesppndughdonhbande apfd/@1 asjacarientoxdifdizingiacposes a
problemin that the photocatal yst is enbedded in the filmand, hence,

cannot &R®hibit BivatyspActbeyhadei gepprarsdrdm Hde vadenad randapaese

Pat ent Application 8 Lai d-Open Specification No. Hei_ 9-314052 discloses a
nmet hod whi ch us@4s acRembraat FEACHEOFSr £8n beodeTfpmhaderi al and

phot ocat al yst particles having an increased wettability for the sol vent

contained in the resti25 t8at FRENmEREr PROVErmemhionss: ifoPs tae s a%f
beror e t ho. cur | WE=8FLPREScBLEP G RAEBRRAR 13 At ShAzd S AT e | ohed
Phi's 10 et hod' & taTEaT0an HURRUEST - FAP ABE-Bar5 L4 CREBAEH o "ENaGe: some
The. aboto: ment | SrecoBAreR: BaETNS AR s Y B ks o B AR Bk E R o
sinplify the OpgrahhPl: oEPEELL GRLEYATTRYIAE |t MUrdhm oxide is known.
As examples of chemical reactions catalyzed by the.
photocatalysts, there can be mentioned oxidative decom-

position reactions of various organic substances.

25 Therefore, when the photocatalysts are immobilized on



15 a m xture of a resin coating material and photocatal yst particles having
an increased wettability for the solvent contained in the resin coating
material is coated on the surface of a substrate. However) the
phot ocat al yst cannot be prevented from being enbedded in the 20 filmsinply
by usi ng photocatal yst particles having an jncreased wettability for the
sol vent, and nost of the photocatal yst parfﬁcles are conpl etely enbedded in
the filmand, hence, cannot exhibit a satisfactory activity. Further, when
an organi ¢ substrate, ch as 25 .pl asti haped article, a filmor_ an
organi ¢ coating)'® §WE AR °£ VELSUBER rsé‘}cbesscfro SSmoni I:'l‘szipnogssalbig to
phot ocat al yst b% t he abovie-nentioned pri.or, art nethoq§rquga é%ég
0 [

photocatalyst-coﬁﬁﬁ%ﬂﬁ%f 9 %nqggﬁﬁﬁﬁnﬁﬁﬁﬁﬁ? %Ft%ﬁ?? oW ng §%§3§%tage.

The phot ocatal ySheCQUANAD & (ARG AL e HARIE SHRRLIAE Gauses

the oxida tive deconposition e organi c su c tion of the

phot ocat al yt an t he .i.nt.er $ean; 4e organic substrate and the
phot ocat al yst -gﬁﬁgg%%|ﬁ§%iqﬁkﬁ%ﬁﬁg%'eterloré%gd; therefore, the 10

phot ocat @l yst - cont ai gigngfd lJPret iHGRPARNE f 1GNP AING, Rirtih BT ty,
i.e., cannot be maintained for a long tine. For overcomng the

above- ment i oned dirsadvant ages Hrddietild OFi @ tridhie, RS aaropent 08 sty
previously pro 15 posed a photocatal yst conposition which conprises a

nodi fied phot ocatralipst itfidad Sy vmdidnd tud el Pk d acesi dirgdd ocat al yst
particles with a silicone having a small surface energy and al so conpri ses
a binder havi ngmeswracs, epRiDplai@ntdiians hate ofmidieL TDM | @6 20

phot ocat al yst (see International Patent Application Publication No. WO
2000/ 30747 (cor sesFer@n®f il N subdfiivibidl) )it Wiernpddwiyhotosatml yst
conposition is used to forma filmon an organic substrate, the nodified
phot ocati@l yst pafridaglectHen Hyltroght sl ineick f idfin tthe 2 drds af arhes oduiopi C
distribution in the thickness-wise = 10 direction of the film nanely the
concentrati on ofstidaterodiyf ileidyhphdtroeatia tyisin particles is | ow around the in
terface between the filmand the organic substrate and is high around the
exposed surface of tHa fddoantTheeg s fdneliasiteyshdierateddstfanmraslti on
forms a photocata |yst-containing filmwhich exhibits high photocatalgtic
activity and whii@hings appde datomn et ddrurahaieeegnt heneh Rrerre el 1§ co
deterioration at the interface between the organic substrate and the

phot ocat al yst - c PeosatR1IBES (tR Wi finlds prtce aal e £oedbdsefi on
has the follow ng technical problem Even when a siljcone acrylic resin

whi ch i €5 el at i $&VHoREREH, iV I hhdiitdal it it HeR ohb okt tT1ereF32t%ed

as a binder having | arge surface energ it is inpossible to coppletely 15
prevent the det & S HFLahd THAEET I ot urhd iPIHETES iR Y HEET i s
exposed to the action of the photocatalyst particles for a long tine, As a
Fooul e it i s dRH G AR a AP S TAODi T 2B Photbot SRToS R 1 67 ng

substrate having_high dyrability, i.e.. hav. 20 ing .the capabi]i f_being
mai nt ai ned for &5% éltt %?qull?rﬁa;aﬁﬁ%eoad%uarbrajh eo$%%%ts%% ci’%%t‘i%%n@arl
Lai d- Open ous substrates. For enabling such applications, the

20 method for immobilizing photocatalysts on the surfaces

of various substrates has a great importance.

With respect to the method for immeobilizing a
photocatalyst on the surface of a substrate, various
proposals have been made. For example, Unexamined

25 Japanese Patent Application Laid-Open Specification No.



Speci fication No. Hei 9-227831 discloses a photocata |yst coating
conposition which conprises a surface -treated photocatal yst and a sil oxane
as a filmformng 25 elenent (i.e., a binder), wherein the surface-treated
11 photocatal yst is obtained by coating photocatal yst par titles with a
hydr ol ysabl e group-contai ning silane derivative or a hydrol ysabl e
group-cont ai ni ng sil oxane oligoner, to disg{ace the isoelectric point of
the sur 5 faces of the photocatal yst particles towards the acidic range

(ther eby i ncreaging stoh%tlts%fﬁaglseal%wg Ja Wl SIS R | SRR s EXERL el

di spersion stabilTity to ocatal’'yst particles an us enabl e the
phot ocat al yst pakti.cl t e nr Iy, | v fOr i | ot he
si | oxane used ag’hgtﬁq%%afl&r% r?g.l gi%emasn %&g&lf aé)bﬁl%)dger ; e%_bv\r%\l/é»?hi% %
filmformed fromghe v j tal ' ogpesiLdon)

t he phot ocat al yghtlglarf%agq g’s{; glgrbt#& ex %ﬁ%gf%ﬁgﬁﬁé E%I%r até

sel f-gradating Qﬁpgﬁ%ﬁﬁ§¥ré%e H&RRAIddidhd 0 ex 15 hibit an ani sotropic
di stribution) and, therefore, the photocatal yst coating conposition also
has the apove -nmenti gpeqU@LLRIPHIMRL Wiids Hidd ivddd grbiian n gt

i mmobi |i zed phot ocatal yst-carrying substrate having high durability. 20
Further, Unexamypad¢nl #angsenPait@ifacBhld Gatd it dad drfnedi ipesdpécabion No.
2001- 645S3 di scl oses a phot ocat al yst-cont ai ni ng coating conposition for
form ng a strat isliviadd edfe @=2dat iaGhetiHod fdie GegWS] 14 0y CONgHid SbOgt a-
phot ocat al yst particles, a silicone acrylic 25 resin containing no phenyl
group, and an agyeausrSahe sldfack) oferd AtbAISeY | aln e et Sobes eof .
The stratifying or gradating filmhas a structure wherein an acrylic resin
conponent) whi chiioh @dmdriephebic prempaeserdl it tie cdtadnem adiyl $erresin
exhibits an orientation such that the acryl resin conponent is positioned
bet ween 1tthe hydifagle lofc aputbedatadiey sto pardreiestqima\a rehdtargmetalystice
energy) and a substrate. Therefore, the acrylic resin (which is
deconposabl e by -coa tghigtiocattEd ys thherean essential conponent of the film
and, hence, the durability of the filmis extrenely |low. Thus, no nethod
has yet been known wHinckhies apgvermenpismad Matdaf firg camalt stz Hrd tde
surface of a substrate by coating and which satisfies both of the

above- ment i oned Phed@icadrdinsd bvas@adiiid hoth 6 feeIrored: cunber some
operation. An object of the present invention is to provide a 20_25

t echni que for immobi [ ZFPt atidcblbeheapyalystniet ERAPELE dBPPEAYIFE§I0t h
of the above-nentioned rggyirenents O and zO0 mﬁthg&% a need of a cumbersone

operati gn. SpecPfi d&8 FUnEREBite di oS URE T R St T M e it e T 829 o2 pr ovi de
a photocat al yst _.conpaqsi ti for producin f.uncti onal conposite w thout a
negd of a cu?lmerl%’%lé’ﬁer"%]i%ﬁ Vit '?‘#2 "rftﬁc&*i%‘h%‘fafc%%%%i t%n%lms free
fromdeterioration occurri at ap [nterface_between bstrate and a
phot ocat al yst - cont ai nﬁh?FP%?%nan#%ﬁ1%t§m fgrme dnd thé”substrate

covered with the film formed be not deteriorated by the
action of the photocatalyst.
20 For immobilizing a photccatalyst by coating, vari-
ous methods have conventicnally been proposed.
For example, Unexamined Japanese Patent Applica-
tion Laid-Open Specification No. Sho 60-118236 dis-
closes a method in which a sol containing a photocata-

25 lyst precursor (for example an organotitanate) is



terioration of the binder conponent in the photocatal yst-containing film
exhi bits an excell ent bal ance of hardness and flexibility (inpact
resi stance), and has excellent durability such that the surface of the func
5 tional conposite exhibits, by light irradiation, an in creased
wettability (i.e., increase in hydrophilic%ty and hydr ophobi city) and/ or
the photocatal yst activity for a long tinme.” Anot her object of the present
invention is to provide a photocatal yst conposition for pro 10 ducing a
shaped article w t d _of cu rs r.ati i aped
W‘o%g%‘é] i giht%% s £ GURET.S QT QREL A \CA%H ‘g@gﬁ ﬁc{,‘s@@aeé@

article exhibits, irradiation, an’l ncreased

nerease | n hydgonly ety A aanale o and o e s esalalyel
the present i nvegker srhauedupde ik any) vt ienaly il am b a view

toward solving t above-nenti‘one l'ens. As & result) 1t 20 has

unexpect edl y begpctouad t H%ttiozzﬁli iah%k’cjoﬁﬁtacl?%tb%ﬁlet Al OV Aing the

phot ocat al yst conposition conpri ses nodi f1 ed phot ocat al yst

particlesg, the @B%Eﬁeghat&%%%ws»ﬁstmpaaﬂé GhesdA) Seitik phaparatdy
subj ecting particles of a photocatalyst to a nodification 25 treatnment with
at | east one nMOgbleeerCORRQUNheI®IRCiOE1udb: fd YR & e i Sty of
di fferent conpounds each of which independently conprises at |east one
structural unittael peledphirencike GOW gty o WHOrgannstd ahe
unit, a nonooxydi organosilane unit and a 5 di oxyorganosilane unit; and (B)
a bi nder conponent eamsfttiatied wheitany |trg0WredoHaaiires ddlconetion
optionally containing an al kyl group. Specifically) it has been found that,
when t he above- aenhighedephetratairasy.st Therpderei,onhis med¢thodohfeerm a film
on the surface of an 10 organic substrate, there can be obtained, w thout a
cunber sdffe oper diisedyvaa thgec tinoridilatcongiesi tthensudds ire tad veas agelarsge n t hat
it is free fromdeterioration occurring at the interface between the
substrate and t Rerfhceoeaeal.ydtt- dentddiffiimplft 1ta aerfome ftheonmmeeilibra 15
tion of the binder conponent in the photocatalyst -containing film and in
that it exhibitgagaoaxedl ltast Photaradadiystar dness and flexibility (inpact
resistance), and it has excellent durability such that the surface of the
functional conposit ePéxRBi Betiodhyhichhuses &dis®2ENt@iripda ehalgit act
characteristic (i.e., hydrophilicity or hydrophobicity) and/or nmintains
such phot ocat al Fefa¥eitvil@pds Hrigh .ohenGsre (B AP OFIFTT ihdi P e

present _inventign has been conpleted. Accordingly, it is a prinmary qbject
(i];s t he Eg?esenéI ]?Srf“f‘r%?@%f"r'"-_é’ﬁtﬁdr Wi&@‘%ﬂ:g;%ﬁﬁ ﬂ}°%&$&%¥%'ﬁ_‘ch |
can be used for producing. Wi %qrﬁ f%as‘;ﬂ’ &rsSQne operation as,f uncti ona
conposite whi CheéQWIPLBIe s JERABESE Fateal S Jt?é}gf?e’s BP FTRSG B ity
(i mpact resistance) and which ha cellent durabil.ity ,su h he, 5
surface of the Fﬁﬁé??oﬁgr @8&p%§?ﬁ§éé§hﬁﬁqﬁfeﬁﬁfq4%ﬂﬁlE??ihﬁ%iﬁ%ﬁﬁn%.mater
contact charactgri sti I €., Aol ilici f NI ERAR or
mai nt ai ns such ghét %ég’tggl'?glg }ac%'l vc:al%g/yﬁéo%{ gyﬁtglﬁéi]ﬁ%’nrg&mﬁdﬁl%%%t gér obj ect

of the present %ﬁt}.’)%g&:ia%@.fl&%r%l%éxprt%\éi %%ﬁafaféé Bs % rgggj‘gt SQPri im@%

film each of v irt mad fectively preve ereof) but a so ity.
shaped apticle, wé'ﬂ@ra]p%%f‘ifz'eﬁ”%'olc%@ RS e 1P ke i8S VRS Id e £ QET Bt Wi T h

whi ch not only can efrectively preaering to the surface thereof and

effogging from gaekhteN8rOR LR sTWHtRCe f¥hbhelks eXhtaMal ¥ i®ne@hi k-
durabil The foregoing and ot her objects, features and advantages of the

present inventi @geWsbl BendRRALSKHIYIOME Hi0n{-Hdovin giRIpdtef Wwaser i ption

taken in connection 20 with the acconpanyi ng drawi ngs and t he appended

cl ai nms. moderate conditions, this method also requires calcina-
tion at high temperatures. Further, the film obtained

25 by this method is brittle and easily broken and comes



BRI EF DESCRI PTI ON OF THE DRAW NGS In the drawings: Fig. 1 shows the results
of the nmeasurenent of the 25 particle size distribution of TKS-251
(comrercially 16 avail abl e titani um oxi de organosol) before subjected to
a nodification treatnment, wherein the particle size distribution is
measured by neans of a wet-type particle size analyzer; 5 Fig. 2 shows the
results of the neasurenent of the particl e size distribution of nodified
phot ocat al yst organosol (A-1) which is obtained in Exanple 1 by subjecting

t he above-nentioned TKS-251 to.a nodificatiqn  treat.nent, wherejn the
particle size di% riflﬁ?ﬂg %é%?@g‘sﬁﬂe’;&b Heals ot ARSIV Parttcie

si ze anal yzer; Eig. a).is a TE ot,ograph .of t.he cross-sectign of test
plate (D 1) havilﬁ’g" e&‘%hépgﬁ;é’tca?}fgﬁﬁgorﬁ%i%%o& 'Snge F¢h 9% @b‘? aified in
Example 1; Fig. h) i nillustration of Fig. 3(a); 15 Fig. 4(a) is a TEM
phot ogr aph of t é-l(:ce)r 8£-tseectslugr?scc¥ %éap'oxy resin (D-2) having a

hot ocat al yst - cont ai i c I i i b in . I - Fl 4(b
!Os an ill ugt ration o?‘l%i%g. %%(L‘g’)%;%s\lg?l&%kb})eqﬁ tsp@aril’g%g{d(;glrﬁggﬁﬁo(& %ll nJ!e:é I§/ (o)
enlarging a 20 It f E QO i '+ H 9. i
il ustg Ir a?’i on of I%I(g)ia;tl.l%%( grSa;tteEﬁ'gajE' %4( ah%lg&ﬁ %\/Iq{)%cjc?to%gart;&(pﬁ)s& jt'“f‘gecééipéc-il >
cross-section of,.e resd | h Ly st~ tahni
coating which i gnpt;&??aé?r?g ia%eg?nép;ar %ﬁﬂvgg%g}ae?rbfgg%?ggr%@%gqg%fh&dg is an
illTustration of yHeGanb@lk Jaﬁ%e@@dﬁd@%ﬁli@ﬁ&ﬂ%i&”@é&h% aci-

nodi fi ed photocatal yst particles 2: photocatal yst-containing filmb 3:

acrylic urethang jfdalieh Nost.amiedm X 1des 04 AT S RIEY © ©POXYP4€Si N
used as a substrate 5(bj: interface between nodi fied photocatal yst particle

phase 1 and bi nder pease,b4Mersi mah Hdd us- Idb 43Atd N Nisad enheriged
phot ograph of the interface is shown in Fig. 5(b) 6: epoxy resin used for
enbeddi n@® 7: bi Adevhilths@ @hvitaiddING thAdididdtbrtdd janidlystephiti cl es
coating material containing, as a film-forming element,
a resin which is unlikely to be decomposed by the ac-
tion of a photoqatalyst, such as a fluoro resin or a
silicone resin, and the resultant photocatalyst
15 ~-containing coating material is coated on the surface
of a substrate. However, in the resin coating materi-
als used in these methods, the dispersion of the photo-
catalyst is poor and, therefore, the coating materials
become white turbid. Further, for obtaining a good
20 film by these methods, it is necessary for the coating
materials to contain a large amount of a resin, and the
use of a large amount of a resin poses a problem in
that the photocatalyst is embedded in the film and,

hence, cannot exhibit a satisfactory activity.

25 Further, Unexamined Japanese Patent Application



15 8: al kyl group-containing silicone DETAI LED DESCRI PTI ON OF THE | NVENTI ON
According to the present invention, there is pro vided a photocatal yst
conposition conprising: 20 (A) nodified photocatal yst particles, the
nodi fi ed photocatal yst particles (A) being prepared by subjecting particles
of a photocatalyst (a) to a nodification treatnment with at |east one
nodi fi er conpound (b) selected fromthe grdup consisting of dif 25 ferent
conmpounds each of which independently conprises 18 at | east one

I [ I d f t [ [ Sti tri il
i 1 opr esent ed By OISR o b oWy B pL 1 5 THTT L8R cRent ed

by formula (2), diaxyorganosi | ane unit. repre 5 sented by formula (3):
RS < (1) “wher eff Bel, MR o, RGNS & AP e R RR R o

branched Cl- 30 alkul, Ukt (B CA0, 40 S 0A K o 90002 81" BLODLAGIRT 1 O

branched Ci1-C3o0 uoroa roup, a ain or

o kenyi Oroun. aeishih PR %18 R alKah BN oLy SRV IR0 0 0

-(RzSiO) - (2) whereln eac I's as
-Si-0 (53) | Qolat%.ig""ﬂ%rt@ﬂa& .i S 18S tﬁ‘g'fﬁ;, ﬂ%@hfo%r, ft%ren"ij_e%i(nl)c)qﬁlgmognelg (B)

a bi nder conmponent whi'ch conprises a p group-cont ai ni ng si (BP))

optionally cont gla}ieRd 23N 18 Khlr O Uiht JERSESHY Sl YadOTIR| 2 Ldsttake® R
PR gXrSi O-q_P_q_z~~z (4) wherein: each Rl represents a phenyl group, and

each Rz independeat,| ¥nedlr Seatire and 'AldHg @i thd Godt Panebed- £ CBo
al kyl group) a CS-Czo cycl oal kyl group or a straight chain or branched

Cz- C30 al kenyl goapletedch the RARRANGRNHH Vol LD RSN SaBa 1Y SIF OSSP DEDEE A
hydr oxyl group, a Cl-Czo al koxy group, 15 a Cl-Czo acyl oxy group, an

am noxy group, ar€lapiqied Wty ahe Wostt e geteAial] Moheer aMis
satisfy the followng relationships: 0 <p <4 200s q<4) O0Osr <4, 0
< (p + G0+ r) <méthaddi@ @5 sadyvantageds Sinl.tib: host easyy uhsleisé@adi ag of
the present invention,
cumbersome operation, but also a homogeneous and trans-
parent f£film cannot be obtained. The above-mentioned
patent document also discloses a method intended to
simplify the operation, specifically a method in which
15 a mixture of a resin coating material and photocatalyst
particles having an increased wettability for the sol-
vent contained in the resin coating material is coated
on the surface of a substrate. However, the photocata-
lyst cannot be prevented from being embedded in the
20 film simply by using photocatalyst particles having an
increased wettability for the solvent, and most of the
photocatalyst particles are completely embedded in the
film and, hence, cannot exhibit a satisfactory activity.

Further, when an organic substrate, such as a

25 plastic shaped article, a f£ilm or an organic coating,



zo the essential features and various preferred enbodi nents of the present

i nvention are enunerated below. 1. A photocatal yst conposition conprising:
5 (A nodified photocatal yst particles, the nodified photocatal yst
particles (A) being prepared by subjecting particles of a photocatal yst (a)
to a nodification treatment with at | east one nodifier conpound (b)

sel ected fromthe group consisting of dif 10 ferent conpounds each of which
i ndependently conprises at | east one structural unit selected fromthe

Tonooxyd of ganodt T AHEdrT ¢ CHTEUGT G BY: (UPRTbL {209 P go Loefeattsc®

di il it 15 sent ed. by f I 3).: Si - wher ei
each R P ndependaht 159 GG ST SFE hi St ok ahhetbtaltER” "
al kyl group, a &EO%% ce/aci!};)%l_ké%n%j%ﬁ%afﬁr h@?égghglg?%a%%gn{mgd Cl-Cso

fl uoroal kyl group, a strai‘d chai i or branche grouap) a
henyl group, a - a I , . -(RZSi O) -
?2) \)//me?ei npeach l%&an? Efe)j;%/ancg}daq}u%aré)%brn%a%?’ﬁcg’o%gqﬁlcoﬁ%n% ) ? O
| 10 wherein R is; I : iod C ent
whi ch corf%ri ses %%ﬁeﬁdﬁfgﬁ{)%}g{\%ﬁ%%é ;%T?%o%aeé%é%%g%%t%%a?ﬁg&&

contai ning an al; HoTlTel ) 1 -
gX~Sl A g_p_g_z) ~zﬂ%}(e4§g V\herpe({%f)trl{%ﬁrg r%fd%}% h&%ﬁ#ie%réeéaesn%isage pﬁ% rlzl\)tylﬁ)gg?gup,

and the or each 3 e qiid thd AR BFE NS &20s 84 ot n £8aE Acér bbL anched
Cl- C30 al kyl group, a CS-Czu cycl oal kyl group or a straight chain or

branched Cz- C30 aldeiN Wi ditin id185108 s ©awHe Yol d0eREslest byat £DF@EENt S a
hydrogen atom a hydroxyl group, a Cl-Czo al koxy 25 group) a Cl-Czp acyl oxy
group, an am NoxXycon tAA i EL8n Glo GO dxt di G KA O tie P& OBEN BhOM
10 phetocatalyst-containing £film is incapable of exhibit-
ing high durability, i.e., cannot be maintained for a
long time.
For overcoming the above-mentioned disadvantages
of the prior art, the present inventors previously pro-
15 posed a photocatalyst composition which comprises a
modified photocatalyst obtained by modifying the sur-
faces of photocatalyst particles with & silicone having
a small surface energy and alsco comprises a binder hav-
ing a surface energy larger than that of the modified
20 photocatalyst (see International Patent Application
Publication No. WO 2000/30747 (corresponding to EP No.
1136125 Al)). When the photocatalyst composition is
used to form a £ilm on an organic substrate, the modi-

fied photocatalyst particles in the obtained f£ilm ex-

25 hibit an anisotropic distributicn in the thickness-wise



and p, g and r satisfy the followng relation ships: 50 <p <4 0s qg<
4, 0sr <4 0<(pt+qg+r) <4 and 005 s p/(p+q) s 1. 10 2. The
conposition according to item 1 above) wherein the or each R of each of
formulae (1) to (3) independently represents a straight chain or branched
Cl- C3o0 al kyl group) a CS-CZO cycl oal kyl group, a straight chain 15 or
branched Cl-C30 fluoroal kyl group, a straldﬁl chain or branched C2-C30

al kenyl group or a Cl-C2o0 al koxy group. 3. The conposition according to

Lem 1 or 2 aboys. aersl 0.4 e Phenyl Lo %nghealga,ggeﬂr 008 SEChate ©

20 phenyl group- co <A aining no a

represent ed by ints 4 %hd( ﬁz)l]otocscl@aﬁy{%e—pzarilg:{ df ‘g 2§ t he or

each Rl represen eac y represents a

hydrogen atom gl '}%%rc%x%et%e%%fl”t & Erf A kﬂ%%/ %Q&E as&}s&z&téc%gxg

group, an ami noxy 0 "OXi me group or ogen aton1 an

and 1 satisfy thg %}ghoweﬂnfae'a&é WAN Sedod de fas bifnd maih 10 0

< (s +1t) <4 conposition a gtoitem1l or a ove erein
the binder conpgngrt B);d ‘HHJ‘LPJcaQPAWétS%n?ESb@iMén gf&:%)s CQ%ﬁbBbEQta-
silicone (BA) represented by 15 formila (6): RZ"X O ( 9-u-v ) [/

wherein: 20 t he 19/ teach B4 diEe RaNAe A MH epnessnt § m&ﬁr@w%c&h&n tQé
branched C -C30 al kyl group, a CS-CZO cycl oal kyl group or a straight chain

or branched CZ- G4 i3likgNHndrAMRIL tihe BfeLaGhom thélepeneeréhye r 6P €66NLS a
hy25 drogen atom a hydroxyl group, a Cl-C2o0 al koxy 24 group, a Cl-Czo
acyl oxy group, hoaBRVE v Qe tierElor(E0 AXidE PioUPn bérfadal sgeneshom
the organic substrate and the photocatalyst-containing
10 film. However, this photocatalyst composition has the
following technical problem. Even when a silicone
acrylic resin which is relatively insusceptible to
photeocatalytic decomposition is used as a binder having
large surface energy, it is impossible to completely
15 prevent the deterioration of the binder from occurring
when the binder is exposed to the action of the photo-
catalyst particles for a long time. As a result, it is
difficult to obtain an immobilized photocatalyst
~carrying substrate having high durability, i.e., hav-
20 ing the capability of being maintained for a long time.
Unexamined Japanese Patent Application Laid-Open
Specification No. Hei 9-227831 discloses a photocata-
lyst coating composition which comprises a surface

-treated photocatalyst and a siloxane as a film-forming

25 element (i.e., a binder), wherein the surface-treated



and a and v satisfy the following relationships: 50 <a <4, 0s v <4
and 0 < (u + v) < 4. 5. The conposition according to item1, 2 or 4 above,
10 wherein the binder conponent (B) conprises a phenyl group-containing
silicone (BPl), containing no al kyl group, represented by forrmula (5):
RISXtSiOy s t)~z ( 5) 15 wherein: the or qgch R1 represents a phenyl
group; the or each X independently represeﬁts a hydrogen atom a hydroxyl
group. a Cl-Czo al koxy 20 group, a Cl-Czo acyl oxy group, an am noxy group,

el at i onshi pe: DR FtANE MENRARENY SoMle IRHatdRE pge N0

° 2 : S S < _

Re sl O s v) 1y e s AR e P Shlane de-

trai ght chai ; I , I

or a Straight chai R ar branehid G oA e b ey MLy arowp
i ndependent |y 1 eAneRAMLS, & QAL AKNB &IBERYIc POHD & Gndzoual koxy

group, a Cl-Czo acyl oxy group, an am noxy 15 group, a Cl-Czo oxine group or

a hal oger; at om aRGA ANGHe $Hd %ﬂﬁ?é@'ﬂﬁ@iﬂé@'@é&&f@!ﬂ% derafc< 4,
Osv<4 and 200 < (u +v) < 4. 6. The conposition according to item4

or 5 above, wherginyd Narldety GmMAIRELAHAITH G it dSONEnd Y ) COPri ses a

nonooxydi or ganosi | ane uMi:([% represented by 25 forrmula (7) and a

di oxyor ganosi | angetitity (ipdr@Plekcellent dispersion stability to the
photocatalyst particles and thus enable the photocata-
lyst particles to be preserved stably for a long time

10 in the siloxane used as a film-forming element (i.e., a
binder). However, in a film formed from the above
-mentioned photocatalyst coating composition, the
photocatalyst particles do not exhibit self-stratifying
or self-gradating property (i.e., the ability to ex-

15 hibit an anisotropic distribution) and, therefore, the
photocatalyst coating composition also has the above
-mentioned problem that it is difficult to obtain an
immobilized photocatalyst-carrying substrate having
high durability.

20 Further, Unexamined Japanese Patent Application
Laid-Open Specification No. 2001-64583 discloses a
photocatalyst-containing coating composition for form-
ing a stratifying or gradating film, the composition
comprising photocatalyst particles, a silicone acrylic

25 resin containing no phenyl group, and an agqueous sol-




26 sented by fornula (8): -(RZZSIO- (7) 5 wherein each RZ i ndependently
represents a straight chain or branched Cl-C3o0 al kyl group) a CS-CzO

cycl oal kyl group or a straight chain or branched CzZ- C3o al kenyl group, and
to RR 1 ($) -Si-Ol Ol wherein RZis as defined for formula (7). 15 7. The
conposition according to item3 or 5 above, 2v\/ner ein the phenyl
group-containing silicone (BPl) has a weig aver age nol ecul ar wei ght of
from500 to 10, 000) as neasured by gel perneation chronatography using a 20

calibration curve gbtained w.,th respect tq st pol-y¥sty. |ﬁ.‘¥ﬁ§" ... Jhe
conposi tion accorai ng‘;ﬂst & TR A o TS noevngjs e%g‘l&%ft héﬁﬁ:ﬁ ks{/ fﬁ'nJ

gr oup- cont ai ni ng’&g;d’ja%%ﬁ@il%%% %g éé%%ufgqfl?ﬁeﬁléﬁué&f(ﬁ' ght of

from500 to 10, nmeasure per nea romat ogr aphy usi ng

a calibration cge\éqnogdlo%{ G t 'hﬂierﬁpeﬁf t&e%ﬂ%g%goéaﬁﬁgﬁgﬂe%é 9.

The conposition accordi to any one of ove) wherein the

modi fi ed phot ocgtal ySty 4 ' (; a Vv : ie
di anet er of 400%?1%1 Béé'r%'ﬁlg?s&.é_%%&kﬁ%@o%t%cﬁﬁfﬁgﬁf%tgﬁﬁ one of

items 1 t0 9 abqygh WM thd NG RIOLACAIR! YSip KL Cl§Spbdi t BbReli HaDI UM

oxi de particles. 11. The conposition according to any one of itens 1 to 15

10 above, wher eigydehie tHRAIHy o RAMIUFhd ) cd Sa Bfs Si pat-£1818s CPRLRLAGNY
silicon conpound (bl) représented by formula (9): HxRySiQy x Y>/z ( 9 ) 20

wherein: the or jeage RurleReNdMdy) rAMd eseiiss Brété al GHexd e Orthe
branched Cl1-C3o0 al kyl group, a C5-Czu cycl oal kyl group, a straight chain or
25 branched Cl- @avhliworeadidey ! (v, i ddddmphdéable by the photocata-
lyst) is an essential component of the film and, hence,
10 the durability of the film is extremely low.

Thus, no method has yet been known which is for
immobilizing a photocatalyst on the surface of a sub-
strate by coating and which satisfies both of the
above-mentioned requirements ® and @ without a need of

15 a cumbersome operation.

An object of the present invention is to provide a
technigue for immobilizing a photocatalyst, the tech-
nigue satisfying both of the above-mentioned reguire-
ments @ and @ without a need of a cumbersome operation.

20 Specifically, the object of the present invention is to
provide a photocatalyst composition for producing a
functional composite without a need of a cumbersome op-
eration, wherein the functional composite is free from
deterioration occurring at an interface between a sub-

25 strate and a photocatalyst-containing film and from de-



28 chain or branched CZ-C3o al kenyl group, a phenyl group, a Cl-Czo al koxy
group or a hydroxy group, and x and y satisfy the follow ng rel ati onshi ps:
50<x<4) 0<y<4, and (x +y) s 4. 12. The conposition according to
item 11 above, 10 wherein the Si-H group-containing silicon conpound (bl)
conprises at |east one conpound selected fromthe group consisting of: a
nono Si-H group-containing silicon corrpouncf'3r epresented by fornmula (10): 15
Rs HsTii-R3 (10)) R3 wherein each R3 independently represents a 20

U O T B Rl Sl 4 Dl
G-C3
represent ed by 2 e Pub ke PSS 1) B oo w

i ndependently r ents a straight. chain r branched Loup, a
CS- CZO cycl oal ky 2 ng‘]arsosuf;’l,nCls £ er’%'i th T hai n rlgenSthSt%rae )(C):Saéllt'(%,uor oal kyl

group, a strai gﬁ&ce'lg\lh e Cll'lgcgr%%*%hai e Ao Aheylngroup;

and mis an int eger or mu 000, a silicon

Formila CL. HeCRSEs O ﬁ,’%b%ss&saﬂ‘f P Caﬁ‘e?le#ﬂf"%"%%a%s T her ror

formula (10): 3Rduden A duihsgre i £l satd %%f}%d&%ﬁhlﬂlélﬂys

1000) and an H silicone represent orrm a (12

(R3HSI 0) a( R32Si QY R Hdphedret 1152)) am/ﬂ %hﬁ%ﬂét@éa@keﬂ@@daé@ivi@yrml a

(10); and 25 a is an’integer of nor e, IS an i nteger of
for a long time. Another object of the present inven-

tion is to provide a photocatalyst composition for pro-
10 ducing a shaped article without a need of & cumbersome
operation, wherein the shaped article exhibits, by
light irradiation, an increased wettability (i.e., in-
crease in hydrophilicity and hydrophobicity) and/or the

photocatalyst activity for a long time.

15
SUMMARY OF THE INVENTION
In this situation, the present inventors have made
extensive and intensive studies with a view toward
solving the above-mentioned problems. As a result, it
20 has unexpectedly been found that this object can be at-

tained by a photocatalyst composition which comprises
(A) modified photocatalyst particles, the modified
photocatalyst particles (A) being prepared by subject-
ing particles of a photocatalyst to a modification

25 treatment with at least one modifier compound selected



30 or nore, and a and b satisfy the following relationship: (a + b) s
10000, and c is 0 or 2, and wherein when (a + b) is an integer of 2 or nore
and ¢ = 0, the Hsilicone of fornmula (12) is a cy 5 clic silicone, and when
c =2, the Hsilicone of formula (12) is a straight chain silicone. 13. The
conposition according to any one of itenms 1 to 12 above, which further
conprises a resin. 10 14. The conposition é%%ording to any one of itens 1
to 13 above) which is a film 15. The conposition according to item 14

above, which 15 is a Hfotrqfic mﬁth,r§5 ect %91%%5 digtributiq@ of the

nodi fi ed phot ocat&yst &I &L1R)° i AR REH GHIRAT SR 9Pt he
nodi fi ed photoc%ﬁghgfﬂ%gqfaicles (%#iincreases fromone surface of the film
toward the other’s £ PR STHY SOTRE SRR %tor‘gp%asﬂi%lhe el ng to
any one of itemg 1 t.0 13.above, which is .g shaped article..17. The __ .
conposi tion accr:ncs)tru |anlg nc‘?':Ltl tsg\r%efgea og\]/re " vﬁ}ecl'? R scoalirlslls%?lr%%i%gvﬁﬁn

() wherein t h BBl SrGr e s S e T e e €U
| cr eases 1o 16, AR AN, Y e ARG A Lol MBEA L SupgaCe

of the shaped artic e conposition accor above,

which is a fil myhiGhhas fhefyar W_m%ﬁ%ﬁg a.t{%éﬁg?u%@éﬁﬁgf ct to

t he phenyl group-containing si'licone( gro cont al nf ng

silicone (BA). Hntdinkhey GOIMAN UEAGROr dpdileachiap, 18 bawelodtli ch i s

ani sotropic wth respect to the distribution of the nodified photocatal yst

particles (A), W RHAE @R YHHd A HedtiQdBWI 1 S P04 DFSE abymt

particles (A) 15 increases fromone surface of the filmtoward the other

surface of the fdsDtidhh iEN&1sATRQSIAION DGCAMIIdH Hi | d1erFfeaboF €an Whi ch
is a shaped article which has a m crophase separation 20 structure with

respect 100 t he phe@yicycalbteeitiedi HEresiddrt M (HBR)i e, thetiedkyl a
group-containing silicone (BA). 21. The conposition according to item 20
above) which cumbersome operation, a functional composite which is
advantageous in that it is free from deterioration oc-
curring at the interface between the substrate and the
photocatalyst-containing £film and free from deteriora-
15 tion of the binder component in the photocatalyst
-containing film, and in that it exhibits an excellent
balance of hardness and flexibility {impact resistance),
and it has excellent durability such that the surface
of the functional composite exhibits, by light irradia-
20 tion, a water contact characteristic (i.e., hydro-
philicity or hydrophobicity) and/or maintains such
photocatalyst activity for a long time. Based on this
finding, the present invention has been completed.

Accordingly, it is a primary object of the present

25 invention to provide a photocatalyst composition which



25 is anisotropic with respect to the distribution of the 32 nodified
phot ocat al yst particles (A), wherein the concentration of the nodified
phot ocat al yst particles (A) increases fromthe inner portion of the shaped
article toward the surface of the shaped article. 5 22. A functi onal
conposite conprising a substrate and a filmforned on the substrate, the
filmconprising the conposition of any one & itens 1 to 13 above. 10 23.
The functional conposite according to item 22 above, wherein the filmis
anisotropic with respect to the distribution of the nodified photocatal yst
particles (A), VRS %‘“edc%%em?%wbﬂgofW%EBO%d?fF‘élabﬁﬁﬁPgeaPBP%f
particles (A) increases froma surface of 15 the filmwhich contacts the
substrate towar dtJrcFFé ot h%lg?c%%§£d°%‘ﬂ1’f_§?:53?‘f’h%ﬁ}é ??‘F?’rﬁlﬁﬁ. 253\ PBHE FoEaI
DY o ooy (HRC A EHREbCet SuAREadst k' BT LR RS RS B
(B and The. al KGR bUBM CBRER Pag SFTreonat(BlFabbsise *3rB FHA%: rofal
conposite. according.to item.24 _ 33 above, whereip the filmis. anis opi ¢
W th respbot Lo THEM ST bUtT ohodr R Foar PP Ra: BRor 5RaPal bot PhatipRtes
(A), wherein the £ iQ e LfLe t  particles (A
i ncreases from anglagr](%%%%{%%' SQt‘gget%?I &) V\g%‘%lﬁ g%%?%%?%ﬂ'%‘éxéuﬁgf %éf ehﬁovvar d
t he ot her, exposcgpc f i Lhbe L ntion
i's described in e_t%ift?fgtgh%é m%%%’g%o%%%tf%gzt ét?%?%gg?tgflgﬁggg(iggﬁsed in
t he present 'nvgﬁd%@f&ﬁ‘@p&t}fﬂvpﬂysf@kegt_'I.Bﬂ?p@ﬂhéd es of a

phot ocat al yst ( to a nodification treatment with at [ east one nodi fier
conpound nentioned betoWg IdhdhifePrSS§EEL | HYephé Ofe st t SRR FRIAT LEAT T ON

15 (of particles of a photocatal yst)" nmeans "inmobilization of the

bel ow merng i oned mtod £BSta LMD f §0ApEQNROLNELED) aRd AhEuk”Eiasg10kom-
particles of a photocatalyst (a)". It is considered that the

above- nenti oned goemts | ¢armdt DRNiOG tHe FDUnfaga &05POLDLat) coerb #liEh20
face of particles of a photocatalyst (a) is achieved by van der Waals force
(physi cal adsor pineonfilmiputadih dPrwieich cbenpvady bandehfectspeliapky-when
the nodification is achieved by chem cal bonding) the interaction between
the nodifier compeundiand fien pdtiechbal ystthe ROrFace agkeunsby bedosEs
strong) so that the nodifier com
fectively prevent fogging from occurring on the surface
15 thereof, but also exhibits extremely excellent durabil-
ity.
The foregoing and other objects, features and ad-
vantages of the present invention will be apparent from
the following detailed description taken in connection

20 with the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Fig. 1 shows the results of the measurement of the

25 particle size distribution of TKS-251 (commercially



34 pound can be strongly imobilized on the surface of the photocatal yst
particles. Therefore, it is preferred that the nodification is achieved by
chem cal bondi ng. Exanpl es of photocatal ysts used as photocatalyst 5 (a) in
the present invention include Ti Oz, ZnO SrTi03) CdS, GaP, InP, &As,

BaTi 9, BaTi 04, BaTi 409, KZNbO03, NbzO05) FezO% Taz05, K3Ta3Si z03) W3)
SnQz, Biz03, BiVO4) NNO CQuzO SiC MSz, IHPb, RuQz, CeCz and Ta3Ns.

Furt her exanpl es of photocatal ysts include |anellar oxides 10 containing at

I I I d_f h i sti ' . Vv
oSt one ol ooy S S S LA B O SRR P BEoTL) s o B
Speci ficati Nos. 62- 7445 i 2-17 i1z 24 i .8:89799
oi 8- BoB00, | Hei® HNHOHOH = AT s IR 1 4 o et rer 802 d88os ana
Hei 10-244165); 1 - t] ' ' f : i ned
Japanese Pat oni SUHTERT ORT Lo ALY e Cae B WS SRTLE pgREram e
(correspondi ng t&@%f@dé)zalp%%@ Al and EP 1138634 Al), 2001-278627,

[

2001- 335321 (correspondi ng { US 2001- 0056037 Al and EP 1160202 Al),
2002- 029750 and 2001-207082)sh And Misil &l 4 9Nis a0kl e d b ABHERL 0%k dene

photocat al ysts, such as an oxygen-deficient titaniumoxide (see) for

exanpl e) Unexamfed Japaness Red £nti APP] bis ad ¢ Qo dBf Hs 8PSRo SB8ELALGEEI On No.
2001- 21 2457 (cor 25 responding to EP 1125636)). In addition, oxynitride

35 conpounds,  sUusy o skaioN, A LeyTi izen GedNnsii) i héd ahze Radp Ca TaCBY, sand
oxysul fi de conpounds, such as SnzTi 2S520~, can be advant ageously used as

phot ocat al yst (&je Sthd hasereamouisise@xitdi 25 hi gb phabacatahybiba
activity by 5 visible light irradiation. Still further exanples of

phot ocat al yst s itdarheephotacaital y stise ot Nele byi 2e n@i odibatwbhchsat

| east one nenber selected fromthe group consisting of netals of Pt, Rh,
Ru, Nb) 1@, Sn, mdéasncedcyramkaxs des 4 heseofyd® pasrbilded $bzer anatrpbelized
on the above-exenplified photocatal ysts; and photocatal ysts obtai ned by
coating the above-exdhyd.i i) photaociBMipsitogwaph pof oulse catesansphbsphat e
or the like (see Unexam ned Japanese Patent Application Laid-Open

Speci fication N®f Hestl@plste4ddob) (aving pprehetecat@lBstpPacrhaingng

6, 180,648 Bl)). O these catalysts, Ti02 (titaniumoxide) is pre ferred
because it has mrathiciiiicindlhaebxdned et BReAPLal 1stability. There are
known 3 types of tita niumoxide crystals, i.e.) anatase-type, rutile-type
20 and brooki t e-type.Fith tHd briss et 4%¥F%H°%n‘§/fo?lﬁhegga§?types of
titani um oxide crystals can be used. It is preferred that the crystal
particl éXi amet er (priifar A (7 it THARRXYIITAPR Hf pHde o€BPaF yEBCFL%Rr om
1 to 400 nm nore_advant ageousl fror’?ll to 50 nm 25 | n_the gre%ent,
i nvention, theIQﬁwﬁRQF -%ﬁﬁqréb—z) aving a photocatalyst-containing

coating which is obtained in Example Z;

Fig. 4(b) is an illustration of Fig. 4(a);

Fig. 5(a) is a photograph obtained by enlarging a

20 portion of the TEM photograph of Fig. 4(a);

Fig. 5(b) is an illustration of Fig. 5(a};

Fig. 6{(a) is a TEM photograph of the cross-section
of epoxy resin (D-3) having a photocatalyst-containing
coating which is obtained in Comparative Example 1; and

25 Fig. 6(b) is an illustration of Fig. 6(a).



36 photocatal yst to be subjected to the nodification treatnent is provided
is a factor inportant for the nodified photocatalyst (A) to exhibit good
di spersion stability) good filmform ng properties and various 5 functions.
From the viewpoint of effectively utilizing the surface properties of the
nodi fied photocatal yst, it is preferred to use a photocatalyst in which a
mx ture of primary particles and secondaryr%articles has a nunber average
particle dianeter of 400 nmor less. In 10 the present invention, fromthe
vi ewpoi nt of producing a transparent filmfromthe photocatal yst
conposition conprising a nodi fied photocatal yst (A) and a bi nder conponent
(B) (described %I% ;j i.tniso eeiciraelrlé/ R&l&Ld E(;:I t hat the photocat al yst
particles prior i have a nunber average
particle dianmeter of ;100 nm_qt..| ) i T ref er.r. that the

phot ocat al yst particﬁés pri%gdﬁgggﬁep#% Pﬁaggﬁﬁﬁﬁ ?Fggfﬁgﬁf have a nunber

average particle diangter oknghgaggﬁggk_@@Hiéy%?mgqgggps!y 3 to 50 nm 20

In the present invention) f e belownentioned reason, it is preferred
t hat thegphotocatalyst, to bgc§9§hgckggthgn%h%iquification treatment is not

in the formof a powder but In"the formof a sol. In general, in the case
of a photocatal yst pouder CceRpLLSGH Skidle %2ed ARA ikl@entsi Ngl e crystal
particles (primary parti 37 cles) are strongly aggregated to form

secondary particles) gt.hus capskidrasdhedlsd®Oes &f suMststdace properties of
the primary particles. It is very difficult to disaggregate the secondary
particles back into rigyaryiftpathicel eetwlercamdirsled iphdthwanagy sl a

phot ocat al yst sol, photocatal yst particles are not dissolved but pre sent
in a form cl osegagtiika Pighmyey Paiid dinder phise t hatwiidee Snrd@mcellus-
properties of the primary particles can be effectively utilized. Therefore,
a nodi filed 10 phetaddaialofs tars Gin it ge d gshd tonr@php hof otia¢ al yserfaceekshi bits
not only good dispersion stability and good filmform ng properties but

al so various fustiowonsin Fhigy .pHditolcat al yst sol used in the present invention
is a dispersion of photocatal yst particles in water and/or 15 an organic
sol vent, wherein t he éphot ocapakysresdn usless fare gubesiding n t he f or m of
primary particles and/or secondary particles in the dispersion nmedium and
the solids content of7:the dbipdesi phase Gataining wdhymakifgind mraker abl y
0.1 to 50 % by weight. 20 In the present invention, the solids content” in
terms of % by wsBFRLYsE tHR Petke®nt age of the wei ght of nonvol atile
conmponents) remaining after heating the dispersion or. suspension in air at
about 126 C for 2 hol®rs or ABKFL FTONES- SRR INE 48 on or suspen 25
sion) based on the weight of the dispersion or suspen

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, there is pro-
vided a photocatalyst composition comprising:
20 (&) modified photocatalyst particles,
the modified photocatalyst particles (A) being
prepared by subjecting particles of a photocatalyst (a)
to a modification treatment with at least one modifier
compound (b) selected from the group consisting of dif-

25 ferent compounds each of which independently comprises



38 sion before heating. Exanples of organic solvents usable for preparing a
phot ocat al yst sol include al cohols, such as ethylene glycol, butyl

cel |l osol ve, n-propanol, isopropanol, n 5 -butanol) ethanol and nethanol;
aromati ¢ hydrocarbons, such as toluene and xyl ene; aliphatic hydrocarbons,
such as hexane, cycl ohexane and hept ane; esgers, such as ethyl acetate and
n- butyl acetate; ketones, such as acetone, thyl ethyl ketone and nethyl

i sobutyl ke 10 tone; ethers) such as tetrahydrofuran and di oxane; am . des,

h di met hyl tam.d ' f i.de; I h
chi or of or m ot YT SRECENPBR AT LR b AR Lot R BF: AEorT Rt IR f oxi de:
and ni ¢ obenzenge Thesspgr 43NLC (SOLYRULESTILRC uised deficbintidhiah) v O i

conmbi nati on. An explanatrton is madée ow by takin I'tani um oxide sol as
an exanple of a atahys a A8 e i FRIGHE Qg sol ,
t here can be neﬁ??@%gg gaﬁrtén?§#P8$?8eBﬁ§§ros&|? in jﬂich E#?%niun1oxide

par 20 ticles apg pephiagd (o) 3ol BeHIbAYoFRAYBIGORY SHhiR0 Rysequial |y of
wat er (herein the term "di spérsion nedi um consisting essentially of water"
neans a gi sper s;aR+ARdLYMEeRRL@INI(RY .about 80 ~ or nore of water). The
preparation of such a hydrosol is known) and such a 25 hydrosol can be
easily produced (see, for exanple) Un 39 exam ned Japanese Patent
Application Laid-Open Specifi cation Nos. Sho 63-17221, Hei 7-819
(corresponding to EP 581216 Bl),gridsi- 9- 165218 (correspgnding to U S. Patent
No. 5,540, 111) and Hei 11-43327 (corresponding to 5 U S. Patent No.

6, 340, 711 Bl and EP 826633 Bl)). For exanple, an aqueous sol ution of
titaniumsulfate or ti taniumtetrachloride is subjected to hydrolysis
under heating to thewrbyefiar sapht Rt ihdependend lyThe paleiszinted aret ati t ani
acid is neutralized with agueous anmonia to 10 thereby deposit titanium

oxi de hy@rate, and thtrehghanmetatnt ami bmraoxhed Kyd€at @likylsghjoarpt.ed to
filtration, washing and dehydration to thereby obtain an aggregate of
titani um oxi de partial €s-Cshheyvcbrailkyd aygregawe sitajaptti zbdisy athe acti on
of nitric acid, hy 15 drochloric acid or ammoni a and) then) subjected to a
hydr ot her mal treat nehrabehefeChibe fouphepdby lolrauR o at ist&FleRtoxi de

hydr osol . Further exanpl es of titanium oxide hydrosols include those

hydr osol s obt ai ned b9haiﬁe?ﬁo§rﬁﬁchﬁﬁcﬁ2t¢@aﬁﬂéﬁPd%i@Eﬁ%ﬂdﬁ%les are
peptized 20 in water by the action of an acid or an alkali) and those
hydrosol s obt ai ned bPP&nEet HEQUPR ®hfenCioi RAKRHH FECHR F% & A¥s are

di spersed in water under a strong shearing force and in which any of an
aci d and?an al kali i9TR¥¥ §%8¥Pand, if desired, a dispersant, such as 25
sodi um pol yacrylate, is used. Al so, by the nethod pro 40 posed in

Unexam ned Japanese Patent Application Laid -Qpen Specification No.

10- 67516, there can be easily_g@;g&asg a sol of anatasEigype titani um oxi de
in which the particles have their“surface nodified wt peroxo 5 group
and exhibit excellent dispersion stability even in an agueous sol ution
havi ng a pH around neutrality. The above-described titani um oxi de hydrosols

are wherein each R is as defined for formula (1), and
20
T
—Si—0— (3)
0

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



commercially available as titania sols. (Exanples of commercially avail able
titania sols include "STS-02", 10 manufactured and sold by Ishihara Sangyo
Kai sha, Ltd., Japan) and "TO 240", nanufactured and sold by TANAKA TENSHA
CO. ) LTD., Japan.) Each of the above-described titani um oxide hydro sols
has a solids content of 50 % by weight or |ess, 15 preferably 30 % by

wei ght or less, nore preferably 0.1 to 30 %%y wei ght. Such a hydrosol has
a relatively | ow vi scosity (as nmeasured at 20 C). In the present invention,
t he hydrosol may hav C.0S in the ran f from0.5 to 2000 gcirtw
sec-1. It is pref err&ﬁ’aj ?’rﬂdet’%ec "ﬁh’s ‘?f?%’s?‘?‘?/ F P t ange of
froml to 1,000 gcni lsec- nore y from1l clrt' sec-

|1 ddi (1 on Lo SREURERHE O D ﬁ% kSRl ereendtiindom
are nethods for _pr N ar.i 25 ous_ot.he eSO catal yst sols,
for exanple, a & %%%rl %‘rﬁouf’derespoﬁes(esnetee rm%ll%) ﬁ‘!‘ ﬁese Pat ent Appl i
cation Lai d-Open Specification No. Hei 8- 59235) and a sol of a lanellar

oxi de containing at |east one eI enent selected fromthe group consisting of
Ti, Nb, and V5 (see, for nexam ned Japanese P

Appl i cat ;Egn Lai d- Open Speci fi cafi oh oXeﬁl%')&‘""I’-Tél‘r’é)2 25123, Hei g%T
(corresponding to U.S. Patent No. 5,863,514), Hei 9-227122, Hei 9-227123
and Hei 10-259023). Further, a photocatal yst organosol, in which 10

phot ocat al yst parti clgg @l .di spersed in a dispersion nedi um consisting
essentially of an organic solvent, may be used in the present invention.
Exanpl es of methods fa%.'bhplk@dﬁébﬂgsén@gohoﬁ?ﬂeﬂlﬂlsrgr% N@$Rl dakgl ude a

met hod in which a photocatal yst hydrosol as nentioned 15 above is subjected
to a treatnent with ®*conpepsflaBaylingebhesphase at karsfighta@hainty (i.e., a
conpound whi ch, when added to a m xture conprised of two different phases
(1st pha®e and 2nd pbasexrankorets @ -8td fihage atodde a rdechace between the
1st and 2nd phases and causes 20 the 1lst phase, the 2nd phase and the 3rd
phase to dis sol ve argcdpad@ylbigriasp eacta aithmaiglandhdiremrt he resul t ant
is diluted wwth an organi c sol vent (see Unexanfined Japanese Patent
Application Lai d- Opebr8petield €atCon aNdkerel dufbulpf;7727); a nmethod in which a
m xture of 25 a photocatal yst hydrosol and an ani oni c surfactant 42 (such
as sodi um dodecyl benegegbs i fiode@renden iy ecepaigsera st rydrngambl e organic
sol vent, thereby causing the photocatal yst particles to be transferred to
and di spersed in theakemer a4 hyelngxRvd @il c &dlwént )alfmregroup,

i5 a C1-C;y acyloxy group, an aminoxy group, a -
Cl—Cw oxime group or a halogen atom; and
P. 4 and r satisfy the following relation-
ships:
0 <p < 4,
20 0 =g < 4,
0 =sr < 4,
0 < {p+qg+r) <4, and

.05 = p /(p + q) = 1.

25 For easy understanding of the present invention,



5 obtaining a photocatal yst organosol (see Unexam ned Japanese Patent
Application Laid-Open Specification No. Sho 58-29863); and a nethod in

whi ch an al cohol (such as butyl cellosolve) which has a boiling point

hi gher than that of water is added to a photbcatal yst hydrosol 10 and,
then, water is renoved fromthe resultant m xture by distillation) reduced
pressure distillation or the like. Also, t ¥ e are commrercial l y avail abl e
titani um oxi de organosols in which titanium oxide particles are dispersed
in a dispersion di um cqnsi.sting essentially 15 of an. organi c .solvent (e.
o T 5 O R A kP R oy iy R S PR o) A8 Tl ef 1
the term"di spegnsgnqcn i Wm c%rgsi SI_;[tI e Vesscenti %111 of YR otreqﬁn[i) closol vent "
means a di sper si of Fediurh oMt 58 ng SUt-8Y < FOTE oA o?gavﬁ‘l C
solvent. 20 In the present invention) the at | east one nodi fier conpound
(b) is selected fromthe group consisting of different conmpounds each of
whi ch i ndependently gougpr.l t ast Stryuct ur unit selected from
t he group consi srit'i ng%oﬁgagt'?’r%lsc%%gliﬁgsﬁoén%e%%&ﬁﬁth%r ect)é)rﬂg]sreln er}og'25 by formul a

(1), a mpooxydi or gar@%i 'm%'&eif‘i%idt %%‘E%%ata‘ﬁ%g%?%aﬁ%}%ie{sor mula (2), and a

di oxyor ganosi | ane uni't ‘represente y formu (1) 5 wherein each

R i ndependent |y repregsentsad eStll '&ttogﬁa'ly%rt ?%@%So X Cbéﬂ;{i_}" group,
t ranched C1

a CS-Czo cycl oal kyl group, a straig chain-or - C30 fl uoroal kyl
group, a straig Qrelainy Yudaangt B39 A kg HOUWL 1?&]%%}@&')/

group, a Cl-Czorﬂ)tarIe%oxy grbé'g)rupuc';):ﬁ a h?%?c%%/r group, -(RzéigHO)- (aZ) 1 whde?)ei n
each R is as defdoned o slidfafilon (theathihtRitd) atSizddst ohd modifiewerein

Ris as defined for forrmula (1). 25 The nodified photocatal yst particles

(A) which are compRaRRN®d Ry 188 tEE AN e Ysdndigtind ase (@)sto a
nodi fication treatnment with nodifier conpound (b) having the

above- mamt i oned fairfent! WoRipownhids( Lachhade whiel imsisddndantiBeceanarioyges 5 In
the present invention, the nodification treat nment of photocatal yst (a)

wi th nodifier cenpdeadt( bnersyt e tmarsflonned, selddiedriosancehorgabgence of
wat er and/ or an organic solvent) by m xing together the photocatal yst (a)
and t he nodi fi ecoosdisding Ef) asdrtiltatgab® stilangeigtitt rnsgpe sEntpdtmgeat al yst
(a) to nodifier compound (b) (i.e., (a)/(b) weight ratio) is in the range
of from 1/99 tofegmyle I1)pr&f eromsloxyidiemabdyod( tane@Yniit ammbrrdsgnetad ng t he
resultant mxture to heating at a tenperature of fromO to 200 C
preferably frombP¥0feagmudagd2d,. @ad Feddioryerange siansp ot tyeRFef t he
solvent contained in the m xture. Alternatively, instead of heating the

m xt ure 36t phot 66&t&y ¥y ELFmd@ ddisfi er conpound (b), the mixture may be
subjected to distillation, reduced pressure distillation or the |ike.

R3Si- (1)

wherein each R independently represents a

20 straight chain or branched C,;-Cs, alkyl group,
a Cs5-Cyp cycloalkyl group, a straight chain orx
branched C;-Ciy fluoroalkyl group, a straight
chain or branched C;-C;; alkenyl group, a
phenyl group, a C;-Cyp alkoxy group or a hy-

25 droxy group,



20 Exanpl es of organic solvents usable for the nodi fication treatnent

i ncl ude aromati c hydrocarbons, such as toluene and xyl ene; aliphatic

hydr ocar bons, such as hexane) cycl ohexane and heptane; esters, such as
ethyl acetate and n-butyl acetate; alcohols) such as ethylene 25 glycol)
butyl cellosolve, isopropanol, n-butanol) etha 45 nol and nethanol;

ket ones, such as acetone) nethyl ethyl ket dite and nmet hyl 1 sobutyl ketone

et hers, such as tetrahydrofuran and di oxane; am des, such as

di met hyl acet am de and di net hyl f or ram de; hal ogen com 5 pounds, such as

chl orof orm nethyl ene chloride and carbon tetrachloride: dinethyl
sul f oxi de; and nitrobenzene. §§ vents can be useqj)ndividually or in
conbi nati on. Exanpl es of nodifi cgﬁpounds (b) used for ‘pre 10 paring the
nodi fi ed photocatal yst (A) used in the present |nvent|on i nclude a silicon
conpound having a functional group which is reactive to particles of a

phot ocatal yst (), SUsR-Sn2Banh it QLU dbeMUP! SR Sl | (Of Oudng . 0-)
an al koxysilyl group, a hy 1 roxyS| group, ogenat ed si1yl group,
an acetox ysilyl group or an anlnoxyS|IyI group), an epoxy group) an

acet oacetyl group, a thiol group or an acid anhydride group; and a silicon
conpound having a structure (suchF?s a pol yoxyal kyl ene group) which
interacts with 20 particles of phgtocatalyst (a) by van der \Wals force,
Coul onb force or the like. In thegpregent invention, as¢gpdifier conpound
(b), an Si-H group-containing S|Iucon conpound (bl) represented by fornula
(9) below is advantageous for effQ 25 ciently nodifying the surface of
particles of a photo 46 catalyst]. HXRySiO- 9 x y) /z ( 9 ) wherein: 5 the
or each R independently represents a straight chain or branched G -Cso

al kyl group, a CS-Czo cycl oal kyl group, a straight chain or branched G -C3o
fl uoroallyl group, awberaighR dsaias alefumenk fedt Eoxi8olal kenylamt oup, a 10
phenyl group, a Cl-Czo al koxy group or a hy droxy group, and x and y
satisfy the foll ow ndgBnekabimdshi pompdrent whiicl) comprigies arphdiylix + y)
S 4. In the present invention) the nodification treatnment of photocatal yst
(a) with the Si grogpogeedeiaiimagisiddawn Bhpowrtidnglliepreseatetndy
formula (9) above is performed by m xi ng together photocatal yst 20 (a) and
Si - H group- cont &PnifA¢Ydi IGTEHP -c GIRFBIRRENIRG W farempkesehle or absence of
wat er and/or an organic sol vent and at a tenperature of fromO to 200 C so
that the weight ratio of photocatalyst (a) to nodifier compound (bl) (i.e
(a)/ (bl), weight ratio) is in th 25 range of from 1/99 to 99.9/0. 1,

pref erald®y from 10/ 90 aXzS10(4-p-g-r)/2 (4)

wherein:
the or each R' represents a phenyl group, and
the or each R? independently represents a

20 straight chain or branched C:;-C;y alkyl group,
a Cs5-Cyy cycloalkyl group or a straight chain
or branched C,;-Ciy alkenyl group;
the or each X independently represents a hy-
drogen atom, a hydroxyl grcup, a C,-C;; alkoxy

25 group, a C;-C3p acyloxy group, an aminoxy



47 to 99/1, thereby obtaining a m xture. Hydrogen gas is generated fromthe
m xture and) when a photocatal yst sol is used as photocatal yst (a), an

i ncrease in the nunber average particle dianmeter of the photocatal yst 5
particles is observed during the nodification treatnent. Further, when
titanium oxide is used as photocatal yst (a), a decrease in the anmount of
the Ti-OH group is caused by the modi ficati?dn treatment, and this decrease
is detected as a decrease in the absorbance at 3630 to 10 3640 cm1 in an

| R spectrum As seen fromthe abgve, i,t is gresuned &p t when Si-H

gr oup- cont ai ni ng si | PFE8HPeofpSand2e B Pe §F8E8nLEd by oﬁﬁﬁﬁéﬂfﬁﬁ'is used
as nodi fier conpound ), the nodified photocatal yst (A) (obtained from

Si -H group 15 cont ai fi g silicon conpound (bl) and photocatal yst (a)) is
not a sinple mxture_of ¢ onents . (bl d i.S +rat:her_ a product
obtai ned as a result Pof 9 %Pergbf%%%%%?%§g VF%ghgwgﬁéhF%%F&%ggktion bet ween
the Si-H group-contagﬂh g_silicon conpound (bl) and the photo 20 catal yst
(a). Therefore, it is very preferred to use Si-H group-containing silicon
conmpoundg(bl ) representedyby formyla (9) as modifier compound (b). In fact,
t he nDdiPied phot ocat al yst (AJ obtained from Si-H group -containing silicon
conpound (bl) and photoca agy§t<(g) 25 exhibits excellent properties with
respect not only to 48 di Spersion stability and chem cal stability in an
organi ¢ sol vent, but alsoot% durahility. In the present invention, the
modi fi cation treatment of photocatalyst (a) with Si-H group-containing 5
silicon conpound (bl) repgpegenped By+f enmil @, (8haabove nmay be perfornmed by
usi ng a dehydrogenation -condensation catalyst (which catalyzes a
dehydrogenation-condensatbQ@5rga§ty@g Qf g3n<Sh-H group) and at a
tenperature of fromO to 150 C. 10 In the case of the use of the
above-mamwt i oned de hydrogenati on-condensati on catal yst for an Si-H group)
the nodification treatnment of the particles of a photocatalyst (a) with an
Si - H group- cont &i.ni nghei cioapn sdatpauadcelridingatobd teonduabed eei tWwherdiyn a
met hod in which 15 the dehydrogenati on-condensation catalyst is previously
i mobi | i zed on tthe sor feach & oifheaghotodic foadmpdtaepdrlt)i dees Dy irsiangnd-or
exanpl e, a photoreduction nmethod, or by a method in which the nodification
treatment i s cosdddvedepresieats ésetgaightt ishadahywdr dy@angtiash Q0Ca0 al-
-condensation catalyst. The term "dehydrogenati on-condensation catalyst for
an Si-H group" #§3n§r80@0nﬁb&hdcwhﬁ&@L@@ﬁ%ﬁ%ﬁﬂﬁ%?HJuﬁ straight chain
dehydr ogenat i on- condensati on reaction of an Si-H group with an actiyve

hydr ogefScont ai RFn§rgr6tsdoCesEm ANOZRalY s goate & SHAIEY iNBL of the
phot ocat al yst or 49 with water or _the |ike) wherein exanples of active hy
dr ogen- cont ai ni R §rE@shech&zole 2URFNIXETHRHF @ i-Can YR vHETER he
phot ocatal yst is titaniumoxide), a thiol group, an am no group and a
carboxyl group. By 5 the use of the dehydrogenation-condensati on catal yst)

It becones possbgle E%en%%hL%sgqgo%u%%%%%dgkgt % %@gﬂ 1 or 2 above,

wherein the phenyl group-containing silicone (BP) is a
20 phenyl group-containing silicone (BPl), containing no

alkyl group, represented by formula (5):
R'X¢S1i0(4-s-t)/2 (5)

25 wherein:



cl es of the photocatal yst under noderate conditions. The

dehydr ogenati on- condensation catalyst is used in an anbunt of 0.1 to 2.0
parts by weight, preferably 1 to 5 10 parts by weight, relative to 100
parts by wei ght of the photocatal yst. Exanples of

dehydr ogenati on- condensati on catal ysts include netals belonging to the

pl ati num group (i.e., ruthenium rhodium ﬁ%ﬁladiunl osmum iridiumand 15
pl ati nun) and conpounds thereof and netal s and con1pounds of silver, iron,

copper, cobalt) nick in he_li t he re rred are netals of
t he platinum group a 08§b33 % %thE?BEFsecéﬁeglgﬁFyg %Obﬁﬁ pl ati num and
pl ati num conpounds. I cﬁgﬁg% de plati
nun(11) chloride) hy%%ﬁﬁé%nge racl%%#%é%%ﬁ%%ﬁ%ynﬁéﬂgé znlruué#*b chl ori de,
hydr ogen hexachloropl t ) 4 agﬁgﬁ| or atin

pot assi um hexachl or op :‘l’%at%ét()m p LJ{?m( %&w drag% d? a%ﬂ;%%%\%n( V) di
25 oxi de, dichl oro(digyg op%nha gdie %ﬁ[ﬁ?ﬁu Dan &amimBey

pl ati num vi nyl si | oxare corpl ex, a pIa i nu osphi ne conplex and a

pl ati numgol ef i n conplyex, In tQp &l; Eﬂlﬂ%ﬂbf&ﬂgé%fﬂdﬂhéﬂdééﬁﬁh@&ﬁpound (bl)
of formula (9) above mhl & Can’be*a vant ageousl y used as a nodifier
conpound in the presegpty i nvention, the Si-H group is a functional group

whi ch is necessary for nodifying the photocatal yst with high selectivity
under noderate condi il aR% tORaithe 9t hele heNdiova dty dilazablengsoup al so can
be utilized to nodify the photocatalyst) 10 but tends to cause side
reactions, thus |owering fgphe stabigd,ity of the resultant nodified
photocatalyst.-Therefore, it.is preferred that the anmount of a hydro

| yzabl e group is as small gas pogsigbl @ndAs an exanple of an Si-H
group-containing silicon 15 conpound (bl) represented by fornula (9) above
whi ch cam be advant ageousloy <uged +as )a <madi fi er conpound in the present

i nvention) there can be nmentioned at | east one Si-H group-containing
silicon conpound havi ng no hydrol ysable silyl groups, which is sel ected
fromthe 20 group consisting of: a nono Si-H group-containing silicon
conpound rep 4. The composition according to item 1 or 2 above,

wherein the binder component (B) further comprises an

alkyl group-containing silicone (BA} represented by

15 formula (6):
R.XeSi0(4-u-v)/2 | (6)
wherein:
20 the or each R? independently represents a

straight chain or branched C;-C;, alkyl group,
a Cs-Cy cycloalkyl group or a straight chain
or branched C,-Ciy alkenyl group;

the or each X independently represents a hy-

25 drogen atom, a hydroxyl group, a C;-Cy alkoxy



resented by formula (10): R3 25 HSi-R3 ( to ) , R3 51 wherein each R3

i ndependently represents a straight chain or branched G -C30 al kyl group) 5
a straight chain or branched Cz-C, o0 al kenyl group, a CS-Czo cycl oal kyl
group, a straight chain or branched Cl-C3o fluoroal kyl group) a phenyl
group or a siloxy group represented by forgﬁla (13): 10 -O (RZSIO),~-SIR3
( 13 ) wherein each R independently represénts a straight chain or branched
Cl C30 al kyl group, a CS-Czo cycloal kyl group, a straight chain or branched
15 C1- C3o0 fl uoroal kyl _group straigh ai bran - C30 al kenyl
group or a phenyl grgﬁg?ganﬁ ﬁfi§°aﬁg?%?% ebgﬁﬁpéhggagﬂgﬂpgg the fornula: 0
s ms 1,000, 20 a sill C ound, LN i.-.H.graqu 0 erm nal s

t her eof , representedbg§8p0rﬁgpéqgflfgﬁﬁé grghEngig ﬁ?égbﬁgz%ﬁo 11 ) 25
wherein R3 is as defipgd for fornula (10); 52 and n is an integer which
satisfies the formula® 0 s n s 1,000, and an H silicone represented by
formila (12): 5 (R3 1~§1a( 3ga1TLRGREAR £MAZDG10L2) MBI GNBNIBE I S as
defined for formula 18 coan 0O a’is an integer “of 1 or nore, b is an
integer gf O or nore, andgacapd¢bysatisfy the followi ng relationship: (a +
b) s 10,000, and c is 0 or 2, and wherein when (a + b) is an integer of 2
or 15 nore and ¢ = 0, thegH.s||kcgne,Qf formula (12) is a cyclic silicone,
and when ¢ = 2, the Hsilicone of fornula (12) is a straight chain
silicone. 20 Specific exagpkeguof ©pne Hi.-H group-containing silicon
conpounds represented by forrmula (10) above i ndude

bi s(trimethylsiloxy)nmethylsilane, bis(trinethylsiloxy)ethylsilane,

bi s(trinethyl sil oxy)n-propyl silane, bis(trimethylsiloxy)i-propylsilane)

bi s(trimethyl 25.sil ong) eohpbyglistibanacchraing met hylesi [1ox2) wrhdxy@isiveane,
53 bis(trinethylsiloxy)cycl ohexylsilane, bis(trinethylsiloxy)phenylsilane,
bi s(tri @bhyl si | ekgreghhyhei binderbicsponenity |(S) coppatisglssia phenyl
tris(trinethylsiloxy)silane, tris(triethylsiloxy)silane, pentanethyl 5

di sil oxane, 1, 1gtp8p3cbnsaispngnetiljiconiesi(B&ldne containing no alkyl

group, represented by formula (5):

R'X:Si0(4-s-t)/2 (5)
15
wherein:
the or each R' represents a phenyl group;
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-Ci alkoxy
20 group, a C;~C;y acyloxy group, an aminoxy

group, a C;-C;; oxime group or a halogen atom;

and

s and t satisfy the following relationships:
0 < s < 4,

25 0 s t < 4, and



1,1,1,3,3,5,5,6, 6-nonanet hyl tetrasi | oxane, trinethylsilane,

et hyl di met hyl si |l ane, nethyl di ethyl silane, triethylsilane,
phenyl di et hyl si | ane, di phenyl et hyl si | ane, cycl ohexyl di net hyl si | ane)
t-butyl di met hyl silane, 10 di-t-butyl nethyl sil ane,

n- oct adecyl di net hyl silane, tri -n-propylsilane, tri-i-propylsilane,
tri-i-butylsilane, tri-n-hexylsilane, tripﬁénylsilane, al | yl di met hyl si | ane,
l-allyl-1,1,3,3-tetramet hyl di sil oxane) chl oronet hyl di net hyl sil ane and
7-oct enyl di net hyl si | ane. éS Among %Se agqveh nti oned nono Si-H group
-containing silicon conpodnds'Sfro e *ii 8RPoi nt of obtaining high
reactivity of the Si,;H,group _duri .t he modi.f.i cati t\r eat t (J.e.. the
dehydr ogenat i onapcgrjf(]fgr]fs iO(%H'Féjggﬁlgn g01‘Slallp 70 eogar%Aael yrgetpr%er%f ﬂreoc?n‘?}ﬁe 20
vi ewpoi nt of obtAai| hﬂ%tﬁ%%Ll surface energy, preferred are

bi s(trimethyl si ox$5ne ylI’'silane) tris(trinmethylsiloxy)silane,

pent anet hyl di si | oxane and the |i ke, which are conpounds having a sil oxy
group but no phenyl groups and which are represented by the fol 25 | ow ng
formul a g14): 54 Rs H Si-Rs 6 RS s wherein each RS;igRdependently
represen?s a straight chain 03 %ééﬁgﬁéayfﬁic30 al kyl gréﬁg) a straight
chain or branched C2-C30 al kenyl group, a CS-Czo cycl oal kyl group) a
straight chain or 10 branched Cl-C3o fluoroal kyl group or a siloxy group
represented by fornmulaet3R). below, with the proviso that at |east one RS
is a siloxy group represented by formula (13b): -O (R 2Z2S10,~ SR 3 (13b)
15 wherein each R4' irndependaphl r?r epagp&ratatayskesirgbbneébann or branched
C1C30 al kyl group) a CS-C2o cycl oal kyl group or a straight chain or
branched Cl-C30 fl uosgakkyhtgehuin afdbifanthad 209-Ch edey Wyrehusat i sfies
the formula: 0 s ms 1,000. Specific exanples of silicon conpounds, having
Si H groaps at bot h ter gk n@les cvhepadkylr groapenirec Bytrfadrght ahaliln) i ncl ude
Ht er mi nat ed pol ydi et hyl si | oxanes 25 havi ng a nunber average nol ecul ar

wei ght of 50,000 or or5brhestedsGehCas alken¥ 13-gretupanet hyl di si | oxane,

1,1, 3,3,5,5-hexanethyl trisiloxane and 1,1, 3,3,5,5,7,7

-oct anet hyl t et r asi | oxhre orHeaehmXndnde peoideditdivh yWepirleseariss ahadwng a nunber
average nol ecul ar wei ght of 5 50,000 or |ess, such as

1,1, 3, 3-t etraet hyl di dice@ganétom,1a3hyaEoFyie GrottPyl tor i Fox @d&ai
1,1,3,3,5,5,7,7 -octaethyl tetrasil oxane; H-term nated pol ydi phenyl si | oxanes
havi ng a nunber aver 8§@uRol &cfh af2nSICHFROXFT FRPUF00 & FEIOXYsuch as

1,1, 3,3-tetraphenyl di sil oxane) 10 1,1, 3, 3,5, 5- hexaphenyl tri si |l oxane and
1111313}§151717 group, a C;-Cyp oxime group or a hdlogen atom;
and

u and v satisfy the following relationships:
0 < u < 4,

0 = v < 4, and

20 0 < (u+ v) < 4.

6. The composition according to item 4 or 5 above,
wherein the alkyl group-containing silicone (BA) com-
prises a monooxydiorganosilane unit (D) represented by

25 formula (7) and a dioxyorganosilane unit (T) repre-



-oct aphenyl tetrasil oxane; Hterm nated pol yphenyl met hyl si | oxanes having a
nunber average nol ecul ar wei ght of 50,000 or |ess, such as 1, 3-diphenyl-1,3
-di net hyl -di si | oxane, 1,3,5-trimethyl-1,3,5-triphenyl 15 -trisil oxane,
1,3,5 7-tetranethyl -1, 3,5, 7-tetraphenyl -tetrasil oxane; dinethylsilane;

et hyl net hyl si | ane; diethyl sil ane; phenylneégylsilane; di phenyl si | ane;

cycl ohexyl net hyl sil ane; t-butyl nmethylsilané& di-t -butylsilane;

n- oct adecyl net hyl sil ane and al | yl net hyl 20 si |l ane. Anpbng the above-nenti oned
silicon compoun havi i-H gro ,at both termnals thereof) fromthe

vi ewpoi nt of ob %Pﬁ?ﬁggﬁi ﬁrpgggtﬁgﬁfy of the Si-H groups during the

nodi fication treatnent (i.e., the dehydroge 25 nati on-condensati on
reaction) of a photocatal yst and 56 fromthe viewpoint of obtaining snall
surface energy, preferred are_hhyz ﬂ%p@ted pondiaIkyIsé}pxanes
(represented by formula (15) beloﬁﬁ avi ng a nunber average nol ecul ar

wei ght of 10,000 or less, preferably 2,000 or 5 |ess, nore preferably 1,000
or less. H (R62Si0)a-Si RbZ-H (15) wherein each R6 independently represents
a straiggt chain or BrapeghgdeGlnCRe BhKybeNAONP1 P répsbsahEEt aChai n or
branched Cl1-C3a fluoro 10 al kyl group; and d is an integer of O or nore. In
t he present inventiogtrgggﬂhtBgaghewgobggnghegbt?i@%nglathQQB%@qrsion
stability (i.e., prevention of the aggregation of photocatalyst particles)
during the nodificatjhog,i¢gatFenbadkyd Bheupcaraky stlaiilghits chaipr ef erred
that the H silicone represented by formula (12) above has a nunber average
nmol ecul ar wei ght of b&rOBRafEnkass,-0ORr aladvigdt ageaws! wnd, 000 or |ess, stil
nore advant ageously 1,000 or |ess. The nodified photocatal yst particles (A
are pre 20 pared by subjecting particles of photocatalyst (a) to a

nodi fication treatnment with nodi fier conpound (b) conprising at | east one
of the above-nmentioned structural ghits. In the present invention) for the
nodi fi ed photocatal yst particles (A) to have self-stratifying or 25

sel f-gradating property explaineddgelow—it is neces (&) sary that the
nodi fi ed photocatal yst particles (A) have a surface energy which is smaller
than that of the phenyl group-cont@ining silicone (BP) of binder conponent
(B). Phenyl group-containing silicbne (BP) is an 5 essential conponent of

bi nder conponent (B) of the photocatal yst conposition of the present
invention and has a | arge surface energg: For obtaining nmodi fi ed

phot ocat al yst partic¥eeTeir Ravifgagelelinedtfoyi fhgrwrlaelfdgradating
properti it is preferred that nodifier 10 conmpound (b) used for obtaining
a nndif'éd phot ocat al yst (A) has no phenyl group and no hydroxyl group,

[ henyl d a hydr | h | ar, f :
Therefore) in edch ofPEhGOPBPRUEAER( FFOPEBF dBotd Popt Sdert AIS2

t t I it of di ] S d (b), .t . ef, d t, th
cach R i nde’ pertBRERy s SPeBBARY T etk SIS Co Tried BEL)CHE Sl ky!
group, a CS-Cao, eyl gabkul, 0r.0UDy 3 S80S B0l BAnGlied Clr 3

fl uoroal kyl group, "a“strai g hai'n or "branc al Kenyl “group é% a

CL- G20 al koxy 98UfleadBrbR H° dRISHRNdMER! (bqrids Jot s aldisfy Lhat

nodi fi ed photocatalys orm of a sol g ~a nunber average

parti cl Sodi amet g61 9 AR0oAML A keStye aThel SAANLAAFANS! Yool dintfdim oS!

advant ageously 5 to 8 erein the nunber average particle 25 di aneter
is nmeasured W thoigspgebnbQ.a mxture of pri

B. The composition according to item 4 or 5 above,
wherein the alkyl group-containing silicone (BA) has a

25 weight average molecular weight of from 500 to 10,000,



58 mary and secondary particles of the nodified photocata |yst. Especially
when a nodi fied photocatal yst sol hav ing a nunber average particle

di aneter of 100 nmor 5 less is used for obtaining the photocatal yst

conposi tion of the present invention, the obtained photocatal yst
conposition is advantageous for formng a filmwhich is anisotropic with
respect to the distribution of the nodified’photocatalyst particles in the
thick 10 ness-wise direction of the film wherein the concentra tion of the
nodi fi ed photocatal yst particles_is | ow around _the interface between the
filmand the or §&n"E2EHHELr B¥ e 98Ad PPS™RASHCHr GRRET PO IERRE e ¥ SR &ee of
the film Therefore, use of a nodified ot gcat al yst sol_ 15 having a nunber
aver age particISaEFQﬁﬁgéPnoFUTHG ﬁ%FSangsylgg 5P§P§F%e5°f5FaF5Fﬁ§%g a

phot ocat al yst -containing filmwhich not only has high photocatal ytic
activity, but i8°aF§ Yr?ggsfron1the occurrence of photocatal ytic
deterioration at the interface between 20 the organic substrate and the
phot ocat al yst-containing film Such nodified photocatal yst sol can be
obt ai ned_by subjecti th h a e i fied ab 0 ,a
nDdificaPion trgétneggemfﬁﬂsﬂg%???érgé%%ﬁgghg ?é)ngV%h%rggpgggn%oltﬁf%nium

oxide and the | Kepoll 2An8Paybdche NBLEE;LRAbNLRS LRy AT G G idamet er”

whi ch 59 is generall'y Indicated in the art in connection th the
conventional progdychs,af 5t PE&B%E%@&Q@@ driche1ll 8 dmtd) SO LRSS, the
di aneter of prirmary particles (1.e., crystal particles) and, thus) the
dianeter 5 of sgeondaky particles (i.e.) particles formed by aggregation of
primary particles) is not reflected in such "particle dianmeter" val ue
mentioned in the art. As nentioned above, the photocatal yst conposition of
t he present invention conprises the nodified photo 10 catalyst (A) and a

bi nder gonponento(B) THBi 6BmpEBRLH BAS adcpiraiyly §HOUWAYC RledioE AG et i1C AL
(BP) represented by the following formula (4): R pRRgXrS10~ d p g r) /2 ( 4
) 15 wherein: tbheabbveachhBteiaptisephstacphanylstgpaur)icded t(ed @reeach Rz
i ndependently represents a straight chain or branched Cl-C30 al kyl group) a
20 Cs-Czo cycl oalikghigmougide gasttiaileglst. chain or branched Cz- C3o al kenyl
group; the or each X independently represents a hydrogen atom a hydroxyl
group) a Cl-Czo al koxy group, a Cl-Czo acyl oxy group, an am noxy group, 25
a Cl-Czo oxine group or a halogen atom and 60 p, g and r satisfy the
foll owi ng rel at LdnshThs: cOompopitign gccoygding, to eny eng of dtemsp L+t + r)
< 4, angSO.OS sp/(p+q s 1

10 above, wherein the modifier compound {b) is an Si-H
group-containing silicon compound (bl) represented by

formula (9):

HyRyS10(4-x-y)/2 (9}
20
wherein:
the or each R independently represents a
straight chain or branched C;-Cs, alkyl group,
a Cs-Csp cycloalkyl group, a straight chain or

25 branched C;-Cjzy fluorcalkyl group, & straight



In the photocatal yst conposition of the present invention, the weight ratio

of nodified photocatal yst 10 (A) to binder conmponent (B) (i.e., (A/(B)

wei ght ra tio)

1/99 to 90/10. As exanples of phenyl group-containing silicones (BP)
represented by fornula (4) above, there can be 15 nentioned silicones

conprising at |east one siloxane |inkage st¥Bucture selected fromthe group

consisting of the structures respectively represented by the foll ow ing

f | 16), 17), 18 d. (19): R 20 -
RS o iy TR ehedh) 8RRk aabhet, hfo At

S0 SRER0 (16), 25
EREHdETARP + Soresent s a

phenyl group, a straight chain or branched - C30 al kyl agraoup.or a CS-Can
cycl oal kyl 10 group; Pgﬁ’ay 195 °¥8 - The él'??"cgﬁg Qxéfoﬁﬁﬁ“é r?% ﬁ%ye'ast one of

t he above-nenti oned
A silane derivative

eP&t €4°HPom e group consisting of a trifunctional

sil ane derivative re rgggn&egatﬁ{s%gg the! lfg»‘fggg:ti%‘g %ﬁ%gﬁ%n%r?%)s%:o?wl a

bi functi onal
5

10

15

20

25

silane derivati Ve Téepresenté oW n

0 < x < 4,
0 <y < 4, and

(x + y) = 4.

12. The composition according to item 11 above,
wherein the Si-H group-containing silicon compound (bl)
comprises at least one compound selected from the group
consisting of:

a mono Si-H group-containing silicon compound rep-

resented by formula (10):

H—Si—R® (10).

wherein each R® independently represents a
straight chain or branched C,-Ci;y alkyl group,
a straight chain or branched C;-Cj¢ alkenyl
group, a Cs-Cye cycloalkyl group, a straight
chain or branched C;-C;3; fluoroalkyl group, a
phenyl group or a siloxy group represented by

formula (13):

isin the range of from0.1/99.9 to 99/1, prefera bly from

§tructures can_he prepared) for exanple, 20 as foll ows.



62 R zSi Xz , and a tetrafunctional silane derivative represented by the
following formula: Si X4 5 wherein in each of the above-nentioned fornu |ae,
the or each R independently represents a phenyl group) a straight chain or
branched Cl1-C3o0 al kyl group or a CS-Czo cycl oal kyl group; and each X

i ndependently represents a 10 reactive gro f selected fromthe group con
sisting of hydrogen atom a hydroxyl group, Cl-Czo al koxy group, a Cl-Czo
acyl oxy group, an am noxy group, a G -Czo oxine group or a halogen atom 15

is subjected to partial hydralysi ation) thereby aining a
reacti on m xture containing § %,-{5'(159 “tgﬁgehsate of a si I(gﬁ derivative

nononer. |f desired, nof u,nctr or al_,si.l ane d ive represented by the
formul a R 3Si X (wher ei nnghﬁ‘c‘?? e knﬁgpgsl%?ﬁ\éggfr h&d Tor the fornul ae

above) and/or an al cohol ) [,z |on ter y be added to
i i qﬁﬁs Qﬁ lr?el"‘cltact O%rgﬂlsa%er@

t he reaction m xture. par |aI con a silane

derivative nonomer has ﬁg%la gégﬁgd ngf° Eg&?b%ﬁt Qf 100 to 100, 000,

preferably 400 to 50, 00 ration curve obtai ned

with re 563 spect to s q%rdapcgttls%l)t% £ & g dpr producing a

silicone usabl e as bind nponen |n the present I nvention, there can
be nmentioned, for exanple td'tgﬂ: s 494 H519€r u hou no kagaku
(Sci ence of sol - gel procéss)m'nﬁ(%L ut hor: Sumo éakka pubilj“zrJ shed by Agne Shofu
Publ i shing Inc., Japan, dl'ga &3 vAMRKEd he -oNE M x S PL RgE&RS ai ni ng

by fo

silicones (BP) represent rmula (4) above, preferred is a sili 10

cone which contains a | ddey pHd4el WS PrAsen etk o foivager (16) above in
an anount of 10 nol $ or nore, preferably 40 nol ~ or nore. The use of such

silicone for producing the fhalncaldldsteromashiipn ios <advant agenus in
that a filmprepared fromthe photocatal yst 15 conposition has excell ent

propertilms W th respect tgpdardness, heat resistance) weatherability,
staining re sistance, chemi cal resistance and the |ike. Anong the | adder

structures represent ed diyl fermdanicifi)d altareing fphehydroepisient shotict ur e
(i.e.) a ladder structure rep 20 resented by formula (16) in which each R
represents a phemdmigraiup)therashHecraptesemeddrbeddomulapt bVing t he
above-nentioned properties of a film produced fromthe photocatal yst
conposition. Such a | adder structure can be confirnmed, for exanple) by the
presence of two ab 25 sorption peaks ascribed to siloxane |inkages in an IR
64 spectrum of a silicone) WiéREISEQhe SiRikHare observed 1) around 1040
cml and 1160 cm1 (see J. F. Brown. Jr. et al., J. Am Chem Soc.) Vol.
82, 61941§1960)). In the present inventi on, it is necessary that the 5
phenyI group-containing silicagne (BP) represented by for rruI a (4) above
contain a Ph-Si i nké‘ﬂ'@’{%fer%%r A SPR Sy @p’rfgs‘@ﬁ][ AL eyl ; "and

n is an integer which satisfies the formula: 0 = n
< 1000, and
an H silicone represented by formula (12):

20

(R®HS10),(R*;S10)(R?3810:,2)¢ (12)

wherein:
R® is as defined for formula (10); and

25 a is an integer of 1 or more, b is an integer of O



As expl ai ned above, in the photocatal yst conposition of the present

i nvention, nodified photocatalyst 10 (A), which is obtained by a

nodi fication treatnent with nodifier conpound (b) conprising a structura
unit having a very small surface energy (i.e., a structural unit
represented by any of fornmulae (1) to (3))). is used in conbination with

bi nder conponent (B) which 15 conprises a enyl group-containing silicone
(BP) hav ing a surface energy larger than that of nodified photocatal yst
(A). By virtue of the_use_of such_a_bi.nder cqnponent, t hot ocat al yst
conposition of the p?ﬁs@ﬂfe?neﬁﬁtﬁoﬁngxgiBFt§g%Yé§$F-§FH§P%ﬁﬁ3uf%ﬁaéelf 20
-gradating property wth ﬁespe t to the distribution of nodified

phot ocatal yst (A). | h*PR&2pPesedt *i Rvedt i8R O n8 e PmlBs@ Prsdra™yi ng or
self-gradating properiy” is defin as, fol.l ows. .\Wien the photocat al yst
conposition of the p?fééléﬁ%ﬁi ‘H@%ﬁt i?gn"Li E)f ormsd Lo ox iolflronr}ororzg'oarés/haped

article, during the piL.n f h | 0 it o e
nodi fi ed photocatalyéﬁapgr?igreéngAﬁ g%3§%§%8h8?§§§%§%§s q@b 3§??¥5ﬁhare
aut ononogsly distrib a u e _havi,ng.;a .C a0
gradientyof t he nndi??gg %E%égég%éléép %gg iglesF'St%ﬁegg%ﬁﬂtcgﬁgh?%%onnus
di stribution occurs } r C it opgLties ;( jally
hydrophilicity or hy%?gp % ié??@)ggf aEEE?$§@§ %gﬁ%gc%ﬁﬁg§%$ﬁ§Til m or the
shaped article. Such ability of the photocatal yst conposition to forma
concentration gradient of the nodi 10 fied photocatal yst particles (A) is
called the "seli3;strgpéi Eymposotist! beabadahigngoPapRebng’ o2f iftts 1 to
phot ocat al yst conposition. The above-nentioned self-stratifying or self
-gradating propeetybbsel, RALERDEAYthRe vompefisaspRemdsikd group-contai ni ng
silicone (BP) having a | arge surface energy. Specifically, the
self-stratifying or self -gradating property of the photocatal yst
conposition can be exhibited by the use of a phenyl group -containing
silicone (BP) represtntedobyosbdtivhaatédpria@nagbave anlyi ohec oft ditemsa pheny|
group (R1) in an amobunt of at least 5 nold) based on the total nolar anount
of phenyl groups} @Bdyeanwhdtheissabstiltuent groups) (RZ) (hereinafter,
this total nolar anmount is referred to as "R + RZ value")) wherein the or
each RZ independ 25 ently represents a straight chain or branched Cl-C3o al
66 kyl group, a CS-Cao cycl oal kyl group or a straight chain or branched
CZ- G o al kenyl 3P oupThahecmpoeétion pheaydigoolip- ddemaildi wypoviel.i sdvieh BP)
to inpart the self-stratifying or self-gradating 5 property to the
phot ocat &l yst chbFpdRLsPBROPEC WétBaseEPRR tadSotden 8d shitifpudd am@fedde i n
t he nol ar anmount of fhenyl grougsﬁ (R1), relative to the RL + RZ val ue.
Therefore, it iBOQtetedrBROERGSRERRESHhBAYEIGASS (AdontRieTiedd dihe e (BP)
used as bi nder congonent (Bé 10 contai_ns _phenyl roug§) %R%)_in an anount
of at least 10 AOPOF2hbPR QHvERCaGEBhERGIaPPPERSRAGY RS PR tGYES ot
advant ageously at least 50 nmol ~, based on the Rl _+ RZ value. The en
group-contaimrﬂf%ﬁ??ﬁ%ﬂegfgﬁ)°8§h?3??§°f5°§x%@9lgﬁgma&ﬁ&§é§1ﬁh? i C
substrates (suc rgapi g, resins), and the siloxane |inkage (-O Si-)
whi ch constitut%%gfﬁges glg?%n o't he phenyl group-containing silicone (BP)
is insuggeptible to the oxidative deconposition by the photocatal ytic
activity. Therefore) a 20 functional conposite obtained by coating on a
substrate the to I Pt .the.pr nt, .L.nyenti nq .a
shaped articlepgﬁia?%%% %?%%??ﬂggg O%gggggﬁ§gtt?o%%%s%?%oﬁ%o?t%ﬁg grggént
invention have pxcghbedt WwRatheisnd tRapehanceic3r.For the photocatal yst

t

conposition of the presen

17. The composition according to item 16 above, which

25 is anisotropic with respect to the distribution of the



67 invention to nore effectively exhibit the self -stratifying or

sel f-gradating property, it is nore advantageous that the phenyl
group-containing silicone (BP) used as binder conponent (B) is a phenyl
group 5 -containing silicone, containing no alkyl group, which is
designated as "BP1" and represented by the following fornula (5):
RisXtSiO-g s t)/z ( 5) 10 wherein: the or ¥ach R1 represents a phenyl
group; the or each X independently represents a hydrogen atom a hydroxyl
group) a Cl-Cza_gl y A5 .gr.oup, Cl- Czq .acyl oxy, grou an. am.nox roup,
a Cl-Czo oxine 61?) c?ft}gﬂc?rdlfr%aﬁoc%écr?alé’t%tmpafﬁcdu}s/lefna( ptg) ’simeﬁeg}rf H&'q o%"gw ng
rel ati onshi ps: < . 2 s t A . an < (s*+1t) <4.lt is
preferred that %er?&zcra%clgbr?pg%e%the( &Oﬁﬁa%rﬁ%cgrpq‘cogrﬁ)cré}tsaelsy se{:)n paa}l-I&JICles (&)

gr oup- cont ai ni n J. ] e rep . I by bel.ow nent . i.on
formula (6j, si %’(I:%l,ljela%%% g(é% ﬁgﬁ%gé'égl,erte;’g&l dorﬁ foofi #glc? fsrhoarﬁefr%eartolgfe
phot ocat al yst CQuRasid I SeYelcks 2 ifld SaUPRAIAR W L Tespect to
filmfoam ng property,thar néss, heat resistance, staining resistance,
chem cal gesistance and the like. 5 Re"X~-SiO~q_"_~,)/z ( 6 ) wherein: the
or each Rz independently represents a 10 straight chain or branched Cl-C3o

al kyl group) a @%- Czeneyehbapblyt 19H0HWecord ngf 3 q&tenpuaia%oq;e,bmg%ﬁd

Cz- C30 al kenyl group; the or each X independéntly represents a hydrogen

atom a hydroxyli sgaO¥R 1nA whkchZ Badl K0Xh ok 0 s &p dokrtGah AR oup,
an am noxy group) a Cl-Cze oxine group or a halogen atom and a and v

satisfy the fol kawhngeslediti @0ShinRS ph@ny12 grchp 2ok aS My bildkbdk < (U +
v) < 4. \Wen binder conponent (B) is a m xture of the phenyl '

gr oup- cont ai ni NngB¥)| aadnNe&heBR1kylogiraupi-kRP G idliny sgNAWdseMisAy J s
represented by fornula (5) above) 25 and the al kyl group-containing
siliconé0(BA) (which is 69 represented by formula (6) above), it is
preferred that the phenyl group-containing silicone (BPl) containing no
al kyl group andlfhe &Ehkykogposptdont aceomdisig itoorideffBAB ab®wvesedhiich
amounts such that the (BPl)/(BA)

is anisotropic with respect to the distribution of the

modified photocatalyst particles (A), wherein the con-

centration of the modified photocatalyst particles (A)

15 increases from one surface of the f£ilm toward the other

surface of the film.

20. The composition according to item 4 above, which
is a shaped article which has a microphase separation
20 structure with respect to the phenyl group-containing
silicone (BP) and the alkyl group-containing silicone

(BA).

21. The composition according to item 20 above, which

25 is anisotropic with respect to the distribution of the



5 weight ratio is 5/95 to 95/5, preferably 30/70 to 90/10. When a filmis
formed from a photocatal yst conposition of the present invention which
contai ns such a binder conponent (B), the filmhas a structure in which the
nodi fi ed photocatal yst particles (A) are dispersed in a 10 binder conprised
of a m crophase separation formof a m xture of the phenyl group-containing
silicone (BP1l) containing no al kyl group and t he al kyl group-contai ni ng
silicone (BA), and such a filmexhibits excellent weathering resistance for
a long period of

ipme. .15 1t is _preferred. that e of .t he .phenyl group
cont 9i hi ng s | PEBbLEAPRPOCRRIPIVEG RETATETE Al LRI Sy o
group-contai ni ng_si licone A) . whi ch .are .used_.as hinder c t. ( has a
wei ght aver age P%Eﬁl&?nwéggﬁPeiW°§ﬁ%lF§n §°§PCFT8#¥f60p%%Q%8§%ﬁbf%QDre 20
advant ageously from t 0 il re .advant e I r 7 to
4,000, as neasu%ggrggg%ﬁcgﬁgphggg ég |Erggfgﬁ%%h?&é%o%t%%%g§i#%€?¥%g%ect
to standard pol nes. C h - lnaned silicones used
as bi nder conpo%éﬁ%gﬁBﬁﬁﬁagﬁg%ﬁgﬁeQEPEPEZ%h%ggéﬁﬁgﬁﬁE?%E above-nmenti oned
range, tRe mcrophase ~0 separation structure of the binder conponent (B)
beconmes nore remarkable. Herein) the term"m crophase separation” used with
respect to the phenvh ghaLRIcABLALBRBsSE EORB-ABRRL 3 GO0 5y al kY|
group and to the al kyl group -containing silicone (BA) means that the above
-mentioned siligopesmeXiirhicls dnPRARE sBRFAON tHeAl 1k MR & the
silicone is present in the formof domains each having a size in the range
of from1l nm tgohBosiliBn REehekaking bromtbhsnnB tio 18 ko3, nore
preferably from 10 nnB to 0.001 Eun3. It is nore preferred that the al kyl
group -containing silicone (BA) (to be mxed with the phenyl
group-contai ning silicone (BPl) containing no al kyl 15 group) conprises a
nmonooxydpor ganogsl. an®henfuncbiohepnr esapoed thy alceondiag( To dredm 22
di oxyorganosilane unit (T) represented by fornula (S): -(R22Si0)- (7) 20
wherei n each RZabndepewtiemeliy tipr €idnt 4 sa astirsaitgiop ichaiirtho rdspewtha
Cl- C30 al kyl group, a Cs-Czo cycloal kyl group or a straight chain or
branched Cz- C3othkkdnglitrgbusponand 2He mptlified $hoDocat@lyst @arts.-wherein
RZ is as defined for fornmula (7), wherein the nonooxydi organosil ane unit
(D) and the di og}esgéAdsi Wasgedni ttheT compeniaalded iof fdleamegiduiimd such
that the nolar ratio of the nonooxydi organosilane unit (D) to the
di oxyor ganosi | apbotipretetysti partirdesD)A)Tinesleasesatinem i surfare rafhge
of from 100/0 to 5/95) preferably from90/10 to 10/90. Thi's nore preferred
f orm of 1Phe photBeafalyisWhdehpsontiasts $hgdrahsddadss Haramshtthen&tdean be

obtained an increase in the stress relaxation effect of the m crophase
separ a exposed surface of the film.

24. A functional composite comprising a substrate and
a £ilm formed on the substrate, the film comprising the
20 composition of item 4 above and having a microphase
separation structure with respect to the phenyl group
-containing silicone (BP) and the alkyl group

-containing silicone (BA).

25 25. The functional composite according to item 24



15 tion state of the phenyl group-containing silicone (BP1l) containing no
al kyl group and the al kyl group -containing silicone (BA), thereby

i nproving the cracking resistance of the filmforned fromthe photocatal yst
conposition of the present invention. As a result) 20 the filmexhibits
excel l ent weathering resistance. Binder cogsonent (B) used in the

phot ocat al yst conposition of the present ention may be in any of a
solution formin a solvent, a dispersion formin a soI vent and a liquid or

solid forn1mnthogt a SOL¥ﬁ§55h€ﬁ$|9§§%uﬁ hg%ogg&gg RQBO§E%B%@tOE o he

present ~z in% ﬂY?o con a|n|n i cone

represent ed by Lormyl 8. L. 0oy CoER¥ng By £00, ﬁx%o@an:fa_ Gy Bagtiaup

(i.e., "X"inf er e Vi ornt o ining a film

or shaped arti 5 C' e@@;} e ExEe! LA cRRABRELLES ol b rtﬁ%pﬁ%ltfaeﬁard ness,

heat resistanceSltfe SFstance, ura ity and the like) it is

DT 0 hnat bE:BBRDNA, OEOBR- £ GRTLE! PROsALELERRS €2B s b R e

group X (that s p In formula r satisfies 10 the

relationghlp 0 %hé)fler&H%é? EBhthhesSRAR LRBEQRaRE %%%%&%n%@ea@Qﬂérlt is

preferred that rn fornul a satisfies the relationship 0 <t, and that

in formla (6)), e¥ 8@&&8Eh§§aéaeofekﬂ&l@mimlp 0 <v. In the photocatalyst
conmposi tion of t g present 15 invention) when the reactive group (i.e., "X

in for nmula (4)) of the phenyl group-containing silicone (BP) is a hydroxyl
group and/or a hydrol yzabl e group) a conventional hydrolysis catalyst or
curing catalyst may pddgdnbeibhie PhRENpregeaUpia@BhRLBINNG sSideisecai®e@BR) i n
20 an anount of fromO0.01 to 20 ~ by weight, preferably fromO0.1 to 5 ~ by
wei ght, based ogetheiwei ght of the phenyl group-containing silicone (BP).
As a conventional hydrolysis catalyst, preferred are acidic conpounds (such
as hydragen hal i des, Tear hodi2be§ll photocdsadydtsphirdricd esci(dg) usasi dirc or
weakly acidic 73 inorganic salts; and solid acids (such ion exchange
resins). The anehat pebsthe hydenltisinsarat arppared byefseraisioting e tiange
of fromO0.001 to 5 noles per nole of the hydrolyzable group bonded to
silicon atonms. BlEzanpl espbbtocatredystndl)cioi @y megiflipatsi amdusRmsdst ¢
conmpounds, such as sodi um hydroxi de, potassi um hydroxi de, sodlun1nethylate)
sodi um acet at e, wi.thr atredlbpsanmosi meddELeT @@n@wmdem%qm AR m

hydr oxi de; am ne conpounds, such as tributyl am ne, diazabi
In the present invention, the ‘term modlficatlon

15 (of particles of a photocatalyst)” means "“immobiliza-
tion of the below-mentioned at least one modifier com-
pound (b) on the surface of particles of a photocata-
lyst (a)”. It is considered that the above-mentioned
immobilization of the modifier compound (b) on the sur-

20 face of particles of a photocatalyst {(a) is achieved by
van der Waals force (physical adsorption), Coulomb
force or chemical bonding. Especially when the modifi-
cation is achieved by chemical bonding, the interaction
between the modifier compound and the photocatalyst ad-

25 vantageously becomes strong, so that the modifier com-



10 cycl oundecene, ethylene diam ne, diethylene triam ne, an ethanol am ne,
y-am nopropyl tri met hoxysi |l ane and

y-(2-am noet hyl ) -am nopropyl tri met hoxysi |l ane; titanium conpounds, such as
tetrai sopropyl titanate and tetrabutyl titanate; al um num conpounds, such
as alum num 15 triisopropoxide, alum num a gtylacetonate, al um num
perchlorate and al um num chloride; tin cong unds) such as tin

acetyl acetonate, dibutyltin octylate and dibutyltin dilaurate;

met al - cont ai ni ng_conpound such_as_cobalt . ate, b t onat e
and iron 20 aceﬁ??%gEFﬁﬂaSé;Sgﬁanggyd%@%gé%%géﬁgs%ﬁsEgﬁ %gEg%%Epﬁgfﬁgkécid)
nitric acid, phthalic acid,.p-tolue ul f.oni id a i tic
acid. In the ph%?%£8?3?§s¥9Eoﬁﬁggﬁfggﬁ'ofﬁ?%%eggggén¥gi%%eg?%g%?ﬁg en the

phenyl group- cophaining SLki 2908 28a( BB) ALEREERENGE] iknfieMllBrialhbove
74 group, it1Sp |

contains an Si- , referred that crosslinking agent,

such as a nultifunctﬁg&@héggﬁggxkhgggpagggyﬁkg ggggdagophg%oggkggggq (BP)

in an anount such tha enyl group of the crosslinking
agent 1s50.01 tp,2 Ene Hb‘@ksghﬁt IRLen2dyantagaedsl ¥id,1 kAol sewiwvgl ent,
per equi val ent o? the Si-H group of the silicone. Wth respect to the

mul ti functi onal cakkegyb  CORPOURM st NBRe 103, NRaPEO] | BB, J,) NkiMbO.LN as | ong
as the al kenyl grolp of ‘the hultifunctional alkenyl conpound reacts 10 with
the Si-H group g, d.he e bl COfg,d,0 Khesaby,op! onos £ 4, cwii,09, ABivhe bi nder
conmponent. In general, an al kenyl group-containing silicone having a

Cz- C30 nonoval eptoungatal aged, hydsocarirm, grem) Ceochaad Tawilnyl Foreup, an
allyl group or a hexenyl group) is used as a 15 multifunctional alkenyl
conpound. | n adghéiroBxahplepr @fDphoG olcat algatisi dmdletdee dranteld &8i -dxkigiesup of
the silicone and the nultifunctional al kenyl compound, a catal yst may be
used i n1an anouabnobihiam htt aehB0@hepphmemendt erdgoted dnom ttdel QBOIHpmM
20 based on the total anount of the phenyl group -containing silicone (BP)
and the nul tifuocohkdsalkingl k&N ,cdipoad ands Vs sieecatfainy steamplient iURAH gr oup
met al - cont ai ning catal ysts) i.e., conpounds of ruthenium rhodiun)
pal | adi um osni aminedi dapanes epPattienimAPP ldica tdgn diid-Qpen RROIHIEA T num
conmpounds and palla 75 5 10 15 20 25 di um conpounds are preferred. .
Exanpl es of suchiphalNesunShomsduridd Si2rc MHede 2011333 b HOL chi 37, HBAr ogen
tetrachl oroplatinate(ll), platinun(lV) chloride, hydrogen i
hexachl or opl at i BaB87PY)) Hedndmidd®Mex de S-EN8H 'né’(eé( %D%g%q]a'sslﬁﬂng"
hexachl oropl ati nate(1V), platinun(ll) hydroxide). platinungl di oxj de
di chl or 8fdi cycl 8ﬁéﬁ%édi Byl L9206 A@nd Hed &Oaﬂ%“dvﬁi d r{y’r‘;/ﬁ')‘r%%‘née"l’éd
conpl ex, a platinum phosphine conplex, a platinumolefin co ex_and
metal |ic plati nbifaRpaPerxife d9S% fiok ieﬁiﬁﬂqlse'usug}?’%q Jf%?%?%%% %

acti vat ed car hoagPAEnePPIRE= EeR e SR s iR T he |
tal ysts f [ th ti. t | t ili

and the. mul 1 £ URGBPGRaN HRESTHEUpbuT Thel S S 1o ot 40 or de,

amroni um chi or ot steaan aRal LAGAL S -{dday anh PRI A H(§ddr B4 ona e o

pl ati num group -cont'dining catalyst 1s generally used in an anount of

froms b 1,000,8P8Y,Ra%8d c0+ 1AL LAR A2 0F ATP, Sodt 0529iPsgOaki Ni Ng

silicone and the nultifunctional alkenyl conpound; however) the anount of

the catal yst cappie _3pRiHaphiathald Fhanged depandag v theadtanrtoxidy, cost
and desired curing rate. If desired) a catalyst inhibitor, such as an

organi ¢ nitrogepnheRARd v Ak OGN Gadhas Rhefdin COPREEh O t 2famLeny| ene
conpound, 76
oxide (see, for example, Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. 2001-212457 (cor-

25 responding to EP 1125636)). In addition, oxynitride



may be used to suppress the catalytic activity of the platinum group

net al - contai ning catal yst and extend the pot |ife of the photocatal yst
conposition. Furthernore, if desired, resin (E) may be added to 5 the

phot ocat al yst conposition of the present invention in an anount such that
the weight ratio of nodified photocatalyst (A) to resin (E) (i.e.) (A/(E
weight ratio) is in the range of fromO0.1/9 %9 to 99/ 1) preferably from
1/99 to 90/10. 10 Any synthetic resin and any natural resin nmay be used as

F espect Eio‘ Phéhﬁsﬁﬁﬁéﬁﬁ o1 Haee) agpﬁsbé: °§aﬂao%»2n¢%ﬁ$§% i rﬁ“tarttt S%f %Resi n
£ .
(E) may be int Sﬁ%aég%cont |n|qg?£g%§% ¥gﬁno£s& sgﬁ §s SH %t orm a

powder formor a or i on or sﬁeFS|on

h f | | d
hoot Cour anl o rostRl ne [ASHARERERbLS, FoRLEA AL B“c@%‘talﬁt“c”fsragirb%%s%%?en)
may be used as t@ﬁesgoxsmgs%agngghmth tt,ﬁ 'bﬁﬁltgf.:atgﬁ '1fc' Gcts %'Tﬁlye%y‘)f

synthetic resins-use include“an™acrylic r acrylic

resin, a gluoror$§gg 18”1§éﬁ¥d EEQ Qat@gnanlnoalkyd resin, a V|nyI resin, a
polyester resin) B Styr uta fene resin, a polyolefln resin, a pon

styrene resin) a pol yé@iﬁ?ﬂefuffq] %xafapxegt de Fﬁ%'tha%a@?ls)E%a&B%ﬂ.%b%
resin, a polyacetal resin, a poly et her one resin, a polyphenyl ene

oxide resin, a thMﬁH{:é@EQyé%é' Bi)talaehyeyeayheraﬁoauhhomlrcelslart, 12aEt
pol yether resin, a polyvinyl chloride resin, a polyvinylidene chloride

resin, a urea reéh@)mémﬁ@?”@élé@%bﬂ)f@oﬁEEﬁE‘@Qoﬁ cBnsaR tAP@X O afithlA
ur et hane resin, a silicone-acrylic resin and a silicone resin. Specific
exanpl es of natupal ppY! ¥AEI Rui, NRbydeucebn]OnNliukage Feeainds oxddels ahereof
nitrocel | ul ose; isoprene resins, such as a natural rubber; protein resins,
such as gasein; @apdag@adcho 48 LmmbbilEredsed ithet Abdopeeesemplifeeid on,
preferred is a polynmer having a silyl group at the term 15 nal(s) of a
mai n chai n t her ephotadadbalynta:sadd ohaitpshthiigsest obiladneidn bvhecsitiylg
group contains a silicon atom havi ng bonded thereto a hydroxyl group and/or
at | east one hydtbéyakbire-gremplié€liedt potoemtaAy sdicomwd thopoirsuisngadi- a
Cl- Czo al koxy group, an enoxy 20 group, a Cl-Czo acyl oxy group, an am noxy
group, a Cl-Czo exiumephgpenbatisdoxn Mhkoddheatsee Snekamnipeidy d@paness ef erred
because it is relatively insusceptible to deconposition by the action of
t he phot ocat al ysPatentt Appkdratipor LiadkdrOPeRg SPeeificatdes M&Né@ﬂOﬁQﬁS
resi stance and hydrophilicity of a filmproduced from_ -~a
phot ocat 4Pyst coRpbéspéi bEPrEREPEPELNTGctes Uof -a FageRnt &a-dé - Jsﬁfbtﬁ% B} ca,
al um na, zirconiumoxide, antinony_oxide or a rare earth neé oxide, in
the form of a powder ®f &hese, CﬁEQlﬁétéddgdotO(YheaﬁhBToeﬁt Pis?SSPre’
conposi tion. Fbmever the m croparticles of net es are capabl e of
By e Bee

functioning as atBFhadr PPFRESE Hepaéoﬁﬁoﬁgﬁﬁc t
i nvention. SpeC|f call pho ocatal¥ art|

mcroparticles of ﬁ@fﬁ¥10§t8§§& 335 PE5Ge? ?WPhg igpF%eX|biﬁiP§
., Tl t d f fil
brifeie  Therorofbum; pRrae PRyERAS. HSE ¢ hté‘%%%{%)aﬁeo Sibss ESRSARR

amount sygh that ohgept 8&@@ gelgnb of 1AL § ﬁt%ﬂtatae;tm( Abngndst he
nmet al oxi de contalne m"( or article ormed fromthe
photocat al yst cogpgs s°f tQXa\Pﬁ'ugthtoﬁrdel R RASLEAN dd G ght - of
the film (or shape i VEE ﬁere is no particular Timtation with

respect to the forntoitthg g?@k@%ﬁhﬁ'¥§%tcQKBO%E&bQﬁlobd¥¥ideEd%&ﬁ%%&r

i nvention, and the photocatal yst conposition nmay be in the form containing

no sol vent (i.e.) 91%599'QaQElﬁléohh@heQ%ﬂ]nthQhkp@ﬁdﬂbd%ﬂﬂﬁﬁﬁﬁSuﬂn or
suspensi on thereo? in a solvent. Exanples of solvents used for dispersing

or sus 25 pendi ngrhie1phgt 268t aly S hot@MRAYhiteyedusiie fFdsantto 50 nm.

25 In the present invention, the form in which the



79 invention include water: alcohols, such as ethylene glycol) butyl

cel | osol ve, n-propanol, isopropanol, n-butanol) ethanol and nethanol;
aromati ¢ hydrocarbons, such as toluene and xyl ene; aliphatic hydrocarbons,
5 such as hexane, cycl ohexane and heptane; esters, such as ethyl acetate
and n-butyl acetate; ketones) such as acetone) nethyl ethyl ketone and

nmet hyl 1sobutyl ketone; ethers, such as teﬁﬁahydrofuran and di oxane;

am des, such as di net hyl acet am de and di net hyl form 10 ami de; hal ogenat ed

ds, h hl f t hyl hl or.i d d t.et hl orid

ooyl sul f oxPABESHRE aFBEolbenDEn S DAREEE Ly it Ty it
i ndi vi dual | i nbi nat i on. t.h t t al yst iti f th
IpEe%\e“nt:iF ?’?%ﬁ'ﬂ-‘?aﬁf%fg'tﬂgéégtghVgﬁ%ﬁﬁ p?&éﬁf’% 3{@5%&?2%%' n%gt the

ot ocat al yst conmmosi.ti.on. o resent. .inventian..s in 4he formaof. a
gi sper si onyor sﬂgg&%&FSnPPHEPESEaﬁX sgc gc%l)verﬂ .exﬂ%‘e% ad® éofc'lejts‘r‘tr)eeIrglon

hot t al t Lti to t.he.saol . i i 20
o Ta gener al PYBERICEE " 3Rg8 &1 SP-Eknish oYy MaSBPD 20,
fromo 1sto 70 #R% 4BhaAN ) bl EHED 2LyhBENEOLEIRLERRESNL1 40 8RN - 5%y ( De

phot ocat al yst conposition) i spersSion or suspension. nmet hods for

breparing a di spELSLAREALSUSHER-AT Y O Phd N daNOILE AhRlysla GOPOSI L i On,

there can be ao nentioned"t owi ng nethods Oto™: a nmethod 1 n

whi ch a_di sper sign.gr ;3UzaeaskioR Ol Hirkf RN NSty 14 ddie.

above-nenti oned so is mxed wth a dispersion or suspension of binder

5 conponent (B) tjpet Be aRewarYyeRLIrened e30lMRN tse BridiBt Rt 1 1E A a
di spersion or suspension of nodified photocatalyst (A in the

above- ment i onedngfbeyeliversigli pastwidile lHiRGRItZOMPONAY B)ot Mdde. f anm
containing no solvent; 10 O a nethod in which a dispersion or suspension of

bi nder gonponenthéBpriegehlkte iakheve-iment ifared 30 waRiwiEint xeftl pvdduaid f i ed

phot ocatal yst (A) in the formcon taining no solvent; and a nmethod in

whi ch a m xt ur eaotrandphired tpiatlem ¥roattiley 3ithdtAcatred v th deympestpionent  ( B)

is mxed with the above-nenti oned sol vent. Anong the above-nenti oned

exanpl es of net bonpriedingr apawidid iz dipdpdraiadmlysts UFpermidhra dfiinder

phot ocata | yst conposition, methods O and D are preferred be 20 cause there

can be obt ai nedcempoaenitg (Bjerdewlirdlpegk below), it 1s especially pre-
ferred that the photocatalyst particles prior to the

15 modification treatment have a number average particle
diameter of 100 nm or less. It is more preferred that
the photocatalyst particles prior to the modification
treatment have a number average particle diameter of 3
to 80 nm, more advantageously 3 to 50 nm.

20 In the present invention, for the below-mentioned
reason, it is preferred that the photocatalyst 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 comprised of mi-

25 croparticles, single crystal particles (primary parti-



hi bits excellent dispersion of nodified photocatal yst (A). Wen the

phot ocat al yst conposition of the present invention is used as a coating
agent) the photocatal yst 25 conposition conprises nodified photocatal yst
(A, 81 bi nder conponent (B) and, optionally, a solvent. Alternatively,

t he phot ocatal yst conposition used as a coating agent may further conprises
coating resin conposition (E1) in an anmount?’such that the wei ght ratio 5 of
nodi fi ed photocatal yst (A) to coating resin conposi tion (E1) ((A/(E1)

wei ght ratio) is_in the range of from1/99 to 99@;, r ef er apl froq%%0/90
to 90/10. Wth Fd&5dcPTeo SEERPEY PSR IR | &?“FI?BC,M& e 8% 1o

particular limtation)_and any conventi onal coat&%3 ingﬁrg;in coq?osition
may be used. Ex&tfffes [&HSc GHESAGYr BsiOh S $i% i99n S FWFE S Bi9PHa nt, a

| , | t t theti i_n.paint, het i [
pai nt (such as SHeSniS O BynBopa FETRHE M aqdboqs TEERnoLPBaCHATED)
- sol t t . 15 theti i ai_nt e
o7 gani ¢ pa hEIRARIER 9B BT SECLREN PR PR R FriP SRaret al ysi
A)) Dbi B, ' I I ' '
Fetl n compost {1 BALCRE iy BY HOREE-Yboether By ARy BondoRlFSRr CanRads.

20 but it is prefgrred that .t S,Sn;)é,:ar}%iiig}e%r&%ra@{r&% ?/%’[S%(A P b i does

not |ower the di'spérsibilTity o phot oc (e.g., a nethod

uni ch empl oys a aadi bed BILOCALALY 3 S8l pylindlSs ks dile £HTPONS T or

the photocatal yst conposition nay be honpge "25 nousl’y m xed together by
usi ng copventlogghtnkﬁﬁr%u&@%ce 8% opleSRald NG A 1GRA M AGMRASH i Olks SUCh as
a ball mlIl, a paint shaker, a sang mll, ajet mll, a three-roll mll and

a kneader. Furthah, vef odeeidiade13ddithinMesdenenakrk¥oadded moasraeaventi onal
coating conpositions may be chosen accord ing to various purposes and added

to the plhotocat hytloca@mesitt isen bl e d PHtdtalPEES @f-
these additives include a pignent, a filler, a disperser, a |light

stabilizer, a watibing agentonly ighiodk diGpeieriorn Jtealltgyy comd rgddd ng agent,
an antifoam ng agent, a plasticizer, a filmformng assistant, a rust
preventive agentila-dpamingdpedpetatiese bartd dllee [vameioSudhiraddidnaes can be
used individually or in conmbina tion. 15 In the photocatal yst conposition
of the present iTineephiodrcartadiyisitedojhatsechtial yidte paraseg] tesinssak sen niogli f i ed
phot ocatal yst (A) are nodified wth nodifier conmpound (b) having a very | ow
surface energy. aBdispemsdonf cfh@hedecatadwst mak thiakephat owatier yanrd (99)
the 20 photocatal yst conposition of the present invention which conprises

modi f i edSphot oc&naloysanis) saddepitndstheg@®iporidt IR tasiRli s thPpyrelsles
group-containing silicone (BP), exhibits a self-stratifying or self
-gradating prop@®ey Presentedpedhe ot ofi REFIMMFY RIS RPMRE f i ed

phot ocat al yst particles (A). Herein, as ) . )
secondary particles in the dispersion medium, and the

solids content of the dispersion is 0.01 to 70 % by
weight, preferably 0.1 to 50 % by weight.

20 In the present invention, the "solids content” in
terms of % by weight is the percentage of the weight of
nonvolatile component(s) remaining after heating the
dispersion or suspension in air at about 120 °C for 2
hours or more to thereby dry the dispersijion or suspen-

25 sion, based on the weight of the dispersion or suspen-



83 descri bed above, the term"self-stratifying or self -gradating property"
is defined as a property that, when the photocatal yst conposition of the
present invention is shaped into a filmor shaped article, during 5 the
shapi ng of the photocatal yst conposition, the nodi fied photocatal yst
particles (A) in the photocatal yst conposition are autononously distributed
to forma structure having a concentration3§radient of the nodified

phot ocat al yst particles, wherein the autononous 10 distribution occurs in
accordance with the grggertges ﬁespecially hydrophilicity and

hydr ophobi ci ty) S6PPaP&§hPFEc 828t dcting the fil mor shaped article. When

th [ di ff [ h ti ial l 14,6

hyar ophob ci 1y) as. bEFRRERSESOENBLPP P RCor COREREd SFPCE b tad He Rl hee
which is i i.t.h fil ! d ' t |
gradient i 5 for RolPPYCRREBEIRRCE RCTRET SuRorar e ST for ansr rer
Specifically, t [ i f] At oG tigl A
Forme . gr adh enBoIBON oBPENE SOPRSEE P LG T Ko TR Rar dir face |

of Lhe Thlmor 2p@tafbdn! thAlhNand il nRdldil O ind % ShARKSLA LSS £

toward the surface of the shaped article. For exanple, when a photocatal yst

conposi tion haviggnt hg %ts%%yge%iaome%@;f Sl 0l Y foddtord,

-gradating property I's coated on a substrate to thereby 84 obtain a film
the obtained filkpLRagsanskankl,§ 9d10heH=3dAlRE Hptdnl 2 ddravs chelidie

nodi fi ed photocatal yst particles have a concentration gradient in the

thi cknesswi se dhkegth@l akelthtel an@ nWRItSHN dd DNcatends | | suciofas he
nodi fi ed photocatal yst particles increases froma surface of the filmwhich
contacts the subgktahe,! seanheg 1t ke hgihedeto@ypesrll matiic el sxfbutel fkém whi ch
is not in contact with the substrate (e.g., toward the surface of the film
whi ch i goexposedohe ;t Behaids),. sehlGst e tidamsydiifired dnd ndicoxgpreyement in
t he photo catalyst activity and hydrophilicity of the filmis ex hibited
when t he rel ati vé@espdisfichd agh dioeathyllyste teonitdentand . d&ime thet b oxreamide ;
concentration of the nodified photocatalyst) in the surface portion on the
exposed 15 surf hedogiege compomadsi.| muabhiash dlslamfanm corethylene chhe-
substrate) is 120 or nore) relative to the concentration value_100 of the
nmodi fi ed phot ocatidey emdofcarfreni@iteadhlnride § Aimethsrkadl §oraide hea@| ati ve
concentration of the nodified photocatal yst particles (A) in 20 the surface
portion on the aifsobergeneaceTBpge 6FrgeRdcf SOAVERtiScMaYs BforS&e gttt
with the substrate) is 150 or nore) nore advantageously 200 or nore,

rel ativéSto t hevddiadddr &4 d FAMPLPPIIWY- t he nodi fi ed photocatal yst of
the whole film On the other hand, when 25 the relative concentration of
the nodified photocafd ex@3anpdion, s daske BAL9H Q%etagffrrf%c% Efb%i‘?%‘ﬁmon

t he non -exposed surface side of the film (whi.ch contacts the substrate) is
80 or |ess, rel BEE BOL AS AOhEHAIRAT GHF VAIRICHORR 1T TE TOH P%Sd an

phot ocat al yst of _the whole 5 film. there can exhi bjt t

preventing det ePFrRLo R raorﬁ%cagh'r g A4t tshote]le‘i n e‘?]?%cég%e?ﬁerg%;l?lﬁéngﬁl m
and the substrate. .Lt i.s preferr t he, i r aded frthe
nodi fi ed phot ocat éclly}:s nlblgfﬂxcll ees%(qrﬁi&lag’r?]t'hgugﬁé a%%%%?%%o%%ﬁ% Bar

non- expgged 10 %‘ircg%%e Sid e@{ty:i.t I)iirll l”%g%'g;?%f&?éﬁ afd &1 LRCcSHRSEERRE) 1S

50 or | éss, nore advantageou ative to the concentration

val ue 100 of th%s@%‘i’ﬂt&iaﬁﬁ&??&é%& YeterMid hendhodfn f t 41k pdheRoh hie -

self-stratifying or se adating prop 15 erty of the photocatal yst
conposi tion of terPleHails tiME Hd Uht Sa B I SFBEYt & 9MnéhRs Oh hat sperds,

when the relative concentration of the nodified photocatal yst particles (A

in the surface pAiti oAt R PERAsAEty adwcessi deopfméhe bE! watuhich is
not in contact with 20 the substrate) is preferably 150 or nore, nore

prefera The preparation of such a hydroscl is known, and such a

25 hydrosol can be easily produced (see, for example, Un-



bly 200 or nore, relative to the concentration value 100 of the nodified
phot ocat al yst of the.whole film, a filmor shaped article formed fromthe
phot ocat al yst conposition of the present invention exhibits excellent 25
hydrophilicity (superhydrophilicity: a contact angle of 86 water is 10 or
| ess as neasured at 20 C) and the ex cellent photocatal yst activity by
light irradiation, even when the nodified pffotocatal yst content of the

phot ocat al yst conposition is very |low, nanely, even 5 when the weight ratio
of nodified photocatal yst %A) t o bi nder conmpanent, (ng?L i.n the ]ﬁt]%%foc. al yst
conposi tion (( AFFEBLNRS giRPanESEL FaLtent AR 1A e b A GHRE S RE G 1 o

articl e havi g FANLIDNIOEOLE SediAs ML e tRiie s 3 ¢ he
The 111m or shaged STAAIs &las Hicd MEnEIY dFSrRee MY cp Sy dat V)

i ke 15" Vihen a SBifapd arEod 1dr RRE R i desis Ttemdde 1 on
o substrSte a f IR ol AR B e A dan i VL iRt De | Bea: ed
Capabl e of ' not GAPY LA, B P e Eo AN o e T O AT oph | E ty
and/ or phot 0Cat alaytundldsildoh dltaeRls0 i fenilen S PHIAR BALTS Cufrer ST o0

function. Accor y, I'n an er aspect of the present 1nvention, there is

provided a 25 shaped gf ?’ocltﬁlewe%@u%%%ré P& ADQY @rdiRN | @hed optali%ea 87
a

catal yst conposition an unctional conposite ob tained by formng a film
conprising the RaeQaaIYSaAARGS HeuditAn 226 WANH ddhedld hnisPeLttd O

t he substrate used for obtaining 5 the functional conposite of the present
inventiamp) thereneseby RRPIsGY afitanindldxale HRfARNATDI£hd e olsan be
used any substrates generally used in the application fields described
herein. Specifi &a®xna@ptaxaofi vl sdicgy eydisad a4 auofiatiad Hb i Prang t he
functional conposite of the present invention include organic substrates)
such as synt hesitzea,r esishsina dnda idehaldraasions ;td ndregaaby chtrsin adresgg-such
as netals, ceramcs) glasses) stones) cenents and concretes; and

conbi nati ons of gegadieowd reteindmed csuilist etmsicIB®e f Thet obralinednmpgsi t e of
the present invention exhibits high durability even when it uses an organic
substrat e whi ch girsgddeorso peg iy edhdyadticomatfighath ettt dstacidhatyt s, the
phot ocat al yst conposition of the present invention enables the production
of a fuiédtional deospdsinie (Faiidnh@rhiagmomi@a#ng .t \thed.e W ied nPe an

organi ¢ substrate which was not used in the prior art due to the probl em of
poor durabi | it ybRYSxobheiraed: itdieatarendd @by ke tedheiels WDl s of
met hods enpl oyed in the present invention for 25 obtaining a functional
conposite or a §H§@9&qmqqqu§ hydrosol. Further examples of titanium

oxide hydrosols include those hydrosols obtained by a
method in which titanium oxide particles are peptized
20 in water by the action of an acid or an alkali, and
those hydrosols obtained by a method in which titanium
oxide particles are dispersed in water under a strong
shearing force and in which any of an acid and an al-
kali is not used and, if desired, a dispersant, such as

25 sodium polyacrylate, is used. Also, by the method pro-



88 5 10 15 20 25 fromthe photocatal yst conposition. For exanple, when the
phot ocat al yst conposition is provided in the formof a coating agent, a
functional conposite is obtained by applying the coating agent onto a
substrate, followed by drying to forma dry coating, and if desired, the
dry coating is subjected to heat treatnent or the like at 20 to 500 C,
preferably 40 to 250 C, thereby obtaining @%unctional conposite. Exanples
of nethods for applying the coating agent onto a substrate include a spray
coating nethod) a flow coating nethod, a roll_coating nethod, a gru h
coating net hod) PRSEG icheFdHarath daranssieh BT HAL LY sk ‘in
printing nmethod, a casting method) a gravure printing nethod and a,

f1 exographi ¢ pr i PPERy SRSGHdH Cat 4 & oW~ §on tHSH $or°3Bta¥ning a

functional conposite, the thickness of the film.conprising,the,. .
phot ocat al yst cORFGEEDR IS yeHe A PST IFRE 1t3tibarg;'d5“ Iéffg],'é%r]e?e‘fﬂ%?lﬁ from

0.1 50 N f bly f . 5 10. N The, d, i
Lhe functi onal | CBmBEHiS AP e chisht BRIt d rt feaPPEebRy"
b - ti d t hod i,C. fil i Sj 1 I
go(r)r;gsi {Ti%gnI 81? etgﬁg)e W %@‘ tne"'l%% ?edﬁéeilg %cn(c)%:rrrp%i B%&alé}ﬁbgﬁgg%ﬂgoérﬁ%?anpl e)
the f ti | it o] I i i t t
e functiona cl%g%%glaﬂq_\erg%ys seoJ.R:[toldolhc%%%ﬁt%%?g%%%M%tfa§ﬁp§- rate

and a 89 5 10 m-conprising the conposition are

mol ded si mul t aneousl i .8 el : i.ng) Lyl Y, alhere
can be nmentioned a néﬁ%ogeqdﬁ%egﬁémﬁ%&&%%%f%@%grg]:ﬂ#%%@i S ghaped
into a filmand,,fhens te.s, f ; 109, (BkA8dd obs the
functi onal coerOCS| te%%%%?z%\é%u%ﬂd&by%% oaaérioéngimhi ch( a substrate and a

film conprising ddimeRRat-Nca) vl ANPOSi tdrdih 6L s oD Baes Y- orepaped by
mol di ng, and the prepared sSubstrate and the filmare adhered or fused to

each othgy, to theheuctRtad i fdiid impal sicoidasi $&ngyd Réiesha, Ltd.,
above-nmenti oned net hods) when the photocatal yst conposition is shaped into
a filmunder condigdmonsaneherep4dre, aRiralfsd tOsPosnd | &61d SbpoTANRKAONt act
with the substrate for the functional conposite (i.e., when the substrate
for the functi omENSHAEES. t €. 15, NQGapesed) i n the preparation of the film,
the raw material for the substrate is not limted and nay be arbitrarily
sel ected. That is, |Eddn DEads diwre-adesmtived|tittanilre exbdéeraydrps not
limted to a solid form and it may be in the formof a liquid or gas, so
| ong as the effectls dfad e gwlesbntcomvent i oh 20 et Noy vepahtedr Lesgesired,
t he photocatal yst conposition of the present invention may be subjected to
mol di ng 1y any 25 edEmadity Gial$ rhet heelsglebppoykeiss ormepe dpRgtarabdvnl-do

90 thereby obtain the shaped article or functional conpos ite of the
present inventi d® i3® thd¥ srerdit a Sudh g hykizasolg ok, THR1Ee1%r any
conplicated shape. Further, if desired, the photocatal yst conposition may
be 5 used in coMSvhatissPsdth s IpRevEsd ratif9 st on d'¢ RFeFFREL s of
the present invention are not inpaired. Wen the ghot ocat al ést cgﬁgosi tion
i s subj ected to R HPDr MRPYH FHbtREIRFVR 2 cHHPERFLFEn s THPxed with
an optional resin, any of the photocat st conpo 10; sition _and the
optional resin m@PrSSe UsddF™ ‘?h% ?%r?ﬁ‘%’# % PBwdEFor- pé[ltl et%s P& t#gef{rpeo%er
or pellets may cqntain a.ligquid onent, Further n th hqt.o | yst
conposi t4%n i s i'ﬁ‘% %ﬁ‘?lggh tHh YHECHt n%?v?lg%i }ﬁ?‘ﬁ?%eggrfegg%ﬁant
resin mixture cqnta) nj ghlg, ! fPIgLOSALANS s RO M e 4hey 0pbT onal

500 g-cm ' sec™t.

In addition to the methods for producing titanium
oxide sols, also known are methods for producing vari-

25 ous other types of photocatalyst sols, for example, a



may be formed into pellets by any of the bel ow -nentioned nol di ng net hods
and, then, subjected to nolding to thereby obtain the shaped article or
functional conposite of the present invention. The pellets 20 of the
above-nentioned resin mxture my be in the formof the so-called "naster
bat ch” in which the photocatal yst conposition is contained at a high
concentration. In the present invention, nﬁﬂding can be performed by
extrusion nol ding, injection nolding, press nolding 25 and the |iKke.

Further, depending on th f the 91 5 10 optional resi d,. f
exanpl &) whon tIELIRE GHAITS GHT (55 YARRATDASRS (12 T &) 26 K dORB BT i ng

el nf or ci g mat SAEO™ Lo SVt o B o g L EAG Y fhEy.
i norganic fibers, (e...0., Q& or a fabrig of .an f these fiber i
i npregnated wt r?otlhé) %r?otl%énaeti}ayrstoxclorﬁ)ocsolri ion J‘c%"rd/t‘-ﬁ:e la %Svte-or%leent?%%"ée tresi n

m xture (i.e.) %eriieﬁtt%rde fgorrF tﬁ_‘bejogﬁ{oe&atca&ys ts(}:ﬁ%gaooslént.f.ion I@&d A0 8D ipnal

resin), and the reées ant 'i's su to no e shaped article or

functional conpqQsi.te 0 ts 10Eent.| | form
of fi ber?. Suchq%:ebe'r gfoc# ré?‘r1a(]a“l§t’slﬁaa'pe eg{at%ﬁﬁééi oj}%étﬁléc%]oﬂr%e%n%%% can be
produced fromtl%ﬁo?lh%taq(a@t(%}(%ﬁsgsﬁﬁi%atﬂi Nod NqidY @561 JVandi gL by any

conventional spinning nmeth ong as the effects of the present

i nvention are nglyiiPideeGe oGy SR MY PRS0 L eI £ DE, Hed
mentioned a nelt spinning nethod or a solvent spinning nethod. The

phot ocat al yst cempesiiion HEY e Subi LRl Hed SV ¥Ygue3pget her with the
above-nentioned optional resin to thereby obtain fibers. For exanple)
conventional resins fFariherTORl dHItGJIRHIN IS dHRIRIFAd fIroRHih vi ewpoi nt
of noldability)) such as a polyester and a nylon, may be bl ended into the
phot ocatial yst coeasidatalyeft e Hilgsentadte\@Epersed ireranaiismdygidme 92
phot ocat al yst conposition and the above-nentioned conventional resin may be
subj ected to bi eediommre Rionsdistiintg &sHeait ias Ishedt arc aymydn oo ngminesit Spi nni ng
and si de- by-si de biconponent spinning)) to thereby obtain a 5 conposite

fi ber. The abovewayeiie ased finbdihse qfrddents hapechtardn ¢l &xampflesctifonal
conposite of the present invention may be a long fiber or a short fiber.
Further) the thieltheds dort perddusemgrsy Hiatdtalysr axgenesdbring¢kadee 10
| engt hwi se direction of the fiber. Furthernore, the cross-section of the
fiber may be a @& metdoda igomigeh (s miieteratalysindivdregerl -ahgmntipned
T-shape, a Y-shape, a Wshape, an octofoil shape or a dog-bone shape), a
mul ti f ol® shapeab@Vgoliisowudigstedrtam itRainante whdpa aormprdhdiavt he
fibers of the shaped article or functional conposite of the present

i nvention may béNgsdde Phare fiFiaRien aphvisii Fant ¢ or & FRIMREIVeh Wb c
(using either short fibers or long fibers). Furthernore, the

above- nent i oned "ehe LAY, Y9 3 P3G Wa% GEMRIF S ETOMRIVETSREN a f the
form 25 textured of yarns or_a mass of rns, such as a n.in for a
woven fabric, aPRAceCedfdt &Mage Mf’@tﬁq}a&eshh}%ﬁﬁsg% t?g‘ﬁeécr]an
conbi nation fibrqus, optional .resin. The yarns y. be i.n of spu

such as raw mat écgllealln3%§rr r?%,ceyéjrensw |nncﬁ}}'L?dilr§éc c?rnéry\ifztne‘itpuhr‘-‘lescf syaa[r%ndﬂsl)é,@%ér]e?f

03 i sted Lextuiad MU Al L R DL add NS P AL, A gen end
yarns; multifilament raw mat€rial” yarn I'ncludi ng extraTine yarns),; or

conbi ned filanment, yar %ﬁﬁ/@?%l%i‘?ﬁjlzfé @a%{%tgﬁ%’of. a! a5idl, WiEhe- can

be used in the present 1 nvention I nclude syn ers, such as a

POl yester f1Der 5y yaalhyall 98T w s Uk A o (4 dWentt ALY Wrtblarf DeT

a pol ypropyl ene fiber an astic fibers, for exanple ae pol yur et hane fi ber
(wherein these fiihRer FapRhesNFHTEAN AP RidSfon Laid-Open Specifica-

tion No. Hei 10-167727); a method in which a mixture of

25 a photocatalyst hydrosol and an anionic surfactant



10 against a chlorine water deterioration, such as netal oxides (e. g.,
magnesi um oxi de and zi nc oxide) and netal hydroxides); natural fibers) such
as a cotton fiber, a henp fiber) a wool fiber and a silk fiber; cellul ose
fi bers) such as a cupro fiber, a rayon fiber and a 15 polynosic fiber; and
acetate fibers. The shaped article or functional conposite of the present
i nvention which is in the above-mentioned f%%er form can be used for
producing clothes and filters for filtering Iiquids or gases, the clothes
and filters 20 aviﬁg vari qus f n%;io %ych %ﬁﬁ?ntHP%CLe”i?xéd”%&éﬁn’
stai n resi st ance 5fc &0 7P %4 WS e eVERFTST MY Jand® 4" po1 Sohious
gas-deconposi ng _function. en.the shaped article ti J site
produced fromt ﬁewﬁﬁg‘tréégtsgl ys%tlecgr R osr?lgfent%e%p%%erf%séean |nn?clen (?on
are irradiated wt D:o:%:'aqgtlgg Y@%&tﬁ%%%y to ¥ iéﬁ}{sﬁf%d algelnd hays 1 he
the modi Tt on

band gap energypoP photocatal yst € ainéed 1n the conposition
the shaped arti ¢l d.fu i l..C i exhi hj t. hy, QFg}PtEi I
hydrophilicity gﬁ%ﬁgrﬁ flﬁuleQ%%o%%&%ﬁ%%agt&iev;&{yﬁ%ﬁtﬁlr, t 'ecﬁs%ée/lrp%dy

art ol e gnd T ungl:a0alnGoRPRc!e ARNGR RIS (ol AlHRISH A4 UNCLT 0N

by Iight "irradiation. present 1nvention, as exanples of light 10 15

20 25 having enghgw WaieCh ali$nltangeh i1d2an e, DAGHEP Kes o tide No.

nodi fi ed photocatal yst, there can be nentioned |ight obtained in the

general residenihdl 5@1%ioBGATENanES UC hehotRld GHi AN G QOMBJIHANt )sudh ack
light, light emtted froma xenon |lanp or a nercury-vapor ‘|l anp and the

like. Wien the aBowetfanieanedcaRaedaidi Has o HdiNGrd Qiin€ Hmgse e
provided in the present invention exhibits the photocatal yst activity, such
as the activity thandeteAPeTe wolt@aniic sdiiances) plafvatdapet eydici€l or
functional conposite perforns various functions) such as an anti bacteri al
functiono a staalfid)gthes,swates fiwncemived fronl [the exeeniltan € umict tvre and
an NOX -deconposing function. Therefore) such a shaped article or
functional conpby tdstdd lladiveed deducad guessuwatedsiistuichlatsidineosf | Ehels of
environment al cl ean-up) for exanple, clean-up of the atnosphere, water or
the 95 |ike. Wi&e.t hdlabovthersat aveedosmapedadlyi evaldabflgndtiit@mdium
conposite provided in the present invention has a characteristic that, when
its surface is ioridgi aragn®sgilish in gidchydtidrandum sixiden parkieieangre

agai nst the surface of 60 or less (preferably 10 or less) at 20 C i.e.,
the surface exhiddispPerisgdr dghial iGdisperssifgh me PHkS eing pssemet 2 bhal
conposite (a hydrophilic shaped article or hydrophilic filmand a substrate
cov 10 &Ped wit Bfaaky @rgamilic EoiVent d&hr e utTHI A | n MIPLRKERERL t he
techni ques for preventi n%tfoﬂ‘g%i ng fromoccurring on a mrror, oré%gl ass,
the techni ques P32 §PdFem¥ AGYH COHRARANEY i HPRY ) bfeFE Ty &%ri or,

the antistatic techniques or the like. 15 Exa?_l es ofsh%P aie](s:&ti o$ fields in
whi ch t he shaped®ift i &EPST AT M St e e %% i¥Rnt i on
can be utilized for inparting.staining resistance properties. inclu t he
Frelds of a bui PACRR MR EEMVARE s At s HE . et dromt fHe i or
W ndow 20 frane’ab‘%‘nu‘%‘:’I %%Og %lra%so’rea osft raqutolirQ”gni@@oelrvequ. bui | di ng
20 In the present invention, the at least one modi-
fier compound (b) is selected from the group consisting
of different compounds each of which independently com-
prises at least one structural unit selected from the

group consisting of a triorganosilane unit represented

25 by formula (1), a monooxydiorganosilane unit repre-



facilities for a residence or the like (particularly, a toilet, a bathtub,
a washstand, a lighting equipnent, a |ight shade, a kitchenware) a

tabl eware, a dish washer) a dish dryer, a sink) a kitchen range) a kitchen
hood 25 and an exhaust fan). Further exanples of application 96 fields
include the fields of an exterior for vehicles, a coating for vehicles, and
an interior for vehicles, such as a cover ot a lighting of a vehicle, a

wi ndow gl ass, a neter and a di splay panel (wherein these inte 5 rior parts
for vehicles are r jred tq have hjgh tr r q&ﬁj i.an. . t he
shaped article osrenfec(t}nctblyo ﬁrmélor?pc;g)t'e ag?@ﬁg?ipor%g@e&)rﬁm%%vlen |%n18{(;1afh al so be
used in the appljcati i el f ext@arior for machi nes and ot her
articles; a dusf*%ﬁgﬁgﬂ%%vggja%%%ﬁﬂ&? Lé%iproof coating; a display device
and a cover there for; a traffic sign; various display apparatuses; an

exhi biti on equi prent (such as an advertisenment tower); a sound barrier for
a road or railroad; a bridge; anRggigrior and a coatinq]hor a guardrail; an
interior for 15 a tunnel and a coating for a tunnel; an insulator; ex
teriors (gespecially transparent conponents thereof) for electronic or

el ectric equi pnents used outdoors, such as a cover for a solar cell and a
cover for a heat col kgeh@l O™ an adifate e enidLrd ors (espe 20
cially transparent conponents thereof) for a plastic greenhouse and a
greenhouse. The shaped rafilghd! @i WiCtureRdh&PosL) 110at heradpso utili zed
in the application fields of clinical or gymastic facilities and

equi pment s whi ch ar e guggdciNdgnsdamylargdugkely dtardiggmb enguasask t o

st ai ni ng. 97 Exanpl es of application fields in which the shaped article
or functional conposibranghdde,;pCesdludrvaidy oA baa Wiirtdizgd: f or
preventing the occurrence of fogging include the fields of mrrors (e. g.)
a rear 30view mrror chfaian cautborapintesi Ca-Che radikdrgrl ggdyatzhr gom a mrror

for atoilet, a dental mrror and a road mrror)) lenses (e. g., a lens for
eye gl asses, an opti phlenyengrcad.ers hof:a dlikfArY rapoup lehs frar- a

sem conductor, a lens for a copier and a rear view canera |lens of an 10

aut onobi l e), a prismarxy wdewpyl ass for a building or observation tower) a
wi ndow gl ass for vehicles (such as an autonobile, a railcar, an airplane, a
ship, a submarine, a snow vehicle, a gondola of a ropeway, a gondol a used
in an amusenent park) and a space craft), a wind 15 shield for vehicles
(such as an autonobile) a notorBeSED,- a railcar) an ail?dl ane) a ship, a
submarine, a snow vehicle) a snowrobile, a gondola of a ropeway, a gondol a
used i n1&@n anusenent park) and a space craft)) a protective goggle) a sport
goggle) a shield of a_pro 20 tective mask, shield of _a sport sk) a
shield of a hel met) ¥h§r&dd sk & 451 &P fq'etaafeiz"é?ff%’rr FYTBHS o :GE', a gl ass
of a display case for rmed foods, a cover for a neasuring instrunent, a
cover for a rear vieﬁﬁggnera | ens of an autonobile) a condenser lens for a
dental 25 | aser equi prent and the |ike) a cover for |aser neas 98 urenent
sensors (such as a vehicle distance sensor)) a cover for an infrared sensor

and a filter for a canera. Exanpl of application fields in which the
shaped article or functional conmpqSite of the present inven 5 tion can be
utilizeggofor providing antistaticgproper (3)

i

O

wherein R is as defined for formula (1).

25 The modified photocatalyst particles {(A) which are




ties include the fields of a cathode ray tube; a magnetic recordi ng nedia;
an optical recording nedia;, a nmagneto-optical recording nedia; an audio
tape; a video tape; an anal og record; a housing) part, exterior and 10
coating for household electric appliances; a housing, a part, an exterior
and a coating for office automati on machines; a building material; a

buil ding exterior; a building interior; a\ﬂﬁukwvfrane; a w ndow gl ass; a
structural menber; an exterior and a coating for vehi 15 cles; an exterior

for machines and vario articles; .a dust-proaqf .cover_and a dust-proof
coating. Wen t k& -r]r"é’nts‘iug}?@dj?ﬁ%?pé’ R SRR A fpuanltc‘ﬁlcglneaﬁ %ﬁ’p%és)i?e
provided in the present .invention hag a .charact.eristi 1tsS_
surface is irraflP8dd S0 41 ﬁe\agﬁﬁ'ﬁ“s‘wéilgtr &%%lr]te? accocrﬁ#a%‘%vﬁglljééigai nst
t he surface of 7Q or_ nor r ef er.abl Q ; i

surface exhi bi t&nl%/d:lhc?pl‘?ce%(‘%'tmy?ntslt?c edz Ssﬁ%glpé(ﬁh?rjt ?’%:rflgto(or& f ul}l%{? oé‘ngferY
conposite (a hydrophohj jcle or hydrophobic filmand a substrate
cov 25 ered mtﬁmg‘eﬁyﬁruo%pﬁa%o;%q}eﬁ{%' can be utilized in, for 99 exanpl e,
the techni ques for ifpanting water- repell@nt, PHOREjdSs1 dd dechrigues for
preventing adhesi on of aquedus di rt, the techniques for preventing dirt

adhesi on by washing \Mff[ Q,rﬂ;{dcgi"{éa‘r?f V?‘@t o Wi ke decdl ﬁzd}hfégﬁdf )

preventi ng adhesion of i'ce and s ere fore) the shape ticle or

functional conpggidt %ecgibx%ﬁ@éﬁ”tﬁig%!ﬁkéb?&%é Moy a4t SMSc@ PPk | gatéen
fields, such as a™w ndow gl ass, a wndshield, a mrror, a lens, a goggle, a

cover, an insul 3Qf 012 Aid: Y BBt t, by hbtindli tegerieri ohe a
building interior, a structural nmenber, an exterior and coating for
vehicles, an exigdt@cdtiyRchidesamnd iy esdofidc| eempoatd o(ls) dsspthagt
devices, lighting equi pnent, residential equipnent, tableware, kitchenware,
householid el ect rdhe aRpldgmNeesiic o praosfocHtaktet i fd) om mvdefiber aom-

el ectricity transm ssion cable and equi pnments for sliding on ice and snow.
When t he above- peidridnad shaped, afd) i) orefghictrainkd ) chspbsi tkeprangded in
the present invention perforns a photoel ectric conversion function, such a
20 shaped arti clof drdnurictd9onad TDGit e peaf eonbky t frémr1exafpke, 984Rar
energy into electric power. Therefore, such a shaped article or functional
conposi te can bandedibjectiioushapmEswhidanh nixtece techeating apt fcal

sem conductor electrode used for a (wet-type) solar 25 cell. 100 Further,
Wi th respect to tempErErumy o dixbn 0 the ZesEnt nnefenady vWinam Xender has
a characteristic that its water contact characteristic can be changed by

| i ght irk5adi ati &P (CEhamge themebyy ¢hapiechithe FompAsd B Phiah ¢thn ¥R from
hydrophilic to hydrophobic), such a nmenber can be very advantageously used
in) for exam pl Eordipigiadekn prhetMhyt Wt e.Alt%‘f‘tB@éWﬁi% Y NG

QUT THE | NVENTI ON .
heating the mixture of photocatalyst (a) and modifier

compound (b}, the mixture may be subjected to distilla-
tion, reduced pressure distillation or the like.

20 Examples of organic solvents usable for the modi-
fication treatment include aromatic hydrocarbons, such
as toluene and xylene; aliphatic hydrocarbons, such as
hexane, cyclohexane and heptane; esters, such as ethyl
acetate and n-butyl acetate; alcohols, such as ethylene

25 glycol, butyl cellosolve, isopropancl, n-butanol, etha-



The present invention will be described in nore detail with reference to
the foll owi ng Exanpl es, Refer ence Exanpl es and Conparative Exanples, which
should 5 not be construed as Iimting the scope of the present invention.
In the Exanpl es, Reference Exanples and Conpara tive Exanples, various
properties were neasured and 10 evaluated as follows. (1) Measurenents of
the particle size distribution and the num#ér average particle dianeter: An
appropriate anmount of a solvent was added to a 15 sanple sol or conposition

containing particles so that the sanple was diluted tq have a soljds
content of fronP@lt§ngomethanpdi ghetoRPsh SEG &S taﬁet%ﬁéler'eﬁﬂtﬁ’é’rﬁ di | ut ed

le, th ticl [ di str.ibuti d ticl ' t
of The parti o e8 Bt EPFER2IINBFEIR e TS By '3 S pe b 1l o
Tt Dapan) . (2F RESSERURERE OGN Re S orAO g A Pe et ght
102 Th i ght I I ight ed b | ti
chr o?a? g\é\?éghyl I*&t%éy %a??e?n%ﬁﬁg%aﬁ‘é%ﬁéﬂ%ﬁ&’?x@n&%@ﬁ%&ﬁgﬁ&rﬁ% espect
o standar ol ystyrene s S. rfar -
foll ow ng coﬁdi E?Iﬁéﬁ?’ ﬁﬁ%gf&%ugpigﬁ:&%r?a%dg?@%h%e&% %é%gg% ‘.:‘ILQBCA&lr

fact d I Co iGN, R :
GLOOH" TSKgel BEBoG SeAng 10 Faal IS (Ol o ha s e reene
manufact ur ed ang,aghd <Y LA oA R _e%qb\’immnu'@ualcﬂ.%m}%ti@ dohiISAtd £s;

Dat a processor: data processor nodel factured and sol d by
Shi madzu Cor por at j,gn, Japan); Eluent: tetrahydrofuran (for analyzing a
phenyl

Examples of modifier compounds (b) used for pre-

10 paring the modified photocatalyst (A) used in the pre-
sent invention include a silicon compound having a
functional group which is reactive to particles of a
photocatalyst (a), such as an Si-H group, a hydroly-
sable silyl group (e.g., an alkoxysilyl group, a hy-

15 droxysilyl group, a halogenated silyl group, an acetox-
ysilyl group or an aminoxysilyl group), an epoxy group,
an acetoacetyl group, a thiol group or an acid anhy-
dride group: and a silicon compound having a structure
(such as a polyoxyalkylene group} which interacts with

20 particles of photocatalyst (a) by van der Waals force,
Coulomb force or the like.

In the present invention, as modifier compound (b),
an Si-H group-containing silicon compound (bl} repre-
sented by formula {9) below is advantageous for effi-

25 ciently modifying the surface of particles of a photo-



15 group-containing silicone) or chloroform (for analyzing a silicone

cont ai ni ng no phenyl group); Flowrate: 1.0 mi/mn; Method for preparing a
sanple for GPC. A sanple conpound to be anal yzed by GPC was di ssolved in an
ap 20 propriate ambunt of a solvent used as an eluent so that the resultant
sol ution has a sanple conpound concentration within the range of fromO0.5
to 2 ~ by weight) thereby obtaining a sarrpl‘*e6 sol ution. The obtai ned sanpl e
sol ution was subjected to GPC. 25 103 (3) Infrared absorption (IR)
spectrum | R spectrum was obtained by infrared spectroneter nodel

FT/1 R-5300 (man§fH& W &d and sol d by Japan Spec troscopic Co., Ltd.,
Japan). 5 (4) Measurenent of ﬁg‘? ngclear magnetic reso, ce: zsSi nucl ear
magnetic resonance (NVR) was {ilg &by’ /3INM LA400 (manuf’actured and sol d
by JAPAN ELECTRON OPTI CS LABORATORY CO., LTD., Japan). 10 (5) Hardness of a
coating: The hardness of a coating was determned in terns of a pencil
hardness (i.e., forrrgvjhi (}% f a scratch on a coating by a pencil) neasured
in accordance with 15 91 5K5400. (6) Hardness of a coating after

ltraviolet light ir radiatiqn; i i rradi at ed
ul travi Nt Ly SRS e Bha sl A caA g eS| A

with ul 20 traviolet Tight erein toas "W light") emtted

from FL20S BLB bl ack I'i:giﬂ TR ALt ef-AHheaxP | @ -8y, TERR BAYAdEHTTI NG AND
TECHNOLOGY CO.) LTD. )Sﬂ ap?r}é for J"7 Jg{/s) and thedhg%?jness ofgt he t hus

EL(r)lelat ed coating was neasugsd c@bﬂc})ﬁ}dﬁ hadblesd idachidght t@add ¢6) above.
branched C;-Ci¢ fluoroalkyl grcup, a straight

chain or branched C;-C;; alkenyl group, a

10 phenyl group, a C;-Cz alkoxy group or a hy-
droxy group, and

x and y satisfy the following relationships:

0 < % < 4,
0 <y < 4, and
15 (x + yv) = 4.

In the present invention, the modification treat-
ment of photocatalyst {a) with the Si-H group-
containing silicon compound (bl) represented by formula
(9) above is performed by mixing together photocatalyst

20 {a) and Si-H group-containing silicon compound (bl)} in
the presence or absence of water and/or an organic sol-
vent and at a temperature of from 0 to 200 °C so that
the weight ratio of photocatalyst (a) to modifier com-
pound (bl) (i.e., (a)/{(bl) weight ratio) is in the

25 range of from 1/99 to 99.9/0.1, preferably from 10/90



Wth respect to the UV light irradiation, the in tensity of UV |ight was
adjusted to 1 nWcnR, as neas ured by UV Radi oneter Model UVR-2

(manuf actured and sold by TOPCON CO., LTD., Japan), which was used in 5
conmbi nation with Detector Mdel UD 36 (manufactured and sold by TOPCON CO ,
LTD., Japan), which is a photo detector for detecting |light having a

wavel ength of from 310 to 400 nm 10 (7) Mebsur enent of the contact angl e
of water agai nst the surface of a coating: A drop of deionized water was

| aced on the syr face of .a c and, allowed to sta 20 C for, 1
i ute. Theny & SSiac tHERAY o R & BreiE S diagah S ice of

the coating was neasur tact. | e er nDdeI 150

manuf act ur ed an® 8§t (Thr?% %ﬁﬂ&rﬁ A{'('% L%’ IGPEA Y Fhe
smal | er the contact angl e a th urface of the coa |ng) t he
rore hydr opht |1 ¢ 2ind S afesh Sy Of%]%a”‘%esatiﬁaf (B TRGFIRES Y BRI 1§ ci Ly
(or hydrophobi ci t Qf _the surfac a £o in i S-C ol et
light irradiati or?%}bfg ‘Fﬁeersal?ref a)caereto CJ'ae c(é:)Ja&t%{l ng&méfig?%gﬁg?ggdc‘#%ﬁ#/ 105

light by he method uand anedescrdpeiihy tﬁ%ﬁ@%ﬁﬂ?@%ﬁhg Lr8a¥fenpnd

t he contact anglhe er agaln e surface of I rradrated

coating was ”ea%la&et% Y G nwettltt%ﬂﬁéca,tgg% & 148 L) piRbe tg’l%%'l

Eval uati on of the photocata yst activity |ted at the sur ace

coating: A5 $ hyweiy gf&e&gr%gf 15 Al | b Bt "B i enes bhiegM@gp coat ed on

t he surface of a coatlng, he resul 10 tant coating was irradiated with

UV light by theJished tﬂzest@fé t?fﬁfhlﬂdéteifﬂr( B raPa¥enf Orad deyss dberssséace
of the coating after thé UV |

is detected as a decrease in the absorbance at 3630 to
10 3640 cm™! in an IR spectrum.
As seen from the above, it is presumed that, when
Si-H group-containing silicon compound (bl) represented
by formula (9) is used as modifier compound (b), the
modified photocatalyst (A) (obtained from Si-H group-
15 containing silicon compound (bl) and photocatalyst (a))
is not a simple mixture of components (bl) and {(a), but
is rather a product obtained as a result of interac-
tions involving a chemical reaction between the Si-H
group-containing silicon compound (bl) and the photo-
20 catalyst (a). Therefore, it is very preferred to use
Si-H group-containing silicon compound (bl) represented
by formula (9) as modifier compound (b). In fact, the
modified photocatalyst (A) obtained from Si-H group
-containing silicon compound (bl) and photocatalyst (a)

25 exhibits excellent properties with respect not only to



radi ation was visually observed with respect to the de gree of fading of
the blue color of nethylene blue (in 15 other words) the degree of
deconposition of nethylene blue by the action of the photocatalyst). The
phot ocat al yst activity exhibited at the surface of the coating was

eval uat ed, based on the degree of deconp05|t|on of met hyl ene blue) by the
followng 3 criteria: 20 O : nethyl ene bl uédfi s conpl etely deconposed; D
bl ue col or of nethylene blue slightly renalns and x: al nost no

deconposi tion of neth l.ene bl ue .i.s_ob ed.. 2 0 therln resi stance
of a coating (gI e SQf%’F}JI:& a2 Xﬁemlﬁ ? %t]ti%bl was surbj t¥d to an

at nospheric exp re st _(cycle t n n exposure to light at 60
C for 4 hours) %gl?llligmes eit‘)’fn(ézx o%éﬁre %%r%ué:r?gj s'Ll md envi ronnment at 40

manuf act ured and sol droyB8URKSTERT P&%%hﬁ%‘é%%”% SR = S

f h 1,00
etl ecti on rat %%gﬁsgﬁibh%t%é’%ﬁ?%ﬁiq%aﬁﬁﬁg s A f R T o
final ‘gl @ss val yg, The abidioRsd 19! BLosseyaleie RS dlind dpd o Abydi tial

gl oss value (i.e., the gloss val ue of t e coatlng ore subjected to the

at nospheri c expaayr gel gekorii@al RS %&n%btaala@h%(ﬁlo%%aﬁcﬁm' on value. 15

(11) Evaluation of the'stratified or gradated struc ture of a coating

produced from a_pbatendbdlivel @AY st {wdRcrAcafE s A BfdithdiLpduced
froma photocata 20 |yt conposition was enbedded in an epoxy resin (Quetol

812; manuf act ur edoandonakd sbt 13NSSaNtEMNCRF, alnt Gi-H ) tdid ety a
obtaining an epoxy resin-enbedded sanple. The obtai ned epoxy resin-enbedded

sanpl e was cut RgmpeFa¢iekode EWeRACYE- Nstoype.m crotonme; manufactured and
25 sold by Reichert) Germany) to prepare an ultrathin sec 107
10 In the case of the use of the above-mentioned de-
hydrogenation-condensation catalyst for an Si-H group,
the modification treatment of the particles of a photo-
catalyst (a) with an Si-H group-containing silicon com-
pound (bl) may be conducted either by a method in which
15 the dehydrogenation-condensation catalyst is previously
immobilized on the surface of the photocatalyst parti-
cles by using, for example, a photoreduction method, or
by a method in which the modification treatment is con-
ducted in the presence of the dehydrogenation
20 -condensation catalyst.
The term "“dehydrogenation-condensation catalyst
for an Si-H group” means a compound which accelerates
the dehydrogenation-condensation reaction of an Si-H

group with an active hydrogen-containing group present

25 on the surface of the particles of the photocatalyst or




tion (thickness: 50 to 60 nm of the sanple, and the ultrathin section was
pl aced on a nmesh having a support nenbrane attached thereto. Subsequently,
the ultrathin section was subjected to RuGa steam staining for about 5 5

m nutes, followed by carbon deposition to thereby obtain a specimen for

m croscopi ¢ observati on. The obtai ned speci nen was observed through TEM
(transm ssion el ectron microscope). The TEM%bservation was perfornmed under
the fol 10 lowi ng conditions: Apparatus: HF 2000 (rranuf actured and sol d by

Hitachi, Ltd., Japan); .and Accel eratl on voI t a e 125 %’g gOSI tion of
titani um oxi de PErY HAET QK e 15 I%‘T’" | 3BV ByEn EDX

anal ysi s of el egt{]t al titanium Furt her S- on of a fil rrLformed
on an acrylic urtdfaie C5F %%?‘%B%rﬁl}ﬁ;'rﬁ% OBhsef V%P t hf ough
TEM as follows. | m for 0.a I|c urelhane coatln 0 n

al um num pl ate \756?3 &tgrwpa éﬁ? J[?Aﬁ 3, T HERTt ct%’r“é‘g Zhd
sol d by DI SCO ENG NEE NG SERVI CE LTD. , an nd ul t
cross-section wds B4 ﬁe&reodlq ‘0 H @"ZJIPOC dp an ea %?‘?)% ?ng?ﬁf her eby
obt ai ni ng. a spe 2 nen m Vv b peC| men
108 was obser veghfehr%ough f'fr%lﬂ ﬁeeh%lff%odpeﬁlo%l'ss% n%%%%%??oﬁn% §

fol Iowing condig qp ﬁgn(é%og;sofgnstﬁ%ﬁgﬁ“ e e ol (g%rgﬁt‘»

tachi) Ltd. Japan) roce g con eration voltage

and | on source: (Gag Bie MY ﬁ"@ﬁ}&@ff&é&'@ﬁ Hadesnahes bRk, 10
| ow ng condi tions: Appar atu HF 2000 (manut act ur ed aand sol %I bylHl tachi ,

Ltd., Japan); a%&%@iﬁﬁd&ﬁﬁé&lﬁ%dé{&&én 18afdByst MPaChs@SLAL aRCE:!
The inpact resistance was eval uated by the Dupont nethod (500 g x 50 cm) in

accordance Wit h ahmi54020.0 Refiey ence fena®l sy L@y Nt pestsrabiphenyb s

group-containing silicone (BP1-1) 78 g of d| oxane was charged into a
react or 1@qui ppegastsh vy wWefilght Cruiensere to t1Er NPaet €rbangde 8ghti 6F etheand

26.0 g of phenyltrichlorosilane was added 25 thereto, followed by stirring
at room t enper atghea doaitalykld,
Examples of dehydrogenation-condensation catalysts
include metals belonging to the platinum group (i.e.,
ruthenium, rhodium, palladium, osmium, iridium and

15 platinum) and compounds thereof, and metals and com-
pounds of silver, iron, copper, cobalt, nickel, tin and
the like. Of these, preferred are metals of the plati-
num group and compounds thereof, especially metallic
platinum and platinum compounds.

20 Examples of such platinum compounds include plati-
num(II) chloride, hydrogen tetrachloroplatinate(II},
platinum{IV) chloride, hydrogen hexachloroplatinate(IV),
ammonium hexachloroplatinate(IV), potassium hexachloro-
platinate(IV), platinum{II) hydroxide, platinum(IV) di-

25 oxide, dichloro(dicyclopenta-dienyl)platinum(II), a



about 10 mnutes. To the resultant m xture was dropw se added a m xture of
3.2 g of water and 12.9 g of di oxane over about 30 m nutes while
maintaining the in ternal tenperature of the reactor at 10 to 15 C, fol 5

| owed by stirring at 10 to 15 C for about 30 m nutes and) then) at 60 C for
3 hours, thereby obtaining a first reaction m xture. The obtained reaction
m xture was cooled to 25 to 30 C and 392 g53& toluene was dropw se added to
the cool ed reaction m xture over 10 about 30 m nutes. Subsequently, the
tenperature of the resultant m xture was el evated to 60 C) followed by
further stirrin§leddnpmydnylgllogane CRERAK ot HLR Gingm Rhshit%act i on
m xture. The second _reaction mxture was cooled tqQ 10 to 15 15 C) fol | owed
by addition of FOTPI§XoRNFeEh ISt IGVE- cAsEIR FOMRLSF-es. The resul t ant

m xture was stirred at 25 to 30 C for about .2 hours_and, then, th ttﬁg)era
ture of the resul t antPmitheuSd -Hagrerey sEFH3188 & 1A REOFRRPGrk

stirring for 2 haours) thereby com 20 pleting the reacti.on. The resultant
reaction mixt uré’fm&?rg\h‘ﬂjaeétgéd abg§Vvee %‘ E%é’sg’t?r @‘%S'iaéﬁqqeﬁq%ﬁ’ a'fs%% Cto
distill off the _solvents fromthe reaction m xture, .therehy obtaining a
phenyl g oup-coﬁ?a?n?ﬁ&lﬁﬁﬁrc&quf’ﬁ- AR RF o890 Sy s%éef et on

d i ght 25 l.ecul i.ght jof 3 .600. .(}n the |
110 of "tha obt aFRSH SREH "5t Bl BT AIng o SRS 0 T Sea bt s at

1,130 cm-l and t.cml, i r i 0,{. i i 4 ons
of the | adder -;“ﬁ;&gléfé(ls el &oﬁ%%\}%rcgt%g'ﬁrtegﬂ.t)th Elyu%%l }Idé %&c}'rﬁhg?gol?n{%e
results of a z' l.ear tic regonapgce Yak§qgof at i hal,ned
phenyl group-coﬁtogi%%%ﬁ% ﬁoml%g%ﬁ'gn BPl-é% )@H:ét o&gg!rf ohng't ﬁat %g%lean?;:z ©
group- cont ai ni ng3ili 6aRe, (BRIHL WS 15GRIL TN s By tiee T d QUG ipsaul a:
10 (Ph)1(OCH3) ogsellsllblog. z%:% \%h%er gﬂ% h rlep_re_sents_ ath_tBé’henyl Eg{roup. Refigér ence
Exanpl €14 Synt hggits tehad! kY i sa0i aldaidid otld | G (BAvddidd 800 g of
met hanol was charged into a reactor equipped with a reflux condenser, a

t hermomet er and s& a%linite of2Rdhel 3@ < 16O hiR)a 19 d W todaeihgsdysi | ane and
120 g (1 nole) of dinethyldi nethoxysilane were added thereto, followed by
stirring at roommlegeFeral urie 3@ piferaladd that iHeeamokmt hef reesudeat

m xture was dropwi se added a m xture of 12.6 g (0.7 nole) of a 0.05 N
aqueous hydr ochligzia®laCigtoupl Uls @% anhi1G3 ay @loswitdlanol over about 40

m nutes while cooling the reactor with ice, thereby effecting a hydrolysis
reaction. 25 Subsequast lay, etdasmpleswift ant SH-H greugasontaimeimgtg I istbn

15 compound (bl) represented by formula (92) above which
can be advantageously used as a modifier compound in
the present invention, there can be mentioned at least
one Si-H group-containing silicon compound having no
hydrolysable silyl groups, which is selected from the

20 group consisting of:

a mono Si-H group-containing silicon compound rep-

resented by formula (10):

25 H—Si—R® (10),



111 at 10 C or less for about 20 m nutes and, then, at roomtenperature for
6 hours, thereby obtaining a reac tion m xture. The obtained reaction

m xture was subjected to re 5 duced pressure distillation at 60 Cto
distill off the solvents fromthe reaction m xture) thereby obtaining an

al kyl group-containing silicone (BA-1) having a wei ght average nol ecul ar
wei ght of 3,600. The struc ture of the obtaﬁged al kyl group-contai ni ng
silicone 10 (BA-1) was determ ned by z9Si nucl ear magnetic reso nance. As a
result) a signal ascribed to a T structure and a signal ascribed to a D
structure were detected and the ratio of the two signals (T structure
signal D structure signal ratio) was 1:1. 15 ~ In addition, fromthe
results of the z'Si nuclear nmagnetic resonance analysis, it was found that

al kyl group-containing siljcone 1). s represented by the follow ng
formi & (70 ) 1. s&(emtsﬁé Ei@é;ﬂéﬁﬂ?ﬂ%@%@fz )eﬁeﬁ%seé%%g?e 3

ynt hesi s of al kyl group-gcqntai.ning silicon - i gxane was
charged into a react osrtlg%luﬁc}bﬁ)e@%’?hoﬁ ‘?Iéﬂ‘%&‘ggégﬂecﬁée?,lgggt H&Pmbret er and
a 25 stirger) and 25. 8 . hyl tri chl ' 1S~ ad 12 thereto,
fol | owed %y stirring aat&r%%lrﬁrﬁéer%ﬂéé:a u‘%&%%&é@%ﬁt ey%%ﬁ‘h’ %%?%g?&TO t he

resultant m xture vvasg%%%wiéecsq ﬁg??)gcméi%g?ng%aé?zeg_ o E&tﬁéﬁ% and 18.7 ¢

of di oxane over about nut €s mal n in rna

tenperature of the reaeigy &t AP é%ﬁ%glf%eﬁﬁgaﬁﬂyft%£5kﬂg gt 10 to 15

C for about 30 mnutes and, then) at 60 urs,” théreby obtaining a
reaction m xture. phenyl group or a siloxy group represented by

formula (13):

10 -0-(R*,510),-SiR%, (13)
wherein each R* independently repre-
sents a straight chain or branched C;-
Cio alkyl group, a Cs-Czp cycloalkyl
group, a straight chain or branched

15 C1-Cip fluoroalkyl group, a straight
chain or branched C;-C3; alkenyl group
or a phenyl group; and m is an integer
which satisfies the formula: 0 = m =
1,000,

20 a silicon compound, having Si-H groups at both

terminals thereof, represented by formula (11):
H- (R%,Si0),-SiR%-H (11)

25 wherein R® is as defined for formula (10} ;



The obtained reaction m xture was cooled to 10 to 10 15 C, fol |l owed by
addition of 3D.2 g of nethanol over about 30 m nutes. The resultant m xture
was further stirred at 25 to 30 C for about 2 hours and, then) the
tenperature of the resultant m xture was elevated to 60 C, followed by
further stirring for 3 hours, 15 thereby conpleting the reaction. The
resultant reac tion m xture was subjected P8 reduced pressure distil lation
at 60 Cto distill off the solvents fromthe reaction m xture, thereby
obt ai ning an al kyl group -containing silicone (BA-2) having a wei ght
average no 20 IecuIaPnQeight of 2,800. Fromthe results of 29Si nucl ear
magneti c reso nance analysis.of the obtained, al kyl group-.containing
silicone (BA-2), it %a%sfBHn&HFﬁgFraVE§thF8Gbs§§8ﬁtgﬁﬁiﬁgrgpﬁfﬁone ( BA- 2)
is represented by the fol 25_| owing formula: 113 ( CHs ) 1 ( OCH3 ) o.
s~Si01 _ is Referenc® Exﬁnﬁlé'ﬂogyn?ﬂgsis of phenyl group-containing
silicone 5 (BP1-2) 118. .of _di oxane rged i r t.or equi pped
with a refl ux conden?grg %lgﬁgPﬁgngFgfggﬁa%gﬁsggrFggbgé%d(3250 g of
phenyl tri.chl orosi |l ane was added thereto, followed by stirring at room
tenperatire for 10 about 10 mnutes. To the resultant m xture was drop w se
added a m xture of 3.2 g of [ 312, of=sH 0xane over ut 30
m nut es whi |l e mai ntai ni ng thﬁ%&’%@% zjs’tz"'eo%ﬁ’grl'zaisufrh“e”20)1(‘3'lz t he reég?Zr at 10 to
15 C, followed by stirring at 10 to 15 C for about 30 m nutes 15 and, then,
at 60 C for 3 hours, thereby obtaining a first reaction m xture. The
obt ai ned reaction m ¥hdrgiwas cooled to 25 to 30 C and 353 g of toluene was
dropwi se added to the cool ed reaction m xture over about 30 n nutes.
Subsequently, the tegpe{atyseaefihd@ £8r' £6&hhaat (b xt uasdwas el evated to
60 C, followed by further stirring for 2 hours at 60 C, thereby obtain

10 a is an integer of 1 or more, b is an integer

of 0 or more, and a and b satisfy the follow-
ing relationship: (a + b) = 10,000, and c is
0 or 2, and
wherein when (a + b) is an integer of 2 or

15 more and ¢ = 0, the H silicone of formula
(12) is a cyclic silicone, and when c = 2,
the H silicone of formula (12) is a straight

chain silicone.

20 Specific examples of mono Si-H group-containing
silicon compounds represented by formula (10) above in-
clude bis(trimethylsiloxy)methylsilane, bis{trimethyl-
siloxy)ethylsilane, bis{trimethylsiloxy)n-propylsilane,
bis{(trimethylsiloxy)i-propylsilane, bis(trimethyl-

25 siloxy)n-butylsilane, bis(trimethylsiloxy)n-hexylsilane,



ing a second reaction mxture. The second reaction m xture was cooled to 10
to 15 C, followed by addition of 25.1 g of dinmethyl 25 chlorosilane. To the
resultant m xture was further 114 added a mixture of 1.1 g of water and
4.3 g of dioxane over about 30 m nutes while maintaining the internal
tenperature of the reactor at 10 to 15 C bsequently, the resultant

m xture was stirred at 25 to 5 30 C for ab 2 hours and, then, the
tenperature of the resultant m xture was elevated to 60 C, followed by

further stirring. for, 3 h t.h b | et '

rgsul tantS Irealct i%olr? (rﬁ%“m r )sllsoﬁfr}fe)e tcglg??ed{eﬁ?iesglﬁlbée%&’p;éﬁ{ﬁgﬂ“d? glﬁ?h ation
t 60 Cto distill, 10 off t | ts ] ' ' b

ob taining an SITHUNHEERE N TR b A Fadgr
BP1-2) havin wei. ght I : i ght. of 200- _the IR

gpect er o:‘“ t%e%o%ﬁ}eeﬁéﬁ%ﬁ%%@oe&g%%#ﬁnﬁg’ngt%'sf(ll%one Elgk’fl 2),e an 15

absorption at 2,%&%?5%;']’1&’1\4’3 Chcﬂ%i (a&cirei[@ﬁﬁéﬂé )1 1dhdf OpPA+ dREthy] -

observed.) From ts of z nucl ear magnetic resonance anal ysis of

the obtaiged phepyl; (giQuR: contRiNiNg S |4 .aane (R ntridiVegahound that
phenyl grioup 20 -containing silicone (BP1-2) is represented by the

fol lowing formul@a:; (3 A3 & 28 , {Hdnank G L6549 1 Geander € tnébhy 1 -
represents a phenyl group. 25 Reference Exanple 5 115 Production of

bi nder conponentsi(iBml), & tthydfaMEIHg 1O 1QHRs C Qi Bl dile Shy 1 £01@né PP1- 1)
synt hesi zed in Reference Exanple 1 and 3 g of al kyl group-containing

silicone (BA-1) spadthesisiathd), R{ay M encthPxanne 2 dbslieeniy Xeethpyet her
and 14.7 g of tolu ene, 29.8 g of isopropanol and 15.1 g of butyl
cel | osol ve wer e siddetk t hefEldhexybd imsthy bad 1ame} Ut ebwagldimetbglallanem
tenperature) to thereby obtain a solu tion of binder component (B-1). 10
The formd a of tdie toldwatiyiek thyiceir 1 axcep onent t { B dy 1 duase Clay tsd bawel. f £oin t he
chem cal fornul ae of phenyl group-containing silicone (BP1-1) and al kyl
group -cont ai ni ngr-gidapgdns ke 1)t rBiinderopphpohame . (B71)1vestybptbasrat ed
by the followng formula: 15 (Ph)o.s~(CHa)o.s(OCH3)0.4~Sid .is wherein Ph
represents a phémyl-rgihmpylsilane, triphenylsilane, allyldimethylsilane,
l-allyl-1,1,3,3-tetramethyldisiloxane, chloromethyldi-
methylsilane and 7-octenyldimethylsilane.

15 Among the above-mentioned mono Si-H group
-containing silicon compounds, from the viewpoint of
obtaining high reactivity of the Si-H group during the
modification treatment (i.e., the dehydrogenation
-condensation reaction) of a photocatalyst and from the

20 viewpoint of obtaining small surface energy, preferred
are bis(trimethylsiloxy)methylsilane,
tris(trimethylsiloxy)silane, pentamethyldisiloxane and
the like, which are compounds having a siloxy group but

no phenyl groups and which are represented by the fol-

- 25 lowing formula (14):



Ref erence Exanple 6 Synthesis of binder conponent (B-2) 20 235 g of di oxane
was charged into a reactor equi pped with a reflux condenser, a thernoneter
and a stirrer, and 25.6 g of nmethyltrichlorosilane and 15.5 g of

phenyl trichl orosilane were added thereto) followed by stirring at room
tenperature for about 10 mnutes. 25 To the resultant m xture was dropw se
added a m xture 116 of 6.6 g of water an@426.4 g of di oxane over about 30
m nutes while maintaining the internal tenperature of the reactor at 10 to
15 C) followed by stirring at 10 to 15 C for about 30 m nutes and, then, at
60 C for 3 5 hours, thereby obtaining a first reaction m xture. The
obt ai ned reaction m xture was cool ed tg®25 to 30 C and 235 g of tol uene was
dropwi se added to the cool ed reaction pm xture over about 30 ni nutes.
Subsequently, the tenperature of the Qg%gjfﬁnt nixtgag)mas el evated to 10
60 C, followed by further stirring for®?2 HWburs at 60 C’ thereby obtaining a
second reaction m xture. The second rebction m xture was cooled to 10 to 15
C, followed by addition of 42.8 g of A hanol over about 30 ninutes. The
resultant m xture was stirred at 15 25 to 30 C for about 2 hours and) then)
the tenpéra ture of the resultant m xture was elevated to 60 C) foll owed by

further stirring forw§ pggﬁseaggeB¢by?gggggg%%gg%éggggggghkgna The

resultant reaction mXturé was subjec ressure distillation

at 60 C 20 to distil Lt%igiﬁgef@ggyegksbkaﬁmeh_ecrﬁeé.%t QkyT Hrdup, Eher eby

obtai ning a bi nder conpon aving a wei ght average nol ecul ar wei ght

of 3,100. In additio t : esyl-t I chugl ean k@gnetgrouesenance
anal ysis of the obta?%géigﬁ%dgﬁaggnggngﬁ?55§%§)ng§&hgg 25 foELd Eﬁat
bi nder conponent (B'@%4t§ EoBiBaeRYed ghvubhea st¥ailghit @HaiG foar nul a: (
Ph)o.zs ( CH3 ) o0.-~a OéHS) 0.~~Sid. iz wherein Ph represents a phenyl
group. 3pReference ExaghbRed EfodycEiaprotikvideroupmpanaentsiid=3) 6 g of
al kyl group-containing silicone (BA-2) syn thesized in Reference Exanple 3
and 3 g of alkyl grogpoupopepireseateid byoEerimdAal) 19t hesiowed withRef er ence
10 Exanple 2 were m xed together and 14.7 g of toluene) 29.8 g of
i sopropanol and 15. 1tBeoprbuiiyb e¢hhitoatl leastr ened®édither ettdoxThe
resultant m xture was stirred at roomtenperature, to thereby obtain a
sol ution of binder cgepapertpiBsgntednby mompula dAs&d): group. 15 The
formul a of the obtained binder conponent (B-3) was cal culated fromthe
chenical fornulae of alkyl group©edRf 2iSiiNg-SiR' tone (BA-2) (b3®)al kyl group
-containing silicone (BA-1) used. Binder conponent (B-3) was represented by
the fol B&wi ng fornul a: ®betethlepch R’ (imdepepdentdyi geprer~ Exanple 1 40
g of TKS-251 (trade nane of a titani um oxide

sents a straight chain or branched C;-

Cio alkyl group, a Cs-Ci cycloalkyl

group or a straight chain or branched

C1-Cap fluorocalkyl group; and m is an

20 integer which satisfies the formula:
0 =m=< 1,000,
Specific examples of silicon compounds, having Si-

H groups at both terminals thereof, represented by for-
mula {11) include H-terminated polydimethylsiloxanes

25 having a number average molecular weight of 50,000 or



or ganosol ; di spersion nedium m xed sol vent of toluene 25 and i sopropanol,
Ti Gz content: 20 & by wei ght, average 118 crystallite dianeter: 6 nm
which is a val ue described in the catal og) (manufactured and sold by Tayca
Cor poration, Japan) was charged into a reactor equipped with a refl ux
condenser, a thernoneter and a stirrer. Sub 5 sequently, 40 g of a 20 % by
wei ght tol uene solution of bis(trinmnethylsil5@xy) net hyl sil ane was char ged
into the reactor over about 5 minutes at 50 C, and the resultant mixture in
the reactor was stirred at 50 C for 12 hours to thereby obtain nodified
phot ocat al yst 16-efSgafes® aEA-L)L Sor-dietindgerbdilidicd ¥9%3t um oxi de
particles well dispersed therein. During the reaction of TKS-251 wth

bi s(trimet hyl si loxy )3t PylSsinesssane thyditegded 19xanfa £k erlatd - S Yol une of
t he generated hydrogen gas was 718 nml as neasured at 23 C The obtai ned 15
nodi fied titani Jm%ﬁ"@é%drld&mﬂwa@f@ﬁp|Ii-é&r<5fﬁtn@t£<1<m°1@fd&teet%l%lh'er eby
forma filmon the plate. The fil mwas taken as a _sanple and subjected to

| R spect ronet r y 1oRf@&SRh&ydag lﬁnndﬁtbzﬁrnéd’wgtené‘@ﬁégﬁr%eﬁﬂ%mcﬂﬁéd t hat

the absorption at 3,630 tqQq 3,640 cm 1 ich _2Q is .ascribed to .a Ti-OH group
di sappeared. Th%%i’r"ﬁ O &5 AU | W{Lgln 301% %@ﬁtrﬁ@fd&r%ﬂs‘ﬁﬁp&e{:‘t ed to
the nodification trea nt_. and t rticle size distribufi

above- obt ai ned ch?’l 'ég%pﬁd%ﬁegﬂw%rdfd&ﬁﬁﬁe (aR-di)l' 'LeJ:"I 'sq(")l'(r)?(/\g 1—}n'hﬁi g. 1

and 25 Fig. 2, respectiyv

lLy.. It was found that .nodifqie : t ocat al yst
organosol (A1) REF2E S, c%tgﬁesrl\sﬁ(?)\fgnﬁa’r?ﬁ—ttlegmﬁnzae edil ﬁdor]i%%jt]i?q%eﬁ{%sulnﬁer Y
aver age particl j ter: . ] i.ze di.strd bution
of nodified pho?ggégt%%%ys AVt %ar%gjsnﬁ%%ﬁf %%Ier%%%oﬁgoelré S lﬁ%‘éd@ﬁ% cE)feak f ound
in the nonodi spefsi to J | Styri{but i VBT S icle
di aneter: 12 ng)%oéfo\@K%-q‘rzgfgbsg'f ggr@s%bfédtlég‘ 'tBS_DEteﬁe i XI?SLC%I on }Jt%?%éa't ment .

Next, 2Qgg of the jaBowegment) diRAithiied 1RRtRC Al V1St 0F ganpsply (A- 1)
was added to 68 g of the solu 10 tion of binder conponent (B-1) which was

produced i n Ref elRAGHHEAITHR ras MY St IH-HeHhida P P BRI R LU €.
Subsequently, 0.5 g of a curing catalyst (dibutyltin dilaurate) was added
to the resul t anmefinglldia oMaine® Haviid'G nuthbtldielfiar 4y adlghotneat al yst
conposition 15 (C-1). An alum num plate having a size of 50 mm x 60 mm and
a thickness of WweDght)lo® 54, AWGH ARRIOP)uck R ss AIr @-diaaieaty v 1 /8 nax

m ghtylac A1 (color: white) (trade nane of an acrylic urethane resin
coating conpo 20 dimeitoryL(-ldas-ipasdanenatli, g scandess tthydm))), I i geanyeld and
sold by N ppon Paint Co., Ltd.) Japan)) followed by drying at room

t enper atlér e f or -Irdayid oxBmen, 1pAatsqTatta tysmeddrydosl 3 .0 {-Gdfraghenyned
above was spraycoated onto the thus obtained acrylic urethane coating 25
formed on the al-treitm@midloatameso dilmethy leddaneg efthy o hphios boanead y&t -
conposition (C1) having a thickness of 2 fun was fornmed and, then, the
spray- coat ed ph@tdydisdllpste ;c @hroy inedihylcibanggs dhphan ks g t <ipkert ure
for 1 hour, followed by heating at 150 C for 30 m nutes, to 5 thereby
obtain test plabPeXyBmBthydsiddne ;pHotedatiaedy lsddmngnidgilm A
cross-section of the obtained test plate (D-1) having a

phot ocat al yst - c oRU&YHiSHd e miees tates e thyd ssdfnsc taif (e HEsthsed

| on Bear? processing and the 10 thus treated cross-secti on was observed

t hr ough PEM A FEM tograph of the cross-section of test plate (D-1) is
shown in Fig. 3(a), and an illustration of Fig. .3(.a) is shown in_Fig.3(b).
From the obaer vat] onAMPRSEEeT GRS HER tHRB oSG T ISR Having
particles were Si-H groups at both terminals thereof, from the view-

point of obtaining high reactivity of the Si-H groups
during the modification treatment (i.e.., the dehydroge-

25 nation-condensation reaction) of a photocatalyst and



15 not present at the interface between the photocatal yst -containing film
(i ndicated by reference nuneral 2 in Fig. 3(b)) which contains the nodified
phot ocat al yst particles (indicated by reference nuneral 1 in Fig. 3(b)),
and the substrate which is the acrylic urethane 20 coating (indicated by
reference nuneral 3 in Fig. 3(b)) containing a titani um oxi de pignent
(indicated by reference nunmeral 4 in Fig. 3?B))) and that the entire
exposed surface of t he photocatalyst containing film2 was covered with the

nodi fi ed photoc articles 25 The pencil dness of test plate
(1) having thots 2&“%h8%‘6¥8?é1“§s?fc8HF3iLﬁ?'H8 EPATL A0t et BT R e ant act

IO oneIhe THPLER S PLChPER AL AL ATR AL T Ok 88! Bge.
hot t al t { | 5.h t t T
late (D 1)ysha3.°%aat'ﬁé %%0%8%93%%?3§%§? P EAR I MRS
| t l et | h th
?re;?ghotgst LPQ@ i%%f§% wered eva?ua%h 8825 elgggﬁeEE %%I%%Mégiféﬁﬁgoghat
t he penC|g hardnf€% ofm$ IS EPQ%Q% Ia; OSOﬁ gggg filmhad increased to
e er

nore than SH and con angl e ecreased to 0. In ad

dition, the photocatal yst actiV| y ocat al yst -cont ng film
was evaluated and it was found J% g&BEEHQﬁ%togatalyst act|€?t3 was

excellent (O ). Furthegrd pﬁeni €1y esdpMesepes formed (for
1,000 hours) by a EEmpanr€fT ﬁ?ﬁcontfg? weat er'%eter tdedeternlne t he

gloss retention valuesofai@st ahaiﬁ 6P drandiieadbose,r 81RGLI gRoud ue vas 98

20 and, thus, test plate (D-1) had excellent weat ng resistance. Exanple

2 Phot ocat al yst conpogi ta Ost£42dht OBhaiRedri Br&xaAtdScpl €yl f1asro-
spray-coated onto an epoxy resin (Quetol 812, 122 manufactured and sold

by NI SSHIN EM Co., Ltshigydagaspt Oahlr &) &sSphaynteakirN@OM (die mefaaxy resin
and, then) the epoxy resin having the spray coating was dried at room
tenperature for 2 dayen tidlpinesehy breéntgoni Brbfl €héowidwgayat bE
t hereby obtain epoxy resin test plate (D-2) having a snooth
phot ocat al yst - comveaimiwgg fhigh dhepebstabnedtabiliplale.eb- 2 presentd om
phot ocat al yst-containing fil mwas enbedded in an epoxy resin
of the aggregation of photocatalyst particles) during
the modification treatment of a photocatalyst, it is
15 preferred that the H silicone represented by formula
(12} above has a number average molecular weight of
5,000 or less, more advantageously 2,000 or less, still
more advantageously 1,000 or less.
The modified photocatalyst particles (A) are pre-
20 pared by subjecting particles of photocatalyst (a) to a
modification treatment with modifier compound (b) com-
prising at least one of the above-mentioned structural
units. In the present invention, for the modified

photocatalyst particles (A) to have self-stratifying or

25 self-gradating property explained below, it is neces-



10 (Quetol 812), thereby obtaining an epoxy resin-enbedded test plate
(D-2). The obtained epoxy resin-enbedded test plate (D-2) was cut by a

m crotone to prepare an ultrathin section (thickness: 50 to 60 nn) of test
plate (D-2), and the obtained ultrathin section was 15 subjected to Ru0O4
stai ning of phenyl group-containing silicone (BP1-1) in the

phot ocat al yst-containing film Subsequentl$y7 the cross-section of test
plate (D-2) having a photocatal yst-containing fil mwas observed through

TEM A TEM phot ogr aph. of the crqgss-sectjon of 20 test plat D,2). s _shown
in Fig. 4(a), aﬁgrﬁntPFFUEP?aFPGﬁbedFPB9t2F8$aF¥sEhBﬁEtFﬁEQ%gﬁ%ﬁ(bfyeFrom

t he observation) it was found that al npst no difjed ot ocat st
by BUERECS, SHRBIY Pbi-FhCLsaRgaLAT: fpan Ehat ol the

particles were

3(5)) which  1B3BBh AF ALPTABAERAPEPEGoBROFOES: LPPet ChaPCPaREe COMRA ot od
(ndi cat od by raFRF ek nuir L sotdingon i 5 it foafe chEP L fF an

Che modi 71 ed phstbeatirysFORRPRERE 42 pERHbE, BolBohent, ol Bs BER! Cf el ence
modi 1 red phot ocBrafggt tabypE PP i bR Be EheTEReBaR e IRy ER TS HR
particl o Phase)ngndabipdge BIARECL ERB=LF. Nl Ao W fRALIAG nglot o6aL al vt

particles) and an enlarg ot ograp this portion 1s"shown in Fig.

5(a). An i||USt%$%5§§a9&l§EG-pé&%ichéss?anhﬁgiﬁbgseﬁ@bktr&@i&b&ng56&)

shows that the phaSe has both a portion containing the nodified

photocatal yst pggikchesabtRhCategebyy! eier eacpra¥ari-akd that mo@1f3E?)) and
a portion (indicated by reference nuneral 7 in Fig. 5(b)) containing no

nmodi f i edg phot ocabmpyahapabli Gkea. £bur oBRailehg kit mbaigliea phowedatal- t he
portion of the binder phase (indicated by reference nuneral 7 in Fig.

5(b)), containi ngsto(apdhhkeloppatagat grpsp padt nel AydrbagylagiotpGt ure in
whi ch the phenyl group-containing silicone stained with Ru04 and the
unst ai ned al kyl sinedpa2pheaght giroupgaatll echgarexkibgtocaprhavep lasge
separation. 124 Conparative Exanple 1 A photocatal yst conposition was
produced i n subsstfateathgrghe SEhmerefomer bs eaclkxefiptire 1fexmupaet bad 5 10
g of unnodified TKS-251 was used instead of 20 g of nodified photocatal yst
organosol (A-1)tot h2)ebboubt zepresgnphogoeasiirysturedpupiti of modAfiegsi ng
t he produced photocatal yst conposition (C2), a test plate was produced in
t he sank5mannercemppungx (b0, akpl ds1prefiersef sbeii shagoresachl & énds--3)
havi ng a photocatal yst-containing film (having a titani um oxi de content
which is the saﬂ%nﬁ§nFﬁYEXQE§P§emFF a straight chain or branched C;-Cjp

alkyl group, a Cs-Cz cycloalkyl group, a straight chain
or branched C;-Ci, fluoroalkyl group, a straight chain
or branched C,-Cj;p alkenyl group or a C;-Czy alkoxy group.
20 In the present invention, it is preferred that

modified photocatalyst (A) is in the form of a sol hav-
ing a number average particle diameter of 400 nm or
less, more advantageously 1 to 100 nm, most advanta-
geously 5 to 80 nm, wherein the number average particle

25 diameter is measured with respect to a mixture of pri-



The pencil hardness of the obtained test plate (D-3) having the

phot ocat al yst-containing filmwas H 15 and the contact angle of water was
97 Test plate (D-3) having the photocatal yst -containing filmwas
irradiated with ultraviolet light (black light) and, then) the properties
of the thus treated test plate (D-3) were evaluated. As a result, 20 it was
found that the pencil hardness of the photé@ata | yst-containing filmhad
increased to 3H, but the contact angle of water was 94. In addition, the
phot ocat al yst activity_of the_photocatal yst-cantaining.fi.l V. it ed
and it was founHaFHaFXFhﬁeﬁﬂﬂggﬁgtBF§%FC§§Sa8gi&%Fymﬁé§ﬁ&§§ﬁﬁﬁ%§%ég%%5
Further, an atnpspheric exposure test was perforned for 200 hours by a
Dewpanel |i ght &ngrol weat her nmeter to determ ne the gl oss retention val ue

g];lalt E?;gpkgtseof)si?z/éﬁgggﬁ%gigt ] l\e}%g%;ﬁ%fl\é{%l#ﬁh\g)ﬁggét gI%)?s IFOLS%?E i%%na
esin 10 (Quot of '619) REBOPG: AVE: SBPap L oAt R e ety Todrh Sha 1 hen,
2 days, Fol | ovoBoBy REaPPRG AP EbaeER by R e Ry
The obt ained o2t 281 Ste L B TR0 na s et acat a Y S Contal Mg 11 T ves.
Fasin- onbedded LRe SPEPE S B L R fbeaded 20 test

plate (D-4) wasyGylnby s2aRkicbeepecl FiRIERYspet Wd radlidisaativion
(thickness: 50 to 60 nm of test plate (D-4), and the obtained ultrathin

section was subpectad HBaR¥Q4as phiotioRa tafl yahe r wicales cantaiai tigiak+ i cone
(BP1-1) in the photocatal yst-containing film 25 Subsequently, the
Cross-sgeti on ohek@siyiklaldareltdbn o¥2GHea\ding a Wiededontttey stomoemn trat ng
filmwas observed through TEM A TEM phot ograph of the cross-section of
test plate (D 4kxion sHOWRe mokdigiedl photawhtalydt ystrtatdles ofs Hew 6(a) is
shown in Fig. 6(b). 5 Fromthe observation, it was found that nmany nodi

fi ed photocat al ysbupdr tthel dntenfdiceatbedvween dfftey dniclen anderigie 0¥ gafrlg.

6(b)) were present at the interface between the photocatal yst-containing
film (indicat edshpstebdecand msmivigh 2anourd ¢he (aRposdd FriReai 98 Fhe 10
nodi fi ed photocatal yst particles, and the epoxy resin substrate (indicated
by reference nufddsl. 5Tharpfgres( e, oft anmedified: phedockialmet &t re
exposed sur face of the photocatal yst-containing film2 was_covered wth
the al kK5 gr ouphesrng @ SEuielr] @FE agen dadic-9ydame e PhckOA B aF 8 in
Fig. 6(b)) containing no nodi fied photocatalyst particles. Therefore) the
phot o cat al yst - dessails pFefermecodiar FRTHRE G RHPPFREEKY ST

-containing film which not only has high photocatalytic
activity, but is also free from the occurrence of
photocatalytic deterioration at the interface between
20 the organic substrate and the photocatalyst-containing
film. Such modified photocatalyst sol can be obtained
by subjecting the photocatalyst sols exemplified above
to a modificatibn treatment with modifier compound (b).
With respect to titanium oxide and the like, it

25 should be noted that the term “"particle diameter” which



hi bit the photocatal yst activity. 20 Conparative Exanple 3 A photocatal yst
conposition was produced in sub stantially the sane nmanner as in Exanple 1
except that 68 g of the solution of binder conponent (B-3) contain ing no
phenyl group, which was produced in Reference 25 Exanple 7, was used

i nstead of binder conponent (B-1) 127 produced in Reference Exanple 5,

t her eby obt ai ni ng photocat al yst conpositicn??(>3). Usi ng the produced

phot ocat al yst conposition (C-3), 5 a test plate was produced in the sane

ohot ocat al yat - GO AMYTRTIT A A SF1 VRRITHT ot dEOBIRTERT WL ER i s the
0. phot ocat al yStCR AR T m B Lt 1t SrPacr i) 204 AR TE, IS
rradi ot el wi th A 4010l B FEORC ke gheneteh FRaPLTRE? aEEH Tes
Found that the ROHCT | (e Inaeer i RARRER U] RS e B hemblelil®
phot oat A yst e vit3 e RO of 408! £ RIERTRs (HPRRE L R e

and it was foun { LGRAL A Ystr BEE1dd § Vi ¥aSoPOREE (& tefULhher, an
at nospheri c expg;sfuér.bgé legs}t? %;ﬁ per ]?}(L)r%% for 2%)0:L houcr)s by a Desvpanel | i ght

control weather JIplerp s Al @ dmetdie” TAMOORLRE: Ghéal 1M hBeapybSt rat e.
25 128 Exanple 3 40 g of TKS-251 (trade nane of a titanium oxide

organosol ; di spersi orpdTgginiioddd esb SR Vetie Ghhé BOHRIELPHE ESRPSODBDOH ,
Ti 02 content: 20 % by weight, average 5 crystallite diameter: 6 nmwhich is
a val ue descri bege ithd her&adad odlveiBioth acémipeds 88dtKel flodyf Tagcphoto-
Cor poration, Japan) was charged into a reactor equi pped with a refl ux
condenserg a thefafuBiel enp andta rpsbideSubseporahtyjB3 whibéh comprises
1,1, 3, 3-tetranet hyl di sil oxane was

a phenyl group-containing silicone (BP) represented by

the following formula (4):

RlpqueriOH-P-q-r} /2 (4)
15
wherein:
the or each R! represents a phenyl group. and
the or each R? independently represents a
straight chain or branched C;-Cs; alkyl group, a
20 Cs-Cpp cycloalkyl group or a straight chain ox

branched C,;-Ci¢ alkenyl group;

the or each ¥ independently represenfs a
hydrogen atom, a hydroxyl group, a C;-C; alkoxy
group, a C;-Czy acyloxy group, an aminoxy group,

25 a C;-C,y oxime group or a halogen atom; and



10 charged into the reactor over about 5 mnutes at 40 C, and the resultant
m xture in the reactor was stirred at 40 C for 48 hours to thereby obtain
nodi fi ed phot ocatal yst organosol (A-2) containing nodified titani um oxide
particles well dispersed therein. During the 15 reaction of TKS-251 with
1,1, 3,3-tetranet hyl di sil oxane, hydrogen gas_was generated. The vol une of

t he generated hydrogen gas was 2,570 i as 4Rasured at 23 C. The obtai ned
nodi fi ed photocatal yst organosol was applied onto a KBr plate to thereby
forma filmon the 20 plate._  The film t as, a sanpl.e. and subj ect ed
to IR spectronetry. ﬂTeQF?rSdpé’ctﬁﬂﬁﬁﬁfﬁfmgﬁi}Fe?(%;&?W%p% Fohs %ﬁlbwed
that the absorption at 3,630 to 3,640 cm1 which is ascribed to a Ti-OH
group di sappear ed. 28 1% Ruds %ound that nodified phot ocat al yst or ganosol
129 (A-2) had a nonodi spersive particle size distribution (nunber average
particle diameter: 2% dndthat the particle size distribution of
nodi fi ed phot ocat al yst organosol (A-2) no | onger showed the peak found in
t he 5 nonodi spersive barth N ésize distribution (nunber average particle
dianeter:_12 nn) of TKS-251 befor ubj gct to the nodification treatnent.
~Next, 12% of the abcve n‘gontﬁ o%e+d%:n)ts)d4|3ff'e phot ocat al yst organosol (A-2)
was added to 80 g of 8 by, 10 weight .toluene solution of the phenyl
group-cont ai ni ng sil iog‘o(ﬁsg S(L;f\:‘f(ﬁ +sy thstes]i zed in Reference Exanple 1, while
stirring at roomtenperature. Subsequently, 20 g of isopropanol and 22 g of
butyl cellosolve were added the resultant m xture while stirring, followed

by fur 15 ther additigp gfe (b&&égt@l}cé@i&gnﬁ@gﬂy&{ &£l i YptéBent

dilaurate) while stirring, to thereby "obtai n photocatal yst conposition

(C-4). Photocat aj adn CWOSiHd Qe {dht}) r&bidi fLUn8dOF Led@phSPb8NLEDREED ONt O
a glass plate in a thickness of 2 Eun 20 and) then) the spray-coated
photocatphyst coppstd ithddr QomBénélit edB pt (1 00m t ERPL(BY weight fahour,
foll owed by heating at 150 C for 30 mnutes, to thereby obtain glass test
plate (D-6) havitigpp 1i¢ anspaientamde sHoPidmphol peat al yst 9gpht apnefigrarl m
25 The pencil hardness of glass test plate (D-6) hav 130 ing the

phot ocat al yst - casti furary 79I wasody1@and t he contact angle of water was 93.
G ass test plate (D-6) having the photocatal yst -containing fil mwas
irradiated with ultras cdamplightos glinyrk drohp)cemtzinbes)sihacpneperties
of the thus treated glass test plate (D-6) were evaluated. As a result, it
was found that tOBP pereptesenitkdshy oformelphbt bcabavyst tkereararngefi| m had
increased to nore than 5H and the contact angle of water had decreased to
10 0. Inl%dditi onenthenghosbbicensgstcamprisiggoptt heast one siloxane

phot ocat al yst-containing fil mwas evaluated and it was found that the

phot ocat al yst actiwkage waikreseere eselecyed 15reRakhe edBoUD §OBFLFREPISPE
(trade nane of a titanium oxi de organosol; di Egersi on nedium m X sol vent
of tol uene and i EPrevarRtIres opesRRtEhYelPorePEGSERI Gt PYabBPa§ellov-
crystallite dianeter: 6 nmwhich is al escri 20 in the catal og)

( manuf act ur ed anﬁngo‘f?ir’b'ﬁlaf%ybasborbg? at rﬁﬁ? 35%?:?9%&5 charged into a
react or equi pped with a reflux condenser, a thernoneter and a stirrer.
Subsequently, 8 g of KF9901 q:prade n of a copol ynmer of

met hyl hydr ogensi | oxane and diJrret hyl si foxane, Si-H group 25 content: 7.14

nol / g, i ght average nol ecul ar wei ght: 131
Si—0O i

O O (16),

25



3,900) (manufactured and sold by Shin-Etsu Chem cal Co., Ltd.) Japan) was
charged into the reactor over about 5 mnutes at 40 C) and the resultant
m xture in the reactor was stirred at 40 C for 48 hours to thereby ob 5
tain nodified photocatal yst organosol (A-3). During the reaction of TKS-251
wi th KF9901) hydrogen gas was generated. The volune of the generated

hydr ogen gas was 980 nl as neasured at 23 &l The obtained nodified

phot ocat al yst organosol 10 (A-3) was applied onto a KBr plate to thereby
forma filmon the plate. Thelg%$n§ s taken as a szggle and subjected to
| R spectronmetry. The IR spedT@ bbt ai ned by the sp tQOnetry showed t hat
the absorption at 3,630 to 3,640 cm1 which is ascribed to a Ti-CH group
di sap 15 peared. It was found that nodified photocatal yst organosol (A-3) -
had a nonodi spersive particle size distribution (nunber average particle
diameter: 41 nm and that the parti®l e size distribution of nodified
photocatal yst 20 organosol (A-3) no|longer showed thegpeak found in the
nonodi spersive particle size dR i Pi--QR—Aunber aver "age particle
dianetery 12 nn) of TKS-251 before sub jected to the nodification
treatment. Next, 8.1 g of phenyl gr@amp-containing silicone 25 (BP1-2)

synt hesi zed in Reference Exanple 4 s m xed 132 with a crosslinking
agent, nanmely 0.9 g of DM5-VOO (trade nane of a vinyl-term nated

pol ydi met hyl si | oxane),fpaaHf aghHr /Y Bide5Ohde Y1 FY-E5P68nPSr ati on, Japan)
and, then, 14.7 g of toluene, 29.8 g of 'Isopropanol and 5 15.1 g of butyl
cel| osol ve wer e addeghnkgyingrbapyl baskraightr ehatliebebyrobioheal ng a

sol ution. Subsequently, ?o he obt ai ned sol uti on was added 12 g of the
above -nentioned nodificed abhriecatahpsbroagaposyl cHALIR1NGl e stirring at
roomtenperature, followed by addition of 10 0.4 g of a 0.25 $ di oxane
sol uti onpof di chl or ogdbogpe! apant adi enyl )-platinunm(l1) while stirring at
roomtenperature, to thereby obtain photocatal yst conmposition (C5).

Phot ocat al yst conposition (C5) obtained above was 15 spray-coated onto a
steel plate in a thickness of 2 dun and) then, the spray-coated

phot ocat al yst conposition (C5) was dried at roomtenperature for 1 hour,
foll owed by heating at 140 C for 30|m nutes) to thereby obtain steel test
plate (D-7) having a transparent ang. 20 spooth photocatal yst-contai ning
film The pencil hardness of steel test pfate (D7) hav ing the

phot ocat al yst-containing filmwas 2H, and the contac{18Agle of water was
94. In addition) the inpact resistagge of steel test plate (D7) was

sati sfa&?5 tory. I

The silicones comprising at least one of the
above-mentioned structures can be prepared, for example,
20 as follows. A silane derivative selected from the
group consisting of a trifunctional silane derivative
represented by the following formula:
R’SiX, ,
a bifunctional silane derivative represented by the

25 following formula:



133 Steel test plate (D7) having the photocatal yst -containing filmwas
irradiated with ultraviolet light (black light) and, then, the contact
angl e of water against the photocatal yst-containing filmwas evaluated. 5
As a result) it was found that the contact angle had decreased to 6. In
addi tion, the photocatal yst activity of thg phot ocat al yst-containing film
was evaluated and it was found that the ph ?ocatalyst activity was
excellent (O). 10 Exanple 5 A photocatal yst conposition was produced in
sub stantially the sane manner as in Exagm%if_exce dhat a solution of

bi nder conponent (B-2) synthesized in 15 Reférence€ Exanple 6, which

sol uti on was obtalned di.ssalyin i C i

ni xed sol vent of 3% agngt%SPﬁén3?135g88%r§%g?§88rgggggﬁggﬁ%%i%&lﬁ%egf
butyl cellosolv .used in ad of binder conponent (B-1) produced in
Ref er ence Exanp?glgsaiﬁatggfg ;gdbtaining phot ocat al yst conposition (C-6).
Usi ng the produced photocatal yst conpositggﬁ4(c-6)) a test plate was
produced in the sane manner as in Ex anple 1, thereby obtaining test plate
(D-8) haging a photo&agggﬁﬁtiﬁoggghnb@gthblgbogg_mggtggﬂgalf@@h@pess of
test plate (D-8) having the 134 photocatal yst-containing filmwas 2H, and

the contact angle of ;yateinuegr98achet?! Ph&éSehddSt1pavéphesbits
phot ocat al yst -containing filmwas irradiated with ultraviolet light 5

(bl ack Iight) and, taegisle{qg}@ Breng’t kestehibhe thugnt beabednicheld pl ate
(D-8) were eval uat ed. a‘result, it was found that the pencil hardness of

the photocata |yst-cen@j,nangylii hFohadoirnar egsed tgcibadkgit he cont act
angl e of water had decreased to 6. In addition, 10 the photocatal yst
activity of the photgeatplyahdceatai Hi apdkpemdens 1gvalepatesenamdad t was
found that the photocatal yst activity was good (D)
10 reactive group selected from the group con-
sisting of hydrogen atom, a hydroxyl group, a
C;-Cz0 alkoxy group, a C;-Cz acyloxy group, an
aminoxy group, a C;-Czy oxime group or a halo-
gen atom,

15 is subjected to partial hydrolysis-condensation,
thereby obtaining a reaction mixture containing a par-
tial condensate of a silane derivative monomer. If de-
sired, a monofunctional silane derivative represented
by the formula R7;SiX (wherein each of R’ and X is as

20 defined for the formulae above) and/or an alcohol, as a
polymerization terminator, may be added to the reaction
mixture. The thus obtained partial condensate of a si-
lane derivative monomer has a weight average molecular

weight of 100 to 100,000, preferably 400 to 50,000, as

25 measured using a calibration curve obtained with re-



Further, an atnospheric exposure test was per fornmed (for 1,000 hours) by a
Dewpanel |ight control 15 weather neter. The gloss retention value was 60 ~
and no chal ki ng was observed. Conparative Exanple 4 A photocatal yst
conposition was produced in sub 20 stantially the sanme manner as in Exanple
5 except that 10 g of unnodified TKS-251 was used instead of 20 g of
nodi fi ed photocatal yst organosol (A-1), thé?eby obt ai n i ng photocat al yst
conposition (C7). Using the produced photocatal yst conposition (C7), 25 a
test plate was produced in the sanme_nmanner as in Ex 135 anple 5, thereby
obtai ning test pPEFE FE>9FaH§9Fﬁg981Hﬁ5¥683ﬁﬁryst-containing film (having a

titani i d tent which i h [ Ex I il
| Canium oxi de cont e uehiLs, Lhe SRTBLESLN SLATLEY ueltP

hot ocat al yst-containing film H. and _th a .e._of waler was 92
gest platey?D-Q?lﬂ éFhﬁgFﬁénﬁﬁg?g?it%Pygge-ggﬁ%%%#i%éﬁgﬁﬁ%SKBstﬁrradiatZd
ith ult iolet light (black Light t , ' it th
10 troat cd o5 EANaPE FERGTSleR: 20k Elng1 0 =, MTRLREdSLA S0 | P

t he pencil hardngégggéF%Qngag%%?i%ggkﬁzggg@yﬁ?éﬂ&g%g'ﬂjggyi pdidaased to

3H and the contac reased to 82. In addition, the

phot ocat al yst aggké§5¥60%8h?§a§%% gga%g%&a%h%%_ggn@@dg!yhgﬁdlpﬁﬁgish-

eval uated and i u phot ocat al yst” activity was poor (X).

Further) an atngﬁﬁhghkq eyResyr e ihestegpgs per forned for 200 hours by a
Dewpanel |ight contr weat her ‘'meter to deternmine the gloss retention val ue

of 20 test plate (D Qhongheng! BREnyal 8R0LDR cédltea nsdy 13 1arcdres (@BH) a
chal ki ng was observed. Exanple 6
represented by formula (4) above, preferred is a sili-
10 cone which contains a ladder structure represented by
formula (16) above in an amount of 10 mol % or more,
preferably 40 mol % or more. The use of such silicone
for producing the photocatalyst composition is advanta-
geous in that a f£ilm prepared from the photocatalyst
15 composition has excellent properties with respect to
hardness, heat resistance, weatherability, staining re-
sistance, chemical resistance and the like. Among the
ladder structures represented by formula (16) above, a
phenyl ladder structure (i.e., a ladder structure rep-
20 resented by formula (16) in which each R’ represents a
phenyl group) is especially preferred for improving the
above-mentioned properties of a film produced from the
photocatalyst composition. Such a ladder structure can

be confirmed, for example, by the presence of two ab-

25 sorption peaks ascribed to siloxane linkages in an IR



40 g of TKS-251 (trade name of a titanium oxide 25 organosol; dispersion
medi um m xed sol vent of tol uene 136 and i sopropanol, TiOz content: 20 %
by wei ght) average crystallite dianeter: 6 nmwhich is a value described in
the catal og) (manufactured and sold by Tayca Corporation, Japan) was
charged into a reactor equipped with 5 a reflux condenser) a thernoneter
and a stirrer. Sub sequently, 20 g of a 20 5 by wei ght tol uene sol ution of
1,1,1,3,3,5 5-heptanmethyl tri sil oxane was charged into the reactor over

about 5 mnutes at 50 C, and th?.[ir esul tant m xt L{R_le in hse reactor vas;
stirred at 50 CSPECLFY™ 2ThGurd 6 er 8P TSI i T SERT e A ShStoCcat af yst  or

ganosol (A-4) containin i fied titanj oxide, parti, clLes | | di-spersed
therein. Duri ngatthgrloélélgt Hg’goof’mTk§-'§ggim he™ (B2E' . OFeopiBln . 30

1,1,1,3,3,5,5-he t%gfteh%llg%:jlg églge, cQcy_dr gl%%ll%%s \/gq§4ge(qg&)td)e)d'. The

vol une of the g? e d as "va as ‘neasured ‘at 23 C. The
ob tained nodified titaniumoxi de,or |._was .appl i eto
thereby forma film I&ﬁ tRE BFgfeePtTﬁg%ﬁ%ovl\}ds%TtaE%nn%%e%%ag: Ieefgécnglr?é
subjected to IR r : AR trs t@ge d6 SRE G20
tromet ryq’shomedP?I%glg(tlt ?{é@%& sgp%?%&hlg?%ﬁ%n?fég%q%%&l ﬁ ch is}r2
ascribed to a Tie P GLOYR ) di3aRRC UGkl 8% fund dibiate TRfidieth Ph

phot ocat al yst organos& ( 2) had a nonodi spersive particle size

di stribution 25 ver rg dianeter: 18 nm and that the

137 particle si %%E’g:é%t%ht%u% n%g rrtgorll%:‘u?e)d phot ocat al yst organosol (A-4) no
| onger showed the peak t@pidinBal BSoFRN0ANS RefeS PHR T alyds 15 iddnposi -

di stribution (number average particle dianeter: 12 nn) of TKS 251 before
sub s jected tottihe RdithieC prie@enit aavE@tiolNeXiodidl <l @Phdtcatalyst
above-nenti oned nodi fi ed photocatal yst organosol (A-4) was added to 68 g of
bi nder a@nponent;a(B- {hiRhod4C &b tial nldel @yyenC endidamiat imn Wridaetnsdnit rwvingh at
room tenperature, followed by addition of 10 0.5 g of a curing catalyst
(dibutyltin dil akdatraerWaichposinidr r(iog)cdrprtieiraba aitaiak ydelt ooettal lyast -
conposition (C-8). An acrylic urethane coating was forned on an al um num
plate in the sammagnanreryasmallPsamfaecel eregyl Y iphot.oaatstmettwoadposi ti on
(C-8) obtained above was spray-coated onto the acrylic urethane coating in
a thickness of 2nEdnrefuesenied by) are ofprigrmvaaed phdiwckd bl ysts
conposition (C-8) was dried at roomtenperature for 1 hour? fol | oned by
heating at 150 Qsfedr i20 R@dbdinattien widh Mdmdar cmnaependst (B #iep 10)
havi ng a photocatal yst-containing film The pencil hardness of test plate
(D-10) H&vi ng t Femprdisecattappenydo @AY 1RPTHa RS $16/Pe hBRbMatt
angle of water was 99. In addition, test plate 25 (D-10) had satisfactory

i npact resistand®9 a FYFEREs eRenay (BrAHT HAThERiHe Phatstbhied st

-containing filmwas irradiated with ultraviolet |Light (black Iigdht) and,
t hen) the propegﬁqggqﬂtqym§q:ﬁ@g. By virtue of the use of such

binder component, the photocatalyst composition of the
present invention exhibits a self-stratifying or self
20 -gradating property with respect to the distribution of
modified photocatalyst (A). In the present invention,
the term “self-stratifying or self-gradating property”
is defined as follows. When the photocatalyst composi-
tion of the present invention is formed into a film or

25 a shaped article, during the shaping of the photocata-



treated test plate (D-10) were evaluated. As a result) 5 it was found that
the pencil hardness of the photocata |yst-containing filmhad increased to
nore than 5H and the contact angle of water had decreased to 4. In ad
dition, the photocatal yst activity of the photocata |yst-containing film
was evaluated and it was found 10 that the photocatal yst activity was
excellent (p ). Further, an atnospheric exﬂ%@ure test was per formed (for
1,000 hours) by a Dewpanel light control weather nmeter to determne the

I [ I f I The
35 15 and, t hus, LKEs CIRRE (1 qSIt%&mﬁ%@% PRRESTAR ARt BerETahEs "
Ex le 7 40 f. TKS-251 (tr £t de_2 ;
i sper si on_redi ) rﬁ’kzta“ ( %arnqc%ﬁaaff% thtat B B enaroRbRBuaIR: oo
20 ~ b i ght, t al
y welg S S it £ SR ar AIVIRLCY binBekBitfion

described in thé ca ured and so rporation,
{hor ot er CQﬁéqéﬂascIﬁ”eﬁn‘r’te?of 2?%4 %fﬁl‘éé’%eqﬁ%ﬂ%waﬁ%l% 55“%83953”33 i
t ol | ut dyj

roactor over aboiiReTd nte I SR RIS L AR téﬁ?ﬁ?ngxt hreCrR e
reactor was sti rda%ﬁ:étw;?% Cu{s§ p]gt;mpé:% s(d %@féfﬂ‘ RPEALBn IR k§dor

phot ocat al yst or ganoso alning nodified titani um oxi de parti

cles well di spensathdiedei it PHIdNG therf S35 EORL8ELTKS 2B ¥ilh or the
tris(trinethylsiloxy)silane, 'hydrogen gas was generated. The vol une of the

generat ed hydr ogafhpldl oSt Weibe 23@uHh abiNBasH s &e %ﬁmcﬁ:ocﬁ‘&tpﬁéﬁi H6f-
nodi fied titani um oxi de organosol was applied onto a KBr plate to thereby

forma filmon tdesidade. tJ heodm | dn d@scémkeat a6nagsaapentastd shbj moded to
| R spectronmetry. The IR spectrum obtained by the spectronetry 15 showed

that thelcbsor ptfiid ghet A Dy St Gdretelesh(Eh is astlebliedhtoaelif- OH
group di sappeared. It was found that nodified photocatal yst organosol (A-5)
had a nonodi sper-sdtuea thbf¢ind eosi gl £+ gt addtingnptopabey” avér &ge phottoel e
dianmeter: 32 nm and that the 20 particle size distribution of nodified
phot ocat al yst oragermlsys t (demposiotiemnger showed the peak found in the

nonodi spersive particle size distribution (nunber average particle
diameter: 12 nm of TKS 28jobefmant sengdcself t strabifivéngi ent FeALt reat nent .
25 . Next) 20 g of the above-nentioned nodified photo 140 catal ys
organosol (A-5) vEEﬂQﬁﬁkﬂBtEFQEﬁ@Fﬁflﬁh@mB@¥E?ﬂo§YOFh9iHﬂéroéoﬁpﬁ RY1( B- 1)
whi ch was produced in Reference Exanple 5, while stirrin room

t enper atift e, fcﬂQﬁﬂuﬂr%ﬂntﬂkﬂ%mﬁwﬁ%ﬁlQPEﬁg(%?)ahéﬁipﬁgacgﬁﬁg?sﬁurface

energy. Specifically, the self-stratifying or self
-gradating property of the photocatalyst composition
can be exhibited by the use of a phenyl group
-containing silicone (BP) represented by formula (4)

20 above which contains a phenyl group (R*) in an amount
of at least 5 mol%, based on the total molar amcunt of
phenyl group(s) (R') and other substituent group(s)

(R?*) (hereinafter, this total molar amount is referred
to as “"R' + R? value"), wherein the or each R? independ-

25 ently represents a straight chain or branched C;-Ci al-



5 (dibutyltin dilaurate) while stirring, to thereby obtain photocatal yst
conposition (C-9). An acrylic urethane coating was fornmed on an al um num
plate in the same nanner as in Exanple 1 and photocatal yst conposition

(G 9) obtained above was 10 spray-coated onto the acrylic urethane coating
in a thickness of 2 Eun. Subsequently, the spray- coat ed phot ocat al yst
conposition (C9) was dried at roomterrperéture for 1 hour, followed by
heating at 150 C for 30 m nutes to t hereby obtai n test pl at e (D-11) having

15 a phot ocat al yst.- cont ai ni_n | m__The d | .
(D 11I)o havi ng t lpl?c'ﬁ ot & §t o s r?aﬁ-Z‘Y?H Eh %\%{/gs%%% %fnt(ftate]?#ehtgoﬁgaﬁ
angl e of water vas 108. di.tiq e (D-11) had satisfactor

i ngact resi st ance. bf(fmlcesetnd ﬁda & (%“fﬁyﬁhé% ng 't Ele phz)t ocat al yst Y
-containing film vvas.I] %If%t ed O@ %‘Qo%' etcold ?g (ﬁb% agk ddg ) and,

At
t hen) the properties Tus t et C]’ test "plate wer e eval uat ed.

As a result) it (}ﬁ%’%nf u qﬂptat}att e q@gdtgﬂ;@é@coﬁ; r (18 Aptoeat

| yst - cont ai ni ng I'ncreased to 141 tact angI e of

water hag decreg,ts(g,g)mn -t a1l O L AL 363 | 6 vebed e

phot ocat al ystco eval uate and It was found that the

phot ocat al yst agty \éiédbr‘&%&ex‘%ﬁﬂrpfgn (Roreasd uid Rale nl nasphet | 6£

exposure test was per forned (for 1,000 hours) by a Dewpanel |ight control

weat her meter toHighar grmdde qIrSS ketartiventsakue eF fest waie. (D 11).
The gl oss retention value was 94 % and, thus, test plate. (D 11) had

excel | ent weat hamdi@ f} o ,eSitstiaN Gre e afiate fheafilenyl ranwf TKS- 203
(trade nane of a titanium oxide hydrosol; dispersion nmedium water) Ti Oz
content: 20 % 15 dontstirgiiy savialagR qQBE)E alddd eadlitaireier (cdnponaevwt c{B) s a
val ue described in the catal og) (manufactured and sold by Tayca

Cor por atlicon, Japamtasass diHaityed griddp (&) o ) ionaexahengéed ofaadr Lehst
resultant diluted TKS-203 was m xed with 10 g of X-41-7001 (trade nane of a
sili 20 cone acryl im®leryl sicorg sbidrdsngeantsit af leddttoil reek ¥ i cstbbln: 42
% by weight) pH value: 7, silicone resin content of the solids contained in
t he enul si on: 5@noebyadnergiade qurnufadc tigast fit mol ¢ bypsid- & stheRni cal
Co., Ltd.) Japan) and 12 g of CAT-AS (trade 25 nanme of a basic curing

catal yst) (manufa®’uvedugnd sold 142 5 10 by Shin-Etsu Chenical Co.,

Ltd., Japan). The resultant m xture was charged into a paint_ shaker and

stirred for 10 ni nut &he tRhemye &?P%%WW%&%W“%OQ%&?’FT&P% 510) .

An acrylic urethane coating was fornmed on an alu m num I in the sane
manner a9 in Ex%eélfntarﬁﬁlmﬂ%éioalwamﬁ I('ﬁ"ntet% %ﬁcfbb?%. fed above
was spray-coated onto the acryl i C uret ha coati in a h%ﬁnefs of Eun.
Subsequent | y) t 98T R ed ang 39%nl (&) ) R tc"fl]ijll ed
at roomtenperature for 1 ho foI ovved furt e yin

_ tenperature for P tﬁiﬁegd?lc?btt%n edte gt [9]—1% h%c\’/?gglmmg

phot ocat al yst - cont ai girgﬁg @ﬂ)colrﬁ-rg'ie uesné:%ét[{ha{edn sﬂ% cﬁ]a{)i‘aéedégﬁl@)

havi ng 15 the pﬁd‘t M was 3 e con tact angle

of water was 92, Test; Bl ie (R Jp%ko&acvawam.ec %@Ef&ﬂﬂ Y¥nedltore, a

20 functional composite obtained by coating on a substrate
the photocatalyst composition of the present invention,
and a shaped article obtained from the photocatalyst
composition of the present invention have excellent
weathering resistance.

25 For the photocatalyst composition of the present



-containing filmwas irradiated with ultraviolet Iight (black |ight) and)
then) the properties of the thus treated test plate (D 12) were eval uated.
As a result, it was found that the pencil hardness of the photocata

| yst-containing filmhad increased to 2B and the con tact angle of water
had decreased to 10 Further) an atnospheric _exposure test was per 25 fornmed
for 200 hours by a Dewpanel |ight control 67143 weather meter to deternine
the gloss retention value of test plate (D 12). The gl oss retention val ue

was 10 or | ess and a.chal ki ng was er.ved. 144 |, TRl A PPLI CABI LI TY
Waen the phot océpgﬁygztlogoﬁﬁog\oﬁeor? PIHY e & 1‘%%% osheLll’ésA used to form
a filmon the sur .of .an 5 _or ic.s t.rate)._ ther.e can be aobtai ned,

B thout Cn cunpor EsRat Ry BOHAR G ALY SIS S D IREALNEY.

advant ageous i nvtag%gietsoﬁ,%s tﬁ—,rat e tﬁmﬁgo%%é&g{]iﬁ(}%gnﬁ-a ;&t%cﬂ{{ .dr;gsﬁi&gﬁ? m and

interface between th strate and~t st-contai ning

free fromdeteri i f: j r ent_ | 0 al yst
-containing fil r(ngbgn%gien %L%a?)ﬁnidggx%oﬁ?snegimiﬁgel Senalt1 %@ﬁeﬁfg@%ardness
and flexigbility_(|] Lesi St , its lemnt i1y uch
that the SsurfaceElc?]mt%%tglfnﬁflg%lg%%ﬁgéo%%gﬁagqg%n?ﬁ%&ﬁgy Sﬁ%ﬁ‘? i‘?lt#%%]?a 15
tion, a water cqntaekighatde! &l SBrd "(lan rIMUUNdd By HH¥ following
hydr ophobi city) and/or “mai ntai ns such photocatal yst acti'vity for a | ong
tinme. 145 r TTEMemb1aA (BhQt ocat al yst conposi tion conprising: (A) nodified
phot ocat al yst particles, 5 said nodified photocatal yst particles (A) being
prepared by subjecting particles of a photocatalyst (a) to a nodification
treatment with at | east one nodifier conpound (b) selected fromthe group
consi sting of different conpowigs saagh .of,,»hich independently conprises 10
at | east one structural unit selected fromthe group consisting of a
triorganosilane unit represented by formula (1), a nonooxydi organosil ane
unit represented by formula (2), and a di oxyorganosilane unit represented
by formula (3): 15 RBbBerefiby wherein each R i ndependently represents a
straight chain or branched Cl1-C3o0_al kyl group) 20 a CS-Czo cycl oal kyl
group, a straight ch&he or beshcRédr€dré&Sentsuar pheRyl group; a strai ght

chain or branched Cz-C3o al kenyl group) a phenyl group, a Cl-Cao al koxy
group or a hydroxy gtbgpor each X independently represents a hy-

drogen atom, a hydroxyl group, a C;~Cjp alkoxy
15 group, a C;-Cyp acyloxy group, an aminoxy
group, a C;-Cy;p oxime group or a-halogen atom;
and
s and t satisfy the following relationships:
0 < s < 4,
20 0 =t < 4, and

0 < (s + t) < 4.

It is preferred that binder component (B) further
comprises an alkyl group-containing silicone (BA) rep-

25 resented by the below-mentioned formula (6}, since, in



25 146 -(RZSi O - (2) wherein each Ris as defined for fornmula (1), and 5
RIlI -Si-O (3)1 Ol wherein Ris as defined for fornula (1), and 10 (B)
a bi nder conponent which conprises a phenyl group-containing silicone (BP),
optionally containing an al kyl group, represented by fornula (4):

R pRzQX~Si O~y_p_q_r)/2 ( 4 ) 15 wherein: the or each Rl represents a phenyl
group, and the or each Rz independently redsrfbsents a straight chain or
branched Cl1-C3o0 al kyl group, 20 a CS-Czo cycl oal kyl group or a straight

Fepr osent s & hydSP AR tHF 1YL b Ao O Ghe SRR Er bUe™a

Cl- Czo acyl oxy group,. an am.no 25 gr.au a Cl- Czo. oxine .group or._a

hal ogen at om %fﬁ%é?dj pe,xrpbl% r® %[JT%SEFV (HECRGT R4 n@?@l%??%%%%iﬁ%: 0 <
0102 The comian i dfesr ol ddhdrdds sl eriielen R ot ¥ °
each of fornula tao ( J dent | v. represent trai chaln or
branched G -Caoesg](‘il)ﬂl%gqr 53%5,152%%%? o&}:éyr%:ﬁlé(’)agl kIe;/EfSlSBr%%rg?esa @?@%h?f% ain or
branched L1- C3o fluoroal kyl group, a straight chain or 15 branched Cz-Cso
al kenyl group or a Cl-Czo al koxy group. 3. The conposition according to
claim1l or 2, wherein said phq,pzxk %;P@(up-cont aining sili ¢gne (BP) is a

. phenyl group-containing silicong {BPL), *&éhtai ning no al'kyl

wherein:
the or each R’ independently represents a
10 straight chain or branched C;-C;p, alkyl group,
a Cs-Cy cycleoalkyl group or a straight chain
or branched C,-C;, alkenyl group:;
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-C;; alkoxy
15 group, a C;-C,;p acyloxy group, an aminoxy
group, a C;-Cyp oxime group or a halogen atom;
and
u and v satisfy the following relationships:
0 < u< 4,
20 0 = v ¢ 4, and
0 ¢ (u+v) < 4.
When binder component (B) is a mixture of the
phenyl group-containing silicone (BPl) containing no
alkyl group (which is represented by formula (5} above)

25 and the alkyl group-containing silicone (BA) (which is



20 group, represented by fornmula (5): R sXtSi0O~4_s tWz ( 5 ) wherein: 25
the or each Rl represents a phenyl group; 148 the or each X independently
represents a hy drogen atom a hydroxyl group, a Cl-Czo al koxy group, a

Cl- Czo acyl oxy group, an am noxy group, a Cl-Czo oxinme group or a hal ogen
atom 5 and s and t satisfy the following relationships: 0 <s <4, 0st <
4, and 0 < (s +t) < 4. 10 4. The conposi t§%n according to claim1 or 2,
wherein said binder conponent (B) further conprises an al kyl

group-containing silicone (BA) represented by fornula (6): 1

ROy 7. - L\ P HREReR Cohd Gz ] oy A enddnt1s WEFeEER sthe Yo
 Siraight ohai 06T PHERYONEE PGSR LA RANA e e dtrradnade 0P O
e L SIIOE el AP Sl R b o B e BT
oxi me group or | ogen at om. _and a gnd ti.sfy .th ]

rel ati gnsh?ps: 813 a)aa%%,"l %Olsn \?mgud"?tsaﬁsv %‘ag] Suty+t1%/e)e @)éli )O}é\f.ég%e

conposi ticon accoydi R | ai. erej | i o (B)
conpri se55 a phe%ﬁqgf% tgr(rg'cgﬁ'ﬁ é"ggnt]s ig?nsl ﬁ{:}o éﬁ%’oﬂ%%&foﬂ?ﬁ%i ﬁ‘gp%@?g{’ kyl
group, represenh%%nb%.gqﬁgpk% &%Emed from a photocatalyst compositicn

of the present invention which ceontains such a binder
component (B}, the film has a structure in which the
modified photocatalyst particles (A) are dispersed in a

10 binder comprised of a microphase separation form of a
mixture of the phenyl group-containing silicone (BP1)
containing no alkyl group and the alkyl group-contain-
ing silicone (BA), and such a film exhibits excellent
weathering resistance for a long period of time.

15 It is preferred that each of the phenyl group
-containing silicone (BPl) containing no alkyl group
and the alkyl group-containing silicone (BA) which are
used as binder component (B) has a weight average mo-
lecular weight in the range of from 100 to 10,000, more

20 advantageously from 500 to 6,000, still more advanta-
geously from 700 to 4,000, as measured by GPC using a
calibration curve obtained with respect to standard
polystyrenes. When each of the above-mentioned sili-
cones used as binder component (B) has a molecular

25 weight in the above-mentioned range, the microphase



RISXiSi0~4_ g tz ( 5 ) 15 wherein: the or each Rl represents a phenyl group;
the or each X independently represents a hydrogen atom a hydroxyl group) a
Cl- Czo al koxy group, a Cl-Czo acyl oxy group, an am noxy 20 group) a Cl-Czo
oxi me group or a halogen atom and s and t satisfy the follow ng
relationships: 0 <s <4 0st <4, and 25 0 < (s +t) < 4; and 150 an
al kyl group-containing silicone (BA) represhted by formula (6): Rz"XoSi O-
a-~-..) ~z 5 wherein: the or each Rz independently represents a straight
chain or branched Cl-C3o al kyl group, a CS-Czo cycloal kyl group or a

strai ght chai n FEPEHT BrlaTc HdduSAuEs ol k@?@lbw%;cqwltﬁn‘éa@) e -

i ndependently represents a hydrogen atom a hydroxyl group, a Cl-Czo al koxy
group, a Cl- CzoS8BFSoRPISr FRNETARRAA noxy group) a Cl-Czo oxine group or a
hal ogen atom 15 and_a and v sati sg‘l)ébt“he_ followng relationships: 0 < a <

4, 0's v < 4, and 0 Beggip.the £ &L CHAPRASH SERA G R ot & Rl ai m
Tonooxydi or ganodPPRRE b ) FRESNas AP IRP T Thag (AL ARG (SPL)
o o0oragos | ng, il O USSR 25 (WA (B gloh (S0
Cl-Go alkyl 9rowgn+3:GEng" QiU A I TRR LS 1hi Wloghal n
-menticned silicones exhibit a phase separation state
in which each silicone is present in the form of do-
mains each having a size in the range of from 1 nm’ to
10 1 pym®, preferably from 10 nm® to 0.1 um®, more prefera-
bly from 10 nm® to 0.001 pm®.
It is more preferred that the alkyl group
-containing silicone (BA) (to be mixed with the phenyl
group-containing silicone (BPl) containing no alkyl
15 group) comprises a moncoxydiorganosilane unit (D) rep-

resented by formula (7) and a dioxyorganosilane unit

(T) represented by formula (8):

- (R?;810) - (7)
20
wherein each R? independently represents a
straight chain or branched C;-Ci3, alkyl group,
a Cs-Cyp cycloalkyl group or a straight chain
or branched C;-C;¢y alkenyl group, and

25



or branched Cz-C3o0 al kenyl group, and Rz 10 -Si-0- ( $) I 0| wherein RZ
is as defined for formula (7). 15 7. The conposition according to claim3
or 5, wherein said phenyl group-containing silicone (BPl1) has a wei ght
average nol ecul ar wei ght of from500 to 10,000, as neasured by gel

per neati on chromat ography using a calibration curve obtained with respect
to standard 20 polystyrenes. 8. The conposiT}ton according to claim4 or 5,
wherein said al kyl group-containing silicone (BA) has a wei ght average

mol ecul ar wei ght of from 500 to 10, 000) as 25 neasured by gel perneation
chr omat ogr aphy using a cali 152 ¥ ation curve obtained with respect to
standard poly styrenes. 9. The conﬂosition according to any one of clains 1
5 to 8, wherein said nodified phot&at@tyst particles (Af)have a nunber
average particle dianeter of 400 nth or less. 10. The conposi ti on according
to any one of clains 1 10 to 9, wherein said photocatal yst particles (a)
are titaniumoxide particles. 11. The conposition according to any one of
claims 1 to 10, wherein said nodifier conmpound (b) is an Si-H 15

Iqi;gRyugl (&)Zé_il_ngng ?I lgl‘fog’f)ecg% eiqdﬁ: %L)éieﬁ%egzﬁn%e%@%rb@%mray(rg)eér esents a
SUTaOn Shal T in AN e Gl ERTh ko BUPrae G EEO(ICHER. W BO
Dy o S 8 €8s un PP | o BB e a0 s g o2
<4 50<yc< 4Suémdtﬂ§t+fﬂg ﬁofar ratio of the moncoxydiorganosilane
unit (D) to the dioxyorganosilane unit (T} {(i.e.,
10 {D)/(T) molar ratio) is in the range of from 100/0 to
5/95, preferably from 90/10 to 10/90. This more pre-
ferred form of the photocatalyst composition is advan-
tageous in that there can be obtained an increase in
the stress relaxation effect of the microphase separa-
15 tion state of the phenyl group-containing silicone
{BPl) containing no alkyl group and the alkyl group
-containing silicone (BA), thereby improving the crack-
ing resistance of the f£ilm formed from the photocata-
lyst composition of the present invention. As a result,
20 the f£ilm exhibits excellent weathering resistance.
Binder component (B) used in the photocatalyst
composition of the present invention may be in any of a
solution form in a solvent, a dispersion form in a sol-
vent and a liquid or solid form without a soclvent.

25 In the photocatalyst composition of the present



12. The conposition according to claim1l) wherein said Si-H
group-containing silicon conpound (bl) com 10 prises at | east one conpound
selected fromthe group consisting of: a nmono Si-H group-containing silicon
conpound represented by fornmula (10): R3 15 H ~- R3 (10). R3 wherein each
R3 i ndependently represents a straight chain or branched Cl-C3o0 al kyl

group, 20 a straight chain or branched CZ-C30 al kenyl group, a CS-CZo

cycl oal kyl group, a straight chain or branched C C3o fl uoroal kyl group) a
phenyl group or.a_sil

esent e b
-0 (R2SI 0)m Si R’o’nZ'Je_?) E%\%ggﬁlgnﬁ’ 2;?&,“% c)’o e en (ﬁji )#cé’;%)]?ees(ents a
t ht ch b | |
Straignt chain SEP %%%glheg‘ oY, i) (o Wy m%&o% o, Hevdiglh

branched Cz- C30,gLKROYl. SO Q5 1%0pha@a‘-' O Wi A1 (B 5, HpdUSGET NI ch

satisfies the for d, a siTicon conmpoun having Si-H

roups at both enm_n qk forJul
EI— ( Rngi 0) n- Si Rﬁgoh ez?f) %I\/J\Tﬁ%wael rllﬁ fl g%grsa% ﬁgﬁcejadt%iolrnpfc{)%]nﬁéﬂé%m and 15

i1 T cone o endosoiB BAvIfg S IR, (Bt b Sdb® riliibofkh Absd- o)

silicone repres ormula (12) R33Si 0

20 wherein: R3 hLgseds ‘i'x%f 'tn@.‘c%sfl%rtén‘?!efmkﬁle(nﬂa@al b stand), idieaei1ofy 1l or
nore, b is an integér of O or nore, and a and b satisfy t he follomnng rel a

25 tionship: (aazhabkhe 19RO, i3Nd € grefedied, trad thel Prather ejrompen (a +

b) is an integer of 2 or nore and ¢ = 0, said Hsilicone of formula (12) is

a cyclic silicongon®ad nWeN <G 13 cdneS iEP HHEd £ areacfideorgpdup (1 2)thst a
straight chain silicone. 5 13. The conposition according to any one of

claims 1 to 12, iwhi dh figr tdieferaad itdest an eomullal. (4Mhe ©angptoks £1o%
according to any one of clainms 1 10 to 13, which is a film
10 the relationship 0 < r). Further, for the same reason
as mentioned above, it is preferred that in formula (5),
t satisfies the relationship 0 ¢ t, and that in formula
{6), v satisfies the relationship 0 < v.
In the photocatalyst composition of the present
15 invention, when the reactive group (i.e., "X" in for-
mula (4)) of the phenyl group-containing silicone (BP)
is a hydroxyl group and/or a hydrolyzable group, a con-
ventional hydrolysis catalyst or curing catalyst may
added to the phenyl group-containing silicone (BP) in
20 an amount of from 0.01 to 20 % by weight, preferably
from 0.1 to 5 % by weight, based on the weight of the
phenyl group-centaining silicone {(BP).
As a conventional hydrolysis catalyst, preferred

are acidic compounds (such as hydrogen halides, carbox-

25 ylic acids and sulfonic acids):; acidic or weakly acidic



15. The conposition according to claim 14, which is anisotropic with
respect to the distribution of the nodified photocatal yst particles (A,
-wherein the con 15 centration of the nodified photocatal yst particles (A

i ncreases fromone surface of the filmtoward the other surface of the
film 16. The conposition according to any gne of claims 1 20 to 13, which
is a shaped article. 17. The conposition at ording to claim16, which is
anisotropic with respect to the distribution of the nodified photocatal yst
particles (A), wherein.the n 25 centration. LEi cat al yst
particles (A) 13%%9?%%?e§§£€sfr%ﬂﬁtﬁ%i%%néglgérEggﬁﬂggb%hgqgﬁgggg article
toward the surface. of . the,shaped articl LOIMosi 44 agcgording to
claim4, which TS558 1| h%ﬁ[}%%u al:asdtg %li%sl‘g’pcliﬁgai% separ at%jf)lﬁggtﬁr;ﬁct ure with
respect to said phenyl. group- taLning.si kLcgn ) +8N hdsabiy
group-containin%P%$?¥%%%% %ﬁAfgglg%H#%eO%o%%ggi?fgﬁEaggogd?%g tobclain118)
which is 10 ani OpLC Wt i hBHt kBNs9h itbe aRdksi.ed
phot ocat al yst Hﬁgiécﬁgst%%O£Y§£§$§?%b%ﬁebggﬁgeﬁ%?ggﬁoEgof the nodified

phot ocat gl yst parti i Oer Au@neusihbacgtalvkie finkmigeward
t he othe? surface Ogﬁgﬁgﬁfg?ngflgaggénﬁ%g conposit?on accgrding to claimd4,
which is a shapgd st LehBowhhell BagnaaBi baRiASRyaERaNAL Opotbisedur e wi t h
respect to said pﬁeny group-containing silicone (BP) and said al kyl

gr oup- cont ai ni ngygibik¢aBe (BAum2ReRhy1dke , CoBpaan! aeetaceqr detga-0 claim
20) which is anisotropic with respect to the distribution of the nodified
phot ocat al yst paeth§h8smbA)umWBENLBIrAdehanaoreeramathei ammontiammbdidricst

phot ocat al yst particles (A 25 increases fromthe inner portion of the
shaped article iad57aheownar dofnpeundsf aeechf asheribapgd aminel.e dizZzabA -
functional conposite conprising a substrate and a filmfornmed on said
substrate, sai deffclsunaepensingthylheecdipodingi, odigthydgnendrgfarding.ns 1 to
13. 23. The functional conposite according to claim?22, wherein said film
i's ani sotropi c wht Bthaapectmifet he-ahshopbopydhrifethexpsdilahedand

phot ocat al yst particles 10 (A), wherein the concentration of the nodified
phot o y-(2-aminoethyl)-aminopropyltrimethoxysilane; titanium

compounds, such as tetraisopropyl titanate and tetra-
butyl titanate; aluminum compounds, such as aluminum

15 triisopropoxide, aluminum acetylacetonate, aluminum
perchlorate and aluminum chloride; tin compounds, such
as tin acetylacetonate, dibutyltin octylate and dibu-
tyltin dilaurate; metal-containing compounds, such as
cobalt octylate, cobalt acetylacetonate and iron

20 acetylacetonate; and acidic compounds, such as phospho-
ric acid, nitric acid, phthalic acid, p-toluenesulfonic
acid and trichloroacetic acid.

In the photocatalyst composition of the present

invention, when the phenyl group-containing silicone

25 (BP) represented by formula (4) above contains an Si-H




catal yst particles (A) increases froma surface of the filmwhich contacts
the substrate toward the other, ex posed surface of the film 15 24. A
functional conposite conprising a substrate and a filmfornmed on said
substrate) said filmconprising the conposition of claim4 and having a

m crophase separation structure with respegt to said phenyl group
containing silicone (BP) and said al kyl gr ﬁp 20 containing silicone (BA).
25. The functional conposite according to claim 24, wherein said filmis

anisotropic with_respect to the_distribution of the.mdifi ot al yst
a1l on 95 (AJEORRGr Bt PrB ESREERT: ShRSn S0P rPRa Lot P 4 S0 S U oy

catal yot Par {1 oLeos (A LERRB5E8, 0500 RLAYS! RERBlAE 6 LU & Gl 2cts
: pose urtace of the filTm
R i
kv klll/ N/ N/ N/ NL/ EVL@% %5‘\? ﬁ%‘é’g{? N}# N-%%IQNI:J%\I%‘%F %Wﬁ?yﬂ/ y ﬁfyﬁg;lﬁ'\byww%o/t%y NEI?NOI N/
N/ NO/ IV N5/ NO/ NML 3494 {4 NV, NV %%'\Qé%h%@'%w%g%w\%w W WM valent,

0@V N & NI -/ N NO/NM N N 7 NO/ N'7 NM NM N NO/ NN 00$A: % 45 C

(""" pp80<?| | pX%é§8§ (11 021 2R P& BP LR BRXBX Gl-3ApPBEC tWed MEicone. With
(Oppp0O0O0OO0O0O000000000 OOOOpOOOOOppOpOpOOOOOp0008p0p00p0pppppOOpOOpppppOppppp
~>XXXXX| 7?7~ respect to the multifunctional alkenyl compound, there
PPPPPPPPPPPPPPPPPOPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPO??| | <>?7: @7<<| ?7?|
@pPpPPPPPPPPPPPPPEPREPPapPREITER](1ifNitation as long as the alkenyl

gzupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a] ca]ca] ca]ca]ca]c
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NN~yt oj e ZU] ca] kenytajrappafonteapiénpcaiddroal bayvdad éaleafmapemjoyd—ca] cal
ca

U c”a] ca] ca] ca] te}tapeaptufetpdahydreseRRRNOIPSERRRSSSHT BFh T FUOFIUUVWXXXX
YYYY} xsmhc”™Yj e’ ZU] ca] ca] ca] ca caLﬂca]ca]cagpa]ca ca U cna]cha
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20 ture curable resin) may be used as the above-mentioned

synthetic resins. Specific examples of synthetic res-
ins used as resin (E) include an acrylic resin, a
methacrylic resin, a fluororesin, an alkyd resin, an
aminoalkyd resin, a vinyl resin, a polyester resin, a

25 styrene-butadiene resin, a polyoclefin resin, a poly-



10% 0& ()-9#10% & () -! 9#109%& ()-#10% & ()- #10%0& ()-s10% o0& ()- }[<1B
10' / #10% & () - !/ #10%008& ()-v9% 10% & ()-p! v9%6 10%008&' () - p#10% & ()-! #10%& () -
$ A hIB 10'/h sSMLO% 0& ()- 6#10% o0& ()-! 6#109%& ()- 6#10%& ()-s10% 0& ()-
10' 10" 6qJJzX6l B 10! |' Ws109%& ()-!|' Wb10%& ()-!j #10%0& ()-v ! #10%0& ()-V
k#10% 0&' () - ! xk#10%448& ()-X\~\= 10! "10% & ()-!"109%5& ()-s109%6& ()- 10' 10'
10" 1#10% & () -! x1#10%00& () - g\ 0z[ 9~\ = 10! ! XAA410%e5e58& () -V

#109B& ()-! x#10%e& ()-! N#10% qt g& ()-~! N#10%n m & () -~ V' 109%& ()-ol | ~ =
10! | #109658& () - 310%&' Q 105 105 1051#109%& ()-'xl#lO%ae&, (g% V94109 () -
| x$} [ 9~ = 10! ! P'ST Hesip.1 R@EPFEHCNS PRI ( )2 RWFREYT 52253 p

0, 1 (o) ! = | | 0, !
98109%& () - #10A%olycarb négé \esfg) S%&Aﬁ%%e al resin, a polyether

<

ether ketone resin, a polyphenylene oxide resin, a
polysulfone resin, a polyphenylene sulfone resin, a
5 polyether resin, a polyvinyl chloride resin, a poly-
" vinylidene chloride resin, a urea resin, a phenol resin,
a melamine resin, an epoxy resin, a urethane resin, a
silicone-acrylic resin and a silicone resin,
Specific examples of natural polymers include cel-
10 lulose resins, such as nitrocellulose; isoprene resins,
such as a natural rubber; protein resins, such as ca-
sein; and starch.
As resin (E) used in the present invention, pre-
ferred is a polymer having a silyl group at the termi-
15 nal(s) of a main chain thereof and/or in a side
chain({s) therecf, wherein the silyl group contains a
silicon atom having bonded thereto a hydroxyl group
and/or at least one hydrolyzable group selected from
the group consisting of a C;-Cio alkoxy group, an enoxy
20 group, a C;-Cy;p acyloxy group, an aminoxy group, a C;-Cyq
oxime group and a halogen atom. Such a polymer is pre-
ferred because it is relatively insusceptible to decom-
position by the action of the photocatalyst.
Furthermore, for improving the hardness, abrasion

25 resistance and hydrophilicity of a f£ilm produced from
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a%Q¥%§%§ oxi é}ﬁ% ragélgérég metal oxide, in the form
of a powder or a sol, may be added to the photocatalyst
composition. However, the microparticles of metal ox-
ides are incapable of functioning as a binder like
binder component (B) used in the present invention.
Specifically, like the photocatalyst particles, the mi-
croparticles of metal oxides cause a lowering of the
flexibility (i.e., flexing resistance and impact resis-
tance) of a film or shaped article. Therefore, it is
preferred that the metal oxide is used in an amount
such that the total weight of modified photocatalyst
(A) and the metal oxide contained in the film (or
shaped article)} formed from the photocatalyst composi-
tion is 50 % by weight or less, based on the weight of
the film (or shaped article).

There is no particular limitation with respect to
the form of the photocatalyst composition of the pre-
sent invention, and the photocatalyst composition may
be in the form containing no solvent (i.e., a ligquid or
a4 s50l1lid) or in the form of a dispersion or suspension
thereof in a solvent,.

Examples of solvents used for dispersing or sus-

pending the photocatalyst composition of the present

/ff&'s(j)lﬁ%ﬁ'o@o%”(r)ad AR - 93598 4 4,
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invention include water:; alcohols, such as ethylene
glycol, butyl cellosolve, n-propancl, isopropanol,
n-butanol, ethanol and methanol; aromatic hydrocarbons.
such as toluene and xylene; aliphatic hydrocarbons,
5 such as 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 dimethylform-

10 amide; halogenated compounds, such as chloroform,
methylene chloride and carbon tetrachloride; dimethyl
sulfoxide; and nitrobenzene. These solvents may be
used individually or in combination.

When the photocatalyst composition of the present

15 invention is used as a coating agent, it is preferred
that the photocatalyst composition of the present in-
vention is in the form of a dispersion or suspensicn
thereof in a solvent. The ratio of the photocatalyst
composition to the solvent in the dispersion or suspen-

20 sion is generally in the range of from 0.01 to 95 % by
weight, preferably from 0.1 to 70 % by weight, in terms
of the solids content (content of the photocatalyst
composition) of the dispersion or suspension.

As methods for preparing a dispersion or suspen-

25 sion of the photocatalyst composition, there can be
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mentioned the following methods @ to ®@:
® a method in which a dispersion or suspension of
modified photocatalyst (A) in the above-mentioned sol-
vent is mixed with a dispersion or suspension of binder
5 component (B) in the above-mentioned solvent;
@ a method in which a dispersion or suspension of
“modified photocatalyst (A) in the above-mentioned sol-
vent is mixed with binder component (B) in the form
containing no solvent;
10 ® a method in which a dispersion or suspension of
binder component (B) in the above-mentioned solvent is
mixed with modified photocatalyst (A) in the form con-

taining no solvent; and

@ a method in which a mixture of modified photo-
15 catalyst (A) and binder component (B) is mixed with the
above-mentioned solvent.

Among the above-mentioned examples of methods for
preparing a dispersion or suspension of the photocata-
lyst composition, methods @ and @ are preferred be-

20 cause there can be obtained a coating agent which ex-
hibits excellent dispersion of modified photocatalyst
(A).

When the photocatalyst composition of the present

invention is used as a coating agent, the photocatalyst

25 composition comprises modified photocatalyst (a),
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coating agent may further comprises coating resin com-

position (El1) in an amount such that the weight ratio

5 of modified photocatalyst (A} to coating resin composi-
tion (E1) ((A)/(El) weight ratio) is in the range of
from 1/99 to 99/1, preferably from 10/90 to 920/10.
With respect to coating resin composition (El), there
is no particular limitation, and any conventional coat-

10 ing resin composition may be used. Examples of coating
resin compositions include an oil paint, a lacquer, a
solvent type synthetic resin paint, an aqueous syn-
thetic resin paint (such as an emulsion type paint and
an agqueous resin type paint), a non-solvent type syn-

15 thetic resin paint (such as a powder painf), an inor-
ganic paint and an electrical insulating paint. Modi-
fied photocatalyst (4), binder component (B), option-
ally a solvent and optionally coating resin composition
(E1) may be mixed together by any conventional methods,

20 but it is preferred that the mixing is performed by a
method which does not lower the dispersibility of modi-
fied photocatalyst (A) (e.g., a method which employs a
modified photocatalyst sol). If desired, the compo-
nents for the photocatalyst composition may be homoge-

25 nously mixed together by using conventional mixers for
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aint shaker, a sa
mill and a kneader.
Further, if desired, additives generally added to
5 conventional coating compositions may be chosen accord-
ing to various purposes and added to the photocatalyst
composition of the present invention. Examples of
these additives include a pigment, a filler, a dis-
perser, a light stabilizer, a wetting agent, a thick-

10 ener, a rheology-controlling agent, an antifoaming
agent, a plasticizer, a film-forming assistant, a rust
preventive agent, a dye, a preservative and the like.
Such additives can be used individually or in combina-
tion.

15 In the photocatalyst composition of the present
invention, modified photocatalyst particles used as
modified photocatalyst (A) are modified with modifier
compound (b) having a very low surface energy. By vir-
tue of the use of such modified photocatalyst (A}, the

20 photocatalyst composition of the present invention
which comprises modified photocatalyst (A) and binder
component (B) comprising phenyl group-containing sili-
cone (BP), exhibits a self-stratifying or self

-gradating property with respect to the distribution of

25 the modified photocatalyst particles (A). Herein, as
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described above, the term “self-stratifying or self
-gradating property” is defined as a property that,
when the photocatalyst composition of the present in-
vention is shaped into a film or shaped article, during
5 the shaping of the photocatalyst composition, the modi-
fied photocatalyst particles (A} in the photocatalyst
composition are autonomously distributed to form a
structure having a concentration gradient of the modi-
fied photocatalyst particles, wherein the autonomous
10 distribution occurs in accordance with the properties
(especially hydrophilicity and hydrophobicity) of a
surface contacting the f£ilm or shaped article.
When there is a difference in the properties (es-
pecially hydrophilicity and hydrophobicity) as between
15 the film or shaped article and the surface which is in
contact with the f£ilm or shaped article, the concentra-
tion gradient is formed in accordance with the level of
the difference. Specifically, the concentration of the
modified photocatalyst particles (A) forms a gradient
20 from one surface of the film toward the other surface
of the film or a gradient from the innexr portion of the
shaped article toward the surface of the shaped article.
For example, when a photocatalyst composition
having the above-mentioned self-stratifying or self

25 -gradating property is coated on a substrate to thereby
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obtain a film, the obtained f£ilm has a stratified or
gradated structure in which the modified photocatalyst
particles have a concentration gradient in the thick-
nesswise direction of the film, whérein the concentra-
5 tion of the modified photocatalyst particles increases
from a surface of the film which contacts the substrate
toward the other, exposed surface of the film which is
not in contact with the substrate (e.g., toward the
surface of the film which is exposed to the air). 1In
10 the thus obtained film, improvement in the photo-
catalyst activity and hydrophilicity of the film is ex-
hibited when the relative modified photocatalyst con-
tent (i.e., relative concentration of the modified
photocatalyst) in the surface portion on the exposed
15 surface side of the film {(which is not in contact with
the substrate) is 120 or more, relative to the concen-
tration value 100 of the modified photocatalyst of the
whole film. It is preferred that the relative concen-
tration of the modified photocatalyst particles (A) in
20 the surface portion on the exposed surface side of the
£film {which is not in contact with the substrate) is
150 or more, more advantageously 200 or more, relative
to the concentration value 100 of the modified photo-
catalyst of the whole film. On the other hand, when

25 the relative concentration of the modified photocata-
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lyst particles (A) in the surface portion on the non
-exposed surface side of the film (which contacts the
substrate) is 80 or less, relative to the concentration
value 100 of the modified photocatalyst of the whole

5 film, there can be exhibited the effect of preventing
deterioration from occurring at the interface between
the film and the substrate. It is preferred that the

relative concentration of the modified photocatalyst

particles (A) in the surface portion on the non-exposed
10 surface side of the film (which contacts the substrate)
is 50 or less, more advantageocusly 10 or less, relative
to the concentration value 100 of the modified photo-
catalyst of the whole film.
When the self-stratifying or self-gradating prop-
15 erty of the photocatalyst composition of the present
invention is extremely high (in other words, when the
relative concentration of the modified photocatalyst
particles (A} in the surface portion on the exposed
surface side of the film (which is not in contact with
20 the substrate) is preferably 150 or more, more prefera-
bly 200 or more, relative to the concentration value
100 of the modified photocatalyst of the whole film}, a
£ilm or shaped article formed from the photocatalyst
composition of the present invention exhibits excellent

25 hydrophilicity (superhydrophilicity: a contact angle of
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water is 10° or less as measured at 20 °C) and the ex-
cellent photocatalyst activity by light irradiation,
even when the modified photocatalyst content of the
photocatalyst composition is very low, namely, even

5 when the weight ratio of modified photocatalyst {A) to

binder component (B) in the photocatalyst composition

((A)/(B)} weight ratio) is in the range of from 0.1/99.9
to 40/60, more preferably from 0.1/99.9 to 30/70. In
such a film or shaped article having very low photo-

10 catalyst content, the properties of the silicone as
binder component (B) are strongly exhibited and, as a
result, the film or shaped article has excellent prop-
erties with respect to strength, flexibility (flexing
resistance and impact resistance) and the like.

15 When a shaped article formed from the photocata-
lyst composition of the present invention and a func-
tional composite obtained by forming on a substrate a
£ilm comprising the photocatalyst composition are irra-
diated with light, both the shaped article and the

20 functional composite are capable of not only exhibiting
excellent hydrophobicity or hydrophilicity and/orx
photocatalyst activity, but also performing photoelec-
tric conversion function. Accordingly, in another as-
pect of the present invention, there is provided a

25 shaped article produced from the above-mentioned photo-
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catalyst composition and a functional composite ob-
tained by forming a film comprising the photocatalyst
composition on a substrate.
With respect to the substrate used for obtaining
5 the functional composite of the present invention,
there is no particular limitation. For example, there
can be used any substrates generally used in the appli-
cation fields described herein.
Specific examples of substrates usable for obtain-

10 ing the functional composite of the present invention
include organic sﬁbstrates, such as synthesized resins
and natural ;esins; inorganic substrates, such as met-
als, ceramics, glasses, stones, cements and concretes;
and combinations of the above-mentioned substrates.

15 The functional composite of the present invention
exhibits high durability even when it uses an organic
substrate which is decomposed by the action of photo-
catalysts. That is, the photocatalyst composition of
the present invention enables the production of a func-

20 tional composite having high durability, even when us-
ing an organic substrate which was not used in the
prior art due to the problem of poor durability.

An explanation is made below with respect to exam-

ples of methods employed in the present invention for

25 obtaining a functional composite or a shaped article
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from the photocatalyst composition. For example, when

the photocatalyst composition is provided in the form
of a coating agent, a functional composite is obtained
by applying the coating agent onto a substrate, fol-~

5 lowed by drying to form a dry coating, and if desired,
the dry coating is subjected to heat treatment or the
like at 20 to 500 °C, preferably 40 to 250 °C, thereby
obtaining a functional composite. Examples of methods
for applying the coating agent onto a substrate include

10 a spray coating method, a flow coating method, a roll
coating method, a brush coating method, a dip coating
method, a spin coating method, a screen printing method,
a casting method, a gravure printing method and a
flexographic printing method.

15 In the above-mentioned method for obtaining a
functional composite, the thickness of the film com-
prising the photocatalyst composition is generally from
0.1 to 200 um, preferably from 0.1 to 50 um, more pref-

erably from 0.5 to 10 um.

20 The method for producing the functional composite
of the present invention is not limited to the above
-mentioned method in which a f£ilm comprising the photo-
catalyst composition of the present invention is formed
on a substrate. For example, the functional composite

25 may be produced by a method in which a substrate and a

10
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film comprising the photocatalyst composition are
molded simultaneously (i.e., by one-piece molding).
Alternatively, there can be mentioned a method in which
a phétocatalyst composition is shaped into a £ilm and,
5 then, a substrate is formed by molding. In addition,
the functional composite may be produced by a method in
which a substrate and a f£ilm comprising the photocata-
lyst composition are separately prepared by molding,
and the prepared substrate and the film are adhered or
10 fused to each other, to thereby obtain a functional
composite. In the above-mentioned methods, when the
photocatalyst composition is shaped into a film under
conditions wherein the catalyst composition is not iﬁ
contact with the substrate for the functional composite
15 (i.e., when the substrate for the functional composite
is not used in the preparation of the film), the raw
material for the substrate is not limited and may be
arbitrarily selected. That is, in this case, the raw
material for the substrate is not limited to a solid
20 form, and it may be in the form of a liguid or gas, so
long as the effects of the present invention are not
impaired.
If desired, the photocatalyst composition of the
present invention may be subjected to molding by any

25 conventional methods employed for molding a resin, to
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ite of the present invention in the form of a film, a
sheet, a block, pellets or any complicated shape. Fur-
ther, if desired, the photocatalyst composition may be
5 used in combination with an optional resin, so long as
the effects of the present invention are not impaired.
When the photocatalyst composition is subjected to
molding or when the photocatalyst composition is mixed
with an optional resin, any of the photocatalyst compo-
10 sition and the optional resin may be used in the form
of a powder or pellets. Such powder or pellets may
contain a liguid component. Further, when the photo-
catalyst composition is used in combination with the
optional resin, the resultant resin mixture containing
15 the photocatalyst composition and the optional resin
may be formed into pellets by any of the below
-mentioned molding methods and, then, subjected to
molding to thereby obtain the shaped article or func-
tional composite of the present invention. The pellets
20 of the above-mentioned resin mixture may be in the form
of the so-called "master batch” in which the photocata-
lyst composition is contained at a high concentration.
In the present invention, molding can be performed
by extrusion molding, injection molding, press molding

25 and the like. Further, depending on the type of the
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optional resin used, for example, when the optional
resin is a thermoplastic resin, calender molding can be
employed. Furthermore, there can be used a method in

which a reinforcing material, such as organic fibers

5 {e.g., a natural fiber), inorganic fibers (e.g., glass)
or a fabric of any of these fibers, is impregnated with
the photocatalyst composition or the above-mentioned
resin mixture (i.e., a mixture of the photocatalyst
composition and an optional resin), and the resuliant

10 is subjected to molding.

The shaped article or functional composite of the
present invention may be in the form of fibers. Such
fibers of the shaped article or functional composite
can be produced from the photocatalyst composition of

15 the present invention by any conventional spinning
methods as long as the effects of the present invention
are not impaired. As such spinning methods, there can
be mentioned a melt spinning method or a solvent spin-
ning method. The photocatalyst composition may be sub-

20 jected to spinning together with the above-mentioned
optional resin to thereby obtain fibers. For example,
conventional resins (a thermoplastic resin is preferred
from the viewpoint of moldability), such as a polyester
and a nylon, may be blended into the photocatalyst com-

25 position of the present invention. Alternatively, the
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photocatalyst composition and the above-mentioned con-
ventional resin may be subjected to bicomponent spin-
ning (such as sheath-core bicomponent spinning and
side-by-side bicomponent spinning), to thereby obtain a
5 composite fiber. |
The above-mentioned fibers of the shaped article

or functional composite of the present invention may be
a long fiber or a short fiber. Further, the thickness
of the fiber may be uniform or non-uniform in the

10 lengthwise direction of the fiber. Furthermore, the
cross-section of the fiber may be a circle, a polygon
(such as a triangle, an L-shape, a T-shape, a Y-shape,
a W-shape, an octofoil shape or a dog-bone shape), a
multifoil shape, a hollow shape, or an indefinite shape.

15 Further, the fibers of the shaped article or func-
tional composite of the present invention may be used
in the form of a woven fabric or a nonwoven fabric {(us-
ing either short fibers or long fibers).

Furthermore, the above-mentioned fibers may be in

20 the form of yarns or a mass of yarns, such as a yarn in
a cheese form, a woven fabric, a knitted material and a
nonwoven fabric. The yarns may be used in combination
with a fibrous, optional resin. The yarns may be in
the form of spun yarns, such as raw material yarns,

25 textured yarns (including draw-textured yarns), pret-
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wisted textured yarns, air textured yarns, ring spun
yarns and open end yarns; multifilament raw material
yarns (including extra fine yarns): or combined fila-
ment yarns. Examples of fibrous, optional resins which

5 can be used in the present invention include synthetic
fibers, such as a polyester fiber, a polyamide fiber, a
polyvacrylic fiber, a polyvinyl fiber, a polypropylene
fiber and elastic fibers, for example a polyurethane
fiber (wherein these fibers may contain an inhibitor

10 against a chlorine water deterioration, such as metal
oxides (e.g., magnesium oxide and zinc oxide) and metal
hydroxides); natural fibers, such as a cotton fiber, a
hemp fiber, a wool fiber and a silk fiber; cellulose
fibers, such as a cupro fiber, a rayon fiber and a

15 polynosic fiber; and acetate fibers.

The shaped article or functional composite of the
present invention which is in the above-mentioned fiberxr
form can be used for producing clothes and filters for
filtering liquids or gases, the clothes and filters

20 having various functions, such as antibacterial func-
tion, stain resistance function, a smell prevention
function and a poisonous gas-decomposing function.

When the shaped article and functional composite
produced from the photocatalyst composition of the pre-

25 sent invention are irradiated with light having energy
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which is larger than the band gap energy of the modi-
fied photocatalyst contained in the composition, the
shaped article and functional composite exhibit hydro-
phobicity or hydrophilicity and/or the photocatalyst

5 activity. Further, the shaped article and functional
composite perform photoelectric conversion function by
light irradiation.

In the present invention, as examples of light

having energy which is larger than the band gap energy

10 of the modified photocatalyst, there can be mentioned
light obtained in the general residential environment
(such as sunlight and room light), black light, light
emitted from a xenon lamp or a mercury-vapor lamp and
the like.

15 When the above-mentioned shaped article or func-
tional composite provided in the present invention ex-
hibits the photocatalyst activity, such as the activity
to decompose organic substances, such a shaped article
or functional composite performs various functions,

20 such as an antibacterial function, a staining resis-
tance function, a smell prevention function and an NOy
-decomposing function. Therefore, such a shaped arti-
cle or functional composite can be used in various
fields. such as the fields of environmental clean-up,

25 for example, clean-up of the atmosphere, water or the
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When the above-mentioned shaped article or func-
tional composite provided in the present invention has
a characteristic that, when its surface is irradiated
5 with light, water exhibits a contact angle against the
surface of 60° or less (preferably 10° or less) at
20 °C, i.e., the surface exhibits hydrophilicity, such
a shaped article or functional composite (a hydrophilic
shaped article or hydrophilic film and a substrate cov-

10 ered with a hydrophilic £ilm) can be utilized in, for
example, the techniques for preventing fogging from oc-
curring on a mirror or a glass, the technigues for pre-
venting dirt from adhering to a building exterior, the
antistatic techniques or the like.

15 Examples of application fields in which the shaped
article or functional composite of the present inven-
tion can be untilized for imparting staining resistance
properties, include the fields of a building material,
a building exterior, a building interior, a window

20 frame, a window glass, a structural member and building
facilities for a residence or the like (particularly, a
toilet, a bathtub, a washstand, a lighting equipment, a
light shade, a kitchenware, a tableware, a dish washer,

a dish dryer, a sink, a kitchen range, a kitchen hood

25 and an exhaust fan). Further examples of application
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a coating for vehicles, and an interior for vehicles,
such as a cover for a lighting of a vehicle, a window
glass, a meter and a display panel (wherein these inte-
5 rior parts for vehicles are required to have high
transparency). In addition, the shaped article or
-functional composite of the present invention can also
be used in the application fields of an exterior for
machines and other articles; a dust-proof cover and a

10 dust-proof coating; a display device and a cover there-
for; a traffic sign; various display apparatuses; an
exhibition equipment (such as an advertisement tower);
a sound barrier for a road or railrcad; a bridge: an
exterior and a coating for a guardrail; an interior for

15 a tunnel and a coating for a tunnel; an insulator; ex-
teriors (especially transparent components thereof) for
electronic or electric equipments used outdoors, such
as a cover for a solar cell and a cover for a heat col-
lector of a solar water heater; and exteriors (espe-

20 cially transparent components thereof) for a plastic
greenhouse and a greenhouse. The shaped article or
functional composite can be also utilized in the appli-
cation fields of clinical or gymnastic facilities and
equipments which are used indoors but are likely to be

25 exposed to staining.
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Examples of application fields in which the shaped
article or functional composite of the present inven-
ticon can be utilized fof preventing the occurrence of
fogging include the fields of mirrors (e.g., a rear

5 view mirror of an automobile, a mirror for a bathroom,
a mirror for a toilet, a dental mirror and a road mir-
ror), lenses (e.g., a lens for eye glasses, an optical
lens, a lens for a lighting, a lens for a semiconductor,
a lens for a copier and a rear view camera lens of an

10 automobile), a prism, a window glass for a building or
observation tower, a window glass for vehicles (such as
an automobile, a railcar, an airplane, a ship, a subma-
rine, a snow vehicle, a gondola of a ropeway, a gondola
used in an amusement park, and a space craft), a wind-

15 shield for vehicles (such as an automobile, a motorcy-
cle, a railcar, an airplane, a ship, a submarine, a
snow vehicle, a snowmobile, a gondola of a ropeway, a
gondola used in an amusement park, and a space craft),
a protective goggle, a sport goggle, a shield of a pro-

20 tective mask, a shield of a sport mask, a shield of a
helmet, a glass of a display freezer for frozen foods,
a glass of a display case for warmed foods, a cover for
a measuring instrument, a cover for a rear view camera
liens of an automobile, a condenser lens for a dental

25 laser equipment and the like, a cover for laser meas-
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cover for an infrared sensor and a filter for a camera.
Examples of application fields in which the shaped
article or functional composite of the present inven-
5 tion can be utilized for providing antistatic proper-
ties include the fields of a cathode ray tube; a mag-
netic recording media; an optical recording media; a
magneto-optical recording media; an‘audio tape; a video
tape; an analog record; a housing, part, exterior and
10 coating for household electric appliances: a housing, a
part, an exterior and a coating for office automation
machines; a building material; a building exterior; a
building interior; a window frame; a window glass; a
strudtural member; an exterior and a coating for wvehi-
15 cles; an exterior for machines and various articles; a
dust-proof cover and a dust-proof coating.
When the above-mentioned shaped article or func-
tional composite provided in the present invention has
a characteristic that, when its surface is irradiated
20 with light, water exhibits a contact angle against the
surface of 70° or more (preferably 90° or more) at
20 °C, i.e., the surface exhibits hydrophobicity, such
a shaped article or functional composite (a hydrophobic
shaped article or hydrophobic film and a substrate cov-

25 ered with a hydrophobic f£ilm) can be utilized 1n, for
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example, the techniques for imparting water-repellent
properties, the techniques for preventing adhesion of
aqueous dirt, the techniques for preventing dirt adhe-
sion by washing with a flow of water, and the tech-

5 niques for preventing adhesion of ice and snow. There-
fore, the shaped article or functional composite can be
advantageously used in various application fields, such
as a window glass, a windshield, a mirror, a lens, a
goggle, a cover, an insulator, a building material, a

10 building exterior, a building interior, a structural
member, an exterior and coating for vehicles, an exte-
rior for machines and other articles, various display
devices, lighting equipment, residential equipment, ta-
bleware, kitchenware, household electric appliances, a

15 roofing material, an antenna, an electricity transmis-
sion cable and equipments for sliding on ice and snow.

When the above-mentioned shaped article or func-
tional composite provided in the present invention per-
forms a photoelectric conversion function, such a

20 shaped article or functional composite can convert, for
example, solar energy into electric power. Therefore,
such a shaped article or functional composite can be
used in various application fields, such as an optical
semiconductor electrode used for a (wet-type) solar

25 cell.
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Further, with respect to a member provided in the
present invention which member has a characteristic
that its water contact characteristic can be changed by
light irradiation {change from hydrophobic to hydro-
5 philic or change from hydrophilic to hydrophobic), such

a member can be very advantageously used in, for exam-

ple, an offset printing plate.
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BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in more
detail with reference to the following Examples, Refer-
ence Examples and Comparative Examples, which should

5 not be construed as limiting the scope of the present

invention.

In the Examples, Reference Examples and Compara-
tive Examples, various properties were measured and

10 evaluated as follows.

(1) Measurements of the particle size distribution and
the number average particle diameter:
An appropriate amount of a sclvent was added to a
15 sample sol or composition containing particles so that
the sample was diluted to have a solids content of from
1l to 20 % by weight. With respect to the resultant di-
luted sample, the particle size distribution and number
average particle diameter of the particles contained
20 therein were measured by a wet-type particle size ana-
lyzer (Microtrac UPA-9230, manufactured and sold by

Nikkiso Co., Ltd., Japan).

(2) Measurement of the weight average molecular

25 weight:
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by gel permeation chromatography (GPC), utilizing a
calibration curve obtained with respect to standard
polystyrene samples.
5 The GPC was performed undexr the following condi-
tions.
Apparatus: chromatograph model HLC-8020 LC-3A
(manufactured and sold by Tosoh Corporation, Japan);
Columns: TSKgel G1000Hy., TSKgel G2000Hy, and
10 TSKgel G4000Hy, (each of which is manufactured and sold
by Tosoh Corporation, Japan)}, connected in series;
Data processor: data processor model CR-4A (manu-
factured and sold by Shimadzu Corporation, Japan);
Eluent: tetrahydrofuran (for analyzing a phenyl
15 group-containing silicone) or chloroform (for analyzing
a silicone containing no phenyl group):;
Flow rate: 1.0 ml/min;

Methed for preparing a sample for GPC: A sample

compound to be analyzed by GPC was dissolved in an ap-

20 propriate amount of a solvent used as an eluent so that
the resultant solution has a sample compound concentra-
tion within the range of from 0.5 to 2 % by weight,
thereby obtaining a sample solution. The obtained sam-
ple solution was subjected to GPC.

25
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(3) Infrared absorption (IR) spectrum:
IR spectrum was obtained by infrared spectrometer
model FT/IR-5300 (manufactured and sold by Japan Spec-

troscopic Co., Ltd., Japan).

(4) Measurement of 2?Si nuclear magnetic resonance:
2954 nuclear magnetic resonance (NMR) was measured
by JNM-LA400 (manufactured and sold by JAPAN ELECTRON
OPTICS LABORATORY CO., LTD., Japan}.
10
{5) Hardness of a coating:
The hardness of a coating was determined in terms
of a pencil hardness (i.e., formation of a scratch on a
coating by a pencil) measured in accordance with

15 JIS-K5400.

(6) Hardness of a coating after ultravielet light ir-
radiation:
The surface of a coating was irradiated with ul-

20 traviolet light (hereinafter referred to as "UV light")

emitted from FL20S BLB black light (manufactured and

sold by TOSHIBA LIGHTING AND TECHNOLOGY CO., LTD., Ja-

pan) for 7 days, and the hardﬁess of the thus treated

coating was measured by the method described in item

25 {5) above.
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With respect to the UV light irradiation, the in-
tensity of UV light was adjusted to 1 mW/cm?, as meas-
ured by UV Radiometer Model UVR-2 (manufactured and
sold by TOPCON CO., LTD., Japan), which was used in
combination with Detector Model UD-36 (manufactured and
s0ld by TOPCON CO., LTD., Japan), which is a photo-
detector for detecting light having a wavelength of

from 310 to 400 nm.

{7) Measurement of the contact angle of water against
the surface of a coating:

A drop of deionized water was placed on the sur-
face of a coating and allowed to stand at 20 °C for 1
minute. Then, the contact angle of the water drop
against the surface of the coating was measured by Con-
tact Angle Meter model CA-X150, manufactured and sold
by KYOWA INTERFACE SCIENCE CO., LTD, Japan.

The smaller the contact angle of water against the
surface of the coating, the more hydrophilic the sur-

face of the coating.

(8) How the hydrophilicity (or hydrophobicity) of the
surface of a coating is changed by ultraviolet light
irradiation:

The surface of a coating was ilrradiated with UV

r
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ight by me men ionéQ'd%scribed in item (6)
above for 7 days, and the contact angle of water
against the surface of the UV light irradiated coating

was measured by the method described in item (7) above.

(9) Evaluation of the photocatalyst activity exhibited
at the surface of a ceating:

A 5 % by weight ethanol solution of methylene blue
was coated on the surface of a coating, and the resul-
tant coating was irradiated with UV light by the metheod
described in item (6) above for 5 days.

The surface of the coating after the UV light ir-
radiation was visually observed with respect to the de-
gree 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 photo-
catalyst activity exhibited at the surface of the coat-
ing 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 slightly remains; and
x: almost no decomposition of methylene blue is ob-

served.

(10) Weathering resistance of a coating (gloss reten-
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A coating was subjected to an atmospheric expo-
sure test (cycle test conditions: exposure to light at
60 °C for 4 hours, followed by exposure to dark and hu-
5 mid environment at 40 °C for 4 hours) by Dewpanel light
control weather meter (model DPWL-5R, manufactured and
sold by SUGA TEST INSTRUMENTS Co., Ltd., Japan). After
performing the atmospheric exposure test for 1,000
hours, the 60° -60° mirror reflection ratio of the re-
10 sultant coating was measured to determine a final gloss
value. The obtained final gloss value was divided by
an initial gloss value (i.e., the gloss value of the

coating before subjected to the atmospheric exposure

test}, to thereby obtain a gloss retention value.

15
(11) Evaluation of the stratified or gradated struc-
ture of a coating produced from a photocatalyst compo-
sition:
A sample of a coating produced from a photocata-
20 lyt composition was embedded in an epoxy resin (Quetol

812; manufactured and sold by NISSHIN EM Co., Ltd., Ja-
pan), thereby obtaining an epoxy resin-embedded sample.
The obtained epoxy resin-embedded sample was cut by a

microtome (ULTRACUT-N type microtome; manufactured and

25 sold by Reichert, Germany) to prepare an ultrathin sec-
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tion (thickness: 50 to 60 nm) of the sample, and the
ultrathin section was placed on a mesh having a support
membrane attached thereto. Subsequently, the ultrathin
section was subjected to RuQO; steam staining for about

5 5 minutes, followed by carbon deposition to thereby ob-
tain a specimen for micrcscopic observation. The ob-
tained specimen was observed through TEM (transmission
electron microscope).

The TEM observation was performed under the fol-

10 lowing conditions:

Apparatus: HF 2000 (manufactured and sold by Hi-
tachi, Ltd., Japan); and

Acceleration voltage: 125 kV.

The position of titanium oxide particles used as

15 a photocatalyst was analyzed by an EDX analysis of ele-
mental titanium.

Further, a cross-section of a £ilm formed on an
acrylic urethane coating on an aluminum plate was ob-
served through TEM, as follows. A film formed on an

20 acrylic urethane coating on an aluminum plate was cut
by a dicing saw (model DAD 321, manufactured and sold
by DISCO ENGINEERING SERVICE, LTD., Japan} and, then,
the resultant cross-section was subjected to FIB (Fo-
cused Ion Beam) processing, thereby obtaining a speci-

25 men for microscopic observation. The obtained specimen
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was observed through TEM.

The FIB processing was performed under the fol-
lowing conditions:

Apparatus: FB 2000 (manufactured and sold by Hi-
tachi, Ltd., Japan);

Processing condition: acceleration voltage (30
kV); and

Ton source: Ga.

The TEM observation was performed under the fol-
lowing conditions:

Apparatus: HF 2000 (manufactured and sold by Hi-
tachi, Ltd., Japan); and

Acceleration voltage: 200 kV.

(12} Impact resistance:

The impact resistance was evaluated by the Dupont

method (500 g x 50 cm) in accordance with JIS-K5400.

Reference Example 1

Synthesis of phenyl group-containing silicone
(BP1-1)

78 g of dioxane was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 26.0 g of phenyltrichlorosilane was added

thereto, followed by stirring at room temperature for

11 g’ #10% & ()-1qg’ #109% RIR& ()-} v 10% R&' () -) #10%

10
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wise added a mixture of 3.2 g of water and 12.9 g of
dioxane over about 30 minutes while maintaining the in-
ternal temperature of the reactor at 10 to 15 °C, fol-

5 lowed by stirring at 10 to 15 °C for about 30 minutes
and, then, at 60 °C for 3 hours, thereby cbtaining a
first reaction mixture. The obtained reaction mixture
was cooled to 25 to 30 °C and 392 g of toluene was
dropwise added to the cooled reaction mixture over

10 about 30 minutes. Subsequently, the temperature of the
resultant mixture was elevated to 60 °C, followed by
further stirring for 2 hours at 60 °C, thereby obtain-
ing a second reaction mixture.

The second reaction mixture was cooled to 10 to

15 15 °C, followed by addition of 19.2 g of methanol over
about 30 minutes. The resultant mixture was stirred at
25 to 30 °C for about 2 hours and, then, the tempera-
ture of the resultant mixture was elevated to 60 °C,
followed by further stirring for 2 hours, thereby com-

20 pleting the reaction. The resultant reaction mixture
was subjected to reduced pressure distillation at 60 °C
to distill off the solvents from the reaction mixture,
thereby obtaining a phenyl group-containing silicone
(BP1-1) having a ladder-shaped skeleton and a weight

25 average molecular weight of 3,600. (In the IR spectrum
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of the obtained phenyl group-containing silicone (BPl-

1), absorptions at 1,130 cm™* and 1,037 cm™!, which are
ascribed to the stretching vibrations of the ladder
-shaped skeleton, were observed.)

5 In addition, from the results of a *?Si nuclear
magnetic resonance analysis of the obtained phenyl
group-containing silicone (BPl-1), it was found that
phenyl group-containing silicone (BP1l-1) is represented
by the following formula:

io0 (Ph);(OCH3)0.585101.21

wherein Ph represents a phenyl group.

Reference Example 2

Synthesis of alkyl group-containing silicone (BA-1)

15 300 g of methanol was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 136 g (1 mole) of methyltrimethoxysilane
and 120 g (1 mole) of dimethyldimethoxysilane were
added thereto, followed by stirring at room temperature

20 for about 10 minutes. To the resultant mixture was
dropwise added a mixture of 12.6 g (0.7 mole) of a 0.05
N aqueous hydrochloric acid solution and 63 g of metha-
nol over about 40 minutes while cooling the reactor
with ice, thereby effecting a hydrolysis reactiomn.

25 Subsequently, the resultant mixture was further stirred
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room temperature for 6 hours, thereby obtaining a reac-
tion mixture.

The obtained reaction mixture was subjected to re-
duced pressure distillation at 60 °"C to distill off the
solvents from the reaction mixture, thereby obtaining
an alkyl group-containing silicone (BA-1) having a
weight average molecular weight of 3,600. The struc-
ture of the 6btained alkyl group-containing silicone
(BA-1) was determined by ?’$i nuclear magnetic reso-
nance. As a result, a signal ascribed to a T structure
and a signal ascribed to a D structure were detected
and the ratio of the two signals (T structure signal :
D structure signal ratic) was 1:1.

In addition, from the results of the 2°Si nuclear
magnetic resonance analysis, it was found that alkyl
group-containing silicone (BA-1) is represented by the
following formula:

(CH3)1.5(OCH3)0.275101.12

Reference Example 3

Synthesis of alkyl group-containing silicone (BA-2)
470 g of dioxane was charged into a reactor
equipped with a reflux condenser, a thermometer and a

stirrer, and 25.8 g of methyltrichlorosilane was added
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thereto, followed by stirring at room temperature for
about 10 minutes. To the resultant mixture was drop-
wise added a mixture of 4.7 g of water and 18.7 g of
dioxane over about 30 minutes while maintaining the in-

5 ternal temperature of‘the reactor at 10 to 15 °C, fol-
lowed by stirring at 10 to 15 °C for about 30 minutes
and, then, at 60 °C for 3 hours, thereby obtaining a
reaction mixture.

The obtained reaction mixture was cooled to 10 to

10 15 °C, followed by addition of 30.2 g of methanol over
about 30 minutes. The resultant mixture was further
stirred at 25 to 30 °C for about 2 hours and, then, the
temperature of the resultant mixture was elevated to
60 °C, followed by further stirring for 3 hours,

15 thereby completing the reaction. The resultant reac-
tion mixture was subjected to reduced pressure distil-
lation at 60 °C to distill off the solvents from the
reaction mixture, thereby obtaining an alkyl group
-containing silicone (BA-2) having a weight average mo-

20 lecular weight of 2,800.

From the results of ?°Si nuclear magnetic reso-
nance analysis of the obtained alkyl group-containing
silicone (BA-2), it was found that alkyl group
-containing silicone {(BA-2) is represented by the fol-

25 lowing formula:
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Reference Example 4

Synthesis of phenyl group-containing silicone
5 (BP1-2)
118.0 g of dioxane was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 26.0 g of phenyltrichlorosilane was added
thereto, followed by stirring at room temperature for
10 about 10 minutes. To the resultaﬁt mixture was drop-
wise added a mixture of 3.2 g of water and 12.9 g of
dioxane over about 30 minutes while maintaining the in-
ternal temperature of the reactor at 10 to 15 °C, fol-
lowed by stirring at 10 to 15 °C for about 30 minutes
15 and, then, at 60 °C for 3 hours, thereby obtaining a
first reaction mixture. The obtained reaction mixture
was cooled to 25 to 30 °C and 353 g of toluene was
dropwise added to the coocled reaction mixture over
about 30 minutes. Subsequently, the temperature of the
20 resultant mixture was elevated to 60 °C, followed by
further stirring for 2 hours at 60 °C, thereby obtain-
ing a second reaction mixture.
The second reaction mixture was cooled to 10 to
15 °C, followed by addition of 25.1 g of dimethyl-

25 chlorosilane. To the resultant mixture was further
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guently, the resultant mixture was stirred at 25 to

5 30 °C for about 2 hours and, then, the temperature of
the resultant mixture was elevated to 60 °C, followed
by further stirring for 3 hours, thereby completing the
reaction. The resultant reaction mixture was subjected
to reduced pressure distillation at 60 °C to distill

10 off the scolvents from the reaction mixture, thereby ob-
taining an Si-H group-containing, phenyl group
-containing silicone (BPl-2} having a weight average
molecular weight of 1,200. (In the IR spectrum of the
obtained phenyl group-containing silicone (BPl-2}, an

15 absorption at 2,140 cm™*, which is ascribed to the Si-H
group, was observed.)

From the results of *’Si nuclear magnetic reso-
nance analysis of the obtained phenyl group-containing
silicone (BPl-2), it was found that phenyl group

20 -containing silicone (BPl-2) is represented by the fol-
lowing formula:
(Ph)o.286{CHa)p.57H0.205101 44

wherein Ph represents a phenyl group.

25 Reference Example 5
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Production of binder component (B-1)

6 g of phenyl group-containing silicone (BP1l-1)
synthesized in Reference Example 1 and 3 g of alkyl
group-containing silicone (BA-l) synthesized in Refer-

5 ence Example 2 were mixed together and 14.7 g of tolu-
ene, 29.8 g of isopropanol and 15.1 g of butyl cel-
losolve were added thereto. The resultant mixture was
stirred at room temperature, to thereby obtain a solu-
tion of binder component (S—l).

10 The formula of the obtained binder component (B-1)
was calculated £rom the chemical formulae of phenyl
group-containing silicone (BPl-1) and alkyl group
-containing silicone (BA-1). Binder component (B-1)
was represented by the following formula:

15 {Ph)o.67(CH3)0.5(OCH3)0.475101 .18

wherein Ph represents a phenyl group.

Reference Example 6

Synthesis of binder component {B-2)

20 235 g of dioxane was charged into a reactor
equipped with a reflux condenser, a thermometer and a
stirrer, and 25.6 g of methyltrichlorosilane and 15.5 g
of phenyltrichlorosilane were added thereto, followed
by stirring at room temperature for about 10 minutes.

25 To the resultant mixture was dropwise added a mixture




1s1096& ()-v * 109%& ()-v 109G& ()-v 109%G& ()- SH109G& ()-v

LCL09B& ()-f>fWfff-gdEDC I119-"1096& ()- P+y109G& ()- v f)109B& ()-F
| 1096& ()-v % 109B& () - ##109%%& () - - gcghggghhh hdYNC !!! 105 105 1056l
1096& ()- 4cl09%%& ()-F 2109%& ()- F1109%& ()-v # CLOYG& ()- h

hhi T, j k}A<YNC L1T 1 6#109RRE () - #10% R& ()- L} #10% 11 & ()-"10%

R& ()-!"109%& ()-10% R& ()-k; kI NI' b 248LF 10 814109

& ()-1j81#10% t & ()-v @ 110% R&' () - %10% & () -! %109RR& () - 6#10%

&'()-bncndngnnqggngﬁg g of water and 26.4 g of dioxane over about 30
minutes while maintaining the internal temperature of
the reactor at 10 to 15 °C, followed by stirring at 10
to 15 °C for about 30 minutes and, then, at 60 °C for 3
5 hours, thereby obtaining a first reaction mixture. The
obtained reaction mixture was cooled to 25 to 30 °C and
235 g of toluene was dropwise added to the cooled reac-
tion mixture over about 30 minutes. Subsequently, the
temperature of the resultant mixture was elevated to
10 60 °C, followed by further stirring for 2 hours at
60 °C, thereby obtaining a second reaction mixture.
The second reaction mixture was cooled to 10 to
15 °C, followed by addition of 42.8 g of methanol over
about 30 minutes. The resultant mixture was stirred at
15 25 to 30 °C for about 2 hours and, then, the tempera-
ture of the resultant mixture was elevated to 60 °C,
followed by further stirring for 2 hours, thereby com-
pleting the reaction. The resultant reaction mixture
was subjected to reduced pressure distillation at 60 °C
20 ' to distill off the solvents from the reaction mixture,
thereby obtaining a binder component (B-2) having a
weight average molecular weight of 3,100. In addition,
from the results of *°Si nuclear magnetic resonance
analysis of the obtained binder component (B-2), it was

25 found that binder component (B-2) is represented by the
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5 Reference Example 7

Production of binder component (B-3)

6 g of alkyl group-containing silicone (BA-2) syn-
thesized in Reference Example 3 and 3 g of alkyl group
-containing silicone (BA-1} synthesized in Reference

10 Example 2 were mixed together and 14.7 g of toluene,
29.8 g of isopropanol and 15.1 g of butyl cellosolve
were added thereto. The resultant mixture was stifred
at room temperature, to thereby obtaiﬁ a solution of
binder component (B-2) containing no phenyl group.

15 The formula of the obtained binder component (B-3)
was calculated from the chemical formulae of alkyl
group-containing silicone (BA-2) and alkyl group
-containing silicone (BA-1) used. Binder component
(B-3) was represented by the following formula:

20 (CH3)1.172(OCH3).55101.17

Example 1

40 g of TKS-251 (trade name of a titanium oxide
organosol; dispersion medium: mixed solvent of toluene

25 and isopropancl, TiQO; content: 20 % by weight, average
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' R e & (. ABCKB: (o HEY® defbed
in the catalog)} (manufactured and sold by Tayca Corpo-
ration, Japan) was charged into a reactor equipped with
a reflux condenser, a thermometer and a stirrer. Sub-
sequently, 40 g of a 20 % by weight toluene solution of
bis(trimethylsiloxy)methylsilane was charged into the
reactor over about 5 minutes at 50 °C, and the resul-
tant mixture in the reactor was stirred at 50 °C for 12
hours to thereby obtain modified photocatalyst
organcosol (A-1) containing modified titanium oxide par-
ticles well dispersed therein., During the reaction of
TKS-251 with bis(trimethylsiloxy)methylsilane, hydrogen
gas was generated. The volume of the generated hydro-
gen gas was 718 ml as measured at 23 °C. The obtained
modified titanium oxide organosol was applied onto a
KBr plate to thereby form a £ilm on the plate. The
film was taken as a sample and subjected to IR spec-
trometiry. The IR spectrum cbtained by the spectrometry
showed that the absorption at 3,630 to 3,640 cm™* which
is ascribed to a Ti-OH group disappeared.

The particle size distribution of TKS-251 before
subjected to the modification treatment and the parti-
cle size distribution of the above-obtained modified

photocatalyst organosol {A-1) are shown in Fig. 1 and

Fig. 2, respectively. It was found that modified

| FLO% ()-s10% ()-F
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ticle size distribution (number average particle diame-
ter: 25 nm) and that the particle size distribution of
modified photocatalyst organosol (A-1) no longer showed
5 the peak found in the monodispersive particle size dis-
tribution (number average particle diameter: 12 nm) of
TKS-251 before subjected to the modification treatment.
Next, 20 g of the above-mentioned modified photo-
catalyst organosol (A-1) was added to 68 g of the solu-
10 tion of binder component (B-1) which was produced in
Reference Example 5, while stirring at room temperature.
Subsequently, 0.5 g of a curing catalyst (dibutyltin
.dilaurate) was added to the resultant mixture while
stirring, to thereby obtain photocatalyst composition
15 (C-1).

An aluminum plate having a size of 50 mm x 60 mm
and a thickness of 1 mm (JIS, H, 4000 (Al050P)) was
spray-coated with nax mightylac GII (color: white)
(trade name of an acrylic urethane resin coating compo-

20 sition {(two-pack coating composition)) (manufactured
and sold by Nippon Paint Co., Ltd., Japan), followed by
drying at room temperature for 3 days. Then, photo-
catalyst composition (C-1) obtained above was spray-
coated onto the thus obtained acrylic urethane coating

25 formed on the aluminum plate so that a coating of
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um was formed and, then, the spray-coated photocatalyst
composition (C-1) was dried at room temperature for 1
hour, followed by heating at 150 °C for 30 minutes, to

5 thereby obtain test plate (D-1) having a photocatalyst
-containing film.

A cross-section of the obtained test plate (D-1)
having a photocatalyst-containing film was obtained and
subjected to FIB (Focused Ion Beam) processing and the

10 thus treated cross-section was observed through TEM. A
TEM photograph of the cross-section of test plate (D-1)
is shown in Fig. 3(a), and an illustration of Fig. 3(a)
is shown in Fig. 3(b). From the observation, it was
found that the modified photocatalyst particles were

15 not present at the interface between the photocatalyst
-containing film (indicated by reference numeral 2 in
Fig. 3(b)}) which contains the modified photocatalyst
particles (indicated by reference numeral 1 in Fig.
3(b)), and the substrate which is the acrylic urethane

20 coating (indicated by reference numeral 3 in Fig. 3(b))
containing a titanium oxide pigment (indicated by ref-
erence numeral 4 in Fig. 3(b)), and that the entire ex-
posed surface of the photcocatalyst-containing film 2
was covered with the modified photocatalyst particles 1.

25 The pencil hardness of test plate (D-1) having the
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plate (D-1) having the photocatalyst-containing film
had satisfactory impact resistance.

Test plate {(D-1) having the photocatalyst
-containing film was irradiated with ultraviolet light
(black light} and, then, the properties of the thus
treated test plate (D-1) were evaluated. As a result,
it was found that the pencil hardness of the photocata-
lyst-containing f£ilm had increased to more than 5H and
the contact angle of water had decreased to 0°. In ad-
dition, the photocatalyst activity of the photocatalyst
-containing £ilm was evaluated and it was found that
the photocatalyst activity was excellent (©®).

Further, an atmospheric exposure test was per-
formed (for 1,000 hours) by a Dewpanel light control
weather meter to determine the gloss retention wvalue of
test plate (D-1). The gloss retention value was 98 %
and, thus, test plate (D-1) had excellent weathering

resistance.

Example 2

Photocatalyst composition (C-1) obtained in Exam-

ple 1 was spray-coated onto an epoxy resin (Quetol 812,
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to form a spray coating on the epoxy resin and, then,
the epoxy resin having the spray coating was dried at
room temperature for 2 days, followed by heating at
5 50 °C for 3 days, to thereby obtain epoxy resinltest
plate (D-2) having a smooth photocatalyst-containing
£ilm.
The obtained test plate (D-2) having a photocata-
lyst-containing film was embedded in an epoxy resin
10 (Quetol 812}, thereby obtaining an epoxy resin-embedded
test plate (D-2). The obtained epoxy resin-embedded
test plate (D-2) was cut by a microtome to prepare an
ultrathin section {thickness: 50 to 60 nm) of test
plate (D-2)}, and the obtained ultrathin section was
15 subjected to RuQ,; staining of phenyl group-containing
silicone (BPl-1) in the photocatalyst-containing £ilm.
Subsequently, the cross-section of test plate (D-2)
having a photocatalyst-containing film was observed
through TEM. A TEM photograph of the cross-section of
20 test plate (D-2) is shown in Fig. 4(a), and an illus-
tration of Fig. 4(a) is shown in Fig. 4(b).
From the observation, it was found that almost no
modified photocatalyst particles wexe present at the
interface between the photocatalyst-containing film

25 (indicated by reference numeral 2 in Fig. 4(b}} which
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contains the modified photocatalyst particles (indi-
cated by reference numeral 1 in Fig. 4(b)), and the ep-
OoXy resin substrate (indicated by reference numeral 5
in Fig. 4(b)), and that the entire exposed surface of

5 the photocatalyst-containing film 2 was covered with
the modified photocatalyst particles 1.

The portion indicated by reference numeral 5(b) in

Fig. 4(b) is the interface between a phase comprising
modified photocatalyst particles 1 (i.e., modified

10 photocatalyst particle phase) and binder phase 7 con-
taining no modified photocatalyst particles, and an
enlarged photograph of this portion is shown in Fig.
5(a). An illustration of Fig. 5(a) is shown in Fig.
5(b}.

15 Fig. 5(a) shows that the binder phase has both a
portion containing the modified photocatalyst particles
({indicated by reference numeral 1 in Fig. 5(b)) and a
portion (indicated by reference numeral 7 in Fig. 5(b))
containing no modified photocatalyst particles. Fur-

20 ther, it is also shown that the portion of the binder
phase (indicated by reference numeral 7 in Fig. 5(b)),
containing no modified photocatalyst particles, has a
structure in which the phenyl group-containing silicone
stained with Ru0O, and the unstained alkyl group

25 -containing silicone exhibit a microphase separation.
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Comparative Example 1

A photocatalyst composition was produced in sub-
stantially the same manner as in Example 1 except that
5 10 g of unmodified TKS-251 was used instead of 20 g of
modified photocatalyst organosol (A-1), thereby obtain-
ing photocatalyst composition (C-2).
Using the produced photocatalyst composition (C-2},
a test plate was produced in the same manner as in Ex-
10 ample 1, thereby obtaining test plate (D-3) having a
photocatalyst-containing film (having a titanium oxide
content which is the same as in Example 1).
The pencil hardness of the obtained test plate
(D-3)} having the photocatalyst-containing film was H,
15 and the contact angle of water was 97°.
Test plate (D-3) having the photocatalyst
-containing f£ilm was irradiated with ultraviolet light
(black light) and, then, the properties of the thus
treated test plate (D-3) were evaluated. As a result,
20 it was found that the pencil hardness of the photocata-
lyst-containing £ilm had increased to 3H, but the con-
tact angle of water was 94° . In addition, the photo-
catalyst activity of the photocatalyst-containing film

was evaluated and it was found that the photocatalyst

25 activity was poor (=).
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Further, an atmospheric exposure test was per-
formed for 200 hours by a Dewpanel light control
weather meter to determine the gloss retention value of
test plate (D-3). The gloss retention value was 10 3%

or less and a chalking was observed.

Comparative Example 2

Photocatalyst composition (C-2) obtained in Com-
parative Example 1 was spray-coated onto an epoxy resin
{Quetol 812) to form a spray coating on the epoxy resin
and, then, the epoxy resin having the spray coating was
dried at room temperature for 2 days, followed by heat-
ing at 50 °C for 3 days, to thereby obtain epoxy resin
test plate (P-4) having a smooth photocatalyst
~containing f£ilm.

The obtained test plate (D-4) having a photocata-
lyst-containing f£ilm was embedded in an epoxy resin
(Quetol 812), thereby obtaining an epoxy resin-embedded
test plate (D-4). The obtained epoxy resin-embedded
test plate {D-4) was cut by a microtome to prepare an
ultrathin section (thickness: 50 to 60 nm) of test
plate (D-4), and the obtained ultrathin section was
subjected to Ru0,; staining of phenyl group-containing
silicone (BP1-1) in the photocatalyst-containing f£ilm.

Subsequently, the cross-section of test plate (D-4)
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having a photocatalyst-containing film was observed

through TEM. A TEM photograph of the cross-section of

test plate (D-4) is shown in Fig. 6(a), and an illus-

tration of Fig. 6(a) is shown in Fig. 6(b).

5 From the observation, it was found that many modi-
fied photocatalyst particles (indicated by reference
numeral 1 in Fig. 6(b)) were present at the interface
between the photocatalyst-containing film (indicated by
reference numeral 2 in Fig. 6(b)) which contains the

10 modified photocatalyst particles, and the epoxy resin
substrate (indicated by reference numeral 5 in Fig.
6{b)). It was also found that the entire exposed sur-
face of the photocatalyst-containing £ilm 2 was covered
with the alkyl group-containing silicone {indicated by

15 reference numeral 8 in Fig. 6(b)) containing no modi-
fied photocatalyst particles. Therefore, the photo-

catalyst-containing £ilm could not be expected to ex-

hibit the photocatalyst activity.

20 Comparative Example 3

A photocatalyst composition was produced in sub-
stantially the same manner as in Example 1 except that
68 g of the solution of binder component (B-3) contain-
ing no phenyl group, which was produced in Reference

25 Example 7, was used instead of binder component (B-1)
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produced in Reference Example 5, thereby obtaining
photocatalyst composition (C-3).

Using the produced photocatalyst composition (C-3),
a test plate was produced in the same manner as in Ex-
ample 1, thereby obtaining test plate (D-5)} having a
photocatalyst-containing £ilm (having a titanium oxide
content which is the same as in Example 1}.

The pencil hardness of test plate (D-5) having the
photocatalyst-containing film was B, and the contact
angle of water was 105°.

Test plate (D-5) having the photocatalyst
~containing film was irradiated with ultraviolet light
(black light) and, then, the properties of the thus
treated test plate (D-5) were evaluated. As a result,
it was found that the pencil hardness of the photocata-
lyst-containing £ilm had increased to H, but the con-
tact angle of water was 100°. In addition, the photo-
catalyst activity of the photocatalyst-containing film
was evaluated and it was found that the photocatalyst
activity was poor (X).

Further, an atmospheric exposure test was per-
formed for 200 hours by a Dewpanel light control
weather meter. As a result, the film peeled off from

the substrate.
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Example 3
40 g of TKS-251 (trade name of a titanium oxide

organosol; dispersion medium: mixed solvent of toluene
and isopropanol, TiQ; content: 20 % by weight, average

5 crystallite diameter: 6 nm which is a value described
in the catalog) (manufactured and sold by Tayca Corpo-
ration, Japan) was charged into a reactor equipped with
a reflux condenser, a thermometer and a stirrer. Sub-
sequently, 8 g of 1,1,3,3-tetramethyldisiloxane was

10 charged into the reactor over about 5 minutes at 40 °C,
and the resultant mixture in the reactor was stirred at
40 °C for 48 hours to thereby obtain modified photo-
catalyst organoscl (A-2) containing modified titanium
oxide particles well dispersed therein. During the

15 reaction of TKS-251 with 1,1,3,3-tetramethyldisiloxane,
hydrogen gas was generated. The volume of the gener-
ated hydrogen gas was 2,570 ml as measured at 23 °C.
The obtained modified photocatalyst organosol was ap-
plied onto a KBr plate to thereby form a film on the

20 plate. The film was taken as a sample and subjected to
IR spectrometry. The IR spectrum obtained by the spec-
trometry showed that the absorption at 3,630 to
3,640 cm™ which is ascribed to a Ti-OH group disap-
peared.

25 It was found that modified photocatalyst organosol
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(A-2) had a monodispersive particle size distribution
{number average particle diameter: 22 nm} and that the
particle size distribution of modified photocatalyst
organosol (A-2) no longer showed the peak found in the
monodispersive particle size distribution (number aver-
age particle diameter: 12 nm) of TKS-251 before sub-
jected to the modification treatment.

Next, 12 g of the above-mentioned modified photo-
catalyst organosol (A-2) was added to 80 g of a 20 % by
weight toluene solution of the phenyl group-containing
silicone (BPl-1) synthesized in Reference Example 1,
while stirring at room temperature. Subseqguently, 20 g
of isopropanocl and 22 g of butyl cellosolve were added
the resultant mixture while stirring, followed by fur-
ther addition of 0.5 g of a curing catalyst (dibutyltin
dilaurate) while stirring, to thereby obtain photocata-
lyst composition (C-4}.

Photocatalyst composition (C-4) obtained above was
spray-coated onto a glass plate in a thickness of 2 um
and, then, the spray-coated photocatalyst composition
(C-4) was dried at room temperature for 1 hour, fol-
lowed by heating at 150 °C for 30 minutes, to thereby
obtain glass test plate (D-6) having a transparent and
smooth photocatalyst-containing £ilm.

The pencil hardness of glass test plate (D-6) hav-
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ing the photocatalyst-containing film was H, and the
contact angle of water was 93°.
Glass test plate (D-6) having the photocatalyst
-containing f£film was irradiated with ultraviolet light
5 (black light) and, then, the properties of the thus
treated glass test plate (D-6) were evaluated. As a
result, it was found that the pencil hardness of the
photocatalyst-containing film had increased to more
than 5H and the contact angle of water had decreased to
10 0°. In addition, the photocatalyst activity of the

photocatalyst-containing film was evaluated and it was

found that the photocatalyst activity was excellent

(®).

15 Example 4

40 g of TKS-251 (trade name of a titanium oxide
organosol; dispersion medium: mixed solvent of toluene
and isopropanol, TiO; content: 20 % by weight, average
crystallite diameter: 6 nm which is a value described

20 in the catalog) (manufactured and sold by Tayca Corpo-
ration, Japan) was charged into a reactor equipped with
a reflux condenser, a thermometer and a stirrer. Sub-
sequently, 8 g of KF9901l (trade name of a copolymer of
methylhydrogensiloxane and dimethylsiloxane, Si-H group

25 content: 7.14 mmol/g, weight average molecular weight:
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3,900) (manufactured and sold by Shin-Etsu Chemical Co.,
Ltd., Japan) was charged into the reactor over about 5
minutes at 40 °C, and the resultant mixture in the re-
actor was stirred at 40 °C for 48 hours to thereby ob-
5 tain modified photocatalyst organosol (A-3). During
the reaction of TKS5-251 with KF9901, hydrogen gas was
generated. The veolume of the generated hydrogen gas
was 980 ml as measured at 23 °C.
The obtained modified photocatalyst organosol
10 (A-3) was applled onto a KBr plate to thereby form a
film on the plate. The film was taken as a sample and
subjected to IR spectrometry. The IR spectrum obtained
by the spectrometry showed that the absorption at 3,630
to 3,640 cm™ which is ascribed to a Ti-OH group disap-
15 peared.
It was found that modified photocatalyst organosol
{A-3) had a monodispersive particle size distribution
{number average particle diameter: 41 nm) and that the
particle size distribution of modified photocatalyst
20 organosol (A-3) no longer showed the peak found in the
monodispersive particle size distribution (number aver-
age particle diameter: 12 nm) of TKS-251 before sub-
jected to the modification treatment.
Next, 8.1 g of phenyl group-containing silicone

25 (BP1-2) synthesized in Reference Example 4 was mixed
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with a crosslinking agent, namely 0.9 g of DMS-V0O
(trade name of a vinyl-terminated polydimethylsiloxane)
(manufactured and sold by Chisso Corporation, Japan}
and, then, 14.7 g of toluene, 29.8 g of isopropanol and
5 15.1 g of butyl cellosolve were added to the resultant
mixture, thereby obtaining a solution. Subsequently,
to the obtained solution was added 12 g of the above
-mentioned modified photocatalyst organosol (A-3) while
stirring at room temperature, followed by addition of
10 0.4 g of a 0.25 % dioxane solution of dichloro(dicyclo-
pentadienyl)-platinum(II) while stirring at room tem-
perature, to thereby obtain photocatalyst composition
(C-5).
Photocatalyst composition (C-5) obtained above was
15 spray-coated onto a steel plate in a thickness of 2 um
and, then, the spray-coated photocatalyst composition
(C-5) was dried at room temperature for 1 hour, fol-
lowed by heating at 140 °C for 30 minutes, to thereby
obtain steel test plate (D-7) having a transparent and
20 smooth photocatalyst-containing f£ilm.
The pencil hardness of steel test plate (D-7) hav-
ing the photocatalyst-containing film was 2H, and the
contact angle of water was 94°. In addition, the im-

pact resistance of steel test plate (D-7) was satisfac-

25 tory.
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Steel test plate (D-7) having the photocatalyst
-containing film was irradiated with ultraviolet light
{black light) and, then, the contact angle of water
against the photocatalyst-containing film was evaluated.
As a result, it was found that the contact angle had
decreased to 6°. In addition, the photocatalyst activ-
ity of the photocatalyst-containing film was evaluated

and it was found that the photocatalyst activity was

excellent (® }.

Example 5

A photocatalyst composition was produced in sub-
stantially the same manner as in Example 1 except that
a solution of binder component (B-2) synthesized in
Reference Example 6, which scolution was cobtained by
dissolving 9 g of binder component (B-2) in a mixed
solvent of 14.7 g of toluene, 29.8 g of isopropanol and
15.1 g of butyl celleosolve, was used instead of binder
component (B-1) produced in Reference Example 5,
thereby obtaining photocatalyst composition (C-6).

Using the produced photocatalyst composition (C-6),
a test plate was produced in the same manner as in Ex-
ample 1, thereby obtaining test plate (D-8) having a
photocatalyst-containing £ilm.

The pencil hardness of test plate (D-8) having the
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photocatalyst-containing film was 2H, and the contact
angle of water was 99°.
Test plate (D-8) having the photocatalyst
-containing f£ilm was irfadiated with ultraviolet light
5 (black light) and, then, the properties of the thus
treated test plate (D-8) were evaluated. As a result,
it was found that the pencil hardness of the photocata-
lyst-containing £ilm had increased to 4H and the con-
tact angle of water had decreased to 6°. In addition,
10 the photocatalyst activity of the photocatalyst-
containing film was evaluated and it was found that the
photocatalyst activity was good (4).
Further, an atmospheric exposure test was per-
formed (for 1,000 hours) by a Dewpanel light control
15 weather meter. The gloss retentién value was 60 % and

no chalking was cbserved.

Comparative Example 4

A photocatalyst composition was produced in sub-
20 stantially the same manner as in Example 5 except that
10 g of unmodified TKS-251 was used instead of 20 g of
modified photocatalyst organosol (A-1), thereby obtain-
ing photocatalyst composition (C-7).
Using the produced photocatalyst composition (C-7),

25 a test plate was produced in the same manner as in Ex-
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ample 5, thereby obtaining test plate (D-9) having a
photocatalyst-containing f£ilm (having a titanium oxide
content which is the same as in Example 5).

The pencil hardness of the obtained test plate

5 (D-9) having the photocatalyst-containing f£ilm was Z2ZH,
and the contact angle of water was 92°.

Test plate (D-9) having the photocatalyst
-containing f£ilm was irradiated with ultraviolet light
{black light) and, then, the properties of the thus

10 treated test plate (D-9) were evaluated. As a result,
it was found that the pencil hardness of the photocata-
lyst-containing £ilm had increased to 3H and the con-
tact angle of water had decreased to 82°. In addition,
the photocatalyst activity of the photocatalyst-

15 containing film was evaluated and it was found that the
photocatalyst activity was poor (x).

Further, an atmospheric exposure test was per-
formed for 200 hours by a Dewpanel light control
weather meter to determine the gloss retention value of

20 test plate (D-9). The gloss retention value was 10 %

or less and a chalking was observed.

Example 6
40 g of TKS-251 (trade name of a titanium oxide

25 organosol; dispersion medium: mixed solvent of toluene
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and isopropanol, Ti0O; content: 20 % by welght, average
crystallite diameter: 6 nm which is a value described
in the catalog) (manufactured and sold by Tayca Corpo-
ration, Japan) was charged into a reactor eguipped with
5 a refiux condenser, a thermometer and a stirrexrx. Sub-
segquently, 20 g of a 20 % by weight toluene solution of
1,1,1,3,3,5,5-heptamethyltrisiloxane was charged into
the reactor over about 5 minutes at 50 °C, and the re-
sultant mixture in the reactor was stirred at 50 °C for
10 12 hours to thereby obtain modified photocatalyst or-
ganosol (A-4) containing modified titanium oxide parti-
cles well dispersed therein. During the reaction of
TKS-251 with 1,1,1,3,3,5,5-heptamethyltrisiloxane, hy-
drogen gas was generated. The volume of the generated
15 hydrogen gas was 104 ml as measured at 23 *C. The ob-
tained modified titanium oxide organosol was applied
onto a KBr plate to thereby form a £ilm on the plate.
The film was taken as a sample and subjected to IR
spectrometry. The IR spectrum obtained by the spec-
20 trometry showed that the absorption at 3,630 to
3,640 cm™' which is ascribed to a Ti-OH group disap-
peared.
It was found that modified photocatalyst organosol

(A-4) had a monodispersive particle size distribution

25 {number average particle diameter: 18 nm} and that the
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particle size distribution of modified photocatalyst
organosol (A-4) no longer showed the peak found in the
monodispersive particle size distribution (number aver-
age particle diameter: 12 nm) of TKS-251 before sub-
5 jected to the modification treatment. |
Next, 20 g of the above-mentioned modified photo-
catalyst organosol (A-4) was added to 68 g of binder
component (B-1) produced in Reference Example 5, while
stirring at room temperature, followed by addition of
10 0.5 g of a curing catalyst (dibutyltin dilaurate) while
stirring, to thereby obtain photocatalyst composition
(C-8).
An acrylic urethane coating was formed on an alu-
minum plate in the same manner as in Example 1, and
15 photocatalyst composition (C-8) obtained above was
spray-coated onto the acrylic urethane coating in a
thickness of 2 pum. Subseguently, the spray-coated
photocatalyst composition (C-8) was dried at room tem-
perature for 1 hour, followed by heating at 150 *C for
20 30 minutes, to thereby obtain test plate {D-10) having
a photocatalyst-containing film.
The pencil hardness of test plate (D-10) having
the photocatalyst-containing film was H, and the con-
tact angle of water was 99°. In addition, test plate

25 (D-10) had satisfactory impact resistance.
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Test plate (D-10) having the photocatalyst
~containing film was irradiated with ultraviolet light
{black light) and, then, the properties of the thus
treated test plate (D-lO) were evaluated. 'As a result,
5 it was found that the pencil hardness of the photocata-
lyst-containing film had increased to more than 5H and
the contact angle of water had decreased to 4°. In ad-
dition, the photocatalyst activity of the photocata-
lyst-containing film was evaluated and it was found
10 that the photocatalyst activity was excellent (@).
Further, an atmospheric exposure test was per-
formed (for 1,000 hours) by a Dewbanel light control
weather meter to determine the gloss retention value of
test plate (D-10). The gloss retention value was 88 %
15 and, thus, test plate (D-10) had excellent weathering

resistance.

Example 7
40 g of TKS-251 (trade name of a titanium oxide

20 ' organosol; dispersion medium: mixed solvent of toluene
and isopropancl, Ti0O, content: 20 % by weight, average
crystallite diameter: 6 nm which is a value described
in the catalog) (manufactured and sold by Tayca Corpo-
ration, Japan) was charged intoc a reactor equipped with

25 a reflux condenser, a thermometer and a stirrer. Sub-
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tris{trimethylsiloxy)silane was charged into the reac-
tor over about 5 minutes at 50 °C, and the resultant
mixture in the reactor was stirred at 5¢ °C for 12
hours to thereby obtain modified photocatalyst or-
ganoscl (A-5) containing modified titanium oxide parti-
cles well dispersed therein. During the reaction of
TKS-251 with tris(trimethylsiloxy}silane, hydrogen gas
was generated. The volume of the generated hydrogen
gas was 230 ml as measured at 23 °"C. The obtained
modified titanium oxide organosol was applied onto a
KBr plate to thereby form a f£ilm on the plate. The
film was taken as a sample and subjected to IR spec-
trometry. The IR spectrum obtained by the spectrometry
showed that the absorption at 3,630 to 3,640 cm™* which
is ascribed to a Ti-OH group disappeared.

It was found that modified photocatalyst organosol
{A-5) had a monodispersive particle size distribution
{number average particle diameter: 32 nm) and thét the
particle size distribution of modified photocatalyst
organosol (A-5) no longer showed the peak found in the
monodispersive particle size distribution (number aver-
age particle diameter: 12 nm) of TKS-251 before sub-
jected to the modification treatment.

Next, 20 g of the above-menticned modified photo-
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catalyst organcsol (A-5) was added to 68 g of the solu-
tion of binder component (B-1) which was produced in
Reference Example 5, while stirring at room temperature,
followed by addition of 0.5 g of a curing catalyst |

5 (dibutyltin dilaurate) while stirring, to thereby ob-
tain photocatalyst composition (C-9).

An acrylic urethane coating was formed on an alu-
minum plate in the same manner as in Example 1 and
photocatalyst composition (C-9) obtained above was

10 spray-coated onto the acrylic urethane coating in a
thickness of 2 um. Subsequently, the spray-coated
photocatalyst composition (C-9) was dried at room tem-
perature for 1 hour, followed by heating at 150 °C for
30 minutes, to thereby obtain test plate (D-11) having

15 a photocatalyst-containing f£ilm.

The pencil hardness of test plate (D-11) having
the photocatalyst-containing film was HB, and the con-
tact angle of water was 108°. In addition, test plate
{D-11) had satisfactory impact resistance.

20 Test plate (D-11) having the photocatalyst
-containing film was irradiated with ultraviolet light
(black light) and, then, the properties of thé thus
treated test plate (D-11) were evaluated. As a result,
it was found that the pencil hardness of the photocata-

25 lyst-containing film had increased to 4H and the con-
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tact angle of water had decreased to 0°. In addition,
the photocatalyst activity of the photocatalyst-
containing film was evaluated and it was found that the
photocatalyst activity was excellent (@).

5 Further, an atmospheric exposure test was per-
formed {(for 1,000 hours) by a Dewpanel light control
weather meter to determine the gloss retention value of
test plate (D-11). The gloss retention value was 94 %

and, thus, test plate (D-11) had excellent weathering

10 resistance.

Comparative Example 5

56 g of TKS-203 (trade name of a titanium oxide
hydrosol; dispersion medium: water, TiO; content: 20 %
15 by weight, average crystallite diameter: 6 nm which is
a value described in the catalog) {(manufactured and
sold by Tayca Corporation, Japan) was diluted with 44 g
of ion-exchanged water. The resultant diluted TKS-203
was mixed with 10 g of X-41-7001 (trade name of a sili-
20 cone acrylic emulsion, solids content of silicone
acrylic resin: 42 % by weight, pH value: 7, silicone
resin content of the solids contained in the emulsion:
50 % by weight) (manufactured and sold by Shin-Etsu
Chemical Co., Ltd., Japan} and 12 g of CAT-AS (trade

25 name of a basic curing catalyst) (manufactured and sold
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by Shin-Etsu Chemical Co., Ltd., Japan). The resultant
mixture was charged into a paint shaker and stirred for
10 minutes, to thereby obtain photocatalyst composition
(C-10}.

5 An acrylic urethane coating was formed on an alu-
minum plate in the same manner as in Example 1, and
photocatalyst composition (C-10) obtained above was
spray-coated onto the acrylic urethane coating in a
thickness of 4 pm. Subsequently, the spray-coated

10 photocatalyst composition (C-10) was dried at room tem-
perature for 1 hour, followed by further drying at room
temperature for 1 week, to thereby obtain test plate
(D-12) having a photocatalyst-containing £ilm.

The pencil hardness of test plate {D-12) having

15 the photocatalyst-containing film was 3B, and the con-
tact angle of water was 92°.

Test plate (D-12) having the photocatalyst
-containing film was irradiated with ultraviolet light
(black light) and, then, the properties of the thus

20 treated test plate (D-12) were evaluated. As a result,
it was found that the pencil hardness of the photocata-
lyst-containing film had increased to 2B and the con-
tact angle of water had decreased to 10°.

Further, an atmospheric exposure test was per-

25 formed for 200 hours by a Dewpanel light control
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When the photocatalyst composition of the present
invention is used to form a film on the surface of an
5 organic substrate, there can be obtained, without a
cumbersome operation, a functional composite which is
advantageous in that it is free from deterioration oc-
curring at the interface between the substrate and the
photocatalyst-containing film and free from deteriora-
10 tion of the binder component in the photocatalyst
-containing £ilm, and in that it exhibits an excellent
balance of hardness and flexibility {(impact resistance},
and it has excellent durability such that the surface
of the functional composite exhibits, by light irradia-
15 tion, a water contact characteristic (i.e., hydro-
philicity or hydrophobicity) and/or maintains such

photocatalyst activity for a long time.
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1. A photocatalyst composition comprising:
{A) modified photocatalyst particles,

5 said modified photocatalyst particles (A) being
prepared by subjecting particles of a photocatalyst {(a)
to a modification treatment with at least one modifier
compound (b) selected from the group consisting of d4if-
ferent compounds each of which independently comprises

10 at least one structural unit selected from the group
consisting of a triorganosillane unit represented by
formula (1), a monooxydiorganosilane unit represented
by formula (2), and a dioxyorganosilane unit repre-

sented by formula (3):

15
R38i- (1)
wherein each R independently represents a
straight chain or branched C;-Ci; alkyl group,
20 a Cs-Cyy cycloalkyl group, a straight chain or

branched C;-C;, fluoroalkyl group, a straight
chain or branched C;-C;3; alkenyl group, a
phenyl group, a C;-Cz¢ alkoxy group or a hy-
droxy group,

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

—Si—0— (3)

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

{B) a

binder component which comprises a phenyl

group-~containing silicone (BP}, optionally containing

an alkyl group, represented by formula (4):

RlpR2quSiO(4—p—q—r)/2 (4)

wherein:

the or each R' represents a phenyl group, and

the or each R® independently represents a

straight chain or branched C:-Ci; alkyl group,

a Cs-Cyy cycloalkyl group or a straight chain

or branched C,-C;, alkenyl group;

the or each X independently represents a hy-

drogen atom, a hydroxyl group, a C;-Cp¢ alkoxy

group,

group,

a C;-Cyp acyloxy group, an aminoxy

a C;-C;y oxime group or a halogen atom;
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and
p, g and r satisfy the following relation-
ships:

0 < p < 4,

0 =g < 4,

0 =1 < 4,

0 < (p+qg+r) < 4, and

0.05 <p /(p + q) = 1.

2. The composition according to claim 1, wherein the
or each R of each of formulae (1) to (3) independently
represents a straight chain or branched Ci-Cip; alkyl
group, a Cs-Cyo cycloalkyl group, & straight chain or
branched C,-Cis £luoroalkyl group, a straight chain or

branched C,-Cip alkenyl group or a Ci;-Cy alkoxy group.

3. The composition according to claim 1 or 2, wherein
said phenyl group-containing silicone (BP) is a phenyl
group-containing silicone (BPl), containing no alkyl

group, represented by formula (5}:

R Y.X4Si0(4-s-t)/2 (5)

wherein:

the or each R' represents a phenyl group;
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group, a C;-Cz;p acyloxy group, an aminoxy
group, a C;-Czy oxime group or a halogen atom:;
5 and
s and t satisfy the following relationships:
0 < s < 4,
0=t < 4, and

0 < (5 + t) < 4.

10
4. The composition according to claim 1 or 2, wherein
said binder component (B) further comprises an alkyl
group-containing silicone (BA)} represented by formula
(6):
15
R*uX¢S10(a-u-v)/2 (6)
wherein:
the or each R? independently represents a
20 straight chain or branched C;-Ci; alkyl group,

a Cs-Cae cycloalkyl group or a straight chain
or branched C;-C3p alkenyl group;

the or each X independently represents a hy-
drogen atom, a hydroxyl group, & C;-Cy alkoxy

25 group, a C;-Csp acyloxy group, an aminoxy
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an

u and v satisfy the following relationships:

0 <u«< 4,
5 0 = v < 4, and

0 < (u + v) < 4.

5. The composition according to claim 1, 2 or 4,
wherein said binder component (B) comprises a phenyl
10 group-containing silicone (BPl), containing no alkyl

group, represented by formula (5):
R':X+Si0(4-s-1)/2 {5)

15 wherein:
the or each R*! represents a phenyl group;
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-Cyp alkoxy
group, a C;-Cyy acyloxy group, an aminoxy
20 group, a C;-C»y oxime group or a halogen atom;
and
s and t satisfy the following relationships:
0 < s < 4,
0 =t < 4, and

25 0 ¢ (5 + t) < 4; and
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an alkyl group-containing silicone (BA} represented by

formula (6):
R%:Xy$1i0(4-u-v)/2 (6)

wherein:
the or each R? independently represents a
straight chain or branched C;-Ci alkyl group,
a Cs-Cyo cycloalkyl group or a straight chain
10 or branched C,-Ci;o alkenyl group;
the or each X independently represents a hy-
drogen atom, a hydroxyl group, a C;-Cyy alkoxy
group, a C;-Cyp acyloxy group, an aminoxy
group, a C;-Czy oxime group or a halogen atom;
15 and
u and v satisfy the following relationships:
0 < ua < 4,
0 = v < 4, and
0 < (u + v) < 4.
20
6. The composition according to claim 4 oxr 5, wherein
said alkyl group-containing silicone (BA) comprises a
monooxydiorganosilane unit (D)} represented by formula
(7) and a dioxyorganosilane unit (T) represented by

25 formula (8):
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*10% 0& ()-S 10% o0& ()-10% o0& ()-
0 0 6 o& &Le%géaogagk %Q@%Léégéndently represents a

5 straight chain or branched C,-Ci alkyl group,
‘a Cs5-Csp cycloalkyl group or a straight chain

or branched C,;-Ci;y alkenyl group, and

R2
10 ..._él__o__ (8)

l
0

wherein R? is as defined for formula (7).

15 7. The composition according to claim 3 or 5, wherein
said phenyl group-containing silicone (BPl) has a
weight average molecular weight of from 500 to 10,000,
as measured by gel permeation chromatography using a
calibration curve obtained with respect to standard

20 polystyrenes.

3. The composition according to claim 4 or 5, wherein
said alkyl group-containing silicone (BA)} has a weight
average molecular weight of from 500 to 10,000, as

25 measured by gel permeation chromatography using a cali-
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9. The composition according to any one of claims 1
5 to 8, wherein said modified photocatalyst particles (A)
have a number average particle diameter of 400 nm oxr

less.

10. The composzsition according to any one of claims 1
10 to 9, wherein said photocatalyst particles (a) are ti-

tanium oxide particles.

11. The composition according to any one of claims 1
to 10, wherein said modifier compound (b) is an Si-H
15 group-containing silicon compound (bl) represented by

formula (9):
HxRySiO0(4-x-y)/2 {(2)

20 wherein:
the or each R independently represents a
straight chain or branched C;-Ciy alkyl group,
a C5;-Cyp cycloalkyl group, a straight chain or
branched C,-C;3y fluoroalkyl group, a straight

25 chain or branched C,-C;p; alkenyl group, a
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phenyl group, a C;-Cz alkoxy group or a hy-
droxy group, and
x and vy satisfy the following relationships:
0 < x < 4,
5 0 ¢ v < 4, and

(x + ¥v) = 4.

12. The composition according to claim 11, wherein
said Si-H group-containing silicon compound (bl) com-
10 prises at least one compound selected from the group
consisting of:
a mono Si-H group-containing silicon compound rep-
resented by formula (10):
HS
15 H_ﬂ_%r_HS (10),

RS

wherein each R® independently represents a
straight chain or branched C;-Cj3, alkyl group,

20 a straight chain or branched C,;-Cj; alkenyl
group, a Cs-Cy¢ cycloalkyl group, a straight
chain or branched C;-Ci; fluoroalkyl grecup, a
phenyl group or a siloxy group represented by
formula {(13}:

25 -0-(R%;S10),-SiR%; (13)
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R& ()-v 510%)R&j()_1096where1n edch R” independently represents a

straight chain or branched C;-Ciy alkyl

group, a Cs-C,s cycloalkyl group, &a

straight chain or branched C;-C;; fluoroal-
5 kyl group, a straight chain or branched

C,~Ca¢ alkenyl group or a phenyl group: and

m is an integer which satisfies the for-

mula: O < m =< 1000,

a silicon compound, having Si-H groups at both

10 terminals thereof, represented by formula (11):
H- (R?,S10),-SiR%-H (11)

wherein R® is as defined for formula (10); and
15 n is an integer which satisfies the formula: 0 = n

= 1000, and

an H silicone represented by formula (12):

(R’HS10)a(R%S10)5(R*38101/2)¢ (12)
20
wherein:
R’ is as defined for formula (10): and
a is an integer of 1 or more, b is an integer of 0
or more, and a and b satisfy the following rela-

25 tionship: (a + b) = 10000, and ¢ is 0 or 2, and
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wherein when (a + b} is an integer of 2 or more
and ¢ = 0, said H silicone of formula (12) is a
cyclic silicone, and when c¢ = 2, said H silicone

of formula (12) is a straight chain silicone.

13. The composition according to any one of claims 1

to 12, which further comprises a resin.

14. The composition according to any one of claims 1

10 to 13, which is a f£ilm.

15. The composition according to claim 14, which is
anisotropic with respect to the distribution of the
modified photocatalyst particles (A), wherein the con-
15 centration of the modified photocatalyst particles (A)
increases from one surface of the film toward the other

surface of the film.

16. The composition according to any one of claims 1

20 to 13, which is a shaped article.

17. The composition according to claim 16, which 1is
anisotropic with respect to the distribution of the
modified photocatalyst particles (A), wherein the con-

25 centration of the modified photocatalyst particles (A)
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increases from the inner portion of the shaped article

toward the surface of the shaped article.

18. The composition according to claim 4, which is a
5 film which has a microphase separation structure with
respect to said phenyl group-containing silicone (BP)

and said alkyl group-containing silicone (BA).

19. The composition according to claim 18, which is

10 anisotropic with respect to the distribution of the
modified photocatalyst particles (A), wherein the con-
centration of the modified photocatalyst particles (A)
increases from one surface of the film toward the other

surface of the film.

15
20. The composition according to claim 4, which is a
shaped article which has a microphase separation struc-
ture with respect to said phenyl group-containing sili-
cone (BP) and said alkyl group-containing silicone (Ba).
20

21. The composition according to claim 20, which is
anisotropic with respect to the distribution of the
modified photocatalyst particles (A}, wherein the con-
centration of the modified photocatalyst particles (A}

25 increases from the inner portion of the shaped article
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wherein said £ilm is anisotropic with respect to the
distribution of the modified photocatalyst particles
10 ({A), wherein the concentration of the modified photo-
catalyst particles (A) increases from a surface of the

film which contacts the substrate toward the other, ex-

posed surface of the f£ilm.

15 24, A functional composite comprising a substrate and
a film formed on said substrate, said film comprising
the composition of claim 4 and having a microphase
separation structure with respect teo said phenyl group-
containing silicone (BP) and said alkyl group-

20 containing silicone (BA).

25. The functional composite according to claim 24,
wherein said film is anisotropic with respect to the
distribution of the modified photocatalyst particles

25 (A}, wherein the concentration of the modified photo-
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catalyst particles (A) increases from a surface of the
£film which contacts the substrate toward the other, ex-

posed surface of the f£ilm.



